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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 86

[FRL 1360~4]

Revised Motor Vehicle Exhaust
Emission Standards for Carbon

Monoxide (CO) for 1981 and 1982
Model Year Light-Duty Vehicles

AGENCY: Environmental Protection
Agency.

ACTION: Final rule.

SUMMARY: This regulation establishes
CO emission standards for 1981 model
year light-duty vehicles belonging to
certain engine families for which I have
granted waivers from the standard
otherwise applicable under section
202(b)(5) of the Clean Air Act, 42 U.S.C,
7521(b)(5).

EFFECTIVE DATE: December 10, 1979.
ADDRESS: Information relevant to this
rule is contained in Public Docket EN-
79-17 at the Central Docket Section of
the Environmental Protection Agency
(EPA), Room 2903B, 401 M Street, SW.,
Washington, D.C. 20460 and are
available for review between the hours
of 8:00 a.m. and 4:00 p.m. As provided in
40 CFR Part 2, a reasonable fee may be
charged for copying services.

FOR FURTHER INFORMATION CONTACT:
Glenn Unterberger, Manufacturers
Operations Division (EN-340), U.S.
Environmental Protection Agency, 401 M
Street, SW., Washington, D.C. 20460,
(202) 472-9417.

SUPPLEMENTARY INFORMATION: Section
202(b)(1)(A) of the Clean Air Act (“the
Act"), 42 US.C. 7521(b)(1)(A), requires
that regulations applicable to CO
emissions from light-duty vehicles or
engines manufactured during or after the
1981 model year shall contain standards
which require a reduction of at least 90
percent from CO emission levels
allowable under the 1970 model year
standards. Regulations implementing
this requirement have established a CO
standard, often referred to as the
statutory standard for CO, of 3.4 grams
per vehicle mile (gpm).

Section 202(b)(5) of the Act authorizes
the Administrator, on application of any
manufacturer, to waive the statutory CO
standard for the 1981 and 1982 model
years for any light-duty vehicle model
regarding which the Administrator can
make certain findings. In these cases,
the Act requires that I promulgate
substitute CO standards for 1981 and
1982 model year light-duty vehicles as
discussed below. Applications for these
waivers were submitted by Fuji Heavy

Industries, Ltd., Nissan Motor Co., Ltd.,
Regie Nationale des Usines Renault, and
Toyo Kogyo Co,, Ltd. The statutory
criteria, my determinations regarding
the criteria with respect to the vehicle
models covered by the waiver
applications, and my decisions to grant
or deny the waiver applications appear
in the consolidated decision published
above. In that decision, I granted
waivers covering the following vehicle
models (engine families for purposes of
that decision) for the 1981 model year
only:

Manufacturer Engine family

Toyo Kogyo Co., LtG....uiumcmsrersrene 91 CID, 120 CID

Once I have decided to grant waiver
applications for these two 1981 model
year vehicle models, the Act requires
that I simultaneously promulgate
regulations adopting emission standards
not permitting CO emissions from 1981
model year vehicles of these twe Toyo
Kogyo models to exceed 7.0 gpm.
Moreover, that Act further requires that
I promulgate regulations establishing
these standards no later than 60 days

after I receive the waiver application in

question. The public has received an
opportunity to comment on the waiver
applications at issue, and I have
considered those comments in making
the consolidated decision which
requires the promulgation of this rule.
For these reasons, I find that providing
notice and an opportunity to comment
on this rulemaking before final
promulgation is impracticable and
unnecessary.

Note.~The Environmental Protection
Agency has determined that this document
does not contain a major proposal requiring
preparation of an economic impact analysis
under Executive Orders 11821 and 11944 and
OMB Circular A-107.

In addition, because the decision already
accompanying this rulemaking contains a
detailed analysis indicating that this
rulemaking will have a negligible effect on air
quality, the Environmental Protection Agency
has not prepared an Environmental Impact
Statement to accompany this rulemaking as
well,

Dated: November 8, 1979.

Douglas M. Costle,

Administrator.
40 CFR Part 86 is amended as follows:

'In this case, both Toyo Kogyo Co., Ltd., and
Nissan\Motor Co., Ltd., have consented to brief
extensions of the period within which I was to
decide on their respective waiver applications.

Subpart A—General Provisions for
Emission Regulations for 1977 and
Later Model Year New Light-Duty
Vehicles, 1977 and Later Model Year
New Light-Duty Trucks and 1977 and
Later Model Year New Heavy-Duty
Engines.

40 CFR 86.081-8(a)(1), published at 44
FR 53408 (September 13, 1979), is revised
to read as follows:

§ 86.081-8 Emissions standards for 1981
and later mode! year light-duty vehicles.

{a){1) Exhaust emissions from 1981
and later model year light-duty vehicles
shall not exceed the follgwing levels for
the following pollutants:

(i) Hydrocarbons—0.41 grams per
vehicles mile;

(ii) Carbon monoxide—3.4 grams per
vehicle mile, except that

(A) Carbon monoxide emissions from
light-duty vehicles of the following 1981
and 1982 model year engine families
shall not exceed 7.0 grams per vehicle
mile:

Manufacturer

Engine Family

liter/4-V
General Motors Corporation.............. 2.8 liter/173 CID-2V,
3.8 liter/231 CID-2V
Toyota Motor Company, Lud.............. 88.6 CID

(B) Carbon monoxide emissions from
light-duty vehicles of the following 1981
model year engine families shall not
exceed 7.0 grams per vehicle mile:

Manufacturer Engine tamily

Toyo Kogyo Company, Ltd........c....... 81 CID, 120 CID

(iii) Oxides of nitrogen—1.0 grams per
vehicle mile except that oxides of
nitrogen emissions from 1981 and 1982
model year light-duty vehicles
manufactured by American Motors
Corporation shall not exceed 2.0 grams
per vehicle mile,

(Secs. 202 and 301(a), Clean Air Act, as
amended, (42 U.S.C. 7521 and 7601(a)))
[FR Dac. 79-38529 Filed 11-30-78; 845 am]

BILLING CODE 6560-01-M
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ENVIRONMENTAL PROTECTION
AGENCY

[FRL 1360-4]

Applications for Waiver of Effective
Date of the 1981 Model Year Carbon
Monoxide Emission Standard for
Light-duty Motor Vehicles—Second
Consolidated Decision of the
Administrator

I. Introduction

This is the second consolidated
decision I have issued under Section
202(b)(5) of the Clean Air Act as
amended (Act), 42 U.S.C. 7521(b)(5),
regarding applications from automobile
manufacturers for waiver of the 3.4
grams per vehicle mile (gpm) carbon
monoxide (CO) emission standard
scheduled to apply to 1981 and 1982
model year light-duty motor vehicles
and engines.!

As the introduction to the first
consolidated decision explains, Section
202(b)(1)(A) of the Act establishes the
standards applicable to CO emissions
for 1977 and later model year light-duty
motor vehicles and engines. This
section, included in the 1977
amendments to the Act, requires the
Administrator of the Environmental
Protection Agency (EPA) to promulgate
regulations providing that CO emissions
for 1977 through 1879 vehicles may not
exceed 15.0 gpm. For 1980 model year
vehicles, this section requires a standard
which does not permit CO emissions to
exceed 7.0 gpm. Beginning in model year
1981, this section mandates standards
which require a reduction in CO
emissions of at least 90 percent from the
CO standard applicable to 1970 model
year vehicles. 2

As Administrator, I promulgated
regulations which set the CO standard
for 1981 and later model year vehicles at
3.4 gpm.?

The 1977 amendments to the Act,
however, also included a provision
allowing the Administrator, under
certain limited conditions, to delay
implementation of the 3.4 gpm CO
standard. Specifically, Section 202(b)(5)
of the Act provides that any light-duty
motor vehicle or engine manufacturer
may apply for waiver of the 3.4 gpm CO
standard for any of its 1981 or 1982
model year vehicle or engine models.
This section directs the Administrator to
make a determination on each
application within 60 days from receipt
of the application. Should the

*The first consolidated decision is published at 44
FR 53376 (September 13, 1979).

240 CFR 86.081-8(a)(1)(ii), 44 FR 47884 (August 15,
1979 (revising 43 FR 37972 (August 24, 1978)).

Administrator decide to grant a waiver
for a model, he simultaneously must
promulgate standards which do not
allow CO emissions over 7.0 gpm for
those models covered by the granted
waiver applications.

Section 202(b)(5)(C) of the Act
provides in pertinent part the following:

The Administrator may grant such waiver
if he finds that protection of the public health
does not require attainment of such 80
percent reduction for carbon monoxide for
the model years to which such waiver applies
in the case of such vehicles and engines and
if he determines that—

(i) such waiver is essential to the public
interest or the public health and welfare of
the United States;

(i) All good faith efforts have been made to
meet the standards established by this
subsection;

(iii) The applicant has established that
effective control technology, processes,
operating methods, or other alternatives are
not available or have not been available with
respect to the model in question for a
sufficient period of time to achieve
compliance prior to the effective date of such
standards, taking into consideration costs,
driveability, and fuel economy; and

(iv) Studies and investigations of the ~
National Academy of Sciences conducted
pursuant to subsection (c) and other -

* information available to him has not

indicated that technology, processes, or other
alternatives are available (within the
meaning of clause (iii)) to meet such
standards.

Congress first set statutory emission
standards for hydrocarbon (HC) and CO
emissions from light-duty motor vehicles
and engines in the 1970 amendments to
the Act.® Section 202(b)(1) of that
version of the Act required that HC and
CO emission standards for 1975 and
later model year vehicles represent at
least a 90 percent reduction from HC
and CO standards in effect in model
year 1970. Section 202(b)(5) of that
version of the Act, however, authorized
the Administrator, upon application of a
manufacturer, to suspend for one year
the effective date of those emission
standards with respect to that
applicant.*

The criteria for granting a suspension
request were essentially the same as
those provided in the current section
202(b)(5)(C) waiver provision, with two
exceptions. The 1970 version of the Act
did not explicity require the
Administrator either to assess the effect
of the suspension on public health or to
take into consideration costs,

3Clean Air Amendments of 1970, Pub. L. No. 81~
B804, section 6, 81 Stat. 499 (1970) {current version at
42 U.S.C. 7521(b)(1)).

*This contrasts with the current section 202(b)(5),
which requires the Administrator to make a
separate waiver determination for each model
covered by an application.

driveability, and fuel economy in
evaluating available technology.

In early 1972, the Administrator
received suspension applications from
five automobile manufacturers. The
Administrator initially denied all five
applications in a decision issued on May
12, 1972.% In that decision, he determined
that no applicant had demonstrated that
requisite technology was not available
to enable compliance with the statutory
HC and CO standards. On appeal, the
reviewing court ultimately decided to
remand the record to the Administrator
to reconsider his determination
regarding available technology.® On
remand, the Administrator reversed his
decision and granted to all
manufacturers a one-year suspension of
the statutory HC and CO standards until
the 1976 model year.” He based his
reversal on the conclusion that the risk
of an errant denial of the suspension
requests (which might result in severe
economic disruption) outweighed the
risk of an errant grant (which might
result in environmental benefits not
achieved). The Administrator was
particularly concerned about the
economic impact of any unanticipated
production problems that could occur
when manufacturers first began using
catalytic converters in production in
order to meet the statutory HC and CO
standards.

In the 1974 amendments to the Act,
Congress further postponed the effective
date of these statutory standards until
the 1977 model year, and authorized the
Administrator to suspend that effective
date until the 1978 model year under the
same criteria set forth in the 1970
version of the Act.® After receiving
suspension applications from five
manufacturers in early 1975, the
Administrator issued a decision granting
the applications.®

In that decision, the Administrator
concluded that the requisite technology
for meeting the statutory emission
standards was generally available to the
industry. He further determined,
however, that unregulated sulfuric acid
emissions resulting from use of the
requisite technology presented a
significant risk to public health. The
Administrator concluded that this risk
outweighed any environmental savings
achieved by denying the applications,

$1n re: Applications for Suspension of 1875 Motor
Vehicle Exhaust Emission Standards, Decision of
the Administrator (May 12, 1872).

¢ International Harvester Co. v. Ruckelshaus, 478
F.2d 655 (D.C. Cir. 1873).

738 FR 1017 (April 26, 1973).

*Energy Supply and Environmental Coordination
Act of 1974, Pub. L. No. 93-319, 88 Stat. 246 (1974)
(current version at 42 U.S.C, 7521).

940 FR 1190 (March 14, 1975).
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and therefore justified suspension of the
“statutory standards for HC and CO until
the 1978 model year. Before the
beginning of that model year, Congress
enacted the 1977 amendments to the
Act, which set forth the current schedule
for implementing (or waiving) the CO
emission standards.

Congress intended that any waivers
granted under the 1977 amendments be
narrow in scope and not apply to the
entire industry. While the Act
previously directed the Administrator to
consider applications for delay of the
effective date of statutory emission
standards on & manufacturer-by-
manufacturer basis, the current section
202(b)(5) requires the Administrator to
consider separate waiver applications
for each vehicle model at issue.

Requiring the Administrator to make
individual determinations for small
portions of the total vehicle population
indicates that Congress wanted any
relaxation of the statutory 90 percent
reduction requirement for CO to be
applied, where appropriate, as narrowly
and precisely as practicable: Indeed,
discussion in Congress on the Act’s
current CO waiver provision include the
explicit statement that “[t]he waiver is
not a general waiver for all
manufacturers, nor is it a general waiver
for all models of vehicles produced by a
single manufacturer.” *° Instead, the
waiver provision is to be available for a
particular model line of a manufacturer
which cannot meet the 3.4 gpm standard
across the board in the 1981 model
year, !

On October 13, 1978, EPA published
“Guidelines for Applications for Waiver
of the 1981 Carbon Monoxide Emission
Standard.” ** These guidelines outlined
the information which EPA sought from
waiver applicants and directed
applicants to submit a separate
application for each vehicle model for
which a waiver is sought. For purposes
of these proceedings, the guidelines
defined “model" as synonymous with
the term “engine family" as defined in
40 CR 86.077-2 and 86.078-24(a)(2)
through (a)(4)(1977).

From July 8 to July 12, 1979, EPA held
a public hearing to consider waiver
applications the Agency had received up
until that time. The waiver applications-
under consideration at that hearing were
submitted by American Motors
Corporation, BL Cars, Ltd,, Chrysler
Corporation, General Motors
Corporation, Toyota Motor Co., Ltd., and
Volkswagen AG. EPA received

10123 Cong. Rec. S 13703 (daily ed. Aug. 4, 1977)
(remarks of Sen. Muskie).

"1d. at S 13702-13703.

1243 FR 47272 (1978).

testimony from the waiver applicants,
from other automobile manufacturers
which at that time had not filed for a
waiver, and from suppliers and
developers of emission control systems
and components. '*

Consistent with the requirement of
section 202(b)(5)(A) of the Act, I made a
separate determination for each engine
family for which one of the six
manufacturers had requested a waiver.
This set of determinations was
published as a consolidated decision.**
In that decision, I indicated that I was
denying the waiver applications
covering those engine families for which
I had determined, for either one of two
reasons, that the applicant had failed to
meet the statutory criterion in section
202(b)(5)(C)(iii) of the Act. Specifically, I
denied some of the waiver applications
because I determined that effective
control technology *® was available to
permit the engine families in question to
meet the 3.4 gpm CO standard in the
1981 model year, even after considering
costs, driveability, and fuel economy. I
denied other waiver applications
because the applicant had failed to
provide sufficient information to
establish that such technology was not
available for the engine families in
question. I granted the waiver
applications covering the remaining
engine families, for which I was able to
determine that the requisite technology
was not available, because those waiver
applications also met each of the
remaining statutory criteria for receiving
a waiver.

EPA held another public hearing on
September 12, 1979, to consider waiver
applications it had reviewed since the
July 8-12 hearing. At this hearing, EPA
reviewed waiver applications in order of
their receipt from Toyo Kogyo Co., Ltd.
(hereinafter “Toyo Kogyo"), Nissan
Motor Co., Ltd. (Nissan), and Fuji Heavy
Industries, Ltd. (Fuji), covering all the
engine families scheduled for production
by each of these manufacturers, and
from Regie Nationale des Usines
Renault (Renault), covering one of its
engine families.'®

12 Testimony received at that hearing, as well as
all other information considered in deciding on that
group of waiver applications, is included in EPA
Public Docket EN-79-4.

1 See note 1, supra.

¥ As was the case in the first consolidated
decision, I am using the term “technology" in this
decision to encompass the statutory language
“technology, processes, operating methods, or other
alternatives" included as part of section
202(b){5)(c)(iif) of the Act.

*This decision uses the following abbreviated
citations:

Fuji App.—Fuji Heavy Industries. Ltd., Waiver
Request of Carbon Monoxide Standard for 1981 and
1982 Model Year Light-Duty Vehicles, dated
September, 1979.

As with the first consolidated
decision, I have made a separate
determination for each engine family
covered by a waiver request ' and have
consolidated these separate
determinations into this decision.

II. Summary of Decision

I have decided to deny all but two of
the waiver applications under
consideration in this consolidated
decision and to grant those two waiver
requests specified below. I have reached
this set of determinations by employing
the same general evaluation process |
used in the first consolidated decision.
Much of the rationale which applied in
that decision is controlling here as well.
A more detailed discussion of the basis
for this second consolidated decision
follows this summary.

In order to grant a waiver for an
engine family, I must determine that an
applicant has met each criterion specied
by the Act. For two Toyo Kogyo engine
families covered by waiver applications,
I have determined that Toyo Kogyo has
met each of the statutory criteria for
receiving the waiver for the 1981 model
year. I also have determined, however,
that those two engine families can
incorporate effective control technology,
considering costs, driveability, and fuel
economy, to meet the 3.4 gpm CO
standard by the 1982 model year. As a

N App.—Nissan Motor Co., Ltd., Application for
Waiver of the 1981 and 1982 CO Emission Standard
for Light Duty Vehicles, dated August, 1979,

R App—Regie National des Usines Renault
Application for Waiver of 1981 and 1982 Carbon
Monoxide Emission Standard, dated September,
1978.

TK App.—Toyo Kogyo Co., Ltd., Application for
Waiver of 1881 and 1982 CO Emission Standard for
Passenger Cars, dated July, 1979.

Sepl. 12 Tr.—The transcript of the public hearings
held on September 12, 1979, on these waiver
applications.

Citations used here for waiver applications
considered under the first consolidated decision are
the same as those listed at 44 FR 53377, note 12
{September 13, 1979). Other submissions are cited
by the name or initials of the submitting party and
the date on the submission, e.g. TK 9/28/79 p.1.

" Strictly speaking, 1 have made separate
determinations here for each engine displacement,
rather than for each engine family, covered by a
manufacturer's set of waiver requests. Because so
many different engine families can be associated
with a single engine displacement of a given waiver
applicant, it is impracticable for me to make a
separate waiver determination for each of those
engine families. By avoiding a strict engine family-
by-engine family approach, I can avoid placing
narrow limits on the type of vehicle design a
manufacturer may choose to use; instead, I am
providing the manufacturer the opportunity to use
whatever design it deems best suited to enable a
given engine with a given displacement lo meet the
emission standards established for it. Thus, as was
the case in the first consolidated CO waiver
decision, the term “engine family” as used in this
decision actually describe a broader class of
vehicles than it normally would under the definition
established by 40 CFR Part 86.
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result, I am granting waivers which
cover only 1881 model year vehicles of
these two engine families.

As I did in the first consolidated
decision, I have based my decision here
to deny waiver requests for the other
engine families at issue on either of two
determinations. For some of those
engine families, I have determined that
those families can incorporate effective
control technology, considering costs,
driveability, and fuel economy, to meet
the 1981 model year statutory 3.4 gpm
CO standard. For the remainder of those
engine families not receiving waivers, I
have determined that the applicant has
failed to provide sufficient information
to establish that such technology is not
available.

A. Waiver Applications Granted

The waiver applications which I have
decided to grant cover 1981 model year
vehicles of the following engine families:

Walver Applications Granted

Manufacturer Engine family

Toyo Kogyo Company, 81 CID (1881 model year only).
Ltd.

120 CID (1881 model year only).

As discussed more fully below, I have
concluded that technology will not be
available for incorporation into 1981
model year vehicles of these particular
engine families to enable these families
to meet a 3.4 gpm CO standard. [ am
prescribing interim CO emission
standards of 7.0 gpm for the 1981 model
year for each of the engine families
receiving waivers. The statutory 3.4 gpm
CO standard will apply to 1982 model
year vehicles of these two engine
families, however, because I have
determined that technology, considering
cost, driveability, and fuel economy, will
be available by the 1982 model year to
enable these engine families to meet the
3.4 gpm CO standard.

In making determinations for these
engine families, I have not considered
whether these two engine families
would be capable of meeting the 3.4 gpm
CO standard by replacing their catalysts
during their useful life. Such
replacement depends on vehicle owners
taking affirmative action for which
significant disincentives exist. Because
many owners are unlikely to replace
their vehicles' catalysts, I have
determined generally that effective CO
control technology within the meaning
of the Act is not available for engine
families otherwise unable to meet the
éggl statutory emission requirements for

Protection of the public health does
not require attainment of the 3.4 gpm CO

standard in the 1981 model year by the
engine families for which I have granted
waivers. The effect on ambient air
quality which would result from
allowing the two Toyo Kogyo engine
families receiving waivers to meet a CO
standard of 7.0 gpm for the 1981 model
year is insignificant. As a result, the
impact these waivers would have on
any state's ability to meet the National
Ambient Air Quality Standards
(NAAQS) for CO (in other words, the
state's ability to achieve CO levels
recognized as protective of public
health) also would be insignificant.

I have determined the two waivers
which I have granted to be essential to
the public interest. By granting these
waivers, I will permit Toyo Kogyo to
market one or more engine families
which they otherwise may not have
been allowed to market, or may only
have been allowed to market with the
requirement of an expensive catalyst
change. These waivers are essential to
the public's interest in maintaining a
diversified and competitive automotive
industry for the United States market.

Specifically, these waivers enable
Toyo Kogyo to continue selling two of
its three engine families without
requiring catalyst changes. Granting
waivers to ensure the viability of this
applicant serves the public interest by
helping to preserve the level of
competition that currently exists in the
automotive industry.

Each of the waiver applicants
contended that it has acted in good faith
in trying to meet the 3.4 gpm standard.
In general, information in the record
supplies support for determining that the
applicants have met the Act's good faith

. criterion. In some limited instances,

though, the applicants’ respective
showings in this regard are at best
marginal. Nevertheless, in the absence
at this time of any evidence supporting a
contrary conclusion (even for the
marginal showings), I have determined
that each of the applicants, including
Toyo Kogyo, has met the good faith
criterion for those engine families for
which I have granted a waiver.

Review of studies and investigations
of the National Academy of Sciences
(NAS) and other information available
to me has not indicated that the
requisite technology, considering costs,
driveability, and fuel economy, is
available for these engine families.
Available NAS studies only address the
issue of whether technology is available
in general without considering the issue
of availability in the context of the
details associated with a particular
engine family. The NAS is in the process
of preparing a new study on the

availability of effective CO control
technology.

Other information has been obtained
from non-applicant manufacturers or
part suppliers and developers by
subpoena, or from sources not directly
associated with proceedings on these
waiver applications and has beén
included in the record for the
determinations on these applications.
This information does not indicate that
the requisite technology, considering
costs, driveability, and fuel economy,
will be available for the engine families
receiving a waiver for the 1981 model
year.

Therefore, concurrently with this
consolidated decision I ani promulgating
regulations establishing a 7.0 gpm CO
emission standard for 1981 model year
vehicles of the two engine families I
have listed.

B. Waiver Applications Denied

" As stated earlier, I am denying those
waiver applications which apply to the
remaining engine families as follows:

Walver Applications Denled

Manutacturer Engine famity

FUliconnsesssssssssssisnne 97 CID.
109 CID.
NISSAN ..covinnene 75 CID.
85/91 CID."*
119 CID.
146/168 CID.**
A2
EF-B.
85 CID.
70 CID (Rotary).
91 CID (1982 mode! year only).
120 CID (1982 model year only).

NiesIn ks certication program, EPA iy has trated the

%hm esmﬁe:;m two sizes as part of the same engine
= Nissan has requested iality for descriptions of

mm-x' m%léﬂ% these families.

I cannot conclude that effective
control technology, considering costs,
driveability, and fuel economy, is not
available to enable those engine
families to meet the statutory CO
standard in the 1981 model year.

Nissan submitted emission test data
which indicated that its 119 CID engine
family can meet the 3.4 gpm CO
standard by using a design Nissan has
considered for that engine family.
Nissan's 75, 85/91, and 146/168 CID
engine families will be capable of
attaining the 3.4 gpm CO standard in the
1981 model year by adding one or more
available features to the design of the
engine family. Toyo Kogyo's 91 and 120
CID engine families also will be capable
of attaining the 3.4 gpm CO standard in
the 1982 model year by adding available
features which will become available by
that time.

For the remaining engine families
covered by waiver applications which I
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have denied, the applicants have failed
to establish that effective CO control
technology will not be available to them.
The waiver applications for Fugi's 97
and 109 CID engine families and for
Renault's 85 CID engine family,
respectively, have failed to establish
that size limitations prevent the
incorporation of effective emission
control equipment into vehicles of these
engine families. Toyo Kogyo's 70 CID
engine family using a thermal reactor
and no catalyst is not susceptible to this
decision’s normal, rigorous analysis of
emissions performance capabilities;
however, the only emission test data
available on that family indicate that
the family can meet the 3.4 gpm CO
standard. Nissan failed to submit
emission test results which provide an
adequate basis for me to determine that
its engine families "A" and "B" are not
capable of attaining the 3.4 gpm CO
standard.

Considerations of costs, driveability,
or fuel economy, whether viewed
separately or cumulatively, do not give
me a basis for altering my
determinations regarding the
availability of technology for these
engine families which have been denied
waivers. The exira costs associated with
implementing technology capable of
meeting the 3.4 gpm standard for those
engine families, while not necessarily
insignificant, are not substantial enough
compared to the costs of meeting a
standard no higher than 7.0 gpm to
justify a conclusion that use of that
technology is not feasible. The higher
prices which manufacturers will need to
charge to cover these extra costs will
not be so large as to threaten the
capabilities of these engine families to
achieve or maintain a competitive
position in the marketplace by making
vehicles of the engine families in
question unacceptable to consumers. I
have determined, therefore, that these
costs do not prevent the requisite
control technology from being
reasonably available to enable these
engine families to achieve the 90%
reduction in CO emissions which the
Act establishes as an ultimate target for
light-duty motor vehicles.

Furthermore, no waiver applicant has
presented information which indicates
that implementing technology capable of
achieving the 3.4 gpm standard would
have a sufficient adverse effect on
driveability, relative to the driveability
levels which an applicant reasonably
could attain in conjunction with a
standard not exceeding 7.0 gpm, to make
the vehicles in question unacceptable to
consumers. Nor has any waiver
applicant demonstrated that

implementation of that technology either
will prevent the engine families in
question from meeting Federal fuel
economy requirements or will cause an
unreasonable fuel economy penalty
relative to fuel economy levels
achievable in conjunction with a
standard not exceeding 7.0 gpm.

Thus, while these remaining engine
families may meet some, or all, of the
remaining statutory criteria for receiving
waivers, my determinations regarding
available technology, considering costs,
driveability, and fuel economy, preclude
me from granting waivers covering these
engine families.

I11. Discussion

A. Methodology for Assessing Available
Technology

As was the case under the first
consolidated CO waiver decision, a key
question I must face in reviewing this
set of waiver applications is whether
technology is available to enable an
engine family covered by a waiver
application to meet the 3.4 gpm CO
standard in the 1981 model year.
Sections 202(b)(5)(C) (iii) and (iv) of the
Act indicate that Congress intended all
vehicles to comply with the Act's 90
percent CO emission reduction
requirement where practicable. Section
202(b)(5)(C)(iii) of the Act expressly
assigns an applicant the task of
establishing that effective CO control
technology is not available, taking into
consideration costs, driveability, and
fuel economy. Even if the Administrator
determines that an applicant has met
this burden, section 202({b)(5)(C)(iv)
requires the Administrator to make sure
before he may grant a waiver request
that other available information does
not contradict the applicant’s position
on available technology.

1. Applicants’ Positions Summarized.
Each automobile manufacturer has
reached a state in its development of
CO emission controls at which it has
narrowed the range of strategies it
contemplates employing to meet the 3.4
gpm standard to, at most, a few
alternative systems. To support
contentions that effective control
technology is not available within the
meaning of the Act, the waiver
applicants have provided both
descriptions of the systems they have
been considering in trying to attain the
3.4 gpm CO emission standard and
emission test results they have
measured from vehicles incorporating
those systems. Each application
proposed that I grant the requested
waivers to cover engine families
produced in both the 1981 and 1982

model years and that a 7.0 gpm CO
standard apply to those families.

a. Fuji Heavy Industries, Ltd. Fuji
asserted that it has not yet been able to
develop technology capable of
complying with all aspects of a 3.4 gpm
CO standard by the 1981 model year
without employing a catalyst change
during the first 50,000 miles of vehicle
operation.? Fuji pointed out that its 1%
U.S. market share was small enough that
granting waivers for those vehicles
would have little significant effect on
ambient air quality and public health.*
Fuji also stated that the requested
waivers would serve a significant role in
promoting diversity and competition
within the industry, since four-wheel
drive, multipurpose vehicles constitute
one-half of its U.S. sales.?®

b. Nissan Motor Co., Ltd. Nissan
stated that although its efforts in CO
emission control have produced
promising results, it has not yet been
able to demonstrate that it can comply
with all the requirements associated
with a 3.4 gpm CO standard in the 1981
model year.* Moreover, Nissan claimed
that it had insufficient lead time to
conduct nécessary durability and
reliability testing on its systems before
its 1981 model year decision deadlines.*
Nissan asserted that granting waivers
would permit a $60-$110 reduction in the
cost of its vehicles and have a negligible
effect on public health.*

c. Regie Nationale des Usines
Renault. Renault applied for a waiver
for only one of its two engine families.
Renault asserted that the structure of its
85 CID Le Car model (designed in 1966
1970) does not permit the adaptation of
an emission control system to meet 3.4
gpm CO and 1.0 gpm oxides of nitrogen
(NO,) standards within the remaining
lead time available for the 1981 model
year.?” Renault pointed out that sales of
Le Car constitute only 0.1%.0of the U.S.
market and therefore would not
contribute to deterioration in air quality
or adversely affect public health if
produced to meet a less stringent CO
standard.®® Moreover, Renault
maintained that granting a waiver for Le
Car vehicles would permit it to market 2

®F App., p. 1-3.

®1d.; Sept. 12 Tr. at 103-104.

B Sept. 12 Tr. at 104.

*Sepl. 12 Tr., p. 53. N. App.. p. 102.

*N. App., p. 5.5.1.

*N. App.. p. 3.1.

*Sept. 12 Tr., p. 161; R. App., p. I/1. Renault
stated that its own development efforts to meet
those two emission standards were unsuccessful in
meeting established design targets. Sept. 12 Tr., pp.
1683, 164. Moreover, Renault indicated that
introducing purchased technology into production
for this engine family would require a two-year lead
time. Sept. 12 Tr.. p. 165.

“R. App. p. 1/1.
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standard “‘50-state” vehicle that would
comply nationwide with the more
stringent NO, emission and allowable
maintenance requirements effective in
California.?®

d. Toyo Kogyo Co., Ltd. Toyo Kogyo
filed waiver applications for two engine
families using conventional piston
engines and one engine family using a
rotary engine. Toyo Kogyo stated that
the system it planned to use for the
rotary engine family would involve a $40
cost penalty and a 5% fuel economy
penalty at a 3.4 gpm CO standard
relative to the system it would use to
meet a 7.0 gpm CO standard.*® The
alternative systems Toyo Kogyo is
thinking of using for its conventional
engine families assertedly either involve
cost or fuel economy penalties ($50 and
5%) or have not adequately
demonstrated an ability to meet the 3.4
gpm standard.®' Toyo Kogyo claimed
that some refinements in both the rotary
and conventional systems would be
necessary before those systems could be
put to practical use in meeting a 3.4 gpm
CO standard.**

2. Decision Methodology. Appendix A
to this consolidated decision contains an
assessment of technology available to
meet the 3.4 gpm CO standard for each
engine family in question. These
assessments result from a review of the
information contained in the waiver
applications on these systems and of
other information contained in the
public record for this consolidated
decision.

Appendix A evaluates the availability
of effective control technology in the
same way that Appendix A of the first
consolidated CO waiver decision did.**
Specifically, Appendix A to this
decision assesses the emissions
performance of each engine family as

®R. App., p. 1/2.

*TK App.. p. 1.2,

MId. at pp. 1.2-1.3.

2 gent. 12 Tr., p. 11-14.

® See In re: Applications for Waiver of Effective
Date of the 1981 Model Year Carbon Monoxide
Emission Standard for Light-Duty Vehicles,
Consolidated Decision of the Administrator, 44 FR
53376, 53389-53402 (September 13, 1979). Appendix
A of the first consolidated decision included an
examination of the potential emissions performance
of engine families covered by a waiver application
if they used a catalyst replacement during the
vehicles' useful life. My determinations were not
influenced by the results of that examination,
however, because I concluded that a required
catalyst change does not constitute effective control
technology for controlling CO emissions below the
established standard. (See the discussion in Section
LH(B){1){a) of this decision).

I am applying the same conclusion regarding
catalyst replacement in this consolidated decision
as well. As a result, Appendix A to this decision
does not project the emission capabilities of the
engine families in question were they to employ
such technology.

described in the waiver application and
also of each described engine family
after hypothetically factoring in one or
more system improvements through the
use of “adjustment factors". The
adjustment factors account for only
those emission control features (such as
an additional catalyst, air injection, or
increased catalyst noble metal loadings)
which 1) are reasonably available to a
manufacturer for incorporation into a
1981 or 1982 model year engine family's
design in order to achieve greater
reduction of CO emissions and 2) have
their respective effects on emissions
reflected in data which are available to
me,*

Appendix A employs methodology
which applies these few carefully
selected adjustment factors to emission
test results supplied by a waiver
applicant. This allows me to ascertain
not only what CO emission levels the
systems as described in the waiver
applications can attain but also what
these systems could attain had the
systems incorporated “state-of-the-art"
technology in which a high level of
confidence can be placed.** EPA's
Administrator also has used this
approach in assessing technology in
conjunction with past decisions on
applications for suspension of statutory
motor vehicle exhaust emission
standards.®®

Appendix A then addresses whether
the engine family under each scenario is
capable of "certifying" (passing EPA's
certification testing requirements) 37

3 Other factors (specifically, deletion of power
enrichment and use of insulated or dual-walled
exhaust pipes) representing CO emission control
technology were considered available, but sufficient
data to qualify these factors was not generally
available therefore precluding their general use and
thereby adding fo the conservative nature of the
analysis.

35The factors which the methodology employs to
account for the effects of the respective
improvements to emission control systems often ia
purposely low compared to measured effects of
those factors on emissions.

%See, e.g., 40 FR 11900, 11908 (March 14, 1875), 38
FR 10317, 10323 (April 26, 1973). This is not the same
methodology which the Administrator used in his
initial decision, ultimately remanded by the Federal
appellate court in International Harvester Co. v.
Ruckelshaus, on applications for suspension of the
1975 mode! year HC and CO statutory standards,

¥ Certification testing is conducted under section
206(a)(1) of the Act on vehicle prototypes to
determine whether those prototypes (incorporating
the same designs as those intended for use in mass-
produced vehicles) are capable of meeting Federal
emission requirements, One part of the certification
testing procedure involves conducting periodic
emission tests on a representative “durability
vehicle” while that vehicle accumulates 50,000 miles
to see whether the vehicle exceeds Federal emission
standards during that span. If an engine family
passes certification testing, EPA issues a certificate
of conformity permitting a manufacturer to
introduce that family into commerce without
violating section 203(a)(1) of the Act.

with 0.41 gpm HC, 3.4 gpm CO, and 1.0
gpm NO, standards in effect.?®
Consistent with the methodology used in
the previous suspension decisions and
outlined in the waiver application
guidelines,*® Appendix A contains this
evaluation for each engine family for
which sufficient emission test data were
available by using a “Monte Carlo"
statistical simulation technique. The
Monte Carlo technique employs
emission test data provided for a vehicle
of a given engine family to generate the
emission level distributions that would
be expected to occur for a large fleet of
durability vehicles of that engine family
as measured by certification testing.*®
Appendix A assigns a “pass” or “fail”
determination to each engine family
scenario according to whether the
applicable Monte Carlo simulation
indicated that more or less than 80% of
the vehicles of the engine family in
question could meet certification testing
requirements for each regulated
pollutant if each were tested once.* In
this manner the methodology takes into

3 These are the statutory standards which the
Act has scheduled to take effect (absent a statutory
waiver) in the 1981 model year, For the sake of
simplicity, in discussing an engine family's
projected ability to certify, I will refer to this set of
standards by merely citing the 3.4 gpm CO standard.

%43 FR 47272, 47276 (October 13, 1978). No
applicants commented on the use of this
methodology during the waiver proceedings, This

_methodology was the subject of considerable public

comment before the Administrator first employed it
to assess available technology as part of the
remanded proceedings for suspension of the 1975
model year HC and CO standards. 38 FR 10317,
10323 (April 26, 1973),

“The Monte Carlo technique simulates 100
durability tests on a vehicle with available test data
by statistically selecting for each simulated test a
set of values for car-to-car, test-to-test, and
deterioration rate variabilities over the range of
values that could be expected to occur in
conjunction with vehicles of the design in question.
General Motors used this technique in analyzing
emission test data as part of its submission for the
proceedings for suspension of the 1975 model year
HC and CO standards. See 38 FR 10317, 10323 (April
26, 1973).

4 As explained in the first CO waiver
consolidated decision, the Administrator also
applied this 80% confidence level in the
methodology he used in making his final decision on
applications to suspend the 1975 model year HC and
CO standards. In re: Applications for Waiver of
Effective Date of the 1881 Model Year Carbon
Monoxide Emission Standard for Light-Duty
Vehicles, Consolidated Decision of the
Administrator, 44 FR 53376, 53380, n. 47 (September
13, 1979). As Appendix B of the decision on the 1975
HC and CO standards explains, EPA has certified
many engine families which had not passed
certification testing requirements until the second
attempt. Because the certification regulations permit
an engine family more than one attempt at
certifying, the statistical chances of that engine
family passing certification testing (by passing on
one of the two attempts) for a given pollutant
actually are higher than 80%. In re: Applications for
Suspension of 1975 Motor Vehicle Exhaust Emission
Standards, Decision of the Administrator (April,
1973) (Appendix B).
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account the test-to-test, car-to-car, and
deterioration factor variabilities which
cause uncertainty in projecting from the
few test results provided by an
applicant whether an engine family is
likely to meet certification requirements
when tested. This methodology
therefore increases the reliability of
projecting from available test results
that an engine family will be able to
meet certification requirements.

This results from this analysis
indicate with high statistical confidence
that most of the engine families which
were covered by a waiver application
and for which adequate emission test
data were available can certify to the 3.4
gpm CO standard for the 1981 and 1982
model years. Appendix A provides an
assessment for each engine family
scenario and describes the adjustment
factors employed in projecting each
family’s ability to certify. _

B. Waiver Applications Granted

1. Availability of Technology,
Considering Costs, Driveability, and
Fuel Economy. a. Unavailable
Technology.—1 have determined that
effective CO control technology,
independent of considerations of costs,
driveability, or fuel economy, is not
available for 1981 model year vehicles of
the Toyo Kogyo 91 and 120 CID engine
families. These are the engine families
which the Appendix A analysis projects
as being unable to certify to the 3.4 gpm
CO standard in 1981, even after
incorporating any reasonably available
adjustment factors based on available
data (short of catalyst replacement) into
the possible system designs as
described by the waiver applicants.

I have determined generally that
effective control technology is not
available for engine families for the 1981
model year if those families could meet
the 3.4 gpm CO standard only by
employing a catalyst replacement during
their useful life. Any technology
requiring catalyst replacement is
unlikely to be effective in controlling
emissions to meet the 3.4 gpm CO
standard because it requires consumers
to assume a substantial extra burden in
ensuring that engine families employing
that technology continue to meet the CO
standard. Specifically, this technology
could require the consumer to assume
additional costs (viz., the cost of the -
replacement) and/or additional
inconvenience (leaving a car for repairs)
which there is a natural inclination to
avoid.

These disincentives would discourage
consumers from obtaining the catalyst
replacement while the vehicles are in

use. ** This effect would make it much
less likely that, after the time scheduled
for the catalyst replacement, these in-
use vehicles of the engine families in
question would continue to conform to
emission standards. It is the Agency's
continuing policy to encourage
manufacturers to produce vehicles
which will meet emission requirements
effectively during their useful life.
Denying a waiver application on the
ground that a catalyst change can be
part of an effective emission control
system (without assurance that
consumers will replace the catalyst in
use) would encourage waiver applicants
and other manufacturers to view
catalyst replacement as an option in
planning to produce automobiles to meet
Federal emissions standards. Thus, I
have not even considered catalyst
replacement as a technological
alternative in determing that effective
control technology is not available for
the two Toyo Kogyo families to meet the
3.4 gpm CO standard in the 1981 model

ear.
2 At the public hearing on its waiver
applications, however, Toye Kogyo
indicated that additional emission
control technology would be available
for incorporation into 1982 model year
vehicles of these two engine families.
The Appendix A analysis projects that
the two Toyo Kogyo engine families will
be able to certify using that additional
technology when it becomes available.
As a result, the waivers which I have
granted do not apply to 1982 model year
vehicles of Toyo Kogyo's 90 and 120 CID
engine families, *

b. Costs, Driveability, and Fuel
Economy.—The Clean Air Amendments
of 1977 added to the section
202(b)(5)(C)(iii) criterion the requirement
to consider costs, driveability and fuel
economy in assessing the availability of
technology to meet the 3.4 gpm CO
standard. Thus, an applicant can
demonstrate that technology is not
available by establishing that the costs
(or driveability or fuel economy
penalties) necessarily associated with
progressing from the 7.0 gpm standard
effective in model year 1880 to the 3.4
gpm goal set for 1981 are significant
enough to make an engine family unable
to remain reasonably competitive in the
marketplace because that family would
be unacceptable as an alternative for
motor vehicle purchasers. For the two
engine families receiving a waiver, it is

“*Consumer response rales to emission related
recalls indicate that even where replacement is free
of charge, & substantial ber of vehicles do not
receive repairs.

“See the discussion of these two Toyo Kogyo
engine families in Section II{C){1){a) of this
consolidated decision.

unnecessary to consider costs,
driveability, or fuel economy in
determining the availability of
technology for model year 1981, since 1
have already determined that effective
control technology is not available for
those families in the 1981 model year
independent of those additional
concerns.

¢. National Academy .of Sciences
Studies and Investigations and Other
Information.—As part of my assessment
of technology, section 202{b)(5)(C){iv) of
the Act requires that I consider the
results of NAS studies and
investigations conducted under section
202(c) of the Act regarding available
technology, processes, or other
alternatives. In 1974, NAS published its
most recent study under section 202(c)
on technology available to meet the 3.4
gpm CO standard, * The 1974 study
concluded that the technology was
generally available to manufacturers to
meet the 3.4 gpm standard, but only at
the expense of a fuel economy penalty
that would set the industry back to
those levels the industry had been
attaining in 1970.

Changes in the industry since 1974
limit the current value of this NAS
study. Specifically, it is highly
questionable whether the fuel economy
concerns raised in 1974 still apply to the
current state of technology. Since the
1974 report, Congress has passed the
Energy Policy and Conservation Act
(EPCA) * to ensure that the industry
achieves specified levels of fuel
economy performance. None of the
current set of waiver applicants even
claimed that it would face problems in
meeting the Corporate Average Fuel
Economy (CAFE) requirements. *6
Moreover, none of the applicants
established that an unacceptable fuel
economy penalty will result for an
engine family in question if a waiver
covering that engine family is not
granted.*’ In light of these .
considerations, requiring attainment of
the 3.4 gpm CO standard generally is
unlikely to have a significant adverse
effect on the fuel economy levels
actually attained by waiver applicants

- in the 1981 model year.

The NAS has not produced any
relevant studies or investigations since
1974. EPA has contracted for NAS to

“Report by the Committee on Motor Vehicle
Emissions of the National Academy of Sciences,
dated November, 1974,

“Pub. L. No. 94-183, 89 Stat. 871 (1975),

¢ See section VIil of Appendix A and the
discussion in section 0 {C)(1)(b)(iii) of this decision.
The so-called CAFE requirements are the
manufacturers’ sales-weighted fuel economy
standards set under § 502 of EPCA.

“ ld
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provide in the near future an updated
vers:on of its 1974 study on the
feasibility of complying with a 3.4 gpm
CO standard.

The available studies and
investigations from NAS drew general
conclusions about the availability of
effective control technology to the light-
duty vehicle industry on the whole
rather than for specific engine families.
The 1977 amendments to the Act,
however, require that I assess the
availability of technology for specific
vehicle or engine models covered by a
waiver application. Thus, the findings of
the available NAS studies do not
directly contradict my assessment
regarding the unavailability of
technology for the two Toyo Kogyo
engine families for which I have decided
to grant a waiver for the 1981 model

ear.
X In addition, my review of available
technology has encompassed other
information incorporated into the record
from nonapplicant manufacturers and
from part suppliers and developers in
response to subpoenas issued under
section 307{a})(1) of the Clean Air Act. 4
Some non-applicant manufacturers have
expressed concerns over their respective
technological abilities to achieve the 34
gpm CO standard by the 1981 model
year.** Many of the concerns they
raised, however, only addressed the
potential extra costs of the technology
which those manufacturers projected to
be necessary to achieve a 3.4 gpm
standard and did not contest the
availability of technology to meet lhat
standard.®®

In assessing the availability of
technology, I also have reviewed data
from emission tests performed on |
vehicles for the purpose of receiving
certification for the 1980 model year. In
making my determinations, I only
considered test data obtained from
vehicles whose emissions
characteristics could be considered
reasonably representative of the

*Much of this information was gathered for an
included in the record for the first consolidated CO
walver decision. See EPA Public Docket EN-79-4.
That record has been incorporated by reference into
the record for this second consolidated decision.

See EPA Public Docket EN-79-17. The latter record
also contains information which was not received in
time for consideration in the first consolidated
decision.

“Ford Motor Company stated it still was
uncertain whether its engine families would be able
to certify to the 3.4 CO standard in 1981 (July 10 Tr.,
p. 204). See also, e.g., the testimony of Saab-Scania
of America, Inc. (July 11 Tr., p. 5).

*See, e.g., the testimony of Ford (July 10 Tr., p.
209) or AB Volvo (July 11 Tr., p. 92). AB Volvo
explicitly stated its belief that technology is
available 0 enable its engine families to meet the
; tatutory 1981 standards at additional costs {July 12

r.. p. 94),

emissions performance of an engine
family covered by a waiver application.

This additional information, as well as
other information available to me and
included in the record, does not provide
an adequate basis for me to alter any
conclusions I have reached so far in this
decision regarding the unavailbility of
technology for the Toyo Kogyo 91 and
120 CID engine families.

2. Protection of the Public Health—
Section 202(b)(5)(C) of the Act requires
that before 1 grant a waiver covering a
given engine family, I must find that
protection of the public health does not
require attainment of a 3.4 gpm CO
standard by the vehicles of the engine
family receiving the waiver for the
model year to which the waiver applies.
Thus, I have examined this issue with
respect to the two Toyo Kogyo engine
families for which I have determined
that effective control technology,
considering costs, is not available in
model year 1981. I have found as a result
of this examination that any health
effects resulting from waiving the 3.4
standard for the 1981 model year for
either or both of these two engine
families would be insignificant. The
same statement is true regarding the
combined health effects resulting from
waiving the 3.4 standard for the 1981
model year for these two Toyo Kogyo
engine families and for all the 1981 and
1982 model year engine families
receiving waivers under the first

consolidated CO waiver decision. As a
result, protection of the public health
does not require the two Toyo Kogyo
engine families, for which 1 have
determined that effective CO control
technology is not available, to attain a
3.4 gpm CO standard for the 1981 model
year.

The appropriate starting point for
determining whether ambient CO levels
protect public health is the National
Ambient Air Quality Standards
(NAAQS) for CO, which have been
established under section 109(a) of the
Act by regulations of the
Administrator.5 The “primary” (i.e.,
health-protective) NAAQS for CO are
9.0 parts per million (ppm) ppm as
measured over an eight-hour period and
35 parts per million [ppm) as measured
over a one-hour period.*®

Studies have demonstrated that most
(and in some areas, almost all) ambient

5140 CFR 50.8 {1978),

"*These standards were established by
correlating ambient CO levels with observed
negative health effects and factoring in a margin of
safety. I am noltindertaking a review of these
standards as part of thee proceedings.

CO originates from motor vehicles,* In
setting a statutory CO emission
standard for light-duty motor vehicles as
part of the 1970 amendments to the Act,
Congress determined that a 90%
reduction from emission levels
permitted by the CO standard in effect
in 1970 was necessary to permit
nationwide attainment of the NAAQS
for CO.

The record for the proceedings at
hand does not contain any information
precisely assessing on an engine family-
by-engine family basis the effects on
ambient CO levels of granting a two-
year waiver of the effective date of the
3.4 gpm CO standard. Appendix B to this
decision, however, reviews the
informaton contained in the record and
provides an evaluation of the effects of
an industry-wide CO waiver.>

Appendix B uses EPA's rollback
modeling technique ** to project the
effect which an industry-wide CO
standards, waived to 7.0 gpm and in
effect for 1981 and 1982 model year
vehicles, would have during 1981-1985
on the following matters: the reductions
in ambient CO concentrations % the
number of areas from among the
nation's 19 worst low-altitude, non-
California air quality control regions
(AQCRs) for CO that would exceed the
health-based NAAQS for CO, and the
number of violations occurring within

% See, e.g., Joint Comments from Environment
Defense Fund and National Resources Defense
Council, p. 9 (July 30, 1879); T, App.. p. 2-15.

5 Appendix B addresses the significant comments
which waiver applicants in either the first or second
set of waiver proceedings have submitted 1o the
record regarding the projected effects of CO
waivers on ambient air quality and the public
health. The waiver applications under consideration
in this consadlidated decision for the most part state
merely that the respective applicant's projected
share of total 1981 and 1982 model year vehicles
sales will be so small as to render the contributions
of the applicants’ vehicles to amibient CO levels
insignificant.

Nissan was the only applicant to raise additional
matters in this area. N. App. 2.1-2.3. The substance
of each of these comments already had been
entered into the record by other parties submitting
information for consideration in the first
consolidated decision, and those comments were
addressed in Appendix B to that decision. As a
result, Appendix’B to this decision is virtually the
same as Appendix B of the first consolidated
decision.

% The rollback model basically assumes a
proportional relationship in calculating CO
concentration in the atmosphere on the basis of the
rate of CO emissions. A mathematical description of
the rollback model is presented in an EPA
memorandum from Edward J. Lillis to Charles L.
Gray, dated May 14, 1979, and included in the
record for these proceedings.

% As described by the highest second highest CO
reading from any of the 19 air quality control
regions examined. The analysis examines the
second highest CO reading in a region to represent
the maximum ambient CO level reached during a
given year so as to negate any biasing effect which
an extraordinarily high measurement due to highly
unusual meteorological conditions might cause.
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these 19 areas under each of several
possible sets of variable conditions
(such as the rate of in-use deterioration
or the type of emission control system
incorporated into vehicles in use).

The extent to which each of these
developments occurs naturally depends
upon the set of conditions assumed by
the projections to be in effect and
therefore differs to some extent from
several of the projections included in the
record. In a “maximum difference" or
“worst case" scenario, Appendix B
projects that in 1985, for example, an
industry-wide waiver could cause a 4%
decrease in the reduction of ambient CO
concentrations. Under those
circumstances, the industry-wide waiver
would cause a 33% increase in the
number of CO NAAQS violations which
could occur in these AQCRs and an
increase from 11 to 12 in the number of
“non-attainment" regions % in this
group,

In Appendix B's projections under a
scenario employing a set of “nominal”
or “‘reasonable” conditions judged more
likely to occur, however, the effects of
an industry-wide waiver would be less
pronounced. Under these circumstances,
Appendix B projects no measureable
change in 1985 ambient CO
concentrations, no change in the number
of nonattainment regions, and only a 5%
increase in the total number of CO
NAAQS violations.

In light of these projections for a two-
year, industry-wide waiver, the
incremental contribution to ambient CO
levels from an individual engine family
receiving a waiver would constitute
such a small portion of these effects on
ambient CO levels that I find it
reasonable to characterize that

_contribution as insignificant. The
information supplied to the record by
waiver applicants in these proceedings
and in the proceedings associated with
the first consolidated CO waiver
decision supports this conclusion
regarding the incremental contributions
of individual engine families.

I also have found that the sum of the
incremental contributions to ambient
CO levels from the two Toyo Kogyo
engine families for which I have
determined under this decision that
effective control technology, considering
costs, driveability, and fuel economy is
not available for the 1981 model year
still is so small even when combined
with the incremental contributions from
those engine families receiving waivers
under the first consolidated CO waiver

*7An AQCR is a “non-attainment" region if
measurements in that region produce results which
exceed either one of the NAAQS for CO more than
one per year.

decision, as to be insignificant in its
effect on public health.®® This combined
projected effect should still be small
enough to avoid the need for any
modification of any State
Implementation Plan (SIP) adopted
according to the requirements of section
110 of the Act for the purpose of
attaining the NAAQS for CO.~

3. Essential to the Public Interest or to
the Public Health and Welfare.—Before
I may grant a waiver request, section
202(b)(5)(C)(i) of the Act requires that I
determine that granting the waiver is
essential to the public interest or the
public health and welfare. I have
determined that it is essential to the
public interest to grant the waiver
requests covering the two Toyo Koygo
engine families for which I have
determined that effective CO control
technology is not available.

I have based this determination on the
need to protect the public's interest in
preserving diversity and competition in
the automobile industry. Denying a
waiver for either of the 1981 model year
Toyo Kogyo engine families which lacks
the technology to continue in production
under the 3.4 gpm CO standard would
reduce the diversity of choices available
to consumers to that extent.® Denying
these waivers also could create a threat
to Toyo Kogyo's overall ability to
continue as a competitive force in the
marketplace and therefore to the
viability of that applicant as a
manufacturer of automobiles. If Toyo
Kogyo could not remain viable as a
manufacturer, Toyo Kogyo would no
longer market other engine families
which would be capable of meeting
applicable emission requirements; thus,
diversity and competition in the ~
automobile industry would be
undermined even further.

This problem assumes added import
in an instance in which a relatively
small-volume manufacturer such as
Toyo Kogyo is concerned. Thus, if I
denied the waiver applications covering
the two Toyo Kogyo engine families for
which I have determined effective CO
control technology is not available, I
would be creating a high degree of risk
that the range of choices available to
meet the automotive needs of consumers
may decrease. This result could only
interfere with the effectiveness with
which the automobile industry is able to

* The engine families receiving waivers under
both the first and second consolidated CO waiver
decisions only constitute approximately 12% of total
projected 1881 model! year light-duty vehicle sales in
the United States.

*This problem was raised by waiver applicants
during the proceedings associated with the first
consolidated CO waiver decision. See AMC App., p.
3: C. App. Vol. I, p. lI-2,

meet market demand for automobiles
and therefore is potentially detrimental
to the public interest.®

In this case, in which I already have
determined that granting waivers for
Toyo Kogyo's two 1981 model year
engine families for which effective
control technology is not available
would not measurably impair public
health, I have concluded that it also is
essential to the public interest to allow
Toyo Kogyo to produce these engine
families by granting the waiver
applications covering these 1981 model
year engine families.

4. Good Faith.—In order for me to
grant a waiver to any applicant, section
202(b)(5)(C)(ii) of the Act requires that |
determine that the applicant in question
has made all good faith efforts to meet
the emission standards established by
this subsection. In the context of this
consolidated decision, therefore, 1 have
examined information regarding each
applicant's previous and projected
efforts toward meeting a 3.4 gpm CO
emission standard for the engine
families in question.

In response to the waiver application
guidelines and Agencysubpoenas, each
applicant has submitted detailed,
specific descriptions of its past, present,
and future programs for development of
CO emission controls. As a basis for
comparisons, the record contains similar
submissions from earlier waiver
applicants and other automobile
manufacturers which have not filed
waiver applications.

To the extent that information
contained in the record relates to the
good faith criterion, it tends to support a
finding confirming the good faith efforts
of each applicant at developing CO
emission controls. In some instances,
however, the applicant's showing in this
regard is at best marginal.®! The

% For example, Ford, a non-applicant, indicated in
its testimony during the public hearing for the first
consolidated CO waiver decision that as a
competitor it would have problems meeting the
extra market demand created when an applicant
would be unable to market an engine family which
could not meet a 3.4 gpm CO standard. Specifically,
Ford explained that, because it would receive notice
of that extra market demand only shortly before the
1981 model year, it would not have sufficient lead
time to meet any more of that demand than already-
existing idle capacity would permit. July 10 Tr.. p.
203.

! An area that especially concerns me is the
paucity of data from the applicants (including Toyo
Kogyo) on systems that would appear to represent
best effort technology. Another area of equal
concern to me centers on the Nissan engine families
for which I could not make a pass/fail
determination due to the lack of sufficient data
submitted by the applicant on any systems.
Therefore, I have to deny the waiver applications
covering these vehicles. This “no data" category
encompasses two “no data” families out of a total
of six (or 33%) planned by Nissan for the 1881 and

Footnotes continued on next page
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applicant’s financial information is
general and therefore difficult to
evaluate in the context of this decision.
Nevertheless, I have no basis for
concluding that any significant
discrepancy exists among themselves or
among manufacturers generally with
respect to the amounts of resources,
relative to company size, which each
applicant has committed to the
development of CO emission controls.

Of course, each applicant has a
natural motivation to present its good
faith arguments in the best light
possible. The record contains little, if
any, evidence from disinterested sources
which directly corroborates the
information supplied by the applicant.

In International Harvester Co. v.
Ruckelshaus,®® the court discussed the
relative burdens and standards of proof
present in proceedings such as these.
The court stated that once an applicant
produces ostensibly reliable and specific
information in support of its position,
the Administrator bears the burden of
showing the reliability of any
methodology employed in reaching a
decision adverse to the evidence
presented by the applicant. In this case,
I have concluded that I could not
reasonably reach a determination that
any of the applicants in these
proceedings has not taken all good faith
efforts to meet the 3.4 gpm CO emission
standard. Information submitted by an
applicant might tend to ignore or gloss
over information pertaining to an
existing or potential CO control
technology which the applicant failed to
pursue in good faith, Nevertheless, the
record contains no information
indicating that a given appiicant acted
in bad faith, and therefore provides no
basis for refuting the information
supplied by the applicants.

Thus, I have determined that each
applicant [including Toyo Kogyo) has

Footnotes continued from last page

1982 model years. This lack of dammmmd effort
with respect to these engine families touches on the
good faith issue directly. | have denied these “no
data" applications, but the 1981 model year
certification process is already underway. It would
appear that the 1981 certification process will be the
first time Nissan conducts sufficient durability
testing on these “no data" engine families to
determine if they can certify at the 0.41 HC, 34 CO,
1.0 NOx standards.

Although I cannot refuse an application for
certification on the basis of the absence of what |
consider to be best effort technology, I am again
putting the industry on notice that applications for
waiver of the 3.4 CO standard, based on 1981
certification data generated by less than best effort
technology, will be evaluated very carefully in light
of the “all good faith efforts” criterion of the statute.
[ already have referred to this problem with respect
to applications considered for the first consolidated
CO waiver decision. See 44 FR 53383, n. 87
(September 13, 1978).

*478 F.2d 615 (D.C. Cir, 1973).

demonstrated compliance with the good
faith criterion set forth in section
202(b)(5)(c)(iii) of the Act.

5. Conclusion.—Both of the Toyo
Kogyo engine families for which I have
determined that effective CO control
technology is not available for the 1981
model year are covered by waiver
applications which meet each of the
remaining criteria under section
202(b)(5)(C) of the Act. As a result, I am
granting a waiver of the effective date of
the 1981 statutory CO emission standard
for both of these engine families for the
1981 model year.®

C. Waiver Applications Denied

1. Availability of Technology,
Considering Costs, Driveability and
Fuel Economy. a. Available
Technology.—Appendix A projects the
following engine family to be capable of
passing certification testing
requirements if that family uses one of
the applicant’s specified emission
control system designs which the
applicant is considering for possible use

to meet the 3.4 gpm CO standard:
Manufacturer Engine family
Nissan 119 CID

Nissan provided emission test data
from a vehicle (VIN YD021) using its 119
CID engine with a fast burn/fuel
injection/exhaust gas recirculation/
three-way catalyst system. Appendix
A's Monte Carlo analysis indicated with
a high degree of confidence that this
engine family could pass certification
testing.

In addition, Appendxx A projects that
the following remaining engine families
including Nissan's 118 CID engine family

Engine
Manutacturers tamily Adjustment factors

120 CID (1582 model Qmwom
year only).
Wmm

#“Section IV of Appendix A explains how these factors
were developed and applied.
-m-mwma«mm”m

ing which meet the 1981 Federal amission standards. These
data tend 10 confirm the projection of the Monte Carlo Analy-
sis regarding this emgine family's abiiity to meet the 3.4 gpm
CO standard.

“As noted sarfier in this section, Appendix A's analysls in-
dicated that one of the emission control systems which
Nissan had tested for this angine family is capable of meeting
the 3.4 gpm CO standard in 1981. The analysis also demon-

d that control system (fast burm/puise-

8-
:

family
that feature would be available by the 1981 model year.

Based on evidence submitted by Toyo
Kogyo, I have determined that effective
CO control technology (specifically, a
system Toyo Kogyo has been developing
which uses a feedback carburetor and
oxygen sensor) which is not available
for Toyo Kogyo's 1981 model year
vehicles will be available for the 1982
model year.” Otherwise, I have
determined on the basis of the
projections in Appendix A that effective
CO control is available as of the 1981
model year to the engine families in the
two preceding lists.

I also have decided that, for the
following engine families, the respective
applicants have failed to establish that
effective control technology is not
available to enable these engine families

to meet the 3.4 gpm CO standard:
Engine
Manufacturer tamily Adjustment factor
Fuji 97 CID Either: (a) improved

are capable of passing certification and .:':.,w
testing: :""""“m \ m““’"
an a:
between the
catalysts or [b)
Engine improved three-way
Manutacturer tamily Adjustmart factors ™ Koy pte ool
NISS8 ..o B5/91 CID ... ... Ignition timing MMMM:W.
;c:bmon during 108 CID .. Either: (a) Clean-up
s stant. oxidation catalyst
10D ™. . .. Improved oxidation with aspirator
catalyst and dual- between calalysts
walled exhaust pipa. or (b) cleanup
146/168 CID. . Warm-up air injection, oxidation catalyst
Toyo Kogyo... 91 CID (1982 model  Clean-up oxidation with switched-air
year only). catalyst with system.
hed-alr sy Renaut 85 CiD Clean-up oxidation
catalyst with
% Given the conservative nature of the analysis Nissan 75 CID mmw oY

used to project that effective control technology is
not available for these engine families, it remains
possible that some of these families still might be
able to meet the 3.4 gpm CO standard. Even with
my decision to grant waivers for these families, I
still expect the applicants to make reasonable
attempts to have these families meet the 3.4 gpm CO
standard.

% See Section HI of Toyo Kogyo's letter (undated)
to Marvin B. Durning, EPA's Assistant
Administrator for Enforcement, responding to
questions raised at the public hearing on September
12, 1879. See also Sept. 12 Tr., pp. 42-44.
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Both Fuji and Renault claimed that
space limitations prevented them from
incorporating needed emission control
components into vehicles of their 97,
109, and 85 CID engine families to
enable those engine families to meet the
3.4 gpm CO standard. Fuji stated that it
could not fit either a heat shield for an
oxidation catalyst or an air pump for a
switched-air injection system into its
vehicle designs.® Renault asserted that
because of space constraints it could not
locate a clean-up oxidation catalyst
close enough to the engine to improve
efficiency.® Appendix A projects that
these engine families could not meet the
3.4 gpm CO standard unless they
incorporate these specified design
features.

The illustrations and photographs
which these two applicants have
submitted to the record to substantiate
their respective space constraint claims
have not been sufficient to establish the
physical impracticability of including
the necessary additional equipment or
design modifications. As a result, I have
determined that Fuji and Renault have
failed.to establish that effective control
technology is not available to enable
these engine families to meet the 3.4
gpm CO standard. If these two
applicants fail in their attempts to
incorporate physically the technology
capable of meeting the 3.4 gpm CO
standard, they can reapply for waivers
covering these engine families on the
basis of more conclusive information
regarding their respective inabilities to
incorporate the necessary improvements
into their vehicle designs. -

The Monte Carlo analysis projected
with a high degree of confidence that
Nissan's 75 CID engine family without
adjustment factors 7 would be able to
certify to the 1981 statutory emission
standards for HC and CO. The level of
confidence with which the Monte Carlo
analysis predicted this engine family
could certify to the 1981 NO, standard
fell slightly below the level required for
me to conclude under this decision's
conservative approach that effective
control technology is available to
achieve compliance with that
standard.”

However, Nissan submitted emission
data from 1980 California certification

Sept, 12 Tr., pp. 117-121, 128.

SR. App.. p. V/4.

"No data were available to permit adjustment
factors to be properly applied to this family for the
Monte Carlo analysis.

" The Monte Carlo simulation resulted in a 77%
probability that this engine family could meet the
NO, standard. This decision has used an 80%
confidence level as the cutoff point for concluding
that effective control technology is available

testing on a durability vehicle of this
engine family which met all three 1981
Federal emission standards for 50,000
miles.

The Monte Carlo analysis only
predicts how an engine family is likely
to perform in certification testing,
whereas the California results constitute
actual certification performance.” This
decision normally employs a highly
conservative approach in order to
minimize the risk of incorrectly
projecting that the necessary technology
is available to an applicant. In this case,
the California certification data provide
me with an independent basis for
concluding that the risk of incorrectly
determining that the applicant has failed
to establish the unavailability of
technology is properly minimized for the
Nissan engine family as well.” Nissan
actually is producing 1980 model year
California vehicles of the 75 CID engine
family subject to emission standards for
NO, and HC equal to the 1981 Federal
standards for those pollutants. In this .
case, it so happens that at 50,000 miles
Nissan's certification vehicle also met
Nissan's emission design target for a 3.4
gpm CO standard. Thus, even according
to Nissan’s own criteria it appears
highly probable that this engine family
is capable of meeting 1981 Federal
emission standards. Based on this
information, I cannot conclude that
Nissan has established, as section
202(b)(5)(C)(iii) of the Act requires, that
technology is not available to enable
this engine family to meet 1981 Federal
emission standards.

Appendix A's analysis of the engine
families covered by Toyo Kogyo's
waiver application indicated that Toyo
Kogyo's 70 CID (rotary) engine with
open-loop carburetor/multi-catalyst
systems would not be capable of
meeting the 3.4 gpm CO standard in the
1981 model year. However, Toyo Kogyo
also submitted emission results from

" The durability test results obtained for this
engine family in 1980 California certification can be
used to satisfy the durability test requirements for
1981 Federal certification.

" Data from 1080 California certification which
indicate the capability of a vehicle to meet the 1981
Federal emission standards may be useful in
evaluating the technological capabilities to meet the
1981 federal standards, However, this is not to
suggest thal in every instance where an engine
family has certified to California's 1980 swundards at
levels that indicate it could also meet 1981 federal
standards, that I must conclude the manufacturer
has failed to establish that the technology is not
available to meet those federal standards. A
manufacturer may be able to establish that
California certification data for one reason or
another are not representative of the engine family's
true capability to meet the 1981 federal standard.
(See e.g. Chryslers 3.7L family at 44 FR 53304). In
such situations, the California certification data
alone are not determinative as to the availability of
technology.

1980 California certification testing on a
vehicle using this engine with an
exhaust gas recirculation/air injection/
thermal reactor emission control system
without a catalyst. The results from this
durability testing were below 1981
Federal emission standards for all
regulated pollutants. .
Appendix A could not include a
Monte Carlo analysis of Toyo Kogyo's
thermal reactor system on the 70 CID
engine. This is the case because the test-
to-test, car-to-car, and deterioration
variability factors which the Monte
Carlo simulation applies are based on
data generated by vehicles employing
catalyst technology; hence, these factors
most likely are not representative of the
variabilities likely to occur for engine
families not employing catalysts.
Sufficient information is not otherwise
available to me to develop these
variability factors for this system.
Because the Monte Carlo analysis
cannot be applied to Toyo Kogyo's 70
CID engine using the thermal reactor
system, the California certification data
is the only information in the record
which is directly indicative of the
emissions performance capabilities of
this engine family. Because these
California certification test results meet
the 1981 Federal emission standards, I
cannot conclude that Toyo Kogyo has
established that effective control
technology is not available to enable
this engine family to meet the 3.4 gpm
CO standard in the 1981 model year. As
was the case with the Nissan 75 CID
engine family, I have concluded on the
basis of available California
certification data that the risk of
incorrectly determining that Toyo Kogyo
has failed to establish the unavailability
of technology for its 70 CID engine
family also is properly. minimized.”

"Toyo Kogyo can use the 1980 California
durability certification results to meet the 1981
Federal durability certification requirements
associated with a 3.4 gpm CO standard. While this
may not represent Toyo Kogyo's sole criterion for
determining whether to produce this engine family,

these certification results essentially provide Toyo

Kogyo with a license to produce this family
(presuming that this family will be able to pass the
remaining 1981 Federal certification testing
requirements apart from the durability testing
requirements), Reducing the risk that families which
don’t meet emission requirements will go into
production is a principle objective of the
certification program. However, a manufacturer
may elect not to accept the certification results and
not to produce such a "certified" family based on its
independent assessment of the risk of
noncompliance with emission standards in actual
use. Toyo Kogyo has stated that it has not and
would not produce an engine family that did not
meet its design targets, presumably as a statement
of how it addresses this risk; nevertheless Toyo
Kogyo has certified and produced this family for
California under HC and NO, standards that are
identical to 1981 federal standards, even though that
Footnotes continued on next page




Federal Register / Vol. 44, No. 233 / Monday, December 3, 1979 / Notices

69427

Each of the applicants has argued that
inquiry into whether a waiver applicant
has met the technology-related criteria
established by the Act for receiving a
waiver does not end with the evaluation
of whether an engine family is capable
of certifying to the 3.4 gpm standard.
The applicants assert that proper
consideration of this area also should
take into account the prospects for an
engine family's complying with the other
emission-related statutory requirements
should be the 3.4 gpm CO standard go
into effect.

More specifically, the applicants
contend that factors such as prototype-
to-production slippage, production
variation, and in-use deterioration
create a significant risk that production
vehicles will not meet the applicable CO
emission standard either coming off the
assembly line or in use.’> Under those
circumstances, the manufacturer could
be subjeet to liability under EPA's
assemblyline testing, recall, and
warranty programs. For this reason, the
applicants have developed their own
emission design targets below the actual
CO standard. The applicants contend
that only after they meet these targets
have they assured themselves that they
have minimized to an acceptable level
the risk of mass producing vehicles
exceeding the CO standard.

1 have determined that none of the
waiver applicants has established that
technology will not be available to
enable the engine families which I
cannot conclude are incapable of
passing certification requirements also
to be capable of meeting the 3.4 gpm CO
standard during their useful life after
those families go into mass tion.

Section 202(b)(5)(C)(iii) of the Act
clearly places the burden of making the
necessary showing regarding the
available technology criterion with the
applicant, EPA specifically indicated the
significance of this explanation by
requesting information on this point in
its "Guidelines for Applications for
Waiver of the 1981 Carbon Monoxide
Emission Standard” {43 FR 47272, 47276
(October 183, 1978)), in the subpoenas it
issued to the waiver applicants, and in
the questions propounded to the
applicants during the public hearing.

The applicants here for the most part
have provided EPA with their design

Footnotes continued from last page
family did not meet its stated design targets in
certification for these pollutants. Toyo Kogyo has
provided no additional data to further my ability to
assess the risks associated with production of this
family. Therefore, I have no reason to believe that
Toyo Kogyo faces an unreasonable risk in
marketing this family on a national basis as well.
This is contrasted with the situation involving
Chrysler's 3.7L engine family (44 FR 53304).

" See, e.g, Fuji App., pp. 1-3; N. App., 1.7,

targets and with an explanation of the
factors considered in deriving the design
targets for the respective engine
families.” However, no applicant has
had any production experience under a
3.4 gpm CO standard through which it
could establish relevant prototype-to-
production slippage rates or ranges of
variations among production vehicles.
The availability of this information
would have improved the accuracy of
any projections as to whether an engine
family capable of passing certification
testing also could meet Federal emission
requirements in mass production.

As explained in the discussion on
decision methodology in section TII[A)(2)
of this decision, the projections of
available technology in Appendix A are
intentionally conservative in an effort to
factor in considerations pertaining to
any possible risks that engine families
will not meet standards when they are
mass produced. Appendix A's Monte
Carlo simulation methodology accounts
for the variation in deterioration rate
that may occur between vehicles in
projecting the ability of those tested
vehicles in question to meet the 3.4 gpm
CO standard for 50,000 miles [the
vehicleg’ statutory useful life according
to section 202[d)(1) of the Act). The
methodology also statistically applies
test-to-test and vehicle-to-vehicle
variation factors, and thereby accounts
for much of the effects of those
variations in production. Thus, I am
unable to conclude that any applicant
has established that possible differences
in an engine family’s emission control
capabilities between certification and
production create an unacceptable risk
that available technology capable of
meeting a 3.4 gpm CO standard during
certification testing will not meet the 3.2
gpm CO standard once that technology
is introduced into mass production.”

" Fuji App., pp. A-2-1 to A-2-3; Fuji, 9/18/79, pp.
$-8-1 to S5-8-2. N. App.. pp. 54.1 to 54.2 and
Attachment V. R. 8/24/79, pp. 4.1 to 44. Section V of
Toyo Kogyo's letter {undated) to MarvinB. Durning,
EPA's Assistant Administrator for Enforcement,
responding to questions raised at the public hearing
on September 12, 1979.

*The Nissan 75 CID and Toyo Kogye 70 CID
engine families have not passed the conservative
Monte Carlo analysis (the latter because data were
not-available to permit proper application of the
Mante Carlo simulation to that family).
Nevertheless, I cannot conclude that these
applicants have established that effective control
technology is not available to these families. An
applicant for waiver of emission standards has a
natural incentive to provide conservative design
targets to project the emission performance of its
vehicles in production. Since neither Nissan nor
Toyo Kogyo established how failure to meet their
respective design targets would cause them to be
incapable of meeting emission requirements for
production and in-use vehicles, it is inappropriate
for me to view not meeting such targets as requiring
determination that technology is unavailable.
Further, these manufacturers failed to relate the

The record did not include sufficient
information to make any conclusive
determination regarding available
technology for the following engine
families:

Engine family

EF-A
EF-8

The waiver applications covering these
engine families included no emission
test results which the decision's
prescribed methodology could use as a
basis for evaluating their respective CO
emission control capabilities, even
though the waiver application guidelines
expressly specified the form for the test
data.”™ Moreover, no engine families for
which Nissan did submit sufficient test
data were similar enough to these “no
data" engine families to provide a basis
for assessing the capabilities of those
engine families.

As I have mentioned earlier in this
section, the Act places with the
applicant the burden of establishing the
lack of available technology. By failing
to supply sufficient data from any
engine family through which I can
assess adequately the CO emission
control capabilities of that particular
engine family, the applications I have
received covering Nissan these engine
families have failed to meet the burden
which the Act imposes on them. Thus, 1
cannot determine that, independent of
considerations of costs, driveability, and
fuel economy, effective control
technology is not available to these two
Nissam engine families.

design targets to their actual behavior in the market
place, since both have marketed vehicles in
California under emission standards for those
pollutants where those vehicles failed in
certification testing to meet their respective targets
associated with those standards.

™ See "Guidelines for Application for Waiver of
the 1981 Carbon Monoxide Emission Standard,” 43
FR 47272, 47276 {October 13, 1978). In order to be
adequate for use in the analysis, the emission test
data must come from a vehicle which has
accumulated at least 20,000 miles with no major
emission control component or calibration changes
and has been subject to at least four valid tests
according to the 1875 Federal Test Procedure.
Generally speaking, the data which Nissan
submitted for the engine families in question here
did not come from vehicles which had accumulated
the mileage necessary to give some indication of the
vehicles' durability characteristics,

In contrast, I am able to reasonably base a
decision regarding the availability of technology on
the emission test results for Toyo Kogyo's 70 CID
engine family using & thermal reactor, even though
they were not capable of analysis by the Monte
Carlo simulation. Those data at least gave some
indication of the engine family's durability because
its emissions were measured periodically over the
course of the test vehicle accumulating 50,000 miles.

Section V of Appendix A contains a more

discussion of how the methodology
applied the emission information which
manufacturers submitted.
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Nissan may reapply for waivers for
these "no data" engine families. At that
time, I will re-examine the availability
of effective control technology for those
engine families in light of any new,
sufficient emission test data which
Nissan may provide.

b. Costs, Driveability, and Fuel
Economy.—1 also cannot determine for
each of the engine families not granted a
waiver that, even after considering
costs, driveability, and fuel economy,
effective control technology is not
available to enable these engine families
to meet a 3.4 gpm CO standard in the
1981 model year. Specifically, neither
the separate nor the combined effects of
the costs, driveability, and fuel economy
considerations associated with meeting
a 3.4 gpm rather than a 7.0 gpm CO
standard are significant enough to make
any of these engine families unable to
remain reasonably competitive in the
marketplace. :

i. Cost—Appendix A analyzes the
costs on a manufacturer-by-
manufacturer basis of meeting the
statutory CO standard based on 1979
dollars. Table VI-2 in Appendix A
provides the following list detailing the
extra costs per vehicle (for those
families not receiving a waiver) which
EPA projects that a manufacturer would
have to incur in marketing each engine
family covered by a waiver application
with systems targeted at a 3.4 rather
than a 7.0 gpm CO standard:

Extra cost (1879 dollars)

1881 1882

$91-§128....... $91-§128

Manufacturer Extra cost (1979 dollars) (Sales-
weighted averages)
o et 2 e $80-$100
NISSAN. ..coiirrsssiniinn $57-8104
Renault Confidential
TOyo KOGYO..covnrsrorere $650

These added costs are not large enough
to affect significantly the competitive
position of any of the engine families not
receiving waivers.*

ii. Driveability.—] also have
determined that the sacrifices in vehicle
driveability associated with
implementing the technology necessary
to meet the 3.4 gpm CO standard would
not make any of the engine families in
question an unacceptable alternative to
consumers. For the most part, the
applicants included only general
allusions to driveability concerns in
stating their respective cases for
waivers.®* Thus, I have.no adequate
basis for concluding that driveability
concerns prevent effective control
technology from being implemented on
any engine family covered by a waiver
application.

iii. Fuel Economy.—] also have
determined that any fuel economy
penalties associated with effective CO
control technology would not seriously
impact the acceptability to consumers of
the engine families in question. Indeed,
at least some applicants confirmed that
technology designed to meet the 3.4 gpm
standard in model year 1981
incorporated features which actually
improve fuel economy relative to meet
the current less stringent CO standard
for 1979 model year vehicles.5?

No applicant contended that the
failure to receive a waiver would
preclude the applicant from achieving
the Corporate Average Fuel Economy
(CAFE) requirements imposed by the
Energy Policy and Conservation Act.
Toyo Kogyo was the only applicant
which projected a specific fuel economy
penalty (estimated at 5% for its “first-
choice" systems for both its rotary and
conventional engines) associated with

The manufacturers' own estimates of
their respective cost differences in
attempting to meet the 3.4 versus the 7.0
gpm CO standard are listed in Appendix
A’s Table VI-3 as follows:

% Of course, to the extent that each manufacturer
Incurs some extra costs in meeting the 3.4 gpm CO
standard, the effect of the extra costs on the
competitive positions of the engine families of each
waiver applicant will be mitigated. The same is true
regarding any extra driveability or fuel economy
problems that an applicant may experience. See
also the discussion of costs in section III(C)(3) in the
public interest criterion.

¥ Nissan provided some specific driveability data
in an effort to substantiate its driveability concerns,
but the data provided were nevertheless insufficient
to establish Nissan's contention that effective
control technology is not available for its engine
families. See the individual discussions of the
driveability concerns of each applicant in Section
VII of Appendix A.

2 See, e.g. Sept. 12 TR., pp. 91-92 (testimony of
Nissan),

meeting a 3.4 gpm CO standard refative
to levels it would be capable of attaining
in conjunction with its suggested 7.0
gpm interim standard for 1981 model
year vehicles.® Nissan was the only
other applicant to suggest a specific
figure for the fuel economy penalty it
expected to incur (projecting a net loss
of from one to two percent).® This
information does not establish that the
fuel economy penalties are significant
enough to prevent associated technology
from being incorporated into 1981 model
year vehicles which would be
acceptable to consumers and therefore
still could be marketed competitively.

Thus, I have determined that
considerations of costs, driveability, and
fuel economy, whether evaluated
separately or in combination, do not
give me a basis for concluding that
effective control technology is not
available for the engine families which
Appendix A either projects to be
capable of attaining the 3.4 gpm
standard or, for one of several reasons,
cannot project to be incapable of
attaining that standard. For that reason,
I am denying the waiver applications
under consideration insofar as they
apply to these engine families.

c. National Academy of Sciences
Studies and Investigations and Other
Information.—As explained in section
III(B)(1)(c) of this decision, the most
recent study by the NAS (published in
1974) on the availability of technology to
meet a 3.4 gpm CO standard concluded
that the requisite technology (at the
expense of a fuel economy penalty) was
available to the industry as a whole, but
reached no conclusions regarding the
availability of technology on an engine
family-by-engine family basis. As this
earlier discussion also explained, the
fuel economy penalty projected for
technology available in 1974 is not a
significant concern now.

Thus, I have determined that the
results of the available NAS studies and

* A comparison of fuel economy data between
Toyo Kogyo vehicles designed to meet a 7.0 gpm CO
standard and Toyo Kogyo vehicles attempting to
meet a 3.4 gpm CO standard indicate that this
penalty is somewhat smaller for manual
transmission vehicles and changes to a significant
fuel economy gain for automatic transmission
vehicles. See Section VIII of Appendix A to this
Toyo Kogyo also asserted that it could increase by
10 to 15 percent the fuel economy of its 1980 rotary
engine certified in California below the 1981 Federal
standards by replacing the thermal reactor system
with an open loop three-way plus oxidation catalyst
with air injection system. Toyo Kogyo cannot meet
the 3.4 gpm CO standard, however, by using the
open loop system. Because Toyo Kogyo already is
marketing the thermal reactor system, I can only
conclude that the fuel economy features of that
system would not preclude Toyo Kogyo from
marketing that system in a competitive manner in
model year 1881,

*Sept. 12 Tr,, p. 92.
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investigations do not indicate that
effective control technology, considering
costs, driveability, and fuel economy, is
not available for the engine families not
receiving waivers. I also have made the
same determination regarding the
indications provided by other -
information available to me and
included in the record. (See the
discussion of “other information" in
section HI{B)(1)(c) of this decision).

2. Protection of the Public Health.—
According to the requirements of section
202(b)(5)(C) of the Act, the
Administrator must find that a waiver
application has met each of the
specified criteria with respect to a
particular engine family before the
Administrator may grant a waiver
request. Thus. according to the express
terms of the statute, there is no need for
me to determine whether waiver
applications covering engine families for
which I am unable to determine that
effective control technology, considering
costs, driveability, and fuel economy, is
not available to meet any of the
remaining statutory criteria in order for
me to deny these applications.
Nevertheless, I am addressing these
issues in this decision for the purpose of
leaving as few matters as possible
unresolved.

By the same reasoning I used in
section III(B){2) of this decision, I could
conclude that the incremental ambient
CO contributions from any engine
family for which I have not determined
effective control technology considering
costs, driveability, and fuel economy, to
be unavailable also is insignificant. In
that case, waiving the 1981 and 1982
statutory CO standard for any one of
those engine families arguably still
would be protective of the public health.

As I already have noted, however,
Appendix B projects that noticeable
increases in CO levels could result from
an industry-wide waiver under section
202(b)(5) of the Act. This result could
hardly be protective of public health
when the record indicates that as many
as 189 urban areas measured violations
of the CO NAAQS in 1978 * and that
studies project at least some 180
violations still to occur annually
1985 in the 19 worst non-California, low-
altitude AQCRs, even with a 3.4 gpm CO
standard applied industry-wide
beginning in the 1981 and 1982 model
years,* By thus aggravating the
detrimental health effects caused by
violations of the CO NAAQS which

* Joint Comments from Environmental Defense
Fund and National Resources Defense Council, p. 8
(July 30, 1978).

*“EPA's Revised Air Quality Analysis of Waiving
the 3.4 Grams/Mile CO Standard for Light-Duty
Vehicles, dated August, 1978.

studies already project will exist when
1981 and 1982 model year vehicles are in
use, an industry-wide waiver of the 3.4
gpm CO emission standard would not be
protective of public health.

Where granting waivers covering
vehicles constituting only a small
portion of the industry, however, would
not create a significant effect on CO
levels in non-attainment regions, or
would not bring attainment regions into
non-attainment, imposing the 3.4 gpm
CO emission standard on these vehicles
is not required to protect public health.
Thus it is reasonable within the intent of
section 202(b)(5)(C) to provide waivers
on a limited basis by granting waivers
covering only that portion of the
industry consisting of engine families for
which I have determined that effective
control technology, considering costs,
driveability, and fuel economy is not
available (presuming these families also
meet the remaining statutory criteria).

Nissan, as well as several applicants
involved in the first set of CO waiver
proceedings,37 contended that recent
measurements have shown a significant
downturn in ambient CO levels which
will lead to nationwide achievement of
the CO NAAQS within an assertedly
comparable time frame whether or not
CO waivers are granted. Appendix B
nevertheless indicates that an industry-
wide waiver could measurably slow the
progress towards the health-based CO
NAAS in non-attainment areas. The
longer an area is in non-attainment, the
longer the public health lacks adequate
protection.

Appendix B addresses the comments
in the record challenging EPA's
methodology in measuring and
projecting ambient CO levels *$ and
explains the reasoned basis for the EPA
methodology-employed to assess both
ambient CO levels and the effects which
granting these waiver requests may
have.

Moreover, insofar as any comments
submitted to the record have questioned
the need for attainment of the 90 percent
CO emission reduction requirement by
the 1981 model year, the parties offering
these comments have misconstrued
Congress' intent in providing a CO
waiver mechanism in the Act. Congress
did not intend that I reassess the need
for attaining the 90 percent reduction
requirement by the 1981 model year to
decide whether I should grant these
waivers; rather, Congress included the

"See, e.g. C. App., I, p. C-3; GM App,, p. 5.

GM App., pp. 33-39. N. App., pp. 2.1-2.3. Ford
also supplied specific comments on EPA's
methodology. Ford, july 9, 1879, Attachment V. The
applicants involved in this d set of CO Waiver
proceedings have raised no new arguments in this
area. See note 50, supra.

public health consideration in section
202(b)(5)(C) of the Act to ensure that
any waivers I granted, for a presumably
limited number of engine families, would
present no significant risk to the public
health. In enacting section 202(b)(1) of
the amended Act, Congress already had
determined that considerations of public
health adequately supported requiring
the 80% reduction in CO emissions by
the 1981 model year.

3. Essential to the Public Interest or
the Public Health and Welfare—I have
determined that waivers for the engine
families for which I have determined
that effective control technology,
considering costs, driveability, and fuel
economy, is available are not essential
to the public interest or to the public
health and welfare.

On the basis of the information
contained in the record, I conclude that
in no case is granting a waiver essential
to the public health and welfare. No
applicant has made a claim that a
waiver would enhance the public health
and welfare, nor has any information
supporting such a finding come to my
attention. I have no basis for
determining, for example, that
manufacturers can achieve the statutory
CO standard only at the risk of
increasing emissions of other regulated
or unregulated pollutants. *® Thus, based
on the information elicited for the record
of the proceedings at hand, the scope of
my examination of this issue narrows to
whether a waiver is essential to the
public interest.

Several applicants have stated that
though their engine families may have
some potential for meeting the 3.4 gpm
CO emission standard, the engine
families can achieve that emission level
only by incurring extra costs (or fuel
economy or driveability penalties)
which the applicants could avoid under
a less stringent CO standard.® These
applicants contend that I should grant
waivers covering these engine families
because it is essential to the public
interest to avoid any extra costs (or fuel
economy or driveability penalties)
relating to agsertedly marginal
improvements in ambient CO levels
achieved by attainment of the 3.4 gpm
CO standard.

This argument overlooks the purpose
for which Congress included the CO
waiver provision in the 1977 amendment
to the Act. Congress obviously realized

“EPA's Administrator made such a
determination as part of the suspension proceedings
for the 1977 model year motor vehicle exhaust
emission standards b of his rns
regarding the uncertain health effects of possible
increased sulfuric acid emissions. 40 FR 1180
(March 14, 1975),

%See, e.g., N. App., p. 1-5; TK App.. p. 2.




69430

Federal Register / Vol. 44, No. 233 / Monday, December 3, 1979 / Notices

that any 1981 model year vehicle model
could attain the 90 percent reduction
requirement for CO emissions, which it
deemed ultimately necessary to achieve
ambient CO levels protective of public
health, only by incurring some extra
cost, or perhaps some extra penalty to
fuel economy or driveability. As noted
earlier, however, Congress intended that
waivers be granted on a limited basis
only. Thus, it is highly unlikely that
Congress envisioned the involvement of
extra costs (or fuel economy or
driveability penalties) alone as
justification for granting a waiver
request.

The public interest consideration at
issue in these proceedings is whether
adverse effects from any of these factors
are substantial enough to present a
significant risk that the applicant will
not be able to produce and market
competitively the engine family in
question and perhaps other engine
families as well. Section III{C)(1)(b) of
this decision already has examined this
aspect of the public interest
consideration in discussing the effects of
costs, driveability, and fuel economy on
the availability of effective control
technology.

My conclusion here parallels the one I
reached there. Specifically, I have
determined that it is not essential to the
public interest to grant waivers to
engine families which incur costs (or
driveability or fuel economy penalties)
in meeting the 3.4 gpm CO standard
where the costs (or penalties) involved
are not so substantial as to present a
significant risk to the waiver applicant's
ability to produce and market
competitively vehicles of that engine
family, or vehicles generally.

Fuji has claimed that it is further
essential to the public interest that I
grant its requested waivers to allow
them to continue producing its four-
wheel drive vehicles (constituting about
half of its U.S. sales total).®! Fuji
explains that those vehicles offer added
convenience and safety not available
from most passenger vehicles when
operated under poor driving conditions.
I recognize that ensuring the availability
of such special-purpose vehicles may
benefit the public interest; however, I
cannot determine that granting Fuji's
requested waivers would actually help
preserve the availability of these
vehicles and thereby would be essential
to the public interest. Because Fuji has
not been able to establish that its engine
families are not capable of meeting a 3.4
gpm CO standard, I cannot conclude
that Fuji indeed will stop producing and

# Sept. 12 Tr., p. 104,

marketing these special-purpose
vehicles if it does not receive a waiver.
Renault stated that a waiver for its 85
CID engine family would serve the
additional public interest of allowing it
to market on a nationwide basis
vehicles which meet California's stricter
1981 model year NO, emission standard
(0.7 gpm) and scheduled maintenance
requirements.* In this case, however,
Renault indicates that it can achieve
improved NO, emission levels only by
sacrificing its ability to meet the CO
emissions standards established by
Federal law. By establishing the Act's
schedule for required emissions
reduction, Congress clearly indicated
that it determined achievement of the
3.4 gpm CO standard more important to
the national public interest than
achievement of the emissions
improvements in NO, promised by
Renault and required by California due
to the state’s unique pollution problems.
Thus, I have determined that a waiver
for Renault's 85 CID engine family
would not be essential to the public
interest for the reasons which Renault

 suggests,

4, Good Faith,—I already have
addressed the good faith criterion in
section III(B)(4) of this decision. My
conclusion here for the engine families
for which I have not determined that
effective control technology, considering
costs, driveability, and fuel economy, is
unavailable is the same as my
conclusion there. Specifically, I have
determined that because the applicants
for wiavers for these engine families
have provided evidence supporting their
good faith efforts to meet the 3.4 gpm
CO standard and because the record
contains no information providing any
specific evidence to the contrary, I am
unable to determine other than that
these applicants have met the good faith
criterion included in section
202(b)(5)(C)(ii) of the Act.

5. Risks in Determining Available
Technology

In International Harvester Co. v.
Ruskelshaus,*.—the Federal appellate
court reviewed the decision of EPA's
Administrator to deny a set of
applications for one-year suspension of
the statutory 1975 model year light-duty
motor vehicle emission standards,
which included the 3.4 gpm CO
standard. The criteria provided in the
Act for the Administrator to make his
decision were substantially similar to

“R. App, P. I1I/1. Renault stated that if it received
a waiver it would market a “50-state” 85 CID engine
family which would mest all Federal and California
emission requirements.
“ %478 F.2d 615 (D.C. Cir. 1973).

the criteria now provided in section
202(b)(5)(C) of the amended Act.**

Among other things, the court stated
that the Administrator should have
balanced the risk associated with
erroneously denying the suspension
requests versus the risk of erroneously
granting them. In that proceeding, the
court indicated that the balance should
consider the economic costs (in terms of
jobs and misallocated resources)
possibly associated with an erroneous
denial versus the possible
environmental benefits lost through an
erroneous grant.

On remand the Administrator
reversed his previous decision and
granted the suspension applications. %
The Administrator cited as the most
influenced factor in his decision the risk
that introducing catalyst technology into
mass production without a scale-up
period of limited mass production could
lead to severe economic disruption
because of unanticipated difficulties
(such as a manufacturer's inability to
acquire a supply of acceptable
catalysts). The Administrator stated that
the one-year suspension of the statutory
emission standards would give the
industry an opportunity to gain
experience in the limited mass
production of catalyst-equipped cars
under conditions of careful quality
control while maintaining the
accelerating momentum of progress in
catalyst development that had occurred
during the previous two years.

As part of the waiver proceedings at
hand, applicants again have raised
concerns over the risks they might face
in being unable to implement effective
control technology in mass production. %
Today's circumstances, however, are
substantially different from those that
existed during the 1973 suspension
proceedings.

At that time, the industry had no
experience in producing vehicles
incorporating catalyst technology;
hence, the Administrator determined
that the risks associated with
implementing a new type of emission
control system into production might
indeed be significant. Since that time,
however, the industry has gained a
substantial amount of experience in the
mass production techniques and quality
control measures associated with
catalyst-based emission control
technology. The move from today's state
of technology to the technology required
to achieve the 3.4 gpm CO standard

% See the discussion of the 1870 version of the Act
in Section I of this decision.

%38 FR 1017 (April 26, 1973).

% See the discussion regarding applicants' risks
and the establishing of design targets in section
111(C)(1)(a) of this decision.
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does not require any substantial shift to
untried emission control methods. As a
result, the uncertainties associated with
that move now are much less than those
associated with the initial move to
catalyst technology.

Moreover, in the proceedings at hand
I have made a separate determination
regarding the availability of effective
control technology, considering costs,
driveability, and fuel economy, for each
engine family covered by a wiaver
application. The risks associated with
requiring implementation of effective
control technology for any one of these
engine families are substantially smaller
in scope than the risks associated with a
determination that effective control
technology is generally available for all
vehicles of all manufacturers. An
incorrect determination here regarding
one (or even more than one) engine
family will not necessarily prevent that
manufacturer, or the industry as a
whole, from being able to market other
engine families for which effective
control technology, considering costs,
driveability, and fuel economy, is
available to meet the applicable
emission standards.®” Also, a
manufacturer may reapply for a waiver
by submitting new information which
was not available for consideration as
part of these proceedings and which
would further substantiate the
applicant's claims.

In the proceedings at hand, therefore,
[ have determined for those engine
families not receiving waivers that the
risks of an erroneous denial of a waiver
are justified when compared to the risks
attendant to an erroneous grant. I have
taken steps to minimize the risk of an
erroneous denial by making sure that I
base my findings that technology is
available to meet certification testing
requirements on conservative
projections which themselves must
demonstrate with no less than an 80%
confidence level that vehicles of an
engine family in question can pass a
single certification test. I have found no
information in the record which
effectively corroborates the technology
concerns raised by the applicants or
other manufacturers, which have an
obvious interest in a cautious
assessment of their respective abilities
to meet the 3.4 gpm CO standard.

¥ The risk that denial of a waiver request will
cause significant harm to an applicant's ability to
market vehicles in a competitive manner is
substantially less with respect to these engine
families, for which the record does not establish
that effective control technology is not available,
than is the risk with respect to the engine families
for which the record demonstrates that technology
is available, See the discussion of the public interest
criterion in section I11(B)(3) of this decision.

Section II(B)(2) of this decision
discusses the environmental health risks
that would be associated with one or
more erroneous grants. Even though the
health risks associated with erroneous
grants may not be great, the risks
associated with erroneous denials
(which do not involve health
considerations) also are limited
significantly. In addition, an erroneous
grant would serve to discourage
manufacturers from implementing
available effective emission technology
as quickly as possible. In light of these
counterbalancing risks, and in light of
Congress' expressed intent to afford a
statutory waiver only in exceptional
circumstances rather than on an across-
the-board basis,* I have concluded that
it is appropriate to deny waiver
applications insofar as they cover
engine families for which I have
determined that effective control
technology, considering costs,
driveability, and fuel economy, is
available.

6. Conclusions.—For the engine
families referred to in section IlI(C) of
this decision, I have determined either
that effective control technology indeed
is available for these 1981 model year
engine families, even after considering
costs, driveability and fuel economy, or
that the waiver applicants have failed to
provide adequate information to enable
me to make a determination that
technology is not available, Thus, even
though the waiver applicants may meet
one or more of the remaining statutory
criteria for granting waivers, I
nevertheless must deny the waiver
applications covering these engine
families.

iv. Interim CO Exhaust Emission
Standards

As required by section 202(b)(5)(A) of
the Act, I am simultaneously
promulgating regulations prescribing
interim CO emission standards for the
1981 model year vehicles of the two
families, I am prescribing an interim CO
emission standard of 7.0 gpm for both of
these engine families. For these two
engine families, this action continues in
effect for one additional model year the
CO emission standard applicable to all
1980 model year vehicles.

* While the previous statutory suspension
provision directed the Administrator to reach a
decision with respect to a manufacuturer in general,
the current section 202(b)(5) directs the
Administrator to examine separately the
circumstances pertaining to each model (i.e. engine
family). See also 123 Cong. Rec. $13702-13703 (Aug.
4, 1977) (remarks of Sen. Muskie).

Dated: November 8, 1979.
Douglas M. Costle,
Administrator.

Appendix A.—Summary of

Technological Capability
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IV. Factors

V. Discussion of Individual Manufacturers'
Technical Capability
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VILI. Driveability

VIIIL Fuel Economy

IX. Lead Time Considerations

X. References $

I. Introduction

The exhaust emission standards for
1981 and later model year light-duty
vehicles are currently 0.41 gram per mile
HC, 3.4 grams per mile CO, and 1.0 gram
per mile NOx. Section 202(b)(5)(A) of the
Clean Air Act, as amended, 42 U.S.C.
7521 (b)(5)(A) provides the opportunity
for manufacturers to request a waiver of
the 3.4 grams per mile CO standard to
7.0 grams per mile during model years
1981 and 1982,

The applicants being considered in
this document are Fuji, Nissan, Renault,
and Toyo Kogyo. This is the second
group of CO waiver applications that
have been considered by EPA.

This appendix deals with the

' technological capability of those

manufacturers to meet the 1981 and 1982
CO standard of 3.4 grams per mile. This
appendix relies on three previous
technical appendixes, particularly for
discussion of the Monte Carlo
simulation utilized in this analysis.
These appendixes are:

1. Appendix B, Technical Appendix, to the
Decision of the Administrator on Remand for
the United States Court of Appeals for the
District of Columbia Circuit, April 11, 1973.

2. Appendix A, Technical Appendix, to the
Decision of the Administrator In re:
Applications for Suspension of 1976 Motor
Vehicle Exhaust Emission Standards, July 30,
1973.

3. Appendix A, Technical Appendix, to the
Decision of the Administrator In re:
Applications for Suspension of 1977 Motor
Vehicle Exhaust Emission Standards, March
5, 1975.

As indicated in Section 202(b) (5) (iii),
the technological feasibility
determination is based on the
consideration of technological
capability, cost, driveability, and fuel
economy. This appendix contains
discussion of each of the above topics.

II. Summary of Technological Capability

Tables II-1 to II-4 summarize the
capability of the four applicant
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manufacturers to meet the 1981 and 1982
emission standards. The standards
considered in these tables are 0.41 HC,
3.4 CO, 1.0 NOx.

A guide to the summary tables is as
follows. The first column lists engine
displacement. The second column,
which lists per cent of model year 1981
sales, is deleted because the values
were derived in most cases from
manufacturers’ confidential sales
estimates. The “as received"” column
refers to the emission data submitted by
the manufacturer. “Improvements” refer
to the projected technological
improvements (factors) applied to the
data submitted by the manufacturer.

The “no data" category is an
abbreviated notation for the lack of
acceptable data to perform EPA’s
technological analysis. The applicants
have known for about six years what
sort of data is necessary for EPA to
make a determination whether or not a
given vehicle would be projected to pass
or fail a set of standards. Unfortunately,
in many cases there was a lack of
acceptable data for vehicles using
specific engines. This effectively
precluded EPA from making a pass/fail
determination for those vehicles. In
these cases the vehicles using these
engines are called “no data” and no
pass/fail determination was made.

Table lI-1.—Applicant: Fuji

Engine % estimated Pass as Pass with
1981 sales received?  Improvement?
97. No Yes
109....o.n. No Yes

Table lI-2.—Applicant: Nissan

Engine % estimated Pass as Pass with
1981 sales received?  improvement?
75 Yes N/A*
85/91 Yes Yes
118 Yes Yes
146/168 No...... Yes
A S R A N D2 No data
B No Data........ No data
*N/A means not licable or that impr were not
needed.
Table lI-3.—Appilicant: Renault
Engine % estimated Pass as Pass with
1981 sales d?  imp t?
85 No Yes

Table lI-4.—Applicant: Toyo Kogyo

Engine % estimated Pass as Pass with
(CID) 1981 sales received?  improvement?
70 (Rotary) Yes N/A*
91 No No in 1981
Yes in 1982

Table l1-4.—Applicant: Toyo Kogyo—Continued

Engine % estimated Pass as Pass with
(CID) 1981 sales d? imp "?
120 No No in 1981
Yes in 1982

were not

*N/A means not appli
needed.

III. Statistical Treatment of the Data

No changes have been made in the
basic Monte Carlo methodology since its
last use in a technical appendix. This
methodology has been discussed in
three previous technical appendixes:

1. Appendix B, Technical Appendix, to the
Decision of the Administrator on Remand for
the United States Court of Appeals for the
District of Columbia Circuit, April 11, 1973,

2. Appendix A, Technical Appendix, to the
Decision of the Administrator In re:
Applications for Suspension of 1976 Motor
Vehicle Exhaust Emission Standards, July 30,
1973.

3. Appendix A, Technical Appendix, to the
Decision of the Administrator In re:
Applications for Suspension of 1977 Motor
Vehicle Exhaust Emission Standards, March
5, 1979.

IV. Factors

With respect to the vehicle emission
data submitted by the manufacturers for
EPA analysis, vehicles are often run and
tested over durability mileage
accumulation schedules without using
the best technology that is available to
the manufacturer for certification in the
1981 model year. There are many
reasons why this occurs. First, such
technology may have simply not been
available in quantity when fleets of
vehicles began mileage accumulation.
Second, all vehicles submitted for EPA
staff analysis may not have been
specifically designed for the 1981 and
1982 Federal emission standards. Also
the manufacturer may wish to maintain
some technologies (with known
durability) in reserve if their low
mileage testing indicates that such
technology may not be needed for
compliance with the target emission
standards. In addition, technology may
not appear on durability vehicles
because the manufacturer has made a
decision that the technology would be
too costly for production vehicles.

To account for the fact that the
applicants did not in all cases conduct
durability testing with the most effective
emission control hardware, factors, have
been applied to some of the emission
data submitted by the manufacturers, to
simulate the addition of more effective
systems. Due to substantial lead time
problems for implementation of new or
additional technology by the 1981 model
year, these factors have been applied

ble or that imp

only for currently known hardware that
can be implemented in 1981 certification
and production. These improvements
have been basically limited to
additional catalyst (i.e., the addition of
oxidation catalyst in some cases), the
addition of air injection, and additional
catalyst noble metal loadings. Other
improvements in hardware were
considered if the manufacturer indicated
that they were available for 1981 and
1982.

The factors that have been applied to
the data are dimensionless numbers that
represent the improvement in emission
performance that is predicted for the
more effective simulated emission
control technology. The factors are
derived from data that reflect the
emission performance of a vehicle with
and without the more effective
technology. For example, a factor for CO
of 0.90 indicates that a 10 percent
reduction in CO is projected for the use
of the more effective technology. In
addition, when there are several
different sources for the same
improvement, EPA uses a conservative
estimate of that projected factor, i.e., a
factor greater in absoclute value than
that indicated by most of the data.

Other factors which were developed,
but generally not used in the following
analysis include factors for:

¢ Deletion of power enrichment
¢ Use of insulated or dual-walled
exhaust pipes
* Use of exhaust port liners
¢ Use of throttle body fuel injection
¢ Use of multiple point fuel injection
¢ High energy ignition
Although the deletion of power
enrichment and the use of insulated or
dual-walled exhaust pipes were
considered feasible for 1981, they were
generally not used (dual-walled exhaust
pipes were utilized for one engine family
in Nissan). Therefore, through these
additional techniques, the
manufacturers may have some
additional cushion for certification over
and above the factors used in EPA's
analysis. Use of the other items was not
considered possible for most
manufacturers for most engine families
before the 1982 model year.

Duel-Walled Exhaust Pipe Factor
(Nissan)

This factor was applied to Nissan
vehicles using 119 CID engines and FB/
PAIR/EGR/OC emission control
systems.

The data used to develop this factor
were presented by Nissan [19 at 15 to
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[21 at 7-139] [22] which if averaged for
the three sets of data would yield
factors of 0.85 for HC, 0.74 for CO, and
1.01 for NOx.

Nissan has stated that this technology
will be avilable for this particular engine
(and additional engines) in 1981 if

needed [13 at section IV, p. 13].
No fuel economy impact was noted as
seen in the table. .

17] * and repeated here in Table IV-1.
Other data were available from GM and
Chrysler. However, the data used are for
the specific engine in question.

The derived factors are supported by
the GM and Chrysler data [20 at,
Volume IIB, vehicle 305, tests 30 & 31}

* [18 at 15 to 17] is a compact notation vused to
mean that the reference being cited is reference 19
{from the reference list at the end of this appendix)

al pages 15 1o 17.

Table IV-1.—Development of the Nissan Factors for Dual-Walled Exhaust Pipes

Axie

75 FTP

Emission control
system

EFI/EGR/PAIR/OC

Base.
With dual-walled exhaust pipe.

Improved Oxidation Catalyst (Nissan)

These factors were used in the
computer simulation of the Nissan
vehicles using 119 CID engines and FB/
PAIR/EGR/OC emission control
systems (vehicles BK649, B1968, 8D-991,
and 8D-992).

The data from which these factors
were developed were taken from Nissan
vehicle BK576 [13 at 5 to 6], This vehicle
was almost identical to the vehicles to
which the factors were applied except
that it used EFI as opposed to
carburetion. These data are reproduced

here in table IV-2. Both catalysts were
aged 50,000 miles.

Nissan stated that the improved
catalyst will be available for the 1981
model year [5 at 55-56], and as
expected, no adverse impact on fuel
economy was found.

Table IV-2.—Nissan Factors for Improving Oxidation Catalyst for Vehicles Having 119 CID Engines

75 FPT

Emission control
system

NO, MPG,

BK576

FB/EFI/EGR/PAIR/OC

275 Base case.
274 With improved catalyst.

1.00

Recalibration of Ignition Timing During
Cold Start (Nissan)

This factor was utilized in the Monte
Carlo analysis of Nissan vehicles using
85 and 91 CID engines with AIR/EGR/
OC emission control systems.

Data for this recalibration on vehicle
K110 using the 91 CID engine were
presented by Nissan [13 at V to 18]. The
data are presented here in table IV-3.
All tests in this table were conducted
with the same vehicle with a catalyst

aged to 50,000 miles.

As this is only a recalibration, it does
not present a lead time problem for
model year 1981, Fuel economy was
essentially unaffected by this
recalibration.

Table 1V-3.—Recalibration of lgnition Timing During Cold Start

75 FPT

Emissicn control
system

AIR/EGR/OC

Base.

Base.

Average base.

With timing recalibration for quick
catalyst light-off.

Repeat,

Average with recalibrated timing.
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Factors for a Clean Up Oxidation
Catalyst With a Switched AIR System

The EPA technical staff considers the
FBC/3W/OC/EGR/Switched AIR
emission control system to be the most
promising means to achieve the 1981-
1982 emission standards.

Several manufacturers have selected
emission control systems using only
FBC/3W/EGR as their first choice
control system for compliance with the
1981-1982 emission standards. Because
several of these manufacturers have run
durability vehicles using only the FBC/
3W/EGR system, the EPA technical staff
has developed a hardware improvement
factor for the addition of a clean up
oxidation catalyst with a switched AIR
system.

The factors used in Monte Carlo to
stimulate a clean up oxidation catalyst
and switched AIR system were 0.60, 0.40
and 1.40 for HC, CO and NOx

respectively. These factors were
developed from data supplied by British
Leyland [35 at 26] and Matthey Bishop
[42 at Tables III & IV and 28 at Table V],
and are shown in Table IV—4. The
significant emission control .
improvement afforded through the use of
this hardware is expected to aid the
manufacturers in optimizing calibrations
for fuel economy and driveability.

The British Leyland data are in gms/
mile, whereas the Matthey Bishop data
are for catalyst conversion efficiencies.
The formulas used to calculate the
British (BL) and Matthey Bishop (MB)
factors are as follows:
gms/mile uwocr
gms/mile @)
1-Now+oc)

MB Factor=
TNowrocr
where 7 is catalyst efficiency expressed as a
decimal

BL Factor=

Table IV-4.—Data Used to Derive Factors for the Addition of Air Injection and an Oxidation Calalyst

British Leyland—3W.

HC co NO,

BL—3W+0C

BL Factor for OC & Switched AIR

Matthey Bishop Data—VIN, Catalyst and Simulated Miles:
8B438, 3W(A)"*, 4K miles

gms/mile*

0.18 269 0.14
0.31 0.73 04
0.81 0.27 286

[ ion Efficiency (percent)

HC co NO,

B1E37, 3W(A) + OC, 4K miles

MB Factors for 3W(A) + OC at 4K miles

88438, 3W(A), 50K miles

B1E37, 3W(A), 50K miles
MB Factors for 3W(A) + OC at 50K miles

88438, IW(B)**, 4K miles

61E37, 3W(B) +OC, 4K miles

MB Factors for 3W(B) +OC at 4K miles.

88(B), 3W(B), 50K miles.

61E37, 3W(B)+OC, 50K miles.

MB Factors for 3W(B) +OC at 50K miles

Average of Factors for adding a Clean Up

Onxidation Catalyst and Swi AR S
Factors Used In Monte Cario

78 66 67
92 92 70
0.36 0.24 091
80 59 64
9 93 €6
0.45 0.17 0.91
82 75 74
92 85 75
0.44 0.20 0.96
79 65 65
89 9 63
0.52 0.26 1.06
0.52 0.23 1.16
0.60 0.40 140

*Factors are dimensionless

**Matthey Bishop included data on two three-way catalysts which are identified as 3W(A) and 3W(B).

In order to equally weight each test
point, the following formula was used to
calculate the average factor:

Average Factor=[BL Factor+MB 4K(A
Factor)+MB 50K(B Factor) +MB 4K(B
Factor) + MB 50K(B Factor)] =5

The vehicle descriptions [36 at 1] for
the two vehicles used to generate the
Matthey Bishop data are as follows:
Vehicle 61E37—Pinto 2.3L, 2750% LW., PAU

9.9

Catalyst—3W+0C

Carburetor—2V FBC with closed loop
control at idle
EGR—vacuum/back pressure with
electrical closure at idle and WOT
Air Pump—air upsteam at cold start,
switched to mid-bed at 128°F water
temperature
Spark Advance—mechanical
Oxygen Sensor for FBC
Electronics—FBC trim control only
Vehicle 8B438—Fairmont 2.3L, 3000% L.W.,,
PAU 11.3
Catalyst—3W only
Fuel System—Bosch L Jetronic with closed
loop WOT

EGR—vacuum/electric control
No air Kump
Spark Advance—mechanical
xygen Sensor for FBC
Electronics—full fuel control
The British Layland vehicle
description is as follows:
2750 |b. test weight
120 cubic inch engine
feedback fuel injection
EGR

No further details were provided by
British Layland.

The data in Table IV-5 were used to
help determine the validity of the factors
used in the Monte Carlo. This is a table
of factors calculated from data supplied
by Chrysler [32 at Volume ITIA]. The
Chrysler data were not used to
determine the Monte Carlo factors
because the Chrysler factors are
calculated from tailpipe and three-way
catalyst-out emissions on vehicles with
a switched AIR system. Obviously, such
data can not be used for the
development of this factor, but it did
indicate that the general trend of the
data does agree with the factors used in
the Monte Carlo analysis.

This factor was used on some vehicles
from all the current applicants except
Nissan.

Table IV-5.—Chrysler Factors
Car ID No. HC CO NO, Testpoints'
1.21 8-20
1.00 12-29

87 9-17, 22-30
1.40 Unnumbered
1.03 8-20
1.50 38-41, 43-4¢

Br3BbaRs
aeBbires

' Durability test points only.

Clean Up Oxidation Catalyst With
Aspirator Factor

As discussed in the prior section, a
clean up oxidation catalyst with a
switched AIR system is very effective ir
controlling HC and CO. Most of the
manufacturers using a three-way
catalyst followed by an oxidation
catalyst employ a switched AIR system
to supply additional oxygen to the inlet
of the oxidation catalyst. Volkswagen
has taken a new approach by using an
aspirator to supply air to the inlet of the
oxidation catalyst [32 at 4.21].

Unlike a switched AIR system,
Volkswagen’s “between catalyst
aspirator” does not supply air to the
exhaust ports during warm up, and
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therefore would theoretically be less
effective for HC and CO control. The
data submitted to EPA [32 at 5.14, 5.17,
and 5.19] indicates that the HC
reduction for Volkswagen's clean up
oxidation catalyst with an aspirator
exceeds the HC reduction shown in the
Matthey Bishop data [44 at Tables Il &
[V and 45 at Table V] and British
Leyland data [35 at 26] for a clean up
oxidation catalyst with a switched AIR
system. The factors used in the Monte
Carlo, 0.70, 0.55 and 1.50 for HC, CO and
NOx respectivey, reflect the EPA
technical staff's judgment that a
switched AIR system would, in most

cases, be more effective in oxidizing HC
and CO than an aspirator system, and
therefore the HC factor was adjusted
accordingly.

Volkswagen presented durability data
on two vehicles with dual-bed catalysts
and aspirators, and four vehicles with
single-bed three-way catalysts, One
vehicle with the dual-bed, and 4wo
vehicles with the single-bed catalyst
were not used in determining the factors
because they had deterioration factors
for CO of less than one, which is not
typical and is an indicator that the air/
fuel ratio may have been getting leaner
with mileage accumulation. The factors,

Table IV-6.—Aspirator Plus Oxidation Calalyst Faclors

and data used in developing the factors
are presented in Table IV-6.

This factor was applied only to
vehicles submitted by Fuji, who has
claimed that due to space restrictions,
heat shielding for a clean up oxidation
catalyst could not be added [3 at 117 to
121). After reviewing the photographs
provided in an effort to substantiate
their claims, the EPA technical staff can
not agree with Fuji's assessment of the
situation and is of the judgment that a
clean up oxidation catalyst with an
aspirator between the catalysts is a
viable alternative for Fuji.

Average of extrapolated 4K and 5K values

VIN and catalys! (gm/mite *)
HC co NOx

439-517—3W only 0.75 10.68 0.53
439-611—3W only 0.41 11.45 115
Average Emissions for 3W Catalyst 0.58 11.07 0.84
440-528—3W + OC with Aspi by 024 535 122
Factors as calculated for Clean Up OC with Aspl of 3W only. 0.41 0.48 1.45
Factors as Used in Monte Carlo for Clean Up CO with Aspirator between cata-

lysts 0.70 0.55 1.50
Factors as Used in Monte Carlo for Clean Up OC with Switched AIR®" ............. 0.60 0.40 1.40

* Factors are

dimensionless.
** See discussion of Factors for Clean Up OC with Switched AIR.

Fuji Catalyst Improvement Factors

Fuji presented catalyst efficiency data
and catalyst specifications which the
EPA technical staff used to develop a
catalyst improvement factor. Because
the catalyst specifications are
confidential, the following discussion is
absent such information.

Fuji vehicle A22-347985 and A33-
061901 use catalysts A1 and A2
respectively. Catalysts A6 and A7 are
improved catalysts which Fuji has
recently included on new durability
vehicles. Also, catalyst A1l should have
been more active than catalyst A2. The
catalyst efficiency data shown in Table
V-7 indicated minor discrepancies,
that, in the judgement of the EPA
technical staff, arise from the fact that

engine-out emissions and tailpipe
emissions were not read simultaneously.
For instance, at 500 hours, catalyst A7
showed a lower CO conversion
efficiency than catalyst A1, and at 300
hours, catalyst A2 showed a higher HC
efficiency than catalyst A1.

Because these discrepancies may
have been due to the variability caused
by the approach discussed above, the
technical staff judged that the data
would be more meaningful if an average
of the conversion efficiencies of A1 and
A2 were compared to an average of the
A6 and A7 conversion efficiencies. This
would result in a more valid indication
of the improvement which can be
expected through the use of improved
catalysts.

Table IV-7.—Fuji Catalyst Improvement Factors

The formula used to calculate the
catalyst improvement factor for each

pollutant is as follows.
Mas+Nar Nar+Max

Factor=1~ =1~
2 2

where 7 is catalyst efficiency expressed as a
decimal.

As shown in Table IV-7, the catalyst
improvement factors used in the Monte
Carlo analysis were 0.80, 1.00 and 0.60
for HC, CO, and NOx respectively.
Because 500 hour data were not
submitted for catalysts A2 and A8, 500
hour data were not used in the factor
calculation. Zero hour data were also
not included because they are not
included in deterioration factor
calculations and are generally not useful
in analyzing data.

Conversion Efficiency 300 hrs of

Catalyst Efficiency 500 hrs of

Catalyst Aging (percent®) Aging (percent®)
HC co NOx HC co NOx
AT o0\ evverorasucvunthtotestoresnsiearenenustbnshiessppeontssrts 875 694
A2 88.6 86.7
Average Efficiency for A1 & A2 88.05 68.05
A6 91.2 706
A7 913 703
Average Efficiency for A6 & A7 .. 81.25 70.45
Factors as calculated for A6 & A7 mswad ol A‘ & A2 0.73 0.92
Factors as Used In Monte Carlo for Catalyst lmprovemenl ...... 0.80 1.0

*Factors are dimensionless.

AIR System Factors With 3-Way
Catalysts

The factors for the addition of warm-

up air injection (AIR) used in the Monte
Carlo were 0.8, 0.8 and 0.95 for HC, CO,
and NOx respectively.

The factors used for warm-up AIR as
a replacement for warm-up pulse or reed
valve air injection (PAIR) were 1.00, 0.0
and 1.00.
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“To date the most successful exhaust
treatment technique used commercially
has been air injection into the exhaust
system" [18 at 210]. Although this claim
is now outdated, it does indicate that
significant emission reductions are
possible with the addition of an AIR
System.

Data from Volvo [24 at 4-39] and Saab
[25 at Enclosures 2 and 5] were used in
calculating the factor for the addition of
warm-up AIR.

The data from Saab Enclosure 5
shows the influence of AIR vs. no AIR
on Bag 1 CO results only. In order to
translate this data into FTP results, the
following formula [26 at 32988] was
used:

Ywm=(0.43 Yct+0.57 Yht+Ys)f7.5
Where:

Ywm = Weighted mass emissions of each
pollutant, i.e. HC, CO, or NOX, in grams
per vehicle mile.

Yct=Bag 1=Mass emissions as calculated
from the “transient" phase of the cold
start test, in grams per test phase.

Yht=Bag 3=Mass emissions as calculated
from the “transient" phase of the hot
start test, in grams per test phase.

Ys=Bag 2=Mass emissions as calculated
from the “stahilized" phase of the cald
start test, in grams per test phase.

Enclosure 2 of the Saab subpoena
submittal is a table of “Selected Bag
Results From Various MY80
Certification Tests" which includes data
from a turbocharged engine. The
averages of twelve tests are as follows:

Yct=Bag 1=43.09 grams CO

Ys=Bag 2=5.68 grams CO

Yht=Bag 3=8.23 grams CO

Ywm=[0.43 (43.09) +0.57 (8.23) +5.68]/7.5
Ywm=3.85 grams/mile CO

Saab enclosure 5 shows the influence of air
injection on CO in Bag 1 at 4,000 miles and at
50,000 miles for a turbocharged engine.

Al 4,000 miles, Bag 1 CO was reduced by 11
grams, which when subtracted from Yot,
gives 32.09 grams CO in Bag 1 for an AIR
equipped engine.

Ywm equals 3.22 grams/mile for the AIR
equipped vehicle at 4,000 miles.

At 50,000 miles the bag 1 results were
reduced by 18 grams, giving 25.09 grams CO
in Bag 1.

Ywm at 50,000 miles* equals 2.82 grams/
mile CO.

The average of the 4,000 mile and 50,000
mile emissions is as follows:

Ywm w/AIR
=(Ywm 4K) + (Ywm 50K)/2
=(3.22+2.82)/2
=3.02 grams/mile CO with AIR
Ywm no/AIR=3.85 grams/mile CO as
calculated previously

The AIR System Factor is:

AIR System Factor for CO= YW W/AIR
Ywm no/AIR

3.02

3.85
AIR System Factor for CO=0.78

The Volvo-Saab data are combined in
Table IV-8,

* This is not to say that 50,000 mile emissions for
an AIR System would be lower than 4,000 mile
emissions. It does, however, indicate the emissions
reduction from a given baseline with an AIR
System.

Table IV-8

Valvo, no/AlR....

KMU 748 Auto, w/AIR

Factor-AIR

Vaolvo, no/AlR

KFL 989-Manual, w/AIR
KFL 9€3-Manual, w/PAIR

Factor-AlR (as caiculated)

Factor-PAIR vs no/AlR (as calculated)
Factor-AlIR vs PAIR {as calculated)

Saab Turbo, no/AIR

Saab Turbo, w/AIR ..

Factor-AlR (as

Factor-AIR favg-Volvo + $aab) (as .c.alculalod) i

Factor as Used in Monte Carlo AIR vs no AIR

Factor as Used in Monte Carlo-AIR vs PAIR

*Note: Faclors are dimensionless.

V. Discussion of Individual
Manufacturer's Technical Capability

This section will discuss all vehicles
which (1) were submitted by each of the
four applicants and (2) also are
acceptable for input into the Monte
Carlo simulation. Acceptable for input
means (1) that the vehicle is a durability
vehicle which has accumulated a
minimum of 20,000 miles with the same
major emission control components and
(2) that a minimum of four valid 1975
FTP tests have been conducted on the
vehicle.

Details of the pass/fail determinations
in Section II are also presented here. To
pass the 1981 and 1982 emission
standard (of 0.41 HC, 3.4 CO, 1.0 NOx),
the probabilities of passing each
individual pollutant must be greater
than or equal to 80%. If the probability of
passing only HC for example, is less
than or equal to 78%, the vehicle fails—
even if the probabilities for CO and
NOx greatly exceed the 80% cutpoint.

Due to time constraints for this
analysis, pass/fail analysis is provided
only for emission standards of 0.41 HC,
3.4 CO and 1.0 NOx. Analysis of the
capability of the vehicles to meet the
standard of 0.41 HC, 7.0 CO, 1.0 NOx
were not conducted. Consequently,
vehicles designed for a 7.0 CO standard
are included in the following discussions
of vehicles which were acceptable for
entry into the computer analysis, but are
not discussed with respect to
compliance at 7.0 CO.

In order that the Monte Carlo analysis
not be cluttered with hundreds of failing
vehicles utilizing inappropriate
technelogy, prior certification vehicles
are not considered in this analysis
except in special cases where a
manufacturer's ability to comply with
the 1981 and 1982 emission standards is
directly affected. It is not surprising that
the durability vehicles from past
certification would fail to achieve the 3.4
CO standard for two reasons. First, this
standard represents a substantial
reduction in CO from prior model year
standards. And second, major changes
in technology are being planned for
introduction in 1981 by most vehicle
manufacturers to achieve the more
stringent standards.
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If a manufacturer's prime (prime
means the system most capable of
achieving the 1981 standards) 1981
emission control system has been tested
in prior certification (generally 1980),
these data are included in the analysis.
Fuji

Fuji has requested a waiver for
vehicles using the 97 CID and the 109
CID engines. Fuji's first choice emission
control system for vehicles using both
engines includes feedback carburetion, a
three-way catalyst and exhaust gas
recirculation (FBC/3W/EGR). Table V-1
lists the durability vehicles that Fuji
included in their waiver application.

In addition to vehicles with their first
choice system, Fuji has also included
vehicles with their SEEC-T control
system, which consists of pulse-air
injection, insulated exhaust manifolds
and exhaust gas recirculation (PAIR/

IEM/EGR), and vehicles with their
oxidation catalyst system which
consists of pulse-air injection, an
oxidation catalyst and exhaust gas
recirculation (PAIR/OC/EGR). Because
Fuji's three-way catalyst control system
is the only one designed to meet the
1981-1982 standards, only those vehicles
so equipped were considered in the
pass/fail analysis for each engine.

The EPA technical staff has added

| numerical suffixes to Fuji's VIN'’s to aid

in identifying vehicles with and without
factors. Vehicles will be discussed by
Fuji's VIN, but Table V-2 and the Monte
Carlo printouts include the suffixes
added by EPA. EPA has also added
alphabetic suffixes to distinguish
between different vehicles which Fuji
has submitted with identical VIN's. The
alphabetic suffixes added by EPA are
included throughout appendix A.

Table V-1
Entered
Engine VIN®* Emission control in If not entered in References***
system** Monte Monte Carlo, why?
Carlo
PAIR/IEM/EGR FWA p. A-6-1
.. PAIR/IEM/EGR FWA p. A-8-2
.. PAIR/OC/EGR FWA p. A-7-1
.. PAIR/OC/EGR FWA p. A-7-2
.. FBC/3W(A1)/EGR. " FWA p. A-8-1
.. FBC/3W(A1)/EGR........... FWA p. §-8-2
.. FBC/3W(A1)/EGH..... FAl p. S-5-1
. FAl p. §-5-2
FAl p. 5-5-3
109 AB6L-817992-B. FAl p. S-5-4
109 71A-1146-8 FAl p. S-5-5
97 A26L-67497 FAl p. S-5-6
109 76T-2128 ... FAl p. S-5-7
109 76T-2128 FAl p. S-5-8
109 A33-037049 FAl p. 8-5-9
* Vehicles with duplicate VIN's have a suffix added by EPA.
** Three way catalysts include identification designation (e.g. SW(A1)).
*** FWA is used here as an abbreviation for reference 3.
FAl is used here as an abbreviation for reference 16. !
Table V-2.—Monte Cario Results of Fuji Vehicles With FBC/3W/EGR
Probability of Pass
VIN Engine Catalyst* Comments
HC co NO,
A22-347885 .....ccnmemesarsiosiss 97 69 6 100 No Factors
A22-347985-2.... 97 100 86 100 Factors for Catalyst improvement and OC
+ tor
A22-347985=3 ciovrvssssrisimssasiss Ly IR RS 100 96 100 Factors for Catalyst Improvement and OC
+ Switched AIR
A33-061901 97 A2.. 46 1 97 No Factors
A33-061101-2... DA e 98 77 99 Factors for Catalyst Improvement and OC
+ Aspirator
A33-061901-3 .ocvvrursrimsssssenss 97 A2..... 99 96 100 Factors for Catalyst Improvement and OC
+ Switched AIR
A224+A33, 49 18 99 2.Car Analysis—No Factors
A22 4 A3, e eeenrverorrre 100 85 100 2-Car Analysis—Factors for Catalyst
99 87 100 improvement & OC + Aspirator
A22 4 A3B=B...cricrscsmssnssriirasn - 100 96 2-Car Analysis—Factors for Catalyst Im-
p &0C + S AIR
71A-1446-A 87 2 87 No Factors
AG5L.-617992—8 100 25 100 No Factors
A66L-617992-B- 100 94 83 Factors for OC + Aspirator
ABBL-817992-B-3.....ovvrrvvene 100 99 94 Factors for OC -+ Switched AIR

* See Pass/Fail Analysis for the Fuji 97 CID Engine Family for explanation of (A1-A2),

Pass/Fail Anaylsis for the Fuji 97 CID
Engine Family

Vehicles using the 97 CID engine are
predicted to pass with either one of the
two following combinations of hardware
improvement factors:

(a) An improved three-way catalyst
and a clean up oxidation catalyst with
an aspirator between the catalysts, and

(b) An imrproved three-way catalyst
and a clean up oxidation catalyst with a
swtiched AIR system.

Vehicles with this engine are
projected to fail without hardware
improvement factors. Table V-2 lists the
Monte Carlo results of Fuji vehicles
equipped with the FBC/3SW/EGR
system, which is Fuji's only emission
control system currently designed to
meet the 1981-1982 standards. Vehicles
with their SEEC-T and PAIR/OC/EGR
systems were therefore not included in
this analysis.

Vehicles A22-347985 and A33-061901
were run with and without factors, and
both a one-car analysis and a two-car
analysis were done. A one-car analysis
is the standard analysis used in the CO
Waiver Decision of September 5, 1979
and will not be further explained.
Vehicle A22-347985 passed the one-car
analysis with factors and failed without
factors. Vehicle A33-061901 failed the
one-car analysis with and without
factors.

A two-car analysis includes the
results of two identical durability
vehicles as is sometimes done for
certification. In the two car analysis,
both vehicles passed with factors. These
vehicles are not considered identical
without factors because A22-347985 was
equipped with catalyst A1 and vehicle
A33-061901 was equipped with catalyst’
A2. With factors for hardware
improvements, they are considered to be
identical.

As explained in the discussion of the
Fuji catalyst improvement factor,
catalysts A1 and A2 were averaged
because, although A1 should have been
a more active catalyst, in some cases its
conversion efficiencies were lower than
those of A2. The unexpected results may
be attributable to Fuji's test procedure
rather than catalyst capability or
potential. Engine-out emissions and
tailpipe emissions were not measured
simultaneously. Test variability
associated with separate tests could
have caused the inconsistencies,
especially if the results were based on
one test in each configuration rather
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than an average of several tests. Fuji did
not indicate the number of tests
performed.

The vehicle identification numbers for
the two vehicles in the two-car analyses
are A22+ A33-2 and A22+ A33-3 for the
hardware improvement factor cases,
and A22-A33 for the without factors
case. As combined vehicles in the two-
car analyses, A22-347985 and A33—
061901 failed without factors and passed
with hardware improvement factors.
The specific improvements are
enumerated in Table V-2. Based on the
results of these two-car analyses, this
family is projected to pass with either
one of the improved emission control
systems. ]

Pass/Fail Analysis for the Fuji 109 CID
Engine Family

The 109 CID engine family is
predicted to pass with either one of the
two following hardware improvement
factors; (a) a clean up oxidation catalyst
with an aspirator between the catalysts,
or with (b) a clean up oxidation catalyst
with a switched AIR system. This family
is projected to fail without

3W/EGR control systems. As explained
in the Pass/Fail analysis for the 97 CID
engine family, vehicles with control
systems not currently designed to meet
the 1981-1982 standards were not
included in this analysis.

The projections for this family are
based on the results of vehicle A66L~
617992-B. This vehicle was unique in
that it was the only durability vehicle
with Fuji's catalyst warm up system. It
was also the only Fuji durability vehicle
using the A5 catalyst which met the
minimum criteria for inclusion in the
Monte Carlo analysis. Although all of
the other durability vehicles with 109
CID engines and sufficient data for
inclusion in the Monte Carlo failed the
simulation, they were equipped with the
FBC/3W(A1)/EGR system or other less
advanced emission control systems.
Therefore, A66L~617992-B, with either
one of the two hardware improvements
discussed above, is considered by the
EPA technical staff to be representative
of Fuji's capability to comply with the
1981-1982 emission standards.

Nissan

| 1981. Two distinct groups of technology
have been identified by Nissan. One

| group will be used if a waiver to 7.0 CO

| is granted and the second group of
technology will be used if compliance
with 3.4 CO is required.

| There have been no real durability

| vehicle fleets run by Nissan to aid in

i' analysis of their ability to certify in 1931,

In fact, only two of the durability

. vehicles that were eligible for Monte

Carlo analysis were designated as being
targeted for 1981 Federal emission
standards. Those were vehicles A612
with a 91 CID engine and F671 with a
168 CID engine. The remainder of the
vehicles presented by Nissan are
typically 1980 California certification or
development vehicles (designed for .41
HC, 9.0 CO, 1.0 NOx) or vehicles from
their low NOx research program
(designed for 0.41 HC, 3.4 CO, 0.41NOx).
Emission data from a large number of
vehicles were presented in the Nissan

| waiver application documents as shown

in table V-3. Unfortunately, most of the
vehicles were development vehicles and
did not accumulate a sufficient number
of test points or sufficient mileage for

improvements. Nissan has requested a waiver for entry into the EPA Monte Carlo
The Monte Carlo results are listed in several engine families in model year analysis.
Table V-2 for vehicles with the FBC/
Table V-3.—Vehicles in Nissan Waiver Application
Engine VIN Emission control Entered in Monte If not entered in Monte Carlo—Why? Comment Reterence !
system Carlo?
119 YDo21 EFI/FB/light  Yes Available for ~ NWA, p. 433
EGR/3W. 1981.
119 YD020 FBC/FB/light  Yes Notavailable  NWA, p. 433
EGR/3W. for 1981,
108 82007 PAIR/EGR/OC  NO...rvrrcreeevene. WaIVEF NOH requESted NWA, p. 467,
(+0SCin
some tests).
108 B1967 PAIR/EGR/OC  NO.wrrirssrmssres Waiver not requested NWA, p. 4.6.8.
(+0SCin
168 F871 EFIVEGR/3W  Yes, with start  Insufficient number of test points WIthout Start Cata~ ... NWA, p. 469
(+3WSC in catalyst lyst.
some tests).
168 8D-645C. EFI/AW (171 YeS e Calied 8D-645C8 NWA, p. 46.13
cat). +, NSSS, p
7.
168 8D-845C. EFV/3W (25  YeS...cwruwren. Called 8D-845CA NWA, p. 4.6.13,
cat). NSSS, p. 7.
119 82136 FB/PAIR/EGR/ NO..cceesccmnsnnnnse INSUTTiciant ber of data points. NWA, p. AIV.1-
oc. 2.
119 #265 FB/PAIR/EGR/ NO...coermernnne. InSUlficient number of data points. NWA, p. AIV.1-
oc. 2.
119 82075 FB/PAIR/EGR/ No.......co0vem.nn. InsUtficient number of data points NWA, p. AIV.1-
ocC. 2.
119 BK577 FB/PAIR/EGR/ NO.......ommue... INSufficient number of data points. NWA, p. AIVS,
ocC. NSS, p. 17-
18,
119 AKE87 FB/PAIR/EGR/ NO...oserrseuerenn.. INSUficient number of data points NWA. p. AIVS.
oc.
119 BK585, FB/PAIR/EGR! NO...cruemrursener. INSUfficient number of data points. NWA, p. AIVS
oc.
119 AKB60 FB/PAIR/EGR/ NO..ooroeosorrrns INSUMICIENt NUMBOE Of BB POINLS.....cooercimssisinics sesmssssimiiseisese. NWA, . AIV.S.
oc.
80,8 AK714 AIR/EGR/OC.... NO.....roorsrcemmnns ReCalibration b tests NWA, p.
AIN.10-10a,
NSA, p. 9.
908 AKE18. AIR/EGR/OC.... NO..ocomreoerscriene Recalibration b tests NWA, p.
ANV.12-12a
168 F780. EFI/aW No. Recalibration between tests P
AlV.14-14a,
NSA, p. 25.
19 BK649 1980 calibration NWA, p. A.IV.16,

FB/PAIR/EGR/ Yes
oC.

certificate. NSA,
Response #3.

3 |
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Table V-3.—Vaehicles in Nissan Waiver Application—Continued

Emission control Entared in Monte It not entered in Monte Carlo—Why? Comment Reference !
system Carlo?

FB/PAIR/EGR/ NWA, p. AIV.18,
oC. SA,

N
: Response #3.
FB/PAIR/EGR/ NWA, p. AIV.20.

ocC. development.
FB/PAIR/EGR/ NWA, p. AIV.22,
development.

OC.

FB/EFI/PAIR/ : NWA, p. AIV-24.
EGR/OC.

FB/EFI/PAIR/ NWA, p. A1V.26,
EGR/OC. development.

FB/EFUVPAIR/ NWA, P. AIV.28.
EGR/OC,
AIR/EGR/OC.... NWA, p. AIV.30,

AIR/EGR/OC.... i - NWA, p. AIV.32.
AIR/EGR/OC.... NWA, p. A.IV.34.

development.
AIR/EGR/OC.... NWA, p. AIV.36.

: development.
EFI/3W : j NWA, p. AIV.38,

EFVEGR/SW.... NWA, p. AIV.40.

development.
EFI/EGR/3W.... NWA, p. AlV.42.

FB/PAIR/EGR/ No .. Chang NSA,*p. 1.
oC.

FB/PAIR/EGR/ No ’ and calibration changes be- NSA, p. 3.
oc.

FB/EFI/PAIR!  NO...ccmeccsnnnns ChBNges in hardware between tests and insufficient NSA, p. 5.
EGR/OC, number of data points.

FB/EFI/PAIR/  NO..ocvveusnasssssrens .. Changes in calibration b tests. NSA p. 7.
EGR/OC. developmant.

AIR/EGR/OC.... No. Calibrati hanged b tests. NSA P. 9,

AIR/EGR/OC.... . b tests NSA, P. 11.

AIR/EGR/OC.... i NSA, 13-14,

AIR/EGR/OC.... NSA, p. 16-17.
AIR/EGR/OC.... NSA, p. 19.

NSS?, p. 36-37.
AIRJEGR/OC.... NO....cocrssesrsreeennes NOU @ durability car. NSA, p. 21.

development.

AIR/EGR/OC... NO.wesciiinsisivnns « Not a durability car. NSA, p. 23.
lopment.

EFI/EGR/AW.... No..... NSA, p. 27.

lopment.
EFVVEGR/3W... NSA, p. 29.

lopment.
FB/PAIR/EGR/ « NSA, p. 31.
0oC.

3 developmen
AIR/EGR/OC.... NO..omimmmiisssssosns NSA, p. 33.
lopment.
AIR/EGR/OC.... NSA, p. 35,

NSS, p. 55.
FB/PAIR/EGR/  NO..coeccsrerrnnes InSUficient NSA, pp. 15-16.

OC. development.
EFI/3W.....ccce.. NO i i NSA, pp. 19-20,
FB/EFI/PAIR/ No. NSA, pp. 23-24.
EGR/OC: development.
AIR/EGR/OC.... No. NSA, pp. 26-27

developmen
A4a58 AIR/EGR/OC.... NO...oemssmmsissians - Insufficient NSA, pp. 29-30,

elopment.
AK363 EFE/PAIR/ NSS, pp. 31-32.
EGR/OC. developmen!
F503 EVE/PAIR/ NSS, p. 33-34,
EGR/OC.
BW220 NSS, p. 39-40.

BK579 FB/EFIVEGR/ Na i NSSS*, pp. 18-
PAIR/OC. 17,

'NWA is used here as an abbreviation for reference 2.
*NSA is used here as an abbreviation for reference 15.
'NSS is used here as an abbreviation for reference 13,
‘NSSS is used here as an abbreviation for reference 19.
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Pass/Fail Analysis of Vehicles Using
the 75 CID Engines

Nissan provided durability data that
were acceptable for computer analysis
on one vehicle. This was vehicle number
A-883, and this was a 1980 model year
California certification vehicle
representing the Nissan family A12C.
Car A-883 was equipped with an AIR/
EGR/OC system which is Nissan's first
choice system for vehicles using the 75
CID engine in model year 1981 [5 at 56].
The only emission hardware changes
planned by Nissan for 1981 are the
addition of an improved oxidation
catalyst [5 at 56] and dual-walled
exhaust pipes if needed [13 at section
IV, p. 13]. Calibration modifications
could also be incorporated for the
choke, ignition timing, and AIR system
[5 at 58]. Since Nissan claimed their
catalyst descriptions to be confidential,
the precise improvements incorporated
into the oxidation catalyst cannot be
discussed.

An emission control system consisting
of FI or FBC/EGR/AIR/3W/OC is
considered to be the prime emission
confrol system for meeting 0.41 HC, 3.4
CO, 1.0 NOx by the EPA technical staff
(the prime system being the one most
capable of achieving 0.41 HC, 3.4 CO, 1.0
NOx). A system such as this was not
tested by Nissan with vehicles using the
75 CID or any other engine. The
technical staff believes that the cost of
the prime system versus Nissan's first
choice system (particularly for the
vehicles with 75, 85 and 91 CID engines)
was the reason that Nissan did not
pursue the prime system [5 at 72-73].

The complete emission results of car
A-883 are shown in table V4.

Table V-4.—Nissan California Durability Vehicle for
the 1980 Model Year

{Engine family A12C; vehicle A-883]

75 FTP results

0.85

Table V-4.—Nissan California Durability Vehicle for
the 1980 Model Year—Continued

[Engine family A12C; vehicle A-883]

76 FTP results
HC €O NOx

Miles

4000.(CALC)
50000.(CALC)...

. 0.20648 266137 0.86946
. 023252 135492 085725

Deterioration factor ....... 1.132 0509 0988

On the basis of vehicle A-883, Nissan
can certify vehicles using 75 CID engines
family A12C as used in 1980
certification.

A predictive methodology is not
necessary in this case as a vehicle has
actually been run in certification using
technology similar to that planned for
use by Nissan in 1981. But as an
illustrative example of the conservatism
employed in the Monte Carlo, car A-883
(and a few others in similar situations)
was entered into Monte Carlo. The
vehicle was entered and run with no

factors. The predicted probabilities of
passing HC, CO, and NOx were 100, 109
and 77. The vehicle would have failed
NOx by a small margin as a minimum
value of 80% is required for each
pollutant.

Pass/Fail Analysis of Vehicles Using
the 85 and 91 Engines

The data from vehicles using the g5
and 91 CID engines were analyzed
together as they have historically beey
in the same engine family in EPA
certification,

ta from a total of six vehicles were
entered into the Monte Carlo analysis,
No cars presented by Nissan were
rejected for any reason other than that
they did not meet the minimum criteria
for number of points or mileage
accumulation.

Three of the six vehicles (AK749,
AKO0522, and YBU21) are actual
certification vehicles. Vehicle A612 wag
a 1981 model year prototype (only one of
two 1981 prototypes presented by
Nissan which had 20,000 miles for more
of durability). Vehicles A609 was a 1979
development vehicle and vehicle A3555
was a 1980 development vehicle.

Actual certification results of the
three certification durability vehicles are
presented in table V-5.

The first choice Nissan system for
achieving the 1981 emission standards
of 0.41 HC, 3.4 CO, 1.0 NOx with
vehicles using these engines is an AIR/
EGR/OC system. Improved components
in this emission control system for 1981
compared to the 1980 models using the
same basic system are an improved
oxidation catalyst and dual-walled
exhaust pipes. The dual-walled pipes

—y
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choke calibration, spark timing, and AIR
system calibration [5 at 56].

The Monte Carlo simulation predicted
the probabilities of passing for these
vehicles as shown in table V-6.

Table V-5.—Results of Nissan Certification Vehicles

will only be used if needed. [5 at 56 and
13 at section IV, p. 13]. Calibration
changes could include revisions to the

Vehicle AK 749 (80 certification Vehicle AK0522 (78 certification  Vehicie YBU21 (80 certification
family A14/15C) family A140C) family A14/15C)

Mies HC CO NO, Mies HC CO NO,

Mies HC ‘CO NO,

4840. 0196 205 099 5181. 0270 200 104 5152 0289 385 0.80.
9777. 0282 352 093 9776. 0320 250 1.02 9848, 0285 427 083
15137, 0257 326 088 15182. 0250 230 120 15088. 0265 384 0.80.
15157, 0261 296 080 15201. 0240 230 095 15108. 0278 317 078
19798. 0288 388 089 19819, 0260 210 1.10 19851. 0293 338 082
25083. 0219 226 100 25101. 0220 210 103 25155, 0286 319 083
20828. 0220 3.18 089 30192, 0230 280 1.12 20026. 0312 407 081
20846. 0220 1.97 094 30213. 0230 210 105 20945 0310 400 080
35156. 0205 294 0.89 35188, 0210 260 1.10 35157. 0277 356 0.80.
89799. 02685 272 0.90 40002. 0250 360 1.20 40158, 0338 450 075
44768. 0305 365 099 45184, 0220 310 103 45121. 0307 296 0.90.
44787. 0248 255 0.85 45203, 0250 280 1.09 45140. 0279 309 082
50008. 0271 321 092 50011. 0260 250 085 50025. 0302 280 089,

4000.(CALC)= .......e.....0.23730 2.86379 0.91505 ...ccocouuees 0.26849 2.06299 1.08082 ............0.27471 3.96317 0.82385.
50000.(CALC) = revivrerne0.27300 2.99660 0.91127 e .22745 2 90922 104559 .............0.30870 328254 0.85464,
Daterioration factor= 1150 1046 0996 ... 0847 1410 0867 . .. 1124 0828 1.037
Table V-8.——Monte Carlo Results of Nissan Vehicles Using 85 and 91 CID Engines
[Probability of pass]
VIN Eng Catalyst HC co NO, Comment
AKT49....... 85 D 97 69 78 1980 Calif, cerl vehicie.
AKD522 85 v 09 78 29 1978 Calif. cerl vahicle.
yBU21 85 H 82 7 82 1980 Calif. cert vehicle,
AB12.. ) F 94 36 97 1981 developmental vahicle has improved
catalyst.
T2 - 85 H 100 14 8 1979 developmental vehicle.
f L. 91 D 100 0 54 1980 developmental vehicle
With factors for ignition time recalibration during cold start.
AK749 100 68 79
AK0522 100 99 32
ysu21 98 89 82
A812 97 81 97
ABOS 100 81 9
AS55 100 51 56

Since there is already a Nissan engine
family certified to the 1981 emission
standards (as shown by vehicle AK749),
the Monte Carlo simulation was not
necessary in this case. However, with
the factor for revised ignition timing
during cold start the Monte Carlo
confirms Nissan's ability to certify in
1981 (on the basis of vehicle A612 using
the improved catalyst). Vehicle A812 is
the only vehicle of the six designed
specifically for 1981 Federal emission
standards. None of the other five

vehicles used the improved catalyst.

Pass/Fail Analysis of Vehicles Using
the 119 CID Engines

Four different emission control
systems have been developed by Nissan
for vehicles using the 119 CID engines.
These emission control systems and
individual vehicles utilizing these
emission control systems are shown in
table V-7. Again, no vehicles submitted
by Nissan were rejected from the
analysis.

Table V-7.—Nissan Durability Vehicles Using 119 CID Epgines

VIN Emission control system Catalyst**

Comments

FB/EFI/EGR/3W.......... o -
.............................. FB/FBC/EGR/3W .ccrvrcrrssissonsms

g
‘

Eggggg
il

838888

21

‘argeted for 0.41
argeted for 0.41

Xu>»>»>»>»0v0
-

-4

5
2¢
88

2
85

5

4

that the veh

would be in different engine fami-

Of the four emission control systems
in table V-7, the systems of FB/PAIR/
EGR/OC (carbureted) and FB/EFI/
PAIR/EGR/OC are planned for use by
Nissan in 1981 to meet 0.41 HC, 3.4 CO.
1.0 NO,. For the carbureted system,
Nissan has the additional options of
using an improved oxidation catalyst,
dual-walled exhaust pipes, and a new,
proprietary device in 1981 [5 at 55 to 56
and 13 at section IV, p. 13]. Calibration
modifications could include a leaner
choke and a leaner “engine air/fuel”
ratio [5 at 55 to 56]

According to Nissan, the emission
control system on vehicle YD020 cannot
be used in model year 1981 due to the
high CO emissions from the system [5 at
70 to 71); however, all hardware will be
available to build vehicles like car
YDo021 in 1981 [5 at 70]. Nissan
expressed concern about the durability
of the system used on car YD021,
particularly for model year 1981 use.
This concern is not shared by the EPA
technical staff as Nissan is gaining
production experience with the fuel
injection system (open loop version) in
1980 with family Z20FC (119 CID) and
production experience with oxygen
sensors, closed loop electronics and 3-
way catalysts in 1980 with family 124/
28C (168 CID).

No emission control systems
incorporating prime technology
(8W+0C) have been developed for
vehicles using the 119 CID engines.

The complete emission results of the
two 1980 California certification
vehicles are shown in table V-8. Vehicle
AK690 achieved the 1981 Federal
emission standards of 0.41 HC, 3.4 CO,
1.0 NOx. Vehicle YD-021 also achieved
emission levels well below the 0.41 HC,
3.4 CO, 1.0 NOx standards. The
complete emission results from this
vehicle are shown in table V-8.
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Table V-8.— 7980 California Certification Vehicles Using 118 CID Engines )
tes
Family Z20EC VIN AK690 Family Z20SC VIN BK649 the
' PA
Miles HC co NO, Miles HC co NO, in
f ]
4841, 0261 188 0.96 4811. 0278 653 052 Ni
96839, 0.261 1.58 0.81 10079, 0.328 8.03 0.56 NI
15184. 0314 1.86 1.00 15160. 0224 648 0.50 the
15203, 0325 181 0.99 16178. 0280 616 0.57 EF
20151. 0339 174 1.02 20147, 0208 401 082
24823, 0297 184 082 . 24934, 0283 639 0.84 or
30155, 0297 171 0.93 29875. 0267 634 0.75 ref
30172. 0305  1.87 0.82 20893, 0301 553 0.60 O,
34941. 0291 178 0.81 34770. 0313 871 0.56 99
40149. 0292 175 0.83 40158, 0312 598 0.80 ex
44836. 0321 175 0.85 44767. 0272 643 0.51
44855, 0297  1.69 0.89 44785. 0340 693 0.80 Pa
50013. 0342  1.86 0.85 50018. 0320  6.08 0.50 the
4000. (CALC)= 0.28524 1.78370 0.96422 ..o 0.26792 6.40847 ‘
0.56594 =
5000. (CALC)= 0.31959 177370 0.83865 .............. 031531 6.15680 _
0.57665 his
Deteri factor= 1120 0994 0870 s 1177 0.961 on
1.019 o
the
acl
Table V-9.—Emission Results of Car YD-021 Using the 119 CID Engine With EFI/EGR/3W ]
[Datsun 510 at 2750 IW) rej
ret
1975 FTP ac
mi
Miles HC Cco NO, MPGu Maintenance chi
0 0.13 1.26 013 259 ha
5,000 0.16 1.82 0.15 255
10,000 0.16 208 0.21 25.4
15,000 0.24 1.79 0.29 25.7 Replaced engine oll and oil
’ filter,
20,000 047 1.74 0.34 262 -
25,000 0.19 2.18 0.31 26.1
30,000 0.17 1.72 0.37 26.4 Replaced engine ofl, oil fiter
and spark plug. -
30,000 0.24 254 0.33 25.8 After maintenance =
35,000 0.20 2.10 0.39 263 £89
40,000 0.24 272 0.47 26.2 s
45,000 0.21 2.39 0.48 265 Replaced engine oil and oil o
filter. 3
023 243 S
0.17 1.75 s
0.23 250 Ad
1.3569 1.4225 ! 4
All eight vehicles were run through the Monte Carlo simulation. The results are
presented in table V-10. - un
Table V-10.—FResulls of the Monte Carlo Analysis for Vehicles Using 119 CID Engines =)
Probability of pass
VIN Emi control sy
HC co NO, s
Without Factors e
A F61
FB/PAIR/EGR/OC ..... 82 0 09 F67
FB/PAIR/EGR/OC. 88 22 14 %
FB/PAIR/EGR/OC . 61 51 95 8D-
FB/PAIR/EGR/OC. 94 59 96 8D-
FB/EFI/PAIR/EGR/OC.. 80 100 63 8D-
. FB/EFI/PAIR/EGR/OC 90 0 31 F61
FB/EFI/EGR/3W ..... 100 22 100 F67
FB/FBC/EGR/3W ... 100 1 100 j e
With Factors for Improved Oxidation Catalyst and Dual-Walled Exhaust Pipe o
z Fé1
BK649 : o7 0 o8 F87
B1968 o7 100 10 F8:
8D-991 90 87 96 8D-
80-992 99 98 95 8O-
80-
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Based on completed certification
testing, Nissan can sell vehicles us
the 119 CID engine and the FB/EFI/
PAIR/EGR/OC emission control system
in 1981. %
l Based on Monte Carlo anaylsis,
Nissan could also certify vehicles using
the 119 CID engine and either the FB/
EFI/EGR/3W emission control system
or FB/PAIR/EGR/OC system as
represented by vehicles 8D-991 or 8D-
992 (using catalyst A and a dual-walled
exhaust pipe).
Pass/Fail Analysis of Vehicles Using
the 146 and 168 CID Engines

Vehicles using these two engines were
analyzed together as they also have
historically been certified as a single
engine family in EPA certification. All of
the vehicles discussed in this section
actually used the 168 CID engine.

No vehicles submitted by Nissan were
rejected from this analysis for any
reason except that they did not either
accumulate sufficient mileage (20,000
miles minimum without a substantial
change in calibration or hardware) or
have a sufficient number of data points

to be included in the deterioration factor
calculation (4 points as @ minimum).

Two basic emission control systems
could be utilized by Nissan in 1981 for
vehicles using these engines. Those
systems are EFI/3W and EFI/EGR/3W
[5 at 57 and 5 at 81]. No systems using a
3W + OC system were tested on*
durability vehicles. Also, no start-up
AIR systems were tested on any
vehicles. One vehicle (F671) was run
with EFI/EGR/3W/3WSC, but results
were not encouraging with the addition
of the start catalyst and Nissan has no .
plans to market such a vehicle.

Additional hardware which could be
utilized by Nissan for vehicles using
these engines in 1981 includes an
improved 3-way catalyst [5 at 81].

The vehicles entered into the Monte
Carlo simulation are shown in table V-
11. Again different catalyst codes would
indicate that the vehicles would be in
different certification engine families.
Only one vehicle {car F671) appeared to
be designed for the 1981 emission
standards. The results of the Monte
Carlo analysis are shown in table V-12.

Table V-11.—Nissan Vehicles Using 168 CID Engines That Were Entered Into Monte Carlo Analysés

Engine
systom

Emission control  Catalyst

Comments
Code

EFIVEGR/3W....con.e

. EFI/EGR/3W/
" 3swsc.

80 Calif. development vehicle.

80 Calit. development vehicte.

80 Caitt. cert. vehicle.

Targeted for 0.41 HC, 3.4 CO, 0.4 NO,,
L Targeted for 0.41 HC, 3.4 CO, 0.4 NO,.
W Targeted for 0.41 HC, 3.4 CO, 0.4 NO,.
K Targeted for 0.41 HC, 3.4 CO, 0.4 NO,.

8+X Experimental vehicle for 1981,

K
K
K
w

*These are actually all vehicle 8D-845C. The A and C cases use catalyst W, but are different durability runs (C was actually
lyst & L

run first), Case B was run simultaneously with case A using a

d at

Cal

Table V-12.—Monte Carlo Analysis of Nissan Vehicles Using 168 CID Engines

Emission control system Catalyst

Probability of pass

Co

No Factors

EFIVJEGR/3W. .........
EFI/3W

BD-645CA EFI/3W

80-645C8 EFI/3W

8D-6450C EFI/3wW

F615.. EFI/3W

Fé

EFIVEGR/3W/3WSC ...........

Y
;xirixxx
ZRERB2TS
IRBBESRS

With Factors for Start-up Air Injection

F614

FE75.

F838.......

8D-845CA

80-645C8

8D-845CC

F815.......
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For those vehicles using EFI/EGR/3W
(catalyst K) emission control systems,
one passes and one fails. Since both use
identical emission control systems a two
car analysis was run to determine if this
system could certify. The results of the
two car analysis are as follows:

of pass
80
66
89

A similar two car analysis could have
been run using other pairs of identical
vehicles, such as F836 and F615, but the
low CO probability of pass for F836
indicates that the pair would fail also.

On the basis of the two car analysis of
vehicles F614 and F675, this family is
projected to fail without factors.

With the use of factors for the
addition of warm-up air injection, the
ability of Nissan to certify was
enhanced. A two car analysis of cars
F614 and F675 indicate that the emission
control system of EFI/EGR/3W (catalyst
K) with warm-up air injection can
certify. The respective probabilities of
pass are 97 for HC, 90 for CO, and 100
for NOx. A two car analysis with the
emission control system of EFI/3W
(catalyst W) and warm-up air injection

was not needed as vehicles 8D/645CA
and 8D-645CC both pass in the single
car analysis.

On the basis of the success discussed
above, the vehicles using 168 CID
engines are considered to pass with the
factors for the addition of warm-up air
injection.

Pass/Fail Analysis of Vehicles Using
Engines in Families A and B

No data were presented by Nissan
that were acceptable for entry into the
EPA model. Thus, these families are
considered as "no data" families, It is
clear, based on Nissan's projected sales,

that the basic market demand for Nissan.

vehicles could be met without the use of
these two engine families.

Renault

Renault applied for a waiver of the 3.4
gm/mile CO standard only for their 85
cubic inch displacement LeCar engine.
Table V-13 lists the vehicles for which
Renault submitted data in support of
their waiver request. The list only
includes durability data vehicles with

engines for which a waiver was
requested.

Table V-13.—Renault Durability Vehicles

VIN Cataiyst Entered in
Monte Carlo?

If not entered,
why?

Yes.

4 at v/

4 at v/

17 at V/A p. 2, 45 at
2

18at22 43 at 4.

Pass/Fail Analysis for the Renault 85
CID Engine

The 85 CID engine family is projected
to pass with hardware improvement
factors for a clean up oxidation catalyst
with a switched AIR system. This family
is projected to fail without hardware
improvement factors. This analysis is
based on the results of vehicles TP-29
and 573 both of which pass with the
aforementioned improvements and fail
without improvements.

Renault submitted durability data on
four vehicles. Vehicles TP-79 and 573
only had a single three-way catalyst
system, whereas vehicle 540 had the 3-
way plus oxidation catalyst system
(with switched air injection and EGR)
which Renault has selected as their first
choice emission control system to meet

the 1981-1982 standards.

The EPA technical staff decided to
apply factors to the three-way only
vehicles, rather than the three-way plus
oxidation catalyst vehicle (540) for
several reasons. First, vehicle 540 had
insufficient data for the Monte Carlo
analysis. Also, it was apparent from the
data which was submitted that vehicle
540 had higher emissions than vehicles
TP-29 and 573 had with the
improvement factors for a clean up
oxidation catalyst with a switched AIR
system.

If a manufacturer does not submit
durability data for a prime* emission
control system, the technical staff
attempts to simulate a prime system
with hardware improvement factors.
Where data are submitted for a prime

system, there is no need to simulate, apq
factors need not be applied. Although
Renault identified a vehicle (540) which
includes the components of a prime
emission control system, in the EPA
technical staff's judgment, its
configuration is not optimized in that the
oxidation catalyst is further downstreap
than would be optimum for HC & CO
control. In order to simulate a prime
system, the technical staff would have
to apply a factor for catalyst location.
Since such a factor has not been
developed and the vehicle could not be
entered into the analysis, EPA applied
the factors for a clean up oxidation
catalyst with a switched AIR system to
vehicles TI-29 and 573. This allowed
EPA to simulate a prime emission
control system.

Renault stated that the conversion
efficiency of the oxidation catalyst in
their first choice system was poor
because it had to be located too far from
the engine due to space constraints [4 at
V/4]. In a response to an EPA request
for substantiation of their space
constraints, Renault sent a drawing [43
at 3] showing their present oxidation
catalyst location, but not shewing the
area in the vicinity of the three-way
catalyst. Reviewing a prior drawing [44
at 5.3] submitted to support their
contention that three-way catalyst could
not be increased in volume, it appears
possible that an oxidation catalyst could
be mounted vertically in the engine
compartment, Although the drawing
showed catalyst interference with the
tire for a vertically mounted catalyst, it
showed no constraints in moving the
catalyst such that it would not interfere
with the tire or consideration for the use
of an oval shaped catalyst. Because the
information submitted by Renault did
not substantiate that the oxidation
catalyst couldn't be moved into a
position where it could operate more
efficiently, the technical staff judged
that it would be valid to apply
improvement factors to vehicles TP-29
and 573. Based on the results of these
vehicles, the 85 CID engine family is
projected to pass with hardware
improvement factors for a clean up

oxidation catalyst with a switched AIR
system.

Table V-14 lists the Monte Carlo
results for the durability vehicles
submitted by Renault.

*A prime system is considered by EPA to be FBC/
EGR/3W/OC switched AIR used in an optimized
configuration.

OO -3,
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Table V-14.—Monte Cario Results of Renault Durability Results

Emission Probability of pass
VIN control sy Comments
HC co NO,
87 100 4 No factors,
.. FBC/3W/EGR. o8 0 100  No factors.

FBC/3W/EGR ..... 100 96 100 Factors for a clean up oxidation
catalyst with a switched AIR
system.

573 crcoioi g Bt S I Y TR rotimersttiost 4ottty - 88 0 100 No factors,
5732 corroileiisnsntiiil) POCHINIEGOR i s mreecies 100 98 99 Factors for a clean up oxidation
A catalyst with a switched AIR
system.
Toyo Kogyo way catalysts and oxidation catalysts.

Toyo Kogyo has requested a waiver
for vehicles powered by three engines.
These are the 70 CID rotary engine, the
91 CID conventional engine and the 120
CID conventional engine. TK has two
distinct sets of technology planned for
possible use in 1981. One set would be
used for attempting to meet a 3.4 CO
standard and the other would be used at
7.0 CO. Both sets of technology used
open loop carburetion, air injection, 3-

The primary differences between these
two sets of technology are in the details
of the system operation and system
calibration. Details of the differences
were claimed to be confidential by TK.

The vehicles presented by TK in their
waiver application are summarized in
table V-15. A large number of
development vehicles were run;
however, a much smaller number of
durability vehicles were run.

TK did indicate that there were
currently problems with their open loop

Table V-15.—Vehicles in Toyo Kogyo Wavier Application

emission control systems with high
catalyst bed temperatures (see system
C-1 in reference 30 on pages II-3, [I-4
andTI-5). Also, these particular systems
are the first choice systems of TK for
meeting either a 0.41 HC, 3.4 CO, 1.0
NOx standard or a 0.41 HC, 7.0 CO, 1.0
NOx standard in 1981 with their
vehicles using 91 and 120 CID engines
(see reference 40 at pages 3 to 5). It is
assumed by the EPA technical staff that
these systems will not be marketed by
TK without resolution of this problem
due to potential problems of consumer
safety.

Technological solutions (temperature
or speed/load controlled AIR systems)
for the catalyst overtemperature
problem have existed for a number of
years and there would be no excuse for
marketing vehicles with this problem.
The move to close loop emission control
systems in place of the open loop
systems is expected to improve the
situation for TK. At the same time their
catalyst deterioration and CO control
problems are expected to improve.

Engine VIN Emission control Entered in Monte If not entered in Monte Carlo—Why? c Ref
systom * Carlo

86.4 (UC) No VINs given No No waiver requested 10r this enging..........wee 1979 GLC......... TWA, *sec. IV, p

1202 (MA) NO VINS GNVE....o.or No Insufficient number of data points 1980 626 ......... 'rvn. sec. IV, p
1 No Insufficient NUMber Of GALA POIMS........o.iooesen 1678 GLC oc. TWA, S0, p
2 No. Insufficient number of data PoINtS.........cmsssssmens - 1978 RX-3 sp ... TWD:-. sec. IV, p
3 No Insufficient number of data POINLS............ o . 1979828..........TV3§:MN,9
4 No nsufficient UMBer Of data POINES...............oa 1978 GLC ... ngt sec. IV, p

35%2.. RE-F-1 AR/EGR/OC... Insufficient number of data points TWA, 506, V, o

asx2 RE-F-2 AIR/EGR/OC.... . Insufficient number of data points TWA, s8¢V, p

a5x2 RE-F-3 AR/EGR/OC.... Insufficient number of data points. TWA. 806, V. P

352 RE-F-4 AIR/EGR/OC... NG Insutficient number of data points TWACoo0. P

35%2.. RE-F-5 ARVEGR/IW.... NO..oorrooreerri Insutficient number of data points. T\A‘fﬁo sec. V, p

35%2 RE-F-6 AIR/EGR/W.... NO..osrecir Insufficient number of data points TWA a2V, P

35x2 RE-F-7 AIR/EGR/IW.... N Insufficient number of data points TWA sc.V p

35%2 RE-F-8 AIR/EGR/TR ... NO....covucmn. Insutficient number of data points TWA, s00. V P

36X2.. RE-F-9 ARZEGR/TR... NO.corcvrrrree Insufficient number of data points '

asx2 RE-F-10 AR/EGR/TA... .. Insufficient number of data points

asx REAF- T, s s .. AIR/EGR/TR... Insufficient number of data points

asx2 RE-F-12 AIR/SW/OC...... No.. ... Insufficient number of data points

AN s S RE e e e ARSI 06 o NG e .. Insufficient number of data points.

35%2 RE-F-14 AIR73W/OC ... NO..eiicsirissn ... Insufficient number of data points

35X2. RE-F-15 AR/IW/OC ... NO..ococcomn . Insufficient number of data points




Federal Register / Vol. 44, No. 233 / Monday, December 3, 1979 / Notices
=

Table V-15.—Vehicles in Toyo Kogyo Wavier Application—Continued

Emission control Entered in Monte If not entered in Monte Carlo—Why? Reference
system * Ceario

AIR/3W/OC....... : 7 T\A{; secV, p

AIR/3W/OC. TV:;‘m V.p

AIR/3W/OC.... TWA, sec V., p

|

AIR/3W/0C......

AIR/SW/OC......

AIR/3W/0C

AIR/3W/OC......

FBC/AIR/aW/
OC.

FBC/AIR/3W/
OocC.

of data points.

of data points,

FBC/AIR/3W/
OC.

of data points.

EFI/AIR/3W/
OoC,

Insufficient

of data points.

EFI/AIR/3W/
OC.

AIR/EGR/3W...,

No waiver

d for this engine.

AIR/EGR/GW....

No waiver

d for this engine

AIR/EGR/3W....

AIR/EGR/3W....

No waiver
No waiver

d for this engine

AIR/EGR/3W....

No waiver

d for this engine..

d for this engine.

AIR/EGR/3W....

No waiver

AIR/EGR/3W....

AIR/EGR/3W.... . No waiver requested for this engine
ted for this engine.

No waiver

d for this engine

AIR/EGR/3W....

Insufficient b

of data points

AIR/EGR/3W....

Insutficient

AIR/EGR/3W....

AIR/EGR/3W...,

of data points,
of data points

of data points

AIR/EGR/3W....

AIR/EGR/3W....

AIR/EGR/3W....

AIR/EGR/3W....

AIR/EGR/3W....

AIR/EGR/3W....

of data points.

of data points.
of data points.

of data points.

of data points.

of data points.

AIR/EGR/3W....

AIR/EGR/SW....

of data points

AIR/EGR/3W....

AIR/EGR/3W....

of data points

of data points.

AIR/EGR73W....

AIR/EGR/3W....

AIR/EGR/3W....

of data points

of data points.

AIR/EGR/3W.... NO...ovvemsrrmsssrnns

AIR/EGR/3W.... No

AIR/EGR/BW/ No..
OC.

AIR/EGR/3W/ No
oc.

121-122, Tss,

120

120

120
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Table V-15.—Veicles in Toyo Kogyo Wavier Application—Continued
Engine VIN Emission control Entered in Monte i not entered in Monte Carlo—Why? Ref
system * Carlo
209 CE-F-30 AIR/EGR/BW/  NO.oooooscicrrssises Insufficient number of data points. TWA, sec V, p
OcC. 126.
90.9 . oresespesmaemeeemremisetiisieme vy 7 e el S AIR/EGR/3W/  NO....ovivenusssisninns Insufficient ber of data points. TWA, sec V, p
OoC. 1286.
90.9 CE-F-32 AIR/EGR/3W/ Yes TWA, sec V, p
ocC. 127, 1SS, p
130a.
00,9 oveerprrev bt iorticantiiseestbmatinian 0 =) 22 ¢ I NN LN N AIR/EGR/BW/  NO.....ccoerurenssennnse Insufficient ber of data points. TWA, sec V, p
OcC. 127.
1) X SO SR ik s {32 S o A ST AIR/EGR/3W/  NO....coinsicnssnnnn ... Insutficiont ber of data points. TWA, sec V, p
ocC. 127,
80.9. I i tiowesios eyt AIR/EGR/3W/ No..... ... Insufficient number of data points. TWA, sec V, p
OC. 127,
80.9 CE-F-36 AIR/EGR/3W/ Yes TWA, sec V, p
ocC. 127-128, TSS,
p 130a.
1202 CE-F-37 AIR/EGR/3W/  NO....ocoisimmerices . Insufficient number of data points. TWA, sec V, p
OC. 128, 1SS, p
130.
120.2 L e B T I AIR/EGR/3W/ Insufficient number of data points. TWA, sec V, p
ocC. 128, TSS, p
130.
1202 GO0 Lo e dosyosoncms iy AIR/EGR/AW/  NO...cooiivirinusimnins Insufficient number of data points. TWA, sec V, p
OcC. 128, 1SS, p
130.
1202 e e AR S BP0 i i ened AIR/EGR/3W/  NO....ccoccvrvrrersen .. Insufficient ber of data points. TWA, sec V, p
OcC. 128.
120.2. CE-F-41 AIR/EGR/3W/ Yes TWA sec V, p
ocC. 128-129, TSS,
p 130a.
120.2 e i i idssmiommessaiistss AIR/EGR/3W/ Yes TWA, sec V, p
ocC. 128, TSS, p
130a.
120.2 CE-F-A3 000 Ll diieams Byl AIR/EGR/3W/  NO........oveeerecssrsene Insufficient number of data points. TWA, sec V, p
ocC. 128.
%09 CE-F-44 AIR/EGR/3W/ Yes TWA, sec V, p
ocC. 130, 7SS, p
130.
1202 CE-F-45 AIR/EGR/3W/ Yes TWA, sec V, p
ocC. 130, 7SS, p
130.
909.. ADV-F-1 FBC/EGR/3W.. No .. Insufficient ber of data points. TWA, sec V, p
%09.. CIEGR/BW .. NO...ivoocsoma Insufficient number of data points ¥
90.9 [15. 00 o WAL oo METS NN, FBC/EGR/3W.. Yes
1202 FBC/EGR/3W .. NO.cccuuuauismmsnrannn Insufficient number of data points..
120.2 v FBC/EGR/3W... NO..ccooeeeusssrsasensse Insufficient number of data points.
120.2 FBC/EGR/3W.. Yes......cc.u.... Insulficient ber of data points.
1202 AN iy SPFI/EGR/3W.. NO.....oooosroesssmsees Insutficient number of data points.
1202 . SPFI/EGR/3W.. .. Insufficient number of data points.
1202 ADV-F-9 EFI/EGR/3W.... No.. . Insufficient ber of data points.
1202 ADV-F-10 EFIZEGR/3W..... NO.....oiviicsscissanss Insutficient ber of data points.
120.2 ADV-F-11 EFIVEGR/3W..... NO.....cociresnesiasnian Insufficient number of data points.
809... CE-F-46 AIR/EGR/BW/  NO...ccvcumrmnnsannns Insufficient ber of data points.
OocC.
908 . AIRZEGR/3W/ Insutficient number of data points.
0cC.
80.9 AIR/EGR/3W/  NO....civcnsisiamnnan Insufficient ber of data points. TSS, p 130b.
0OcC.
000 s e AIR/EGR/3W/  NO...ocormunne go— T ber of data points. TSS, p 130b.
T SO el i - AIR/EGR/SW/  NO.iivmicin .. Insufficient number of data points TSS, p 130b.
ocC.
809. AIR/EGR/3W/ ber of data points. TSS, p 130b.
OoC. ‘
909. AIR/EGR/3W/ Yes TSS, p 130b.
OC.
909. AIR/EGR/3W/ Yes TSS, p 130b-
OC. 130¢.
1202 AIR/EGR/SW/ * NO....oouussmsensssssses Insufficient number of data points. TSS, p 130c.
ocC.
1202 e . AIRZEGR/BW/  NO..covsimmssiinsinien Insufficient ber of data points TSS, p 130¢.

8
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Table V-15.—Vehicles in Toyo Kogyo Wavier Application—Continued

Engine VIN Emission control Entered in Monte If not entered in Monte Carlo—Why? Comment Reference
system ? Carlo
1202 CE-F-56 AIR/EGR/3W/  NO..ovooron ... Insutficient number ot data points 7SS, p 130c.
1202 CE-F-57 AEGRISW! Wb S Insufficient number of data points TSS, p 130¢.
1202 CE-F-58 Alnoﬁéen/awr Nois: s =i Insufficient number of data points TSS, p 130c
1202 CE-F-59 ARIEGR/SW/ NGk ey Insufficient number of data points TSS, p 130c.
1202 CE-F-60 mg/céenxsw/ Yes TSS, p 130¢
1202 CE-F-61 AlglcéGR/SWI Yes TSS, p 130d,
35%2 RE-F-28 raﬁi/—:gg/mn/ N ersicnitintic, Insufficient number of data points TWS, p lil-13

1TWA is used here as an abbreviation for reference 1.

*TK was not always clear about the use of AIR or PAIR, AIR has been assumed in all questionable cases.

*TWS Is used here as an abbreviation for reference 30.

Pass/Fail Analysis of Vehicles Using
the 70 CID Rotary Engine

In their effort to achieve the 1981
emission standards of 0.41 HC, 3.4 CO,
1.0 NOx, Toyo Kogyo ran a total of six
durability vehicles which could be
entered into the EPA Monte Carlo
Analysis. Five of those vehilces (RE-F-
16, RE-F~17, RE-F-18, RE-F-19 and RE~
F-22) were prototypes equipped with
open loop carburetor/AIR/3W/OC/
3WSC systems. These vehicles were
essentially identical, according to the
vehicle and emission control system
descriptions provided by TK. The last
vehicle (ODREP-2) was a certification
vehicle for California in 1980 using
exhaust gas recirculation, air injection
and a thermal reactor. Vehicles RE-F-16
and RE-F-17 and RE-F-22 were
calibrated specifically for the 1981
Federal emission standards. The other
two cars were targeted for the 1981
California emission standards [1 at 36 to
37 and 34 at Status of Present Emission
Level].

None of the vehicles submitted by TK
were rejected from the Monte Carlo
analysis. Vehicle ODREP-2 was not
entered in the Monte Carlo as a
predictive methodology is not needed
when an actual certification vehicle is
being considered.

The first choice system of Toyo Kogyo
for use in the 1981 model year is the
same as that used on the five identical
vehicles discussed above [5 at 11].
Improvements which could be
incorporated for the 1981 to 1982 model
years include recalibration of the
ignition timing and increased catalyst
noble metal loadings, according to TK
[30 at II-2]. This system is not
considered to be a prime system by the

EPA technical staff because the system
is open loop and there is no indication in
the TK waiver application that EGR has
been optimized with the 3W 4+ 0C
emission system. These two factors are
highly probable causes of high CO
emissions from TK vehicles using rotary
engines.

The lack of feedback control results in
air-fuel ratios below stoichiometry to
provide a reducing atmosphere in the 3-
way catalyst. If this does not provide
sufficient NO, control, the air-fuel ratio

is probably even further reduced due to
the absence of EGR. Both of these
reductions in air-fuel ratio would tend o
increase engine-out and tailpipe CO
emissions.

The Monte Carlo results of the five
prototype vehicles are shown in table
V-16. All five vehicles failed. The EPA
technical staff was unable to generate
factors to account for the previously
mentioned deficiencies in the emission
control system for the rotary engine.

Table V-16.—Monte Carlo Results of TK Vehicles Using Rotary Engines

Probability of pass
VIN Emission control system HC co NO,
Without factors (Catalysts D, D and C)
... Open loop/AIR/3W/OC/3WSC 63 97 2
Open loop/AIR/3W/OC/3WSC 63 99 7
Open loop/AIR/3W/OC/3WSC 97 0 100
Open loop/AIR/3W/OC/3WSC 97 ] 100
... Open loop/AIR/3W/QC/3WSC 87 48 9%

The final vehicle (ODREP-2) utilized
in the EPA analysis was the 1980
certification vehicle for California. This
vehicle used a thermal reactor, EGR and
air injection system. The complete
emission results of this vehicle are
shown in table V-17.

On the basis of the certification
engine family OREP, vehicles using 70
CID rotary engines are projected to pass
the 0.41 HC, 3.4 CO, 1.0 NOx emission
standards. While this engine family
utilizes an emission control system
which is not the first choice system of
TK, the system is already in production
so lead time and driveability should not
present insoluble problems for TK.

Table V-17.— 19580 Certification Results of Vehicle
ODREP-2

[Engine family OREP]

75 FTP
Miles e
HC co NOx

3.30 0.69
3.19 0.68
3.24 0868
337 0.67
3.36 0.68
3.07 0.65
3.00 0.67
241 0.64
3.28 0.62
3.36 0.67
3.09 0.68
3.26 0.683
3.05 0.651

Deterioration factor ....... 0.830 0.935 0,953

I8 1

"~ "~
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CE

CE
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CE



WS

" «a Vo "

Federal Register / Vol. 44, No. 233 / Monday, December 3, 1979 / Notices

69449

Pass/Fail Analysis of Vehicles Using 91
CID Conventional Engines

Data were submitted by TK for a total
of seven durability vehicles. These were
all prototype vehicles as no vehicles
have been previously certified by Toyo
Kogyo using the 91 CID engine. No
vehicles submitted by TK were rejected
from the Monte Carlo analysis except
for reasons of insufficient durability
mileage accumulation with a single
emission control system or an
insufficient number of test points. The
seven vehicles in the analysis are shown
in table V-18.

All the 3-way catalysts on the
vehicles were located under the hood
except the catalyst on car ADV-F-3
which was placed under the floor. Also
all the vehicles were equipped with
open loop carburetion except vehicle
ADV-F-3 which had a feedback
carburetor.

The first choice TK emission control
system for model year 1981 is the open
loop AIR/EGR/3W/OC system [5 at 12].
TK indicated that recalibrations of the
emission control system and
refinements in the catalyst protection
system could be incorporated for the

Table V-18.—7K Vehicles (Using 91 CID Engines)
Entered Into the Monte Carlo Analysis—Continued

VIN Emission control
system

CE-F-36 ......... AIR/EGR/3W/0OC...... Open loop.

CE-F-44 ........ AIR/EGR/3W/OC...... Open loop, reduced
secondary AIR at
hogh apeod and

CE-F-52........ AIR/EGR/3W/0C...... Open loop protection
device for rear
catalyst.*

CE-F-53 ......... AIR/EGR/3W/OC...... Open loop,

overtemperature
device for rear

'Thswascalsda:i-waycnhrystbyToyoKogyo but it
tunctions p
qssmsummmmsnmmml

As shown in table V-19, the vehicle
using the AIR/EGR/3W system failed
HC and CO badly. This system is no
longer under development by TK [1 at
39]. The five vehicles using the AIR/
EGR/3W/OC all failed CO badly. The
vehicle using the FBC/EGR/3W system
failed CO, but was very close to passing

(75% probability of passing the 3.4 CO
standard—80% is needed).

Factors for hardware improvements
were also applied to vehicle ADV-F-3.
The additional hardware being
simulated was a clean-up oxidation
catalyst and switched air injection (to
simulate a prime emission control
system). The vehicle easily passed the
emission standards of 0.41 HC, 3.4 CO,
1.0 NOx in this case. The very high
probabilities of success with these
factors indicate that TK may be able to
pass using an emission control system
that is less costly than the prime system
which was analyzed.

This last simulation with vehicle
ADV-F-3 has relevance for only the
1982 model year as TK provided
adequate evidence [30 at section III] that
they will not be able to build vehicles
with feedback carburetion for the 1981
model year, Thus, vehicles using the 91
CID engines are projected to fail the 0.41
HC, 3.4 CO, 1.0 NOx standard in 1981. In
1982 they are projected to be able to
pass using the FBC/EGR/AIR/3W/OC
emission control system.

1981 and 1982 model years [30 at II-3]. Table V-19.—Probabilities of Passing the 0.41 HC, 3.4 CO, 1.0 NO: Standards for Vehicles Using 91 CID
this is not considered to be a prime Engioss
system by the EPA technical staff as the
need for overly rich air-fuel mixtures to L | P o Probability of pass
maintain reducing conditions in the 3- T oy = >
way catalyst results in excessive CO e
emissions. Without factors
Table V-18.—TK Vehicles (Using 91 CID Engines)
: CE-F-18 AIR/EGR/3W* (catal A) . 0 0 93.
Entarad ika S Mopte Do Anelyos AIR/EGR/3W/OC (catalyst A and A) 74 11 100
AIR/EGR/3W/OC (catalyst A and A) 68 0 100
. AIR/EGR/3W/OC (catalyst A and A) 79 2 100
Vit Ermizsion.contrd} Comment . AIR/EGR/3W/OC (catalyst A and A) % 29 100
Systam . AIR/EGR/3W/OC (catalyst A and A) 84 29 100
— . FBC//EGR/3W (catalyst A) 100 75 100.
CEF-19 . AIR/EGR/AW V... Open loop, catalyst
With factors for the addition of AIR injection and a clean-up oxidation catalyst.
CE-F-32 :
CE-F-36 ADV-F-3 100 100 100

CE-F-44

CE-F-52 ..cinue

CE-F-63 .

protection device
for rear catalyst.?
FBC/EGR/3W.....c.c0.. Closed loop.

ADV-F-3......

'This was called a 3-way catalyst by Toyo Kogyo, but it
|unch0r\s primarily as an oxidation cal
*[34 at Status of Present Emission Level.]

Table V-18.—TK Vehicles (Using 91 CID Engines)
Entered Into the Monte Carlo Analysis

VIN Emission control Comment
system
CE-F-19........ AIR/EGR/3W \......... Open loop, catalyst
functions as
oxidation catalyst

CE-F-32....... AIR/EGR/3W/0C...... Open loop.

*TK called this catalyst a 3-way catalyst even though it f

'S as an lyst under most operating conditions.

Pass/Fail Analysis of Vehicles Using
120 CID Conventional Engines

A total of eight vehicles using the 120
CID engine were analyzed. Those
vehicles are shown in table V-20. Again
no vehicles that were submitted by TK
were rejected from the analysis for any
reason except failure to meet the
minimum entry criteria.

The 3-way catalyst location was
underhood on cars CE-F-25, ODMAP-1,
CE-F-21, CE-F-42, CE-F-45, CE-F-60,
and CE-F-61 and was underfloor on
ADV-F-6. Those catalysts called
“catalyst B" in table V-21 actually
include catalysts that would be in more

than one certification engine family;
however, they could not be sorted due to
the limitations of the information
provided by TK.

TK's first choice system for use in
1981 to meet the 3.4 CO standard is the
open loop AIR/EGR/3W/OC system [5
at 12]. Improvements which may be
incorporated for the 1981 and 1982
model years include recalibrations and
refinements to the catalyst
overtemperature protection system [30
at [I-5]. As discussed for the vehicles
using 91 CID engines, this is not
considered to be a prime emission
con};rol system by the EPA technical
stafl,
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Table V-20—T7K Vehicles Utitizing 120 CID Engines
That Were Entered into the Monte Carlo Analysis

VIN Emission control Comment
system

CE-F-25 ..., AIR/EGR/3W ........... Open loop.

OOMAP-1 ....... AIR/EGR/3W ... Oponloop 1980
California
certification vehicle.

CE-F-41 ....... AIRZEGR/3W/OC...... Open foop,

CE-F-42 ...... AIRZEGR/3W/OC...... Open loop.

CE-F-45 ....... « AIR/EGR/3W/OC...... Open Ioopovor
temperature
protection device
for rear catalyst.?

AIR/EGR/3W/OC..... Open loop,over
temperature
protection device
for rear catalyst.*

AIR/EGR/3W/QC...... Open loop, reduced

CE-F-61 .......

ADV-F-6........ FBC/EGR/3W............ Closed loop.

'memmwm but they func-
tion
’[MmsmmsolPrmm Emission Level.]

When analyzed in the Monte Carlo
analysis in the as received condition, all

the TK vehicles failed CO as shown in
table V-21. The more recent vehicles
(CE-F-60 and CE-F-61); however, did
show much improvement capability at
3.4 CO.

Hardware improvement factors were
applied to vehicle ADV-F-8 for the
addition of a clean-up oxidation catalyst
and switched air injection. With the
improved emission control system, car
ADV-F-6 was projected to easily pass
the 1981 Federal emission standard of
0.41 HC, 3.4 CO, 1.0 NO,.

Due to the inability of TK to provide
feedback control of the air-fuel metering
system in 1981 for vehicles using 120
CID engines (as with all other TK
vehicles for 1981), these vehicles are
projected to fail the 3.4 CO emission
standard in 1981, and the same vehicles
are projected to pass the 0.41 HC, 3.4
CO, 1.0 NO, standard in 1982 when
feedback carburetion becomes
available.

Table V-21.—Monte Carlo Results of Toyo Kogyo Vehicles Using 120 CID Engines

Probability of pass
VIN Emission control systems
HC co NO,
Without Factors
CE-F=25. e AIR/EGR/3W *(calalyst A) o 0 53
e AIR/EGR/3W *(catalyst A) 926 25 93
... AIR/EGR/3W/OC (catalysts A and B) 90 0 100
AIR/EGR/3W/OC (catalysts A and B) ... 81 0 100
e AIR/EGR/3W/OC (catalysts A and B) 88 0 100
CE-FB0..cirrimmmsessnnncnns AIR/EGR/3W/OC (catalysts A and B) ... 80 48 100
e AIRZEGR/3W/OC (catalysts A and B) 84 52 100
FBC/EGR/3W (catalyst A) 77 54 100
With factors for the addition of a clean-up and d air injection
ADV-F-8 100 100 100

*These were called 3-way catalysts by TK, but they function primarily as oxidation catalysts.

VL Cost Analysis of Manufacuturers’
Emission Control Systems

EPA Cost Estimates

The EPA costing methodology, as
used in the CO Waiver Decision of -
September 5, 1979 [7] [29 at 53400], was
revised to include responses to an EPA
subpoena of August 8, 1979. (The
subpeona requested prices that
suppliers charge the automobile
manufacturers for emission control
devices or systems.) Table VI-1
represents the cost to the consumer of
several emission control devices as
derived from the subpoena responses.
This table is not complete due to the
delayed responses of many of the
suppliers. In addition to a mark-up
which accounts for the auto

manufacturers’ expenses, costs of most
devices will vary based on production
volume or sales volume to each auto
manufacturer. Therefore, these are not

absolute.
Table Vi-1
EPA cost
Emission control device estimate in
1979 dollars
Air inj Y 40
Carburetor:
1 barrel 41
2 barrel 54
4 barrel 96
EGR sy 13
El choke. 6
Thermal vacuum SWItch (TVS) ... 3

Table VI-2 presents EPA estimates of
cost of compliance with 3.4 vs 7.0 CO
(due to lead time problems for certain

emission control devices, separate
estimates are necessary for 1981 and
1982). The changes in cost were
calculated by individual engine size.
These changes were based on the
differences in emission control
hardware between a) systems targeted
to meet 7.0 CO, as described by each
manufacturer in their applications and
b) systems judged capable by EPA of
meeting 3.4 CO, based on Monte Carlo
results or successful 1980 certification of
similar vehicles. (Cars which passed
Monte Carlo often needed improved
emission control hardware to do so, and
these technological improvements were
all costed in.) An engine size which was
considered to fail in the Monte Carlo
analysis was assumed to have no cost
increase, Therefore, for TK in 1981,
Table VI-2 represents the cost of
compliance with 3.4 CO for some engine
sizes and 7.0 CO for others.

As shown in Table VI-2, EPA did not
find a change in cost for every engine
size which passed the 0.41 HC, 3.4 CO,
1.0 NOx emission standard in the Monte
Carlo analysis. (For example, certain
Monte Carlo factors implied no change
or a decrease in cost.) Engine sizes
which are labelled “no data" in the
Monte Carlo analysis are automatically
assumed to have no change in cost.

The range in cost for Fuji indicates the
effect of the switched air factor vs.
aspirator factor for both engine sizes
applying for waiver.

Table Vi-2.—EPA Estimate— Cost of Compliance
With 3.4 CO

34vs. 7.0 COIn 1979
dollars
Manufacturer e
1981 1982

97 +91-4+128 +91-4128
109 495-4+137 +85-4137

75 +35 +35

85/91 ] 0

119 +12 +12

146/168 +48 +48

A () )

B (8] (¥

G g PR e e 85 +89 +89
TOyo KOGYO...rvmrisasssseces 70 -105 —~105
91 0 (fail) +10

120 O(tall) +10

*No data.

Manufacturers’ Cost Estimates

Table VI-3 presents the
manufacturers' estimates of cost of
compliance with the 3.4 CO standard
over cost of meeting 7.0 CO [3 at 5-5)
[2 at 1.5] [1 at 2]. Most manufacturers
claimed some degree of confidentiality
for their cost estimates, therefore, this
table contains only that information
which can be released. All costs are in
1979 dollars.

1

Fu
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Table Vi-3.—Manufacturers’ Cost Estimales

Cost of z
34C0vs. 70C0

Manufacturer

* Approximate.

V1I. Driveability

Driveability is a specific criterion
included in the evaluation of technical
feasibility. As in the CO Waiver
Decision of September 5, 1979, none of
the manufacturers demonstrated that
driveability was a crucial criterion on
which a CO waiver should be granted.

This section includes a discussion of
each applicants ability to maintain
acceptable driveability in complying
with the 1981-1982 emission standards.
Fuji

Fuji has not made an issue of
driveability in their request for a waiver.
Although Fuji has indicated that
driveability problems exist with their
SEEC-T system neither the SEEC-T or
the oxidation catalyst systems are
designed to meet the 3.4 gm/mile CO
standard and no driveability data were
presented to support their claims of
driveability problems.

With respect to their FBC/3W/EGR
system, which was designed to meet a
3.4 gm/mile CO standard, Fuji stated
that “some driveability problems still
remain which must be solved” [3 at 4-
21).

In addition we remain very concerned
about the cold start driveability of these
systems [FBC/3W/EGR]. We find that
calibrations are very critical, possibly so
critical that our internal driveability
standards could not be met with production
vehicles. Clearly a 7 gram CO standard
would permit richer calibrations during warm
up and would help alleviate cold start
driveability problems [23 at 2].

In an effort to substantiate their
claims for potential driveability
problems with a 3.4 gm/mile CO
standard, Fuji submitted a copy of a
newspaper article [23 at 4] which stated
that General Motors was not selling
1980 model year X-body cars with
manual transmissions in California
because of driveability problems,
although they were selling these
vehicles in the other 49 states. Fuji's
reference to this article is not fully
understood by the EPA technical staff in
light of the fact that the 1980 California
CO standard, at 9.0 gm/mile, is higher
than the Federal CO standard, which is
7.0 gm/mile. It should be noted that this
information comes by way of a

newspaper article, not engineering data,
and that two different emission control
systems were involved. Additionally
GM has stated that they expect “to get
good driveability at either [3.4 vs. 7.0]
standard"” [33 at 182). Fuji's application
for a waiver did not include any
driveability data. Also, at the hearings
Fuji agreed that the following
characterization of their position was
correct: “* * * you're [Fuji] saying
driveability has a potential for being a
problem but at this time you don't know
that it will be and you're not claiming it
will be [emphasis added].” [5 at 149]
Hardware improvement factors for a
clean up oxidation catalyst with a
switched AIR system and for an
improved three-way catalyst should not
adversely affect driveability.
Considering the prior characterization
of their position, the EPA technical staff
can only conclude that Fuji has not
provided technical data to indicate that
the driveability of their vehicles will be
affected by a 3.4 CO standard as
compared to a 7.0 CO standard.

Nissan

Driveability should not be a crucial
issue in Nissan's ability to meet the
1981-1982 standards.

For their A-series engines, which
include the 75, 85 and 91 CID engines,
Nissan stated: "It is not possible to meet
the 3.4 gr/mile CO standard when
driveability is raised to an acceptable
level in consideration of the warranty
and recall requirements” [2 at 5.2.3].

These engines have been certified and
are now being sold with calibrations
that enable them to meet the 1981-1982
standards. The technical staff assumes
that the driveability of vehicles being
sold with the A-series engines is
acceptable and that Nissan can
therefore meet the 1981-1982 standards
with acceptable driveability. Much of
Nissan's early driveability data
indicated that driveability was
unacceptable when their emission
targets were met. Nissan's emission
targets are 0.26, 1.7 and 0.78 grams/mile
for HC, CO and NO, respectively.
Because the Monte Carlo analysis,
rather than Nissan's emission targets, is
the criterion by which technical
feasibility is determined, the technical
staff rejects Nissan’s claim that "It is not
possible to meet a 3.4 gr/mile CO
standard when driveability is raised to
an acceptable level * * *" [2 at 5.2.3].

Instead, the technical staff judged that
more appropriate emission targets
should be set. It was determined that if
Nissan's data indicated good
driveability with emission levels at 80%
of the 1981-1982 standards when
multiplied by the deterioration factors of

1980 California durability vehicle
AK749, this would satisfy the criteria for
technical feasibility in terms of
driveability. Vehicle AK749 finished its
mileage accumulation with its emissions
below the 1981-1982 emission
standards. This method was used to
approximate the Monte Carlo analysis.
The Monte Carlo analysis itself could
not be used because Nissan only
submitted driveability data on
development vehicles which had
insufficient data for the Monte Carlo.
Nissan did not submit driveability data
on its durability vehicles,

Nissan submitted emissions data on
two durability vehicles which met the
1981-1982 emission standards with A-
series engines. Vehicles AK749 and A-
883 had 91 CID and 75 CID engines
respectively. All of Nissan’s driveability
data for A-series engines were from
development vehicles with 91 CID
engines. The deterioration factors from
A-883 were not used because it did not
have the same engine displacement as
the vehicles which Nissan chose to
submit driveability data on and the
deterioration factors (d.f.) would have
been lower, thus less conservative, had
the d.f.’s from both vehicles been
averaged.

On September 20, 1979 Nissan
submitted data [13 at 3-25] on
development vehicle AK714, which gave
acceptable driveability while meeting
EPA's aforementioned criteria. This
vehicle had unacceptable driveability
until Nissan recalibrated the choke and
ignition timing and also controlled the
ignition timing for quick catalyst light-
off. Nissan also submitted data on other
vehicles representing the A-series
engines which had unacceptable
driveability, but since Nissan did not
submit the specific calibrations, EPA
assumes that the improvements made on
vehicle AK714 can also be applied to the
other vehicles with A-series engines.
Therefore, in the judgement of the EPA
technical staff, it is technically feasible
for Nissan to meet the 1981-1982
standards while maintaining acceptable
driveability on their A-series engines. In
addition, the use of an improved
catalyst as simulated in the Monte
Carlo, should not affect driveability.

For the 119 CID engine, Nissan has
designed two emission control systems
for the 1981-1982 standards, one using
open-loop carburetion and the other
using open-loop fuel injection. Although
Nissan's initial submittal indicated
driveability problems [2 at 5.2.2], a later
submittal with new data [13 at 3-19]
indicated that with a new device, a
leaner choke setting, a leaner mixture,
and an improved catalyst they were
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able to meet their emission target and
maintain acceptable driveability. Also,
Nissan indicated [2 at 5.2.2 and A.IV.5]
that with fuel injection they were able to
meet their emission target and maintain
good driveability.

Nissan also submitted durability data
[2 at 4.3.3] on a vehicle with a 119 CID
engine with an EFI/FB/3W /light EGR
control system designed to meet a 0.4
NO, standard, but did not discuss
driveability for this system. The use of
dual walled exhaust pipe, as simulated
in the Monte Carlo, should not affect
driveability. In summary, the
driveability data that Nissan did submit
indicates that driveability will not be a
major problem for the 119 CID engine.

Driveability for the 146 and 168 CID
engines will be considered together
because they have been historically
certified as a single engine family.
Nissan indicated that they could not
meet their CO target of 1.7 grams/mile
while maintaining acceptable
driveability [2 at 5.2.4]. In a later
submittal, Nissan submitted data [13 at
3-43] for a vehicle with advanced
ignition timing during warm up which
indicated that driveability was
acceptable even when CO emissions
were below 1.7 gms/mile. Also, three
Nissan vehicles passed the Monte Carlo
simulation with factors for an AIR
system which, if used by Nissan, may
allow them to further optimize
calibrations for improved driveability
and fuel economy. In light of the new
data and possibilities available through
the use of an AIR system, driveability
should not be the crucial criterion in
evaluating Nissan’s ability to meet the
1981-1982 emission standards for the
146 and 168 CID engines.

Driveability for Nissan's "A" and “B"
engines was not considered because
they were deemed to be “no data”
families.

The EPA technical staff concludes
that Nissan has not shown driveability
to be a crucial factor in their ability to
meet a 3.4 grams/mile CO standard.

Renault

Renault discussed three emission
control systems for their 85 CID engine,
but did not submit any driveability data.
These systems include their: (a) FBC/
3W/EGR, (b) AIR/OC/EGR and (c)
FBC/3W/OC/EGR/Switched AIR
systems.

Renault claimed that the driveability
of the three-way catalyst system would
be unacceptable if the EGR rate were
increased in order to comply with the 1.0
gm/mile NO, standard, but no data
were presented in support of this
contention. [5 at 195] Renault also made
claims of driveability problems with

their oxidation catalyst system in order
to comply with a 1.0 gm/mile NO,
standard. [4 at V/6] Again, Renault did
not supply driveability data as
requested in the guidelines.

Renault did not address driveability
for the dual catalyst system, which is
their only system designed to meet the
1981 standards. The EPA technical staff
therefore can only conclude that
driveability cannot be said to be a
critical issue with respect to Renault's
ability to meet the 3.4 gm/mile CO
standard based on the information
available.

Toyo Kogyo

In the Monte Carlo analysis of TK
vehicles, only one of their three engines
was projected to be able to pass the 0.41
HC, 3.4 CO, 1.0 NOx emission standard
in 1981. Vehicles using all three engines
were projected to be able to pass in
1982. None of those vehicles were
projected to pass using the first choice
TK emission control system.

TK did not provide driveability data
in their waiver application or supporting
documentation. The best indication of
the driveability of TK vehicles is the
qualitative evaluations presented in
section II of reference 30. TK's first
choice systems for 3.4 and 7.0 CO were
all evaluated by TK as “good". The
systems that passed in the EPA Monte
Carlo analysis were not evaluated by
TK. The first choice TK systems were:
AIR/EGR/3W/OC (open loop) for the
conventional engines and AIR/3W/OC
(open loop] for the rotary. Their passing
systems were AIR/EGR/TR for the
rotary and FBC/AIR/EGR/3W/OC for
the conventional engines.

So the passing systems for the
conventional engines differs from the
first choice TK system only by the
inclusion of feedback carburetion and
the associated electronics and oxygen
sensor. In the TK testimony [5 at 29 and
35], Mr. Suzuki suggested that TK was
currently having driveability problems
with their feedback carburetion. Again
no quantitative data were provided.

In the absence of quantified
driveability data from TK, the EPA
technical staff can only conclude that
any driveability problems being
experienced by TK with their feedback
carburetors may be due to the infancy of
the TK program. Ford and GM both
indicated that driveability of their
vehicles using feedback control systems
would not be affected by a 3.4 CO
standard in 1981. [33 at 82 and 41 at 209]

The passing system for the rotary
engine was not evaluated by Toyo
Kogyo. The rotary engine using air
injection and a thermal reactor was,
however, rated as excellent by TK [30 at

I1-2]. Also, the passing system is a
system currently certified (and
presumabiy being sold). On this basis
the EPA technical staff concluded that
there is no evidence that the driveability
of the passing system would be
unaccepatable at either a 7.0 or 3.4 CO
emission standard.

Driveability Summary

As discussed, each of the
manufacturers indicated that
driveability would be a problem in
meeting a 3.4 CO standard, but none of
these manufactures demonstrated that
driveability would be a crucial criterion
on which a CO waiver should be based.

VIII. Fuel Economy

Is there a change in fuel economy
associated with going from 0.41 HC, 7.0
CO, 1.0 NO, to 0.41 HC, 3.4 CO, 1.0 NO,?
This is an important issue in considering
a manufacturer's request for a CO
waiver from 3.4 to 7.0 gm/mi, especially
with the fuel economy standards now in
effect. There appears to be a
disagreement between some of the
manufacturers in their testimonies at the
CO hearings regarding this issue.

Nissan and Fuji's testimony claimed
negligible or no loss in fuel economy [5
at 91}, [5 at 122] for meeting 0.41 HC, 3.4
CO, 1.0 NO, versus meeting 0.41 HC, 7.0
CO, 1.0 NO,. These agree with General
Motors and Ford Motor Company
statements in the earlier hearings [33 at
181], [41 beginning at 196}, In fact Nissan
indicated that a 15 to 25 percent
improvement in fuel economy
{compared to their 1979 models) would
be achieved in model year 1981 [5 at 91-
92].

Renault indicated that they have not
been able to achieve 3.4 CO and, as a
result, they have not established a
position concerning the fuel economy
effects between the two CO standards.

The hardware improvement factors
applied to these three manufacturers
that were not already planned by the
manufacturers (the planned
improvements are presumably
considered in their statements regarding
fuel economy) are not expected to have
a significant impact on fuel economy.
The addition of air injection (AIR) is
probably the most debatable in terms of
a negative impact on fuel economy.
Some manufacturers have estimated
that a small loss in fuel economy is
incurred with the use of AIR, but GM
stated that in actual vehicle testing a
loss in fuel economy could not be
detected as a result of the addition of air
injection [5 at 91-92 and 33 at 181-182].

Toyo Kogyo (TK), however, is
claiming that they will experience a fuel
economy loss of 5% in their piston
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engine in going from 7.0 to 3.4 CO [40 at
4. This claim is questionable since TK
claims that none of their systems have
shown the capability to meet 3.4 CO in
durability testing. Without fuel economy
data at the 3.4 CO level, it would seem
that TK's claim is based solely on their
engineering judgement about their
ability to calibrate their first choice
gvstems to achieve the required CO
standard. With the absence of
comparative data, the EPA technical
staff cannot agree with this judgement,
TK also indicated that at either the 3.4
or 7.0 CO standard, fuel economy is
improved over their 1979 model vehicles
meeting a 15.0 CO standard.

TK reported that if the same open loop
3-way catalyst with air injection and
EGR system used to meet the 1980
emission standards of 0.41 HC, 7.0 CO,
2.0 NO, (with the conventional engines)
is tailored to meet the 1981 standards of
041 HC, 3.4 CO, 1.0 NO,, then a fuel
economy loss of 5% should be expected
[39 at 4). However, if an open-loop
three-way plus oxidation catalyst
system with air injection and EGR
system could be utilized, then as much
as 10% fuel economy increase could be
expected over the 1980 system
calibrated for 3.4 CO. TK also claims
that if this system were targeted for 7.0
CO an additional 5% fuel economy
increase would result. TK also reported -
that their closed loop three-way plus
oxidation catalyst system is very
promising, and the most likely system to
meet 0.41 HC, 3.4 CO, 1.0 NO, [1 at 3], [5
at 14,

Fuel economy comparisons were
made by the EPA technical staff on low
mileage vehicles between the data
provided by TK and what limited 1980

Toyo Kogyo certification data were
available at the time of this analysis.
These data are summarized in table
VIII-1. These data show a fuel economy
loss from 1.3 to 2.3% on vehicles with
manual transmissions, compared to 1980
certification durability data at 4,000
miles (projected or calculated 4,000 mile
fuel economy). One system, in fact,
showed a 9.4% fuel economy increase.
All vehicles equipped with automatic
transmissions showed an increase in
fuel economy from 2.4 to 11.3% over
their 1980 certification counterpart. A
closer look at the manual transmission
data shows that the 2.4% fuel economy
loss shown in table VIII-1 occurs when
the inertia weight of the vehicle was
increased by 250 pounds. This then
would indicate that on vehicles of the
same weight, a fuel economy loss of
only 1.0 to 1.3% was evidenced. In the
case of the automatic transmission data,
increasing the inertia weight 250 pounds
resulted in an 11.3% fuel economy gain
over its lighter 1980 certification
counterpart. It should again be noted
that these are low mileage data, which
were compared to limited certification
data with a smaller engine
displacement, but are the best data
available at the present to perform this
analysis. Although these data are rather
limited, it does seem to indicate a
potential for a net fuel economy gain for
TK in 1981 compared to their 1980
vehicles.

TK supplied further data on an engine
rather than medel line basis [1 at 133].
These data again were separated with
respect to transmission types, and are
summarized in table VIII-2. These data,
supplied by TK show a composite fuel
economy range of 25.6 to 37.3 MPG. This

is interesting data in that it exceeds the
fuel economy standard of 24 MPG for
1982 (the last model year to which the
waiver would apply) by 1.6 to 13.3 MPG
or 4.4 to 55.4%.

TK reported that their 1980 rotary
engine's fuel economy could be
increased 10 to 15% by replacing the
thermal reactor system with an open
loop 3 way plus oxidation catalyst with
air injection system. However, TK's data
confirming this conclusion also shows
that CO is increased above the 3.4 CO
level. An EPA check of TK’s contention
is shown in table VIII-3. The fuel
economy values in table VIII-3 were
compared to TK's results of 21.6 MPG,
for vehicles with automatic
transmissions and 22.9 MPG, for
vehicles using M5 transmissions and the
open loop AIR/3W/OC emission control
system. Clearly TK would experience a
short term loss in fuel economy using
the AIR/EGR/TR system for the
vehicles using rotary engines compared
to vehicles which would likely meet a
0.41 HC, 7.0 CO, 1.0 NO, standard. A
modest loss would also be incurred if
the 1980 California system with air
injection, EGR, and a thermal reactor
were used on vehicles equipped with
manual transmissions compared to the
1980 Federal models with automatic
transmissions. The availability of
feedback carburetion for the rotary in
1982 should result in fuel economy as
good as or better than for the open loop
AIR/3W/OC system. Thus, any loss in
fuel economy that might be experienced
by TK vehicles using rotary engines
should be experienced for only one
model year, and more importantly,
would not appear to harm TK's ability to
meet the fuel economy standards.

Table VIll-1*.—Fuel Economy Comparison at Low Mileage of TK Research to 1980 Certification Date Vehicle: Mazda-GLC

(CID) engine 1980 EPA durability Average 3.4 CO Percent ditferential Below 3.4 CO at
VIN displacement Transmission Inertia weight Emission control system 4K certification MPG, MPG, low mileage?
MPG,

86.3 M-5 2,250 OL-3 way catalyst/air pump/EGR.... 298 No.

80.9 M-5 2,250 OL-3 way catalyst/air pUmMP/EGR.... w.ccivssssssssssssssenssores 294 -13 Yes

80.9 M-5 2,250 OL-3 way + ox/ait/pump/EGR ... wuvemsssisiassssasenionss o 326 +94 Yes.

90.9 M-5 2,250 CL-3 way-FBC/EGR 295 -10 Yes.

90.9 M-5 2,250 OL-3 way/air pump/EGR 293 -23 Yes

90.9 M-5 2,250 OL-3 way + OX/@if PUMP/EGR.cc wusseeescosssmmmsssssssescesss 291 -23 Yes.

86.3 A-3 2,250 OL-3 way/air pump/EGR w..couvvernisions 247 No.
CE-F-2,4,8,7, 8, and 80.9 A-3 2,250 OL-3 way/air pump/EGR 253 +24 VYes.
CE-F-30, 31, and 35.... 90.9 A-3 2,250 OL-3 way + ox/air pump/EGR 26.7 +81 VYes
ADV-F-2.. 209 A-3 2,250 CL-3 way-FBC/EGR 295 +194  Yes.
CE-F-30 80.9 A-3 2,250 OL-3 way + ox/aif PUMP/EGR........ wermmsseesssssrnsmsssssssssns 275 +113  No.

*TK—CO walver application P. 113-133,
OL—Open Loop.
CL—Closed Loop.
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Table Vill-2*.—TK Fuel Economy Data on an Engine Basis development schedule for 1981 requires
that final configurations and
Fuel Economy calibrations be selected by the end of
October 1979. [3 at 5-9]
MEG, MPGy MPGe vsesrionag In the public hearings, however, Fuji
stated that the performance of their first.
Engine/ (CID) Emission control sy WS A ST UAG WE - AS s . ks choice system "hgs not been as good as
expected”, especially in terms of
[{ o 3 RIS, OL;:!/;;VR (underfloor)/ 298 260 400 320 337 284 5 18.3 meeﬁng the 1981 CO emission standard.
MA/120:2 ' 247 335 336 284 280 30 166 250 [0 at106] Two warm-up systems, (1)
ES/09 i OL-3 way (o0 a5 280 417 965 354 13 475 304 with high fast idle and ignition timing
/EGR. : :
MA/120.2 n 23 28 333 w6 26 258 10 44 retardand (2) with low gear hold and
ES/80.8 oo, OL-3 WaY + OX cBE 326 276 431 388 366 317 525 321  ignition timing retard, have been
mﬂﬂ undar developed to improve the original first-
MAIDDD . i i i ; 250 239 42 293 285 261 18 s choice system for 1981 during the cold
ES/90.9.. e FB CAMD 4+ WAY/EGR...... 331 205 440 385 373 330 554 375  start phase. Warm-up system (1) will be
A T 2a3 8. 4% WO @ # A4 241 yeed on manual transmission vehicles
e -single L SR % 4. S HIR RIS RN :
h:gm and warm-up system (2) on automatic
MA/1202 .o EFUUS WOY/EGR. e 253 240 334 315 284 269 183 121  {ransmission vehicles. [23 at 1]

*TK—CO waiver application P. 133,

Tabile VIII-3.—Fuel Economy of 1980 Model Year Vehicles Using Rotary Engines

VIN Eng v Axle N/U Trans HC* co* NOx* MPG, MPG, MPG,
With Federal AIR/TR System
70 2750 KR} 58.1 A3 208 253 1.39 16 24 19
70 2750 391 58.1 M4 170 3.70 1.05 16 25 19
70 2750 39 480 M5 202 4.26 117 17 28 20
With California AIR/EGR/TR System
70 2750 381 58.1 A3 242 4.19 0.56 16 22 18
70 2750 301 583 M4 253 3.39 0.69 16 24 19
OEREP=3...cceeeeces 70 2750 391 481 M5 288 3.32 0.64 16 27 20

*Including deterioration factor.

TK is in agreement with the
conclusion that closed loop systems
offer improvements in fuel economy
compared to their open loop systems as
they stated that “closed loop dual
catalyst with air injection plus EGR
* * * has the highest potential to meet
the fuel economy as well as emission
requirements” [5 at 14]. This statement
was made by TK in reference to
conventional engines, but in the opinion
of the EPA technical staff, it is equally
true for the TK vehicles powered by
rotary engines.

Since the thermal reactor system has
already certified at the 0.41 HC, 3.4 CO
and 1.0 NO, standard, in 1980
certification it is evident that TK's
position is a marketing rather than a
technical issue. Since TK has already
shown that they can meet 3.4 CO with
their rotary engine, it is apparent that
their request for a waiver to 7.0 CO on
this engine is to allow their vehicles
equipped with this engine to achieve
better fuel economy resulting in stronger
marketing leverage for TK.

In summary, none of the
manufacturers have supplied sufficient
data which show that a reduction from
7.0 to 3.4 CO results in a fuel economy

penalty. TK may suffer a modest loss in
fuel economy in 1981 for vehicles using
rotary engines due to their inability to
produce feedback air-fuel metering
components. This loss could be
recovered in 1982, and their ability to
comply with the fuel economy standard
in 1981 does not appear to be
jeopardized. Therefore, EPA's position
on this subject remains unchanged from
the last hearing in that not inherent fuel
economy penalty need be incurred in
reducing the CO standard from 7.0 to 3.4

gm/mi.

IX. Lead Time
a. Fuji

Fuji Heavy Industries stated in its
waiver application that they are
basically committed to installing the
three-way catalyst and electronically
controlled carburetor system for all 1981
model year vehicles, regardless of the
outcome of the waiver request for 7.0
g/mi CO. Considering costs and fuel
economy at existing and projected
emission standards, coupled with their
existing and past development program,
they say no other system provides a
reasonable alternative for 1981. The

Also stated at the hearings was that in
addition to space limitations, they could
not incorporate a larger or additional 3-
way catalytic converter into their
vehicles due to lack of lead time to
change tooling, prove a new design and
evaluate such a system. [5 at 133] But,
according to Walter D. Biggers, Director,
Subaru Technical Center, Subaru of
America, there is enough room for an
additional oxidation catalyst if they can
just provide enough ground clearance
for the catalyst heat shields. [5 at 121]. It
is the opinion of the technical staff that
the heat shield problem can be resolved
for the 1981 model year. Testimony
given by catalyst manufacturers at the
hearings indicate an excessive
availability of applicable oxidation
catalysts on the market for 1981. [37 at
and [38 at 89] With access to these
catalysts, changes in tooling and design
would be minimal and durability testing
and evaluation are already included in
the certification process. Therefore, if
Fuji were to apply a three-way plus
oxidation catalyst system with an
aspirator in between to lower emissions
for 1981, it would still seem possible in
terms of lead time. Also in the hearings,
with regard to the “A-1" three-way
catalyst system, they claimed that they
could not install an air pump due to lack
of space and lack of lead time to modify
the engine layout. Other reasons given
were that air pumps are too noisy, they
drain power and are too expensive. [5 at
128] Based on photographs submitted by
Fuji, it appears that modifications to
engine layout would not be so
significant as to preclude the use of air
pumps on their 1981 models. [40] If no
other space is available the air pump
could be installed in place of the air
conditioning compressor.

b. Renault

Renault has proclaimed that their two
catalyst (3-way and oxidation) system
with Ford ECU feedback carburetor, air
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pump and EGR is their first choice
system. [4 at V/5] Problems with this
system include lack of space for a dual-
bed catalyst and poor efficiency of the
oxidation catalyst (which for space
reasons is located far from the engine).
For these reasons Renault states that
their first choice system, in its present
stage of development, is not able to
meet the 1981-82 standards. It seems
feasible however, barring space
contraints, that Renault could place the
oxidation catalyst closer to the engine
and achieve better efficiency. In the
opinion of the technical staff they have
not substantiated that it is not possible
to relocate the catalyst further upstream.
The problems involved with using the
vertical mount position may be soluble,
and Renault did not discuss the
possibility of locating the catalyst
between the vertical mount (downpipe)
position and any location in front of the
current catalyst position.

c. Toyo Kogyo

Although they project better fuel
economy and lower CO emissions with
a closed loop system, Toyo Kogyo has
stated that their first choice system for
their conventional engines is an open-
loop dual catalyst configuration with air
injection and exhaust gas recirculation.
This is their C-1 system. Two other
systems which are continuing
development to comply with the 1981
standards are C-2; closed loop three-
way catalyst plus EGR and C-3; closed
loop dual catalyst plus EGR. [5 at 12-13]

Due to lack of reliability of the O
sensor, the C-3 system is currently
experiencing developmental difficulties.
|5 at 37] Satisfactory results are not
expected from their oxygen sensor
development program until April 1981
unless Toyo Kogyo can achieve
significant success with their Step Il
Engine Dynamometer Test. This step of
the program is scheduled to be
completed in May, 1980. Six kinds of
oxygen sensors, from three suppliers,
have been evaluated thus far, and most
of the samples in ordinary running
showed no deterioration such as probe
breakage or output drop. However,
under high-speed heavy-load driving
conditions where the oxygen sensor
probe is exposed to high temperature
and a reduction atmosphere, orin a-
cyclic test at low and high speed
operations, "“intolerable output drop or
ﬁliObe breakage was detected"”. [30 at

-2]

Also holding up the C-2 and C-3
systems is the development of the
feedback carburetor. Toyo Kogyo's
feedback carburetor development
started in 1977 in a joint program with
the carburetor manufacturers. Three

systems (the air bleed solenoid, the fuel
metering rod solenoid and the fuel
control solenoid systems) are currently
being studied. By April, 1980, evaluation
of these systems will be complete and a
first choice system will be selected.
Reliability, compliance with high
altitude emission regulations and full-
scale vehicle durability are all
scheduled to be accomplished by March
or April, 1981. [30 at I[I-3] At the public
hearings, Toyo Kogyo stated that they
will have the feedback carbutetor and

O, sensor components ready for the 1982

model year. However, further
adjustments that may be necessary to
the total system make 1983, Toyo Kogyo
says, “a more comfortable dateline if we
have to commit to something”, [5 at 43]
If they can have the necessary
components in time, and system
adjustments are their only constraints, it
is EPA's contention that the feedback
carburetor system could be used by
Toyo Kogyo in 1982,

d. Nissan

Nissan requests a waiver for two
years lead time to develop, simplify and
refine their current systems, especially
in the areas of driveability and fuel
economy. They state in their application
that if it is necessary to keep CO
emissions under 3.4 g/mile, there is not
enough time left to perform part
durability and system reliability tests
before the decision deadline. [2 at 3.1,
5.5.1]

EPA has received responses from
Nissan to some of their public hearing
questions concerning lead time for
various components, These include
responses concerning electronic fuel
injection, advanced electronics, and
start-up air injection on three-way
catalyst-vehicles.

- Electronic fuel injection (EFI) is said
to be available for all engines except the
A-series engines [5 at 98], but when
warranty and recall requirements are
considered, Nissan cannot guarantee
that this system will clear the CO
standard under different types of actual
use. [13 at 5.2.2] Nissan's Electronic
Concentrated Engine Control System
(ECCS) in the 6 cylinder engine was
introduced into the domestic Japanese
market in June, 1979,

Nissan says, for the 6 cylinder engine,
that ECCS is available for a part of the
1981 U.S. models since this is already
done in Japan. [13 at'38] Air pumps and
start-up air injection systems on three-
way catalyst vehicles are compenents
that Nissan has developed and used in
the past. However, with their present
configurations, especially the EFI
engines, they must redesign due to lack
of space. Redesigning, they say, requires

a lead time incompatible with the time
necessary to be ready for the 1981 model
year. [13 at 42-44] It is unclear from the
photographs sent to EPA [13 at 43-53]
whether or not there is enough space to
install an air pump on the engines
shown. However, from the schematic
diagram (13 at 50] for the L6E engine
(model 2B0ZX), it appears entirely
possible that space for an air pump
exists, If the pump is moved to the side
or down slightly, interference with the
BCDD control valve is avoided and at
most a small adjustment of the air
conditioning compressor location would
be needed. If necessary, the air pump
could be installed in place of the air
conditioning compressor. Therefore,
since the technology is available and the
necessity for time consuming redesign is
unapparent, we conclude that it is
possible for Nissan to use air pumps on
their 146/168 CID engines in 1981.

An additional system involved in lead
time considerations is dual-walled
exhaust pipes. At present, Nissan uses
dual-walled exhaust pipes for 1980 Z20E
and L6 series engines, and will also use
them in the same engine series for 1981.
They said they will also use.them for the
1981 Z20S and A-series engines if
necessary. [13 at 13].
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Appendix B.—Summary of Public
Health and Air Quality Analyses as
Related to Light Duty Vehicle CO
Waiver Applications

Review of CO Air Quality and Health
Effects Data

Data concerning the effects of a two
year waiver of the light-duty vehicle
(LDV) carbon monoxide (CO) emission
standard have been obtained from
various sources. These sources include:
EPA’s Office of Air Quality Planning
and Standards (OAQPS); EPA’s Office
of Mobile Source Air Pollution Control
(OMSAPC); Ford Motor Company;
General Motors; and Chrysler. The data
presented here consider the effects on
air quality and public health of waiving
the Congressionally mandated 1981 LDV
CO emission standard of 3.4 grams/mile
to 7.0 grams/mile for the 1981 and 1982
model years.

In our consideration of public health
issues for this waiver request, we have
assumed that the current EPA National
Ambient Air Quality Standards
(NAAQS) for CO of 35 ppm for a one-
hour average and 9 ppm for an eight-
hour average determine air quality
levels adequate to protect public health,
The NAAQS CO standard is designed to
protect public health. The effect of a CO
waiver on ambient air quality will thus
also be considered in this paper as
determining the effect of a CO waiver on
public health.

This report will serve as a review of
the air quality data presented in
manufacturers’ CO waiver submissions
to EPA as well as the results of several
of EPA's own air quality studies.

1. EPA—OAQPS Analysis. OAQPS
has performed four successive analyses
of the air quality impacts of waiving the
3.4 gram/mile LDV CO emission
standard ( 7 2 3 4). These analyses used
rollback models to predict the
differences in air quality for future years
in various Air Quality Control Regions
(AQCR's) as a result of different CO
Emission standards. Neither of the first
two of these analyses considered the
impact of a two year waiver but
considered either a 3.4 gram/mile or a
7.0 gram/mile CO standard for 1981 and
later years. This discussion will deal
only with the data contained in the last
of these four analyses as it is the most
comprehensive in that it delas with the
effects of a two year waiver and
predicts the air quality effects on a year
to year basis. These analyses includes
scenarios combining three possible
emission control system penetration
rates, three emission rates, and three
possible in-use deterioration rates. A
total of 186 unique emissions scenarios
for CO were analyzed and air quality
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projections were made for 19 AQCR’s

for the years 1981 through 1995. Specific

details and assumptions made in the

OAQPS analysis include the following:
(a) The analysis was done for 19

AQCR's. Criteria for choosing the 19

AQCR's were that appropriate CO data

were available, the AQCR's had some of

the most severe CO problems, the

AQCR's were not in California or at high

altitude where different emission rates

would be necessary, and these AQCR's

had been used frequently in the past by

OAQPS. The 19 AQCR’s are:

Birmingham

North Alaska

Clark-Mohave

Phoenix-Tucson

Hartford-New Haven

NY-NJ-Conn.

Philadelphia

National Capitol

E. Washington-N. Idaho

Chicago

Indianapolis

Kansas City

Baltimore

Boston

Minneapolis-St. Paul

Central New York

Portland

S.W. Pennsylvania

Puget Sound

(b) OAQPS's Linear Rollback Model
was used to predict the reduction in
ambient CO concentrations, the number
of AQCR’s above the 9 ppm, 8-hour
NAAQS, and the total number of 9 ppm,
8-hour CO NAAQS violations in the 19
AQCR's in 1981 through 1995,

(c) The 186 CO emissions scenarios
are those used in the March 9, 1979
memo from Charles L. Gray to Robert E.
Neligan.(5)

(d) One half of the 186 scenarios
assumed the following CO emission
standards:

1977-79—15.0 grams/mile
1980—7.0 grams/mile
1981-95—3.4 grams/mile

The other half of the 186 scenarios
assumed the following:

1977-79—15.0 grams /mile
1980-82—7.0 grams/mile
1983-95-—3.4 grams/mile

(e) Each scenario assumed one of the
three possible generic emission control
system penetration rates. The resulting
possibilities are:

(1) 100% 3-way plus oxidation catalyst
systems (possible system for 3.4 grams/mile
CO and 1.0 grams/mile NO,).

(2) 100% 3-way catalyst systems (possible
system for 7.0 grams/mile CO and 1.0 gram/
mile NO,).

(3) 10% 3-way catalyst systems, 80% 3-way
plus oxidation catalyst systems, and 10%
oxidation catalyst plus air pump systems
(possible systems for 3.4 grams/mile CO and
1.0 gram/mile NO,).

(f) Each scenario assumed one of
three certification deterioration factors
(DF’s). The DF values possible were 1.0,
1.5, and 2.0 and the DF value chosen
determined the CO emission level of
new (zero mile) vehicles. Certification
DF's are 50,000 mile emission levels of
prototype vehicles (which must meet the
emission standards) divided by 4000
mile emission levels. These DF’s are
then used to determine what emission
levels new [zero mile) vehicles must
meet.

(g) For each exhaust treatment system
each of three possible in-use
deterioration rates is applied. The
primary deterioration rate is that
reported by EPA in Table I-1 of its
*Mobile Source Emission Factors”
document (7) and referred to as “AP-
42." The other two deterioration rates
for which scenarios are calculated are
the “AP—42" rate divided by two and a
zero deterioration rate.

(h) A one percent growth rate
compounded annually from mobile
source CO was assumed to result from
increased vehicle miles traveled (VMT)
for each AQCR.

(i) Stationary source CO emissions
were projected to grow at a rate of 3.2
percent compounded annually.

(j) The CO base year concentration or
“design value” was selected to be the
highest second highest 8-hour
concentration from the period 1974
through 1976. A background
concentration of one ppm was also
assumed for each region.

(k) The 1976 base year emissions
inventories were taken from the EPA
National Emissions Data System
(NEDS). Stationary source CO emissions
from NEDS are included under electric
generation, industrial, or miscellaneous
sources.”

(1) A stationary source contribution
factor of less than 1.0 is used for each
CO stationary source category. These
factors account for the fact that CO “hot
spots" are typically located in areas of
high traffic density which are not
usually associated with significant
stationary sources of CO. CO stationary
source contribution factors of 0.0 for
power plants, 0.1 for industrial sources,
and 0.2 for area sources were selected
after considering the results from
dispersion models for power plants and
other industries, and review of the
relationship between traffic density and
CO levels in several situations.

(m) Control technology assumptions
for stationary source CO control used in
the OAQPS analysis are those described
in the Three Agency Study. (6)

For each scenario the following
projections are calculated for the years
1981 through 1995.

(a) The highest second highest 8-hour
concentration of CO for each AQCR.

(b) The number of violations of the 8
ppm, 8-hour CO NAAQS for each
AQCR.

(c) The average percent reduction in
the highest second highest 8-hour CO
concentration for the 19 AQCR’s in 1981
through 1995 from the average 1976
concentration.

(d) The number of the 19 AQCR's in
violation of the 8-hour CO NAAQS.

(e) The sum of the total number of 8-
hour CO NAAQS violations projected to
occur in the 19 AQCR's.

As only a limited amount of AQCR’s
are used in these projections, they must
be viewed carefully. The data presented
in Table 1 and Reference 4 are the
results of projecting either a 3.4 or 7.0
gram/mile CO LDV emissions standard
for the years 1981 and 1982 and then a
3.4 gram/mile CO LDV emission
standard for the succeeding years.
Within the constraints of these
projections, both the average percent
reduction in the highest second highest
8-hour CO concentration for the 19
AQCR's and the sum of the total number
of 8-hour CO NAAQS violations in the
19 AQCR's are representative of what
air quality trends that one could expect
to see as a result of a two year CO
waiver. The number of AQCR's
predicted to show eight-hour NAAQS
violations also serves as a comparison
of the scenarios in the OAQPS data. two
scenarios have been chosen for
comparison of the effects of the waiver
on the above mentioned parameters.

These scenarios as summarized in
Table 1 were chosen to represent first a
possible reasonable assumption of what
systems and deteriorations might be
expected for vehicles meeting 3.4 or 7.0
grams per mile standards and second,
what might be considered to be a “worst
case” comparison looking for maximum
differences between the two (but
excluding the zero deterioration rate
scenarios which although they showed
greater improvements in air quality,
were judged to be less probable). In
1985, with a CO waiver across the
board, this analysis indicates that from 4
percent to over 30 percent more
violations of the eight-hour CO NAAQS
could occur in the 19 AQCR's analyzed.

Table 1.—Air Quality Projections

Scenario 1881 1982 1883 1984 1985

Nominal Case

25
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Table 1.—Alr Quality Projections—Continued
Scenario 1981 1982 1883 1984 1985
Nomina! Case
25 21 38 41
15 14 12 12

34 34 34 34

24 30 35 40
16 14 12 12
540 420 320 240

7.0 34 34 34

25 32 38 44
15 14 12 1"
510 380 270 180

34 34 34 34

'100% 3-way y , AP-42 d rates,
cantification DF =1.5. -

*The proj age par ductions of the highest
second CO reading over the 19 AGCR's.

e oamber ol the 19 onginal AQCR's predicted to show
B-hour NAAQS violation.

“The total number of 8-howr CO NAAQS violations in the
19 AQCH's.

£100% 3-way plus oxidation catalyst stystems, AP-42 dete-
rioration rates, certification DF = 1.5.

100% 3-way catalyst system, AP-42 deterioration rates,
certification DF =1.0.

1100% 3-way plus oxdation catalyst systems, AP-42/2 de-
terioration rates, centification DF =2.0.

2. SRI-EPA CO “Hot Spot" Report.
The Atmospheric Sciences Center of SRI
International has in preparation for EPA
a draft report entitled “Analysis of
Pollutant and Meteorological Data
Collected in the Vicinity of Carbon
Monoxide ‘Hot Spots.' " (8) The SRI
research program currently has the
following objectives:

a. Identify the contribution of carbon
monoxide (CO) and hydrocarbon (HC)
emissions from local sources versus the
contribution from regional sources, as
determined by the total concentrations
measured around urban roadways in
areas where concentrations are greatest
(i.e., “hot spots”).

b. Estimate the percentage of vehicles
in different operating categories—e.g.,
hot start, cold start, and stabilized, as
well as traffic mix, volume, speed, and
idletime data.

The analysis in the draft report
addresses only the first objective. The
other objective will be dealt with in
another report.

For this study four cities (San Jose,
Seattle, Phoenix, and Chicago) were
chosen to represent a broad range of
climatological areas and different
vehicle operating conditions. The area
chosen for HC and CO sampling within
each city was also selected to provide
diverse conditions. The San Jose site

was in the vicinity of a congested
suburban intersection with considerable
commercial development in the
immediate area. The Seattle and
Chicago sites were in heavily congested
downtown areas. The Phoenix site was
near numerous government buildings
and provided data from an area where .
there is a simultaneous emptying of
many office buildings. The sites were
also chosen to be sites expected to show
“hot spot" or high CO levels from
vehicle traffic. The sites picked in
Seattle, Phoenix, and Chicago were ones
known to have previously violated the
NAAQS. Preliminary measurements at
the San Jose site showed that high CO
levels were also present at that location.

Within each site area the researchers
wished to determine what fraction of the
ambient CO level was from the
surrounding area and how much from
local (motor vehicle) sources. To do this
ten monitors were placed at various
locations within each site. Some were
placed upwind, on tall buildings, or set
back from local streets. These monitors
would represent the areawide or
background concentrations. Other
monitors were placed closer to the local
sources so that the street level or local
source contribution could be
determined. The area monitors could,
even though they were placed well
away from the Jocal monitors, still be
influenced by local sources. To minimize
this effect, the background
concentration was chosen to be the
lowest of the measured values of the
area monitors.

The report presents, at great length,
all of the data for both CO and HC at
each of the ten monitors in each of the
four sites. These data are also presented
in terms of one- and eight-hour CO and
HC averages for each site.

The San Jose site shows ten violations
in seven days of the 9 ppm, eight-hour
CO NAAQS. All of the readings
resulting in violations occurred at
monitors downwind of the intersection
during light wind (2.1 m/s ave.)
conditions. The local contribution to
ambient CO levels during periods when
the CO concentration was above 9 ppm
(the eight-hour CO NAAQS) ranged
from 62 to 98 percent and averaged 80
percent.

The Seattle site had five eight-hour
CO NAAQS violations in the seven day
period. Three of these violations were
similar to the San Jose violations with
relatively high CO concentrations being
seen at all the local monitors. The other
two violations were more widespread
with high CO concentrations at all local
and two of four background monitors.
This indicates that these high CO
concentrations were widespread and

not restricted to the immediate study
area or to “hot spots.” The authors point
out that these two violations occurred
following heavy traffic volume over a
fairly wide area and this probably
accounts for the high background levels.

Four eight-hour CO NAAQS violations
occurred in the seven days of sampling
at Phoenix. They all occurred during
eight-hour periods ending at about one
to three a.m. During NAAQS violations
local CO contributions ranged from 18 to
59 percent with a 35 percent average,
This is a relatively small amount. The
authors feel that the high night time and
low local CO concentrations may be
explained by recirculation of air that
passed over the city during peak
emission periods moving back during
the early morning and causing viclations
at the test site.

Chicago data showed only two eight-
hour CO NAAQS violations. Both
represented very high local
contributions ranging from 78 to 97
percent with a 86 percent average.
These are characteristic of classical "hot
spot" violations.

The authors conclude that they found
important differences between various
eight-hour CO NAAQS violations. San
Jose and Chicago had the expected high
local contributions. In Phoenix all
violations occurred when local
contributions were relatively small. The
Phoenix location could not be classified
as a “hot spot.” Seattle had several
violations that could be classified as
“hot spot” violations but several others
that were area wide violations. The
significance of this work is that it shows
that it is not always valid to consider
CO just a localized problem occurring in
the central business district. It could be
that with increased total vehicle miles
traveled that CO becomes more of an
areawide problem.

3. General Motors Submission.
General Motors has made a number of
comments regarding public health and
air quality data in their CO waiver
application, in their testimony, and in
their later submissions. They maintain
that the 3.4 gram/mile standard is not
needed for protection of public health.
We will address their comments
individually.

a. Present CO Air Quality Standards
Provide A Substantial Margin of Safety.
EPA has stated on numerous occasions
that the present one- and eight-hour
NAAQS for CO is designed to
adequately protect public health, There
is controversy in the scientific literature
over what ambient CO levels cause
what carboxyhemoglobin (COHDb) levels
in the blood. The CO NAAQS is
designed to prevent blood COHb levels
above 2.0 percent saturation in normal
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populations. According to GM, COHb
Jevels of 1.5 percent are associated with
eight-hour CO NAAQS levels. GM
apparently feels that this difference
represents too great of a margin for
safety. In determining the appropriate
margin of safety, EPA must consider the
relationship between ambient CO and
blood COHb levels, the effects of
altitude, the impact on highly sensitive
individuals such as pregnant women,
fetuses, persons with angina, anemic
individuals, persons with chronic
obstructive pulmonary disease, etc.
which represent significant portions of
the population. In taking into account
these factors the margin of safety does
not appear inappropriate.

b. Estimation of a CO Emission
Standard to Protect Public Health. EPA
does indeed find that in-use emission
rates from the average vehicle exceed
the applicable standards by gross
amounts for most of the life of the
vehicle. This is partly why recent air
quality models based npon MOBILE1
deterioration rates show the need for
lower CO emission standards.

c. Important Assumptions in
Calculation of the CO Standard.

(1) Emission Rates: GM has, in this
section, attacked EPA's in-use emission
rates as unrepresentatively high and not
in agreement with data from the EPA
Emission Factor Surveillance Program.
They also claim that in-use emission
rates for future vehicles will be less than
that of present vehicles. The reason
given for this is EPA's “parameter
adjustment” regulations which are
already figured into future year vehicles
in MOBILE1.

EPA is in the process of reviewing in-
use vehicle emission rates. The emission
rates currently being used in MOBILE1
are, as was pointed out by GM in their
oral presentation, close to actual in-use
measurements for vehicles with 40,000
miles or less. GM contends that data
show a leveling off of emission
deterioration after 20,000 to 40,000 miles.
EPA has claimed that continued
deterioration with age is justifiable as
emissions system tampering increases
with vehicle age. (9)

GM, in their oral presentation, made a
significant point of how EPA has, in
MOBILE1, used a deterioration factor
(DF) of 1.7 for 1968-1974 and 1975-1979
vehicles but has used a DF of 3.7 for
1980 and later model year automobiles.
GM stated that with “parameter
adjustment™ regulations and future
technologies they would expect future
in-use emissions to be much lower, EPA,
in fact, has assumed this and GM's
interpretation is misleading. First, the
DF of 1.7 they refer to for 1968-1974
model year vehicles corresponds to a

deterioration rate, as used in MOBILE1
and Reference 6, of 6.15 grams/mile of
deterioration per 10,000 miles. The DF of
1.7 GM refers to for 1975-1979 model
year vehicles corresponds to a
deterioration rate of 2.80 grams/mile per
10,000 miles. The DF of 3.7 GM refers to
for “future models" actually in MOBILE1
is applicable only for 1980 model year
vehicles and corresponds to a
deterioration rate of 2.3 grams/mile per
10,000 miles. For 1981 and future years
MOBILE1 assumes a deterioration rate
of 2.0 grams/mile per 10,000 miles. It is
thus clear that EPA and its MOBILE1
model assume decreasing deterioration
rates on a gram/mile basis for newer
technology vehicles. The deterioration
factors or DF's that GM refers to are not
a true reflection of actual vehicle
deterioration. The DF's that GM
discusses are 50,000 mile emission rate
divided by 4000 emission rate. The DF of
1.7 that GM suggests using for future
vehicles (Figure 6 of their oral
presentation) corresponds to an
unrealistic in-use deterioration rate of
only 0.75 grams/mile per 10,000 miles for
CO.

CM submitied additional information
concerning EPA and GM tampering
surveys to EPA (10) in response to
questions asked at the CO Waiver
Public Hearing. GM claims that its
interpretation of EPA's tampering report
shows that EPA's contention that
tampering increases with car age is
fallacious. They claim that tampering,
both in the EPA and GM surveys, grows
to a certain level and then levels off
after a certain number of miles. They
claim that in the EPA data (shown in
Figure 1 of Attachment C of their
additional submission) this plateau has
been reached for the 1973 and 1974
vehicles. They neglect to mention that
many 1974 vehicles had relatively
primitive emissions control systems and
are recognized as a low point in LDV
fuel economy ratings and may not be
validly used to extrapolate other vehicle
year’s emissions. The GM Customer Car
Emisgsion Control Modification Survey
that GM mentions does show a tapering
off of emission control system tampering
with vehicle mileage but again details of
the GM study are very sketchy, and
cannot be used as a basis to modify the
in-use deterioration rates.

(2) Growth Projections: GM presented
their concern over EPA's use of a one
percent, compounded annually center
city vehicle miles traveled (VMT)
growth rate as being unrealistically high.
They claim that birth rates have fallen
to replacement only levels and that
many mature center city areas are
already saturated with traffic. Figure

I1.C.1. of the GM submission shows U.S.
human population growth projections
with both a 1.14 percent compounded
growth rate (1870-71 growth rate) and
the U.S. Bureau of the Census, Series II
projection (about a 0.75 percent
compounded growth rate). Thus CM
assumes that a 0.75 percent growth rate
corresponds to what is referred to as
“replacement levels." Figure IL.C.2. of
GM's submission shows VMT growth
rate projections for four large
metropolitan areas which are also CO
non-attainment areas. The cities and
their VMT growth rate projections are:
Phoenix: 2.5 percent; Los Angeles: 0.75
percent; Chicago: 0.75 percent; New
York: 0.35 percent.

(3) "Base Year" Air Quality Data;: GM
criticized EPA’'s use of what they
consider to be “erroneously high” base
year air quality levels in the “Walsh/
Lillis" study.(7) Revised air quality
projections have been made by EPA(3,
4) for a more recent "base year" (1976)
and only two (of 19) AQCR air quality
levels were found to have lower base
year concentrations of CO.

d. Historical CO Air Quality Trends.
Figure 11.D.1, of GM's submission
reportedly shows how CO levels have
dropped from about 13 ppm to 5 ppm
over the years 1969 to 1977 at the 45th
Street monitor in New York City. GM
feels that these data reflect a
nationwide trend downward in CO
levels due to eontrol of motor vehicle
emissions. They claim that similar
downward trends in CO concentrations
have been shown in other large
metropolitan areas. GM claims that
EPA's rollback model predicts only a 13
percent rather than a measured 59 -
percent reduction in Manhattan. The
Manhattan site which GM chose to -
measure CO reductions corresponds to
the site where EPA has also found the
greatest CO reductions. EPA has found a
much lower average reduction in
ambient CO for this same time period
when averaged over all sites.
Unfortunately, Figure 11.D.1. can be
characterized as highly questionable as
it reports data taken with several
instruments, the first of which shows no
apparent downward trend and a large
amount of scatter.

e. Effect of Two-Year Waiver on Air
Quality. GM's position is that from their
interpretation of air quality data a 7 or 9
gram/mile LDV CO emissions standard
is sufficient to achieve the CO NAAQS.
They would like to see a permanent
relaxation of the 3.4 gram/mile
standard. Likewise GM feels that a two
year waiver will have no effect on the
attainment of the CO NAAQS. GM
claims that by using EPA's rollback
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mode! with the assumptions they have
questioned (1) they only calculate a
“maximum total fleet emissions rate 1.96
percent lower in 1987 (the year when
there is expected to be the maximum
effect) if the waiver is not granted. They
further calculate that granting the CO
waiver will increase ambient CO levels
in Chicago by 0.28 ppm and Spokane by
0.16 ppm, which they feel to be two
typical cities, in 1987, They call these
levels “insignificant” in view of the
uncertainities present in the rollback
calculations and assumptions.

f. Cost of Hours of Disability. GM
criticized EPA's projection of the
increased personhours of disability
related to cardiac disease (from
Reference 1) as being insignificant. It
should be mentioned that the
approximately 5,000 personhours of
disability projected for the year 1990 by
the model are only for the 26 AQCR's
and only related to cardiac disease. The
so called “Three Agency Study”'(6) made
similar projections of the health
consequences of alternate CO emission
standards. Although these projections
are also dated and apply to slightly
different emission standards for slightly
offset years, they also project a
significant number of additional
personhours of disability associated
with a higher CO emissions standard.

4. Ford Motor Company. Although
Ford has not applied for a CO waiver,
they have kept their option open to do
so. They have, however, submitted data
and reports which they claim show that
the 1980 model year 7.0 grams/mile LDV
CO emissions standard is sufficient to
achieve the 8 ppm eight-hour CO
NAAQS and that a further tighting of the
vehicle emission standards is not
necessary to protect the public health.
Ford has submitted specific reports
dealing with each of their comments,
These reports are discussed below.

a. Air Quality Effects of a CO Waiver.
In Ford's attempt to “better” analyze the
CO air quality data they duplicated the
projections of Lillis (from Reference 1),
extended that model to include the
effects of a two year CO waiver, and
analyzed seasonal air quality and
temperature data from various locations.
Although no changes were made in its
theoretical basis, EPA has since revised
and updated the data inputs into the
modified rollback model which Ford
used in their modeling efforts. This
reduces the ability to compare the two
analyses.

Ford's modeling results, using input
assumptions from Reference 1, showed
small air quality differences due to a CO
waiver. Projected air quality, rounded to
the nearest ppm, indicated a difference
in 1985 of no more than one ppm

attributable to granting the CO waiver
to the entire industry. They found the
variability in the rounding procedure to
be more significant than the calculated
effect of granting the waiver. If Ford had
calculated the rollback modeling results
to more significant figures, Ford
estimates they would have found that
air quality in 1985 would be at most 3.3
percent worse on a CO annual tonnage
basis if the waiver is granted. (This 3.3
percent is the change in automobile
contributions to total CO.) Ford
calculates that an 8 grams/mile CO
average in-field performance level
would be necessary to achieve the CO
air quality standard by 1990 in those
areas where stationary sources alone do
not exceed the standard (North Alaska).
This can be compared to the 16.57
grams/mile CO average in-field
performance level calculated by EPA to
result from the 3.4 grams/mile LDV CO
standard. Ford's projected in-field
performance requirement neglects cold-
start emissions, vehicle speed effects,
and model accuracy.

Ford's feels that EPA’s rollback model
and associated data, as used in
Reference 1, understate reductions in air
pollution and that emission rates higher
than 8 grams/mile average in-use
performance figure may be adequate.
Ford finds that fall and winter represent
periods of higher CO concentrations
than spring and summer. They also find
that spring and fall represent the
extremes in average CO concentrations
but not the extremes in average
temperature. For 19876 they calculated a
correlation of CO air pollution with
ambient temperature of —0.25 and
conclude that there are other important
factors besides temperature which
influence ambient CO levels. Ford also
presented data from a Chicago CAMP
station near an eight lane arterial street
which had seasonal CO pollution
patterns which suggested what they
considered to be a small seasonal effect
on CO emissions. Ford did admit,
however, that reasons for why greater
CO pollution occurs in the fall or winter
cannot adequately be explained by
stationary source fossil fuel combustion.

Ford finds that air quality data show
that significant improvement in CO
levels in taking place. They also feel
that, based upon this air quality data,
EPA's model (from Reference 1)
understates expected further reductions
in CO air pollution.

b. Prediction of Future Urban Carbon
Monoxide Concentrations, In this
section of Ford's submission they
discuss their own rollback model and
compare the results that it predicts with
those from various EPA models,

Unfortunately this Ford work is dated
(February 1975) and thus is not up to
date and not comparable in either their
results or data base to EPA's most
recent (Reference 4) rollback work. Ford
apparently made many different
assumptions than EPA in deriving their
model. Some of these differences
include assuming no vehicular growth in
the Central Business District and taking
spatial distribution of emission sources
into account. Ford claims validation of
their rollback'model based on its
agreement with actual Los Angeles
County CO data over the 1965 to 1972
time period. They also claim that their
analysis demonstrates that greater
weight should be given to the driving
pattern in the urban centers where
highest CO concentrations are observed.
They suggest a revised driving cycle and
different FTP weighting factors to
increase the weighting of central
business district driving.

This entire section (Attachment III of
Ford's submission] is not pertinent as
the work is out of date, the differences
in their model versus EPA’s are largely
unspecified, the model validation is
questionable in both its assumptions
and breadth, and some of their
suggestions and conclusions appear
unsubstantiated.

c. The Vehicle Emissions Standard for
CO and Air Quality. In this section Ford
reiterates their position that the Federal
Test Procedure (FTP) does not give a
correct evaluation of the vehicle
emissions responsible for the high CO
concentrations observed in center-city
locations. Ford claims that the FTP Bag
3 and particularly Bag 1 emissions are
weighted too high in comparison to Bag
2 and that the use of these weightings
overpredicts the effective CO emissions.
Using this logic, Ford claims that a less
stringent LDV CO emissions standard of
7.0 grams/mile, as measured on the FTP,
is all that is needed as it does, in fact,
correspond to a significantly lower
effective CO emissions and thereby
provides an additional margin of safety
for the protection of public health. EPA
studies indicates that catalyst equipped
vehicles are probably in a “cold start”
mode after a soak of only four hours,
The EPA “hot spot” study indicates that
high CO concentrations are not always
a localized problem.(8)

d. Ford's Comments on Two EPA
Documents. Ford commented on two
EPA documents entitled “Air Quality
Impact of Waiving the 3.4 Gram/Mile
Automobile CO Standard" and “Status
Report on the CO ‘Hot Spot' Project.”
Both of these reports have been
superseded by more recent analyses
which are summarized elsewhere in this
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report. Many of Ford's criticisms have
heen rectified in the newer revisions of
these reports which are discussed in this
document,

¢, Ambient Temperature Effect on
Urban CO Air Quality. In this
submission Ford has further discussed
the sensitivity of CO air quality to the
ambient temperature. Ford has modeled
results of ambient CO measurements in
hoth New York City and downtown Los
Angeles. They have reported, as
mentioned in an earlier section, that the
dependence of CO concentrations on
ambient temperature is weak. They also
investigated with meteorological
variables such as mixing height, wind
speed and atmospheric stability might
have an influence on CO concentrations.
Ford found that by analysis of data from
the 62 U.S. National Weather Service
stations in the contiguous states from
five year records that slowest dilution
episodes occurred most frequently in
December, followed in order by January,
November, February, and October. This
trend agrees well with observed
seasonal patterns of 99th percentile CO
values. Although Ford agrees that LDV
CO emissions arise largely from vehicles
in the cold start mode, they feel that
their analysis shows that increased CO
standards violations in the winter
months can be primarily attributed to
differences in meteorology.

5. Chrysler Corporation. Chrysler
states that their position is that “The
protection of public health does not
require attainment of a 90 percent
reduction for carbon monoxide (3.4 g/
mi) by any of Chrysler's passenger car
engine families in model years 1981 and
1982." They further state that** * *.*,
postponement of the 3.4 g/mi standard
until 1983 would have no meaningful
effect on overall air quality * * * "
Chrysler has divided their position into
the following three arguments:

a. Health Effects of Carbon Monoxide.
Chrysler feels that epidemiological
studies have shown that there is no
evidence of any relation between
ambient CO levels and morbidity or
mortality rates among the general
public. They also feel that there is no
evidence of significant CO-related
cardiovascular problems within the
sensitive population of angina patients
although until a few years ago many
cities were in almost daily violation of
the present eight-hour CO NAAQS.
They claim that the only documented
CO health problems are those
associated with actual poisoning or
asphyxiation. There are a large number
of CO health effect studies documented
in EPA's CO Air Quality Criteria
Document which contradict this view.

b. Ambient Air Quality and
Automotive Emissions. Chrysler states
that they feel that the present eight-hour
CJd NAAQS is sufficient to protect the
public health and quote references who
state that the present CO NAAQS
should be protective of exercising
individuals and that it represents an
adequate safety margin. They also feel
that the one-hour CO NAAQS is
adequate.

Chrysler feels measured decreases in
ambient CO levels are due to increasing
numbers of controlled vehicles. They
state that no violations of the one-hour
CO NAAQS are presently being
recorded and that the downtrend in
eight-hour NAAQS violations is so
strong that“ * * * CO will be the first
pollutant to come into compliance with
its NAAQS." Chrysler references
National Academy of Science,
government, industry, and university
computer modeling efforts which, they
claim, show that a CO emission
standard of 9 grams/mile would be
adequate to meet the CO NAAQS.
Chrysler claims to have used EPA's
MOBILE1 model to show that granting of
the CO waiver to the entire automobile
industry “would slow overall
improvement in air quality by only 10
weeks, and to Chrysler by only 11
days." They conclude: “The
‘improvement’ in air quality produced by
going to 3.4 g/mi, whether in 1981 or
1983, must therefore be judged from any
rational perspective as being completely
negligible in its effects on the public
health.”

¢. Computer Projections of Future Air
Quality. Chrysler has interpreted and
summarized the results of ten computer
projections dealing with various
automotive CO emission standards.
These projections and Chrysler’s
interpretations are listed below:

(1) F.P. Grad, et al; "The Automobile
and the Regulation of its Impact on the
Environment” (1975): Chrysler
summarizes this book as concluding:
“Postponement of the 3.4 g/mi CO
standard for five years would have little
significant adverse consequences on
total aggregate CO emissions in
comparison to the reductions achieved
since 1967. An interim standard of 9.0 g/
mi of CO still results in a reduction of
aggregate CO emissions at a rate of 14 —
percent per year. . .. (T)here is little
ultimate difference between a 3.4 g/mi
and a 7.0 g/mi standard. Each results in
almost the same substantial yearly
reduction in CO emissions. The effect of
a two year waiver would be even
slighter.”

(2) 1975 Yale University Study
(Partially funded by Chrysler
Corporation) (1975): This study was an

evaluation of the 1970 Clean Air Act to
assess the adverse health effects of air
pollutants emitted from automobiles and
the expected benefits to be derived from
automobile emission controls. The
projections of the report suggested,
according to Chrysler, that although
reductions in automotive emissions are
necessary for a substantial elimination
of adverse health effects, the automotive
emission standards need not be as
stringent as the Clean Air Act requires.
Their conclusion assumed that
stationary sources would be controlled
proportionally, By further comparison
with several National Academy of
Sciences studies, Chrysler was able to
conclude that the Yale study showed
that an automotive emissions standard
of 9.0 or 15.0 grams/mile would be
sufficiently stringent to achieve ambient
CO concentrations which would prevent
adverse health effects. The problem .
with this projection is that it predicts
that an emission standard of 15 grams/
mile would result in elimination of
COHD levels and thus adverse health
effects by 1981. As we approach 1981
this trend is not materializing.

(3) Denver Air Quality; Colorado
Department of Health (1976, 77): The
U.S. DOT has estimated that 99 percent
of all CO emissions in Denver are
vehicular in origin. Data from the
Colorado Department of Health shows a
year-by-year reduction since 1971 in the
number of one- and eight-hour CO
NAAQS violations. These reductions
are attributed to reductions in vehicular
emissions. The Colorado Board of
Health projects 84 and 85 percent
reductions in the one- and eight-hour CO
standards respectively in Denver by
1975. The U.S. DOT projects no one-hour
CO violations in Denver in 1985 and a 75
percent reduction over 1975 data of
violations of the eight-hour standard.
Chrysler claims that these trends
“clearly indicate that present vehicle
emissions regulations will bring an end
to the CO problem in Colorado within
the next few years. . .. " However, no
mention is made in Chrysler's Summary
as to which emission standards or
factors were used for which years to
make these projections.

(4) Panel on Air Quality, Noise, and
Health, Interagency Task Force (1976):
This report was prepared as a U.S.
Government interagency effort to
analyze the effects of various air
pollution and noise emission limits on
air quality, noise, and health
implications through the year 2000. This
report found that a 7.0 gram/mile LDV
CO emission standard would result in a
80 to 85 percent average improvement in
air quality from the base year (early
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1970's) to the year 2000. Also, in the year
2000 no AQCR's were projected to be in
violation of the CO NAAQS ata 9
grams/mile standard. The report also
projected possible health consequences
of various levels of emissions control for
the years 1980, 1990, and 2000, as well as
the period 1980 to 2000. They projected
that a 15.0 grams/mile standard would
be sufficient to reduce all excess cardiac
deaths and disability to zero. Chrysler
adds that a 7.0 grams/mile standard
would thus provide “much more than
adequate protection of the public
health.” Chrysler notes that this
projection is based upon each standard
being in effect for 23 years (1978-2000)
rather than just two (1981-1982) as in the
case of the CO waiver. This interagency
report is considered to be somewhat
dated. Many assumptions are made in
the analysis that Chrysler does not
detail. Some inspection/maintenance
programs are assumed along with very
low deterioration rates. EPA considers
Reference 4 to be a more reliable source
of information as it includes many
updates and revisions.

(5) Future Urban Air Quality; Council
on Environmental Quality {1977): In the
Council on Environmental Quality's 1977
Annual Report, CO air quality
projections were made. They found that
with the exception of 16 urban areas; all
cities are expected to meet the CO
NAAQS by 1985. The 16 cities are also
expected to be in compliance by 1890.
These calculations are based on
rollback modeling using 15 grams/mile
as an average, on-the-road automobile
emission rate for 1990. Chrysler fails to
point out that an average, on-the-road,
emission value of 15 grams/mile
actually represents a much lower
emission standard because in-use
deterioration is much greater than is
predicted under certification type
conditions.

(6) Automotive Air Pollution; National
Academy of Sciences (1977): Chrysler
quotes several sections of the NAS
report entitled “Implications of
Environmental Regulations for Energy
Production and Consumption.” The first
comment states that CO related health
problems are important only to people
spending many hours in areas of heavy
traffic congestion and that the CO
health benefits from a stringent auto
emissions standards are minimal
compared to those to be gained from CO
from cigarette smoke and home gas-fired
heaters, The second comment states that
“carbon monoxide is not deemed a
significant hazard to today's community
health at today's (15 grams/mile)
emission levels; although the cost of
meeting a more stringent standard of
carbon monoxide seems low, the added
benefits to community health are

questionable and the resulting
compromise with hydrocarbon
elimination should be avoided."

(7) Revised Weighting of CVS/CH"
Test for CO Emissions; Ford Motor
Company (1978): Chrysler, in this
section, mentions Ford's contentions
that FTP CO emissions are not
representative of those found in urban
rush hour traffic. They suggest Bag 2
emissions as more appropriate. Ford
feels that with the present FTP
conditions, a CO emission standard of
11-12 grams/mile would be sufficient to
meet the CO NAAQS. Again, in this
section Chrysler gives insufficient data
or analyses to make use of their
projection. EPA’s “Hot Spot" report
gives some indication that CO may be a
regional problem.

(8) Air Quality Impact of Waiving the
3.4 gram/mile Automotive CO Standard;
EPA (1978): A revision of this EPA
report has been reviewed in the first
section of this report.

(9) Effect of a Two-Year Delay on
Total Emissions; John B. Pierce
Foundation Laboratory (No date):
Chrysler hired the John B. Pierce
Foundation Laboratory of Yale
University to verify its calculations of
the effect of a two-year delay in the
imposition of the 1880-81 automotive
emission standards on Chryslér cars.
Calculations showed that holding the
CO standard at 15 grams/mile for 1980
and 1981 Chrysler would, for the 1980-
1990 time frame, increase CO emissions
by a ratio of 1.0086:1. This represents a
six week delay in the attainment of air
quality benefits. Chrysler feels that:

"** * * Holding at 15 grams/mile for two
more years is twice as severe a case as
holding at 7 grams/mile instead of 3.4
grams/mile for 1981-82. Nevertheless,
delay in the expected decrease of total
emissions would be only six weeks. The
effect on air quality of public health
would be so small as to escape
detection with any current
methodology.”

(10) Chrysler's Application of EPA's
MOBILE1: Mobile Source Emissions
Model: Chrysler reports in this section
on their use of and projections made
with EPA's MOBILE1 model. The
emission factors and methodology used
are those described in EPA's “Mobile
Source Emission Factors, Final
Document.” Chrysler has modified the
program to allow various timetables for
emission standard implementation.
Chrysler chose to look at the effects of a
CO waiver on air quality in New York
and Colorado (as “worst-case"
examples), as well as on a national
basis. Chrysler found for 1987, the year
of maximum air qualify effect, a 2.0 -
percent difference in CO emissions from
all manufacturers’ vehicles resulted
between the waiver and non-waiver

for Light-Duty

scenarios on a nationwide basis. For
New York and Colorado the maximum
percent differences were 2.7 and 2.1
percent respectively. For a Chrysler only
waiver (assuming a 15 percent market
share for Chrysler) the maximum
nationwide difference in vehicle
emissions found to be 0.30 percent while
the New York and Colorado differences
were 0.40 and 0.32 percent, respectively,
Chrysler states that this shows that a
two-year waiver would thus have no
practical effect on CO emissions or on
air quality and public health, They
further state that ** * *if a two year
waiver to 7.0 grams/mile were granted
to the entire industry, the resulting delay
in reduction of CO emissions would
slow the rate of improvement in air
quality by only 10 weeks. If the waiver
were granted to Chrysler alone, the rate
of improvement in air quality would be
slowed by a mere 11 days. It is difficult
to believe that air monitoring stations
could even detect this difference.”
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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 136

[FRL 1323-D]

Guidelines Establishing Test

Procedures for the Analysis of
Poliutants

AGENCY: Environmental Protection
Agency (EPA).
ACTION: Proposed regulation.

SUMMARY: EPA proposes to amend its
list of approved analytical techniques by
adding test procedures for 113 organic
toxic pollutants, an additional test
procedure for inorganic toxic pollutants,
a procedure for carbonaceous BODs, and
requirements for sample preservation
and holding times. The use of these
procedures would be required for filing
applications for National Pollutant
Discharge Elimination System (NPDES)
permits, for State certifications, and for
compliance monitoring under the Clean
Water Act. After considering comments
received in response to this proposal,
EPA will promulgate a final rule.

DATES: Comments on this proposal must
be submitted on or before February 1,
1980.

ADDRESS: Send comments to Dr. Robert
B. Medz, Monitoring Technology
Division, Office of Research and
Development, Environmental Protection
Agency (RD-680), 401 M Street, SW.,,
Washington, D.C. 204860.

FOR FURTHER INFORMATION CONTACT:
Dr. Robert B. Medz at the address listed
above or call (202) 4264727,

SUPPLEMENTARY INFORMATION:

1. Authority and Background

This regulation is proposed under
authority of sections 304(h) and 501(a) of
the Clean Water Act, 33 U.S.C. 1251 et
seq (the Federal Water Pollution Control
Act Amendments of 1972 as amended by
the Clean Water Act of 1977) (the
“Act"). Section 304(h) of the Act
requires the Administrator of the EPA to
“promulgate guidelines establishing test
procedures for the analysis of pollutants
that shall include the factors which must
be provided in any certification
pursuant to section 401 of this Act or
permit application pursuant to section
402 of this Act." Section 501(a) of the
Act authorizes the Administrator to
“prescribe such regulations as are
necessary to carry out his functions
under this Act.”

EPA promulgated "Guidelines
Establishing Test Procedures for the
Analysis of Pollutants" in 40 CFR Part

136 on October 16, 1973 (38 FR 28758).
These guidelines, which were amended
on December 1, 1976 (41 FR 52780),
provided test procedures for 115 well
known pollutants and pollutant
parameters, including metals and a
number of organic compounds. The
guidelines also provided
“recommendations” for sample
preservation techniques and holding
times. Only when these preservation
techniques and holding times were
stipulated in the analytical methods
description were they regarded to be
mandatory.

Since publication of those guidelines,
EPA entered into a Settlement
Agreement requiring it to study, if
necessary, regulate 65 “priority”
pollutants and classes of pollutants.
(See Natural Resources Defense
Council, Inc., et al v Train, 8 ERC 2120
(D.D.C. 1976), modified 12 ERC 1833
(D.D.C. 1979)). In December 1977,
Congress passed the Clean Water Act of
1977, emphasizing the control of toxic
pollutants and declaring the 65
“priority” pollutants and classes of
pollutants to be “toxic"” under section
307(a) of the Act.

The list of 85 toxic pollutants and
classes of pollutants potentially
included thousands of substances, many
of which were relatively unknown
ouiside the scientific community;
moreover, because only on rare
occasions had industry monitored for or
had EPA regulated these pollutants,
section 304(h) analytical methods were
not available in many cases. In order to
implement the Act, therefore, EPA first
streamlined its regulatory task by
defining 129 specific toxic pollutants for
initial consideration. Next, the Agency
embarked on an intensive literature
search and laboratory program to
develop section 304(h) methods for these
129 toxic pollutants.

This proposed amendment to 40 CFR
Part 136 will provide analytical methods
for 113 organic toxic pollutants. For each
of these pollutants, two acceptable
methods are proposed: (1) Either gas
chromatography (GC) with selected
detectors, or high performance liquid
chromatography (HPLC), depending on
the particular pollutant; and (2) GC
coupled with mass spectrometry (GC/
MS). This proposed amendment also
provides another option for analysis of
inorganic toxic pollutants by inductively
coupled plasma optical emission
spectoscopy (ICP), which may be less
time-consuming and costly than existing
section 304(h) methods for inorganics.
Additionally, this proposal provides
sample preservation and maximum
holding times for a large number of

pollutants covered by these proposed or
existing section 304(h) methods. Finally,
a method for analysis of carbonaceous
BOD; is included in this proposal.

The use of these testing procedures
would be mandatory whenever the
measurement of waste constituents is
required under the Clean Water Act. For
example, on June 14, 1979, EPA
published a Draft Consolidated Permit
Application Form and Proposed NPDES
Regulations, which would require that
certain applicants for NPDES permits
analyze their discharges for the 129
specific toxic pollutants (See 44 FR
34346). The use of these procedures also
would be required for section 401 State
certifications under 40 CFR Part 121 and
for NPDES compliance monitoring under
40 CFR Part 122 (See 44 FR 32854, June 7,
1979). Additionally, in accordance with
40 CFR 401.13, these testing procedures
would apply to expression of pollutant
amounts in effluent limitations
guidelines, standards of performance,
and pretreatment standards (including
any monitoring requirements contained
therein) under 40 CFR Part 402 et seq.,
“unless otherwise specifically noted or
defined in said parts.”

II. Summary of Proposed Methods
A. GC and HPLC Methods

A series of 12 new test procedures are
being proposed that employ
conventional GC or liquid
chromatographic techniques for the
quantitative measurement of specific
organic materials. Although these
methods can sometimes be used for
qualitative identification of unknown
materials in a sample, they are best used
for the measurement of materials that
are already known to be present in the
sample. The low cost of the
conventional detectors relative to MS
makes this approach particularly
attractive for routine monitoring of
expected concentration levels of
pollutants. HPLC has developed
considerably in the past few years and
can be used to achieve separations and
measurements that cannot be performed
with state-of-the-art GC.

These 12 methods numbered 601 to
612 were developed through in-house
and contracted research through EPA’s
Environmental Monitoring and Support
Laboratory, Cincinnati (EMSL-Cin). The
114 organic compounds for which
analytical procedures were needed were
divided into 12 categories based on their
chemical structure in the expectation
that members of each class might be
analyzed by a single procedure or
perhaps with minor variations on a
single basic procedure. Separate
requests for proposals were issued for
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each class and, after competitive
bidding, contracts were awarded to a
total of five laboratories. Each research
effort concentrated on the development
of a test procedure with good sensitivity
and reliability with full consideration of
economic factors including: (1)
Availability of instrumentation required;
(2) availability of trained personnel
capable of performing the analyses; (3)
commercial availability, cost and
reliability of additional peripheral
equipment such as specific detectors
and new types of column packings. The
12 methods that resulted from this effort
represent state-of-the-art analytical
technology.

Methods 601 and 603 are for the
measurement of solvents and other
volatile materials using variations of the
Bellar purge and trap technique.
Semispecific detectors are used to
minimize background interferences.
Seven of the methods involve solvent
extraction techniques followed by
conventional GC measurements.
Cleanup procedures are included with
these methods to overcome
interferences. Method 605 for
benzidines, and Method 610 for
polynuclear aromatic hydrocarbons
(PAH), rely on HPLC technigues for
separation and measurement, although
GC is acceptable for use in the
measurement of most of the PAH
materials.

Fach method has been evaluated by
the contractor for applicability to a
variety of industrial and municipal
effluents and each has provided
acceptable levels of sensitivity,
accuracy, and precision. The Agency is
conducting interlaboratory accuracy and
precision studies for these 12 methods
and will make the results available as
soon as these studies are completed.

A copy of the full text of these
methods is included as Appendix I to
this preamble for the convenience of the
public who desire to review it and make
comments,

B. GC/MS Methods

Three new test procedures, 613, 624,
and 825, are being proposed that require
a mass spectrometer detector. Although
historically used as a qualitative tool by
the analytical chemist, the development
of stable electronics and advanced
software has resulted in the widespread
use of the GC/MS system to quantitate
pollutant levels in environmental
samples. Although the capital
investment for the instrumentation is
relatively high, the instrument allows for
the simultaneous measurement of large
numbers of materials. In addition, the
detector can be used to overcome
interferences that would mask

compound responses obtained with less
specific GC detectors. Because of these
potential economic advantages to the
user, EPA has decided to propose both
GC/MS and non-MS approaches so that
the user may select the most cost-
effective one to suit his monitoring
requirements.

Method 613 for
Tetrachlorodibenzodioxin (TCDD) was
developed through one of the series of
EPA contracts discussed above. It
involves the use GC/MS to measure low
quantities of TCDD after solvent
extraction and extensive cleanup of the
extract,

Methods 624 and 625 were developed
by the combined efforts of the EMSL-Cin
and of the Environmental Research
Laboratory (ERL), Athens, Georgia.
Methods 624 and 625 essentially
represent the techniques described in
Sampling Procedures for Screening
Industrial Effluents for Priority
Pollutants (April 1977). These methods
have been used extensively by EPA’s
Effluent Guidelines Division (EGD),
Regional laboratories and contractors,
and by many private laboratories.

A copy of the full text of these
methods is included as Appendix II to
this preamble for the convenience of the
public who desire to review it and make
comments.

The Agency is reviewing a number of
approaches, involving the analyses of a
wide variety of sample types, to
determine more thoroughly the precision
and accuracy of these techniques. The
Agency is considering, also, the addition
of more extensive quality assurance and
quality control proceedings for proposed
methods 624 and 625. The approaches
include the potential use of internal
standards, surrogate spikes, and labeled
compounds. Appendix III to this
preamble provides an example of such
an additional quality assurance program
for public review and comment.

C. Elemental Analysis

The Agency is proposing an ICP
method for elemental analysis of the
toxic metals. This technique, which is an
alternative to existing 304(h) methods
for metals, provides a simultaneous
multi-element determination of trace
elements in solution. Dissolved elements
are determined in filtered and acidified
samples. Total elements are determined
after appropriate digestion procedures
are performed. The basis of this
instrumental method is the measurement
of atomic emission by an optical
spectroscopic technique.

The Agency developed the proposed
method by requesting the ICP Users
Group, consisting of EPA personne! that
presently have various makes and

models of satisfactory instruments, to
provide their input into a methods write-
up to be prepared by the staff of the
EMSL-Cin. The resulting method
represents the current state-of-the-art.
The EGD also has made extensive use of
ICP procedure. It has already been
approved for use in the NPDES permits
system on a Regional basis.
Improvements are anticipated as time
progresses. Users are encouraged to
identify problem areas and assist in
updating the method.

The write-up includes a list of the
elements for which the method applies
along with recommended wavelengths
and typical estimated instrumental
detection limits. Because of the
differences between satisfactory
instruments, no detailed instrumental
operating conditions are provided.
Instead, the analyst is referred to the
instructions provided by the
manufacturer of the particular
instrument. Potential matrix
interferences are given and instructions
for appropriate corrections are provided.

EPA is planning to conduct an
interlaboratory precision and accuracy
study, using a wide variety of treated
effluent samples, to evaluate potential
matrix interferences. The Agency will
make these studies available as soon as
they are completed.

A copy of the full text of the ICP
procedure is included as Appendix IV to
this preamble for the convenience of the
public who desire to review it and make
comments. ;-

D. BOD; Carbonaceous Method

This method of carbonaceous BOD
has been provided in response to many
requests for this parameter. It measures
the carbonaceous BOD of a sample with
the currently approved procedure after
first adding a reagent to act as a
nitrogen oxygen demand suppressant. A
copy of the full text of the BODs method
is included as Appendix V to the
preamble for the convenience of the
public who desire to review it and make
comments.

E. Requirements for Sample Containers,
Preservation Procedures and Holding
Times

Several commentators on the June 8,
1975 Proposed Amendments to the
Guidelines Establishing Test Procedures
for the Analysis of Pollutants (40 CFR
Part 136) requested criteria for sample
preservation and holding times. As a
result, on December 1, 1976, the Agency
cited the recommendations given in
“Methods for Chemical Analysis of
Water and Wastes,” U.S. Environmental
Protection Agency, Table II, pp. VIII-XI,




69466

Federal Register / Vol. 44, No. 233 / Monday, December 3, 1979 / Proposed Rules

1974, as applicable to the NPDES
samples.

Since December 1976, there have been
many requests for clarification as to
whether the preservation procedures
and holding times were
recommendations or requirements for
NPDES monitoring. Several laboratories
also commented that the holding time
recommendations were difficuit and
very expensive to follow because of the
short time interval allowed between
sample collection and analysis for many
of the common parameters.

It is the proposal of the Agency that
the sample preservation procedures and
holding times published be requirements
and not just recommendations.
However, the guidance given in the
reference cited aboyve was intended for
broad application to all environmental
sample types. The Agency realizes that
it might be less applicable to require
laboratories to use preservation
procedures and holding times for
general uses which extended beyond
NPDES monitoring. the Drinking Water
Program, for example, has addressed
this problem and requires procedures
specifically designed for drinking water
samples. These have been published in
the “Manual for the Interim Certification
of Laboratories Involved in Analyzing
Public Drinking Water Supplies—
Criteria and Procedures,” USEPA,
Report No. EPA 600/8-78-008, May 1978,

Data collected by the Agency, data in
the scientific literature, and data
submitted to the Agency by public and
private laboratories have been reviewed
to determine the state-of-the-art as it
applies specifically to the preservation
of NPDES samples. The criteria used in
reviewing the data and selecting sample
preservation procedures and maximum
holding times were: (1) That the
procedures would retard significant
sample degradation, and (2) that the
procedures would minimize monitoring
costs by extending the holding times
when possible.

A list of requirements for sample
containers, preservation procedures and
maximum holding times for NPDES
monitoring is proposed in § 136.3(d),
Table II. Information given in § 136.3(d),
Table II supersedes past
recommendations and directions given
by the methods listed in the manuals
and references cited in § 136.3(a), Table
L

The preservation procedures listed in
Table 11 are to be used at the start of
sample collection in the field and not
after sample compositing is completed
or when the samples are received in the
laboratory for analysis. Aliquots of
composite samples, which would require
multiple preservatives, should be

preserved only by maintaining at 4°C
until compositing and sample splitting
are completed.

The holding times listed in Table II
are the maximum times between sample
collection and analysis that are allowed
for the sample to be considered valid.
When possible, all laboratories are
encouraged to analyze samples as
quickly as possible after collection. The
data base available to EPA shows that
no more than 10% sample deterioration
occurs when samples are preserved as
prescribed in Table II and held for the
maximum holding time.

Some effluent samples may be stable
longer than the maximum holding time
for a given parameter. A longer holding
time may be used as long as the
discharger or monitoring laboratory has
data on file showing the validity of the
longer time. Also, some samples may

—nol be stable for the maximum time

period given in the table. A discharger
or monitoring laboratory is obligated to
hold the samples for a shorter time if
knowledge exists to show this is
necessary to maintain sample stability.

The Agency believes that the
proposed requirements for sample
preservation will save the monitoring
community a substantial savings over
the next several years. The
recommendations for sample
preservation cited in 40 CFR Part 136,
December 1, 1978, list holding times of
only 24 hours for many common
parameters. Many monitoring
organizations meet these short holding
times by locating small “field,”
“Regional,” or “district” laboratories
close to the points of sample collection
to minimize travel time. Other
organizations maintain large centralized
laboratories, ship samples by express
methods and work overtime to meet the
short holding times. Both of these
approaches are very expensive. The
proposed extended holding times
requirement will allow organizations to
review the need for small “field"
laboratories, and institute more
economical methods of sample shipment
and analysis,

III, Cost and Economic Impacts

This proposed regulation does not
require monitoring and therefore, does
not directly impose costs on the
monitoring community. Use of the
analytical methods proposed, however,
may be required in a variety of EPA
programs. Because the costs of analyses
may constitute a significant fraction of
the cost for some programs, EPA will
adress overall economic impacts in
program-specific regulation (e.g.,
economic discussions concerning the
recently published Draft Consolidated

Permit Application Forms and Proposed
NPDES Regulations, starting at 44 FR
34408, June 14, 1979). Nevertheless, the
Agency is interested in the unit cost for
various analyses since they may be
needed to assess the impact of
alternative approaches to a given
program.

A. Carbonaceous BODs.

No significant incremental cost is
expected for the Carbonaceous BOD;
method proposed today relative to the
previously promulgated BOD; method
(which measures both carbonaceous
and nitrogenous oxygen demand). The
main difference between these methods
is the use in the Carbonaceous BOD,
test of an additional chemical to inhibit
nitrogenous oxygen demand. Previous
estimates of the cost to perform a BOD,
test on 10-20 samples ranged from $15-
$30 per sample.

B. Maximum Holding Times

In the past, maximum sample holding
times prior to completion of analysis
were not standardized. Small “field,’
“regional,” or "district” EPA, State,
commercial and industrial laboratories
needed to be close to the source of
samples so that the samples could be
analyzed quickly after collection. This
presented an obstacle to the
management trend for more efficient use
of equipment and personnel by
centralizing laboratory operations.
Because of the lack of standardization,
incremental costs between past
practices and the maximum holding
times proposed today cannot be
accurately estimated by the EPA.
However, the EPA believes that the
proposed requirements for sample
preservation could save the monitoring
community substantial savings. Short
sample holding times for many
parameters which resulted in increased
operational costs would be removed by
approval of these proposed
requirements. It should be noted that the
impact on on-site plant laboratories will
be slight.

C. GC and HPLC Methods

EPA has obtained preliminary cost
estimates for performance of serveral
methods proposed today. It was
assumed that properly preserved but
unextracted industrial effluent samples
were delivered to the laboratory and
that a typical lot might involve 40-50
repetitions of a given analytical method.
The highest estimate for performance of
a given method was typically 3 to 4
times the lowest. Average figures are
presented in the following table.

A cost estimate for Method 613 which
fnvolves use of GC/MS is included in
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this table due to the specific focus of
this method on dioxin (in contrast to the
broader focus of Methods 624 and 625).
Fstimates are not yet available for
Methods 606 and 607. The Agency is

continuing to gather data on all methods -

to better characterize these costs.

Method name ! Average

01 Purgeable Halocarb 130
602 Purgeable A i 150
603 Acrolein/AcTylonitrile ........cwurvsices “ 110
804 Phenols 200
605 ol 220
806 Ph Esters. 110
007 Nitr 150
608 Organochlorine Pesticides & PCBs .. 110
609 Nitroaromatios and Isophorone......... 210
610 Poly A Hydrocarb 310
611 Haloeth 120
812 Ch d Hydrocarbons .. 160
613 2,3,7 8-Tetrachlorodibenzo-p-dioxin.. 170
! Averagy d cost | per mathod, per pie)

D. GC/MS Methods

The cost of analyzing the 113 organic
toxic pollutants by the GC/MS Methods
proposed today has been estimated at a
range of $1,000 to $2,000 for quantitative
analysis depending upon the amount of
quality assurance required, The
assumptions and basis for these figures
were discussed at length at 44 FR 34408,
June 14, 1979.

E. ICP Method

The agency has not yet completed a
survey of the unit cost for ICP analysis
for metals, but much of the interest in
this method stems from its ability to
simultaneously analyze for many
metals. Analysis for the same series of
metals may be performed (one at a time)
using atomic adsorption (AA)
spectroscopic methods promulgated
earlier (41 FR 52780, December 1, 1976).

Since the sensitivity of ICP is
generally similar to AA methods, the
recent widespread interest in ICP
suggests that the cost per pollutant
analyzed may be lower with ICP than
with AA. The contract cost per pollutant
for 10-20 samples using AA typically
averages $10.

IV. Future Rulemaking

The following areas of concern are
under consideration by the EPA for
amendment of the proposed section
304(h) regulation in the near future:

A. Methods for Measuring the Acute
Toxicity of Effluents to Aquatic
Organisms (Biomonitoring)

Biomonitoring methods are intended
for use in determining whether a waste
water stream is significantly toxic.
These biomonitoring methods may
become required measurements in
support of the Consolidated Permits

Application Regulation which was
developed by the Office of Enforcement.

B. Procedures for Determining Detection
Limits in Support of the Proposed
Consolidated Permit Application Form

In the proposed consolidated
regulation, EPA may establish pollutant
limitations based upon reported levels
in the waste water or a multiple of the
detection limit of the analytical method
if the pollutant is not detected.

C. An Analytical Procedure to Measure
Asbestos in Water

The Agency has already developed an
interim method which is being tested for
asbestos by environmental analysis
laboratories. The present method
defines the presence of both chrysotile
and amphiboles, but chrysotile is more
readily identified. Incoming data from
the laboratories is being intercompared
in order to improve definition of
asbestos fibers and determine the
precision, accuracy, and percent
recovery of the method in waste water.

D, Updating the Reference in 40 CFR
Part 136

Many of the references cited in 40
CFR Part 136 have been superseded by
later editions, EPA is planning to amend
the regulation to include the following
references:

1. “Methods for Chemical Analysis of
Water and Wastes, 1979," U.S.
Environmental Protection Agency, EPA-600/
4-79/020.

2. “Annual Book of Standards, 1979,
American Society for Testing Materials, Part
31, Water.

3. “Methods for Analysis of Inorganic
Substances in Water and Fluvial Sediments,”
U.S. Department of the Interior, U.S.
Geological Survey, Open-File Report 76-679
unless otherwise stated.

E. Additional Procedures for the
Analysis of Organic Pollutants in
Wastewater

EPA is planning to propose two
additional analytical methods
applicable only to specific organic
chemicals Standard Industrial
Classification (SIC) codes. The first
method consists of the GC/MS
procedures proposed today, together
with the addition of several deuterated
internal standards and/or isotopically
labeled compounds. The second
procedure consists of variations of the
GC procedure currently being proposed
which are specific to the wastewater
matrix found in a specific organic
chemical industry (by SIC codes).

F. Development of an EPA Policy on
Mandated Control of the Usage of
Known or Suspected Carcinogenic
Reagents

The Agency shall consider the
development of a policy on the usage of
known or suspected carcinogenic
reagents in environmental analysis. A
determination shall be made as to
whether the EPA should approve the use
of such reagents when other,
noncarcinogenic, acceptable reagents
are available. Consideration shall be
given to the establishment of control of
the disposal of known or suspected
carcinogenic reagents in order to
prevent their introduction to the
environment.

V. Request for Comments
A. GC, GC/MS, HPLC

1. EPA solicits comments on the
general applicability of the proposed
GC, GC/MS, and HPLC methods, or
other methods which have been used for
measuring “toxic” pollutants in
industrial discharges. The Agency is
particularly interested in comments on
interferants and other analytical
obstacles which have been experienced
and how these obstacles were overcome
to allow quantitative estimations to be
made.

2. Commentators are urged to make
any data which they may have to better
define the sensitivity, precision,
accuracy, and detection limits of the
proposed methods available to the
Agency.

3. Several different configurations of
GC columns, detectors, and operating
conditions have been indicated in the
proposed methods. Comments are
solicited on the optimum flexibility
which should be specified in such
configurations in tailoring the GC, GC/
MS, and HPLC procedures for their most
general applicability to industrial
discharges.

4. The proposed methods have
included a minimum level of quality
control, that is, the use of replicates,
spikes, and blanks as necessary
operations. EPA solicits comments
regarding the additional levels of quality
control that should be specified in the
procedures, if any, and those elements
of quality control which should be left to
the analyst's discretion. Earlier, in the
preamble, a suggested intensive quality
control regime was discussed which
could be included in the GC/MS
methods. Comments are solicited
relative to the adequacy and desirability
for integrating much more intensive
quality control requirements within the
mandatory language of the GC/MS
methods.
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5. The proposed regulation includes
mandatory preservation techniques and
maximum holding times based upon
data accumulated by EPA since 1975.
The Agency seeks additional data and
comments concerning preservation
techniques and maximum holding times.

6. EPA is proposing an ICP instrument
to supplement the present colorimetric
and AA procedures. The Agency
believes that the proposed ICP.
procedures should provide greater
flexibility to the analyst to choose the
most appropriate analytical technique
for measurement of trace elements.
Commeats are solicited especially
relative to the general applicability of
ICP to industrial discharges.

7. In response to requests from
environmental analysis laboratories that
desire to measure the carbonaceous
BOD of municipal and industrial
wastewaters without the complications
caused by the nitrogenous oxygen
demand, the carbonaceous BOD method
is being proposed. The nitrificaton
control incorporated in the proposed
method offers an analytical advantage
in greatly improving the reproducibility
of BOD measurements. The advantages
offered by the proposed method's ability
to distinguish between carbonaceous
and nitrogenous oxygen demands are
expected to favorably impact the design
and operation of biological nitrification
plants because loadings, aeration rates,
and chemical doses are based largely on
the nitrogenous demand. EPA requests
additional data on the control of
nitrification in BOD measurements.

8. EPA's cost estimates for the
proposed methods are based upon all
available data. The Agency solicits
comments and data on the estimated
unit cost of the proposed methods.
Commentators should state the
assumptions underlying their estimates.

Dated: November 16, 1979,
Barbara Blum,

Acting Administrator.
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Purgeable Halocarbons—Method 601

1. Scope and Application.

1.1 This method covers the
determination of 29 purgeable
halocarbons, The following parameters
may be determined by this method:

Parametar STORET No.
Brc 32104
Bromotlic 32101
Bromg 34413
Carbon 32102
Chiorobenzene 34301
Chioroethane 34311
2-Chi thylviny! ether. 34576
Chiorof 32106
Cn 34418
Di i 34105
1,208 34536
1,3-D 34568
1,4-Dich 34571
Dichlorodifit 34668
1.1-Dichk 34496
120 th 34531
1,1-Dichd th 3450
trans-1,2-Dich 34546
1.2-Di propar 34541
cis-1,3-Dichloroprop 34561
trans-1,3-Dichloroprop 34561
Methylene 34423
1.1.2.2-Ti h 34516
Ti h th . 34475
1,1, 1. Trichloroeth 34506
1,4,/2-Tri 34511
Trichior 39180
Trichlorofi h 34488
Vinyl chion 39175

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
usually dependent upon the level of

. interferences rather than instrumental

limitations, The limits of detection listed
in Table 1 represent sensitivities that
can be achieved in wastewaters under
optimum operating conditions.

14 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.

21 An inert gas is bubbled through a
5 ml water sample contained in a
specially-designed purging chamber.
The halocarbons are efficiently
transferred from the aqueous phase to
the vapor phase. The vapor is swept
through a short sorbent tube where the
halocarbons are trapped. After the purge
is completed, the trap is heated and
backflushed with gas to desorb the
halocarbons into a gas chromatographic
system. A temperature program is used

in the GC system to separate the
halocarbons before detection with a
halide-specific detector.

2.2 I? interferences are encountered,
the method provides an optional gas
chromatographic column that may be
helpful in resolving the compounds of
interest from the interferences.

3. [Interferences.

3.1 Impurities in the purge gas and
organic compounds out-gasing from the
plumbing ahead of the trap account for
the majority of contamination problems.
The analytical system must be
demonstrated to be free from
contamination under the conditions of
the analysis by running method blanks.
Method blanks are run by charging the
purging device with organic-free water
and analyzing it in a normal manner.
The use of non-TFE plastic tubing, non-
TFE thread sealants, or flow controllers
with rubber components in the purging
device should be avoided.

3.2 Samples can be contaminated by
diffusion of volatile organics
(particularly freons and methylene
chloride) through the septum seal into
the sample during shipment and storage.
A sample blank prepared from organic-
free water and carried through the
sampling and handling protocol can
serve as a check on such contamination.

3.3 Cross contamination can occur
whenever high level and low level
samples are sequentially analyzed. To
reduce the likelihood of this, the purging
device and sample syringe should be
rinsed out twice between samples with
organic-free water. Whenever an
unusually concentrated sample is
encountered, it should be followed by an
analysis of organic-free water to check
for cross contamination. For samples
containing large amounts of water-
soluble materials, suspended solids,
high boiling compounds or high
organohalide levels, it may be necessary
to wash ont the purging device with a
soap solution, rinse with distilled water,
and then dry in a 105° C oven between
analyses.

4. Apparatus and Materials.

4.1 Sampling equipment, for discrete
sampling.

4.1. Vial, with cap—40 ml capacity
screw cap (Pierce #13075 or eguivalent).
Detergent wash and dry at 105° C before
use.

4.1.2 Septum—Teflon—faced
silicone (Pierce #12722 or equivalent).
Detergent wash, rinse with tap and
distilled water, and dry at 105°C for one
hour before use.

4.2 Purge and trap device—The
purge and trap equipment consists of
three separate pieces of apparatus: the
purging device, trap, and desorber.
Several complete devices are now
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available commercially, The device
must meet the following specifications:
The unit must be completely compatible
with the gas chromatographic system;
the purging chamber must be designed
for a 5 ml volume and be modeled after
Figure 1; the dimensions for the sorbant
portion of the trap must meet or exceed
those in Figure 2. Figures 3 and 4
illustrate the complete system in the
purge and the desorb mode.

4.3 Gas chromatograph—Analytical
svstem complete with programmable gas
chromatograph suitable for on-column
injection and all required accessories
including halide-specific detector,
column supplies, recorder, and gases. A
data system for measuring peak areas is
recommended.

4.4 Syringes—5-ml glass hypodermic
with luerlok tip (2 each).

4.5 Micro syringes—10, 25, 100 pl.

46 2-way syringe valve with Luer
ends (3 each).

47 Syringe—5-ml gas-tight with
shut-off valve.

4,8 Bottle—15-ml screw-cap, with
Teflon cap liner,

5. Regenis.

51 Sodium thiosulfate—(ACS)
Granular.

5.2 Trap Materials

521 Porus polymer packing 60/80
mesh chromatographic grade Tenax GC
(2,6-diphenylene oxide).

5.2.2 Three percent OV-1 on
Chromosorb-W 60/80 mesh.

5.2.3. Silica gel—(35/60 mesh}—
Davison, grade-15 or equivalent.

524 Coconut charcoal 6/10 mesh
Barnaby Chaney, CA-580-26 lot # M-
2649 or equivalent.

53 Activated carbon—Filtrasorb-
200 (Calgon Corp.) or equivalent.

54 Organic-free water

54.1 Organic-free water is defined
as water free of interference when
employed in the purge ahd trap
procedure described herein. It is
generated by passing tap water through
a carbon filter bed containing about 1 1b.
of

54.2 A water purfication system
(Millipore Super-Q or equivalent) may
be used to generate organic-free
deionized water.

54.3 Organic-free water may also be
prepared by boiling water for 15
minutes. Subsequently, while
maintaining the temperature at 90° C,
bubble a contaminant-free inert gas
through the water for one hour. While
still hat, transfer the water to a narrow
mouth screw cap bottle and seal with a
Teflon line septum and cap.

55 Stock standards—Prepare stock
standard solutions in methyl alcohol
using assayed liquids or gas cylinders as
appropriate. Because of the toxicity of

some of the organohalides, primary
dilutions of these materials should be
prepared in a hood. A NIOSH/MESA
approved foxic gas respirator should be
used when the analyst handles high
concentrations of such materials.

5.5.1 Place about 9.8 ml of methyl
alcohol into a 10 ml ground glass
stoppered volumetric flask. Allow the
flask to stand, unstoppered for about 10
minutes or until all alcohol wetted
surfaces have dried. Weigh the flask to
the nearest 0.1 mg.

5.5.2 Add the assayed reference
material:

5.5.21 Liquids—Using a 100 pl
syringe, immediately add 2 drops of
assayed reference material to the flask,
then reweigh. Be sure that the 2 drops
fall directly into the alcohol without
contacting the neck of the flask.

5.5.2.2 Gases—To prepare standards
for any of the six halocarbons that boil
below 30° C (bromomethane,
chloroethane, chloromethane,
dichlorodifluoromethane,
trichlorodifluoromethane, vinyl
chloride), fill a 5 ml valved gas-tight
syringe with the reference standard to
the 5.0-ml mark. Lower the needle to 5
mm above the methyl alcohol menicus.
Slowly inject the reference standard
above the surface of the liquid (the
heavy gas will rapidly dissolve into the
methyl alcohol).

5.5.3 Reweigh, dilute to volume,
stopper, then mix by inverting the flask
several times. Transfer the standard
solution to a 15 ml screw-cap bottle with
a Teflon cap liner.

5.5.4 Calculate the concentration in
micrograms per microliter from the net
gain in weight,

5.5.5 Store stock standards at 4° C,
Prepare fresh standards weekly for the
six gases and 2-chloroethylvinyl ether.
All other standards must be replaced
with fresh standard each month.

6. Calibration.

6.1 Using stock standards, prepare
secondary dilution standards in methyl
alcohol that contain the compounds of
interest, either singly or mixed together.
The standards shoud be prepared at
concentrations such that the aqueous
standards prepared in 6.2 will
completely bracket the working range of
the analytical system.

6.2 Using secondary dilution
standards, prepare calibration
standards by carefully adding 20.0 pl of
standard in methyl alcohol to 100, 500,
or 1000 ml of organic-free water. A 25 pl
syringe (Hamilton 702N or equivalent)
should be used for this operation. These
aqueous standards must be prepared
fresh daily. ‘

6.3 Assemble the necessary gas
chromatographic apparatus and

establish operating parameters
equivalent to those indicated in Table 1.
By injecting secondary dilution
standards, establish the sensitivity limit
and the linear range of the analytical
system for each compound.

6.4 Assemble the necessary purge
and trap device. The trap must meet the
minimum specifications as shown in
Figure 2 to achieve satisfactory results.
Condition the trap overnight at 180° C
by backflushing with an inert gas flow
of at least 20 ml/min. Prior to use, daily
condition traps 10 minutes while
backflushing at 180° C. Analyze aqueous
calibration standards (8.2) according to
the purge and trap procedure in Section
8. Compare the responses to those
obtained by injection of standards (6.3),
to determine purging efficiency and also
calculate analytical precision. The
purging efficiencies and analytical
precision of the analysis of aqueous
standards must be comparable to data
presented by Bellar and Lichtenberg
(1978) before reliable sample analysis
may begin. -

6.5 By analyzing calibration
standards, establish the sensitivity limit
and linear range of the entire analytical -
system for each compound.

7. Quality Control.

7.1 Before processing any samples,
the analyst should daily demonstrate
through the analysis of an organic-free
water method blank that the entire
analytical system is interference-free.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
identification of a peak on the gas
chromatogram, confirmatory technigues
such as mass spectroscopy should be
used.

7.3 The analyst should maintain
constant surveillance of both the
performance of the analytical system
and the effectiveness of the method in
dealing with each sample matrix by
spiking each sample, standard and
blank with surrogate halocarbons. A
combination of bromochloromethane, 2-
bromo-1-chloropropane, and 1,4-
dichlorobutane is recommended to
encompass the boiling range covered by
this method. From stock standard
solutions prepared as above, add a
volume to give 1000 pg of each surrogate
to 45 ml of organic-free water contained
in a 50-ml volumetric flask, mix and
dilute to volume (20 ng/ul). Dose 5.0 pl
of this surrogate spiking solution
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directly into the 5 ml syringe with every
sample and reference standard
analyzed. Prepare a fresh surrogate
spiking solution on a weekly basis.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers having a total
volume in excess of 40 ml. Fill the
sample bottles in such a manner that no
air bubbles pass through the sample as
the bottle is being filled. Seal the bottle
so that no air bubbles are entrapped in
it. Maintain the hermetic seal on the
sample bottle until time of analysis.

8.2. The samples must be iced or
refrigerated from the time of collection
until extraction. If the sample contains
free or combined chlorine, add sodium
thiosulfate preservative {10 mg/40 ml
will suffice for up to 5 ppm Cl) to the
empty sample bottles just prior to
shipping to the sampling site, fill with
sample just to overflowing, seal the
bottle, and shake vigorously for 1
minute.«

8.3 All samples must be analyzed
within 14 days of collection.

9. Sample Extraction and Gas
Chromatograph,

9.1 Adjust the purge gas (nitrogen or
helium) flow rate to 40 ml/min. Attach
the trap inlet to the purging device, and
set the device to purge. Open the syringe
valve located on the purging device
sample introduction needle.

9.2 Remove the plunger from a 5 ml
syringe and attach a closed syringe
valve, Open the sample bottle (or
standard) and carefully pour the water
into the syringe barrel until it overflows.
Replace the syringe plunger and
compress the sample, Open the syringe
valve and vent any residual air while
adjusting the samples volume to 5.0 ml.
Since this process of taking an aliquot
destroys the validity of the sample for
future analysis, the analyst should fill a
second syringe at this time to protect
against possible loss of data. Add 5.0 ul
of the surrogate spiking solution (7.3)
through the valve bore, then close the
valve.

9.3 Attach the syringe-syringe valve
assembly to the syringe valve on the
purging device. Open the syringe valves
and inject the sample into the purging
chamber.

84 Close both valves and purge the
sample for 11.0 * .05 minutes.

9.5 After the 11 minute purge time,
attach the trap to the chromatograph,
and adjust the device to the desorb
mode. Introduce the trapped materials to
the GC column by rapidly heating the
trap to 180°C while back-flushing the
trap with an inert gas between 20 and 60
ml/min for 4 minutes. If rapid heating
cannot be achieved, the gas

chromatographic column must be used
as a secondary trap by cooling it to 30°C
(or sub/ambient, if problems persist)
instead of the initial program
temperature of 45°C.

9.6 While the trap is being desorbed
into the gas chromatograph, empty the
purging chamber using the sample
introduction syringe. Wash the chamber
with two 5 ml flushes of organic-free
water.

9.7 After desorbing the sample for
approximately four minutes recondition
the trap by returning the purge and trap
device to the purge mode. Wait 15
seconds then close the syringe valve on
the purging device to begin gas flow
through the trap. Maintain the trap
temperature at 180°C. After
approximately seven minutes turn off
the trap heater and open the syringe
valve to stop the gas flow through the
trap. When cool the trap is ready for the
next sample.

9.8 Table 1 summarizes some
recommended gas chromatographic
column material and operating
conditions for the instrument. Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. An example of
the separation achieved by column 1 is
shown in Figure 5. Calibrate the system
daily by analysis of a minimum of three
concentration levels of calibration
standards.

10. Calculations.

10.1 Determine the concentration of
individual compounds directly from
calibrations plots of concentration (pug/l)
vs. peak height or area units.

10.2 Reperts results in micrograms
per liter, When duplicate and spiked
samples are samples are analyzed, all
data obtained should be reported.

11. Accuracy and Precision. The U.S.
EPA Environmental Monitoring and
Support Laboratory in Cincinnati is in
the process of conducting an inter-
laboratory method study to determine
the accuracy and precision of this test
procedure.
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Table 1—Organohakdes Tesied Using Purge and

Trap Method
Retention me
Compound [minj Detection
Jimit *
Col1* Col.2° p9/l

Chi h 1.50 528 0.0009
B hane. 217 705 0.03
Dichlorodifluoromethans.......... 282 ] 003
£ 287 528 0.01
333 888 0.01
535 101 0.01
7.8 L5 0.0
783 7.72 0.006
930 1286 0.004
101 838 0.006
10.7 121 0,006
1na 154 0.008
128 131 0.005
130 144 0.007
137 148 0.006
149 1658 0.004
15.2 1686 0.006
158 131 0.005

165 1686 0.01
- 165 181 0.006
3 165 180 0.008
2-Chioroethylvinyl ether ........... 18.0 (4] 0.06
BromMOIONM...cciiissmossisssresssmsts 192 19.2 0.02
; 218 5] 0.006
T 21.7 150 0.007
242 1828 0.03
34.0 224 0.04
349 235 0.04
354 223 0.0¢

‘D ion limit is caicutated from the d

GCrespombemgoanoM*mheGCbackg:ound
nocse using a Hall Modal 700-A Deteclor,

B 60/80 mesh coated with 1% SP-1000
packodinanthOlmtDmMoryassoomm
with helium carrier gas at 40 mi/min flow rate. Column tem.
perature held at 45°C for 3 min. then progranwned at 8°'C/
min. 10 220" then held for 15 min.

*Pornisil-C 100/120 mesh coated with n-octane packed in a
6 ft > 0.1 in ID stainless stael or glass column with helium
carrier gas at 40 mi/min fiow rate. Column termperature held
at 50°C for 3 min then programmed at 6°C/min to 170" then
heid for 4 min.

“Not determined
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Purgeable Aromatics—Method 602

1. Scope and Application,

11 This method covers the
determination of various purgeable
aromatics. The following parameters
may be determined by this method:

34010

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
vsually dependent upon the level of
interferences rather than instrumental
limitations. The limits of detection listed
in Table 1 represent sensitivities that
can be achieved in wastewaters under
optimum operating conditions.

14 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.

21 An inert gas is bubbled through a
5 ml water sample contained in a
specially-designed purging chamber.,
The aromatics are efficiently transferred
from the aqueous phase to the vapor
phase. The vapor is swept through a
short sorbent tube where the aromatics
are trapped. After the purge is
completed, the trap is heated and
backflushed with gas to desorb the
aromatic compounds into a gas
chromatographic system. A temperature
program is used in the GC system to
separate the aromatics before detection
with a photoionization detector.

8. Interferences.

3.1 Impurities in the purge gas and
organic compounds out-gasing from the
plumbing ahead of the trap account for
the majority of contamination problems.
The analytical system must be
demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Method blanks are run by charging the
purging device with organic-free water
and analyzing it in a normal manner.
The use of non-TFE plastic tubing, non-
TFE thread sealants or flow controllers

with rubber components in the purging
device should be avoided.

3.2 Samples can be contaminated by
diffusion of volatile organics through the
septum seal into the sample during
shipment and storage. A sample blank
prepared from organic free water and
carried through the sampling and
handling protocol can serve as a check
on such contamination.

8.3 Cross contamination can occur
whenever high level and low level
samples are sequentially analyzed. To
reduce the likelihood of this, the purging
device and sample syringe should be
rinsed out twice between samples with
organic-free water. Whenever an
unusually concentrated sample is
encountered, it should be followed by an
analysis of organic-free water to check
for cross contamination. For samples
containing large amounts of water
soluble materials, suspended solids,
high boiling compounds or high levels of
aromatics, it may be necessary to wash
out the purging device with a soap
solution, rinse with distilled water, and
then dry in a 105°C oven between
analyses.

4. Apparatus and Materials.

4.1 Sampling equipment, for discrete
sampling. .

411 Vial, with cap—40 m! capacity
screw cap (Pierce #13075 or equivalent).
Detergent wash and dry at 105° C before
use.

41.2 Septum-Teflon-faced silicone
(Pierce §12722 or equivalent). Detergent
wash, rinse, with tap and distilled
water, and dry at 105° C for one hour
before use.

4.2 Purge and trap device—The
purge and trap equipment consists of
three separate pieces of apparatus: the
purging device, trap, and desorber.
Several complete devices are available
commercially. The device must meet the
following specifications: The unit must
be completely compatible with the gas
chromatograhpic system; the purging
chamber must be designed for a 5 ml
volume and be modeled after Figure 1; -
the dimensions for the sorbant portion
of the trap must meet or exceed those in
Figure 2. Figures 3 and 4 illusirate the
complete system in the purge and the
desorb mode.

4.3 Gas chromatograph—Analytical
system complete with programmable gas
chromatograph suitable for on-column
injection and all required accessories
including Model PI-51-02
photoionization detector (h-nu Systems,
Inc.), column supplies, recorder, and
gases. A data system for measuring
peak areas is recommended.

4.4 Syringes—S5-ml glass hyodermic
with luerlok tip (2 each).

45 Micro syringes—10, 25, 100 pl.

4.6 2-way syringe value with Luer
ends (3 each).

4.7 Bottle—15-ml screw-cap, with
Teflon cap liner.

5. Reagents.

51 Solium thiosulfate—({ACS)
Granular.

5.2 Trap Materials

5.2.1 Porous polymer packing 60/80
mesh chromatographic grade Tenax GC
(2,6-diphenylene oxide).

5.2.2 Three percent OV-1 on

" Chromosorb-W 60/80 mesh.

5.3 Activated carbon—Filtrasorb-200
{Calgon Corp.) or equivalent.

54 Organic-free water

54.1 Organic-free water is defined
as water free of interference when
employed in the purge and trap
procedure described herein. It is
generated by passing tap water through
a carbon filter bed containing about 1 Ib,
of activated carbon. .

5.4.2 A water purification system
{(millipore Super-Q or equivalent) may
be used to generate organic-free
deionized water.

5.4.3 Organic-free water may also be
prepared by boiling water for 15
minutes. Subsequently, while
maintaining the temperature at 90° C,
bubble a contaminant-free inert gas
through the water for one hour. While
still hot, transfer the water to a narrow
mouth screw cap bottle and seal with a
Teflon lined septum and cap.

5.5 Stock standards—Prepare stock
standard solutions in methyl alcohol
using assayed liquids. Because benzene
an 1,4-dichlorobenzene are suspected
carcinogens, primary dilutions of these
compounds should be prepared in a
hood.

5.5.1 Place about 9.8'ml of methy!
alcohol into a 10 ml ground glass
stoppered volumetric flask. Allow the
flask to stand, unstoppered, for about 10
minutes or until all alcohol wetted
surfaces have dried, Weigh the flask to
the nearest 0.1 mg.

5.5.2 Using a 100 ul syringe,
immediately add 2 drops of assayed
reference material to the flask, then
reweigh. Be sure that the 2 drops fall
directly into the alcohol without
contacting the neck of the flask.

5.5.3 Dilute to volume, stopper, then
mix by inverting the flask several times.
Transfer the standard solution to a 15 ml
screw-cap bottle with a Teflon cap liner

5.5.4 Calculate the concentration in
mircograms per microliter from the net
gain in weight.

65.5.5 Store stock standards at 4°C.
All standards must be replaced with
fresh standard each month.

8. Calibration.

6.1 Using stock standards, prepare

-secondary dilution standards in methy!
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alcohol that contain the compounds of
interest, either singly or mixed together.
The standards should be prepared at
concentrations such that the aqueous
standards prepared in 6.2 will
completely bracket the working range of
the analytical system.

8.2 Using secondary dilution
standards, prepare calibration
standards by carefully adding 20.0 pl of
standard in methyl alcohol to 100, 500,
or 1000 ml of organic-free water. A 25 pl
syringe (Hamilton 702N or equivalent)
should be used for this operation. These
aqueous standards must be prepared
fresh daily.

6.3 Assemble the necessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table 1.
By injecting secondary dilution
standards, establish the sensitivity limit
and the linear range of the analytical
system for each compound.

6.4 Assemble th necessary purge and
trap device. The Trap must meet the
minimum specifications shown in Figure
2 to achieve satisfactory results.
Condition the trap overnight at 180°C by
backflushing with an inert gas flow of at
least 20 ml/min. Prior to use, daily
condition traps 10 minutes while
backflushing at 180°C. Analyze aqueous
calibraiion standards (8.2) according to
the purge and trap procedure in Section
8. Compare the responses to those
obtained by injection of standards (6.3),
to determine purging efficiency and also
to calculate analytical precision. The
purging efficiencies and analytical
precision of the analysis of agueous
standards must be comparable to data
presented by Bellar and Lichtenberg
(1978) before reliable sample analysis
may begin.

8.5 By analyzing calibration
standards, establish the sensitivity limit
and linear range of the entire analytical
system for each compound.

7. Quality Control.

7.1 Before processing any samples,
the analyst should demonstrate daily
through the analysis of an organic-free
water method blank that the entire
analytical system is interference-free.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
identification of a peak on the gas
chromatogram, confirmatory techniques
Sucg as mass spectroscopy should be
used.

7.3 The analyst should maintain
constant surveillance of both the
performance of the analytical system
and the effectiveness of the method in
dealing with each sample matrix by
spiking each sample, standard and
blank with surrogate compounds (e.g.
aaa-trifluorotoluene).

8. Sample Collection, Preservation,
and Handling.

8.1 Collect about 500 ml sample in a

.clean container. Adjust the pH of the

sample to about 2 by adding 1:1 diluted
HCI while stirring vigorously. If the
sample contains free or combined
chlorine, add 35 mg of sodium
thiosulfate per part per million of free
chlorine per liter of sample. Fill a 40 ml
sample bottle in such a manner that no
air bubbles pass through the sample as
the bottle is being filled. Seal the bottle
so that no air bubbles are entrapped in
it. Maintain the hermetic seal on the
sample bottle until time of analysis.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction.

8.3 All samples must be analyzed
within 7 days of collection.

9. Sample Extraction and Gas
Chromatography.

9.1 Adjust the purge gas [nitrogen or
helium) flow rate to 40 ml/min. Attach
the trap inlet to the purging device, and
set the device to purge. Open the syringe
valve located on the purging device
sample introduction needle.

9.2 Remove the plunger from a 5 ml
syringe and attach a closed syringe
valve. Open the sample bottle (or
standard) and carefully pour the water
into the syringe barrel until it overflows.
Replace the syringe plunger and
compress the sample. Open the s
valve and vent any residual air while
adjusting the sample volume to 5.0 ml.
Since this process of taking an aliquot
destroys the validity of the sample for
future analysis, the analyst should fill a
second syringe at this time to protect
against possible loss of data. Add the
surrogate spiking solution (7.3) through
the valve bore, then close the valve.

9.3 Attach the syringe-syringe valve
assembly to the syringe valve on the
purging device. Open the syringe valves
and inject the sample into the purging
chamber,

9.4 Close both valves and purge the
sample for 12.0 + .05 minutes.

9.5 After the 12 minute purge time,
disconnect the purge chamber from the
trap. Dry the trap by maintaining a flow
rate of 40 cc/min dry purge gas for 6
min. Attach the trap to the
chromatograph, and adjust the device to
the desorb mode, Introduce the trapped
materials to the GC column by rapidly
heating the trap to 180°C while

backflushing the trap with an inert gas
between 20 and 60 ml/min for 4 minutes.
If rapid heating cannot be achieved, the
gas chromatographic column must be
used as a secondary trap by cooling it to
30°C (or subambient, if problems persist)
instead of the initial program
temperature of 50°C.

9.6 While the trap is being desorbed
into the gas chromatograph, empty the
purging chamber using the sample
introduction syringe. Wash the chamber
with two 5 ml flushes of organic-free
water.

9.7 After desorbing the sample for
approximately four minutes recondition
the trap by returning the purge and trap
device to the purge mode. Wait 15
seconds then close the syringe valve on
the purging device to begin gas flow
through the trap, Maintain the trap
temperature at 180°C. After
approximately seven minutes turn off
the trap heater and open the syringe
valve to stop the gas flow through the
trap. When cool the trap is ready for the
next sample.

9.8 Table 1 summarized the
recommended gas chromatographic
column material and operating
conditions for the instrument. Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. An example of
the separation achieved by this column
is shown in Figure 5. Calibrate the
system daily by analysis of a minimum
of three concentration levels of
calibration standards.

10. Calculations.

10.1 Determine the concentration of
individual compounds directly from
calibrations plots of concentration (ug/l)
vs. peak height or area units.

10.2 Report results in micrograms per
liter. When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

11. Accuracy and Precision. The U.S.
EPA Environmental Monitoring and
Support Laboratory in Cincinnati is in
the process of conducting an
interlaboratory method study to
determine the accuracy and precision of
this test procedure,
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Tabie 1.—Chromatography of Aromatics Using
Purge and Trap Method
Compound Retention  Delaction
time (min.) limit
Col. 11 uo/t *
B 3.33 (&)
Toluene 575 o
Ethyl B.25 (%)
CHIOODOTIZANG ..c..ovesiersiconssssanmsinsasmnss 9147 (5]
1.4-Di 168 ™
1,3:Di 18.2 (6]
1,2-Dichic 259 &)

! Supelcoport 100/120. mesh coated with 5% SP-2100 and
1.75% Bentone-34 packed in'a 6 f.. x 0.085 in ID stainless
steel column with helium carrier gas ‘at 36 cc/min flow rate.
Column temperature held at 50°C for 2 min. then pro-
prammed at 6*C/min. 1o 80°C fora final hold.

D jon #mit is calculated from the minimum detectable
GC response being equal to five times the GC background
noise, using @ h-nu Model P1-51-02 photoionization detector
with & 10.2 ev lamp.

*Not determined.
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Figure 5. Gas chromatogram of purgeable aromatics

Acrolein and Acrylonitrile—Method 603

1. Scope and Application.

11 This method covers the
determination of acrolein and
acrylonitrile. The following parameters
may be determined by this method:

Parameter Storet No.
Acrolein 34210
Acrylonitrile 32415

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest, If the user is
altempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
usually dependent upon the level of
interferences rather than instrumental
limitations. The limits of detection listed
in Table 1 represent sensitivities that
can be achieved in wastewaters under
optimum operating conditions.

14 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.

21 An inert gas is bubbled through a
5 ml water sample contained in a
specially-designed heated purging
chamber. Acrolein and acrylonitrile are
transferred from the aqueous phase to
the vapor phase. The vapor is passed
through a short sorbent tube where the
compounds are trapped. After the
extraction is completed, the trap is
heated and backflushed with gas to
desorb the compounds into a gas
chromatographic system. A temperature
program is used in the GC system to
separate the compounds before
detection with a flame ionization
detector.

3. Interferences.

3.1 Impurities in the purge gas and
organic compounds out-gasing from the
plumbing ahead of the trap account for’
the majority of contamination problems.
The analytical system must be
demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Method blanks are run by charging the
purging device with organic-free water
and analyzing it in a normal manner.
The use of non-TFE plastic tubing, non-
TFE thread sealants, or flow controllers
with rubber components in the purging
device should be avoided.
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3.2 Samples can be contaminated by
diffusion of volatile organics
(particularly methylene chloride)
through the septum seal into the sample
during shipment and storage, A sample
blank prepared from organic-free water
and carried through the sampling and
handling protocol can serve as a check
on such contamination.

3.3 Cross contamination can occur
whenever high level and low level
samples are sequentially analyzed. To
reduce the likelihood of this, the purging
device and sample syringe should be
rinsed out twice between samples with
organic-free water. Whenever an
unusually concentrated sample is
encountered, it should be followed by an
analysis of organic-free water to check
for cross-contamination. For samples
containing large amounts of water
soluble materials, suspended solids,
high boiling compounds or high
organohalide levels-it may be necessary
to wash out the purging device with a
soap solution, rinse with distilled water,
and then dry in a 105° C oven between
analyses.

3.4 Interferences are sometimes
reduced or eliminated by first purging
the water samples for 5 minutes at room
temperature in 9.4. Then the purge
device is rapidly heated to 85° C and
purged as in 9.4. With such a
modification, approximately 5 to 10% of
the acrylonitrile and a trace of the
acrolein in the sample will be lost.
Therefore, calibration must be
established for the compounds under the
conditions of this modified procedure.

4, Apparatus and Materials.

41 Sampling equipment, for discrete
sampling.

411 Vial, with cap—40 ml capacity
screw cap (Pierce #13075 or equivalent).
Detergent wash and dry at 105° C before
use,

41.2 Septum-Teflon-faced silicone
(Pierce #12722 or equivalent). Detergent
wash, rinse with tap and distilled water,
and dry at 105° C for one hour before
use.

4.2 Purge and trap device—The
purge and trap equipment consists of
three separate pieces of apparatus: the
purging device, trap, and desorber. The
purging device should be equipped for
heating in the same manner as the trap
(electrically) or with a circulating water
jacket. If electrical heating is used the
_ electrical parts must be protected so
that water will not drip on the
conductors, causing dangerous electrical
shock or shorts. All temperature
parameters must be carefully controlled.
Several complete devices are available
commercially although most are not
equipped to heat the purging chamber.
The device must meet the following

specifications: the unit must be
completely compatible with the gas
chromatographic system; the purging
chamber must be designed for a 5 ml
volume and be modeled after Figure 1;
the dimensions for the sorbant portion
of the trap must meet or exceed those in
figure 2. Figures 3 and 4 illustrate the
complete system in the purge and the
desorb mode.

4.3 Gas chromatograph—Analytical
system complete with programmable gas
chromatograph suitable for on-column
injection, equipped with matched
columns for dual column analysis and a
differential flame ionization detector. A
nitrogen specific detector (thermionic or
Hall) may be used if only acrylonitrile is
to be detected. Required accessories
include: column supplies, recorder, and
gases. A data system for measuring
peak areas is recommended.

44 Syringes—5-ml glass hypodermic
with luerlok tip (2 each).

4.5 Micro syringes—10, 25, 100 ul.

46 2-way syringe valve with Luer
ends (3 each).

4.7 Bottle—15-ml screw-cap, with
Teflon cap liner.

5. Reagents.

5.1 Preservatives

5.1.1 Sodium hydroxide—(ACS) 10 N
in distilled water.

51.2. Sulfuric acid—(ACS). Mix
equal volumes of conc. H:SO, with
distilled water.

51.3 Sodium thiosulfate—{ACS)
Granular.

5.2 Trap absorbent—Porous polymer
packing, 50/80 mesh chromatographic
grade Porapak N.

5.3 Activated carbon—Filtrasorb-200
(Calgon Corp.) or equivalent.

5.4 Organic-free water.

541 Organic-free water is defined
as water free of interference when
employed in the purge and trap
procedure described herein. It is
generated by passing tap water through
a carbon filter bed containing about 1 1b.
of activated carbon.

54.2 A water purification system
(Millipore Super-Q or equivalent) may
be used to generate organic-free
deionized water.

5.4.3 Organic-free water may also be
prepared by boiling water for 15
minutes. Subsequently, while
maintaining the temperature at 90° C,
bubble a contaminant-free inert gas
through the water for one hour. While
still hot, transfer the water to a narrow
mouth screw cap bottle and seal with a
Teflon lined septum and cap.

5.5 Stock standards—Prepare stock
standard solutions daily in water using
assayed standards. Because of toxicity,
primary dilutions of these materials
should be prepared in a hood. A

NIOSH/MESA approved toxic gas
respirator should be used when the
analyst handles high concentrations of
the materials.

5.51 Place about 9.8 ml of water(pH
6.5 to 7.5) into a 10 ml ground glass
stoppered volumetric flask. Allow the
flask to stand, unstoppered, for about 10
minutes or until all water wetted
surfaces have dried. Weigh the flask to
the nearest 0.1 mg.

5.5.2 Using a 100 ul syringe,
immediately add 2 drops of assayed
reference material to the flagk, then
reweigh. Be sure that the 2 drops fall
directly into the water without
contacting the neck of the flask.

5.5.3 Dilute to volume, stopper, then
mix by inverting the flask several times.
Transfer the standard solution to a 15 m|
screw-cap bottle with a Teflon cap liner.

5.5.4 Calculate the concentration in
micrograms per microliter from the net
gain in weight. '

6. Calibration.

6.1 Using stock standards, prepare
secondary dilution standards in water.
The standards should be prepared at
concentrations such that the agueous
standards prepared in 6.2 will
completely bracket the working range of
the chromatographic system,

6.2 Using secondary dilution
standards, prepare calibration
standards by carefully adding 20 ul of
stock standard to 100, 500, or 1000 ml of
organic-free water.

6.3 Assemble the necessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table 1.
By injecting secondary dilution
standards, establish the sensitivity limit
and the linear range of the analytical
system for each compound.

6.4 Assemble the necessary purge
and trap device. The trap must meet the
minimum specifications as shown in
Figure 2 to achieve satisfactory results.
Condition the trap overnight at 180° C
by backflushing with an inert gas flow
of at least 20 mi/min. Prior to use, daily
condition traps 10 minutes while
backflushing at 180° C. Analyze aqueous
calibration standards (6.2} according to
the purge and trap procedure in Section
9. Compare the responses to those
obtained by injection of standards (6.3),
to determine purging efficiency and also
to calculate analytical precision. The
purging efficiencies and analytical
precision of the analysis of agueous
standards should be 85+-5% for acrolein
and 98+5% for acrylonitrile.

6.5 By analyzing calibration
standards, establish the sensitivity limit
and linear range of the entire analytical
system for each compound.
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7. Quelity Control,

7.1 Before processing any samples,
the analyst should demonstrate daily
through the analysis of an organic-free
water method blank that the entire
analytical system is interference-free.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.

Fortified samples should be analyzed to -

validate the accuracy of the analysis.
Where doubt exists over the -
identification of a peak on the gas
chromatogram, confirmatory techniques
such as mass spectroscopy should be
used.

7.3 The analyst should maintain
constant surveillance of both the
performance of the analytical system
and the effectiveness of the method in
dealing with each sample matrix by
spiking each sample, standard and
blank with surrogate compounds.

8. Sample Collection, Preservation,
and Handling.

8.1 Collect about 500 ml sample in a
clean container. Adjust the pH of the
sample to 8.5 to 7.5 by adding 1:1 diluted
H,50, or NaOH while stirring
vigorously. If the sample contains
residual chlorine, add 35 mg of sodium
thiosulfate per part per million of free
chlorine per liter of sample. Fill a 40 ml
sample bottle and seal the bottle so that
no air bubbles are entrapped in it.
Maintain the hermetic seal on the
sample bottle until time of analysis.

8.2 The samples must be iced or
refrigerated at 4°C from the time of
collection until extraction,

8.3 All samples must be analyzed
within 3 days of collection.

9. Sample Extraction and Gas
Chromatography.

9.1 Adjust the helium purge gas flow
rate to 2041 ml/min and the
temperature of the purge device to 85°C.
Attach the trap inlet to the purging
device, and set the device to purge.
Open the syringe valve located on the
purging device sample introduction
needle.

9.2 Remove the plunger from a 5 ml
syringe and attach a closed syringe
valve. Open the sample bottle (or
standard) and carefully pour the water
into the syringe barrel until it oveflows.
Replace the syringe plunger and
compress the sample. Open the syringe
valve and vent any residual air while
adjusting the sample volume to 5.0 ml.

9.3 Attach the syringe-syringe valve
assembly to the syringe valve on the

purging device. Open the syringe valves
and inject the sample into the purging
chamber.

9.4 Close both valves and purge the
sample for 30.0-£0.1 minutes. Monitor
and control the temperature of the purge
device to obtain 85+1°C.

9.5 After the 30-minute purge time,
attach the trap to the chromatograph,
and adjust the device to the desorb
mode. Introduce the trapped materials to
the GC column by rapidly hearing the
trap to 170°C while backflushing the trap
with helium at 45 ml/min for 5 minutes.
The backflushing time and gas flow rate
must be carefully reproduced from
sample to sample. During blackflushing
the chromatographic column is held at
100°C. Record GC retention time from
the beginning of desorption.

9.6 While the trap is being desorbed
into the gas chromatograph, empty the
purging chamber using the sample .
introduction syringe. Wash the chamber
with two 5 ml flushes of organic-free
water.

9.7 After desorbing the sample for 5
minutes recondition the trap by
returning the purge and trap device to
the purge mode and begin the GC
progrm. Wait 15 seconds then close the
syringe valve on the purging device to
begin gas flow through the trap.
Maintain the trap temperature at 170°C.
After approximately seven minutes turn
off the trap heater and open the syringe
valve to stop the gas flow through the
trap. when cool the trap is ready for the
next sample.

9.8 Table 1 summarizes some
recommended gas chromatographic
column materials and operating
conditions for the instrument. Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. An example of
the separation achieved by this column
is shown in Figure 5. Calibrate the
system daily by analysis of a minimum
of three concentrations levels of
calibration standards.

10. Calculations.

10.1 Determine the concentration of
individual compounds directly from
calibrations plots of concentration (ug/l)
vs. peak height or area units.

10.2 Report results in micrograms per
liter. When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

11. Accuracy and precision

The U.S. EPA Environmental
Monitoring and Support Laboratory in
Cincinnati is in the process of
conducting an interlaboratory method
study to determine the accuracy and
precision of this test procedure.
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Table 1,—Gas Chromatography by Heated Purge
and Trap

Retention
Time (min)

Detection
Limit ug/1 2

LYo B — 78 2
Acrylonitrile .............. 89

'Column conditions: Chwvomosorb 101 80/100° mesh
packed in @ 6’ x %" 0.D. stainiess steel column with helium
carmior gas at 45 m1/min flow rate. Column temperature is
held at 100° C for 5 minutes during trap desorption, then pro-
grammed at 10 * G/min to 140 *C and held for 5 minutes.

*Dy jon limit is estimated, based upon the use of a
flame ionization datector.
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Figure 3. Gas chromatogram of acrolein and acrylonitrile

Phenols—Method 604

1. Scope and Application.

1.1 This method covers the
determination of various phenolic
compounds. The following parameters
may be determined by this method:
Parameter Storet No.

2,4.8-TACNIOIOPNONON ...

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
usually dependent upon the level of

interferences rather than instrumenta|
limitations. The limits of detection listeq
in Table I represent sensitivities that
can be achieved in wastewaters with 3
flame ionization detector in the absence
of interferences. If the derivatization
cleanup is required, the sensitivity of the
method is 10 ug/1. This concentration
represents the minimum amount proven
to date to give reproducible and linear
response during derivatization.

1.4 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.,

21 A 1-liter sample of wastewater ig
acidified and extracted with methylene
chloride using separatory funnel
techniques. The extract is dried and
concentrated to a volume of 10 ml or
less. Flame ionization gas
chromatographic conditions are
described which allow for the
measurement of the compounds in the
extract.

2.2 The method also provides
for the preparation of
pentafluorobenzylbromide {(PFB)
derivatives for electron capture gas
chromatography with additional cleanup
procedures to aid the analyst in the
elimination of interferences.

3. Interferences.

3.1 Solvents, reagents, glassware,
and other sample processing hardware
may yield discrete artifacts and/or
elevated baselines causing
misinterpretation of gas chromatograms.
All of these materials must be
demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Specific selection of reagents and
purification of solvents by distillation in
all-glass systems may be required.

3.2 Interferences coextracted from
the samples will vary considerably from
source to source, depending upon the
diversity of the industrial complex or
municipality being sampled. While
general cleanup techniques are provided
as part of this method, unique samples
may require additional cleanup
approaches to achieve the sensitivities
stated in Table I.
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4, Apparatus and Materials.

41 Sampling equipment, for discrete
or composite sampling.

411 Grab sample bottle—amber
glass, 1-liter or 1-quart volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

4.1.2 Bottle caps—Threaded to screw
on to the sample bottles. Caps must be
lined with Teflon.

41.3 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the collection of a
minumum of 250 ml. Sample containers
must be kept refrigerated during
sampling. No tygon or rubber tubing
may be used in this system.

4.2 Separatory funnel—2000 ml, with
Teflon stopcock.

4.3 Drying column—20 mm ID Pyrex
chromatographic column with coarse
frit.

4.4. Kuderna-Danish (K-D)
Apparatus

44.1 Concentrator tube—10 ml,
graduated (Kontes K-570050-1025 or
equivalent). Calibration must be
checked. Ground glass stopper (size 19/
22 joint) is used to prevent evaporation
of extracts.

44.2 Evaporative flask—500 ml
(Kontes K~57001-0500 or equivalent).
Attach to concentrator tube with
springs. (Kontes K-662750-0012).

4.4.3 Snyder column—three-ball
macro (Kontes K-503000-0121 or
equivalent).

44.4 Snyder column—two-ball micro
(Kontes K-569001-0219 or equivalent).

445 Boiling chips—solvent
extracted, approximately 10/40 mesh.

45 Water bath—Heated, with
concentric ring cover, capable of
temperature control (#2°C). The bath
should be used in a hood.

46 Gas chromatograph—Analytical
system complete with gas
chromatograph suitable for on-column
injection and all required accessories
including flame ionization and electron
capture detector, column supplies,
recorder, gases, syringes. A data system
for measuring peak areas is
recommended.

47 Chromatographic column—10
mm ID by 100 mm length, with Teflon
stopcock.

48 Reaction vial—20 ml, with
Teflon-lined cap.

5. Reagents.

5.1 Preservatives:

5.1.1 Sodium hydroxide—(ACS) 10 N
in distilled water.

5.1.2 Sulfuric acid—(1+1) Mix equal
volumes of conc. H:SO, (ACS) with
distilled water.

5.1.3 Sodium thiosulfate—(ACS)
Granular,

5.2 Methylene chloride, acetone, 2-
propanol, hexane, toluene—Pesticide
quality or equivalent.

5.3 Sodium sulfate—{ACS) Granular,
anhydrous (purified by heating at 400° C
for 4 hrs. in a shallow tray).

5.4 Stock standards—Prepare stock
standard solutions at a concentration of
1.00 pg/pl by dissolving 0.100 grams of
assayed reference material in pesticide
quality 2-propanol and diluting to
volume in a 100 ml ground glass
stoppered volumetric flask. The stock
solution is transferred to ground glass
stoppered reagent bottles, stored in a
refrigerator, and checked frequently for
signs of degradation or evaporation,
especially just prior to preparing
working standards from them.

5.5 Sulfuric acid—(ACS)1 N in
distilled water.

5.6 Potassium carbonate—(ACS)
powdered.

5.7 Pentafluorobenzyl bromide (a-
Bromopentafluorotoluene)—97%
minimum purity.

58 1,4,7,10,13,16—
Hexaoxacyclooctadecane (18 crown
6)—98% minimum purity.

5.9 Derivatization reagent—Add 1 ml
pentafluorobenzyl bromide and 1 gram
18 crown 6 to a 50 ml volumetric flask
and dilute to volume with 2-propanol.
Prepare fresh weekly.

5.10 Silica gel—(ACS) 100/200 mesh,
grade 923; activated at 130°C and stored
in a sesiccator.

6. Calibration.

8.1 Prepare calibration standards for
the flame ionization detector that
contain the compounds of interest,
either singly or mixed together. The
standards should be prepared at
concentrations covering two or more
orders of magnitude that will completely
bracket the working range of the
chromatographic system. If the
sensitivity of the detection system can
be calculated from Table I as 100 pg/l in
the final extract, for example, prepare
standards at 10 pg/l, 50 pg/l, 100 pg/l,
500 pg/l, etc. so that injections of 1-5 pl
of each calibration standard will define
the linearity of the detector in the
working range.

6.2 Assemble the necessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table I
By injecting calibration standards,
establish the sensitivity limit of the
detector and the linear range of the
analytical system for each compound.

6.3 Before using the derivatization
clean up procedure, the analyst must
process a series of calibration standards
through the procedure to validate the
precision of the derivatization and the
absence of interferences from the
reagents.

7. Quality Control.

7.1 Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water method
blank, that all glassware and reagents
are interference-free. Each time a set of
samples is extracted or there is a change
in reagents, a method blank should be
processed as a safeguard against
chronic laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
identification of a peak on the
chromatogram, confirmatory techniques
such as mass spectroscopy,should be
used.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers. Conventional
sampling practices should be followed,
except that the bottle must not be
prewashed with sample before
collection. Composite samples should be
collected in refrigerated glass containers
in accordance with the requirements of
the program. Automatic sampling
equipment must be free of tygon and
other potential sources of
contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. At the sampling
location fill the glass container with
sample. Add 35 mg of sodium thiosulfate
per part per million free chlorine per
liter. Adjust the sample pH to
approximately 2, as measured by pH
paper, using appropriate sulfuric acid
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solution or 10N sodium hydroxide.
Record the volume of acid used on the
sample identification tag so the sample
volume can be corrected later.

8.3 All samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction.

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume. Pour
the entire sample into a two-liter
separatory funnel. Adjust the sample pH
to 12 with sodium hydroxide.

9.2 Add 60 ml methylene chloride to
the sample bottle, seal, and shake 30
seconds to rinse the inner walls.
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for one minute with
periodic venting to release vapor
pressure. Allow the organic layer to
separate from the water phase for a
minimum of ten minutes. If the emulsion
interface between layers is more than
one-third the size of the solvent layer,
the analyst must employ mechnical
techniques to complete the phase
separation. The optimum technique
depends upon the sample, but may
include stirring, filtration of the
emulsion through glass wool, or
centrifugation. Discard the methylene
chloride layer, and wash the sample
with an additional two 60 ml portions of
methylene chloride in similar fashion.

9.3 Adjust the aqueous layer to a pH
of 1-2 with sulfuric acid.

9.4 Add 60 ml of methylene chloride
to the sample and shake for two
minutes. Allow the solvent to separate
from the sample and collect the
methylene chloride in a 250 ml
Erlenmeyer flask.

9.5 Add a second 60 ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure a
second time, combining the extracts in
the Erlenmeyer flask.

9.6 Perform a third extraction in the
same manner. Pour the combined
extract the through a drying column
containing 3—4 inches of anhydrous
sodium sulfate, and collect it in a 500-ml
Kuderna-Danish (K-D) flask equipped
with a 10 ml concentrator tube. Rinse
the Erlenmeyer flask and column with
20-30 ml methylene chloride to complete
the quantitative transfer.

9.7 Add 1-2 clean boiling chips to
the flask and attach a three-ball Snyder
column. Prewet the Snyder column by
adding about 1 ml methylene chloride to
the top. Place the K-D apparatus on a
hot water bath (60-65°C) so that the
concentrator tube is partially immersed
in the hot water, and the entire lower
rounded surface of the flask is bathed in
vapor. Adjust the vertical position of the

appartus and the water temperature as
required to complete the concentration
in 15-20 minutes. At the proper rate of
distillation the balls of the column will
actively chatter but the chambers will
not flood. When the apparent volume of
liquid reaches 1 ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling.

9.8 Increase the temperature of the
hot water bath to 95-100°C. Remove the
Snyder column and rinse the flask and
its lower joint into the concentrator tube
with 1-2 ml of 2-propanol. A 5-ml
syringe is recommended for this
operation. Attach a micro-Snyder
column to the concentrator tube and
prewet the column by adding about 0.5
ml 2-propanol to the top. Place the
micro-K-D apparatus on the water bath
so that the concentrator tube is partially
immersed in the hot water. Adjust the
vertical position of the apparatus and
the water temperature as required to
complete concentration in 5-10 minutes.
At the proper rate of distillation, the
balls of the column will actively chatter
but the chambers will not flood. When
the apparent volume of the liquid
reaches 2.5 ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling. Add an
additional 2 ml of 2-propanol through
the top of the micro-Snyder column and
resume concentrating as before. When
the apparent volume of liquid reaches
0.5 ml, remove the K-D apparatus and
allow it to drain for at least 10 minutes
while cooling. Remove the micro-Snyder
column and rinse its lower joint into the
concentrator tube with a minimum
amount of 2-propanol. Adjust the extract
volume to 1.0 ml. Stopper the
concentrator tube and store in
refrigerator, if further processing will not
be performed immediately. If the sample
extract requires no further cleanup,
proceed with flame ionization gas
chromatographic analysis, If the sample
requires cleanup, proceed to section 11.

9.9 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
1000 ml graduated cylinder. After
correction for sulfuric acid preservative,
record the sample volume to the nearest
5ml
10. Gas Chromatography-Flame
lonization Detector.

10.1 Table I summarizes some
recommended gas chromatographic
column materials and operating
conditions for the instrument. Included
in this table are estimated rétention
times and sensitivities that should be
achieved by this method. An example of
the separation achieved by one of these
columns is shown in Figure 1. Calibrate
the gas chromatographic system daily

with a minimum of three injections of
calibration standards.

10.2 Inject 2-5 ul of the sample
extract using the solvent-flush
technigue. Smaller (1.0 ul) volumes can
be injected if automatic devices are
employed. Record the volume injected to
the nearest 0.05 pl, and the resulting
peak size, in area units.

10.3 If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

10.4 If the peak area measurement is
prevented by the presence of
interferences, the phenols must be
derivatized and analyzed by electron
capture gas chromatography.

11. Derivatization and Electron
Capture Gas Chromatography.

11.1 Pipet a 1.0 ml aliquot of the 2-
propanol solution of standard or sample
extract into a glass reaction vial. Add
1.0 ml derivatization reagent. This is a
sufficient amount of reagent to
derivatize a solution whose total
phenolic content does not exceed 0.3
mg/ml

11.2 Add about 3 mg of potassium
carbonate to the solution and shake
gently.

11.3 Cap the mixture and heat it for 4
hours at 80°C in a hot water bath.

11.4 Remove the solution from the
hot water bath and allow it to cool.

11.5 Add 10 ml hexane to the
reaction vial and shake vigorously for
one minute. Add 3.0 ml of distilled,
deionized water to the reaction vial and
shake for two minutes.

11.6 Decant organic layer into a
concentrator tube and cap with a glass
stopper.

11.7 Pack a 10 mm ID
chrematographic column with 4.0 grams
of activated silica gel. After settling the
silica gel by tapping the column, add
about two grams of anhydrous sodium
sulfate to the top.

11.8 Pre-elute the column with 6 ml
hexane. Discard the eluate and just prior
to exposure of the sulfate layer to air,
pipet onto the column 2.0 ml of the
hexane solution (11.8) that contains the
derivatized sample or standard. Elute
the column with 10.0 ml of hexane
(Fraction 1) and discard this fraction.
Elute the column, in order, with: 10.0 ml
15% toluene in hexane (Fraction 2J; 10.0
ml 40% toluene in hexane (Fraction 3);
10.0 ml 75% toluene in hexane (Fraction
4); and 10.0 ml 15% 2-propanol in toluene
(Fraction 5). Elution patterns for the
phenolic derivatives are shown in Table
IL. Fractions may be combined as
desired, depending upon the specific
phenols of interest or level of
interferences.

11.9 Analyze the fractions by
electron capture gas chromatography.




.

Federal Register / Vol. 44, No. 233 / Monday, December 3, 1979 / Proposed Rules

69487

Table Il summarizes some
recommended gas chromatographic
column materials and operating
conditions for the instrument. Included
in this table are estimated retention
times that should be achieved by this
method. Examples of the separation
achieved by this column is shown in
Figure 2. Calibrate the system daily with
a minimum of three aliquots of
calibration standards, containing each
of the phenols of interest that are
derivatized according to the procedure.

11.10 Inject 2-5 pl of the column
fractions using the solvent-flush
technique."Smaller (1.0 pl) volumes can
be injected if automatic devices are
employed. Record the volume injected to
the nearest 0.05 pl, and the resulting
peak size, in area units. If the peak area
exceeds the linear range of the system,
dilute the extract and reanalyze.

12. Caleulations

121 Determine the concentration of
individual compounds measured by the
flame ionization procedure (without
derivatization) according to the formula:

1 BB V)
™) (V)

Cor

Where:

A = Calibration factor for chromatographic
system, in nanograms material per area
unit.

B = Peak size in injection of sample extract,
in area units

V, = Volume of extract injected (ul)

V, = Volume of total extract (ul)

V, = Volume of water extracted (ul)

12.2 Determine the concentration of
individual compounds measured by the
derivatization and electron capture
procedure according to the following
procedure:

12.21 From the concentration of the
calibration standards that were
derivatized with the samples, calculate
the amounts, in nanograms, of
underivatized phenols that were added
as 2-propanol solution (11.1). From the
size of the injection into the electron
capture gas chromatograph, determine
the nanograms of material (calculated as

the underivatized phenol) injected onto
the column. Compare the detector
responses obtained to develop a
calibration factor for the
chromatographic system, in nanograms
of material per area unit.

12.2.2 Determine the concentration
of individual compounds according to
the formula:

(ANBXV(10)(D)
(VI(VNCHE)

Ci ng/t=

Where:

A =Calibration factor for chromatographic
system, in nanograms material per area
unit, calculated as underivatized phenol

B=Peak size in injection of sample extract, in
area units.

V,=Volume of eluate injected (pl)

V,=Total volume of column eluate (ul)

V,=Volume of water extracted (ml)

C=Volume of hexane sample solution added
to cleanup column, in ml.

D=Total volume of 2-propanol extract after
concentration.

E=Volume of 2-propanol extract used for
derivatization.

12.3 Report results in micrograms per
liter without correction for recovery -
data. When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

13. Accuracy and Precision

13.1 The U.S. EPA Environmental

=

Monitoring and Support Laboratory in
Cincinnati is in the process of
conducting an interlaboratory method
study to determine the accuracy and
precision of this test procedure.

Bibliography

“Development and Application of Test
Procedures for Specific Organic Toxic
Substances in Wastewaters. Category 3—
Chlorinated Hydrocarbons and Category 8—
Phenols.” Report for EPA Contract 88-03-
2625 (In preparation).

Table I.— Flame lonization Gas Chromatography of
Phenols

Compound * Retention  Detection

time  limit (ug/L) ¥

2-Chiorophenol 1.70 20
2-Nitrophenol 2.00 25
Phenol 301 14
2,4-Dimethyiphenol 403 1.7
24-D phenol 4.30 21
2.4,6-Trichlorop | 6.05 5.0
voro-3-methyiphenol 750 83
24-Dinitrop | 10.00 70
2-Methyl-4,6-dinitrophencl................. & 10.24 10.0
P P 1242 10.0
4-Nitr i 2425 10.0

{Column conditions: Supeicoport 80/100 mesh coated with
1% SP-1240 DA in 6 ft longx2 mm ID giass column with ni-
woowwﬂamsn:ﬂmlmﬂowmntoﬁmmm
ture is 80°C at y at 8°C/min
|o|5o'cwmmm.

ction limit is calculated from the minimum detectable
GCrupombehgnnle&mmeGC
mmalowwmmmmxm
sample extract, and g a GC injection of §

Table Il.—Electron Capture Gas Chromatography of PFB Derivatives

Parent compound ' ime

Recovery percent by fraction ?

2 3 4 5

STBRRE8: 8

75

! Column conditions: Chromosorb W-AW-OMCS 80/100 mesh coated with 5% OV-17 packed in & 1.8 m long x 2.0 mm 1D

mmms%mmms% ugoncameroum:mnu/mﬂowm(e Columnlempemmmzooc.
L and Appli n of Test Procedures for Specific Organic Toxic Sub

*From: "D«
ries 3-Chi Hydrocarb and Category 8-Phenois."”

s. Catego-

 Retention times included for qualitative information only. The lack of accwacy and precision of the denvatization reaction

preciudes the use of this approach for quantitative purposes.
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Benzidines—Method 605

1. Scope and Apbplication.

1.1 This method covers the
determination of benzidine and selected
derivatives. The following parameters
may be determined by this method:

parameter: Storet No.
idiny 29120
34631

3,3-Dict

1.2 This method is applicable to the
measurement of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identifications implied
with the use of these techniques.

1.3 This sensitivity of this method is
usually dependent upon the level of
interferences rather than instrumental
limitations. The limits of detection listed
in Table I represent sensitivities that
can be achieved in wastewaters in the
absence of interferences.

1.4 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.

2.1 Benzidine and 3,3-
dichlorobenzidine (DCB) are extracted
from the sample at pH 7-8 using
chloroform, The extract is then back
extracted into acid, re-extracted into
chlorofom at neutral pH, and
concentrated. The benzidines are
determined in the final extract using
high performance liquid chromatography
(HPLC) with electrochemical detection.

2.2 If interferences are encountered
with the measurement of benzidine, the
method provides additional detector
settings to increase the selectivity of the
analytical system.

3. Interferences.

3.1 Although the detection system is
highly selective, solvents, reagents,
glassware, and other sample processing
hardware may yield discrete artifacts
and/or elevated baselines causing
misinterpretation of chromatograms. All
of these materials must be demonstrated
to be free from interferences under the
conditions of the analysis. Specific
selection of reagents and purification of
solvents by distillation in all-glass
systems may be required.

3.2 Interferences coextracted from
the samples will vary considerably from
source to source, depending upon the
diversity of the industrial complex or

municipality being sampled. While
general cleanup techniques are provided
as part of this method, unique samples
may require additional cleanup
approaches to achieve the sensitivities
stated in Table I,

3.3 Some dye plant effluents contain
large amounts of components with
retention times in the vicinity of
benzidine. In these cases, it has been
found useful to reduce the electrode
potential in order to eliminate the
interferences but still detect the
benzidine.

4. Apparatus and Materials.

41 Sampling equipment, for discrete
or composite sampling.

41.1 Grab sample bottle—amber
glass, 1-pint or 1-quart volume, Quart
bottles should be only half filled in the
field. French or Boston Round design is
recommended. The container should be
washed and solvent rinsed before use to
minimize interferences,

4.1.2 Bottle caps—Threaded to screw
on to the sample bottles. Caps must be
lined with Teflon. Foil may be
substituted if the sample is not
corrosive.

41.3 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the collection of a
minimum of 250 ml. Sample containers
must be kept refrigerated during
sampling. No tygon or rubber tubing or
fittings may be used in the system.

4,2 Separatory funnel—1000 ml and
250 ml, with Teflon stopcock.

4.3 Water bath—Heated, with
concentric ring cover, capable of
temperature control within 2°C, The
bath should be used in a hood.

4.4 Rotating evaporator.

4.5 Flasks—round bottom, 100 mi,
with 24/40 joints.

46 Centrifuge tubes—conical, screw
capped, graduated, with Teflon lined
caps.

4.7 Pipettes—Pasteur, with bulbs.

4.8 High performance liquid
chromatograph—Analytical system
complete with column supplies,
recorder, syringes, and the following
components:

481 Solvent delivery system—with
pulse damper (Altex 110A, or
equivalent),

4.8.2 Injection valve Waters Model
USK (or equivalent).

483 Electrochemical detector
Bioanalytical Systems LC-2A with
glassy carbon electrode, (or equivalent).

4.8.4 FElectrode polishing kit
Princeton Applied Research Model 9320
(or equivalent).

5. Reagents.

5.1 Preservatives:

5.1.1 Sodium hydroxide—(ACS) 10N
in distilled water.

5.1.2 Sulfuric acid—{ACS) Mix equal
volumes in conc. H.SO, with distilled
water.

5.1.3 Sodium thiosulfate—(ACS)
granular,

5.2 Sulfuric acid (IM)}—(ACS) 58 ml/
liter in distilled water.

5.3 Sodium hydroxide (20%)}—{ACS)
20 grams/100 ml in distilled water.

5.4 Sodium hydroxide (IM}—{ACS)
40 grams/liter in distilled water.

5.5 Sodium tribasic phosphate
(0.4aM)—{ACS) 160 grams NasPO,
(12H:0) in 1 liter of distilled water.

5.8 Acetate buffer 0.1M, pH 4.7; 5.8
mls glacial acetic acid (ACS) and 13.6
grams of sodium acetate trihydrate
(ACS) per liter in distilled water.

5.7 Acetonitrile—Pesticide quality or
equivalent.

5.8 Methyl alcohol—Pesticide
quality or equivalent.

5.9 Chloroform (preserved with 1%
ETOH)—Burdick and Jackson (or
equivalent).

510 Water—Purified (e.g. from
Millipore RO—4 System or equivalent).

511 HPLC mobile phase—Place 1
liter of filtered (through Millipore type
FH filter, or equivalent) acetonitrile and
1 liter of filtered (through Millipore type
GS filter, or equivalent) acetate buffer in
a narrow mouth, glass, one gallon jug
and mix thoroughly. Prepare fresh
weekly.

512 Stock standards—Prepare stock
standard solutions at a concentration of
0.100 ug/pl by dissolving 0.0100 gram of
assayed reference material in pesticide
quality methyl alcohol and diluting to
volume in a 100 ml ground glass
stoppered volumetric flask. The stock
solution is transferred to ground glass
stoppered reagent bottles, stored in a
refrigerator, and checked frequently for
signs of degradation or evaporation,
especially just prior to preparing
working standards from them.

6. Calibration.

6.1 Prepare calibration standards
that contain the compounds of interest,
either singly or mixed together. The
standards should be prepared from the
stock standards at the following
concentrations that will bracket the
working range of the chromatographic
system:

Solution Conc. (ng/pl) Sensitivity (nA Full Scale)

10
10
50
100
500

6.2 Assemble the necessary liquid
chromatographic apparatus and
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establish operating parameters
equivalent to those indicated in Table L.

6.3 A constanl! injection volume of 25
microliters should be employed for all
subsequent measurements.

6.4 In order to determine the
precision of the HPLC system, a series
of 6 replicate injections of a 1 ng/ul
solution of benzidine and 3,3'-
dichlorobenzidine (DCB) should be
made on the 50nA full scale setting, A
precision of 4% should be achieved for
the peak heights of both benzidine and
DCB. This measurement should be made
every few weeks or whenever
instrument related problems are
apparent, A sample chromatogram is
shown in Figure 1.

6.5 Retention times should remain -
relatively constant (within 5% day to
day) with benzidine being 6.1 minutes
and DCB being 12.1 minutes under the
specified conditions. These values
should be checked daily when the
calibration injections are made.

6.6 If serious loss of response occurs,
it may be necessary to polish the surface
of the carbon electrode (according to the
instructions supplied with the polishing
kit). In this case, it will be necessary to
recalibrate the system.

6.7 When leaving the instrument
idle, it is advisable to maintain a flow of
0.1 ml/min of mobile phase through the
HPLC column in order to prolong -
column life,

7. Quality Control.

" 731 Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water blank,
that all glassware and reagents are
interference-free. Each time a set of
samples is extracted or there is a change
in reagents, a method blank should be
processed as a safeguard against
laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
identification of a peak on the
chromatogram, confirmatory techniques
such as mass spectroscopy should be
used.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers. Conventional
sampling practices should be followed,
except that the bottle must not be
prewashed with sample before
collection. Composite sampies should be
collected in refrigerated glass containers

in accordance with the requirements of
the program. Automatic sampling
equipment must be free of tygon and
other potential sources of
contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
to extraction. Benzidine and
dichlorobenzidine are easily oxidized by
materials such as free chlorine. For
chlorinated wastes, immediately add 35
mg sodium thiosulfate per part per
million of free chlorine per liter.

8.3 If1,2-diphenylhydrazine is likely
to be present, adjust the pH of the
sample to 4 £0.2 units to prevent
rearrangement to benzidine. Otherwise,
if the samples will not be extracted
within 48 hours of collection, the sample
pH should be adjusted to 2-3 with
sodium hydroxide or sulfuric acid.

8.4 All samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction.

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume,
Quantitatively pour the entire sample”
into a one-liter separatory funnel. Check
the pH of the sample with wide-range
pH paper and adjust to within the range
of 8.5-7.5 with sodium hydroxide or
sulfuric acid.

9.2 Add 100 ml chloroform to the
sample bottle, seal, and shake 30
seconds to rinse the inner walls,
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for two minutes.
Allow the organic layer to separate from
the sample a minimum of ten minutes,
then collect the chloroform extract in a
250-ml separatory funnel.

9.3 Add 50 ml chloroform to the
sample bottle and complete the
extraction procedure a second time,
combining the extracts in the separatory
funnel. Perform a third extraction in the
same manner with an additional 50 ml
volume.

9.4 Discard any aqueous layer from
the 250 ml funnel containing the
combined organic layers. Add 25 ml of |
M sulfuric acid and extract the sample
by shaking the funnel for two minutes.
Transfer the aqueous layer to a 250 ml
beaker. Extract with two additional 25
m! portions of 1 M sulfuric acid and
combine the acid extracts in the beaker.

9.5 Place a stirbar in the 250 ml
beaker and stir the acid extract while
carefully adding 5 ml of a 4M sodium
tribasic phosphate. With the aid of a pH
meter neutralize the extract to pH 6-7 by
dropwise addition of 20 percent NaOH
while stirring the solution vigorously.
Approximately 25-30 ml of 20 percent
NaOH will be required and it should be

added over at least a 2-minute period.
Do not allow the sample pH ever to
exceed pH 8.

9.6 Pour the neutralized extract into
a 250 ml separatory funnel. Add 30 ml of
chloroform and shake the funnel for 2
minutes. Allow phases to separate, and
transfer the organic layer in a second
250 ml separatory funnel.

9.7 Extract the aqueous layer with
two additional 20 ml aliquots of
chloroform as before. Combine the
extracts in the 250 ml separatory funnel.

9.8 Add 20 ml of distilled water to
the combined organic layers, shake for
30 seconds, and discard agqueous layer,

9.9 Transfer the organic extract into
a 100 ml round bottom flask. Add 20 mi
of methyl alcohol and concentrate to 5
ml on a rotating evaporator at 35°C.

9.10 Using a 9-inch Pasteur pipette,
transfer the extract to a 15 ml conical
scew-capped centrifuge tube. Rinse the
flask, including the entire side wall, with
two ml portions of methyl alcohol and
combine with the original extract.

911 Carefully concentrate the
extract to 0.5 ml using a gentle stream of
nitrogen and a 30°C water bath, dilute to
2 ml with methyl alcohol, reconcentrate
to 1 ml, and dilute to 5 ml with acetate
buffer. Mix extract thoroughly. Stopper
the ampul and store refrigerated if
further processing with not be
performed immediately.

9.12 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
1000 ml graduated cylinder. Record the
sample volume to the nearest 5 ml.

10, Liquid Chromatography (HPLC).

10.1 Table I summarizes the
recommended liquid chromatographic
column material and operating
conditions for the instrument. Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. An eXample of
the separation achieved by this column
is shown in Figure 1. Calibrate the
system daily with a minimum of three
injections of calibration standards.

10.2 Inject 25 ul of the sample
extract, If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

10.3 If the peak area measurement
for benzidine is prevented by the
presence of interferences, reduce the
electrode potential to 0.7 V and
reanalyze.

11. Calculations. X

111 Determine the concentration of
individual compounds according to the
formula:
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(A) (B) (V)

Concenralion, wg/ l=
g Vi) (v

Where
A= Callbration factor for chromatographic
system, in nanograms material per unit

peak area.
B = Peak size in injection of sample extract,
in peak area units
= Volume of extract injected(ul)
V, = Volume of total extract (ul)
v, = Volume of water extracted (ml)

11.2 Report results in micrograms per
liter without correction for recovery
data. When duplicate and spiked
samples are analyzed, all data obtained
ghould be reported.

12. Accuracy and Precision.

121 The U.S. EPA Environmental
Monitioring and Support Laboratory in
Cincinnati is in the process of
conducting an interlaboratory method
study to determine the accuracy and
precision of this test procedure.
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“Development and Application of Test
Procedures for Specific Organic Toxic
Substances in Wastewaters Category 7—

Benzidines,” Report for EPA Contract 68—
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Table L.—Liguid Chromatography of Benzidines

Retention  Detection
Compound * time (min.) Kmit (g/1) *
Benzidin 6.1 0.08

3,3 dick ch 121 01

' Column conditions: Lichrosorb RP-2, 5 micron particle di-
ameler, packed In @ 25 cm X 4.6 mm ID stainiess steel
column with 0.8 mi/min flow rate of mobile phase (50 percent
acotonitrile: 50 percent 0.1 M pH 4.7 acetate buffer).

Detection fimit is calculated from the minimum datectable
rmmnmammmmmoamm
oqual 1o five times the Qr gasm
xmlemaammumsoomm mdassumngm
ingction volume of 26 microliters.

Phthalate Esters—Method 606
1. Scope and Application.

1.1 This method covers the
determination of certain phthalate
esters. The following parameters may be
determined by this method:

Parameter: Storet No.
Benzyl butyl p 34202
Bis(2-athythexyl) phihatate.....,. 39100
Di-n-butyl phth 34110
[)v-ﬂ-octyL1 th 34596
Demattwl pi 34341

BENZIDINE

3,3°DICHLOROBENZIDINE

oS

0 B 8 12

RETENTION TIME-MINUTES
Figure 1. Liquid chromatogram of benzidines

1.2 This method is applicable to the
determination of these compounds in

- municipal and industrial discharges. It is

designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
usually dependent upon the level of
interferences rather than instrumental
limitations. The limits of detection listed
in Table I represent sensitivities that
can be achieved in wastewaters in the
absence of interferences.

1.4 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.

21 A 1-liter sample of wastewater is

extracted with methylene chloride using
separatory funnel techniques. The
extract is dried and concentrated to a
volume of 10 ml or less.
Chromatographic conditions are
described which allow for the accurate
measurement of the compounds in the
extract.

2.2 1If interferences are encountered,
the method provides selected general

purpose cleanup procedures to aid the
analyst in their elimination.

3. Interferences.

3.1 Solvents, reagents, glassware,
and other sample processing hardware
may yield discrete artifacts and/or
elevated bagelines causing
misinterpretation of gas chromatograms.
All of these materials must be
demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Specific selection of reagents and
purification of solvents by distillation in
all-glass systems may be required.

3.2 Interferences coextracted from
the sample will vary considerably from
source to source, depending upon the
diversity of the industrial complex or
municipality being sampled. While
general cleanup techniques are provided
as part of this method, unique samples
may require additional cleanup
approaches to achieve the sensitivities
stated in Table L

3.3 Phthalate esters contaminate
many types of products commonly found
in the laboratory. The analyst must
demonstrate that no phthalate residues
contaminate the sample or solvent
extract under the conditions of the
analysis. Of particular importance is the
avoidance of plastics because
phthalates are commonly used as
plasticizers and are easily extracted
from plastic materials. Serious phthalate
contamination may result at any time if
consistent quality control is not
practiced.

4. Apparatus and Materials.

41 Sampling equipment, for discrete
or composite sampling.

41.1 Grab sample bottle—amber
glass, 1-liter or 1-quart volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

41.2 Bottle caps—Threaded to screw
on to the sample bottles, Caps must be
lined with Teflon. Foil may be
substituted if sample is not corrosive.

41.3 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the collection of a
minimum of 250 ml. Sample containers
must be kept refrigerated during
sampling. No tygon or rubber tubing
may be used in the system.

4.2 Separatory funnel—2000 ml, with
Teflon stopcock.

4.3 Drying column—20 mm ID pyrex
chromatographic column with coarse
frit.

44 Kuderna-Danish (K-D)
Apparatus
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441 Concentrator tube—10 ml,
graduated (Kontes K-570050-1025 or
equivalent). Calibration must be
checked. Ground glass stopper (size 19/
22 joint) is used to prevent evaporation
of extracts.

4.4.2 Evaporative flask—500 ml
(Kontes K-57001-0500 or equivalent).
Attach to concentrator tube with
springs. (Kontes K-662750-0012).

44.3 Snyder column—three-ball
macro (Kontes K503000-0121 or
equivalent).

4.44 Snyder column—two-ball micro
(Kontes K-569001-0219 or equivalent).

44.5 Boiling chips—solvent —
extracted, approximately 10/40 mesh.

4.5 Water bath—Heated, with
concentric ring cover, capable of
temperature control (= 2°C). The bath
should be used in a hood.

4.6 Gas chromatograph—Analytical
system complete with gas
chromatograph suitable for on-column
injection and all required accessories
including electron capture or flame
ionization detector, column supplies,
recorder, gases, syringes. A data system
for measuring peak areas is
recommended.

4.7 Chromatography column—300
mm long X 10 mm ID with coarse fritted
disc at bottom and Teflon stopcock
(Kontes K-420540-0213 or equivalent).

5. Reagents.

5.1 Preservatives:

51.1 Sodium hydroxide—(ACS) 10 N
in distilled water.

5.1.2 Sulfuric acid—(ACS) Mix equal
volumes of conc. H:SO; with distilled
water.

5.2 Methylene chloride—Pesticide
quality or equivalent.

5.3 Sodium Sulfate—{ACS) Granular,
anhydrous (purified by heating at 400°C
for 4 hrs. in a shallow tray).

54 Stock standards—Prepare stock
standard solutions at a concentration of
1.00 pg/pl by dissolving 0.100 grams of
assayed reference material in pesticide
quality isooctane or other appropriate
solvent and diluting to volume in a 100
ml ground glass stoppered volumetric
flask. The stock solution is transferred
to ground glass stoppered reagent
bottles, stored in a refrigerator, and
checked frequently for signs of
degradation or evaporation, especially
just prior to preparing working
standards from them.

5.5 Diethyl Ether—Nanograde,
redistilled in glass if necessary.

5.5.1 Must be free of peroxides as
indicated by EM Quant test strips. (Test
strips are available from EM
Laboratories, Ine., 500 Executive Blvd.,
Elmsford, N.Y. 10523.)

5.5.2 Procedures recommended for
removal of peroxides are provided with

the test strips. After cleanup, 20 ml ethyl
alcohol preservative must be added to
each liter of ether.

5.6 Florisil—PR grade (60/100 mesh);
purchase activated at 1250°F and store
in dark in glass container with ground
glass stoppers or foil-lined screw caps.

5.7 Alumina—Activity Super I,
Neutral, W200 series, (ICN Life Sciences
Group, No. 404583).

5.8 Hexane—Pesticide quality.

6. Calibration.

6.1 Prepare calibration standards
that contain the compounds of interest,
either singly or mixed together. The
standards should be prepared at
concentrations covering two or more
orders of magnitudes that will
completely bracket the working range of
the chromatographic system. If the
sensitivity of the detection system can
be calculated from Table I as 100 pg/1
in the final extract, for example, prepare
standards at 10 pug/1, 50 pg/1, 100 pg/1,
500 pg/1, etc. so that injections of 1-5 pl
of each calibration standard will define
the linearity of the detector in the
working range.

6.2 Assemble the necessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table 1.
By injecting calibration standards,
establish the sensitivity limit of the
detector and the linear range of the
analytical system for each compound.

6.3 Before using any cleanup
procedure, the analyst must process a
series of calibration standards through
the procedure to validate elution
patterns and the absence of
interferences from the reagents.

7. Quality Control.

7.1 Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water method
blank, that all glassware and reagents
are interference-free. Each time a set of
samples is extracted or there is a change
in reagents, a method blank should be
processed as a safeguard against
chronic laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
identification of a peak on the
chromatogram, confirmatory techniques
such as mass spectroscopy should be
used.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers. Conventional
sampling practices should be followed,
except that the bottle must not be
prewashed with sample before
collection. Composite samples should be
collected in refrigerated glass containers
in accordance with the requirements of
the program. Automatic sampling
equipment must be free of tygon and
other potential sources of
contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. Chemical preservatives
should not be used in the field unless
more than 24 hours will elapse before
delivery to the laboratory. If the samples
will not be extracted within 48 hours of
collection, the sample should be
adjusted to a pH range of 6.0-8.0 with
sodium hydroxide or sulfuric acid.

8.3 All samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction.

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume. Pour
the entire sample into a two-liter
separatory funnel. Check the ph of the
sample pH with wide-range paper and
adjust to within the range of 5-9 with
sodium hydroide or sulfuric acid.

9.2 Add 60 ml methylene chloride to
the sample bottle, seal, and shake 30
seconds to rinse the inner walls.
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for two minutes with
periodic venting to release vapor
pressure. Allow the organic layer to
separate from the water phase for a
minimum of ten minutes. If the emulsion
interface between layers is more than
one-third the size of the solvent layer,
the analyst must employ mechanical
techniques to complete the phase
separation. The optimum technique
depends upon the sample, but may
include stirring, filtration of the
emulsion through glass wool, or
centrifugation. Collect the methylene
chloride extract in a 250-ml Erlenmeyer
flask.

9.3 Add a second 60-ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure a
second time, combining the extracts in
the Erlenmeyer flask.

9.4 Perform a third extraction in the
same manner. Pour the combined
extract through a drying column
containing 3-4 inches of anhydrous
sodium sulfate, and collect it in a 500-ml
Kuderna-Danish (K-D) flask equipped
with a 10 ml concentrator tube, Rinse
the Erlenmeyer flask and column with
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20-30 ml methylene chloride to complete
the quantitative transfer.

g5 Add 1-2 clean boiling chips to
the flask and attach a three-ball Snyder
column. Prewet the Snyder column by
adding about 1 ml methylene chloride to
the top. Place the K-D apparatus on a
hot water bath (60-65°C) so that the
concentrator tube is partially immersed
in the hot water, and the entire lower
rounded surface of the flask is bathed in
vapor. Adjust the vertial position of the
apparatus and the water temperature as
required to complete the concentration
in 15-20 minutes. At the proper rate of
distillation the balls of the column will
actively chatter but the chambers will
not flood. When the apparent volume of
liquid reaches 1 ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling.

9.6 Increase the temperature of the
hot water bath to about 80°C.
Momentarily remove the Snyder column,
add 50 ml of hexane and a new boiling
chip and reattach the Snyder column.
Pour about 1 m! of hexane into the top of
the Snyder column and concentrate the
solvent extract as before. Elapsed time
of concentration should be 5 to 10
minutes. When the apparent volume of
liguid reaches 1 ml, remove the K-D
apparatus and allow it to drain at least
10 minutes while cooling. Remove the
Snyder column and rinse the flask and
its lower joint into the concentrator tube
with 1-2 ml of hexane, and adjust the
volume to 10 ml. A 5-ml syringe is
recommended for this operation.
Stopper the concentrator tube and store
refrigerated if further processing will not
be performed immediately. If the sample
extract requires no further cleanup,
proceed with gas chromatographic
analysis. If the sample requires cleanup,
proceed to Section 10.

9.7 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
1000 ml graduated cylinder. Record the
sample volume to the nearest 5 ml.

10. Cleanup and Separaton.

10.1 If the entire extract is to be
cleaned up by one of the following two
procedures, it must be concentrated to
about 2 ml. To the concentrator tube in
9.6, add a clean boiling chip and attach
a two-ball micro-Snyder column. Prewet
the column by adding about 0.5 ml
hexane through the top. Place the K-D
apparatus on a hot water bath (80°C) so
that the concentrator tube is partially
immersed in the hot water. Adjust the
vertical position of the apparatus and
the water temperature as required to
complete the concentration in 5-10
minutes, At the proper rate of
distillation the balls of the column will
actively chatter but the chambers will

not flood. When the apparent volume of
liquid reaches about 0.5 ml, remove the
K-D apparatus and allow it to drain for
at least 10 minutes while cooling.
Remove the micro-Snyder column and
rinse its lower joint into the
concentrator tube with 0.2 ml of hexane.
Proceed with one of the following clean-
up procedures.

10.2 Florisil Column Cleanup for
Phthalate Esters

10.2.1 Place 100 g of Florisil into a
500 ml beaker and heat for
approximately 16 hours at 400°C. After
heating transfer to a 500 ml reagent
bottle. Tightly seal and cool to room
temperature. When cool add 3 ml of
distilled water which is free of
phthalates and interferences. Mix
thoroughly by shaking or rolling for 10
minutes and let it stand for at least 2
hours. Keep the bottle sealed tightly.

10.2.2 Place 10g of this Florisil
preparation into a 10 mm ID
chromatography column and tap the
column to settle the Florisil. Add 1 cm of
anhydrous sodium sulfate to the top of
the Florisil.

10.2.3 Preelute the column with 40 ml
of hexane. Discard this eluate and just
prior to exposure of the sodium sulfate
layer to the air transfer the 2 ml sample
extract onto the column, using an
additional 2 ml of hexane complete the
transfer,

10.2.4 Just prior to exposure of the
sodium sulfate layer to theair add 40 ml
hexane and continue the elution of the
column. Discard this hexane eluate.

10.2.5 Next elute the phthalate esters
with 100 ml of 20 percent ethyl ether/80
percent hexane (V/V) into a 500 ml K-D
flask equipped with a 10 ml concentrator
tube. Elute the column at a rate of about
2 ml per minute for all fractions.
Concentrate the collected fraction by
standard K-D technique. No solvent
exchange is necessary. After
concentration and cooling, adjust the
volume of the cleaned up extract to 10
ml in the concentrator tube and analyze
by gas chromatography.

10.3 Alumina Column Cleanup for
Phthalate Esters

10.3.1 Place 100 g of alumina into a
500 ml beaker and heat for
approximately 16 hours at 400° C. After
heating transfer to a 500 ml reagent
bottle. Tightly seal and cool to room
temperature. When cool add 3 ml of
distilled water which is free from
phthalates and interferences. Mix
thoroughly by shaking or rolling for 10
minutes and let it stand for at least 2
hours. Keep the bottle sealed tightly.

10.3.2 Place 10 g of this alumina
preparation into a 10 mm ID
chromatography column and tap the
column to settle the alumina. Add 1 cm

of anhydrous sodium sulfate to the top
of the alumina.

10.3.3 Preelute the column with 40 ml
of hexane. Discard this eluate and just
prior to exposure of the sodium sulfate
layer to the air, transfer the 2 ml sample
extract onto the column, using an
additional 2 ml of hexane to complete
the transfer.

10.3.4 Just prior to exposure of the
sodium sulfate layer to the air add 35 ml
hexane and continue to elution of the
column. Discard this hexane eluate.

10.3.5 Next elute the column with 140
ml of 20 percent ethyl ether/80 percent
hexane (V/V) into a 500 ml K-D flask
equipped with a 10 ml concentrator
tube. Elute the column at a rate of about
2 ml per minute for all fractions.
Concentrate the collected fraction by
standard K-D technique. No solvent
exchange is necessary. After
concentration and cooling adjust the
volume of the cleaned up extract to 10
ml in the concentrator tube and analyze
by gas chromatography.

11. Gas Chromatography.

11.1 Table I summarizes some
recommended gas chromatographic
column materials and operating
conditions for the instrument. Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. Examples of
the separations achieved by the primary
column are shown in Figures 1 and 2.
Calibrate the system daily with a
minimum of three injections of
calibration standards.

11.2 Inject 2-5 pl of the sample
extract using the solvent-flush
technique. Smaller (1.0 pl) volumes can
be injected if automatic devices are
employed. Record the volume injected to
the nearest 0.05 ul, and the resulting
peak size, in area units.

11.3 If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

11.4 If the peak area measurement is
prevented by the presence of
interferences, further cleanup is
required.

12. Calculations.

12.1 Determine the concentration of
individual compounds according to the
formula:

_ @By
MV

Concer L ug/ |
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Where:

A =Calibration factor for chromatographic
syslem, in nanograms material per area
unit,

B =Peak size in injection of sample exiract, in
area units

V,=Volume of extract injected (ul)

V.= Volume of total extract (ul)

V.= Volumeof water extracted {(ml)

12.2 Report results in micrograms per
liter without correction for recovery
data. When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

13. Accuracy and Precision.

131 The U.S. EPA Environmental
Monitoring and Support Laboratory in
Cincinnati is in the process of
conducting a interlaboratory method
study to determine the accuracy and
precision of this test procedure.
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Table \—Gas Chromatography of Phthalate Esters

Retention time (ug/t
{min,) Detacton
Compound ———=ti~
Col1 Col2 EC FID
Dwnethyl phthalate............ 203 0.95 on 19
Diethyl phinatate fets 282 127 013 N
Di-n-buty! phthalate 865 3.50 no2 14
Benzyl butyl phthalate..... ‘694 **511 0.02 15
Bis{2-othylhaxy’)
PHINRALE .. 882 **105 0.04 20
Oi-n.octy phthalate.......... "162 1°°8.0 o 31

* Supeicoport 10G/120 mesh coated with 1.5% SP-2250/
1.95% SP-2401 packed in a 180 cm longx4 mm |D glass
column with camer gas at 60 mi/min flow rate. Column tem-
perature is 180'C" except where * indicates 220°'C. Under
these conditions R.T. of Aidnn is 5.48 min. at 180°C and 184
min at 220'C

** Supeicoport 1007120 mesh with 3% OV-1 i a 180 cm
long < & mm 1D giass column with camier gas at 60 mifmin
How rate. Column lemperature is 200°C except where ** indi
cates 220°C. Under these conditions R.T. ‘of Aldiin is 3.18
min. al 200°C and 1.46 min. at 220°C,

*Delection Wmit is calculated from the minimum detectable
GC response being equal to five fimes the GC background
nose, assuming a 10 mi final volume of the 1 liter sampie ex-
tract. and assuming a GC injection of 5 microliters

BILLING CODE 8560-01-M
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COLUMN: 1.5% SP-2250+ COLUMN: 1.5% SP-2250+

1.95% SP-2401 ON SUPELCOPORT 1.95% SP-2401 ON SUPELCOPORT
TEMPERATURE: 180°C. TEMPERATURE: 180°C.
DETECTOR: ELECTRON CAPTURE DETECTOR: ELECTRON CAPTURE

DI-n-BUTYL PHTHALATE
BIS{2-ETHYLHEXYLPHTHALATE)

DIETHYL PHTHALATE
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Figure 1. Gas chromatogram of phthalates \J L—\_J
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Figure 2. Gas chromatogram of phthalates
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Nitrosamines—Method 607

1. Scope and Application.

1.1 This method covers the
determination of certain nitrosamines.
The following parameters may be

determined by this method:

Parameter: Storet No.
PR i
N-nitrosodiphenylami 34433
N di am 34428

PPy

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
usually dependent upon the level of
interferences rather than instrumental
limitations. The limits of detection listed
in Table I represent sensitivities that
can be achieved in wastewaters in the
absence of interferences.

1.4 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

1.5 The analyst must understand that
nitrosamines are known carcinogens.
Utmost care must be exercised in the
handling of materials which are known
or believed to contain nitrosamines.

2. Summary of Method.

21 1-liter sample of wastewater is
extracted with methylene chloride using
separatory funnel techniques. The
extract is dried and concentrated to a
volume of 10 ml or less. Depending upon
the nitrosamines being measured, a
column cleanup procedure may be
required. Chromatograpbic conditions
are described which allow for the
accurate measurement of the
compounds in the extract,

2.2 If interferences are encountered,
the method provides selected general
purpose cleanup procedures to aid the
analyst in their elimination.

3. Interferences

3.1 Solvents, reagents, glassware,
and other sample processing hardware
may yield discrete artifacts and/or
elevated baselines causing
misinterpretation of gas chromatograms.
All of these materials must be
demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Specific selection of reagents and

purification of solvents by distillation in
all-glass systems may be required.

3.2 Interferences coextracted from
the samples will vary considerably from
source to source, depending upon the
diversity of the industrial complex or
municipality being sampled. While
general clean-up techniques are
provided as part of this method, unique
samples may require additional cleanup
approaches to achieve the sensitivities
stated in Table 1.

3.3 It is necessary to remove
diphenylamine from the sample extract
prior to gas chromatography because it
will interfere with the determination of
N-nitrosodiphenylamine. Removal is
achieved if the sample is processed
completely through one of the clean-up
procedures detailed in the method.

4. Apparatus and Materials.

41 Sampling equipment, for discrete
or composite sampling.

411 Grab sample bottle—amber
glass, 1-liter or 1-quart volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

4.1.2 Bottle caps—Threaded to screw
on to the sample bottle. Caps must be
lined with Teflon. Foil may be
substituted if sample is not corrosive,

41.3 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the collection of a
minimum of 250 ml. Sample containers
must be kept refrigerated during
sampling. No tygon or rubber tubing
may be used in the system.

4.2 Separatory funnels—2000 ml and
250 ml, with Teflon stopcock.

4.3 Drying column—20 mm ID pyrex
g:romatographic column with coarse

it. ;

44 Kuderna-Danish (K-D) Apparatus

441 Concentrator tube—10 ml,
graduated (Kontes K-570050-1025 or
equivalent). Calibration must be
checked. Ground glass stopper (size 19/
22 joint) is used to prevent evaporation
of extracts.

44.2 Evaporative flask—500 ml
(Kontes K-57001-0500 or equivalent).
Attach to concentrator tube with
springs. (Kontes K-662750-0012).

443 Snyder column—three-ball
macro (Kontes K503000-0121 or
equivalent).

444 Snyder column—two-ball micro
(Kontes K-589001-0219 or equivalent).

4.4.5 Boiling chips—solvent
extracted, approximately 10/40 mesh.

4.5 Water bath—Heated, with
concentric ring cover, capable of
temperature control (# 2°C). The bath
should be used in a hood.

4.6 Gas chromatograph—Analytical
system complete with gas
chromatograph suitable for on-column
injection and all required accessories
including nitrogen-phosphorus or
reductive Hall detector, column
supplies, recorder, gases, syringes. A
data system for measuring peak areas is
recommended.

4.7 Chromatographic column—Pyrex
(approximately 300 mm long X 10 mm
ID) with coarse fritted disc at bottom
and Teflon stopcock (Kontes K—420540-
0213 or equivalent).

4.8 Chromatographic column—Pyrex
(approximately 400 mm long X 22 mm
ID) with coarse fritted disc at bottom
and Teflon stopcock (Kontes K-420540-
0234 or equivalent).

5. Reagents.

5.1 Preservatives:

51.1 Soidium hydroxide—(ACS) 10
N in distilled water.

5.1.2 Sulfuric acid—{ACS) Mix equal
volumes of conc. H:SO, with distilled
water.

5.1.3 Sodium thiosulfate—{ACS)
Granular.

5.2 Methylene chloride—Pesticide
quality or equivalent. '

5.3 Sodium Sulfate—(ACS) Granular,
anhydrous (purified by heating at 400° C
for 4 hrs. in a shallow tray).

5.4 Stock standards—Prepare stock
standard solutions at a concentration of
1.00 pg/pl by dissolving 0.100 grams of
assayed reference material in pesticide
quality isooctane or other appropriate
solvent and diluting to volume in a 100
ml ground glass stoppered volumertic
flask. The stock solution is transferred
to ground glass stoppered reagent
bottles, stored in a refrigerator, and
checked frequently for signs of
degradation or evaporation, especially
just prior to preparing working
standards from them.

5.5 Methyl alcohol, pentane,
acetone—Pesticide quality or
equivalent.

5.6 Diethyl Ether—Nanograde,
redistilled in glass if necessary.

5.8.1 Must be free of peroxides as
indicated by EM Quant test strips. (Test
strips are available from EM
Laboratories, Inc., 500 Executive Blvd.,
Elmsford, N.Y. 10523.)

5.6.2 Procedures recommended for
removal of peroxides are provided with
the test strips. After cleanup, 20 ml ethyl
alcohol preservative must be added to
each liter of ether,

5.7 Florisil—PR grade (60/100 mesh);
purchase activiated at 1250° F and store
in dark in glass containers with glass
stoppers or foil-lined screw caps. Before
use, activate each batch at least 16
hours at 130° C in a foil covered glass
container.
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5.8 Alumina—Activity Super I, Basic,
w200 series (ICN Life Sciences Group,
No. 404571).

5.9 Hydrochloric acid, 10%-(ACS)
Add one volume of conc. HCI to nine
volumes distilled water.

6. Calibration.

6.1 Prepare calibration standards
that contain the compounds of interest,
either singly or mixed together. The
standards should be prepared at
concentrations covering two or more
orders of magnitude that will completely
backet the working range of the
chromatographic system. If the
sensitivity of the detection system can
be calculated from Table I as 100 pg/l in
the final extract, for example, prepare
standards at 10 pg/l, 50 pg/l, 100 pg/l,
500 pg/l, etc. so that injections of 1-5 pl
of each calibration standard will define
the linearity of the detector in the
working range. )

6.2 Assemble the necessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table 1.
By injecting calibration standards,
establishe the sensitivity limit of the
detector and the linear range of the
analytical system for each compound.

6.3 Before using any cleanup
procedure, the analyst must process a
series of calibration standards through
the procedure to validate elution
patterns and the absence of
interferences from the reagents.

7. Quality Control.

7.1 Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water method
blank, that all glassware and reagents
are interference-free. Each time a set of
samples is extracted or there is a change
in reagents, a method blank should be
processed as a safeguard against
chronic laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
identification of a peak on the
chromatogram, confirmatory techniques
sucl:j as mass spectorscopy should be
used.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers. Conventional
sampling practices should be followed,
except that the bottle must not be
prewashed with sample before
collection, Composite samples should be

collected in refrigerated glass containers
in accordance with the requirements of
the program. Automatic sampling
equipment must be free of tygon and
other potential sources of
contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. Chemical preservatives
should not be used in the field unless
more than 24 hours will elapse before
delivery to the laboratory. If the samples
will not be extracted within 48 hours of
collection, they must be preserved as
follows:

8.21 Add 35 mg of sodium
thiosulfate per part per million of free
chlorine per liter of sample.

8.2.2 Adjust the pH of the water
sample to pH 7 to 10 using sodium
hydroxide or sulfuric acid. Record the
volume of acid or base added.

8.3 All samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction,

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume. Pour
the entire sample into a two-liter
separatory funnel. Check the pH of the
sample with wide-range pH paper and
adjust to within the range of 7 to 10 with
sodium hydroxide or sulfuric acid.

9.2 Add 60 ml methylene chloride to
the sample bottle, seal, and shake 30
seconds to rinse the inner walls.
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for two minutes with
periodic venting to release vapor
pressure. Allow the organic layer to
separate from the water phase for a
minimum of ten minutes. It the emulsion
interface between layers is more than
one-third the size of the solvent layer,
the analyst must employ mechanical
techniques to complete the phase
separation. The optimum technique
depends upon the sample, but may
include stirring, filtration of the
emulsion through glass wool, or
centrifugation. Collect the methylene
chloride extract in a 250-ml separatory
funnel,

9.3 Add a second 60-ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure a
second time, combining the extracts in
the 250-ml separatory funnel.

9.4 Perform a third extraction in the
same manner. Add 10 ml of 10% HCI
solution to the combined extracts and
shake for 2 minutes. Allow the layers to
separate. Drain the methylene chloride
layer through a drying column
containing 3-4 inches of anhydrous
sodium sulfate, and collect it in a 500-ml
Kuderna-Danish (K-D) flask equipped

with a 10 ml concentrator tube. Rinse
the column with 20-30 ml methylene
chloride to complete the quantitative
transfer.

9.5 Add 1-2 clean boiling chips to
the flask and attach a three-ball Snyder
column. Prewet the Snyder column by
adding about 1 ml methylene chloride to
the top. Place the K-D apparatus on a
hot water bath (60-65° C) so that the
concentrator tube is partially immersed
in the hot water, and the entire lower
rounded surface of the flask is bathed in
vapor. Adjust the vertical position of the
apparatus and the water temperature as
required to complete the concentration
in the 15-20 minutes. At the proper rate
of distillation the balls of the column
will actively chatter but the chambers
will not flood. Because of the volatility
of N-nitrosodimethylamine, K-D
concentration must be carefully carried
out. When the apparent volume of liquid
reaches 1 ml, remove the K-D apparatus
and allow it to drain for at least 10
minutes while cooling. Remove the
Snyder column and rinse the flask and
its lower joint into the concentrator tube
with 1-2 ml of methylene chloride. A 5-
ml syringe is recommended for this
operation. Unless the entire extract will
be subjected to a cleanup operation
(Section 10), adjust the extract volume
to 10.0 ml with methylene chloride, add
stopper, and refrigerate.

9.6 If the sample is being analyzed
for N-nitrosodiphenylamine, the analyst
must immediately proceed with one of
the cleanup methods in Section 10 to
remove potential diphenylamine
interference. Depending upon the
sensitivity requirement for the analysis,
the analyst may use the entire extract
for this cleanup as described, or adjust
the extract volume to 10.0 ml with
methylene chloride and pipet a 2 ml
aliquot onto the column in 10.2.2 or
10.3.3.

9.7 If N-nitrosodiphenylamine is of
no interest, the analyst must choose
between proceeding directly to Section
II, or submitting the extract to a cleanup
procedure before gas chromatography. A
solvent exchange from methylene
chloride to methyl alcohol is required for
direct gas chromatography. Once the
entire extract is in methyl alcohol it
cannot be treated to either of the
cleanup procedures in Section 10.
Therefore, in the absence of previous
experience with the sample matrix, the
analyst should remove a 2.0 ml aliquot
of the extract for gas chromatography
and retain the remainder for cleanup if
required later.

9.8 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
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1000 ml graduated cylinder. Record the
sample volume to the nearest 5 ml,

10. Cleanup and Separation.

10.1 If the entire extract is to be
cleaned up by one of the following
procedures, it must be concentrated to
2.0 ml. To the concentrator tube in 9.5,
add a clean boiling chip and attach a
two-ball micro-Snyder column. Prewet
the column by adding about 0.5 ml
methylene chloride to the top. Place the
K-D apparatus on a steaming hot (60~
65° C) water bath so that the
concentrator tube is partially immersed
in the hot water. Adjust the vertical
position of the apparatus and the water
temperature as required to complete the
concentration in 5-10 minutes, At the
proper rate of distillation the balls of the
column will actively chatter but the
chambers will not flood. When the
apparent volume of liquid reaches about
0.5 ml, remove the K-D and allow it to
drain for at least 10 minutes while
cooling. Remove the micro-Snyder
column and rinse its lower joint into the
concentrator tube with 0.2 ml of
methylene chloride. Adjust the final
volume to 2.0 ml and proceed with one
of the following cleanup procedures.

10.2 Florisil Column Cleanup for
Nitrosamines X

10.2.1 Place 22g of activated Florisil
in a 22 mm ID chromatographic column.
After settling the Florisil by tapping the
column,add about a 5 mm layer of
anhydrous granular sodium sulfate to
the top.

10.2.2 Preelute the column, after
cooling, with 40 ml of 15% ethyl ether/
85% pentane. Discard the eluate and just
prior to exposure of the sodium sulfate
layer to air, quantitatively transfer 2.0
ml of sample extract into the column by
decantation using an additional 2 ml of
pentane to complete the transfer.

10.2.3 Perform the first elution with
90 ml of 15% ethy! ether/85% pentane
(V/V) and discard the eluate, This
fraction will contain any diphenylamine.

10.24 Perform the second elution
with 100 ml of 5% acetone/95% ethyl
ether (V/V) and collect the eluate in a
500-ml K-D flask equipped with a 10-ml
concentrator tube, This fraction will
contain all of the nitrosamines.

10.2.5 Add 15 ml of methanol to the
collected eluate and concentrate as in
9.5 at 70-75°C, substituting pentane for
methylene chloride.

10.2.6 Analyze by gas
chromatography.

10.3 Alumina Column Cleanup for
Nitrosamines

10.31 Place 100g of alumina, as it
comes from the manufacturer, into a 500
ml reagent bottle and add 2 ml of
distilled water, which is free of
nitrosamines and interferences. Mix the

alumina preparation thoroughly by
shaking or rolling for 10 minutes and let
it stand for at least 2 hours. The
preparation should be homogeneous
before use. Keep the bottle sealed tightly
to ensure proper activity,

10.3.2 Place 12 grams of the alumina
preparation into a 10 mm ID
chromatographic column and tap the
column to settle the alumina. Add 1-2
cm of anhydrous sodium sulfate to the
top of the alumina.

10.3.3 Preelute the column with 10 ml
of 30% ethyl ether/70% pentane (V/V).
Discard the eluate (about 2 ml) and, just
prior to exposure of the sodium sulfate
layer the air, transfer 2.0 m! of sample
extract onto the column by decantation
using an additional 2 ml of pentane to
complete the transfer.

10,3.4 Just prior to exposure of the
sodium sulfate layer to the air, add 70 ml
of 30% ethyl ether/70% pentane. Discard
the first 10 ml of eluate but collect the
rest of the eluate in & 500-ml K-D flask
equipped with a 10 ml concentrator
tube. This fraction contains N-
nitrosodiphenylamine and probably a
small amount of N-nitrosodi-n-
propylamine.

10.3.5 Next elute the column with 80
ml of 50% ethyl ether/50% pentane,
collecting the eluate in a second K-D
flask equipped with a 10 ml concentrator
tube. Add 15 ml methyl alcohol to the K-
D. This fraction will contain N-
nitrosodimethylamine, most of the N-
nitrosodi-n-propylamine and any
diphenylamine.

10.3.6 Concentrate both fractions as
in 9.5 substituting pentane for methylene
chloride.

10.3.7 Analyze by gas
chromatography.

11, Gas Chromatography.

11,1 N-nitrosodiphenylamine
completely reacts to form
diphenylamine at normal operating
temperatures of the GC injection port.
Therefore, N-nitrosodiphenylamine is
actually chromatographed and detected
as diphenylamine. The determination of
either of the compounds in the original
sample would be uncertain without the
use of one of the previous cleanup
procedures which separate the two
compounds. °

11.2 Table I summarizes some
recommended gas chromatographic
column materials and operating
conditions for the instrument, Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. Examples of
the separations achieved by the primary
column are shown in Figures 1 and 2,
Calibrate the system daily with a
minimum of three injections of
calibration standards.

11.3 If the extract has not been
submitted to one of the cleanup
procedures in Section 10, it is necessary
to exchange the solvent from methylene
chloride to methyl alcohol before the
thermionic detector can be used. To a 1-
10 ml volume of methylene chloride
extract in a concentrator tube, add 2 m|
methyl alcohol, and a clean boiling chip.
Attach a two-ball micro-Snyder column.
Prewet the column by adding about 0.5
ml methylene chloride through the top.
Place the K-D apparatus on a boiling
water bath so that the concentrator tube
is partially immersed in the hot water.
Adjust the vertical position and insulate
the apparatus as necessary to complete
the concentration in 5-10 minutes. At
the proper rate of distillation the balls of
the column will actively chatter but the
chambers will not flood. When the
apparent volume of liquid reaches about
0.5 ml, remove the K-D and allow it to
drain for at least 10 minutes while
cooling. Remove the micro-Snyder
column and rinse its lower joint into the
concentrator tube with 0.2 ml of methyl
alcohol. Adjust the final volume to 2.0
ml,

11.4 Inject 2-5 pl of the sample
extract using the solvent-flush
technique. Smaller (1.0 pl) volumes can
be injected if automatic devices are
employed. Record the volume injected to
the nearest 0.05 pl, and the resulting
peak size, in area units.

11.5 If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

11.6 If the peak area measurement is
prevented by the presence of
interferences, further cleanup is
required.

12. Caleulations.

12.1 Determine the concentration of

* individual compounds according to the

formula:

_ v
™) V)

C L g/l

Where:

A=Calibration factor for chromatographic
system, in nanograms material per area
unit.

B=Peak size in injection of sample extract, in
area units

Vi=Volume of extract injected (ul)

Vi=Volume of total extract (ul)

V,=Volume of water extracted (ml)

12.2 Report results in micrograms per
liter without correction for recovery
data. When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

13. Accuracy and Precision.
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The U.S. EPA Environmental
Monitoring and Support Laboratory in
Cincinnati is in the process of
conducting an interlaboratory method
study to determine the accuracy and
precision of this test procedure.

Bibliography

‘Development and Application of Test
procedures for Specific Organic Toxic
Substances in Wastewaters. Category 5—
Nitrosamines,” Report for EPA Contract
68-03-2606 (In preparation),

Table |.—Gas Chromatography of Nitrosamines

Retention time
(min)
i — Detection:
Nitrosamine Col. 17 Col 2% fimit
(ng/n*
N-nitrosodidimethyfamine......... 41 0.88 0.3
N-nitrosodi-n-dipropylamine., 121 42 0.5

N-nitrosodidiphenytamine......... *128 *'6.4 10

Chromosord WAW 80/100 mesh coated with 10%
Carbowax 20M/2% KOH packed in a 180 cm long x 4 mm 1D
plass column with helium camer gas at 40 mi/min flow rate.
Isothermal column temperature is 110°C except where *
indicates 220°C.

* Supelcoport 100/120 mesh coated with 10% SP-2250
packed in @ 180 cm long x 4 mm 1D glass column with helium
carmier gag at 40 mi/min flow rate. Isothermal column
temperature is 120"C except where ** indicates 210°C.

* Detection ¥mit is calcutated from the minimum detectable
GC responsa being equal to five times the GC background
nose, assuming a 10 mi final volume of the 1 liter sample
extract, and assuming a GC injection of 5 microfiters. A
nitrogren-phosphorus detector was used 1o coflect this data.
but a Thermal Energy Analy ibited equivalent | vt

BILLING CODE 6560-01-M
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Organochlorine Pesticides and PC3's—
Method 608

1. Scopeand Application.

11 This method covers the
determination of certain organochlorine
pesticides and polychlorinated
biphenyls (PCBs). The following
parameters may be determined by this
method:

pargmeter: Storet No.
Aldrin. 39330
a-BHC 38337
b-BHC 39338
¢-8HC 38259
g-BHC 39340
Chiorda 33350
4,4-DDD. 38310
44-DDE 39320
44'-DOT 35300
Endosutian | 34361
Endosufian Il 34356
Endosuifan Sulfate 34351
Endrin 39390
Endrin hyd 34366
Heplachior. 39410
R oL e e =0 S ——— = 39420
Toxaph 30400
PCB-1016 34871
PCB-1221 39488
PCB-1232 39492
PCB-1242 39496
PCB-1248 39500
PCB-1264 39504
PCB-1260 30508

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds-above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
usually dependent upon the level of
interferences rather than instrumental
limitations. The limits of detection listed
in Table I represent sensitivities that
can be achieved in wastewaters in the
absence of interferences.

1.4 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.

21 A 1-liter sample of wastewater is
extracted with methylene chloride using
separatory funnel techniques. The
extract is dried and concentrated to a
volume of 10 ml or less.
Chromatographic conditions are
described which allow for the accurate
measurement of the compounds in the
extract.

2.2 I interferences are encountered,
the method provides selected general
purpose cleanup procedures to aid the
analyst in their elimination.

3. Interferences.

31 Solvents, reagents, glassware,
and other sample processing hardware

may yield discrete artifacts and/or
elevated baselines causing
misinterpretation of gas chromatograms.
All of these materials must be
demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Specific selection of reagents and
purification of solvents by distillation in
all-glass systems may be required.

3.2 Interferences coextracted from
the samples will vary considerably from
source to source, depending upon the
diversity of the industrial complex or
municipality being sampled. While
general cleanup techniques are provided
as part of this method, unique samples
may require additional cleanup
approaches to achieve the sensitivities
stated in Table 1.

3.3 Glassware must be scrupulously
clean. Clean all glassware as soon as
possible after use by rinsing with the
last solvent used. This should be
followed by detergent washing in hot
water. Rinse with tap water, distilled
water, acetone and finally pesticide
quality hexane. Heavily contaminated
glassware may require treatment in a
muffle furnace at 400°C for 15 to 30
minutes. Some high boiling materials,
such as PCBs, may not be eliminated by
this treatment. Volumetric ware should
not be heated in a muffle furnace.
Glassware should be sealed/stored in a
clean environment immediately after
drying or cooling to prevent any
accumulation of dust or other
contaminants. Store inverted or capped
with aluminum foil.

3.4 Interferences by phthalate esters
can pose a major problem in pesticide
analysis. These materials elute in the
15% and 50% fractions of the Florisil
cleanup. They usually can be minimized
by avoiding contact with any plastic
materials. The contamination from
phthalate esters can be completely
eliminated with the use of a
microcoulometric or electrolytic
conductivity detector,

4. Apparatus and Materials.

41 Sampling equipment, for discrete
or composite sampling. -

411 Grab sample bottle—amber
glass, 1-liter or 1-quart volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

4.1.2 Bottle caps—Threaded to screw
on to the sample bottles. Caps must be
lined with Teflon. Foil may be
substituted if sample is not corrosive.

413 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the collection of a
minimum of 250 ml. Sample containers

must be kept refrigerated during
sampling. No tygon or rubber tubing
may be used in the system,

4.2 Separatory funnel—2000 ml, with
Teflon stopcock.

4.3 Drying column—20 mm ID pyrex
chromatographic column with coarse
frit.

4.4 Kuderna-Danish (K-D)
Apparatus

441 Concentrator tube—10 ml,
graduated (Kontes K-570050-1025 or
equivalent). Calibration must be
checked at 1.0 and 10.0 ml level. Ground
glass stopper (size 19/22 joint) is used to
prevent evaporation of extracts.

4.4.2 Evaporative flask—500 ml
(Kontes K-57001-0500 or equivalent).
Attach to concentrator tube with
springs. (Kontes K-662750-0012).

4.4.3 Snyder column—three-ball
macro (Kontes K503000-0121 or
equivalent).

444 Boiling chips—extracted,
approximately 10/40 mesh.

45 Water bath—Heated, with
concentric ring cover, capable of
temperature control (=2°C). The bath
should be used in a hood.

4.6 Gas chromatograph—Analytical
system complete with gas
chromatograph suitable for on-column
injection and all required acessories
including electron capture or halogen-
specific detector, column supplies,
recorder, gases, syringes. A data system
for measuring peak areas is
recommended.

4.7 Chromatographic column—Pyrex,
400 mm X 25 mm OD, with coarse
fritted plate and Teflon stopcock
(Kontes K-42054-213 or equivalent).

5. Reagents.

5.1 Preservatives:

5.1.1 Sodium hydroxide—(ACS) 10 N
in distilled water.

5.1.2 Sulfuric acid (1+1}—{ACS) Mix
equal volumes of conc. HaSO; with
distilled water.

5.2 Methylene chloride—Pesticide
quality or equivalent.

5.3 Sodium Sulfate—{ACS) Granular,
anhydrous (purified by heating at 400°C
for 4 hrs. in a shallow tray).

5.4 Stock standards—Prepare stock
standard solutions at a concentration of
1.00 pg/pl by dissolving 0.100 grams of
assayed reference material in pesticide
quality isooctane or other appropriate
solvent and diluting to volume in a 100
ml ground glass stoppered volumetric
flask. The stock solution is transferred
to ground glass stoppered reagent
bottles, stored in a refrigerator, and
checked frequently for signs of
degradation or evaporation, especially
just prior to preparing working
standards from them.
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5.5 Boiling chips—Hengar granules
(Hengar Co.; Fisher Co.) or equivalent.

56 Mercury—triple distilled.

5.7 Aluminum oxide—basic or
neutral, active,

5.8 Hexane—pesticide residue
analysis grade.

5.9 Isooctane (2,2,4-trimethyl
pentane}—pesticide residue analysis
grade.

510 Acetone—pesticide residue
analysis grade.

5.11 Diethyl ether—Nanograde,
redistilled in glass if necessary.

5.11.1 Must be free of peroxides as
indicated by EM Quant test strips [Test
strips are available from EM
Laboratories, Inc., 500 Executive Blvd.,
Elmsford, N.Y., 10523).

5.1.2 Procedures recommended for
removal of peroxides are provided with
the test strips. After cleanup 20 m! ethyl
alcohol preservative must be added to
each liter of ether.

512 Florisil—PR grade (60/100
mesh); purchase activated at 1250°F and
store in glass containers with glass
stoppers or foil-lined screw caps. Before
use activate each batch at least 16 hours
at 130°C in a foil covered glass
container.

6. Calibration.

6.1 Prepare calibration standards
that contain the compounds of interest,
either singly or mixed together. The
standards should be prepared at
concentrations covering two or more
orders of magnitude that will completely
bracket the working range of the
chromatographie system. If the
sensitivity of the detection system can
be calculated from Table I as 100 pg/] in
the final extract, for example, prepare
standards at 10 pg/l 50 pg/l, 100 pg/l,
500 pg/l, etc., so that injections of 1-5 ul
of each calibration standard will define
the linearity of the detector in the
working range,

6.2 Assemble the necessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table I.
By injecting calibration standards,
establish the sensitivity limit of the
detector and the linear range of the
analytical system for each compound.

6.3 The cleanup procedure in Section
10 utilizes Florisil chromatography.
Florisil from different batches or sources
may vary in absorption capacity. To
standardize the amount of Florisil which
is used, the use of lauric acid value
(Mills, 1988) is suggested. The
referenced procedure determines the
adsorption from hexane solution of
lauric acid (mg) per gram Florisil. The
amount of Florisil to be used for each
column is calculated by dividing this

factor into 110 and multiplying by 20
grams. <

6.4 Before using any cleanup
procedure, the analyst must process a
series of calibration standards through
the procedure to validate elution
patterns and the absence of
interferences from the reagents.

7. Quality Control.

7.1 Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water method
blank, that all glassware and reagents
are interference-free. Each time a set of
samples is extracted or there is a change
in reagents, a method blank should be
processed as a safeguard against
chronic laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be -
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
identification of a peak on the
chromatogram, confirmatory techniques
such as mass spectroscopy should be
used.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers. Conventional
sampling practices should be followed,
except that the bottle must not be
prewashed with sample before
collection. Composite samples should be
collected in refrigerated glass containers
in accordance with the requirements of
the program. Automatic sampling
equipment must be free of tygon and
other potential sources of
contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. Chemical preservatives
should not be used in the field unless
more than 24 hours will elapse before
delivery to the laboratory. If the samples
will not be extracted within 48 hours of
collection, the sample should be
adjusted to a pH range of 6.0-8.0 with
sodium hydroxide or sulfuric acid.

8.3 All samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction,

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume, Pour
the entire sample into’a two-liter
separatory funnel, Check the pH of the
sample with wide-range pH paper and
adjust to within the range of 5-9 with
sodium hydroxide or sulfuric acid.

9.2 Add 60 ml methylene chloride to
the sample bottle, seal, and shake 30
seconds to rinse the inner walls.
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for two minutes with
periodic venting to release vapor
pressure. Allow the organic layer to
separate from the water phase for a
minimum of ten minutes. If the emulsion
interface between layers is more than
one-third the size of the solvent layer,
the analyst must enploy mechanical
techniques to complete the phase
separation. The optimum technique
depends upon the sample, but may
include stirring, filtration of the
emulsion through glass wool, or
centrifugation. Collect the methylene
chloride extract in a 250-ml Erlenmeyer
flask.

9.3 Add a second 60-ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure a
second time, combining the extracts in
the Erlenmeyer flask.

9.4 Perform a third extraction in the
same manner. Pour the combined
extract through a drying column
containing 3-4 inches of anhydrous
sodium sulfate, and collect it in a 500-m!
Kuderna-Danish (K-Dj flask equipped
with a 10 ml concentrator tube. Rinse
the Erlenmeyer flask and column with
20-30 ml methylene chloride to complete
the quantitative transfer.

9.5 Add 1-2 clean boiling chips to
the flask and attach a three-ball Snyder
column, Prewet the Snyder column by
adding about 1 ml methylene chloride to
the top. Place the K-D apparatus on a
hot water bath (60-65°C) so that the
concentrator tube is partially immersed
in the hot water, and the entire lower
rounded surface of the flask is bathed in
vapor. Adjust the vertical position of the
apparatus and the water temperature as
required to complete the concentration
in 15-20 minutes. At the proper rate of
distillation the balls of the column will
actively chatter but the chambers will
not flood. When the apparent volume of
liquid reaches 1 ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling.

9.6 Increase the temperature of the
hot water bath to about 80°C.
Momentarily remove the Snyder column,
add 50 ml of hexane and a new boiling
chip and reattach the Snyder column.
Pour about 1 ml of hexane into the top of
the Snyder column and concentrate the
solvent extract as before. The elapsed
time of concentration should be 5 to 10
minutes. When the apparent volume of
liquid reaches 1 ml, remove the K-D
apparatus and allow it to drain at least
10 minutes while cooling. Remove the
Snyder column and rinse the flask and
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its lower joint into the concentrator tube
with 1-2 ml of hexane, and adjust the
volume to 10 ml. A 5-ml syringe is
recommended for this operation.

Stopper the concentrator tube and store
refrigerated if further processing will not
be performed immediately. If the sample
extract requires no further cleanup,
proceed with gas chromatographic
analysis. If the sample requires cleanup,
proceed to Section 10,

9.7 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
1000 ml graduated cylinder. Record the
sample volume to the nearest 5 ml.

10. Cleanup and Separation.

10.1 Cleanup procedures are used to
extend the sensitivity of a method by
minimizing or eliminating interferences
that mask or otherwise disfigure the gas
chromatographic response to the
pesticides and PCB's. The Florisil
column allows for a select fractionation
of the compounds and will eliminate
polar materials. Elemental sulfur
interferes with the electron capture gas
chromatography of certain pesticides
but can be removed by the techniques
described below,

10.2 Florisil Column Cleanup

10.21 Add a weight of Florisil,
(nominally 21g,) predetermined by
calibration (6.3, 6.4), to a
chromatographic column. Settle the
Florisil by tapping the column. Add
sodium sulfate to the top of the Florisil
to form a layer 1-2 cm deep. Add 60 ml
of hexane to wet and rinse the sodium
sulfate and Florisil. Just prior to
exposure of the sodium sulfate to air,
stop the elution of the hexane by closing
the stopcock on the chromatography
column. Discard the eluate,

10.2.2 Adjust the sample extract
volume to 10 ml and transfer it from the
K-D concentrator tube to the Florisil
column. Rinse the tube twice with 1-2
ml hexane, adding each rinse to the
column,

10.2.3 Place a 500 ml K-D flask and
clean concentrator tube under the
chromatography column. Drain the
column into the flask until the sodium
sulfate layer is nearly exposed. Elute the
column with 200 ml of 6% ethyl ether in
hexane (Fraction 1) using a drip rate of
about 5 ml/min, Remove the K-D flask
and set aside for later concentration.
Elute the column again, using 200 ml of
15% ethyl ether in nexane (Fraction 2],
into a second K-D flask. Perform the
third elution using 200 ml of 50% ethyl in
hexane (Fraction 3). The elution patterns
for the pesticides and PCB's are shown
in Table IL

10.2.4 Concentrate the eluates by
standard K-D techniques (9.5),
substituting hexane for the glassware
rinses and using the water bath at about
85° C. Adjust final volume to 10 ml with
hexane. Analyze by gas
chromatography.

10.3 Elemental sulfur will usually
elute entirely in Fraction 1, To remove
sulfur interference from this fraction or
the original extract, pipet 1,00 ml of the
concentrated extract into a clean
concentrator tube or Teflon-sealed vial.
Add 1-3 drops of mercury and seal,
Agitate the contents of the vial for 15~30
seconds. Place the vial in an upright
position on a reciprocal laboratory
shaker and shake for 2 hours. Analyze
by gas chromatography.

11, Gas Chromatography.

11,1 Table I summarizes some
recommended gas chromatographic
column materials and operating
conditions for the instrument, Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. Examples of
the separations achieved by these
columns are shown in Figures 1 through
10. Calibrate the system daily with a
minimum of three injections of
calibration standards.

11,2 Inject 2-5 ul of the sample
extract using the solvent-flush
technique. Smaller (1.0 ul) volumes can
be injected if automatic devices are
employed. Record the volume injected to
the nearest 0.05 pl, and the resulting
peak size, in area units.

11.3 If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

11.4 If the peak area measurement is
prevented by the presence of
interferences, further cleanup is
required.

12. Calculations.

12.1 Determine the concentration of
individual compounds according to the
formula:

Concentraton, ug/l= !’.‘E?;"Yﬁ
Vatv) N

Where:

A =Calibration factor for chromatographic
system, in nanograms material per area
unit,

B=Peak size in injection of sample extract, in
area units

V,=Volume of extract injected (ul)

V= Volume of total extract (pl)

V, = Volume of water extracted (ml)

12.2 Report results in micrograms per
liter without correction for recovery
data. When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

13. Accuracy and Precision.

13.1 The U.S. EPA Environmental
Monitoring and Support Laboratory in
Cincinnati is in the process of
conducting an interlaboratory method
study to determine the accuracy and
precision of this test procedure,
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Table I. —Gas Chromatography of Pesticides and

PCB's
Retenton time
(mmin)
Dotect
Firniit
Parameter Col1' Col2"® (ug/1)?
Aldrin ... 240 410 0.003
a-BHC.. 1.35 1.82 0.002
b-BHC.. 1.90 1.97 0.004
d-8HC.. 215 220 0.004
g-BHC.. 1.70 213 0,002
Chiordane *) " 0.04
4,41-000. 783 9.08 0.012
4,41-DDE . 513 715 0.006
4,41-DDT. 9.40 175 0.016
Dieldrin...... 545 723 0.006
Endosultan | 450 520 0.005
Endosulfan Il 8.00 828 0.01
Endosulfan sulfate .. 1422 10.70 0.03
Endrin....ociein 855 810 0.009
Endrin aldehyde 1182 9.30 0.023
Lt Tv e R —— 200 335 0.002
Heptachior epoxide 350 500 0.004
Toxaphene {4 (o] 0.40
PCB-1016...... ) ) 0.04
PCB-1221. () “ 0.10
PCB-1232. (&) " 0.10
PCB-1242. ) Q) 0.05
PCB-1248...... 0 ) 0.08
PCB-1254...... " ") 0,08
PCB-1260. . 1vucciciecssennese *) (&) 015

* Supelcoport 100/120 mesh coated with 1.5% SP-2250/
1.95% SP-2401 packed in a 180 cm long x 4 mm ID glass
column with 5% Methane/95% Argon carrier gas at 60 mi/min
flow rate, Column temperature is 200°C.

¥ Supeicopart 100/120 mesh coated with 3% OV-1ina 180
cm long x 4 mm 1D glass column with 5% Methane/85%
Argon carrier gas at 60 mi/min fiow rate, Column temperature
is 200°C,

" Detection fimit is calculated from the minimum
GC response being equal 1o five times the GC
noise, assuming @ 10 mi final volume of the 1 liter sample
extract, and assuming a GC injection of 5 microiliters.
*Multiple peak response. See Figures 2-10.
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Table . —Distribution and Recovery of Chiorinated
Pesticides and PCBs Using Florisil Column
Chromatography

Racovery (parcent) by
fraction '

Parametor

"2(15 350
18 pct) pet)  pot)

100
100 .
97
88 ...
100 ...
100
| BB
98 ..
100 ...
0 100
37 68 L
onsvowsibistestboontinsy 0 7 91
Endosulfan sulfate....................receer 0 0 106
Endrin 3 ¥+ e 4 96
Endrin aldehyde e 0 68 26
Heptachlor epoxide ............. . 100
Toxaphene ............. 2) 96
PCB-1016 W 87
PCB-1221.......... 97 .. ~
PCB-1232 95 4
PCB-1242 97
PCB-1248 103 .
PCB-1254.,. gty 00 ...
Lo S FETEE S . 05

'From: “Development and Application of Test Procedures
for Specific Organic Toxic Substances in Wastewaters, Cate-
gory 10-Pesticides and PCB's. Report for EPA Contract 68-
03-2606."

BILLING CODE 6560-01-M
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Nitroaromatics and Isophorone—
Method 609

1. Scope and Application.

1.1 This method covers the
determination of certain nitroaromatics
and isophorone. The following
parameters may be determined by this
method:

Storet No.
34408
34447

34626

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharege Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compunds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
usually dependent upon the level of
interferences rather than instrumental
limitations. The limits of detection listed
in Table I represent sensitivities that
can be achieved in wastewaters in the
absence of interferences.

1.4 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.

21 A1-liter sample of wastewater is
extracted with methylene chloride using
separatory funnel techniques. The
extract is dried and exchanged to
toluene while being concentrated to 1.0
ml. Isophorone and nitrobenzene are
measured by flame ionization gas
chromatography. The dinitrotoluenes
are measured by electron capture GC.

2.2 If interferences are encountered,
the method provides a general purpose
cleanup procedure to aid the analyst in
their elimination.

3. Interferences.

3.1 Solvents, reagents, glassware,
and other sample processing hardware
may yield discrete artifacts and/or
elevated baselines causing
misinterpretation of gas chromatograms.
All of these materials must be
demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Specific selection of reagents and
purification of solvents by distillation in
all-glass systems may be required.

3.2 Interferences coextracted from
the samples will vary considerably from
source to source, depending upon the
diversity of the industrial complex or
municipality being sampled. While

general clean-up techniques are
provided as part of this method, unique
samples may require additional cleanup
approaches to achieve the sensitivities
stated in Table L

4. Apparatus and Materials,

41 Sampling equipment, for discrete
or composite sampling,

41.1 Grab sample bottle—amber
glass, 1-liter or 1-quart volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

41.2 Bottle caps—Threaded to screw
on to the sample bottles. Caps must be
lined with Teflon. Foil may be
substituted if sample is not corrosive.

41.3 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the collection of a
minimum of 250 ml. Sample containers
must be kept refrigerated during
sampling. No tygon or rubber tubing
may be used in the system.

4.2 Separatory funnel—2000 ml, with
Teflon stopcock.

4.3 Drying column—20 mm ID pyrex
chromatographic column with coarse

it

44 Kuderna-Danish (K-D)
Apparatus

44.1 Concentrator tube—10 ml,
graduated (Kontes K-570050-1025 or
equivalent). Calibration must be
checked. Ground glass stopper (size 19/
22 joint) is used to prevent evaporation
of extracts.

44,2 Evaporative flask—500 ml
{(Kontes K-57001-0500 or equivalent),
Attach to concentrator tube with
springs. (Kontes K-662750-0012).

443 Snyder column—three-ball
macro (Kontes K503000-0121 or
equivalent).

444 Snyder column—two-ball micro
(Kontes K-569001-0218 or equivalent).

4.4.5 Boiling chips-solvent extracted,
approximately 10/40 mesh.

4.5 Water bath—Heated, with
concentric ring cover, capable of
temperature control (£2°C). The bath
should be used in a hood.

46 Gas chromatograph—Analytical
system complete with gas
chromatograph suitable for on-column
injection and all required accessories
including both electron capture and
flame ionization detectors, column
supplies, recorder, gases, syringes. A
data system for measuring peak areas is
recommended.

4.7 Chromatography column—400
mm long x 10 mm ID, with coarse fritted
plate on bottom and Teflon stopcock.

5. Reagents.

5.1 Preservatives:

511 Sodium hydroxide—(ACS) 10 N
in distilled water.

5.1.2 Sulfuric acid (1+1)—(ACS) Mix
equal volumes of conc. H;SO, with
distilled water

5.2 Methylene chloride—Pesticide
quality or equivalent.

5.3 Sodium sulfate—(ACS) Granular,
anhydrous (purified by heating at 400°C
for 4 hrs. in a shallow tray).

5.4 Stock standards—Prepare stock
standard solutions at a concentration of
1.00 pg/ul by dissolving 0.100 grams of
assayed reference material in pesticide
quality isooctane or other appropriate
solvent and diluting to volume in a 100
ml ground glass stoppered volumetric
flask. The stock solution is transferred
to ground glass stoppered reagent
bottles, stored in a refrigerator, and
checked frequently for signs of
degradation or evaporation, especially
just prior to preparing working
standards from them.

5.5 Acetone, Haxane, Methanol,
Toluene—pesticide quality or
equivalent.

5.6 Florisil—PR grade (60/100 mesh);
purchase activated at 1250°F and store
in glass containers with glass stoppers
or foil-lined screw caps. Before use,
activate each batch overnight at 200°C
in glass containers loosely covered with
foil.

6. Calibration.

6.1 Prepare calibration standards
that contain the compounds of interest,
either singly or mixed together. The
standards should be prepared at
concentrations covering two or more
orders of magnitude that will completely
bracket the working range of the
chromatographic system. If the
sensitivity of the detection system can
be calculated from Table I as 100 pg/1
in the final extract, for example, prepare
standards at 10 pg/1, 50 pg/1, 100 ug/1.
500 pg/1, etc. so that injections of 1-5 pl
of each calibration standard will define
the linearity of the detector in the
working range.

6.2 Assemble the recessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table .
By injecting calibration standards,
establish the sensitivity limit of the
detector and the linear range of the
analytical system for each compound.

6.3 Before using any cleanup
procedure, the analyst must process a
series of calibration standards through
the procedure to validate elution
patterns and the absence of
interferences from the reagents.

7. Quality Control.

7.1 Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water method
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,blank, that all glassware and reagents
are interference-free. Each time a set of
samples is extracted or there is a change
i reagents, a method blank should be
processed as a safeguard against
chronic laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technigue. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
identification of a peak on the
chromatogram, confirmatory techniques
such as mass spectroscopy should be
used.

8. Sample Collection, Preservation,
and Handling,

8.1 Grab samples must be collected
in glass containers. Conventional
sampling practices should be followed,
except that the bottle must not be
prewashed with sample before
collection. Composite samples should be
collected in refrigerated glass containers
in accordance with the requirements of
the program. Automatic sampling
equipment must be free of tygon and
other potential sources of
contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. Chemical preservatives
should not be used in the field unless
more than 24 hours will elapse before
delivery to the laboratory. If the samples
will not be extracted within 48 hours of
collection, the sample should be
adjusted to a pH range of 6.0-8.0 with
sodium hydroxide or sulfuric acid.

8.3 All samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction. -

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume. Pour
the entire sample into a two-liter
separatory funnel. Check the pH of the
sample with wide-range pH paper and
adjust to within the range of 5-9 with
sodium hydroxide or sulfuric acid.

9.2 Add 60 ml methylene chloride to
the sample bottle, seal, and shake 30
seconds to rinse the inner walls.
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for two minutes with
pericdic venting to release vapor
pressure. Allow the organic layer to
separate from the water phase for a
minimum of ten minutes. If the emulsion
interface between layers is more than
one-third the size of the solvent layer,
the analyst must employ mechanical

techiques to complete the phase
separation. The optimum technique
depends upon the sample, but may
include stirring, filtration of the
emulsion through glass wool, or
centrifugation. Collect the methylene
chloride extract in a 250-ml Erlenmeyer
flask.

9.3 Add a second 80-ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure a
second time, combining the extracts in
the Erlenmeyer flask.

9.4 Perform a third extraction in the
same manner. Pour the combined
extract through a drying column
containing 3—4 inches of anhydrous
sodium sulfate, and collect it in a 500-ml
Kuderna-Danish (K-Dj) flask equipped
with a 10 ml concentrator tube. Rinse
the Erlenmeyer flask and column with
20-30 ml methylene chloride to complete
the quantitative transfer.

9.5 Add 1-2 clean boiling chips to
the flask and attach a three-ball Snyder
column. Prewet the Snyder column by
adding about 1 ml methylene chloride to
the top. Place the K-D apparatus on a
hot water bath (60-85°C) so that the
concentrator tube is partially immersed
in the hot water, and the entire lower
rounded surface of the flask is bathed in
vapor. Adjust the vertical position of the
apparatus and the water temperature as
required to complete the concentration
in 15-20 minutes. At the proper rate of
distillation the balls of the column will
actively chatter but the chambers will
not flood. When the apparent volume of
liquid reaches 1 ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling. Remove
the Snyder column and rinse the flask
and its lower joint into the concentrator
tube with 1-2 ml of methylene chloride.
A 5-ml syringe is recommended for this
operation.

9.6 Add 1.0 ml toluene to the
concentrator tube, and a clean boiling
chip. Attach a two-ball micro-Snyder
column. Prewet the micro-Snyder
column by adding about 0.5 ml of
methylene chloride to the top. Place this
micro-K-D apparatus on a water bath
(60-65°C) so that the concentrator tube
is partially immersed in the hot water.
Adjust the vertical position of the
apparatus and water temperature as
required to complete the concentration
in 5 to 10 minutes. At the proper rate of
distillation the balls will actively chatter
but the chambers will not flood. When
the apparent volume of liquid reaches
0.5 ml, remove the K-D apparatus and
allow it to drain for at least 10 minutes
while cooling, Remove the micro-Snyder
column and rinse its lower joint into the
concentrator tube with a small volume
of toluene. Adjust the final volume to 1.0

ml and stopper the concentrator tube
and store refrigerated if further
processing will not be performed
immediately. Unless the sample is
known to require cleanup, proceed with
gas chromatographic analysis.

9.7 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
1000 m! graduated cylinder. Record the
sample volume to the nearest 5 ml.

10. Cleanup and Separation.

10.1 Prepare a slurry of 10g of
activated Florisil in 10% methylene
chloride in hexane (V/V). Use it to pack
a 10 mm ID chromatography column,
gently tapping the column to settle the
Florisil. Add 1 cm anhydrous sodium
sulfate to the top of the Florisil.

10.1.1 Just prior to exposure of the
sodium sulfate layer to the air transfer
the 1 ml sample extract onto the column
using an additional 2 ml of toluene to
complete the transfer,

10.1.2 Just prior to exposure of the
sodium sulfate layer to the air, add 30 ml
10% methylene chloride in hexane and
continue the elution of the column.
Elution of the column should be at a rate
of about 2 ml per minute. Discard the
eluate from this fraction.

10.1.3 Next elute the column with 30
ml of 10% acetone/90% methylene
chloride (V/V) into a 500 ml K-D flask
equipped with a 10 ml concentrator
tube. Concentrate the collected fraction
by the K-D technique prescribed in 9.5
and 9.6, including the solvent exchange
to 1 ml toluene. This fraction should
contain the nitroaromatics and
isophorone.

10.1.4 Analyze by gas
chromatography.

11. Gas Chromatography.

11.1 Isophorone and nitrobenzene are
analyzed by injection of a portion of the
extract into a gas chromatograph with a
flame ionization detector. The
dinitrotoluenes are analyzed by a
separate injection into an electron
capture gas chromatograph. Table [
summarizes some recommended gas
chromatographic column materials and
operating conditions for the instruments.
Included in this table are estimated
retention times and sensitivities that
should be achieved by this method.
Examples of the separations achieved
by the primary column are shown in
Figures 1 and 2. Calibrate the system
daily with a minimum of three injections
of calibration standards.

11.2 Inject 2-5 pl of the sample
extract using the solvent-flush
technique, Smaller (1.0 ul) volumes can
be injected if automatic devices are
employed. Record the volume injected to
the nearest 0.05 pl, and the resulting
peak size, in area units.
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11.3 If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

11.4 If the peak area measurement is
prevented by the presence of
interferences, further cleanup is
required.

12. Calculations.

121 Determine the concentration of
individual compounds according to the
formula:

™

AT MLUDMA

M Y A

(ABYVY)
77

Concentration, ug/l=

Where:

A=Calibration factor for chromatographic
system, in nanograms material per area
unit.

B=Peak size in injection of sample extract, in
area units.

V,=Volume of extract injected (u!).

V.=Volume of total extract (ul).

V,=Volume of water extracted (ml).

- Nty

L i T =) T B A 4

12.2 Report results in micrograms per
liter without correction for recovery
data, When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

13. Accuracy and Precision.

The U.S. EPA Environmental
Monitoring and Support Laboratory in
Cincinnati is in the process of
conducting an interlaboratory method
study to determine the accuracy and
precision of this test procedure.

NPT L ITAAL .

Bibliography

*Development and Application of Test
Procedures for Specific Organic Toxic
Substances in Wastewaters. Category 4-
Nitroaromatics and Isophorone,” Report for
EPA Contract No. 68-03-2624 (In
preparation).

Table \. —Gas Chromatography of Nitroaromatics
and Isophorone
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100Coolumtemporatue C analysis for the DNTs requires
10% Methane/90% Argon carrier gas at 44 mi/min flow rate
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Polynuclear Aromatic Hydrocarbons—
Method 610

1. Scope and Application.

1.1 This method covers the
determination of certain polynuclear
aromatic hydrocarbons (PAH). The
following parameters may be
determined by this method:

1.2 This method is applicable to the
determination of these compounds in
muncipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 This method contains both liquid
and gas chromatographic approaches,
depending upon the needs of the
analyst. The gas chromatographic
procedure cannot adequately resolve the
following four pairs of compounds:
Anthracene and phenanthrene; chrysene
and benzo(a)anthracene; benzo(b)
fluoranthene and benzo(k)fluoranthene;
and dibenzo(a,h)anthracene and
indeno(1,2,3-cd)pyrene. Unless the
purposes of the analysis can be served
by reporting a sum for an unresolved
pair, the liquid chromatographic
approach must be used for these
compounds. The liquid chromatographic
method will resolve all of the 16
compounds listed above.

1.4 The sensitivity of this method is
usually dependent upon the level of
interferences rather than instrumental
limitations. The limits of detection listed
in Table I for the liquid chromatographic
approach represent sensitivities that can
be achieved in wastewaters in the
absence of interferences.

1.5 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.

2.1 A 1-liter sample of wastewater is
extracted with methylene chloride using
separatory funnel techniques. The
extract is dried and concentrated to a

volume of 10 ml or less.
Chromatographic conditions are
described which allow for the accurate
measurement of the compounds in the
extract by either High Performance
Liquid Chromatography (HPLC) or gas
chromatography.

.2.2 If interferences are encountered,
the method provides a selected general
purpose cleanup procedure to aid the
analyst in their elimination.

3. Interferences.

3.1 Solvents, reagents, glassware,
and other sample processing hardware
may yield discrete artifacts and/or
elevated baselines causing
misinterpretation of the chromatograms.
All of these materials must be
demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Specific selection of reagents and
purification of solvents by distillation in
all-glass systems may be required,

3.2 Interferences coextracted from
the samples will vary considerably from
source to source, depending upon the
diversity of the industrial complex or
municipality being sampled. While a
general clean-up technique is provided
as part of this method, unique samples
may require additional clean-up
approaches to acheive the sensitivities
stated in Table 1.

3.3 The extent of interferences that
may be encountered using liquid
chromatographic techniques has not
been fully assessed. Although the
chromatographic conditions described
allow for a unique resolution of the
specific PAH compounds covered by
this method, other PAH compounds may
interfere.

4. Apparatus and Materials.

41 Sampling equipment, for discrete
or composite sampling.

411 Grab sample bottle—amber
glass, 1-liter or 1-quart volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

4.1.2 Bottle caps—Threaded to screw
on to the sample bottles. Caps must be
lined with Teflon. Foil may be
substituted if sample is not corrosive.

41.3 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the ccllection of a
minimum of 250 ml. Sample containers
must be kept refrigerated during
sampling. No tygon or rubber tubing
may be used in the system.

4.2 Separatory funnel—2000 ml, with
Teflon stopcock.

4.3 Drying column—20 mm ID pyrex
;:hromatographic column with coarse
Tit. |

4.4 Kuderna-Danish (K-D)
Apparatus

44.1 Concentrator tube—10 ml,
graduated (Kontex K-570050-1025 or
equivalent). Calibration must be
checked. Ground glass stopper (size 19/
22 joint) is used to prevent evaporation
of extracts.

44.2 Evaporative flask—500 ml
(Kontes K-57001-0500 or equivalent).
Attach to concentrator tube with
springs. (Kontes K-862750-0012).

4.4.3 Snyder column—three-ball
macro (Kontes K503000-0121 or
equivalent).

444 Snyder column—two-ball micrg
(Kontes K-569001-0219 or equivalent).

44.5 Boiling chips—solvent
extracted, approximately 10/40 mesh.

4.5 Water bath—Heated, with
concentric ring cover, capable of
temperature control (£2° C). The bath
should be used in a hood.

4.6 HPLC Apparatus:

4.6.1 Gradient pumping system,
constant flow,

4.6.2 Reverse phase column, 5
micron HC-ODS Sil-X, 250 mm X 2.6 mm
ID (Perkin Elmer No. 809-0716 or
equivalent).

4.6.3 Fluorescence detector, for
excitation at 280 nm and emission at 389
nm.

4.64 UV detector, 254 nm, coupled to
fluorescence detector.

4.6.5 Strip chart recorder compatible
with detectors, (A data system for
measuring peak areas is recommended).

4.7 Gas chromatograph—Analytical
system complete with gas
chromatograph suitable for on-column
injection and all required accessories
including dual flame ionization
detectors, column supplies, recorder,
gases, syringes. A data system for
measuring peak areas is recommended.

48 Chromatographic column—250
mm long X 10 mm ID with coarse fritted
disc at bottom and Teflon stopcock.

5. Reagents.

5.1 Preservalives:

5.1.1 Sodium hydroxide—(ACS) 10N
in distilled water.

5.1.2 Sulfuric acid—{ACS) Mix equal
volumes of conc. H:SO, with distilled
water.

51.3 Sodium thiosulfate—(ACS)
Granular.

5.2 Methylene chloride, Pentane,
Cyclohexane, High Purity Water—HPLC
quality, distilled in glass.

5.3 Sodium sulfate—(ACS) Granular,
anhydrous (purified by heating at 400° C
for 4 hrs. in a shallow tray).

5.4 Stock standards—Prepare stock
standard solutions at a concentration of
1.00 pg/pl by dissolving 0.100 grams of
assayed reference material in pesticide
quality isooctane or other appropriate
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solvent and diluting to volume in a 100
ml ground glass stoppered volumetric
flask. The stock solution is transferred
to ground glass stoppered reagent
bottles, stored in a refrigerator, and
checked frequently for signs of
degradation or evaporation, especially
just prior to preparing working
standards from them.

5.5 Acetonitrile—Spectral quality.

56 Silica gel—100/120 mesh
desiccant (Davison Chemical grade 923
or equivalent). Before use, activate for at
least 16 hours at 130° C in a foil covered
glass container.

6. Calibration.

6.1 Prepare calibration standards
that contain the compounds of interest,
either singly or mixed together. The
standards should be prepared at
concentrations covering two or more
orders of magnitude that will completely
bracket the working range of the
chromatographic system., If the
sensitivity of the detection system can
be calculated from Table I as 100 pg/l in
the final extract, for example, prepare
standards at 10 pg/l, 50 ug/l, 100 ng/l,
500 ng/l, etc. so that injections of 1-5 ul
of each calibration standard will define
the linearity of the detector in the
working range.

6.2 Assemble the necessary HPLC or
gas chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table I
or IL. By injecting calibration standards,
establish the sensitivity limit of the
detectors and the linear range of the
analytical systems for each compound.

8.3 Before using any cleanup
procedure, the analyst must process a
series of calibration standards through
the procedure to validate elution
patterns and the absence of
interferences from the reagents.

7. Quality Control.

7.1 Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water method
blank, that all glassware and reagents
are interference-free. Each time a set of
samples is extracted or there is a change
in reagents, a method blank should be
processed as a safeguard against
laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt extists over the
identification of a peak on the
chromatogram, confirmatory techniques

such as fraction collection and GC-mass
spectroscopy should be used.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers. Conventional
sampling practices should be followed,
except that the bottle must not be
prewashed with sample before
collection. Composite samples should be
collected in refrigerated glass containers
in accordance with the requirements of
the program. Automatic sampling
equipment must be free of tygon and
other potential sources of
contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. Chemical preservatives
should not be used in the field unless
more than 24 hours will elapse before
delivery to the laboratory. If the samples
will not be extracted within 48 hours of
collection, adjust the sample to a pH
range of 6.0-8.0 with sodium hydroxide
or sulfuric acid and add 35 mg sodium
thiosulfate per part per million of free
chlorine per liter.

8.3 | samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction.

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume. Pour
the entire sample into a two-liter
separatory funnel. Check the pH of the
sample with wide-range pH paper and
adjust to within the range of 5-9 with
sodium hydroxide or sulfuric acid.

9.2 Add 60 ml methylene chloride to
the sample bottle, seal, and shake 30
seconds to rinse the inner walls.
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for two minutes with
periodic venting to release vapor
pressure, Allow the organic layer to
separate from the water phase for a
munimum of ten minutes. If the emulsion
inteface between layers is more than
one-third the size of the solvent layer,
the analyst must employ mechanical
techniques to complete the phase
separation. The optimum technique
depends upon the sample, but may
include stirring, filtration of the
emulsion through glass wool, or
centrifugation. Collect the methylene
chloride extract in a 250-ml Erlenmeyer
flask.

9.3 Add a second 60-ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure &
second time, combining the extracts in
the Erlenmeyer flask.

9.4 Perform a third extraction in the
same manner. Pour the combined
extract through a drying column

containing 3-4 inches of anhydrous
sodium sulfate, and collect it in a 500-ml
Kuderna-Danish (K-D) flask equipped
with a 10-ml concentrator tube. Rinse
the Erlenmeyer flask and column with
20-30-ml methylene chloride to complete
the quantitative transfer.

9.5 Add 1-2 clean boiling chips to
the flask and attach a three-ball Snyder
column, Prewet the Snyder column by
adding about 1-ml methylene chloride to
the top. Place the K-D apparatus on a
hot water bath (60-85° C) so that the
concentrator tube is partially immersed
in the hot water, and the entire lower
rounded surface of the flask is bathed in
vapor. Adjust the vertical position of the
apparatus and the water temperature as
required to complete the concentration
in 15-20 minutes. At the proper rate of
distillation the balls of the column will
actively chatter but the chambers will
not flood. When the apparatus volumn
of liquid reaches 1-ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling. Remove
the Snyder column and rinse the flask
and its lower joint into the concentrator
tube with 1-2-ml of methylene chloride,
A 5-ml syringe is recommended for this
operation. Stopper the concentrator tube
and store refrigerated if further
processing will not be performed
immediately.

9.6 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
1000-ml graduated cylinder. Record the
sample volume to the nearest 5-ml.

9.7 If the sample requires cleanup
before chromatographic analysis,
proceed to Section 10. If the sample does
not require cleanup, or if the need for
cleanup is unkown, analyze an aliquot
of the extract according to Section 11 or
Section 12.

10. Cleanup and Separation.

10.1 Before the silica gel cleanup
technique can be utilized, the extract
solvent must be exchanged to
cyclohexane. Add a 1-10-ml aliquot of
sample extract (in methylene chloride)
and a boiling chip to a clean K-D
concentrator tube. Add 4-ml
cyclohexane and attach a micro-Snyder
column. Prewet the micro-Snyder
column by adding 0.5-m! methylene
chloride to the top. Place the micro-K-D
apparatus on a boiling (100° C) water
bath so that the concentrator tube is
partially immersed in the hot water.
Adjust the vertical position of the
apparatus and the water temperature as
required to complete concentration in 5~
10 minutes. At the proper rate of
distillation the balls of the column will
actively chatter but the chambers will
not flood. When the apparent volume of
the liquid reaches 0.5-ml, remove K-D
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apparatus and allow it to drain for at
least 10 minutes while cooling. Remove
the micro-Snyder column and rinse its
lower joint into the concentrator tube
with a minimum of cyclohexane. Adjust
the extract volume to about 2-ml.

10.2 Silica Gel Column Cleanup for
PAHs.

10.2.1 Prepare a slurry of 10g
activated silical gel in methylene
chloride and place this in a 10 mm ID
chromatography column, Gently tap the
column to settle the silica gel and elute
the methylene chloride. Add 1-2 cm of
anhydrous sodium sulfate to the top of
the silica gel,

10.2.2 Preelute the column with 40-ml
pentane. Discard the eluate and just
prior to exposure of the sodium sulfate
layer to the air, transfer the 2-ml
cyclohexane sample extract onto the
column, using an additional 2-ml of
cyclohexane to complete the transfer.

10.2.3 Just prior to exposure of the
sodium sulfate layer to the air, add 25-
ml pentane and continue elution of the
column. Discard the pentane eluate.

10.24 Elute the column with 25-ml of
40% methylene chloride/60% pentane
and collect the eluate in a 500-ml K-D
flask equipped with a 10-ml
concentrator tube. Elution of the column
should be at a rate of about 2 ml/min.

10.2.5 Concentrate the collected
fraction to less than 10-ml by K-D
techniques as in 9.5, using pentane to
rinse the walls of the glassware. Proceed
with HPLC or gas chromatographic
analysis.

11. High Performance Liquid
Chromatography HPLC.

11.1 To the extract in the
concentrator tube, add 4 ml acetonitrile
and a new boiling chip, then attach a
micro-Snyder column. Increase the
temperature of the hot water bath to 95-
100° C. Concentrate the solvent as
above. After cooling, remove the micro-
Snyder column and rinse its lower joint
into the concentrator tube with about 0.2
ml acetonitrile. Adjust the extract
volume to 1.0 mL

11.2 Table I summarizes the
recommended HPLC column materials
and operating conditions for the
instrument. Included in this table are
estimated retention times and
sensitivities that should be achieved by
this method. An example of the
separation achieved by this column is
shown in Figure 1. Calibrate the system
daily with a minimum of three injections
of calibration standards.

11.3 Inject 2-5 pl of the sample
extract with a high pressure syringe or
sample injection loop. Record the
volume injected to the nearest 0.05 pl,
and the resulting peak size, in area
units.

11.4 If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

11.5 If the peak area measurement is
prevented by the pressure of
interference, further cleanup is required.

116 The UV detector is
recommended for the determination of
napthalene and acenaphthylene and the
fluorescene detector is recommended for
the remaining PAHs.

12. Gas Chromatography.

12.1 The gas chromatographic
procedure will not resolve certain
isomeric pairs as indicated in Table II.
The liquid chromatographic procedure
(Section 11) must be used for these
materials.

12.2 To achieve maximum sensitivity
with this method, the extract must be
concentrated to 1.0 ml. Add a clean
boiling chip to the methylene chloride
extract in the concentrator tube. Attach
a two-ball micro-Snyder column. Prewet
the micro-Snyder column by adding
about 0.5 ml of methylene chloride to the
top. Place this micro-K-D apparatus on a
hot water bath (60-65° C) so that the
concentrator tube is partially immersed
in the hot water. Adjust the vertical
position of the apparatus and water
temperature as required to complete the
concentration in 5 to 10 minutes. At the
proper rate of distillation the balls will
actively chatter but the chambers will
not flood. When the apparent volume of
liquid reaches 0.5 ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling. Remove
the micro-Snyder column and rinse its
lower joint into the concentrator tube
with a small volume of methylene
chloride. Adjust the final volume to 1.0
ml and stopper the concentrator tube.

12.3 Table II describes the
recommended gas chromatographic
column material and operating
conditions for the instrument. Included
in this table are estimated retention
times that should be achieved by this
method. Calibrate the gas
chromatographic system daily with a
minimum of three injections of
calibration standards.

124 Inject 2-5 pl of the sample
extract using the solvent-flush
technique. Smaller (1.0 pl) volumes can
be injected if automatic devices are
employed. Record the volume injected to
the nearest 0.05 pl, and the resulting
peak size, in ara units.

12,5 If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

12.8 If the peak ara measurement is
prevented by the presence of
interferences, further cleanup is
required.

13. Calculations.

13.1 Determine the concentration of
individual compounds according to the
formula:

_A® W

vV V)

C vg/1

Where:

A=Calibration factor for chromatographic
system, in nanograms material per area
unit.

B="Peak size in injection of sample extract, in
area units

Vi=Volume of extract injected [ul)

V= Volume of total extract (ul)

V,=Volume of water extracted (ml)

13.2 Report results in micrograms per
liter without correction for recovery
data. When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

14. Accuracy and Precision.

141 The U.S. EPA Environmental
Monitoring and Support Laboratory in
Cincinnati is in the process of
conducting an interlaboratory method
study to determine the accuracy and
precision of this test procedure.
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Table \.—High Performance Liquid Chromatography
of PAH's

Retention  Detection limit (ug/1) '
time {min)
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'HPLC conditions: Reverse phase HC-ODS Sil-X 26
250 mm Perkin-Elmer column; isocratic elution for 5 mn
using 40% acetonitrile/60% water, then linear gradient elu-
tion to 100% acetonitrile over 25 minutes; flow rate is 08 ml/
min.
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HPLC response being equal to five times the background
noise, assuming an equivalent of 8 2 ml final volume of the
1 liter sample extract, and assuming an HPLC injection of
2 microliters,

from the mi detectable

Table Il.—Gas Chromalography of PAHs
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Table Il.—Gas Chromatography of PAHs—Continued

Compound ! Retention

Time (min)

prenanthreng... 158
ANhracoN® ...

Fuoranthene ...

Dbanzoia,n)
1762001 1.2,3-CAIPYTONG covverrecmmmensrrrsrsrvessssssssssesssssn -
gerzo(ghi)perylens

\GG conditions: Chromosorb W-AW-DCMs 1007120 mesh
coated with 3% OV-17, packed in a 6 x 2 mm ID glass
mmmwﬂhﬁtogon“gal&t‘l)nﬂ/nhlﬂmm
wumaemmwmmmioo'cmtmmsm
programmed at 8°/minute to a final hold at 280" C.

Haloethers—Method 611

1. Scope and Application
1.1 This method covers the
determination of certain haloethers. The

COLUMN: HC-ODS SiL-X

VOBILE PHASE: 40% TO 100% ACETONITRILE IN WATER

DETECTOR: FLUORESCENCE

by

NAPTHALENE
ACENAPHTHYLENE
ACENAPHTHENE

PHENANTHRENE

Ul

! ] 1

following parameters may be
determined by this method:

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
usually dependent upon the level of

w
=
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=
&=
L
o
-
=
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—
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<

[52]
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INDENO(1,2,3-cd)PYRENE

h)ANTH

CHRYSENE
THENE

FLUORAN

20(b
S (BLNZOJI()FLUORANT ENE
BENZO (a)PYRENE

BENZO(a)ANTHRACENE
DIBENZO(a,

ANTHRACENE Fi UORANTHENE

1 | | i

3% 12 16 20

RETENTION

|
24 28 32 36 40

TIME-MINUTES

Figure 1. Liquid chromatogram of polynuclear aromatics

interferences rather than instrumental
limitations. The limits of detection listed
in Table I represent sensitivities that
can be achieved in wastewaters in the
absence of interferences.

1.4 This method is recommended for
use only by experienced residue
analysts or under the close supervision
of such qualified persons.

2. Summary of Method.

2.1 A 1-liter sample of wastewater is
extracted with methylene chloride using
separatory funnel techniques. The
extract is dried and concentrated to a
volume of 10 ml or less.
Chromatographic conditions utilizing a
halide specific detector are described
which allow for the accurate
measurement of the compounds in the
extract,

2.2 If interferences are encountered,
the method provides a selected general
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purpose cleanup procedure to aid the
analyst in their elimination.

3. Interferences.

3.1 Solvents, reagents, glassware, and
other sample processing hardware may
yield discrete artificats and/or elevated
baselines causing misinterpretation of
gas chromatograms, All of these
materials must be demonstrated to be
free from interferences under the
conditions of the analysis by running
method blanks. Specific selection of
reagents and purification of solvents by
distillation in all-glass systems may be
required.

3.2 Interferences coextracted from
the samples will vary considerably from
source to source, depending upon the
diversity of the industrial complex or
municipality being sampled. While
general clean-up techniques are
provided as part of this method, unique
samples may require additional cleanup
approaches to achieve the sensitivities
stated in Table L.

3.3 Dichlorobenzenes are known to
coelute with haloethers under some gas
chromatographic conditions. If these
materials are present together in a
sample, it may be necessary to analyze
the extract with two different column
packings to completely resolve all of the
compounds.

4. Apparatus and Materials.

41 Sampling equipment, for discrete
or composite sampling.

411 Grab sample bottle—amber
glass, 1-liter or 1-quart volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

41.2 Bottle caps—Threaded to screw
on to the sample bottles. Caps must be
lined with Teflon. Foil may be
substituted if sample in not corrosive.

4.1.3 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the collection of a
minimum of 250 ml, Sample containers
must be kept refrigerated during
sampling. No tygon or rubber tubing
may be used in the system.

4.2 Separatory funnel—2000 ml, with
Teflon stopcock.

4.3 Drying column—20 mm ID pyrex
chromatographic column with coarse
frit.

44 Kuderna-Danish (K-D)
Apparatus

441 Concentrator tube—10 ml,
graduated (Kontes K-570050-1025 or
equivalent). Calibration must be
checked. Ground glass stopper (size 1%:2
joint) is used to prevent ecaporation of
extracts.

4.4.2 Evaporative flask—500 ml
(Kontes K-57001-0500 or equivalent),

Attach to concentrator tube with
springs. (Kontes K-662750-0012),

44.3 Snyder column—three ball
macro (Kontes K503000-0121 or
equivalent).

444 Snyder column—two-ball micro
(Kontes K-569001-0219 or equivalent).

4.4.5 Boiling chips—solvent
extracted, approximately !%o mesh.

4.5 Water bath—Heated, with
concentric ring cover, capable of
temperature control (£2°C). The bath
should be used in a hood.

4.6 Gas chromatograph—Analytical
system complete with gas
chromatograph suitable for on-column
injection and all required accessories
including halide specific detector,
column supplies, recorder, gases,
syringes. A data system for measuring
peak areas is recommended.

4.7 Chromatographic Column—400
mm long x 19 mm ID with coarse fritted
plate on bottom and Teflon stopcock
(Kontes K-420540-0224 or equivalent).

5. Reagents.

5.1 Preservatives:

5.1.1 Sodium hydroxide—(ACS) 10 N
in distilled water.

5.1.2 Sulfuric acid (1+1}—(ACS) Mix
equal volumes of conc. H.SO, with
distilled water.

5.2 Methylene chloride—Pesticide
quality or equivalent.

5.3 Sodium Sulfate—(ACS) Granular,
anhydrous (purified by heating at 400°C
for 4 hrs. in a shallow tray).

54 Stock standards—Prepare stock
standard solutions at a concentration of
1.00 pg/pl by dissolving 0.100 grams of
assayed reference material in pesticide
quality acetone or other appropriate
solvent and diluting to volume in a 100
ml ground glass stoppered volumetric
flask. The stock solution is transferred
to ground glass stoppered reagent
bottles, stored in a refrigerator, and
checked frequently for signs of
degradation or evaporation, especially
just prior to preparing working
standards from them.

5.5 Florisil—PR Grade (60/100
mesh); purchase activated at 1250°F and
store in the dark in glass containers with
glass stoppers or foil-lined screw caps.
Before use, activate each batch
overnight at 130°C in a foil-covered glass
container.

5.6 Hexane, Petroleum ether (boiling
range 30-60°C)—pesticide quality or
equivalent.

5.7 Diethyl Ether—Nanograde,
redistilled in glass, if necessary.

5.7.1 Must be free of peroxides as
indicated by EM Quant test strips. (Test
strips are available from EM
Laboratories, Inc., 500 Executive Blvd.,,
Elmsford, N.Y. 10523.)

5.7.2 Procedures recommended for
removal of peroxides are provided with
the test strips. After cleanup 20 ml ethy)
alcohol preservative must be added to
each liter of ether.

8. Calibration.

8.1 Prepare calibration standards
that contain the compounds of interest,
either singly or mixed together. The
standards should be prepared at
concentrations covering two or more
orders of magnitude that will completely
bracket the working range of the :
chromatographic system. If the
sensitivity of the detection system can
be calculated from Table I as 100 ug/l in
the final extract, for example, prepare
standards at 10 pg/l, 50 pg/l, 100 pg/l,
500 pg/l, etc. so that injections of 1-5 |
of each calibration standard will define
the linearity of the detector in the
working range.

8.2 Assemble the necessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table I,
By injecting calibration standards,
establish the sensitivity limit of the
detector and the linear range of the
analytical system for each compound.

6.3 The cleanup procedure in Section
10 utilizes Florisil chromatography.
Florisil from different batches or sources
may vary in absorption capacity. To
standardize the amount of Florisil which
is used, the use of lauric acid value
(Mills, 1968) is suggested. The
referenced procedure determines the
adsorption from hexane solution of
lauric acid (mg) per gram Florisil. The
amount of Florisil to be used for each
column is calculated by dividing 110 by
this ratio and multiplying by 20 grams.

6.4 Before using any cleanup
procedure, the analyst must process a
series of calibration standards through
the procedure to validate elution
patterns and the absence of
interferences from the reagents.

7. Quality Control.

71 Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water method
blank, that all glassware and reagents
are interference-free. Each time a set of
samples is extracted or there is a change
in reagents, a method blank should be
processed as a safeguard against
chronic laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
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:dentification of a peak on the
chromatogram, confirmatory techniques
such as mass spectroscopy should be
used.

8. Sample Collection, Preservation,
and Handling.

81 Grab samples must be collected
in glass containers. Conventional
sampling practices should be followed,
except that the bottle must not be
prewashed with sample before
collection. Composite samples should be
collected in refrigerated glass containers
in accordance with the requirements of
the program. Automatic sampling
equipment must be free of tygon and
other potential sources of
contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. Chemical preservatives
should not be used in the field unless
more than 24 hours will elapse before
delivery to the laboratory. If the samples
will not be extracted within 48 hours of
collection, the sample should be
adjusted to a pH range of 6.0-8.0 with
sodium hydroxide or sulfuric acid.

8.3 All samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction.

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume. Pour
the entire sample into a two-liter
separatory funnel. Check the pH of the
sample with wide-range pH paper and
adjust to within the range of 5-9 with
sodium hydroxide or sulfuric acid.

9.2 Add 60 ml methylene chloride to
the sample bottle, seal, and shake 30
seconds to rinse the inner walls.
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for two minutes with
periodic venting to release vapor
pressure, Allow the organic layer to
separate from the water phase for a
minimum of ten minutes. If the emulsion
interface between layers is more than
one-third the size of the solvent layer,
the analyst must employ mechanical
techniques to complete the phase
separation. The optimum technique
depends upon the sample, but may
include stirring, filtration of the
emulsion through glass wool, or
centrifugation. Collect the methylene
rahlo;:ide extract in a 250-ml Erlenmeyer

dSK.,

9.3 Add a second 60-ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure a
second time, combining the extracts in
the Erlenmeyer flask.

94 Perform a third extraction in the
same manner. Pour the combined
extract through a drying column

containing 3—4 inches of anhydrous
sodium sulfate, and collect it in a 500-ml
Kuderna-Danish (K-D) flask equipped
with a 10 ml concentrator tube. Rinse
the Erlenmeyer flask and column with
20-30 ml methylene chloride to complete
the quantitative transfer.

9.5 Add 1-2 clean boiling chips to
the flask and attach a three-ball Snyder
column. Prewet the Snyder column by
adding about 1 ml methylene chloride to
the top. Place the K-D apparatus on a
hot water bath (60-65°C) so that the
concentrator tube is partially immersed
in the hot water, and the entire lower
rounded surface of the flask is bathed in
vapor. Adjust the vertical position of the
apparatus and the water temperature as
required to complete the concentration
in 15-20 minutes. At the proper rate of
distillation the balls of the column will
actively chatter but the chambers will
not flood. When the apparent volume of
liquid reaches 1-2 ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling.

Note.—Haloethers have a sufficiently high
volatility that significant losses will occur in
concentration steps if care is not exercised. It
is important to maintain a constant gentle
evaporation rate and not to allow the liquid
volume to fall below 1-2 ml before removing
the K-D from the hot water bath.

9.6 Momentarily remove the Snyder
column, add 50 ml hexane and a new
boiling chip and replace the column.
Raise the temperature of the water bath
to 85-90°C. Concentrate the extract as in
9.5 except use hexane to prewet the
column. Remove the Snyder column and
rinse the flask and its lower joint into
the concentrator tube with 1-2 ml
hexane. Stopper the concentrator tube
and store refrigerated if further
processing will not be performed
immediately.

9.7 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
1000 ml graduated cylinder. Record the
sample volume to the nearest 5 ml.

9.8 Unless the sample is known to
require cleanup, proceed to analysis by
gas chromatography.

10. Cleanup and Separation.

10.1 Florisil Column Cleanup for
Haloethers.

10.1.1 Adjust the sample extract
volume to 10 ml.

10.1.2 Place a charge (nominally 20 g
but determined in Section 6.3) of
activated Florisil in a 19 mm ID
chromatography column, After settling
the Florisil by tapping column, add
about one-half inch layer of anhydrous
granular sodium sulfate to the top.

10.1.3 Pre-elute the column, after
cooling, with 50-60 ml of petroleum
ether. Discard the eluate and just prior

to exposure of the sulfate layer to air,
quantitatively transfer the sample
extract into the column by decantation
and subsequent petroleum ether
washings. Discard the eluate. Just prior
to exposure of the sodium sulfate layer
to the air, begin eluting the column with
300 ml of 6% ethyl ether/94% petroleum
ether. Adjust the elution rate to
approximately 5 ml/min and collect the
eluate in a 500 ml K-D flask equipped
with a 10 ml concentrator tube. This
fraction should contain all of the
haloethers.

10.14 Concentrate the fraction by K-
D as in 9.5 except prewet the Snyder
column with hexane. When the
apparatus is cool, remove the column
and rinse the flask and its lower joint
into the concentrator tube with 1-2 ml
hexane. Analyze by gas
chromatography.

11. Gas Chromatography.

11.1 Table I summarizes some
recommended gas chromatographic
column materials and operating
conditions for the-instrument. Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. Examples of
the separations achieved by these
columns are shown in Figures 1 and 2.
Calibrate the system daily with a
minimum of three injections of
calibration standards.

11.2 Inject 2-5 pl of the sample
extract using the solvent-flush
technique. Smaller (1.0 pl) volumes can
be injected if automatic devices are
employed. Record the volume injected to
the nearest 0.05 pl, and the resulting
peak size, in area units.

11.3 If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

11.4 ~ If the peak area measurement is
prevented by the presence of
interferences, further cleanup is
required.

12. Calculations.

121 Determine the concentration of
individual compounds according to the
formula:

(ANBX)VL)
(Vv

Concentration, ug/l =

Where:

A =Calibration factor for chromatographic
system, in nanograms material per area
unit.

B=Peak size in injection of sample extract, in
area units

V,=volume of extract injected (pl)

=volume of total extract (ul)
V,=volume of water extracted (ml)
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12,2 Report results in micrograms per
liter without correction for recovery
data, When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

13. Accuracy and Precision. The U.S.
EPA Environmental Monitoring and
Support Laboratory in Cincinnati is in
the process of conducting an
interlaboratory method study to
determine the accuracy and precision of
this test procedure.
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Table L.—Gas Chromatography of Haloethers *

Retention time
{min.) Detection
Compound e NS
{ug/Ly ?
Col. 1!

Bis(2-chiorotsopropyl) ether..... 8.41 9.70 08
9.32 9.06 05
131 8.97 04
104 150 22
212 162 1.1

'Supeicoport 100/120 mesh coated with 3% SP-1000
packed in 1.8 m long x 2.1 mm ID glass column with ultra-
high purity helium carrier/gas at 40 mi/min flow rate. Column
temperature is 60°C for 2 minutes after injection then program
at 8°C/min to 230°C and hold tor 4 minutes. Under these
conditions R.T. of Aldnn is 22.6 minutes.

*Tenax-GC 80780 mesh packed in a 1.8 m long x 2.1 mm
1D glass column with helium carier gas at 40 mi/min flow
rate. Column tamperature 150°C for 4 minutes after injection
then program at 18°C/min 10 310°C. Under these conditions
R.T. of Aldrin is 18.4 minutes.

*Detection is calculated from the minimum detectable GC
response being equal to five times the GC background noise,
assuming a 10 ml final volume of the 1 fiter sampie extract,
and assuming a FC injection of 5 microliters. These values
were collected using the Tracor 700 Hall ‘electrolytic conduc-
tivity detector with fumace temperature 900°C, transfer line
250°C, 95% ethanol electrolyte at 0.3 mi/min flow rate, and
hydrogen reaction gas at 60 mi/min.

BILLING CODE 6560-01-M
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Chlorinated Hydrocarbons—Method 612

1. Scope and Application.

1.1 This method covers the
determination of certain chlorinated
hydrocarbons. The following parameters
may be determined by this method.
Parameter: STORET No.

Hexachiorocyclop 34386
b 39700

1.2-Dichiorob e
1.2,4:0n

1.3-Di
1,4-Dnct O

2.
2

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutant Discharge Elimination System
(NPDES). As such, it presupposes a high
expectation of finding the specific
compounds of interest. If the user is
attempting to screen samples for any or
all of the compounds above, he must
develop independent protocols for the
verification of identity.

1.3 The sensitivity of this method is
ususally dependent upon the level of
interferences rather than instrumental
limitations. The limits of detection li~ted
in Table I represent sensitivities that
can be achieved in wastewaters ir the
absence of inteferences,

1.4 This method is recommended for
use only by experienced resid-e
analysts or under the close #* pervision
of such qualified persons.

2. Summary of Method.

21 A 1-liter sample of wastewater is
extracted with methylene chloride using
separatory funnel techniques. The
extract is dried by passing through a
sodium sulfate column and concentrated
to a volume of 10 ml or less.
Chromatographic conditions are
described which allow for the accurate
measurement of the compounds in the
extract.

2.2 If inteferences are encountered
or expected, the method provides a
selected general purpose cleanup
procedure to aid the analyst in their
elimination.

3. Interferences.

3.1 Solvents, reagents, glassware,
and other sample processing hardware
may yield discrete artifacts and/or
elevated baselines causing ~
misinterpretation of gas chromatograms,
All of these materials must be
demonstrated to be free from
inteferences under the conditions of the
analysis by running method blanks,
Specific selection of reagents and
purification of solvents by distillation in
all-glass systems may be required.

3.2 Interferences coextracted from
the samples will vary considerably from

source to source, depending upon the
diversity of the industrial complex or
municipality being sampled. While
general clean-up techniques are
provided as part of this method, unique
samples may require additional cleanup
approaches to achieve the sensitivities
states in Table 1.

4. Apparatus and Materials.

41 Sampling equipment, for discrete
or composite sampling.

41.1 Grab sample bottle—amber
glass, 1-liter or 1-quart volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

412 Bottle caps—Threaded to screw
on to the sample bottles. Caps must be
lined with Teflon. Foil may be
substituted if sample is not corrosive
and the foil is found to be interference
free.

4.1.3 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the collection of a
minimum of 250 ml. Sample containers
must be kept refrigerated during
sampling. No tygon or rubber tubing
may be used in the system.

4.2 Separatory funnel—2000 ml, with
Teflon stopcock.

4.3 Drying column—20 mm ID pyrex
chromatographic column with coarse
frit.

44 Kuderna-Danish (K-D)
Apparatus

441 Concentrator tube—10 ml,
graduated (Kontes K-570050-1025 or
equivalent). Calibration must be
checked, Ground glass stopper (size 19/
22 joint) is used to prevent evaporation
of extracts.

44.2 Evaporative flask—500 ml
(Kontes K-57001-0500 or equivalent).
Attach to concentrator tube with
springs. (Kontes K-662750-0012),

4.4.3 - Snyder column—three-ball
macro (Kontes K503000-0121 or
equivalent). A

444 Snyder column—two-ball micro
(Kontes K-569001-0219 or equivalent).

4.4.5 Boiling chips—solvent
extracted, approximately 10/40 mesh.

4.5 Water bath—Heated, with
concentric ring cover, capable of
temperature control (+2° C), The bath
should be used in a hood.

4.6 Gas chromatograph—Analytical
system complete with gas
chromatograph suitable for on-column
injection and all required accessories
including electron capture detector,
column supplies, recorder, gases,
syringes. A data system for measuring
peak f:reas is recommended.

4.7 - Chromatography column—300
mm long X 10 mm ID with coarse fritted
disc at bottom and Teflon stopcock.

5. Reagents.

5.1 Preservatives:

5.1.1 Sodium hydroxide—{ACS) 10 N
in distilled water.

5.1.2 Sulfuric acid—(ACS) Mix equal
volumes of conc. HsSO, with distilled
water.

5.2 Methylene chloride, Hexane and
Petroleum ether (boiling range 30~
60°C)—Pesticide quality or equivalent.

5.3 Sodium sulfate—{ACS) Granular,
anhydrous (purified by heating at 400°C
for 4 hrs, in a shallow tray).

54 Stock standards—Prepare stock
standard solutions at a concentration of
1,00 pg/ul by dissolving 0.100 grams of
assayed reference material in pesticide
quality isooctane or other appropriate
solvent and diluting to volume in a 100
ml ground glass stoppered volumetric
flask. The stock solution is transferred
to ground glass stoppered reagent
bottles, stored in a refrigerator, and
checked frequently for signs of
degradation or evaporation, especially
just prior to preparing working
standards from them.

5.5 Florisil—PR grade (60/100 mesh);
purchase activated at 1250°F and store
in the dark in glass containers with glass
stoppers or foil-lined screw caps. Before
use, activate each batch at 130°C in foil-
covered glass containers.

6. Calibration. |

6.1 Prepare calibration standards
that contain the compounds of interest,
either singly or mixed together. The
standards should be prepared at -
concentrations covering two or more
orders of magnitude that will completely
bracket the working range of the
chromatographic system. If the
sensitivity of the detection system can
be calculated from Table I as 100 pug/1
in the final extract, for example, prepare
standards at 10 pug/1, 50 pg/1, 100 pg/1,
500 pg/1, etc. so that injections of 1-5 pl
of each calibration standard will define
the linearity of the detector in the
working range.

6.2 Assemble the necessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Table 1.
By injecting calibration standards,
establish the sensitivity limit of the
detector and the linear range of the
analytical system for each compound.

6.3 The cleanup procedure in Section
10 utilizes Florisil chromatography.
Florisil from different batches or sources
may vary in absorption capacity. To
standardize the amount of Florisil which
is used, the use of lauric acid value
(Mills, 1968) is suggested. The
referenced procedure determines the
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adsorption from hexane solution of
lauric acid {mg) per gram Florisil. The
amount of Florisil to be used for each
column is calculated by dividing this
ratio by 110 and multiplying by 20
grams.

6.4 Before using any cleanup
procedure, the analyst must process a
series of calibration standards through
the procedure to validate elution
patterns and the absence of
interferences from the reagents.

7. Quality Control.

71  Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water method
blank, that all glassware and reagents
are interference-free. Each time a set of
samples is extracted or there is a change
in reagents, a method blank should be
processed as a safeguard against
chronic laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.
Where doubt exists over the
identification of a peak on the
chromatogram, confirmatory techniques
such as mass spectroscopy should be
used.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers, leaving a minimum
headspace. Conventional sampling
practices should be followed, except
that the boftle must not be prewashed
with sample before collection.
Composite samples should be collected
in refrigerated glass containers in
accordance with the requirements of the
program. Automatic sampling equipment
must be free of tygon and other potential
sources of contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. Chemical preservatives
should not be used in the field unless
more than 24 hours will elapse before
delivery to the laboratory. If the samples
will not be extracted within 48 hours of
collection, the sample should be
adjusted to a pH range of 6.0-8.0 with
sodium hydroxide or sulfuric acid.

8.3 All samples should be extracted
immediately and must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction.

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume. Pour
the entire sample into a two-liter

separatory funnel. Check the pH of the
sample with wide-range pH paper and
adjust to within the range of 5-9 with
sodium hydroxide or sulfuric acid.

9.2 Add 60 ml methylene chloride to
the sample bottle, seal, and shake 30
seconds to rinse the inner walls.
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for two minutes with
periodic venting to release vapor
pressure. Allow the organic layer to
separate from the water phase for a
minimum of ten minutes. If the emulsion
interface between layers is more than
one-third the size of the solvent layer,
the analyst must employ mechanical
techniques to complete the phase
separation. The optimum technique
depends upon the sample, but may
include stirring, filtration of the
emulsion through glass wool, or
centrifugation. Collect the methylene
chloride extract in a 250-ml Erlenmeyer
flask.

9.3 Add a second 60-ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure a
second time, combining the extracts in
the Erlenmeyer flask.

9.4 Perform a third extraction in the
same manner. Pour the combined
extract through a drying column
containing 3-4 inches of anhydrous
sodium sulfate, and collect it in a 500-ml
Kuderna-Danish (K-D) flask equipped
with a 10 ml concentrator tube. Rinse
the Erlenmeyer flask and column with
20-30 ml methylene chloride to complete
the quantitative transfer.

9.5 Add 1-2 clean boiling chips to the
flask and attach a three-ball Snyder
column. Prewet the Snyder column by
adding about 1 ml methylene chloride to
the top. Place the K-D apparatus on a
hot water bath (60-65° C) so that the
concentrator tube is partially immersed
in the hot water, and the entire lower
rounded surface of the flask is bathed in
vapor. Adjust the vertical position of the
apparatus and the water temperature as
required to complete the concentration
in 15-20 minutes. At the proper rate of
distillation the balls of the column will
actively chatter but the chambers will
not flood: When the apparent volume of
liquid reaches 1-2 ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling.

Note,—The dichlorobenzenes have a
sufficiently high volatility that significant
losses may occur in concentration steps if
care is not exercised. It is important to
maintain a constant gentle evaporation rate
and not to allow the liquid volume.to fall
below 1-2 ml before removing the K-D from
the hot water bath.

9.6 Momentarily remove the Snyder
column, add 50 ml hexane and a new

boiling chip and replace the column.
Raise the temperature of the water bath
to 85-90° C. Concentrate the extract as
in 9.5, except using hexane to prewet the
column. Remove the Snyder column and
rinse the flask and its lower joint into
the concentrator tube with 1-2 ml of
hexane. A 5-ml syringe is recommended
for this operation. Stopper the
concentrator tube and store refrigerated
if further processing will not be
performed immediately.

9.7 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
1000 ml graduated cylinder. Record the
sample volume to the nearest 5 ml.

9.8 Unless the sample is known to
require cleanup, proceed to analysis by
gas chromatography.

10. Cleanup and Separation.

10.1 Florisil column cleanup for
chlorinated Hydro-carbons.

10.1.1 Adjust the sample extract to
10 ml.

10.1.2 Place a 12 gram charge of
activated Florisil (see 6.3) in a 10 mm ID
chromatography column. After settling
the Florisil by tapping the column, add a
1-2 c¢m layer of anhydrous granular
sodium sulfate to the top.

10.1.3 Pre-elute the column, after
cooling, with 100 ml of petroleum ether.
Discard the eluate and just prior to
exposure of the sulfate layer to air,
quantitatively transfer the sample
extract into the column by decantation
and subsequent petroleum ether
washings. Discard the eluate. Just prior
to exposure of the sodium sulfate layer
to the air, begin eluting the column with
200 ml petroleum ether and collect the
eluate in a 500 ml K-D flask equipped
with a 10 ml concentrator tube. This
fraction should contain all of the
chlorinated hydrocarbons.

10.1.4 Concentrate the fraction by K~
D as in 9.5 except prewet the column
with hexane. When the apparatus is
cool, remove the Snyder¢olumn and
rinse the flask and its lower joint into
the concentrator tube with 1-2 ml
hexane. Analyze by gas
chromatography.

11. Gas Chromatography.

11.1 Table I summarizes the
recommended gas chromatographic
column materials and operating
conditions for the instrument. Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. Examples of
the separations achieved by this column
are shown in Figures 1 and 2. Calibrate
the system daily with a minimum of
three injections of calibration standards.

11.2 Inject 2-5 ul of the sample
extract using the solvent-flush
technique. Smaller (1.0 ul) volumes can
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be injected if automatic devices are
employed. Record the volume injected to
the nearest 0.05 ul, and the resulting
peak size, in area units.

11.3 If the peak area exceeds the
linear range of the system, dilute the
extract and reanalyze.

11.4 if the peak area measurement is
prevented by the presence of
interferences, further cleanup is
required.

12. Calculations.

121 Determine the concentration of
individual compounds according to the
formula:

_ eV
VOV

C jon, g/l

Where:

A=Calibration factor for chromatographic
system, in nanograms material per area
unit.

B=Peak size in injection of sample extract, in
area units

V,=Volume of extract injected {(ul)

V.= Volume of total extract (ul)

V, = Volume of water extracted {ml)

12.2 Report results in micrograms per
liter without correction for recovery
data. When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

13. Accuracy and Precision. The U.S.
EPA Environmental Monitoring and
Support Laboratory in Cincinnati is in
the process of conducting an
interlaboratory method study to
determine the accuracy and precision of
this test procedure.
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Table L.—Gas Chromatography of Chlorinated
Hydrocarbons

Retention
time {min,)  Detection
Compound col. 11 Hmit (ug/M) ?
1,3-dichiorob 40 0.009
1.4-dichlorob e 43 0018
Hexachlomethane ... 48 0.001
1,2-dichiorob 53 o012
Hexachiorobutad: 116 0.001
1,2, 4-inchiorobenzena...........cc.eeeee 124 0.006
Hexach ylop: o "5 0.001
2-cf mphthak *25 0.015
Haxact e ‘70 0.001

' Gas Ctwvom O 807100 mesh coated with 1.5% OV-1/
1.5% OV-225 packed in @ 1.8 m long x 2 mm ID glass
column with 5% Methana/95% Argon camier gas at 30 mi/
min fiow rate. Column temperature is 75° C excapt where *
indicates 180" C. Under these conitions R.T. of Aldrin is 18.8
minutes at 160° C.

* Detection bmit is calculated from the minimum detectable
GC response of the electron capture detector being aqual to
five timas the GC background noise, assuming a 10 mi final
volume of the 1 lter sample extract, and assuming & GC in-
jection of 5 microiters.

BILLING CODE 8560-01-M
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Appendix II—Gas Chromatographic/
Mass Spectrometric Methods: Methods
613, 624 and 625

2,3,7.8,-Tetrachlorodibenzo-p-Dioxin—
Method 613

1. Scope and Application.

1.1 This method covers the
determination of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD).
The following parameter may be
determined by this method:

Paramater:

TCOD

1.2 This method is applicable to the
- determination of TCDD in municipal and
industrial discharges. It is designed to
be used to meet the monitoring
requirements of the National Pollutant
Discharge Elimination System (NPDES).
As such, it presupposes the potential for
finding trace levels of TCDD in the
sample. The method incorporates
techniques that ¢an also be used to
screen samples for TCDD using an
electron capture detector.

1.3 The sensitivity of this method is
usually dependent upon the level of
interferences rather than instrumental
limitations. The limit of detection listed
in Table I represents the sensitivity that
can be achieved in wastewaters in the
absence of interferences.

14 This method is recommended for
use only by analysts experienced with
residue analysis and skilled in mass
spectral analytical techniques.

1.5 Because of the exireme toxicity
of this compound, the analyst must take
elaborate precautions to prevent
exposure to himself, or to others, of
materials known or believed to contain
TCDD. The appendix to this method
contains guidelines and protocols that
should serve as minimum safe-handling
standards for the laboratory.

2. Summary of Method.

2.1 A 1-liter sample of wastewater is
extracted with methylene chloride using
separatory funnel techniques. The
extract is dried and exchanged to
hexane while being concentrated to a
volume of 1.0 ml or lower. Capillary
column GC/MS conditions and internal
standard techniques are described
which allow for the measurement of
TCDD in the extract. Electron capture
gas chromatographic conditions are also
provided to permit the analyst to use
this equipment to prescreen samples
before GC/MS analysis.

2.2 [If interferences are encountered,
the method provides selected general
purpose cleanup procedures to aid the
analyst in their elimination,

3. Interferences,

3.1 Solvents, reagents, glassware,
and other sample processing hardware

STORET No.
34675

may yield discrete artifacts and/or
elevated baselines causing '
misinterpretation of gas chromatograms.
All of these materials must be
demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Specific selection of reagents and
purification of solvents by distillation in
all-glass systems may be required.

3.2 Interferences coextracted from
the samples will vary considerably from
source to source, depending upon the
diversity of the industrial complex or
municipality being sampled. TCDD is
often associated with other interfering
chlorinated compounds which are at
concentrations several magnitudes
higher than that of TCDD. While general
cleanup techniques are provided as part
of this method, unique samples may
require additional cleanup approaches
to achieve the sensitivity stated in Table

3.3 The other isomers of
tetrachlorodibenzo-p-dioxin may
interfere with the measurement of
2,3,7,8-TCDD. Capillary column gas
chromatography is required to resolve
those isomers that yield virtually
identical mass fragmentation patterns.

4. Apparatus and Materials. '

4.1 Sampling equipment, for discrete
or composite sampling.

411 Grab sample bottle—amber
glass, 1-liter or 1-quart volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

4.1.2 Bottle caps—Threaded to screw
on to the sample bottles. Caps must be
lined with Teflon. Foil may be
substituted if sample is not corrosive.

4.1.3 Compositing equipment—
Automatic or manual compositing
system, Must incorporate glass sample
containers for the collection of a
minimum of 250 ml, Sample containers
must be kept refrigerated during
sampling. No tygon or rubber tubing
may be used in the system.

42 Separatory funnels—2000 ml and
500 ml, with Teflon stopcock.

4.3 Drying column—20 mm ID pyrex
chromatographic column with coarse
frit.

4.4 Kuderna-Danish (K-D)
Apparatus.

441 Concentrator tube—10 ml,
graduated (Kontes K-570050-1025 or
equivalent), Calibration must be
checked. Ground glass stopper (size 18/
22 joint) is used to prevent evaporation
of extracts.

44.2 Evaporative flask—500 ml
(Kontes K-57001-0500 or equivalent),
Altach to concentrator tube with
springs. [Kontes K-662750-0012).

443 Snyder column—three-ball
macro (Kontes K503000-0121 or
equivalent),

44.4 Snyder column—two-ball micro
(Kontes K-569001-0219 or equivalent),

445 Boiling chips—soclvent
extracted, approximately 10/40 mesh.

4.5 Water bath—Heated, with
concenlric ring cover, capable of
temperature control (£2° C). The bath
should be used in a hood.

4.6 Gas chromatograph—Analytical
system complete with gas
chromatograph suitable for on-column
injection and all required accessories
including electron capture, packed and
capillary column supplies, recorder,
gases, syringes. A data system for
measuring peak areas is recommended,

4.7 GC/Mass Spectrometer system—
electron ionization source, capable of
selected ion monitoring in groups of two
or more ions, and related data system.

4.8 Chromatography column—300
mm longx10 mm ID with coarse fritted
disc at bottom and Teflon stopcock.

49 Chromatography column—400
mm longx11 mm ID with coarse fritted
disc at bottom and Teflon stopcock.

410 Pipets—Disposable, Pasteur, 150
mm longx5 mm ID {Fisher Scientific Co.,
No. 13-678-6A or equivalent).

5. Reagents.

5.1 Sodium hydroxide—[ACS) 10 N
and 1 N in distilled water. Wash the
solutions with methylene chloride and
with hexane.

5.2 Sulfuric acid—{ACS) (1+1) and
IN. For (1+1), mix equal volumes of
conc, H,80, with distilled water. Wash
the solutions with methylene chloride
and with hexane.

5.3 Methylene chloride, hexane,
benzene, tetradecane—Pesticide quality
or equivalent.

54 Sodium Sulfate—(ACS) Granular,
anhydrous (purified by heating at 400° C
for 4 hrs. in a shallow tray).

5.5 Stock standards—In a glovebox,
prepare stock standard solutions of
TCDD and *'C1-TCDD (molecular
weight 328). The stock solutions are
stored in the glovebox, and checked
frequently for signs of degradation or
evaporation, especially just prior to
preparing working standards from them.

5.6 Silica gel—high purity grade,
100/120 mesh, (Fisher Scientific Co., No.
S-679 or equivalent),

5.7 Alumina—neutral, 80/200 mesh
[Fisher Scientific Co., No. A-540 or
equivalent). Before use activate for 24
hours at 130" C in a foil-covered glass
container,

5.8 Activated Coconut Charcoal—
50/200 mesh (Fisher Scientific Co., No.
5-690A or equivalent).

6. Calibration
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61 Prepare GC/MS calibration
standards for the internal standard
technique that will allow for
measurement of relative response
factors of at least three TCDD/*'C1
TCDD ratios. The **C1-TCDD
concentration in the standards should
be fixed and selected to'yield a
reproducible response at the most
sensitive setting of the mass
spectrometer.

6.2 Assemble the necessary GC or
GC/MS apparatus and establish
operating parameters equivalent to
those indicated in Table 1. Calibrate the
GC/MS system according to
Eichelberger, et al. (1975). By injecting
calibration standards, establish the
response factors for TCDD vs. *'C1-
TCDD.

6.3 Before using any cleanup
procedure, the analyst must process a
series of calibration standards through
the procedure to validate elution
patterns and the absence of
interferences from the reagents.

7. Quality Control.

7.1 Before processing any samples,
the analyst should demonstrate through
the analysis of a distilled water method
blank, that all glassware and reagents
are interference-free. Each time a set of
samples is extracted or there is a change
in reagents, a method blank should be
processed as a safeguard against
chronic laboratory contamination.

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis,
although surrogate spikes are
recommended because of the toxicity of
TCDD. Where doubt exists over the
identification of a peak on the electron
capture chromatogram, mass
spectroscopy must be used for
clarification or confirmation.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers. Conventional
sampling practices should be followed,
except that the bottle must not be
prewashed with sample before
collection, Composite samples should be
collected in refrigerated glass containers
in accordance with the requirements of
the program. Automatic sampling
equipment must be free of tygon and
other potential sources of
contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. Chemical preservatives

should not be used in the field unless
more than 24 hours will elapse before
delivery to the laboratory. If the samples
will not be extracted within 48 hours of
collection, the sample should be
adjusted to a pH range of 6.0-8.0 with
sodium hydroxide or sulfuric acid.

8.3 All samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction.

Caution: If there is a remote
possibility that the sample contains
TCDD at measurable levels, all of the
following operations must be performed
in a limited access laboratory with the
analyst wearing full protective covering
for all exposed skin surfaces. See
Appendix.

9.1 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume. Pour
the entire sample into a two-liter
separatory funnel. Check the pH of the
sample with wide-range pH paper and
adjust to within the range of 5-9 with
sodium hydroxide or sulfuric acid.

9.2 Add 60 ml methylene chloride to
the sample bottle, seal, and shake 30
seconds to rinse the inner walls.
Transfer the solvent into the separatory
funnel, and extract the sample by
shaking the funnel for two minutes with
periodic venting to release vapor
pressure. Allow the organic layer to
separate from the water phase for a
minimum of ten minutes. If the emulsion
interface between layers is more than
one-third the size of the solvent layer,
the analyst must employ mechanical
techiques to complete the phase
separation. The optimum technique
depends upon the sample, but may
include stirring, filtration of the
emulsion through glass wool, or
centrifugation. Collect the methylene
chloride extract in a 500-ml separatory
funnel.

9.3 Add a second 60-ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure a
second time, combining the extracts in
the 500-ml separatory funnel,

9.4 Perform a third extraction in the
same mammer. To the combined
extracts in the separatory funnel add
100 ml 1 N NaOH. Shake the funnel for
30-60 seconds. Allow the layers to
separate and draw the organic layer into
a 250 ml Erlenmeyer flask. Discard the
aqueous layer and return the organic
layer to the separatory funnel. Perform a
second wash of the organic layer with 1
N NaOH and discard the aqueous layer.

9.5 In the same manner wash the
organic layer twice with 100ml 1 N
H.SO,, discarding the aqueous layers.

9.8 Wash the organic layer three
times with 100 ml H:O, discarding the
aqueous layers.

9.7 Pour the organic layer extract
through a drying column containing 3-4
inches of anhydrous sodium sulfate, and
collect it in a 500-ml Kuderna-Danish
(K-D) flask equipped with a 10 ml
concentrator tube. Rinse the Erlenmeyer
flask and column with 20-30-ml
methylene chioride to complete the
quantitative transfer.

9.8 Add 1-2 clean boiling chips to
the flask and attach a three-ball Snyder
column. Prewet the Snyder column by
adding about 1 ml methylene chloride to
the top. Place the K-D apparatus on a
hot water bath (60-65° C) so that the
concentrator tube is partially immersed
in the hot water, and the entire lower
rounded surface of the flask is bathed in
vapor. Adjust the vertical position of the
apparatus and the water temperature as
required to complete the concentration
in 15-20 minutes. At the proper rate of
distillation, the balls of the column will
actively chatter but the chambers will
not flood. When the apparent volume of
liquid reaches 1 ml, remove the K-D
apparatus and allow it to drain for at
least 10 minutes while cooling.

9.9 Momentarily remove the Snyder
column, add 50 ml hexane and a new
boiling chip and replace the Snyder
column. Increase the temperature of the
water bath to 80° C. Prewet the Snyder
column by adding about 1 ml hexane to
the top. Evaporate the solvent as in 9.8.
Remove the Snyder column and rinse
the flask and its lower joint into the
concentrator tube with 1-2-ml of
hexane. A 5-ml syringe is recommended
for this operation.

9.10 Add a clean boiling chip and
attach a micro-Snyder column. Prewet
the column by adding about 1 ml hexane
to the top. Place the K-D apparatus on
the 80° C water bath so that the
concentrator tube is partially immersed
in the hot water. Adjust the vertical
position of the apparatus and the water
temperature as required to complete the
concentration in 5-10 minutes. At the
proper rate of distillation the balls of the
column will actively chatter but the
chambers will not flood. When the
apparent volume of liquid reaches about
0.5 ml, remove the K-D apparatus and
allow it to drain for at least 10 minutes
while cooling. Remove the micro-Snyder
column and rinse its lower joint into the
concentrator tube with 0.2 ml hexane.
Adjust the extract volume to 1.0 ml with
hexane. Stopper the concentrator tube
and store refrigerated if further
processing will not be performed
immediately.

9.11 Determine the original sample
volume by refilling the sample bottle to
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the mark and transferring the liquid to a
1000-ml graduated cylinder. Record the
sample volume to the nearest 5 ml,

912 The analyst has several options
available to him depending upon the
nature of the sample and the availability
of resources:

9.12.1 If the appearance of the
extract or previvus experience with the
matrix indicates cleanup will be
required the analyst should proceed
with one or more techniques as
described in paragraph 10.

9.12.2 If the analyst wishes to screen
the sample for the possible presence of
TCDD before GC/MS analysis, he can
analyze the extract by packed column or
capillary column electron capture
detection, as in paragraph 11.

9.123 The analyst may proceed
directly to GC/MS analysis, paragraph
12

10. Cleanup and Separation.

10.1 Several cleanup column choices
are offered to the analyst in this section.
Although any of them may be used
independently, the silica gel column
(10.2) followed immediately by the
alumina column (10.3) has been used
frequently to overcome background
problems encountered by the GC/MS.

10.2 Silica Gel Column Cleanup for
TCDD.

10.2.1 Fill a 400 mm long x 11 mm ID
chromatography column with silica gel
to the 300 mm level, tapping the column
gently to settle the silica gel. Add 10 mm
anhydrous sodium sulfate to the top of
the silica gel.

10.2.2 Preelute the column with 50 ml
20% benzene/80% hexane (V/V). Adjust
the elution rate to 1 ml/min. Discard the
eluate and just prior to exposure of the
sodium sulfate layer to the air, transfer
the entire 1.0 ml sample extract onto the
column, using two 2 ml portions of 20%
benzene/80% hexane to complete the
transfer.

10.2.3 Just prior to exposure of the
sodium sulfate layer to the air, add 40 ml
20% benzene/80% hexane to the column.
Collect the eluate in a 500 ml K-D flask
equipped with a 10 ml concentrator
tube.

10.2.4 Evaporate the fraction 10 1.0
ml by standard K-D techniques (9.8~
9.10). Analyze by ECGC (11), GC/MS
(12) or continue cleanup as described
below (10.3).

10.3 Alumina Column Cleanup for
TCDD.

10.3.1 If the extract is not in hexane,
add 0.1-0.2 ml tetradecane keeper and
concentrate it at room temperature
down to this volume using a stream of
dry nitrogen gas. Dilute to 1.0 ml with
hexane.

10.3.2 Fill a 300 mm long x 10 mm ID
chromatography column with activated

alumina to the 150 mm level, tapping the
column gently to settle the alumina. Add
10 mm anhydrous sodium sulfate to the
top of the alumina.

10.3.3 Preelute the column with 50 ml
hexane. Adjust the elution rate to 1 ml/
min. Discard the eluate and just prior to
exposure of the sodium sulfate layer to
the air, transfer the entire 1 ml sample
extract onto the column, using two
additional 2 ml portions of hexane to
complete the transfer.

10.3.4 Just prior to exposure of the
sodium sulfate layer to the air, add 50 ml
3% methylene chloride/97% hexane (V/
V) and continue the elution of the
column. Discard the eluate.

10.3.5 Next elute the column with 50
ml 20% methylene chloride/80% hexane
(V/V) into a'500 ml K-D flask equipped
with a 10 ml concentrator tube.
Concentrate the collected fraction to 1.0
ml by standard K-D technique (9.8-9.10).
Analyze by ECGC (11), GC/MS (12) or
continue cleanup as described below

(10.4).
104 Charcoal and Silica-gel Column
Cleanup for TCDD.

10.4.1 Prepare a homogeneous
mixture of 1 part activated charcoal to
140 parts silica-gel. Fill a 5 mm ID
disposable pipet to a length of 50 mm,
tapping the column to settle the mixture.

10.4.2 Preelute the column with 5 ml
hexane. Discard the eluate and just prior
to exposure of the top of the column to
the air, transfer an 0.5 ml aliquot of
sample extract onto the column, using
an additional 0.5 ml hexane to complete
the transfer.

10.4.3 Just prior to exposure of the
top of the column to the air, add 10 ml
hexane and continue the elution of the
column. Discard the eluate.

10.4.4 Next, elute the column with 10
ml benzene into a 10 ml K-D
concentrator tube. Concentrate the
eluate to 1.0 m! with micro-K-D
concentration (9.10) on a boiling water
bath. Analyze by ECGC (11) or GC/MS
(12).

11. Electron Capture Screening.

11.1 The sample extracts can be
screened by electron capture gas
chormatography at the option of the
analyst in an effort to reduce the
workload on the GC/MS system. Either
packed or capillary column techniques
may be used for this purpose. The only
acceptable conclusions that can be
reached with this technique are; (a)
TCDD is not detectable at the detection
limit of the procedure: (b) TCDD is not
present above a stated concentration or
control level: and (c) the presence or
absence of TCDD is unresolved.

11.2 Table I summarizes some
recommended gas chromatographic
column materials and operating

conditions for the instrument. Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. An example of
the chromatography achieved by the
packed column is shown in Figure 1 and
by the capillary column in Figure 2.
Calibrate the system daily with a
minimum of three injections of
calibration standards.

11.3 For packed column GC, inject 2-
5 pl of the sample extract using the
solvent-flush technique. A splitless
injector is recommended for the
capillary system, but for optimum peak
geometry a solvent exhange to
tetradecane is required (10.3.1). Record
the volume injected fo the nearest 0.05
1], and the resulting peak size, in area
units. -

11.4 If there is no measureable
baseline deflection at the retention time
of TCDD, report the result as less than
the detection limit of the electron
capture system.

11.5 If a measurable peak appears
within the tolerances of the TCDD -
retention time of the system, the analyst
should proceed to GC/MS-(12).

11.6 If the complexity of the
chromatogram defies interpretation, the
analyst may want to pursue cleanup (10)
followed by reanalysis by ECGC, or
proceed directly to GC/MS.

12. GC/MS Analysis.

12.1 Table I summarizes the
recommended capillary column gas
chromatographic materials and
operating conditions for the instrument.
Included in this table is the estimated
retention time and sensitivity that
should be achieved by this method. An
example of the chromatography
achieved by this column is shown in
Figure 2. Calibrate the system daily,
with a minimum at three injections of
standard mixtures.

12.2 Add a known amount of *'Cl-
TCDD to the sample extract.

12.3 Analyze samples with selected
ion monitoring of at least two ions
characteristic of TCDD (m/e 320 and m/
e 322) and of *'CI-TCDD (m/e 328).
Proof of the presence of TCDD exists if
the following conditions are met:

12.3.1 The retention time of the peak
in the sample must match that in the
standard, within the performance
specifications of the analytical system.

12.3.2 The ratio of ions (320:322)
must agree within 10% must agree within
10% of that in the standard.

12.3.3 The retention time of the peak
maximum for the m/e 320 peak must
exactly match that of the 322 peak.

12.4 Quantities the TCDD peak from
the response relative to the *CI-TCDD
internal standard.
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12.5 If a response is obtained for
both ions but is outside the expected
ratio, then a co-eluting impurity may be
suspected. In this case, another set of
ions characteristic of the TCDD
molecule, should be analyzed. A good
choice of ions is m/e 257 and m/e 259,
These ions are useful in characterizing
the molecular structure of TCDD.
Suspected impurities such as DDE, DDD
or PCB residues can be confirmed by
checking for their major fragments.
These materials can be removed by the
cleanup columns. If available, an
analysis of the EC chromatogram will
provide insight into the complexity of
the problem and will determine the
manner in which the mass spectrometer
will be used.

126 If broad background
interference restricts the sensitivity of
the GC/MS analysis, the analyst should
employ cleanup procedures (10) and
reanalyze by GC/MS.

12.7 In those circumstances where
these procedures do not yield a
definitive conclusion, then the use of
high resolution mass spectrometry is
suggested.

13. Calculations.

13.1 Determine the concentration of
individual compounds according to the
formula:

(&) (v,)
“ )1 I_vs)

Cencantration, ug/1 =

Where:

A=Nanograms TCDD injected into the GC/
MS from the calibration curve.

V,=Volume of extract injected (ul)

V,=Volume of total extract (ul)

V,=Volume of water extracted (ml)

13.2 Report results in micrograms per
liter without correction for recovery
data When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

14. Accuracy and Precision. No data
available at this time.
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Table \.—Gas Chromatography of TCDD

Retention  Detection

Column time (min.) limit (ug/L) *
73 0,003
95 0.003

e jon limit is calculated from the minimum detactable
GC response being equal o five times the GC background
noise, g @ 1 mi effective final vol. of the 1 iter
sample extract, and assuming & GC injection of § microliters.
Detection levels apply to both eiectron capture and GC/MS
detection.

*Packed column conditions: -Supeicoport 100/120 mesh
coated with 1.5% SP-2250/1.95% SP-2401 packed in a 180
cm long x 2 mm 1D glass column with 5% methane/95%
Argon carrier gas at 25 mi/min flow rate. Column temperature
is 220°C.

*Glass capillary column conditions: SP-2250 coated on a
30 m Jong x 0.25 mm ID glass column (Supeico No. 2-3714
or equivalent) with hefium camier gas at 30 cm/sec linear ve-
locity run split) Column is 210°C.
Appendix A—Safe Handling Practices

for TCDD

Dow Chemical U.S.A. has issued the
following precautions for safe handling
TCDD in the laboratory. In addition to
these practices, the following points are
also helpful:

1. Contamination of the laboratory
will be minimized by conducting all
manipulations in the hood.

2. Effluent of the gas chromatography
(frorn the Nickel-63 detector or as a
result of splitting when capillary
columns are used) should pass through
either a column of activated charcoal or
bubbled through a trap containing oil or
high-boiling alcohols.

3. Liquid waste can be dissolved in
methanol or ethanol and irradiated with
ultraviolet light with wavelength greater
than 290 nm for several days.

Precautions for Safe Handling of 2,3,7,8-
Tetrachlorodibenzo-Para-Dioxin
(TCDD) in the Laboratory (Revised 11/
78)

The following statements on safe
handling are as complete as possible on
the basis of available toxicological
information. The precautions for safe
handling and use are necessarily general
in nature since detailed, specific
recommendations can be made only for
the particular exposure and
circumstances of each individual use.
Inquiries about specific operations or
uses may be addressed to the Dow
Chemical Company. Assistance in
evaluating the health hazards of
particular plant conditions may be
obtained from certain consulting
laboratories and from State
Departments of Health or of Labor,
many of which have an industrial health
service.

TCDD is extremely toxic to laboratory
animals. However, it has been handled
for years without injury in analytical
and biological laboratories. Techniques

used in handling radioactive and
infectious materials are applicable to

Protective Equipment: Throw-away
plastic gloves, apron or lab coat, safety
glasses and lab hood adequate for
radioactive work.

Training: Workers must be trained in
the proper method of getting out of
contaminated gloves and clothing
without contacting the exterior surfaces.

Personel Hygiene: Thorough washing
of hands and forearms after each
manipulation and before breaks [coffee,
lunch, and shift).

Confinement: Isolated work area,
posted with signs, segregated glassware
and tools, plastic-backed absorbent
paper on benchtops.

Waste: Good technique includes
minimizing contaminated waste. Plastic
bag liners should be used in waste cans.
Janitors must be trained in safe handling
of waste {one accidental case of
chloracne resulted from handling
laboratory waste in a routine manner).

Disposal of Wastes: TCDD
decomposes above 800°C. Low-level
waste such as the absorbent paper,
tissues, animal remains and plastic
gloves may be burned in a good
incinerator. Gross quantities
(milligrams) should be packaged
securely and disposed through
commercial or governmental channels
which are capable of handling high-level
radioactive wastes or extremely toxic
wastes. Liquids should be allowed to
evaporate in a good hood and in 4
disposable container. Residues may
then be handled as above.

Decontamination: Personal—any mild
soap with plenty of scrubbing action:
Glassware, Tools, and Surfaces—
Chlorothene ! NU Solvent is the least
toxic solvent shown to be effective.
Satisfactory cleaning may be
accomplished by rinsing with
Chlorothene, then washing with any
detergent and water. Dish water may be
disposed to the sewer, It is prudent to
minimize solvent wastes because they
may require special disposal through
commercial sources which are
expensive.

Laundry: Clothing known to be
contaminated should be disposed with
the precautions described under
“Disposal of Wastes." Lab coats or
other clothing worn in TCDD work may
be laundered. Clothing should be
collected in plastic bags. Persons who
convey the bags and launder the
clothing should be advised of the hazard
and trained in proper handling. The
clothing may be put into a washer
without contact if the launderer knows

'Trademark of the Dow Chemical Company.
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the problem. The washer should be run
through a cycle before being used again
for other clothing.

Wipe Tests: A useful method of
determining cleanliness of work
surfaces and tools is to wipe the surface
with a piece of filter paper. Extraction
and analysis by gas chromatography
can achieve a limit of sensitivity of 0.1
micregram per wipe. The analytical
method is available upon request. Less
than 1 microgram TCDD per sample
indicates acceptable clealiness;
anything higher warrants further
cleaning. More than 10 micrograms on a
wipe sample indicates an acute hazard
and requires prompt cleaning before
further use of the equipment or work
space. It indicates further that
unacceptably sloppy work habits have
been employed in the past.

[nhalation: Any procedure that may
produce airborne contamination must be A
done with good ventilation. Gross losses
to a ventilation system must not be
allowed. Handling of the dilute solutions
normally used in analytical and animal
work presents no inhalation hazards
except in case of an accident.

Accidents: Remove gontaminated

clothing immediately, taking precautions .
not to contaminate skin or other articles.
Wash exposed skin vigorously and
repeatedly until medical attention is
obtained.

For clinical advice, contact B. B. .
Holder, M.D., Medical Director, Dow
Chemical U.S.A., Midland, Michigan
48640, (telephone 517/636-2108). For
detailed safe handling precautions for
specific procedures, contact L. G.
Silverstein, Industrial Hygiene
Laboratory, Dow Chemical U.S.A.,
Midland, Michigan 48640 (telephone
517/636-1688).

BILLING CODE §560-01-M
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Purgeables—Method 624

1. Scope and Application.

1.1 This method is designed to
determine volatile organic materials that
are amenable to the purge and trap
method. The parameters listed in Table
1 may be determined by this method.

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutants Discharge Elimination System
(NPDES).

1.3 The detection limit of this method
is usually dependent upon the level of
interferences rather than instrumental
limitations. The limits listed in Table 2
represent sensitivities that can be
achieved in wastewaters.

1.4 The GC/MS parts of this method
are recommended for use only by
persons experienced in GC/MS analysis
or under the close supervision of such
qualified persons.

1.5 The trapping and chromatographic
procedures described do not apply to
the very volatile pollutant,
dichlorodifluoromethane. An alternative
three stage trap containing charcoal is to
be used if this compound is to be
analyzed. See EPA Method 601 and
Reference 1. Primary ion for quantitative
analysis of this compound is 101. The
secondary ions are 85, 87, and 103.

1.6 Although this method can be
used for measuring acrolein and
acrylonitrile, the purging efficiencies are
low and erratic. For a more reliable
quantitative analysis of these
compounds, use direct aqueous injection
(Ref. 4-8) or EPA Method 603, Acrolein
and Acrylonitrile, EMSL, Cincinnati,
Ohio.

2. Summary of Method.

21. A sample of wastewater is
purged with a stream of inert gas. The
gas is bubbled through a 5 ml water
sample contained in a specially
designed purging chamber. The volatile
organics are efficiently transferred from
the aqueous phase into the gaseous
phase where they are passed through a
sorbent bed designed to trap out the
organic volatiles. After purging is
complete, the trap is backflushed while
being rapidly heated in order to
thermally desorb the components into
the inlet of a gas chromatograph. The
components are separated via the gas
chromatograph and detected using a
mass spectrometer which is used to
provide both gualitative and
quantitative information. The
chromatographic conditions as well as
typical mass spectrometer operating
parameters are given.

3. Interferences.

3.1 Interferences coextracted from
the samples will vary considerably from
source to source, depending upon the -
diversity of the industrial complex or
municipality being sampled. Impurities
in the purge gas and organic compounds
out-gassing from the plumbing ahead of
the trap account for the majority of
contamination problems. The analytical
system must be demonstrated to be free
from interferences under the conditions
of the analysis by running method
blanks. Method blanks are run by
charging the purging device with
organic-free water and analyzing it in a
normal manner. The use of non-TFE
plastic tubing, non-TFE thread sealants,
or flow controllers with rubber
components in the purging device should
be avoided.

3.2 Samples can be contaminated by
diffusion of volatile organics
(particularly methylene chloride)
through the septum seal into the sample
during shipment and storage. A field
blank prepared from organic-free water
and carried through the sampling and
handling protocol can serve as a check
on such contamination.

3.3 Cross contamination can occur
whenever high level and low level
samples are sequentially analyzed. To
reduce cross contamination, it is
recommended that the purging device
and sample syringe be rinsed out twice,
between samples, with organic-free
water. Whenever an unusually
concentrated sample is encountered, it
should be followed by an analysis of
organic-free water to check for cross-
contamination. For samples containing
large amounts of water soluble
materials, suspended solids, high boiling
compounds, or high organohalide levels,
it may be necessary to wash out the
purging device with a soap solution,
rinse with distilled water, and then dry
in a 105°C oven between analyses.

4. Apparatus and Materials.

4.1. Sampling equipment, for discrete
sampling.

411 Vial, with cap—40 ml capacity
screw cap (Pierce #13075 or equivalent).
Detergent wash and dry vial at 105°C for
one hour before use.

41.2 Septum—Teflon-faced silicone
(Pierce #12722 or equivalent). Detergent
wash and dry at 105°C for one hour
before use.

4.2 Purge and trap device—The
purge and trap equipment consists of
three separate pieces of apparatus: a
purging device, a trap, and a desorber.
The complete device is available
commercially from several vendors or
can be constructed in the laboratory
according to the specifications of Bellar
and Lichtenberg (Ref. 2,3). The sorbent
trap consists of % in. O.D. (0.105 in. LD.)

x 25 cm long stainless steel tubing
packed with 15 cm of Tenax-GC (60-80
mesh) and 8 cm of Davison Type-15
silica gel (35-80 mesh). See figures 1
through 4. Ten centimeter traps may be
used providing that the recoveries are
comparable to the 25 cm traps.

4.3 Gas chromatograph—Analytical
system complete with a temperature
programmable gas chromatograph
suitable for on-column injection and all
required accessories including an
analytical column.

4.3.1 Column 1—An 8 ft. stainless
steel column (% in. OD x 0.90 to 0.105 in.
ID) packed with 1% SP-1000 coated on
60/80 mesh Carbopack B preceded by a
5-cm precolumn packed with 1% SP-1000
coated on 80/80 mesh Chromesorb W, A
glass column (% in OD x 2 mm ID} may
be substituted. The precolumn is
necessary only during conditioning.

4.3.2 Column 2—An 8 ft. stainless
steel column (% in OD x 0.09 to 0.105 in.
ID) packed with 0.2% Carbowax 1500
coated on 60/80 mesh Carbopack C
preceded by a 1 ft. stainless steel
column (¥ in. OD x 0.09 to 0.105 in. ID)
packed with 3% Carbowax 1500 coated
on 60/80 mesh Chromosorb W. A glass
column (¥ in. OD x 2 mm ID) may be
substituted. The precolumn is necessary
only during conditioning.

44 Syringes—glass, 5-ml hypodermic
with Luer-Lok tip (3 each).

4.5 Micro syringes—10, 25, 100 pl.

4.6 2-way syringe valve with Luer
ends (3 each, Teflon or Kel-F).

4.7 Syringe—5 ml gas-tight with shut-
off valve.

4.8 8-inch, 20-gauge syringe needle—
One per each 5-ml syringe.

4.9 Mass Spectrometer—capable of
scanning from 20-260 in six seconds or
less at 70 volts (nominal), and producing
a recognizable mass spectrum at unit
resolution from 50 ng of DFTPP when
injected through the GC inlet. The mass
spectrometer must be interfaced with a
gas chromatograph equipped with an
all-glass, on-column injector system
designed for packed column analysis.
All sections of the transfer lines must be
glass or glass-lined and deactivated. Use
Sylon-CT, Supelco, (or equivalent) to
deactivate. The GC/MS interface can
utilize any separator that gives
recognizable mass spectra (background
corrected) and acceptable calibration
points at the limit of detection specified
for each compound in Table 2.

410 A computer system should be
interfaced to the mass spectrometer to
allow acquisition of continuous mass
scans for the duration of the
chromatographic program. The computer
system should also be equipped with
mass storage devices for saving all data
from GC-MS runs. There must be
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computer software available to allow
searching any GC/MS run for specific
ions and plotting the intensity of the
ions with respeect to time or scan
number. The ability to integrate the area
under a specific ion plot peak is
essential for quantification.

5. Reagents.

51 Sodium thiosulfate—(ACS)
Granular.

5.2 Trap Materials

5.2.1 Porous polymer packing 60/80
mesh chromatographic grade Tenax GC
(2,6-diphenylene oxide).

523 Silica gel-(35-60 mesh)—

5.2.2 Three percent OV-1 on
Chromosorb-W 80/80 mesh. Davison,
grade-15 or equivalent.

5.3 Activated carbon—Filtrasorb-200
(Calgon Corp.) or equivalent.

54 Organic-free water

5.4.1 Organic-free water is defined
as water free of interference when
employed in the purge and trap
procedure described herein. It is
generated by passing tap water or well
water through a carbon filter bed
containing about 1 1b. of activated
carbon. .

5.4.2 A water system (Millipore
Super-Q or equivalent) may be used to
generate organic-free deionized water.

54.3 Organic-free water may also be
prepared by boiling water for 15
minutes. Subsequently, while
maintaining the temperature at 80°C,
bubble a contaminant-free inert gas
through the water for one hour. While
still hot, transfer the water to a narrow
mouth screw cap bottle equipped with a
Teflon seal.

5.5 Stock standards (2 mg/ml)}—
Prepare stock standard solutions in
methanol using assayed liquids or gases
as appropriate. Because of the toxicity
of some of the organohalides, primary
dilutions of these materials should be
prepared in a hood. A NIOSH/MESA
approved toxic gas respirator should be
worn when the analyst handles high
concentrations of such materials.

551 Place about 9.8 ml of methanol
into a 10 ml ground glass stoppered
volumetric flask. Allow the flask to
stand, unstoppered, for about 10 minutes
or until all alcohol wetted surfaces have
dried. Tare the flask to the nearest 0.1
mg,

552 Add the assayed reference
material:

5.5.21 Liquids—using a 100 pl
syringe, immediately add 2 to 3 drops of
assayed reference material to the flask,
then reweigh. Be sure that the drops fall
directly into the alcohol without
contacting the neck of the flask.

5.5.2.2 Gases—To prepare standards
of bromomethane, chloroethane,
chloromethane, and vinyl chloride, fill a

5-ml valved gas-tight syringe with the
reference standard to the 5.0-ml mark.
Lower the needle to 5 mm above the
methyl alcohol menicus. Slowly inject
the reference standard into the neck of
the flask (the heavy gas will rapidly
dissolve into the methyl alcohol).

5.5.3 Reweigh the flask, dilute to
volume, stopper, then mix by inverting
the flask several times. Transfer the
standard solution to a 15-ml screw-cap
bottle equipped with a Teflon cap liner.

5.54 Calculate the concentration in
mg per ml (equivalent to pg per pl) from
the net gain in weight.

5.5.5 Store stock standards at 4° C.
Prepare fresh standards every second
day for the four gases and 2-
chloroethylvinyl ether. All other
standards must be replaced with fresh
standards each week.

5.6 Surrogate Standard Dosing
Solution—From stock standard solutions
prepared as above, add a volume to give
1000 pg each of bromochloromethane,
2-bromo-1-chloropropane, and 1,4-
dichlorobutane to 40 ml of organic-free
water contained in a 50-ml volumetric
flask, mix and dilute to volume. Prepare
a fresh surrogate standard dosing
solution weekly. Dose the surrogate
standard mixture into every 5-ml sample
and reference standard analyzed.

6. Calibration.

6.1 Using the stock standards,
prepare secondary dilution standards of
the compounds of interest, either singly
or mixed together in methanol. The
standards should be at concentrations
such that the aqueous standards
prepared in 6.2 will bracket the working
range of the chromatographic system. If
the limit of detection listed in Table 2 is
10 pg/l, for example, prepare secondary
methanolic standards at 100 pg/l, and
500 pg/l, so that aqueous standards

. prepared from thee secondary

calibration standards, and the primary
standards, will define the linearity of the
detector in the working range.

6.2 Using both the primary and
secondary dilution standards, prepare
calibration standards by carefully
adding 20.0 pl of the standard in
methanol to 100, 500, or 1000 ml of
organic-free water. A 25 pl syringe
(Hamilton 702N or equivalent) should be
used for this operation. These aqueous
standards must be prepared fresh daily.

6.3 Assemble the necessary gas
chromatographic and mass spectrometer
apparatus and establish operating
parameters equivalent to those
indicated in Table 2. By injecting
secondary dilution standards, establish
the linear range of the analytical system
for each compound and demonstrate
that the analytical system meets the

limit of detection requirements in Table

6.4 Assemble the necessary purge
and trap device. Pack the trap as shown
in Figure 2 and condition overnight at a
nominal 180° C by backflushing with an
inert gas flow of at least 20 ml/min.
Daily, prior to use, condition the traps
for 10 minutes by backflushing at 180° C.
Analyze aqueous calibration standards
(6.2) according to the purge and trap
procedure in Section 9. Compare the
responses to those obtained by injection
of standards (6.3), to determine the
analytical precision. The analytical
precision of the analysis of aqueous
standards must be comparable to data
presented by Bellar and Lichtenberg
(1978, Ref. 1) before reliable sample
analysis may begin.

6.5 Internal Standard Method—The
internal standard approach is
acceptable for the purgeable organics.
The utilization of the internal standard
method requires the periodic
determination of response factors (RF)
which are defined in equation 1.

Eq. (1) RF = (A,C.)/(ALC))
Where:

A, is the integrated area or peak height of
the characteristic ion for the priority pollutant
standard.

A, is the integrated area or peak height of
the characteristic ion for the internal
standard.

Cy is the amount of the internal standard in

SC, is the amount of the pollutant standard
in pug.

The relative response ratio for each
pollutant should be known for at least
two concentration values—50 ng
injected to approximate 10 pg/l and 500
ng to approximate the 100 pg/1 level.
Those compounds that do not respond
at either of these levels may be run at
concentrations appropriate to their
response. The response factor (RF) must
be determined over all concentration
ranges of standard (C,) which are being
determined. (Generally, the amount of
internal standard added to each extract
is the same so that Cj; remains
constant.) This should be done by
preparing a calibration curve where the
response factor (RF) is plotted against
the standard concentration (C,). Use a
minimum of three concentrations over
the range of interest. Once this
calibration curve has been determined,
it should be verified daily by injecting at
least one standard solution containing
internal standard. If significant drift has
occurred, a new calibration curve must
be constructed.

Note.—EPA, through its contractors and
certain of its Regional Laboratories, is
currently evaluating selected compounds for
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use a6 internal standards in the analysis of
organics by purge and trap.

8.6 The external standard method
can also be used at the discretion of the
analyst. Prepare a master calibration
curve using a minimum of three
standard solutions of each of the
compounds that are to be measured. Plot
concentrations versus integrated areas
or peak heights (selected characteristic
ion for GC/MS). One point on each
curve should approach the method
detection limit. After the master set of
instrument calibration curves have been
established, they should be verified
daily by injecting at least one standard
solution. If significant drift has occurred,
a new calibration curve must be
constructed.

7. Quality Control.

7.1 Before processing any samples,
the analyst should daily demonstrate,
through the analysis of an organic-free
water method blank, that the entire
analytical system is interference-free,

7.2 Standard quality assurance
practices should be used with this
method. Field replicates should be
collected to validate the precision of the
sampling technique. Laboratory
replicates should be analyzed to
validate the precision of the analysis.
Fortified samples should be analyzed to
validate the accuracy of the analysis.

7.3 The analyst should maintain
constant surveillance of both the
performance of the analytical system
and the effectiveness of the method in
dealing with each sample matrix by
determining the precision of the method
in blank water and spiking each 5-ml
sample, standard, and blank with
surrogate halocarbons.

7.31 Determine the precision of the
method by dosing blank water with the
compounds selected as surrogate
standards—bromochloromethane, 2-
bromo-1-chloropropane, and 1.4-
dichlorobutane—and running replicate
analyses. Calculate the recovery and its
standard deviation. These compounds
represent early, middle, and late eluters
over the range of the pollutant
compounds,

7.3.2 The sample matrix can affect
the purging efficiencies of individual
compounds; therefore, each sample must
be dosed with the surrogate standards
and analyzed in a manner identical to
the internal standards in blank water. If
the recovery of the surrogate standard
shows a deviation greater than two
standard deviations (7.3.1), repeat the
dosed sample analyses. If the deviation
is again greater than two standard
deviations, dose another aliquot of the
same sample with the compounds of
interest at approximately two times the

measured values and analyze. Calculate
the recovery for the individual
compounds using these data.

8. Sample Coliection, Preservation,
and Handling.

8.1 Grab samples must be collected
in glass containers having a total
volume greater than 20 ml. Fill the
sample bottles in such a manner that no
air bubbles pass through the sample as
the bottle is being filled. Seal the bottles
so that no air bubbles are entrapped in
it. Maintain the hermetic seal on the
sample bottle until time of analysis.

8.2 The sample must be iced or
refrigerated from the time of collection
until extraction, If the sample contains
residual chlorine, add sodium
thiosulfate preservative (10 pg/40 ml) to
the empty sample bottles just prior to
shipping to the sample site, fill with
sample just to overflowing, seal the
bottle, and shake vigorously for 1
minute.

8.3 All samples must be analyzed
within 7 days of collection.

9. Sample Extraction and Gas
Chromatography.

9.1 Remove standards and samples
from cold storage (approximately an
hour prior to an analysis) and bring to
room temperature by placing in a warm
water bath at 20-25°C.

9.2 Adjust the purge gas (nitrogen or
helium) flow rate to 40 ml/min. Attach
the trap inlet to the purging device, and
set the device to the purge mode. Open
the syringe valve located on the purging
device sample introduction needle.

9.3 Remove the plunger from a 5 ml
syringe and attach a closed syringe
valve, Open the sample bottle (or
standard) and carefully pour the sample
into the syringe barrel until it overflows.
Replace the syringe plunger and
compress the sample. Open the syringe
valve and vent any residual air while
adjusting the sample volume to 5.0 ml.
Since this process of taking an aliquot
destroys the validity of the sample for
future analysis, the analyst should fill a
second syringe at this time to protect
against possible loss of data. Add 5.0 pl
of the surrogate spiking solution (7.3)
through the valve bore, then close the
valve,

9.4 Attach the syringe-valve
assembly to the syringe valve on the
purging device. Open the syringe valve
and inject the sample into the purging
chamber.

9.5 Close both valves and purge the
sample for 12.0 =05 minutes.

9.6 After the 12-minute purge time,
attach the trap to the chromatograph,
and adjust the device to the desorb
mode. Introduce the trapped materials to
the GC column by rapidly heating the
trap to 180°C while backflushing the

trap, with an inert gas, at 20 to 60 ml/
min for 4 minutes. If rapid heating
cannot be achieved, the gas
chromatographic column must be used
as a secondary trap by cooling it to 30°C
(or subambient, if problems persist)
instead of the initial program
temperature of 45°C.

9.7 While the trap is being desorbed
into the gas chromatograph, empty the
purging chamber using the sample
introduction syringe, Wash the chamber
with two 5-ml flushes of organic-free
water. After the purging device has been
emptied, continue to allow the purge gas
to vent through the chamber until the frit
is dry, and ready for the next sample.

9.8 After desorbing the sample for
four minutes, recondition the trap by
returning the purge and trap device to
the purge mode. Wait 15 seconds then
close the syringe valve on the purging
device to begin gas flow through the
trap. Maintain the trap temperature at
180°C. After approximately seven
minutes, turn off the trap heater and
open the syringe valve to stop the gas
flow through the trap. When cool, the
trap is ready for the next sample. (Note:
If this bake out step is omitted, the
amount of water entering the GC/MS
system will progressively increase
causing deterioration of and potential
shut down of the system.)

9.9 The analysis of blanks is most
important in the purge and trap
technique since the purging device and
the trap can be contaminated by
residues from very concentrated
samples or by vapors in the laboratory.
Prepare blanks by filling a sample bottle
with organic-free water that has been
prepared by passing distilled water
through a pretested activated carbon
column, Blanks should be sealed, stored
at 4°C, and analyzed with each group of
samples.

10. Gas Chromatograplhy—>Mass
Spectrometry.

10.1 - Table'2 summarizes the
recommended gas chromatographic
column materials and operting
conditions for the instrument. Included
in this table are estimated retention
times and sensitivities that should be
achieved by this method. An example of
the separation achieved by Column 1 is
shown in Figure 5.

10.2 GC-MS Determination—
Suggested analytical conditions for
determination of the pollutants
amenable to purge and lrap, using the
Tekmar LCS-1 and GC/MS are given
below. Operating conditions vary from
one system to another; therefore, each
analyst must optimize the conditions for
each purge and trap and GC/MS system.

10.3 Purge Parameters.
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Sample size—5.0 ml.

purge gas—Helium, high purity grade.

purge time—12 minutes.

purge flow—40 mi/min,

Trap dimensions—% ifl. O.D. (0.105 in.
1.D.)x25 cm long.

Trap sorbent—Tenax-GC, 80/80 mesh (15
cm), plus Type 15 silica gel, 35/60 mesh (8
cm).

Desorption flow—20 ml/min.

Desorption lime—4 min.

Desorption temperature—180° C.

10.4 Mass Spectrometer Parameters,
Electron energy—70 volts (nominal):

Mass range—20~27, 33-260 amu.
Scan time—8 seconds or less.

10.5 Calibration of the gas
chromatography-mass spectrometry
(GC-MS system—Evaluate the system
performance each day that it is to be
used for the analysis of samples or
blanks by examining the mass spectrum
of DFTPP or BFB.

10.5.1 To use DFTPP, remove the
analytical column and substitute a
column more appropriate to the boiling
point of the reference compound (e.g: 3%
SP-2250 on Supelcoport). Inject a
solution containing 50 ng DFTPP and
check to insure that the performance
criteria listed in Table 3 are met.

10.5.2 To use BFB, inject a solution
containing 20 ng*BFB and check to
insure that the performance criteria
listed in Table 4 are met.

10.5.3 If the system performance
criteria are not met for either test, the
analyst must retune the spectrometer
and repeat the performance check. The
performance criteria must be met before
any samples or standards may be
analyzed,

10.6 Analyze an internal or external
calibration standard to develop
response factors for each compound.

11. Qualitative and Quantitative
Determination.

111 To gqualitatively identify a
compound, obtain an Extracted Ion
Current Profile (EICP) for the primary
ion and at least two other ions (if
available) listed in Table 5. The criteria
below must be met for a qualitative
identification.

11.1.1 The characteristic ions for the
compound must be found to maximize in
!h;{: same or within one spectrum of each
other,

11.1.2 The retention time at the
experimental mass spectrum must be
within +60 seconds of the retention
time of the authentic compound.

11.1.3 The ratios of the three EICP
peak heights must agree within +20%
with the ratios of the relative intensities
for these ions in a reference mass
spectrum. The reference mass spectrum
can be obtained from either a standard

analyzed through the GC-MS system or
from a reference library.

11.1.4 Structural isomers that have
very similar mass spectra can be
explicitly identified only if the resolution
between the isomers in a standard mix
is acceptable. Acceptable resolution is
achieved if the valley height between
isomers is less than 25% of the sum of
the two peak heights. Otherwise,
structural isomers are identified as
isomeric pairs.

11.2 The primary ion listed in Table 5
is to be used to-gquantify each
compound. If the sample produces an
interference for the primary ion, use a
secondary ion to quantify.

11.3 For low concentrations, or direct
aqueous injection of acrylonitrile and
acrolein, the characteristic masses listed
for the compounds in Table 5 may be
used for selected ion monitoring (SIM).
SIM is the use of a mass spectrometer as
a substance selective detector by
measuring the mass spectrometric
response at one or several characteristic
masses in real time.

11.4 Internal Standard Method
Calculations—By adding a constant
known amount of internal standard (Cy,
in pg) to every sample extract, the
concentration of the pollutant (C,) in
pg/lin the sample is calculated using
equalion 2,

(ANCD)

Eq RIC= —
(ARF)VY

Where:

V, is the volume of the original sample in
liters, and the other terms are defined as
in Section 6.5. To quantify, add the
internal standard to the 5.0 ml sample no
more than a few minutes before purging
to minimize the possibility of losses due
to evaporation, adsorption, or chemical
reaction. Calculate the concentration by
using the previous equations with the
appropriate response factor taken from
the calibration curve.

11.5 Extenral Standard Method
Calculations—The concentration of the
unknown can be calculated from the
slope and intercept of the multiple point
calibration curve, The unknown
concentration can be determined using
equation 3.

(A)

Eq. (3) micrograms per liter =ng/mi= ?vj

Where:

A =Mass of compound from calibration curve
(ng/5'ml).

V,=volume of water purged (5 ml).

116 An alternate external standard
approach for purgeables utilizes a single
point calibration. Prepare and analyze a
reference standard that closely

approximates the response for each
component in a sample. Calculate the
concentration in the sample using
Equation 4.
- (A)B)
Eq. 4 micrograms per liter=

Where:

A=area of the unknown
B=concentration of standard (ug/1)
C=area of the standard.

11.7 Report all results to two
significant figures. When duplicate and
spiked samples are analyzed, all data
obtained should be reported. Report
results in micrograms per liter without
correction for recovery data.
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Acrolein
UADEROTIREINE S vanoichibssbinsetmtbbbil oo biosatiatorsmmntbrorsttss
Benzene
Bromomethar
Bromodichloromethane

Carbon Tetrachlonde.........—ceimremsmsrsmeme
Chiorobenzene
Chioroethane
2-Chioroethylvinyt sther ............
Chioroform
Chik A
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Table 1—Continued

Parameter

2ans-1,.2-DIChIOTORINENE. ....c.ccovvcsimmrivirerivsmsissssssion
1,2-Dichioropropane

Table 2.—Gas Chromatography of Organics by
Purge and Trap

Aetention time

(minutes) Limit of
e L

Table 3. —DFTPP Key lons and lon Abundance
Criteria

lon abundance criteria

30 to 60 pet of mass 198,
Less than 2 pct of mass 69,
Lass than 2 pet of mass 89,
40 10 60 pct of mass 198,
Less than 1 pct of mass 198,
., Base peak, 100 pet relative
abundance,
. 510 8 pct of mass 198,
. 10 10 30 pct of mass 196,
than 1 pct of mass 198.
. Present but less than mass 443
G than 40 pct of mass 1986.
17 10 23 pet of mass 442,

Table 4.—BFB Keyt lons and fon Abundance Criters

Mass

lon abundance criteria

.. 20 1o 40 pot of mass 95,
. 50 to 70 pet of mass 85,
.. Base peak, 100 pct rélative

abundance.

. 5109 pct of mass 95

Less than 1 pet of mass 95
70 10 90 pot of mass 95

5 10 8 pct.of mass 95

70 10 90 pet of mass 95

. 5109 pct of mass 95

Table 5.—Charactenistic lons of Volatile Organics

Elions

Primary ion

Col.1'  Col2? (0/0)

1.50 210
2.50
257
282
4.03
514
525

267
3.33
5.25

831 ..
6.48

6.81
7.70
828
9.28
9.45
10.36
11.30

11.70
11.88
1286
12.86
1286
1295
13,71

1,1,2-trichloroethene.....
cis-1,3-dichioropropena

chioropropane (SS
11,22

15.41

17.70

17.44 10
F6.18 Cecrrmemonrasiorss
18.53 10
20.57 10
25.06 10
*100
*100

YEight fi. stainless steel column (1/8 in ODx0.1 in. ID)
packed with 1% SP-1000 coated on 60/80 mesh Carbapack
8 preceded by a 1 fi. stainless steel column (1/8 in. ODx0.1
in. ID) packed with 1% SP-1000 coated on 60/80 mesh
Chromosorb W. (A glass column (1/4 in. ODx2 mm D) may
be substituted), Carrier gas hellum at 40 ml/min. Temperature
program: 3 min isothermal at 45" C, then 8°/min 1o 220°, hold
at 220° for 15 minutes.

*Eight ft. stainless steel column (1/8 in. ODxD.1 in. ID)
pached with 0.2% Carbowax 1500 coated on 60/80 mesh

C preceded by a 1 f. stainless steel column (1/8
in, ODx0.1 in. ID) packed with 3% Carbowax 1500 coated on
60/80 mesh Chromosorb W. A glass column (1/4 in. ODx2
mm ID) may be substituted, Carrier gas: hefium at 40 mi/min.
Temperature program: 3 min. isothermal at 60" C then 8°/min
o 160", hold at 160 until all compounds eluts.

*This is & minimum level at which the entire system must
give gnizable mass sp and ptable caiibration
points,

!Sensitivity refers to either this method or direct aqueous
injection GC-FID (Rel. 4,56).

trans-1,2-dichl
chioroform
1.2-dick ith

1,1,1-trichioroethane
i L7

M " ™

ane

1.2-dichloropropane

trans-1,3-dichloroprop:
thene

BIEBABE

2-chloroethytivinyl ether
2-bromo-1-ch P

1122 h

1.4-dichl

tane ‘SS)

T A
BRE2S2EGEZIBRIY

52

96

64

66

51
103

9
130
65

BILLING CODE 6560-01-M
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Figure 3. Schematic of purge and trap device - purge mode
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Figure 4. Schematic of purge and trap device - desorb mode
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Base/Neutrals, Acids, and Pesticides—
Method 625

1. Scope and Application.

1.1 This method covers the
determination of a number of organic
compounds that are solvent extractable
and amenable to gas chromatography.
The parameters listed in Tables 1, 2 and
3 may be determined by this method.

1.2 This method is applicable to the
determination of these compounds in
municipal and industrial discharges. It is
designed to be used to meet the
monitoring requirements of the National
Pollutants Discharge Elimination System
(NPDES). s

1.3 The detection limit of this method
is usually dependent upon the level of
interferences rather than instrumental
limitations. The limits listed in Tables 4,
5, and 6 represent the minimum quantity
that must be injected into the system to
get confirmation by the mass
spectrometric method described below.

1.4 The GC/MS parts of this method
are recommended for use only by
analysts experienced with GC/MS or
under the close supervision of such
qualified persons.

2. Summary of Method.

2.1 A1 to 2 liter sample of
wastewater is extracted with methylene
chloride using separatory funnel or
continuous extraction techniques. If
emulsions are a problem, continucus
extraction techniques should be used.
The extract is dried over sodium sulfaie
and concentrated to a volume of 1 ml
using a Kuderna-Danish (K-D)
evaporator. Chromatographic conditions
are described which allow for the
separation of the compounds in the
extract,

2.2 Quantitative analysis is performed
by GC/MS using either the internal
standard or external standard
technique.

3. Interferences.

3.1 Solvents, reagents, glassware, and
other sample processing hardware may
yield discrete artifacts and/or elevated
baselines causing misinterpretation of
chromatograms. All of these materials
must be demonstrated to be free from
interferences under the conditions of the
analysis by running method blanks.
Specific selection of reagents and
purification of solvents by distillation in
all-glass systems may be required.

3.2 Interferences coextracted from the
samples will vary considerably from
source to source, depending upon the
diversity of the industrial complex or
municipality being sampled.

3.3 The recommended analytical
procedure may not have sufficient
resolution to differentiate between
certain isomeric pairs. These are

anthracene and phenanthrene, chrysene
and benzo(a)anthracene, and
benzo(b)fluoranthene and
benzo(k)fluoranthene. The GC retention
time and mass spectral data are not
sufficiently unique to make an
unambiguous distinction between these
compounds. Alternative techniques
should be used to identify and quantify
these specific compounds. See
Reference 1.

4. Apparatus and Materials.

4.1 Sampling equipment, for discrete
or composite sampling.

411 Grab sample bottle—amber
glass, 1-liter to 1-gallon volume. French
or Boston Round design is
recommended. The container must be
washed and solvent rinsed before use to
minimize interferences.

4.1.2 Bottle caps—Threaded to fit
sample bottles. Caps must be lined with
Teflon. Aluminum foil may be
substituted if sample is not corrosive.

41.3 Compositing equipment—
Automatic or manual compositing
system. Must incorporate glass sample
containers for the collection of a
minimum of 1000 ml. Sample containers
must be kept refrigerated during
sampling. No plastic or rubber tubing
other than Teflon may be used in the
system.

4.2 Separatory funnel—2000 ml, with
Teflon stopcock (Ace Glass 7228-T-72
or equivalent).

4.3 Drying column—A 20 mm ID
pyrex chromatographic column
equipped with coarse glass frit or glass
wool plug. >

44 Kuderna-Danish (K-D)
Apparatus

441 Concentrator tube—10 ml,
graduated (Kontes K-570050-1025 or
equivalent), Calibration must be
checked. Ground glass stopper (size 19/
22 joint) is used to prevent evaporation
of extracts.

44.2 Evaporative flask—500 ml
(Kontes K-57001-0500 or equivalent).
Attach to concentrator tube with
springs. (Kontes K-662750-0012).

443 Snyder column—three-ball
macro (Kontes K503000-0232 or
equivalent).

444 Snyder column—two-ball micro
(Kontes K-569002-0219 or equivalent).

4.4.5 Boiling chips-extracted,
approximately 10/40 mesh.

4.5 Water bath—Heated, with
concentric ring cover, capable of
temperature control (£2° C). The bath
should be used in a hood.

4.6 Gas chromatograph—Analytical
system complete with gas
chromatograph capable of on-column
injection and all required accessories
including column supplies, gases, etc.

461 Column 1—For Base/Neutral
and Pesticides a 6-foot glass column (¥4
in OD x 2 mm ID) packed with 3% SP-
2250 coated on 100/120 Supelcoport (or
equivalent).

4.6.2 Column 2—For Acids, a 6-foot
glass column (% in OD x 2 mm ID)
packed with 1% SP-1240 DA coated on
100/120 mesh Supelcoport (or
equivalent),

4.7 Mass Spectrometer—Capable of
scanning from 35 to 450 a.m.u. every 7
seconds or less at 70 volts (nominal) and
producing a recognizable mass spectrum
at unit resolution from 50 ng of DFTPP
when the sample is introduced through
the GC inlet (Reference 2). The mass
spectrometer must be interfaced with a
gas chromatograph equipped with an
injector system designed for splitless
injection and glass capillary columns or
an injector system designed for on-
column injection with all-glass packed
columns. All sections of the transfer
lines must be glass or glass-lined and
must be deactivated. (Use Sylon-CT,
Supelco, Inc., or equivalent to
deactivate.)

Note.—Systems utilizing a jet separator for
the GC effluent are recommended since
membrane separators may lose sensitivity for
light molecules and glass frit separators may
inhibit the elution of polynuclear aromatics.
Any of these separators may be used
provided that it gives recognizable mass
spectra and acceptable calibration points at
the limit of detection specified for each
individual compound listed in Tables 4, 5,
and 6.

4.8 A computer system must be
interfaced to the mass spectrometer to
allow acquisition of continuous mass
scans for the duration of the
chromatographic program. The computer
system should also be equipped with
mass storage devices for saving all data
from GC-MS runs. There must be
computer software available to allow
searching any GC-MS run for specific
ions and plotting the intensity of the
ions with respect to time or scan
number. The ability to integrate the area
under any specific ion plot peak is
essential for quantification.

49 Continuous liquid-liquid
extractors—Teflon or glass connecting
joints and stopcocks, no lubrication.
(Hershberg-Wolf Extractor—Ace Glass
Co., Vineland, N.J. P/N 6841-10 or
equivalent).

5. Reagents.

5.1 Sodium hydroxide—(ACS) 6N in
distilled water.

5.2 Sulfuric acid—(ACS) 6N in
distilled water.

5.3 Sodium sulfate—(ACS) granular
anhydrous (rinsed with methylene
chloride (20 ml/g) and conditioned at
400° C for 4 hrs.).
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5.4 Methylene chloride—Pesticide
quality or equivalent.

55 Stock standards—Obtain stock
standard solutions at a concentration of
1.00 ug/pl. For example, dissolve 0.100
grams of assayed reference material in
pesticide quality isooctane or other
appropriate solvent and dilute to volume
in a 100 ml ground glass stoppered
volumetric flask. The stock solution is
iransferred to 15 ml Teflon lined screw
cap vials, stored in a refrigerator, and
checked frequently for signs of
degradation or evaporation, especially
just prior to preparing working
standards from them. Protect PNA
standards from light.

6. Calibration.

6.1 Prepare calibration standards
that contain the compounds of interest,
either singly or mixed together. The
standards should be prepared at
concentrations that will bracket the
working range of the chromatographic
system (two or more orders of
magnitude are suggested). If the limit of
detection (Tables 4, 5, or 6) can be
calculated as 20 ng injected, for
example, prepare standards at 1 pg/ml,
10 pg/ml, 100 pg/ml, etc. so that
injections of 1-5 pul of the calibration
standards will define the linearity of the
detector in the working range.

6.2 Assemble the necessary gas
chromatographic apparatus and
establish operating parameters
equivalent to those indicated in Tables
4, 5, and 6. By injecting calibration
standards, establish the linear range of
the analytical system and demonstrate
that the analytical system meets the
limits of detection requirements of
Tables 4, 5, and 6. If the sample gives
peak areas above the working range,
dilute and reanalyze.

6.3 Internal Standard Method—The
internal standard approach is
acceptable for all of the semivolatile
organics. The utilization of the internal
standard method requires the periodic
determination of response factors (RF)
which are defined in equation 1.

Eq. 1RF=(A,Cy)/(ALC.)

Where:

A, is the integrated area or peak height of the
characteristic ion for the pollutant
standard.

A, is the integrated area or peak height of the
characteristic ion for the internal
standard.

Cy is the amount (ug) of the internal
standard.

C, is the amount (ng) of the pollutant
standard.

6.3 The relative response ratio for
the pollutants should be known for at
least two congcentration values—20 ng
injected to approximate 10 pg/l and 200
ng injected to approximate the 100 ug/l

level. (Assuming 1 ml final volume and a
2 pl injection). Those compounds that do
not respond at either of these levels may
be run at concentrations appropriate to
their response.

The response factor (RF) should be
determined over all concentration
ranges of standard (C,) which are being
determined. (Generally, the amount of
internal standard added to each extract
is the same (20 pg) so that C,, remains
constant.) This should be done by
preparing a calibration curve where the
response factor (RF) is plotted against
the standard concentration (C,), using a
minimum of three concentrations over
the range of interest. Once this
calibration curve has been determined,
it should be verified daily by injecting at
least one standard solution containing
internal standard. If significant drift has
occurred, a new calibration curve must
be constructed. To quantify, add the
internal standard to the concentrated
sample extract no more than a few
minutes before injecting into the GC/MS
to minimize the possibility of losses due
to evaporation, adsorption, or chemical
reaction. Calculate the concentration by
using the previous equations with the
appropriate response factor taken from
the calibration curve. Either deuterated

* or fluorinated compounds can be used

as internal standards and surrogate
standards. Naphthalene-d,, anthracene-
dso, pyridine-ds, aniline-ds, nitrobenzene-
ds, 1-fluoronaphthalene, 2-
fluoronaphthalene, 2-fluorebiphenyl,
2,2"-difluorobiphenyl, and 1,2,3,4,5-
pentafluorobiphenyl have been used or
suggested as appropriate internal
standards/surrogates for the base-
neutral compounds. Phenol-de,
pentafluorophenol, 2-perfluoromethyl
phenol, and 2-flucrophenol have been
used or suggested for the acid
compounds. Compounds used as
internal standards are not to be used as
surrogate standards. The internal
standard must be different from the
surrogate standards.

6.5 The external standard method
can also be used at the discretion of the
analyst. Prepare a master calibration
curve using a minimum of three
standard solutions of each of the
compounds that are to be measured. Plot
concentrations versus integrated areas
or peak heights (selected characteristic
ion for GC/MS). One point on each
curve should approach the limit of
detection (Tables 4, 5, and 6). After the
master set of instrument calibration
curves have been established, they
should be verified daily by injecting at
least one standard solution. If significant
drift has occurred, a new calibration
curve must be constructed.

7. Quality Control.

7.1 Before processing any samples,
demonstrate through the analysis of a
method blank, that all glassware and
reagents are interference-free. Each time
a set of samples is extracted or there is
a change in reagents, a method blank
should be processed as a safeguard
against chronic laboratory
contamination.

7.2 Standard quality agsurance
practices should be used with this
method. Field replicates should be
collected and analyzed to determine the
precision of the sampling technique.
Laboratory replicates should be
analyzed to determine the precision of
the analysis. Fortified samples should be
analyzed to determine the accuracy of
the analysis. Field blanks should be
analyzed to check for contamination
introduced during sampling and
transportation.

8. Sample Collection, Preservation,
and Handling.

8.1 Grab samples must be collected in
glass containers. Conventional sampling
practices should be followed, except
that the bottle must not be prerinsed
with sample before collection,
Composite samples should be collected
in refrigerated glass containers in
accordance with the requirements of the
program. Automatic sampling equipment
must be free of tygon and other potential
sources of contamination.

8.2 The samples must be iced or
refrigerated from the time of collection
until extraction. Chemical preservatives
should not be used in the field unless
more than 24 hours will elapse before
delivery to the laboratory. If the samples
will not be extracted within 48 hours of
collection, they must be preserved as
follows:

8.2.1 If the sample contains residual
chlorine, add 35 mg of sodium
thiosulfate per 1 ppm of free chlorine per
liter of sample.

8.2.2 Adjust the pH of the water
sample to a pH of 7 to 10 using sodium
hydroxide or sulfuric acid. Record the
volume of acid or base used.

8.3 All samples must be extracted
within 7 days and completely analyzed
within 30 days of collection.

9. Sample Extraction (Base/Neutrals,
Acids, and Pesticides).

9.1 Samples may be extracted by
separatory funnel techniques or with a
continuous extractor as described in
Section 10. Where emulsions prevent
acceptable solvent recovery with the
separatory funnel technique, the analyst
must use the continuous extractor.

9.2 The details of the extraction
technique should be adjusted according
to the sample volume. The technique
described below assumes a sample
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volume of 1000 ml. For volumes
approximating 2-liters, the volume of
extraction solvent should be adjusted to
250, 100, and 100 ml for the serial
extraction of the base neutrals, and 200,
100, and 100 ml for the acids.

9.3 Mark the water meniscus on the
side of the sample bottle for later
determination of sample volume. Pour
the entire sample into a two-liter
separatory funnel. Adjust the pH of the
sample with 6N NaOH to 11 or greater.
Use multirange pH paper for the
measurements. Proceed to Section 10 if
continuous extraction is used.

9.4 Add 60 ml methylene chloride to
the sample bottle, cap, and shake 30
seconds to rinse the walls. Transfer the
solvent into the separatory funnel, and
extract the sample by shaking the funnel
for two minutes with periodic venting to
release excess vapor pressure. Allow
the organic layer to separate from the
water phase for a minimum of ten
minutes. If the emulsion interface
between layers is more than one-third
the size of the solvent layer, the analyst
must employ mechanical techniques to
complete the phase separation. The
optimum technique depends upon the
sample, but may include stirring,
filtration of the emulsion through glass
wool, or centrifugation. (If the emulsion
cannot be broken, that is, recovery is
less than B0% of the added solvent
corrected for the water solubility of
methylene chloride, transfer the sample,
solvent, and emulsion into a continuous
extractor and proceed as described in
Section 10). Collect the methylene
ﬁhloride extract in a 250-ml Erlenmeyer

ask.

9.5 Add a second 60-ml volume of
methylene chloride to the sample bottle
and complete the extraction procedure a
second time, combining the extracts in
the Erlenmeyer flask.

9.6 Perform a third extraction in the
same manner. Pour the combined
extract through a drying column
containing 34 inches of anhydrous
sodium sulfate, and collect it in a 500 ml
K-D flask equipped with 10 ml
concentrator tube. Rinse the Erlenmeyer
with 20 to 40 ml of methylene chloride.
Pour this through the drying column.
Seal, label as base/neutral fraction, and
proceed with the acid extraction. If the
extract must be stored overnight before
analysis by GC/MS, it may be
transferred to a 2 ml serum vial
equipped with a Teflon-lined rubber
septum and crimp cap.

9.7 Acid (Phenols) Extraction—Adjust
the pH of the water, previously
extracted for base-neutrals, with 6N
H.S80, to 2 or.below. Serially extract
with 60, 60 and 60 ml portions of
distilled-in-glass methylene chloride.

Collect and combine the extracts in a
250-ml Erlenmeyer flask then dry by
passing through a column of anhydrous
sodium sulfate. Rinse the Erlenmeyer
with 20 to 40 ml of methylene chloride
and pour through the drying column.
Seal, label acid fraction and prepare for
concentration,

9.8 Concentrate the extracts (Base/
Neutrals and Acids) in a 500 ml K-D
flask equipped with a 10 ml concentrator
tube.

9.9 Add 1 to 2 clean boiling chips to
the flask and attach a three-ball macro-
Snyder column. Prewet the Snyder
column by adding about 1 ml methylene
chloride through the top. Place the K-D
apparatus on a warm water bath (60 to
65°C) so that the concentrator tube is
partially immersed in the water, and the
entire lower rounded surface of the flask
is bathed with water vapor. Adjust the
vertical position of the apparatus and
the water temperature as required to
complete the concentration in 15 to 20
minutes. At the proper rate of
distillation the balls of the column
actively chatter but the chambers do not
flood. When the liquid has reached an
apparent volume 1 ml, remove the K-D
apparatus and allow the solvent to drain
for at least 10 minutes while cooling.
Remove the Snyder column and rinse
the flask and its lower joint into the
concentrator tube with 1 to 2 ml of
methylene chloride. A 5-ml syringe is
recommended for this operation.

9.10 Add a clean boiling chip and
attach a two-ball micro-Snyder column
to the concentrator tube in 9.8. Prewet
the column by adding about 0.5 ml
methylene chloride through the top.
Place the K-D apparatus on a warm
water bath (60 to 65°C) so that the
concentrator tube is partially immersed
in the water. Adjust the vertical position
of the apparatus and the water
temperature as required to complete the
concentration in 5-10 minutes. At the
proper rate of distillation the balls of the
column actively chatter but the
chambers do not flood. When the liquid
reaches an apparent volume of about 0.5
ml, remove the K-D from the water bath
and allow the solvent to drain and cool
for at least 10 minutes. Remove the
micro-Snyder column and rinse its lower
joint into the concentrator tube with
approximately 0.2 ml of methylene
chloride. Adjust the final volume to 1.0
ml, seal, and label as acid fraction.

9.11 Determine the original sample
volume by refilling the sample bottle to
the mark and transferring the liquid to a
1,000-ml graduated cylinder. Record the
sample volume to the nearest 5 ml.

10, Emulsions/Continuous Extraction.

10.1 Place 100 to 150 ml of methylene
chloride in the extractor and 200-500 m)
methylene chloride in the distilling flask,

10.2 Add the aqueous sample (pH 11
or greater) to the extractor. Add blank
water as necessary to operate the
extractor and extract for 24 hours.
Remove the distilling flask and pour the
contents through a drying column
containing 7 to 10 cm of anhydrous
sodium sulfate. Collect the methylene
chloride in a 500 ml K-D evaporator
flask quipped with a 10 ml concentrator
tube. Seal, label as the base/neutral
fraction, and concentrate as per sections
9.8 to 9.10.

10.3 Adjust the pH of the sample in
the continuous extractor to 2 or below
using 6N sulfuric acid. Charge a clean
distilling flask with 500 ml of methylene
chloride. Extract for 24 hours. Remove
the distilling flask and pour the contents
through a drying column containing 7 to
10 cm of anhydrous sodium sulfate.
Collect the methylene chloride layer on
a K-D evaporator flask equipped with a
10 ml concentrator tube. Label as the
acid fraction. Concentrate as per
sections 9.8 to 8.10.

11. Calibration of the GC-MS System.

11.1 At the beginning of each day,
the mass calibration of the GC-MS
system must be checked and adjusted if
necessary to meet DFTPP specifications
(11.3). Each day base-neutrals are
measured, the column performance
specification (12.1) with benzidine must
be met. Each day the acids are
measured, the column performance
specification (13.1) with
pentachlorophenol must be met. DFTPP
can be mixed in solution with either of
these compounds to complete two
specifications with one injection, if
desired.

11.2 To perform the mass calibration
test of the GC-MS system, the following
instrumental parameters are required:

Electron energy—70 volts (nominal).
Mass range—35 to 450 a.m.u.
Scan lime—7 seconds or less.

11.3 GC-MS system calibration—
Evaluate the system performance each
day that it is to be used for the analysis
of samples or blanks by examining the
mass spectrum of DFTPP. Inject a
solution containing 50 ug DFTPP and
check to insure that performance criteria
listed in Table 10 are met. If the system
performance criteria are not met, the
analyst must retune the spectrometer
and repeat the performance check. The
performance criteria must be met before
any samples or standards may be
analyzed.

12. Gas Chromatography-Mass
Spectrometry of Base/Neutral Fraction.
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121 At the beginning of each day
that base/neutral analyses are to be
performed, inject 100 nanograms of
benzidine either separately or as part of
a standard mixture that may also
contain 50 ng of DFTPP. The tailing
tactor for benzidine should be less than
3. Calculation of the tailing factor is
given in Reference 2 and described in

igure 8.
A 12.2 Establish chromatographic
conditions equivalent to those in Tables
4 and 5. Included in these tables are
estimated retention times and
sensitivities that can be achieved by this
method. Examples of the separatioins
achieved by these columns are shown in
Figures 1 and 3 through 7.

12.3 Program the GC/MS to operate
in the Extracted Ion Current Profile
(FICP) mode, and collect EICP for the
three ions listed in Tables 7 and 8 for
each compound being measured.
Operating in this mode, calibrate the
system response for each compound as
described in Section 6, using either the
internal or external standard procedure.

12.4 If the internal standard
approach is being used, the analyst may
not add the standard to sample extracts
until immediately before injection into
the instrument. Mix thoroughly.

12.5 Inject 2 to 5 pl of the sample
extract. The solvent-flush technique is
preferred. If external calibration is
employed, recprd the volume injected to
the nearest 0.05 pl. If the response for
any ion exceeds the linear range of the
system, dilute the extract and reanalyze.

12.6 Qualitative and quantitative
measurements are made as described in
Section 14. When the extracts are not
being used for analysis, store them in
vials with unpierced septa in the dark at
14° C.

13. Gas Chromatogrophy/Mass
Spectrometry of Acid Fraction.

13.1 At the beginning of each day
that acid fraction analyses are to be
performed, inject 50 nanograms of
pentachlorophenol either separately or
as part of a standard mixture that may
also contain DFTPP. The tailing factor
for pentachlorophenol should be less
than 5. Calculation of the tailing faclor is
given in Reference 2 and described in
Figure 8.

13.2 Establish chromatographic
conditions equivalent to those in Table
6. Included in this table are estimated
retention times and sensitivities that can
be achieved by this method. An example
of the separation achieved by the
column is shown in Figure 2.

13.3 Program the GC/MS to operate
in the Extracted Ion Current Profile
mode, and collect EICP for the three ions
listed in Table 9 for each phenol being
measured. Operating in this mode,

calibrate the system response for each
compound as described in Section &
using either the internal or external
standard procedure.

13.4 If the internal standard
approach is being used, the analyst may
not add the standard to sample extracts
until immediately before injection into
the instrument, Mix thoroughly.

13,5 Inject 2 to 5 pl of the sample
extract, The solvent-flush technique is
preferred. If external standard :
calibration is employed, record the
volume injected to the nearest 0.05 pl. If
the response for any ion exceeds the
linear range of the system, dilute the
extract and reanalyze.

13.6 Qualitative and quantitative

measurements are made as described in *

Section 14. When the extracts are not
being used for analysis, store them in
vials with unpierced septa in the dark at
4°C.

14, Qualitative and Quantitative
Determination.

141 To qualitatively identify a
compound, obtain an Extracted Ion
Current Profile (EICP) for the primary
ion and the two other ions listed in
Tables 7, 8, or 9. The criteria below must
be met for a qualitative identification.

14.1.1 The characteristic ions for the
compound must be found to maximize in
the same or within one spectrum of each
other,

14.1.2 The retention time at the
experimental mass spectrum must be
within +80 seconds of the retention -
time of the authentic compound.

141.3 The ratios of the three EICP
peak heights must agree within +20%
with the ratios of the relative intensities
for these ions in a reference mass
spectrum. The reference mass spectrum
can be obtained from either a standard
analyzed through the GC-MS system or
from a reference library.

1414 Structural isomers that have
very similar mass spectra can be
explicitly identified only if the resolution
between the isomers in a standard mix
is acceptable. Acceptable resolution is
achieved if the valley height between
isomers is less than 25% of the sum of
the two peak heights, Otherwise,
structural isomers are identified as
isomeric pairs.

14.2 In samples that contain an
inordinate number of interferences the
chemical ionization (CI) mass spectrum
may make identification easier. In
Tables 7 and 8 characteristic CI ions for
most of the compounds are given. The
use of chemical ionization MS to support
El is encouraged but not required.

14.3 When a compound has been
identified, the quantification of that
compotnd will be based on the
integrated area from the specific ion plot

of the first listed characteristic ion in
Tables 7, 8 and 9. If the sample produces
an interference for the first listed ion,
use a secondary ion to quantify.
Quantification will be done by the
external or internal standard method.

14.4 Internal Standard—By adding a
constant known amount of internal
standard (Cy in pg) to every sample
extract, the concentration of pellutant
(C,) is pg/lin the sample is calculated
using equation 2.

(A) (Cw)

Eq. 2 Yy = ——
> (A (RF) (Vo)

Where: V, is the volume of the original
sample in liters, and the other terms are
defined as in Section 6.3.

14.5 External Standard—The
concentration of the unknown can be
calculated from the slope and intercept
of the calibration curve. The unknown
concentration can be determined using
equation 3.

Eq. 8

(AVY

Micrograms/liter =
i il (Va(Va)

ng/ml =

where;

A =mass of compound from calibration curve
(ng).

Vi =volume of extract injected (pd).

V,=volume of total extract (ul).

V,=volume of water extracted [ml).

14.6 Report all results to two
significant figures. Report results in
micrograms per liter (Base/Neutrals and
Acids) without correction for recovery
data, When duplicate and spiked
samples are analyzed, all data obtained
should be reported.

14.7 In order to minimize )
unnecessary GC-MS analysis of method
blanks and field blanks, the field blank
may be screened on a FID-GC equipped
with the appropriate SP-2250 or SP-1240
DA columns,
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Table 1.—Base-Neutral Extractables

1,2-Dipheny 34348
Fluoranth 34376
Fi 34381
Hexachlorobenzene 39700
Hexachlorobutadiene 34391
Hexachloroethane

Indeno(1.2,3-cd)py
Naphtha
Nitrob

N-Nitrosodimethylamine
N-Nitrosodi-n-propylami
N-Nit iphenyl

Pyrene
2,3,7 B-Tetrachlorodibenzo-p-aioXiN.........msisce .o
1.2,4-T

Table 2.—Acid Extractables—Continued

Table 4—Gas Chromalography of Base/Neutral

Table 2.—Acid Extractables

Compound
4-Chioro-3-methylphenol 34452
2-Chiorophenol 34586
2.4-Dichlorophenol 34601

Extractables—Continued
Compound STORET -
No.

Reton- Limit of detaction
2,4-Dimethylphenol ...... 34606 Compound tion ##
2.4-Dinitrophenol e 34616 e -
2-Methyl-4 8-dinitrophencl 34657 (min.). ng injectad 1.g/1
2-Nitrophenol 34591 B
4-Nitrophenot 34648 Benzo(a)anthwacene,... 315 20 10
Pentachiorophenol 39084 3 3.Dichlorobenzidine. 322 20 10
Phenol . 34694  Din.octyl phthalate. 325 20 10
2,4,8-Trichlorophenol 34621  Benzo(b)fiuotanthene.. 349 20

B (k)1 by 349 20 10
Benzo(a)py 364 20 10
Table 3.—Pesticide Extractables ndsciot &3 adipyeen. SONR, 2%
Dib ) 432 50 25
Benzo(g.h)perylen. ... 451 50 25
Compound STORET U D Romen A :
No Bis{ct whether
s 2,3,7 8-Tetrachlorodibenzo-p-
dioxin
Aldrin. 30330 .
s Soaas _ #Si toot glass column (% in. OD'x 2 mm I0) packsd win
d.BHC 3034p 3% SP-2250 coated on 100/120 mesh Supeicoport. Carries
g-BHC 34259 gas: hefium at 30 mi per min. Temperature program: Isother.
Chiord 39350  mal for 4 minutes at 50° C, then 8" per min to 270" C. Hoid at
4.4"-D0D. agajp 270" C for 30 minutes. If desired, capiliary or SCOT columns
44'DDE Spag- SRy be.vsed; s
4.4'D0T 39300 ##This Is a minimum level al which the entire analytical
Dieldrin 393g0  System must giva mass spectral confirmation. (Nanograms in-
Endosulfan | 34361  Jected is based on & 2 ul injaction of a one liter sampie that
Endosultan I 34356  has been extracted and concentrated 10 & volume of 1.0 ml)
Endosulfan Sulfate 34351 *Detected as azobenzene.
Endrin 30390 **Detected as diphenylamine.
Endrin Aldehyd: 34366
Heptachlor 39410 Table 5.—Gas Chromatography of Pesticide
Heptachlor Epoxide 38420 Extr
T 20400 actables
PCB-1016 34671
PCB-1221 39488
PCB-1232 39492 Reten- Limit of
PCB-1242 30496 Compound tion ime  detection#
PCB-1248 39500 Nl r——
PCB-1254 39504 ng injected ug/|
PCB-1260 39508
a-bhe 211 40 10
g-bhe 224 40 10
Table 4—Gas Chromatography of Base/Neutral i A 10
Extractables Hep 234 40 10
d-bhe 23.7 40 10
Aldrin 240 40 10
HEPIACchIOr BPOXIBR ..cvurcesssrerrsnis 256 40 10
E f c
. o gcion S Boa o
Compound tion # , 272 40 10
time # Endrin 279 40 10
(min) nginjected u9/1  Endosuitan Il 286 40 10
40 10
1,3-Dichiorob 74 20 10 40 10
1,4-Di 78 20 10 40 10
Hexachic h 8.4 20 10
Bis(2 hyi) 84 20 10
1,2-Dichiorob 8.4 20 10
Bis(2-ct prooyl)éth 9.3 20 10
N-NitroSo-di-n-propyl AMINE ......coiee vorssrrisnsinss 20 10 M
,":‘_t 4 ::: 2 :g *6 foot glass column (Y% in. OD x 2 mm ID) packed with
1,2.4-Trichlor 1.6 20 10 3% SP-2250 coated on 100/120 mesh Supeicoport. Camier
{sophorone 1.9 20 10  Gas: helium at 30 mi per min. Temperature program: Isother
12.1 20 10 mal for 4 minutes at 50" C, then 8° phr minute to 270°. Hold
122 20 1p @&t 270°C for 30 minutes. f desired, capillary or SCOT col-
13.9 20 10  umns may be used.
159 20 10 #This is a minimum level al which the entire analytical
17.4 20 4p  System must give mass spectral confirmation. (Nanograms in-
17.8 20 10 lected is based on a 4 ul injection of a one-liter sample that
18.3 20 10  has been cted and « to a volume of 1.0 mi
18.7 20 10
i g 10 Table 6.—Gas Chromatography of Acid Extractables
19.8 20 10
21 2 10 Reten-  Linit of
205 20 10 Compound tion time*  detection#
210 20 10 (min) 7
212 20 10 ng inyectad 11g/1
228 20 10 -
228 20 10 2-ChIOrOPhENOL ...cverusssensssssssssasmpssns 59 50 25
247 20 10 2-Nitrophenol 64 50 25
265 20 10 Phenol 8.0 50 25
273 20 10 2,4-Dimethylphenol 94 50 25
B 288 20 10 24-Dichlorop! 0.8 50 25
Butyl benzyl phthailate........ s 209 20 10 24,8-T P { 18 50 25
Bis(2-ethyihexyl) phthalate . . 306 20 10 4-Chloro-3 yip ! 132 50 S
Chrysene 315 20 10 2.4-Dinitrop! i 159 500 250
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Table 6.—Gas Chromatography of Acid

Extractables—Continued
Reten- Limit of
Compound tion time*  detection#
RO e
ng injected ug/l

2. Mathyl-4,8-dinitrophenol .. 16.2 500 250
pentachiorophenol 175 50 25
: 203 50 25

5

*6 foot glass column (% in. OD x 2 mm ID) Packed
1% SP-1240 DA coated on 100/120 mesh Supaicoporn.
or gas; helium at 30 mi per min. Temperature program: 2
isothermal at 70", then 8" per min to 200° C. I desired,
lary or SCOT columns may ba used.

#This is a minimum level at which the entire
system must give mass spectral confirmation. (Nanograms in-
jected is basad on a 2 ul injection of a one liter sample that
has been extracted and concentrated to 1.0 ml)

§3¢

Table 7.—Base/Neutral Extractables Characteristic lons

Characteristic lons
Compound
Electron impact Chemical ionization
{methana)
1,3-Dichloroby 146 148 13 146 148 150
1, 4-DICHIOMDDONZONG oiiisiriasiisssssrsnsssssssmsmsnsssissss 146 148 13 146 148 150
Hexachioroethane 117 201 199 199 201 203
Lot Y | X . R —— 93 63 w5 63 107 109
1,2-Dichlorob 146 148 113 146 148 150
gis(2-chioroisopropyl) ether .. 45 77 79 7 135 137
N-Nitrosodipropyl amine ... 130 42 101
Isophorone 82 95 138 139 167 178
Nitrobenzene. 77 123 65 124 152 164
Hexachiorob! 225 223 227 223 225 227
1,2.4-Trichi 180 182 145 181 183 209
Naphthal 128 129 127 129 157 169
Bis{2-chioroathoxy) MEHANE ......ccvmsssssessisssssssne 93 95 123 65 107 137
Hexachlorocyclop < 237 235 272 235 237 239
2-Chioronaphthal 162 164 127 163 191 203
Acenaphthylene 152 151 153 152 153 181
Acenaphth 154 153 152 154 155 183
Dimathyl phthak 63 194 164 151 163 164
2.6-Dir Huena 165 63 121 83 21 223
Fluorene. 166 165 167 166 167 195
4-Cniorophenyl phenyl 8ther ... 204 206 141
2.4-Dir luena 165 B9 163 183 21 223
1,2-Diphenylhydrazine’... ovsbbasosbiobeorhetrbast 77 93 105 185 213 225
Diethyipt 149 177 150 177 223 251
N-Nitre phenylamine® 169 168 187 169 170 198
Hexact 284 142 249 284 286 268
4-Bromophenyl phenyl ethor ... 248 250 1“4 249 251 277
Phenanthrer 178 179 176 178 179 207
Anthracens 178 179 176 178 179 207
Dibutyl p! 149 150 104 149 205 279
Fluoranthene 202 101 100 203 23 243
Pyrane 202 101 100 203 231 243
Benzdine. 184 a2 185 185 213 225
Butyl benzyl phth 149 S 149 299 327
Bis(2-ethyl hexyl) phthaiate.. 149 167 279 L GOA e B S Rt X
Chrys: 228 226 229 228 229 257
Bonzof 228 229 226 228 229 257
3,3"-Dichk 252 254 126
Dioctyl phthalale 149
Benzo(b)fiu 252 253 125 252 253 281
Berzolk)fie th 252 253 125 252 253 281
Benzo{a)py 252 253 125 252 253 281
Indeno{1,2,3-c.d)py 276 138 an 276 277 305
Dibenzo(a,h) 278 139 279 278 279 307
Benzolg h.i)peryk 276 138 277 276 277 305
N-nitroSOGIMBY! BMING ..oveeicrrsrrnsrsassssrssssassssssssess a2 74 44
Bis(chi thyl) ether 45 49 51
2378 MOOAIDENZO-D-IONIN ...covrrvvvsssisiisnnsissssssocsssssssssis 322 320 59 .
Deuterated anth e(d-10)* 188 94 80 188

' Detected as azobenzene.
" Detacted as diphenylamine.
' Suggested internal standard
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Table 8.—Pesticides Characteristic lons

Compound Characteristic lons electron impact

BRI et L0t oo hnd it abbbrsobbometilossiisssontsbssdbbiovrrrssiasbiossaditasnsissoermssostbtssmmsblontite 183 181 109
g-BHC 183 181 109
b-BHC 161 183 109

iptach 100 272 274
d-BHC. 183 109 181
aldrin 66 263 220
heptachlor epoxich 353 355 351

dosulfan | 201 283 278
dietdri 79 263 279
4,4-.DDE 248 248 176
4,4-D0D 235 165 237
endrin 81 263 82
endosulfan I 201 283 278
4,4-DDT 235 237 165
endosulfan sulfate 272 387 422

lord: < 373 375 377

o o T R AT s PO I SN0 s DIt i s oL XTSRRI Al 231 233 235
PCB-12422 224 260 294
PCB-12542, 294 330 362

\Characteristic of alpha and gamma forms of chlordane.
*These ds are mi of various

W

Table 9.—Acid Extractable Charactenstic lons

Characteristic ions

Compound
Electron impact Chemical ionization
(methane)
2-Chiorophenol 128 84 130 129 131 157
2 P ) 138 65 108 140 168 122
Phernol 94 65 66 95 123 135
2.4-Dimethyiphenol 122 107 121 123 151 163
2.4-Dich ol 162 164 98 163 165 167
2.4,6-Trichlorophenol 196 188 200 197 189 0
4-Chioro-3-methyl phenol . 142 107 144 143 179 183
2,4-Dinitrophenol 184 83 154 185 213 225
2-Meathyl-4,6-dInHrophenol ... 198 182 7 199 227 239
Pentachlorophanol 266 264 268 267 265 269
4-Nitrophenol 65 139 109 140 168 122
Anthracene (d-10) * 188 94 80 189 A e A

' Suggested intemal standard.

Table 10.—DFTFPP Key lons and Jon Abundance Criteria

lon abundance criteria

Mass:
51 30 to 60 percent of mass 188,
68 Less than 2 parcent of mass 69.
70 Less than 2 percent of mass 69,
127 40 to 80 percent of mass 188.
197 Less than 1 percent of mass 196,
198 Base peak, 100 parcent relative abundance.
199 § to 9 percent of mass 198,
275 10 1o 30 pr of mass 198,
365 than 1 percent of mass 198,
441 Present but less than mass 443.
442 . G than 40 percent of mass 198,
443 17 to 23 percent of mass 442,

BILLING CODE 6560-01-M
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Appendix IIT—Example Quality
Assurance and Quality Control
procedures for Organic Priority
Pollutants “

Example Quality Assurance and
Quality Control Procedures for Analysis
for Organic Priority Pollutants

110 Scope.

111 These procedures are provided
for use by laboratories performing
analyses using EPA Methods 624 and
625. To provide data with a known
degree of reliability, a strong quality
assurance and quality eontrol program
is presented. The procedures are
designed to produce data with known
precision and accuracy so that a
determination of confidence can be
placed in the data. Quality Assurance
(QAY} is the total program for assuring
the reliability of the manitoring data.
Quality control (QC) is the routine
application of procedures for controlling
the measurement process.

112 Initially, the methodology must
be validated for each industrial
subcategory being measured by the
laboratory. The requirement for
validation of each subcategory is based
on the assumed unique nature of the
wastewater associated with most of the
subcategories. Since the effluent from
treatment is to be used for setting
control limits, it will be used to develop
initial validation data for the method
prior to routine sampling and analyses,
A particular subcategory may not
require verification analyses of all three
fractions (Volatiles, Base/Neutrals, and
Acids), or for all of the individual
compounds, in which case, the method
requires validation only for the fraction
or the selected compounds of interest.

113 The results of the validation
analyses will be used to provide
information with which to judge a
laboratory's ability to interpret and
implement the methed for each future
sample in the industrial subcategory.
Initial QC limits for precision and
accuracy will be established using these
results, and then used in subsequent
analyses as control limits. A numerical
example is given in Appendiix A.

114 After the method is validated for
each subcategory and routine analysis
begins, continuing QA/QC will be
required to ensure that the subsequent
analyses are within the established
control limits,

115 Prior to developing initial

method validation and a continuing
quality control program, the analyst
(individual or group if team approach is
used) must demonstrate the ability to
perform the required analyses. If a
laboratory has not established precision
and accuracy criteria for clean water,
the laboratory must perform replicate
analyses of clean water as prescribed in
section 121.

120 Routine Qualily Assurance and
Quality Control.

121 Preliminary Clean Water
Precision and Accuracy.

1211 Before any work is begun on
actual field samples, a laboratory must
demonstrate its ability to properly
perform the liquid-liquid extractions, the
gas purge extractions, and the required
chromatography. Clean water spikes are
analyzed to demonstrate the
laboratory's ability ta implement
Methods 624 and 625, and to establish
the baseline precision and accuracy
criteria for the method in that
laboratory.

121.2 Procedure:

121.2.1 Prepare “organic-free” water
for use in determining preliminary i
precision and accuracy according to the
procedures given in Methods 624 and
625

121.2.2 Spike four replicates of clean
water with each compound of interest at
a concentration approximately equal to
10 times the limit of detection. In
addition, spike all purgeable aliguots
with a minimum of three surrogate
standards at a level of 100 pg/l. For
extractable organics, each replicate
must be one liter; each purgeable sample
requires at least 100 ml. Do not dose
purgeables with more than 20 ul of an
alcoholic standard per each 100 ml of
water. Analyze spiked solutions
according to method 624 or 625.

121.3 Precision—For each parameter,
use the resulting observed values of the
spikes (Oi, Oa Os, and O4) to calculate
the standard deviation (S) of the
replicates according to Equation 1.

n
Fﬁ o - (L o°
jal §=1
'l n{n=1)

Eq. ¥ &=

Where:
n=number of replicates

1214 Accuracy—For each
parameter, use the resulting observed

values of the spikes (Oy, Oa, O,, and Oy)
to ealculate the mean percent recovery

Eq. 2 7 =100 (" 04)
i=]

—_—

(P) of the method according to equation
2.
Where:

n=number of replicates
T=true value of the spike

121.5 The precision and accuracy
data shall be documented for the record
as evidence that the laboratory can
properly perform the extractions and
chromatography essential for methods
624 and 625.

122 Method Blank—The method
blank is defined as an appropriate
volume of “organic-free” water which
has been processed exactly as the
sample (including glassware, reagents,
solvents, etc.). Reagents or solvents
having background levels that interfere
with the compounds to be determined
must be purified and shown to be
acceptable or replaced with some that
are acceptable prior to proceeding with
analyses. Problems encountered and
corrective actions taken shall be
documented and reported for the record.

1221 For the extractable fractions
(Base/Neutral or Acid), the method
blank requires extraction of 1-liter
“organic-free” water. A method blank
must be extracted for each set of field
samples extracted at a given time (at
least one method blank per 20 field
samples analyzed) and whenever a new
source of reagent or solvent is
introduced into the analytical scheme.
The method blank can be screened by
GC-FID. Analysis by GC-MS is required
only if GC-FID analysis of the field
blank gives any peaks larger than the
internal standard peak.

122.2 For the volatile fraction, 5 ml of
“organic-free" water should be analyzed
by the purge and trap methodology only
if positive interferences are noted during
the analysis of a field blank. If positive
interference still occurs, repeat the
method blank analysis. If interference
persists, dismantle the system,
thoroughly clean all parts that contact
the sample, purge gas and carrier gas.
Replace or repack the sorbent trap and
change purge and carrier gas.

123. Field Blank—The field blank is
defined as an appropriate volume of
“organic-free”” water which has been
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sent to the sampling site and back to the

analytical laboratory in a container and

bottle identical to the type used to
collect the samples. Field blanks and
samples must be shipped in separate
containers. When received in the lab,
the field blank is dosed, extracted and
concentrated as if it were an actual
sample. :

123.1 For the extractable fractions
(Base/Neutral or Acid), the field blank
may be screened by GC-FID. Full GC-
MS analysis is to be performed if the
screening analysis gives any peaks
larger than the internal standard peak:

123.2 For the volatile fraction,
analyze a 5-ml field blank after each
sample analysis. Follow the guidelines
in 121.2 if positive interferences are
noted during the analysis of a field
blank.

130 Method Validation.

131 Extractable Organics (Base/
Neutrals-Acids)—The following
procedures are to be applied, separately,
to samples being analyzed for the Base/
Neutral-Acid group of compounds. The
analyses shall be performed according
to the procedures given in Method 625.
The validation studies must be .
performed under the same conditions
ordinarily applied to the samples of a
given subcategory. That is, if separatory
funnels are routinely used for extraction
of the samples, the study must be
conducted using separatory funnels. If
continuous extractors are used for
routine analysis of the subcategory, the
validation study must be performed
using the same type of continuous
extractors.

131.1 Sample pretreatment—The
laboratory should collect a sample of
adequate volume to carry out the
validation study and one field blank
taken as described in the sampling
protocol on the same day from the same
source. Mix the sample and withdraw a
1-liter aliquot for analysis, Vigorously
mix the sample with some type of
stirring device. Withdraw aliquots,
while stirring, into a 1-liter graduated
cylinder, using a siphon made of glass or
Teflon. Measure and record the volume,
Transfer the aliquot to a 2-liter
separatory funnel or continuous
extractor for spiking. Initially analyze a
1-liter aliquot of the sample to determine
the sample background so that proper
spiking levels can be selected for 131.2.1.
The remainder of the sample should be
stored at 4° C until the validation study
is begun. At the same time, analyze a 1-
liter aliquot of the field blank. Choose
three levels of compound spikes to cover
the expected concentration range of the
samples in the subcate%z{i{.

131.2 Preparation of Aliquots for
Validation Study—Withdraw twelve 1-

liter aliquots from the stirred composite
sample as described in 131.1. Separate
into three groups of four.

131.2.1 Spiking of Aliquots—Spike
two aliguots of each group with
surrogate standards only. The other two
aliquots are spiked with surrogate
standards plus the standard pollutant
compounds of interest at one of the
concentration levels (See Figure 2).
Repeat this process for each group of
aliquots. Select the three spiking
concentrations for the compounds of
interest based on the results of the
background analysis obtained in 131.1, If
the initial background level for a
particular pollutant is x, select the three
spiking levels to give final
concentrations 2x, 10X, and 100X. If x
equals 15 pg/l, dose with 15, 135, and
1485 pg per liter. This gives final
concentrations of the pollutant of 30,
150, and 1500 pg/l. Spike each 1-liter
replicate with each surrogate at a level
of 100 pg/L.

Note.—Consideration should be given to
the water solubility of the compounds being
spiked when selecting the spiking
concentration levels.

131.2.2 Prepare spiking standards in
concentrations such that no more than §
ml of spiking solution is added for each
liter of sample. This will ensure that the
solubility of the standard in water will
not be significantly affected by the
added organic solvent. Add the spiking
solution to the sample aliquots in the
separatory funnel using a transfer pipet.
After adding the spikes, thoroughly mix
the samples and after one hour at room
temperature proceed with the
extraction. If continuous extractors are
used, it may be necessary to spike the 1-
liter aliquots before they are placed into
the extractor. Place the aliquot in a
separatory funnel or a clean bottle,
spike, and transfer to the extractor. The
bottle must be rinsed with solvent. Wait
an hour and begin the extraction.

131.3 Use o?trl;e Data from Spiked
Samples in Analyses—The data
obtained from the determination of
pollutants of interest are used to
calculate the precision and accuracy of
the method and to establish control
limits for the individual compounds of
interest. Surrogate spikes are added to
every sample to provide quality control
on every sample by monitoring for
matrix effects and gross sample
processing errors. The surrogate is not
used as an internal standard for
quantification purposes. Suggested
surrogate standards are given in Section
6.4 of Method 625. If validation is
needed for only one fraction, only the
surrogates for that fraction need be
added.

131.4 Extract and analyse all
aliquots as directed in Method 625 or
other appropriate EPA methods.
131.5 Calculation of Precision and
Accuracy—The precision of the method
may be calculated from the data
obtained during the validation study.
There are three spiked concentration
levels of pollutants as outlined in Figure
2. The method precision for the
background level of pollutants occurring
in the sample may be calculated from
the three pairs of replicate aliquots
which are spiked only with surrogate
standards (A1, AZ; B1, B2; C1, and C2,
See Figure 2). The precision and
accuracy for the surrogates may be
calculated from all twelve replicates
since the spiking level is constant for
both sets of six samples. The precision
and accuracy for the surrogates may be
calculated for each set of six samples if
there is an effect due to the added
pollutant spike. Similarly, the precision
and accuracy at each spike level of the
pollutants of interest may be determined
from the two replicate aliquots that
received that spike (D1, D2; E1, E2; F1,
and F2. See Figure 2).
a. Precision.
Calculate the range (R) for each pair
of replicate aliquots i.e., duplicate
analyses, according to equation 3:
Eq. 3R=[X: — X3]

Where:

X, and X, are each an analytical result from
two replicate aliquots.

The concentration level related to R
can be represented as in equation 4.

(X + Xa)

~Eq. 4 Xisz=
8 2

" Where:

X is the mean of the duplicate analyses, X,
and X,.

For any group of n duplicate analyses
that are considered similar to each
other, their ranges (R,) and means (X)),
where i = 1 to n, can be used to
estimate the critical difference (R.)
between similar future duplicate
analyses or any specific concentration
level (C). Calculate R, as shown in
equation 5,

3.27(C)

P

Eq:5 - Ri=
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From these data develop a table of R,  Where: Where:
values for various concentration (C) P is the percent recovery of the spike P is the percent recovery of the surrogate
values that span the concentration range  Z is the analytically determined spike.

of interest. Use these initial critical
difference values to judge the
acceptability of succeeding duplicate
results generated under the same
conditions. Revise and update as
additional duplicate data becomes
available. When more than 15 pairs of
duplicates are available within any
specific concentration level C, R, should
be calculated directly from the average
range of these duplicates alone.
Equation 5 reduces to

R 3.2:(0) ["

al

=1

b. Accuracy for Pollutants. Calculate
the background concentration of priority
pollutants occurring in each of the field
composite samples. The calculation is
similar to equation 4, but there are six
pieces of data (A1, A2, B1, B2, C1, C2)
available for this calculation as shown
in Figure 2. Therefore, the calculation is
as shown in equation 6.

(3%

. 6 K=
Eq 8

Where:

X is the mean X, i-1 to 6 are the analytical
results for the six 1-liter aliquots of a
single composite sample spiked with
surrogates only.

Calculate the recovery of each
pollutant in each of the 1-liter aliquots
spiked with the pollutants of interest
(D1, D2, E1, E2, F1 and F2) according to
equation 7:

Eq. 7 - 202N

)
|

concentration of the pollutant in the

__ spiked aliquot

X is the mean background concentration of
the pollutant and

T is the true value of the spike.

Determine the percent recoveries for
each pollutant of interest at all of its
concentration levels. If there is no
significant difference between the
percent recoveries for the various
concentration levels, all n of the percent
recovery values may be treated together
as in equations 8 and 8. If some of the
percent recovery values are significantly
different, each group of similar percent
recoveries must be treated
independently to develop its own -
characteristic mean percent recovery (P)
and its associated standard deviation
(Ss)

m
.8 F=3 Py
ix1

o

Where:

P is the mean percent recovery

P, is an individual percent recovery value

n is the number of observations at this
concentration level

¢. Accuracy for Surrogates. Proceed
exactly as with the pollutants of interest
in 131.5b above, keeping the following
two differences in mind: there is no
background concentration and there are
six sets of duplicate analyses for the
surrogate spikes; three sets spiked with
pollutants of interest (D1, D2; E1, E2; F1,
F2) and three sets without (A1, A2; B1,
B2; C1, C2), see Figure 2. Calculate the
percent recovery as shown in equation
10.

Eq. 10 P

q‘

Z is the measured value of the surrogate
spikes in the aliquot.

T is the calculated or true value of the
surrogate spikes added to the sample.

_ Calculate the mean percent recovery

(P) and the standard deviation (S,) of
the percent recovery of the surrogate
spikes in all of the sample aliquots
according to equations 8 and 9.

132 Volatile Organics (Purgeables)

132.1 The validation of the method
for purgeables requires a minimum of
600 ml sample, The validation may be
performed on a grab sample or a
composite sample prepared from
discrete grab samples.

Thirteen 5-ml aliquots of each sample
are required. They should be treated and
spiked according to Sections 132.2 d
through f and 132.4.3. The remaining
volume of sample is transferred to a
clean container, i.e., vial or vials and
sealed with no headspace as done when
collecting a sample. This sample should
be held at 4°C until it is determined that
there is no further need for the sample.
Figure 3 summarizes the validation
study for volatile organics. Caution:
Prepare only as many sample aliquots
as can be analyzed in the working day.
This may mean that each of the three
concentration levels will be analyzed on
different days.

132.2 Pretreatment of Grab Samples
to be composited—Individual grab
samples should be composited
according to the following procedure:

a. Composite only grab samples of
equal volume.

b. Carefully pour the contents of all
individual grab samples collected from a
given source during the specified time
period into a 1000-ml round-bottom flask
which is chilled in a wet ice bath.

c. Stir the mixture gently with a glass
rod for approximately one minute while
in the ice bath.

d. Carefully fill 13 clean 40-ml vials or
three 120-ml vials and four 40-ml vials
with composited sample.

e. Take one 40-ml vial for immediate
analysis to determine the background of
the purgeable pollutants.

f. Store the remaining vials at 4° C
until the validation study is begun.

132.3 Spiking levels for pollutant and
surrogate standards—The spiking levels
of the pollutants are determined by the
background (X) in the samples. The low
level spike will give a final
concentration that is 2 times the
background level. The intermediate and
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high level spikes will give final
concentrations that are 10 and 100 times
the background level. Concentrations in
excess of 1000 pg/l are likely to flood
the gas chromatographic column.
Therefore, the total concentration
(background plus spike) of each
individual pollutant should not exceed
900 pg/l. Even at this level, the solubility
of the compounds in the sample must be
considered. The spiking level for all
surrogate standards should be 100 pg/l.

1324 Spiking Procedures.

132.4.1 Preparation of Spiking
Standards—Prepare methanolic stock
standard solutions of the pollutants and
the surrogate standards according to the
directions given in Method 624.

From the methanolic primary dilutions
prepare secondary aqueous spiking
mixtures of the surrogate standards so
that 20.0 pl of the primary standard
solution, diluted to 50.0 ml in organic
free water will permit adding 5 pl of the
resulting solution to the 5 ml sample
giving the desired surrogate
concentration level of 100 pg/l.

Prepare spiking mixtures of the
pollutant standards in methanol so that
20.0 pl of the solution added to 100.0 ml
of sample will give the desired
concentration levels.

132.4.2 To minimize the solubility
effect of methanol on the constituents to
be measured, do not inject more than 20
! of spiking solution per 100 ml of
sample. Never use a pipet to transfer
samples or aqueous standards that are
to be analyszed for volatile purgeable
compounds. Transfer samples by
pouring into the receiving vessel.

132.4.3 Spiking the Sample
Aliquots—Take one of the 120-ml or 3 of
the 40 ml sample aliquots from cold
storage, equilibrate to room
temperature, and fill a 100 ml volumetric
flask to mark with the sample. Rapidly
inject 20 pl of the methanolic solution of
pollutant spiking standard
(concentration 2X) into the expanded
area of the flask below the neck.
Stopper and mix by gently inverting the
flask three times. Fill two 5-ml syringes
with spiked sample from the flask as
directed in the analytical protocol. Open
the valve of the syringe and inject 5 pul
of the surrogate standard spiking
solution. Inject the sample aliquot into
the purging device and analyze
according to Method 624.

Take one of the 40-ml sample aliquots
from cold storage, equilibrate to room
temperature and fill two 5-ml syringes
with the sample as directed in Method
624, Spike 5 ul of the surrogate standard

water solution (concentration 100 pg/l)
into the syringe through the valve giving
a final concentration of 100 pg/l. Inject
the sample aliquot into the purge device
and analyze according to Methed 624.
See Figure 3. Repeat this procedure
twice, giving three sets of analyses of
two samples spiked with surrogate
standards only and two samples spiked
with surrogate standards and pollutant
compounds of interest.

1325 Calculation of Precision and
Accuracy—The precision and accuracy
for the purgeable pollutants and the
surrogate standards are calculated as
directed for the semivolatile solvent
extractable compounds in paragraphs
131.5a, b, and c.

140 Continuing Quality Assurance
and Quality Control.

141 Extractable Organics (First
Samples)—The following procedures
should be applied to the first sample of a
subcategory for the Base/Neutral and
Acid groups. An outline diagram forfirst
sample ongoing quality assurance
samples is given in Figure 4.

1411 Withdraw three 1-liter aliquots
of the composite sample according to
the procedure in 131.1.

141.2 Spiking the Sample Aliquots—
Spike one of the aliquots with pollutant
standards plus the surrogate standards
and two of the aliquots with surrogate
standards only.

141.3 Add a spike sufficient to
approximately double the background
concentration of the priority pollutants
as determined in 131.5b. If the original
concentration is higher than the
midpoint of the calibration curve, then
the concentration of the spike should be
approximately one-half the original
concentration. Surrogate spikes as
specified in 131.3 should be added to all
three aliquots from each sample at a
concentration level of 100 pg/1.

141.4 Analyze according to Method
625.
1415 Calculations of Precision and
Accuracy

a. For the first sample, calculate the
precision of the duplicate analyses (Xu
and X.) from the two 1-liter aliquots for
the pollutants background and the
surrogate standards. Calculate the range
(R) of the results according to equation
11,

Eq. 11 R = |X—X|

The concentration of each compound
is represented by the mean of the
duplicate values. Calculate the mean (X)
according to equation 12.

(TP (i|+X2)

Eq. 12
2

Refer to the table of critical range
values developed in 131.5a, to find the
concentration (C) nearest to X. Use this
R. to evaluate the acceptability of R
from Eq. 11. If R is greater than R, the
gystem precision is out of control and
the source of this unusual variability
should be identified and resolved before,
continuing with routine analyses. After
correcting the source of this unusual
variability, reanalyze the sample if
possible. Record the results of all
duplicate analyses and periodically
(after 5 to 10 additional duplicate results
are obtained), revise, update, and
improve the table of critical range
values.

b. Accuracy for Surrogate Spikes.
Calculate the recovery of the surrogate
spikes in the duplicates according to
equation 13.

p=1002

ST
Eq -

Where:

P is the percent recovery.

Z is the analytically determined
concentration of the surrogate standard
spikes.

T is the true value of the surrogate standard
spikes added in 132.4.3.

If the percent recoveries are not
within the interval P + 3S, as
determined in 131.5¢, the system should
be checked for problems. If problems
exist, they must be resolved before
.continuing with routine analyses.
Record the recovery of all surrogate
spikes and periodically (every 5 to 10
additional data points), revise and
update the recovery criteria.

c. Accuracy for Priority Pollutant
Spikes. Using the results obtained from
the 1-liter aliquot of composite sample

- spiked with surrogate standards and

pollutant standards, calculate the
recoveries of the priority pollutants
according to equation 14.

100 (Z—X)

Eq. 14 P=
7 T
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_ Spike four 5-ml aliquots with surrogate

Where:

p is the percent recovery

7 is the analytically determined
concentration of the pollutant spikes

T is the true value of the pollutant spikes
added in 132.4.3, and

X is the mean concentration of the pollutant
background determined by equation 9.

If the percent recovery is not within
the interval of P + 3S,, as determined in
131.5b the system should be checked for
problems. If problems exist, they must
be resolved before continuing with
routine analyses. Record the recovery of
all spikes and periodically revise and
update the accuracy criteria.

142 Extractable Organics—
(Subsequent Samples)—The following
procedures should be applied to each
subsequent sample of a subcategory of
the Base-Neutral and Acid groups. A
flow diagram for each subsequent
ongoing quality assurance sample is
given in Figure 5.

142.1 Withdraw a one-liter aliquot as
directed in 131.1

142.2 Spike the aliquot with
surrogate standards at a concentration
of 100pg/1.

142.3 Analyze according to Method
625.

142.4 Determine the percent
recovery of the surrogate standards
using Equation 10. If the percent
recovery is outside the interval P + 3S,
as determined in 131.5¢, the analytical
system should be checked for problems.
If problems exist, they must be resolved
before continuing further sample
analyses.

142.5 A field blank must be analyzed
according to Method 625. If priority
pollutants are found and quantified, the
values for the field blank should be
noted and reported along with sample
results. If significant interference
problems occur, the method blank must
be analyzed to determine if interference
was introduced in the field or the
laboratory. Appropriate action musts be
taken to eliminate the problem before
continuing with the analysis of routine
samples.

143 Volatile Organics (First
Sample)—The following procedures
should be carried out on the first sample
from each subcategory. An outline is
given in Figure 4. :

143.1 If grab samples are to be
composited, follow instructions given in
Section 132.2 and 132.4.3. Prepare six 5-
ml aliquots for analysis.

143.2 Spike two aliquots with the
pollutant standards at a level twice that
determined in Section 132.5 and the
surrogate standards using the
procedures in Section 132.3 and 132.4.

standards only as in 132.3 and 132.4.

143.3 Analyze one of the duplicates
spiked with pollutants and surrogate
standards and two of the four replicates
spiked with surrogate standards only.
The remaining spiked aliquots are
analyzed only if a problem is
encountered with the analysis of the
first set of aliquots.

143.4 Analyze the spiked aliquots
according to Method 624.

143.5 Calculate the precision and
accuracy as directed for the semivolatile
solvent extractables as directed in 141.5.

144 Volatile Organics (Subsequent
Samples)—The following procedures
should be applied to each subsequent
sample of the volatile organics group.
An outline is given in Figure 5.

144.1 If grab samples are to be
composited, follow the instructions
given in Section 132.2 and 132.4.3.
Prepare two 5-ml aliquots for analysis.

144.2 Spike both aliquots with
surrogate standards only to give a
concentration of 100 pg/l.

144.3 Analyze one of the aliquots
according to Method 624. The other
aliquot is analyzed only if a problem is
encountered.

1444 Determine the percent
recovery of the surrogate standards
using Equation 10. If the percent
recovery is outside the interval P£3 S,
as determined in 131.5¢, then the
analytical system should be checked for
problems. If problems exist, they must
be resolved before continuing further
sample analysis.

144.5 Analyze a field blank
representing the same day that the
samples were collected. Follow the
guidelines given in 142.5.
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Figure 2.—Summary of Initial Validation Analyses for
Extractable Samples

Liters GS/MS
used runs

1. Collect a minimum of 3% galions of

2. ana‘-ﬂuaﬁqxntsmewnpos-
Ite at 4* C. Separate into three groups of
4 aligy each

(X) of each poliutant of A 1
4. Withdraw tweive 1-fiter aliquots from the

5. (n)'Dooo 2 of aliquots with surrogate
standards only at 100 ug/l. Label as A1
and A2 2

Figure 2.—Summary of Initial Validation Analyses for
Extractable Samples—Continued

Liters GS/MS
used runs

(b) Dose 2 aliquots with surrogate standard
at 100 ug/l and pollutants of interest to
give a concentration level of 2X. Label

6. Repeat 5a, b, and c. Label surrogate
slandards only as B1 and B2. Use 10X
level for priority poltutants. Label as E1
and E2 - 4
7. Repeat 5a b, and ¢. Label surrogate
standards only as C1 and C2. Use 100X
level for priorty poilutants of interest.
Label as F1 and F2.....ciicmnearmsisissions B A

Total 13 13

Figure 3.—Summary of Initial Validation Analyses for
Purgeable Samples

5-mil
syringes. GC/MS
used runs

1. Collect a minimum of 600 mi of P

2. Fill 13 clean 40-ml vials or 3 clean 120-
mi vials 4 4 clean 40-mi vials with com-
posite, cap, and store at 4° C.

3. (a) Fill &8 5-ml syringe from ona 40-mi vial

(b) Analyze and determine the background
concentration (X) of each priority poliut-
ant 1

4. (a) Fill two 5-ml syringes from one 40-mi
vial

(b) Dose with surrogate standards at 100
ug/\. Label as A1 and A2.
(¢) Analyze A1 and A2 using Method 624.... ... 2
(d) Filt a 100 mi volumetric to mark using
one 120-ml or three 40-mi vials
(e) Dose with 20 ul of poliutants of interest
to give a concentration of 2X
{f) Fill two 5-ml syringes from the 100-mi

(g)DonawhW_mnmm.

dards at & cor of 100 ug/l.
Label as D1 and D2
(h) Analyze D1 and D2 using Method 624 ... ... 2
5. Repeat 4. Label tes only as B1

and B2. Use 10X level for pollutant of in-
terest. Label priority poliutants plus sur-

6. Repeat 4, Label surrogates only as Ct
and C2. Use 100X level for poliutant of
interest. Label priority pollutants as F1
and F2 4 4

Total 13 13

Figure 4.—Summary of Ongoing Quality Assurance

for First Sample
Extractables Liters GC/MS
used runs
1. Comp the Samp
2. (a) Withdraw three 1-iiter aliquots ............ R

(b) Dose two aliquots with surrogate stand-
ards only at 100 ug/!
(c) Dose one aliquol with surrogate stand-
ards and the pollutants of interest to give
a col of 2X, S AL I L R T

(d) Analyze using Method 625 3

Total 3

w
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S5m GC/MS 2. (a) Withdraw a 1-iter aliquot 1
Purgeables syringes  runs (b) Dose with surrogate standards only al Surrogate standard Percent
used 100 pg/t..en o/ e
e (€) Analyze USING MEHNOD B25 ..o s = 1 Range: Mewn (Eq 10
2 (a) Fl 4 cloan 4-m| viaié or 1 clean 120- Sample: ‘Added — Found. (Eq-3) (Eq 4)
mi vial + 1 clean 40-ml vial with com- Wl’olnl(m
posite, Store at 4' C... 1 e m 95 B3 e 98
s(nmes-nﬂmenmlo-m :: g; 4 95 102
wial | gt PR R B S TR 101
(b) Dose each with surrogate standards at Purgeables 85 28 2 97 103
100 pg/l 95 Y — 95
(c) Fitt a 100 mi volumetric to mark using 85 94 89
the 120-mi vial Or e A0 VRIS ... wvicroiee (S AT 95 99 .. 104
(6) Dose with 20 ! of pollutants of inierest 2. (a) Fill two 5-mi syringes-with composi s - 100
?3292'“ of2x, (b)DommmurogmstiOO - 5 N
(e} Fill two 5-ml syringes from the 100 mi : 95 94 09
e frfedaic A (c)mmoonem P 7 o b
W o e Rl i i s o :
BUIT one O " s
,,,;'9,; 9 surrogal d Total (K29 888} 5B 928 Critical Difference (Eq. 5) R.=9.8 at 95
i e s s 3 g/l
*Assuming that field blank shows no poliutant of interest. If Mean % Recovery (Eq 8) P=99%.
———————— field blank were to be analyzed by GC/MS each
Total 6 3 day, the lotal would be 58, v Standard Dev. of P (Eq. 9) S;=3.1;
i O : 35,=9.4.
Figure 5.—Summary of Ongoing Quality Assurance Appgndgx A—Numerical Example of o :
fw&bseque%mples'y Validation Phase Results : og\qgceptable Range of Recovery 90 to
Extractables Liters GC/MS The following is an example of the During the same validation study, the
used  runs calculations and results of a validation

following data were obtained for one of

3 Corgasie 4 Sang study. the priority pollutants studied.
Poliutant of interest Percant Mean
Range mean recovery Recovery Std dev
Sample  Back- Added Found (Eq.3) (Eq.4) (Eq.7) (Eq.B8) (Eq.9)
ground
X X 0
At X 0
AZ x 0
B1 X 0
82 X 0
(3] X 0
c2 % 0
D1 12 12
D2 12 12
Et 12 110
E2 12 110
F1 12 1200
F2 12 1200 1140 20 1150

a;=)(un—'xﬁo==95—84:=1'r
texe=0/S¢=11/3.5T=3.70
Since 3.7 is less than 4.3 (t-value, 0.95,
2 degrees of freedom) there is no
significant difference between the 100X
and 10X levels, Apply equations 8 and 9
to the four recoveries for these two
levels, The mean recovery (eq. 8) is 89%
with a standard deviation (eq. 9) of 6.5
(3 degrees of freedom). Test the 2X level
against this mean recovery and standard

Critical Difference (Eq. 5) for priority
pollutants:
R.=6.7 at 12 pg/l
R.=3.3 at 17.5 pg/l
R.=16.4 al 106 pg/l
R.=65 at 1150 pg/l

Mean Value of X (Eq. 6):
X =120 ug/l (background concentration)

Is there a significant difference in the
recoveries between the 100X and 10X

levels? Apply a two tailed student's t- deviaﬁon )
test with a confidence level of 95%. (6577 (59)°=678 (4 degrees of
Sa= V8% +810?= V[1.2)24(3.3)2=3.51 (2 freedom)

degrees of freedom)

Loxpy=43/8.78=4.90

Since 4.90 is greater than 2.78 (t-value,
0.95, 4 degrees of freedom) there is a
significant difference between the 2X
and the 100X, 10X levels.

2X 100X,

10X
Mean % Recovery (EQ. B) ......covciuinammicioins 48 -~ 89
S d jon (Eq. 9) 59 65
38, 18 20
Acceplable Range (%). . 281064 6910 109

For the first sample of the subcategory
the following data were obtained.

Surrogate std. (ug/l) Priority pollutant (ug/1)
Sample Added Found Recovery Added Found  Percent
(Eq. 13) recovery
(Eq 14)
a 100 83 93 0 [ [ R RN
b 100 80 90 0 y f- YT RSt
¢ 100 105 105 12 20 50

recoveries of the Surrogate Standards in

a, b, and c (Eq. 3) are all in the

acceptable range of 90 to 109%.

Therefore, the accuracy is acceptable.
For the pollutants of interest, the

For the Surrogate Standards, the range
between a and b (Eq. 11) is 3, and the
mean concentration (Eq. 12) is 91.5 ug/l.
Since the critical difference is 9.8 at 95
wg/L this range is acceptable. The

range between a and b is acceptable
(less than 6.7), and the recovery is
acceptable (acceptable range of 28 to
64%).
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The following is an example of the

results for samples 2 to 30 of a 30 sample
study:

Poliutant (ug/f Surrogate standard (ug/1)
sample Found  Added  Found  Percent
recovery
2 14 100 %0 90
3 15 100 99
4 20 00 100 100
5 1" 100 107 107
8 17 100 100 100 Update recovery for SS.*
7 18 100 100 100
8 10 100 7 75 Not acceplable, disregard results.
9 14 100 92 a2
10 13 100 83 83
1" 12 100 94 94 Update recovery for SS.**
12 20 100 95 %
50 15 100 95 85 Give final statistic on recovery of SS.

B -

“Includes 20 results, 12 validation, 3 first day and days 2 through 6. Mean =99, Std. Dev. =4.6. Acceptable range 85-113%.
“*Includes 25 results; day 8 result not included. Mean =98. Std. Dev.=4.6. Acceptable range 84-112%.

Appendix lV.——lnduclively Coupled
Plasma Optical Emission Spectrometric
Method (ICP) for Trace Element
Analysis of Water and Wastes

Inductively Coupled Plasma (ICF)
Optical Emission Spectrometric Method
for Trace Element Analysis of Water
and Wastes

Interim

U.S. Environmental Protection Agency,
Environmental Monitering and Support
Laboratory, Cincinnati, Ohio 45268

October 1978.

Foreword

This method has been prepared by the
staff of the Environmental Monitoring
and Support Laboratory—Cincinnati,
with the cooperation of the EPA-ICP
Users Group. Their cooperation and
support is gratefully acknowledged.

This method represents the current
state-of-the-art, but as time progresses,
improvements are anticipated. Users are
encouraged to identify problems and
assist in updating the method by
contacting the Environmental
Monitoring and Support Laboratory,
Cincinnati, Ohio 45268.

Inductively Coupled Plasma [ICP)
Optical Emission Spectrometric Method
for Trace Element Analysis of Water
and Wastes

1. Scope and Application.

1.1 This method may be used for the
determination of dissolved, suspended,
or total elements in surface water,
drinking water, and domestic and
industrial wastewaters.

1.2 Dissolved elements are
determined in filtered and acidified
samples. Appropriate steps must be
taken to ensure that potential

interference are taken into account
when dissolved solids exceed 1500 mg/L
(See 4.2)

1.3 Total elements are determined
after appropriate digestion procedures
are performed. Since digestion
techniques increase the dissolved solids
content of the samples, appropriate
steps must be taken to correct for
potential interference effects.

1.4 Table 1 lists elements for which
this method applies along with
recommended wavelengths and typical
estimated instrumental detection limits.
Actual working detection limits are
sample dependent and as the sample
matrix varies, these concentrations may
also vary. In time, other elements may
be added as more information becomes
available.

1.5 Because of the differences
between various makes and models of
satisfactory instruments, no detailed
instrumental operating instructions can
be provided. Instead, the analyst is
referred to the instructions provided by
the manufacturer of the particular
instrument.

Table 1—Aecommended Wavelengths *
and Estimated Instrumental Detection Limits

|
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Table 1—Recommended Wavelengths *
and Estimated [nstrumental Detection Limits—
Continued
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2. Summary of Method.

21 The method describes a
technique for the simultaneous of
sequential multielement determination
of trace elements in solution. The basis
of the method is the measurement of
atomic emission by an optical
spectroscopic technique. Samples are
nebulized and the aerosol that is
produced is transported to the plasma
torch where excitation occurs.
Characteristic atomic-line emission
spectra are pfoduced by a radio-
frequency inductively coupled plasma
(ICP). The spectra are dispersed by a
grating spectrometer and the intensities
of the lines are monitored by
photomultiplier tubes. The
photocurrents from the photomultiplier
tubes are processed and controlled by a
computer system. A background
correction technique is required to
compensate for variable background
contribution to the determination of
trace elements. Background must be
measured adjacent to analyte lines on
samples during analysis. Additional
interferences named in 4.1 should also
be recognized and appropriate
corrections made.

3. Definitions.

3.1 Dissolved—Those elements
which will pass through a 0.45 pm
membrane filter.

3.2 Suspended—Those elements
which are retained by a 0.45 pm
membrane filter.

3.3 Total—The concentration
determined on an unfiltered sample
following vigorous digestion (Section
8.3),-or the sum of the dissolved plus
suspended concentrations (Section 8.1
plus 8.2).

3.4 Total recoverable—The
concentration determined on an
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unfiltered sample following treatment
with hot, dilute mineral acid (Section
8.4).

3.5 Instrumental detection limit—
The concentration equivalent to a signal,
due to the analyte, which is equal to
three times the standard deviation of a
series of ten replicate measurements of
a reagent blank signal at the same
wavelength.

3.6 Sensitivity—The slope of the
analytical curve, i.e. funtional
relationship between emission intensity
and concentration.

3.7 Instrumeni check standard—A
multielement standard of known
concentrations prepared by the analyst.
Should be included in the analytical
scheme with a frequency of 10%. (See
6.6.1)

3.8 Reference standard—A solution
obtained from an outside source having
known, verified values. Must be used

.initially to verify the calibration
standards and analyzed thereafter as a
blind sample on a weekly frequency.
(See 6.6.2.)

39 Calibration standards—A series
of known standard solutions used by the
analyst for calibration of the instrument
(i.e., preparation of the analytical curve).
(See 6.4.)

3.10 Linear dynamic range—The
concentration range over which the
analytical curve remains linear.

311 Reagent blank—A volume of
deionized, distilled water containing the
same acid matrix as the calibration
standards carried through the entire
analytical scheme. (See 6.5.2.)

3.12 Calibration blank—A volume of

* deionized, distilled water acidified with
HNO; and HCL. (See 6.5.1.)

3.13 Method of standard addition—
The standard addition technique
involves the use of the unknown and the
unknown plus a known amount of
standard. (See 9.6.1.)

4. Interferences.

41 Several types of interference
effects may contribute to inaccuracies in
the determination of trace elements.
They can be summarized as follows:

411 Spectral interferences can be
categorized as (1) overlap of a spectral
line from another element; (2)
unresolved overlap of molecular band
spectra; (3) background contribution
from continuous or recombination
phenomena; and (4) background
contribution from stray light from the
line emission of high concentration
elements, The first of these effects can
be compensated by utilizing a computer
correction of the raw data, requiring
measurement of the interfering element,
The second effect may require selection
of an alternate wavelength. The third
and fourth effects can usually be

compensated by a background
correction adjacent to the analyte line.

4.1.2 Physical interferences are
generally considered to be effects
associated with the sample nebulization
and transport processes. Such properties
as change in viscosity and surface
tension can cause significant
inaccuracies especially in samples
which may contain high dissolved solids
and/or acid concentrations. (See Note
1.) If these types of interferences are
operative, they must be reduced by
dilution of the sample and/or utilization
of standard addition techniques.

Note 1.—The use of a peristaltic pump may
lessen these interferences.

4.1.3 Chemical interferences are
characterized by molecular compound
formation, ionization effects and solute

_ vaporization effects, Normally these

effects are not pronounced with the ICP
technique, however, if observed they
can be minimized by careful selection of
operating conditions (that is, incident
power, observation position, and so
forth), by buffering of the sample, by
matrix matching, and by standard
addition procedures. These types of
interferences can be highly dependent
on matrix type and the specific analyte
element.

4,2 Itis recommended that whenever
a new or unusual sample matrix is
encountered, a series of tests be
performed prior to reporting
concentration data for analyte elements.
These tests, as outlined in 4.2.% through
4.2.4, will ensure the analyst that neither
positive nor negative interference effects
are operative on any of the analyte
elements thereby distorting the accuracy
of the reported values.

4.21 Serial dilution—If the analyte
concentration is sufficiently high
(minimally a factor of 10 above the
instrumental detection limit after
dilution), an analysis of a dilution
should agree within 5 percent of the
original determination (or within some
acceptable control limit (13.3) that has
been established for that matrix). If not,
a chemical or physical interference
effect should be suspected.

4.2.2 Spike addition—The recovery
of a spike addition added at a minimum
level of 10X the instrumental detection
limit (maximum 100X) to the original
determination should be recovered to
within 90 to 110 percent or within the
established control limit for that matrix.
If not, a matrix effect should be
suspected. The use of a standard
addition analysis procedure can usually
compensate for this effect.

Caution.—The standard addition technique
does not detect coincident spectral overlap. If
suspected, use of an alternate wavelength or

comparison with an alternate method is
recommended (See 4.2.3).

4.2.3 Comparison with alternate
method of analysis—When investigating
a new sample matrix, comparison tests
may be performed with other analytical
techniques such as atomic absorption
spectrometry, or other approved
methodology.

4.24 Wavelength scanning of
analyte line region—If the appropriate
equipment is available, wavelength
scanning can be performed to detect
potential spectral interferences.

5. Apparatus.

51 Inductively Coupled Plasma (ICp)
Optical Emission Spectrometer.

5.1.1 Computer controlled atomic
emission spectrometer with background
correction.

5.1.2 Radiofrequency generator.

5.1.3 Argon gas supply, welding
grade or better.

5.2 Operating conditions—Because
of the differences between various
makes and models of satisfactory
instruments, no detailed operating
instructions can be provided. Instead,
the analyst should follow the
instructions provided by the
manufacturer of the particular
instrument. Sensitivity, instrumental
detection limit, precision, linear
dynamic range, and interference effects
must be investigated and established for
each individual analyte line on that
particular instrument.

6. Reagents and standards.

6.1 Acids used in the preparation of
standards and for sample processing
must be ultra-high purity grade or
equivalent. Redistilled acids are
acceptable.

6.1.1 Acetic acid, conc. (sp gr 1.08).

6.1.2. Agua regia: Mix cautiously 3
parts conc. HCI (sp gr 1.19) and 1 part
conc. HNO; (sp gr 1.41) just before use.

6.1.3 Hydrochloric acid, conc. (sp gr
1.19).

6.1.4 Hydrochloric acid, (1+1): Add
500 ml conc. HCI (sp gr 1.19) to 400 ml
deionized, distilled water and dilute to 1
liter.

6.1.5 Nitric acid, conc. (sp gr 1.41).

6.1.6 Nitric acid, (141): Add 500 m!
conc. HNO; (sp gr 1.41) to 400 ml
:ieiom’zed. distilled water and dilute to 1

iter,

6.2 Deionized, distilled water:
Prepare by passing distilled water
through a mixed bed of cation and anion
exchange resins. Use deionized, distilled
water for the preparation of all reagents,
calibration standards and as dilution
water,

6.3 Standard stock solutions may be
purchased or prepared from ultra high
purity grade chemicals or metals
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(Caution: See Note 2). All salts must be
dried for 1 h at 105° C unless otherwise
specified.

Note 2.—Many metal salts are extremely
toxic and may be fatal if swallowed. Wash
hands thoroughly after handling.

Typical stock solution preparation
procedures follow:

8.31 Aluminum solution, stock, 1
ml =100 ug Al: Dissolve 0.100 g of
aluminum metal in an acid mixture of 4
m! of (1-+1) HCl and 1 ml of conc. HNO,
in a beaker. Warm gently to effect
solution. When solution is complete,
transfer quantitatively to a liter flask,
add an additional 10 ml of (1+1) HCI
and dilute to 1,000 ml with deionized,
distilled water.

6.3.2 Arsenic solution, stock, 1
ml=100 pg As: Disselve 0.1320 g of
As.Os in 100 ml of deionized, distilled
water containing 0.4 g NaOH. Acidify
the solution with 2 ml cone. NHO,; and
dilute to 1,000 ml with deionized,
distilled water.

6.3.3 Barium solution, stock, 1
ml=100 ug Ba: Dissolve 0.1516 g BaCl,
in 10 ml deionized, distilled water with 1
mi (1+1) HCL Add 10.0 ml (1+1) HCI
and dilute to 1,000 ml with deionized,
distilled water.

6.3.4 Beryllium solution, stock, 1
ml=100 pug Be: Dissolve 1.127 g
Be.O(C:2HsO:)s, beryllium acetate basic,
in a minimum amount of conc. acetic
acid. Add 10.0 ml conc. HNO, and dilute
to 1,000 ml with deionized, distilled
water.

6.3.58 Boron solution, stock, 1 ml=100
ug B: Dissolve 0,5716 g anhydrous H.BOs
in deionized, distilled water and dilute
to 1,000 ml. Because HsBOj; loses weight
on drying at 105° C, use a reagent
meeting ACS specifications and keep
the bottle tightly stoppered to prevent
the entrance of atmospheric moisture.

6.3.6 Cadmium solution, stock, 1
ml=100 pg Cd: Dissolve 0.1142 g CdO in
a minimum amount of (1+41] HNO,.

Heat to increase rate of dissolution. Add
10.0 ml conc. HNO; and dilute to 1,000
ml with deionized, distilled water,

6.3.7 Calcium solution, stock, 1
ml=100 pg Ca: Suspend 0.2498 g CaCO,
dried at 180° C for 1 h before weighing in
deionized, distilled water and dissolve
cautiously with a minimum amount of
(1+1) HNOs. Add 10.0 ml cone. HNOs
and dilute to 1,000 ml with deionized,
distilled water.

6.3.8 Chromium solution, stock, 1
ml=100 pg Cr: Dissolve 0.1923 g of CrO,
in deionized, distilled water. When
solution is complete, acidify with 10 ml
conc. HNOj and dilute to 1,000 ml with
deionized, distilled water.

6.3.9 Cobalt solution, stock, 1
ml=100 pg Co: Dissolve 0.1407 g Co.0;

in a minimum amount of (1+1) HNO..
Add 10.0 ml conc. HNO, and dilute to
1,000 ml with deionized, distilled water.

6.3.10 Copper solution, stock, 1
ml=100 pg Cu: Dissolve 0.1252 g CuO in
a minimum amount of (1+41) HNO;. Add
10.0 ml conc. HNO; and dilute to 1,000
ml with deionized, distilled water.

6.3.11 [Iron solution, stock, 1 ml=100
pg Fe: Dissolve 0.1430 g Fe:Os in 10 ml
deionized, distilled water with 1 ml
(141) HCL. Add 10.0 ml conc. HNO,; and
dilute to 1,000 ml with deionized,
distilled water.

6.3.12 Lead solution, stock, 1 ml=100
1.8 Pb: Dissolve 0.1599 g Pb(NQ,): in a
minimum amount of (1+1) HNO,. Add
10.0 ml conc. HNO, and dilute to 1,000
ml with deionized, distilled water.

6.3.13 Lithium solution, stock, 1
ml =100 pg Li: Dissolve 0.5323 g Li;COs,
slowly in a minimum amount of (141)
HNO,. Add 10.0 ml conc. HNO; and
dilute to 1,000 ml with deionized,
distilled water.

6.3.14 Magnesium solution, stock, 1
ml=100 pg Mg: Dissolve 0.1658 g MgO
in a minimum amount of (14-1) HNO;.
Add 10.0 ml conc. HNO; and dilute to
1,000 ml with deionized, distilled water.

8.3.15 Manganese solution, stock, 1
ml=100 pg Mn: Dissolve 0.5225 g
Mn(NO;):<6H.0 (do not dry) in
deionized, distilled water. Add 10.0 ml
conc. HNO; and dilute to 1,000 ml with
deionized, distilled water..

6.3.16 Molybdenum solution, stock, 1
ml = 100 pg Mo: Dissolve 0.2043 g
(NH,):MoO, in deionized, distilled water
and dilute to 1,000 ml. :

6.3.17 Nickel solution, stock, 1 ml =
100 pg Ni: Dissolve 0.4953 g Ni(NO;):
<6H.0 in deionized, distilled water. Add
10 mi of conc. HNO, and dilute to 1,000
ml with deionized, distilled water.

6.3.18 Potassium solution, stock, 1 ml
= 100 pg K: Dissolve 0.1907 g KCI, dried
at 110° C, in deionized, distilled water
dilute to 1,000 ml.

6.3.19 Selenium solution, stock, 1 ml

= 100 pg Se: Dissolve 0.1727 g H.SeO, in

deionized, distilled water and dilute to
1,000 ml,

6.3.20 Silica solution, stock, 1 ml =
100 pg SiOs: Do not dry. Dissolve 0.4730
g Na,SiO0; <9H.O in deionized, distilled
water, Add 10.0 ml eonc. HNQO; and
dilute to 1,000 m!l with deionized,
distilled water.

6.3.21 Silver solution, stock, 1ml = 1
pg Ag: Dissolve 0.1575 g AgNO; in 100
ml of deionized, distilled water and 10
ml cone. HNO,. Dilute to 1,000 m! with
deionized, distilled water.

6.3.22 Sodium solution, stock, 1 ml =
100 ug Na: Dissolve 0.2542 g NaCl in
deionized, distilled water. Add 10.0 ml
conc. HNQ; and dilute to 1,000 ml with
deionized, distilled water.

6.3.23 Strontium solution, stock, 1 ml
= 100 pg Sr: Dissolve 0.2416 g Sr(NO.)s
in deionized, distilled water. Add 10.0
ml cone. HNO, and dilute to 1,000 ml
with deionized, distilled water.

8.3.24 Vanadium solution, stock, 1 ml
= 100 pg V: Dissolve 0.2297 NH,VO; in
a minimum amount of cone. HNO,. Heat
to increase rate of dissolution. Add 10.0
ml conc. HNO; and dilute to 1,000 ml
with deionized, distilled water.

6.3.25 Zinc solution, stock, 1 ml =
100 pg Zn: Dissolve 0.1245 g ZnO in a
minimum amount of dilute HNO,. Add
10.0 ml conc. HNO; and dilute to 1,000
ml with deionized, distilled water.

8.4 Mixed calibration standard
solutions—Prepared mixed calibration
standard solutions by combining
appropriate volumes of the stock
solutions in volumetric flasks. (See 8.4.1
thru 6.4.6) Add 2 ml of (1+1) HNO; and
2 ml of (141) HCI and dilute to 100 ml
with deionized, distilled water. Prior to
preparing the mixed standards, each
stock solution should be analyzed
separately to determine possible
spectral interference. Care should be
taken when preparing the mixed
standards that the elements are
compatible and stable. Transfer the
mixed standard solutions to a TFE
fluorocarbon bottle for storage. Fresh
mixed standards should be prepared
weekly. Some typical combinations
follow:

6.4.1 Mixed standard solution I—
Iron, manganese, cadmium, lead, and
zinc.

6.4.2 Mixed standard solution II—
Beryllium, copper, strontium, vanadium,
and cobalt.

6.4.3 Mixed standard solution IlI—
Molybdenum, silica, lithium, and
barium.

6.44 Mixed standard solution IV—
Calcium, magnesium, sodium, and
potassium,

6.4.5 Mixed standard solution V—
Aluminum, arsenic, boron, chromium,
nickel, and selenium.

6.46 Mixed standard solution Vi—
Silver.

6.5 Two types of blanks are required
for the analysis. The calibration blank
(3.12) is used in establishing the
analytical curve while the reagent blank
(3.11) is used to correct for possible
contamination resulting from varying
amounts of the acids used in the sample
processing.

6.5.1 The calibration blank is
prepared by diluting 2 ml of (14 1) HNOs
and 2 ml of (1+1) HCI to 100 ml with
deionized, distilled water. Prepare a
sufficient quantity to be used to flush
the system between standards and
samples.
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6.5.2 The reagent blank must
contain all the reagents and in the same
volumes as used in the processing of the
samples. The reagent blank must be
carried through the complete procedure
and contain the same acid concentration
in the final solution as the sample
solution used for analysis.

6.6 In addition to the calibration
standards, an instrument check
standard (3.7) and a reference standard
(3.8) are also required for the analyses.

6.6.1 The instrument check standard
is prepared by the analyst by combining
compatible elements at a concentration
equivalent to the midpoint of their
respective calibration curves. This
standard should be included in the
analytical scheme with a frequency of
10%.

6.6.2 The reference standard should
be prepared according to the
instructions provided by the supplier.
Following initial verification of the
calibration standards, analyze weekly.

7. Sample handling and preservation.

7.1 For the determination of trace
elements, contamination and loss are of
prime concern. Dust in the laboratory
environment, impurities in reagents and
impurities on laboratory apparatus
which the sample contacts are all
sources of potential contamination.
Sample containers can introduce either
positive or negative errors in the
measurement of trace elements by (a)
contributing contaminants through
leaching or surface desorption and (b)
by depleting concentrations through
adsorption. Thus the collection and
treatment of the sample prior to analysis
requires particular attention. Laboratory
glassware including the sample bottle
(whether linear polyethylene,
polyproplyene or TFE-fluorocarbon)
should be thoroughly washed with
detergent and tap water; rinsed with
(1+1) nitric acid, tap water, (1+1)
hydrochloric acid, tap and finally
deionized, distilled water in that order.
(See Notes 3 and 4).

Note 3.—Chromic acid may be useful to
remove organic deposits from glassware;
however, the analyst should be cautioned
that the glassware must be thoroughly rinsed
with water to remove the last traces of
chromium. This is especially important if
chromium is to be included in the analytical
scheme, A commercial product,
NOCHROMIX, available from Godax
Laboratories, 6 Varick St., New York, NY
10013, may be used in place of chromic acid.
Chromic acid should not be used with plastic
bottles.

Note 4.—If it can be documented through
an active analytical quality control program
using spiked samples and reagent blanks,
that certain steps in the cleaning procedure
are not required for routine samples, those
steps may be eliminated from the procedure.

.

7.2 Before collection of the sample a
decision must be made as to the type of
data desired, that is dissolved,
suspended or total, so that the
appropriate preservation and
pretreatment steps may be
accomplished. Filtration, acid
preservation, etc., are to be performed at
the time the sample is collected or as
soon as possible thereafter.

7.2.1 For the determination of
dissolved elements the sample must be
filtered through a 0.45-um membrane
filter as soon as practical after
collection. (Glass or plastic filtering
apparatus is recommended to avoid
possible contamination.) Use the first
50-100 ml to rinse the filter flask.
Discard this portion and collect the
required volume of filtrate. Acidify the
filtrate with (1+1) HNO; to a pH of 2 or
less. Normally, 3 ml of (1+1) acid per
liter should be sufficient to preserve the
sample.

7.2.2 For the determination of
suspended elements a measured volume
of unpreserved sample must be filtered
through a 0.45-pm membrane filter as
soon as practical after collection. The
filter plus suspended material should be
transferred to a suitable container for
storage and/or shipment. No
preservative is required.

7.2.3 For the determinaion of total or
total recoverable elements, the sample
is acidified with 5 ml conc. HNOs per
liter (pH 2) as soon as possible,
preferably at the time of collection. The
sample is not filtered before processing.

8. Sample Preparation.

81 For the determinations of
dissolved elements, the filtered,
preserved sample may often be
analyzed as received. The acid matrix
and concentration of the samples and
calibration standards must be the same.
If a precipitate formed upon
acidification of the sample or during
transit or storage, it must be redissolved
before the analysis by adding additional
acid and/or by heat as described in 8.3.

8.2 For the determinaton of
suspended elements, transfer the
membrane filter containing the insoluble
material to a 250-ml Griffin beaker and
add 3 ml conc. HNOs. Cover the beaker
with a watch glass and heat gently. The
warm acid will soon dissolve the
membrane. Increase the temperature of
the hot plate and digest the material,
When the acid has nearly evaporated,
cool the beaker and watch glass and
add another 3 ml of conc. HNO,;. Cover
and continue heating until the digestion
is complete, generally indicated by a
light colored digestate. Evaporate to
near dryness (DO NOT BAKE), cool,
add 2 ml of (1+1) HNO; and 2 ml HCI
(1+1) per 100 ml dilution and warm the

beaker gently to dissolve any soluble
material. Wash down the watch glass
and beaker walls with deionized
distilled water and filter the sample to
remove insoluble material that could
clog the nebulizer. Adjust the volume
based on the expected concentrations of
elements present. This volume will vary
depending on the elements to be
determined. The sample is now ready
for analysis. Concentrations so
determined shall be reported as
"suspended.”

8.3 For the determination of total
elements, choose a measured, volume of
the well mixed acid preserved sample
appropriate for the expected level of
elements and transfer to a Griffin
beaker. (See Note 5.) Add 38 ml of conc.
HNO;. Place the beaker on a hot plate
and evaporate to near dryness
cautiously, making certain that the
sample does not boil. (DO NOT BAKE.)
Cool the beaker and add another 3 ml
portion of conc. HNO,, Cover the beaker
with a watch glass and return to the hot
plate. Increase the temperature of the
hot plate so that a gentle reflux action
occurs. Continue heating, adding
additional acid as necessary, until the
digestion is complete (generally
indicated when the digestate is light in
color or does not change in appearance
with continued refluxing.) Again,
evaporate to near dryness and cool the
beaker. Add 2 ml of 1+1 HNO; and 2 ml
of 141 HCI per 100 m! of final solution
and warm the beaker to dissolve any
precipitate or residue resulting from
evaporation. Wash down the beaker
walls and watch glass with deionized
distilled water and filter the sample to
remove insoluble material that could
clog the nebulizer. Adjust the volume
based on the expected concentrations of
elements present. The sample is now
ready for analysis. Concentrations so
determined shall be reported as “total.”

Note 5.—If low determinations of boron are
critical, quartz glassware should be used.

8.4 For the determination of total
recoverable elements, choose a
measured volume of a well mixed, acid
preserved sample appropriate for the
expected level of elements and transfer
to a Griffin beaker. {See Note 5.) Add 1
ml of HNO; (1+4-1) and 2 ml of HCI (1+1)
to the sample and heat on a steam bath
or hot plate until the volume has been
reduced to 15-20 ml making certain the
sample does not boil. After this
treatment the sample is filtered to
remove insoluble material that could
clog the nebulizer, and the volume
adjusted to 100 ml. The sample is then
ready for analysis. Concentrations so
determined shall be reported as “total.”

9. Procedure,
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g1 Setup instrument with proper
operating parameters established in
Section 5.2. Instrument must be allowed
to stabilize for at least 30 min prior to
operations.

9.2 Initiate appropriaate operating
configuration of computer.

0.3 Profile and calibrate instrument
according to instrument manufacturer's
recommended procedures, using the
typical mixed calibration standard
solutions described in Section 6.4. Flush
the system with the calibration blank
(6.5.1) between each standard. (See note
6.) (The use of the average intensity of
multiple exposures for both
standardization and sample analysis
has been found to reduce random error.)

NOTE 6.—For boron concentrations greater
than 500 pg/l extended flush times of 1 to 2
minutes may be required.

9.4 Before beginning the sample run,
reanalyze the highest mixed calibration
standard as if it were a sample.
Concentration values obtained should
not deviate from the actual values by
more than 2 percent (or the established
control limits). If they do, follow the
recommendations of the instrument
manufacturer to correct for this
condition,

9.5 Begin the sample run flushing the
system with the calibration blank (6.5.1)
between each sample. (See Note 6.)
Analyze an instrument check standard
(6.6.1) each 10 samples.

9.6 If it has been found that methods
of standard addition are required, the
following procedure is recommended.

9.6.1 The standard addition
technique (13.2) involves preparing new
standards in the sample matrix by
adding known amounts of standard to
one or more aliquots of the processed
sample solution. This technique
compensates for a sample constituent
that enhances or depresses the analyte
signal thus producing a different slope
from that of the calibration standards. It
will not correct for additive intererence
which causes a baseline shift, The
simplest version of this technique is the
single-addition method. The procedure
is as follows. Two identical aliquots of
the sample solution, each of volume V,,
are taken. To the first (labeled A) is
added a small volume V, of a standared
analyte solution of concentration c,.. To
the second (labeled B) is added the
same volume V, of the solvent. The
analytical signals of A and B are
measured and corrected for nonanalyte
signals. The unknown sample
concentration ¢, is calculated:

S SBvlc:
Y (Sa—Se) Vi

where S, and Sy are the analytical signals
(corrected for the blank) of solutions A
and B, respectively. V, and ¢, should be
chosen so that S, is roughly twice Sy on
the average. It is best if V, is made much
less than V,, and thus c, is much greater
than c,, to avoid excess dilution of the
sample matrix. If a separation or
concentration step is used, the additions
are best made first and carried through
the entire procedure. For the results from
this technique to be valid, the following
limitations must be taken into
consideration:

1. The analytical curve must be linear.

2. The chemical form of the analyte added
must respond the same as the analyte in the
sample.

8. The interference effect must be constant
over the working range of concern.

4. The signal must be corrected for any
additive interference.

10. Calculation.

10.1 Reagent blanks (6.5.2) should be
subtracted from all samples. This is
particularly important for digested
samples requiring large quantities of
acids to complete the digestion.

10.2 If dilutions were performed, the
appropriate factor must be applied to
sample values.

10.3 Results should be reported to
the nearest pg/l, up to three significant
figures, except calcium, magnesium,
sodium, and potassium which are
reported to the nearest 0.1 mg/l.

11. Quality Control (Instrumental).

111 Check the instrument
standardization by analyzing
appropriate quality control check
standards as follow:

11.1.1 Analyze the instrument check
standard (6.6.1) made up of all the
elements of interest at a frequency of
10%. This check standard is used to
determine instrument drift. If agreement
is not within = 2% of the expected
values or within the established control
limits, the analysis is out of control.

11.1.2 For the purpose of verifying
interelement and/or background
correction factors, analyze a second
check standard, prepared in the
following manner. Select a
representative sample which contains
minimal concentrations of the elements
of interest. Spike this sample with the
analytes of interest at or near 100 ug/l.
(For effluent samples of expected high
concentrations, spike at an appropriate
level.) Values should fall within the
established control levels of 1.5 times
the standard deviation of the mean
value of the check standard. If not,
repeat the standardization.

11.1.3 A reference standard (6.6.2)
from an outside source, but having
known concentration values, should be
analyzed as a blind sample on a weekly
frequency. Values should be within the
established quality control limits. If not,
prepare new stock standards.

12. Precision and Accuracy.

121 In an EPA round phase 1 study,
seven laboratories applied the ICP
technique to acid-distilled water
matrices that had been dosed with
various metal concentrates. Table Il lists
the true value, the mean reported value
and the mean % relative standard
deviation.

Table Il.—/CP Precision and Accuracy Data

Sample No. 1 Sampie No. 2 Sample No. 3
Mean Mean Mean
True reported  Mean True reported  Mean True reported  Mean
value value percent value value percent value value percent
Element wg/t ug/t RSD o/l po/l RSD ug/l pg/l ASD

750 733 0.2 20 20 88 180 176 52
350 345 27 15 15 6.7 100 99 a3
750 749 18 70 69 29 170 169 11

200 208 75 22 19 23 60 63 17
150 149 38 10 10 18 50 50 33
250 235 51 1" 1" 40 70 67 78
600 594 3.0 20 19 15 180 178 8.0

700 696 56 60 62 33 160 161 13

50 48 12 25 29 16 14 13 16

500 512 10 20 20 4.1 120 108 21

250 245 58 30 28 1 60 55 14

250 236 16 24 30 32 80 80 14
200 201 56 16 19 45 80 82 0.4
40 32 219 8 8BS 42 10 85 8.3

Not all were analyzed by all lab ¢
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Appendix V—Biological Oxygen
Demand, Carbonaceous Method 405.1 (5
Days, 20° C)

Biochemical Oxygen Demand—Method
405.1 (5 Days, 20° C)

STORET No. 00310, Carbonaceous 80082

1. Scope and Application.

1.1 The biochemical oxygen demand
(BOD) test is used for determining the
relative oxygen requirements of
municipal and industrial wastewaters.
Application of the test to organic waste
discharges allows calculation of the
effect of the discharges on the oxygen
resources of the receiving water. Data
from BOD tests are used for the
development of engineering criteria for
the design of wastewater treatment
plants.

1.2 The BOD test is an empirical
bioassay-type procedure which
measures the dissolved oxygen
consumed by microbial life while
assimilating and oxidizing the organic
matter present. The standard test
conditions include dark incubation at
20° C for a specified time period {often 5
days). The actual environmental
conditions of temperature, biological
population, water movement, sunlight,
and oxygen concentration cannot be
accurately reproduced in the laboratory.
Results obtained must take into account
the above factors when relating BOD
results to stream oxygen demands.

1.3 To obtain values for only
carbonaceous BOD, the procedure (2.2)
for inhibiting the nitrogeneous oxygen
demand using 2-chloro-
6(trichloromethyl) pyridine should be
used.

2. Summary of Method.

2.1 The sampe of waste, or an
appropriate dilution, is incubated for 5
days at 20° C in the dark. The reduction
in dissolved oxygen concentration
during the incubation period yields a
measure of the biochemical oxygen
demand.

2.2 Nitrogenous oxygen demand is
inhibited by adding approximately 10

mg of 2-chloro-6{trichloromethyl)
pyridine to each BOD bottle prior to
adding the sample (or diluted sample)
for incubation. Results of samples
treated with inhibitor are to be reported
as Biochemical Oxygen Demand,
Carbonaceous, Storet No. 80082.

3. Comments.

3.1 Determination of dissolved
oxygen in the BOD test may be made by
use of either the Modified Winkler with
Full-Bottle Technique or the Probe
Method in this manual.

3.2 Additional information relating
to oxygen demanding characteristics of
wastewaters can be gained by applying
the Total Organic Carbon and Chemical
Oxygen Demand tests (also found in this
manual).

3.3 The use of 60 ml incubation
bottles in place of the usual 300 ml
incubation bottles, in conjunction with
the probe, is often convenient.

4. Precision and Accuracy.

4.1 FEighty-six analysts in fifty-eight
laboratories analyzed natural water
samples plus an exact increment of
biodegradable organic compounds. At a
mean value of 2.1 and 175 mg/1 BOD, the
standard deviation was 0.7 and + 26
mg/l, respectively (EPA Method
Research Study 3).

4.2 There is no acceptable procedure
for determining the accuracy of the BOD
test.

5. References

51 The procedure to be used for this
determination is found in: “Standard
Methods for the Examination of Water
and Wastewater, 14th edition,” p. 543,
Method 507 (1975).

5.2 Young, |. C, “Chemical Methods
for Nitrification Control,” J. Water Poll.
Control Fed., 45, p. 637 (1973).

507 Oxygen Demand (Biochemical)
1. Discussion

The biochemical oxygen demand
(BOD) determination is an empirical test
in which standardized laboratory
procedures are used to determine the
relative oxygen requirements of
wastewaters, effluents, and polluted
waters. The test measures the oxygen
required for the biochemical
degradation of organic material
(carbonaceous demand) and the oxygen
used to oxidize inorganic material such
as sulfides and ferrous iron. It also may
measure the oxygen used to oxidize
reduced forms of nitrogen (nitrogenous
demand) unless oxidation of nitrogenous
compounds is prevented by an inhibitor.

The method consists of placing a
sample in a full, air-tight bottle and
incubating the bottle under specified
conditions for a specific time. Dissolved

Oxygen (DO) is measured initially and
after incubation. The difference in DO is
the oxygen used and from it the BOD
can be computed.

The bottle size, incubation
temperature, and incubation period are
all specified. Because most wastewaters
contain more oxygen-demanding
materials than the quantity of DO in
oxygen-saturated water, it is necessary
to dilute the sample before incubation to
bring the oxygen required and oxygen
supply into appropriate balance.

- Because bacterial growth requires such

nutrients as nitrogen, phosphorus, and
trace metals, these are added to the
dilution water which is buffered to
ensure that the pH of the incubated
bottle remains in a range suitable for
bacterial growth. Complete stabilization
of a sample may require a period of
incubation too long for practical
purposes; therefore, the 5-day period has
been accepted as standard.

Measurements of BOD that include
both carbonaceous oxygen demand and
nitrogenous oxygen demand generally
are not useful; therefore, where
appropriate, may be an inhibiting
chemical used to prevent nitrogenous
oxidation. Carbonaceous and
nitrogenous demands are measured
separately for predicting oxygen
suppression in receiving streams and
oxygen requirements for treatment plant
design and operation.

The inclusion of amntonia in the
citation water demonstrates that there is
no intent to include the oxygen demand
of reduced forms of nitrogen in the BOD
test. If this ammonia were oxidized,
errors would result because the oxygen
use would not be due exclusively to
pollutants in the sample.

The extent of oxidation of nitrogenous
compounds during the 5-day incubation
period depends on the presence of
micro-organisms capable of carrying out
this oxidation. Such organisms usually
are not present in raw sewage or
primary effluent in sufficient numbers to
oxidize significant quantities of reduced
nitrogen forms in the 5-day BOD test.
Currently any biological treatment plant
effluents contain a significant
population of nitrifying organisms.
Consequently, oxidation of nitrogenous
compounds can occur within such
samples and inhibition of nitrification is
recommended for all samples of
secondary effluent, for samples seeded
with secondary effluent, and for samples
of polluted waters.

Samples for BOD analysis may
undergo significant degradation during
storage between collection and analysis.
This results in a low BOD value.
Minimize reduction of BOD by promptly
analyzing the sample or by cooling it to
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near-freezing temperature during
storage. However, even at low
temperature, holding time should be
limited to a minimum.

If analysis is initiated within 2 hr of
collection sample cooling is
unnecessary. If analysis of a grab
sample is not started within 2 hr of
collection, keep sample at or below 4 C
from time of collection; if the laboratory
is on the site or in the vicinity of the
sample collection site, begin analysis
within 6 hr of collection; if the
laboratory is more remote begin
analysis within 24 hr of collection.

Keep composite samples at or below 4
C during compositing and any holding
period; limit the compositing period to
24 hr: if the laboratory is on site or
nearby, begin analysis not more than 6
hr after the end of the compositing
period; if the laboratory is distant, begin
incubation not more than 24 hr after the
end of the compositing period.

The method outlined here contains
both a dilution water check (47), and a
dilution water blank (4g). In the dilution
water check, the candidate dilution
water is lightly seeded. An oxygen up
take in 5 days of less than 0.2 mg/L is
acceptable. If the oxygen depletion of a
candidate water exceeds this value
store the water at room temperature (or
20 C) until the BOD of the dilution water
is reduced sufficiently. Optimally, test
and store dilution water so that water of
assured quality always is on hand.

The procedure for determining
immediate oxygen demand (IDOD) has
been eliminated because: (1) It was not
clear whether IDOD should be reposted
in 5-day BOD data; (2) the measurement
was inaccurate because of the small
differences between initial DO and DO
after 15 min; (3) arbitrary selection of 15
min for measuring IDOD did not
necessarily include all short term
oxygen-consuming chemical oxidations;
and (4) the IDOD is in some cases, an
iodine demand (during the DO
determination) rather than true DO
demand. The methods outlined here
require determining initial DO 15 min
after making the dilution.

Although only the 5-day BOD is
described here, many variations of
oxygen demand measurements exist.
These include using shorter and longer
incubation periods, tests to determine
rates of oxygen use, continuous oxygen
measurements by respirometric
technique, etc.

2. Apparatus

a. Incubation bottles, 250 to 300 mL
capacity, with ground-glass stoppers.
Clean bottles with a detergent, rinse
thoroughly, and drain before use. As a
precaution against drawing air into the

dilution bottle during incubation, use a
water seal. Obtain satisfactory water
seals by inverting the bottles in a water
bath or adding water to the flared mouth
of special BOD bottles. Place a paper or
plastic cup or foil cap over the flared
mouth of the bottle to reduce

. evaporation of the water seal during

incubation.

b. Air incubator or water bath,
thermostatically controlled at 20+1 C.
Exclude all light to prevent formation of
DO by algae in the sample.

3. Reagents

a. Phosphate buffer solution: Dissolve
8.5 g KH.PO,, 21.75 g K.HPO,, 33.4 g
Na,HPO, - 7H.0, and 1.7 g NH.Cl in about
500 mL distilled water and dilute to 1 L.
The pH should be 7.2 without further
adjustment, Discard reagent (or any of
the following reagents) if there is any
sign of biological growth in the stock
bottle.

b. Magnesium sulfate solution:
Dissolve 22.5 g M,SO, - 7H.0 in distilled
water and dilute to 1 L.

¢. Calcium chloride solution: Dissolve
27.5 g CaCl; in distilled water and dilute
to1L.

d. Ferric chloride solution: Dissolve
0.25 g FeCl, - 6H,0 in distilled water and
dilute to 1 L.

e. Acid and alkali solutions, 1N: for
neutralization of caustic or acidic waste
samples.

f. Sodium sulfite solution, 0.025N:
Dissolve 1.575 g Na.SOs in 1,000 mL
distilled water. This solution is not
stable; prepare daily.

g Nitrification inhibitor: Reagent
grade 2-chloro-6 (trichloro methyl)
pyridine.?

4, Procedure

a. Preparation of dilution water: Use
water for diluting samples that meets
the dilution water check (47) and the
glucose-glutamic acid check (47). If
necessary purify by storing long enough
to degrade organic contaminants or by
other methods. If storage for biological
degradation is used, seed the water as
described in the dilution water check
(4h) before storage. Store dilution water
in the dark or cover it to exclude light to
control algal growth. Use dilution water
at 201 C. Protect water quality by
using clean glassware, tubing, and
bottles.

Before use, saturate the water with
DO by shaking it in a partially-filled
bottle or by aerating with filtered air.
Alternatively, store in cotton-plugged
bottles long enough for the water to
become saturated with DO.

Place the desired volume of distilled
water in a suitable bottle and add 1 mL

! N-Serve, Dow Chemical Co, as equivalent

each of phosphate buffer, MgSO,, CaCl.,
and FeCl; solutions/L of water.

b. Seeding: A population of
microorganisms capable of oxidizing the
sample biodegradable organic matter is
necessary. Domestic wastewater,
unchlorinated, or otherwise-
undisinfected effluents of biological
treatment plants, and surface waters
contain satisfactory microbial
populations. When the sample is
unlikely to contain enough desired
micro-organisms, for example, in some
untreated industrial wastes, disinfected
wastes, high-temperature wastes, or
wastes with extreme pH values, add a
population of appropriate
microorganisms to the dilution water.
This procedure is called seeding. The
preferred seed is effluent from a
biological treatment system processing
the waste. Where this is not available,
use supernatant from domestic
wastewater after settling at 20 C for at
least 1 hr but no longer than 36 hr.

Some samples may contain materials
not degraded at normal rates by a
microorganism in settled domestic
wastewater. Seed such samples with an
adapted microbial population obtained
from the undisinfected effluent of a
biological treatment process receiving
the waste. In the absence of such a
facility, obtain seed from the receiving
water below (preferably 3 to 8 km) the
point of discharge. When such seed
sources also are not available, develop a
seed in the laboratory by continuously
aerating a sample of settled domestic
sewage and adding small daily
increments of waste. Optionally add soil
or activated sludge to obtain the initial
microbial population. Determine the
existence of a satisfactory population by
testing the seed response in BOD tests
of the sample. BOD values increasing
with time of adaption to a steady high
value indicate successful seed adaption.

In making tests, use enough seed to
assure satisfactory numbers of
microorganisms but not so mush that the
oxygen demand of the seed itself is a
major part of the oxygen used during
incubation. The oxygen used by the seed
should be at least 0.6 mg/L. but not more
than 1.0 mg/L. Subtract the oxygen used
by the seed material from the total
oxygen used to obtain the oxygen used
by the sample (see 507.5). Determine
oxygen depletion of the seed by
measuring its BOD as for any other
sample. This is called the seed control.

The addition of seed to dilution water
is described for each of the two dilution
technics in #4d.

c. Pretreatment:

(1) Samples containing caustic
alkalinity or acidity-Neutralize samples
to pH 6.5 to 7.5 with H.SO, or NaOH
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solutions of such strengths that the
quantity of reagent does not dilute the
sample by more than 0.5%. The pH of
seeded dilution water should not be
changed by preparation of the lowest
dilution of sample.

{2) Samples containing residual
chlorine compounds—If possible avoid
samples containing residual chlorine by
sampling before chlorination. If residual
chlorine is present, dechlorinate and
seed the sample (#45). Do not test
chlorinated/dechlorinated samples
without seeding. In some samples
chlorine will dissipate within 1 to 2 hr of
standing in the light. This often occurs
during sample transport and handling.
For samples in which the chlorine
residual does not dissipate on standing
in a reasonably short time, destroy the
chlorine residual by adding Na,SOs
solution. Determine required volume of
Na.SO; solution on a 100 to 1,000 mL
portion of neutralized sample by adding
10 mL of 141 acetic acid or 1+ 50
H.SO,, 10 mL KI solution (10 g/100 mL),
and titrating with 0.025NV Na.SOs
solution to the starch—iodide end point.
Add to sample the volume of Na.SOs
solution determined by the above test,
mix, and after 10 to 20 min check sample
for residual chlorine.

(3) Samples containing other toxic
substances—Samples such as those
from certain industrial wastes-for
example, toxic metals derived from
plating wastes—frequently require
special study and treatment.

(4) Samples supersaturated with DO-
Samples containing more than 9 mg DO/
L at 20 C may be encountered during
winter months or where algae are
growing actively. To prevent loss of
oxygen during incubation of these
samples, reduce DO to saturation by
bringing sample to about 20 C in a partly
filled bottle and agitating it by vigorous

shaking or by aerating with compressed -

air,

(5) Sample temperature adjustment—
Bring samples to 20+1 C before making
dilutions.

(6) Nitrification inhibition—To inhibit
nitrification where sample or seed way
contain sufficient nitrifying organisms to
result in significant oxidation of reduced
nitrogen forms and nitrogenous BOD is
not desired; add 10 mg 2-chloro-6
(trichloro methyl) pyridine/L. Such
samples include, but are not limited to,
biologically treated effluents, samples
seeded with biologically treated
effluents, and river waters.

d. Dilution technic: Make several
dilutions of prepared sample to obtain
required DO depletions. Dilutions that
result in'a residual DO of at least 1 mg/L
and a DO depletion of at least 2 mg/L
after 5 days incubation produce the

most reliable results. The sample oxygen
demand governs dilution needed.
Experience with a particular sample will
permit using a smaller number of
dilutions. A more rapid analysis, such as
COD may be correlated approximately
with BOD and serve to guide dilution. In
the absence of prior knowledge, use the
following dilutions: 0.0 to 1.0% for strong
industrial wastes, 1 to 5% for raw and
settled sewage, 5 to 25% for oxidized
effluent, and 25 to 100% for polluted
river waters, Prepare dilutions either in
graduated cylinders and then transfer to
BOD bottles or prepare dirtectly in BOD
bottles. Either method of preparation
can be combined with any of the DO
measurement technics. The number of
bottles to be prepared depends on the
method of determining DO and the
number of replicates desired.

{1) Dilutions prepared in graduated
cylinders—

If the azide modification of the
iodometric method (titration) see section
(421B) is used, carefully siphon dilution
water, seeded if necessary, into a
graduated cylinder of 1,000 to 2,000 mL
capacity, filling the cylinder half full
without entrainment of air. Add quantity
of carefully mixed sample to make
desired dilution and dilute to
appropriate level with dilution water.
Mix well with a plunger-type mixing rod,
avoiding entrainment of air. Siphon
mixed dilution into two BOD bottles,
one for incubation and the other for
determining initial DO in the mixture;
stopper tightly and incubate for 5 days
at 20 C.

If the membrane electrode method is
used, siphon dilution mixture into only
one BOD bottle.

Prepare succeeding dilutions of lower
concentration in the same manner or
add dilution water to unused portion of
preceding dilution. If seeding is
necessary, either add seed directly to
dilution water or to individual cylinders
before dilution. Seeding individual
cylinders avoids a declining ratio of
seed to sample as increasing dilutions
are made.

(2) Dilutions prepared directly in BOD
bottles—

Pipet required volume of sample,
using a wide-tip volumetric pipet, into
individual BOD bottles of known
capacity. Fill bottles with enough
dilution water, seeded if necessary, so
that insertion of stopper will displace all
air, leaving no bubble. For dilutions
greater than 1:100 make a primary
dilution in a graduated cylinder before
making final dilution in the bottle.

e. Determination of initial DO:
Determine initial DO 15 min after
preparing dilution if materials are
present in the sample that react rapidly

with DO. If the oxygen used by such
materials is insignificant, the time
period between preparing dilution and
measuring initial DO is not critical.

Use the azide modification of the
jodometric method (see section 421B) or
the membrane electrode method (see
section 421F) to determine initial DO on
bottles containing all sample dilutions,
dilution water blanks, and where
appropriate, seed controls.

For activated sludge samples use
either the membrane electrode method
or the CuSO.-sulfamic acid modification
of the iodometric method (see section
421E). For muds use either the
membrane electrode method or the
alum-flocculation modification of the
iodometric method (see section 421D). If
the membrane electrode is used to
determingginitial and final DO values on
the same bottle, replace with dilution
water any small volume of bottle
contents lost by overflowing when
membrane electrode is inserted.
Alternatively add a small marble or
glass beads to the bottle so that water in
the bottle is raised to such a level that
the stopper can be inserted without
entrapping any air bubbles.

f. Incubation: Incubate prepared BOD
bottles of samples and dilution water for
5 days in the dark at 20 + 1 C. Make a
water-seal on BOD bottles by inverting
them in a tray of water in the incubator
or by using a special water-seal bottle.

g. Dilution water blank: For each
batch of samples and for each container
of dilution water fill 2 BOD bottles with
unseeded dilution water. Use dilution
water which has been found satisfactory
by the dilution water check (#4/) and
the glucose-glutamic acid check (4)).
Stopper water-seal, incubate, and after 5
days, measure DO in one of these.
Determine DO before incubation in the
other bottle. Use these DO results as a
rough check on the quality of dilution
water and cleanliness of incubation
bottles. The difference in DO should not
be more than 0.2 mg/L and preferably
not more than 0.1 mg/L.

h. Determination of final DO: After
incubation determine DO in incubated
samples and blank as in #4e above.

i. Dilution water check: Seed dilution
water with a quantity of seed sufficient
to cause an oxygen use of 0.05 to 0.1 mg/
L during the 5-day incubation. If dilution
water has been seeded and stored for
degradation, omit seeding specified
above in any subsequent dilution water
check. Fill two BOD bottles, stoppers,
water-seal and determine DO
immediately in one of these. Incubate
the second bottle at 20 C for 5 days and
then determine DO. Use DO results on
these two bottles as a rough check on
quality of unseeded dilution water and
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cleanliness of incubation bottles. The
gifference in DO should not be more
than 0.2 mg/L and preferably not more
than 0.1 mg/L. If more DO is consumed,
reject results obtained using this dilution
water.

: ;. Glucose-glutomic acid check: The
BOD test is a bioassay procedure;
consequently, results are influenced
greatly by toxic substances or use of a
poor seeding material. Even distilled
waters frequently are contaminated
with toxic substances—most often
copper—and some sewage seeds are
relatively inactive, The results obtained
using such waters are always low.
Check quality of dilution water
effectiveness of seed, and analytical
technic periodically by using pure
organic compounds. Alternatively, if a
known organic compound is a major
component of a particular waste it may
be used in place of glucose-glutamic
acid for this check. For general BOD
work on samples not requiring an
adapted seed, use a mixture of glucose
and glutamic acid containing 150 mg of
each/L. Glucose has an exceptionally
high and variable oxidation rate but
when used with glutamic acid, the
oxidation rate is stabilized and is
similar to that obtained with many
municipal wastes.

Prepare a solution containing 150 mg/
L each of reagent-grade glucose and
glutamic acid that have been dried at
103 C for 1 hr. Determine the BOD of this
mixture using a 2% dilution in the
incubation bottles and seeding
according to #4b. Make a dilution water
check, #4/, and a seed control
determination, #4b. The glucose-
glutamic acid solution is subject to
biological degradation and should not
be stored more than a few hr.

The precision and accuracy of the test
is discussed in P 6 below. If the BOD
value of the check is outside the range of
200 + 37 mg/L, reject any BOD value
obtained using the seed and dilution
water and seek cause of problem.

-

5. Calculation

a4 Derimunns

B = DO of iure} Serpic 15 mn afr=
prepacation; mg /L :
D1 = DO ot diluted sample stter incubanion, n':’:/ L

P = Jeamal fraction of Samole yred
8, = DO of dlutian of veed contrnl hetore 1n-
cubanon, Mg /L
8: = DO of dilunon of texd contral stter in-
\Vbi(loﬂ, - /J.
[ = rano of seed in sample (o seed 1n Coatrnl
% seed in O

-
“ seed 1n 84

b Binchernical nxygrn demand
When sample. Adida?ion /& et
Seeded

o0 wa /L= 22
s ?

\When sqrn?\g_ Avnud can G el A

220 "?\,L' ‘Dl-Dg:‘PB'-B'u

If more than one dilution of a sample
meets the criterion of a residual DO of
at least 2 mg/L and there is no evidence
of a toxic effect at the higher
concentration or an obvious anomaly,
average results.

In these calculations, corrections are
not made for use of DO in the dilution
water blank during incubation. If the
dilution water does not meet the dilution
water blank criteria, proper corrections
are difficult and results are
questionable.

6. Precision and Accuracy

In a series of interlaboratory studies,
each involving 86 to 102 laboratories
(and as many river water and sewage
seeds), 5-day BOD analyses were
performed on synthetic water samples
containing 50/50 mixtures of glucose
and glutamic acid in the range of 5 to
340 mg/L. The regression equations for
mean value X, and standard deviation,
S, from these studies were as follows:
X=0.665 (added level, mg/L) —0.149
S=0.120 (added level, mg/L) + 1.04

At the 300 mg/L leve! of the mixed
primary standard, the average 5-day
BOD was 199.4 mg/L with a standard
deviation of 37.0 mg/L2.

7. References

1. Young, J. C. 1979. Chemical methods for
nitrification control /. Water Pollute Control
Fed. 45:637.

2. United States Environmental Protection
Agency. Office of Research & Development,
Environmental Monitoring & Support
Laboratory, Cincinnati, Ohio.

In consideration of the preceding, it is
proposed to amend chapter I,
Subchapter D of Title 40, Code of
Federal Regulations, as follows:

§ 136.3 [Amended]

1. Table I of § 136.3(a) is amended by:

(a) Addition of a new subsection
entitled “Organic Compounds” which
includes 114 specific organic parameters
and approved methods by which they
are to be analyzed,

(b} By redesignating parameter #9
(Benzidine) and #95
{(Pentachlorophenol) as organic
compounds and including them in
proper alphabetical order within the
organic compound subsection,

(c) By including the pesticides Aldrin,
d-BHC, g-BHC, Chlordane, 4,4"-DDD,

4 4’-DDE, 4,4™-DDT, Dieldrin, Endosulfan,
Endrin, Heptachlor as specific organic
compounds and retaining all other
pesticides within the general parametric
designation, “Pesticides”, and revising
footnote 12,

(d) By addition of the Inductively
Coupled Plasma Optical Emission
Spectrometric Method (ICP) as an
approved alternate method for the
following metals Aluminum, Arsenic,
Barium, Beryllium, Boron, Cadmium,
Calcium, Chromium, Cobalt, Copper,
Iron, Lead, Magnesium, Manganese,
Molybdenum, Nickel, Potassium,
Selenium, Silica, Silver, Sodium,
Vanadium and Zinc,

(e) By addition of a new parameter
entitled BOD 5 Carbonaceous, and,

(f) By deleting footnote 1 due to new
table Il prescribing mandatory
preservation techniques and maximum
holding times, and,

(g) By changing the chronological
numbering of parameters and footnotes
to accommodate the new parameters to
read as follows:
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Table 1.—L/st of Approved Test Procedures

Raference (Page Nos.)

Other approved

Parameter and units Method 1974 EPA Methods 14th edition Part 31 1975 ASTM USGS methods '
standard methods methods
1. Acidity, as CaCO,, milligrams per liter .......... Electrometric end point (pH of 8.2) or phenol- 1 273(4d) 116 40 X607
phathalein end point.
2. Alkaniinity, as CaCO,milligrams per liter ...... Electrometric titration (only to pH 4.5) manual or 3 278 111 41 1607)
d, or equivalent ato d methods. 5
3.A fa (as N), millig per liter Manual distillation * (at pH 9.5) followed by ness- 159 410
lerization, titration, electrode, automated phen- 165 $12 BT Sl 118 1614)
olate. 168 616
Bacteria
4. Coliform (fecal) * number per 100 ml ........... MPN; * membrane filter PRI S N 445) 132
937 - 124)
5. Colform (fecal) * in presence of chloring, MPN; * filter & % 922
number per 100 mL 928, 937
8, Coliform (total),* number per 100 mi .... . MPN;* filter A e X35) MY
928
H108)
7. Coliform (total) * n presence of chiorine, MPN; * membrane filter with enrichment 016
number per 100 mi. 833
8. Facal streptococa, * number per 100 mi...... MPN; * membrane fitter; plate count 943
944 150)
T Al e - Ut o Y136)
g K143y
9. Biochemical oxygen demand, 5-day (BOD,) Winkler (Azide Modification) or electrode method. ...t 643 L X50) X17)
milligrams per ter. .
10..BQD, Carb: "507)
11. Bromide, milligr per liter o Ti s AOINE-I0AALE ..o isissinsmmrssiossiasenssssss T e S i 323 58 -
12. Chemical oxygen demand (COD), milli- Dichromate refiux 20 550 472 125 1610
grams per liter, 17)
13, Chiloride, milligrams. per Mter ...........u.... Silver nitvate 303 267
Mercuric nitrate; or 29 304 265 2(615)
Automated colorimetric-ferricyanide .. 31 () f Arsisthaneiti sl o S
14. Chlorinated organic compounds (except Gas chromatography '\
pesticides), milligrams per liter.
15. Chiorine-total residual, g per liter. lod titration amperometnc or. Dt et
SIArCh-0tiNG BNG-POINE ...cccvevsivsisssiassiiismmssssessassssn 35 322 278
DPD or 332
Titrimetric methods (These last two are interim 328
methods pending laboratory testing.).
16. Color, platinum cobalt units or o Colorimetric 36 64 7= 7 ZR
wave length, hue, luminance, purity. SPECIOPHOIOMBINCT OF .....vvosivesiassossmisssassssssssaisessony 39 66
ADMI procedure '*
17 Cyanide, total “miiligrams per liter Distiilation by silver nitrate titration or 40 361 503 85 X22)
pyridine pyrazolone (or barbituric acid) colori-
metric.
18...Cyanide 1o milli:.. Distillation.. followed..by. silver.. nitrate _ titration. ot 49 376 503
grams per Iiter. pyndine pyrazolone (or barbituric acid) colori-
metric.
18. Dissolved oxygen, millig per liter ....... Winkler (Azide modification) or electrode method. 51 553 368 126 1608)
56 450
20. Fluoride, millig per liter Distiltation? followed by... 65 389 307 93
ion A 59 391 305
SPADNS; or 61 393
al p e 614
21. Hardness—total, as CaCo,, milligrams per EDTA titration 68 202 161 94 1617)
liter. Automated colorimetric; or atomic absorption 70
(sum of Ca and Mg as their respective carbon-
ates).
22. Hydrogen ion (pH), pH units El ner 239 460 178 129 BE06)
23..Kjeldahl nitrogen. (as. N). . mill per...Dig an..distillation.. foll by 175 43z 122 \612)
liter. tion, titration, or el de; d digt 1 165
aulomated phenolate. 182
METALS
24.AL total,. mill per.liter____._Digestion’ followed. by. atomic, absorption 2.0 by 92 152 IOy s
o&oﬁmnc (Eriochrome Cyanide R) or by 171
”
25. Al dissolved, milligr per liter.. 0.45 mcron filty ol by. zef d.methods for total aluminum
26.. Anti total, milligr per liter........ Digestion* foliowed by atomic absorption™_...........
27. Antimony—dissolved, milligrams per liter... 0.45 micron filtration'* followed by reterenced
method for total antimony.
28. Arsenic—total, milligrams per liter .............. Digestion followed by silver g 285 ol oY
diel i te; or atomic absocp- 95 283 Lt
tion'* 17 or by ICPZ, 159

29. Arsenic—dissolved, milligrams per liter......

A0.Ba total, mill per iiter.

0.45 micron filtration' followed by ref

methad for total arsenic.
Di H followed. by atomic absarption ). ar. by

cpn
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Table 1.—List of Approved Test Procedures —Continued
_ Reference (Page Nos)
Parametar and uoits Method 1974 EPA Methods 14th adition Part 31 1975 ASTM USGS methods ' Other approved
o standard mathods methods

31, Barum—dissolved, miligrams per liter....... 0.45 micron filtration'* d by ref d
method for total banum,

32, Beryitumtotal, miligrams per. fiter Digestion’* followed. by, atomic at 1%.0r.hy. a9 152

. colorimetric (Aluminan) or by ICP™. 177

13, Borylum—dissolved, miligram per liter....... 0.45 micron filtration ** d by d
method for total beryliium.

34, Boron—total, millig per liter Co tric (Cy in), OF by ICP T.....nrrrrvcssana 13 287

35 Boron—dissolved, mifigrams per fiter ........ 0,45 micron filtration '* followsd d SRR TRE e R
method for total boron.

36 Cadmium—total milligrams per liter ............. . Digestion '* followed by atomic absorption '* or 101 148 r 345 82 619y *
by colorimetric (Dithizone) or by ICP ¥ 182 @n*

37 Cadmium—dissolved, milligrams per liter . 0,45 micron  filtration ** followed by ose TR AV T SR b P e e
method for total cadmium.

38, Calcium—total, miligrams per fiter Digestion '* foll by atomic absorption; of 103 148 345 T e S
EDTA titration or by ICP ™. 189

29 Calum—dissolved, milligrams per liter..... 0.45 micron filtration ™ followed by ref d -] s
method for total caicium.

40 Chromium VI, milligrams per fter ............. Extraction and atomic absorption; colorimetric 89 L. AT LW Y
(Diphenylcarbazide). 105 75

41, Chromium Vi—dissolved, milligram per 0.45 micron fitration ™ followed by referenced

Wer method for ehromium VI

42. Chromium-—total, milligrams per liter.......... Digestion ** blowed by atomic absorption ** 105 148 345 78 (619) *
by ic (Diphenylcarbazid ‘orbleP" 192 286 77

43, Chromium—dissolved, milligrams per ker. 0.45 micron filtration ** followed by =
method for total chromium.

44 Cobalt—total, milligrams per fiter .......... ... Digestion ** followed by atomic absorption ™ 107 148 345 80 Bn*
by ICP ”n

15 Cobalt—dissolved, milligrams per liter ....... 0.45 micron filtration ** followed by referenced ...
method for total cobalt.

46 Copper—total, millgrams per liter. Dig “ followed by atomic aborption ** or by 108 148 345 83 .19
oolonmeuic(Neowprohe)orby'CP" 196 293 @n*
memodfot total copper.

48. Gold—total, milligrams per liter Digy * followed by atomic ab ton M. -2

49. Iridium—1total, milligrams per liter Digestion ** foll d by atomic nbsorpbon L R etfehettth L

50 kon—total, milkgrams per liter. Digestion ** foll by atomic aborption ** or by 110 148 345 102 (618)
colorimetric (Phenanthroline) or by K}P " 208 326

51. kon—dissolved, milligrams per fiter ... 0.45 micron filtration'* § d by ¢ d g LT > s e O Lo PPN S e Wl .o
methed for total von

52 Lead—total, milligrams per fiter digestion ' followed by alomic absorption'* or by 112 148 345 105 1(619)
“colorimetric (Dithizone) or by !CP" 218

53 Lead—dissolved, milligrams per liter......... 0.45 micron fitration'* followed by d T,
method for total lead.

54, Magnesium—total, milligrams per fiter ....... Digestion* followed by atomic absorption; or gra- 114 148 345 109 " ie19)
vimetic or by ICP™ - 221

sswwwmmwmp«w.o.asmmm" A TRE T e A A SRS T S s e e LI -

thod for total magnesi

56 Manganese—itotal, milligrams per itef ....... Dtoosﬂon"lolowodbymmm"wby 116 148 345 1 *(819)
colorimetric (persulfate of periodate) or by 225
IcP#. 227

57. Manganese—dissolved, milligrams per 0.45 micron filtration'* followed by referenced ...

itex thod for total Waar

58. Mercury—total, milligrams per liter Flameless atomic absorption 118 156 338 o -3 ) RIS e

59. Mercury—dissolved, miligrams per liter.... 0.45 micron fitration'® f d by d ISR il R T
method for lotal mercury.

60. Motybdenum—total milligrams per liter....... Dnguuon" followed by atomic absorption'® or by B i Do 350

61 Molybdenum-—dissolved, milligrams per cus miero« filtr. by T R A R R L e e

Ktor thod for total molybd

62 Nickel—total milligrams. per liter Digestion'* by atomic abeorpoon“or by 141 148 345 o L
colonmetric (Heptoxime) or by 1P, 232

63. Nickel—dissolved, milligrams per liter ... 0.45 micron filtration™ fi LIRS T AR e o A S el e e e v e T T L S W S T
method for total nickel.

64. Osmium—total milligrams pér liter Oi jon'* followed by AtomiC abSOMPUON " ....ccci e isssrisn

65. Palladium—total, milligrams per liter........... Dugesuon"lollowod by atomic ab

68 Platinum—total, milligrams per liter ............ Digestion'* followed by atomic absorpti “EL,

67. Polassium—total, milligrams per liter ......... Digestion'* followed by atomic absorption, colori- 143 235 403 . 134 *{620)
metric (Cobaltinitrite), or by flame photometnc 234
of by ICP™,

68. Potassium—dissolved, milligrams per ter. 0.45 micron fittration'® followed by rof d ey
maethod for total patassium.

69 Rhodium—total, milligrams per liter ........... Digestion'Yollowed by atomic absropt

70. Ruthenium—iotal, milligrams per liter......... Digestion'Yollowed by atomic P

71. Seienium—total, miligrams per liter .......... W"Ioﬂowodbyawmcnbwpﬁon 145 159
K;p'n

72. Sel dissolved, milligr per liter... 045 micron filtration'%ollowed by rel
method for total selenium.

73. Siica—dissolved, miligrams per Hier ......... 0.45 micron filration “ollowed by colorimetric 274 487 398 199 i e i
(Molybdasificate) or by ICP*,

74 Siver-total % miligrams pr fiter Digestion 4 d by atomic absorption ** or by 146 L TR SO : 142 619)*
colorimetnic (Dithizone) or by ICP*% an*

75, Siver-dissolved %, milligrams per liter........ BEAS. NGO SO -SRI DA EDEICHE, oovrretivivies sty | provrrsftoebropessriorStres | Srerrm i oo ommsormpiete rrrvr ey froeosirons

b/ method for total silver.

7§, Sodum~—total, milligrams per liter Dige M by atomic absorplion or by 147 250 403 143 (621)*

c flame photometric or by ICP™.

melhod for total sodium.
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Table 1.—List of Approved Test Procedures —Continued

Parameter and units

Reference (Page Nos.)

Method

1974 EPA Methods

14th edition
slandard methods

Part 31 1975 ASTM USGS methods '

Other approves
methods

78. Thallium—total, milligrams per liter.

d byalomlc absovpuon "

79. Thallium—dissolved, milligrams per fiter ...

045 micron filtration **

149

method for total thallium.
filtration ' followed by atomic ab

80, Tin—dissolvad, milligrams per liter
81. Tin—dissolved, milligrams per liter

0.45 filtration '* foliowed by referenced method
for total tin.

82. Tit per liter.
83. Tttaan—dussolvod, milligrams per fiter.....

84. Vanadium—dissolved, milligrams per fiter .
B85, Vanadium—dissolved milligrams per liter ,,
86. Zinc—total, milligrams per fiter

150

Digestion ' followed by atomic absorption “or by
colorimetric (Gallic acid) or by ICP #*,
0.45 micron filtration '* followed by referenced
memodlouohlvannﬁum
i "ovby

87. Zince—dissolved, milligrams per liter

ol d
0.45 micro filtration '* followed by referenced

88, Nitrate (as N), miligrams per liter

by atmoic
colomnem(l)nwzone)orbyICP".
method for total zinc.
Cadmium reducti

wﬂm d

or hyd

80, Nitrate (as N), milligrams per liter

! or “ ic (Di

80. Oll and grease, milligrams per liter ........... .. Liquid-liquid

91. Organic carton; total (TOC), milligrams
per Iter,
92. Organic nitrogen (as N), milligrams per
lter,
ORGANIC COMPOUNDS
93, Acanaphthene, micrograms per liter....

A 4
94, aphthy

85, Acrolein, micrograms per liter.
96. Acrylonitrile, micrograms per liter,
97. Aldrin, micrograms per liter

98, Anth

e, gr per liter.

99. B« microg per iiter

100. BenZidine milligrams per fHiter, micro-
grams per liter,
. Benzo(a)anthracene, micrograms per
liter.

102, Ber

vy

(L)l

o

103. B

liter,
104 Bemo(ghc)petylw micrograms  per
105 Benzo (k) fluoranthene, micrograms per

axtraction
trichiorotrifiuoroethane-gravimetric,

Kjeldahl nitrogen minus ammonia nitrogen. ..

- GC or HPLC method (610) *, GC/MS method

(625) ™.

GC or HPLC method (610} * GC/MS method
(625) *.

GC or HPLC method (603) %% GC/MS method
(624) ™,

GC or HPLC method (603)*; GC/MS method
(624) >

GC or HPLC method (608) * GC/MS method
(625) ™.

GC or HPLC method (610) *% GC/MS method
(625) =

GC or HPLC method (602) % GC/MS method
(624) ™

HPLC method (605)* Oxidation-cok ic b

201
207
215
229
236

175,159

612614)

GC/MS method (625) >,

GC or HPLC method (610) % GC/MS method
(625) =

GC or HPLC method (610)* GC/MS h

(625) *.

GC or HPLC method (610)* GC/MS method
(625) *

GC or HPLC method (610) * GC/MS hod

(625) *.

GC or HPLC method (610)% GC/MS
(625)

GC method (608) *.

GC method (608)* GC/MS method (625)*........ S
GC method (608)* GC/MS method (625) ..

GC (608)*, GC/MS method (625)*..

uo Bcs(z chioroethyl) either, g

per

Bls(z-chbfoemoxy) methane, micro-
grams per liter.
12 Bis(z i

1".

GC method (611)™ GC/MS method (625)™..........
GC method (611)™ GC/MS mathod (625)™

GC method (611)™, GC/MS method (625)*..

propyl) ether, g

na Bs(zemyw;exyl)pmhdalo micrograms
per liter.

114. Bromodichioromethane, micrograms per
liter.

GC method (606)*, GC/MS method (625)*.
GC method (601)™ GC/MS method (624).
GC method (601)*.

115 Blomolorm, mlcrogmm per liter
S per liter .......

o

118, Buvytenzyu phthalate, mluognmo per
liter.

o

v

GC method (601)* GC/MS method (624)™
GC method (611)*, GC/MS method (625)*...

GC method (606)*% GC/MS method (625)*

GC (601)*, GC/MS method (624)™...

118. Carbon tetrachloride, microgs per
liter.

129, Chiord o
121. 4-Chloro-3-methylph

per liter

GC method (608)* GC/MS method (625)™...

per liter, Xk )
122. Chiorobenzene, micrograms per liter

123. Chioroethane, micrograms per lter ..........
124, 2-Chioroethylvinyl either, micrograms

per liter.
o per liter

GC method (604)™; GC/MS method (625)™...

P

GC methods (601)™ (602)" GC/MS,

(624)*.
GC method (601)™, GC/MS, method (624)%.........
GC method (601)* GC/MS, method (624)*

GC method (601)® GC/MS, method (624)26
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Table 1.—List of Approved TestProcedures —Continued

Reference (Page Nos.)

Paramater and units Method 1974 EPA Methods  14th edition  Part 31 1975 ASTM USGS methods . Other approved
standard methods methods

126 Cnloromethane, micrograms per fiter....... GC method (801)% GCIMS met'hod (824)™,
127 Crlorormethane, micrograms per liter...... GC method (612)4 GC/MS method (625)*.
128. 1-Chiorophenol, microgram per liter ........ GC method (604)* GC/MS, method (625)™

179. 4-Cniorophenyipheny! ether, micrograms GC method (611) ™ GC/MS, method (625) *......

ar itar
,;,r.:. Chrysena, microgr per liter GC or HPLC method (610) * GC/MS d i e et

(625) * L .

131, 4,4"-DDD, MICAOGAMS POF B .....rcceee. GC MENOK (608) 7 GC/MS MBHIOH (B25) oot oo+ttt et s st >
132 4,4'-DDE, g per liter GC (608) *, GC/MS method (626) ¥
133. 4,4'-00T, 0 per liter GC (608) *, GC/MS method (625) *=........ s
13¢. Dibanzofah) anthracene, micrograms GC or HPIC method (610) * GC/MS thod

pr Mo, (625) ™
',.1,? Ditsrom thane, microg per GC {610) * GC/MS method (624) ™.......

tar.
136. 1. 2-Dichiorob e, Microgs per GC metdhods (601) e a3 LYot €3 N ey TR 5 e AR, pr o AT P SRS

Wer. method (626
137, 1,3-Dichiorobenzene, micrograms per GC methods (801)" L T« G I e o ert ¥ reiveeresivred§ yovasstvessommrsotitd o rap T Lo ST rtvaier et

liter. method (825) *
m‘ zsou ob e, Microgs per GC methods (601) ™ (802) * (612) “ GC/MS

T method (625) *.
139, 3.3 -Dichlorobenzidine, micrograms per HPIC method (605) *2 GC/MS method (625) *..... baiibiesstboarossisbissaiisiad. | atsah

fiter
140. Dichiorodifivoromethane, micrograms GC method (601) *,

por hter,
141. 1,1-Dichioroethane, micrograms per liter. GC method (601 ™, GC/MS mMOthOd (B24) ™. ettt sessrestbessbsibsssmssmsesssssts wtsississsissersessbssimmattbins
142 mommam mlerogrampermer GC methad (601) ™ GC/MS method (624) =,

143. 1,2-Dich ar per GC method (601) = GC/MS method (624) =
ot irane. | BDihOrOmGHtianS; rGOprams (G metbod I801) 0 BIG/ME POI00 1020 Wics a5 w i
per htex,

145. 2,4-Dichlordphenol, micrograms per liter. GC method (604) *3 GC/MS method (825) *
146, 1,2-Dichiorpropane, micrograms per liter. GC method (601) * GC/MS method (624) ..

147. cis-1.3-Dichioropropens, micrograms per GCC method (601) 29; GC/MS method (624) -_ . iy b D S S
fter.

148, trans-1,3-Dichiomprop iCrog GC method (601) * GC/MS method (624) =........
per ktar,

149. Dieidrin, o per liter, GC method (608) *, GC/MS method (625) ™.

150. Diathyl phthaiate, micrograms per liter ... GCC method (806) *, GC/MS method (825) ™.

151 2. 4-Dimethyiphenol, micrograms per fiter GC method (604) % GC/MS method (625) ™........

152, Dimethy! phthalamate, micrograms per GC method (606) * GC/MS method (625) ™.
liter,

153. Di-n-butyl phth GC method (606)%, GC/MS method (625)*.........

154 D:nocry‘pmhalale nicnogfamsperlﬂm GC method (606)%, GC/MS method (625)™.......... .

155 4,6-Dinitro-2-methyiph g GC method (604)* GC/MS method o i TS SRS TR e T

put itex.
156. 2.4-Dinitrophanol, micrograms per liter ... GC method (604)*, GC/MS method (625)™.
157. 2,.4-Dinitrotoluane, micrograns per liter.... GC method (609)™; GC/MS method (625)*.
158. 2,6-Dinitrotoluens, W per liter... GC method (609)%; GC/MS method (825)%...

150. 1,2-Diphenylby grams per GC/MS method (625)% S RS R s S R 2 e
Iiter
160. Endosulfan |, micrograms per liter GC mathod (608)*, GC/MS method (625).

161. Endosulfan Il, micrograms per liter ........... GC method (608)* GC/MS method (625)™.
162. Endosoifan sulfale, rncrognms per liter. GC method (608)* GC/MS method (825)™..
163. Endrin, microgr GC method (608)* GC/MS method (625)*.
rin aldehyde, mk:rogrnm per fiter...... GC method (608)*; GC/MS method (625)™..
185. Ethythanzena, micrograms per liter .. GC methad (602)*, GC/MS method (624) ™. "
166. Fluoranthene, micrograms per liter... GC or HPLC method (B10) GO/MS MBINOM ieciiiomsicsininiss tivntessssssesismsssssssrssssies ssetsssmsssesesssssosisssssiions

164

(625)*.
167. Fluorena, micrograms per fiter .. GC or HPLC method (610)* GC/MS mathod
(625)*
168. Heptachior, microgr GC method (608)% GC/MS method (625)™. T
169. Heptachior sponde mowams poriter GC mefhod (G00) Y GOMS MENIOH (B25IM. . o it e iMoo s ceshe s bats | Smmidadononrasoiiiabiobmnind | Thasbpismsiosassosnsnss b sassomnt Sy ebidadsb oo
170, Hex G per GC method (612)* GC/MS method (625)™.
e
171, Hexachiorobutadiene, micrograms per Gc method (612)% GC/MS method (625)™.......... PR N AT R e A
[
172. Hexachlorocyciop iene, microg GC method (612)*% GC/MS method (625)™.
per ter.
173. Hexachioroathane, micrograms per ter. GC method (612)*% GC/MS method (B825)™.......... - = 3, ot
174 mmo {a.3.3-0d) pyrene, micrograms GC or HPLC method (610)™ GC/MS thod R R A A e :
per i (625)™.
75 s«)mone R TSRO TN O I AR O R TP et 1ttt csomaidrasn : wotpsctiotctmmmmeib s s aems e iis et st
Mothylane chlonde Miuograms per liter. GC method (601)™ GC/MS method (524)™. = .~
177 Naphthaiene, micrograms per liter.......... GC or HPLC method (610) * GC/MS thod s
(625) =
178. Nitrobenzena, micrograms per er... G MEI0 (B8 2 M OO B O o oo ccatsssisnorosestrieen <axtosmamisdossosorsesssrorsoptnl mamiesedioionstsssppsbipesioptos e

GC method (604) *% GC/MS method (625) ®
GC method (604) ™% GC/MS method (625)

179. 2-Nirophenol, micrograms per liter..
180. 4-Nitrophenol, micrograms per liter,.

181 N-Ntrosodimethylamine, micrograms per GC method (607) * GC/MSmethod (625) p I
litew
182. N-Nivosodipropylamine, microgr per GC method (807) * GC/MS method (825) ™.......
Wtar.
183 N-Nitrosodiphenytamine, qr per GC mathod (807) * GC/MS method (625) ™.......

litex.
184. PCB-1018, micrograms per Ier .............. GC method (608) 3% GC/MS MEINOA (B25) ™........ recowemrrermssssosmmissenss  sosssssrossosssssssmsssesissons spstsassssssssssssssasssssosssss
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Table 1.—List of Approved Test Procedurés —Countinued

Referance (Page Nos.)
Parameter and units Method 1974 EPA Methods 14th editlon  Part 31 1975 ASTM USGS methods *  Other approved
standard methods methods
185. PCB-1221, gr per Wer .. GC method (608) ™ GC/MS method (625) ™.
166. PCB-1232, gr per fer GC d (608) * GC/MS method (625) *
187. PCB-1242, g per ltor GC method (608) * GC/MS method (625) *
168. PCB-1248, g pear fiter GC (608) *, GC/MS method -
189. PCB-1254, gt per litar GC method (808) * GC/MS method (625) *
190. PCB-1260, Qr per liter GC method (608) * GC/MS method {625) *.
191. Phenanthraene, micrograms per fiter ........ GC method (608) * GC/MS method (625) *.
192. Phenanthrene, micrograms per liter ......... GC Method (608) 26 GU/MS MEINOU (B25) M........ 1eccoccrrmmrrmmemmmmsrsrioss  rosmtsbtisssssssosisssssssms 100554014 14084488800 1417 Tr TS | T13ISRE I TP AAS S8t mmmsmnamtsssese s
193. Phenol, microgr per Hter GC d (604) * GC/MS method (625) *........
184. Pyrene, microge per liter. GC Ir HPLC method (610) * GC/MS, method
(625) ™
195, 2,3,7 8-Tetrachiorodibenzo-p-dioxin mi- GC/MS methods (613) , (825) *
crograms per liter.
186, 1,1,2.2-Tetrachioroethane, micrograms GC method (601) ™ GC/MS method (624) *........
per liter.
197. Ti ! hene, microgr pert liter,, GC method (801) ™ GC/MS method (624) *..
) GC method (602) *, GC/MS method (624) *
189, Toxaphene, micrograms pev liter .. GC method (608) ® GC/MS method (625) *,
200, 1,2.4-Trict e, g GC mathod (612) *% GC/MS method (625) *.
fter.
201. 1,1,1-Tnchioroethane, micrograms per GC method (601) ® GC/MS method (624) *........ % =
fiter,
202. 1,1,2-Trichioroethane, micrograms per GC method (601) * GC/MS method (624) *........
fter.
203. Trichlorosthene, micrograms per liter ... GC method (601) ™ GC/MS method (624) *.
204, Trchiorofiuromethane, micrograms per GC method (601) * GC/MS method (624) *.
fiter,
205‘ 2.4.6.-Tﬂwovopheno|. micrograms per GC method (601) ™ GC/MS method (625) ™.........
MWMW ......... mmdm)-wmmmoamo-
207. Ormophospham (as P), mﬂnqnims per rbic acid reduct 249 481 384 131 - " (6521)
256 624
208, Pesbt:desmﬂqrmperﬁev Gas chr graphy . 555 528 20 ST -
209. Phenots, m per fiter C {4AAP) 24 582 545
210 Phosphoms (elomenla!) milligrams per Gas graphy =.
211. Phosphomx total {as P), milligrams per.. Persulfate digestion followed by manual or auto- 249 476 384 133 2{621)
mated ascorbic acid reduction. 256 481
624
RADIOLOGICAL
Proportional or sci ion. 6848 59 B ) s iatasen- e
.. Proportional or scintiliaton 648 . 594
. Proportional 648 601
648 606
661 661

217. Total, mallagnamspet fer Gravi ic, 103 1o 105°C 270 -1
218. Total di ( h g Glass fiber filtration, 180°C... 266 a2 =
per liter
219 Toml suspended (non-filterable), milli- Glass fiber filtration, 103 10 105°C.......ceemmmmmmnnt 268 94 {537) =
grams per liter,
220. Settleable, milliliters per fiter or milll- Volumatric or gravimetri 95
grams per liter.
221. Total volatile, milligrams per liter Gravk ic, 550°C 272 85
222. Specific conductuance, micromhos per Wh bridge conductimetry 275 n 120 148 1606 *
centimeter at 25°C.
223, Sultate (as SO.) milligrams per fter......... G 483 424 624)°
Turbidi ic; of 277 496 425 623) *
A d colofimetric (bark h 279
224, Sulfide (as 8), milligrams per IRer ......c... Tiremetric-iodine for levels greater than 1 mg 284 - - Hel W T RS
- 503
225. Sulfite (as SO,) milligrams per Wer........ 285 508 435
. Surfactants, 157 800 494
Caabvated glass or electromevk: thermometer ...... 266 R
Nep 2905 132 223
¥ All page ref for USGS hods unless otherwise noted are 1o Brown, €., Skougstad, NW., and Fish MY, ds for Collection and Analysis of Water Samples for
Dissolved Minerals and Gases, “U.S. Geok Survey T+ iques of Water-Resources inv., book § ch. Al, (1970)'
’EPAMMMMMMMWO!“O’W““ ds of Analysis of the Association of Official Anatytical Chemt thod: I, 12th ed. (1975).
* Manual di 0 is not required if comparability data on repr affluent samples are on pany file to show that this prefiminary distilation step Is nat necessary, howevor
manual distillation will be required 10 resolve any controversies.
* The method used must be specified.
* The tube MPN is used.
* Slack, K.V. andt olhers, “Methods for C tion and Analysis of Aquatic Bivlogical and Microbiological Samples “U.S. G gical Survey Technig of Water-R Inv., book 5, ch
A4 (1973)." T
 Since the membrane filter technique usually yieids low and variable recovery from chiorinated meMPN *‘mmmmmwmm
e * The chioromine-T oxidation-colometnc procedure for b ine is available from the Envir I Monitoring and Support L v, US. E Pr jon Agency, Cincinnal,
45268,

* American National Standard on Photographic Processing Effluents, Apr. 2, 1975, Available from ANSI, 1430 Broadway, N.Y. 10018,
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w» mMJw&m Eugono. memuswmhmdwwm (1876) open-file report 76-177.
--f- for px gar P P ides can be obtained from the Environmental Monitoring and Support Laby y. US. Er tal
m,mwc«wnotmsm ’
~-mmmwyme)nmmm5mmmmmwmmm US. E | P tion Agency, Cir ti, Ohio 45268.
» For chiodide is used as the dig lyst. In the approved test procedure for cy ded cata-

P , magnesum
m(;mmmmmdlMOlswgﬂWMﬂe(m

6H.0). This substitution
will eliminate
hiocyanate inlerference
for both total cyanide
amenable o
chioornation

measurements.
--mmmﬁmawmmwebmnnmmwm ing. B it .
los3 vwigorous treatment is recommended as given on p. B3 (4.1.4) of * MMMWMMMWA!&MWW (1974). In those instances where a more vigor
e procedure on p. 82 (4.1.3) should be foflowed. Fummdmmmwwmmmwmmmmywmmwu
.owsubsuumdu'MTMammevoahummmmmwwuaGnﬂnboakumdnddﬂmldmalodmdsumrmo.Phcombeakamnnmbcmand

wmzenmwmmmmw.smwummmmummwu«omw fully adding 3 of

mmhamdmm@swmﬁm a

d HC1 1o one

mmmwmumo,)mmemm.n\mmwrnmbmmmcmmmmwmmwmsom Rmmwmebm(:od

and take up the residue in a small, quantity of 1:1 HC1. wmmmm-mswmmmmmmwmm«m ple to and other i that
s Adiusnhe U to same p kueb‘sedonlhe P d metal The P bnowrudyloumlym
¥ As the vark d (Namel lly atomic st q they are idered to be app of dard addition are 1o be

AA)
»Mda:mledﬂﬁﬁd""“ ds for Chemical A

are
lysis of Water and Wastes" 1974.

omm:nw“nmmmmmchmwwmaoaspmmﬂw Ammnmbwmmmmwwsou)uma

mgWumnmuﬂuwmﬂuﬂr\gmﬁumto‘wwbmnmﬁu&(@sﬁam

filtering
Wm»mmmwmamemwvwmaﬁmmwmwmmnremuneduno.m-puorzuommny 3 mi of (1:7) acid per liter should be sufficient o

mrsmvemem

"See"AlomicAboomﬁonNewsleuu vol 13 75(1974) Avaitable from Perkin-Elmer Corp., Msnkvo Norwalk, Conn. 06852

* Method b g and Support Lab y. US. Envé Agency, Cincinnati, Ohio 45268,

"R ded meth Lfoﬂhe lysi: ohlvetin at dlmlluﬂabowmhdequatewh«eswmasquamhﬂde Silver halides
such as the de and ide are ively insoluble in ts such as nitric acid but are readily soluble in an aqueous buffer of sodium thiosulfate and sodium hydroxide to a pH of 12,

Therelore, Ouievebolﬂvevabove1mllmmuwmmwmxw|00mlbyuddng400achol2MNa.’.0.u\d2MNnOH Standards should be prepared in the same manner, For
wdsolmevboiowlmlimrm\endedmwndhuwmm

ilable from the E M 9 and Support Lab y. US. Envi tal Pri Agency, Cincinnati, Ohio 45268.
"A mb olwct\ y nanuf ‘byvarious P are : to be P le in their perf In . th chnique, based on i
ouwchomsaiso.ecaptable
= Goerlitz, D., ma"mmwmamm&mmmww U.S. Geological Survey Tech of Water-R inb., book 5, A3 (1972).
JFIFAddsondeG‘* “Direct D of El zpwmmvm""mmotcmmwm vol. 47, No. 3, pp. 421-426, 1970,

** The method found on p. 75

only the
= Stevens, H. H., Fiek..LF and Smoot, G. F., 'WmeauHMFmMmemr

sources Inv., book 1 (1975)."
= EPA interim methods for

d portion while the

lysis of n
are avadable from the Environmental
that exceed 1000 micrograms per liter. Dichi

ipal and industrial wastewater by GC/MS purge and trap (N

thod on p. 78 only Th

, the 2 results must be added together to obtain “total”,

x US. gical Survey Techniques of Water Re-

phenanthrene, dvmmdbenm(a)anﬂm and benzo (b) fluoranthena and benzo (k) fluoranthene use method 610

s Salts in Wastewater” is available from the Environmental Monitoring and

ici j 624 and y h
mdSwpoﬂubomwcy USD&MWMMWthuMmMGCNS d
difh should be Y ‘mnmwmwmmmwmm

polynuclear
Laboratory, U.S.E.P.A., Cincinnati, Ohio, 45268 (EMSL-CI).

i macmn(Memod&S)me
for all comp

and
and

pairs
“Interim Method for B

Support
"MMWMWEMWmW(M:WMNWWWWWW U.SE.P.A. Cincinnati, Ohio 45268

w\L-Cl)
( * Mathod 507 for Carb Bic i Oxygen Dx (BOD ) I8 from the Enviconmental Monitoring and Support Laboratory. U.S.EP.A. Cincinnati, Ohio
15268 (EMSL-CI).
rvmanqmpuge|mwmmmdwmmmdﬁcmmmmw).mmm-a
* nert gas purge gas graphy and pt d 802), ilable from EMSL-CI.
"lmwm!oﬂmdwmmwwwmnmmmmm (interk thod 603), availabi trom EMSL-CL.
¥ d by gas graphy ization or ‘*‘604) ilable from EMSL-CI.
= Cn i by jon and high per Iqa'd ,.,*,mmumm (i 504), nmmEMSL-Ct
"anmmnmbymdwmwmhywimm t or cap d by gas ch graphy with nitrogen-phosp or reduc-
tve nau (intedim meth ‘007). jlable from EMSL-CL.
Aoty fi ‘byoas graphy with electron captura or hal specific d i method 608), available trof EMSL-CH,
N /b hilorid ion f d by exch mumgummmmmmmum(Mnmmammmmmm-o
”MeﬁWwdﬂoddeexﬁacnon!dbwedbyHPLth‘ or UV d jon; or gas ch graphy i thod 610), ilable from EMSL-CL
¥ by gas ¢ch graphy with halogen-specific (inedm ‘611). ilable from EMSL-CL.
* Methyh hlorid by cor ion, gas ct graphy with ok capture detection (interi d §12), available from EMSL-CI.
" Methyh id Y by fer lo and capiliary col gas graphy/mass sp y with el impact (i 619), b
trom EMSL-CI.
M gical M ds for M ing the E) (Decembver 1978) ilable for the Envi tal Monitoring and Support Laboratory U.S.E P.A. Cincinnati, Ohio 45268.

2. A new § 136.3(d) is added together
with a new Table entitled, “Table II—
Containers, Preservation and Holding
Times", to read as follows:

§136.3 Identification of test procedures.

. * * * * - *

(d) Sample preservation procedures,
container materials, and maximum
allowable holding times for parameters
cited in Table I are prescribed in Table
Il. Any person may apply for a variance
from the prescribed preservation

techniques, container materials, and
maximum holding times applicable to
samples taken from a specific discharge.
Applications for variances may be made
by letters in triplicate to the Regional
Administrator in the Region in which the
discharge will occur. Sufficient data
should be provided to assure such
variance does not adversely affect the
integrity of the sample. Such data will
be forwarded by the Regional
Administrator to the Director of the
Environmental Monitoring and Support

Laboratory in Cincinnati, Ohio for
technical review and recommendations
for action on the variance application.
Upon receipt of the recommendations
from the Director of the Environmental
Monitoring and Support Laboratory, the
Regional Administrator may grant a
variance, applicable to the specific
discharge, to the applicant A decision
to approve or deny a variance will be
made within 90 days of receipt of the
application by the regional
Administrator.
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Table . —Conlainers, Preservation, and Holding Times

Measuremant* = Container*

1 Acidity
2 Akalinty
3 Ammor

BACTERIA

4-7 Coliform, fecal and total
8 Fecal P
8 Bioch I

10 Bi
carbonaceous.
11 B
12 Ch

13 Chioride None requi

14 Chiorinated organic 3 s (GOON, 4°C., 0.008% Na,S,0.*,
compounds.

e

15 Chiorine, total resid
16 Color
17-18 Cyanide, tota! and
amenable 1o chiorination.

{pH)

and 92 Kjeldahl and organic Cool, 4'C., H:SO, 1o pH>2 ...

nitrogen. :
MeTaLs,

40-41  Chromium VI 8 Cool, 4°C
58-59 Mercur g HNO,!OPH)Z 0.05%

24-87 Metals except above.........

88 Nitrate
88(a)’ Nitrate-Nitrit A Cool, 4°C., H,SO, to pH>2...
89 Nitrite Cool, 4°C

90 Oil and Grease Cool, 4°C,, H:SO, 1o pH>2...,
91  Organic Carbon Coal. 4°C.. H,SO, o pH>2 ..

ORGANIC COMPOUNDS '

93-206 Extractables (including 3 Cool, 4°C
phthalates, nitrosamines 0.008% NaxS:O5" .....ccmmurncns -

Cool, 4°C., 0.008%
- Cool, 4°C., 0.008% Na.S;0.*.

207 Orth P Filter on sita, cool, 4°C............
208 Pesumdes Cool, 4'C

0.008% Na:SOM ..o
209 Phanols ( Cool, 4°C., H:SO, topH>2~.
210 Phosphorus (ek Cool, 4°C .. :
211 Phosp total 8 Cool, 4°C., H:S0, lopH

RADIOLOGICAL :

212-216 Aipha, Beta and radium - HNO, to pH > 2,
217 Residue, tolal
218 Residue, fillerable
218 Residue, nonfilterable............
220 Resiiue, settieable
221 Residue, volatile
73 Siiica
222 Specific conductance ..
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Table Il.—Containers, Preservation, and Holding Times—Continued

Contaner™ Preservative* Maximum holding time*
2 CO0L B sttt 28 days.
Cool, 4°C. zinc acetate 28 days
. Cool, 4°C . 48 hours.
2 Cool, 4°C 48 hours.
27 TOMPETBIUIE civesitmemtrsese Datermine on site .. .. Immediately.
228 Turbidity Cool, 4°C 48 hours.

1 be preserved at the time of collection. When use of an automatic sampler makes impossible to preserve each aliquot,
samples may be preserved by maintaining at 4°C. until compositing and sample splitting is compieted
« samples should be analyzed as soon as possible after collection. The times listed are the maximum times that samples
. held before analysis and still considered valid, Samples may be held for longer periods only If the permittee, or monitor-
yatory, has data on file 1o show that the specific types of samples under study are stable for the longer tima
ne sampies may not be stable for the maximum time period given in tha table. A permittee, or monitoring laboratory, is
Jiigated to hokd the sample for a shorter time if knowledge exists to show this is necessary o maintain sampie stability.
samples should be filtered immediately on-site before adding preservative tor dissolved metals
1 Guidance applies 1o samples to be analyzed by GC, LC, or GC/MS lor specific organic compounds.
* This parameter not fisted in Table L
» Should only be used in the presence of residual chiorine ’
Not available in Table 1. 4
FR Doc. 76-36871 Filed 11-1-79; 8:45 am]
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