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6. Any items left over from previous 
agenda.

CONTACT PERSON FOR MORE
inform ation : Kenneth R. Mason, 
Secretary, (202) 252-1000.
Kenneth R. Mason,
Secretary.
July 3,1989.

[FR Doc. 89-16335 Filed 7-7-89> 1:22 pm] 
BILUNG CODE 7020-02-M

NATIONAL TRANSPORTATION SAFETY 
BOARD

t im e  AND DATE: 9:30 a.nr. Tuesday, July 
18,19891
PLACE: Board Room, Eighth Floor, 800 
Independence Avenue, SW., 
Washington, DC 20594.
STATUS: Open.
MATTERS TO BE CONSIDERED:

4939A Marine Accident: Report: Ramming of 
the CSX Railroad Bridge by the Cyprian 
Bulk Carrier PONTOKRATIS, Calumet 
River, Chicago, Hlinois, May 6,1988.

FOR MORE INFORMATION CONTACT. Bea 
Hardesty, (202) 382-6525.
Bea Hardesty*
F ederal R egister Liaisorr O fficer.
July 7,1989.

(FR Doc. 89-16366 Filed 7-7-89;3:0&pm]. 
BILLING CODE 7533-0M *

NUCLEAR REGULATORY COMMISSION

DATE: Weeks of July 10,17, 24„ and 31, 
1989:

PLACE: Commissioners’ Conference 
Room, 11555 Rockville Pike, Rockville, 
Maryland.
STATUS: Open and Closed.
MATTERS TO BE CONSIDERED:

W eek of Juty 10 

Monday, July 10 
2:00 p.m.

Briefing of Status of Emergency Response 
Data System (Public Meeting)

Tuesday, July 11 
10:06 a.m.

Briefing on Staff Comments on DOE Site 
Characterization Plan for Yucca 
Mountain (Public Meeting),

1:30 p.m.
Briefing* on Policy Statement on Rules for 

Exemption from Regulatory Control 
(Public Meeting):

Friday, July 14 
11:30 a.m.

Affirmation/Discussion and Vote (Public 
Meeting) (if needed)

Week o f July 17—Tentative 

Wednesday, July 19 
2:30 p.m.

Briefing, on- Status of Browna Ferry-2 
(Public Meeting)

4:00 p.m.
Affirmation/Discussion and Vote- (Public 

Meeting); (of needed)*

Week of July 24—Tentative 

W ednesday, Ju ly 26 
10:00 a.m.

Briefing on Integration of Policy Statements 
for Severe Accidents, Advanced 
Reactors, Safety Goals,, and 
Standardization (Public MeetingJ

2:00 p.m.
Briefing on Proposed 1989 Waste 

Confidence Decision (Public Meeting)
3:30 p.m.

Affirmation/Dismission and Vote (Public 
Meeting) (if needed)

W eek o f July 31—Tentative 

Tuesday, August X 

10:00 a.m.
Briefing on Status of EPR1 Design 

Requirements Document for Advanced 
Light Water Reactors (Public MeetingJ’

Thursday, August 3>
2:00 p.m.

Briefing on NRC Thermal-Hydraulic. 
Research Program (Public Meeting),

3:30 p.m.
Affirmation/Discussion and Vote (Public 

Meeting) (if needed)
Note: Affirmation sessions are initially 

scheduled and announced: to the public on a 
time-reserved basis. Supplementary notice is 
provided in accordance with the Sunshine 
Act as specific items axe identified and added 
to the meeting agenda^ I f  there is no specific 
subject listed for affirmation, this means that 
no item has a s  yet been identified: as 
requiring any Commission vote* on- this date.

TO VERIFY THE STATUS OF MEETINGS 
CALL: (RECORDING)— (301 ) 4 9 2 -0 2 9 2

CONTACT PERSON FOR MORE 
INFORMATION: William Hill (301) 492- 
1661..
William M. Hill, Jr.,
O ffice o f th e Secretary.
July 6,1989.

[FR Doc. 89-16356 Filed 7-7-89; 3:07'pmj 
BILLING.CODE 7590-01-«
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This section of the FEDERAL REGISTER 
contains editorial corrections of previously 
published Presidential, Rule, Proposed 
Rule, and Notice documents. These 
corrections are prepared by the Office of 
the Federal Register. Agency prepared 
corrections are issued as signed 
documents and appear in the appropriate 
document categories elsewhere in the 
issue.

FEDERAL MARITIME COMMISSION

Agreement(s) Filed

Correction

In the FMC notice document 
beginning on page 27928 in the issue of 
Monday, July 3,1989, make the following 
corrections:

On page 27929, at the top of the first 
column, insert the following: 

Agreem ent No.: 224-010940-001.
On the same page, in the same 

column, at the end of the document, in 
the file line, the document number 
should read “89-15575”.
BILLING CODE 1505-01-D

NUCLEAR REGULATORY 
COMMISSION
10 CFR Part 26 
RIN  3150-A C 81

Fitness-for-Duty Programs 

Correction
In rule document 89-12806 beginning 

on page 24468 in the issue of

Wednesday, June 7,1989, make the 
following corrections:

§ 26.2 [C o rrec ted ]

!.. On page 24495, in the second 
column, in the first and second 
lines,“(insert date 180 days after the 
effective date of the final rule)” should 
read “December 4,1989”.

§ 26.73 [C o rrec ted ]

2. On page 24499, in the second 
column, in § 26.73(d), in the first and 
second lines, “(insert date 180 days after 
the effective date of the final rule)” 
should read “December 4,1989”.
BILUNG CODE 1505-01-D
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29 CFR Parts 1910, 1915, 1917, and 1918 
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DEPARTMENT OF LABOR

Occupational Safety and Health 
Administration

29 CFR Parts 1910,1915,1917, and 
1918
[Docket Nos. H-004E, F, G, H, I, and J]

Occupational Exposure to Lead
AGENCY: Occupational Safety and 
Health Administration (OSHA); Labor. 
ACTION: Final rule; statement of reasons.

SUMMARY: This statement of reasons 
sets forth OSHA’s determinations with 
regard to the technological and 
economic feasibility of meeting the 
permissible exposure limit (PEL) of 50 
micrograms per cubic meter (pg/m3) of 
air specified in the lead standard (29 
CFR 1910.1025) through engineering and 
work practice controls in nine industry 
sectors. The nine industry sectors are 
brass and bronze ingot production (SIC 
3341/3362), independent battery 
breaking (SIC 5093), lead chemicals (SIC 
2816/2819), lead chromate pigments (SIC 
2816), leaded steel (SIC 3312/3313), 
nonferrous foundries (SIC 3362/3369), 
secondary copper smelting (SIC 3341), 
shipbuilding and ship repair (SIC 3731), 
and stevedoring (SIC 4463). The 
determination is made in response to an 
order of the U.S. Court of Appeals for 
the District of Columbia Circuit, which 
remanded the record to OSHA and 
required OSHA to reconsider the 
question of feasibility for these 
industries.

Based upon the record, OSHA has 
determined that the standard is both 
technologically and economically 
feasible in eight of the nine industry 
sectors because exposure levels above 
the PEL can be controlled by available 
and affordable engineering and work 
practice controls within the time period 
permitted for compliance. For some 
operations within certain industries, it 
may be necessary for employers to rely 
on respirators for supplemental 
protection.

For the ninth industry sector, non- 
ferrous foundries, OSHA has 
determined 50 pg/m3 is technologically 
feasible. With regard to economic 
feasibility, because the rule could 
significantly contribute to the 
withdrawal of over one-half of small 
foundries and because small foundries 
constitute about 60 percent of the 
nonferrous foundries, OSHA concludes 
that achieving 50 pg/m3 by means of 
engineering and work practice controls 
is economically infeasible for the 
nonferrous foundry industry. OSHA has 
not, however, examined whether
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achieving a PEL above 50 pg/m3 but 
below 200 pg/m3 by means of 
engineering and work practice controls 
is economically feasible.
DATES: Effective date is August 10,1989. 
Compliance dates and start up dates for 
individual industries are set out in Table 
I of paragraph (e) and paragraph (r) of 29 
CFR 1910.1025.
FOR FURTHER INFORMATION CONTACT: 
James F. Foster, Director, Office of 
Information and Consumer Affairs, 
Occupational Safety and Health 
Administration, U.S. Department of 
Labor, Room N-3647, 200 Constitution 
Avenue NW„ Washington, DC 20210. 
Telephone 202-523-8148. 
SUPPLEMENTARY INFORMATION:

Contents o f the Pream ble
I. Background and judicial history of the 

lead standard.
II. Feasibility determinations.
A. Introduction to feasibility assessments.
B. Feasibility of the lead standard in each 

of the nine remand industry sectors.
1. Brass and bronze ingot production (SIC 

3341/3362).
2. Independent battery breaking (SIC 5093).
3. Lead chemicals (SIC 2816/2819).
4. Lead chromate pigments (SIC 2816).
5. Leaded steel (SIC 3312/3313).
6. Nonferrous foundries (SIC 3362/3369).
7. Secondary copper smelting (SIC 3341).
8. Shipbuilding and ship repair (SIC 3731).
9. Stevedoring (SIC 4463).
III. Regulatory Flexibility and 

Environmental Impact Determinations.
IV. Authority and Signature.
V. Amendments to Standard.
References to the remand rulemaking

record are made in the text of this preamble 
using the following abbreviations:

H-004: Lead remand rulemaking docket, 
which includes Dockets H-004E, H-004F, H - 
004G, H-004H, H-004I, and 4H-004J.

Ex.: Exhibit number in Docket H-004.
Tr.: Transcript page number for November 

1987 public hearing.
App.: Appendix number or letter in Docket 

H-004.
Atb Attachment number o r letter in docket 

H-004.

I. Background and Judicial History of the 
Lead Standard

On November 14,1978, OSHA 
promulgated the lead standard (29 CFR 
1910.1025), which in part limited 
occupational exposure to airborne 
concentrations of lead to 50 micrograms 
per cubic meter of air (pg/m3), based on 
an 8-hour time-weighted average (TWA) 
(43 FR 52952; and 43 FR 54354,
November 21,1978). In paragraph (e)(1) 
of the lead standard, employers in the 
lead industries were required to achieve 
the 50 pg/m3 PEL by means of 
engineering and work practice controls 
and various industries were given 
extended time to comply with that 
obligation.

Immediately after promulgation, the 
lead standard was challenged by both 
industry and labor in several U.S. Courts 
of Appeals. All cases were transferred 
to and consolidated in the U.S. Court of 
Appeals for the District of Columbia 
Circuit. On August 15,1980, the United 
States Court of Appeals for the District 
of Columbia Circuit upheld the validity 
of OSHA’s lead standard in most 
respects. The court found OSHA’s 
analysis of the feasibility of the 
standard to be adequate and upheld the 
validity of the entire standard for the 
following industry sectors: primary lead 
smelting, secondary lead smelting, 
printing, can manufacturing, battery 
manufacturing, paint and coating 
manufacturing, ink manufacturing, 
wallpaper manufacturing, electronic 
manufacturing and grey-iron foundries. 
However, the court found that OSHA 
had failed to present substantial 
evidence or adequate reasons to support 
the feasibility of paragraph (e)(1) of the 
lead standard for 38 industry sectors. 
United Steelw orkers o f  A m erica v. 
M arshall, 647 F.2d 1189 (D.C. Cir. 1980), 
cert, denied, 453 U.S. 913 (1981).

The court did not vacate any portion 
of the lead standard. Rather, for the 38 
industry sectors, it stayed the 
enforcement of paragraph (e)(1) of 29 
CFR 1910.1025, which requires 
compliance with the PEL exclusively by 
means of engineering and work practice 
controls. The court held that these 
industries, however, were immediately 
required to meet the PEL of 50 pg/m3 by 
some combination of engineering, work 
practice and respirator controls. The 
court also remanded the record to 
OSHA for reconsideration of the 
question of technological and economic 
feasibility for these industry sectors and 
gave OSHA six months in which to 
complete its reassessment of the 
feasibility issue.

In accordance with the court order, 
the Agency conducted an expedited 
rulemaking (45 FR 63476; September 24, 
1980). On January 19,1981, OSHA filed 
its response to the remand order in 
which it concluded that attainment of 
the 50 pg/m3 PEL through use of 
engineering and work practice controls 
was generally feasible in an expanded 
list of remand industries. A 
Supplemental Statement of Reasons and 
Amendment of the Standard containing 
this conclusion was published on 
January 21,1981 (46 FR 6134).

In response to industry petitions for 
reconsideration, OSHA subsequently 
requested and was granted a deferral of 
further court action pending 
reconsideration of its January 21,1981 
feasibility findings. Upon
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reconsideration, OSHA reaffirmed its 
conclusion that compliance with the PEL 
was generally feasible for most of the 
remand industries, either because 
exposure levels did not generally exceed 
the PEL, thus requiring minimal or no 
compliance actions, or because 
exposure levels above the PEL could be 
controlled by available engineering 
controls or work practices. A Revised 
Statement of Reasons containing this 
conclusion was published on December 
11,1981 (46 FR 60758). In this notice, 
OSHA stated that it could not reach a 
conclusion regarding feasibility on the 
existing record for eight specified 
industry sectors and that it also wished 
to reexamine the applicability of the 
lead standard for the stevedoring 
industry. Therefore, OSHA requested 
the court on December 10,1981 to 
remand the record concerning these nine 
industry sectors for supplementary 
administrative proceedings (46 FR 
60761).

In its December 11,1981 Revised 
Statement of Reasons OSHA also 
amended the Lead Standard (29 CFR 
1910.1025) in several important respects, 
one of which was to exempt employers 
from the requirement to implement 
engineering controls for employees who 
are exposed above the PEL for 30 days 
or less annually. In that same document 
OSHA also included a revised footnote 
3 in Table I of paragraph (e)(1) of the 
lead standard. That footnote simply 
made explicit that the obligation of 
employers in the lead industries to use 
engineering and work practice controls 
to comply with the preexisting 200 pg/ 
m3 PEL was continued, until either the 
100 jug/m3 interim PEL or the final 50 
pg/m3 PEL for engineering and work 
practice controls became effective for a 
particular industry. That footnote was 
inadvertently omitted from succeeding 
publications of the Code of Federal 
Regulations. OSHA in this final rule 
corrects this typographical omission by 
republishing footnote 3 as it previously 
appeared.

On March 31,1987, the Court of 
Appeals for the District of Columbia 
Circuit granted OSHA’s request of 
December 10,1981 and remanded the 
record to OSHA for further 
administrative proceedings to determine 
the feasibility of paragraph (e)(1) of the 
lead standard for the nine industry 
sectors listed above. The Court ordered 
OSHA to return the record on or before 
October 1,1987.

On June 17,1987, OSHA filed with the 
Court a motion requesting a 90-day 
extension of time in which to return to 
the Court the record of the nine remand

industry sectors. The Court granted 
OSHA’s unopposed motion.

After the March 31,1987 remand, 
OSHA contracted with Meridian 
Research, Inc., a private consulting firm, 
to collect, develop and update data 
concerning the feasibility of compliance 
with the PEL by means of engineering 
and work practice controls in each of 
the remand industries. The Meridian 
preliminary report was placed into the 
rulemaking record on August 3,1987 for 
public review and comment, and OSHA 
set a September 15,1987 date for an 
informal public hearing (52 FR 28727; 
August 3,1987). In the notice announcing 
the hearing OSHA requested interested 
parties to submit relevant data, 
including the last two years of air lead 
monitoring data on an operation-by
operation (job category-by-job 
category), plnnt-by-plant basis. OSHA 
also asked interested parties to address 
their comments to 22 specific issues and 
questions OSHA raised in the notice.

On August 18,1987, OSHA received a 
request from the Oxide and Chemicals 
Committee of the Lead Industries 
Association (UA), the main trade 
association for the lead chemicals 
industry, that the public hearing and 
deadline for receipt of written comments 
be deferred for at least 30 days, or in the 
alternative, that the deadline for receipt 
of written comment be extended beyond 
September 2,1987.

In light of the court order granting 
OSHA additional time to make 
feasibility determinations concerning 
the nine industry sectors and to return 
the record to the court, OSHA decided 
to defer the public hearing and the 
deadline for receipt of written comments 
for two weeks (52 FR 32312; August 27, 
1987).

Thereafter, on September 8,1987, the 
American Cast Metals Association 
(ACMA) requested a further deferral of 
the hearing. According to ACMA, the 
additional time was needed because 
some important information upon which 
OSHA’s contractor, Meridian Research, 
Inc., based its feasibility report was not 
available in the public docket soon 
enough for ACMA to evaluate it and to 
submit meaningful comments by the 
deadline. ACMA sought a further 
deferral of the dates for the hearing and 
the close of comments for approximately 
one or two months. ACMA’s request for 
additional times was immediately 
supported by similar requests from the 
American Foundrymen’s Society, the 
Association of Brass and Bronze Ingot 
Manufacturers, the American Iron and 
Steel Institute, and the Plumbing 
Manufacturing Institute.

Thereafter, and without objection 
from other parties to the rulemaking, 
OSHA extended the deadline for 
prehearing comment to October 16,1987 
and the date for the hearing to 
November 3,1987 (52 FR 35731; 
September 23,1987). OSHA received 111 
submissions during the prehearing 
period and 10 late submissions. Twenty- 
seven persons, including representatives 
from eight of the remand industry 
sectors and two unions, indicated their 
intention to appear and testify at the 
hearing.

To supplement the exposure data in 
the record, on October 27,1987, OSHA 
by letter made specific requests to 14 
companies in six industry sectors for air 
lead monitoring data job category by job 
category for 1984-87 (Ex. 646). In 
response, 13 companies submitted the 
requested data, which were entered into 
the record.

Thereafter, on November 3,1987 in 
Washington, DC, an informal public 
hearing was convened by 
Administrative Law Judge Joan Huddy 
Rosenzweig pursuant to notice and 
section 6(b) of the Occupational Safety 
and Health Act of 1970 (29 U.S.C. 655
(b)(3)). At the hearing, representatives 
from three industry sectors (lead 
chemicals, lead chromate pigments and 
leaded steel) testified and answered 
questions. Representatives from five 
other industries (stevedoring, brass and 
bronze ingot production, nonferrous 
foundries, independent battery breaking, 
and secondary copper) made 
appearances to question OSHA’s expert 
witnesses and contractor, but did not 
present testimony or submit to 
questioning by OSHA or other 
interested parties. The hearing 
concluded on November 6,1987.

During the remand hearing, certain 
industry participants expressed concern 
about the lack of recent plant visits by 
OSHA or its contractor, Meridian, in 
preparing the 1987 update of feasibility 
data. No plant visits had been 
conducted by OSHA in the remand 
industries for the rulemaking since 1981- 
82.

While OSHA considered the existing 
record sufficient to make a feasibility 
determination for each of the remand 
sectors, the Agency agreed that site 
visits and receipt of additional data 
would be useful. Therefore, in response 
to industry’s expressed concern, OSHA 
proposed at the administrative hearing 
that it conduct expedited post hearing 
site visits on a voluntary basis in some 
of the remand industry sectors (Tr. 1289- 
90). The purpose of the site visits was to 
collect information on manufacturing 
processes, employment, exposure levels,



29144 Federal Register /  Vol. 54, No. 131 /  Tuesday, July l l t 1989 /  Rules and Regulations

engineering and work practice controls, 
and costs and other economic data 
which would aid OSHA in its 
determinations of feasibility.

In view of OSHA’s proposal for site 
visits and the complexity of the issues 
addressed at the hearing, the 
administrative law judge ordered that 
the closing date for submission of 
additional post hearing information and 
data would be January 8,1988 and that 
the closing date for submission of briefs 
would be February 5,1988 (Tr. 1304-05). 
That order was made contingent upon 
the court granting a deferral of its 
January 1,1988 deadline for return of the 
record. On November 25,1987, OSHA 
requested the court to extend the 
deadline for return of the record until 
July 15,1988 to allow the Agency time to 
receive and evaluate more data, to 
conduct post hearing plant visits and 
produce site visit reports, and to 
develop and publish a final rule. The 
court granted the motion by its order of 
December 16,1987, with the provision 
that OSHA file a status report with the 
court on or before April 4,1988, which 
OSHA did. OSHA received 23 
submissions during this post hearing 
comment period.

During January and February, 1988, 
OSHA conducted eight site visits in four 
industry segments (lead chemicals, lead 
chromate pigments, nonferrous 
foundries and secondary copper). OSHA 
also tried to arrange site visits in two 
other industry sectors, brass and bronze 
ingot production and leaded steel, but 
those industries declined to arrange 
visits.

The site visits were conducted 
according to agreements executed by 
OSHA and the plants visited or the 
relevant trade association. According to 
those agreements, the site visit team 
included OSHA staff, representatives 
from OSHA’s contractor, Meridian, and 
an independent certified industrial 
hygienist. Also according to the site visit 
agreements, the name of the facility 
visited was kept confidential by OSHA 
and each plant was given the 
opportunity to review the site visit 
report for accuracy and trade secrets 
before the reports were placed into the 
docket for public comment.

The judge certified the hearing record 
to the Assistant Secretary on March 23, 
1988.

On April 7,1988, by Federal Register 
notice (53 F R 1151) OSHA reopened the 
record until May 9,1988, for the limited 
purpose of receiving comments on a 
final set of documents OSHA placed 
into the docket. These documents 
included the eight site visit reports, the 
final Meridian reports and exposure 
monitoring data received in response to

the site visits and to OSHA’s October
27.1987 request.

On April 27,1988, ACMA requested 
an extension of the comment period for 
at least 60 days beyond the May 9 
deadline because, ACMA asserted, 
important and complex documents were 
not entered into the docket by OSHA at 
the time the record was reopened and 
the May 9 deadline was insufficient to 
allow industry to make meaningful 
comments. ACMA’s request was 
supported by other industry 
commenters. Thereafter, and without 
objection from other parties to the 
rulemaking, OSHA extended the 
deadline for public comment to May 23, 
1988 (53 FR 16731). OSHA received 43 
submissions while the record was 
reopened and two late submissions 
(Docket H-004J).

On July 15,1988, OSHA filed with the 
court a request for an extension of the 
deadline from July 15,1988 to November
30.1988 for returning the remand record. 
OSHA requested an extension in part 
because the Agency had been unable to 
close the comment period on May 9,
1988 as planned and because many 
comments proved unexpectedly lengthy 
and complex. On September 7,1988, the 
court granted OSHA’s request and 
ordered that the Agency file a status 
report with the court no later than 
September 30,1988. OSHA did so.

Thereafter, OSHA filed four other 
motions requesting additional time to 
complete its feasibility determinations 
and to return the record to the court. The 
first three of these requests for 
extension of time were granted without 
objection by the parties to this 
rulemaking. The Agency’s final motion 
for a 90-day extension of time was 
objected to by the United Steelworkers 
of America. The court granted OSHA’s 
motion on May 22,1989.

On June 28,1989, OSHA returned the 
record to the court and requested that 
the court approve its feasibility findings. 
OSHA also requested the court to 
remand to the Agency the record 
concerning the nonferrous foundry 
industry to examine whether achieving a 
PEL above 50 pg/m3 but below 200 pg/ 
m3 is economically feasible for the 
nonferrous foundry industry.

II. Feasibility Determinations
A. Introduction to Feasibility 
Assessments
Feasibility in General

OSHA is obligated by the 
Occupational Safety and Health Act of 
1970 (84 Stat. 1593; 29 U.S.C. 655, 657) 
and by court decisions interpreting the 
Act to protect workers to the extent 
feasible from significant risks of

material impairment to health. Industrial 
Union Department v. American 
Petroleum Institute, 448 U.S. 607 (1980); 
Building and Construction Trades 
Department, AFL-CIO v. Brock, 838 F.2d 
1258 (D.C. Cir. 1988); United Steel 
Workers of America v. Marshall, 647 
F.2d 1189.

The courts have established the legal 
criteria for determining economic and 
technological feasibility. However, the 
Agency has considerable discretion in 
applying those criteria. Since OSHA’s 
judgment on feasibility is considered a 
‘‘legislative decision,’’ the courts will 
give it “necessary deference.”

The most exhaustive consideration of 
feasibility and the controlling law for 
this rulemaking is the “lead decision.” 
USWA v. Marshall, 647 F.2d 1189.

Technological Feasibility
Introduction. OSHA concludes that 

achieving the 50 pg/m3 PEL of 
paragraph (e)(1) of the lead standard (29 
CFR 1910.1025) by means of engineering 
and work practice controls is 
technologically feasible in each of the 
nine industries for which the court in 
March 1987 remanded the record to 
OSHA to pursue further rulemaking. The 
determination that it is feasible to 
achieve the PEL of 50 pg/m3 is based 
upon reducing emissions from many 
sources of lead emission and fugitive 
emissions by a combination of 
engineering and work practice controls.

OSHA makes this determination on 
the basis of conventional technologies 
that are commonly known, readily 
available, and, to some degree, currently 
used in the affected industries. These 
controls generally can reduce exposures 
to below the PEL in most operations in 
each industry.

The controls can be used individually 
or in combination. If one control is not 
sufficient, additional ones can be used.
If one type of control is somewhat less 
effective than expected, another may be 
more effective. It is the interaction of 
various engineering controls and work 
practices as part of an integrated system 
of controls that is predicted to result in 
the needed overall reduction in 
exposure levels. OSHA does not specify 
which control must be implemented. 
Rather, OSHA allows the employer the 
choice best suited to the particular 
characteristics of the workplace.

Where feasible engineering and work 
practice controls cannot achieve the 
PEL, as in many maintenance and repair 
operations, intermittent short-term 
operations, and tasks performed in 
confined spaces, respirators are 
permitted to supplement feasible 
engineering and work practice controls.
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For reasons set out below in the 
Agency’s assessment of economic 
feasibility, OSHA has recognized the 
need for extended compliance times in 
these remand industries. No industry 
will be required to comply with 
paragraph (e)(1) of the lead standard in 
less than two-and-one-half years. This 
extended compliance time gives 
additional assurance that the 50 pg/m3 
level is technologically feasible.

(a) OSHA's Approach. In the 
following pages OSHA analyzes the 
technological feasibility of achieving the 
50 pg/m3 PEL by means of engineering 
and work practice controls operation by 
operation in each of the nine lead 
industries included in this remand 
rulemaking. In that analysis OSHA 
makes separate feasibility findings for 
each industry.

OSHA has chosen this analytical 
approach for several reasons. First, the 
court’s reasoning in the lead decision 
and its resulting remand orders, which 
control this rulemaking, would seem to 
require a detailed and separate analysis 
for each of the remand industries.
USWA v. M arshall, 647 F.2d at 1301. 
Second, where the evidence clearly 
suggests that in important operations 
achieving the PEL may be difficult, 
analysis of individual operations would 
seem to be appropriate to show the PEL 
can be achieved in most operations. Id., 
at 1296-97. Third, the level of detail in 
the record concerning individual 
industries confirms the appropriateness 
of industry-by-industry analysis in this 
rulemaking. Finally, conditions in 
industries as diverse as shipbuilding and 
lead chemicals, for example, make it 
better to consider such industries 
individually rather than within a single 
generalized analysis.

In each of the nine remand industries 
OSHA sought to collect the best 
evidence for assessing technological 
feasibility. The Agency hired a 
contractor, Meridian, to collect data for 
assessing feasibility and to prepare a 
preliminary report. OSHA then 
requested relevant data in a notice of 
limited reopening of the lead remand 
rulemaking record (52 FR 28727; August 
3,1987) (Ex. 580) and repeated the 
request with some specificity numerous 
times during the public hearing (e.g., Tr. 
385-86, 388-89, 392, 402-03,1127). In 
addition, OSHA made written requests 
for exposure monitoring results to 14 
specific facilities in the remand 
industries Ex. 646). Finally, OSHA 
sought to carry out site visits to facilities 
in six of the nine industries. After 
gathering the data, OSHA then 
proceeded as follows to assess 
technological feasibility.

First, OSHA briefly describes the 
production process, operation by 
operation, and the sources of lead 
exposure within that process and within 
the plant. This section also contains 
background information to make it 
easier to understand the more detailed 
feasibility analysis that follows.

Second, OSHA analyzes the data sets 
in the record for each industry to assess 
existing exposure levels operation by 
operation or job classification by job 
classification and, as evidence permits-, 
correlates those exposure levels with 
existing engineering controls.

OSHA seeks in each industry to rely 
on the best evidence available in the 
record concerning existing and 
achievable exposure levels. The data 
sets in each industry are of wide ranging 
quality. As in most OSHA rulemakings, 
the record does not contain industrial 
hygiene or engineering studies that 
specifically evaluate the ability of 
particular technologies to control 
exposures in various operations.
Instead, the evidence in the record 
involves general descriptions of control 
technologies and general exposure 
monitoring data, which was collected to 
measure workers’ exposures to lead and 
not to evaluate the effectiveness of 
existing controls.

OSHA’s conclusions that these 
technologies can achieve the PEL are 
supported in each remand industry by 
documented cases of successful 
implementation, technical analyses 
incorporating plant-specific exposure 
data and first-hand observation of plant 
operations, and expert testimony as to 
the effectiveness of properly applied 
engineering design and industrial 
hygiene principles. Although this data 
and information certainly is adequate to 
determine technological feasibility, it 
requires analysis and judgment to 
understand and assess the relationship 
between exposure levels and control 
technologies.

In assessing the reliability, usefulness 
and probative value of the data sets in 
the record and in determining their 
implications, if any, for the technological 
feasibility of achieving the PEL in a 
particular industry, OSHA also must 
exercise its expert judgment. With 
regard to the nine remand industries, 
OSHA feels comfortable with that 
judgment. OSHA evaluates the data sets 
in terms of widely accepted criteria. 
Using these criteria, OSHA discusses 
and characterizes each of the data sets 
industry by industry in an effort to 
identify the best available evidence of 
exposure levels. OSHA then relies upon 
the best evidence available for .each 
industry to make its determinations. :

Ideally, the best evidence would be a 
data set that: (1) Was composed of 
comprehensive raw monitoring results 
over the last several years, including 
monitoring results from tasks associated 
with higher exposure levels; (2) was 
gathered by trained personnel; (3) was 
part of an on-site industrial hygiene 
evaluation of production processes and 
existing controls; and (4) was from a 
facility with typical production 
processes and state-of-the-art 
engineering and work practice controls. 
Such data, accompanied by annotations 
describing all the relevant conditions 
under which the sampling was 
conducted, would provide a most 
reliable reflection of existing exposure 
levels and the firmest basis for 
determining technological feasibility.

However, in none of the nine remand 
industries does OSHA have data from a 
facility with state-of-the-art controls. In 
fact, OSHA has frequently found the 
application of industrial hygiene 
principles and effective engineering 
design to be inadequate throughout 
these industries. A substantial number 
of data sets, thus, appear to be from 
facilities with poor or no controls. 
Consequently, existing exposure levels 
generally are not indicative of the levels 
that an industry can achieve.

The next best data set would include 
recent and comprehensive raw 
monitoring results collected by trained 
personnel at a facility with reasonably 
typical production processes. It would 
be accompanied by annotations 
describing the relevant conditions under 
which sampling was conducted. It might 
be supplemented by an OSHA site visit 
during which observations by industrial 
hygienists would associate key 
production processes with Current 
exposure levels and existing controls.

There are a number of these sorts of 
data sets available in the record, 
covering at least four industries (lead 
chemicals, lead pigments, non-ferrous 
foundries and secondary copper 
smelting). In general, these data sets 
enable OSHA to assess technological 
feasibility with considerable assurance.

A data set that included neither 
annotations, descriptions of existing 
controls, nor a site visit would be less 
useful. There are many such data sets in 
the record. Typically in this rulemaking, 
companies submitted data without 
annotations or descriptions of relevant 
controls. Nevertheless, where it appears 
from such data sets that 50 pg/m3 
already is being achieved or is close to 
being achieved, such data constitute 
evidence of technological feasibility. 
However, where it appears that 50 pg/ 
m3 is far from being achieved, it is
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extremely difficult to evaluate the data 
because of the lack of contextual 
information needed to understand why 
this is so.

The least useful sets of monitoring 
data: (1) Are incomplete or dated; (2) 
include only summary statistics of 
sampling results (e.g„ only ranges of 
results or averages, without individual 
monitoring results), especially if they are 
unaccompanied by an explanation of 
how they were compiled; (3) aggregate 
data from a number of plants rather 
than present data plant by plant; (4) 
aggregate data across job classifications 
or operations rather than present data 
operation by operation or job 
classification by job classification; and 
(5) include no contextual information 
concerning the conditions under which 
sampling was conducted, existing 
controls, and the like.

For example, even if a data set in 
some respects is of reasonably good 
quality, if it is composed of data 
aggregated from a number of plants, it is 
generally unreliable for determining 
technological feasibility. It is unreliable 
because, to an unknown degree, high 
monitoring results in one or more plants 
with poor controls may drastically 
influence the aggregate.

While OSHA seeks to quantify its 
assessment of technological feasibility 
to the extent the data will allow, the 
data provided by industry are rarely 
precise or clear enough to allow the 
Agency to make unassailable, 
statistically sophisticated 
determinations. Rather, where 
appropriate, OSHA uses simple 
statistical techniques and supplements 
these techniques with expert judgment.
In the final analysis, as indicated above, 
OSHA has had to exercise expert 
judgment in interpreting and assessing 
these data.

Where the record evidence shows 
that, in one or more facilities with 
production processes that are 
reasonably typical of an industry, 
exposure levels already have been 
controlled to or below 50 pg/m3 in most 
operations most of the time, that fact is 
the best evidence that the PEL is 
technologically achievable in the 
broader industry. Indeed, as the courts 
have said, if a PEL has been “virtually 
met in one plant * * *, [t]hat in itself 
can constitute substantial evidence,” 
which would satisfy OSHA’s burden of 
proving technological feasibility for an 
industry. Id., at 1280.

However, even where this is so and 
still more generally where the record is 
not that definitive, OSHA does not 
simply, or even primarily rely upon 
existing exposure levels to prove 
technological feasibility. OSHA rests its

feasibility determination for each 
industry in large part on the fourth part 
of its analysis, which is set out below 
and focuses on the expected reductions 
in existing exposure levels that can be 
achieved by employers implementing 
the sorts of additional controls 
recommended by OSHA.

As a result, the particular method 
chosen by the Agency to represent the 
raw exposure data in the Agency’s 
analysis of existing exposure levels in 
each industry is not crucial to OSHA’s 
feasibility determination for that 
industry. OSHA presents the exposure 
data in a variety o f generally accepted 
ways. For example, OSHA often relies 
upon the geometric mean (see 
discussion below) to characterize the 
array of monitoring results in individual 
operations or job classifications. 
However, in some industries, OSHA 
relies upon the frequency distribution of 
monitoring results or the arithmetic 
mean (average) of those results to 
describe existing exposure levels.

In any event, whichever statistic 
OSHA uses to represent the raw 
exposure data for a particular industry, 
OSHA does not treat the fact that that 
statistic might show that exposures are 
below 50 jug/m3 as complete proof by 
itself of technological feasibility. Rather, 
the Agency’s position is that such 
exposure levels generally indicate that 
controls are in place to limit excessive 
employee exposure (or that exposure 
levels are low to begin with) and that 
only relatively modest further additions 
and improvements to controls are 
necessary to reduce the exposure levels 
of all workers consistently to or below 
50 fig/m8. OSHA also does not treat the 
fact that a statistic that shows 
exposures in a particular operation are 
below 50 p.g/m8 as complete proof by 
itself of technological feasibility because 
OSHA realizes that a geometric mean or 
any statistic below 50 pg/m8 does not 
by itself guarantee that an employer will 
be able to achieve 50 pg/m3 at all times 
under all conditions in that operation. 
However, based on its knowledge, 
experience and expertise, OSHA is 
confident in its assumption that the 
further a geometric mean is below 50 
pg/m3 the more likely that most 
exposure levels in that operation will be 
below 50 pg/m8.

Third, OSHA describes typical 
existing controls operation by operation 
in an industry.

Fourth, OSHA recommends the 
implementation of various additional 
engineering and work practice controls 
for each operation in an industry to 
reduce employee exposure levels to or 
below the 50 pg/m8 PEL. When it is able 
to do so, the Agency also estimates the

associated reductions in exposure levels 
that can be anticipated from 
implementing such controls. OSHA 
quantifies the expected reductions 
where, as in the case of facilities to 
which the Agency has carried out site 
visits, OSHA feels reasonably confident 
it can numerically estimate the extent of 
the reductions. OSHA’s 
recommendations and estimates are 
based upon analyses by experienced 
industrial hygienists, frequently 
industrial hygienists from outside the 
Agency who were specifically selected 
to perform these analyses.1

OSHA’s main approach in this 
additional controls section of the 
preamble is to concentrate first on the 
operations that industry itself has 
identified as the most difficult to control 
to 50 pg/m8. Although the Agency does 
not limit its analysis of additional 
controls to these operations, OSHA 
concludes that, if it can show that 
exposure levels can be controlled to or 
very near the PEL in those operations, 
controlling other operations to the PEL 
should be relatively easy. The controls 
OSHA recommends are not mandatory. 
OSHA’s lead standard does not require 
employers to institute specific controls. 
OSHA intentionally drafted the 
standard in performance language in 
order to permit employers the latitude to 
develop the combination of engineering 
and work practice controls suited to

r In some of the operations for which the expert 
panel estimated reductions in exposure levels that 
could be anticipated from implementing 
recommended controls, the worker’s exposure 
resulted from emissions coming from different 
independent sources or points within that operation. 
Estimated reductions in the worker’s exposure 
levels are obtained by eliminating, capturing or in 
other ways reducing one or more of those 
contributing, but independent, emission sources. To 
obtain the overall estimated reduction in the 
worker’s exposure level by controlling every 
emission source or point in the worker’s particular 
operation or job category, the expert panel utilized 
the following methodology. The panel first 
estimated the reductions in emission to the 
particular operation which could be anticipated 
from implementing each recommended control. The 
panel next estimated the percentage each emission 
source contributed to the worker’s overall T W A  
exposure level in that operation. The pane! then 
arrived at an estimate of the anticipated reduction 
in the worker’s overall exposure level from 
controlling the particular emission source by 
multiplying the estimated percentage reduction 
times the contribution of that emission source to the 
worker’s overall T W A  exposure. Finally, OSHA 
quantified the overall impact of implementing the 
various recommended controls for a particular 
operation by adding the weighted contribution of 
each control to determine the worker’s total 
anticipated reduction in exposure due to controlling 
the independent emission sources in that operation. 
OSHA notes that in those situations in which the 
impact of the controls may be dependent upon each 
other, OSHA would multiply the reductions 
anticipated from each of the different recommended 
controls.
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particular facilities. The list of 
recommended controls also is not 
exhaustive. OSHA fully expects that 
industry and its consultants will devise 
many additional ways to successfully 
control exposure levels.

The recommended controls also are 
not intended as a blueprint or infallible 
guide to be implemented in every 
facility in an industry. On the contrary, 
as a fundamental part of the Agency’s 
recommended control strategy, OSHA 
urges that each plant that needs to 
reduce exposure levels conduct its own 
plant-wide industrial hygiene survey 
and job/task analysis to determine the 
particular sources of emission, their 
contribution to employee exposures, and 
the proper mix of controls needed to 
deal with the specific exposure 
problems found in that plant. OSHA 
also suggests that followup industrial 
hygiene studies be conducted to 
evaluate the effectiveness of whatever 
controls are implemented and to refine 
the controls in place in accordance with 
the results of sampling performed after 
the controls were implemented. Hence, 
in industries where OSHA finds the 50 
pg/m8 PEL to be technologically 
feasible, the recommended controls are 
simply illustrative of effective, 
conventional ways to achieve the PEL. 
As such, they provide a reasonable 
basis for assessing technological 
feasibility and for estimating costs of 
compliance and assessing economic 
feasibility.

Fifth, OSHA then makes its 
determination concerning the 
technological feasibility of achieving the 
50 pg/m3 PEL by means of engineering 
and work practice controls in the 
particular industry. In reaching this 
decision, OSHA summarizes and 
responds to an industry’s main 
criticisms and main arguments.

For example, many representatives of 
industry asserted in their comments that 
currently available engineering and 
work practice controls are not capable 
of achieving the PEL. However, as 
indicated earlier, OSHA found that 
often these representatives did not 
appreciate, and in their facilities did not 
demonstrate a basic understanding of, 
the principles of industrial hygiene so 
necessary to assess and control 
employee exposures to lead. As a 
consequence, these industry assertions 
of technological infeasibility cannot be 
accepted at face value.

(b) Data A nalysis. In order to make 
use of the exposure data in the record to 
assess technological feasibility, OSHA 
had to select statistical approaches that 
would best describe the data in each 
case. OSHA recognizes that there is no 
single statistic that can fully describe a

set of exposure data, and the statistics 
one chooses depend in part upon how 
the data are to be used. For example, a 
range of exposure levels (e.g., from 8 pg/ 
m8 to 579 pg/m3) provides very little 
useful information about typical 
exposure levels.

Similarly, an arithmetic mean, which 
is equivalent to the commonly used 
“average,” provides little insight into the 
distribution of exposures and is subject 
to gross distortion by outlying numbers; 
The arithmetic mean is equal to the sum 
of all the sampling results divided by the 
number of results. The arithmetic mean 
is a good way to characterize a set of 
data where the individual data points 
follow a normal distribution, that is, 
where the distribution of points above 
and below the mean is symmetrical and 
can be charactrized by a bell-shaped 
curve. Then, the arithmetic mean is the 
same as the median (i.e., the point above 
and below which 50% of the sampling 
results fall).

The reason the arithmetic mean, 
which is often used in everyday life, is 
not the best method for representing and 
evaluating exposure measurements is 
that exposure measurements typically 
are asymetrically distributed and follow 
a log normal distribution. Where data 
are distributed lognormally, the 
arithmetic mean is always greater than 
the median of the sampling data. With 
such data, it is generally accepted that 
the geometric mean is the best single 
statistic to characterize the data set 
("Occupational Exposure Sampling 
Strategy Manual,” Leidel, et al., NIOSH, 
1977; Exs. 686A. pp. 12-13; 694-6, p. 2; 
694-9, Comments by Company B. pp. 15, 
21). (The differences between a 
“normal” distribution and a “lognormal” 
distribution are explained with clarity in 
that same publication, particularly in 
Technical Appendix M.)

With exposure data, the lower 
exposures are bounded by the limit of 
detection or zero but the higher 
exposures are virtually unbounded. This 
typically results in many exposures 
being relatively close to zero with a few 
very high measurements. Thus, the 
distribution typically is skewed to the 
low end and has a long flat “tail” on the 
high side. When the actual data are 
depicted graphically, lognormal 
distributions generally peak to the left of 
the median and have a long “tail” to the 
right. Atypical observations on the high 
side fall in the “tail” area of the 
lognormal distribution.

If the sampling results from a 
lognormal distribution are assigned their 
logarithmic values, they can be plotted 
as a normal distribution, and the 
exponent of their average will be the 
geometric mean. The geometric mean

appears to give less weight to, or to 
discount the few high monitoring results 
reflected by that tail.

The geometric mean exposure of a 
group of lognormally distributed 
exposures represents the median 
exposure, just as the arithmetic mean 
represents the median exposure in a 
normal distribution. Consequently, the 
use of an arithmetic mean for samples 
that are lognormally distributed does 
not adequately describe the data. In 
such cases, the arithmetic mean will be 
higher than the median so that mean 
will always be higher than the "typical” 
exposure.

In addition to using geometric means, 
OSHA also looked at the frequency 
distribution of data points to assess the 
dispersion of the data. OSHA believes 
that the use of the frequency distribution 
in combination with the geometric mean 
provides an especially stong basis for 
making informed feasibility 
determinations. For example, in 
operations where the vast majority of 
sampling results already is below 100 
pg/m3 and the geometric mean already 
is at or below 50 pg/m3, OSHA believes 
there is enough indication that the 
spread of exposure levels above 50 pg/ 
m8 is quite limited for the Agency to 
conclude that implementing a few 
additional controls is likely to 
consistently control exposure levels in 
those operations to below 50 pg/m3.

When information on the record was 
available, OSHA quantified reductions 
in exposure levels that could be 
anticipated from implementing 
engineering and work practice controls 
recommended by the expert panel of 
certified industrial hygienists. As 
described above, in several cases the 
geometric mean was one of the methods 
used to describe worker exposure levels 
where raw monitoring data on an 
operation by operation basis were 
available. However, in many of those 
cases the exposure data were poorly 
characterized or not characterized at all 
so that OSHA was not able to determine 
why some measurements for the same 
operation were high and some were low. 
For example, the data from Company B 
in the lead chemicals industry did not 
provide any information on the 
conditions which may have existed 
when an monitoring result of 427 pg/m3 
was obtained for the shipper in 1986, 
even though all other monitoring results 
for that operation during that year were 
below 100 pg/m3.

Because of the lack of specific 
information explaining why monitoring 
results were high or low, OSHA applied 
the estimated reduction in exposure 
levels due to implementing the
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recommended controls to the geometric 
mean for each operation. OSHA 
recognizes that reductions in exposure 
levels will not be the same for all 
measurements, however, industry has 
not provided the necessary infomration 
to show how reductions will vary for the 
different monitoring results obtained for 
each operation. OSHA believes that 
applying the reduction to the geometric 
mean is a reasonable method for 
interpreting the data. In any event, 
OSHA would have reached the same 
adjusted geometric mean had the 
estimated reduction been applied to 
each raw monitoring result and then a 
new geometric mean been recalculated.

OSHA’s contractor, Meridian, applied 
the reductions to the geometric mean in 
the same way by using the following 
methodology (e.g., Ex. 686A p. 19). First, 
any reduction in exposure assigned by 
the expert panel of certified, 
experienced industrial hygienists to a 
specific job category or worker was 
applied to the geometric mean exposure 
for that job category or worker, and the 
new geometric mean was calculated. 
Because the panel generally assigned a 
range to the expected exposure 
reduction, the resulting geometric mean 
exposure was expressed as a range and 
as the midpoint of that range. After all 
specific exposure reductions were 
calculated, any general exposure 
reduction (e.g., reductions applying 
either to the facility or work area as a 
shole) was applied to each affected 
worker’s geometric mean exposure, after 
which a new geometric mean was 
calculated.

As to OSHA’s reliance on particular 
statistical methodologies, the Agency is 
assured that it could have relied on 
other methodologies and that, once it 
adjusted the data to better reflect real, 
underlying conditions, it would have 
reached the same technological 
feasibility determinations.

(c) Technological Feasibility,
Exposure Variability, and Enforcement. 
Under section 6(b)(5) of the OSH Act, 
the Agency is to set standards that “to 
the extent feasible” best protect workers 
from significant risks of material 
impairment of health. 29 U.S.C. 655(b)(3); 
American Textile Manufacturers 
Institute, Inc. v. Donovan, 452 U.S. 490 
(1981); Industrial Union Department, 448 
U.S. at 607; USWA v. Marshall, 647 F.2d 
at 1189. OSHA does not believe that it 
can satisfy this obligation by using a 
lowest-common-denominator approach 
to protecting workers; i.e., by protecting 
all workers only to the extent that the 
most severe feasibility constraint on 
protecting any worker would allow. On 
the contrary, OSHA believes that if a

minority of workers cannot be as 
effectively protected as the majority, 
that fact is not an adequate reason to 
forego protecting the majority to the 
extent feasible.

OSHA has developed this 
understanding of technological 
feasibility as a matter of policy from 
recent court decisions. The meaning of 
feasibility is most thoroughly analyzed 
in USWA v. Marshall, 647 F.2d at 1189, 
which is the law of the case for this 
rulemaking. That analysis is adopted 
and further developed in a very recent 
decision concerning the asbestos 
standard, Bldg and Construction Trades 
Dept, AFL-CIO, 838 F.2d at 1258.

Under the OSH Act, which has been 
interpreted by the courts to be 
“technology-forcing,” OSHA is “not 
bound to the technological status quo.” 
OSHA “at the very least, can impose a 
standard which only the most 
technologically advanced plants in an 
industry have been able to achieve— 
even if only in some of their operations 
some of the time. * * * OSHA can also 
force industry to develop and diffuse 
new technology. * * * So long as * * * 
[OSHA] presents substantial evidence 
that companies acting vigorously and in 
good faith can develop the technology, 
OSHA can require industry to meet 
PEL’s never attained anywhere.” USWA 
v. Marshall, 647 F.2d at 1264-65.

In proving technological feasibility, 
OSHA is not required by the courts to 
provide "anything like certainty. * * * 
[A] standard is obviously not infeasible 
solely because OSHA has no hard 
evidence to show that the standard has 
been met.” The courts “cannot require 
OSHA to prove with any certainty that 
industry will be able to develop the 
necessary technology, or even to 
identify the single technological means 
by which it expects industry to meet the 
PEL. * * * OSHA’s duty is to show that 
modem technology has at least 
conceived some industrial strategies or 
devices which are likely to be capable 
of meeting the PEL and which the 
industries are generally capable of 
adopting.” IcL, at 1266.

With such broad authority, OSHA 
must bear “the initial burden of proving 
the general feasibility of the standard 
for the industry as a whole at the 
rulemaking stage * * *. This proof 
creates a presumption of general 
feasibility, which shifts “to the employer 
in later proceedings the task of 
overcoming OSHA’s initial finding.” 
“[S]ince the presumption of feasibility 
remains rebuttable, in pre-enforcement 
review the court would not expect 
OSHA to prove the standard certainly 
feasible for all firms at all times in all

jobs” (italics in original). Rather, OSHA 
“would have to justify the presumption, 
and the attendant shift in burden, with 
reasonble technological * * * evidence 
and analysis.” Id., at 1270.

Describing this preliminary test of 
general feasibility that an OSHA 
standard must pass in a pre-enforcement 
review, the court sums up OSHA’s 
burden of proof as follows;

First, within the limits of the best available 
evidence, and subject to the court’s search for 
substantial evidence, OSHA must prove a 
reasonable possibility that the typical firm 
will be able to develop and install 
engineering and work practice controls that 
can meet the PEL in most of its operations. 
OSHA can do so  by pointing to technology 
that is either already in use or has been 
conceived and is reasonably capable of 
experimental refinement and distribution 
within the standard’s deadlines. The effect of 
such proof is to establish a presumption that 
industry can meet the PEL without relying on 
respirators, a presumption which firms will 
have to overcome to obtain relief m any 
secondary inquiry into feasibility * * *. 
Insufficient proof of technological feasibility 
for a few isolated operations within an 
industry, or even OSHA’s concession that 
respirators will be necessary in a few such 
operations, will not undermine this general 
presumption in favor of feasibility. Rather, in 
such operations firms will remain responsible 
for installing engineering and work practice 
controls to the extent feasible, and for using 
them to reduce lead exposure as far as these 
controls can do so. In any proceeding to 
obtain relief from an impractical standard for 
such operations, however, the insufficient 
proof or conceded lack of proof will reduce 
the strength of the presumption a firm will 
have to overcome in justifying its use of 
respirators (italics in original) * * *. Such a 
standard of review for feasibility, of course, 
in no way ensures that all companies at all 
times and in all jobs can meet OSHA’s 
demands * * *. Id., at 1272.

With this understanding of feasibility, 
two related questions arise. First, how 
does a certain amount of random 
variability in exposure levels affect an 
assessment that a particular PEL is 
technologically feasible? Second, is it 
appropriate for OSHA to find a PEL 
technologically feasible when it is 
understood that: (1) That finding does 
not mean or assure that the PEL is 
achievable all of the time in all 
operations; (2) that some random 
variability in exposure levels is to be 
anticipated; and (3) that exposure levels 
in a facility may on a particular day 
therefore be in excess of the PEL 
expressed as an 8-hour TWA, 
potentially subjecting the employer to 
some risk of citation?

As to the first question, OSHA 
recognizes that some random fluctuation 
of exposure levels around an average 
does exist. Depending upon minor
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changes in operations or the 
environment, such as weather, process 
flow and employee work practices, 
which may not he fully controllable by 
the employer, on certain days exposures 
will be higher, end on others they will 
be lower than the average. Due to such 
random variability, employers may want 
to generally control exposure levels to 
an average somewhat below the PEL to 
ensure that random variations above 
that average will not exceed the limit.

However, not a ll variability is truly 
random or outside employers’ control. 
For -example, many high (exposures are 
the result o f identifiable and 
controllable causes, such as inadequate 
or poorly maintained ongmeesring 
controls, iipproper work practices, or 
lack of oversight by qualified industrial 
hygienists. Many companies recognize 
that such exposures ace not random and 
record information on operational and 
environmental conditions prevailing at 
the time of sampling to explain sampling 
results <(Exs. .688a; 688c). Many 
companies also concentrate their 
hygiene efforts ̂ on the conditions 
associated with the highest exposures. 
OSH A is  confident that correcting 
deficiencies in controls not only will 
broadly reduce existing exposure levels 
but also wall substantially reduce 
variability.

After carefully considering the impact 
of truly random variability on the issue 
of technological feasibility in thi« 
rulemaking, OSHA has concluded that 
the variability that remains outside the 
employers’ control after the employer 
has implemented all appropriate 
controls does not make compliance with 
the 50 pg/m* PEL technologically 
infeasible. Control techniques are 
readily available inmost operations to 
keep average exposures sufficiently 
below tiie PEL to ensure that remaining 
variations will result in very lew  
random exposures above the "PEL.

The second'question concerns the 
implications of suCh a  determination oí 
technological feasibility for 
enforcement St is a fundamental 
principle of OSHA Act law  that the A ct 
does not impose strict Maftrility; its 
purpose is  preventive rather than
punitive or compensatory, and the 
duties it imposes must therefore be 
achievable. See, e.g„ National Realty 
and Construction v. QSHWC, 489 F.2d 
1257 (Did O r. 1973). OSHA understand 
that determining technological 
feasibility an pant on 'fhe basis iof 
statistical probabilities may mean that, 
while an industry generally can achieve 
compliance with a  permissible exposure 
limit, some employees, in some
operations, some of the time will ®ot in

fact be able to do so. At such times, 
these employers may be vulnerable to 
citation.

In fulfilling its statutory duty to 
protect workers, the Agency wishes to 
avoid unfairness to employers. Thus, in 
recognition of the existence of certain 
variables that the employer cannot 
completely control, such as occasional, 
random outliers in  monitoring results, 
OSHA has built some flexibility into Its 
longstanding enforcement policy to 
prevent citations from being issued 
when such events occur. This flexibility 
means that employers need not control 
average exposures to so  far below the 
PEL that there remains only a negligible 
probabflity that an exposure 
measurement on any particular day will 
exceed the PEL.

For example, since, due to sampling 
and analytical error fSAE), monitoring 
results may not reflect‘“true” employee 
exposures, OSHA has explicitly stated 
that it will not issue a citation on the 
basis of a single OSHA sample result 
unless that resiilt exceeds the PEL plus 
the SAE (currently determined to be 12% 
in the case of lead). Consequently, a 
citation for exceeding the SOpg/m8 PEL 
will not b e  issued unless the result of a 
lead sample is greater than 56 pg/m3. 
This policy in practice may also provide 
some latitude for random variability.

In addition, OSHA specifically takes 
account of uncontrollable random 
variability in  its enforcement policy. The 
OSHA -Industrial Hygiene Technical 
Manual ip. 10-7/JV-4), directs 
compliance -officers to consider -long
term, historical exposure patterns in 
reaching compliance determinations. 
Consequently, if  a  compliance officer 
finds an exposure over the PEL for an 
employee, and the employer has many 
measurements for that employee that 
are under the PEL, theoonjpliance 
officer will investigate the problem, i f  
the investigation reveals that the 
compliance officer’s  sample may not be 
a true representation o f  the employee’s 
exposure, the compliance officer may 
decide to remonitor. OSHA generally 
will not cite for a  violation o f  the PEL if  
the employer shows that the inspector’s  
measurement is  unrepresentatively high 
and that the employer has been talcing 
all feasible steps to meet the PEL. (51FR 
22653-54).

OSHA has been following this 
approach to enforcement since its 
inception. In OSHA’s  experience, this 
approach has proven to be protective, 
fair, and efficient, it  has been protective 
of workers, ft also -has been fair to 
employers, because ft has provided 
reasonable certainty to employers who, 
after installing appropriate controls,

have consistently achieved the 
mandated levels. Finally, the approach 
has been reasonably efficient in terms of 
the compliance officer’s time,

OSHA’s approach to enforcement has 
been upheld by the courts. In a  recent 
decision in fhe United States Court of 
Appeals for the District o f Columbia 
Circuit, the court explkatly addressed 
the interrelationship between OSHA’s 
enforcement policy, technological 
feasibility, and random uncontrollable 
variability in exposure levels. In 
upholding OSHA’s policy, the court said, 
“if OSHA is permitted to adopt a 
standard that some employers assuredly 
will not b e  able to meet some of fhe 
time, with the employers limited to 
challenging feasibility at the 
enforcement stage, * * * ft is difficult 
to find legal objection in an OSHA 
enforcement policy that attempts to take 
account of particular feasibility 
difficulties at fhe pre-citation stage.” 
Building and Construction Trades Dept., 
AFL-CIO, 838 F.2d at 1268.

Economic Feasibility

Introduction. In this section, OSHA 
explains its interpretation o f  economic 
feasibility and presents its general 
assessment of the ability o f these nine 
remand industry sectors to finance fhe 
costs '50 pg/m* standard for 
occupational exposure to aiiborne lead.

The criteria for determining economic 
feasibility are provided in the “lead 
decision.*’ There, the court .said:

“A standard is not infeasible simply 
because it  is  financially burdensome (cita tion 
omitted) or even because it  threatens the 
survival of some companies within an 
industry * * *  A  standard is feasible if it does 
not threaten ‘massive dislocation’ ** * * No 
matter how initially frightening the projected 
* * * costs of-compliance-appear, a court 
must examine those costs in ¡relation to  the 
financial health and profitability of the 
industry and the likely effect of such costs on 
unit consumer prices * * * [Tjhe practical 
question is  whether the standard threatens 
the competitive stability o f an industry 
(citation .omitted) or whether * *  "  the 
standard might wreck -sudh stability o r lead 
to undue concentration. *  *  *  (To demonstrate 
economic feasibility,] OSHA must-construct a 
reasonable likelihood that these costs will 
not threaten the existence or competitive 
structure -of an industry, even i f  ¡it does 
portend disaster for sense marginal firms.” 
USWA v. Marshall. 647 F^d 1189.

Thus, the facit that compliance costs 
could b e  burdensome to an industry or 
that some firms could go out of business 
because o f  these costs docs not mean a 
standard is economically infeasible. The 
issue is not whether the standard 
creates economic hardship for specific 
firms in an industry -or ev n  for fhe
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industry as a whole. For a standard to 
be economically infeasible the courts 
require more. A standard is 
economically infeasible when the costs 
imposed are so overwhelming that they 
create “massive dislocation“ of the 
industry, threaten the “existence" or 
“competitive stability” of the industry, 
or lead to “undue concentration" within 
the industry. USWA v. M arshall, 647 
F.2d 1189.

OSHA believes that it must base its 
determination of economic feasibility 
upon substantial evidence that an 
industry sector is not threatened with 
massive dislocation attributable to the 
cost of complying with the standard at 
the time compliance deadlines arrive. In 
order to make this judgment, projected 
capital or annual costs of compliance 
must be examined in relation to the 
financial health and profitability of an 
industry sector and the likely effect of 
such costs on prices. A standard is 
economically feasible if costs can be 
passed on in price increases and/or 
absorbed by firms, and any necessary 
absorption of costs will not threaten the 
competitive stability of the industry.

OSHA interprets economic feasibility 
as the ability of an industry as a whole 
to withstand the cost impacts of a rule, 
even though some firms could 
discontinue operations. If, for example, , 
an industry is in a period of 
reconstruction or contraction due to 
prevailing economic conditions, the fact 
that a rulemaking could accelerate such 
trends does not in itself make the 
standard economically infeasible.

OSHA has found substantial evidence 
to support its determinations for each of 
the nine remand industries. While much 
of industry was largely unresponsive to 
repeated requests for plant specific 
financial data, an abundance of 
information outlining general economic 
trends encompassing the affected 
industries exists in the public record and 
in the public domain.

Financial and price information were 
submitted by some firms. OSHA used 
this information, in conjunction with 
economic data gathered by its 
contractor as well as data available 
from other public sources, to develop 
representative financial profiles.

Cost estimates were prepared by 
OSHA’s contractor and were submitted 
to the docket for public comment during 
a written comment period. Also,
OSHA’s contractor was cross-examined 
during the informal public hearing.
Many commenters submitted useful 
comments and the final cost estimates 
represent the combined efforts of 
OSHA’s contractors, industry personnel 
and associations, and OSHA staff.

Costs and financial data were then 
used to develop impact ratios. These 
ratios provided quantitative estimates of 
the possible impacts of this regulation 
on prices and industry profitability.

Assessments of economic feasibility 
were not, however, based solely upon 
these quantitative impact estimates. In 
many cases, information was available 
which provided the Agency with a 
means to qualitatively assess an 
industry’s ability to withstand the 
impacts of the rule. Such information 
included evidence of modernization 
and/or new construction, evidence of 
the ability of certain plants to shift away 
from lead-related products, thus 
avoiding compliance costs altogether, 
and evidence of the abilitv of certain 
plants to attain the 50 p,g/m3 PEL with 
limited or negligible expenditures.

Thus, quantitative estimates and 
qualitative information were analyzed 
within the context of each respective 
industry’s market structure and current 
status to determine economic feasibility.

The results of this analysis led OSHA 
to conclude that an extended five year 
compliance schedule is justified for 
secondary copper smelting, brass and 
bronze ingot manufacture, and lead 
chemicals. A two and one-half year 
schedule will be in effect for 
stevedoring, shipbuilding and repair, 
independent battery breaking, leaded 
steel, and lead chromate pigments. For 
reasons detailed elsewhere in this 
preamble, OSHA concluded that the 50 
pg/m3 PEL is economically infeasible 
for the nonferrous foundry industry.

The extended compliance schedule 
was required in three industry sectors 
principally to permit modernization and 
construction to continue and to allow 
firms to phase in engineering controls. 
The unique cost impact related to 
lowering permissible exposure levels to 
lead by means of engineering and work 
practice controls is not expected to 
significantly alter restructuring activities 
which are in response to prevailing 
economic conditions. OSHA believes 
that the objectives sought by the 50 pg/ 
m3 standard are consistent with such 
restructuring in that modernization is 
often accomplished with production 
technology which inherently reduces 
worker exposure.

In general, with the five year extended 
schedule granted to the three sectors 
mentioned above, evidence 
demonstrates that most plants in these 
sectors will not experience undue 
burden as a result of this rulemaking 
action. Nevertheless, OSHA recognizes 
that this regulation could accelerate the 
phasing out of certain less efficient 
facilities and that some marginal firms 
could decide at least in part to

discontinue operations as a result of this 
standard.

Thus, based on the evidence in the 
record and the analysis below, OSHA 
has determined that the 50 ftg/m3 lead 
standard is economically feasible for 
eight of the nine remand industries 
considered.

B. Feasibility of the Lead Standard in 
Each of the Nine Remand Industry 
Sectors

1. Brass and Bronze Ingot Production

P rocess D escription. Brass and bronze 
ingot production involves refining 
copper-based alloy scrap, which is 
melted, adjusted to achieve particular 
alloy specifications, and poured into 
molds to form ingots. Most of the lead 
originates in the scrap, with lead added 
at times to bring a particular melt to 
desired alloy specifications (Ex. 553-4, 
p. 1-1). Raw materials used by brass 
and bronze ingot producers include a 
wide variety of copper-bearing scrap, 
such as faucets, automotive radiators, 
electrical cable and machinings (Ex. 574, 
p. 1). Typically, the lead content of the 
scrap varies. The lead content of the 
most common types of ingots produced 
is 5-7% (e.g., leaded red brass and semi- 
red brass; Ex. 574, p. 2). In some brass 
and bronze ingot producing facilities, no 
more than 20% of total tonnage is in high 
lead alloys (25% lead), which means that 
80% of their tonnage is comprised of 
low-lead or unleaded alloys (Ex. 582-89, 
pp. 34-35).

The main operations in ingot 
production are scrap preparation; 
furnace operations, which include 
charging, melting, slagging (also called 
drossing and skimming), tapping and 
sometimes pouring; pouring molten 
metal into molds; and ingot handling.

Scrap Preparation. Scrap preparation 
may involve receiving, sorting, cleaning, 
cutting, preheating and storing copper- 
based scrap (Ex. 574, p. 1).

Scrap is received by truck and rail in 
car load quantities from scrap dealers. 
Scrap is received loose (e.g., tubing from 
radiator plants), in bulky pieces (e.g., 
used radiators), and in compressed 
blocks. Loose scrap is sorted and 
organized in bins according to metallic 
composition. Some scrap is processed to 
facilitate handling and charging. For 
example, bulky scrap (e.g., automotive 
radiators) may be reduced in size by 
briquettes or balers. Bulk quantities of 
borings and drilling scrap are reduced 
through crushers and hammermills. If 
pieces of scrap are too large to handle 
easily (e.g., ship propellers), they may be 
cut (Exs. 553-4, p. 1-1; 694-11, p. 9).
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In some cases the scrap jib ¿also 
cleaned (e.g., sweated Drstripped) to 
remove ¡oil, paint lead solder, Dr plastic 
wire coating (Ex. 574, p. IhR otaiy  
dryers also may be used to remove other 
unwanted contaminants ¡(Ex. 568, p. JM). 
Processed scrap also may be passed 
through a magnetic separator to remove 
ferrous metals before it  is fed into the 
furnace (Ex. 568, p. 47). If scrap is wet, 
because, for example, it has been stored 
outdoors or because it has been 
moistened to suppress dust it must be 
preheated before being charged to the 
furnace.

Furnace Operation. The primary 
function of the furnace is to melt the 
scrap charged into it. Furnace 
operations involve the following tasks: 
charging, melting, slagging, tapping, 
sometimes pouring, and transferring 
molten metal.

Furnaces can be of various types. The 
most commonly used furnaces in ingot 
production are directly-fired j*e verbatory 
furnaces, which are charged with high* 
grade copper scrap, and rotary furnaces. 
OSHA understands that some ingnt 
producers may use reverbatary furnace s 
primarily for refining the melt, relying on 
rotary furnaces to produce the particular 
alloy. Small crucible or electric-fired 
furnaces are also used sometimes (Ex. 
553-4, pp. 1 -1  to l-*2).

Charging is done by skip hoists, 
forklift trucks, or electrically powered 
vehicles. Reverberatory and rotary 
furnaces are charged from above, while 
in other furnaces the charge is  added 
through a side door (Ex. 607, pp. 1-2). 
Where scrap is top-charged, employees 
perform the work on ground level, using 
a rrtonoTarl slap hoist and tote-bin 
material-handling system (Ex. 568, p.
236).

Fuels are fired directly into the 
charged furnace to mek the scrap. When 
the furnace reaches melt temperature, 
fluxes are added to reduce impurities. 
These impurities combine to form slag, 
which rises to the surface of the melt 
(Ex. 607, p. 2). During slagging the 
furnace is rotated approximately 90 
degrees so that the charging door is 
positioned at the side of the furnace.
Slag is then skimmed off from the 
charging-door into an uncovered slag 
ladle (Ex. 568, p. 236). Filled slag ladles 
are transported from the furnace area by 
forklift trucks.

When necessary, certain metals are 
then added to bring the melt to desired 
alloy specifications. A furnace grab 
sample of the melt is taken and
analysed to monitor metal composition 
before the melt is tapped (Ex. 553-4, pp. 
1-1 to 1-2). When the molten alloy is 
ready, the molten metal may be tapped 
into a ladle or into a trough known as a

launder, winch leads to a ladle at the 
casting lane (Ex. 568, p. 239). fo some 
cases, the molten alloy is  poured 
directly from the furnace into ingot 
molds (Ex. 553-4, p. 1-2).

Pouring and Casting. After the molten 
alloy is tapped and transferred to the 
pouring area, it  is  poured into ingot 
molds. Most facilities use automatic 
casting methods. For example, with a 
casting carousel, the operator pours the 
molten metal into empty molds that 
rotate into place under the pouring ladle 
(Ex. 574, p. 20). Some ingot producers do 
not use automatic casting but instead 
continue to use manual pouring, which 
is associated with higher lead exposures 
for pourers (Ex. 582^85, p. 31). Generally, 
the alloy is cast into sixty-pound ingots.

Ingot Handling. The ingots are cooled, 
separated from their molds, and 
mechanically stacked onto pallets that 
are moved fey forklift truck into the 
product warehouse until delivery. Some 
facilities cool ingots using water-cooling 
methods (Ex. 568, p. 51).

Sources *#Exposure. The main 
sources o f  lea d exposure in ingot 
production are dust emitted during 
briquetting of scrap and fume emitted 
during charging of the furnace, tapping, 
slagging and pouring. A lesser source of 
lead exposure is  dust generated during 
scrap preparation. OSHA believes that 
cross contamination from primary 
sources o f lead emissions may also be a 
source of higher exposure levels 
elsewhere in ingot production. OSHA 
does not believe that ingot handling 
itself provides a significant source of 
lead exposure.

Sometimes charging may be a source 
of high exposure when upsets occur. For 
example, when scrap fed into the 
furnace is hung up in the tote bin a s  it is 
dumped or is caught in the throated the 
charging hopper, a worker may have to 
climb to the charging deck to dislodge 
the jam. At these times, the worker may 
be exposed to high lead exposures from 
dust and fumes escaping from the 
charging port.

Em ployee Exposures—O verview. An 
overview of existing exposure levels 
reveals the following. As far back as 
1979-81, nearly three-quarters (749£) ¡of 
all employees in ingot production were 
reported by OSHA’s contractor, JACA, 
to fee exposed at levels below 50 fig/m3 
(Ex. 553-4, p. 1-3). Moreover, in three of 
the four plants for which JACA ¿reported 
employee exposure ¡levels, nearly two- 
thirds or more of all employees were 
exposed below 50 jug/m8 (Ex. 583-48).

Data from recent iOSHA inspections 
show that 55% o f  all exposures are 
below 50 fig/m3 (Ex. 574, p. 2). These 
data thus corroborate JACA’s findings 
on exposure levels in this sector.

The Data. The preceding overview 
and following analysis of exposure 
levels is based upon the best available 
evidence in the record. The record 
includes four primary data sets: data 
collected from ingot producers by 
OSHA’s previous contractor. JACA (Exs. 
553-4 and 583-48); data submitted by the 
Association of Brass and Bronze ingot 
Manufacturers (“ABBIM”) (Ex. 665); 
data from OSHA inspections (Ex. 574, p. 
2); and data submitted by the 'National 
Institute for Occupational Safety and 
Health (NIGSH) and Radian (Exs. 567; 
568; 583-16). 'These data sets tend to be 
incomplete regarding exposure data and 
associated control information but they 
do provide sufficient information to 
allow OSHA to assess technological 
feasibility.

For several reasons, the data set 
provided by ABBIM (Ex. 665) appears to 
be less useful than other data sets. The 
data set is upwardly biased, in part , 
because ABBIM has only provided 
sampling results from operations 
generally considered to have higher 
exposure levels. Thus, for example« data 
are provided concerning pourers and 
briquetters, but no data are provided for 
serqp sorters or ingot handlers. -Such 
data cannot therefore be taken as 
representative of exposure levels 
throughout the industry. In addition, 
sampling results from the furnace and 
pouring areas at Company A are mixed 
together a s  “melting and pouring 
operations” (Ex. 665), so OSHA cannot 
ascertain exposure levels in either of the 
individual operations.

As indicated, the ABBIM data s e t (Ex. 
665) also is incomplete. With regard to 
Company B, for example, ABBIM 
provided data only from one undated 
"inspection,” rather than providing, as 
OSHA requested, the more extensive air 
monitoring data that are required under 
the lead .standard to be collected on a  
quarterly basis.

Finally, the ABBIM .data generally are 
not accompanied by information 
concerning underlying ¿conditions, 
processes or controls. ABBIM provides 
almost no description o f  associated 
controls operation by operation. 
Consequently, the ABBIM data provide 
little information with which to perform 
the operation-fey-operation analysis 
useful for determining whether it is 
feasible to achieve SO jug/m3 in most 
operations most o f ¡the time. Without 
such information about existing 
controls, OSHA cannot conclude simply 
from high sampling results that 
controlling to 50 jag/m8 is infeasible.
The mere fact that in operations like 
pouring exposure levels are high when 
the operations may be uncontrolled or
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poorly controlled says little about the 
feasibility of controlling to 50 pg/m3.
For all of these reasons, OSHA 
considers the data submitted by ABBIM 
of very limited use in determining 
technological feasibility.

By contrast, the JACA data (Ex. 553-4) 
show that by 1979-81 a number of brass 
and bronze ingot producers already 
were achieving exposure levels below 
50 pg/m3 most of the time, whatever the 
controls being implemented. The fact 
that existing controls also are not 
adequately described operation by 
operation in the JACA report is much 
less a limiting factor than it is for the 
ABBIM data. Where air lead levels of ,50 
pg/m3 have already been achieved, it is 
not so critical to OSHA’s determination 
of technolgical feasibility that the 
Agency know precisely which of the 
array of conventional controls were 
implemented. On the other hand, where 
50 pg/m3 is not being achieved, it is 
crucial for purposes of determining 
technological feasibility that the Agency 
know the state of existing controls.

In addition, where 50 pg/m3 is being 
achieved, that fact by itself constitutes 
the best available evidence of 
technological feasibility. Only a showing 
that plants achieving 50 pg/m3 are not 
representative of the rest of the industry 
could refute such evidence. In this case, 
ABBIM and other commenters for 
industry have made no such allegation 
concerning the JACA data. On the 
contrary, industry representatives 
repeatedly cite JACA favorably, 
suggesting that JACA’s data are indeed 
representative of the rest of the industry 
(Exs. 694-10, p. 2; 694-11, p. 3; 694-39, 
pp. 13-14).

Specifically concerning the JACA data 
(Exs. 553-4, pp. 1-2 to 1-3; 583-48),
OSHA believes for a number of reasons 
that they are reliable and useable in 
determining technological feasibility in 
this sector. First, the JACA data were 
supplied by ingot producers and include 
sampling results as well as distributions 
of air lead levels across their 
workforces. Second, the JACA data 
include the years, 1977 to 1981. Since 
then production levels have fallen and 
some additional controls have been 
implemented. Therefore, OSHA 
considers these data likely to be 
conservative estimates of current 
exposure levels.

The final data set was generated by 
OSHA inspections in 1984-87 of five 
brass and bronze ingot producers (Ex. 
574, p. 4), a number constituting nearly 
one-third of all current producers.
OSHA believes these data to be 
conservative as well, since OSHA 
inspectors tend to sample operations 
where they anticipate high exposure

levels. Moreover, inspection data 
include results from plants OSHA 
inspects in response to employee 
complaints. Such plants tend to have 
relatively high air lead levels. In any 
event, the recent OSHA inspection data 
confirm OSHA’s findings that 50 pg/m3 
already has been and continues to be 
achieved in ingot production.

Looking more closely at the JACA 
data, in which 74% of employees are 
exposed below 50 pg/m3, OSHA notes 
the following. Nearly one-half (44%) of 
all employees were exposed below 30 
pg/m3, the action level of the lead 
standard. Thus, nearly twice as many 
employees were exposed below 30 pg/ 
m3 as were exposed above 50 pg/m3 
(26%) (Ex. 553-4, p. 1-4).

In addition, as indicated above, in 
three of the four plants for which JACA 
reported employee exposure data nearly 
two-thirds or more of all employees 
were exposed below 50 pg/m3 (Ex. 583- 
48). For example, at Plant K exposure 
levels were below 50 pg/m3 in all 
operations except the baghouse, a 
maintenance operation. At Plant K, 
where 94% of the 68 employees were 
exposed below 50 pg/m3 in 1981, the 
company reported that typical 8-hour 
time-weighted averages (“TWAs”) for 
foundry workers were between 30-50 
pg/m3. For all other workers typical 
TWAs were below 30 pg/m3, except for 
the baghouse. Typical exposure levels in 
the baghouse, which OSHA considers 
essentially a maintenance operation, 
were said to be between 100-150 pg/m3, 
but the only actual sampling results 
provided for baghouse attendants 
indicate average TWA exposure levels 
of 75 pg/m3 in 1981 (Ex. 583-48, Plant K, 
p. 3).

Similarly, at plants M and N, 65% and 
85% of employees were exposed below 
50 pg/m3, respectively. At the fourth 
plant, Plant L, which inexplicably had 
higher exposure levels, 22% of 
employees were exposed below 50 pg/ 
m3, and one-half of the employees were 
exposed between 100-150 pg/m3 (Ex. 
583-48, Plant L, p. 1). For all of the brass 
and bronze ingot workers surveyed by 
JACA in 1981, fully 73% of all exposures 
were already below 50 pg/m3, and the 
combined data indicate that only 2% of 
employees were exposed above 150 pg/ 
m3 and none were above 200 pg/m3 (Ex. 
583-48).

A similar picture is presented by the 
OSHA inspection data set, which 
includes 20 air lead monitoring results 
from five ingot producers (Ex. 574, p. 2). 
Those data show that 55% of all 
monitoring results are below 50 pg/m3, 
and 90% are below 100 pg/m3. Only 2 
results are between 100-200 pg/m3 (Ex. 
574, p. 2).

Even looking at the ABBIM data (Ex. 
665), OSHA notes the following. For 
Company C, exposure levels have 
significantly decreased since 1985. For 
example, 75% of the sampling results at 
Company C were below 50 pg/m3 in 
1987, while only 11% and 33% were 
below 50 pg/m3 in 1986 and 1985, 
respectively (Ex. 665, p. 4). Similarly, all 
of die sampling results at Company C 
were below 100 pg/m3 in 1987, while 
only 55% and 58% were below 100 pg/ 
m3 in 1986 and 1985, respectively (Ex. 
665, p. 4). Viewed operation by 
operation, substantial reductions in 
exposure levels were achieved from 
1985-87 in all operations at Company C 
for which ABBIM provided data. 
Monitoring results for companies A and 
B were considerably higher than those 
for Company C. Nonetheless, of the 64 
combined exposure monitoring results 
from all three companies, only two 
sampling results exceeded 150 pg/m3. 
This fact, in conjunction with the trend 
in monitoring results from Company C, 
further confirms OSHA’s understanding, 
based primarily on the JACA and OSHA 
inspection data, that at many ingot 
producers 50 pg/m3 already is being 
achieved in most of the operations and 
that excursions above 150 pg/m3 are 
rare (Exs. 553-4, p. 1-4; 574, p. 2; 583-48).

Existing Controls. OSHA has shown 
in the previous section that as early as 
1979-81, 74% of ingot production 
employees were reported to be exposed 
below 50 pg/m3 (Ex. 553-4, p. 1-4). 
Recent OSHA inspection data appear to 
confirm this picture, with 55% of all 
exposure levels in all operations at 
inspected brass and bronze ingot plants 
already below 50 pg/m3 (Ex. 574, p. 2).

These exposure levels have been 
achieved with existing controls. JACA 
reported that, in 1981, brass and bronze 
ingot makers employed manual sorting 
of scrap and movement of scrap by 
front-end loader or truck, and that some 
producers used water spray in the 
scrapyard to suppress dust (Ex. 553-4, p. 
1-3). JACA noted that the extent of the 
use of local exhaust ventilation on 
briquetting machines in this sector was 
not known (Ex. 553-4, p. 1-3). In 1981, 
facilities visited by JACA had local 
exhaust ventilation over the furnace tap 
hole, launder, or ladles; however, JACA 
reported that the extent to which 
employers in this sector were using 
charging hoods on their furnaces in 1981 
was not known.

Based on JACA’s 1981 data and on 
OSHA’e recent inspection data, OSHA 
believes that most ingot producers with 
these controls already are controlling 
most of their air lead levels to below 50 
pg/m3. OSHA also believes that many
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producers without such controls are not 
achieving employee air lead levels at or 
below 50 pg/m8.

OSHA recognizes that both ABBIM 
and another commenter have asserted 
that a number of facilities m the 
industry do not now have such controls 
or do not have controls with sufficient 
volume df air flow {Exs. 582-65, pp. 20- 
23; 683, pp. 11-131. OSHA is aware that 
some brass and bronze ingot producers 
are not using adequate engineering 
controls. For example, m describing 
Company A (Ex. 065, p. 2), ABBIM 
reports that windy conditions or high 
humidity may cause Company A’s air 
lead levels to fluctuate. OSHA believes 
that Company A is relying heavily on 
natural ventilation rather than 
engineering controls, which would not 
be affected by wind or humidity. OSHA 
believes that the reason for Company 
A’s high readings is the lack of 
engineering controls. However, neither 
ABBIM nor any other producer in  the 
industry has submitted data or other 
information to the record to document 
baseline control levels.

OSHA finds that most plants in this 
sector already are achieving air lead 
levels at or below 50 pg/m3 and have 
very few monitoring results that are 
above 150 pg/m3. OSHA believes that 
these exposure levels testify to die fact 
that many facilities in this sector are 
adequately and efficiently controlled.

A description of-the current level of 
controls, operation by operation, 
follows.

Scrap Preparation. Local exhaust is 
being used at some plants on briquetting 
machines. At Company A, for example, 
side-draft ventilation has been installed 
there (Ex. 665, p. 2}. Although Company 
A asserts without documentation that 
side-draft ventilation has not produced 
the anticipa ted reductions in exposure 
levels in this operation (Ex. 065, p. 2]. 
briquetting is evidently not a problem 
operation for many brass and bronze 
ingot producers (Ex. 553-4, p. 1-4). For 
example, in facilities where employers 
have installed briquetting .machines of 
the type described by NIOSH {Ex. 568, p. 
177), the briquetter operators’ exposure 
level has been reduced to an average 8- 
hour TWA of 38,pg/m3. In addition; 
some companies apparently use little 
radiator scrap, which results in lower 
exposure levels (e.g., Company G, Ex. 
665). ,

Furnace Operations. Local exhaust is 
being used a t some plants over furnaces, 
and is common on launders and ladles, 
and at tapping points (Ex. 553-4, pp. 1-3 
to 1-6). Company C, for example, has 
hooding above its furnace (Ex. 065).
Some hoods over the top of 
reverberatory 'furnaces are provided

with automatic damper opening 
systems, which effectively keeps the 
furnace at negative pressure during 
charging to prevent lead fume and dust 
from escaping into the workplace air 
(Ex. 574, p. 20). A flue gas control 
system, consisting of a brick-lined flue 
that connects to steel ductwork leading 
to baghouses, also is used to control 
emissions during furnace charging and 
slagging. This control system provides 
sufficient draft to capture emissions 
before they can exit through the 
changing door. At some plants, the 
charging door and jamb are water 
cooled to minimize warpage and 
maintain a good seal. The water cooled 
charging door is remotely operated from 
a station where furnace burning rate can 
also be regulated. In addition, many 
plants have local exhaust over the 
tapping port (Exs. 574, p. 20; 553-4, p. 1 - 
6) and have covered the launder that 
carries molten metal from the furnace to 
the ladles (Ex. 553-4, p. 1-6).

Pouring. Most ingot producers in the 
industry now rely upon automatic, 
rather than hand pouring to cast ingots 
(Exs. 574, p. 1; 582-85, p. 32). Where 
pouring is done automatically by 
rotating carousel, the tapping point is 
hooded and exhausted to the baghouse 
(Ex. 568, pp. 190-92).

Baghouse. Brass and bronze ingot 
producers have bughouses to capture 
the dust generated in their facilities {Ex. 
553-4, p. 1-43 j. These baghouses, 
installed for purposes of air pollution 
control, filter exhaust air from hood 
systems positioned over emission 
sources and collect contaminated dust. 
Baghouse dust contains substantial 
amounts of lead. Baghouses can be a 
significant source of lead dust exposure 
for employees who tend them or who 
are responsible for recycling or 
disposing of dust collected by 
baghouses. Since this dust can 
contaminate an entire facility, it must be 
carefully handled. Many plants, like 
Company B, have installed screw 
conveyors to move the dust from the 
baghouses to a  central location to await 
further disposition (Exs. 665, p. 3; 574, p. 
21). This substantially reduces manual 
removal of dust from the baghouse, 
which, in turn, reduces worker exposure 
and the potential for spills that could 
contaminate the area or plant.

Additional Controls. OSHA believes, 
based upon JACA and OSHA inspection 
data, that most employee exposures in 
brass and bronze ingot facilities are 
already controlled below 50 pg/m3. 
OSHA therefore finds, simply on the 
basis o f  ihese data, that it is 
technologically feasible for brass and 
bronze ingot makers to achieve the 50 
pg/m3 PEL using conventional controls.

However, OSHA is  also aware that 
certain facilities in this sector are not 
adequately controlled ,(e.g„ Company A, 
which continues to rely on natural 
ventilation, and other facilities that still 
hand pour {Ex. 582-85, p. 31)). To aid 
these facilities in reducing their 
employee exposures, OSHA in this 
section describes additional controls 
that may be implemented to achieve the 
50 pg/m3 PEL.

In addition, where necessary, OSHA 
recommends that ingot producers 
generally improve their engineering 
controls as indicated below and 
eliminate cross contamination to control 
employee air lead levels consistently to 
or below 50 p,g/m3. With these 
improvements, OSHA anticipates that 
exposure levels in all production 
operations will be controlled to or belcrw 
50 pg/m3..

OSHA believes that for operations 
where most employees already are 
exposed below 50 pg/m3, relatively 
modest improvements in work practice 
controls, such as improved 
housekeeping or better preventive 
maintenance, will be sufficient to reduce 
the lead exposures of employees 
consistently below 50 pg/m3. Similarly, 
for the remaining operations where 
employees are exposed to air lead levels 
of less than 100 pg/m3, OSHA believes 
that a combination of limited additional 
and improved controls {e.g„ improving 
the efficiency o f the ventilation system) 
will be sufficient to control exposure 
levels to or below 50 pg/m3.

On the whole, the same sorts o f 
readily available, conventional controls 
that have successfully reduced exposure 
levels to below 50 pg/m3 in many plants 
in this industry and in similar industries, 
like non-ferrous foundries and 
secondary copper smelters, are precisely 
the kinds of additional controls that 
OSHA recommends to other ingot 
producers to reduce employee air lead 
levels to or below 50 pg/m3.

The Agency’s  discussion of the 
reductions in air lead levels expected to 
be achieved by implementing 
recommended controls relies in part on 
assessments made by QSHA’s 
contractor, Meridian. Meridian’s 
assessments are based upon data in the 
record and its extensive experience and 
expertise in industrial hygiene. For 
purposes of determining technological 
feasibility, OSHA has also made its own 
analysis ©f .additional controls and 
anticipated reductions in air lead levels 
in ingot production. QSHA’s analysis is 
supported by the testimony of its expert 
witness, Fredrick W. Boeder (Ex. .607),

OSHA’s discussion -of additional 
controls and expected reductions is also
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based upon OSHA’s independent 
analysis of processes and controls in the 
secondary copper smelting and non- 
ferrous foundry industries, which are 
similar in many respects to ingot 
production. Representatives of these 
industries provided better data than did 
ingot producers, particularly concerning 
exposure levels and associated controls. 
Unlike ingot producers, representatives 
of both industries also arranged site 
visits to facilities. For these reasons, 
OSHA believes that some of the best 
evidence concerning additional controls 
and expected reductions in employee air 
lead levels among users may come from 
submissions and testimony about these 
other industries. Consequently, OSHA 
believes it is reasonable and entirely 
appropriate to rely on that evidence in 
assessing the technological feasibility of 
achieving 50 pg/m3 by means of 
engineering and work practice controls 
in ingot production. In previous 
rulemakings, OSHA has relied upon 
evidence concerning one industry to 
prove feasibility in a similar industry 
(e.g., 51 FR 22656, DATE), and that 
reliance was not rejected by the courts. 
Bldg and Construction Trades Dept, 
AFL-CIO v. Brock, 838 F.2d 1258 (D.C. 
Cir. 1988).

The similarities between brass and 
bronze ingot production, secondary 
copper smelting and non-ferrous 
foundries are substantial. Ingot 
production is like secondary copper 
production in its scrap preparation and 
like non-ferrous foundries in its furnace 
and pouring operations. In addition, as 
discussed below, facilities in each of 
these pyro-metallurgical sectors have 
many operations and procedures in 
common.

Like copper smelting, ingot production 
involves copper-based scrap, typically 
containing a substantial amount of lead, 
as the raw material, and depends upon 
refining to produce the finished product. 
Unlike copper smelting, ingot production 
does not involve smelting and therefore 
does not entail the high exposure levels 
associated with blast furnaces. In 
addition, unlike copper smelting, the 
refining process in ingot production is 
not aimed at removing all metals, like 
lead, to produce increasingly pure 
copper. Rather, the purpose in ingot 
production is to remove only those 
contaminants that do not meet 
particular alloy specifications. In these 
aspects, ingot production, as industry 
concedes (Ex. 582-85, p. 5), is similar to 
the process used by non-ferrous 
foundries that produce lead-containing 
alloy castings. Indeed, alloy ingots are 
the primary raw material for the non- 
ferrous foundry industry. In both

industries lead is present throughout the 
production of leaded alloys, and 
therefore the potential for lead exposure 
exists in nearly every operation, and is 
especially great in hot operations.

To the extent that ingot production is 
similar to copper smelting and non- 
ferrous foundries, information 
concerning sources of exposure, 
exposure levels, and controls in those 
industries is applicable to ingot 
production. The principle of control 
technology transfer, for example, is 
widely acknowledged (Ex. 568, p. 9). 
Many operations in different sectors of 
the pyro-metallurgical industry have 
commonalities that make them excellent 
candidates for such transfer. Among 
these similarities are: their use of heat to 
reduce, refine and alloy metals: their 
handling and preparation of feed 
materials; their use of furnaces; their 
production of metal products, slag, and 
by-product wastes; their use of emission 
controls (baghouses, ducts, etc.); and 
their potential for causing employee 
exposure to metal dust and fume (Ex. 
568, p. 9).

Specifically, for example, regarding 
the scrapyard, where the sources of 
exposure, applicable controls, and lead 
content of the scrap in ingot production 
and in secondary copper smelting are 
similar, OSHA believes it should be as 
easy to control scrap preparation in 
ingot production as it is in secondary 
copper smelting. OSHA further believes 
that cross contamination, which is a 
problem in both secondary copper 
smelting and non-ferrous foundries, is a 
problem in brass and bronze ingot 
production as well.

The benefits of transfer of technology 
include the avoidance of duplication of 
effort in developing and testing controls, 
reductions in the costs of compliance, 
increases in the chances of achieving 
successful emission control, and 
reductions in employee exposures.

Prevention of Cross Contamination 
and Cross Drafts. In non-ferrous 
foundries two of the major sources of 
cross contamination are furnace 
operations and pouring. Furnace 
operations and pouring in ingot 
production are very similar to those in 
non-ferrous foundries. These operations 
therefore have similar potentials for 
cross contamination. There is, moreover, 
nothing in the record to suggest that the 
level of controls or applied industrial 
hygiene currently is materially different 
in ingot production than in non-ferrous 
foundries. OSHA therefore assumes that 
the problem of cross contamination is at 
least as severe in some ingot production 
facilities as it is in some non-ferrous 
foundries. This assumption is supported

by evidence of high background levels 
and cross contamination in brass and 
bronze facilities at which NIOSH 
conducted in-depth surveys (e.g., Ex.
568, pp. 195, 200).

The Agency notes that the typical 
increment to exposure levels attributed 
to cross contamination in non-ferrous 
foundries is at least 20 p-g/m8. This 
cross contamination can be eliminated 
in ingot production in the same manner 
and to the same extent that it can be 
controlled in non-ferrous foundries. 
Consequently, OSHA hereby 
incorporates into this assessment of 
ingot production on how to control cross 
contamination that appears in the non- 
ferrous foundry section of this preamble.

OSHA wishes to emphasize two 
points from that analysis. First, it is vital 
in controlling cross contamination to 
contain cross drafts, which not only 
spread contamination from one 
operation to another but also 
compromise local exhaust ventilation, 
preventing exhaust hoods from 
operating at maximum effectiveness (Ex. 
583-13. p. 7-2). Second, to remedy the 
problem of cross contamination, as well 
as other problems, OSHA believes that 
the first thing ingot producers must do is 
obtain the services of experienced 
industrial hygienists. These 
professionals can perform plant-wide 
industrial hygiene studies that focus on 
a task-by-task analysis of sources of 
exposure and can analyze cross drafts 
and cross contamination as a basis for 
designing cross draft barriers and other 
measures to eliminate them.

OSHA is confident that such studies 
are essential to the systematic control of 
air lead levels in inadequately 
controlled plants in this industry. Such 
studies are a precondition for employers 
instituting effective, regular programs to 
identify the precise sources of exposure 
and reasons for upset conditions in 
order to determine how best to reduce 
them to a minimum (Ex. 686A, pp. 40- 
41). OSHA believes, as Meridian stated 
in connection with non-ferrous 
foundries, that no control measure is as 
likely to produce such dramatic results 
in controlling air lead levels in ingot 
production as the relatively low-cost 
approach of obtaining the services of an 
industrial hygienist (Exs. 686A, p. 41; 
689-3, p. 1).

If undertaking plant-wide hygiene 
surveys and preventing cross 
contamination are among the most 
important steps that can be taken to 
reduce exposure levels generally 
throughout this industry, other 
conventional controls that are 
applicable to many operations also 
should be implemented broadly to
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reduce exposure levels. Implementation 
of effective conventional controls 
already has dramatically reduced 
exposure levels in various operations 
throughout this industry (e.g., Exs. 574. p. 
70; 686D, pp. 7-8; 568, pp. 177-82). The 
controls recommended by OSHA 
include better exhaust ventilation, 
enclosure, isolation, automation of the 
production process, and better work 
practices (e.g., housekeeping and 
preventive maintenance).

Ventilation. The presence of 
excessive lead in the work 
environments of some ingot producing 
facilities indicates that existing 
engineering controls like local exhaust 
ventilation (LEV) and general dilution 
ventilation are not doing the job. 
Although much more quantitative and 
other information than industry has 
provided would be needed to state with 
any precision how great a reduction of 
any particular exposure level could be 
achieved by enhancing specific 
ventilation systems, OSHA believes that 
in many operations improved or 
additional ventilation can achieve major 
reductions in worker exposure.

Such controls have been developed, 
tested, and where found effective, 
manufactured and applied widely for 
many years throughout industry to 
control specific contaminants. 
Conventional controls for nearly every 
operation in ingot production, secondary 
copper smelters and foundries have 
been described in detail and often 
depicted in photographs or diagrams by 
industrial hygienists and engineers from 
the American Conference of 
Governmental Industrial Hygienists 
(e.g., Exs. 583-13, pp. 5-4 to 5-20, 5-41, 
5-48 to 5-60), the American 
Foundrymen’s Society (AFS) (Exs. 689-3; 
689-4), NIOSH (Ex. 645), A m erican 
National Standards Institute (ANSI)
(Exs. 669-13A, 13B, 13C), and many 
consultants who have worked for OSHA 
or industry (e.g., Exs. 689-6; 689-7; 689-8; 
689-9; 689-10; 689-11; 689-12). The 
ventilation controls applicable to ingot 
production are basically the same as 
those applicable to comparable 
operations in secondary copper smelting 
and non-ferrous foundries.

Improved or additional ventilation 
can achieve major reductions in air lead 
levels, for example, at briquetting (Exs. 
568, p. 177; 574, pp. 19-20) and in furnace 
operations (Ex. 574, p. 20). More 
generally, OSHA believes that in many 
ingot producing facilities, as in many 
non-ferrous foundries, ventilation 
capacity often may be inadequate and 
may have to be increased (e.g., Exs. 689- 
3, p. 26; 689-4D, fig. 19). OSHA 
anticipates that increasing ventilation
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capacity to satisfy generally accepted 
criteria (e.g., Exs. 689-3; 689-4D, fig. 19) 
should result in nearly total capture of 
emissions by any properly designed 
hood.

As indicated in OSHA’s discussion of 
non-ferrous foundries and incorporated 
here by reference, it is imperative that 
improvements to existing ventilation 
and newly-installed ventilation be 
properly designed and installed. In 
addition, ventilation systems must be 
maintained regularly to assure their 
effectiveness.

Enclosure and Isolation. Enclosure 
and isolation are two alternative 
methods of separating workers from air 
contaminants. In the case of isolation, 
the employee is physically separated 
from contaminants in the air, for 
example, by working in a filtered, 
ventilated control booth (e.g., Exs. 684D, 
p. 15; 689-4D, fig. 32). With enclosure, 
the source of the contaminant is 
physically contained and separated 
from the rest of the work environment to 
prevent contamination of the air (e.g.. 
Exs. 588-18, figs. 1, 2; 583-13, p. 4-14).

Docket entries generally describe 
standard enclosure techniques that are 
in use, or can be readily implemented in 
industry (e.g., blast furnace charging 
door enclosure, casting operation 
enclosure; Exs. 568, p. 54; 590, p. 22). 
Simple isolation techniques that have 
been successfully used in plants in this 
and other lead industries are applicable 
throughout this industry (e.g., providing 
employees with filtered, ventilated cabs 
for mobile equipment, fresh air islands, 
isolation booths for rotary furnace 
tapping, and control rooms; Exs. 568, p. 
114; 590, p. 11; 684f, p. 13; 689-4D, p. 7 - 
14, figs. 31, 32).

Isolating workers even for a portion of 
their shift can significantly reduce 
exposure levels. For example, a Radian 
study of a secondary lead smelter 
demonstrates that employee exposures 
can be reduced by 23-77% even when 
employees spend only a portion of the 
workday in an isolation booth (Ex. 583- 
16, p. 30). A second Radian study (Ex. 
568, p. 217) reported that use of a fresh 
air island for a casting wheel operator in 
a brass and bronze ingot producing 
facility effectively reduced employee 
exposure to fumes migrating from the 
tapping/pouring operation. Another 
study, by NIOSH, investigating the 
effectiveness of various control 
technologies in secondary lead smelters, 
reports that workers spending even one- 
quarter of their time in a supplied air 
island would experience a 20% reduction 
in their 8-hour TW A exposure levels 
(Ex. 590, p. 40). Consequently, in ingot 
production supplied air islands could be
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installed near the furnace, for example, 
to reduce remaining excess exposures 
for operators after other controls are 
implemented.

Housekeeping, Work Practices, and 
Preventive Maintenance. Housekeeping, 
work practices, and preventive 
maintenance are essential controls 
whose importance frequently is not 
adequately recognized by employers. 
Failure to develop and use rigorous 
housekeeping, good work practices, and 
preventive maintenance can destroy the 
effectiveness of otherwise adequate 
engineering controls.

It is impossible to overemphasize the 
importance of good housekeeping and 
work practices (e.g., Exs. 475-32D, H- 
004H; 607, p. 6). Each ingot producer 
should thoroughly clean its entire 
facility, including rafters, at least 
annually. Moreover, to the extent that 
ingot producers rely upon dry sweeping, 
the practice should be eliminated and be 
replaced to the extent practicable by 
wet cleaning or vacuuming. Such 
straight-forward improvements in 
housekeeping as these have been 
estimated by Meridian to be likely to 
reduce worker exposures in general by 
10-25% in the non-ferrous foundry 
industry (Ex. 686a, p. 22).

Detailed housekeeping instructions 
also should be prepared and adherence 
to them enforced by employers, with 
scheduling and checkoff of regular 
cleaning of all areas of the plant where 
dust can collect. If necessary, 
housekeeping instructions should lis t 
individual sites, pieces of equipment, 
parts of equipment, and obscure corners 
(e.g., under screw conveyors) to assure 
that they are cleaned regularly.

Implementing appropriate work 
practice controls is also vital to 
achieving exposure levels at or below 50 
ju,g/m3. Many engineering controls often 
can only be as effective as the 
associated work practices that 
determine how they are used and where 
the employee locates himself or herself 
relative to the controls (Ex. 607, p. 6).
For example, scrap preparation for 
charging and charging itself should be 
done in a manner that minimizes the 
probability of jams in the throat of the 
charging hopper, which subject the 
charger needlessly to exposure to lead 
fumes and dust by requiring him or her 
to climb the charging deck to dislodge 
the jam (Ex. 568, p. 247).

Work practices also should be written 
to prescribe correct procedures for all 
tasks that might result in increased 
employee exposure. Such procedures 
should dictate, for example, that 
employees remove themselves from 
proximity to a source of exposure
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whenever possible and, to the extent 
possible, isolate themselves from 
contaminants by standing in a fresh-air 
island or booth. Similarly, the storage of 
slag in open bins should be prohibited. 
Care also should be taken to assure that 
covers or exhaust hoods are kept on 
ladles filled with molten metal 
whenever possible (Exs. 568, p. 48; 607, 
p. 4).

OSHA also notes the importance of 
maintenance programs to assure that all 
systems function as cleanly and as 
efficiently as practicable (e.g., Ex. 689-3, 
p. 74, Table 8-1; and see Safety in Metal 
Casting, Des Plaines, IL, Vol. 6,1970, p. 
172). Exhaust systems lose their 
capacity because belts and pulleys slip, 
duct branches become clogged, duct 
couplings become loose and develop 
holes that leak air, filters become 
occluded, and fan blades become 
corroded or imbalanced. Thus, the 
effectiveness of engineering controls can 
be severely limited by poor 
maintenance.

OSHA also recommends the following 
controls operation by operation.

Scrap Preparation. The main source of 
lead exposure in scrap preparation is 
lead oxide that forms on scrap, which is 
emitted as dust when the scrap is 
handled. This source of dust is most 
difficult to control in briquetting, where 
scrap of varying sizes and shapes is 
mechanically compressed. Nonetheless, 
with proper engineering controls 
briquetting can be controlled to below 
50 pg/m3. For example, by implementing 
local exhaust ventilation at briquetting 
machines, area samples indicate that 
exposure levels have been reduced to 
between 32-43 pg/m3. Alternatively, 
employers may install a briquetting 
machine of the type described by 
NIOSH, which reduced the briquetter 
operators’ average 8-hour, TWA to 38 
pg/m3 (Ex. 568, p. 177).

In addition, to control air lead levels 
in the scrapyard in general, OSHA 
recommends the wetting of scrap before 
handling to suppress lead dust. JACA 
reported in 1982 that some brass and 
bronze ingot producers used water spray 
to reduce dust in the scrapyard and on 
scrap going to the briquetter (Ex. 553-4, 
p. 1-3). OSHA recognizes that where 
scrap is moistened it cannot safely be 
charged directly into the furnace and 
therefore also recommends that, prior to 
charging, all wet scrap be pre-heated. 
OSHA believes that its recommendation 
to preheat scrap should not pose any 
additional burden on ingot facilities 
since most scrap must be preheated 
because it is stored outside, exposed to 
weather. Where only a few of the 
combined controls OSHA recommends 
for the scrapyard were implemented in

the scrapyard of a large secondary 
copper smelter, 60% of the exposures 
were below 50 pg/m3 (Ex. 684d, p. 14).

Additional measures that could be 
implemented by ingot producers whose 
exposures in the scrapyard continue to 
be excessive even after scrap wetting is 
introduced include enclosing the 
scrapyard, installing a cement floor for 
ease of washing, and installation of 
effective exhaust systems in briquetters 
(Ex. 568, p. 177).

Furnaces. The furnaces are the 
primary emission source for the entire 
facility, particularly during such 
activities as charging, slagging, and 
tapping. Local exhaust hoods installed 
over all furnace openings, like tapping 
and charging ports, constitute the most 
effective control for metal fume 
emissions from the furnaces. These 
hoods are available in close-capture, 
fixed, mobile and telescopic forms, 
which can be adapted to various 
circumstances and multiple operations 
(Ex. 583-13).

The effectiveness of such controls in 
reducing air lead levels in furnace 
operations is manifested in area and 
breathing zone exposure data collected 
by M OSH as part of an in-depth survey 
it carried out at an unnamed ingot plant 
Both breathing zone and area sample 
results there uniformly indicate 
exposure levels well below 50 pg/m3 
(Ex. 568, p. 249, Table 13). This ingot 
manufacturer achieved such levels by 
operating the furnace at negative 
pressure during charging and providing 
local exhaust at the tapping port (Ex.
568, p. 236). The effectiveness of these 
controls on melting furnaces is also 
demonstrated by the exposure levels 
achieved at Company K, where air lead 
samples consistently are below 50 pg/ 
m3 (Ex. 583-48).

In addition to implementing additional 
controls that capture emissions at their 
sources, other engineering controls can 
be implemented in the furnace area to 
isolate workers from lead fume and 
dust. As discussed above in the 
subsection describing isolation of 
workers, devices such as isolation 
booths, control rooms, and fresh-air 
islands can provide additional means to 
further reduce furnace employees’ 
exposures even if employees can spend 
only a portion of their time isolated from 
contaminants.

Pouring. Several controls are 
available in pouring to achieve 50 pg/m3 
where it is not now consistently being 
achieved. These include implementing 
local exhaust ventilation at the tap hole 
and the ladle. This technology was 
employed at one brass and bronze ingot 
plant, and employee exposure levels in 
the pouring area were reduced to 36 pg/

m3 (Ex. 568, p. 249). To achieve 
additional exposure reductions in the 
pouring area, local exhaust ventilation 
also should be implemented in the ingot 
cooling area, as was done at a second 
unnamed ingot facility (Ex. 568, pp. 217- 
18). Supplied air islands can be provided 
to ladlemen and pourers, as well, as 
they were in one ingot facility (Ex. 568, 
pp. 215-16). The combination of 
exhaustingthe cooling area and 
providing fresh air islands for the 
pouring area achieved exposure levels 
of 16-17 pg/m3 for the pourer and 23-29 
pg/m3 for the ladleman in one ingot 
plant (Ex. 568, p. 208).

Baghouse and Dust Control. Control 
measures for baghouses and dust 
handling include establishing proper 
work practices to be followed, repairing 
and maintaining baghouses to eliminate 
leaks and ensure proper functioning of 
cleaning mechanisms, shielding 
baghouses from wind by erecting 
barriers, providing ventilation at dust
packaging operations, and installing an 
automatic dust-packaging system that 
uses mechanized material handling 
equipment such as a screw conveyor.

Repair and maintenance of the 
baghouse is an intermittent maintenance 
activity. During that activity baghouse 
operators traditionally use respirators to 
perform their duties where engineering 
controls are not feasible. OSHA 
acknowledges that in such situations 
respirators are needed to supplement 
available engineering controls to 
adequately protect employees.

Technological Feasibility. Based upon 
the above analysis of the evidence in the 
record and OSHA’s experience and 
expertise, the Agency determines that 
achieving a PEL of 50 pg/m* by 
engineering and work practice controls 
is technologically feasible in the brass 
and bronze ingot production industry as 
a whole.

To sum up, OSHA has shown the 
following. As long ago as 1979-81, 
nearly three-quarters (74%) of all 
employees in ingot production were 
reported to be exposed at levels below 
50 pg/m3. Indeed, according to these 
industry-supplied data, nearly one-half 
(44%) of all employees were exposed 
below 30 pg/m3. At Plant K, for 
example, 94% of the 68 employees were 
exposed below 50 pg/m3 in 1981, and 
the only operation where exposure 
levels were above 50 pg/m3 was the 
baghouse, essentially a maintenance 
operation. Recent OSHA inspection data 
confirm this general picture, with 
average exposure levels in all 
operations for the inspected planis 
already at, below, or not far above 50
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ftg/m3 (Ex. 553-4, p. 1-4; 583-48; 574, p. 
4).

These results have been achieved 
with existing controls, before OSHA’s 
recommended additional controls have 
been implemented and before cross 
contamination has been controlled.
With the implementation of additional 
controls and the control of cross 
contamination, OSHA anticipates that 
exposure levels in all operations, with 
the possible exception of baghouse 
maintenance, will be consistently 
controlled to or below 50 fig/m3.

This conclusion is supported by 
OSHA’s feasibility assessments in the 
other pyrometallurgical industries, 
secondary copper smelting and non- 
ferrous foundries, the relevant portions 
of which are hereby incorporated into 
this assessment. For both these 
industries, OSHA has determined that it 
is technologically feasible to achieve 50 
jxg/m3 by means of engineering and 
work practice controls alone. OSHA is 
confident that the controls available to 
achieve the PEL in those industries are 
applicable, with no more than modest 
modifications, to those facilities in brass 
and bronze ingot production that still 
have inadequate controls.

With regard to the controls needed to 
achieve 50 jug/m3 in ingot production, 
OSHA wishes to point out that all of its 
recommended controls are conventional 
and readily available. OSHA has not 
needed to exercise its statutory 
authority to force the development of 
new technology in this industry to 
justify the Agency’s finding of 
feasibility.

In reaching its conclusion, OSHA does 
not purport to have recommended an 
exhaustive list of additional controls.
The Agency is certain that industry will 
be capable of devising and fine-tuning 
various controls to further reduce 
exposure levels. Consequently, OSHA 
anticipates that industry will be able to 
consistently achieve exposure levels at 
or below 50 pg/m3 in virtually every 
phase of production.

OSHA believes that achieving the PEL 
requires implementing an integrated 
system of controls. The basic element of 
that system is an industrial hygiene 
study. Each ingot producer is required 
by paragraph (e)(3) of the lead standard 
(29 CFR 1910.1025) to establish and 
implement a written compliance 
program that includes an in-depth job/ 
task analysis and a plant-wide survey. 
This survey and analysis should be 
performed by an experienced industrial 
hygienist who shall identify sources of 
emission in each task and sources of 
cross drafts and cross contamination. 
Such an analysis should also 
recommend appropriate engineering and

work practice controls to control 
emissions, control cross drafts and cross 
contamination, and generally minimize 
employee exposures. If, after 
implementing these recommendations, 
reductions in air lead levels deviate 
substantially from what was 
anticipated, a followup industrial 
hygiene survey should be conducted and 
necessary corrections made.

The second element in that system is 
the development of good, written 
housekeeping and work practice 
programs, as required by paragraph 
(e)(3)(ii)(F) of the lead standard (29 CFR 
1910.1025), that are systematically 
implemented so that proper work 
procedures are routinely and 
meticulously followed. For example, 
wall-to-wall cleanups should be 
conducted at least annually.

The final element of an integrated 
system of controls is a preventive 
maintenance program to assure that all 
systems are maintained in clean, 
efficient, and effective condition.

The brass and bronze ingot 
production industry does not agree that 
a PEL of 50 p,g/m3 is achievable. 
Industry’s disagreement is based upon 
six main arguments. The six main 
arguments are: A prior OSHA contractor 
and OSHA itself previously concluded 
that 50 /xg/m3 is not feasible; Meridian’s 
report is incorrect, incompetent and 
unsupported; in any event, the evidence 
in the remand record does not support a 
determination that 50 jxg/m3 is 
technologically feasible; factors unique 
to ingot production make it impossible 
to consistently achieve 50 /xg/m3; 
technology does not exist to control 
exposure levels to 50 ¿xg/m3 in 
particular operations; and even if it 
were feasible to consistently achieve 50 
¿xg/m3 in newly constructed plants, that 
PEL cannot be achieved by retrofitting 
older plants.

First, industry asserts that OSHA’s 
contractor, JACA, previously concluded 
that it was not technologically feasible 
to achieve 50 ¿xg/m3 without 
substantially rebuilding plants. Industry 
further asserts that in 1983 OSHA itself 
found 50 ¿xg/m3 technologically 
infeasible in brass and bronze ingot 
production (Exs. 582-85, pp. 14-17; 582- 
89, pp. 39-40; 680, pp. 4-6 and 10).

In response, OSHA agrees that JACA 
did conclude that 50 ¿xg/m3 was 
technologically infeasible without 
substantial rebuilding of plants. 
However, even if JACA were correct, 
this does not mean that the PEL is 
technologically infeasible. On the 
contrary. JACA’s point is that the PEL is 
technologically feasible, but. by 
implication, that achieving it is likely to 
be expensive.

OSHA agrees with JACA that the PEL 
is technologically feasible but rejects the 
rest of JACA’s conclusion as 
inconsistent with, and unsupported by 
the very data upon which it is based. 
JACA’s own data show that nearly 
three-fourths of employees in ingot 
production already were exposed below 
50 ¿xg/m3 by the years 1977-81 (Ex. 553- 
4, p. 1-4). The data further show that 
nearly one-half of all employees were 
exposed below 30 ¿xg/m3, which is 
nearly twice the percentage exposed 
above 50 ¿xg/m3. Moreover, JACA does 
not explain how it reached its 
conclusion about the supposed need for 
substantial rebuilding.

In fact, the focus in the JACA report is 
almost exclusively on economic, rather 
than technological feasibility. There is 
no industrial hygiene analysis in the 
report, and the report does not present 
substantial arguments or conduct 
meaningful analysis of data in support 
of any conclusion about technological 
feasibility.

In any event, the determination of 
feasibility is for the Agency alone to 
make. Industry asserts that OSHA has 
already made that determination, 
finding that 50 ¡xg/m3 is infeasible in 
this industry. Industry is incorrect. In 
1983 some members of OSHA’s staff did 
draft a document that included a finding 
of infeasibility for brass and bronze 
ingot production (Ex. 570). However, 
that draft never received Agency 
approval. In addition, the draft finding 
appears to have been based exclusively 
upon the JACA conclusion and is 
therefore vulnerable to the same 
criticisms. Furthermore, OSHA had 
previously informed the court that it 
needed more information to determine 
feasibility for this industry. Since then, 
OSHA has received considerably more 
information about this and similar 
industries, which the Agency has relied 
upon in this assessment of feasibility.

Second, industry argues that 
Meridian’s report is incorrect, 
incompetent and unsupported by record 
evidence (Exs. 582-85, pp. 20-23, 31 and 
37; 582-89, pp. 38-41; 664, p. 1: 680, pp. 
18-19; and 683, p. 10). On the whole. 
OSHA rejects these criticisms and 
believes that Meridian did a creditable 
job, given time and resource constraints.

Meridian has had extensive 
experience and possesses very broad 
competence in the area of industrial 
hygiene, the principles of which are 
universally applicable to all industries 
It also has broad expertise and 
experience in assessing factors relevant 
to technological feasibility. Physically, 
there is nothing unique about lead dust 
and lead fume or about brass and
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bronze ingot production that would 
make Meridian’s extensive expertise 
and competence in evaluating 
engineering and work practice controls 
across many industries irrelevant to this 
industry. The control technologies 
recommended here are conventional 
and transferable from similar 
industries, and the anticipated 
effectiveness of these controls in 
reducing air lead levels also is the same 
across industries.

Of course, notwithstanding its 
experience and expertise, Meridian may 
have drawn some incorrect conclusions 
and made certain mistakes of fact. This 
is almost inevitable when a contractor 
can devote only limited time and 
resources to examining a complex 
industry and record. Such mistakes are 
also more likely to occur where, as here, 
the industry has declined to testify and 
subject itself to any questioning at the 
public hearing and has declined to 
arrange site visits to its plants. OSHA 
actively sought to set up site visits in 
this industry similar to those OSHA 
carried out in four other lead industries 
after the 1987 hearing, but 
representatives of ingot producers did 
not make such sites available (Ex. 690B).

OSHA concludes that Meridian’s 
reports and its conclusions are based 
upon the best available evidence. 
Meridian’s reports, including revisions 
to its preliminary report based upon 
industry comments, generally are firmly 
grounded in the record, and its 
conclusions are based on numerous 
sources in that record. These include 
data, other evidence, and comments 
submitted by employers, trade 
associations and other interested 
parties.

In any event, OSHA has 
independently assessed the record, 
reviewed Meridian’s final report for 
accuracy, taken account of industry’s 
comments on that report and relied only 
in part upon the Meridian reports for the 
Agency’s determination of technological 
feasibility. In contrast to Meridian, for 
example, the Agency has found the data 
submitted by ABBIM not to be useful 
and has placed greater emphasis on the 
jACA data.

Third, industry argues that the 
evidence in the remand record does not 
support a determination that 50 pg/m3 is 
technologically feasible. OSHA, of 
course, disagrees, as this feasibility 
assessment would indicate. The Agency 
further notes that industry has failed to 
present data and contextual information 
to show that 50 pg/m3 cannot be 
technologically achieved by engineering 
and work practice controls alone.

OSHA’s statutory obligation is to 
make its feasibility determination based

on the best available evidence in the 
record. OSHA has actively sought to 
collect and develop a full and accurate 
record. OSHA is persuaded that it has 
more than enough information and data 
in the record upon which to base its 
determination of technological 
feasibility.

However, OSHA recognizes that there 
would be substantially more useable 
information and data in the record had 
the brass and bronze ingot production 
industry been cooperative in developing 
that record. For example, since 1979 the 
lead industries have been required by 
the lead standard to conduct quarterly 
monitoring of all employees exposed 
above the PEL; that is, they have been 
required to regularly monitor all 
operations in which there might 
conceiveably be technological feasibility 
problems. Thus a wealth of exposure 
monitoring data exists on this topic.

Nonetheless industry representatives 
provided very little of that data to the 
record, despite frequent requests by 
OSHA. In fact, no ingot producer 
directly submitted air lead monitoring 
results to the record in the recent 
proceedings. The single industry 
submission of exposure data is from an 
industry trade association, is limited to 
64 selected data points in three plants, 
and is unaccompanied by any 
substantial description of associated 
controls (Ex. 665). OSHA also is certain 
that the record in this rulemaking would 
be much richer had industry not 
declined to participate in site visits and 
declined to testify at the public hearing 
and to subject itself to cross 
examination by OSHA and others.

In arguing that the record does not 
support the feasibility of 50 pg/m3, 
industry has asserted that 150 pg/m3 is 
the lowest level technologically 
achieveable (e.g., Ex. 680, p. 9). Industry 
has failed to present data and 
information to support this position. In 
fact, even the sparse data it chose to 
provide consistently show not only that 
150 pg/m3 is achieveable but also that it 
already has been achieved (e.g., only 
two of the 64 monitoring results 
provided by ABBIM are above 150; 
nearly two-thirds are below 100 pg/m3; 
Ex. 665).

OSHA therefore finds industry’s 
argument that the evidence in the record 
is insufficient to prove the technological 
feasibility of a PEL of 50 pg/m3 
unpersuasive.

Fourth, industry argues that certain 
factors in ingot production, like the 
varying amounts of lead used in 
particular alloys and the variability of 
the weather, make it impossible to 
consistently achieve 50 pg/m3 (e.g., Exs.
581-14, pp. 2, 9; 664, pp. 1-2; 665; 668D).

OSHA disagrees. Such factors, as well 
as any variability in exposure levels that 
may result from them, are typical of 
many lead-using industries for which the 
feasibility of the PEL of 50 pg/m3 
already has been determined by OSHA 
and approved by the courts (Ex. 686D, 
pp. 11-12).

Variability in exposure levels above 
and below an average over time has 
long been recognized by industrial 
hygienists. However, as employers in 
other lead industries have reported, part 
of this apparent variability may be 
caused by contamination of the 
sampling process (e.g., Ex. 684e, p. 7).

Eliminating the factor of sample 
contamination, most variability in 
exposure levels is the result of factors 
that are within the control of the 
employer (e.g., poor work practices, 
inadequate housekeeping, and most 
upset conditions; Ex. 686D, p. 11). OSHA 
strongly believes that if production and 
engineering and work practice controls 
are properly and consistently carried 
out, the factors causing variability will 
be largely controlled and the range of 
variability will be substantially 
narrowed. OSHA therefore considers 
evidence of repeated, wide-ranging 
variability in exposure levels as 
evidence of the inadequacy of controls. 
That inadequacy, of course, hardly 
constitutes evidence of infeasibility.

However, OSHA recognizes that some 
variability is random and beyond the 
employer’s control. As discussed earlier 
in this preamble, OSHA has determined 
that this random variability does not 
make it technologically infeasible for 
brass and bronze ingot producers to 
achieve the PEL. Moreover, as indicated 
above, OSHA has built some flexibility 
into its enforcement policy to take 
account of random variability.

Once the range of variability has been 
narrowed by effective controls, the 
degree of latitude for variability that is 
built into OSHA’s determination that the 
PEL is feasible should prove sufficient. 
This latitude is implicit in OSHA’s 
determination that in most operations 
ingot producers will be able to reduce 
exposures to levels that are reasonably 
below 50 pg/m3. For example, JACA 
data show that as long as seven years 
ago nearly half of all employees already 
were exposed below 30 pg/m3 (Ex. 553- 
4, p. 1-4).

Nonetheless, OSHA understands that 
from time to time peak exposures due to 
unforeseeable upsets or other 
aberrational events will exceed the 
latitude for variability. OSHA believes 
that the notion of technological 
feasibility adopted by the courts— 
capable of being achieved in most
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operations most of the time—takes such 
realities into account. OSHA further 
believes that the Agency’s Field 
Operations Manual (FOM), which 
suggests that OSHA inspectors re- 
monitor exposure levels in cases where 
OSHA’s monitoring shows results that 
are unusually high relative to those in 
the employers’ exposure records, also 
takes account of such realities in 
OSHA’s enforcement, activities. As a 
result, OSHA does not believe that such 
excursions are relevant to this 
feasibility determination.

Fifth, industry argues that the 
technology does not exist to control 
exposure levels to 50 ftg/m3 in 
particular operations. OSHA does not 
agree. Industry at best has shown that 
certain plants, in certain operations like 
briquetting and baghouse maintenance 
are not achieving 50 pg/m3 with existing 
controls. However, ingot producers have 
made no showing, and have scarcely 
argued that these plants have 
implemented state-of-the-art technology 
in these problem operations. Based upon 
OSHA’s analysis of several, relatively 
advanced non-ferrous foundries with 
similar operations and exposure 
problems, OSHA is certain that no ingot 
producer has approached the level of 
technology at which no additional 
controls can be implemented to further 
reduce exposure levels.

Moreover, there is no evidence in the 
record to show that any plant in this 
industry sector has conducted the kind 
of in-depth industrial hygiene survey of 
plant conditions that OSHA considers 
necessary to identify sources of 
emissions and appropriate controls.
Such a survey is necessary for 
implementing effective controls. It is the 
foundation for the kind of integrated 
control program that is capable of 
consistently achieving the 50 pg/m3 PEL 
of the lead standard. Without such a 
survey, industry’s claim that it has 
already done all that it can to control 
exposure levels simply is not credible.

In any event, OSHA has already 
shown that for each and every 
operation, with the possible exception of 
baghouse maintenance, at least some 
plants in this industry have been able to 
achieve exposure levels below 50 pg/ 
m3.

Sixth, industry argues that even if it 
were feasible to consistently achieve 50 
pg/m3 in newly constructed plants, that 
PEL cannot be achieved by retrofitting 
older plants (Exs. 582-65, pp. 26-27; 664, 
p. 5; 694—11, p. 4). Essentially, industry 
appears to be arguing that existing ingot 
plants would have to be rebuilt to 
achieve 50 pg/m3. OSHA does not 
accept this broad assertion, for which 
industry has failed to present any

54, No. 131 / Tuesday, July 11, 1989
m u  ■ i— i i m h b  m i i i u i i m u

supporting evidence. OSHA believes 
that the record itself demonstrates that 
existing plants in this sector can achieve 
this level without being rebuilt, as 
evidenced by the exposure data from 
industry in 1882 (Exs. 583-48; 553-4, p. 1 - 
4).

Other record evidence also suggests 
that this assertion is incorrect. As the 
NIOSH/Radian study has shown, 
industry can implement many additional 
controls within existing plants (Ex. 568). 
Moreover, industry’s contention that the 
level of baseline (existing) controls 
assumed by Meridian is too high (Exs.
582-85, p. 23; 664, p. 5; 694-11, p. 6) 
would seem to concede that much more 
can be done to control exposure levels 
within existing plants.

In fact, as previously stated, OSHA 
has shown that nearly 10 years ago most 
employees in the industry already were 
reported to be exposed to air lead levels 
below 50 pg/m3 (Exs. 553-4, p. 1-4; 583- 
48). OSHA has no reason to believe that 
these workers were employed only in 
newly constructed plants. Industry 
makes no allegation to that effect, and 
JACA has given no such indication.

Finally, the breadth of industry’s 
assertion regarding rebuilding is similar 
to the broad scope of industry’s claim 
that 150 pg/m3 is the lowest feasible 
level. Based upon industry’s own recent 
data submission (Ex. 665), OSHA has 
shown that assertion to be incorrect, 
unfounded and therefore not credible. 
OSHA also finds not credible industry’s 
broad assertion that rebuilding of plants 
generally will be required to achieve the 
PEL. OSHA believes it previously has 
shown that the PEL can be achieved 
most of the time in most operations 
without rebuilding.

Thus, for all the the above reasons, 
OSHA is unpersuaded by industry’s 
arguments that the PEL cannot be 
achieved by means of engineering and 
work practice controls. Based upon its 
own expertise, experience and the 
record evidence, the Agency concludes 
that a PEL of 50 pg/m3 is achieveable in 
the brass and bronze ingot production 
industry by means of engineering and 
work practice controls.

Industry Profile. Brass and bronze 
ingot producers primarily melt copper 
and copper-based scrap, and cast it into 
blocks and bars. These facilities are 
classified under SIC code 3341,
Secondary Smelting and Refining of 
Nonferrous Metals.

Information submitted to the docket 
indicates that there are 16 ingot 
manufacturers active in the business 
today [Ex. 686d. p. 1], Total production 
employment is estimated at 
approximately 800 [Ex. 686d, p. 1).
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Recent data show ingot production 
increased about 4 and one-half percent 
between 1986 and 1987 [1987 Minerals 
Yearbook, Bureau of Mines, U.S. 
Department of Interior]. Between 1981 
and 1982, production dropped 22 
percent, from 239,423 short tons to 
187,126 short tons, and has fluctuated 
between 185,000 and 217,000 short tons 
since that time [Ex. 574, p. 5}.

The two leading types of ingots 
produced between 1980 and 1986 were 
leaded red brass and semi-red brass, 
with the former containing 5 to 7 percent 
lead; high-leaded tin brass, the third 
leading type of ingot shipped, contains 7 
to 24 percent lead [Ex. 574, p. 2]. In 1985, 
these three ingot types accounted for 
over 74 percent of the 199,147 short tons 
produced by the industry [Ex. 574. p. 6].

The major market for brass and 
bronze ingots is the foundry industry, 
which uses about 70 percent of all ingots 
produced. In 1987, brass ingot 
constituted 66 percent of all copper 
materials consumed at U.S. foundries 
[Bureau of Mines, U.S. Department of 
the Interior]. Other users of brass and 
bronze ingots include brass mills, 
powder plants, and miscellaneous 
copper and copper-alloy using industries 
[Ex. 574, p. 7].

Over 97 percent of the copper used to 
make brass and bronze ingots comes 
from scrap [Ex. 574, p. 7], The brass and 
bronze ingot industry competes with" 
brass mills and foreign bidders for this 
scrap.

Comparisons have been made 
between quoted prices of the ingot 
producers’ final product and that of the 
scrap input. Meridian collected data for 
the years 1967 through 1985 and 
reported that:

[b]oth red brass scrap and leaded red brass 
ingots reached a current dollar price high in 
1980. By 1985, red brass scrap prices had 
declined by 38 percent, while scrap red brass 
ingot had declined by 23 percent. * * * When 
prices are measured in real 1982 dollars 
* * *, both scrap and ingot prices show 
declines from 1974 peaks. However, the price 
differential between scrap and ingots has 
only varied between 37 and 47 cents per 
pound since 1981, despite significant changes 
in the prices of both scrap and ingots over the 
same period [Ex. 574. p. 11],

The Association of Brass and Bronze 
Ingot Manufacturers (ABBIM) and the 
Brass and Bronze Ingot Institute (BBII) 
commented that the actual price 
differential was on the order of 15 to 17 
cents per pound in 1987 [Ex. 582-85, p.
23]. According to the commenters, this 
was because virtually all ingot is sold at 
a discount below the list price.

Financial information submitted to the 
docket by the ABBIM was obtained from
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11 brass and bronze ingot manufacturers 
and was aggregated and averaged [Ex. 
582-85. Attachment]. This information 
indicated financial distress. Average 
return on assets (ROA) for these 11 
firms for the year 1986 was 0.4 percent.
It was not clear from this information 
whether a few firms were doing very 
poorly or whether all firms were 
realizing very low rates of return.

Publicly available data from Dialog 
Information Services (Duns Financial 
Records Plus (DFRP)} provided 
additional information which OSHA 
found useful in assessing the financial 
status of this sector. These data 
included sales figures for six brass and 
bronze ingot producers. Two of these 
producers, each employing over 150 
workers in SIC 3341, realized annual 
sales of $40 million in 1987. Another 
producer whose primary activities under 
SIC 3341 employed 40 workers and 
realized annual sales of $9 million in
1986. This firm had an ROA of 2.2 
percent and a rate of return on sales 
(ROS) of 0.7 percent. For three 
additional firms, activities under SIC 
3341 were secondary in nature. Two of 
these firms, each with 60 employees, 
realized annual sales of $10 million and 
$18 million, respectively, in 1987. The 
third, employing over 160 workers, 
realized annual sales of $38 million in
1987.

These sales data are inconsistent with 
the sales data reported by the ABBIM .- 
The Dialog data confirm information in 
the public record which suggested that 
some brass and bronze ingot producers 
engage in other activities, which may 
take place at the same location [Ex. 574, 
p. 15]. For the three firms noted above 
for which activities classified under SIC 
3341 are secondary in nature, primary 
activities are classified under SICs 3334 
(Primary Production of Aluminum] and 
3339 (Primary Metal Mills]. The latest 
information available from Dun and 
Bradstreet [Industry Norms and Key 
Business Ratios, 1987] indicates that 
firms in these SIC codes realized rates 
of return on sales (ROS] of 4.6 percent. 
The ABBIM data failed to address these 
additional activities; thus, it is not clear 
whether the ABBIM average sales 
estimate of $6 million per facility is an 
estimate of total sales or sales related 
solely to the production of brass and 
bronze ingots. In either case, the 
average sales figure provided by the 
ABBIM appears to substantially 
underrepresent sales activity in this 
sector. Additionally, recent price 
increases (see below] indicate demand 
for ingots has strengthened since 1986, a 
year when prices of alloyed brass ingot

fell over 4 and one-half percent [Ex.
661].

Based on the above discussion, 
OSHA’s economic feasibility 
assessment is based on Dun and 
Bradstreet industry statistics. The ROS 
reported for SIC 3341 in 1988 was 1.7 
percent. This rate was based on 
information obtained from 60 firms, 
representing about 25 percent of the 
total number of firms in SIC 3341.

Costs o f Com pliance. Compliance 
costs for the Brass and Bronze Ingot 
sector were estimated by Meridian 
Research in its 1987 report [Ex. 574]. 
These cost estimates were based.on the 
number of emission sources found in a 
typical facility and the extent of controls 
already believed to be in place.

Comments were received regarding 
these cost estimates. ABBIM and BBII 
stated that Meridian failed to cost a 
travel vent for hand pouring and the 
make-up air required for proper 
functioning of ventilation systems [Ex. 
582-85, p. 21]. In its August, 1987 report, 
Meridian estimated costs for ventilating 
the pouring ladle and for fresh air 
islands for the ladleman and pourer; 
costs for hand pouring were estimated 
to be similar. With regard to make up 
air, Meridian stated in its Addendum to 
the August, 1987 report that make up air 
was taken into account in the $15 per 
cfm unit cost [Ex. 686d, p. 13]. These 
commenters also asserted that Meridian 
failed to include costs for materials 
handling at the briquettor [Ex. 582-85, p. 
22]. Costs for agglomerating devices 
(briquettors] were identified by 
Meridian, but OSHA believes that 
additional costs may be required to 
provide this ventilation. Accordingly, 
OSHA has revised the Meridian 
estimate of $39,000 per agglomerating 
device to $70,000. OSHA also adjusted 
Meridian’s estimates to include costs for 
a scrap pre-heating system, supplied air 
islands for the furnace area, ventilation 
for the ingot cooling area, dust 
packaging controls, isolation barriers, 
and housekeeping costs, which include 
portable vacuum sweepers. These 
adjustments are detailed below. 
Additionally, OSHA adjusted 
downward the Meridian assumption of 
four furnaces per plant to two, based on 
information in the public record [Ex. 568, 
pp. 174-221].

Costs for the pre-heating of wetted 
scrap were estimated to be 
approximately $400,000 [Ex. 694-11, p.
7]. Annual costs would include 
annualized capital costs, assuming a 
twelve year useful life and a 10 percent 
cost of financing, of $58,720 and 
operating and maintenance (O&M) 
expenses of $40,000. Total annual costs

for the pre-heating of scrap were thus 
estimated to be $98,720.

A supplied air island for the furnace 
area would require a $10,000 capital 
outlay. Annualized capital costs would 
be $1,468 and O&M expenses would be 
$1,000. Estimated total annual costs for 
this booth were thus $2,468 [Ex. 574, p. 
23].

Costs for ventilating the ingot cooling 
area were based on the costs of an 
isolated cooling chamber. The cost of 
such a chamber with a capacity of 
approximately 45,000 cfm is estimated to 
be $50,000 [Ex. 582-81]. Annualized 
costs are $5,875 based on a useful life of 
20 years. (The 20 year period reflects the 
structural nature of this control]. O&M 
expenditures would be $5,000. Total 
annual costs were thus estimated to be 
$10,875.

Costs for isolation barriers and 
partitioning (which may include 
structural or flexible materials) to 
prevent cross-contamination within the 
facility are assumed to be $50,000. 
Annualized costs, computed using a 20 
year useful life, will be $5,875. (Since it 
was anticipated that the majority of 
these costs would be for structural 
materials, a 20 year useful life was used 
to compute annualized capital costs). No 
operating cost was estimated to be 
required.

Additional costs for housekeeping 
were also estimated. An annual 
cleaning, which may be performed by a 
contractor, was estimated to cost 
$22,000 for a brass and bronze ingot 
facility [Ex. 686c, p. 32]. Costs for daily 
labor were estimated to be $4,235, based 
on one man-hour per day at $12.10, 7 
days per week and 50 weeks per year.

OSHA also estimated the costs for a 
portable vacuum sweeper. Costs were 
estimated to be $3,900 each [Ex. 579, p. 
29]. Annual costs, including annualized 
capital costs of $573 and O&M expenses, 
which include HEPA filter replacement, 
of $2,390, were estimated to be $2,963.

The cost of the industrial hygiene 
survey was estimated to be $1,000, 
based on one hygienist working for two 
days at $500 per day. The first day 
would be required for a survey of the 
site and the second day would be 
required for actual monitoring and for 
the evaluation of mechanical equipment. 
Recurring costs were not estimated to be 
required; thus, no annual costs were 
estimated.

Finally, costs for wind barriers and 
ventilation of dust packaging (or 
automation, if necessary) at the 
baghouse are expected to be at least 
$75,000 for facilities of this size [Ex. 
668E]. Annual costs would be $18,510.
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Commenters indicated that the 
baseline level of control in the brass and 
bronze ingot sector is lower than the 
baseline assumed by Meridian (50%) in 
its August 1987 report [Ex. 574]. Other 
evidence suggests that the 50 percent 
baseline may underestimate current 
compliance in this industry [Exs. 582-89, 
p. 35; 553-4; 583—48]. However, no 
information was submitted by industry 
that would allow OSHA to calculate a 
revised baseline. Thus, in calculating the 
average incremental costs for this sector 
it was assumed that 50 percent of the 
controls needed were already in place.

Meridian’s annual cost estimate of 
$98,597 per plant was adjusted to 
include a scrap pre-heating system, two 
fresh air islands for furnace areas, 
ventilation of the ingot cooling area, 
dust packaging controls, isolation 
barriers, and housekeeping costs, which 
include costs for two portable vacuum 
sweepers. Since some plants may incur 
higher operating expenses in cold 
weather [Ex. 582-89, p. 351], an increase 
in average operating expenses for 
ventilation of 2.5 percent of capital costs 
has also been added. The average 
incremental annual cost estimate was 
thus $181,000 per plant.

In sum, total incremental annual costs 
for this industry are estimated to be 
approximately $2.9 million.

Economic Feasibility. Price increases 
required to pass through the costs of 
compliance were estimated by 
computing the ratio of costs to sales.
Sales for the brass and bronze ingot 
industry were estimated by multiplying 
industry production by price.

Industry production was estimated to 
be about 175,000 metric tons, or 
386,000,000 pounds, in 1986 [Ex. 582-85, 
Attachment] and the list price of leaded 
red brass ingot (a major industry ~ 
product) was about 75 cents per pound 
for the same year [Ex. 574, p. 12A]. It 
was reported, however, that ingot is 
rarely sold at the list price [Ex. 582-85, 
p. 23]. Assuming the selling price of this 
product to be 10 percent below its list, 
yields a price of 67$ per pound. This 
price was then adjusted to 870 per 
pound to reflect recent increases in ingot 
prices (see below). Industry sales were 
thus estimated to be $336 million.

Using thi3 sales figure and the total 
incremental annual cost figure of $2.9 
million, price increases were estimated. 
The cost/sales ratio indicates that 
average price increases of 0.9 percent 
will be required to pass through the 
costs of compliance.

Alloyed brass ingot prices increased 
by more than 30 percent in 1988 
[Producer Price Index, Bureau of Labor 
Statistics, November, 1988]; production 
levels also increased somewhat during

the same period, according to data from 
the Bureau of Mines. Since the users of 
ingot have the ability to perform 
alloying on site, and since some have 
the ability to process scrap, the ingot 
producers ability to raise prices is 
limited. (The 30 percent price increase in 
ingot noted above was paralleled by a 
30 percent rise in the price of refined 
copper and a 36 percent rise in the price 
of copper base scrap, the input of the 
ingot maker).

Cost to profit ratios were also 
computed, and represented the impact 
upon profits assuming full absorption of 
compliance costs. Profit estimates were 
based on the sales figure developed 
above and the Dun and Bradstreet 
profitability estimate of 1.7 percent for 
SIC 3341. Total profits for brass and 
bronze ingot activities were thus 
estimated to be $5.7 million. To estimate 
profit impact, the tax-deductibility of 
compliance costs was taken into 
account. That is, care was taken to 
compute before-tax profit before 
subtracting annual costs. After 
subtracting annual costs, the 
appropriate average tax rate was then 
reapplied to determine after-tax profit 
net of costs. For this sector, an average 
tax rate of 0.34 was used. Compliance 
costs were found to represent 34 percent 
of industry profits. This impact would 
result in a drop in ROS 0.6 percent, from 
1.7 to 1.1 percent.

However, OSHA estimates that 
roughly one-half of the firms in this 
sector are engaged in activities other 
than the production of brass and bronze 
ingots. Available data indicate that 
these activities are profitable (see 
discussion above) and firms should be 
able to absorb compliance costs from 
overall profits. Based on the average 
sales figure of $25 million and the ROS 
rates presented in the industry profile, 
total profits per firm were estimated to 
average $775,000. (This value was 
computed using an average of the 1.7 
and 4.6 ROS rates, or 3.2 percent.) Since 
the average cost per plant was 
estimated to be $181,000, the cost to 
profit ratio, using the same tax 
considerations as described above, was 
0.15. ROS would dip from 3.2 percent to 
2.6 percent. Normal rates of return on 
sales for firms in SIC 33 range from 3 to 
3.5 percent.

Annual costs as a percentage of fixed 
assets was also computed. Using 
financial data from Dun and Bradstreet 
(Ex. 574, p. 31), and based on an average 
sales figure of $21 million per plant, 
fixed assets for a brass and bronze ingot 
manufacturer were computed to be 
approximately $1.7 million. Since annual 
costs were estimated to be $181,000, 
annual costs as a percentage of fixed

assets would be 10.6 percent. Historical 
data on capital expenditures were not 
a vailable for brass and bronze ingot 
manufacturers; therefore, OSHA 
examined data for SIC 3341. Capital 
investment as a percentage of gross 
fixed assets for SIC 3341 averaged 11.5 
percent over the fifteen year period 
between 1963 and 1977 and was about 
8.7 percent in 1982, according to Census 
data.

OSHA recognizes that rates of return 
are modest for this sector. OSHA also 
recognizes that the brass and bronze 
ingot manufacturing industry has 
experienced a major contraction over 
the past twenty five years. Since the 
1950’s, thirty-two brass and bronze ingot 
plants have closed or have stopped 
producing ingot (Ex. 582-85, p. 7). This 
contraction reflected the long term 
decline in the nonferrous foundries.

It is clear, however, that demand for 
brass and bronze ingots will continue. 
This is evident from data which show, 
as noted above, that in 1987, 66 percent 
of copper materials consumed at U.S. 
foundries consisted of ingots (Bureau of 
Mines, U.S. Department of Interior). All 
1,300 foundries use brass and bronze 
ingots as raw material. Data from the 
Commerce Department indicate that 
production of copper-based castings has 
increased substantially since the 
recession of the early 1980s and now 
approximates 1979 levels (1989 U.S. 
Industrial Outlook, U.S. Department of 
Commerce, p. 18-13). While OSHA 
estimates that some brass, bronze, and 
copper foundries will exit the casting 
market over the next five years, total 
casting production is expected to remain 
constant. Demand for ingots will shift 
away from foundries which cease 
production and shift to foundries which 
remain in business. Total nonferrous 
foundry demand for the brass and 
bronze ingots is expected to remain 
constant throughout this shift. No 
decline in production for any brass and 
bronze ingot manufacturer is expected 
to occur. Currently each ingot 
manufacturer supplies, on average, over 
80 individual foundries. This large 
number of buyers should ameliorate the 
potential disruption from the 
consolidation in demand.

Based on the computed profit impact 
ratios, evidence of recent demand for 
ingots, and evidence that demand for 
ingots will continue, this analysis 
indicates that this sector should be able 
to withstand the impacts of this rule 
with an extended schedule of five years. 
The five year schedule is required due to 
the limited ability of firms in this sector 
to raise prices and to allow firms to 
phase in engineering controls.
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OSHA concludes that the 50 p,g/m3 
PEL is economically feasible for the 
brass and bronze ingot manufacturers. 
At the end of the five year period, profit 
impacts are not expected to be of 
sufficient magnitude to threaten industry 
existence or structure. Further, evidence 
of domestic demand for ingots, as 
indicated by recent product price rises 
and increases in production volume, 
strongly suggests that some plants will 
be able to expand sales and improve 
profitability.

2. Independent Battery Breaking
Process D escription. Independent 

battery breakers process used batteries 
to recover lead for sale to secondary 
smelters. Although independent battery 
breaking facilities do not engage in 
secondary lead smelting operations, 
independent battery breakers do utilize 
the same battery breaking process and 
production technology as captive 
battery breakers in secondary lead 
smelters, an industry segment in which 
OSHA has found it feasible to achieve a 
PEL of 50 p.g/m3 by means of 
engineering and work practice controls. 
In both industry segments, batteries are 
broken or cracked to separate, recycle, 
and/or dispose of the various materials 
of which they are composed. Those 
components include hard and soft lead, 
lead oxide/sulfate and salts, sulfuric 
acid, paper or plastic cell separators, 
and rubber or polypropylene encasing 
materials (Exs. 553-7, p. 1-1; 605).

Independent battery breakers process 
various kinds of batteries, including 
automotive, junk, odd-size, damaged, 
small lot and sometimes large industrial 
batteries. On the other hand, generally 
captive battery breakers process only 
automotive batteries (Ex. 694-1, p. 2). 
However, Delatte Metals Company 
(Delatte), an independent battery 
breaker that recently acquired a smelter 
and is now classified as a secondary 
smelter, still handles large industrial 
batteries in its battery breaking facility 
(Ex. 687-13).

Many battery breaking operations are 
automated, (e.g., sawing, dumping, 
crushing, shredding) (Exs. 553-7, p. 1-7; 
686F, p. 6). However, at some facilities, 
dumping the cells and loading the 
washed lead cells for shipment to 
smelters may also be performed 
manually. In addition, unloading 
automotive batteries and cutting large 
industrial batteries are performed 
manually.

In a typical battery breaking 
operation, employees unload batteries 
from trucks onto roller conveyors which 
carry the batteries to the cutting saw. At 
Ashland Metals Company (Ashland), for 
example, the conveyor system

automatically turns batteries on their 
side to go through the saw. Low-speed 
saws (40 rpm), with blade dimensions of 
approximately 1 inch by 36 inches, 
typically are used to cut off the tops of 
battery cases (Ex. 583-52, p. 3). To cut 
batteries, Ashland, Delatte and the 
Battery Salvage Division of Ace Battery, 
Inc. (Ace) all use low-speed saws, which 
generate less lead oxide dust (Exs. 583- 
52, p. 3; 694-1, p. 11; 687-13). Battery 
tops may also be cut off using high
speed saws, guillotines and shears, or 
the w'hole battery may be crushed in a 
hammermill or shredder. Cutting 
batteries with high-speed saws and 
guillotines scatters more lead dust, so 
these production methods may result in 
greater exposure levels (Ex. 694-1, p. 11).

After passing through the saw, the 
battery top drops below the saw and the 
case, which contains the cells and other 
lead-bearing materials, continues on the 
conveyor to the dumping station (Exs. 
553-7, p. 1-1; 694-1, pp. 3-4) and uses 
manual shakeout to dump the internal 
components from batteries (Ex. 687-1), 
while Ace and Delatte utilize automatic 
dumping equipment to separate the 
cases from the cells (Exs. 583-52, p. 1; 
694-1, p. 3). An automatic dumper, also 
called a tumbler, consists of a stainless 
steel rotating drum that receives the 
batteries as they are discharged from 
the conveyor. By the action of stainless 
steel bars within the tumbler drum, the 
tumbler separates the case from the 
“groups” or cells, which consist of hard 
lead grids covered by a paste of lead 
oxide/sulfate. The groups drop through 
the slots in the tumbler and are 
deposited into product collection bins. 
Typically, front end loaders remove the 
groups from the dumping area for 
shipment to lead smelters (Exs. 553-7, p. 
1-1; 583-52, p. 3; 694-1).

The empty battery cases, both tops 
and bottoms, are often further processed 
to recover additional lead oxides and 
polypropylene. The cases are conveyed 
from the tumbler or moved by a front- 
end loader to a crusher, called a 
hammermill. At this point the tops are 
merged with the cases for crushing. The 
hammermill grinds the cases and tops, 
while the batteries are sprayed with 
water (Exs. 583-52, p. 3; 694-1, p. 7).

Lead oxide/sulfate is removed from 
the crushed pieces by various methods. 
In one method, the crushed pieces are 
washed and lead oxides and residue 
from the wastewater treatment are 
collected and placed into the groups pile 
for shipment. In another method, the 
slurry of crushed pieces and water 
moves through a series of screw 
conveyors to settling tanks to separate 
the plastic and rubber from the lead 
oxide/sulfate. The materials are

separated by gravity separation, called 
a sink/float process. In this process the 
lead-bearing materials sink to the 
bottom of the settling tanks and are 
removed by conveyors while the 
crushed case pieces remain afloat and 
are skimmed off the tank surface (Ex. 
605).

Entire batteries may also be 
processed by crushing, which generates 
much less dust than sawing. One 
method involves feeding whole batteries 
into a heavy-duty hammermill. After the 
battery is crushed, the lead materials, 
plastic, rubber and acid are separated 
from each other by the sink/float 
process (Ex. 605, p. 4).

Batteries may also be crushed using 
an automated shredder, such as the 
Saturn Shredder. The operating principle 
of the Saturn Shredder is the high torque 
and low-speed revolution of two 
counter-rotating shafts, each equipped 
with stainless steel teeth, to slowly 
shred whole batteries into pieces. No 
hammering, pounding, ripping, or other 
high-energy breaking force is employed, 
as is done with the hammermill (Ex.
592); thus the Saturn shredder generates 
less dust than sawing or crushing in a 
hammermill.

Large industrial batteries, because of 
their size and steel casing, are manually 
broken. These batteries, weighing from 
several hundred pounds to several tons, 
consist of a dozen or more closed plastic 
cells contained in a large steel casing. 
First the steel casing is cut and removed 
with a torch, a pneumatic cutting device 
or a hand-held gas-powered saw. Then 
the lead-bearing materials are recovered 
from the cells (called “jars” in an 
industrial battery) through the processes 
described above or the cells can be 
broken by either a saw or hand axe 
(Exs. 553-7, p. 1—2; 605, p. 4; 687-1).

Sources o f Exposure. While the data 
are unclear, it appears that there are at 
least two independent battery breaking 
facilities and possibly as many as 12 
facilities in operation currently, writh 
each facility having a maximum of 10 
lead-exposed employees. Thus, the 
independent battery breaking industry 
and total lead-exposed workforce is 
very small (Exs. 694-1, pp. 1, 4).

Because of the small size of 
independent battery breakers, such as 
Ace, employees perform various tasks 
interchangeably and therefore all 
employees potentially may be exposed 
to lead. However, since many battery 
breaking operations are automated and 
enclosed or performed with wet 
controls, they do not pose high lead 
exposure problems (Exs. 583-52, p. 1; 
694-1). JACA reported back in 1982 that 
ordinarily sawing and dumping
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operations were already automated and 
enclosed, and therefore that employees 
are not exposed to lead while these 
operations are in process (Ex. 553-7, p. 
1-7). In those few cases where 
automated processing equipment has 
not been enclosed, employee exposure 
levels may be high for employees 
working in close proximity to the 
equipment (Ex. 553-7, p. 1-7).

Generally, employee exposure 
problems are limited to tasks that are 
performed manually (Ex. 605; p. 3). In 
processing automotive batteries, manual 
tasks generally are limited to unloading 
used batteries as they enter the facility 
and to loading cleaned and wetted cells 
for delivery to secondary smelters (Exs.
583-52, p. 3; 694-1, p. 2-3). However, at 
Ashland the groups are manually 
dumped from the battery cases after the 
top is sawed off (Ex. 687-1).

Unloading batteries generally does 
not result in high exposure levels since 
most automotive batteries arrive at 
battery breaking facilities “wet” (i.e., 
still containing the sulfuric acid 
electrolytes). This condition can aid in 
reducing air lead levels associated with 
battery breaking. Some junk automotive 
batteries, such as factory rejects or 
drained batteries, may be received 
“dry” (i.e., lead-bearing grids have 
dried). When batteries are handled dry 
(e.g., manual unloading, manual 
dumping), the dried lead oxide/sulfate 
may become airborne and employee 
exposure may be greater (Ex. 605).

Loading the washed lead cells for 
delivery also does not pose exposure 
problems where the cells are kept wet. 
At Delatte even large industrial 
batteries are loaded and shipped wet 
(Ex. 687-13). In addition, at some 
independent battery breaking facilities 
manual loading has been replaced with 
loading by front-end loaders (Ex. 583-52, 
p. 3).

In processing large industrial 
batteries, the sources of high lead 
exposure are manually cutting the steel 
casing off of the battery and manually 
breaking and dumping the cells from the 
battery. Cutting off the tops of large 
industrial batteries may result in 
potentially high exposure levels because 
workers wielding cutting devices such 
as torches can only be separated from 
the lead acid and mist generated by 
their action by approximately three feet 
(Exs. 553-7, p. 1-12; 668F). Employee 
exposure to lead from manually 
breaking and processing the cells is 
eliminated if they are processed in the 
automated and enclosed automotive 
battery breaking equipment.'

Processing of large industrial batteries 
and resulting lead exposure appears to 
be only intermittent. A task is

considered to be intermittent if it is not 
performed every day or if it is not 
performed continuously throughout a 
shift. Both forms of intermittency are 
compounded in the processing of large 
industrial batteries. For example, a 
consultant for Ashland, Martha J. 
Guimond, of Joseph A. Guimond & 
Associates, Inc., stated that "the cutting 
of large industrial batteries [is] not done 
every day, but [is] scheduled as there 
[are] enough batteries to cut for about 
one to two hours” (Ex. 668F, letter dated 
Jan. 5,1988). In addition, Delatte, which 
had the highest battery breaking 
capacity in 1988 when it was part of this 
sector, reports that it “only occasionally 
handles industrial batteries” (Ex. 687- 
13).

In addition to exposures connected to 
certain specific manual operations, 
employees may also be exposed to lead 
dust when movement of heavy 
equipment or local truck and forklift 
traffic causes spilled and dried lead 
oxide/sulfate to become airborne (Ex. 
605).

Exposure Date. An overview of 
existing exposure levels reveals that by 
1986 one independent battery breaking 
facility, Ashland, already was 
controlling exposure levels to or close to 
50 pg/m3 in all operations. The most 
recent data (1986) from Ashland show 
that the overall arithmetic average 
exposure was 51 p,g/m3 that one-half of 
the sampling results were below 50 pg/ 
m3, and that 83% of the results were 
below 56 pg/m 3. Indeed, at Ashland in 
1986 no sampling result was above 63 
fig/m3.

A second independent battery 
breaker, Ace, also submitted some 
personal and area monitoring results for 
1985-87. For reasons set out below, 
OSHA believes the Ace data have only 
limited use in determining technological 
feasibility, and the Agency relies on 
these data only to confirm OSHA’s 
conclusions drawn from its analysis of 
the Ashland data. For example, the 
overall average for Ace’s most recent 
personal monitoring results (61.7 /xg/m3) 
is consistent with the most recent 
monitoring results at Ashland.

In addition, at Delatte, which is now 
classified as a secondary lead smelter 
with a captive battery breaking 
operation, the president reported that 
previously the company had controlled 
exposure levels to 50 pg/m 3 and had 
“no trouble” meeting a PEL of 50 pg/m 3, 
even in industrial battery breaking (Ex. 
687-13) Other captive battery breaking 
operations also are controlling 
exposures to or below 50 pg/m 3 solely 
by means of engineering and work 
practice controls (Tr. 175,192).

The exposure data in the record 
include three data sets: data from 
Ashland, submitted by the Institute of 
Scrap Recycling Industries (ISRI) (Ex. 
582-88, App. C; Tables 1 and 2, below); 
data submitted by Ace (Ex. 694-1, App. 
A; Table 3, below); and summary data 
included in the JACA report (Ex. 553-7; 
Table 4, below). In general, these data 
sets tend to be incomplete regarding 
monitoring results, job categories, and 
associated control information.
However, in combination with other 
information in the record, the Ashland 
and JACA data and the submissions 
from Delatte, Ace, and the Battery 
Recycling Association (BRA) provide 
sufficient evidence to allow OSHA to 
assess the technological feasibility of 
achieving a PEL of 50 pg/m 3 in this 
industry sector.

The first data set is from Ashland (see 
Tables 1 and 2, below). The most recent 
data from Ashland shows that by 1986 
exposure levels in all operations were 
already at or only slightly above 50 pg/ 
m3. The overall arithmetic average in 
1986 was 51 pg/m3, and the highest 
sample result was only 63 pg/m3. Even 
in the battery chopping operation, for 
example, which involves the manual 
cutting of large industrial batteries and 
which industry maintains is the most 
difficult operation in which to achieve 
50 pg/m3, the average exposure level 
was 50 pg/m 3. Two of three employees 
in that operation were exposed below 50 
pg/m 3, and the remaining one was only 
exposed to 63 pg/m 3.

T a b l e  1 .— E x p o s u r e  D a t a  f o r  
A s h l a n d  M e t a l s  C o m p a n y , 1 9 8 6

Job title 8-hour TWA 
(pg/m3)

Large loader/cutter............................... >56
Large loader/chopper........................... *48
Battery chopper..................................... 40

Do.......................................... ......... 63
Do.................................................... 48

Rubber room (hammermill).................. 53

Overall average.......................... 51

1 OSHA had to calculate 8-hour TWAs for some of 
the individual monitoring results. OSHA calculated 
the 8-hour TWAs using two assumptions: (1) That 
the employee was not exposed to any lead during 
the remainder of the shift, and (2) that the employee 
was exposed to the same concentration of lead 
during the unsampled time as during the sampled 
time. OSHA then took the midpoint of this range to 
represent the employee’s full-shift exposure.

The 1986 Ashland data are 
significantly lower than the 1985 data. In 
1985, the overall average exposure was 
103 pg/m 3\ only three operations had 
average exposures at or below 50 pg/m 3 
(see Table 2, below). In addition, only 
26% of the sampling results were at or



29164 Federal Register / Vol. 54, No. 131 / Tuesday, July 11, 1989 / Rules and Regulations

below 50 /xg/m3, while 64% of the 
samples were below 100 /xg/m3.

The improvement from 1985 to 1986 is 
most apparent by comparing similar 
operations. For example, in 1985 large 
industrial battery cutter/loader 
accounted for a majority of sample 
results above 200 /xg/m3 and had an 
average exposure level of 359 /xg/m3, 
while in 1986 the average for this 
operation was 52 /xg/m3. OSHA notes 
that during 1985-86 Ashland 
implemented a special ventilation 
system and modified the cutting torch to 
reduce exposure levels for the industrial 
battery cutter (Ex. 668F). The 1986 data 
appear to indicate that these controls 
have been successful in significantly 
reducing the exposure levels of . 
industrial battery cutters.

T a b l e  2 .—  S u m m a r y  E x p o s u r e  D a t a  
f o r  A s h l a n d  M e t a l s  C o m p a n y , 1 9 8 5

Job title
Avg. exp. 

levels (jig / 
m3, 8-hr. 
TWA)1

Truck unloader........................................... 78
Saw operator.............................................. 110
Shakeout operator/laborer....................... 143
Rubber room (hammermill)....................... 69
Front end loader........................................ 38
Laborer....................................................... 18
Maintenance/cleanup/equipment........... 8
Industrial battery cutter/loader.... ........... 359

Overall average.............................. 103

1 OSHA had to calculate 8-hogr TWAs for some of 
the individual monitoring results. OSHA calculated 
the 8-hour TWAs using two assumptions: (1) That 
the employee was not exposed to any lead during 
the remainder of the shift, and (2) that the employee 
was exposed to the same concentration of lead 
during the unsampled time as during the sampled 
time. OSHA then took the midpoint of this range to 
represent the employee’s full-shift exposure.

An industry consultant, Martha 
Guimond, argues that Ashland’s 1986 
data are not representative of the 
exposure levels of employees at this 
facility because production levels were 
greatly reduced in 1986 because the 
company had made a decision to cease 
battery breaking production. Guimond 
argues that the low exposure levels in 
most operations in 1986 are due to low 
production levels since the only 
engineering controls implemented during 
that time were limited to the industrial 
battery cutting area (Ex. 668F, p. 1).

For several reasons OSHA does not 
believe that lower production levels 
solely account for the lower exposure 
levels in 1986.

First, the most recent exposure data 
from Ace and information from Delatte 
and the Battery Recycling Association 
(BRA) indicate that low exposure levels 
are currently being achieved at other 
facilities (Exs. 583-52; 687-13; 694-1)

(see discussion of data and information 
below).

Second, other information in the 
record submitted by industry appears to 
indicate that increased production levels 
are not necessarily correlated with 
higher exposure levels. For example, 
when Delatte was still an independent 
battery breaker, it had the highest 
volume of batteries per day (18,000) of 
any independent breaker; yet the plant 
had "no trouble” controlling exposure 
levels below 50 /xg/m3 (Ex. 583-52, p. 3).

Third, most facilities respond to lower 
production levels by reducing the 
number of their employees or by 
operating fewer shifts. As a result it is 
reasonable to assume that the 
employees who continue to work are 
dealing with approximately the same 
sources of emissions and exposure 
levels as in the past. For these reasons, 
OSHA believes that the 1986 Ashland 
data are representative of current 
exposure levels at that facility and in 
the industry in general.

A second data set was submitted by 
the Battery Salvage Division of Ace 
Battery, Inc. (Ex. 694-1, App. A). For 
several reasons, OSHA believes that 
these data, which include results from 
both personal and area sampling, have 
only limited utility. First, the personal 
sampling data are not broken down 
according to job categories. Second, the 
most recent data, from 1987, were 
obtained exclusively by area sampling, 
which is not necessarily a good 
indication of employee exposure levels. 
Nonetheless, if, as OSHA assumes, Ace 
was following good industrial hygiene 
principles and sampling areas where air 
lead levels were likely to be highest, 
that data may have some value as a 
conservative indication of employee 
exposures. In any event, OSHA does not 
rely on the Ace data as an independent 
source of analysis but uses it only to 
broadly confirm Agency conclusions 
derived from other sources.

Like the data from Ashland, the Ace 
data show a reduction in exposure 
levels since 1985. For example, in 1985, 
the plant-wide average exposure level 
obtained from personal sampling was 
247 /xg/m3 with none of the personal 
sample results below 50 /xg/m3. By 1986, 
that average had been reduced to 62 /xg/ 
m3, and 40% of the personal sample 
results were below 50 /xg/m3. Similar 
reductions were reflected in area 
sampling results between 1985-87.

Other information in the record also 
corroborates OSHA’s analysis of the 
Ashland data. Delatte, according to its 
company president has had no difficulty 
controlling exposure levels to below 50 
/xg/m3 (Ex. 687-13). Moreover, according

to Lee Norman, of BRA, generally across 
the industry employees performing 
manual unloading of batteries, operating 
front-end loaders to load the washed 
cells for shipment and monitoring the 
battery tipping process on the sawing 
conveyor all typically have exposure 
levels below 50 /xg/m3 (Ex. 583-52, p. 3; 
see Table 3).

T a b l e  3 .— T y p ic a l  E x p o s u r e  L e v e l s  in  
In d e p e n d e n t  B a t t e r y  B r e a k in g  O p 
e r a t io n s , B a t t e r y  R e c y c l in g  A s s o 
c ia t io n

Job Title
Average 

exposure level 
(pg/m3 8-hr 

TWA)

10-20 pg/m* 
10-20 pg/m3 
30-50 pg/m3 
40-50 pg/m3

Front-end loader (loading)................

Source: (Ex. 583-52, p 3).

Furthermore, OSHA’s expert witness 
Mr. Mel Cassady, who has been in 50- 
75% of all-secondary lead smelters, 
testified that most captive battery 
breaking operations in those smelters 
are controlling employee exposure 
levels to or below 50 /xg/m3 in most 
operations most of the time by means of 
engineering and work practice controls 
(Tr. 175,192). Mr. Cassady also testified 
that there was nothing to indicate that it 
would be technologically more difficult 
to achieve 50 /xg/m3 in independent 
battery breaking than in captive battery 
breaking operations (Tr. 189).

The final data set is from the 1982 
JACA report (Ex. 553-7). That report 
does not provide any raw sampling data 
on air lead levels in independent battery 
breakers. Rather, the report provides 
estimated ranges of typical exposure 
levels in various operations when no 
controls are in place and estimated 
resulting exposure levels after controls 
have been implemented in those 
operations. The report also contains an 
estimate of the total number of lead- 
exposed employees in the industry, 140, 
nearly all of whom JACA believes were 
exposed above 50 /xg/m3 (Ex. 553-7, p. 
1-11). Without individual monitoring 
results and other information, the JACA 
report has only limited utility in 
assessing current exposure levels. 
Moreover, these estimates, OSHA 
believes, are too high, because they are 
predicated on the counter-factual 
assumption of zero controls.

Current Controls. OSHA’s discussion 
of current exposure levels in the 
previous section indicates that 50 /xg/m3 
already is being achieved or is close to 
being achieved in many operations by
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independent battery breaking facilities 
and in most operations by captive 
battery breaking operations in 
secondary lead smelters. The primary 
methods currently used to control air 
lead levels in independent battery 
breaking are wet controls and 
automation and enclosure of processing 
equipment. Ashland and Delatte are 
controlling exposure levels through a 
combination of wet process technology 
and automating and enclosing 
equipment, while Ace appears to have 
generally achieved employee exposure 
levels only "somewhat above * * * 50 
P'g/m3” primarily by the use of wet 
control technology (Ex. 694-1, pp. 4, 6, 7, 
8) .

Automation and Enclosure. In order to 
meet Environmental Protection Agency 
regulations and to increase productivity, 
several battery breaking facilities have 
chosen to replace manual operations, 
where there may be potentially high 
exposure levels and contamination of 
the environment, with automated and 
enclosed shredding and recycling 
equipment (Ex. 576, p. 3). When process 
equipment is enclosed and automated it 
reduces employee exposure to lead by 
preventing employees from coming into 
direct contact with lead oxide/sulfate 
dust generated during processing of the 
battery. At least by 1982, high speed 
saws and automated dumping 
operations at independent battery 
breakers already were ordinarily 
enclosed (Ex. 553-7, p. 1- 7}.

Automation and enclosure can have a 
dramatic effect on employee exposure 
levels by allowing employees to 
distance themselves from the sources of 
lead emissions. For example, JACA 
reported that when dumping (shakeout) 
components was performed manually 
and controls were not in use, exposure 
levels ranged from 150-500 pg/m3. 
However, when dumping is automated 
and enclosed, JACA estimates that 
exposure levels can be controlled to 
below 50 p-g/m3 (Ex. 553-7, pp. 1 -8 ,1 -
12). Similarly, at Delatte, where sawing, 
dumping and crushing equipment are 
automated and enclosed, the company 
reports that it has no trouble controlling 
exposure levels to below 50 ixg/m3 (Ex. 
687-13).

Wet Controls. Some independent 
battery breakers control exposure levels 
throughout their facilities primarily by 
use of wet controls. The most common 
practice is either to keep the entire work 
area wet with water or to keep the lead 
oxide wet with recycled battery acid 
(Ex. 553-7, p. 1-7). Ace practices wet 
control by spraying and maintaining the 
wet condition of the entire battery 
creaking area (Ex. 694-1, p. 7). To

control employee exposure levels in the 
battery cutting area, Ashland uses a wet 
system. Ashland also uses a water spray 
system in the hammermill to keep air 
lead levels low (Ex. 583-52, p. 3).

Maintenance and Housekeeping. Lead 
oxide/sulfate that is spilled and allowed 
to dry may become airborne due to 
agitation and vibration from front-end 
loaders and other local traffic or due to 
dry sweeping of the area. Typically, 
independent battery breakers clean 
these spills by wet sweeping, 
squeegeeing, and vacuuming (Exs. 553-7, 
p. 1-7; 583-52. p. 3).

Work Practices. Industry has not 
provided much specific information on 
what work practice controls are 
currently used in this industry. Ace 
reports that it utilizes various work 
practice controls to reduce employee 
exposure levels. For example, Ace trains 
employees in precision handling of 
materials through proper use of 
equipment (Ex. 694-1, p. 7). In addition, 
Ashland reports that it trains its 
employees in the appropriate work 
practices (Ex. 668F, letter dated June 8, 
1987).

In addition to these general control 
methods, independent battery breakers 
use the following controls operation by 
operation.

Unloading. Unloading whole batteries 
from delivery trucks, even though 
performed manually at some facilities, is 
typically controlled to below 50 p.g/m3 
because the batteries are received wet 
and do not generate lead oxide/sulfate 
dust as they are being moved (Exs. 553- 
7, p. 1-8; 583-52, p. 3). Employee 
exposures are maintained this low in 
part because batteries are usually 
unloaded onto conveyors that feed the 
saw, so unloaders are separated from 
that potential source of cross 
contamination by the length of the 
conveyor.

Sawing/Cutting. Ashland and Ace 
both control exposure levels in the 
cutting and sawing operation by using 
automated low-speed saws (40 rpm) to 
cut off the tops of batteries (Exs. 687-1, 
694-1, p. 11). Low-speed saws emit less 
lead dust and acid mist than high-speed 
saws or guillotines, and thus are 
associated with lower air lead levels 
(Ex. 605, pp. 3, 4). In 1982 JACA reported 
that there was a 20-fold difference in the 
exposure levels in cutting batteries with 
low-speed rather than high-speed saws 
even if no other controls are used. 
Without controls, cutting with low-speed 
saws typically results in air lead levels 
of 50-100 pg/m3 while cutting with high
speed saws generates exposure levels of 
1,000-2,000 pg/m3 (Ex. 553-7, p. 1-8). 
Delatte also controls employee exposure

levels below 50 pg/m3 in cutting and 
sawing in part by using low-speed saws 
(Ex. 687-13).

In addition to controlling employee 
exposure levels by automating the 
cutting process with low-speed saws, 
some independent battery breakers 
have further reduced exposure levels by 
enclosing or ventilating the low-speed 
saw (Exs. 553-7, p. 1-7; 605, p. 3). Ace 
has not enclosed or ventilated its low- 
speed saw and conveyor system (Ex. 
694-1, p. 5).

Battery breaking facilities also control 
exposure levels in cutting and sawing by 
keeping the batteries wet. For example, 
Delatte keeps employee exposures low 
in this area by maintaining the entire 
process wet (Ex. 687-13). Ace also uses 
a water spray system in the cutting area 
to maintain the wet condition of the 
batteries (Ex. 694-1, p. 7).

Finally, Ace has controlled employee 
exposure levels in the battery tipping 
operation, which precedes sawing, by 
automating that operation as well. 
Automation of the tipping process 
reduces exposures to 10-20 pg/m3 (Ex. 
583-52, p. 3). According to JACA, even 
manually tipping batteries without 
controls results in typical air lead levels 
of only 50 pg/m3 (Ex. 553-7, p. 1-8).

Dumping. Most independent battery 
breaking facilities control exposure 
levels in dumping of the lead-bearing 
cells from battery cases by automating 
and enclosing this operation. Both Ace 
and Delatte have automated dumping 
equipment, however Ace indicates that 
its dumping equipment is not enclosed 
or ventilated (Ex. 694-1, p. 5). Ashland 
still uses manual shakeout of cells from 
battery cases (Ex. 687-1).

Crushing and Separating. Independent 
battery breakers control employee 
exposure in crushing operations 
primarily by enclosing the crusher 
(hammermill) and using water spray 
systems to maintain the batteries wet. 
Ace and Ashland both control exposure 
levels in this operation with water spray 
systems. Ace’s water spray system also 
washes off lead residue from the 
crushed battery cases so there is little 
exposure to lead when the crushed 
cases are loaded for shipment (Ex. 694- 
1, p. 3).

Some independent battery breakers 
have replaced cutting off battery tops 
with crushing whole batteries in a 
hammermill or shredder, which has the 
result of reducing employee exposure 
levels because sources of exposure 
associated with tipping, cutting and 
dumping batteries are eliminated (Exs. 
553-7, p. 1-3; 605. p. 2). Those sources of 
exposure can be significant when
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batteries are manually tipped and 
dumped (Exs. 553-7, p. 1-2; 605, p. 2).

After whole batteries or battery cases 
are crushed, some independent battery 
breakers separate leaded cells and lead 
oxide residue from battery case pieces 
by a sink/float process (Ex. 605, p. 3-4). 
From the viewpoint of exposure control, 
the wet nature of this process itself is 
the key control. The lead-bearing 
materials sink to the bottom of the 
settling tank and are still wet when 
moved to collection.bins or loaded onto 
trucks for shipment. When the groups 
are saturated with water, lead dust is 
not generated (Ex. 605, p. 4). The sink/ 
float process also effectively reduces 
exposure levels in certain downstream 
operations because lead oxide is 
washed off of the battery case pieces 
during this process. Thus, when 
employees load the case pieces for 
shipment, they are not exposed to lead.

Loading. Some independent battery 
breakers have controlled exposure 
levels by replacing manual loading of 
washed cells and cases on trucks for 
shipment with loading by front-end 
loaders. Ace states that it loads the 
washed groups for shipment with front- 
end loaders because the saturated 
groups do not move well on conveyors 
(Ex. 694-1, p. 12). Where loading is done 
with front-end loaders, typical air lead 
levels are between 30-50 /xg/m3 (Ex. 
583-52, p. 3).

Large Industrial Batteries. In 
processing large industrial batteries the 
steel casings are removed manually by a 
worker holding a gas torch or a 
pneumatic cutter (Ex. 553-7, p. 1-2). To 
reduce exposure levels during this task 
Ashland has implemented a ventilation 
system and modified the cutting torch 
(Ex. 668F, pp. 3-4).

Some independent battery breakers 
have eliminated exposures associated 
with manually breaking the cells with 
saws or hand axes by processing the 
cells in the facility's automotive battery 
breaking equipment (Ex. 553-7, p. 1-2).
In addition, in order to control exposure 
levels generated from the lead oxide in 
the industrial battery cells, Delatte loads 
and ships the cells wet (Ex. 687-13).

A dditional Controls.—O verview — 
With the existing controls described in 
the previous section, OSHA has found 
that one former and two current 
independent battery breaking facilities 
already have achieved 50 /xg/m3 in 
many operations and many captive 
battery breakers have achieved that 
level in most operations. With the 
additional controls recommended by 
OSHA implemented, the Agency 
anticipates that exposure levels will be 
controlled below 50 /xg/m3 in all 
operations, except perhaps the task of

manually cutting the steel cases of 
industrial batteries.

OSHA's analysis of the record in the 
previous sections indicates that by 1986 
Ashland had achieved air lead levels 
close to or below 50 /xg/m3 in almost all 
operations through a combination of wet 
process technology, automation of 
equipment and enclosure. Ace has 
achieved low exposure levels in almost 
all operations primarily by wet process 
technology and work practices. OSHA 
concludes from these data and 
information on current controls that a 
limited number of additional controls 
are needed to consistently maintain 
exposure levels at or below 50 /xg/m3 at 
these two facilities in every operation 
except industrial battery cutting. OSHA 
also notes that Delatte has achieved 50 
/xg/m3 in all operations, including 
industrial battery breaking, with the 
same or similar combination of controls.

On the whole, the same sorts of 
readily available, conventional controls 
that have successfully reduced exposure 
levels to below 50 /xg/m3 in Delatte’s 
facility and in many captive battery 
breaking operations are precisely the 
kinds of additional controls that OSHA 
recommends to other independent 
battery breakers to reduce employee air 
lead levels to below 50 /xg/m3. These 
engineering controls consist primarily of 
enclosure and automation of process 
equipment, improvement in ventilation 
systems, enclosure of conveyor systems, 
use of low-speed saws, use of low- 
energy shredders and installation of 
additional water spray systems.

OSHA believes that most independent 
battery breakers will not need to 
implement all of these recommended 
additional controls to control exposure 
levels below 50 /xg/m3. Some 
independent battery breakers should be 
able to consistently control exposure 
levels below 50 /xg/m3 solely by 
improving work practices and keeping 
the batteries and work area wet. If 
further additional controls are needed, 
independent battery breakers may be 
able to achieve 50 /xg/m3 by 
implementing simple enclosure and 
isolation techniques such as enclosing 
the cabs of mobile equipment or 
enclosing automated equipment.

OSHA’s discussion of additional 
controls and expected reductions in air 
lead levels relies in part upon OSHA’s 
independent analysis of processes and 
controls in captive battery breaking 
operations in secondary lead smelting, 
an industry sector for which the court 
has already found it feasible to meet a 
PEL of 50 /xg/m3 by means of 
engineering and work practice controls. 
For several reasons OSHA believes this 
reliance to be reasonable.

First, the production processes 
utilized by captive battery breakers are 
virtually identical to those in use in 
independent facilities and captive 
operations are controlling exposure 
levels below 50 /xg/m3 using 
conventional rather than “unique” 
technology. For example, Delatte is 
achieving a PEL of 50 /xg/m3 with the 
same production and control technology 
it used as an independent facility. As 
such, there is nothing to suggest that the 
control technologies employed by 
captive operations would not be directly 
applicable and transferrable to 
independent facilities.

Second, as Mr. Cassady points out, on 
the average, captive battery breaking 
operations and independent battery 
breakers are about the same size; two to 
five employees in captive operations 
and five employees in independent 
facilities (Tr. 190). Delatte, which was an 
independent battery breaker until 1988, 
employs approximately the same 
number of workers in its captive facility 
as does Ashland. Consequently, OSHA 
agrees with Mr. Cassady that there is 
nothing about battery breaking in an 
independent facility that would make it 
technologically more difficult to control 
exposure levels below 50 /xg/m3 than it 
is in a battery breaking operation in a 
secondary smelter (Tr. 189-98).

Before discussing additional controls 
specifically, OSHA notes that the first 
step any company should take to 
systematically reduce exposure levels is 
to conduct an industrial hygiene survey 
that includes an in-depth job/task 
analysis, plant-wide survey and 
identification of sources of emission in 
each task and area. For some 
independent battery breakers it may be 
clear what the exposure problems are 
and how those problems can be 
remedied. These facilities may be able, 
without extensive surveying, to go 
through a series of controls and identify 
the more or less easy and inexpensive 
controls which may be sufficient to 
achieve exposure levels below 50 /xg/ 
m3. Still other facilities may need an 
industrial hygiene study in order to 
develop an integrated system of controls 
that will consistently control exposure 
levels below 50 /xg/m3.

W et Controls. Independent battery 
breakers may be able to control 
exposure levels below 50 /xg/m3 in 
every operation except industrial 
battery cutting by implementing or i 
improving water spray systems for all I 
equipment and conveyor systems and ; 
utilizing other wet control techniques to 
maintain the wet condition of the 
batteries at all times. For example, 
Delatte states it has had no trouble
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controlling exposure levels below 50 p g f 
m3 because it keeps the batteries wet 
(Ex. 687-1). Ace, which also relies 
primarily on wet control technology, 
reported that its exposure levels were 
only somewhat above 50 /u.g/m3 (Ex. 
694-1, p. 4). In addition, Ace states that 
wet control technology is the most 
effective control system for independent 
battery breakers. Since batteries are 
already saturated with water and 
sulfuric acid, little additional water is 
necessarry to maintain the wet condition 
of the battery (Ex. 694-1, p. 9).

In addition to installing water spray 
systems on all equipment, there are 
other simple wet control methods that 
independent battery breakers should 
implement. For example, wetting 
cracked or damaged batteries that have 
lost their electrolytes will prevent 
leaded plates from drying out and 
dispersing lead oxide into the air during 
unloading and loading. To the extent 
practicable groups should be loaded and 
shipped wet, as is done at Delatte (Ex. 
687-13). In addition, floors and other 
surfaces should be kept wet to suppress 
dust and to prevent spilled lead oxide 
from drying and becoming airborne. 
Finally, floors and surfaces throughout 
the plant should be wet mopped or 
squeegeed as often as necessary, but not 
less than once per shift (Ex. 605).

Automation and Enclosure/Isolation.
To the extent that wet control 
technology cannot reduce exposure 
levels below 50 /ig/m3 in all operations, 
automation of process equipment and 
enclosure of process and mobile 
equipment should be implemented to 
control exposure levels to below 50 pg/ 
m3. Some battery breakers who have 
automated and/or enclosed equipment 
have achieved significant reductions in 
exposure levels (Ex. 583-52; see 
discussion, above, under Current 
Controls).

Although automation alone may not 
reduce exposure levels in every 
operation, some battery breakers have 
dramatically reduced exposure levels 
simply by automating various processes. 
For example, Delatte has eliminated 
exposure levels associated with battery 
tipping by automating that process (Ex. 
583—52, p. l). In addition, General 
Battery Corporation (GBC), a captive 
battery breaker, has reduced its 
exposure levels by more than 50% by 
installing automated process equipment 
(Ex. 592).

Where automation alone does not 
sufficiently reduce employee exposure 
levels, automated equipment used in 
cutting, dumping and crushing 
operations should be enclosed to reduce 
exposure levels below 50 jag/m3. For 
example, in shakeout Ashland should be

able to control exposure levels below 50 
pg/m3 by replacing manual shakeout 
with automated, enclosed and ventilated 
dumping equipment. JACA reported 
back in 1982 this combination of 
controls would reduce exposure levels 
to below 50 pg/m3 in dumping 
operations. In addition, JACA reported 
that enclosing high-speed saws, which 
had exposure levels of 1,000-2,000 pg/ 
m3, would reduce typical air lead levels 
to below 50 pg/m3 (Ex. 553-7, p. 1-8). 
Enclosing low-speed saws would also 
result in substantial reductions.

Ace has automated but not enclosed 
its automotive battery processing 
equipment. Ace contends that it cannot 
enclose its equipment or conveyor 
because too many adjustments would be 
required for odd-sized batteries. 
However, when Delatte was an 
independent battery breaker, the 
company implemented state-of-the-art 
automated and enclosed equipment to 
process various sizes of batteries and 
has successfully controlled exposure 
levels to below 50 pg/m3. Ace has not 
explained why it would be 
technologically infeasible for the 
company to implement the same sorts of 
automation and enclosure employed by 
Delatte and other battery breakers.

Finally, one of the simplest methods to 
isolate employees from lead emissions 
that should be implemented by 
independent battery breakers is to 
provide ail mobile equipment operators 
with enclosed cabs equipped with HEPA 
filters and tempered air. This control 
technology is readily available and in 
use in other industries.

Ventilation. OSHA believes that in 
many battery breaking operations, 
including industrial battery cutting, 
implementing or improving ventilation 
can achieve major reductions in 
exposure levels. Such controls have 
been developed, tested and, where 
found effective, manufactured and 
applied widely for many years 
throughout industry to control specific 
contaminants. The ventilation controls 
applicable to.captive battery breaking 
are the same as those applicable to 
independent battery breaking.

Implementing or improving ventilation 
can achieve major reductions in air lead 
levels in even the most difficult 
operations to control, such as industrial 
battery cutting. At Ashland use of a 
special ventilation system to push the 
fume away from the industrial battery 
cutter’s breathing zone significantly 
reduced the operator’s exposure level 
(Ex. 668F, p. 1). In 1986, Ashland also 
reported that it was working with 
exhaust system manufacturers to 
develop an exhaust system that is

actually part of the industrial battery 
cutting torch.

As indicated in OSHA’s discussion in 
other areas of this preamble and 
incorporated here by reference, it is 
imperative that improvements to 
existing ventilation and newly-installed 
ventilation be properly designed, 
installed and maintained.

Housekeeping, Work Practices and 
Preventive Maintenance. Housekeeping, 
work practices and preventive 
maintenance are critically important 
controls in independent battery breaking 
(Tr. 176), whose importance frequently is 
not adequately recognized by 
employers. Failure to develop and use 
rigorous housekeeping, good work 
practices and preventive maintenance 
can destroy the effectiveness of 
otherwise adequate engineering 
controls.

Meticulous housekeeping is essential 
to ensure that exposure levels are 
consistently controlled below 50 /xg/m3. 
To the extent that any independent 
battery breaker still relies upon dry 
sweeping in some operations, that 
practice should be eliminated and 
should be replaced by vacuum sweeping 
or wetting and squeegeeing spilled 
material to prevent the reentrainment of 
lead oxides (Exs. 553-7, p. 1-7; Ex. 694- 
1). Equipment should be washed down 
daily, as GBC does, to control exposure 
levels (Ex. 592). Batteries should be 
stored on paved platforms or yards so 
that the surface can be easily washed 
down.

Preventive maintenance of battery 
breaking equipment should consist of 
daily inspection and cleaning.
Sharpening saw blades and lubricating 
equipment bearings regularly are all part 
of a proper maintenance program.

Implementing appropriate work 
practice controls is also vital to 
achieving exposure levels below 50 jxg/ 
m3 and to reducing exposure levels for 
industrial battery cutters. For example, 
Ashland reports that industrial battery 
cutters must be trained to properly 
position gas torches in a manner so that 
the fume flows away from the clean air 
stream or the efficiency of this 
ventilation system will be reduced (Ex. 
668F, p. 2). It also is important to train 
maintenance workers who must enter 
enclosed areas, where exposures may 
be high, to not enter these areas more 
frequently than is necessary.

Ace asserts that work practices 
cannot be improved because it would 
decrease productivity and because there 
would be significant resistance among 
employees to improving work practices.

Specifically, Ace argues that there 
would be resistance among employees
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because of additional training and 
concentration required for precision 
handling of equipment. Also, Ace argues 
that the educational level of its 
employees is not compatible with 
precision training. Ace, however, 
provides no evidence to support its 
assertion that work habits cannot be 
changed and poor work practices cannot 
be corrected. OSHA considers Ace’s 
view unacceptable, especially since it is 
likely to become a self-fulfilling 
prophecy. OSHA, along with the 
industrial hygiene community, believes 
that good work practices should be 
taught to workers and retaught as often 
as necessary. If the work practices are 
sensible and the company 
communicates to workers its 
seriousness in requiring that such work 
practices be followed, OSHA has no 
doubt that workers will follow them. No 
matter what efforts a company may 
make to implement effective engineering 
controls, if its work practices are poor 
those controls are likely to be rendered 
ineffective.

OSHA also recommends the following 
controls operation by operation.

Unloading. Unloading of batteries 
from delivery trucks can be 
accomplished by various methods: 
manually, with mobile equipment or by 
automation. Currently some 
independent battery breakers, including 
Ashland and Ace, manually unload 
batteries from delivery trucks and place 
them on conveyors that go to the sawing 
area. BRA reports that typical exposure 
levels for manual unloading already are 
below 50 p,g/m3 (Ex. 583-52, p. 3). To the 
extent that exposure levels may exceed 
50 pg/m3, unloading can either be 
automated or, as discussed above, 
controlled by enclosing cabs of mobile 
equipment used for unloading.

One method of automating unloading 
would be to implement an automated 
conveyor system. The use of conveyors 
rather than front-end loaders to move 
broken battery scrap not only would 
reduce lead dust, but also would 
increase production efficiency by 
requiring less manpower and allowing 
faster unloading of batteries (Ex. 592, p. 
33). GBC has reduced exposure levels by 
palletizing battery unloading (Ex. 592). 
The palletized batteries, which can then 
be handled by fork-lift trucks, eliminate 
workers’ manual contact with batteries 
at this stage and also eliminate exposure 
that results when employees handle dry 
batteries or accidentally drop batteries.

Cutting and Sawing. Information in 
the record indicates that battery 
breakers that are controlling exposure 
levels below 50 jxg/m3 in cutting and 
sawing utilize low-speed saws. Those 
independent battery breakers that might

still use high-speed saws or guillotines 
should replace them with low-speed 
saws to reduce exposure levels. Where 
exposure levels exceed 50 /xg/m3 in the 
cutting area, the automated sawing 
equipment should also be enclosed and 
ventilated. This combination of controls 
should reduce exposure levels below 50 
pg/m3 (Ex. 553-7, p. 1-8).

Dumping. To control exposure levels 
below 50 p,g/m3, independent battery 
breakers should install automated and 
enclosed dumping equipment. This 
combination of controls should reduce 
exposure levels below 50 jug/m3 (Ex. 
553-7, p. 1-8). Delatte already has 
achieved exposure levels below 50 pg/ 
m3 by using such equipment (Exs. 583- 
52, p. 3; 687-13).

Crushing and Separating. Information 
in the record indicates that battery 
breaking facilities that are controlling 
exposure levels below or close to 50 pgf 
m3 are using wet controls in the 
hammermill. Enclosing the hammermill 
should reduce exposure levels to 
consistently below 50 p.g/m3 (Ex. 553-7, 
p. 1-8).

To the extent that exposure levels 
may still exceed 50 jug/m3, independent 
battery breakers might replace their 
saws, dumpers and hammermills with 
automatic shredders, such as the Saturn 
shredder. At least five captive battery 
breakers have installed Saturn 
shredders to process batteries (Ex. 605). 
The Saturn shredder is a low-enargy 
machine that shreds batteries into 
pieces with two low-speed shafts with 
teeth. This system slowly shreds 
batteries into separable pieces without 
hammering, pounding, ripping or using 
any other high-energy force. 
Consequently, the generation of acid 
mist and lead particulate is low, which 
results in low exposure levels. If the use 
of a Saturn shredder does not reduce 
exposure levels consistently to below 50 
p,g/m3, the shredder may need to be 
enclosed and ventilated (Tr. 179).

Where Saturn shredders are already 
being used by battery breakers, 
additional improvements can be 
implemented to further reduce exposure 
levels. For example, the capture point of 
the hood could be repositioned to more 
effectively exhaust lead dust. Enclosing 
the hopper more completely, moving the 
crushed battery scrap by conveyor 
rather than front-end loader, and 
installing a ramp or slide gate under the 
shredder to avoid falling and splashing 
emissions will also reduce exposure 
levels in the shredding operation (Ex. 
592, p. 33).

Loading. Independent battery 
breakers can reduce exposure levels in 
loading the washed cells on trucks for 
shipment to secondary smelters by

replacing manual loading with front-end 
loaders. This should reduce exposure 
levels, even if the cabs are not enclosed 
(Ex. 582-52. p. 3). Where exposure levels 
exceed 50 jig/m3, the cabs of front-end 
loaders should be enclosed and 
equipped with a HEPA filter and 
tempered air. With such controls, typical 
air lead levels will be controlled to or 
below 50 jxg/m3 (Ex. 553-7, p. 1-8).

Large Industrial Batteries. There are 
several readily available controls that 
should be able to significantly reduce 
exposure levels in industrial battery 
cutting. These controls include using a 
low-speed, rather than a high-speed 
saw, providing local exhaust ventilation, 
installing supplied-air islands for the 
cutter, using alternative cutting methods, 
modifying cutting torches, using a saw, 
rather than a hand axe to cut the cells 
and limiting the amount of time an 
employee cuts industrial batteries (Exs. 
605; 668F, pp. 3-4).

There are several ventilation systems 
available to capture lead dust emitted 
during industrial battery cutting. For 
example, Ashland reduced exposure 
levels significantly by implementing a 
special ventilation system in the cutting 
area to push fume away from the 
operator’s breathing area (Ex. 668F, pp. 
3-4). In 1986 Ashland also reported that 
it was working to adapt a special 
welding exhaust system on the cutting 
torch itself (Ex. 668F, pp. 3-4). For these 
exhaust systems to operate efficiently, it 
is important that employees also be 
trained to properly position cutting 
devices and themselves so as not to 
contaminate fresh air streams (Ex. 668F, 
pp. 3-4).

Other available exhaust systems 
include downdraft or sidedraft 
ventilation welding tables, portable high 
velocity/low volume local exhaust 
systems, with a turntable used as a 
work platform, such as that commonly 
used in large painting booths (Ex. 605). 
Another technology that has proven 
effective in wide industrial use is the 
supplied-air island. Such an island could 
be installed specifically for the 
industrial battery breaker (Ex. 605) and 
would reduce exposures by as much as 
23-77% (Ex. 583-16, p. 30).

There are also available alternative 
methods for cutting off the cases of 
industrial batteries. These methods 
should reduce the amount of lead dust 
generated and thus reduce exposure 
levels. For example, there is a 20-fold 
decrease in typical exposure levels 
when high-speed saws are replaced with 
low-speed saws (Ex. 553-7, p. 1-8). Gas 
torches that create a great amount of air 
turbulence and thus push lead fumes 
into the employee’s breathing zone can
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be replaced with cutting devices which 
do not produce such air turbulence (Ex. 
668F, p. 4).

To the extent practicable, 
independent battery breakers should 
eliminate manual breaking of industrial 
battery cells with saws or hand axes 
and process the cells in the facility’s 
automotive battery breaking equipment 
(Ex. 553-7, p. 1-2).

Technological Feasibility Conclusion. 
Based upon the above analysis of the 
evidence in the record and OSHA’s 
experience and expertise, the Agency 
determines that achieving a PEL of 50 
pg/m3 by engineering and work practice 
controls is technologically feasible for 
the independent battery breaking 
industry as a whole. Indeed, OSHA 
finds it feasible in every operation, with 
the possible exception of the cutting of 
industrial batteries. Since OSHA has 
found the 50 pg/m3 PEL feasible for the 
industry, employers will be required in 
the task of industrial battery cutting, as 
well, to implement engineering and work 
practice controls to control exposure 
levels to the PEL or to the lowest 
feasible level. If employers cannot 
achieve the 50 pg/m3 PEL by means of 
engineering and work practice controls 
for workers performing this task, they 
are required to provide workers with 
respirators for supplemental protection.

To sum up, OSHA has shown the 
following: One former and two current 
independent battery breaking facilities 
already have achieved 50 pg/m3 in 
many operations and many captive 
battery breakers have achieved that 
level in most operations. These results 
have been achieved in independent 
facilities with existing controls, before 
OSHA’s recommended additional 
controls have been implemented. With 
implementation of such additional 
controls, the Agency anticipates that 
exposure levels will be consistently 
controlled to or below 50 pg/m3 in all 
operations, except perhaps the task of 
manually cutting industrial batteries.

OSHA believes that for operations 
where most sampling results or average 
exposure levels already are close to or 
below 50 pg/m3, relatively modest 
improvements in controls, such as 
improved housekeeping or better 
preventive maintenance, will be 
sufficient to reduce air lead levels 
consistently to below 50 pg/m3.
Similarly, for operations where most of 
the sampling results or average 
exposure levels are below 100 pg/m3, 
OSHA believes that a combination of 
limited, additional and improved 
controls, such as extending wet control 
technology to all process areas, will be 
sufficient to control exposure levels to 
50 pg/m3.

OSHA’s feasibility conclusion for the 
industrial battery breaking industry is 
supported by OSHA’s previous 
determination that the 50 pg/m3 PEL is 
feasible in captive battery breaking and 
by the court’s upholding of that 
determination. USWA v. Marshall, 647 
F.2d 1189. The process and control 
technology available and in use in 
captive battery breaking operations is 
conventional and readily applicable and 
transferable to independent facilities 
with little, if any, modification.

Thus the controls needed to achieve 
50 pg/m3 in independent battery 
breaking all are conventional and 
readily available. OSHA has not needed 
to exercise its statutory authority to 
force the development of new 
technology in this industry in order to 
justify the Agency’s finding of 
technological feasibility.

OSHA believes that its technological 
feasibility determination is conservative 
in at least two respects. On the one 
hand, as indicated above, most 
independent battery breakers will not 
need to implement all of the 
recommended additional controls to 
control exposure levels below 50 pg/m3. 
Some independent battery breakers 
should be able to consistently control 
exposure levels below 50 pg/m3 solely 
by improving work practices and 
keeping the batteries and work area 
wet.

On the other hand, in reaching its 
conclusion, OSHA does not purport to 
have recommended an exhaustive list of 
additional controls. The Agency is 
certain that industry will be capable of 
devising and fine-tuning various other 
controls to further reduce exposure 
levels. Consequently, OSHA anticipates 
that industry will be able to consistently 
achieve exposure levels at or below 50 
pg/m3 in virtually every phase of 
battery processing.

OSHA believes that achieving the PEL 
requires implementing an integrated 
system of controls. The basic element of 
that system is an industrial hygiene 
study. Each independent battery breaker 
will be required by paragraph (e)(3) of 
the lead standard (29 CFR 1910.1025) to 
establish and implement a written 
compliance program that includes an. in- 
depth job/task analysis and a plant- 
wide survey. This survey and analysis 
should be performed by an experienced 
industrial hygienist who shall identify 
sources of emission in each task and 
sources of cross drafts and cross 
contamination. Such an analysis should 
also recommend appropriate 
engineering and work practice controls 
to control emissions, control cross drafts 
and cross contamination, and generally 
to minimize employee exposures. If,

after implementing these 
recommendations, reductions in air lead 
levels deviate substantially from what 
was anticipated, a followup industrial 
hygiene survey should be conducted and 
necessary corrections made.

The second element in that system is 
the development of good, written 
housekeeping and work practice 
programs, as required by paragraph 
(e)(3)(ii)(F) of the lead standard, that are 
systematically implemented so that 
proper work procedures are routinely 
and meticulously followed. For example, 
equipment should be washed down 
daily.

The final element of an integrated 
system of controls is a preventive 
maintenance program to assure that all 
systems are maintained in clean and 
efficient condition.

The independent battery breaking 
industry does not agree that a PEL of 50 
pg/m3 is achievable. Industry’s 
disagreement is based upon four main 
arguments. The four main arguments 
are: a prior OSHA contractor concluded 
that 50 pg/m3 is not feasible; Ashland 
cannot achieve 50 pg/m3 even though It 
has implemented state-of-the-art 
controls and further technology does not 
exist to control exposure levels to 50 pg/ 
m3; Meridian’s report is incorrect, 
incompetent and unsupported; and the 
evidence in the remand record does not 
support a determination that 50 pg/m* it  
technologically feasible.

First, industry asserts that OSHA’* 
contractor, JACA, previously concluded 
that it was not technologically feasible 
to achieve 50 pg/m3 by means of 
engineering and work practice controls 
(Ex. 582-88, pp. 6-8). Industry asserts 
that JACA found that even after 
implementing additional controls 
exposure levels would be in excess of £0 
pg/m3 in cutting and sawing, dumping 
and loading with front-end loaders; snd 
that JACA advised OSHA that 
respirator utilization would continue to 
be required to achieve 50 pg/m3.

OSHA does not agree. JACA stated 
that “[a] strong case can be made for 
[the] technological feasibility” of 
achieving a PEL of 50 pg/m3 by means 
of engineering and work practice 
controls:

Although the precise achievable exposure 
levels cannot be determined in advance for 
any one plant, there is no known physical 
reason why exposure levels could not be 
brought into compliance with (50 pg/m3J. (Ex, 
553-7, p. 1-13)

JACA's conclusion of technological 
feasibility is predicated on its express 
findings that with controls typical air 
lead levels could be controlled to or 
below 50 pg/m3 in almost every
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operation: unloading, tipping, cutting 
and sawing, dumping, crushing, 
separating and loading (Ex. 553-7, p. 1 - 
8). As to these operations, industry 
simply misunderstands JACA’s report.- 
In three other operations, grinding, paste 
drying and furnace, JACA did find that 
exposure levels would be in excess of 50 
p-g/m3 even with controls. However, 
there is no evidence in the remand 
record nor any assertion by industry 
that independent battery breakers 
continue to perform these three 
operations.

Industry also misunderstands JACA’s 
report when it asserts that JACA found 
that respirators would still be required 
to achieve 50 p-g/m3. While JACA did 
note that the industry as a whole was 
quite far from compliance in 1982 
without regard to use of respirators, 
JACA did find that “numerous 
technological innovations are available 
for implementation to reduce exposure 
levels” (Ex. 553-7, p. 1-13). This point is 
especially important today because 
JACA’s list of control technologies 
available to the industry did not include 
certain recent control technologies, such 
as Saturn shredders, cutting torch 
ventilation and wet shipment of groups.

Finally, industry also asserts that the 
JACA report effectively concluded that a 
PEL of 50 p-g/m3 was infeasible when 
JACA said “evidence suggests that a 
combination of automation/isolation, 
with controls on work practices 
(particularly housekeeping) should be 
able to bring exposure levels quite close  
to the PEL of 50 p-g/m3 ” (emphasis 
added). Far from being a conclusion that 
50 p-g/m3 is technologically infeasible, 
JACA’s finding was that independent 
battery breakers can almost achieve 50 
p-g/m3 solely by automating and 
enclosing equipment and implementing 
good work practices. OSHA agrees with 
JACA’s finding, as far as it goes.

OSHA also believes that these 
controls in combination with 
implementation and improvements in 
process equipment (e.g., Saturn 
shredder), water spray systems and/or 
ventilation will bring exposure levels in 
this industry consistently to or below 50 
p-g/m3. In addition, OSHA’s believes 
that, with the implementation of good 
work practices and ventilation, the 
industry can bring exposure levels in 
industrial battery cutting close to 50 p-g/ 
m3.

Second, industry argues that Ashland 
cannot achieve 50 p-g/m3 even though it 
has implemented state-of-the-art 
controls and that further technology 
does not exist to control exposure levels 
at Ashland and Ace to 50 pg/m3 (Exs. 
582-88, p. 14; 680, p. 2; 694-1, pp. 4-5,13, 
16). While OSHA concedes that, based

on data submitted by Ashland, the 
company is not achieving 50 p-g/m3 in 
all operations all of the time, the Agency 
does not agree that Ashland has not 
been able, or is presently unable to 
achieve 50 p-g/m3. OSHA maintains 
that, despite the characterization of 
Ashland as “state-of-the-art,” there are 
many additional controls and 
improvements that can be implemented 
there. For example, Ashland still has not 
replaced manual shakeout of batteries 
with automated and enclosed dumping 
equipment, a control technology that has 
been implemented successfully at least 
since 1982 (Exs. 553-7, p. 1-7; 687-1). 
Also, at Ashland batteries are still 
manually unloaded from delivery trucks. 
Nonetheless, OSHA has shown that at 
Ashland by 1986 sampling results and 
average exposure levels already were 
close to or below 50 p-g/m3 in all 
operations.

Ace argues that no technology exists 
to further reduce exposure levels at its 
facility. However, Ace has not enclosed 
any of its production equipment, another 
control technology that most 
independent battery breakers had 
already implemented on cutting and 
dumping equipment by 1982 (Ex. 553-7, 
p. 1-7). Like Ashland, batteries also are 
still manually unloaded at Ace.

Thus, the reason that Ashland and 
Ace are not achieving 50 p,g/m3 
consistently is not because they have 
reached the limits of technological 
feasibility. Rather, it is because they 
have not implemented readily available, 
conventional controls that other battery 
breaking facilities have found successful 
in reducing exposure levels. 
Consequently, OSHA is unpersuaded by 
industry’s argument that Ace and 
Ashland have “state-of-the-art” 
technology, have been unable to achieve 
50 p-g/m3 and that therefore the PEL is 
unachievable by engineering and work 
practice controls.

Third, industry asserts that Meridian’s 
report is incorrect, incompetent and 
unsupported by the record (Exs. 582-88, 
p. 16; 694-39, p. 3). On the whole, OSHA 
rejects these criticisms and believes that 
Meridian did a creditable job, 
particularly given the time and resource 
constraints under which it was 
operating.

Meridian has had extensive 
experience and possesses very broad 
competence in the area of industrial 
hygiene, the principles of which are 
universally applicable to all industries.
It also has broad expertise and 
experience in assessing factors relevant 
to technological feasibility. Physically, 
there is nothing unique about lead dust 
or about independent battery breaking 
that would make Meridian’s extensive

expertise and competence in evaluating 
engineering and work practice controls 
across many industries irrelevant to this 
industry. The control technologies 
recommended here to achieve 50 p-g/m3 
are conventional and transferable from 
similar industries and from captive 
battery breaking, and the effectiveness 
of these controls in reducing air lead 
levels also is the same across industries.

OSHA concludes that Meridian’s 
reports and its conclusions are based 
upon the best available evidence. 
Meridian’s reports, including revisions 
to its preliminary report based upon 
industry comments, generally are firmly 
grounded in the record and its 
conclusions are based on numerous 
sources in that record. These include 
data, other evidence and comments 
submitted by employers, trade 
associations and other interested 
parties.

In any event, OSHA has 
independently assessed the record, 
reviewed Meridian’s final report for 
accuracy, taken account of industry’s 
comments on that report, and relied only 
in part upon the Meridian reports for the 
Agency’s determination of technological 
feasibility.

Fourth, industry asserts that the 
evidence in the remand record does not 
support a determination that 50 pg/m3 is 
technologically feasible. OSHA 
disagrees with this argument, as this 
feasibility assessment indicates.

OSHA’s statutory obligation is to 
make its feasibility determination based 
on the best available evidence in the 
record. OSHA has actively sought to 
collect and develop a full and accurate 
record. OSHA is persuaded that it has 
more than enough information and data 
in the record upon which to base its 
determination of technological 
feasibility.

In arguing that the record does not 
support the feasibility of 50 p-g/m3, the 
Institute of Scrap Recycling Industries, 
Inc. (ISRI), asserts that 200 p-g/m3 is the 
lowest feasible level technologically 
achievable (Ex. 582-88, pp. 6, 21) and 
Ace asserts that a level of 100-125 pg/ 
m3 in five years is the lowest feasible 
level (Ex. 694-1, p. 10). Both ISRI and 
Ace have failed to present data and 
information to support their positions. In 
fact, the data supplied by ISRI for 
Ashland shows that, by 1986, 50 p-g/m3 
already is being achieved or is close to 
being achieved in every operation.

OSHA therefore finds unpersuasive 
industry’s argument that the «vidence in 
the record is insufficient to prove the 
technological feasibility of a PEL of 50 
P-g/m3.
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Thus, for all the above reasons, OSHA 
is unpersuaded by industry’s arguments 
that the PEL cannot be achieved by 
means of engineering and work practice 
controls. Based upon its own expertise, 
experience and the record evidence, 
OSHA concludes that a PEL of 50 jug/m3 
is achievable in the independent battery 
breaking industry by means of 
engineering and work practice controls, 
with the possible exception of large 
industrial battery cutting. In that 
operation it may be necessary for 
employers to rely upon respirators for 
supplemental protection.

Industry Profile. This sector is 
comprised of establishments which 
break down used batteries into various 
components, including used lead cells, 
polypropylene and other plastics, and 
sulfuric acid. Firms in the independent 
battery breaking sector own facilities 
that process batteries but do not engage 
in secondary lead smelting; instead, 
these companies sell the recovered lead 
to secondary smelters.

It is believed that at least three 
independent battery breakers are in 
operation today, with the total lead 
exposed workforce estimated at 
approximately 30 employees. This 
represents a dramatic decline from the 
estimated 250 independent battery 
breaking firms operating in 1978.

For most of the current decade, 
economic conditions have not been 
favorable for independent battery 
breaking. Prices of pig lead and scrap 
lead, while peaking in 1979, declined 
substantially through 1985 at which 
point they approached historic lows [Ex. 
576, p. 5]. Additionally, many battery 
breaking facilities had accumulated 
large piles of used battery casings and 
disposal of this hazardous waste 
required substantial financial outlays 
[Ex. 576, p. 2]. Recently prices have risen 
significantly and the current price is 
about 37 cents per pound. In response to 
the increase in the price of lead, one 
independent battery breaker, Ashland 
Metals Company, which ceased 
operations in July 1986, has reopened 
under new ownership to conduct 
“limited operations.” [Ex. 686f, p. 1]. 
Another indication that financial 
conditions for battery breakers are 
improving is the reported opening of a 
new facility [Ex. 686f, p. 2J.

Secondary smelters purchase the lead 
product produced by the independent 
breaker. It is reported by the industry 
that the independent breaker is forced 
to produce its product at the price being 
paid by the smelter [Ex. 694-1, p. 7J.

Financial information was received 
from one independent battery breaker 
[Ex. 694-lJ. Rates of return on assets 
(ROA), equity, and net worth were

presented for the years 1983 through 
1987 and reflect both the recent increase 
in lead prices and the preceding lows; 
rates were negative in 1986 but positive 
in 1987. The ROA for this firm in 1987 
was 22.06 percent, with all returns lead 
related. Since resuming operations, 
Ashland Metals is also believed to be 
profitable [Ex. 686f, p. 8]. No information 
has been submitted with regard to other 
independent breakers.

Costs o f Com pliance. The costs to be 
borne by an independent battery 
breaker have been based on the 
incremental costs which are estimated 
to be incurred by two independent 
breakers, Ashland Metals and Ace 
Battery.

Independent battery breakers may be 
able to control exposure levels in every 
operation except industrial battery 
cutting through the use of wet controls. 
Incremental costs for a water spray 
system were estimated to be about 
$14,000 (based on Means Site Work Cost 
Data, 1987). Annualized capital costs 
would be $2,054 and O&M costs would 
be $1,399. Total annual costs for the 
water system are estimated to be $3,453.

Ace Battery, however, already 
primarily relies on wet control 
technology; thus, incremental costs for 
improvements to this facility’s wet 
control system were assumed to be 
minimal.

Ventilation costs for industrial battery 
cutting operations are estimated to be 
$17,500, based on air volume 
requirements of 2,500 cfm and a unit 
cost of $7 per cfm [Exs. 686f; 643). 
Annualized capital costs would be 
$2,569 and O&M costs would be $1,750. 
The total annual cost for ventilation was 
$4,319. Costs were not estimated for 
ventilation of the industrial battery 
cutter for Ashland since information in 
the public record indicated that this 
facility had already implemented some 
ventilation at this operation and that 
further improvements were being 
investigated [Ex. 668FJ.

Thus, annual costs for Ashland Metals 
for the technology described above 
would be $3,453 (for water controls) 
while annual costs for Ace would be 
$4,319 (for ventilation of the industrial 
battery cutter).

To the extent that water control 
technology cannot reduce exposure 
levels below 50 pg/m3 in all operations, 
costs for additional controls may be 
incurred as described below; it is 
unlikely, however, that either facility 
will require each control.

Additional costs for the Ashland 
facility could include costs for an 
automated, enclosed dumper; enclosure 
of the hammermill; ventilation of the low 
speed saw; enclosing and ventilating

cabs of payloaders; and additional 
housekeeping.

Costs for an automatic dumper are 
estimated to be $57,000 [Ex. 686f, p. 7J.
(It is assumed that this cost includes 
enclosure.) Annualized capital costs 
would be $8,368, based on a twelve year 
useful life and a 10 percent cost of 
capital. Operating and maintenance 
(O&M) expenses would be 
approximately 10 percent of capital 
costs, or $5,700. Total annual costs for 
this equipment are thus estimated to be 
$14,068.

OSHA assumes the costs of enclosing 
the hammermill to be $10,000. 
Annualized capital costs are estimated 
to be $1,468. O&M costs are estimated to 
be negligible, as this control would 
require little or no maintenance.

Costs for ventilation of the low speed 
saw were estimated to be $17,500, based 
on an air volume requirement of 2,500 
cfm and a unit cost of $7 per cfm [Exs. 
686f; 643]. Annualized capital costs 
would be $2,569 and O&M costs would 
be $1,750. The total annual cost for this 
system was thus estimated to be $4,319.

Costs for cab enclosures were 
estimated to be $5,000 per unit [Ex. 686c, 
pp. 32-33.] Annualized capital costs 
would be $734 per unit, and annual O&M 
expenses would be $3,600, including 
HEPA filter replacement. Assuming four 
such cabs are required for the Ashland 
facility, total annual costs for cab 
enclosures were estimated to be $17,336.

Finally, costs incurred for additional 
housekeeping will be $975. (This 
estimate assumes that one-half hour of 
labor per day will be required 5 days per 
week for 50 weeks at an hourly wage of 
$7.80).

Thus, total annual incremental costs 
for the Ashland Metals plant were 
estimated to range from $3,453 to 
$41,619.

Additional costs for the Ace Battery 
plant could include costs for enclosure 
of the automatic dumper; enclosure of 
the hammermill; ventilation of the low 
speed saw; enclosing and ventilating 
cabs of payloaders; and additional 
housekeeping.

Costs for enclosure of the hammermill, 
enclosing and ventilating cabs of 
payloaders, ventilation of the low speed 
saw, and additional housekeeping were 
computed above for the Ashland Metals 
facility. Annual costs for enclosure of 
the automatic dumper are estimated to 
be the same as those assumed for 
enclosure of the hammermill, $1,468.

Total annual costs for the Ace Battery 
facility were thus estimated to range 
from $4,319 to $29,885.

The initial costs of an industrial 
'hygiene survey were estimated to be
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$1,000. Such a survey would require one 
day to survey the work area and one 
day to collect exposure data and to 
evaluate existing controls. No recurring 
costs would be required.

Compliance costs for the new facility 
reported to be opening were assumed to 
be negligible, as this facility will be 
using fully automated equipment [Ex.
686f, p. 2].

Based on evidence in the public 
record which indicates the existence of 
three independent battery breakers, 
total annual incremental costs for this 
industry were estimated to range from 
$7,772 to $71,504. (OSHA does not have 
sufficient information to suggest that 
there are more than three independent 
breakers).

Econom ic Feasibility. The financial 
data submitted by the Battery Salvage 
Division of Ace Battery, Inc., along with 
information provided to OSHA by its 
contractor, Meridian Research, indicate 
that profitability for the independent 
battery breakers is highly dependent 
upon the price of lead. Ace Battery also 
provided production volume data [Ex. 
694-1, p. 15]. No financial information 
was submitted into the record regarding 
Ashland.

Ace battery processes approximately
1.3 million batteries per year [Ex. 694-1, 
p. 15]. To the recycler, these batteries 
represent about $2 in revenue each.
Thus, revenues for this facility are 
estimated to have been about $2.6 
million, necessitating a price increase of 
about 0.2 to 1.1 percent to offset the 
costs of compliance. Ashland was 
reported to have the capacity to process
10,000 batteries per day [Ex. 576]. After 
ceasing operations in 1986, however, it 
reopened under new management one 
year later and began limited operations 
[Ex. 686f], and OSHA assumes that at 
least 5,000 batteries are currently 
processed per day at this facility. Thus, 
price increases required for full pass
through for Ashland would be about 0.1 
to 1.6 percent.

The ability to pass costs forward is 
reported by industry to be limited, as the 
independent breaker must take the price 
offered by the secondary smelter [Ex. 
694-1, p. 7]. However, as smelter 
demand for lead battery plates exceeds 
their capacity to produce these plates 
themselves, strong demand may allow 
the independent breakers to increase 
prices.

Inventory and seasonal fluctuations 
affect battery breaking operations. A 
smelter with a two or three month stock 
of plates will not be inclined to buy 
plates from an independent breaker. 
Also, battery disposal slacks off during 
the summer months. Both of these 
situations result in the battery breaker

having to periodically cut back its 
operations which in turn limits its ability 
to pass costs forward to smelters or 
backward to suppliers.

Though no estimates of profit levels 
were provided by the independent 
battery breakers, evidence suggests that 
1987 prices allowed at least one 
independent breaker, Ace Battery, to 
realize revenues and rates of return 
sufficient to allow the annual costs to be 
absorbed [Ex. 694-1]. (It was reported 
that a strike at a major lead mine and 
smelter in Canada was probably 
responsible for higher prices; while this 
increase could be temporary, prices 
have not yet fallen). Based on the 
revenue estimates developed above, 
OSHA computed profit impacts based 
on an assumed rate of return on sales 
(ROS) of 5 percent. OSHA believes this 
rate of return to be a reasonable 
estimate, since return on assets for Ace 
was over 22 percent in 1987. This ROS 
would result in profits of $130,000 for 
both Ace and Ashland. Associated 
profit impacts were estimated to fall 
between 2.3 and 16.1 percent for Ace 
and 1.9 and 22.4 for Ashland. It should 
be noted that the tax deductibility of 
compliance costs was taken into 
account in computing profit impacts.
That is, care was taken to compute 
before-tax profit before subtracting 
annual costs. After subtracting annual 
costs, the appropriate average tax rate 
(30 percent) was then reapplied to 
determine after-tax profit net of costs. 
OSHA’s estimates of post-compliance 
ROS range from 4.2 to 4.9 percent for 
Ace, 3.9 to 4.9 percent for Ashland.
Since Ace realized an ROA of over 22 
percent in 1987, as noted above, 
indications are that compliance costs 
can be absorbed without undue burden 
on profitability.

OSHA does not feel that the structure 
of the battery breaking industry will be 
further disrupted by regulating 
independent breakers. There are now 18 
secondary smelters with breaking 
operations (these are already required to 
meet the 50 microgram per cubic meter 
standard and are reported to be 
complying) as well as the 3 independent 
breakers documented in the record. The 
regional nature of the supply and 
demand relationship in the secondary 
lead industry is such that it is doubtful 
that many of these facilities compete 
directly with one another.

OSHA finds that the 50 ftg/m3 PEL is 
economically feasible for the 
Independent Battery Breaking Industry 
within a two and one-half year 
compliance period. One firm is 
estimated to incur no cost. For two other 
firms, impacts are not projected to place 
undue burden on profitability. Thus, this

rulemaking will not disrupt the battery 
breaking industry in the U.S., and it may 
accelerate the shift to more 
environmentally sound technology and 
plant design. Also, the decision to open 
a new independent battery breaking 
facility indicates industry confidence in 
continued profitability.

3. L ead  Chem icals—Process 
D escription. Lead oxides are the major 
product produced by the lead chemical 
industry, accounting for approximately 
85% of total industry production by 
weight (Ex. 575, pp. 7-9). Thus, the 
production of lead chemicals is largely 
the production of lead oxides. Lead 
oxides are produced exclusively by a 
dry process, which essentially involves 
the creation and collection of oxidized 
lead dust. Lead oxides are interacted 
with appropriate acids in a wet process 
to produce other lead chemicals like 
lead soaps and stabilizers.

Dry Process. Overview: The 
manufacturing process of lead oxide 
begins with the melting of pig lead in a 
melt pot. From the melt pot, the molten 
metal flows into a Barton kettle, where 
it is oxidized by aeration. The resulting 
lead oxide is then collected as dust, 
which can either be sold as product 
(high-metallic lead oxide (“HM”)) or be 
further oxidized in other furnaces to 
form red lead or litharge, the main 
products of the industry.

a. Production of High-Metallic Lead 
Oxide: HM lead oxide is approximately 
70% to 80% lead oxide (PbO); the 
balance is metallic lead. HM lead oxide 
is produced from elemental lead pigs 
and ingots, which are received at plants 
aboard rail cars and transported by fork 
lift trucks to the melt areas as needed. 
The lead is then fed by hoist or 
conveyor into a heated pot a few feet in 
diameter to be melted. The melt must be 
drossed to remove impurities on the 
average of once a day (Ex. 684b, p. 2). 
Drossing takes 5 to 15 minutes (Exs. 
684b, p. 2 and 694-9, p. 23).

From the melt, molten lead flows 
down a trough or is pumped to an 
adjacent Barton kettle. To produce lead 
oxide, the molten lead in the Barton is 
agitated and exposed to an air stream 
created by an exhaust fan associated 
with a dust collector, which pulls air 
into the Barton. The air stream then 
draws the lead oxide and lead fume off 
from the Barton through cooling and 
settling chambers and cyclones into a 
bag-filter dust collector. The filtered air 
is exhausted to the outside atmosphere.

As the air stream moves from the 
Barton kettle through the process, lead 
oxide particles are collected in settling 
chambers, cyclone separators and bag 
houses. The product is then transferred
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by screw conveyors, bucket elevators 
and/or pneumatic conveying systems to 
storage hoppers. Thereafter, the HM 
oxide may be milled to produce a finer 
product or fed by mechanized or 
pneumatic material transfer systems to 
the calcining furnaces for further 
oxidation, to produce red lead or 
litharge.

b. Calcining: Both litharge (PbO) and 
red lead (Pb30 4) are made by heating 
and further oxidizing HM lead oxide in a 
calcining furnace. The process takes 
place at high temperatures, with 
continuous mixing for hours. In older 
plants, red lead and litharge are 
produced in “rake” furnaces, where the 
lead oxide is continuously turned over 
by rakes to oxidize it. At the end of 
these oxidation processes, the lead 
oxides are cooled and transferred by 
mechanized or pneumatic material 
transfer systems to hoppers for storage 
prior to milling and/or bulk loading or 
packaging.

c. Grinding and Blending: Some 
portion of lead oxides are milled or 
ground to size, commonly in 
hammermills. The entire process occurs 
in a closed system operated under 
negative pressure. The finished material 
is collected in bag houses and gravity 
fed or conveyed to hoppers for storage. 
Milled products stored from different 
batches are sometimes blended to meet 
product specifications. These processes 
and connecting conveying systems 
generally are mechanized.

d. Packaging and Shipping: Over 85% 
of all lead oxides are shipped from the 
producing plants in bulk by truck or rail 
car (See “Additional Controls,” below). 
Another portion of the product is 
shipped in semi-bulk containers, like 
superbags and air pallets. The remaining 
portion is packaged for shipment in 
much smaller containers like drums and 
20- and 50-pound paper or plastic bags.

In bulk and semi-bulk shipping, the 
containers are usually filled through a 
pipe from an overhead hopper. Smaller 
containers, like drums, are filled in a 
similar manner, except that some 
manual adjustment of product weight to 
meet customer specifications may be 
required at times.

The industry continues to package 
some of its product in bags because of 
customer demand for a variety of 
weights and package types. Some 
customers, for example, require that 
accurately-weighed contents be in 
plastic bags, so the bags with their 
contents can be thrown directly into the 
customers’ chemical processes.

The bags are packed on bagging 
machines, which are fed lead oxide by 
gravity from overhead hoppers. The 
bagging operator places the valve of a

bag over the machine’s filling spout, and 
the machine fills the bag to the set cut
off weight. As the bag is being filled, the 
machine exhausts the displaced air from 
the bag. When the bag is filled, the 
operator removes it and places it on a 
scale beside the bagging machine. If the 
customer requires accurately-weighed 
Éontents and the bag is underweight or 
overweight, the operator uses a trowel 
and a bucket to add or remove small 
amounts of lead oxide. The packager 
then seals the bag and places it on a 
pallet.

Wet Processes. In wet chemical 
processes, lead oxide (litharge) is 
slurried with water and then reacted 
with appropriate acids to form one of 
numerous lead soaps and stabilizers.
The manufacturing processes for these 
lead chemicals commonly are 
automated, with mechanized material 
transfer between hoppers and reaction 
tanks and remote control of the transfer, 
makeup, and reaction operations by 
operators in air-conditioned control 
rooms. During these processes, the 
product precipitates out of the reaction 
liquor, is separated by filtration or 
centrifugation, dried, and conveyed to 
storage hoppers. The dried product is 
milled and stored in hoppers again 
before blending, packaging, and 
shipping. A higher proportion of these 
products is shipped in non-bulk form.

Sources of Exposure. Since a lead 
oxide plant may produce thousands of 
pounds a day of fine, dust-like lead 
oxides and since it does not take much 
lead dust dispersed throughout a 
building to equal 50 p,g/m3, it is obvious 
that it is essential to prevent the escape 
of dust from process equipment.
Although lead is present in every 
operation in the production of lead 
oxides, to the extent that the production 
process is entirely enclosed, mechanized 
and operated under negative pressure, 
the sources of lead exposure can be 
quite limited (Exs. 582-90, p. 12; 694-9, 
Att. 6, p. 5).

As industry sources have indicated, 
the production of lead oxide is highly 
automated. After the operator loads lead 
ingots into the melt kettle, the product is 
not handled until the product is 
packaged or loaded into bulk trucks 
(Exs. 582-90, p. 12; 694-9. Att. 6, p. 5). 
Consequently, except for leaks and 
breakdowns, there is no direct source of 
lead exposure for workers during that 
process unless they are performing 
periodic manual tasks that require 
interaction with the process (e.g., quality 
control sampling; Ex. 684b, p. 10). On the 
other hand, to the extent that portions of 
the production process are not fully 
enclosed, mechanized or operated under 
negative pressure, potential sources of

lead emission increase. Across the 
industry, packaging and maintenance 
are generally considered the two 
operations that contribute most to high 
air lead levels (Exs. 582-90, p. 7; 694-9, 
Att. 2-4; Tr. 1266).

Feeding the melt pot with lead at the 
beginning of the production process 
does not appear to create substantial 
employee exposure to lead, in part 
because mechanical means are 
commonly used to feed the lead pigs 
into the melt pot and in part because the 
lead at this stage is still in solid form. In 
contrast, packaging the product at the 
end of the process in bags (and to a 
lesser extent in drums) undoubtedly 
contributes more than any other single 
operation to high employee exposure 
levels. At process points in between, 
some manual operations like drossing 
and product quality control sampling 
may also contribute to employee lead 
exposure.

In addition, the extensive mechanized 
system for transferring materials 
throughout the process can be a 
substantial source of lead exposure if it 
is not completely enclosed. Even where 
the material transfer system is 
completely enclosed (e.g., screw 
conveyors), product leaks from various 
points on the conveyor can be a major 
source of lead emission. If the source of 
the leak is not prompily repaired and the 
spilled materials promptly cleaned up, 
employees throughout the area can be 
exposed.

Aside from potential sources of 
exposure associated directly with 
production processes, employees may 
also be exposed to high air lead levels 
during maintenance, which is performed 
intermittently. When equipment that 
regularly handles large amounts of lead 
dust periodically has to be opened to be 
repaired or cleaned, the employee 
performing the job and others in the 
area may encounter air lead levels in 
excess of 50 jug/m3. A very high 
proportion of maintenance appears to be 
devoted to upkeep of mechanized 
material transfer systems (MMTS), like 
bucket elevators and screw conveyors 
(Ex. 684c, p. 5).

As indicated, packaging is the 
operation that contributes most to 
employee exposure levels. While there 
may be some potential lead exposure 
associated with all forms of non-bulk 
packaging (e.g., cleaning superbags if 
used bags are returned), packaging in 
small bags generally poses the major 
problem.

The bagging process currently in use 
in the lead chemicals industry, including 
the handling of filled bags, involves a 
number of manual interventions by the
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operator, all of which constitute 
potential sources of lead emission. For 
example, operators place the bag on the 
machine spout and remove it when the 
machine stops the flow of lead oxide at 
the desired weight. In addition, when 
customer specifications for product 
weight in the bag are precise, the 
operator weighs the bag and, if the 
weight is incorrect, manually adds or 
removes product to achieve the correct 
weight. In some cases, these tolerances 
can be as narrow as plus or minus 1.5 
ounces for a 50-pound bag (.2%) (Tr. 
1282). Furthermore, when the bag is 
filled, it must be closed, surface dust 
must be removed, and the bag must be 
stacked on a pallet along with other 
bags.

The physical attributes of lead oxide 
and of the bags used in packaging 
contribute to the exposure problems in 
this operation. For example, because 
lead oxides and many lead chemicals 
are sticky and may flow erratically (e.g., 
like flour), these substances may back 
up in the filling spout and then drop 
down unexpectedly when the operator 
touches the spout to attach or detach the 
bag. In addition, generally the bags used 
in this industry breathe when handled. 
When a bag breathes out, it emits a puff 
of air that may contain lead dust. Such 
puffs may be emitted when the bag is 
closed, when it is transported to and 
stacked on a pallet, and when other 
bags are stacked on top of it.

Concerning operations and exposures 
of workers involved in producing lead 
chemicals other than oxides, there is 
little or no information in the record of 
this industry. Production of these lead 
chemicals is largely by wet process, 
which tends to minimize lead emissions. 
However, drying, blending, and 
packaging of the product at the end of 
the process do constitute potential 
sources of lead exposure, as do spills of 
lead slurries that have been allowed to 
dry.

Existing Exposure Levels— The Data 
Sets. There are eight data sets on 
employee lead exposures in the record. 
Most of these were submitted by 
employers in response to a letter request 
from OSHA. The employer is required to 
collect these data and to make them 
available to OSHA under the lead 
standard (29 CFR 1910.1025(n)).

The eight data sets include data 
collected in 1981 by OSHA’s former 
contractor, JACA (Exs. 553-1; 575, pp. 3 - 
5); data from Plant A (Exs. 686E, p. 19; 
688c); data from Plant B (Exs. 686E, p. 20; 
684b); data from Plant C (Exs. 686E, p.
19; 684c); data from Plant X (Exs. 686E, 
p. 19; 688b); data from Plant M (Exs. 
686E, p. 20; 688d); data from OSHA 
inspections (Ex. 583-4); and aggregate

data from an unspecified number of 
plants submitted by the Oxide and 
Chemicals Committee of the lead 
industry’s main trade association, the 
Lead Industries Association (“LIA”) (Ex 
582-90, App. A).

Following the methodology for 
evaluating data described in the 
introduction to technological feasibility 
OSHA reviewed these eight data sets 
for their applicability to feasibility 
analysis. Of the eight, six are useable.
Of these, the data submitted by Plant A, 
in conjunction with OSHA’s 1988 site 
visit to that facility, constitute the most 
reliable evidence for assessing 
technological feasibility in the record.

Plant A has supplied OSHA with the 
most extensive set of useable data in 
this proceeding (Ex. 688c). The data are 
recent and complete for four years. The 
data also are effectively annotated to 
aid in interpretation. For example, 
unusually high exposure levels are 
typically identified by annotation, and 
when the causes are known they too are 
noted. Annotations also typically 
identify job tasks and work areas 
involved during monitoring. In addition, 
OSHA’s site visit enables the Agency to 
concretely appreciate the production 
and control context in which these 
exposures have occurred, including the 
existing controls and production 
processes associated with particular 
exposure levels, as well as general 
conditions in the plant (Ex. 684a). All of 
this allows OSHA to effectively use the 
data and information made available by 
Plant A in making a comprehensive and 
well-informed assessment of 
technological feasibility.

For these reasons, OSHA intends to 
rely heavily on the record data and 
information made available by Plant A. 
OSHA believes this reliance is 
especially justified because 
technological feasibility judgments 
based on Plant A should be 
conservative for the industry as a whole. 
Plant A is old and not modernized. 
Additional, conventional engineering 
controls can be implemented there to 
reduce existing air lead levels. In 
addition, from the site visit it was 
apparent that the plant was quite dirty 
and that housekeeping and other work 
practices also can be substantially 
improved to further reduce air lead 
levels (Ex. 684a. pp. 12-13).

However, some question might be 
raised as to whether data and 
information concerning the packaging 
operation at Plant A can be taken as 
representative of the industry. Packer/ 
blender/dryer operators (PBDs) at Plant 
A perform other lead-exposed 
operations in addition to packaging (Ex. 
684a, p. 4). Nevertheless, for purposes of

determining feasibility. OSHA does not 
consider that this fact, absent any 
information in the record to the 
contrary, makes Plant A’s monitoring 
results for PBDs unrepresentative of 
packers in other plants in the industry 
There are several reasons for this.

First, Plant A is not the only plant 
where workers who pack also perform 
other duties. Indeed, at Plant B, for 
example, there is not a category called 
“packer” (Ex. 684b). Workers in other 
named job classifications simply spend 
part of their time in the plant packing. 
Second, since Plant A appears to 
package a much higher proportion of its 
product in bags than is typical 
throughout the industry (see discussion 
below), the amount of time workers 
spend packaging at Plant A may 
actually be more, rather than less, than 
is typical throughout the industry. Thus, 
the lead exposures of Plant A’s PBD 
operators are likely to overstate, rather 
than understate, exposures of operators 
in other plants. Finally, OSHA knows 
that drying and blending operations also 
are sources of potentially high air lead 
levels (see discussion of drying and 
blending in OSHA’s technological 
feasibility assessment for the lead 
pigments industry). As a consequence, 
the overall lead exposure of PBDs at 
Plant A may also be high precisely 
because some of their time is allocated 
to drying and blending.

Consequently, OSHA’s reliance on the 
exposure data for Plant A’s PBDs as the 
starting point in an analysis of the 
feasibility of achieving 50 pg/m3 in 
packaging may be conservative in that 
these data are likely to overstate the 
extent of the problem of controlling 
employee exposures during packaging. 
At worst, such reliance is unlikely to be 
prejudicial to the industry because it is 
unlikely that this approach understates 
the extent of the problem.

The second useable data set is from 
Plant B (Ex. 684b). Plant B’s data also 
are quite extensive and recent.
However, the data are not annotated to 
explain, where necessary, the conditions 
under which monitoring occurred. Thus, 
for example, OSHA cannot tell why in 
1987 the range of 19 monitoring results 
for the job category of operator extends 
all the way from &-579 pg/m3, why three 
(259, 295, and 579 pg/m3) of these 
results are unaccountably much higher 
than the others and why the 579 pg/m3 
result is more than three times as high 
as the highest of the 16 other monitoring 
results. Nevertheless, because OSHA 
gathered useful contextual information 
on its 1988 site visit to Plant B (Ex.
684b), OSHA finds Plant B’s data set
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also useful for assessing technological 
feasibility.

The third useable data set is from 
Plant X (Exs. 686E, p. 19; 688e). The data 
in this set also are quite complete and 
recent. But again, the data set is not 
annotated to explain, where necessary, 
the conditions under which monitoring 
occurred. More importantly, the remand 
rulemaking record is devoid of the 
contextual information concerning 
existing controls, production processes, 
and general plant conditions that is so 
important to make sense of the data. 
This information is not in the record 
because a report of OSHA’s 1987 site 
visit to Plant X was withdrawn from the 
record at the company’s insistence. 
OSHA therefore finds the Plant X data 
less useful than the Plant A and Plant B 
data.

The fourth useable data set is from 
Plant M (Ex. 688d). The data provided 
for that plant are incomplete, especially 
for the three years prior to 1987. Like 
Plant X, no annotations to the data are 
provided, and OSHA’s report on its site 
visit to the plant was removed from the 
record at the company’s request. 
Moreover, Plant M uses wet and dry 
processes to produce lead stabilizers; it 
does not produce lead oxides.
Generally, the data from Plant M are 
useable to represent the production of 
lead chemicals other than lead oxides.
In addition, exposure data from Plant M 
for specific operations that are common 
to both oxide and non-oxide production, 
like packaging, are useable to represent 
exposure levels that are achievable 
throughout the industry when 
modernized equipment is used in such 
operations. The fact that the Agency 
cannot determine from the record 
precisely which among the array of 
conventional engineering and work 
practice controls are being implemented 
at Plant M to achieve its relatively low 
levels in packaging does not vitiate the 
reality that these levels are already 
being achieved there in what all 
concede to be among the dirtiest 
operations in the industry (Exs. 582-90, 
p. 7; 694-9, Att. 2-4; Tr. 126&-67).

The fifth useable data set is company- 
supplied data provided in the 1982 JACA 
report (Exs. 553-1; 575, pp. 3-5). OSHA 
concludes this report and the data in it 
are of only limited utility for several 
reasons. The data are seven years or 
more old. Some significant 
improvements to controls have been 
made in operations in certain plants 
since the time the data were collected 
(Ex. 585-90, pp. 12,19). Moreover, JACA 
did not supply the detailed, contextual 
information concerning associated 
engineering and work practice controls,

production processes and general plant 
conditions so important to meaningfully 
interpret the data. Mostly, the data and 
the report are useful simply to confirm 
the broad outlines of industry exposure 
patterns. For example, then as now, the 
highest exposure levels occur in 
packing, and employees who work in 
other operations appear to suffer higher 
levels of exposure due to cross 
contamination from lead emissions in 
the packaging operation and in material 
transfers (Ex. 684a, p. 13).

The sixth useable data set is 
comprised of data from OSHA 
inspections between June 1979 and 
March 1987, which is contained in 
OSHA’s Integrated Management 
Information System (“IMIS”; Ex. 583-4). 
Because this data set may include some 
monitoring results from unrelated 
industry sectors, and because the 
number of total samples is small and is 
dispersed among a number of plants, 
and because little associated, contextual 
information is provided, OSHA finds 
this data set of only minimal utility. The 
IMIS data demonstrate that, for the 
plants inspected, more than 40% of all 
employee monitoring results were below 
50 pg/m3.

The remaining two data sets have 
very limited value. One, the LIA data set 
(Ex. 582-90, Appendix A and pp. 7-8), 
does not identify which plants are 
represented and, more importantly, is 
not organized according to plants. The 
participating plants’ data for a period 
ranging from January 1985 to August 
1987 are pooled and then divided 
according to five job classifications. 
Thus, OSHA cannot determine exposure 
levels operation by operation in each 
plant. Moreover, regarding existing 
controls. LIA provides nothing that can 
be used to establish which controls were 
in place when monitoring was 
conducted. As a result, OSHA cannot 
determine from the LIA submission 
what controls are associated with 
particular exposure levels.

Moreover, although LIA provides 
what it claims to be typical ranges of 
exposure data for the five job categories, 
the ranges do not accurately reflect 
much of the raw data LIA submits for 
these very categories. No explanation of 
the apparent discrepancy is provided. 
LIA also does not distinguish between 
exposure levels in new and old plants or 
between exposure levels in lead oxide 
production (dry process) and in other 
lead chemical production (mostly wet 
process). Thus, monitoring results from 
potentially very different plants and 
operations are inextricably mixed 
together in this data set.

In addition, based upon the data 
discussed below, OSHA knows that the 
extremely wide range of monitoring 
results for each job classification (e.g., 
packer, from 22 jxg/m3 to 2,009 pg/m3) 
and the high averages for nearly all job 
classifications (e.g., leadman, 338 pg/ 
m3} reflected in this data set are not 
representative of the current best 
operations in the industry or of what can 
be achieved. For all the above reasons, 
OSHA finds the LIA data of very limited 
use for purposes of determining 
technological feasibility in this 
rulemaking. Fortunately, the three 
largest companies in the industry, which 
were the industry employers who were 
most active in the rulemaking, 
independently submitted data plant by 
plant and provided other information 
that are much more detailed and useful 
than what LIA provided.

The other data set that has very 
limited value is provided by Plant C. 
Although OSHA made a site visit to this 
plant and thus was able to obtain the 
kind of contextual information about 
controls and processes that is important 
in interpreting exposure data, the actual 
exposure data provided by the company 
are sparse (Ex. 684c). In fact, many 
fewer employee sampling results were 
submitted than are required by the lead 
standard. In 1987, for example, only 
eight personal samples are reported to 
have been collected for the entire plant, 
all on two days near the end of the year. 
Moreover, the data consist primarily of 
area samples, which are of only limited 
use in determining actual employee 
exposure levels, and include very few 
personal monitoring results.

In addition, the data are not broken 
down according to named job 
classifications or named operations. 
Plant C also does not provide notations 
concerning operating conditions that 
existed on the two days that employee 
sampling was carried out, despite the 
fact that three of the eight sampling 
results are as high as 737 /xg/m3, 633 
pg/m3, and 514 p,g/m3. Consequently, 
OSHA cannot correlate information 
concerning existing controls with 
adequate data reflecting employee 
exposure levels operation by operation. 
OSHA therefore finds Plant C’s data set 
provides very little useful information 
for assessing technological feasibility.

Analyzing the Data. As indicated, the 
Plant A data are the most useable. Plant 
A submitted data for the years 1984-87 
in nine job classifications: chemical 
operator, general laborer, oxide 
operator, packer/blender/dryer (PBD), 
sanitary worker, warehouseman, 
machinist, electrician, and maintenance 
(Ex. 688c; Table 1, below). OSHA has
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combined data for electricians with data 
for maintenance, because electricians 
perform maintenance work. OSHA 
treats another category, machinist, as 
having air lead levels below 50 pg/m3.

There are no monitoring data for 
machinist in 1986 and 1987, presumably 
because no sampling was conducted in 
those years due to the fact that 
monitoring results in 1984 and 1985 were 
below the action level. In any event, the

available data for machinists at Plant A 
show air lead levels below the action 
level.

As of 1987, a majority of all sampling 
results at Plant A already are below 50 
pg/m3. In the same year, geometric 
mean exposure levels in six of eight job 
classifications also are below 50 pg/m3, 
and geometric means in all eight are at 
or below 65 pg/m3. Moreover, in five of 
the seven job classifications for which 
data are provided in 1987, geometric

mean exposure levels are lower than 
they were in 1984. In addition, the 
average geometric mean for each job 
classification over the four years also 
are quite low; they are at or below 50 
pg/m3 in 5 of the 8 job classifications. In 
two of the remaining jobs the geometric 
mean for the four years is only 55 pg/m3 
and 59 pg/m3. In the other, PBD, the 
geometric mean for the four years is 84 
pg/m3.

Ta b le  1.— S u m m a r y  o f  Exp o s u r e  Da t a  for  Pla n t  A , 1 9 8 4 -8 7

Job classification 1
Annual geometric mean 

exposure level2 Combined

1984 1985 1986 1987
years 4

Chemical Operator............................................................................................................................................................................ 34 30 44 35 35
Oxide Operator.................................................................................................................................................. ............................... 38 51 95 62 59
Packer/Blender/Dryer Operator (PBD)............................................................................................................................................................ 68 79 121 65 84
Warehouseman................................................................................................................................................................................. 22 36 40 6 25
General Laborer................................................................................................................................................................................ 47 78 95 19 55
Sanitary Worker........................................................... ..................................................................................................................... 54 26 61 8 36
Maintenance...................................................................................................................................................................................... 34 27 82 22 4o
Combined Jobs 3.............................................................. ................................................................................................................ 42 44 80 34 49

1 The job classification of “machinist” was not included in this table.
2 For purposes of calculating geometric means, exposure monitoring results of 0 jxg/m3 were treated as 1 jxg/m3, which is approximately one-half the level of 

detectability.
3 The geometric mean for "Combined Jobs” is the geometric mean for all observations across ail job categories for that year.
4 The geometric mean for “Combined Years” is the geometric mean for all observations across all years.

Data from Plant M confirm that by 
1987 levels at or around 50 pg/m3 
already are being achieved in packaging 
at plants with better controls in the 
industry (Ex. 588d; see Table 2, below). 
These data further indicate that 
exposure levels for all other job 
classifications in this lead stabilizer 
plant also are being controlled fairly 
consistently to below 50 pg/m3. For 
example, in both 1986 and 1987 two- 
thirds of all sampling results were below 
50 pg/m3. This represents a doubling of 
the proportion of sampling results below 
50 pg/m3 since 1984. Moreover, in 1987 
geometric mean exposure levels in all 
job classifications were at or below 50 
pg/m3, and the geometric mean for all 
lead-exposed jobs was only 18 pg/m3.
In 1986, geometric mean exposure levels 
in all jobs except packer were below 50 
pg/m3, and the geometric mean for all 
lead-exposed jobs was 15 pg/m3. In

1986, the packer had a geometric mean 
exposure level of 83 pg/m3.

T a b l e  2 .—  S u m m a r y  o f  E x p o s u r e  
D a t a  f o r  P l a n t  M  in  1 9 8 6 -8 7

Job classification

Annual 
geometric 

mean 
exposure 

level1
Combined 

Years 3

1986 1987

Production operator..... 18 23 20
Production foreman..... 5 6 6
Packer........................... 83 50 64
Packing foreman.......... 6 15 10
Warehouse worker...... 8 15 10
Maintenance................. 46 32 39
Combined jobs 2.......... 15 18 17

1 For purposes of calculating geometric means, 
exposure monitoring results of 0 #ig/m3 were treated 
as 1 ng/m3, which is approximately one-half the 
level of detectability.

2 The geometric mean for “Combined Jobs” is the 
geometric mean for all observations across all job 
categories for that year.

3 The geometric mean for “Combined Years” is 
the geometric mean for all observations across all 
years.

At Plant B, like Plant M, a much newer 
plant than Plant A, exposure levels 
unaccountably tend to be considerably 
higher than at either of the other two 
(Ex. 684b). Nonetheless, from 1985 
through 1987, in 3 of the 4 job 
classifications geometric mean exposure 
levels are all below 100 pg/m3. Only the 
job classification of operator has a 
geometric mean that is over 100 pg/m3 
in most years. Moreover, there is a 
striking trend at Plant B for all four job 
classifications: the geometric mean 
exposure levels have been reduced 
dramatically since 1984. On the average, 
exposure levels have been halved, with 
reductions ranging from 27% in 
maintenance to 80% for leadman (See 
Table 3, below).

T a b l e  3 .—  S u m m a r y  o f  E x p o s u r e  D a t a  f o r  P l a n t  B, 1 9 8 4 -8 7

Job classification
Annual Geometric Mean 

Exposure Level Combined
Years2

1984 1985 1986 1987

Operator............................................................................................................................................................................................. 176 119 84 103 115
Shipper............................................................................................................................................................................................... 94 46 88 59 68
Maintenance............................................................................................................. ........................................ 125 63 92 91 90
Leadman (Supervisor)............................................................................................................................................. ........................ 146 90 51 29 66
Combined Jobs 1................................................................................. 144 85 77 73 90

___
1 The geometric mean for “Combined Jobs” is the geometric mean for all observations across ali job categories for that year.
2 The geometric mean for “Combined Years” is the geometric mean for all observations across all years.
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The most important point to make 
about the Plant B data is that exposure 
levels for operators are higher than they 
wduld otherwise be if operators 
performed only typical operator tasks.-" 
At Plant B operators are rotated into the 
packaging operation to pack out product 
in small bags and drums (Ex. 684b, p. 3), 
and packaging probably constitutes the 
main source of operators’ lead exposure.

OSHA has reached this conclusion for 
the following reasons. Plant B has no 
separate job classification for packers. 
Yet the company concedes that 
approximately 15% of its product is 
packed out in bags and drums and that 
packaging is one of the two main 
sources of lead emissions in the plant 
(Ex. 684b, p. 9). Thus, employees not 
designated as packers must act as 
packers for a significant part of the time. 
The company also indicates that it 
rotates various employees into 
packaging to limit each employee’s 
exposure to lead (e.g., Exs. 686E, p. 28; 
694-9, Att. 6, p. 31). Since the company 
is unlikely to routinely rotate 
supervisors (i.e., leadmen) or 
maintenance workers into such a 
production job, packaging must be done 
by operators and/or shippers. Because 
operators usually have much higher 
average and geometric mean exposure 
levels than shippers, OSHA concludes 
that operators probably perform the 
bulk of the packaging. A substantial 
reduction in lead emissions from 
packaging, therefore, is likely to 
substantially reduce the exposures of all 
workers who pack, especially the 
exposures of operators, the workers 
with the highest lead exposures in the 
plant.

The final data set that OSHA wishes 
to discuss further is from Plant X. That 
plant’s data reflect exposure levels that 
are extremely high. Monitoring results 
indicate that the plant frequently 
exceeds the applicable PEL of 200 pg/ 
m3. For example, the average exposure 
level for all lead-exposed employees 
was 237 pg/m3 in 1987 (Ex. 688e).

Based upon its analysis of data, 
including data from Plant A, another 
older plant, OSHA believes that 
exposures in Plant X can be much more 
effectively controlled and concludes that 
the high exposure levels at Plant X can 
only be attributed to poor controls. 
OSHA, therefore, does not rely on Plant 
X data to determine the limits of 
technological feasibility. Rather, OSHA 
relies on the data from Plant A as 
indicative of what can be achieved even 
in old plants in the industry.

In addition to the data discussed 
above, OSHA also was informed by the 
president of the parent company of Plant 
C that at its three other plants the 
company already is achieving 50 pg/m3 
in all operations except maintenance 
and packaging (Ex. 684c, p. 5). In the 3 
plants achieving this level, all product is 
shipped in bulk and no packaging is 
carried out. The president further 
informed OSHA that, after moving Plant 
C into a new facility, he also expects to 
achieve 50 pg/m3 in all operations there, 
except for maintenance and packaging, 
since it is expected that 5% of the 
product will continue to be packaged in 
drums. The president also stated 
emphatically that in 5 years or less all of 
his employees, with the exception of 
maintenance workers and non-bulk 
packers, would have exposure levels at 
or below 50 pg/m3 (Ex. 684c, pp. 1 and 
5).

Thus, in 6 of the 8 plants owned by 
the three major companies in the 
industry (i.e., Plant A, Plant M, and the 
four facilities operated by the owner of 
Plant C), exposure levels either already 
are, or in the foreseeable future will be 
controlled to 50 pg/m3 in almost all 
operations.

In its analysis of exposure levels, 
OSHA has relied to a considerable 
extent on the geometric mean. As 
indicated in the introduction to the 
assessment of technological feasibility, 
OSHA recognizes that there is no single 
number, or even range of numbers, that 
can perfectly characterize a data set. A 
mere range of exposure levels (e.g., from 
8 pg/m3 to 579 pg/m3 for operator at 
Plant B in 1987; Ex. 684b), provides very 
little useful information about typical 
exposure levels. Similarly, the 
arithmetic mean, which is equivalent to 
the commonly used “average,” provides 
little insight into the distribution of 
exposures and is subject to gross 
distortion by high or low numbers.

Thus, for example, at Plant A in 1987, 
more than 60% of the 31 sampling results 
for maintenance workers are below 50 
pg/m3, but the arithmetic mean is 152 
pg/m3 (Ex. 688c). This is simply because 
one result is 1,715. By contrast, the 
geometric mean is 22 pg/m3, which 
more accurately reflects routine 
exposure levels. Consequently, OSHA 
believes that where data sets are 
lognormally distributed, as is typically 
the case with exposure data, the 
geometric mean is the best single 
statistic to summarize the data set. The 
commenter for Company B appears to 
agree: "The geometric mean may be the 
best method to analyze the lead

exposure data” (Ex. 694-9, Comments by 
Company B, p. 15, and see p. 21).

OSHA is further assured of the 
reasonableness of relying upon a 
geometric mean by the fact that it 
appears to fit well with the court’s 
definition of feasibility. USWA v. 
M arshall, 647 F.2d at 1272. For a PEL to 
be technologically feasible, the court 
does not require that all operations be 
able to achieve the PEL all of the time. 
Consequently, the mere existence of 
aberrant exposure readings does not 
constitute proof of infeasibility.

In using the geometric mean to 
characterize exposure data, the outliers 
that are discounted include both high 
and low monitoring results. Very high 
monitoring results can affect the mean 
more than low results, because on the 
low side monitoring results cannot fall 
below zero. Extremely high, atypical 
exposure levels often are caused by 
unusual events, like operation upsets 
and spills or monitoring problems, such 
as “a piece of particulate getting into the 
sample” (Ex. 684e, p. 7; Tr. 1176).
Without knowing the cause of these 
extreme values, OSHA believes it is 
inappropriate to use the arithmetic 
mean. OSHA’s use of the geometric 
mean is also supported by the opinions 
of some representatives of the lead 
industries and by Meridian (e.g., Exs.
581-4-B, p. 4; 694-6. p. 2; 686A, p. 12-13). 
Therefore, OSHA primarily uses the 
geometric mean in its feasibility 
analysis.

Current Controls. OSHA’s discussion 
of current exposure levels in the 
previous section indicates that in 1987 
with existing controls Plant A, an old 
plant, already had a majority of all 
sampling results below 50 pg/m3 and 
geometric mean exposure levels in 6 of 8 
job classifications below 50 pg/m3. It 
also indicates that in 6 of 8 plants 
owned by the three major producers in 
the industry, which represent over 80% 
of all production, exposure levels 
already have been, or in the foreseeable 
future will be controlled with existing 
controls to or below 50 pg/m3 most of 
the time in most operations.

The primary methods currently used 
to control air lead levels to these 
exposure levels are dust collection 
systems, ventilation, housekeeping, and 
replacement of packaging product in 
bags and drums, which requires manual 
intervention, with bulk and semi-bulk 
shipment. In addition, at least Plant A 
has developed reduced-dust products 
that should reduce exposure levels in
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packaging and perhaps other operations 
(Ex. 684a, p. 14).

Meridian reports that in general the 
level of controls is considerably higher 
in relatively new plants than in old ones. 
For example, Meridian reports that in 
new plants housekeeping and 
preventive maintenance programs 
generally are better by a substantial 
margin. In addition, in relatively new 
plants most major pieces of equipment 
and packaging are ventilated and either 
fully or partially enclosed.

OSHA’s best information on existing 
controls comes from its site visits to 
Plant A, Plant B and Plant C. OSHA 
believes the controls in place at all three 
companies are conventional in character 
and readily available in the 
marketplace. At Plant B, for example, 
the only relatively new plant among the 
three OSHA visited, prevailing 
engineering controls have been in place 
since 1974 and are therefore extremely 
likely to be part of common knowledge 
in the industry. Based upon this 
information, OSHA finds the following 
current controls in the various 
operations.

G eneral Building. Both Plant A and 
Plant B provide general dilution 
ventilation with roof exhaust fans (Exs. 
684a; 684b). This system is designed to 
provide a minimal level of air flow 
throughout the building and is not 
intended to provide control of lead 
contamination at specific locations. At 
Plant A makeup air for this system is 
provided by open building doors (Ex. 
684a, p. 10). At Plant B the building, as 
well as the equipment, is maintained 
under negative pressure by exhaust 
fans, most of which are linked to the 
production equipment, which draws air 
in from surrounding areas (Ex. 684b, p.
5).

Dry Process. The primary method 
both for processing lead oxides and 
chemicals and for controlling lead 
emissions during production is a dust 
collection system. The system is 
designed to collect the dust product 
throughout the production process from 
most major pieces of equipment, 
conveyors and product packaging 
machines. At Plant A, for example, each 
major piece of equipment (e.g., Barton 
pots, calcining furnaces, weighing 
hoppers) is connected to exhaust and 
collection systems to draw dust through 
collection ducts surrounding the 
equipment to product collection vessels 
(e.g., cyclones). From the final collector, 
a baghouse, the air is exhausted to the 
outside atmosphere by an exhaust 
blower (Ex. 684a, pp. 10-11).

The dust collection system is in place 
over some equipment (e.g., Barton pots) 
primarily for production reasons,

54, No. 131 / Tuesday, July 11, 1989
— — — «M irra  w if im iia — H— m— ■— — Baa— i

because it is part of the process by 
which lead oxide is produced from 
molten lead. However, since equipment 
connected to the system must be 
enclosed and ventilated for the system 
to work, the system simultaneously 
operates as a method for controlling air 
lead levels. In some instances (e.g., 
melting pot, weighing hoppers), the 
system is installed primarily for control 
reasons, to prevent traces of lead dust 
from escaping. The collection of product 
then is incidental and minor.

In addition, the process of producing 
lead oxide by a dust collection method 
is continuous and automated. No 
manual handling of lead-bearing 
materials is required after workers load 
pigs and ingots into the melting pots 
until the products are packaged or 
loaded for shipment. Thus, potentially 
high exposures associated with manual 
and batch processing are avoided.

a. Lead Oxide Production: Although 
there is relatively little information in 
the record on controls used in the 
receiving area, industry has not 
indicated that this operation poses an 
exposure problem. However, while the 
receiving operation does not generate 
lead dust directly, it may reentrain lead 
dust previously deposited in that work 
area from elsewhere. The facility at 
Plant B has been constructed to allow 
rail cars delivering lead pigs and ingots 
to park inside the production area near 
the lead oxide operation. This design 
reduces forklift traffic, which can 
reentrain and disperse dust. The pigs 
and ingots are unloaded on the floor 
near the melting pots. Plant B controls 
this potential for dispersing deposited 
dust by wet-scrubbing and vacuuming 
the floors daily (Ex. 684b, pp. 1-2).

Similarly, industry has not indicated 
that conveying lead ingots and pigs to 
melting pots poses any exposure 
problems. At Plant A, 100-pound pigs 
are manually loaded on open conveyors 
and continuously fed to the melting pots.

The melting pots at both Plant A and 
Plant B are at least partially enclosed 
and ventilated. At Plant A, the melting 
pots are provided with canopy hoods, 
which are connected to the dust 
collection system. The melting pots at 
Plant B are maintained at negative 
pressure, which is created by the 
exhaust from the dust collection system 
to facilitate capture of lead emissions.
At Plant B, however, the enclosures 
around the melting pots are opened 
during charging (Ex. 684b, p. 8). The 
melting pots qt Plant C are neither 
enclosed nor ventilated, but local side 
draft ventilation is provided (Ex. 684c, p. 
3). Meridian reports that completely 
modernized plants have replaced 
melting pots with electric furnaces,
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which eliminates the need for drossing 
off impurities (Ex. 686E, p. 29).

For drossing the melting pots none of 
the site visit companies have 
implemented either engineering controls 
or automation. In addition, at Plant C 
there is no hood or cover on the dross 
pot.

To control lead emission during the 
transfer of molten lead from the melting 
pots to the Barton pots, Plant B has 
enclosed and ventilated the transfer 
troughs (Ex. 684b, p. 8). At both Plant A 
and Plant C the transfer troughs are 
open and not ventilated (Exs. 684a, p. 10; 
684c, p. 3).

The Barton pots/reactors at all three 
site visit companies are completely 
enclosed and ventilated to the dust 
collection system. At C, however, the 
site visit team observed fumes escaping 
from the Barton pot. In addition to 
controlling employee exposures with 
point source ventilation, Plant C has an 
enclosed and heated control room near 
the furnaces (Ex. 684c, p. 3).

All three site-visited companies have 
fully enclosed and ventilated screw 
conveyors to transport the product to 
storage, milling and packaging. The 
screw conveyors at Plant A and Plant B 
are ventilated to the dust collection 
system. At Plant A, however, the site 
visit team observed dust emissions at 
the ends of conveyors, where worn out 
bearings had allowed lead oxide dust to 
spill out onto the floor (Ex. 684a, p. 10). 
Meridian reports that completely 
modernized plants have replaced screw 
conveyors with pneumatic conveyors to 
more completely control lead emissions 
(Sx. 686E, p. 29). Pneumatic conveyors, 
which use air to move materials through 
the conveyor, are fully enclosed and 
operate at negative pressure, have 
considerably fewer leaks and 
breakdowns, and require less repair and 
maintenance than screw conveyors and 
other mechanized material transfer 
systems.

b. Calcining Furnaces: Exposure levels 
at calcining furnaces at Plant A and 
Plant B are controlled by maintaining 
the furnace under negative pressure. At 
Plant A calcining furnaces operate at 
negative pressure because the flue gas 
from the furnace has to be exhausted to 
the atmosphere through baghouses.

No engineering controls have been 
implemented to control quality control 
sampling at the calcining furnaces. Plant 
A reports that all quality control 
samplers are thoroughly trained in 
sampling techniques.

c. Grinding and Blending: Exposure 
levels are controlled in grinding and 
blending because the grinding mills are 
enclosed and ventilated to the dust
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collection system. Thus, they also 
operate at negative pressure. In some 
plants bag dumping stations for loading 
blenders are also exhaust ventilated.

d. Packaging: In packaging, the most 
difficult exposure problem is limited to 
packaging the product in paper bags. To 
a very substantial extent lead chemical 
producers have eliminated this high 
exposure problem by switching from 
packaging in paper bags and drums, 
which requires extensive manual 
intervention, to bulk shipment. At Plant 
B, for instance, 85% of its product is bulk 
shipped (Ex. 684b, p. 3). At Plant C less 
than 5% of its product is packaged in 
drums, and at the company’s three other 
plants all product is shipped exclusively 
in bulk. The company owning Plant C 
has successfully converted almost 
entirely to bulk shipment in part 
because the company has helped its 
customers to install bulk handling 
systems (Ex. 684c, pp. 2, 5).

In addition to bulk shipping a 
substantial portion of their product, 
plants also are controlling exposure 
levels in packaging by shipping a 
portion of product in semi-bulk form in 
superbags or supersacks, which can 
hold up to a few thousand pounds. Like 
bulk shipping, superbags do not reqfuire 
manual weight adjustment. To fill these 
containers a worker must place the 
clean bag opening around the fill spout 
and start the flow of material. At Plant 
A, lead emissions are controlled during 
filling because the connection between 
the bag and the fill spout is gasketed to 
achieve a tight seal (Ex. 684a, p. 4). In 
addition, the displaced air in the 
superbag is exhaust ventilated to the 
dust collection system. After the 
superbag is filled and sealed, it is 
removed from the area by a forklift 
truck. To control exposure levels during 
cleaning of reusable superbags, Plant B 
washes the bags in an isolated room 
(Ex. 684b, p. 9).

A portion of the product at the three 
visited companies is packaged in drums. 
Although this packaging method 
requires some manual intervention (e.g., 
skimming off the product from the 
drum), it does not have the high 
exposure problems associated with 
packaging in paper bags. During drum 
packaging at Plant A, the product is 
transferred from packaging hoppers to 
the drum in an enclosure that is exhaust 
ventilated to a bag filter. The enclosure 
draws air at a face velocity of 200 fpm 
and is open in front to allow drum 
placement and removal (Ex. 684a, pp. 3, 
11). Drum packaging at Plant B is also 
enclosed and exhaust ventilated (Ex. 
684b, p. 8).

Both Plant A and Plant B clean and 
reuse drums, an operation which poses

additional exposure problems. Neither 
company cleans drums in an isolated 
room or building. Plant B, however, has 
targeted a program to isolate and 
control the cleaning of used drums as a 
part of its modernization project for that 
facility (Ex. 684b, p. 10). Currently, at 
Plant B dirty drums are cleaned with a 
high vacuum cleaning system in a 
reserved but open area of the plant. In 
the warehouse and production area at 
Plant A the site visit team observed 
drums waiting to be cleaned for reuse 
(Ex. 684a, p. 11). Plant A cleans the sides 
of drums with vacuums before replacing 
the lid and sealing the top of the drum. 
Plant C has eliminated this exposure 
problem by not reusing drums (Ex. 684c,
p. 2).

Where packaging is done in paper 
bags, air lead levels are controlled by 
enclosing and ventilating the operation. 
At Plant A the enclosure is ventilated at 
a face velocity of 200 fpm and the scale 
for weighing bag contents is within the 
enclosure (Ex. 684a, p. 11). At Plant B, 
however, the filling station is only 
partially enclosed and the transfer 
between the filling and weighing 
stations is not exhaust ventilated. At 
both Plant A and Plant B the site visit 
team observed emissions from the paper 
bags during weighing, closing and 
placing the bags on the pallets (Exs. 
684a, p. 11; 684b, p. 8). In addition, at 
Plant A the site visit team observed 
workers dusting the paper bags, scales 
and filling stations with hand brooms 
Ex. 684a, p. 12).

Among plants, there are wide 
variations in bagging machines and 
ventilation for bagging machines (Ex.
582-90, App. C). Some bagging machines 
allow for reversal of the rotation of the 
filling auger when bag weight is reached 
to prevent material dropping from the 
filling spout when the bag is removed. 
Other bagging machines have an 
exhaust line into the bag to remove 
displaced air as the bag is filled to 
prevent puffs when the bag is removed 
from the filling spout. Some companies 
have modified bagging machines to 
improve the precision of delivered 
weight in order to reduce the need for 
manual weight adjustment. Other 
companies have experimented with 
design and installation of small local 
exhaust hoods and slots around filling 
spouts to capture dust generated from 
the bagging machine.

Wet Process. In wet processing, 
according to Plant A representatives, 
wetting tanks, reactors and storage 
tanks do not require exhaust ventilation 
because the wet product does not cause 
exposure to lead dust or fume. Plant A 
stated, nonetheless, that the reactor is 
fully enclosed and the door is removed

only for taking quality control samples. 
At Plant A, the site visit team observed 
some dry residue in the reactor area that 
was probably the result of quality 
eontrol sampling. In the dry end of the 
wet process at Plant A, screw 
conveyors, weighing hoppers, dryers 
and mills are equipped with exhaust 
ventilation and dust collection devices 
(Ex. 684a, p. 11).

Maintenance and Housekeeping. To 
prevent reentrainment of lead dust,
Plant A's production area is cleaned 
twice a week with a central vacuum 
system and mobile vacuum units. In 
addition, each employee is responsible 
for routine housekeeping in his work 
area. Several times per week, each 
employee also performs general 
housekeeping, which includes mopping 
and vacuuming the floor and other 
surfaces in his work station (Ex. 684a, p. 
12). At Plant B, wet scrubbers and 
stationary vacuums are used to clean 
work areas (Ex. 684b, p. 9).

In addition to routine housekeeping, 
both Plant A and Plant B have 
scheduled programs for plant-wide 
housekeeping. Plant B now conducts an 
annual plant cleanup, which includes 
rafters, during its shutdown time (Ex. 
684b, p. 9). Plant A performs biannual 
plant-wide cleanups, which are not, 
however, “rafters-to-basement” 
cleanups. Plant A does not have an 
effective regular dust pile inspection 
program to identify problems with 
equipment or maintenance that needs 
attention (Ex. 684a, pp. 12-13).

Additional Controls—Introduction. In 
the previous sections, OSHA has shown 
that with existing controls in 6 of the 8 
plants owned by the three major 
producers in the industry, exposure 
levels already have been, or in the 
foreseeable future will be controlled to 
or below 50 /xg/m3 most of the time in 
most of the operations.

More specifically, OSHA has shown 
that at Plant A, an old plant, in 1987 a 
majority of all sampling results already 
are below 50 /xg/m3 and geometric mean 
exposure levels in six of eight job 
classifications also are below 50 /xg/m3. 
In the most difficult operation to control 
to 50 /xg/m3, PBD, the geometric mean is 
only 65 jxg/m3. Although the data for 
1987 are somewhat lower than for 
previous years, geometric means for the 
past four years also are quite low. In 5 
of 8 job classifications, the geometric 
mean for 5 of 8 job classifications over 
the four years are at or below 50 /xg/m3; 
in two of the remaining three they are 55 
pg/m3 and 59 /xg/m3; and none is above 
84 /xg/m3 (PBD).

OSHA also has shown that at Plant 
M, a newer plant manufacturing lead
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stabilizers, geometric mean exposure 
levels by 1987 had been controlled to 
50 pg/m3 or below in all job 
classifications.

OSHA believes that for job 
classifications and operations where 
most sampling results or geometric 
means already are near or below 50 pg/ 
m3, relatively modest improvements in 
controls (eg., improved housekeeping, 
better preventive maintenance, 
installing baffles to stop cross drafts, or 
covering dross buckets) will be 
sufficient to consistently control air lead 
levels to below 50 pg/m3. Similarly, for 
operations where most of the sampling 
results or geometric means already are 
below 100 pg/m3, OSHA believes that a 
combination of limited additional and 
improved controls (e.g., improving the 
efficiency of the ventilation system), will 
be sufficient to control exposure levels 
to 50 pg/m3.

The Agency’s discussion of the 
reductions in air lead levels expected to 
be achieved by implementing 
recommended controls relies in part on 
assessments made by a panel of three 
certified industrial hygienists 
established by OSHA’s contractor, 
Meridian (Ex. 686E, pp. 23-30 and App. 
A). The panel’s assessments are based 
upon data in the record; site visits to 
three plants; and the members’ 
extensive experience and expertise as 
industrial hygienists. Although 
quantification of the estimated 
reductions involves a substantial 
amount of expert judgment, OSHA 
believes that the panel’s assessments, 
on the whole, are the best available 
evidence in the record concerning the 
reductions in exposure levels that 
reasonably can be expected from 
implementing recommended additional 
and improved controls.

OSHA, based on its own experience 
and expertise, therefore believes that 
reliance in part upon the panel and 
Meridian for the Agency’s feasibility 
determination is entirely reasonable. In 
any event, OSHA has independently 
evaluated the record evidence and does 
not always concur with their judgments. 
For example, OSHA in its own analysis 
places greater emphasis than Meridian 
does on modernizing the packaging 
operation and replacing mechanical 
materials transfer conveyors with 
pneumatic material transfer systems. 
Contrary to Meridian, OSHA also has 
concluded from the record that, 
notwithstanding substantial differences 
between newer and older plants, the age 
of existing plants is not determinative of 
a plant’s ability to achieve 50 pg/m3.
For example, as OSHA has already 
shown. Plant A, an older plant, is

already controlling air lead levels to 
below 50 pg/m3, while the relatively 
newer Plant B plant has not yet reduced 
its lead exposures to those levels.

On the whole, the same sorts of 
controls that have been successfully 
utilized to achieve exposure levels 
below 50 pg/m3 at Plant A and Plant M 
and elsewhere are precisely the kinds of 
additional controls that OSHA 
recommends to reduce remaining excess 
air lead levels to or below 50 pg/m3.

Recommended Integrated System of 
Controls. As discussed at greater length 
below in the concluding section on 
technological feasibility, OSHA believes 
that effectively controlling air lead 
levels involves more than piecemeal 
efforts at implementing individual 
additional controls. It involves 
implementing an integrated system of 
controls. That system is composed of 
three elements. The basic element is an 
industrial hygiene study. The second 
element is the development of good 
written housekeeping and work practice 
programs that are systematically 
implemented so that proper procedures 
are routinely and meticulously followed. 
The final element of an integrated 
system of controls is a preventive 
maintenance program to assure that all 
systems are maintained in clean and 
efficient condition.

To understand the nature of exposure 
problems in a plant and to design and 
implement effective methods to control 
lead emissions, OSHA believes that an 
effective control program would include 
as a first step obtaining the services o f a 
competent industrial hygienist to ’ 
perform a plant-wide industrial hygiene 
study. The study should focus on a task- 
by-task analysis of sources of lead 
emission in the plant and an analysis of 
cross drafts as potential sources of cross 
contamination in order to design 
measures to control and/or eliminate 
these sources.

Site visits in early 1988 to Plant A, to 
Plant B, to Plant C and discussions on 
site with industry representatives made 
OSHA and Meridian aware of the need 
for such studies. As Meridian has 
pointed out, at each plant the site visit 
team found plant personnel who were 
extremely knowledgeable about 
production-related matters but were 
“surprisingly uninformed about 
industrial hygiene” (Ex. 686E, p. 29).

At Plant C, for example, the president 
of the company insisted that area 
samples were preferable to personal 
samples because they are “more 
reliable” (Ex. 686E, p. 29). Moreover, at 
no visited plant was air lead monitoring 
being conducted by people trained in 
industrial hygiene, and at no visited

plant had any systematic task analysis 
been performed to determine the 
contribution of various task elements to 
employee lead exposure.

At Plant B, company representatives 
reported that no industrial hygiene task 
analysis sampling had ever been 
performed at any of the company’s 
facilities (Ex. 684b, p. 4). (This statement 
was subsequently partially qualified 
when the company stated that task 
analysis sampling had been performed 
at another, unidentified lead chemicals 
plant owned by the company (Ex. 694-9, 
Att. 6, p. 33).

Similarly, it appears that no industrial 
hygiene survey had been initiated at 
Plant A until just prior to the November 
1987 public hearing in this rulemaking. 
Then, the company apparently consulted 
an industrial hygienist (IH), who 
reportedly recommended that the 
company have a job/task analysis 
performed. Although the company did 
not submit a copy of any of the IH’s 
preliminary analyses or 
recommendations to the record, Plant A 
indicates it was undergoing a plant-wide 
task analysis in the spring of 1988 (Ex. 
694-9, Att. 5, pp. 7-8). OSHA applauds 
this effort and considers it likely to be 
very helpful in further reducing 
employee exposure to lead.

OSHA believes that, to the extent 
feasible, each source contributing more 
than an insignificant amount to workers 
lead exposures must be controlled, 
because the combined effect of 
controlling a number of sources of 
limited exposure can be very significant. 
For example, during OSHA’s visit to 
Plant A, one of the certified industrial 
hygienists on the site visit team 
commented that he saw “more than a 
hundred industrial hygiene 
opportunities” to reduce workers’ air 
lead levels (Ex. 686E, p. 25). OSHA notes 
that if only half of those opportunities 
(50) were investigated and pursued and 
only half of that number (25) each 
resulted in a mere 1 p.g/m3 reduction in 
TWA exposure levels, then total plant
wide emissions at Plant A could be 
reduced by 25 pg/m3 in any eight-hour 
period. OSHA does not believe that the 
TWAs of any workers would be reduced 
to the full extent of the multiple 
reductions. Workers who were affected 
to lesser degrees would have their 
TWAs proportionally reduced.

OSHA is confident that an industrial 
hygiene study is essential to 
systematically control air lead levels in 
this industry. It is a precondition for 
instituting an effective, regular program 
to identify the precise sources of 
exposure and reasons for upset 
conditions and to control them.
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Meridian has stated it believes that 
hiring a certified industrial hygienist to 
perform such a full-plant survey is a 
"relatively low-cost approach to the 
problem of over exposure”, which 
“could produce dramatic reductions in 
these exposures” (Ex. 686E, p. 29).
OSHA agrees.

A simple example should suffice to 
show how useful such a survey can be. 
Cross contamination appears to be a 
problem in the lead chemicals industry 
(e.g., Ex. 684a, p. 13), although the extent 
of the problem in individual plants is 
unknown. It is not surprising that cross 
contamination is a problem since 
operations throughout the industry 
generally are in large open buildings and 
are not separately enclosed. Cross 
contamination exists where plants have 
failed to adequately contain lead 
exposures at their primary source and 
cross drafts disperse escaping lead fume 
and/or dust into other areas or 
throughout the plant. By implementing 
proper controls, cross contamination 
can be eliminated or at least 
dramatically reduced.

Cross drafts are caused by a variety 
of factors. Windows or doors left open, 
use of man-cooling fans, and reliance 
upon natural ventilation with seasonal 
variation, especially in open plants, all 
can create cross drafts. However, even 
in plants that have eliminated these 
obvious sources of cross drafts, cross 
drafts still can be produced by air 
transfers between hot and cold 
operations and imbalances in the 
mechanical ventilation system.

Cross drafts spread contamination 
from one operation to another. In 
addition, and less obviously, they also 
compromise local exhaust ventilation, 
preventing exhaust hoods from 
operating at maximum capacity.
OSHA’s evaluation of the complex, 
plant-wide problems that cross drafts 
create is substantiated by the American 
Conference of Governmental Industrial 
Hygienists’ book, Industrial Ventilation, 
which states that “[cjross drafts not 
only interfere with the proper operation 
of exhaust hoods, but also may disperse 
contaminated air from one section of the 
building into another and can interfere 
with the proper operation of process 
equipment” (Ex. 583-13, p. 7-2).

To control cross contamination simple 
steps may be effective. For example, 
fully enclosing and ventilating a 
potential source of cross contamination, 
like the packaging operation, will 
prevent the dispersion of lead. Erecting 
cross barriers at proper locations, 
eliminating windows, and using air 
locks for entryways not only will 
decrease cross contamination, but also 
will increase the efficiency of exhaust

hoods. An industrial hygiene survey can 
identify the source and nature of cross 
contamination and can locate the proper 
sites to locate barriers and other 
controls.

OSHA’s conclusion that an industrial 
hygiene study is needed is supported by 
Mr. Knowlton Caplan, a well-known 
engineering consultant to the lead 
industry. Mr. Caplan has said that 
engineering controls should be designed 
with industrial hygiene problems in 
mind (Ex. 582-89, Appendix).

An industrial hygiene study will 
indicate which controls need to be 
implemented in particular plants. The 
main controls are local exhaust 
ventilation, enclosure and isolation, 
plant design, automation built into the 
production process, and work practices, 
including housekeeping and 
maintenance.

Ventilation. The presence of 
excessive lead in the work 
environments of lead chemical plants 
indicates that existing engineering 
controls like local exhaust ventilation 
(LEV) and general ventilation are not 
doing the job. Much more quantitative 
and other information than are available 
in the record would be needed to state 
with any precision how great a 
redaction in any particular exposure 
level could be achieved by enhancing 
specific ventilation systems. 
Nonetheless, OSHA has no doubt that in 
many operations improved or additional 
ventilation can achieve major reductions 
in worker exposure.

Such controls have been developed, 
tested, and where found effective, 
manufactured and applied widely for 
many years throughout industry to 
control specific contaminants. 
Conventional controls for various 
operations in the lead industries have 
been described in detail and often 
depicted in photographs or diagrams by 
industrial hygienists and engineers from 
the American Conference of 
Governmental Industrial Hygienists (Ex.
583-13, pp. 5-34 to 5-37, 5-102, 5-105), 
AFS (Exs. 689-4A; 689-4F), American 
National Standards Institute (Exs. 689- 
13A, 13B, 13C). Many consultants who 
have worked for OSHA or industry also 
have recommended such controls (Exs. 
689-6; 689-7; 689-8; 689-9; 689-10; 689- 
11; 689-12). LIA agrees that ventilation 
controls used in the lead chemicals 
industry are basically the same as those 
used in other industries (Ex. 582-90, p.
9). Thus, in terms of ventilation, there is 
nothing unique about lead chemical 
production.

Specifically, improved or additional 
ventilation can achieve major reductions 
in air lead levels in packaging 
operations throughout the lead

chemicals industry. At Plant A, for 
example, enclosing the packaging, 
weighing and palletizing elements of the 
operation in a properly designed and 
maintained side-ventilated booth could 
dramatically reduce air lead levels (Ex. 
686E, p. 24).

Enclosure and Isolation. Enclosure 
and isolation are two alternative 
methods of separating workers from air 
contaminants. In the case of isolation, 
the employee is physically separated 
from contaminants in the air; e.g., by 
working in a filtered, ventilated control 
booth (Ex. 689-4D, fig. 32). This method 
is being applied by Company C at one 
site visited by OSHA in the construction 
of their new plant (Ex. 684c, p. 6). With 
enclosure, the source of the contaminant 
is physically contained and separated 
from the rest of the work environment to 
prevent contamination of the air (e.g.,
Ex. 586-18, figs. 1 and 2). Sometimes, 
enclosures consist simply of tops 
installed on vessels containing molten 
metal (e.g., covering dross buckets; Ex. 
583-16, p. 24).

Docket entries describe standard 
enclosure techniques that are in use in 
the industry or can be readily 
implemented (e.g., enclosing the transfer 
trough from the melt pot to the kettle or 
enclosing conveyors; Ex. 684b, p. 8). 
Simple isolation techniques that have 
been successfully used in certain plants 
in this and other lead industries also are 
applicable throughout this industry (e.g., 
providing employees with filtered, 
ventilated cabs for mobile equipment, 
isolation booths and control rooms; Exs. 
684c. p. 6; 689-4D, p. 7-14, figs. 31, 32).

Isolating workers for even a portion of 
their shift can significantly reduce 
exposure levels. For example, a Radian 
study of a secondary lead smelter 
demonstrates that employee exposures 
can be reduced by 23-77% even when 
employees spend only a portion of the 
workday in an isolation booth (Ex. 583- 
16, p. 30). Another study, by the National 
Institute for Occupational Safety and 
Health (NIOSH), investigating the 
effectiveness of various control 
technologies in secondary lead smelters, 
reports that workers spending even one- 
quarter of their time in a supplied air 
island would experience a 20% reduction 
in their 8-hour TWA exposure levels 
(Ex. 590, p. 40).

Housekeeping, Work Practices, and 
Preventive Maintenance. Housekeeping, 
work practices, and preventive 
maintenance are critically important 
controls, the importance of which 
frequently is not adequately recognized 
by employers. Failure to develop and 
use rigorous housekeeping, good work 
practices, and preventive maintenance
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can destroy the effectiveness of 
otherwise adequate engineering 
controls. OSHA believes that improved 
work practices, housekeeping, and more 
rigorous maintenance practices are 
among the principal tools for achieving 
compliance with the 50 p,g/m3 PEL in 
existing lead chemical plants.

The importance of housekeeping 
measures in general was stressed in a 
report prepared by the Cadre 
Corporation for a secondary copper 
smelter (Ex. 475-32D). The Cadre report 
states,
[Housekeeping] is definitely the most 
underrated aspect of any fume abatement 
program. In any industrial facility there will 
be some amount of particulate in the air. 
Sooner or later this particulate is going to 
settle out on the plant floor, equipment and 
materials. If this dust is hot collected and 
disposed of then it will become airborne 
again due to building drafts, mobile 
machinery traffic and numerous other 
disturbances. The housekeeping component 
of the abatement plan is a vital link in the 
success of the project. By neglecting to 
properly control settled particulate any gains 
made by capturing fugitive emissions will be 
minimal.

OSHA agrees. It is impossible to 
overemphasize the importance of good 
housekeeping and work practices. Lead 
oxide products, which are fine dusts 
with average particle sizes of a few 
microns, are readily dispersed by air 
currents. A small amount of lead 
dispersed throughout a building’s air 
space may raise the airborne level over 
the PEL Obviously, to avoid exceeding 
the PEL process operations not only 
must be tightly enclosed, but emissions 
or spills from equipment breakdowns, 
maintenance operations, broken bags or 
any other sources also must be promptly 
contained and cleaned up to minimize 
dispersion throughout the workplace.

Housekeeping in lead chemical plants 
needs to be improved. For example,
Plant A has never had a complete 
rafters-to-basement cleaning (Ex. 684a, 
p. 12). It should have one and repeat it at 
least annually. Moreover, small piles of 
dust were observed in many places on 
floors at Want A, especially under 
MMTS, and on other surfaces (Ex. 684a, 
p. 13). The housekeeping program should 
prevent the accumulation of such piles 
of dust and effectively provide for their 
prompt removal if they nonetheless 
occur. In addition, the packer was 
observed using a hand broom to sweep 
product dust off a bag and off the work 
station (Ex. 684a, p. 12). This practice, 
which contributes to the packer’s own 
exposure to lead and may also disperse 
lead dust more broadly, should be 
discontinued. Thus, in practice Plant A’s

housekeeping program appears to be 
seriously inadequate.

Similarly, at Plant C housekeeping 
also was poor. The site visit team 
observed extensive accumulations of 
lead-containing dust on the floor, in 
gutters and on conveying and other 
equipment. Lead ingots were covered 
with oxide dust. There was no regularly 
scheduled program of housekeeping (Ex. 
686E, p. 25).

In contrast, housekeeping at Plant B 
generally appeared to be considerably 
better than at the other two plants. The 
company reportedly had recently 
instituted a documented, scheduled 
program of housekeeping, including 
cleaning the rafters (Ex. 684b, p. 9). 
Nevertheless, the company apparently 
continued to clean used, product- 
contaminated drums returned by 
customers in the open production area. 
This practice, the team judged, added 
directly to the plant’s background level 
of contamination and thereby to the 
exposures of all employees in the area 
(Ex. 686E, p. 27).

By implementing strict housekeeping 
proceedures, segregating housekeeping 
activities and assigning them to a 
trained housekeeping staff, and by 
effectively implmenting a regular spill 
detection program and periodic cleanup 
program, the expert industrial hygiene 
panel estimated that exposure levels of 
all production employees at Plant A 
could be reduced by over 60% (Ex. 686E, 
App. A, A -l). By implementing a similar, 
strict program of regular housekeeping 
at Plant C, the panel estimated that 
workers exposure to lead could be 
reduced by 24% (Ex. 686E, App. A, A-3). 
With the new rafter cleaning program at 
Plant B and by ceasing to accept 
returned, contaminated drums or by 
automating their cleaning or at least by 
fully enclosing and locally exhausting 
the cleaning process, the expert panel 
anticipated a reduction in workers’ 
exposure at Plant B of from 23 to 35% 
(Ex. 686E, App. A, A-2).

In all plants in the industry detailed 
housekeeping instructions should be 
prepared and adherence to them 
enforced by employers, with scheduling 
and checkoff of regular cleaning of all 
areas of the plant where dust can 
collect. If necessary, housekeeping 
instructions should list individual sites, 
pieces of equipment, parts of equipment, 
and obscure comers (e.g., under 
conveyors) to assure that they are 
cleaned regularly. Where necessary, a 
trained housekeeping staff should be 
hired or perhaps housekeeping should 
be contracted out.

Implementing appropriate work 
practice controls is also vital to 
achieving exposure levels at or below 50

pg/m3. No matter how good engineering 
controls may be, they often can only be 
as effective as the associated work 
practices that determine how they are 
used and where the employee locates 
himself relative to the controls. For 
example, when packers at Plant A 
perform manual activities outside the 
effective capture zone of the hood, they 
expose themselves to lead and disperse 
lead dust into the air. In doing so, the 
local exhaust ventilation is rendered 
ineffective. OSHA finds this work 
practice unacceptable.

Work practices also should be written 
to prescribe correct procedures for all 
tasks that might result in increased 
employee exposure. Such procedures 
should dictate, for example, that an 
employee not use a broom to dry sweep 
lead dust These procedures might also 
prohibit production employees who 
perform some maintenance tasks from 
doing so where they already have 
excess exposure to lead. Good work 
practice rules also should require that 
covers be kept on quality sampling 
containers. They should minimize the 
manual handling of bags filled with 
product and, when some manual 
handling is necessary, assure that it is 
performed with care. Good work 
practices are particularly important in 
packaging, for example, to minimize 
dust released when bags breathe and to 
minimize loose dust in the stacks of 
bags on pallets. Improved work 
practices are very important since much 
of workers’ daily exposure may come 
from brief lapses in performing their 
tasks. One industry spokesperson, for 
example, estimated that as much as 80% 
of a worker’s daily exposure might come 
from intermittent, high-exposure, short
term activity (Ex. 684b, p. 10).

OSHA also notes the importance of 
maintenance programs to assure that all 
systems function as cleanly and as 
efficiently as practicable. The capacity 
for ventilation systems to protect air 
quality depends not only on proper 
design and installation, but also on 
proper maintenance and availability of 
sufficient makeup air. Exhaust systems 
lose their capacity because belts and 
pulleys slip, duct branches become 
clogged, duct couplings become loose 
and develop holes that leak air, filters 
become occluded, and fan blades 
become corroded or unbalanced. Thus, 
the effectiveness of engineering controls 
can be severely limited by poor 
maintenance (Exs. 582-13, pp. 10-16; 
689-3, p. 74, Table 8-1; and see Safety  in 
M etal Casting, Des Plaines, IL, Vol. 6, 
1970, p. 172).

Two basic principles should be 
applied in maintenance work. First,
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extreme care must be taken when doing 
maintenance to prevent emissions into 
the workplace. Second, foreseeable 
equipment failures that could contribute 
to emissions should be minimized 
through a preventive maintenance 
program.

Opening up equipment for repair may 
release large amounts of dust. Therefore, 
it is imperative to remove this dust 
before it permeates the workplace. Floor 
vacuum cleaners may not be adequate. 
Plant-wide vacuum systems may be 
required with outlets widely distributed 
and hoses available so that workers can 
clean up dust any place with minimum 
effort immediately after it is discovered. 
Maintenance workers can use the hoses 
as small ad hoc hoods to capture dust 
when they must break connections on 
lines, open up conveyors, etc. Work 
practices must be developed to cover 
the use of the vacuum system and 
workers must be trained to strictly 
follow correct practices. Maintenance 
workers should be trained, for example, 
to trap dust at connections they are 
going to break by setting up hoses 
before, not after the dust inside has 
dropped to the floor.

Preventive maintenance minimizes 
emissions. It is much better to shut 
down equipment in a controlled fashion, 
with lines, conveyors, vessels, etc., 
cooled or emptied to make it easier to 
open them up with minimum 
contamination of the workplace, than to 
have equipment fail while in operation. 
Better maintenance and better controls 
should reduce major housekeeping 
problems.

In addition to the above controls,
OSHA specifically recommends 
additional controls operation by 
operation. On the whole, the same sorts 
of controls that have been' successfully 
utilized to achieve exposure levels at or 
below 50 p-g/m3 at Plant A, Plant M and 
elsewhere in the industry are precisely 
the kinds of controls that OSHA 
recommends here as additional controls 
to reduce remaining air lead levels to or 
below 50 pg/m3. In its operation-by
operation analysis, OSHA focuses on 
the two operations/job classifications 
that are generally regarded by industry 
to be the most difficult to consistently 
control to 50 pg/m3, packaging and 
maintenance (Exs. 582-90, p. 7; 684b, p.
9; 694-9, Att. 2-4; Tr. 1266).

Packaging. “Packaging” refers 
exclusively to filling drums and paper or 
plastic bags with product. Bulk shipment 
by railcar or truck and semi-bulk 
shipment in superbags and other large 
containers are not considered packaging 
by industry. Packaging is viewed by 
industry to constitute one of the single 
most difficult sources of lead to control

(Exs. 582-90, p. 7; 694-9, Att. 2-4; Tr. 
1266).

Within packaging, the main problem is 
limited to packing bags. Packing drums 
presents much less of an exposure 
problem. For example, the air in drums 
or bags, which initially fluidizes the 
product as the container is filled, slowly 
rises carrying dust with it as the 
material settles. However, with drums, 
the closing of the drum contains the 
escape of dust-laden air from the 
compacting solids. With bags, on the 
other hand, the escape of air remains a 
major problem for packagers. Because a 
bag is flexible, not rigid, any pressure 
applied to the bag in handling causes it 
to breathe and may result in the 
emission of a puff of dust-containing air. 
Typically in the industry, bags that 
require precise weight specifications 
have been manually filled, manually 
weight adjusted, and manually closed. 
When such manual intervention is 
required, employees may be exposed to 
relatively high air lead levels. Similarly, 
when closed bags are manually moved, 
workers also may be exposed to lead 
dust.

The problem with successfully 
controlling packaging needs to be put in 
proper perspective. First, some plants 
already are effectively controlling air 
lead levels in packaging. As shown in 
the previous section, by 1987 in 
packaging Plant M achieved a geometric 
mean exposure level of 50 ju,g/m3, while 
Plant A had a geometric mean exposure 
level of 65 p,g/m3.

Second, the amount of product being 
bagged already is quite limited.
Currently across the industry, based on 
OSHA’s site visit observations, it 
appears that no more than 15% of 
product is packaged in bags and drums. 
Plant B is typical, packaging 15% of 
product (Ex. 684b, p. 3). Plant C is well 
below that average, packing less than 
5% of its product in drums and nothing 
in bags Moreover, Plant C is the only 
one among four plants owned by its 
parent company that packages in drums 
or bags at all (Ex. 684c, pp. 2 and 5). By 
contrast, at Plant A “a substantial 
amount of its product,” apparently more 
than 15%, is reported to be packaged in 
bags (Ex. 684a, p. 3). The LIA confirms 
that bulk shipping “is the principal 
means of shipment” in the industry (Ex. 
582-90, p. 12).

Of the approximately 15% of product 
packaged in bags and drums across the 
industry, obviously only a part is 
packaged in bags. At Plant B, for 
example, only one-third of the packaged 
product is in bags (5%). Furthermore, in 
the bagged segment, apparently only 
some customers require precise weight 
specifications. OSHA therefore

estimates that considerably less than 
10%, and probably less than 5% of total 
product has to be packed in bags with 
precise weight specifications.

For that small proportion of product 
that currently continues to be packaged 
in bags, as well as for the portion of the 
product packaged in drums, OSHA 
recommends three methods for 
controlling existing lead emissions. They 
are: further reducing or eliminating 
packaging, and shipping still more 
product in bulk or semi-bulk form; 
purchasing and installing the new highly 
accurate packaging machines and 
appropriately reducing the variety of 
packages provided customers; or 
enclosing each packing and palletizing 
station with a side-ventilated booth (Ex. 
686E, p. 24). These control methods can 
be employed independently or in 
combination to achieve employee 
exposure levels lower than 50 p.g/m3. 
However, OSHA believes it is unlikely 
that any facility would have to 
implement more than one of these 
recommended controls to achieve this 
level.

OSHA’s preferred method for 
controlling exposures associated with 
packaging is to encourage the lead 
chemical industry to further reduce the 
amount of product that is packaged by 
shifting increasingly to bulk and semi
bulk shipping. The parent company of 
Plant C is a leader in the industry in 
successfully moving in this direction, in 
no small part by persuading its 
customers to shift to bulk purchases and 
by helping them with the shift (Ex. 684c, 
p. 2). OSHA applauds this achievement. 
OSHA believes that other large 
producers in the industry can persuade 
more of their customers to accept bulk 
and semi-bulk shipment, as well. 
However, OSHA recognizes that there 
may be some portion of product that will 
have to continue to be packaged. For 
that portion, OSHA recommends that 
industry implement either, or a 
combination of the two following control 
methods.

The first is to mechanize and 
automate packaging and subsequent bag 
handling. For bags that do not have to 
be packed to precise weight 
specifications, conventional automatic 
packaging machines that fill and seal 
bags have been available and in use in 
many plants for years. Today, even for 
bags that require filling to precise 
weight specifications, automatic 
packaging machines are available that, 
according to LIA, “can easily achieve 
accuracies of 0.25% and sometimes-even 
* * * 0.1% * * (Ex. 582-90, App. C. 
p. 3). This means that for a 50-pound 
bag, the machine can automatically fill
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accurately to within 2 ounces and less 
and can seal, all routinely without 
manual intervention. Based upon 
industry statements regarding the 
weight tolerances required by some 
customers (e.g., Tr., p. 1282), OSHA 
concludes that nearly all orders can be 
bagged on these more accurate 
packaging machines. The number of 
bags that would still require manual 
weight adjustment, therefore, should be 
extremely small.

Consequently, if achieving precise 
weight specifications were the only 
problem in bagging, emissions 
associated with manual interventions 
could be strictly controlled or effectively 
eliminated by mechanization. However, 
customers are reported to also seek 
different kinds of packages (e.g., plastic 
bags, paper bags, 20-pound bags, 50- 
pound bags). This causes a problem, 
because no single machine can handle a 
wide variety of packages. The industry, 
of course, could satisfy all the packaging 
demands of customers and fully 
automate packaging by purchasing and 
installing a sufficient number of the 
more advanced bagging machines. The 
problem is not technological. The 
technology exists and is available. The 
problem is cost. Industry admits as 
much: "Packaging could be automated if 
industry had unlimited resources’  ̂Ex. 
582-90, p. 13).

In OSHA’s view, "unlimited 
resources” are not required to resolve 
this problem. Industry, for example, 
could provide customers with a more 
limited variety of bags and thereby 
reduce the number of advanced 
automatic bagging machines necessary 
to accommodate that range.

With regard to handling the bags after 
they have been filled and sealed, OSHA 
believes that such handling can be 
mechanized as well. Bags can be 
mechanically flattened and conveyed 
(Tr. 1283). Mechanization of this phase 
of bag handling should substantially 
reduce worker exposure from breathing 
bags, because workers can be removed 
from proximity to these emission 
sources. The emissions from flattening, 
for example, then can be controlled by 
local exhaust ventilation.

The last recommended method for 
controlling employee exposure levels in 
this operation to below 50 pg/m3, is 
simply to improve the capture of 
emissions at the existing level of 
production mechanization by isolating 
the entire operation and providing 
effective local exhaust ventilation. This 
control strategy needs to be 
accompanied by the implementation of 
strict work practices and preventive 
maintenance to assure that local 
exhaust ventilation is effective.

To be effective, this control strategy 
has to take account of a number of 
factors. Each of the manual tasks in 
packaging provides a potential source of 
lead exposure. These tasks extend all 
the way from placing the bag on the 
bagging machine, through weighing the 
bag contents, adjusting content weight, 
and sealing the bag, to cleaning the 
outside of the bag and then stacking it 
on a pallet. Each of these tasks must be 
effectively exhausted, and the worker 
must be trained to carry out each within 
the capture range of the ventilation and 
in a manner likely to minimize the 
amount of lead emission. Obviously, the 
local exhaust also must be properly 
designed, installed, and maintained. It 
also must be properly located and have 
sufficient capacity to handle the job.

The independent panel of expert 
industrial hygienists gathered by 
Meridian has analyzed the additional 
controls needed at Plant A and Plant B 
and has estimated the reduction in air 
lead levels to be expected from 
implementing them.

At Plant A, where the site visit team 
observed small plumes of lead dust 
generated during the performance of 
several manual packaging tasks and 
observed emissions from work done 
outside the ventilation enclosure (Ex. 
684a, p. 11), the expert panel 
recommended improving work practice 
controls and enclosing each packaging, 
weighing and palletizing station within a 
side-ventilated booth (Ex. 686È, p. 24). 
With this booth, the panel estimated 
that exposure levels of the PBD would 
be reduced by approximately 43% (Ex. 
686E, pp. 24 and App. A, A -l).

For Plant A, the panel further 
recommended that panels on ventilation 
ducts be maintained, to effect enclosure 
and maximize capture velocity, and 
estimated that a similar reduction of 43% 
in worker exposure could be expected 
from that simple control. However, the 
company has challenged the factual 
basis for this recommendation, saying 
that panels were missing only on 
ventilation systems that were 
undergoing repair or no longer in use 
(Ex. 694-9, Att. 5). Although thé 
company’s claim is at variance with the 
site visit team’s observations, and 
OSHA believes that this potential for 
reduction does exist, nonetheless the 
Agency’s feasibility determination does 
not take this into account.

Nonetheless, with an anticipated 
reduction of 43% in exposure levels 
associated with installation of the 
ventilated booth, air lead levels for the 
packager should be reduced to a 
geometric mean of 37 pg/m3 if the 
geometric mean for 1987 is used as the 
base. (Air lead levels would be reduced

to a geometric mean of 47 pg/m3 if the 
four-year average geometric mean were 
used as the base). In addition, OSHA 
believes that exposure levels would be 
considerably further reduced if the 
needed improvements in work practice 
controls, which also have not been 
factored in to these calculations, are 
implemented as well. Workers, for 
example, should not toss bags onto the 
pallet; they should not use brooms to 
dust off bags or their equipment. Bags, 
pallets, and equipment should be 
regularly vacuumed. Improved 
housekeeping should dramatically and 
relatively inexpensively further reduce 
air lead levels at Plant A at the 
packaging and other operations where 
the site visit team observed poor 
housekeeping. With the implementation 
of all of these controls, OSHA concludes 
that air lead levels at Plant A can be 
reduced to consistently below 50 pg/m3 
in the packaging operation.

Plant B also should be able to reduce 
exposure levels in packaging to below 
50 pg/m3, by implementing additional 
controls. As indicated in the section on 
current exposure levels, there is no job 
classification at Plant B denominated 
“packer.” Operators and shippers 
apparently rotate to perform packaging 
tasks. Thus, exposure levels for 
employees in both job classifications 
should be substantially reduced by 
additional controls in packaging.

At Plant B the site visit team observed 
small spills of lead chemicals and 
dusting during the manual weight 
adjustment of bag and drum contents 
and small amounts of dust coming from 
closed, breathing bags on the pallet 
when the product in them settled. To 
capture these and other emissions, the 
expert panel recommends improved 
ventilation of point sources and better 
enclosure of the packaging, weighing 
and palletizing operation.

From implementing these 
recommended additional controls, the 
expert panel anticipates a reduction in 
exposure levels for operators and 
shippers of 75-95% (Ex. 686E, p. 28 and 
App. A, A-2). With geometric mean 
exposure levels in 1987 of 103 pg/m3 for 
operators and 59 pg/m3 for shippers, 
resulting geometric mean exposure 
levels would be reduced to 5-26 pg/m3 
and 3-15 pg/m3, respectively.

However, since the panel’s 
anticipated reductions appear to be 
based upon the assumption that all of 
the relevant workers’ lead exposure is 
derived from packaging, and since both 
shippers and operators perform other 
tasks that are likely to subject the 
worker to lead exposure, and in the case 
of operators to not insignificant lead
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exposure, OSHA believes that the 
panel’s estimates may overstate the 
expected reduction,

OSHA believes operators do most 
packaging, because under the 
circumstances the Agency judges the 
geometric mean exposure levels for 
shippers (e.g„ 59 pg/m3 in 1987 and 68 
pg/m3 for the four-year average 
geometric mean) to be too low to 
incorporate much time in packaging. 
Operators typically have exposure 
levels that are almost twice as high as 
shippers. The percentage reduction in 
air lead levels expected from 
implementing recommended additional 
controls in packaging can be applied 
only to that portion of workers’ 
exposure attributable to packaging.

OSHA calculates the expected 
reduction for operators under two 
different assumptions. OSHA assumes 
that either two-thirds or three-quarters 
of the operators’ exposure levels come 
from packaging. OSHA believes that 
both of these assumptions are 
reasonable, because, on the one hand, 
packaging is one of the two main 
sources of lead exposure at Plant B 
according to the company (Ex. 684b, p.
9) and, on the other, representatives of 
Plant B have indicated that, with few 
exceptions, operators are basically 
engaged in monitoring an automated 
process that is fully enclosed and 
operated under negative pressure (Exs. 
532-90. p. 12 and 694-9, Att. 6, p. 20) and 
which therefore should not subject 
operators to high exposure to lead.

If two-thirds of the operators’ lead 
exposure comes from packaging, the 
resulting geometric mean achieved by 
implementing recommended controls in 
packaging would range from 37 to 51 
Pg/m3, with a midpoint of 44 pg/m3. If 
three-quarters of the operators’ lead 
exposure comes from packaging, the 
resulting geometric mean would range 
from 30 to 45 pg/m3, with a midpoint of 
37.5 pg/m3. Under both assumptions, the 
midpoint would be below 50 pg/m3.

OSHA wishes to emphasize that these 
levels would be achieved by 
implementing the recommended 
engineering controls for the packaging, 
weighing and palletizing operation. 
Further reductions in operators’ air lead 
levels also can be expected by 
implementing the additional controls 
recommended by Meridian to reduce 
exposures associated with typical 
operators’ tasks like drossing. Improving 
work practice controls and 
housekeeping in the area and throughout 
the plant also will reduce exposure 
levels.

Additional reductions in this 
operation also can be anticipated from 
conducting the plant-wide industrial

hygiene survey to identify sources of 
lead emission task-by-task and cross 
winds around the plant and from 
implementing recommendations for 
methods to control them. With the 

. realization of such multiple reductions 
in lead emissions, OSHA is confident 
that the air lead levels in the packaging 
operation (including weighing and 
palletizing) can be consistently 
controlled to below 50 pg/m3 at Plant B.

OSHA has determined that exposure 
levels in packaging can be controlled 
consistently to below 50 pug/m3 at 
Plant A, an older plant that bags a 
higher proportion of its product than the 
industry average. OSHA also has 
determined that exposure levels can be 
controlled consistently to below 50 pg/ 
m3 at Plant B, a newer plant. A third 
plant, Plant M, by 1987 had already 
achieved a geometric mean of 50 pg/m3. 
Consequently, the Agency concludes 
that packaging can be controlled to 
below 50 pg/m3 generally throughout 
the lead chemicals industry.

Maintenance

According to industry representatives, 
the other operation that most 
contributes to high air lead levels among 
workers in plants is maintenance. 
Maintenance work is intermittent, highly 
varied, and may subject maintenance 
workers in certain tasks to very high 
exposure levels, especially when they 
must open up dust-filled or dust- 
encrusted equipment. Certain 
maintenance tasks are very difficult to 
control to 50 pg/m3 (Ex. 582-90, p. 7); 
others already are controlled to below 
50 pg/m3, as evidenced by the low 
geometric mean exposures of 
maintenance employees at Plants A and 
M (see Tables 1 and 2, above).

A very high proportion of 
maintenance work is currently devoted 
to maintaining mechanized material 
transfer systems (MMTS), like bucket 
elevators and screw conveyors, which 
have many bearings, joints, and failure 
points that "require constant 
maintenance and upkeep,” according to 
industry representatives (Ex. 684b, p. 10 
and p. 9; and see Exs. 684a. p. 13 and 
684c, p. 5). Maintenance workers in 
some plants spend fully 80% of their 
time repairing and maintaining MMTS 
(Ex. 684c. p. 5), Maintenance of these 
systems is reported to constitute the 
major exposure problem at Plant C (Ex. 
684c, p. 5).

MMTS not only are potential sources 
of high lead exposure for maintenance 
workers. They also are potential sources 
of fugitive emissions, both when they 
leak and while they are being serviced 
or repaired (Ex. 684b, p. 10). In fact, 
mechanical conveyor systems like screw

conveyors and bucket elevators appear 
to constitute a major source of workers’ 
exposure throughout the plants (e.g., Ex. 
684c, p. 5).

This major source of lead exposure for 
maintenance and other workers is likely 
to be dramatically reduced in the next 
few years. The decided trend in the 
industry is to replace MMTS with 
pneumatic conveyance systems. The 
latter require much less maintenance 
and are considerably less likely to leak 
(Exs. 684a, p. 14; 684c, p. 5). This should 
also significantly reduce background 
levels, especially in plants where they 
are high.

Nevertheless, OSHA recognizes that 
in certain maintenance tasks exposure 
levels may continue to exceed 50 pg/m3. 
If in those operations it is not feasible to 
use engineering and work practice 
controls to reduce air lead levels to the 
PEL, OSHA recognizes that employers, 
as they traditionally have done, will 
continue to rely on supplementary 
respirator use to protect workers.

Operator. The only other job 
classification that might present some 
problems in achieving 50 pg/m3 is 
operator. Operators typically engage in 
two quite different sorts of tasks. First, 
operators monitor the lead oxide 
production process, which is largely 
automated, enclosed and operated 
under negative pressure. Second, 
operators manually perform certain 
periodic duties that cause them to 
intervene in that system.

Operators, for example, dross the melt 
pot and take product quality control 
samples at several points during the 
production process (Ex. 582-90, p. 4). In 
addition, at Plant A and Plant C, 
operators, like other employees, perform 
minor maintenance. In some plants like 
Plant A and Plant B, operators also 
perform tasks like packaging that are 
atypical of the job classification.
Leaving aside considerations of cross 
contamination and lead exposure 
attributable to atypical tasks, the nearly 
exclusive source of a typical operator’s 
lead exposure is the set of tasks that 
involve manual intervention in the 
otherwise largely automated production 
system. Consequently, any additional 
controls intended to reduce operators’ 
exposure to lead must be directed at 
reducing or eliminating these tasks or at 
more efficiently capturing the lead 
emissions associated with them.

As indicated earlier, operators at 
Plant B, in addition to performing typical 
operator tasks, also perform packaging, 
which constitutes their primary source 
of exposure. Controlling operators’ 
exposure levels in packaging to below 
50 pg/m3 will significantly reduce their
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exposure levels. Properly controlling the 
melt pot and the tasks of drossing and 
quality sampling that operators perform 
will further reduce these levels. At Plant 
B, for example, the drossing task is 
essentially uncontrolled (Ex. 686E, p. 27). 
Although company representatives at 
Plant B concede this (Ex. 694-9, Att. 6, p. 
28), they did identify improved drossing 
technology as one of the items the 
company was exploring to reduce 
exposure levels (Ex. 684b, p. 10), and 
they do plan to install drossing chutes to 
contain emissions during drossing. 
Nevertheless, the company maintains 
that emissions from drossing contribute 
insignificantly to operators’ lead 
exposure, approximately 1.5 pg/m3 
during an eight-hour period (Ex. 694-9, 
Att. 6, p. 7).

OSHA disagrees with this estimate, 
because it appears to only consider an 
operator’s exposure during the time 
drossing is being performed and does 
not seem to account, for example, for 
any lead emissions from the dross after 
drossing is completed. OSHA believes 
that with proper controls exposure 
levels for operators can be reduced 
consistently to below 50 pg/m3, even in 
Plant B.

At Plant A, where the oxide operators’ 
geometric mean exposure level in 1987 
already is 62 pg/m3 and the geometric 
mean for the entire 1984-87 period is 
also 62 pg/m3, the task of reducing air 
lead levels to consistently below 50 pg/ 
m3, is relatively easy. With 
improvements in the drossing task, 
improvements to the hoods over the 
melting pots and better work practices 
in performing quality control sampling, 
OSHA has no doubt that exposure 
levels there can be reduced to 
consistently below 50 pg/m3. Further 
reductions, not here accounted for, also 
can be expected from the 
implementation of additional controls 
elsewhere in the plant, like controlling 
cross contamination, that may impact on 
the exposure of operators to lead.

OSHA wishes to make one final, 
general point about additional controls. 
OSHA believes that it is feasible to 
control exposure levels to below 50 pg/ 
m3 for workers involved in producing 
lead chemicals other than oxides. Plant 
M represents a successful approach to 
controlling exposures in this segment of 
the industry (Ex. 688d; see Table 2, 
above). To the extent that problems in 
controlling air lead levels to 50 pg/m3 
may continue to exist in non-oxide 
production, OSHA determines that they 
can be resolved by following the 
recommendations OSHA made in its 
feasibility assessment of the lead 
pigments industry. The production

processes for lead chemicals other than 
lead oxides are sufficiently similar to 
those used in the production of lead 
pigments that the controls recommended 
and the reductions anticipated for that 
industry are broadly applicable here. 
Conventional technology is all that is 
needed.

Since industry has not provided any 
data indicating the infeasibility of 
controlling exposure levels in non-oxide 
production to 50 pg/m3, OSHA has not 
made a separate, detailed analysis of 
this part of the industry. OSHA 
concludes, however, that the 
recommended controls and anticipated 
exposure reductions for the lead 
chemicals and lead pigments industries 
in general are broadly applicable to this 
segment of the industry as well.

Technological F easibility  
Conclusions. Based upon OSHA’s 
independent analysis of the best 
available evidence in the record and 
OSHA’s expertise and experience, the 
Agency determines that achieving a PEL 
of 50 pg/m3 by implementing readily 
available engineering and work practice 
controls is technologically feasible for 
the lead chemicals industry as a whole.

Nevertheless, the Agency recognizes 
that it may not be possible to 
consistently achieve the PEL by these 
controls for the very limited amount of 
packaging that continues to require 
manual weight adjustment even after 
state-of-the-art, automated packaging 
machines have been installed. Since 
OSHA has found the 50 pg/m3 PEL 
feasible for the industry, employers will 
be required to implement engineering 
and work practice controls to control 
exposure levels to the PEL or the lowest 
feasible level to protect workers 
engaged in this sort of packaging, as 
well. Where all feasible engineering and 
work practice controls have been 
implemented and employees performing 
these tasks are still exposed above the 
PEL as an 8-hour TWA, employers will 
be allowed to provide them with 
respirators for supplemental protection 
while they are performing such 
packaging.

To sum up, OSHA has shown that in 
six of the eight plants owned by the 
three major producers in the industry, 
exposure levels already have been, or in 
the foreseeable future will be controlled 
to or below 50 pg/m3 most of the time in 
most of the operations. At Plant A, for 
example, an older plant, OSHA has 
shown that in 1987 a majority of all 
sampling results already are below 50 
pg/m3 and that in six of eight job 
classifications geometric mean exposure 
levels also are below 50 pg/m3, OSHA 
has further shown that in the operation

that generally is considered by industry 
to be impossible to control to 50 pg/m3, 
packaging, geometric mean exposure 
levels in 1987 already were controlled to 
50 pg/m3 in one plant and to 65 pg/m3 
in another.

Furthermore, by implementing 
recommended additional controls,
OSHA also has shown that air lead 
levels in packaging and other production 
processes can be reduced to 
consistently below 50 pg/m3.

For all operations where the geometric 
mean exposure level or a majority of 
sampling results already is near or 
below 50 pg/m3. OSHA believes that a 
modest improvement in controls, such as 
improved housekeeping, better work 
practices, better preventive maintenance 
and perhaps the addition of simple 
engineering controls (e.g., putting a lid 
on a dross pot) will assure that exposure 
levels are consistently controlled to or 
below 50 pg/m3. OSHA also believes 
that, where the geometric mean 
exposure level or a majority of sampling 
results is above 50 pg/m3 and at or 
below 100 pg/m3, a relatively limited 
improvement in controls, like improving 
the efficiency of a ventilation system, 
will generally suffice to bring geometric 
mean exposure levels to or below 50 pg/ 
m3.

Meridian and OSHA have 
recommended a wide variety of 
additional controls, to be implemented 
as appropriate, to achieve the PEL. 
OSHA wishes to point out that all of its 
recommendations for achieving 50 pg/ 
m3 rely exclusively upon conventional 
and readily available controls. OSHA 
has not needed to exercise its statutory 
authority to force the development of 
new technology to justify its finding of 
feasibility in this industry. OSHA also 
wishes to point out that to the extent it 
has relied upon the concept of geometric 
mean, it has done so because the 
Agency believes it is the most accurate 
and convenient way to simply depict the 
array of monitoring results. OSHA is 
assured that it would have reached the 
same feasibility determination whether 
geometric means or another statistical 
methodology had been employed.

In determining that 50 pg/m3 is 
achievable most of the time in most of 
the operations in the lead chemicals 
industry, OSHA does not purport to 
have recommended an exhaustive list of 
additional controls. The Agency is 
certain that industry will be capable of 
devising and fine tuning various controls 
to further reduce exposure levels. In 
many cases industry already knows 
much of what it has to do and has begun 
to modernize its operations. At Plant B, 
for example, plans exist to modernize
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the packaging operations and to reduce 
exposure levels in drossing by installing 
drossing chutes. Consequently, OSHA 
anticipates that industry will be able to 
consistently achieve exposure levels at 
or below 50 /xg/m3 in nearly every 
phase of production.

OSHA believes that these levels will 
be attained by implementing an 
integrated system of controls. The basic 
element in that system is an industrial 
hygiene study. Each plant should have 
an experienced industrial hygienist 
perform an in-depth task analysis and 
plant-wide survey. This analysis and 
survey should identify sources of 
emission in each task and sources of 
cross drafts and cross contamination. 
Such an analysis should also 
recommend appropriate engineering and 
work practice controls to reduce 
emissions and minimize employee 
exposures. If, after implementing these 
recommendations, reductions in air lead 
levels deviate substantially from what 
was anticipated, a followup industrial 
hygiene evaluation should be conducted 
and necessary corrections made.

The second element in that system is 
the development of good written 
housekeeping and work practice 
programs that are systematically 
implemented so that proper procedures 
are routinely and meticulously followed. 
For example, wall-to-wall cleanings 
should be conducted at least annually.

The final element of an integrated 
system of controls is a preventive 
maintenance program to assure that all 
systems are maintained in clean and 
efficient condition.

Based on the site visits and other 
information in the record, OSHA does 
not believe that any company in the 
industry at present has thoroughly 
implemented an integrated system of 
controls. While control programs at 
various plants in the industry have 
certain strengths, key elements of an 
integrated system are missing, even at a 
plant like Plant B, which claims to be 
state of the art.

The lead chemicals industry does not 
agree that a PEL of 50 /xg/m3 is 
technologically feasible. Industry’s 
disagreement is based upon seven main 
points. First and most generally, 
industry claims the 50 /xg/m3 PEL 
cannotbe achieved "on a consistent 
basis” in any operation in the lead 
chemicals industry (e.g., Ex. 694-9, Att. 
2-4). Second, industry argues that even 
200 /xg/m3 cannot be achieved “on a 
consistent basis” in maintenance 
operations and 100 /xg/m3 cannot be 
achieved “on a consistent basis” in 
Packaging (e.g., Ex. 694-9, Att. 2-4).
Third, industry asserts the efforts of 
Meridian and the expert panel are  based

upon mistaken determinations of facts, 
and are unsubstantiated, biased, and 
methodologically defective (e.g., Ex. 
694-9, Att. 1, pp. 2-3, 5-6; Att. 5, pp. 3, 6 - 
7; and Att. 6, pp. 11, 23). Fourth, industry 
alleges there is insufficient information 
in the record to support a finding of 
feasibility (Exs. 582-90. pp. 20-21; 694-9, 
Att. 6, p. 2). Fifth, industry asserts that 
for a PEL to be feasible it must 
effectively be achievable all the time in 
all operations (e.g.. Ex. 694-9. Att. 5, p. 6, 
Att. 6, p. 32; Tr. 1276,1278). Sixth, 
industry argues that use of the geometric 
mean is inappropriate in assessing 
feasibility both because compliance is 
judged on the basis of single-day’s 
sampling (not on a mean of various 
days’ TWAs) and because the geometric 
mean is downwardly biased. Seventh, 
industry argues that the Meridian 
addendum violates a confidentiality 
agreement between LIA and OSHA and 
therefore should be removed from the 
record.

First, industry asserts that 50 /xg/m3 
cannot be achieved in any operation on 
a consistent basis. This assertion is the 
centerpiece of signed, sworn affidavits 
submitted by LIA from William J. Duffin, 
identified as the Environmental 
Manager of Anzon (Ex. 694-9, Att. 2); 
Benjamin Franklin McKinney, identified 
as the president of Oxide and Chemical 
Corportation (Ex. 694-9, Att. 3; and 
William P. Wilke, IV, identified as vice 
president of Hammond Lead Products, 
Inc (Ex. 694-9. Att. 4). Based upon the 
evidence in the record, OSHA does not 
find affiants’ assertion persuasive.

OSHA has analyzed record data and 
information from the very plants upon 
which affiants base their claim of 
infeasibility and has concluded the PEL 
can be achieved by engineering and 
work practice controls. Affiants’ 
position also is contradicted by an 
earlier statement by the president of one 
of affiants’ companies, who said that, 
with the exception of maintenance and 
non-bulk packaging (of which his 
company does almost none), his 
company already is achieving 50 /xg/m3 
at its other plants and that he expected 
to do so at the visited location, as well, 
after moving into a new facility (Ex.
684c, p. 5). Affiants’ position also is not 
consistent with record evidence and 
other statements made elsewhere in this 
remand rulemaking by affiants and their 
companies. For example, although the 
affiant from Anzon asserts that 50 
/xg/m3 is not achievable in any 
operation in his plant, exposure data 
from his plant shows that in 1987, for 
example, before any further 
improvements are made to work practice 
and engineering controls, a majority of 
monitoring results already are below 
50 /xg/m3. OSHA’s analysis of these data

further shows that in 1987 geometric 
means in all operations but two also are 
below 50 /xg/m3. (OSHA omits 
supporting citations. See related 
discussion of confidentiality, below.)

As OSHA has previously shown, not 
only is the PEL of 50 /xg/m3 achievable, 
it already is being achieved most of the 
time in operations at plants owned by 
affiants’ companies. At one of those 
plants, for example, 20 of 31 sampling 
results for maintenance workers in 1987 
are below 50 /xg/m3, and their geometric 
mean is 22 /xg/m3. (OSHA omits 
supporting citations. See related 
discussion of confidentiality, below.)

More importantly, since the 
consideration of feasibility is not limited 
to a consideration of what an industry 
has already achieved, OSHA has shown 
that in every operation substantial, 
further reductions in air lead levels can 
be achieved by the implementation of 
recommended additional controls. 
Indeed, with a system of integrated and 
improved controls, OSHA has shown 
that 50 /xg/m3 can be achieved in all 
operations, with the possible exception 
of certain maintenance tasks.

In addition, the construction of new 
plants and the modernization of existing 
plants have major positive implications 
for reduced exposure levels, as Meridian 
has pointed out (Ex. 686E, pp. 6,11, and 
26). LIA seems to recognize these 
implications. Indeed, in its argument 
that 50 /xg/m3 is generally infeasible for 
the lead chemicals industry, LIA 
distinguishes between larger and older 
plants, on the one hand, and more 
modem plants. For the larger and older 
plants, LIA asserts that 50 /xg/m3 is “not 
feasible for virtually all production 
processes * * *.” However, for “the 
most modem plants” LIA says only that 
“the 50 /xg/m3 PEL cannot be 
technologically achieved in certain 
processes * * The only two 
operations LIA names as examples are 
maintenance and packing (Ex. 582-90, p. 
25). This would seem to mean that at 
least in the most modem plants LIA 
recognizes that the 50 /xg/m3 PEL is 
achievable in all but these "certain” 
operations.

In new and modernized plants, the 
replacement of mechanical material 
conveyor systems by pneumatic systems 
will substantially reduce exposure 
levels for maintenance personnel and 
background levels in plants. Packaging 
will be more automated and more 
products will be shipped in bulk. With 
so many of the major producers 
modernizing, bringing new plants on 
line, or planning or constructing new 
plants, the issue of high employee 
exposure in certain of the older plants
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increasingly is becoming moot. Several 
of the older facilities are likely to be 
closed by the time the standard is 
applied to the lead chemicals industry. 
Industry criticisms of this main point are 
not persuasive (Ex. 694-9, Att. 6, pp. 5-9, 
28).

Broad assertions by industry 
representatives that 50 jxg/m3 is not 
achievable need to be carefully 
scrutinized. Based upon OSHA’s three 
site visits to lead chemical plants in 
1988» for example, OSHA is certain that 
none of the plants examined is close to 
the limits of technological feasibility.

Only one of those plants, Plant B, 
even claims to be state of the art for 
oxide production (Ex. 684b, p. 11). If 
"state of the art” means the highest level 
of available technology, and especially 

.if it implies that no substantial 
technological improvements can be 
made with available, conventional 
technology, as OSHA believes it does, 
Plant B is far from state of the art.

In the two operations likely to be the 
main sources of lead emission in Plant B 
and industry wide, for example, 
packaging and maintenance, there is 
considerable room for improvement 
using available technology. More 
sophisticated packaging machines could 
be purchased and installed that would 
substantially reduce or perhaps 
eliminate several manual tasks that are 
important sources of packers’ lead 
exposure. Plant B itself would seem to 
agree with this point, since it currently 
has plans to modernize its packaging 
operation (Ex. 694-9, Att. 6, p. 32).
Where practical, mechanical material 
conveyor systems, like bucket elevators, 
also could be replaced by relatively 
cleaner pneumatic systems.

Moreover, since Plant B has never had 
a certified industrial hygienist perform a 
plant-wide job/task analysis to identify 
all sources of lead exposure and their 
relative contributions to workers’ 
exposure levels, OSHA does not think 
the company has sufficient information 
to reach definitive conclusions 
concerning the limits of feasibility even 
in its own plant, let alone across the 
industry. By contrast, companies like the 
one that owns Plant C, which report 
they already have achieved 50 pg/m3 in 
most operations in most plants, have 
definitive experience that the 50 pg/m3 
PEL is achievable.

In responding to this first industry 
argument, OSHA has tried to maintain 
the name confidentiality of site-visited 
plants, in accordance with OSHA’s 
limited confidentiality agreement with 
LIA (Ex. 685A). This has been made very 
difficult by the fact that officials from 
the visited plants late in the rulemaking 
submitted affidavits in which they
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identify themselves and their company 
by name and indicate that their 
company has been recently visited by 
OSHA in connection with this 
rulemaking. OSHA believes that by 
submitting such affidavits these 
companies effectively waived any right 
they may have had to name 
confidentiality. Nonetheless, the Agency 
in responding to affiants’ assertions has 
continued to maintain name 
confidentiality. To the extent the 
companies may believe that name 
confidentiality has been compromised, 
OSHA maintains this is attributable 
solely to the companies and their 
submission of such affidavits, which 
required a response from OSHA.

Industry’s second main argument is 
that even 200 pg/m3 cannot be achieved 
on a consistent basis in maintenance 
operations and even 100 pg/m3 cannot 
be achieved on a consistent basis in 
packaging (e.g., Ex. 694-9, Att. 2-4). 
OSHA disagrees with industry’s 
contention.

With regard to packaging, the 
assertion that 100 pg/m3 cannot be 
achieved in packaging is directly 
contradicted by Plant A’s statement that 
100 pg/m3 can be achieved in that 
operation (Ex. 694-9, Att. 5, p. 8). It also 
is in conflict with Plant A’s exposure 
data, which in 1987 show that nearly 
60% of all monitoring results that the 
plant considered typical for PBD 
operators already are below 100 pg/m3 
(Ex. 686c). Similarly, at Plant M, 75% of 
all monitoring results in packaging in 
1987 were below 100 pg/m3 (Ex. 686d). 
Moreover, since packaging operations 
across the industry generally do not 
incorporate state-of-the-art technology, 
current exposure levels in packaging can 
be substantially reduced by 
implementing additional controls, as 
OSHA has demonstrated above.

With regard to maintenance, exposure 
data show that levels well below 200 
pg/m3 already are being achieved with 
considerable consistency. At Plant A, 
for example, in the years 1984-87 
typically over 60% of monitoring results, 
adjusted in accordance with Plant A’s 
annotations, were below 50 pg/m3 (Ex. 
688c). In those years, approximately 
three-quarters of adjusted monitoring 
results also typically were below 100 
pg/m3. In fact, only 4 of 111 monitoring 
results were over 200 pg/m3 (Ex. 688c).

Nevertheless, as OSHA stated above, 
the Agency recognizes that in some 
maintenance operations exposure levels 
may continue to exceed 50 pg/m3. If in a 
limited number of these maintenance 
operations it is not feasible to use 
engineering and work practice controls 
to reduce air lead levels, OSHA also 
recognizes that employers will have to
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continue to rely on supplementary use of 
respirators to protect workers, as they 
traditionally have done. This sort of 
maintenance operation is not really 
relevant to an assessment of 
technological feasibility since OSHA 
has consistently recognized that in 
certain limited maintenance operations 
sole reliance on engineering controls 
may be infeasible.

In any event, to establish 
technological feasibility the Agency 
need not prove the PEL is capable of 
being achieved all of the time or in all 
operations. Thus, for example, even if it 
were true that the PEL were not 
achievable in a single operation in many 
plants, that would not in itself mean the 
PEL was technologically infeasible for 
the industry.

Third, industry argues that the efforts 
of Meridian and the expert panel are 
based upon mistaken determinations of 
facts, and are unsubstantiated, biased, 
and methodologically defective (e.g., Ex. 
694-9, Att. 1, pp. 2 -3 ,5 -6 , Att. 5, pp. 3, 6- 
7, Att. 6, pp. 11, 23). On the whole,
OSHA rejects these criticisms and 
believes that Meridian did a creditable 
job within the given time and resource 
constraints.

Meridian has had extensive 
experience and possesses very broad 
competence in the area of industrial 
hygiene, the principles of which are 
generally applicable across industries. It 
also has expertise and broad experience 
in assessing factors relevant to 
technological feasibility. Physically, 
there is nothing unique about lead dust 
and lead fume or about the lead 
chemical industry that would make 
Meridian’s extensive expertise and 
competence in evaluating engineering 
and work practice controls across many 
industries irrelevant to this industry.
The control technologies recommended 
are conventional and transferrable from 
similar industries, and the anticipated 
effectiveness of these controls in 
reducing lead levels also is the same 
across industries (e.g., Ex. 582-90, p. 9). 
The expert panel established by 
Meridian also was composed of 
independent, broadly experienced, 
certified industrial hygienists, not 
themselves employees of Meridian.

Meridian s final report (Ex. 686E) and 
its conclusions are based on numerous 
sources in the record. These include 
data, other evidence and comments 
submitted by lead chemical companies, 
trade associations and other interested 
parties; site visits to three lead chemical 
plants, participated in by three 
experienced, certified industrial 
hygienists; and recommendations by the 
expert panel, two of whose members



29189Federal Register / Vol. 54, No. 131 /  Tuesday, July 11, 1989 / Rules and Regulations

had been on one or more of the site 
visits.

Of course, notwithstanding their 
experience and expertise, Meridian and 
the expert panel may have made certain 
mistakes of fact and drawn some 
incorrect conclusions. This is almost 
inevitable when a contractor and 
experts can devote only limited time 
and resources to examining a complex 
industry and voluminous record. 
Nevertheless, some of the specific 
allegations that Meridian misstated 
facts themselves seem incorrect. For 
example, Plant A states (Ex. 694-9, Att.
5, p.. 7) that Meridian was mistaken in 
its April 1988 final report when it said 
that no industrial hygiene audit or task 
analysis had been performed at Plant A 
(Ex. 686 E, p. 29). As Plant A has pointed 
out, its plant was audited by an 
industrial hygienist in October 1987, just 
prior to the public hearing in this 
rulemaking, and task sampling in one 
department had been completed by 
March 1988. However, Plant A did not 
report these facts on the record until its 
comments in late May 1988, after 
Meridian’s April report had been 
submitted to the record. Moreover, task 
sampling had not yet been completed by 
the May 1988 comments (Ex. 694-9, Att.
5, pp. 7-8). Meridian’s point, thus, 
appears to accurately reflect the 
evidence in the record at the time.

Similarly, Plant B criticizes Meridian s 
methodology for including Plant A’s 
packer/blender/dryer operator (PBD) in 
its analysis of exposure data for 
operators. Plant B argues that this 
violates the job classifications and job 
descriptions submitted by LIA, wherein 
“the operator category * * * excludes 
packing” (Ex. 694-9, Att. 6, p. 11; and see 
Ex. 582-90, p. 4). OSHA believes Plant B 
has a point and in deference to that 
point does not in its own assessment 
treat PBDs as operators, despite the fact 
that PBDs’ other tasks are typical 
operators’ tasks (wet process). 
Nonetheless, the fundamental problem 
lies not in Meridian’s methodology but 
in the fit between LIA job classifications 
and actual job classifications in the 
industry. LIA sets up five general job 
classifications: operator, packer, 
leadman, maintenance and shipper. 
However, several of these 
classifications do not exist at a number 
of plants (e.g., there are no leadmen at 
Plant A or Plant X). Moreover, some 
plants have classifications not included 
in the five (e.g.. Plant A has general 
laborers).

More importantly, in two of the three 
plants OSHA visited in 1988, there is no 
distinct job category for packer. At Plant 
B, no job title includes the word

“packer” (Ex. 684b). Packing there 
apparently is done by operators and 
shippers. By contrast, at Plant A one job 
title is PBD, which includes, but is not 
limited to packaging.

If data from PBD monitoring results 
cannot properly be analyzed as part of 
the exposure data for operators, as Plant 
B asserts, must it also be excluded from 
analysis of the data for packers, who 
typically do not perform tasks of drying 
and blending? OSHA does not think so. 
If it were excluded, the Plant A data 
would simply have to be discarded, 
since it fits no other job classification. 
Moreover, if OSHA could only rely on 
data collected from employees who 
exclusively do packing, the Agency 
would be left with no reliable data for 
packagers from the plants where it 
conducted site visits. OSHA therefore 
believes that Meridian’s approach is a 
reasonable effort to make sense of data 
from various sources that do not all 
neatly fit into the typical job categories 
presented in good faith by industry.

Industry also claims that the expert 
panel’s estimated reductions in 
exposure levels are meaningless, 
because they are unsubstantiated by 
engineering analysis. (Ex. 694-9, Att. 6, 
pp. 23-24, 30 and 31). OSHA disagrees. 
The anticipated reductions are 
meaningful because they are supported 
by the collective expert judgment of the 
three experienced, certified industrial 
hygienists who constitute the panel. 
OSHA is not required to support each of 
its estimates with substantial 
engineering analysis. Given OSHA’s 
limited resources, to deny the value of 
expert judgment and to demand instead 
that OSHA conduct a “substantial 
engineering analysis” for each operation 
in an industry to prove technological 
feasibility would often preclude the 
Agency from being able to prove 
technological feasibility.

Furthermore, Plant B’s alternative 
suggestion that a more meaningful 
estimate of the real reductions 
achievable in packaging could have 
been made if the expert panel had 
studied the best packaging operations 
and compared them with packaging 
operations in older facilities (Ex. 694-9, 
Att. 6, p. 24), is not acceptable. Plant B’s 
suggestion would only be useful in 
assessing technological feasibility if the 
best packaging operations in the 
industry truly incorporated state-of-the- 
art technology. However, the evidence 
in the record does not show that any 
plant in the industry has a state-of-the- 
art packaging operation, and OSHA 
does not believe such an operation 
currently exists. Consequently, Plant B ’s 
suggestion cannot provide an estimate

of the full extent of achievable 
reductions in exposure levels but 
instead would merely provide an 
estimate of reductions based on levels 
already achieved at one plant or 
another. However, OSHA’s 
determination of what is technologically 
feasible is not confined to what has 
already been achieved.

Thus, OSHA concludes that 
Meridian’s findings and conclusions 
generally are firmly grounded in the 
record and that its methodology 
generally represents a reasonable effort 
to make sense of, and use that record. In 
any event, OSHA has independently 
assessed the record, reviewed 
Meridian’s final report for accuracy, 
taken account of industry’s comments 
on that report, and relied only in part 
upon the Meridian report for the 
Agency’s determination of technological 
feasibility.

Industry’s fourth argument is that 
there is insufficient information in the 
record to support a finding of feasibility 
for the industry (Exs. 582-90, pp. 20-21; 
694-9, Att. 6, p. 2). As indicated by the 
entire proceeding discussion of the 
record evidence in this document,
OSHA disagrees. There is in the record 
substantial exposure data and 
information, including three site visit 
reports, concerning six of the eight 
plants owned by the three firms that 
together represent 80% of the industry’s 
domestic production capacity. There is, 
as well, a final contractor’s report that 
includes findings of facts, analyses, and 
specific estimates by an expert panel of 
anticipated reductions in exposure 
levels to be achieved operation-by
operation in three plants by employers’ 
implementing recommended additional 
controls. OSHA believes the record 
evidence constitutes a firm basis for 
assessing technological feasibility and 
that the evidence supports the Agency’s 
determination that the PEL of 50 ¡xg/m3 
is achievable by engineering and work 
practice controls.

Industry’s fifth argument is that for a 
PEL to be considered feasible it must 
effectively be achievable all the time in 
all operations (e.g., Ex, 694-9, Att. 5, p. 6, 
Att. 6, p. 32; Tr. 1276,1278). Industry 
essentially argues that since it can be 
cited by OSHA for an employee’s eight- 
hour TWA being in excess of the PEL in 
any operation on any single day, 
therefore OSHA must show an industry 
can achieve the PEL all of the time in all 
operations to prove technological 
feasibility.

This characterization of the issue of 
technological feasibility is nowhere 
clearer than in Plant B’s closing 
comments in the record. There (Ex. 694-
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9, Att. 6, p. 32). Plant B asserts that 
Meridian’s statement that 50 pg/m3 
“can be achieved most of the time” in 
relatively new plants really means that 
50 jig/m3 is not feasible. Plant B 
explains that in enforcement “OSHA 
uses single samples to demonstrate 
compliance with the lead standard.” 
Consequently, “meeting the standard 
most o f the time does not demonstrate 
feasibility. Industry must meet the 
standard every time” (emphasis added).

This perspective is inherent, as well, 
in LiA’s final comments (Ex. 694-9, A tt 
1, p. 2). There, LIA criticizes Meridian’s 
statement that employers can have 
reasonable confidence that their 
workers’ exposure levels will not exceed 
50 pg/m3 “most of the time” as 
inadequate assurance. That assurance, 
LIA goes on to say, “does not mean that 
the * * * industry can achieve such 
exposure levels for all tasks on a 
continuous basis * * *, [Ijndustry is not 
provided [by OSHA] with the 
opportunity to comply with a 
promulgated health standard ‘most of 
the time'.”

Industry’s assertions elsewhere that it 
is not feasible to achieve 50 /¿g/m3 “on a 
consistent basis” (Exs. 694-9, Att. 2-4, 
Att. 6, pp. 19, 20) must be understood in 
terms of its perspective on technological 
feasibility. To industry, the ambiguous 
phrase "on a consistent basis” appears 
to mean all of the time, not most of the 
time. The former meaning alone is 
consonant with industry’s position that, 
for a PEL to be considered 
technologically feasible, industry must 
be able to comply with it essentially 
100% of the time.

If OSHA is correct in this 
understanding, then when affiants assert 
that “it is not feasible to achieve on a 
consistent basis a 50 ju.g/m3 permissible 
exposure imit for the remaining 
processing areas under normal 
conditions” (Ex. 694-9, Att. 2-4), they 
mean it is not feasible to achieve 50 pgf  
m3 all o f the time in those operations 
under those conditions. Thus 
understood, OSHA can agree with 
industry’s point without agreeing that 
that amounts to a proof of infeasibility.

In fact, OSHA believes that industry 
is confusing technological feasibility 
with compliance. The two are related 
but not the same. As the courts have 
said, to prove the technological 
feasibility of a PEL, OSHA is not 
required to prove that an industry can 
achieve the PEL in all of the operations 
all the time. USWA v. Marshall, 647 F.2d 
at 1270. Indeed, if a PEL is generally 
feasible across an industry, there may 
be an operation in which the PEL can 
never be achieved and in which 
industry’s obligation is to engineer down

to the lowest feasible level. Achieving 
that level, then, would constitute full 
compliance with paragraph (e)(1) of the 
lead standard. OSHA believes that 
industry’s extreme interpretation of 
technological feasibility to mean 
achievable all of the time in all 
operations would effectively subvert 
OSHA’s statutory mission to protect 
workers “to the extent feasible.”

Industry’s sixth argument is that use 
of the geometric mean is inappropriate 
in assessing feasibility both because 
compliance is judged on the basis of 
single-day’s sampling not on a mean of 
various days’ TWAs and because the 
geometric mean is downwardly biased 
(Ex. 694-9, A tt 5, p. 6, Att. 6, pp. 15, 21). 
The first part of this argument is 
essentially the same as industry’s fifth 
argument and is unpersuasive for the 
reasons set out above and for the 
reasons stated in the introduction to 
technological feasibility in this 
preamble. The claim that the geometric 
mean is downwardly biased is based 
upon the fact that the geometric mean is 
generally lower than the arithmetic 
mean and the related fact that the 
geometric mean gives less weight to 
outlying monitoring results, especially, 
for all practical purposes, to high 
outlying results.

In response, OSHA notes that the 
geometric mean is widely accepted by 
the scientific community as the best 
single statistic to accurately represent 
an array of data that, like typical 
exposure monitoring results, is log 
normally distributed (Ex. 686E, pp. 16- 
17). The scientific validity of using the 
geometric mean to analyse exposure 
data is recognized by industry itself 
(e.g., Ex. 694-9, Att. 6, pp. 15, 21). The 
geometric mean is considered the best 
way to represent exposure data in part 
because it does give less weight to 
outliers. In giving less weight to outliers, 
the highest of which would otherwise 
tend to have a disproportionate effect on 
the mean, the geometric mean becomes 
lower than the arithmetic mean. Hence, 
the geometric mean is lower than the 
arithmetic mean for scientific reasons. 
OSHA’s choice of the geometric mean as 
a tool of analysis is based upon its 
analytic power and empirical 
justification.

Industry’s seventh argument is that 
the Meridian addendum violates the 
confidentiality agreements between LIA 
and OSHA and therefore should be 
removed from the record (Ex. 694-9, Att. 
1, p. 5) LIA argues that the 
confidentiality agreement “clearly” 
states that “ the plant visits were not 
designed to address the issue of 
economic and technical feasibility of the 
50 ug/m3 PEL * * *.” (emphasis added).

Rather. LIA contends, "the plant visits 
were designed specifically to gather 
information with respect to production 
processes and the application of 
engineering controls” (emphasis added)

In responding to l iA ’s argument. 
OSHA first notes that nothing LIA 
asserts is grounded in the language of 
the confidentiality agreement. On the 
contrary, the language of the 
confidentiality agreement provides no 
basis for distinguishing between 
addressing feasibility and gathering 
information with respect to production 
processes and the application of 
engineering controls. In any event, the 
Agency finds the meaning of LIA’s point 
unclear and is not persuaded that a 
meaningful distinction exists. Even if the 
distinction were valid and relevant, 
OSHA would still reject the argument 
that the Agency breached the 
confidentiality agreement.

The issue is whether the 
confidentiality agreement prohibits 
OSHA from using any information 
gathered on the site visits in the 
Agency’s final assessment of feasibility. 
The only provision of the confidentiality 
agreement dealing with feasibility 
conclusions is paragraphs (Ex. 685A). 
That paragraph is narrowly drawn. It 
says nothing about plant visits as such, 
but focuses exclusively on plant visit 
reports. The paragraph simply provides: 
“The plant visit reports will be factual in 
nature and will not draw any 
conclusions as to either the 
technological or economic feasibility of 
achieving the PEL” (emphasis added). 
The agreement thus prohibits OSHA 
from drawing technological or economic 
feasibility conclusions in the plant visit 
reports. In fact, OSHA did not draw 
feasibility conclusions in those reports. 
LIA does not claim it did.

The agreement does not prohibit, and 
cannot be read to prohibit all 
subsequent use of information or data 
gathered on the plant visits in assessing 
feasibility. OSHA would not have 
conducted site visits under such 
restrictive conditions, which would have 
rendered the visits essentially useless. 
These visits were made late in the 
rulemaking. They were not visits made 
prior to a proposal for purposes of 
introducing OSHA staffers for the first 
time to conditions in the relevant 
industry. By December 1987 and January 
1988, OSHA had no need to conduct 
introductory visits. The Agency 
repeatedly made these points, both 
orally and in writing, to LIA and other 
industry representatives in the 
negotiations leading up to the site visits. 
A letter of December 4,1987 to Robert 
Steinwurtzel, Counsel for LIA, from
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Richard M. Pfeffer, Project Attorney for 
OSHAin this rulemaking (Ex. 700), for 
example, concludes as follows:
Finally, let me-reiterate that the Agency to 
date has not made a determination about the 
feasibility of implementing Section 
1910.1025(e)(lj of the OSHA lead standard in 
the remand industries. The Agency believes 
the plant visits will be useful in reaching a 
determination* * * OSHA’s general 
approach to making the visits, as stated by 
Charles Adkins [, Director of the. Office of 
Health Standards Programs,j at the 
November 23 meeting, is that if we cannot 
use what we see, there is no point in carrying 
out the visits. OSHA wishes to make the best 
informed decision possible.

Actions by company representatives 
and counsel for LIA during the site visits 
confirm that industry anticipated that 
the information gathered on the plant 
visits would be considered as part of 
OSHA’s final assessment of feasibility. 
For example, during the visits company 
officials discussed, and made specific, 
statements regarding the feasibility of 
achieving the 50 pg/m3 PEL in. their 
plants. These statements are 
incorporated in the site visit reports 
(e.g., Ex. 684b, p. 11). Yet, so far as the 
Agency is aware, neither LIA nor the 
companies visited objected that their 
inclusion violated the confidentiality 
agreement. If LIA and the companies 
believed the site visits were not 
designed to “address the issue of * * * 
feasibility” at all, the Agency believes 
they would not have made such 
statements during the visits and, in any 
event, after the visits would have 
objected to their inclusion in the site 
visit reports.

Thus, the Agency is assured that the 
confidentiality agreement does not bar 
data and information gathered during 
the site visits from being used by OSHA 
in its assessment of feasibility. The 
Agency is further assured from the 
companies’ and LIA’s own actions that 
this was in fact, or in any event should 
have been understood by them. Thus, 
there is no justification for removing any 
document from the record on the basis 
of LIA’s allegation of breach of 
confidentiality. Indeed, since the 
agreement does not bar OSHA from 
using such information, OSHA may well 
be under a statutory obligation to use 
the information where it constitutes the 
“best available evidence.”

Consequently, OSHA is unpersuaded. 
by industry’s arguments. Based upon its 
own experience, expertise and the 
record evidence, OSHA concludes that a 
PEL of 50 pg/in3 is technologically 
achievable by means of engineering and 
work practice controls in the lead 
chemicals industry.

Uses. Lead chemicals principally 
include lead oxides, lead silicates, and

lead soaps. Uses: include incorporation 
into products such as ceramics, paints, 
glass* plastics; (mostly as stabilizers), 
and automotive batteries. They are also 
used in glazes for china and pottery.

Industry Profile, The Lead Chemicals 
Industry is part o f  SBC classification 
2819. Industrial Inorganic Chemicals, 
and includes the production of lead 
oxides,, lead silicates, and lead soaps, 
among other compounds.

There are 13 firms currently involved 
in the production of lead oxide and/or 
red lead (primary lead chemicals), 19 
producers of lead chemicals other than 
lead oxides, and an additional 2 or 3 
plants involved in the production of lead 
stabilizers [Ex. 686e, p. 2-4J. The Lead 
Industries Association (LIA) reports, 
however, that approximately 85 percent 
of the domestic production capacity of 
this industry is accounted for by just 
five producers [Ex. 582-9Q, p. 1], and all 
are primary lead chemical producers. 
Also, with regard to th e l9  lead 
chemical producers mentioned above, 
“the amounts of lead involved are quite 
small in relation to the amounts 
involved in primary lead chemical 
production” [Ex. 686e, p. 4). OSHA has 
therefore focused its analysis on 
primary lead chemicals.

Employment for the lead chemicals 
sector was estimated in 1982 at 700 total 
workers [Ex. 575, p. 2]. Information 
provided by the LIA indicates that there 
are currently 74 operators, 24 leadmen, 
36 maintenance workers, 59 packers, 
and 10 shipping employees, or 203 total 
lead-exposed workers employed by the 
5 LIA member firms [Ex. 582-90, p. 4).

Production data show that lead oxide 
production fluctuated during the period 
1980 to 1985, with red lead shipments at 
a five year low in 1984 (12,815 short 
tons) and shipments of litharge at a six 
year high in 1985 (94,080 short, tons). 
Combined shipments of these chemicals 
declined 28 percent in 1986, then 
increased over 13 percent in 1987 [1987 
Minerals Yearbook, Bureau of Mines, 
U.S. Department of Interior).

In assessing price trends for lead 
oxide products, OSHA found the 
concept of unit value to be the accepted 
measure of value by both the industry 
and government agencies which collect 
and report data on lead chemicals. Unit 
value is derived as. total value of 
product divided by total volume, 
expressed in cents per pound. For 
example, in 1987, the 80,568 metric tons 
(177,571,872 lbs.) of litharge and red lead 
shipped by U.S. producers had a total 
value of $72,292,620. (Litharge is 
estimated to constitute approximately 80 
percent of the value of this combined 
product category and red lead is 
estimated to constitute the remaining 20

percent. QSHA believes, therefore, that 
the unit value for the combined product 
category is, an appropriate proxy for the 
unit value of litharge [Ex. 575, p. 7]). Unit 
value for this product category was thus 
40.7$ per pound. This value must not be 
confused with quoted price, which is 
generally higher, as transactions 
generally do not take place at quoted 
price.

The LIA reported an average price for 
litharge in 1987 of 39$ per pound [Ex 
582-90, Appendix D, Table 3]. This value, 
is consistent with the unit value derived 
above; OSHA concludes, then, that the 
LIA prices submitted are unit values and 
not price quotations. This value 
represents a 50 percent increase from 
the 1986 unit value of 26$ per pound, 
according to LIA data. Unit values of 
battery oxide were also provided, by the. 
LIA. Unit values for this product 
increased from about 23$ per pound in 
1986 to about 36$ per pound in 1987, a 
jump of approximately 56 percent [Ex. 
582-90).

With regard to imports, the U.S. 
imported 24.8 million pounds of litharge 
in 1986. The unit value of these imports 
was 19$ per pound [Ex. 582-90,
Appendix D, Table 7). In 1987, unit value 
of imported litharge rose to 33$ per 
pound,, an increase of 65 percent over 
the previous year’s value. (In order to 
reduce tariffs, the value of imported 
shipments may be underreported;)1 
Quantity increased over 26 percent 
during the same period [1987 Minerals 
Yearbook, Bureau of Mines, U.S. 
Department of Interior). Imports of lead 
compounds other than oxides increased 
twofold from 1980 to 1985 [Ex. 575, p,
14).

Data on imports of some of the 
products which incorporate lead 
chemicals show that 27 million pounds 
of pigments and 9.2 million lead-acid 
storage batteries were imported in 1986. 
That same year; 2.3 million color 
television tubes and over 5 million 
pounds of paints were also imported.
[Ex. 582-90, Appendix D, Tables 8-9DJ.

Demand for red lead is related to its 
use as a paint additive, its use in 
ceramics, and its use in storage 
batteries. Litharge is shipped for use in 
ceramics, chrome pigments, paints, 
rubber, and other uses. Demand for both 
of these chemicals in paints has 
decreased since the early 1980s; this use 
represents, however, only about 20-25 
percent of red lead shipments and 
typically less than 10 percent of total 
litharge shipments [Ex. 575, pp. 10-11). 
Demand for lead silicates is tied to the 
demand for pottery and china glazes 
while the demandfor lead stabilizers is 
related to their use in plastics [Ex. 575,
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p. 12]. One industry source reports that 
"lead demand is stagnant, if not 
declining" [Ex. 582-90, p. 19]. Another 
claimed that the "glass and plastics 
markets for lead chemicals are growing 
quite quickly; the battery oxide market 
is growing slowly; and the pigments 
market is declining” [Ex. 686e, p. 6]. The 
shipments and unit value data presented 
above indicate strong demand for both 
litharge and battery oxide.

Comparable substitutes for the lead 
chemicals in glass, ceramics, crystal, 
and stabilizers do not exist. There are, 
however, substitutes for the lead 
chemicals in paints [Ex. 575, pp. 13-14].

Financial data averaged for four of the 
five lead chemical producers 
represented by the LIA showed negative 
return on investment and return on net 
worth ratios for the years 1982,1983,
1985, and 1986 and positive rates for 
1984 [Ex. 582-90, Appendix D, Tables 1 
and 2],

Primary lead price data (primary lead 
is the major input for lead chemicals) 
provided in the LIA submittal were 
consistent with the Bureau of Mines 
“U.S. Producer” and "North American 
Primary Producer Mean” (NAPPM) price 
quotations for lead [1987 Minerals 
Yearbook, Bureau of Mines, U.S. 
Department of Interior]. However, 
according to the Bureau, the quoted 
price is not the actual transaction price 
(actual price paid) of the metal. The 
transaction price more closely 
resembles the quoted price less a 
discount, and approximates the London 
Metal Exchange (LME) value, which 
averaged 18.4$ in 1986, plus a 4$ or 5$ 
per pound transportation cost. Since the 
U.S. quoted price averaged about 22$ in
1986, discounts were probably small or 
nonexistent that year (the quoted price 
and the transaction price were about the 
same). In 1985, discounts were also 
small or nonexistent.

In other years, however, quoted prices 
have diverged from transaction prices. 
For example, since the price of lead on 
the LME averaged 27$ for 1987, the 
transaction price would have 
approximated 32$ (27$ plus 5$ 
transportation cost), resulting in a 
discount of about 4$ per pound for the 
year between the actual price paid for 
the metal and the quoted producer 
prices, which averaged 36$. In 1984, the 
last year for which the LIA firms were 
reported to be profitable, this discount 
was about l$-2$.

The LIA reported that U.S. lead 
chemicals producers "have not 
succeeded in increasing the conversion 
charge to the point where such charges 
cover total costs” [Ex. 582-90, Appendix 
D, p. 3]. (Conversion charge is defined 
by the LIA to be the difference between

the price of primary lead and the price 
of the industry’s product). The LIA 
submission compared the difference 
between litharge unit values and quoted 
primary lead prices and concluded that 
the conversion charge had been “modest 
relative to total product price, and 
confined within a narrow range over 
[the years 1984 to 1987]” [Ex 582-90, 
Appendix D, p. 3]. OSHA believes, 
however, that transaction prices rather 
than quoted prices of primary lead 
should be used in computing conversion 
charges. If transaction prices are used, 
based on the above discussion, 
conversion charges for the profitable 
year of 1984 (a year in which conversion 
charges exceeded total costs—see LIA 
quote above) would have exceeded 
conversion charges in 1985 and 1986, 
both reported to be unprofitable years, 
by as much as 2$ per pound. This figure 
represents approximately 40 percent of 
the conversion charges reported for 1985 
and 1986. Since the difference between 
litharge unit values and primary lead 
transaction prices appeared greatest in 
1987, and since no evidence in the 
record suggests a corresponding 
increase in production costs between 
1984 and 1987, OSHA concludes that 
profitability in 1987 was greater than 
1984.

Additionally, OSHA notes that unit 
values for domestic products increased 
by as much as 56 percent in 1987 (see 
above). At the same time, the primary 
lead transaction price (i.e., input price) 
increased only about 45 percent.

OSHA also notes that the unit value 
of imported litharge (adjusted up by 5$ 
per pound) increased by about 58 
percent. This information suggests an 
improvement in price the 
competitiveness of domestic producers 
in 1987.

Finally, the recent construction of two 
new plants in this sector [Ex. 694-9, 
Company B comments, p. 34] suggests 
that at least two firms are now 
profitable and/or expect to be profitable 
in the long run.

For these reasons, OSHA does not 
believe that the LIA profitability ratios 
for 1983 through 1986 accurately reflect 
the current financial condition of lead 
chemical producers. Instead the Dun 
and Bradstreet 1986 rate of return on 
sales for SIC 2816 of 4.9 percent was 
used to estimate the economic impact of 
the rule [Dun and Bradstreet Industry 
Norms, 1987].

Costs o f Com pliance. Costs to be 
incurred by the lead chemicals industry 
in order to achieve compliance with the 
50 microgram per cubic meter standard 
are for additional ventilation, the 
implementation of improved packaging 
technology, and improved housekeeping.

These costs will vary, however, 
depending on the age of the facility.
Also, costs were estimated only for LIA 
member facilities which represent 
approximately 85 percent of primary 
lead chemicals production. The “users” 
of lead chemicals appear to manufacture 
lead chemicals as a minor part of their 
product lines, and there is no evidence 
in the record to suggest that workers 
employed in these operations are being 
exposed above the PEL of 50 
micrograms per cubic meter [Ex. 686e, 
P-2].

Among LIA member companies, two 
older plants will require additional 
ventilation in the melting and semi
automatic packaging areas (semi
automatic packaging refers to packaging 
in bags or drums with manual 
intervention). Costs were estimated 
based on the following judgements: 
ventilation costs will be incurred at the 
rate of $15 per cfm of air handling 
capacity for both areas, and this cost 
includes ductwork, additional baghouse 
capacity, fans, providing for makeup air, 
and installation; the required cfm 
capacity for ventilation in the melting 
area (melt pots, molten lead transfer 
system, arid drossing operations) is 
estimated to be 4,500 and; the required 
cfm capacity for ventilation for semi
automatic packaging stations is 
estimated to be 4,000. It is estimated that 
there are two of each type of area per 
facility and each will require the 
appropriate system. Automated 
packaging units are also expected to be 
implemented. Since customer demand 
for various package sizes limits the use 
of automatic packaging units, it is 
assumed that only two such units will 
be implemented per facility. The capital 
costs of each unit are estimated to be 
$150,000, including bagger, palletizer, 
and associated ventilation [Ex. 582-17. 
p. 6].

Total incremental capital costs for 
melting area ventilation for the older 
plant category amount to $135,000 
($67,500 for each of two melt pots) and 
incremental capital costs for packaging 
amount to $420,000 (ventilation for two 
semi-automatic stations at $60,000 per 
ventilation system and two automated 
packagers at $150,000 per unit). Since 
many semi-automatic packaging stations 
already have some local ventilation in 
place, costs could be somewhat less 
than the $60,000 estimated in many 
cases. Annualized capital charges, 
based on a useful equipment life of 12 
years and financing charges of 10%, will 
be $81,474. Operation and maintenance 
expenses are estimated to be 10% of 
capital costs and are therefore expected
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to be $55,500. Thus, total annual' costs 
for this equipment are $136,974.

Costs attributable to improved 
housekeeping will also be. incurred. 
Installation of a central vacuum system 
is estimated to cost $50*000 [Ex. 694-9, 
Company A response,, p. 7]. Total annual 
costs» including annualized Capital and 
O&M expenses,, would be $12,340. 
Evidence in the record indicates that at 
least one of the two older facilities has 
already installed a central vacuum 
system [Ex. 694-9 Company A response, 
p. 6], and OSHA estimates that a 50 
percent current compliance level 
estimate is reasonable. Total average 
incremental annual costs per plant for 
this equipment are thus $6,170. The cost 
of an annual cleaning is estimated to be 
$50,000 per year ($5,000 per day over ten 
days) [Ex. 694-9, Company A response, 
p. 7], Finally, incremental costs for 
routine housekeeping will be incurred. 
OSHA estimates this cost to be $7,350 
annually, based on an assumption of 
one and one-half person-hours of work 
per day, seven days per week, over 50 
weeks at an average wage of 
approximately $14 per hour. Total 
incremental annual costs for 
housekeeping are $63,520.

In sum, total incremental annual costs 
for older facilities are estimated to be 
about $200,000.

Three relatively new plants will 
require similar controls in the packaging 
area but less extensive controls in the 
melting area,, as only ventilation for the 
drossing operation is believed to be 
necessary for these plants; The 
judgments used to develop the costs for 
relatively new plants were the same as 
those used for older plants, except that 
the air handling capacity requirement 
for the melting area (where only the 
drossing operation requires ventilation) 
was 450 cfm.

As was the case for older plants, 
newer plants also have two of each type 
of area requiring ventilation. Total 
capital costs per facility are the sum of 
$120,000 for semi-automatic packaging 
ventilation (two systems at $60,000 
each), $13,500 for drossing ventilation 
(two systems at $6,700 each), and 
$300,000 for automated packaging (two 
units at $150,000 each). Evidence 
indicates, however, that improvements 
in the packaging area are planned in at 
least one plant in this category [Ex.
684b, p. 11]; therefore, a baseline factor 
of 25 percent has been applied for 
packaging controls. Total incremental 
costs are thus estimated to average 
$328,500 per plant for this equipment.
Total incremental annual costs,

including annualized capital and O&M 
expenses; will be $81,074.

Costs for improved housekeeping will 
also be incurred by the three facilities in 
this category. These costs include 
$50,000 for a central vacuum system 
(annualized capital and O&M costs of 
$12,340), $7,350 for additional labor, and 
$50,000 for annual cleaning. Evidence in 
the record indicates that at least one 
facility has installed “large vacuum 
lines” [Ex. 694-9]; a baseline offset of 33 
percent has been applied in computing 
the incremental costs of the vacuum 
system (i.e., the capital cost was 
reduced by one-third in order to account 
for current compliance levels); Total 
incremental annual costs for improved 
housekeeping are thus $65,618,

Total incremental annual costs for this 
facility category are thus estimated to 
average approximately $147,000 per 
facility.

Among a total of six modernized and 
new plants OSHA believes that no costs 
will be incurred by lead chemicals 
facilities which are packaging 
exclusively in bulk, and information in 
the record indicates that this is the case 
for three plants [Ex. 686e. p. 29]. it is 
reported that these plants have attained 
the 50 microgram per cubic meter 
standard in all operations [Ex. 686e. p. 
34]. Two new facilities will still use 
semi-automatic units (packing in bags 
and/or drums) in response to customer 
demand [Ex. 694-9, company B 
comments, p. 34]. For these facilities, 
costs for the packaging area are based 
on an assumption of two semi-automatic 
packaging stations. (Evidence indicates 
that these new facilities will already 
have automated units for that portion of 
product suitable for automation [Ex.
686e, p. 30]), Total capital costs would 
be $120,000, Total incremental annual, 
costs per facility for this equipment, 
which include annualized capital and 
O&M expenses, are estimated to be 
$29,616;

New plants packaging in bags will 
also require additional housekeeping. 
Incremental eosta are estimated to be 
$2,450 per year, based on the 
requirement for one-half person-hour per 
day, seven days per week, 50 weeks per 
year at an average wage of about $14 
per hour. (The one-half person-hour 
contrasts with the one and one-half 
person-hour estimate used for older 
facilities and appears justified based 
upon improved conditions in newer 
plants).

Total annual costs per facility for new 
plants are estimated to be $32,066,
OSHA assumes that annual costs for the 
sixth plant in this category are similar to

the $32,066 computed above for the two 
new plants.

Finally, isolation and barrier 
techniques may be required in some 
plants to reduce cross contamination. 
The necessity for these measures will 
depend upon the amount of manual 
packaging done at a particular facility 
and the effectiveness of other control 
strategies. However, the prevalence of 
manual packaging is low throughout the 
industry and the control strategies 
prescribed should be effective in 
controlling exposure levels when * 
implemented properly as part of an 
integrated control system. Thus, no 
costs for barrier techniques have been 
estimated.

The costs of an industrial hygiene 
survey were estimated to be $1,000; The 
survey was estimated to require two 
days to complete. Though occasional 
réévaluation may be necessary, no 
recurring costs would be required.

It should be noted that to the extent 
that mechanical conveyance systems 
are replaced with pneumatic systems, 
housekeeping and maintenance costs 
will tend to be reduced. To the extent 
that some replacement takes place, 
OSHA’s cost estimates will be 
overstated. Costs are also overestimated 
to the extent that producers are able to 
shift away from manual packaging.

Aggregate industry compliance costs 
are based on the existence of two older 
plants, three relatively new plants, four 
modernized plants (three of which will 
incur no costs), and two new plants. 
Total incremental annual costs are 
expected to be $937,000.

There are about 30 additional 
chemical firms which may be affected 
by this rulemaking but for which data 
were not available. OSHA believes that 
only limited expenditures will be 
incurred by these firms as each accounts 
for less than 1 percent of total industry 
volume of product [Ex. 686e. p. 2]. Since 
OSHA has estimated that, at most, 
$200,000 in annual costs will be required 
by any individual facility, an estimate of 
$2,090, or 1 percent of the cost to an 
older plant, provides a conservative 
estimate of the annual costs of 
compliance for each of the 30 additional 
firms. Total industry costs will thus 
increase by about $60,000 for the 30 
additional chemical firms, or t© $1 
million for all lead chemical firms 
combined.

Econom ic Feasibility. Price increases 
required for full pass-through of 
compliance costs have been summarized 
in Table 4. The table lists estimated 
sales and compliance costs per facility. 
Impact ratios are also presented.
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TABLE 4.—Summary of Price Impacts For Lead Chemical Producing Facilities

Type of plant Number of 
facilities

Sales/* facility 
($ thous.)

Profits/b 
facility ($ 
thous.)

Annual costs 
($ thous.)

Ratio:
costs/
sales

Ratio: 
costs/ 
profitsc

2 5567 273 200 0.03602 0.48514
Relatively New.................................................................................................... 3 5567 273 147 0.02635 0.35495

3 5567 273 32 0.00576 0.07759
Modernized & New............................................................................................. 3 5567 273 0 0.00000 0.00000

• Sales per facility were calculated to be 7.7 percent of the industry total (primary lead chemicals) of $72,292,620.
b Profits after taxes were based on an estimated rate of return on sales (ROS) of 0.049 [Dun & Bradstreet Industry Norms, 1987).
• See text for derivation. Profits impacts were determined using an average federal income tax rate of 0.34.
Source: Occupational Safety and Health Administration, Office of Regulatory Analysis.

Sales per facility were estimated to be
7.7 percent of total industry sales of 
primary lead chemicals. (This 
corresponds to a total sales figure of 
$61,448,727 for these firms, or 85 percent 
of the 1987 industry total of $72,292,620).

Price increases required for older 
plants to pass through the costs of this 
regulation appear to be about 3.6 
percent while increases for relatively 
new plants will be about 2.6 percent and 
increases for modernized and new 
plants will be about 0.6 percent. (Three 
plants in the latter category will incur no 
costs and thus will require no price 
increases). Due to competition from 
newer, more efficient operations, it is 
unlikely that older facilities will be able 
to use full cost pass-through as a long 
term strategy [Ex. 686e, p. 39). The 
ability of relatively new plants to 
increase prices will likewise depend on 
competition with more efficient 
operations. Any pass-through that does 
occur will also depend on the price of 
primary lead (the opportunity to pass 
costs through may arise when the price 
of primary lead falls and lead chemical 
producers realize increased margins) 
and the extent of foreign competition; 
information presented above suggests 
that U.S. producers are currently 
competitive with foreign producers. New 
plants would be in a better position to 
pass forward a larger portion of 
compliance costs, as required price 
increases are smaller and they are 
better able to cut production costs [Tr., 
pp.1301-2].

Estimated profit impacts also appear 
in Table 4. Profits were estimated using 
the 1986 Dun and Bradstreet rate of 
return on sales for SIC 2816 of 4.9 
percent. It should be noted that the tax- 
deductibility of compliance costs was 
taken into account in computing profit 
impacts. That is, care was taken to 
compute before-tax profit before 
subtracting annual costs. After 
subtracting annual costs, the 
appropriate average tax rate (34 
percent) was then reapplied to 
determine after-tax profit net of costs.

In the older and relatively new plant 
categories, these figures suggest that 
impacts will be about 49 and 35 percent 
of profits, respectively. (For one 
relatively new plant, these impacts were 
believed to be overstated since this 
plant is a lead stabilizer facility utilizing 
wet processes). Associated post
compliance ROS rates were estimated to 
be 2.5 percent for older plants and 3.2 
percent for relatively new plants. OSHA 
recognizes that these older facilities 
may have difficulty in financing the 
costs of the standard. However, an LIA 
economist emphasized the need for 
restructuring if the industry was to 
remain competitive:
* * * I think the alternatives of the lead 
chemical industry are pretty circumscribed 
here, and it is the alternative of cutting costs 
by building new plants and equipment, 
getting new efficiencies, getting new 
productivity, and lowering their costs [Tr., pp. 
1301-1302].

Industry’s recognition of the need to 
revitalize and replace obsolete 
equipment is also reflected in comments 
submitted by company “B” for the 
record, which indicate that, in addition 
to those firms constructing new plants, 
“[o]ne other company plans to 
modernize and modify two of its 
facilities” [Ex. 694-9, company B 
comments, p. 34]. Company “B” also 
reported that “Eagle-Picher recently 
completed a major capital project to 
modernize its lead oxide and lead 
chemical manufacturing facilities” [Ex. 
694-9, company B comments, p. 2]. 
Additionally, testimony was presented 
which indicated that each of the major 
lead chemicals producers had already 
committed in excess of $2 million to 
engineering control programs [Tr., p. 
1285].

For the modernized and new plant 
category, the figures suggest that profits 
will decline less than 8 percent for three 
of the six facilities in this category. 
Associated post-compliance ROS was 
estimated to be 4.5 percent for these 
plants. Thus, these firms should be able 
to finance the costs of this rulemaking 
without particular difficulty.

OSHA notes that three of the five LIA 
member firms represent over 80 percent 
of the collective capacity of the LIA 
members. Each of these firms operates 
at least one facility for which profit 
impacts should be relatively low. The 
owner of one of the two older plants 
also operates a new facility; the owner 
of the second older plant also owns two 
relatively new plants, one of which is a 
lead chemical (as opposed to lead 
oxide) facility, and exposure data 
indicate that this plant is close to 
compliance [Ex. 686E]. The third firm 
operates four new and modernized 
facilities, three of which will incur no 
cost. For these three firms, the most 
severe impact at plant level could be 
mitigated by absorbing compliance costs 
from overall profits.

Based on this analysis, the Lead 
Chemicals industry should be able to 
withstand the impacts of this regulation 
with an extended compliance schedule 
of five years. This extended period is 
required due to the limited ability of 
firms to raise prices and the substantial 
impacts on profitability for older and 
relatively new plants. The extended 
schedule will provide opportunities to 
increase production efficiency and , 
phase in engineering controls. As 
modernization activities progress, 
exposure levels can be expected to fall, 
thus reducing the need for capital 
investments solely for the purpose of 
controlling employee exposure to 
airborne lead.

OSHA concludes that this standard as 
it applies to the lead chemicals industry 
is economically feasible with a five year 
compliance schedule. Over one-half of 
the facilities in this sector fall into the 
categories of modernized and new 
plants. At least three of these plants 
package exclusively in bulk [Ex. 684c, p.
5], and will incur no costs. Evidence 
indicates that profit impacts on the 
remainder of the plants in this category 
should not place undue burden on their 
profitability. As modernization 
continues, older and relatively new 
plants will either be phased out or made 
more efficient. Both of these responses
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to prevailing economic trends will tend 
to reduce employee exposures and, 
hence, the annual costs associated with 
this rulemaking. Further, more efficient 
operations would be better able to 
absorb any costs of compliance. The 
impacts of this rulemaking should not 
threaten industry existence, though the 
phasing out of marginal, older 
operations could be accelerated.
4. Lead Chromate Pigments

Process Description— Overview. The 
principal pigment produced in this 
industry is lead chromate (chrome 
yellow), which is produced through a 
series of chemical reactions and 
physical processes. At the outset, lead 
nitrate and sodium chromate solutions 
are prepared and reacted to produce 
slurries and precipitate the pigment. The 
precipitate is then separated from the 
mother liquor, and washed, dried, 
ground, and sometimes blended with 
other compounds to produce particular 
colors. Finally, it is packaged for sale. 
These operations can be carried out in 
batch, continuous, or by a combination 
of the two (semi-continuous).

The specific colors obtainable with 
lead chromate pigments range from light 
yellow and greenish yellow through 
orange to red. Lighter shades of yellow 
are produced by coprecipitating lead 
sulfate with lead chromate. Orange/red 
pigments are produced by partially 
replacing sodium chromate with sodium 
molybdate to produce a mixture of lead 
chromate and lead molybdate. Alkaline 
conditions are used to produce basic 
lead chromate, called chrome orange. 
Chrome greens are blends of chrome 
yellow (lead chromate) and iron blues, 
which are non-chromium pigments.

Solution and Slurry Preparation. The 
first step in producing lead chromate is 
preparation of solutions and slurries to 
feed into the precipitation tanks. One of 
these solutions is lead nitrate, which can 
be made by reacting metallic lead or 
slurried lead oxide (litharge) with nitric 
acid (Ex. 684h and Tr. 1163). The other 
solutions, sodium chromate, sodium 
bichromate and sodium molybdate, can 
either be purchased as solutions or 
prepared from dry compounds.

Reaction. The second step in pigment 
production is the reaction of lead 
nitrate, sodium chromate and, 
depending upon the pigment to be 
produced, possibly other ingredients to 
produce lead chromate, sometimes with 
lead sulfate. The reactions can be 
conducted by a batch or continuous 
process. The reaction is complex and 
must be carefully controlled to yield the 
right types and sizes of crystals. The 
conditions under which reaction and 
crystallization occur, such as
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temperature, concentration, and length 
of time in the reactor, affect particle 
size, which in turn affects final color.
The slurry of crystals produced by the 
reaction is then subjected to several 
physical operations intended to separate 
the crystals from the mother liquor.

Filtration and Washing. The slurry is 
pumped to filter presses, centrifuges, or 
drum filters, where the solids are 
separated from the liquor and washed. 
Only filter presses require manual 
handling.

Drying. After they have been filtered 
and washed, the wet solids are dried. 
However, in at least one plant, the wet 
solids are reslurried before being 
pumped into a spray dryer. Drying can 
be accomplished in belt dryers, spray 
dryers, and tray dryers. Of the three, 
tray drying is the only one that involves 
manual handling of the pigments.

Where spray dryers are used, the wet 
solids are reslurried and pumped into 
the spray dryer. The slurry is then 
sprayed into a hot gas stream, and the 
dried powder is collected for conveying 
to the next step in the process. In belt 
drying, the wet solids are automatically 
spread onto a conveyor belt, which 
passes through a drying oven. From the 
oven, the dried solids continue to be 
automatically conveyed to the next 
stage.

In tray drying, which is limited to 
batch processes, workers manually 
spread the wet solids onto trays and 
load the trays onto racks in cars. 
Workers then insert the cars into oven 
dryers. After the pigment is dry, workers 
remove the cars from the ovens and 
discharge the dry, lump pigment from 
the trays into interim containers for 
subsequent grinding, perhaps blending, 
and packaging (Ex. 640, pp. 1-2).

Grinding. The dry pigment is ground 
in pulverizing equipment, which 
generally is fed automatically, but in 
some batch processes pigment may be 
fed manually. Grinding is carried out to 
achieve certain shades to meet customer 
specifications.

Blending. Blending involves mixing 
different batches of dry pigment to meet 
product specifications (Ex. 582-16, Att.
II, p.16: Tr. 1185). Dozens of pigment 
grades are produced. In the batch 
process, the pigments can be loaded 
manually or automatically into the 
blending equipment. Rotating or ribbon 
blenders are used to blend the dry 
pigment. In at least one plant, some 
blending is carried out prior to drying by 
adding dry pigment to the pigment slurry 
in a ventilated tank (Ex. 684h, p. 2).

Packaging. Most of the lead chromate 
pigment produced by this industry is in 
the form of a fine, dry powder. A limited 
amount of the final product may be sold
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as slurry or paste. The dry product is 
packaged in either paper bags, drums, or 
bulk shipping containers, such as air 
pallets. The majority of the product is 
packed on bagging machines into paper 
bags.

For packaging in paper bags, the 
pigment is automatically fed into a 
hopper located over the bagging 
machine, from which it flows by gravity 
to the machine below. The bagging 
operator places a bag on the filling 
spout, and the machine fills the bag to 
the set cut-off weight. As the bag is 
being filled, the machine exhausts the 
displaced air from the bag. When the 
bag is filled, the operator removes it and 
places it on a scale beside the bagging 
machine. If the bag is underweight or 
overweight, the operator uses a trowel 
and a bucket of pigment to manually 
add or remove small amounts of pigment 
to meet the tolerances, which can be as 
narrow as plus or minus 2 oz. for a 50-lb. 
bag (Tr. 1188). The operator then closes 
the bag by folding the bag valve into it, 
and stacks it on a pallet.

Cleanout. Cleanout involves opening 
up and reaching into and even getting 
inside production equipment to clean 
out accumulated lead pigment residues. 
With product changeovers, the 
equipment must be thoroughly cleaned 
before switching to a new product in 
order to prevent contamination of the 
new color by the old. The frequency or 
extent of cleanouts can be reduced by 
scheduling production in “campaigns.”
In campaigns, the order of production 
minimizes the changes in color from one 
product to the next by producing lighter 
shades first and moving progressively to 
production of darker shades of the same 
color. The need for cleanout is also 
eliminated or reduced by dedicating an 
entire production line to a single color or 
group of closely-related colors. In one 
plant, for example, one line is dedicated 
almost solely to production of traffic 
yellow, while another line is reserved 
for molybdate oranges (Ex. 684h, p.l).

When product changeover cleanout is 
required, the process vessels, conveyors, 
mills, dryers, product collection 
equipment, etc., must be manually 
opened up and cleaned. At Heubach, for 
example, cleanout includes high- 
pressure water cleaning of process 
tanks, vacuuming and washing out 
dryers, and vacuuming material transfer 
equipment, including screw conveyors 
and bucket elevators. Cleanout of the 
continuous production line at Heubach 
takes from 28-48 hours and is said to be 
carried out approximately 5 times every 
two months (Ex. 582-16, Att. II, p. 3).

The basic operations in pigment 
production can be organized batch by
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batch, by continuous process, or by 
various combinations of the two.

Batch Process. The batch process, 
which accounts for between 14-20% of 
total industry capacity, involves 
production of a fixed amount of a 
particular pigment in one or more 
batches (Exs. 694-5, p. 4; 694-8A, p. 3; 
and 6861, p. 2r, Tr, 1109). The process has 
two basic uses. One is to produce small 
amounts of pigments in a relatively 
simple manner. The other is to provide 
the flexibility to produce a wide variety 
of distinct products to meet varying 
customer demands.

The customizing can begin at the 
reaction stage, where precisely 
measured quantities of ingredients are 
mixed, reacted and precipitated under 
carefully controlled conditions to 
produce particular pigments. Additional 
modifications o f the properties of the 
product can be effected in the grinding 
and blending operations.

Because a  limited amount of pigment 
is involved in each batch, industry 
normally uses filter presses and tray 
dryers in producing the dry pigment. 
These operations require considerable 
manual manipulation and transportation 
of the material, making them potential 
sources of high exposure to lead.

After the pigment is dried and ground, 
it frequently as blended with different 
batches to meet specifications.

Continuous Process. The continuous 
process is used for high volume 
production and is characterized by a 
continuous and steady flow of 
ingredients and products through the 
stages of production. Generally, manual 
material handling between the reactor 
and packaging stages is eliminated or 
minimized. With high volume production 
of a particular pigment, the number of 
product changeover cleanouts also is 
reduced.

In a  fully continuous reaction process* 
ingredients are fed into the reactor at 
the beginning of die process at a 
carefully controlled rate. The slurry from 
the reactor is continuously pumped to 
centrifuges or drum filters to separate 
and wash the pigment precipitate. The 
dewatered pigment is discharged 
continuously to a dryer and 
automatically conveyed from the dryer 
to a grinder. From the grinder the 
pigment is conveyed to hoppers for 
subsequent packaging. With full 
automation of the production line to 
facilitate the continuous flow* 
continuous filters and dryers, for 
example, are used instead of filter 
presses and tray dryers. Thus, the 
product is no longer manually unloaded 
and transferred from the filters to the 
dryer trays or manually dumped from 
dryer trays.

Batch processing may be integrated 
into an otherwise continuous process at 
various stages. For example, at 
Harshaw/Filtrol the pigment is 
precipitated in a batch reaction and is 
thereafter continuously processed.

One major production advantage of 
continuous processing is that a 
relatively high-quality product can be 
produced In high volume continuously 
over an extended period of time because 
process conditions and ingredient flows 
can be continuously monitored and 
adjusted to keep the properties of the 
final product within specifications. The 
major health and safety advantage is 
that, by eliminating intermediate manual 
handling between process stages and by 
minimizing the number of cleanouts, 
potential sources of high exposure are 
greatly reduced or eliminated.

Sources o f Exposure. Although some 
level of exposure to lead may be 
associated with nearly every operation 
in lead chromate pigment production, 
the Dry Color Manufacturers 
Association (DCMA), the industry's 
trade association, concedes that "it is 
feasible to meet * * * 50 pg/m3 * * * 
throqgh the use of engineering and work 
practice controls in most operations.” 
DCMA broadly identifies the problem 
areas in which it asserts 50 pg/m3 
cannot be achieved as drying, blending, 
packaging, extraordinary maintenance 
operations, and product changeover 
cleanout (Ex. 694-41A, p.2. Ex. 582-18, p. 
12-13).

In drying, the major source of 
exposure is  tray drying, which is used 
only in batch processes. Employees are 
exposed to airborne lead in tray drying 
from dried residues on the trays 
dispersed during loading the press cake 
and moving the cars, and from dumping 
pigment from the trays.

In blending, the main problem again is 
limited to the batch process, where 
employees may be exposed to high air 
lead levels if dry pigment is  manually 
dumped into the blender. In continuous 
processing, employees also may be 
exposed to airborne lead above the PEL 
if they manually dump bags of dry, off- 
grade product into slurry tanks (Ex. 694- 
5 ,p .8).

In packaging, exposure problems may 
occur throughout the process of 
packaging pigment in paper hags. Puffs 
of pigment may escape when the bag is 
being filled, removed from the filling 
spout, closed, placed on the pallet, and 
pressed down by other bags stacked 
upon i t  Lead dust also may be spilled 
when manual adjustment o f beg weight 
is required to meet strict customer 
weight specifications. Finally, lead dust 
may be dispersed i f  a  bag of pigment is 
ruptured during handling.

In addition to the potential sources of 
exposure associated with the particular 
production operations listed above, 
employees may be exposed to other 
possible sources of lead dust. Generally, 
for example, an employee may be 
exposed to lead if a spill or a leak 
occurs somewhere in the production 
process, the product is dry or dries, and 
something causes the lead dust to 
become airborne. For minor spills or 
leaks, exposure levels ordinarily should 
be below 50 jag/m3.

Maintenance and product changeover 
clean-out provide other potential 
sources of lead exposure. High 
exposures to lead may occur during 
these operations when the equipment is 
first opened if the residue accumulated 
inside is dry and becomes airborne.
High exposures also may oocur 
thereafter if  cleanout is performed dry 
and part of the residue being removed 
becomes airborne.

Existing Exposure Levels. GSHA in 
the 1987-88 phase of this rulemaking 
received exposure data from only two of 
the five remaining companies in the 
industry, Heubach and Harshaw/Filtrol 
(HF). Their data are the most extensive 
and useable recent data OSHA has 
received. By contrast, DCMA did not 
provide any data to the record. Instead, 
without identifying its sources or 
explaining its methodology. DCMA 
simply characterizes as above or below 
50 pg/m3 unspecified air lead levels in 
six job categories (Ex. 582-48, p. 16).

Together, Heubach and Harshaw/ 
Filtrot represent 68% of industry 
production capacity and account for 
approximately 69% of the lead-exposed 
employees in the industry (Ex. 686L pp. 
2,12). As a result, GSHA, like Meridian, 
focuses its analysis Df industry 
exposures on their data. Of the two, 
Heubach is by far the largest producer 
and employer, with more then one-half 
of total production and employment in 
the industry [Exs. 6861, pp. 2,12; 582-16, 
Att. I, p. 5; and 694-5, p. 4).

In analyzing the data from Heubach 
and HF, OSHA notes that job 
classifications are not defined uniformly 
across the industry. Consequently, for 
purposes of determining feasibility, the 
Agency has conducted its analysis in 
terms of common production operations 
employed by a "typical” facility. This 
approach is consistent with the 
requirements of the OSH A c t USWA v, 
M arshall 647 F.2d a t 1272.

OSHA also is conscious of the fact 
that the data from Heubach and 
Harshaw/Filtrol may be upwardly 
biased in several respects. F irst to the 
extent that air lead monitoring is 
performed in accordance with the
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frequency requirements of the lead 
standard, the number of samples taken 
per year increases with exposure levels. 
According to the lead standard, if 
exposure levels are below 30 pg/m3, no 
further monitoring is required; if 
exposure levels are at or above 30 pg/ 
m3 but at or below 50 pg/m3, monitoring 
is required semi-annually; and if 
exposure levels are above 50 pg/m3, 
quarterly monitoring is required. Thus, if 
everything else is equal, there will be 
twice as many sampling results for 
operations with exposure levels above

W?/m3 than for operations between 
30 pg/m3 and 50 pg/m3.

Second, at least with regard to the 
Heubach data, Heubach states that 
some very high exposure readings (e.g., 
730 pg/m3) are attributable to 
monitoring problems, such as “a glob of 
pigment” falling on the personal monitor 
and being taken to represent air lead 
levels (Tr. 1176).

Third, although most measurements 
for a particular job may be below 50 pg/ 
m3, the average for that job still may be 
above 50 pg/m3 because production

workers do cleanout, during which very 
high exposures are experienced. 
Characteristically for these jobs, 
relatively moderate sampling results 
obtained during routine operations are 
submerged in calculations of average 
exposure levels by a few very high 
results obtained during periodic clean
out work, which is like a maintenance 
activity.

At Heubach, in the years 1984 through 
1987 for which the company provided 
OSHA with exposure data, 71-75% of all 
employees and 66% of all sampling 
results are at or below 50 pg/m3 (Tr 
1175; Ex. 6861, pp. 13-14). In addition, for 
the combined years 8 of 12 job 
classifications have 50% or more of their 
air lead samples at or below 50 pg/m3 
(Ex. 6861, p. 14; see Table 1, below). In 
continuous processing, which accounts 
for 75% of Heubach’s total production 
and within the next year or two is 
expected to account for nearly all 
production, Heubach reports that all 
employees are already at or below, or at 
least able to achieve 50 pg/m3 , except 
those in packaging (e.g., chemical

operator) and cleanout. In batch 
processing, which involves manual 
handling of the product at many points, 
Heubach also reports that all 
employees, except those in blending 
(inorganic finishing, the process 
operator), packaging (inorganic 
finishing, the unit operator) and cleanout 
(inorganic finishing, both the process 
and unit operators), already are at or 
below 50 pg/m3 or at least are able to 
achieve 50 pg/m3 (Tr. 1163-66 and 1168- 
70).

Thus, in two of the five operations in 
which, according to DCMA, 50 pg/m3 
cannot be achieved (Ex. 694-8A, p. 2). 
Heubach already is achieving that level 
most of the time. In maintenance, 87% of 
the sampling results for maintenance 
workers are at or below 50 pg/m3 (see 
Table 1, below). Similarly, in drying, 
approximately 53% of all the samples 
are at or below 50 pg/m3 (see Table 1, 
below, exposure levels for Processing— 
Process Operator and Ex. 640, job 
description).

T a b l e  1 .-—S u m m a r y  o f  E x p o s u r e  D a t a  f o r  H e u b a c h  In c ., 1 9 8 4 -8 7

Job classification Number of 
employees

Distribution of exposure level

1984 (percent)

<50 > 50

1985 (percent)

<50 >50

1986 (percent)

<50 > 50

1987 s 
(percent)

<50 >50

Combined
Years

(percent)

>50

Semi-Finished
Chemical Operator.............................................

Continuous Process
Senior Chemical Operator................................
Chemical Operator1..........................................
Process Operator........................................

Manufacturing
Senior Chemical Operator............
Process Operator............................................

Processing
Chemical Operator.............................................
Unit Operator.................................................
Process Operator........ .......................................

Inorganic Finishing
Process Operator2.......................................
Unit Operator1 2............ ...........................

Maintenance
General Mechanic.................. .........................

Total Employment/Total Distribution.

5 
4 
8

20
8

4
20
8
6 
8

49
144

82

58
9

46

95
92

100
67
31

7
28

93 
65

18

42
91
54

5
8

0
33
69

93
100

7
35

67

50
10
46

100
93

100
83
76

13
19

90
73

33

50
90
54

0
7

0
17
24

88
81

10
27

82

69
47
58

94
94

100
86
71

0
8

83
71

18

31
53
42

6
6

0
14
29

100
92

17
29

40

0
0
0

81
80

78
56
35

0
6

82
54

60

100
100
100

19
20

22
44
65

100
94

18
46

72

50
26
41

93 
91

94 
75 
53

5
8

87
66

28

50
74
59

7
9

6
25
47

95
92

13
34

* Operator performs manual packing.
3 1 *3ei?orms Process equipment cleanout.

exposure levels substantial^ above tt^three'prMe^ina vears°*VWth thfi°inrnM«Ĉ rS’ a significant and sudden increase in production levels apparently increased 
exceeded (Ex. 582-16, Att. |  ̂ °3^)^C onsequer^^ t̂ H ^ ^ ie w s ^ th a tS1987eisSnotna%pfca|tyeareXIStin^ COntr° 'S W  t0 haVe bee" diSrupted their capaci*

At HF, geometric mean exposure 
levels during each of the two most 
recent years for which data was 
provided, 1986-87, were well below 50 
Mg/m3 for at least 69% of the lead- 
exposed employees. During those same 
years, for an additional 14% of lead- 
exposed employees, the geometric

means were below 64 pg/m3 (Table 2, 
below; Ex. 613 B-7).

OSHA has derived these geometric 
means from the individual monitoring 
results provided by HF (Ex. 613 B-7; see 
Table 2, below). While these individual 
monitoring data cover fewer years than 
the data summary HF provided (Ex. 694- 
5), OSHA has found errors in the

summary for the years 1984-87, for 
which HF also provided individual 
monitoring results. OSHA therefore does 
not feel it can rely on the summary.

The entire set of monitoring results 
includes only 46 samples taken over the 
years 1984-1987 and covers only five job 
classifications and 18 of the 36 
employees identified by the company as
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exposed to lead (Ex. 694-5, p. 5). OSHA 
understands that the Teason no data 
were submitted for the other job 
classifications is because HF was under 
no legal obligation to monitor other 
employees and did not do so. Monitoring 
is not required for employees whose 
exposure levels are below the action 
level, 30 pg/m8 (29 CFR 1910.1025
(d)(6)(i)). OSHA further understands 
that HF is complying with requirements 
of the lead standard for monitoring 
frequency and that the 18 employees for 
whom no monitoring data were provided 
were exposed below 30 pg/m3.

Concerning the lead-exposed 
employees for whom data are provided,
7 of the 18 are color makers and utility 
workers. In 1984-87, 80% of their 
sampling results were at or below 50 
pg/m8. Only the 11 spray dryer 
operators working on production lines

A, B, and C frequently had average 
annual exposure levels above 50 pg/m3. 
HF itself has stated that the only job 
category with frequent lead exposures 
over 50 pg/m3 is spray dryer operator 
(Ex. 582-17, p. 5). These operators run 
filters and spray dryers, clean 
clarification presses, dump pigment from 
bags into the slurry /holding tanks for 
blending, and fill bags on the packaging 
machines. Several of these tasks 
currently are associated with high 
exposure levels.

However, of the 11 spray dryer 
operators at HF, 5 work on line A, where 
the geometric mean exposure levels for 
1986 and 1887 were 28 pg/ m3 and 63 pg/ 
m3, respectively. OSHA notes that line 
A is almost exclusively dedicated to the 
production of traffic yellow, which is 
low-grade, may be coarser and less 
dusty, and involves long runs requiring

relatively few cleanouts. Lines B and C, 
which each have three employees, are 
the dustiest lines in the company. Line B 
produces a variety of higher quality 
yellow pigments of different hues and 
more stringent quality specifications 
than line A, so the operator on line B 
must frequently perform blending and 
cleanout of equipment. Line C produces 
a molybdate chrome orange pigment, 
which die company admits is dustier 
than the other pigments. In addition, HF 
has recognized that the work practices 
of one of the spray dryer operators on 
line C account for his higher exposures 
and contribute to higher average 
exposure levels on line C. Nevertheless, 
even on lines B and C more than 66% of 
total sampling results from 1984-87 were 
below 1D0 pg/m3.

Table 2.—Summary of Exposure Data for Harshaw-Ffltrol, 1984-87 *

Job classification
Geometric mean lead exposures

Combined 
years 3No. of 

employees 1984 1985 1986 1987

Colormaker.......................................................................................................... ............. —  —  —............ 5 2 8 8 6 24 14 33.3
Utility 2 52 26 22.9 25 28.2
Laborers 3 (*) (x) (x) (x) (x)1 ah Taohnioian...................................................  ....  ..................................................................................................... 2 (») (‘) (x) (x) (x)

3 (») i1) n (x) (x)
Maintenance Mechanics........................................................................ ................. - 10 (x) (x) (x) (x) (x)
Spray Dryer Operator A (Traffic Yellow).................... ....................... ............................. 5 80.5 95.9 28 63.1 77.3
Spray Dryer Operator B (all yellows, with Changes)............................................................ 3 101.3 55.4 108 86.4
Spray Dryer Operator C (Molybdate Orange)................................................................... 3 198 79 50.3 192 109.2
Combined Jobs *................................................. ............................. ................. . 36 103.1 69 35 72.9 70.8

1 OSHA understands that no exposure data were provided to the record for these workers because their exposure levels are below the action level (30 p.Q/m3) 
and therefore, in accordance with paragraph (d) of the lead standard, no monitoring was conducted.

2 Source: Ex. 613-B-7.
3 The geometric mean for “Combined Years” is the geometric mean for aH observations across all years.
4 The geometric mean for “Combined Jobs” is the geometric mean for a3l observations across all job categories for that year.

At another plant for which OSHA haB 
fragmentary exposure data, Kikuchi, it 
appears that as early as 1980 all 
operations in the plant, except 
packaging, already were at or below 50 
pg/m8. Even in the packaging operation, 
the exposure level was only 66 pg/m3 
(Ex. 476-264). Moreover, the Kikuchi 
plant representative indicated at the 
time that the exhaust system for the 
packager was being upgraded and that 
he hoped levels would soon be below 50 
pg/m3 in that operation as well (Ex. 
476-264).

Kikuchi, built in 1979, is a highly 
automated plant with a single 
continuous line exclusively dedicated to 
the production of traffic yellow. 
Consequently, product-changeover 
cleanouts are not necessary. No dry 
blending is performed and all steps after 
the reactor stage are automated and 
enclosed. Under such conditions, it is 
clear that 50 pg/m3 not only can be, but

is being achieved in a l  operations, with 
the possible exception of packaging.

Existing Controls. OSHA’s discussion 
of current exposure levels in the 
previous section indicates that 50 pg/m3 
already iB being achieved most of the 
time with existing controls in most of 
the operations in the industry (See Table 
1, above, Combined Years). The primary 
methods currently used to control air 
lead levels in lead pigment production 
are work practices and housekeeping, 
ventilation, and use of automated 
processing equipment. In addition, both 
Heubach and HF, which account for 88% 
of total industry production, have 
developed reduced-dust pigments that 
reduce the dust-generating properties of 
their products up to eight-fold (Ex. 684h, 
p. 3; Tr. 1156),

Solution an d  Slurry Preparation. 
Although OSHA has obtained relatively 
little information on controls used in this 
area, industry has conceded that 50 pg/

m3 is being achieved currently and that 
this operation is not a problem area (Ex. 
694-8A, p. 2). Color-makers’ exposure to 
lead in this operation is intermittent 
since they spend only 10 minutes in this 
area twice a day (Ex. 684h). HF has been 
able to maintain this operation at or 
below 50 pg/m3 by enclosing it in a 
separate building, segregating the lead 
oxide in closed bins outside that 
building, automatically conveying the 
lead oxide and the lead nitrate slurry 
without manual handling, and 
ventilating the weigh hopper (Ex. 684h). 
At Heubach, which melts lead ingots in 
electric furnaces to react with nitric 
acid, employee exposures are 
maintained below 50 pg/m3 during this 
operation (Tr. 1163).

R eaction. Industry also concedes that 
this is not a problem operation since at 
this stage the lead-bearing materials are 
wet. At Heubach, to control air lead 
levels the synthesis tanks have closed



Federal Register / V ol. 54, No. 131 / Tuesday, July 11, 1989

tops and are connected to a central 
exhaust system (Ex. 582-16, Att. Ii, n. 11- 
Tr. 1167). ’

Filtration and Washing. Industry 
acknowledges that exposure levels in 
filtration and washing, already are being 
controlled to or below 50 pg/m3. The 
most effective engineering control for 
this operation is using continuous 
process equipment rather than batch 
process. To control air lead levels in this 
operation, HF and Kikuchi, for example, 
use drum filters and centrifuges, 
respectively, rather than filter presses, 
which require manual handling (Exs. 
582-17, p. 2; 579, p. 21). This production 
equipment lends itself to a greater 
degree of enclosure and automation (Ex. 
579, p. 21).

At HF, the drum filters filter and wash 
the pigment automatically; thus the only 
manual handling required is cleaning the 
clarification presses. At HF, the presses 
and trays now are wetted down before 
opening, scraping and dumping to 
prevent dried pigment residue from 
becoming airborne (Ex. 694-5, p. 9).

Drying. DCMA identifies drying as an 
operation that cannot be controlled to 50 
pg/m3 because manual loading and 
unloading is involved (Ex. 694-8A, p. 2). 
However, as OSHA has shown in the 
previous sections, the three largest lead 
pigment producers have almost 
completely replaced manual tray drying 
with belt or spray drying as part of their 
conversion to continuous process. Thus, 
manual handling in drying operations is 
limited to situations where pigment is 
being produced by the batch process, 
which amounts to less than 20% of total 
industry production (Exs. 694-5, p. 4; 
694-8A, p. 3; and 6881, p. 2; Tr. 1169).

In the batch process at Heubach, 
where manual tray drying is used, air 
lead levels are controlled by locating 
tray dumping in a ventilated booth, 
which has a minimum 300 fpm face 
velocity (Ex. 582-16, Att. II, p. 13). A 
hoist system is used to raise or lower 
cars, providing better control of 
resulting exposures. A monorail system 
instead of manual labor is used to move 
and stage dryer cars. In addition, dryer 
cars are unloaded in a separate building 
area. Heubach also controls exposures 
by rotating employees with those doing 
non-lead pigment dumping in adjacent 
booths (Tr. 1164).

In the continuous process, exposure 
levels are controlled to or below 50 pg/ 
m3 in the drying operation because 
spray and belt dryers rim as closed 
systems that are automatically fed and 
discharged using conveyors or other 
mechanical transport systems. In 
addition, at Heubach the enclosed belt 
dryers are operated at negative pressure

and exhausted to a wet scrubber (Ex. 
582-16, A tt II, p. 13).

Grinding. DCMA concedes that in 
grinding 50 pg/m3 already is being 
achieved or can be achieved (Ex. 694- 
8A, p. 2). To control air lead levels at 
Heubach, pulverizing equipment is 
enclosed, exhausted and placed in a 
separate finishing area (Ex. 582-16. Att. 
II, p. 11). The entire finishing area, which 
includes grinding, blending and 
packaging operations, has a central 
exhaust system and dust collector. 
Heubach also has controlled employee 
exposures in this operation by in s ta lling 
separate grinding lines, each dedicated 
to different product groups (Ex. 582-16, 
Att. II, p. 2). This reduces the need for 
cleanout. Exposure levels in continuous 
processes are controlled by the pigment 
being automatically conveyed to and 
from the grinding equipment, which 
eliminates the need to manually load 
and unload the dry pigment (Ex. 582-16, 
Att. II, p. 3).

Blending. In blending, exposure 
problems are again limited to the batch 
process, where employees manually 
load dry pigment into blenders. At 
Heubach the blending operation is 
located, along with grinding and 
packaging operations, in a separate area 
of the plant. At the blending area 
exposure levels are controlled by local 
ventilation at loading stations, where 
the bags are slit and their contents 
charged into the blender (Ex. 582-16,
Att. II, p. 12).

On continuous process lines, where 
dry, off-grade pigment is  worked back 
in, exposure levels are controlled by 
ventilating the dumping stations, 
dumping the cff-grade pigment into a 
slurry rather than dry pigment, and 
ventilating the slurry tank.

Packaging. In packaging, identified 
exposure problems are limited to 
packing the product in paper bags. To 
some extent pigment producers have 
eliminated this problem by switching to 
packaging pigment in bulk bags, air 
pallets and shipping pigment in slurry or 
paste form.

Where packaging is done in paper 
bags, air lead levels are controlled at 
Heubach’s 7 packaging stations by using 
custom-designed auger packers, which 
minimize the need for manual weight 
adjustment. At the packer spout, air lead 
levels are controlled by point source 
ventilation and an exhausted catchpan, 
which picks up droppings from the 
spout. In addition, exposure levels at the 
check weigh scale are controlled with 
point source ventilation (Ex. 582-16, Att 
II, p. 11).

At HF, exposure levels are controlled 
by dedicating each of its three 
production lines to a different product
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group, thus reducing the number of 
necessary cleanouts in many operations 
including packaging. On line A, 
dedicated almost exclusively to 
production of traffic yellow, air lead 
levels at the delivery tube are controlled 
by a circular exhaust duct with a shroud 
hood. On line B, in which a variety of 
yellow lead pigments are produced in 
campaigns, the packaging machine is in 
a hood that surrounds it on three sides 
and has an overhead exhaust. In 
addition, the weighing station is 
partially ventilated. On line C, which is 
dedicated to production of molybdate 
oranges, a walk-in slot hood with 
exhaust slots at the back of the hood 
encloses the bagging and weighing 
station (Exs. 582-17, p. 5; 694-5, p. 7).

Cleanout. The major methods 
currently used to reduce high exposure 
levels in cleanout are elimination of 
cleanout and reduction in its frequency.

At Kikuchi and almost completely on 
line A at HF, product changeover 
cleanouts have been eliminated by 
dedicating each production line to a 
single product, traffic yellow. HF and 
Heubach also are controlling exposure 
levels in cleanout by scheduling their 
production in campaigns.

Where cleanout must be done, 
Heubach and HF are controlling 
exposures in certain operations by doing 
wet cleaning. For example, at HF 
clarification presses are cleaned wet 
(Ex. 694-5, p. 9). At Heubach, process 
tanks are wet cleaned and a central 
vacuum system with portable wet 
sweepers is also used to perform 
cleanout.

Maintenance and Housekeeping. At 
HF, to prevent reentrainment of lead 
dust, work areas are vacuumed daily 
with a HEPA vacuum, certain floors are 
washed down and some work areas are 
kept wet. HF reports that a floor 
scrubber has been purchased to assist in 
removing pigment residues. In addition, 
personal vacuums equipped with HEPA 
filters are stationed at various points in 
the plant so employees can 
decontaminate their clothing before 
going to the lunchroom or leaving the 
premises.

At Heubach portable floor scrubbers 
are used to remove pigment residues 
and spills in the batch process area. For 
the continuous-process area, a vacuum 
is located at the bagger to clean up 
spills.

Major Process Modification or 
Substitution. HF and in large part 
Heubach have switched production from 
batch processing to various forms of 
continuous processing. From the 
viewpoint of exposure control, the fully 
continuous nature of the process itself is
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the key control. Manual handling of 
product, where employee exposures are 
the greatest, has been replaced with 
automated and enclosed conveyors, or 
the operations requiring manual 
handling have been entirely eliminated, 
except for packaging.

At Kikuchi and HF, continuous 
processing has been combined with 
dedicating a production line to a single 
product or product group. On these 
lines, blending of dry pigment has been 
eliminated and product changeover 
cleanouts have been significantly 
reduced or eliminated. Thus, employees 
are not exposed to the high air lead 
levels customarily encountered in these 
operations.

In addition to converting to 
continuous processing, Heubach and HF 
are controlling exposure levels by 
producing a dust-reduced product, 
which reduces the dust-generating 
properties of their products by up to 
eight-fold (Ex. 684h, Tr. 1138,1156,1179). 
HF’s dust-reduced product accounts for 
25% of the company’s total production, 
and the company is working to broaden 
customer acceptance of the product. In 
November 1987, Heubach reported that 
33% of its production had been 
converted to the dust-reduced product 
and that 50% of its sales in the two 
months preceding the hearing had been 
of that product (Tr. 1139).

Finally, Heubach lists other controls 
which it has implemented in the batch 
process operations. These include 
exhaust hoods at all pigment dumping 
locations, a conveyor system for 
removing pigment drums, and a separate 
tote bin storage area. However,
Heubach has not identified where in its 
batch operation these controls have 
been installed.

A dditional Controls. Based upon the 
discussion above, OSHA has 
demonstrated that the operations that 
currently present serious problems to 
the industry in consistently achieving 50 
p.g/m® are packaging and clean-out, 
which are common to both batch and 
continuous processing, and to a lesser 
extent, dry blending, which is exclusive 
to batch processing.

Packaging. Generally within the 
industry, the packaging operation is one 
of the main contributors to high 
exposure levels for employees for whom 
packaging is a major portion of their job. 
At HF, for example, spray dryer 
operators average 20 minutes every hour 
packing bags (Ex. 684h, p. 4).

OSHA recommends four methods for 
controlling existing lead emissions in 
packaging. They are: Further reducing or 
eliminating packaging by shipping more 
product in bulk or semi-bulk form; 
converting product to the extent

possible to dust-reduced product; where 
necessary, purchasing and installing the 
new and highly accurate packaging 
machines and appropriately reducing 
the variety of packages provided 
customers; or enclosing each packing 
and palletizing station with a side- 
ventilated booth (Exs. 582-16; 582-90, 
Appendix C, p. 3; 6861, pp. 24-25; Tr.
1139,1156,1283). These control methods 
can be employed independently or in 
combination to achieve employee 
exposure levels lower than 50 p-g/m®. 
However, OSHA believes it is unlikely 
that any facility would have to 
extensively implement more than one of 
these recommended controls to achieve 
this level.

OSHA’s preferred method for 
controlling exposures associated with 
packaging is to encourage the lead 
pigments industry to further reduce the 
amount of product that is packaged by 
shifting increasingly to bulk and semi
bulk shipping. OSHA believes that large 
producers in the industry can persuade 
more of their customers to accept bulk 
and semi-bulk shipment. However, 
OSHA recognizes that there may be a 
substantial portion of product that will 
have to continue to be packaged. For 
that portion, OSHA recommends that 
industry implement any one, or a 
combination of the three following 
control methods.

The first is to fully convert all product 
to dust-reduced product. OSHA believes 
that this step alone would dramatically 
reduce exposure levels for packagers, 
and other employees, since dust-reduced 
products reduce dusting properties of 
products by up to eight-fold (Tr. 1156). 
Reduced-dust products, which HF is 
producing and to which Heubach stated 
it would convert all of its pigments by 
mid-1988 (Tr. 1139), should significantly 
reduce exposure levels in certain dry 
pigment operations, including at least 
blending and packaging (Tr. 1156).

The second method is to mechanize 
and automate packaging and subsequent 
bag handling. For bags that do not have 
to be packed to precise weight 
specifications, conventional automatic 
packaging machines that fill and seal 
bags have been available and in use in 
many plants for years. Today, even for 
bags that require filling to precise 
weight specifications, automatic 
packaging machines are available that 
‘‘can easily achieve accuracies of 0.25% 
and sometimes even * * * 0.1% * * *” 
(Ex. 582-90, Appendix C, p. 3). This 
means that for a 50-pound bag, the 
machine can automatically and 
accurately fill the bag to within 2 ounces 
and less and can then seal the bag, all 
routinely and without manual 
intervention. Based upon industry
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statements regarding the weight 
tolerances required by some customers 
(Tr. 1187), OSHA concludes that nearly 
all orders can be bagged on these more 
accurate packaging machines. The 
number of bags that might still require 
manual weight adjustment, therefore, 
should be extremely small.

Consequently, if achieving precise 
weight specifications is the only 
problem in bagging, emissions 
associated with manual interventions 
can be strictly controlled or effectively 
eliminated by mechanization. However, 
if customers seek many different kinds 
of packages, this may cause a problem, 
because no single machine can handle a 
wide variety of packages. The industry, 
of course, could satisfy all the packaging 
demands of customers and fully 
automate packaging by purchasing and 
installing a sufficient number of the 
more advanced bagging machines.

If the cost for such automation were 
too high, industry could reduce costs if it 
provided customers with a more limited 
variety of bags. This would reduce the 
number of advanced automatic bagging 
machines needed. In any event, the 
technology exists and is available.

With regard to handling the bags after 
they have been filled and sealed, OSHA 
believes that such handling can be 
mechanized as well. Bags can be 
mechanically flattened and conveyed 
(Tr. 1283). Mechanization of this phase 
of bag handling should substantially 
reduce worker exposure from breathing 
bags, because workers can be removed 
from proximity to these emission 
sources. The emissions from flattening, 
for example, then can be controlled by 
local exhaust ventilation.

The last recommended method for 
controlling employee exposure levels in 
this operation to below 50 jug/m® is 
simply to improve the capture of 
emissions at the existing level of 
mechanization of production by 
isolating the entire operation and 
providing effective local exhaust 
ventilation (Ex. 6861, pp. 24-25). This 
control strategy needs to be 
accompanied by the implementation of 
strict work practices and preventive 
maintenance to assure that local 
exhaust ventilation is effective.

Heubach agrees that better 
ventilation, among other things, is 
needed and suggests that an increase in 
local exhaust around each bag packing 
machine and enclosure of each 
packaging station in its own ventilated 
room in and of itself would reduce 
bagging operators’ exposures to about 
100 jxg/m® (Ex. 582-16). But it also is 
important that practices that disrupt 
effective ventilation and disperse lead
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be corrected. At HF on line C, for 
example, a portable cooling fan, which 
could entrain dust generated by manual 
weight adjustments, was aimed to blow 
directly across the weighing station (Ex. 
684h, p. 4).

To be effective, this control strategy 
has to take account of a number of 
factors. Each of the manual tasks in 
packaging provides a potential source of 
lead exposure. These tasks extend all 
the way from placing the bag on the 
bagging machine, through weighing the 
bag contents, adjusting content weight, 
and sealing the bag, to cleaning the 
outside of the bag and then stacking it 
on a pallet. Each of these tasks must be 
effectively exhausted, and the worker 
must be trained to carry out each task 
within the capture range of the 
ventilation and in a manner likely to 
minimize the amount of lead emission. 
Obviously, the local exhaust also must 
be properly designed, installed, and 
maintained. It also must be properly 
located and have sufficient capacity to 
handle the job.

Meridian agrees with OSHA that each 
of the industrial hygiene problems in 
packaging can be overcome by using an 
appropriately configured ventilation 
system and by avoiding certain work 
practices that tend to defeat ventilation 
(e.g., carrying pigment out of range of 
the ventilation in an open container or 
bag; not exercising care in weight 
adjustment, which can result in pigment 
being spilled? using a broom to sweep 
pigment away from the work station or 
off bags; or improperly using man
cooling fans) (Ex. 6861, pp. 24-25).
Ventilation should be configured to 
encompass all packaging tasks, 
including bag filling, weighing, and 
manual weight adjustment (Ex. 6861, p. 
24). Since these operations can be done 
in a relatively small space, a large side- 
ventilated booth could be configured to 
ventilate all o f them. Such a booth 
would allow the operator to face into 
the booth at all times and to move from 
side to side while packing the bags.

This system should also include LEV 
slots to capture dust that escapes 
around the nozzle and an exhausted pan 
(grill) beneath and in front of the bag as 
it is being filled, to catch any dust which 
falls from the bag or the machine nozzle. 
The hood also should be designed to 
capture dust from bags on the pallet. 
There should be a vacuum hose for the 
operator to use to pick up spilled 
pigment.

According to Meridian, a system with 
the capacity of 4,000 cfm per packaging 
station should be sufficient to control 
the packers 8-hour TWA exposure to or 
below 50 pg/m3 (Ex. 6861, p. 28). Such a 
system involves only conventional

engineering technology and industrial 
hygiene practices (Ex. 583-13, Ex. 689-
13). Numerous consultants and 
engineering firms are capable of 
providing the services necessary to 
implement such a system.

Several other available controls and 
work practices, which will be discussed 
at greater length below, can achieve 
additional further reductions in air lead 
levels at packaging stations and 
elsewhere. For example, strict 
implementation of improved 
housekeeping programs can further 
reduce air lead levels. In addition, 
Meridian’s recommendation for 
installing automatic palletizing lines, as 
well as for several other controls and 
practices to reduce air lead levels in 
packaging (Ex. 6861, pp. 24-25), should 
be effective in at least some plants.

Cleanout. High exposure levels in 
product changeover cleanout can be 
significantly reduced by one or a 
combination of the following methods; 
completely eliminating cleanout, 
reducing its frequency, or improving its 
control.

The ideal way to handle the exposure 
problems associated with cleanout is to 
dedicate a production line to a single 
product and thereby eliminate the need 
for product changeover cleanout. HF 
examphfies this approach, with a line 
almost exclusively dedicated to traffic 
yellow (Ex. 684h, p. 3). The method may 
be applied more broadly throughout the 
industry if plants install more 
production lines with smaller capacities, 
each dedicated to a single product.

A second approach is to reduce the 
frequency of cleanout, which may 
involve scheduling longer runs of 
particular products between cleanouts 
to build up larger inventories between 
runs. It also may involve reducing the 
amount of product that is not produced 
by the campaign method. It also may be 
possible to achieve lower frequency by 
reducing the number of products 
produced and persuading customers to 
accept a more limited palette of hues 
and shades.

OSHA recognizes that these two 
approaches may not be feasible for 
small batch processes because of the 
need for frequent product changeover. 
For these processes, as well as for 
others, a third approach is available to 
improve the control of cleanout. This 
has two fundamental elements: 
designing new equipment so that it 
accumulates less residue and is easier to 
clean; and developing and implementing 
better and stricter work practices to 
minimize the escape of dust when 
equipment is first opened and thereafter 
during actual cleanout. New process 
equipment should be designed to

eliminate crevices and corners from 
which it is difficult to remove material; 
one lead chemicals plant visited by 
OSHA reported that it already was 
taking this approach to facilitate 
housekeeping (Ex. 684b, p. 10). This 
design practice is also followed in the 
dairy, food and pharmaceutical 
industries. Water lines, air lines, 
vacuum lines, and possibly other 
devices should be built into the 
equipment to facilitate cleaning. Where 
possible, cleanout should be done by the 
mechanical action of water. Where that 
cannot be done, pigment residues to the 
extent possible should still be wetted 
and kept wet while cleanout is taking 
place. Improved work practices also 
may include the elimination of 
inappropriate tools. Thus, at HF, for 
example, the use of air lances, which 
rely upon compressed air for cleaning, 
should be discontinued (Ex. 6861, p. 25). 
If this final approach does not prove 
effective in reducing exposure levels to 
below 50 pg/m3 in small batch 
processes, OSHA recognizes that 
employers may have to rely upon 
respirators for supplemental protection 
of employees.

Blending. In the batch process, and to 
a lesser degree in the continuous 
process, dry, finished pigments may be 
blended to meet product specifications. 
Blending in the batch process may 
produce high exposure levels (See Table 
1, above, exposure levels for Inorganic 
Finishing—Process Operator and Ex.
640, job description). The best way to 
handle that exposure problem is, to the 
extent possible, to convert from batch to 
continuous processing. If production 
must remain by batch, Heubach 
recommends investigating the use of an 
automatic bag slitter and dumper to 
control the exposures (Ex. 582-16, Att. II, 
pp. 12,17). Heubach once experimented 
unsuccessfully with such a unit, but has 
done nothing in this regard for 10 years. 
OSHA also recommends automating 
material transfers. Automatic bag 
slitters and automated material transfer 
equipment are available and have 
proven effective in reducing employee 
exposures to toxic substances such as 
asbestos (51 FR 22655; June 20,1986).

In the continuous process at HF, 
where pigment is reblended to work in 
off-grade product, the company has not 
reported exposure levels to be a 
substantial problem. Meridian believes 
that ventilation will be sufficient to 
adequately control exposures if bags are 
opened and dumped within the capture 
range of the ventilation system (Ex. 6861, 
p. 24). This has proven effective in the 
manual debagging of asbestos fibers (51 
FR 22655; June 20,1986).
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In addition to the specific engineering 
and work practice controls directed at 
controlling exposure levels in the 
particular problem operations discussed 
above, lead pigment plants can and 
should take a number of more 
generalized steps to reduce exposures 
throughout the plant.

H ousekeeping, W ork P ractices and  
Preventive M aintenance. Housekeeping, 
work practices, and preventive 
maintenance are critically important 
controls whose importance is frequently 
not adequately recognized by 
employers. Failure to develop and use 
rigorous housekeeping, good work 
practices, and preventive maintenance 
can destroy the effectiveness of 
otherwise adequate engineering 
controls.

Central vacuum systems should be 
installed with outlets widely and 
conveniently located and hoses always 
available so that both operators and 
maintenance personnel can promptly 
clean up any spills. When about to open 
equipment for inspection, cleanout, or 
maintenance, where escape of dust is 
likely, workers should have a hose 
ready to capture escaping dust. In 
addition, in high dust operations such as 
packaging and cleanout, employees 
should regularly use a vacuum hose to 
remove loose dust from their clothing 
before they contaminate themselves and 
other employees. To adequately control 
such loose dust, it may not be enough to 
only clean dust off employees before 
they enter the lunchroom, which is a 
specific requirement of the lead 
standard (29 CFR 1910.1025 (i) (4)(iv)).

In accordance with paragraph
(e)(3)(ii)(F), written work practice 
programs, including housekeeping 
procedures, should be developed by 
each employer. Housekeeping 
instructions should be prepared and 
adherence to them enforced by 
employers, with scheduling and checkoff 
of regular cleaning of all areas of the 
plant where dust can collect. These 
instructions should be appropriately 
detailed. If necessary, hundreds of sites, 
pieces of equipment, parts of equipment, 
obscure comers, etc., should be listed in 
the instructions to assure that they are 
cleaned regularly. Written work 
practices should be developed for 
activities that could cause dust emission 
or later dust generation when spilled 
slurry dries.

It is impossible to overemphasize the 
importance of housekeeping and work 
practices. A small amount of dust 
dispersed throughout a building’s air 
space can raise airborne levels.

Nevertheless, housekeeping at the HF 
plant visited by OSHA was poor (Ex. 
684h, pp. 5-6). Floors, windows,

equipment surfaces, and walls were 
covered with dried pigment, the colors 
of which matched the pigment colors 
being produced in the area. OSHA 
believes poor housekeeping may 
account for much of the plant’s difficulty 
in controlling exposures and, more 
specifically, may account to a 
considerable extent for the plant’s 
inability to hold levels consistently 
below 50 p.g/m3 for spray dryer 
operators.

In addition to implementing good 
work practices for housekeeping and 
cleanup of spills, written work practices 
should be developed to cover all tasks 
that might result in the escape of dust 
into the workplace. Key tasks requiring 
careful adherence to appropriate rules 
are packaging, clean-out, blending, 
batch operations where the operators 
work with filter presses and tray dryers, 
and maintenance work. OSHA believes 
that development and enforcement of 
good housekeeping and work practices 
are absolutely essential to meet the 
strict PEL of the lead standard.

Ventilation. Effective engineering 
controls, like total enclosure, local 
exhaust ventilation (LEV), and general 
ventilation, need to be applied to 
emission sources to contain and capture 
the contaminant and thereby reduce 
lead exposures. Although much more 
quantitative information is needed to 
state with any precision how much 
reduction of particular exposure levels 
would be achieved by enhancement of 
specific ventilation systems, OSHA has 
no doubt that ventilation can be 
improved in some operations to achieve 
major reductions in worker exposure. 
Where ventilation is inadequate, cross 
contamination can become a serious 
problem.

Enclosure. Enclosures, often operated 
at negative pressure, are constructed 
around single pieces of equipment or 
groups of equipment. Docket entries 
describe use of this standard 
engineering control technique by 
Kikuchi, Heubach, and HF (Exs. 476-264; 
582-16; 582-17). Sometimes, enclosure 
consists simply of installing tops on 
vessels or closing up other openings to 
minimize the amount of air that will be 
drawn through the equipment when it is 
connected to an exhaust system in order 
to maintain negative pressure in the 
equipment. Reaction vessels, slurry 
tanks, screw conveyors and elevators 
can be handled in the latter fashion. In 
other cases, box-like enclosures are 
constructed around the equipment.

Prevention o f  Cross Contamination. 
Cross contamination of one area with 
airborne contaminant from another can 
be prevented by isolating either area to 
keep a contaminant in or out or by using

local exhaust ventilation at the source to 
capture lead emissions before they can 
escape into the general work 
environment. DuPont, the prior owner of 
the Heubach plant, for example, isolated 
the grinding, blending and packaging 
operations in the batch process (the so- 
called “finishing” operations) in a 
separate building. Heubach has also 
suggested enclosing each of seven bag 
packing stations in separate ventilated 
rooms (Ex. 582-16, Att. II. p. 11).

M ajor Process M odification or 
Substitution. There also are several 
available processing alternatives that 
will substantially reduce exposure 
levels, most notably conversion to 
continuous processing and shifting 
production to reduced-dust pigments.

Some batch operations can be 
converted to continuous processing. 
Others, because of the small quantity of 
product involved, for all practical 
purposes cannot. However, some of 
these latter may be converted to semi- 
continuous processing, which may offer 
sufficient flexibility to produce smaller 

1 amounts of pigments than can be 
produced economically by fully 
continuous processing. In any event, the 
conversion provides opportunities to 
eliminate manual handling of the 
product and the high exposures 
associated with such handling.

Thus, the high exposures associated 
with a batch process that employs 
presses, tray dryers, containers for 
interim storage, manual transfer of 
product between operations, etc. can be 
eliminated and the frequency of clean
outs reduced by replacing these 
operations with more automated and 
continuous operations. HF, for example, 
replaced batch filtration and tray drying 
with drum filtration and spray drying, 
continuous operations that do not 
require operators to manually load or 
unload product and transport it to the 
next operation (Ex. 476-244). HF, 
however, retains the flexibility in this 
semi-continuous process to 
economically produce relatively small 
quantities of product without the startup 
losses typically associated with fully 
continuous processing. HF’s approach is 
one route, short of adopting Heubach’s 
fully continuous approach, for a 
company to avoid the exposure 
problems of batch processing, while 
retaining some of its flexibility. 
Heubach, on the other hand, expects to 
convert all of its production to 
continuous processing within the next 
year or two (Tr. p. 1187). This would 
mean that within 2 years approximately 
95% of total industry production will be 
by some form of automated continuous 
processing.
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In addition to converting to fully or 
semi-continuous processing, as 
indicated above, leading firms in the 
industry also are increasingly producing 
a dust-reduced product, which reduces 
dust generated up to eight-fold (Ex. 684h, 
Tr. 1156). This is a potentially major 
development, which should 
substantially reduce exposure levels in 
operations that are performed after the 
conversion to dust reduced product, like 
packaging, and probably during cleanout 
of these operations.

Heubach, as stated above, expected to 
produce only dust-reduced products 
before the end of 1988. Harshaw-Filtrol’s 
dust-reduced product currently 
represents 25% of production, and the 
company is seeking to broaden customer 
acceptance so it too can further expand 
production of dust-reduced pigments.

Technological Feasibility Conclusion. 
Based upon its own independent 
analysis of the evidence in the record 
and the Agency’s experience and 
expertise, OSHA determines that 
achieving the PEL of 50 pg/m3 is 
technologically feasible by engineering 
and work practice controls in the lead 
pigments industry as a whole. OSHA’s 
determination is based upon the 
following elements.

OSHA has shown that air lead levels 
in most operations in the lead chromate 
pigments industry already are at or 
below 50 pg/m3 most of the time. This 
assessment is supported both by 
industry statements and Meridian’s 
analysis. For example, in HF’s final 
submission to the record, the company 
stated that “50 pg/m3 is generally 
achievable by engineering controls and 
work practices in areas of the 
manufacturing process except for the 
dry end of the process (the job 
classification designated as the ‘Spray 
Dryer Operators’ at our facility) and for 
maintenance or clean-out work”(Ex. 
694-5, p. 34).

At the two major producers in the 
industry at least 69% of the lead exposed 
employees work in operations for which 
geometric mean exposures already are 
below 50 pg/m3 or a majority of 
sampling results already are at or below 
50 pg/m3. These two plants account for 
approximately 88% of total production 
and 69% of total lead-exposed 
employees in the industry. In addition, 
in a third plant, Kikuchi, which produces 
only traffic yellow, as early as 1980 all 
operations were at or below 50 pg/m3, 
with the exception of packaging. In 
packaging, where exposures were not 
far above 50 pg/m3, Kikuchi 
management anticipated achieving 50 
Mg/m3 in the immediate future (Ex. 476- 
264). Thus, for 3 of 5 plants in the 
industry 50 pg/m3 is largely being <

achieved. The remaining 2 plants, which 
account for less than 10% of total 
industry production, chose not to 
participate in this rulemaking arid did 
not submit any data to the record.

Industry has not disputed the 
feasibility of achieving 50 pg/m3 in a 
plant or production line dedicated to 
traffic yellow. This is important since 
approximately 20 million pounds, nearly 
one-third of total industry production, is 
traffic yellow, and Kikuchi produces 
only one-fifth of this (Tr. 1132-33). 
Consequently, other plants in the 
industry, notably including Heubach, 
also must be involved in significant 
production of traffic yellow, which is 
relatively easily controlled to 50 pg/m3.

For all operations already at or near 
50 pg/m3, OSHA believes that, if 
existing controls are not always 
adequate to routinely achieve air lead 
levels at or below 50 pg/m3, a modest 
improvement in controls such as 
improved housekeeping, better work 
practices, better preventive maintenance 
and perhaps the addition of simple 
engineering controls will assure that 
exposure levels are consistently 
controlled to or below 50 pg/m3. In 
addition, OSHA and Meridian have 
recommended a number of specific 
engineering controls, work practices, 
and preventive maintenance and 
housekeeping measures that OSHA 
believes will bring exposure levels down 
to or below 50 pg/m3 in all other 
operations, as well, with the probable 
exceptions of cleanout and 
extraordinary maintenance.

At various times DCMA has claimed 
that 50 pg/m3 is not technologically 
achievable by implementing engineering 
and work practice controls in a total of 
five production and maintenance 
operations. The five are drying, 
blending, packaging, extraordinary 
maintenance, and cleanout (Exs. 582-18. 
pp. 12-13; 694-8A. pp. 11-13). However, 
OSHA has demonstrated in previous 
sections that in two of these operations, 
drying and maintenance, 50 pg/m3 
already is being achieved at Heubach. 
With regard to the limited number of 
maintenance operations where 50 pg/m 
cannot be achieved by means of 
engineering and work practice controls, 
which may be what DCMA refers to as 
“extraordinary maintenance.” OSHA 
traditionally has recognized that such 
employees will have to rely on 
respirators for supplemental protection.

In a third operation, blending, OSHA 
also has shown that exposure levels at 
both Heubach and HF in continuous 
processing are not a problem.

As for packaging, OSHA has shown 
that nearly one-half of the employees at 
HF who perform packaging operations

are spray dryer operators who package 
traffic yellow, which is the single 
largest-volume pigment produced in the 
industry. In 1986-87, the two-year 
average air lead level for these 
operators was 47 pg/m3. In light of 
similar sampling results from Kikuchi, 
this suggests that packaging traffic 
yellow pigment can be relatively easily 
controlled to 50 pg/m3. OSHA, for 
example, believes that HF can bring its 
line A into compliance by isolating it 
from the two other lines if further 
engineering controls are still necessary.

In light of these realities, OSHA has 
focused its analysis on the remaining 
“problem operations”: blending when 
part of a batch process, other packaging, 
and cleanout.

With regard to blending in batch 
processing, OSHA has demonstrated 
that Heubach is solving the associated 
exposure problem by effectively 
eliminating batch processing in a shift of 
all production to continuous processing 
(Tr. 1187). HF apparently also does little 
or no dry batch blending. Elsewhere, 
where batch processing may continue to 
be performed, OSHA believes that the 
blending operation can be largely 
automated by installing automatic bag 
slitters and dumpers and automatic 
material transfer conveyors (Ex. 582-16, 
Att. II, pp. 12,17; and see 51 FR 22655; 
June 20,1986). Alternatively, OSHA has 
shown that some additional blending 
can be performed wet, as at HF, to 
adequately control exposure levels (Ex. 
684h, p. 2). With these modifications, 
OSHA believes exposure levels in 
blending can be controlled to or below 
50 pg/m3.

Concerning packaging in general, 
OSHA recognizes that this is a difficult 
operation to control and that effective 
control demands persistence in 
implementing strict work practices, 
including daily attention to proper 
housekeeping. Nevertheless, if iridustry 
implements the recommendations 
OSHA and Meridian have made for 
improved ventilation, work practices, 
and housekeeping, OSHA believes 
exposure-levels can be brought to or 
close to 50 pg/m3. With the increasing 
use of low-dust pigments, which reduce 
dust generation by 8-fold, OSHA is 
confident that packaging can be 
controlled to or below 50 pg/m3.

Finally, product changeover cleanout 
is probably the most difficult operation 
in the industry to control. Industry’s 
shift to production of a low-dust product 
should dramatically reduce exposure 
levels in cleanout of downstream 
operations. In addition, OSHA has 
recommended that cleanout be 
eliminated where possible, or that its
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frequency be reduced and that the 
sources of exposure be better controlled 
while it is being done. Where it remains 
necessary to perform such cleanout. 
OSHA believes equipment must be 
carefully opened and cleaned. The use 
of compressed air for cleaning should be 
discontinued and employers should rely 
instead upon water cleaning methods 
and keeping the pigment wet to the 
extent possible, or upon alternative 
mechanical methods (Ex. 6861, p. 25). If 
these recommendations are 
implemented, OSHA believes that 
exposure levels associated with this 
operation will, be significantly reduced, 
conceivably to 50 pg/m3.

For all of the above reasons,.OSHA 
concludes that the PEL of 50 pg/m3 is 
technologically feasible for the lead 
chromate pigments industry as a whole.

For product changeover cleanout and 
for the limited amount of packaging of 
pigment in bags that requires manual 
weight adjustment OSHA recognizes 
that it may not be possible to reach 50 
pg/m3 on a consistent basis. Even if this 
is so, OSHA points out that the resulting 
percent of total employees exposed 
above 50 pg/m3 would be quite sm all 
At HF, for example, less than 17% of 
employees would be exposed above 50 
pg/m3.

In any event since OSHA has found 
the 50 pg/m3 PEL technologically 
feasible for the industry as a whole, 
employers will be required in product 
changeover cleanout and packaging that 
requires manual weight adjustment as 
well, to control exposure levels to the 
PEL or the lowest feasible level by 
means of engineering and work practice 
controls. Where all feasible engineering 
and work practice controls have been 
implemented and employees performing 
these tasks are still exposed above the 
PEL as an 8-hour TWA, then, so long as 
all other sources contributing to the
8-hour TWA have also been controlled to 
50 pg/m3 or the lowest feasible level, 
employers will be required to provide 
these workers with respirators for 
supplemental protection while they are 
performing these tasks.

Industry does not agree with OSHA’s 
determination that the 50 pg/m® PEL is 
technologically feasible.

Although all the industry 
representatives in the 1987-88 phase of 
this rulemaking have recognized that 50 
pg/m3 either is already being achieved 
or can be achieved in most of the 
operations most of the time by 
implementing engineering and work 
practice controls, nonetheless, DCMA, 
Heubach and HF persist in arguing that 
a PEL of 50 pg/m3 is infeasible because 
it cannot be achieved in a few 
operations like cleanout and packaging.

OSHA does not have to prove that the 
PEL has been or can be achieved in all 
operations all of the time. A standard is 
technologically feasible if it can be 
achieved in most of the operations most 
of the time. The Agency has 
demonstrated that 50 pg/m3 either has 
been or can be achieved in all 
operations except perhaps cleanout and 
extraordinary maintenance, which, in 
any event, are types of operations in 
which OSHA has permitted respirator 
use to supplement engineering controls.

DCMA also argues that OSHA cannot 
guarantee that its recommended 
additional controls will work. However, 
with regard to some of the operations in 
which DCMA contends 50 pg/m® cannot 
be achieved, OSHA has shown 50 pg/ 
m® already is being achieved (i.e., drying 
and maintenance). Further, current 
exposures for some of the remaining 
operations are not very high at some 
plants (i.e., less than 100 pg/m3) and 
OSHA has pointed out feasible controls 
that have not yet been implemented 
which are capable of reducing exposure 
levels below 50 pg/m3. In any case, the 
courts have ruled that the OSH Act does 
not require OSHA to prove to an 
absolute certainty that its 
recommendations will result in the PEL 
being achieved all the time. USWA v. 
M arshall, 647 F.2d at 1266. On the 
contrary, the courts have held that 
OSHA can require industry to meet 
PELs never attained anywhere. OSHA 
believes it has more than satisfied its 
burden of proving technological 
feasibility for the lead chromate 
pigments industry.

DCMA also has argued that cleanout 
should not be included in the calculation 
of the 8-hour, time-weighted average 
(TWA) for purposes of determining 
whether an employee is exposed above 
the PEL. OSHA is sympathetic to the 
notion that cleanout in some respects is 
similar to maintenance. OSHA 
traditionally has recognized that certain 
maintenance operations cannot always 
be controlled to the PEL by work 
practice and engineering controls alone. 
In such circumstances, OSHA has also 
recognized that supplemental reliance 
upon respirators to protect workers may 
be necessary.

Nonetheless, OSHA cannot exclude 
from the calculation of TWAs an 
operation like cleanout, which in this 
industry appears to be performed by 
production workers. For these 
employees, cleanout periodically 
constitutes an undifferentiated portion 
of their 8-hour TWAs. Under such 
circumstances, an exclusion of cleanout 
activities would make interpreting 
company exposure data and enforcing 
compliance with the PEL very difficult

for those employees who perform 
cleanout. At HF, for example, all 
production workers perform equipment 
cleanout during product changeovers 
and thus HF’s entire workforce would 
qualify for such an exemption.

If it proves to be infeasible to 
consistently achieve 50 pg/m3 in 
cleanout, industry must implement 
engineering and work practices to 
achieve the lowest level feasible in that 
operation. If exposures for employees 
who perform cleanout still exceed an 8- 
hour TWA of 50 pg/m3, then, so long as 
all other sources contributing to the 8- 
hour TWA have also been controlled to 
50 pg/m® or the lowest feasible level, 
employers will be required to provide 
these workers with respirators for 
supplemental protection while they are 
performing cleanout

In addition, industry has criticized 
Meridian’s estimates of reductions in 
exposure levels to be expected from 
recommended additional controls as not 
grounded in quantitative data. In fact, 
where useable quantitative data were 
available in the record, Meridian relied 
upon i t  Meridian, for example, did 
analyze the data in the record and also 
participated in a recent site visit to HF. 
Only after that did Meridian rely upon 
an expert panel of certified industrial 
hygienists to independently assess the 
expected reduction in exposure levels 
that would result from implementing 
certain recommended additional 
controls. Based upon all these factors, 
Meridian concluded that exposure levels 
in all operations could be controlled to 
or below 50 pg/m®, except for cleanout 
and certain maintenance operations. In 
any event, OSHA believes it is 
appropriate to rely upon expert opinion 
and experience if better quantitative 
data are not available. Reliance upon 
expert opinion under such 
circumstances is not unique to this 
rulemaking. OSHA has previously relied 
upon expert opinion and experience 
under similar circumstances in all of its 
past rulemakings.

OSHA believes Meridian has made a 
reasonable assessment within prevailing 
time and resource constraints. In any 
event, OSHA has not primarily relied 
upon Meridian’s analysis or estimates. 
Rather, OSHA has conducted an 
independent analysis of the data and 
looked to Meridian primarily for 
confirmation.

Finally, HF argues, first, that work 
practices cannot be improved, and 
second, that engineering controls are not 
correlated with exposure levels. OSHA 
rejects these arguments. The principles 
of industrial hygiene and the exposure 
data from the lead pigment and other
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industries indicate that this is not the 
case. OSHA is assured that if HF 
conducted an industrial hygiene survey, 
as recommended, the company would 
recognize specific ways in which its 
work practices can be improved and in 
which implementing additional 
engineering controls would reduce 
exposure levels.

For example, with regard to 
engineering controls, HF argues that 
exposure levels on line A, which has 
relatively crude engineering controls, 
are lower than on lines B and C, which 
have better engineering controls (Ex. 
694-5, p. 9). The company, therefore, 
suggests that better engineering controls 
won’t necessarily further reduce 
exposure levels. If everything else were 
equal, this might be a plausible 
argument. However, everything else is 
not equal. Line A produces traffic 
yellow, almost exclusively. 
Consequently, as OSHA indicated 
previously, there are fewer cleanouts on 
that line, the nature of the product 
apparently causes less generation of 
dust, and packaging probably requires 
less attention to meeting narrow weight 
specifications.

HF has also stated that the molybdate 
oranges being produced on line C, which 
has the highest average exposure levels, 
is a dustier product than either of the 
products produced on lines A or B. In 
addition, HF has recognized that the 
work practices of one of the spray dryer 
operators on line C accounts for his 
higher exposures and contributes to 
higher average exposure levels on line C 
(Ex. 684h, p. 7). Thus, neither the facts 
nor the principles of industrial hygiene 
support HF’s position.

With regard to work practices, HF 
provides no evidence to support its 
assertion that work habits cannot be 
changed and poor work practices cannot 
be corrected. OSHA considers this view 
unacceptable, since it it likely to become 
a self-fulfilling prophecy. OSHA, along 
with the industrial hygiene community, 
believes that good work practices 
should be taught to workers and 
retaught as often as necessary. If the 
work practices are sensible, and the 
Company communicates to workers its 
seriousness about requiring that such 
work practices be followed, OSHA has 
no doubt that workers will follow them. 
No matter what efforts a company may 
make to implement effective engineering 
controls, if its work practices are poor 
those controls are likely to be rendered 
ineffective. Indeed, HF has made this 
very point with regard to one of its 
employees on product line C.

For all of the above reasons, OSHA 
concludes that the PEL of 50 p-g/m3 is
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technologically feasible in the lead 
pigments industry.

Industry Profile. Lead Pigments fall 
under SIC classification 2816. The 
principal lead chromate pigments are 
chrome yellow, chrome orange, 
molybdate chrome orange, and chrome 
green.

There are five domestic producers of 
lead chromate pigments, following the 
withdrawal of two manufacturers, 
American Cyanamid and Ciba-Geigy, 
from the lead chromate industry [Ex. 
582-161] and the announcement of 
another, NJZ Colors, that it will abandon 
its lead chromate production activities 
[Ex. 694-8, p. 3].

Lead chromate production represents 
100 percent of corporate sales for 
Kikuchi, with about 4 million pounds of 
capacity. Lead chromates constitute 50 
percent of sales for Heubach, with about 
35 million pounds of capacity, 30 percent 
of sales for Harshaw/Filtrol Partnership, 
with about 20 million pounds of 
capacity, and 30 percent of sales for 
Wayne Chemical, with about 3 million 
pounds of capacity [Tr., p. 1132]. No 
information was given for the fifth 
producer, NL Chemicals; it is assumed 
that their lead chromate capacity is 
relatively small [Ex. 686i, p. 3]. All firms 
produce lead chromates in only one 
facility, though Harshaw/Filtrol and NL 
chemicals are multi-facility 
corporations.

The number of workers exposed to 
lead in the manufacture of lead pigments 
was reported to be 310 by the Dry Color 
Manufacturers Association (DCMA) [Ex. 
582-18, pp. 14-15]. This total seems 
consistent with the 1982 estimate of 665 
workers. The 1982 estimate was based 
on twelve producers.

In assessing price trends for lead 
pigments, OSHA found the concept of 
unit value to be the accepted measure of 
value by both the industry and 
government agencies which collect and 
report data on lead pigments. Unit value 
is derived as total value of product 
divided by total volume, expressed in 
cents per pound. For example, in 1987, 
the 3,354 metric tons (7,392,216 lbs.) of 
chrome yellow pigment which were 
imported for consumption had a total 
value of $5,573,000 [1987 Minerals 
Yearbook, Bureau of Mines, U.S. 
Department of Interior]. Unit value for 
this product was thus 75.4$ per pound. 
OSHA compared unit value data as 
described below.

Published data indicate that both the 
average price of primary lead and the 
unit value of imported chrome yellow 
pigment increased from 1985 to 1987 
[1987 Minerals Yearbook, Bureau of 
Mines, U.S. Department of Interior].
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(Chrome yellow represents 
approximately one-third of industry 
capacity.) Unit value of imports were 
70$ per pound in 1985, 72$ per pound in 
1986, and 75$ per pound in 1987. 
Commerce Department data indicate 
that domestic unit values of this pigment 
decreased from 1985 to 1986, from 91$ 
per pound to 75$ per pound, but then 
increased in 1987, rising to 78$ per 
pound [Current Industrial Report, 
Inorganic Chemicals (MA28A), Bureau 
of the Census, U.S. Department of 
Commerce]. Data submitted by Heubach 
show unit values decreasing over the 
same three year period from 84$ to 76$ 
to 75$ per pound [Ex. 582-16].

Unit value of molybdate chrome 
orange declined from $1.25 per pound in 
1986 to $1.16 per pound in 1987 [Current 
Industrial Report, Inorganic Chemicals 
(MA28A), Bureau of the Census, U.S. 
Department of Commerce].

This pigment is produced in quantities 
about one-quarter to one-third that of 
chrome yellow.

Production of lead chromate pigments 
dropped off about 30 percent between 
1981 and 1982 but remained stable 
through 1985 [Ex. 579, p. 7]. No data on 
production levels or shipments were 
provided by industry commenters at the 
public hearing. However, it was noted 
that five companies currently are 
operating at increased production levels 
[Ex. 582-16; Ex. 582-17, p. 7]. Domestic 
shipments of chrome yellow declined 7 
percent in 1986 but improved by this 
same percentage in 1987. Shipments of 
molybdate chrome orange declined 6.5 
percent in 1987 [Current Industrial 
Report, Inorganic Chemicals (MA28A), 
Bureau of the Census, U.S. Department 
of Commerce].

Imports of chrome yellow increased 
over 50% from 1980 to 1985 while 
imports of chrome green rose from 20 
tons in 1983 to over 200 tons in 1985 [Ex. 
579, pp. 10-12]. Heubach, Inc. noted, 
however, that “at the present time, the 
domestic chromate and molybdate 
industry is a net exporter” [Ex. 582-16, 
response 21]. This apparent conflict was 
addressed by Meridian:

Meridian’s analysis * * * indicated that, as 
of 1985, the unit value of imports of chrome 
yellow had fallen to more than 20 percent 
below the unit value of domestic production, 
and that imports (especially chrome green) 
were increasing. * * * 1985 was also a peak 
year for the value of the dollar relative to 
foreign currencies, which tended to increase 
import pressure. Since 1985, however, the 
value of the dollar has fallen by about 30 
percent * * *. This should more than 
eliminate the price advantage of imports, and 
it should generally reduce the level of import 
penetration. [Ex. 686i, p. 9].
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The effect of the devaluation of the 
dollar is apparent when unit values for 
imports and domestic shipments of 
chrome yellow are compared for the 
years 1985 through 1987. As noted 
above, the unit value of imports in 1985 
was 70$ while that of domestic 
shipments was 91$. In 1987, the two 
values were practically the same, at 75$ 
for imports and 75$-78$ for domestic 
shipments. Additionally, since it is 
believed that imports may be 
undervalued to avoid tariff, foreign 
producers apparently no longer enjoy a 
price advantage. This evidence, along 
with the fact that U.S. producers ship 
over two times the metric tonnage of 
chrome yellow that is consumed here, 
supports the claim by Heubach that the 
U.S. chrome pigment industry is a net 
exporter.

Demand for these pigments is “heavily 
dependent on activity in the automotive 
industry, construction, equipment 
manufacturing, and the plastics 
industry" [Ex. 582-17, p. 7]. These 
industries all experienced substantial 
cyclical decline in the 1982 recession 
[Ex. 579, p. 9}. At the public hearing, Mr. 
William M. Amheim of Heubach, Inc. 
testified that lead chromates are used 
primarily for road marking, which 
consumes nearly 20 million pounds of 
lead chromate yellow each year [Tr., p. 
1133]. (Mr. Amheim also noted that the 
“vast majority of the paints and coatings 
used in these applications are purchased 
and applied at taxpayers’ expense” [Tr., 
p. 1134]}. Other major consumer markets 
identified were plastics coloring (over 10 
million pounds annually], paints and 
coatings (about 10 million pounds 
annually), and inks (5 to 7 million 
pounds annually) [Tr., pp. 1135-1137],

Acceptable substitutes for lead 
chromate pigments are scarce, but they 
do exist and are generally more 
expensive, up to twenty five times more 
costly. One producer of lead chromates 
reported that its customers are looking 
for organic substitutes [Ex. 684h]. 
Substitutes have been criticized on 
appearance and quality [Ex. 582-16]. 
There do not appear to be substitutes for 
lead chromate pigments at any cost for 
industrial top coatings, traffic paints, 
and road markers [Ex. 579, p. 10].

While Meridian reported that demand 
can probably be expected to erode in 
the long run, the information presented 
above does not suggest a potential 
decline. For one-third of this industry’s 
product, traffic paint, demand is high 
[582-17]. Further, the limited availability 
of substitutes and the use of lead 
chromates in the construction and 
automotive industries indicate 
continuing demand.

Commerce Department (Bureau of the 
Census) data indicate that the value of 
shipments of organic pigments, which 
are also produced by Heubach and 
Harshaw/Filtrol and do not contain 
lead, increased approximately 8 percent 
in 1986 [1988 Annual Survey of 
Manufactures, Bureau of the Census,
U.S. Department of Commerce]. Prices 
increased by 3.8 percent that year 
[Producer Price Index, Bureau of Labor 
Statistics, U.S. Department of Labor, 
December, 1986]. Prices for these 
products increased approximately 9 
percent in 1988 [Producer Price Index, 
Bureau of Labor Statistics, U.S. 
Department of Labor, November, 1988].

Financial information was available 
from Dun & Bradstreet for SIC 2816, the 
industry code which covers the lead 
chromate pigment producers [Ex. 579, p. 
18]. However, Heubach, Inc. noted that 
statistics for SIC 2816 are not 
necessarily representative of the lead 
chromate pigments industry, as the lead 
pigment producers make up only a small 
portion of the SIC (Mr. William M. 
Amheim, representing Heubach, Inc., 
testified at the informal hearing that 
"lead chromates can hardly constitute 
as much as 2 percent of the pounds or 
dollars sold under SIC 2816” [Tr., p. 
1133]). Financial information offered by 
Heubach noted that “for the period 1984 
through 1986, rates of return on assets 
and net worth declined by more than 
55%” [Ex. 582-16]; however, no specific 
rates were provided by the company. 
Harshaw/Filtrol provided profit data at 
the facility level for the years 1984 
through 1987 [Ex. 694-5, p. 6]. In each of 
the last three years for which data were 
available, losses were reportedly 
sustained by their lead chromate 
operations. In 1987, losses represented 
5.6 percent of lead chromate sales. 
Losses for 1985 and 1986 were 10.2 
percent and 11.0 percent of sales, 
respectively.

While the Harshaw/Filtrol 
information suggests low or non-existent 
profitability, OSHA does not believe 
that these data provide an accurate 
representation of the current financial 
condition of this industry. Heubach’s 
decline in profitability from 1984 through 
1986 was most likely due to the 
overvaluation of the dollar, but, as 
explained above, circumstances have 
changed. Additionally, while Heubach 
reported a decline in profitability of 55 
percent, no indication was given that the 
firm was not profitable. Harshaw/ 
Filtrol’s data also indicate poor 
performance, but substantial 
improvement is indicated for 1987. The 
information presented above indicates 
continued demand for the products of

this sector and domestic product prices 
which are internationally competitive.

Since financial data supplied by 
industry were not adequate to allow 
OSHA to estimate current rates of 
profitability for the lead chromate 
industry, Dun and Bradstreet financial 
statistics were used to compute 
economic impacts.

Costs o f  Com pliance. In developing its 
cost estimates, OSHA found that 
information supplied by commenters 
made it possible to project compliance 
costs for four of the five plants in the 
industry. Kikuchi Color & Chemical 
Corporation should incur no incremental 
costs due to this regulation [Ex. 476- 
264]. Detailed annual costs for two 
facilities Heubach, Inc. and Harshaw/ 
Filtrol (HF), are shown in Table 3. As 
noted in the table, certain estimates may 
be overstated due to the effect of dust 
reduced products. This effect is 
addressed below.

T a b l e  3 .— E st im a te d  Co s t s  o f  Com pli
an ce  f o r  P la n ts  in t h e  Lea d  Ch ro 
m a te  P ig m en ts  In d u st r y

Annua
lized

capital*
Annual
O&M

Total
annual

Heubach
Isolation—...
Belt dryerb.. $9,400 $0 $119,400
Exhaust—....
Belt dryer*... 2,936 2,000 4,938

Bagging “ ....... 199,550 153,000 352,550
Housekeep-

ing ...----- 1,718 14,090 15,808
Annual

cleaning..... 50,000 50,000

Total....... 213,603 219,090 432,693

Harshaw-Filtrol
Blending b...... 17,616 12,000 29,616
Bagging*..... 63.858 43,500 107,358
Isol—

packaging.... 35,250 0 35,250
Baghouses.... 26,424 18,000 44,424
Housekeep-

ing............. 1,145 9,970 11,115
Annual

cleaning..... 50,000 50,000
Central

vacuum...... 7,340 5,000 12,340

Total....... $151,633 $138,470 $290,103

•Capital costs were annualized using a 10% 
financing cost and a projected useful lue of 12 
years. For partitioning and isolation, a useful life of 
20 years was estimated.

“Cost estimates may not reflect dust reduced 
products. See text . .

Source: Occupational Safety and Health Adminis
tration, Office of Regulatory Analysis.

The Heubach facility will incur costs 
principally for the packaging of product 
and additional housekeeping measures. 
The Heubach facility has a total of 
seven packaging stations. Costs for 
bagging were estimated based on 
isolation and ventilation for five semi-
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automatic packers and on the purchase 
of two fully automated packers. Costs 
for ventilation and isolation for these 
stations were estimated to be $1.2 
million ($175,000 each) [Ex. 582-16J. 
Automatic palletizing equipment was 
also recommended. Evidence in the 
public record indicates that the cost of 
such a device would be $25,000 [Ex. 582- 
17]. Total costs for palletizing equipment 
for five semi-automatic packaging 
stations would be $125,000. Automated 
packers were also recommended, and 
OSHA assumes that two such baggers 
will be implemented at this facility.
Costs are estimated to be $85,000 per 
device, including packer and palletizer.

[Ex. 582-17}. Total costs for automated 
baggers at this facility are thus 
estimated to be $170,000. Costs for 
housekeeping equipment were also 
included for this facility (three portable 
vacuum sweepers at $3,900 each [Ex.
686i, p. 30]. Since the company has 
expressed its intent to phase out batch 
operations within two years, no costs 
will be incurred for this portion of their 
facility [Tr., p. 1187]. Evidence in the 
public record also indicates that a 
central vacuum system is already in 
place in this facility [Ex. 582-16].

In addition, Heubach identified 
construction of a containment wall 
around the belt dryer as an additional 
control measure to reduce the exposure 
of the operator below the 50 pg/m3 PEL 
(except during periodic leanout) [Ex. 
582-16, p. 21]; in oral testimony, 
representatives of Heubach did not 
identify this as an area where employee 
exposures are consistently above 50 pg/ 
m3 [Tr., pp. 1165-1169]. It is not clear 
from this information whether the belt 
dryer is contributing to employee 
exposures above 50 pg/m3; OSHA has, 
however, incorporated Heubach’s cost 
estimates for this operation into its own 
cost estimates for this facility.

Heubach also provided cost estimates 
associated with reducing employee 
exposures to lead in the continuous 
centrifuge area of the plant. Heubach 
suggested that continuous centrifuges be 
partitioned from the rest of the work 
area; however, Heubach also noted that 
employees in this area are “generally 
below the 50 pg/m3 PEL at this time”
[Ex. 582—18, p. 19]. Because exposure 
levels are generally in compliance,
OSHA has not included Heubach’s 
estimated costs for this area in its own 
compliance cost estimates.

In the Harshaw/Filtrol facility, costs 
will be incurred for blending ($120,000), 
baghouses dedicated to separate colors 
($180,000), and bagging equipment 
($435,000) [Ex. 582-17}. (Costs for 
bagging include three local exhaust 
ventilation systems at $60,000 each,

three automatic palletizers at $25,000 
each, and three automated baggers at 
$60,000 each. Cost estimates for bagging 
systems required at the Harshaw/Filtrol 
facility were based on Ex. 582-17. Costs 
for housekeeping equipment (two 
portable vacuum sweepers at $3,900 
each and a central vacuum system at 
$50,000) were also estimated. Isolation 
or partitioning of the packaging area 
could also be required, and additional 
capital costs would be estimated at 
$100,000.

The cost of regular cleaning (assumed 
to be done annually) was estimated to 
be $50,000 for the large facilities 
(Heubach and Harshaw/Filtrol) [Ex. 
694-9].

Annualized capital costs were 
computed based on a projected useful 
life of twelve years, except in the cases 
of partitioning and isolation for which 
twenty years was used, and a ten 
percent financing Gost. Operating and 
maintenance (O&M) expenses were 
calculated at ten percent of capital 
costs. O&M costs for housekeeping 
include HEPA filter replacement, at 
$2,000 per sweeper per year, and costs 
for additional labor, estimated to be 
$6,920 for the Heubach facility and 
$5,190 for Harshaw/Filtrol. (Incremental 
labor costs are based on an estimate of 
2 person-hours for the Heubach facility 
and 1 and one-half person-hours for the 
Harshaw/Filtrol facility, performed at 
an average wage of $13.84 over fifty 
weeks, five days per week). Additional 
housekeeping will be particularly useful 
in removing from surfaces pigment 
released during the cleanout operation.

As shown in Table 3, total annual 
costs for the Heubach facility are 
estimated to be $432,693. Harshaw/ 
Filtrol would be expected to incur 
annual costs of $290,103.

As noted in the table, these estimates 
may not reflect the effect of the dust 
reduced products used by these firms. 
Heubach testified that they expect to 
see “significant reductions in dust 
exposures during dry pigment handling 
operations, such as blending and 
packaging” [Tr., p. 1156]. In both 
facilities, bagging area operations 
accounted for a significant part of total 
costs. OSHA estimates that with dust 
reduced products the costs for bagging 
operations would be substantially 
reduced. For each of these firms, these 
products would most likely eliminate the 
need for isolation of the packaging areas 
resulting in an estimated reduction in 
annual costs of about $95,000 for 
Heubach and over $35,000 for Harshaw/ 
Filtrol. Thus, annual costs would be 
expected to be reduced to $340,000 for 
Heubach and $255,000 for Harshaw/ 
Filtrol.

The costs for these two plants were 
related to the types and quantity of 
certain pigment products and production 
equipment. In the absence of specific 
cost or process information pertaining to 
the remaining plants, OSHA has 
assigned costs based on the lead 
chromate capacity of these plants. 
Annual costs for the Heubach facility 
are equivalent to $12,363 per million 
pounds of capacity. At Harshaw/Filtrol, 
annual costs are equivalent to $14,505 
per million pounds. Averaging these two 
values yields $12,434 per million pounds. 
The production capacities of the 
remaining plants are estimated to be 3 
million and 1 million pounds. Annual 
costs for these plants are estimated to 
be $40,302 (Wayne Pigment) and $13,343 
(NL Chemicals), respectively. (Due to 
economies of scale, this methodology 
may underestimate costs for smaller 
operations somewhat).

Total industry annual expenditures 
are expected to be about $777,000. These 
costs are exclusive of major process or 
product modification, such as converting 
batch processing to continuous or semi- 
continuous processing. Data in the 
public record submitted by Heubach 
[Ex. 582-16] indicate the magnitude of 
such additional costs. Heubach 
estimated total dryer replacement to 
cost $1.5 million to $2.0 million. A 
process conversion as completed by 
Harshaw/Filtrol [Ex. 476-244] would 
require at least $5.0 million in capital 
resources. Cost data were also reported 
regarding separate grinding lines 
dedicated to different product groups 
[Ex. 475-37]. Costs for this type of 
process modification were $4.3 million 
in 1975.

Econom ic Feasibility. The economic 
impacts of the 50 pg/m3 lead standard 
on the lead chromate pigments industry 
are summarized in Table 4.

Lead related sales for the industry 
were determined by summing 1987 value 
of shipments of chrome yellow, chrome 
orange, and molybdate chrome orange, 
and 1984 value of shipments for chrome 
green (1984 was the last year for which 
the Census Bureau published data for 
chrome green). [Current Industrial 
Report, Inorganic Chemicals (MA28A), 
Bureau of the Census, U.S. Department 
of Commerce]. Total value of industry 
shipments ($58 million) were then 
apportioned among the five producers 
(four of which are expected to incur 
costs) on the basis of capacity, and are 
shown in column 1 of the Table. (NL 
Chemicals was assumed to account for 
about 1.6 percent of industry capacity). 
Percentages of total sales, shown in 
column 2, were obtained from 
information supplied during the public
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hearing [Tr., p. 1132] and were used to 
compute the estimates of total corporate 
sales shown in column 3. Total sales for 
Wayne Pigment were obtained from 
Dialog Information Services (Duns

Financial Records Plus). Lead related 
profits appear in column 4. For three of 
the firms, corporate profits were 
estimated and appear in column 5. 
Based on the discussion of financial

statistics provided above, profits were 
computed using the Dun and Bradstreet 
1986 rate of return on sales (ROS) for 
SIC 2816 of 4.9 percent.

T a b l e  4 .— S u m m a r y  o f  E c o n o m ic  Im p a c t s  f o r  t h e  L e a d  P ig m e n t s  In d u s t r y

Plant

Lead
related
sales

($
thous.)

% of 
total 
sales

Total sales ($ 
thous.)

Lead 
related 

profits ($ 
thous.) •

Total 
profits ($ 
thous.) •

Annual 
costs ($ 
thous.)

Ratio:
costs/
lead

related
sales

Ratio: 
costs/lead 

Rel. 
profits "

Ratio: 
costs/total 

profits b

Heubach.............................................................................. 32222 50 64444 1579 3158 432.69 0.01343 0.18087 0.09044
Harshaw/Filtrol................................................................... 18413 30 61376 902 3007 290.10 0.01576 0.21222 0.06367
Wayne Pigment.................................................................. 1520 30 5065 74 248 40.30 0.02652 0.35725 0.10717
NL Chemicals..................................................................... 921 <c) <c) 45 <«> 13.43 0.01459 0.19655 <c)

•Profits after taxes were obtained using a rate of return on sales (ROS) of 0.049 [Dun and Bradstreet Industry Norms, 1987] [Ex. 579. p. 18]. 
See text for derivation. Profit impacts were computed using the following federal income tax schedule: Heubach, Harshaw/Filtrol, Wayne Pigment, and NL 

Chemical: 0.34. 
c Not available.
Source: Occupational Safety and Health Administration, Office of Regulatory Analysis.

Estimates of annual costs appear in 
column 6. OSHA used conservative 
estimates; that is, compliance costs were 
not adjusted for possible reductions due 
to dust reduced products. Impacts in 
columns 7, 8, and 9 are thus overstated 
to this extent.

Cost to sales ratios for the five firms 
listed appear in column 7 of Table 4 and 
indicate that price increases of about 
1 y2 percent will be required for 
Heubach, Harshaw/Filtrol, and NL 
Chemical to pass the costs of 
compliance through to customers.
Wayne Pigment would require over a 
2 V2 percent increase. OSHA believes 
that pass-through is possible for at least 
a portion of compliance costs.

First, as noted earlier, substitutes for 
these pigments are scarce and when 
they are available, they are expensive. 
The largest market for lead chromate 
pigments is traffic paint, a use for which, 
as noted above, no substitutes exist.
This is also a use for which demand is 
high and which is produced primarily for 
public consumption; thus, full cost pass
through is likely, either in the form of 
local taxes or other revenue 
enhancement mechanisms such as 
municipal bonds [Ex. 582-17, p. 7]. 
Second, as demonstrated above, the 
price competitiveness of U.S. producers 
in the world market has improved due to 
the decline in the U.S. dollar. Import 
penetration, therefore, is not expected to 
be a major deterrent to U.S. producers 
increasing prices. The ability of this 
industry to pass through at least a 
portion of compliance costs was 
indicated by Heubach, as they noted “it 
is estimated that as little as 25 percent 
of the cost of meeting the PEL could be 
passed along through price increases” 
[Ex. 582-16].

Profit impacts appear in columns 8 
and 9 of Table 4. (Information in the 
public record does not allow the 
calculation of corporate profits for NL 
Chemicals; therefore, profit impact on 
total sales has not been estimated.) It 
should be noted that the tax- 
deductibility of compliance costs was 
taken into account in computing profit 
impacts. That is, care was taken to 
compute before-tax profit before 
subtracting annual costs. After 
subtracting annual costs, the 
appropriate average tax rate (34 
percent) was then reapplied to 
determine after-tax profit net of costs.

As shown in the table, impacts on 
lead related profits will range between
18.1 and 21.2 percent for all firms except 
Wayne, for which impacts will be about 
36 percent. The ability of the firms in 
this industry to absorb the costs of 
compliance however, depends not only 
upon the profitability of their lead 
chromate operations but also on the 
extent to which they engage in activities 
other than the manufacture of lead 
pigments. OSHA has computed profit 
impact ratios with respect to total 
corporate profits and these figures are 
also presented in Table 4. Impacts on 
total profits range from about 6.4 
percent for Harshaw/Filtrol to about •
10.7 percent for Wayne.

In the case of full absorption (which 
OSHA believes should not be 
necessary), ROS for lead chromate 
operations could dip 0.9 percent for 
Heubach, from 4.9 percent to 4.0 percent, 
1.0 percent for Harshaw/Filtrol, 0.9 
percent for NL Chemical, and 1.8 percent 
for Wayne, for which ROS could drop to 
about 3.4 percent. Corporate ROS could 
dip as much as 0.6 percent, from 4.9 
percent to 4.3 percent, for Wayne.

Based on this analysis, OSHA finds 
that the impact of this rulemaking action 
will not threaten industry existence or 
structure. OSHA’s reasoning is as 
follows.

First, it is estimated that one of the 
five domestic producers, Kikuchi Color 
and Chemical, will incur no costs as a 
result of this rule. Another, NL 
Chemical, is a corporation in the $50 
million asset size class and lead 
chromate production accounts for only a 
small proportion of total corporate sales 
[Ex. 579, p. 16). It is estimated that this 
corporation produces less than 2 percent 
of total industry output. Costs of 
compliance are projected to be lowest 
for this firm, which may absorb into 
corporate profits all costs which cannot 
be passed through. Profit impact 
calculations for the remaining firms 
indicate that compliance costs can be 
absorbed.

Second, OSHA has shown that some 
cost pass through is possible, based on 
the large proportion of industry capacity 
represented by traffic paint, the 
unavailability of reasonably priced 
substitutes, and improved market 
conditions for U.S. producers.

Third, Heubach, with approximately 
one-half of total industry capacity, has 
announced that it will be converting 
exclusively to dust-reduced products. 
Representatives of the company testified 
that this product may offer up to an 
eight-fold reduction in the dusting level 
of the finished product [Tr., p. 1156). 
Similarly, Harshaw/Filtrol has 
developed a proprietary treatment to 
reduce the dust-generating quality of its 
product [Ex. 684h, p. 3). As consumer 
acceptance of dust-reduced products 
increases, exposures and, hence, control 
costs would be expected to be reduced.
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As noted above OSHA’s cost estimates 
and, hence, impacts are believed to be 
overstated.

Finally, OSHA observes that 
Heubach, Incorporated, purchased its 
chemical production facility in 1984 [Tr., 
p. 1138}. Since then, the company has 
invested in both process and product 
modification [Tr., p. 1187]. The purchase 
of this facility during pending regulation 
indicates investors’ confidence in their 
ability to operate profitably in the 
pigment market.

Thus, with respect to current market 
structure and demand, OSHA concludes 
that the 50 pg/m3 standard is 
economically feasible for the lead 
pigments industry within a 2xh  year 
compliance schedule. All of the four 
producers expected to incur costs 
should be able to finance the costs of 
this rule through a combination of pass
through and absorption.
5. Leaded Steel

P rocess D escription and Sources o f 
Exposure—Overview. Molten steel is 
produced in furnaces, poured into ladles, 
and then cast. The casting can either be 
accomplished by a process known as 
teeming or by continuous casting. In 
either case, lead is first added to the 
product at the casting stage. Thus, 
unless the furnace has been charged 
with lead-containing scrap, or unless 
there is cross contamination from 
downstream operations, operations 
prior to the casting process should 
involve little or no lead exposure. After 
casting, the leaded steel is further 
shaped by rolling and surfaces are 
conditioned to customer specifications.

Furnace Operations. In the United 
States, steel is produced by either an 
electric arc furnace or a basic oxygen 
furnace. When the electric arc furnace is 
used, steel scrap is charged into the 
furnace, where it is melted. Iron oxide or 
oxygen is injected into the molten metal, 
which reacts to remove impurities. Flux 
and alloy materials are added to 
produce the specified molten steel. 
Molten steel is poured from the electric 
arc furnace into large ladles that 
transport the steel to the teeming aisle. 
The addition of lead to make leaded 
steel takes place at the teeming aisle. 
Currently, three leaded steel producers 
use electric arc furnaces.

When the basic oxygen furnace (BOF) 
is used, molten iron, which is produced 
in a blast furnace, is charged into the 
BOF. Oxygen is blown into the BOF 
through a lance to remove excess 
carbon. Then flux (limestone) is added, 
which reacts to remove impurities. The 
injection of oxygen into the molten 
metal continues until the desired degree 
of purification is achieved. With the

addition of alloying elements, molten 
steel is produced. The steel is poured 
from the BOF into large ladles that 
transport the steel to the teeming aisle, 
where lead is added in leaded steel 
production. Currently, two steel 
manufacturers use the basic oxygen 
process.

Teeming. After the molten metal is 
tapped into the ladle, the ladle is then 
carried by an overhead crane to a 
platform, where the molten steel is 
poured into ingot molds, a process 
known as teeming. Railroad cars 
adjacent to the teeming platform are 
used to bring ingot molds to the teeming 
area. A typical ingot mold has a 
capacity of 5 to 10 tons, and a typical 
heat produces enough molten steel to fill 
15 to 40 molds (Ex. 582-87, p. 6].

The teeming process can be done by 
top pouring or bottom pouring of molten 
steel into the ingot molds. The top 
pouring process aligns the ladle over 
each individual mold and fills the mold 
with a controlled stream of steel from 
the bottom of the ladle. The bottom 
pouring process involves aligning the 
ladle over a refractory lined cast iron 
funnel, which is connected to the bottom 
of a series of molds with refractory 
tubes. The steel is then teemed into the 
funnel with a controlled stream which 
fills the complete series of connected 
molds at the same time (Ex. 582-87, p. 6).

In the production of leaded steel, lead 
is added during the teeming process. 
During top pour teeming, workers add 
lead into the top of the ingot mold as 
molten steel is poured, either by placing 
bags filled with lead shot or by 
pneumatic injection of lead shot using a 
lead gun comprised of a rubber hose and 
long steel pipe with a nozzle (Exs. 582- 
87, p. 8; 620X). During bottom pour 
teeming, lead shot is added to the 
stream of molten steel poured into the 
centrally located funnel. The process of 
adding lead lasts between 5 and 60 
minutes, depending upon the size of the 
ingot, the lead content, and the number 
of ingot molds being filled. The quantity 
of lead added to each ingot mold varies 
between 40 and 110 pounds (Ex. 582-87,
p. 8).

In the process of adding lead to the 
molten steel, the temperature of which is 
2685° to 2750° F, a substantial quantity 
of lead is volatilized. According to AISI, 
the amount of lead loss per ingot due to 
fuming ranges from 5-35 pounds (Ex. 
582-87). The volatilization of lead 
contributes significantly to the amount 
of airborne lead in the plant.

Employees who work on or around 
the teeming platform experience high 
exposures to lead. They include workers 
who supervise the addition of lead to 
the ingot molds; workers who add lead

to the molds with a pneumatic gun or by 
placing bags of lead shot into the molds; 
workers who operate or maintain the 
teeming ladle and ingot molds; workers 
who pour molten steel from the ladle 
into the ingot molds; and workers who 
monitor the addition of lead to ensure 
that the leaded steel has the appropriate 
metallurgical properties.

Stripping and Soaking. After the steel 
is solidified in the molds at the platform, 
which takes two to three hours, the 
railroad cars are moved to a stripper 
area where ingots are removed from the 
molds by giant tongs. Usually while still 
hot, the ingots are then charged into 
soaking pits, which are large, gas-fired, 
refractory-lined, covered furnaces used 
to heat the ingots up to approximately 
2400° F, the temperature required for 
rolling steel (Ex. 582-87, p. 7).

Because of the automation in this 
process, there appears to be little or no 
lead exposure for the employees.

Rolling O perations—Prim ary M ills 
and B ar M ills. The heated ingots are 
then removed from the soaking pits and 
sent to the primary rolling mills or 
roughing mills to be rolled into 
semifinished forms of steel such as: 
blooms (which are roughly square in 
cross-section); slabs (which are 
rectangular); and billets (which have 
smaller cross-section areas than blooms 
but are usually much longer) (Ex. 582-87, 
p. 7).

Companies typically begin the rolling 
cycle by rolling the largest sizes of steel 
products first, and then continue rolling 
sequentially smaller sizes of products 
until the smallest size is rolled. The 
cycle then begins anew. Leaded steel is 
rolled according to where its size fits in 
the cycle. Accordingly, rolling 
operations only produce intermittent 
employee exposures to lead.

In the primary mills, ingots are rolled 
into blooms which are then rolled into 
billets. Before reaching the bar mills 
where billets are rolled into final 
product, the steel is transferred to a 
reheat furnace and heated to proper 
rolling temperature. Depending on the 
final product dimensions, the steel is 
then rolled on bar mills of various sizes, 
ranging from 8-inch to 24-inch mills.

Employees who are potentially 
exposed to airborne lead during rolling 
operations include workers who operate 
the rolling mills, workers who assist the 
mill operators by adjusting the rolls and 
mill stands, workers who gauge leaded 
bars during bar mill operations for the 
precise dimensions required, workers 
who transport leaded steel between mill 
stands, and workers who chain bars to 
cranes so that the bars may be moved 
(Ex. 582-87, p. 15).
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Surface Conditioning,/Finishing. 
Following primary rolling or bar mill 
operations, leaded steel may be sent 
through surface conditioning or finishing 
operations. The conditioning removes 
any surface defects that might affect the 
final product. Conditioning can be 
accomplished by grinding or scarfing out 
the defects in the rolled steel. Grinding 
is performed by large, high speed, 
automatic grinding machines or 
manually by spot grinding. The scarfing 
process, which can be done 
automatically or manually, involves 
burning off surface imperfections with 
an oxy-fuel torch (Ex. 582-87).

Most surface conditioning is 
performed on billets, most often by 
grinding the surface with a grinding 
machine. Hand scarfing is required in 
certain limited circumstances to satisfy 
customer requirements and results in 
high lead levels when scarfing leaded 
steel. To meet certain quality standards, 
it may be necessary to have several 
rolling and conditioning steps before the 
steel is rolled into a finished product. 
Employees are potentially exposed to 
lead when performing surface 
conditioning on leaded steel products.

Continuous (Strand) Casting. There 
are several kinds of continuous (strand) 
casting machines used in steel 
production, such as slab, billet, or bloom 
casters. The kind of caster relevant to 
leaded steel production is a bloom 
caster. Currently one company is using 
this continuous casting method instead 
of the traditional teeming process to 
produce leaded steel (Ex. 694-41, p. 12).

In continuous casters, molten steel is 
poured from a ladle into a tundish, 
which is likened to the large open 
portion of a funnel. The stem portion of 
the funnel is the mold and its cross- 
sectional shape determines the type of 
product or continuous strand the caster 
can produce; i.e., square to produce 
blooms or rectangular to produce a slab. 
The bloom caster used to produce 
leaded steel has two strands, each of 
which produces a continuous strand of 
steel having the cross-sectional 
geometry of a bloom. Lead is added to 
the molten steel in the tundish. Fume 
can evolve from its surface when lead is 
added (Ex. 694-41). The area from which 
fume is emitted is much larger than the 
open surface area of an ingot mold on a 
teeming platform, and if not properly 
ventilated, can present a major source of 
employee exposure to lead. The molten 
metal is cooled and shaped as it is 
moved by rollers during the forming of 
the strand. Each strand can be several 
hundred feet long. At the end of the 
casting process, each strand of solidified 
steel is cut with a torch into the desired

lengths to be reheated in furnaces and 
sent to a primary rolling operation. After 
primary rolling, the cast bloom is further 
processed in bar rolling mills and 
surface conditioning areas as needed. 
The ends of the strand and samples of 
the continuously cast steel are also cut 
with a torch. The burning of leaded steel 
with a torch generates lead fume and 
creates another source of exposure to 
the operator as well as the employees 
nearby (Ex. 694-41, p. 15).

O ther O perations—Scrap Handling 
and M aintenance. Other areas of 
exposures to lead can be found in scrap 
operations and in the maintenance of 
baghouses. In scrap operations, scrap 
may be cut as well as stored (e.g., 
cobbles are cut with torches or 
hydraulic cutters). Whether done 
indoors or outdoors, all forms of cutting 
or burning leaded steel result in 
significant lead exposures. The extent of 
exposure depends in part on the amount 
of lead in the scrap metal. Maintenance 
personnel are subject to intermittent but 
high levels of airborne lead, especially 
in operations such as cleaning out 
baghouses.

Additionally, crane and ground 
mobile equipment operators working in 
the teeming area, the furnace area, the 
rolling mills, and in surface conditioning 
areas may also be exposed to high air 
lead levels.

Existing Exposure Levels. There are 
approximately 2,000 employees working 
in the production of leaded steel who 
are exposed to lead (Tr. 935). Of these, 
approximately 75% are only 
occasionally exposed to lead above 50 
pg/m 3 and generally have average 
exposure levels well below 50 pg/m 3 
(Ex. 681, p. 16). Thus, an estimated 495 
employees are routinely exposed to air 
lead levels exceeding 50 pg/m 3. This 
constitutes 25% of the lead-exposed 
employees in leaded steel and less than 
one-half of 1% of all production 
employees in the steel industry.

Moreover, based on the best available 
evidence, exposure levels can be, and in 
at least one plant are controlled to 
below 50 pg/m 3 most of the time in 
every operation (see discussion below of 
LTV data). In the operation that appears 
most difficult to control to 50 pg/m 3, the 
pouring of leaded steel, conventional 
controls in teeming or continuous 
casting appear to be capable of 
controlling exposures to or below 50 pg/ 
m3.

OSHA’s analysis of the feasibility of 
achieving 50 pg/m 3 is based primarily 
on the raw exposure level data 
submitted to the docket by LTV, one of 
the five leaded steel producers and a 
member of the American Iron and Steel

Institute (AISI), the industry trade 
association. For several reasons, OSHA 
has determined that these data (Ex.
688a) are the best available evidence of 
existing exposure levels and of the 
feasibility of achieving 50 pg/m3.

First, all of the sampling at LTV was 
carried out when leaded steel was being 
produced. Second, LTV, alone among all 
leaded steel producers, supplied OSHA 
with individual sampling results of 
recent air lead monitoring, which 
enabled OSHA to make its own 
evaluation of the data. Third, again 
alone among all leaded steel producers, 
LTV supplied OSHA with annotations 
explaining certain sampling results, 
enabling OSHA to better evaluate the 
meaning of the raw data. Fourth, LTV's 
data are very current, covering 1984-
1988. Fifth, since the ultimate issue in 
this rulemaking involves the 
technological feasibility of achieving a 
PEL of 50 pg/m3, the strongest evidence 
for such feasibility is that 50 pg/m3 
already is being achieved. Sixth, an LTV 
representative testified that his facility 
is typical in size and nature of operation 
to the other plants that produce leaded 
steel (Tr. 893). Finally, as suggested 
above, all of the data submitted by other 
sources are significantly less complete, 
useful and useable.

For example, AISI, which submitted 
two overlapping sets of data to the 
record, failed to provide OSHA with 
recent, individual sampling results, a 
description of associated control 
technologies, or any explanation of 
potentially aberrant sampling results. 
Indeed, until its second submission of 
data late in the rulemaking, AISI’s sole 
submission of data incorporated only 
ranges of exposure levels in various job 
categories without any indication of the 
frequency of various distributions (Ex. 
673, p. 3). Unfortunately, it is hardly 
useful for OSHA to know only that 
among steel pourers exposures ranged 
from 1-1,038 pg/m3 or that among 
scarfers the range was 1-784 pg/m3. 
Such data do not provide an adequate 
picture of typical exposure levels or 
provide any sense of the efficacy of 
existing controls. Moreover, AISI’s data 
are not organized plant by plant and 
therefore are not amenable to serious 
analysis for purposes of determining 
feasibility. Similarly, OSHA cannot 
ascertain from such submissions why a 
particular result at some unidentified 
plant was as low as 1 pg/m3 or why 
another was as high as 784 pg/m3. Thus, 
OSHA cannot determine if a sampling 
result of 1 pg/m 3 is due to the existence 
of sophisticated controls in a particular 
plant or simply represents a sample 
collected when leaded steel was not
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being produced. OSHA canndt derive 
meaningful conclusions from such 
exposure data.

AISI’s second submission of data (Ex. 
694-41, p. 24) is more substantial than its 
first but is still of only limited use. This 
submission includes additional 
aggregate data on the frequency 
distribution of samples within certain 
ranges of exposure levels. However, the 
data are not broken down plant by 
plant; nor are the associated control 
measures described. As a result, OSHA 
still cannot determine what controls in a 
particular plant are associated with 
what exposure levels.

In addition, the job titles used in the 
earlier submission are absent in this 
submission. In each work area listed, 
exposure levels from many jobs 
apparently are mixed together (e.g., 
supervisors, crane operators, etc.) 
Consequently, OSHA also cannot 
ascertain the exposure levels for 
employees performing particular 
operations Thus, for example, where 
AISI data indicate that 47 out of the 103 
samples in teeming are over 200 pg/m8, 
OSHA cannot determine whether these 
results represent crane operators, 
leadmen who manually add bags of lead 
shot to molten steel, or other workers. 
Similarly, OSHA cannot ascertain how 
sampling results said to be within a 
specified range are distributed within 
that range. Thus, for example, where 
AISI data indicate that 107 samples are 
in the 50-99 pg/m8 range, OSHA cannot 
determine whether some, many or even 
all may be close to 50 pg/m3. OSHA 
therefore has concluded that little 
meaningful analysis can be made of 
AISI’s second submission of data.

The failure to submit detailed data 
restricts OSHA’s analysis. OSHA

explicitly requested disaggregated 
information and data in the Federal 
Register notice announcing the 1987 
hearing in this rulemaking (52 FR 28727; 
August 3,1987). OSHA reiterated the 
request during the public hearing (Tr. 
1040-42). Nevertheless, AISI and, with 
one exception, the industry as a whole 
did not provide OSHA with such data 
and information. Similarly, AISI 
declined to arrange site visits for OSHA 
after the November hearing.

Finally, the exposure levels summarily 
reported by AISI for 1986-87 are higher 
than exposure levels reported for 1977- 
81 (Exs. 489, H-004E; 553-6, p. 1-5). This 
is contrary to the lower levels that 
would be expected in recent years, 
because 8 to 12 years ago production 
levels were substantially higher and 
serious modernization of the steel plants 
had not yet begun (Ex. 578, p. 14). In this 
context, the Agency cannpt accept at 
face value AISI’s contentions and its 
incomplete, aggregated and unexplained 
data.

Consequently, OSHA agrees with 
Meridian’s assessment that LTV data 
are the best and most detailed evidence 
of exposure levels in the record. The 
Agency therefore has relied primarily on 
the raw data submitted by LTV (Ex 
688a).

Those data have been summarized on 
the record by Meridian (Ex. 686H, p. 12; 
see Table 2, below) and by AISI (Ex. 
694-41, p. 20; see Table 1, below). OSHA 
has also independently analyzed the 
raw data. OSHA’s analyses of the raw 
data and the two summaries all show 
that LTV is able to achieve exposure 
levels at or below 50 pg/m3 in all, or 
nearly all of its operations. Although 
AISI has made much of an alleged 
distortion of the raw data in Meridian’s

summary, OSHA sees no significant 
difference in the import of the two 
summaries. Nonetheless, OSHA will 
rely upon industry’s summary.

According to AISI’s summary, 81% of 
all the sampling results are below 50 pg/ 
m3 (Ex. 694-41, p. 20; see Table 1, 
below). In addition, 66% are below the 
action level (30 pg/m8), while 93% are 
below 100 pg/m3. In all but one 
operation, the scrapyard, approximately 
two-thirds or more of the sampling 
results are below 50 pg/m3. In the 
scrapyard, which AISI has not identified 
as a problem area for the industry (Tr. 
941-42), there are only two sampling 
results. One is below 30 pg/m3 and the 
other is between 50 pg/m8 and 74 pg/ 
m3. In only two operations are any 
sampling results above 100 pg/m3. In 
one of these two, crane operators, only 
two of 19 results are above 100 pg/m3. 
One is 101 pg/m3 and the other is 215 
pg/m3. However, LTV s annotation to 
the monitoring results indicates that the 
crane cab’s windows were opened 
during pouring, when that second 
sample was taken (Ex. 688a).

AISI identifies three operations as 
problem areas for the industry— 
teeming, rolling and conditioning (Exs. 
582-87, pp. 8-16; 681, pp. 6-15). In two of 
these operations, rolling and 
conditioning, 90% or more of the 
sampling results at LTV are less than 50 
pg/m8 (see table 1, below). Moreover, in 
these two, all results are below 100 pg/ 
m8 which suggests that high exposure 
levels have been eliminated by effective 
controls. In pouring, the third problem 
area identified by AISI, 65% of all 
sampling results are less than 50 pg/m3 
and only 21% are at or above 75 pg/m8.

T a b l e  1 .— AISI S u b m is s io n  o f  R e v is e d  S u m m a r y  o f  L T V  D a t a  (E x . 6 9 4 -4 1 )

Work area

Scrap yard.......... ................
Pouring..................................
Rolling............. .....................
Conditioning....... ........ .........
Crane Operator.............. .

Total.

1 Meridian's summary covers onljM 987-88 exposure data and only data for employees working heats that were specifically

N <30 30-50 50-75 75-100

2 1 1
14 9 2 3
13 11 2
5 3 1 1
9 5 2 1 1

43 29 4 3 3 4

labeled as leaded.
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OSHA’s own analysis of LTV’s 1987- 
88 raw monitoring data confirms the 
conclusions drawn from the summaries 
above. This is most clearly 
demonstrated by focusing on the entire 
pouring operation, which is considered 
to be among the most difficult to control, 

The average of all monitoring results 
in pouring at LTV in 1987-88 is 109 pg/ 
m3 (see Table 3, below). However, 
within pouring there are five job 
classifications of employees who 
perform quite different tasks and 
experience different exposures to lead. 
These are: crane operator, power, 
moldman, metal observer, and recorder, 
Broken down into component job 
classifications, exposwe levels for 
various categories of employees in the 
pouring operation look quite different 
from the overall average. For example, 
average exposwes for moldman, metal 
observer and recorder are all below 40 
pg/m3. The crane operator’s average is 
60 pg/m3. Only the average of powers, 
who are generally considered to be

among the employees who are exposed 
to the highest lead exposures, is higher 
than 60 pg/m3, at 179 pg/m3.

However, in the case of both the crane 
operator and the power these averages 
are greatly increased by what appear to 
be atypical events occurring on one 
particular day. For the crane operater, 
only one of seven monitoring results is 
above 67 pg/m3. That result, 215 pg/m3, 
was recorded on a day when, LTV 
notes, the crane cab’s windows were left 
open during most of the sampling time. If 
that single result is not counted, the 
crane operator’s average exposure level 
would drop from 60 pg/m3 to 35pg/m3. 
Even including this single high data 
point, the geometric mean exposure 
level for crane operators is 40 pg/m3.

Similarly, for die power, 10 of 13 
monitoring results are below 40 pg/m3. 
The three exposwe readings above 40 
pg/m3 (309, 910, and 922 pg/m3) were 
all obtained on one day, apparently 
during one shift. Because these high 
levels were experienced at the same

time and are atypical of most other 
exposwe measwements obtained for 
this job category, OSHA assumes some 
unusual condition, like an upset, must 
have existed. If those results are not 
counted, the pourer’s average exposure 
level is 20 pg/m3. In any event, even 
including the three high data points, the 
geometric mean for powers is 40 pg/m3.

Looking at the LTV data for the entire 
pouring operation from a different 
perspective, 78% of all sampling results 
in 1987-88 from that operation are below 
50 pg/m3. In the job classification of 
power, 77% of the sampling results are 
below 50 pg/m3. All other operations in 
the production of leaded steel are 
generally considered to be easier to 
control than pouring.

OSHA therefore concludes that air 
lead levels at or below 50 pg/m3, are 
being achieved most of the time in all 
operations at LTV. This conclusion is 
supported by AISI’s and Meridian’s 
independent summaries of the data.

Pourer.„........ ....
Crane Operator
Moldman..........
Met. Observe.... 
Record..............

Total......

Ta b le  3.—OSHA’s S um m ary  o f  E x p o s u r e  Data f o r  P ou rin g  a t  LTV, 1987-88

Job classification No. of Arithmetic Geometric Distribution of exposure data
samples mean mean <50 <75 <100 <200 200

13 179 40 10 (77%) 10 (77%) 10 (77%) 10 (77%) 3 (23%)
7 60 40 4 (57%) 6 (86%) 6 (86%) 6 (86%) 1 (14%)
3 38 3 (100%) 3 (100%) 3 (100%) 3 (110% 0 ( 0 % )
3 24 3 (100%) 3 (100%) 3 (100%) 3 (100% 0 ( 0 % )
1 11 1 (100%) 1 (100%) 1 (100%) 1 (100%) 0 ( 0%)

27 109 21 (78%) 23 (85%) 23 (85%) 23 (85%) 4 (15%)

One other producer has switched to 
continuous casting of leaded steel and 
no longer relies on teeming (Ex. 582-87, 
Att. A, p. 9). AISI contends that 
exposwes in continuous casting “remain 
above 100 pg/m3” (Ex. 673, p. 5). 
However, data submitted by AISI for 
that one producer contradict AISI’s 
assertion and show that a majority of 59 
sampling results for continuous casting 
are at or below 50 pg/m3 and 93% of the 
result are at or below 100 pg/m3 (Ex. 
694-41, p. 16).

T a b l e  4 .— Le a d  C o n c e n t r a t io n  F r e 
q u e n c y  D is t r ib u t io n  f o r  C o n t in u 
o u s  C a s t in g , 1 9 8 7 -8 8

N <50 <100 <200 >200

59....... 31 (53%) 55 (93%) 57 (97%) 2 (3%)

Source: Submitted by AISI (Ex. 694-41)

Data submitted by LTV concerning 
exposwe levels during LTV’s 
experiments with continuous casting 
also contradict AISI’s contention; each

of seven sampling results taken dwing 
that operation were below 50 pg/m3. 
(Ex. 688a).

There are two other data sets from 
earlier years in the record that OSHA 
finds consistent with the Agency’s 
analysis of exposure levels. These data 
sets were submitted by a former OSHA 
contractor, JACA (Ex. 553-6, p. 1-5), and 
the United Steelworkers (USWA) for the 
years from 1977-81 (Exs. 489, H-004E; 
578, p. 9). Both indicate exposure levels 
lower than AISI’s 1986-87 data.

In the case of USWA’s submission 
involving exposwe levels at Republic 
Steel’s Buffalo plant between 1979-80, a 
majority of sampling results in 6 of 8 
operations were even then at or below 
50 pg/m3. In one of the two operations 
(crane operator) with sampling results 
over 50 pg/m3, there is only a single 
monitoring result, 61 pg/m3. In the other 
operation over 50 pg/m3 the average 
exposure level is 86 pg/m3 and no result 
is over 200 pg/m3 (Ex. 578, p. 9).

With regard to the JACA report, 
which is based on data provided by

AISI for 1977-81, 44% of the sampling 
results at that time were below 50 pg/ 
m3 (Ex. 553-6, p. 1-5). However, AISI 
now reports that in 1986-87 only 38% of 
the sampling results are below 50 pg/m3 
(Ex. 694-41, p. 21). AISI offers no 
explanation of why worker exposwe 
levels are rising as production is falling 
and the industry is modernizing. OSHA 
questions whether exposwe levels 
should be increasing under such 
conditions. AISI’s data are also 
inconsistent with the exposure data 
from LTV, which show the vast majority 
of exposure samples are at or below 50 
pg/m3.

Existing Controls. In leaded steel 
production, local and general ventilation 
constitute the primary method for 
controlling air lead levels. In addition, 
filtered-air work stations and cabs 
regularly are used. In the three work 
areas that AISI has identified as 
problem areas, teeming, rolling, and 
conditioning, current controls are as 
follows:
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Teeming. Leaded steel is poured on a 
teeming platform where local exhaust 
systems of different designs capture and 
exhaust the lead fumes generated after 
lead shot is added to the molten steel 
(Ex. 582-87, Att. A, p. 6). Generally, each 
ventilation system utilizes side-draft 
hoods or shrouds to capture the^ead 
fume emitted during teeming. Exposure 
levels at the ingot molds and feed 
trumpet are controlled by side-draft 
hoods, which are part of a mobile 
exhaust system that is connected to the 
central teeming aisle fume collection 
system  ̂Air volumes moved by 
ventilation systems vary among the five 
producers; evacuation rates at the 
teeming hoods vary from 5,000-55,000 
cfm (Ex. 582-87, Att. A, p. 6).

Teeming employees manipulate the 
hoods and isolation dampers to provide 
for the removal of lead fume when the 
ingot mold is being filled. Appropriate 
work practices are essential to reduce 
exposure levels, as the production 
employee plays an important role in 
controlling the fume collection system 
(Ex. 681, pp. 8 9).

All five producers of leaded steel use 
various administrative controls, which 
they claim has limited the number of 
employees exposed to lead in teeming. 
For example, each producer has 
concentrated leaded steelmaking 
operations into a single facility and 
restricted teeming of leaded steel to a 
single aisle, where ventilation control 
systems are installed (Tr. 1019,1031; Ex. 
681, p. 10). OSHA believes that this 
consolidation, which may have 
improved productivity, probably has 
increased exposure levels for the 
particular employees involved in 
teeming leaded steel and thereby made 
it more difficult to control exposure 
levels to or below 50 pg/m3 for those 
employees.

Rolling. When ingots are heated prior 
to rolling, the doors to the soaking pits 
are opened and closed by remote 
control from inside an air conditioned 
crane cab or by operators located in air- 
conditioned or ventilated control pulpits. 
The potential for employee exposure to 
lead fumes is substantially decreased 
due to the isolation of the employee 
from lead fumes (Ex. 582-87, Att. A. d  
9).

Exposures in primary rolling mills are 
reportedly lower than in bar mills 
because smaller surface areas of steel 
are exposed to heat and because 
employees are stationed farther away 
from the product (Ex. 582-87, p. 15). 
Operators of the mill generally work in 
booths (Tr. 901). Some specific tasks 
must be performed outside the booths; 
e.g., cleanup, maintenance, and crane 
helper. No methods of lead dust

suppression are used at the primary 
rolling mills at any of the five facilities, 
according to Middough (Ex. 582-87, Att. 
A, p. 10). Although Middough in broad 
strokes seems to dismiss the possibility 
of controlling lead exposures in these 
mills. Meridian and OSHA are not 
persuaded that the nature of the process 
necessarily precludes implementing 
such controls as isolation and local 
exhaust to deal with specific emission 
sources. Other controls also may be 
appropriate. For example, the majority 

• of bar mills “ * * * use water to cool the 
mill rolls and provide for the 
suppression of lead dust. The water is 
sprayed or directed at the exit end of the 
mill stands” (Ex. 582-87, Att. A, p. 11).

Surface Finishing/Conditioning. 
Surface conditioning generally is 
performed by semi-automated grinding 
and scarfing machines that house the 
operator in an enclosed air-conditioned 
cab. The dust and fumes are collected in 
a combination evacuation hood/drop 
out box, with the evacuation capacity of 
the hoods ranging as high as 30,000 cfm. 
All five facilities have grinding stations. 
One of the five facilities still uses an 
older grinding station that has an open 
cab (582-87, Att. A, p.13). Occasionally 
chipping, grinding, and scarfing are done 
by hand to meet customer specifications 
(Ex. 582-87, p. 16). These operations are 
likely to result in exposures over 50 pg/ 
m3. But crews are reported to be rotated 
to administratively control employee 
exposures (Tr. 1027).

Additional Controls. OSHA’s analysis 
of the record in a previous section 
indicates that engineering and work 
practice controls that are currently 
available and in use already have 
achieved air lead levels in at least one 
plant that are at or below 50 pg/m3 
most of the time in every operation (see 
Tables 1 and 2, above). More generally, 
across the industry, 75% of the steel 
employees exposed to lead are only 
occasionally exposed above 50 pg/m3 
and generally have averages well below 
50 pg/m3 (Ex. 681, p. 16; Tr. 935). OSHA 
believes that these exposure data alone 
are sufficient to demonstrate that the 
industry can reasonably be expected to 
achieve the 50 pg/m3 PEL most of the 
time during all leaded steel operations. 
Nevertheless, as the following 
discussion shows, industry has not yet 
exhausted all of the opportunities 
available for improving its existing 
engineering and work practice controls. 
This was generally acknowledged by 
one representative of LTV, who testified 
that his company has adopted a 
“philosophy of continuous 
improvement” in worker health and 
safety (Tr. 1027-28).

OSHA believes that for most 
operations in the industry few, if any, 
additional controls are needed. 
Nevertheless, in the three problem 
operations identified by AISI, 
implementation of additional controls 
may be necessary at certain plants to 
control exposure levels to or below 50 
pg/m3. Such controls are readily 
available.

OSHA believes that the additional 
engineering controls needed to achieve 
50 pg/m3 in the problem operations and 
in any other operation that needs some 
reduction in exposure levels consist 
primarily of improvement in existing 
ventilation systems, isolation and 
enclosure of workers, and use of remote 
controls. Improvements in engineering 
controls should be part of a system of 
integrated controls. Implementation of 
strict work practices, administrative 
controls and a good housekeeping 
program also are necessary. Proper 
maintenance of ventilation equipment is 
essential to assure the effective 
functioning of exhaust systems needed 
to achieve the intended reduction in 
worker exposure to lead.

Two of the simplest improvements to 
engineering controls are to provide all 
mobile equipment operators with 
completely enclosed cabs equipped with 
high efficiency particulate air (HEPA) 
filters and tempered air and to provide 
communication equipment. 
Communication equipment such as two- 
way radios should be provided to allow 
communication without opening cab 
windows; otherwise, the purpose of the 
ventilated enclosed cabs will be 
defeated. Both of these control 
technologies are readily available and in 
use in some plants in the steel industry 
and elsewhere (Ex. 604).

In its testimony and videotape, AISI 
acknowledges that some crane cabs are 
not enclosed and not provided with 
HEPA filters* (Tr 965-66,1043); Middough 
also observed that crane cabs in the 
steel industry are not ventilated or air 
conditioned (Ex. 582-87, p. 7). If such 
enclosures are accompanied by an 
integrated system of controls to assure 
that good work and maintenance 
practices are followed in the use of the 
cabs, the data confirm that enclosing 
cabs can substantially reduce exposure 
levels.

LTV’s data, for example, show that 
one crane operator in the pouring area 
had an exposure of 215 pg/m3 when the 
cab windows were open during most of 
the sampling time while another crane 
operator on the same shift had an 
exposure of 56 pg/m3 with the cab 
windows closed during pouring, 
representing a 74% reduction in
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exposure due to cab enclosure and good 
work practices (Ex. 688a). OSHA does 
not know whether this crane operator 
was provided with communication 
equipment or whether the operator had 
to open the window for a time to 
communicate. AISI testified that use of 
filtered-air cabs, in conjunction with 
good work practices and communication 
equipment, will reduce exposures to 
below 50 pg/m3, except in unusual or 
emergency situations (Tr. 1047).

Employees working in the teeming, 
rolling, and even surface conditioning 
areas also can be isolated from lead 
dust and fumes in enclosed air- 
conditioned, filtered booths and pulpits. 
Use of a pulpit by an employee even for 
25% of a shift has been shown to 
significantly reduce employee exposure 
to lead (Ex. 590, p. 40), Thus, OSHA 
believes that the exposure of employees 
who must work in close proximity to 
emission sources can be reduced if the 
employee can spend at least some time 
in a filtered booth or pulpit.

Improvement in the collection 
efficiency of existing ventilation systems 
can be achieved by increasing the 
volume of air exhausted and the capture 
velocity. The efficiency of the exhaust 
system in certain operations like 
teeming often can be increased simply 
by the installation of barriers to reduce 
unpredictable air currents that disrupt 
local ventilation. A representative of 
Middough testified that the construction 
of such barriers was possible (Tr. 983- 
85). OSHA is aware that, because of the 
safety hazards involved in the pouring 
of steel, employees need to be able to 
exit the platform quickly in an 
emergency (Tr. 1094-95). However,
OSHA also believes that use of such 
barriers in a manner that does not 
interfere with employee egress is an 
approach to reduce lead exposures that 
merits further exploration.

Cross drafts can easily occur in 
steelmaking facilities, which* typically 
are housed in very large, open-ended 
buildings to allow for railroad traffic. 
Because of the large openings in the 
ends of the building and the constant 
traffic, these facilities are vulnerable to 
wind currents that can disperse 
contaminants that are not controlled at 
their sources to other parts of the 
building. OSHA does not recommend 
reliance on uncontrollable natural 
ventilation to reduce employee 
exposures.

Cross drafts not only reduce the 
efficiency of local exhaust ventilation 
but they also in some cases can cause 
cross contamination. OSHA believes 
that cross contamination may be a 
problem in some plants in the leaded 
steel industry. According to recent AISI

submissions, background levels are 
generally in the range of 6-10 pg/m3 
(Ex. 681, p. 33; Tr. 937-38), and those 
levels reflect ambient lead levels in the 
general environment. OSHA considers a 
background level that contributes up to 
20% of a 50 pg/m3 PEL rather high and 
believes it is caused by cross 
contamination more than by ambient 
environmental levels. OSHA believes 
that cross contamination should be 
minimized by controlling emissions at 
their source. For example, the potential 
for cross contamination from teeming 
can be minimized, where practicable, by 
promptly covering ingot molds filled 
with fuming, molten leaded steel.

Engineering controls often can only be 
as effective as the work practices 
associated with them. Therefore good 
work practices are crucial to control 
exposure levels. For example, according 
to Middough, the efficient operation of 
the teeming exhaust system requires 
workers to open and close dampers as 
necessary (Ex. 582-87, Att. A). 
Inappropriate work practices could 
reduce the effectiveness of the system, 
because “too many open hoods ahead of 
the ingot poured reduces the rate of air 
flow through each hood and decreases 
the effectiveness of the hoods located at 
the sources of the fumes” (Ex. 602, p. 66).

OSHA believes there is considerable 
room for further improvement in work 
practices. According to one LTV 
spokesperson, for example, his facility 
has not, and never will exhaust the 
potential for improving work practices 
(Tr. 1028-29).

Administrative controls, which are a 
form of work practice controls, such as 
dispersed scheduling of pouring leaded 
heats and of rolling leaded alloys, also 
may need to be implemented to achieve 
reduced exposure levels for individual 
workers in teeming. For example, 
current practice in the industry is to 
pour no more than an average of two 
leaded heats per shift, with each heat 
producing 15 to 40 molds (Ex. 582-87, pp. 
6, 8). In instances where a large number 
of molds or more than two heats are to 
be poured on a single shift, dispersing 
the heats across shifts or different 
teeming aisles should reduce emissions 
and resulting exposure levels by as 
much as 50% in teeming. Then, for 
example, the geometric mean exposure 
level for pourers at LTV, the task in 
teeming with the highest exposure level, 
would presumably be reduced from 40 
pg/m3 to approximately 20 pg/m3.

Good housekeeping practices and 
preventive maintenance also are 
important components of the system of 
integrated controls necessary to 
maintain exposure levels at or below 50 
pg/m3 throughout the industry. Indeed,

a representative of USWA has testified 
that the equipment now in place, if 
properly maintained, could significantly 
reduce existing exposure levels. USWA 
indicates that in many cases where 
ventilation is in place, maintenance of 
the equipment is badly neglected (Tr. 
1123-24).

Similarly, with regard to implementing 
a good housekeeping program, regularly 
cleaning work areas to keep surfaces as 
free of lead dust as is practicable, for 
example, will help to achieve and 
maintain low background levels and 
facilitate controlling exposure levels to 
or below 50 pg/m3. Vacuums equipped 
with high efficiency filters can be used, 
for example, to clean equipment 
surfaces prior to maintenance (Tr. 1126).

More specifically, for each of the 
problem areas described by industry— 
teeming, rolling, and surface 
conditioning—OSHA has determined 
that the additional controls necessary to 
achieve exposure levels at or below 50 
pg/m3 are readily available.

Teeming. Teeming is the most difficult 
operation to control to or below 50 pg/ 
m3, according to AISI. Within the 
teeming process, the operation that 
creates the highest exposures involves 
the addition of lead to the molten steel 
being cast. Exposure levels in teeming 
can be controlled down to or below 50 
pg/m3 using various methods, singly or 
in combination. These include adding 
lead shot by remote control, increasing 
the capture velocity of existing 
ventilation systems and changing the 
point at which lead is added to the 
molten metal. As an alternative to 
effectively controlling teeming, teeming 
itself can be replaced by continuous 
casting.

As indicated previously, currently 
some leaded steel producers still add 
lead by manually dropping canvas bags 
of lead shot into the molten steel. This is 
the major source of employees’ 
excessive exposure. Other producers 
rely on a remote controlled injection gun 
to add the lead by pneumatic or 
injection feed (Ex. 582-87, p. 5). OSHA is 
certain that adding lead by remote 
control significantly reduces employees’ 
exposure, since remote controls allow 
workers to work farther away from the 
source of the lead fumes and to be 
stationed in ventilated enclosures.

In addition, OSHA believes that in 
many instances a substantial increase in 
the collection efficiency of existing 
ventilation systems can be achieved 
through better design and proper 
maintenance. Collection efficiency can 
be increased, for example, by increasing 
capture velocity.
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The industry has tried a number of 
experiments in which fume hood design 
was modified in an effort to increase 
capture velocity. These attempts have 
often resulted in fires within die 
ductwork, caused by molten sparks 
being drawn into the system (Ex. 673, 
Att. 1, 2, 3; Tr. 968). However, industry 
also acknowledges that they have not 
investigated the potential increase in 
capture efficiency that might be gained 
by increasing air flow (cfm) through the 
system rather than redesign of the hoods 
(Tr. 969-70).

OSHA notes that industry is currently 
using a wide range of airflow rates in 
teeming hoods (5,000-55,000 cfm; see Ex. 
582-87, Att. A, p. 7), and believes that at 
least some facilities will realize lower 
employee exposures to lead as a result 
of increasing airflow rates through the 
teeming hoods. To the extent concern 
remains about the potential for fire due 
to sparks from the molten metal being 
drawn into the ventilation system, the 
system can be lined with refractory 
material to prevent accidental ignition. 
These refractory liners have been 
successfully used elsewhere in systems 
subjected to high temperatures (Ex. 689- 
4D).

OSHA further recommends the use of 
additional traveling local exhaust 
systems, which provide ventilation 
through a system of interconnecting 
flexible exhaust hoses and multiple 
hoods that can be maneuvered in the 
teeming area. Such a system has proven 
effective in reducing exposures in 
smelters (Ex. 604).

Adding lead directly to the ladle 
instead of to the mold or stream of 
molten metal is another means to reduce 
exposure levels in the teeming 
operation. Ventilation systems are 
available that can be modified to 
effectively exhaust the ladle (Ex. 631). 
OSHA is aware that this method has 
been used successfully in Japan and 
Europe (Ex. 633, p. 2). AISI has implicitly 
acknowledged the technological 
feasibility of using this technology for 
controlling workers’ exposures (Ex. 681,
p. 6).

An alternative process control method 
is the use of continuous casting instead 
of teeming. Available data demonstrate 
that air lead levels at or below 50 pg/m3 
have been achieved most of the time in 
plants that use, or have experimented 
with continuous casting of leaded steel 
(Exs. 688a, 694-41, p. 16). Since 
continuous casting bypasses teeming, 
stripping, etc., and since the strand of 
leaded steel is cooled continuously with 
water spray, employees are inherently 
less exposed to lead fumes due to the 
nature of the process. For employees 
who are exposed when the strand is

torch cut, local exhaust systems can be 
used to reduce employees’ exposure 
levels.

OSHA realizes that continuous 
casting cannot replace teeming in all 
cases of leaded steel production. 
However, a quantity of leaded steel 
already is being successfully produced 
in the United States using this 
technology. OSHA agrees with 
Meridian’s independent judgment that 
the additional availability of continuous 
casting capacity for casting leaded steel 
will depend upon the extent of further 
modernization by the steel industry, 
which has been shifting to the 
continuous casting of steel in general 
(Ex. 686H, p. 14).

Rolling. Exposure levels in the rolling 
mills can be controlled to or below 50 
pg/m3 through implementing controls 
such as isolation of workers, remote 
control technology, additional 
ventilation, and water spray technology. 
The exposure problems in rolling are 
due to lead fumes and dust being 
generated from the surfaces of the hot 
leaded steel as it is being rolled.

The isolation of workers can 
effectively control exposure levels in the 
rolling process because most employees 
do not need to be in close proximity to 
the rolling steel except when performing 
certain limited tasks such as 
temperature monitoring and gauging. 
Even these operations can be performed 
remotely by remote temperature sensing 
and automatic gauging devices, which 
are available on the market and would 
virtually eliminate the need for workers 
to routinely remain close to the steel 
furnaces or rollers. Thus, as in the 
soaking pits operation, remote control 
technology in combination with 
isolation of workers in ventilated 
enclosed workstation can certainly 
reduce exposure levels down to or 
below 50 pg/m8.

In order to control exposures at their 
source,' local exhaust ventilation also 
can be used. OSHA recognizes that 
ventilation systems, like other 
equipment, may be vulnerable to 
damage by cobble formation (Ex. 681, p. 
13). However, OSHA believes that 
cobble formation does not occur in 
primary rolling mills and is only a rare 
occurrence in bar rolling mills (Tr. 1056). 
Moreover, since industry has managed 
to sustain its production systems despite 
cobble formation, OSHA believes 
industry can sustain its control systems 
as well. Consequently, the possibility of 
cobble formation cannot be used to 
justify a failure to implement necessary 
engineering controls.

Surface Conditioning. Grinding and 
scarfing generally can be performed 
with semi-automated grinders and

scarfers by remote control from 
enclosed and ventilated workstations to 
reduce exposure levels to or below 50 
pg/m3 in surface conditioning. These 
machines are available and already in 
use in some plants in the industry 
(observed by JACA some years ago; Ex. 
553-6, p.1-3; Tr. 741). The operator in the 
workstation directs the slab through a 
scarfing operation, for example, by 
rolling the slab through a series of 
automatic torches that burn away the 
surface imperfections. Middough has 
acknowledged that “the surface 
conditioning by semi-automated 
grinding machines, with properly 
maintained filtering and air conditioning 
systems, decreases the employee lead 
exposure” (Ex. 582-87, Att. A. p. 13). 
Middough also identified one facility 
that had an older grinding system in 
which the operator’s cab was open (Ex. 
582-87, Att. A, p. 13). OSHA believes 
that the operator’s exposure to lead is 
minimal when the operator is isolated 
from the source of emission (Ex. 611, pp. 
29-30).

With mechanization, manual 
operations can be minimized, 
significantly reducing employee 
exposure. In the limited number of 
circumstances where hand grinding or 
hand scarfing may be necessary, local 
exhaust is feasible and effective, 
although it may not be capable of 
maintaining air lead levels consistently 
at or below 50 pg/m3. Where this results 
in employees being exposed above the 
PEL as an 8-hour TWA, employers will 
be allowed to provide employees with 
respirators for supplemental protection 
during hand grinding or hand scarfing.

Technological F easibility  Conclusion. 
Based upon the above analysis of the 
evidence in the record and OSHA’s 
experience and expertise, the Agency 
determines that achieving a PEL of 50 
pg/m3 by implementing readily 
available engineering and work practice 
controls is technologically feasible for 
the leaded steel industry as a whole. 
Nevertheless, the Agency recognizes 
that it may not be possible to 
consistently achieve the PEL by these 
controls for the limited amount of hand 
scarfing and hand grinding that must be 
done.

Since OSHA has found the 50 pg/m3 
PEL feasible for the industry, employers 
will be required in hand grinding and 
hand scarfing, as well, to implement 
engineering and work practice controls 
to control exposures levels to the PEL or 
the lowest feasible level. Where all 
feasible engineering and work practice 
controls have been implemented and 
employees performing these tasks are 
still exposed above the PEL as an 8-hour
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TWA, employers will be allowed to 
provide these workers with respirators 
for supplemental protection while they 
are performing hand grinding or hand 
scarfing.

Through its analysis of the record in 
the previous sections, OSHA has 
demonstrated that:

(1) At least 75% of the employees exposed 
to lead in the steel industry are exposed only 
on occasion above 50 pg/m3 and have 
average exposure levels that generally are 
well below 50 p.g/m3 (Exs. 681, p. 16; 688a).

(2) At LTV’s plant, 81% of all sampling 
results are below 50 pg/m3, and 93% are 
below 100 pg/m3 (see Table % above). In the 
operation in the industry that is most difficult 
to control, steel pouring, average exposure 
levels in three of the five job classifications 
at LTV are below 40 pg/m3. In each of the 
remaining two job classifications geometric 
mean exposure levels are 40 pg/m3 (Ex.
688a).

(3) With regard to teeming, rolling, and 
surface conditioning, the only areas in the 
industry identified by AISI as problems (Ex. 
681, pp. 6-14), at LTV 90% of the sampling 
results in rolling and surface conditioning are 
below 50 pg/m3 and in teeming 65% are 
below 50 pg/m3 (Ex. 688a).

These results have been obtained 
before recommended additional controls 
have been implemented and before 
cross contamination is controlled. 
Consequently in most operations few, if 
any, additional controls are needed to 
bring exposure levels to or below 50 
pg/m3.

OSHA believes that, for operations 
where most sampling results or 
geometric or arithmetic mean exposure 
levels already are below 50 pg/m3, 
relatively modest improvements in 
controls, such as improved 
housekeeping or better preventive 
maintenance, will be sufficient to reduce 
air lead levels consistently to below 50 
pg/m3. Similarly, for operations where 
most of the sampling results or 
geometric or arithmetic means are 
below 100 pg/m3, OSHA believes that a 
combination of limited additional and 
improved controls (e.g., improving the 
efficiency of the ventilation system), will 
be sufficient to control exposure levels 
to 50 pg/m3.

In the three areas in the industry 
identified by AISI as problems, where 
implementation of additional controls 
may be necessary at certain plants to 
control exposure levels to or below 50 
pg/m3, adequate controls are readily 
available.

In reaching the above conclusions, 
OSHA has relied in part on data 
provided by LTV. However, OSHA does 
not believe that LTV is at the limits of 
technological feasibility, and LTV has 
testified to this effect (Tr. 1028-29). 
OSHA believes that additional
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reductions in workers’ exposure levels . 
can be achieved at LTV and that these 
reductions are generally achievable by 
the rest of the industry as well.

There is no evidence in the record to 
show that LTV is atypical. Indeed, 
although AISI was aware that Meridian 
relied heavily on LTV’s data in 
concluding that the PEL is 
technologically feasible in leaded steel, 
at no time has AISI asserted that LTV is 
unrepresentative of the industry. In 
addition, LTV has testified that they are 
typical with regard to size and nature of 
operations (Tr. 893). OSHA therefore 
believes that it is reasonable to treat 
LTV’s data as representative of existing 
exposures in the industry and/or as 
representative of what the industry can 
achieve technologically. OSHA has had 
to rely upon the LTV data set because 
no other recent data organized on a 
plant-by-plant basis were made 
available.

However, even if the LTV data were 
not representative of the industry and 
even if OSHA were to accept at face 
value AISI’s final submission of data 
collected from various producers as 
reasonably representative, according to 
that data more than one-third of the 
sampling results are below 50 pg/m3 
and more than two-thirds are below 100 
pg/m3. AISI’s data also suggests that 
approximately 41% of the sampling 
results in teeming are below 100 pg/m3, 
93% of the sampling results in casting 
are below 100 pg/m3, 85% of the 
sampling results in rolling are below 100 
pg/m3, and 73% of the sampling results 
in conditioning are below 100 pg/m3 
(Ex. 694-41, p. 21). Thus, in all 
operations with the exception of 
teeming, at least 73% of the monitoring 
samples are below 100 pg/m3. Based on 
these data, OSHA would still conclude 
that, with the application of available 
controls discussed above, controlling 
most leaded steel operations to or below 
50'pg/m3 most of the time is 
technologically feasible. OSHA has 
already indicated that implementing a 
combination of limited, additional and 
improved controls generally will be 
sufficient to reduce air lead levels to or 
below 50 pg/m3 in operations where 
most sampling results already are below 
100 pg/m3.

In concluding that the 50 pg/m3 PEL is 
technologically feasible for the leaded 
steel industry, OSHA does not purport 
to have recommended an exhaustive list 
of additional controls. The Agency also 
has not needed to exercise its statutory 
authority to force the development of 
new technology to justify its finding. The 
Agency has relied exclusively upon 
conventional and readily available 
controls.

OSHA is certain that industry will be 
capable of devising and fine-tuning 
other conventional controls to further 
reduce exposure levels. Consequently, 
OSHA anticipates that industry will be 
able to consistently achieve exposure 
levels at or below 50 pg/m3 in nearly 
every phase of production.

OSHA acknowledges that the lead 
standard is strict and believes that to 
achieve the PEL requires implementing 
an integrated system of controls. The 
basic element in that system is an 
industrial hygiene study. Each producer 
should have an experienced industrial 
hygienist perform an in-depth job/task 
analysis and a plant-wide survey. This 
survey and analysis should identify 
sources of emission in each task, 
sources of cross drafts or cross 
contamination, and appropriate sites for 
erecting cross contamination barriers. 
Such analysis should also recommend 
appropriate engineering and work 
practice controls to reduce emissions 
and minimize employee exposures. If, 
after implementing these 
recommendations, reductions in air lead 
levels deviate substantially from what 
was anticipated, a follow-up industrial 
hygiene survey should be conducted and 
necessary corrections made.

The second element in that system is 
the development of good, written 
housekeeping and work practice 
programs that are systematically 
implemented and enforced by employers 
so that proper procedures are routinely 
and meticulously followed, Testimony in 
the record indicates that housekeeping 
can be improved in the leaded steel 
industry (Tr. 1121-22).

The final element of an integrated 
system of controls is a preventive 
maintenance program to assure that all 
systems are maintained in clean and 
efficient condition.

AISI does not agree that it is 
technologically feasible to achieve a 
PEL of 50 /xg/m3 by means of 
engineering and work practice controls. 
AISI has raised a number of objections 
concerning the competence and 
conclusions of OSHA’s contractor, 
Meridian, as well as broader objections 
concerning the feasibility of achieving 
the PEL in problem areas within the 
industry.

AISI’s principal objections are as 
follows. (1) Meridian is not competent to 
assess technological feasibility in 
leaded steel, has been predisposed to 
finding the standard feasible, and has 
made numerous factual mistakes. (2) No 
technology exists to control exposure 
levels throughout the industry to or 
below 50 p.g/m3, and the industry 
already is implementing all feasible
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technology. (3) More specifically, 
continuous casting is not a realistic 
alternative to teeming as a method for 
controlling exposures to or below 50 pg/ 
m3, and within teeming no feasible 
engineering controls can reduce 
exposure levels to or below 50 pg/m3.
(4) OSHA also has been predisposed to 
find the PEL feasible regardless of the 
record evidence.

First, AISI has devoted an 
extraordinary amount of effort in its 
comments and at the hearing to 
impugning the competence and integrity 
of OSHA’8 contractor, Meridian. AISI 
has variously charged Meridian with a 
lack of necessary experience and 
training, repudiating its previous 
positions, grossly mistaken opinions, 
distortions of the data, and the like (Exs. 
681, pp. 21-24; 694-41, pp. 4-9). On the 
whole, OSHA finds most of AISI’s 
charges to be poorly founded, grossly 
exaggerated, or internally contradictory. 
In any event, OSHA has made 
independent evaluations of the data and 
evidence in reaching its conclusions and 
has relied on Meridian on certain 
limited occasions only to independently 
confirm OSHA’s own conclusions.

Meridian has had very broad 
experience and possesses very broad 
competence in the area of industrial 
hygiene, the principles of which are 
universally applicable to all industries 
(Ex. 601). There is nothing unique about 
controlling lead dust and lead fume that 
would make Meridian’s extensive 
expertise and competence in evaluating 
engineering and work practice controls 
irrelevant to the leaded steel industry. 
Contrary to AISI’s allegations, controls 
that have been used in other industries 
generally are readily transferable to 
leaded steel, although some 
modifications may be necessary, as they 
would be almost anywhere, to adapt the 
controls to particular equipment or 
operations.

AISI criticizes Meridian for revising 
some of its conclusions in its final 
report. For example, AISI criticizes 
Meridian for its allegedly new emphasis 
in its final report on continuous casting 
as an alternative to teeming. On the 
other hand, elsewhere in its submissions 
AISI also criticizes previous findings 
and understandings in Meridian’s 
preliminary assessment and in OSHA’s 
preamble to the proposal (Ex. 582-87, 
pp. 11-14). AISI cannot have it both 
ways. Either OSHA and its contractors 
have to maintain their preliminary 
understandings and findings regardless 
of the evidence subsequently introduced 
into the record or they are entitled to 
revise their findings after taking the 
additional evidence into account.

Indeed, the latter is precisely what is 
contemplated by OSHA s rulemaking 
process. That process requires OSHA at 
the outset to make proposals on the 
basis of preliminary findings and 
understandings and then encourages the 
public and interested parties to present 
comments, information and data to 
correct and clarify the record. Thus, it is 
expected and entirely appropriate that 
the Agency and its contractors will 
revise their findings and understandings 
when newly introduced evidence in the 
record mandates such revisions. Courts 
have recognized that this is appropriate 
and necessary, so long as the revisions 
are logical outgrowths of the proposal. 
Such changes do not require OSHA to 
begin the hearing process all over again. 
USWA v. M arshall. 647 F.2d at 1221.

More specifically, with regard to 
AISI’s claim that Meridian has crucially 
and erroneously relied upon continuous 
casting for its proof of feasibility, OSHA 
finds AISI’s argument a 
misinterpretation of Meridian’s position. 
Meridian does not rely heavily on 
continuous casting; nor does it say that 
continuous casting can be used 
everywhere in the near future to 
produce leaded steel (Ex. 686H, p. 14).

Many of AISI’s charges that Meridian 
has prejudged and distorted the data are 
predicated upon AISI’s own 
mischaracterization of Meridian’s 
arguments. This is true, for example, of 
Meridian s argument concerning 
continuous casting and of its summary 
of the LTV data (see OSHA’s discussion 
in the section of this preamble dealing 
with existing exposure levels).

Industry’s second criticism is that it is 
not technologically feasible to achieve 
the PEL in the leaded steel industry. 
OSHA disagrees. As demonstrated 
previously not only is it technologically 
feasible to achieve the PEL in the leaded 
steel industry, but LTV, one of the five 
leaded steel producers, has already 
controlled exposure levels to or below 
50 pg/m3 most of the time in all, or 
nearly all of its operations. AISI does 
not allege that LTV is unrepresentative 
of the leaded steel industry, and OSHA 
is confident that LTV is reasonably 
representative.

Industry also asserts that it is not 
technologically feasible to achieve 50 
pg/m3 because industry has already 
done all that is feasible. However, in at 
least several areas AISI or its contractor 
have stated that additional controls 
could be implemented (e.g., enclosing 
cabs of mobile equipment and improving 
work practices) to further reduce 
exposure levels. If producers other than 
LTV have not controlled exposures in 
their facilities to achieve the PEL, it is

not because they are already at the 
limits of technological feasibility but 
because they have failed to implement 
all feasible controls.

OSHA is not convinced by the 
feasibility assessment performed for 
industry by Middough Associates, an 
industry consultant (Ex. 582-87, 
Attachment A). In that assessment 
Middough concludes that leaded steel 
producers “could spend hundreds of 
millions of dollars trying to upgrade 
already adequate control facilities and 
not maintain employee lead exposure 
levels below 50 pg/m3’’ (Ex. 582-87, 
Attachment A, p. 1). OSHA finds this 
assessment, including its conclusion, to 
be unpersuasive and unsubstantiated.

When questioned at the hearing about 
what Middough meant when it asserted 
50 pg/m3 was infeasible, the firm’s 
representative said Middough meant it 
is “not possible to routinely attain that 
level, on a regular basis.” When asked 
to further explain what was meant by 
“not possible to routinely attain that 
level,” he responded, “There will always 
be excursions from that level * *
Upon further questioning, he said there 
could be one or more excursions (Tr. 
989-90).

OSHA accepts Middough’s view that 
the leaded steel industry cannot achieve 
50 pg/m3 100% of the time and that there 
will be some excursions above that 
level. However, OSHA believes that the 
existence of such “excursions” does not 
constitute evidence of technological 
infeasibility. Excursions can occur even 
as an industry controls exposure levels 
to 50 pg/m3 most of the time in most of 
its operations.

In any event, the feasibility 
assessment submitted by Middough to 
the record lacks substantiation. In its 
report, Middough does not, for example, 
include a supporting analysis of 
exposure data at various plants 
throughout the industry. Middough also 
does not perform a systematic analysis, 
operation-by-operation and plant-by
plant, to show what existing controls are 
associated with current exposure levels 
and what additional controls could be 
implemented to lower those levels.

Third and more specifically, AISI 
contends that continuous casting is not a 
realistic alternative to teeming leaded 
steel and that it is technologically 
infeasible to achieve 50 pg/m3 in 
teeming. With regard to continuous 
casting, AISI contends that this process 
cannot be used to cast all grades of 
leaded steel, that in any event 50 pg/m3 
cannot be achieved in continuous 
casting, that continuous casting requires 
extensive and extremely costly 
ventilation, and that adding continuous



29218 Federal Register / Vol. 54, No. 131 / Tuesday, July 11, 1989 / Rules and Regulations

casters capable of producing leaded 
steel requires specially designing and . 
installing bloom casters that cost 
hundreds of millions of dollars (Ex. 694- 
41, p. 5).

OSHA agrees in part and disagrees in 
part with AISI’s contention. Neither 
Meridian nor OSHA has asserted that 
adopting continuous casting could 
provide an immediate solution for 
controlling excessive exposure levels in 
pouring and casting leaded steel.
Indeed, both Meridian and OSHA 
expressly state that industry’s capability 
to use continuous casting to produce 
leaded steel is dependent in part upon 
industry’s further expansion of 
continuous casting capacity for 
producing steel in general (Ex. 686H, p.
14). On the other hand, two of the five 
plants in the industry already have 
continuous casters capable of producing 
leaded steel. In the case of one unnamed 
plant, leaded steel currently is routinely 
being produced by this method. In the 
case of LTV, leaded steel has been 
experimentally produced by continuous 
casting. As OSHA has shown, when 
continuous casting has been utilized, 
whether routinely or experimentally, 
most sampling results have been at or 
below 50 /Ag/m8 (Exs. 688a; 694-41, p.
16).

With regard to AISI’s other assertions 
concerning continuous casting, while it 
might be true that not all grades of 
leaded steel can be continuously cast, 
AISI provides no information about 
which grades can and cannot be so cast 
or what proportion of leaded steel 
output they occupy. Consequently, even 
if AISI’s claim is accurate, OSHA still 
cannot determine its significance. 
Finally, OSHA believes that the high 
costs associated with installing 
continuous casters and whatever 
ventilation may be needed to control 
exposure levels in that process are 
attributable to the broader 
modernization process the steel industry 
has been carrying out. Increased leaded 
steel production by continuous casting 
and the control of air lead levels in that 
process will have to piggyback on 
industry modernization, which has 
already been stimulated by market 
forces.

Concerning pouring, OSHA has 
already shown that at least at LTV 78% 
of all sampling results in that process in 
1987-88 are below 50 p.g/m3. In addition, 
in three of the job classifications 
comprising pouring, average exposure 
levels are at or below 40 pg/m3. In the 
two job classifications where the 
arithmetic mean is above 50 pg/m3, the 
geometric mean in each case is 40 
pg/m3. In these classifications, the

arithmetic mean is being driven 
upwards by the presence of a few 
atypically high exposure readings.

Lastly, AISI argues that OSHA, as 
well, as Meridian, was predisposed to 
finding feasibility regardless of record 
evidence (Ex. .694-41, pp. 3,10). OSHA is 
under a statutory obligation to protect 
workers from a significant risk of 
material impairment to health to the 
extent feasible. OSHA has taken this 
obligation seriously and has carried out 
an assessment of technological 
feasibility based on the evidence and 
analyses included in the record. It is 
primarily due to the data that LTV 
submitted to the record, and not to any 
OSHA bias, that OSHA has concluded 
that it is feasible to achieve the PEL by 
means of engineering and work practice 
controls.

Consequently, OSHA is unpersuaded 
by industry arguments. Based upon its 
own expertise, experience and die 
record evidence, OSHA concludes that a 
PEL of 50 pg/m3 is technologically 
feasibly by means of engineering and 
work practice controls in the leaded 
steel industry.

Industry Profile. Leaded Steel is 
classified under SIC code 3312 and is 
currently manufactured at five sites by 
five producers, though further 
processing may occur at virtually any 
site [Ex. 583-54).

The five leaded steel producers 
manufactured approximately 667,000 net 
tons of leaded steel in 1986, accounting 
for 3 to 16 percent of the total net 
tonnage of steel manufactured at these 
sites [Ex. 582-87, p. 24]. About 80-85% of 
all leaded steel products consumed 
annually in this country are produced by 
these five integrated producers, while 
imports make up the balance [Ex. 582- 
87, p. 25). (LTV Corporation reports that 
Voluntary Restraint Agreements had 
reduced the import market share to 21.3 
percent [Ex. 694-41, Attachment 6, p. 4]).

During testimony at the informal 
public hearing, Mr. Terrence M. Civic of 
LTV Steel Company testified that
[i]n the bar facilities throughout the industry, 
there are approximately 11,000 employees. Of 
those 11,000 employees, 18 percent have 
exposure to lead. Of those 18 percent with 
exposure to lead, 89 percent of those 
employees would have an occasion to be 
exposed to concentrations in excess of 50 
micrograms per cubic meter on a time- 
weighted average. The percentage number of 
employees with average exposures that are 
greater than 50 micrograms per cubic meter 
on a time-weighted average is approximately 
25 percent [Tr., p. 935).

This produces an estimate of 495 
workers with average TWA exposures 
to lead in excess of 50 micrograms per 
cubic meter.

With regard to the possibility of 
substituting for the use of lead in steel,
[i]n general, there is no one material or 
process that can be used economically to 
substitute for the lead in leaded steel. Any 
attempt to eliminate lead from steel would 
require metallurgical research, engineering 
design, retooling, and the development of 
substitutes for lead in specific applications 
[Ex. 578, p. 22).

Financial data based on the first three 
quarters of 1987 included data for the 
five individual producers of leaded steel 
[Ex. 686h, p. 7] and indicate 
improvement in the profitability of the 
steel industry as compared with 1986 
data [Ex. 578, p. 34-35]. For company 
“a,” data indicate an improvement in its 
rate of return on assets (ROA) from 
—0.08 to an estimated 1 percent. ROA 
for company “b” improved from —0.59 to 
an estimated 8.8 percent, while ROA for 
company “c” improved from —0.03 to an 
estimated 2.9 percent. Company “d,” 
which was profitable in 1986, realized 
an improvement of ROA from 0.01 to an 
estimated 3.0 percent. Overall, profits of 
approximately $900 million were 
expected for the industry in 1987 as 
opposed to its $5.2 billion in losses the 
previous year. Factors which have 
contributed to the improved profitability 
of the steel industry are strengthening 
demand, tax benefits, firming of import 
prices, the ability to realize higher 
prices, the closing of antiquated 
facilities, and reduced labor costs [Ex. 
686h, p. 6].

More recent data show that one firm, 
Copperweld, sustained a loss for the 
year. (Copperweld’s loss was magnified 
by their inventory valuation method [Ex. 
694-41, Attachment 7]). Also, though 
LTV continued its reorganization under 
Chapter 11 [Ex. 694-41, Attachment 6], 
the company’s net income was 
approximately $500 million in 1987.

While available information reflects 
the difficulties being experienced in bar 
manufacturing [Ex. 694—41, Attachment 
6, p. 4], which is the segment of the steel 
industry where leaded steel is produced, 
certain manufacturers indicated their 
commitment to the bar market. For 
example, Inland is forming a new 
company for its shaped products, and 
they feel that they can be successful in 
the bar and structural steel market. One 
hundred million dollars could be 
invested in these facilities [Ex. 694-41, 
Attachment 5]. Copperweld Steel is also 
optimistic, as they are “totally 
committed to being the top quality bar 
producer in the United States” [Ex. 694- 
41, Attachment 7]. Copperweld has 
established a “working relationship” 
with Daido Steel Co., Ltd. of Japan and



the companies have signed a three year 
technology exchange agreement.

These attitudes reflect the trend 
toward the major restructuring of the 
steel industry in the U.S.:
ft]he steel industry is also making substantial 
investments in modernization. Continuous 
casting, for example, can reduce operating 
costs by $25 to $40 per ton. Although the U.S. 
steel industry lags behind most other 
developed countries in the adoption of 
continuous casting, more than 26 million tons 
of annual continuous casting capacity were 
added between 1983 and 1987, and at least 3 
million tons more will be added by 1990 
Between 1984 and 1987, the share of 
production done with continuous casting 
increased by more than 50 percent, and over 
three-fifths of all steel is now produced by 
this method * * * For some companies, the 
modernization is even more pervasive. 
Bethlehem Steel, for example, has invested 
nearly $2 billion in modernization since 1981 
and now has sufficient continuous casting 
capability to handle 70 percent of its raw 
steel production—up from 30 percent in 
1982 * * * [Ex. 686h, p. 3J.

Cost o f Compliance. The two methods 
used to produce leaded steel are 
continuous casting and teeming. For 
each method, costs will be incurred for 
automated weighing and dispensing of 
lead shot, enclosed pulpits for operators 
in rolling mill, automated gauging 
equipment, crane cab enclosures, 
portable vacuums, local exhaust 
ventilation, and housekeeping (annual 
cleaning). The continuous caster will 
also require an enclosed pulpit for the 
casting/tundish area while the facilities 
which teem will require automated mold 
covering systems. Costs for remote 
temperature sensing equipment were 
assumed to be negligible. Also, costs for 
automated surface conditioning 
equipment were not estimated, since 
evidence in the public record indicated 
that such equipment is currently in use 
by all manufacturers [Ex. 582-87, 
Attachment A]. Costs for each type of 
tacility are summarized in Tables 5 and 
6.

Costs of an automated system for 
weighing and dipensing lead shot are 
estimated to be $20,000 [Ex. 686h, p. 201. 
rotal annual costs for this equipment 
will be $4,936, including $2,936 in 
annualized capital costs and $2,000 in 

' operation and maintenance (O&M) 
expenses. (Annualized costs for all 
equipment were based on a twelve year
cost) ^  3nd 8 10 percent financing

Enclosed pulpits for operators in the 
casting/tundish and rolling mill areas 
will be $20,000 each [Ex. 578, p. 44, 
footnote]. Total annual costs, including 
annualized capital costs and O&M 
expenses (which include HEPA filter 
replacement), are expected to be $5,186

for each pulpit, one of which is assumed 
to be required in each area.

T a b l e  5 .— S u m m a r y  o f  C o m p l ia n c e  
C o s t s — T e e m in g

Control
Annua

lized
capital
costs

Annual
O&M
costs

Total
annual
costs

Vent, 
improve
ments.............

Local vent.—
$71,565 $48,750 $120,315

Rolling mill....
Surface

condition-

39,636 27,000 66,636

ing..............
Automated

39,636 27,000 66,636

dispensing—
Lead shot.......

Mold covering

2,936 2,000 4,936

system............
Enclosed

pulpit—

2,936 2,000 4,936

Rolling mill.....
Automated

2,936 2,250 5,186

gauging...........
Crane cab 

enclosures

7,340 5,000 12,340

(2)....................
Portable

11,744 8,500 20,244

vacuums (3).... 
Labor..............

1,718 7,170
15,488

8,888
15,488Annual cleaning. 50,000 50,000

Totals...... 180,447 195,158 375,604

tratinn S i i o n i  d  0 i l  and Health Admin tration, Office of Regulatory Analysis.

T a b l e  6 .— S u m m a r y  o f  C o m p l ia n c e  
C o s t s — C o n t in u o u s  C a s t in g

Control

Vent, 
improve
ments...... „...

Local vent.— 
Rolling mill... 
Surface 

condition
ing .............

Automated 
dispensing—
Lead shot.....

Enclosed 
pulpit— 
Rolling mill.... 
Casting/ 

Tundish
area......... .

Automated
gauging..........

Crane cab 
enclosures
(2)........

Portable 
vacuums (3)...
Labor.............

Annual cleaning

Annua
lized

capital
costs

$286,260

39.636

39.636

2.936

2.936

2.936 

7,340

f t , 744 

1,718

Totals. 395,142

Annual
O&M
costs

$195,000

27.000

27.000

2.250

2.250

2.250

5.000

8,500

7,170
15,488
50,000

341,658

Total
annual
costs

$481,260

66.636

66.636

5.186

5.186

5,180

12,340

20.244

8,888
15,488
50,000

736,799

Occupational Safety and Health Adminis
tration, Office of Regulatory Analysis.

Costs for automated gauging 
equipment are estimated to be $50,000. 
Annualized capital costs would be 
$7,340 and O&M expenses would be 
$5,000. Total annual costs for this 
equipment are estimated to be $12,340.

Costs for crane cab enclosures will be 
$40,000 each [Ex. 686e, p. 21]. Two Cab 
enclosures are expected to be required 
per facility. Total capital costs are thus 
$80,000. The total annual costs of $20,244 
include $11,744 in annualized capital 
costs and $8,500 in O&M expenses, 
which include HEPA filter replacement.

Costs for portable vacuums to clean 
surfaces are estimated to be $3,900 each 
[Ex. 579, p. 29]. It is estimated that three 
such vacuums will be required. Annual 
costs, including annualized capital costs 
of $1,718 for all three units and O&M 
expenses of $7,170, which include HEPA 
filter replacement, were estimated to be 
$8,888. Additional labor required was 
assumed to be 3 person-hours per day. 
Costs were estimated to be $15,488 per 
year, based on an average wage of 
$14.75 and a 7 day, 50 week annual 
housekeeping schedule.

Ventilation costs include 
improvement costs for ventilation 
systems in the teeming and tundish 
areas as well as costs for local exhaust 
ventilation for the rolling mill (primarily 
in the area of the mill stands) and for 
occasional exposures during manual 
surface conditioning.

Evidence compiled during the 
informal public hearing indicates that 
the manufacturers engaged in the 
teeming of leaded steel have already 
implemented certain ventilation controls 
in an attempt to limit exposure to lead. 
These controls were described by 
Middough Associates [Ex. 582-87, 
Attachment A] and AISI [Ex. 582-87, p. 
10]. OSHA recommends that the 
manufacturers who teem leaded steel 
improve local and general ventilation 
and ensure that these systems are 
properly maintained. These 
improvements should also include any 
necessary barriers to prevent disruptive 
air currents. Ventilation improvement 
costs were estimated to be 50 percent of 
installation costs, based on information 
received by AISI in response to a 1981 
questionnaire [Exs. 578, pp. 38-39]. For a 
typical system of 65,000 cfm, ventilation 
improvement costs were estimated to be 
$487,500. Annualized capital costs 
would be $71,565 and O&M expenses 
would be $48,750. Total annual costs 
were thus estimated to be $120,315. The 
continuous casting ventilation system 
described by AISI in their latest 
submission to the docket uses 144,000 
cfm to ventilate the tundish area, 120,000 
cfm to ventilate the area where steel is
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torch cut into bloom lengths, and 20,000 
cfm for a torch cut-off station for 
samples. [Ex. 694-41, p. 15J. Total costs 
for this system were $3.9 million, 
according to AISI [Ex. 694-41, p. 7], 
Improvement costs were estimated to be 
$1.95 million [one-half the cost of 
installing a $3.9 million system). 
Annualized capital costs would be 
$286,260. Operation and maintenance 
costs are expected to be $195,000 
annually. Total annual costs were thus 
estimated to be $481,260 for this 
equipment.

The rolling mill and surface 
conditioning areas were assumed to 
require local exhaust ventilation 
systems with air handling capacities of 
18,000 cfm. Applying a unit cost factor of 
$15/cfm, total capital costs for each 
system were estimated to be $270,000. 
Annualized capital costs would be 
$39,636 and O&M expenses would be 
$27,000. Thus, total annual costs for 
each system were estimated to be 
$66,636.

Costs for an annual cleaning were 
estimated to be $50,000 for each facility 
($5,000 per day over 10 days) [Ex. 694-9, 
Company A response.)

Costs for a system to cover ingot 
molds by remote control were assumed 
to be similar to those required to 
implement automated dispensing of lead 
shot. Capital costs for this system were 
thus estimated to be $20,000. Annual 
costs would be $4,936.

Altering the process so that the lead 
shot is added directly to the ladle would

be expected to increase ventilation costs 
sharply, and, therefore, would not be 
implemented unless absolutely 
necessary. (For this reason, these costs 
have not been included in Table 5). 
Additional expenditures would be 
required to provide exhaust ventilation 
for the ladle itself as well as for the 
associated travelling ductwork system 
and necessary baghouse capacity. Based 
on the cost requirements for the 
ventilation of the teeming aisle [Ex. 578], 
OSHA expects the additional costs for 
ladle ventilation to be at least $1 million. 
Annual costs, including annualized 
capital and O&M expenses, would be 
$246,800.

Total annual costs for those facilities 
teeming leaded steel are estimated to 
range from $375,604 to $622,404, 
depending upon whether a ladle 
ventilation system is implemented. Total 
annual costs for the continuous casting 
operation were estimated to be $736,799.

Only one of the five integrated 
producers is currently casting leaded 
steel [Ex. 582-87, Attachment A, p. 9J. 
OSHA computed total industry costs, 
and hence, impacts, based on the 
scenario of one continuous caster of 
leaded steel and four teemers. This 
combination produced a total annual 
cost range for the industry of $2.24 
million to $3.23 million.

Econom ic Feasibility. In assessing 
economic feasibility for the leaded steel 
industry, OSHA compared the estimated 
costs of compliance with estimated 
profit and sales levels. Sales data for

two of the five producers of leaded steel 
were provided for 1987 [Ex. 694-41, 
Attachments 6 and 7). These data 
appear consistent with those reported 
by Meridian [Ex. 686h, p. 6-7); therefore, 
OSHA based its analysis on the 
Meridian information with one 
exception, Company “e,” though 
profitable in the third quarter of 1987 
[Ex. 686h, p. 7J, incurred a net loss for 
the year. This loss is reflected in Tables 
7 and 8. The portion of sales attributable 
to the production of leaded steel has 
been estimated at 0.8 percent of total 
sales, which represents the fraction of 
total production tonnage that was 
leaded steel in 1987 [Ex. 686h, pp. 1-2].

In assessing the impacts of the costs 
of compliance, two sets of impact ratios 
had to be developed, since the leaded 
steel producers did not identify the 
continuous caster for the record. Table 7 
contains ratios for each producer 
assuming each teems leaded steel and 
Table 8 contains ratios assuming each 
uses continuous casting.

As seen in Table 7, price increases 
required with respect to leaded steel 
products would range from about 0.3 
percent to about 3.7 percent for firms 
“a” through “d” and could be between 
25 and 41 percent for firm “e”, assuming 
teeming is the method of casting used. 
Costs as a percentage of overall after
tax profits should range from 0.09 
percent to 0.68 percent for firms “a” 
through "d” and could represent 
between 2.9 percent and 4.7 percent of 
losses for firm “e.”

T a b l e  7 .— S u m m a r y  o f  E c o n o m ic  Im p a c t s  f o r  t h e  Le a d e d  S t e e l  In d u s t r y — T e e m in g

Company
Costs (range) ($ 

thous.) Sales ($ 
thous.) *

Sales/ 
lead rel. 

($
thous.)b

Ratio: Costs lead rel./ 
sales* Total 

profits ($
Ratio: Costs total/ 

profits *

Min. Max. Min. Max. thous.)d Min. Max.

376 622 14,836,000 118,688 0.00316 0.00524 219,000 0.00093 0.00188
376 622 7,461,066 59,689 0.00629 0.01043 482,667 0.00042 0.00085
376 622 4,553,866 36,431 0.01031 0.01708 137,067 0.00148 0.00300
376 622 2,107,443 16,860 0.02228 0.03692 60,017 0.00338 0.00684
376 622 191,445 1,532 0.24524 0.40639 (13,161) -0 .02854 -0.04729

------------------- —

a Overall, obtained from Ex. 666h, p. 7. Sales for firm “e” obtained from Exhibit 694-41. 
b Lead related sales, Obtained as 0.8% of overall sales. 
c Costs divided oy lead-related sales. 
d Total profits after taxes [Ex. 686h, p. 71.
* See text for derivation. Profit impacts were computed using the following federal income tax schedule: firms a, b, c, d: 0.34; firm e. 0.0. 
Source: Occupational Safety and Health Administration, Office of Regulatory Analysis.

T a b l e  8 .— S u m m a r y  o f  E c o n o m ic  Im p a c t s  f o r  t h e  Le a d e d  S t e e l  In d u s t r y — C o n t in u o u s  C a s t in g

Company Costs ($ 
thous.)

Sales ($ 
thous.) *

Sales/lead 
rel. ($ 

thous.)b

Ratio: costs 
lead rel./ 

sales'

Total 
profits ($ 
thous.)d.

Ratio: costs 
total/ 

profits *

737 14,836,000 118,688
!

0.00621 219,000 0.00222
0.00101
0.00355
0.00810

-0.05598

737 7,461,066 59,689 0.01234 482,667
737 4,553,866 36,431 0.G2022 137,067
737 2,107,443 16,860 0.04370 60,017
737 191,445 1,532 0.48094 (13,161)

* Overall, obtained from Ex. 686h, p. 7. Sales for firm “e” obtained from Exhibit 694-41. 
b Lead related sales, obtained as 0.8% of overall sales.
c Costs divided by lead-related sales.
d Overall, after taxes [Ex. 686h, p. 71. .................... . . . „ ,
* See text for derivation. Profit impacts were computed using the following federal income tax schedule: firm a, b, c, d: 0.34; firm e, u.o. 
Source: Occupational Safety and Health Administration, Office of Regulatory Analysis.
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Assuming that continuous casting is 
the manufacturing process yields price 
increases for firms "a” through "d” of 
between 0.6 and 4.4 percent while firm 
“e” ’s prices would have to increase by 
48 percent. Profit impacts would fall 
between 0.2 percent and 0.8 percent for 
firms “a” through “d” and would 
represent about 5.6 percent of losses for 
firm “e.”

It should be noted that the tax- 
deductibility of compliance costs was 
taken into account in computing profit 
impacts. That is, care was taken to 
compute before-tax profit before 
subtracting annual costs. After 
subtracting annual costs, the 
appropriate average tax rate (either 0 or 
34 percent) was then reapplied to 
determine after-tax profit net of costs.

These figures suggest that for most 
firms, a good portion of the costs of 
compliance could be passed through, as 
there is no general all-purpose substitute 
for leaded steel (demand for this product 
is estimated to be relatively inelastic) 
[Ex. 578, pp. 49-50] and U.S. producers 
are internationally competitive (see 
below).

The impact estimates computed above 
also indicate that for all firms profit 
impacts at the corporate level will be 
quite small, regardless of production 
scheme.

OSHA has based its calculations of 
profit impacts on overall profits for each 
firm. Though AISI noted that the 
profitability of steel is not uniform 
across all segments of the industry [Ex. 
681, p. 36], no profit data specific to 
leaded steel operations were made 
available by AISI or by the leaded steel 
producers; however, since this product 
is estimated to constitute about 0.8 
percent of total sales, it is clear that 
impacts on profits generated by leaded 
jperations will necessarily be greater 
than the impacts on total profits shown 
in Tables 7 and 8. Information on bar 
and structural operations, which include 
the production of leaded steel, indicates 
that for at least three of the five 
producers, Copperweld, LTV, and 
Inland, these operations were not 
profitable in 1987 [Ex. 694-41, 
Attachments 5, 6, 7], For Copperweld, 
which produces only bar steel and 
reported losses of $13,161,000 in 1987, 
annual costs, which range from $376,000 
to $737,000, represent about 2.9 to 5.6 
percent of losses. For Inland, which 
reported losses of $31,000,000 for bar 
and structural operations in 1987, annual 
costs represent about 1.2 to 2.4 percent

of losses. Thus, profit impacts with 
respect to bar and structural operations, 
while greater than those profit impacts 
indicated above with respect to overall 
corporate operations, are likely to be 
small.

Based on this analysis, OSHA has 
determined that the 50 jxg/m3 standard 
is economically feasible for the 
producers of leaded steel. OSHA’s 
reasoning is as follows.

First, impact computations indicate 
that the costs of compliance can be 
financed through the combination of 
pass-through and absorption. 
Additionally, OSHA does not believe 
that compliance costs are of sufficient 
magnitude to force manufacturers to 
shift away from the product. (Should 
one or more firms choose this 
alternative, market share will increase 
for those firms remaining, though foreign 
competition could be a factor.)

Second, the most costly compliance 
scenario, that estimated for the 
continuous caster, will only be required 
for one manufacturer.

Third, as noted above, at least two of 
the five producers have expressed their 
commitment to the bar and structural 
steel markets. It is unlikely that the 
costs associated with this regulation 
would affect these corporations’ 
decisions to continue to produce leaded 
steel. Also, though LTV is in 
reorganization and its ability to invest in 
controls may be limited, OSHA believes 
that cost estimates were greatly 
overstated for this firm, as exposure 
data indicate that LTV is very close to 
compliance.

Finally, in assessing this industry’s 
ability to pass on and absorb costs, 
OSHA took into account the recent 
decline in the value of the dollar against 
foreign currencies. Under these 
conditions, which enable U.S. producers 
to be more price competitive with 
foreign producers, it is not surprising to 
see increased demand leading to 
reactivation of facilities, resulting in 
increasing sales and profit levels. (One 
U.S. producer recently activated an idle 
facility to handle increasing overseas 
demand). And, while employment costs 
have traditionally been high, production 
employment has been declining due to 
increased efficiency and modernization 
efforts. This trend increases the steel 
industry’s ability to absorb the costs of 
compliance.

OSHA concludes that this standard is 
economically feasible for the leaded 
steel industry with a compliance

schedule of two and one-half years. As 
noted above, industry profitability has 
improved recently. The industry has 
expressed its intent to invest in the bar 
segment of the market and compliance 
costs are not of sufficient magnitude to 
alter these commitments. With regard to 
production efficiency, OSHA believes 
that the costs imposed by this regulation 
are negligible compared to the 
investment required for modernization 
and will not have a significant impact on 
this industry. The impacts of this 
regulation will not threaten the 
existence of the leaded steel industry.

6. Non-Ferrous Foundry Industry

Process Description and Sources o f 
Exposure— Overview. Non-ferrous 
foundries produce castings of various 
sizes and complexity. Generally, the 
castings are produced by melting 
copper-based ingots, pouring the molten 
metal into molds, usually made of sand, 
allowing the metal to cool, and removing 
the castings, which are then cleaned and 
finished. The main operations are 
moldmaking and coremaking; furnace 
operations, which include charging, 
melting, tapping, drossing and 
transferring molten metal; pouring 
molten metal into molds; shakeout of 
castings from molds; cleaning and 
finishing of castings, which include 
cutting and grinding; and handling sand 
(Exs. 689-5; 686A, pp. 26-40; and 581-2).

Lead is added to molten copper alloys 
to enhance pressure tightness, lubricity, 
and machinability of castings (Ex. and 
582-84, p. 2). Lead is added in 
concentrations that range at the 
extremes from .02-42.5% (Exs. 475-3, p.
2; and 582-84, p. 2). Three of the most 
common lead-containing copper alloys 
are leaded red brass (5% lead), valve 
metal (7% lead), and bearing bronze (13- 
22% lead), which are used to produce 
castings for water works, plumbing 
equipment, and machine bearings, 
respectively (Ex. 689-5).

The typical sand-mold casting process 
involves the following operations.

Moldmaking and Coremaking. Sand 
molds are used to create external 
shapes of castings while cores, which 
are placed inside of molds, are used to 
create internal spaces in castings.

Sand molds are formed by automatic 
molding machines or jolt squeezers, 
which press and bind together prepared 
sand or other materials into particular 
patterns. Automatic molding machines 
dispense and pack sand into molds
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without employees coming into physical 
contact with sand. [Ex. 684f, p. 4). During 
automatic mold making at Foundry F, 
for example, sand falls from a hopper 
over the work station into the mold 
press. Excess sand falls approximately 
four feet to the floor, and then falls into 
a collection grate. Sand missing the 
grate is swept into the grate with a 
broom. Cores are automatically placed 
inside the mold (Ex. 684f, pp. 4,11).

When jolt squeezers are used, molds 
are made by hand. The moldmaker 
drops sand into the flask from an 
overhead hopper, and distributes it by 
hand throughout the flask. The employee 
then uses a squeezer molding machine 
to press the mold shape into the sand. 
Employees place cores by hand at 
appropriate places in individual molds. 
After molds are formed, they must be 
transported to the pouring area where 
they are filled with molten metal. For 
example, at Foundry E  molds are 
transported by a pallet system. After the 
moldmaker has made enough molds to 
fill a pallet car, the pallet car carries the 
molds from the squeezer to the pouring 
area (Ex. 684e, pp. 2-3).

Furnace Operations. The primary 
function of the furnace is to melt metals. 
Furnace operations involve the 
following tasks: charging, melting, 
tapping, dressing and transferring 
molten metal.

Furnaces can be of various types. The 
most commonly used furnaces in the 
non-ferrous casting industry are crucible 
and induction furnaces (Exs. 645, p. 5 
and 689-3, p. 28). Furnaces can be fueled 
by gas, oil or electricity and can be 
tapped in a stationary position or by 
tilting or lifting.

The composition of the charge to the 
furnace determines the kind of alloy 
produced. To make up the charge, most 
melters use ingots already containing 
the proper ratio of metals required for 
casting a particular alloy (Ex. 571, p. 1). 
Some plants, however, formulate their 
own alloys, for example, by using 
copper scrap or “raw” lead from bars. If 
scrap is used, ancillary scrap handling 
processes, like cutting, sawing, 
transferring and charging scrap to a 
scrap heater, may be involved (Ex. 609, 
pp. 6-7).

Metals are charged through an 
opening in the top or side of the furnace. 
The furnace can be charged by conveyor 
or crane. For example, at Foundry E the 
furnaces, which operate 365 days a year, 
are charged from the top with 1,800 
pounds of metal and are capable of 
melting 3,000 pounds of brass an hour. A 
charging bucket filled with metal is 
moved to the top of the furnace with an 
electric hoist, and the bottom hatch of 
the bucket is then opened, allowing the

charge to fall into the furnace. Charging 
takes place 10 times per shift, 20 times 
per day, consuming less than a minute 
each time (Ex. 684e, p. 2).

When the melt is ready, the molten 
metal is tapped (poured) from the 
furnace into vessels like ladles for 
transportation to the pouring area. The 
ladles, which are pushed or controlled 
by employees known as hot-metal 
dispatchers, are transported to hand
pouring stations or automatic pouring 
lines on overhead monorail tracks, 
overhead bridge cranes, overhead 
monorail cranes, or forklifts (Ex. 689-4D, 
p. 7-14).

Impurities that float on the surface of 
the molten metal are called slag or 
dross. The dross, containing lead, is 
manually skimmed from the furnace 
and/or the ladle to remove impurities 
from the molten metal. It is then stored 
in covered or uncovered dross hoppers 
adjacent to the furnace on the pouring 
line (Exs. 684e, p. 2; 684g, p. 11).

Pouring. When the ladles or kettles 
containing molten metal arrive at the 
pouring station, the temperature of the 
metal is taken, and cold metal may be 
added if the temperature is found to be 
too high. At many foundries, dross is 
then manually skimmed from the surface 
of the metal. The molten alloys are 
poured into molds as soon as possible to 
provide good casting quality.

At Foundry F, the casting operation is 
performed on automated casting 
machines. Previously formed sand 
molds automatically rotate on a 
turntable to where the metal is 
automatically poured. The machine 
continually presents and then retrieves 
individual molds to and from the hot- 
pouring operation (Ex. 684f, p. 3).

Elsewhere, small castings (less than 
50 pounds) may be produced in molds 
loaded on pallet decks. Special castings 
of large size or complexity may be 
poured in a variety of ways, using 
stationary floor molds, pit molds in fixed 
locations or molds on powered or 
manual roller conveyors (Ex. 581-2, 
Prepared Testimony of J. Guimond, pp. 
8—9).

After molds are filled on the pouring 
deck, they are pushed or automatically 
moved through cooling courts to the 
shakeout area.

Shakeout. In the shakeout area, 
solidified castings are separated from 
sand molds. A wide variety of 
mechanical methods and equipment (e.g. 
tumbling mills), has been developed to 
handle various sizes and types of 
castings, alloys and different types of 
sand (Ex. 583-13, pp. 5-14 to 5-17). Some 
castings are removed simply by hand 
(e.g., from large floor molds), others are

removed by automatic and enclosed 
equipment (Ex. 684f, p. 3).

In a typical automated shakeout 
operation, molds are turned over to 
dislodge and separate the castings and 
loose sand. The castings and sand drop 
to a vibrating conveyor which carries 
the casting to the sorting and cutting 
area and vibrates the loose sand off of 
the conveyor (Ex. 684f, p. 3).

Cleaning and Finishing. Before 
castings are finished by cutting and 
grinding, they are first sorted according 
to the subsequent finishing required. 
Finishing involves the removal of excess 
sand and metal from the casting. The 
removal can be accomplished by a 
variety of methods, like cutoff saws, 
grinders and buffers.

There are several sources of excess 
metal in the casting process. For 
example, the channel into which the 
molten metal is poured to form the 
casting, as well as the channels 
connecting various castings in a mold, 
create excess metal on the casting, 
known as gates, sprues, and risers.
Some foundries design the shapes of 
these channels to facilitate their 
removal, with the result that they may 
be simply broken off by hand or 
removed by a mechanical press (“kiss
gating”) and recycled to the furnace. At 
Company E, for example, kiss-gating 
techniques are used to the maximum 
extent possible to reduce the number of 
parts that must be sawed in the cutoff 
saw area (Ex. 684e, p 3). Company 
representatives state that, because of 
kiss-gating techniques, grinding is not 
usually needed for many of the small 
castings produced. However, foundries 
do not use kiss-gating for some larger or 
unusually shaped parts. Where kiss
gating is not used, excess metal must be 
removed by cutoff saws (Ex. 684e, p. 3). 
After removal, the surface of the casting 
may be finished by grinding and buffing.

Abrasive blasting, abrasive tools, 
cutting torches and other methods also 
may be used to remove finely burned-on 
sand and remaining excess metal from 
the casting. In many foundries, machine 
finishing such as grinding and cutoff is 
accomplished solely by abrasive wheels. 
Infrequently, a tumbling mill is used to 
dislodge sand by the impact of castings 
striking each other in a rotating drum.

Sand Handling. Some foundries 
recycle used sand; others do not, In 
foundries that do not recycle sand, sand 
handling consists of transporting new 
sand to the moldmaking and coremaking 
operations and disposing of used sand. 
In foundries that do recycle sand, sand 
handling involves additional steps to 
recondition and/or treat the used sand, 
to transport the reconditioned sand back
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to the moldmaking operation, and to mix 
it in proper proportions with new sand, 
water, and binders.

Foundries that recycle sand do so for 
two reasons. Recycling reduces costs 
and also is said to be necessary to 
properly condition the molds for certain 
castings (Exs. 689-5, pp. 155-58; 678, p.
2). With recycled sand, new sand is 
mixed with heat-fractured sand fines of 
proper sizes. The recycled sand is 
transported by conveyors, loaders and 
other sand movers from reconditioning 
areas to mixers and mullers for cooling 
and addition of new sand, binders and 
moisture (2-3%) to condition the sand.

If olivine sand, an expensive 
alternative to silica sand, is used, it is 
completely recycled and seldom 
discarded (Ex. 609, p. 12).

Sources o f Exposure. The sources of 
high lead exposure in non-ferrous 
foundries are fume emitted in the 
furnace and pouring operations and dust 
generated in the cutoff saw operation. 
Lower levels of lead exposure are 
generated from fume and dust in 
shakeout, grinding and from any 
contaminated sand that is recycled and 
allowed to dry (Ex. 694-42, p. 5).
However, Ford Meter Box has pointed 
out that the lead content of airborne 
foundry dust is 3 to 5 times higher than 
the lead content of recycled sand (Ex.
678, p. 2). In addition, lead exposures in 
many operations generally are increased 
by cross contamination from other 
operations (Exs. 571, p. 5; 694-42, p. 6).

For the vast majority of non-ferrous 
foundries that use preformulated alloy 
ingots as their basic raw material, the 
handling of such ingots is not a source of 
lead exposure. These ingots present no 
lead exposure problems until they are 
melted and processed. For those 
foundries that make up their own 
charges from scrap and/or raw lead 
ingots, low-level exposures may be 
produced. Raw lead stored in piles, bins, 
open containers or on pallets may be 
exposed to the weather, and moisture 
may cause oxidation, producing a 
powdery coating of lead oxide that can 
become airborne during handling In 
addition, if the raw lead is worked, as in 
cutting or sawing, lead exposures also 
may be generated (Ex. 609, pp, 6-7).

In the hot furnace and pouring 
operations, the tasks that contribute 
most to high exposure levels are 
charging, tapping, transferring, drossing 
(slagging), and pouring. These tasks are 
a source of high levels of lead furtie for 
employees performing them and for 
other employees in the furnace and 
pouring areas. In addition, these tasks 
are a source of significantly increased 
exposure levels for employees 
elsewhere in the foundry who, because

of proximity and/or cross drafts, are 
subjected to cross contamination from 
the furnace and pouring operations.

Once the molten alloy has been 
tapped from the furnace, the molten 
metal provides a continuing source of 
lead fumes while it is being transferred 
to the pouring area, while slagging is 
taking place, and even after pouring, 
until the melt cools sufficiently for its 
surface to solidify. Thus, the furnace 
filled with molten metal, the ladle into 
which the molten metal is tapped, and 
the mold into which the melt is poured 
all can provide continuing sources of 
lead exposure (Ex. 581-2, Prepared 
Testimony of J. Guimond, pp. 3, 5). In the 
pouring operation, employee exposures 
peak during the actual pouring of the 
mold (Ex. 581-2, p. 8). Where large 
molds are cast, the molds usually 
remain in place for some time to cool, so 
further exposure to lead can occur in 
unventilated areas.

The extent of lead emissions in these 
work areas also depends on the 
temperature of the melt, lead content of 
the charge, type of furnace, furnace 
firing rate, and, of course, upon the 
engineering and work practice controls 
employed to contain or avoid such 
emissions.

In shakeout, the major source of 
workers’ exposure is the opening of 
molds, which causes steam; “smokes”, 
fume and dust trapped in the molds to 
be emitted. This occurs because 
dehydration of the sand from the intense 
heat of the molten metal allows lead- 
containing dust to form and 
subsequently escape when the mold is 
broken.

During grinding and cutoff, the source 
of lead exposure is the lead contained in 
the cast alloy, which is abraded as dust 
during the process. The extent of 
workers’ exposure to lead in grinding 
depends on the type of grinder used 
(e.g., snag grinder), the media of the 
abrasive wheel, the size and shape of 
the casting, the lead content of the alloy, 
the extent of automation, and how 
closely the operation is attended.

Sand that has been contaminated by 
lead in the pouring operation also 
provides a source of continuing lead 
exposures until the sand is properly 
moistened or treated to remove the 
contaminant. At Ford Meter Box, for 
example, where 80% of the sand is 
recycled and the recycled sand contains 
.2% lead, approximately 2,000 pounds of 
lead in 500 tons of sand are routed each 
day on conveyor belts to be reused (Exs. 
582-81, p. 31; 663).

The accumulation of lead in the sand 
occurs because lead fumes are trapped 
in the walls of the porous sand molds 
and remain in the sand after shakeout

(Exs. 581-2, Prepared Testimony of J. 
Guimond, p. 14). Exposures to lead
laden dust can occur at all points where 
dry, used sand is handled, for example, 
in the case of recycled sand, on route to 
the muller and after the muller wherever 
water-tempered sand containing lead is 
allowed to dry (e.g., tempered sand falls 
off a conveyor and collects on the floor). 
Thus, recycled sand also can provide a 
source of exposure to lead in an 
operation like moldmaking, which does 
not otherwise involve lead (Exs. 582-81, 
p. 31; 609, p.12; 663; 678, p. 3).

Aside from emissions from recycled, 
contaminated sand, the only other 
possible source of lead exposure in 
moldmaking is cross contamination from 
lead dust or fume emissions generated 
in adjacent operations (Ex. 571, p. 2). 
Moldmaking and coremaking do not 
necessarily require the use of lead or 
lead-containing substances in the 
processes. In the case of moldmaking, to 
the extent that new sand or substitutes 
can be used exclusively, there is no 
internal source of lead. In the case of 
coremaking, recycled sand is not used, 
and as a result there is no internal 
source of lead. In coremaking, there is 
only a single, external source of lead: 
cross contamination from other 
operations (Exs. 684f, pp. 4,11; 694-42, p. 
6).

Exposure Levels.—Overview. An 
overview of existing exposure levels 
reveals the following. Existing exposure 
levels, represented by geometric means, 
already are below 50 pg/m3 in most 
operations at large non-ferrous 
foundries. In two foundries OSHA 
recently visited, for example, geometric 
mean exposure levels are below 50 
pg/m3 in 11 of 15 operations at one 
(Foundry F, Ex. 686A, p. 14) and in 6 of 
11 operations at the other (Foundry E,
Ex. 686A, p. 13). Unless otherwise 
stated, these geometric means include 
airborne lead from cross contamination 
(see discussion below). They therefore 
overstate exposure levels caused 
directly by individual operations, 
because sampling results include cross 
contamination from other operations.
The problem of cross contamination 
appears to affect all operations and 
extends industry wide, even in modem 
plants (Exs. 582-81,1980 Report on 
Feasibility, p. 3).

As OSHA demonstrates below, once 
the data are adjusted to factor out the 
effects of cross contamination, 
geometric mean exposure levels are at 
or below 50 pg/m3 in all but three 
operations at Foundry E. In those 
operations the geometric means are not 
far above 50 pg/m3. Similarly at 
Foundry F, adjusted exposure levels are
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below 50 p,g/m3 in 13 of 15 operations.
In 1 of the remaining 2 operations the 
adjusted geometric mean is 78.7 p,g/m3 
(see Table A).

At Central Brass Manufacturing 
Company (“Central Brass”), where the 
company president has fashioned rough, 
representative averages for each 
operation by eliminating atypical 
exposure results, a further adjustment 
(20 p.g/m3) 2 to eliminate the effects of 
cross contamination reveals that 
arithmetic average exposure levels 
would be at or below 50 jxg/m3 in 6 of 9 
operations (Ex. 581-4, Att. B-2, B-3, B - 
4). In 1 of the remaining 3 operations the 
adjusted arithmetic average would be 
just slightly over 50 /xg/m3.8 This 
confirms OSHA’s understanding of 
exposure levels in non-ferrous foundries.

Summary data for a number of 
foundries supplied by a major industry 
trade association (Ex. 667) further 
confirm that in most operations 
geometric mean exposure levels 
adjusted for cross contamination 
already are below 50 jug/m3.

The Data. The above overview of 
exposure levels is based upon the best 
available evidence in the record. The 
record includes at least 13 sets of data, 
most of which do not provide 
significant, useable data. OSHA 
believes that for purposes of 
determining technological feasibility the 
data sets representing exposure levels in 
large foundries are by far the most 
useable, accurate and complete. In part, 
this is because some of these data sets 
are supplemented by vital contextual 
information gathered on OSHA site 
visits.

The data sets for large non-ferrous 
foundries were provided by Foundry E 
(Ex. 613b-l), Foundry F (Ex. 613b-6), 
Ford Meter Box (Exs. 582-81, 694-28, 
and 698), Central Brass (Ex. 581-4), and 
the American Foundrymen’s Society,
Inc. (“AFS,” Ex. 667). These foundries

2 OSHA chooses 20 /xg/m3 as the measure of 
cross contamination at Central Brass, because that 
figure is just below the average exposure level for 
coremaker in the three data sets upon which OSHA 
relies to determine the extent of cross 
contamination in this industry sector (see Table A 
and the discussion of OSHA’s use of exposure 
levels for coremaker to represent cross 
contamination, below).
3 A submission to the record by the National 

Institute for Occupational Safety and Health 
(NIOSH) concerning a NIOSH in-plant study at 
Central Brass, which arrived too late for public 
comment and upon which OSHA therefore does not 
rely, indicates that by January 1987, geometric mean 
exposure levels at Central Brass generally had been 
reduced to below 50 pg/m3 (Ex. 582-11, “Walk 
Through Survey Report of the Central Brass 
Manufacturing Company,” p. 4; apd see cover letter 
from T. Meinhardt to OSHA Docket Office).
OSHA’s analysis of the data from Central Brass, 
including *he adjustment for cross contamination, 
thus, appears to be conservative.
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provided OSHA with extensive and 
invaluable data, information and 
insights. Except for the fact that they 
declined to testify and answer questions 
at the remand hearing, they were quite 
cooperative. Ford Meter Box. was 
especially forthcoming.

The best evidence is from Foundries E 
and F because their exposure data are 
supplemented by extensive information 
on plant conditions, processes, and 
controls largely gathered on recent 
OSHA site visits (Exs. 684e; 684f). That 
information enables OSHA to assess 
and interpret these exposure data more 
effectively than comparable data from 
other foundries, which have not chosen 
to provide similar contextual 
information as requested. The 
information and data from Foundries E 
and F further allows OSHA to better 
understand exposure data from other 
large foundries, like those represented 
by AFS’ data. Central Brass and to a 
lesser extent AFS made some 
commendable efforts to help OSHA 
interpret their data.

Another group of data sets has been 
provided by small and medium-sized 
foundries. Those submitting data include 
Foundry G (Ex. 684G), AFS (Exs. 667 and 
694-26), Foundry 1 (Ex. 613b-5), Foundry 
2 (Ex. 613b-4), Prattsville (Ex. 583-14 
and see Ex. 694-23), Hill Air Force Base 
Non-Ferrous Foundry (Exs. 582-94; 649), 
Aacco Foundry, Inc. (Ex. 582-7), and 
Federal-Mogul Corporation (Ex. 582-10). 
With the exception of the data from 
Foundry G and Hill Air Force Base, all 
of these data are incomplete. Further, 
OSHA’s analyses of these sets reveals 
that much of the data is neither recent, 
well-defined by job classifications or 
operations, nor accompanied by 
information concerning underlying 
conditions, processes or controls.

For example, the submission from 
Federal-Mogul Corp. (Ex. 582-10), 
although reasonably complete in some 
respects, does not provide data 
operation by operation. This is because 
in Federal-Mogul’s foundry (identified in 
the exhibit as Plant C), the same 
operators both melt and pour the alloy. 
In addition, exposure data for other 
operations such as mold making are not 
provided. Disaggregation of exposure 
data is useful and important in 
analyzing data for purposes of assessing 
technological feasibility. Lack of 
disaggregation effectively makes the 
data unuseable for comparing exposure 
levels in particular operations and their 
associated controls, if any.

The data set for small foundries 
provided by AFS is the best of this 
group. It consists of two submissions 
(Exs. 667; 694-26). In neither does AFS
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provide individual monitoring results or 
explanations of conditions, processes, 
and controls associated with particular 
operations. AFS also does not explain 
how it integrates exposure data from job 
classifications that vary widely across 
the industry into the five universal 
operations for which it provides data. 
Obviously, the way in which raw data 
are allocated to particular operations 
can influence results.

In the initial data submission, the data 
for each of the five operations consist of 
nothing more than a single number, 
which represents the average of 
arithmetic mean exposure levels in 25 
foundries for that operation (Ex. 667, p.
2). In the second submission (Ex. 694-26, 
Attachment 1), AFS does provide the 
frequency distribution of monitoring 
results and the arithmetic and geometric 
means for each of the five operations, 
but the data still are not broken down 
foundry by foundry. This makes the data 
unreliable for assessing technological 
feasibility, because, to an unknown 
extent, high monitoring results in one or 
more plants with poor controls may 
dramatically affect the aggregate.
Viewed together, these submissions are 
not only inadequate; they also appear to 
be inconsistent. For example, AFS does 
not explain why one job classification 
(centrifual casting) in the first 
submission is dropped in the second or 
why average exposure levels for furnace 
tending and cleaning/finishing are much 
higher in the second. Had AFS provided 
the Agency with the underlying raw 
data, OSHA could have independently 
analyzed the data. As such, OSHA does 
not rely on these submissions.

Another data set is from Hill Air 
Force Base (Ex. 582-94). Even though 
these data are quite complete and are 
supplemented by a recent OSHA site 
visit and even though this foundry has 
state-of-the-art engineering and work 
practice controls and consistently 
achieves extremely low air lead leveis, 
OSHA does not generally rely on these 
data, because the Agency does not 
regard the foundry at Hill Air Force 
Base as typical. Its workforce is 
extremely small (only 2 workers); the 
level of production at the foundry is 
unusually low; and some processes and 
the alloys cast are not typical of 
conventional non-ferrous foundries in 
the private sector (Tr. 848-49, 859).

The final data set is from Foundry G. 
OSHA also finds it cannot treat these 
data as typical of the non-ferrous 
foundry industry (Ex. 684g). The 
combination of raw materials and 
processes at this foundry set it off from 
other foundries. For example, Foundry G 
does not rely upon preformulated alloy
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ingots but instead makes up its own 
charge, relying heavily upon scrap. In 
addition, castings at this foundry are 
produced exclusively by continuous 
casting for brass and bronze rods and 
from permanent molds for other 
products. Thus, Foundry G does not 
utilize any sand or sand substitutes for 
molds or cores. In addition, the data 
from Foundry G are not useful for 
determining feasibility because, as 
Meridian points out, Foundry G lacks 
certain fundamental controls and 
existing controls are inadequately 
designed (Ex. 686A, p. 40). Further, 
exposure levels for several job 
categories are lacking.

Another data set consists of 
inspection data from OSHA’s Integrated 
Management Information System (IMIS) 
(Ex. 583-1). This data set is 
supplemented with often informative 
case files, which provide some of the 
contextual information needed to 
interpret and assess the data (Ex. 585). 
Gary E. Mosher, the industrial hygienist 
for AFS, stated that this data set 
appears to reflect foundries in which the 
lead content of metals being poured is 
fairly low and therefore cannot be used 
to represent foundries that primarily and 
regularly pour brass and bronze with 
lead contents ranging from 5-22% (Ex. 
582-84, p. 5).

Assuming, only for the purposes of 
argument, that Mr. Mosher’s assertion is 
correct; more than one-half (675) of the 
total number (1,291) of non-ferrous 
foundries are secondary and tertiary 
foundries, which primarily produce 
castings that are not brass, bronze or 
copper (Ex. 581-2, Comments of J. 
Mallory, p. 2). These foundries employ 
an estimated 38% of the industry’s total" 
lead-exposed workforce (Exs. 571, p. 13; 
686A. p. 2). Therefore, even if OSHA 
were to agree with Mr. Mosher’s 
assertion, at least for this large number 
of non-ferrous foundries and employees, 
the IMIS data can be treated as 
representative. The IMIS data shows 
that more than 58% of the unadjusted 
sampling results already are below 50 
pg/m3 (Ex. 583-1). Therefore, from the 
IMIS data OSHA concludes at the very 
least that in plants such as these, where 
leaded alloys are poured only 
intermittently and total lead emissions 
are lower than in primary foundries 
(which primarily produce brass, bronze 
or copper castings), controlling lead 
emissions to consistently below 50 /xg/ 
m3 should not pose any great difficulty.
In any event, since OSHA concludes 
that it is feasible to control air lead 
levels to or below 50 /xg/m 3 by 
engineering and work practice controls 
in primary foundries (see below), it must

be feasible in secondary and tertiary 
foundries, as well, to control lead 
exposures to or below 50 ju,g/m3.

Of the total number of non-ferrous 
foundries (1,291), 736 (56%) are small, 
employing fewer than 20 employees (Ex. 
582-84, p. 1). Of these, it is estimated 
that more than one-half, or 366, 
primarily produce castings that are not 
brass, bronze or copper. The remaining 
370 small foundries, which primarily 
produce leaded alloys like brass and 
bronze, do have potentially high lead 
exposure levels in certain operations. 
However, it is estimated that these 
foundries employ only about 15% of the 
industry’s total lead-exposed workforce 
(Exs. 571, p. 13; 686A, p. 2).

By contrast, large foundries that 
primarily produce brass and bronze 
castings each employ 20 or more 
employees and collectively account for 
almost one-half of lead-exposed total 
employment (49%) (Ex. 688a, p. 6). These 
large foundries are very important when 
considering exposure levels for the 
entire industry workforce. Thus, the 
exposure level data from these 
foundries, which is summarized at the 
beginning of this section, merit further 
analysis. Unless otherwise stated, the 
discussion of that data is in terms of 
geometric means.

OSHA’s analysis of the large foundry 
data provided by AFS reveals that 64% 
of the unadjusted sampling results are 
below 50 /xg/m3 and that the average 
geometric mean for all samples is 33.5 
/xg/m3 (Ex. 667). At Central Brass, more 
than two-thirds of the unadjusted 
sampling results are below 50 /xg/m3 
(Ex. 581-4, B-2, B-3, B—4). At Foundry E, 
a large facility visited by OSHA in 1988, 
unadjusted geometric mean exposure 
levels not only are below 50 /xg/m3 in 
most of the operations, but are below 80 
p-g/m* in all operations (Ex. 686A, p. 13). 
At Foundry F, unadjusted geometric 
mean exposure levels are below 50 /xg/ 
m3 in over 73% of the operations, and 
are below 58 /xg/m3 in over 86% of the 
operations (Ex. 686A, p. 14). In addition, 
at Foundry F, in 11 of 15 operations 50% 
or more of sampling results are below 50 
pg/m3, and in an additional two 
operations close to a majority of 
sampling results are below 50 /xg/m3.

In other words, at Foundry F there are 
only two operations in which either a 
majority or close to a majority of 
samples are not already below 50 jLxg/ 
m3. 'Those two operations, pouring and 
gate saw operator (cutoff saw), also are 
the only operations at that foundry that 
have high geometric means. Although 
different foundries appear to have 
problems in different operations (e.g., 
charger), only the pouring and cutoff

saw operations uniformly present a 
problem in every data set where they 
appear (Exs. 686A, pp. 10,11,13 and 14; 
and 581-4-B, pp. 2-4). Therefore, OSHA 
concludes that the pouring and cutoff 
saw operations are the most difficult to 
control to or below 50 /xg/m3 (Ex. 684F,
p. 12).

In this discussion of exposure levels 
OSHA has relied to a considerable 
extent on the geometric mean to 
represent existing exposure levels and 
to provide the baseline for quantifying 
the reduction in exposure levels 
anticipated from plants implementing 
OSHA’s recommended additional 
controls. OSHA has chosen to rely upon 
the geometric mean because, as 
indicated above in the introduction to 
the technological feasibility section of 
this preamble, it is widely accepted as 
the best statistic to characterize typical 
exposure data (cite NIOSH).

OSHA recognizes that there is no 
single number, or even range of 
numbers, that can perfectly characterize 
a data set. A mere range of exposure 
levels, for example, provides very little 
useful information about typical 
exposure levels (e.g., 47 to 2,893 /xg/m3 
for permanent mold furnace operator at 
Foundry G, Ex. 684g, p. 8). Similarly, the 
arithmetic mean, which is equivalent to 
the commonly used “average”, provides 
little insight into the distribution of 
exposures and is subject to gross 
distortion by atypical events.

For example, of the 15 sampling 
results for permanent mold furnace 
operator at Foundry G, %ths are below 
200/xg/m3 but the arithmetic mean is 
345 /xg/m3 (Ex. 684g, p. 10). This is 
because one sample is 2,893 /xg/m3. By 
contrast, the geometric mean is 168.4 
/xg/m3 (Ex. 686A, p. 15), which more 
accurately reflects the routine 
distribution of exposure levels.

In addition, OSHA finds the geometric 
mean to be particularly appropriate as a 
basis for assessing technological 
feasibility under the court’s definition of 
technological feasibility. The court does 
not require that for a PEL to be feasible 
industry must be able to achieve it in all 
operations all of the time. Rather, the 
court’s definition of feasibility focuses 
on typical and routine exposure levels. 
USWA v. M arshall 647 F.2d at 1270, 
1272. Consequently, the mere existence 
of aberrant exposure levels does not 
constitute proof of infeasibility;

In using the geometric mean to 
characterize exposure data, the impact 
of outliers is minimized. This is 
necessary because there is no upper 
boundary on high outliers, which can be 
in the thousands of /xg/m3 while there is 
a lower boundary on low outliers, the
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limits of detection or 0 fig/m3. As 
indicated in company annotations to 
exposure data and in company 
comments (e.g., Ex. 581-4, p. B-3), 
extremely high, atypical exposure levels 
often are the result of unusual events 
like operational upsets and spills or 
monitoring problems, such as “a piece of 
particulate getting into the sample” 
(sample contamination) (Ex. 684E, p. 7). 
OSHA’s use of the geometric mean to 
represent typical exposure levels is also 
supported by industry representatives 
(e.g., Exs. 581-4-B, p. 4; 694-6, p. 2) and 
by Meridian (Ex. 686A, p. 12-13).

OSHA therefore relies primarily on 
the geometric mean to characterize 
existing exposure levels. In addition, 
using a single figure rather than a range 
of figures (e.g., a frequency distribution) 
to represent existing exposures 
facilitates quantifying reductions in air 
lead levels to be expected from the 
implementation of recommended 
additional controls.

Thus far, the analysis of large foundry 
sampling results is based upon 
unadjusted data that include the effects 
of cross contamination. OSHA is 
convinced that cross contamination is a 
very serious problem in non-ferrous 
foundries. This conclusion is supported 
by exposure data (see Table A, below), 
testimony of a union health scientist (Ex. 
694-42, p. 4; Tr. 826, 828), one of the few 
documented industrial hygiene surveys 
in the industry (Ex. 582-81, Letter from 
G. Mosher to R. Walther, p. 2), and 
statements of industry representatives, 
Exs. 581-2, Testimony of J. Guimond, p. 
13; 667, p. 4).

The clearest and most irrefutable 
evidence of cross contamination lies in 
the fact that coremakers, whose 
operation does not itself involve lead or 
lead-contaminated sand, consistently 
have exposure levels across the industry 
that average around 20 pg/m8, instead 
of being negligible, as would be 
expected.

For example, at Foundry E the 
geometric mean exposure level for 
coremaker is 27 fig/m3 (Ex. 686A, p. 13). 
At Foundry F the geometric mean 
exposure level is 16.5 jug/m3, and more 
than 10% of the samples are above 50 
¡xg/rn3 (Ex. 686A, p. 14). At the large 
foundries represented in the AFS data, 
the average geometric mean is 20.7 p.g/ 
m3, and more than 25% of the sampling 
results exceed 50 fig/m3 (Ex. 686A, p.
11). Although small foundries have not 
provided sufficient data to enable 
OSHA to estimate exposure levels for 
coremakers, there is every reason to 
believe that, with fewer controls and 
less-modern facilities in general, small 
foundries face cross contamination

problems that are at least as serious (Ex. 
686A, p. 41).

Consequently, OSHA considers 
exposure levels in coremaking to 
represent the increment to exposure 
levels generally due to cross 
contamination in any given plant. 
Although the exposure level in 
coremaking and the derived estimate of 
cross contamination varies from plant to 
plant, OSHA believes that using levels 
in coremaking to represent cross 
contamination is conservative. 
Coremaking is often separated from high 
sources of lead emissions like cutoff 
saws, furnaces and pouring. For 
example, at both foundries E and F 
coremaking is separated by at least 50 
feet and/or enclosures from such 
operations (Exs. 684e, p. 4; 684f, p. 4). 
This means that cross contamination is 
likely to be less in coremaking than in 
operations closer to sources of high air 
lead levels (Ex. 667, p. 4).

OSHA’s position that exposure levels 
in coremaking represent the baseline for 
background exposure levels in these 
foundries is supported by a statement by 
Dr. Franklin E. Mirer, an experienced, 
certified industrial hygienist and 
toxicologist, who is director of the 
Health and Safety Department for the 
United Auto Workers Union (Ex. 694-42, 
p. 6). Dr. Mirer reported that coremaking 
“does not itself generate lead 
emissions.”

Record evidence confirms that cross 
contamination also is a problem in 
operations other than coremaking. For 
example, in moldmaking, where the only 
direct exposure to lead comes from any 
sand that has been recycled and 
remains contaminated, geometric mean 
exposure levels are 45.7 pg/m3, 39.9 
pg/m3, 27.4 p,g/m3, and 35.8 jxg/m3 at 
Foundry E, Foundry F, AFS foundries 
(Table A, below), and Central Brass (Ex. 
581-4), respectively. These levels, which 
average aproximately 38 pg/m3, cannot 
simply be attributed to contaminated 
sand, especially since some industry 
representatives assert that lead- 
contaminated sand cannot cause 
exposure problems because of its 
moisture content (Ex. 689-3, p. 5). These 
levels, OSHA believes, confirm that 
Agency’s use of exposure levels in 
coremaking to represent the increment 
attributable generally to cross 
contamination is conservative (Ex. 678).

In addition, industry itself has 
recognized cross contamination as a 
problem in foundries. For example, in a 
July 1980 report on prevailing conditions 
at Ford Meter Box based upon an on-site 
industrial hygiene survey carried out by 
Gary Mosher, the industrial hygienist for 
AFS, Mr. Mosher recognized cross

contamination as a problem throughout 
the foundry. Otherwise praising Ford 
Meter Box’s controls in the strongest 
terms—“no other brass foundry in the 
country * * * uses State-of-the Art 
technology as much or as effectively as 
Ford Meter Box”, Mr. Mosher 
nonetheless goes on to say that
Smoke tube testing done in the foundry at the 
same time as the air sampling indicated that 
there seemed to be no uniform air flow 
patterns in the foundry. My guess is that with 
the negative pressure in the foundry and air 
blowing in through outside doors, windows 
and other parts of the building, there is a 
great deal of turbulent air throughout the 
whole foundry. This turbulent air serves to 
mix all materials which are emitted by the 
various foundry processes. What this implies 
is that the sources are going to have to be 
strictly controlled to eliminate the spreading 
of emissions throughout the foundry (Ex. 582- 
81, Letter from G. Mosher to R. Walther, p. 1).

Moreover, industry consultant Joseph A. 
Guimond of Joesph A. Guimond & 
Associates, Inc., an environmental 
consulting firm that has specialized for 
the past 14 years in controlling airborne 
contaminants in the foundry industry, 
agrees that cross contamination is a 
major problem in the non-ferrous 
foundry industry. Mr. Guimond has said 
that cross contamination “has in some 
cases been the major contributor to 
employee overexposure based on our 
experience” (Exs. 581-2, Prepared 
Testimony of J. Guimond, p. 14; 666, 
p.13). Similarly, Richard A. Chandler, 
the president of Central Brass, states 
that for such operations throughout his 
foundry as molding, coremaking, 
mulling, general laborers, towmotor 
operators, sprue cutters, break-off and 
others, exposures basically are 
attributable to cross contamination (Ex. 
581-4-B, p. 3 ).

OSHA’s position that cross 
contamination is an industry-wide 
problem is further supported by 
statements by OSHA’s contractor, 
Meridian. Meridian’s description of . 
typical non-ferrous foundries illuminates 
why cross contamination is such a 
problem. These foundries are said to be 
generally housed in a single building 
with a variety of sources of lead fume 
and dust that, if uncontrolled, can 
release lead that can be spread 
throughout the plant (Ex. 571, p. ES 3).

The impact on employee exposures to 
lead due to eliminating cross 
contamination can be established by a 
simple calculation. Taking exposure 
levels in the coremaking operation as 
indicative of the extent of cross 
contamination, eliminating cross 
contamination would reduce exposure 
levels in most operations at Foundries E
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and F and at the foundries represented 
by the AFS data by 27 pg/m3, 16.5 
M-g/m 3 and 20.7 pg/m3, respectively. 
However, in the cutoff saw and pouring 
operations, which are the primary 
sources of cross contamination, the 
reductions would be proportionally less 
(see discussion below).

As shown in Table A, this would

mean that at Foundry E, for example, by 
controlling cross contamination only the 
cutoff saw operator, at 65.1 pg/m3, the 
pourer, at 56.1 pg/m3, and the worker 
involved in sand treatment, at 50.6 
pg/m3, would have geometric mean 
exposure levels above 50 pg/m3. All 
other operations would have geometric 
means below 40 pg/m3. At Foundry F,

the picture is similar. Only gate saw 
operators at 113.4 pg/m3 and pourers at
78.7 pg/m3 would have exposure levels 
over 50 pg/m3; all the other operations 
would have geometric means below 41 
pg/m3 (see Table A). OSHA wishes to 
emphasize that these levels would be 
achieved without the implementation of 
other recommended additional controls.

T a b l e  A

Job classification

Coremaker........................................................
Muller........................................................... " I ................................................... ...................
Moldmaker..................................................................................................................................
Metter............................... ...............  " ...... .............. .............. ........ .............................. ......
Furnace tender...........................................................................................................................
Charger deck..................... ...................... ...............................................................
Hot metal dispatcher..................... ............................................................................................
Pourer................................................ ,......................................................................................
Shakeout.....................................................................................................................................
Wheelabrator/tumbleblast operator.
Cutoff/gate saw operator.......................................
Grinder.............................................. .".I"!!...".'"................. ...... ................................... —......
Cleaner/pangborn opr................................................................................................................
Sorter.......................................... ....................................................................................*.... ......
Sand treatment............................................................................................................................
Inspector.................................... .................. .............................................
Electrician............................................. . . . . . . . . ..................................................................... .......
Millwright......... ................... ..................... ;;;;;;;;;................................................ .........................
Forklift-driver.............................................* 'v........................................ ..........................................
Laborer........................................................................ !................. .**.................................. ••...........
Supervisor....................................... ..................................................................................

Company E

Unadjust
ed geom. 

mean

27
35.6
45.7 
47.6

69.6
61.7

78.6
21.7 
47 
65.3 
77.6

Geom. 
mean 

adjusted 
for cross 
contami

nation

0
8.6

18.7
20.6

56.1
34.7

»65.1
0

2 47 
38.3 
50.6

Company F

Geom.
mean

16.5

39.9

50.9

33.9
86.9

121.6
57
46.2
38.5

20.6 
44.9 
33
32.3 
26 
23.2

Geom. 
mean 

adjusted 
for cross 
contami

nation

23.4

34.4

17.4
»78.7

113.4
40.5
29.7 
22

4.1
28.4
16.5
15.8 
9.5 
6.7

AFS

Geom.
mean

20.7

27.4
36.6
68.8

153.7

83.3 
88.9

128.3
112.7

18.3

33.5

Geom. 
mean 

adjusted 
for cross 
contami

nation

6.7
15.9
48.1

133

1 72.9 
68.2 

107.6 
102.3 

0

12.8

estimate oHhe increment *d u V to ^ M °M n te n ^ to T i.rCe8 ° f Cr° SS contam,nation- 0SHA has on*y reduced exposure levels in this operation by one-half of OSHA’s 

not r a S S t f « ^ ^  COntamination from other °P®rations, therefore OSHA has

Similarly, at Central Brass, adjusting 
for cross contamination results in 
exposure levels below 50 pg/m3 in 
almost all of the operations. Since 
Central Brass did not provide data on 
exposure levels in coremaking, OSHA 
has conservatively assumed the level to 
be 20 pg/m3. With that assumption, 
simply controlling cross contamination 
would bring geometric mean exposure 
levels to below 50 pg/m3 in seven of 
nine operations at Central Brass (Ex. 
581-4, B-2, B-3, B-4).4

Current Controls. OSHA's analysis of 
the record in the previous section 
indicates that in the non-ferrous foundry

That 20 fig/m3 is a conservative estimate for 
exposure levels in coremaking is confirmed by the 
recent survey of Central Brass performed by NIOSH 
Ifcx. 582-11, pp. 4-5). In that survey, the geometric 
mean exposure level in coremaking for 1985-86 was 
¿7.8 pg/m3. For other operations at Central Brass, 
near y all of NIOSH s unadjusted geometric means 
exposure levels for 1985-86 Were somewhat lower 
man OSHA’s. This again suggests OSHA is being 
conservative. As indicated above, OSHA does not 
rely on this NIOSH survey.

industry the majority of sampling results 
in nearly all the useable data sets 
already are at or below 50 pg/m3 and 
that in nearly all operations there are 
geometric means already are at or 
below 50 pg/m3. This is true even before 
adjustments are made to eliminate the 
effects of cross contamination. In only 
two operations, pouring and cutoff saw, 
for example, were unadjusted geometric 
mean exposure levels above 50 pg/m3 at 
both foundries E and F. This level of 
control has been achieved primarily by 
existing local exhaust ventilation, 
enclosure or isolation, plant design, 
automation of the production process, 
and work practices.

OSHA s best information on existing 
controls comes from its site visits to 
foundries E, F and G and the technical 
literature. As to foundries E and F,
OSHA believes that, although the extent 
of controls implemented there may 
exceed the industry norm, the controls 
are conventional in character and 
readily available in the marketplace (see

discussion below). The fact that both of 
these foundries allow representatives 
from other foundries to visit and inspect 
their facilities confirms OSHA’s belief 
that their controls are conventional (Exs. 
684E, p. 7 and 684F, p. 12). As to Foundry 
G, which uses permanent mold and 
continuous casting, OSHA has 
concluded that it is so atypical in its 
production processes and raw materials 
that it cannot be taken to represent 
other foundries in the industry. Based 
upon the information from foundries E 
and F, OSHA finds the following 
existing controls in the various 
operations.

General Building. The production 
areas of both Foundries E.and F are 
maintained at negative pressure to 
contain toxic substances in those areas. 
Both use mechanical, rather than natural 
ventilation. Foundry F has a central 
ventilation system, which maintains a 
minimal airflow throughout the building 
(Ex. 684f, p. 6). There are no windows in 
Foundry F, and the main access door is
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specially constructed to quickly and 
automatically raise and lower (Ex. 684f, 
p. 1). This minimizes cross currents and 
disruptions to the ventilation envelope 
in the foundry.

Foundry F is also computer controlled, 
which enables personnel in an isolated 
and enclosed control room to know 
immediately when there is any 
malfunction or problem in any area of 
the foundry (Ex. 694-25, p. 4).

M oldmaking and Coremaking. At 
Foundry F, moldmaking is automated, 
which eliminates extensive employee 
contact with molding sand and thereby 
most employee exposures arising from 
the operation (Ex. 684f, p. 4). 
Consequently, exposure levels are 
below 50 p,g/m3 most of the time (Ex. 
684f, p. 7). At Foundry E, which 
produces sand molds with a jolt 
squeezer, exposure levels are controlled 
to below 50 jug/m8 by local exhaust 
ventilation installed at the sides of the 
moldmaking station, and sand that is not 
trapped in the flask during the process 
falls into grates below (Ex. 684e, p. 4). 
The sand itself is conditioned with 
water, which suppresses most of the 
respirable dust. Therefore, even where 
molds are made by hand, exposure to 
lead in the absence of cross 
contamination is typically low (Ex. 694- 
42, p. 7).

Foundry F carries out coremaking in 
partial isolation, with coremakers 
separated some distance from hot 
operations and surrounded on 3 sides by 
curtains (Ex. 684f, pp. 4,11).

Furnaces. As described above, 
furnace operations involve 5 tasks: 
Charging, melting, tapping, drossing, and 
transferring molten metal. Exposure 
levels are partly controlled at both 
Foundries E and F by locating the 
furnaces on raised platforms. The 
selection of a suitable furnace is another 
method of controlling exposure levels in 
these hot tasks. For example, the 
induction furnaces at Foundries E and F 
are energy efficient during melting and 
also have lower emission rates than 
either arc or reverberatory furnaces (Ex. 
684e, p. 2). In addition, these furnaces 
are provided with top-mounted exhaust 
systems equipped with air flow 
regulators to control exposure levels by 
varying the amount of local exhaust 
ventilation during particular furnace 
operations.

With regard to charging, the furnace 
at Foundry E has no charging enclosure 
(Ex. 684e, p. 4). To capture the release of 
lead fume during charging, the am ount 
of exhaust in the close-capture furnace 
system is increased four-fold. Foundry E 
also has installed roof fans to remove 
fumes and heat that escape during 
charging. These controls, however, are

not adequate since exposure levels of 
the melter are often well in excess of 50 
p,g/m3 (Ex. 684e, p. 5). At Foundry E the 
OSHA site visit team observed a 
considerable amount of fumes coming 
from the furnace during charging and on 
two occasions the furnace operator was 
forced to leap back to get out of the way 
of sparks and fumes emanating from the 
furnace after charging (Ex. 684f, p. 11).

At Foundry F, ventilation for the 
furnace is positioned over the charging 
port of the furnace (Ex. 684f, p. 6). 
However, charging is not provided with 
specific control equipment.

During tapping at Foundry F, the 
furnace operator is supplied with a fresh 
air shower of outside ambient air (Ex. 
684f, p. 6). In addition, air lead levels are 
controlled by Hawley Trav-L-Vents that 
exhaust fumes during pouring of molten 
metal from the furnace to the portable 
vessels (e.g., ladles, kettles, crucibles). 
During the site visit to Foundry F, OSHA 
observed the furnace operator’s 
breathing zone was within a few feet of 
the furnace opening and he was 
manually chipping material out of the 
tap hole (Ex. 684f, p. 11). At Foundry E, 
ladles are also equipped with Hawley 
Trav-L-Vent systems to capture fumes 
during tapping and ladle transfer (Ex. 
684e, p. 6).

During drossing, which at Foundry F 
takes place after the molten metal is 
tapped into a ladle, employee exposure 
is controlled by two means. First, while 
the employee is drossing he is bathed in 
a stream of outside air by an air wash 
system. Second, the ladle or kettle itself 
is equipped with a Hawley Trav-L-Vent 
(Ex. 684f, p 10). However, when the 
worker is required to rake dross off the 
top of the kettle, emissions that 
normally would be captured and 
exhausted through the close-capture 
system are dispersed while the system is 
disconnected. At Foundry E, although 
the ladle is locally exhausted, the 
worker drossing die ladle does not have 
a fresh air shower nor is the slag bucket 
enclosed or ventilated (Ex. 684e, p. 6).

At Foundry F, exposure levels during 
transfers of molten metal are controlled, 
except during transfer to the monorail 
siding, by a Hawley Trav-L-Vent system 
mounted on the ladle (Ex. 684f, pp. 6,10). 
A similar set of controls exists at 
Foundry E. However, the OSHA site 
visit team observed that when the 
worker pulled the ladle along the track 
too quickly, fumes from the ladle 
escaped capture by the Hawley system 
(Ex. 684e, p. 2). Other foundries fit 
transfer ladles with stainless steel or 
refractory hoods to contain lead fumes 
during the transfer process (Ex. 586-18, 
p. 177).

Pouring. At Foundry F, the pourer’s 
exposure levels are controlled in several 
ways. The pourer, while pouring molten 
metal into molds on the casting 
machine, is provided with a fresh air 
shower. In addition, a portable 
ventilation system may continue to 
exhaust the kettle from which the metal 
is poured. The casting machine itself is 
ventilated by a single-slot ventilation 
system positioned 8 to 12 inches over it 
(Ex. 684f, pp. 6,10). At Foundry E, each 
mold pouring station is equipped with a 
side draft ventilation system (Ex. 684e,
p. 6).

Shakeout. At both Foundries E and F, 
cooling and shakeout are partially or 
fully enclosed and isolated. At Foundry 
F, in the shakeout operation the 
equipment is fully enclosed, exhaust- 
ventilated, and designed to operate 
unattended (Ex. 684f, p. 3). The plant has 
been designed to isolate the cooling 
court and shakeout area below the 
foundry floor to contain lead emissions. 
At Foundry E, cooling and shakeout are 
partially isolated under the floor and the 
shakeout machihe is equipped with local 
exhaust ventilation. At Foundry E, 
however, the shakeout conveyor is 
neither covered nor ventilated (Ex. 684e,
p. 6).

Cleaning and Finishing. At Foundries 
E and F, the methods used to control 
employee exposures in cleaning and 
finishing are basically similar, consisting 
of isolation, raised platforms, local 
exhaust ventilation, fresh air showers 
and replacing sawing and cutting with 
kiss-gating.

Cleaning and finishing operations at 
foundries E and F are separated from 
the. hot operations by either distance or 
barriers. Foundry E has located its 
cleaning and finishing operations some 
distance from the furnace area, and 
these operations receive one-third of the 
foundry’s fresh makeup air. At Foundry 
F, a canvas curtain separates cleaning 
and finishing from the furnace and 
pouring areas.

At foundries E and F, cleaning and 
finishing operations are located on 
platforms elevated several feet off the 
foundry floor (Exs. 684e, p. 4; 684f, p. 4). 
The elevated platforms permit the 
foundries to utilize gravitational force to 
separate the employees from the lead 
dust which accumulates and falls to the 
foundry floor during cutting and 
grinding. At Foundry F, the platform 
floor is grated to further facilitate this 
separation.

The first step in cleaning and 
finishing, separating individual castings 
and cutting off sprues, gates, and risers, 
is'accomplished with abrasive saw9. 
Both foundries E and F to some extent
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have replaced cutting with kiss-gating 
(Exs. 684c, p. 3; 684f, p. 10). From the 
viewpoint of exposure control, kiss
gating itself is a control. Kiss-gating 
removes excess metal by a mechanical 
press that does not generate high 
velocity dust. Where kiss-gating is used, 
often it is not necessary for the casting 
to be ground or polished, a process that 
entails additional lead exposure. In 
addition to switching to kiss-gating, 
some foundries are designing casting 
molds so that excess metal may be 
simply broken off by hand. Where these 
techniques are not used, excess metal 
must be removed from a casting by 
cutoff saws or other means. These cutoff 
saws operate at high speed and disperse 
leaded dust at a velocity and in a stream 
of air that is difficult to capture.

At Foundry F, kiss-gating is being 
used to the maximum extent possible to 
reduce cutting. Where cutting is still 
required (i.e., large and unusually- 
shaped castings), stationary cutoff saws 
are sometimes partially enclosed and 
usually equipped with ventilation over 
the saw and down-draft ventilation 
through a single slot on the saw table. In 
addition, the cutoff saw operator is 
provided with a fresh air shower to 
remove or dilute dust in the operator’s 
breathing zone (Ex. 684f, p. 10). At 
Company E, cutoff saws are equipped 
with ventilation that encloses the blade 
of the saw. Ventilation is also supplied 
in the blade-slot area below the saw 
table and behind the cutting blade (Ex. 
684e, p. 6). Elsewhere in the industry, 
foundries may use burning rather than 
abrasive cutting for certain castings.
This produces higher exposure levels 
than cutting.

Where castings require grinding and 
polishing, local exhaust ventilation has 
been installed over the grinding surface 
at Foundry E. At Foundry F, grinding 
stations are equipped with ventilated 
covers and downdraft ventilation.

Sand Handling. At both foundries E 
and F molding sand is treated to remove 
large lead particles before it is used 
again. At Foundry E, used sand is 
treated for reuse and disposal in a 
ventilated basement area isolated from 
other process operations (Ex. 684e, p. 6). 
The sand recovery system at Foundry F 
is automated. Sand from the the mold 
machines and other areas of the plant is 
conveyed to the recovery area where it 
is put through two screening systems to 
remove lead and other contaminants 
before reuse (Ex. 684f, p. 11).

Work Practices. The major work 
practice control used by both foundries 
E and F is routine housekeeping. Neither 
Foundry E or F has installed a central 
vacuum system.

At Foundry E, twice daily a worker 
with a HEPA-filtered portable vacuum 
cleans up the dust generated throughout 
the foundry. Each worker also is 
responsible for cleaning his own work 
station. Nevertheless, the OSHA site 
visit team observed dust on floors and 
work surfaces at Foundry E, especially 
in the vicinity of moldmaking and 
pouring. The site visit team also 
observed brooms at several work 
stations (Ex. 684e, p. 6).

Representatives from Foundry F state 
that housekeeping is also performed 
several times a day at their foundry 
using shovels, brooms and mobile 
HEPA-filtered vacuums. In addition, the 
night shift maintenance crew uses a 
forklift-mounted vacuum system. 
Nevertheless, during its site visit, OSHA 
observed considerable dust buildup on 
stairs, railings, floors and work stations 
and observed the automated 
moldmaking machine operators using 
brooms rather than vacuums to sweep 
excess sand that had fallen to the floor 
in the vicinity of the machine (Ex. 684f, 
p. 12).

In addition to daily housekeeping, 
Foundry E vacuum cleans the entire 
facility, including the rafters, on an 
annual basis. At Foundry F, a similar 
complete plant cleanup has not been 
conducted since the summer of 1986.

Additional Controls. With the 
existing controls described in the 
previous section, OSHA has found that 
the majority of sampling results in the 
data sets upon which OSHA has relied 
already are at or below 50 pg/m3 and 
that in nearly all operations the 
geometric mean already is at or below 
50 pg/m3 in one or more plants. These 
results were obtained without adjusting 
the data to eliminate the effects of cross 
contamination. In only two operations 
(pouring and cutoff saw) are unadjusted 
geometric mean exposure levels above 
50 pg/m3 at both foundries E and F (See 
Tables B and C, respectively, below). In 
a third operation, charging, some plants 
also have problems.

With the additional controls 
recommended by OSHA implemented 
and cross contamination controlled, 
OSHA anticipates that geometric mean 
exposure levels in all operations at 
Foundry E and in all but one operation 
at Foundry F will be at or below 50 pg/ 
m3. Indeed, OSHA expects that the 
geometric mean exposures in 19 of 26 
job categories in these two foundries 
will be below 30 pg/m3 after additional 
controls are implemented and cross 
contamination is controlled.

OSHA believes that for operations 
where most sampling results or the 
geometric means already are below 50

pg/m3, relatively modest improvements 
in controls, such as improved 
housekeeping or better preventive 
maintenance (e.g., installing baffles to 
stop cross drafts or covering dross 
buckets), will be sufficient to reduce air 
lead levels of employees consistently 
below 50 pg/m3. Similarly, for 
operations where most of the sampling 
results or geometric means are below 
100 pg/m3, OSHA believes that a 
combination of limited additional and 
improved controls (e.g., improving the 
efficiency of the ventilation system), will 
be sufficient to control exposure levels 
to 50 pg/m3.

On the whole, the same sorts of 
controls that have been successfully 
utilized to achieve exposure levels at or 
below 50 pg/m3 at foundries E and F 
and elsewhere are precisely the kinds of 
additional controls that OSHA 
recommends to reduce remaining excess 
air lead levels to or below 50 pg/m3.
The controls are local exhaust 
ventilation, enclosure and isolation, 
plant design, automation built into the 
production process, and work practices.

The Agency’s discussion of the 
reductions of air lead levels expected to 
be achieved by implementing 
recommended controls relies in part on 
assessments made by a panel of three 
certified industrial hygienists 
established by OSHA’s contractor, 
Meridian (Ex. 686A, pp. 19-25). The 
panel’s assessments are based upon 
data in the record; site visits to 
Foundries E, F, and G; and the members’ 
extensive experience and expertise as 
industrial hygienists. Although 
quantification of the estimated 
reductions involves a substantial 
amount of expert judgment, OSHA 
believes that the panel’s assessment is 
the best available evidence in the record 
on the reduction in exposure levels that 
can be reasonably expected from 
implementing recommended additional 
and improved controls. However, while 
OSHA places substantial reliance upon 
Meridian as one among several bases 
for the Agency’s feasibility 
determination, OSHA in its own 
analysis places greater emphasis than 
Meridian does on the problem of 
controlling cross contamination to 
reduce air lead levels to 50 pg/m3 in 
non-ferrous foundries.

. Prevention of Cross Contamination 
and Cross Drafts. As OSHA established 
in its analysis of cross contamination in 
the section on exposure levels, cross 
contamination appears to be a foundry- 
wide and industry-wide problem (see 
Table A above). For foundries that 
primarily produce leaded brass and 
bronze alloys, OSHA has conservatively



2 9 2 3 0 Federal R egister / Vol. 54, No. 131 / Tuesday, July 11, 1989 / Rules and Regulations

estimated that exposure levels in 
coremaking represent the increment to 
exposure levels generally due to cross 
contamination in each plant. From its 
analysis, OSHA concludes that it is 
technologically feasible to eliminate 
cross contamination.

There are two main reasons for this 
cross contamination. First, foundries 
have failed to adequately contain lead 
exposures at their primary source. 
Second, cross drafts exist, which 
disperse throughout the foundry the 
escaping lead fume and dust.

These cross drafts occur for a variety 
of reasons. For example, windows or 
doors left open, use of man-cooling fans, 
and reliance upon natural ventilation 
with seasonal variation, especially in 
open plants, all create cross drafts (e.g., 
Ex. 582-81, Letter from G. Mosher to R. 
Walther). Concerning the problem 
caused by man-cooling fans, Mr. Mosher 
stated in an 1980 industrial hygiene 
report to Ford Mete&Box, “If there is one 
point I would like to stress * * * it is all 
man cooling fans in the foundry should 
be removed” (Ex. 582-81, Letter from G. 
Mosher to R Walther, p. 3). However, 
even in plants that have eliminated 
these obvious sources of cross drafts, 
cross drafts still can be produced by air 
transfers between hot and cold 
operations and imbalances in the 
mechanical ventilation system.

Not only do these cross drafts spread 
contamination from one operation to 
another, they also disturb the airflow of 
local exhaust ventilation, preventing 
exhaust hoods from operating 
effectively. OSHA’s evaluation of the 
complex, plant-wide problems that cross 
drafts create is substantiated by the 
American Conference of Governmental 
Industrial Hygienists’ book, Industrial 
Ventilation, which states that "[c]ross 
drafts not only interfere with the proper 
operation of exhaust hoods, but also 
may disperse contaminated air from one 
section of the building into another and 
can interfere with the proper operation 
of process equipment” (Ex. 583-13, p. 7 - 
2) .

OSHA assumes that air lead levels 
outside of plants generally are at least 
as low as required by the EPA, which 
limits ambient air lead levels to 1.5 pg/ 
m3, averaged over one quarter of a year 
(Ex. 601, p. 10). However, because this 
limit represents a quarterly average, 
there may be daily excursions to levels 
as high as 10 /xg/m8 (Ex. 601, p. 10). In 
addition, the fresh air supply may be 
contaminated by exhausted foundry air. 
Recirculating that air into the foundry 
will increase exposure levels in any 
foundry where makeup air quality is not 
maintained or where natural ventilation 
is used (Ex. 582-81, Letter from G.

Mosher to R. Walther, pp. 1-2). In such 
cases, the makeup air supply constitutes 

, another source of potential cross 
contamination, and without a filtration 
system workers’ exposure to lead can 
never be lower than the concentration of 
lead in the supply air.

To the extent that these problems may 
exist at any foundry, foundries should 
exercise care to assure that supply air is 
not contaminated by greater than 
negligible levels of lead. Controlling this 
sort of contamination is very straight 
forward. All lead in the supply air 
should be removed by appropriate 
control methods (e.g., filtration) before 
delivery into the foundry.

To remedy the problem of cross 
contamination, as well as others, OSHA 
believes that the very first thing that 
non-ferrous foundries should do is to 
obtain the services of an experienced 
industrial hygienist to perform a 
foundry-wide industrial hygiene study 
that focuses on a task-by-task analysis 
of sources of exposure and analyzes 
cross drafts and cross contamination as 
a basis for designing cross draft barriers 
and other measures to eliminate them. 
Each foundry should undertake this kind 
of study in accordance with the 
requirements of paragraph (e)(3) of the 
lead standard (29 CFR 1910.1025), which 
requires employers to establish and 
implement written compliance 
programs.

OSHA is confident that such a study 
is essential to systematically control air 
lead levels in this industry. This is a 
precondition for employers instituting an 
effective, regular program to identify the 
precise sources of exposure and reasons 
for upset conditions in order to 
determine how best to reduce them to a 
minimum (Ex. 686A, pp. 40-41). The 
level of industrial hygiene 
understanding in foundries, especially at 
foundries F and G, is inadequate, 
according to Meridian. Meridian has 
further stated that it “can think of no 
control measure as likely to produce 
dramatic results as the relatively low- 
cost approach of obtaining the services 
of an industrial hygienist” (Ex. 686A, p. 
41).

OSHA’s conclusion that such a study 
is needed is supported by Mr. Knowlton 
Caplan, a well-known engineering 
consultant to the lead industry. Mr. 
Caplan has said that engineering 
controls should be designed with 
industrial hygiene problems in mind (Ex. 
582-89, Appendix).

There appear to have been no recent 
attempts at foundries E and F to 
evaluate the significance of cross drafts 
or cross contamination on employee 
exposures to lead (Exs. 684e; 684f, 
respectively). Company representatives

of Foundry F stated that there is no 
industrial hygienist on staff and that the 
company has not attempted to interpret 
its background sampling results (Ex.
684f, p. 13). Similarly, representatives of 
Foundry E stated that they do not 
employ an industrial hygienist, nor have 
they performed a recent task analysis or 
attempted to correlate background lead 
levels with employee exposure levels 
(Ex. 684e, p. 7). The only industrial 
hygiene study during the past 10 years 
that is documented in the remand record 
was carried out in 1980 at Ford Meter 
Box, prior to the installation of 
substantial additional controls at that 
facility. No similar industrial hygiene 
evaluation has been carried out since 
then to analyze the effectiveness of 
those controls.

OSHA believes that consultation with 
an industrial hygienist would help to 
resolve such problems inexpensively. 
Based upon its criticism of the 
inadequate expertise brought to bear to 
control exposure levels and of the poor 
quality of design of engineering controls 
recently installed in foundries, AFS 
might well agree with this point (Ex. 
689-3, p. 1; see also Kenneth E.
Robinson, “Eight Fallacies in Plant Air 
Handling,” Exs. 689-7 and 689-13C, p. 
56). Foundries appear recently to have 
spent considerable sums of money for 
engineering controls that they could 
have known were unsuitable and 
inadequate.

To control cross contamination simple 
steps may be effective. For example, at 
Foundry F, which is one of the more 
sophisticated foundries in the industry, 
the coremaking operation, which uses 
no lead or lead-contaminated materials, 
is cross contaminated. This is true 
despite the fact that the operation is 
separated from the furnace and pouring 
areas by some distance and by canvas 
curtains on three sides (Ex. 684F, p. 11). 
OSHA believes there are four likely 
factors contributing to this cross 
contamination. First, the operation is not 
enclosed on all sides. Second, the 
enclosure does not extend to the ceiling. 
Third, forklift trucks travel by the open 
side entraining and spreading lead dust 
from other operations. Fourth, a man
cooling fan, located at the edge of the 
open side and facing in, directs 
presumably contaminated air into the 
operation. OSHA believes that 
controlling these sources of cross 
contamination probably would require 
little more than completing the enclosure 
and providing some source of 
uncontaminated air.

Several other operations are much 
closer to these sources and therefore, 
everything else being equal, are likely to
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suffer higher levels of cross 
contamination.

Erecting cross draft barriers at proper 
locations and assuring that windows 
and doors operate in a way to minimize 
airflow, as Foundry F has done (Ex.
684f), not only will decrease cross 
contamination, but also will increase the 
efficiency of exhaust hoods. High 
exposure levels in a particular work 
area also may be effectively contained 
within that area by maintaining the area 
under slightly higher negative pressure 
than surrounding areas. Once contained, 
emissions then must be captured. These, 
measures will result in an appreciable 
reduction in air lead levels in all areas, 
as sources of lead extraneous to an 
operation are eliminated and control of 
sources of lead intrinsic to an operation 
is enhanced.

If preventing cross contamination is 
one of the most important steps that can 
be taken to reduce exposure levels 
generally throughout the non-ferrous 
foundry industry, other conventional 
controls that are applicable to many 
operations also should be implemented 
to broadly reduce exposure levels. 
Implementation of effective 
conventional controls already has 
dramatically reduced exposure levels in 
various operations throughout the 
industry (Exs. 582-11, 586-18, 583-13, 
689-13 A and C, 689-3, and 689-4).
These conventional controls include 
better ventilation, enclosure, isolation, 
housekeeping, and maintenance.

Ventilation. The presence of 
excessive lead in the work 
environments of non-ferrous foundries is 
proof that existing engineering controls 
like local exhaust ventilation (LEV) and 
general ventilation are not doing the job. 
Although much more quantitative and 
other information than industry has 
provided would be needed to state with 
any precision how great a reduction of 
any particular exposure level could be 
achieved by enhancing specific 
ventilation systems, OSHA has no doubt 
that in many operations improved or 
additional ventilation can achieve major 
reductions in worker exposure.

Such controls have been developed, 
tested, and where found effective, 
manufactured and applied widely for 
many years throughout industry to 
control specific contaminants. 
Conventional controls for nearly every 
operation in foundries have been 
described in detail and often depicted in 
photographs or diagrams by industrial 
hygienists and engineers from the 
American Conference of Governmental 
Industrial Hygienists (Ex. 583-13, pp. 5-4 
to 5-20, 5-41, 5-48 to 5-60), AFS (Exs. 
689-3; 689-4), NIQSH (Ex. 645),
American National Standards Institute

(Exs. 689-13A, 13B, 13C), and many 
consultants that have worked for OSHA 
or industry (Exs. 689-6; 689-7; 689-8; 
689-9; 689-10; 689-11; 689-12).

Improved or additional ventilation 
can achieve major reductions in air lead 
levels at Ford Meter Box, for example, 
where in the furnace operation the 
capacity of the ventilation system fails 
to meet the AFS criteria for effective 
exhaust (Exs. 689-3, p. 26 and 689-4B, 
fig. 19). Specifically, at Ford Meter Box’s 
melting rate of 1.5 tons per hour, a 
technical committee of AFS has 
recommended that ventilation at furnace 
openings be at least 12,500 CFM at all 
times. This is 25% above the 10,000 CFM 
currently used for charging, and 
dramatically above the 2,500 CFM used 
during melting at Foundry E (Ex. 582-81, 
p. 5). Based upon AFS’ analysis, OSHA 
anticipates that increasing ventilation 
capacity to satisfy AFS criteria should 
result in nearly total capture of 
emissions by any appropriate hood.

At Foundry F, the ventilation system 
in general may be adequately designed, 
but it is not balanced properly. Foundry 
F appears to have an insufficient supply 
of makeup air, which means there is not 
enough makeup air to compensate for 
exhausted air. This is effectively ' 
conceded by the foundry’s owner (Ex. 
694-25, p. 4) and was manifest on 
OSHA’s site visit m the fact that 
excessive negative pressure created by 
the imbalance kept doors from operating 
normally.

As the Foundry Ventilation Manual, 
written by a technical committee of the 
AFS, makes clear, this condition is 
prevalent throughout the industry (Ex. 
689-3, pp. 67-68). From this manual it 
appears that ventilation systems often 
have been installed in foundries with 
little or no attention to the requirement 
of replenishing the exhausted air. As a 
result, capture velocities are likely to 
have been decreased and the removal of 
contaminants probably has been 
substantially reduced or even 
eliminated under extreme conditions of 
air starvation. AFS recommends that 
increasing the volume of makeup air to 
the appropriate level should improve the 
efficiency of exhaust ventilation by at 
least 5-10% (Ex. 689-3, p. 68, fig. 7-2).

Thus, it is imperative that 
improvements to existing ventilation 
and newly-installed ventilation be 
properly designed and installed. Many 
previously-installed ventilation systems, 
according to AFS’ manual, appear to 
have been ineffective:

Recognizing that the expertise required to 
properly designs ventilation system was not 
present on their staffs, foundry owners have 
increasingly utilized foe services of 
engineering firms to accomplish this task.

Many times such firms are not familiar with 
foundry processes, resulting in many 
ventilation systems being designed and 
installed which cannot provide proper 
control. Many designers follow commercial 
specifications which have no application in 
the industry.

Without proper knowledge of 
specifications or data, engineering firms or 
equipment suppliers are seriously 
handicapped in providing good industrial 
equipment. The result is that the equipment 
and systems fail to provide foe desired 
control and may not meet local, state and/or 
Federal codes,
(Ex. 689-3, p.l).

Improvements to ventilation systems 
can substantially reduce exposure 
levels. At Hill Air Force Base foundry, 
for example, a properly selected, 
designed, and installed control system 
has resulted in a decrease in air lead 
levels of 86% (from 50 pg/m3 to 7 pig/m3; 
Ex. 582-94). This system consists of up
draft ventilation primarily aimed at 
controlling fumes, the base of which is a 
ventilated grate and die top of which is 
a swiveling hood and telescopic ducts, 
which can accommodate various ladle 
sizes (Ex. 649). This system also can be 
operated in a down-draft mode to 
capture heavy lead particles, for 
example, in the shakeout operation.

Enclosure and halation. Enclosure 
and isolation are two alternative 
methods of separating workers from air 
contaminants. In the case of isolation, 
the employee is physically separated 
from contaminants in the air; e.g., by 
working in a filtered, ventilated control 
booth (Ex. 689-4D, fig. 32). With 
enclosure, the source of the contaminant 
is physically contained and separated 
from the rest of the work environment to 
prevent contamination of the air.

Docket entries describe standard 
enclosure techniques that are in use in 
the industry or can be readily 
implemented fe.g., enclosing casting 
operations; Ex. 590, p. 22). Simple 
isolation techniques that have been 
successfully used in certain plants in 
this and other lead industries are 
applicable throughout this industry (e.g., 
providing employees with filtered-air, 
ventilated cabs for mobile equipment, 
fresh air islands, isolation booths and 
control rooms; Ex. 689-4D, p. 7-14, figs. 
31, 32).

Isolating workers even for a portion of 
their shift can significantly reduce 
exposure levels. For example, a Radian 
study of a secondary lead smelter 
demonstrates that employee exposures 
can be reduced by 23-77% even when 
employees spend only a portion of the 
workday in an isolation booth (Ex. 583- 
16, p. 30. Another study, by the National 
Institute for Occupational Safety and
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Health (NIOSH), investigating the 
effectiveness of various control 
technologies in secondary lead smelters, 
reports that workers spending even one- 
quarter of their time in a supplied air 
island would experience a 20% reduction 
in their 8-hour TWA exposure levels 
(Ex. 590, p. 40). Consequently, fresh air 
islands could be installed for operators 
near the furnace (e.g., charging) to 
reduce remaining excess exposures after 
other controls are implemented.

Housekeeping, Work Practices, and 
Preventive Maintenance. Housekeeping, 
work practices, and preventive 
maintenance are critically important 
controls whose importance frequently is 
not adequately recognized by 
employers. Failure to develop and use 
rigorous housekeeping, good work 
practices, and preventive maintenance 
can destroy the effectiveness of 
otherwise adequate engineering 
controls.

The importance of housekeeping 
measures in general was stressed in a 
report prepared by the Cadre 
Corporation for a secondary copper 
smelter (Ex. 475-32D, p. 58). The Cadre 
report states,

[Housekeeping] is definitely the most 
underrated aspect of any fume abatement 
program. In any industrial facility there will 
be some amount of particulate in the air. 
Sooner or later this particulate is going to 
settle out on the plant floor, equipment and 
materials. If this dust is not collected and 
disposed of then it will become airborne 
again due to building drafts, mobile 
machinery traffic and numerous other 
disturbances. The housekeeping component 
of the abatement plan is a vital link in the 
success of the project. By neglecting to 
properly control settled particulate any gains 
made by capturing fugitive emissions will be 
minimal..

(Ex. 475-32D, H-004E, p. 58).
OSHA agrees. It is impossible to 

overemphasize the importance of good 
housekeeping and work practices. It 
only takes a small amount of lead 
dispersed throughout a building’s air 
space to raise the airborne level over the 
PEL. Housekeeping in non-ferrous 
foundries needs to be improved.

For example, at Foundry F, which is 
offered by industry representatives as 
an exemplary operation, the last wall-to- 
wall cleaning was conducted more than 
18 months prior to OSHA’s site visit in 
February of 1988 (Ex. 684f. p. 12). Each 
non-ferrous foundry should thoroughly 
clean its entire facility, including rafters, 
at least annually (Ex. 609, pp. 15-16). At 
Foundry F, the site visit team also 
observed considerable dust buildup on 
stairs, railings, floors and at 
workstations (e.g., grinding and cutoff). 
Moreover, Foundry F continues to rely

on dry sweeping in some operations (Ex. 
684f, p. 12), which is prohibited under 
the lead standard except where 
vacuuming and other equally effective 
methods have been tried and found 
ineffective (29 CFR 1910.1025 (h)(2)(h)). 
This prompted Meridian to recommend 
prohibition of dry sweeping and 
increased frequency of vacuuming and 
plant-wide cleaning. Meridian estimated 
that such straight-forward 
improvements in housekeeping as these 
could be expected to reduce worker 
exposures in general by 10-25% (Ex. 
686a, p. 22).

Detailed housekeeping instructions 
should be prepared, in accordance with 
the requirements of paragraph 
(e)(3)(ii)(F) of the lead standard (29 CFR 
1910.1025), and adherence to them 
enforced by employers, with scheduling 
and checkoff of regular cleaning of all 
areas of the plant where dust can 
collect. If necessary, housekeeping 
instructions should list individual sites, 
pieces of equipment, parts of equipment, 
and obscure comers (e.g., under 
conveyors) to assure that they are 
cleaned regularly.

Implementing appropriate work 
practice controls is also vital to 
achieving exposure levels at or below 50 
pg/m3. Engineering controls often can 
only be as effective as the associated 
work practices that determine how they 
are used and where the employee 
locates himself relative to the controls. 
For example, if the enclosed and 
ventilated crucible is moved too quickly 
to the molding area, fumes are removed 
from the capture range of the hood (Ex. 
684e, p. 2). OSHA finds this work 
practice unacceptable. Employers 
should ensure that the crucible is moved 
in a manner that does not defeat the 
ventilation system (Ex. 686a, p. 20).

Work practices also should be written 
to prescribe correct procedures for all 
tasks that might result in increased 
employee exposure. Such procedures 
should dictate, for example, that an 
employee remove himself from 
proximity to a source of exposure 
whenever possible and, to the extent 
possible, isolate himself from 
contaminants in a fresh-air island or the 
like. Similarly, the dumping of dross in 
open bins should be prohibited. Care 
also should be taken to assure, 
whenever possible, that covers or 
exhaust hoods are kept on ladles and 
other lead-emitting vessels filled with 
molten metal (Ex. 586-18).

OSHA also notes the importance of 
maintenance programs to assure that all 
systems function as cleanly and as 
efficiently as practicable. For example, 
as stated in AFS’ publications, (Ex. 689- 
3, p. 74, Table 8-1; and see Safety in

Metal Casting, Des Plaines, IL, Vol. 6, 
1970, p. 172), the needed control 
capacity for ventilation systems to 
protect air quality depends not only on 
proper design and installation, but also 
on proper maintenance and availability 
of sufficient makeup air. Exhaust 
systems lose their capacity because 
belts and pulleys slip, duct branches 
become clogged, duct couplings become 
loose and develop holes that leak air, 
filters become occluded, and fan blades 
become corroded or unbalanced. Thus, 
the effectiveness of engineering controls 
can be severely limited by poor 
maintenance.

Before discussing in detail OSHA’s 
recommended additional controls 
operation by operation, a simple 
exercise suggests that implementing 
additional controls in a non-ferrous 
foundry to control exposure levels to or 
below 50 pg/m3 is straightforward. 
Looking at the unadjusted data from 
foundries E and F, it is apparent that one 
or the other of the foundries already 
controls exposure levels to or below 50 
pg/m3 in all operations but two (pourer 
and cutoff/gate saw operator; see Table 
B, above). As a result, if Foundry E were 
to adopt the controls of Foundry F for 
operations in which Foundry F has 
achieved levels below 50 pg/m3, and 
Foundry F were to do the same for 
operations in which Foundry E has 
achieved levels below 50 pg/m3, 
geometric mean exposure levels would 
be below 50 pg/m3 in all operations 
except pouring and cutoff.

For example, at Foundry E personal 
sampling results in shakeout and sand 
treatment are 61.7 pg/m3 and 77 6 fig/ 
m 3, respectively. By contrast, at 
Foundry F both of those operations have 
been enclosed and fully automated, with 
the result that no employee is exposed 
to lead in either operation (Ex. 684f, pp. 
3-4).

On the other hand, for grinders at 
Foundry F geometric mean exposure 
levels are 57 pg/m3 (see Table C), while 
at Foundry E they are 21.7 pg/m3 (see 
Table B). In 1980, Foundry E had an 
arithmetic mean exposure level of 
approximately 90 pg/m3 in grinding, 
because local exhaust ventilation was 
inadequate (citation omitted to protect 
confidentiality). Since that time,
Foundry E has redesigned the dust 
hoods over grinders and increased 
capture velocity, thereby reducing 
exposure levels to well below 50 pg/m3. 
Currently, exhaust ventilation in 
grinding at Foundry F appears to be 
inadequate. Members of the site visit 
team at Foundry F observed dust 
escaping the capture system. In 
addition, the site visit team observed
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considerable dust buildup on stairs, 
railings and floors in this work area, 
which confirms that current ventilation 
is not capturing aft emissions (Ex. 684f, 
p. 12). Using the sorts of controls 
Foundry E has instituted, Foundry F 
should have no problem achieving 
similar results.

Thus, a simple exchange of 
appropriate technology between the two 
foundries is likely to reduce exposure 
levels to or below 50 pg/m3 in nearly all 
operations at both foundries. These 
results could be achieved even before 
cross contamination is effectively 
controlled and before any other 
additional controls are implemented in 
specific operations. In addition to the 
above controls, OSHA specifically 
recommends additional controls 
operation by operation.

Cutoff Saw. The cutoff saw operation 
is the source of some of the highest 
exposure levels in non-ferrous foundries 
and is probably the most difficult area 
to control to 50 pg/m3. Indeed, although 
OSHA believes that significant 
reductions in exposure levels can be 
achieved, the Agency recognizes that in 
some plants in this single operation 50 
pg/m3 may not be consistently 
achievable.

Exposure levels exceed 50 pg/m3 in 
the cutoff saw operation primarily 
because leaded dust is ejected from the 
saw at a high velocity. To capture this 
dust requires that dust hoods or 
enclosures be well-designed to handle 
various kinds of castings and local 
ventilation systems have adequate 
exhaust volume (cfm) (Exs. 583-13, pp. 5 - 
41; 689-3, p. 62, figs. 6-7). OSHA 
believes that if the additional controls 
recommended below by the Agency and 
by the expert panel of certified 
industrial hygienists brought together by 
Meridian are implemented, exposure 
levels in the cutoff saw operation will 
approach 50 pg/m3.

The cutoff saw operation, which is 
one of the two major sources of cross 
contamination in the industry, 
contributes substantially to total cross 
contamination. However, this exposure 
is experienced by the cutoff saw 
operator as direct exposure from his 
own operation, not as cross 
contamination. As a result, simply 
controlling cross contamination will not 
reduce these exposures for the operator. 
Controlling cross contamination will 
reduce the operators’ exposures from 
the second substantial source of cross 
contamination, pouring, as well as from 
other operations. For purposes of 
analysis, OSHA assumes that one half 
of all cross contamination originates in 
the pouring operation. Consequently, the 
level of cross contamination included in
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the cutoff saw operators’ exposure 
levels should be at least one-half of the 
total increment attributed to cross 
contamination.

For the cutoff saw operation at 
Foundry F, the expert panel 
recommends installing additional slots 
to improve down-draft ventilation and 
additional hoods over the blade (Ex. 
686A, p. 21). The panel also recommends 
that both Foundries E and F use wet 
suppression. These controls, the panel 
estimates, will reduce worker exposure 
levels at Foundry F by 75-95% and at 
Foundry E by 25% (Ex. 686A, pp. 20-21). 
When these reductions are applied 
(OSHA conservatively estimates a 75% 
reduction at Foundry F) and after 
adjusting for cross contamination,
OSHA anticipates that geometric mean 
exposure levels will be 49 pg/m3 at 
Foundry E and 28 pg/m3 at Foundry F 
(see Tables B  and C, below).

In addition, in accordance with the 
manual prepared by a technical 
committee of AFS, OSHA also 
recommends installing a booth-type 
enclosure for the abrasive cutoff 
operation with a minimum of open area 
at the face of the enclosure where 
cutting should be performed (Ex. 689-3, 
pp. 51-52, 62). This should certainly 
further reduce exposure levels to the 
cutoff saw operator and the potential for 
cross contamination from this operation 
as well.

Pouring. Pouring is an operation in 
which exposure levels can be reduced 
below 50 pg/m8. Before considering the 
installation of new controls in pouring, it 
is imperative that foundries perform 
industrial hygiene surveys to 
systematically assess the sources of 
their exposure problems and the 
effectiveness of current controls. OSHA 
believes that such surveys will confirm 
that there are two major problems with 
existing controls. The first is that in 
pouring and other operations the 
capacities of the ventilation systems in 
place are inadequate. Second, controls 
that have been installed not infrequently 
have proven to be inadequate because 
of a lack of industrial hygiene analysis 
prior to installation and/or failure to 
assess the effectiveness of such controls 
after installation.

For example, at Ford Meter Box’s 
modem foundry, where the unadjusted 
geometric mean exposure level in 
pouring already is quite low (69.6 fig/ 
m3), the increase in production in recent 
years appears to have seriously taxed 
the capacity of the foundry’s ventilation 
system (Ex. 582-81). Existing ventilation, 
including a Hawley close-capture 
system over the crucible and some side- 
draft ventilation at the pouring station, 
obviously is no longer adequate.
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Data and comments from Ford Meter 
Box suggest that production has outrun 
ventilation capacity. These documents 
indicate, for example, that when the 
foundry first installed side-draft 
ventilation at pouring operations in 1980, 
exposure levels were reduced by at least 
24%-4Q%. However,-thereafter, as 
production rose by two-thirds between 
1980 to 1987, exposure levels rose to 
above the levels that preexisted 
installation of these controls. This 
strongly suggests that production has 
exceeded the capacity of the system. 
Indeed Ford Meter Box itself admits it 
has exceeded the capacity of the system 
(Ex. 582r-81, pp. 22-26, 29). Data from the 
first quarter of 1988 indicate that this 
situation has worsened (Ex. 698, p. 1).

Thus, there is obvious room for 
improvement in the ventilation system 
even before considering the installation 
of other controls. OSHA has no doubt 
that by increasing the capacity of the 
ventilation system, Ford Meter Box can 
reduce exposure levels to or below 50 
pg/m3 in pouring.

Like Ford Meter Box, Foundry F, 
where the geometric mean exposure 
level in pouring is 86.9 pg/m8, also 
needs to increase the capture velocity of 
its local exhaust and to increase the 
number of ventilation slots. With this 
modification alone, the expert panel 
estimates that unadjusted exposure 
levels can be reduced by about 25% (Ex. 
686A, p. 21).

The primary obstacle in effectively 
controlling exposure levels in pouring 
through local exhaust ventilation is that, 
while the molten metal is being poured, 
it emits fume that rises vertically into or 
near the breathing zone of the operator. 
However, exhaust ventilation cannot 
easily be placed directly over the mold, 
where it would be most effective, 
because that would interfere with 
pouring itself (but see, Ex. 649). 
Nevertheless, OSHA believes that 
substantial reduction in exposure levels 
can be achieved, for example, by 
installing the kinds of side or 
compensating hoods depicted in the 
AFS’s manual, Foundry Environmental 
Control (Ex. 689-4-D, figs. 1,13, 29). This 
side-draft ventilation is not positioned 
perpendicular to the floor beside the 
mold, as is conventional, but is angled 
so that it does reach out over the mold 
without interfering with pouring. Such a 
configuration, according to the caption 
beneath figure 13 in the AFS manual, 
would remove all fume and smoke 
emitted during pouring.

Foundry F is typical of the industry in 
its failure to take advantage of industrial 
hygiene expertise in assessing exposure 
problems, designing solutions, and
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monitoring the effectiveness of newly- 
installed controls. For example, the 
foundry installed fresh air stations in the 
pouring operation (Ex. 684f, p. 10), 
without knowing in advance what all 
the sources of exposure were and 
without knowing afterwards how 
effective the new controls were (e.g., Ex. 
689-7, p. 2).

Implementing other controls will 
further reduce exposure levels. For 
example, Foundry F should institute an 
annual wall-to-wall cleaning of the 
facility, the last one having been 
conducted in the summer of 1986 (Ex. 
684f, p. 12). In addition, routine 
housekeeping also should be improved, 
to remove the dust observed by the 
OSHA site visit team in various 
operations throughout the plant and to 
maintain all surfaces as clean as 
practicable, as required by the lead 
standard (29 CFR 1910.1025(h)(1)). 
Controlling cross contamination will 
also reduce air lead levels in pouring.

The pouring operation, which is one of 
the two major sources of cross 
contamination in the industry, 
contributes substantially to total cross 
contamination. However, this exposure 
is experienced by the pourer as direct 
exposure from his own operation, not as 
cross contamination. As a result, simply 
controlling cross contamination will not 
reduce these exposures for the pourer. 
Controlling cross contamination will 
reduce the pourers’ exposures from the 
second substantial source of cross 
contamination, the cutoff saw, as well 
as from other operations. For purposes 
of analysis, OSHA assumes that one- 
half of all cross contamination 
originates outside of pouring operation. 
Consequently, the level of cross 
contamination included in the pourers’ 
exposure levels should be 
approximately one-half of the total 
increment attributed to cross 
contamination.

When the expert panel’s 
recommended controls are implemented, 
the panel estimates worker exposure 
levels in pouring will be reduced by 32% 
at Foundry F (Ex. 686A, p. 21) and by 27- 
37% at Foundry E (Ex, 686A, p. 20).
When these reductions are applied and 
after adjusting for cross contamination, 
OSHA anticipates that the range of 
geometric mean exposure levels will be 
35-41 jxg/m3 at Foundry E and 53.5 jag/ 
m3 at Foundry F (see Tables B and C, 
below). Moreover, these estimated 
resulting exposure levels do not reflect 
all anticipated reductions (e.g., 
reductions anticipated from improved

housekeeping, which the expert panel 
estimated could reduce overall exposure 
by 10-25% at Foundry F).

Charging. The only other operation 
that may require substantial controls to 
reach 50 /Ag/m3 is furnace charger. The 
exposure data for workers performing 
this operation are quite limited and 
somewhat confusing. Neither Foundry E 
nor Foundry F have a separate job 
category called charger. OSHA therefore 
assumes charging is one of the tasks 
performed by employees classified in 
other job categories that already are or 
can be controlled to or below 50 pg/m3. 
In foundries where charging constitutes 
a separate job classification, exposure 
levels in charging, like pouring, appear 
to vary directly with production levels.

There are two aspects to controlling 
exposure levels in charging. The first 
entails controlling the source of fume 
and dust released from the furnace 
during charging. Uncaptured emissions 
constitute a source of exposure to the 
charger and, via cross contamination, to 
workers in other operations. The second 
entails isolating the charger and 
modifying the charger’s work practices 
to minimize resulting exposures.

With regard to the first aspect, the 
ventilation system must be well 
designed and its capacity must be 
adequate to capture emissions at 
prevailing and anticipated production 
levels (Ex. 689-3, p. 26). When the 
demands of higher production exceed 
the capacity of the ventilation system, 
large amounts of fume and dust will 
escape and employee exposure levels 
will rise.

For example, in 1980 at Ford Meter 
Box, when ventilation capacity was not 
obviously exceeded by the demands of 
production, exposure levels for charging 
ranged between 84.8 /Ag/m3 and 95.8 jug/ 
m3. However, in 1987, with increased 
production, the average exposure level 
was 164 /Ag/m3. These recent exposure 
levels are evidence that, with increased 
levels of production, the furnace 
operation is not adequately controlled 
and the charger, who works in close 
proximity to fume and dust, is not 
adequately protected.

According to Ford Meter Box, the only 
controls relevant to this operation are 
general plant ventilation, roof fans and a 
close capture ventilation system on the 
furnace. There appears to be no specific 
control directed at charging itself.
OSHA believes that, aside from the 
obvious need to increase the capacity of 
the ventilation system at Ford Meter 
Box, a number of other readily available

controls can be implemented to reduce 
exposure levels to or below 50 jug/m3 in 
charging. These controls, which must be 
predicated upon an industrial hygiene 
survey to assess the foundry’s particular 
conditions and be designed with health 
considerations in mind, should include 
enclosure of the charging port (Exs. 649; 
689-3, p. 29, Fig. 3-4, p. 31, Fig. 3-6; 689- 
4D, Figs. 8,10), isolation of workers on 
the charging deck in a fresh air pulpit 
(Ex. 689-4D, Fig. 32), and use of remote 
controls for delivering the charge to the 
furnace (Ex. 689-4D, Fig. 32).

OSHA believes that operations other 
than cutoff saw, pouring and charging 
either already are controlled to or below 
50 /Ag/m3 or are so close to that level 
that only the following, relatively 
modest improvments and/or additional 
controls may be needed.

M oldmaking. In moldmaking at 
foundries E and F, geometric mean 
exposure levels, unadjusted for cross 
contamination, already are below 50 /Ag/ 
m3. Once cross contamination is 
controlled, exposure levels for this 
operation in both foundries should be 
below 25 /Ag/m3 (see Table B, below). 
The sole remaining source of lead in this 
operation is lead-contaminated, 
recycled sand. OSHA believes that more 
effective removal of lead from the 
recycled sand will further reduce 
exposure levels.

In addition, Meridian recommends 
reducing the fall distance for molding 
sand (e.g., flexible fall chutes), reducing 
drop distance for spillage, enclosing the 
sand dispensing operation, and 
providing three-sided slot ventilated 
enclosures to control dust from excess 
spillage. These combined controls 
recommended by Meridian are 
estimated by Meridian to reduce 
exposure levels by between 75-95%, . 
which would maintain exposure levels 
well below 50 /Ag/m3 in moldmaking 
(Ex. 686A, p. 19).

Furnaces. In addition to the controls 
recommended above (e.g., increase in 
ventilation capacity where it is too low 
for current levels of production), which 
should reduce exposure levels to or 
below 50 /Ag/m3 in the furnace area in 
general and in charging specifically, 
limited additional controls should 
reduce exposure levels consistently to or 
below 50 /tg/m3 for employees engaged 
in other furnace tasks: melting, tapping, 
dressing, and transferring molten metal 
(see Tables B and C, below).

For example, by providing an exhaust 
hood equipped with a swiveling 
telescopic duct and employing push-pull
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ventilation (Ex. 649), Hill Air Force Base 
reduced exposure levels by as much as 
86%, to well below 50 pg/m3 (Ex. 582- 
94). The controls were successful in that 
small foundry in accommodating 
different-sized ladles as well as in 
controlling emissions during charging, 
tapping and drossing. The up-draft 
ventilated grates were successful in 
confining fumes generated from spills of 
molten metal or dross. At Hill, roof fans 
were completely eliminated and 
replaced with mechanical ventilation for 
providing sufficient make-up air. The 
location of the furnace was selected in a 
fashion that wind drafts from the access 
doors would not interfere with the 
function of the mechanical ventilation 
(Exs. 582-94; 649).

Alternatively to implementing 
controls appropriate to mobile 
operations, foundries can perform these 
operations at fixed stations with 
improved local exhaust (Exs. 689-4D,
Fig. 24; 686A, pp. 19-22). For example, 
installing side-draft slot ventilation at 
the slag bucket is expected to reduce 
exposure levels to the worker 
performing drossing by 20-30% at 
Foundry E (Ex. 686A, p. 20). In addition, 
placing a lid on the slag bucket while 
tramp elements and compounds cool 
will further reduce exposure levels. Such 
control of emissions at their source will 
reduce exposure levels at other work 
stations caused by cross contamination 
from the furnace, as well.

Shakeout Operations. At Foundry F, 
the shakeout operation is automated, 
fully enclosed and exhausted. This has 
eliminated workers’ exposures to lead in 
shakeout. OSHA supports this approach 
to controls as the most effective in the 
industry. Even at Foundry E, where 
partially enclosed shakeout equipment 
is employed, the unadjusted geometric 
mean exposure level already is 61.7 ug/ 
m3 (see Table B, below). OSHA 
recommends that Foundry E install a 
push-pull exhaust system, combining an 
adjustable hood mounted over an air 
supply (e.g., from a grate), which should 
reduce prevailing exposure levels by 5— 
25% (Ex. 686A, p. 20; and see Ex. 649)). In 
combination with controlling for cross 
contamination, these controls are 
anticipated to reduce exposure levels to 
well below 50 pg/m3.

Finishing. Finishing consists primarily 
of cutting and grinding. OSHA has 
discussed the cutoff saw operation 
above. In grinding, unadjusted geometric 
mean exposure levels already are at 21.7 
pg/m3 at Foundry E and 57 pg/m3 in 
Foundry F. OSHA has determined that 
increasing the capacity of exhaust ' 
systems for grinders, particularly by 
supplying fresh makeup air to the work 
stations, is the most effective way to

reduce exposure levels to consistently 
below 50 pg/m3 (Ex. 684e, p. 7).

Sandhandling. OSHA has determined 
that controlling exposure levels to or 
below 50 pg/m3 in sandhandling is not a 
problem. At Foundry F, where 
sandhandling is basically automated, 
enclosed and locally exhausted, 
sandhandling is effectively controlled.
At Foundry E, exposure data covering 
the last half of 1986 and the first quarter 
of 1987 indicate that controlling 
exposures to or below 50 pg/m3 also 
should be relatively easy. The four 
sampling results are 37 pg/m3, 51 pg/ 
m3, 59 pg/m3 and 327 pg/m3 (citation 
omitted to protect confidentiality).
OSHA believes the final data point 
represents an aberration due either to 
upset conditions or sampling error (e.g., 
“a piece of particulate getting into the 
sample.” Ex. 684e, p. 7). OSHA therefore 
concludes that exposure levels in 
sandhandling already are at or near 50 
pg/m3. Moreover, OSHA believes that 
current exposure levels in sandhandling 
at Foundry E are likely to be lower than 
1986 monitoring results suggest, because 
a new baghouse was added in 1987 (Ex. 
684e, p. 6).

Ta b l e  B.—Com pa n y  E

Ta b l e  C .— Com pany  F

Job
classification

Unad
justed
geo

metric
mean

Geomet
ric mean 

after 
recom
mended 
adjust

ment for 
cross 

contami
nation

Geometric 
mean after 

recommend
ed additional 
controls are 
applied and 

after
adjustment 
for cross 

contamina
tion

Muller................... 35.6 8.6 1 8.6
Coremaker.......... 27
Moldmaker.......... 45.7 18.7 1.0-4.6

Melter................... 47.6 20.6 17.1-19.1

Pourer.................. 69.6 2 56.1 35.3-41.0

Shakeout............. 61.7 34.7 26.0-33.0

Cutoff................... 78.6 2 65.1 48.8
Grinder................. 21.7 (4) (4)Sorter................... 65.3 38.3 1.9-9.6

Sand treatment.... 77.6 50.6 1 50.6
Cleaner................ 47.0 3 47 147

J  No additional controls were recommended for 
this job classification by the expert panel of certified 
industrial hygienists.

2 Because this operation is itself one of the 
sources of cross contamination, OSHA has only 
r , ¡i9^^Â xPosljre leve!s in this operation by one-half 
of OSHA s estimate of the increment due to cross 
contamination.

* Operation located in separate building and it is 
extremely unlikely this operation is affected by cross 
contamination from other operations. Therefore, 
ut>HA has not reduced exposure levels in this oper
ation by the estimate of the increment due to cross 
contamination.

4 Negligible.

Job
classificatipn

Unad
justed
geo

metric
mean

Geomet
ric mean 

after 
adjust

ment for 
cross 

contami
nation

Geometric 
mean after 

recommend
ed additional 
controls are 
applied and 

after
adjustment 
for cross 

contamina
tion

Coremaker.......... 16.5
Moldmaker.......... 39.9 23.4 »23.4
Furnace tender.... 
Hot metal

50.9 34.4 >34.4

dispatcher........ 33.9 17.4 1 17.4
Pourer.................. 86.9 *78.7 »53.5
Cutoff................... 121.6 3 30.4 »22.2
Grinder................. 57 42.8 26.3
Pangborn............. 46.2 39.3 22.8
Sorter................... 38.5 22 122
Inspector............. 20.6 4.1 »4.1
Electrician............ 44.9 28.4 »28.4
Millwright............. 33 16.5 1 16.5
Forklift driver....... 32.3 15.8 1 15.8
Laborer................ 26 9.5 »9.5
Supervisor........... 23.2 6.7 »6.7

1 No additional controls were recommended for 
this job classification by the expert panel of certified 
industrial hygienists.

2 Because this operation is itself one of the 
sources of cross contamination, OSHA has only 
reduced exposure levels in this operation by one-half 
of OSHA’s estimate of the increment due to cross 
contamination.

3 OSHA has estimated this conservatively.

Technological Feasibility 
Conclusions. Based on the above 
analysis of the evidence in the record 
and OSHA’s experience and expertise, 
the Agency determines that achieving a 
PEL of 50 pg/m3 by implementing 
readily available engineering and work 
practice controls is technologically 
feasible in the non-ferrous foundry 
industry as a whole.

Nevertheless, the Agency recognizes 
that in some plants in the cutoff saw and 
pouring operations it may not be 
possible to consistently achieve the 50 
pg/m 3 PEL by these controls. Since 
OSHA has found the 50 pg/m3 PEL 
feasible for the industry, employers will 
be required in the cutoff saw and 
pouring operations, as well, to 
implement engineering and work 
practice controls to control exposure 
levels to the PEL or the lowest feasible 
level. Where all feasible engineering 
and work practice controls have been 
implemented and employees operating 
the cut off saw or performing pouring 
are still exposed above the 50 pg/m3 
PEL as an 8-hour TWA, employers will 
be required to provide these workers 
with respirators for supplemental 
protection while they are operating the 
cutoff saw and performing pouring.

To summarize, OSHA has shown the 
following. In the non-ferrous foundry 
industry the majority of useable 
sampling results already are at or below 
50 pg/m3, and in nearly all operations 
geometric mean exposure levels at
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Foundry E or F (or both) already are at 
or below 50 pg/m3. At foundries E and F 
a mere exchange of appropriate 
technology between the two foundries 
may be all that is necessary to bring 
nearly every operation at these 
foundries to or below 50 pg/m3 (Exs. 
684e; 684f; see Tables B and C, above). 
These results can be achieved even 
before other additional controls are 
implemented and before cross 
contamination is controlled. After 
additional controls recommended by 
OSHA are implemented and cross 
contamination is effectively controlled, 
OSHA anticipates that geometric mean 
exposure levels in both foundries E and 
F will be at or below 50 pg/m3 in nearly 
all operations. Indeed, in 19 of 26 job 
categories in these two foundries, 
exposure levels are anticipated to be 
below 30 pg/m3. In addition, in two 
other foundries, one studied by NIOSH 
(Ex. 582-11, Att.), upon which OSHA 
does not rely, and the other reported in 
a peer-reviewed article in the A m erieian  
Industrial H ygiene Journal {Ex.. 586-18), 
exposure levels also appear to have 
been controlled to or below 50 pg/m3.

OSHA also wishes to point out that 
all of its recommendations for achieving 
50 pg/m3 rely exclusively upon 
conventional and readily available 
controls. OSHA has not needed to 
exerdse its statutory authority to force 
the development of new technology in 
this industry to justify its finding of 
feasibility.

Based on the foregoing OSHA 
believes that 50 pg/m3 is achieveable 
most of the time in most of the 
operations in non-ferrous foundries. In 
reaching this conclusion, OSHA does 
not purport to have recommended an 
exhaustive list of additional controls.
The Agency is certain that industry will 
be capable of devising and fine-tuning 
various controls to further reduce 
exposure levels. Consequently, OSHA 
anticipates that industry will be able to 
consistently achieve exposure levels at 
or below 50 pg/m3 in nearly every 
phase of production.

OSHA acknowledges that the lead 
standard is strict and believes that to 
achieve the PEL requires implementing 
an integrated system of controls. The 
basic element in that system is an 
industrial hygiene study. Each foundry 
should have an experienced industrial 
hygienist perform an in-depth job/task 
analysis and a plant-wide survey. This 
survey and analysis should identify 
sources of emission in each task, 
sources of cross drafts or cross 
contamination, and appropriate sites for 
erecting cross contamination barriers. 
Such an analysis should also

recommend appropriate engineering and 
work practice controls to reduce 
emissions and minimize employee 
exposures. If, after implementing these 
recommendations, ^eductions in air lead 
levels deviate substantially from what 
was anticipated, a follow-up industrial 
hygiene survey should be conducted and 
necessary corrections made.

The second element in that system is 
the development of good, written 
housekeeping and work practice 
programs that are systematically 
implemented so that proper procedures 
are routinely and meticulously followed. 
For example, wall-to-wall cleanups 
should be conducted at least annually.

The final element of an integrated 
system of controls is a preventive 
maintenance program to assure that all 
systems are maintained in clean and 
efficient condition.

The non-ferrous foundry industry does 
not agree that a PEL of 50 pg/m3 is 
achieveable. Industry’s disagreement is 
based on four main, and other 
secondary arguments. The four main 
arguments are:

Foundries E and F, which embody 
state-of-the-art technology, have not 
been able to consistently achieve 50 pg/ 
m3 (Exs. 582-81, letter from G. Mosher to 
R. Walther, p. 4, and Jacko report; 684f, 
pp. 12-13; 694-28, pp. 9-10); Foundries E 
and F, upon which OSHA has relied 
heavily in making this feasibility 
determination, are not representative of 
the non-ferrous foundry industry [CITE]; 
OSHA’s reliance on geometric means in 
assessing technological feasibility is 
inappropriate (Ex. 694-28, pp. 1-8); and 
the efforts of Meridian and its expert 
panel of certified industrial hygienists 
are biased, incompetent, and 
unsupportable (Exs. 694-26, pp. 2-8; 694- 
28, pp. 6-9).

First, industry argues that several 
foundries with state of the art 
technology, including Foundries E and F, 
have been unable to consistently 
achieve 50 pg/m3. While OSHA 
concedes that these foundries have 
extensive controls and are not 
consistently achieving 50 pg/m3 in all 
operations, the Agency does not agree 
that they have not been, or are unable to 
achieve 50 pg/m3. OSHA also maintains 
that, despite the characterization of 
these foundries as “state-of-the-art,” 
there are further controls and 
improvements that can be implemented 
there. For example, both foundries E and 
F need to improve the effectiveness of 
their current ventilation systems.

Nonetheless, OSHA has shown that at 
Foundry F geometric mean exposure 
levels and 50% or more of the sampling 
results already are at or below 50 pg/m3

in 11 o f 15 operations. At Foundry E, 
geometric mean exposure levels already 
are below 50 pg/m3 in 6 of 11 
operations. OSHA also has shown that 
by effectively controlling cross 
contamination and implementing the 
sorts of additional controls OSHA 
recommends, geometric mean exposure 
levels are anticipated to be reduced to 
or below 50 pg/m3 in all operations at 
Foundry E and in all but one operation 
at Foundry F. In addition, in over 73% of 
the combined operations at these two 
foundries exposure levels are 
anticipated to be below the action level 
of the lead standard (30 pg/m3).

The reason that foundries E and F are 
not achieving 50 pg/m3 nearly all the 
time is not because they have reached 
the limits of technological feasibility. 
Rather, it is because after these 
foundries implemented what at the time 
may well have been state-of-the-art 
technology, they did not take steps 
necessary to maintain their foundries at 
that level.

For example, while Foundry E in 1980 
may have had effective controls at then 
prevailing production levels, it has not 
since then made adequate modifications 
and improvements to those controls, 
especially including increasing its 
ventilation capacity to keep pace with 
increases in production. In addition, 
there is no indication in Foundry E’s 
recent comments that it has effectively 
resolved certain other problems pointed 
out as long ago as 1980 by Mr. Mosher 
(citation omitted to protect 
confidentiality). Thus, Foundry E has not 
taken effective action to control cross 
contamination, and there is no 
indication in the record that it has dealt 
with the potentially serious problem of 
lead-contaminated exhaust air being 
recycled by external wind currents 
through open doors and windows back 
into the foundry.

Furthermore, within at least the last 8 
years apparently neither Foundry E nor 
F has conducted the kind of industrial 
hygiene survey of plant conditions that 
OSHA considers to be the foundation of 
an integrated, state-of-the-art control 
program capable of consistently 
achieving the strict PEL of the lead 
standard. At Foundry F, for example, 
within 18 months of opening its new 
state-of-the-art plant, it decided that 
further controls were needed in the 
pouring area. Without consulting an 
industrial hygienist, Foundry F installed 
several fresh air showers to deal with 
the problem. Monitoring results before 
and after installing these showers do not 
indicate any noticeable reduction in air 
lead levels, which remain excessive (Ex. 
613B-6). Nonetheless, Foundry F still has
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not employed an industrial hygienist to 
assess these results.

Consequently, OSHA is unpersuaded 
by industry’s argument that Foundries E 
and F, with their "state-of-the-art” 
technology, have been unable to achieve 
50 pg/m3 and that therefore the PEL is 
unachieveable by engineering and work 
practice controls.

Second, industry argues that 
Foundries E and F are not representative 
of the industry, which is comprised of 
unique plants, many of which are small, 
and most of which are less well 
controlled than these two foundries. In 
response, OSHA wishes to emphasize 
that the fact that foundries E and F may 
have more controls than most other 
foundries does not preclude OSHA from 
relying upon them for purposes of 
making its determination about 
technological feasibility. On the 
contrary, the fact that these foundries 
have been able to achieve 50 pg/m3 in 
so many operations through 
conventional methods is the best 
evidence of technological feasibility. So, 
the fact that the level of controls at 
Foundries E and F may be higher than 
elsewhere in the industry does not in 
itself make them unrepresentative on 
the issue of technological feasibility.

The ultimate determination of 
technological feasibility depends not 
upon the level of control that may be 
currently typical in an industry, but 
rather upon the level of control of which 
the industry is capable. Indeed, the court 
has stated that to prove technological 
feasibility OSHA need not prove that 
the controls needed to achieve a PEL 
have already been successfully 
implemented in any plant in the 
industry. OSHA need only prove a 
reasonable possibility that a typical firm 
will be able to develop and install 
engineering and work practice controls 
that can meet the PEL. USWA v. 
Marshall, 647 F. 2d at 1272.

Consequently, the relevant issue in 
this regard is only whether the diversity 
within the non-ferrous foundry industry 
somehow technologically precludes the 
controls implemented at Foundries E 
and F from being adopted and adapted 
by other typical plants, which may be 
smaller or have other distinguishing 
characteristics. While recognizing this 
diversity, OSHA believes the controls at 

Foundries E and F can be implemented, 
with appropriate adaptation, by typical 
foundries in the industry.

The controls used in both Foundries E 
and F are conventional, and as indicated 
above, OSHA’s recommendations to 
further reduce exposure levels also rely 
exclusively upon conventional controls. 
These readily available controls are 
predicated upon widely accepted

general principles of industrial hygiene. 
Of course, as in most industries, controls 
that have been implemented in one 
plant may have to be somewhat 
modified to adapt them to particular 
conditions in other plants. However, 
OSHA does not accept the proposition 
that there is anything so unique about 
the non-ferrous foundry industry or 
anything inherent in the relevant 
controls that would impede or preclude 
such adaptation by typical plants. 
Foundry E, for example, is a captive 
foundry that produces a wide range of 
castings, some in low volume. In this 
respect, most small foundries, which run 
special jobs in low volume, are sim ilar 
to Foundry E.

Third, industry argues that OSHA’s 
reliance in its technological feasibility 
assessment on the concept of the 
geometric mean is inappropriate. OSHA 
disagrees primarily for the reasons 
previously set out. Industry’s main 
criticism of the use of the geometric 
mean is that showing that an industry 
can achieve geometric means below 50 
pg/m3 is insufficient to prove 
technological feasibility, unless OSHA 
can prove industry is capable of 
achieving geometric means iFar below 50 
pg/m3 so that industry is guaranteed 
that it can achieve 50 pg/m3 all or 
nearly all the time.

OSHA agrees in part with this point 
but believes that industry has 
misunderstood how geometric means 
are being used in the Agency’s 
feasibility determination. However, 
Meridian may have used the geometric 
mean, OSHA wishes to emphasize that, 
while the Agency certainly has relied 
upon the geometric mean to assess 
feasibility in non-ferrous foundries, it 
has not treated the fact that the industry 
may already be achieving a geometric 
mean of 50 pg/m3 as tantamount to a 
proof of technological feasibility. Rather, 
the Agency’s position is that a geometric 
mean of 50 pg/m3 indicates that some 
controls are in place to limit excessive 
worker exposures or that exposure 
levels are low to begin with and that 
only relatively modest further additions 
and improvements to controls are 
necessary to consistently reduce 
exposure levels to or below 50 pg/m3.

Industry further argues that if the 
Agency uses a geometric mean it should 
recalculate the geometric mean to three 
standard deviations from the mean to 
provide “a reasonable level of 
assurance” of compliance (Ex. 694-28, 
pp. 1-8). By reasonable assurance, 
industry means that statistically more 
than 998 out of every 1,000 samples 
would be at or below 50 pg/m3.

However, as the courts have said, to 
prove the technological feasibility of a

PEL, OSHA is not required to prove that 
an industry can achieve the PEL in all of 
the operations all of the time. USWA v. 
Marshall, 647 F. 2d at 1270. Indeed, if a 
PEL is generally feasible across an 
industry, there may still be operations in 
which the PEL can never be achieved 
and in which industry’s obligation is to 
engineer down to the lowest feasible 
level. In that case, fulfilling this 
obligation constitutes compliance with 
paragraph (e)(1) of the lead standard (29 
CFR 1910.1025).

For example, suppose hypothetically 
that exposure levels for employees in 9 
of 10 operations in a particular industry 
can always be controlled below 50 pg/ 
m3. Suppose further that exposure levels 
for employees in the single remaining 
operation can never be controlled to 
50 pg/m3. Despite the fact that 50 pg/ * 
m3 is clearly feasible in 9 of 10 
operations, if all employees are sampled 
at the same frequency and if the same 
number of employees work in each 
operation, 10% of the sampling results 
will always exceed 50 pg/m3. OSHA, 
nonetheless, would conclude that 50 pg/ 
m3 is technologically feasible for that 
industry, even though it is infeasible in 
that operation. The Agency believes that 
the fact that exposure levels for a 
minority of workers cannot be 
controlled as effectively as exposure 
levels for the majority is no reason to 
forego protection to the extent feasible 
for the majority.

Even if, for purposes of argument only, 
OSHA were to accept the notion that 
feasibility entails some statistically 
anticipated level of minimum assured 
compliance and assuming the exposure 
data were good enough to support such 
analysis, the Agency, as a matter of 
policy, would set that minimum 
considerably lower than industry 
suggests. OSHA believes that industry’s 
minimum of 998 out of 1,000 samples, 
which is virtually all the time in all 
operations, is in conflict with the court’s 
opinion that to prove technological 
feasibility OSHA does not have to prove 
the PEL can be achieved in all 
operations all of the time. OSHA further 
believes that if industry’s interpretation 
were to prevail it would effectively 
subvert OSHA’s statutory mission to 
protect workers to the extent feasible.

Moreover, again for purposes of 
argument only, if OSHA accepted 
industry’s suggestion that for a PEL to be 
technologically feasible a geometric 
mean well below 50 would be required 
to provide the necessary assurance of 
compliance, the Agency would still 
conclude that a PEL of 50 pg/m3 is 
technologically feasible in the non- 
ferrous foundry industry. As indicated at
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the beginning of this section, OSH A 
anticipates that after its recommended 
controls are implemented at foundries E 
and F geometric mean exposure levels in 
over 95% of the combined job categories 
are anticipated to be well below 50 pg/ 
m3. In fact, over 73% are anticipated to 
be below 30 pg/m3 (see Tables B and C, 
above).

Finally in this regard, industry argues 
that, instead of relying on geometric 
means, OSHA should eliminate what the 
Agency considers to be outlying data 
points and use arithmetic means (Ex. 
694-28, p. 1). Industry seems to favor 
this substitution because it believes 
geometric means are lower than 
arithmetic means. OSHA cannot accept 
this suggestion in this rulemaking.
OSHA believes industry’s alternative 
would require OSHA to make highly 
subjective judgments concerning what 
constitutes an outlier. By contrast, the 
geometric mean is a statistic derived 
from an objective mathematical formula 
that results in appropriately de
emphasizing outliers and reflects typical 
exposure levels. The way OSHA uses 
geometric means in this rulemaking is 
widely accepted in the scientific 
community. Industry itself often uses 
geometric means in comparable ways.

Fourth, industry has devoted 
considerable effort in written comments 
and in cross examination at the hearing 
to impugning the competence and 
integrity of OSHA’s contractor,
Meridian, and the expert panel of 
certified industrial hygienists 
established by Meridian (e.g., Ex. 694- 
26, pp. 5 -6 ,9 ,12). On the whole, OSHA 
rejects these criticisms and believes that 
Meridian did a creditable job given time 
and resource constraints.

Meridian has had extensive 
experience and possesses very broad 
competence in the area of industrial 
hygiene, the principles of which are 
universally applicable to all industries.
It also has expertise and has broad 
experience in assessing factors relevant 
to technological feasibility. Physically, 
there is nothing unique about lead dust 
and lead fume or about non-ferrous 
foundries that would make Meridian’s 
extensive expertise and competence in 
evaluating engineering and work 
practice controls across many industries 
irrelevant to this industry. The control 
technologies recommended are 
conventional and transferrable from 
similar industries, and the anticipated 
effectiveness of these controls in 
reducing air lead levels also is the same 
across industries.

Meridian’s final report (Ex. 686A) and 
its conclusions are based on numerous 
sources in the record. These include 
data, other evidence, and comments

submitted by foundries, unions, trade 
associations and other interested 
parties; site visits to three foundries, 
participated in by two experienced 
certified industrial hygienists; and 
recommendations by an expert panel of 
three experienced certified industrial 
hygienists, two of whom had been on all 
the site visits. The industrial hygienist 
on the panel who did not go on site 
visits had previously had extensive 
experience in non-ferrous foundries (Ex. 
609, pp. 1-2).

Of course, notwithstanding their 
experience and expertise, Meridian and 
the expert panel may have drawn some 
incorrect conclusions and made certain 
mistakes of fact. This is almost 
inevitable when a contractor can devote 
only limited time and resources to 
examining a complex industry and a 
voluminous record. Such mistakes are 
more likely to occur where, as in the 
case of the non-ferrous foundry industry 
in this rulemaking, an industry declines 
to testify and to subject itself to any 
questioning at the public hearing.

Thus, OSHA concludes that 
Meridian’s revisions and its conclusions 
generally are firmly grounded in the 
record. In any event, OSHA has 
independently assessed the record, 
reviewed Meridian’s final report for 
accuracy, taken account of industry’s 
comments on that report, and relied only 
in part upon the Meridian report for the 
Agency’s feasibility determination.

In addition to its main criticisms, 
industry makes a number of other 
arguments, all of which the Agency has 
carefully considered and four of which 
are important enough to deal with 
individually. Industry argues that day- 
to-day variability of exposure levels 
within a foundry makes it impossible to 
achieve 50 pg/m3, on a regular basis; 
that 50 cannot be achieved in foundries 
E and F or in other foundries without 
rebuilding (Exs. 582-81, p. 33; 694-25, p.
6); that recycled lead-bearing sand, 
which contaminates several operations, 
is so abrasive that equipment to 
permanently enclose or automatically 
convey it will have a short life 
expectancy, and that task analysis 
cannot be usefully performed because of 
low exposure levels and short exposure 
times.

With regard to the variability 
argument, OSHA recognizes that some 
variability in exposure levels above or 
below an average level does occur over 
time. However, much of this variability 
is due to factors that are identifiable and 
frequently within the control of the 
employer, such as poor work practices, 
inadequate housekeeping and upset 
conditions (Exs. 686A, p. 40; 694-42, p.
8). In addition, at least one foundry has

conceded for example, that a certain 
percentage of sampling results that seem 
to suggest variability is instead the 
product of contamination of the 
sampling device by large stray lead 
particles (Ex. 684e, p. 7).

OSHA strongly believes that if 
production and engineering and work 
practice controls are properly and 
consistently carried out, the factors 
causing variability will be largely 
controlled and the range of variability 
will be very narrow. OSHA therefore 
considers evidence of repeated, wide- 
ranging variability in exposure levels as 
evidence of the inadequacy of controls. 
That inadequacy, of course, hardly 
constitutes evidence of infeasibility.

Once the range of variability has been 
narrowed by effective controls, the 
degree of latitude for variability that is 
built into OSHA’s determination that the 
PEL is feasible should prove sufficient 
This latitude is implicit in OSHA’s 
conclusion that in most operations 
foundries will be able to reduce 
exposures to levels that are reasonably 
below 50 pg/m3.

However, OSHA understands that 
from time to time peak exposures due to 
unforeseeable upsets or other 
aberrational events will exceed the 
latitude for variability. The Agency 
takes account of that possibility in its 
enforcement policy (FOM). As a result, 
OSHA does not believe that such 
excursions are relevant to its feasibility 
determination.

Second, industry argues that 50 pg/m3 
cannot be achieved in Foundries E and h 
or in other foundries without rebuilding 
(Exs. 582-81, p. 33; 694-25, p. 6). OSHA 
has already shown that the PEL can be 
achieved most of the time in most of the 
operations at Foundries E and F through 
the mere exchange of technology 
currently employed and without 
rebuilding. As to the other plants that 
are said to require rebuilding, industry 
has not presented any evidence to 
support that assertion. The main 
argument of industry in this regard 
seems to be that Foundries E and F have 
effectively implemented all the controls 
that can be implemented in their 
existing plants. OSHA has already 
shown this assertion to be incorrect as 
well. The analogous argument that most 
other foundries cannot do more within 
their existing plants is not only 
unsupported by documentation, but also 
inherently suspect given the apparently 
low level or poor quality of engineering 
controls in most small foundries (Ex. 
689-3, p. 1). On the other hand, OSHA 
does recognize that some foundries may 
require extensive capital improvements 
if they are to achieve the PEL
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Third, industry argues that recycled 
lead-bearing sand, which contaminates 
several operations, is so abrasive that 
equipment to permanently enclose or 
automatically convey it will have a 
short life expectancy. Although the 
record is devoid of evidence concerning 
the life expectancy of such equipment 
OSHA doubts industry’s position. 
Covered screw conveyors are typical 
material handling methods for sand. 
Specifically, it is perfectly apparent that 
sand handling can be permanently 
enclosed and automatically conveyed 
since Foundry F has already done so 
(Ex. 684f, App. A). Foundry F says 
nothing regarding equipment problems 
arising from the abrasiveness of sand.

Consequently, OSHA is unpersuaded 
by industry arguments. Based upon its 
own expertise, experience and the 
record evidence. OSHA concludes that a 
PEL of 50 pg/m3 is technologically 
feasible by means of engineering and 
work practice controls in the non- 
ferrous foundry industry.

Uses. The non-ferrous foundry 
industry produces a wide range of cast 
products for various uses. Castings may 
be quite small (electrical connectors 
weighing less than an ounce) or very 
large (such as an 80,000 pound ship’s 
propeller) {Ex. 582-84, p. l j .  Other types 
of castings include bushings, bearings, 
valves, and fittings [Ex. 571, p. 8]. 
Castings are used extensively as 
components in equipment such as 
military hardware, electric power 
generation and distribution systems, 
mining machinery, and plumbing ware 
[Ex. 475-3A, p. 1] as well as in 
applications such as bathroom fixtures, 
furniture, and decorative items [Ex. 571,
p.8].

Industry Profile. Non-ferrous 
foundries are establishments that melt 
and cast non-ferrous metals. Of interest 
in this rulemaking are those foundries 
casting metal alloys which contain lead, 
namely copper and copper-based brass 
and bronze castings. (Lead is added at 
concentrations that range from 0.02 to 
42.5 percent in 130 commercially 
available alloys, primarily to increase 
the properties of tightness, lubricity, and 
machinability [Ex. 475-3, p. 2; Ex. 582- 
84, p. 2].)

In written testimony submitted by 
James L  Mallory, the Executive Director 
of the Nonferrous Founders’ Society, at 
the Informal Public Hearing held 
November 3-«, 1987 in Washington, DC 
[Ex. 581-2, p. 2], reference was made to 
the 1988 Foundry Industry Census [Ex. 
658). This census indicates that 1,291 
foundries are involved in the production 
of brass and bronze alloys. This figure 
includes all foundries for which brass 
and bronze alloy castings are a primary

activity (over 50% of production) as well 
as those for which such castings are a 
secondary or tertiary activity (less than 
50% and less than 10% of production, 
respectively). Also included are a 
substantial number of “captive” 
foundries (those establishments where 
castings are produced and incorporated 
into another manufactured product or 
process at the same establishment) that 
may be found in SIC classifications 
other than 3362, such as 3432 (Plumbing 
Fixtures and Brass Goods), 3494 (Valve 
and Pipe Fittings), and 3561 (Pump and 
Pumping Equipment Manufacturers).

For the purposes of this rulemaking, 
OSHA estimates the number of 
foundries affected by the standard to be 
1,291 based on the latest estimates 
submitted by the ACMA and AFS. Of 
these 1,291 foundries, approximately 
one-half, or about 616 foundries, 
primarily produce brass, bronze, and 
copper alloy castings [Ex. 581-2, 
testimony of J. Mallory, p. 2]. The 
remaining 675 foundries produce some 
brass, bronze, and copper castings, 
although their primary work is with 
other metals and alloys [Ex. 677). Also, 
information in the 1986 foundry census 
indicates that about 20 percent of all 
foundries are exclusively captive or 
primarily captive [Ex. 658, p. 2j. Thus, 
OSHA estimates that about 258 captive 
operations are part of this industry 
sector. OSHA also estimated 
establishment count by size category. 
Three size categories were used: small 
plants employing 9 or fewer workers, 
small plants employing 10 to 19 workers, 
and large plants employing 20 or more 
workers. The number of establishments 
in each of these size categories is 
provided with respect to primary 
function in Table H.

Based on the latest information, there 
are approximately 18,585 lead-exposed 
workers m this sector. Total 
employment has been estimated to be 
about 23,000 [Ex. 686a, p. 2).

Non-ferrous foundries are 
predominantly small establishments, 
with the great majority of firms 
operating only one foundry. In 1982, the 
Census Bureau reported 484 firms 
owning 500 foundries in SIC 3362 [Ex. 
571, p. l l ] .  Recent information indicates 
that 57 percent of all foundries involved 
in the production of brass and bronze 
castings employ fewer than 20 workers 
[Ex. 582-84, p. 1).

Value o f Shipments data was 
compiled by Meridian in current dollars 
and in constant 1982 dollars for primary 
brass and bronze foundries (SIC 3362) 
[Ex. 571, p. 9]. As would be expected 
due to the recession of the early 1980s, 
both indicators showed a sharp drop of 
15 to 20 percent between 1981 and 1982.

Bet7een 1982 and 1985. value of 
shipments in current dollars increased 
from $702 million to $797 million whiie 
the value of shipments in constant 1982 
dollars was unchanged. Weight of metal 
content decreased from 564 thousand 
short tons to 444 thousand between '81 
and '82. Increases were realized in each 
of the next two years but a decrease 
from 504 thousand short tons to 470 
thousand occurred between ‘84 and '85 
[Ex. 571, p. 9j. More recently, shipments 
of copper castings were estimated to 
have increased by about 11 percent 
between 1986 and 1987 and by abou. 10 
percent between 1987 and 1988 [U.S 
Industrial Outlook, 1989, Department of 
Commerce].

With regard to import competition. 
Meridian reported that

imports can compete with 
domestically produced castings in a variety 
of ways. Castings may be imported directly 
by firms using castings. Products 
incorporating castings, such as valves, 
fittings, and decorative items, may also be 
imported. In addition, increased Imports of 
machinery reduce the domestic market for 
castings [Ex. 571, p. 10].

No data were available which would 
allow OSHA to develop a quantitative 
estimate of the degree of import 
penetration.

Dun & Bradstreet financial 
information for 1986 and 1988 provided 
estimates of average sales and allowed 
OSHA to compute rates of return on 
sales (ROS) for Primary Brass, Bronze, 
and Copper Foundries (SIC 3362) by 
asset size class. For those firms with 
less than $100,000 in total assets, the 
1988 median ROS was 2.4 percent; for 
firms having total assets of between 
$100,000 and $1,000,000, the 1988 median . 
ROS was 5.7 percent; and for firms in 
the over $1,000,000 asset class, the 1988 
median ROS was 6.2 percent. (ROS rates 
for 1986 reported by Meridian research 
(Ex. 571, p. 14) were used to 
disaggregate and apportion the total 
ROS for the industry sector which was 
available for 1988.) This information 
suggests that most primary brass, 
bronze, and copper foundries were 
operating profitably in 1988. These data 
were used in conjunction with 1988 data 
from Dun’s  Market Identifiers, which 
provided sales by employment size 
class, to compute economic impacts.

Rates of return on sales for 
manufacturers in SIC codes other than 
3362 were examined for the year 1985 
and were not found to differ 
significantly from SIC 3362 [Ex. 686a, p.
7). These facilities were in SICs where 
captive foundries most likely would be 
found.
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Information submitted into the record 
provided another source of financial 
data. Meloon Foundries, a small facility, 
claimed sales of $3,000,000 and 4 percent 
net profit on sales, though only 20 
percent of their business is lead related 
[Ex. 582-2]. Another small foundry, 
Kloppenborg Foundry and Fan 
Company, claimed $330,000 in total 
sales, a return on assets (ROA) of 5.74 
percent, and a return on net worth of 
6.05 percent [Ex. 582-29]. Over the last 5 
years, Kloppenborg’s percentage of 
brass-related sales has ranged from 19 
percent to 24 percent. Montclair Bronze, 
a foundry employing 25 workers, 
reported lead-related sales of $490,000 
and a net worth of $800,000 for 1986. 
Lead-related returns make up 20 percent 
of Montclair’s total returns [Ex. 582-37). 
A large operation, Ford Meter Box 
Company, reported a dollar value of 
castings for 1986 of approximately $9 
million [Ex. 582-81]. All returns for this 
company are lead related. Foundry “D” 
[Ex. 667], also a large foundry with 
essentially all of its returns being lead 
related, has sales which range between 
$8 and $15 million annually.

Costs o f Com pliance. This section 
presents OSHA’s estimate of the 
compliance costs that would be incurred 
by employers in the nonferrous foundry 
industry sector in order for them to 
achieve the permissible exposure limit 
of 50 micrograms of lead per cubic meter 
of air by engineering and work practice 
controls. Only those costs associated 
with engineering and work practice 
controls were considered, and no 
savings due to reductions in costs for 
respirator usage were estimated. In 
developing its estimate, OSHA relied on 
the study performed by its contractor, 
Meridian Research, comments submitted 
in response to OSHA’s August 3,1987 
request for information, comments and 
testimony received prior to, during, and 
after the informal 'public hearing held 
November 3-6,1987, and information 
obtained from three site visits to 
nonferrous foundries.

Compliance costs expected to be 
incurred by foundries were estimated by 
Meridian Research in their August, 1987 
report and were dependent upon the 
number of sources of lead dust and fume 
in the facility as well as the extent of 
ventilation controls, if any, already in 
place. The incremental annualized costs 
were estimated separately for small and 
large facilities.

Prior to and during the informal public 
hearing, a number of comments were 
received from the public regarding the 
Meridian cost estimates. Joint comments 
submitted by the American Cast Metals 
Association (ACMA) and the

Nonferrous Founders’ Society (NFFS) 
expressed the view that Meridian 
understated the magnitude of the 
compliance costs [Ex. 582-86, p. 15]. One 
cause of this, they argued, was 
Meridian’s apparent failure to include 
the substantial expense of a traveling 
vent in their $15 per cfm (cubic feet per 
minute) ventilation expense. The 
commenters also cite a submittal by 
Philip S. Zettler, President of Vulcan 
Engineering Co., a manufacturer of 
ventilation equipment and traveling 
vents, in which Mr. Zettler stated that 
‘‘the cost to control lead to [the] 
proposed standard in small foundries 
would be on the magnitude of $500,000 
to $700,000” [Ex. 582-34]. (The estimate 
made by Mr. Zettler included no 
baseline information, that is, the level of 
control that was assumed to be in place 
in a small foundry to begin with, though 
it is generally agreed that this level is 
quite low. Also, no information was 
given as to the assumed lead content of 
the alloys).

The ACMA-NFFS comments were 
also critical of Meridian’s modelling of 
foundries. The commenters pointed out 
that the number of grinding and 
finishing stations modelled did not 
reasonably represent such facilities [Ex. 
582-86, p. 16]. These commenters also 
objected to the baseline level of control 
used by Meridian, claiming it was too 
high [Ex. 582-86, pp. 16-17]. 
Unfortunately, no specific correction 
was suggested.

Chicago Faucet noted that the costs 
developed in the Meridian report were 
understated, asserting that “Meridian 
has totally ignored the cost or 
installation of make-up air” [Ex. 582-13, 
p. 4], At the industry-wide level, a 
submission by Mr. James Mallory 
argued that Meridian’s count of the 
number of foundries affected by the 
standard was underestimated [Ex. 581-
2, p. 2].

Other evidence in the record suggests 
that the Meridian cost estimates may 
have been overstated. Dr. Franklin 
Mirer, a toxicologist and Certified 
Industrial Hygienist and director of the 
Health and Safety Department of the 
UAW, stated that the $15 per cfm 
estimate was unrealistic for smaller 
plants, and cited instead figures of $4 to 
$7 per cfm [Ex. 643; Tr., 829-830]. During 
questioning at the hearing, Dr. Mirer 
explained that for certain smaller 
facilities it might be possible to achieve 
the standard using only general 
ventilation techniques [Tr., p. 839], and 
that in such a case the ventilation cost 
would only be about $4 per cfm. Even if 
a small facility does need a 
“conventional” ventilation system, the

costs are likely to be less than for a 
large facility due to the fact that less 
ductwork is required. [Ex. 643, p. 8; Tr., 
839-840].

Meridian’s Addendum [Ex. 686a] to 
their August, 1987 report reflects these 
commenters’ concerns with regard to 
costs. The model foundries were 
adjusted to more accurately represent 
existing conditions in foundries. 
Specifically, the number of grinding and 
finishing stations, as well as travelling 
vents for ladles, were increased [Ex.
686a, p. 43]. Also, a cut-off saw was 
added as an emission source and 
ventilation requirements for furnace 
operations and shakeout areas were 
increased. With regard to the number of 
affected foundries industrywide, the 
total was increased to 1,291 to include 
all captive and non-captive foundries.

Also, Meridian’s original estimate of 
the baseline level of control for small 
foundries was increased to reflect 
information which indicated that they 
have, on average, implemented about 
30% of the controls necessary, as 
opposed to the 10% figure used 
previously [Ex. 686a, p. 44].

Meridian responded to questions 
concerning the types of costs included in 
their $15 per cfm estimate during the 
informal public hearing. They indicated 
that “[t]his was an estimate designed to 
cover all of the aspects of the ventilation 
cost, the direct ventilation, the 
baghouse, any things needed for 
makeup” [Tr.,p. 442]. Existing evidence 
in the public record appears to support 
this value as a reasonable estimate for 
average costs per cfm for large 
foundries. Foundry “B” [Exhibit 667] 
describes a 175,000 cfm system which 
cost $988,755. This equates to only $5.65 
per cfm (but does not include costs 
incurred by foundry personnel). In a 
submittal made by the Ford Meter Box 
Company [Ex. 582-81], costs of $8.67 per 
cfm were reported in 1981 for a mold 
ventilation system (about $9 in 1985). 
Costs higher than $15 per cfm were 
reported by Wisconsin Centrifugal. 
Average costs for systems “A”, “C”,
“E”, and “F” were about $17 per cfm in 
1980, and did not include makeup air 
[Ex. 582-59].

Small foundries apparently have an 
advantage in that they require shorter 
runs of ductwork, as noted above. To 
reflect this advantage, Meridian revised 
their unit cost for ventilation to $7 per 
cfm for small foundries. Using this value 
produced an average incremental 
capital cost of compliance of $245,700 
per small foundry [Ex. 686a, p. 44]. Total 
annual costs, including annualized 
capital (annualized at a 10 percent cost 
of capital and useful life of 12 years) and
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operation and maintenance expenses 
estimated at 10 percent of capital costs 
each year, would be $60,640. These costs 
are summarized in Table D. [Small 
foundries as defined by Meridian for the 
purposes of their analysis were those 
plants employing 20 or fewer workers). 
These are the average costs required per 
foundry to move from the baseline to 
compliance with the 50 microgram PEL. 
Evidence submitted into the docket 
indicates that this is a  reasonable 
estimate for many small foundries, 
particularly those for which lead- 
containing castings are a secondary or 
minor product. For example, Meloon 
Foundries, Inc., a small foundry which 
submitted cost data, estimated that an 
investment of $250,000 would be 
required to implement fume control for 
existing facilities. AACCO Foundry, Inc. 
also submitted cost estimates [Ex. 582- 
58]. They quoted $2,600 as the 
engineering design fee for a ventilation 
system and $80,000 as the cost of the 
system itself. The size of this foundry 
was not discemable from the letter 
submitted, but it was assumed that it 
was a small foundry.

As noted above, the estimate for small 
foundries developed by Meridian 
applied to all foundries with fewer than 
20 employees. However, information 
obtained from Duns Market Identifiers, 
which allowed OSHA to better utilize 
financial statistics contained in the 
public record, as described below, 
indicated that approximately 67 percent 
of this group actually employ fewer than 
10 workers. Since information in the 
record indicates that exhaust air 
requirements could be less for very 
small foundries, OSHA believes that the 
Meridian estimate overstates 
compliance costs for these Firms [Exs. 
689-4D; 571, p. 14]; thus, OSHA has 
estimated costs for very small 
operations separately. It is estimated 
that very small foundries pouring 
primarily leaded alloys will require 
ventilation for three pit-type furnaces 
and two finishing stations while 
foundries of this size pouring primarily 
non-leaded alloys will require 
ventilation for one such fumaGe and one 
finishing station. Ventilation 
requirements would be 3,000 cfm per 
furnace [Ex. 689-4D, p. 7-3] and 2,000 
cfm per finishing station [Ex. 686a, p.
45]. Each very small foundry is also 
estimated to require ventilation for one 
hand-pouring station, at 2,000 cfm, and 
one shakeout station at 6,000 cfm [Ex.
686a, p. 45]. Unit costs were estimated to 
be $4 per cfm. Total annual costs for 
ventilation, including annualized capital 
and O&M expense, and assuming 
baseline compliance to be 30%, would

be $14,512 for primary brass and bronze 
Foundries and $8,934 for foundries 
pouring primarily non-leaded alloys.

Costs for additional housekeeping for 
primary brass and bronze foundries 
employing 9 or fewer workers were 
estimated to be 50 percent of the 
Meridian estimate for small plants, or 
$829, while costs For additional 
housekeeping for foundries pouring 
primarily non-leaded alloys and 
employing 9 or fewer workers were 
estimated to be 25 percent of the 
Meridian estimate, or $415.

Total annual costs for these foundries 
would be $15,341 (foundries primarily 
pouring leaded alloys) and $9,399 
(foundries primarily pouring non-leaded 
alloys).

Meridian’s revised capital cost 
estimate for large foundries was 
$376,500 [Ex. 686a, p. 46]. Total annual 
costs would be $92,920, including 
annualized capital costs and operation 
and maintenance expenses. These costs 
are summarized in Table E.

For those foundries in all size 
categories for which leaded alloys 
constitute less than 10 percent of all 
production, lead fume and dust may be 
generated only occasionally. OSHA 
•estimates that little or no cost will be 
incurred by such firms, since their 
workers should come under the 30-day 
exclusion rule, with 8-hour TWA 
exposures not exceeding the 50 pg/m3 
PEL for 30 days or more per year. (Under 
paragraph (e)(1) of the lead standard, 
any employer who can demonstrate that 
workers are exposed to lead in excess of 
50 pg/m3 for 30 or fewer days per year 
is permitted to use any combination of 
controls to achieve the PEL) Second, 
information in the record indicates that 
small foundries typically have some 
controls in place [Ex. 686a, p. 44], and 
these may be all that are required to 
limit exposure below the PEL [Tr., p.
639). Lastly, many of these firms may be 
able to phase out most or all o f the lead- 
related portion of their business.

Comments received regarding 
Meridian’s revised figures suggest, 
however, that for some foundries, 
potential cost impacts could be greater; 
variations in production processes, 
production levels, and lead content of 
castings may cause certain facilities to 
incur additional costs. OSHA, therefore, 
adjusted the final Meridian estimates to 
develop high end cost estimates. These 
high end estimates assume that all 
foundries employing 10 or more workers 
and primarily producing high lead alloy 
castings would need to implement each 
control method specified below to 
achieve the PEL of 50 pg/m3.

For such foundries, OSHA doubled 
the number of travelling vents for ladles 
and increased furnace ventilation to 
30,000 cfm (to allow for the provision of 
a roof-mounted, slotted, canopy-type 
hood). For large foundries (20 or more 
employees), OSHA increased the 
number of pouring lines from 2 to 3 (Ex, 
694-27, p. 6] as well as doubled the 
pouring line ventilation. Air volume 
requirements for shakeout for larger 
foundries were adjusted from 6,000 cfm 
to 20,000 cfm (Ex. 689—4BJ and the 
number of cut-off saws was increased 
from 1 to 2. Costs were added to the 
estimate for large foundries for the 
ventilation of two blasting machines 
[Ex. 694—27, p. 6]. AIbo, since foundries 
located in areas where winters are 
particularly harsh could incur higher 
annual operating costs due to the 
heating of make-up air, the typical O&M 
expense of 10 percent of capital costs 
was increased to 12.5 percent. The 
annual costs associated with these 
adjustments were $36,150 for smaller 
foundries (10-19 employees) and $91,949 
for large foundries. Fresh air pulpits may 
be implemented in some foundries as 
needed to isolate employees working on 
the charging deck. Capital costs are 
estimated to be $15,000 with annual 
costs being $3,952, based on a useful life 
of 12 years and HEPA filter 
replacements [Ex. 686c, p. 31]. It is 
anticipated that smaller foundries will 
acquire one pulpit and large foundries 
will acquire two. Costs for the enclosure 
of cabs of mobile equipment could also 
be required. Costs for these enclosures 
were estimated to be $5,000 per unit [Ex. 
686c, pp. 32-33]. Annualized capital 
costs would be $734 per unit, and annual 
O&M expenses would be $3,600, 
including HEPA filter replacement.
Small foundries were estimated to 
require 2 cabs and large foundries were 
estimated to require 4.

OSHA estimated costs for isolation 
and barrier construction to prevent 
cross contamination. Costs for 
partitioning in small and large foundries 
are estimated to be $25,000 and $50,000, 
respectively. Annualized capital costs 
(based on a  twenty year useful life) will 
be $2,938 for small foundries and $5,875 
for large.

Labor costs incurred due to the need 
for additional housekeeping were added 
as well. This cost is expected to be 
$3,357 for the smaller foundries and 
$6,713 for large foundries. Costs for 
annual cleaning were estimated to be 
$50,000 for large foundries and $25,000 
for small (Ex. 694-9].

Costs for the industrial hygiene survey 
are estimated to be about $500 per day. 
The survey would require two days, one
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for planning and one for actual exposure 
monitoring and evaluation of 
mechanical systems. Thus, an initial 
cost of $1,000 would be incurred. (Larger 
foundries may require additional time, 
and thus, additional initial costs).
Though réévaluation may be necessary, 
no recurring costs are anticipated.

OSHA’s high end cost estimates are 
summarized in Tables F and G, and also 
assume a baseline level of control for 
most equipment of approximately 30 
percent for small foundries and 
approximately 80 percent for large 
foundries [Exs. 571; 686a]. (This is the 
percentage of controls prescribed which 
are already estimated to be in place for 
these two types of foundries.) The 
baseline level for annual cleaning was 
estimated to be 25 percent [Exs. 684e; 
684f; 684g). No comment was received 
into the public record which suggested 
that these levels misrepresent current 
industry practice.

Adding the adjustments developed 
above to the previous estimates of 
$60,640 for small foundries and $92,920 
for large foundries yields upper bound 
estimates of annual costs of $129,258 for 
small facilities and $238,008 for large.

Thus, costs for small foundries 
employing 10 or more employees and 
primarily producing non-leaded alloys 
were estimated to be $60,640 and costs 
for small foundries primarily producing 
leaded alloys were estimated to be 
$129,258. Costs for large foundries 
primarily producing non-leaded alloys 
were estimated to be $92,920 and costs 
for large foundries primarily producing 
leaded alloys were estimated to be 
$238,008.

To estimate total industry costs, it is 
assumed that 57 percent of the 1,291 
affected foundries are small, employing 
fewer than 20 workers [Ex. 582-84], 
Therefore, 736 foundries are small and 
555 are large. Further, it is estimated 
that about 60 percent of all primary 
brass and bronze foundries are small 
[Exs. 658, p. 7; 571, p. 11]. Since 616 
foundries are primary brass and bronze 
foundries, 370 would be small and 246 
would be large. Thus, there are 370 
small foundries (67 percent, or 248, of 
which employ fewer than 10 workers) 
whose primary product is brass and 
bronze, and 366 small foundries (245 of 
which employ fewer than 10 workers) 
producing lead containing alloys as a 
secondary or tertiary activity (736-370). 
Also, there are 246 large foundries 
whose primary product is brass and 
bronze and 309 large foundries 
producing lead containing alloys as a 
secondary or tertiary activity (555-246). 
Using the cost figures shown in Table H,

total annual costs for small foundries 
were estimated to range from 
approximately $11.2 million to $29.2 
million and total annual costs for large 
foundries were estimated to range from 
approximately $22.9 million to $87.3 
million. Industrywide, total annual costs 
will range from $34.1 million to $116.5 
million.
T a b l e  D .— E s t im a t e d  C o s t s  o f  C o m p l i

a n c e  f o r  S m a l l  F o u n d r ie s  P r o d u c 
in g  C a s t in g s  P r im a r il y  F r o m  N o n - 
L e a d e d  A l l o y s

[19 or Fewer Employees]

Emissions 
source or 

control

Annua
lized

capital
Annual
O&M

Total
annual

(0-9
employees)
Furnace.......... $1,233 $840 $2,073
Pouring........... 822 560 1,382
Shakeout........ 2,466 1,680 4,146
Finishing......... 822 560 1,382
Housekeep-

ing.......... . 415 416

Total........ 5,344 4,055 9,399

(10-19
employees)
Furnace.......... $16,442 $11,200 $27,642
Trav. vent....... 1,439 980 2,419
Pour, line........ 7,193 4,900 12,093
Shakeout........ 4,316 2,940 7,256
C -0 saw......... 1,439 980 2,419
Grinding/

finishing..... 4,316 2,940 7,256
Wet

suppres-
206 140 346

Wet
sweeping.... 719 490 1,209

Total....... 36,069 24,570 60,639

Source: Occupational Safety and Health Adminis
tration, Office of Regulatory Analysis.

T a b l e  E .— E s t im a t e d  C o s t s  o f  C o m p l i
a n c e  f o r  La r g e  F o u n d r ie s  P r o d u c 
in g  C a s t in g s  P r im a r l y  F r o m  N o n - 
Le a d e d  A l l o y s

Emissions 
source or 

control

Annua
lized

capital
Annual
O&M

Total
annual

Furnace.......... $35,232 $24,000 $59,232
Trav. vent....... 1,762 1,200 2,962
Pour, line........ 8,808 6,000 14,808
Shakeout........ 2,642 1,800 4,442
C-O saw......... 881 600 1,481
G /F ................. 5,285 3,600 8,885
Wet

suppres-
sion............. 147 100 247

Wet
sweeping.... 514 350 864

Total....... 55,270 37,650 92,920

Source: Occupational Safety and Health Adminis
tration, Office of Regulatory Analysis

T a b l e  F .— E s t im a t e d  C o s t s  o f  C o m p l i
a n c e  f o r  S m a l l  F o u n d r ie s  P r o d u c 
in g  C a s t in g s  P r im a r il y  F r o m  L e a d e d  

A l l o y s

Emissions Annua- Annual Total
source or lized O&M annual

control capital

(0-9
employees)
Furnace.......... $3,699 $2,520 $6,219
Pouring........... 822 560 1,382
Shakeout........ 2,466 1,680 4,146
Finishing......... 1,644 1,120 2,764
Housekeep-

ing............... 829 829

Total........ 8,632 6,709 15,341

(10-19
employees)
Furnace.......... $16,442 $14,000 $30,442
Trav. vent....... 2,877 2,450 5,327
Pour, line........ 7,193 6,125 13,318
Shakeout........ 4,316 3,675 7,991
C-0 saw......... 1,439 1,225 2,664
Grinding/

finishing...... 4,316 3,675 7,991
Canopy........... 14,386 12,250 26,636
Wet

suppres-
sion............. 206 140 346

Wet
sweeping.... 719 490 1,209

Labor-
house-
keeping...... 0 3,357 3,357

Cabs.............. 1,028 5,040 6,068
Pulpits............ 1,541 1,563 3,104

2,1056 0 2,056
Annual

cleaning..... 0 18,750 18,750

Total....... 56,519 72,739 129,258

Source: Occupational Safety and Health Adminis
tration, Office of Regulatory Analysis.

T a b l e  G .— E s t im a t e d  C o s t s  o f  C o m 
p l ia n c e  f o r  La r g e  F o u n d r ie s  P r o 
d u c in g  C a s t in g s  P r im a r il y  F r o m  

L e a d e d  A l l o y s

Emissions 
source or 

control

Annua
lized

capital
Annual
O&M

Total
annual

Furnace.......... $35,232 $30,000 $65,232
Trav. vent....... 3,523 3,000 6,523
Pour, line........ 26,424 22,500 48,924
Shakeout........ 8,808 7,500 16,308
C-0 saw......... 1,762 1,500 3,262
G /F ...... .......... 7,046 6,000 13,046
Canopy........... 17,616 15,000 32.616
Wet

suppres-
sion............. 147 100 247
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Ta b le  G.—E st im a te d  Co s t s  o f  Com 
pliance f o r  La r g e  F o u n d r ies  P r o 
ducing Ca st in g s  P rim arily  F rom  
Lea d ed  All o y s— Continued

Emissions 
source or 

control

Annua
lized

capital
Annual
O&M

Total
annual

Wet
sweeping.... 514 350 864

Labor-
house-
keeping....... 0 6,713 6,713

Cabs............... 587 2,880 3,467
Pulpits............. 881 1,250 2,131
Isolation.......... 1,175 0 1,175
Annual

cleaning...... 0 37,500 37,500

Total........ 103,715 134,293 238,008

Source: Occupational Safety and Health Adminis
tration, Office of Regulatory Analysis.

Econom ic Feasibility. Economic 
impacts for small and large nonferrous 
foundries were determined with regard 
to the ranges of costs presented in the 
previous section. Financial information 
was provided by Meridian Research and 
by commenters to the public record. In 
addition, OSHA relied upon publicly 
accessible data (Duns Market 
Identifiers).

Table H summarizes the economic 
impacts for the nonferrous foundry 
industry.

The first two columns of the table 
provide a summary of the number of 
establishments and exposed workers in 
each of the three size categories. The 
18,585 exposed workers were 
apportioned using data on employment 
found in the public record [Ex. 686a, d 
6].

Column three provides estimates of 
lead related sales based on information 
available from Dun and Bradstreet’s 
Duns Market Identifiers (1988). These 
publicly accessible data allowed the 
Agency to estimate average sales by 
employment size class. (No comparable 
data were provided by industry sources 
in response to OSHA’s request.) The 
data relate to SIC 3362, Primary Brass, 
Bronze, and Copper Foundries, and 
appear in Table H for foundries 
primarily involved in the production of 
leaded alloys. Sales for foundries 
primarily producing non-leaded alloys 
were assumed to average 25 percent of 
primary producers’ sales.

TABLE H.—Summary of Economic Impacts for the Non-Ferrous Foundry Industry

Size of plant 
(employ

ment)
No. Exposed Sales/

plant
(Sthous.;

Lead
related Total Costs/plant (Sthous.) Ratio: costs/sales Ratio: Costs/lead rel. Ratio: Costs/total

workers profits/plant 
• (Sthous.)

profits/*
(Sthous.) low high low high

profits b profits b

low high low
Small (0-9)

Primarily
lead.........

Primarily 
non-lead.. 

Small (10-

248 1240 248 5.95 7.94 15.34 0.06186 2.19084

5.36905
245 557 62 1.49 7.94 0.00 9.40 0.00000 0.15160 0.00000 0.00000

1.64313

1.00670
19)
Primarily

lead.........
Primarily

122 1830 785 44.75 59.66 60.64 129.26 0.07725 0.16466 1.15195 2.45546 0.86396 1.84159
non-lead.. 

Large (20 or
121 726 196 11.19 59.66 0.00 60.64 0.00000 0.30899 0.00000 4.60780 0.00000 0.8396

more)
Primarily

lead.........
Primarily

246 9107 7100 440.20 586.93 92.92 238.01 0.01309 0.03352 0.13932 0.35885 0.10449 0.26764
non-lead.. 

"Total prof

309 

its a

5130 

fter taxe.«

1775 110.05 586.93 0.00 92.92 0.00000 0.05235 0.00000 0.55727 0.00000 0.10449

or more), 6.2%.
b See teyf h • « o • '  "  siim ii { iu— iy/, o./To; large (20

(10-19), 0.15; large (20 or more°fl0.34PaCtS assume fu" cost absorption and were computed using the following federal income tax schedule: small (0-9) 015- small

Source: Occupational Safety and Health Administration, Office of Regulatory Analysis.

Column 4 provides lead-related 
profits. These figures were derived b 
applying the 1988 Dun and Bradstree 
rate of return on sales (ROS) for SIC 
3362 to the sales figures in column 3 I 
571, p. 14] (see footnote “a,” Table H 
Ine 1988 industry median ROS for SI 
3362 was disaggregated and apportio 
based on 1986 establishment size RO 
evels (see BX. 571, p. 14). This assum 

mat the relative profitability of the th 
size classes of foundries has remaine 
constant from 1986 to 1988.

Column 5 provides estimates of total 
profits. Since leaded alloys comprise 
nIy a Portion of the foundry product for

a large number of facilities, another 
factor to be considered in assessing the 
ability of the firms in this industry to 
absorb the costs of compliance was the 
extent to which they pour non-leaded 
alloys. Producers for whom the sale of 
leaded castings represents a small 
fraction of total sales could avoid 
compliance costs altogether by shifting 
away from the production of leaded 
castings. If this is not an option, 
compliance costs could be financed by a 
combination of pass-through and 
absorption from total profits. 
A dditionally, at least 20 percent of all 
affected foundries are part of larger

corporations, which more easily could 
be able to absorb compliance costs.

In column 6, cost ranges as developed 
for six different size and lead production 
combinations are provided.

Column 7 contains estimated price 
increases, computed as the ratio of costs 
to lead related sales. Price impacts were 
computed assuming full cost pass
through. If total cost pass-through were 
possible for foundries in the smallest 
size category, price increases will range 
from 0 to 15 percent; for foundries with 
10 to 19 workers, increases of 0 to 31 
percent are indicated; and for large 
foundries, price increases of 0 to 5
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percent would be required. However, 
due to foreign competition, full pass
through of costs is not an option for this 
industry, but with the falling exchange 
rate of the dollar, OSHA believes some 
pass through should be possible without 
losing market share. In addition, since 
industry reported that “(a]pproximately 
10 percent of annual foundry industry 
output is used for national defense 
purposes * * *” [Ex. 582-86], OSHA 
believes some cost pass-through to 
defense contractors could also be 
possible.

Columns 8 and 9 provide profit 
impacts, computed as the ratio of annual 
costs to either lead-related or total 
profits. It should be noted that the tax 
deductibility of compliance costs was 
taken into account in computing profit 
impacts. That is, care was taken to 
compute before-tax profit before 
subtracting annual costs. After 
subtracting annual costs, the 
appropriate average tax rate (either 15 
or 34 percent) was then reapplied to 
determine after-tax profit net of costs. 
(See footnote “b,” Table H.)

The profit impacts in Table H were 
computed assuming compliance costs 
would be fully absorbed by each 
foundry. Profit impacts for large firms 
primarily producing leaded alloys will 
range from 10 and one-half to 35 and 
one-half percent while impacts on large 
foundries primarily producing non- 
leaded alloys will range from 0 to 56 
percent. Impacts on total profits for 
small foundries will range from 0 to over 
180 percent, and could exceed lead 
related profits by over 5 times for some 
small firms. This is an extreme or “worst 
case” estimate, since it assumes no cost 
pass-through possibility. Also, the 
example captures the effect on the 
average plant; plants with above 
average profits should remain viable. 
Nevertheless, the effect of the rule on 
small business in this industry sector is 
substantial.

The annual costs of compliance for 
the primary brass and bronze foundry 
industry (SIC 3362), which are estimated 
to be about $40-$50 million at the time 
the standard goes into effect, are about 
two times annual new capital 
expenditures as reported in the docket 
for the years 1981 to 1985 [Ex. 571, p. 34]. 
Existing capitalization spending, 
however, is concentrated among the 
larger more technologically advanced 
firms in the industry. Literally hundreds 
of small plants have failed to reinvest in 
capital improvements and as a result, 
continue to work obsolete machinery 
and processes. The reinvestment and 
capitalization record of such foundries 
has not been adequate to maintain a

competitive technology base. In sum, 
capitalization, at least for small firms, 
has been chronically underfunded.

OSHA also examined economic 
trends in the foundry industry. It is 
expected that the foundry industry will 
continue to contract and evidence in the 
public record strongly suggests that this 
contraction is likely to occur primarily 
among captive operations, most of 
which are assumed to be small, and to a 
lesser extent, within the smallest size 
class of foundries [Exs. 658, p. 3].

Casting users have turned 
increasingly to purchasing castings 
instead of pouring their own at captive 
operations:

Captive casting production will continue, 
but clearly at a reduced rate. Estimated at 
45% of total casting production in 1884, it now 
probably is in the 35 to 40% range and seems 
likely to decline further. [Ex. 658, p. 3].

Thus, a substantial portion of the 
decline in establishment count will 
occur as a result of the continuing shift 
away from captive production. This shift 
does not necessarily reflect or presage a 
decline in U.S. casting production 
activity:

The U.S. market for castings still is there, 
and in recent years casting users have turned 
increasingly to purchasing castings, instead 
of making their own. Strengthened by their 
successful survival tactics in recent years, 
domestic suppliers can take advantage of 
that changing situation [Ex. 658, p. 3].

This notion is supported by data 
reported by the Department of 
Commerce in its 1989 Industry Outlook. 
Production of copper castings, after 
dropping off about 20 percent between 
1979 and 1981, gradually recovered 
during the 1980’s and by 1988 was 
estimated to have reached the pre
recession levels of 1979 [U.S. Industrial 
Outlook, Department of Commerce, p. 
18-13].

In addition, recent technological 
advances in production for foundries 
have increased the minimum size of a 
facility that can realize full economies of 
scale. Older technology is more labor 
intensive with significantly higher unit 
labor costs. The newer technology 
provides better quality castings and 
lower unit costs, but requires more 
capital investment. (OSHA believes that 
the new technology will also be more 
protective of workers’ health.) In order 
to achieve the lower unit costs, 
production must 00010* on a larger scale. 
The globalization of markets in the 
1980s has reinforced and accelerated 
this trend. The general shift to more 
capital intensive production inevitably 
results in the existence of larger and 
fewer foundries.

As a result of the technological 
change, small operations have found 
themselves at a competitive 
disadvantage. Larger foundries have 
been able to reduce production costs 
through automation and modernization. 
For small operations, such automation 
may not be practical, and further 
contraction in this segment of the 
industry is expected to occur. Thus, it is 
apparent that small firms will not be 
able to compete effectively with larger 
firms in the foundry industry and the 
costs of complying with this remand 
would hasten their exit.

This contraction will be accelerated if 
the decline in the value of the dollar is 
reversed and imports of castings and 
finished goods incorporating castings 
rise. (For the three month period ending 
June, 1989, OSHA notes that the dollar 
has strengthened against foreign 
currencies.) Additionally, the 
substitution of other materials for brass, 
bronze, and copper castings, such as 
aluminum or plastics, has contributed to 
industry contraction in general, though 
brass, bronze, and copper castings will 
continue to find a variety of uses [Ex. 
571, p. 10].

The long-term decline in the 
nonferrous foundry industry is 
dramatically reflected in the 
establishment count. Over the last 
twenty-three years, the number of brass 
and bronze foundries in the U.S. and 
Canada has declined from 2,281 to 1,392 
[Ex. 658, p. 3]. Historically, brass and 
bronze foundries have exited the market 
at an average rate of between 2 and 2 
and one-half percent annually [Ex. 658, 
p. 3]; during the decline the average 
number of plants lost has been about 35 
per year. When the period of economic 
adjustment and capitalization runs its 
course, firms remaining in this industry 
will be larger and more productive than 
their forebears, and will utilize more 
modem, capital intensive equipment 
with lower emissions of hazardous 
materials, including lead.

Against this background, economic 
feasibility was assessed as follows. 
Approximately 43 percent of the 
foundries affected by the standard are 
large, employing 20 or more workers. 
These foundries employ 77% of the 
exposed workforce and account for 
approximately 80 percent of industry 
shipments. Of the 555 large foundries, 
309 pour primarily non-leaded alloys. 
Many of these plants, particularly those 
for which leaded alloys constitute 10 
percent or less of total production 
volume, could simply choose to focus 
production on non-leaded alloys and 
thereby avoid the costs of compliance 
altogether. Many others qualify under
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the 30 day exclusion in paragraph (e)(1) 
of the lead standard and, therefore, bear 
no obligation to achieve the PEL by 
engineering and work practice controls, 
with the result that no costs would be 
incurred. As noted above, some firms 
pouring only limited amounts of leaded 
castings may already be in compliance 
and will also incur no cost. Those firms 
choosing to continue to produce leaded 
alloys will benefit from increased 
market share and many should be able 
to finance annual costs from overall 
profits, since the cost to total profit ratio 
for such firms, as shown in Table H, 
indicated an impact of about 10 and 
one-half percent. Impacts on lead 
related profits could be as high as 56 
percent for some plants in this category, 
though, as noted above, this estimate 
assumes no pass-through and no 
increase in market share. Post
compliance ROS on the lead-related 
portion of their business was calculated 
for these plants and found to range 
between about 3 and 6.3 percent, after 
adjusting for an increase in market 
share.5 Thus, OSHA concludes that

8 OSHA’s post-regulation ROS is an 
approximation of the short-run production increases 
of foundries responding to excess demand for brass, 
bronze, and copper castings. The excess demand is 
generated by an estimate that small foundries 
accounting for approximately 10 percent of total 
industry output will cease production if the 50 jtg/ 
m s PEL goes into effect. (Due to the 
interchangeability of capital resources, it is possible 
that these firms will shift to the production of other 
types of nonferrous alloys (zinc, aluminum, etc.).) 
OSHA assumes that of the total number of small 
foundries estimated to cease production, the 
majority (80 percent) are foundries pouring 
primarily leaded castings. Using Census of 
Manufactures data, OSHA calculated that small 
firms with 0-9 employees account for 7 percent of 
production, small firms with 10-19 employees 
account for 13 percent of production, and large firms 
account for 80 percent of production. U.S. Industrial 
Outlook reports that 290,000 short tons of copper- 
based castings were estimated to have been 
produced in 1988. OSHA distributed 10 percent of 
290,000 short tons across all firms expected to be in 
business at the time full compliance with the OSHA 
lead rule becomes effective. Establishment size was 
used as a proxy for productive capacity and it was 
assumed that the average firm earns a 100 post-tax 
profit per each pound of copper-based casting sold. 
The redistribution of excess demand is a result of 
the regional nature of U.S. markets for foundry 
products and the ability of the larger foundries in 
each market area to be price leaders (locally), due 
to their technological advantages. (See Ex. 658 for a 
delineation of the 96 market areas). As small firms 
exit the market, large firms will tend to capitalize to 
meet excess demand, thereby improving 
profitability by realizing greater economies of scale. 
Since larger firms are generally able to operate 
profitably, OSHA assumes that the necessary 
capital will be available. OSHA notes, however, 
that the effect of this capitalization on short-run 
post-regulatory profitabilty is not reflected in the 
post-regulatory rate of ROS computed in this 
analysis; due to data limitations, this effect has not 
been quantified. Clearly, the decision to expand 
production would only be made on the expectation 
of a profitable return on the investment.

large foundries pouring primarily non- 
leaded castings should be able to absorb 
the costs of the rulemaking without 
experiencing undue burden.

Two hundred and forty six large 
foundries primarily pour leaded alloys. 
Based on the figures shown in Table H, 
effects on total profits for this segment 
of the industry should be no more than 
27 percent and impacts on lead-related 
profits should be no more than 36 
percent. For these plants, post
compliance ROS rates on the lead- 
related portion of their business were 
computed and found to range between
4.1 and 5.5 percent. Given the 
profitability of these foundries, they 
should be able to finance the costs of 
the rulemaking without undue burden.

There are estimated to be 736 small 
foundries (foundries employing 0-19 
workers), constituting 57 percent of the 
establishments affected by this 
rulemaking. These plants employ about 
23 percent of the exposed workforce and 
account for about 20 percent of industry 
shipments.

An estimated 366 of these small 
foundries pour primarily non-leaded 
alloys (i.e., secondary and tertiary 
foundries). Given the continuation of 
existing market forces, many of these 
secondary and tertiary operations will 
cease operations in coming years. In 
particular, OSHA expects many captive 
operations to cease production.

Many of the 366 plants could shift 
away from the production of leaded 
alloys or limit production in order to 
come under the 30-day exclusion rule. 
Since the capital resources used in the 
production of copper-based castings 
may also be used in the production of 
other nonferrous alloys, and since the 
foundries in this category are already 
involved in the production of non-leaded 
castings, this shift away from leaded 
alloys would not necessarily be 
accompanied by a decline in industry 
employment and would not necessarily 
lead to establishment closures. In 
addition, many foundries already come 
under the 30-day exclusion rule (those 
foundries for which leaded alloys 
constitute less than 10 percent of total 
sales). Other foundries which remain in 
operation will benefit from increased 
market share. After adjusting for 
increased sales volume, post-compliance 
ROS for the lead-related portion of their 
business was found to vary widely fop 
these firms, from —19.6 percent to 6.7 
percent. Clearly, if forced to face the 
costs of complying with this remand, 
some of these firms could choose to 
cease or limit production of leaded 
castings; others, however, should be 
able to finance the costs of the

regulation and at the same time remain 
moderately profitable. OSHA estimates 
that a number of additional secondary 
and tertiary foundries will be able to 
finance the costs of the rule from overall 
profits. For those foundries which are 
captive operations, compliance costs 
could be more easily absorbed by the 
parent organization. Also, some 
foundries could provide castings critical 
to the national defense, and could either 
pass costs forward or apply for a 
variance. Overall, OSHA estimates that 
under optimistic assumptions, one-half 
to two-thirds of the small secondary and 
tertiary foundries will be able to avoid, 
absorb, or pass through compliance 
costs.

Finally, there are 370 small plants 
primarily producing leaded alloys. 
OSHA estimates that as many as one- 
half to two-thirds of these operations 
could cease production. Post-compliance 
ROS calculations based on lead-related 
profits and adjusted for market 
redistribution indicate rates which range 
between —7.3 and 0.1 percent, though 
these rates do not take into account cost 
pass-through. Some firms, however, 
could shift production toward non- 
leaded castings and thus avoid a portion 
of the costs of compliance. The owners 
of captive operations could choose to 
absorb costs from overall profits. In 
addition, some might be able to secure 
local support in the form of financial 
incentives to relocate [Ex. 684f, p. 12] 
and, as noted above, some could 
provide castings critical to the national 
defense.

OSHA concludes that approximately 
310 to 430 of the 736 small plants 
currently producing leaded alloys as 
either a primary, secondary, or tertiary 
function will continue production; thus, 
it is estimated that 42 to 57 percent of all 
small foundries will cease operations.

To sum up, two-thirds to three- 
quarters of all firms currently involved 
in the production of brass, bronze, and 
copper castings will be able to fully 
comply with this regulation without 
experiencing undue financial harm. 
Moreover, 80-83 percent of the currently 
exposed workforce will remain 
employed and benefit from the 
increased protection afforded under the 
rule.

However, OSHA recognizes that 
many small foundries (foundries 
employing 19 or fewer workers) will not 
be able to afford all necessary controls. 
The cost of automation has ensured that 
many small firms will not be able to 
compete with large firms and that profit 
levels for many small firms will not be 
sufficient to bear the costs of this rule. 
OSHA has noted that some of these
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small firms will exit the industry without 
regard to this rulemaking. However, the 
exit of a substantial number of these 
foundries could be hastened by the 
OSHA rule. Therefore, based on the 
legal criteria on economic feasibility 
established by the court in the lead 
decision, USWA v. M arshall, 647 F.2d at 
1265, it is OSHA’s judgment that if the 
rule significantly contributes to the 
withdrawal of over one-half of small 
foundries, which constitute about 60 
percent of the nonferrous foundries, the 
Agency concludes for the nonferrous 
foundry industry that achieving 50 fig/ 
m3 by means of engineering and work 
practice controls is economically 
infeasible. OSHA has not, however, 
examined the economic feasibility of 
achieving a PEL between 50-200 p.g/m3 
by means of engineering and work 
practice controls.

7. Secondary Copper Smelting
Process D escription. Secondary 

copper smelting is the recovery of 
copper from scrap copper by scrap 
metal preparation, smelting, refining, 
and casting. The process fundamentally 
involves increasing refinement of the 
copper product by eliminating lead and 
other impurities. The exclusive source of 
lead in the industry is the scrap, which 
can contain up to 10% lead (Ex. 686C, p. 
11). The blast furnace operation where 
the scrap is initially melted, is the major 
contributor of lead to the air.

Smelting and refining are carried out 
in various types of furnaces such as 
blast furnaces, holding furnaces, 
converters, Maerz (reverberatory) 
furnaces, and shaft furnaces, depending 
upon the purity of the scrap metal. The 
final step is casting of the refined copper 
metal, which contains only .08-.2% lead 
(Ex. 684d, p. 3), into a desired form.

Scrap M etal Preparation. Secondary 
copper smelters use any metallic scrap 
that contains useful amounts of copper, 
including punchings, turnings, defective 
or surplus goods, metallurgical residues, 
and worn-out or damaged articles (e.g., 
automobile radiators, pipe, or wire). The 
scrap is first cleaned and concentrated 
to prepare it for smelting. Feed scrap is 
concentrated by manual and mechanical, 
methods such as sorting, stripping, 
shredding, and magnetic separation of 
ferrous metals. Scrap is sometimes 
briquetted in a hydraulic press or given 
pyrametallurgical pretreatment (e.g., 
sweating, burning off insulation, and 
drying in rotary kilns). The concentrated 
scrap is then transferred to the blast 
furnace by a front-end skip loader (Ex. 
573, pp. 2-3).

Blast Furnace Operation. Smelting 
involves one or more processes, 
depending on the quality of the feed

material. Low-grade scrap must be 
charged into a coke-fired blast furnace 
to be melted along with fluxes and coke. 
Impurities in the scrap are removed by 
the coke fuel and the gases formed 
during combustion. The blast furnace 
operates on a 24-hour-per-day basis and 
is shut down only for maintenance or 
plant-wide scheduled downtime (Ex. 
475-32D, H-Q04E, pp. 6-10).

The charge is delivered by a front-end 
skip loader, which carries the charge 
between the scrapyard and the charge 
door. The guillotine-type charging door, 
operated by an overhead hoist, is 
approximately 9 by 9 feet and is located 
about 6 feet above the furnace’s tapping 
hole. The driver loads the bucket with 
low-grade scrap and positions the 
vehicle in front of the charge door. A 
control box for the charge door is within 
reach. After opening the charge door, 
the operator moves the vehicle forward, 
inserting the front-end loader’s bucket 
into the furnace shaft and unloading the 
concentrated scrap. After unloading, the 
operator backs out and closes the door. 
During charging, the door of the blast 
furnace remains open for one to five 
minutes (Ex. 475-32D, H-004E, pp. 8-10).

The product of the blast furnace, 
called black copper, contains 2-10% lead 
by weight and still includes slag (Ex. 
684d, p. 2). The black copper is tapped ; 
on a continuous basis from the bottom 
of the furnace shaft through an open 
launder to the holding furnace, into 
which it is fed. From time to time, the 
tapping process is halted to allow 
maintenance of the launder tap hole (Ex. 
475-32D, H-G04E, pp. 8-10).

Holding Furnace. The main function 
of the cylindrical holding furnace is to 
remove impurities from the black 
copper. The holding furnace acts both as 
a storage reservoir and a vessel to 
separate the slag generated in the blast 
furnace. While no smelting occurs in this 
operation, enough heat is added to this 
oil-fired furnace to keep the contents 
molten (Ex. 475-32D, H-004E, p. 10).

Since copper is heavier than slag, 
copper occupies the bottom of the vessel 
and slag floats on top. The furnace can 
be rotated along its centerline in both 
clockwise and counter-clockwise 
directions. By rotating the furnace the 
slag is poured off into an open launder, 
where it is granulated by a water jet. 
This is done on a nearly continuous 
basis. The granulated slag is removed by 
front-end loader to storage areas until 
shipment to customers (Ex. 475-32D, H - 
004E, p. 10).

When enough black copper has been 
captured in the holding furnace, the 
furnace is tapped. A ladle is moved into 
position by an overhead, remote- 
controlled crane. The holding furnace is

then rotated clockwise and the black 
copper is poured into the ladle. An 
operator’s station is located so the 
employee can visually check the level of 
copper in the ladle and halt the tapping 
operation when the ladle is full. The 
molten black copper in the ladle is 
usually charged into a converter. At 
times when the converter is not in 
operation due to maintenance, the black 
copper can be charged in varying 
quantities to a Maerz (reverberatory) 
furnace (Ex. 475-32D, H-004E, pp. 10- 
11).

Converter. The function of the 
converter is to further refine the copper 
from the holding furnace. Molten black 
copper is charged into the converter, 
and silica fluxes are added to aid in the 
formation of slag. The process involves 
blowing air through the converter to 
drive off impurities either in the form of 
slag or fume. Most of the reactions 
involved with converter operations are 
exothermic. Therefore, little heat needs 
to be added to the vessel during the 
refining process (Ex. 475-32D, H-004E, p. 
11).

The slag material is drawn off by 
rotating the cylindrical converter about 
its axis. Most of the slag is in the form of 
silicates and oxides. The slag contains 
about 17% copper by weight. The slag is 
later reused as a component in the blast 
furnace charge (Ex. 475-32D, H-004E, p. 
11) .

The product of the converter, called 
blister copper, is tapped and charged to 
either a Maerz or shaft furnace. Blister 
copper contains only approximately 1% 
lead (Ex. 684d, p. 3).

M aerz (R everberatory) Furnace. The 
Maerz (reverberatory) furnace is a 
further stage in the refining process that 
produces anode-grade copper of over 
99% purity. The Maerz furnace is 
charged with blister copper and clean, 
high-grade copper scrap. Dual fuel (oil 
and natural gas) burners supply the 
necessary heat to melt the charge and 
maintain the required temperature. 
Oxidation and reduction reactions occur 
during the approximately 24-hour cycle 
(Ex. 475-32D, H-004E, p. 12).

Three 5-by-5-foot charging doors are 
used for charging the furnace. 
Electrically-powered vehicles and fork
lift trucks transport the ladle for 
charging into the furnace. The furnace 
tilts along its central axis for slagging 
and pouring operations (Ex. 475-32D, H- 
004E, pp. 12-13).

During this refining process, cycle 
times and control procedures are based 
on sampling and operator experience. 
The slag that forms rises to the surface 
of the melt and is poured off into pots 
which are handled by fork-lift trucks.
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This slag is allowed to cool and then is 
reused as part of the blast furnace 
charge material. When refining is 
complete, the furnace is tilted to pour 
the nearly pure copper into a launder 
system which leads to the casting wheel 
(Ex. 475-32D, H-004E, p. 13).

Shaft Furnace. The shaft furnace is 
used to melt copper that can be directly 
cast into anodes without further 
refining. Thus, it is charged only with 
high quality copper scrap and returned 
anodes (Ex. 475-32D, H-004E, p. 14).

Charging is accomplished by a 
conveyor/elevator that places materials 
into the top of the shaft furnace. When 
the furnace is tapped, the copper is fed 
into a launder system which leads to the 
casting wheel (Ex. 475-32D, H-004E, pp. 
14-15).

Casting Wheel. A launder delivers the 
molten copper, which contains only .08- 
.2% lead (Ex. 684d, p. 3), from the Maerz 
and shaft furnaces to the ladle spoon at 
the casting wheel. There the final metal 
product is cast into anodes for 
electrolytic refining (Ex. 475-32D, H - 
004E, pp. 14-15).

The typical casting wheel is quite 
large (e.g., 43 feet in diameter), and turns 
and casts continuously. The castings 
enter a quench booth where a water 
spray cools and solidifies the copper. 
When the molds exit the quench booth, 
an ejection pin in the bottom of the mold 
forces the solidified casting to rise 
slightly out of the mold. A pick-up 
conveyor lifts the anode casting from 
the mold and carries it to a bosh tank, 
where the anode is further cooled. When 
five or six anodes accumulate in the 
tank they are removed by fork-lift truck 
and weighed. Then they are stacked 
outside the building until they are taken 
to the electrolytic refining building 
(tankhouse) (Ex. 475-32D, H-004E, p. 14).

Existing Exposure Levels. There are 
five air lead monitoring data sets in the 
record. The best by far is the data set 
from Company D (Ex. 684d), which is a 
conventional secondary copper smelter 
with different kinds of furnaces that use 
copper scrap of various grades. The data 
from Company D are recent, quite 
complete and contain some marginal 
notations which explain prevailing 
conditions at certain times when 
samples were obtained. Moreover, 
because OSHA recently made a site 
visit to Company D, the Agency has 
concrete information on production 
processes, work practices and 
engineering controls that allows it to 
better understand and interpret the data 
provided.

The other four data sets are from 
Smelter A (E x  668B), a company which 
OSHA will refer to as Company X (Ex. 
613b-2), OSHA inspection data (E x  583-

54, No. 131 / Tuesday, July 11, 1989

3), and a 1982 JACA report (Ex. 553-5). 
All have serious flaws that make them 
considerably less reliable and useful 
than Company D data.

The data from Smelter A were 
submitted by the Institute of Scrap 
Recycling Industries at the close of the 
post-comment briefing period and cover 
the years 1984—87. OSHA found Smelter 
A’s data basically unuseable for the 
following reasons. First, the data 
apparently cover less than Vith of the 
company's lead-exposed workforce. 
Second, there are large gaps in the data. 
For example, most of 1984 and part of 
1985 are missing.

Third, no information was provided 
on associated work practices and 
engineering controls. Fourth, in a 
cursory manner Smelter A indicated that 
it had installed additional engineering 
controls during the period of time 
covered by the data, but it does not 
indicate specifically during what years 
and in which operations the engineering 
controls were implemented. In fact, 
Smelter A simply states that it added 
“additional capacity for baghouses, 
exhaust fan motors and hooding.” 
Therefore, despite Smelter A’s assertion 
that it spent more than $2 million 
between 1980-87 for these unspecified 
improvements in engineering controls, it 
is impossible for the Agency to use the 
exposure data to assess feasibility. 
Moreover, Smelter A's exposure levels 
inexplicably appear to have increased 
rather than decreased over the years. 
This raises questions concerning the 
effectiveness and extent of the 
engineering controls installed during this 
period. Finally, at least some of the data 
provided appear to suggest that certain 
operations are effectively uncontrolled, 
making that data useless in a feasibility 
assessment. For example, according to 
Smelter A’s own table summarizing its 
most recent air monitoring sampling 
results, the average air lead levels 
between January-September 1987 at the 
reverberatory furnace, which processes 
copper with no more than 1% lead 
content, are nearly twice as high as the 
average exposure levels in the blast 
furnace area, where lead-contaminated 
scrap is processed (Ex. 668B).

Similarly, the data from Company X 
(Ex. 613b-2) are not useable for the 
following reasons. First, although the 
data were provided in response to a 
request for monitoring results from 1984- 
87, the company supplied data for only 
one year. Second, not only did the 
company fail to describe the engineering 
and work practice controls associated 
with particular operations and exposure 
levels, it also failed to adequately 
identify various employees. For 
example, in its monitoring data the
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company refers to the job category of 
“furnace operator” but provides no 
indication at which furnaces those 
operators work. Thus, OSHA is unable 
to ascertain which specific exposures 
are associated with the blast, holding, 
converter, Maerz or shaft furnaces, 
which is a critical distinction given the 
extreme variation in the lead content of 
the metal in the different furnaces.

The third data set, composed of 29 
samples from OSHA inspections of 
three secondary copper smelters from 
1984-87 (Ex. 583-3), is limited and 
fragmentary. Moreover, the kind of 
contextual information so useful for 
understanding and interpreting the data 
is largely lacking. For example, these 
data do not provide sufficient detail 
about job titles to allow operation-by
operation analysis of exposures and do 
not contain information about 
associated engineering and work 
practice controls. These data are 
therefore best utilized to confirm or 
deny analyses drawn from other data 
sets.

The final data set is the report 
prepared in 1982 by JACA (Ex. 553-5). 
This report deals almost exclusively 
with the issue of economic feasibility 
and devotes only two pages to an 
analysis of technological feasibility. In 
its report JACA provides no more than a 
paragraph or two describing existing 
controls. Moreover, few or no raw 
exposure data are provided, and the few 
summary numbers that are provided are 
gathered from 1979-81. Since both 
Company D and Smelter A, for example, 
claim to have spent large sums of money 
to control air lead levels in the years 
since JACA collected its data, more 
recent data are needed to reliably 
assess current technological feasibility.

Consequently, the Agency relies 
primarily on data from Company D to 
characterize baseline lead exposures in 
this industry. OSHA feels that this is a 
reasonable and even conservative basis 
for making feasibility determinations for 
three reasons.

First, the monitoring data from 
Company D indicate that operations 
with higher exposure levels have been 
monitored more frequently than those 
with lower levels (Ex. 684d). Although 
this monitoring schedule is in 
accordance with the requirements of the 
lead standard and good industrial 
hygiene practice, it inevitably skews 
reported average plant-wide exposure 
levels and frequency distributions 
toward the high side (Ex. 686C, p. 7). For 
example, as Meridian has pointed out, in 
the blast furnace area, where exposures 
are highest, 150 samples were taken for 
14 job categories. In the casting area,
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where exposures are much lower, only 
69 samples were taken for nearly the 
same number (13) of job categories (Ex. 
686C, p. 7).

In addition, based upon its site visit to 
Company D and Company D’s own data 
concerning exposure levels in casting 
and the shaft and Maerz furnace areas, 
OSHA believes that cross 
contamination has substantially 
contributed to raising employee 
exposure levels in these operations. In 
the clearest example, the proportion of 
lead in the product in the casting 
operation is probably less than one- 
quarter of 1% (Ex. 684d, p. 3). Yet, even 
there, where exposures attributable to 
the operation itself should be low 6, fully 
38% of the samples were above 50 pg/ 
m3, 6% were over 200 pg/m3, and the 
average was approximately 63 pg/m3.

The Cadre Corporation, an industrial 
engineering consultant firm, seems to 
agree with OSHA’s position. When 
Cadre ev&luated exposures at a 
secondary copper facility in 1981, it also 
noted that cross contamination was 
chiefly responsible for the lead 
exposures of employees working in the 
casting area (Ex. 475-32D, H-004E, p.
22).

Similarly, in the Maerz and shaft 
furnace operations, where the charge of 
blister copper contains only 1% lead (Ex.

684d, p. 3) and where air lead levels 
therefore should be controllable to or 
below 50 pg/m3, exposure levels at 
Company D are above 50 pg/m3 in 82% 
and 78% of the samples, respectively, 
and the averages are 97 pg/m3 and 148.2 
pg/m3, respectively.

Because of the low lead content of the 
materials being processed at these 
stages, OSHA does not believe that the 
air lead levels associated with these 
operations should be high. Nevertheless, 
at Company D the percentage of 
sampling results below 50 pg/m3 in the 
shaft and Maerz furnaces is not 
statistically distinguishable from the 
percentage of samples below 50 pg/m3 
in the blast furnace area, where the lead 
content of the materials is much higher. 
OSHA believes that these results can be 
explained only by cross contamination 
throughout the plant.

OSHA also notes that the exposure 
levels reflected in the OSHA inspection 
data for secondary copper smelters (Ex. 
583-3) are considerably lower than 
those in the data from Company D, 
especially in the furnace area. This 
suggests that in relying upon the 
Company D data to characterize 
industry exposure levels, OSHA is being 
conservative.

Notwithstanding the upward bias of 
the data from Company D, monitoring

results from this facility are at or below 
50 pg/m3 most of the time in the casting 
area (62%) and in the “miscellaneous” 
category (80%). Moreover, 84% of the 
samples in the casting operation and 
93% of the samples in the miscellaneous 
classifications are below 100 pg/m3,
(Ex. 684d, Table 5; see Table 1 below).

Miscellaneous operations include 
laboratory technicians, the laundry, and 
the scrapyard. The scrapyard, which has 
the highest exposures of these three 
operations, incorporates the receiving 
area, the brick plant and forklift 
operators. In the scrapyard employee 
exposure levels already are quite low. 
The overall average for scrapyard 
employees is approximately 35 pg/m3. 
Average exposure levels in 2 of the 3 
scrapyard operations are below 27 pg/ 
m3 and the third is below 53 pg/m3. In 
addition, 77% of the sampling results of 
scrapyard employees are below 50 pg/ 
m3, and the remainder are below 100 
pg/m3 (Ex. 684d, Table 5).

Again, even with considerable cross 
contamination in the plant, 59% of the 
sampling results of employees 
associated with the Maerz furnace and 
56% of the sampling results of those 
working near the shaft furnace already 
are below 100 pg/m3 (Ex. 684d, Table 5).

T a b l e  1 .— F r e q u e n c y  D is t r ib u t io n  o f  C o m p a n y  D  E x p o s u r e  D a t a , 1 9 8 4 -1 9 8 7  1

Area
Number

of
Distribution of samples at various 
concentrations (pg/m 3) (percent)

samples < 50 <100 <200 > 2 0 0

Blast furnace......................................................................................................................... 150 32(21)
43(62)

2(22)
5(18)

24(80)

61(40)
58(84)

5(56)
16(59)
28(93)

103(68)
65(94)

7(78)
25(93)

30(100)

47(31)
4(6)

2(22)
2(7)

0

Casting area...................................................................................................... 69
Shaft furnace............................................................................................................................. 9
Maerz furnace.......................................................................................................... 27
Miscellaneous.............................................................................................. 30

Total............................................................................................................... 285 106(37) 168(59) 230(81) 55(19)

1 Source: Ex. 684d, Table 5.

In the three operations in which average 
exposure levels are above 50 pg/m3, the 
blast, Maerz and shaft furnaces, an 
additional factor upwardly biases the 
data. That factor is the existence of a 
limited number of extremely high data 
points that are not representative of 
routine exposure levels. For example, 
employee exposure levels in the dirtiest 
operation in the plant, the copper hole at 
the blast furnace, range from 100 pg/m3 
to 2,400 pg/m3 (Ex. 684d, Table 5). Of 
the 18 sampling results for that

6 On this point, OSHA disagrees with Meridian, 
which did not take account of the effects of cross

operation, fully two-thirds are below
337.1 pg/m3. Only 2 samples are over 
1,850 and 3 others range from 635-817 
pg/m3. Nonetheless, the arithmetic 
average is approximately 500 pg/m3. 
OSHA believes that this average figure 
distorts the actual array of sampling 
results by effectively giving too much 
weight to aberrantly high sampling 
results. It further believes that the 
geometric mean more accurately 
portrays the array. In this case, the

contamination and therefore attributed the exposure 
levels in casting to emission sources within that 
operation (Ex. 686C, p. 15).

geometric mean is 312.1 pg/m3. 
approximately two-thirds of the 
arithmetic mean (citations omitted to 
protect confidentiality).

OSHA recognizes that there is no 
single number or even range of numbers 
that can perfectly characterize a data 
set. A mere range of exposure levels 
(e.g., 100-2,400 pg/m3 for the copper 
hole operator) provides very litjtle useful 
information about typical exposure 
levels. Similarly, the arithmetic mean, 
which is equivalent to the commonly 
used “average.” provides little insight 
into the distribution of exposures and is 
subject to gross distortion by extreme 
high or low numbers.

OSHA believes that where a data set 
is lognormally distributed, as in the case
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of Company D (Ex 686C, p 2), the 
geometric mean is the best single 
statistic to characterize the data set.
(See the NIOSH publication, Leidel eta l, 
Occupational Exposure Sampling 
Strategy M anual (1977).] OSHA is 
further assured of the reasonableness of 
relying upon the geometric mean by the 
fact that it appears to fit well with the 
court’s definition of feasibility. The 
court does not require that all 
operations be able to achieve a 
particular PEL all of the time for the PEL 
to be feasible. Consequently, the mere 
existence of aberrant exposure levels 
does not constitute proof of infeasibility. 
In using the geometric mean to 
characterize exposure data, the extreme 
outliers that are discounted are 
especially likely to be very high, rather 
than low sampling results. Thus, 
because the geometric mean better 
characterizes actual exposures, OSHA 
relies primarily upon the geometric 
mean in its feasibility analysis. This 
issue is discussed more fully in the 
introductory section on technological 
feasibility.

Utilizing this approach, it becomes 
clear that, even based on existing 
monitoring results, only the blast 
furnace operation presents serious 
problems for controlling employee air 
lead levels to 50 /ig/m3. The geometric 
means in all other operations are below 
90 /ig/m3 (Ex. 686C, Ex. 2). In the casting 
and miscellaneous categories, for 
example, the geometric means are below 
50 /xg/m3, at 41.2 /xg/m3, and 27.9 /xg/ 
m3, respectively. In the Maerz furnace, 
the geometric mean is only somewhat 
above 50 /xg/m3, at 78 /xg/m3. In the 
shaft furnace, the geometric mean is 
below 100 /xg/m3, at 88.6 /xg/m3. (Ex.
686C, Ex. 2).

In the blast furnace, where exposures 
are most difficult to control, the 
geometric mean is only somewhat above 
100 /xg/m3 at 114.2 /xg/m3. In addition, 
of the 14 job categories included in the 
blast furnace classification (which 
includes exposure data from the holding 
and converter furnace areas), no less 
than eight have geometric means below 
100 /xg/m3, and three of these are below 
50 /xg/m3. Of the remaining 6, only one 
is above 200 /xg/m3, while three are 
below 120 /xg/m3. Moreover, according 
to Company D’s own submission, one of 
the operations with the highest exposure 
levels, slag operator, is virtually 
uncontrolled (Exs. 684d, p. 2; 686C, Ex.
2J*

Current Control Technologies. As 
OSHA has shown in the previous 
section, even the upwardly biased 
sampling results from Company D 
indicate that in at least 80% of the

operations either a majority of sam pling 
results are below 50 /xg/m3 or the 
geometric means are below or not far 
above 50 /xg/m3. In the blast furnace 
area, more than 20% of the operations 
already have geometric means below 50 
/xg/m3 and more than 57% have 
geometric means below 100 ug/m3 fEx 
684d, Table 5).

To characterize existing controls in 
the industry, OSHA continues to rely 
upon information from Company D (Exs. 
684d; 686C; 688a). Although industry 
claims that the controls in Company D 
are state-of-the-art and hardly typical of 
the rest of the industry, OSHA’s site 
visit to Company D confirms that its 
controls are fundamentally conventional 
and readily available. Moreover, 
although on several occasions OSHA 
requested industry to provide 
information concerning associated 
engineering and work practice controls 
throughout the industry, industry 
generally failed to provide such 
information (Tr. 725—26). Consequently, 
since industry’s claim that Company D 
has implemented more controls than the 
rest of the industry is essentially 
unsubstantiated, OSHA finds it 
reasonable to use Company D for these 
purposes.

The existing level of control at 
Company D has been achieved primarily 
through general and local exhaust 
ventilation and despite serious cross 
contamination of certain operations by 
the blast furnace. Existing engineering 
controls and work practices at Company 
D have not been established on the 
basis of industrial hygiene source 
identification and task analysis; that is, 
the company has focused on obvious 
emission sources rather than employee 
exposures (Ex. 684d, p. 17). As a 
consequence, management at Company 
D does not appear to have a firm grasp 
on what factors are contributing to 
employee exposures in each operation 
and which work practices and 
engineering controls would be 
appropriate to control these factors. In 
addition, Company D does not perform 
periodic (e.g., annual) wall-to-wall 
housecleanings (Ex. 684d, p. 17).

Current exposure levels at Company 
D have been achieved by means of the 
following controls.

General Building. Company D plant is 
a large open building with natural 
ventilation. Some ceiling fans also have 
been installed. Although natural 
ventilation and ceiling fans provide for a 
certain amount of dilution and air 
circulation, the cross drafts created by 
the fans and the large openings in the 
building can cause cross contamination 
(Ex. 684d, p. 15).

Scrap and Charge Preparation. The 
scrapyard is paved. It is washed down 
and cleaned by street sweepers. Scrap is 
also wetted to reduce the am ount of 
lead dust emitted from handling. The 
briquetting plant is a shed housing the 
baling and briquetting machines, whiqh 
compress fine materials into bricks that 
can be used for charging the furnaces. 
While the briquetting plant itself is 
locally exhausted, the cabs on the 
forklift trucks and front-end loaders 
operating in this area are not enclosed 
(Ex. 684d, pp 1, 2,15,17).

Blast furnace. The blast furnace is 
equipped with enclosures and exhaust 
ventilation at the charging point and the 
tap point of the furnace. Both the 
charging and tap hoods are ventilated to 
baghouses before being exhausted to the 
outside air (Ex. 684d, pp. 15,16).

The exhaust ventilation hood, 
positioned directly over and around the 
charging point of the blast furnace, is 
activated when the furnace door opens.
It has a design face velocity of 1,700 feet 
per minute. However, the effectiveness 
of this control is limited by “upsets,” 
which occur when scrap is loaded 
improperly or an improperly selected 
load is charged. These upsets, which 
overwhelm or take place beyond the 
effective range of existing exhaust 
ventilation, can occur as often as twice 
a week, company personnel report (Ex. 
684d, pp. 15,16,17).

Holding furnace. The holding furnace 
is equipped with exhaust ducting at the 
point of discharge of the molten copper. 
There is no ventilation at the slag hole.
In addition, the launder carrying the slag 
discharged from the furnace is not 
enclosed and the slag granulating and 
sampling processes are not controlled 
(Ex. 684d, p. 16).

Converter. The charging and 
discharging points of the converter are 
equipped with exhaust hoods. The 
hoods are only turned on when the 
furnace is being charged with the ladle 
and when metal and slag are being 
discharged. These hoods are exhausted 
to baghouses (Ex. 684d, p. 16).

M aerz and shaft furnaces. Both the 
Maerz (reverberatory) and shaft 
furnaces are equipped with hooding and 
exhaust ventilation at the charging 
point. The hooding is exhausted to 
baghouses before emissions are released 
into the outside air (Ex. 684d, p. 16).

Casting operation. The molten copper 
is transferred to the casting operation 
via a launder that is semi-enclosed to 
retain heat. The steam generated during 
the quench is exhausted to a point 
outside the building (Ex. 475-32D, H - 
004E, p. 14).
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Control rooms. There are several 
enclosed control rooms that are air 
conditioned. The blast furnace control 
room is a positive pressure environment 
using outside air. These control rooms 
are accessible to employees (Ex. 684d, p.
15).

Work practices. Company D reports 
that the scrapyard is wetted for dust 
control purposes, the scrap is heated 
before charging to drive off any 
moisture, and the facility is regularly 
vacuumed. Company D further states 
that it provides training, which includes 
instruction to employees not to stand in 
the area near furnace doors unless 
necessary (Ex. 684d, p. 17).

Additional Controls and Expected  
Reduction o f Exposure Levels. As 
discussed in the section above 
concerning existing exposure levels, 
most of the sampling results for 
employees working in the casting and 
miscellaneous operations already are 
below 50 pg/m3 (Ex. 686C, p. 4). In 
addition, most employees in the shaft 
and Maerz furnace areas have geometric 
mean exposure levels below 90 pg/m3.

OSHA believes that for operations 
where most sampling results or 
geometric means already are below 50 
pg/m3, relatively modest improvements 
in work practices or engineering 
ontrols, such as improved 
housekeeping, will be sufficient to 
reduce employee air lead levels 
consistently below 50 pg/m3. For 
operations where most of the sampling 
results or geometric means are below 
100 pg/m3, OSHA believes that a 
combination of limited additional and 
improved existing controls (e.g., 
enclosing a launder) will be sufficient to 
control exposure levels to 50 pg/m3. 
Specifically, OSHA believes, for 
example, that controlling employee 
exposure levels to 50 pg/m3 in the shaft 
and Maerz furnace areas should be quite 
manageable, since a primary source of 
exposure is extraneous to these 
operations (i.e., cross contamination 
from the blast furnace and, perhaps, 
other areas of the building) (Ex. 475- 
32D, H-004E, p. 42).

The blast furnace area is the only one 
in secondary copper smelting where 
controlling exposure levels to 50 pg/m3 
is likely to pose a serious problem. At 
Company D, it is clear that existing 
engineering and work practice controls 
do not effectively control exposure 
levels in this area (Ex. 686C, Ex. 2). 
Exposure data indicate that in some 
blast furnace operations current 
engineering and work practice controls 
are inadequate, while in others such 
controls appear to be nonexistent.
OSHA believes that employee air lead 
levels can be reduced to below 50 pg/
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m3 in many operations in the blast 
furnace, as well as in any other 
operations requiring additional controls, 
by implementing conventional and 
readily available industrial hygiene 
control techniques.

The Agency’s discussion of reductions 
of air lead levels expected to be 
achieved by implementing 
recommended controls relies in part on 
assessments made by a panel of three 
certified industrial hygienists for 
OSHA’s contractor, Meridian. These 
assessments are based upon data in the 
record, a site visit to Company D, and 
the extensive experience and expertise 
of the panel. Although quantification of 
the estimated reductions involves a 
substantial amount of expert judgment, 
OSHA believes that the panel’s 
assessment is the best available 
evidence in the record on the reduction 
in exposure levels that can be 
reasonably expected from implementing 
recommended additional and improved 
controls.

OSHA, based on its own experience 
and expertise, therefore believes that 
reliance upon Meridian is entirely 
reasonable. OSHA in its own analysis 
places much greater emphasis than did 
Meridian on the central problems of 
controlling the blast furnace, cross 
drafts, and cross contamination to 
reduce air lead levels in secondary 
copper smelting to 50 pg/m3. From its 
analysis OSHA concludes that 
employee exposure levels in the blast 
furnace can be reasonably managed and 
that cross contamination from the blast 
furnace can be virtually eliminated.

Prevention o f Cross Contamination 
and Cross Drafts. As indicated above, 
the blast furnace at Company D is not 
being effectively controlled. Evidence in 
the record suggests that cross 
contamination from the blast furnace, 
and perhaps to a lesser extent from the 
scrapyard, currently is creating excess 
exposure levels in the Maerz and shaft 
furnace areas, among others. OSHA 
does not believe that the copper used in 
these two furnace operations, which 
contains no more than 1% lead (Ex. 684d, 
p. 3), can by itself produce such high 
exposure levels. OSHA believes that 
eliminating cross contamination is 
technologically feasible.

As Company D itself recognizes (site 
omitted to protect confidentiality), cross 
contamination is the source of higher air 
lead levels in the casting operation, as 
well. In casting, where the lead content 
of the highly refined copper is between 
.08-.2% (Ex. 684d, p. 3), air lead levels 
should be low (Ex. 475-32D, pp. 22-23).
In fact, the geometric mean exposure 
level in casting is 41.2 pg/m3, and 38% of 
the samples in casting are above 50 pg/

m3 (Ex. 686C, Ex. 2). OSHA considers 
exposure levels in casting to be 
approximately equal to the increment in 
exposure levels broadly caused by cross 
contamination. Thus, by controlling 
cross contamination, exposure levels in 
various operations and areas generally 
would be reduced to the extent of the 
geometric mean exposure level in the 
casting area.

OSHA conservatively determines that 
the appropriate increment derived from 
the casting area as attributable to cross 
contamination is approximately 37 pg/ 
m3. OSHA believes this is conservative 
because it excludes from the 
computation higher exposure levels 
relating to certain maintenance work 
and to the transfer and holding of the 
molten metal in the casting area.

After adjusting monitoring results 
from the shaft and Maerz furnace areas, 
for example, to factor out cross 
contamination OSHA finds geometric 
means of approximately 52 pg/m3 and 
41 pg/m3, respectively, before 
additional controls are implemented 
(see Table 2 below).

T a b l e  2 . - 1 9 8 4 - 1 9 8 7  W o r k e r s ’ E x p o 
s u r e  D a t a  o f  C o m p a n y  D — A d j u s t e d  
V a l u e s  b y  U s in g  C a s t in g  A r e a  a s  
B a c k g r o u n d  1

Geometric Geometric
Mean Mean w/o

Area w/cross cross
contamina- contamina-

tion tion

Shaft Furnace................ 88.6 51.6
Maerz Furnace............... 78.0 41.0

1 Source: Ex. 686C, Ex. 2.

There are at least two reasons for this 
cross contamination. First, Company D 
has failed to adequately control lead 
exposures at their primary source, the 
blast furnace area. Second, cross drafts 
exist, which drive the lead fume and 
dust escaping from the blast furnace 
throughout the plant (Ex. 475-32, pp. 19, 
22-23). These cross drafts occur because 
Company D, which has a large open 
building with a very hot smelting 
process, relies too heavily upon natural 
ventilation and some ceiling fans to 
control exposure levels. Not only do 
these cross drafts spread contamination 
from one operation to another, but they 
also disrupt local exhaust ventilation, 
thereby preventing exhaust hoods from 
operating at maximum capacity.
OSHA’s evaluation of the complex, 
plant-wide problems that cross drafts 
create is substantiated by the American 
Conference of Governmental Industrial 
Hygienists’ book, Industrial Ventilation, 
which states that “(cjross drafts not 
only interfere with the proper operation
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of exhaust hoods, but may also disperse 
contaminated air from one section of the 
building into another and can interfere 
with the proper operation of process 
equipment * * *” (Ex. 583-13, p. 7-2).

To remedy this problem, as well as 
others, OSHA believes that the first 
thing that Company D and the industry 
must do is to conduct a plant-wide 
industrial hygiene study which focuses 
in part on analyzing cross drafts and 
cross contamination as a basis for 
designing cross-draft barriers and other 
measures to eliminate them. Erecting 
cross-draft barriers at proper locations 
not only will control cross 
contamination, but also will increase the 
efficiency of exhaust hoods. This will 
result in an appreciable reduction of air 
lead levels in all areas, as sources of 
lead extraneous to an operation are 
eliminated and as control of sources of 
lead intrinsic to the operation is 
enhanced.

OSHA is confident that such a study 
is essential to systematically controlling 
air lead levels in the industry. OSHA’s 
determination is further supported by 
Dr. Knowlton Caplan, a well-known 
engineering consultant to the lead 
industry, who has said that engineering 
controls should be designed with 
industrial hygiene problems in mind (Ex. 
582-89, Appendix). However, there 
appear to have been few or no industrial 
hygiene studies in this industry to help 
employers control the exposures of their 
employees.

At Company D, for example, no such 
study has ever been made. No industrial 
hygienist is employed in its abatement 
program. After certain controls were 
identified and installed in the early 
1980s to abate air lead levels to 200 pg/ 
m3, no industrial hygiene study was 
carried out to analyze their 
effectiveness. No study was conducted 
concerning the problems of cross drafts 
and cross contamination. OSHA 
believes consultation with an 
experienced industrial hygienist could 
help to resolve such problems 
inexpensively.

Preventing cross contamination is the 
single most important step that can be 
taken to reduce exposure levels 
generally throughout the plant. An 
engineering report based on conditions 
in a secondary copper smelter confirms 
OSHA’s view that the blast furnace is 
the major source of lead emissions. This 
report states that the charging door and 
tapping point on the blast furnace are 
responsible for most of the lead 
emissions in the facility (Ex. 475-32D, 
H-004E, p. 42). In addition to preventing 
cross contamination, other conventional 
controls that are applicable to many 
operations also should be implemented

to broadly reduce exposure levels in 
secondary copper smelters. These 
include better ventilation, enclosure, 
isolation, housekeeping, and 
maintenance.

Ventilation. The presence of 
excessive lead in the work 
environments of secondary copper 
smelters indicates that engineering 
controls like total enclosure, local 
exhaust ventilation (LEV), and general 
ventilation are not doing the job. As 
previously stated, where ventilation is 
inadequate, cross contamination can 
become a serious problem. Although 
much more quantitative and other 
information than industry has provided 
would be needed to state with any 
precision how much reduction of 
particular exposure levels should be 
achieved by enhancing specific 
ventilation systems, OSHA has no doubt 
that in some operations improved or 
additional ventilation can achieve major 
reductions in worker exposure. For 
example, reductions in exposure levels 
can be achieved in the blast furnace 
area by increasing the capture efficiency 
of the hood over the blast furnace so 
that it will prevent the escape of large 
quantities of fume into the facility 
diming the upsets that are reported to 
occur as often as twice a week (Ex.
684d, p. 16) and by providing exhaust 
ventilation for the launder or for ladle 
transfer and ladle preheating (Ex. 568, p. 
12).

Enclosure and Isolation. Enclosure 
and isolation are two alternative 
methods of separating workers from air 
contaminants. In the case of isolation, 
the employee is physically separated 
from contaminants in the air (e.g., by 
working in a filtered, ventilated control 
booth). With enclosure, the source of the 
contaminant is physically contained and 
separated from the rest of the work 
environment to prevent contamination 
of the air (e.g., placing equipment or 
dirty processes within an enclosure) (Ex. 
568, p. 13).

Company D reports that it has 
“positive-pressure control rooms (that) 
are available to some employees” (Ex. 
684d, p. 15). However, as demonstrated 
by employee exposures in Company D’s 
blast furnace area, these control rooms 
in practice have not been adequate to 
control the exposure levels of most 
employees (Ex. 684d, Ex. 2).

Docket entries describe standard 
enclosure techniques that are in use in 
the industry or can be readily 
implemented (e.g., enclosing launders to 
stop fumes from escaping) (Exs. 475- 
32D, H-004E, p. 19; 686C, p. 13). Simple 
isolation techniques that have been 
successfully used in certain plants in 
this industry and in plants in other lead

industries also are applicable 
throughout this industry (e.g., providing 
employees with filtered, ventilated cabs 
for mobile equipment and fresh air 
islands, isolation booths and control 
rooms) (Ex. 686C, pp. 11-14). Isolating 
workers, even for a portion of their shift, 
can significantly reduce exposure levels 
(Ex. 686C, p. 14; see also Ex. 568, p. 11).

For example, a Radian study of a 
secondary lead smelter demonstrates 
that employee exposures can be reduced 
by 23-77% even when employees spend 
only a portion of-the workday in an 
isolation booth (Ex. 583-16, Vol. 1, p. 30). 
Another study, by the National Institute 
for Occupational Safety and Health 
(NIOSH), investigating the effectiveness 
of various control technologies in 
secondary lead smelters, reports that 
workers spending even one-quarter of 
their time in a supplied air island would 
experience a 20% reduction in overall 8- 
hour TWA exposure (Ex. 590, p. 40). 
Consequently, for example, a fresh air 
station could be installed in various 
operations where needed to reduce 
remaining excess exposures after other 
controls were implemented (e.g., Ex. 
686C, p. 15).

Housekeeping, Work Practices, and 
Preventive Maintenance. Housekeeping, 
work practices, and preventive 
maintenance are essential controls 
whose importance frequently is not 
adequately recognized by employers. 
Failure to develop and use rigorous 
housekeeping, good work practices, and 
preventive maintenance can destroy the 
effectiveness of otherwise adequate 
engineering controls

The importance of housekeeping was 
stressed in a report prepared by the 
Cadre Corporation for the Southwire 
Copper Company, a secondary copper 
smelter (Ex. 475-32D, H-004E, p. 58). The 
Cadre report states,

[Housekeeping] is definitely the most 
underrated aspect of any fume abatement 
program. In any industrial facility there will 
be some amount of particulate in the air. 
Sooner or later this particulate is going to 
settle out on the plant floor, equipment and 
materials. If this dust is not collected and 
disposed of then it will become airborne 
again due to building drafts, mobile 
machinery traffic and numerous other 
disturbances. The housekeeping component 
of the abatement plan is a vital link in the 
success of the project. By neglecting to 
properly control settled particulate any gains 
made by capturing fugitive emissions will be 
minimal.
(Ex. 475-32D, H-O04E, p. 58)
OSHA agrees. It is impossible to 
overemphasize the importance of good 
housekeeping and work practices.

Nevertheless, housekeeping at the 
Company D plant was so inadequate
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that Meridian, based on its site visit, 
substantially downgraded its 
assessment of the current level of 
housekeeping in secondary copper 
smelters (Ex. 686C, p. 13). Prior to that 
site visit, Meridian had assumed that 
secondary copper smelters utilized good 
housekeeping practices (Ex. 573, p. 28). 
After the visit, Meridian concluded that 
housekeeping needs to be substantially 
improved for the industry to meet 50 ¿¿g/ 
m3 (Ex. 686C, p. 16)

To improve housekeeping, OSHA 
specifically recommends the following.
A vacuum system should be installed in 
copper smelters that do not have 
adequate vacuuming facilities so that 
spillage and settled dust can be 
vacuumed daily from surfaces. Such a 
system was recommended by Dr.
Caplan for Amax’s secondary copper 
smelter at Carteret, New Jersey (Ex. 
668E, p. 11). Dry sweeping, particularly 
in the scrapyard, should be prohibited. 
HEPA-filtered vacuum floor sweepers 
and central HEPA-filtered vacuums 
should be used daily to control 
workstation dust.

In addition, at least annually each 
secondary copper smelter should 
thoroughly clean its entire facility, 
including rafters. The expert panel 
estimates that such a cleaning would 
reduce exposure levels of workers 
throughout the facility by 16-25% (Ex. 
686C, p. 19). At Company D, 
management stated that such a cleaning 
has never been undertaken (Ex. 684d, p. 
17).

Detailed housekeeping instructions 
should be prepared and adherence to 
them enforced by employers, with 
scheduling and checkoff of regular 
cleaning of all areas of the plant where 
dust can collect. If necessary, the 
housekeeping instructions should list 
hundreds of sites, pieces of equipment, 
parts of equipment, obscure comers, 
etc., to assure that they are cleaned 
regularly.

In addition to implementing good 
work practices for housekeeping and 
cleanup of fines and slag, work practices 
should be written to prescribe correct 
procedures for all tasks that might result 
in increased employee exposure. At 
Company D, for example, a worker was 
seen standing next to the slag hole of the 
holding furnace, one of the highest 
emission sources at this smelter, when 
the employee’s work did not require his 
presence there. Improved work practices 
would dictate that the employee remove . 
himself from proximity to the source of 
exposure whenever possible and, to the 
extent possible, isolate himself from 
contaminants in a fresh-air island or the 
like. Company D states that it trains its ‘ 
employees not to stand near furnace
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doors, etc., when employees are not 
required to be there (Ex. 684d, p. 17).' 
However, based on the site visit to 
Company D, it appears that management 
does not enforce the workpractices 
taught to workers during training. Better 
work practices that reduce the 
frequency of upsets during blast furnace 
charging could also substantially 
decrease exposure levels in the blast 
furnace and resulting cross 
contamination.

Mr. Melvin Cassady, OSHA’s expert 
on smelting, has stressed the importance 
of maintenance programs to assure that 
all systems function as cleanly and as 
efficiently as practicable. In addition to 
the actions recommended above, Mr. 
Cassady specifically suggested the 
following:

1. Preventive maintenance for belt 
conveying systems;

2. Maintenance of clean air stations to 
retain their effectiveness;

3. Regular cleaning and maintenance 
of positive-pressure; filtered-air systems 
in cabs of mobile equipment;

4. Periodic checks for, and prompt 
repair of leaks in baghouses; and

5. Daily checks on the pressure of 
baghouses and prompt replacement of 
ruptured bags (Ex. 604, pp. 2, 4, 7,14).

In addition to the above controls, 
OSHA specifically recommends 
additional controls operation by 
operation.

B last Furnace. The blast furnace is the 
source of the highest lead exposure 
levels in secondary copper smelting and 
is the most difficult area to control to 50 
jLtg/m3.

Exposure levels within the blast 
furnace area exceed 50 pg/m3 for a 
variety of reasons, including lack of 
exhaust ventilation (e.g., on the launder 
and during ladle transfer), inadequate 
ventilation (e.g., inadequate capture 
efficiency on the blast furnace hood), 
lack of isolation or enclosure (e.g., 
absence of fresh air islands), "upsets” 
that frequently occur during the charging 
process, and, to a lesser degree, some 
cross contamination from the scrapyard 
and reentrainment of dust from the blast 
furnace area itself (Ex. 686C, pp. 9,10, 
13-15).

OSHA believes that if the additional 
controls recommended by the expert 
panel of certified industrial hygienists 
(Ex. 686C, pp. 9-10,13-15) and by OSHA 
are implemented, exposure levels within 
the blast furnace will be controlled to or 
below 50 /xg/m3 in at least 50% of the 
operations most of the time. These 
controls include installation of local 
exhaust ventilation at all furnace 
openings, improving the capture 
efficiency of the hood over the charging 
door to capture fumes generated during

upsets, installation of enclosed filtered- 
air booths or supplied-air islands for 
operators having permanent stations 
near furnaces, use of controls to reduce 
emissions during the transfer of molten 
material (e.g., traveling hoods for ladles 
and hoods or enclosures for launders), 
and improved work practices (e.g., to 
reduce or eliminate exposures caused 
when workers unnecessarily remain 
near the furnace openings).

When upsets occur at the blast 
furnace, as occurred during OSHA’s site 
visit to Company D, clouds of smoke 
and fumes may fill the entire smelter 
area, notwithstanding the enclosure and 
canopy at the charging point (Ex. 684d, 
p. 15). These upsets, typically occurring 
as often as twice a week, undoubtedly 
are an important cause of the high 
exposure levels in the blast furnace and 
other areas throughout the facility. 
Standard work procedures should be 
implemented to minimize or prevent 
upsets during charging, such as 
adjusting the volume and rate of feeding 
of the charge and better quality control 
over the materials included in the 
charge. In addition, as discussed above, 
the capture efficiency of the hood over 
the charging door must be enlarged to 
accommodate the few upsets that 
remain. During upsets, OSHA recognizes 
that it generally will be necessary for 
affected employees to wear respirators.

The cabs on mobile equipment in the 
blast furnace area also should be 
enclosed and equipped with HEPA 
filters. Employees in the blast furnace 
area should be encouraged to use the 
existing ventilated control room 
whenever possible and additionally a 
supplied air island should be provided 
for the blast furnace operator. The 
expert panel expects that greater use of 
the control room by blast furnace 
operators, combined with the shift to 
filtered makeup air, should reduce 
exposure levels by 5-25% (Ex. 686C, pp.
9-10).

Several other controls can reduce lead 
exposure levels for employees in the 
blast furnace area. Providing exhaust 
ventilation for ladle transfer, ladle 
preheating, and cast pot staging is 
expected to reduce employee exposures 
by an additional 9-15% (Ex. 686C, p. 20). 
In conjunction with expected reductions 
from better dust control in the 
scrapyard, which is expected to reduce 
employee exposure levels in this area by 
10%, employee exposures in the blast 
furnace area are expected to be reduced 
by a total of 34-50%, according to the 
expert panel (Ex. 686C, p. 20).

If the panel’s recommendations for tne 
blast furnace area are implemented, 4 
operations in this area, in addition to the
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3 operations with geometric means 
already below 50 pg/m3, will have 
midpoint geometric means below 50 pg/ 
ms, for a total of 7 of 14 operations 
within the blast furnace area that are 
below 50 pg/m8. Two more operations 
also will have midpoint geometric 
means below 53 pg/m3 (Ex. 686C, p. 18), 
for a total of 9 operations below 53 pg/ 
m8. An additional 3 operations will have 
midpoint geometric means below 70 pg/ 
m3. Thus, 12 o f l4  operations within the 
blast furnace area are expected to be 
below 70 pg/m8, and the other 2 
operations are expected to have 
midpoint geometric means below 93 pg/ 
m3 (Ex. 686C, p. 21). Where all feasible 
engineering and work practice controls 
have been implemented and employees 
performing tasks in the blast furnace 
area like maintaining the tap hole and 
sample preparation are still exposed 
above the 50 pg/m3 PEL as an 8-hour 
TWA, employers will be required to 
provide these workers with respirators 
for supplemental protection while they 
are performing such tasks.

OSHA recognizes that these are 
estimates, not precise calculations of 
reductions in exposure levels that can 
be expected with additional controls. 
Nonetheless, OSHA believes these 
estimates are important since they 
indicate that, even in many of the 
dirtiest operations, control of employee 
exposure levels to 50 pg/m3 can be 
reasonably anticipated without major 
overhaul or restructuring of facilities. 
OSHA further believes these estimates 
are conservative since they are based 
upon a limited, rather than an 
exhaustive list of recommended 
additional controls.

When the molten metal leaves the 
blast furnace area it undergoes the first 
of several transfers between furnaces.
The transfer of molten metal can be an 
important source of lead emissions in 
the blast and other furnace areas. 
Consequently, control of the transfer is 
vital, as industry engineering 
consultants Dr. Caplan and Cadre 
Corporation have recognized (Exs. 475- 
32D, H-004E, p. 50; 668E, p. 12). Effective 
control of such transfers is not routinely 
implemented in secondary copper 
smelters, as Meridian points out (Ex.
686C, p. 14). The preferred method for 
accomplishing such transfers is by a 
transfer chute called a launder, because 
from an industrial hygiene point of view 
a launder can be fully and easily 
enclosed, thus completely containing the 
lead fumes. Company D uses an 
uncovered launder to transfer molten 
jnetal from the blast furnace to the 
holding furnace. The launder has a hood 
only at the end transfer point into the

holding furnace. Company D also relies 
upon ladles with no observable controls 
for metal transfers from the holding 
furnace to the converter furnace and 
from the converter to the shaft and 
Maerz furnaces. The expert panel 
estimates that emissions from these 
transfers can be reduced by 75-95% by 
implementing well-designed local 
exhaust ventilation (Ex. 686C, p. 15).

Holding Furnace. At Company D only 
some sources of emission in the holding 
furnace area are effectively controlled. 
Additional ventilation and enclosures 
are needed. For example, the slag hole is 
not currently equipped with an exhaust 
hood. The company says it did not 
ventilate the slag hole because of the 
absence of visible emissions. However, 
because lead fume is not always visible, 
and because of very high employee 
exposure levels at the slag hole, the 
company should install local exhaust 
ventilation at this furnace opening.

Additional controls that should be 
implemented to control emissions in the 
holding furnace area include enclosure 
and ventilation of the ladle or launder, 
which is used to transfer molten metal 
to the converter; local exhaust 
ventilation for the slag testing area; and 
regular clean up of lead-bearing slag 
from the work area. These controls are 
expected to reduce the exposure of the 
copper/slag hole operator by 40-65%, 
according to the expert panel (Ex. 686C, 
p. 14).

By more effectively controlling 
exposure levéis in the scrapyard and 
eliminating cross contamination from 
the yard, workers' exposure levels in the 
holding furnace area will be further 
reduced by 5-10%, according to the 
expert panel (Ex. 686C, p. 13).

Converter. Converting is carried out at 
the high temperature of 2,000°F. Cracks 
and leaks in the furnace commonly 
occur due to high temperatures. 
Converters should be relined with 
firebrick regularly to keep them tight 
and leakproof. In Japan, for example, 
they are relined every 100 days (Ex. 689- 
1, p. 68). t

Leaks of off-gases during air blowing 
are the principal source of emissions 
during converter operations. Such leaks 
can occur despite the fact that primary 
hoods collect the bulk of emissions. 
Secondary hoods are needed, therefore, 
to capture the off-gases. Secondary 
hooding can be accomplished either by 
totally enclosing the converter or 
installing a push/pull ventiliation 
system, as the secondary lead smelting 
industry has already done successfully 
(Exs. 604, p. 12; 689-1, p. 155).

In addition, where feasible, the ladles 
used in converter aisles should be

exhausted by employing the Hawley 
Trav-L-Vent device, which has proven 
effective in controlling exposure levels 
in primary copper smelters and many 
other lead industries in the United 
States (Ex. 604).

Better dust control in the scrapyard 
will further reduce workers’ exposure 
levels in this area by 5-10%, according 
to the expert panel (Ex. 686C, p. 13).

Maerz (Reverberatory) and Shaft 
Furnaces. As indicated above, solely 
with the elimination of cross 
contamination from the blast furnace 
area, the geometric mean employee 
exposure levels at the Maerz and shaft 
furnaces will be reduced to 41 pg/m3 
and 51.6 pg/m8, respectively. These 
exposure levels should be achieved even 
before any additional controls are 
implemented to control sources of 
emission at those furnaces.

Additional controls such as covering 
or locally exhausting ladles or launders 
would further reduce workers’ exposure 
levels by 3-5%, according to the expert 
panel (Ex. 686C, p. 15). Further, better 
dust controls in the scrapyard would 
reduce workers’ exposures in the 
furnace areas by an additional 5% (Ex. 
686C, p. 13). Better housekeeping would 
reduce exposures by another 15-25%
(Ex. 686C, p 20). Thus, the total 
reduction anticipated by the expert 
panel from implementing these 
additional controls is 23-35%.

Cumulating the anticipated reductions 
from controlling cross contamination 
from the blast furnace and the scrapyard 
with the anticipated reductions from 
implementing additional controls in the 
fumacs areas, OSHA finds that of the 8 
job categories listed for these furnaces, 7 
will have geometric means below 49 pg/ 
m3. Moreover, it appears that the eighth 
category, shaft furnace operator, no 
longer exists (Ex. 686C, pp. 5, 25). In 
other words, average geometric mean 
exmployee exposure levels would range 
from negligible to 48.8 pg/m3 in the 
Maerz furnace area and from 10.4-37.2 
pg/m3 in the shaft furnace area.

OSHA believes that increased 
preventive maintenance is the key to 
still further reducing air lead levels at 
the Maerz furnace, specifically by 
making the furnace roof tighter and 
more leakproof. In Japan, for example, 
very few cracks occur because the 
insides of Maerz furnace roofs are 
coated frequently to make them 
essentially leakproof (Ex. 689-1, p. 112). 
Appropriate silica refractory sealants 
are commercially available in the United 
States, which have been applied 
successfully to seal top leaks of Maerz 
furnaces in secondary lead smelters in 
this country (Ex. 604, p. 11).
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As a result of implementing all the employee exposure levels can be pg/m3 in the Maerz and shaft furnaces,
above controls, OSHA has no doubt that consistently controlled to or below 50

T a b l e  3 .—  P r e s e n t  E x p o s u r e  Le v e l s  a n d  A n t ic ip a t e d  E x p o s u r e  L e v e l s  in  t h e  M a e r z  a n d  S h a f t  F u r n a c e s  a t  C o m p a n y  D

Shaft Furnace:
General.............
Operator...........
Supervisor........

Maerz Furnace:
Operator............
Assistant............
Loader...............
Barco Operator. 
Supervisor.........

Job category
Geometric mean 
exposure (¿¿g/ 

m3)

Geometric mean 
exposure 

adjusted for cross 
contamination

Ranges of 
geometric mean 
after additional 
controls applied 

and adjustment for 
cross

contamination

85.3 48.3 31.4-37.2
(») 318.2 P ) (')

53 16 10.4-12.3

100.4 63.4 41.2-48.8
88.4 51.4 33.4-39.6
21 n P)
65.7 28.7 18.7-22.1
41.2 4.2 2.7-S.2

1 Shaft furnace operator job category no longer exists (Ex. 666C, pp. 5, 25).
2 Extremely low exposure levels, approximately equivalent to background levels or 0 fig /m 3.

Casting Area. As previously shown, in 
thè casting operation the molten copper 
is more than 99% pure. Whatever 
significant exposure levels have been 
found in this operation, therefore, 
generally must be due to cross 
contamination from the blast furnace 
and scrapyard (Ex. 475-32D, H-004E, pp. 
19, 22-23, 42). With the elimination of 
cross contamination, air lead levels in 
the casting operation should be 
negligible.

Scrap and Charge Preparation. In the 
scrapyard and briquetting plant, the vast 
majority of sampling results already are 
below 50 pg/m3. Modest improvements 
in controls would further control 
exposure levels.

Strict control of sources of lead 
emission in the scrapyard is important 
not only to protect scrapyard employees 
but also to eliminate one source of cross 
contamination in the plant. To stop 
cross contamination from the scrapyard, 
the expert panel recommends that 
Company D install baffles, screens or 
walls to prevent dispersion of lead- 
bearing dust from scrap (Ex. 686C, p. 13).

To further reduce exposure levels for 
scrapyard employees, OSHA has 
determined that wet sweeping should be 
used instead of street sweepers. This 
Would reduce worker exposure in this 
area by up to 5%, according to the expert 
panel (Ex. 686C, p. 9). In addition, cabs 
of forklift trucks and front-end loaders 
should be enclosed and equipped with a 
filtered and tempered air supply, as is 
common practice in secondary lead 
smelters (Ex. 604, pp. 2, 4). This would 
reduce operators’ exposure levels well 
below 50 pg/m3. Operators should be 
provided with audio communication 
systems if their tasks require 
communication with other personnel.

Baghouse and Control of Cross 
Contamination. Baghouses can be a 
significant source of dust if they are not 
operated and maintained properly. 
Industry consultants, Dr. Caplan (Ex. 
668E, p. 12 of enclosure) and Cadre 
Corporation (Ex. 475-32D, H-004E, pp. 
53-54), have recognized this in 
recommending to secondary copper 
smelters that they improve dust 
suppression at their baghouses.

During OSHA’s site visit to Company 
D, management representatives 
conceded that 3 of the 4 baghouses in 
the plant were not in good condition and 
that replacing them, along with 
modifying the roof, would contribute 
more than any other single control 
measure to reducing air lead levels of 
employees in the plant (Ex. 684d, p. 18). 
OSHA agrees that replacing these 
baghouses would significantly 
contribute to reducing air lead levels in 
the facility. Running efficient baghouses 
is essential not only to reducing 
exposures to baghouse workers, but also 
to maintaining an effective ventilation 
system and to preventing cross 
contamination from baghouses to the 
entire facility (Ex. 686C, p. 29).

To keep baghouses clean and 
operating efficiently the following 
engineering controls and work practices 
should be strictly implemented:

1. Baghouses should be repaired and 
maintained to eliminate leaks and 
assure proper functioning of cleaning 
mechanisms;

2. Baghouses should be shielded from 
wind by erecting barriers; and

3. Dust-packaging operations should 
be ventilated (Ex. 573, p. 27).

OSHA also recommends that 
automatic dust-packaging systems that 
use mechanized material handling

equipment, such as screw conveyors, 
should be installed when plants are 
being modernized.

Repair arid maintenance of the 
baghouse is an intermittent maintenance 
activity. In certain repair and 
maintenance tasks it may not be 
feasible to control air lead levels to 50 
pg/m3 by engineering and work practice 
controls. Under such circumstances, 
OSHA recognizes that it may be 
necessary for workers to wear 
respirators for supplemental protection 
while performing these tasks.

Technological Feasibility. Based on 
the above analysis of the evidence in the 
record and OSHA’s experience and 
expertise, the Agency determines that 
achieving a PEL of 50 jxg/m3 by means 
of engineering and work practice 
controls is technologically feasible in 
the secondary copper smelting industry 
as a whole.

Nevertheless, the Agency recognizes 
that it may not be possible to 
consistently achieve the 50 p.g/m3 PEL 
by these controls for certain employees 
in the blast furnace area, like those who 
maintain the tap hole and carry out 
sample preparation. Since OSHA has 
found the 50 pg/m3 PEL feasible for the 
industry, employers will be required in 
these tasks, as well, to implement 
engineering and work practice controls 
to control exposure levels to the PEL or 
the lowest feasible level. Where all 
feasible engineering and work practice 
controls have been implemented and 
employees performing these tasks are 
still exposed above the 50 p.g/m3 PEL as 
an 8-hour TWA, employ ers will be 
required to provide these workers with 
respirators for supplemental protection 
while they perform such tasks.
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To sum up, OSHA has shown the 
following. In 2 of 5 operations at 
Company D, casting and miscellaneous, 
both the geometric means and more than 
60% of all sampling results already are 
at or below 50 fig/m3 In 2 more 
operations, the shaft andMaerz 
furnaces, geometric means also will be 
below 52 pg/m3 once cross 
contamination has been eliminated, 
These levels can be achieved even 
before recommended additional controls 
are implemented to control sources of 
continuing lead emission within these 
furnace areas. After implementation of 
additional controls in both furnaces, 
geometric mean exposure levels in all 
job categories but one will be reduced 
below 40 fig/m3. In that one job 
category the geometric mean will be 
below 49 fig/m3.

In the other operation, the blast 
furnace, after recommended controls are 
implemented, exposure levels in 9 of the 
14 associated job categories will be 
below or just slightly above 50 ftg/m3, 
and in 3 others levels will be below 70 
/ig/m3. Thus, in only 2 of 14 blast 
fumance categories are exposure levels 
expected to remain above 70 fig/m3. In 
operations where it is infeasible to 
reduce exposure levels to or below 50 
fig/m3 by means of engineering and 
work practice controls and under many 
upset ’ conditions, OSHA recognizes 

that it may be necessary for workers to 
wear respirators for supplementary 
protection.

OSHA also wishes to point out that 
all of its recommendations for achieving 
50 fig/m3 rely exclusively upon 
conventional and readily available 
controls. OSHA has not needed to 
exercise its statutory authority to force 
the development of new technology in 
this industry to justify its finding of 
feasibility.

Based on the foregoing, OSHA 
believes that 50 fig/m3 is achievable 
most of the time in most of the
operations in secondary copper 
smelting. In reaching this conclusion, 
OSHA does not purport to have 
recommended an exhaustive list of 
additional controls. The Agency is 
certain that industry will be capable of 
devising and finetuning various controls 
to further reduce exposure levels. 
Consequently, OSHA anticipates that 
industry will be able to consistently 
achieve exposure levels at or below 50 
Mg/m3 in nearly every phase of 
production.

OSHA believes that these levels will 
be attainable by implementing an 
integrated system of controls. The basic 
element in that system is an industrial 
ygiene study. Each smelter is required 

by paragraph (e)(3) of the lead standard

(29 CFR 1910.1025) to establish and 
implement a written compliance plan for 
achieving the 50 fig/m3 PEL, which 
includes an in-depth job/task analysis 
and a plant wide survey. This survey 
and analysis should be performed by an 
experienced industrial hygienist who 
shall identify sources of emission in 
each task, sources of cross drafts and 
sources of cross contamination, and 
appropriate sites for erecting barriers to 
prevent cross contamination. Such an 
analysis should also recommend 
appropriate engineering and work 
practice controls to reduce emissions 
and minimize employee exposures. If, 
after implementing these 
recommendations, reductions in air lead 
levels deviate substantially from what 
was anticipated, a followup industrial 
hygiene evaluation should be conducted 
and necessary corrections made.

The second element in that system is 
the development of good written 
housekeeping and work practice 
programs, as required by paragraph 
(e)(3)(ii)(F) of the lead standard (29 CFR 
1910.1025), which shall be systematically 
implemented so that proper procedures 
are routinely and meticulously followed. 
For example, wall-to-wall cleanings 
should be conducted at least annually.

The final element of an integrated 
system of controls is a preventive 
maintenance program to assure that all 
systems are maintained in clean and 
efficient condition.

The secondary copper smelting 
industry does not agree that a PEL of 50 
fig/m3 is technologically feasible. 
Industry’s disagreement is based on 6 
main points.

First, and most generally, industry 
maintains there is insufficient evidence 
in the record to support a determination 
of technological feasibility. Second, 
industry portrays Meridian and its 
reports as incompetent and biased.
Third, industry claims that Company D 
is not representative of the rest of the 
industry and that even the more 
modernized Company D has been 
unable, after the expenditure of millions 
of dollars, to consistently achieve 200 
fig/m3, let alone 50 pg/m3. Fourth, 
industry alleges that the lead smelting 
industry has proven incapable of 
achieving 50 pg/m3, that OSHA has 
acknowledged that fact, and that it is 
more difficult to control exposure levels 
in copper smelting than in lead smelting. 
Fifth, industry states that several 
consultants, like JACA (Ex. 553-5) and 
Dr. Caplan (Ex. 668E, p. 2), as well as 
OSHA in a 1983 draft, previously 
concluded that a PEL of 50 pg/m3 is 
technologically infeasible in secondary 
copper smelting. Sixth, industry claims 
that NIOSH and others have recognized

that an integrated system of controls, 
including some reliance upon 
respirators, is needed to achieve the PEL 
throughout secondary copper smelting. 
This, industry asserts, amounts to an 
acknowledgement that achieving the 
PEL by engineering and work practice 
controls alone is infeasible (Exhibits 
582-89, 680, 694-39}. OSHA has 
considered these arguments but finds 
them unpersuasive.

First, OSHA’s statutory obligation is 
to make its determination on the best 
available evidence in the record. OSHA 
has actively sought to collect and 
develop a foil and accurate record. 
OSHA is persuaded that it has more 
than enough current information and 
data upon which to base its feasibility 
determination. OSHA believes that 
there would be still more usable 
information and data in the record had 
industry not declined to testify at the 
public hearing and to subject itself to 
cross examination by OSHA and others. 
In pursuit of folly developing the record, 
OSHA took the unusual step of making 
a site visit to a secondary copper 
smelter after the public hearing.

Second, industry criticizes Meridian’s 
efforts as perfunctory, preconceived, 
unsupportable and generally 
incompetent. Industry claims the site 
visit to Company D was "window 
dressing" and criticizes OSHA and 
Meridian for not performing air 
monitoring during the site visit. OSHA 
rejects these criticisms and believes that 
Meridian did a creditable job given time 
and resource constraints. Meridian has 
had extensive experience conducting 
industrial hygiene analyses and 
assessing factors relevant to feasibility.
If its experience in secondary copper 
smelting in particular is limited, the 
industrial hygiene and engineering 
principles utilized by Meridian are 
applicable to all industries, and the 
technology referred to is both used in 
copper smelting and transferrable from 
analogous industries.

Meridian’s final report (Ex. 686C) and 
its conclusions are based on data in the 
record submitted by Company D, a site 
visit to Company D in which two 
experienced and certified industrial 
hygienists participated, and 
recommendations by a panel of three 
experienced and certified industrial 
hygienists, including, two who had been 
on the site visit.

The fact that, after analyzing 
additional data and participating in the 
site visit, Meridian confirmed its earlier 
conclusions does not indicate 
preconception or bias. Indeed, based 
upon evidence developed after the 
hearing, Meridian changed its mind
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about several points and revised its 
methodology Meridian found, for 
example, that housekeeping was much 
worse than it had anticipated. Similarly, 
after analyzing the array of exposure 
data, Meridian utilized geometric means 
because this is the most accurate way to 
portray that data (Ex. 686C, pp. 2, 6). 
None of this suggests that Meridian was 
operating in a perfunctory or biased 
manner. On the contrary, Meridian 
invested considerable effort in 
assembling its expert panel of certified 
industrial hygienists and assuring that 
the expert panel would make specific 
recommendations for additional controls 
and assessments of reductions in air 
lead levels to be expected from 
implementing such controls.

Meridian’s revisions and conclusions 
are firmly grounded in the record. In any 
event, OSHA has independently 
assessed the record, reviewed 
Meridian’s final report for accuracy and 
relied only in part upon that report for 
its feasibility determination.

With regard to the site visit to 
Company D, air monitoring was not 
conducted during the site visit for two 
reasons. First, four years of exposure 
data current to September, 1987, had 
already been submitted to the record by 
Company D. Second, in response to 
industry’s demand. OSHA had 
previously agreed in writing as a 
precondition for the visit not to conduct 
air monitoring. Consequently, 
conducting air sampling during the site 
visit was neither necessary nor 
permitted. OSHA also notes that OSHA 
and Meridian, in the company of two 
independent, certified industrial 
hygienists, toured Company D and 
investigated conditions there. In 
addition, staff at OSHA and Meridian 
spent numerous hours preparing for the 
site visit by reading an engineering 
report on the plant and analyzing 
Company D’s exposure data.

Third, industry says Company D uses 
state-of-the-art technology that is not 
representative of the rest of the industry 
and that even after spending millions of 
dollars Company D cannot consistently 
achieve 200 pg/m3, let alone 50 pg/m8. 
Industry further alleges that some of the 
additional controls Meridian 
recommends for Company D are already 
in place.

In response, OSHA first notes that the 
controls at Company D can hardly be 
said to be state of the art, since so many 
emissions sources (launder, ladles, 
tapping holes, slag sampling stations, 
etc.) are without controls at that facility. 
OSHA further wishes to emphasize that 
the fact that Company D may have more 
controls in place than other smelters 
does not make it an inappropriate

choice for determining technological 
feasibility in this industry. As counsel 
for the Institute for Scrap Recycling 
Industries, which represents secondary 
copper smelters, among others, himself 
ha3 pointed out, to prove feasibility 
OSHA need only prove a reasonable 
possibility  that a typical firm w ill be 
able to develop and install engineering 
and work practice controls that can 
meet the PEL in most of its operations 
(Ex. 680, p. 12). In this case, OSHA has 
gone much further than that by showing 
that Company D, relying entirely on 
currently existing conventional controls, 
can consistently achieve air lead levels 
of 50 pg/m8.

Indeed, OSHA has shown that merely 
by controlling cross contamination 
Company D can reduce employee air 
lead levels to approximately 50 pg/m3, 
in all areas but the blast furnace. No 
evidence in the record, other than 
unsupported industry statements, 
provides any basis for believing that the 
additional controls recommended by 
OSHA could not be implemented across 
the industrŷ  Industry had every 
opportunity to submit such technological 
evidence to show that Company D is not 
typical in this sense, but has not done 
so.

With regard to the allegation that 
Company D and the industry, even after 
spending large amounts of money, are 
incapable of consistently achieving 
levels below 200 pg/m3, OSHA notes 
that more than 80% of all samples at 
Company D already are under 200 pg/ 
m8 and 94% of all samples outside the 
blast furnace area are below 200 pg/m8. 
OSHA recognizes that Company D has 
spent a considerable amount of money 
to modernize its plant. However, the 
Agency believes that in spending this 
money Company D neglected to base its 
design of additional controls on an 
industrial hygiene survey and neglected 
to engage an industrial hygienist to 
analyze resulting monitoring data (Ex. 
684d, p. 17). Consequently, OSHA is not 
surprised that Company D has not 
achieved the anticipated reductions in 
employee air lead levels by 
implementing certain controls (Ex. 684d, 
pp. 17-18).

Although Company D suggests that it 
has relied on an engineer “with certain 
qualifications” to conduct and review its 
air monitoring (Ex. 684d, p. 3), Company 
D has failed to take the most basic, 
necessary steps to understand and 
correct its own problems. Company D 
does not know the sources and extent of 
exposure in each task, has done little to 
eliminate cross contamination, and has 
sought to control only those sources of 
lead where emissions are high enough to 
be visible. Only with a better

understanding of its exposure problems 
from an industrial hygiene perspective 
can Company D be in a position to 
implement the kind of integrated system 
of controls that is needed to comply 
with the lead standard.

If it is true, as industry asserts, that a 
few of the many additional controls 
recommended by Meridian already exist 
in some parts of the Company D facility, 
those controls appear to have been 
largely ineffective. OSHA believes they 
have been ineffective because the 
company has failed to design or 
implement such controls from an 
industrial hygiene perspective. Without 
that understanding, no amount of money 
spent on exposure problems will 
adequately control employee exposure 
levels. Developing a compliance plan for 
achieving the 50 pg/m3 PEL in 
accordance with the requirements of 
paragraph (e)(3) of the lead standard 
should rectify this situation.

Fourth, industry’s claim that primary 
and secondary lead smelters have been 
unable to achieve 50 pg/m8 through 
engineering and work practice controls, 
that OSHA has acknowledged this 
infeasibility and that secondary copper 
is even more difficult to control, is 
wrong in every respect. First, as 
indicated at the hearing, some 
secondary smelters have achieved 50 
pg/m8 (Tr, pp. 156-58). Second, primary 
lead smelters are under no obligation to 
achieve 50 fig/m3 by engineering and 
work practice controls until 1991. The 
fact, therefore, that these smelters to 
date may not have done so is not 
evidence of their inability to do so.

Next, OSHA has never acknowledged 
that 50 fig/m9 is infeasible in lead 
smelting. The court has held that 50 fig/ 
m3 is feasible in lead smelting and 
industry is obligated to comply with the 
PEL by means of engineering and work 
practice controls. It is incorrect to treat 
OSHA’s Cooperative Assessment Plans 
(CAP) and Tripartite Agreements as 
tantamount to recognition by OSHA of 
infeasibility in lead smelters (and lead 
battery manufacturers). On the contrary, 
these agreements presume that 50 fig/ 
m8 is generally feasible and that 
industry’s obligation is to use 
engineering and work practice controls 
to reduce air lead levels in all 
operations down to 50 pg/m3 or, in 
those few operations where it is 
demonstrated that 50 pg/m3 cannot be 
achieved, to reduce air lead levels to the 
lowest feasible level. In essence, the 
CAP and Tripartite agreements are 
mutually agreed-upon compliance plans 
for implementing engineering and work 
practice controls to achieve these levels.
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Industry is also incorrect when it 
asserts that OSHA in any way 
recognized the infeasibility of achieving 
50 pg/m3 by engineering and work 
practice controls through Agency action 
modifying the lead standard to authorize 
supplemental use of respirators where it 
is infeasible to achieve 50 jLtg/m3 
through engineering and work practice 
controls. OSHA’s standard operating. 
procedure has been to allow the use of 
respirators where it is infeasible for the 
employer to achieve the PEL by 
engineering and work practice controls. 
Thus, OSHA has not expanded the 
authorized use of respirators since the 
lead standard was promulgated.

Finally, OSHA believes it is more 
difficult to control air lead levels to 50 
M'g/m3 by means of engineering and 
work practice controls in primary and 
secondary lead smelters than in 
secondary copper smelters. Although it 
is true that temperatures are higher in 
copper than lead smelters, nevertheless, 
for several reasons, problems are much 
greater in lead smelters. In secondary 
copper smelters there is only one source 
of lead, copper scrap. The portion of 
lead in the copper scrap generally is 
below 10% and often is much lower. The 
purpose of copper smelting is to remove 
the limited number of impurities in the 
copper scrap to produce a nearly pure 
copper product. By the time that product 
arrives at the shaft and Maerz furnaces, 
the remaining lead is no more than 1% of 
the copper.

By contrast, the purpose of lead 
smelting is to produce lead. The main 
raw material is lead ore in primary 
smelters and lead scrap in secondary 
lead smelters. As the product is refined, 
it becomes purer and purer lead. Thus, 
in lead smelters the sources of lead are 
ubiquitous, and the lead content rises 
throughout the process. In secondary 
copper smelters, however, the source of 
lead is very limited to start with and the 
lead content decreases throughout the 
production process.

Fifth, OSHA disagrees that JACA or 
the Agency previously found a PEL of 50 
p-g/m3 technologically infeasible in the 
secondary copper smelting industry. 
JACA’s analysis focused almost 
exclusively upon economic, not 
technological feasibility (Ex. 553-5).
JACA appears to have found a PEL of 50 
P-g/m3 economically infeasible. On the 
other hand, the working draft written by 
OSHA staff in 1983 and based upon the 
JACA report and other evidence and 
analysis, concluded that a PEL of 50 pg/ 
m8 is feasible, but that for economic 
reasons a 5-year compliance time would 
have to be provided (Ex. 570). However, 
that draft was never published and
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never became Agency policy, because, 
as OSHA has maintained since 1981, the 
Agency has had insufficient information 
upon which to base a feasibility 
determination regarding secondary 
copper smelting. To correct that 
deficiency, OSHA in 1987-88 reopened 
the record and again initiated a full 
public rulemaking to collect additional 
current data.

OSHA’s present feasibility 
determination is based largely upon 
data and information provided to the 
record in the 1987-88 phase of this 
rulemaking. OSHA has concluded that 
data and analysis prior to 1984 do not 
provide a reliable source for a current 
determination concerning feasibility.

Sixth, industry misconstrues both the 
concept of technological feasibility and 
the concept of an integrated system of 
controls. Industry incorrectly asserts 
that NIOSH’s (and others’) statement 
that such a system of controls, including 
some reliance upon respirators, is 
necessary to achieve air lead levels of 
50 pg/m3 throughout this industry 
constitutes a recognition that it is 
infeasible to achieve the PEL by 
engineering and work practice controls 
alone. In fact, OSHA strongly supports 
the need for implementing a system of 
integrated controls to achieve the strict 
PEL of the lead standard and recognizes, 
with NIOSH, that at times employees 
may have to wear respirators to control 
their air lead levels to 50 pg/m3 (e.g., in 
certain maintenance operations).

The court has never said that for a 
PEL to be found feasible it must be 
capable of being achieved by 
engineering and work practice controls 
all of the time in all operations. Indeed 
the court has recognized that in the 
limited number of operations where it is 
not feasible to achieve 50 pg/m3 
exclusively by implementing work 
practice and engineering controls, 
respirators may have to be worn to 
provide supplemental protection to 
workers.

Thus, OSHA is unpersuaded by 
industry arguments. Based upon its own 
expertise, experience and the record 
evidence, the Agency concludes that a 
PEL of 50 pg/m3 is achievable by means 
of engineering and work practice 
controls in the secondary copper 
smelting industry.

Uses. The largest use for copper in the 
United States is for wire and cable. 
Applications include construction, 
telecommunications, transportation 
equipment, and electrical equipment. 
These products accounted for 82 percent 
of all copper consumed in the U.S. in 
1986. Copper is also fabricated into 
tubing used in refrigeration systems and
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automobile radiators. Copper alloys are 
widely used in the fabrication of 
plumbing fixtures and decorative items 
[Ex. 573, p. 6].

Industry Profile. Secondary copper 
smelters are classified under SIC code 
3341. They differ from primary smelters 
in that secondary smelters use copper- 
bearing scrap exclusively as their 
primary raw material.

There are currently five secondary 
copper smelting facilities in operation in 
the U.S., though Cerro Copper Products 
Company reportedly uses high-grade 
scrap and generates much less lead 
fume than the other four producers [Ex. 
686c, pp. 1-2). The workforce exposed to 
lead is estimated to be 1150 workers, 
with 10% involved in scrap handling and 
sampling, 55% involved in smelting, 30% 
involved in anode production, and 5% 
involved in baghouse work and dust 
handling [Exs. 573, p 4; 686c, p. 1].

With regard to production data,
[i]t is not possible to provide data on the total 
amount of copper produced by secondary 
smelters. U.S. government data on the use of 
scrap copper combine use data for secondary 
smelters with those for either brass and 
bronze ingot makers or primary producers. 
The picture is further complicated by the fact 
that many secondary smelters smelt or refine 
imported black or blister copper as well as 
scrap copper. In some years, the use of 
imported black or blister copper may be high 
enough at some facilities for them to be 
reclassified as primary refiners. As a result, 
separate total production data are not 
available for the secondary smelter industry 
[Ex. 573, pp. 12-15].

The Institute of Scrap Recycling 
Industries (ISRI), which represented four 
secondary copper smelters in the 
remand proceeding, did not submit 
production data for the public record.

Since 1980, total domestic 
consumption of copper has varied 
between 3.1 and 3.8 million short tons 
while consumption of refined copper has 
fluctuated between 2.1 and 3.0 million 
short tons [Ex. 573, p. 7J.

Imports of refined copper were 
presented by Meridian [Ex. 573, p. 8J. 
Between 1980 and 1985, net imports as a 
percentage of U.S. refined copper 
consumption exceeded 14 percent in 
each year except 1982 (when the 
percentage fell to 9.7 percent). By 1986 it 
was estimated to be over 22 percent [Ex. 
573, p. 8] but declined to about 18 
percent in 1988 [U.S. Industrial Outlook, 
1989, Department of CommerceJ.

An important aspect of the secondary 
copper smelting industry is its 
dependence on copper-based scrap as a 
raw material. Since 1980, the percentage 
of total U.S. consumption of copper 
derived from scrap has varied between 
35.5 percent and 43.2 percent [Ex. 573, p.
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10]. Competition for scrap from brass 
and bronze ingot makers and brass mills 
is limited because secondary smelters 
can smelt and refine lower grades of 
scrap [Ex. 573, p. 12]. It should be noted 
that the U.S is a net exporter of copper 
scrap and foreign competitors 
successfully bid for domestic scrap [Ex. 
573, p. 12].

Currently, the price of copper has 
risen to over $1.00 per pound. Historical 
data in current dollars show that the 
price of refined copper declined steadily 
between 1980 and 1985 from $1.02 per 
pound to $.69 per pound [Ex. 573, p. 16]. 
At the same time, the price of No. 1 
scrap also declined, from $.65 to $.40 per 
pound. The difference between these 
two prices has remained relatively 
stable, however, fluctuating between 
about $.26 and $.29. These trends are 
much the same when examined from the 
standpoint of constant (1982) dollars 
[Ex. 573, p. 18].

While OSHA would prefer sector or 
plant specific financial data, such data 
were not made available to the Agency 
by the secondary copper smelters during 
the informal public hearing. Public 
information was available, however, 
from Dialog Information Services (Dims 
Financial Records Plus) and from the 
Securities and Exchange Commission.

Sales data from Dialog for Chemetco 
and Franklin Smelting and Refining 
indicated annual sales of about $25 
million for each plant in 1988. Sales for a 
third producer, Southwire, an integrated 
wire and cable operation, were about 
$550 million in 1986, according to SEC 
filings. No data were available for the 
largest plant, Nassau Recycling.

Data on profitability were also 
available from Dialog. Average ROS for 
60 firms with primary activities 
classified under SIC 3341 was 1.7 
percent in 1988. Of the three firms for 
which sales data were quoted above, 
only the primary activities of Franklin 
Smelting fall under SIC 3341. Chemetco 
is classified as a primary copper smelter 
(SIC 3331). Southwire is also a primary 
metals operation. According to 
Southwire’s SEC filing, net income in 
1986 was approximately 1.1 percent of 
sales. Dun and Bradstreet data for 1986 
were available for primary metals (SIC 
33). The ROS for SIC 33 was 4.6 percent 
in 1986 [Dun and Bradstreet Industry 
Norms and Key Business Ratios, 1987].

Costs of Compliance. Compliance 
costs will be incurred primarily for 
additional exhaust ventilation, isolation 
and enclosure, and for improved 
housekeeping. Costs as developed in 
this section, are incremental; the 
estimates presented were based on the 
costs necessary to bring a secondary

smelter (Company "D") into compliance 
from the existing level of control.

Costs for additional exhaust 
ventilation equipment were estimated 
by Meridian and included costs for 
transfer operations (ventilated ladles), 
ventilation at slag holes, the slag testing 
area, the ladle preheating area, and the 
cast pot staging area [Ex. 686c, pp. 35- 
36]. Incremental capital costs for this 
equipment were estimated to be 
$525,000 for company “D” and $1,275,000 
for a larger plant. OSHA assumes the 
cost of secondary hooding for the 
converter will be $75,000 (5,000 cfm at a 
unit cost of $15) for company “D" and 
$225,000 for a larger facility, which is 
assumed to have three convertors. 
Although industry commented (but did 
not supply data to support its 
contention) that the 10 percent factor 
used to estimate operation and 
maintenance (O&M) expenses 
underestimated such expenses [Ex. 582- 
89, p. 26]. OSHA believes that a factor of 
10 percent accurately reflects annual 
O&M costs, and has used this figure in 
many regulatory impact assessments. 
Total incremental ventilation costs for 
company “D” and the larger plant would 
be $600,000 and $1,500,000, respectively. 
Total annual costs would be the sum of 
annualized capital costs and operation 
and maintenance (O&M) expenses. 
Annualized capital costs for the two 
plants would be $88,080 and $220,200, 
respectively, based on a twelve year 
useful life and a 10 percent cost of 
capital. O&M expenses for each plant 
would be 10 percent of capital costs. 
Total annual costs for ventilation for 
company “D” and the larger plant are 
thus estimated to be $148,080 and 
$370,200, respectively.

Costs for cab enclosures, fresh air 
stations, enclosed booths, and 
housekeeping, including annual 
cleaning, were also estimated. Costs for 
cab enclosures were estimated to be 
$5,000 per unit [Ex. 686c, pp. 32-33]. 
Annualized capital costs would be $734 
per unit, and annual O&M expenses 
would be $3,600, including HEPA filter 
replacement. Total annual costs for this 
equipment are estimated to be $21,670 
for company “D” and $65,010 for the 
larger plant. Costs for filtered air booths 
and fresh air islands were estimated to 
be $15,000 per unit [Ex. 686c, pp. 32-33]. 
Annualized capital costs would be 
$2,202 per unit, and O&M expenses 
would be $1,500 annually for fresh air 
islands and $1,750 annually for filtered 
air booths. (HEPA filter replacement is 
estimated to cost $250 annually for 
filtered air booths). Company “D” was 
estimated to require one filtered air 
booth and one fresh air island. Larger 
smelters are estimated to require three

of each item. Total annual costs for this 
equipment are estimated to be $7,654 for 
company “D" and $22,962 for larger 
plants.

OSHA also estimated the cost of a 
vacuum system. This cost was estimated 
to be $16,667 for company “D” and 
$50,000 for larger plants [Ex. 668E]. 
Annual costs, including annualized 
capital and O&M expenses, would be 
$6,937 and $20,810, respectively. An 
increase in costs due to additional 
housekeeping is expected. Costs for 
equipment for outdoor wet sweeping 
were estimated to be $35,000 (1 sweeper 
truck) for company “D” and $105,000 (3 
trucks) for a larger facility [Ex. 686c, p. 
32]. Costs for indoor wet sweeping 
equipment were estimated to be $14,000 
(2 floor-scrubber vacuums) for company 
"D” and $42,000 for a larger facility (6 
vacuums) [Ex. 686c, p. 32]. Annual costs 
for sweeping equipment, including 
annualized capital and O&M expenses, 
would be $12,093 for company “D” and 
$36,280 for a larger facility. Costs were 
also estimated for additional labor for 
housekeeping. It was estimated that 
$8,470 would be incurred by company 
“DM and $25,410 would be incurred by a 
larger facility. (The estimates for 
additional housekeeping were based on 
assuming an increase of two person- 
hours per day for company “D” and an 
increase of six person-hours per day in 
larger facilities, at an average wage of 
$12.10 per hour for 7 days per week over 
50 weeks). Costs for the annual cleaning 
were estimated by Meridian to be 
$65,400 for company “D” and $196,200 
for a larger facility [Ex. 686c, p, 32].

Costs for the regular relining of 
convertors were assumed to be $1,000 
annually per convertor, including labor 
and materials. Costs for company “D” 
were thus estimated to be $1,000 and 
costs for larger smelters were estimated 
to be $3,000. Costs for relining the roofs 
of Maerz furnaces were assumed to be 
$1,000 annually for company “D” and 
$3,000 annually for a larger plant.

OSHA also estimated costs which will 
be incurred for dust packaging. Evidence 
in the public record indicated that costs 
to ventilate a dust packaging system in a 
larger smelter would be $75,000 [Ex. 
668E]. Based on this figure, capital costs 
for company “D" were estimated to be 
$25,000. Total annual costs for dust 
packaging for a larger plant and 
company “D” would be $18,510 and 
$6,170, respectively.

Finally, OSHA estimated the costs of 
isolation and barriers (which may 
include structural or flexible materials). 
Company “D” was assumed to require 
at least $25,000 in capital while a larger 
facility was assumed to require $75,000.
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Annualized capital costs, computed at a 
10 percent financing rate and using a 
twenty year useful life, will be $2,938 for 
company "D” and $8,813 for larger 
plants. (Since it was anticipated that the 
majority of these costs would be for 
structural materials as opposed to 
flexible, a 20 year useful life was used to 
compute annualized capital costs. Using 
this methodology, costs for barriers will 
be understated somewhat.) O&M costs 
for these barriers were assumed to be 
negligible.

The cost of the industrial hygiene 
survey was estimated to be $1,000, 
based on one hygienist working for two 
days at $500 per day. The first day 
would be required for a survey of the 
site and the second day would be 
required for actual monitoring and for 
the evaluation of mechanical equipment. 
(The larger facility may require 
additional time, and thus, additional 
initial costs). Recurring costs were not 
estimated to be required; thus, no 
annual costs were estimated.

Costs of improved work practices to 
limit upsets during furnace charging are 
assumed to be insignificant, as it is 
likely that any costs associated with this 
recommendation would be offset by 
savings realized in that blockages of the 
furnace would no longer need to be 
cleared.

Total annual incremental costs for 
company “D” were thus estimated to be 
$278,588. Total annual costs for the 
larger facility are expected to be 
$759,724. The total annual industry cost 
is estimated to be $1.9 million, based on 
the existence of 5 smelters, four of 
which are approximately the size of 
company “D” and one of which is larger.

A comment was received regarding 
costs of compliance for a larger smelter 
[Ex. 582-89, pp. 27-28]. It was asserted 
that this facility has implemented 80,000 
cfm in exhaust ventilation at one of its 
furnaces though, apparently, none at 
any of the other three. No justification 
was given as to why this air volume was 
chosen, nor was any description offered 
of any other control measures currently 
being practiced. While this submission 
indicated that a large smelter may be 
larger than reflected in the methodology 
used to complete this analysis, the 
submission also indicated a higher level 
of baseline control currently in place 
than OSHA’s methodology assumed.
(Only controls for agglomerators, blast 
furnaces, and one travelling hood were 
required in the industry submission).

As noted above, the incremental cost 
estimates were developed based largely 
upon information obtained pertaining to 
company “D.” Reliable, detailed 
information for other plants was not 
made available to the Agency.

Econom ic Feasibility. No sales or 
value of shipments data were supplied 
by the industry during public comment 
periods or during the public hearing; 
sales for the secondary copper smelting 
industry were estimated using two 
approaches. Meridian estimated sales 
based on average revenue product per 
production worker for SIC 3341 [Exs. 
573, 686c]. Total industry sales were 
estimated to be $390,590,550.

In a second approach, the refined 
copper product of the industry was 
estimated to be 295,650,000 pounds [Ex. 
573, p. 13; Ex. 574, p. 6]. This volume of 
product, at $1.00 per pound, represents 
$295,650,000 in shipments for the 
secondary copper smelters.

Price increases required to pass 
forward the costs of compliance can be 
estimated by comparing total annual 
costs to total sales. With total annual 
costs of $1.9 million and total copper 
sales of $295,650,000, a price increase of 
about 0.6 percent is indicated. The 
average price of refined copper 
increased by over 30 percent between 
1987 and 1988, and demand for refined 
copper is near historical highs 
[Department of Commerce, U.S. 
Industrial Outlook, 1989]. Over the same 
period, scrap prices have also risen 
sharply (over 30 percent). Although the 
required price increase represents a 
small portion of the recent variability in 
the price of copper, price increases are 
not likely for this sector, since the price 
of copper is a world price.

OSHA calculated profitability impacts 
based on Dun and Bradstreet statistics. 
Using the sales and ROS figures 
presented above, OSHA developed 
estimates of profits derived solely from 
the secondary smelting of copper. To 
estimate profit impact, the tax- 
deductibility of compliance costs was 
taken into account. That is, care was 
taken to compute before-tax profit 
before subtracting annual costs. After 
subtracting annual costs, the 
appropriate average tax rate was then 
reapplied to determine after-tax profit 
net of costs. For this sector, an average 
tax rate of 0.34 was used. Using the total 
industry sales estimate of $295,650,000 
and the ROS rate of 1.7 percent for SIC 
3341 yields a total profit estimate of 
about $5 million. Since total annual 
incremental costs for the sector were 
estimated to be $1.9 million, the cost to 
profit ratio would be 0.25. The 
associated post-compliance ROS was 
estimated to be 1.3 percent.

Since plant specific sales data were 
available from the Dialog database and 
SEC filings, impacts on total profits 
were also calculated for three firms.
Total sales for Franklin Smelting were 
reported to be $25 million in 1988.

Applying the ROS factor for SIC 3341 of
1.7 percent, total profits for this firm 
were calculated to be $425,000. Total 
profits for South wire were $6.1 million in 
1986 with an associated ROS rate of 1.1 
percent, according to the company’s SEC 
filings. Assuming that Chemetco’s 
activities are 50 percent primary 
smelting and 50 percent secondary 
smelting, ROS was estimated to be 3.2 
percent (the average of the 1.7 percent 
rate for SIC 3341 and the 4.6 percent rate 
for SIC 33). Applied against the sales 
figure of $25 million for this firm yields a 
profit estimate of $800,000.

Cost to profit ratios were then 
computed for these three smelters. The 
cost to profit ratio for Franklin Smelting 
was calculated to be 0.43 (with an 
associated post-compliance ROS of 1.0 
percent), while the ratios for Southwire 
and Chemetco were calculated to be 
0.030 (with an associated post
compliance ROS of 1.1 percent) and 0.23 
(with an associated post-compliance 
ROS of 2.5 percent), respectively. 
According to its SEC filings, Southwire 
is a major producer of wire and cable 
for construction and utilities and the 
company believss it is in a strong 
competitive position with regard to both 
markets. The corporation has also 
entered into a joint venture with the 
Furukawa Electric Company Ltd., of 
Japan and the partnership is the 
exclusive licensee in the U.S. of a high 
value-added, water impervious 
underground cable. Evidence suggests 
that impacts for Cerro Copper will be 
minor, as they reportedly generate less 
lead fume than the other plants. No 
information was available which would 
permit OSHA to compute profit impacts 
for Nassau Recycling.

OSHA recognizes that rates of return 
are modest for this sector Also, while 
the industry is currently enjoying strong 
demand, this sector has been 
contracting for some time; there were 
twenty secondary smelters operating in 
1965 but only five remain in operation 
today. Factors contributing to this 
decline are expanding world copper 
refining capacity and government 
subsidization of copper production 
among foreign competitors [Copper, 
Mineral Facts and Problems, Bureau of 
Mines, U.S. Department of Interior,
1985]. (Private U.S. refiners bear the 
brunt of cutbacks during cyclic 
downturns in copper demand while 
foreign nationalized smelters benefit 
from government subsidies.)
Additionally, some primary smelters are 
currently refining copper by the 
electrowinning process, a process for 
which capital costs are roughly one-half 
those of conventional smelting. This
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technology is expected to represent 
about 18 percent of domestic copper 
refining in 5 years, and less efficient 
secondary smelters may be put at a 
competitive disadvantage.

Nevertheless, the profit impact ratios 
computed above indicate that, with 
additional compliance time, the costs of 
compliance can be absorbed. Additional 
time is granted because of the inability 
of firms in this sector to raise prices and 
because rates of return are low. The 
extended schedule will provide 
opportunities to increase production 
efficiency, thereby cutting costs and 
improving profitability, and to phase in 
engineering controls.

Thus, OSHA concludes that the 50 pgf 
m3 PEL is economically feasible with an 
extended compliance period of five 
years. The impact of this regulation will 
not threaten industry existence or 
structure.
8. Shipbuilding and Ship Repair

P rocess D escription and Sources o f  
Exposure—Overview. For purposes of 
this rulemaking, the shipbuilding and 
repair industry can be divided into two 
segments: (1) nuclear shipbuilding and 
repair, and (2) non-nuclear shipbuilding 
and repair. Nuclear yards, in addition to 
sharing the very limited exposure 
problems of non-nuclear yards, have 
other lead exposure problems that are 
peculiarly related to work on nuclear 
ships. Consequently, these segments 
have fundamentally different problems 
with regard to lead exposure.

For non-nuclear yards, employees can 
be exposed to lead primarily in painting 
and paint removal operations. As lead- 
free paint is being increasingly 
substituted for leaded paint, lead 
exposure in paint application is 
diminishing, and exposure problems are 
basically limited to operations involving 
removal of old leaded paint. This means 
that for 398 non-nuclear yards of the 
approximately 400 total shipyards 
(nuclear and non-nuclear combined), 
employing more than 60% of the total 
industry workers, increasingly the only 
employees exposed to lead are in the 
paint removal operation. Even for that 
small number of employees, lead 
exposure is being further reduced as the 
use of lead-free paint becomes more 
widespread and the subsequent removal 
of paint and repainting involves only 
lead-free paint. Thus, the single 
operation in non-nuclear yards in which 
lead exposures may continue for some 
time is becoming an operation that does 
not use lead. When full substitution of 
lead-free paint takes place, employees 
in these non-nuclear yards as well as 
those in nuclear yards performing 
painting and paint removal will no

longer be subjected to lead exposure 
(Ex. 610, p. 19).

At the two nuclear yards in the 
industry, Newport News Shipbuilding 
(NNS) and General Dynamics Electric 
Boat Division (GD), lead-free paint is 
now generally or exclusively used (Ex. 
582-66, p. 6). Consequently, the sources 
of lead exposure are essentially limited 
to the removal of old leaded paint and to 
certain operations peculiar to the 
construction and repair of nuclear ships. 
These operations relate to installing or 
removing lead ballast and to building 
and installing lead shielding panels for 
nuclear reactors.

In both nuclear and non-nuclear 
yards, shipbuilding and ship repair work 
is labor intensive. Many operations are 
performed manually to meet customer 
specifications (Ex. 582-66, pp. 1, 5). As 
ship construction proceeds and more 
structures are erected and joined, the 
work environment changes and can 
become more confined. Where there are 
lead exposures in enclosed, narrow 
spaces, engineering control equipment 
can be difficult to apply (Ex. 582-66, p.
1). Consequently, employees working in 
such spaces may be potentially exposed 
to high lead exposures.

G eneral Ship Construction. Many of 
the main production processes in ship 
building are common to both nuclear 
and non nuclear yards. In both types of 
yards, to form the ship’s hull, steel 
plates are first treated by automatic 
shotblasting machines. The steel plates 
are then coated by automatic spraying 
in booths or by airless spray guns with a 
primer paint to reduce corrosion. Then 
smaller plates are cut by an oxy-fuel 
torch or guillotine; larger or duplicate 
pieces are cut on automatic machines. 
The steeL pieces are shaped by bending, 
rolling, or pressing; welded into 
subassemblies; and fitted together. Once 
the hull has been assembled, the ship is 
launched. Its interior (pipes, wiring, 
controls, equipment, rigging, etc.) are 
then installed at a fitting-out berth. 
Finally the ship is ready to undergo sea 
trials to determine whether mechanical 
or physical defects ex ist Adjustments 
may involve the removal of components, 
stripping of insulation, welding, 
repainting, and cleaning of oil tanks and 
lines prior to repair (Ex. 572).

G eneral Ship R epair. Many shipyards 
of both sorts combine repair, overhaul, 
and conversion with shipbuilding 
capabilities. Unscheduled or emergency 
repair and casualty work are relatively 
rare. Scheduled repairs often are in the 
nature of maintenance and involve 
cleaning and repainting the ship’s hull at 
the time the ship is inspected. Major 
overhauls and conversions include 
changing the ship’s capacity and size

/  Rules and Regulations

(e.g., placing a new and larger midships 
section between the bow and stem) and 
changing the ship’s cargo-carrying 
characteristics or its propulsion system. 
Ship repair yards also engage in non
ship industrial work (e.g., repairs on oil 
platforms, foundry operations, carpentry 
work) (Ex. 572, p. 3).

Paint removal is often necessary in 
many types of repair work. It also can 
be an important step in cleaning the 
ship’s surface prior to other operations 
such as welding. Traditionally, abrasive 
blasting has been used to remove old, 
deteriorating paint and to create small 
indentations or etchings on the ship’s 
surface to facilitate the bonding of new 
paint. Other methods of paint removal 
are available, such as grinding, sanding, 
needle gunning, and chemical cleaning 
(Ex. 582-66, p. 10). In some repair 
operations, welding, cutting, and 
burning is done directly through the 
existing layer of paint If that paint 
contains lead, these operations result in 
lead emissions (Ex. 572, p. 3). As 
indicated above, substitutes for leaded 
paints are available and widely used. 
Thus, exposures to lead in paint removal 
operations have already been or, in 
time, will be eliminated in ship yards as 
lead-free paint is substituted for the 
leaded paint on old ships (Exs. 582-66, p. 
6; 610, pp. 19, 20).

N uclear Ship Construction and  
R epair. Nuclear ship construction and 
repair involve special activities related 
to installing and removing lead ballast 
in nuclear submarines and other ships 
and to constructing and installing lead 
shielding for nuclear reactors (Ex. 582- 
66, p. 12).

Exposures to lead primarily are 
limited to these operations which 
include casting lead panels; tinning, 
bonding or burning on leaded structures; 
caulking with leaded wool; sawing, 
passing, and packing lead ballast; 
welding on or near leaded surfaces; and 
carbon arc gouging of canning plates 
during overhaul (Ex. 582-66, pp. 12-23). 
These processes are described in detail 
below.

In fitting vessels with nuclear 
reactors, the entire interior of the 
reactor compartment, as well as the 
interior of the hull, must be lined with 
lead to effectively shield personnel from 
radiation (Ex. 610, p. 24). Elemental lead 
slabs are cast and built into the primary 
shield tank enclosing the nuclear 
reactor, and secondary lead shielding is 
built into the bulkheads surrounding the 
reactor compartment. Operations 
involving casting of primary and 
secondary lead shielding are performed 
in fixed facilities off ship, but the reactor 
shield subassemblies are assembled in
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final form in the vessel itself (Ex. 610, p.
25}«

Casting. Lead is melted, poured and 
cast to form reactor shielding panels. (A 
description of foundry operations and 
their controls is discussed at length in 
the section of this preamble devoted to 
nonferrous foundries.) NNS, the largest 
nuclear shipyard in the United States, 
pours and casts lead shielding panels in 
a semi-automated process in a newly 
constructed lead shielding panel shop.
In this process, elemental lead is melted 
and pumped into an open trough that 
delivers the molten lead to the casting 
machine to cast into shapes. After 
casting, the lead shielding panels are 
sized to exact dimensions on a 
computer-controlled milling machine in 
the panel shop (Ex. 582-66, pp. 12-13).

Burning. Tinning and bonding are 
collectively referred to as lead burning. 
Exposure to lead occurs when the heat 
of the burning torch causes the lead, 
lead dust or tinning paste (a lead-tin 
alloy) to fume off and become airborne 
(Exs. 572, p 2; 688B, pp. 1-9).

a. Tinning: Shielding panels are sized 
by a process of milling, chipping, 
grinding, and planing. Then, they are 
mounted onto steel frames onboard ship 
by tinning and bonding. Tinning is the 
application of a thin coat of lead-tin 
alloy paste to the cleaned and heated 
surface of the steel plate. The surface is 
then conditioned by heating with an 
oxygen-hydrogen torch to provide a thin 
lead film on the steel to which the lead 
panel is bonded. Not only does the thin 
lead film facilitate the bonding of the 
lead shield panels to steel, it also 
ensures the structural integrity of the 
bond under shock testing (Exs. 572, p. 2; 
610, p. 25; 688B, pp. 1-4).

b. ,Bonding: The actual bonding is 
accomplished by depositing lead in the 
joint or seam between the tinned steel 
plates and lead panels. The bonding 
process is essential in that the effected 
adhesion of lead to steel must be able to 
prevent leakage of radiation and also 
withstand the shock that the shield may 
be exposed to during the operational 
lifetime of the vessel (Exs. 610, p. 25;
688B, p. 5).

There are two methods of bonding. In 
manual ladle bonding, as the name 
implies, molten lead (at 700 to 850 °F) is 
ladled by hand from a lead pot into the 
joint (Exs. 572, p. 2; 688B, p. 5). This 
process requires a specially trained 
team with one or two operators using 
oxygen-hydrogen torches in the joint 
and another operator ladling lead into 
the joint (Exs. 572, p. 2; 688B, p 5). By 
contrast, manual torch bonding involves 
manually melting lead bars with an oxy- 
propane torch onto lead panels to “build 
up” or increase the thickness of the

panels to specifications (Exs. 582-66, pp. 
13-14; 688B, pp. 5-6). Manual torch 
bonding is used in lieu of manual la dling 
where limited accessibility to the joints 
precludes the use of a lead pot and 
ladle. This is most often the case 
onboard ship (Exs. 582-66, p. 16; 688B, 
pp.5-6).

Caulking. Caulking may be used in 
some cases instead of burning. It 
substitutes for tinning and bonding and 
involves manually forcing lead wool, 
lead rope, or lead strips into the joint 
around the shielding panel, using a 
pneumatic blunt-ended chisel. Caulking, 
because it is “cold” lead work, produces 
much lower levels of exposures to lead 
than lead burning. According to James 
Thorton, manager of Industrial Hygiene 
at NNS, either caulking or burning can 
be used to fill the lead joints around 
shielding panels. On submarines, 
however, because of Navy 
specifications, very little caulking is 
allowed and joints generally are burned 
in (Ex. 582-66, pp. 18,19).

Lead Ballast Work—Sawing, Passing, 
and Packing. Navy specifications 
require that lead ballast be installed in 

. the hulls of submarines (Exs. 582-66, p. 
22; 688B, p. 10). The ballast is used to 
trim the submarine so that it floats in a 
level manner and to add weight to the 
submarine for more stability in rough 
weather. Because of the density of lead, 
lead bricks are used as permanent 
ballast on submarines.

The submarine hull frame is divided 
into compartments and bins. Lead . 
blocks are cut offship with a bandsaw to 
form bricks and shims of various sizes 
and shapes for ballast. Then passers 
move the bricks and shims from the saw 
shop to the vessel, where they are 
tightly packed into the ballast bins. Lead 
ballast packers are responsible for 
installing lead in the ballast bins. The 
process involves hammering, fitting, and 
shimming the lead as required to fill the 
voids between the lead ballast and the 
hull.

All ballast operations are performed 
cold; no melting of lead is required. 
Exposure to airborne lead occurs from 
dispersion of surface lead oxide during 
handling and from lead dust during 
sawing (Exs. 572, p. 3; 582-66, pp. 20-23; 
610, pp. 21-24). Sawing lead ballast may 
result in high exposures if the saws are 
not enclosed and ventilated.

Canninq and Welding. After 
installation of lead ballast, steel canning 
plates are fitted and welded over the 
lead in the bins to secure the ballast in 
place. As in lead ballast work, when all 
shielding panels have been installed 
over the frame, steel canning plates and 
retainer bars also are welded over the 
lead panels to protect the shielding and

maintain it in place. Welding of these 
structures may result in lead emissions, 
because the heat generated may be 
sufficient to volatilize the lead from 
tinned surfaces or the lead ballast or 
caulking adhering to the canning plates 
and nearby frames (Exs. 582-68, pp. 21- 
23; 610, pp. 21-24; 688B, pp. 11-16).

Overhaul and Carbon Arc Gouging. 
During overhaul, the lead in the ballast 
bins must be removed. The canning 
plate is removed by carbon-arc gouging 
to allow for inspection, and the ballast 
bricks are removed from the bins to a * 
storage area in the drydock. For 
reinstallation, the lead bricks are 
transported to and packed into the bins, 
and the canning plate is replaced (Ex. 
582-66, p. 21).

The removal of canning plates by 
carbon arc gouging may provide a 
significant source of lead exposure. This 
process involves passing a high 
electrical current through a copper- 
coated carbon rod and striking an arc on 
the steel surface. If the arc breaks 
through the canning plate to the lead 
below, the intense heat needed to melt 
the weld joint causes the lead to 
volatilize and fume. When the metal 
weld surface becomes molten steel, it is 
removed from the gouge path by 
controlled release of compressed air. 
This high pressure air stream also 
increases the dispersion of lead as well 
as scatters other molten metals (Exs.
610, pp. 23, 24; 688B, pp. 11-16).

A few other miscellaneous operations 
produce insignificant airborne levels of 
lead, such as the use of lead blankets as 
temporary shielding, the use of coated 
lead bricks, the sorting of scrap lead and 
quality control inspection of lead 
structures (Ex. 582-66, p. 23). In 
summary, across the shipbuilding 
industry exposures to lead occur to a 
limited and decreasing degree in the 
application and removal of leaded paint. 
In addition, in the nuclear segment of 
the industry exposures also occur in 
operations relating to fitting the vessel 
with lead shielding for the nuclear 
reactor and to fabricating, installing and 
removing lead ballast.

Existing Exposure Levels and Current 
Controls— Overview. Workers exposed 
to lead in shipbuilding can be divided 
into two general categories: (1) non
nuclear construction and repair, and (2) 
nuclear construction and repair.

In non-nuclear construction, exposure 
data in the record indicate that average 
lead exposures generally have been 
reduced to or below 50 p,g/m3 or 
exposure to lead has been entirely 
eliminated. In non-nuclear repair, only a 
small percentage of employees,
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primarily in the paint removal operation, 
are exposed above 50 pg/m*.

The nuclear construction and repair 
segment of the industry is limited to two 
yards. At the larger of the two, NNS, 
either the majority of air lead monitoring 
results or average exposure levels are at 
or below 50 pg/m3 in 10 of 26 (62%) lead 
operations, according to the most recent 
exposure data in the record (Ex, 582-66, 
Table II). These 16 operations employed 
over 85% of NNS’ lead-exposed workers, 
according to the most recent 
employment data in the record (Ex. 582- 
66, Table I). GD, by indicating that 
serious lead exposure problems are 
limited to three general problem areas 
(Ex. 688B, p. 1), confirms OSHA’s 
understanding that most operations and 
the vast majority of employees in 
nuclear yards have average exposures 
at or below 50 pg/m3.

In nuclear and non-nuclear 
shipbuilding and repair, the primary 
engineering control used to reduce 
worker exposure levels is local exhaust 
ventilation. Operations that generally 
are exhausted include welding, casting, 
burning, caulking, carbon arc gouging, 
and sawing. Substitution of lead-free 
paints for leaded paints is another 
control measure that has eliminated 
lead exposures during painting and 
significantly contributed to reduction in 
exposure in paint removal. In nuclear 
shipbuilding, moving preassembly to 
fixed locations offship is a process 
modification which has reduced the 
problem of high exposures caused by 
assembling on board ship (Ex. 582-66, p. 
13).

Non-nuclear construction and repair. 
Non-nuclear construction and repair 
yards employ 66,750 (63.7%) of the 
estimated 104,750 shipbuilding industry 
employees (Ex. 686B, pp. 2-3). In 1982, 
JACA reported that in non-nuclear 
construction and repair, average 
exposures above 50 pg/m* were limited 
to three operations: painting (100 pg/ 
m3), paint removal (280 pg/m3), and 
welding/buming (110 pg/m3) (Ex. 553-8, 
pp. 1-2 to 1-5). OSHA believes that 
since then, the increasingly widespread 
use of lead-free paints (Ex. 610, pp. 19 
and 20) and the implementation of 
airless paint guns have greatly reduced 
or virtually eliminated lead exposure in 
painting in the non-nuclear sector.

Consequently, OSHA finds that in 
non-nuclear shipyards lead exposure 
above 50 pg/m3 is primarily limited to 
paint removal operations. Nonetheless, 
even where removal of paint is by 
means of blasting, more than 70% of 
monitoring results in 1984 and 
subsequent years are below 50 pg/m3, 
according to OSHA inspection data (Ex. 
572, p. 15). As lead-free paints

completely replace leaded paints, OSHA 
expects exposures above 50 pg/m3 to be 
virtually eliminated in non-nuclear paint 
removal.

OSHA notes that today the number of 
employees doing paint removal in the 
non-nuclear sector is a small part of the 
66,750 employees working in that sector. 
Although industry has not provided 
OSHA with current employment data 
for the non-nuclear ship sector, if the 
3.6% figure for the percent of employees 
at NNS who were doing paint removal 
in 1981 (Ex. 553-8, pp. 1-2 to 1-5) is 
typical of current employment in non
nuclear shipyards, then approximately 
2,400 employees presently remove paint 
in this sector.

Nuclear construction and repair 
Nuclear ship construction and repair is 
carried out in two yards employing an 
estimated 38,000 workers, which is 30.3% 
of total industry employment (Ex. 686B, 
pp. 2,3). NNS employs 27,000 workers 
and GD approximately 11,000 (Exs. 582- 
66, p. 2; 686B, pp. 2, 3).

GD currently has an estimated 650 
workers designated as lead workers, 
less than 6% of its workforce. NNS, in 
1981 when its employment was higher, 
had 1,357 workers designated as lead 
workers, which would be approximately 
5% of its current workforce (Ex. 582-66, 
Table I). Thus, GD and NNS combined 
appear to have approximately 2,000 lead 
workers, which is less than 2% of total 
industry employment (Ex. 686B, pp. 2-3).

Since raw data were not provided by 
the niiclear segment of this industry, 
OSHA relied on the average values and 
the distribution of samples below and 
above 50 stated in submissions by NNS 
and GD (Exs. 582-66; 688B). The data 
show that reduction in employee 
exposure levels has resulted from the 
implementation of improved engineering 
and work practice controls.

For most lead operations and most 
employees exposed to lead, exposure 
levels reflected in the most recent 
exposure data (1985-86) are close to or 
below 50 pg/m3 most of the time at NNS 
(Ex. 582-66, Table II). With regard to 
operations, in 16 of 26 operations at 
NNS, a majority of exposure readings or 
average exposure levels are below 50 
pg/m3. In seven of these, NNS recently 
engineered out lead exposure by 
substituting lead-free paints, painting 
ballast bricks, using prefabricated lead 
wool blankets for temporary reactor 
shielding or eliminating the operation.
In another of these 16 operations, 
referred to as “miscellaneous” 
operations, exposure levels were below 
50 pg/m3 even in 1981, and employees 
continue to be exposed below 50 pg/m3, 
according to NNS’s prehearing comment 
(Ex. 582-66, p. 24). In addition to these

16 operations, in three other operations, 
42-49% of the samples also are below 50 
pg/m3 (Ex. 582-66, Table II).

Thus, utilizing NNS’ 1981 employment 
data, the only employment data 
provided by NNS, the number of 
employees in the operations where 
monitoring results are at or below 50 
pg/m3 for most, or close to most of the 
time represents over 90% of all lead- 
exposed workers at NNS’ (Ex. 582-66, 
Tables I and II). Conversely, less than 
10% of NNS lead exposed workers are 
likely to have lead exposures 
consistently above 50. Furthermore, 
some of the workers who fconstitute this 
10% work in an operation where average 
exposure levels are only 66 pg/m3 (Ex. 
582-66, Table 11).

This degree of control reflects a 
significant reduction in lead use and 
exposure and a substantial improvement 
in engineering and work practice 
controls achieved since die lead 
standard went into effect in 1979. For 
example, between 1981 and 1985 NNS 
achieved a 28% reduction in the number 
of operations using lead and achieved a 
significant reduction in exposure levels 
in every operation but one. Assuming 
that the number of employees working 
in each operation at NNS was the same 
in 1985 as in 1981, there was during that 
period a 27% reduction in the number of 
employees exposed above 50 pg/m3 (Ex. 
582-66, Tables I and II).

Major reductions in employee air lead 
levels also have been achieved in that 
same period by GD through improved 
engineering and work practice controls 
(Ex. 688B). For example, in one 
operation identified by GD as having 
high employee exposure, lead boot, a 
tripling of tihe exhausted air volume, in 
conjunction with improvements in dust 
collectors and hooding, resulted in the 
1979-87 period in a radical reduction of 
employee exposure levels from an 
average of 3,180 pg/m3 to 72 pg/m3 (Ex. 
688B, p. 8).

In lead bonding-tinning, the 
installation of slotted hoods, combined 
with improved work practices, reduced 
exposure levels so that 50% of 
monitoring results are now below 50 pg/ 
m3. Similarly, the installation of the so- 
called TB-8F-SH  modem exhaust 
system, combined with improved work 
practices, reduced exposure levels in 
another bonding-tinning operation so 
that 42% of monitoring results are now 
below 50 pg/m3 (Ex 688B, p. 3).

GD has identified only three general 
areas of high lead exposure. These 
include construction and installation of 
the reactor shield, ballast installation 
and removal, and abrasive blasting (Ex. 
688B, p. 1). Based upon NNS* data, these
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also appear to be among the main 
problem areas there as well.

Nevertheless, even in operations that 
are characterized by relatively high 
average lead exposures, like lead 
bonding, lead shielding, ballast work, 
carbon arc gouging, and blasting, 
exposure levels at NNS are less than 100 
fxg/m3 more than 70% of the time. For 
example, in welding and burning of 
leaded surfaces, which includes carbon 
arc gouging, an operation that NNS has 
asserted it cannot control to 50 p,g/m3, 
33% of exposure samples are below 50 
/ig/m3 and 66% are less than 100 pg/m3. 
In lead bonding done aboard ship, 75% 
of exposures are less than 100 ¡xg/m3. In 
casting of shielding panels, 72% of 
exposures are less than 100 pg/m3. In 
the several operations involving 
installing and removing lead ballast, 72- 
100% of exposures are less than 100 pg/ 
m3. Finally, in blasting and in painting/ 
rust grinding, exposure levels are less 
than 100 pg/m3 62 and 68% of the time, 
respectively (Ex. 582-66, Table II). 
(Unfortunately, because GD did not 
provide OSH A with raw data or with 
data indicating the number or 
percentage of exposure monitoring 
results below 100 p.g/m3, the Agency 
cannot provide a similar analysis of 
GD’s data.)

The primary engineering control used 
in shipbuilding to reduce worker 
exposure levels is local exhaust 
ventilation (Ex. 582-66, p. 4). Welding, 
burning, and caulking operations are 
reported to be locally exhausted 
whenever possible, coupled with the use 
of respirators. Substitution of non- 
leaded paints has eliminated lead 
exposures during the process of paint 
application and has contributed to 
reductions in exposure levels in some 
paint removal operations. Controls for 
abrasive blasting include type CE 
respirators in exterior areas, and type 
CE respirators in conjunction with 
exhaust ventilation in enclosed and 
confined areas. Lead work controls for 
mechanical cleaning of lead coated 
surfaces (grinding rust) include 
respirators outdoors and respirators 
with exhaust ventilation in enclosed 
areas (Ex. 582-66, pp. 6-20).

A dditional Controls—Overview.
OSHA’s analysis of the record in the 
previous section indicates that for most 
operations in both nuclear and non
nuclear shipyards exposure levels 
already are at or below 50 pg/m3.
OSHA has reached this conclusion 
because for most of the operations a 
majority of sampling results are at or 
below 50 pg/m3. Based upon that record 
and OSHA’s own experience and 
expertise, the Agency has concluded

that for such operations exposure levels 
can be controlled consistently to or 
below 50 ^g/m3 with a modest 
modification or addition of controls, 
such as improving work practices, 
housekeeping and maintenance. The 
operations already at or below 50 pg/m3 
most of the time include painting, 
chipping and grinding, casting, ship 
fitting, caulking, milling reactor shielding 
panels, passing ballast, and welding. 
Exposure to lead in paint removal in 
nuclear and non-nuclear shipyards is 
also expected to be eliminated with the 
full substitution of lead-free paints on 
new and old ships (Exs. 582-66; 688B).

Controlling exposures to or below 50 
pg/m3 in problem operations will 
require implementation of an integrated 
system of controls. The basic element of 
that system is an industrial hygiene 
study, which is required by the lead 
standard to be carried out as part of the 
development and implementation of a 
written compliance program (29 CFR 
1910.1025(e)(3)). The system also should 
include training in appropriate work 
practices, maximizing onshore 
operations (e.g., préfabrication and 
subassembly), better housekeeping and 
preventive maintenance, improved 
ventilation, and, under limited 
circumstances, the use of respirators.

Industry has emphasized the 
importance of work practices in 
controlling lead exposures, as 
evidenced, for example, by the special 
training given to ‘‘lead workers” (Exs. 
688B; 582-66). Improved work practices 
can be readily implemented at low cost 
and are effective in reducing employees’ 
exposures. For example, employees 
need to be trained in proper placement 
of portable local exhaust to maximize its 
efficiency. Good housekeeping and 
preventive maintenance measures are 
crucial to maintaining ventilation 
systems in proper working order.

An effective way to control lead 
exposures is to minimize the number of 
operations that are carried out onboard 
vessels. Generally speaking, operations 
performed onboard often are performed 
in confined spaces and are therefore 
more difficult to control. Where 
operations are performed in fixed 
locations on shore, these facilities can 
be more effectively equipped with 
ventilation systems. For those major 
shipyards that have not yet done so, 
sawing, grinding, chipping, machining, 
and hot work can be moved to onshore 
assembly shops, which can be equipped 
with large, effective ventilation systems.

Paint Rem oval. Paint removal can be 
accomplished by several methods; 
grinding, sanding needle gunning, 
chemical cleaning and abrasive blasting.

Hie kind of paint removal that causes 
the highest lead exposures is abrasive 
blasting. Technologies are available to 
control lead exposures in paint removal 
to or below 50 figfm3. Local exhaust 
systems are available to exhaust 
grinding and sanding operations. Needle 
gunning, which involves use of water 
under high pressure, produces larger 
particles of lead and therefore poses 
less of an airborne problem (Ex. 582-66,
pp. 10-11).

In abrasive blasting, two technologies 
are available to effectively control 
exposure levels. One is a portable 
vacuum system known as "Blast ’n‘ 
Vac.” With Blast *n' Vac, the vacuum 
system surrounds the blasting nozzle 
and exhausts the grit and paint as they 
are deflected from the painted surface. 
Grit and paint are deposited in a 
material recovery container, and dust is 
removed in a water bath dust filter. 
According to the manufacturer, Blast ‘n‘ 
Vac has been used successfully in work 
on submarines. This system has the 
capability of bringing abrasive blasting 
workers’ 8-hour TWA lead exposures to 
levels below 50 fxg/m3 (Exs. 610, pp. 20- 
21; 572, p. 62).

The other technology is hydroblast, 
which involves a water spray curtain 
that surrounds the blast nozzle. The 
spray wets the grit and paint as they 
rebound from the surface and turns 
them into a slurry. Flash rust of the 
surface may be prevented by the 
addition of a water soluble antioxidant 
to the water or by quick drying by hot 
air blast. If the surface has been 
oxidized by the use of water, quick 
abrasive blasting may be performed 
after the lead has been removed to take 
off the oxidation (Ex. 572, p. 62; 610, pp. 
20- 21).

Another method to remove paint is by 
means of chemicals, which effectively 
eliminate lead exposures. If a blast 
pattern is necessary, the paint may still 
be removed with a chemical stripper, 
and after the removal, the surface then 
can be blasted to apply the etched 
pattern. As indicated, the use of these 
techniques, either singly or in 
combination, will bring exposure levels 
under 50 \xgfm3 and still leave the 
surface properly conditioned for 
painting (Exs. 582-66, pp. 11-12; 610, p. 
19).

L ead  Ballast. In lead ballast work, 
exposures to lead occur from two 
sources: the release of surface lead 
oxide, which causes exposures during 
the passing and packing/unpacking of 
lead ballast; and the release of metallic 
lead particles during sawing of the 
ballast bricks and shims to fit into the 
bins. Exposures due to surface lead
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oxidation can be reduced to or below 50 
pg/m3 by epoxy coating or painting the 
pigs (Ex. 610, p. 22). Exposures due to 
sawing the ballast can be reduced to or 
below 50 pg/m3 by completely enclosing 
the bandsaw in a booth (Ex. 610, p. 22). 
(NNS currently has an average exposure 
of 66 pg/m3 in this operation without 
enclosures) (Tr. 428). Alternatively, 
exposures can be eliminated by 
purchasing prefabricated ballast shims 
of various sizes and shapes (Ex. 610, p. 
22).

In addition, a HEPA vacuum can be 
used to maintain all surfaces as clean as 
practicable in the work area, especially 
after sawing, which would further 
reduce exposure levels and help to 
minimize the potential for dispersion of 
lead dust (Ex. 610, p. 23).

These control technologies are readily 
available and are already applied in 
other industries as well as in some 
shipyards.

Casting. NNS reports an average 
exposure level of 80 pg/m3 for casting 
even with the construction of a new lead 
shielding shop equipped with new 
ventilation systems (Ex. 582-66, Table 
II). Casting at NNS is performed 
automatically in the shop (Ex. 582-16, p. 
13). OSHA has determined that 
exposures in casting can be reduced to 
below 50 pg/m3 with minor 
modifications to existing equipment and 
practices. For example, reduction in 
exposure levels can be achieved by 
eliminating the open trough or chute that 
delivers the molten lead to the casting 
machine and replacing it with direct 
connection to the lead pump placed in 
the melting pot. This modification, 
coupled with better housekeeping and 
proper maintenance and improved work 
practices, should be able to control 
exposures to or below 50 pg/m3.

Tinning and Bonding (Burning). NNS 
states that some tinning and bonding 
(average exposure result of 312 pg/m3) 
is routinely performed in the submarine 
shop. Under such circumstances, this 
operation can and should be effectively 
controlled with appropriate exhaust 
ventilation. Another effective way to 
sharply reduce exposure levels would be 
to replace the hot processes of tinning 
and bonding with caulking, which is a 
cold operation performed at room 
temperature (Ex. 582-66, pp 18-19).
Either caulking or tinning and bonding 
can be used to fill the lead joints around 
shielding panels (Ex. 582-66, p. 18).
Where caulking has been used, NNS 
reports that average employee exposure 
levels are 36 pg/m3 (Ex. 582-6, p 18).

Although the Navy apparently allows 
caulking to be used for most of its 
nuclear fleet, OSHA recognizes that the 
United States Navy in its contracts

currently may allow very little caulking 
on submarines (Ex. 582-66, p. 19). If, 
with the implementation of the 50 pg/m3 
PEL, the Navy becomes willing to allow 
greater use of caulking in submarines, 
then, wherever possible, caulking should 
be substituted for burning. In any event, 
where tinning and bonding remain 
necessary, GD has emphasized the 
importance of proper work practices, 
which can minimize excessive 
exposures in the application of tinning 
paste and in subsequent work on tinned 
surfaces (e.g. welding) (Ex. 688b, p. 2).

Carbon A rc Gouging. OSHA 
recognizes that carbon arc gouging is an 
operation in which it is difficult to 
consistently control exposures-to or 
below 50 pg/m3. GD has acknowledged 
that, in conjunction with the use of local 
exhaust ventilation, the key to 
controlling exposures in this operation is 
through consistently good work 
practices (Ex. 688B, p. 13). This 
operation can be controlled if the 
worker can maintain a precise 
adjustment of the arc height so as not to 
penetrate the steel and volatilize the 
lead below. Then, the final cut of the 
weld can be performed with a grinding 
wheel and local exhaust ventilation (Ex. 
688B, p. 13). This work practice is vital 
because, on occasions when 
breakthrough of the arc to the lead 
occurs, local exhaust ventilation is 
unlikely to be adequate to achieve the 
50 pg/m3 due to the high velocity 
ejection of the molten metal. Because of 
the complexities of carbon arc gouging 
and the uncertainty of alternatives, 
OSHA believes it may be necessary for 
workers doing carbon arc gouging to 
wear respirators for supplementary 
protection.

If carbon arc gouging is performed 
only intermittently during overhaul and 
if the employee who performs gouging is 
not exposed to lead in excess of 50 pg/ 
m3 for more than 30 days a year, then 
the employer would not be required 
under the lead standard to implement 
engineering and work practice controls 
in preference to respirators to achieve 50 
pg/m3. In cases where exposures are 
above 50 pg/m3 for more than 30 days a 
year, OSHA suggests that, to the extent 
practicable, bolting and rivetting be 
used as an alternative to welding the 
canning plates (Ex. 610, p. 24). This 
would eliminate the need for future 
removal of plates by gouging.

Technological F easibility  Conclusion. 
Based upon the above analysis of the 
evidence in the record and OSHA’s 
experience and expertise, the Agency 
determines that achieving a PEL of 50 
pg/m3 by implementing readily 
available engineering and work practice 
controls is technologically feasible for

the shipbuilding and repair industry as a 
whole.

Nevertheless, the Agency recognizes 
that it may not be possible to 
consistently achieve the PEL by these 
controls in certain confined spaces 
when tasks like carbon arc gouging and 
tinning and bonding are being 
performed. Since OSHA has found the 
50 pg/m3 PEL feasible for the industry, 
employers will be required in such 
circumstances, as well, to implement 
engineering and work practice controls 
to control exposure levels to the PEL or 
the lowest feasible level. Where all 
feasible engineering and work practice 
controls have been implemented and 
employees are still exposed above the 
PEL as an 8-hour TWA, employers will 
be allowed to provide these workers 
with respirators for supplemental 
protection while they are performing 
such tasks.

Through its previous analysis of the 
record, OSHA has demonstrated that in 
both nuclear and non-nuclear shipyards, 
lead exposure levels for most operations 
already are at or below 50 pg/m3. In 
many of the operations where exposure 
levels exceed 50 pg/m3, improved, 
modified or additional engineering and 
work practice controls can reduce 
exposures to or below 50 pg/m3. As 
indicated, this conclusion is based in 
part upon the fact that for nearly all of 
the operations in non-nuclear 
shipbuilding and repair, available 
exposure data indicate that average 
exposure levels are at or below 50 pg/ 
m3. It is based as well in part upon the 
fact that for most of the operations in 
nuclear shipbuilding and repair either 
average exposures levels are at or 
below 50 pg/m3 or a majority of 
sampling results are at or below 50 pg/ 
m3. OSHA’s conclusion is further 
predicated upon its determination that 
for such operations in both segments of 
the industry exposure levels can be 
controlled consistently to or below 50 
pg/m3 by maintaining existing controls 
or by means of modest additions or 
improvements to controls.

For the few problem operations,
OSHA has determined that 
implementation of an integrated system 
of controls can substantially reduce 
exposure levels. These isolated problem 
operations are confined exclusively to 
the nuclear segment of the industry. 
(OSHA does not consider painting or 
paint removal in either the non-nuclear 
or nuclear segments of the industry to be 
a problem operation because of the 
availability and increasing use of lead- 
free paints and the availability of 
controls for, and alternatives to abrasive 
blasting during the period that leaded
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paint 8till needs to be removed,) As 
indicated by the discussion in the 
exposure levels section, exposure levels 
in most of the problem operations are 
already less than 100 pg/m3 more than 
65% of the time. OSHA therefore 
concludes that, although these are the 
most difficult operations to control to or 
below 50 pg/m3, control of these 
operations should not constitute an 
insurmountable obstacle.

OSHA wishes to emphasize that, in 
the nudear segment of the industry, the 
very substantial reductions in exposure 
levels accomplished by existing controls 
have been achieved without any legal 
obligation cm the part of employers to 
comply with 50 pg/m3 by means of 
engineering and work practice controls. 
OSHA believes that, once the legal 
obligation to comply with 50 pg/m3 
comes into effect, further reductions will 
take place. OSHA also wishes to point 
out that the current level of control has 
been achieved by technology that is 
readily available and by conventional 
work practices. The further reductions 
that OSHA foresees also can be 
achieved by such controls. As GD has 
noted, the key to controlling excessive 
exposure levels often is likely to be 
appropriate work practices rather than 
the addition of complex and costly 
engineering controls (Ex. 688B, p. 4).
This is especially true of operations 
conducted in confined spaces, where the 
use of engineering controls may 
sometimes be difficult.

In at least two cases of which OSHA 
is aware in the nuclear segment of the 
industry, control of excessive exposures 
in one company can be achieved by 
merely adopting simple techniques or 
practices used by the other company, 
like coating lead ballast materials to 
prevent oxidation or implementing the 
better work practices of the other 
company. In the first case, in lead 
ballast operations NNS has begun to 
paint lead ingots with an epoxy coat 
that prevents oxidation and therefore 
eliminates resulting exposures (Ex. 582- 
66, p. 22). OSHA is not clear whether 
NNS’s coating of lead is limited to lead 
ingots or whether all lead bricks and 
shims also are coated. OSHA sees no 
reason why all ballast materials cannot 
be coated, including those that have 
recently been sawed and have newly- 
exposed lead surfaces. GD, at one time, 
did coat at least some of its lead ballast 
but GD now states that it has eliminated 
that practice because the slippery 
coating created difficulty in handling the 
ballast. As a direct result of eliminating 
the practice of coating, lead exposures 
in ballast operations at GD have 
significantly increased (Ex. 688b, p. 11).
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Since NNS seems to have been able to 
cope with that problem and since OSHA 
is assured that non-slippery coatings are 
available to make coated ballast easier 
to handle (Ex. 610, pp. 21-22), OSHA is 
not persuaded by GD’s assertions.

The second case involves carbon arc 
gouging, where current exposure levels 
are sometimes very high. NNS has 
claimed that there is no known 
engineering technology that can control 
exposure levels to 50 pg/m3. However, 
nothing in NNS’s submission suggests 
that the company has explored 
controlling carbon arc gouging by 
alternative methods. GD, on the other 
hand, has acknowledged that, in 
conjunction with local exhaust, 
exposure levels in this operation 
frequently can be controlled to 50 pg/m3 
by implementing careful work practices 
involving the precise adjustment of the 
arc height so as to prevent penetration 
of thé steel and volatilization of the lead 
below the gouge (Ex. 688B, p. 13). OSHA 
believes this work practice can be 
adopted by NNS. However, because of 
the complexities of carbon arc gouging 
and the uncertainty of alternatives, 
OSHA acknowledges that it may be 
necessary for workers performing this 
task to wear respirators for 
supplementary protection.

Industry has made a number of other 
major objections to the feasibility of 
achieving 50 pg/m3 by means of 
engineering and work practice controls 
in shipbuilding that OSHA wishes to 
address. These objections involve 
control problems in confined spaces, 
high exposure levels in shops where 
allegedly state-of-the-art engineering 
controls have been installed, production 
problems associated with controls for 
abrasive blasting, and contractual 
problems associated with caulking as an 
alternative to tinning and bonding.

With regard to operations in confined 
spaces onboard ship, industry argues 
that it is generally impossible to utilize 
engineering controls and that where 
engineering controls have been used, 
exposure levels are significantly above 
50 pg/m3. Although OSHA recognizes 
that there can be problems in using 
engineering controls in confined spaces, 
OSHA believes that in many confined 
spaces portable local exhaust systems 
can be used (Ex. 610, p. 23). In addition, 
OSHA agrees with GD’s statements that 
proper work practices are crucial for 
local exhaust to be effective, because 
the positioning of the local exhaust 
largely determines its collection 
efficiency (Ex. 688B, p. 2). Moreover, 
OSHA believes that some operations 
done in confined spaces can be moved 
to fixed facilities offship, which can be
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more effectively equipped with 
ventilation systems. Finally, when 
individual employees have high 8-hour, 
time-weighted averages due to working 
in confined spaces, employers are 
authorized by paragraph (e) of the lead 
standard to use administrative controls 
to rotate employees, thus lowering the 
individual employee’s exposures to lead. 
Under some circumstances where all 
engineering and work practice controls 
have been implemented and 50 ftg/m3 
still has not been achieved. OSHA 
recognizes that employers may have to 
rely on respirators as supplementary 
protection for employees performing 
operations in confined spaces.

Industry also argues that, where 
certain operations are performed offship 
even when allegedly state-of-the-art 
engineering controls are implemented, 
exposure levels still have not 
consistently achieved 50 pg/m3. 
However, NNS, the company making the 
objection, has not shown by its 
submission that it has implemented all 
available engineering and work practice 
controls in such offship facilities as its 
lead shielding panel shop or panel 
cutting shop. OSHA does not regard 
failure to achieve 50 pg/m3 as proof of 
the infeasibility of achieving 50 pg/m3. 
For example, in NNS’s panel cutting 
shop, NNS concedes that it has not 
locally exhausted or enclosed the 
circular sawing of lead panels (Ex. 582- 
66, p. 14).

With respect to abrasive blasting, one 
method of paint removal, industry 
argues that exposure levels are 
extremely high and that additional 
control measures are impractical. 
Specifically, industry argues that the 
Blast ‘n’ Vac system is too slow and can 
only be used for horizontal blasting and 
that in hydroblasting the water may 
cause flash rust, which, NNS contends, 
would require additional dry blasting to 
remove. As indicated above, OSHA 
believes that there are many methods, 
which can be used either singly or in 
combination, to remove lead paint while 
effectively controlling air lead levels.
For example, in at least certain 
circumstances blasting can be avoided 
entirely by the use of chemical cleaning 
(Ex. 582-66, p. 11). OSHA also agrees 
with its expert witness, Mr. Michael 
Larsen, who stated that antioxidants 
could be added to the water used in 
hydroblasting to prevent oxidation 
altogether (Ex. 610, p. 20). Finally, the 
fact that it may require more time to 
conduct an operation in a manner that 
adequately protects employees does not, 
under the OSH Act, constitute proof of 
infeasibiliiy. OSHA believes that, either 
alone or in combination with other
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methods, Blast ‘n’ Vac or hydroblast can 
be effectively used to remove leaded 
paint.

With regard to putative contractual 
problems associated with alternatives to 
tinning and bonding, industry agrees 
that caulking can be used to fill lead 
joints around shielding panels but 
argues that caulking as a substitute for 
burning is not always acceptable to 
clients like the Navy. This suggests that 
caulking is acceptable at times. Indeed, 
NNS acknowledges that caulking is 
acceptable to the Navy on aircraft 
carriers and presumably on other 
nuclear surface vessels and further 
implies that even on nuclear submarines 
caulking is allowed by the Navy to a 
limited extent as a substitute for burning 
(Ex. 582-66, pp. 18-19). Moreover, the 
record does not show any attempt by 
industry to secure the Navy’s approval 
of caulking as a substitute for burning. 
The record does show, on the other 
hand, that industry was successful in 
securing approval from the Navy for the 
use of lead-free paint, which the Navy 
previously had prohibited (Ex. 582-66, p. 
6). Consequently, OSHA believes 
contractual problems do not impose the 
degree of limitation on industry practice 
that NNS seems to suggest and that 
industry has at least some flexibility in 
this regard to select the method of 
production that causes the lowest 
airborne lead levels.

Finally, OSHA wishes to comment on 
the quality and method of presentation 
of the data supplied by this industry. 
First, despite the fact that OSHA 
requested raw air lead monitoring 
results, the two nuclear shipyards did 
not supply OSHA with individual air 
lead monitoring results by job category 
for a period of several years but, at best, 
submitted average air lead levels or 
frequency distributions.

Second, the averages appear to be 
arithmetic means. As a result, they have 
only limited reliability as indicators of 
air lead levels, since one or several very 
high monitoring results can upwardly 
skew the average. For example, at NNS 
one monitoring result for interior blaster 
during 1985-86 was 60,000 /xg/m3 (Ex. 
582-66, Table II). This result 
dramatically skewed the arithmetic 
mean upward.

Third, this problem is further 
compounded by the additional fact that 
averages and frequency distributions 
submitted by NNS and GD incorporate 
exposure levels for several years. As a 
consequence, OSHA cannot easily 
ascertain whether recent exposure, 
levels show any improvement. 
Consequently, OSHA has had to 
discount certain industry data or 
evaluate it in conjunction with whatever

other supplemental data were in the 
record.

Last, NNS, the company that 
submitted the most extensive comment 
to the record, claims that a PEL of 50 \i%j 
m3 cannot be achieved exclusively by 
means of engineering and work practice 
controls. As indicated previously, NNS’s 
contention contradicts its own 
submission to the record. That 
submission shows that in 16 of 26 lead 
operations at NNS, representing over 
85% of all lead-exposed workers, most, 
or average air lead monitoring results 
already are at or below 50 jxg/m3. The 
submission further indicates that, in 
three other operations, close to a 
majority of monitoring results already 
are at or below 50 fxg/m3 (Ex. 582-66, 
Table II). This level of control has been 
achieved before taking into account 
OSHA’s recommended additional 
controls, which, OSHA anticipates, will 
substantially reduce exposure levels in 
every operation where they are 
implemented.

Thus, for all the above reasons, OSHA 
is unpersuaded by industry’s arguments 
that the PEL cannot be achieved by 
means of engineering and work practice 
controls. Based upon its own expertise, 
experience, and the record evidence, 
OSHA concludes that a PEL of 50 jxg/m3 
is achievable in the shipbuilding and 
repair industry as a whole by means of 
engineering and work practice controls.

Industry Profile. Of interest in this 
rulemaking are those establishments 
engaged in any of the following 
activities: nuclear shipbuilding, other 
non-nuclear military and commercial 
shipbuilding, and ship repairing. Most of 
these establishments are classified 
under Standard Industrial Code 3731, 
though there may also be small, captive 
yards for which the primary activity of 
the owner is something other than 
shipbuilding and repairing and which 
may fall under some other SIC 
classification. The sizes of the shipyards 
and the types of vessels being built or 
repaired vary widely.

Census data revealed 689 shipyards in 
SIC 3731 as of 1982 [Ex. 572, p. 36). Four 
hundred twenty of these shipyards were 
reported to employ fewer than 50 
workers. In its Addendum to its 
Analysis of the Shipbuilding and Repair 
Industry [Ex. 686b], Meridian places the 
number of shipyards in business at 400 
in 1986, with size distribution (by 
production employment) as follows: 1-20 
production employees, 153 yards; 21-50, 
82 yards; 51-100, 70 yards; 101-200, 41 
yards; 201-1000, 43 yards; and over 1000, 
11 yards [Ex. 686b, pp. 2-3).

Total shipyard employment was 
reported to be 139,900 in 1985 in SIC 
3731 [Ex. 572, p. 4). Total production

employment (employees performing 
both construction and repair) as of 
October 1986 is estimated at 104,750 [Ex. 
686b, pp 2-3], or about 75 percent of the 
total shipbuilding and repair 
employment.

OSHA estimates that approximately 
24,000 workers in shipbuilding and 
repair are potentially exposed to 
airborne lead. The portion of the 
workforce which is potentially exposed 
to lead through welding, cutting, 
painting, and blasting activities in non
nuclear shipyards is estimated to be 
22,550 [Exs. 686b, p. 2; 572, p. 70]. With 
regard to activities related solely to 
nuclear yards, another 1,529 workers are 
estimated to be exposed [Exs. 582-66, 
Table I; 688B].

On a world scale, the “commercial 
shipbuilding industry * * * is in the 
longest and worst slump of the post- 
World War II period’’ [Ex. 572, p. 30], 
and competition is intense. Meridian 
reports that Japan’s 37 percent of gross 
tonnage on order as of 1986 leads the 
world, with other major competitors 
being W est Germany, the Netherlands, 
South Korea, Singapore, Hong Kong, and 
Taiwan [Ex. 572, p. 30]. The U.S. 
industry has advantages in its high 
quality and fast turn-around; it is not, 
however, competitive with regard to 
price [Ex. 572, p. 30]. Indeed, foreign. 
yards may actually build a vessel at less 
than half the price charged by a U.S. 
yard [Ex. 572, p. 32].

In its report, Meridian Research noted 
that
[t]he industry can be divided into “first-tier" 
and “second-tier” shipyards. First-tier 
shipyards build and repair large ocean-going 
vessels and naval vessels. Second-tier 
shipyards primarily build and repair barges, 
tugboats, and towboats used for inland and 
coastal water transportation; drill rigs, supply 
boats, and crewboats for the offshore service 
industry; and fishing vessels (Ex. 572, p. 1].

Distinctions are also made between 
shipbuilding and ship repair yards, 
major shipyards, and the Active 
Shipbuilding Base. In general,
a shipbuilding yard must have at least one 
shipbuilding position an—inclined way, a 
side launching platform, or a building basin— 
while a repair yard does not have such a 
position [Ex. 572, p. 36].

Major Shipyards are the largest 
facilities and in 1986 there were 25 such 
yards employing just under 102,000 total 
workers [Ex. 572, pp. 38-41]. A Major 
Repair facility may construct ships 
smaller than 475 feet in length. In 1986 
there were 30 major repair facilities 
employing about 8,400 workers [Ex. 572, 
pp. 38, 42-44]. Major Topside Repair 
facilities, of which there were 38 in 1986, 
may construct the same size vessels as
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the Major Repair yards, and may also 
have dry-docks. Approximately 6,900 
workers are employed in these facilities 
[Ex. 572, pp. 38, 45-48].

The Maritime Administration defines 
the Active Shipbuilding Base as those 
shipyards that are open and currently 
engaged in or seeking contracts for the 
construction of ships of 1,000 gross tons 
or more. There were 22 such yards in 
1986 compared with 24 in 1985 and 26 in 
1980. Employment for this group of yards 
is estimated at 72% of the total 
workforce in SIC 3731 [Ex. 572, p. 45]. Of 
these 22 yards, 19 are Major 
Shipbuilding yards and 3 are Major 
Topside Repair yards. In 1986, 9 yards 
were engaged in construction and/or 
conversion of major combat ships for 
the Navy, 6 yards were engaged 
primarily in ship construction and 
conversion work for the Navy’s T-ship 
program, 3 yards were engaged in the 
construction of 7 commercial vessels, 
and 4 yards were engaged in only repair 
and overhaul work and non-ship 
construction [Ex. 572, p. 45]. There are 
currently only tw'o private shipyards in 
the United States which construct 
nuclear-powered vessels.

With regard to small yards,

[Ijhere are virtually no data on shipyards 
with fewer than 20 employees as a group. 
Shipyards of this size tend to be excluded 
from discussion—and seem almost to be 
excluded from verbal definitions—of the 
shipbuilding and repair industry * * * [Ex.
572, p. 50].

These small yards make up about one- 
third of the total number of yards while 
accounting for about 2.2 percent of total 
employment [Ex. 686b, pp. 2-3]«

Commercial production in first-tier 
yards (which includes all of the yards in 
the Active Shipbuilding Base) has been 
minimal since 1980, with no new 
merchant vessel contracts entered into 
in 19̂ 85 or in 1986 [Ex. 687-3]. First-tier 
yards are also engaged in Naval 
construction, however, and this has 
been their strength, as substantial 
orders for construction and repair work 
were contracted for in 1986 [Ex. 572, p. 
18]. In second-tier yards, production of 
nearly all types of power-driven vessels 
and barges declined markedly between 
1982 and 1984 [Ex. 572, p. 18]. Repair 
work in second-tier yards has also 
declined, but stability can be found in 
some areas [Ex. 572, p. 24].

Regarding commercial shipbuilding 
demand, Meridian pointed out that

[djemand for commercial shipbuilding is a 
derived demand. It depends on several 
factors, which include demand for shipping 
services, size and capacity of available fleet, 
and extent of foreign competition * * ‘ . None

of these has favored U.S. commercial 
shipbuilding in recent years [Ex. 572, p. 24].

Worldwide overcapacity was 
specifically cited by Meridian as an 
important problem with respect to the 
demand for commercial shipbuilding 
[Ex. 572, pp. 24, 28].

Subsidies are available in the form of 
Construction Differential Subsidy (CDS) 
grants or financing guarantees (Title XI 
of the Merchant Marine Act of 1936 and 
amended in 1972). No CDS contracts 
were awarded in fiscal year 1985, while 
commitments approved in that year for 
financing guarantees totaled $20 million, 
with pending applications for $99 million 
more [Ex. 572, pp. 28-29].

With respect to repair work, the 
strongest element in the market is the 
Navy’s ship repair and maintenance 
program, with commercial yards getting 
about one-third of this work [Ex. 572, p. 
29]. The National Defense Reserve Fleet 
(NDRF) is also a source of repair work, 
with $45 to $60 million in annual work 
expected for the 86 ship Ready Reserve 
Force [Ex. 572, pp. 29-30]. Meridian 
points out that U.S. yards are more 
competitive in the world repair market 
than they are in construction (Ex. 572, p. 
29].

Aggregated 1986 Dun & Bradstreet 
financial data (SIC 3731) for the industry 
as a whole indicate that the mean return 
on sales was about 1.8% [Ex. 572, p. 53]. 
Disaggregated data show a somewhat 
higher mean return on sales for small 
firms (under $1,000,000 in assets) and a 
negative mean rate of return on sales for 
some larger firms, though third quartile 
return on sales figures approached 3 
percent for these firms [Ex. 572, pp. 
53-54]. No establishment-specific 
financial data were provided during the 
public comment period or the public 
hearing for the non-nuclear shipyards. 
Company data on nuclear shipyards 
indicate average operating profits for 
1986 of approximately $200,000,000 [Ex. 
572, p. 56].

Costs o f  Com pliance. The compliance 
costs for the Shipbuilding and Repair 
sector consist of costs for enclosed 
bandsaw booths (used during the 
sawing of lead pigs into ballast for 
nuclear submarines), HEPA vacuums, 
and for controlled blasting units. 
Required improvements for casting 
operations are minimal, and thus costs 
were assumed to be negligible. 
Ventilation for “hot work” (welding, 
burning, cutting, etc.) performed in the 
assembly shop or on board vessels is 
estimated to be currently in use, and 
thus no costs will be incurred for this 
equipment [Ex. 572, pp. 60, 64]. 
Additionally, no costs were assumed to

be incurred in the substituting of 
caulking for burning, since both 
techniques require local ventilation.
Also, no-costs have been estimated for 
the coating of lead ballast to reduce 
exposures during ballast passing, as one 
of the two yards is currently working to 
develop a suitable coating [Ex. 688B] 
and the other is already coating a part of 
its lead ballast with epoxy paint [Ex. 
582-66, p. 22]. Additional costs 
attributable to this rule are assumed to 
be negligible.

An enclosed bandsaw booth is 
estimated to cost $12,000. Annual costs 
include annualized capital charges of 
$1,762 plus operation and maintenance 
costs of $1,200 for a total of $2,962 [Ex. 
572, pp 64-65].

The cost of a portable vacuum is 
estimated to be $3,900 [Ex. 579, p. 29], 
Annualized capital costs would be $572, 
while operation and maintenance costs 
would be $2,390. (Annual operation and 
maintenance costs were estimated to be 
10 percent of capital costs plus $2,000 
per year for HEPA filter replacement). It 
is estimated that two sweepers will be 
required for each nuclear shipyard. 
Additional labor is estimated to be 
$4,060 annually, based on 1 person-hour 
per day, 7 days per week, and 50 weeks 
per year at an average wage of $11.60. 
Total annual costs for vacuum sweeping 
are thus estimated to be $8,840.

The cost of a vacuum-controlled 
blasting unit is estimated to be $5,060 
per unit. Annual costs (computed using 
an expected useful life of five years) 
would amount to $1,335 in annualized 
capital charges only; operation and 
maintenance expenses are expected to 
be offset by the savings realized due to 
the environmental efficiency of the 
equipment. (That is, the recommended 
equipment eliminates considerable 
expense for clean-up) [Ex. 572, p. 66].
The cost of the wet blasting unit is 
estimated to be $360. Annual costs for 
this unit include $207 in annualized 
capital charges (using an expected 
useful life of two years) plus $36 in 
annual operation and maintenance costs 
for a total annual cost of $243 [Ex. 572, 
p. 65].

Total industry costs for controlled 
blasting are based on allocating the 
average number of controlled blasting 
units required per yard according to the 
number of potentially exposed workers 
per yard. Tables 1 and 2 provide a 
summary of the average number of 
blasting units required per yard, the 
number of yards, and the total annual 
costs for each of six shipyard size 
categories and for each of the three 
types of shipyards. Table 1 addresses 
the vacuum blast option and Table 2
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addresses the wet blast option. Using 
this methodology, total annual costs of 
$11,026,110 are expected to be required 
for vacuum units and $8,469,738 for the 
wet blast units. While the wet blasting 
units appear less costly than the vacuum 
units, the wet blast units will produce a 
lead-contaminated solution which will 
need to be disposed of as a hazardous 
waste in accordance with EPA 
regulations, at additional cost to the 
shipyard. Also, this method of controlled 
blasting may oxidize the stripped 
surface and thus may necessitate a dry 
blast to remove the oxidation at 
additional cost [Ex. 582-66, p. 10].

In addition to the annualized capital 
costs of vacuum units, the annual cost 
amount presented in Table 1 includes 
costs for additional labor, as the vacuum 
blast system may require more time to 
use than conventional blasting 
equipment [Ex. 582-66, p. 9]. It is 
assumed that one additional worker will 
be hired for every 10 blasting units, wet 
or vacuum. Additional costs for these 
workers are based on an annual total 
compensation cost of $33,750. Since the 
environmental waste disposal problem 
exists for wet blast units, OSHA 
assumes in this analysis that industry 
will opt for the vacuum units. Cost 
estimates for these units as developed in 
this analysis overstate actual costs to 
the extent that leaded paints are being 
replaced with non-leaded coatings. That 
is, costs will decline over time as non- 
leaded coatings are substituted for 
coatings containing lead.

The total annual costs for nuclear 
shipyards include costs for bandsaw 
enclosures (six for each yard), HEPA 
vacuums, and 50 blasting units. Total 
annual costs for the bandsaw enclosures 
are estimated to be $17,772, total annual 
costs for vacuum sweeping were 
estimated at $8,840, and total annual 
costs for the blasting units would be 
$235,500. Total annual costs for each of 
the two nuclear yards would thus be 
$262,112. Total annual costs for non
nuclear yards are for vacuum blasting 
units only, and appear in Table 1. Cost 
per yard will vary, depending upon the 
number of blasting units that are 
required. Annual costs range from $4,710 
for the smallest yards to $235,500 for the 
largest. As shown in Table 1, total 
annual costs for non-nuclear 
construction yards are estimated to be 
$5,284,620 and those for non-nuclear 
repair yards are estimated to be 
$5,270,490.

Total industry costs would be 
$11,079,334. This total includes $524,224 
for the nuclear segment of the industry 
and $10,555,110 for non-nuclear yards.

Table 1.—Co sts  of Vacuum  Blasting 
Units

Shipyard size 
and related 

variables

Nuclear 
construc
tion yards

Non
nuclear 

construc
tion yards

Rapair
yards

1-20
Production 
workers_____

Number of 
blasting 
units/yd - ........ 1 1

Total annual
m st/yrl $4,710

18

$4,710
Number of

yard» 135
21-50 

Production 
workers...........

Number of 
blasting 
units/yd_____ 2 2

Total annual 
cost/yd........... $9,420

33

$9,420

49
Number of

yards .............
51-100 

Production 
workers_ __

Number of 
blasting 
units/yd__ ... 3 4

Total annual 
cost/yd........... $14,130

36

$18,840

34
Number of 

yards_____ ....
101-200 

Production 
workers.... .......

Number of 
blasting 
units/yd__ $ 8

Total annual 
cost/yd..... „ $23,550

21

$37,680

20
Number of

yards
200-1000 

Production 
workers......... _

Number of 
blasting 
units/yd_____ 17 30

Total annual
Cnst/yd $80,070

25

$141,300

18
Number of 

yards...............
>1000 

Production 
workers_

Number of 
blasting 
units/yd.......... 50 50 50

Total annual 
cost/yd.....___ $235,500

2

$235,500 $235,500
Number of 

yards............. . 8 1

Summed 
Annual Costs.. 

Total
Annual Costs..

$471,000 55,284,620 55,270,490 

611,026,11(

Source: Occupational Safety and Health Adminis
tration, Office of Regulatory Analysis. (Adapted from 
Ex. 686b, pp. 2-3).

Table 2.—Co sts  of Wet Blasting 
Units

Ship
yard 

size and 
reiated 
varia
bles

Nuclear
construction

yards

Non-nuclear
construction

yards
Repair
yards

1-20 
Pro
duction 
work- 
ers......

*

Number
of
blast
ing
units/
yd 1 1

Total 
annual 
cost/ 
yd....... $3,618

18

$3,618

135

Number
of
yards...

21-50
Pro
duction
work-

Number
of
blast
ing 
units/ 
yd _ 2 2

Total 
annual 
cost/ 
yd___ $7,236

33

$7,236
Number

of
49

51-100
Pro
duction
work-

Number
of
blast
ing
units/

3 4
Total

annual
cost/

$10,854 $14,472
Number

of
36 34

101-
200
Pro
duction
work-

Number
of
blast
ing
units/

? 5 8
Total 

annual 
cost/ 
yd....... $18,090 $28,944

Number
of
yards... 21 20
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Table 2.—Co sts  of Wet Blasting 
Units—Continued

Ship
yard 

size and 
related 
varia
bles

Nuclear
construction

yards

Non-nuclear
construction

yards
Repair
yards

200- 
1000 
Pro
duction 
work
ers......

Number
of
blast
ing 
units/ 
yd....... 17

$61,506

25

Total 
annual 
cost/ 
yd.......

Number
of
yards...

>1000 
Pro
duction 
work
ers......

Econom ic F easibility . Nuclear 
construction yards will bear about 4 
percent of the total annual costs of this

Table 2.—Co sts  of Wet Blasting
Units- -Continued

Ship
yard 

size and 
related 
varia
bles

Nuclear
construction

yards

Non-nuclear
construction

yards
Repair
yards

Number
of
blast
ing
units/
yd.......

Total
annual
cost/
yd.......

Number
of
yards...

50

$180,900

2

50

$180,900

8

50

$180,900

1
Summed 

Annual 
Costs.. 

Total 
Annual 
Costs ...

$361,800 $4,059,396 $4,048,542

$8,469,738

Source: Occupational Safety and Health Adminis
tration, Office of Regulatory Analysis. (Adapted from 
Ex. 686b, pp. 2-3).

regulation. These yards should be able 
to pass all costs through to the 
government. Though Mr. James R.

Thornton of Newport News 
Shipbuilding, one of the two yards 
performing nuclear construction for the 
government, commented that its Navy 
contracts “are ‘fixed price’ and do not 
allow for recovery of costs in excess of 
the fixed or ceiling price” [Ex. 582-66, p. 
1], alternatives for the Navy are limited. 
Even if contractural arrangements 
preclude the immediate pass-through of 
the $262,112 in annual costs borne by 
each yard, which would necessitate a 
price increase of about 0.02 percent 
based on sales of $1.65 billion [Ex. 572, 
p. 71], it does not appear that the 
nuclear shipyards would be adversely 
affected by these annual costs. Costs of 
this regulation would be expected to 
reduce the average operating profit of 
$200 million for these yards by about 
0.13 percent.

There are 141 non-nuclear 
construction yards and 257 non-nuclear 
repair yards [Ex. 686b, p. 3]. 1986 
Shipments data and profit information 
broken out by function and size 
pertaining to these yards appear in 
Table 3, along with costs incurred for 
vacuum blast units and impact ratios.

Table 3. Summary of Economic Impacts for Non-Nuclear Construction  and Repair Yards—Vacuum  Blast

Size class

1-20.........
21-50.......
51-100....
101- 200 ... 
201- 1000. 
>1000.....

Sales ($ thous.)1

Cd

1376
3753
7568

14743
46564

328176

R '

1330
3538
7285

13932
36120

136224

Profits ($ thous.)b

71.55
-6 7 .5 5

-136 .2 2
-2 65 .3 7
1350.36
9517.10

69.16
-6 3 .6 8

-1 31 .1 3
-2 50 .7 8
1047.48
3950.50

Costs ($ thous.)

4.71
9.42

14.13
23.55
80.07

235.50

R

4.71
9.42

18.84
37.68

141.30
235.50

Ratio: costs/sales

0.00342
0.00251
0.00187
0.00160
0.00172
0.00072

R

0.00354
0.00266
0.00259
0.00270
0.00391
0.00173

Ratio: costs/profit '

0.05193
-0 .13944
-0 .10373
-0 .08874

0.03914
0.01633

R

0.05415
-0 .14792
-0 .14367
-0 .15025

0.08903
0.03934

share of production em ploy^entî^Tot^^im ^nts^oreach sfze^ la«1 wîoro thon il16«!8 allocating the remaining shipments value among size classes by 
class appear in Tables 1 and 2) P ,or each s,ze class were then divided by the total number of shipyards in each class (number of Shipyards in each

, sas cata,iated ^ -°’8'
workers: 0 .^0 ^1 00 0an §n> 1000woriwrsr 0 346 COmputed using the fonowin9 federal income tax schedule: 1-20 workers: 0.21; 21-50, 51-100, and 101-200 

" Construction yards. ' '
* Repair yards.
Source: Occupational Safety and Health Administration, Office of Regulatory Analysis.

As can be seen in the table, no 
shipyard category has a ratio of costs to 
sales ^eater than 0.40 percent. The 
price increases required to pass the 
costs of compliance forward are small, 
ranging from a low of about 0.07 percent 
for the largest construction yards to a 
high of 0.40 percent for repair yards with 
between 201 and 1,000 production 
employees.

Cost pass-through, at least partially, 
should be possible for all yards, 
including those doing construction and

repair work for the U.S. Navy and for 
those yards operating in protected or 
captive markets.

If the costs of compliance were to be 
absorbed by these firms, the impacts on 
profits can be estimated from the cost to 
profit ratio. Costs represent only about 
1.6 percent of profits for construction 
yards with over 1,000 production 
employees but could increase losses 
over 15 percent for repair yards with 
between 101 and 200 production 
employees. It should be noted that the

tax-deductibility of compliance costs 
was taken into account in computing 
profit impacts. That is, care was taken 
to compute before-tax profit before 
subtracting annual costs. After 
subtracting annual costs, the 
appropriate average tax rate (either 21 
or 34 percent) was then reapplied to 
determine after-tax profit net of costs. 
Profits were calculated using an average 
financial statement [Ex. 572, pp. 53-54] 
and based on 1986 data provided by
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Dun and Bradstreet (See footnote “b,” 
Table 3.)

More specifically, in three size 
categories, namely 21-50,51-100, and 
101-200 production employees, many 
construction and repair firms are not 
profitable. Should the demand for 
commercial shipbuilding not improve in 
the near future, many construction firms 
in these size categories may no longer 
be in operation at the time the standard 
takes effect For those choosing to 
continue operations, full absorption of 
compliance costs could increase losses 
up to 14 percent. Full absorption of 
compliance costs could increase losses 
in some repair yards by as much as 15 
percent

While these profit impacts appear 
substantial, there are other points to 
consider in assessing the impacts of the 
rulemaking on these firms. One is that 
both repair yards and construction 
yards which perform repair in these size 
groups should benefit from the repair 
work required for the Ready Reserve 
Force of the U.S. Navy, as this work is 
required by law to be performed by U.S. 
shipyards [Ex. 572, pp. 29-30]. Also, a 
substantial amount of second-tier repair 
work is reported to be protected by 
legislation [Ex. 572, p. 77]. Second-tier 
repair of vessels traveling on U.S. 
waterways is also assured due to the 
fact that many of these vessels do not 
travel overseas [Ex. 572, p. 77]. A final 
consideration is that full cost absorption 
will reduce ROS for both categories of 
shipyard in these three size classes from 
—1.8 percent to about —2.1 percent, on 
average. These changes in ROS reflect 
the relatively low magnitude of the costs 
of compliance, as no yard in these three 
size categories is expected to incur more 
than $38,000 in total annual costs.

Absorbing the costs of compliance 
fully would impact profits for the 
remaining (profitable) shipyards by 
between 1.6 and 8.9 percent. The 
smallest yards would realize profit 
reductions of 5.2 to 5.4 percent, the 
largest yards could experience 
reductions of 1.6 to 3.9 percent, and the 
201-1,000 employee category could see 
reductions of 3.9 to 8.9 percent. It should 
be noted that this latter category 
contains a number of major yards which 
are part of the Active Shipbuilding Base 
and demand for U.S. Navy ships will 
continue to provide construction work 
for these yards. Post-compliance ROS 
for the smallest yards was estimated to 
be 4.9 percent; for the 201-1,000 
employee category, a range of 2.6 (for 
repair yards) to 2.9 percent (for 
construction yards) was estimated; and 
for the largest yards, a range of 2.8 (for

repair yards) to 2.9 (for construction 
yards) was estimated.

OSHA recognizes that the 
shipbuilding and repair industry in this 
country is in a state of contraction. The 
number of shipyards in operation has 
fallen from 689 in 1982 to the current 
estimate of approximately 400, a 
decrease of 42 percent. These data, 
coupled with the reported worldwide 
shipping overcapacity, indicate that this 
contraction is likely to continue. The 
impact of the OSHA lead rulemaking 
should not be a significant factor in the 
restructuring of this industry which is 
occurring in response to the prevailing 
economic environment

OSHA notes that the issue of 
availability with regard to the wet blast 
units was raised in the record [Ex. 686b, 
pp. 11-12]; though a compliance period 
extension might prove useful to the 
manufacturers) of the wet blast 
technology, OSHA does not believe that 
such an extension is necessary. The two 
and one-half year compliance schedule 
should allow sufficient time to expand 
production (as noted by one 
manufacturer [Ex. 686b, p. 11]).

OSHA concludes that the standard, as 
it applies to the Shipbuilding and Repair 
industry, is economically feasible in an 
extended compliance period of two and 
one-half years. Larger yards performing 
work for the U.S. Navy, both nuclear 
and non-nuclear, should have the ability 
to pass forward all compliance costs. 
Additionally, worldwide overcapacity 
suggests that many marginal yards 
employing 21-200 workers will no longer 
be in operation at the end of the two and 
one-half year compliance schedule. 
Many other shipyards should be able to 
pass forward most, if not all, of the cost 
increases identified in this analysis due 
to the existence of protected and captive 
markets. Combinations of cost pass
through and cost absorption will reduce 
the respective magnitudes of the impacts 
associated with each compliance 
scheme to levels that should not 
materially worsen the competitive or 
financial status for these yards. Finally, 
all yards will benefit from the two and 
one-half year compliance schedule, 
allowing additional time to raise capital 
and/or effect gradual price increases.

Stevedoring Process Description and 
Exposure Areas. Stevedoring involves 
loading and unloading ores to and from 
ships. A typical stevedoring operation 
takes several days or several shifts to 
complete. The ores are either loaded 
from dockside warehouses to ships or 
unloaded from ships directly to trucks or 
gondola railcars positioned along side 
the ship. The ores can also be stockpiled 
in dockside warehouses for later land

transit or loading aboard ships (Exs. 
475-17, H-004E, p. 1; Ex. 582-14, p. 1).

Initially lead ores are unloaded or 
loaded by gantry cranes or mobile 
cranes that use clamshell buckets to 
pick up the ore. During this phase of the 
operation, longshoremen are not present 
onboard the ship (Ex. 5B2-14, p. 1). As 
the pile is worked down, industrial 
front-end loaders are lowered into the 
hatch to pile the ore in the center of the 
ship to be picked up by cranes. Near the 
end of the job, sweepers/trimmers 
shovel and/or sweep the remaining ore 
from between the vessel ribs into the 
clamshell bucket to be lifted out of the 
hatch (Exs. 475-17, H-004E, p. 2; 577; 
582-14, p. 1).

Workers are potentially exposed to 
lead whenever the ores being loaded or 
unloaded contain lead. Dockside 
workers (crane operators, foremen, gang 
workers) may be exposed to blowing 
dust from stockpiles, vessel operations, 
and spills. Employees working in the 
hatch (foremen, operators of cranes and 
front-end loaders, sweepers/trimmers) 
are generally subjected to higher levels 
of lead exposure than dockside workers 
because they are closer to the ore and 
may be working in limited spaces. (Ex. 
686G, p. 3).

Exposure Levels and Controls 
Currently Used. In stevedoring, the most 
recent exposure data in the record 
indicate that in almost all operations 
exposure levels are at or below 50 pg/ 
m3 (Ex. 612, p. 5).

OSHA has relied primarily on current 
data gathered by OSHA expert witness 
Howard Spielman, president of Health 
Science Associates (HSA). These 
comprehensive data consist of 2018- 
hour, time-weighted average (TWAJ 
exposures determined from samples 
gathered in 1984-85 during five complete 
stevedoring lead ore transfers. The HSA 
data reveal that 85% of all samples are 
at or below 50 pg/m* and in 10 of 11 
operations a majority of samples also 
are at or below 50 pg/m3 (Exs. 612, p. 8; 
686G, pp. 4, 5).

Exposures of almost all employees 
who worked on deck and dockside were 
below the action level. Specifically, 97% 
of those exposures were below 30 fig/ 
m3 while only 3 of 148 sample results 
exceeded 50 pg/m3 (Ex. 612, pp. 5,8).

For work inside the hatch where 
exposure levels generally are higher, in 
two of the three operations a majority of 
sample results are at or below the action 
level. In one of those operations, 
bulldozing, 68% of the sample results 
were at or below 50 pg/m3 and 59% of 
the sample results were below the 
action leveL These results were 
obtained even though none of the



bulldozers had enclosed cabs (Ex. 612, 
pp. 3, 9).

In the HSA data, die only operation 
that has exposure levels consistently 
above 50 pg/m8 is sweeping/trimming. 
Spielman reported that all sweeping/ 
trimming to remove remaining ore was 
done manually with brooms, shovels 
and hoes (Ex. 612, p. 2). No HEPA 
vacuums or water spraying systems to 
suppress dust levels were in use; the 
operation was virtually uncontrolled. 
Exposure levels ranged from 17 to 1,348 
pg/m8, with an average of 292 pg/m* 
(Ex. 612, p. 9). OSHA notes, however, 
that excessively high exposures in one 
out of 34 work shifts upwardly skewed 
the overall average ̂ Ex. 612, Att. 4, 
Table IX). The average for that one 
particular shift was 939 pg/m8, while 
the average for the other shifts was only 
113 pg/m*. There was no explanation of 
whether any spills or any particular 
atmospheric condition affected the 
sample results of that shift

As previously noted, engineering 
controls were not used during these 
transfers, but workers were trained in 
the hazards of lead exposure prior to 
each shift Spielman also reported the 
ore was damp because it was exposed 
to “ocean atmospheric conditions’* 
during transit. Those conditions, in 
effect, acted similarly to water spray 
systems used to suppress lead dust 
during loading and unloading. In any 
event, even without implementation of 
engineering controls, the HSA data 
indicate that almost all stevedoring 
operations are currently at or below 50 
ftg/m* (Ex. 612, pp. 8,9).

OSHA data, collected from one site 
during a 1984 inspection, corroborate the 
HSA data. The OSHA data show that 
only one of seven workers (job titles not 
specified) was exposed over 50 pg/m8. 
That employee was exposed to 67 pg/ 
m3 which indicates that, with just a 
slight improvement in controls, exposure 
levels for all employees should be 
controlled to or below 50 pg/m3 (Ex.
577, p. 7).

The degree of control achieved 
recently by stevedoring companies 
through work practices reflects a 
significant reduction in lead exposures 
over a short period of time. For example, 
in 1982 ASARCO reported that 
exposures for all crews were uniformly 
above 50 pg/m3 and often above 200 
pg/m3, even though the moisture 
content of the ore was 4.5% and a 
fogging nozzle was also used to wet 
down the ore before unloading and after 
every 6 to 8 railcars had been loaded. 
Average exposures were 180 pg/m3 for 
foremen, 415 pg/m3 for payloader 
operators and 211 pg/m3 for sweepers/ 
trimmers. The fact that the exposure

range for sweepers/trimmers was 130 to 
310 pg/m8, significantly lower than the 
range reported in HSA’8 data during one 
particular shift, also supports OSHA’s 
finding that the high levels in that shift 
were aberrant (Exs. 2-7, H-004S, p. 7; 
577. p. 4).

OSHA notes that on the day the 
ASARCO data were collected holes 
were found in the rubber sock, a chute
like device used to reduce the amount of 
ore blown during discharge of ore from 
the clamshell bucket (Ex. 2-7, H-004S, p. 
3). The empty clamshell returning to the 
hold also dropped ore which had 
adhered to the sides of the clamshell. In 
addition, gusty winds were present that 
day which, in combination with the 
spills from the clamshell bucket, are 
likely to have contributed to the high 
exposure levels of dockside workers, 
who normally would have low 
exposures (Ex. 2-7, H-004S, p. 3).

As stated above, very few control 
measures are currently employed by the 
stevedoring industry to reduce employee 
exposure to lead. Although the controls 
that are currently used (i.e., rubber sock 
and water spray) contribute to the 
reduction of employee exposures to 
lead, they are designed to reduce dust 
emissions in general and not specifically 
to reduce the lead exposures of 
employees handling the ore (Exs. 577, p. 
24; 583-63, p. 1). Currently, work 
practice controls are the primary means 
used by stevedoring companies to 
reduce employee exposures to lead. 
Spielman reported that most shifts in the 
hatch are limited to less than 4 hours, 
employees are trained at the beginning 
of each shift in the hazards of lead 
exposure and foremen observing work 
in progress initiate corrective actions as 
appropriate (Ex. 612, pp. 3-4). Some 
stevedoring companies are starting to 
use cranes and front-end loaders with 
enclosed cabs to move the ore and 
suction trucks instead of using manual 
sweeping/trimming (Ex. 583-63, p. 1).

A dditional Controls. OSHA’s analysis 
of the record in the previous section 
indicates that in almost all operations 
exposure levels already are at or below 
50 pg/m3 most of the time (Exs. 577, pp.
4, 8; 612, pp. 8-9). Eighty-five percent of 
all sampling results are at or below 50 
pg/m3, and a majority of sampling 
results in 10 of 11 operations are at or 
below 50 pg/m3. In addition, the vast 
majority of all sampling results are 
below the action level. Based upon that 
record and OSHA’s own experience and 
expertise, the Agency has concluded 
that in nearly all operations exposure 
levels can be controlled consistently to 
or below 50 pg/m3 with a modest 
modification or addition of controls, 
such as improving work practices,

housekeeping, and maintenance or, in 
certain situations, enclosing cabs of 
mobile equipment In sweeping/ 
trimming, the only operation where 
exposure levels are not already at or 
below 50 pg/m3 controlling exposures to 
or below 50 pg/m® will require 
implementation of some engineering 
controls (eg., HEPA vacuums or slurry 
pumping systems) as well as additional 
work practice controls (Ex. 686G, pp. 6 -  
7; Tr. 359, 368-69).

OSHA finds that in the stevedoring 
industry there are many available and 
simple engineering controls to further 
reduce employee exposure to lead, if 
necessary. For example, if exposures of 
mobile equipment operators are a 
problem, they can be reduced 
significantly by enclosing cabs and 
equipping them with tempered air and 
HEPA filters (Ex. 686G, p. 6). To ensure 
that operators keep the cab doors 
closed, a communication system, such 
as two-way radios, should also be 
provided. These control technologies 
have proven successful in other 
industries and OSHA determines that 
these controls can be applied to the 
stevedoring industry to consistently 
control exposure levels to or below 50 
pg/m8 (Ex. 604, p. 4).

There are other available engineering 
controls that can be implemented in this 
industry to reduce employee exposures. 
The exposures of employees can be 
reduced during loading and unloading 
by the use of the properly maintained 
rubber sock over the clamshell bucket to 
confine dust emissions as the ore is 
being discharged (Ex. 2-7, p. 5). The use 
of clamshell buckets to move the ore 
may even be replaced by automated, 
enclosed conveyor and chute systems 
which will eliminate employee 
exposures due to spillages from 
overloading the clamshell bucket (Ex.
577, p. 25). Finally, the use of two-ton 
superbags, otherwise known as Flexible 
Intermodal Bulk Containers (FIBCs), is 
another alternative to loading and 
unloading lead ore as a loose bulk cargo. 
FIBCs completely contain the ore, thus 
minimizing or eliminating the potential 
emission of dust. FIBCs have been used 
successfully in the stevedoring industry 
to handle other hazardous materials and 
have been tried with lead ore (Ex. 583- 
63, p. 1). OSHA determines that the use 
of FIBCs should largely eliminate the 
overexposure of workers in this 
industry.

In addition to engineering controls, 
good work practices are essential to 
achieve 50 pg/m3. They also are 
effective and low-cost ways of reducing 
employee exposure to lead. For 
example, standing upwind of the
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discharge pile and away from the 
immediate vicinity of the emissions 
source will reduce the exposure levels of 
both dockside and hatch workers (Ex. 
577, pp. 24-25). Frequent wetting of die 
ore with a fogging nozzle or other water 
sprayers to suppress blowing dust will 
further reduce employee exposures.
HSA reported that the lead ore in the 
five transfers was damp due to ocean 
atmospheric conditions. The HSA data 
indicate that maintaining the dampness 
of the ore is a successful method to 
control employee exposures (Ex. 612, p. 
1).

Exposures that result from spillages 
can also be reduced by appropriate 
work practices. By exercising greater 
care in crane operation so the clamshell 
bucket is not overloaded and by 
machining down the ridge of the bucket 
so lead ore does not adhere to the sides, 
spillages will be minimized, thus 
reducing exposure levels of employees. 
In the event of a spillage, immediate 
wetting down or vacuuming the spills 
will also control employee exposures (46 
FR 6221, January 21,1981; Ex. 620).

With regard to sweeping/trimming, 
the only operation in which exposures 
are generally above 50 pg/m3, exposure 
levels can be reduced to or below 50 pg/ 
m3 through implementation of simple 
work practices and engineering controls 

, which are readily available. The 
exposures of sweepers/trimmers can be 
reduced significantly by using a vacuum 
collection system rather than manually 
sweeping the remaining ore in the hatch. 
Instead of dry-sweeping, sweepers/ 
trimmers can also wash down remaining 
material to create a slurry that can be 
pumped to dockside stockpiles or 
railroad cars (Ex. 686G, p. 7). Not only 
will this technique contribute to the 
reduction of exposure for sweepers/ 
trimmers, but also it will reduce 
exposures of dockside workers by 
minimizing dust blowing from stockpiles 
(Tr. 359). In cases where manual 
sweeping/trimming continues to be 
used, providing portable ventilation 
systems should reduce exposure levels 
of these employees.

Implementation of administrative 
controls, which are part of work practice 
controls, will complement the 
effectiveness of engineering controls.
For example, limiting the number of 
hours sweepers/trimmers spend in the 
hatch or making sure these employees 
stay out of the hatch until after the fronts 
end loaders have finished their 
operation will greatly reduce their 
exposure levels (Ex. 612. pp. 2-4). 
According to Spielman, sweepers/ 
trimmers worked less than 4 hours in the 
hatch during any one shift (Ex. 612, p. 3).

Technological Feasibility Conclusion. 
Based upon the above analysis of the 
evidence in the record and OSHA’s 
experience and expertise, the Agency 
determines that achieving a PEL of 50 
pg/m3 by implementing readily 
available and work practice controls is 
technologically feasible for the 
stevedoring industry as a whole.

Through its analysis of the record, 
OSHA has demonstrated that in the 
stevedoring industry exposure levels for 
almost all operations already are at or 
below 50 pg/m3. This conclusion is in 
part based upon the fact that for almost 
all operations almost all sampling 
results are at or below 50 pg/m3.
OSHA’s conclusion is also predicated 
upon its determination that for those 
operations where exposure levels are 
above 50 pg/m3, exposure levels can be 
controlled consistently to or below 50 
pg/m3 by modest improvements in 
engineering or work practice controls. 
These readily available controls include 
installing enclosed cabs on mobile 
equipment; supplying these cabs with 
filtered air, HEP A filters and 
communication systems; wetting down 
the ore and spillages; using automated 
conveyor and chute systems; and 
replacing bulk cargo handling with 
FIBCs (Exs. 577, pp. 24-26; 612, p. 6).

For sweeping/trimming, the only 
operation which is not currently at or 
below 50 pg/m3, OSHA has determined 
that implementation of some engineering 
controls and improved work practices 
can reduce employee exposure levels 
consistently to or below 50 pg/m3. For 
this operation, engineering controls, 
such as vacuum and slurry pumping 
systems, are readily available. 
Maintaining lead ores wet throughout 
unloading and loading and limiting the 
time workers are in the hatch will 
substantially reduce employee exposure 
to lead dust. When these engineering 
and work practice controls are properly 
implemented, OSHA concludes that 
exposure levels in all stevedoring 
operations should be at or below 50 
pg/m3.

Industry has raised a number of 
objections that OSHA wishes to 
address. In most of these objections 
industry argues that it should be 
exempted from paragraph (e)(1) of the 
lead standard (Exs. 2-7, p. 6; 475-15, 
H-004E, p. 5; 582-1, p. 1).

First, industry commenters argue the 
stevedoring industry should be 
exempted from paragraph (e)(1) of the 
lead standard, because current 
employee exposure levels that exceed 50 
pg/m3 are intermittent and no employee 
is exposed above the PEL for more than 
30 days per year (Ex. 582-1, p. 1).

Although, it appears on the basis of the 
record evidence that no employee 
currently is exposed above the PEL for 
more than 30 days per year. The Agency 
nonetheless must reject the request for 
an industry-wide exemption.

Even if no employee is currently 
exposed above the PEL for more than 30 
days per year, these conditions may 
change. Demand for lead ore may 
increase or certain employers may 
choose to handle more shipments.
Where employees are or become 
exposed above the PEL for more than 30 
days in a year, OSHA is obligated to 
enforce the requirement of paragraph 
(e)(1) that the employer implement work 
practice and engineering controls to 
comply with the PEL. For that reason, 
among others, it would be inappropriate 
to grant an exemption to the industry 
from paragraph (e)(1).

Individual employers, and indeed all 
employers, may currently be entitled to 
the 30-day exemption in paragraph 
(e)(1), but that is not within the province 
of this rulemaking, which is examining 
the feasibility for the entire stevedoring 
industry of achieving 50 pg/m3 by 
means of engineering and work practice 
controls. In an enforcement proceeding 
on a citation for failure to implement 
paragraph (e)(1), an individual employer 
may show as a complete defense that he 
or she is exempt from the requirements 
of that paragraph. If the employer 
qualifies for the exemption, he or she 
still must comply with the PEL, but may 
do so using any combination of controls, 
including respirators. Employers who 
can demonstrate that none of their 
employees are exposed above the PEL 
for more than 30 days per year will not 
be impacted by paragraph (e)(1) of the 
lead standard.

Second, the stevedoring industry 
contends that the stevedoring industry 
should be exempted from paragraph 
(e)(1) of the lead standard because it 
lacks the legal capacity to control 
exposures because the mobile 
equipment are not owned by the 
stevedoring companies (Exs. 2-5, p. 2; 
475-17, H-004E, p. 1). OSHA does not 
regard the lack of ownership of the 
equipment as proof of infeasibility, since 
individual stevedoring companies can 
make appropriate contractual 
agreements with the owners of the 
equipment.

Third, industry contends that the 
stevedoring industry should be 
exempted because if it has to comply 
with paragraph (e)(1) of the lead 
standard, insurance carriers will stop 
insuring lead ore operations due to 
anticipated worker compensation 
claims. OSHA rejects this contention.



since the record indicates that the 
reason some insurance companies have 
terminated coverage for stevedoring 
employees is due to the industry’s lack 
of compliance with the lead standard. 
For example, one insurance company 
stated explicitly by letter to a 
stevedoring company that it was 
unwilling to insure the handling of lead 
ore unless the stevedore took measures 
to control employee exposures (Ex. 2-1, 
H -004S, pp. 3 -4 ).

Fourth, industry contends the 
stevedoring industry should be 
exempted from paragraph (e)(1) of the 
lead standard because stevedoring 
companies are unwilling to invest in 
such controls and may refuse to handle 
lead ores as a result (Exs. 2-1, H-004S,
pp. 3-4; 582-1, p. 2; 582-5, p. 3; 582-9, p. 
1). OSHA believes this is very unlikely 
to happen. In order to protect workers, 
OSHA regulates many substances, and 
industry nonetheless continues to 
handle or produce those substances. In 
any event, OSHA has no control over 
any stevedoring company’s decision on 
whether to handle lead ores. The 
Agency is mandated by the 
Occupational Safety and Health Act of 
1970 to develop and implement safety 
and health regulations to protect 
workers to the extent feasible. OSHA is 
not authorized to grant exemptions that 
effectively deny workers protection from 
health and safety hazards simply 
because an industry does not wish to 
expend the necessary effort to comply 
with a standard.

Finally, OSHA also determines that 
two other issues raised by industry 
commenters concerning the solubility of 
lead sulfide ores and health effects are 
not within the scope of the present 
remand rulemaking (Exs. 2-1, H-004S, 
pp. 5-8; 2-5, H-004S, p. 2; 475-17, fT- 
004E; 582-5).

In conclusion, based on its analysis of 
the record, OSHA has determined that 
in the stevedoring industry it is 
technologically feasible to achieve the 
PEL exclusively by means of engineering 
and work practice controls.

Industry Profile. Stevedoring 
companies are those companies which 
arrange for the manpower to load or 
unload cargo from seagoing vessels.
They are classified under SIC 4463.

The estimated number of stevedoring 
firms is 640, though only a minority of 
these firms are located in ports that 
handle lead shipments. Although some 
stevedoring companies may specialize 
in handling lead ores, it appears that, in 
any major port, there are several firms, 
perhaps a half dozen or more, that 
handle such cargo [Ex. 577, p. 19).

Total employment is estimated at 
59,456 employees. This workforce has a

high turnover rate, with workers 
entering, leaving, and re-entering the 
industry with relatively high frequency. 
Very few of these employees are 
involved in handling lead ore [Ex. 577, p, 
2). Information indicates that about 7 
shifts and a crew of 10 to 14 workers per 
shift are required to unload a shipment 
of ore [Exs. 582-5, p. 9; 612, pp. 2-4). 
Assuming 25 to 30 shipments per year 
yields a total of 2,100 to 2,500 workers 
potentially exposed to lead. This total 
represents no more than 4.2 percent of 
the total workforce.

The demand for stevedoring services 
is dependent upon the voluipe of 
material being traded. Import/export 
data for the period 1970-1986 tabulated 
by U.S. customs districts and by weight 
of the lead content of ore show that 
imports have been transported largely 
by raiL Total tonnage of imports was 
quite variable throughout the period, * 
with no clear trend evident. Data for 
more recent years (1985-1986) indicate 
that imports by vessel have increased. 
With regard to exports of lead ore, 
vessel share has been on a long term 
downward trend [Ex. 577, pp. 10-15).

An examination of geographical 
distribution shows that waterborne 
imports of lead ore have been 
concentrated in a limited number of 
customs districts, notably St. Louis, 
Missouri, Seattle, Washington, and 
Houston-Galveston, Texas. Waterborne 
imports through these districts, however, 
have been erratic [Ex. 577, pp. 10-15].

Waterborne exports have most 
recently been handled through Seattle, 
Washington, New Orleans, Louisiana, 
and Portland, Oregon [Ex. 577. p 12).

Over the last decade, only a  few ports 
have handled more than one or two 
shipments of lead ore annually.

The inability to acquire insurance has 
been cited by some commenters as one 
reason for foregoing the handling of lead 
bearing ores [Ex. 577, p. 16J.

Financial data for SIC 4463 (Marine 
Cargo Handling) were obtained from 
Robert Morris Associates and indicate 
an industrywide median profit before 
taxes to total assets ratio of 3.1% for the 
latest reporting period (5/30/85 to 3/31/ 
86). Ratios for earlier reporting periods, 
’83-’84 and ’84-’85, were and 5.5%, 
respectively (Ex. 577, p. 21]. Both 
average net sales and average profit 
before taxes increased between ’83-’84 
and ’84-*85 industrywide (by 10% and 
800%) but decreased over the following 
period (by 12% and 50%).

Costs of Compliance. The equipment 
required for unloading operations 
involving leaded ores include a portable 
skid-mounted sweeper at a cost of 
$50,000 per unit [Ex. 577, p. 27). One unit 
per stevedoring firm would be required.

Annualized capital costs (with an 
assumed useful life of twelve years and 
cost of capital of 10 percent) are $7,340. 
Operation and maintenance (O&M) 
expenses, estimated at 10 percent of 
capital plus $1,500 for filter replacement, 
would be $6,500.

Payloader cab enclosures and filters, 
estimated to cost $5,000 per vehicle, 
would also be required [Ex. 686c, p. 33]. 
Two such vehicles would need to be 
equipped per firm (Ex. 577, p. 271. (This 
cost may be avoided by those firms that 
rent payloaders). Annualized capital 
costs are $734 each and O&M expenses 
would be $3,600 each. Total annual costs 
for these enclosures are thus $4,334 per 
enclosure.

The estimated cost of acquiring a 
retro-fit clamshell cover is $800 to 
$1,000. Lips for die clamshell can also be 
retro-fit at $2,500 to $3,000.

Slurrying and pumping the final 
amounts of ore from the hold are options 
that may be used in  lieu of v a c u um 
sweeping. Costs for this equipment are 
expected to be approximately $1,000,000. 
Annualized costs would be $146,800 and 
O&M costs will be $100,000 annually. 
Total annual costs for this equipment 
are thus $246,800.

Conveyors and chutes have been 
prescribed to reduce exposure during 
loading. Most stevedoring firms are 
believed to have conveyors, but not 
chutes. Capital costs for this item are 
assumed to be at most $1,000. Annual 
costs are expected to be negligible.

Total costs per firm were estimated 
based on the following expenditures; for 
unloading operations, the v a c uum 
sweeping equipment would be $50,000, 
along with two payloader enclosures at 
$5,000 each, and clamshell attachments 
at $4,000. Total costs for this equipment 
would be $64,000. For loading 
operations, it is expected that $1,000 will 
be expended for the chute used in 
conjunction with a conveyor. Total 
capital costs per firm are thus $65,000.

Annual costs for the sweeper and 
payloader enclosures total $22,508, 
based on the calculations performed 
above. Animal costs for clamshell 
attachments and chutes are expected to 
be low, on the order of $600 (assuming a 
20 year useful life). Total annual cost per 
firm wa9 thus estimated to be $23,108.

Total annual industry costs are 
expected to be approximately $550,000 
to $830,000. This figure is based on an 
estimate that 24 to 38 firms are 
unloading lead ores (6 to 9 firms at each 
of 4 ports [Ex. 577, p. 11] with all firms 
complying fully).

Should flexible intermodal bulk 
containers (FIBCs) be found feasible for
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lead ore transport, compliance costs 
would be virtually eliminated.

Economic Feasibility. Based on 
information in the public record OSHA 
believes that no costs will be incurred 
by the stevedoring industry in response 
to this rulemaking action. OSHA’s 
reasoning is as follows:

Under paragraph (e)(1) of the lead 
standard, any employer who can 
demonstrate that workers are exposed 
to lead in excess of 50 pg/m3 for 30 or 
fewer days per year is permitted to use 
any combination of controls to achieve 
the PEL. Available data indicate that 
about 3 days (7 shifts) are required to 
unload a shipment of ore [Ex. 612, p. 2); 
thus, a stevedoring firm would need to 
unload 10 shipments per year for its 
employees to be exposed in excess of 
the 30 day limit. Import data indicate 
that it is highly unlikely that any one 
firm is handling such an abundance of 
ore, since only about 30 shipments are 
received annually by the U.S. overall, on 
average, and there are apparently a 
number of firms which handle ore in 
each port [Ex. 577, pp. 11,19]. Further, in 
the event that any individual firm were 
to find itself in a position to handle such 
a large amount of the lead cargo, the 
lead standard allows administrative 
controls to ensure that no employee is 
exposed in excess of 30 days per year. 
Even this strategy may not be necessary, 
however, as many jobs involving lead 
exposure apparently do not last a full 
shift [Ex. 612, p. 3] and the turnover rate 
in this industry is reported to be quite 
high [Ex. 577, p. 2].

OSHA therefore concludes that the 
stevedoring industry will incur no costs, 
and hence, will experience no economic 
impact as a result of this action.

III. Regulatory Flexibility and 
Environmental Impact Determinations.

Regulatory Flexibility Determination
In accordance with the Regulatory 

Flexibility Act (Pub. L. 96-353, 94 Stat. 
1664, 5 U.S.C. 601 et seq.), OSHA has 
made an assessment of the impact of 
this rulemaking action on small entities. 
As a result of this assessment, OSHA 
has determined that small entities in the 
nonferrous foundry industry could 
experience substantial impact as a 
result of this rulemaking action. 
However, since the Agency has 
determined that achieving the 50 pg/m3

PEL by means of engineering and work 
practice controls is economically 
infeasible for the nonferrous foundry 
industry, small foundries will face no 
adverse impact as a result of this rule.

Environmental Impacts
This rulemaking action has been 

reviewed in accordance with the 
requirements of the National 
Environmental Policy Act of 1969 
(NEPA), the Council on Environmental 
Quality NEPA regulations, and the 
Department of Labor’s NEPA 
compliance procedures and is not 
anticipated to have a significant impact 
on the external environment.

For the nine industries in this remand 
proceeding, the recommended 
techniques for controlling employee 
exposure to airborne lead principally 
involve the capture and containment of 
lead fume and dust. To comply with 
EPA and OSHA regulations, lead fume 
and dust are captured by ventilation 
systems or suppressed by wet methods. 
The effect of die 50 p-g/m3 PEL will be to 
increase the amount of lead currently 
being contained, either in the form dust 
ventilated to baghouse collection 
systems or lead-contaminated solutions. 
This increase was judged by OSHA to 
represent a small portion of all lead 
contaminated wastes currently being 
collected by any means. Thus, OSHA 
finds that there will be no significant 
environmental impact associated with 
this rulemaking. To the extent that lead 
dust is being prevented from entering 
ambient air and to the extent that 
wastes are disposed of in an 
environmentally acceptable manner, 
this regulation should provide some 
improvement of environmental quality.

IV. Authority
This document was prepared under 

the direction of Alan C. McMillan, 
Acting Assistant Secretary of Labor for 
the Occupational Safety and Health 
Administration, 200 Constitution 
Avenue NW., Washington, DC 20210.

List of Subjects in 29 CFR Part 1910
Lead, Occupational safety and health.
It is issued pursuant to sections 6(b) 

and 8(c) of the Occupational Safety and 
Health Act of 1970 (84 Stat. 1593; 29 
U.S.C. 655, 657), Secretary of Labor’s 
Order No. 9-83 (48 FR 35736), 29 CFR

T a b l e  I— Im p l e m e n t a t io n  S c h e d u l e

Part 1911, and 33 U.S.C. 941. Part 1910 of 
Title 29, Code of Federal Regulations, is 
hereby amended, for the reasons set 
forth in the preamble, by revising Table 
I of paragraph (e)(1) of § 1910.1025 and 
paragraph (r)(7)(i)(B) of § 910.1025 and 
by adding paragraph (r)(7)(i)(E) of 
§1910.1025.

Signed at W ashington, DC, this 28th day of 
June 1989.
Alan C. McM illan,
Acting A ssistant Secretary o f  Labor.

V. Amendments to Standard

PART 1910—OCCUPATIONAL SAFETY 
AND HEALTH STANDARDS

1. The authority citation for Subpart Z 
of Part 1910 continues to read as 
follows:

Authority: Secs. 6, 8 O ccupational Safety 
and Health A ct, 29 U.S.C. 655, 657; Secretary 
of Labor’s Orders 12-71 (36 FR 8754), 8 -76 (4 1 ' 
FR 25059), or 9 -8 3  (48 FR 35736) as applicable; 
and 29 CFR Part 1911.

Section 1910.1000 T ables Z - l ,  Z -2, Z -3  also 
issued under 5 U.S.C. 553.

Section 1910.1000 not issued under 29 CFR 
Part 1911, except for "A rsenic” and "Cotton 
Dust” listings in T able Z - l .

Section 1910.1001 also issued under Sec.
107 o f Contract W ork Hours and Safety 
Standards A ct, 40 U.S.C. 333.

Section 1910.1002 not issued under 29 
U.S.C. 655 or 29 CFR Part 1911; also issued 
under 5 U.S.C. 553.

Sections 1910.1003 through 1910.1018 also 
issued under 29 U.S.C. 653.

Section 1910.1025 also issued under 29 
U.S.C. 653 and 5 U.S.C. 553.

Section 1910.1028 also issued under 29 
U.S.C. 653.

Section 1910.1043 also issued under 5 
U.S.C. 551 et seq.

Sections 1910.1045 and 1910.1047 also 
issued under 29 U.S.C. 653.

Section 1910.1048 also issued under 29 
U.S.C. 653.

Sections 1910.1200,1910.1499 and 1910.1500 
also issued under 5 U.S.C. 553.

2. Part 1910 of Title 29 of the Code of 
Federal Regulations is hereby amended 
in § 1910.1025 by revising Table I of 
paragraph (e)(1) and paragraph 
(r)(7)(i)(B) and by adding paragraph 
(r)(7)(i)(E) to read as follows:

§1 910 .1 0 2 5  Lead.
* * * * *

(e) Methods of compliance—(1) 
Engineering and work practice controls.
h ★  ★

Industry1
Compliance dates

200 ftg/m s 100 pg/m 3 50 pg/m 3

<3)
<3)

2 June 29,1984.......
«June 29, 1984.......

«June 29, 1991. 
«June 29, 1986.Secondary lead production.......................... .................. ..................*.......... ................... ........ .—................a.....^.....
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T a b l e  I— Im p l e m e n t a t io n  S c h e d u l e — Continued

Industry1 Compliance dates

200 pg/m * 100 pg/m *

(s) »June 29, V 9 8 3 ..... »June 29, 1986.
(s) N /A ........ ................. »June 29, 1988.
(8) N /A .......................... »June 29, 1982.

(*) N /A .... ..................... 45 years.
(s) N /A .......................... N/A.
(8) N /A .......................... *2V t years.

Lead acid battery manufacture.... ..................................
Automobile manufacture/solder grinding........ ................ . .............. “............................................ *................

E'^re?c^r^nirfa^r^and^n^g^an.U.^ ^ e.,...PaintS and
manufacture’ lea<* chemical manufacture, and secondary copper smelting.... ......... ..

All other industries............... . ...............................................“................................. ..—*...................

‘ s. »ncHlay activities located on the same worksite. 

implementation6 offw agraF^1 (eH lf^the^um bw  o fv la rs  ’SDecifierTfor^hn ®t « fS Su|3fe!T?  9 0urt denied certiorari and lifted the stay on the^  stuns
“  « K S ? ^ s s a s a y i Tabte z-2 0129 ̂  ,9,o-,oo°- « *- *• —« * - w*

p essed as the number of years from the date on which the court lifts the stay on the implementation of paragraph (eKD for the particular industry.

(r) Startup dates.
* * * * *

(7)(i) * * *
(B) Employers in secondary lead 

smelting and refining and in lead storage

battery manufacturing—1 year from the 
effective date.
* * * * *

(E) All other industries—1 year from 
the date on which the court lifts the stay

on the implementation of paragraph 
(e)(1) for the particular industry.

[FR Doc. 89-15853 Filed 8-30-89; 2:12 pm]
BILLING CODE 4510-26-M
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DEPARTMENT OF DEFENSE

GENERAL SERVICES 
ADMINISTRATION

NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION

48 CFR Parts 1 ,4 ,7 ,8 ,1 4 ,1 5 ,1 7 ,1 9 ,
22 ,25 ,36 ,37 ,38 ,47 ,51 ,52 , and 53
[Federal Acquisition Circular 84-49]

RiN: 9000-AC60; 9000-AC04; 9000-AC37; 
9000-AC20; 9Q0C-AC22; 9000-AC55; 9000- 
AA97

Federal Acquisition Regulation (FAR); 
Miscellaneous Amendments
AGENCIES: Department of Defense 
(DoD), General Services Administration 
(GSA), and National Aeronautics and 
Space Administration (NASA). 
a c t io n : Final rules.

s u m m a r y : Federal Acquisition Circular 
(FAC) 84-49 amends the Federal 
Acquisition Regulation (FAR) with 
respect to the following: Contractor 
Establishment Codes; Revisions to 
Federal Supply Schedules; Master 
Solicitations; Revision of S F 1409, 
Abstract of Offers; OF 1419, Abstract of 
Offers—Construction; Extension after 
Performance (Options); Small Business 
Subcontracting Plans for Contracts with 
Options; English Translation of 
Contracts; Competition in Contracting 
Act—Protests; Protests to GAO; SF 1417, 
Pre-solicitation Notice (Construction 
Contract); Payment for Solicitation 
Documents (Construction), and Editorial 
Changes.
EFFECTIVE D A T?: August 10, 1989.
FOR FURTHER INFO RM ATIO N CONTACT: 
Margaret A. Willis, FAR Secretariat, 
Room 4041, GS Building, Washington,
DC 20405, (202) 523-4755. Please cite 
FAC 84-49.
SUPPLEMENTARY INFO RM ATIO N:

A. Background
FAC 84-49, Item  VI. Award of 

contracts for recurring and continuing 
service requirements are often delayed 
due to circumstances beyond the control 
of contracting offices. Examples of 
circumstances causing such delays are 
bid protests and alleged mistakes in bid. 
Pending resolution of these 
circumstances, contracting officers are 
forced to negotiate short extensions to 
existing contracts. Changes are being 
made to FAR 17.208, 37.111, and 52.217-8 
to permit contracting offices to include 
an option provision which will enable 
the Government to require continued 
performance of any services within the 
limits and at the rates specified in the

contract. The option provision could be 
exercised more than once, but the total 
extension of performance thereunder 
could not exceed 6 months.

FAC 84-49, Item s IX  andX . The 
interim rule in FAC 84-8, Item III, 
implemented requirements of sections 
2713 and 2741, Pub. L. 98-369, the 
Competition in Contracting Act (CICA) 
of 1984, regarding procedures for filing 
protests with the General Accounting 
Office and the General Services Board 
of Contract Appeals. The interim rule 
also implemented Justice Department 
advice that the GAO “stay” provisions 
in 31 U.S.C. 3553 (c) and (d) and the 
GAO “damages” provision in 31 U.S.C. 
3554(c) regarding payment of costs of 
filing and pursuing a protest and 
preparing the bid and proposal, are 
unconstitutional.

The interim rule in FAC 84-9 revised 
FAC 84-6, Item III, coverage to 
implement revised Justice Department 
advice regarding the "stay” and 
“damages” provisions of CICA.

The final rule also revises the clause 
at 52.212-13, Stop-Work Order, the 
clause at 52.212-14, Stop Work Order— 
Facilities, and the clause at 52.233-3, 
Protest After Award. The clause 
revisions are based on a public 
comment received recommending that 
language concerning equitable 
adjustments be revised to allow 
contractors 30 days to assert a right to 
an adjustment after the end of a period 
of work stoppage. The revised clause 
language is consistent with revisions 
made in FAC 84-29, Item X, “FAR 
Changes Clauses”, which was published 
as a final rule in the Federal Register on 
August 12,1987 (52 FR 30074).

B. Regulatory Flexibility Act

FAC 84-49, Item s I  thru VII, X I and  
XII. DoD, GSA, and NASA certify that 
the Regulatory Flexibility Act (Pub. L. 
96-354) does not apply to these final 
rules because each revision is not a 
“significant revision” as defined in FAR 
1.501-1; i.e., it does not alter the 
substantive meaning of any coverage in 
the FAR having a significant cost or 
administrative impact on contractors or 
offerors, or a significant effect beyond 
the internal operating procedures of the 
issuing agencies.

FAC 84-49, Item  VIII. DoD, GSA, and 
NASA certify that this final rule will not 
have a significant economic impact on a 
substantial number of small entities 
under the Regulatory Flexibility Act, 5 
U.S.C. 601, et seq., because the 
translation inconsistency clause is 
routinely used in overseas contracts 
when prospective vendors require a 
translation into a local language.

FAC 84-49, Item s IX  andX . A Final 
Regulatory Flexibility Analysis 
pertaining to CICA protest coverage has 
been prepared in accordance with the 
Regulatory Flexibility Act of 1980, Pub.
L. 96-354, is on file in the FAR 
Secretariat, and will be submitted to the 
Chief Counsel for Advocacy, Small 
Business Administration.

C. Paperwork Reduction Act

FAC 84-49, Item s I  thru X  andX II.
The Paperwork Reduction Act (Pub. L  
96-511) does not apply because these 
final rules do not impose any reporting 
or recordkeeping requirements or 
collection of information from offerors, 
contractors, or members of the public 
which require the approval of OMB 
under 44 U.S.C. 3501, et seq.

FAC 84-49, Item  XI. The information 
collection requirements in this rule have 
been approved by the Office of 
Management and Budget (OMB) as 
required by 44 U.S.C. 3501, et seq., under 
OMB Control Number 9000-0037.

D. Public Comments

FAC 84-49, Item  III. On October 21, 
1988, a proposed rule was published in 
the Federal Register (53 FR 41535). The 
comments that were received were 
considered by the Councils in the 
development of this final rule.

FAC 84-49, Item  VI. On February 9, 
1988, a proposed rule was published in 
the Federal Register (53 FR 3814). The 
comments that were received were 
considered by the Councils in the 
development of this final rule.

FAC 84-49, Item  VII. On August 25, 
1988, a proposed rule was published in 
the Federal Register (53 FR 32558). The 
comments that were received were 
considered by the Councils in the 
development of this final rule.

FAC 84-49, Item  VIII. On February 26, 
1988, a proposed rule was published in 
the Federal Register (53 FR 5928). The 
comments that were received were 
considered by the Councils in the 
development of this final rule.

FAC 84-49, Item s IX  andX . On 
January 15,1985,. Item III of Federal 
Acquisition Circular (FAC) 84-6 was 
published as an interim rule in the 
Federal Register (50 FR 2268). On June 
20,1985, FAC 84-9, which revised Item 
III of FAC 84-6, was published as an 
interim rule in the Federal Register (50 
FR 27969). The comments that were 
received were considered by the 
Councils in the development of this final 
rule»
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List of Subjects in 48 CFR Parts 1 ,4 ,7 ,8 ,  
14,15,17,19, 22 ,25 ,36 ,37 ,38 ,47 ,51 ,52 , 
and 53

Government procurement 
Dated: July 3,1987.

Harry S. Rosinski,
Acting D irector, O ffice o f  F ed eral A cquisition  
and R egulatory Policy.

Unless otherwise specified, all 
Federal Acquisition Regulation (FAR) 
and other directive material contained 
in FAC 84-49 is effective August 9,1989. 
Eleanor Spector,
A ssistant Secretary o f  D efense fo r  
Procurement, DOD.
Richard H. Hopf, HI,
A ssociate A dm inistrator fo r  O ffice o f  
A cquisition Policy, GSA.
S. J. Evans,
A ssociate A dm inistrator fo r  Procurement, 
NASA,

Federal Acquisition Circular (FAC) 
84-49 amends the Federal Acquisition 
Regulation (FAR) as specified below:

Item I—Contractor Establishment Codes
FAR 15.406-2 is revised and 4.602(d), 

4.603, and a provision at 52.204-4 are 
added for use in all solicitations in 
excess of $25,000 requesting offerors to 
identify their Contractor Establishment 
Codes, if available. If the apparent 
awardee does not identify its code, the 
contracting office shall obtain one as 
specified in the EPOS Reporting Manual.

Item II—Revisions to Federal Supply 
Schedules

FAR 8.401, 8.404,8.406, and 38.201(b) 
are revised for editorial and clarification 
purposes, and 38.202 is revised to update 
the criteria used in establishing a 
Federal Supply Schedule.

Item III—-Master Solicitations
FAR 14.203-3 and 15.408(d) are added 

to provide coverage on the use of master 
solicitations.

Item IV—Revision of Standard Form 
(SF) 1409, Abstract of Offers

FAR 14.403(a) and 53.214(f), are 
revised to prescribe SF 1409 and SF 
1410. FAR 53.301-1409 is revised to 
illustrate the latest edition of SF 1409, 
Abstract of Offers, and 53.301-1410 is 
added to illustrate SF 1410, Abstract of 
Offers-Continuation Sheet.
Item V—Optional Form (of) 1419,
Abstract of Offers—Construction

FAR 14.403(a), Subpart 36.7, 36.700, 
and 36.701(d) are revised, and 53.302- 
1419 and 53.302-1419A are added to 
prescribe OF 1419 and OF 1419A to 
make the forms more functional when 
recording offers from seven or more

offerors and/or recording offers when 
the construction contract solicitation 
requires individual offers on 14 or more 
line items.

Item VI—Extension After Performance 
(Option)

FAR 17.208 and the Clause at 52.217-8 
are revised, and 37.111 is added, to 
permit contracting officers to include in 
service contracts an option provision 
which will enable the Government to 
extend performance for short periods of 
time.

Item VII—Small Business 
Subcontracting Plans for Contracts with 
Options

FAR 19.704(c) is amended to clarify 
and to specify that the subcontracting 
plans for contracts containing options 
that meet the required threshold for 
requiring such plans must separately 
address goals for both the basic contract 
term and each option. It also amends the 
clause at FAR 52.219-9, Small Business 
and Small Disadvantaged Business 
Subcontracting Plan, by inserting 
conforming language in the contract 
clause.

Item VIII—-English Translation of 
Contracts

FAR Subpart 25.9 is revised to add 
language prescribing the use of the 
clause at FAR 52.225-14, Inconsistency 
Between English Version and 
Translation of Contract, whenever 
translation of a  contract into a foreign 
language is anticipated.

Items IX and X —Competition in 
Contracting Act (CICA)—Protests and 
Protests to the General Accounting 
Office (GAO)

These items covert to final rule the 
following interim rules:

FAC 84-8, Item III, “Protests", which 
was published as an interim rule and 
request for comment in the Federal 
Register on January 15,1985 (50 FR 
2268).

FAC 84-9, which was published as an 
interim rule and request for comment in 
the Federal Register on June 20,1985 (50 
FR 25680) and July 9,1985 (50 FR 27969).

In consideration of public and agency 
comments received in connection with 
the above referenced interim rules, these 
items revise die following contract 
clauses:

The clause at 52.212-13, Stop-Work 
Order.

The clause at 52.212-14, Stop Work 
Order-Facilities.

The clause at 52.233-3, Protest After 
Award. Item III of FAC 84-6 
implemented—

Requirements o f Sections 2713 and 
2741, Pub. L. 98-369, the Competition in 
Contracting Act (CICA) o f 1984, 
regarding procedures for filing protests 
with the General Accounting Office and 
the General Services Board of Contract 
Appeals, ami

Justice Department advice that the 
GAO “stay” provisions in 31 U.S.C. 3553 
(c) and (d) and the GAO “damages" 
provision in 31 US.C. 3554(c) regarding 
liability for the costs of filing and 
pursuing a protest and preparing the bid 
and proposal, are unconstitutional 

FAC 84-9 revised the above 
referenced FAC 84-6 coverage to 
implement revised Justice Department 
advice regarding the “stay" and 
“damages" provisions of CICA.

The clause revisions are based on a  
comment received recommending that 
language concerning equitable 
adjustments be revised to allow 
contractors 30 days to assert a right to 
an adjustment after the end of a  period 
ofwork stoppage.

The revised clause language is 
consistent with revisions made in FAC 
84-29, Item X, FAR Changes Clauses, 
which was published as a final rule in 
the Federal Register on August 12,1987 
(52 FR 30074).

Item XI—Standard Form (SF) 1417, 
Presolicitation Notice (Construction 
Contract)

FAR 53.236-l(a), 53.301-1417, and SF 
1417, Pre-solicitation Notice 
(Construction Contact), are revised to 
require firms to include a telephone 
number in Block 17 when expressing 
interest in bidding on a construction 
project.

Item XII—Payment for Solicitation 
Documents (Construction)

FAR 53.236-lfa), 53.301-1417, and SF 
1417, Pre-solicitation Notice 
(Construction Contract), are revised to 
substitute “check or money order” for 
“certified check, cashier’s check or 
money order" in the instructions block 
of the form. Block 12 is revised to reflect 
the laqguage used in die FAR by 
inserting the word “Plan” instead of 
“Program.”

Item XlII-Editorial Changes

FAR 1.105 is revised to add an 
approved OMB Control Number 9000- 
0097 pertaining to Taxpayer 
Identification Number, published as an 
interim rule (Item I, FAC 84-40) in the 
Federal Register on October 26,1988 (53 
FR 43386).

FAR 1.201-19(b), 8.001 (a)(l)(v);
19.1004; 25.406, 38.101(e), and 52.102(c)(3) 
are revised to reflect the agency name
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change from “The Veterans 
Administration” to “The Department of 
Veterans Affairs”.

FAR 7.403(b)(2), 8.401(b), 8.404-3(a), 
47.105(a)(1), 51.103, 51.103(a) (1) and (2),
51.103 (b) and (c), 51.104(b)(3), Subpart 
51.2, 51.200, 51.201 (a) and (c), 51.202(a)
(2) and (5), 51.202(d), 51.204, 51.205, and 
52.251-2 are revised to reflect current 
General Services Administration 
organizational structure.

FAR 22.608—2(f)(2) and 22.608-3(b)(2) 
are revised to reflect a change in an SBA 
designated point of contact.

FAR 52.232-25 is corrected to add 
subdivision (a)(3)(iv) which was 
inadvertently omitted in the final rule 
pertaining to Prompt Payment (Item I, 
FAC 84-45) and published as a final rule 
in the Federal Register on March 31,
1989 (54 FR 13332).

Therefore, 48 CFR Parts 1, 4, 7, 8,14,
15,17,19, 22, 25, 36, 37, 38, 47, 51, 52, and 
53 are amended as set forth below:

1. The authority citation for 48 CFR 
Parts 1, 4, 7, 8 ,14 ,15 ,17 ,19 , 22, 25, 36, 37, 
38,47, 51, 52, and 53 continues to read as 
follows:

Authority: 40 U.S.C. 486(c); 10 U.S.C. 
Chapter 137; and 42 U.S.C. 2473(c).

PART 1—FEDERAL ACQUISITION 
REGULATIONS SYSTEM

2. Section 1.105 is amended by adding 
in numerical order, two FAR segments 
and a corresponding OMB Control 
Number to read as follows:

1.105 OMB Approval under the Paperwork 
Reduction A ct
* * * * *

FAH segment cw&rtNo.

*  *  # ♦  *

4.9.............................................................  9000-0097
*  *  *  *  •

52.204-3...................................... ............. 9000-0097
• #  *  *  *

1.201-1 [Amended]
3. Section 1.201-1 is amended by 

removing in paragraph (b)(2) the words 
“Veterans Administration” and inserting 
in their place “Department of Veterans 
Affairs”.

PART 4—ADMINISTRATIVE MATTERS

4. Section 4.602 is amended by adding 
paragraph (d) to read as follows:

4.602 Federal Procurement Data System. 
* * * * *

(d) The contracting officer shall obtain 
and report a Contractor Establishment 
Code for each awardee from information

on file or available to the contracting 
office, or by using the procedures at 
4.603. When appropriate, offerors shall 
be request to identify their Contractor 
Establishment Code, if available. If the 
apparent awardee does not identify its 
code, the contracting office or other 
designated agency office shall request a 
code using the procedures in the FPDS 
Reporting Manual or in accordance with 
agency procedures. Requests for codes 
shall be made by Government offices 
and only for the apparent awardees.

5. Section 4.603 is added to read as 
follows:

4.603 Solicitation provision.
The contracting officer shall insert the 

provision at 52.204-4, Contractor 
Establishment Code, in all solicitations 
exceeding the small purchase limitation 
in Part 13 when there is a reasonable 
expectation that an award may be made 
to an offeror whose Contractor 
Establishment Code is not available to 
the contracting office but will be 
available to the offeror(s).

PART 7—ACQUISITION PLANNING

7.403 [Amended]
6. Section 7.403 is amended in 

paragraph (b)(2) by removing the words 
“Office of Procurement” and inserting in 
their place “Office of Commodity 
Management”.

PART 8—REQUIRED SOURCES OF 
SUPPLIES AND SERVICES

8.001 [Amended]
7. Section 8.001 is amended in 

paragraph (a)(l)(v) by removing the 
words "Veterans Administration” and 
inserting in their place “Department of 
Veterans Affairs”.

8. Section 8.401 is amended by 
revising paragraph (b) to read as 
follows:

6.401 General.
* * * * *

(b) Ordering offices may request 
copies of schedules by completing GSA 
Form 457, FSS Publications Mailing List 
Application, and mailing it to the GSA 
Centralized Mailing Lists Services, 819 
Taylor Street, P.O. Box 17077, Fort 
Worth, Texas 76102-0077. Copies of 
GSA Form 457 and the GSA publication 
titled "GSA Supply Catalog” (which 
includes a listing of schedules and 
information on the use of schedules) 
may also be obtained from the above 
address.

9. Section 8.404 is amended by 
redesignating existing paragraphs (a) 
and (b) as (b) and (c), and by adding a 
new paragraph (a) to read as follows:

8.404 Using schedules.
(a) The planning, solicitation, and 

award phases of Federal Supply 
Schedules comply with FAR 
requirements. Consequently, contracting 
officers need not seek further 
competition, synopsize the solicitation 
or award, determine fair and reasonable 
pricing, or consider small business-small 
purchase set-aside procedures when 
placing an order under a Federal Supply 
Schedule.
* * * * *

8.404-3 [Amended]
10. Section 8.404-3 is amended in 

paragraph (a) by removing in the first 
sentence the words “Assistant 
Administrator, Office of Federal Supply 
and Services (F)” and inserting in their 
place “Commissioner, Federal Supply 
Service (F)”.

11. Section 8.406 is amended by 
adding a fourth and fifth sentence to 
read as follows:

8.406 Blanket purchase agreements.
* * * When establishing dollar 

limitations for BPA’s established against 
Federal Supply Schedules pursuant to 
13.204(b), the limitations apply to 
individual orders placed under the BPA 
and are those prescribed in the 
Maximum Order Limitation clause for 
the particular schedule contract. No 
limitation is imposed on the total BPA 
unless specified by agency procedures.

PART 14—SEALED BIDDING

12. Section 14.203-3 is added to read 
as follows:

14.203-3 Master solicitation.
(a) Definition. “Master solicitation,” 

as used in this subsection, means a 
document containing special clauses 
and provisions that have been identified 
as essential for the acquisition of a 
specific type of supply or service that is 
acquired repetitvely.

(b) Use. The master solicitation is 
provided to potential sources who are 
requested to retain it for continued and 
repetitive use. Individual solicitations 
shall reference the date of the current 
master solicitation and any changes 
thereto. Copies of the master solicitation 
shall be made available on request. 
Cognizant contract administration 
activities shall be provided a current 
copy of the master solicitation.

13. Section 14.403 is amended by 
revising paragraph (a) to read as 
follows:

14.403 Recording of bids.
(a) Standard Form 1409, Abstract of 

Offers, or Optional Form 1419, Abstract



of Offers—Construction (or automated 
equivalenti, shall be completed and 
certified as to its accuracy by the bid 
opening officer as soon after bid opening 
as practicable. Where bid items are too 
numerous to warrant complete recording 
of all bids, abstract entries for 
individual bids may be limited to item 
numbers and bid prices. In preparing 
these forms, the extra columns and SF 
1410, Abstract of Offers—Continuation, 
and OF 1419A, Abstract of Offers— 
Construction, Continuation Sheet, may 
be used to label and record such 
information as the contracting activity 
deems necessary.

PART 15— CO NTRACTING  BY  
NEG O TIATION

14. Section 15.406-2 is amended by 
revising paragraph {a)(3)(viii} to read as 
follows:

15.406-2 Part I—The Schedule.
(a) * * *
(3) * * *
(viii) Requirement for the offeror or 

quoter to provide its name and complete 
address, including street, city, county, 
State, and Zip Code.
*  *  *  *  *  -

15. Section 15.406 is amended by 
adding paragraph (d) to read as follows:

15.408 Issuing solicitations. 
* * * * *

(d) A master solicitation may be used 
for negotiated acquisitions, subject to 
the criteria and procedures in 14.203-3.

PART 17— SPECIAL CO NTRACTING  
METHODS

18, Section 17.208 is amended by 
revising paragraph (f) to read as follows:

17.208 Solicitation provision and contract 
clauses.
* * * * *

(f) The contracting officer shall insert 
a clause substantially the same as the 
clause at 52.217-8, Options to Extend 
Services, in solicitations and contracts 
for services when the inclusion of an 
option is appropriate. (See 17.200,17.202, 
and 37.111.)

PART 19—SMALL BUSINESS AND 
SMALL DISADVANTAGED BUSINESS 
CONCERNS

17. Section 19.704 is amended by 
adding paragraph (c) to read as follows:

19.704 Subcontracting plan requirements. 
* * * * *

(c) For contracts containing options, 
the cumulative value of the basic

contract and al! options is considered in 
determining whether a subcontracting 
plan is necessary (see 19.705-2(a)). I f  a  
plan is  necessary and the offeror is 
submitting an individual contract plan, 
the plan shall contain all. die elements 
required by 19.704(a) and shall contain 
separate parts, one for the basic 
contract and one for each option.

19.1004 {Amended]
18. Section 19.1004 is amended by 

removing the words “Veterans 
Administration“ and inserting in their 
place “Department of Veterans Affairs",

PART 22—APPLIC A TIO N  OF LABOR  
LAW S TO  G OVERNM ENT  
A C Q U ISITIO N S

22.608- 2 [Amended]

22.608- 3 [Amended]
19. Section 22.608-2 is amended in 

paragraph (f)(2) and section 22.808-3 is 
amended In paragraph (b)(2) by 
removing In both places die words 
“Administrator of the SBA " and 
inserting in their place “SBA Regional 
Officer serving the geographical area in 
which the principal office of the small 
business concern is located".

PAR T 25— FO R EIG N A C Q U IS IT IO N  

25.406 [Amended]
20. Seciion25.406 is revised at the end 

of the agency listing by removing the 
words “Veterans Administration” and 
inserting in their place “Department of 
Veterans Affairs”.

21. Subpart 25.9 is revised to read as 
follows:

Subpart 25.9—Additional Foreign 
Acquisition Clauses
Sec.
25901 Omission of the examination of 

records clause.
25.902 Inconsistency between English 

version and translation of contract

Subpart 25.9—Additional Foreign 
Acquisition Clauses

25.901 Omission o f examination of 
records clause.

(a) D efinition. “Foreign contractor," as 
used in this subpart, means a contractor 
or subcontractor organized or existing 
under die laws o f a country other than 
the United States, its territories, or 
possessions.

(b) Policy. As required by 10 U.S.C. 
2313,41 U.S.C. 254, and 15.106-l(b](3), 
the contracting officer shall consider for 
use in negotiated contracts with foreign 
contractors, whenever possible, die 
clause at 52.215-1, Examination of 
Records by Comptroller General.
Omission of the clause should be

approved only after the contracting 
agency, having considered such factors 
as alternate sources o f supply, 
additional cost, and time of delivery, has 
made all reasonable efforts to include 
the clause.

(c) Conditions for omission. (l)(i) The 
contracting officer may omit the clause 
at 52.215-1, Examination of Records by 
Comptroller General, from contracts 
with foreign contractors—

(A) If the agency head determines, 
with the concurrence of the Comptroller 
General or a  designee, the omission of 
the clause will serve the public interest; 
or

(B) If the contractor is a  foreign 
government or agency thereof or is 
precluded by the laws of the country 
involved from making its books, 
documents, papers, or records available 
for examination, and the agency head 
determines, aft«* taking into account the 
price and availability of the property or 
services from domestic sources, that 
omission of the clause best serves the 
public interest.

(ii) When a  determination under 
subdivision (c)(l){i)(B) o f this section is 
the basis for omission of the clause at 
52^15-1, Examination of Records by 
Comptroller General, the agency head 
shaft forward a written report to the 
Congress explaining the reasons for foe 
determination.

(d) Determination and findings. The 
determination and findings shall—

(1) Identify the contract and its 
purpose, and whether it is a  contract 
with a foreign contractor or with a 
foreign government or agency thereof;

(2) Describe the efforts to include the 
clause;

(3) State the reasons for the 
contractor’s refusal to include the 
clause;

(4) Describe the price and availability 
of the property or services from the 
United States and other sources; and

(5) Determine that it will serve the 
interest of the United States to omit the 
clause,

25.902 inconsistency between English 
version and translation o f contract

The contracting officer shaft insert the 
clause at 52.225—14, Inconsistency 
Between English Version and 
Translation o f Contract, in solicitations 
and contracts whenever translation into 
another language is anticipated.

PART 36—CONSTRUCTION AND 
ARCHITECT-ENGINEER CONTRACTS

22. Subpart 36.7 is amended by 
revising the tide to  read as follows:
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Subpart 36.7—Standard and Optional 
Forms for Contracting for 
Construction, Architect-Engineer 
Services, and Dismantling, Demolition, 
or Removal of Improvements

23. Section 36.700 is revised to read as 
follows:

36.700 Scope of subpart.
This subpart sets forth requirements 

for the use of standard and optional 
forms, prescribed in Part 53, for 
contracting for construction, architect- 
engineer services, or dismantling, 
demolition, or removal of improvements. 
These standard and optional forms are 
illustrated in Part 53.

24. Section 36.701 is amended by 
revising the section title and paragraph 
(d) to read as follows:

36.701 Standard and optional forms for 
use in contracting for construction or 
dismantling, demolition, or removal of 
improvements.

. Hr . Hr Hr Hr Hr

(d) Contracting officers may use 
Optional Form 1419, Abstract of 
Offers—Construction, and Optional 
Form 1419A, Abstract of Offers— 
Construction, Continuation Sheet, or the 
automated equivalents to record offers 
submitted in response to a sealed bid 
solicitation (see 14.403) and may also 
use them to record offers submitted in 
response to negotiated solicitations.
★  Hr Hr *  Hr

PART 37—SERVICE CONTRACTING

25. Section 37.111 is added to read as 
follows:

37.111 Extension of services.
Award of contracts for recurring and 

continuing service requirements are 
often delayed due to circumstances 
beyond the control of contracting 
offices. Examples of circumstances 
causing such delays are bid protests and 
alleged mistakes in bid. In order to 
avoid negotiation of short extensions to 
existing contracts, the contracting 
officer may include an option clause 
(see 17.208(f)) in solicitations and 
contracts which will enable the 
Government to require continued 
performance of any services within the 
limits and at the rates specified in the 
contract. However, these rates may be 
adjusted only as a result of revisions to 
prevailing labor rates provided by the 
Secretary of Labor. The option provision 
may be exercised more than once, but 
the total extension of performance 
thereunder shall not exceed 6 months.

PART 38—FEDERAL SUPPLY 
SCHEDULE CONTRACTING

38.101 [Amended]
26. Section 38.101 is amended in 

paragraph (e) by removing the words 
“Veterans Administration” and inserting 
in their place “Department of Veterans 
Affairs”.

27. Section 38.201 is amended by 
revising in paragraph (b) the second 
sentence to read as follows:

38.201 Coordination requirements.
*  *  Hr Hr Hr

(b) * * * This form shall be 
submitted to GSA, Federal Supply 
Service (FSS), FCO, Washington, DC 
20406, in duplicate, well in advance of 
solicitation preparation. * * *

28. Section 38.202 is amended by 
revising paragraph (a) and the 
introductory text of paragraph (c) and 
by removing in the first sentence of 
paragraph (c)(5) the words “per contract 
period” and inserting in their place "for 
a 1-year period”, to read as follows:

38.202 Criteria.
(a) To justify establishing or 

continuing a Federal Supply Schedule, 
the annual business volume expected 
from a particular Federal Supply 
Schedule should be as follows: National 
scope multiple-award schedule— 
$1,000,000; national scope single-award 
schedule—$500,000; regional service 
schedules—$250,000.
Hr Hr *  *  ★

(c) A special item number (SIN) 
should not be retained in a future 
multiple-award schedule when the 
anticipated purchases of the SIN will be 
less than $25,000 for a 1-year period. A 
new contract should not be awarded to 
a current supplier whose sales were less 
than $25,000 for the most recent 1-year 
period. An item (product or service) 
should not be retained in a future 
schedule when the anticipated 
purchases of the item will be less than 
$2,000 for a 1-year period. (For the 
purpose of these criteria, an item is 
defined as a product on a multiple- 
award schedule; or a National Stock 
Number (NSN) or SIN on a single-award 
schedule.) This policy does not apply to 
service contracts or to the following:
Hr Hr Hr *  Hr

PART 47—TRANSPORTATION

47.105 [Amended]
29. Section 47.105 is amended in 

paragraph (a)(1) by removing the words 
“Office of Transportation” and inserting 
in their place "Federal Supply Service 
Bureau”.

PART 51—USE OF GOVERNMENT 
SOURCES BY CONTRACTORS

51.102 [Amended]
30. Section 51.102 is amended in 

paragraph (c)(3) by removing in two 
places the words “Veterans 
Administration” and by inserting in both 
places the words "Department of 
Veterans Affairs”.

51.103 [Amended]
31. Section 51.103 is amended in the 

introductory text of paragraph (a) and in 
paragraphs (a) (1) and (2), by removing 
the words “or Personal Property 
Rehabilitation Price Schedules”; by 
removing in paragraph (b) the office 
symbol "FFN” and inserting in its place 
"FCO”; and by removing in paragraph
(c) the words “Office of Information 
Resources Management” and inserting 
in their place "Information Resources 
Management Service”.

32. Section 51.104 is amended by 
revising paragraph (b)(3) to read as 
follows:

51.104 Furnishing assistance to 
contractors.
* * * * *

(b) * * *
(3) A completed GSA Form 3525, 

Application for Customer Supply Center 
Services and (Address Change).

33. Subpart 51.2 is amended by 
revising the title and by removing all 
references to the "interagency motor 
pool” and inserting in each place 
“interagency fleet management system 
(IFMS)” in die sections listed below, to 
read as follows:

Subpart 51.2—Contractor Use of 
Interagency Fleet Management System 
(IFMS)

51.200
51.201(a)
51.201(c)
51.202(a)
51.202(a)(2)
51.202(a)(5)
51.202(d)
51.203(a)
51.204 section title and text
51.205 clause title and text

51.202 [Amended]
34. Section 51.202 is amended in 

paragraph (a)(4) by removing the 
citation “41 CFR 101-39.602” and 
inserting in its place "41 CFR 101-
38.301-1”, and in paragraph (d) by 
removing "41 CFR 101-39.8” and 
inserting “41 CFR 101-39.4”.

35. Section 51.203 is amended in the 
introductory text of paragraph (a) to 
read as follows:
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51.203 Means of obtaining service.
(a) Authorized contractors shall 

submit requests for interagency fleet 
management system (IFMS) vehicles 
and related services in writing to the 
appropriate GSA regional Federal 
Supply Service Bureau, Attention: 
Regional fleet manager, except that 
requests for more than five vehicles 
shall be submitted to General Services 
Administration, FBF, Washington, DC 
20406, and not to the regions. Each 
request shall include the following: 
* * * * *

51.204 [Amended]
36. Section 51.204 is amended by 

removing the citation “41 CFR 1‘. 1-39“ 
and inserting in its place “41 CFR 101- 
38“.

PART 52— SO LIC ITA TIO N  
PRO VISIO NS AND CO NTRACT  
CLAUSES

37. Section 52.204-4 is added to read 
as follows:

52.204-4 Contractor Establishment Code.
As prescribed in 4.603, insert the 

following provision:
Contractor Establishment Code (AUG 1989)

In the block with its name and address, the 
offeror should supply the Contractor 
Establistment Code applicable to that name 
and address, if known to the offerer. The 
number should be preceded by “CEC:” 
Offerors should take care to report the 
correct CEC and not a similar number 
assigned to the Offeror in a different system.

The CEC is a 9-digit code assigned to a 
contractor establishment that contracts with 
a Federal executive agency. The CEC system 
is a contractor identification coding system 
which is currently the Dun and Bradstreet 
Data Universal Numbering System (DUNS). 
The CEC system is distinct from the Federal » 
Taxpayer Identification Number (TIN) 
system.

The Government will obtain a Contractor 
Establishment Code for any awardee that 
does not have or does not know its CEC.
(End of provision)

38. Section 52.212-13 is amended by 
removing in the title of the clause the 
date “(APR 1984)” and inserting in its 
place “(AUG 1989);" by revising 
paragraph (b)(2); and by removing the 
derivation line following “(End of 
clause)" to read as follows:

52.212-13 Stop-work order. 
* * * * *

(b) * * *
(2) The Contractor asserts its right to 

the adjustment within 30 days after the 
end of the period of work stoppage; 
provided, that, if the Contracting Officer 
decides the facts justify the action, the 
Contracting Officer may receive and act

upon a proposal submitted at any time 
before final payment under this 
contract.
* * * * *

39. Section 52.212-14 is amended by 
revising the introductory text of the 
clause; by removing the date “(APR 
1984)" and inserting in its place “(AUG 
1989)"; by revising paragraph (b)(2); and 
by removing the derivative line 
following “(End of clause)” to read as 
follows:

52.212-14 Stop-work-order-facillties.

As prescribed in 12.505(c), insert the 
following clause. The “90-day" period 
stated in the clause may be reduced to 
less than 90 days.
* * * * *

(b) * * *
(2) The Contractor asserts its right to 

the adjustment within 30 days after the 
end of the period of work stoppage; 
provided, that, if the Contracting Officer 
decides the facts justify the action, the 
Contracting Officer may receive and act 
upon a proposal submitted at any time 
before final payment under this 
contract.
* * * * *

40. Section 52.217-8 is revised to read 
as follows:

52.217-8 Option to extend services.
As prescribed in 17.208(f), insert a 

clause substantially the same as the 
following:

Option to Extent Services (AUG 1989)
The Government may require continued 

performance of any services within the limits 
and at the rates specified in the contract. 
These rates may be adjusted only as a result 
of revisions to prevailing labor rates provided 
by the Secretary of Labor. The option 
provision may be exercised more than once, 
but the total extention of performance 
hereunder shall not exceed 8 months. The 
Contracting Officer may exercise the option 
by written notice to the Contractor within the 
period specified in the Schedule.
(End of clause)

41. Section 52.219-9 is amended by 
revising the introductory text; by 
removing in the title of the clause and in 
the Alternate I the date “(APR 1984)" 
and inserting in each place the date 
“(AUG 1989)"; and by revising the first 
sentence in paragraph (c) of the clause, 
and the first sentence in paragraphr (c) of 
the Alternate I; and by removing the 
derivation lines following “(End of 
clause)" and following paragraph (c) of 
Alternate I to read as follows:

52.219-9 Small Business and Small 
Disadvantaged Business Subcontracting 
Plan.

As prescribed in 19.708(b), insert the 
following clause:
* * * * *

(c) The offeror, upon request by the 
Contracting Officer, shall submit and 
negotiate a subcontracting plan, where 
applicable, which separately addresses 
subcontracting with small business concerns 
and with small disadvantaged business 
concerns. If the offeror is submitting an 
individual contract plan, the plan must 
separately address subcontracting with small 
business concerns and with small 
disadvantaged business concerns with a 
separate part for the basic contract and 
separate parts for each option (if any). The 
plan shall be included in and made a part of 
the resultant contract. The subcontracting 
plan shall be negotiated within the time 
specified by the Contracting Officer. Failure 
to submit and negotiate the subcontracting 
plan shall make the offeror ineligible for 
award of a contract.
* * * * *

Alternate I  (AUG 1989). When contracting 
by sealed bidding rather than by negotiation, 
substitute the following paragraph (c) for 
paragraph (c) of the basic clause:

(c) The apparent low bidder, upon request 
by the Contracting Officer, shall submit a 
subcontracting plan, where applicable, which 
separately addresses subcontracting with 
small business concerns and with small 
disadvantaged business concerns. If the 
bidder is submitting an individual contract 
plan, the plan must separately address 
subcontracting with small business concerns 
and with small disadvantaged business 
concerns with a separate part for the basic 
contract and separate parts for each option 
(if any). The plan shall be included in and 
made a part of the resultant contract * * *

42. Section 52.225-14 is added to read 
as follows:

52.225-14 Inconsistency between English 
version and translation of contract

As prescribed at 25.902, insert the 
following clause:
Inconsistency Between English Version and 
Translation of Contract (Aug 1989)

In the event of inconsistency between any 
terms of this contract and any translation 
thereof into another language, the English 
language meaning shall control 
(End of clause)

43. Section 52.232-25 is amended by 
adding paragraph (a)(3)(iv) to read as 
follows:

52.232-25 Prompt payment.
* * * * * „

(a) * * *
(3) * * *
(iv) If the contract does not require 

submission of an invoice for payment
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(e.g., periodic lease payments), the due 
date will be as specified in the contract. 
* ★  * * *

44. Section 52.233-? is amended by 
removing in the title of the clause the 
date “(JUN 1985),r and inserting in its 
place "(AUG 1989)”; and by revising 
paragraph (b)(2) to read as follows:

52.233-3 Protest after award.

(b) * * *
(2) The Contractor asserts its right to 

an adjustment within 30 days after the 
end of the period of work stoppage; 
p ro v id ed that if the Contracting Officer 
decides the facts justify the action, the 
Contracting Officer may receive and act 
upon a proposal submitted at any time 
before final payment under this 
contract
* * * * - #

52.251-2 [Amended]
45. Section 52.251-2 is amended by 

removing the words "interagency motor 
pool” and inserting in their place 
"interagency fleet management system”

in the section title, m the clause title, 
and in the first and second sentences of 
the clause; by inserting a colon 
following the word “clause” and 
removing the remainder of the sentence; 
by removing in the clause title the date 
"(APR 1984)” and inserting in its place 
"(AUG 1989)”; and by removing the 
derivation line following “(End of 
clause)”.

PART 53—FORMS

48. Section 53.214 is amended by 
revising the section title and paragraph 
(f) to read as follows:

53.214 Sealed bidding (SFs 26,30,33,129, 
1409,1410, and OF’sr 17, and 336).
* * * * *

(f) S F 1409 (REV. 9/88), A bstract o f  
O ffers, and SF 1410 (9/88), A bstract o f  
Offers-Continuation. SF 1409 and SF  
1410 are p rescribed  fo r  use in  recording  
bids, as sp ecified  in 14.403(a).
♦ # # # #

47. Section 53.238-1 is amended by 
revising the section title and the

introductory heading of paragraph (a); 
by removing " ( I f ’ and "(2)” in the 
introductory text; by removing and 
reserving paragraph (c); and by adding 
paragraph (g) to read as follows:

53.236-1 Construction (SF’s 1417,1420, 
1442, and O Fs 347,1419, and 1419A).
h 1t + * . *

(a) S F  1417 (REV 12/88), Pre- 
Solicitation N otice (Construction 
Contract). * * *
* # * * #

(g) OF 1419 (11/88), A bstract o f  
Offers-Construction, and OF 1419A (11/ 
88), A bstract o f  Offers-Construction, 
Continuation S h eet  OF’s 1419 and 
1419A are prescribed for use in 
recording bids (and may be used for 
recording proposal evaluation 
information), as specified in 30.701(d).

48. Section 53.301-1409 is revised to 
read as follows:

53.301-1409 Standard Form 1409, 
Abstract of Offers.

BfU-iNG CODE 6620-JC- W
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49. Section 53.301-1410 is added to 
read as follows:
5 3 .301 -14 10  S tan dard  Form  1410, 
A b s tra c t o f O ffe rs — C o n tin u atio n .

BILLING CODE 6C20-JC-M
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50. Section 53.301-1417 is revised to 
read as follows:

53 .3 0 1 -1 4 1 7  S tan dard  Form  1417, P re - 
s o lic ita tio n  N o tice  (C o n stru ctio n  C o n trac t).

BILLING CODE M20-JC-M
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PRE-SOLICITATION NOTICE 
(Construction Contract)

t. PROJECT N a 2. DATE OF NOTICE 3. DATE SOLICITATION. 
DOCUMENTS AVAILABLE 
(Approx.)

FORM a p p r o v e d  
0 m s  NO.

9000-4037

« * , ' *  J S S T a S '
S?h"d l ° T en,s reoar<3,n« ,his burd®n estimate or any other aspect suggestions lor reducing this burden, to the FAR Secretariat (VRS) Office of Fed era l

w ,|h * ,wn. D.c. 20^05; and .0 ,h. O I«c. ol M a ^ .m .*  w  bL « . , .  P .i„w o-° » .“ «

utes per response, mctud 
needed, and completing a 
of this collection of info 
Acquisition and Regulate 

n Project (9000-0037),

mg the Urne tor 
nd reviewing the 
rmation, including 
}r y  Policy» 6SA, 
Washington, D.C.

W w lt ine project nume er in item« 1 and 16 may be the same a« the Invitation or Proposal Number.

4. OFFERS TO BE RECEIVED BY  ̂
(al place specified for receipt of offers) w

a . T im e

AJUL

8. Da t e  (Montn. day. year) 6. TIME FOR COMPLETION 
(Calendar days)

op*, lowipiu u rrn ,t (Name, address. ana zip coae)
7. PROJECT TITLE AND LOCATION

06. ROOM NO.

‘ DOCUMENTS

«

*8. is t h is  c h a r g e  r e f u n d a b l e ?

□  VES P  NO

». MAKE CHECK PAYABLE TO!

11. OFFERS COVERING THE PROJECT 
RESTRICTED TO SMALL BUSINESS?

- □ " »  □ »

12. SUBCONTRACTING PLAN 
REQUIRED?

A. FROM 

$
B. TO 

$

(If

DUE DATE SHOWN N fTEM 16 MAY ^ T ^ u T ' S a^ èSTo  ì g J S T L S i  H L  t S X .  ” 5 *  0M ° "  ,EFORE " ■

PROJECT AS A:

□ PRIME
CONTRACTOR I I

» « ¿ S ä » iOU *E0UU,£ '

NG ON THIS
15. DUE DATE

PRINCIPAL
SUBCONTRACTOR

B. 1 AM  NOT INTERESTED IN BlOOlNG ON THIS 
PROJECT. RETAIN MY NAME ON YOUR 
MAILING LIST.

C* PF^OVE MY NAME FROM YOUR MAILING 10. PROJECT N a

20. DATE SIGNED

BILLING CODE 6020-JC-C
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5 3 .3 0 1 - 1419 [R e s e rv e d ].

51. Section 53.301-1419 is removed 
and reserved.

52. Section 53.302-1419 is added to 
read as follows:

5 3 .3 0 2 - 1419 O p tio n al Form  1419, A b s trac t 
o f O ffe rs — C on stru ctio n .

BILLING CODE 6820-JC-M
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53. Section 53.302-1419A is added to 
read as follows:

53.302-1419A Optional Form 1419A, 
Abstract of Offers-—Construction, 
Continuation Sheet
BtLUNQ CODE 6820-JC-M
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Tuesday 
July 11, 1989

Part IV

Department of Defense
General Services 
Administration
National Aeronautics and 
Space Administration
48 CFR Parts 15, 43, and 52 
Federal Acquisition Regulation (FAR); 
Equitable Adjustment Claims; Proposed 
Rule
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DEPARTMENT OF DEFENSE

GENERAL SERVICES 
ADMINISTRATION

NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION

48 CFR Parts 15,43, and 52

Federal Acquisition Regulation (FAR); 
Equitable Adjustment Claims

AGENCIES: Department of Defense 
(DoD), General Services Administration 
(GSA), and National Aeronautics and 
Space Administration (NASA).
ACTION: Proposed rule.

SUMMARY: The Civilian Agency 
Acquisition Council and the Defense 
Acquisition Regulatory Council are 
considering a change to the Federal 
Acquisition Regulation (FAR) 15.804-6, 
15.805-5, and 43.204(b)(5) to permit 
contracting officers to include the clause 
at FAR 52.243-6, Change Order 
Accounting, in construction contracts. 
DATE: Comments should be submitted to 
the FAR Secretariat at the address 
shown below on or before September 11, 
1989 to be considered in the formulation 
of a final rule.
ADDRESS: Interested parties should 
submit written comments to: General 
Services Administration, FAR 
Secretariat (VRS), 18th & F Streets, NW., 
Room 4041, Washington, DC 20405.

Please cite FAR Case 89-54 in all 
correspondence related to this issue.
FOR FURTHER INFORMATION CONTACT: 
Margaret A. Willis, FAR Secretariat, 
Room 4041, GS Building, Washington,
DC 20405, (202) 523-4755. Please cite 
FAR Case 89-54.
SUPPLEMENTARY INFORMATION:

A. Background
A review by the Office of the 

Inspector General, Department of 
Defense, of requests for equitable 
adjustment submitted against 
construction contracts found that 
contractors were submitting requests far 
in excess of actual incurred cost. Many 
of these requests for adjustment were 
made after contract performance was 
substantially completed and actual costs 
were known. Contractors' cost 
representations, however, were 
generally based on estimates because 
the costs related to the change were not 
segregated from the costs of the 
unchanged portions of the contracts. The 
proposed rule would permit contracting 
officers to include a clause in 
construction contracts requiring that 
contractors separately account for

changed work if the estimated cost of 
the change, or a series of related 
changes exceeds $100,000. It would also 
reiterate the requirement for contractors 
to identify all incurred costs as a part of 
any cost proposal submitted on a SF 
1411.
B. Regulatory Flexibility Act

This proposed change does not appear 
to have a significant economic impact 
on a substantial number of small entities 
within the meaning of the Regulatory 
Flexibility Act, 5 U.S.C. 601, et seq., 
because the clause will be included in 
construction contracts only when 
deemed appropriate by the contracting 
officer and becomes operative only 
when the estimated cost of a change or 
series of related changes exceeds 
$100,000. An Initial Regulatory 
Flexibility Analysis (IRFA) has therefore 
not been prepared. Comments from 
small entities concerning the affected 
FAR sections will also be considered in 
accordance with section 610 of the A ct 
Such comments must be submitted 
separately and cite section 89-610 (FAR 
Case 89-54) in correspondence.

C. Paperwork Reduction Act
The Paperwork Reduction Act (Pub. L. 

96-511) does not require approval of the 
proposed revisions because there is no 
change in paperwork burden involved. 
The proposed revision to the Change 
Order Accounting clause policies adds 
nothing that is not already permitted by 
the FAR. Contracting officers have 
always been permitted to insert the 
Change Order Accounting Clause in 
construction contracts. The revision to 
the Table 15-2 at 15.804-6 likewise has 
not changed the long-standing 
requirement to provide cost or pricing 
data in order to comply with the Truth 
in Negotiations A ct Identification of 
actual costs incurred prior to submittal 
of a proposal as addressed by this 
proposed rule falls within the definition 
of cost or pricing data, and submittal of 
this information has always been 
required by the FAR.
lis t  of Subjects in 48 CFR Parts 15,43, 
and 52

Government procurement.
Dated: June 30,1989.

Harry S. Rosinski,
Acting Director, Office o f Federal Acquisition 
and Regulatory Policy.

Therefore, 48 CFR Parts 15,43, and 52 
are amended as set forth below:

1. The authority citation for 48 CFR 
Parts 15,43, and 52 continues to read as 
follows:

Authority: 40 U.S.C. 486(c); 10 U.S.C. 
Chapter 137; and 42 U.S.C. 2473(c).

PART 15— CO NTRACTING  BY 
NEG O TIATIO N

2. Section 15.804-6 is amended in 
Table 15-2 of paragraph (b)(2) by 
redesignating existing paragraphs 3., 4., 
5., 6., and 7. as 4., 5., 6., 7., and 8., and 
adding a new paragraph 3.; and by 
revising in Table 15-2 the title of new 
paragraph 8.B. to read as follows:

1 5 .8 0 4 - 6  P ro ced ural req u irem en ts . 
* * * * *

(b) * * *
(2) * * *

Table 15-2—Instructions for Submission 
of a  Contract Pricing Proposal 
* * * * *

3. Whenever the offeror has incurred costs 
for work performed before submission of 
proposal, those costs must be identified in the 
offeror's cost/price proposal. 
* * * * *
8. *  *  *

B. Change Orders, Modifications, and 
Claims.
*~ * * * *

3. Section 15.805-5 is amended by 
adding paragraph (c)(4) to read as 
follows:

1 5 .8 0 5 - 5  F ie ld  p ric in g  s u p p o rt
* * * * *

(C) * * *

(4) When the contracting officer 
requires a field pricing review of 
requests for equitable adjustments, the 
contracting officer should provide the 
information listed in 43.204(b)(5). 
* * * * *

PART 43— CO NTRACT  
M O D IFIC A TIO N S

4. Section 43.204 is amended by 
adding paragraph (b)(5) to read as 
follows:

43 .204  A d m in istratio n . 
* * * * *

(b) * * *
(5) When the contracting officer 

requires a field pricing review of 
requests for equitable adjustment, the 
contracting officer shall provide a list of 
any significant contract events which 
may aid in the analysis of the request 
This list should include—

(i) Date and dollar amount of contract 
award and/or modification;

(ii) Date of submission of initial 
contract proposal and dollar amount;

(iii) Date of alleged delays or 
disruptions;

(iv) Performance dates as scheduled 
at date of award and/or modification;

(v) Actual performance dates;
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(vi) Date entitlement to an equitable 
adjustment was determined or 
contracting officer decision was 
rendered, if applicable;

(vii) Date of certification of the 
request for adjustment, if certification is 
required; and

(viii) Dates of any pertinent 
Government actions or other key events 
during contract performance which may 
have an impact on the contractor’s 
request for equitable adjustment. 
* * * * *

5. Section 43.205 is amended by 
revising paragraph (f) to read as follows:

43.205 Contract clauses.
* * * - * *

(f) The contracting officer may insert a 
clause, substantially the same as the 
clause at 52.243-6, Change Order 
Accounting, in solicitations and 
contracts (1) for construction, supply, 
and research and development; (2) of 
significant technical complexity, and (3) 
if numerous changes are anticipated.

PART 52—SOLICITATION 
PROVISIONS AND CONTRACT 
CLAUSES

52.243-6 [Amended]

6. Section 52.243-6 is amended in the 
introductory text by inserting a colon 
following the word "follows”, and 
removing the remainder of the sentence.
[FR Doc. 89-16197 Filed 7-10-89; 8:45 am] 
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