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ENVIRONMENTAL PROTECTION

AGENCY
40 CFR Parts 796,797 and 799 -
[OPTS-~42008B; FRL-2946-9)

Unsubstituted Phenylenediamines,
Proposed Test Rule

AGENCY: Em)ironmental Protection
-Agency (EPA).
ACTION: Proposed rule, .

SumMaRy: EPA is proposing a test rule
under section 4(a) of the Toxic
Substances Control Act (TSCA) for
ortho-phenylenediamine {o-pda; CAS -
No. 95-54-5), meta-phenylenediamine
(m-pda; CAS No. 108-45-2), and para-
phenylenediamine (o-pda: CAS No. 106~
50-3). These three free bases and the.
.sulfate salts of m- and p-pda constitute
five of the 47 phenylenediamines (PDAs)
designated by the Interagency Testing
Committee (ITC) in its Sixth Report,
published in the Federal Register of May
28, 1980 (45 FR 35897), for priority ~
consideration for testing under section 4

" of TSCA. This action reflects the

comments submitted to EPA in response
to the Advance Notice of Proposed

. Rulemaking (ANPR) on the PDAs

published in the Federal Register of
January 8. 1082 (47 FR 973). Tesling is
proposed for all three free bases for

Monday: !hm_ugh Friday. except legal
hoiidays.
FOR FURTHER INFORMATION CONTACT:

", Edward A. Klein, Director, TSCA

Assistance Office (TS-799), Office of
Toxic Substances, Environmental .
Protection Agency, Rm. E-543, 401 M St,,

. SW.; Washington, DC 20460, Toll free:
(800-424-9065), In Washington, DC:
(554-1404), Outside the U.S.A.:
“(Operator-202-554-1404),
SUPPLEMENTARY INFORMATION: The

- Agency published in the Federai
Register of Jan. 30, 1985 (50 FR 4267) a e
decision not to require testing of 34 of ..
the 47 PDAs. The Agency i now issuing
a proposed rule under TSCA section 4(a)
to require testing of o0-, m-, and p-pda for
their chemical fate and environmental
toxicity and m-pda for mutagenic effects
and oncogenic effects if triggered by -

mutagenicity test results.
L Introduction R

The Agency published i the Federal
Register on'Jan. 8, 1982 (47 FR 973), an
advance notice of proposed rulemaking
(ANPR) for the phenylenediamine (PDA)
category. The original ITC notice (45 FR
35897: May 28, 1980) proposed that 50
chemicals be considered for testing

requirements. In the ANPR, the Agency

.identified 47 individual chemicals

" inchided within the ITC's category
definition after duplicate entries were
eliminated. Of the original 47 PDAS,

Upon review of the data submitted by
industry in response to the section 8(a)
and 8(d) rules, responses to the ANPR,
and data available from public sources,
the Agency has decided to divide the
original ITC list into three subcategories
for TSCA section 4 testing :
consideration: (1) Unsubstituted PDAs, -
{2) toluenediamines, and (3) “No-test”
PDAs. The rationales for subdividing the
category and for not proposing testing
on subcategory 3 are included in the
Federal Register Notice published Jan.

- 30, 1985 (50 FR 4267). Testing is being
Propesed in this notice only for those
chemicals included in subcategory 1.
Toluenediamines (subcategory 2) will be B
the subject of a separate Federal :

- Register document. The present
document will address only the data
submitted by DuPont, CTFA, Cosmair,

- Clairol, Shell, and the American
Psychological Association that
specifically address the subcategory 1
chemicals. These comments are X
discussed in Units I B.2 and I C.1 and 2
of thispreamble. Use and exposure to
the PDAs in connection with the hair

\dve industry is not covered by TSCA
and is therefore not considered in this
document. :

Under section 4(a) of TSCA. the
Administrator shali by rule require

. testing ot a chemical substance to
develop appropriate test data if the
Agency finds that:

aquatic oxidation rate and toxicity to

. Meeting on this rule in Washington. D.C.

- the above address from 8 a.m. to 4 p.m.,

ti isms. m- : : _ available information on exposure

;g::o:;grg;n:es;z;;:&z%ra;:gpl;gil’zg - ~~potential and toxicity information for 13.
Sex-Linked Recessive Lethal (SLRL) test. h'gh'l? roduction ‘chemxc.als appeared
The Agency published its decision not to * Sufficient lo justify testing requirements
require testing of 3¢ PDAs in the Federal ~ under section 4(a)(1)(A) of TSCA..In .
Register of January 30, 1985 (50 FR 4267).  Fesponse to th.e ANPR, comments were
The remaining eight calegory members rcce.xved from: E.I DuPont de Nemours,
will be addressed in a separate Federal . Inc: The Cosmet,c. Toiletry and .
Register decument. . - Fragrance Association (CTFA); Cosmair,

; I - Inc.; Clairol; Natural Resources Defense
DATES: Submit written comments on or "

: - Council; Shell Qil Co.: International
be{)"".*tM“ 'i‘:h 7. 1936{ }‘g“klf ‘l':’q“"“; ‘;° Isocyanate Institute, Inc.; Allied
Submit oral comments by February 20, oration; : hological
1986. If requests are made to submit oral Corporation; American Psycho gt

comments, EPA will hold a public the Chemical Manufacturers

on 1 ] ) Associalivn, Subsequent to the' - -+
For further mform‘atlon on arranging tg publication of the ANPR, the Agency -
speak at the meeting see Unit VI of this .~ published a TSCA section 8(a)
preamble. . . manufacturers’ reporting rule (47 FR
ADDRESS; Submit written comments in 26992; June 22, 1982), and a section 8(d)
triplicate identified by the document “health and safety data reporting rule (47
control number (OPTS—42008B) to: FR 38780; Sept, 2, 1982}, which included
TSCA Public Information Office (TS- . all of the PDA chemicals listed by the
793), Office of Pesticides and Toxic ITC. The Agency has received and
Substances. Environmental Protection ¢

Agency, Rm. E-108, 401 M St., SW.,
Washington, DC 20460.

A public version of the administiative
record supporting this action {with any
confidential business information
deleted) is available for inspection at

with these rules. Toxicological data
were submitted by Eastman Kodak: Olin
Corporation; Allied Corp.; EL DuPont de

Nemiours, Inc.; Air Products; Duw

General Electric; and Monsanto in
response to the section 8(d) rule.

Association; Dow Chemical U.S.A.; and

reviewed dara submitted in compliance )

Chemical, U.S.A.; Mobay Chemical Co.;

. (A)i) the manufacture, distribution in

- eommerce; processing, use, or disposalofa” - 7 _

..chemical substance or mixture, or that any

". combination of such activities, may present

- -@n unreasonable risk of injury to health or the

environment, ‘

-z2..(ii) there are insufficient data and .
experience upon which the effects of such.
manufacture, distribution in commerce,
processing, use, or disposal of such substance
©or mixturc or of any combination of'such
activities on health or the-environment can

" ‘reasonably be determined or predicted, and -

(iii} testing of such substance or mixture
with respect to such effects is necessary to
. develop such data; or-. -
(B)(i) a chemical substance or mixture is or
- will be produced in substantial quantities,
“and (1} it enters or may reasonably be
anticipated to enter the environment in
substantial quantities or (If) there is or may
- be significant or substantial human exposure
to such substance or mixture, -
(ii) there are insufficient data and
* experivnce upon which the effects of the
- ‘manufacture, distribution in commerce,
proci ‘
_or mixture or of any combination of such
activities on health or the environment can
* " reasonably be determined or predicted, and
(iii) testing of such substance or mixture

455 with respect to such effects is necessary to
e A '

develop such data.

ing, use, or disposal of such substance =
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In miking secticn 4(a)(1){.\} findings,
EPA considers boin exposure and .
toxicity information to make the finding
that the rhemical may present an
unreasunabie risk. For the sceond
finding under section 4{a)(1)(A). EPA
examines toxicity and fate studies to .
determine whether existing information
is adequate to reasonably determine orf
predict the effects of human exposure to

- or environmental release of the .

chemical. In making the third finding
that testing is necessary, EPA considers
whether any ongoing testing will satisfy
the information needs for the chemical
and whether testing which the Agency
might require would be capable of

_ developing the necessary information.

EPA’s approach to determining when
these findings are appropriately made is
described in detail in EPA's first and
second proposed test rules as published
in the Federal Register of July 18, 1980
(45 FR 48528) and June 5, 1981 (46 FR
30300). The section 4(a)(1)(A) findings

are discussed in the July 18. 1980 and
June 5. 1981 publications, and the
section 4(a}{1)(B) findings are discussed
in the june 3. 1041 publication.

I1. Profile: Unsubstituted PDAS
A Profils

1. Manufacture and Use. Three ring-
unsubstituted PDAs, o-pda (CAS No. 95—
54-5), m-pda (CAS No. 10845-2), and p-
pda {(CAS No. 106-50-3) are being
proposed for testing under section
4(a)(1)(A) of TSCA. As mentionedin
Unit I above, the Agency divided the’

original ITC list into three subcatcgories.

- Since the Agency expects the salts of

the unsubstituted PDAs to produce
substantially the same toxicological
effects as their respective free bases, it
included these salts in subcategory 1.
The salts that are known to have been
produced and that were cited by the ITC
include: p-pda.-H:SO, (CAS No. 1624-57~
785) and m-pda-H;50, (CAS No. 5417~

08) . Since the toxicological activity of
these chemicals is expected to be
equivalent to that of their free b:
discussion on the toxicology and
proposed testing of the unsubstituted
PDAs does not distinguish between the
free bases and their salts. Because the
free bases and their salts are expected
to have equivalent toxicological
properties, manufacturers and
processors of the salts are considered to
be under the same TSCA section 4
testing obligations as the manufacturers
and processors of the free bases.
- As a group, the unsubstituted PDAs
are solids with melting points ranging
from 61.to 64°C for m-pda to 145 to 147
°C for p-pda. Their boiling points range
from 256 to 258 °C for o-pda to 282 to 284
*C for m-pda (Table 1 below). All three
isomers are soluble in water. have low
“octancl/water partition coefficients, and
tend to darken when exposed to light or
air (Refs, 2 and 27). N

Table 1.—Unsubstituted Phenylenediamines: Physical and Chemical Properties *

. . Octanol/
. Mutecular Mel soiing - i . ) "Vapor density . waier
Compound (CAS No) weig:n m‘"(’%’ point (C) Solubiity i water (mg/L) . ASpeenﬁc gravity air=1) Refractive index &;&%ﬂm
) ! . {log P)
— g — T " : -
m-pda (108-45-2)..... 108.15 61/64 282/284 ! 351,000 at 25 °C 1.07 (4°C) 1.1389 (§°C}) 1.6339 (57.7 *C)....... 0.00
m-pda-tl SO, (541-70-8 20822 { *NA NA * Eastv soluble in hot water . NA NA . e NAL NA
opua (£5-34-5) ... 108.15 102/103 256/258 1 41500 a1 35 "C: 73,10 % M0, | NA NA Q.15 |
p-pda (106-50-3) 108.1S 1451147 267 . 38,000 at 24 'C: 6.7x10% at 107 [ NA 373 + NA -025
- N -c - - .
Ppda-H:50. (16245775} cceccerreene 206.22 NA NA 1 part/714 pants at 15 °C NA NA NA NA

*Source: Ref. 15. .
* NA==not applicable. or not available,  -=- . == .

E.I. DuPont de Nemours, Inc., is the
largest manufacturer of all three
isomers. DuPont rcports that until
recently all three were produced in the
same “vats” by the batch method, -
Within the past year, all p-pda .
production hds been moved to a
separate plant. The major use patterns
for the three isomers are quite different;
however, some of the minor uses
overlap (Ref. 18).

DuPont (Ref. 18) reports that 1981
production of p-pda was 5 to 10 million
pounds. Ninety-one percent was use
captively, 4 percent sold to U.S.
companies, and 5 percent exported.
DuPont produces all of its p-pda at the

. Pontchartrain-Works at La Place, LA. In

response to the ANPR {47 FR 937), -
DuPont surveyed its p-pda customers.
Fifty-eight percent responded to the
survey. Their response accounted for
138 percent of DuPont's 1981 sales
(indicating stockpiling of p-pda).
DuPont's customer usage, as a percent

. of total pounds covered in the response,

was as follows: chemical conversion to
dyes=17.6 percent, conversion to other

chemicals=5.8 percent, use in industrial
mixtures=20.6 percent, and resale=56.0
percent. Mathtech (Ref. 21) estimates
approximately 8 million pounds of p-pda
were consumed in the manufacture of

- .aramid fibers and rubber and plastic

antioxidants in 1982. p-Pda and its salts

. are also used in hair dyes, photographic -

dyes, and as antioxidants in cellulose
ethers and alfalfa meal (Ref. 21). o
Mathtech (Ref. 21) reports p-pda sulfate

- has been manufactured by Jos. H.

Lowenstein and Sons, Inc. at a level of
100,000 lbs/yr.

m-Pda is produced in-the U.S. only by
DuPont (Refs. 18 and 22). From 10 to 20
million pounds were produced in 1981
for use as an intermediate in the
production of aramid fibers and as a dye
intermediate (Refs. 18 and 21). DuPont
reports 76 percent of m-pda was used = -
captively, 12 percent produced for
domestic sales, and 12 percent for
export (Ref. 18}. Forty-eight percent of
DuPont’s customers, representing 91
percent of total 1981 salés, indicate the
following use pattern; chemical
conversion to polymers=17.6 percent, to

-

dyes=40.8 percent, to other=8.3

. percent; use in industrial mixtures=23.2

percent; consumer use mixtures=0.3
percent; resale=0.8 percent; and
unreported uses=9.0 percent. Jos H.
Lowenstein produces approximately
50,000 ibs of m-pda sulfate annually for -
use as an intermediate (Ref. 21). The
U.S. Department of Commerce reported -
that 80,200 pounds of m-pda were
imported in 1983 (Ref. 21). .
0-Pda is produced by three companie
(Ref. 22): DuPont, Chambers Works
Plant, at Deepwater, N.J.;: Toms River
Chemical Corp. {a subsidiary of Ciba-
Geigy Corp.); and Sherwin-Williams Co.
From 1 to 10 million pounds were
produced in 1981 (Refs. 18 and 21). The
*U.S. Department of Commerce reported
that 22,500 pounds of o-pda were
imported in 1983 (Ref. 21). DuPont
reports that 74.4 percent of its 1981 -+
production of o-pda was used captively
as anintermediate for fungicide B
production (Refs. 18 and 21), 1.9 percent
for U.S. merchant sales, 5.4 percent for
export sales, and 18.4 percent for
inventory. e



N

474 Federal Register / Vol. 51, No. 3 / Monday, january 6,

1986 / Proposed Rules.

Four of DuPont's six 1981 customers,
accounting for 138 percent of DuPont's
1981 sales (indicating stockpiling)
reported:that the total o-pda poundage
was used as follows: 11.5 percent for
conversion to dyes, 58.5 percent for~
conversion to other nroducts, 30.2
percent in mixtures {unspecified), and
less than 0.1 percent for resale. Toms
River uses o-pda captively to produce

. certain vat dyes, and Sherwin-William

has used 0-pda as an intermediate in the
manufacture of the corrosion inhibitor
benzotriazole (Ref. 21)- Additional
details of manufacture and use patterns
appear in both DuPont's submission
(Ref. 18) and Mathtech's support
document (Ref. 21). - - -

2. Exposure and release. DuPont (Ref.
18) reported that DuPont employees with
potential exposure to the three diamines
total fewer than 450 people. A common
work force of 125 people is associated
with the manufacture of o- and m-pda at
the Chambers Works plaul in
Deepwater, NJ. . o

DuPont's response to the ANPR also
states that the 59 customers responding

--to DuPont's survey reported that a tatal

of 817 people are potentially exposed to
one or more of the three isomers as a
result of their use. Workplace air
monitoring data indicated levels of 0.01~

0.03 mg, m’ for the manufacturing phase,

Users of m-and p-pda reported exposure
levels from “nil" to 1.5 mg/m3. However,
one user of m-pda provided an
unsubstantiated estimate for shipping- -
handling exposure of 50 mg/m3, Both
DuPont and its customers reported that
protective clothing, goggles, and face
masks are worn during the handling of
all three isomers (Ref. 18). However, the
Agency notes that worker hygiene
procedures can vary widely throughout -
the industry and believes that some )
workers may be exposed to PDAs during
the manufacture and use of these -
chemicals.

From the confidential business
information submitted to EPA in
response to the TSCA section 8{a) rule

" {47 FR 26992) and the section 4{a) ANPR"
.(47 FR 973) on the PDAs, over several

hundred thousand pounds of
unsubstituted PDAs are estimated to
enter sewage treatment plants (Ref. 18).
EPA predicts that levels of 0-pda and m-
pda as high as 0.036 mg/L and 0.066 mg/
L, respectively, may be reached in the
receiving streams as a result of effluent
discharge (Refs. 17 and 22). DuPont
reports that the p-pda waste from the
Pontchartrain Plant is incinerated (Ref.
18). The likelihood of p-pda entering
ambient waters from its manufacture is
low. However, EPA believes that p-pda
may enter ambient waters as a result of

its use at levels which approach those
predicted for o-pda and m-pda. -

B. Proposed Rule

On the basis of its evaluation, as -
described in this propnsed rule. EPA is
proposing mutagenicity testing
requirements for m-pda with the
capacity to trigger a mouse specific-
locus assay and an orcogenicity fest.
The Agency is also proposing :
requirements for g-, m-, and p-pda for i
determining aquatic oxidation rate and
aquatic toxicity to algae, invertebrates.
and fish with the capacity to trigger.
chronig tcsting in aquatic orzanisms, -
Both groups of testing are proposed
under the authority of TSCA section
4(a)1)(A). - .

1. Health effects findings. EPA is
basing its proposed health effects testing
of m-pda on a finding that the

‘manufacturing, processing, and use of

m-pda may present an unreasonable risk
of mutagenic effects because (1) as
many as 1,000 workers involved in the
manufacture, processing, and use of m-
pda are potentially exposed dermalily to
m-pda in the workplace; {2) available
data suggest that z2-pda may pose a
mutagenic hazard but are insufficient to

" characterize the hazard: and {3} testing

is necessary to characterize the
mutagenic potential of m-pda.

_ EPA finds there are insufficient
animal or human data to reasonably

.determine or predict the gene mitation

potential of m-pda. The finding of “may
present an.unreasonable risk"” of gene

‘mutation is based in part upon the

positive Ames assay for m-pda (Ref. 11)
and a report that 2,4-toluenediamine
{2.4-tda). an analog, is positive in the
Drosophila sex-linked recessive lethal
{SLRL) assay (Ref. 19). While p-pda has
been shown to be negative in the SLRL
(Ref. 5), comparative studies of

-mulagenic acuvity in Sa/monelia

typhimurium showed m-pda to be the
most potent mutagen of 11 aromatic
amines tested. including 2,4~
diaminotoluene, 2.a- .
diaminoethylbenzene, 2,4-diamino
isopropytbenzene, and 24-diamino-n-
butylbenzene (Ref. 23); m-pda also was’
found to be a more potent mutagen than
o-pda. p-pda or 16 other hair dye /—‘

- components (Ref. 11). While suggesting

that it may be a mutagen, the existing
data do not adequately characterize the
gene mutation patential for m-pda.
Therefore, EPA finds that testing m-pda

.is necessary and is proposing that it be

tested in the SLRL assay. If the SLRL is
positive, the Agency is proposing a
mouse specific locus test for m-pda.

The Agency is not proposing the other
health'effects tests that the ITC

recommended at this time. EPA is not - -

requiring uncogenicily testing for p- and
o-pda because they have been
adequately characierized for this effect
(Refs. 7, 10, and 24). If the SLRL assay is
positive, m-pda is being proposed for
oncogenicity testing. Weisburger (Ref.
20) and Wejsburger et al. (Ref. 7) judged
m-pda to be a negative oncogen in rats
and mice in a 78-week study. Male and

female mice were fed m-pda at 2,000 and

4,000 mg/kg in the diet, and male rats -
were fed 1,000 and 2,000 mg/kg. Twenty-
five animals were used at each dose for
each sex {Refs. 7 and 20). Holland et a/.
(Ref. 12) applied a total of 3 and D8 mg/ -
week m-pda to male and female mice for
24 mo. The dose was equally distributed

- on three separate days per week and

sample size included 80 C3 and 40 B6

-strains of mice. An initial range-finding

experiment to determine sensitivity to
m-pda involved topical application to 5
animals, 5 days/week for 2 weeks. The
high dose used in the chronic test wag

the maximum tolerated dose determined
in the rangefinding test. Skin tumors did -
not develop in either strain over the 24
mo. study. Examination of the internal
orgaas ul the animals used in the range- - -
finding test and at the termination of the
24 mo. exneriment showed pale swollen
livers and kidneys, and tumor
incidences very similar to those
observed for the acetone con:rols,
respectively. Since EPA considers the 25
animals per group too few for evaluating
oncogenic putential in a negative study,
and only three applications per week
also loo few for evaluating'a negative
study, currently available oncogenicity

.data for m-pda cannot be considered

adequate. If the SLRL assay on m.pda is
positive, a dermal oncogenicity. test will
be required. m-pda is undergoing a 2-
year chronic test by Japanese
researchers (Ref. 31). However, neither
test prutucols nor results are available
for this study at this.time. Should data
become available from the Japanese
study that provide an adequate bagis for
evahialing m-pda’s ancogenie pstential,
EPA will withdraw the oncogenicity
testing requirement for this substance.
The scheme for triggering higher-tier
mutagenicity and oncogericity testing
has been proposed for the cresals (48 FR
31812; July 11, 1983) and the C9 aromatic
hydrocarbons (48 FR 23088; May 23,
1983). The rationale of the tier-testing
scheme is set forth in the support :
documents for those rulemakings, which
are included in the record for this S
proceeding. Although the testing scheme
has been modified for the unsubstituted .
PDAs, the basis for the triggering to
higher tier mutagenicity testing and an
oncogenicity bioassay is the same. The
Agency has received and evaluated
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comme ~ts on these notices and hus )
published the results of its review in the
C9 aromatic hydrocarbons final rule (50
FR 20652 May 17, 1985). i
Teralogenicity testing is not bemg
proposed for 0-, m-, or p-pda. EPA finds
that b+:ith m-pda and p-pda huve neen
adequately characterized as
nonteratogenic (Refs. 9, 13, and 14).
Although o-pda has not been tested, it is
not being proposed for teratogenicity.

_ testing because there-are no indications

that 0-pda may present a risk of causing
teratogenic effects. -
EPA is not proposing reproductive
effects testing. As part of the Agency’s
effort to obtain the most complete data
base for potential toxicological effects of
the PDA category, public comment was -
solicited on the potential reproductive
effects of PDAs. No data were received

in response to the ITC report, the ANPR, -

or section 8(d) rule that generated
concern for potential reproductive
effects. The data frum buth the public
literature and section 8(d) data are
supplied in the docket [OPTS—42008B]
for the unsubstituted
phenvienediamines.

EPA is not proposing that the
unsubstituted PDAs be tested for
potential chronic effects on blood
chem:stry and neurotoxicity. The ITC

based its recommendation on a study by

Hanzlik (Ref. 28), which reported that
unspecified doses of m-pda and p-pda
caused convulsions in four mammalian
species and neuromuscular effects in ™~
frogs. In addition, Kiese et al. (Ref. 33)
reported that m-pda (1.5 gm) applied to
the skin of dogs was absorbed rapidly
into the blood. Within 1 hr after
application, m-pda reached a blood level
which was maintained throughout the 3-

hr experiment. m-Pda was undetected’in

the blood three hours after it had been
washed from the skin. When m-pda was
injected intravenously (6 mg) into dogs,
ferrihemoglobin concentration increased
2 hrs after the injection and reached its
peak concentration of 30 percent of the

.blood pigment within 5 hours. The

animals with m-pda applied to the skin
produced ferrihemoglobin between 3
and 4 hours after application and also
reached a peak concentration of
ferrihemoglobin of nearly 30 percent
within 5 hours (Ref. 33). EPA was also
concerned that the potential formation
of methemoglobin resulting from
exposure to PDAs may produce chronic
neurological effects (Ref. 29). DuPont
has submitted data which show the
absence of any cases of blood oxygen
saturation of less than 90 percent in
workers who had worked with PDAs for

.more than 10 years and which support a

conclusion of no significant

nicthemoglobin formation. DuPont also

reports that clinical symptoms of
neurotoxicity were not observed in the
saine workers (Ref. 30). It secems unlikely
that chronic testing in the area of blood
chemistry and neurological effects will
result in a different risk management
approach than careful control of
exposures to levels at which
methemoglobin formation does not

- occur. Consequently, additional chronic

testing for PDA effects on the blood or
nervous systems is not being progpsed.
proposed for the unsubstituted PDAS,
The ANFR (47 FR 973) requested
detailed exposure information on
individual PDAs, including the .
following: numbers of workers at
manufacturing, processing, and use sites
actually involved with PDAs; use
patterns; and potential exposure of
workers, consumers, and the general
public from TSCA-related sources. No
data were received which identified”
persons who were exposed only to
PDAs. Because persons potentially
exposed to the unsubstituted PDAs are
also potentially exposed to other
chemicals, and because the population
of potentially exposed workers is too
small to permit a study of adequate
power, epidemiological study
requirements cannot be justified at this
time. i

2. Environmental effects findings. EPA
finds that m-, p-, and 0-pda may present

‘an unreasonable risk of injury to the .,

aquatic environment because (1)
concentrations of unsubstituted PDAs in
the aquatic environment could reach
levels which may be harmful to aquatic
organisms; (2] there are insufficient data

"to characterize potential acute or

chronic toxicity to aquatic organisms;
and (3) testing is necessary to
characterize the toxicity of
unsubstituted PDAs to the aquatic
organisms. -

a. Environmental toxicity. The finding
of “may present an unreasonable risk”
of aquatic toxicity is based in part upon
p-pda testing in goldfish (Carassius
auratus) and in Himedaka (Oryzias
latipes). In goldfish the approximate
lethal dose has been reported as 5.74
mg/L {Ref. 4), and the median tolerance
limits in Himedaka are 25 and 20 mg/L
for 24 and 48 hours, respectively (Ref.
25).

Toluenediamines (unspecified
isomers) produced lethal effects in
Daphnia at 2 to 5 mg/L (Ref. 26). The
same study also demonstrated that a
dose uf 60 mg/L was lethal tu'ostracuds
in 8 days, but a dose of 30 mg/L was not
lethal in 10 days; while a dose of 500
mg/L was lethal to guppiesin0.5to 5

days. but a dose of 200 mg/L- was not
lethal to the fish. The data present ~ "~
the above-named studies represe’
either insufficient numbers of anii.
{Refs. 4 and 25} or insufficient detail

‘(Ref. 26) from which to judge adequately-

the reliahility of the data. EPA has
received preliminary data from Dupont
on the toxicity of the unsubstituted
PDAs to fathead minnow and Daphnia
(Ref. 16). These data indicate the three
isomers differ in toxicity: p-pda being
the most toxic to both species, o-pda
being intermediately toxic, and m-pda,
being the least toxic. Since these data
are incomplete, the Agency is awaiting .
receipt of the final data before making a
judgement on data adequacy.
Additionally, the potential chronic
effects of PDAs on aquatic organisms
have not been characterized. There are

‘no data on the effects of the PDAs on .

aquatic flora. Therefore, EPA finds that
aquatic toxicity testing of all three _
unsubstituted PDAS is necessary to
characterize adequately their potential
toxicity to aquatic organisms.

b. Environmental fate. The finding of
“may present an unreasonable risk” to
aquatic organisms is also based in part

" upon the chemical properties of the

unsubstituted PDAs. EPA is aware that
the unsubstituted PDAs are unstable at

“ room temperature and-that they oxidize

fairly rapidly under normal ) .
environmental conditions. Dupon* "™ <f.
18) reported that in a laboratoryss
study, only 75 percent of the ori§_ :
introduced concentration of o-pda could
be recovered from the feed after 24 *
hours and only 50 percent after 7 days,
presumably because of air oxidation.
Pitter {Ref. 3) found that activated
sludge biodegraded p-, m-, and o-pda to
80, 60, and 33 percent, respectively, of
their original concentrations within 120
hours (5 days). The monomethyl PDA,
24-toluenediamine, was biodegraded by
activated sludge from petrochemical
industrial waste water in 4 hours (Ref.
1). These data suggest that, although
significant degradation does occur, the
unsubstituted PDAs may remain in
ambient waters long enough to be toxic
to aquatic organisms. EPA predicts
oxidation to be the route of removal
from these waters. Since aquatic
oxidation rate data are unavailable for
the unsubstituted PDAs, EPA finds that
they are insufficiently characterized for
their fate in the environment. Hence,
FPA finds that aquatic oxidation rate
testing is necessary to characterize the
environmental fate of 0-, m-, and p-pda
adequately. EPA ig proposing that this
testing be conducted according to the
indirect photoreaction test standard
proposed under 40 CFR 798.3765 which,
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appears in this issue of the Faderal
Regisier. :

3. Summary of proposed testing. The
ITC recommendations and EPA’s
proposed tests are summarized in Table
2 below.

TABLE 2 —TESTING OF UNsuBSTITUTED PDA'S

i WS AP EPA
Test mmen- | vsuder.
Lreccgm"? i'cogn?nﬂ proposat
' X :
X i X mpdat
X X m-pda*
Teratogenicity X X
Epidemiological X X
studies,
Environmental fate X X o-m-p-
pda®
o X X
. X X
X

‘The ITC that the unt and inadeq
ly tested_category members be tested for these effects.

“The ITC included neurofoxic and chronic ertects under
the heading “Other Toxic Effects.”

*Chronic toxcity includes potential effects of the isomers
gn blood ch Y y the f of meth
i, .

'm-PDA WiLL B8E TESTED N THE Orosophita sex-linked
recesswve lethal (SLAL) assay. Positive resuiss in this teet il
rhs_qunc the mouse specilic-oCUS test and carcinogericity
ioassay. .

“All three isomers will be initially tested for aquatic oxida-
tion rate and acute effects in algae, inventcbrates, and. fish.
The results from these four fests will be evawated to
d he need for additi cheome testing in aquatic

9

-anmais.

~ C. Proposed Testing

1. Health effects. EPA believes that in
order to characterize the mutagenic
potential of m-pda adequately. nis
isomer should be tested in the
Drosophila SLRL assay. The current
EPA guidelines suggest that the test
substance be administered in water, - -~
However, m-pda is potentially unstable
in water. Therefore, EPA is Proposing to
require that the route of administration
for the SLRL assay be through injection
of m-pda into the Drosophila (see Unit
ILL3. below}. If the SLRL assay is

- Positive, two additional tests shal be’

done: the mouse specific locus test and
an oncogenicity test.

2. Environmental fate and effects. The
chemical fate and effects in aquatic
ecosystems using an indirect
photoreaction study and a minimum of

'PDAS shall be tested for their potential

three aquatic toxicity tests for each PDA~

isomer. The indirect photoreaction study
shall be carried out using the guideline -
proposed in 40 CFR Part 796.3765. This
Guideline requires that the test,
substance be exposed in both pure
water and synthetic natural water to
natural sunlight for defined periods of
time, based on a screening test. Because
of the design of this test, the experiment
must be conducted outdoors. The test
will provide a half-life valye (t¥2) for -
indirect aquatic photorcaction for each
isomer; the t% values will be part of the
decision logic for determining the need
for chronic aquatic testing, as described
below,

The aquatic organism testing shujl
begin wirh an acute flow-through fish
toxicify test in rainbow trout (Sglm0
$airdneri), a flow-through test in the
water flea (Daphnia magna), and an
alga (Selcnas-rum capricornutn) scute
toxicity test. The flow-through tests are
required because the PDAs are expected
to be unstable in waier, Thesa2 systems
will permit a more consistent exposure
to the test substances. The Agency is
proposing that additional chronic
aquatic toxicity testing be conducted if
concerns for chronic effects is triggered
by the acute toxicity studies. These .

chronic test shall include a fish early life -

cycle test and an invertebrate life cycle
test. Results obtained from the indirect
photoreaction study will be entered into
an isomer-specific regression equation
«describing predicted environmental
concentration (PECs) as a function of
time (Refs. 6 and 8). A set of t''s and

the corresponding PEC's generated by .

EXAMS 2 modeling (Ref. 32) provided
the basis for each regression equation
{o-pda: PEC,=0.3629+1.0468 log t%: m-

pda: PEC,, =0.6830+ 1.9702 log tY2: ppda: -

PEC,=0.0085+0.0024 log t1%) where
PEC is the predicted concentration in
ppb and t% is the half-life for oxidation
(i.e., indirected photoreaction)
expressed in minutes (Refs. 6 and 8].
These PEC's will be compared to the
acute toxicity data to determine the
need to develop additional acute or
chronic data. Since the unsubstituted
PDAs are not expected to .
bioconcentrate, the results from the
indirect photoreaction study alone are .
sufficient to calculate the PEC, .

The decision logic for determining the
potential for chronic effects involves
application of uncertainty factors to the
PEC and comparison of the result to the
data generated from the acute toxicity
tests (figure 1). It is proposed that if the
fish and aquatic invertebrate LC.
values are both equal to or greater than
1,000 X PEC for any PDA isomer, no
additional aquatic toxirity testing nced
be conducted for that isomer. The .
criterion of 1,000 X is the uncertainty
factor used to relate acute toxicity and
environmental concentrations, It is a

. product of three uncertainty factors: (1)

A factor for extrapolating from an
insensitive to a.sensitive species for .
acute toxicity, (2) a factor for
extrapolating from acute to chronic
toxicity, and {3) a factor for
extrapolating from chronic laboratory
toxicity, to field or in situ toxicity.

If the rainbow trout or Daphnia acute

LGso-is 100~1,000 X PEC for a given PDA
isomer, then additional acute aquatic -
vertebrate or invertebrate (as indicated)

“toxicity data must be developed for the

Isomer. At least two additional

freshwater fish species or tw .
additional invertebrate species must be
tested to determine if there are more
sensiiive species than the Daphnia or
rainbow trout. If the additional acute
L.Cso values also fall in the range 100-
1.000 X PEC then no additional aquatic
toxicity testing will be necessary. The .
rational for this decision is that if, after
testing at least three species, the lowest
LGso is more than 100X the PEC, the
likelihood of producing chronic effects
in these or another speties at .
concentrations at or below the PEC ig
small. The criterion of 100X is the
product of two uncertainty factors: 1A
factar for extrapolating from acute to
chronic toxicity and (2) a factor for
extrapolating from chronic laboratory
toxicity to field toxicity.

EPA is proposing that if the LCso for

“any fish or aquatic invertebrate-is less

than or equal to'100 X PEC then data on
chronic etfects and sensitive life stages.- .
must be developed on one fish-and/or
one invertebrate species for which
acceptable protocols have been
publiched. ’

The unsubstituted PDAs are expected
to enter freshwater environments;
therefore, it is proposed that the fish and
invertebrate species used for chronic
testing will be the most sensitive.
vertebrate and invertebrate freshwater
species tested to this point in the testing
scheme. However, the state of -
technology for both acute an chronic
testing of freshwater vertebrates and
invertebrates is limited. The initial
species selected for testing the
unsubstituted pdas (rainbow trout and
Daphnia) are species for which both
acute and chronic protocols have been
developed. Chronic toxicity protocols
have also been developed for freshwater -
fish species Pimepfiales promelas and
Salvelinus fontinalis and the freshwater
invertebrate species Gammarus
pseudolimneaus. EPA proposes to
require chronic testing of rainbow trout
and/or Daphnia if the trigger criteria are
met unless a second round of acute
toxicity testing is triggered and one of
the species in that round is the most
acutely sensitive species which triggers
chronic testing. :

If chronic testing is triggered, the

- Agency will conduct a program review

after the chronic data have been
received to evaluate the need for
additional aquatic toxicity testing. This
review may léad to the Agency's
requiring additional acute and chronic
aquatic toxicity testing in order to
establish the data base necessary for
water quality control actions.

BILLING CODE 6560-50-M
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Figure 1l: Environmental Effects Testing Scheme
for Unsubstituted Phenylenediamines

(from equations)

‘Acute Toxicity ' : Indirect Photoreaction
(LCgq) )
: Aquatic _ : ) ,
Algae 1Invertebrate ‘ FiFh . X » ‘
- L - - ) s
' ul PR .
- ¢ Calculate C

. LCsq > 1,000 PEC
‘ : ! -
v o e ’ )

Yes ’ No

100 PEC < LCg, < 1,000 PEC
' 1

Ygs' : : Ago

Sensitive Species*

Determination \
4” (2 new spedies)

LCo4 & 100 PEC

{ 1 T >
. Stop €————No Yes W .
’ ' ) - Chronic**
' > Testing
. Program
Review

. ‘A/.:

"*» In this scheme,. three fish and two aquaticvinvertébrate acutes
could be conducted for each isomer without testing for chronic
effects,

** Chronic testing shall be done in the most sensitive species .
for which a protocol has been published. : : e

BILLING CODE 6560-50-C
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D. Test Substance

The major end use for all three PDAs
is a synthesis intermediates. However. a
small percentage of cach isomer is
_purified for other purposes. Laboratory
‘grades of 0-, m-,-and p-pda are avaiiahie
at 98-percent purity. and the NCI
bioassays have been conducted with 99-
- percent pure PDAs. EPA is proposing
* that the test substances for both the
SLRL and the chemical fate and
environmental toxicity testing consist of
the free bases of 0-, m-, and p-pda and
 that these substances be at ieast 98
Percent pure. Because the hydrochloride
or sulfate salts of m-pda are more stable

- than the free bases, they may be used in -

the oncogenicity test if such a test is
triggered by positive results of the SLRL
assay. In this case, the purity of the test
substance must also be at least 93 -
percent.

E. Persons Requirez':’ To Test
‘Section 4(b)(3)(B) of TSCA specifies

that the activities for which the Agency

makes section 4(a) findings
(manufacturing, processing, distribution
---in commerce, use.and/or disposal)’
determine who bears the responsibility
for testing. Manufacturers are requirad
to.test if the findings are based on the
manufacturing (“manufacture” is
defined 1n section 3(7) of TSC.\ 0
include “import"). Processors are
required to test if the findings are based
on processing. Both manufacturers and
processors are required to test if the
exposures giving rise to the potential
risk occur during use, distribution, or
disposal. Because EPA has found that
manufacture, processing, and use of
unsubstituted phenylenediamines o-, m-,
and p-pda give rise to exposures that

may lead to unreasonable risks, EPA is

proposing that persons who.
manufacture or process, or who intend
to manufacture or process, any of these
chemicals at any time from the effective
date of this test rule to the end of the
reimbursement period be subject to the
rule for cnvironmental fate and elfects
testing (see Unit ILC.2, above.) Persons
manufacturing or processing or
intending to manufacture or process m-
pda will be subject to the health effects
testing portion of this rule (see Unit
IL.C.1. above). The end of the
reimbursement period ordinarily will be
5 years after the submission of the last
final report required under the test rule.
EPA expects that manufacturers will
conduct testing and that processors will

. ordinarily be exempted from testing,

Because TSCA -contains provisions ta

avoid duplicative testing, not every

- person subject to this rule must
individually conduct testing. Section

HbI{3}YA) of TSCA provides that EPA.

may permit two or more manufacturers
or processors who are subiect to the rule
to des:gnate one such person or a
qualified third person to conduct the
tests and submil data on their behalf.
Section 4{c) provides that any person
required to iest may apply to EPA for an
exemption from that requirement.

F. Approach to Adaption of Test Rules

In December 1983 the Natural
Resources Defense Council (NEDC} and
the Industrial Union Department of the -
American Federation of Labor-Congress
of Industrial Organizations (AFL-CIO} "

" filed an action under TSCA section 20,

which challenged, among other things,
EPA's two-phase process for finalizing
TSCA section 4 rules. In an August 23,
1984 Opinion and Order, the Court found
that use of the two-phase rulemaking
process was permissible. However, the
Court also held that the Agency was
subject to a standard of promulgating
test rules within a reasonable time. -
[NRDC and ALF-CIO v. EPA, 595 F.
Supp. 1255 (S.D.N.Y. 1984).} Subsequent
to the issuance of that Opinion, the
Agency submitted papers to the Court
which indicated that, in order to
eexpedite the test rule development -
process, EPA would utilize a single-
phace ruiemuking process for most test |
rules. The Agency also indicated that
EPA would publicly announce this

policy in the first test rule proposal to be’

published in the spring of 1985, _
(Declaration of Don R. Clay, at 12
(September 24, 1984).} A detailed - )
discussion of EPA's proposed approach
to single-phasé rulemaking was
publishcd in the Federal Register uf May
17, 1985 (50 FR 20652), Test Rule
Development and Exemption
Procedures, and in the Bisphenol A’
Proposed Test Rule {50 FR 20691).

G. Repértihg Réquirements

EPA is proposing that all data -
developed under this rule be reported in
accordance with the final TSCA Good

,Laboratory Practice (GLP) Standards (40
" CFR Part 792).

EPA is required by TSCA section

" 4(b){(1)(C)to specify the time period
- during which persons subject to a test

.

rule must submit test data. .
The oxidation rate test is designed to
take no longer than 3 to4 weeks to
complete. In order to permit adequate
preparatory.and analytical time, the
AgenCy is proposing that the final report

 for the indirect photoreaction study be

submitted no later than 8 months after
the effective date of the final rule.
Quarterly reports will be required for
the oxidation rate test. :

The final report for the SLRL assay
shall be submitted to EPA no later than
1 year after the effective date of the final .
rule. If the SLRL assay is positive, the
final report for the mouse specific locus
test shall be submitted to EPA no later
than 2 years after the effective date of
the final rule, and if triggered, the final
report for the oncogenicity test shall be
submitted 5 years after the effective

. date of the final rule. Quarterly reports

will be required for the SLRL assay, the
mouse specific locus test, and "
oncogenicity testing. )

The final report for the acute aquatic
testing shall be submitted to EPA no
later than 1 year after the effective date
of the final rule. If chronic testing is
triggered by the acute toxicity data, the
final chronic test report shall .be
submitted no later than 2 years after the
effective date of the final rule. Quarterly
reports will be required for the acute :
and chronic tests. . = '

‘TSCA section 14{b){1){A}(ii) governs
Agency disclosure of all test data
submitted pursuant to section 4 of
TSCA. Upon receipt of data required by
the final rule, the Agency will publish a

-notice of receipt in the Federal Register

as required by.section 4(d). Test data

' received pursuant to the final rule will

be made available for public inspection
by any person except in thuse cases
where the Agency determines that
confidential treatment must be accorded
pursuant to section 14{b) of TSCA.

'H. Enforcement Provisions ) =

Section 15(1) of TSCA makes it
unlawful for any person to fail or refuse
to comply with any rule or order issued
under section 4. Section 15(3) of TSCA
makes it unlawful for any person to fail
or refuse to (1) establish or maintain
records; (2) submit reports, riotices, or
other information; or (3) permit access to
or copying of records required by the
Act or any regulation or rule issued
under TSCA. The Agency considers that
failure to comply with any aspect of a
section 4 rule or the submission of
invalid data would be a violation of -
section 15 of TSCA, .

Additionaily, TSCA section 15(4)
makes it unlawful for any person to fail
or refuse to permit entry or inspection as
required by-section 11. Section 11

. applies to'any “establishment, facility,

or other premises in which chemical
substances or mixtures are o e
manufactured, processed, stored, or held -

. before or after their distribution in

commerce. .. ." The Agency considers
a testing facility to be a place where the

chemical is held or stored, and

- therefore, subject to inspection.

Laboratory audits/inspections will be

<t
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periodicaily conducted in accordance
with the authority and procedures
outlined in TSCA section 11 by
author:zed representatives of the EPA
for the purpose of deiermining
compliance with this rule. These
inspecuons may be cunducted for
purposes which include verification that
testing has begun, that schedules are
being met, that reports accurately reflect
the underlying raw data and
interpretation and evaluations thereof,
and that the studies are being conducted
according to TSCA Good Laboratory
Practice Standards and the test
standards.

EPA’s authority to inspect a testing
facility also derives from section 4(b}(1)
of TSCA, which directs EPA to
promulgate standards for the
development of test data. These
standards aredefined in section 3(12)(B)
of TSCA 'to include those requirements

necessary to ensure that data developed*

under testing rules are reliable and
adequate, and such other requirements
as are necessary to provide such
assurance. The Agency maintains that
laboratory inspections are necessary to
provide this assurance.

Violators of TSCA are subject to
criminal and civil liability. Persons who
submit materially misleading or false
information in connection with the
requirement of any provision of this rule
may be subject to to penalties which

..may be calculated as if they had never
-submitted their data. Under the penalty
provision of section 16 of TSCA, any
person who violates section 15 could be
subject to a civil penalty of up to $25,000
per day for each violation. Each day of
operation in violation may constitute a

. separate violation. This provision would
be. applicable primarily to
manufacturers or processors that fail to
submit a letter of intent or an exemption
request and that continue manufacturing

-or processing after the deadlines for
such submissions. Knowing or willful
violations could lead to the imposition

of criminai penalties of up to $25,000 for -

each day of violation and imprisonment
for up to 1 year. In determining the”
amount of penalty, EPA will take into
account the seriousness of the violation
-and the degree of culpability of the
violator as well as all the other factors
listed in section 16 of TSCA. Other
remedies are available to EPA under
sections 7 and 17 of TSCA, such as
- seeking an injunction to restrain
violations of TSCA section 4.
Individuals, as well as corporations,

could be subject to enforcement actions.

- Sections 15 and 16 of TSCA apply to
“any person” who violates various
_provisions of TSCA. EPA may, at its

discretion, proceed against individuals
as well as companies. In particuiar, this

" includes individual who report false

infermatiun cc who cause it to b»
repeciea. In eddition. the submussion of
false. ﬁctmous. or fraudulent statements

is a \violation under 18 U.S.C. 1001.

L Issues

1. The Agency solxmts comments on
its proposed deadlines for submitting

" data required by this rule.

2. The aquatic toxicity testing requires
that freshwater fish species be used.
The primary site for potential -
manufacturing-related release of  *~
unsubstituted PDAs is into the brackish
Delaware River. Sites of release from
use of the unsubstituted PDAs are
predicted to be freshwater lakes and
streams. The Agency solicits comments
on the appropriateness of using

_freshwater species rather than brackfish

water species.

3. The most toxic unsubstitited PDA
isomerhas been.suggested by industry
as a potential representative isomer for
testing in the chronic aquatic effects
tests if the results of the acute testing of
all three isomers are the same, Acule
testing results would be considered the
same if they differed by no more than a
factor of 5 among the three
unsubstiti:ted PDAs (the Agency
considers fivefold difference as the
acceptable difference between
laboratories for a given study). Industry

" suggests that if the resuits from the

acute tests are similar, testing of a single
isomer should provide-an adequate -
indication of the chronic aquatic effects
of the unsubstituted PDAs. The Agency
solicits comments on the use of a
representative unsubstituted PDA
isomer as an appropriate representative

for environmental effects testing and on

the appropriateneéss of the fivefold
criterion tu define similar toxicities.

4. EPA anticipates that the
unsubstituted PDAs will partition into .

‘the aquatic environment. The decision

criteria used to select the toxic
concentrations of unsubstituted PDA. -
isomers in acute tests which would
trigger either additional acute toxicity
testing or chronic testmg or cause
testing to cease involve balancmg the
PEC's against LCso's via various -
uncertainty factors. The. Agency is
proposing that LCso’s which are greater
than 1,000 x PEC require no additional
testing. If the LCso values are greater
than 100 and less than or equal to 1000 x
PEC, additional acute toxicity testing is
conducted. If the LCso values are less
than or equal to 100 x PEC, testing for
chronic effects is automaticaily-

triggered. The Agency-solicits comments -

on both the uncertainty factors being

‘used in this rule and the validify of their

use in automatically triggering chrr
testing in aquatic organisms.

5. Oncogenicity testing for m- p0\
being proposed if the results of the
Drosophila sex-linked recessive lethal
assay (SLRL) are positive. The Agency
solicits any comments as to the
appropriateness of the Drosophila SLRL
as a screen for oncogenicity testing of
m-pda and the recommendations of any
alternative screening tests for this
substance.

6. Ifan oncogemcxty study is tnggered
EPA is proposing that the route of

" administration be dermal, since the

primary route of exposure to m-pda is
predicted to the dermal. However, the
oncogenicity studies on both 0- and p-
pda were feedmg studies and m-pda is
unstable in air. Consequently, oral
administration of m-pda may provide
data which is more comparable to the o-
and p-pda data and may also provide
more control over the dose being
administered to the animals. The
Agency solicits comments on whether
oral or dermal administration of m-pda
during the oncogenicity test would be
more appropriate.

I1L. Economic Analysis of Proposed Rula

To evaluate the potential economic
impact of test rules, EPA has adopted a
two-stage approach. All candidates for
test rules go through a'Level I ang!*«is
that consists of evaluating each, =g
chemical, or chemical group, on' "
prinicpal market charactenstlcs Ly - -
Price sensitivity of demand, (2) industry
‘cost characteristics, (3) industry
structure, and (4) market expectations.

- The results of the Level I analysis for

unsubstituted phenylenediamines, along
with a consideration of the cost of the
required tests, indicated no significant
adverse economic impact exists: -
therefore, Level II analysis was not
needed.

For a-more complete and thorough
discussion of the methodology useéd to
conduct the economic analysis of this
test rule see Economic Impact Analysis
for Test Rule for Benzene-Based
Phen ylenedlammes A copy of this
document is available in the public
record for this rulemaking. docket
number {OPTS-42008B).

The total costs for health effects and

- . environmental effects testing for m-pda

are estimated to range from $598,781 to
$1,690,443. The total estimated costs for
o-pda and p-pda are estimated to range
from $27.575 to $82.848 for each
chemical. The estimated costs for o- and
p-pda is based upon Daphina acute and
chronic, algal acute, fish acute and
chronic, and indirect photoreactxon
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testing. For m-pda the estimated cost

reflects the cost-for the Drosophiia SLRL

assay ar-i the potentially triggered
mouse specific locus test and
oncogenicity testing, as well as the
indirect photoreaction and aquatic
toxicity testing (Ref. 23).

The annualized test costs (using 4 cost

* of capital of 25 percent over a period of
15 years} range from $7,100 to $21,400
each for o-pda and p-pda, and from
$154.600 to $437,800 for m-pda. From
their estimated production levels, the

 unit costs range from 0.09 to 0.27 cent
“per pound for p-pda, 0.77 to 2.2 cent per
pound for m-pda, and 0.10 to 0.31 cent
per pound for o-pda. In relation to mid-

+ 1984 posted list prices of $4.00, $2.07,
and $3.25 per pound for P-pda, m-pda,
and o-pda, respectively, these costs are
equivalent to 0.02 percent to 0.07 percent
for p-pda, 0.37 percent to 1.1 percent for
m-pda, and 0.03 percent to 0.095 percent
fer o-pda. .

The Level I economie analysis (Ref.
21) indicates that the potential for
adverse economic effects due to the
estimated test costs is low. Thig

-~conclusion is based on the following
observations: (1) The overall demand for
these compounds appears relatively
inelastic due to the lack of direct or
comparable end product substitutes; (2)
the market expectations for these
chemicals are very favorable due to the
high growth potential of various end
products, e.g., the aramid fibers, Kevlar~
and Nomex®, and the corrosion
inhibitor, benzotriazole; (3) producers of
unsubstituted phenylenediamines tend
to serve different markets and therefore
do not compete directly among .
themselves; and (4) the estimated unit
test costs are very low. . SR

V. Availability of Test Facilities and
Pers(mnel_

Section 4(b)(1) of TSCA requirés EPA

to consider “the reasonably foreseeable
availability of the facilities and

personnel needed to perform the testing -

required under the rule.” Therefore, EPA
conducted a study to assess the
availability of test facilities and
personnel to handle the additional
demand for testing services created by

" section 4 test rules. Copies of the study,
“"Chemical Testing Industry: Profile of
Toxicological Testing,” can be ohtained
through the National Technical )
Information Service (NTIS), Springfield,
Virginia {PB 82-1407 73).

On the basis of this study, the Agency
believes that there will-be available-test
facilities and personnel to perform the
testing required in this proposed rule.

V. Guidelines and Study Plans

Test methods under new Parts 798,
797, and 798 were published in the
Federal Register of September 27. 1985

{50 FR 39252). - ’

On tke basis of the findings given
above for health effects testing (see Unit
IL.C. above}, the ‘Agency is proposing
that m-pda be tested in the SLRL assay
in accordance with the pre-edures given
in the TSCA Test Guidelines “Sox
Linked Recessive Lethal Test in
Drosophila melanogaster” (which’ -
appears at 40 CFR 798.5275). The -
guideline specifies generally accepted -

- minimal conditions for obtaining

reliable data on effects that may cause
geneti¢ mutation in people expected to
be exposed to m-pda. The Agency has
not received any new data that would
justify a major reappraisal of the
guideline. The Agency reviews the
guidelines once a year according to the
process described in the Federal

" Register uf September 22,1982 (47 FR

41857) and has found no reason to
indicate that this guideline needs to be
modified significantly. :

The Agency is.alséo proposing that the
bositive results from the SLRL assay
trigger additional mutagenicity testing of
m-pda in the mouse specific locus test,
A 2-vear cironig oncogenicity study )
may alsu be wriggered from the SLRL
results. In the event that additional
testing is required, the mouse specific
lucus test wnail be conducted in

- accordance with the procedures which .

appear at 40 CFR 798.5200, and the -
chronic; dermal, oncogenicity study in
accordance with the procedures which -
dppear at 40 CFR 798.3320, ‘ '
On'the basis of the findings given
above for environmental fute and effects

- testing {see Unit IL.C, above), the

Agency is proposing that a base set of
acute aquatic toxicity testing of o-, m-,
and p-pda shall be conducted on (1) the
freshwater alga, Selenastrum
capricornut:m, using the TSCA Test

Guideline entitled “*Algal Acute Toxicity -

Test" which appears at 40 CFR 797.1050;
(2) the freshwater invertebrate, Daphnia

~magna,. using the TSCA Test Guideline

entitled “Daphnid Acute Toxicity Test”
which appears at 40 CFR 797.1300; and
{3) the frashwater verlebrate, Salmo
qairdneri (rainbow-trout), using the
TSCA Test Guideline entitled “Fish
Acute Toxicity Test" which appears at
40 CFR 797.1400. . ' ’
The Agency is proposing that

persistence of the unsubstituted PDAs in

natural waters be tested in an ifidirect
photoreaction test, using the TSCA Test
Guideline included in the proposed rule
and entitled “Indirect Photolysis
Screening Test; Sunlight Photolysis in

Waters Containirg Dissolved Humic -
Substuuces” which appears at 40 CFR
796.3765 and is published with this N
document. The Indirect Photolysis
Screening Test is being added to the
TSCA Guidelines foruse in testing the
unsubstituted pdas. This quideline may
aiso be used for other chemicals in the
future, cither as currently stated.or in a
modified form. EPA is proposing that the
results from the photolysis test be
entered into the isomer-specific
regression equation of the predicted
environmental concentration versus a
range of half-life values for oxidatinn ‘
through indirect photolysis, The half-life

-values were generated by EXAMS 2

modeling. PEC's are calculated as
follows: 0-pda: PEC,=0.3629+1.0468 log
t¥2: m-pda: PEC,, =0.6830+1.9702 log Y%:
p-pda: PEC,=0.0085+0.QOZ4 log tis,
where PEC is the predicted
concentration in ppb and t14 is the half-
life for indirect photolysis expressed in
minutes. Each PEC will be used to

- determine the need for chronic testing of

each isomer in dquatic.organisms.

If the Daphnia LC is greater
than 100 X PEC and less than or equal to
1,000 X PEC, additional freshwater )
invertebrate testing is proposed, using
the Gammarid Acute Toxicity Text
Guideline included in the proposed rule

{(which appears at 40 CFR 797.1310). The
. Gammarid test is being proposed for

specific use in testing the unsubstituted
pdas. 1his guideling may also be used
by the Agency in its present form or in a
modified version in the future. If the
rainbow trout LCss is greater than 100 X
PEC and less than or equal to 1,000 X
PEC, additional acute tests.in a
representative of the Sa/monidae and
another untested fish family are
proposed using the TSCA guideline
entitled “Fish Acute Toxicity Test™
‘which appears at 40 CFR 797.1400.

The Agency also is proposing that if -

- the LCso value from any of the

vertebrate or invertebrate acute tests is
equal ta or less than 100 X PEC (a3
discussed in Unit I.C.2, above), then -
chronic toxicity tests with the most
sensitive, (i.e.. that with the lowest LC,,
value) vertebrate or invertebrate species
shall be performed. Where the above
criteriz for chronic testing are met for
any of the three isomers and for one
aquatic invertebrate, chronic testing
shall be conducted with Daphinia using
the TSCA Test Guideline entitled
"Daphnid Chronic Toxicity Test" which
appears at 40 CFR 797.1330 if Daphnia is
the more sensitive invertebrate species.
If Gammarus is the more sensitive
invertebrate species. testing shall be
performed on Gammarus using the
chronic toxicity testing method of
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Sanders et al. (Ref. 34) Thé Agency
believes this chronic toxicity test
method¢.! gy specifies the minimul
conditions for acceptable invec<tizalion
of the cirronic behavior of-the
unsubsututed PDAs in Gammarus. If
chronic testing is triggered in fish, EPA
is proposing the test species be futhead
minnow if the fathead minnow is the
most sensitive verterbrate species or
rainbow trout or brook trout. if one of
these species of fish demonstrates more
sensitivity to the PDAs than the fathead
minnow. The Agency is proposing that
chronic testing be done using ISCA Test
Cuidcline, which apears at 40 CFR

* 797.1600, entitled “Fish Early Life Stage
Toxicity Test,” for all three species.

The Agency is proposing that the
above-referenced TSCA Environmental
Effects Test Guidelines and other cited
methods be considered the test
standards for the purposes of the
proposed tests for PDAs. The TSCA
guidelines for aquatic toxicity testing.
specify generally accepted minimal
conditions for determining aquatic plant
and animal toxicities for substances like

_ unsubstituted PDAs. The Agency's
review of the guidelines, which occurs
yearly according to the process
described at 47 FR 41857 (September 22.
1982), has found no reason to suspect
that these protocois need to Lie modificd.

EPA intends to propose shortly in a
separate Federal Register notice. certain
revisions to the health and
environmental effects and chemical fate,
TSCA Test Guidelines to provide more
explicit guidance on the necessary
minimum elements for each study. In
addition, these revisions will avoid
repetitive chemic.dl-by-chemical changes

.to the guidelines in their adoption as tefst ’

standards for chemical-specific test -
rules. EPA is proposing that these
modifications be adopted in the kest
-standards for PDAs.

VL. Public Meetings
If persons indicate to EPA that they

wish tn present comments on this
" proposed rule to EPA officials who are
directly responsible for developing the”
rule and supporting analyses. EPA will
hold a public meeting in Washington,
D.C. This meeting will be scheduled
after the deadline for submission of
written comments, so that issues raised
in the written comments can be
discussed by EPA and the public
commenters. Information on the exact
time and place of the meeting will be
available from the TSCA Assistance
Office. Toll Free: (800~424-9065). In
Washington, D.C.: (554-1404). Outside
the U.S.A.: (Operator-202-554-1404).

Persons who wish to attend or present
comments at the. meetmg should call the

e

TSCA Assistance Office by February 20,
1986. While the meeting will be open to
the public, active participation will be
limited to those persons who have
arr.nged to present commenis and 1w
designated EPA participants. Attendees
should cail the TSCA Assistance Office
before making travel plans because the
meeting will not be held if members of
the public do not indicate they wish to
make oral commaents.

Should a meeting be held, the Agency
will transcribe the meeting and include
the written transcript in the public =
record. Participants are invited, but-not
required, lo submit copies of their ‘
statements prior to or on the day of the
meeting. All such written materials will
become part of EPA's record for this
rulemaking.

VII. Public Record

EPA has established a public record
for this rulemaking [docket number
OPTS5-42008D). This record includes the
basic information considered by the
Agency in developing this proposal and
appropriate Federal Register notices.
The Agency will supplement the record
with additional information as |t is
received.

The Record includés the followmg
information:.

A. Supporting Documentation

(1) Federal Register notices pertaining
to this rule consisting of: .

_ {a) Notice of proposed rule on
unsubstituted phenylenediamines.

(b) Notice containing the ITC
designation of the phenylenediamines
category to the Priority List (45 FR 35897;
May 28, 1080).

(c) Notices relating to EPA’s health
effects test guidelines and TSCA Good
Laboratory Practice Standards (48 FR
53922; November 29, 1983).

{d) Notice of final rule on test rule
development and ‘exemption palicy and
procedures (49 FR 39774; October 10,
1984).

(e) Notice of interim final rule on test
rule development and exemption
procedures (50 FR 20652; May 17, 1985).

(f) Notice of final rule on data
reimbursement policy and procedures
(48 FR 31786; July 11, 1983).

{g) Advance Notice of Proposed
Rulemaking for the phenylenediamines
(47 FR 973; ]annary 8,1982). . -

(h) Notice of Agency decision not
require to testing of certain-
phenylenediamines (50 FR 4267; ]anuary
30, 1985).

(i) Toxic Substances Control Act Test

" Guidelines (50 FR 39252; September 27,

1985). .
(j) Federal Register [Reserved TSCA
Guidelines Revision] '

(2) Support Documents: cdnsisting of:
(a) Economic analysis support -

. document.

(b) Ethyltoluene and
Trimeihyibenzene C9 aromutic
hydrocarbons technical support
document.

{c) Cresols support documents.

(3) Communications before proposal
consisting of:

(a) Written public and intra-agency or
interagency memoranda and comments.

(b) Records of telephone
conversations.

(c) Records or minutes of informal
meetings.

(d) Reports—pubhshed and
unpublished factual materials.
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Confidential business information

‘4(C[ 1}, while part of the record, is not

available for public review. A public
version of the record from which CBI
has been deleted is available for
inspection in the QPTS Reading Room,
Rm} E-107, 401 M St., SW.,, Washington,
DC, from 8 a.m. to 4 p.m., Monday ’
through Friday, except legal holidays.

Under Executive Order 12291, EPA

must judge whether a regulation is

“Major” and therefore subject to the
req iirementa of a Regulatory Impact
Anally_sis. This test rule is not major

becalmse it does not meet any of the

_ criteria set forth in section 1(b) of the .

Order. First, the actual annual cost of all
the testing proposed for unsubstituted -
phenylenediamines is a maximum of

.$480,878 or less than $1,855.311 over the

testing and reimbursement period.
Second. because the cost of the required
testing will be distributed over a large
production volume, the rule will have
only very minor effects on users' prices

“(less than 0.095 percent of 0-pda, 0.07

percent of p-pda. and 1.1 percent for m-
pda) for these chemicals even if all test

- costs were passed on. Finally, taking

" of small businesses manufacturing

Wilson, and F.L. Mayer, Jr. “Toxicity of seven

into account the nature of the market for
this substance, the low level of costs’
involved, and the expected nature of the
mechanisms for sharing the costs of the
required testing, EPA concludes that
there will be no significant adverse
economic effects of any type as a result
of this rule. -

This proposed regulation was
submitted to the Office of Management
and Budget {OMB) for review as .
required by Executive Order 12291, Any
comments received from OMB are
included in the Public Record for this
rulemaking.

B. Régulatozy Flexibility Act

Under the Regulatory Flexibility Act,
(15 U.S.C. 601 et seq., Pub. L. 96-354,
September 19, 1980). EPA is certifying
that this test rule, if promulgated, will
not have a significant impact on a
substantial number of small businesses
for the following reasons: .

1. There are not a significant number .
unsubstituted PDAs. :

2. Small processors will not perform
testing themselves, or participate in the

- organization of the testing efforts.

3. Small processors will experience
only very minor costs if any in securing
exemption from testing requirements. .

4. Small processors are unlikely to be .
affected by reimbursement - :
requirements, and any testing costs
passed on to small processors through
price increases will he small.

C. Paperwork Rediiction Act

' The Office of Management and Budget
(OMB) has approved the information
collection requirements contained in the
proposed rule under the provisions of -
the Paperwork Reduction Act of 1980, 44
U.5.C. 3501 et seq, and has assigned: R
OMB control number 20700033, Lo
Comments on these requirements should
be submitted to the Office of"
Information and Regulatory Affairs of
OMB, marked “Attention: Desk Officer
for EPA.” The final rule package will
respond to any OMB or public -
comments on the information collection
requirements. _ et e
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List of Subjects in 40 CFR Part 793

Testing, Environmental protection,
Huzardous subsiznces, Chemicils.
) ‘Dated: December 20, 1985.
John A. Moore, - .
Assistant Administrator for Pesticides and
Toxic Substances. ) -
Therefore, it is proposed that Chapter
.- T'of Title 40.0f the Code of Federal
Regulations be amended as follows:

" PART 796—[AMENDED]

1. InPart 796: : :

a. The authority citation continues t
read as follows: ‘

Authority: 15 U.S.C. 2603, 2611, 2625.

b. By adding § 796.3765, ta read as
follows: ) .

§ 796.3765 . Indirect Photolysis Screening
Test: sunlight photolysis in waters :
containing dissoived humic substances.

(a) Introdiiction. (1) Chemical
compounds dissolved in natural waters
are subject to two types of
photoreaction. In the first case, the
. compound of interest absorbs sunlight

directly and is transtformed to products

when unstable excited states of the
molecule decompose. In the secand

case, reaction. of dissolved compound is -
. the result of chemical or clectronic
excitation transfer from light-absorbing . .
humic species in the natural water. In
contrast to direct photolysis, this
7. photoreaction is governed initially by
the spectroscopic properties of the’
natural water.

. (2) In general, both indirect and direct
processes can proceed simultaneously.
-Under favorable conditions the
measurement of a photoreaction rate
-constant in sunlight (k,g) in a natural
water body will yield a net value that is’
. the sum of two first-order reaction rate °

constants for the direct (kpg) and

* indirect (k;g) pathways which can be -
expressed by the relationship

Equation 1 .
koe=Kpg + kig. °

This relationship is obtained when the
reaction volume is optically thin so that

a negligible fraction of the incident light

is absorbed and is sufficiently dilute in
test chemical; thus the direct and

indirect photoreaction processes

become first-order.

(3) In pure waler unly, direct
photoreaction is possible, although
hydrolysis, biotransformation, sorption,
and volatilization also can decrease the
concentration of a test chemical. By
measuring kg in a natural water and kpg
" in pure water, k¢ can be calculated.

(4) Two protocols have been written
that measure ko in sunlight or predict

kpe in sunlight from laboratory
measurements with monochromatic light
[USFPA (1984) under paragraphs (f) {14)
and {15j of this section: Mill et al. {1981)
-under paragraph (f)(9) of this section:
Mili et al. (1982) under paragraph (f)(10)
of this sectiva: Mill et al. (1993) under
paragraph (f}(11) of this section]. As a
preface to the use of the present
protocol, it is not necessarv to know kpg;
it witl be determined under- conditions

that definitively establish whether kiz is »

significant with respect to kpg.

f5) This protocol provides a cost . *
effective test method for measuring kg
for test chemicals in a natural water ~
(synthetic humic water. SHW) derived
from commercial humic material. It
describes the preparationand -
standardization of SHW. To implement
the method, a test chemical is exposed

. to sunlight in round tubes containing
. SHW and tubes containing pure water

for defined periods of time based on a
screening test. ’ : N

(6) To correct for variations in sol ;
irradiance during the reaction period, an
actinometer is simuitaneously insolated.
‘From these data, an indirect
photoreaction rate constant is
calculated that is applicable to clear-

" sky, near-surface conditions in fresh

water bodies. o
{71 In coutrast to kpg. which, once
measured, can be calculated for
different seasons and latitudes, kg only
applies to the season-and latitude for .
_which it is determined. This condition

-
exists because the solar action spectrum -

for indirect photoreaction in humic-
containing waters is not generally
known and would be expected to
change for different test chemicals. For "
this reason. kg, which contains ki, is
likewise valid only for the experimental
data and latitude. . .t

 {8) The value of kg represents un
atypical quantity because ke will -

. change somewhat from water body to

water body as the-amount and quality of
dissolved aquatic humic substances

"’ change. Studies have shown, however,
- that for optically-matched natural

waters, these differences are usually
within a factor of two [Zepp et al. (1981)
under paragraph (f){17) of this section).
(9) This protdcol consists of three
separate pawses that snould be
completed in the following order: in

Phase 1. SHW is prepared and adjusted; .

in Phase 2, the test chemical is
irradiated in SHW and pure water (PW)
to obtain approximate sunlight
photoreaction rate constants and to
‘determine whether direct and indirect
photoprocesses are important; in Phase
3, the test chemical is again irradiated in
PW and SHW. To correct for
photobleaching of SHW and also solar

irradiance variations, tubes containine -
SHW and actinometer solutions are
exposed simultaneously. From these
data k,; is calctlated that is the sum or

" ki and kyg {equation 1) [Winterle and

Mill (1985} under paragraph {f)(12) of
this section]. .

(b) Phase 1—Preparation and
standardization of synthetic natural
water—(1) Approach. (i) Recent studies .
have demonstrated that natural waters
‘can promote the indirect (or sensitized)
photoreaction of dissolved organic
chemicals. This reactivity is imparted by

~ dissolved organic material (DOM) in the

form of humic substances. These
materials absorb sunlight and produce
reactive intermediates that include
singlet-oxygen ('0;) [Zepp-et al. (1977}
under paragraph (f)(20) of this section,

-Zepp et al. (1981) under paragraph (f)(17)
- of this section, Zepp et al. (1981) under

paragraph (f)(18) of this section.. Wolff et
al. (1981) under paragraph (f}(16) of this
section, Haag et al. (1984) under

paragraph (f}(6) of this section, Haag et -
al. (1984) under paragraph (f)(7) of this
section]; peroxy radicals (RO..) [Mill et

al. {1981) under paragraph (f){9) of this
section; Mill et al. {1983) under

paragraph (f)(11) of this section];

hydroxy! radicals (HO-} [Mill et al.

{1981) under paragraph (f){9) of this
section. Draper and Crosoy 11981, 1984)
under paragraphs (i} {4) and (3) of this
section respectivelv]; superoxide ar’ s,
(O2-) and hydroperoxy radicais (HHCY™ .
[Cooper and Zika (1983) under -~ . - :
paragraph (f)(1) of this section. Draper

. and Crosby (1983) under paragraph (f)(2)

of this section]; and triplet excited states
-of the humic substances [Zepp et al.
(1981) under paragraph {f){17) of this
section, Zepp et al. (1985) under
paragraph (f)(21) of this section].
Synthetic humic waters, prepared by
extracting commercial hymic or fulvic
materials with water, photoreact -
similarly to natural waters when
optically matched [Zepp et al. {1981)
under paragraphs (f) (17) and (18) of this .
section].

(ii) The indirect photoreactivity of a.- |
chemical in a natural water will depend
on its response to these reactive
intermediates, and possibly others yet.
urknown, os well as the abiilly of the
water to generate such species. This
latter feature will vary from water-to-
water in an unpredictable way, judged -
by the complexity of the situation.

* {iii) The approach to standardizing a
test for indirect photoreactivity is to use
a synthetic humic water (SHW)
prepared by water-extracting
commercial humic material, This
material is inexpensive, and available to
any laboratory, in contrast to a specific

{
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natural water. The SHW can be dilutad
to a dissolved vrganic carbon Lo -
coritent and uv-visible absorbance
tepical f most surface fresh waters.

(iv) In recent studies 1t has been fourd
that the reactivity of SHWV mixtures
depends-on pH, and also the history of
sunlight exposure [Mil} et a!. {1983)
under paragraph (f}(11) of this sectionj,
The SHW solutions initially protobleach
with a time-dependent rate constant. As
such. an SHW teat system has been
designed that is buffered to maintain pH
and is pre-aged in sunlight to produce,
subsequently, a predictable bleaching
behavior.

(v} Tke purpose of Phase 1 is to .
prepare, pre-age, and dilute SHW to a
standard mixture under defined,
reproducible conditions.

(2) Procedure. (i) Twenty grams of
Aldrich humic acid is added to a clean
2-liter Pyrex Erlenmeyer flask. The flask
is filled with 2 liters of 0.1 percent
NaOH solution. A stir bar is added to
the flask, the flask is capped, and the
solution is stirred for 1 hour at room .
temperature. At the end of this time the
dark brown supernatant is decanted and

-~ either filtered through coarse filter paper

or centrifuged and then filtered through
0.4 pm microfilter. The pH is adjusted to
7.0 with dilute H.SO, and filter sterilized
through a 0.2 m filter into a rigurously
cleaned 2-liter Erlenmeyer flask. This
mixture contains roughly 60 ppm (DOC)
and the absorbance {in a 1 cm path
lengih cuii) is-approxmmately 1.7 at 313
‘nm and 0.7 at 370 nm. -
(ii} Pre-aging is accomplished by
" exposing the concentrated solution in
the 2-liter flask to direct sunlight for 4
days.in early spring or late fall; 3 days in
late spring, summer, or early fall. At this
time the absorbance of the solution is
measured at 370 nm, and a dilution
factor is calculated to decrease the
- absorbance'tn 0.50 in'a 1 em path Icngth
cell. If necessary, the pH is re-adjusted.
t07.0. Finally, the mixture is brought to -
exact dilution with a precalculated
volume of reagent-grade water to givea-
final absorbance of 0.500 in a 1-cm path
length cell at 370 nm. It is tightly cupped
and refrigerated. T

(iii) This mixture is SHW stuck

solution. Before use it is diluted 10-fold

- with 0.010 M phosphate buffer to
produce-a pH 7.0 mixture with an
absorbance of 5.00 x 10-2at 370 nm, and
a dissolved organic carbon of about 5
ppm. Such values are characteristic of
many surface fresh waters.

(3) Rationale. The foregoing procedure /
is designed to produce a standard
humic-containing solution that is pH
controlled, and sufficiently aged that its
photobleaching first-order rate constant

. is not time dependent. It has been

il

' concentrations at less than one-half

demonstrated that after 7 days of winter
sunlight exposure, SHW soiutions-
photobleached with a nearly constant.
rete constant [Mill et all (1983) under
paragraph (f)(11) of this section].

{¢) Phuse 2—Screening rest—(1;
Introduction and purpose. (i) Phass 2
measurements provide approximate

solar photolysis rate constants and half- .

ives of test chemicals in pure water
(PW] and synthetic humic water (SHW]}.
If the photoreaction rate in SHW is
significantly larger that in PW (factqr of
>2X) then the test chemical is subject to
indirect photoreaction and Phase 3 is-
necessary. Phase 2 data are needed for
more accurate Phase 3 measurements,

- which require parallel solar irradiation

of actinometer and test chemical
solutions, The actinometer composition
is adjusted according to the results of
Phase 2 for each chemical, to equalize as
much as possible photoreaction rate:  ~
vonstants of chemical in SHW and
actinometer. : -

(ii) In Phase 2, surilight photoreaction
rate constants are measured in round
tubes containing SHW and then
mathematically corrected to a flat water

. surface geometry. These rate constants

are not corrected to clear-sky . -
conditions. -
(2) Procedure. (i) Solutions of test . -
chemicals should be prepared using
sterile, air-saturated, 0.010 M. pH7.0
phosphate buffer and reagent-grade (or
purer) chemicals.! Reaction mixtures
should be prepared with chemicals at

their solubility in pure water and at
concentratfons such that, at any
wavelengths above 290 nm, the
absorbance in a standard quartz sample
cell with a 1-cm path length is less than
0.05. If the chemicals are too insoluble in
water to permit reasonable handling or
analytical procedures, 1-volume percent
acetonitrile may be added to the buffer
as a cosolvent.

(ii) This solution should be mixed
9.00:1.00 by volume with PW or SHW
stock solution to provide working
solutions. In the case of SHW, it gives a
ten-fold dilution of SHW stock solution.
Six-mL aliquots of each working
solution should then be transferred to
separate 12 x 100 mm quartz tubes with
screw tops and tightly sealed with
Mininert valves.? Twenty-four tubes are

1 The water should be ASTA Tvpe 1A or an

-equivalent grade,

*Mininert Teflon sampling vials are availahle
from Alltech Associates, Inc., 202 Campus Dr.,

Arlington Heights, IL 60004.

rejuired for each chemical solution (12

samples and 12 dark controls}, to give a
total of 48 tubes.

(iii} The sample tubes are mounted in
a photolysis rack with the tops facing
geographically north and inclined 30°
from the horizontal. The rack should be
placed outdoors over a black
background in a location free of
shadows and excessive reflection. -

(iv) Reaction prugress should be
measured with an analytical technique
that provides‘a precision of at least =5
percent. High pressure liquid
chromatography (HPLC) or gas
chromatograph {GC) have proven to be
the most general and precise analytical
techniques.’ ;

(v) Sample and control solution
concentrations are calculated by
averaging analytical measurements for

. each solution. Control solutions should

be analyzed at least twice at zero time
and at other times to dotermine whether
any loss of chemical in controls or
samples has occurred by some
adventitious process during the
experiment. .

(vi} Whenever possible the following
procedures should be completed in
clear, warm, weather so that solutions _
will photolyze more quickly and not
freeze. :

{A) Starting at noon on day zero,
expose to sunlight 24 sample tubes
mounted on the rack described above.
Tape 24 foil-wrapped controls to the - -

. bottom of the rack. A
" * (B} Analyze two sample tubes and

two unexposed controls in PW and

. SHW for chemical at 24 hours. Calculate

(ko)suw and (k,)w if the percent
coversions are >20 percent but <80
percent. The rate constants (k,)syw and

the round tube photolysis rate constants,

{k.)w are calculated, respectively, from. .

equations 2 and 3:

Equation 2 .
(kp)snﬁ=(1/l)1 n)Co/Co)suw (ind™)

Eyuutivon 3

(koJw=(1/t)/ n)C,o/C,)w (in d-Y),

Where the subscript identifies a reaction
in synthetic humic water {SHW) or pure
water (W}; t is the photolysis time in
calendar days; C, is the initial molar
concentration; and C, is the molar

~ concentration in the irradiated tube at t.

In this case't=1 day. -
(C) If less than 20 percent conversion
occurs in SHW in 1 day, repeat the

- procedure for SHW and PW at 2 days, 4

days, 8 days, or 16 days. or until 20
percent conversion is reached."Do not
extend the experiment past 16 days. If
less than 20 percent photoreaction
occurs in SHW at the end of 16 days the
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_ cherfiical is “photoinert"”. Phase 3 is not

applicable. 3 -
(D) 1f more than 80 percent .

photoreaction occurs at the end of day 1
in SHW, repeat the experiment with
eight each of the remaining foil-wrapped
PW and SHW controls. Divide these
sets into four sample fubes each. lcaving
four foil-wrapped controls taped to the
bottom of the rack.

(1) Expose tubes of chemical in SHW
and PW to sunlight starting at 6900
hours and remove one tube and one -
control at 1, 2; 4, and 8 hours. Analyze
all tubes the next day. , :

(2) Estimate (k,)suw for the first tube in
which photoreaction is <20 percent but
>80 percent. If more than 80 percent
conversion occurs in the first SHW tube,

- report: “The half-life is less than one

hour"; and end all testing. The chemical _

is “photolabile.” Phase 3 is not
applicable.

(3) The rate constants (k,)syw and
(k;)w are calculated from equations 2
and 3 under paragraph {c)(2){vi)(B} of
this section but the time of irradiation
must be adjusted to reflect the fact that

~.day-averaged rate constants are
approximately one-third of rate

-constants averaged over only 8 daylight
hours. For 1 hour of insolation enter
t=0.125 day into'equation 2 under
paragraph (c)(2)(vi}{B) of this section.
For reaction times of 2, 4, and 8 hours
enter 0.25, 0.50, and 1.0 days,
respectively. Proceed to Phase 3 testing,

{4) Once (k,)suw and (k,)w are
measured, determine the ratio R from
equation 4: L -

Eguation 4
R={k)suw/ (ko)w-
The coefficient R, defined by equation 4,
is equal to [(k;+kp)/kp). If R is in the
range 0 to 1, the photoreaction is
. inhibited by the synthetic humic water
and Phase 3 does not apply. If R is in the
range 1-to 2, the test chemical is :
-marginally susceptible to indirect
photolysis. In this case, Phase 3 studies

are optional. If R is greater than 2, Phase '

3 measurements are necessary o
measure kg and to evaluate kig.

* (vii) Since the rate of photolysis in
- tubes is faster than the rate in natural
witer bodies, values of near-surface
photolysis rate constants in natural and
pure water bodies, k,z and kpg,
respectively, can be obtained from
{ko)siw and (k;)y from equations 5 and 6:
Eguation 5 _ ‘ N
k,::oAs(k",)smtv o
Equation 6
e 20,45k, )w, .
The factor 0.045 is an approximate -
geometric correction for scattered light

in tubes versus horizontal surfaces. A
rough value of ki, the rate constant for
indirect photolysis in natural waters of

-'SHW, can be estimated from the

difference between k,g and kpg using
equation 7:

Eq:.'ul.ion 7
kie=kg—k
c

(8) Criteria for Phase 2. (i) 1f no loss of
chemical is found in dark control
solutions compared with the analysis irr’
tubes at zero time (within experimental =
error), any loss of chemical in sunlight is™
assumed to be due to photolysis, and the
procedure provides a valid estimate of
ke and kpg. Any loss of chemical in the
dark-control solutions may indicate the .
intervention of some other loss process
such as hydrolysis, microbial :
degradation. or volatilization. In this
case, more detailed experiments are

"needed to trace the problem and if
- possible eliminate or minimize the .

source of loss. )
(i) Rate constants determined by the
Phase 2 protocol depend upon latitude,
season, and weather cunditions. Note
that (k;)suw and'ky values apply to -

-round tubes and k,¢ and kpg values

apply to a natural water body. Because
both (K.)suw and ko are measured under
the same conditions the ratio {(k,)suw/-
kp) is a valid measure of the-
susceptibility of a chemical to indirect

- photolysis. However, since SHW is

subject to photobleaching, )
susceptibility. of a chemical to indirect
photolysis. However. since SHW is

-subject to photobleaching, (ky)suw will

decrease with time bacause the indirect
rate will diminish. Therefore, R>2 is

" considered to be a conservative limit
-because (k,)syw will become

systematically smaller with time.
(4) flationale. The Phase 2 protocol is
a simple procedure for evaluating direct -

‘and indirect sunlight photolysis rate

constants of a chemical at a specific
time of year and latitude. It provides a
rough rate constant for the chemical in

-SHW that is necessary for Phase 3

testing. By comparison with the direct
photoreaction rate constant,'it can be
seen whether the chemical is subject to
indirect photoreaction and whether
Phase 3 tests are necessary.

{8) Scope and limitations. (i) Phase 2
testing separates test chemicals into
three convenient categories:
“photolabile,” “photoinert,” and those
chemicals having sunlight half-lives in
round tubes in the range of 1. hour to 50
days. Chemicals in the first two -
categories fall outside the practical
limits of the test, and cannot be used in

- analytical technique but not have

Phase 3. All other chemicals are suitable
for Phase 3 testing.

(ii) The test procedure is simple and
inexpensive, but does require that the
chemical dissolve in water at sufficient
concentrations to be measured by some

appreciable absorbance in the range 290

. to 825'nm. Phase 2 tests should be done

during a clear-sky period to obtain the

best results. Testing will be less

accurate for chemicals with haif-lives of

less than 1 day because dramatic -

fluctuations in sunlight intensity can

arise from transient weather conditions

and the difficulty of assigning equivalent " - <

_reaction times. Normal diurnal

variations also affect the photolysis rate
constant. Phase 3 tests should be started
as soon as possible after the Phase 2

‘tests to ensure that the (k;)syw estimate

remains valid. - .

- (6} Illustrative Example. {i} Chemical
A was dissolved.in 0.010 M pH 7.0
buffer. The solution was filtered through
a 2 um filter, air saturated, and -
analyzed. It contained 1.7 X 105M A,
five-fold less than its water solubility of
8.5 X 105M at 25° C. A uv spectrum {1-
cm path length) versus buffer blank
showed no absorbance greater than 0.05
in the wavelength interval 290 to 825 nm,
a condition required for the Phase 2
protocol. The 180 mL mixture was
diluted by the addition of 20 mL of SHW
stock solution. :

(ii) The SHW solution of A was-
photolyzed in sealed quartz tubes , *
(12X 100 mm) in the fall season starting
on October 1. At the end of 1 and 2 days,

_respectively, the concentration of A was

found to be 1.1310"*M and 0.92X10~%
M compared to unchanged dark controls .
(1.53x 105 M). .

(iii) The tube photolysis rate constant
of chemical A was-calculated from. ..
equation 2 under paragraph (c)(2}(vi)(B) . -

-of this section. The first time point at

day 1 was used because the fraction of
A remaining was in the range 20 to-80
percent:
{kp)suw=(1/1d}/n(1.53X10"%/1.13 % 10*%
(ko)suw=0.30d"%,

(iv) From this value, k,¢ was found to
be 0.14 d~! using equation 5 under
paragraph (c)(2)(vii) of this section:
(ko) =0.45(0.30d")=0.14d"*,

(v} From measurements in pure water,-
kp for chemical A was found to be 0.085
d~*. Because the ratio of (k,)syw/ko{=
3.5) is greater than 2, Phase 3°
experiments were started.

(d) Phase 3—Indirect photoreaction
with actinometer: Calculation of ki and
kps~—(1) Introduction and purpose. (i)

- " The purpose of Phase 3 is to measure ky,," *
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the indirect photolysis rate constant in
tubes, and then to calculate k;g for the
test chemical in a natural water. If the
approximate {k;)syw determined in
Phase 2 under paragraph (c) of this
section is not significantly greater than
ki measured for the experiment date of
Phase 2 under paragraph (c} of this
section, then Phuse 3 is unnecessary
because the test chemical is not subject
to indirect photoreaction. -

(ii) In the case (k,)uw ic significantly
larger than kyp, Phase 3 is necessary. The
rate constant (k;)suw is used to choose
an actinometer composition that
matches the actinometer rate to the test

chemical rate, Test chemical solutions in

SHW and in pure water buffer are then
irradiated in sunlight in parallel with
actinometer solutions, all in tubes.

(iii) The actinometer used is the p--
nitroacetophenone:pvridine (PNAP/
PYR) svstem developed by Dulin and
Mill {i982) under paragraph (f}(5} of this
section and is used in two FPA test
guidelines [USEPA (1984) under
paragraph (f) (14) and (15) of this
section|. By varying the pyridine
concentration, the PNAP photolysis half-
life can be adjusted over a range of
several hours to several weeks, The
starting PNAP concentration is held
constant.

(iv) Synthetic humic warer (SLIW)is

‘subject to photobleaching that decreases

* its ability to promote indirect photolysis

based on its ability to absorb suniight.
This effect will be significant when the -

* lest period exceeds a few days. To

correct for photobleaching, tubes
containing SHW a.e irradiated in
addition to the other tubes above.
" (v) At any time, the loss of test
chemical is given by equation 8

- assuming actinometric correction to -

constant light flux:

Equation 8 )
~(d{C)/dt}=kiC] +kp[C]. )
- (vi) The indirect photolysis rate

constant, k;, is actuallr time dependent .

because SHW photobleaches; the rate .
constant k,, after pre-aging, obeys the Gt
formuta:

Eguation 9
k=K, exp{~kt},

In which ki, is the initial indirect
photoreaction rate constant and k is the
SHwW photobleaching rate constant,
After substituting equation 8 for k;in
equation 8 under paragraph (d}(1){v) of
this section and rearranging, one obtains
—-(diecyicy =k fexp(—kt)idt +kpdt.

This expression is integrated to give
equation 10: .

Eyuation 101
In(Co/Clsyw ={kio/k)[1—exp( =kt)] + k.

The term {(k1/k) can now be evaluated,
Since in pure water, n(C,/Clw=kot..
then subtracting this equation from
equation 10 gives

Eguaiion 1t : )
DOl CLIC), =thi.fx){1-exp{ k).

The photobleaching fraction.
[1—exp(—kt}}. is equivalent to the
expression [1—{As10/A%0)], where A%z
and Az are the absorbances at 370 nm,
and are proportional to humic sensifzer
content at times zero and t. Therefore,
(kio/k) is derived from the slope of a
linear regression using [/n(C,/ .
Clsuw—In(C,/C)y] as the dependent
variable and [1—(Asz0/ A°y0)snw] as the
independent variable, S
(vii) To evaluate ki, the parameter k
has to be evaluated under standard
sunlight conditions. Therefore. the

" photolysis rate constant for the PNAP/ -

PYR actinometer (k,) is used to evaluate
k by linear regression on equation 12:

Equqtion 12 .
1n(.‘\b:1o/ -&wo) = (k/ k;)ln(C../ Clovas.

Where the slope is {k/k4) and the value
of k, is caiculated from the :
concentration of pyridine and the
absorption of light by PNAP:
k\=2.2(6.0169) {PYR]k,. Values of k. are
listed in the following Table 1:

TABLE 1.—DAY AVERAGED RATE CONSTANT
- (Ka) ? FOR SUNLIGHT ABSORPTION 8Y PNAP
" AS A FUNCTION OF SEASON AND DECADIC
LATITUDE 2 ) o

. Season
L . Soring | Summar Falt Wintor
515 551 409} - 3z
483 551 333 232
431 532 245 139
362 496 154 - 64

'kaZeuls in the anits of day - [Mill et ul. (1982) upder
paragraph (N){10)) of this sechiony. y 3

*For use 1n equation 15 under paragraph (d}{2){i) of this.
section. .

The vélue of K, is then given by
cquation 13: .

- Equation 13

qu’—‘ (kw/ k)(k/ k.\]k.\-
(viii} To obtain I, determine the ratio,

* (kp/k,) from a linear regression of /n(C,/

Cw versus In(C,/Clpnap according to
equation 13a: S

Equation 13a .
In(C,/Cy= (ko/ka) ln(Ca/C)Pm-

The slope is (kp/k,), and ko is obtained
by multiplication of this slope with the
known value of k,: i.c., kp—(kp/ka)ka.

(ix) Then, (k,)suw values in SHW ure
determined by summing kp and k,, as
follows:

Eguation b7
(ku)r;uw = i(].. + k,,.

(x) Finally. equation 5 under
paragraph.{c){2){vii) of this section is
modified sa that kg is calculated from
the precise relationship, equation 5a:.

£Equation 5a
kye =0.453(k; )spw.

(2} Procedure. (i) Using the test
chemical photoreaction rate constant in
round tubes, (k,)syw, determined in
Phase 2 under paragraph (c} of this
section, and the absorption rate
constant, k,, found in Table 1, under
paragraph (d}(1)(vi) of this section,
calculate the molar pyridine
concentration required by the PNAP/
PYR actinometer using equation 15:

Equation 15 )
[PYR]/M=28.9](k,)suw/k.].

This pyridine concentration makes the
actinometer rate constant match the test
chemical rate constant. . )

(A) The variable k, (=ZérqLa) is equal
to the day-averaged rate constant for
sunlight abeorption by PNAP [USEPA
(1984) under paragraph (f)(14) of this
section; Mill et al. (1982} under
paragraph (f}{10) of this section; Zepp
and Cline (1977) under paragraph H(19)
of this section] which changes with
season and latitude.

(B) The variable k, is selected from
Table 1 under paragraph (d}(1)(vi} of this
section for the season nearest the mid- -
experiment date of Phase 2 studies and
the decadic latitude nearest the
.experimental site.

(ii) Once [PYR] is determined, an
actinometer solution is prepared by
adding 1.00 mL of 1.0 x 10~2 M {0.165 .
8ms/100 mL) PNAP stock solution (in-
CH;CN solvent) and the required .
volume, V, of PYR to a 1 liter volumetric
flask. The flask is then filled with’
distilled water to give 1 liter of solution.
The volume V can be calculated from
equation 18: .

Equation 16
V/mL=[PYR}/0.0124,

The PNAP/PYR solutions should be -
wrapped with aluminum foil and kept
out of bright light after preparation.

(iii) The following solutions should be
prepared and individually added in 6.00
mL aliquots 10 12/100-mm quartz sample
tubes: 8 tubes should be filled with each .
solution: S e

(A) PNAP/PYR actinometer solution;

(B) Test chemical in pH 7.0, 0.010 M
phosphate bulfer;

(C) Test chemical in pH 7.0, 0.010 M

* 'phosphate buffer/SHW;

-
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(D) pH 7.0, 0.010 M phosphate buffer/
SHW. Four tubes of each set are
wrapped in foil and used as controls.

{iv) The tubes are placed in the
photolysis rack (Phase 2, Procedure
under paragraph (c)(2) of this section) at
0900 hours on day zero, with the
controls taped to the bottom of the rack.
One tube of each composition is
removed, along with their respective
controls, according to a schedule found
in the following Table 2, which :
categorizes sampling times on the basis
of (k;)suw determined in Phase 1 under
paragraph (b) of this section.

TABLE 2.— CATEGORY AND SAMPLING PROCE-
DURE FOR TEST AND ACTINOMETRY SOLU-
TIONS

Category k,(d— 7} SHW Sampling procedure
[ S 55>Kk,>0.69 ... .| Sample a1 0, 1, 2, 4,
and 8h.
0.69>¥>0.17..........| Sample at 0, 1,2, 4, -
and 8d.
o 0175k >0.043......... Samoie at 0. 4. 8. 16.
and 32d.

(v) The tubes containing PNAP, test
chemical, and their controls are
analyzed fur residual concentrations
soon after the end of the experiment.
PNAP is conveniently analyzed by

" HPLC, using a 30 cm Cis reverse phase
column and a uv detector set at 280 nm.
" The mobile phase is 2 percent acetic

acid, 50 percent acetonitrile and 48
percent water (2 mL/min flow rate),
Tubes containing only SHW (solution D)
should be analyzed by absorption -
spectroscopy at 370 nm after storage at
4°C in the dark. The absorbance range
to-be measured is 0.05 to 0.01 AU (1 cm).
(vi) If controls are well-behaved and

- show no significant loss of chemical or

absorbance change, then k; can be X
calculated. In tabular form (see Table 4
under paragraph (d)(6)(iii)(A) of this
section) arfange the quantities In(C,f
Co)suws In(Co/Cdw, [1—(Aszo/. A%10)],
In(A®10/Asso), and /n(C,/C,)w. in order

.of increasing time. Acording to equation

11 under paragraph (d)(1)(vi) of this
section in the form of equation 17, plot

the quantities [/n(C,/Cy)suw-in(Co/ C,)w[] P

versus the indepdent variable [1-(Asso/
A®m)}. Obtain the slope (S1) by least
squaree linear regression. Under the
assumptions of the protocol, $1=(k/k).
Equation 17
I{Co/Csuw— In(Co/ Clw=(kio/k) [1=~(Asr0/
-H"uo)].
(vii) According to equation 12 under

paragraph (d)(1)(vii) of this section, plot .

the quantities /n{A*30/As1) versus the
independent variable) In(Co/Cy) enap- -

Obtain the slope (S2) by least squares

linear regression. Under the .

" assumptions of the protocol, 52=(k/k,).

(viii} Then, using equation 13a under
paragraph (d)(1)(viii) of this section,
determine the slope (S3) by least )
squares linear regression. Under the
assumptionsof the protocol, S3 is equal
to (kp/ka). :

(ix) From equation 18:

Egquation 18

- K,=0.0372[PYR|k.,

Calculate k, using k,a values found in -
Table 1 under paragraph (d)(1)(vi) of this
section . The value of k, chosen should
correspond to the date closest to the,
mid-experiment date and latitude =
closest tn that of the experimental site.

{x) The indirect photoreaction rate
constant, ki, is determined using
equation 19: :

Equation 19
kio=(51)(ka}(S2),

* By incorporating the quantities k,, S1,

and S2 determined as described above.
(xi) The rate cnnstant kg, is calculated

from equation 20:

- "Equation 20

ko=(S3)(ka).
using the quantities S3 and k,
determined as described above.

(xii) Then, (k;)syw is obtained by
summing kp and ky, {equation 14 under
paragraph {d)(1)(ix) of this section].

{xiii) Finally, k¢ is obtained by
multiplying (k,)suw by the factor 0.455
[equation 5a under paragraph (d}{1)(x)
of this section]. As determined, k. is the
niet environmental photoreaction rate
constant. It applies to clear sky
conditions and is valid for predicting
surface photoreaction rates in an
average humic containing freshwater
body. It is strictly valid only for the
experimental latitude and season.

(3) Criteria for Phase 3. As in Phase 2
under paragraph (c) of this section, -
Phase 3 tests are assumed valid if the - .
dark controls are well behaved and

show no significant loss of chemical. In -

such a case, loss of test chemical in
irradiated samples ig due to
photoreaction.

(4) Rationale. Simultaneous o
irradiation of a test chemical and = .
actinometer provide a means of
evaluating sunlight intensities during the
reaction period. Parallel irradiation of
SHW solutions allows evaluation of the
extent of photobleaching and loss of
sensitizing ability of the natural water.

(8) Scope and limitations of Phase 3
protocol. Test chemicals that are .
classified as having half-lives in SHW in

listing are suitable for use in Phase 3

testing. Such chemicals have =~
photoreaction half-lives in a range
accommodated by the PNAP/PYR_

~ actinometry in sunlight and also

accommodate the persistence of SHW in
sunlight. .

(6) Zllustrative example. (i) From
Phase 2 testing under paragraph

{c)(6)(iii) of this section, chemical A was.
~ found to have a photolysis rate constant,

(ko)suw' of 0.30 d~! in fall in round tubes
at latitude 33° N. Using Table 1 under
paragraph (d)(1)(vi) of this section for
30° N, the nearest decadic latitude, a fall
value of k, equal to 333 d~! is found for
PNAP. Substitution of (k,)syw and k, into
equation 15 under paragraph (d)(2)(i) of
this section gives [PYR]}=0.0242 M. This

. is the concentration of pyridine that

gives an actinometer rate constant of
0.30 d~!in round tubes in fall at this
latitude.

(ii) The actinometer solution was
made up by adding a volume of pyridine
(1.95 mL) calculated from equation 16
under paragraph (d}(2)(ii) of this section
to a 1 liter volumetric flask containing

*1.00 mL of 1.07x10-2M PNAP in B
acetonitrile. The flask was filled to the

mark with distilled water to give final
concentrations of [PYR]=0.0242 M and
[PNAP}=1.00x10"%M. Ten tubes of each
of the following solutions were placed in
the photolysis rack at 1200 hours on dav
zero:

(A) Chemical A (1.53 x 10"3M) ini

standard SHW {0.010 M, pH 7 phosp.. . .
* buffer). -

(B) Chemical A (1.53 x 10~9), in 0.010
M. pH 7 phosphate buffer.

(C) SHW standard solution diluted

with water 0.90 to 1.00 to match solution
A.
(D) PNAP/PYR actinometer solution
Ten additional foil-wrapped controls of
each mixture were taped to the botto;
of therack. - .

*(iii) The test chemical and been

- placed in category B, Table 2 under
_ paragraph (d)(2)(iv) of thig section, on

the basis of its Phase 2 rate constant
under paragraph (c) of this section.
Accordingly, two tubes of each
irradiated solution and two tubes of
each blank solution were removed at 0,
1, 2, 4, and 8 days at 1200 hours, The _
aveaged analytical results obtained at
the end of the experiments are shown in
the following Table 3. Data for solutions
A through D are given in colum 2
through 5, respectively. No significant
chemical loss was found in the dark

the range of 1 hour to 50 days in Phase 2 - controls. .

\

-~
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TiaE 3 -~ THEMICAL ANALYTICAL RESULTS FCR L. USTRATIVE EXAMPLE. PHagE 3

" T T T
Day 0ICE™ % [ 1o1cIw M | At rotenap) m
1 B EN
S 5 153 . 153 P.0500j 1.00
1.03 ! 140 D.0a70 0.810
0.760 1.30° P.0340 © 0,690
- 0300 | 1.01 -~ D.0370 0.380

9150 ! 0800 Dnaz0! 0.220

(A) From these items the functions

- In(C./C)sxew. In(C,/Clu 11 —(Aare/

A%)sxwl. I(A%10/ Aazo), and In{C,/
Clexar were calculated, as shown in the

following Tahle 4 which was derived

", from Table 3 under paragraph (d)(6)(iii)

e
-

of this section:

TABLE 4.—PHOTOREACTION FUNCTION FOR ILUSTRATIVE ExAMPLES, PHASE 3, DERIVED FRGM

TABLE 3
Day ’ M(Cy/Clsyw M(C,IC‘)W '~(A,:;/ A®74) N(A®:0/Arr) MC,/Clrues) '
) ) 0 o e °
1. 0.398 0.0888 0.0600 00618 |. 021t
2. Q700 0.163 0.120 Q.128 0.371
4 1629 0.415 0.260 .30 0.963
8 2.465 0.648 0.360 , 0.4468 1514

(B} Slope St=(k,,/k} was calculated
according to equation 17 under
paragraph (d){2)({vi} of this section and
was found to be 4.96 hy a least squarcs
regressiun with a correlation coefficient
‘equal to 0.9980. Figure 1 shows a plot of
equation 17 under paragraph (d){(2){vi} of
this section and its best-fit line.

. 20 T

s

1 Cy/Chyyy, -t leg/Ch,
s
T

o ) N S
° L3 00 (> ) o4 050
A 30/A 310wy

Figure 1.—Graphic determination of 81=(kio/k)
based on equation 17,

(C) Slope S2={k/k,} was also derived
from Table 4 under paragraph - .
(d)(G)(iii)(A) of this section by a fit of
In(A%a0/Asso)spw and /n(C,/Cpysp to

.equation 12 under paragraph (d)(1)(vii)

of this section. This plotis displayed in
Figure 2; the slope 52 was found to be

0.295 and the'correlation coefficient was

equal to 0.9986,

20

Figure 2.—Graphic determination of S2< tk/k,)
based on equation 12.

(D) Using the data in columns 3 and 6
in Table 4 under paragraph (d)(6)(iii)(A)

of this section, slope S3 was calculated -

by regression from equation 13a under
paragraph (d){1)(viii) of this section and
was found to be 0.428 with correlation
coefficient equal to 0.99997,

{E} Using equation 18 under paragraph
(dj{2)(ix) of this section, k4 was found to
be = 0.300 at E -

(F) The values of $1, S2, and K, were
then combined in'equation 19 under -
paragraph (d)(2)(x) of this section to give

to as follows: :
kio=(4.96) (0.300) (0.295) =0.439 d ",

(G) The rate constant kp was

. ‘calculated from the product of $3 and kA/

as expressed in equation 20 under
paragraph (d){2)(xi) of this section as’
follows: . .

. \,
ko-0.c0 030010020 4 L. \
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(HJ The sum of kp and k,, was
multiplied by 0.455 to obtain k¢
K’y = (0.435) (0.439 +0.128)d !

Equuiivn 21
Ke=0.258 d*

(1) Since k. is a first-order rate
consiant, the half-life, t 25 is given by
equation 2z CL
Equation 22
e =0 6037,

Substituting the value of kg from
equation 21 under paragraph (d)(6)(iii)
(H) of this section’in equation 22

yielded.
Eguation 23 .
t/2E=0.693/0.258 d''=27 d.

{e) Dala and Reporting—{1) Test

Conditions—{i) Specific Analytical and
Recovery Procedures. {A) Provides a

. detailed description or reference for the

analytical procedures used, including
the calibration data and precision, )

(B) If extraction methods were used to
separate the solute from the aqueous
solution, provide a description of the
extraction method as well as the
recovery data. ) )

(ii) Other Test Conditions. {A) Report
the site and latitude where the .
photolysis experiments were carried out.

(B) Report the dates of photolysis,
weather conditions, times of exposure,
and the duration of exposure.

(C) If acetonitrile was used to - - * = :

solubilize the test chemical, report the. - -

volume percent,

(D) If a significant loss of test
chemical occurred in the control-
solutions for pure water and SHW,
indicate the causes and how they were
eliminated or minimized.

_ (2) Test Data Report—{i) Phase 2
Sereening Tect under peragraph (c) ol
this section. {A) Report the initial molar .
concentration of test chemical, C,, in
pure water and SHW for each replicate
and the mean value. -

(B) Report the molar concentration of
test chemicai, C,, in pure water and
SHW for each replicate and the mean
value for each time point t.

“{C) Report the molar concentration of
test chemical for each replicate control
sample and the mean value for each
time point. - i

(D) Report the values of (k) 5., and
(ko) for the time point t in which the

fraction of test chemical photoreacted is .~

in the range 20 to 80 percent.
(E) If smiall losses of test chemical

were observed in SHW and pure water, - -

report a first-order rate constant loss, .
{ko)ioe Calculate and report {ks)one for
SHW and/or pure water. Calculate and
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report the corrected first-order rate
coastant for SHW and/ar pure water
using the relationship

Equation =4

ko=(Kgloom ~ {Kojiuer .

(F) Report the value of R calculated
from equation 4 under paragraph
(c){2)(vi){Djl4) of this section.

(G) Report the values of k, and kgg
obtained [rom equations 5 and 6,
respectively under paragraph {c)(2}(vii)

-of this section: report the corresponding

half-life calculated from equation 22
under paragraph (d)(e}(iii)(I) of this
section, i
(i) Phase 3—Indirect Photoreaction
with Actinometer. (A) Report the initial

‘molar concentration of test chemical, C, -

in pure water and in SHW for each
replicate and the mean value. -

(B) Report the initial absorbance A'ng
of the SHW salution. :

(C) Report the initial molar
concentration of PNAP of each replicate
and the mean value in the actinometer.
Report the concentration of pyridine
used in the actinometer which was

_obtained from equation 15 under

paragraph (d}(2)(i) of this sectiun.
{D) Report the time and date the
photolysis experiments were started, the

“time and date the experiments were

completed, and the elapsed photulysis
time in days. .
{E) For each time point t, report the

separate values of the absorbance of the

SHW solution, and the mean vaiues.

(F) For eachi time point for the, - - -
controls, report the separate values of
the molar concentrations of test
chemical in pure water and SHW, and
the absorbance of the SHW solution,
and the mean values. N

(G) Tabulate and report the following
data: t, [C[S¥¥, [C]¥, ASHW,,,, [PNAP].

(H) From the data in (G), tabulate and
report the following datas t, (GC,/ Clstw:
In(Co/Clpwar [1—(Asr0/ A®s0)ss2w)s
In{A°®0/ Aso), In(Co/ Clonar

(I} From the linear regression analysis
of the appropriate data in step (H) under’
paragraph (e}{2)(i] in equation 17 under

- paragraph (d)(2)(vi) of this section,

report the slope St and the correlationf’
coefficient. -
(1) From the linear regression analysis

of the appropriate data in step (H) under
paragraph (e)(2)(i) in equation 12 under
paragraph (d)(1)(iii} of this section,
report the slope S2 and the correlation
coeflicient.

-{K) From the linear regression
analysis of the appropriate data in step

- (H} in equation 13a under paragraph

(d)(1){viii) of this section, report the )

slope S3 and the correlation coefficient. -
(L) If loss of chemical was observed

during photolysis in pure water and

SHW, then report the data /n(C,/C)ryem

* In(Cy/Clope {Co/C)ioss as described in

step (E). Repeat steps (H), (1). (J). (K)
where applicable and report $1. S S3
a.ad e corresponding correlation
coefficients.

(M} Report the value of the -
actincmeter rate constuat obtained from
equation 18 under paragraph (Jd'12Yix) of
this section.

{N] Report the value of k,, nhiained

“from equation 19 under paragraph

(d){2)(x] of this section. :
(O) Report the value of K obtaifled,
from equation 20 under paragraph

(d}(2)(xi) of this section.

(P) Report the value of (Kpedsyws
obtained from equation 14 under
paragraph (d)(1)(ix) of this section and
the value of ke obtained from equation
5a under paragraph (d)(1}(x) of this
section. .

(Q) Report the half-life, tl/g, obtained
{rom equation 22 under paragraph
[d){6)(ii1)(1} of this section.

(f) References. For additional
background information on this test
guideline the following references
should be consulted.- .

(1) Covper W.]., Zika R.G. “Photochemical
formation of hydrogen peroxide in surface
and ground waters exposed 1o suniight.”
Science, 220:711. 1983. .

(2} Draper W.M.,, Crosby D.G. “Tke
photochemical generation of hydrogen
peroxide in natural waters.” Archives of
Environmental Contamination amt
Toxicolugy, 12:121. 1983. - ’

(3) Draper , W.M. and Crosby D.G. “Solar
photooxidation of pesticides in dilute
hydrogen peroxide.” Journal of Agricultural -
and Food Chemistry, 32:231. 1984,

{4) Draper W.M., Crosby D.G. “Hydrogen ",
peroxide and hydroxyl-radical: intermediates
in indirect photolysis reactions in water.”
Journal of Agricultural and Food Chemistry,
29:699. 1981. :

(3} Dulia D.. Mill T. “Development and
evaluation of sunlight actinometers.”
Evironmental Science and Technology,
16:815. 1982.. ; .o

{6) Haag W.R., Hoigne ]., Gassman E.,
Braun, A.M. “Singlet oxvgen in surface
waters—Part & Furfuryl alcohol as a trapping
agenl.” Chemosphere, 13:631. 1984.

(7) Haag W R., Hoigne J.. Gassman E..
Braun A.M. “Singlet oxygen.in surface
waters—Part II: Quantum yields of its
production by some natural humic materials

-

“Laborat

(9) Mill T, Mabey W.R.. Bomberger -~
Chou T.W., Hendry D:G.. Smith J.11. .
iy protocols for evaluating’
emicals in air and water U.._er
in'water. Chapter 4. Oxidatian
A 600/3-82-002. Environmental ..
Research Laboratory, Office of Research and
Development. EPA, Athens. GA. 1981.

(10) Mill T.. Mabey W.R., Winterle }.S.
Davenaurt LE., Barich V.P., Dulin D.E., Tse
D.S..: e G. "Design and validation of
screening and detailed methods for - .
environmental processes. Appendix C.
Lower-tier direct photolysis protacol.” Draft
final report. EPA Contract No. 68-01-6325.

' Office of-Toxic Substances, EPA,
-Waghington, D.C., 1082.. :

(11) Mill T., Davenport |.E., Winterle |.S,
Mabey W.R., Drossman H.; Tse D., Liu A.

_Toxic substances process data generation

and protacol development. Work assignment
12. Appendix B. Upper-tier protocol for direct

. photolysis in water. Draft final report. EPA

Contract Ne. 68-03-2981. Environmental
Research Laboratory, Office of Research and

Development, EPA, Athens, GA, and Office

of Toxic Substanves, EPA, Washingion, D.C. -
July 1983, -

(12) Winterle |.S., Mill T. Toxic substances
process data generation and protacol
development. Work assignment 18. “Indirect
phutoreaction protocol.” Draft EPA special
report. EPA Contract No. 68-03-2981.
Fnvironmental Research Laboratory, Office
of Research and Development, EPA. Athens,
GA and Office of Toxic Substances, EPA,
Washington, D.C. 1985.

{13) Mill T., Hendry D.G., Richardson H.
“Free radical oxidants in natural water ~
Science, 207:886. 1980.

(14) U.S. Environmental Protection i

. Office of Toxic Substances. “Chemical Yarg ™
" test guidelines. Test guideline (CG. CS~-6000). ~

Photolysis in aqueous solution.” EPA-560/6-
84-003. NTIS publication PB-84-233287. 1984.
(15) U.S. Environmental Protection Agency,
Uttice of Toxic Substances. “Chemical fate
test guidelinés. Test guideline (CG, CS-6010).
Laboratory determination of the direct
photolysis reaction quantum yield in agueous
solution and sunlight photolysis.” EPA-560/

- 8-84-003. NTIS publication PB-84-233287.

1984. - y
(16} Wolff C.J.M., Halmans M.T.H.. Van der
Heijde H.B. “The formation of singlet oxygen
in surface waters.” Chemosphere. 10:59.1981.
(17) Zepp R.G., Baughman G.L.,
Schlotzhauer P.F. “Comparison of
photochemical behavior of various humic
substances in water: I. Sunlight induced
reactions of aquatic pallutants ;
photosensitized by humic substances.”
Ch

as a function of wavelength. Ch phere,
13:641. 1984.

(8) Mill T., Winterle |.S., Fisher A., Tse D..
Mabey W.R.. Drossman H.. Lin A. L.E.
Davenport. Toxic substances process data
generation and protocel development. Worl
assignment 12, test standard development.
“Section 3. Indirect photolysis.” Draft final
report. EPA Contract No. 68~03-2481.
Environmental Research Laboratory, Office

 of Research and Development, EPA, Athens,

GA, and Office of Toxic Substances, EPA,
Washington, D.C; 1984. :

ohere, 10:109. 1981. o
(18] Zepp R.G. Baughman G.L., Schlozhauer
P.F. “Comparison of photochemical behavior .
of various humic substances in water: II.
Photosensitized oxygenatinns."”
Chemosphere, 10:119. 1981. )
{19} Zepp R.G., Cline D.M. “Rates of direct

" photolysis in aquatic environments.”

Environmentel Science and Technology. 11:
359. 1977. : -

(20} Zepp. R.G.. Wolfe N.L., Baughman C.L.,

Hollis R.C. “Singlet oxygen in natusal
waters.” Nature, 267:421. 1977,

“
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(21) Zepp, R.G.. Schlutzhauer .F.. Merritl
S.R. “Photosensitized transformations .
involving electronic energy transfer is natural
waters: roie of humic substunces.”
Environmental Science and Techpol, sy,
19:74, 1985. )

PART 797—{AMENDED] .
2. Part 797 is amended as follows:
a. The authority citation for Part 797
continues to read as follows: :
’Authorily: 15USC 26b3. 2é_n. 2625.

b. By adding § 797.1310 to read as
follows:

§797.1310 Gammarid Acute Toxicity Test,

. () Purpuse. This guideline is intended
for use in developing data on the acute
toxicity of chemical substances and
mixtures subject to environmental
effects test regulations under the Toxic
Substances Control Act (TSCA) {Pub. L.
94-469, 90 Stat, 2003 (15 U.S.C. 2601 et.
seq.)). This guideline describes a test to
develop data on the acute toxicity of
.chewicals 10 gammarids. The Unj ted
States Environmental Protection Agency
(EPA) will use data from this test in

.- assessing the hazard of a chemical to

" aquatic orgdnisms.

(b) Definitions. The definitions in
Section 3 of the Toxic Substances -
Control Act (TSCA) and in Part 792—
Good Laboratory Practice Standards of
this chaprer apply to this test guideline.
The following definitions also apply to
this guideline. :

(1) "Death” means the lack of reaction .
of a test organism to gentle prodding. ~

(2) “Flow-through" means a
continuous or an intermittent passage of
test solution or dilution water through a
test chamber or a holding or acclimation
tank, with no recycling.

{3} “LCso” means the experimentally

- derived concentration of test substance -

that is expected to kill 50 percent of a
test population during continuous

exposure over a specified period of time.

(4) "Loading” means the ratio of the
iomass of gammarids (grams, wet -
weight) to the volume (liters) of test
solution in either a test chamber or
passing through it in a 24-hour period.

(5) “Solvent” means a substance {e.g.. .

acetone) which is combined with the
test substance to facilitate introduction
of the test substance into the dilution ,
water.
* (6) “Static system" means a test
chamber in which the test solution is not
renewed during the period of the test.
(c) Test procedures—(1) Summary of
the test. In preparation for the test, test
chambers are filled with appropriate
‘volumes of dilution water. If a flow-
through test is performed, the flow of
dilution water through each chamber is
-adjusted to the rate desired. In a static
test, the test substance is introduced
into each test chamber. In a flow-
through test, the rate at which the test

substance is added is adjusted to
establish and maintain the desired
concentration of test subsiance in each
test chumber. The test is started by
randomly introducing gammarids which
have been acclimated to the test
conditions into the test chambers.
Gammarids in the test chambers are
observed periodically during the test;
the dead gammarids are removed and
the findings recorded. Dissolved oxygen
concentration, pH., temperature and the
concentration of test substance in test
chambers are measured at specified -
intervals. Data collected during the test.
are used to develop concentration-

‘response curves and LC;, values for the

test substance.

(2) [Reserved) i

(3) Range-finding test. (i) A range-
finding test should be conducted to
establish test substance concentrations
for the definitive test.
" '(ii} The gammarids shall he exposcd
to a series of widely spaced -
concentrations of the test chemical ( e.g.

. 1,10, 100 mg/1, etc.), usually under static

conditions.

(iili) A minimum of five gammarids
should be exposed to each .
concentration of test chemical for a
period of 96 hours. The exposure period
may be snortened if data suitable for
determining concentrations in the
definitive test can be obtained in less
time. Neminal concentrations of the ]
chemical may be acceptable.

(4) Definitive test. (i} The purpose of
the definitive test is to determine the 24
48, 72 and 96-hour LCsy values and the
concertration-response curves. :

(ii} A minimum of 20 gammarids per

* concentration shall be exposed to five or
. more concentrations of the chemical

chosen in a geometric series in which
the ratio is between 1.5 and 2.0 (e.g. 2,4.
8. 10, 32, 64 mg/L). The range and
number of concentrations to which the ,
organisms are exposed shall be such
that in 96 hours, there is at least one
concentration resulting in mortality
greater than 50 and less than 100

Percent, and one concentration causing

greater than zero and less than 50-
percent mortality. An equal number of

‘grammarids may be placed in two or

more replicate test chambers. Solvents
should be avoided, if possible. If

+ solvents have to be used, a solvent

control, as well as a dilution vontrel,
shall be tested at the highest solvent
concentration.employed in the
treatments. The solvent should not be
toxic or have an effect on the toxicity of
the test chemical. The concentration of
solvent should not exceed 0.1 m} /L.
(iii) Every test shall include a
concurrent control using-gammarids
from the same population or culture
container. The control group shall be
exposed to the same dilution water.

cunditions and procedures, except that
none of the chemical is added to.the
chamber. i

{iv) The dissolved oayvgen
concentration. temperature and pl1 shall
be measured at the beginning of the test
and.at 24, 48, 72 and 96 hours in at least
one replicate each of the control and the
highest, lowest and middlc test
concentrations. ,

(V) The test duration is 96 hours. The
test is unacceptable if more than 10
percent of the control organisms die
during the test. )

(vi) In addition to death, any
abnormal behavior or agpearance shall
also be reported.

(vii) Gammatids shail be randomly
assigned to the test chambers. T'est

- chambers shall be positioned within the

testing area in a random manner.or in a
way in which appropriate statistical
analyses can be used lo determine
whelher there is any variation due to
placement. -

(viii) Gammarids shall be introduced
into the test chambers after the test
suhstance has been added.

(ix) Observations on compound )
solubility shall be recorded. The
investigator should report the
appearance of surface slicks,
precipitates, or material adhering to the
sides of the test chambers. S

{5) [Reserved|

(6) Analytical measurements—iij
Water quality analysis. The hardness,
acidity, alkalinity, pH, conductivity,
TOC or COD, and particulate matter of
the dilution water shall be measured at

. the heginning of each tast.

- (ii) Collection of samples for
‘neasurement of test substance. Samples
to be analyzed for the test substance
concentrations shall be tuken midway
between the top, bottom, and sides of
the test chamber. These samples should
not include any surface scum or material
dislodged from the bottom or sides.
Samples shall be analyzed inunediately
or handled and stored in a manner .
which minimizes loss of test substance
through microbial degradation,
photodegradation, chemical reaction,
volatilization, or-sorption. .

(iti) Measurement of test substunce.
{A) For static tests, the concentration of
dissolved test substance {that which
passes through a 0.45 micron filter) shall
be measured. at a minimum, in each test
chamber at the beginning (zero-hour,
before gammarids are added) and at the
end of the test. During flow-through
tests. the concentration of dissolved test
substunce shall be measured in each
test chamber at least as often as at 0 -
and-96-hours and in at least one
chumber whenever a malfunction of the
test substance delivery system is
obscrved. )
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-(B] The analytical methods used to
muasure the amount of test substance in
o samite shad! he validatad ! 1]
hegineng the test. This involv adding
A known amaant of the tesi suhsiance w
each of three water samples 11421 from
a chamber containing dijution water and
be sume number of gammarids as are
used in the test. The nominal
concentrations of the test substance in
these sumples should span the
concentration range to be used in the
test. Validation of the analytical method’
should be performed on at least two
separate days prior to starting the test.

(C) An analytical method is not
acceplable if likely degradation
products of the test substance give
positive or negative interferences, unless
itis shown that such degradation
products are not present in the test
chambers during the test.

(D) Among replicate test chambers,
the measured concentrations shall not
vary more than 20 percent. The
measured concentration of the test
substance in any chamber during the

. test shall not vary more than plus or
minns 30 percent from the measured
concentration in that chamber at zero-
time. .

(E) The mean measured concentration

of dissolved test substance shall be used
lu calculate all LCso's and to plot all
conceniration-response curves.

(d) Test conditions—{1) Test
species—|i) Selection. (A) The
amphipods, Gammarus fasciatus, G. --
pseudolimnaeus, and G. Lacustris are
specified for this test. -

(B} Gammarids can be cultured in the
laboratory or collected from natural
sources. If collected, they must be held
in the laboratory for at least 14 days
prior to testing. ' :

(C) Gammarids used in a particular
test shall be of similar age and/or size
and from the same saurce or culture
population. .

(il) Acclimation. If the holding water
is not from the same source as the test
dilution water, acclimation to the
dilution water shall be done gradually

over a 48-hour period. The gammarids .- -

then shall be held at least 7 days in the
dilution water prior to testing. Any
changes in water temperature shall not
exceed 2°C per day. Gammarids should
be held for a minimum of 7 days at the
ltest temperature prior to testing.

(iii) Carc and handling. Gammarids

shall be cultured in dilution water under

similar environmental conditions to
those used in the test. Organisms shall
be handled as little as possible. When'
handling is necessary it should be done
as gently, carefully and quickly as
possible. During culturing and®

. acclimation, gammarids shall be

observed carefully for signs of stress
and mortality. Dead and abnormal
individusis shall be discarded.

(iv}) Feediizy. The organisms shail not
be fod during testing. During eulta:ing,
holding. 1nd acclimarion. a suffic
quantity of deciduous leaves, such as

.maple, aspen or birch, should be placed

in the cuiture and holdirg containers to
cover ke botlom with several layers.
These leaves should be aged for at least
30 days in a flow-through system before
putting them in the aquaria. As these
leaves are eaten, more aged leaves
should he added. Pelleted fish food may
also be added. B

(2) Facilities—(i) Apparatus. [A)
Facilities needed to perform this test
include: (7) Containers for culturing,
acclimating and testing gammarids: (2)
containers for aging leaves under flow-
through conditions: {3) a mechanism for’
controlling and maintdining the water
temperature during the cuituring.
acclimation and test periods; (¢)
apparatus for straining particulate

- matter, removing gas bubbles, or

aerating the dilution water, as
necessary; and (5) ann apparatus for
providing a 16-hour light and 8-hour

dark photoperiod with a 15- to 30-minute’

transition period. .

(B) Facilities shall be well ventilated
and free of fxmes and disturbances that
may affect the test organisms.

{C) Test chambers shall be covered
loosely to reduce the loss of test solution

-or dilulion water due to evaporation and

to minimize the entry of dust or other
particulates into the solutions. :

- (ii) Construction materials. -
Construction materials and equipment
that may contact the stock solution, test
solutien, or dilution water shall not
contain substances than can be leached
or disselved into agueous solutions in
quantities that can alter the test results.
Materials and equipment that contact
stock or test solutions should be chosen
to minimize sorption of test chemicals.

- Glass, stainless steel, and

perfluorocarbon plastic should be used
whenever possible. Concrete, fiberglass,
or plastic (e.g., PVC) may be used for
holding tanks, acclimation tanks. and
water supply systemis. but they should
be aged prior to use. Rubber, copper,
brass, galvanized metal, and lead should
not come in contact with the dilution
water, stock solution, or test solution.
(ili) Test substance delivery system.
In flow-through tests, diluters, metering
pump systems or other suitable devices
shall be used to deliver the test
substance to the test chambers. The
system used shall be calibrated before
each test. The general operation of the
test substarice delivery system shall be
checked twice daily during a test. The

24-hour flow shall be equal to at least
five times the volume of the test
chumber. During a test. the fiow rates

shouid not vary more than 10 percent

from one-ast chumber to another.

{iv} Tes: che:nbers. Test chambers
shali contain at least one liter of test
solution. Test chambers made of
stainless steel should be welded, not
soldered. Test chamhers made of glass
should be glued using clear silicone
adhesive. As little adhesive as possible
should be left exposed in the interior of
the chamber: A substrate, such as a bent
pfece of stainless steel screen, should be
placed on the bottom of each test
chamber to provide cover for the
gammarids. - '

(v) Cleuning of test system. Test
substance delivery systems and test
chambers should be cleaned before each
test. They should be washed with -- -
detergent and then rinsed sequentially
with clean water, pesticide-free acetone, _
clean water, and 5-percent nitric acid,
followed by two or more changes of
dilution water. .

(vi) Dilution water. (A) Clean surface
or ground water, reconstituted water, or
dechlorinated tap water is acceptable as
dilution water if gammarids will survive
in it for the duration of the culturing.
acclimating, and testing periods without
showing signs of stress. The quality of
the dilution water should be constant
enough that the month-to-month
variation in hardness, acidity, alkalinity.:-
connductivity, TOC or COD,and . _ .
particulate matter is not more than 16
percent. The pH should be constant
within 0.4 unit. In addition, the dilution
water should meet the following
specifications measured at least twice a
year: :

Substance .} concanira-.

Parti matier.

Total organic carbon (TOC) OF.....cu.m e veereemam e 2mg/L.
oxygen €O}, S5mg/t. |

Boron, fluonde.... 100 vgA

Un-onized h -

Aluminum, arsenic, chromium, cobait. copper,

0N, lead, MCKOL ZNC.—wwurammrimecseme. 1 ug/L.
Residual chicnne............. J-ugsL.
Cadmium, mercury. sitver.. - 100 ng/L.
Total organopl pest S0 ng/L.
Total org; plus

nnated biphenyls (PCES) OF cueeviamcei e, —: 50 ngsL.
crgamic chionne. 25 ng/t.

{B) If the diluent water is from a
ground or surface water source, L
conductivily and total organic carbon -
(TOC) or chemical oxygen demand
(COD) shall be measured. Reconstituted
water can be made by adding specific
amounts or reagent-grade chemicals to
deionized or distilled water. Glass
distilled or carbon-filtered deionized
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" water wilh a conductivity less than 1
micromho/cm is acceptable as the
diluent fo- making e asineted wie

(C) The concentration of dissoi ey

. oxygen in the dilttion water shail Le
between 90 and 109 percent satura.ion.
Hf necessary, the dilution water c:iq he
aerated before the uddition of the test
substance. All recons:ituted water
should be aerated before use. .

(3) Test parameters. Environmental
parameters during.the test shall be
maintained as specified below:

(i) Water temperature of 18 + 1 °C.

(ii) Dissolved oxygen concentration
between 60 and 105 percent satiration.

(iii) The number of gammarids placed
in a test chamber shall not be so great
as to affect the results of the test. Ten
gammarids per liter is the recommended
level of loading for a static test. Loading
requirements for the flow-through test
will vary dependingon the flow rate of
dilution water. The loading should not
cause the dissolved oxygen
concentration to fall below the
recommended levels. -

_ (iv) Photoperiod of 16 hours light and

“ 8'hours darkness. :

(e} Reporting. (1) The sponsor shall
submit to the EPA all data developed by
the test that are suagestive or predictive
of toxicity. In additivi. the test report

. shall include. but not necessarily be
limited to, the following information:

(i) Name and address of the facility
performing the study and the dates on
which the study was initiated and
completed.

(i) Objectives and procedures stated
in the approved.protocol, including any
changes in the original protocol.

{iii) Statistical methods employed for
analyzing the data. .

(iv} The test substance identified by
name, Chemical Abstracts (CAS)
number or code number, source, lot or
batch number, strength, purity, and
composition or other appropriate

-characteristics. : .

(v) Stability of the test substance
under the conditions of the test.

{vi) A description of the methods
used. including: i

(A) The source of the dilution waler,
its chemical characteristics (eg.
hardness, pH. etc:) und a description of
any pretreatment. -

"{B) A description of the test substance
delivery system, test chambers, the
depth and volume of solution in the
chamber, the way the test was begun-
(e-.g.. test substance addition), the
loading. the lighting, and the flow rate.

(C) Frequency and methods of
measurements and observations.

- {vii) The scientific name, weight,

‘length, source, and history of the

orgunisms used, and the acclimation
procedures and food used.

{1 i) Toe coneeitrstons tosted, tho
number of gammarids and replicates per
test concentrition, ihe renoited resulis
should inc!o o .

{4) The resu'ts of dissalyv.d oxyveen,
pH and trmperzigre medsurements.

(B)-If solvents are vsed .o name and
source of the solvent, the nominal
concentration of the test substance in
the stock solution, the highest solvent
concentration in the test solution and &
description of the solubility .
determinations in water and solvents, =

" {C) The measured concentration of the
test substance in each test chamber just
* before the start of the test and at all
subsequent sampling periods. :

(D) The number of dead and live test
organisms. the percentage of organisms
that died, and the number that showed
any abnormal effects in each test .
chamber at each obecrvution period.

(E) The 48, 72 and 96-hour LCso's and
their 95 percent confidence limits. When
sufficient data have been generated, the
24-hour LCs, value also. These .
calculations should be made using the
mean measufed test substance
concentrations. .

(F).The observed no-effect

concertration {ihe highect concentration -

tested at which there were no
mortalities or abnormal behavioral or
physiological effects), if any.

- {G) Methods and data for all chemical
- analyses of water quality and test

substance concentrations, including
method validations and reagent blanks.
(ix) A description of all circumstances
that may have affected the quality or
integrity of the data.
{x} The name of the sponsor, study

" director., principal investigator, names of

- other scientists or professionals, and the
names of all supervisory personnel
involved in the study. o

{xi) A description of the
transformations, calculations; or
operations performed on the data. a
summary and analysis of the data, and a

;statement of the conclusions drawn -
from the analysis. Results of the
dnalysis of data should include the
calculated LC:o value, 95 percent
confidence limits, slope of the

_transformed concentration response
line. and the results of a goodness-of-fit
test (e.g.. chi-squarg test). . .

- (xii) The signed and dated reports of
each of the individual scientists or
orther professionals involved in the -
study, including each person who, at the

request or direction of the testing facility

or sponsor, conducted an analysis or
evaluation of data or specimens from
the study after data generation was
completed.

. feeding study. The salt(s} shall be of at

(xiii) The locations where all
specimens. raw data. and the final
report e stored. )

{xiv} The statement prepared and
signed by the quality assurance unit.

PART-799—[AMENDED] .

3. Part 799 is amended as follows:

a. The authority citation for Part 799
continues to read as follows:

Authority: 15 U.S.C. 2603, 2611, 2625.

b By adding § 799.3300. to read as

follows:

§799.3300 Unsubstituted
phenylenediamines.

(a) Identification of test substances.
(1) The unsubstituted
phenylenediamines, p- .
phen)'lenediamine ( p-pda. CAS No. 106~

-50-3), m-phenylenediamine (/- pda.

CAS No. 108—45-2). and n- S,
phenylendiamine (o- pda, CAS No. 95—
54-5) shall be tested in accordance with
this section. .

(2) p-Pda, m-pda, and 0-pda of at least
98.0 percent purity shall be used as the

test substances. Either the hydrochloride -
" or sulfate sall of m-pda shall be used as

a test substance in the oncogenicity
study if the free hace proves to be
unstable under the conditiuns of the

least 98.0 percent purity. ;
(b) Persons required to submi: stud

plans. conduct tests, and submit data. - .. - 7

{1) All persons who manufacture or
process m-pda and m-pda.H.SO, after
the effective date of the final rule (44
days afler the publication date of the
final rule in the Federal Register) to the
end of the reimbursement period shall
submit letters of intent to test.
exemption applications, and study
Plans, and shall conduct-tests and

submit data as specified in paragraph {c)
* - of this section and Part 790 of this
~ chapter.

(2) All pcrsons who maanufacture or
process unsubstituted .
phenylenediamines (v-pda, m-pda, m-
pda.H:SOy, p-pda, and p-pda11:S0,)
after the effective date of the final rule
(44 days after the publication date of the
final rule in'the Federal Register) to the
end of the reimbursement period shall
submit letters of intent to test.

- exemption applications, and study
-plans, and shall conduct tests and

submit data as specified in paragraphs
(d) and (e) of this section and Part 790 of
this chapter on each unsubstituted
phenylenediamine manufactured or

. processed by that person.

(c) Health effects testing—{1} .
Mutdgenicity testing—(i) Required
testing. (A) The sex-linked recessive

P
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lethal {SLRL) assay shall be conducted,
by injection. in Drosophila melanogester

© on m-p-:in ac:ordance with § 793.5275

of this cnapter.

(B) 1t the SLRL assay conducted

pursuant to paragraph {c}(1}{i)(A) of this

sectiosi is positive, the mouse specific
locus test shall be conducted fcr m- pda
‘by gavage in accordance with § 138 5200
of this chapter.

{11} Eeporting requirements. (A) The
final results and final report for the
SLRL assay shall be submitted to the
EPA no later than 1 year after the
effective date of this section. ’

(B) The final results and final report
for the mouse specific-locus test shall be
received by EPA not later than 2 vears
after the effective date of this section.

(C) Interim reports for the SLRL assay
and mouse specific locus study are
required quarterly.

(D) Study plans for-the SLRL must be
submitted within 45 days of the effactive
date of this section. For the mouse
specific locus study, study plans shall be
submitted within 45 days of the
submission of the final report for the
SLRL assay.

(2) Oncogenicity—(i) Required testing.
A 2-yvear dermal oncogenicity bioassay
shalil be conducted with m-pda in
accordance with § 798.3320 of this
chaprer if mutagenic effects are
observed in the test conducled pursuant
to paragraph (c)(1)(i){A) of this section:
the sex-linked recessive lethal gene
mutation assay in Drosophila -
melanogaster.

(ii) Reporting Requirements. {A) The
final results and final report for the
oncogenicity bioassay shall he
submitted to the EPA no later than 5
years after the effective date of this
section.

(B) Interim reports for the

. oncugenicity Livassay are required

quarterly.
(C) Study plans for the oncogenicity

. test shall be submitted within 45 days of

the submission of the final report for the
SLRL assay.

(d) Chemical fate lestmg—{l) [ndlreot
photoreaction testing—(i) Required ~
testing. Indirect photoreaction studies
shall be conducted on p-pda, m- pda. and

o-pda to determine the half-life in water
of each of the three unsubstituted PDAs
in accordance with § 796.3765 of this
chapter.

{ii) Reporting requirements. (A} The
study plans for indirect photoreaction
studies shall be submitted to EPA 45
days prior to the onset of testing.

(B) The final report shall be due no
later than 8 months after the effective
date of the final rule.

(C) The final report shall mclude a

calculation of the predicted

environmental ccncentration {PEC). 100

< PEC, and 1,000 x PEC for each

- isomer. P'EC shall be <aiculated by using

results from the indirect photoreaction -
studies and svlving the following
equations for the appropriate isomer: o-
pia: PEC,=0.3629+1.0468 log tY2: m-
pda: PEC™==0.6830+1.9702 log t': p-
pda: PEC,;, =0.0085 +0.0024 log t% where
PEC is the predicted concentration in -~

_ppb and t'% is the half-life for oxidation

(i.e., indirect photolysis) expressed in

" minutres. PEC, 100 X PEC, and 1,000 X

PEC shall be used in the decision logic
described in paragraph (e) of this =
section. )

(e} Environmental effects teslmg——(l)
Acute toxicity testing—(i) Required
testing. {A) Flowthrough fish acute
toxicity tests (LCso) in the rainbow trout
(Salmo gairdneri) shall be conducted
with 0-, m-, and p-pda in accordance
with § 797.1400 of this chapter.

{B) Acute flowthorugh stidies using
the water flea (Daphnia magna) shall be
conducted with o-, m-, and p-pda in
accordance with § 797.1300 of this
chapter.

(C) If the LCso for any study conducted
pursuant to paragraphs (e)(1)(i) {A} and
(B of this section is less than or equal to
100 x PEC. chronic toxicity testing shall

be conducled pursuant to paraoraph
[e;( ) of this section.

(D) If the LCso from the tests
conducted pursuant to pdragraphs
{e}(1)(i) (A} or (B) of this section.is
greater than 100 X PEC and less than or
equal to 1000 X PEC (as calculated
pursuant to paragrpah (d)}{1}(ii}{B) of this
section) for any isomer in either fish or
invertebrates, two additional freshwater
fish in accordance with § 797.1400 of this
chapter or the freshwater invertebrate,
Gammatrus, in accordance with
§ 797.1310 of this chapter (as
appropriate) shall be tested in acute
toxicity tests with that isomer. If any
resulting LDs; is less than.or equal to 100
X PEC for any isomer, chronic toxicity
testing shall be conducted for that
isomer pursuant to paragraph (e){2) of
this section. -

(E) No further testing of an individual -.

isomerin vertebrate or invertebrate
species is.necessary if the following

" conditions are met:

{1) The LCs, is greater than 1,000 x

" PEC for tests conducted pursuant to

both paragraphs (e)(l)(l) (A) and (B) of
this section, or

(2) All LCso values determined from
testing conducted pursuant to paragraph
(e)(21)(i)(D) of this section are greater
than 100 x PEC. .

(F) Acute studies using the alga,

~ Selenastrum capricornutum, shall be

conducted with o, m-, and p- pda in

accordance with § 797.1050 of this
chapter.

(ii) RPpomng requirements. (A) 1.
Study pians for acute toxicity testing
shall be submitted to the EPA 45 days
prior to the onset of testing.

(B) The final report for acute toxncny
tasting shall be submitted to the EPA no
later than 18 months after the effective
date of this rule.

(C) Interim reports for the acute
toxicity testing are required quarterly

(2) Chronic toxicity testing—(i)
Required testing. (A} A fish early life

. cycle ﬂowlhrough test shall be
* conducted in the most sensitive species

of Pimephales promelas, Salmo
gairdneri, or Salvelinus fontinalis with -
each isomer demonstrating an LCso
determined by testing of fish pursuant to
paragraph (e)(1)(i) (A) or (D) of this
section to.-be equal to or less than 100 X
PEC. Testing shall be in accordance
with § 797.1600 of this chapter.

(B} An invertebrate chronic
flowthrough toxicity test shall be
conducted in the more sensitive species
of Daphnia magna oxr Cammarus
pseudolimaeaus for each isomer
demonstrating an LCso equal to or less
than 100 x PEC as determined by
testing of invertebrates pursuant to

paragraph (e)(1)(i) (B) or (D) of this
section and in accordance with

§ 797.1330 of this chapter or in
accordance with the method descpsssss..
by Sanders et al. Environmental *._
Toxicology and Chemistry. 4:149-154,
1985, for Gammarus which is
incorporated by reference. The method
is available from the Office of Federal
Register Information Center, 11th and L
St., Washington, DC, and the OPTS
Reading Room (docket number OPTS-
42008B, Environmental Protection
Agency, 401 M St., SW., Washington,
DC). This incorporation by reference -

. was approved by the Director of the

Federal Register on [date]. The method
is incorporated as it exists on the
effective date of this rule: a notice of
any change will be published in the
Federal Register.

(ii) Reporting requirements. (A) Study
plans for any chronic testing shall be
submitted to EPA 45 days prior to the

. onset of testing.

(B) The tests shall be completed and .
the final results shall be submitted to the
EPA no later than 2 years after the

. elfective date of this notice.

(C) Quarterly reports shall be
submitted. .
(D) The ﬂnal report shall include, but -

not necessarily be limited to, the
information specified in accordance
with § 767.1310(e) of this chapter with
the following modxficanomr
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. {Z) The reqqirerf}pnt um’h_-r B . {2)The requirement under leust significant differerice mean
§ 797.1310fe)(1)(viii) of this chapter is § 797.1:410{e}{1)(xiii){E) of this chapter is comparison test.
wodified i require reporting o) e - modified te require the 0, 30, 60, an 0 Co Lo e by
concentrations tested. to include a- day LCs values and their 95 percent “"{w"f"“"" c"‘"“_“““" require mu,m; hav:
A . Ca: o e A been approved by the Office of Munagement
minimum of five cencentrations oi the contidence limats. percent survival. and nd fludget under Control Nunther 2070-00:13;
chemical chosen in a gecmetric seres 'n - mean body length at each interval, ~ ) © ~ : ’ i
which the ratio is betwren 1.5 and 20 {.3) The roguirement under ) IFR Dec. b6-9 Filed 1-3-86; 8:45 am]
{e.g. 2.3, 8. 16, 32 and 64 mgiL). tie § 797.1710{e}l1){xi) of this chapter shall BILLING CODE §560-50-M
number of gammarids and replicates-per ~ he modified to include the analysis of N
test concentration. results with analvsis of variance and the
.-
. L e
[
.
e ‘



