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Subpart A—General Provisions

§799.1 Scope and purpose.

(a) This part identifies the chemical
substances, mixtures, and categories of
substances and mixtures for which data
are to be developed, specifies the per-
sons required to test (manufacturers,
including importers, and/or processors),
specifies the test substance(s) in each
case, prescribes the tests that are re-
quired including the test standards,
and provides deadlines for the submis-
sion of reports and data to EPA.

(b) This part requires manufacturers
and/or processors of chemical sub-
stances or mixtures (‘“‘chemicals’)
identified in subpart B to submit let-
ters of intent to test, exemption appli-
cations, and study plans in accordance
with EPA test rule development and
exemption procedures contained in
part 790 of this chapter and any modi-
fications to such procedures contained
in this part.

(c) This part requires manufacturers
and/or processors of chemicals identi-
fied in subpart B to conduct tests and
submit data in accordance with the
test standards contained in this part in
order to develop data on the health and
environmental effects and other char-
acteristics of these chemicals. These
data will be used to assess the risk of
injury to human health or the environ-
ment presented by these chemicals.

(d) This part contains certain TSCA
test guidelines which are cross-ref-
erenced in the test rules contained in
this part.

[49 FR 39817, Oct. 10, 1984, as amended at 62
FR 43824, Aug. 15, 1997]

§799.2 Applicability.

This part is applicable to each person
who manufactures or intends to manu-
facture (including import) and/or to
each person who processes or intends
to process a chemical substance or
mixture identified in subpart B for
testing during the period commencing
with the effective date of the specific
chemical test rule until the end of the
reimbursement period. Each set of test-
ing requirements in subpart B specifies
whether those requirements apply to
manufacturers only, to processors

§799.10

only, or to both manufacturers and
processors.

§799.3 Definitions.

The definitions in section 3 of the
Toxic Substances Control Act (TSCA)
and the definitions of §790.3 of this
chapter apply to this part.

§799.5 Submission of information.

Information (letters, study plans, re-
ports) submitted to EPA under this
part must bear the Code of Federal
Regulations section number of the sub-
ject chemical test rule (e.g., §799.1285
for Cumene) and must be addressed to
the Document Control Office (DCO)
(7407M), Office of Pollution Prevention
and Toxics (OPPT), Environmental
Protection Agency, 1200 Pennsylvania
Ave., NW., Washington, DC 20460-0001.

[60 FR 34467, July 3, 1995, as amended at 71
FR 33642, June 12, 2006]

§799.10 Test standards.

Testing required under subpart B
must be performed using a study plan
prepared according to the requirements
of parts 790 and 792 of this chapter un-
less modified in specific chemical test
rules in subpart B. All raw data, docu-
mentation, records, protocols, speci-
mens and reports generated as a result
of a study under subpart B must be de-
veloped, reported, and retained in ac-
cordance with TSCA Good Laboratory
Practice Standards (GLP’s) in part 792
of this chapter. These items must be
made available during an inspection or
submitted to EPA upon request by EPA
or its authorized representative. Lab-
oratories conducting testing for sub-
mission to the Agency in response to a
test rule promulgated under section 4
of TSCA must adhere to the TSCA
GLP’s. Sponsors must notify the lab-
oratory that the study is being con-
ducted pursuant to TSCA section 4.
Sponsors are also responsible for ensur-
ing that laboratories conducting the
test abide by the TSCA GLP standards.
In accordance with §792.12 of this chap-
ter, a certification concerning adher-
ence to the TSCA GLP’s must be sub-
mitted to EPA.
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§799.11 Availability of test guidelines.

(a) The TSCA and FIFRA guidelines
for the various study plans are avail-
able from the National Technical Infor-
mation Service (NTIS). Address and
telephone number: National Technical
Information Service, 5285 Port Royal
Road, Springfield, VA 22161 (703-487-
4650).

(b) The OECD guidelines for the var-
ious study plans are available from the
following address: OECD Publication
and Information Center, 1750 Pennsyl-
vania Ave., NW., Washington, DC 20006
(202-724-1857).

§799.12 Test results.

Except as set forth in specific chem-
ical test rules in subpart B of this part,
a positive or negative test result in any
of the tests required under subpart B is
defined in the TSCA test guidelines
published by NTIS.

§799.17

Any person who fails or refuses to
comply with any aspect of this part or
part 790 is in violation of section 15 of
TSCA. EPA will treat violations of
Good Laboratory Practice Standards as
indicated in §792.17 of this chapter.

Effects of non-compliance.
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§799.18 Chemicals subject of test rules
or consent orders for which the
testing reimbursement period has
passed.

The following table lists substances
and mixtures that have been the sub-
jects of section 4 testing actions and
for which the testing reimbursement
period has terminated (sunset). The
FEDERAL REGISTER citation in the
table is for the final rule/consent order
that includes the particular substance
for which the sunset date listed in the
table below applies. Section 12(b) ex-
port notification is no longer required
for these substances and mixtures.
Substances that are the subjects of two
or more section 4 testing actions may
have section 4 reimbursement or sec-
tion 12(b) export notification require-
ments that have not sunset; see sub-
parts B, C, and D of this part to deter-
mine if certain other section 4 testing
requirements apply. Additionally, sec-
tion 12(b) export notification may also
be triggered by proposed or final action
under TSCA section 5, 6, or 7 (in addi-
tion to final actions under section 4);
see 40 CFR part 707, subpart D for fur-
ther information regarding the TSCA
section 12(b) export notification re-
quirements.

CAS No. Chemical Name FR cite Sunset dates
C-9 Aromatic Hydrocarbon Fraction® 50 FR 20662, 5/17/85 Aug 13, 1994
62-53-3 | Aniline 53 FR 31804, 8/19/88 July 27, 1994
71-55-6 | 1,1,1-Trichloroethane 49 FR 39810, 10/10/84 June 29, 1992
75-56-9 | Propylene oxide 50 FR 48762, 11/27/85 Dec,21, 1992
78-87-5 | 1,2-Dichloropropane 52 FR 37138, 10/5/87 April 17, 1995
79-94-7 | Tetrabromobisphenol-A 52 FR 25219, 7/6/87 Aug 24, 1994
80-05-7 | Bisphenol A 51 FR 33047, 9/18/86 April 6, 1993
84-65-1 | Anthraquinone 52 FR 21018, 6/4/87 Aug 21, 1994
87-61-6 | 1,2,3-trichlorobenzene 51 FR 11728,4/7/86 Nov 13, 1993
88-74—4 | 2-nitroaniline 53 FR 31804, 8/19/88 Sept 19, 1994
92-52-4 | 1,1-Biphenyl 50 FR 37182, 9/12/85 March 15, 1994
95-48-7 | Ortho-cresols AKA 2-methylphenol 51 FR 15771, 4/28/86 Dec. 6, 1994
95-50-1 | 1,2-dichlorobenzene 51 FR 24657, 7/8/86 April 27, 1994
95-51-2 | 2-chloroaniline 53 FR 31804, 8/19/88 Sept 6, 1994
95-76-1 | 3,4-dichloroaniline 53 FR 31804, 8/19/88 Oct 2, 1994
95-94-3 | 1,2,4,5-tetrachlorobenzene 51 FR 24657,7/8/86 April 27, 1994
97-02-9 | 2,4-dinitroaniline 53 FR 31804, 8/19/88 Oct 19, 1993
98-82-8 | Cumene 53 FR 28195, 7/27/88 March 11, 1995
99-30-9 | 2,6-dichloro-4-nitroaniline 53 FR 31804, 8/19/88 Aug 6, 1994
100-01-6 | 4-nitroaniline 53 FR 31804, 8/19/88 Sept 19, 1994
106-44-5 | Para-cresols AKA 4-methylphenol 51 FR 15771, 4/28/86 Dec. 6, 1994
106-46—7 | 1,4-dichlorobenzene 51 FR 24657, 7/8/86 Jan 22, 1994
106-47-8 | 4-chloroaniline 53 FR 31804, 8/19/88 Oct 19, 1993
108-39-4 | Meta-cresols AKA 3-methylphenol 51 FR 15771, 4/28/86 Dec. 6, 1994
108-90-7 | Monochlorobenzene 51 FR 24657, 7/8/86 Nov 13, 1991
112-90-3 | Oleylamine 52 FR 31962, 8/24/87 Nov 28, 1994
116-14-3 | Tetrafluoroethene 52 FR 21516, 6/8/87 May 19, 1993
116-15-4 | Hexafluoropropene 52 FR 21516, 6/8/87 Jan 22, 1994
123-31-9 | Hydroquinone 50 FR 53145, 12/30/85 Dec. 11, 1994
149-57-5 | 2-Ethylhexanoic Acid 51 FR 40318, 11/6/86 June 19, 1993
328-84-7 | 3,4-Dichlorobenzotrifluoride 52 FR 23547, 6/23/87 Dec. 5, 1993
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§799.1053

CAS No. Chemical Name

FR cite Sunset dates

25550-98—
5

Diisodecyl Phenyl Phosphite

54 FR 8112, 2/24/89 May 21, 1995

1 Only substances obtained from the reforming of crude petroleum.

[60 FR 31923, June 19, 1995]

§799.19 Chemical imports and exports.

Persons who export or who intend to
export chemical substances or mix-
tures listed in subpart B, subpart C, or
subpart D of this part are subject to
the requirements of 40 CFR part 707.

[71 FR 66245, Nov. 14, 2006]

Subpart B—Specific Chemical Test
Rules

§799.1053 Trichlorobenzenes.

(a) ldentification of testing substance.
(1) 1,2,3- and 1,2,4-trichlorobenzenes,
CAS Numbers 87-61-6 and 120-82-1 re-
spectively, shall be tested in accord-
ance with this section.

(2) The substances identified in para-
graph (a)(1) of this section shall be 99
percent pure and shall be used as the
test substances in each of the tests
specified.

(3) For health effects testing required
under paragraph (e) of this section, the
test substance shall not contain more
than 0.05 percent benzene and 0.05 per-
cent hexachlorobenzene.

(b) Persons required to submit study
plans, conduct tests, and submit data. (1)
All persons who manufacture or proc-
ess substances identified in paragraph
(a)(1) of this section, other than an im-
purity, from May 21, 1986, to the end of
the reimbursement period, shall submit
a letter of intent to test or exemption
applications and shall conduct tests, in
accordance with part 792 of this chap-
ter, and submit data as specified in this
section, subpart A of this part and part
790 of this chapter for two-phase rule-
making.

(2) Persons subject to this section are
not subject to the requirements of
§790.50(a) (2), (5), (6) and (b) and
§790.87(a)(1)(ii) of this chapter.

(3) Persons who notify EPA of their
intent to conduct tests in compliance
with the requirements of this section
must submit plans for those tests no

later than 30 days before the initiation
of each of those tests.

(4) In addition to the requirements of
§790.87(a)(2) and (3) of this chapter,
EPA will conditionally approve exemp-
tion applications for this rule if EPA
has received a letter of intent to con-
duct the testing from which exemption
is sought and EPA has adopted test
standards and schedules in a final
Phase Il test rule.

(5) For health effects testing required
under paragraph (e) of this section, all
persons who manufacture (import) or
process 1,2,4-trichlorobenzene, other
than as an impurity, after the effective
date of this rule (August 21, 1986) to the
end of the reimbursement period shall
submit letters of intent to conduct
testing or exemption applications, sub-
mit study plans, conduct tests, and
submit data as specified in this section,
subpart A of this part, and parts 790
and 792 of this chapter for single-phase
rulemaking.

(c) [Reserved]

(d) Environmental effects testing. 1,2,3-
and 1,2,4-trichlorobenzenes shall be
tested in accordance with this section.

(1) Marine invertebrate acute toxicity
testing—(i) Required testing. Testing
using measured concentrations, flow
through or static renewal systems, and
systems that control for evaporation of
the test substance, shall be conducted
for 1,2,3- and 1,2,4-trichlorobenzenes.
Testing shall be conducted with mysid
shrimp (Mysidopis bahia) to develop
data on the acute toxicity of the above
chlorobenzene isomers to marine inver-
tebrates.

(i) Test standards. The marine inver-
tebrate (mysid shrimp, Mysidopis bahia)
acute toxicity testing for 1,2,3- and
1,2,4-trichlorobenzenes shall be con-
ducted in accordance with §797.1930 of
this chapter.

(iii) Reporting requirements. (A) The
acute toxicity tests on marine inverte-
brates shall be completed and the final
report submitted to EPA within 1 year
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of the effective date of the final Phase
Il test rule.

(B) An interim progress report shall
be submitted to the Agency within 6
months after the effective date of the
final Phase Il rule.

(2) Marine fish acute toxicity testing—
(1) Required testing. Testing using meas-
ured concentrations, flow through sys-
tems, and systems that control for
evaporation of the test substance shall
be conducted for 1,2,3-trichlorobenzene.
Testing shall be conducted with
Silversides (Menidia menidia) to develop
data on the acute toxicity of 1,2,3-
trichlorobenzene to saltwater fish.

(ii) Test standard. The marine fish
(silverside minnow, Menida menidia)
acute toxicity test shall be conducted
for 1,2,3-trichlorobenzene in accordance
with §797.1400 of this chapter.

(iii) Reporting requirements. (A) The
marine fish  (silversides minnow,
Menidia menidia) acute toxicity test
shall be completed and the final results
submitted within 1 year of the effective
date of the Phase Il final test rule.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of the final Phase Il
rule.

(3) Freshwater fish acute toxicity test-
ing—(i) Required testing. Testing using
measured concentrations, flow through
systems, and systems that control
evaporation of the test substance shall
be conducted for 1,2,3-trichlorobenzene.
A 96-hour LC50 test shall be conducted
with the fathead minnow (Pimephales
promelas) to develop data on the acute
toxicity of 1,2,3-trichlorobenzene to
freshwater fish.

(ii) Test standard. The freshwater fish
(fathead minnow, Pimephales promelas)
acute toxicity test shall be conducted
for 1,2,3-trichlorobenzene in accordance
with §797.1400 of this chapter.

(iii) Reporting requirements. (A) The
freshwater fish acute toxicity study
shall be completed and the final report
submitted to EPA within 1 year of the
effective date of the final Phase Il test
rule.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of the final Phase Il
rule.

(4) Freshwater invertebrate acute tox-
icity testing—(i) Required testing. Test-
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ing using measured concentrations,
flow through or static renewal sys-
tems, and systems that control for
evaporation of the test substance shall
be conducted for 1,2,3-trichlorobenzene.
A 96-hour EC50 shall be conducted for
one species of Grammarus to develop
data on the acute toxicity of 1,2,3-
trichlorobenzene to aquatic freshwater
invertebrates.

(ii) Test standard. The freshwater in-
vertebrate (Gammarus sp.) acute tox-
icity test shall be conducted for 1,2,3-
trichlorobenzene in accordance with
§795.120 of this chapter.

(iii) Reporting requirements. (A) The
freshwater invertebrate acute toxicity
test shall be completed and the final
report submitted to EPA within 411
days of the effective date of the final
Phase Il rule.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of the final Phase Il
rule.

(5) Mysid shrimp chronic toxicity test-
ing—(i) Required testing. Testing using
measured concentrations, flow through
or static renewal systems, and systems
that control for evaporation of the test
substance shall be conducted for 1,2,4-
trichlorobenzene. Testing shall be con-
ducted with mysid shrimp (Mysidopsis
bahia) to develop data on the chronic
toxicity of 1,2,3-trichlorobenzene,
should the acute LC50 of this chemical
to mysid shrimp be determined to be
less than 1 ppm.

(ii) Test standards. The mysid shrimp
(Mysidopis bahia) chronic toxicity test
shall be conducted for 1,2,4-
trichlorobenzene in accordance with
§797.1950 of this chapter. Testing shall
also be conducted according to
§797.1950 for  1,2,3-trichlorobenzene
should the results of testing required
by (d)(1)(ii) of this section yield an
acute LC50 for this chemical substance
of less than 1 ppm.

(iii) Reporting requirements. (A) The
mysid shrimp chronic toxicity test for
1,2,4-trichlorobenzene shall be com-
pleted and the final report submitted
to EPA within 1 year of the effective
date of the final Phase Il rule. The
mysid shrimp chronic toxicity test for
1,2,3-trichlorobenzene, (required if the
LC50 is less than 1 ppm), shall be com-
pleted and final report submitted to
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EPA within 15 months of the effective
date of the final Phase Il rule.

(B) Progress reports shall be sub-
mitted to EPA at 6-month intervals,
beginning 6 months after of the effec-
tive date of the final Phase Il rule and
until the final report is submitted to
EPA.

(e) Health effects testing—(1)
Oncogenicity—(i) Required testing. (A) A
test for oncogenic effects shall be con-
ducted with 1,2,4-TCB in accordance
with §798.3300 of this chapter.

(B) The route of administration for
the oncogenicity testing for 1,2,4-TCB
shall be via the animal feed.

(C) Two rodent species shall be used
and one shall be the Fischer-344 rat.

(if) Reporting requirements. (A) The
oncogenicity test shall be completed
and the final results submitted to EPA
by June 30, 1994.

(B) Progress reports shall be sub-
mitted to the Agency every 6 months
after the effective date of the final
rule.

(2) [Reserved]

(f) [Reserved]

(g) Effective date. (1) The effective
date of the final phase Il rule is August
14, 1987, except for paragraphs
(d)@)(iii)(A) and (e)(1)(ii)(A) of this sec-
tion. The effective date for paragraph
@)@ (iii)(A) of this section is March 1,
1990. The effective date for paragraph
(©)(Q)(ii)(A) of this section is June 12,
1992.

(2) The guidelines and other test
methods cited in this rule are ref-
erenced as they exist on the effective
date of the final rule.

[51 FR 11737, Apr. 7, 1986; 51 FR 18444, May 20,
1986, as amended at 51 FR 24667, July 8, 1986;
52 FR 24465, July 1, 1987; 55 FR 7327, Mar. 1,
1990; 57 FR 24960, June 12, 1992; 57 FR 27845,
June 22, 1992; 58 FR 34205, June 23, 1993]

§799.1560 Diethylene glycol butyl
ether and diethylene glycol butyl
ether acetate.

(a) ldentification of test substances. (1)
Diethylene glycol butyl ether (DGBE),
CAS Number 112-34-5, and diethylene
glycol butyl ether acetate (DGBA),
CAS Number 124-17-4, shall be tested in
accordance with this section.

(2) DGBE of at least 95 percent purity
and DGBA of at least 95 percent purity
shall be used as the test substances.

§799.1560

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacture (including
import) or process or intend to manu-
facture or process DGBE and/or DGBA,
other than as an impurity, after April
11, 1988, to the end of the reimburse-
ment period shall submit letters of in-
tent to conduct testing, submit study
plans and conduct tests, and submit
data, or submit exemption applications
as specified in this section, subpart A
of this part, and parts 790 and 792 of
this chapter for single-phase rule-
making. Persons who manufacture or
process DGBE are subject to the re-
quirements to test DGBE in this sec-
tion. Only persons who manufacture or
process DGBA are subject to the re-
quirements to test DGBA in this sec-
tion.

(c) Health effects testing—(1) Sub-
chronic toxicity—(i) Required testing. (A)
A 90-day subchronic toxicity test of
DGBE shall be conducted in rats by
dermal application in accordance with
§798.2250 of this chapter except for the
provisions in paragraphs (e)(9)(iv),
(10)(i)(A) and (ii)(B), (11) (ii) and (iii),
and (12)(i) of §798.2250.

(B) For the purpose of this section,
the following provisions also apply:

(1) A satellite group to evaluate fer-
tility shall be established. Control
males shall be cohabited with control
females, and males and females admin-
istered the high dose shall be
cohabited. Endpoints to be evaluated
shall include percent mated; percent
pregnant; length of gestation; litter
size; viability at birth, on Day 4, and
weaning, on Day 21; sex of the off-
spring; and litter weights at birth and
Days 4, 7, 14, and 21. Litters shall be
standardized on day 4 in accordance
with the reproductive and fertility ef-
fects guideline, §798.4700(c)(6)(iv) of
this chapter. Gross examinations shall
be made at least once each day and
physical or behavioral anomalies in the
dam or offspring shall be recorded. At
weaning, dams shall be sacrificed and
examined for resorption sites indic-
ative of post-implantation loss. An ad-
ditional 20 males and 40 females will
have to be added to the subchronic
study for this test. If the animals in
the high dose group exhibit marked
toxicity (e.g. greater than 20 percent
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weight loss), then the fertility tests
shall be conducted in the next highest
dose group.

(2) Cage-side observations shall in-
clude, but not be limited to, changes in
skin and fur; eyes and mucous mem-
branes; respiratory, circulatory auto-
nomic, and central nervous systems;
somatomotor activity; and behavior
pattern. In addition a daily examina-
tion for hematuria shall be done.

(3) Certain hematology determina-
tions shall be carried out at least three
times during the test period: Just prior
to initiation of dosing (baseline data),
after approximately 30 days on test,
and just prior to terminal sacrifice at
the end of the test period. Hematology
determinations which are appropriate
to all studies: Hematocrit, hemoglobin
concentration, erythrocyte count,
total and differential leucocyte count,
mean corpuscular volume, and a plate-
let count.

(4) Urinalyses shall be done at least
three times during the test period: Just
prior to initiation of dosing (baseline
data), after approximately 30 days into
the test, and just prior to terminal sac-
rifice at the end of the test period. The
animals shall be kept in metabolism
cages, and the urine shall be examined
microscopically for the presence of
erythrocytes and renal tubular cells, in
addition to measurement of urine vol-
ume, specific gravity, glucose, protein/
albumin, and blood.

(5) The liver, kidney, adrenals, brain,
gonads, prostate gland, epididymides,
seminal vesicles, and pituitary gland
shall be weighed wet, as soon as pos-
sible after dissection, to avoid drying.

(6) The following organs and tissues,
or representative samples thereof, shall
be preserved in a suitable medium for
possible future histopathological exam-
ination: All gross lesions; lungs—which
should be removed intact, weighed, and
treated with a suitable fixative to en-
sure that lung structure is maintained
(perfusion with the fixative is consid-
ered to be an effective procedure); na-
sopharyngeal tissues; brain—including
sections of medulla/pons, cerebellar
cortex, and cerebral cortex; pituitary;
thyroid/parathyroid; thymus; trachea;
heart; sternum with bone marrow; sali-
vary glands; liver; spleen; Kidneys;
adrenals; pancreas; gonads; uterus;
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oviducts; vagina; vas deferens; acces-
sory genital organs (epididymis, pros-
tate, and, if present, seminal vesicles);
aorta; (skin); gall bladder (if present);
esophagus; stomach; duodenum; jeju-
num; ileum; cecum; colon; rectum; uri-
nary bladder; representative lymph
node; (mammary gland); (thigh mus-
culature); peripheral nerve; (eyes);
(femur—including articular surface);
(spinal cord at three levels—cervical,
midthoracic, and lumbar); and (zymbal
and exorbital lachrymal glands).

(7) (i) Full histopathology on normal
and treated skin and on organs and tis-
sues listed in paragraph (c)(1)(i)(B)(6) of
this section, as well as the accessory
genital organs (epididymides, prostate,
seminal vesicles) and the vagina, of all
animals in the control and high dose
groups.

(ii) The integrity of the various cell
stages of spermatogenesis shall be de-
termined, with particular attention di-
rected toward achieving optimal qual-
ity in the fixation and embedding;
preparations of testicular and associ-
ated reproductive organ samples for
histology should follow the rec-
ommendations of Lamb and Chapin
(1985) under paragraph (d)(1) of this sec-
tion, or an equivalent procedure. Histo-
logical analyses shall include evalua-
tions of the spermatogenic cycle, i.e.,
the presence and integrity of the 14 cell
stages. These evaluations should follow
the guidance provided by Clermont and
Perey (1957) under paragraph (d)(2) of
this section. Information shall also be
provided regarding the nature and level
of lesions observed in control animals
for comparative purposes.

(iii) Data on female cyclicity shall be
obtained by performing vaginal cytol-
ogy over the last 2 weeks of dosing; the
cell staging technique of Sadleir (1978)
and the vaginal smear method in Hafez
(1970) under paragraphs (d) (3) and (7) of
this section or equivalent methods
should be used. Data should be pro-
vided on whether the animal is cycling
and the cycle length.

(iv) The ovary shall be serially sec-
tioned with a sufficient number of sec-
tions examined to adequately detail
oocyte and follicular morphology. The
methods of Mattison and Thorgiersson
(1979) and Pederson and Peters (1968)
under paragraphs (d) (4) and (5) of this
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section may provide guidance. The
strategy for sectioning and evaluation
is left to the discretion of the investi-
gator, but shall be described in detail
in the study plan and final report. The
nature and background level of lesions
in control tissue shall also be noted.

(ii) Reporting requirements. (A) The
subchronic test shall be completed and
the final report submitted to EPA
within 15 months of the effective date
of the final test rule.

(B) Progress reports shall be sub-
mitted to EPA every 6 months, begin-
ning 6 months from the effective date
of the final rule until submission of the
final report to EPA.

(2) Neurotoxicity/behavioral effects—(i)
Required testing—(A) (1) Functional ob-
servational battery. A functional obser-
vational battery shall be performed in
the rat by dermal application of DGBE
for a period of 90 days according to
§798.6050 of this chapter except for the
provisions in paragraphs (b)(2),
(d)(@)(ii), (5), and (8)(ii)(E) of §798.6050.

(2) For the purpose of this section,
the following provisions also apply:

(i) Definition. Neurotoxicity is any
adverse acute and/or lasting effect on
the structure or function of the central
and/or peripheral nervous system re-
lated to exposure to a chemical sub-
stance.

(i) Lower doses. The data from the
lower doses shall show either graded
dose-dependent effects in at least two
of all the doses tested including the
highest dose, or no neurotoxic (behav-
ioral) effects at any dose tested.

(iii) Duration and frequency of expo-
sure. Animals shall be exposed for 6
hours/day, 5 days/week for a 90-day pe-
riod.

(iv) Sensory function. A simple assess-
ment of sensory function (vision, audi-
tion, pain perception) shall be made.
Marshall et al. (1971) in §798.6050(f)(8) of
this chapter have described a
neurologic exam for this purpose; these
procedures are also discussed by Deuel
(1977), under §798.6050(f)(4) of this chap-
ter. Irwin (1968) under §798.6050(f)(7) of
this chapter described a number of re-
flex tests intended to detect gross sen-
sory deficits. Many procedures have
been developed for assessing pain per-
ception (e.g., Ankier (1974) under
§798.6050(f)(1); D’Amour and Smith
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(1941) under §798.6050(f)(3); and Evans
(1971) under §798.6050(f)(6) of this chap-
ter.

(B)(1) Motor activity. A motor activity
test shall be conducted in the rat by
dermal application of DGBE for a pe-
riod of 90 days according to §798.6200 of
this chapter except for the provisions
in paragraphs (c), (d)(3)(ii), (4)(ii), (5),
(8)(i), and (iii) of §798.6200.

(2) For the purpose of this section,
the following provisions also apply:

(i) Principle of the test method. The
test substance is administered to sev-
eral groups of experimental animals,
one dose being used per group. Meas-
urements of motor activity are made.
Where possible, the exposure levels at
which significant changes in motor ac-
tivity are produced are compared to
those levels which produce toxic effects
not originating in the central and/or
peripheral nervous system.

(ii) Positive control data. Positive con-
trol data are required to document the
sensitivity of the activity measuring
device and testing procedure. These
data should demonstrate the ability to
detect increases or decreases in activ-
ity and to generate a dose-effect curve
or its equivalent using three values of
the dose or equivalent independent
variable. A single administration of the
dose (or equivalent) is sufficient. It is
recommended that chemical exposure
be used to collect positive control data.
Positive control data shall be collected
at the time of the test study unless the
laboratory can demonstrate the ade-
quacy of historical data for this pur-
pose.

(iii) Lower doses. The data from the
lower doses shall show either graded
dose-dependent effects in at least two
of all the doses tested including the
highest dose, or no neurotoxic (behav-
ioral) effects at any dose tested.

(iv) Duration and frequency of expo-
sure. Animals shall be exposed for 6
hours/day, 5 days/week for a 90-day pe-
riod.

(v) General. Motor activity shall be
monitored by an automated activity
recording apparatus. The device used
shall be capable of detecting both in-
creases and decreases in activity, i.e.
baseline activity as measured by the
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device shall not be so low as to pre-
clude decreases nor so high as to pre-
clude increases. Each device shall be
tested by a standard procedure to en-
sure, to the extent possible, reliability
of operation across devices and across
days for any one device. In addition,
treatment groups shall be balanced
across devices. Each animal shall be
tested individually. The test session
shall be long enough for motor activity
to approach asymptotic levels by the
last 20 percent of the session for most
treatments and for the session control
animals. All sessions should be of the
same duration. Treatment groups shall
be counter-balanced across test times.
Effort should be made to ensure that
variations in the test conditions are
minimal and are not systematically re-
lated to treatment. Among the vari-
ables which can affect motor activity
are sound level, size and shape of the
test cage, temperature, relative humid-
ity, lighting conditions, odors, use of
home cage or novel test cage, and envi-
ronmental distractions. Tests shall be
executed by an appropriately trained
individual.

(vi) Subchronic. All animals shall be
tested prior to initiation of exposure
and at 30 +4, 60 +4, and 90 +4 days during
the exposure period. Testing shall
occur prior to the daily exposure. Ani-
mals shall be weighed on each test day
and at least once weekly during the ex-
posure period.

©) ) Neuropathology. A
neuropathology test shall be conducted
in the rat by dermal application of
DGBE for a period of 90 days according
to §798.6400 of this chapter except for
the provisions in paragraphs (d)(4)(ii),
(5), (8)(iv)(C), and (E)(2) of §798.6400.

(2) For the purpose of this section,
the following provisions also apply:

(i) Lower doses. The data from the
lower doses shall show either graded
dose-dependent effects in at least two
of all the doses tested including the
highest dose, or no neurotoxic (behav-
ioral) effects at any dose tested.

(ii) Duration and frequency of exposure.
Animals shall be exposed for 6 hours/
day, 5 days/week for a 90-day period.

(iii) Clearing and embedding. After de-
hydration, tissue specimens shall be
cleared with xylene and embedded in
paraffin or paraplast except for the
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sural nerve which should be embedded
in plastic. Multiple tissue specimens
(e.g. brain, cord, ganglia) may be em-
bedded together in one single block for
sectioning. All tissue blocks shall be
labeled to provide unequivocal identi-
fication. A method for plastic embed-
ding is described by Spencer et al. in
paragraph (d)(6) of this section.

(iv) Special stains. Based on the re-
sults of the general staining, selected
sites and cellular components shall be
further evaluated by the use of specific
techniques. If hematoxylin and eosin
screening does not provide such infor-
mation, a battery of stains shall be
used to assess the following compo-
nents in all appropriate required sam-
ples: Neuronal body (e.g., Einarson’s
gallocyanin), axon (e.g., Bodian), mye-
lin sheath (e.g., Kluver’s Luxol Fast
Blue), and neurofibrils (e.9.,
Bielchosky). In addition, peripheral
nerve fiber teasing may be used. De-
tailed staining methodology is avail-
able in standard histotechnological
manuals such as Armed Forces Insti-
tute of Pathology (AFIP) (1968) under
§798.6400(f)(1), Ralis et al. (1973) under
§798.6400(f)(5), and Chang (1979) under
§798.6400(f)(2) of this chapter. The nerve
fiber teasing technique is discussed in
Spencer and Schaumberg (1980) under
§798.6400(f)(6) of this chapter. A section
of normal tissue shall be included in
each staining to assure that adequate
staining has occurred. Any changes
shall be noted and representative pho-
tographs shall be taken. If a lesion(s) is
observed, the special techniques shall
be repeated in the next lower treat-
ment group until no further lesion is
detectable.

(ii) Reporting requirements. (A) The
neurotoxicity/behavioral tests required
under paragraph (c)(2) of this section
shall be completed and the final re-
ports submitted to EPA within 17
months of the effective date of the
final rule.

(B) Interim progress reports shall be
submitted to EPA at 6-month inter-
vals, beginning 6 months from the ef-
fective date of the final rule until sub-
mission of the applicable final report
to EPA.

(3) Developmental neurotoxicity—(i) Re-
quired testing. A developmental
neurotoxicity test of DGBE shall be
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conducted after a public program re-
view of the Tier | data from the func-
tional observational battery, motor ac-
tivity, and neuropathology tests in
paragraph (c)(2) of this section, and the
reproductive tests in paragraph (c)(1) of
this section, and if EPA issues a FED-
ERAL REGISTER notice or sends a cer-
tified letter to the test sponsor speci-
fying that the testing shall be initi-
ated. The test shall be performed in
rats in accordance with §795.250 of this
chapter.

(ii) Reporting requirements. (A) The de-
velopmental neurotoxicity test shall be
completed and the final report sub-
mitted to EPA within 15 months of
EPA’s notification of the test sponsor
by certified letter or FEDERAL REG-
ISTER notice under paragraph (c)(3)(i)
of this section that the testing shall be
initiated.

(B) Progress reports shall be sub-
mitted to EPA every 6 months, begin-
ning 6 months after the date of notifi-
cation that the testing shall be initi-
ated, until submission of the final re-
port to EPA.

(4) Pharmacokinetics—(i) Required test-
ing. (A) Pharmacokinetics testing of
DGBE and DGBA will be conducted in
rats by the dermal route of administra-
tion in accordance with §795.225 of this
chapter, except for the provisions in
paragraphs (b) (1)(ii) and (3)(i) of
§795.225.

(B) For the purpose of this section,
the following provisions also apply:

(1) Animals. Adult male and female
Sprague Dawley rats shall be used. The
rats shall be 7 to 8 weeks old and weigh
180 to 220 grams. Prior to testing, the
animals shall be selected at random for
each group. Animals showing signs of
ill health shall not be used.

(2) Observation of animals—Urinary
and fecal excretion. The quantities of 14C
excreted in urine and feces by rats
dosed as specified in paragraph
(b)(2)(iv) of §795.225 shall be determined
at 8, 24, 48, 72, and 96 hours after dos-
ing, and if necessary, daily thereafter
until at least 90 percent of the dose has
been excreted or until 7 days after dos-
ing (whichever occurs first). Four ani-
mals per sex per dose group shall be
used for this purpose.

(ii) Reporting requirements. (A) The
pharmacokinetics tests shall be com-
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pleted and the final reports submitted
to EPA within 8 months of the effec-
tive date of the final amendment.

(B) A progress report shall be sub-
mitted to EPA 6 months from the effec-
tive date of the final amendment.

(d) References. For additional back-
ground information the following ref-
erences should be consulted:

(1) Lamb, J.C. and Chapin, R.E. “Ex-
perimental models of male reproduc-
tive toxicology.” In: “Endocrine Toxi-
cology.” Thomas, J.A., Korach, K.S.,
and McLachlan, J.A., eds. New York,
NY: Raven Press. pp. 85-115. (1985).

(2) Clermont, Y. and Perey, B.
“Quantitative study of the cell popu-
lation of the seminiferous tubules in
immature rats.” American Journal of
Anatomy. 100:241-267. (1957).

(3) Sadleir, R.M.F.S. “Cycles and sea-
sons.” In: “Reproduction in Mammals:
I. Germ Cells and Fertilization.” Aus-
tin, C.R. and Short, R.V., eds. New
York, NY: Cambridge Press. Chapter 4.
(1978).

(4) Mattison, D.R. and Thorgiersson,
S.S. “Ovarian aryl hydrocarbon
hydroxylase activity and primordial
oocyte toxicity of polycyclic aromatic
hydrocarbons in mice.”” Cancer Re-
search. 39:3471-3475. (1979).

(5) Pederson, T. and Peters, H. ‘““Pro-
posal for classification of oocytes and
follicles in the mouse ovary. Journal of
Reproduction and Fertility. 17:555-557.
(1968).

(6) Spencer, P.S., Bischoff, M.C., and
Schaumburg, H.H. ‘““Neuropathological
methods for the detection of neuro-
toxic disease.” In: “Experimental and
Clinical Neurotoxicology.”” Spencer,
P.S. and Schaumburg, H.H., eds. Balti-
more, MD: Williams & Wilkins, pp. 743-
757. (1980).

(7) Hafez, E.S., ed., ““Reproduction
and Breeding Techniques for Labora-
tory Animals.” Chapter 10. Philadel-
phia: Lea & Febiger (1970).

(e) Effective date. (1) The effective
date of the final rule is April 11, 1988,
except for paragraph (c)(2)(ii)(A) of this
section. The effective date for para-
graph (c)(2)(ii)(A) of this section is
March 1, 1990. The effective date for
paragraphs (c)(4)(ii)(A) and (c)(4)(ii)(B)
of this section is November 27, 1989.
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(2) The guidelines and other test
methods cited in this rule are ref-
erenced as they exist on the effective
date of the final rule.

[53 FR 5950, Feb. 26, 1988, as amended at 54
FR 27357, June 29, 1989; 54 FR 41835, Oct. 12,
1989; 55 FR 7326, Mar. 1, 1990; 58 FR 34205,
June 23, 1993]

§799.1575 Diethylenetriamine (DETA).

(a) ldentification of chemical test sub-
stance. (1) Diethylenetriamine (CAS No.
111-40-0, also known as DETA) shall be
tested in accordance with this part.

(2) Diethylenetriamine of at least 99
percent purity shall be used as the test
substances in all tests.

(b) Persons required to submit study
plans, conduct tests and submit data. All
persons who manufacture or process
diethylenetriamine from July 8, 1985,
to the end of the reimbursement period
shall submit letters of intent to test,
exemption applications, and study
plans and shall conduct tests and sub-
mit data as specified in this section,
subpart A of this part and part 790 of
this chapter (Test Rule Development
and Exemption Procedures).

(c) Health effects testing—(1) Mutagenic
effects—Gene mutation—(i) Required test-
ing. (A) A sex-linked recessive lethal
test in Drosophila melanogaster shall be
conducted with DETA.

(B) A mouse specific locus assay shall
be conducted with DETA, if the sex-
linked recessive lethal test in
Drosophila melanogaster conducted pur-
suant to paragraph (c)(1)(i)(A) of this
section produces a positive result.

(ii) Test standards. (A) The testing for
the sex-linked recessive lethal assay
shall be conducted in accordance with
the following revised EPA-approved
modified study plan (June 19, 1986)
originally submitted by the
Diethylenetriamine Producers/Import-
ers Alliance (DPIA): ““Sex-linked reces-
sive lethal test in Drosophila
melanogaster,” with modifications as
approved by EPA on March 9, 1987, and
May 21, 1987.

(B) The testing for the mouse visible
specific locus assay shall be conducted
in accordance with the following re-
vised EPA-approved modified study
plan (June 19, 1986) originally sub-
mitted by the Diethylenetriamine Pro-
ducers/Importers  Alliance (DPIA):
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““Mouse specific locus test for visible
markers.”’

(C) These revised EPA-approved
modified study plans are available for
inspection in the Non-Confidential In-
formation Center (NCIC) (7407), Office
of Pollution Prevention and Toxics,
U.S. Environmental Protection Agen-
cy, Room B-607 NEM, 401 M St., SW.,
Washington, DC 20460, between the
hours of 12 p.m. and 4 p.m. weekdays
excluding legal holidays.

(iii) Reporting requirements. (A) The
sex-linked recessive lethal test of
DETA in Drosophila melanogaster shall
be completed and a final report sub-
mitted to the Agency within 14 months
from the effective date of the final
Phase Il rule. Two interim progress re-
ports shall be submitted at 6-month in-
tervals, the first of which is due within
6 months of the effective date of the
final Phase Il rule.

(B) If required pursuant to paragraph
(©)(1)(1)(B) of this section, the mouse
specific locus test of DETA for visible
markers shall be completed and a final
report submitted to the Agency within
48 months from the designated date
contained in EPA’s notification of the
test sponsor by certified letter or FED-
ERAL REGISTER notice that testing
should be initiated. Seven interim
progress reports shall be submitted at
6-month intervals, the first of which is
due within 6 months of EPA’s des-
ignated date.

(2) Mutagenic effects—Chromosomal ab-
errations—(i) Required testing. (A) An in
vitro cytogenetics test shall be con-
ducted with DETA.

(B) An in vivo cytogenetics test shall
be conducted with DETA, if the in vitro
cytogenetics test conducted pursuant
to paragraph (c)(2)(i)(A) of this section
produces a negative result.

(C) A dominant lethal assay shall be
conducted with DETA, if either the in
vitro cytogenetics test conducted pur-
suant to paragraph (c)(2)(i)(A) of this
section or the in vivo cytogenetics test
conducted pursuant to paragraph
(©)(2)(i)(B) of this section produces a
positive result.

(D) A heritable translocation assay
shall be conducted with DETA, if the
dominant lethal assay conducted pur-
suant to paragraph (c)(2)(i)(C) of this
section produces a positive result.
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(ii) Test standards. (A) The testing for
cytogenetic effects shall be conducted
in accordance with the following re-
vised EPA-approved modified study
plan (June 19, 1986) originally sub-
mitted by the Diethylenetriamine Pro-
ducers/Importers Alliance (DPIA): ““In
vitro cytogenetics test” and ‘‘In vivo
cytogenetics test,” with modifications
as approved by EPA on March 9, 1987,
and May 21, 1987.

(B) Other testing for cytogenetic ef-
fects shall be conducted in accordance
with the following revised EPA-ap-
proved modified study plans (June 19,
1986) originally submitted by the
Diethylenetriamine Producers/Import-
ers Alliance (DPIA): “Dominant lethal
assay of diethylenetriamine in CD
rats,” and ‘“‘Heritable translocation of
diethylenetriamine in CD-1 mice.”

(C) These revised EPA-approved
modified study plans are available for
inspection in the Non-Confidential In-
formation Center (NCIC) (7407), Office
of Pollution Prevention and Toxics,
U.S. Environmental Protection Agen-
cy, Room B- 607 NEM, 401 M St., SW.,
Washington, DC 20460, between the
hours of 12 p.m. and 4 p.m. weekdays
excluding legal holidays.

(iii) Reporting requirements. (A) The in
vitro cytogenetics testing of DETA
shall be completed and a final report
submitted to the Agency within 6
months of the effective date of the
final Phase Il rule.

(B) If required pursuant to paragraph
(©)(2)(i)(B) of this section, the in vivo
cytogenetics testing of DETA shall be
completed and final report submitted
to the Agency within 14 months of the
effective date of the final Phase Il rule.
One interim progress report shall be
submitted within 12 months of the final
rule’s effective date.

(C) If required pursuant to paragraph
(©)(2)(i)(C) of this section, the domi-
nant lethal testing of DETA shall be
completed and a final report submitted
to the Agency within 20 months of the
effective date of the final Phase Il rule.

(D) If required pursuant to paragraph
(©)(2)(i)(D) of this section, the heritable
translocation testing of DETA shall be
completed and a final report submitted
to the Agency within 18 months of the
designated date contained in EPA’s no-
tification of the test sponsor by cer-
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tified letter or FEDERAL REGISTER no-
tice that testing should be initiated.
Two interim progress reports shall be
submitted at 6-month intervals, the
first of which is due within 6 months of
EPA’s designated date.

(3) Subchronic effects—(i) Required test-
ing. A ninety-day oral subchronic tox-
icity test shall be conducted with
DETA in at least one mammalian spe-
cies.

(ii) Test standard. The testing shall be
conducted in accordance with the fol-
lowing revised EPA-approved modified
study plans (June 19, 1986) originally
submitted by the Diethylenetriamine
Producers/Importers Alliance (DPIA):
“Ninety-Day (subchronic) dietary tox-
icity study with diethylenetriamine in
albino rats,” with modifications ap-
proved by EPA on March 9, 1987, and
May 21, 1987. This revised EPA-ap-
proved modified study plans is avail-
able for inspection in the Non-Con-
fidential Information Center (NCIC)
(7407), Office of Pollution Prevention
and Toxics, U.S. Environmental Pro-
tection Agency, Room B-607 NEM, 401
M St., SW., Washington, DC 20460, be-
tween the hours of 12 p.m. and 4 p.m.
weekdays excluding legal holidays.

(iii) Reporting requirements. The test-
ing shall be completed and a final re-
port submitted to the Agency within 15
months of the effective date of the
final Phase Il rule. Two interim
progress reports shall be submitted at
6-month intervals, the first of which is
due within 6 months of the effective
date of the final Phase Il rule.

(d) Chemical fate testing—(1) Required
testing. Testing to assess N-nitrosamine
formation, resulting from aerobic bio-
logical and/or chemical trans-
formation, shall be conducted with
DETA using environmental samples of
lake water, sewage, and soil.

(2) Test standard. The testing shall be
conducted in accordance with the fol-
lowing revised EPA-approved modified
study plan (June 7, 1990) originally sub-
mitted by the Diethylenetriamine Pro-
ducers/Importers  Alliance (DPIA):
“Modified Final Copy  (04-17-90);
Diethylenetriamine: Environmental
Fate in Sewage, Lake Water and Soil”".
This revised EPA-approved modified
study plans are available for inspection
in the Non-Confidential Information
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Center (NCIC) (7407), Office of Pollution
Prevention and Toxics, U.S. Environ-
mental Protection Agency, Room B-607
NEM, 401 M St., SW., Washington, DC
20460, between the hours of 12 p.m. and
4 p.m. weekdays excluding legal holi-
days.

(3) Reporting requirements. The testing
shall be completed and a final report
submitted to EPA within 20 months of
the effective date of the final Phase Il
rule. Interim progress reports shall be
submitted at 6-month intervals, the
first of which is due within 6 months of
the effective date of the final Phase Il
rule.

(e) Modifications. Persons subject to
this section are not subject to the re-
quirements of §790.50(a)(2)(ii) of this
chapter.

(f) Effective date. (1) The effective
date of the final Phase Il rule for
diethylenetriamine is March 19, 1987,
except for paragraphs (c)(4)(iii), (d)(2),
and (d)(3) of this section. The effective
date of paragraphs (c)(4)(iii), and (d)(3)
of this section is March 1, 1990. The ef-
fective date for paragraph (d)(2) of this
section is May 21, 1991.

(2) The guidelines and other test
methods cited in this rule are ref-
erenced as they exist on the effective
date of the final rule.

[50 FR 21412, May 23, 1985; 50 FR 33543, Aug.
20, 1985; 51 FR 3468, Jan. 28, 1986; 51 FR 4736,
Feb. 7, 1986; 52 FR 3238, Feb. 3, 1987; 54 FR
27356, June 29, 1989; 55 FR 3408, Feb. 1, 1990; 55
FR 7326, Mar. 1, 1990; 56 FR 23230, May 21,
1991; 58 FR 34205, June 23, 1993; 60 FR 34467,
July 3, 1995]

§799.1645 2-Ethylhexanol.

(a) ldentification of test substance. (1)
2-Ethylhexanol (CAS No. 104-76-7) shall
be tested in accordance with this sec-
tion.

(2) 2-Ethylhexanol of at least 99.0-per-
cent purity shall be used as the test
substance.

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacture or process, or
intend to manufacture or process 2-
ethylhexanol, other than as an impu-
rity, from the effective date of this
final rule to the end of the reimburse-
ment period shall submit letters of in-
tent to conduct testing, submit study
plans, conduct tests, and submit data
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or exemption applications as specified
in this section, subpart A of this part,
and parts 790 and 792 of this chapter for
single-phase rulemaking.

(c) Health effects—(1) Oncogenic ef-
fects—(i) Required testing. (A)
Oncogenicity tests shall be conducted
in Fisher 344 rats and B6C3FI mice by
the oral route with 2-ethylhexanol in
accordance with §798.3300 of this chap-
ter, except for the provisions in
§798.3300(b)(6).

(B) For the purpose of this section,
the following provisions also apply to
the oncogenicity tests: (1) Administra-
tion of the test substance. 2-
Ethylhexanol shall be administered ei-
ther by microencapsulation before add-
ing it to the diet or by gavage.

(2) [Reserved]

(ii) Reporting requirements. (A) The
study plan for the oncogenicity test
shall be submitted at least 45 days be-
fore the initiation of testing.

(B) The oncogenicity testing shall be
completed and final report submitted
to the Agency within 53 months of the
effective date of this final rule if 2-
ethylhexanol is administered by ga-
vage or within 56 months of the effec-
tive date of this final rule if adminis-
tered by microencapsulation.

(C) Interim progress reports shall be
submitted to EPA at 6-month intervals
beginning 6 months after the effective
date of the final rule, until the final re-
port is submitted to EPA.

(2) [Reserved]

(d) Effective date. The effective date
of this final rule requiring
oncogenicity testing of 2-ethylhexanol
is September 16, 1987.

[52 FR 28704, Aug. 3, 1987, as amended at 58
FR 34205, June 23, 1993]

§799.1700 Fluoroalkenes.

(a) ldentification of test substances. (1)
Vinyl fluoride (VF; CAS No. 75-02-5),
vinylidene fluoride (VDF; CAS No. 75-
38-7), tetrafluoroethene (TFE; CAS No.
116-14-3), and hexafluoropropene (HFP;
CAS No. 116-15-4) shall be tested in ac-
cordance with this section.

(2) VF, VDF, TFE, and HFP of at
least 99 percent purity shall be used as
the test substances.

(b) Persons required to submit study
plans, conduct tests and submit data. All
persons who manufacture VF, VDF,
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TFE, or HFP, other than as an impu-
rity, from July 22, 1987 to the end of
the reimbursement period shall submit
letters of intent to conduct testing or
exemption applications, submit study
plans, conduct tests in accordance with
the TSCA Good Laboratory Practice
Standards (40 CFR part 792), and sub-
mit data as specified in this section,
subpart A of this part, and part 790 of
this chapter for single-phase rule-
making, for the substances they manu-
facture.

(c) Health effects testing—(1) Mutagenic
effects—Gene mutation—(i) Required test-
ing. (A) (1) A detection of gene
mutations in somatic cells in culture
assay shall be conducted with TFE and
HFP in accordance with §798.5300 of
this chapter except for the provisions
in paragraphs (c), (d)(3)(i), (4), (5) and
(6) and (e).

(2) For the purposes of this section,
the following provisions also apply:

(i) Reference substances. No reference
substance is required.

(ii) Test method—Type of cells used in
the assay. Mutation induction at the
HPRT locus shall be measured in Chi-
nese hamster ovary (CHO) cells. Cells
shall be checked for Mycoplasma con-
tamination and may also be checked
for karyotype stability.

(iii) Test method—Metabolic activation.
Cells shall be exposed to the test sub-
stance only in the presence of a meta-
bolic activation system for TFE, and in
both the presence and absence of a
metabolic activation system for HFP.
The metabolic activation system shall
be derived from the post-mitochondrial
fraction (S-9) of livers from rats
pretreated with Aroclor 1254.

(iv) Test method—Control groups. Posi-
tive and negative controls shall be in-
cluded in each experiment. In assays
with metabolic activation, the positive
control substance shall be known to re-
quire such activation. Nitrogen shall
serve as the negative control and dilut-
ing gas.

(v) Test method—Test chemicals. The
test should be designed to have a pre-
determined sensitivity and power. The
number of cells, cultures, and con-
centrations of test substance used
should reflect these defined param-
eters. The number of cells per culture
is based on the expected background
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mutant frequency; a general guide is to
use a number which is 10 times the in-
verse of this frequency. Several con-
centrations (usually at least four) of
the test substance shall be used. These
shall vyield a concentration-related
toxic effect. The highest concentration
shall produce a low level of survival
(approximately 10 percent), and the
survival in the lowest concentration
shall approximate that of the negative
control. Cytotoxicity shall be deter-
mined after treatment with the test
substance both in the presence and in
the absence of the metabolic activation
system.

(vi) Test performance. Cells in treat-
ment medium with and without meta-
bolic activation shall be exposed to
varying concentrations of test gas-air
mixtures by flushing treatment flasks
(or chambers) with 10 volumes of test
gas-air mixture at a rate of 500 mL/min
or that rate which will allow complete
flushing within 1 minute. In the case of
a test chamber volume of 1.67 L, a flow
rate of 10 L/min is appropriate. Each
flask shall be closed with a cap with a
rubber septum. Headspace samples
shall be taken at the beginning and end
of the exposure period and analyzed to
determine the amount of test gas in
each flask. Flasks shall be incubated
on a rocker panel at 37 ° C for 5 hours
for tests with metabolic activation.
For the non-activated portion of the
test, the incubation time shall be 18 to
19 hours at 37 ° C. At the end of the ex-
posure period, cells treated with meta-
bolic activation shall be washed and in-
cubated in culture medium for 21 to 26
hours prior to subculturing the viabil-
ity and expression of mutant pheno-
type. Cells treated without metabolic
activation shall be washed and subcul-
tured immediately to determine viabil-
ity and to allow for expression of mu-
tant phenotype. Appropriate subcul-
ture schedules (generally twice during
the expression period) shall be used. At
the end of the expression period, which
shall be sufficient to allow near opti-
mal phenotypic expression of induced
mutants (generally 7 days for this cell
system), cells shall be grown in me-
dium with and without selective agent
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for determination of numbers of mu-
tants and cloning efficiency, respec-
tively. This last growth period is gen-
erally 7 days at 37 ° C. Results of this
test shall be confirmed in an inde-
pendent experiment.

(B)(1) A sex-linked recessive lethal
test in Drosophila melanogaster shall be
conducted with VDF and VF in accord-
ance with §798.5275 of this chapter ex-
cept for the provisions in paragraph
(d)(5). This test shall also be performed
with TFE or HFP if the somatic cells
in culture assay conducted pursuant to
paragraph (c)(1)(i)(A) of this section
produces a positive result.

(2) For the purposes of this section
the following provisions also apply:

(i) Test chemicals. It is sufficient to
test a single dose of the test substance.
This dose shall be the maximum toler-
ated dose or that which produces some
indication of toxicity. Exposure shall
be by inhalation.

(ii) [Reserved]

(C)(1) A mouse visible specific locus
assay (MVSL) shall be conducted with
VF, VDF, TFE, and HFP in accordance
with §798.5200 of this chapter, except
for the provisions of paragraph (d)(5) of
§798.5200, or a mouse biochemical-spe-
cific locus assay (MBSL) shall be con-
ducted with VF, VDF, TFE, and HFP in
accordance with §798.5195 of this chap-
ter, except for the provisions of para-
graph (d)(5) of §798.5195, for whichever
of these substances produces a positive
test result in the sex-linked recessive
lethal test in Drosophila melanogaster
conducted pursuant to paragraph
(©)(1)(1)(B) of this section if, after a
public program review, EPA issues a
FEDERAL REGISTER notice or sends a
certified letter to the test sponsor
specifying that the testing shall be ini-
tiated.

(2) For the purposes of this section,
the following provisions also apply:

(i) Test chemicals. A minimum of two
dose levels shall be tested. The highest
dose tested shall be the highest dose
tolerated without toxic effects, pro-
vided that any temporary sterility in-
duced due to elimination of
spermatagonia is of only moderate du-
ration, as determined by a return of
males to fertility within 80 days after
treatment, or shall be the highest dose
attainable. Animals shall be exposed to

40 CFR Ch. | (7-1-07 Edition)

the test substance by inhalation. Expo-
sure shall be for 6 hours a day. Dura-
tion of exposure shall be dependent
upon accumulated total dose desired
for each group.

(ii) [Reserved]

(ii) Reporting requirements. (A) Muta-
genic effects-gene mutation tests shall
be completed and the final reports
shall be submitted to EPA as follows:
Somatic cells in culture assay, within 6
months after the effective date of the
final rule; Drosophila sex-linked reces-
sive lethal, within 9 months (for VF
and VDF) and within 15 months (for
TFE and HFP) after the effective date
of the final rule; MVSL or MBSL, with-
in 51 months after the date of EPA’s
notification of the test sponsor by cer-
tified letter or FEDERAL REGISTER no-
tice that testing shall be initiated.

(B) Progress reports shall be sub-
mitted to the Agency every 6 months
beginning 6 months after the effective
date of the final rule or receipt of no-
tice that testing shall be initiated.

(2) Mutagenic effects—Chromosomal ab-
errations—(i) Required testing. (A)(1) A
mouse micronucleus cytogenetics test
shall be conducted with VDF and TFE
in accordance with §798.5395 of this
chapter except for the provisions in
paragraphs (d)(5) (i), (ii), and (iii).

(2) For the purposes of this section,
the following provisions also apply:

(i) Test method—Vehicle. No vehicle is
required.

(i) Test method—Dose levels. Three
dose levels shall be used. The highest
dose tested shall be the maximum tol-
erated dose, that dose producing some
indication of cytotoxicity (e.g., a
change in the ratio of polychromatic to
normochromatic erythrocytes, or the
highest dose attainable).

(iii) Test method—route of administra-
tion. Animals shall be exposed by inha-
lation with a single 6-hour exposure,
with three sampling times between 20
and 72 hours.

(B)(1) For each respective test sub-
stance, a dominant lethal assay shall
be conducted with VF and HFP in ac-
cordance with §798.5450 of this chapter
except for the provisions in paragraphs
)(@)(i), @) (@), (6) and (e). This test
shall also be performed with TFE or
VDF if the mouse micronucleus cyto-
genetics test conducted pursuant to
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paragraph (c)(2)(i)(A) of this section
produces a positive result.

(2) For the purposes of this section,
the following provisions also apply:

(i) Test method—Description. For this
assay, the test substance shall be ad-
ministered by inhalation for 5 consecu-
tive days for 6 hours per day.

(ii) Test method—Concurrent controls.
Concurrent positive and negative (vehi-
cle) controls shall be included in each
experiment.

(iii) Test method—Test chemicals. Expo-
sure shall be by inhalation for 5 con-
secutive days for 6 hours per day.
Three dose levels shall be used. The
highest dose shall produce signs of tox-
icity (e.g., slightly reduced fertility) or
shall be the highest attainable.

(iv) Test performance. Individual
males shall be mated sequentially to 1
or 2 virgin females. Females shall be
left with the males for at least the du-
ration of one estrus cycle or alter-
natively until mating has occurred as
determined by the presence of sperm in
the vagina or by the presence of a vag-
inal plug. In any event, females shall
be left with the males for no longer
than 7 days. The number of matings
following treatment shall ensure that
germ cell maturation is adequately
covered. Mating shall continue for at
least 6 weeks. Females shall be sac-
rificed in the second half of pregnancy,
and uterine contents shall be examined
to determine the number of implants
and live and dead embryos. The exam-
ination of ovaries to determine the
number of corpora lutea is left to the
discretion of the investigator.

(C)(1) A heritable translocation assay
shall be conducted with VF, VDF, TFE,
or HFP in accordance with §798.5460 of
this chapter except for the provisions
of paragraphs (d)(3)(i), (5), and (e)(1), if
the dominant lethal assay conducted
for that substance pursuant to para-
graph (c)(2)(i)(B) of this section pro-
duces a positive result and if, after a
public program review, EPA issues a
FEDERAL REGISTER notice or sends a
certified letter to the test sponsor
specifying that the testing shall be ini-
tiated.

(2) For the purposes of this section,
the following provisions also apply:

(i) Test method—Animal selection. The
mouse shall be used as the test species.
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(i) Test method. No vehicle is re-
quired. At least two dose levels shall be
used. The highest dose level shall re-
sult in toxic effects (which shall not
produce an incidence of fatalities
which would preclude a meaningful
evaluation) or shall be the highest dose
attainable. Animals shall be exposed by
inhalation.

(iii) Test performance—Treatment and
mating. The animals shall be dosed with
the test substance 6 hours per day, 7
days per week over a period of 35 days.
After treatment, each male shall be
caged with 2 untreated females for a
period of 1 week. At the end of 1 week,
females shall be separated from males
and caged individually. When females
give birth, the date of birth, litter size
and sex of progeny shall be recorded.
All male progeny shall be weaned and
all female progeny shall be discarded.

(ii) Reporting requirements. (A) Muta-
genic effects-chromosomal aberration
testing shall be completed and final re-
sults submitted to EPA after the effec-
tive date of the rule as follows: mouse
micronucleus cytogenetics for VDF by
November 22, 1988, and for TFE within
10 months after the effective date of
the final rule; dominant lethal assay
for VF and HFP by October 22, 1988,
and for VDF and TFE within 19 months
after the effective date of the rule;
heritable translocation assay, within 25
months after the date of EPA’s notifi-
cation of the test sponsor by certified
letter or FEDERAL REGISTER notice that
testing shall be initiated.

(B) Progress reports shall be sub-
mitted to the Agency every 6 months
beginning 6 months after the effective
date of the final rule or receipt of no-
tice that testing shall be initiated.

(3) Subchronic toxicity—(i) Required
Testing. (A) An inhalation subchronic
toxicity test shall be conducted with
HFP in accordance with the TSCA Test
Guideline specified in §798.2450 of this
chapter except for the provisions in
paragraphs (d)(5), (10)(v), and
©E)(iv)(D).

(B) For the purpose of this section
the following provisions also apply:

(1) Test procedures—Exposure condi-
tions. The animals shall be exposed to
the test substance 6 hours per day, 5
days per week for 90 days.
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(2) Test procedures—Observation of ani-
mals. Animals shall be weighted week-
ly, and food and water consumption
shall also be measured weekly.

(3) Test report—Individual animal data.
Food and water consumption data shall
be reported.

(ii) Reporting requirements. (A) The re-
quired subchronic toxicity test shall be
completed and final results submitted
to the Agency within 18 months after
the effective date of the final rule.

(B) Progress reports shall be sub-
mitted to the Agency every 6 months
beginning 6 months after the effective
date of the final rule.

(4) Oncogenicity—(i) Required testing.
(A) (1) Oncogenicity tests shall be con-
ducted in both rats and mice by inhala-
tion with VF in accordance with
§798.3300 of this chapter, except for the
provisions in paragraph (b)(7)(vi) of
§798.3300.

(2) For the purposes of this section,
the following provisions also apply:

(i) Test procedures—observations of ani-
mals. All mice of test groups in which
survival is approximately 25 percent of
mice at risk (approximately 25 percent
of 70, or approximately 18 mice) will be
sacrificed near the time that 25 percent
survival is achieved. All mice surviving
the 18-month test period will be sac-
rificed and necropsied. The order of
sacrifice for mice at all pathological
evaluations will be random among all
exposure groups within a sex. Moribund
animals should be removed and sac-
rificed when noticed.

(ii) All rats of test groups in which
survival is approximately 25 percent of
rats at risk (approximately 25 percent
of 60, or approximately 15 rats) will be
sacrificed near the time that 25 percent
survival is achieved. All rats surviving
the 24-month test period will be sac-
rificed and necropsied. The order of
sacrifice for rats at all pathological
evaluations will be random among all
exposure groups within a sex. Moribund
animals should be removed and sac-
rificed when noticed.

(B) Oncogenicity testing shall be con-
ducted in mice with VDF in accordance
with §798.3300 of this chapter.

(C) [Reserved]

(D) Oncogenicity tests shall also be
conducted by inhalation in both rats
and mice with TFE in accordance with
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§798.3300 of this chapter if TFE yields a
positive test result in any one of the
following mutagenicity tests: The in
vitro cytogenetics assay conducted pur-
suant to paragraph (c)(2)(i)(A) of this
section, the mouse micronucleus cyto-
genetics assay conducted pursuant to
paragraph (c)(2)(i)(B) of this section,
the mammalian cells in culture assay
conducted pursuant to paragraph
(©)Q)(i)(A) of this section or the sex-
linked recessive lethal assay in
Drosophila melanogaster conducted pur-
suant to paragraph (c)(1)(i)(B) of this
section if, after a public program re-
view, EPA issues a FEDERAL REGISTER
notice or sends a certified letter to the
test sponsor specifying that the testing
shall be initiated. Criteria for positive
test results are established in 40 CFR
798.5375, 798.5385, 798.5300 and 798.5275 of
this chapter, respectively.

(if) Reporting requirements. (A) The
oncogenicity testing for VDF shall be
completed and the final results sub-
mitted to the Agency by March 23, 1992.
The oncogenicity testing for VF shall
be completed and the final results sub-
mitted to the Agency by July 22, 1992.
For TFE and HFP, the oncogenicity
testing shall be completed and the
final results submitted to the Agency
within 56 months after the date of
EPA’s notification of the test sponsor
by certified letter or FEDERAL REG-
ISTER notice that testing shall be initi-
ated.

(B) Progress reports shall be sub-
mitted every 6 months beginning 6
months after the effective date of the
final rule for VF and VDF and begin-
ning 6 months after notification by cer-
tified letter or FEDERAL REGISTER no-
tice that testing is to begin for TFE
and HFP.

(d) Effective date. (1) The effective
date of the final rule is July 22, 1987,
except for paragraphs (c)(1)(i)(C)(2),
©M@GINA), (©)@) (i) and(c)(@)(ii)(A) of
this section. The effective date of para-
graphs (c)(1)(i)(C)(1) and (c)(1)(ii)(A) of
this section is May 21, 1990. The effec-
tive date of paragraphs (c)(4)(1)(A)(1)
@@ DA, (©)(@)()(B) and
(©)(4)(i)(D) of this section is May 21,
1991. The effective date for paragraphs
©@)[®HA))(ii) and (c)(AH()(C) of this

section is June 12, 1992. The effective
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date of paragraph (c)(4)(ii)(A) of this
section is May 28, 1993.

(2) The guidelines and other test
methods cited in this rule are ref-
erenced as they exist on the effective
date of the final rule.

[52 FR 21530, June 8, 1987, as amended at 52
FR 43762, Nov. 16, 1987; 54 FR 27357, June 29,
1989; 54 FR 33148, Aug. 11, 1989; 55 FR 12643,
Apr. 5, 1990; 56 FR 23230, May 21, 1991; 57 FR
24960, June 12, 1992; 58 FR 30992, May 28, 1993;
58 FR 34205, June 23, 1993]

§799.2155 Commercial hexane.

(a) ldentification of test substance. (1)
“Commercial hexane,”” for purposes of
this section, is a product obtained from
crude oil, natural gas liquids, or petro-
leum refinery processing in accordance
with the American Society for Testing
and Materials Designation D 1836-83
(ASTM D 1836), consists primarily of
six-carbon alkanes or cycloalkanes,
and contains at least 40 liquid volume
percent n-hexane (CAS No. 110-54-3)
and at least 5 liquid volume percent
methylcyclopentane (MCP; CAS No. 96~
37-7). ASTM D 1836, formally entitled
‘“‘Standard Specification for Commer-
cial Hexanes,” is published in 1986 An-
nual Book of ASTM Standards: Petroleum
Products and Lubricants, ASTM D 1836-
83, pp. 966-967, 1986, is incorporated by
reference, and is available for public
inspection at the National Archives
and Records Administration (NARA).
For information on the availability of
this material at NARA, call 202-741-
6030, or go to: http://www.archives.gov/
federal register/
code of federal regulations/
ibr__locations.html. This incorporation
by reference was approved by the Di-
rector of the Office of the Federal Reg-
ister in accordance with 5 U.S.C. 522(a)
and 1 CFR part 51. This material is in-
corporated as it exists on the date of
approval, and a notice of any change in
this material will be published in the
FEDERAL REGISTER. Copies of the incor-
porated material may be obtained from
the Non-Confidential Information Cen-
ter (NCIC) (7407), Office of Pollution
Prevention and Toxics, U.S. Environ-
mental Protection Agency, Room B-607
NEM, 401 M St., SW., Washington, DC
20460, between the hours of 12 p.m. and
4 p.m. weekdays excluding legal holi-
days.
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(2) The commercial hexane test sub-
stance, for purposes of this section, is a
product which conforms to the speci-
fications of ASTM D1836 and contains
at least 40 liquid volume percent but no
more than 55 liquid volume percent n-
hexane and no less than 10 liquid vol-
ume percent MCP.

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacture (including
import) or process or intend to manu-
facture or process commercial hexane,
as defined in paragraph (a)(1) of this
section and other than as an impurity,
from the effective date of the final rule
to the end of the reimbursement period
shall submit letters of intent to con-
duct testing, submit study plans, con-
duct tests in accordance with part 792
of this chapter, and submit data, or
submit exemption applications, as
specified in this section, subpart A of
this part, and part 790 of this chapter
for single-phase rulemaking. Persons
who manufacture commercial hexane
as a byproduct are covered by the re-
quirements of this section. Notwith-
standing §790.50(a)(1) of this chapter,
persons who notify EPA of their intent
to conduct neurotoxicity testing in
compliance with paragraph (c)(7) of
this section may submit study plans
for those tests less than 45 days before
beginning testing provided that EPA
receives the study plans before this
testing begins.

(c) Health effects testing—(1) Sub-
chronic inhalation toxicity—(i) Required
testing. (A) A subchronic inhalation
toxicity test shall be conducted with
commercial hexane in accordance with
§798.2450 of this chapter except for the
provisions in paragraphs (d)(4)(ii) and
(5) of §798.2450.

(B) For the purposes of this section,
the following provisions also apply:

(1) High dose level. The highest con-
centration should result in toxic ef-
fects but neither produce an incidence
of fatalities which would prevent a
meaningful evaluation nor exceed the
lower explosive limit of commercial
hexane.

(2) Exposure conditions. Animals shall
be dosed for 6 hours/day, 5 days/week
for 90 days.

(ii) Reporting requirements. (A) The
subchronic inhalation toxicity test
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shall be completed and the final report
submitted to EPA within 15 months of
the effective date of the final rule.

(B) Interim progress reports shall be
submitted to EPA for the subchronic
inhalation toxcity test at 6-month in-
tervals beginning 6 months after the ef-
fective date of the final rule, until the
final report is submitted to EPA.

(2) Oncogenicity—(i) Required testing.
(A) An oncogenicity test shall be con-
ducted with commercial hexane in ac-
cordance with §798.3300 of this chapter
except for the provisions in paragraphs
(b)(3)(ii) and (6) of §798.3300.

(B) For the purposes of this section,
the following provisions also apply:

(1) High dose level. The high dose level
should elicit signs of minimal toxicity
without substantially altering the nor-
mal life span and should not exceed the
lower explosive limit of commercial
hexane.

(2) Administration of test substance.
Animals shall be exposed to commer-
cial hexane by inhalation.

(ii) Reporting requirements. (A) The
oncogenicity test shall be completed
and the final report submitted to EPA
within 53 months of the effective date
of the final rule. The mouse portion of
the oncogenicity study shall be sub-
mitted by June 5, 1993.

(B) Interim progress reports shall be
submitted to EPA for the oncogenicity
test at 6-month intervals beginning 6
months after the effective date of the
final rule, until the final report is sub-
mitted to EPA.

(3) Reproduction and fertility effects—
(i) Required testing. (A) A reproduction
and fertility effects test shall be con-
ducted with commercial hexane in ac-
cordance with §798.4700 of this chapter
except for the provisions in paragraphs
(c)(3)(ii) and (5) of §798.4700.

(B) For the purposes of this section,
the following provisions also apply:

(1) High dose level. The highest dose
level should induce toxicity but not
high levels of mortality in the parental
(P) animals. In addition, the highest
dose level should not exceed the lower
explosive limit of commercial hexane.

(2) Administration of test substance.
Animals shall be exposed to commer-
cial hexane by inhalation.

(ii) Reporting requirements. (A) The re-
production and fertility effects test
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shall be completed and the final report
submitted to EPA within 29 months of
the effective date of the final rule.

(B) Interim progress reports shall be
submitted to EPA for the reproduction
and fertility effects test at 6-month in-
tervals beginning 6 months after the ef-
fective date of the final rule, until the
final report is submitted to EPA.

(4) Inhalation developmental toxicity—
(i) Required testing. (A) An inhalation
developmental toxicity test shall be
conducted with commercial hexane in
accordance with §795.4350 of this chap-
ter except for the provisions in para-
graph (e)(3)(iv) of §798.4350.

(B) For the purposes of this section,
the following provisions also apply:

(1) High dose level. Unless limited by
the physical/chemical nature or bio-
logical properties of the test substance,
the highest concentration level shall
induce some overt maternal toxicity
such as reduced body weight or body
weight gain, but not more than 10 per-
cent maternal deaths. In addition, the
highest dose level should not exceed
the lower explosive limit of commer-
cial hexane.

(2) [Reserved]

(ii) Reporting requirements. (A) The in-
halation developmental toxicity test
shall be completed and the final report
submitted to EPA within 12 months of
the effective date of the final rule.

(B) Interim progress reports shall be
submitted to EPA for the inhalation
developmental toxicity test at 6-month
intervals beginning 6 months after the
effective date of the final rule, until
the final report is submitted to EPA.

(5) Mutagenic effects—gene mutations—
(i) Required testing. (A)(1) A Salmonella
typhimurium reverse mutation assay
shall be conducted with commercial
hexane in accordance with §798.5265 of
this chapter except for the provisions
in paragraphs (d)(4) and (e) of §798.5265.

(2) For the purposes of this section,
the following provisions also apply:

(i) Metabolic activation. Bacteria shall
be exposed to commercial hexane both
in the presence and absence of an ap-
propriate metabolic activation system.

(ii) Test performance. The assay shall
be performed using the desiccator
method described as follows: The agar
overlay plates shall be placed uncov-
ered in a 9-liter desiccator. A volume of
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the liquid test substance shall be added
to the glass Petri dish suspended be-
neath the porcelain shelf of the desic-
cator. The highest exposure concentra-
tion should not result in a vapor con-
centration which exceeds the lower ex-
plosive limit of commerical hexane. A
magnetic stirring bar to serve as a fan
to assure rapid and even distribution of
the vapor shall be placed on the bottom
of the inside of the desiccator. The des-
iccator shall be placed on a magnetic
stirrer within a 37° C room or chamber
for 7 to 10 hours. The plates shall then
be removed, their lids replaced, fol-
lowed by incubation for an additional
40 hours at 37° C before counting. An
appropriate selective medium with an
adequate overlay agar shall be used.
All plating should be done in at least
triplicate.

(B)(1) A gene mutation test in mam-
malian cells shall be conducted with
commercial hexane in accordance with
§798.5300 of this chapter except for the
provisions in paragraphs (d)(3)(ii) and
(4) of §798.5300 if the results from the
Salmonella typhimurium test conducted
pursuant to paragraph (c)(5)(i)(A) of
this section are negative.

(2) For the purposes of this section,
the following provisions also apply:

(i) Cell growth and maintenance. Ap-
propriate culture media and incubation
conditions (culture vessels, CO, con-
centrations, temperature, and humid-
ity) shall be used. The cell culture
shall be directly dosed by pipetting lig-
uid commercial hexane mixed with lig-
uid DMSO into the culture medium.
Cells shall be exposed to test substance
both in the presence and absence of an
appropriate metabolic activation sys-
tem.

(ii) [Reserved]

(C)(1) A sex-linked recessive lethal
test in Drosophila melanogaster shall be
conducted with commercial hexane in
accordance with §798.5275 of this chap-
ter except for the provisions in para-
graphs (d)(5) (ii) and (iii) of §798.5275,
unless the results of both the Sal-
monella typhimurium test conducted
pursuant to paragraph (c)(5)(i)(A) of
this section and the mammalian cells
in the culture gene mutation test con-
ducted pursuant to paragraph
(©)(5)(i)(B) of this section, if required,
are negative.
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(2) For the purposes of this section,
the following provisions also apply:

(i) Dose levels. For the initial assess-
ment of mutagenicity, it is sufficient
to test a single dose of the test sub-
stance for screening purposes. This
dose should be the maximum tolerated
dose, or that which produces some indi-
cation of toxicity or shall be the high-
est dose attainable and should not ex-
ceed the lower explosive limit of com-
mercial hexane. For dose-response pur-
poses, at least three additional dose
levels should be used.

(ii) Route of administration. The route
of administration shall be by exposure
to commercial hexane vapors.

(D)(1) Unless the results of the sex-
linked recessive lethal test in
Drosophila melanogaster conducted with
commercial hexane pursuant to para-
graph (c)(5)(i)(C) of this section are
negative, EPA shall conduct a public
program review of all of the mutage-
nicity data available for this sub-
stance. If, after this review, EPA de-
cides that testing of commercial
hexane for causing heritable gene
mutations in mammals is necessary, it
shall notify the test sponsor by cer-
tified letter or FEDERAL REGISTER no-
tice that testing shall be initiated in
either the mouse visible specific locus
test or the mouse biochemical specific
locus test. The mouse visible specific
locus test, if conducted, shall be per-
formed for commercial hexane in ac-
cordance with §798.5200 of this chapter
except for the provisions in paragraphs
(d)(5)(ii) and (d)(5)(iii) of §798.5200. The
mouse biochemical specific locus test,
if conducted, shall be performed for
commercial hexane in accordance with
§798.5195 of this chapter except for the
provisions in paragraphs (d)(5)(ii) and
(d)(5)(iii) of §798.5195.

(2) For the purposes of this section,
the following provisions also apply:

(i) Dose levels. A minimum of two
dose levels shall be tested. The highest
dose tested shall be the highest dose
tolerated without toxic effects, pro-
vided that any temporary sterility in-
duced due to elimination of
spermatogonia is of only moderate du-
ration, as determined by a return of
males to fertility within 80 days of
treatment, or shall be the highest dose
attainable below the lower explosive
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limit concentration of commercial
hexane. Exposure shall be for 6 hours a
day. Duration of exposure shall be de-
pendent upon the accumulated total
dose desired for each group.

(i) Route of administration. Animals
shall be exposed to commercial hexane
by inhalation.

(ii) Reporting requirements. (A) The
gene mutation tests shall be completed
and final reports submitted to EPA as
follows:

(1) The Salmonella typhimurium re-
verse mutation assay within 8 months
of the effective date of the final rule.

(2) The gene mutation in mammalian
cells assay within 17 months of the ef-
fective date of the final rule.

(3) The sex-linked recessive-lethal
test in Drosophila melanogaster within
24 months of the effective date of the
final rule.

(4) The mouse visible specific locus
test or the mouse biochemical specific
locus test shall be completed and a
final report shall be submitted to EPA
within 51 months of the date on which
the test sponsor is notified by EPA by
certified letter or FEDERAL REGISTER
notice that testing shall be initiated.

(B) Interim progress reports for each
test shall be submitted to EPA for the
gene mutation in mammalian cells
assay and Drosophila sex-linked reces-
sive lethal test at 6-month intervals
beginning 6 months after the effective
date of the final rule, until the applica-
ble final report is submitted to EPA.

(C) Interim progress reports for ei-
ther the mouse visible specific locus
test or the mouse biochemical specific
locus test shall be submitted to EPA at
6-month intervals, beginning 6 months
after EPA’s notification of the test
sponsor that testing should be initi-
ated, until the applicable final report
is submitted to EPA.

(6) Mutagenic effects—chromosomal ab-
errations—(i) Required testing. (A)(1) An
in vitro cytogenetics test shall be con-
ducted with commercial hexane in ac-
cordance with §798.5375 of this chapter
except for the provisions in paragraph
(e)(3) of §798.5375.

(2) For the purposes of this section,
the following provisions also apply:

(i) Treatment with test substance. The
test substance shall be added in liquid
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form mixed with DMSO to the treat-
ment vessels.

(ii) [Reserved]

(B)(1) An in vivo cytogenetics test
shall be conducted with commercial
hexane in accordance with §798.5385 of
this chapter except for the provisions
in paragraphs (d)(5) (ii), (iii) and (iv) of
§798.5385, if the in vitro test conducted
pursuant to paragraph (c)(6)(i)(A) of
this section is negative.

(2) For the purposes of this section,
the following provisions also apply:

(i) Dose levels. For an initial assess-
ment, one dose level of the test sub-
stance may be used, the dose being the
maximum tolerated dose (to a max-
imum of 5,000 mg/kg), or that pro-
ducing some indication of cytotoxicity
(e.g., partial inhibition of mitosis), or
shall be the highest dose attainable (to
a maximum of 5,000 mg/kg) and should
not exceed the lower explosive limit of
commercial hexane. Additional dose
levels may be used. For determination
of dose-response, at least three dose
levels should be used.

(ii) Route of administration. Animals
shall be exposed to commercial hexane
by inhalation.

(iii) Treatment schedule. The duration
of exposure shall be for 6 hours per day
for 5 consecutive days.

(C)(1) A dominant lethal assay shall
be conducted with commercial hexane
in accordance with §798.5450 of this
chapter except for the provisions in
paragraphs (d)(5) (ii) and (iii) of
§798.5450, unless both the in vitro and in
vivo cytogenetics tests conducted pur-
suant to paragraphs (c)(6)(i) (A) and (B)
of this section are negative.

(2) For the purposes of this section,
the following provisions also apply:

(i) Dose levels. Normally, three dose
levels shall be used. The highest dose
shall produce signs of toxicity (e.g.,
slightly reduced fertility and slightly
reduced body weight). The highest dose
should not exceed the lower explosive
limit of commercial hexane. However,
in an initial assessment of dominant
lethality, a single high dose may be
sufficient. Nontoxic substances shall be
tested at 5 g/kg or, if this is not prac-
ticable, then at the highest dose at-
tainable.
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(i) Route of administration. Animals
shall be exposed to commercial hexane
by inhalation.

(iii) Treatment schedule. The duration
of exposure shall be for 6 hours per day
for 5 consecutive days.

(D)(1) A heritable translocation test
shall be conducted with commercial
hexane in accordance with §798.5460 of
this chapter except for the provisions
in paragraphs (d)(5) (ii) and (iii) of
§798.5460, if the results of the dominant
lethal assay conducted pursuant to
paragraph (c)(6)(i)(C) of this section are
positive and if, after a public program
review, EPA issues a FEDERAL REG-
ISTER notice or sends a certified letter
to the test sponsor specifying that the
testing shall be initiated.

(2) For the purposes of this section,
the following provisions also apply:

(i) Dose levels. At least two dose levels
shall be used. The highest dose level
shall result in toxic effects (which shall
not produce an incidence of fatalities
which would prevent a meaningful
evaluation) or shall be the highest dose
attainable or 5 g/kg body weight and
should not exceed the lower explosive
limit of commercial hexane.

(i) Route of administration. Animals
shall be exposed to commercial hexane
by inhalation.

(iii) Reporting requirements. (A) The
chromosomal aberration tests shall be
completed and the final reports sub-
mitted to EPA as follows:

(1) The in vitro cytogenetics test
within 15 months of the effective date
of the final rule.

(2) The in vivo cytogenetics test with-
in 19 months of the effective date of the
final rule.

(3) The dominant lethal assay within
28 months of the effective date of the
final rule.

(4) The heritable translocation test
within 25 months of the date of EPA’s
notification of the test sponsor by cer-
tified letter or FEDERAL REGISTER no-
tice that testing shall be initiated.

(B) Interim progress reports for each
test shall be submitted to EPA for the
in vivo cytogenetics and the dominant
lethal assays at 6-month intervals be-
ginning 6 months after the effective
date of the final rule, until the applica-
ble final report is submitted to EPA.
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(C) Interim progress reports shall be
submitted to EPA for the heritable
translocation assay at 6-month inter-
vals beginning 6 months after the date
of EPA’s notification of the test spon-
sor that testing shall be initiated, until
the final report is submitted to EPA.

(7) Neutrotoxicity—(i) Required testing.
(A)(1) A schedule-controlled operant
behavior test shall be conducted with
commercial hexane in accordance with
§798.6500 of this chapter except for the
provisions in paragraphs (d)(5)(i), (6)
and (7) of §798.6500.

(2) For the purposes of this section,
the following provisions also apply:

(i) High dose level. The highest dose
shall produce clear behavioral effects
or life-threatening toxicity. In addi-
tion, the highest dose should not ex-
ceed the lower explosive limit of com-
mercial hexane.

(ii) Duration and frequency of exposure.
Animals shall be dosed once for 4 to 6
hours.

(iii) Route of administration. Animals
shall be exposed to commercial hexane
by inhalation.

(B)(1) A functional observation bat-
tery shall be conducted with commer-
cial hexane in accordance with
§798.6050 of this chapter except for the
provisions in paragraphs (d)(4)(i), (5),
and (6) of §798.6050.

(2) For the purposes of this section,
the following provisions also apply:

(i) High dose level. The highest dose
shall produce clear behavioral effects
or life-threatening toxicity. In addi-
tion, the highest dose should not ex-
ceed the lower explosive limit of com-
mercial hexane.

(ii) Duration and frequency of exposure.
Animals shall be dosed for 6 hours/day,
5 days/week for 90 days.

(iii) Route of exposure. Animals shall
be exposed to commercial hexane by
inhalation.

(C)(1) A motor activity test shall be
conducted with commercial hexane in
accordance with §798.6200 of this chap-
ter except for the provisions in para-
graphs (d)(4)(i), (5), and (6) of §798.6200.

(2) For the purposes of this section,
the following provisions also apply:

(i) High dose level. The highest dose
shall produce clear effects on motor ac-
tivity of life-threatening toxicity. In
addition, the highest dose should not
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exceed the lower explosive limit of
commercial hexane.

(ii) Duration and frequency of exposure.
Animals shall be dosed for 6 hours/day,
5 days/week for 90 days.

(iii) Route of exposure. Animals shall
be exposed to commercial hexane by
inhalation.

(D)(1) A neuropathology test shall be
conducted with commercial hexane in
accordance with §798.6400 of this chap-
ter except for the provisions in para-
graphs (d)(4)(i), (5), and (6) of §798.6400.

(2) For the purposes of this section,
the following provisions also apply:

(i) High dose level. The highest dose
shall produce clear behavior effects or
life-threatening toxicity. In addition,
the highest dose should not exceed the
lower explosive limit of commercial
hexane.

(ii) Duration and frequency of exposure.
Animals shall be dosed for 6 hours/day,
5 days/week for 90 days.

(iii) Route of exposure. Animals shall
be exposed to commercial hexane by
inhalation.

(ii) Reporting requirements. (A) The
schedule-controlled operant behavior,
functional observation battery, motor
activity, and neuropathology tests
shall be completed and the final re-
ports submitted to EPA within 15
months of the effective date of the
final rule.

(B) Interim progress reports for each
test shall be submitted to EPA for the
schedule-controlled operant behavior,
functional observation battery, motor
activity, and neuropathology tests at
6-month intervals beginning 6 months
after the effective date of the applica-
ble final rule, until the applicable final
report is submitted to EPA.

(8) Pharmacokinetics—(i) Required test-
ing. (A) Pharmacokinetics testing shall
be conducted in rats in accordance
with §795.232 of this chapter, except for
paragraph (c)(1)(ii) of §795.232.

(B) For the purposes of this section,
the following provisions also apply:

(1) Test animals. Adult male and fe-
male rats shall be used for testing. The
rats shall be 9 to 11 weeks old and their
weight range should be comparable
from group to group. The animals shall
be purchased from a reputable dealer
and shall be permanently identified
upon arrival. The animals shall be se-
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lected at random for the testing
groups, and any animal showing signs
of ill health shall not be used.

(2) Species and strain. The rat strain
used shall be the same as the strain
used in the subchronic and chronic
tests required under §798.2450(d)(1)(i)
and §798.3300(b)(1)(i).

(i) Reporting requirements. (A) The in-
halation and dermal pharmacokinetics
tests shall be completed and the final
report submitted to EPA by August 21,
1992.

(B) Interim progress reports shall be
submitted to EPA for the inhalation
and dermal pharmacokinetics tests at
6-month intervals, beginning 6 months
after the effective date specified in
paragraph (d)(1) of this section, until
the final report is submitted to EPA.

(d) Effective date. (1) The effective
date of this final rule is November 17,
1988, except for the provisions of para-
graphs ©@(iA), (©)(B)(i)(D),
©@) (I (A4, (©)B)(ii)(C), (c)(8)(i) and
(©)(8)(ii)(A) of this section. The effec-
tive date for paragraphs (c)(5)(i)(D),
©)G)(I1)(A)@4) and (c)(B)(ii)(C) of this
section is May 21, 1990. The effective
date for paragraphs (c)(8)(i) and
(©)(8)(ii)(A) of this section is June 12,
1992. The effective date of paragraph
(©)(2)(ii)(A) is September 8, 1994.

(2) The guidelines and other test
methods cited in this rule are ref-
erenced as they exist on the effective
date of the final rule.

[53 FR 3392, Feb. 5, 1988, as amended at 53 FR
38953, Oct. 4, 1988; 55 FR 634, Jan. 8, 1990; 55
FR 7325, Mar. 1, 1990; 55 FR 12643, Apr. 5, 1990;
57 FR 24961, June 12, 1992; 58 FR 34205, June
23, 1993; 59 FR 46357, Sept. 8, 1994; 60 FR 34467,
July 3, 1995; 69 FR 18803, Apr. 9, 2004]

§799.2325 Isopropanol.

(a) ldentification of test substance. (1)
Isopropanol (CAS No. 67-63-0) shall be
tested in accordance with this section.

(2) Isopropanol of at least 99.8 percent
purity shall be used as the test sub-
stance.

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacture (including
import or byproduct manufacture) or
intend to manufacture or process
isopropanol, from the effective date of
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this rule to the end of the reimburse-
ment period, shall submit letters of in-
tent to conduct testing, submit study
plans, conduct tests, and submit data
or submit exemption applications as
specified in this section, subpart A of
this part, and parts 790 and 792 of this
chapter for single-phase rulemaking.

(c) Health effects testing—(1) Sub-
chronic inhalation toxicity—(i) Required
testing. A subchronic inhalation tox-
icity test shall be conducted with
isopropanol in accordance  with
§798.2450 of this chapter.

(ii) Reporting requirements. (A) The
subchronic inhalation toxicity test
shall be completed and the final report
submitted to EPA within 15 months of
the date specified in paragraph (d) of
this section.

(B) Progress reports shall be sub-
mitted to EPA for the subchronic inha-
lation toxicity test at 6-month inter-
vals beginning 6 months after the date
specified in paragraph (d)(1) of this sec-
tion until submission of the final re-
port.

(2) Reproduction and fertility effects—
(i) Required testing. A reproduction and
fertility effects test shall be conducted
by gavage with isopropanol in accord-
ance with §798.4700 of this chapter.

(i) Reporting requirements. (A) The re-
production and fertility effects test
shall be completed and the final report
submitted to EPA within 29 months of
the date specified in paragraph (d)(1) of
this section.

(B) Progress reports shall be sub-
mitted at 6-month intervals beginning
6 months after the date specified in
paragraph (d)(1) of this section until
submission of the final report.

(3) Developmental toxicity—(i) Required
testing. A developmental toxicity test
shall be conducted in two mammalian
species by gavage with isopropanol in
accordance with §798.4900 of this chap-
ter.

(ii) Reporting requirements. (A) The de-
velopmental toxicity test shall be com-
pleted and the final report submitted
to EPA within 12 months of the date
specified in paragraph (d)(1) of this sec-
tion.

(B) A progress report shall be sub-
mitted 6 months after the date speci-
fied in paragraph (d)(1) of this section.
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(4) Mutagenic effects—gene mutations—
(i) Required testing. (A) A gene muta-
tion test in mammalian cells shall be
conducted with isopropanol in accord-
ance with §798.5300 of this chapter.

(B)(1) A sex-linked recessive lethal
test in Drosophila melanogaster shall be
conducted with isopropanol in accord-
ance with §798.5275 of this chapter, ex-
cept for the provisions in paragraphs
(d)(5)(ii) and (iii) of §798.5275, unless the
results of the mammalian cells in the
culture gene mutation test conducted
pursuant to paragraph (c)(5)(i)(A) of
this section are negative.

(2) For the purpose of this section,
the following provisions also apply:

(i) Route of administration. The route
of administration shall be by exposure
to isopropanol vapors or by injection of
isopropanol.

(ii) [Reserved]

(C)(1) The mouse visible specific
locus (MVSL) test shall be conducted
with isopropanol by inhalation in ac-
cordance with §798.5200, except for the
provisions in paragraphs (d)(5)(ii) and
(iif) of §798.5200, if the results of the
sex-linked recessive lethal test con-
ducted pursuant to paragraph
(©)@)(1)(B) of this section are positive
and if, after a public program review,
EPA issues a FEDERAL REGISTER notice
or sends a certified letter to the test
sponsor specifying that the testing
shall be initiated.

(2) For the purpose of this section,
the following provisions also apply:

(i) Dose levels and duration of exposure.
A minimum of 2 dose levels shall be
tested. The duration of exposure shall
be for 6 hours per day. Duration of ex-
posure shall be dependent upon accu-
mulated total dose desired for each
group.

(i) Route of administration. Animals
shall be exposed to isopropanol by in-
halation.

(ii) Reporting requirements. (A) The
gene mutation tests shall be completed
and final report submitted to EPA as
follows:

(1) The gene mutation in mammalian
cells assay within 6 months of the date
specified in paragraph (d)(1) of this sec-
tion.

(2) The sex-linked recessive-lethal
test in Drosophila melanogaster within
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18 months of the date specified in para-
graph (d)(1) of this section.

(3) The mouse visible specific-locus
test within 51 months of the date of
EPA'’s notification of the test sponsor
by certified letter or FEDERAL REG-
ISTER notice under paragraph
(©)@)(H)(C) of this section that testing
shall be initiated.

(B) Progress reports shall be sub-
mitted to EPA for the Drosophila sex-
linked recessive lethal test at 6-month
intervals beginning 6 months after the
date specified in paragraph (d)(1) of
this section until the submission of the
final report.

(C) Progress reports shall be sub-
mitted to EPA for the mouse visible
specific locus test at 6-month intervals
beginning 6 months after the date of
EPA'’s notification of the test sponsor
that testing shall be initiated until
submission of the final report.

(5) Mutagenic effects—chromosomal ab-
errations—(i) Required testing. (A)(1) The
micronucleus test shall be conducted
with isopropanol in accordance with
§798.5395 of this chapter.

(2) For the purpose of this section,
the following provisions also apply:

(i) Route of administration. Animals
shall be exposed to isopropanol by ei-
ther inhalation or oral gavage or
inperitoneally (I1P).

(ii) Duration of exposure. For inhala-
tion, the duration of exposure shall be
for 6 hours per day for 5 consecutive
days with one sacrifice time or for 6
hours for 1 day with three sacrifice
times.

(B)(1) A dominant lethal assay shall
be conducted with isopropanol in ac-
cordance with §798.5450 of this chapter,
except for the provisions in paragraphs
(d)(5)(ii) and (iii) of §798.5450, unless the
micronucleus test conducted pursuant
to paragraphs (c)(5)(i)(A) of this section
is negative.

(2) For the purpose of this section,
the following provisions also apply:

(i) Route of administration. Animals
shall be exposed to isopropanol by in-
halation.

(ii) Duration of exposure. The duration
of exposure shall be for 6 hours per day
for 5 consecutive days.

(C)(1) The mouse visible specific
locus test (MVSL) shall be conducted
with isopropanol by inhalation in ac-
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cordance with §798.5200 of this chapter,
except for the provisions in paragraphs
(d)(5)(ii) and (d)(5)(iii) of §798.5200, or a
mouse biochemical specific locus test
(MBSL) shall be conducted with
isopropanol by inhalation in accord-
ance with §798.5195 of this chapter, ex-
cept for the provisions in paragraphs
(d)(B)(ii) and (d)(5)(iii) of §798.5195, if
the results of the sex-linked recessive
lethal test conducted pursuant to para-
graph (c)(4)(i)(B) of this section are
positive and if, after a public program
review, EPA issues a FEDERAL REG-
ISTER notice or sends a certified letter
to the test sponsor specifying that the
testing shall be initiated.

(2) For the purpose of this section,
the following provisions also apply:

(i) Route of administration. Animals
shall be exposed to isopropanol by in-
halation.

(ii) [Reserved]

(ii) Reporting requirements. (A) The
chromosomal aberration tests shall be
completed and the final reports sub-
mitted to EPA as follows:

(1) The micronucleus test within 15
months of the date specified in para-
graph (d)(1) of this section.

(2) The dominant lethal assay within
27 months of the date specified in para-
graph (d)(1) of this section.

(3) The MVSL or MBSL test within 51
months of the date of EPA’s notifica-
tion of the test sponsor by certified let-
ter or FEDERAL REGISTER notice under
paragraph (c)(4)(i)(C) of this section
that testing shall be initiated.

(B) Progress reports shall be sub-
mitted to EPA for the micronucleus
and the dominant lethal assays at 6-
month intervals beginning 6 months
after the date specified in paragraph
(d)(1) of this section until submission
of the final report.

(C) Progress reports shall be sub-
mitted to EPA for the heritable
translocation assay at 6-month inter-
vals beginning 6 months after the date
of EPA’s notification of the test spon-
sor that testing shall be initiated until
submission of the final report.

(6) Neurotoxicity—(i) Required testing.
(A)(1) A functional observation battery
shall be conducted with isopropanol in
accordance with §798.6050 of this chap-
ter except for the provisions in para-
graphs (d)(5) and (6) of §798.6050.
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(2) For the purpose of this section,
the following provisions also apply:

(i) Duration and frequency of exposure.
For subchronic study, animals shall be
dosed for 6 hours per day, 5 days per
week for 90 days. For acute study, ani-
mals shall be dosed for 4 to 6 hours
once.

(ii) Route of exposure. Animals shall
be exposed to isopropanol by inhala-
tion.

(B)(1) A motor activity test shall be
conducted with isopropanol in accord-
ance with §798.6200 of this chapter ex-
cept for the provisions in paragraphs
(d)(5) and (6) of §798.6200.

(2) For the purpose of this section,
the following provisions also apply:

(i) Duration of exposure. For sub-
chronic study, animals shall be dosed
for 6 hours per day, 5 days per week for
90 days. For acute study, animals shall
be dosed for 4 to 6 hours once.

(ii) Route of exposure. Animals shall
be exposed to isopropanol by inhala-
tion.

(C)(1) A neuropathology test shall be
conducted with isopropanol in accord-
ance with §798.6400 of this chapter ex-
cept for the provisions in paragraphs
(d)(5) and (6) of §798.6400.

(2) For the purpose of this section,
the following provisions also apply:

(i) Duration of exposure. Animals shall
be dosed for 6 hours per day, 5 days per
week for 90 days.

(ii) Route of exposure. Animals shall
be exposed to isopropanol by inhala-
tion.

(D) The developmental neurotoxicity
test  shall be conducted  with
isopropanol in accordance with §795.250
of this chapter, except for paragraph
©@(v).

(1) For purposes of this section, the
following provisions also apply:

(i) Numbers of animals. The objective
is for a sufficient nhumber of pregnant
rats to be exposed to ensure that an
adequate number of offspring are pro-
duced for neurotoxicity evaluation. At
least 24 litters shall be used at each
dose level.

(ii) [Reserved]

(2) [Reserved]

(ii) Reporting requirements. (A) The
acute functional observation battery
and motor activity tests shall be com-
pleted and the final report submitted
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to EPA within 15 months of the date
specified in paragraph (d)(1) of this sec-
tion. The subchronic functional obser-
vation battery, motor activity, and
neuropathology tests shall be com-
pleted and the final reports submitted
to EPA within 18 months of the date
specified in paragraph (d)(1) of this sec-
tion. The developmental neurotoxicity
test shall be completed and the final
report submitted to EPA within 21
months of the date specified in para-
graph (d)(1) of this section.

(B) Progress reports shall be sub-
mitted to EPA for the functional obser-
vation battery, motor activity,
neuropathology, and developmental
neurotoxicity tests at 6-month inter-
vals beginning 6 months after the date
specified in paragraph (d)(1) of this sec-
tion until submission of the applicable
final report.

(7) Pharmacokinetics studies—(i) Re-
quired testing. An oral and inhalation
pharmacokinetics test shall be con-
ducted with isopropanol in accordance
with §795.231 of this chapter.

(ii) Reporting requirements. (A) The
pharmacokinetic test shall be com-
pleted and the final report submitted
to EPA within 15 months of the date
specified in paragraph (d)(1) of this sec-
tion.

(B) Progress reports shall be sub-
mitted to EPA for the pharmaco-
kinetics test at 6-month intervals be-
ginning 6 months after the date speci-
fied in paragraph (d)(1) of this section
until submission of the final report.

(8) Oncogenicity—(i) Required testing.
An oncogenicity test shall be con-
ducted by inhalation with isopropanol
in accordance with §798.3300 of this
chapter.

(ii) Reporting requirements. (A) The
oncogenicity test shall be completed
and the final report submitted to EPA
by July 5, 1994.

(B) Progress reports shall be sub-
mitted at 6-month intervals beginning
6 months after the date specified in
paragraph (d)(1) of this section until
submission of the final report.

(d) Effective date. (1) The effective
date of this final rule is December 4,
1989, except for the provisions of para-
graphs  (c)(5)(H(C)(D),  ()B)(IN(A){3),
(c)(6)(1)(D), and (c)(8)(ii)(A), of this sec-
tion. The effective date for paragraphs
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©G)MC)(D), and (c)G)(ii)(A)(3) of this
section is May 21, 1990. The effective
date for paragraphs (c)(6)(i)(D) of this
section is May 21, 1991. The effective
date of paragraph (c)(8)(ii)(A) is Sep-
tember 29, 1995.

(2) The guidelines and other test
methods cited in this rule are ref-
erences as they exist on the effective
date of the final rule.

[54 FR 43262, Oct. 23, 1989, as amended at 55
FR 12644, Apr. 5, 1990; 56 FR 23231, May 21,
1990; 58 FR 34205, June 23, 1993; 60 FR 56956,
Nov. 13, 1995]

§799.2475 2-Mercaptobenzothiazole.

(a) ldentification of test substance. (1)
2-Mercaptobenzothiazole (MBT, CAS
No. 149-30-4) shall be tested in accord-
ance with this section.

(2) MBT of at least 97.6 percent pu-
rity (plus or minus 1.5 percent) shall be
used as the test substance.

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacture (including
byproduct manufacture, and import of
MBT and MBT-containing articles) or
process or intend to manufacture or
process MBT, other than as an impu-
rity, after October 21, 1988, to the end
of the reimbursement period shall sub-
mit letters of intent to conduct test-
ing, submit study plans, conduct tests,
and submit data, or submit exemption
applications as specified in this sec-
tion, subpart A of this part, and parts
790 and 792 of this chapter for single-
phase rulemaking.

(c) Chemical fate—(1) Aerobic aquatic
biodegradation—(i) Required testing. Aer-
obic aquatic biodegradation testing
shall be conducted with MBT in accord-
ance with §796.3100 of this chapter.

(ii) Reporting requirements. (A) The
aerobic aquatic biodegradation test
shall be completed and the final report
submitted to EPA within 12 months of
the effective date of the final rule.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of the final rule.

(2) Indirect photolysis-screening level
test—(i) Required testing. Indirect pho-
tolysis testing shall be conducted with
MBT in accordance with §795.70 of this
chapter.

(ii) Reporting requirements. (A) The in-
direct photolysis test shall be com-
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pleted and the final report submitted
to EPA within 12 months of the effec-
tive date of the final rule.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of the final rule.

(3) Chemical mobility—(i) Required test-
ing. Chemical mobility testing shall be
conducted with MBT in accordance
with §796.2750 of this chapter.

(ii) Reporting requirements. (A) The
chemical mobility test shall be com-
pleted and the final report submitted
to EPA within 12 months of the effec-
tive date of the final rule.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of this final rule.

(d) Environmental effects—(1) Fish
chronic toxicity—(i) Required testing. (A)
Chronic toxicity testing of MBT shall
be conducted using rainbow trout
(Salmo gairdneri.) according to §797.1600
of this chapter, except for paragraphs
(©@)([AV)(A), (YA )(E) and (c)(4)()(F),
©©)(iv)(A), (d@)(viD)(A)(2), and
(d)(3)(iv) of §797.1600.

(B) For the purpose of this section,
the following provisions also apply:

(1) The first feeding for the fathead
and sheepshead minnow fry shall begin
shortly after transfer of the fry from
the embryo cups to the test chambers.
Silversides are fed the first day after
hatch. Trout species initiate feeding at
swim-up. The trout fry shall be fed
trout starter mash or live newly-
hatched brine shrimp nauplii (Artemia
salina) three times a day ad libitum,
with excess food siphoned off daily. The
minnow fry shall be fed live newly-
hatched brine shrimp nauplii (Artemia
salina) at least three times a day.

(2) All physical abnormalities (e.g.,
stunted bodies, scoliosis, etc.) shall be
photographed and preserved.

(3) At termination, all surviving fish
shall be measured for growth. Total
length measurements should be used
except in cases where fin erosion oc-
curs, then the use of standard length
measurements shall be permitted.
Standard length measurements should
be made directly with a caliper, but
may be measured photographically.
Measurements shall be made to the
nearest millimeter (0.1 mm is desir-
able). Weight measurements shall also
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be made for each fish alive at termi-
nation (wet, blotted dry, and to the
nearest 0.01 g for the minnows and 0.1 g
for the trout). If the fish exposed to the
toxicant appear to be edematous com-
pared to control fish, determination of
dry, rather than wet, weight is rec-
ommended.

(4)(i) Test substance measurement.
Prior to addition of the test substance
to the dilution water, it is rec-
ommended that the test substance
stock solution be analyzed to verify
the concentration. After addition of
the test substance, the concentration
of test substance shall be measured in
the test substance delivery chamber
prior to beginning, and during, the
test. The concentration of test sub-
stance should also be measured at the
beginning of the test in each test con-
centration (including both replicates)
and control(s), and at least once a week
thereafter. Equal aliquots of test solu-
tion may be removed from each rep-
licate chamber and pooled for analysis.
If a malfunction in the delivery system
is discovered, water samples shall be
taken from the affected test chambers
immediately and analyzed.

(ii) pH. It is recommended that a pH
of 7 be maintained in the test cham-
bers.

(iii) Reporting. An analysis of the sta-
bility of the stock solution for the du-
ration of the test shall be reported.

(5) [Reserved]

(6) For brook and rainbow trout, a 16-
hour light and 8-hour dark photoperiod
shall be provided.

(if) Reporting requirements. (A) The
fish chronic toxicity test shall be com-
pleted and the final report submitted
to EPA within 12 months of the effec-
tive date of the final rule.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of the final rule.

(2) Daphnid chronic toxicity—(i) Re-
quired testing. (A) Daphnid chronic tox-
icity testing shall be conducted with
MBT using Daphnia magna according to
§797.1330 of this chapter.

(B) For the purposes of this section,
the following provisions also apply:

(1) Test substance measurement. Test
substance concentration shall be meas-
ured in the test substance delivery
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chamber prior to beginning, and dur-
ing, the test.

(2) pH. It is recommended that a pH
of 7 be maintained in the test cham-
bers.

(3) Reporting. An analysis of the sta-
bility of the stock solution for the du-
ration of the test shall be reported and
data comparing trout starter mash
with A. salina for supporting trout
growth should be submitted with the
final report.

(ii) Reporting requirements. (A) The
daphnid chronic toxicity test shall be
completed and the final report sub-
mitted to EPA within 12 months of the
effective date of the final rule.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of the final rule.

(e) Health effects—(1) Developmental
toxicity testing—(i) Required testing. De-
velopmental toxicity testing shall be
conducted in two mammalian species
with MBT in accordance with §798.4900
of this chapter, using the oral route of
administration.

(ii) Reporting requirements. (A) The de-
velopmental toxicity test shall be com-
pleted and the final report submitted
to EPA within 12 months of the effec-
tive date of the final rule.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of the final rule.

(2) Reproductive toxicity—(i) Required
testing. Reproductive toxicity testing
shall be conducted with MBT in accord-
ance with §798.4700 of this chapter,
using the oral route of administration.

(ii) Reporting requirements. (A) The re-
productive test shall be completed and
the final report submitted to EPA
within 29 months of the effective date
of the final rule.

(B) Progress reports shall be sub-
mitted to EPA at 6-month intervals be-
ginning 6 months after the effective
date of the final rule until submission
of the final report.

(3) Neurotoxicity—(i) Required testing.
(A)(1) An acute and subchronic func-
tional observation battery shall be con-
ducted with MBT in accordance with
§798.6050 of this chapter except for the
provisions in paragraphs (d)(5) and (6)
of §798.6050.

(2) For the purpose of this section,
the following provisions also apply:
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(i) Duration and frequency of exposure.
For acute study, animals shall be ad-
ministered MBT over a period not to
exceed 24 hours. For subchronic study,
animals shall be dosed daily for at
least 90 days.

(ii) Route of exposure. Animals shall
be exposed to MBT orally.

(B)(1) An acute and subchronic motor
activity test shall be conducted with
MBT in accordance with §798.6200 of
this chapter except for the provisions
in paragraphs (d)(5) and (6) of §798.6200.

(2) For the purpose of this section the
following provisions also apply:

(i) Duration and frequency of exposure.
For acute study, animals shall be ad-
ministered over a period not to exceed
24 hours. For subchronic study, ani-
mals shall be dosed daily for at least 90
days.

(ii) Route of exposure. Animals shall
be exposed to MBT orally.

(C)(1) A subchronic neuropathology
test shall be conducted with MBT in
accordance with §798.6400 of this chap-
ter except for the provisions in para-
graphs (d)(5) and (6) of §798.6400.

(2) For the purpose of this section,
the following provisions also apply:

(i) Duration and frequency of exposure.
Animals shall be dosed daily for at
least 90 days.

(ii) Route of exposure. Animals shall
be exposed to MBT orally.

(ii) Reporting requirements. (A) The
functional observation battery, motor
activity, and neuropathology tests
shall be completed and the final re-
ports for each test submitted to EPA
within 18 months of the effective date
of the final rule.

(B) A progress report shall be sub-
mitted to EPA for the functional obser-
vation battery, motor activity, and
neuropathology tests, respectively, 6
months after the effective date of the
final rule.

(4) Mutagenic effects—Chromosomal ab-
errations—(i) Required testing. (A) A
dominant lethal assay shall be con-
ducted with MBT in accordance with
§798.5450 of this chapter, using the oral
route of administration.

(B) A heritable translocation assay
shall be conducted with MBT in accord-
ance with the test guideline specified
in §798.5460 of this chapter if MBT pro-
duces a positive result in the dominant
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lethal assay conducted pursuant to
paragraph (e)(4)(i)(A) of this section
and if, after a public program review,
EPA issues a FEDERAL REGISTER notice
or sends a certified letter to the test
sponsor specifying that the testing
shall be initiated.

(if) Reporting requirements. (A) Muta-
genic effects—Chromosomal aberration
testing of MBT shall be completed and
the final report submitted to EPA as
follows: Dominant lethal assay, within
12 months after the effective date of
this rule; heritable translocation
assay, within 24 months after notifica-
tion under paragraph (e)(4)(i)(B) of this
section that the testing shall be initi-
ated.

(B) For the dominant lethal assay, an
interim progress report shall be sub-
mitted to EPA 6 months after the ef-
fective date of the final rule; for the
heritable translocation assay, progress
reports shall be submitted to EPA at 6-
month intervals beginning 6 months
after the date of EPA’s notification of
the test sponsor that testing shall be
initiated until submission of the final
report.

(f) Effective date.
date of this final rule is October 21,
1988, except for paragraphs (a)(2),
@@)(D), (DH@(B)(B), and (e)(3)(ii)(A)
of this section. The effective date for
paragraphs @), (@)(@(),
()M (B)(3), and (e)(3)(ii)(A) of this
section is March 1, 1990.

(2) The guidelines and other test
methods cited in this rule are ref-
erenced as they exist on the effective
date of the final rule.

[53 FR 34530, Sept. 7, 1988; 53 FR 37393, Sept.
26, 1988, as amended at 55 FR 7326, Mar. 1,
1990; 58 FR 34205, June 23, 1993]

(1) The effective

§799.2700 Methyl ethyl ketoxime.

(a) ldentification of test substance. (1)
Methyl ethyl ketoxime (MEKO, CAS
No. 96-29-7) shall be tested in accord-
ance with this section.

(2) MEKO of at least 99 percent pu-
rity shall be used as the test substance.

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacture (including
import) or process or intend to manu-
facture or process MEKO, including
persons who manufacture or process or
intend to manufacture or process
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MEKO as a byproduct, or who import
or intend to import products which
contain MEKO, after the date specified
in paragraph (e) of this section to the
end of the reimbursement period, shall
submit letters of intent to conduct
testing, submit study plans, conduct
tests and submit data, or submit ex-
emption applications, as specified in
this section, subpart A of this part, and
parts 790 and 792 of this chapter for sin-
gle-phase rulemaking. Persons who
manufacture, import, or process MEKO
only as an impurity are not subject to
these requirements.

(c) Health effects testing—(1) Phar-
macokinetics testing—(i) Required testing.
Pharmacokinetics testing shall be con-
ducted with MEKO in accordance with
paragraph (c)(1)(ii) of this section.

(ii) [Reserved]

(2) Oncogenicity—(i) Required testing.
Oncogenicity testing shall be con-
ducted in accordance with §798.3300 of
this chapter.

(ii) Route of administration. MEKO
shall be administered either orally or
by inhalation.

(iii) Reporting requirements. (A)
Oncogenicity testing shall be com-
pleted and a final report submitted to
EPA within 53 months of the date spec-
ified in paragraph (e) of this section.

(B) Interim progress reports shall be
submitted to EPA at 6-month inter-
vals, beginning 6 months after the date
specified in paragraph (e) of this sec-
tion, until submission of the final re-
port to EPA.

(3) Developmental toxicity—(i) Required
testing. Developmental toxicity testing
shall be conducted in a rodent and a
nonrodent mammalian species in ac-
cordance with §798.4900 of this chapter.

(ii) Route of administration. MEKO
shall be administered orally.

(iii) Reporting requirements. (A) Devel-
opmental toxicity testing shall be com-
pleted and a final report submitted to
EPA within 15 months of the date spec-
ified in paragraph (e) of this section.

(B) Interim progress reports shall be
submitted to EPA at 6-month inter-
vals, beginning 6 months after the date
specified in paragraph (e) of this sec-
tion.

(4) Reproductive toxicity—(i) Required
testing. (A) Reproductive toxicity test-
ing shall be conducted orally in accord-
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ance with §798.4700 of this chapter ex-
cept for the provisions in paragraphs
(c) (8)(iii) and (9)(i) of §798.4700.

(B) For the purpose of this section,
the following provisions also apply:

(1) The following organs and tissues,
or representative samples thereof, shall
be preserved in a suitable medium for
possible future histopathological exam-
ination: Vagina, uterus, oviducts, ova-
ries, testes, epididymides, vas deferens,
seminal vesicles, prostate, pituitary
gland, and, target organ(s) of all P and
F1 animals selected for mating.

(2)(i) Full histopathology shall be
conducted on the organs and tissues
listed in paragraph (c)(4)(i)(B)(1) of this
section for all high dose and control P
and F; animals selected for mating.

(if) The integrity of the various cell
stages of spermatogenesis shall be de-
termined, with particular attention di-
rected toward achieving optimal qual-
ity in the fixation and embedding.
Preparations of testicular and associ-
ated reproductive organ samples for
histology should follow the rec-
ommendations of Lamb and Chapin
(1985) under paragraph (d)(1) of this sec-
tion, or an equivalent procedure.
Histopathology of the testes shall be
conducted on all P and F; adult males
at the time of sacrifice, and histo-
logical analyses shall include evalua-
tions of the spermatogenic cycle, i.e.,
the presence and integrity of the 14 cell
stages. These evaluations should follow
the guidance provided by Clermont and
Percy (1957) under paragraph (d)(2) of
this section. Information shall also be
provided regarding the nature and level
of lesions observed in control animals
for comparative purposes.

(iii) Data on female cyclicity shall be
obtained by conducting vaginal cytol-
ogy in P and F; females over the last 3
weeks prior to mating; the cell staging
technique of Sadleir (1978) and the vag-
inal smear method in Hafez (1978) under
paragraphs (d)(3) and (d)(7) of this sec-
tion, respectively, or equivalent meth-
ods should be used. Data shall be pro-
vided on whether the animal is cycling
and the cycle length.

(iv) P and F; females shall continue
to be exposed to MEKO for at least an
additional 2 weeks following weaning
of offspring to permit them to begin
cycling once again. They shall then be

255



§799.2700

sacrificed and their ovaries shall be se-
rially sectioned with a sufficient num-
ber of sections examined to adequately
detail oocyte and follicular mor-
phology. The methods of Mattison and
Thorgiersson (1979) and Pederson and
Peters (1968) under paragraphs (d) (4)
and (5) of this section, respectively,
may provide guidance. The strategy for
sectioning and evaluation is left to the
discretion of the investigators, but
shall be described in detail in the study
plan and final report. The nature and
background level of lesions in control
tissue shall also be noted.

(v) Gross and histopathologic evalua-
tions shall be conducted on the mam-
mary glands in F; females and F, pups
sacrificed at weaning and in adult F;
females at the termination of the
study. Any abnormalities shall be de-
scribed in the final report.

(i) Reporting requirements. (A) Repro-
ductive toxicity testing shall be com-
pleted and a final report submitted to
EPA within 29 months of the date spec-
ified in paragraph (e) of this section.

(B) Interim progress reports shall be
submitted to EPA at 6-month inter-
vals, beginning six months after the
date specified in paragraph (e) of this
section until submission of the final re-
port to EPA.

(5) Mutagenic effects—gene mutations—
(i) Required testing. The sex-linked re-
cessive lethal assay in Drosophila shall
be conducted with MEKO in accordance
with §798.5275 of this chapter.

(ii) Reporting requirements. (A) The
sex-linked recessive lethal assay in
Drosophila shall be completed and a
final report submitted to EPA within
18 months of the date specified in para-
graph (e) of this section.

(B) Interim progress reports shall be
submitted to EPA at 6-month intervals
beginning 6 months after the date spec-
ified in paragraph (e) of this section.

(6) Mutagenic effects—chromosomal ab-
errations—(i) Required testing. (A) An in
vivo mammalian bone marrow cyto-
genetics test shall be conducted with
MEKO in accordance with either
§798.5385 (chromosomal analysis) of
this chapter, or §798.5395 (micronucleus
assay) of this chapter except for the
provisions in paragraphs (d)(5) (ii), (iii),
and (iv) of §§798.5385 and 798.5395.
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(B) For the purpose of this section,
the following provisions also apply if
§798.5385 of this chapter is used in con-
ducting the test:

(1) Dose levels and duration of expo-
sure. At least three dose levels shall be
tested. The highest dose tested shall be
the maximum tolerated dose or that
dose producing some signs of
cytotoxicity (e.g., partial inhibition of
mitosis) or shall be the highest dose at-
tainable. Under oral administration,
animals shall be exposed once per day
for 5 consecutive days. Under adminis-
tration by inhalation, animals shall be
exposed 6 hours per day for 5 consecu-
tive days.

(2) Route of administration. Animals
shall be exposed to MEKO either orally
or by inhalation.

(C) For the purpose of this section,
the following provisions also apply if
§798.5395 of this chapter is used in con-
ducting the test:

(1) Dose levels and duration of expo-
sure. At least three-dose levels shall be
tested. The highest dose tested shall be
the maximum tolerated dose or that
dose producing some signs of
cytotoxicity (e.g., a change in the ratio
of polychromatic to normochromatic
erythrocytes) or shall be the highest
dose attainable. Under oral administra-
tion animals shall be exposed once per
day for 5 consecutive days. Under ad-
ministration by inhalation, animals
shall be exposed 6 hours per day for 5
consecutive days.

(2) Route of administration. Animals
shall be exposed to MEKO either orally
or by inhalation.

(ii) Reporting requirements. (A) The
oral in vivo mammalian cytogenetics
test shall be completed and a final re-
port submitted to EPA within 14
months of the date specified in para-
graph (e) of this section. The inhala-
tion in vivo mammalian cytogenetics
test shall be completed and a final re-
port submitted to EPA within 17
months of the date specified in para-
graph (e) of this section.

(B) Interim progress reports shall be
submitted to EPA at 6-month inter-
vals, beginning 6 months after the date
specified in paragraph (e) of this sec-
tion.

(7) Neurotoxicity—(i) Required testing—
(A) Functional observational battery. (1)
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A functional observational battery
shall be conducted with MEKO in ac-
cordance with §798.6050 of this chapter
except for the provisions in paragraphs
(d) (4)(ii), (5), and (6) of §798.6050.

(2) For the purpose of this section,
the following provisions also apply:

(i) Route of exposure. Animals shall be
exposed either orally or by inhalation.

(ii) Lower doses. The data from the
lower doses shall show either graded
dose-dependent effects in at least two
of all the doses tested, including the
highest dose, or no neurotoxic (behav-
ioral) effects at any dose tested.

(iii) Duration and frequency of expo-
sure. For the oral acute testing, ani-
mals shall be exposed once. For the
oral subchronic testing, animals shall
be exposed once per day 5 days per
week for a 90-day period. For the inha-
lation acute testing, animals shall be
exposed for 6 hours for 1 day. For the
inhalation subchronic testing, animals
shall be exposed 6 hours per day 5 days
per week for a 90-day period.

(B) Motor activity. (1) A motor activ-
ity test shall be conducted with MEKO
in accordance with §798.6200 of this
chapter except for provisions in para-
graphs (d) (@4)(i), (5), and (6) of
§798.6200.

(2) For the purpose of this section,
the following provisions also apply:

(i) Route of exposure. Animals shall be
exposed either orally or by inhalation.

(i) Lower doses. The data from the
lower doses shall show either graded
dose-dependent effects in at least two
of all the doses tested including the
highest dose, or no neurotoxic (behav-
ioral) effects at any dose tested.

(iii) Duration and frequency of expo-
sure. For the acute oral testing, ani-
mals shall be exposed once. For the
oral subchronic testing, animals shall
be exposed once per day 5 days per
week for a 90-day period. For the acute
inhalation testing, animals shall be ex-
posed for 6 hours for 1 day. For the in-
halation subchronic testing, the ani-
mals shall be exposed for 6 hours per
day 5 days per week for a 90-day period.

©) Neuropathology. 1) A
neuropathology test shall be conducted
with MEKO in accordance with
§798.6400 of this chapter except for the
provisions in paragraphs (d) (4)(ii), (5),
(6), and (8)(iv)(C) of §798.6400.
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(2) For the purpose of this section,
the following provisions also apply:

(i) Route of exposure. Animals shall be
exposed either orally or by inhalation.

(ii) Lower doses. The data from the
lower doses shall show either graded
dose-dependent effects in at least two
of all the doses tested including the
highest dose, or no neurotoxic (behav-
ioral) effects at any dose tested.

(iii) Duration and frequency of expo-
sure. Animals shall be exposed orally
once per day 5 days per week for a 90-
day period; or if exposed by inhalation,
for 6 hours per day 5 days per week for
a 90-day period.

(iv) Clearing and embedding. After de-
hydration, tissue specimens shall be
cleared with xylene and embedded in
paraffin or paraplast except for the
sural nerve which should be embedded
in plastic. Multiple tissue specimens
(e.g., brain, cord, ganglia) may be em-
bedded together in one single block for
sectioning. All tissue blocks shall be
labeled to provide unequivocal identi-
fication. A suggested method for plas-
tic embedding is described by Spencer
et al. in paragraph (d)(6) of this sec-
tion.

(if) Reporting requirements. (A) The
neurotoxicity tests required under this
paragraph (c)(7) and administered oral-
ly shall be completed and the final re-
sults submitted to EPA within 18
months of the date specified in para-
graph (e) of this section. The
neurotoxicity tests required under this
paragraph (c)(7) and administered by
inhalation shall be completed and the
final results submitted to EPA within
21 months of the date specified in para-
graph (e) of this section.

(B) Interim progress reports shall be
submitted to EPA at 6-month intervals
beginning 6 months after the date spec-
ified in paragraph (e) of this section
until submission of the final report to
EPA.

(d) References. For additional back-
ground information, the following ref-
erences should be consulted.

(1) Lamb, J. and Chapin, R.E. “Ex-
perimental models of male reproduc-
tive toxicology.” In: “Endocrine Tox-
icity.” Thomas, J.A., Korach, K.S., and
McLachlan, J.A., eds. New York, NY:
Raven Press. pp. 85-115. (1985).
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(2) Clermont, Y. and Percey, B.
“Quantitative study of the cell popu-
lation of the seminiferous tubules in
immature rats.” ““American Journal of
Anatomy.’’ 100:241-267. (1957).

(3) Sadleir, R.M.F.S. ““Cycles and sea-
sons.” In: ““Reproduction in Mammals:
I. Germ Cells and Fertilization.” Aus-
tin, R. and Short R.V., eds. New York,
NY: Cambridge Press. Chapter 4. (1978).

(4) Mattison, D.R. and Thorgiersson,
S.S. “Ovarian aryl hydrocarbon
hydroxylase activity and primordial
oocyte toxicity of polycyclic aromatic
hydrocarbons in mice.” ‘“‘Cancer Re-
search.” 39:3471-3475. (1979).

(5) Pederson, T. and Peters, H. ‘““Pro-
posal for classification of oocytes and
follicles in the mouse ovary.”” ““Journal
of Reproduction and Fertility.”” 17:555-
557. (1968).

(6) Spencer, P.S., Bischoff, M., and
Schaumburg, H.H. ‘““Neuropathological
methods for the detection of neuro-
toxic disease.” In: ‘““Experimental and
Clinical Neurotoxicology.”” Spencer,
P.S. and Schaumburg, H.H., eds. Balti-
more, MD: Williams and Wilkins, pp.
743-757 (1980).

(7) Hafez, E.S., ed., ‘““Reproduction
and Breeding Techniques for Labora-
tory Animals.”” Chapter 10. Philadel-
phia: Lea and Febiger. (1970).

(e) Effective dates. (1) The effective
date of this final rule is October 27,
1989.

(2) The guidelines and other test
methods cited in this section are ref-
erenced here as they exist on October
27, 1989.

[54 FR 37808, Sept. 13, 1989, as amended at 58
FR 34205, June 23, 1993]

§799.3300 Unsubstituted
phenylenediamines.

(a) ldentification of test substance. (1)
The unsubstituted phenylenediamines
(pda’s), para-phenylenediamine (p-pda,
CAS No. 106-50-3), or its sulfate salt (p-
pda.H,SO4, CAS No. 1624-57-75), meta-
phenylenediamine (m-pda, CAS No. 108-
45-2), or its sulfate salt (m-pda.H;SO.,,
CAS No. 54-17-08), and ortho-
phenylenediamine (o-pda, CAS No. 95-
54-5) shall be tested in accordance with
this section.

(2) p-Pda, m-pda, and o-pda of at least
98 percent purity shall be used as the
test substances. Either the hydro-

40 CFR Ch. | (7-1-07 Edition)

chloride or sulfate salt of m-pda shall
be used as the test substances. Either
the hydrochloride or sulfate salt of m-
pda shall be used as a test substance in
the oncogenicity test in paragraph
(c)(2) of this section if the free base
proves to be unstable under the condi-
tions of this study. Either the hydro-
chloride or sulfate salt of o-pda, p-pda,
or m-pda shall be used as a test sub-
stance in the 90-day subchronic
neurotoxicity studies in paragraph
(©)(3)(B) of this section if the free base
proves to be unstable under the condi-
tions of these studies. The salt(s) shall
be of at least 98 percent purity.

(b) Persons required to submit study
plans, conduct tests, and submit data. (1)
All persons who manufacture (includ-
ing import or by-product manufacture)
or process m-pda or m-pda.HSO4, or in-
tend to manufacture or process m-pda
or m-pda.H,SO,, after the effective date
of this rule to the end of the reimburse-
ment period shall submit letters of in-
tent to test, submit study plans, con-
duct tests, and submit data, or submit
exemption applications as specified in
paragraphs (c), (d), and (e) of this sec-
tion, subpart A of this part, and parts
790 and 792 of this chapter for single-
phase rulemaking.

(2) All persons who manufacture (in-
cluding import or by-product manufac-
ture) or process p-pda, or p-pda.H;SO.,,
or intend to manufacture or process p-
pda, or p-pda H»SO,, after the effective
date of this rule to the end of the reim-
bursement period shall submit letters
of intent to test, submit study plans,
conduct tests, and submit data, or sub-
mit exemption applications as specified
in paragraphs (c)(3), (d), and (e) of this
section, subpart A of this part and
parts 790 and 792 of this chapter for sin-
gle-phase rulemaking.

(3) All persons who manufacture (in-
cluding import or by-product manufac-
ture) or process o-pda, or intend to
manufacture or process o-pda after the
effective date of this rule to the end of
the reimbursement period shall submit
letters of intent to test, submit study
plans, conduct tests, and submit data,
or submit exemption applications as
specified in paragraphs (c)(3), (d), and
(e) of this section, subpart A of this
part, and parts 790 and 792 of this chap-
ter for single-phase rulemaking.
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(c) Health effects testing—(1) Mutage-
nicity testing—(i) Required testing. (A)
The sex-linked recessive lethal (SLRL)
assay shall be conducted, by injection,
in Drosophila melanogaster with m-pda
in accordance with § 798.5275 of this
chapter.

(B) If the SLRL assay conducted pur-
suant to paragraph (c)(1)(i)(A) of this
section is positive, either the mouse
visible specific locus test (MVSL) or
the mouse biochemical specific locus
test (MBSL) shall be conducted for m-
pda by gavage in accordance with
§§798.5200 or 798.5195 of this chapter, if
after public program review, EPA
issues a FEDERAL REGISTER notice or
sends a certified letter to the test spon-
sor(s) specifying that testing shall be
initiated. The test sponsor shall notify
EPA of its choice in writing in its first
interim report.

(C) The mouse bone marrow cyto-
genetics: micronucleus (MBMC) assay
shall be conducted on m-pda in accord-
ance with § 798.5395 of this chapter.

(D) If the MBMC assay conducted
pursuant to paragraph (c)(1)(i)(C) of
this section is positive, the dominant
lethal assay (DL) in mice shall be con-
ducted on m-pda pursuant to § 798.5450
of this chapter.

(E) If the DL conducted pursuant to
paragraph (c)(1)(i)(D) of this section is
positive, heritable translocation (HT)
testing in the mouse on m-pda shall be
conducted pursuant to § 798.5460 of this
chapter, if after a public program re-
view, EPA issues a FEDERAL REGISTER
notice or sends a certified letter to the
test sponsor(s) specifying that testing
shall be initiated.

(ii) Reporting requirements. (A) The
tests shall be completed and the final
reports for the MBMC assay shall be
submitted to the EPA no later than
January 16, 1991. The final report for
the SLRL in Drosophila melanogaster
shall be submitted no later than April
15, 1991.

(B) If required, the DL test shall be
completed and the final report shall be
received by EPA no later than 24
months after the effective date of this
final rule.

(C) If required, the MVSL or the
MBSL shall be completed and the final
report shall be received by EPA no
later than 51 months after EPA issues
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a FEDERAL REGISTER Notice or sends a
certified letter to the test sponsor(s)
identified under paragraph (c)(1)(i)(B)
of this section specifying that testing
shall be initiated.

(D) If required, the HT test shall be
completed and the final report shall be
submitted to EPA not later than 36
months after the date on which EPA
notifies the test sponsor under para-
graph (c)(1)(i)(E) of this section to
begin testing.

(E) Interim reports for the SLRL
assay and MBMC are required at 6-
month intervals beginning 6 months
after the effective date of this section.
If the DL is triggered, interim reports
are required at 6 month intervals be-
ginning with the date of initiation of
the study.

(F) Interim reports for the HT and ei-
ther the MBSL or MVSL are required
at 6-month intervals beginning 6
months after the date of notification
by EPA that testing shall be initiated,
and ending when the final report is
submitted.

(2) Oncogenicity—(i) Required testing.
A 2-year dermal oncogenicity bioassay
shall be conducted with m-pda if, after
public program review, EPA issues a
FEDERAL REGISTER notice specifying
that the testing shall be initiated.

(ii) [Reserved]

(iii) Reporting requirements. (A) The
final results and final report for the
oncogenicity bioassay shall be sub-
mitted to EPA no later than 53 months
after EPA issues a FEDERAL REGISTER
notice or sends a certified letter to the
test sponsor under paragraph (c)(2)(i) of
this section specifying that the testing
shall be initiated.

(B) Interim reports for the
oncogenicity study are required at 6-
month intervals beginning 6 months
after the date of notification by EPA
that testing shall be initiated and end-
ing when the final report is submitted.

(3) Neurotoxicity—(i) Required testing.
(A) Acute neurotoxicity testing in the
neurotoxicity functional observational
battery (FOB) in accordance with
§ 798.6050 of this chapter, and the
motor activity test (MAT) in accord-
ance with § 798.6200 of this chapter,
shall be conducted for o-, m-, and p-pda.
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The test chemicals shall be adminis-
tered in a single oral dose. Clinical ob-
servations shall be made at a minimum
of 1, 4, 24, and 48 hours and at 7 days
after dosing.

(B) If neurotoxic effects are observed
at 24 hours, or longer, during the test-
ing conducted pursuant to paragraph
(©)(3)(1)(A) of this section, then 90-day
subchronic neurotoxic FOB and MAT
tests shall be conducted in accordance
with §§ 798.6050 and 798.6200 of this
chapter, respectively, for each isomer
showing such effects. At the end of
these tests, the animals shall be sac-
rificed and the nervous tissue preserved

and examined as described in the
neuropathology test standard,
§ 798.6400 of this chapter.

(ii) Reporting requirements. (A) The

acute neurotoxicity tests shall be com-
pleted and the final report submitted
to EPA no later than September 15,
1990. If triggered, the final report of the
subchronic neurotoxicity testing and
the neuropathological examination
shall be submitted to EPA on the fol-
lowing schedules. If one isomer is trig-
gered, the reporting deadline is July 15,
1990. If two isomers are triggered, the
reporting deadline is January 15, 1992.
If three isomers are triggered, the re-
porting deadline is July 15, 1992.

(B) [Reserved]

(d) Chemical fate testing—(1) Indirect
photolysis testing—(i) Required testing.
Indirect photolysis studies shall be
conducted with p-, m-, and o-pda to de-
termine the half-life in water of each of
the three unsubstituted pda’s in ac-
cordance with § 795.70 of this chapter.

(ii) Reporting requirements. (A) The
final report shall be submitted to EPA
no later than 8 months after the effec-
tive date of the final rule.

(B) The final report shall include a
calculation of the predicted environ-
mental concentration (PEC), 100xPEC,
and 1,000xPEC for each isomer. PEC
shall be calculated by using results
from the indirect photolysis studies
and solving the following equations for
the appropriate isomer: o-pda: PECo
0.3629 + 1.0468 log t 1/2; m-pda: PECm
0.6830 + 1.9702 log t 1/2; p-pda: PECp
0.0085 + 0.0024 log t 1/2, where PEC is
the predicted concentration in ppb and
t 1/2 is the half-life for oxidation (i.e.,
indirect photolysis) expressed in min-
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utes. PEC, 100xPEC, and 1,000xPEC
shall be used in the decision logic de-
scribed in paragraph (e) of this section.

(2) [Reserved]

(e) Environmental effects testing—(1)
Acute toxicity testing—(i) Required test-
ing. (A) Flow-through fish acute tox-
icity tests in the rainbow trout (Salmo
gairdneri) shall be conducted with o-, m-
, and p-pda in accordance with
§ 797.1400 of this chapter.

(B) Acute flow-through studies on the
freshwater invertebrate = Gammarus
shall be conducted with o-, m-, and p-
pda in accordance with § 795.120 of this
chapter.

(C) If the concentration affecting 50
percent of the population (LCso or ECsg)
for any study conducted pursuant to
paragraphs (e)(1)(i)(A) and (B) of this
section is less than or equal to
100xPEC, less than or equal to 1 milli-
gram/liter (mg/L), or less than or equal
to 100 mg/L and shows indications of
chronicity, chronic toxicity testing
shall be conducted pursuant to para-
graph (e)(2) of this section. Indications
of chronicity shall be the following: for
fish or aquatic invertebrates, the ratio
of 24 hour/96 hour LCsgs is greater than
or equal to 2; for gammarids, the ratio
of 24 hour/48 hour ECsgs is greater than
or equal to 2.

(ii) Reporting requirements. The final
reports for acute toxicity testing shall
be submitted as follows:

(A) Testing on the rainbow trout
shall be completed and submitted to
EPA 9 months after the effective date
of the final rule for o-pda and p-pda.
Testing for m-pda shall be completed
and submitted by January 15, 1991.

(B) The acute toxicity testing in
freshwater Gammarus shall be com-
pleted and submitted no later than
January 15, 1991.

(2) Chronic toxicity testing—(i) Re-
quired testing. (A) A fish partial life-
cycle flow-through test shall be con-
ducted in the more sensitive fish spe-
cies, either Pimephales promelas or
Salmo gairdneri, with each isomer, o-,
m-, and p-pda, demonstrating an LCsg,
determined by testing of fish pursuant
to paragraph (e)(1)(i)(A) of this section,
equal to or less than 100xPEC; or less
than 1 mg/L; or less than 100 mg/L with
indications of chronicity. Chronicity
indicators are defined in paragraph

260



Environmental Protection Agency

(€)(1)(1)(C) of this section. Testing shall
be conducted in accordance with
§ 797.1600 of this chapter.

(B) An invertebrate life-cycle flow-
through toxicity test shall be con-
ducted in Daphnia magna for o- and p-
pda in accordance with § 797.1330 of
this chapter.

(if) Reporting requirements. (A) The
fish partial life-cycle flow-through test
shall be completed and final results
shall be submitted to EPA no later
than December 1, 1992.

(B) The invertebrate life-cycle flow-
through toxicity test shall be com-
pleted and the final report submitted
to EPA no later than January 15, 1993.

(C) Progress reports shall be sub-
mitted at 6 month intervals after the
effective date of the final rule.

(f) Effective dates. (1) The effective
date of this final rule is January 16,
1990, except for paragraphs (c)(1)(i)(B),
@MGDNA),  @MEGN©),  ©D3FE),
©@@ A, E©Q)(i), ©@(i)A), and
(©)(2)(ii)(B) of this section. The effec-
tive date for paragraphs (c)(1)(i)(B),
(©)(Q)(i1)(C), and (c)(1)(ii)(F) of this sec-
tion is May 21, 1990. The effective date
for paragraphs (c)(1)(ii)(A), (c)(3)(ii)(A),
and (e)(1)(ii), of this section is May 21,
1991. The effective date for paragraph
©)(2)(ii)(A) is June 12, 1992. The effec-
tive date for paragraph (e)(2)(ii)(B) is
May 28, 1993.

(2) The guidelines and other test
methods cited in this rule are ref-
erenced as they exist on the effective
date of the final rule.

[54 FR 49294, Nov. 30, 1989, as amended at 55
FR 12644, Apr. 5, 1990; 56 FR 23231, May 21,
1991; 57 FR 24961, June 12, 1992; 58 FR 30992,
May 28, 1993; 58 FR 34205, June 23, 1993]

§799.4360 Tributyl phosphate.

(a) ldentification of test substance. (1)
Tributyl phosphate (TBP, CAS No. 126-
73-8) shall be tested in accordance with
this section.

(2) TBP of at least 99 percent purity
shall be used as the test substance.

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacture (including
import and byproduct manufacture) or
process or intend to manufacture or
process TBP, other than as an impu-
rity, from the effective date of the
final rule to the end of the reimburse-
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ment period shall submit letters of in-
tent to conduct testing, submit study
plans, conduct tests, and submit data,
or submit exemption applications as
specified in this section, subpart A of
this part, and part 790 of this chapter
for single-phase rulemaking.

(c) Health effects testing—(1)
Neurotoxicity—(i) Required testing. (A)(1)
An acute and subchronic functional ob-
servational battery shall be conducted
with TBP in accordance with §798.6050
of this chapter except for the provi-
sions of paragraphs (d) (5) and (6) of
§798.6050.

(2) For the purpose of this section,
the following provisions also apply:

(i) Animal selection. Testing shall be
performed in laboratory rats.

(ii) Duration of testing. For the acute
testing, the substance shall be adminis-
tered over a period not to exceed 24
hours; for the subchronic testing, test
species shall be exposed daily for at
least 90 days.

(iii) Route of exposure. Animals shall
be exposed to TBP orally.

(B)(1) An acute and subchronic motor
activity test shall be conducted with
TBP in accordance with §798.6200 of
this chapter except for the provisions
of paragraphs (d) (5) and (6) of §798.6200.

(2) For the purpose of this section,
the following provisions also apply:

(i) Animal selection. Testing shall be
performed in laboratory rats.

(ii) Duration of testing. For the acute
testing, the substance shall be adminis-
tered over a period not to exceed 24
hours; for the subchronic testing, test
species shall be exposed daily for at
least 90 days.

(iii) Route of administration. Animals
shall be exposed to TBP orally.

(C)(1) A neuropathology test shall be
conducted with TBP in accordance
with §798.6400 of this chapter except for
the provision of paragraphs (d)(1)(i) (5)
and (6) of §798.6400.

(2) For the purpose of this section,
the following provisions also apply:

(i) Animal selection. Testing shall be
performed in laboratory rats.

(ii) Duration of testing. Animals shall
be exposed for at least a 90-day period.

(iii) Route of administration. Animals
shall be exposed to TBP orally.

(ii) Reporting requirements—(A) The
neurotoxicity tests required under
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paragraph (c)(1)(i) (A), (B), and (C) of
this section shall be completed and
final reports submitted to EPA within
18 months of the effective date of the
final rule.

(B) An interim progress report for
these neurotoxicity tests shall be sub-
mitted to EPA 6 months after the ef-
fective date of the final rule.

(2) Developmental toxicity—(i) Required
testing. (A) A developmental toxicity
study shall be conducted with TBP in
accordance with §798.4900 of this chap-
ter, except for the provisions of para-
graph (e)(5) of §798.4900.

(B) for the purpose of this section,
the following provision also applies:

(1) Route of administration. The ani-
mals shall be exposed to TBP by ga-
vage.

(2) [Reserved]

(ii) Reporting requirements. (A) The de-
velopmental toxicity study required
under paragraph (c)(2) of this section
shall be completed and a final report
submitted to EPA by January 27, 1991.

(B) An interim progress report shall
be submitted to EPA 6 months after
the effective date of the final rule.

(3) Reproductive and fertility—(i) Re-
quired testing. (A) A reproduction and
fertility study shall be conducted with
TBP in accordance with §798.4700 of
this chapter, except for the provisions
of paragraph (c)(5)(i)(A) of §798.4700.

(B) for the purpose of this section,
the following provisions also apply:

(1) Route of administration. Animals
should be exposed to TBP by gavage.

(2) [Reserved]

(ii) Reporting requirements. (A) The re-
production and fertility effects study
required under paragraph (c)(3) of this
section shall be completed and a final
report submitted to EPA by August 17,
1992.

(B) Interim program reports shall be
submitted to EPA at 6 month inter-
vals, beginning 6 months after the ef-
fective date of the final rule, until the
final report is submitted to EPA.

(4) Mutagenic effects—Gene mutation—
(i) Required testing. (A) A detection of
gene mutation in somatic cells in cul-
ture test shall be conducted with TBP
in accordance with §798.5300 of this
chapter.

(B)(1) If TBP produces a positive re-
sult in the assay conducted pursuant to
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paragraph (c)(4)(i)(A) of this section, a
sex-linked recessive lethal test in
Drosophila melanogaster shall be con-
ducted with TBP in accordance with
§798.5275 of this chapter, except for the
provisions of paragraph (d)(5)(iii) of
§798.5275.

(2) For the purpose of this section,
the following provisions also apply:

(i) Route of administration. Animals
shall be exposed to TBP orally.

(ii) [Reserved]

(iii) Reporting requirements. (A) The
somatic cells in culture assay shall be
completed and the final report sub-
mitted to EPA, within 10 months after
the effective date of the final rule. If
required, the Drosophila sex-linked re-
cessive lethal assay shall be completed
and the final report submitted to EPA
within 22 months after the effective
date of the final rule.

(B) Interim progress reports shall be
submitted to EPA at 6 month intervals
beginning 6 months after initiation of
the sex-linked recessive lethal test in
Drosophila until the applicable final re-
ports are submitted to EPA.

(5) Mutagenic effects—Chromosomal ab-
erration—(i) Required testing. (A) An in
vitro mammalian cytogenetics test
shall be conducted with TBP in accord-
ance with §798.5375 of this chapter.

(B)(1) If TBP produces a negative re-
sult in the in vitro cytogenetics test
conducted pursuant to paragraph
(©)(5)(1)(A) of this section, an in vivo
mammalian bone marrow cytogenetics
test shall be conducted with TBP in ac-
cordance with §798.5385 of this chapter,
except for the provisions of paragraph
(d)(5)(iii) of §798.5385.

(2) For the purpose of this section,
the following provisions also apply:

(i) Route of administration. Animals
shall be exposed to TBP orally.

(ii) [Reserved]

(C)(1) If TBP produces a positive re-
sult in either the in vitro or the in vivo
cytogenetics test conducted pursuant
to paragraphs (c)(5)(i) (A) and (B) of
this section, a rodent dominant-lethal
assay shall be conducted with TBP in
accordance with §798.5450 of this chap-
ter, except for the provisions of para-
graph (d)(5)(iii) of §798.5450.

(2) For the purpose of this section,
the following provisions also apply:
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(i) Route of administration. Animals
shall be exposed orally to TBP.

(ii) [Reserved]

(D)(1) A rodent heritable trans- loca-
tion assay shall be conducted with TBP
if the dominant-lethal assay conducted
for TBP pursuant to paragraph
(©)(5)(1)(C) of this section produces a
positive result, and if, after a public
program review, EPA issues a FEDERAL
REGISTER notice or sends a certified
letter to the test sponsor specifying
that the testing shall be initiated. This
test shall be conducted in accordance
with §798.5460 of this chapter except for
the provisions of paragraph (d)(5)(iii) of
§798.5460.

(2) For the purpose of this section,
the following provisions also apply:

(i) Route of administration. Animals
shall be exposed to TBP orally.

(ii) [Reserved]

(ii) Reporting requirements. (A)(1) The
in vitro mammalian cytogenetics test
shall be completed and the final report
submitted to EPA within 10 months
after the effective date of the final
rule.

(2) If required, the in vivo mamma-
lian bone-marrow cytogenetics test
shall be completed and the final report
submitted to EPA within 24 months
after the effective date of the final
rule.

(3) If required, the dominant lethal
assay shall be completed and the final
report submitted to EPA within 36
months after the effective date of the
final rule.

(4) If required, the heritable
translocation assay shall be completed
and the final report submitted to EPA
within 25 months after the date of
EPA’s notification of the test sponsor
under paragraph (c)(5)(i)(D) of this sec-
tion that testing shall be initiated.

(B) Interim progress reports shall be
submitted to EPA at 6 month intervals
beginning 6 months after initiation of
the rodent dominant lethal assay and
the rodent heritable translocation
assay respectively, if required, until
the applicable final reports are sub-
mitted to EPA.

(6) Oncogenicity—(i) Required testing.
(A) An oncogenicity test shall be con-
ducted with TBP in accordance with
§798.3300 of this chapter except for the
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provisions of paragraphs (b)(1)(i),
(b)(6)(1) and (b)(9), of §798.3300.

(B) For the purpose of this section,
the following provisions also apply:

(1) Animal selection. TBP shall be test-
ed in Sprague-Dawley rats and in mice.

(2) Route of administration. Animals
shall be exposed to TBP orally.

(3) Clinical examinations. At 12
months, 18 months and during month
24, a blood smear shall be obtained
from all animals. A differential blood
count shall be performed on blood
smears from those animals in the high-
est dosage group and the controls. If
these data, or data from the patholog-
ical examination indicate a need, then
the 12- and 18-month blood smears
from other dose levels shall also be ex-
amined. Differential blood counts shall
be performed for the next lower
group(s) if there is a major discrepancy
between the highest group and the con-
trols. If clinical observations suggest a
deterioration in health of the animals
during the study, a differential blood
count of the affected animals shall be
performed.

(ii) Reporting requirements. (A) The
oncogenicity test required under para-
graph (c)(6) of this section shall be
completed and a final report submitted
to EPA within 53 months of the effec-
tive date of the final rule.

(B) Interim progress reports shall be
submitted to EPA at 6 month intervals
beginning 6 months after the effective
date of the final rule, until the final re-
port is submitted to EPA.

(7) Dermal sensitization—(i) Required
testing. A dermal sensitization test
shall be conducted with TBP in accord-
ance with §798.4100 for this chapter.

(ii) Reporting requirements. The der-
mal sensitization test shall be com-
pleted and the final report submitted
to EPA within 6 months of the effec-
tive date of the final rule.

(8) Oral/Dermal Pharmacokinetics—(i)
Required testing. (A) A pharmaco- kinet-
ics test shall be conducted with TBP in
accordance with §795.228 of this chap-
ter, except for the provisions of para-
graphs (c)(1)(iii)(B), (c)(Q)(ii)(C)(1) and
(€)(2)(ii)(C)(2) of §795.228.

(B) For the purposes of this section,
the following provisions also apply:

(1) Animal care. During the acclimati-
zation period, the animals shall be
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housed in suitable cages. All animals
shall be provided with certified feed
and tap water ad libitum.

(2) Dermal treatment. For dermal
treatment, two doses, comparable to
the low and high oral doses, shall be
dissolved in a suitable vehicle and ap-
plied in volumes adequate to deliver
comparable doses. The backs of the
animals should be lightly clipped with
an electric clipper 24 hours before
treatment. The test substance shall be
applied to the intact clipped skin (ap-
proximately 2 cm? for rats, 40 cm? for
mini-pigs). The dosed areas shall be
protected with a suitable porous cov-
ering which is secured in place, and the
animals shall be housed separately.

(ii) Reporting requirements. (A) The
pharmacokinetics test required in
paragraph (c)(8)(i) of this section shall
be completed and the final report sub-
mitted to EPA by December 26, 1992.

(B) Interim 6 month progress reports
shall be submitted to EPA beginning at
6 months after the effective date of the
final rule and continuing until submis-
sion of the final report.

(d) Environmental effects testing—(1)
Algal acute toxicity—(i) Required testing.
(A) Algal acute toxicity testing shall
be conducted with TBP using
Selenastrum capricornutum in accord-
ance with §797.1050 of this chapter ex-
cept for the provisions of paragraphs
(€)(6)(1)(A),(B), and (ii) of §797.1050.

(B) For the purpose of this section,
the following provisions also apply:

(1) Summary of the test. The algal cells
at the end of 24, 48, and 72 hours shall
be enumerated.

(2) Chemical measurement. The final
separation of the algal cells from the
test solution shall be done using an
ultrafiltration (e.g., 0.45 micrometer
pore size) technique. The total and dis-
solved (e.g., filtered) concentrations of
the test substance shall be measured in
each test chamber and the delivery
chamber before the test and in each
test chamber at 0 and 96 hours.

(ii) Reporting requirements. The algal
acute toxicity test required in para-
graph (d)(1) of this section shall be
completed and the final report sub-
mitted to EPA within 9 months of ef-
fective date of the final rule.

(2) Fish acute toxicity—(i) Required
testing. (A) Fish acute toxicity testing
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shall be conducted with TBP using
Salmo gairdneri (rainbow trout) in ac-
cordance with §797.1400 of this chapter.

(B) For the purpose of this section,
the following provisions also apply:

(1) Chemical measurement. The total
and dissolved (e.g., filtered) concentra-
tions of the test substance shall be
measured in each test chamber deliv-
ery chamber before the test. If the dis-
solved test substance concentration is
greater than 80 percent of total test
substance concentration, then only
total or dissolved test concentration
shall be measured in each chamber at
0, 48, and 96 hours. If the dissolved test
substance concentration is less than or
equal to 80 percent of total test sub-
stance, then total and dissolved test
substance concentration shall be meas-
ured at 0, 48 and 96 hours.

(2) Test procedures. The test shall be
performed under flow-through condi-
tions.

(ii) Reporting requirements. The fish
acute toxicity test shall be completed
and the final report submitted to EPA
within 9 months of the effective date of
the final rule.

(3) Daphnid acute toxicity—(i) Required
testing. (A) Daphnid acute toxicity test-
ing shall be conducted with TBP using
Daphnia magna or D. pulex in accord-
ance with §797.1300 of this chapter.

(B) For the purpose of this section,
the following provisions also apply:

(1) Chemical measurement. The total
and dissolved (e.g., filtered) concentra-
tions of the test substance shall be
measured in each test chamber and the
delivery chamber before the test. If the
dissolved test substance concentration
is greater than 80 percent of total test
substance concentration, then only
total or dissolved test concentration
shall be measured in each chamber at
0, 24, and 48 hours. If the dissolved test
substance concentration is less than or
equal to 80 percent of total test sub-
stance, then total and dissolved test
substance concentration shall be meas-
ured at 0, 29, and 48 hours.

(2) Test procedures. The test shall be
performed under flow-through condi-
tions.

(i) Reporting requirements. The
daphnid acute toxicity test shall be
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completed and the final report sub-
mitted to EPA within 9 months of the
effective date of the final rule.

(4) Gammarid acute toxicity—(i) Re-
quired testing. (A) Gammarid acute tox-
icity testing shall be conducted with
TBP using Gammarus lacustris, G.
fasciatus, or G. pseudolimnaeus in ac-
cordance with §795.120 of this chapter.

(B) For the purpose of this section,
the following provisons also apply:

(1) Chemical measurement. The total
and dissolved (e.g., filtered) concentra-
tions of the test substance shall be
measured in each test chamber and the
delivery chamber before the test. If the
dissolved test substance concentration
is greater than 80 percent of total test
substance concentration, then only
total or dissolved test concentration
shall be measured in each chamber at
0, 48, and 96 hours. If the dissolved test
substance concentration is less than or
equal to 80 percent of total test sub-
stance, then total and dissolved test
substance concentration shall be meas-
ured at 0, 48, and 96 hours.

(2) Test procedures. The test shall be
performed under flow-through condi-
tions.

(i) Reporting requirements. The
Gammarid acute toxicity test shall be
completed and the final report sub-
mitted to EPA within 9 months of the
effective date of the final rule.

(5) Daphnid chronic toxicity—(i) Re-
quired testing. (A) Daphnid chronic tox-
icity testing shall be conducted with
TBP using Daphnia magna or D. pulex
in accordance with §797.1330 of this
chapter, if the algal EC50, the rainbow
trout LC50, the daphnid EC50, or the
gammarid LC50 determined in accord-
ance with paragraphs (d)(1), (2), (3) and
(4) of this section satisfy the following
criteria: Any such value is <1 mg/L; or
any fish or aquatic invertebrate EC50
or LC50 is < 100 mg/L and either the
rainbow trout or gammarid 24-hour to
96-hour LC50 ratio = 2, or the daphnid
24-hour to 48-hour EC50 or LC50 ratio is
>2.

(B) For the purpose of this section,
the following provisions also apply:

(1) Chemical measurement. The total
and dissolved (e.g., filtered) concentra-
tions of the test substance shall be
measured in each test chamber and the
delivery chamber before the test. If the
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dissolved test substance concentration
is greater than 80 percent of total test
substance concentration, then only
total or dissolved test substance con-
centration shall be measured in each
test chamber at 0, 7, 14, and 21 days. If
the dissolved test substance concentra-
tion is less than or equal to 80 percent
of total test substance concentration,
then total and dissovled test substance
concentration shall be measured at 0, 7,
14, and 21 days.

(2) Test procedures. The test shall be
performed under flow-through condi-
tions.

(ii) Reporting requirements. (A) The
daphnid chronic toxicity test, if re-
quired, shall be completed and the final
report submitted to EPA by September
27, 1991.

(B) An interim progress report shall
be submitted to EPA 6 months after
the initiation of the test.

(6) Fish early-life stage toxicity—(i) Re-
quired testing. A fish early-life stage
toxicity test shall be conducted with
TBP in accordance with §797.1600 of
this chapter, using the fish with the
lower LC50 value (either the rainbow
trout (Salmo gairdneri) or the fathead
minnow (Pimephales promelas)), if the
algal EC50, the rainbow trout LC50, the
gammarid LC50 or the daphnid EC50 de-
termined in accordance with para-
graphs (d)(1), (2), (3), and (4) of this sec-
tion satisfy the following criteria: Any
such value is <1 mg/L; or any fish or
aquatic invertebrate EC50 or LC50 is <
100 mg/L and either the rainbow trout
or gammarid 24 hour to 96 hour LC50
ratio = 2, or the daphnid 24-hour to 48-
hour EC50 or LC50 ratio is = 2.

(ii) Reporting requirements. (A) The
fish early-life stage flow-through tox-
icity test shall be completed and the
final report submitted to EPA by De-
cember 27, 1991.

(B) An interim progress report shall
be submitted to EPA 6 months after
the initiation of the test.

(7) Benthic sediment invertebrate bio-
assay—(i) Required testing. (A) A
benthic sediment invertebrate bioassay
shall be conducted on TBP with the
midge (Chironomus tentans) if chronic
toxicity testing is required pursuant to
paragraph (d)(5) of this section and if
the log Koc calculated according to
paragraph (e)(2)(B)(1) of this section is
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greater than or equal to 3.5 but less
than or equal to 6.5. The total agueous
sediment concentrations and intersti-
tial water concentrations of the test
substance shall be measured in each
test chamber at 0, 4, 7, 10, and 14 days.
The aqueous concentrations of the test
substance in the delivery chamber
shall be measured at 0, 4, 7, 10, and 14
days. TBP-spiked clean freshwater
sediments containing low, medium, and
high organic carbon content shall be
used.

(B) The benthic sediment inverte-
brate bioassay shall be conducted ac-
cording to the test procedure specified
in the American Society for Testing
and Materials, Special Technical Publi-
cation 854 (ASTM STP 854) entitled,
“Aquatic Safety Assessment of Chemi-
cals Sorbed to Sediments,” by W.J.
Adams, R.A. Kimerle, and R.G. Mosher,
published in Aquatic Toxicity and Haz-
ard Assessment: Seventh Symposium,
ASTM STP 854, pp. 429-453, R.D.
Caldwell, R. Purdy, and R.C. Bahner,
Eds., 1985 which is incorporated by ref-
erence. This published procedure is
available for public inspection at the
National Archives and Records Admin-
istration (NARA). For information on
the availability of this material at
NARA, call 202-741-6030, or go to: http://
www.archives.gov/federal register/
code of federal regulations/
ibr _locations.html. Copies may be ob-
tained from the Non-Confidential In-
formation Center (NCIC) (7407), Office
of Pollution Prevention and Toxics,
U.S. Environmental Protection Agen-
cy, Room B-607 NEM, 401 M St., SW.,
Washington, DC 20460, between the
hours of 12 p.m. and 4 p.m. weekdays
excluding legal holidays. This incorpo-
ration by reference was approved by
the Director of the Federal Register in
accordance with 5 U.S.C. 522(a) and 1
CFR part 51. The method is incor-
porated as it exists on the effective
date of this rule and a notice of any
change to the method will be published
in the FEDERAL REGISTER.

(ii) Reporting requirements. (A) The
benthic sediment invertebrate bio-
assay, if required, shall be completed
and the final report submitted to EPA
within 21 months of the effective date
of the final rule.
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(B) An interim progress report shall
be submitted to EPA for the benthic
sediment invertebrate bioassy 6
months after the initiation of the test.

(e) Chemical fate testing—(1) Vapor
pressure—(i) Required testing. Vapor
pressure testing shall be conducted
with TBP in accordance with §796.1950
of this chapter.

(i) Reporting requirements. The vapor
pressure test required in paragraph
(d)(2) of this section shall be completed
and the final report submitted to EPA
by September 27, 1990.

(2) Sediment and soil adsorption iso-
therm—(i) Required testing. Sediment
and soil absorption isotherm testing
shall be conducted with TBP in accord-
ance with §796.2750 of this chapter and
EPA will provide two soil and two sedi-
ment samples.

(ii) Reporting requirements. (A) The
sediment and soil absorption isotherm
test required under paragraph (d)(2) of
this section shall be completed and the
final report submitted to EPA by Sep-
tember 27, 1990.

(B) For the purpose of this section,
the following provisions also apply:

(1) A Koc value shall be calculated
for each test sediment using the equa-
tion Koc=K/ (percent of organic carbon
in test sediment).

(2) [Reserved]

(3) Hydrolysis as a function of pH at 25
°C—(i) Required testing. Hydrolysis test-
ing shall be completed with TBP in ac-
cordance with §796.3500 of this chapter.

(ii) Reporting requirements. The hy-
drolysis test required under paragraph
(e)(3)(i) of this section shall be com-
pleted and the final report submitted
to EPA by September 27, 1990.

(f) Effective date. (1) The effective
date of this final rule is September 27,
1989, except for paragraphs (c)(2)(ii)(A),
©EIDA),  ©EDA). ©ENE)Q).
@Q@), ©E@INA),  ([@E)NA),
(D@)(IDN(A), (e))(iD), ()A(ii)A), and
(e)(3)(ii) of this section. The effective
date for paragraphs (c)(2)(ii)(A),
©@)(ii)(A), © @), (e,
(©)(2)(ii)(A), and (e)(3)(ii) of this section
is May 21, 1991. The effective date for
©@)(i)(A), (DG A), and
(d)(6)(i1)(A) of this section is June 12,
1992. The effective date for (c)(6)(i)(A),
(©)(6)(1)(B)(3), and (c)(8)(ii)(A) is May 28,
1993.
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(2) The guidelines and other test
methods cited in this rule are ref-
erenced as they exist on the effective
date of the final rule.

[54 FR 33413, Aug. 14, 1989; 56 FR 23231, May
21, 1991, as amended at 57 FR 24961, June 12,
1992; 58 FR 30992, May 28, 1993; 58 FR 34205,
June 23, 1993; 60 FR 34467, July 3, 1995; 69 FR
18803, Apr. 9, 2004]

§799.4440 Triethylene
monomethyl ether.

(a) ldentification of test substance. (1)
Triethylene glycol monomethyl ether
(TGME, CAS No. 112-35-6) shall be test-
ed in accordance with this section.

(2) TGME of at least 90 percent pu-
rity shall be used as the test substance.

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacture or process
TGME, other than as an impurity,
after May 17, 1989, to the end of the re-
imbursement period shall submit let-
ters of intent to conduct testing, sub-
mit study plans, conduct tests and sub-
mit data, or submit exemption applica-
tions as specified in this section, sub-
part A of this part, and parts 790 and
792 of this chapter for single-phase
rulemaking.

(c) Developmental neurotoxicity—(1)
Required testing. Developmental
neurotoxicity testing shall be per-
formed in the Sprague-Dawley rat by
gavage in accordance with §795.250 of
this chapter except for the provision in
paragraph (c)(3)(iii) of §795.250.

(2) For the purpose of this section,
the following provisions also apply:

(i) Number of animals. The objective is
for a sufficient number of pregnant
rats to be exposed to ensure that an
adequate number of offspring are pro-
duced for neurotoxicity evaluation. At

glycol
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least 24 litters are recommended at
each dose level.

(ii) Dose levels and dose selection. In
the absence of developmental toxicity
or maternal toxicity the maximum
dose shall be 5 grams/kilogram.

(3) Reporting requirements—(i) The de-
velopmental neurotoxicity test shall be
completed and the final report sub-
mitted to EPA within 21 months of the
initiation of the test.

(ii) Progress reports shall be sub-
mitted to EPA at 6- month intervals,
beginning six months after the initi-
ation of the test.

(d) Effective date. (1) The effective
date of this final rule is May 17, 1989,
except for paragraph (c)(2)(i) and
(c)(3)(i) of this section. The effective
date for paragraph (c)(2)(ii) and (c)(3)(i)
of this section is May 21, 1991.

(2) The guidelines and other test
methods cited in this rule are ref-
erenced as they exist on the effective
date of the final rule.

[54 FR 13477, Apr. 3, 1989; 56 FR 23232, May 21,
1991, as amended at 58 FR 34205, June 23, 1993]

Subpart C—Testing Consent
Orders

§799.5000 Testing consent orders for
substances and mixtures with
Chemical Abstract Service Registry
Numbers.

This section sets forth a list of sub-
stances and mixtures which are the
subject of testing consent orders adopt-
ed under 40 CFR part 790. Listed below
in Chemical Abstract Service (CAS)
Registry Number order are the sub-
stances and mixtures which are the
subject of these orders and the FED-
ERAL REGISTER citations providing pub-
lic notice of such orders.

CAS Number Substance or mixture name Testing FR Publication Date
B7—64—1 | ACELONE ..c.eeiiiiiiriieeieeee e Health effects ............... January 23, 1995.
71-55-6 | 1,1,1-Trichloroethane .. Health effects ... August 23, 1989.
78-83-1 | Isobutyl alcohol ... Health effects ... January 23, 1995.
79-10-7 | Acrylic Acid ......... Health effects ... | March 4, 1992.
84-74-2 | Di-n-butyl phthalate . Environmental effects .. | January 9, 1989.
84-75-3 | Di-n-hexyl phthalate Environmental effects .. | January 9, 1989.

100-40-3 | 4-Vinylcyclohexene .
106-91-2 | Glycidyl methacrylate ..
108-10-1 | Methyl isobutyl ketone
109-99-9 | Tetrahydrofuran ......

Chemical fate
Health effects ...
Chemical fate ...
Health effects ...
Health effects ...
Health effects ...............

January 9, 1989.
September 23, 1991.
September 23, 1991.
January 26, 1995.
January 23, 1995.
January 23, 1995.
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CAS Number Substance or mixture name Testing FR Publication Date
110-82—7 | CYCIONEXANE .......ceeuiiiiiiiiiiiieicieeceee e Health Effects and En- | November 18, 1994.
vironmental Releases
Report.
112-35-6 | Triethylene glycol monomethyl ether . Health effects . April 3, 1989.
112-50-5 | Triethylene glycol monoethyl ether . Health effects . April 3, 1989.
117-81-7 | Di-2-ethylhexyl phthalate ...... Chemical fate . January 9, 1989.
119-06-2 | Ditridecyl phthalate .. Chemical fate . .... | January 9, 1989.
123-86-4 | N-butyl acetate .......... Health effects ............... January 23, 1995.
131-11-3 | Dimethly phthalate Environmental effects .. | January 9, 1989.
141-78-6 | Ethyl acetate .. Health effects . January 23, 1995.
141-79-7 | Mesityl oxide .. . Health effects . September 5, 1991.
143-22-6 | Triethylene glycol monobutyl ether Health effects . January 9, 1989.
143-33-9 | Sodium cyanide ... Chemical fate . December 17, 1991.
........... R Terrestrial effects .. December 17, 1991.
556-67-2 | Octamethylcyclo-tetrasiloxane Chemical fate . . | January 10, 1989.
........... . Environmental effects .. | January 10, 1989.
628-63—-7 | N-amyl acetate .. . Health effects . January 23, 1995.
872-50-4 | N- methylpyrrolidone . Health effects . November 23, 1993.
994-05-8 | Tertiary-amyl methyl ether . Health effects . March 21, 1995.
1634-04—-4 | Methyl tert-butyl ether Health effects . March 31, 1988.
2461-18-9 | Lauryl glycidyl ether? .. . Health effects . June 11, 1996.
3618-72-2 | C.I. Disperse Blue 79:1 Acetamide,N-[5-[bis[2-(acetyloxy) | Health effects . November 21, 1989.
ethyllJamino]-2-[(2-bromo-4, 6-dinitrophenyl)  azo]-4-
methoxyphenyl]-.
................... Environmental effects .. | November 21, 1989.
3648-20-2 | Diundecyl phthalate ... Environmental effects .. | January 9, 1989.
4170-30-3 | Crotonaldehyde . Environmental effects .. | November 9, 1989.
.............. . . Chemical fate . November 9, 1989.
4675-54-3 | Bisphenol A diglycidyl ether . Health effects . . | August 1, 1994.
Exposure evaluation ...
15965-99-8 | Hexadecyl glycidyl ether® Health effects . June 11, 1996.
16245-97-9 | n-Octadecy! glycidyl ethert Health effects . June 11, 1996.
26761-40-0 | Diisodecyl phthalate . Chemical fate . January 9, 1989.
38954-75-5 | Tetradecyl glycidyl ethert Health effects . June 11, 1996.
68081-84-5 | Alkyl (C10-C16) glycidyl ethert Health effects . June 11, 1996.
68515-47-9 | Ditridecyl phthalate (mixed isomers) Chemical fate . January 9, 1989.
68515-49-1 | Diisodecyl phthalate (mixed isomers) Chemical fate . .... | January 9, 1989.
68515-50—4 | Dihexyl phthalate (mixed isomers) Environmental effects .. | January 9, 1989.
................... Chemical fate . January 9, 1989.
68609-97-2 | Alkyl (C12C14) glycidyl ethert Health effects . . | June 11, 1996.
84852-15-3* | 4-Nonylphenol, branched ... Environmental effects .. | February 21, 1990.
...................... . Chemical fate . February 21, 1990.
120547-52-6 | Alkyl (C1>-C13) glycidyl ether Health effects . . | March 22, 1996.
142844-00-6 | Refractory ceramic fibers Exposure monitoring .... | May 14, 1993.

1 As represented by alkyl (C12-Ca13) glycidyl ether (CAS No. 120547-52-6)

[57 FR 18829, May 1, 1992, as amended at 57 FR 24961, June 12, 1992; 58 FR 28520, May 14, 1993;
58 FR 34205, June 23, 1993; 58 FR 61816, Nov. 23, 1993; 59 FR 38920, Aug. 1, 1994; 59 FR 59663, Nov.
18, 1994; 60 FR 4519, Jan. 23, 1995; 60 FR 5140, Jan. 26, 1995; 60 FR 14911, Mar. 21, 1995; 60 FR
31924, June 19, 1995; 61 FR 11742, Mar. 22, 1996; 61 FR 29487, June 11, 1996]

§799.5025 Testing consent orders for
mixtures without Chemical Ab-
stracts Service Registry Numbers.

This section sets forth a list of mix-
tures (with no Chemical Abstracts
Service Registry Numbers) which are

the subject of testing consent orders
adopted under 40 CFR part 790. Listed
below are the mixtures which are the
subject of these orders and the FED-
ERAL REGISTER citations providing pub-
lic notice of such orders.

Mixture/substance

Required test FR citation

Di(heptyl, nonyl, undecyl) phthalate (D711P) as a mixture of the fol-

lowing six substances:

(1) diheptyl phthalate (branched and linear isomers), CAS No.

68515-44-6

Environmental effects. January 9, 1989.
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Mixture/substance Required test FR citation

(2) dinonyl phthalate (branched and linear isomers), CAS No. | ...... dO Do.

68515-45-7
(3) di(heptyl, nonyl) phthalate (branched and linear isomers), | ...... dO Do.

CAS No. 111381-89-6
(4) diundecyl phthalate (branched and linear isomers), CAS No. | ...... dO e Do.

3648-20-2
(5) di(heptyl, undecyl) phthalate (branched and linear isomers), | ...... dO Do.

CAS No., 111381-90-9
(6) di(nonyl, undecyl) phthalate (branched and linear isomers), | ...... dO Do.

CAS No. 111381-91-0)
Fluoropolymer composite substance:
(1) For Dry Non-Melt Resin containing the following chemical
substances as specified in the ECA:

(i) Ethene, tetrafluoro-, homopolymer, CAS No. 9002—-84-0 Environmental effects. July 8, 2005.

(i) Polytetrafluoroethylene, Document Control Number (DCN) | ...... dO Do.
63040000018A

(i) Propane, 1,1,1,2,2,3,3-heptafluoro-3-[(trifluoroethenyl)oxy]-, | ...... dO Do.

polymer with tetrafluoroethene, CAS No. 26655-00-5
(2) For Dry Melt Fluoropolymer Resin containing the following
chemical substances as specified in the ECA:

(i) 1-Propene, 1,1,2,3,3,3-hexafluoro-, polymer with | ...... dO Do.
tetrafluoroethene, CAS No. 25067-11-2

(i) Propane, 1,1,1,2,2,3,3-heptafluoro-3-[(trifluoroethenyl)oxy]-, | ...... dO i Do.
polymer with tetrafluoroethene, CAS No. 26655-00-5

(iii) Ethene, tetrafluoro-, polymer with | ...... dO i Do.
trifluoro(pentafluoroethoxy)ethene, CAS No. 31784-04-0

(iv) 1-Propene, 1,1,2,3,3,3-hexafluoro-, polymer with 1,1-| ... do ...
difluoroethene and tetrafluoroethene, CAS No. 25190-89-0

(v) ETFE, DCN 63040000026 | ... do ...

(vi) 1-Propene, 1,1,2,3,3,3-hexafluoro-, polymer with ethene and | ...... do ...

tetrafluoroethene, CAS No. 35560-16-8
(3) For Dry Non-Melt Fluoroelastomer Resin/Gum containing the
following chemical substances as specified in the ECA:

(i) 1-Propene, 1,1,2,3,3,3-hexafluoro-, polymer with 1,1-| ... dO e Do.
difluoroethene, CAS No. 9011-17-0

(i) 1-Propene, 1,1,2,3,3,3-hexafluoro-, polymer with 1,1-| ... dO e Do.
difluoroethene and tetrafluoroethene, CAS No. 25190-89-0

(i)  1-Propene, polymer with 1,1- difluoroethene and | ...... dO Do.
tetrafluoroethene, CAS No. 54675-89-7

(iv) 1-Propene, polymer with tetrafluoroethene, CAS No. 27029— | ...... dO Do.
05-6

(v) Ethene, tetrafluoro-, polymer with trifluoro(trifluoromethoxy) | ...... dO Do.
ethene, CAS No. 26425-79-6

(vi) Ethene, chlorotrifluoro-, polymer with 1,1-difluoroethene, CAS | ...... dO Do.
No. 9010-75-7

(vii) Fluoroelastomer, DCN No. 63040000018C

(viii) Fluoroelastomer DCN 63040000018D

(ix) A low temperature fluoroelastomer, ACC No. 137678

(4) For Aqueous Fluoropolymer Dispersions containing the fol-
lowing chemical substances as specified in the ECA:

(i) Ethene, tetrafluoro-, homopolymer, CAS No. 9002-84-0

(ii) 1-Propene, 1,1,2,3,3,3-hexafluoro-, polymer  with
tetrafluoroethene, CAS No. 25067-11-2

(i) Propane, 1,1,1,2,2,3,3-heptafluoro-3- [(trifluoroethenyl)oxy]-, | ...... dO e Do.
polymer with tetrafluoroethene, CAS No. 26655-00-5

(iv) 1-Propene, 1,1,2,3,3,3- hexafluoro-, polymer with 1,1- | ...... do ...
difluoroethene and tetrafluoroethene, CAS No. 25190-89-0

(v) Polytetrafluoroethylene, DCN No. 630400000188 | ...... dO e Do.

Fluorotelomer-based composite substance:
(1) For Paper containing three of the following chemical sub-
stances as specified in the ECA:
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Mixture/substance

Required test FR citation

(i) Perfluoroalkylethyl acrylate copolymer, EPA-designated acces-

sion number (ACC) 171790

Environmental effects. July 8, 2005.

(i) Perfluoroalkyl acrylate copolymer, ACC 158022 | ... do ... Do.
(iii) Perfluoroalkyl methacrylate polymer, EPA document control | ...... do .. Do.
number (DCN) 63040000037A
(iv) Substituted methacrylate, propenoic acid, perfluoroalkyl | ...... do ... Do.
esters, DCN 63040000033B
(v) Perfluoroalkyl acrylic polymer, DCN 63040000037C | ... do ...
(vi) Poly-.beta.-fluoroalkylethyl acrylate and alkyl acrylate, ACC | ...... do ...
174993
(vii) Poly(.beta.-fluoroalkylethyl acrylate and alkyl acrylate), ACC | ...... dO o Do.
70430
(viii) Polysubstituted acrylic copolymer, ACC 157381 | ... dO Do.
(ix) Perfluoroalkyl acrylate copolymer latex, ACC No. 70907 | ...... dO Do.
(2) For Textile containing six of the following chemical sub-
stances as specified in the ECA:
(i) Perfluoroalkylethyl acrylate copolymer, EPA-designated acces- | ...... dO Do.

sion number (ACC) 171790
(i) Perfluoroalkyl acrylate copolymer, ACC 158022

(iii) Perfluoroalkyl methacrylate polymer, EPA document control

number (DCN) 63040000037A
(iv) Substituted methacrylate,

esters, DCN 63040000033B
(v) Perfluoroalkyl acrylic polymer, DCN 63040000037C

(vi) Poly-.beta.-fluoroalkylethyl acrylate and alkyl acrylate, ACC

propenoic acid, perfluoroalkyl

174993

(vii) Poly(.beta.-fluoroalkylethyl acrylate and alkyl acrylate), ACC | ...... dO i Do.
70430

(vii) Polysubstituted acrylic copolymer, ACC 157381 | ... do

(ix) Perfluoroalkyl acrylate copolymer latex, ACC 70907 | ... do

[55 FR 3059, Jan. 30, 1990, as amended at 70 FR 39629, 39636, July 8, 2005]

Subpart D—Multichemical Test
Rules

§799.5055 Hazardous waste constitu-
ents subject to testing.

(a) ldentification of test substances. (1)
The table in paragraph (c) of this sec-
tion identifies those chemical sub-
stances that shall be tested in accord-
ance with this section.

(2) Substances of at least 98-percent
purity shall be used as the test sub-
stances.

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacuture (including
import or manufacture as a byproduct)
or process or intend to manufacture or
process one or more of the substances
in paragraph (c) of this section, other
than as an impurity, after July 29, 1988,
to the end of the reimbursement period
shall submit letters of intent to con-
duct testing, submit study plans, con-
duct tests, and submit data, or submit
exemption applications for those sub-
stances they manufacture or process,
or intend to manufacture or process, as
specified in this section, subpart A of

this part, and parts 790 and 792 of this
chapter for single-phase rulemaking.
(c) Designation of testing. The sub-
stances identified in the following
table by name and CAS number shall
be tested in accordance with the des-
ignated requirements under paragraphs
(d) and (e) of this section. The para-
graph numbers listed for a substance
refer to the specific testing and report-
ing requirements specified in para-
graphs (d) and (e) of this section.

Required testing
Chemical name CAS No. tlg)dg;é)ﬁ(\ggor?{)hf;:
section
Acetamide, 2-fluoro ......... 640-19-7 | (e)(1)
Bis(2- 111-91-1 | (d)(2), (e)(1)
chloroethoxy)methane.
Bis(2- 108-60-1 | (d)(2)
chloroisopropyl)ether.
4-Bromobenzyl cyanide ... | 16532-79-9 | (d)(1), (2), (e)(1)
Bromoform ...........c.ccceees 75-25-2 | (d)(2)
4-Chlorobenzo-trichloride 5216-25-1 | (e)(1)
24-D i 94-75-7 | (d)(2)
Dibromomethane 74-95—
3 (d)(2).
1,2-Dichlorobenzene ........ 95-50-1 | (d)(2)
1,1-Dichloroethane . . 75-34-3 | (d)(2)
1,3-Dichloropropanol 96-23-1 | (d)(1), (e)(1)
Dihydrosafrole 94-58-6 | (d)(2)
Endrin ........... . 72-20-8 | (d)(2)
Ethyl methacrylate ........... 97-63-2 | (d)(2)
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Required testing
Chemical name CAS No. L(J(;l)dg;lé)e(\ggorfa{)hhiz
section
Maleic hydrazide . 123-33-1 | (d)(1), (2)
Malononitrile 109-77-3 | (d)(1), (e)(1)
Methanethiol ... 74-93-1 | (d)(1)
Methyl chloride 74-87-3 | (d)(2)
p- Nitrophenol . 100-02-7 | (e)(1)
Pentachlorobenzene . 608-93-5 | (d)(2)
Pentachloroethane ........... 76-01-7 | (d)(2)
1,2,4,5- 95-94-3 | (d)(2)
Tetrachlorobenzene.
Trichloromethanethiol ...... 75-70-7 | (d)(1), (2), (e)(1)

(d) Chemical fate testing—(1) Soil ad-
sorption—(i) Required testing. A soil ad-
sorption isotherm test shall be con-
ducted with the substances designated
in paragraph (c) of this section in ac-
cordance with §796.2750 of this chapter
except that the provisions of §796.2750
(b)(1)(vii)(A) shall not apply to 1,3-
Dichloropropanol.

(ii) Reporting requirements. The sedi-
ment and soil adsorption isotherm
tests shall be completed and the final
results submitted to EPA within 9
months of the effective date of the
final rule except that final results for
testing of 1,3-Dichloropropanol and
Methanethiol shall be completed and
submitted to EPA within 11 months
and 15 months, respectively, of the ef-
fective date of the final rule.

(2) Hydrolysis—(i) Required testing. A
test of hydrolysis as a function of pH
at 25 °C shall be conducted with the
substances designated in paragraph (c)
of this section in accordance with
§796.3500 of this chapter.

(if) Reporting requirements. The hy-
drolysis tests with the substances des-
ignated in paragraph (c) of this section
shall be completed and the final results
submitted to EPA within 6 months of
the effective date of the final rule ex-
cept that hydrolysis tests for
Dibromomethane, Dihydrosafrole,
Ethyl methacrylate, and Methyl chlo-
ride shall be completed and the final
results submitted to EPA within 12
months of the effective date of the
final rule; and hydrolysis tests for 1,2-
Dichlorobenzene and 1,2,4,5-
Tetrachlorobenzene shall be completed
and final results submitted to EPA
within 9 months of the effective date of
the final rule.

(e) Health effects testing—(1) Sub-
chronic toxicity—(i) Required test. (A) An
oral gavage subchronic toxicity test
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shall be conducted in the rat with the
substances designated in paragraph (c)
of this section except for bis(2-
chloroethoxy) methane (CAS No. 111-
91-1) in accordance with §798.2650 of
this chapter.

(B) For Bis(2-chloroethoxy)methane,
an oral gavage subchronic toxicity test
shall be conducted in the rat in accord-
ance with §798.2650 of this chapter ex-
cept for the provisions in paragraphs
©)O))(A) and (e)(9)(i)(B). For Bis(2-
chloroethoxy)methane, the following
provisions also apply:

(1) Hematology determinations shall
be carried out at least two times dur-
ing the test period: Just after dosing
on day 30 and just prior to terminal
sacrifice. Hematology determinations
which are appropriate to all studies
are: Hematocrit, hemoglobin con-
centration, erythrocyte count, total
and differential leukocyte count, and a
measure of clotting potential such as
clotting time, prothrombin time,
thromboplastin time, or platelet count.

(2) Certain clinical biochemistry de-
terminations on blood shall be carried
out at least two times: Just after dos-
ing on day 30 and just prior to terminal
sacrifice. Test areas which are consid-
ered appropriate to all studies are:
Electrolyte balance, carbohydrate me-
tabolism, and liver and kidney func-
tion. The selection of specific tests will
be influenced by observations on the
mode of action of the substance. Sug-
gested determinations are: Calcium,
phosphorus, chloride, sodium, potas-
sium, fasting glucose (with the period
of fasting appropriate to the species),
serum glutamic oxaloacetic trans-
aminase (now known as serum
aspartate aminotransferase), ornithine
decarboxylase, gamma glutamyl
transpeptidase, urea nitrogen, albumen
blood creatinine, total bilirubin and
total serum protein measurements.
Other determinations which may be
necessary for an adequate toxicological
evaluation include: Analysis of lipids,
hormones, acid/base balance,
methemoglobin, and cholinesterase ac-
tivity. Additional clinical bio-
chemistry may be employed, where
necessary, to extend the investigation
of observed effects.

(ii) Reporting requirements. (A) The
oral gavage subchronic tests with the
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substances designated in paragraph (c)
of this section shall be completed and
submitted to EPA within 12 months of
the effective date of the final rule ex-
cept that the tests with Bis(2-
chloroethoxy)methane, 1,3-
Dichloropropanol, and Malononitrile
shall be completed and the results sub-
mitted to EPA within 15 months of the
effective date of the final rule.

(B) Progress reports for each test
shall be submitted to the Agency 6
months after the effective date of the
final rule.

(2) [Reserved]

(f) Effective date. (1) The effective
date of the final rule is July 29, 1988,
except for paragraphs (d)(1)(i), (d)(1)(ii),
@@)(ii), (e)(W)(i), and (e)(1)(ii)(A) of
this section. The effective date of para-
graphs (d)()(i), (@@)(ii), (d)()(ii),
©)(1)(1)(B) and (e)(1)(ii)(A) of this sec-
tion is March 1, 1990. The effective date
of paragraph (e)(1)(i)(A), is May 21, 1991.

(2) The guidelines and other test
methods cited here are referenced as
they exist on the effective date of the
final rule.

[53 FR 22324, June 15, 1988; 53 FR 48645, Dec.
2, 1988, as amended at 54 FR 49760, Dec. 1,
1989; 55 FR 7324, Mar. 1, 1990; 56 FR 23232, May
21, 1991; 58 FR 34205, June 23, 1993]

§799.5075 Drinking water contami-

nants subject to testing.

(a) ldentification of test substance. (1)
1,1,2,2-tetrachloroethane (CAS No. 79-
34-5), and 1,3,5-trimethylbenzene (CAS
No. 108-67-8) shall be tested as appro-
priate in accordance with this section.

(2) A test substance of at least 99 per-

cent purity shall be used for
Chloroethane, 1,1-dichloroethane, and
1,3,5-trimethylbenzene. A test sub-

stance of at least 98 percent purity
shall be used for 1,1,2,2-
tetrachloroethane.

(b) Persons required to submit study
plans, conduct tests, and submit data. All
persons who manufacture (including
import and by-product manufacture) or
process, or who intend to manufacture
or process, the substances listed in
paragraph (a) of this section after the
effective date of this section to the end
of the reimbursement period shall sub-
mit letters of intent to test, submit
study plans, conduct tests, and submit
data, or submit exemption applications
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as specified in this section, subpart A
of this part, and parts 790 and 792 of
this chapter for single-phase rule-
making, for the substances they manu-
facture subject to exclusions contained
in §790.42(a)(2), (a)(4) and (a)(5). These
sections provide that processors, per-
sons who manufacture less than 500 kg
(1,100 Ibs) annually, or persons who
manufacture small quantities of the
chemical solely for research and devel-
opment as defined in §790.42(a)(5) shall
not be required to submit study plans,
conduct tests and submit data, or sub-
mit exemption applications as specified
in this section unless directed to do so
in a subsequent notice as set forth in
§790.48(b).

(c) Health effects testing—(1) Subacute
toxicity—(i) Required testing. (A) An oral
14-day repeated dose toxicity test shall
be conducted with 1,1,2,2-
tetrachloroethane, and 1,3,5-
trimethylbenzene in accordance with
§798.2650 of this chapter except for the
provisions in §798.2650 (a), (b)(1), (c),

(®)®). @), @), (e)6). (D),
@(N)(iv), QIQIUE (&)@)(vii),
@E@M@A), @O (B), (e)(11)(v), and

(F)(2)(i). Each substance shall be tested
in one mammalian species, preferably a
rodent, but a non-rodent may be used.
The species and strain of animals used
in this test should be the same as those
used in the 90-day subchronic test re-
quired in paragraph (c)(2)(i) of this sec-
tion. The tests shall be performed
using drinking water. However, if, due
to poor stability or palatability, a
drinking water test is not feasible for a
given substance, that substance shall
be administered either by oral gavage,
in the diet, or in capsules.

(B) For the purpose of this section,
the following provisions also apply:

(1) Purpose. To assess and evaluate
the toxic characteristics of a sub-
stance, the determination of subacute
toxicity should be carried out after ini-
tial information on toxicity has been
obtained by acute testing. The l4-day
repeated dose oral study provides infor-
mation on the health hazard likely to
arise from repeated short-term expo-
sure by the oral route over a very lim-
ited period of time. It has been de-
signed to permit the determination of
the no-observed-adverse-effect level
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and toxic effects associated with con-
tinuous or repeated exposure to a test
substance for 14 days and to evaluate
reversibility, persistence, and delayed
occurrence of toxic effects during a 14-
day follow-up recovery period. The test
is not capable of determining those ef-
fects that have a long latency period
for development (e.g., carcinogenicity
and life shortening). It will provide in-
formation on target organs and the
possibility of accumulation, and can be
used in selecting dose levels for sub-
chronic studies and for establishing
safety criteria for short-term human
exposure.

(2) Definitions. Subacute oral toxicity
is the manifestation of adverse effect(s)
occurring as a result of the repeated
daily exposure of experimental animals
to a substance by the oral route for 14
days.

(3) Principle of the test method. The
test substance is administered orally in
graduated daily doses to several groups
of experimental animals, one dose level
per group, for a period of 14 days. Dur-
ing the period of administration the
animals are observed daily to detect
signs of toxicity. Animals which die
during the period of administration are
necropsied. At the conclusion of the
test, all animals, except the satellite
group, are necropsied and
histopathological examinations are
carried out. The satellite group is
necropsied after the 14-day recovery
period.

(4) Satellite group (Rodent only). A sat-
ellite group of 20 animals (10 animals
per sex) shall be treated with the high
dose level for 14 days and observed for
reversibility, persistence, and delayed
occurrence of toxic effects for a post-
treatment recovery period of at least 14
days.

(5) Dose levels and dose selection. In
subacute toxicity tests, it is desirable
to have a dose response relationship as
well as a NOAEL. Therefore, at least 3
dose levels with a control and, where
appropriate, a vehicle control (cor-
responding to the concentration of ve-
hicle at the highest exposure level)
shall be used. Doses shall be spaced ap-
propriately to produce test groups with
a range of toxic effects. The data
should be sufficient to produce a dose-
response curve.
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(6) Exposure conditions. The animals
are dosed with the test substance every
day for 14 days.

(7) Observation period. All animals
shall be observed daily during the 14-
day exposure period.

(8) Observation period of satellite group.
Animals in the satellite group sched-
uled for follow-up observations shall be
kept for at least 14 days further with-
out treatment to detect recovery from,
or persistence of, and delayed onset of
toxic effects and shall be observed
daily.

(9) Administration of test substance.
For substances of low toxicity, it is im-
portant to ensure that when adminis-
tered in the drinking water, by gavage,
in the diet, or in capsules, the quan-
tities of the test substance involved do
not interfere with normal nutrition.
When the test substance is adminis-
tered in the diet, either a constant die-
tary concentration (ppm) or a constant
dose level in terms of the animals’
body weight shall be used; the alter-
native used shall be specified in the
final test report.

(10) Time of administration of test sub-
stance. For a substance administered
by gavage or capsule, the dose shall be
given at approximately the same time
each day, and adjusted on day 7 to
maintain a constant dose level in
terms of animal body weight.

(11) Observation of animals. At the end
of the l4-day exposure period, all sur-
vivors, except those in the satellite
group, shall be necropsied. All sur-
vivors in the satellite group shall be
necropsied after a recovery period of at
least 14 days.

(12) Hematology determinations. Cer-
tain hematology determinations shall
be carried out at least two times dur-
ing the test period: Just prior to initi-
ation of dosing if adequate historical
baseline data are not available (base-
line data) and just prior to terminal
sacrifice at the end of the test period.
Hematology determinations which are
appropriate to all studies are: Hemato-
crit, hemoglobin concentration, eryth-
rocyte count, total and differential leu-
kocyte count, and a measure of clot-
ting potential such as clotting time,
prothrombin time, thromboplastin
time, or platelet count.
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(13) Clinical biochemical determina-
tions. Certain clinical biochemistry de-
terminations on blood should be car-
ried out at least two times: Just prior
to initiation of dosing (if adequate his-
torical baseline data are not available)
and just prior to terminal sacrifice at
the end of the test period. Test areas
which are considered appropriate to all
studies are: Electrolyte balance, carbo-
hydrate metabolism, and liver and kid-
ney function. The selection of specific
tests will be influenced by observations
on the mode of action of the substance.
Suggested determinations are: Cal-
cium, phosphorus, chloride, sodium, po-
tassium, fasting glucose (with the pe-
riod of fasting appropriate to the spe-
cies), serum alanine aminotransferase,
serum aspartate aminotransferase,
gamma glutamyl transpeptidase, urea
nitrogen, albumin, blood creatinine,
and total serum protein measurements.
Other determinations which may be
necessary for an adequate toxicological
evaluation include: analyses of lipids,
hormones, acid/base balance,
methemoglobin, and cholinesterase ac-
tivity. Additional clinical bio-
chemistry may be employed, where
necessary, to extend the investigation
of observed effects.

(14) Histopathology. Histopathology of
the lungs of all animals shall be per-
formed. Special attention to examina-
tion of the lungs of rodents shall be
made for evidence of infection since
this provides a convenient assessment
of the state of health of the animals.

(15) Evaluation of the study results.
The findings of a subacute oral toxicity
study should be evaluated in conjunc-
tion with the findings of preceding
studies and considered in terms of the
toxic effects and the necropsy and
histopathological findings. The evalua-
tion will include the relationship be-
tween the dose of the test substance
and the presence or absence, the inci-
dence and severity, of abnormalities,
including behavioral and clinical ab-
normalities, gross lesions, identified
target organs, body weight changes, ef-
fects on mortality and any other gen-
eral or specific toxic effects. A properly
conducted subacute test should provide
a satisfactory estimation of a NOAEL.

(ii) Reporting requirements. (A) Each
subacute test shall be completed and
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the final report submitted to EPA
within 12 months of the date specified
in paragraph (d)(1) of this section, ex-
cept for 1,1,2,2-tetrachloroethane. The
subacute testing for 1,1,2,2-
tetrachloroethane. The subacute test-
ing for 1,1,2,2-tetrachloroethane shall
be completed and the final report sub-
mitted to EPA by February 15, 1996.

(B) Except for 1,3,5-trimethylbenzene,
a progress report shall be submitted to
EPA for each test beginning 6 months
after the date specified in paragraph
(d)(2) of this section and at 6-month in-
tervals thereafter until the final report
is submitted to EPA . The progress re-
port for 1,3,5-trimethylbenzene shall be
submitted to EPA by April 10, 1995.

(2) Subchronic toxicity—(i) Required
testing. (A) An oral 90-day subchronic
toxicity test shall be conducted with
1,3,5-trimethylbenzene in accordance
with §798.2650 of this chapter except for
the provisions in §798.2650 (e)(3),
©)(7)(1), and (e)(11)(v). The tests shall
be performed using drinking water.
However, if, due to poor stability or
palatability, a drinking water test is
not feasible for a given substance, that
substance shall be administered either
by oral gavage, in the diet, or in cap-
sules.

(B) For the purpose of this section,
the following provisions also apply:

(1) Satellite group (Rodent only). A sat-
ellite group of 20 animals (10 animals
per sex) shall be treated with the high
dose level for 90 days and observed for
reversibility, persistence, and delayed
occurrence of toxic effects for a post-
treatment period of appropriate length,
normally not less than 28 days.

(2) Histopathology. Histopathology of
the lungs of all animals shall be per-
formed. Special attention to examina-
tion of the lungs of rodents shall be
made for evidence of infection since
this provides a convenient assessment
of the state of health of the animals.

(ii) Reporting requirements. (A) The
subchronic testing for chloroethane
shall be completed and the final report
submitted to EPA by June 27, 1995. The
subchronic testing for 1,1-
dichloroethane and 1,1,2,2-
tetrachlorethane shall be completed
and the final report submitted to EPA
by August 27, 1995. The subchronic test-
ing for 1,3,5-trimethylbenzene shall be
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completed and the final report sub-
mitted to EPA by April 10, 1995.

(B) For each test, a progress report
shall be submitted to EPA beginning 9
months after the date specified in para-
graph (d)(1) of this section and at 6-
month intervals thereafter until the
final report is submitted to EPA.

(d) Effective date. (1) This section is
effective on December 27, 1993, except
for paragraphs (a)(1), @), ©O{(A),
@MANA), ©)@)(i1)(B), () ()(A), and
(©)(2)(ii)(A). The effective date for para-
graphs (@), (©)(D)(ii)B), and
(©)(2)(ii)(A) is September 29, 1995. The
effective date for paragraphs (a)(1),
©@)@)(A), and (c)(2)(iI)(A) is February
27, 1996. The effective date for para-
graph (c)(1)(ii)(A) is June 30, 1997.

(2) The guidelines and other test
methods cited in this section are ref-
erenced as they exist on the effective
date of the final rule.

[58 FR 59681, Nov. 10, 1993; 58 FR 1992, Jan. 13,
1994, as amended at 60 FR 56956, Nov. 13, 1995;
61 FR 7223, Feb. 27, 1996; 62 FR 35105, June 30,
1997]

§799.5085 Chemical testing require-
ments for certain high production
volume chemicals.

(a) What substances will be tested under
this section? Table 2 in paragraph (j) of
this section identifies the chemical
substances that must be tested under
this section. For the chemical sub-
stances identified as ‘“‘Class 1 sub-
stances in Table 2 in paragraph (j) of
this section, the purity of each chem-
ical substance must be 99% or greater,
except for 1,3-propanediol, 2,2-
bis[(nitrooxy)methyl]-, dinitrate
(ester) (CAS No. 78-11-5), also known as
pentaerythritol tetranitrate (PETN).
PETN cannot be tested at 99% purity
because of its explosive properties. It
must be diluted in water or tested as a
stabilized mixture with an appropriate
stabilizer (e.g., D-lactose monohydrate
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is the stabilizer in PETN, NF which is
a mixture of 20% by weight PETN and
80% by weight D-lactose monohydrate).
The stabilizer used must be tested as a
control. For the chemical substances
identified as ‘‘Class 2"’ substances in
Table 2 in paragraph (j), a representa-
tive form of each chemical substance
must be tested. The representative
form selected for a given Class 2 chem-
ical substance should meet industry or
consensus standards where they exist.

(b) Am | subject to this section? (1) If
you manufacture (including import) or
intend to manufacture, or process or
intend to process, any chemical sub-
stance listed in Table 2 in paragraph (j)
of this section at any time from April
17, 2006 to the end of the test data reim-
bursement period as defined in 40 CFR
791.3(h), you are subject to this section
with respect to that chemical sub-
stance.

(2) If you do not know or cannot rea-
sonably ascertain that you manufac-
ture or process a chemical substance
listed in Table 2 in paragraph (j) of this
section during the time period de-
scribed in paragraph (b)(1) of this sec-
tion (based on all information in your
possession or control, as well as all in-
formation that a reasonable person
similarly situated might be expected to
possess, control, or know, or could ob-
tain without an unreasonable burden),
you are not subject to this section with
respect to that chemical substance.

(c) If I am subject to this section, when
must | comply with it? (1)(i) Persons sub-
ject to this section are divided into two
groups, as set forth in Table 1 of this
paragraph: Tier 1 (persons initially re-
quired to comply) and Tier 2 (persons
not initially required to comply). If
you are subject to this section, you
must determine if you fall within Tier
1 or Tier 2, based on Table 1 of this
paragraph.
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TABLE 1—PERSONS SUBJECT TO THE RULE:
PERSONS IN TIER 1 AND TIER 2

Persons initially re-
quired to comply
with this section

(Tier 1)

Persons not initially required to comply
with this section (Tier 2)

Persons not other-
wise specified in
column 2 of this
table that manu-

A. Persons who manufacture (as de-
fined at TSCA section 3(7)) or intend
to manufacture a chemical sub-
stance included in this section solely

facture (as de- as one or more of the following:

fined at TSCA —As a byproduct (as defined at 40
section 3(7)) or CFR 791.3(c));

intend to manu- —As an impurity (as defined at 40
facture a chem- CFR 790.3);

ical substance in-
cluded in this
section.

—As a naturally occurring substance
(as defined at 40 CFR 710.4(b));

—As a non-isolated intermediate (as
defined at 40 CFR 704.3);

—As a component of a Class 2 sub-
stance (as described at 40 CFR
720.45(a)(1)(i));

—In amounts of less than 500 kg
(1,100 Ibs.) annually (as described at
40 CFR 790.42(a)(4)); or

—For R & D (as described at 40 CFR
790.42(a)(5)).

B. Persons who process (as defined at
TSCA section 3(10)) or intend to
process a chemical substance in-
cluded in this section (see 40 CFR
790.42(a)(2)).

(ii) Table 1 of paragraph (c)(1)(i) of
this section expands the list of persons
specified in §790.42(a)(2), (a)(4), and
(a)(5) of this chapter, who, while le-
gally subject to this section, must
comply with the requirements of this
section only if directed to do so by
EPA under the circumstances set forth
in paragraphs (c)(5) and (c)(8) of this
section.

(2) If you are in Tier 1 with respect to
a chemical substance listed in Table 2
in paragraph (j) of this section, you
must, for each test required under this
section for that chemical substance, ei-
ther submit to EPA a letter of intent
to test or apply to EPA for an exemp-
tion from testing. The letter of intent
to test or the exemption application
must be received by EPA no later than
May 15, 2006.

(3) If you are in Tier 2 with respect to
a chemical substance listed in Table 2
in paragraph (j) of this section, you are
considered to have an automatic condi-
tional exemption and you will be re-
quired to comply with this section with
regard to that chemical substance only
if directed to do so by EPA under para-
graphs (c)(5) or (c)(8) of this section.
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(4) If no person in Tier 1 has notified
EPA of its intent to conduct one or
more of the tests required by this sec-
tion on any chemical substance listed
in Table 2 in paragraph (j) of this sec-
tion by May 15, 2006, EPA will publish
a FEDERAL REGISTER document that
will specify the test(s) and the chem-
ical substance(s) for which no letter of
intent has been submitted, and notify
manufacturers and processors in Tier 2
of their obligation to submit a letter of
intent to test or to apply for an exemp-
tion from testing.

(5) If you are in Tier 2 with respect to
a chemical substance listed in Table 2
in paragraph (j) of this section, and if
you manufacture or process this chem-
ical substance as of April 17, 2006, or
within 30 days after publication of the
FEDERAL REGISTER document described
in paragraph (c)(4) of this section, you
must, for each test specified for that
chemical substance in the document
described in paragraph (c)(4) of this
section, either submit to EPA a letter
of intent to test or apply to EPA for an
exemption from testing. The letter of
intent to test or the exemption appli-
cation must be received by EPA no
later than 30 days after publication of
the document described in paragraph
(c)(4) of this section.

(6) If no manufacturer or processor
has notified EPA of its intent to con-
duct one or more of the tests required
by this section for any of the chemical
substances listed in Table 2 in para-
graph (j) of this section within 30 days
after the publication of the FEDERAL
REGISTER document described in para-
graph (c)(4) of this section, EPA will
notify all manufacturers and proc-
essors of those chemical substances of
this fact by certified letter or by pub-
lishing a FEDERAL REGISTER document
specifying the test(s) for which no let-
ter of intent has been submitted. This
letter or FEDERAL REGISTER document
will additionally notify all manufac-
turers and processors that all exemp-
tion applications concerning the test(s)
have been denied, and will give the
manufacturers and processors of the
chemical substance(s) an opportunity
to take corrective action.

(7) If no manufacturer or processor
has notified EPA of its intent to con-
duct one or more of the tests required
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by this section for any of the chemical
substances listed in Table 2 in para-
graph (j) of this section within 30 days
after receipt of the certified letter or
publication of the FEDERAL REGISTER
document described in paragraph (c)(6)
of this section, all manufacturers and
processors subject to this section with
respect to that chemical substance who
are not already in violation of this sec-
tion will be in violation of this section.

(8) If a problem occurs with the initi-
ation, conduct, or completion of the re-
quired testing or the submission of the
required data with respect to a chem-
ical substance listed in Table 2 in para-
graph (j) of this section, under the pro-
cedures in §§790.93 and 790.97 of this
chapter, EPA may initiate termination
proceedings for all testing exemptions
with respect to that chemical sub-
stance and may notify persons in Tier
1 and Tier 2 that they are required to
submit letters of intent to test or ex-
emption applications within a specified
period of time.

(9) If you are required to comply with
this section, but your manufacturing
or processing of a chemical substance
listed in Table 2 in paragraph (j) of this
section begins after the applicable
compliance date referred to in para-
graphs (c)(2), (c)(5), or (c)(8) of this sec-
tion, you must either submit a letter of
intent to test or apply to EPA for an
exemption. The letter of intent to test
or the exemption application must be
received by EPA no later than the day
you begin manufacturing or processing.

(d) What must | do to comply with this
section? (1) To comply with this section
you must either submit to EPA a letter
of intent to test, or apply to and obtain
from EPA an exemption from testing.

(2) For each test with respect to
which you submit to EPA a letter of
intent to test, you must conduct the
testing specified in paragraph (h) of
this section and submit the test data
to EPA.

(3) You must also comply with the
procedures governing test rule require-
ments in part 790 of this chapter, as
modified by this section, including the
submission of letters of intent to test
or exemption applications, the conduct
of testing, and the submission of data;
Part 792—Good Laboratory Practice
Standards of this chapter; and this sec-
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tion. The following provisions of 40
CFR part 790 do not apply to this sec-
tion: Paragraphs (a), (d), (e), and (f) of
§790.45; paragraph (a)(2) and paragraph
(b) of §8§790.80; 790.82(e)(1); 790.85; and
790.48.

(e) If 1 do not comply with this section,
when will I be considered in violation of
it? You will be considered in violation
of this section as of 1 day after the date
by which you are required to comply
with this section.

(f) How are EPA’s data reimbursement
procedures affected for purposes of this
section? If persons subject to this sec-
tion are unable to agree on the amount
or method of reimbursement for test
data development for one or more
chemical substances included in this
section, any person may request a
hearing as described in 40 CFR part 791.
In the determination of fair reimburse-
ment shares under this section, if the
hearing officer chooses to use a for-
mula based on production volume, the
total production volume amount will
include amounts of a chemical sub-
stance produced as an impurity.

(g) Who must comply with the export
notification requirements? Any person
who exports, or intends to export, a
chemical substance listed in Table 2 in
paragraph (j) of this section is subject
to part 707, subpart D, of this chapter.

(h) How must | conduct my testing? (1)
The tests that are required for each
chemical substance are indicated in
Table 2 in paragraph (j) of this section.
The test methods that must be fol-
lowed are provided in Table 3 in para-
graph (j) of this section. You must pro-
ceed in accordance with these test
methods as required according to Table
3 in paragraph (j) of this section, or as
appropriate if more than one alter-
native is allowed according to Table 3
in paragraph (j) of this section. In-
cluded in Table 3 in paragraph (j) of
this section are the following 11 meth-
ods which are incorporated by ref-
erence:

(i) Standard Test Method for Relative
Initial and Final Melting Points and
the Melting Range of Organic Chemi-
cals, ASTM E 324-99.

(if) Standard Test Method for Parti-
tion Coefficient (N-Octanol/Water) Es-
timation by Liquid Chromatography,
ASTM E 1147-92. (Reapproved 1997)

277



§799.5085

(iii) Standard Guide for Conducting
Acute Toxicity Tests on Test Materials
with Fishes, Macroinvertebrates, and
Amphibians, ASTM E 729-96. (Re-
approved 2002)

(iv) Standard Test Method for Meas-
urements of Aqueous Solubility, ASTM
E 1148-02.

(v) Standard Test Method for Esti-
mating Acute Oral Toxicity in Rats,
ASTM E 1163-98. (Reapproved 2002)

(vi) Standard Guide for Conducting
Daphnia Magna Life-Cycle Toxicity
Tests, ASTM E 1193-97. (Reapproved
2004)

(vii) Standard Guide for Conducting
Static Toxicity Tests with Microalgae,
ASTM E 1218-04.

(viii) Standard Test Method for De-
termining Biodegradability of Organic
Chemicals in Semi-Continuous Acti-
vated Sludge (SCAS), ASTM E 1625-94.
(Reapproved 2001)

(ix) Standard Test Method for Vapor
Pressure of Liquids by Ebulliometry,
ASTM E 1719-97.

(x) Standard Test Method for Deter-
mining Vapor Pressure by Thermal
Analysis, ASTM E 1782-03.

(xi) Water Quality—Evaluation of Ul-
timate Aerobic Biodegradability of Or-
ganic Compounds in Aqueous Medium—
Static Test (Zahn-Wellens Method),
Second Edition, June 1, 1999, ISO 9888-
99.

(2) The Director of the Federal Reg-
ister approved this incorporation by
reference in accordance with 5 U.S.C.
552(a) and 1 CFR part 51. You may ob-
tain copies of the ASTM guidelines
from the American Society for Testing
and Materials, 100 Bar Harbor Dr., West
Conshohocken, PA 19428-2959, and a
copy of the ISO guideline from the
International Organization for Stand-
ardization, Case Postale, 56 CH-1211 Ge-
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neve 20 Switzerland. You may inspect
each test method at the EPA Docket
Center, EPA West, Rm. B102, 1301 Con-
stitution Ave., NW., Washington, DC or
at the National Archives and Records
Administration (NARA). For informa-
tion on the availability of this mate-
rial at NARA, call (202) 741-6030, or go
to: http://lwww.archives.gov/
federal register/

code of federal regulations/

ibr __locations.html.

(i) Reporting requirements. A final re-
port for each specific test for each sub-
ject chemical substance must be re-
ceived by EPA by May 17, 2007, unless
an extension is granted in writing pur-
suant to 40 CFR 790.55. A robust sum-
mary of the final report for each spe-
cific test should be submitted in addi-
tion to and at the same time as the
final report. The term ‘‘robust sum-
mary’’ is used to describe the technical
information necessary to adequately
describe an experiment or study and in-
cludes the objectives, methods, results,
and conclusions of the full study report
which can be either an experiment or
in some cases an estimation or pre-
diction method. Guidance for the com-
pilation of robust summaries is de-
scribed in a document entitled Draft
Guidance on Developing Robust Sum-
maries which is available at: http:/
www.epa.gov/chemrtk/robsumgd.htm.

(J) Designation of specific chemical sub-

stances and testing requirements. The
chemical substances identified by
chemical name, Chemical Abstract

Service Number (CAS No.), and class in
Table 2 of this paragraph must be test-
ed in accordance with the requirements
designated in Tables 2 and 3 of this
paragraph, and the requirements de-
scribed in 40 CFR Part 792—Good Lab-
oratory Practice Standards:

TABLE 2—CHEMICAL SUBSTANCES AND TESTING REQUIREMENTS

CAS No. Chemical name Class T;;:’Igu:;r%? ttliztzggt!iec?n)
74-95-3 Methane, dibromo- 1 A, C1, E2, F2
75-36-5 Acetyl chloride 1 A, B, C2,E2, F1
78-11-5 1,3-Propanediol, 2,2-bis[(nitrooxy)methyl]-, dinitrate (ester) 1 A4, A5, B, C6, F2
84—-65-1 9,10-Anthracenedione 1 A, F2
108-19-0 Imidodicarbonic diamide 1 A B, C1,D, E1, E2, F1

278



Environmental Protection Agency

§799.5085

TABLE 2—CHEMICAL SUBSTANCES AND TESTING REQUIREMENTS—Continued

CAS No. Chemical name Class Tfﬁgug"ﬁ? t‘ﬁ:tzgfﬁgn)
110-44-1 2,4-Hexadienoic acid, (2E,4E)- 1 A, C4
112-52-7 Dodecane, 1-chloro 1 A, B, C3,D, E1, E2, F1
118-82-1 Phenol, 4,4'-methylenebis[2,6-bis(1,1-dimethylethyl)]- 1 A, B, D, E1 E2, F2
149-44-0 Methanesulfinic acid, hydroxy-, monosodium salt 1 A, B, C1, E2, F1
409-02-9 Heptenone, methyl- 2 A, B, C1,D, E1, E2, F1
594-42-3 Methanesulfenyl chloride, trichloro- 1 A, B, Cl1, E1, E2, F2
624-83-9 Methane, isocyanato- 1 A, C1
1324-76-1 Benzenesulfonic acid, [[4-[[4-(phenylamino)phenyl][4- 2 A, B,Cl1,D, E1 E2, F1

(phenylimino)-2,5-cyclohexadien-1-ylidene]methyl]phenyljamino]-

2941-64-2 Carbonochloridothioic acid, S-ethyl ester 1 A, B,C1,E2, F1
8005-02-5 C.l. Solvent Black 7 2 A /B, C1,D,E2 F1
68611-64-3 Urea, reaction products with formaldehyde 2 A, B, C1,D,ELl E2, F1

TABLE 3—KEY TO THE TEST REQUIREMENTS DENOTED BY ALPHANUMERIC SYMBOLS IN TABLE 2 OF

THIS PARAGRAPH

Testing category s;—new%tol Test requirements and references Special conditions
Physical/chem- A 1. Melting Point: ASTM E 324 (capillary tube) n-Octanol/water Partition Coefficient or log Kow:
ical properties 2. Boiling Point: ASTM E 1719 (ebulliometry) Which method is required, if any, is determined
3. Vapor Pressure: ASTM E 1782 (thermal anal- by the test substance’s estimated! log Kow as
ysis) follows:
4. n-Octanol/Water Partition Coefficient (log 10 | log Kow <0: no testing required.
basis) or log Kow: (See special conditions for | log Kow range 0-1: Method A or B.
the log Kow test requirement and select the | log Kow range >1-4: Method A or B or C.
appropriate method to use, if any, from those | log Kow range >4-6: Method B or C.
listed in this column.) log Kow >6: Method C.
Method A: 40 CFR 799.6755 (shake flask) Test sponsors are required to provide in the
Method B: ASTM E 1147 (liquid chroma- final study report the underlying rationale for
tography) the method selected. In order to ensure envi-
Method C: 40 CFR 799.6756 (generator column) ronmental relevance, EPA highly recommends
5. Water Solubility: (See special conditions for that the selected study be conducted at pH 7.
the water solubility test requirement and se- | Water Solubility:
lect the appropriate method to use, if any, | Which method is required, if any, is determined
from those listed in this column.) by the test substance’s estimated? water solu-
Method A: ASTM E 1148 (shake flask) bility. Test sponsors are required to provide in
Method B: 40 CFR 799.6784 (shake flask) the final study report the underlying rationale
Method C: 40 CFR 799.6784 (column elution) for the method selected. In order to ensure
Method D: 40 CFR 799.6786 (generator column) environmental relevance, EPA highly rec-
ommends that the selected study be con-
ducted at pH 7.
>5,000 mg/L: Method A or B.
>10 mg/L —5,000 mg/L: Method A, B, C, or D.
> 0.001 mg/L—10 mg/L: Method C or D.
<0.001 mg/L: No testing required.
Environmental B For B, choose either of the methods listed in | None
fate and path- this column:
ways—Inher- 1. ASTM 1625 (semicontinuous activated sludge
ent bio- test) OR
degradation 2. 1SO 9888 (Zahn-Wellens method)
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TABLE 3—KEY TO THE TEST REQUIREMENTS DENOTED BY ALPHANUMERIC SYMBOLS IN TABLE 2 OF
THIS PARAGRAPH—Continued

Testing category

Test
symbol

Test requirements and references

Special conditions

Aquatic toxicity

C1

For C1, Test Group 1 or Test Group 2 listed in
this column must be used to fulfill the testing
requirements—See special conditions.

Test Group 1 for C1:

1. Acute Toxicity to Fish: ASTM E 729

2. Acute Toxicity to Daphnia: ASTM E 729

3. Toxicity to Plants (Algae): ASTM E 1218

Test Group 2 for C1:

1. Chronic Toxicity to Daphnia: ASTM E 1193

2. Toxicity to Plants (Algae): ASTM E 1218

Cc2

For C2, Test Group 1 or Test Group 2 listed in
this column must be used to fulfill the testing
requirements—See special conditions.

Test Group 1 for C2:

1. Acute Toxicity to Daphnia: ASTM E 729

2. Toxicity to Plants (Algae): ASTM E 1218

Test Group 2 for C2:

1. Chronic Toxicity to Daphnia: ASTM E 1193

2. Toxicity to Plants (Algae): ASTM E 1218

C3

For C3, Test Group 1 or Test Group 2 listed in
this column must be used to fulfill the testing
requirements—See special conditions.

Test Group 1 for C3:

1. Acute Toxicity to Fish: ASTM E 729

2. Toxicity to Plants (Algae): ASTM E 1218

Test Group 2 for C3:

1. Chronic Toxicity to Daphnia: ASTM E 1193

2. Toxicity to Plants (Algae): ASTM E 1218

Cc4

For C4, Test Group 1 or Test Group 2 listed in
this column must be used to fulfill the testing
requirements—See special conditions.

Test Group 1 for C4:

1. Acute Toxicity to Fish: ASTM E 729

2. Acute Toxicity to Daphnia: ASTM E 729

Test Group 2 for C4:

1. Chronic Toxicity to Daphnia: ASTM E 1193

C5

For C5, Test Group 1 or Test Group 2 below
must be used to fulfill the testing require-
ments—See special conditions.

Test Group 1 for C5:

1. Acute Toxicity to Daphnia: ASTM E 729

Test Group 2 for C5:

1. Chronic Toxicity to Daphnia: ASTM E 1193

Cé

Toxicity to Plants (Algae): ASTM E 1218

c7

For C7, Test Group 1 or Test Group 2 of this
column must be used to fulfill the testing re-
quirements—See special conditions.

Test Group 1 for C7:

1. Acute Toxicity to Fish: ASTM E 729

Test Group 2 for C7:

1. Chronic Toxicity to Daphnia: ASTM E 1193

The following are the special conditions for C1,
C2, C3, C4, C5, and C7 testing; there are no
special conditions for C6.

If log Kow <4.2: Test Group 1 is required

If log Kow = 4.2: Test Group 2 is required

Which test group is required is determined by
the test substance’s measured log Kow as ob-
tained under A3.
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TABLE 3—KEY TO THE TEST REQUIREMENTS DENOTED BY ALPHANUMERIC SYMBOLS IN TABLE 2 OF
THIS PARAGRAPH—Continued

Test

Testing category symbol

Test requirements and references

Special conditions

Mammalian tox- | D
icity—Acute

See special conditions for this test requirement
and select the method that must be used from
those listed in this column.

Method A: Acute Inhalation Toxicity (rat): 40
CFR 799.9130

Method B: EITHER:

1. Acute (Up/Down) Oral Toxicity (rat): ASTM E
1163 OR

2. Acute (Up/Down) Oral Toxicity (rat): 40 CFR
799.9110(d)(1)(i)(A)

Which testing method is required is determined
by the test substance’s physical state at room
temperature (25 °C). For those test sub-
stances that are gases at room temperature,
Method A is required; otherwise, use either of
the two methods listed under Method B.

In Method B, 40 CFR 799.9110(d)(1)(i)(A) refers
to the OECD 425 Up/Down Procedure4.

Estimating starting dose for Method B: Data
from the neutral red uptake basal cytotoxicity
assay® using normal human keratinocytes or
mouse BALB/c 3T3 cells may be used to esti-
mate the starting dose.

Mammalian tox- | E1
icity—
Genotoxicity

Bacterial Reverse Mutation Test (in vitro): 40
CFR 799.9510

None

E2

Conduct any one of the following three tests for
chromosomal damage:

In vitro Mammalian Chromosome Aberration
Test: 40 CFR 799.9537 OR

Mammalian Bone Marrow Chromosomal Aberra-
tion Test (in vivo in rodents: mouse (preferred
species), rat, or Chinese hamster): 40 CFR
799.9538 OR

Mammalian  Erythrocyte Micronucleus Test
[sampled in bone marrow] (in vivo in rodents:
Mouse (preferred species), rat, or Chinese
hamster): 40 CFR 799.9539

Persons required to conduct testing for chromo-
somal damage are encouraged to use the in
vitro Mammalian Chromosome Aberration
Test (40 CFR 799.9537) to generate the
needed data unless known chemical prop-
erties (e.g., physical/chemical properties,
chemical class characteristics) preclude its
use. A subject person who uses one of the in
vivo methods instead of the in vitro method to
address a chromosomal damage test require-
ment must submit to EPA a rationale for con-
ducting that alternate test in the final study re-
port.

Mammalian tox- | F1
icity—Re-
peated dose/
reproduction/
developmental

Combined Repeated Dose Toxicity Study with
the  Reproduction/Developmental  Toxicity
Screening Test: 40 CFR 799.9365 OR

Reproduction/Developmental Toxicity Screening
Test: 40 CFR 799.9355 AND

Repeated Dose 28-Day Oral Toxicity Study in
rodents: 40 CFR 799.9305

F2

Reproduction/Developmental Toxicity Screening
Test: 40 CFR 799.9355

F3

Repeated Dose 28-Day Oral Toxicity Study in
rodents: 40 CFR 799.9305

Where F1 is required, EPA recommends use of
the Combined Repeated Dose Toxicity Study
with the Reproduction/Developmental Toxicity
Screening Test (40 CFR 799.9365). However,
there may be valid reasons to test a particular
chemical using both 40 CFR 799.9355 and 40
CFR 799.9305 to fill Mammalian Toxicity—Re-
peated Dose/Reproduction/Developmental
data needs. A subject person who uses the
combination of 40 CFR 799.9355 and 40 CFR
799.9305 in place of 40 CFR 799.9365 must
submit to EPA a rationale for conducting
these alternate tests in the final study reports.
Where F2 or F3 is required, no rationale for
conducting the required test need be provided
in the final study report.

1EPA recommends, but does not require, that log Kow be quantitatively estimated prior to initiating this study. One method,

among many similar methods, for estimating log Kow is described in the article entitled Atom/Fragment Contribution Method for
Estimating Octanol-Water Partition Coefficients) by W.M. Meylan and P.H. Howard in the Journal of Pharmaceutical Sciences.
84(1):83-92. January 1992. This reference is available under docket ID number EPA-HQ-OPPT-2005-0033 at the EPA Docket
Center, Rm. B102, 1301 Constitution Ave., NW., Washington, DC, from 8:30 a.m. to 4:30 p.m., Monday through Friday, exclud-
ing legal holidays.

2EPA recommends, but does not require, that water solubility be quantitatively estimated prior to initiating this study. One
method, among many similar methods, for estimating water solubility is described in the article entitled Improved Method for Esti-
mating Water Solubility From Octanol/Water Partition Coefficient by W.M. Meylan, P.H. Howard, and R.S. Boethling in Environ-
mental Toxicology and Chemistry. 15(2):100-106. 1996. This reference is available under docket ID number EPA-HQ-OPPT—
2005-0033 at the EPA Docket Center, Rm. B102, 1301 Constitution Ave., NW., Washington, DC, from 8:30 a.m. to 4:30 p.m.,
Monday through Friday, excluding legal holidays.

3 Chemical substances that are dispersible in water may have log Kow values greater than 4.2 and may still be acutely toxic to
aquatic organisms. EPA recommends, but does not require, that test sponsors who wish to conduct Test Group 1 studies on
such chemicals to submit to EPA for approval a written request to conduct Test Group 1 studies 90 days prior to conducting
such studies. The written request should include the rationale for conducting Test Group 1 studies.
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“4The OECD 425 Up/Down Procedure, revised by OECD in December 2001, is available under docket ID number EPA-HQ—
OPPT-2005-0033 at the EPA Docket Center, Rm. B102, 1301 Constitution Ave., NW., Washington, DC, from 8:30 a.m. to 4:30

p.m., Monday through Friday, excluding legal holidays.

5The neutral red uptake basal cytotoxicity assay, which may be used to estimate the starting dose for the mammalian toxicity-
acute endpoint, is available under docket ID number EPA-HQ-OPPT-2005-0033 at the EPA Docket Center, Rm. B102, 1301
Constitution Ave., NW., Washington, DC, from 8:30 a.m. to 4:30 p.m., Monday through Friday, excluding legal holidays.

(k) Effective date. This section is ef-
fective on April 17, 2006.

[71 FR 13730, Mar. 16, 2006, as amended at 71
FR 71062, Dec. 8, 2006]

§799.5115 Chemical testing require-
ments for certain chemicals of in-
terest to the Occupational Safety
and Health Administration.

(a) What substances will be tested under
this section? Table 2 in paragraph (j) of
this section identifies the chemical
substances that must be tested under
this section. For the chemical sub-
stances identified as ‘‘Class 1" sub-
stances in Table 2 in paragraph (j) of
this section, the purity of each chem-
ical substance must be 99% or greater,
unless otherwise specified in this sec-
tion. For the chemical substances iden-
tified as ““Class 2’ substances in Table
2 in paragraph (j) of this section, a rep-
resentative form of each chemical sub-
stance must be tested.

(b) Am | subject to this section? (1) If
you manufacture (including import) or
intend to manufacture, or process or
intend to process, any chemical sub-
stance listed in Table 2 in paragraph (j)
of this section at any time from May
26, 2004, to the end of the test data re-
imbursement period as defined in 40
CFR 791.3(h), you are subject to this
section with respect to that chemical
substance.

(2) If you do not know or cannot rea-
sonably ascertain that you manufac-
ture or process a chemical substance
listed in Table 2 in paragraph (j) of this
section during the time period de-
scribed in paragraph (b)(1) of this sec-
tion (based on all information in your
possession or control, as well as all in-
formation that a reasonable person
similarly situated might be expected to
possess, control, or know, or could ob-
tain without an unreasonable burden),
you are not subject to this section with
respect to that chemical substance.

(c) If | am subject to this section, when
must | comply with it? (1)(i) Persons sub-
ject to this section are divided into two
groups, as set forth in Table 1 of this

paragraph: Tier 1 (persons initially re-
quired to comply) and Tier 2 (persons
not initially required to comply). If
you are subject to this section, you
must determine if you fall within Tier
1 or Tier 2, based on Table 1 of this
paragraph.

TABLE 1—PERSONS SUBJECT TO THE RULE:
PERSONS IN TIER 1 AND TIER 2

Persons initially re-
quired to comply
with this section

(Tier 1)

Persons not initially required to com-
ply with this section (Tier 2)

Persons not other-
wise specified in
column 2 of this
table that manu-
facture (as de-
fined at TSCA
section 3(7)) or
intend to manu-
facture a chem-
ical substance
included in this
section.

A. Persons who manufacture (as de-
fined at TSCA section 3(7)) or in-
tend to manufacture a chemical
substance included in this section
solely as one or more of the fol-
lowing:

—As a byproduct (as defined at 40
CFR 791.3(c));

—As an impurity (as defined at 40
CFR 790.3);

—As a naturally occurring substance
(as defined at 40 CFR 710.4(b));
—As a non-isolated intermediate (as

defined at 40 CFR 704.3);

—As a component of a Class 2 sub-
stance (as described at 40 CFR
720.45(2)(1)(0));

—In amounts of less than 500 kilo-
grams (kg) (1,100 Ibs) annually (as
described at 40 CFR 790.42(a)(4));
or

—For research and development (as
described at 40 CFR 790.42(a)(5)).

B. Persons who process (as defined
at TSCA section 3(10)) or intend to
process a chemical substance in-
cluded in this section (see 40 CFR
790.42(a)(2)).

(ii) Table 1 in paragraph (c)(1)(i) of
this section expands the list of persons
specified in §790.42(a)(2), (a)(4), and
(a)(5) of this chapter, who, while le-
gally subject to this section, must
comply with the requirements of this
section only if directed to do so by
EPA under the circumstances set forth
in paragraphs (c)(4) through (c)(7) and
(c)(10) of this section.

(2) If you are in Tier 1 with respect to
a chemical substance listed in Table 2
in paragraph (j) of this section, you
must, for each test required under this
section for that chemical substance, ei-
ther submit to EPA a letter of intent
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to test or apply to EPA for an exemp-
tion from testing. The letter of intent
to test or the exemption application
must be received by EPA no later than
June 25, 2004.

(3) If you are in Tier 2 with respect to
a chemical substance listed in Table 2
in paragraph (J) of this section, you are
considered to have an automatic condi-
tional exemption and you will be re-
quired to comply with this section with
regard to that chemical substance only
if directed to do so by EPA under para-
graphs (c)(5), (c)(7), or (c)(10) of this
section.

(4) If no person in Tier 1 has notified
EPA of its intent to conduct one or
more of the tests required by this sec-
tion on any chemical substance listed
in Table 2 in paragraph (j) of this sec-
tion by June 25, 2004, EPA will publish
a FEDERAL REGISTER document that
would specify the test(s) and the chem-
ical substance(s) for which no letter of
intent has been submitted, and notify
manufacturers in Tier 2A of their obli-
gation to submit a letter of intent to
test or to apply for an exemption from
testing.

(5) If you are in Tier 2A with respect
to a chemical substance listed in Table
2 in paragraph (j) of this section, and if
you manufacture this chemical sub-
stance as of May 26, 2004, or within 30
days after publication of the FEDERAL
REGISTER document described in para-
graph (c)(4) of this section, you must,
for each test specified for that chem-
ical substance in the document de-
scribed in paragraph (c)(4) of this sec-
tion, either submit to EPA a letter of
intent to test or apply to EPA for an
exemption from testing. The letter of
intent to test or the exemption appli-
cation must be received by EPA no
later than 30 days after publication of
the document described in paragraph
(c)(4) of this section.

(6) If no manufacturer in Tier 1 or
Tier 2A has notified EPA of its intent
to conduct one or more of the tests re-
quired by this section on any chemical
substance listed in Table 2 in para-
graph (j) of this section within 30 days
after the publication of the FEDERAL
REGISTER document described in para-
graph (c)(4) of this section, EPA will
publish another FEDERAL REGISTER
document that would specify the

§799.5115

test(s) and the chemical substance(s)
for which no letter of intent has been
submitted, and notify processors in
Tier 2B of their obligation to submit a
letter of intent to test or to apply for
an exemption from testing.

(7) If you are in Tier 2B with respect
to a chemical substance listed in Table
2 in paragraph (j) of this section, and if
you process this chemical substance as
of May 26, 2004, or within 30 days after
publication of the FEDERAL REGISTER
document described in paragraph (c)(6)
of this section, you must, for each test
specified for that chemical substance
in the document described in paragraph
(c)(6) of this section, either submit to
EPA a letter of intent to test or apply
to EPA for an exemption from testing.
The letter of intent to test or the ex-
emption application must be received
by EPA no later than 30 days after pub-
lication of the document described in
paragraph (c)(6) of this section.

(8) If no manufacturer or processor
has notified EPA of its intent to con-
duct one or more of the tests required
by this section for any of the chemical
substances listed in Table 2 in para-
graph (j) of this section within 30 days
after the publication of the FEDERAL
REGISTER document described in para-
graph (c)(6) of this section, EPA will
notify all manufacturers and proc-
essors of those chemical substances of
this fact by certified letter or by pub-
lishing a FEDERAL REGISTER document
specifying the test(s) for which no let-
ter of intent has been submitted. This
letter or FEDERAL REGISTER document
will additionally notify all manufac-
turers and processors that all exemp-
tion applications concerning the test(s)
have been denied, and will give the
manufacturers and processors of the
chemical substance(s) an opportunity
to take corrective action.

(9) If no manufacturer or processor
has notified EPA of its intent to con-
duct one or more of the tests required
by this section for any of the chemical
substances listed in Table 2 in para-
graph (j) of this section within 30 days
after receipt of the certified letter or
publication of the FEDERAL REGISTER
document described in paragraph (c)(8)
of this section, all manufacturers and
processors subject to this section with
respect to that chemical substance who
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are not already in violation of this sec-
tion will be in violation of this section.

(10) If a problem occurs with the ini-
tiation, conduct, or completion of the
required testing or the submission of
the required data with respect to a
chemical substance listed in Table 2 in
paragraph (j) of this section, under the
procedures in §§790.93 and 790.97 of this
chapter, EPA may initiate termination
proceedings for all testing exemptions
with respect to that chemical sub-
stance and may notify persons in Tier
1 and Tier 2 that they are required to
submit letters of intent to test or ex-
emption applications within a specified
period of time.

(11) If you are required to comply
with this section, but your manufac-
turing or processing of a chemical sub-
stance listed in Table 2 in paragraph (j)
of this section begins after the applica-
ble compliance date referred to in para-
graphs (c)(2), (c)(5), (c)(7), or (c)(10) of
this section, you must either submit a
letter of intent to test or apply to EPA
for an exemption. The letter of intent
to test or the exemption application
must be received by EPA no later than
the day you begin manufacturing or
processing.

(d) What must | do to comply with this
section? (1) To comply with this section
you must either submit to EPA a letter
of intent to test, or apply to and obtain
from EPA an exemption from testing.

(2) For each test with respect to
which you submit to EPA a letter of
intent to test, you must conduct the
testing specified in paragraph (h) of
this section and submit the test data
to EPA.

(3) You must also comply with the
procedures governing test rule require-
ments in part 790 of this chapter, as
modified by this section, including the
submission of letters of intent to test
or exemption applications, the conduct
of testing, and the submission of data;
Part 792—Good Laboratory Practice
Standards of this chapter; and this sec-
tion. The following provisions of 40
CFR part 790 do not apply to this sec-
tion: Paragraphs (a), (d), (e), and (f) of
§790.45; paragraph (a)(2) and paragraph
(b) of §790.80; and §790.48.

(e) If 1 do not comply with this section,
when will I be considered in violation of
it? You will be considered in violation
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of this section as of 1 day after the date
by which you are required to comply
with this section.

(f) How are EPA’s data reimbursement
procedures affected for purposes of this
section? If persons subject to this sec-
tion are unable to agree on the amount
or method of reimbursement for test
data development for one or more
chemical substances included in this
section, any person may request a
hearing as described in 40 CFR part 791.
In the determination of fair reimburse-
ment shares under this section, if the
hearing officer chooses to use a for-
mula based on production volume, the
total production volume amount will
include amounts of a chemical sub-
stance produced as an impurity.

(g) Who must comply with the export
notification requirements? Any person
who exports, or intends to export, a
chemical substance listed in Table 2 in
paragraph (j) of this section is subject
to part 707, subpart D, of this chapter.

(h) How must | conduct my testing? The
chemical substances identified by
Chemical Abstract Service Registry
Number (CAS No.) and chemical name
in Table 2 in paragraph (j) of this sec-
tion must be tested as follows:

(1) Applicability. This in vitro dermal
absorption rate test standard must be
used for all testing conducted under
this section. In certain instances,
modifications to the test standard may
be considered. The procedures for ap-
plying for a modification to the test
standard are specified in 40 CFR 790.55.

(2) Source. The test standard is based
on the Protocol for In Vitro
Percutaneous Absorption Rate Studies,
referenced in paragraph (h)(8)(v) of this
section.

(3) Purpose. In the assessment and
evaluation of the characteristics of a
chemical substance or mixture for
which testing is required under this
section (test substance), it is impor-
tant to determine the rate of absorp-
tion of the test substance in cases
where dermal exposure to the test sub-
stance in the workplace may result in
systemic toxicity. This test standard is
designed to develop data that describe
the rate at which test substances are
absorbed through the skin so that the
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body burden of a test substance result-
ing from dermal exposure in the work-
place can be better evaluated.

(4) Principles of the test standard. This
test standard describes procedures for
measuring a permeability constant
(Kp) and two short-term dermal ab-
sorption rates for test substances in
liquid form. The test standard utilizes
in vitro diffusion cell techniques which
allow absorption studies to be con-
ducted with human cadaver skin. In
vitro diffusion studies are necessary for
measuring a Kp. This test standard
specifies the use of static or flow-
through diffusion cells and non-viable
human cadaver skin. It also requires
the use of radiolabeled test substances
unless it can be demonstrated that pro-
cedures utilizing a non-radiolabeled
test substance are able to measure the
test substance with a sensitivity equiv-
alent to the radiolabeled method.

(5) Test procedure—(i) Choice of mem-
brane—(A) Skin selection. Human ca-
daver skin must be used in all testing
conducted under this test standard.
This test standard does not require use
of live skin, or the maintenance of skin
viability during the course of the ex-
periment. However, the time elapsed
between death and harvest of tissue
must be reported.

(B) Number of skin samples. Data for
the determination of a Kp must be ob-
tained from a minimum of six skin
samples and the skin samples must
come from at least three different
human subjects (two skin samples from
each subject) in order to allow for bio-
logical variation between subjects.
Data for the determination of each
short-term (i.e., 10 minute and 60
minute) absorption rate must be ob-
tained from a minimum of six skin
samples and the skin samples must
come from at least three different
human subjects (two skin samples from
each subject).

(C) Anatomical region. In order to
minimize the variability in skin ab-
sorption measurements for these tests,
samples of human cadaver skin must
be obtained from the abdominal region
of human subjects of known source and
disease state.

(D) Validation of human cadaver skin
barrier. Prior to conducting an experi-
ment with the test substance, barrier
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properties of human cadaver skin must
be pretested either by:

(1) Measuring the absorption of a
standard compound such as tritiated
water as discussed, for example, in the
reference in paragraph (h)(8)(i) of this
section;

(2) Determining an electrical resist-
ance to an alternating current, at up to
two volts; or

(3) Measuring trans-epidermal water
loss from the stratum corneum.

(ii) Preparation of membrane. Full
thickness skin must not be used. A
suitable membrane must be prepared
from skin either with a dermatome at
a thickness of 200 to 500 micrometers
(um), or with heat separation by treat-
ing the skin at 60 °C for 45 seconds to
2 minutes after which the epidermis
can be peeled from the dermis. These
epidermal membranes can be stored
frozen (-20 °C) for up to 3 months, if
necessary, if they are frozen quickly
and the barrier properties of the sam-
ples are confirmed immediately prior
to commencement of the experiment.

(iii) Diffusion cell design. Either static
or flow-through diffusion cells must be
used in these studies. To ensure that an
increase in concentration of the test
substance in the receptor fluid does not
alter penetration rate, the testing lab-
oratory must verify that the con-
centration of the test substance in the
receptor fluid is less than 10% of the
initial concentration in the donor
chamber. Concentration of the neat
(i.e., undiluted) liquid must be taken as
the density of the test substance.

(iv) Temperature. Skin must be main-
tained at a physiological temperature
of 32 °C during the test.

(v) Testing hydrophobic chemicals.
When testing hydrophobic chemicals,
polyethoxyoleate (polyethylene glycol
(PEG) 20 oleyl ether) must be added to
the receptor fluid at a concentration of
6%.

(vi) Vehicle. If the test substance is a
liquid at room temperature and does
not damage the skin during the deter-
mination of Kp, it must be applied
neat. If the test substance cannot be
applied neat because it is a solid at
room temperature or because it dam-
ages the skin when applied neat, it
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must be dissolved in water. If the con-
centration of a hydrophobic test sub-
stance in water is not high enough so
that a steady-state absorption can be
obtained, the test substance must be
dissolved in isopropyl myristate. A suf-
ficient volume of liquid must be used
to completely cover the skin and pro-
vide the amount of test substance as
described in paragraph (h)(5)(vii) of
this section.

(vii) Dose—(A) Kp. A Kp must be de-
termined for each test chemical, except
for methyl isoamyl ketone (MIAK; CAS
No.: 110-12-3, Chemical Abstracts (CA)
Index Name: 2-Hexanone, 5-methoxy-)
and dipropylene glycol methyl ether
(DPGME; CAS No.: 34590-94-8, CA Index
Name: Propanol, 1(or 2)-(2-
methoxymethylethoxy)-). An “‘infinite
dose’ of the test substance must be ap-
plied to the skin to achieve the steady-
state rate of absorption necessary for
calculation of a Kp. Infinite dose is de-
fined as the concentration of a test
substance required to give an
undepletable reservoir on the surface of
the skin. The actual concentration re-
quired to give an undepletable res-
ervoir on the surface of the skin de-
pends on the rate of penetration of the
test substance. Preliminary studies
may be necessary to determine this
concentration. Percutaneous absorp-
tion must be determined under oc-
cluded (i.e., covered) conditions unless
it is demonstrated that such conditions
cause leakage of material or damage to
the skin membrane as a result of unre-
alistically high pressures or excessive
hydration. Skin barrier integrity must
be verified at the end of the experiment
by the methods discussed in paragraph
(h)(5)(i)(D) of this section.

(B) Short-term absorption rates. Short-
term absorption rates must be deter-
mined for all test chemicals. The dose
of test chemical applied to the skin
must be sufficient to completely cover
the exposed skin surface. A minimum
of four diffusion cells must be set up
using skin from a single subject. Two
diffusion cells must be terminated at 10
minutes. The remaining two diffusion
cells must be terminated at 60 minutes.
Skin absorption at each sampling time
is the sum of the receptor fluid levels
and the absorbed test substance that
remains in the skin, as discussed, for
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example, in the reference in paragraph
(h)(8)(iii) of this section. Unabsorbed
chemical must be removed from the
skin surface by washing gently with
soap and water. This experiment must
be repeated with skin from two addi-
tional subjects. In order to ensure reli-
able short-term absorption rates,
percutaneous absorption must be deter-
mined under occluded conditions unless
it is demonstrated that such conditions
cause leakage of material or damage to
the skin membrane as a result of unre-
alistically high pressures or excessive
hydration.

(viii) Study duration—(A) Kp. The in
vitro dermal absorption rate test must
be performed until at least four absorp-
tion measurements per diffusion cell
experiment are obtained during the
steady-state absorption portion of the
experiment. A preliminary study may
be useful to establish time points for
sampling. The required absorption
measurements can be accomplished in
an hour or two with fast-penetrating
chemicals but may require 24 hours or
longer for slow-penetrating chemicals.
Unabsorbed test substance need not be
removed from the surface of the skin
after each experiment.

(B) Short-term absorption rates. The
test substance must be applied to skin
for durations of 10 and 60 minutes. At
the end of the study, the unabsorbed
test substance must be removed from
the surface of the skin with soap and
water and the amount absorbed into
the skin and receptor fluid must be de-
termined, as discussed, for example, in
the reference in paragraph (h)(8)(iii) of
this section.

(6) Results—(i) Kp. The Kp must be
calculated by dividing the steady-state
rate of absorption (measured in
micrograms (ug) x hr—1 x centimeters
(cm)~2) by the concentration of the
test substance (measured in pg x cm~—3)
applied to the skin. (For example, if
the steady-state rate is 1 microgram x
hr—1 x cm~2 and the concentration ap-
plied to the skin is 1,000 micrograms x
cm~3, then the Kp value is calculated
to be 0.001 cm x hr—1) The mean and
standard deviation of the calculated Kp
values for all diffusion cell experiments
must be determined.

(ii) Short-term absorption rate. The ab-
sorption rates (ug x hr—1 x cm~—2) must
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be determined from the total amount
of test substance found in the receptor
fluid and skin after the 10-minute and
60-minute exposures for each diffusion
cell experiment. The mean and stand-
ard deviation of 10-minute short-term
absorption rates from all experiments
must be calculated. The mean and
standard deviation of 60-minute short-
term absorption rates from all experi-
ments must also be calculated.

(7) Test report. In addition to compli-
ance with the TSCA Good Laboratory
Practice Standards (GLPS) at 40 CFR
part 792, the following specific informa-
tion must be collected and reported by
the date in paragraph (i) of this sec-
tion:

(i) Test systems and test methods. (A) A
description of the date, time, and loca-
tion of the test, the name(s) of the per-
son(s) conducting the test, the location
of records pertaining to the test, as
well as a GLPS statement. These state-
ments must be certified by the signa-
tures of the individuals performing the
work and their supervisors.

(B) A description of the source, iden-
tity, and purity of the test substance
and the source, identity, and handling
of the test skin. There must be a de-
tailed description of the test procedure
and all materials, devices used and
doses tested, as well as a detailed de-
scription and illustration of static or
flow-through cell design. There must
also be a description of the skin prepa-
ration method, including measure-
ments of the skin membrane thickness.

(C) A description of the analytical
techniques to be used, including their
accuracy, precision, and detection lim-
its (in particular for non-radiolabeled
tests), and, if a radiolabel is used, there
must be a description of the radiolabel
(e.g., type, location of, and
radiochemical purity of the label).

(D) All data must be clearly identi-
fied as to dose and specimen. Derived
values (means, permeability coeffi-
cient, graphs, charts, etc.) are not suf-
ficient.

(ii) Conduct of study. Data must be
collected and reported on the fol-
lowing:

(A) Monitoring of testing parameters.

(B) Temperature of chamber.

(C) Receptor fluid pH.

(D) Barrier property validation.
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(E) Analysis of receptor fluid for ra-
dioactivity or test chemical

(iii) Results. The mean Kp and mean
short-term absorption rates must be
presented along with their standard de-
viations and the number of diffusion
cell experiments. In addition, all raw
data from each individual diffusion cell
must be retained to support the cal-
culations of permeability constants
and short-term absorption rates. When
a radiolabeled test substance is used, a
full balance of the radioactivity must
be presented, including cell rinsing and
stability of the test substance in the
donor compartment.

(8) References. For background infor-
mation on this test standard, the fol-
lowing references may be consulted.
These references are available under
docket ID number OPPT-2003-0006 at
the EPA Docket Center, Rm. B102-
Reading Room, EPA West, 1301 Con-
stitution Ave., NW., Washington, DC,
from 8:30 a.m. to 4:30 p.m., Monday
through Friday, excluding legal holi-
days.

(i) Bronaugh, R.L., Stewart, R.F., and
Simon, M. Methods for In Vitro
Percutaneous Absorption Studies VII:
Use of Excised Human Skin. Journal of
Pharmaceutical Sciences. 75:1094-1097.
1986.

(ii) Bronaugh, R.L. and Stewart, R.F.
Methods for In Vitro Percutaneous Ab-
sorption Studies IV: The Flow-Through
Diffusion Cell. Journal of Pharma-
ceutical Sciences. 74:64-67. 1985.

(iii) Bronaugh, R.L., Stewart, R.F.,
and Storm, J.E. Extent of Cutaneous
Metabolism During Percutaneous Ab-
sorption of Xenobiotics. Toxicology and
Applied Pharmacology. 99:534-543. 1989.

(iv) Walker, J.D., Whittaker, C. and
McDougal, J.N. Role of the TSCA
Interagency Testing Committee in
Meeting the U.S. Government Data
Needs: Designating Chemicals for
Percutaneous Absorption Rate Testing.
Dermatotoxicology. F. Marzulli and H.
Maibach, Eds. Taylor & Francis, Wash-
ington, DC. pp. 371-381. 1996.

(v) Bronaugh, R.L., and Collier, S.W.
Protocol for In Vitro Percutaneous Ab-
sorption Studies. In Vitro Percutaneous
Absorption: Principles, Fundamentals,
and Applications. R.L. Bronaugh and
H.l. Maibach, Eds. CRC Press, Boca
Raton, FL. pp. 237-241. 1991.
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(i) Reporting requirements. The reports
submitted under this section must in-
clude the information specified in para-
graph (h)(7) of this section. A final re-
port for each chemical substance must
be received by EPA by June 27, 2005,
unless an extension is granted in writ-
ing pursuant to 40 CFR 790.55.

(J) Designation of specific chemical sub-
stances for testing. The chemical sub-
stances identified by chemical name,
CAS No., and class in Table 2 of this
paragraph must be tested in accord-
ance with the testing requirements in
paragraph (h) of this section and the
requirements described in 40 CFR part
792.

TABLE 2—CHEMICAL SUBSTANCES DESIGNATED
FOR TESTING

Chemical name Class

Acetonitrile
Carbon disulfide .

Vinylidene chloride .
Dicyclopentadiene ..
Isophorone .............
Propylene dichloride
Methyl acetate
2-Nitropropane
Naphthalene ...
Biphenyl ..........
tert-Butylcatechol ...
p-Nitrochlorobenzene .
p-Nitroaniline ..
Benzyl chloride
p-Xylene ............

p-Dichlorobenzene .
Ethylene dichloride .
Methyl formate ...

1-Nitropropane ...
Chlorobenzene ...
Cyclohexanol ..
Pentane ..........
Tetrahydrofuran ......

Methyl isoamyl ketone
Nonane
Catechol
Diphenylamine ....
Diacetone alcohol ...
Dimethyl acetamide

NNRRPRPRRPRPRREPRPRRRPRRPRREPRREPRPRRREPRPRREPRREPRRPRERRERRERRR

n-Heptane ...........
150-76-5 ... p-Methoxyphenol
25013-15-4 ........... Vinyl toluene ........ccoceevevinens
34590-94-8 ........... Dipropylene glycol methyl

ether.

(k) Effective date This section is effec-
tive on May 26, 2004.

[69 FR 22436, Apr. 26, 2004, as amended at 71
FR 18654, Apr. 12, 2006]
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Subpart E—Product Propetrties Test
Guidelines

SOURCE: 65 FR 78751, Dec. 15, 2000, unless
otherwise noted.

§799.6755 TSCA partition -coefficient
(n-octanol/water), shake flask meth-
od.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet the testing re-
quirements of the Toxic Substances
Control Act (TSCA) (15 U.S.C. 2601).

(2) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides
and Toxics (OPPTS) harmonized test
guideline 830.7550 (August 1996, final
guideline). The source is available at
the address in paragraph (f) of this sec-
tion.

(b) Introductory information—(1) Pre-
requisites. Suitable analytical method,
dissociation constant, water solubility,
and hydrolysis (preliminary test).

(2) Coefficient of variation. The coeffi-
cient of variation on the mean values
reported by the participants of the Or-
ganization for Economic Coopertion
and Development (OECD) Laboratory
Intercomparison Testing, Part 1, 1979,
appeared to be dependent on the chemi-
cals tested; it ranges from 0.17 to 1.03.

(3) Qualifying statements. This method
applies only to pure, water soluble sub-
stances which do not dissociate or as-
sociate, and which are not surface ac-
tive. In order to use the partition coef-
ficient (P) as a screening test for bio-
accumulation, it should be ascertained
that the impurities in the commercial
product are of minor importance. Test-
ing of P (n-octanol/water) cannot be
used as a screening test in the case of
organometallic compounds.

(4) Alternative methods. High-pressure
liquid chromatography (HPLC) meth-
ods described in the references in para-
graphs (f)(3), (f)(4), and (f)(5) of this sec-
tion may be considered as an alter-
native test method.

(c) Method—(1) Introduction, purpose,
scope, relevance, application, and limits
of test. The P of a substance between
water and a lipophilic solvent (n-octa-
nol) is one model variable which may
be used to describe the transfer of a
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substance from the aquatic environ-
ment into an organism and the poten-
tial bioaccumulation of the substance.
Studies show a highly significant rela-
tionship between the P of different sub-
stances in the system water/n-octanol
and their bioaccumulation in fish de-
scribed in paragraph (f)(1) of this sec-
tion.

(2) Definitions—Partition coefficient (P)
is defined as the ratio of the equi-
librium concentrations (C;) of a dis-
solved substance in a two-phase system
consisting of two largely immiscible
solvents. The P therefore is the
quotient of two concentrations and is
usually given in the form of its loga-
rithm to base 10 (log P). In this case n-
octanol and water:
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Equation 1:

P

ow = Cn— octano( C water

(3) Reference substances. The reference
substances need not be employed in all
cases when investigating a new sub-
stance. They are provided primarily so
that calibration of the method may be
performed from time to time and to
offer the chance to compare the results
when another method is applied. The
values presented in table 1 of this sec-
tion are not necessarily representative
of the results which can be obtained
with this test method as they have
been derived from an earlier version of
the test guideline.

TABLE 1—DATA FOR REFERENCE SUBSTANCES

Tested substance

Di(2-ethylhexyl)phthalate (OECD)
Hexachlorobenzene (OECD)

o-Dichlorobenzene European Economic Co
Dibutyl phthalate (EEC) ...
Trichloroethylene (OECD) . .
Urea (OECD) ...ooeiiiieeieeieeeee et

Pow?
1.3 x 105 (4.6 x 104 — 2.8 x 105)
3.6 x 105 (1.1 x 105 — 8.3 x 105)
5.1 x 108 (1.5 x 103 — 2.3 x 104)
1.3 x 104 (1.7 x 103 — 2.8 x 104)
2.0 x 108 (5.2x102 - 3.7x103)
6.2x10-2 (2.0x10~2—2.4x10~ 1)

1 Substances not tested: Ethyl acetate, 4-methyl-2,4-pentanediol.
2 Total, mean, and range of mean values (in parentheses) submitted by the participants of the OECD or EEC Laboratory Inter-

comparison Testing.

(4) Principle of the test method. In
order to determine a P, equilibrium be-
tween all interacting components of
the system must be achieved, and the
concentrations of the substances dis-
solved in the two phases must be deter-
mined. A study of the literature on this
subject indicates that there are many
different techniques which can be used
to solve this problem, i.e. the thorough
mixing of the two phases followed by
their separation in order to determine
the equilibrium concentration for the
substance being examined.

(5) Quality criteria—(i) Repeatability.
In order to assure the precision of the
P, duplicate determinations are to be
made under three different test condi-
tions, whereby the quantity of sub-
stance specified as well as the ratio of
the solvent volumes may be varied.
The determined values of the P ex-
pressed as their common logarithms
should fall within a range of +0.3 log
units.

(ii) Sensitivity. The sensitivity of the
method is determined by the sensi-

tivity of the analytical procedure. This
should be sufficient to permit the as-
sessment of values of Poyw up to 105
when the concentration of the solute in
either phase is not more than 0.01 mol/
Liter (L). The substance being tested
must not be water insoluble (mass con-
centration p <106 gram (g)/L.

(iii) Specificity. The Nernst Partition
Law applies only at constant tempera-
ture, pressure, and pH for dilute solu-
tions. It strictly applies to a pure sub-
stance dispersed between two pure sol-
vents. If several different solutes occur
in one or both phases at the same time,
this may affect the results. Dissocia-
tion or association of the dissolved
molecules result in deviations from the
Nernst Partition Law. Such deviations
are indicated by the fact that the P be-
comes dependent upon the concentra-
tion of the solution. Because of the
multiple equilibria involved, this test
guideline should not be applied to
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ionizable compounds without correc-
tions being made. The use of buffer so-
lutions in place of water should be con-
sidered for such compounds.

(iv) Possibility of standardization. This
method can be standardized.

(d) Description of the test procedure—
(1) Preparations: Preliminary estimate of
the P. The size of the P can be esti-
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mated either by means of calculation
or by use of published solubilities of
the test substance in the pure solvents.
Alternatively, it may be roughly deter-
mined by performing a simplified pre-
liminary test. For this:

Equation 2:

Pastimate= (SALUrAtionG, geiano)/( SaturatiorC )

(2) Preparation of the solvents—(i) n-
Octanol. The determination of the P
should be carried out with analytical
grade n-octanol. Inorganic contami-
nants can be removed from commercial
n-octanol by washing with acid and
base, drying, and distilling. More so-
phisticated methods will be required to
separate the n-octanol from organic
contaminants with similar vapor pres-
sure if they are present.

(if) Water. Distilled water or water
twice-distilled from glass or quartz ap-
paratus should be employed. Water
taken directly from an ion exchanger
should not be used.

(iii) Presaturation of the solvents. Be-
fore a P is determined, the phases of
the solvent system are mutually satu-
rated by shaking at the temperature of
the experiment. For doing this, it is
practical to shake two large stock bot-
tles of purified n-octanol or distilled
water each with a sufficient quantity
of the other solvent for 24 hours on a
mechanical shaker, and then to let
them stand long enough to allow the
phases to separate and to achieve a
saturation state.

(3) Preparation for the test. The entire
volume of the two-phase system should
nearly fill the test vessel. This will
help prevent loss of material due to
volatilization. The volume ratio and
quantities of substance to be used are
fixed by the following:

(i) The preliminary assessment of the
P as discussed in paragraph (d)(1) of
this section).

(i) The minimum quantity of test
substance required for the analytical
procedure.

(iii) The limitation of a maximum
concentration in either phase of 0.01
mol/L.

(iv) Three tests are carried out. In
the first, the calculated volume ratio is
added; in the second, twice the volume
of n-octanol is added; and in the third,
half the volume of n-octanol is added.

(4) Test substance. The test substance
should be the purest available. For a
material balance during the test a
stock solution is prepared in n-octanol
with a mass concentration between 1
and 100 milligram/milliliter (mg/mL).
The actual mass concentration of this
stock solution should be precisely de-
termined before it is employed in the
determination of the P. This solution
should be stored under stable condi-
tions.

(5) Test conditions. The test tempera-
ture should be kept constant (1 °C)
and lie in the range of 20-25 °C.

(6) Performance of the test—(i) Estab-
lishment of the partition equilibrium. Du-
plicate test vessels containing the re-
quired, accurately measured amounts
of the two solvents together with the
necessary quantity of the stock solu-
tion should be prepared for each of the
test conditions. The n-octanol parts
should be measured by volume. The
test vessels should either be placed in a
suitable shaker or shaken by hand. A
recommended method is to rotate the
centrifuge tube quickly through 180°
about its transverse axis so that any
trapped air rises through the two
phases. Experience has shown that 50
such rotations are usually sufficient
for the establishment of the partition
equilibrium. To be certain, 100 rota-
tions in 5 minutes are recommended.
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(ii) Phase separation. In order to sepa-
rate the phases, centrifugation of the
mixture should be carried out. This
should be done in a laboratory cen-
trifuge maintained at room tempera-
ture, or, if a non-temperature-con-
trolled centrifuge is used, the cen-
trifuge tubes should be reequilibrated
at the test temperature for at least 1
hour before analysis.

(7) Analysis. (i) For the determination
of the P, it is necessary to analyze the
concentrations of the test substance in
both phases. This may be done by tak-
ing an aliguot of each of the two phases
from each tube for each test condition
and analyzing them by the chosen pro-
cedure. The total quantity of sub-
stances present in both phases should
be calculated and compared with the
quantity of the substance originally in-
troduced.

(if) The aqueous phase should be sam-
pled by the following procedure to min-
imize the risk of including traces of the
n-octanol: A glass syringe with a re-
movable needle should be used to sam-
ple the water phase. The syringe should
initially be partially filled with air.
Air should be gently expelled while in-
serting the needle through the n-octa-
nol layer. An adequate volume of aque-
ous phase is withdrawn into the sy-
ringe. The syringe is quickly removed
from the solution and the needle de-
tached. The contents of the syringe
may then be used as the aqueous sam-
ple.

(iii) The concentration in the two-
separated phases should preferably be
determined by a substance-specific
method. Examples of physical-chemical
determinations which may be appro-
priate are:

(A) Photometric methods.

(B) Gas chromatography.

(C) HPLC.

(D) Back-extraction of the aqueous
phase and subsequent gas chroma-
tography.

(e) Data and reporting—(1) Treatment
of results. The reliability of the deter-
mined values of P can be tested by
comparison of the means of the dupli-
cate determinations with the overall
mean.

(2) Test report. The following should
be included in the report:
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(i) Name of the substance, including
its purity.

(ii) Temperature of the determina-
tion.

(iii) The preliminary estimate of the
P and its manner of determination.

(iv) Data on the analytical proce-
dures used in determining concentra-
tions.

(v) The measured concentrations in
both phases for each determination.
This means that a total of 12 con-
centrations must be reported.

(vi) The weight of the test substance,
the volume of each phase employed in
each test vessel, and the total cal-
culated amount of test substance
present in each phase after equilibra-
tion.

(vii) The calculated values of the P
and the mean should be reported for
each set of test conditions as should
the mean for all determinations. If
there is a suggestion of concentration
dependency of the P, this should be
noted in the report.

(viii) The standard deviation of indi-
vidual P values about their mean
should be reported.

(ix) The mean P from all determina-
tions should also be expressed as its
logarithm (base 10).

(f) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able from the TSCA Nonconfidential
Information Center, Rm. NE-B607, En-
vironmental Protection Agency, 401 M
St., SW., Washington, DC, 12 noon to 4
p.m., Monday through Friday, exclud-
ing legal holidays.

(1) Neely, W.B. et al. Partition Coeffi-
cients to Measure Bioconcentration
Potential of Organic Chemicals in
Fish. Environmental Science and Tech-
nology 8:1113 (1974).

(2) Leo, A. et al. Partition Coeffi-
cients and Their Uses. Chemical Reviews
71:525 (1971).

(3) Miyake, K. and H. Terada, Direct
measurements of partition coefficients
in an octanol-water system. Journal of
Chromatography 157:386 (1978).

(4) Veith G.D. and R.T. Morris, A
Rapid Method for Estimating Log P for
Organic Chemicals, EPA-600/3-78-049
(1978).
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(5) Mirrless, M.S. et al., Direct meas-
urement of octanol-water partition co-
efficient by high pressure liquid chro-
matography. Journal of Medicinal Chem-
istry 19:615 (1976).

(6) EPA Draft Guidance of September
8, 1978 (F-16).

(7) Konemann H. et al. Determination
of log Poc values of chlorosubstituted
benzenes, toluenes, and anilines by
high performance liquid chroma-
tography on ODS silica, Journal of
Chromatography 178:559 (1979).

(8) Organization for Economic Coopera-
tion and Development, Guidelines for
The Testing of Chemicals, OECD 107,
Partition Coefficient (n-octanol/water)
(Shake Flask Method, Adopted 27 July
1995), OECD, Paris, France.

§799.6756 TSCA partition -coefficient
(n-octanol/water), generator column
method.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet the testing re-
quirements of the Toxic Substances
Control Act (TSCA) (15 U.S.C. 2601).

(2) Source. The source material used
in developing this TSCA test guideline
is the Office of Pollution Prevention,
Pesticides and Toxic Substances
(OPPTS) harmonized test guideline
830.7560 (August 1996, final guideline).
This source is available at the address
in paragraph (e) of this section.

(b)(1) Purpose. (i) The measurement
and estimation of the n-octanol/water
partition coefficient (Kow), has become
the cornerstone of a myriad of struc-
ture-activity relationships (SAR) prop-
erty. The coefficient has been used ex-
tensively for correlating structural
changes in drugs with changes observed
in biological, biochemical, or toxic ef-
fects. These correlations are then used
to predict the effect of a new drug for
which a Koy could be measured.

(i) In the study of the environmental
fate of organic chemicals, the Koy has
become a key parameter. Ky is cor-
related to water solubility, soil/sedi-
ment sorption coefficient, and biocon-
centration and is important to SAR.

(iii) Of the three properties that can
be estimated from Koy, water solubility
is the most important because it af-
fects both the fate and transport of
chemicals. For example, highly soluble
chemicals become quickly distributed

40 CFR Ch. | (7-1-07 Edition)

by the hydrologic cycle, have low-sorp-
tion coefficients for soils and sedi-
ments, and tend to be more easily de-
graded by microorganisms. In addition,
chemical transformation processes
such as hydrolysis, direct photolysis,
and indirect photolysis (oxidation)
tend to occur more readily if a com-
pound is soluble.

(iv) Direct correlations between Koy
and both the soil/sediment sorption co-
efficient and the bioconcentration fac-
tor are to be expected. In these cases,
compounds that are more soluble in n-
octanol (more hydrophobic and
lipophilic) would be expected to parti-
tion out of the water and into the or-
ganic portion of soils/sediments and
into lipophilic tissue. The relationship
between K,y and the bioconcentration
factor, are the principal means of esti-
mating bioconcentration factors. This
relationship is discussed in the ref-
erence listed in paragraph (e)(14) of
this section. These factors are then
used to predict the potential for a
chemical to accumulate in living tis-
sue.

(v) This section describes a method
for determining the K., based on the
dynamic coupled column liquid
chromatographic (DCCLC) technique, a
technique commonly referred to as the
generator column method. The method
described herein can be used in place of
the standard shake-flask method speci-
fied in §799.6755 for compounds with a
log10Kow greater than 1.0.

(2) Definitions. The following defini-
tions apply to this section.

Extractor column is used to extract
the solute from the aqueous solution
produced by the generator column.
After extraction onto a bonded
chromatographic support, the solute is
eluted with a solvent/water mixture
and subsequently analyzed by high-per-
formance liquid chromatography
(HPLC), gas chromatography (GC), or
any other analytical procedure. A de-
tailed description of the preparation of
the extractor column is given in para-
graph (c)(1)(i) of this section.

Generator column is used to partition
the test substance between the n-octa-
nol and water phases. The column in
figure 1 in paragraph (c)(1)(i)(A)(2) of
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this section is packed with a solid sup-
port and is coated with the test sub-
stance at a fixed concentration in n-oc-
tanol. The test substance is eluted
from the column with water and the
aqueous solution leaving the column
represents the equilibrium concentra-
tion of the test substance that has par-
titioned from the n-octanol phase into
the water phase. Preparation of the
generator column is described in para-
graph (c)(1)(i) of this section.

n-Octanol/water partition coefficient
(Kow) is defined as the ratio of the
molar concentrations of a chemical in
n-octanol and water, in dilute solution.
The coefficient Koy is a constant for a
given chemical at a given temperature.
Since Koy is the ratio of two molar con-
centrations, it is a dimensionless quan-
tity. Sometimes Koy is reported as the
decadic logarithm (logioKow). In this
equation, Coctanoiand Cyater are the molar
concentration of the solute in n-octa-
nol and water, respectively, at a given
temperature. This test procedure deter-
mines Koy at 25 #0.05 °C. The mathe-
matical statement of Koy is:

Equation 1:

Kow - Coctanolcweuer

Response factor (RF) is the solute con-
centration required to give a one unit
area chromatographic peak or one unit
output from the HPLC recording inte-
grator at a particular recorder and de-
tector attenuation. The factor is re-
quired to convert from units of area to
units of concentration. The determina-
tion of the RF is given in paragraph
(©)(3)(iii)(C)(2) of this section.

Sample loop is a % inch (in) outside
diameter (O.D.) (1.6 millimeter (mm))
stainless steel tube with an internal
volume between 20 and 50 pL. The loop
is attached to the sample injection
valve of the HPLC and is used to inject
standard solutions into the mobile
phase of the HPLC when determining
the RF for the recording integrator.
The exact volume of the loop must be
determined as described in paragraph
(©)(3)(iii)(C)(1) of this section when the
HPLC method is used.

(3) Principle of the test method. (i) This
test method is based on the DCCLC
technique for determining the aqueous
solubility of organic compounds. The
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development of this test method is de-
scribed in the references listed in para-
graphs (e)(6), (e)(12), and (e)(19) of this
section. The DCCLC technique utilizes
a generator column, extractor column,
and HPLC coupled or interconnected to
provide a continuous closed-flow sys-
tem. Aqueous solutions of the test
compound are produced by pumping
water through the generator column
that is packed with a solid support
coated with an approximately 1.0%
weight/weight (w/w) solution of the
compound in n-octanol. The aqueous
solution leaving the column represents
the equilibrium concentration of the
test chemical which has partitioned
from the n-octanol phase into the
water phase. The compound is ex-
tracted from the aqueous solution onto
an extractor column, then eluted from
the extractor column with a solvent/
water mixture and subsequently ana-
lyzed by HPLC using a variable wave-
length ultraviolet (UV) absorption de-
tector operating at a suitable wave-
length. Chromatogram peaks are re-
corded and integrated using a record-
ing integrator. The concentration of
the compound in the effluent from the
generator column is determined from
the mass of the compound (solute) ex-
tracted from a measured volume of
water (solvent). The Ko is calculated
from the ratio of the molar concentra-
tion of the solute in the 1.0% (w/w) n-
octanol and molar concentration of the
solute in water as determined using the
generator column technique.

(ii) Since the HPLC method is only
applicable to compounds that absorb in
the UV, an alternate GC method, or
any other reliable quantitative proce-
dure must be used for those compounds
that do not absorb in the UV. In the GC
method the saturated solutions pro-
duced in the generator column are ex-
tracted using an appropriate organic
solvent that is subsequently injected
into the GC, or any other suitable ana-
lytical device, for analysis of the test
compound.

(4) Reference chemicals. (i) Columns 2,
3, 4, and 5 of table 1 in paragraph
(b)(4)(ii) of this section list the experi-
mental values of the decadic logarithm
of the n-octanol/water partition coeffi-
cient (logioKow) at 25 °C for a number of
organic chemicals as obtained from the
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scientific literature. These values were
obtained by any one of the following
experimental methods: Shake-flask;
generator column; reverse-phase HPLC;
or reverse-phase thin-layer chroma-
tography, as indicated in the footnotes
following each literature citation. The
estimation method of Hawker and
Connell as described in paragraph (e)(8)
of this section, correlates logi10Kow With
the total surface area of the molecule
and was used to estimate logioKow fOr
biphenyl and the chlorinated
biphenyls. These estimated values are
listed in column 7 of table 1 in para-
graph (b)(4)(ii) of this section. Rec-
ommended values of logi;oKow Were ob-

40 CFR Ch. | (7-1-07 Edition)

tained by critically analyzing the
available experimental and estimated
values and averaging the best data.
These recommended values are listed
in column 8 of table 1 in paragraph
(b)(4)(ii) of this section.

(ii) The recommended values listed in
table 1 of this section have been pro-
vided primarily so that the generator
column method can be calibrated and
to allow the chemical laboratory the
opportunity to compare its results
with these values. The testing labora-
tory has the option of choosing its ref-
erence chemicals, but references must
be given to establish the validity of the
measured values of logioKow-

TABLE 1—N-OCTANOL/WATER PARTITION COEFFICIENT AT 25 °C FOR SOME REFERENCE

COMPOUNDS
Experimental 10g10Kow Estimated logioKow
. Recommended
Chemical Generator Hansch | Hawker
Hanl_sggland Column Banerjee? \gtlngrs and and 10g10Kow
Method Leo3 Connell4
Ethyl acetate . 0.73, 0.66 50.68 — — 0.671 — 170.685
1-Butanol 0.88, 0.89, 50.785 — — 0.823 — 230.852
0.32,0.88
1-Pentanol .........ccccoevccnncnne 1.28, 1.40 51,53 — — 1.35 — 171.39
Nitrobenzene ............cccocevnis 1.85, 1.88, 51.85 1.83 61.82 1.89 — 171.84
Benzene — 212 — 2.14 — 172.14
Trichloroethylene 2.29 52.53 2.42 — 2.27 — 172.38
Chlorobenzene 2.84,2.46 72.98 — 82.84 2.86 — 182.80
o-Dichlorobenzene ... 3.38 73.38 3.40 83.38 3.57 — 173.42
n-Propylbenzene 3.66, 3.66, 53.69 — — 3.85 — 173.69
3.68, 3.57
Biphenyl .......cccooviiiiiiiiiieens 3.95, 4.17, | 73.67, 93.89, 4.04 63.75 4.03 4.09 173.96
4.09, 4.04 103.79
2-Chlorobiphenyl .........cccceceeee. — 74.50, °4.38 — 103,90, — 4.99 194.49
11375,
124,59,
134.54
1,2,3,5-Tetrachlorobenzene ...... — 74.65 4.46 — 4.99 — 174,70
2,2'-Dichlorobiphenyl — 94.90 — 94.90, — 4.65 204.80
103.63,
11355,
14451,
155.02
Pentachlorobenzene ... — 75.03 4.94 — 571 — 244.99
2,4,5-Trichlorobiphenyl — 75.51, 95.81 — 105,67, — 5.60 175.70
105,86,
155.77
2,3,4,5-Tetrachlorobiphenyl ....... — 46.18, 75.72 — — — 6.04 175,98
2,2',4,5,5'-Pentachlorobi-phenyl 6.11 96.50, 75.92 — 136.11, — 6.38 176.31
126.85
2,2',3,3',6,6'-Hexachloro-
biphenyl ... — 45.76, 76.63, — — — 6.22 176.36
96.81
2,2',3,3,4,4'6-
Heptachlorobiphenyl .............. — 76.68 — — — 7.11 176.90
2,2',3,3,55,6,6'-
Octachlorobiphenyl .. — 77.11, 97.14 — 128.42 — 7.24 217.16
2,2',3,3',4, 4 5,6,6'-Nona-
chlorobiphenyl .........cccccceeee — 47.52 — — — 7.74 177.63
2,2',3,3',4, 5,5'6,6'-Nona-
chlorobiphenyl — 78.16 — — — 7.71 177.94
Decachlorobiphenyl .. — 78.26, 98.20 — 129.60 — 8.18 228.21

1 Hansch and Leo (1979). Shake-flask method in paragraph (e)(8) of this section.
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2 Banerjee, Yalkowski, and Valvani (1980). Shake-flask method in paragraph (e)(1) of this section.

3 Hansch and Leo (1984). Estimates logiocKow Using the CLogP3 computer program in paragraph (e)(9) of this section.

4 Hawker and Connell (1988). Generator column method and an estimation method correlating logioKow With the total surface
area of the molecule in paragraph (e)(8) of this section.

S Tewari et al. (1982). Generator column method in paragraph (e)(14) of this section.

6 Veith, Austin, and Morris (1979). Reverse-phase HPLC method in paragraph (e)(16) of this section.

7 Miller et al. (1984). Generator column method in paragraph (e)(11) of this section.

8 Chiou and Schmedding (1982). Shake-flask method in paragraph (e)(4) of this section.

9 Woodburn, Doucette, and Andren (1984). Generator column method in paragraph (e)(19) of this section.

10 Rapaport and Eisenreich (1984). Reverse-phase HPLC method in paragraph (e)(13) of this section.

11 Woodburn (1982). Reverse-phase HPLC method in paragraph (e)(18) of this section.

12 Bruggemann, Van der Steen, and Hutzinger (1978). Shake-flask method in paragraph (e)(2) of this section.

13 Tulp and Hutzinger (1978). Shake-flask method in paragraph (e)(15) of this section.

14 Chiou, Porter, and Schmedding (1983). Shake-flask method in paragraph (e)(5) of this section.

15 Bruggemann, Van Der Steen , and Hutzinger (1982). Reverse-phase thin-layer chromatography in paragraph (e)(2) of this
section.

16 Chiou et al. (1977). Shake-flask method in paragraph (e)(3) of this section.

17 Average value using all the data.

18 Average value using all the data except the datum point 2.46.

19 Average value using all the data except the data points 3.90 and 3.75.

20 Average value using all the data except the data points 3.63 and 3.55.

21 Average value using all the data except the datum point 8.42.

22 Average value using all the data except the datum point 9.60.

23 Average value using all the data except the datum point 0.32.

24 Average value using all the data excluding the estimated datum point 5.71.

(5) Applicability and specificity. The . .
test guideline is designed to determine Figure 1—Generator Column
the Kow of solid or liquid organic
chemicals in the range logioKow 1.0 to
<6.0 (10 to <10°). INLET

(c) Test procedure—(1) Test condi- i
tions—(i) Special laboratory equipment—
(A)(1) Generator column. Either of two
different methods for connecting to the
generator column shall be used depend-
ing on whether the eluted aqueous ]
phase is analyzed by HPLC (Procedure
A, as described in paragraph (c)(3)(iii)
of this section) or by solvent extrac-
tion followed by GC analysis, or any
other reliable method of solvent ex-
tract (Procedure B, as described in 20cm
paragraph (c)(3)(iv) of this section).

(2)(i) The design of the generator col-
umn is shown in the following figure 1:

T GLASS WOOL

SUPPORT (100-120 MESH
CHRAOMOSORB W)

— 6mm

GLASS WOOL

OUTLET

(ii) The column consists of a 6 mm (Y4
in) O.D. pyrex tube joined to a short
enlarged section of 9 mm pyrex tubing
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which in turn is connected to another
section of 6 mm (Y4 in) O.D. pyrex tub-
ing. Connections to the inlet teflon
tubing (¥s in 0.D.) and to the outlet
stainless steel tubing (¥ in O.D.) are
made by means of stainless steel fit-
tings with teflon ferrules. The column
is enclosed in a water jacket for tem-
perature control as shown in the fol-
lowing figure 2:

FIGURE 2—SETUP SHOWING GENERATOR
COLUMN ENCLOSED IN A WATER JACK-
ET AND OVERALL ARRANGEMENT OF
THE APPARATUS USED IN GC METHOD

g -~ GENERATOR
L= COLUMN

F& INLET

BATH=~—
RETURN

-— GENERATOR
COLUMN

) w—-

~—TO CONSTANT
TEMPERATURE

COLLECTING —
VESSEL

~—— EXTRACTING
SOLVENT

-«—— WATER CONTAINING
SOLUTE

(B) Constant temperature bath with
circulation pump-bath and capable of
controlling temperature to 25 +0.05 °C.
(Procedures A and B, as described in
paragraphs (c)(3)(iii) and (c)(3)(iv) of
this section, respectively).

(C) HPLC equipped with a variable
wavelength UV absorption detector op-
erating at a suitable wavelength and a
recording integrator (Procedure A, as
described in paragraph (c)(3)(iii) of this
section).

(D) Extractor column—6.6 x 0.6 centi-
meter (cm) stainless steel tube with
end fittings containing 5 micron frits
filled with a superficially porous phase
packing (such as Bondapack Cisg
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Corasil: Waters Associates) (Procedure
A, as described in paragraph (c)(3)(iii)
of this section).

(E) Two 6-port high-pressure rotary
switching valves (Procedure A, as de-
scribed in paragraph (c)(3)(iii) of this
section).

(F) Collection vessel—8 x %4 in section
of pyrex tubing with a flat bottom con-
nected to a short section of ¥ in O.D.
borosilicate glass tubing. The col-
lecting vessel is sealed with a ¥% in tef-
lon cap fitting (Procedure B, as de-
scribed in paragraph (c)(3)(iv) of this
section).

(G) GC, or any other reliable analytic
equipment, equipped with a detector
sensitive to the solute of interest (Pro-
cedure B, as described in paragraph
(©)(3)(iv) of this section).

(ii) Purity of n-octanol and water. Pu-
rified n-octanol, described in paragraph
(c)(2)(i) of this section, and water meet-
ing appropriate American Society for
Testing and Materials Type Il stand-
ards, or an equivalent grade, are rec-
ommended to minimize the effects of
dissolved salts and other impurities.
An ASTM Type Il water standard is
presented in the reference listed in
paragraph (e)(20) of this section).

(iii) Purity of solvents. It is important
that all solvents used in this method be
reagent or HPLC grade and contain no
impurities which could interfere with
the determination of the test com-
pound.

(iv) Reference compounds. In order to
ensure that the HPLC system is work-
ing properly, at least two of the ref-
erence compounds listed in table 1 in
paragraph (b)(4)(ii) of this section
should be run. Reference compounds
shall be reagent or HPLC grade to
avoid interference by impurities.

(2) Preparation of reagents and solu-
tions—(i) n-Octanol and water. Very
pure n-octanol can be obtained as fol-
lows: Wash pure n-octanol (minimum
98% pure) sequentially with 0.1N H2SO,,
with 0.IN NaOH, then with distilled
water until neutral. Dry the n-octanol
with magnesium sulfate and distill
twice in a good distillation column
under reduced pressure [b.p. about 80 °C
at 0.27 kPa (2 torr)]. The n-octanol pro-
duced should be at least 99.9% pure. Al-
ternatively, a grade equivalent to Fish-
er Scientific Co. No. A-402 ‘“‘Certified
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Octanol-1"" can be used. Reagent-grade
water shall be used throughout the test
procedure, such as ASTM Type II
water, or an equivalent grade, as de-
scribed in paragraph (c)(1)(ii) of this
section.

(ii) Presaturated water. Prepare
presaturated water with n-octanol to
minimize the depletion of n-octanol
from the column when measuring the
KowOf a test chemical. This is very im-
portant when the test chemical is
lipophilic and the logioKow <4.

(3) Performance of the test. Initially,
an approximately 1.0% (w/w) solution
of the test substance in n-octanol is
prepared. Precise measurement of the
solute concentration in this solution is
required for the Kyncalculation. Subse-
quently, the 1.0% (w/w) solution is
coated on the generator column and
using either Procedure A or Procedure
B as described in paragraphs (c)(3)(iii)
and (c)(3)(iv) of this section, the molar
concentration of the test substance in
reagent-grade water is determined.

(i) Test solution. The test solution
consists of an approximately 1.0% (w/w)
solution of the test substance in n-oc-
tanol. A sufficient quantity (about 10-
20 milliliter (mL)) of the test solution
should be prepared to coat the gener-
ator column. The solution is prepared
by accurately weighing out, using a
tared bottle, quantities of both the test
substance and n-octanol required to
make a 1.0% (w/w) solution. When the
weights are measured precisely (to the
nearest 0.1 milligram (mg)), knowing
the density of n-octanol (0.827 gram (g)/
mL at 25 °C), then the molar concentra-
tion of the test substance in the n-oc-
tanol is sufficiently accurate for the
purposes of the test procedure. If de-
sired, however, a separate analytical
determination (e.g., by GC, or any
other reliable analytical method) may
be used to check the concentration in
the test solution. If storage is required,
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the test solution should be kept
stoppered to prevent volatilization of
the test chemical.

(ii) Test procedures. Prior to the de-
termination of the Ko, of the test
chemical, two procedures shall be fol-
lowed:

(A) The saturated aqueous solution
leaving the generator column shall be
tested for the presence of an emulsion,
using a Tyndall procedure (i.e. light
scattering). If colloids are present,
they must be removed prior to injec-
tion into the extractor column by low-
ering the flow rate of water.

(B) The efficiency of removal of the
solute (the test chemical) by solvent
extraction from the extractor column
shall be determined and used in the de-
termination of the Ky, of the test
chemical.

(iii) Procedure A—HPLC method. (A)
Procedure A covers the determination
of the aqueous solubility of compounds
which absorb in the UV. Two recipro-
cating piston pumps deliver the mobile
phase (water or solvent/water mixture)
through two 6-port high-pressure ro-
tary valves and a 30x0.6 cm Cig analyt-
ical column to a UV absorption detec-
tor operating at a suitable wavelength.
Chromatogram peaks are recorded and
integrated with a recording integrator.
One of the 6-port valves is the sample
injection valve used for injecting sam-
ples of standard solutions of the solute
in an appropriate concentration for de-
termining RFs or standard solutions of
basic chromate for determining the
sample-loop volume. The other 6-port
valve in the system serves as a switch-
ing valve for the extractor column
which is used to remove solute from
the aqueous solutions. The HPLC ana-
lytical system is shown schematically
in the following figure 3:

FIGURE 3—SCHEMATIC OF HPLC—
GENERATOR COLUMN FLOW SYSTEM
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(B) The general procedure for ana-
lyzing the aqueous phase after equili-
bration is as follows; a detailed proce-
dure is given in paragraph
(©)(3)(iii)(C)(4) of this section:

(1) Direct the aqueous solution from
the generator column to ‘““Waste’” in
figure 3 in paragraph (c)(3)(iii)(A) of
this section with the switching valve in
the inject position in order to equili-
brate internal surfaces with the solu-
tion, thus insuring that the analyzed
sample would not be depleted by solute
adsorption on surfaces upstream from
the valve.

(2) At the same time, water is
pumped from the HPLC pumps in order
to displace the solvent from the extrac-
tor column.

(3) The switching valve is next
changed to the load position to divert a
sample of the solution from the gener-
ator column through the extractor col-
umn, and the liquid leaving the extrac-
tor column is collected in a tared
weighing bottle. During this extraction
step, the HPLC mobile phase is
changed to a solvent/water mixture to
condition the analytical column.

(4) After the desired volume of sam-
ple is extracted, the switching valve is
returned to the inject position for
elution from the extractor column and
analysis. Assuming that all of the sol-
ute was adsorbed by the extractor col-
umn during the extraction step, the
chromatographic peak represents all of
the solute in the extracted sample, pro-
vided that the extraction efficiency is
100%. If the extraction efficiency is less
than 100%, then the extraction effi-

ciency shall be measured and used to
determine the actual amount of the
solute extracted.

(5) The solute concentration in the
aqueous phase is calculated from the
peak area, the weight of the extracted
liquid collected in the weighing bottle,
the extraction efficiency, and the RF.

(C)(1) Determination of the sample-loop
volume. Accurate measurement of the
sample loop may be accomplished by
using a spectrophotometric method
such as the one described in the ref-
erence listed in paragraph (e)(6) of this
section. For this method, measure ab-
sorbance, Aioop, at 373 nanometers (nm)
for at least three solutions, each of
which is prepared by collecting from
the sample valve an appropriate num-
ber, n, of loopfuls of an aqueous stock
solution of K;CrO4 (1.3% by weight) and
diluting to 50 mL with 0.2% KOH. (For
a 20 pL loop, use n = 5; for a 50 pL loop,
use n = 2.) Also measure the absorb-
ance, Asiock Of the same stock solution
after diluting 1:500 with 0.2% KOH. Cal-
culate the loop volume to the nearest
0.1 puL using the relation:

Equation 2:

Vloop = (A Ioop/A stocl)(lo_[l’h)

(2) Determination of the RF. (i) For all
determinations adjust the mobile
phase solvent/water ratio and flow rate
to obtain a reasonable retention time
on the HPLC column. For example,
typical concentrations of organic sol-
vent in the mobile phase range from 50
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to 100% while flow rates range from 1
to 3 mL/minutes (min); these condi-
tions often give a 3 to 5 min retention
time.

(il) Prepare standard solutions of
known concentrations of the solute in
a suitable solvent. Concentrations
must give a recorder response within
the maximum response of the detector.
Inject samples of each standard solu-
tion into the HPLC system using the

Response Factqr RE

(3) Loading of the generator column. (i)
The design of the generator column
was described in paragraph (c)(1)(i) of
this section and is shown in figure 1 in
paragraph (c)(1)(i)(A)(2)(i) of this sec-
tion. To pack the column, a plug of
silanized glass wool is inserted into one
end of the 6 mm pyrex tubing.
Silanized diatomaceous silica support
(about 0.5g of 100-120 mesh Chromosorb
W chromatographic support material)
is poured into the tube with tapping
and retained with a second plug of
silanized glass wool.

(ii) The column is loaded by pulling
the test solution through the dry sup-
port with gentle suction and then al-
lowing the excess solution to drain out.
After loading the column, draw water
up through the column to remove any
entrapped air.

(4) Analysis of the solute. Use the fol-
lowing procedure to collect and analyze
the solute:

(i) With the switching valve in figure
3 in paragraph (c)(3)(iii)(A) of this sec-
tion in the inject position (i.e., water
to waste), pump water through the gen-
erator column at a flow rate of ap-
proximately 1 mL/min for approxi-
mately 15 min to bring the system into
equilibrium. Pump water to the gener-
ator column by means of a minipump
or pressurized water reservoir as shown
in the following figure 4:

FIGURE 4—WATER RESERVOIR FOR GC
METHOD
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calibrated sample loop. Obtain an aver-
age peak area from at least three injec-
tions of each standard sample at a set
detector absorbance unit full scale
(AUFS), i.e., at the same absorbance
scale attenuation setting.

(iii) Calculate the RF from the fol-
lowing equation:

Equation 3:

Concentration mol/L

(Average Areq (AUFS)

/T:"—-ﬂ;

COMPRESSED
GAS CYLINDER

= WATER

‘LYO GENERATOR
COLUMN INLET

(i) Flush out the organic solvent
that remains in the system from pre-
vious runs by changing the mobile
phase to 100% H>O and allowing the
water to reach the HPLC detector, as
indicated by a negative reading. As
soon as this occurs, place a 25 mL
weighing bottle (weighed to the nearest
mg) at the waste position and imme-
diately turn the switching valve to the
load position.

(iii) Collect an amount of water from
the generator column (as determined
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by trial and error) in the weighing bot-
tle, corresponding to the amount of
solute adsorbed by the extractor col-
umn that gives a reasonable detector
response. During this extraction step,
switch back to the original HPLC mo-
bile phase composition, i.e., solvent/
water mixture, to condition the HPLC
analytical column.

(iv) After the desired volume of sam-
ple has been extracted, turn the
switching valve back to the inject posi-
tion in figure 3 in paragraph
(©)(3)(iii)(A) of this section. As soon as
the switching valve is turned to the in-
ject position, remove the weighing bot-
tle, cap it and replace it with the waste
container; at the same time turn on
the recording integrator. The solvent/
water mobile phase will elute the sol-
ute from the extractor column and
transfer the solute to the HPLC ana-
lytical column.

(v) Determine the weight of water
collected to the nearest mg and record
the corresponding peak area. Using the
same AUFS setting repeat the analysis
of the solute at least two more times
and determine the average ratio of
peak area to grams of water collected.
In this equation, S = solubility (M), RF
= response factor, Viop = sample-loop
volume (L), and R = ratio of area to
grams of water. Calculate the solute
solubility in water using the following
equation:

Equation 4:

S= (997 g/L)(RF)(VIoop)(AUFS( R

(iv) Procedure B—GC Method. In the
GC method, or any other reliable quan-
titative method, aqueous solutions
from the generator column enter a col-
lecting vessel in figure 2 in paragraph
©@)@)(A)(@)(ii) of this section con-
taining a known weight of extracting
solvent which is immiscible in water.
The outlet of the generator column is
positioned such that the aqueous phase
always enters below the extracting sol-
vent. After the aqueous phase is col-
lected, the collecting vessel is
stoppered and the quantity of aqueous
phase is determined by weighing. The
solvent and the aqueous phase are
equilibrated by slowly rotating the col-
lecting vessel. A small amount of the
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extracting solvent is then removed and
injected into a GC equipped with an ap-
propriate detector. The solute con-
centration in the aqueous phase is de-
termined from a calibration curve con-
structed using known concentrations
of the solute. The extraction efficiency
of the solvent shall be determined in a
separate set of experiments.

(A) Determination of calibration curve.
(1) Prepare solute standard solutions of
concentrations covering the expected
range of the solute solubility. Select a
column and optimum GC operating
conditions for resolution between the
solute and solvent and the solute and
extracting solvent. Inject a known vol-
ume of each standard solution into the
injection port of the GC. For each
standard solution determine the aver-
age of the ratio R of peak area to vol-
ume (in pL) for the chromatographic
peak of interest from at least three
separate injections.

(2) After running all the standard so-
lutions, determine the coefficients, a
and b, using linear regression analysis
on the equation of concentration (C)
vs. R in the form:

Equation 5:

C=aR+b

(B) Loading of the generator column.
The generator column is packed and
loaded with solute in the same manner
as for the HPLC method in paragraph
(c)(3)(iii) of this section. As shown in
figure 2 in paragraph (c)(2)(i)(A)(2)(ii) of
this section, attach approximately 20
cm of straight stainless steel tubing to
the bottom of the generator column.
Connect the top of the generator col-
umn to a water reservoir in figure 4 in
paragraph (c)(3)(iii)(C)(4)(i) of this sec-
tion using teflon tubing. Use air or ni-
trogen pressure (5 PSI) from an air or
nitrogen cylinder to force water from
the reservoir through the column. Col-
lect water in an Erlenmeyer flask for
approximately 15 min while the solute
concentration in water equilibrates;
longer time may be required for less
soluble compounds.

(C) Collection and extraction of the sol-
ute. During the equilibration time, add
a known weight of extracting solvent
to a collection vessel which can be
capped. The extracting solvent should
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cover the bottom of the collection ves-
sel to a depth sufficient to submerge
the collecting tube but still maintain
100:1 water/solvent ratio. Record the
weight (to the nearest mg) of a collec-
tion vessel with cap and extracting sol-
vent. Place the collection vessel under
the generator column so that water
from the collecting tube enters below
the level of the extracting solvent in
figure 2 in paragraph (c)(2)(i)(A)(2)(ii) of
this section. When the collection vessel
is filled, remove it from under the gen-
erator column, replace cap, and weigh
the filled vessel. Determine the weight
of water collected. Before analyzing for
the solute, gently rotate the collection
vessel contents for approximately 30
min, controlling the rate of rotation so
as not to form an emulsion; rotating
the flask end over end five times per
minute is sufficient. The extraction ef-
ficiency of the solvent shall be deter-
mined in a separate set of experiments.

(D) Analysis of the solute. (1) After ro-
tating, allow the collection vessel to
stand for approximately 30 min; then
remove a known volume of the extract-
ing solvent from the vessel using a
microliter syringe and inject it into
the GC. Record the ratio of peak area
to volume injected and, from the re-
gression equation of the calibration
line, determine the concentration of
solute in the extracting solvent. If the
extraction efficiency is not 100%, the
measured extraction efficiency shall be
used to obtain the correct concentra-
tion of solute extracted. In this equa-
tion, Ces is the molar concentration of
solute in extracting solvent, du,o and
des are the densities in grams per milli-
liter of water and extracting solvent,
respectively, and ges and gu,0 are the
grams of extracting solvent and water,
respectively, contained in the collec-
tion vessels. The molar concentration
of solute in water C(M) is determined
from the following equation:

Equation 6:

(M) = (Co[ /1] 0k 4}

(2) Make replicate injections from
each collecting vessel to determine the
average solute concentration in water
for each vessel. To make sure the gen-
erator column has reached equilibrium,
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run at least two additional (for a total
of three) collection vessels and analyze
the extracted solute as described in
paragraph (c)(3)(iv)(D)(1) of this sec-
tion. Calculate C(M) from the average
solute concentration in the three ves-
sels.

(3) If another analytical method is
used in place of the GC, then Procedure
B, as described in paragraph (c)(3)(iv)
of this section, shall be modified and
the new analytical procedure shall be
used to determine quantitatively the
amount of solute extracted in the ex-
traction solvent.

(v) Analysis of reference compounds.
Prior to analyzing the test solution,
make duplicate runs on at least two of
the reference compounds listed in table
1 in paragraph (b)(4)(ii) of this section.
When using the reference compounds,
follow the same procedure previously
described for preparing the test solu-
tion and running the test. If the aver-
age value obtained for each compound
is within 0.1 log unit of the reference
value, then the test procedure and
HPLC system are functioning properly;
if not a thorough checking over of the
HPLC and careful adherence to the test
procedures should be done to correct
the discrepancy.

(vi) Modification of procedures for po-
tential problems—Decomposition of the
test compound. If the test compound de-
composes in one or more of the aqueous
solvents required during the period of
the test at a rate such that an accurate
value for water solubility cannot be ob-
tained, then it will be necessary to
carry out detailed transformation stud-
ies, such as hydrolysis studies. If de-
composition is due to aqueous pho-
tolysis, then it will be necessary to
carry out the studies in the dark, under
red or yellow lights, or by any other
suitable method to eliminate this
transformation process.

(d) Data and reporting—(1) Test report.
(i) For the test solution, report the
weights to the nearest 0.1 mg of the
test substance and n-octanol. Also re-
port the weight percent and molar con-
centration of the test substance in the
n-octanol; the density of n-octanol at
25 °C is 0.827 grams per milliliter (gm)/
mL.

(if) For each run provide the molar
concentration of the test substance in
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water for each of three determinations,
the mean value, and the standard devi-
ation.

(iii) For each of the three determina-
tions calculate the Ky as the ratio of
the molar concentration of the test
substance in n-octanol to the molar
concentration in water. Also calculate
and report the mean Koy and its stand-
ard deviation. Values of Ko shall be re-
ported as their logarithms (IogioKow)-

(iv) Report the temperature (x0.05 °C)
at which the generator column was
controlled during the test.

(v) For each reference compound re-
port the individual values of
logi0Kow and the average of the two
runs.

(vi) For compounds that decompose
at a rate such that a precise value for
the solubility cannot be obtained, pro-
vide a statement to that effect.

(2) Specific analytical, calibration, and
recovery procedures. (i) For the HPLC
method describe and/or report:

(A) The method used to determine
the sample-loop volume and the aver-
age and standard deviation of that vol-
ume.

(B) The average and standard devi-
ation of the RF.

(C) The extraction solvent and the
extraction efficiency used.

(D) Any changes made or problems
encountered in the test procedures.

(ii) For the GC method report:

(A) The column and GC operating
conditions of temperature and flow
rate.

(B) The average and standard devi-
ation of the average area per
microliter obtained for each of the
standard solutions.

(C) The form of the regression equa-
tion obtained in the calibration proce-
dure.

(D) The extracting solvent and ex-
traction efficiency used.

(E) The average and standard devi-
ation of solute concentration in each
collection vessel.

(F) Any changes made or problems
encountered in the test procedure.

(iii) If another approved analytical
method is used to determine the con-
centration of the test chemical in
water, then all the important test con-
ditions shall be reported.
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(iv) If the concentration of the test
substance in n-octanol is determined
by an independent analytical method
such as GC, provide a complete descrip-
tion of the method.

(e) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able from the TSCA Nonconfidential
Information Center, Rm. NE-B607, En-
vironmental Protection Agency, 401 M
St., SW., Washington, DC, 12 noon to 4
p-m., Monday through Friday, exclud-
ing legal holidays.
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§799.6784 TSCA water solubility: Col-
umn elution method; shake flask
method.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet the testing re-
quirements of the Toxic Substances
Control Act (TSCA) (15 U.S.C. 2601).

(2) Source. The source material used
in developing this TSCA test guideline
is the Office of Pollution Prevention,
Pesticides and Toxics (OPPTS) har-
monized test guideline 830.7840 (March
1998, revised final guideline). This
source is available at the address in
paragraph (f) of this section.

(b) Introductory information—(1) Pre-
requisites. Suitable analytical method,
structural formula, vapor pressure
curve, dissociation constant, and hy-
drolysis independence of pH (prelimi-
nary test).

(2) Coefficient of variation. The coeffi-
cient of variation on the mean values
reported by the participants of the Or-
ganization for Economic Cooperation
and Development (OECD) Laboratory
Intercomparison Testing, Part I, 1979,
appeared to be dependent on the chemi-
cals tested and the test temperatures;
it ranges from 0.05 to 0.34 for the col-
umn elution method, and from 0.03 to
1.12 for the flask method.

(3) Qualifying statements. (i) The
method is not applicable to volatile
substances. Care should be taken that
the substances examined are as pure as
possible and stable in water. It must be
ascertained that the identity of the
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substance is not changed during the
procedure.

(i) The column elution method is not
suitable for volatile substances. The
carrier material used here may not yet
be optimal. This method is intended for
material with solubilities below ap-
proximately 10—2 gram/Liter (g/L).

(iii) The flask method is intended for
materials with solubility above 10-2 g/
L. It is not applicable to volatile sub-
stances; this method may pose difficul-
ties in the case of surface-active mate-
rials.

(c) Method—(1) Introduction, purpose,
scope, relevance, application, and limits
of test. (i) A solution is a homogeneous
mixture of different substances in a
solvent. The particle sizes of the dis-
persed substances are of the same mag-
nitude as molecules and ions; there-
fore, the smallest volumes which can
be obtained from a solution are always
of uniform composition.

(ii) Solubility in water is a signifi-
cant parameter because:

(A) The spatial and temporal move-
ment (mobility) of a substance is large-
ly determined by its solubility in
water.

(B) Water soluble substances gain
ready access to humans and other liv-
ing organisms.

(C) The knowledge of the solubility
in water is a prerequisite for testing bi-
ological degradation and bioaccumula-
tion in water and for other tests.
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(iii) No single method is available to
cover the whole range of solubilities in
water, from relatively soluble to very
low-soluble chemicals. A general test
guideline for the determination of the
solubility in water must include meth-
ods which cover the whole range of
water soluble substances. Therefore,
this section includes two methods:

(A) One which applies to substances
with low solubilities (<10-2 g/L), re-
ferred to as the ‘“‘column elution meth-
od.”

(B) The other which applies to sub-
stances with higher solubilities (<10-2
g/L), referred to as the “‘flask method.”

(2) Definition. The solubility in water
of a substance is specified by the satu-
ration mass concentration of the sub-
stance in water and is a function of
temperature. The solubility in water is
specified in units of weight per volume
of solution. The Sl-unit is killogram/
meter (kg/m)3; g/L may also be used.

(3) Reference substances. The reference
substances need not be employed in all
cases when investigating a new sub-
stance. They are provided primarily so
that calibration of the method may be
performed from time to time and to
offer the chance to compare the results
when another method is applied. The
values presented in table 1 of this sec-
tion are not necessarily representative
of the results which can be obtained
with this test method as they have
been derived from an earlier version of
the test method.

TABLE 1—DATA FOR REFERENCE SUBSTANCES

Method T, °C Mea?rr%n)l/lﬂ)gram Range (mg/L) ’\fgi)g
Fluoranthene
Elution method ........cccceiiiiiiiiiinn 15 0.275 0.104 to 0.920 6
25 0.373 0.198 to 1.050 7
Hexachlorobenzene
Elution method .......ccccceiviiiiiiiinnn, 15 9.21 x10-3 2.06 x 107310 2.16 x 102 6
25 9.96 x 10—3 1.19 x 107310 2.31 x 102 7
y-Hexachlorocyclohexane
Elution method ........cccceiiiiiiiiiinn 15 6.50 4.43 t0 10.5 6
25 9.20 6.64 to 14.5 7
2,4-Dichlorophenoxyacetic acid
Flask method .........ccoeveeiiniriiiiinnes 15 0.633 0.380 to 0.764 5
25 0.812 0.655 to 0.927 5
Mercury(ll) chloride:
Flask method .........cccooviiiiiiiiiiice, 15 53.0 47.7 to 56.5 4
25 66.4 58.3 to 70.4 4
4-Nitrophenol:
Flask method .........ccoeveeiiniriiiiinnes 15 9.95 8.88 t0 10.9 6
25 14.8 13.8t0 15.9 6
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(4) Principle of the test methods. The
approximate amount of the sample and
the time necessary to achieve the satu-
ration mass concentration should be
determined in a simple preliminary
test.

(i) Column elution method. This meth-
od is based on the elution of a test sub-
stance with water from a microcolumn

§799.6784

which is charged with an inert carrier
material such as glass beads, silica gel,
or sand, and an excess of test sub-
stance. The water solubility is deter-
mined when the mass concentration of
the eluate is constant. This is shown by
a concentration plateau as a function
of time in the following figure 1:

FIGURE 1—CONCENTRATION VERSUS TIME OF SUBSTANCE IN THE ELUATE

m—————p

Mass Concentration

Saturation Concentration

——>- Time (Eluate Fractions)

(i) Flask method. In this method, the
substance (solids must be pulverized) is
dissolved in water at a temperature
somewhat above the test temperature.
When saturation is achieved, the mix-
ture is cooled and kept at the test tem-
perature, stirring as long as necessary
to reach equilibrium. Such a procedure
is described in the reference listed in
paragraph (f)(2) of this section. Subse-
quently, the mass concentration of the
substance in the aqueous solution,
which must not contain any
undissolved particles, is determined by
a suitable analytical method.

(5) Quality criteria—(i) Repeatability.
For the column elution method <30% is
acceptable; for the flask method <15%
should be observed.

(i) Sensitivity. This depends upon the
method of analysis, but mass con-

centration determinations down to at
least 10~ 6 g/L. can be determined.

(iii) Specificity. These methods should
only be applied to:

(A) Pure substance.

(B) Substances that are stable in
water.

(C) Slightly soluble substances, i.e.
<10-2 g/L for the column elution meth-
od.

(D) Organic substances for the col-
umn elution method.

(iv) Possibility of standardization.
These methods can be standardized.

(d) Description of the test procedures—
(1) Preparations—(i) Apparatus—(A) Col-
umn elution method. (1) The schematic
arrangement of the system is presented
in the following figure 2:
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FIGURE 2—SCHEMATIC TEST ARRANGEMENT

Atmaospharic
Equilibration

(2) Although any size is acceptable,
provided it meets the criteria for re-
producibility and sensitivity. The col-
umn should provide for a head space of
at least five bed-volumes of water and
a minimum of five samples. Alter-

natively, the size can be reduced if
make-up solvent is employed to replace
the initial five bed-volumes removed
with impurities. A suitable micro-
column is shown in the following figure
3:

306



Environmental Protection Agency

§799.6784

FIGURE 3—MICROCOLUMN (ALL DIMENSIONS IN MILLIMETERS)

200

250

(3) The column should be connected
to a recycling pump capable of control-
ling flows of approximately 25 mL/
hours (h). The pump is connected with
polytetrafluoroethylene and/or glass
connections. The column and pump,
when assembled, should have provision
for sampling the effluent and equili-
brating the head space at atmospheric
pressure. The column material is sup-
ported with a small (5 millimeter
(mm)) plug of glass wool, which must
also serve to filter particles.

(B) Flask method. For the flask meth-
od, the following material is needed:

Connection for ground glass joint

Headspace

__I_M'O-rs—-

| Exterior 1§ ___

(1) Normal laboratory glassware and
instrumentation.

(2) A device suitable for the agitation
of solutions under controlled constant
temperatures.

(©) A centrifuge (preferably
thermostatted), if required with emul-
sions.

(4) Equipment for analytical deter-
minations.

(2) Reagents. The substance to be
tested should be as pure as possible,
particularly in the flask method where
purification is not provided. The car-
rier material for the column elution
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method should be inert. Possible mate-
rials which can be employed are glass
beads and silica. A suitable volatile
solvent of analytical reaction quality
should be used to apply the test sub-
stance to the carrier material. Double
distilled water from glass or quartz ap-
paratus should be employed as the
eluent or solvent. Water directly from
an ion exchanger must not be used.

(3) Test conditions. The test is pref-
erably run at 20+0.5 °C (293 °K). If tem-
perature dependence is suspected in the
solubility (< 3%/ °C), two other tem-
peratures should also be used—both dif-
fering from each other and the initially
chosen temperature by 10 °C. In this
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case the temperature control should be
+0.1 °C. One of these additional tem-
peratures should be below the initial
temperature. The chosen tempera-
ture(s) should be kept constant in all
parts of the equipment (including the
leveling vessel).

(4) Performance of the tests—(i) Prelimi-
nary test. (A) To approximately 0.1 g of
the sample (solid substances must be
pulverized) in a glass-stoppered 10 mil-
liliter (mL) graduated cylinder, in-
creasing volumes of distilled water at
room temperature are added according
to the steps shown in Table 2 of this
section:

TABLE 2—DETERMINATION OF SOLUBILITY

Solubility data stepl |step2 |step3 |step4 | step5 | step 6 step 7
Total volume H2O added (mL) .... 0.1 0.5 1 2 10 100 <100
Approximate solubility (g/L) <1,000 | 200 100 50 10 1 <1

(B) After each addition of water to
give the indicated total volume, the
mixture is shaken vigorously for 10
min and is visually checked for any
undissolved parts of the sample. If,
after a total of 10 mL of water has been
added (step 5), the sample or parts of it
remain undissolved, the contents of the
measuring cylinder is transferred to a
100 mL measuring cylinder which is
then filled up with water to 100 mL
(step 6) and shaken. At Ilower
solubilities the time required to dis-
solve a substance can be considerably
long (24 h should be allowed). The ap-
proximate solubility is given in the
table under that volume of added water
in which complete dissolution of the
sample occurs. If the substance is still
apparently insoluble, further dilution
should be undertaken to ascertain
whether the column elution or flask
solubility method should be used.

(ii) Column elution—(A) Apparatus. (1)
The equipment is arranged as shown in
figures 2 and 3 in paragraphs
@O D A1) and (d)(D)(I)(A)(2) of this
section. Approximately 600 milligrams
(mg) of carrier material is weighed and
transferred to a 50 mL round-bottom
flask. A suitable, weighed amount of
test substance is dissolved in the cho-
sen solvent, and an appropriate amount
of the test substance solution is added

to the carrier material. The solvent
must be completely evaporated, e.g. in
a rotary evaporator; otherwise water
saturation of the carrier is not
achieved due to partition effects on the
surface of the carrier.

(2) The loading of carrier material
may cause problems (erroneous results)
if the test substance is deposited as an
oil or a different crystal phase. The
problem should be examined experi-
mentally.

(3) The loaded carrier material is al-
lowed to soak for about 2 h in approxi-
mately 5 mL of water, and then the
suspension is added to the micro-
column. Alternatively, dry loaded car-
rier material may be poured in the
microcolumn, which has been filled
with water and then equilibrated for
approximately 2 h.

(B) Test procedure. The elution of the
substance from the carrier material
can be carried out in two different
ways: Leveling vessel or circulating
pump. The two principles should be
used alternatively.

(1) Leveling vessel, see figure 3 in
paragraph (d)(1)(i)(A)(2) and figure 4 in
paragraph (d)(4)(iii) of this section.

(i) The connection to the leveling
vessel is made by using a ground glass
joint which is connected by teflon tub-
ing. It is recommended that a flow rate
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of approximately 25 mL/h be used. Suc-
cessive eluate fractions should be col-
lected and analyzed by the chosen
method.

(ii) Fractions from the middle eluate
range where the concentrations are
constant (+30%) in at least five con-
secutive fractions are used to deter-
mine the solubility in water.

(iii) A second run is to be performed
at half the flow rate of the first. If the
results of the two runs are in agree-
ment, the test is satisfactory; if there
is a higher apparent solubility with the
lower flow rate, then the halving of the
flow rate must continue until two suc-
cessive runs give the same solubility.

(2) Circulating pump, see figures 2
and 3 in paragraphs (d)(1)(i)(A)(1) and
(d)(1)(1)(A)(2) of this section.

(i) With this apparatus, the micro-
column must be modified. A stopcock
with 2-way action must be used, see
figure 3 in paragraph (d)(1)(i)(A)(2) of
this section). The circulating pump can
be, e.g. a peristaltic pump (be careful
that no contamination and/or adsorp-
tion occurs with the tube material) or
a membrane pump.

(i) The flow through the column is
started. It is recommended that a flow
rate of approximately 25 mL/h be used
(approximately 10 bed volumes per h
for the described column). The first
five-bed volumes (minimum) are dis-
carded to remove water soluble impuri-
ties.

(iii) Following this, the recycling
pump is connected and the apparatus
allowed to run until equilibration is es-
tablished, as defined by five successive
samples whose concentrations do not
differ by more than 30% in a random
fashion (see paragraph (f)(2) of this sec-
tion). These samples should be sepa-
rated from each other by time inter-
vals corresponding to the passage of at
least 10 bed-volumes of the eluent.

(3) In both cases (using a circulation
pump or a leveling vessel) the fractions
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should be checked for the presence of
colloidal matter by examination for
the Tyndall effect (light scattering).
Presence of such particles invalidates
the results, and the test should be re-
peated with improvements in the fil-
tering action of the column. The pH of
each sample should be recorded. A sec-
ond run should be performed at the
same temperature.

(iii) Flask method: Test procedure. The
quantity of material necessary to satu-
rate the desired volume of water is es-
timated from the preliminary test. The
volume of water required will depend
on the analytical method and the solu-
bility range. About five times the
quantity of material determined in
paragraph (d)(4)(i)(A) of this section is
weighed into each of three glass vessels
fitted with glass stoppers (e.g. cen-
trifuge tubes, flasks). The chosen vol-
ume of water is added to each vessel,
and the vessels are tightly stoppered.
The closed vessels are then agitated at
30 °C. (A shaking or stirring device ca-
pable of operating at constant tem-
perature should be used, e.g. magnetic
stirring in a thermostatically con-
trolled water bath.) After 1 day, one of
the vessels is removed and re-equili-
brated for 24 h at the test temperature
with occasional shaking. The contents
of the vessel are then centrifuged at
the test temperature, and the con-
centration of compound in the clear
aqueous phase is determined by a suit-
able analytical method. The other two
flasks are treated similarly after ini-
tial equilibration at 30 °C for 2 and 3
days, respectively. If the concentration
results from at least the last two ves-
sels agree with the required reproduc-
ibility, the test is satisfactory. The
whole test should be repeated, using
longer equilibration times if the re-
sults from vessels one, two, and three
show a tendency to increasing values.
The arrangement of the apparatus is
shown in the following figure 4:
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FIGURE 4—TEST ARRANGEMENT FOR THE DETERMINATION OF SOLUBILITY IN
WATER OF SLIGHTLY SOLUBLE, LOW VOLATILITY ORGANIC SUBSTANCES

[ O
se 0 we 3

1 = Leveling vessel (e.g. 2.5 L chemical
flask)

2 = Column (see figure 3 in paragraph
(d)(@)(1)(A)(2) of this section)

3 = Fraction accumulator

4 = Thermostat

5 = Teflon tubing

6 = Glass stopper

7 = Water line (between thermostat and
column, inner diameter: approximately
8 mm)

(iv) Analysis. A substance-specific an-
alytical method is required for these
determinations, since small amounts of
soluble impurities can cause large er-
rors in the measured solubility. Exam-
ples of such methods are gas or liquid
chromatography, titration methods,
photometric methods, and polaro-
graphic methods.

(e) Data and reporting—(1) Column
elution method—(i) Treatment of results.
The mean value from at least five con-
secutive samples taken from the satu-

ration plateau (figure 1 in paragraph
(c)(4)(i) of this section) should be deter-
mined for each run, as should the
standard deviation. A comparison
should be made between the two means
to ensure that they agree with a re-
peatability of less than 30%.

(ii) Test report. The report should con-
tain an indication of the results of the
preliminary test plus the following in-
formation:

(A) The individual concentrations,
flow rates and pHs of each samples.

(B) The means and standard devi-
ations from at least five samples from
the saturation plateau of each run.

(C) The average of the two succes-
sive, acceptable runs.

(D) The temperature of the runs.

(E) The method of analysis employed.

(F) The nature of the carrier mate-
rial employed.

(G) Loading of carrier material.

(H) Solvent used.
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(1) Statement that the identity of the
substance in the saturated solution has
been proved.

(2) Flask method—(i) Treatment of re-
sults. The individual results should be
given for each of the three flasks and
those results deemed to be constant
(repeatability <15%) should be aver-
aged and given in units of mass per vol-
ume of solution. This may require the
conversion of mass units to volume
units, using the density when the solu-
bility is very high (100 g/L).

(i) Test report. The report should in-
clude the following information:

(A) The individual analytical deter-
minations and the average where more
than one value was determined for each
flask.

(B) The average of the value for the
different flasks which were in agree-
ment.

(C) The test temperature.

(D) The analytical method employed.

(f) References. For additional informa-
tion on this test guideline, the fol-
lowing references should be consulted.
These references are available from the
TSCA Nonconfidential Information
Center, Rm. NE-B607, Environmental
Protection Agency, 401 M St., SW.,,
Washington, DC, 12 noon to 4 p.m.,
Monday through Friday, excluding
legal holidays.

(1) Veith, G.D. and V.M. Comstock.
Apparatus for continuously saturating
water with hydrophobic organic chemi-
cals. Journal of the Fishing Research
Board of Canada 32:1849-1851 (1975).

(2) Organization for Economic Coopera-
tion and Development, Guidelines for
The Testing of Chemicals, OECD 105,
Water Solubility (Column Elution
Method—Shake Flask Method), OECD,
Paris, France (1981).

§799.6786 TSCA water solubility: Gen-
erator column method.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet the testing re-
quirements of the Toxic Substances
Control Act (TSCA) (15 U.S.C. 2601).

(2) Source. The source material used
in developing this TSCA test guideline
is the Office of Pollution Prevention,
Pesticides and Toxics (OPPTS) har-
monized test guideline 830.7860 (March
1998, revised final guideline). The
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source is available at the address in
paragraph (e) of this section.

(b) Introduction—(1) Purpose. (i) The
water solubility of a chemical is de-
fined as the equilibrium concentration
of the chemical in a saturated aqueous
solution at a given temperature and
pressure. The aqueous phase solubility
is an important factor in governing the
movement, distribution, and rate of
degradation of chemicals in the envi-
ronment. Substances that are rel-
atively water soluble are more likely
to be widely distributed by the hydro-
logic cycle than those which are rel-
atively insoluble. Furthermore, sub-
stances with higher water solubility
are more likely to undergo microbial
or chemical degradation in the envi-
ronment because dissolution makes
them ‘‘available” to interact and,
therefore, react with other chemicals
and microorganisms. Both the extent
and rate of degradation via hydrolysis,
photolysis, oxidation, reduction, and
biodegradation depend on a chemical
being soluble in water (i.e., homo-
geneous kinetics).

(i) Water provides the medium in
which many organisms live, and water
is a major component of the internal
environment of all living organisms
(except for dormant stages of certain
life forms). Even organisms which are
adapted to life in a gaseous environ-
ment require water for normal func-
tioning. Water is thus the medium
through which most other chemicals
are transported to and into living cells.
As a result, the extent to which chemi-
cals dissolve in water will be a major
determinant for movement through the
environment and entry into living sys-
tems.

(iii) The water solubility of a chem-
ical also has an effect on its sorption
into and desorption from soils and sedi-
ments, and on volatilization from aque-
ous media. The more soluble a chem-
ical substance is, the less likely it is to
sorb to soils and sediments and the less
likely it is to volatilize from water. Fi-
nally, the design of most chemical
tests and many ecological and health
tests requires precise knowledge of the
water solubility of the chemical to be
tested.

(2) Definitions. The following defini-
tions apply to this section.
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Concentration (C) of a solution is the
amount of solute in a given amount of
solvent or solution and can be ex-
pressed as a weight/weight or weight/
volume relationship. The conversion
from a weight relationship to one of
volume incorporates density as a fac-
tor. For dilute aqueous solutions, the
density of the solvent is approximately
equal to the density of the solution;
thus, concentrations expressed in milli-
grams per liter (mg/L) are approxi-
mately equal to 103 g/10% g or parts per
million (ppm); those expressed in
micrograms per liter (ug/L) are ap-
proximately equal to 10-¢ g/10° g or
parts per billion (ppb). In addition, con-
centration can be expressed in terms of
molarity, normality, molality, and
mole fraction. For example, to convert
from weight/volume to molarity molec-
ular mass is incorporated as a factor.

Density is the mass of a unit volume
of a material. It is a function of tem-
perature, hence the temperature at
which it is measured should be speci-
fied. For a solid, it is the density of the
impermeable portion rather than the
bulk density. For solids and liquids,
suitable units of measurement are
grams per cubic centimeter (g/cm3).
The density of a solution is the mass of
a unit volume of the solution and suit-
able units of measurement are g/cm3.

Extractor column is used to extract
the solute from the saturated solutions
produced by the generator column.
After extraction onto a
chromatographic support, the solute is
eluted with a solvent/water mixture
and subsequently analyzed by high-
pressure liquid chromatography
(HPLC), gas chromatography (GC), or
any other suitable analytical proce-
dure. A detailed description of the
preparation of the extractor column is
given in paragraph (c)(1)(i)(D) of this
section.

Generator column is used to produce
or generate saturated solutions of a
solute in a solvent. The column, see
figure 1 in paragraph (c)(1)(i)(A) of this
section, is packed with a solid support
coated with the solute, i.e., the organic
compound whose solubility is to be de-
termined. When water (the solvent) is
pumped through the column, saturated
solutions of the solute are generated.
Preparation of the generator column is
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described in paragraph (c)(1)(i)(A) of
this section.

Response factor (RF) is the solute con-
centration required to give a 1 unit
area chromatographic peak or 1 unit
output from the HPLC recording inte-
grator at a particular recorder attenu-
ation. The factor is required to convert
from units of area to units of con-
centration. The determination of the
RF is given in paragraph (c)(3)(ii)(B)(2)
of this section.

Sample loop is a % inch (in) outer di-
ameter (0.D.) (1.6 millimeter (mm))
stainless steel tube with an internal
volume between 20 and 50 pL. The loop
is attached to the sample injection
valve of the HPLC and is used to inject
standard solutions into the mobile
phase of the HPLC when determining
the RF for the recording integrator.
The exact volume of the loop must be
determined as described in paragraph
(©)(3)(ii)(B)(1) of this section when the
HPLC method is used.

Saturated solution is a solution in
which the dissolved solute is in equi-
librium with an excess of undissolved
solute; or a solution in equilibrium
such that at a fixed temperature and
pressure, the concentration of the sol-
ute in the solution is at its maximum
value and will not change even in the
presence of an excess of solute.

Solution is a homogeneous mixture of
two or more substances constituting a
single phase.

(3) Principle of the test method. (i) This
test method is based on the dynamic
coupled column liquid
chromatographic (DCCLC) technique
for determining the aqueous solubility
of organic compounds that was ini-
tially developed by May et al. (as de-
scribed in the references listed in para-
graphs (e)(5) and (e)(6) of this section),
modified by DeVoe et al. (as described
in the reference listed in paragraph
(e)(1) of this section), and finalized by
Wasik et al. (as described in the ref-
erence listed in paragraph (e)(11) of
this section). The DCCLC technique
utilizes a generator column, extractor
column and HPLC coupled or inter-
connected to provide a continuous
closed flow system. Saturated aqueous
solutions of the test compound are pro-
duced by pumping water through the
generator column that is packed with a
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solid support coated with the com-
pound. The compound is extracted from
the saturated solution onto an extrac-
tor column, then eluted from the ex-
tractor column with a solvent/water
mixture and subsequently analyzed by
HPLC using a variable wavelength ul-
traviolet (UV) detector operating at a
suitable wavelength. Chromatogram
peaks are recorded and integrated
using a recording integrator. The con-
centration of the compound in the ef-
fluent from the generator column, i.e.,
the water solubility of the compound,
is determined from the mass of the
compound (solute) extracted from a
measured volume of water (solvent).

(ii) Since the HPLC method is only
applicable to compounds that absorb in
the UV, an alternate GC method, or
any other reliable procedure (which
must be approved by OPPTS), can be
used for those compounds that do not
absorb in the UV. In the GC method the
saturated solutions produced in the
generator column are extracted using
an appropriate organic solvent that is
subsequently injected into the GC, or
any other suitable analytical device,
for analysis of the test compound.

(4) Reference chemicals. Table 1 of this
section lists the water solubilities at 25
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°C for a number of reference chemicals
as obtained from the scientific lit-
erature. The data from Wasik et al. (as
described in the reference listed in
paragraph (e)(11) of this section), Mil-
ler et al. and Tewari et al. (as described
in the references listed in paragraphs
(e)(7) and (e)(10) of this section, respec-
tively) were obtained from the gener-
ator column method. The water
solubilities data were also obtained
from Mackay et al. and Yalkowski et
al. (as described in the references listed
in paragraphs (e)(4) and (e)(12) of this
section, respectively) and other sci-
entists by the conventional shake flask
method. These data have been provided
primarily so that the generator column
method can be calibrated from time to
time and to allow the chemical testing
laboratory an opportunity to compare
its results with those listed in table 1
of this section. The water solubility
values at 25 °C reported by Yalkowski
et al. are their preferred values and, in
general, represent the best available
water solubility data at 25 °C. The test-
ing laboratory has the option of choos-
ing its own reference chemicals, but
references must be given to establish
the validity of the measured values of
the water solubility.

TABLE 1—WATER SOLUBILITIES AT 25 °C OF SOME REFERENCE CHEMICALS

Water solubility (ppm at 25 °C)
Reference chemical " "
ask Generatet | vakousrs | Ol eraure

2-Heptanone ...... 24080 4300 54330
1-Chlorobutane .............. 2873 872.9 7666
Ethylbenzene ....... 2187 208 7162
1,2,3-Trimethylbenzene ..... 265.5 75.2 748.2
Biphenyl ... . 310671 7.48 86.62
Phenanthrene ..... 41.002 1.212 —
2,4,6-Trichlorobiphenyl ...... 3100.226 0.225 80.119
2,3,4,5-Tetrachlorobiphenyl 3100.0209 0.01396 80.0192
Hexachlorobenzene ... . — 0.004669 90.00996
2,3,4,5,6-Pentachlorobiphenyl ..............cccccoviiiiiiiiiicccee, 3100,00548 0.004016 80.0068

1Preferred water solubility at 25 °C by Yalkowski et al. (1990) in paragraph (e)(12) of this section based on a critical review of

all the experimental water solubility data published.
2Tewari et al. (1982) in paragraph (e)(10) of this section.
3Leifer et al. (1983) in paragraph (e)(3) of this section.

4May, Wasik, and Freeman (1978, 1978a) in paragraphs (e)(5) and (6) of this section.

5Yalkowski et al. (1990) in paragraph (e)(12) of this section.
6Hansch et al. (1968) in paragraph (e)(2) of this section.
7Sutton and Calder (1975) in paragraph (e)(9) of this section.
8 Mackay et al. (1980) in paragraph (e)(4) of this section.

9The elution chromatographic method from Organization for Economic Cooperation and Development (OECD) (1981) in para-

graph (e)(8) of this section.
10 Miller et al. (1984) in paragraph (e)(7) of this section.
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(5) Applicability and specificity. (i) Pro-
cedures are described in this section to
determine the water solubility for lig-
uid or solid compounds. The water sol-
ubility can be determined in very pure
water, buffer solution for compounds
that reversibly ionize or protonate, or
in artificial seawater as a function of
temperature (i.e., in the range of tem-
peratures of environmental concern).
This section is not applicable to the
water solubility of gases.

(i) This section is designed to deter-
mine the water solubility of a solid or
liquid test chemical in the range of 1
ppb to 5,000 ppm. For chemicals whose
solubility is below 1 ppb, the water sol-
ubility should be characterized as ‘‘less
than 1 ppb”’ with no further quantifica-
tion. For solubilities greater than 5,000
ppm, the shake flask method should be
used, see paragraph (e)(15) of this sec-
tion.

(c) Test procedure—(1) Test condi-
tions—(i) Special laboratory equipment—
(A) Generator column. (1) Either of two
different designs shall be used depend-
ing on whether the eluted aqueous
phase is analyzed by HPLC in para-
graph (c)(3)(ii) of this section or by sol-
vent extraction followed by GC (or any
other reliable quantitative) analysis of
solvent extract in paragraph (c)(3)(iv)
of this section. The design of the gener-
ator column is shown in the following
figure 1:
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FIGURE 1—GENERATOR COLUMN
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(2) The column consists of a 6 mm (Y
in) O.D. pyrex tube joined to a short
enlarged section of 9 mm pyrex tubing
which in turn is connected to another
section of 6 mm (¥4 in) O.D. pyrex tub-
ing. Connections to the inlet teflon
tubing (¥s in 0.D.) and to the outlet
stainless steel tubing (Yis in O.D.) shall
be made by means of stainless steel fit-
tings with teflon ferrules. The column

Hem

:
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is enclosed in a water jacket for tem-
perature control as shown in the fol-
lowing figure 2:

FIGURE 2—SETUP SHOWING GENER-
ATOR COLUMN ENCLOSED IN A
WATER JACKET AND OVERALL AR-
RANGEMENT OF THE APPARATUS
USED IN THE GC METHOD
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(B) Constant temperature bath with
circulation pump-bath and capable of
controlling temperature to +0.05 °C, see
paragraph (c)(3) of this section.

(C) HPLC equipped with a variable
wavelenth UV absorption detector op-
erating at a suitable wavelength and a
recording integrator in paragraph
(c)(3)(ii) of this section.

(D) Extractor column—6.6 x 0.6 cm
stainless steel tube with end fittings
containing 5 pm frits filled with a su-
perficially porous phase packing
(Bondapack C18/Corasil: Waters Associ-
ates) in paragraph (c)(3)(ii) of this sec-
tion.

(E) Two 6-port high-pressure rotary
switching valves in paragraph (c)(3)(ii)
of this section.

(F) Collection vessel—8 x 34 in section
of pyrex tubing with a flat bottom con-
nected to a short section of ¥ in O.D.
borosilicate glass tubing in figure 2 in
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paragraph (c)(1)(i)(A)(2) of this section.
The collecting vessel is sealed with a ¥
in teflon cap fitting in paragraph
(c)(3)(iii) of this section.

(G) GC, or any other reliable analyt-
ical equipment, which has a detector
sensitive to the solute of interest in
paragraph (c)(3)(iii) of this section.

(ii) Purity of water. Water meeting ap-
propriate American Society for Testing
and Materials (ASTM) Type Il stand-
ards, or an equivalent grade, are rec-
ommended to minimize the effects of
dissolved salts and other impurities on
water solubility. ASTM Type Il water
is presented in the reference listed in
paragraph (e)(13) of this section.

(iii) Purity of solvents. All solvents
used in this method must be reagent or
HPLC grade. Solvents must contain no
impurities which could interfere with
the determination of the test com-
pound.

(iv) Seawater. When the water solu-
bility in seawater is desired, the artifi-
cial seawater described in paragraph
(c)(2)(ii) of this section must be used.

(v) Effect of pH on solubility. For
chemicals that reversibly ionize or pro-
tonate with a pK, or pKy between 3 and
11, experiments must be performed at
pH’s 5.0, 7.0, and 9.0 using appropriate
buffers.

(2) Preparation of reagents and solu-
tions—(i) Buffer solutions. Prepare buff-
er solutions as follows:

(A) pH 3.0—to 250 mL of 0.10M potas-
sium hydrogen phosphate add 111 mL of
0.10 M hydrochloric acid; adjust the
final volume to 500 mL with reagent
grade water.

(B) pH 5.0—to 250 mL of 0.1M potas-
sium hydrogen phthalate add 113 mL of
0.1M sodium hydroxide; adjust the final
volume to 500 mL with reagent grade
water.

(C) pH 7.0—to 250 mL of 0.1M potas-
sium dihydrogen phosphate add 145 mL
of 0.1M sodium hydroxide; adjust the
final volume to 500 mL with reagent
grade water.

(D) pH 9.0—to 250 mL of 0.075M borax
add 69 mL of 0.1M HCI; adjust the final
volume to 500 mL with reagent grade
water.

(E) pH 11.0—to 250 mL of 0.05 M so-
dium bicarbonate add 3 mL of 0.10 M
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sodium hydroxide; adjust the final vol-
ume to 500 mL with reagent grade
water.

(ii) Check the pH of each buffer solu-
tion with a pH meter at 25 °C and ad-
just to pH 5.0, 7.0, or 9.0, if necessary. If
the pH of the solution has changed by
+0.2 pH units or more after the addition
of the test compound, then a more con-
centrated buffer is required for that pH
determination. The sponsor should
then choose a more suitable buffer.

(iii) Artificial seawater. Add the rea-
gent-grade chemicals listed in table 2
of this section in the specified amounts
and order to 890 mL of reagent-grade
water. Each chemical shall be dissolved
before another one is added.

TABLE 2—CONSTITUENTS OF ARTIFICIAL

SEAWATER?
Chemical Amount
NaF o 3 mg
SrCl,.6H20 .. 20 mg
HsBOs ... 30 mg
KBr .. 100 mg
KCI ...... 700 mg
CaCl,.2H20 . 1.47 gram (g)
NazSOs ....... 400g
MgCl,.6H0 10.78 g
NaCl ............ 235049
NazSiO3.9H20 . 20 mg
NaHCOs 200 mg

1 If the resulting solution is diluted to 1 L, the salinity should
be 34 +0.5 g/kilogram (kg) and the pH 8.0 £0.2. The desired
test salinity is attained by dilution at time of use.

(3) Performance of the test. Using ei-
ther the procedures in paragraph
(©)(3)(ii) or (c)(3)(iii) of this section, de-
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termine the water solubility of the test
compound at 25 °C in reagent-grade
water or buffer solution, as appro-
priate. Under certain circumstances, it
may be necessary to determine the
water solubility of a test compound at
25 °C in artificial seawater. The water
solubility can also be determined at
other temperatures of environmental
concern by adjusting the temperature
of the water bath to the appropriate
temperature.

(i) Prior to the determination of the
water solubility of the test chemical,
two procedures shall be followed.

(A) The saturated aqueous solution
leaving the generator column must be
tested for the presence of an emulsion,
using a Tyndall procedure. If colloids
are present, they must be eliminated
prior to the injection into the extrac-
tor column. This may be achieved by
lowering the flow rate of the water.

(B) The efficiency of the removal of
the solute (i.e. test chemical) by the
solvent extraction from the extraction
column must be determined and used
in the determination of the water solu-
bility of the test chemical.

(ii) Procedure A—HPLC method—(A)
Scope. (1) Procedure A covers the deter-
mination of the aqueous solubility of
compounds which absorb in the UV.

(i) The HPLC analytical system is
shown schematically in the following
figure 3:

FIGURE 3—SCHEMATIC OF HPLC—GENERATOR COLUMN FLOW SYSTEM
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(if) Two reciprocating piston pumps
deliver the mobile phase (water or sol-
vent/water mixture) through two 6-port
high-pressure rotary valves and a 30 x
0.6 cm C8/Corasil analytical column to
a variable wavelength UV absorption
detector operating at a suitable wave-
length; chromatogram peaks are re-
corded and integrated with a recording
integrator. One of the 6-port valves is
the sample injection valve used for in-
jecting samples of standard solutions
of the solute in an appropriate con-
centration for determining RFs of
standard solutions of basic chromate
for determining the sample-loop vol-
ume. The other 6-port valve in the sys-
tem serves as a switching valve for the
extractor column which is used to re-
move solute from the aqueous solu-
tions.

(2) The general procedure for ana-
lyzing the aqueous phase is as follows
(a detailed procedure is given in para-
graph (c)(3)(ii)(B)(4) of this section).

(i) Direct the aqueous solution to
“Waste,” see figure 3 in paragraph
©@)(ii))(A)(Q)(i) of this section, with
the switching valve in the inject posi-
tion in order to equilibrate internal
surfaces with the solution, thus ensur-
ing that the analyzed sample would not
be depleted by solute adsorption on
surfaces upstream from the valve.

(i) At the same time, water is
pumped from the HPLC pumps in order
to displace the solvent from the extrac-
tor column.

(ili) The switching valve is next
changed to the load position to divert a
sample of the solution through the ex-
tractor column, and the liquid leaving
this column is collected in a weighing
bottle. During this extraction step, the
mobile phase is changed to a solvent/
water mixture to condition the analyt-
ical column.

(iv) After the desired volume of sam-
ple is extracted, the switching valve is
returned to the inject position for
elution and analysis. Assuming that
there is no breakthrough of solute from
the extractor column during the ex-
traction step, the chromatographic
peak represents all of the solute in the
sample, provided that the extraction
efficiency is 100%. If the extraction ef-
ficiency is less than 100%, then the ex-
traction efficiency shall be used to de-
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termine the actual weight of the solute
extracted.

(v) The solute concentration in the
aqueous phase is calculated from the
peak area and the weight of the ex-
tracted liquid collected in the weighing
bottle.

(B) Determinations—(1) Sample-loop
volume. Accurate measurement of the
sample loop may be accomplished by
using the spectrophotometric method
of Devoe et al. under paragraph (e)(1) of
this section. For this method measure
absorbance, Ajoop, at 373 nm of at least
three solutions, each of which is pre-
pared by collecting from the sample
valve an appropriate number, n, of
loopfuls of an aqueous stock solution of
K2CrO4 (1.3% by weight) and diluting to
50 mL with 0.2% KOH. (For a 20 pL
loop, use n = 5; for a 50 pL loop, use n
= 2.) Also measure the absorbance,
Astocke Of the same stock solution after
diluting 1:500 with 0.2% KOH. Calculate
the loop volume to the nearest 0.1 pL
using the equation:

Equation 1:

Vloop = (A loop IA stock)(lo_A’h)

(2) RF. (i) For all determinations ad-
just the mobile phase solvent/water
ratio and flow rate to obtain a reason-
able retention time on the HPLC col-
umn. For example, typical concentra-
tions of solvent in the mobile phase
range from 50 to 100% while flow rates
range from 1 to 3 mL/min; these condi-
tions give a 3 to 5 min retention time.

(ii) Prepare standard solutions of
known concentrations of the solute in
a suitable solvent. Concentrations
must give a recorder response within
the maximum response of the detector.
Inject samples of each standard solu-
tion into the HPLC system using the
calibrated sample loop. Obtain an aver-
age peak area from at least three injec-
tions of each standard sample at a set
absorbance unit full scale (AUFS), i.e.,
at the same absorbance scale attenu-
ation setting.

(iii) Calculate the RF from the fol-
lowing equation:

Equation 2:
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Response Factqr RE

(3) Loading of the generator column. (i)
The design of the generator column
was described in paragraph (c)(1)(i) of
this section and is shown in figure 1 in
paragraph (c)(1)(i)(A) of this section.
To pack the column, a plug of silanized
glass wool is inserted into one end of
the 6 mm pyrex tubing. Silanized diato-
maceous silica support (about 0.5g 100-
120 mesh Chromosorb w)
chromatographic support material) is
poured into the tube with tapping and
retained with a second plug of silanized
glass wool.

(ii) If the solute is a liquid, the col-
umn is loaded by pulling the liquid sol-
ute through the dry support with
gentle suction. If the solute is a solid,
a 1% solution of the solid in a volatile
solvent is added to the dry packing.
The solvent is then distilled off the col-
umn under reduced pressure. After
loading the column draw water up
through the column to remove en-
trapped air.

(4) Analysis of the solute. Use the fol-
lowing procedure to collect and analyze
the solute.

(i) With the switching valve (figure 3
in paragraph (c)(3)(ii)(A)(1)(i) of this
section) in the inject position (i.e.,
water to waste), pump water through
the generator column at a flow rate of
approximately 1 mL/min for approxi-
mately 5 minutes (min) to bring the
system into equilibrium. Pump water
to the generator column by means of a
minipump or pressurized water res-
ervoir as shown in the following figure
4:
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(ii) Flush out the solvent that re-
mains in the system from previous
runs by changing the mobile phase to
100% H>O and allowing the water to
reach the HPLC detector, as indicated
by a negative reading. As soon as this
occurs, place a 25 mL weighing bottle
(weighed to the nearest mg) at the
waste position and immediately turn
the switching valve to the load posi-
tion.

(iii) Collect an amount of water (as
determined by trial and error) in the
weighing bottle, corresponding to the
amount of solute adsorbed by the ex-
tractor column that gives a large on-
scale detector response. During this ex-
traction step, switch back to the origi-
nal HPLC mobile phase composition,
i.e., solvent/water mixture, to condi-
tion the HPLC analytical column.

(iv) After the desired volume of sam-
ple has been extracted, turn the
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switching valve back to the inject posi-
tion (figure 3 in paragraph
©@)(i))(A)(Q)(i) of this section); at the
same time turn on the recording inte-
grator. The solvent/water mobile phase
will elute the solute from the extractor
column and transfer the solute to the
HPLC analytical column.

(v) Remove the weighing bottle, cap
it, and replace it with the waste con-
tainer. Determine the weight of water
collected to the nearest mg and record
the corresponding peak area. Using the
same AUFS setting repeat the analysis
of the solute at least two more times
and determine the average ratio of
peak area to grams of water collected.
In this equation, s = solubility (M), RF
= response factor, Vi = sample-loop
volume (L), and R = ratio of area to
grams of water. Calculate the solute
solubility in water using the following
equation:

Equation 3:

S= (997 g/L)(RF)( \’{oop)(AUFS( R)

(iii) Procedure B—GC method—(A)
Scope. In the GC method, or any other
analytical method, aqueous solutions
from the generator column enter a col-
lecting vessel (figure 2 in paragraph
©@Q)A)(A)(2) of this section) con-
taining a known weight of extracting
solvent which is immiscible in water.
The outlet of the generator column is
positioned such that the aqueous phase
always enters below the extracting sol-
vent. After the aqueous phase is col-
lected, the collecting wvessel is
stoppered and the quantity of agueous
phase is determined by weighing. The
solvent and the aqueous phase are
equilibrated by slowly rotating the col-
lecting vessel. The extraction effi-
ciency of the solvent must be deter-
mined at this time. A small amount of
the extracting solvent is removed and
injected into a gas chromograph
equipped with an appropriate detector.
The solute concentration in the aque-
ous phase is determined from a calibra-
tion curve constructed using known
concentrations of the solute.

(B) Alternative method. If another (ap-
proved) analytical method is used in-
stead of the GC, that method shall be
used to determine quantitatively the
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amount of solute present in the extrac-
tion solvent.

(C) Determinations—(1) Calibration
curve. (i) Prepare solute standard solu-
tions of concentrations covering the
range of the solute solubility. Select a
column and optimum GC operating
conditions for resolution between the
solute and solvent and the solute and
extracting solvent. Inject a known vol-
ume of each standard solution into the
injection port of the GC. For each
standard solution determine the aver-
age of the ratio R of peak area to vol-
ume (in  microliters) for three
chromatographic peaks from three in-
jections.

(ii) After running all the standard so-
lutions, determine the coefficients, a
and b, using a linear regression equa-
tion of C vs. R in the following form:

Equation 4:

C=aR+b

(iii) If another analytical method is
used, the procedures described in para-
graph (c)(3)(iii)(C)(1) of this section
shall be used to determine quan-
titatively the amount of solute in the
extraction solvent.

(2) Loading of the generator column.
The generator column is packed and
loaded with solute in the same manner
as for the HPLC method described
under paragraph (c)(3)(ii)(B)(3) of this
section. As shown in figure 2 in para-
graph (c)(1)(i)(A)(2) of this section, at-
tach approximately 20 cm of straight
stainless steel tubing to the bottom of
the generator column. Connect the top
of the generator column to a water res-
ervoir (figure 4 in paragraph
(©)(3)(ii)(B)(4)(i) of this section) using
teflon tubing. Use air or nitrogen pres-
sure (5 PSI) from an air or nitrogen
cylinder to force water from the res-
ervoir through the column. Collect
water in an Erlenmeyer flask for ap-
proximately 15 min while the solute
concentration in water equilibrates;
longer time may be required for less
soluble compounds.

(3) Collection and extraction of the sol-
ute. During the equilibration time, add
a known weight of extracting solvent
to a collection vessel which can be
capped. The extracting solvent should
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cover the bottom of the collection ves-
sel to a depth sufficient to submerge
the collecting tube but still maintain
100:1 water/solvent ratio. Record the
weight (to the nearest mg) of a collec-
tion vessel with cap and extracting sol-
vent. Place the collection vessel under
the generator column so that water
from the collecting tube enters below
the level of the extracting solvent (fig-
ure 2 in paragraph (c)(1)(i)(A)(2) of this
section). When the collection vessel is
filled, remove it from under the gener-
ator column, replace cap, and weigh
the filled vessel. Determine the weight
of water collected. Before analyzing for
the solute, gently shake the collection
vessel contents for approximately 30
min, controlling the rate of shaking so
as not to form an emulsion; rotating
the flask end over end five times per
minute is sufficient.

(4) Analysis of the solute. (i) After
shaking, allow the collection vessel to
stand for approximately 30 min; then
remove a known volume of the extract-
ing solvent from the vessel using a
microliter syringe and inject it into
the GC. Record the ratio of peak area
to volume injected and, from the re-
gression equation of the calibration
line, determine the concentration of
solute in the extracting solvent. In this
equation, Ces is the concentration of
solute in extracting solvent (M), duzo
and des are the densities of water and
extracting solvent, respectively, and ges
and gu2o are the grams of extracting
solvent and water, respectively, con-
tained in the collection vessel. The
concentration of solute in water C(M)
is determined from the following equa-
tion:

Equation 5:

C(M) = (Ced] (i def][ (940

(ii) Make replicate injections from
each collecting vessel to determine the
average solute concentration in water
for each vessel. To make sure the gen-
erator column has reached equilibrium,
run at least two additional (for a total
of three) collection vessels and analyze
the extracted solute as described
above. Calculate the water solubility of

40 CFR Ch. | (7-1-07 Edition)

the solute from the average solute con-
centration in the three vessels.

(iv) Modification of procedures for po-
tential problems. If the test compound
decomposes in one or more of the aque-
ous solvents required during the period
of the test at a rate such that an accu-
rate value for water solubility cannot
be obtained, then it will be necessary
to carry out detailed transformation
studies; e.g., hydrolysis in paragraph
(e)(16) of this section. If decomposition
is due to aqueous photolysis, then it
will be necessary to carry out water
solubility studies in the dark, under
red or yellow lights, or by any other
suitable method to eliminate this
transformation process.

(d) Data and reporting—(1) Test report.
(i) For each set of conditions, (e.g.,
temperature, pure water, buffer solu-
tion, artificial seawater) required for
the study, provide the water solubility
value for each of three determinations,
the mean value, and the standard devi-
ation.

(ii) For compounds that decompose
at a rate such that a precise value for
the water solubility cannot be ob-
tained, provide a statement to that ef-
fect.

(iii) For compounds with water solu-
bility below 1 ppb, report the value as
“less than 1 ppb.”’

(2) Specific analytical, calibration, and
recovery procedures. (i) For the HPLC
method describe and/or report:

(A) The method used to determine
the sample-loop volume and the aver-
age and standard deviation of that vol-
ume.

(B) The average and standard devi-
ation of the RF.

(C) Any changes made or problems
encountered in the test procedure.

(if) For the GC, or any other analyt-
ical, method report:

(A) The column and GC operating
conditions of temperature and flow
rate, or the operating conditions of any
other analytical method used.

(B) The average and standard devi-
ation of the average area per
microliter obtained for each of the
standard solutions.

(C) The form of the regression equa-
tion obtained in the calibration proce-
dure.
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(D) The extracting solvent used, and
its extraction efficiency.

(E) The average and standard devi-
ation of solute concentration in each
collection vessel.

(F) Any changes made or problems
encountered in the test procedure.

(G) If applicable, a complete descrip-
tion of the analytical method which
was used instead of the GC method.

(e) References. For additional infor-
mation on this test guideline, the fol-
lowing references should be consulted.
These references are available from the
TSCA Nonconfidential Information
Center, Rm. NE-B607, Environmental
Protection Agency, 401 M St., SW.,,
Washington, DC, 12 noon to 4 p.m.,
Monday through Friday, excluding
legal holidays.

(1) DeVoe, H. et al., Generator col-
umns and high pressure liquid chroma-
tography for determining aqueous
solubilities and octanol-water parti-
tion coefficients of hydrophobic sub-
stances. Journal of Research, National
Bureau of Standards, 86:361-366 (1981).

(2) Hansch, C. et al., The linear free-
energy relationship between partition
coefficients, and the aqueous solubility
of organic liquids. Journal of Organic
Chemistry 33:347-350 (1968).

(3) Leifer, A. et al., Environmental
transport and transformation of poly-
chlorinated biphenyls. Chapter 1. U.S.
Environmental Protection Agency Re-
port: EPA-560/5-83-005 (1983).

(4) Mackay, D. et al., Relationships
between aqueous solubility and octa-
nol-water partition coefficient. Chemo-
sphere 9:701-711 (1980).

(5) May, W.E. et al., Determination of
the aqueous solubility of polynuclear
aromatic hydrocarbons by a coupled

column liquid chromatographic tech-
nique. Analytical Chemistry 50:175-179
(1978).

(6) May, W.E. et al. Determination of
the solubility behavior of some
polycyclic aromatic hydrocarbons in
the water. Analytical Chemistry, 50:997-
1000 (1978a).

(7) Miller, N.M. et al., Aqueous
solubilities, octanol/water partition co-
efficients, and entropy of melting of
chlorinated benzenes and biphenyls.
Journal of Chemical and Engineering
Data 29:184-190 (1984).
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(8) OECD/Organization for Economic
Cooperation and Development. Test
Guideline No. 105. Water solubility col-
umn elution-flask method (1981).

(9) Sutton, C. and Calder, J.A., Solu-
bility of alkylbenzenes in distilled
water and seawater at 25 °C. Journal of
Chemical and Engineering Data 20:320-322
(1975).

(10) Tewari, Y.B. et al., Aqueous solu-
bility and octanol/water partition coef-
ficient of organic compounds at 25 °C.
Journal of Chemical and Engineering
Data 27:451-454 (1982).

(11) Wasik, S.P. et al., Octanol/Water
Partition Coefficient and Aqueous
Solubilities of Organic Compounds.
NBS Report NBSIR 81-2406. Wash-
ington, DC: National Bureau of Stand-
ards, U.S. Department of Commerce
(1981).

(12) Yalkowski, S.H. et al., ““Aquasol
database of aqueous solubilities of or-
ganic compounds’’; Fifth Edition. Uni-
versity of Arizona, College of Phar-
macy, Tucson, AZ 85721 (1990) (avail-
able at http://www.pharm.arizona.edu/
aquasol/index.html).

(13) ASTM D 1193-91, Standard Speci-
fication for Reagent Water. American

Society for Testing and Materials
(ASTM). 1916 Race St., Philadelphia,
PA 19103.

Subparts F-G [Reserved]

Subpart H—Health Effects Test
Guidelines

SOURCE: 62 FR 43824, Aug. 15, 1997, unless
otherwise noted.

§799.9110 TSCA acute oral toxicity.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of the Toxic Substances Con-
trol Act (TSCA). In the assessment and
evaluation of the toxic characteristics
of a substance, determination of acute
oral toxicity is usually an initial step.
It provides information on health haz-
ards likely to arise from short-term ex-
posure by the oral route. Data from an
acute study may serve as a basis for
classification and labeling. It is tradi-
tionally a step in establishing a dosage
regimen in subchronic and other stud-
ies and may provide initial information

321



§799.9110

on the mode of toxic action of a sub-
stance. An evaluation of acute toxicity
data should include the relationship, if
any, between the exposure of animals
to the test substance and the incidence
and severity of all abnormalities, in-
cluding behavioral and clinical abnor-
malities, the reversibility of observed
abnormalities, gross lesions, body
weight changes, effects on mortality,
and any other toxic effects.

(b) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides,
and Toxic Substances (OPPTS) har-
monized test guideline 870.1100 (August
1998, final guideline). This source is
available at the address in paragraph
(f) of this section.

(c) Definitions. The following defini-
tions apply to this section.

Acute oral toxicity is the adverse ef-
fects occurring within a short period of
time after oral administration of ei-
ther a single dose of a substance or
multiple doses given within a 24-hour
period.

Dosage is a general term comprising
the dose, its frequency, and the dura-
tion of dosing.

Dose is the amount of test substance
administered. Dose 1is expressed as
weight of test substance (milligrams,
grams) per unit weight of test animal
(e.g., milligrams per kilogram).

Dose-effect is the relationship be-
tween the dose and the magnitude of a
defined biological effect either in an in-
dividual or in a population sample.

Dose-response is the relationship be-
tween the dose and the proportion of a
population sample showing a defined
effect.

LDso (median lethal dose) is a statis-
tically derived estimate of single dose
of a substance that can be expected to
cause death in 50% of animals when ad-
ministered by the oral route. The LDsg
value is expressed in terms of weight of
test substance per unit weight of test
animal (milligrams per kilogram).

(d) Alternative approaches to the deter-
mination of acute toxicity. (1) EPA will
accept the following procedures to re-
duce the number of animals used to
evaluate acute effects of chemical ex-
posure while preserving its ability to
make reasoned judgments about safety:
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(i) Estimation of acute oral toxicity.
When further study is warranted, EPA
generally supports limiting such tests
to those using the lowest number of
animals feasible. EPA will accept three
alternative Organization for Economic
Cooperation and Development (OECD)
test methods in place of the ‘‘tradi-
tional”” acute oral toxicity test. The
three OECD alternatives are the fol-
lowing:

(A) The up and down procedure as de-
scribed in OECD Guideline 425 ref-
erenced in paragraph (f)(4) of this sec-
tion.

(B) The acute toxic class method as
described in OECD Guideline 423 and
referenced in paragraph (f)(6) of this
section.

(C) The fixed dose method as de-
scribed in OECD Guideline 420 and ref-
erenced in paragraph (f)(5) of this sec-
tion.

(if) Limit test. When data on struc-
turally related chemicals are inad-
equate, a limit test may be considered.
If rodents are used, a limit dose of at
least 2,000 mg per kilogram of body
weight may be administered to a single
group of five males and five females
using the procedures described in para-
graph (e) of this section. If no lethality
is demonstrated, no further testing for
acute oral toxicity is needed. (Under
current policy and regulations for pes-
ticide products, precautionary state-
ments may still be required unless
there are data to indicate the LDs is
greater than 5,000 mg/kg.) If compound-
related mortality is produced in the
limit test, further study may need to
be considered.

(2) [Reserved]

(e) Conventional acute toxicity test—(1)
Principle of the test method. The test
substance is administered orally by ga-
vage Iin graduated doses to several
groups of experimental animals, one
dose being used per group. The doses
chosen may be based on the results of
a range finding test. Subsequently, ob-
servations of effects and deaths are
made. Animals that die during the test
are necropsied, and at the conclusion of
the test the surviving animals are sac-
rificed and necropsied. This section is
directed primarily to studies in rodent
species but may be adapted for studies
in nonrodents. Animals showing severe

322



Environmental Protection Agency

and enduring signs of distress and pain
may need to be humanely sacrificed.
Dosing test substances in a way known
to cause marked pain and distress due
to corrosive or irritating properties
need not be carried out.

(2) Substance to be tested. Test, con-
trol, and reference substances are de-
scribed in 40 CFR Part 792—Good Lab-
oratory Practice Standards.

(38) Test procedures—(i) Preparations.
Healthy young adult animals are accli-
matized to the laboratory conditions
for at least 5 days prior to the test be-
fore the test animals are randomized
and assigned to the treatment groups.

(if) Animal selection—(A) Species and
strain. Although several mammalian
test species may be used, the rat is the
preferred species. Commonly used lab-
oratory strains must be employed. If
another species is used, the tester must
provide justification and reasoning for
its selection.

(B) Age. Young adult rats between 8-
and 12-weeks-old at the beginning of
dosing should be used. Rabbits should
be at least 12 weeks of age at study ini-
tiation. The weight variation of ani-
mals used in a test must be within 20%
of the mean weight for each sex.

(C) Number and sex of animals. (1) At
least five experimentally naive rodents
are used at each dose level. They
should all be of the same sex. After
completion of the study in one sex, at
least one group of five animals of the
other sex is dosed to establish that ani-
mals of this sex are not markedly more
sensitive to the test substance. The use
of fewer animals may be justified in in-
dividual circumstances. Where ade-
quate information is available to dem-
onstrate that animals of the sex tested
are markedly more sensitive, testing in
animals of the other sex may be dis-
pensed with. An acceptable option
would be to test at least one group of
five animals per sex at one or more
dose levels to definitively determine
the more sensitive sex prior to con-
ducting the main study.

(2) The females must be nulliparous
and nonpregnant.

(3) In acute toxicity tests with ani-
mals of a higher order than rodents,
the use of smaller numbers should be
considered.
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(D) Assignment of animals. Each ani-
mal must be assigned a unique identi-
fication number. A system to assign
animals to test groups and control
groups randomly is required.

(E) Housing. Animals may be group-
caged by sex, but the number of ani-
mals per cage must not interfere with
clear observation of each animal. The
biological properties of the test sub-
stance or toxic effects (e.g., morbidity,
excitability) may indicate a need for
individual caging.

(1) The temperature of the experi-
mental animal rooms should be at 22+3
°C for rodents.

(2) The relative humidity of the ex-
perimental animal rooms should be 30
to 70%.

(3) Where lighting is artificial, the
sequence should be 12-hours light/12-
hours dark.

(4) For feeding, conventional labora-
tory diets may be used with an unlim-
ited supply of drinking water.

(iii) Dose levels and dose selection. (A)
Three dose levels must be used, spaced
appropriately to produce test groups
with a range of toxic effects and mor-
tality rates. The data collected must
be sufficient to produce a dose-response
curve and permit an acceptable esti-
mation of the LDso. Range finding stud-
ies using single animals may help to
estimate the positioning of dose groups
so that no more than three dose levels
will be necessary.

(B) Limit test. This test has been de-
fined and described in paragraph
(d)(1)(ii) of this section.

(C) Vehicle. Where necessary, the test
substance is dissolved or suspended in a
suitable vehicle. If a vehicle or diluent
is needed, it should not elicit toxic ef-
fects itself nor substantially alter the
chemical or toxicological properties of
the test substance. It is recommended
that wherever possible the use of an
aqueous solution be considered first,
followed by consideration of a solution
in oil (e.g., corn oil), and then by con-
sideration of possible solution in other
vehicles. Toxic characteristics of non-
aqueous vehicles should be known, and,
if not known, should be determined be-
fore the test.

(D) Volume. The maximum volume of
liquid that can be administered at one
time depends on the size of the test
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animal. In rodents, the volume should
not exceed 1 mL/100 g body weight, ex-
cept when an aqueous solution is used
in which case 2 mL/100 g may be admin-
istered. Either constant volume or con-
stant concentration administration is
acceptable when dosing, provided the
following guidance is employed. When
possible, the liquid test material
should be dosed neat. Otherwise, it
may be diluted, using the highest con-
centration possible, although volumes
less than 0.5 mL per animal would not
be required. Lower dose volumes are
acceptable if they can be accurately
administered. Solid materials should
be suspended or dissolved in the min-
imum amount of vehicle and dosed at
the highest concentration possible.

(iv) Exposure and exposure duration.
(A) Animals must be fasted prior to
test substance administration. For the
rat, feed should be withheld overnight;
for other rodents with higher meta-
bolic rates a shorter period of fasting is
appropriate.

(B) The test substance must be ad-
ministered in a single dose by gavage,
using a stomach tube or suitable
intubation cannula.

(C) If a single dose is not possible, the
dose may be given in smaller fractions
over a period not exceeding 24 hours.
Where a dose is administered in frac-
tions, it may be necessary to provide
the animals with food and water, de-
pending on the length of the dosing pe-
riod.

(D) After the substance has been ad-
ministered, feed may be withheld for
an additional 3-4 hours.

(v) Observation period. Although 14
days is recommended as a minimum
observation period, the duration of ob-
servation should not be fixed rigidly. It
should be determined by the toxic reac-
tions, rate of onset, and length of re-
covery period, and may thus be ex-
tended when considered necessary. The
time at which signs of toxicity appear,
their duration, and the time to death
are important, especially if there is a
tendency for deaths to be delayed.

(vi) Observation of animals. (A) A care-
ful clinical examination must be made
at least once each day.

(B) Additional observations must be
made daily, especially in the early
days of the study. Appropriate actions
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should be taken to minimize loss of
animals to the study (e.g., necropsy or
refrigeration of those animals found
dead and isolation of weak or moribund

animals).
(C) Observations must be detailed
and carefully recorded, preferably

using explicitly defined scales. Obser-
vations should include, but not be lim-
ited to, evaluation of skin and fur, eyes
and mucous membranes, respiratory
and circulatory effects, autonomic ef-
fects such as salivation, central nerv-
ous system effects, including tremors
and convulsions, changes in the level of
activity, gait and posture, reactivity to
handling or sensory stimuli, altered
strength, and stereotypies or bizarre
behavior (e.g., self-mutilation, walking
backwards).

(D) Individual weights of animals
must be determined shortly before the
test substance is administered, weekly
thereafter, and at death. Changes in
weights should be calculated and re-
corded when survival exceeds 1 day.

(E) The time of death should be re-
corded as precisely as possible.

(vii) Gross pathology. (A) At the end of
the test, surviving animals must be
weighed and sacrificed.

(B) A gross necropsy must be per-
formed on all animals under test. All
gross pathology changes should be re-
corded.

(C) If necropsy cannot be performed
immediately after a dead animal is dis-
covered, the animal should be refrig-
erated (not frozen) at temperatures low
enough to minimize autolysis.
Necropsies should be performed as soon
as practicable, normally within a day
or two.

(viii) Additional evaluation. Micro-
scopic examination of organs showing
evidence of gross pathology in animals
surviving 24 hours or more should also
be considered because it may yield use-
ful information.

(ix) Data and reporting—(A) Treatment
of results. Data must be summarized in
tabular form, showing for each test
group the number of animals at the
start of the test, body weights, time of
death of individual animals at different
dose levels, number of animals dis-
playing other signs of toxicity, descrip-
tion of toxic effects, and necropsy find-
ings. Any methods used for calculation
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of the LDso or any other parameters
should be specified and referenced.
Methods for parameter estimation are
described in the references listed in
paragraphs (f)(1), (f)(2), and (f)(3) of this
section.

(B) Evaluation of results. An evalua-
tion should include the relationship, if
any, between exposure of the animals
to the test substance and the incidence
and severity of all abnormalities, in-
cluding behavioral and clinical abnor-
malities, gross lesions, body weight
changes, effects on mortality, and any
other toxic effects. The LDso value
should always be considered in con-
junction with the observed toxic effects
and any necropsy findings. The LDsg
value is a relatively coarse measure-
ment, useful only as a reference value
for classification and labeling pur-
poses, and for an expression of the le-
thal potential of the test substance by
the ingestion route. Reference should
always be made to the experimental
animal species in which the LDsg value
was obtained.

(C) Test report. In addition to the re-
porting requirements specified under
EPA Good Laboratory Practice Stand-
ards at 40 CFR part 792, subpart J, the
following specific information must be
reported. The test report shall include:

(1) Species, strain, sex, and source of
test animals.

(2) Method of randomization in as-
signing animals to test and control
groups.

(3) Rationale for selection of species,
if other than that recommended.

(4) Tabulation of individual and test
group data by sex and dose level (e.g.,
number of animals exposed, number of
animals showing signs of toxicity and
number of animals that died or were
sacrificed during the test).

(i) Description of toxic effects, in-
cluding their time of onset, duration,
reversibility, and relationship to dose.

(ii) Body weights.

(iii) Time of dosing and time of death
after dosing.

(iv) Dose-response curves for mor-
tality and other toxic effects (when
permitted by the method of determina-
tion).

(v) Gross pathology findings.
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(vi) Histopathology findings and any
additional clinical chemistry evalua-
tions, if performed.

(5) Description of any pretest condi-
tioning, including diet, quarantine and
treatment for disease.

(6) Description of caging conditions
including: Number (or change in num-
ber) of animals per cage, bedding mate-
rial, ambient temperature and humid-
ity, photoperiod, and identification of
diet of test animals.

(7) Manufacturer, source, purity, and
lot number of test substance.

(8) Relevant properties of substance
tested including physical state and pH
(if applicable).

(9) ldentification and composition of
any vehicles (e.g., diluents, suspending
agents, and emulsifiers) or other mate-
rials used in administering the test
substance.

(10) A list of references cited in the
body of the report. References to any
published literature used in developing
the test protocol, performing the test-
ing, making and interpreting observa-
tions, and compiling and evaluating
the results.

(f) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., NW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Chanter, D.O. and Heywood, R.
The LDso Test: Some Considerations of
Precision. Toxicology Letters 10:303-307
(1982).

(2) Finney, D.J. Chapter 3—Esti-
mation of the median effective dose
and Chapter 4—Maximum likelihood
estimation, Probit Analysis, 3rd ed.
Cambridge, London (1971).

(3) Finney, D.J. The Median Lethal
Dose and Its Estimation. Archives of
Toxicology 56:215-218 (1985).

(4) Organization for Economic Co-
operation and Development. OECD
Guidelines for the Testing of Chemi-
cals. OECD Guideline 425: Acute Oral
Toxicity: Up-and-Down Procedure, Ap-
proved: June 1998.

(5) Organization for Economic Co-
operation and Development. OECD
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Guidelines for Testing of Chemicals.
Guideline 420: Acute Oral Toxicity—
Fixed Dose Method, Adopted: July 17,
1992.

(6) Organization for Economic Co-
operation and Development. OECD
Guidelines for Testing of Chemicals.
Guideline 423: Acute Oral Toxicity—
Acute Toxic Class Method, Adopted:
March 22, 1996.

(7) Organization for Economic Co-
operation and Development. OECD
Guidelines for Testing of Chemicals.
Guideline 401: Acute Oral Toxicity,
Adopted: February 24, 1987.

[65 FR 78771, Dec. 15, 2000]

§799.9120 TSCA acute dermal toxicity.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of the Toxic Substances Con-
trol Act (TSCA). In the assessment and
evaluation of the toxic characteristics
of a substance, determination of acute
dermal toxicity is useful where expo-
sure by the dermal route is likely. It
provides information on health hazards
likely to arise from short-term expo-
sure by the dermal route. Data from an
acute study may serve as a basis for
classification and labeling. It is an ini-
tial step in establishing a dosage regi-
men in subchronic and other studies
and may provide information on der-
mal absorption and the mode of toxic
action of a substance by this route. An
evaluation of acute toxicity data
should include the relationship, if any,
between the exposure of animals to the
test substance and the incidence and
severity of all abnormalities, including
behavioral and clinical abnormalities,
the reversibility of observed abnor-
malities, gross lesions, body weight
changes, effects on mortality, and any
other toxic effects.

(b) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides,
and Toxic Substances (OPPTS) har-
monized test guideline 870.1200 (August
1998, final guideline). This source is
available at the address in paragraph
(f) of this section.

(c) Definitions. The following defini-
tions apply to this section.

Acute dermal toxicity is the adverse ef-
fects occurring within a short time of
dermal application of a single dose of a
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substance or multiple doses given with-
in a 24-hour period.

Dosage is a general term comprising
the dose, its frequency and the dura-
tion of dosing.

Dose is the amount of test substance
applied. Dose is expressed as weight of
test substance (grams, milligrams) per
unit weight of test animal (e.g., milli-
grams per kilogram).

Dose-effect is the relationship be-
tween the dose and the magnitude of a
defined biological effect either in an in-
dividual or in a population sample.

Dose-response is the relationship be-
tween the dose and the proportion of a
population sample showing a defined
effect.

LDso (median lethal dose), dermal, is
a statistically derived estimate of a
single dose of a substance that can be
expected to cause death in 50% of
treated animals when applied to the
skin. The LDso value is expressed in
terms of weight of test substance per
unit weight of test animal (milligrams
per kilogram).

(d) Approaches to the determination of
acute toxicity. (1) EPA recommends the
following means to reduce the number
of animals used to evaluate acute ef-
fects of chemical exposure while pre-
serving its ability to make reasonable
judgments about safety:

(i) Using data from substantially
similar mixtures. In order to minimize
the need for animal testing, the Agen-
cy encourages the review of existing
acute toxicity information on mixtures
that are substantially similar to the
mixture under investigation. In certain
cases it may be possible to glean
enough information to make prelimi-
nary hazard evaluations that may re-
duce the need for further animal test-
ing.

(if) Limit test. When data on struc-
turally related chemicals are inad-
equate, a limit test may be considered.
If rodents are used, a limit dose of at
least 2,000 mg/kg bodyweight may be
administered to a single group of five
males and five females using the proce-
dures described in paragraph (e) of this
section. If no lethality is dem-
onstrated, no further testing for acute
dermal toxicity is needed. If com-
pound-related mortality is produced,
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further study may need to be consid-
ered.

(2) [Reserved]

(e) Conventional acute toxicity test—(1)
Principle of the test method. The test
substance is applied dermally in grad-
uated doses to several groups of experi-
mental animals, one dose being used
per group. The doses chosen may be
based on the results of a range finding
test. Subsequently, observations of ef-
fects and deaths are made. Animals
that die during the test are necropsied,
and at the conclusion of the test the
surviving animals are sacrificed and
necropsied. This section is directed pri-
marily to studies in either rats, rab-
bits, or guinea pigs but may be adapted
for studies in other species. Animals
showing severe and enduring signs of
distress and pain may need to be hu-
manely sacrificed. Dosing test sub-
stances in a way known to cause
marked pain and distress due to corro-
sive or irritating properties need not be
carried out.

(2) Substance to be tested. Test, con-
trol, and reference substances are dis-
cussed in 40 CFR Part 792—Good Lab-
oratory Practice Standards.

(38) Test procedures—(i) Preparations.
Healthy young adult animals are accli-
matized to the laboratory conditions
for at least 5 days prior to the test be-
fore the test animals are randomized
and assigned to the treatment groups.

(ii) Animal selection—(A) Species and
strain. The rat, rabbit, or guinea pig
may be used. The albino rabbit is pre-
ferred because of its size, ease of han-
dling, skin permeability, and extensive
data base. Commonly used laboratory
strains must be employed. If a species
other than rats, rabbits, or guinea pigs
is used, the tester must provide jus-
tification and reasoning for its selec-
tion.

(B) Age. Young adult animals, rats
between 8- and 12-weeks-old, rabbits at
least 12-weeks-old, and guinea pigs be-
tween 5- and 6-weeks-old at the begin-
ning of dosing should be used. The
weight variation of animals used in a
test must be within 20% of the mean
weight for each sex.

(C) Number and sex of animals. (1) At
least five experimentally naive animals
with healthy intact skin are used at
each dose level. They should all be of
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the same sex. After completion of the
study in one sex, at least one group of
five animals of the other sex is dosed to
establish that animals of this sex are
not markedly more sensitive to the
test substance. The use of fewer ani-
mals may be justified in individual cir-
cumstances. Where adequate informa-
tion is available to demonstrate that
animals of the sex tested are markedly
more sensitive, testing in animals of
the other sex may be dispensed with.
An acceptable option would be to test
at least one group of five animals per
sex at one or more dose levels to defini-
tively determine the more sensitive sex
prior to conducting the main study.

(2) The females must be nulliparous
and nonpregnant.

(3) In acute toxicity tests with ani-
mals of a higher order than those men-
tioned above, the use of smaller num-
bers should be considered.

(D) Assignment of animals. Each ani-
mal must be assigned a unique identi-
fication number. A system to randomly
assign animals to test groups and con-
trol groups is required.

(E) Housing. Animals
housed in individual cages.

(1) The temperature of the experi-
mental animal rooms should be at 22+3
°C for rodents, 20+3 °C for rabbits.

(2) The relative humidity of the ex-
perimental animal rooms should be 30
to 70%.

(3) Where lighting is artificial, the
sequence should be 12-hours light/12-
hours dark.

(4) For feeding, conventional labora-
tory diets may be used with an unlim-
ited supply of drinking water.

(iii) Dose levels and dose selection. (A)
Three dose levels must be used and
spaced appropriately to produce test
groups with a range of toxic effects and
mortality rates. The data must be suf-
ficient to produce a dose-response
curve and permit an acceptable esti-
mation of the median lethal dose.
Range finding studies using single ani-
mals may help to estimate the posi-
tioning of the dose groups so that no
more than three dose levels will be nec-
essary.

(B) Limit test. This test is described in
paragraph (d)(2)(ii) of this section.

(C) Vehicle. Solids should be pulver-
ized when possible. The test substance

should be
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should be moistened sufficiently with
water or, where necessary, a suitable
vehicle to ensure good contact with
skin. If a vehicle or diluent is needed,
it should not elicit toxic effects itself
nor substantially alter the chemical or
toxicological properties of the test sub-
stance. In addition, the influence of the
vehicle on penetration of skin by the
test substance should be taken into ac-
count. It is recommended that wher-
ever possible the use of an aqueous so-
lution be considered first, followed by
consideration of a solution in oil (e.g.,
corn oil), and then by consideration of
possible solution in other vehicles. For
nonaqueous vehicles the toxic charac-
teristics of the vehicle should be
known, and if not known should be de-
termined before the test. Acceptable
alternative vehicles include gum ara-
bic, ethanol and water, carboxymethyl
cellulose, glycerol, propylene glycol,
PEG vegetable oil, and mineral oil as
long as the vehicle is not irritating and
the inability to use water or saline is
justified in the report.

(iv) Exposure and exposure duration.
The test substance must be adminis-
tered over a period of 24 hours.

(v) Preparation of animal skin. Fur
must be clipped from the dorsal area of
the trunk of the test animals. Shaving
may be employed, but it should be car-
ried out at least 24 hours before dosing.
Care must be taken to avoid abrading
the skin, which would alter its perme-
ability.

(vi) Application of test substance. (A)
The test substance must be applied
uniformly over a shaved or clipped area
which is approximately 10% of the body
surface area. The area starting at the
scapulae (shoulders) to the wing of the
ileum (hip bone) and half way down the
flank on each side of the animal should
be shaved or clipped. Liquid test mate-
rials should be undiluted if possible.
With highly toxic substances, the sur-
face area covered may be less, but as
much of the area as possible should be
covered with as thin and uniform a
film as practical. The test material is
not removed until 24 hours after appli-
cation. In the case where less than 10%
of the surface area is covered an ap-
proximation of the exposed areas
should be determined.
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(B) The test substance must be held
in contact with the skin with a porous
gauze dressing (<8 ply) and nonirri-
tating tape throughout a 24-hour expo-
sure period. The test site must be fur-
ther covered in a suitable manner to
retain the gauze dressing and test sub-
stance and ensure that the animals
cannot ingest the test substance. Re-
strainers may be used to prevent the
ingestion of the test substance, but
complete immobilization is not a rec-
ommended method. Although a
semiocclusive dressing is preferred, an
occlusive dressing will also be accept-
able.

(C) At the end of the exposure period,
residual test substance should be re-
moved where practicable using water
or an appropriate solvent.

(vii) Observation period. Although 14
days is recommended as a minimum
observation period, the duration of ob-
servation should not be fixed rigidly. It
should be determined by the toxic reac-
tions, rate of onset, and length of re-
covery period, and may thus be ex-
tended when considered necessary. The
time at which signs of toxicity appear,
their duration, and the time to death
are important, especially if there is a
tendency for deaths to be delayed.

(viii) Observation of animals. (A) A
careful clinical examination must be
made at least once each day.

(B) Additional observations must be
made daily, especially in the early
days of the study. Appropriate actions
should be taken to minimize loss of
animals to the study (e.g., necropsy or
refrigeration of those animals found
dead and isolation of weak or moribund

animals).
(C) Observations must be detailed
and carefully recorded, preferably

using explicitly defined scales. Obser-
vations should include, but not be lim-
ited to, evaluation of skin and fur, eyes
and mucous membranes, respiratory
and circulatory effects, autonomic ef-
fects such as salivation, central nerv-
ous system effects, including tremors
and convulsions, changes in the level of
activity, gait and posture, reactivity to
handling or sensory stimuli, altered
strength, and stereotypies or bizarre
behavior (e.g., self-mutilation, walking
backwards).
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(D) Individual weights of animals
must be determined shortly before the
test substance is administered, weekly
thereafter, and at death. Changes in
weights should be calculated and re-
corded when survival exceeds one day.

(E) The time of death should be re-
corded as precisely as possible.

(ix) Gross pathology. (A) At the end of
the test, surviving animals must be
weighed and sacrificed.

(B) A gross necropsy must be per-
formed on all animals under test. All
gross pathology changes should be re-
corded.

(C) If necropsy cannot be performed
immediately after a dead animal is dis-
covered, the animal should be refrig-
erated (not frozen) at temperatures low
enough to minimize autolysis.
Necropsies should be performed as soon
as practicable, normally within a day
or two.

(X) Additional evaluations. Micro-
scopic examination of organs showing
evidence of gross pathology in animals
surviving 24 hours or more should also
be considered because it may yield use-
ful information.

(xi) Data and reporting—(A) Treatment
of results. Data must be summarized in
tabular form, showing for each test
group the number of animals at the
start of the test, body weights, time of
death of individual animals at different
dose levels, number of animals dis-
playing other signs of toxicity, descrip-
tion of toxic effects and necropsy find-
ings. Any methods used for calculation
of the LDso or any other parameters
should be specified and referenced.
Methods for parameter estimation are
described in the references listed in
paragraphs (f)(1), (f)(2), and (f)(3) of this
section.

(B) Evaluation of results. An evalua-
tion should include the relationship, if
any, between exposure of the animals
to the test substance and the incidence
and severity of all abnormalities, in-
cluding behavioral and clinical abnor-
malities, gross lesions, body weight
changes, effects on mortality, and any
other toxic effects. The LDso value
should always be considered in con-
junction with the observed toxic effects
and any necropsy findings. The LDsg
value is a relatively coarse measure-
ment, useful only as a reference value
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for classification and labeling pur-
poses, and for an expression of the le-
thal potential of the test substance by
the dermal route. Reference should al-
ways be made to the experimental ani-
mal species in which the LDsp value
was obtained.

(C) Test report. In addition to the re-
porting requirements specified under
EPA Good Laboratory Practice Stand-
ards at 40 CFR part 792, subpart J, the
following specific information must be
reported. The test report must include:

(1) Species, strain, sex, and source of
test animals.

(2) Method of randomization in as-
signing animals to test and control
groups.

(3) Rationale for selection of species,
if other than that recommended.

(4) Tabulation of individual and test
group data by sex and dose level (e.g.,
number of animals exposed, number of
animals showing signs of toxicity and
number of animals that died or were
sacrificed during the test).

(i) Description of toxic effects, in-
cluding their time of onset, duration,
reversibility, and relationship to dose.

(ii) Body weights.

(iii) Time of dosing and time of death
after dosing.

(iv) Dose-response curves for mor-
tality and other toxic effects (when
permitted by the method of determina-
tion).

(v) Gross pathology findings.

(vi) Histopathology findings and any
additional clinical chemistry evalua-
tions, if performed.

(5) Description of any pre-test condi-
tioning, including diet, quarantine and
treatment for disease.

(6) Description of caging conditions
including: Number (or change in num-
ber) of animals per cage, bedding mate-
rial, ambient temperature and humid-
ity, photoperiod, and identification of
diet of test animals.

(7) Manufacturer, source, purity, and
lot number of test substance.

(8) Relevant properties of substance
tested including physical state and pH
(if applicable).

(9) Identification and composition of
any vehicles (e.g., diluents, suspending
agents, and emulsifiers) or other mate-
rials used in administering the test
substance.
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(10) A list of references cited in the
body of the report. References to any
published literature used in developing
the test protocol, performing the test-
ing, making and interpreting observa-
tions, and compiling and evaluating
the results.

(f) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., NW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Chanter, D.O. and Heywood, R.,
The LDsp Test: Some Considerations of
Precision, Toxicology Letters 10:303-307
(1982).

(2) Finney, D.J. Chapter 3—Esti-
mation of the median effective dose
and Chapter 4-Maximum likelihood es-
timation, Probit Analysis, 3rd ed. Cam-
bridge, London (1971).

(3) Finney, D.J. The Median Lethal
Dose and Its Estimation. Archives of
Toxicology 56:215-218 (1985).

(4) Organization for Economic Co-
operation and Development. OECD
Guideline for the Testing of Chemicals.
OECD Guideline 425: Acute Oral Tox-
icity: Up-and-Down Procedure. Adopt-
ed: September 21, 1998.

(5) Organization for Economic Co-
operation and Development. OECD
Guidelines for Testing of Chemicals.
Guideline 420: Acute Oral Toxicity—
Fixed Dose Method. Adopted: July 17,
1992.

(6) Organization for Economic Co-
operation and Development. OECD
Guidelines for Testing of Chemicals.
Guideline 423: Acute Oral Toxicity—
Acute Toxic Class Method. Adopted:
March 22, 1996

(7) Organization for Economic Co-
operation and Development. OECD
Guidelines for Testing of Chemicals.
Guideline 402: Acute Dermal Toxicity.
Adopted: February 24, 1987.

[65 FR 78774, Dec. 15, 2000]
§799.9130 TSCA acute inhalation tox-
icity.
(a) Scope. This section is intended to

meet testing requirements under sec-
tion 4 of the Toxic Substances Control
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Act (TSCA). Determination of acute
toxicity is usually an initial step in the
assessment and evaluation of the toxic
characteristics of a substance that may
be inhaled such as a gas, volatile sub-
stance, or aerosol/particle. It provides
information on health hazards likely to
arise from short-term exposure by the
inhalation route. Data from an acute
study may serve as a basis for classi-
fication and labeling. It is tradition-
ally a step in establishing a dosage reg-
imen in subchronic and other studies
and may provide initial information on
the mode of toxic action of a sub-
stance. An evaluation of acute toxicity
data should include the relationship, if
any, between the animals’ exposure to
the test substance and the incidence
and severity of all abnormalities, in-
cluding behavioral and clinical abnor-
malities, the reversibility of observed
abnormalities, gross lesions, body
weight changes, effects on mortality,
and any other toxic effects.

(b) Source. The source material used
in developing this TSCA test guideline
is the harmonized Office of Prevention,
Pesticides, and Toxic Substances
(OPPTS) test guideline 870.1300 (August
1998, final guideline). These sources are
available at the address in paragraph
(g) of this section.

(c) Definitions. The definitions in sec-
tion 3 of TSCA and the definitions in 40
CFR Part 792—Good Laboratory Prac-
tice Standards apply to this section.
The following definitions also apply to
this section.

Acute inhalation toxicity is the adverse
effect caused by a substance following
a single uninterrupted exposure by in-
halation over a short period of time (24
hours or less) to a substance capable of
being inhaled.

Aerodynamic equivalent diameter is de-
fined as the diameter of a unit-density
sphere having the same terminal set-
tling velocity as the particle in ques-
tion, whatever its size, shape, and den-
sity. It is used to predict where in the
respiratory tract such particles may be
deposited.

Concentration is expressed as weight
of the test substance per unit volume
of air, e.g., milligrams per liter.

Geometric standard deviation (GSD) is
a dimensionless number equal to the

330



Environmental Protection Agency

ratio between the mass median aero-
dynamic diameter (MMAD) and either
84% or 16% of the diameter size dis-
tribution (e.g., MMAD =2 m; 84% =4 m;
GSD = 4/2 = 2.0.) The MMAD, together
with the GSD, describe the particle size
distribution of an aerosol. Use of the
GSD may not be valid for non-
lognormally distributed aerosols. (If
the size distribution deviates from the
lognormal, it shall be noted).

Inhalable diameter refers to that aero-
dynamic diameter of a particle which
is considered to be inhalable for the or-
ganism under study. It is used to refer
to particles which are capable of being
inhaled and deposited anywhere within
the respiratory tract .

LCso (median lethal concentration) is
a statistically derived estimate of a
concentration of a substance that can
be expected to cause death during expo-
sure or within a fixed time after expo-
sure in 50% of animals exposed for a
specified time. The LCso value is a rel-
atively coarse measurement useful
only for classification and labeling pur-
poses and an expression of the lethal
potential of the test substance fol-
lowing inhalation. The LCsq value is ex-
pressed as weight of test substance per
unit volume of air (milligrams per
liter) or parts per million. For clarity,
the exposure duration and test animal
species should also be specified, e.g., 4
hours LCso in F344.

Mass median aerodynamic diameter
(MMAD) is the median aero-dynamic
diameter and, along with the geometric
standard deviation, is used to describe
the particle size distribution of any
aerosol statistically, based on the
weight and size of the particles. Fifty
percent of the particles by weight will
be smaller than the median diameter
and 50% of the particles will be larger.

(d) Approaches to the determination of
acute toxicity. (1) EPA recommends the
following means to reduce the number
of animals used to evaluate acute ef-
fects of chemical exposure while pre-
serving its ability to make reasonable
judgments about safety:

(i) Using data from substantially
similar mixtures. In order to minimize
the need for animal testing, the Agen-
cy encourages the review of existing
acute toxicity information on mixtures
that are substantially similar to mix-
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tures under investigation. In certain
cases, it may be possible to get enough
information to make preliminary haz-
ard evaluations that may reduce the
need for further animal testing.

(if) Limit test. When data on struc-
turally related chemicals are inad-
equate, a limit test may be considered.
In the limit test, a single group of five
males and five females is exposed to 2
mg/L for 4 hours, or where this is not
possible due to physical or chemical
properties of the test substance, the
maximum attainable concentration
where a particle size distribution hav-
ing an MMAD between 1 and 4 pm can-
not be maintained, using the proce-
dures described under paragraph (e) of
this section. For fibers, the bivariate
distribution of length and diameter
must ensure inhalability. For gases
and vapors, the concentrations need
not be greater than 50,000 ppm or 50%
of the lower explosive limit, whichever
is lower. If a test at an aerosol or par-
ticulate exposure of 2 mg/L (actual con-
centration of respirable substance) for
4 hours or, where this is not feasible,
the maximum attainable concentra-
tion, using the procedures described for
this study, produces no observable
toxic effects, then a full study using
three concentrations will not be nec-
essary. Similarly, if a test at a gas or
vapor exposure of 50,000 ppm or 50% of
the lower explosive limit, whichever is
lower, produces no observable toxic ef-
fects, then a full study using three con-
centrations will not be necessary.

(2) [Reserved]

(e) Conventional acute toxicity test—(1)
Principle of the test method. Several
groups of experimental animals are ex-
posed to the test substance in grad-
uated concentrations for a defined pe-
riod, one concentration being used per
group. When a vehicle other than water
is used to help generate an appropriate
concentration of the substance in the
atmosphere, a vehicle control group
should be used when historical data are
not available or adequate to determine
the acute inhalation toxicity of the ve-
hicle. Subsequently, observations of ef-
fects and death are made. Animals that
die during the test are necropsied and
at the conclusion of the test surviving
animals are sacrificed and necropsied.
This guideline is directed primarily to
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studies in rodent species but may be
adapted for studies in non-rodents.
Animals showing severe and enduring
signs of distress and pain may need to
be sacrificed. Dosing test substances in
a way known to cause marked pain and
distress due to corrosive or irritating
properties need not be carried out.

(2) Substance to be tested. Test, con-
trol, and reference substances are dis-
cussed under EPA Good Laboratory
Practice Standards at 40 CFR part 792,
subpart f.

(3) Test procedures—(i) Preparation.
Healthy young adult animals are accli-
matized to the laboratory conditions
for at least 5 days prior to the test. Be-
fore the test, animals are randomized
and assigned to the required number of
groups.

(ii) Animal selection—(A) Species and
strain. (1) Although several mammalian
test species may be used, the preferred
species is the rat. Commonly used lab-
oratory strains should be employed. If
another mammalian species is used,
the investigator should provide jus-
tification and reasoning for the selec-
tion.

(2) Health Status. Body weight and
feed consumption are not sufficient in-
dicators of the health status of animals
prior to initiating an inhalation tox-
icity study. Prior to initiating the
study, animals must be monitored for
known viral and bacterial respiratory
pathogens determined by conventional
microbiological assays (e.g., serology).
The animals must be free from patho-
gens at the start of exposure.

(B) Age. Young adult rats between 8-
12 weeks old at the beginning of dosing,
should be used. The weight variation in
animals or between groups used in a
test should not exceed +20% of the
mean weight of each sex.

(C) Number of animals and sex. (1) At
least five experimentally naive animals
are used at each concentration and
they must be of one sex. After comple-
tion of the study in one sex, at least
one group of five animals of the other
sex is exposed to establish that animals
of this sex are not markedly more sen-
sitive to the test substance. The use of
fewer animals may be justified in indi-
vidual circumstances. Where adequate
information is available to dem-
onstrate that animals of the sex tested
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are markedly more sensitive, testing in
animals of the other sex is not re-
quired. An acceptable option would be
to test at least one group of five ani-
mals per sex at one or more dose levels
to definitively determine the more sen-
sitive sex prior to conducting the main
study.

(2) Females must be nulliparous and
nonpregnant.

(3) In acute toxicity tests with ani-
mals of a higher order than rodents,
the use of fewer animals per concentra-
tion group should be considered.

(D) Assignment of animals. (1) Each
animal must be assigned a unique iden-
tification number. A system to assign
animals to test groups and control
groups randomly is required.

(2) Control groups. A concurrent un-
treated control group is not necessary.
Where a vehicle other than water is
used to generate an appropriate con-
centration of the test substance in the
atmosphere and historical data are not
available or adequate to determine the
acute toxicity of the vehicle, a vehicle
control group must be used. The vehi-
cle control group must be a sham-
treated group. Except for treatment
with the test substance, animals in the
vehicle control group must be handled
in a manner identical to the test-group
animals.

(E) Housing. The animals may be
group-caged by sex, but the number of
animals per cage must not interfere
with clear observation of each animal.
The biological properties of the test
substance or toxic effects (e.g., mor-
bidity, excitability) may indicate a
need for individual caging. Animals
must be housed individually in inhala-
tion chambers during exposure to
aerosols.

(1) Before and after exposure, the
temperature of the animal room should
be 22 +3 °C and the relative humidity
30-70%.

(2) Where lighting is artificial, the
sequence should be 12 hours light/12
hours dark.

(3) For feeding, conventional labora-
tory diets may be used with an unlim-
ited supply of drinking water.

(F) Inhalation equipment. (1) Animals
can be exposed to the substance by ei-
ther a nose-only procedure or in a
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whole-body exposure chamber. Mainte-
nance of slight negative pressure inside
the chamber will prevent leakage of
the test substance into the surrounding
areas. The nose-only exposure proce-
dure is recommended for studies of
aerosols to minimize exposures con-
founding resultant from test substance
ingestion due to test animal fur licking
following exposures. Animals must be
acclimated to the nose-only exposure
chamber prior to study and heat stress
minimized during testing.

(2) Inhalation chambers. The animals
must be tested in inhalation equipment
designed to sustain a dynamic airflow
for nose-only exposures of at least 300
ml/minute/animal or an airflow for
whole-body exposures of at least 12 to
15 air changes per hour and ensure an
adequate oxygen content of at least
19% and an evenly distributed exposure
atmosphere. Where a whole-body cham-
ber is used, its design must minimize
crowding by providing individual cag-
ing. As a general rule, to ensure sta-
bility of a chamber atmosphere, the
total “‘volume’” of the test animals
should not exceed 5% of the volume of
the test chamber.

(3) Environmental conditions. The tem-
perature at which the test is performed
must be maintained at 22 °C (+2 °C).
Ideally, the relative humidity should
be maintained between 40% and 60%,
but in certain instances (e.g., tests
using water as a vehicle), this may not
be practical.

(G) Physical measurements. Measure-
ments or monitoring must be made of
the following:

(1) Chemical purity of the test mate-
rial must be analyzed. If the test sub-
stance is present in a mixture, the
mass and composition of the entire
mixture, as well as the principal com-
pound, must be measured. If there is
some difficulty in measuring chamber
analytical concentration due to pre-
cipitation, nonhomogeneous mixtures,
volatile components, or other factors,
additional analyses of components may
be necessary.

(2) The rate of air flow should be
monitored continuously, and must be
recorded at least every 30 minutes dur-
ing the exposure period.

(3) The actual concentrations of the
test substance must be measured in the
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breathing zone. During the exposure
period, the actual concentrations of
the test substance must be held as con-
stant as practicable, monitored con-
tinuously or intermittently depending
on the method of analysis, and re-
corded at least three times (i.e., at the
beginning, at an intermediate time,
and at the end) during the exposure pe-
riod. Chamber concentration may be
measured using gravimetric or analyt-
ical methods as appropriate. If trial
run measurements are reasonably con-
sistent (£10% for liquid aerosol, gas, or
vapor; +20% for dry aerosol), then a
minimum of two measurements are
sufficient. If measurements are not
consistent, then a minimum of four
measurements should be taken.

(4) During the development of the
generating system, particle size anal-
ysis must be performed to establish the
stability of aerosol concentrations.
During exposure, analysis should be
conducted as often as necessary to de-
termine the consistency of particle size
distribution. The MMAD particle size
range should be between 1-4 pm. The
particle size of hygroscopic materials
must be small enough when dry to as-
sure that the size of the swollen par-
ticle will still be within the 1-4 pm
MMAD range. Characterization for fi-
bers must include the bivariate dis-
tribution of length and diameter; this
distribution must ensure inhalability.
Measurements of aerodynamic particle
size in the animal’s breathing zone
must be measured during a trial run. If
MMAD values for each exposure level
are within 10% of each other, then a
minimum of two measurements during
the exposures should be sufficient. If
pretest measurements are not within
10% of each other, then a minimum of
four measurements should be taken.

(5) Temperature and humidity must
be monitored continuously, and must
be recorded at least every 30 minutes.

(iii) Exposure duration and concentra-
tion levels. (A) Exposure duration.
Shortly before exposure, the animals
are weighed and then exposed to the
test target concentration in the des-
ignated apparatus for 4 hour exposure
period after equilibration of the cham-
ber concentrations. The target con-
centration is defined by an average of
5% for gases and vapors and 15% for
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particles and aerosols. The animals are
weighed again at the conclusion of the
exposure period to determine body
weight change. Other durations may be
needed to meet specific requirements.
Food must be withheld during expo-
sure. Water may also be withheld in
certain circumstances.

(B) Exposure concentration levels. At
least three concentration levels and a
vehicle control group, if required (see
paragraph (e)(3)(ii)(D)(2) of this sec-
tion), must be used. The concentration
levels should be spaced appropriately
to produce a concentration-response
curve and permit an estimation of the
median lethal concentration (LCsg).
The concentrations can either be lin-
early or logarithmically spaced de-
pending on the anticipated steepness of
the concentration-response curve. A ra-
tionale for concentration selection
should be provided to indicate that the
selected concentrations will maximally
support detection of concentration-re-
sponse relationship. The high con-
centration should be clearly toxic or a
limit concentration, but should not re-
sult in an incidence of fatalities that
would preclude a meaningful evalua-
tion of the data. The lowest concentra-
tion should define a no-observed-effects
level (NOEL). Range-finding studies
using single animals may help to esti-
mate the positioning of the test groups
so that no more than three concentra-
tion levels will be necessary.

(C) When the physical and chemical
properties of the test substance show a
low flash point or the test substance is
otherwise known or thought to be ex-
plosive, care must be taken to avoid
exposure level concentrations that
could result in an exposure chamber
explosion during the test.

(iv) Observation period. The observa-
tion period must be at least 14 days.
However, the duration of observation
should not be fixed rigidly. It should be
determined by the toxic reactions, rate
of onset, and length of recovery period,
and thus may be extended when consid-
ered necessary. The time at which
signs of toxicity appear, the duration
of the signs observed, and the time of
death must be recorded and are impor-
tant, especially if there is a tendency
for delayed effects.
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(v) Observation of animals. (A) A care-
ful clinical examination must be made
at least once each day.

(B) Additional observations should be
made daily with appropriate actions
taken to minimize loss of animals to
the study, e.g., necropsy or refrigera-
tion of those animals found dead and
isolation of weak or moribund animals.

(C) Observations must be detailed
and carefully recorded, preferably
using explicitly defined scales. Obser-
vations should include, but not be lim-
ited to, evaluation of skin and fur, eyes
and mucous membranes, respiratory
and circulatory effects, autonomic ef-
fects such as salivation, central nerv-
ous system effects, including tremors
and convulsions, changes in the level of
activity, gait and posture, reactivity to
handling or sensory stimuli, altered
strength, and stereotypies or bizarre
behavior (e.g., self mutilation, walking
backwards).

(D) Individual weights of animals
must be determined pre-exposure and
post-exposure, weekly after exposure,
and at death. Changes in weights
should be calculated and recorded when
survival exceeds 1 day.

(E) The time of death should be re-
corded as precisely as possible.

(vi) Gross pathology. (A) At the end of
the test, surviving animals must be
weighed, sacrificed and a gross ne-
cropsy must be performed on all ani-
mals under test, with particular ref-
erence to any changes in the res-
piratory tract. All gross pathology
changes must be recorded.

(1) The gross necropsy must include
examination of orifices and the cranial,
thoracic, and abdominal cavities, and
contents.

(2) At least the lungs, liver, kidneys,
adrenals, brain, and gonads should be
weighed wet, as soon as possible after
dissection to avoid drying.

(3) Optionally, the following organs
and tissues, or representative samples
thereof, may be preserved in a suitable
medium for possible future
histopathological examination: All
gross lesions; brain-including sections
of medulla/pons; cerebellar cortex and
cerebral cortex; pituitary; thyroid/
parathyroid; thymus; heart; sternum
with bone marrow; salivary glands;

334



Environmental Protection Agency

liver; spleen; kidneys; adrenals; pan-
creas; gonads; accessory genital organs
(epididymis, prostrate, and, if present,

seminal vesicles); aorta; skin; gall
bladder (if present); esophagus; stom-
ach; duodenum; jejunum; ileum;

cecum; colon; rectum; urinary bladder;
representative lymph nodes; thigh
musculature; peripheral nerve; spinal
cord at three levels  cervical,
midthoracic, and lumbar; and eyes.
Respiratory tract tissues should be per-
fusion preserved in a suitable medium.

(B) If necropsy cannot be performed
immediately after a dead animal is dis-
covered during the observation period,
the animal should be refrigerated (not
frozen) at temperatures low enough to
minimize autolysis. Necropsies should
be performed as soon as possible after
death (normally within 24 to 48 hours).

(vii) Additional evaluations. In ani-
mals surviving 24 hours or more, mi-
croscopic examination of organs show-
ing evidence of gross pathology should
be considered since it may yield useful
information on the nature of acute
toxic effects.

(f) Data and reporting—(1) Treatment
of results. Data must be summarized in
tabular form showing for each test
group the number of animals at the
start of the test, body weights, time of
death of individual animals at different
exposure levels, number of animals dis-
playing other signs of toxicity, descrip-
tion of toxic effects and necropsy find-
ings. The method used for calculation
of the LCso or any other parameters
must be specified and referenced. Some
acceptable methods for parameter esti-
mation are described in the references
described in paragraphs (g)(1), (9)(2),
and (g)(3) of this section.

(2) Evaluation of results. The LCso
value should be considered in conjunc-
tion with the observed toxic effects and
the necropsy findings. The evaluation
should include the relationship, if any,
between exposure of animals to the
test substance and the incidence and
severity of all abnormalities including
behavioral and clinical abnormalities,
gross lesions, body weight changes,
mortality, and other toxic effects.

(3) Test report. In addition to the re-
porting requirements specified under
EPA Good Laboratory Practice Stand-
ards at 40 CFR part 792, subpart J, the
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following specific information must be
reported. The test report shall include:

(i) Test conditions. (A) Description of
exposure apparatus including design,
type, dimensions.

(B) Source of air, system for gener-
ating the test article as particle, aer-
osol, gas, or vapor.

(C) Method for conditioning air,
equipment for measuring temperature,
humidity, particle size or particulate
aerosol concentration size, and actual
concentration.

(D) Treatment of exhaust air and the
method of housing the animals in a
test chamber when this is used.

(ii) Exposure data. The exposure data
must be tabulated and presented with
mean values and a measure of varia-
bility (e.g., standard deviation) and
should include:

(A) Chemical purity of the test mate-
rial.

(B) Airflow rates through the inhala-
tion equipment.

(C) Temperature and humidity of the
air.

(D) Nominal concentration (total
amount of test substance fed into the
inhalation equipment divided by vol-
ume of air).

(E) Actual
gravimetric) concentration in
breathing zone.

(F) Particle size distribution (cal-
culated MMAD and GSD) and the
bivariate distribution of fiber length
and diameter, where appropriate.

(G) Explanation as to why the desired
chamber concentration and/or particle
size could not be achieved (if applica-
ble), and the efforts taken to comply
with these aspects of this section.

(iii) Species, strain, sex, and source
of test animals.

(iv) Method of randomization in as-
signing animals to test and control
groups.

(v) Rationale for selection of species,
if other than that recommended.

(vi) Results. Tabulation of individual
and test group data by sex and expo-
sure concentration level (e.g., number
of animals exposed, number of animals
showing signs of toxicity and number
of animals that died or were sacrificed
during the test).

(analytical or
test
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(A) Description of toxic effects in-
cluding time of onset, duration, revers-
ibility, and relationship to the expo-
sure concentration levels.

(B) Pre-exposure and post-exposure
body weight change in animals, and
weight change during the observation
period.

(C) Time of dosing and time of death
during or following exposure.

(D) Concentration-response curves
for mortality and other toxic effects
(when permitted by the method of de-
termination).

(E) Gross pathology necropsy find-
ings in the test animals and vehicle
control animals, if included. Data must
be tabulated to show the counts and in-
cidence of gross alterations observed
for each group tested and the number
of animals affected by each type of le-
sion along with the location and fre-
quency of each type of lesion.

(F) Histopathology findings and any
additional evaluations (e.g., clinical
chemistry), if performed.

(vii) Description of any pretest condi-
tioning, including diet, quarantine and
treatment for disease.

(viii) Description of caging condi-
tions, including: number (or change in
number) of animals per cage, bedding
material, ambient temperature and hu-
midity, photoperiod, and identification
of diet of test animals.

(ixX) Manufacturer (source), lot num-
ber, and purity of test substance.

(x) ldentification and composition of
any vehicles (e.g., diluents, suspending
agents, and emulsifiers) or other mate-
rials , if used in administering the test
substance.

(xi) A list of references cited in the
body of the report. References to any
published literature used in developing
the test protocol, performing the test-
ing, making and interpreting observa-
tions, and compiling and evaluating
the results.

(g9) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., NW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.
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March 22, 1996.

(8) U. S. EPA. Interim Policy for Par-
ticle Size and Limit Concentration
Issues in Inhalation Toxicity Studies.
2/1/94. Health Effects Division, Office of
Pesticide Programs.

[65 FR 78776, Dec. 15, 2000]

§799.9135 TSCA acute inhalation tox-
icity with histopathology.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of the Toxic Substances Con-
trol Act (TSCA). In the assessment and
evaluation of the potential human
health effects of chemical substances,
it is appropriate to test for acute inha-
lation toxic effects. The goals of this
test are to characterize the exposure-
response relationship for sensitive
endpoints following acute exposure and
to characterize toxicologic response
following acute high exposures. The
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latter is of particular concern in rela-
tion to spills and other accidental re-
leases. This testing is designed to de-
termine the gross pathology and
histopathology resulting from acute in-
halation exposure to a substance. Be-
cause toxic effects on the respiratory
tract are of particular concern fol-
lowing inhalation exposure, several in-
dicators of respiratory toxicity con-
sisting of histopathology on fixed tis-
sue and evaluation of cellular and bio-
chemical parameters in
bronchoalveolar lavage fluid should be
employed. The respiratory
histopathology consists of specialized
techniques to preserve tissues of the
respiratory tract in order to allow de-
tailed microscopic examination to
identify adverse effects of chemical
substances on this organ system. The
bronchoalveolar lavage is designed to
be a rapid screening test to provide an
early indicator of pulmonary toxicity
by examining biochemical and
cytologic endpoints of material from
the lungs of animals exposed to poten-
tially toxic chemical substances. These
acute tests are designed to assess the
relationship, if any, between the ani-
mals’ exposure to the test substance
and to demonstrate relationship be-
tween the animals’ exposure and the
incidence and severity of observed ab-
normalities, including gross or
histopathologic lesions, body weight
changes, effects on mortality, and any
other toxic effects. These acute tests
are not intended to provide a complete
evaluation of the toxicologic effects of
a substance, and additional functional
and morphological evaluations may be
necessary to assess completely the po-
tential effects produced by a chemical
substance. Additional tests may in-
clude longer-term exposures, or more
in-depth evaluation of specific organ
systems as indicated by signs of tox-
icity following acute exposure.

(b) Source. This a new section devel-
oped by the United States Environ-
mental Protection Agency.

(c) Definitions. The following defini-
tions apply to this section.

Aerodynamic diameter (d,¢ refers to
the size of particles. It is the diameter
of a sphere of unit density that behaves
aerodynamically (has the same settling
velocity in air) as the particle of the
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test substance. It is used to compare
particles of different size, shape, and
density, and to predict where in the
respiratory tract such particles may be
primarily deposited.

Exposure response is the relationship
between the exposure concentration
and the measured toxic response,
whether expressed as a group mean
+standard deviation) in the case of a
continuous variable or as incidence in
the case of a quantal variable. This
definiton should not preclude the ex-
ploration of other dose metrics in es-
tablishing this relationship.

Geometric standard deviation (GSD) is
a dimensionless number equal to the
ratio between the mass median aero-
dynamic diameter (MMAD) and either
84% or 16% of the diameter size dis-
tribution (e.g., MMAD = 2 ym; 84% = 4
um; GSD = 4/2 = 2.0.) The MMAD, to-
gether with the GSD, describe the par-
ticle size distribution of an aerosol.
Use of the GSD may not be valid for
non-lognormally distributed aerosols.
(If the size distribution deviates from
the lognormal, it shall be noted).

Inhalability is the ratio of the number
concentration of particles of a certain
aerodynamic diameter, d,e that are in-
spired through the nose or mouth to
the number concentration of the same
dae present in the inspired volume of
ambient air. In humans, inhalability
can exceed 15 um dae Whereas
inhalability dramatically decreases for
particles above 4 um dae in small lab-
oratory animals.

Lower respiratory tract consists of
those structures of the respiratory
tract below the larynx.

Mass geometric mean aerodynamic di-
ameter or the mass median aerodynamic
diameter (MMAD) is the calculated aer-
odynamic diameter that divides the
particles of an aerosol (a gaseous sus-
pension of fine liquid or solid particles)
in half, based on the weight of the par-
ticles. By weight, 50% of the particles
will be larger than the MMAD and 50%
of the particles will be smaller than
the MMAD.

Particle regional deposition is the frac-
tion of inhaled particles that deposits
in the specific region of the respiratory
tract. The major mechanisms of par-
ticle deposition in the respiratory tract
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include impaction, sedimentation, dif-
fusion, interception, and electrostatic
precipitation. The deposition mecha-
nism that is dominant for a given re-
gion depends on the respiratory tract
architecture and ventilation rate of the
species and the aerosol particle size
and distribution. The respiratory tract
in both humans and various experi-
mental mammals can be divided into
three regions on the basis of structure,
size, and function:

(1) The extrathoracic region or upper
respiratory tract that includes the
nose, mouth, nasopharynx, oropharynx,
laryngopharynx, and larynx.

(2) The tracheobronchial region that
includes the trachea, bronchi, and
bronchioles (including the terminal
bronchioles).

(3) The alveolar region that includes
the respiratory bronchioles (if present
in the species), alveolar ducts, alveolar
sacs, and alveoli.

Respiratory effects are any adverse ef-
fects on the structure or functions of
the respiratory system related to expo-
sure to a chemical substance.

Target organ is any organ found to be
a target of toxicity in the 4-hour (hr)
high concentration group as a result of:

(1) The initial histopathologic exam-
ination (respiratory tract, liver, kid-
ney, gross lesions); or

(2) The retrospective histopathologic
examination of archived organs trig-
gered by their identification as targets
of toxicity in a 90-day study.

Toxic effects are any adverse changes
(a change that is statistically and bio-
logically significant) in the structure
or function of an experimental animal
as a result of exposure to a chemical
substance.

Upper respiratory tract consists of
those structures of the respiratory
tract above and including the larynx.

(d) Principle of the test method. The
test substance shall be administered to
several groups of experimental ani-
mals; one concentration level and dura-
tion being used per group.
Bronchoalveolar lavage shall be used to
evaluate early effects on the res-
piratory system by examining changes
in the content of the lavage fluid of the
lung. At 24 hrs following exposure, the
animals shall be sacrificed and
necropsied, and tissue samples from
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the respiratory tract and other major
organs will be prepared for microscopic
examination. The exposure levels at
which significant toxic effects on the
respiratory organ system are produced
are compared to those levels that
produce other toxic effects. As trig-
gered by the results of the 4-hr test, ad-
ditional exposure periods of 1 hr and 8
hrs will be required to determine the
effect of exposure time on the toxicity
observed. A 1-hr exposure study can be
elected as an option to provide data
suitable for risk assessment for very
short duration exposures as may occur
from chemical releases. In the absence
of adequate toxicological data for 1-hr
exposure, the Agency will extrapolate
to shorter-term exposures from the 4-
hr data on the basis of concentration
alone. This is a conservative method of
extrapolation, consistent with general
Agency methods for deriving criteria
for short-term exposure from longer-
term studies (a concentration x time
extrapolation would result in higher
concentration for a shorter duration).

(e) Test procedures—(1) Animal selec-
tion—(i) Species. In general, the labora-
tory rat and mouse should be used.
Under some circumstances, other spe-
cies, such as the hamster or guinea pig,
may be more appropriate, and if these
or other species are used, justification
should be provided.

(ii) Strain. If rats and mice are used,
the use of the F344 rat and the B6C3F1
mouse is preferred to facilitate com-
parison with existing data.

(iii) Age. Young adults shall be used.
The weight variation of animals used
in a test should not exceed +20% of the
mean weight for each species.

(iv) Sex. Equal numbers of animals of
each sex shall be used for each con-
centration level. The females shall be
nulliparous and nonpregnant.

(v) Health status. Body weight and
feed consumption are not sufficient in-
dicators of the health status of animals
prior to initiating an inhalation tox-
icity study. Prior to initiating the
study, animals shall be monitored for
known viral and bacterial respiratory
pathogens determined by conventional
microbiological assays (e.g., serology).
The animals shall be free from patho-
gens at the start of exposure.
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(2) Number of animals. At least five
males and five females shall be used in
each concentration/duration and con-
trol group. Animals shall be randomly
assigned to treatment and control
groups.

(3) Control groups. The control group
shall be a sham-treated group. Except
for treatment with the test substance,
animals in the control group shall be
handled in a manner identical to the
test-group animals. Where a vehicle is
used to help generate an appropriate
concentration of the substance in the
atmosphere, a vehicle control group
shall be used. If the 4- and 8-hr expo-
sure studies are conducted concur-
rently, a concurrent 8-hr sham-exposed
control group may serve as the control
group for both the 4-hr and the 8-hr ex-
posure studies, provided there is ade-
quate historical control data showing
no changes in histopathology or
bronchoalveolar lavage of controls ex-
posed for 4 and 8 hrs. Similarly, if the
optional 1-hr exposure study is con-
ducted concurrently with the 4- and/or
8-hr study, the concurrent control
group for those studies may also be
used for the 1-hr study, provided ade-
quate historical control data show no
changes in histopathology or
bronchoalveolar lavage between con-
trols exposed for these time periods.

(4) Concentration level and concentra-
tion selection. For the 4-hr study, at
least three concentrations shall be
used in addition to the control group.
Ideally, the data generated from the
test should be sufficient to produce an
exposure-response curve. The con-
centrations can either be linearly or
logarithmically spaced depending on
the anticipated steepness of the con-
centration-response curve. A rationale
for concentration selection should be
provided to indicate that the selected
concentrations will maximally support
detection of concentration-response re-
lationship. The high concentration
should be clearly toxic or a limit con-
centration, but should not result in an
incidence of fatalities that would pre-
clude a meaningful evaluation of the
data. The lowest concentration should
define a no-observed-adverse-effects
level (NOAEL).

(i) Limit concentration. For aerosols
and particles, the high concentrations
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need not be greater than 2 mg/L, or
concentrations that cannot maintain a
particle size distribution having an
MMAD between 1 and 4 pm (i.e., a par-
ticle size that permits inhalability and
deposition throughout the respiratory
tract). For fibers, the bivariate dis-
tribution of length and diameter must
ensure inhalability. For gases and va-
pors, the concentrations need not be
greater than 50,000 ppm or 50% of the
lower explosive limit, whichever is
lower. If a test at an aerosol or particu-
late exposure of 2 mg/L (actual con-
centration of respirable substance) for
4 hrs or, where this is not feasible, the
maximum attainable concentration,
using the procedures described for this
study, produces no observable toxic ef-
fects, then a full study using three con-
centrations will not be necessary.
Similarly, if a test at a gas or vapor ex-
posure of 50,000 ppm or 50% of the lower
explosive limit, whichever is lower,
produces no observable toxic effects,
then a full study using three con-
centrations will not be necessary.

(ii) 8-hr study and optional 1-hr study.
If the 8-hr study is triggered, three
concentrations shall be tested. These
concentrations should allow for the de-
termination of an effect level and a
NOAEL. If the option to perform a 1-hr
study is elected, three concentrations
shall be selected and tested in a similar
manner.

(5) Inhalation exposure. Animals can
be exposed to the substance by either a
nose-only procedure or in a whole-body
exposure chamber.

(i) Inhalation chambers. The animals
shall be tested in inhalation equipment
designed to sustain a dynamic airflow
for nose-only exposures of at least 300
ml/minute/animal or an airflow for
whole-body exposures of at least 12 to
15 air changes per hr and ensure an
adequate oxygen content of at least
19% and an evenly distributed exposure
atmosphere. Where a whole-body cham-
ber is used, its design shall minimize
crowding by providing individual cag-
ing. As a general rule, to ensure sta-
bility of a chamber atmosphere, the
total “‘volume’” of the test animals
should not exceed 5% of the volume of
the test chamber.
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(i) Environmental conditions. The
temperature at which the test is per-
formed shall be maintained at 22 °C ( £2
°C). ldeally, the relative humidity
should be maintained between 40% and
60%, but in certain instances (e.g.,
tests using water as a vehicle), this
may not be practical.

(iii) Exposure periodicity. For acute
testing, the exposure design shall en-
able 4 hrs of exposure to the target
concentrations, as defined by an aver-
age of #5% for gases and vapors and
+15% for particles and aerosols. If trig-
gered by the results of the 4-hr expo-
sure, additional testing shall be con-
ducted in a comparable manner using
an 8-hr exposure period.

(6) Physical measurements. Measure-
ments or monitoring shall be made of
the following:

(i) Chemical purity of the test mate-
rial shall be analyzed.

(ii) The rate of airflow shall be mon-
itored continuously, but shall be re-
corded at least every 30 minutes.

(iii) The actual concentrations of the
test substance shall be measured in the
breathing zone. During the exposure
period, the actual concentrations of
the test substance shall be held as con-
stant as practical, monitored continu-
ously or intermittently depending on
the method of analysis, and recorded at
least at the beginning, at an inter-
mediate time, and at the end of the ex-
posure period. Well-established and
published monitoring methods should
be used where available. If no standard
methods are available, then accuracy
and precision information must be sup-
plied.

(iv) During the development of the
generating system, appropriate par-
ticle size analysis shall be performed to
establish the stability of the aerosol.
During exposure, analysis should be
conducted as often as necessary to de-
termine the consistency of particle size
distribution. The particle size distribu-
tion shall have an MMAD between 1
and 4 pm. The particle size of hygro-
scopic materials shall be small enough
when dry to assure that the size of the
particle at saturation will still have an
MMAD between 1 and 4 uym. Character-
ization for fibers shall include the
bivariate distribution of length and di-
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ameter; this distribution must ensure
inhalability.

(v) If the test substance is present in
a mixture, the mass and composition of
the entire mixture, as well as the prin-
cipal compound, shall be measured.

(vi) Temperature and humidity shall
be monitored continuously, but shall
be recorded at least every 30 minutes.

(7) Food and water during exposure pe-
riod. Food shall be withheld during ex-
posure. Water may also be withheld in
certain cases.

®) Observation period. The
bronchoalveolar lavage and respiratory
pathology shall be conducted 24 hrs fol-
lowing exposure to allow expression of
signs of toxicity. There is concern that
some latency time will be required to
allow migration of cells and
macromolecules into the lungs fol-
lowing exposure, and that some pathol-
ogy may require macromolecular syn-
thesis or degradation before cell dam-
age develops.

(9) Gross pathology. (i) All animals
shall be subjected to a full gross ne-
cropsy which includes examination of
orifices and the cranial, thoracic, and
abdominal cavities and their contents.

(ii) At least the lungs, liver, kidneys,
adrenals, brain, and gonads shall be
weighed wet, as soon as possible after
dissection to avoid drying.

(iii) The following organs and tissues,
or representative samples thereof, shall
be preserved in a suitable medium for
possible future histopathological exam-
ination: All gross lesions; brain-includ-
ing sections of medulla/pons; cerebellar
cortex and cerebral cortex; pituitary;
thyroid/parathyroid; thymus; heart;
sternum with bone marrow; salivary
glands; liver; spleen; kidneys; adrenals;
pancreas; gonads; accessory genital or-
gans (epididymis, prostrate, and, if
present, seminal vesicles); aorta; skin;
gall bladder (if present); esophagus;
stomach; duodenum; jejunum; ileum;
cecum; colon; rectum; urinary bladder;
representative lymph nodes; thigh
musculature; peripheral nerve; spinal
cord at three levels cervical,
midthoracic, and lumbar; and eyes.
Respiratory tract tissues shall also be
preserved in a suitable medium.

(10) Histopathology. The following
histopathology shall be performed:

340



Environmental Protection Agency

(i) Full histopathology shall be per-
formed on the respiratory tract, liver
and kidney of all animals in the con-
trol and high concentration groups.
The histopathology of the respiratory
tract is described under paragraph
(e)(11) of this section.

(i) All gross lesions which differ
from controls in frequency, distribu-
tion, type, or severity in all concentra-
tion groups.

(iii) Target organs in all animals, as
indicated by the observations in the
high concentration group in this study.
Histopathologic examination of target
organs in animals at all concentration
levels (rather than only to the extent
necessary to define the NOAEL) can
support the application of exposure-re-
sponse analyses such as the benchmark
concentration approach.

(iv) Archived organs identified as tar-
gets of toxicity from results of the 90-
day study (if a 90-day study is required
for this substance) should be elevated
in high concentration animals of the 4-
hr acute study to determine if they are
also targets of acute toxicity.

(11) Respiratory tract histopathology.
(i) Representative sections of the res-
piratory tract shall be examined histo-
logically. These shall include the tra-
chea, major conducting airways, alve-
olar region, terminal and respiratory
bronchioles (if present), alveolar ducts
and sacs, and interstitial tissues.

(ii) Care shall be taken that the
method used to Kill the animal does
not result in damage to the tissues of
the upper or lower respiratory tract.
The lungs shall be infused with a fixa-
tive while in an inflated state of fixed
pressure.

(iii) The upper respiratory tract shall
be examined for histopathologic le-

sions. This examination shall use a
minimum of four sections located as
specified under paragraphs

(e)(11)(iii)(A) through (e)(11)(iii)(D) of
this section. An evaluation of the nasal
vestibule shall be conducted. The
method described by the reference
under paragraph (h)(11) of this section
should be given consideration. The use
of additional sections shall be left to
the discretion of the study pathologist,
but consideration should be given to
additional sections as recommended in
the reference under paragraph (h)(8) of
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this section to ensure adequate evalua-
tion of the entire upper respiratory
tract, particularly the nasopharyngeal
meatus. The following transverse sec-
tions shall be examined:

(A) Immediately posterior to the
upper incisor teeth.

(B) At the incisor papilla.

(C) At the second palatal ridge.

(D) At the level of the first upper
molar teeth.

(iv) The laryngeal mucosa shall be
examined for histopathologic changes.
Sections of the larynx to be examined
include the epithelium covering the
base of the epiglottis, the ventral
pouch, and the medial surfaces of the
vocal processes of the arytenoid car-
tilages.

(12) Bronchoalveolar lavage. (i) Ani-
mals can be exposed to the substance
by either a nose-only procedure or in a
whole-body exposure chamber.

(ii) Care should be taken that the
method used to Kkill the animal results
in minimum changes in the fluid of the
lungs of the test animals.

(iii) At the appropriate time, the test
animals shall be killed and the heart-
lung including trachea removed in
bloc. Alternatively, lungs can be
lavaged in situ. If the study will not be
compromised, one lobe of the lungs
may be used for lung lavage while the
other is fixed for histologic evaluation.
The lungs should be lavaged using
physiological saline. The lavages shall
consist of two washes, each of which
consists of approximately 80% (e.g., 5
ml in rats and 1 ml in mice) of the
total lung volume. Additional washes
merely tend to reduce the concentra-
tions of the material collected. The
lung lavage fluid shall be stored on ice
at 5 °C until assayed.

(iv) The following parameters shall
be determined in the lavage fluid as in-
dicators of cellular damage in the
lungs: total protein, cell count, and
percent leukocytes. In addition, a
phagocytosis assay shall be performed
to determine macrophage activity.
Assay methods described in the ref-
erences under paragraphs (h)(1) and
(h)(3) of this section may be used.

(13) Combined protocol. The tests de-
scribed may be combined with any
other toxicity study, as long as none of
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the requirements of either are violated
by the combination.

(f) Triggered testing. If no adverse ef-
fects are seen in the 4-hr study as com-
pared with controls, no further testing
is necessary. If the 4-hr study shows
positive effects in histopathology or
the bronchoalveolar lavage, an 8-hr
study shall be conducted. Only those
tissues showing positive results in the
4-hr study must be pursued in the fol-
low-up 8-hr study. Similarly, if the op-
tion to perform a 1-hr study is exer-
cised, only those tissues showing posi-
tive results in the 4-hr study shall be
pursued.

(g) Data reporting and evaluation. The
final test report shall include the fol-
lowing information:

(1) Description of equipment and test
methods. A description of the general
design of the experiment and any
equipment used shall be provided.

(i) Description of exposure apparatus,
including design, type, dimensions,
source of air, system for generating
particles, aerosols, gasses, and vapors,
method of conditioning air, treatment
of exhaust air, and the method of hous-
ing animals in a test chamber.

(ii) Description of the equipment for
measuring temperature, humidity, and
particulate aerosol concentration and
size.

(iii) Exposure data shall be tabulated
and presented with mean values and
measure of variability (e.g., standard
deviation) and should include:

(A) Chemical purity of the test mate-
rial.

(B) Airflow rates through the inhala-
tion equipment.

(C) Temperature and humidity of air.

(D) Nominal concentration (total
amount of test substance fed into the
inhalation equipment divided by the
volume of air).

(E) Actual
breathing zone.

(F) Particle size distribution (e.g.,
MMAD with GSD) and the bivariate
distribution of fiber length and diame-
ter, where appropriate.

(2) Results—(i) General group animal
data. The following information shall
be arranged by test group exposure
level.

(A) Number of animals exposed.

(B) Number of animals dying.

concentration in test
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(C) Number of animals showing overt
signs of toxicity.

(D) Pre- and post-exposure body
weight change in animals, and weight
change during the observation period.

(i) Counts and incidence of gross alter-
ations observed at necropsy in the test
and control groups. Data shall be tab-
ulated to show:

(A) The number of animals used in
each group and the number of animals
in which any gross lesions were found.

(B) The number of animals affected
by each different type of lesion, and
the locations and frequency of each
type of lesion.

(iii) Counts and incidence of general
histologic alterations in the test group.
Data shall be tabulated to show:

(A) The number of animals used in
each group and the number of animals
in which any histopathologic lesions
were found.

(B) The number of animals affected
by each different type of lesion, and
the locations, frequency, and average
grade of each type of lesion.

(iv) Counts and incidence of respiratory
histopathologic alterations by the test
group. Data shall be tabulated to show:

(A) The number of animals used in
each group and the number of animals
in which any histopathologic lesions
were found.

(B) The number of animals affected
by each different type of lesion, and
the locations, frequency, and average
grade of each type of lesion.

(v) Results of the bronchoalveolar la-
vage study. Data shall be tabulated to
show:

(A) The amount of administered la-
vage fluid and recovered lavage fluid
for each test animal.

(B) The magnitude of change of bio-
chemical and cytologic indices in la-
vage fluids at each test concentration
for each animal.

(C) Results shall be quantified as
amount of constituent/mL of lavage
fluid. This assumes that the amount of
lavage fluid recovered is a representa-
tive sample of the total lavage fluid.

(3) Evaluation of data. The findings
from this acute study should be evalu-
ated in the context of preceding and/or
concurrent toxicity studies and any
correlated functional findings. The
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evaluation shall include the relation-
ship between the concentrations of the
test substance and the presence or ab-
sence, incidence, and severity of any
effects. The evaluation should include
appropriate statistical analyses, for ex-
ample, parametric tests for continuous
data and non-parametric tests for the
remainder. Choice of analyses should
consider tests appropriate to the exper-
imental design, including repeated
measures. The report must include con-
centration-response curves for the
bronchoalveolar lavage and tables re-
porting observations at each con-
centration level for necropsy findings
and gross, general, and respiratory sys-
tem histopathology.

(h) Reference. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Burleson, G.R., Fuller, L.B,
Ménache, M.G., and Graham, J.A. Poly
(I): poly (C)-enhanced alveolar peri-
toneal macrophage phagocytosis:
Quantification by a new method uti-
lizing fluorescent beads. Proceedings of
the Society of Experimental Biology and
Medicine. 184:468-476 (1987).

(2) Gardner, D.E., Crapo, J.D., and
McClellan, R.O. (Eds.) Toxicology of the
Lung. (Raven Press, New York, 1993) pp.
i-xii, 1-30.

(3) Gilmour, G.1., and Selgrade, M.K.
A comparison of the pulmonary de-
fenses against streptococcal infection
in rats and mice following O3 exposure:
Differences in disease susceptibility
and neutrophil recruitment. Toxicology
and Applied Pharmacology. 123:211-218
(1993).

(4) Henderson, R.F., Benson, J.M.,
Hahn, F.F., Hobbs, C.H., Jones, R.K.,
Mauderly, J.L., McClellan, R.O., and
Pickrell, J.A. New approaches for the
evaluation of pulmonary toxicity:
Bronchoalveolar lavage fluid analysis.
Fundamental and Applied Toxicology.
5:451-458 (1985).

5) Henderson, R.F. Use of
bronchoalveolar lavage to detect lung
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(6) Henderson, R.F., Rebar, A.H.,
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Francis, Washington, DC, 1995) pp.i-
xxiv, 1-24, 441-470.

(8) Mery, S., Gross, E.A., Joyner,

D.R., Godo, M., and Morgan, K.T. Nasal
Diagrams: A Tool for Recording the
Distribution of Nasal Lesions in Rats
and Mice. Toxicologic Pathology. 22:353-
372 (1994).

(9) Phalen, R.F. (Ed) Methods in Inha-
lation Toxicology. (CRC Press, Boca
Raton, FL, 1997) pp. i-xii, 1-12.

(10) Renne, R.A., Gideon, K.M., Mil-
ler, R.A., Mellick, P.W., and Grumbein,
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§799.9305 TSCA Repeated dose 28-day
oral toxicity study in rodents.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet testing re-
quirements of the Toxic Substances
Control Act (TSCA) (15 U.S.C. 2601).

(2) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides
and Toxic Substances (OPPTS) har-
monized test guideline 870.3050 (July
2000, final guidelines). This source is
available at the address in paragraph
(h) of this section.

(b) Purpose. (1) In the assessment and
evaluation of the toxic characteristics
of a chemical, the determination of
oral toxicity using repeated doses may
be carried out after initial information
on toxicity has been obtained by acute
testing. This study provides informa-
tion on the possible health hazards
likely to arise from repeated exposure
over a relatively limited period of
time. The method comprises the basic
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repeated dose toxicity study that may
be used for chemicals on which a 90-
day study is not warranted (e.g., when
the production volume does not exceed
certain limits) or as a preliminary to a
long term study. The duration of expo-
sure should normally be 28 days al-
though a 14-day study may be appro-
priate in certain circumstances; jus-
tification for use of a 1l4-day exposure
period should be provided.

(2) This section places emphasis on
neurological effects as a specific end-
point, and the need for careful clinical
observations of the animals, so as to
obtain as much information as pos-
sible, is stressed. The method should
identify chemicals with neurotoxic po-
tential, which may warrant further in-
depth investigation of this aspect. In
addition, the method may give an indi-
cation of immunological effects and re-
productive organ toxicity.

(c) Definitions. The definitions in sec-
tion 3 of TSCA and in 40 CFR Part 792—
Good Laboratory Practice Standards
apply to this section. The following
definitions also apply to this section.

Dosage is a general term comprising
of dose, its frequency and the duration
of dosing.

Dose is the amount of test substance
administered. Dose is expressed as
weight (g, mg) or as weight of test sub-
stance per unit weight of test animal
(e.g., mg/kg), or as constant dietary
concentrations (parts per million
(ppm)).

No-observed-effects level (NOEL) is the
maximum dose used in a study which
produces no adverse effects. The NOEL
is usually expressed in terms of the
weight of a test substance given daily
per unit weight of test animals (milli-
grams per kilograms per day).

(d) Principle of the test. The test sub-
stance is orally administered daily in
graduated doses to several groups of
experimental animals, one dose level
per group for a period of 28 days. Dur-
ing the period of administration the
animals are observed closely, each day
for signs of toxicity. Animals which die
or are sacrificed during the test are
necropsied and at the conclusion of the
test surviving animals are sacrificed
and necropsied.

(e) Description of the method—(1) Selec-
tion of animal species. The preferred ro-
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dent species is the rat, although other
rodent species may be used. Commonly
used laboratory strains of young
healthy adult animals should be em-
ployed. The females should be nullipa-
rous and non-pregnant. Dosing should
begin as soon as possible after weaning
and, in any case, before the animals are
9 weeks old. At the commencement of
the study the weight variation of ani-
mals used should be minimal and not
exceed +20% of the mean weight of each
sex. Where a repeated dose oral study
is conducted as a preliminary to a long
term study, preferably animals from
the same strain and source should be
used in both studies.

(2) Housing and feeding conditions. The
temperature in the experimental ani-
mal room should be 22 °C (£3 °C). Al-
though the relative humidity should be
at least 30% and preferably not to ex-
ceed 70% other than during room clean-
ing, the aim should be 50-60%. Lighting
should be artificial, the sequence being
12 hours light, 12 hours dark. For feed-
ing, conventional laboratory diets may
be used with an unlimited supply of
drinking water. The choice of diet may
be influenced by the need to ensure a
suitable admixture of a test substance
when administered by this method.
Animals may be housed individually,
or be caged in small groups of the same
sex; for group caging, no more than
five animals should be housed per cage.

(3) Preparation of animals. Healthy
young adult animals must be randomly
assigned to the control and treatment
groups. Cages should be arranged in
such a way that possible effects due to
cage placement are minimized. The
animals are identified uniquely and
kept in their cages for at least 5 days
prior to the start of the study to allow
for acclimatization to the laboratory
conditions.

(4) Preparation of doses. (i) The test
compound must be administered by ga-
vage or via the diet or drinking water.
The method of oral administration is
dependent on the purpose of the study,
and the physical/chemical properties of
the test material.

(if) Where necessary, the test sub-
stance is dissolved or suspended in a
suitable vehicle. It is recommended
that, wherever possible, the use of an
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aqueous solution/suspension be consid-
ered first, followed by consideration of
a solution/emulsion in oil (e.g., corn
oil) and then by possible solution in
other vehicles. For vehicles other than
water the toxic characteristics of the
vehicle must be known. The stability
of the test substance in the vehicle
should be determined.

(f) Procedure—(1)Number and sex of
animals. At least 10 animals (five fe-
male and five male) should be used at
each dose level. If interim sacrifices
are planned, the number should be in-
creased by the number of animals
scheduled to be sacrificed before the
completion of the study. Consideration
should be given to an additional sat-
ellite group of 10 animals (five per sex)
in the control and in the top dose
group for observation of reversibility,
persistence, or delayed occurrence of
toxic effects, for at least 14 days post
treatment.

(2) Dosage. (i) Generally, at least
three test groups and a control group
should be used, but if from assessment
of other data, no effects would be ex-
pected at a dose of 1000 mg/kg body-
weight/per day, a limit test may be per-
formed. If there are no suitable data
available, a range finding study may be
performed to aid the determination of
the doses to be used. Except for treat-
ment with the test substance, animals
in the control group should be handled
in an identical manner to the test
group subjects. If a vehicle is used in
administering the test substance, the
control group should receive the vehi-
cle in the highest volume used.

(ii) Dose levels should be selected
taking into account any existing tox-
icity and (toxico-) kinetic data avail-
able for the test compound or related
materials. The highest dose level
should be chosen with the aim of induc-
ing toxic effects but not death or se-
vere suffering. Thereafter, a descending
sequence of dose levels should be se-
lected with a view to demonstrating
any dosage related response and NOEL
at the lowest dose level. Two to four
fold intervals are frequently optimal
for setting the descending dose levels
and addition of a fourth test group is
often preferable to using very large in-
tervals (e.g., more than a factor of 10)
between dosages.
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(3) Limit test. If a test at one dose
level of at least 1000 mg/kg body
weight/day or, for dietary or drinking
water administration, an equivalent
percentage in the diet, or drinking
water (based upon body weight deter-
minations), using the procedures de-
scribed for this study, produces no ob-
servable toxic effects and if toxicity
would not be expected based upon data
from structurally related compounds,
then a full study using three dose lev-
els may not be considered necessary.
The limit test applies except when
human exposure indicates the need for
a higher dose level to be used.

(4) Administration of doses. (i) The ani-
mals are dosed with the test substance
daily 7 days each week for a period of
28 days; use of a 5-day per week dosing
regime or a l4-day exposure period
needs to be justified. When the test
substance is administered by gavage,
this should be done in a single dose to
the animals using a stomach tube or a
suitable intubation cannula. The max-
imum volume of liquid that can be ad-
ministered at one time depends on the
size of the test animal. The volume
should not exceed 1ml/100g body
weight, except in the case of aqueous
solutions where 2ml/100g body weight
may be used. Except for irritating or
corrosive substances which will nor-
mally reveal exacerbated effects with
higher concentrations, variability in
test volume should be minimized by
adjusting the concentration to ensure a
constant volume at all dose levels.

(ii) For substances administered via
the diet or drinking water it is impor-
tant to ensure that the quantities of
the test substance involved do not
interfere with normal nutrition or
water balance. When the test substance
is administered in the diet either a
constant dietary concentration (parts
per million (ppm)) or a constant dose
level in terms of the animals’ body
weight may be used; the alternative
used must be specified. For a substance
administered by gavage, the dose
should be given at similar times each
day, and adjusted as necessary to
maintain a constant dose level in
terms of animal body weight. Where a
repeated dose study is used as a pre-
liminary to a long term study, a simi-
lar diet should be used in both studies.
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(5) Observations. (i) The observation
period should be 28 days, unless the
study duration is 14 days (see para-
graph (b)(1) of this section). Animals in
a satellite group scheduled for follow-
up observations should be kept for at
least a further 14 days without treat-
ment to detect delayed occurrence, or
persistence of, or recovery from toxic
effects.

(i) General clinical observations
should be made at least once a day,
preferably at the same time(s) each
day and considering the peak period of
anticipated effects after dosing. The
health condition of the animals should
be recorded. At least twice daily, all
animals are observed for morbidity and
mortality.

(iii) Once before the first exposure (to
allow for within-subject comparisons),
and at least once a week thereafter, de-
tailed clinical observations should be
made in all animals. These observa-
tions should be made outside the home
cage in a standard arena and preferably
at the same time, each time. They
should be carefully recorded, pref-
erably using scoring systems, explic-
itly defined by the testing laboratory.
Effort should be made to ensure that
variations in the test conditions are
minimal and that observations are
preferably conducted by observers un-
aware of the treatment. Signs noted
should include, but not be limited to,
changes in skin, fur, eyes, mucous
membranes, occurrence of secretions
and excretions and autonomic activity
(e.g., lacrimation, piloerection, pupil
size, unusual respiratory pattern).
Changes in gait, posture and response
to handling as well as the presence of
clonic or tonic movements,
stereotypies (e.g., excessive grooming,
repetitive circling) or bizarre behav-
iour (e.g., self-mutilation, walking
backwards) should also be recorded.

(iv) In the fourth exposure week sen-
sory reactivity to stimuli of different
types (see paragraph (h)(2) of this sec-
tion) (e.g., auditory, visual and
proprioceptive stimuli), assessment of
grip strength and motor activity as-
sessment should be conducted. Further
details of the procedures that could be
followed are given in the respective ref-
erences. However, alternative proce-
dures than those referenced could also
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be used. Examples of procedures for ob-
servation are described in the ref-
erences in paragraphs (h)(1), (h)(2),
(h)(3), (h)(4), and (h)(5) of this section.

(v) Functional observations con-
ducted in the fourth exposure week
may be omitted when the study is con-
ducted as a preliminary study to a sub-
sequent subchronic (90-day) study. In
that case, the functional observations
should be included in this follow-up
study. On the other hand, the avail-
ability of data on functional observa-
tions from the repeated dose study may
enhance the ability to select dose lev-
els for a subsequent subchronic study.

(vi) Exceptionally, functional obser-
vations may also be omitted for groups
that otherwise reveal signs of toxicity
to an extent that would significantly
interfere with the functional test per-
formance.

(6) Body weight and food/water con-
sumption. All animals should be
weighed at least once a week. Measure-
ments of food consumption should be
made at least weekly. If the test sub-
stance is administered via the drinking
water, water consumption should also
be measured at least weekly.

(7) Hematology. (i) The following
hematological examinations should be
made at the end of the test period:
hematocrit, hemoglobin concentration,
erythrocyte count, total and differen-
tial leukocyte count, platelet count
and a measure of blood clotting time/
potential.

(ii) Blood samples should be taken
from a named site just prior to or as
part of the procedure for sacrificing the
animals, and stored under appropriate
conditions.

(8) Clinical Biochemistry. (i) Clinical
biochemistry determinations to inves-
tigate major toxic effects in tissues
and, specifically, effects on kidney and
liver, should be performed on blood
samples obtained of all animals just
prior to or as part of the procedure for
sacrificing the animals (apart from
those found moribund and/or intercur-
rently sacrificed). Overnight fasting of
the animals prior to blood sampling is
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recommended.! Investigations of plas-
ma or serum shall include sodium, po-
tassium, glucose, total cholesterol,
urea, creatinine, total protein and al-
bumin, at least two enzymes indicative
of hepatocellular effects (such as ala-

nine aminotransferase, aspartate
aminotransferase, alkaline phos-
phatase, gamma glutamyl

transpeptidase, and sorbitol dehydro-
genase). Measurements of additional
enzymes (of hepatic or other origin)
and bile acids may provide useful infor-
mation under certain circumstances.

(ii) Optionally, the following urinal-
ysis determinations could be performed
during the last week of the study using
timed urine volume collection; appear-
ance, volume, osmolality or specific
gravity, pH, protein, glucose and blood
and blood cells.

(iii) In addition, studies to inves-
tigate serum markers of general tissue
damage should be considered. Other de-
terminations that should be carried
out if the known properties of the test
substance may, or are suspected to, af-
fect related metabolic profiles include
calcium, phosphate, fasting
triglycerides, specific hormones,
methemoglobin and cholinesterase.
These must to be identified for chemi-
cals in certain classes or on a case-by-
case basis.

(iv) Overall, there is a need for a
flexible approach, depending on the
species and the observed and/or ex-
pected effect with a given compound.

(v) If historical baseline data are in-

adequate, consideration should be
given to determination of
hematological and clinical bio-

chemistry variables before dosing com-
mences.

1 For a number of measurements in serum
and plasma, most notably for glucose, over-
night fasting would be preferable. The major
reason for this preference is that the in-
creased variability which would inevitably
result from non-fasting, would tend to mask
more subtle effects and make interpretation
difficult. On the other hand, however, over-
night fasting may interfere with the general
metabolism of the animals and, particularly
in feeding studies, may disturb the daily ex-
posure to the test substance. If overnight
fasting is adopted, clinical biochemical de-
terminations should be performed after the
conduct of functional observations in week 4
of the study.
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(9) Pathology—(i)Gross necropsy. (A)
All animals in the study must be sub-
jected to a full, detailed gross necropsy
which includes careful examination of
the external surface of the body, all
orifices, and the cranial, thoracic and
abdominal cavities and their contents.
The liver, kidneys, adrenals, testes,
epididymides, thymus, spleen, brain
and heart of all animals (apart from
those found moribund and/or intercur-
rently sacrificed) should be trimmed of
any adherent tissue, as appropriate,
and their wet weight taken as soon as
possible after dissection to avoid dry-
ing.

(B) The following tissues should be
preserved in the most appropriate fixa-
tion medium for both the type of tissue
and the intended subsequent
histopathological examination: all
gross lesions, brain (representative re-
gions including cerebrum, cerebellum
and pons), spinal cord, stomach, small
and large intestines (including Peyer’s
patches), liver, Kkidneys, adrenals,
spleen, heart, thymus, thyroid, trachea
and lungs (preserved by inflation with
fixative and then immersion), ovaries,
uterus, testes, epididymides, accessory
sex organs (e.g., prostate, seminal vesi-
cles), urinary bladder, lymph nodes
(preferably one lymph node covering
the route of administration and an-
other one distant from the route of ad-
ministration to cover systemic effects),
peripheral nerve (sciatic or tibial) pref-
erably in close proximity to the mus-
cle, and a section of bone marrow (or,
alternatively, a fresh mounted bone
marrow aspirate). The clinical and
other findings may suggest the need to
examine additional tissues. Also any
organs considered likely to be target
organs based on the known properties
of the test substance should be pre-
served.

(ii) Histopathology. (A) Full
histopathology should be carried out
on the preserved organs and tissues of
all animals in the control and high
dose groups. These examinations
should be extended to animals of all
other dosage groups, if treatment-re-
lated changes are observed in the high
dose group.

(B) AIll gross lesions must be exam-
ined.
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(C) When a satellite group is used,
histopathology should be performed on
tissues and organs identified as show-
ing effects in the treated groups.

(g) Data and reporting—(1) Data. (i)
Individual data should be provided. Ad-
ditionally, all data should be summa-
rized in tabular form showing for each
test group the number of animals at
the start of the test, the number of ani-
mals found dead during the test or sac-
rificed for humane reasons and the
time of any death or humane sacrifice,
the number showing signs of toxicity, a
description of the signs of toxicity ob-
served, including time of onset, dura-
tion, and severity of any toxic effects,
the number of animals showing lesions,
the type of lesions and the percentage
of animals displaying each type of le-
sion.

(ii) When possible, numerical results
should be evaluated by an appropriate
and generally acceptable statistical
method. The statistical methods
should be selected during the design of
the study.

(2) Test report. The test report must
include the following information:

(i) Test substance:

(A) Physical nature, purity and phys-
icochemical properties.

(B) Identification data.

(if) Vehicle (if appropriate): Jus-
tification for choice of vehicle, if other
than water.

(iii) Test animals:

(A) Species/strain used.

(B) Number, age and sex of animals.

(C) Source, housing conditions, diet,
etc.

(D) Individual weights of animals at
the start of the test.

(iv) Test conditions:

(A) Rationale for dose level selection.

(B) Details of test substance formula-
tion/diet preparation, achieved con-
centration, stability and homogeneity
of the preparation.

(C) Details of the administration of
the test substance.

(D) Conversion from diet/drinking
water test substance concentration
(parts per million (ppm)) to the actual
dose (mg/kg body weight/day), if appli-
cable.

(E) Details of food and water quality.

(v) Results:
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A)

changes.

(B) Food consumption,
consumption, if applicable.

(C) Toxic response data by sex and
dose level, including signs of toxicity.

(D) Nature, severity and duration of
clinical observations (whether revers-
ible or not).

(E) Sensory activity, grip strength
and motor activity assessments.

(F) Hematological tests with relevant
base-line values.

(G) Clinical biochemistry tests with
relevant base-line values.

(H) Body weight at sacrificing and
organ weight data.

(1) Necropsy findings.

(J) A detailed description of all
histopathological findings.

(K) Absorption data if available.

(L) Statistical treatment of results,
where appropriate.

(vi) Discussion of results.

(vii) Conclusions.

(h) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Tupper, D.E., Wallace, R.B. (1980).
Utility of the Neurologic Examination
in Rats. Acta Neurobiological Exposure,
40:999-1003.

(2) Gad, S.C. (1982). A Neuromuscular
Screen for Use in Industrial Toxi-
cology. Journal of Toxicology and Envi-
ronmental Health, 9:691-704.

(3) Moser, V.C., McDaniel, K.M., Phil-
lips, P.M. (1991). Rat Strain and Stock
Comparisons Using a Functional Obser-
vational Battery: Baseline Values and
Effects of Amitraz. Toxicology and Ap-
plied Pharmacology, 108:267-283.

(4) Meyer O.A., Tilson H.A., Byrd
W.C., Riley M.T. (1979). A Method
forthe Routine Assessment of Fore-
and Hindlimb Grip Strength of Rats
and Mice. Neurobehavioral Toxicology,
1:233-236.

(5) Crofton K.M., Howard J.L., Moser
V.C., Gill M.\W., Reiter L.W., Tilson

Body weight/body  weight

and water
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H.A., MacPhail R.C. (1991). Interlabora-
tory Comparison of Motor Activity Ex-
periments: Implication for
Neurotoxicological Assessments.
Neurotoxicology and Teratology, 13:599-
6009.

[65 FR 78780, Dec. 15, 2000]

§799.9310 TSCA 90-day oral toxicity in
rodents.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of the Toxic Substances Con-
trol Act (TSCA). In the assessment and
evaluation of the toxic characteristics
of a chemical, the determination of
subchronic oral toxicity may be carried
out after initial information on tox-
icity has been obtained by acute test-
ing. The subchronic oral study has
been designed to permit the determina-
tion of the no-observed-effects level
(NOEL) and toxic effects associated
with continuous or repeated exposure
to a test substance for a period of 90
days. This study is not capable of de-
termining those effects that have a
long latency period for development
(e.g., carcinogenicity and life short-
ening). Extrapolation from the results
of this study to humans is valid only to
a limited degree. However, it can use-
ful in providing information on health
hazards likely to arise from repeated
exposure by the oral route over a lim-
ited period of time, such as target or-
gans, the possibilities of accumulation,
and can be of use in selecting dose lev-
els for chronic studies and for estab-
lishing safety criteria for human expo-
sure.

(b) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides,
and Toxic Substances (OPPTS) har-
monized test guideline 870.3100 (August
1998, final guideline). This source is
available at the address in paragraph
(h) of this section.

(c) Definitions. The following defini-
tions apply to this section.

Cumulative toxicity is the adverse ef-
fects of repeated doses occurring as a
result of prolonged action on, or in-
creased concentration of, the adminis-
tered test substance or its metabolites
in susceptible tissue.

Dose in a subchronic oral study is the
amount of test substance administered
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daily via the oral route (gavage, drink-
ing water or diet) for a period of 90
days. Dose is expressed as weight of the
test substance (grams, milligrams) per
unit body weight of test animal (milli-
gram per kilogram) or as weight of the
test substance in parts per million in
food or drinking water per day.

No-observed-effects level (NOEL) is the
maximum dose used in a study which
produces no adverse effects. The NOEL
is usually expressed in terms of the
weight of a test substance given daily
per unit weight of test animal (milli-
grams per kilogram per day).

Subchronic oral toxicity is the adverse
effects occurring as a result of the re-
peated daily exposure of experimental
animals to a chemical by the oral route
for a part (approximately 10%) of the
test animal’s life span.

Target organ is any organ of a test
animal showing evidence of an effect
induced by a test substance.

(d) Limit test. If a test at one dose
level of at least 1,000 mg/kg body
weight (expected human exposure may
indicate the need for a higher dose
level), using the procedures described
for this study, produces no observable
toxic effects or if toxic effects would
not be expected based upon data of
structurally related compounds, then a
full study using three dose levels might
not be necessary.

(e) Test procedures—(1) Animal selec-
tion—(i) Species and strain. A variety of
rodent species may be used, although
the rat is the preferred species. Com-
monly used laboratory strains must be
employed.

(i) Age/weight. (A) Testing should be
started with young healthy animals as
soon as possible after weaning and ac-
climatization.

(B) Dosing of rodents should gen-
erally begin no later than 8-9 weeks of
age.

(C) At the commencement of the
study the weight variation of animals
used must be within 20% of the mean
weight for each sex.

(iii) Sex. Equal numbers of animals of
each sex must be used at each dose
level, and the females shall be nullipa-
rous and nonpregnant.

(iv) Numbers. (A) At least 20 rodents
(10 males and 10 females) at each dose
level.
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(B) If interim sacrifices are planned,
the number must be increased by the
number of animals scheduled to be sac-
rificed before the completion of the
study.

(C) To avoid bias, the use of adequate
randomization procedures for the prop-
er allocation of animals to test and
control groups is required.

(D) Each animal must be assigned a
unique identification number. Dead
animals, their preserved organs and
tissues, and microscopic slides must be
identified by reference to the animal’s
unique number.

(v) Husbandry. (A) Animals may be
group-caged by sex, but the number of
animals per cage must not interfere
with clear observation of each animal.
The biological properties of the test
substance or toxic effects (e.g., mor-
bidity, excitability) may indicate a
need for individual caging.

(B) The temperature of the experi-
mental animal rooms should be at 22 +3
°C.

(C) The relative humidity of the ex-
perimental animal rooms should be 50
+20%.

(D) Where lighting is artificial, the
sequence should be 12 hours light/12
hours dark.

(E) Control and test animals must be
fed from the same batch and lot. The
feed should be analyzed to assure ade-
quacy of nutritional requirements of
the species tested and for impurities
that might influence the outcome of
the test. For feeding, conventional lab-
oratory diets may be used with an un-
limited supply of drinking water.

(F) The study should not be initiated
until animals have been allowed a pe-
riod of acclimatization/quarantine to
environmental conditions, nor should
animals from outside sources be placed
on test without an adequate period of
quarantine. An acclimation period of
at least five days is recommended.

(2) Control and test substances. (i)
Where necessary, the test substance is
dissolved or suspended in a suitable ve-
hicle. If a vehicle or diluent is needed,
the vehicle should not elicit toxic ef-
fects or substantially alter the chem-
ical or toxicological properties of the
test substance. It is recommended that
wherever possible the usage of an aque-
ous solution be considered first, fol-

40 CFR Ch. | (7-1-07 Edition)

lowed by consideration of a solution in
oil and then solution in other vehicles.

(ii) If possible, one lot of the test sub-
stance tested should be used through-
out the duration of the study and the
research sample should be stored under
conditions that maintain its purity and
stability. Prior to the initiation of the
study, there should be a characteriza-
tion of the test substance, including
the purity of the test compound and, if
technically feasible, the names and
quantities of contaminants and impuri-
ties.

(iii) If the test or control substance is
to be incorporated into feed or another
vehicle, the period during which the
test substance is stable in such a mix-
ture should be determined prior to the
initiation of the study. Its homo-
geneity and concentration should be
determined prior to the initiation of
the study and periodically during the
study. Statistically randomized sam-
ples of the mixture should be analyzed
to ensure that proper mixing, formula-
tion, and storage procedures are being
followed, and that the appropriate con-
centration of the test or control sub-
stance is contained in the mixture.

(3) Control groups. A concurrent con-
trol group is required. This group must
be an untreated or sham-treated con-
trol group or, if a vehicle is used in ad-
ministering the test substance, a vehi-
cle control group. If the toxic prop-
erties of the vehicle are not known or
cannot be made available, both un-
treated and vehicle control groups are
required.

(4) Satellite group. A satellite group of
20 animals (10 animals per sex) may be
treated with the high dose level for 90
days and observed for reversibility,
persistence, or delayed occurrence of
toxic effects for a post-treatment pe-
riod of appropriate length, normally
not less than 28 days. In addition, a
control group of 20 animals (10 animals
of each sex) should be added to the sat-
ellite study.

(5) Dose levels and dose selection. (i) In
subchronic toxicity tests, it is desir-
able to determine a dose-response rela-
tionship as well as a NOEL. Therefore,
at least three dose levels plus a control
and, where appropriate, a vehicle con-
trol (corresponding to the concentra-
tion of vehicle at the highest dose
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level) must be used. Doses should be
spaced appropriately to produce test
groups with a range of toxic effects.
The data should be sufficient to
produce a dose-response curve.

(ii) The highest dose level should re-
sult in toxic effects but not produce an
incidence of fatalities which would pre-
vent a meaningful evaluation.

(iii) The intermediate dose levels
should be spaced to produce a grada-
tion of toxic effects.

(iv) The lowest dose level
produce no evidence of toxicity.

(6) Administration of the test substance.
(i) If the test substance is administered
by gavage, the animals are dosed with
the test substance on a 7-day per week
basis for a period of at least 90 days.
However, based primarily on practical
considerations, dosing by gavage on a
5-day per week basis is acceptable. If
the test substance is administered in
the drinking water, or mixed in the
diet, then exposure should be on a 7-
day per week basis.

(ii) All animals must be dosed by the
same method during the entire experi-
mental period.

(iii) For substances of low toxicity, it
is important to ensure that when ad-
ministered in the diet the quantities of
the test substance involved do not
interfere with normal nutrition. When
the test substance is administered in
the diet, either a constant dietary con-
centration (parts per million) or a con-
stant dose level in terms of body
weight should be used; the alternative
used should be specified.

(iv) For a substance administered by
gavage, the dose should be given at ap-
proximately the same time each day,
and adjusted at intervals (weekly or bi-
weekly) to maintain a constant dose
level in terms of body weight.

(7) Observation period. (i) The animals
must be observed for a period of 90
days.

(ii) Animals in the satellite group (if
used) scheduled for follow-up observa-
tions should be kept for at least 28 days
further without treatment to detect re-
covery from, or persistence of, toxic ef-
fects.

(8) Observation of animals. (i) Observa-
tions must be made at least twice each
day for morbidity and mortality. Ap-
propriate actions should be taken to

should
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minimize loss of animals to the study
(e.g., necropsy or refrigeration of those
animals found dead and isolation or
sacrifice of weak or moribund ani-
mals). General clinical observations
should be made at least once a day,
preferably at the same time each day,
taking into consideration the peak pe-
riod of anticipated effects after dosing.
The clinical condition of the animal
should be recorded.

(i) A careful clinical examination
must be made at least once weekly. Ob-
servations should be detailed and care-
fully recorded, preferably  using
explicity defined scales. Observations
should include, but not be limited to,
evaluation of skin and fur, eyes and
mucous membranes, respiratory and
circulatory effects, autonomic effects
such as salivation, central nervous sys-
tem effects, including tremors and con-
vulsions, changes in the level of activ-
ity, gait and posture, reactivity to han-
dling or sensory stimuli, altered
strength, and stereotypes or bizarre be-
havior (e.g., self-mutilation, walking
backwards).

(iii) Signs of toxicity should be re-
corded as they are observed including
the time of onset, degree and duration.

(iv) Measurements of food consump-
tion and water consumption, if drink-
ing water is the exposure route, must
be made weekly.

(v) Individual weights of animals
must be determined shortly before the
test substance is administered, weekly
thereafter, and at death.

(vi) Moribund animals should be re-
moved and sacrificed when noticed and
the time of death should be recorded as
precisely as possible.

(vii) At termination, all survivors in
the treatment and control groups must
be sacrificed.

(9) Clinical pathology. Hematology
and clinical chemistry examinations
must be made on all animals, including
controls, of each sex in each group. The
hematology and clinical chemistry pa-
rameters should be examined at ter-
minal sacrifice at the end of the study.
Overnight fasting of the animals prior
to blood sampling is recommended.
Overall, there is a need for a flexible
approach in the measures examined,
depending on the observed or expected
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effects from a chemical, and in the fre-
quency of measures, depending on the
duration of potential chemical expo-
sures.

(i) Hematology. The recommended pa-
rameters are red blood cell count, he-
moglobin concentration, hematocrit,
mean corpuscular volume, mean cor-
puscular hemoglobin, and mean corpus-
cular hemoglobin concentration, white
blood cell count, differential leukocyte
count, platelet count, and a measure of
clotting potential, such as prothrombin
time or activated partial thrombo-
plastin time.

(ii) Clinical chemistry. (A) Parameters
which are considered appropriate to all
studies are electrolyte balance, carbo-
hydrate metabolism, and liver and kid-
ney function. The selection of specific
tests will be influenced by observations
on the mode of action of the substance
and signs of clinical toxicity.

(B) The recommended clinical chem-
istry determinations are potassium, so-
dium, glucose, total cholesterol, urea
nitrogen, creatinine, total protein and
albumin. More than 2 hepatic enzymes,
(such as alanine aminotransferase,
aspartate aminotransferase, alkaline
phosphatase, sorbitol dehydrogenase,
or gamma glutamyl transpeptidase)
should also be measured. Measure-
ments of addtional enzymes (of hepatic
or other origin) and bile acids, may
also be useful.

(C) If a test chemical has an effect on
the hematopoietic system, reticulocyte
counts and bone marrow cytology may
be indicated.

(D) Other determinations that should
be carried out if the test chemical is
known or suspected of affecting related
measures include calcium, phosphorus,
fasting triglycerides, hormones,
methemoglobin, and cholinesterases.

(iii) Optionally, the following urinal-
ysis determinations could be performed
during the last week of the study using
timed urine volume collection: appear-
ance, volume, osmolality or specific
gravity, pH, protein, glucose and blood/
blood cells.

(10) Ophthalmological examination.
Ophthalmological examinations using
an ophthalmoscope or an equivalent
device must be made on all animals
prior to the administration of the test
substance and on all high dose and con-
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trol groups at termination. If changes
in the eyes are detected, all animals in
the other dose groups must be exam-
ined.

(11) Gross necropsy. (i) All animals
must be subjected to a full gross ne-
cropsy which includes examination of
the external surface of the body, all
orifices, and the cranial, thoracic and
abdominal cavities and their contents.

(ii) The liver, kidneys, adrenals, tes-
tes, epididymides, ovaries, uterus, thy-
mus, spleen, brain, and heart must be
trimmed and weighed wet, as soon as
possible after dissection.

(iii) The following organs and tissues,
or representative samples thereof,
should be preserved in a suitable me-

dium for possible future
histopathological examination:
(A) Digestive system—salivary

glands, esophagus, stomach, duodenum,
jejunum, ileum, cecum, colon, rectum,
liver, pancreas, gallbladder (when
present).

(B) Nervous system—brain (including
sections of medulla/pons, cerebellum
and cerebrum), pituitary, peripheral
nerve (sciatic or tibial, preferably in
close proximity to the muscle), spinal
cord (three levels: cervical, mid-tho-
racic and lumbar), eyes (retina, optic
nerve).

©) Glandular
parathyroid, thyroid.

(D) Respiratory system—trachea,
lungs, pharynx, larynx, nose.

(E) Cardiovascular/hemopoietic sys-
tem—aorta, heart, bone marrow (and/or
fresh aspirate), lymph nodes (pref-
erably one lymph node covering the
route of administration and another
one distant from the route of adminis-
tration to cover systemic effects),
spleen, thymus.

(F) Urogenital system—Kkidneys, uri-
nary bladder, prostate, testes,
epididymides, seminal vesicle(s), uter-
us, ovaries, female mammary gland.

(G) Others—all gross lesions and
masses, skin.

(12) Histopathology. (i) The following
histopathology must be performed:

(A) Full histopathology on the or-
gans and tissues, listed in paragraph
(e)(11)(iii) of this section, of all rodents
in the control and high dose groups,
and all rodents that died or were sac-
rificed during the study.

system—adrenals,

352



Environmental Protection Agency

(B) All gross lesions in all animals.

(C) Target tissues in all animals.

(D) When a satellite group is used,
histopathology should be performed on
tissues and organs identified as show-
ing effects in the treated groups.

(ii) If excessive early deaths or other
problems occur in the high dose group
compromising the significance of the
data, the next dose level should be ex-
amined for complete histopathology.

(iii) An attempt should be made to
correlate gross observations with mi-
croscopic findings.

(iv) Tissues and organs designated for
microscopic examination should be
fixed in 10% buffered formalin or a rec-
ognized suitable fixative as soon as ne-
cropsy is performed and no less than 48
hours prior to trimming.

(f) Data and reporting—(1) Treatment
of results. (i) Data must be summarized
in tabular form, showing for each test
group the number of animals at the
start of the test, the number of ani-
mals showing lesions, the types of le-
sions and the percentage of animals
displaying each type of lesion.

(ii) When applicable, all observed re-
sults, qualitative and quantitative,
should be evaluated by an appropriate
and generally accepted statistical
method. Any generally accepted statis-
tical methods may be used; the statis-
tical methods, including significance
criteria, should be selected during the
design of the study.

(2) Evaluation of study results. The
findings of a subchronic oral toxicity
study should be evaluated in conjunc-
tion with the findings of preceding
studies and considered in terms of the
toxic effects and the necropsy and
histopathological findings. The evalua-
tion must include the relationship be-
tween the dose of the test substance
and the presence or absence, the inci-
dence and severity, of abnormalities,
including behavioral and clinical ab-
normalities, gross lesions, identified
target organs, body weight changes, ef-
fects on mortality and any other gen-
eral or specific toxic effects. A properly
conducted subchronic test should pro-
vide a satisfactory estimation of a
NOEL. It also can indicate the need for
an additional longer-term study and
provide information on the selection of
dose levels.
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(3) Test report. In addition to report-
ing requirements specified under EPA
Good Laboratory Practice Standards at
40 CFR part 792, subpart J, the fol-
lowing specific information must be re-
ported:

(i) Test substance characterization
should include:

(A) Chemical identification.

(B) Lot or batch number.

(C) Physical properties.

(D) Purity/impurities.

(ii) Identification and composition of
any vehicle used.

(iii) Test system should contain data
on:

(A) Species and strain of animals
used and rationale for selection if other
than that recommended.

(B) Age including body weight data
and sex.

(C) Test environment including cage
conditions, ambient temperature, hu-
midity, and light/dark periods.

(D) Identification of animal diet.

(E) Acclimation period.

(iv) Test procedure should
the following data:

(A) Method of randomization used.

(B) Full description of experimental
design and procedure.

(C) Dose regimen
methods, and volume.

(v) Test results should include:

(A) Group animal data. Tabulation of
toxic response data by species, strain,
sex and exposure level for:

(1) Number of animals exposed.

(2) Number of animals showing signs
of toxicity.

(3) Number of animals dying.

(B) Individual animal data. Data
should be presented as summary (group
mean) as well as for individual ani-
mals.

(1) Date of death during the study or
whether animals survived to termi-
nation.

(2) Date of observation of each abnor-
mal sign and its subsequent course.

(3) Body weight data.

(4) Feed and water (if collected) con-
sumption data.

(5) Achieved dose (mg/kg/day) as a
time-weighted average if the test sub-
stance is administered in the diet or
drinking water.

(6) Results of ophthalmological ex-
amination.

include
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(7) Results of hematological tests
performed.

(8) Results of clinical chemistry tests
performed.

(9) Results of urinalysis, if per-
formed.

(10) Necropsy findings, including ab-
solute and relative (to body weight)
organ weight data.

(11) Detailed description of all
histopathological findings.

(12) Statistical treatment of results,
where appropriate.

(g9) Quality control. A system must be
developed and maintained to assure
and document adequate performance of
laboratory equipment. The study must
be conducted in compliance with 40
CFR Part 792—Good Laboratory Prac-
tice Standards.

(h) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., NW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Boyd, E.M. Chapter 14. Pilot Stud-
ies, 15. Uniposal Clinical Parameters,
16. Uniposal Autopsy Parameters. Pre-
dictive Toxicometrics. Williams and
Wilkins, Baltimore (1972).

(2) Fitzhugh, O.G. Subacute Toxicity,
Appraisal of the Safety of Chemicals in
Foods, Drugs and Cosmetics. The Asso-
ciation of Food and Drug Officials of
the United States (1959, 3rd Printing
1975) pp. 26-35.

(3) Organization for Economic Co-
operation and Development. OECD
uidelines for Testing of Chemicals.
Guideline 408: Subchronic Oral Tox-
icity-Rodent: 90-day Study, Adopted:
May 12, 1981.

(4) Weingand K., Brown G., Hall R. et
al. Harmonization of Animal Clinical
Pathology Testing in Toxicity and
Safety Studies. Fundam. & Appl.
Toxicol. 29:198-201. (1996)

[65 FR 78783, Dec. 15, 2000]
§799.9325 TSCA 90-day dermal tox-
icity.
(a) Scope. This section is intended to

meet the testing requirements under
section 4 of the Toxic Substances Con-

40 CFR Ch. | (7-1-07 Edition)

trol Act (TSCA). In the assessment and
evaluation of the toxic characteristics
of a chemical, the determination of
subchronic dermal toxicity may be car-
ried out after initial information on
toxicity has been obtained by acute
testing. The subchronic dermal study
has been designed to permit the deter-
mination of the no-observed-effects
level (NOEL) and toxic effects associ-
ated with continuous or repeated expo-
sure to a test substance for a period of
90 days. This study is not capable of de-
termining those effects that have a
long latency period for development
(e.g., carcinogenicity and life short-
ening). Extrapolation from the results
of this study to humans is valid only to
a limited degree. It can, however, pro-
vide useful information on the degree
of percutaneous absorption, target or-
gans, the possibilities of accumulation,
and can be of use in selecting dose lev-
els for chronic studies and for estab-
lishing safety criteria for human expo-
sure.

(b) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides,
and Toxic Substances (OPPTS) har-
monized test guideline 870.3250 (August
1998, final guideline). This source is
available at the address in paragraph
(h) of this section.

(c) Definitions. The following defini-
tions also apply to this section.

Cumulative toxicity is the adverse ef-
fect of repeated doses occurring as a re-
sult of prolonged action or increased
concentration of the administered test
substance or its metabolites in suscep-
tible tissues.

Dose in a subchronic dermal study is
the amount of test substance applied
daily to the skin for 90 days. Dose is
expressed as weight of the test sub-
stance (grams, milligrams), per unit
body weight of test animal (milligrams
per kilogram), or as weight of the test
substance per unit of surface area (mil-
ligrams per square centimeter) per day.

No-observed-effects level (NOEL) is the
maximum dose used in a study which
produces no adverse effects. The NOEL
is expressed in terms of the weight of a
test substance given daily per unit
weight of test animal (milligrams per
kilogram per day).
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Subchronic dermal toxicity is the ad-
verse effects occurring as a result of
the repeated daily exposure of experi-
mental animals to a chemical by the
dermal route for a part of the test ani-
mal’s life span.

Target organ is any organ of a test
animal showing evidence of an effect
induced by a test substance.

(d) Limit test. If a test at one dose
level of at least 1,000 mg/kg body
weight (expected human exposure may
indicate the need for a higher dose
level), using the procedures described
for this section, produces no observable
toxic effects or if toxic effects would
not be expected based upon data on
structurally related compounds, a full
study using three dose levels might not
be necessary.

(e) Test procedures—(1) Animal selec-
tion—(i) Species and strain. A mamma-
lian species must be used for testing.
The rat, rabbit, or guinea pig may be
used. Commonly wused Ilaboratory
strains must be employed. If other
mammalian species are used, the tester
must provide justification/reasoning
for their selection. When a subchronic
dermal study is conducted as a prelimi-
nary to a chronic dermal study, the
same species and strain must be used
in both studies.

(i) Age/weight. (A) Testing should be
started with young healthy animals as
soon as possible after weaning and ac-
climatization.

(B) Dosing should generally begin in
guinea pigs between 5-6 weeks of age,
in rats between 8-9 weeks of age, and in
rabbits at least 12 weeks old.

(C) At the commencement of the
study, the weight variation of animals
used must be within 20% of the mean
weight for each sex.

(iii) Sex. Equal numbers of animals of
each sex with healthy skin must be
used at each dose level. The females
shall be nulliparous and nonpregnant
except for specially designed studies.

(iv) Numbers. (A) At least 20 animals
(10 animals per sex) must be used at
each dose level.

(B) If interim sacrifices are planned,
the number must be increased by the
number of animals scheduled to be sac-
rificed before completion of the study.

(C) To avoid bias, the use of adequate
randomization procedures for the prop-
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er allocation of animals to test and
control groups is required.

(D) Each animal must be assigned a
unique identification number. Dead
animals, their preserved organs and
tissues, and microscopic slides must be
identified by reference to the animal’s
unique number.

(v) Husbandry. (A) Animals should be
housed in individual cages.

(B) The temperature of the experi-
mental animal rooms should be at 22 +3
°C

(C) The relative humidity of the ex-
perimental animal rooms should be 50
+20%.

(D) Where lighting is artificial, the
sequence should be 12 hours light/12
hours dark.

(E) Control and test animals must be
fed from the same batch and lot. The
feed should be analyzed to assure ade-
quacy of nutritional requirements of
the species tested and for impurities
that might influence the outcome of
the test. For feeding, conventional lab-
oratory diets may be used with an un-
limited supply of drinking water.

(F) The study should not be initiated
until animals have been allowed a pe-
riod of acclimatization/quarantine to
environmental conditions, nor should
animals from outside sources be placed
on test without an adequate period of
quarantine. An acclimation period of
at least five days is recommended.

(2) Control and test substances. (i)
Where necessary, the test substance is
dissolved or suspended in a suitable ve-
hicle. If a vehicle or diluent is needed,
the vehicle should not elicit toxic ef-
fects or substantially alter the chem-
ical or toxicological properties of the
test substance. It is recommended that,
whenever possible, the usage of an
aqueous solution be considered first,
followed by consideration of a solution
of oil and then solution of other vehi-
cles.

(ii) One lot of the test substance
should be used, if possible, throughout
the duration of the study, and the re-
search sample should be stored under
conditions that maintain its purity and
stability. Prior to the initiation of the
study, there should be a characteriza-
tion of the test substance, including
the purity of the test compound and if
technically feasible, the name and
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quantities of unknown contaminants
and impurities.

(iii) If the test substance is dissolved
or suspended in a vehicle, the period
during which the test substance is sta-
ble in such a mixture should be deter-
mined prior to the initiation of the
study. Its homogeneity and concentra-
tion should be determined prior to the
initiation of the study and periodically
during the study. Statistically random-
ized samples of the mixture should be
analyzed to ensure that proper mixing,
formulation, and storage procedures
are being followed, and that the appro-
priate concentration of the test or con-
trol substance is contained in the mix-
ture.

(3) Control groups. A concurrent con-
trol group is required. This group must
be an untreated or sham-treated con-
trol group or, if a vehicle is used in the
application of the test substance, a ve-
hicle control group. If the toxic prop-
erties of the vehicle are not known or
not available, both untreated/sham-
treated and vehicle control groups are
required.

(4) Satellite group. A satellite group of
20 animals (10 animals per sex) may be
treated with the high dose level for 90
days and observed for reversibility,
persistence, or delayed occurrence of
toxic effects for a post-treatment pe-
riod of appropriate length, normally
not less than 28 days. In addition a con-
trol group of 20 animals (10 animals per
sex) should be added to the satellite
study.

(5) Dose levels and dose selection. (i) In
subchronic toxicity tests, it is desir-
able to determine a dose-response rela-
tionship as well as a NOEL. Therefore,
at least three dose levels plus a control
and, where appropriate, a vehicle con-
trol (corresponding to the concentra-
tion of vehicle at the highest dose
level) group shall be used. Doses should
be spaced appropriately to produce test
groups with a range of toxic effects.
The data should be sufficient to
produce a dose-response curve.

(ii) The highest dose level should
elicit signs of toxicity but not produce
severe skin irritation or an incidence
of fatality which would prevent a
meaningful evaluation. If application
of the test substance produces severe
skin irritation, the concentration may
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be reduced, although this may result in
a reduction in, or absence of, other
toxic effects at the high dose level. If
the skin has been badly damaged early
in the study, it may be necessary to
terminate the study and undertake a
new one at lower concentrations.

(iiif) The intermediate dose levels
should be spaced to produce a grada-
tion of toxic effects.

(iv) The lowest dose level should not
produce any evidence of toxic effects.

(6) Preparation of animal skin. Shortly
before testing, fur must be clipped from
not less than 10% of the body surface
area for application of the test sub-
stance. In order to dose approximately
10% of the body surface, the area start-
ing at the scapulae (shoulders) to the
wing of the ileum (hipbone) and half
way down the flank on each side of the
animal should be shaved. Shaving
should be carried out approximately 24
hours before dosing. Repeated clipping
or shaving is usually needed at ap-
proximately weekly intervals. When
clipping or shaving the fur, care should
be taken to avoid abrading the skin
which could alter its permeability.

(7) Preparation of test substance. (i)
Liquid test substances are generally
used undiluted, except as indicated in
paragraph (e)(5)(ii) of this section.

(ii) Solids should be pulverized when
possible. The substance should be
moistened sufficiently with water or,
when necessary, a suitable vehicle to
ensure good contact with the skin.
When a vehicle is used, the influence of
the vehicle on toxicity of, and penetra-
tion of the skin by, the test substance
should be taken into account.

(iii) The volume of application should
be kept constant, e.g., less than 300 pL
for the rat; different concentrations of
test solution shall be prepared for dif-
ferent dose levels.

(8) Administration of test substance. (i)
The duration of exposure should be at
least for 90 days.

(ii) ldeally, the animals should be
treated with test substance for at least
6 hours per day on a 7-day per week
basis. However, based on practical con-
siderations, application on a 5-day per
week basis is acceptable. Dosing should
be conducted at approximately the
same time each day.
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(iii) The test substance must be ap-
plied uniformly over the treatment
site.

(iv) The surface area covered may be
less for highly toxic substances. As
much of the area should be covered
with as thin and uniform a film as pos-
sible.

(v) During the exposure period, the
test substance must be held in contact
with the skin with a porous gauze
dressing (less than or equal to 8 ply).
The test site must be further covered
with nonirritating tape to retain the
gauze dressing and the test substance
and to ensure that the animals cannot
ingest the test substance. Restrainers
may be used to prevent the ingestion of
the test substance, but complete immo-
bilization is not recommended. The
test substance may be wiped from the
skin after the six-hour exposure period
to prevent ingestion.

(9) Observation of animals. (i) Observa-
tions must be made at least twice each
day for morbidity and mortality. Ap-
propriate actions should be taken to
minimize loss of animals to the study
(e.g., necropsy or refrigeration of those
animals found dead and isolation or
sacrifice of weak or moribund ani-
mals). General clinical observations
must be made at least once a day, pref-
erably at the same time each day, tak-
ing into consideration the peak period
of anticipated effects after dosing. The
clinical condition of the animal should
be recorded.

(i) A careful clinical examination
must be made at least once weekly. Ob-
servations should be detailed and care-
fully recorded, preferably  using
explicity defined scales. Observations
should include, but not be limited to,
evaluation of skin and fur, eyes and
mucous membranes, respiratory and
circulatory effects, autonomic effects
such as salivation, central nervous sys-
tem effects, including tremors and con-
vulsions, changes in the level of activ-
ity, gait and posture, reactivity to han-
dling or sensory stimuli, altered
strength, and stereotypes or bizarre be-
havior (e.g., self-mutilation, walking
backwards).

(iii) Signs of toxicity should be re-
corded as they are observed including
the time of onset, degree and duration.
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(iv) Individual weights of animals
must be determined shortly before the
test substance is administered, weekly
thereafter, and at death.

(v) Food consumption must also be
determined weekly if abnormal body
weight changes are observed.

(vi) Moribund animals should be re-
moved and sacrificed when noticed and
the time of death should be recorded as
precisely as possible.

(vii) At termination, all survivors in
the control and treatment groups must
be sacrificed.

(10) Clinical pathology. Hematology
and clinical chemistry examinations
must be made on all animals, including
controls, of each sex in each group. The
hematology and clinical chemistry pa-
rameters should be examined at ter-
minal sacrifice at the end of the study.
Overnight fasting of the animals prior
to blood sampling is recommended.
Overall, there is a need for a flexible
approach in the measures examined,
depending on the observed or expected
effects from a chemical, and in the fre-
quency of measures, depending on the
duration of potential chemical expo-
sures.

(i) Hematology. The recommended pa-
rameters are red blood cell count, he-
moglobin concentration, hematocrit,
mean corpuscular volume, mean cor-
puscular hemoglobin, and mean corpus-
cular hemoglobin concentration, white
blood cell count, differential leukocyte
count, platelet count, and a measure of
clotting potential, such as prothrombin
time or activated partial thrombo-
plastin time.

(ii) Clinical chemistry. (A) Parameters
which are considered appropriate to all
studies are electrolyte balance, carbo-
hydrate metabolism, and liver and kid-
ney function. The selection of specific
tests will be influenced by observations
on the mode of action of the substance
and signs of clinical toxicity.

(B) The recommended clinical chem-
istry determinations are potassium, so-
dium, glucose, total cholesterol, urea
nitrogen, creatinine, total protein and
albumin. More than 2 hepatic enzymes,
(such as alanine aminotransferase,
aspartate aminotransferase, alkaline
phosphatase, sorbitol dehydrogenase,
or gamma glutamyl transpeptidase)
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should also be measured. Measure-
ments of additional enzymes (of he-
patic or other origin) and bile acids,
may also be useful.

(C) If a test chemical has an effect on
the hematopoietic system, reticulocyte
counts and bone marrow cytology may
be indicated.

(D) Other determinations that should
be carried out if the test chemical is
known or suspected of affecting related
measures include calcium, phosphorus,
fasting triglycerides, hormones,
methemoglobin, and cholinesterases.

(iii) Optionally, the following urinal-
ysis determinations could be performed
during the last week of the study using
timed urine volume collection: appear-
ance, volume, osmolality or specific
gravity, pH, protein, glucose and blood/
blood cells.

(11) Ophthalmological examination.
Using an ophthalmoscope or an equiva-
lent device, ophthalmological examina-
tions must be made on all animals
prior to the administration of the test
substance and on all high dose and con-
trol groups at termination. If changes
in the eyes are detected, all animals in
the other dose groups must be exam-
ined.

(12) Gross necropsy. (i) All animals
must be subjected to a full gross ne-
cropsy which includes examination of
the external surface of the body, all
orifices, and the cranial, thoracic and
abdominal cavities and their contents.

(ii) The liver, brain, kidneys, spleen,
adrenals, testes, epididymides, uterus,
ovaries, thymus and heart must be
trimmed and weighed wet, as soon as
possible after dissection.

(iii) The following organs and tissues,
or representative samples thereof,
must be preserved in a suitable me-
dium for possible future
histopathological examination:

(A) Digestive system—salivary
glands, esophagus, stomach, duodenum,
jejunum, ileum, cecum, colon, rectum,
liver, pancreas, gallbladder (when
present).

(B) Nervous system—brain (multiple
sections, including cerebrum, cere-
bellum and medulla/pons), pituitary,
peripheral nerve (sciatic or tibial, pref-
erably in close proximity to the mus-
cle), spinal cord (three levels, cervical,
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mid-thoracic and lumbar), eyes (retina,
optic nerve).

(C) Glandular
parathyroid, thyroid.

(D) Respiratory system—trachea,
lungs, pharynx, larynx, nose.

(E) Cardiovascular/Hematopoietic
system—aorta, heart, bone marrow
(and/or fresh aspirate), lymph nodes
(preferably one lymph node covering
the route of administration and an-
other one distant from the route of ad-
ministration to cover systemic effects),
spleen, thymus.

(F) Urogenital system—kidneys, uri-
nary bladder, prostate, testes,
epididymides, seminal vesicle(s), uter-
us, ovaries, female mammary gland.

(G) Other—all gross lesions and
masses, skin (both treated and adja-
cent untreated areas).

(13) Histopathology. (i) The following
histopathology must be performed:

(A) Full histopathology on the or-
gans and tissues, listed in paragraph
(e)(12)(iii) of this section, of all animals
in the control and high dose groups and
all animals that died or were sacrificed
during the study.

(B) All gross lesions in all animals.

(C) Target organs in all animals.

(D) When a satellite group is used,
histopathology must be performed on
tissues and organs identified as show-
ing toxic effects in the treated groups.

(ii) If excessive early deaths or other
problems occur in the high dose group
compromising the significance of the
data, the next dose level must be exam-
ined for complete histopathology.

(iii) An attempt should be made to
correlate gross observations with mi-
croscopic findings.

(iv) Tissues and organs designated for
microscopic examination should be
fixed in 10% buffered formalin or a rec-
ognized suitable fixative as soon as ne-
cropsy is performed and no less than 48
hours prior to trimming.

(f) Data and reporting—(1) Treatment
of results. (i) Data must be summarized
in tabular form, showing for each test
group, number of animals at the start
of the test, the number of animals
showing lesions, the types of lesions
and the percentage of animals dis-
playing each type of lesion.

(ii) When applicable, all observed re-
sults, qualitative and quantitative,

system—adrenals,
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should be evaluated by an appropriate
and generally acceptable statistical
method. Any generally accepted statis-
tical method should be used; the statis-
tical methods including significance
criteria should be selected during the
design of the study.

(2) Evaluation of study results. The
findings of a subchronic dermal tox-
icity study should be evaluated in con-
junction with the findings of preceding
studies and considered in terms of
toxic effects and the necropsy and
histopathological findings. The evalua-
tion should include the relationship be-
tween the dose of the test substance,
the incidence and severity of abnor-
malities including behavioral and clin-
ical abnormalities, gross lesions, iden-
tified target organs, body weight
changes, effect on mortality, and any
other general or specific toxic effects.
A properly conducted 90-day sub-
chronic dermal study should provide
information on the effects of repeated
application of a substance and a satis-
factory estimation of a NOEL. It also
can indicate the need for an additional
longer-term study and provide informa-
tion on the selection of dose levels.

(3) Test report. In addition to report-
ing requirements specified under EPA
Good Laboratory Practice Standards at
40 CFR part 792, subpart J, the fol-
lowing specific information must be re-
ported:

(i) Test substance characterization
should include:

(A) Chemical identification.

(B) Lot or batch numbers.

(C) Physical properties.

(D) Purity/impurities.

(ii) Identification and composition of
any vehicle if used.

(iii) Test system should contain data
on:

(A) Species and strain of animals
used and rationale for selection if other
than that recommended.

(B) Age including body weight data
and sex.

(C) Test environment including cage
conditions, ambient temperature, hu-
midity, and light/dark periods.

(D) Identification of animal diet.

(E) Acclimation period.

(iv) Test procedure should
the following data:

(A) Method of randomization used.

include
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(B) Full description of experimental
design and procedure.
(C) Dose regime
method, and volume.

(v) Test results should include:

(A) Group animal data. Tabulation of
toxic response data by species, strain,
sex and exposure level for:

(1) Number of animals exposed.

(2) Number of animals showing signs
of toxicity.

(3) Number of animals dying.

(B) Individual animal data. Data
should be presented as summary (group
mean) as well as for individual ani-
mals.

(1) Date of death during the study or
whether animals survived to termi-
nation.

(2) Date of observation of each abnor-
mal sign and its subsequent course.

(3) Body weight data.

(4) Feed consumption data, when col-
lected.

(5) Results of ophthalmological ex-
amination.

(6) Results of hematological
performed.

(7) Results of clinical chemistry tests
performed.

(8) Results of urinalysis, when per-
formed.

(9) Results of observations made.

(10) Necropsy findings, including ab-
solute and relative (to body weight)
organ weight data.

(11) Detailed description of all
histopathological findings.

(12) Statistical treatment of results,
where appropriate.

(g) Quality control. A system must be
developed and maintained to assure
and document adequate performance of
laboratory equipment. The study must
be conducted in compliance with the
Good Laboratory Practice (GLP) regu-
lations.

(h) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., NW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Organization for Economic Co-
operation and Development. Guidelines

including levels,
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for Testing of Chemicals, Section 4-
Health Effects, Part 411 Subchronic
Toxicity Studies, Paris, 1981.

(2) Weingand K, Brown G, Hall R et
al. (1996). Harmonization of Animal
Clinical Pathology Testing in Toxicity
and Safety Studies. Fundam. & Appl.
Toxicol. 29:198-201.

[65 FR 78786, Dec. 15, 2000]

§799.9346 TSCA 90-day inhalation tox-
icity.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of TSCA. In the assessment
and evaluation of the toxic characteris-
tics of a gas, volatile substance, or aer-
osol/particulate, determination of sub-
chronic inhalation toxicity may be car-
ried out after initial information on
toxicity has been obtained by acute
testing. The subchronic inhalation
study has been designed to permit the
determination of the no-observed-ef-
fect-level (NOEL) and toxic effects as-
sociated with continuous or repeated
exposure to a test substance for a pe-
riod of 90 days. This study is not capa-
ble of determining those effects that
have a long latency period for develop-
ment (e.g., carcinogenicity and life
shortening). Extrapolation from the re-
sults of this study to humans is valid
only to a limited degree. It can, how-
ever, provide useful information on
health hazards likely to arise from re-
peated exposures by the inhalation
route over a limited period of time. It
will provide information on target or-
gans and the possibilities of accumula-
tion, and can be of use in selecting con-
centration levels for chronic studies
and establishing safety criteria for
human exposure. Hazards of inhaled
substances are influenced by the inher-
ent toxicity and by physical factors
such as volatility and particle size.

(b) Source. The source material used
in developing this TSCA test guideline
is the OPPTS harmonized test guide-
line 870.3465 (June 1996 Public Draft).
This source is available at the address
in paragraph (h) of this section.

(c) Definitions. The following defini-
tions apply to this section.

Aerodynamic equivalent diameter is de-
fined as the diameter of a unit density
sphere having the same terminal set-
tling velocity as the particle in ques-

40 CFR Ch. | (7-1-07 Edition)

tion, whatever its size, shape, and den-
sity. It is used to predict where in the
respiratory tract such particles may be
deposited.

Concentration in a subchronic inhala-
tion study is the amount of test sub-
stance administered via inhalation for
a period of 90-days. Concentration is
expressed as weight of the test sub-
stance per unit volume of air (milli-
grams per liter or parts per million).

Cumulative toxicity is the adverse ef-
fects of repeated exposures occurring
as a result of prolonged action on, or
increased concentration of the admin-
istered test substance or its metabo-
lites in susceptible tissues.

Inhalable diameter refers to that aero-
dynamic diameter of a particle which
is considered to be inhalable for the or-
ganism. It is used to refer to particles
which are capable of being inhaled and
may be deposited anywhere within the
respiratory tract

Mass median aerodynamic diameter
(MMAD) is the median aerodynamic di-
ameter and along with the geometric
standard deviation (GSD) is used to de-
scribe the particle size distribution of
any aerosol statistically based on the
weight and size of the particles. Fifty
percent of the particles by weight will
be smaller than the median diameter
and 50% of the particles will be larger.

No-observed-effect-level (NOEL) is the
maximum concentration used in a
study which produces no adverse ef-
fects.

Subchronic inhalation toxicity is the
adverse effects occurring as a result of
the repeated daily exposure of experi-
mental animals to a chemical by inha-
lation for part (approximately 10%) of
a life span.

(d) Limit test. If exposure at a con-
centration of 1 mg/L (expected human
exposure may indicate the need for a
higher concentration), or where this is
not possible due to physical or chem-
ical properties of the test substance,
the maximum attainable concentration
produces no observable toxic effects,
then a full study using three con-
centrations might not be necessary.

(e) Test procedures—(1) Animal selec-
tion—(i) Species and strain. A mamma-
lian species shall be used for testing. A
variety of rodent species may be used,
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although the rat is the preferred spe-
cies. Commonly used laboratory
strains should be employed. If another
mammalian species is used, the tester
shall provide justification/reasoning
for its selection.

(ii) Agelweight. Testing should be
started with young healthy animals as
soon as possible after weaning and ac-
climatization.

(B) Dosing of rodents should gen-
erally begin no later than 8 weeks of
age.

(C) At the commencement of the
study the weight variation of animals
used shall not exceed +20% of the mean
weight for each sex.

(iii) Sex. (A) Equal numbers of ani-
mals of each sex shall be used at each
concentration.

(B) Females shall be nulliparous and
nonpregnant.

(iv) Numbers. (A) At least 20 animals
(10 females and 10 males) should be
used for each test group.

(B) If interim sacrifices are planned,
the number of animals shall be in-
creased by the number of animals
scheduled to be sacrificed before the
completion of the study.

(C) To avoid bias, the use of adequate
randomization procedures for the prop-
er allocation of animals to test and
control groups is required.

(D) Each animal shall be assigned a
unique identification number. Dead
animals, their preserved organs and
tissues, and microscopic slides shall be
identified by reference to the animal’s
unique number.

(v) Husbandry. (A) Animals may be
group-caged by sex, but the number of
animals per cage must not interfere
with clear observation of each animal.
The biological properties of the test
substance or toxic effects (e.g., mor-
bidity, excitability) may indicate a
need for individual caging. Animals
must be housed individually in inhala-
tion chambers during exposure to
aerosols.

(B) The temperature of the experi-
mental animal rooms should be at 22 +3
°C.

(C) The relative humidity of the ex-
perimental animal rooms should be 30-
70%.

(D) Where lighting is artificial, the
sequence should be 12 h light/12 h dark.
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(E) Control and test animals should
be fed from the same batch and lot.
The feed should be analyzed to assure
adequacy of nutritional requirements
of the species tested and for impurities
that might influence the outcome of
the rest. For feeding, conventional lab-
oratory diets may be used with an un-
limited supply of drinking water.

(F) The study should not be initiated
until animals have been allowed a pe-
riod of acclimatization/quarantine to
environmental conditions, nor should
animals from outside sources be placed
on test without an adequate period of
quarantine. An acclimatization period
of at least 5 days is recommended.

(2) Control and test substances. (i)
Whenever it is necessary to formulate
the test substance with a vehicle for
aerosol generation, the vehicle ideally
should not elicit toxic effects or sub-
stantially alter the chemical or toxi-
cological properties of the test sub-
stance.

(i) One lot of the test substance
should be used, if possible throughout
the duration of the study, and the re-
search sample should be stored under
conditions that maintain its purity and
stability. Prior to the initiation of the
study, there should be a characteriza-
tion of the test substance, including
the purity of the test substance and, if
technically feasible, the name and
quantities of unknown contaminants
and impurities.

(3) Control groups. A concurrent con-
trol group is required. This group shall
be an untreated or sham-treated con-
trol group. Except for treatment with
the test substance, animals in the con-
trol group shall be handled in a manner
identical to the test group animals.
Where a vehicle other than water is
used to generate a substance, a vehicle
control group should be used. If the
toxic properties of the vehicle are not
known or cannot be made available,
both untreated and vehicle control
groups are required.

(4) Satellite group. A satellite group of
20 animals (10 animals per sex) may be
treated with the high concentration
level for 90 days and observed for re-
versibility, persistence, or delayed oc-
currence of toxic effects for a post-
treatment period of appropriate length,

361



§799.9346

normally not less than 28 days. In addi-
tion, a control group of 20 animals (10
animals of each sex) should be added to
the satellite study.

(5) Concentration levels and concentra-
tion selection. (i) In subchronic toxicity
tests, it is desirable to have a con-
centration-response relationship as
well as a NOEL. Therefore, at least
three concentration levels plus a con-
trol and, where appropriate, a vehicle
control (corresponding to the con-
centration of vehicle at the highest ex-
posure level) shall be used. Concentra-
tions should be spaced appropriately to
produce test groups with a range of
toxic effects. The data should be suffi-
cient to produce a concentration-re-
sponse curve.

(ii) The highest concentration should
result in toxic effects but not produce
an incidence of fatalities which would
prevent a meaningful evaluation.

(iii) The intermediate concentrations
should be spaced to produce a grada-
tion of toxic effects.

(iv) The lowest concentration should
produce no evidence of toxicity.

(v) In the case of potentially explo-
sive test substances, care should be
taken to avoid generating explosive
concentrations.

(6) Administration of the test substance.
Animals should be exposed to the test
substance for 6 h per day on a 7-day per
week basis for a period of at least 90
days. Based primarily on practical con-
siderations, exposure for 6 h per day on
a 5-day per week basis is acceptable.

(7) Observation period. The animals
should be observed for a period of 90
days. Animals in the satellite group (if
used) scheduled for follow-up observa-
tions should be kept for at least 28 days
further without treatment to assess re-
versibility.

(8) Exposure specifications. (i) The ani-
mals shall be tested in dynamic inhala-
tion equipment designed to sustain a
minimum airflow of 10 air changes per
hr, an adequate oxygen content of at
least 19%, and uniform conditions
throughout the exposure chamber.
Maintenance of slight negative pres-
sure inside the chamber will prevent
leakage of the test substance into the
surrounding areas. It is not normally
necessary to measure chamber oxygen
concentration if airflow is adequate.
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(ii) The selection of a dynamic inha-
lation chamber should be appropriate
for the test substance and test system.
Where a whole body chamber is used to
expose animals to an aerosol, indi-
vidual housing must be used to mini-
mize crowding of the test animals and
maximize their exposure to the test
substance. To ensure stability of a
chamber atmosphere, the total volume
occupied by the test animals shall not
exceed 5% of the volume of the test
chamber. It is recommended, but not
required, that nose-only or head-only
exposure be used for aerosol studies in
order to minimize oral exposures due
to animals licking compound off their
fur. Heat stress should be minimized.

(iii) The temperature at which the
test is performed should be maintained
at 22+2 °C. The relative humidity
should be maintained between 40 and
60%, but in certain instances (e.g., use
of water vehicle) this may not be prac-
ticable.

(9) Physical measurements. Measure-
ments or monitoring shall be made of
the following:

(i) The rate of airflow shall be mon-
itored continuously but recorded at
least three times during the exposure.

(if) The actual concentrations of the
test substance shall be measured in the
animal’s breathing zone. During the ex-
posure period, the actual concentra-
tions of the test substance shall be held
as constant as practicable and mon-
itored continuously or intermittently
depending on the method of analysis.
Chamber concentration may be meas-
ured using gravimetric or analytical
methods as appropriate. If trial run
measurements are reasonably con-
sistent +10% for liquid, aerosol, gas, or
vapor; +20% for dry aerosol), then two
measurements should be sufficient. If
measurements are not consistent,
three to four measurements should be
taken. Whenever the test substance is
a formulation, or it is necessary to for-
mulate the test substance with a vehi-
cle for aerosol generation, the analyt-
ical concentration must be reported for
the total formulation, and not just for
the active ingredient (Al). If, for exam-
ple, a formulation contains 10% Al and
90% inerts, a chamber analytical limit
concentration of 2 mg/L would consist
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of 0.2 mg/L of the AIl. It is not nec-
essary to analyze inert ingredients pro-
vided the mixture at the animal’s
breathing zone is analogous to the for-
mulation; the grounds for this conclu-
sion must be provided in the study re-
port. If there is some difficulty in
measuring chamber analytical con-
centration due to precipitation, non-
homogeneous mixtures, volatile com-
ponents, or other factors, additional
analyses of inert components may be
necessary.

(iii) During the development of the
generating system, particle size anal-
ysis shall be performed to establish the
stability of aerosol concentrations
with respect to particle size. The
MMAD particle size range should be be-
tween 1-3 ym. The particle size of hy-
groscopic materials should be small
enough when dry to assure that the
size of the swollen particle will still be
within the 1-3 pm range. Measurements
of aerodynamic particle size in the ani-
mal’s breathing zone should be meas-
ured during a trial run. If MMAD
valves for each exposure level are with-
in 10% of each other, then two meas-
urements during the exposures should
be sufficient. If pretest measurements
are not within 10% of each other, three
to four measurements should be taken.

(iv) Temperature and humidity shall
be monitored continuously and re-
corded at least three times during an
exposure.

(10) Feed and water during exposure pe-
riod. Feed shall be withheld during ex-
posure. Water may also be withheld
during exposure.

(11) Observation of animals. (i) During
and following exposure, observations
are made and recorded systematically;
individual records should be main-
tained for each animal. It is not always
possible to observe animals during ex-
posure in a whole-body chamber.

(ii) Observations shall be made at
least once each day for morbidity and
mortality. Appropriate actions should
be taken to minimize loss of animals to
the study (e.g., Necropsy or refrigera-
tion of those animals found dead and
isolation or sacrifice of weak or mori-
bund animals).

(iii) A careful clinical examination
shall be made at least once weekly. Ob-
servations should be detailed and care-
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fully recorded, preferably using explic-
itly defined scales. Observations should
include, but not be limited to, evalua-
tion of skin and fur, eyes and mucous
membranes, respiratory and cir-
culatory effects, autonomic effects
such as salivation, central nervous sys-
tem effects, including tremors and con-
vulsions, changes in the level of activ-
ity, gait and posture, reactivity to han-
dling or sensory stimuli, altered
strength, and stereotypes or bizarre be-
havior (e.g., self-mutilation, walking
backwards).

(iv) Signs of toxicity should be re-
corded as they are observed including
the time of onset, degree and duration.

(v) Individual weights of animals
shall be determined shortly before the
test substance is administered, and
weekly thereafter.

(vi) Food consumption shall also be
determined weekly if abnormal body
weight changes are observed.

(vii) Moribund animals should be re-
moved and sacrificed when noticed and
the time of death should be recorded as
precisely as possible.

(viii) At termination, all survivors in

the treatment groups shall be sac-
rificed.
(12) Clinical pathology. Hematology

and clinical chemistry examinations
shall be made on all animals, including
controls, of each sex in each group. The
hematology and clinical chemistry pa-
rameters should be examined at ter-
minal sacrifice at the end of the study.
Overnight fasting of the animals prior
to blood sampling is recommended.
Overall, there is a need for a flexible
approach in the measures examined,
depending on the observed or expected
effects from a chemical, and in the fre-
quency of measures, depending on the
duration of potential chemical expo-
sures.

(i) Hematology. The recommended
parameters are red blood cell count,
hemoglobin concentration, hematocrit,
mean corpuscular volume, mean cor-
puscular hemoglobin, and mean corpus-
cular hemoglobin concentration, white
blood cell count, differential leukocyte
count, platelet count, and a measure of
clotting potential, such as prothrombin
time or activated partial thrombo-
plastin time.
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(ii) Clinical chemistry. (A) Param-
eters which are considered appropriate
to all studies are electrolyte balance,
carbohydrate metabolism, and liver
and kidney function. The selection of
specific tests will be influenced by ob-
servations on the mode of action of the
substance and signs of clinical toxicity.

(B) The recommended clinical chem-
istry determinations are potassium, so-
dium, glucose, total cholesterol, urea
nitrogen, creatinine, total protein and
albumin. More than 2 hepatic enzymes,
(such as alanine aminotransferase,
aspartate aminotransferase, alkaline
phosphatase, sorbitol dehydrogenase,
or gamma glutamyl transpeptidase)
should also be measured. Measure-
ments of addtional enzymes (of hepatic
or other origin) and bile acids, may
also be useful.

(C) If a test chemical has an effect on
the hematopoietic system, reticulocyte
counts and bone marrow cytology may
be indicated.

(D) Other determinations that should
be carried out if the test chemical is
known or suspected of affecting related
measures include calcium, phosphorus,
fasting triglycerides, hormones,
methemoglobin, and cholinesterases.

(iii) Optionally, the following urinal-
ysis determinations could be performed
during the last week of the study using
timed urine volume collection: appear-
ance, volume, osmolality or specific
gravity, pH, protein, glucose, and
blood/blood cells.

(13) Ophthalmological examination.
Ophthalmological examinations shall
be made on all animals prior to the ad-
ministration of the test substance and
on all high concentration and control
groups at termination. If changes in
the eyes are detected, all animals in
the other concentration groups shall be
examined.

(14) Gross pathology. (i) All animals
shall be subjected to a full gross ne-
cropsy which includes examination of
the external surface of the body, all
orifices and the cranial, thoracic, and
abdominal cavities and their contents.

(i) At least the liver, kidneys, brain,
and gonads shall be trimmed and
weighed wet, as soon as possible after
dissection to avoid drying.

(iii) The following organs and tissues,
or representative samples thereof, shall
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be preserved in a suitable medium for
possible future histopathological exam-
ination:

(A) Digestive system.

(1) salivary glands.

(2) Esophagus.

(3) Stomach.

(4) Duodenum.

(5) Jejunum.

(6) lHeum.

(7) Cecum.

(8) Colon.

(9) Rectum.

(10) Liver.

(11) Pancreas.

(12) Gallbladder (dogs).

(B) Nervous system.

(1) Brain (multiple sections).

(2) Pituitary.

(3) Peripheral nerve(s).

(4) Spinal cord (three levels).

(5) Eyes (retina, optic nerve).

(C) Glandular system.

(1) Adrenals.

(2) Parathyroids.

(3) Thyroids.

(D) Respiratory system.

(1) Trachea.

(2) Lung.

(3) Pharynx.

(4) Larynx.

(5) Nose.

(E) Cardiovascular/hematopoietic
system.

(1) Aorta (thoracic).

(2) Heart.

(3) Bone marrow.

(4) Lymph nodes.

(5) Spleen.

(6) Thymus.

(F) Urogenital system.

(1) Kidneys.

(2) Urinary bladder.

(3) Prostate.

(4) Testes.

(5) Epididymides.

(6) Seminal vesicle(s).

(7) Uterus.

(8) Ovaries.

(G) Other.

(1) Lacrimal gland.

(2) Mammary gland.

(3) Skin.

(4) Skeletal muscle.

(5) All gross lesions and masses.

(6) Sternum and/or femur.

(15) Histopathology. (i) The following
histopathology shall be performed:
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(A) Full histopathology on the res-
piratory tract and other organs and tis-
sues, listed under paragraph (e)(15)(iii)
of this section, of all animals in the
control and high exposure groups and
all animals that died or were Kkilled
during the study.

(B) All gross lesions in all animals.

(C) Target organs in all animals.

(D) Lungs of all animals. Special at-
tention to examination of the res-
piratory tract should be made for evi-
dence of infection as this provides a
convenient assessment of the state of
health of the animals.

(E) When a satellite group is used,
histopathology shall be performed on
tissues and organs identified as show-
ing effects in the treated groups.

(ii) If excessive early deaths or other
problems occur in the high exposure
group compromising the significance of
the data, the next concentration
should be examined for complete
histopathology.

(iii) An attempt should be made to
correlate gross observations with mi-
croscopic findings.

(iv) Tissues and organs designated for
microscopic examination should be
fixed in 10% buffered formalin or a rec-
ognized suitable fixative as soon as ne-
cropsy is performed and no less than 48
hrs prior to trimming. Tissues should
be trimmed to a maximum thickness of
0.4 cm for processing.

(f) Data and reporting—(1) Treatment
of results. (i) Data shall be summarized
in tabular form, showing for each test
group the number of animals at the
start of the test, the number of ani-
mals showing lesions, the types of le-
sions, and the percentage of animals
displaying each type of lesion.

(ii) All observed results (quantitative
and qualitative) should be evaluated by
an appropriate statistical method. Any
generally accepted statistical method
may be used; the statistical methods
including significance criteria should
be selected during the design of the
study.

(2) Evaluation of study results. The
findings of the subchronic inhalation
toxicity study should be evaluated in
conjunction with the findings of pre-
ceding studies and considered in terms
of the observed toxic effects and the
necropsy and histopathological find-
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ings. The evaluation will include the
relationship between the concentration
of the test substance and duration of
exposure, and the presence or absence,
the incidence and severity, of abnor-
malities, including behavioral and clin-
ical abnormalities, gross lesions, iden-
tified target organs, body weight
changes, effects on mortality and any
other general or specific toxic effects.
A properly conducted subchronic test
should provide a satisfactory esti-
mation of a no-effect level. It also can
indicate the need for an additional
longer-term study and provide informa-
tion on the selection of concentrations.

(3) Test report. In addition to report-
ing requirements specified under 40
CFR part 792, subpart J, the following
specific information shall be reported.
Both individual and summary data
should be presented.

(i) Test substance characterization
shall include:

(A) Chemical identification.

(B) Lot or batch number.

(C) Physical properties.

(D) Purity/impurities.

(E) ldentification and composition of
any vehicle used.

(i) Test system information shall in-
clude:

(A) Species and strain of animals
used and rationale for selection if other
than that recommended.

(B) Age, sex, and body weight.

(C) Test environment including cage
conditions, ambient temperature, hu-
midity, and light/dark periods.

(D) ldentification of animal diet.

(E) Acclimation period.

(iii) Test procedure information shall
include:

(A) Method of randomization used.

(B) Full description of experimental
design and procedure.

(C) Exposure regimen including con-
centration levels, methods, and vol-
ume.

(D) Description of test conditions;
the following exposure conditions shall
be reported:

(1) Description of exposure apparatus
including design, type, volume, source
of air, system for generating aerosols,
method of conditioning air, treatment
of exhaust air and the method of hous-
ing the animals in a test chamber.
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(2) The equipment for measuring
temperature, humidity, and particulate
aerosol concentrations and size should
be described.

(E) Exposure data shall be tabulated
and presented with mean values and a
measure of variability (e.g., standard
deviation) and include:

(1) Airflow rates through the inhala-
tion equipment.

(2) Temperature and humidity of air.

(3) Actual (analytical or gravimetric)
concentration in the breathing zone.

(4) Nominal concentration (total
amount of test substance fed into the
inhalation equipment divided by vol-
ume of air).

(5) Particle size distribution, cal-
culated mass median aerodynamic di-
ameter (MMAD) and geometric stand-
ard deviation (GSD).

(6) Explanation as to why the desired
chamber concentration and/or particle
size could not be achieved (if applica-
ble) and the efforts taken to comply
with this aspect of the section.

(iv) Test results information shall in-
clude:

(A) Group animal data. Tabulation of
toxic response data by species, strain,
sex and exposure level for:

(1) Number of animals exposed.

(2) Number of animals showing signs
of toxicity.

(3) Number of animals dying.

(B) Individual animal data. Data
should be presented as summary (group
mean) as well as for individual ani-
mals.

(1) Time of death during the study or
whether animals survived to termi-
nation.

(2) Time of observation of each ab-
normal sign and its subsequent course.

(3) Body weight data.

(4) Feed consumption data, when col-
lected.

(5) Results of ophthalmological ex-
amination, when performed.

(6) Results of hematological tests
performed. .

(7) Results of clinical chemistry tests
performed.

(8) Results of urinalysis tests per-
formed.

(9) Necropsy findings, including abso-
lute and relative organ weight data.

(10) Detailed description of all
histopathological findings.
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(11) Statistical treatment of results,
where appropriate.

(9) Quality control. A system shall be
developed and maintained to assure
and document adequate performance of
laboratory staff and equipment. The
study shall be conducted in compliance
with 40 CFR part 792—Good Laboratory
Practice Standards.

(h) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Cage, J.C. Ed. Paget, G.E. Experi-
mental Inhalation Toxicology, Methods in
Toxicology. (F.A. Davis Co., Philadel-
phia, PA, 1970) pp. 258-277.

(2) Casarett, L.J. and Doull. Chapter
9. Toxicology: The Basic Science of Poi-
sons (New York: Macmillan Publishing
Co., Inc., 1975).

(3) U.S. Environmental Protection
Agency, Office of Pesticide Programs,
Health Effects Division. Interim policy
for particle size and limit concentra-
tion issues in inhalation toxicity stud-
ies (February 1, 1994).

(4) MacFarland, H.N. Ed. Hayes, W.J.
Vol. 7. Respiratory Toxicology, Essays in
Toxicology. (Academic Press, New York,
NY, 1976) pp. 121-154.

(5) Organisation for Economic Co-op-
eration and Development. Guidelines
for testing of chemicals, section 4-
health effects, part 413. Subchronic In-
halation Toxicity Studies (Paris, 1981).

[62 FR 43824, Aug. 15, 1997, as amended at 64
FR 35077, June 30, 1999]

§799.9355 TSCA reproduction/develop-
mental toxicity screening test.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet testing re-
quirements of the Toxic Substances
Control Act (TSCA) (15 U.S.C. 2601).

(2) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides,
and Toxic Substances (OPPTS) har-
monized test guideline 870.3550 (July
2000, final guidelines). This source is
available at the address in paragraph
(h) of this section.
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(b) Purpose. (1) This guideline is de-
signed to generate limited information
concerning the effects of a test sub-
stance on male and female reproduc-
tive performance such as gonadal func-
tion, mating behavior, conception, de-
velopment of the conceptus, and partu-
rition. It is not an alternative to, nor
does it replace, the existing com-
prehensive test standards in 8§799.9370
and 799.9380.

(2) This screening test guideline can
be used to provide initial information
on possible effects on reproduction and/
or development, either at an early
stage of assessing the toxicological
properties of chemicals, or on chemi-
cals of high concern. It can also be used
as part of a set of initial screening
tests for existing chemicals for which
little or no toxicological information is
available, as a dose range finding study
for more extensive reproduction/devel-
opmental studies, or when otherwise
considered relevant.

(3) This test does not provide com-
plete information on all aspects of re-
production and development. In par-
ticular, it offers only limited means of
detecting postnatal manifestations of
prenatal exposure, or effects that may
be induced during postnatal exposure.
Due (amongst other reasons) to the rel-
atively small numbers of animals in
the dose groups, the selectivity of the
end points, and the short duration of
the study, this method will not provide
evidence for definite claims of no ef-
fects.

(c) Definitions. The definitions in sec-
tion 3 of TSCA and in 40 CFR Part 792—
Good Laboratory Practice Standards
apply to this section. The following
definitions also apply to this section.

Dosage is a general term comprising
of dose, its frequency and the duration
of dosing.

Dose is the amount of test substance
administered. Dose 1is expressed as
weight (g, mg) as weight of test sub-
stance per unit weight of test animal
(e.g., mg/kg), or as constant dietary
concentration parts per million (ppm).

No-observed-effects level (NOEL) is the
maximum dose used in a study which
produces no adverse effects. The NOEL
is expressed in terms of the weight of a
test substance given daily per unit
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weight of test animal (milligrams per
kilograms per day).

(d) Principle of the test. (1) The test
substance is administered in graduated
doses to several groups of males and fe-
males. Males should be dosed for a min-
imum of four weeks and up to and in-
cluding the day before scheduled sac-
rifice (this includes a minimum of two
weeks prior to mating, during the mat-
ing period and, approximately, two
weeks post-mating). In view of the lim-
ited pre-mating dosing period in males,
fertility may not be a particular sen-
sitive indicator of testicular toxicity.
Therefore, a detailed histological ex-
amination of the testes is essential.
The combination of a pre-mating dos-
ing period of two weeks and subsequent
mating/fertility observations with an
overall dosing period of at least four
weeks, followed by detailed
histopathology of the male gonads, is
considered sufficient to enable detec-
tion of the majority of effects on male
fertility and spermatogenesis.

(2) Females should be dosed through-
out the study. This includes two weeks
prior to mating (with the objective of
covering at least two complete
oestrous cycles), the variable time to
conception, the duration of pregnancy
and at least four days after delivery, up
to and including the day before sched-
uled sacrifice.

(3) Duration of study, following accli-
matization, is dependent on the female
performance and is approximately 54
days, (at least 14 days premating, (up
to) 14 days mating, 22 days gestation, 4
days lactation).

(4) During the period of administra-
tion, the animals are observed closely
each day for signs of toxicity. Animals
which die or are sacrificed during the
test period are necropsied and, at the
conclusion of the test, surviving ani-
mals are sacrificed and necropsied.

(e) Description of the method—(1) Selec-
tion of animal species. This test standard
is designed for use with the rat. If
other species are used, appropriate
modifications  will be necessary.
Strains with low fecundity or well-
known high incidence of developmental
defects should not be used. Healthy vir-
gin animals, not subjected to previous
experimental procedures, should be
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used. The test animals should be char-
acterized as to species, strain, sex,
weight and/or age. At the commence-
ment of the study the weight variation
of animals used should be minimal and
not exceed 20% of the mean weight of
each sex.

(2) Housing and feeding conditions. (i)
The temperature in the experimental
animal room should be 22 °C (£3°). Al-
though the relative humidity should be
at least 30% and preferably not exceed
70% other than during room cleaning,
the aim should be 50-60%. Lighting
should be artificial, the sequence being
12 hours light, 12 hours dark. For feed-
ing, conventional laboratory diets may
be used with an unlimited supply of
drinking water. The choice of diet may
be influenced by the need to ensure a
suitable admixture of a test substance
when administered by this method.

(ii) Animals may be housed individ-
ually or be caged in small groups of the
same sex; for group caging, no more
than five animals should be housed per
cage. Mating procedures should be car-
ried out in cages suitable for the pur-
pose. Pregnant females should be caged
individually and provided with nesting
materials.

(3) Preparation of the animals. Healthy
young adult animals must be randomly
assigned to the control and treatment
groups. Cages should be arranged in
such a way that possible effects due to
cage placement are minimized. The
animals must be uniquely identified
and kept in their cages for at least five
days prior to the start of the study to
allow for acclimatization to the labora-
tory conditions.

(4) Preparation of doses. (i) It is rec-
ommended that the test substance be
administered orally unless other routes
of administration are considered more
appropriate. When the oral route is se-
lected, the test compound is usually
administered by gavage; however, al-
ternatively, test compounds may be ad-
ministered via the diet or drinking
water.

(i) Where necessary, the test sub-
stance is dissolved or suspended in a
suitable vehicle. It is recommended
that, wherever possible, the use of an
aqueous solution/suspension be consid-
ered first, followed by consideration of
a solution/emulsion in oil (e.g., corn
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oil) and then by possible solution in
other vehicles. For vehicles other than
water the toxic characteristics of the
vehicle must be known. The stability
of the test substance in the vehicle
should be determined.

(f) Procedure—(1) Number and sex of
animals. It is recommended that each
group be started with at least 10 ani-
mals of each sex. Except in the case of
marked toxic effects, it is expected
that this will provide at least 8 preg-
nant females per group which normally
is the minimum acceptable number of
pregnant females per group. The objec-
tive is to produce enough pregnancies
and offspring to assure a meaningful
evaluation of the potential of the sub-
stance to affect fertility, pregnancy,
maternal and suckling behaviour, and
growth and development of the F; off-
spring from conception to day 4 post-
partum.

(2) Dosage. (i) Generally, at least
three test groups and a control group
should be used. Dose levels may be
based on information from acute tox-
icity tests or on results from repeated
dose studies. Except for treatment with
the test substance, animals in the con-
trol group should be handled in an
identical manner to the test group sub-
jects. If a vehicle is used in admin-
istering the test substance, the control
group should receive the vehicle in the
highest volume used.

(ii) Dose levels should be selected
taking into account any existing tox-
icity and (toxico-) kinetic data avail-
able for the test compound or related
materials. The highest dose level
should be chosen with the aim of induc-
ing toxic effects but not death or se-
vere suffering. Thereafter, a descending
sequence of dose levels should be se-
lected in order to demonstrate any
dose response relationships and no ad-
verse effects at the lowest dose level.
Two to four fold intervals are fre-
quently optimal for setting the de-
scending dose levels and addition of a
fourth test group is often preferable to
using very large intervals (e.g., more
than a factor of 10) between dosages.

(3) Limit test. If an oral study at one
dose level of at least 1000 mg/kg body
weight/day or, for dietary or drinking
water administration, an equivalent
percentage in the diet, or drinking
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water using the procedures described
for this study, produces no observable
toxic effects and if toxicity would not
be expected based upon data from
structurally related compounds, then a
full study using several dose levels may
not be considered necessary. The limit
test applies except when human expo-
sure indicates the need for a higher
oral dose level to be used. For other
types of administration, such as inha-
lation or dermal application, the phys-
ical chemical properties of the test
substance often may dictate the max-
imum attainable concentration.

(4) Administration of doses. (i) The ani-
mals must be dosed with the test sub-
stance daily for seven days a week.
When the test substance is adminis-
tered by gavage, this should be done in
a single dose to the animals using a
stomach tube or a suitable intubation
cannula. The maximum volume of lig-
uid that can be administered at one
time depends on the size of the test
animal. The volume should not exceed
1 ml/100 g body weight, except in the
case of aqueous solutions where 2 ml/
100 g body weight may be used. Except
for irritating substances which will
normally reveal exacerbated effects
with higher concentrations, variability
in test volume should be minimized by
adjusting the concentration to ensure a
constant volume at all dose levels.

(ii) For substances administered via
the diet or drinking water, it is impor-
tant to ensure that the quantities of
the test substance involved do not
interfere with normal nutrition or
water balance. When the test substance
is administered in the diet either a
constant dietary concentration (parts
per million (ppm)) or a constant dose
level in terms of the animals’ body
weight may be used; the alternative
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used must be specified. For a substance
administered by gavage, the dose
should be given at similar times each
day, and adjusted at least weekly to
maintain a constant dose level in
terms of animal body weight.

(5) Experimental schedule. (i) Dosing of
both sexes should begin at least 2
weeks prior to mating, after they have
been acclimatized for at least five
days. The study should be scheduled in
such a way that mating begins soon
after the animals have attained full
sexual maturity. This may vary slight-
ly for different strains of rats in dif-
ferent laboratories, e.g., Sprague
Dawley rats 10 weeks of age, Wistar
rats about 12 weeks of age. Dams with
offspring should be sacrificed on day 4
post-partum, or shortly thereafter. The
day of birth (viz. when parturition is
complete) is defined as day 0 post-
partum. Females showing no-evidence
of copulation are sacrificed 24-26 days
after the last day of the mating period.
Dosing is continued in both sexes dur-
ing the mating period. Males should
further be dosed after the mating pe-
riod at least until the minimum total
dosing period of 28 days has been com-
pleted. They are then sacrificed, or, al-
ternatively, are retained and continued
to be dosed for the possible conduction
of a second mating if considered appro-
priate.

(ii) Daily dosing of the parental fe-
males should continue throughout
pregnancy and at least up to, and in-
cluding, day 3 post-partum or the day
before sacrifice. For studies where the
test substance is administered by inha-
lation or by the dermal route, dosing
should be continued at least up to, and
including, day 19 of gestation.

(iii) The experimental schedule is
given in the following figure 1.
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FIGURE 1
GRAM OF THE EXPERIMENTAL SCHEDULE INDICATING THE MAXIMUM STUDY DURATION,
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BASED ON A FULL 14-DAY MATING PERIOD

Pre-mating Maun% Gestation Lactation
(14 days) {maximum 14 days) (approx. 22 days)
1 7 14 21 28 35 42 50 54
Start of Necrupsy males/sires Parturition Day 4 post-partum
the study (after a dosing period of al least 4 weeks) Ngcropsy females
and pups
Necropsy males/sires
{optional)
Dosing [] witout dosing

(6) Mating procedure. Normally, 1:1
(one male to one female) matings
should be used in this study. Excep-
tions can arise in the case of occasional
deaths of males. The female should be
placed with the same male until preg-
nancy occurs or two weeks have
elapsed. Each morning the females
should be examined for the presence of
sperm or a vaginal plug. Day 0 of preg-
nancy is defined as the day a vaginal
plug or sperm is found.

(7) Observations. (i) Throughout the
test period, general clinical observa-
tions should be made at least once a
day, and more frequently when signs of
toxicity are observed. They should be
made preferably at the same time(s)
each day, considering the peak period
of anticipated effects after dosing. Per-
tinent behavioural changes, signs of
difficult or prolonged parturition and
all signs of toxicity, including mor-
tality, should be recorded. These
records should include time of onset,
degree and duration of toxicity signs.

(ii) The duration of gestation should
be recorded and is calculated from day
0 of pregnancy. Each litter should be

examined as soon as possible after de-
livery to establish the number and sex
of pups, stillbirths, live births, runts
(pups that are significantly smaller
than corresponding control pups) and
the presence of gross abnormalities.

(iii) Live pups should be counted and
sexed and litters weighed within 24
hours of parturition (day 1) and on day
4 post-partum. In addition to the obser-
vations on parent animals, described
by paragraph (f)(7) of this section, any
abnormal behaviour of the offspring
should be recorded.

(8) Body weight and food/water con-
sumption. (i) Males and females should
be individually weighed on the first
day of dosing, at least weekly there-
after, and at termination. During preg-
nancy, females should be weighed on
days 0, 7, 14 and 20 and within 24 hours
of parturition (day 1) and day 4 post-
partum.

(ii) During pre-mating, pregnancy
and lactation, food consumption should
be measured at least weekly. The
measurement of food consumption dur-
ing mating is optional. Water consump-
tion during these periods should also be
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measured when the test substance is
administered via drinking water.

(9) Pathology—(i) Gross necropsy. (A)
At the time of sacrifice or death during
the study, the adult animals should be
examined macroscopically for any ab-
normalities or pathological changes.
Special attention should be paid to the
organs of the reproductive system. The
number of implantation sites should be
recorded. Corpora lutea should be
counted.

(B) The testes and epididymides of all
male adult animals should be weighed.

(C) Dead pups and pups sacrificed at
day 4 post-partum, or shortly there-
after, should, at least, be carefully ex-
amined externally for gross abnormali-
ties.

(D) The ovaries, testes, epididymides,
accessory sex organs and all organs
showing macroscopic lesions of all
adult animals should be preserved. For-
malin fixation is not recommended for
routine examination of testes and
epididymides. An acceptable method is
the use of Bouin’s fixative for these tis-
sues.

(ii) Histopathology. (A) Detailed histo-
logical examination should be per-
formed on the ovaries, testes and
epididymides of the animals of the
highest dose group and the control
group. The other preserved organs may
be examined when necessary. Examina-
tions should be extended to the ani-
mals of other dosage groups when
changes are seen in the highest dose
group.

(B) Detailed testicular
histopathological examination (e.g.,
using Bouin’s fixative, paraffin embed-
ding and transverse sections of 4-5 +tm
thickness) should be conducted with
special emphasis on stages of sper-
matogenesis and histopathology inter-
stitial testicular cell structure. The
evaluation should identify treatment-
related effects such as retained
spermatids, missing germ cell layers or
types, multinucleated giant cells or
sloughing of spermatogenic cells into
the lumen (the specifications for the
evaluation are discussed in paragraph
(9)(2) of this section). Examination of
the intact epididymis should include
the caput, corpus, and cauda, which
can be accomplished by evaluation of a
longitudinal section. The epididymis
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should be evaluated for leukocyte infil-
tration, change in prevalence of cell
types, aberrant cell types, and phago-
cytosis of sperm. PAS and hematoxylin
staining may be used for examination
of the male reproductive organs.
Histopathological examination of the
ovary should detect qualitative deple-
tion of the primordial follicle popu-
lation.

(g) Data and reporting—(1) Data. Indi-
vidual animal data should be provided.
Additionally, all data should be
summarised in tabular form, showing
for each test group the number of ani-
mals at the start of the test, the num-
ber of animals found dead during the
test or sacrificed for humane reasons,
the time of any death or humane sac-
rifice, the number of fertile animals,
the number of pregnant females, the
number of animals showing signs of
toxicity, a description of the signs of
toxicity observed, including time of
onset, duration, and severity of any
toxic effects, the types of
histopathological changes, and all rel-
evant litter data.

(2) Evaluation of results. (i) The find-
ings of this toxicity study should be
evaluated in terms of the observed ef-
fects, necropsy and microscopic find-
ings. This evaluation must include the
relationship between the dose of the
test substance and the presence or ab-
sence, incidence and severity of abnor-
malities, including gross lesions, iden-
tified target organs, infertility, clin-
ical abnormalities, affected reproduc-
tive and litter performance, body
weight changes, effects on mortality
and any other toxic effects.

(ii) Because of the short period of
treatment of the male, the
histopathology of the testis and
epididymus must be considered along
with the fertility data, when assessing
male reproductive effects.

(iii) Due to the limited dimensions of
the study, statistical analysis in the
form of tests for ‘‘significance’ are of
limited value for many endpoints, espe-
cially reproductive endpoints. If statis-
tical analyses are used then the meth-
od chosen should be appropriate for the
distribution of the variable examined,
and be selected prior to the start of the
study. Because of the small group size,
the use of historic control data (e.g.,
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for litter size), where available, may
also be useful as an aid to the interpre-
tation of the study.

(3) Test report. The test report must
include the following information:

(i) Test substance:

(A) Physical nature and, where rel-
evant, physicochemical properties.

(B) Identification data.

(ii) Vehicle (if appropriate): Jus-
tification for choice of vehicle if other
than water.

(iii) Test animals:

(A) Species/strain used.

(B) Number, age and sex of animals.

(C) Source, housing conditions, diet,
etc.

(D) Individual weights of animals at
the start of the test.

(iv) Test conditions:

(A) Rationale for dose level selection.

(B) Details of test substance formula-
tion/diet preparation, achieved con-
centrations, stability and homogeneity
of the preparation.

(C) Details of the administration of
the test substance.

(D) Conversion from diet/drinking
water test substance concentration
(parts per million (ppm)) to the actual
dose (mg/kg body weight/day), if appli-
cable.

(E) Details of food and water quality.

(v) Results (toxic response data by
sex and dose):

(A) Time of death during the study or
whether animals survived to termi-
nation.

(B) Nature, severity and duration of
clinical observations (whether revers-
ible or not).

(C) Body weight/body weight change
data.

(D) Food consumption and water con-
sumption, if applicable.

(E) Effects on reproduction, including
information on mating/precoital inter-
val, fertility, fecundity and gestation
duration.

(F) Effects on offspring, including
number of pups born (live and dead),
sex ratio, postnatal growth (pup
weights) and survival (litter size), gross
abnormalities and clinical observations
during lactation.

(G) Body weight at termination and
organ weight data for the parental ani-
mals.
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(H) Necropsy data, including number
of implantations and number of
corpora lutea.

(1) Calculations of pre- and
postimplantation loss.
(@) Detailed description of

histopathological findings.

(K) Statistical treatment of results,
where appropriate.

(vi) Discussion of results.

(vii) Conclusions.

(4) Interpretation of results. The study
will provide evaluations of reproduc-
tion/developmental toxicity associated
with administration of repeated doses.
It could provide an indication of the
need to conduct further investigations
and provides guidance in the design of
subsequent studies.

(h) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) OECD (1995). Reproduction/Devel-
opmental Toxicity Screening Test,
OECD 421, OECD Guidelines for Testing
of Chemicals.

(2) [Reserved]

[65 FR 78789, Dec. 15, 2000]

§799.9365 TSCA combined repeated
dose toxicity study with the repro-
duction/developmental toxicity
screening test.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet testing re-
quirements of the Toxic Substances
Control Act (TSCA) (15 U.S.C. 2601).

(2) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides
and Toxic Substances (OPPTS) har-
monized test guideline 870.3650 (July
2000, final guidelines). This source is
available at the address in paragraph
(h) of this section.

(b) Purpose. (1) This screening test
provides limited information on sys-
temic toxicity, neurotoxicity, and/or
immunotoxicity following repeated ex-
posure over a limited time period. In
addition, it can be used to provide ini-
tial information on possible effects on
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male and female reproductive perform-
ance such as gonadal function, mating
behavior, conception, development of
the conceptus, and parturition. It is
not an alternative to, nor does it re-
place, the existing test guidelines in
§§799.9370, 799.9380, 799.9620, and 799.9780
of this part.

(2) This test does not provide com-
plete information on all aspects of re-
production and development. In par-
ticular, it offers only limited means of
detecting postnatal manifestations of
prenatal exposure, or effects that may
be induced during postnatal exposure.
Due (amongst other reasons) to the se-
lectivity of the end points, and the
short duration of the study, this meth-
od will not provide evidence for defi-
nite claims of no reproduction/develop-
mental effects.

(3) This test can be used to provide
initial information either at an early
stage of assessing the toxicological
properties of chemicals, or chemicals
of high concern. It can also be used as
part of a set of initial screening tests
for existing chemicals for which little
or no toxicological information is
available or when otherwise considered
relevant. It also can serve as an alter-
native to conducting two separate
screening tests for repeated dose tox-
icity as described in §799.9305 of this
part and reproductive/developmental
toxicity as described in §799.9355 of this
part.

(c) Definitions. The definitions in sec-
tion 3 of TSCA and in 40 CFR Part 792—
Good Laboratory Practice Standards
apply to this section. The following
definitions also apply to this section.

Dosage is a general term comprising
dose, its frequency and the duration of
dosing.

Dose is the amount of test substance
administered. Dose is expressed as
weight (g, gm) or as weight of test sub-
stance per unit weight of test animal
(e.g., mg/kg), or as constant dietary
concentration (parts per million
(ppm)).

No-observed-effects level (NOEL) is the
maximum dose used in a study which
produces no adverse effects. The NOEL
is expressed in terms of the weight of a
test substance given daily per unit
weight of test animal (milligrams per
kilogram per day).
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(d) Principle of the test. (1) The test
substance must be administered in
graduated doses to several groups of
males and females. Males should be
dosed for a minimum of 4 weeks, up to
and including the day before scheduled
sacrifice (this includes a minimum of 2
weeks prior to mating, during the mat-
ing period and, approximately, 2 weeks
post mating). In view of the limited
pre-mating dosing period in males, fer-
tility may not be a particularly sen-
sitive indicator of testicular toxicity.
Therefore, a detailed histological ex-
amination of the testes is essential.
The combination of a pre-mating dos-
ing period of 2 weeks and subsequent
mating/fertility observations with an
overall dosing period of at least 4
weeks, followed by detailed
histopathology of the male gonads, is
considered sufficient to enable detec-
tion of the majority of effects on male
fertility and spermatogenesis.

(2) Females should be dosed through-
out the study. This includes 2 weeks
prior to mating (with the objective of
covering at least two complete
oestrous cycles), the variable time to
conception, the duration of pregnancy
and at least 4 days after delivery, up to
and including the day before scheduled
sacrifice.

(3) Duration of study, following accli-
matization, is dependent on the female
performance and is approximately 54
days, (at least 14 days pre-mating, (up
to) 14 days mating, 22 days gestation, 4
days lactation).

(4) During the period of administra-
tion, the animals are observed closely
each day for signs of toxicity. Animals
which die or are sacrificed during the
test are necropsied and, at the conclu-
sion of the test, surviving animals are
sacrificed and necropsied.

(e) Description of the method—(1) Selec-
tion of animal species. This test guide-
line is designed for use with the rat. If
other species are used, appropriate
modifications will be necessary.
Strains with low fecundity or well-
known high incidence of developmental
defects should not be used. Healthy vir-
gin animals, not subjected to previous
experimental procedures, should be
used. The test animals should be
characterised as to species, strain, sex,
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weight and/or age. At the commence-
ment of the study the weight variation
of animals used should be minimal and
not exceed #20% of the mean weight of
each sex. Where the study is conducted
as a preliminary study to a long-term
or a full-generation study, preferably
animals from the same strain and
source should be used in both studies.

(2) Housing and feeding conditions. (i)
The temperature in the experimental
animal room should be 22 °C (x3°). The
relative humidity should be at least
30% and preferably not exceed 70%
other than during room cleaning.
Lighting should be artificial, the se-
quence being 12 hours light, 12 hours
dark. For feeding, conventional labora-
tory diets may be used with an unlim-
ited supply of drinking water. The
choice of diet may be influenced by the
need to ensure a suitable admixture of
a test substance when administered by
this method.

(ii) Animals may be housed individ-
ually or be caged in small groups of the
same sex; for group caging, no more
than five animals should be housed per
cage. Mating procedures should be car-
ried out in cages suitable for the pur-
pose. Pregnant females should be caged
individually and provided with nesting
materials.

(3) Preparation of the animals. Healthy
young adult animals must be
randomised and assigned to the treat-
ment groups and cages. Cages should be
arranged in such a way that possible
effects due to cage placements are
minimized. The animals must be
uniquely identified and kept in their
cages for at least 5 days prior to the
start of the study to allow for
acclimatisation to the laboratory con-
ditions.

(4) Preparation of doses. (i) It is rec-
ommended that the test substance be
administered orally unless other routes
of administration are considered more
appropriate. When the oral route is se-
lected, the test compound is usually
administered by gavage; however, al-
ternatively, test compounds may also
be administered via the diet or drink-
ing water.

(i) Where necessary, the test sub-
stance is dissolved or suspended in a
suitable vehicle. It is recommended
that, wherever possible, the use of an
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aqueous solution/suspension be consid-
ered first, followed by consideration of
a solution/emulsion in oil (e.g., corn
oil) and then by possible solution in
other vehicles. For non-aqueous vehi-
cles the toxic characteristics of the ve-
hicle must be known. The stability of
the test substance in the vehicle should
be determined.

(f) Procedure—(1) Number and sex of
animals. It is recommended that each
group be started with at least 10 ani-
mals of each sex. Except in the case of
marked toxic effects, it is expected
that this will provide at least eight
pregnant females per group which nor-
mally is the minimum acceptable num-
ber of pregnant females per group. The
objective is to produce enough preg-
nancies and offspring to assure a mean-
ingful evaluation of the potential of
the substance to affect fertility, preg-
nancy, maternal and suckling behav-
iour, and growth and development of
the F, offspring from conception to day
4 post-partum. If interim sacrifices are
planned, the number should be in-
creased by the number of animals
scheduled to be sacrificed before the
completion of the study. Consideration
should be given to an additional sat-
ellite group of five animals per sex in
the control and the top dose group for
observation of reversibility, persist-
ence or delayed occurrence of systemic
toxic effects, for at least 14 days post
treatment. Animals of the satellite
groups must not be mated and, con-
sequently, must not used for the as-
sessment of reproduction/develop-
mental toxicity.

(2) Dosage. (i) Generally, at least
three test groups and a control group
should be used. If there are no suitable
general toxicity data available, a range
finding study may be performed to aid
the determination of the doses to be
used. Except for treatment with the
test substance, animals in the control
group should be handled in an identical
manner to the test group subjects. If a
vehicle is used in administering the
test substance, the control group
should receive the vehicle in the high-
est volume used.

(ii) Dose levels should be selected
taking into account any existing tox-
icity and (toxico-) kinetic data avail-
able for the test compound or related
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materials. It should also be taken into
account that there may be differences
in sensitivity between pregnant and
non-pregnant animals. The highest
dose level should be chosen with the
aim of inducing toxic effects but not
death nor obvious suffering. There-
after, a descending sequence of dose
levels should be selected with a view to
demonstrating any dosage related re-
sponse and no adverse effects at the
lowest dose level. Two- to four-fold in-
tervals are frequently optimum and ad-
dition of a fourth test group is often
preferable to using very large intervals
(e.g., more than a factor of 10) between
dosages.

(3) Limit test. If an oral study at 1-
dose level of at least 1000 mg/kg body
weight/day or, for dietary administra-
tion, an equivalent percentage in the
diet, or drinking water (based upon
body weight determinations), using the
procedures described for this study,
produces no observable toxic effects
and if toxicity would not be expected
based upon data from structurally re-
lated compounds, then a full study
using several dose levels may not be
considered necessary. The limit test
applies except when human exposure
indicates the need for a higher dose
level to be used. For other types of ad-
ministration, such as inhalation or der-
mal application, the physical chemical
properties of the test substance often
may dictate the maximum attainable
exposure.

(4) Administration of doses. (i) The ani-
mals are dosed with the test substance
daily for 7 days a week. When the test
substance is administered by gavage,
this should be done in a single dose to
the animals using a stomach tube or a
suitable intubation cannula. The max-
imum volume of liquid that can be ad-
ministered at one time depends on the
size of the test animal. The volume
should not exceed 1 ml/100 g body
weight, except in the case of aqueous
solutions where 2 ml/100 g body weight
may be used. Except for irritating or
corrosive substances which will nor-
mally reveal exacerbated effects with
higher concentrations, variability in
test volume should be minimized by
adjusting the concentration to ensure a
constant volume at all dose levels.
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(ii) For substances administered via
the diet or drinking water, it is impor-
tant to ensure that the quantities of
the test substance involved do not
interfere with normal nutrition or
water balance. When the test substance
is administered in the diet either a
constant dietary concentration (parts
per million (ppm)) or a constant dose
level in terms of the animals’ body
weight may be used; the alternative
used must be specified. For a substance
administered by gavage, the dose
should be given at similar times each
day, and adjusted at least weekly to
maintain a constant dose level in
terms of animal body weight.

(5) Experimental schedule. (i) Dosing of
both sexes should begin 2 weeks prior
to mating, after they have been accli-
matized for at least 5 days. The study
should be scheduled in such a way that
mating begins soon after the animals
have attained full sexual maturity.
This may vary slightly for different
strains of rats in different laboratories,
e.g., Sprague Dawley rats 10 weeks of
age, Wistar rats about 12 weeks of age.
Dams with offspring should be sac-
rificed on day 4 post-partum, or shortly
thereafter. In order to allow for over-
night fasting of dams prior to blood
collection (if this option is preferred),
dams and their offspring need not nec-
essarily be sacrificed on the same day.
The day of birth (viz. when parturition
is complete) is defined as day 0 post-
partum. Females showing no-evidence
of copulation are sacrificed 24-26 days
after the last day of the mating period.
Dosing is continued in both sexes dur-
ing the mating period. Males should
further be dosed after the mating pe-
riod at least until the minimum total
dosing period of 28 days has been com-
pleted. They are then sacrificed, or, al-
ternatively, are retained and continued
to be dosed for the possible conduction
of a second mating if considered appro-
priate.

(ii) Daily dosing of the parental fe-
males should continue throughout
pregnancy and at least up to, and in-
cluding, day 3 post-partum or the day
before sacrifice. For studies where the
test substance is administered by inha-
lation or by the dermal route, dosing
should be continued at least up to, and
including, day 19 of gestation.
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(iii) Animals in a satellite group
scheduled for follow-up observations, if
included, must not mated. They should
be kept at least for a further 14 days
after the first scheduled sacrifice of
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dams, without treatment to detect de-
layed occurrence, or persistence of, or
recovery from toxic effects.

(iv) The experimental schedule is
given in the following figure 1.

Figure 1

DIAGRAM OF THE EXPERIMENTAL SCHEDULE, INDICATING THE MAXIMUM §
BASED ON A FULL 14-DAY MATING PERIOD

| ‘oprioNas . EXTENDED

MALESISIRES: .

PUPS

Gestation

crapsy females and pups

Pre-mating Mating
(14 days) {maximum 14 days) {4pprox. 22 days)
L l I Lactation
1 7 14 2 28 35 42 50 54
Start of Haematology/clinical Necropsy males/sires (oplional} Parturition  Day 4 post-partum
the study chemistry in males and females Functiona} observations in malcs (optional)
(optional) Hacmatology/clinical chemistry in males, when kitled Necropsy males/sircs
(after dosing period of at least 4 weeks) (optional). Functional
vbservations in males
Dosing Without {optional} and females
£ Dosing

(6) Mating procedure. Normally, 1:1
(one male to one female) matings
should be used in this study. Excep-
tions can arise in the case of occasional
deaths of males. The female should be
placed with the same male until preg-
nancy occurs or 2 weeks have elapsed.
Each morning the females should be
examined for the presence of sperm or
a vaginal plug. Day 0 of pregnancy is
defined as the day a vaginal plug or
sperm is found. In case pairing was un-
successful, re-mating of females with
proven males of the same group could
be considered.

(7) Observations. (i) General clinical
observations should be made at least
once a day, preferably at the same
time(s) each day and considering the
peak period of anticipated effects after
dosing. The health condition of the ani-
mals should be recorded. At least twice
daily all animals must be observed for
morbidity and mortality.

(ii) Once before the first exposure (to
allow for within-subject comparisons),
and at least once a week thereafter, de-
tailed clinical observations should be

Haematology/clinical
chemistry in males and
females {optional)

made in all animals. These observa-
tions should be made outside the home
cage in a standard arena and preferably
at the same time, each day. They
should be carefully recorded; pref-
erably using scoring systems, explic-
itly defined by the testing laboratory.
Effort should be made to ensure that
variations in the test conditions are
minimal and that observations are
preferably conducted by observers un-
aware of the treatment. Signs noted
should include, but not be limited to,
changes in skin, fur, eyes, mucous
membranes, occurrence of secretions
and excretions and autonomic activity
(e.g., lacrimation, piloerection, pupil
size, unusual respiratory pattern).
Changes in gait, posture and response
to handling as well as the presence of
clonic or tonic movements,
stereotypies (e.g., excessive grooming,
repetitive circling), difficult or pro-
longed parturition or bizarre behaviour
(e.g., self-mutilation, walking back-
wards) should also be recorded.

376



Environmental Protection Agency

(iii) At one time during the study,
sensory reactivity to stimuli of dif-
ferent modalities (e.g., auditory, visual
and proprioceptive stimuli) assessment
of grip strength and motor activity as-
sessment should be conducted in five
males and five females, randomly se-
lected from each group. Further details
of the procedures that could be fol-
lowed are given in the respective ref-
erences. However, alternative proce-
dures than those referenced could also
be used. In males, these functional ob-
servations should be made towards the
end of their dosing period, shortly be-
fore scheduled sacrifice but before
blood sampling for hematology or clin-
ical chemistry. Females should be in a
physiologically similar state during
these functional tests and should pref-
erably be tested during lactation,
shortly before scheduled sacrifice. In
order to avoid hypothermia of pups,
dams should be removed from the pups
for not more than 30 to 40 minutes. Ex-
amples of procedures for observation
are described in the references in para-
graphs (h)(3), (h)(4), (h)(5), (h)(6), and
(h)(7) of this section.

(iv) Functional observations made
once towards the end of the study may
be omitted when the study is con-
ducted as a preliminary study to a sub-
sequent subchronic (90-day) or long-
term study. In that case, the func-
tional observations should be included
in this follow-up study. On the other
hand, the availability of data on func-
tional observations from this repeated
dose study may enhance the ability to
select dose levels for a subsequent sub-
chronic or long-term study.

(v) Functional observations may also
be omitted for groups that otherwise
reveal signs of toxicity to an extent
that would significantly interfere with
the functional test performance.

(vi) The duration of gestation should
be recorded and is calculated from day
0 of pregnancy. Each litter should be
examined as soon as possible after de-
livery to establish the number and sex
of pups, stillbirths, live births, runts
(pups that are significantly smaller
than corresponding control pups), and
the presence of gross abnormalities.

(vii) Live pups should be counted and
sexed and litters weighed within 24
hours of parturition (day 0 or 1 post-
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partum) and on day 4 post-partum. In
addition to the observations on paren-
tal animals, described by paragraphs
®@)(ii) and (F)(7)(iii) of this section,
any abnormal behaviour of the off-
spring should be recorded.

(8) Body weight and food/water con-
sumption. (i) Males and females should
be weighed on the first day of dosing,
at least weekly thereafter, and at ter-
mination. During pregnancy, females
should be weighed on days 0, 7, 14 and
20 and within 24 hours of parturition
(day 0 or 1 post-partum), and day 4
post-partum. These observations
should be reported individually for
each adult animal.

(i) During pre-mating, pregnancy
and lactation, food consumption should
be measured at least weekly. The
measurement of food consumption dur-
ing mating is optional. Water consump-
tion during these periods should also be
measured, when the test substance is
administered by that medium.

(9) Hematology. (i) Once during the
study, the following hematological ex-
aminations should be made in five
males and five females randomly se-
lected from each group: hematocrit,
hemoglobin concentration, erythrocyte
count, total and differential leucocyte
count, platelet count and a measure of
blood clotting time/potential.

(ii) Blood samples should be taken
from a named site. Females should be
in a physiologically similar state dur-
ing sampling. In order to avoid prac-
tical difficulties related to the varia-
bility in the onset of gestation, blood
collection in females may be done at
the end of the pre-mating period as an
alternative to sampling just prior to,
or as part of, the procedure for sacri-
ficing the animals. Blood samples of
males should preferably be taken just
prior to, or as part of, the procedure for
sacrificing the animals. Alternatively,
blood collection in males may also be
done at the end of the pre-mating pe-
riod when this time point was preferred
for females.

(iii) Blood samples should be stored
under appropriate conditions.

(10) Clinical biochemistry. (i) Clinical
biochemistry determinations to inves-
tigate major toxic effects in tissues
and, specifically, effects on kidney and
liver, should be performed on blood
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samples obtained from the selected five
males and five females of each group.
Overnight fasting of the animals prior
to blood sampling is recommended?. In-
vestigations of plasma or serum must
include sodium, potassium, glucose,
total cholesterol, urea, creatinine,
total protein and albumin, at least two

enzymes indicative of hepatocellular
effects (such as alanine
aminotransferase, aspartate

aminotransferase and sorbitol dehydro-
genase) and bile acids. Measurements
of additional enzymes (of hepatic or
other origin) may provide useful infor-
mation under certain circumstances.

(ii) Optionally, the following urinal-
ysis determinations could be performed
in five randomly selected males of each
group during the last week of the study
using timed urine volume collection;
appearance, volume, osmolality or spe-
cific gravity, pH, protein, glucose and
blood or blood cells.

(iii) In addition, studies to inves-
tigate serum markers of general tissue
damage should be considered. Other de-
terminations that should be carried
out if the known properties of the test
substance may, or are suspected to, af-
fect related metabolic profiles include
calcium, phosphate, fasting
triglycerides and fasting glucose, spe-
cific hormones, methemoglobin and
cholinesterase. These need to be identi-
fied on a case-by-case basis.

(iv) Overall, there is a need for a
flexible approach, depending on the ob-
served and/or expected effect with a
given compound.

(v) If historical baseline data are in-
adequate, consideration should be
given to determination of

1 For a number of measurements in serum
and plasma, most notably for glucose, over-
night fasting would be preferable. The major
reason for this preference is that the in-
creased variability which would inevitably
result from non-fasting, would tend to mask
more subtle effects and make interpretation
difficult. On the other hand, however, over-
night fasting may interfere with the general
metabolism of the (pregnant) animals, dis-
turbs lactation and nursing behaviour, and,
particularly in feeding studies, may disturb
the daily exposure to the test substance. If
overnight fasting is adopted, clinical bio-
chemical determinations should be per-
formed after the conduct of functional obser-
vations in week 4 of the study.
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hematological and clinical bio-
chemistry variables before dosing com-
mences.

(11) Pathology—(i) Gross necropsy. (A)
All adult animals in the study must be
subjected to a full, detailed gross ne-
cropsy which includes careful examina-
tion of the external surface of the
body, all orifices, and the cranial, tho-
racic and abdominal cavities and their
contents. Special attention should be
paid to the organs of the reproductive
system. The number of implantation
sites should be recorded. Corpora lutea
should be counted.

(B) The testes and epididymides of all
adult males should be weighed and the
ovaries, testes, epididymides, accessory
sex organs, and all organs showing
macroscopic lesions of all adult ani-
mals, should be preserved.

(C) In addition, for five adult males
and females, randomly selected from
each group, the liver, Kidneys,
adrenals, thymus, spleen, brain and
heart should be trimmed of any adher-
ent tissue, as appropriate and their wet
weight taken as soon as possible after
dissection to avoid drying. Of the se-
lected males and females, the following
tissues should also be preserved in the
most appropriate fixation medium for
both the type of tissue and the in-
tended subsequent histopathological
examination: all gross lesions, brain
(representative regions including cere-
brum, cerebellum and pons), spinal
cord, stomach, small and large intes-
tines (including Peyer’s patches), liver,
kidneys, adrenals, spleen, heart, thy-
mus, thyroid, trachea and lungs (pre-
served by inflation with fixative and
then immersion), uterus, urinary blad-
der, lymph nodes (preferably 1 lymph
node covering the route of administra-
tion and another one distant from the
route of administration to cover sys-
temic effects), peripheral nerve (sciatic
or tibial) preferably in close proximity
to the muscle, and a section of bone

marrow (or, alternatively, a fresh
mounted marrow aspirate).
(D) Formalin fixation is not rec-

ommended for routine examination of
testes and epididymides. An acceptable
method is the use of Bouin’s fixative
for these tissues. The clinical and other
findings may suggest the need to exam-
ine additional tissues. Also, any organs
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considered likely to be target organs
based on the known properties of the
test substance should be preserved.

(E) Dead pups and pups sacrificed at
day 4 post-partum, or shortly there-
after, should, at least, be carefully ex-
amined externally for gross abnormali-
ties.

(i) Histopathology. (A) Full
histopathology should be conducted on
the preserved organs and tissues of the
selected animals in the control and
high dose groups and all gross lesions.
These examinations should be extended
to animals of other dosage groups if
treatment-related changes are ob-
served in the high dose group.

(B) Detailed testicular
histopathological examination (e.g.,
using Bouin’s fixative, paraffin embed-
ding and transverse sections of 4-5 +tm
thickness) should be conducted with
special emphasis on stages of sper-
matogenesis and histopathology inter-
stitial testicular cell structure. The
evaluation should identify treatment-
related effects such as retained
spermatids, missing germ cell layers or
types, multinucleated giant cells or
sloughing of spermatogenic cells into
the lumen (the specifications for the
evaluation are discussed in paragraph
(9)(2) of this section). Examination of
the intact epididymis should include
the caput, corpus, and cauda, which
can be accomplished by evaluation of a
longitudinal section. The epididymis
should be evaluated for leukocyte infil-
tration, change in prevalence of cell
types, aberrant cell types, and phago-
cytosis of sperm. Periodic acid-Schiff
(PAS) and hematoxylin staining may
be used for examination of the male re-
productive organs. Histopathological
examination of the ovary should detect
qualitative depletion of the primordial
follicle population.

(C) When a satellite group is used,
histopathology should be performed on
tissues and organs identified as show-
ing effects in the treated groups.

(g) Data and reporting—(1) Data. Indi-
vidual animal data should be provided.
Additionally, all data should be
summarised in tabular form, showing
for each test group the number of ani-
mals at the start of the test, the num-
ber of animals found dead during the
test or sacrificed for humane reasons,
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the time of any death or humane sac-
rifice, the number of fertile animals,
the number of pregnant females, the
number of animals showing signs of
toxicity, a description of the signs of
toxicity observed, including time of
onset, duration, and severity of any
toxic effects, the types of
histopathological changes, and all rel-
evant litter data.

(2) Evaluation of results. (i) The find-
ings of this toxicity study should be
evaluated in terms of the observed ef-
fects, necropsy and microscopic find-
ings. The evaluation will include the
relationship between the dose of the
test substance and the presence or ab-
sence, incidence and severity of abnor-
malities, including gross lesions, iden-
tified target organs, infertility, clin-
ical abnormalities, affected reproduc-
tive and litter performance, body
weight changes, effects on mortality
and any other toxic effects.

(ii) Because of the short period of
treatment of the male, the
histopathology of the testes and
epididymides must be considered along
with the fertility data, when assessing
male reproduction effects. The use of
historic control data on reproduction/
development (e.g. for litter size) where
available may also be useful as an aid
to the interpretation of the study.

(iii) When possible, numerical results
should be evaluated by an appropriate
and general acceptable statistical
method. The statistical methods
should be selected during the design of
the study. Due to the limited dimen-
sions of the study, statistical analysis
in the form of tests for ‘“‘significance”
are of Ilimited value for many
endpoints, especially reproductive
endpoints. Some of the most widely
used methods, especially parametric
tests for measures of central tendency,
are inappropriate. If statistical anal-
yses are used then the method chosen
should be appropriate for the distribu-
tion of the variable examined and be
selected prior to the start of the study.

(3) Test report. The test report must
include the following information:

(i) Test substance:

(A) Physical nature and, where rel-
evant, physicochemical properties.

(B) Identification data.
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(ii) Vehicle (if appropriate): Jus-
tification for choice of vehicle, if other
than water.

(iii) Test animals:

(A) Species/strain used.

(B) Number, age and sex of animals.

(C) Source, housing conditions, diet,
etc.

(D) Individual weights of animals at
the start of the test.

(iv) Test conditions:

(A) Rationale for dose level selection.

(B) Details of test substance formula-
tion/diet preparation, achieved con-
centration, stability and homogeneity
of the preparation.

(C) Details of the administration of
the test substance.

(D) Conversion from diet/drinking
water test substance concentration
(parts per mission (ppm)) to the actual
dose (mg/kg body weight/day), if appli-
cable.

(E) Details of food and water quality.

(v) Results (toxic response data by
sex and dose):

(A) Time of death during the study or
whether animals survived to termi-
nation.

(B) Nature, severity and duration of
clinical observations (whether revers-
ible or not).

(C) Body weight/body weight change
data.

(D) Food consumption and water con-
sumption, if applicable.

(E) Sensory activity, grip strength
and motor activity assessments.

(F) Hematological tests with relevant
baseline values,

(G) Clinical biochemistry tests with
relevant baseline values.

(H) Effects on reproduction, includ-
ing information on mating/precoital in-
terval, fertility, fecundity and gesta-
tion duration.

(1) Effects on offspring, including
number of pups born (live and dead),
sex ratio, postnatal growth (pup
weights) and survival (litter size), gross
abnormalities and clinical observations
during lactation.

(J) Body weight at termination and
organ weight data for the parental ani-
mals.

(K) Necropsy data, including number
of implantations and number of
corpora lutea.
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(L) Calculations of and
postimplantation loss.

(M) Detailed description of
histopathological findings.

(N) Statistical treatment of results,
where appropriate.

(vi) Discussion of results.

(vii) Conclusions.

(h) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., NW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.
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§799.9370 TSCA
mental toxicity.

(a) Scope This section is intended to
meet the testing requirements under
section 4 of TSCA. This guideline for
developmental toxicity testing is de-
signed to provide general information
concerning the effects of exposure on
the pregnant test animal and on the
developing organism; this may include
death, structural abnormalities, or al-
tered growth and an assessment of ma-
ternal effects. For information on test-
ing for functional deficiencies and
other postnatal effects, the guidelines
for the two-generation reproductive
toxicity study and the developmental
neurotoxicity study should be con-
sulted.

(b) Source. The source material used
in developing this TSCA test guideline
is the OPPTS harmonized test guide-
line 870.3700 (February 1996 Public
Draft). This source is available at the
address in paragraph (h) of this section.

(c) Good laboratory practice standards.
The study shall be conducted in com-
pliance with 40 CFR Part 792—Good
Laboratory Practice Standards.

(d) Principle of the test method. The
test substance is administered to preg-
nant animals at least from implanta-
tion to one day prior to the expected
day of parturition. Shortly before the
expected date of delivery, the pregnant
females are terminated, the uterine
contents are examined, and the fetuses
are processed for visceral and skeletal
evaluation.

(e) Test procedures—(1) Animal selec-
tion—(i) Species and strain. It is rec-
ommended that testing be performed in
the most relevant species, and that lab-
oratory species and strains which are
commonly used in prenatal develop-
mental toxicity testing be employed.
The preferred rodent species is the rat

prenatal develop-
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and the preferred non-rodent species is
the rabbit.

(i) Age. Young adult animals shall be
used.

(iii) Sex. Nulliparous female animals
shall be used at each dose level. Ani-
mals should be mated with males of the
same species and strain, avoiding the
mating of siblings, if parentage is
known. Day 0 in the test is the day on
which a vaginal plug and/or sperm are
observed in the rodent or that insemi-
nation is performed or observed in the
rabbit.

(iv) Number of animals. Each test and
control group shall contain a sufficient
number of animals to yield approxi-
mately 20 animals with implantation
sites at necropsy.

(2) Administration of test and control
substances—(i) Dose levels and dose selec-
tion. (A) At least three-dose levels and
a concurrent control shall be used.
Healthy animals shall be randomly as-
signed to the control and treatment
groups, in a manner which results in
comparable mean body weight values
among all groups. The dose levels
should be spaced to produce a grada-
tion of toxic effects. Unless limited by
the physical/chemical nature or bio-
logical properties of the test substance,
the highest dose shall be chosen with
the aim to induce some developmental
and/or maternal toxicity but not death
or severe suffering. In the case of ma-
ternal mortality, this should not be
more than approximately 10%. The in-
termediate dose levels should produce
minimal observable toxic effects. The
lowest dose level should not produce
any evidence of either maternal or de-
velopmental toxicity (i.e., the no-ob-
served-adverse-effect level, NOAEL) or
should be at or near the limit of detec-
tion for the most sensitive endpoint.
Two- or four-fold intervals are fre-
quently optimal for spacing the dose
levels, and the addition of a fourth test
group is often preferable to using very
large intervals (e.g., more than a factor
of 10) between dosages.

(B) It is desirable that additional in-
formation on metabolism and phar-
macokinetics of the test substance be
available to demonstrate the adequacy
of the dosing regimen. This informa-
tion should be available prior to test-

ing.
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(C) The highest dose tested need not
exceed 1,000 mg/kg/day by oral or der-
mal administration, or 2 mg/L (or the
maximum attainable concentration) by
inhalation, unless potential human ex-
posure data indicate the need for high-
er doses. If a test performed at the
limit dose level, using the procedures
described for this study, produces no
observable toxicity and if an effect
would not be expected based upon data
from structurally related compounds,
then a full study using three-dose lev-
els may not be considered necessary.

(ii) Control group. (A) A concurrent
control group shall be used. This group
shall be a sham-treated control group
or a vehicle-control group if a vehicle
is used in administering the test sub-
stance.

(B) The vehicle control group should
receive the vehicle in the highest vol-
ume used.

(C) If a vehicle or other additive is
used to facilitate dosing, consideration
should be given to the following char-
acteristics: Effects on the absorption,
distribution, metabolism, or retention
of the test substance; effects on the
chemical properties of the test sub-
stance which may alter its toxic char-
acteristics; and effects on the food or
water consumption or the nutritional
status of the animals.

(iii) Route of administration. (A) The
test substance or vehicle is usually ad-
ministered orally by intubation.

(B) If another route of administra-
tion is used, for example, when the
route of administration is based upon
the principal route of potential human
exposure, the tester shall provide jus-
tification and reasoning for its selec-
tion, and appropriate modifications
may be necessary. Care should be
taken to minimize stress on the mater-
nal animals. For materials adminis-
tered by inhalation, whole-body expo-
sure is preferable to nose-only exposure
due to the stress of restraint required
for nose-only exposure.

(C) The test substance shall be ad-
ministered at approximately the same
time each day.

(D) When administered by gavage or
dermal application, the dose to each
animal shall be based on the most re-
cent individual body weight determina-
tion.
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(iv) Dosing schedule. At minimum, the
test substance shall be administered
daily from implantation to the day be-
fore cesarean section on the day prior
to the expected day of parturition. Al-
ternatively, if preliminary studies do
not indicate a high potential for
preimplantation loss, treatment may
be extended to include the entire pe-
riod of gestation, from fertilization to
approximately 1 day prior to the ex-
pected day of termination.

(f) Observation of animals—(1) Mater-
nal. (i) Each animal shall be observed
at least once daily, considering the
peak period of anticipated effects after
dosing. Mortality, moribundity, perti-
nent behavioral changes, and all signs
of overt toxicity shall be recorded at
this cageside observation. In addition,
thorough physical examinations shall
be conducted at the same time mater-
nal body weights are recorded.

(ii) Animals shall be weighed on day
0, at termination, and at least at 3-day
intervals during the dosing period.

(iii) Food consumption shall be re-
corded on at least 3-day intervals, pref-
erably on days when body weights are
recorded.

(iv) (A) Females shall be terminated
immediately prior to the expected day
of delivery.

(B) Females showing signs of abor-
tion or premature delivery prior to
scheduled termination shall be killed
and subjected to a thorough macro-
scopic examination.

(v) At the time of termination or
death during the study, the dam shall
be examined macroscopically for any
structural abnormalities or patholog-
ical changes which may have influ-
enced the pregnancy. Evaluation of the
dams during cesarean section and sub-
sequent fetal analyses should be con-
ducted without knowledge of treat-
ment group in order to minimize bias.

(vi) (A) Immediately after termi-
nation or as soon as possible after
death, the uteri shall be removed and
the pregnancy status of the animals
ascertained. Uteri that appear non-
gravid shall be further examined (e.g.
by ammonium sulfide staining) to con-
firm the nonpregnant status.

(B) Each gravid uterus (with cervix)
shall be weighed. Gravid uterine
weights should not be obtained from
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dead animals if autolysis or decomposi-
tion has occurred.

(C) The number of corpora lutea shall
be determined for pregnant animals.

(D) The uterine contents shall be ex-
amined for embryonic or fetal deaths
and the number of viable fetuses. The
degree of resorption shall be described
in order to help estimate the relative
time of death of the conceptus.

(2) Fetal. (i) The sex and body weight
of each fetus shall be determined.

(ii) Each fetus shall be examined for
external anomalies.

(iii) Fetuses shall be examined for
skeletal and soft tissue anomalies (e.qg.
variations and malformations or other
categories of anomalies as defined by
the performing laboratory).

(A) For rodents, approximately one-
half of each litter shall be prepared by
standard techniques and examined for
skeletal alterations, preferably bone
and cartilage. The remainder shall be
prepared and examined for soft tissue
anomalies, using appropriate serial
sectioning or gross dissection tech-
niques. It is also acceptable to examine
all fetuses by careful dissection for soft
tissue anomalies followed by an exam-
ination for skeletal anomalies.

(B) For rabbits, all fetuses shall be
examined for both soft tissue and skel-
etal alterations. The bodies of these
fetuses should be evaluated by careful
dissection for soft-tissue anomalies,
followed by preparation and examina-
tion for skeletal anomalies. An ade-
quate evaluation of the internal struc-
tures of the head, including the eyes,
brain, nasal passages, and tongue,
should be conducted for at least half of
the fetuses.

(g) Data and reporting—(1) Treatment
of results. Data shall be reported indi-
vidually and summarized in tabular
form, showing for each test group the
types of change and the number of
dams, fetuses, and litters displaying
each type of change.

(2) Evaluation of study results. The fol-
lowing shall be provided:

(i) Maternal and fetal test results, in-
cluding an evaluation of the relation-
ship, or lack thereof, between the expo-
sure of the animals to the test sub-
stance and the incidence and severity
of all findings.
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(ii) Criteria used for categorizing
fetal external, soft tissue, and skeletal
anomalies.

(iii) When appropriate, historical
control data to enhance interpretation
of study results. Historical data (on lit-
ter incidence and fetal incidence with-
in litter), when used, should be com-
piled, presented, and analyzed in an ap-
propriate and relevant manner. In
order to justify its use as an analytical
tool, information such as the dates of
study conduct, the strain and source of
the animals, and the vehicle and route
of administration should be included.

(iv) Statistical analysis of the study
findings should include sufficient infor-
mation on the method of analysis, so
that an independent reviewer/statisti-
cian can reevaluate and reconstruct
the analysis. In the evaluation of study
data, the litter should be considered
the basic unit of analysis.

(v) In any study which demonstrates
an absence of toxic effects, further in-
vestigation to establish absorption and
bioavailability of the test substance
should be considered.

(3) Test report. In addition to the re-
porting requirements as specified under
40 CFR part 792, subpart J, the fol-
lowing specific information shall be re-
ported. Both individual and summary
data should be presented.

(i) Species and strain.

(ii) Maternal toxic response data by
dose, including but not limited to:

(A) The number of animals at the
start of the test, the number of ani-
mals surviving, the number pregnant,
and the number aborting.

(B) Day of death during the study or
whether animals survived to termi-
nation.

(C) Day of observation of each abnor-
mal clinical sign and its subsequent
course.

(D) Body weight and body weight
change data, including body weight
change adjusted for gravid uterine
weight.

(E) Food consumption and, if applica-
ble, water consumption data.
(F) Necropsy findings,

gravid uterine weight.

(iii) Developmental endpoints by dose
for litters with implants, including:

(A) Corpora lutea counts.

including
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(B) Implantation data, number and
percent of live and dead fetuses, and re-
sorptions (early and late).

(C) Pre- and postimplantation loss
calculations.

(iv) Developmental endpoints by dose
for litters with live fetuses, including:

(A) Number and percent of live off-
spring.

(B) Sex ratio.

(C) Fetal body weight data, pref-
erably by sex and with sexes combined.

(D) External, soft tissue, and skeletal
malformation and variation data. The
total number and percent of fetuses
and litters with any external, soft tis-
sue, or skeletal alteration, as well as
the types and incidences of individual
anomalies, should be reported.

(v) The numbers used in calculating
all percentages or indices.

(vi) Adequate statistical treatment of
results.

(vii) A copy of the study protocol and
any amendments should be included.

(h) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.
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§799.9380 TSCA reproduction and fer-
tility effects.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of the TSCA. This section is
for two-generation reproduction test-
ing and is designed to provide general
information concerning the effects of a
test substance on the integrity and
performance of the male and female re-
productive systems, including gonadal
function, the estrous cycle, mating be-
havior, conception, gestation, parturi-
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tion, lactation, and weaning, and on
the growth and development of the off-
spring. The study may also provide in-
formation about the effects of the test
substance on neonatal morbidity, mor-
tality, target organs in the offspring,
and preliminary data on prenatal and
postnatal developmental toxicity and
serve as a guide for subsequent tests.
Additionally, since the study design in-
cludes in utero as well as postnatal ex-
posure, this study provides the oppor-
tunity to examine the susceptibility of
the immature/neonatal animal.

(b) Source. The source material used
in developing this TSCA test guideline
is the OPPTS harmonized test guide-
line 870.3800 (February 1996 Public
Draft). This source is available at the
address in paragraph (g) of this section.

(c) Good laboratory practice standards.
The study shall be conducted in com-
pliance with 40 CFR part 792—Good
Laboratory Practice Standards.

(d) Principle of the test method. The
test substance is administered to pa-
rental (P) animals prior to and during
their mating, during the resultant
pregnancies, and through the weaning
of their F1 offspring. The substance is
then administered to selected F1 off-
spring during their growth into adult-
hood, mating, and production of an F2
generation, until the F2 generation is
weaned.

(e) Test procedures—(1) Animal selec-
tion—(i) Species and strain. The rat is
the most commonly used species for
testing. If another mammalian species
is used, the tester shall provide jus-
tification/reasoning for its selection,
and appropriate modifications will be
necessary. Healthy parental animals,
which have been acclimated to labora-
tory conditions for at least 5 days and
have not been subjected to previous ex-
perimental procedures, should be used.
Strains of low fecundity shall not be
used.

(ii) Age. Parental (P) animals shall be
5 to 9 weeks old at the start of dosing.
The animals of all test groups should
be of uniform weight, age, and parity
as nearly as practicable, and should be
representative of the species and strain
under study.

(iii) Sex. (A) For an adequate assess-
ment of fertility, both males and fe-
males shall be studied.

385



§799.9380

(B) The females shall be nulliparous
and nonpregnant.

(iv) Number of animals. Each control
group shall contain a sufficient number
of mating pairs to yield approximately
20 pregnant females. Each test group
shall contain a similar number of mat-
ing pairs.

(v) Ildentification of animals. Each ani-
mal shall be assigned a unique identi-
fication number. For the P generation,
this should be done before dosing
starts. For the F1 generation, this
should be done for animals selected for
mating; in addition, records indicating
the litter of origin shall be maintained
for all selected F1 animals.

(2) Administration of test and control
substances—(i) Dose levels and dose selec-
tion. (A) At least three-dose levels and
a concurrent control shall be used.
Healthy animals should be randomly
assigned to the control and treatment
groups, in a manner which results in
comparable mean body weight values
among all groups. The dose levels
should be spaced to produce a grada-
tion of toxic effects. Unless limited by
the physical/chemical nature or bio-
logical properties of the test substance,
the highest dose should be chosen with
the aim to induce some reproductive
and/or systemic toxicity but not death
or severe suffering. In the case of pa-
rental mortality, this should not be
more than approximately 10%. The in-
termediate dose levels should produce
minimal observable toxic effects. The
lowest dose level should not produce
any evidence of either systemic or re-
productive toxicity (i.e., the no-ob-
served-adverse-effect level, NOAEL) or
should be at or near the limit of detec-
tion for the most sensitive endpoint.
Two- or four-fold intervals are fre-
quently optimal for spacing the dose
levels, and the addition of a fourth test
group is often preferable to using very
large intervals (e.g., more than a factor
of 10) between dosages.

(B) It is desirable that additional in-
formation on metabolism and phar-
macokinetics of the test substance be
available to demonstrate the adequacy
of the dosing regimen. This informa-
tion should be available prior to test-
ing.

(C) The highest dose tested should
not exceed 1,000 mg/kg/day (or 20,000
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ppm in the diet), unless potential
human exposure data indicate the need
for higher doses. If a test performed at
the limit dose level, using the proce-
dures described for this study, produces
no observable toxicity and if an effect
would not be expected based upon data
from structurally related compounds,
then a full study using three dose lev-
els may not be considered necessary.

(if) Control group. (A) A concurrent
control group shall be used. This group
shall be an untreated or sham treated
group or a vehicle-control group if a
vehicle is used in administering the
test substance.

(B) If a vehicle is used in admin-
istering the test substance, the control
group shall receive the vehicle in the
highest volume used.

(C) If a vehicle or other additive is
used to facilitate dosing, consideration
should be given to the following char-
acteristics: Effects on the absorption,
distribution, metabolism, or retention
of the test substance; effects on the
chemical properties of the test sub-
stance which may alter its toxic char-
acteristics; and effects on the food or
water consumption or the nutritional
status of the animals.

(D) If a test substance is adminis-
tered in the diet and causes reduced di-
etary intake or utilization, the use of a
pair-fed control group may be consid-
ered necessary.

(iii) Route of administration. (A) The
test substance is usually administered
by the oral route (diet, drinking water,
or gavage).

(B) If administered by gavage or der-
mal application, the dosage adminis-
tered to each animal prior to mating
and during gestation and lactation
shall be based on the individual animal
body weight and adjusted weekly at a
minimum.

(C) If another route of administration
is used, for example, when the route of
administration is based upon the prin-
cipal route of potential human expo-
sure, the tester should provide jus-
tification and reasoning for its selec-
tion, and appropriate modifications
may be necessary. Care should be
taken to minimize stress on the mater-
nal animals and their litters during
gestation and lactation.
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(D) All animals should be dosed by
the same method during the appro-
priate experimental period.

(iv) Dosing schedule. (A) The animals
should be dosed with the test substance
on a 7-days-a-week basis.

(B) Daily dosing of the parental (P)
males and females shall begin when
they are 5 to 9 weeks old. Daily dosing
of the F1 males and females shall begin
at weaning. For both sexes (P and F1),
dosing shall be continued for at least 10
weeks before the mating period.

(C) Daily dosing of the P and F1
males and females shall continue until
termination.

(3) Mating procedure—(i) Parental. (A)
For each mating, each female shall be
placed with a single randomly selected
male from the same dose level (1:1 mat-
ing) until evidence of copulation is ob-
served or either 3 estrous periods or 2
weeks has elapsed. Animals should be
separated as soon as possible after evi-
dence of copulation is observed. If mat-
ing has not occurred after 2 weeks or 3
estrous periods, the animals should be
separated without further opportunity
for mating. Mating pairs should be
clearly identified in the data.

(B) Vaginal smears shall be collected
daily and examined for all females dur-
ing mating, until evidence of copula-
tion is observed.

(C) Each day, the females shall be ex-
amined for presence of sperm or vag-
inal plugs. Day 0 of pregnancy is de-
fined as the day a vaginal plug or
sperm are found.

(if) F1 mating. For mating the F1 off-
spring, at least one male and one fe-
male should be randomly selected from
each litter for mating with another pup
of the same dose level but different lit-
ter, to produce the F2 generation.

(iii) Second mating. In certain in-
stances, such as poor reproductive per-
formance in the controls, or in the
event of treatment-related alterations
in litter size, the adults may be
remated to produce an Flb or F2b lit-
ter. If production of a second litter is
deemed necessary in either generation,
the dams should be remated approxi-
mately 1-2 weeks following weaning of
the last Fla or F2a litter.

(iv) Special housing. After evidence of
copulation, animals that are presumed
to be pregnant shall be caged sepa-
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rately in delivery or maternity cages.
Pregnant animals shall be provided
with nesting materials when parturi-
tion is near.

(v) Standardization of litter sizes. (A)
Animals should be allowed to litter
normally and rear their offspring to
weaning. Standardization of litter sizes
is optional.

(B) If standardization is performed,
the following procedure should be used.
On day 4 after birth, the size of each
litter may be adjusted by eliminating
extra pups by random selection to
yield, as nearly as possible, four males
and four females per litter or five
males and five females per litter. Se-
lective elimination of pups, i.e. based
upon body weight, is not appropriate.
Whenever the number of male or fe-
male pups prevents having four (or
five) of each sex per litter, partial ad-
justment (for example, five males and
three females, or four males and six fe-
males) is acceptable. Adjustments are
not appropriate for litters of eight pups
or less.

(4) Observation of animals—(i) Paren-
tal. (A) Throughout the test period,
each animal shall be observed at least
once daily, considering the peak period
of anticipated effects after dosing.
Mortality, moribundity, pertinent be-
havioral changes, signs of difficult or
prolonged parturition, and all signs of
overt toxicity shall be recorded at this
cageside examination. In addition,
thorough physical examinations should
be conducted weekly on each animal.

(B) Parental animals (P and F1) shall
be weighed on the first day of dosing
and weekly thereafter. Parental fe-
males (P and F1) should be weighed at
a minimum on approximately gesta-
tion days 0, 7, 14, and 21, and during
lactation on the same days as the
weighing of litters.

(C) During the premating and gesta-
tion periods, food consumption shall be
measured weekly at a minimum. Water
consumption should be measured week-
ly at a minimum if the test substance
is administered in the water.

(D) Estrous cycle length and pattern
should be evaluated by vaginal smears
for all P and F1 females during a min-
imum of 3 weeks prior to mating and
throughout cohabitation; care should
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be taken to prevent the induction of
pseudopregnancy.

(E) For all P and F1 males at termi-
nation, sperm from one testis and one
epididymis shall be collected for enu-
meration of homogenization-resistant
spermatids and cauda epididymal
sperm reserves, respectively. In addi-
tion, sperm from the cauda epididymis
(or vas deferens) should be collected for
evaluation of sperm motility and
sperm morphology.

(1) The total number of homogeni-
zation-resistant testicular sperm and
cauda epididymal sperm should be enu-
merated. The method described in the
reference under paragraph (g)(8) of this
section may be used. Cauda sperm re-
serves can be derived from the con-
centration and volume of sperm in the
suspension used to complete the quali-
tative evaluations, and the number of
sperm recovered by subsequent minc-
ing and/or homogenizing of the remain-
ing cauda tissue. Enumeration in only
control and high-dose P and F1 males
may be performed unless treatment-re-
lated effects are observed; in that case,
the lower dose groups should also be
evaluated.

(2) An evaluation of epididymal (or
vas deferens) sperm motility should be
performed. Sperm should be recovered
while minimizing damage (the evalua-
tion techniques as described in the ref-
erence under paragraph (g)(8) of this
section may be used), and the percent-
age of progressively motile sperm
should be determined either subjec-
tively or objectively. For objective
evaluations, an acceptable counting
chamber of sufficient depth can be used
to effectively combine the assessment
of motility with sperm count and
sperm morphology. When computer-as-
sisted motion analysis is performed,
the derivation of progressive motility
relies on user-defined thresholds for av-
erage path velocity and straightness or
linear index. If samples are videotaped,
or images otherwise recorded, at the
time of necropsy, subsequent analysis
of only control and high-dose P and F1
males may be performed unless treat-
ment-related effects are observed; in
that case, the lower dose groups should
also be evaluated. In the absence of a
video or digital image, all samples in
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all treatment groups should be ana-
lyzed at necropsy.

(3) A morphological evaluation of an
epididymal (or vas deferens) sperm
sample shall be performed. Sperm (at
least 200 per sample) should be exam-
ined as fixed, wet preparations (the
techniques for such examinations is de-
scribed in the references under para-
graphs (g)(4) and (g)(8) of this section
may be used) and classified as either
normal (both head and midpiece/tail
appear normal) or abnormal. Examples
of morphologic sperm abnormalities
would include fusion, isolated heads,
and misshapen heads and/or tails. Eval-
uation of only control and high-dose P
and F1 males may be performed unless
treatment-related effects are observed;
in that case, the lower dose groups
should also be evaluated.

(ii) Offspring. (A) Each litter should
be examined as soon as possible after
delivery (lactation day 0) to establish
the number and sex of pups, stillbirths,
live births, and the presence of gross
anomalies. Pups found dead on day 0
should be examined for possible defects
and cause of death.

(B) Live pups should be counted,
sexed, and weighed individually at
birth, or soon thereafter, at least on
days 4, 7, 14, and 21 of lactation, at the
time of vaginal patency or
balanopreputial separation, and at ter-
mination.

(C) The age of vaginal opening and
preputial separation should be deter-
mined for F1 weanlings selected for
mating. If there is a treatment-related
effect in F1 sex ratio or sexual matura-
tion, anogenital distance should be
measured on day 0 for all F2 pups.

(5) Termination schedule. (i) All P and
F1 adult males and females should be
terminated when they are no longer
needed for assessment of reproductive
effects.

(ii) F1 offspring not selected for mat-
ing and all F2 offspring should be ter-
minated at comparable ages after
weaning.

(6) Gross necropsy. (i) At the time of
termination or death during the study,
all parental animals (P and F1) and
when litter size permits at least three
pups per sex per litter from the
unselected F1 weanlings and the F2
weanlings shall be examined
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macroscopically for any structural ab-
normalities or pathological changes.
Special attention shall be paid to the
organs of the reproductive system.

(ii) Dead pups or pups that are termi-
nated in a moribund condition should
be examined for possible defects and/or
cause of death.

(iii) At the time of necropsy, a vag-
inal smear should be examined to de-
termine the stage of the estrous cycle.
The uteri of all cohabited females
should be examined, in a manner which
does not compromise histopathological
evaluation, for the presence and num-
ber of implantation sites.

(7) Organ weights. (i) At the time of
termination, the following organs of all
P and F1 parental animals shall be
weighed:

(A) Uterus (with oviducts and cervix),
ovaries.

(B) Testes, epididymides (total
weights for both and cauda weight for
either one or both), seminal vesicles
(with coagulating glands and their
fluids), and prostate.

(C) Brain, pituitary, liver, Kidneys,
adrenal glands, spleen, and known tar-
get organs.

(ii) For F1 and F2 weanlings that are
examined macroscopically, the fol-
lowing organs shall be weighed for one
randomly selected pup per sex per lit-
ter.

(A) Brain.

(B) Spleen and thymus.

(8) Tissue preservation. The following
organs and tissues, or representative
samples thereof, shall be fixed and
stored in a suitable medium for
histopathological examination.

(i) For the parental (P and F1) ani-
mals:

(A) Vagina, uterus with oviducts, cer-
Vvix, and ovaries.

(B) One testis (preserved in Bouins
fixative or comparable preservative),
one epididymis, seminal vesicles, pros-
tate, and coagulating gland.

(C) Pituitary and adrenal glands.

(D) Target organs, when previously
identified, from all P and F1 animals
selected for mating.

(E) Grossly abnormal tissue.

(ii) For F1 and F2 weanlings selected
for macroscopic examination: Grossly
abnormal tissue and target organs,
when known.
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(9) Histopathology—(i) Parental ani-
mals. Full histopathology of the organs
listed in paragraph (e)(8)(i) of this sec-
tion shall be performed for ten ran-
domly chosen high dose and control P
and F1 animals per sex, for those ani-
mals that were selected for mating. Or-
gans demonstrating treatment-related
changes shall also be examined for the
remainder of the high-dose and control
animals and for all parental animals in
the low- and mid-dose groups. Addi-
tionally, reproductive organs of the
low- and mid-dose animals suspected of
reduced fertility, e.g., those that failed
to mate, conceive, sire, or deliver
healthy offspring, or for which estrous
cyclicity or sperm number, motility, or
morphology were affected, shall be sub-
jected to histopathological evaluation.
Besides gross lesions such as atrophy
or tumors, testicular histopathological
examination should be conducted in
order to identify treatment-related ef-
fects such as retained spermatids,
missing germ cell layers or types,
multinucleated giant cells, or slough-
ing of spermatogenic cells into the
lumen. Examination of the intact epi-
didymis should include the caput, cor-
pus, and cauda, which can be accom-
plished by evaluation of a longitudinal
section, and should be conducted in
order to identify such lesions as sperm
granulomas, leukocytic infiltration
(inflammation), aberrant cell types
within the lumen, or the absence of
clear cells in the cauda epididymal epi-
thelium. The postlactational ovary
should contain primordial and growing
follicles as well as the large corpora
lutea of lactation. Histopathological
examination should detect qualitative
depletion of the primordial follicle pop-
ulation. A quantitative evaluation of
primordial follicles should be con-
ducted for all F1 females; the number
of animals, ovarian section selection,
and section sample size should be sta-
tistically appropriate for the evalua-
tion procedure used. Examination
should include enumeration of the
number of primordial follicles, which
can be combined with small growing
follicles (see paragraphs (g)(1) and
(9)(2) of this section), for comparison of
treated and control ovaries.
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(if) Weanling. For Fl1 and F2
weanlings, histopathological examina-
tion of treatment-related abnormali-
ties noted in macroscopic examination
should be considered, if such evalua-
tion were deemed appropriate and
would contribute to the interpretation
of the study data.

(f) Data and reporting—(1) Treatment
of results. Data shall be reported indi-
vidually and summarized in tabular
form, showing for each test group the
types of change and the number of ani-
mals displaying each type of change.

(2) Evaluation of study results. (i) An
evaluation of test results, including
the statistical analysis, shall be pro-
vided. This should include an evalua-
tion of the relationship, or lack there-
of, between the exposure of the animals
to the test substance and the incidence
and severity of all abnormalities.

(ii) When appropriate, historical con-
trol data should be used to enhance in-
terpretation of study results. Histor-
ical data, when used, should be com-
piled, presented, and analyzed in an ap-
propriate and relevant manner. In
order to justify its use as an analytical
tool, information such as the dates of
study conduct, the strain and source of
the animals, and the vehicle and route
of administration should be included.

(iii) Statistical analysis of the study
findings should include sufficient infor-
mation on the method of analysis, so
that an independent reviewer/statisti-
cian can reevaluate and reconstruct
the analysis.

(iv) In any study which demonstrates
an absence of toxic effects, further in-
vestigation to establish absorption and
bioavailability of the test substance
should be considered.

(3) Test report. In addition to the re-
porting requirements as specified under
40 CFR part 792, subpart J, the fol-
lowing specific information shall be re-
ported. Both individual and summary
data should be presented.

(i) Species and strain.

(if) Toxic response data by sex and
dose, including indices of mating, fer-
tility, gestation, birth, viability, and
lactation; offspring sex ratio; precoital
interval, including the number of days
until mating and the number of estrous
periods until mating; and duration of
gestation calculated from day 0 of
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pregnancy. The report should provide
the numbers used in calculating all in-
dices.

(iii) Day (week) of death during the
study or whether animals survived to
termination; date (age) of litter termi-
nation.

(iv) Toxic or other effects on repro-
duction, offspring, or postnatal growth.

(v) Developmental milestone data
(mean age of vaginal opening and
preputial separation, and mean
anogenital distance, when measured).

(vi) Number of P and F1 females cy-
cling pattern and mean estrous cycle
length.

(vii) Day (week) of observation of
each abnormal sign and its subsequent
course.

(viii) Body weight and body weight
change data by sex for P, F1, and F2
animals.

(ix) Food (and water, if applicable)
consumption, food efficiency (body
weight gain per gram of food con-
sumed), and test material consumption
for P and F1 animals, except for the pe-
riod of cohabitation.

(x) Total cauda epididymal sperm
number, homogenization-resistant tes-
tis spermatid number, number and per-
cent of progressively motile sperm,
number and percent of morphologically
normal sperm, and number and percent
of sperm with each identified anomaly.

(xi) Stage of the estrous cycle at the
time of termination for P and F1 pa-
rental females.

(xii) Necropsy findings.

(xiii) Implantation data and
postimplantation loss calculations for
P and F1 parental females.

(xiv) Absolute and adjusted organ
weight data.

(xv) Detailed description of all
histopathological findings.

(xvi) Adequate statistical treatment
of results.

(xvii) A copy of the study protocol
and any amendments should be in-
cluded.

(9) References. For additional
backgound information on this test
guideline, the following references
should be consulted. These references
are available for inspection at the
TSCA Nonconfidential Information
Center, Rm. NE-B607, Environmental
Protection Agency, 401 M St., SW.,,
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Washington, DC, 12 noon to 4 p.m.,
Monday through Friday, except legal
holidays.
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§799.9410 TSCA chronic toxicity.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet the testing re-
quirement of the Toxic Substances
Control Act (TSCA) (15 U.S.C. 2601).

(2) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides
and Toxic Substances (OPPTS) har-
monized test guideline 870.4100 (August
1998, final guidelines). This source is
available at the address in paragraph
(h) of this section

(b) Purpose. The objective of a chron-
ic toxicity study is to determine the ef-
fects of a substance in a mammalian
species following prolonged and re-
peated exposure. A chronic toxicity
study should generate data from which
to identify the majority of chronic ef-
fects and to define long-term dose-re-
sponse relationships. The design and
conduct of chronic toxicity tests
should allow for the detection of gen-
eral toxic effects, including neuro-
logical, physiological, biochemical, and
hematological effects and exposure-re-
lated morphological (pathological) ef-
fects.

(c) Definitions. The definitions in sec-
tion 3 of TSCA and in 40 CFR Part 792—
Good Laboratory Practice Standards
apply to this section. The following
definitions also apply to this section.

Chronic toxicity is the adverse effects
occurring as a result of the repeated
daily exposure of experimental animals
to a chemical by the oral, dermal, or
inhalation routes of exposure.

Cumulative toxicity is the adverse ef-
fects of repeated doses occurring as a
result of prolonged action on, or in-
creased concentration of, the adminis-
tered test substance or its metabolites
in susceptible tissue.

Dose in a chronic toxicity study is the
amount of test substance administered
daily via the oral, dermal or inhalation
routes for a period of at least 12
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months. Dose is expressed as weight of
the test substance (grams, milligrams)
per unit body weight of test animal
(milligram per kilogram), or as weight
of the test substance in parts per mil-
lion (ppm) in food or drinking water
per day. For inhalation exposure, dose
is expressed as weight of the test sub-
stance per unit volume of air (milli-
grams per liter) or as parts per million
per day. For dermal exposure, dose is
expressed as weight of the test sub-
stance (grams, milligrams) per unit
body weight of the test animal (milli-
grams per kilogram) or as weight of
the substance per unit of surface area
(milligrams per square centimeter) per
day.

No-observed-effects level (NOEL) is the
maximum dose used in a study which
produces no adverse effects. The NOEL
is usually expressed in terms of the
weight of a test substance given daily
per unit weight of test animal (milli-
grams per kilogram per day).

Target organ is any organ of a test
animal showing evidence of an effect
induced by a test substance.

(d) Limit test. If a test at one dose
level of at least 1,000 mg/kg body
weight (expected human exposure may
indicate the need for a higher dose
level), using the procedures described
for this study, produces no observable
toxic effects and if toxicity would not
be expected based upon data of struc-
turally related compounds, a full study
using three dose levels might not be
necessary.

(e) Test procedures—(1) Animal selec-
tion—(i) Species and strain. Testing
should be performed with two mamma-
lian species, one a rodent and the other
a nonrodent. The rat is the preferred
rodent species. Commonly used labora-
tory strains must be employed.

(ii) Age/weight. (A) Testing must be
started with young healthy animals as
soon as possible after weaning and ac-
climatization.

(B) Dosing of rodents should gen-
erally begin no later than 8 weeks of
age.

(C) Dosing of non-rodents should
begin between 4 and 6 months of age
and in no case later than 9 months of
age.

(D) At commencement of the study,
the weight variation of animals used
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should be within 20%
weight for each sex.

(E) Studies using prenatal or neo-
natal animals may be recommended
under special conditions.

(iii) Sex. (A) Equal numbers of ani-
mals of each sex should be used at each
dose level.

(B) Females should be nulliparous
and nonpregnant.

(iv) Numbers. (A) For rodents, at least
40 animals (20 males and 20 females)
and for nonrodents at least 8 animals (4
females and 4 males) should be used at
each dose level and concurrent control
group.

(B) If interim sacrifices are planned,
the number should be increased by the
number of animals scheduled to be sac-
rificed during the course of the study.

(C) The number of animals at the ter-
mination of the study must be ade-
quate for a meaningful and valid statis-
tical evaluation of chronic effects. The
Agency must be notified if excessive
early deaths or other problems are en-
countered that might compromise the
integrity of the study.

(D) To avoid bias, the use of adequate
randomization procedures for the prop-
er allocation of animals to test and
control groups is required.

(E) Each animal should be assigned a
unique identification number. Dead
animals, their preserved organs and
tissues, and microscopic slides should
be identified by reference to the unique
numbers assigned.

(v) Husbandry. (A) Rodents may be
group-caged by sex, but the number of
animals per cage must not interfere
with clear observation of each animal.
The biological properties of the test
substance or toxic effects (e.g., mor-
bidity, excitability) may indicate a
need for individual caging. Rodents
should be housed individually in der-
mal studies and during exposure in in-
halation studies. Caging should be ap-
propriate to the nonrodent species.

(B) The temperature of the experi-
mental animal rooms should be at 22 +3
°C.

(C) The relative humidity of the ex-
perimental animal rooms should be 50
+20%.

(D) Where lighting is artificial, the
sequence should be 12 hours light/12
hours dark.

of the mean
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(E) Control and test animals should
be fed from the same batch and lot.
The feed should be analyzed to assure
adequacy of nutritional requirements
of the species tested and for impurities
that might influence the outcome of
the test. Animals should be fed and wa-
tered ad libitum with food replaced at
least weekly.

(F) The study should not be initiated
until animals have been allowed a pe-
riod of acclimatization/quarantine to
environmental conditions, nor should
animals from outside sources be placed
on test without an adequate period of
quarantine. An acclimation period of
at least 5 days is recommended.

(2) Control and test substances. (i)
Where necessary, the test substance is
dissolved or suspended in a suitable ve-
hicle. If a vehicle or diluent is needed
it should not elicit toxic effects itself
nor substantially alter the chemical or
toxicological properties of the test sub-
stance. It is recommended that wher-
ever possible the use of an aqueous so-
lution be the first choice, followed by
consideration of solution in oil, and fi-
nally, solution in other vehicles.

(if) One lot of the test substance
should be used, if possible, throughout
the duration of the study, and the re-
search sample should be stored under
conditions that maintain its purity and
stability. Prior to the initiation of the
study, there should be a characteriza-
tion of the test substance, including
the purity of the test compound, and, if
technically feasible, the names and
quantities of contaminants and impuri-
ties.

(iii) If the test or control substance is
to be incorporated into feed or another
vehicle, the period during which the
test substance is stable in such a mix-
ture should be determined prior to the
initiation of the study. Its homo-
geneity and concentration should be
determined prior to the initiation of
the study and periodically during the
study. Statistically randomized sam-
ples of the mixture should be analyzed
to ensure that proper mixing, formula-
tion, and storage procedures are being
followed, and that the appropriate con-
centration of the test or control sub-
stance is contained in the mixture.

(3) Control groups. A concurrent con-
trol group is required. This group
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should be an untreated or sham-treated
control group or, if a vehicle is used in
administering the test substance, a ve-
hicle control group. If the toxic prop-
erties of the vehicle are not known or
cannot be made available, both un-
treated and vehicle control groups are
required.

(4) Satellite group. A satellite group of
40 animals (20 animals per sex) for ro-
dents and 8 animals (4 animals per sex)
for nonrodents may be treated with the
high-dose level for 12 months and ob-
served for reversibility, persistence, or
delayed occurrence of toxic effects for
a post-treatment of appropriate length,
normally not less than 28 days. In addi-
tion, a control group of 40 animals (20
animals per sex) for rodents and 8 ani-
mals (4 animals per sex) for nonrodents
should be added to the satellite study.

(5) Dose levels and dose selections. (i) In
chronic toxicity tests, it is desirable to
determine a dose-response relationship
as well as a NOEL. Therefore, at least
three dose levels with a control group
and, where appropriate, a vehicle con-
trol (corresponding to the concentra-
tion of the vehicle at the highest expo-
sure level) should be used. Dose levels
should be spaced to produce a grada-
tion of effects. A rationale must be pro-
vided for the doses selected.

(ii) The highest-dose level should
elicit signs of toxicity without sub-
stantially altering the normal life span
of the animal. The highest dose should
be determined based on the findings
from a 90-day study to ensure that the
dose used is adequate to assess the
chronic toxicity of the test substance.
Thus, the selection of the highest dose
to be tested is dependent upon changes
observed in several toxicological pa-
rameters in subchronic studies. The
highest dose tested need not exceed
1,000 mg/kg/day. If dermal application
of the test substance produces severe
skin irritation, then it may be nec-
essary either to terminate the study
and choose a lower high-dose level or
to reduce the dose level. Gross criteria
for defining severe irritation would in-
clude ulcers, fissures, exudate/
crust(eschar), dead tissue, or anything
leading to destruction of the functional
integrity of the epidermis (e.g. caking,
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open sores, fissuring, eschar). Histo-
logical criteria for defining severe irri-
tation would include follicular and
interfollicular crust, microulcer, mild/
moderate degeneration/necrosis, mod-
erate/marked epidermal edema,
marked dermal edema, and marked in-
flammation.

(iii) The intermediate dose levels
should be spaced to produce a grada-
tion of toxic effects.

(iv) The Ilowest-dose level
produce no evidence of toxicity.

(6) Administration of the test substance.
The three main routes of administra-
tion are oral, dermal, and inhalation.
The choice of the route of administra-
tion depends upon the physical and
chemical characteristics of the test
substance and the form typifying expo-
sure in humans.

(i) Oral studies. ldeally, the animals
should be dosed by gavage or with cap-
sules on a 7-day per week basis for a pe-
riod of at least 12 months. However,
based primarily on practical consider-
ations, dosing by gavage or capsules on
a 5-day per week schedule is accept-
able. If the test substance is adminis-
tered via in the drinking water or
mixed in the diet, exposure should be
on a 7-day per week basis.

(ii) Dermal studies. (A) Preparation of
animal skin. Shortly before testing, fur
should be clipped from not less than
10% of the body surface area for appli-
cation of the test substance. In order
to dose approximately 10% of the body
surface, the area starting at the
scapulae (shoulders) to the wing of the
ileum (hipbone) and half way down the
flank on each side of the animal should
be shaved. Shaving should be carried
out approximately 24 hours before dos-
ing. Repeated clipping or shaving is
usually needed at approximately week-
ly intervals. When clipping or shaving
the fur, care should be taken to avoid
abrading the skin which could alter its
permeability.

(B) Preparation of test substance.
Liquid test substances are generally
used undiluted, except as indicated in
paragraph (e)(5)(ii) of this section. Sol-
ids should be pulverized when possible.
The substance should be moistened suf-
ficiently with water or, when nec-
essary, with a suitable vehicle to en-
sure good contact with the skin. When

should

40 CFR Ch. | (7-1-07 Edition)

a vehicle is used, the influence of the
vehicle on toxicity of, and penetration
of the skin by, the test substance
should be taken into account. The vol-
ume of application should be kept con-
stant, e.g., less than 100 pL for the
mouse and less than 300 pL for the rat.
Different concentrations of test solu-
tion should be prepared for different
dose levels.

(C) Administration of test substance.
The duration of exposure should be at
least for 12 months. ldeally, the ani-
mals should be treated with test sub-
stance for at least 6 hours per day on a
7-day per week basis. However, based
on practical considerations, applica-
tion on a 5-day per week basis is ac-
ceptable. Dosing should be conducted
at approximately the same time each
day. The test substance should be ap-
plied uniformly over the treatment
site. The surface area covered may be
less for highly toxic substances. As
much of the area should be covered
with as thin and uniform a film as pos-
sible. For rats, the test substance may
be held in contact with the skin with a
porous gauze dressing and nonirri-
tating tape if necessary. The test site
should be further covered in a suitable
manner to retain the gauze dressing
plus test substance and to ensure that
the animals cannot ingest the test sub-
stance. The application site should not
be covered when the mouse is the spe-
cies of choice. The test substance may
be wiped from the skin after the six-
hour exposure period to prevent inges-
tion.

(iii) Inhalation studies. (A) The ani-
mals should be exposed to the test sub-
stance for 6 hours per day on a 7-day
per week basis, for a period of at least
12 months. However, based primarily
on practical considerations, exposure
for 6 hours per day on a 5-day per week
basis is acceptable.

(B) The animals should be tested in
dynamic inhalation equipment de-
signed to sustain a minimum air flow
of 10 air changes per hour, an adequate
oxygen content of at least 19%, and
uniform conditions throughout the ex-
posure chamber. Maintenance of slight
negative pressure inside the chamber
will prevent leakage of the test sub-
stance into surrounding areas. It is not
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normally necessary to measure cham-
ber oxygen concentration if airflow is
adequate.

(C) The selection of a dynamic inha-
lation chamber should be appropriate
for the test substance and test system.
When a whole body chamber is used, in-
dividual housing must be used to mini-
mize crowding of the test animals and
maximize their exposure to the test
substance. To ensure stability of a
chamber atmosphere, the total volume
occupied by the test animals should
not exceed 5% of the volume of the test
chamber. It is recommended, but not
required, that nose-only or head-only
exposure be used for aerosol studies in
order to minimize oral exposures due
to animals licking compound off their
fur. The animals should be acclimated
and heat stress minimized.

(D) The temperature at which the
test is performed should be maintained
at 22 *2 °C. The relative humidity
should be maintained between 40-60%,
but in certain instances (e.g., use of
water vehicle) this may not be prac-
ticable.

(E) The rate of air flow should be
monitored continuously but recorded
at least three times during the expo-
sure.

(F) Temperature and humidity
should be monitored continuously but
should be recorded at least every 30
min.

(G) The actual concentrations of the
test substance should be measured in
the breathing zone. During the expo-
sure period, the actual concentrations
of the test substance should be held as
constant as practicable, monitored
continuously or intermittently depend-
ing on the method of analysis. Cham-
ber concentration may be measured
using gravimetric or analytical meth-
ods, as appropriate. If trial run meas-
urements are reasonably consistent
(£10% for liquid aerosol, gas, or vapor;
+20% for dry aerosol), then two meas-
urements should be sufficient. If meas-
urements are not consistent, three to
four measurements should be taken. If
there is some difficulty measuring
chamber analytical concentration due
to precipitation, nonhomogeneous mix-
tures, volatile components, or other
factors, additional analysis of inert
components may be necessary.
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(H) During the development of the
generating system, particle size anal-
ysis should be performed to establish
the stability of aerosol concentrations
with respect to particle size. The mass
median aerodynamic diameter (MMAD)
particle size range should be between 1-
3 pm. The particle size of hygroscopic
materials should be small enough when
dry to assure that the size of the swol-
len particle will still be within the 1-3
um  range. Measurements of aero-
dynamic particle size in the animal’s
breathing zone should be measured dur-
ing a trial run. If MMAD values for
each exposure level are within 10% of
each other, then two measurements
during the exposures should be suffi-
cient. If pretest measurements are not
within 10% of each other, three to four
measurements should be taken.

() Feed should be withheld during
exposure. Water may also be withheld
during exposure.

(7) Observation period. (i) Animals
should be observed for a period of at
least 12 months.

(i) Animals in a satellite group (if
used) scheduled for follow-up observa-
tions should be kept for at least 28 days
further without treatment to detect re-
covery from, or persistence of, toxic ef-
fects.

(8) Observation of animals. (i) Observa-
tions should be made at least twice
each day for morbidity and mortality.
Appropriate actions should be taken to
minimize loss of animals to the study
(e.g., necropsy or refrigeration of those
animals found dead and isolation or
sacrifice of weak or moribund ani-
mals). General clinical observations
should be made at least once a day,
preferably at the same time each day,
taking into consideration the peak pe-
riod of anticipated effects after dosing.
The clinical condition of the animal
should be recorded.

(i) A careful clinical examination
should be made at least once prior to
the initiation of treatment (to allow
for within subject comparisons) and
once weekly during treatment in all
animals. These observations should be
made outside the home cage, pref-
erably in a standard arena, and at simi-
lar times on each occasion. Effort
should be made to ensure that vari-
ations in the observation conditions
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are minimal. Observations should be
detailed and carefully recorded, pref-
erably using scoring systems, explic-
itly defined by the testing laboratory.
Signs noted should include, but not be
limited to, changes in skin, fur, eyes,
mucous membranes, occurrence of se-
cretions and excretions and autonomic
activity (e.g., lacrimation,
piloerection, pupil size, unusual res-
piratory pattern). Changes in gait, pos-
ture and response to handling as well
as the presence of clonic or tonic move-
ments, stereotypies (e.g., excessive
grooming, repetitive circling) or bi-
zarre behavior (e.g., self-mutilation,
walking backwards) should be re-
corded.

(iii) Once, near the end of the first
year of the exposure period and in any
case not earlier than in month 11, as-
sessment of motor activity, grip
strength, and sensory reactivity to
stimuli of different types (e.g., visual,
auditory, and proprioceptive stimuli)
should be conducted in rodents. Fur-
ther details of the procedures that
could be followed are described in the
references listed under paragraphs
(h)(2), (h)(7), (h)(8), and (h)(11) of this
section.

(iv) Functional observations con-
ducted towards the end of the study
may be omitted when data on func-
tional observations are available from
other studies and the daily clinical ob-
servations did not reveal any func-
tional deficits.

(v) Exceptionally, functional obser-
vations may be omitted for groups that
otherwise reveal signs of toxicity to an
extent that would significantly inter-
fere with functional test performance.

(vi) Body weights should be recorded
individually for all animals once prior
to the administration of the test sub-
stance, once a week during the first 13
weeks of study and at least once every
4 weeks thereafter, unless signs of clin-
ical toxicity suggest more frequent
weighing to facilitate monitoring of
health status.

(vii) Measurements of feed consump-
tion should be determined weekly dur-
ing the first 13 weeks of the study and
at approximately monthly intervals
thereafter unless health status or body
weight changes dictate otherwise.
Measurements of water consumption
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should be determined at the same in-
tervals if the test substance is adminis-
tered in the drinking water.

(viii) Moribund animals should be re-
moved and sacrificed when noticed and
the time of death should be recorded as
precisely as possible. All survivors
should be sacrificed at the end of the
study period.

(9) Clinical pathology. Hematology,
clinical chemistry, and urinalysis
should be performed on 10 rats per sex
per group, and on all nonrodents. In ro-
dents, the parameters should be exam-
ined at approximately 6 month inter-
vals during the conduct of the study
and at termination. If possible, these
collections should be from the same
animals at each interval. In non-
rodents, the parameters should be ex-
amined once or twice prior to initi-
ation of treatment, at 6-month inter-
vals during the conduct of the study,
and at termination. If hematological
and biochemical effects were seen in
the subchronic study, testing should
also be performed at 3 months. Over-
night fasting of animals prior to blood
sampling is recommended.

(i) Hematology. The recommended pa-
rameters are red blood cell count, he-
moglobin concentration, hematocrit,
mean corpuscular volume, mean cor-
puscular hemoglobin, and mean corpus-
cular hemoglobin concentration, white
blood cell count, differential leukocyte
count, platelet count, and a measure of
clotting potential, such as prothrombin
time or activated partial thrombo-
plastin time.

(ii) Clinical chemistry. (A) Parameters
which are considered appropriate to all
studies are electrolyte balance, carbo-
hydrate metabolism, and liver and kid-
ney function. The selection of specific
tests will be influenced by observations
on the mode of action of the substance
and signs of clinical toxicity.

(B) The recommended clinical chem-
istry determinations are potassium, so-
dium, calcium (nonrodent), phosphorus
(nonrodent), chloride (nonrodent), glu-
cose, total cholesterol, urea nitrogen,
creatinine, total protein, total bili-
rubin (nonrodent), and albumin. More
than two hepatic enzymes, (such as al-
anine aminotransferase, aspartate
aminotransferase, alkaline phos-
phatase, sorbitol dehydrogenase, or
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gamma glutamyl transpeptidase)
should also be measured. Measure-
ments of additional enzymes (of he-
patic or other origin) and bile acids,
may also be useful.

(C) If a test chemical has an effect on
the hematopoietic system, reticulocyte
counts and bone marrow cytology may
be indicated.

(D) Other determinations that should
be carried out if the test chemical is
known or suspected of affecting related
measures include calcium, phosphorus,
fasting triglycerides, hormones,
methemoglobin, and cholinesterases.

(iii) Urinalysis. Urinalysis for rodents
should be performed at the end of the
study using timed urine collection.
Urinalysis for nonrodents should be
performed prior to treatment, midway
through treatment and at the end of
the study using timed urine collection.
Urinalysis determinations include: ap-
pearance, volume, osmolality or spe-
cific gravity, pH, protein, glucose, and
blood/blood cells.

(10) Ophthalmological examination. Ex-
aminations should be made of all ani-
mals using an ophthalmoscope or
equivalent device prior to the adminis-
tration of the test substance and at
termination of the study on 10 rats of
each sex in the high-dose and control
groups and preferably in all non-
rodents, but at least the control and
high-dose groups should be examined.
If changes in eyes are detected, all ani-
mals should be examined.

(11) Gross necropsy. (i) All animals
should be subjected to a full gross ne-
cropsy which includes examination of
the external surface of the body, all
orifices, and the cranial, thoracic and
abdominal cavities and their contents.

(if) At least the liver, Kidneys,
adrenals, testes, epididymides, ovaries,
uterus, nonrodent thyroid (with para-
thyroid), spleen, brain, and heart
should be weighed wet as soon as pos-
sible after dissection to avoid drying.
The lungs should be weighed if the test
substance is administered by the inha-
lation route.

(iii) The following organs and tissues,
or representative samples thereof,
should be preserved in a suitable me-
dium for possible future
histopathological examination:
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(A) Digestive system—salivary
glands, esophagus, stomach, duodenum,
jejunum, ileum, cecum, colon, rectum,
liver, pancreas, gallbladder (when
present).

(B) Nervous system—brain (multiple
sections, including cerebrum, cere-
bellum and medulla/pons), pituitary,
peripheral nerve (sciatic or tibial, pref-
erably in close proximity to the mus-
cle), spinal cord (three levels, cervical,
mid-thoracic and lumbar), eyes (retina,
optic nerve).

(C) Glandular
parathyroid, thyroid.

(D) Respiratory system—trachea,
lungs, pharynx, larynx, nose.

(E) Cardiovascular/hematopoietic
system—aorta, heart, bone marrow
(and/or fresh aspirate), lymph nodes
(preferably one lymph node covering
the route of administration and an-
other one distant from the route of ad-
ministration to cover systemic effects),
spleen.

(F) Urogenital system—kidneys, uri-
nary bladder, prostate, testes,
epididymides, seminal vesicle(s), uter-
us, ovaries, female mammary gland.

(G) Other—all gross lesions
masses, skin.

(iv) In inhalation studies, the entire
respiratory tract, including nose, phar-
ynx, larynx, and paranasal sinuses
should be examined and preserved. In
dermal studies, skin from treated and
adjacent control skin sites should be
examined and preserved.

(v) Inflation of lungs and urinary
bladder with a fixative is the optimal
method for preservation of these tis-
sues. The proper inflation and fixation
of the lungs in inhalation studies is
considered essential for appropriate
and valid histopathological examina-
tion.

(vi) Information from clinical pathol-
ogy and other in-life data should be
considered before microscopic exam-
ination, since they may provide signifi-
cant guidance to the pathologist.

(12) Histopathology. (i) The following
histopathology should be performed:

(A) Full histopathology on the or-
gans and tissues (listed under para-
graph (e)(11)(iii) of this section) of all
rodents and nonrodents in the control
and high-dose groups, and all rodents

system—adrenals,

and
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and nonrodents that died or were sac-
rificed during the study. The examina-
tion should be extended to all animals
in all dosage groups if treatment-re-
lated changes are observed in the high-
dose group.

(B) All gross lesions in all animals.

(C) Target tissues in all animals.

(ii) If the results show substantial al-
teration of the animal’s normal life
span, or other effects that might com-
promise the significance of the data,
the next lower levels should be exam-
ined fully as described in paragraph
(e)(12)(i) of this section.

(iii) An attempt should be made to
correlate gross observations with mi-
croscopic findings.

(iv) Tissues and organs designated for
microscopic examination should be
fixed in 10% buffered formalin or a rec-
ognized suitable fixative as soon as ne-
cropsy is performed and no less than 48
hours prior to trimming.

(f) Data and reporting—(1) Treatment
of results. (i) Data should be summa-
rized in tabular form, showing for each
test group the number of animals at
the start of the test, the number of ani-
mals showing lesions, the types of le-
sions and the percentage of animals
displaying each type of lesion.

(ii) When applicable, all observed re-
sults (quantitative and qualitative)
should be evaluated by an appropriate
statistical method. Any generally ac-
cepted statistical methods may be
used; the statistical methods including
significance criteria should be selected
during the design of the study.

(2) Evaluation of study results. The
findings of a chronic toxicity study
should be evaluated in conjunction
with the findings of preceding studies
and considered in terms of the toxic ef-
fects as well as the necropsy and
histopathological findings. The evalua-
tion will include the relationship be-
tween the dose of the test substance
and the presence, incidence, and sever-
ity of abnormalities (including behav-
ioral and clinical abnormalities), gross
lesions, identified target organs, body
weight changes, effects on mortality
and any other general or specific toxic
effects.

(3) Test report. In addition to the re-
porting requirements specified under
EPA Good Laboratory Practice Stand-
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ards at 40 CFR part 792, subpart J, the
following specific information must be
reported:

(i) Test substance characterization
should include:

(A) Chemical identification.

(B) Lot or batch number.

(C) Physical properties.

(D) Purity/impurities.

(ii) ldentification and composition of
any vehicle used.

(iii) Test system should contain data
on:

(A) Species and strain of animals
used and rationale for selection if other
than that recommended.

(B) Age including body weight data
and sex.

(C) Test environment including cage
conditions, ambient temperature, hu-
midity, and light/dark periods.

(D) Identification of animal diet.

(E) Acclimation period.

(iv) Test procedure should
the following data:

(A) Method of randomization used.

(B) Full description of experimental
design and procedure.

(C) Dose regimen
methods, and volume.

(v) Test results.

(A) Group animal data. Tabulation of
toxic response data by species, strain,
sex and exposure level for:

(1) Number of animals exposed.

(2) Number of animals showing signs
of toxicity.

(3) Number of animals dying.

(B) Individual animal data. Data
should be presented as summary (group
mean) as well as for individual ani-
mals.

(1) Time of death during the study or
whether animals survived to termi-
nation.

(2) Time of observation of each ab-
normal sign and its subsequent course.

(3) Body weight data.

(4) Feed and water (if collected) con-
sumption data.

(5) Achieved dose (mg/kg/day) as a
time-weighted average if the test sub-
stance is administered in the diet or
drinking water.

(6) Results of ophthalmological ex-
aminations.

(7) Results of hematological
performed.

include

including levels,
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(8) Results of clinical chemistry tests
performed.

(9) Urinalysis tests performed and re-
sults.

(10) Results of observations made.

(11) Necropsy findings, including ab-
solute and relative (to body weight)
organ weight data.

(12) Detailed description of all
histopathological findings.

(13) Statistical treatment of results,
where appropriate.

(vi) In addition, for inhalation stud-
ies the following should be reported:

(A) Test conditions. The following ex-
posure conditions must be reported:

(1) Description of exposure apparatus
including design, type, dimensions,
source of air, system for generating
particulate and aerosols, method of
conditioning air, treatment of exhaust
air and the method of housing the ani-
mals in a test chamber.

(2) The equipment for measuring
temperature, humidity, and particulate
aerosol concentrations and size should
be described.

(B) Exposure data. These data should
be tabulated and presented with mean
values and a measure of variability
(e.g., standard deviation) and should
include:

(1) Airflow rates through the inhala-
tion equipment.

(2) Temperature and humidity of air.

(3) Actual (analytical or gravimetric)
concentration in the breathing zone.

(4) Nominal concentration (total
amount of test substance fed into the
inhalation equipment divided by vol-
ume of air).

(5) Particle size distribution, cal-
culated MMAD, and geometric stand-
ard deviation.

(6) Explanation as to why the desired
chamber concentration and/or particle
size could not be achieved (if applica-
ble) and the efforts taken to comply
with this aspect of the guidelines.

(9) Quality control. A system should
be developed and maintained to assure
and document adequate performance of
laboratory staff and equipment. The
study must be conducted in compliance
with 40 CFR Part 792—Good Laboratory
Practice Standards.

(h) References. For additional back-
ground information on this test guide-
line, the following references should be
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consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.
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§799.9420 TSCA carcinogenicity.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of TSCA. The objective of a
long-term carcinogenicity study is to
observe test animals for a major por-
tion of their life span for development
of neoplastic lesions during or after ex-
posure to various doses of a test sub-
stance by an appropriate route of ad-
ministration.

(b) Source. The source material used
in developing this TSCA test guideline
is the OPPTS harmonized test guide-
line 870.4200 (June 1996 Public Draft).
This source is available at the address
in paragraph (g) of this section.

(c) Definitions. The following defini-
tions apply to this section.

Carcinogenicity is the development of
neoplastic lesions as a result of the re-
peated daily exposure of experimental
animals to a chemical by the oral, der-
mal, or inhalation routes of exposure.

Cumulative toxicity is the adverse ef-
fects of repeated dose occurring as a re-
sult of prolonged action on, or in-
creased concentration of, the adminis-
tered test substance or its metabolites
in susceptible tissues.

Dose in a carcinogenicity study is the
amount of test substance administered
via the oral, dermal or inhalation
routes for a period of up to 24 months.
Dose is expressed as weight of the test
substance (grams, milligrams) per unit
body weight of test animal (milligram
per kilogram), or as weight of the test
substance in parts per million (ppm) in
food or drinking water. When exposed
via inhalation, dose is expressed as
weight of the test substance per unit
volume of air (milligrams per liter) or
as parts per million.
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Target organ is any organ of a test
animal showing evidence of an effect
induced by a test substance.

(d) Test procedures—(1) Animal selec-
tion—(i) Species and strain. Testing
shall be performed on two mammalian
species. Rats and mice are the species
of choice because of their relatively
short life spans, limited cost of mainte-
nance, widespread use in pharma-
cological and toxicological studies,
susceptibility to tumor induction, and
the availability of inbred or suffi-
ciently characterized strains. Com-
monly used laboratory strains shall be
used. If other mammalian species are
used, the tester shall provide justifica-
tion/reasoning for their selection.

(ii) Age/weight. (A) Testing shall be
started with young healthy animals as
soon as possible after weaning and ac-
climatization.

(B) Dosing should generally begin no
later than 8 weeks of age.

(C) At commencement of the study,
the weight variation of animals used
shall not exceed *20% of the mean
weight for each sex.

(D) Studies using prenatal or neo-
natal animals may be recommended
under special conditions.

(iii) Sex. (A) Equal numbers of ani-
mals of each sex shall be used at each
dose level.

(B) Females shall be nulliparous and
nonpregnant.

(iv) Numbers. (A) At least 100 rodents
(50 males and 50 females) shall be used
at each dose level and concurrent con-
trol group.

(B) If interim sacrifices are planned,
the number shall be increased by the
number of animals scheduled to be sac-
rificed during the course of the study.

(C) For a meaningful and valid statis-
tical evaluation of long term exposure
and for a valid interpretation of nega-
tive results, the number of animals in
any group should not fall below 50% at
15 months in mice and 18 months in
rats. Survival in any group should not
fall below 25% at 18 months in mice
and 24 months in rats.

(D) The use of adequate randomiza-
tion procedures for the proper alloca-
tion of animals to test and control
groups is required to avoid bias.

(E) Each animal shall be assigned a
unique identification number. Dead
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animals, their preserved organs and
tissues, and microscopic slides shall be
identified by reference to the unique
numbers assigned.

(v) Husbandry. (A) Animals may be
group-caged by sex, but the number of
animals per cage must not interfere
with clear observation of each animal.
The biological properties of the test
substance or toxic effects (e.g., mor-
bidity, excitability) may indicate a
need for individual caging. Animals
should be housed individually in der-
mal studies and during exposure in in-
halation studies.

(B) The temperature of the experi-
mental animal rooms should be at 22+3
°C.

(C) The relative humidity of the ex-
perimental animal rooms should be 30
to 70%.

(D) Where lighting is artificial, the
sequence should be 12 h light/12 h dark.

(E) Control and test animals should
be fed from the same batch and lot.
The feed should be analyzed to assure
uniform distribution and adequacy of
nutritional requirements of the species
tested and for impurities that might
influence the outcome of the test. Ani-
mals should be fed and watered ad lib-
itum with food replaced at least week-
ly.
(F) The study should not be initiated
until animals have been allowed a pe-
riod of acclimatization/quarantine to
environmental conditions, nor should
animals from outside sources be placed
on test without an adequate period of
quarantine.

(2) Control and test substances. (i)
Where necessary, the test substance is
dissolved or suspended in a suitable ve-
hicle. If a vehicle or diluent is needed,
it should not elicit toxic effects itself.
It is recommended that wherever pos-
sible the use of an aqueous solution be
considered first, followed by consider-
ation of solution in oil, and finally so-
lution in other vehicles.

(ii) One lot of the test substance
should be used, if possible, throughout
the duration of the study, and the re-
search sample should be stored under
conditions that maintain its purity and
stability. Prior to the initiation of the
study, there should be a characteriza-
tion of the test substance, including
the purity of the test compound, and, if
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possible, the name and quantities of
contaminants and impurities.

(iii) If the test or control substance is
to be incorporated into feed or another
vehicle, the period during which the
test substance is stable in such a mix-
ture should be determined prior to the
initiation of the study. Its homo-
geneity and concentration should be
determined prior to the initiation of
the study and periodically during the
study. Statistically randomized sam-
ples of the mixture should be analyzed
to ensure that proper mixing, formula-
tion, and storage procedures are being
followed, and that the appropriate con-
centration of the test or control sub-
stance is contained in the mixture.

(3) Control groups. A concurrent con-
trol group (50 males and 50 females) is
required. This group shall be untreated
or if a vehicle is used in administering
the test substance, a vehicle control
group. If the toxic properties of the ve-
hicle are not known, both untreated
and vehicle control groups are re-
quired.

(4) Dose levels and dose selection. (i)
For risk assessment purposes, at least
three dose levels shall be used, in addi-
tion to the concurrent control group.
Dose levels should be spaced to produce
a gradation of effects. A rationale for
the doses selected must be provided.

(if) The highest dose level should
elicit signs of toxicity without sub-
stantially altering the normal life span
due to effects other than tumors. The
highest dose should be determined
based on the findings from a 90-day
study to ensure that the dose used is
adequate to asses the carcinogenic po-
tential of the test substance. Thus, the
selection of the highest dose to be test-
ed is dependent upon changes observed
in several toxicological parameters in
subchronic studies. The highest dose
tested need not exceed 1,000 mg/kg/day.

(iii) The intermediate-dose level
should be spaced to produce a grada-
tion of toxic effects.

(iv) The lowest dose level
produce no evidence of toxicity.

should
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(v) For skin carcinogenicity studies,
when toxicity to the skin is a deter-
mining factor, the highest dose se-
lected should not destroy the func-
tional integrity of the skin, the inter-
mediate dose should be a minimally ir-
ritating dose, and the low dose should
be the highest nonirritating dose.

(vi) The criteria for selecting the
dose levels for skin carcinogenicity
studies, based on gross and
histopathologic dermal lesions, are as
follows:

(A) Gross criteria for reaching the
high dose:

(1) Erythema (moderate).

(2) Scaling.

(3) Edema (mild).

(4) Alopecia.

(5) Thickening.

(B) Histologic criteria for reaching
the high dose:

(1) Epidermal hyperplasia.

(2) Epidermal hyperkeratosis.

(3) Epidermal parakeratosis.

(4) Adnexal atrophy/hyperplasia.

(5) Fibrosis.

(6) Spongiosis (minimal-mild).

(7) Epidermal edema (minimal-mild).

(8) Dermal edema (minimal-mod-
erate).

(9) Inflammation (moderate).

(C) Gross criteria for exceeding the
high dose:

(1) Ulcers, fissures.

(2) Exudate/crust (eschar).

(3) nonviable (dead) tissues.

(4) Anything leading to destruction
of the functional integrity of the epi-
dermis (e.g., caking, fissuring, open
sores, eschar).

(D) Histologic criteria for exceeding
the high dose:

(1) Crust (interfollicular and fol-
licular).

(2) Microulcer.

(3) Degeneration/necrosis (mild to
moderate).

(4) Epidermal
marked).

(5) Dermal edema (marked).

(6) Inflammation (marked).

(5) Administration of the test substance.
The three main routes of administra-
tion are oral, dermal, and inhalation.
The choice of the route of administra-
tion depends upon the physical and
chemical characteristics of the test

edema (moderate to
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substance and the form typifying expo-
sure in humans.

(i) Oral studies. If the test substance
is administered by gavage, the animals
are dosed with the test substance on a
7-day per week basis for a period of at
least 18 months for mice and hamsters
and 24 months for rats. However, based
primarily on practical considerations,
dosing by gavage or via a capsule on a
5-day per week basis is acceptable. If
the test substance is administered in
the drinking water or mixed in the
diet, then exposure should be on a 7-
day per week basis.

(ii) Dermal studies. (A) The animals
should be treated with the test sub-
stance for at least 6 h/day on a 7-day
per week basis for a period of at least
18 months for mice and hamsters and 24
months for rats. However, based pri-
marily on practical considerations, ap-
plication on a 5-day per week basis is
acceptable. Dosing should be conducted
at approximately the same time each
day.

(B) Fur should be clipped weekly
from the dorsal area of the trunk of the
test animals. Care should be taken to
avoid abrading the skin which could
alter its permeability. A minimum of
24 hrs should be allowed for the skin to
recover before the next dosing of the
animal.

(C) Preparation of test substance.
Liquid test substances are generally
used undiluted, except as indicated in
paragraph (e)(4)(vi) of this section. Sol-
ids should be pulverized when possible.
The substance should be moistened suf-
ficiently with water or, when nec-
essary, with a suitable vehicle to en-
sure good contact with the skin. When
a vehicle is used, the influence of the
vehicle on toxicity of, and penetration
of the skin by, the test substance
should be taken into account. The vol-
ume of application should be kept con-
stant, e.g. less than 100 uL for the
mouse and less than 300 uL for the rat.
Different concentrations of test solu-
tion should be prepared for different
dose levels.

(D) The test substance shall be ap-
plied uniformly over a shaved area
which is approximately 10 percent of
the total body surface area. In order to
dose approximately 10 percent of the
body surface, the area starting at the
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scapulae (shoulders) to the wing of the
ileum (hipbone) and half way down the
flank on each side of the animal should
be shaved. With highly toxic sub-
stances, the surface area covered may
be less, but as much of the area as pos-
sible should be covered with as thin
and uniform a film as practical.

(iii) Inhalation studies. (A) The ani-
mals should be exposed to the test sub-
stance for 6 h/day on a 7-day per week
basis, for a period of at least 18 months
in mice and 24 months in rats. How-
ever, based primarily on practical con-
siderations, exposure for 6 h/day on a 5-
day per week basis is acceptable.

(B) The animals shall be tested in dy-
namic inhalation equipment designed
to sustain a minimum air flow of 10 air
changes per hr, an adequate oxygen
content of at least 19%, and uniform
conditions throughout the exposure
chamber. Maintenance of slight nega-
tive pressure inside the chamber will
prevent leakage of the test substance
into surrounding areas.

(C) The selection of a dynamic inha-
lation chamber should be appropriate
for the test substance and test system.
Where a whole body chamber is used to
expose animals to an aerosol, indi-
vidual housing must be used to mini-
mize crowding of the test animals and
maximize their exposure to the test
substance. To ensure stability of a
chamber atmosphere, the total volume
occupied by the test animals shall not
exceed 5% of the volume of the test
chamber. It is recommended, but not
required, that nose-only or head-only
exposure be used for aerosol studies in
order to minimize oral exposures due
to animals licking compound off their
fur. Heat stress to the animals should
be minimized.

(D) The temperature at which the
test is performed should be maintained
at 22+2 °C. The relative humidity
should be maintained between 40 to
60%, but in certain instances (e.g.,
tests of aerosols, use of water vehicle)
this may not be practicable.

(E) The rate of air flow shall be mon-
itored continuously but recorded at
least three times during exposure.

(F) Temperature and humidity shall
be monitored continuously but should
be recorded at least every 30 minutes.
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(G) The actual concentration of the
test substance shall be measured in the
breathing zone. During the exposure
period, the actual concentrations of
the test substance should be held as
constant as practicable, monitored
continuously or intermittently depend-
ing on the method of analysis. Cham-
ber concentrations may be measured
using gravimetric or analytical meth-
ods as appropriate. If trial run meas-
urements are reasonably consistent
(plus or minus 10 percent for liquid aer-
osol, gas, or vapor; plus or minus 20
percent for dry aerosol), the two meas-
urements should be sufficient. If meas-
urements are not consistent, then
three to four measurements should be
taken.

(H) During the development of the
generating system, particle size anal-
ysis shall be performed to establish the
stability of aerosol concentrations
with respect to particle size. Measure-
ment of aerodynamic particle size in
the animals’s breathing zone should be
measured during a trial run. If median
aerodynamic diameter (MMAD) values
for each exposure level are within 10%
of each other, then two measurements
during the exposures should be suffi-
cient. If pretest measurements are not
within 10% of each other, three to four
measurements should be taken. The
MMAD particle size range should be be-
tween 1-3 um. The particle size of hy-
groscopic materials should be small
enough to allow pulmonary deposition
once the particles swell in the moist
environment of the respiratory tract.

(1) Feed shall be withheld during ex-
posure. Water may also be withheld
during exposure.

(6) Observation period. It is necessary
that the duration of the carcino-
genicity study comprise the majority
of the normal life span of the strain of
animals used. This time period shall
not be less than 24 months for rats and
18 months for mice, and ordinarily not
longer than 30 months for rats and 24
months for mice. For longer time peri-
ods, and where any other species are
used, consultation with the Agency in
regard to the duration of the study is
advised.

(7) Observation of animals. (i) Observa-
tions shall be made at least once each
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day for morbidity and mortality. Ap-
propriate actions should be taken to
minimize loss of animals from the
study (e.g., necropsy or refrigeration of
those animals found dead and isolation
or sacrifice of weak or moribund ani-
mals).

(i) A careful clinical examination
shall be made at least once weekly. Ob-
servations should be detailed and care-
fully recorded, preferably using explic-
itly defined scales. Observations should
include, but not be limited to, evalua-
tion of skin and fur, eyes and mucous
membranes, respiratory and cir-
culatory effects, autonomic effects
such as salivation, central nervous sys-
tem effects, including tremors and con-
vulsions, changes in the level of activ-
ity, gait and posture, reactivity to han-
dling or sensory stimuli, altered
strength and stereotypes or bizarre be-
havior (e.g., self-mutilation, walking
backwards).

(iii) Body weights shall be recorded
individually for all animals; once a
week during the first 13 weeks of the
study and at least once every 4 weeks,
thereafter, unless signs of clinical tox-
icity suggest more frequent weighing
to facilitate monitoring of health sta-
tus.

(iv) Measurements of feed consump-
tion should be determined weekly dur-
ing the first 13 weeks of the study and
at approximately monthly intervals
thereafter unless health status or body
weight changes dictate otherwise.
Measurement of water consumption
should be determined at the same in-
tervals if the test substance is adminis-
tered in the drinking water.

(v) Moribund animals shall be re-
moved and sacrificed when noticed and
the time of death should be recorded as
precisely as possible. At the end of the
study period, all survivors shall be sac-
rificed.

(8) Clinical pathology. At 12 months, 18
months, and at terminal sacrifice, a
blood smear shall be obtained from all
animals. A differential blood count
should be performed on blood smears
from those animals in the highest dos-
age group and the controls from the
terminal sacrifice. If these data, or
data from the pathological examina-
tion indicate a need, then the 12- and
18-month blood smears should also be
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examined. Differential blood counts
should be performed for the next lower
groups if there is a major discrepancy
between the highest group and the con-
trols. If clinical observations suggest a
deterioration in health of the animals
during the study, a differential blood
count of the affected animals shall be
performed.

(9) Gross necropsy. (i) A complete
gross examination shall be performed
on all animals, including those that
died during the experiment or were
killed in a moribund condition.

(ii) At least the liver, kidneys,
adrenals, testes, epididymides, ovaries,
uterus, spleen, brain, and heart should
be weighed wet as soon as possible
after dissection to avoid drying. The
lungs should be weighed if the test sub-
stance is administered by the inhala-
tion route. The organs should be
weighed from interim sacrifice animals
as well as from at least 10 animals per
sex per group at terminal sacrifice.

(iii) The following organs and tissues,
or representative samples thereof, shall
be preserved in a suitable medium for
possible future histopathological exam-
ination.

(A) Digestive system.

(1) salivary glands.

(2) Esophagus.

(3) Stomach.

(4) Duodenum.

(5) Jejunum.

(6) lleum.

(7) Cecum.

(8) Colon.

(9) Rectum.

(10) Liver.

(11) Pancreas.

(12) Gallbladder (mice).

(B) Nervous system.

(1) Brain (multiple sections).

(2) Pituitary.

(3) Peripheral nerves.

(4) Spinal cord (three levels).

(5) Eyes (retina, optic nerve).

(C) Glandular system.

(1) Adrenals.

(2) Parathyroids.

(3) Thyroids.

(D) Respiratory system.

(1) Trachea.

(2) Lung.

(3) Pharynx.

(4) Larynx.

(5) Nose.

404



Environmental Protection Agency

(E) Cardiovascular/hematopoietic
system.

(1) Aorta (thoracic).

(2) Heart.

(3) Bone marrow.

(4) Lymph nodes.

(5) Spleen.

(F) Urogenital system.

(1) Kidneys.

(2) Urinary bladder.

(3) Prostate.

(4) Testes/epididymides.

(5) Seminal vesicles.

(6) Uterus.

(7) Ovaries.

(8) Female mammary gland.

(G) Other.

(1) skin.

(2) All gross lesions and masses.

(iv) In inhalation studies, the entire
respiratory tract, including nose, phar-
ynx, larynx, and paranasal sinuses
should be examined and preserved. In
dermal studies, skin from treated and
adjacent control skin sites should be
examined and preserved.

(v) Inflation of lungs and urinary
bladder with a fixative is the optimal
method for preservation of these tis-
sues. The proper inflation and fixation
of the lungs in inhalation studies is es-
sential for appropriate and valid
histopathological examination.

(vi) Information from clinical pathol-
ogy, and other in-life data should be
considered before microscopic exam-
ination, since they may provide signifi-
cant guidance to the pathologist.

(10) Histopathology. (i) The following
histopathology shall be performed:

(A) Full histopathology on the or-
gans and tissues under paragraph (d)(9)
(iii) of this section of all animals in the
control and high dose groups and all
animals that died or were Killed during
the study.

(B) All gross lesions in all animals.

(C) Target organs in all animals.

(ii) If the results show substantial al-
teration of the animal’s normal life
span, the induction of effects that
might affect a neoplastic response, or
other effects that might compromise
the significance of the data, the next
lower dose levels shall be examined as
described in paragraph (d)(10)(i) of this
section.
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(iii) An attempt should be made to
correlate gross observations with mi-
croscopic findings.

(iv) Tissues and organs designated for
microscopic examination should be
fixed in 10 percent buffered formalin or
a recognized suitable fixative as soon
as necropsy is performed and no less
than 48 hours prior to trimming.

(e) Data and reporting—(1) Treatment
of results. (i) Data shall be summarized
in tabular form, showing for each test
group the number of animals at the
start of the test, the number of ani-
mals showing lesions, the types of le-
sions, and the percentage of animals
displaying each type of lesion.

(ii) All observed results (quantitative
and qualitative) shall be evaluated by
an appropriate statistical method. Any
generally accepted statistical methods
may be used; the statistical methods
including significance criteria shall be
selected during the design of the study.

(2) Evaluation of study results. (i) The
findings of a carcinogenicity study
should be evaluated in conjunction
with the findings of previous studies
and considered in terms of the toxic ef-
fects, the necropsy and
histopathological findings. The evalua-
tion shall include the relationship be-
tween the dose of the test substance
and the presence, incidence, and sever-
ity of abnormalities (including behav-
ioral and clinical abnormalities), gross
lesions, identified target organs, body
weight changes, effects on mortality,
and any other general or specific toxic
effects.

(i) In any study which demonstrates
an absence of toxic effects, further in-
vestigation to establish absorption and
bioavailablity of the test substance
should be considered.

(iii) In order for a negative test to be
acceptable, it must meet the following
criteria: No more than 10% of any
group is lost due to autolysis, canni-
balism, or management problems; and
survival in each group is no less than
50% at 15 months for mice and 18
months for rats. Survival should not
fall below 25% at 18 months for mice
and 24 months for rats.

(iv) The use of historical control data
from an appropriate time period from
the same testing laboratory (i.e., the
incidence of tumors and other suspect
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lesions normally occurring under the
same laboratory conditions and in the
same strain of animals employed in the
test) is helpful for assessing the signifi-
cance of changes observed in the cur-
rent study.

(3) Test report. (i) In addition to the
reporting requirements as specified
under 40 CFR part 792, subpart J, the
following specific information shall be
reported. Both individual and summary
data should be presented.

(A) Test substance characterization
should include:

(1) Chemical identification.

(2) Lot or batch number.

(3) Physical properties.

(4) Purity/impurities.

(5) Ildentification and composition of
any vehicle used.

(B) Test system should contain data
on:

(1) Species and strain of animals used
and rationale for selection if other
than that recommended.

(2) Age including body weight data
and sex.

(3) Test environment including cage
conditions, ambient temperature, hu-
midity, and light/dark periods.

(4) Identification of animal diet.

(5) Acclimation period.

(C) Test procedure should include the
following data:

(1) Method of randomization used.

(2) Full description of experimental
design and procedure.
(3) Dose regimen
methods, and volume.

(4) Test results—(i) Group animal data.
Tabulation of toxic response data by
species, strain, sex, and exposure level
for:

(A) Number of animals exposed.

(B) Number of animals showing signs
of toxicity.

(C) Number of animals dying.

(ii) Individual animal data. Data
should be presented as summary (group
mean) as well as for individual ani-
mals.

(A) Time of death during the study or
whether animals survived to termi-
nation.

(B) Time of observation of each ab-
normal sign and its subsequent course.

(C) Body weight data.

(D) Feed and water consumption
data, when collected.

including levels,
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(E) Results of clinical pathology and
immunotoxicity screen when per-
formed.

(F) Necropsy findings including abso-
lute/relative organ weight data.

(G) Detailed description of all
histopathological findings.

(H) Statistical treatment of results
where appropriate.

(1) Historical control data.

(J) Achieved dose (mg/kg/day) as a
time-weighted average if the test sub-
stance is administered in the diet or
drinking water.

(iii) Inhalation studies. In addition,
for inhalation studies the following
shall be reported:

(A) Test conditions. The following ex-
posure conditions shall be reported.

(1) Description of exposure apparatus
including design, type, dimensions,
source of air, system for generating
particulate and aerosols, method of
conditioning air, treatment of exhaust
air and the method of housing the ani-
mals in a test chamber.

(2) The equipment for measuring
temperature, humidity, and particulate
aerosol concentrations and size should
be described.

(B) Exposure data. These shall be tab-
ulated and presented with mean values
and a measure of variability (e.g.
standard deviation) and should include:

(1) Airflow rates through the inhala-
tion equipment.

(2) Temperature and humidity of air.

(3) Actual (analytical or gravimetric)
concentration in the breathing zone.

(4) Nominal concentration (total
amount of test substance fed into the
inhalation equipment divided by vol-
ume of air).

(5) Particle size distribution, cal-
culated MMAD and geometric standard
deviation (GSD).

(6) Explanation as to why the desired
chamber concentration and/or particle
size could not be achieved (if applica-
ble) and the efforts taken to comply
with this aspect of the sections.

(f) Quality assurance. A system shall
be developed and maintained to assure
and document adequate performance of
laboratory staff and equipment. The
study shall be conducted in compliance
with 40 CFR part 792—Good Laboratory
Practice Standards.
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(g) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Benitz, K.F. Ed. Paget, G.E. Meas-
urement of Chronic Toxicity. Methods
of Toxicology (Blackwell, Oxford, 1970)
pp. 82-131.

(2) Fitzhugh, O.G. Chronic Oral Tox-
icity, Appraisal of the Safety of Chemi-
cals in Foods, Drugs and Cosmetics.
The Association of Food and Drug Offi-
cials of the United States. pp. 36-45
(1959, 3rd Printing 1975).

(3) Goldenthal, E.I. and D’Aguanno,
W. Evaluation of Drugs, Appraisal of
the Safety of Chemicals in Foods,
Drugs, and Cosmetics. The Association
of Food and Drug Officials of the
United States. pp. 60-67 (1959, 3rd Print-
ing 1975).

(4) Organisation for Economic Co-op-
eration and Development. Guidelines
for Testing of Chemicals, Section 4-
Health Effects, Part 451 Carcino-
genicity Studies (Paris, 1981).

(5) Page, N.P. Chronic Toxicity and
Carcinogenicity Guidelines. Journal of
Environmental Pathology and Toxicology.
11:161-182 (1977).

(6) Page, N.P. Eds. Kraybill and
Mehlman. Concepts of a Bioassay Pro-
gram in Environmental Carcino-
genesis. Vol.3. Advances in Modern Toxi-
cology (Hemisphere, Washington, DC.,
1977) pp. 87-171.

(7) Sontag, J.M. et al. Guidelines for
Carcinogen Bioassay in Small Rodents.
NCI-CS-TR-1 United States Cancer In-
stitute, Division of Cancer Control and
Prevention, Carcinogenesis Bioassay
Program (Bethesda, MD).

[62 FR 43824, Aug. 15, 1997, as amended at 64
FR 35078, June 30, 1999]

§799.9430 TSCA combined chronic tox-
icity/carcinogenicity.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of the Toxic Substances Con-
trol Act (TSCA). The objective of a
combined chronic toxicity/carcino-
genicity study is to determine the ef-
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fects of a substance in a mammalian
species following prolonged and re-
peated exposure. The application of
this section should generate data
which identify the majority of chronic
and carcinogenicity effects and deter-
mine dose-response relationships. The
design and conduct should allow for the
detection of neoplastic effects and a de-
termination of the carcinogenic poten-
tial as well as general toxicity, includ-

ing neurological, physiological, bio-
chemical, and hematological effects
and exposure-related morphological

(pathology) effects.

(b) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides,
and Toxic Substances (OPPTS) har-
monized test guideline 870.4300 (August
1998, final guideline). This source is
available at the address in paragraph
(h) of this section.

(c) Definitions. The following defini-
tions apply to this section.

Carcinogenicity is the development of
neoplastic lesions as a result of the re-
peated daily exposure of experimental
animals to a chemical by the oral, der-
mal, or inhalation routes of exposure.

Chronic toxicity is the adverse effects
occurring as a result of the repeated
daily exposure of experimental animals
to a chemical by the oral, dermal, or
inhalation routes of exposure.

Cumulative toxicity is the adverse ef-
fects of repeated dose occurring as a re-
sult of prolonged action on, or in-
creased concentration of, the adminis-
tered test substance or its metabolites
in susceptible tissues.

Dose in a combined chronic toxicity/
carcinogenicity study is the amount of
test substance administered via the
oral, dermal, or inhalation routes for a
period of up to 24 months. Dose is ex-
pressed as weight of the test substance
per unit body weight of test animal
(milligrams per kilogram), or as weight
of the test substance in parts per mil-
lion (ppm) in food or drinking water.
When exposed via inhalation, dose is
expressed as weight of the test sub-
stance per unit volume of air (milli-
grams per liter) or as parts per million
per day. For dermal application, dose is
expressed as weight of the test sub-
stance (grams, milligrams) per unit
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body weight of the test animal (milli-
grams per kilogram) or as weight of
the substance per unit surface area
(milligrams per square centimeter) per
day.

No-observed-effects level (NOEL) is the
maximum dose used in a study which
produces no observed adverse effects.
The NOEL is usually expressed in
terms of the weight of a test substance
given daily per unit weight of test ani-
mal (milligrams per kilogram per day).

Target organ is any organ of a test
animal showing evidence of an effect
induced by a test substance.

(d) Limit test. If a test at one dose
level of at least 1,000 mg/kg body
weight (expected human exposure may
indicate the need for a higher dose
level), using the procedures described
for this study, produces no observable
toxic effects or if toxic effects would
not be expected based upon data of
structurally related compounds, then a
full study using three dose levels might
not be necessary.

(e) Test procedures—(1) Animal selec-
tion—(i) Species and strain. Preliminary
studies providing data on acute, sub-
chronic, and metabolic responses
should have been carried out to permit
an appropriate choice of animals (spe-
cies and strain). As discussed in other
guidelines, the mouse and rat have
been most widely used for assessment
of carcinogenic potential, while the rat
and dog have been most often studied
for chronic toxicity. For the combined
chronic toxicity/carcinogenicity study
via the oral and inhalation routes, the
rat is the species of choice and for the
dermal route, the mouse is species of
choice. If other species are used, the
tester must provide justification/rea-
soning for their selection. The strain
selected should be susceptible to the
carcinogenic or toxic effect of the class
of substances being tested, if known,
and provided it does not have a sponta-
neous background incidence too high
for meaningful assessment. Commonly
used laboratory strains must be em-
ployed.

(ii) Age/weight. (A) Testing must be
started with young healthy animals as
soon as possible after weaning and ac-
climatization.

(B) Dosing should generally begin no
later than 8 weeks of age.
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(C) At commencement of the study,
the weight variation of animals used
must be within 20% of the mean weight
for each sex.

(D) Studies using prenatal or neo-
natal animals may be recommended
under special conditions.

(iii) Sex. (A) Equal numbers of ani-
mals of each sex must be used at each
dose level.

(B) Females must be nulliparous and
nonpregnant.

(iv) Numbers. (A) At least 100 rodents
(50 males and 50 females) must be used
at each dose level and concurrent con-
trol group. At least 20 additional ro-
dents (10 males and 10 females) should
be used for satellite dose groups and
the satellite control group. The pur-
pose of the satellite group is to allow
for the evaluation of chronic toxicity
after 12 months of exposure to the test
substance.

(B) For a meaningful and valid statis-
tical evaluation of long term exposure
and for a valid interpretation of nega-
tive results, the number of animals in
any group should not fall below 50% at
15 months in mice and 18 months in
rats. Survival in any group should not
fall below 25% at 18 months in mice
and 24 months in rats.

(C) To avoid bias, the use of adequate
randomization procedures for the prop-
er allocation of animals to test and
control groups is required.

(D) Each animal must be assigned a
unique identification number. Dead
animals (and their preserved organs)
and tissues, and microscopic slides
shall be identified by reference to the
unique numbers assigned.

(v) Husbandry. (A) Animals may be
group-caged by sex, but the number of
animals per cage must not interfere
with clear observation of each animal.
The biological properties of the test
substance or toxic effects (e.g., mor-
bidity, excitability) may indicate a
need for individual caging. Rodents
should be housed individually in der-
mal studies and during exposure in in-
halation studies.

(B) The temperature of the experi-
mental animal rooms should be at 22 +3
°C.

(C) The relative humidity of the ex-
perimental animal rooms should be 50
+20%.
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(D) Where lighting is artificial, the
sequence should be 12 hours light/12
hours dark.

(E) Control and test animals should
be fed from the same batch and lot.
The feed should be analyzed to assure
uniform distribution and adequacy of
nutritional requirements of the species
tested and for impurities that might
influence the outcome of the test. Ani-
mals should be fed and watered ad lib-
itum with food replaced at least week-
ly.

(F) The study should not be initiated
until animals have been allowed a pe-
riod of acclimatization/quarantine to
environmental conditions, nor should
animals from outside sources be placed
on test without an adequate period of
quarantine. An acclimation period of
at least five days is recommended.

(2) Control and test substances. (i)
Where necessary, the test substance is
dissolved or suspended in a suitable ve-
hicle. If a vehicle or diluent is needed,
it should not elicit toxic effects itself
nor substantially alter the chemical or
toxicological properties of the test sub-
stance. It is recommended that wher-
ever possible the usage of an aqueous
solution be considered first, followed
by consideration of a solution in oil,
and finally solution in other vehicles.

(ii) One lot of the test substance
should be used throughout the duration
of the study if possible, and the re-
search sample should be stored under
conditions that maintain its purity and
stability. Prior to the initiation of the
study, there should be a characteriza-
tion of the test substance, including
the purity of the test compound, and, if
possible, the name and quantities of
contaminants and impurities.

(iii) If the test or control substance is
to be incorporated into feed or another
vehicle, the period during which the
test substance is stable in such a mix-
ture should be determined prior to the
initiation of the study. Its homo-
geneity and concentration should be
determined prior to the initiation of
the study and periodically during the
study. Statistically randomized sam-
ples of the mixture should be analyzed
to ensure that proper mixing, formula-
tion, and storage procedures are being
followed, and that the appropriate con-
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centration of the test or control sub-
stance is contained in the mixture.

(3) Control groups. A concurrent con-
trol group is required. This group
should be an untreated or sham-treated
control group or, if a vehicle is used in
administering the test substance, a ve-
hicle control group. If the toxic prop-
erties of the vehicle are not known or
cannot be made available, both un-
treated and vehicle control groups are
required.

(4) Dose levels and dose selection. (i)
For risk assessment purposes, at least
three dose levels must be used, in addi-
tion to the concurrent control group.
Dose levels should be spaced to produce
a gradation of effects. A rationale for
the doses selected must be provided.

(if) The highest dose level in rodents
should elicit signs of toxicity without
substantially altering the normal life
span due to effects other than tumors.
The highest dose should be determined
based on the findings from a 90-day
study to ensure that the dose used is
adequate to assess the chronic toxicity
and the carcinogenic potential of the
test substance. Thus, the selection of
the highest dose to be tested is depend-
ent upon changes observed in several
toxicological parameters in subchronic
studies. The highest dose tested need
not exceed 1,000 mg/kg/day.

(iii) The intermediate-dose levels
should be spaced to produce a grada-
tion of toxic effects.

(iv) The Ilowest-dose level
produce no evidence of toxicity.

(v) For skin carcinogenicity studies,
when toxicity to the skin is a deter-
mining factor, the highest dose se-
lected should not destroy the func-
tional integrity of the skin, the inter-
mediate doses should be a minimally
irritating dose and the low dose should
be the highest nonirritating dose.

(vi) The criteria for selecting the
dose levels for skin carcinogenicity
studies, based on gross and
histopathologic dermal lesions, are as
follows:

(A) Gross criteria for reaching the
high dose:

(1) Erythema (moderate).

(2) Scaling.

(3) Edema (mild).

(4) Alopecia.

(5) Thickening.

should
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(B) Histologic criteria for reaching
the high dose:

(1) Epidermal hyperplasia.

(2) Epidermal hyperkeratosis.

(3) Epidermal parakeratosis.

(4) Adnexal atrophy/hyperplasia.

(5) Fibrosis.

(6) Spongiosis (minimal-mild).

(7) Epidermal edema (minimal-mild).

(8) Dermal edema (minimal-mod-
erate).

(9) Inflammation (moderate).

(C) Gross criteria for exceeding the
high dose:

(1) Ulcers-fissures, exudate/crust
(eschar), nonviable (dead) tissues.

(2) Anything leading to destruction
of the functional integrity of the epi-
dermis (e.g., caking, fissuring, open
sores, eschar).

(D) Histologic criteria for exceeding
the high-dose:

(1) Crust (interfollicular and fol-
licular).

(2) Microulcer.

(3) Degeneration/necrosis (mild to
moderate).

(4) Epidermal
marked).

(5) Dermal edema (marked).

(6) Inflammation (marked).

(5) Administration of the test substance.
The three main routes of administra-
tion are oral, dermal, and inhalation.
The choice of the route of administra-
tion depends upon the physical and
chemical characteristics of the test
substance and the form typifying expo-
sure in humans.

(i) Oral studies. If the test substance
is administered by gavage, the animals
are dosed with the test substance on a
7-day per week basis for a period of at
least 18 months for mice and hamsters
and 24 months for rats. However, based
primarily on practical considerations,
dosing by gavage on a 5-day per week
basis is acceptable. If the test sub-
stance is administered in the drinking
water or mixed in the diet, then expo-
sure should be on a 7-day per week
basis.

(ii) Dermal studies. (A) Preparation of
animal skin. Shortly before testing, fur
should be clipped from not less than
10% of the body surface area for appli-
cation of the test substance. In order
to dose approximately 10% of the body
surface, the area starting at the

edema (moderate to
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scapulae (shoulders) to the wing of the
ileum (hipbone) and half way down the
flank on each side of the animal should
be shaved. Shaving should be carried
out approximately 24 hours before dos-
ing. Repeated clipping or shaving is
usually needed at approximately week-
ly intervals. When clipping or shaving
the fur, care should be taken to avoid
abrading the skin which could alter its
permeability.

(B) Preparation of test substance.
Liquid test substances are generally
used undiluted, except as indicated in
paragraph (e)(4)(vi) of this section. Sol-
ids should be pulverized when possible.
The substance should be moistened suf-
ficiently with water or, when nec-
essary, with a suitable vehicle to en-
sure good contact with the skin. When
a vehicle is used, the influence of the
vehicle on toxicity of, and penetration
of the skin by, the test substance
should be taken into account. The vol-
ume of application should be kept con-
stant, e.g., less than 100 pL for the
mouse and less than 300 pL for the rat.
Different concentrations of test solu-
tion should be prepared for different
dose levels.

(C) Administration of test substance.
The duration of exposure should be at
least 18 months for mice and hamsters
and 24 months for rats. Ildeally, the ani-
mals should be treated with test sub-
stance for at least 6 hours per day on a
7-day per week basis. However, based
on practical considerations, applica-
tion on a 5-day per week basis is ac-
ceptable. Dosing should be conducted
at approximately the same time each
day. The test substance must be ap-
plied uniformly over the treatment
site. The surface area covered may be
less for highly toxic substances. As
much of the area should be covered
with as thin and uniform a film as pos-
sible. For rats, the test substance may
be held in contact with the skin with a
porous gauze dressing and nonirri-
tating tape if necessary. The test site
should be further covered in a suitable
manner to retain the gauze dressing
plus test substance and to ensure that
the animals cannot ingest the test sub-
stance. The application site should not
be covered when the mouse is the spe-
cies of choice. The test substance may
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be wiped from the skin after the 6-hour
exposure period to prevent ingestion.

(iii) Inhalation studies. (A) The ani-
mals should be exposed to the test sub-
stance, for 6 hours per day on a 7-day
per week basis, for a period of at least
18 months in mice and 24 months in
rats. However, based primarily on prac-
tical considerations, exposure for 6
hours per day on a 5-day per week basis
is acceptable.

(B) The animals must be tested in dy-
namic inhalation equipment designed
to sustain a minimum air flow of 10 air
changes per hour, an adequate oxygen
content of at least 19%, and uniform
conditions throughout the exposure
chamber. Maintenance of slight nega-
tive pressure inside the chamber will
prevent leakage of the test substance
into surrounding areas. It is not nor-
mally necessary to measure chamber
oxygen concentration if airflow is ade-
quate.

(C) The selection of a dynamic inha-
lation chamber should be appropriate
for the test substance and test system.
Where a whole body chamber is used,
individual housing must be used to
minimize crowding of the test animals
and maximize their exposure to the
test substance. To ensure stability of a
chamber atmosphere, the total volume
occupied by the test animals shall not
exceed 5% of the volume of the test
chamber. It is recommended, but not
required, that nose-only or head-only
exposure be used for aerosol studies in
order to minimize oral exposures due
to animals licking compound off their
fur. The animals should be acclimated
and heat stress minimized.

(D) The temperature at which the
test is performed should be maintained
at 22 +2 °C. The relative humidity
should be maintained between 40 to
60%, but in certain instances (e.g.,
tests of aerosols, use of water vehicle)
this may not be practicable.

(E) The rate of air flow must be mon-
itored continuously but recorded at
least three times during the exposure.

(F) Temperature and humidity must
be monitored continuously but should
be recorded at least every 30 minutes.

(G) The actual concentrations of the
test substance must be measured in the
animal’s breathing zone. During the ex-
posure period, the actual concentra-
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tions of the test substance must be
held as constant as practicable and
monitored continuously or intermit-
tently depending on the method of
analysis. Chamber concentration may
be measured using gravimetric or ana-
lytical methods as appropriate. If trial
run measurements are reasonably con-
sistent (x10% for liquid aerosol, gas, or
vapor; +20% for dry aerosol), then two
measurements should be sufficient. If
measurements are not consistent,
three to four measurements should be
taken. If there is some difficulty in
measuring chamber analytical con-
centration due to precipitation, non-
homogeneous mixtures, volatile com-
ponents, or other factors, additional
analyses of inert components may be
necessary.

(H) During the development of the
generating system, particle size anal-
ysis must be performed to establish the
stability of aerosol concentrations
with respect to particle size. The mass
median aerodynamic diameter (MMAD)
particle size range should be between 1-
3 pm. The particle size of hygroscopic
materials should be small enough when
dry to assure that the size of the swol-
len particle will still be within the 1-3
um  range. Measurements of aero-
dynamic particle size in the animal’s
breathing zone should be measured dur-
ing a trial run. If MMAD values for
each exposure level are within 10% of
each other, then two measurements
during the exposures should be suffi-
cient. If pretest measurements are not
within 10% of each other, three to four
measurements should be taken.

(1) Feed must be withheld during ex-
posure. Water may also be withheld
during exposure.

(J) When the physical and chemical
properties of the test substance show a
low flash point or the test substance is
otherwise known or thought to be ex-
plosive, care must be taken to avoid
exposure level concentrations that
could result in an exposure chamber
explosion during the test.

(6) Observation period. (i) This time
period must not be less than 24 months
for rats and 18 months for mice, and or-
dinarily not longer than 30 months for
rats and 24 months for mice. For longer
time periods, and where any other spe-
cies are used, consultation with the
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Agency in regard to the duration of the
study is advised.

(ii) Animals in a satellite group to
assess chronic toxicity should be ob-
served for 12 months.

(7) Observation of animals. (i) Observa-
tions must be made at least twice each
day for morbidity and mortality. Ap-
propriate actions should be taken to
minimize loss of animals to the study
(e.g., necropsy or refrigeration of those
animals found dead and isolation or
sacrifice of weak or moribund ani-
mals). General clinical observations
shall be made at least once a day, pref-
erably at the same time each day, tak-
ing into consideration the peak period
of anticipated effects after dosing. The
clinical condition of the animal should
be recorded.

(i) A careful clinical examination
must be made at least once weekly. Ob-
servations should be detailed and care-
fully recorded, preferably using
explicity defined scales. Observations
should include, but not be limited to,
evaluation of skin and fur, eyes and
mucous membranes, respiratory and
circulatory effects, autonomic effects
such as salivation, central nervous sys-
tem effects, including tremors and con-
vulsions, changes in the level of activ-
ity, gait and posture, reactivity to han-
dling or sensory stimuli, altered
strength, and stereotypes or bizarre be-
havior (e.g., self-mutilation, walking
backwards).

(iii) Signs of toxicity should be re-
corded as they are observed including
the time of onset, degree and duration.

(iv) Body weights must be recorded
individually for all animals once prior
to administration of the test sub-
stance, once a week during the first 13
weeks of the study and at least once
every 4 weeks thereafter unless signs of
clinical toxicity suggest more frequent
weighing to facilitate monitoring of
health status.

(v) Measurements of feed consump-
tion should be determined weekly dur-
ing the first 13 weeks of the study and
then at approximately monthly inter-
vals unless health status or body
weight changes dictate otherwise.
Measurements of water consumption
should be determined at the same in-
tervals if the test material is adminis-
tered in drinking water.
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(vi) Moribund animals must be re-
moved and sacrificed when noticed and
the time of death should be recorded as
precisely as possible. At the end of the
study period, all survivors must be sac-
rificed. Animals in the satellite group
must be sacrificed after 12 months of
exposure to the test substance (interim
sacrifice).

(8) Clinical pathology. Hematology,
clinical chemistry and urinalyses must
be performed from 10 animals per sex
per group. The parameters should be
examined at approximately 6 month in-
tervals during the first 12 months of
the study. If possible, these collections
should be from the same animals at
each interval. If hematological and bio-
chemical effects are seen in the sub-
chronic study, testing shall also be per-
formed at 3 months. Overnight fasting
of animals prior to blood sampling is
recommended.

(i) Hematology. The recommended pa-
rameters are red blood cell count, he-
moglobin concentration, hematocrit,
mean corpuscular volume, mean cor-
puscular hemoglobin, and mean corpus-
cular hemoglobin concentration, white
blood cell count, differential leukocyte
count, platelet count, and a measure of
clotting potential, such as prothrombin
time or activated partial thrombo-
plastin time.

(ii) Clinical chemistry. (A) Parameters
which are considered appropriate to all
studies are electrolyte balance, carbo-
hydrate metabolism, and liver and kid-
ney function. The selection of specific
tests will be influenced by observations
on the mode of action of the substance
and signs of clinical toxicity.

(B) The recommended clinical chem-
istry determinations are potassium, so-
dium, glucose, total cholesterol, urea
nitrogen, creatinine, total protein, and
albumin. More than two hepatic en-

zymes, (such as alanine
aminotransferase, aspartate
aminotransferase, alkaline phos-
phatase, sorbitol dehydrogenase, or
gamma glutamyl transpeptidase)

should also be measured. Measure-
ments of addtional enzymes (of hepatic
or other origin) and bile acids, may
also be useful.

(iii) If a test chemical has an effect
on the hematopoietic system,
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reticulocyte counts and bone marrow
cytology may be indicated.

(iv) Other determinations that should
be carried out if the test chemical is
known or suspected of affecting related
measures include calcium, phosphorus,
fasting triglycerides, hormones,
methemoglobin, and cholinesterases.

(v) Urinalyses. Urinalysis for rodents
must be performed at the end of the
first year of the study using timed
urine collection. Urinalysis determina-
tions include: appearance, volume, os-
molality or specific gravity, pH, pro-
tein, glucose, and blood/blood cells.

(9) Ophthalmological examination. Ex-
aminations must be made on all ani-
mals using an ophthalmoscope or an
equivalent device prior to the adminis-
tration of the test substance and at
termination of the study on 10 animals
per sex in the high-dose and control
groups. If changes in eyes are detected,
all animals must be examined.

(10) Gross necropsy. (i) A complete
gross examination must be performed
on all animals, including those which
died during the experiment or were sac-
rificed in a moribund condition.

(i) At least, the liver, Kkidneys,
adrenals, testes, epididymides, ovaries,
uterus, spleen, brain, and heart should
be trimmed and weighed wet, as soon
as possible after dissection to avoid
drying. The lungs should be weighed if
the test substance is administered by
the inhalation route. The organs
should be weighed from interim sac-
rifice animals as well as from at least
10 animals per sex per group at ter-
minal sacrifice.

(iii) The following organs and tissues,
or representative samples thereof,
must be preserved in a suitable me-
dium for possible future
histopathological examination:

(A) Digestive system—salivary
glands, esophagus, stomach, duodenum,
jejunum, ileum, cecum, colon, rectum,
liver, pancreas, gallbladder (when
present) .

(B) Nervous system—brain (multiple
sections, including cerebrum, cere-
bellum and medulla/pons), pituitary,
peripheral nerve (sciatic or tibial, pref-
erably in close proximity to the mus-
cle), spinal cord (three levels, cervical,
mid-thoracic, and lumbar), eyes (ret-
ina, optic nerve).
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(C) Glandular
parathyroid, thyroid.

(D) Respiratory system—trachea,
lungs, pharynx, larynx, nose.

(E) Cardiovascular/Hematopoietic
system—aorta, heart, bone marrow
(and/or fresh aspirate), lymph nodes
(preferably one lymph node covering
the route of administration and an-
other one distant from the route of ad-
ministration to cover systemic effects),
spleen.

(F) Urogenital system—kidneys, uri-
nary bladder, prostate, testes,
epididymides, seminal vesicle(s), uter-
us, ovaries, female mammary gland.

(G) Other—all gross lesions
masses, skin.

(iv) In inhalation studies, the entire
respiratory tract, including nose, phar-
ynx, larynx, and paranasal sinuses
should be examined and preserved. In
dermal studies, skin from treated and
adjacent control skin sites should be
examined and preserved.

(v) Inflation of lungs and urinary
bladder with a fixative is the optimal
method for preservation of these tis-
sues. The proper inflation and fixation
of the lungs in inhalation studies is es-
sential for appropriate and valid
histopathological examination.

(vi) Information from clinical pathol-
ogy and other in-life data should be
considered before microscopic exam-
ination, since these data may provide
significant guidance to the pathologist.

(11) [Reserved]

(12) Histopathology. (i) The following
histopathology must be performed:

(A) Full histopathology on the or-
gans and tissues, listed in paragraph
(e)(10)(iii) of this section of all animals
in the control and high dose groups and
of all animals that died or were sac-
rificed during the study.

(B) All gross lesions in all animals.

(C) Target organs in all animals.

(ii) If the results show substantial al-
teration of the animal’s normal life
span, the induction of effects that
might affect a neoplastic response, or
other effects that might compromise
the significance of the data, the next
lower levels should be examined fully
as described in paragraph (e)(12)(i) of
this section.

system—adrenals,

and
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(iii) An attempt should be made to
correlate gross observations with mi-
croscopic findings.

(iv) Tissues and organs designated for
microscopic examination should be
fixed in 10% buffered formalin or a rec-
ognized suitable fixative as soon as ne-
cropsy is performed and no less than 48
hours prior to trimming.

(f) Data and reporting—(1) Treatment
of results. (i) Data must be summarized
in tabular form, showing for each test
group the number of animals at the
start of the test, the number of ani-
mals showing lesions, the types of le-
sions and the percentage of animals
displaying each type of lesion.

(ii) When applicable, all observed re-
sults, quantitative and qualitative,
must be evaluated by an appropriate
statistical method. Any generally ac-
cepted statistical methods may be
used; the statistical methods including
significance criteria should be selected
during the design of the study.

(2) Evaluation of study results. (i) The
findings of a combined chronic tox-
icity/carcinogenicity study should be
evaluated in conjunction with the find-
ings of previous studies and considered
in terms of the toxic effects, the ne-
cropsy and histopathological findings.
The evaluation must include the rela-
tionship between the dose of the test
substance and the presence, incidence
and severity of abnormalities (includ-
ing behavioral and clinical abnormali-
ties), gross lesions, identified target or-
gans, body weight changes, effects on
mortality and any other general or spe-
cific toxic effects.

(i) In any study which demonstrates
an absence of toxic effects, further in-
vestigation to establish absorption and
bioavailablity of the test substance
should be considered.

(iii) In order for a negative test to be
acceptable, it should meet the fol-
lowing criteria—no more than 10% of
any group is lost due to autolysis, can-
nibalism, or management problems,
and survival in each group is no less
than 50% at 15 months for mice and 18
months for rats. Survival should not
fall below 25% at 18 months for mice
and 24 months for rats.

(iv) The use of historical control data
from an appropriate time period from
the same testing laboratory (i.e, the in-
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cidence of tumors and other suspect le-
sions normally occurring under the
same laboratory conditions and in the
same strain of animals employed in the
test) is helpful for assessing the signifi-
cance of changes observed in the cur-
rent study.

(3) Test report. (i) In addition to the
reporting requirements specified under
EPA Good Laboratory Practice Stand-
ards at 40 CFR part 792, subpart J, the
following specific information must be
reported:

(A) Test substance characterization
should include:

(1) Chemical identification.

(2) Lot or batch number.

(3) Physical properties.

(4) Purity/impurities.

(5) ldentification and composition of
any vehicle used.

(B) Test system should contain data
on:

(1) Species and strain of animals used
and rationale for selection if other
than that recommended.

(2) Age including body weight data
and sex.

(3) Test environment including cage
conditions, ambient temperature, hu-
midity, and light/dark periods.

(4) Identification of animal diet.

(5) Acclimation period.

(C) Test procedure should include the
following data:

(1) Method of randomization used.

(2) Full description of experimental
design and procedure.
(3) Dose regimen
methods, and volume.

(4) Test results. (i) Group animal data.
Tabulation of toxic response data by
species, strain, sex, and exposure level
for:

(A) Number of animals exposed.

(B) Number of animals showing signs
of toxicity.

(C) Number of animals dying.

(ii) Individual animal data. Data
should be presented as summary (group
mean) as well as for individual ani-
mals.

(A) Time of death during the study or
whether animals survived to termi-
nation.

(B) Time of observation of each ab-
normal sign and its subsequent course.

(C) Body weight data.

including levels,
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(D) Feed and water consumption
data, when collected.

(E) Achieved dose (milligrams/kilo-
gram body weight) as a time-weighed
average is the test substance is admin-
istered in the diet or drinking water.

(F) Results of ophthalmological ex-
amination, when performed.

(G) Results of hematological tests
performed.
(H) Results of clinical chemistry

tests performed.

() Results of urinalysis tests per-
formed.

(J) Results of observations made.

(K) Necropsy findings including abso-
lute/relative organ weight data.

(L) Detailed description of all
histopathological findings.

(M) Statistical treatment of results
where appropriate.

(N) Historical control data.

(iii) In addition, for inhalation stud-
ies the following should be reported:

(A) Test conditions. The following ex-
posure conditions must be reported.

(1) Description of exposure apparatus
including design, type, dimensions,
source of air, system for generating
particulates and aerosols, method of
conditioning air, treatment of exhaust
air and the method of housing the ani-
mals in a test chamber.

(2) The equipment for measuring
temperature, humidity, and particulate
aerosol concentrations and size should
be described.

(B) Exposure data. These must be
tabulated and presented with mean val-
ues and a measure of variability (e.g.,
standard deviation) and should include:

(1) Airflow rates through the inhala-
tion equipment.

(2) Temperature and humidity of air.

(3) Actual (analytical or gravimetric)
concentration in the breathing zone.

(4) Nominal concentration (total
amount of test substance fed into the
inhalation equipment divided by vol-
ume of air).

(5) Particle size distribution, and cal-
culated MMAD and geometric standard
deviation.

(6) Explanation as to why the desired
chamber concentration and/or particle
size could not be achieved (if applica-
ble) and the efforts taken to comply
with this aspect of the guidelines.
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(g) Quality control. A system must be
developed and maintained to assure
and document adequate performance of
laboratory equipment. The study must
be conducted in compliance with 40
CFR Part 792—Good Laborary Practice
Standards.

(h) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., NW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Benitz, K.F. Measurement of Chron-
ic Toxicity. Methods of Toxicology. Ed.
G.E. Paget. Blackwell, Oxford. pp. 82-
131 (1970).

(2) Crofton K.M., Howard J.L., Moser
V.C., Gill M.W., Leiter L.W., Tilson
H.A., MacPhail, R.C. Interlaboratory
Comparison of Motor Activity Experi-
ments: Implication for
Neurotoxicological Assessments.
Neurotoxicol. Teratol. 13, 599-609. (1991)

(3) D’Aguanno, W. Drug Safety Eval-
uation—Pre-Clinical Considerations. In-
dustrial Pharmacology: Neuroleptic. Vol.
I, Ed. S. Fielding and H. Lal. Futura,
Mt. Kisco, NY. pp. 317-332 (1974).

(4) Fitzhugh, O.G. Chronic Oral Tox-
icity, Appraisal of the Safety of Chemicals
in Foods, Drugs and Cosmetics. The As-
sociation of Food and Drug Officials of
the United States. pp. 36-45 (1959, 3rd
Printing 1975).

(5) Goldenthal, E.I. and D’Aguanno,
W. Evaluation of Drugs, Appraisal of the
Safety of Chemicals in Foods, Drugs, and
Cosmetics. The Association of Food and
Drug Officials of the United States. pp.
60-67 (1959, 3rd Printing 1975).

(6) Organization for Economic Co-
operation and Development. Guidelines
for Testing of Chemicals, Section 4-
Health Effects, Part 453 Combined
Chronic Toxicity/Carcinogenicity Stud-
ies, Paris. (1981).

(7) Page, N.P. Chronic Toxicity and
Carcinogenicity Guidelines. Journal of
Environmental Pathology and Toxicology
11:161-182 (1977).

(8) Page, N.P. Concepts of a Bioassay

Program in Environmental Carcino-
genesis, Advances in Modern Toxi-
cology. Vol.3, Ed. Kraybill and
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Mehlman. Hemisphere, Washington, DC
pp. 87-171 (1977)

(9) Sontag, J.M. et al. Guidelines for
Carcinogen Bioassay in Small Rodents.
NCI-CS-TR-1 (Bethesda: United States
Cancer Institute, Division of Cancer
Control and Prevention, Carcinogenesis
Bioassay Program.

(10) Summary of the EPA Workshop
on Carcinogenesis Bioassay via the
Dermal Route. EPA Report 50/6-89-002;
50/6-89-003. Washington, DC.

(11) The Atlas Of Dermal Lesions,
EPA Report 20T-004, U.S Environ-
mental Protection Agency, Wash-
ington, DC.

[65 FR 78802, Dec. 15, 2000]

§799.9510 TSCA bacterial reverse mu-
tation test.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of TSCA.

(1) The bacterial reverse mutation
test uses amino-acid requiring strains
of Salmonella typhimurium and Esch-
erichia coli to detect point mutations,
which involve substitution, addition or
deletion of one or a few DNA base
pairs. The principle of this bacterial re-
verse mutation test is that it detects
mutations which revert mutations
present in the test strains and restore
the functional capability of the bac-
teria to synthesize an essential amino
acid. The revertant bacteria are de-
tected by their ability to grow in the
absence of the amino acid required by
the parent test strain.

(2) Point mutations are the cause of
many human genetic diseases and
there is substantial evidence that point
mutations in oncogenes and tumor sup-
pressor genes of somatic cells are in-
volved in tumor formation in humans
and experimental animals. The bac-
terial reverse mutation test is rapid,
inexpensive and relatively easy to per-
form. Many of the test strains have
several features that make them more
sensitive for the detection of
mutations, including responsive DNA
sequences at the reversion sites, in-
creased cell permeability to large mol-
ecules and elimination of DNA repair
systems or enhancement of error-prone
DNA repair processes. The specificity
of the test strains can provide some
useful information on the types of
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mutations that are induced by
genotoxic agents. A very large data
base of results for a wide variety of
structures is available for bacterial re-
verse mutation tests and well-estab-
lished methodologies have been devel-
oped for testing chemicals with dif-
ferent physico-chemical properties, in-
cluding volatile compounds.

(b) Source. The source material used
in developing this TSCA test guideline
are the OECD replacement guidelines
for 471 and 472 (February 1997). This
source is available at the address in
paragraph (g) of this section.

(c) Definitions. The following defini-
tions apply to this section:

A reverse mutation test in either Sal-
monella typhimurium or Escherichia coli
detects mutation in an amino-acid re-
quiring strain (histidine or tryptophan,
respectively) to produce a strain inde-
pendent of an outside supply of amino-
acid.

Base pair substitution mutagens are
agents that cause a base change in
DNA. In a reversion test this change
may occur at the site of the original
mutation, or at a second site in the
bacterial genome.

Frameshift mutagens are agents that
cause the addition or deletion of one or
more base pairs in the DNA, thus
changing the reading frame in the RNA

(d) Initial considerations. (1) The bac-
terial reverse mutation test utilizes
prokaryotic cells, which differ from
mammalian cells in such factors as up-
take, metabolism, chromosome struc-
ture and DNA repair processes. Tests
conducted in vitro generally require the
use of an exogenous source of meta-
bolic activation. In vitro metabolic ac-
tivation systems cannot mimic en-
tirely the mammalian in vivo condi-
tions. The test therefore does not pro-
vide direct information on the muta-
genic and carcinogenic potency of a
substance in mammals.

(2) The bacterial reverse mutation
test is commonly employed as an ini-
tial screen for genotoxic activity and,
in particular, for point mutation-in-
ducing activity. An extensive data base
has demonstrated that many chemicals
that are positive in this test also ex-
hibit mutagenic activity in other tests.
There are examples of mutagenic
agents which are not detected by this
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test; reasons for these shortcomings
can be ascribed to the specific nature
of the endpoint detected, differences in
metabolic activation, or differences in
bioavailability. On the other hand, fac-
tors which enhance the sensitivity of
the bacterial reverse mutation test can
lead to an overestimation of mutagenic
activity.

(3) The bacterial reverse mutation
test may not be appropriate for the
evaluation of certain classes of chemi-
cals, for example highly bactericidal
compounds (e.g. certain antibiotics)
and those which are thought (or
known) to interfere specifically with
the mammalian cell replication system
(e.g. some topoisomerase inhibitors and
some nucleoside analogues). In such
cases, mammalian mutation tests may
be more appropriate.

(4) Although many compounds that
are positive in this test are mamma-
lian carcinogens, the correlation is not
absolute. It is dependent on chemical
class and there are carcinogens that
are not detected by this test because
they act through other, non-genotoxic
mechanisms or mechanisms absent in
bacterial cells.

(e) Test method—(1) Principle. (i) Sus-
pensions of bacterial cells are exposed
to the test substance in the presence
and in the absence of an exogenous
metabolic activation system. In the
plate incorporation method, these sus-
pensions are mixed with an overlay
agar and plated immediately onto
minimal medium. In the preincubation
method, the treatment mixture is incu-
bated and then mixed with an overlay
agar before plating onto minimal me-
dium. For both techniques, after 2 or 3
days of incubation, revertant colonies
are counted and compared to the num-
ber of spontaneous revertant colonies
on solvent control plates.

(ii) Several procedures for performing
the bacterial reverse mutation test
have been described. Among those com-
monly used are the plate incorporation
method, the preincubation method, the
fluctuation method, and the suspension
method. Suggestions for modifications
for the testing of gases or vapors are
described in the reference in paragraph
(9)(12) of this section.

(iii) The procedures described in this
section pertain primarily to the plate
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incorporation and preincubation meth-
ods. Either of them is acceptable for
conducting experiments both with and
without metabolic activation. Some
compounds may be detected more effi-
ciently using the preincubation meth-
od. These compounds belong to chem-
ical classes that include short chain al-
iphatic nitrosamines, divalent metals,
aldehydes, azo-dyes and diazo com-
pounds, pyrollizidine alkaloids, allyl
compounds and nitro compounds. It is
also recognized that certain classes of
mutagens are not always detected
using standard procedures such as the
plate incorporation method or
preincubation method. These should be
regarded as ‘‘special cases” and it is
strongly recommended that alternative
procedures should be used for their de-
tection. The following ‘“‘special cases”
could be identified (together with ex-
amples of procedures that could be
used for their detection): azo-dyes and
diazo compounds (alterative procedures
are described in the references in para-
graphs (9)(3), (9)(5). (9)(6), and (g)(13) of
this section), gases and volatile chemi-
cals (alterative procedures are de-
scribed in the references in paragraphs
(9)(12), (9)(14), (9)(15), and (g)(16) of this
section), and glycosides (alterative pro-
cedures are described in the references
in paragraphs (g)(17) and (g)(18) of this
section). A deviation from the standard
procedure needs to be scientifically
justified.

(2) Description—(i) Preparations—(A)
Bacteria. (1) Fresh cultures of bacteria
should be grown up to the late expo-
nential or early stationary phase of
growth (approximately 10° cells per
ml). Cultures in late stationary phase
should not be used. The cultures used
in the experiment shall contain a high
titre of viable bacteria. The titre may
be demonstrated either from historical
control data on growth curves, or in
each assay through the determination
of viable cell numbers by a plating ex-
periment.

(2) The culture temperature shall be
37 °C.

(3) At least five strains of bacteria
should be used. These should include
four strains of S. typhimurium (TA1535;
TAI1537 or TA97a or TA97; TA98; and
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TA100) that have been shown to be reli-
able and reproducibly responsive be-
tween laboratories. These four S.
typhimurium strains have GC base pairs
at the primary reversion site and it is
known that they may not detect cer-
tain oxidizing mutagens, cross-linking
agents, and hydrazines. Such sub-
stances may be detected by E. coli WP2
strains or S. typhimurium TA102 (see
reference in paragraph (g)(19) of this
section) which have an AT base pair at
the primary reversion site. Therefore
the recommended combination of
strains is:

(i) S. typhimurium TA1535.

(ii) S. typhimurium TA1537 or TA97 or
TA97a.

(iii) S. typhimurium TA98.

(iv) S. typhimurium TA100.

(v) E. coli WP2 uvrA, or E. coli WP2
uvrA (pKM101), or S. typhimurium
TA102. In order to detect cross-linking
mutagens it may be preferable to in-
clude TA102 or to add a DNA repair-
proficient strain of E.coli [e.g. E.coli
WP?2 or E.coli WP2 (pKM101).]

(4) Established procedures for stock
culture preparation, marker
verification and storage should be used.
The amino-acid requirement for growth
should be demonstrated for each frozen
stock culture preparation (histidine for
S. typhimurium strains, and tryptophan
for E. coli strains). Other phenotypic
characteristics should be similarly
checked, namely: the presence or ab-
sence of R-factor plasmids where ap-
propriate [i.e. ampicillin resistance in
strains TA98, TA100 and TA97a or TA97,
WP2 uvrA and WP2 uvrA (pKM101), and
ampicillin = tetracycline resistance in
strain TA102]; the presence of char-
acteristic mutations (i.e. rfa mutation
in S. typhimurium through sensitivity
to crystal violet, and uvrA mutation in
E. coli or uvrB mutation in S.
typhimurium, through sensitivity to
ultra-violet light). The strains should
also yield spontaneous revertant col-
ony plate counts within the frequency
ranges expected from the laboratory’s
historical control data and preferably
within the range reported in the lit-
erature.

(B) Medium. An appropriate minimal
agar (e.g. containing Vogel-Bonner
minimal medium E and glucose) and an
overlay agar containing histidine and
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biotin or tryptophan, to allow for a few
cell divisions, shall be used. The proce-
dures described in the references under
paragraphs (g)(1), (9)(2), and (g)(9) of
this section may be used for this anal-
ysis.

(C) Metabolic activation. Bacteria
shall be exposed to the test substance
both in the presence and absence of an
appropriate metabolic activation sys-
tem. The most commonly used system
is a cofactor-supplemented post-
mitochondrial fraction (S9) prepared
from the livers of rodents treated with
enzyme-inducing agents such as
Aroclor 1254 (the system described in
the references under paragraphs (g)(1)
and (g)(2) of this section may be used)
or a combination of phenobarbitone
and B-naphthoflavone (the system de-
scribed in the references under para-
graphs (g)(18), (g)(20), and (g)(21) of this
section may be wused). The post-
mitochondrial fraction is usually used
at concentrations in the range from 5
to 30% v/v in the S9-mix. The choice
and condition of a metabolic activation
system may depend upon the class of
chemical being tested. In some cases it
may be appropriate to utilize more
than one concentration of post-
mitochondrial fraction. For azo-dyes
and diazo-compounds, using a reductive
metabolic activation system may be
more appropriate (the system described
in the references under paragraphs
(9)(6) and (9)(13) of this section may be
used).

(D) Test substance/preparation. Solid
test substances should be dissolved or
suspended in appropriate solvents or
vehicles and diluted if appropriate
prior to treatment of the bacteria. Lig-
uid test substances may be added di-
rectly to the test systems and/or di-
luted prior to treatment. Fresh prep-
arations should be employed unless
stability data demonstrate the accept-
ability of storage.

(ii) Test conditions—(A) Solvent/vehicle.
The solvent/vehicle should not be sus-
pected of chemical reaction with the
test substance and shall be compatible
with the survival of the bacteria and
the S9 activity (for further information
see the reference in paragraph (g)(22) of
this section). If other than well-known
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solvent/vehicles are used, their inclu-
sion should be supported by data indi-
cating their compatibility. It is rec-
ommended that wherever possible, the
use of an aqueous solvent/vehicle be
considered first. When testing water-
unstable substances, the organic sol-
vents used be free of water.

(B) Exposure concentrations. (1)
Amongst the criteria to be taken into
consideration when determining the
highest amount of test substance to be
used are cytotoxicity and solubility in
the final treatment mixture. It may be
useful to determine toxicity and in-
solubility in a preliminary experiment.
Cytotoxicity may be detected by a re-
duction in the number of revertant
colonies, a clearing or diminution of
the background lawn, or the degree of
survival of treated cultures. The
cytotoxicity of a substance may be al-
tered in the presence of metabolic acti-
vation systems. Insolubility should be
assessed as precipitation in the final
mixture under the actual test condi-
tions and evident to the unaided eye.
The recommended maximum test con-
centration for soluble non-cytotoxic
substances is 5 mg/plate or 5 pl/plate.
For non-cytotoxic substances that are
not soluble at 5 mg/plate or 5 pl/plate,
one or more concentrations tested
should be insoluble in the final treat-
ment mixture. Test substances that are
cytotoxic already below 5mg/plate or 5
ul/plate should be tested up to a
cytotoxic concentration. The precipi-
tate should not interfere with the scor-
ing.

(2) At least five different analyzable
concentrations of the test substance
shall be used with approximately half
log (i.e. V10) intervals between test
points for an initial experiment. Small-
er intervals may be appropriate when a

§799.9510

concentration-response is being inves-
tigated.

(3) Testing above the concentration
of 5 mg/plate or 5 ul/plate may be con-
sidered when evaluating substances
containing substantial amounts of po-
tentially mutagenic impurities.

(C) Controls. (1) Concurrent strain-
specific positive and negative (solvent
or vehicle) controls, both with and
without metabolic activation, shall be
included in each assay. Positive con-
trol concentrations that demonstrate
the effective performance of each assay
should be selected.

(2)(i) For assays employing a meta-
bolic activation system, the positive
control reference substance(s) should
be selected on the basis of the type of
bacteria strains used. The following
chemicals are examples of suitable
positive controls for assays with meta-
bolic activation:

Chemical CAS No.

9,10-Dimethylanthracene ...................
7,12-Dimethylbenzanthracene ...........
Congo Red (for the reductive meta-
bolic activation method).
Benzo(a)pyrene ......ccccccceeveeeecneenenns
Cyclophosphamide (monohydrate) ...

[CAS no. 781-43-1]
[CAS no. 57-97-6]
[CAS no. 573-58-0]

[CAS no. 50-32-8]
[CAS no. 50-18-0]
[CAS no. 6055-19-2]

2-Aminoanthracene ...........cccccceeeenee. [CAS no. 613-13-8]

(ii) 2-Aminoanthracene should not be
used as the sole indicator of the effi-
cacy of the S9-mix. If 2-
aminoanthracene is used, each batch of
S9 should also be characterized with a
mutagen that requires metabolic acti-
vation by microsomal enzymes, e.g.,
benzo(a)pyrene,
dimethylbenzanthracene.

(3) For assays performed without
metabolic activation system, examples
of strain-specific positive controls are:

Chemical

CAS No.

Strain

(a) Sodium azide
(b) 2-Nitrofluorene
(c) 9-Aminoacridine or ICR 191 .

(d) Cumene hydroperoxide
(e) Mitomycin C
(f) N-Ethyl-N-nitro-N-nitrosoguanidine or
4-nitroquinoline 1-oxide
(9) Furylfuramide (AF-2) ....

[CAS no. 26628-22-8] .
[CAS no. 607-57-8] .
[CAS no. 90-45-9] or
[CAS no. 17070-45-0] .
[CAS no. 80-15-9]

[CAS no. 50-07-7] ...
[CAS no. 70-25-7] or
[CAS no. 56-57-5] ...
[CAS no. 3688-53-7] ...

TA1535 and TA100
TA 98
TA1537, TA97 and TA97a

TA102

WP2 uvrA and TA102

WP2, WP2 uvrA and WP2 uvrA
(PKM101)

Plasmid-containing strains
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(4) Other appropriate positive control
reference substances may be used. The
use of chemical class-related positive
control chemicals may be considered,
when available.

(5) Negative controls, consisting of
solvent or vehicle alone, without test
substance, and otherwise treated in the
same way as the treatment groups,
shall be included. In addition, un-
treated controls should also be used
unless there are historical control data
demonstrating that no deleterious or
mutagenic effects are induced by the
chosen solvent.

(3) Procedure—(i) Treatment with test
substance. (A) For the plate incorpora-
tion method, without metabolic activa-
tion, usually 0.05 ml or 0.1 ml of the
test solutions, 0.1 ml of fresh bacterial
culture (containing approximately 108
viable cells) and 0.5 ml of sterile buffer
are mixed with 2.0 ml of overlay agar.
For the assay with metabolic activa-
tion, usually 0.5 ml of metabolic acti-
vation mixture containing an adequate
amount of post-mitochondrial fraction
(in the range from 5 to 30% Vv/v in the
metabolic activation mixture) are
mixed with the overlay agar (2.0 ml),
together with the bacteria and test
substance/test solution. The contents
of each tube are mixed and poured over
the surface of a minimal agar plate.
The overlay agar is allowed to solidify
before incubation.

(B) For the preincubation method the
test substance/test solution is
preincubated with the test strain (con-
taining approximately 108 viable cells)
and sterile buffer or the metabolic ac-
tivation system (0.5 ml) usually for 20
min. or more at 30-37 °C prior to mix-
ing with the overlay agar and pouring
onto the surface of a minimal agar
plate. Usually, 0.05 or 0.1 ml of test sub-
stance/test solution, 0.1 ml of bacteria,
and 0.5 ml of S9-mix or sterile buffer,
are mixed with 2.0 ml of overlay agar.
Tubes should be aerated during pre-in-
cubation by using a shaker.

(C) For an adequate estimate of vari-
ation, triplicate plating should be used
at each dose level. The use of duplicate
plating is acceptable when scientif-
ically justified. The occasional loss of a
plate does not necessarily invalidate
the assay.
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(D) Gaseous or volatile substances
should be tested by appropriate meth-
ods, such as in sealed vessels (methods
described in the references under para-
graphs (9)(12), (9)(14), (9)(15), and (g)(16)
of this section may be used).

(i) Incubation. All plates in a given
assay shall be incubated at 37 °C for 48-
72 hrs. After the incubation period, the
number of revertant colonies per plate
is counted.

(f) Data and reporting—(1) Treatment
of results. (i) Data shall be presented as
the number of revertant colonies per
plate. The number of revertant colo-
nies on both negative (solvent control,
and untreated control if used) and posi-
tive control plates shall also be given.

(i) Individual plate counts, the mean
number of revertant colonies per plate
and the standard deviation shall be
presented for the test substance and
positive and negative (untreated and/or
solvent) controls.

(iii) There is no requirement for
verification of a clear positive re-
sponse. Equivocal results shall be clari-
fied by further testing preferably using
a modification of experimental condi-
tions. Negative results need to be con-
firmed on a case-by-case basis. In those
cases where confirmation of negative
results is not considered necessary, jus-
tification should be provided. Modifica-
tion of study parameters to extend the
range of conditions assessed should be
considered in follow-up experiments.
Study parameters that might be modi-
fied include the concentration spacing,
the method of treatment (plate incor-
poration or liquid preincubation), and
metabolic activation conditions.

(2) Evaluation and interpretation of re-
sults. (i) There are several criteria for
determining a positive result, such as a
concentration-related increase over the
range tested and/or a reproducible in-
crease at one or more concentrations
in the number of revertant colonies per
plate in at least one strain with or
without metabolic activation system.
Biological relevance of the results
should be considered first. Statistical
methods may be used as an aid in eval-
uating the test results. However, sta-
tistical significance should not be the
only determining factor for a positive
response.
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(ii) A test substance for which the re-
sults do not meet the criteria described
under paragraph (f)(2)(i) of this section
is considered non-mutagenic in this
test

(iii) Although most experiments will
give clearly positive or negative re-
sults, in rare cases the data set will
preclude making a definite judgement
about the activity of the test sub-
stance. Results may remain equivocal
or questionable regardless of the num-
ber of times the experiment is re-
peated.

(iv) Positive results from the bac-
terial reverse mutation test indicate
that a substance induces point
mutations by base substitutions or
frameshifts in the genome of either
Salmonella typhimurium and/or Esch-
erichia coli. Negative results indicate
that under the test conditions, the test
substance is not mutagenic in the test-
ed species.

(3) Test report. The test report shall
include the following information:

(i) Test substance:

(A) Ildentification data and CAS no.,
if known.

(B) Physical nature and purity.

(C) Physicochemical properties rel-
evant to the conduct of the study.

(D) Stability of the test substance, if
known.

(ii) Solvent/vehicle:

(A) Justification for choice of sol-
vent/vehicle.

(B) Solubility and stability of the
test substance in solvent/vehicle, if
known.

(iii) Strains:

(A) Strains used.

(B) Number of cells per culture.

(C) Strain characteristics.

(iv) Test conditions:

(A) Amount of test substance per
plate (mg/plate or ml/plate) with ra-
tionale for selection of dose and num-
ber of plates per concentration.

(B) Media used.

(C) Type and composition of meta-
bolic activation system, including ac-
ceptability criteria.

(D) Treatment procedures.

(v) Results:

(A) Signs of toxicity.

(B) Signs of precipitation.

(C) Individual plate counts.
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(D) The mean number of revertant
colonies per plate and standard devi-
ation.

(E) Dose-response relationship, where
possible.

(F) Statistical analyses, if any.

(G) Concurrent negative (solvent/ve-
hicle) and positive control data, with
ranges, means and standard deviations.

(H) Historical negative (solvent/vehi-
cle) and positive control data, with e.g.
ranges, means and standard deviations.

(vi) Discussion of the results.

(vii) Conclusion.

(g) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.
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[62 FR 43824, Aug. 15, 1997, as amended at 64
FR 35079, June 30, 1999]

§799.9530 TSCA in vitro mammalian
cell gene mutation test.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of TSCA. The in vitro mamma-
lian cell gene mutation test can be
used to detect gene mutations induced
by chemical substances. Suitable cell
lines include L5178Y mouse lymphoma
cells, the CHO, AS52 and V79 lines of
Chinese hamster cells, and TK6 human
lymphoblastoid cells under paragraph
(9)(1) of this section. In these cell lines
the most commonly-used genetic
endpoints measure mutation at thymi-
dine kinase (TK) and hypoxanthine-
guanine phosphoribosyl transferase
(HPRT), and a transgene of xanthine-
guanine phosphoribosyl transferase
(XPRT). The TK, HPRT and XPRT mu-
tation tests detect different spectra of
genetic events. The autosomal location
of TK and XPRT may allow the detec-
tion of genetic events (e.g. large dele-
tions) not detected at the HPRT locus
on X-chromosomes (For a discussion
see the references in paragraphs (g)(2),
(9)(3). (9)(4).(9)(5), and (g)(6) of this sec-
tion).

(b) Source. The source material used
in developing this TSCA test guideline
is the OECD guideline 476 (February
1997). This source is available at the ad-
dress in paragraph (g) of this section.

(c) Definitions. The following defini-
tions apply to this section:

Base pair substitution mutagens are
substances which cause substitution of
one or several base pairs in the DNA.

Forward mutation is a gene mutation
from the parental type to the mutant
form which gives rise to an alteration
or a loss of the enzymatic activity or
the function of the encoded protein.

Frameshift mutagens are substances
which cause the addition or deletion of
single or multiple base pairs in the
DNA molecule.

Mutant frequency is the number of
mutant cells observed divided by the
number of viable cells.
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Phenotypic expression time is a period
during which unaltered gene products
are depleted from newly mutated cells.

Relative suspension growth is an in-
crease in cell number over the expres-
sion period relative to the negative
control.

Relative total growth is an increase in
cell number over time compared to a
control population of cells; calculated
as the product of suspension growth
relative to the negative control times
cloning efficiency relative to negative
control.

Survival is the cloning efficiency of
the treated cells when plated at the
end of the treatment period; survival is
usually expressed in relation to the
survival of the control cell population.

Viability is the cloning efficiency of
the treated cells at the time of plating
in selective conditions after the expres-
sion period.

(d) Initial considerations. (1) In the in
vitro mammalian cell gene mutation
test, cultures of established cell lines
or cell strains can be used. The cells
used are selected on the basis of growth
ability in culture and stability of the
spontaneous mutation frequency. Tests
conducted in vitro generally require the
use of an exogenous source of meta-
bolic activation. This metabolic acti-
vation system cannot mimic entirely
the mammalian in vivo conditions.
Care should be taken to avoid condi-
tions which would lead to results not
reflecting intrinsic mutagenicity. Posi-
tive results which do not reflect intrin-
sic mutagenicity may arise from
changes in pH, osmolality or high lev-
els of cytotoxicity.

(2) This test is used to screen for pos-
sible mammalian mutagens and car-
cinogens. Many compounds that are
positive in this test are mammalian
carcinogens; however, there is not a
perfect correlation between this test
and carcinogenicity. Correlation is de-
pendent on chemical class and there is
increasing evidence that there are car-
cinogens that are not detected by this
test because they appear to act
through other, non-genotoxic mecha-
nisms or mechanisms absent in bac-
terial cells.

(e) Test method—(1) Principle. (i) Cells
deficient in thymidine kinase (TK) due
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to the mutation TK=/~ -< TK~/~ are re-
sistant to the cytotoxic effects of the
pyrimidine analogue
trifluorothymidine (TFT). Thymidine
kinase proficient cells are sensitive to
TFT, which causes the inhibition of
cellular metabolism and halts further
cell division. Thus mutant cells are
able to proliferate in the presence of
TFT, whereas normal cells, which con-
tain thymidine kinase, are not. Simi-
larly, cells deficient in HPRT or XPRT
are selected by resistance to 6-
thioguanine (TG) or 8-azaguanine (AG).
The properties of the test substance
should be considered carefully if a base
analogue or a compound related to the
selective agent is tested in any of the
mammalian cell gene mutation tests.
For example, any suspected selective
toxicity by the test substance for mu-
tant and non-mutant cells should be in-
vestigated. Thus, performance of the
selection system/agent shall be con-
firmed when testing chemicals struc-
turally related to the selective agent.

(ii) Cells in suspension or monolayer
culture shall be exposed to the test
substance, both with and without met-
abolic activation, for a suitable period
of time and subcultured to determine
cytotoxicity and to allow phenotypic
expression prior to mutant selection.
Cytotoxicity is usually determined by
measuring the relative cloning effi-
ciency (survival) or relative total
growth of the cultures after the treat-
ment period. The treated cultures shall
be maintained in growth medium for a
sufficient period of time, characteristic
of each selected locus and cell type, to
allow near-optimal phenotypic expres-
sion of induced mutations. Mutant fre-
quency is determined by seeding known
numbers of cells in medium containing
the selective agent to detect mutant
cells, and in medium without selective
agent to determine the cloning effi-
ciency (viability). After a suitable in-
cubation time, colonies shall be count-
ed. The mutant frequency is derived
from the number of mutant colonies in
selective medium and the number of
colonies in non-selective medium.

(2) Description—(i) Preparations—(A)
Cells. (1) A variety of cell types are
available for use in this test including
subclones of L5178Y, CHO, CHO-AS52,
V79, or TK6 cells. Cell types used in
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this test should have a demonstrated
sensitivity to chemical mutagens, a
high cloning efficiency and a stable
spontaneous mutant frequency. Cells
should be checked for mycoplasma con-
tamination and should not be used if
contaminated.

(2) The test should be designed to
have a predetermined sensitivity and
power. The number of cells, cultures,
and concentrations of test substance
used should reflect these defined pa-
rameters. The parameters discussed in
the reference under paragraph (g)(13) of
this section may be used. The minimal
number of viable cells surviving treat-
ment and used at each stage in the test
should be based on the spontaneous
mutation frequency. A general guide is
to use a cell number which is at least
ten times the inverse of the sponta-
neous mutation frequency. However, it
is recommended to utilize at least 10°
cells. Adequate historical data on the
cell system used should be available to
indicate consistent performance of the
test.

(B) Media and culture conditions. Ap-
propriate culture media and incubation
conditions (culture vessels, tempera-
ture, CO, concentration and humidity)
shall be used. Media should be chosen
according to the selective systems and
cell type used in the test. It is particu-
larly important that culture conditions
should be chosen that ensure optimal
growth of cells during the expression
period and colony forming ability of
both mutant and non-mutant cells.

(C) Preparation of cultures. Cells are
propagated from stock cultures, seeded
in culture medium and incubated at 37
°C. Prior to use in this test, cultures
may need to be cleansed of pre-existing
mutant cells.

(D) Metabolic activation. Cells shall be
exposed to the test substance both in
the presence and absence of an appro-
priate metabolic activation system.
The most commonly used system is a
co-factor-supplemented post-
mitochondrial fraction (S9) prepared
from the livers of rodents treated with
enzyme-inducing agents such as
Aroclor 1254 or a combination of
phenobarbitone and B-naphthoflavone.
The post-mitochondrial fraction is usu-
ally used at concentrations in the
range from 1-10% v/v in the final test
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medium. The choice and condition of a
metabolic activation system may de-
pend upon the class of chemical being
tested. In some cases it may be appro-
priate to utilize more than one con-
centration of post-mitochondrial frac-
tion. A number of developments, in-
cluding the construction of genetically
engineered cell lines expressing specific
activating enzymes, may provide the
potential for endogenous activation.
The choice of the cell lines used should
be scientifically justified (e.g. by the
relevance of the cytochrome P450
isoenzyme to the metabolism of the
test substance).

(E) Test substance/preparations. Solid
test substances should be dissolved or
suspended in appropriate solvents or
vehicles and diluted if appropriate
prior to treatment of the cells. Liquid
test substances may be added directly
to the test systems and/or diluted prior
to treatment. Fresh preparations
should be employed unless stability
data demonstrate the acceptability of
storage.

(ii) Test conditions—(A) Solvent/vehicle.
The solvent/vehicle shall not be sus-
pected of chemical reaction with the
test substance and shall be compatible
with the survival of the cells and the
S9 activity. If other than well-known
solvent/vehicles are used, their inclu-
sion should be supported by data indi-
cating their compatibility. It is rec-
ommended that wherever possible, the
use of an aqueous solvent/vehicle be
considered first. When testing water-
unstable substances, the organic sol-
vents used should be free of water.
Water can be removed by adding a mo-
lecular sieve.

(B) Exposure concentrations. (1)
Among the criteria to be considered
when determining the highest con-
centration are cytotoxicity and solu-
bility in the test system and changes
in pH or osmolality.

(2) Cytotoxicity should be determined
with and without metabolic activation
in the main experiment using an appro-
priate indicator of cell integrity and
growth, such as relative cloning effi-
ciency (survival) or relative total
growth. It may be useful to determine
cytotoxicity and solubility in a pre-
liminary experiment.
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(3) At least four analyzable con-
centrations shall be used. Where there
is cytotoxicity, these concentrations
shall cover a range from the maximum
to little or no toxicity; this will usu-
ally mean that the concentration lev-
els should be separated by no more
than a factor between 2 and v10. If the
maximum concentration is based on
cytotoxicity then it shall result in ap-
proximately 10-20% but not less than
10% relative survival (relative cloning
efficiency) or relative total growth.
For relatively non-cytotoxic com-
pounds the maximum concentration
should be 5 mg/ml, 5 pl/ml, or 0.01 M,
whichever is the lowest.

(4) Relatively insoluble substances
should be tested up to or beyond their
limit of solubility under culture condi-
tions. Evidence of insolubility should
be determined in the final treatment
medium to which cells are exposed. It
may be useful to assess solubility at
the beginning and end of the treat-
ment, as solubility can change during
the course of exposure in the test sys-
tem due to presence of cells, S9, serum
etc. Insolubility can be detected by
using the unaided eye. The precipitate
should not interfere with the scoring.

(C) Controls. (1) Concurrent positive
and negative (solvent or vehicle) con-
trols both with and without metabolic
activation shall be included in each ex-
periment. When metabolic activation
is used the positive control chemical
shall be one that requires activation to
give a mutagenic response.

(2) Examples of positive control sub-
stances include:

Metabolic
Activation Locus Chemical CAS No.
condition
Absence of | HPRT ....... Ethylmethanesulfon- | [CAS no.
exoge- ate. 62-50—
nous 0]
metabolic
activation
............. EthylInitrosourea ...... | [CAS no.
759-73—
9]
TK (small | Methylmethanesulf- | [CAS no.
and onate. 66-27—
large 3]
colonies).
XPRT ....... Ethylmethanesulfon- | [CAS no.
ate. 62-50-
0]
Ethylnitrosourea ...... [CAS no.
759-73-
9]
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Metabolic
Activation Locus Chemical CAS No.
condition
Presence HPRT ....... 3- [CAS no.
of exoge- Methylcholanthre- 56-49—
nous ne. 5]
metabolic
activation.
N- [CAS no.
Nitrosodimethyla- 62—75—
mine. 9]
7,12- [CAS no.
Dimethylbenzant- 57-97-
hracene. 6]
TK (small Cyclophosphamide [CAS no.
and (monohydrate). 50-18-
large 0]
colonies). [CAS no.
6055—
19-2]
Benzo(a)pyrene ...... [CAS no.
50-32—
8]
3- [CAS no.
Methylcholanthre- 56-49—
ne. 5]
XPRT ....... N- [CAS no.
Nitrosodimethyla- 62—75—
mine (for high lev- 9]
els of S-9).
Benzo(a)pyrene ...... [CAS no.
50-32—
8]

(3) Other appropriate positive control
reference substances may be used, e.g.,
if a laboratory has a historical data
base on 5-Bromo 2'-deoxyuridine [CAS
No. 59-14-3], this reference substance
could be used as well. The use of chem-
ical class-related positive control
chemicals may be considered, when
available.

(4) Negative controls, consisting of
solvent or vehicle alone in the treat-
ment medium, and treated in the same
way as the treatment groups shall be
included. In addition, untreated con-
trols should also be used unless there
are historical control data dem-
onstrating that no deleterious or muta-
genic effects are induced by the chosen
solvent.

(3) Procedure—(i) Treatment with test
substance. (A) Proliferating cells shall
be exposed to the test substance both
with and without metabolic activation.
Exposure shall be for a suitable period
of time (usually 3 to 6 hrs is effective).
Exposure time may be extended over
one or more cell cycles.

(B) Either duplicate or single treated
cultures may be used at each con-
centration tested. When single cultures
are used, the number of concentrations
should be increased to ensure an ade-
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quate number of cultures for analysis
(e.g. at least eight analyzsable con-
centrations). Duplicate negative (sol-
vent) control cultures should be used.

(C) Gaseous or volatile substances
should be tested by appropriate meth-
ods, such as in sealed culture vessels.
Methods described in the references
under paragraphs (g)(20) and (g)(21) of
this section may be used.

(ii) Measurement of survival, viability,
and mutant frequency. (A) At the end of
the exposure period, cells shall be
washed and cultured to determine sur-
vival and to allow for expression of the
mutant phenotype. Measurement of
cytotoxicity by determining the rel-
ative cloning efficiency (survival) or
relative total growth of the cultures is
usually initiated after the treatment
period.

(B) Each locus has a defined min-
imum time requirement to allow near
optimal phenotypic expression of newly
induced mutants (HPRT and XPRT re-
quire at least 6-8 days, and TK at least
2 days). Cells are grown in medium
with and without selective agent(s) for
determination of numbers of mutants
and cloning efficiency, respectively.
The measurement of viability (used to
calculate mutant frequency) is initi-
ated at the end of the expression time
by plating in non-selective medium.

(C) If the test substance is positive in
the L5178Y TK=/~ test, colony sizing
should be performed on at least one of
the test cultures (the highest positive
concentration) and on the negative and
positive controls. If the test substance
is negative in the L5178Y TK=/— test,
colony sizing should be performed on
the negative and positive controls. In
studies using TK6TK=/—, colony sizing
may also be performed.

(f) Data and reporting—(1) Treatment
of results. (i) Data shall include
cytotoxicity and viability determina-
tion, colony counts and mutant fre-
quencies for the treated and control
cultures. In the case of a positive re-
sponse in the L5178Y TK=/~ test, colo-
nies are scored using the criteria of
small and large colonies on at least one
concentration of the test substance
(highest positive concentration) and on
the negative and positive control. The
molecular and cytogenetic nature of
both large and small colony mutants
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has been explored in detail and is dis-
cussed in the references under para-
graphs (g)(22) and (g)(23) of this section.
In the TK=/~ test, colonies are scored
using the criteria of normal growth
(large) and slow growth (small) colo-
nies (a scoring system similar to the
one described in the reference under
paragraph (g)(24) of this section may be
used). Mutant cells that have suffered
the most extensive genetic damage
have prolonged doubling times and
thus form small colonies. This damage
typically ranges in scale from the
losses of the entire gene to
karyotypically visible chromosome ab-
errations. The induction of small col-
ony mutants has been associated with
chemicals that induce gross chro-
mosome aberrations. Less seriously af-
fected mutant cells grow at rates simi-
lar to the parental cells and form large
colonies.

(if) Survival (relative cloning effi-
ciencies) or relative total growth shall
be given. Mutant frequency shall be ex-
pressed as number of mutant cells per
number of surviving cells.

(iii) Individual culture data shall be
provided. Additionally, all data shall
be summarized in tabular form.

(iv) There 1is no requirement for
verification of a clear positive re-
sponse. Equivocal results shall be clari-
fied by further testing preferably using
a modification of experimental condi-
tions. Negative results need to be con-
firmed on a case-by-case basis. In those
cases where confirmation of negative
results is not considered necessary, jus-
tification should be provided. Modifica-
tion of study parameters to extend the
range of conditions assessed should be
considered in follow-up experiments for
either equivocal or negative results.
Study parameters that might be modi-
fied include the concentration spacing,
and the metabolic activation condi-
tions.

(2) Evaluation and interpretation of re-
sults. (i) There are several criteria for
determining a positive result, such as a
concentration-related, or a reproduc-
ible increase in mutant frequency. Bio-
logical relevance of the results should
be considered first. Statistical methods
may be used as an aid in evaluating the
test results. Statistical significance
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should not be the only determining fac-
tor for a positive response.

(ii) A test substance, for which the
results do not meet the criteria de-
scribed in paragraph (f)(2)(i) of this sec-
tion is considered non-mutagenic in
this system.

(iii) Although most studies will give
clearly positive or negative results, in
rare cases the data set will preclude
making a definite judgement about the
activity of the test substance. Results
may remain equivocal or questionable
regardless of the number of times the
experiment is repeated.

(iv) Positive results for an in vitro
mammalian cell gene mutation test in-
dicate that the test substance induces
gene mutations in the cultured mam-
malian cells used. A positive con-
centration-response that is reproduc-
ible is most meaningful. Negative re-
sults indicate that, under the test con-
ditions, the test substance does not in-
duce gene mutations in the cultured
mammalian cells used.

(3) Test report. The test report shall
include the following information:

(i) Test substance:

(A) ldentification data and CAS no.,
if known.

(B) Physical nature and purity.

(C) Physicochemical properties rel-
evant to the conduct of the study.

(D) Stability of the test substance.

(ii) Solvent/vehicle:

(A) Justification for choice of vehi-
cle/solvent.

(B) Solubility and stability of the
test substance in solvent/vehicle, if
known.

(iii) Cells:

(A) Type and source of cells.

(B) Number of cell cultures.

(C) Number of cell passages, if appli-
cable.

(D) Methods for maintenance of cell
cultures, if applicable.

(E) Absence of mycoplasma.

(iv) Test conditions:

(A) Rationale for selection of con-
centrations and number of cell cultures
including e.g., cytotoxicity data and
solubility limitations, if available.

(B) Composition of media, CO, con-
centration.

(C) Concentration of test substance.

(D) Volume of vehicle and test sub-
stance added.
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(E) Incubation temperature.

(F) Incubation time.

(G) Duration of treatment.

(H) Cell density during treatment.

(I) Type and composition of meta-
bolic activation system including ac-
ceptability criteria.

(J) Positive and negative controls.

(K) Length of expression period (in-
cluding number of cells seeded, and
subcultures and feeding schedules, if
appropriate).

(L) Selective agent(s).

(M) Criteria for considering tests as
positive, negative or equivocal.

(N) Methods used to enumerate num-
bers of viable and mutant cells.

(O) Definition of colonies of which
size and type are considered (including
criteria for “‘small” and “‘large’ colo-
nies, as appropriate).

(v) Results:

(A) Signs of toxicity.

(B) Signs of precipitation.

(C) Data on pH and osmolality during
the exposure to the test substance, if
determined.

(D) Colony size if scored for at least
negative and positive controls.

(E) Laboratory’s adequacy to detect
small colony mutants with the L5178Y
TK=/~ system, where appropriate.

(F) Dose-response relationship, where
possible.

(G) Statistical analyses, if any.

(H) Concurrent negative (solvent/ve-
hicle) and positive control data.

(1) Historical negative (solvent/vehi-
cle) and positive control data with
ranges, means, and standard devi-
ations.

(J) Mutant frequency.

(vi) Discussion of the results.

(vii) Conclusion.

(g) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
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DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.
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§799.9537 TSCA in vitro mammalian
chromosome aberration test.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet testing re-
quirements under section 4 of the Toxic
Substances Control Act (TSCA) (15
U.S.C. 2601).

(2) Background. The source material
used in developing this TSCA test
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guideline is the Office of Prevention,
Pesticides, and Toxic Substances
(OPPTS) harmonized test guideline
870.5375 (August 1998, final guidelines).
The source is available at the address
in paragraph (i) of this section.

(b) Purpose. (1) The purpose of the in
vitro chromosome aberration test is to
identify agents that cause structural
chromosome aberrations in cultured
mammalian cells (see paragraphs (i)(1),
(1)(2), and (i)(3) of this section). Struc-
tural aberrations may be of two types,
chromosome or chromatid. With the
majority of chemical mutagens, in-
duced aberrations are of the chromatid
type, but chromosome-type aberrations
also occur. An increase in polyploidy
may indicate that a chemical has the
potential to induce numerical aberra-
tions. However, this guideline is not
designed to measure numerical aberra-
tions and is not routinely used for that
purpose. Chromosome mutations and
related events are the cause of many
human genetic diseases and there is
substantial evidence that chromosome
mutations and related events causing
alterations in oncogenes and tumour-
suppressor genes of somatic cells are
involved in cancer induction in humans
and experimental animals.

(2) The in vitro chromosome aberra-
tion test may employ cultures of estab-
lished cell lines, cell strains or primary
cell cultures. The cells used are se-
lected on the basis of growth ability in
culture, stability of the karyotype,
chromosome number, chromosome di-
versity, and spontaneous frequency of
chromosome aberrations.

(c) Definitions. The definitions in sec-
tion 3 of TSCA and in 40 CFR Part 792—
Good Laboratory Practice Standards
apply to this test guideline. The fol-
lowing definitions also apply to this
test guideline.

Chromatid-type aberration is struc-
tural chromosome damage expressed as

breakage of single chromatids or
breakage and reunion between
chromatids.

Chromosome-type aberration is struc-
tural chromosome damage expressed as
breakage, or breakage and reunion, of
both chromatids at an identical site.

Endoreduplication is a process in
which after an S period of DNA replica-
tion, the nucleus does not go into mito-
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sis but starts another S period. The re-
sult is chromosomes with 4, 8,
16,...chromatids.

Gap is an achromatic lesion smaller
than the width of one chromatid, and
with minimum misalignment of the
chromatid(s).

Mitotic index is the ratio of cells in
metaphase divided by the total number
of cells observed in a population of
cells; an indication of the degree of
proliferation of that population.

Numerical aberration is a change in
the number of chromosomes from the

normal number characteristic of the
cells utilized.
Polyploidy is a multiple of the

haploid chromosome number (n) other
than the diploid number (i.e., 3n, 4n,
and so on).

Structural aberration is a change in
chromosome structure detectable by
microscopic examination of the meta-
phase stage of cell division, observed as
deletions and fragments, intrachanges,
and interchanges.

(d) Initial considerations. (1) Tests con-
ducted in vitro generally require the
use of an exogenous source of meta-
bolic activation. This metabolic acti-
vation system cannot mimic entirely
the mammalian in vivo conditions.
Care should be taken to avoid condi-
tions which would lead to positive re-
sults which do not reflect intrinsic mu-
tagenicity and may arise from changes
in pH, osmolality, or high levels of
cytotoxicity (the test techniques de-
scribed in the references under para-
graphs (i)(4) and (i)(5) of this section
may be used).

(2) This test is used to screen for pos-
sible mammalian mutagens and car-
cinogens. Many compounds that are
positive in this test are mammalian
carcinogens; however, there is not a
perfect correlation between this test
and carcinogenicity. Correlation is de-
pendent on chemical class and there is
increasing evidence that there are car-
cinogens that are not detected by this
test because they appear to act
through mechanisms other than direct
DNA damage.

(e) Principle of the test method. Cell
cultures are exposed to the test sub-
stance both with and without meta-
bolic activation. At predetermined in-
tervals after exposure of cell cultures
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to the test substance, they are treated
with a metaphase-arresting substance
(e.g., Colcemid® or colchicine), har-
vested, stained, and metaphase cells
are analysed microscopically for the
presence of chromosome aberrations.

(f) Description of the method—(1) Prep-
arations—(i) Cells. A variety of cell
lines, strains, or primary cell cultures,
including human cells, may be used
(e.g., Chinese hamster fibroblasts,
human, or other mammalian peripheral
blood lymphocytes).

(ii) Media and culture conditions. Ap-
propriate culture media, and incuba-
tion conditions (culture vessels, CO?2
concentration, temperature and humid-
ity) must be used in maintaining cul-
tures. Established cell lines and strains
must be checked routinely for stability
in the modal chromosome number and
the absence of Mycoplasma contamina-
tion and should not be used if contami-
nated. The normal cell-cycle time for
the cells and culture conditions used
should be known.

(iii) Preparation of cultures—(A) Estab-
lished cell lines and strains. Cells are
propagated from stock cultures, seeded
in culture medium at a density such
that the cultures will not reach
confluency before the time of harvest,
and incubated at 37 °C.

(B) Lymphocytes. Whole blood treated
with an anti-coagulant (e.g., heparin)
or separated Ilymphocytes obtained
from healthy subjects are added to cul-
ture medium containing a mitogen
(e.g., phytohemagglutinin) and incu-
bated at 37 °C.

(iv) Metabolic activation. Cells must
be exposed to the test substance both
in the presence and absence of an ap-
propriate metabolic activation system.
The most commonly used system is a
co-factor-supplemented post-
mitochondrial fraction (S9) prepared
from the livers of rodents treated with
enzyme-inducing agents such as
Aroclor 1254 (the test techniques de-
scribed in the references under para-
graphs (i)(6), (i)(7), (8)(i), and (i)(9) of
this section may be used), or a mixture
of phenobarbitone and B-
naphthoflavone (the test techniques de-
scribed in the references under para-
graphs (i)(10), (i)(11), and (i)(12) of this
section may be wused). The post-
mitochondrial fraction is usually used
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at concentrations in the range from 1-
10% v/v in the final test medium. The
condition of a metabolic activation
system may depend upon the class of
chemical being tested. In some cases, it
may be appropriate to utilize more
than one concentration of post-
mitochondrial fraction. A number of
developments, including the construc-
tion of genetically engineered cell lines
expressing specific activating enzymes,
may provide the potential for endoge-
nous activation. The choice of the cell
lines used should be scientifically jus-
tified (e.g., by the relevance of the
cytochrome P450 isoenzyme for the me-
tabolism of the test substance).

(v) Test substance/preparation. Solid
test substances should be dissolved or
suspended in appropriate solvents or
vehicles and diluted, if appropriate,
prior to treatment of the cells. Liquid
test substances may be added directly
to the test systems and/or diluted prior
to treatment. Fresh preparations of the
test substance should be employed un-
less stability data demonstrate the ac-
ceptability of storage.

(2) Test conditions—(i) Solvent/vehicle.
The solvent/vehicle should not be sus-
pected of chemical reaction with the
test substance and must be compatible
with the survival of the cells and the
S9 activity. If other than well-known
solvent/vehicles are used, their inclu-
sion should be supported by data indi-
cating their compatibility. It is rec-
ommended that wherever possible, the
use of an aqueous solvent/vehicle be
considered first. When testing water-
unstable substances, the organic sol-
vents used should be free of water.
Water can be removed by adding a mo-
lecular sieve.

(ii) Exposure concentrations. (A)
Among the criteria to be considered
when determining the highest con-
centration are cytotoxicity, solubility
in the test system, and changes in pH
or osmolality.

(B) Cytotoxicity should be deter-
mined with and without metabolic ac-
tivation in the main experiment using
an appropriate indication of cell integ-
rity and growth, such as degree of
confluency, viable cell counts, or mi-
totic index. It may be useful to deter-
mine cytotoxicity and solubility in a
preliminary experiment.
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(C) At least three analyzable con-
centrations should be used. Where
cytotoxicity occurs, these concentra-
tions should cover a range from the
maximum to little or no toxicity; this
will usually mean that the concentra-
tions should be separated by no more
than a factor between 2 and v10. At the
time of harvesting, the highest con-
centration should show a significant
reduction in degree of confluency, cell
count or mitotic index, (all greater
than 50%). The mitotic index is only an
indirect measure of cytotoxic/
cytostatic effects and depends on the
time after treatment. However, the mi-
totic index is acceptable for suspension
cultures in which other toxicity meas-
urements may be cumbersome and im-
practical. Information on cell-cycle Ki-
netics, such as average generation time
(AGT), could be used as supplementary
information. AGT, however, is an over-
all average that does not always reveal
the existence of delayed subpopula-
tions, and even slight increases in aver-
age generation time can be associated
with very substantial delay in the time
of optimal yield of aberrations. For rel-
atively non-cytotoxic compounds the
maximum concentration should be 5
pg/ml, 5mg/ml, or 0.01M, whichever is
the lowest.

(D) For relatively insoluble sub-
stances that are not toxic at con-
centrations lower than the insoluble
concentration, the highest dose used
should be a concentration above the
limit of solubility in the final culture
medium at the end of the treatment pe-
riod. In some cases (e.g., when toxicity
occurs only at higher than the lowest
insoluble concentration) it is advisable
to test at more than one concentration
with visible precipitation. It may be
useful to assess solubility at the begin-
ning and the end of the treatment, as
solubility can change during the course
of exposure in the test system due to
presence of cells, S9, serum etc. Insolu-
bility can be detected by using the
unaided eye. The precipitate should not
interfere with the scoring.

(iii) Controls. (A) Concurrent positive
and negative (solvent or vehicle) con-
trols both with and without metabolic
activation must be included in each ex-
periment. When metabolic activation
is used, the positive control chemical
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must be the one that requires activa-
tion to give a mutagenic response.

(B) Positive controls must employ a
known clastogen at exposure levels ex-
pected to give a reproducible and de-
tectable increase over background
which demonstrates the sensitivity of
the test system. Positive control con-
centrations should be chosen so that
the effects are clear but do not imme-
diately reveal the identity of the coded
slides to the reader. Examples of posi-
tive-control substances include:

Metaté(())l:]cdiatitg::/atlon Chemical CASbenrum
Absence of exoge- Methyl [66-27-3]
nous metabolic methanesulfonate.
activation.
Ethyl methanesulfonate | [62-50-0]
Ethylnitrosourea ... [759-73-9]
Mitomycin C [50-07-7]
4-Nitroquinoline-N- [56-57-5]
Oxide.
Presence of exoge- | Benzo(a)pyrene ............ [50-32-8]
nous metabolic
activation.
Cyclophosphamide ....... [50-18-0]
(monohydrate) .............. ([6055-19—
2))

(C) Other appropriate positive con-
trol substances may be used. The use of
chemical class-related positive-control
chemicals may be considered, when
available.

(D) Negative controls, consisting of
solvent or vehicle alone in the treat-
ment medium, and treated in the same
way as the treatment cultures, must be
included for every harvest time. In ad-
dition, untreated controls should also
be used unless there are historical-con-
trol data demonstrating that no delete-
rious or mutagenic effects are induced
by the chosen solvent.

(g) Procedure—(1) Treatment with test
substance. (i) Proliferating cells are
treated with the test substance in the
presence and absence of a metabolic-
activation system. Treatment of
lymphocytes should commence at
about 48 hours after mitogenic stimula-
tion.

(if) Duplicate cultures must be used
at each concentration, and are strongly
recommended for negative/solvent con-
trol cultures. Where minimal variation
between duplicate cultures can be dem-
onstrated (the test techniques de-
scribed in the references under para-
graphs (i)(13) and (i)(14) of this section
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may be used), from historical data, it
may be acceptable for single cultures
to be used at each concentration.

(iii) Gaseous or volatile substances
should be tested by appropriate meth-
ods, such as in sealed culture vessels
(the test techniques described in the
references under paragraphs (i)(15) and
(i)(16) of this section may be used).

(2) Culture harvest time. In the first
experiment, cells should be exposed to
the test substance both with and with-
out metabolic activation for 3-6 hours,
and sampled at a time equivalent to
about 1.5 normal cell-cycle length after
the beginning of treatment (the test
techniques described in the references
under paragraph (i)(12) of this section
may be used). If this protocol gives
negative results both with and without
activation, an additional experiment
without activation should be done,
with continuous treatment until sam-
pling at a time equivalent to about 1.5
normal cell-cycle lengths. Certain
chemicals may be more readily de-
tected by treatment/sampling times
longer than 1.5 cycle lengths. Negative
results with metabolic activation need
to be confirmed on a case-by-case
basis. In those cases where confirma-
tion of negative results is not consid-
ered necessary, justification should be
provided.

(3) Chromosome preparation. Cell cul-
tures must be treated with ColcemidU
or colchicine usually for 1 to 3 hours
prior to harvesting. Each cell culture
must be harvested and processed sepa-
rately for the preparation of chro-
mosomes. Chromosome preparation in-
volves hypotonic treatment of the
cells, fixation and staining.

(4) Analysis. (i) All slides, including
those of positive and negative controls,
must be independently coded before
microscopic analysis. Since fixation
procedures often result in the breakage
of a proportion of metaphase cells with
loss of chromosomes, the cells scored
must therefore contain a number of
centromeres equal to the modal num-
ber +2 for all cell types. At least 200
well-spread metaphases should be
scored per concentration and control
equally divided amongst the dupli-
cates, if applicable. This number can be
reduced when high numbers of aberra-
tions are observed.
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(ii) Though the purpose of the test is
to detect structural chromosome aber-
rations, it is important to record
polyploidy and endoreduplication when
these events are seen.

(h) Data and reporting—(1) Treatment
of results. (i) The experimental unit is
the cell, and therefore the percentage
of cells with structural chromosome
aberration(s) should be evaluated. Dif-
ferent types of structural chromosome
aberrations must be listed with their
numbers and frequencies for experi-
mental and control cultures. Gaps are
recorded separately and reported but
generally not included in the total ab-
erration frequency.

(i) Concurrent measures of
cytotoxicity for all treated and nega-
tive control cultures in the main aber-
ration experiment(s) should also be re-
corded.

(iii) Individual culture data should be
provided. Additionally, all data should
be summarized in tabular form.

(iv) There is no requirement for
verification of a clear positive re-
sponse. Equivocal results should be
clarified by further testing preferably
using modification of experimental
conditions. The need to confirm nega-
tive results has been discussed in para-
graph (g)(2) of this section. Modifica-
tion of study parameters to extend the
range of conditions assessed should be
considered in follow-up experiments.
Study parameters that might be modi-
fied include the concentration spacing
and the metabolic activation condi-
tions.

(2) Evaluation and interpretation of re-
sults. (i) There are several criteria for
determining a positive result, such as a
concentration-related increase or a re-
producible increase in the number of
cells with chromosome aberrations. Bi-
ological relevance of the results should
be considered first. Statistical methods
may be used as an aid in evaluating the
test results (see paragraphs (i)(3) and
(1)(13) of this section). Statistical sig-
nificance should not be the only deter-
mining factor for a positive response.

(i) An increase in the number of
polyploid cells may indicate that the
test substance has the potential to in-
hibit mitotic processes and to induce
numerical chromosome aberrations. An
increase in the number of cells with
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endoreduplicated chromosomes may in-
dicate that the test substance has the
potential to inhibit cell-cycle progres-
sion (the test techniques described in
the references under paragraphs (i)(17)
and (i)(18) of this section may be used).

(iii) A test substance for which the
results do not meet the criteria in
paragraphs (h)(2)(i) and (h)(2)(ii) of this
section is considered nonmutagenic in
this system.

(iv) Although most experiments will
give clearly positive or negative re-
sults, in rare cases the data set will
preclude making a definite judgement
about the activity of the test sub-
stance. Results may remain equivocal
or questionable regardless of the num-
ber of times the experiment is re-
peated.

(v) Positive results from the in vitro
chromosome aberration test indicate
that the test substance induces struc-
tural chromosome aberrations in cul-
tured mammalian somatic cells. Nega-
tive results indicate that, under the
test conditions, the test substance does
not induce chromosome aberrations in
cultured mammalian somatic cells.

(3) Test report. The test report must
include the following information.

(i) Test substance.

(A) ldentification data and CAS no.,
if known.

(B) Physical nature and purity.

(C) Physicochemical properties rel-
evant to the conduct of the study.

(D) Stability of the test substance, if
known.

(ii) Solvent/vehicle.

(A) Jdustification for choice of sol-
vent/vehicle.

(B) Solubility and stability of the
test substance in solvent/vehicle, if
known.

(iii) Cells.

(A) Type and source of cells.

(B) Karyotype features and suit-
ability of the cell type used.

(C) Absence of Mycoplasma, if applica-
ble.

(D) Information on cell-cycle length.

(E) Sex of blood donors, whole blood
or separated Ilymphocytes, mitogen
used.

(F) Number of passages, if applicable.

(G) Methods for maintenance of cell
cultures if applicable.

(H) Modal number of chromosomes.
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(iv) Test conditions.

(A) ldentity of metaphase arresting
substance, its concentration and dura-
tion of cell exposure.

(B) Rationale for selection of con-
centrations and number of cultures in-
cluding, e.g., cytotoxicity data and sol-
ubility limitations, if available.

(C) Composition of media, CO2 con-
centration if applicable.

(D) Concentration of test substance.

(E) Volume of vehicle and test sub-
stance added.

(F) Incubation temperature.

(G) Incubation time.

(H) Duration of treatment.

(1) Cell density at seeding, if appro-
priate.

(J) Type and composition of meta-
bolic activation system, including ac-
ceptability criteria.

(K) Positive and negative controls.

(L) Methods of slide preparation.

(M) Criteria for scoring aberrations.

(N) Number of metaphases analyzed.

(0) Methods for the measurements of
toxicity.

(P) Criteria for considering studies as
positive, negative or equivocal.

(v) Results.

(A) Signs of toxicity, e.g., degree of
confluency, cell-cycle data, cell counts,
mitotic index.

(B) Signs of precipitation.

(C) Data on pH and osmolality of the
treatment medium, if determined.

(D) Definition for aberrations, includ-
ing gaps.

(E) Number of cells with chromosome
aberrations and type of chromosome
aberrations given separately for each
treated and control culture.

(F) Changes in ploidy if seen.

(G) Dose-response relationship, where
possible.

(H) Statistical analyses, if any.

(1) Concurrent negative (solvent/vehi-
cle) and positive control data.

(J) Historical negative (solvent/vehi-
cle) and positive control data, with
ranges, means and standard deviations.

(vi) Discussion of the results.

(vii) Conclusion.

(i) References. For additional back-
ground information on this test guide-
line, the following references should be
consulte. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
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§799.9538 TSCA mammalian bone mar-
row chromosomal aberration test.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of TSCA. The mammalian
bone marrow chromosomal aberration
test is used for the detection of struc-
tural chromosome aberrations induced
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by test compounds in bone marrow
cells of animals, usually rodents.
Structural chromosome aberrations
may be of two types, chromosome or
chromatid. An increase in polyploidy
may indicate that a chemical has the
potential to induce numerical aberra-
tions. With the majority of chemical
mutagens, induced aberrations are of
the chromatid-type, but chromosome-
type aberrations also occur. Chro-
mosome mutations and related events
are the cause of many human genetic
diseases and there is substantial evi-
dence that chromosome mutations and
related events causing alterations in
oncogenes and tumor suppressor genes
are involved in cancer in humans and
experimental systems.

(b) Source. The source material used
in developing this TSCA test guideline
is the OECD guideline 475 (February
1997). This source is available at the ad-
dress in paragraph (g) of this section.

(c) Definitions. The following defini-
tions apply to this section:

Chromatid-type aberration is struc-
tural chromosome damage expressed as
breakage of single chromatids or
breakage and reunion between
chromatids.

Chromosome-type aberration is struc-
tural chromosome damage expressed as
breakage, or breakage and reunion, of
both chromatids at an identical site.

Endoreduplication is a process in
which after an S period of DNA replica-
tion, the nucleus does not go into mito-
sis but starts another S period. The re-
sult is chromosomes with
2,4,8,...chromatids.

Gap is an achromatic lesion smaller
than the width of one chromatid, and
with minimum misalignment of the
chromatids.

Numerical aberration is a change in
the number of chromosomes from the
normal number characteristic of the
animals utilized.

Polyploidy is a multiple of the
haploid chromosome number (n) other
than the diploid number (i.e., 3n, 4n
and so on).

Structural aberration is a change in
chromosome structure detectable by
microscopic examination of the meta-
phase stage of cell division, observed as
deletions and fragments, intrachanges
or interchanges.
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(d) Initial considerations. (1) Rodents
are routinely used in this test. Bone
marrow is the target tissue in this test,
since it is a highly vascularised tissue,
and it contains a population of rapidly
cycling cells that can be readily iso-
lated and processed. Other species and
target tissues are not the subject of
this section.

(2) This chromosome aberration test
is especially relevant to assessing mu-
tagenic hazard in that it allows consid-
eration of factors of in vivo metabo-
lism, pharmacokinetics and DNA-re-
pair processes although these may vary
among species and among tissues. An
in vivo test is also useful for further in-
vestigation of a mutagenic effect de-
tected by an in vitro test.

(3) If there is evidence that the test
substance, or a reactive metabolite,
will not reach the target tissue, it is
not appropriate to use this test.

(e) Test method—(1) Principle. Animals
are exposed to the test substance by an
appropriate route of exposure and are
sacrificed at appropriate times after
treatment. Prior to sacrifice, animals
are treated with a metaphase-arresting
agent (e.g., colchicine or Colcemid?D).
Chromosome preparations are then
made from the bone marrow cells and
stained, and metaphase cells are ana-
lyzed for chromosome aberrations.

(2) Description—(i) Preparations—(A)
Selection of animal species. Rats, mice
and Chinese hamsters are commonly
used, although any appropriate mam-
malian species may be used. Commonly
used laboratory strains of young
healthy adult animals should be em-
ployed. At the commencement of the
study, the weight variation of animals
should be minimal and not exceed +20%
of the mean weight of each sex.

(B) Housing and feeding conditions.
The temperature in the experimental
animal room should be 22 °C 3 °C). Al-
though the relative humidity should be
at least 30% and preferably not exceed
70% other than during room cleaning,
the aim should be 50-60%. Lighting
should be artificial, the sequence being
12 hrs light, 12 hrs dark. For feeding,
conventional laboratory diets may be
used with an unlimited supply of drink-
ing water. The choice of diet may be
influenced by the need to ensure a suit-
able admixture of a test substance
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when administered by this method.
Animals may be housed individually,
or be caged in small groups of the same
sex.

(C) Preparation of the animals.
Healthy young adult animals shall be
randomly assigned to the control and
treatment groups. Cages should be ar-
ranged in such a way that possible ef-
fects due to cage placement are mini-
mized. The animals are identified
uniquely. The animals are acclimated
to the laboratory conditions for at
least 5 days.

(D) Preparation of doses. Solid test
substances shall be dissolved or sus-
pended in appropriate solvents or vehi-
cles and diluted, as appropriate, prior
to dosing of the animals. Liquid test
substances may be dosed directly or di-
luted prior to dosing. Fresh prepara-
tions of the test substance should be
employed unless stability data dem-
onstrate the acceptability of storage.

(ii) Test conditions—(A) Solvent/vehicle.
The solvent/vehicle shall not produce
toxic effects at the dose levels used,
and shall not be suspected of chemical
reaction with the test substance. If
other than well-known solvents/vehi-
cles are used, their inclusion should be
supported with data indicating their
compatibility. It is recommended that
wherever possible, the use of an aque-
ous solvent/vehicle should be consid-
ered first.

(B) Controls. (1) Concurrent positive
and negative (solvent/vehicle) controls
shall be included for each sex in each
test. Except for treatment with the
test substance, animals in the control
groups should be handled in an iden-

tical manner to the animals in the
treated groups.
(2) Positive controls shall produce

structural chromosome aberrations in
vivo at exposure levels expected to give
a detectable increase over background.
Positive control doses should be chosen
so that the effects are clear but do not
immediately reveal the identity of the
coded slides to the reader. It is accept-
able that the positive control be ad-
ministered by a route different from
the test substance and sampled at only
a single time. The use of chemical class
related positive control chemicals may
be considered, when available. Exam-
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ples of positive control substances in-
clude:

Chemical CAS No.

Triethylenemelamine ..........c.cccceeeeeee.
Ethyl methanesulphonate
Ethyl nitrosourea ..........
Mitomycin C
Cyclophosphamide (monohydrate) ...

[CAS no. 51-18-3]
[CAS no. 62-50-0]
[CAS no. 759-73-9]
[CAS no. 50-07-7]
[CAS no. 50-18-0]
[CAS no. 6055-19-2]

(3) Negative controls, treated with
solvent or vehicle alone, and otherwise
treated in the same way as the treat-
ment groups, shall be included for
every sampling time, unless acceptable
inter-animal  variability and fre-
quencies of cells with chromosome ab-
errations are available from historical
control data. If single sampling is ap-
plied for negative controls, the most
appropriate time is the first sampling
time. In the absence of historical or
published control data demonstrating
that no deleterious or mutagenic ef-
fects are induced by the chosen solvent/
vehicle, untreated animals should be
used.

(3) Procedure—(i) Number and sex of
animals. Each treated and control
group shall include at least 5 analyz-
able animals per sex. If at the time of
the study there are data available from
studies in the same species and using
the same route of exposure that dem-
onstrate that there are no substantial
differences in toxicity between sexes,
then testing in a single sex will be suf-
ficient. Where human exposure to
chemicals may be sex-specific, as for
example with some pharmaceutical
agents, the test should be performed
with animals of the appropriate sex.

(if) Treatment schedule. (A) Test sub-
stances are preferably administered as
a single treatment. Test substances
may also be administered as a split
dose, i.e. two treatments on the same
day separated by no more than a few
hrs, to facilitate administering a large
volume of material. Other dose regi-
mens should be scientifically justified.

(B) Samples shall be taken at two
separate times following treatment on
one day. For rodents, the first sam-
pling interval is 1.5 normal cell cycle
length (the latter being normally 12-18
hr) following treatment. Since the
time required for uptake and metabo-
lism of the test substance as well as its
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effect on cell cycle kinetics can affect
the optimum time for chromosome ab-
erration detection, a later sample col-
lection 24 hr after the first sample time
is recommended. If dose regimens of
more than one day are used, one sam-
pling time at 1.5 normal cell cycle
lengths after the final treatment
should be used.

(C) Prior to sacrifice, animals shall
be injected intraperitoneally with an
appropriate dose of a metaphase arrest-
ing agent (e.g. Colcemid” or col-
chicine). Animals are sampled at an ap-
propriate interval thereafter. For mice
this interval is approximately 3-5 hrs;
for Chinese hamsters this interval is
approximately 4-5 hrs. Cells shall be
harvested from the bone marrow and
analyzed from chromosome aberra-
tions.

(iii) Dose levels. If a range finding
study is performed because there are
no suitable data available, it shall be
performed in the same laboratory,
using the same species, strain, sex, and
treatment regimen to be used in the
main study (an approach to dose selec-
tion is presented in the reference under
paragraph (g)(5) of this section). If
there is toxicity, three dose levels shall
be used for the first sampling time.
These dose levels shall cover a range
from the maximum to little or no tox-
icity. At the later sampling time only
the highest dose needs to be used. The
highest dose is defined as the dose pro-
ducing signs of toxicity such that high-
er dose levels, based on the same dos-
ing regimen, would be expected to
produce lethality. Substances with spe-
cific biological activities at low non-
toxic doses (such as hormones and
mitogens) may be exceptions to the
dose-setting criteria and should be
evaluated on a case-by-case basis. The
highest dose may also be defined as a
dose that produces some indication of
toxicity in the bone marrow (e.g. great-
er than 50% reduction in mitotic
index).

(iv) Limit test. If a test at one dose
level of at least 2,000 mg/kg body
weight using a single treatment, or as
two treatments on the same day, pro-
duces no observable toxic effects, and if
genotoxicity would not be expected
based on data from structurally related
compounds, then a full study using
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three dose levels may not be considered
necessary. For studies of a longer dura-
tion, the limit dose is 2,000 mg/kg/body
weight/day for treatment up to 14 days,
and 1,000 mg/kg/body weight/day for
treatment longer than 14 days. Ex-
pected human exposure may indicate
the need for a higher dose level to be
used in the limit test.

(v) Administration of doses. The test
substance is usually administered by
gavage using a stomach tube or a suit-
able intubation cannula, or by
intraperitoneal injection. Other routes
of exposure may be acceptable where
they can be justified. The maximum
volume of liquid that can be adminis-
tered by gavage or injection at one
time depends on the size of the test
animal. The volume should not exceed
2 ml/100g body weight. The use of vol-
umes higher than these must be justi-
fied. Except for irritating or corrosive
substances which will normally reveal
exacerbated effects with higher con-
centrations, variability in test volume
should be minimized by adjusting the
concentration to ensure a constant vol-
ume at all dose levels.

(vi) Chromosome preparation. Imme-
diately after sacrifice, bone marrow
shall be obtained, exposed to hypotonic
solution and fixed. The cells shall be
then spread on slides and stained.

(vii) Analysis. (A) The mitotic index
should be determined as a measure of
cytotoxicity in at least 1,000 cells per
animal for all treated animals (includ-
ing positive controls) and untreated
negative control animals.

(B) At least 100 cells should be ana-
lyzed for each animal. This number
could be reduced when high numbers of
aberrations are observed. All slides, in-
cluding those of positive and negative
controls, shall be independently coded
before microscopic analysis. Since slide
preparation procedures often result in
the breakage of a proportion of meta-
phases with loss of chromosomes, the
cells scored should therefore contain a
number of centromeres equal to the
number 2n *2.

(f) Data and reporting—(1) Treatment
of results. Individual animal data shall
be presented in tabular form. The ex-
perimental unit is the animal. For each
animal the number of cells scored, the
number of aberrations per cell and the
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percentage of cells with structural
chromosome aberration(s) shall be
evaluated. Different types of structural
chromosome aberrations shall be listed
with their numbers and frequencies for
treated and control groups. Gaps shall
be recorded separately and reported
but generally not included in the total
aberration frequency. If there is no evi-
dence for a difference in response be-
tween the sexes, the data may be com-
bined for statistical analysis.

(2) Evaluation and interpretation of re-
sults. (i) There are several criteria for
determining a positive result, such as a
dose-related increase in the relative
number of cells with chromosome aber-
rations or a clear increase in the num-
ber of cells with aberrations in a single
dose group at a single sampling time.
Biological relevance of the results
should be considered first. Statistical
methods may be used as an aid in eval-
uating the test results (some statis-
tical methods are described in the ref-
erence under paragraph (g)(6) of this
section). Statistical significance
should not be the only determining fac-
tor for a positive response. Equivocal
results should be clarified by further
testing preferably using a modification
of experimental conditions.

(i) An increase in polyploidy may in-
dicate that the test substance has the
potential to induce numerical chro-
mosome aberrations. An increase in
endoreduplication may indicate that
the test substance has the potential to
inhibit cell cycle progression. This phe-
nomenon is described in the references
under paragraphs (g)(7) and (g)(8) of
this section.

(iii) A test substance for which the
results do not meet the criteria de-
scribed in paragraph (f)(2)(i) of this sec-
tion is considered non-mutagenic in
this test.

(iv) Although most experiments will
give clearly positive or negative re-
sults, in rare cases the data set will
preclude making a definite judgment
about the activity of the test sub-
stance. Results may remain equivocal
or questionable regardless of the num-
ber of experiments performed.

(v) Positive results from the in vivo
chromosome aberration test indicate
that a substance induces chromosome
aberrations in the bone marrow of the
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species tested. Negative results indi-
cate that, under the test conditions,
the test substance does not induce
chromosome aberrations in the bone
marrow of the species tested.

(vi) The likelihood that the test sub-
stance or its metabolites reach the
general circulation or specifically the
target tissue (e.g., systemic toxicity)
should be discussed.

(3) Test report. The test report shall
include the following information:

(i) Test substance:

(A) ldentification data and CAS No.,
if known.

(B) Physical nature and purity.

(C) Physicochemical properties rel-
evant to the conduct of the study.

(D) Stability of the test substance, if
known.

(ii) Solvent/vehicle:

(A) Justification for choice of vehi-
cle.

(B) Solubility and stability of the
test substance in solvent/vehicle, if
known.

(iii) Test animals:

(A) Species/strain used.

(B) Number, age and sex of animals.

(C) Source, housing conditions, diet,
etc.

(D) Individual weight of the animals
at the start of the test, including body
weight range, mean and standard devi-
ation for each group.

(iv) Test conditions:

(A) Positive and negative (vehicle/
solvent) controls.

(B) Data from range-finding study, if
conducted.

(C) Rationale for dose level selection.

(D) Details of test substance prepara-
tion.

(E) Details of the administration of
the test substance.

(F) Rationale for route of administra-
tion.

(G) Methods for verifying that the
test substance reached the general cir-
culation or target tissue, if applicable.

(H) Conversion from diet/drinking
water test substance concentration
parts per million (ppm) to the actual
dose (mg/kg body weight/day), if appli-
cable.

(1) Details of food and water quality.

(J) Detailed description of treatment
and sampling schedules.
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(K) Methods for measurement of tox-
icity.

(L) Identity of metaphase arresting
substance, its concentration and dura-
tion of treatment.

(M) Methods of slide preparation.

(N) Criteria for scoring aberrations.

(O) Number of cells analyzed per ani-
mal.

(P) Criteria for considering studies as
positive, negative or equivocal.

(v) Results:

(A) Signs of toxicity.

(B) Mitotic index.

(C) Type and number of aberrations,
given separately for each animal.

(D) Total number of aberrations per
group with means and standard devi-
ations.

(E) Number of cells with aberrations
per group with means and standard de-
viations.

(F) Changes in ploidy, if seen.

(G) Dose-response relationship, where
possible.

(H) Statistical analyses, if any.

(1) Concurrent negative control data.

(J) Historical negative control data
with ranges, means and standard devi-
ations.

(K) Concurrent positive control data.

(vi) Discussion of the results.

(vii) Conclusion.
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able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
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§799.9539 TSCA mammalian
rocyte micronucleus test.

eryth-

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of TSCA.
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(1) The mammalian erythrocyte
micronucleus test is used for the detec-
tion of damage induced by the test sub-
stance to the chromosomes or the mi-
totic apparatus of erythroblasts by
analysis of erythrocytes as sampled in
bone marrow and/or peripheral blood
cells of animals, usually rodents.

(2) The purpose of the micronucleus
test is to identify substances that
cause cytogenetic damage which re-
sults in the formation of micronuclei
containing lagging chromosome frag-
ments or whole chromosomes.

(3) When a bone marrow erythroblast
develops into a polychromatic eryth-
rocyte, the main nucleus is extruded;
any micronucleus that has been formed
may remain behind in the otherwise
anucleated cytoplasm. Visualization of
micronuclei is facilitated in these cells
because they lack a main nucleus. An
increase in the frequency of
micronucleated polychromatic
erythrocytes in treated animals is an
indication of induced chromosome
damage.

(b) Source. The source material used
in developing this TSCA test guideline
is the OECD guideline 474 (February
1997). This source is available at the ad-
dress in paragraph (g) of this section.

(c) Definitions. The following defini-
tions apply to this section:

Centromere (kinetochore) is a region of
a chromosome with which spindle fi-
bers are associated during cell division,
allowing orderly movement of daughter
chromosomes to the poles of the daugh-
ter cells.

Micronuclei are small nuclei, separate
from and additional to the main nuclei
of cells, produced during telophase of
mitosis (meiosis) by lagging chro-
mosome fragments or whole chro-
mosomes.

Normochromatic erythrocyte is a ma-
ture erythrocyte that lacks ribosomes
and can be distinguished from imma-
ture, polychromatic erythrocytes by
stains selective for ribosomes.

Polychromatic erythrocyte is an imma-
ture erythrocyte, in an intermediate
stage of development, that still con-
tains ribosomes and therefore can be
distinguished from mature,
normochromatic erythrocytes by
stains selective for ribosomes.
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(d) Initial considerations. (1) The bone
marrow of rodents is routinely used in
this test since polychromatic
erythrocytes are produced in that tis-
sue. The measurement of
micronucleated immature (poly-
chromatic) erythrocytes in peripheral
blood is equally acceptable in any spe-
cies in which the inability of the spleen
to remove micronucleated
erythrocytes has been demonstrated,
or which has shown an adequate sensi-
tivity to detect agents that cause
structural or numerical chromosome
aberrations. Micronuclei can be distin-
guished by a number of criteria. These
include identification of the presence
or absence of a Kkinetochore or
centromeric DNA in the micronuclei.
The frequency of micronucleated im-
mature (polychromatic) erythrocytes
is the principal endpoint. The number

of mature (normochromatic)
erythrocytes in the peripheral blood
that contain micronuclei among a

given number of mature erythrocytes
can also be used as the endpoint of the
assay when animals are treated con-
tinuously for 4 weeks or more. This
mammalian in vivo micronucleus test
is especially relevant to assessing mu-
tagenic hazard in that it allows consid-
eration of factors of in vivo metabo-
lism, pharmacokinetics and DNA-re-
pair processes although these may vary
among species, among tissues and
among genetic endpoints. An in vivo
assay is also useful for further inves-
tigation of a mutagenic effect detected
by an in vitro system.

(2) If there is evidence that the test
substance, or a reactive metabolite,
will not reach the target tissue, it is
not appropriate to use this test.

(e) Test method—(1) Principle. Animals
are exposed to the test substance by an
appropriate route. If bone marrow is
used, the animals are sacrificed at ap-
propriate times after treatment, the
bone marrow extracted, and prepara-
tions made and stained (test tech-
niques described in the references
under paragraphs (g)(1), (g9)(2), and
(g9)(3) of this section may be used).
When peripheral blood is used, the
blood is collected at appropriate times
after treatment and smear prepara-
tions are made and stained (the test
techniques described in the references
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under paragraphs (g9)(3), (9)(4). (9)(5),
and (g)(6) of this section may be used).
For studies with peripheral blood, as
little time as possible should elapse be-
tween the last exposure and cell har-
vest. Preparations are analyzed for the
presence of micronuclei.

(2) Description—(i) Preparations—(A)
Selection of animal species. Mice or rats
are recommended if bone marrow is
used, although any appropriate mam-
malian species may be used. When pe-
ripheral blood is used, mice are rec-
ommended. However, any appropriate
mammalian species may be used pro-
vided it is a species in which the spleen
does not remove micronucleated
erythrocytes or a species which has
shown an adequate sensitivity to de-
tect agents that cause structural or
numerical chromosome aberrations.
Commonly used laboratory strains of
young healthy animals should be em-
ployed. At the commencement of the
study, the weight variation of animals
should be minimal and not exceed +20%
of the mean weight of each sex.

(B) Housing and feeding conditions.
The temperature in the experimental
animal room should be 22 °C 3 °C). Al-
though the relative humidity should be
at least 30% and preferably not exceed
70% other than during room cleaning,
the aim should be 50-60%. Lighting
should be artificial, the sequence being
12 hrs light, 12 hrs dark. For feeding,
conventional laboratory diets may be
used with an unlimited supply of drink-
ing water. The choice of diet may be
influenced by the need to ensure a suit-
able admixture of a test substance
when administered by this route. Ani-
mals may be housed individually, or
caged in small groups of the same sex.

(C) Preparation of the animals.
Healthy young adult animals shall be
randomly assigned to the control and
treatment groups. The animals are
identified uniquely. The animals are
acclimated to the laboratory condi-
tions for at least 5 days. Cages should
be arranged in such a way that possible
effects due to cage placement are mini-
mized.

(D) Preparation of doses. Solid test
substances shall be dissolved or sus-
pended in appropriate solvents or vehi-
cles and diluted, if appropriate, prior to
dosing of the animals. Liquid test sub-
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stances may be dosed directly or di-
luted prior to dosing. Fresh prepara-
tions of the test substance should be
employed unless stability data dem-
onstrate the acceptability of storage.

(ii) Test conditions—(A) Solvent/vehicle.
The solvent/vehicle shall not produce
toxic effects at the dose levels used,
and shall not be suspected of chemical
reaction with the test substance. If
other than well-known solvents/vehi-
cles are used, their inclusion should be
supported with reference data indi-
cating their compatibility. It is rec-
ommended that wherever possible, the
use of an aqueous solvent/vehicle
should be considered first.

(B) Controls. (1) Concurrent positive
and negative (solvent/vehicle) controls
shall be included for each sex in each
test. Except for treatment with the
test substance, animals in the control
groups should be handled in an iden-
tical manner to animals of the treat-
ment groups.

(2) Positive controls shall produce
micronuclei in vivo at exposure levels
expected to give a detectable increase
over background. Positive control
doses should be chosen so that the ef-
fects are clear but do not immediately
reveal the identity of the coded slides
to the reader. It is acceptable that the
positive control be administered by a
route different from the test substance
and sampled at only a single time. In
addition, the use of chemical class-re-
lated positive control chemicals may
be considered, when available. Exam-
ples of positive control substances in-
clude:

Chemical CAS No.

Ethyl methanesulphonate ..................
Ethyl nitrosourea
Mitomycin C
Cyclophosphamide (monohydrate) ....

[CAS no. 62-50-0]
[CAS no. 759-73-9]
[CAS no. 50-07-7]
[CAS no. 50-18-0]
[CAS no. 6055-19-2]
[CAS no. 51-18-3]

Triethylenemelamine ............c.c..........

(3) Negative controls, treated with
solvent or vehicle alone, and otherwise
treated in the same way as the treat-
ment groups shall be included for every
sampling time, unless acceptable inter-
animal variability and frequencies of
cells with micronuclei are dem-
onstrated by historical control data. If
single sampling is applied for negative
controls, the most appropriate time is
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the first sampling time. In addition,
untreated controls should also be used
unless there are historical or published
control data demonstrating that no
deleterious or mutagenic effects are in-
duced by the chosen solvent/vehicle.

(4) If peripheral blood is used, a pre-
treatment sample may also be accept-
able as a concurrent negative control,
but only in the short peripheral blood
studies (e.g., one to three treatment(s))
when the resulting data are in the ex-
pected range for the historical control.

(3) Procedure—(i) Number and sex of
animals. Each treated and control
group shall include at least 5 analyz-
able animals per sex (techniques de-
scribed in the reference under para-
graph (g)(7) of this section may be
used). If at the time of the study there
are data available from studies in the
same species and using the same route
of exposure that demonstrate that
there are no substantial differences be-
tween sexes in toxicity, then testing in
a single sex will be sufficient. Where
human exposure to chemicals may be
sex-specific, as for example with some
pharmaceutical agents, the test should
be performed with animals of the ap-
propriate sex.

(ii) Treatment schedule. (A) No stand-
ard treatment schedule (i.e. one, two,
or more treatments at 24 h intervals)
can be recommended. The samples
from extended dose regimens are ac-
ceptable as long as a positive effect has
been demonstrated for this study or,
for a negative study, as long as tox-
icity has been demonstrated or the
limit dose has been used, and dosing
continued until the time of sampling.
Test substances may also be adminis-
tered as a split dose, i.e., two treat-
ments on the same day separated by no
more than a few hrs, to facilitate ad-
ministering a large volume of material.

(B) The test may be performed in two
ways:

(1) Animals shall be treated with the
test substance once. Samples of bone
marrow shall be taken at least twice,
starting not earlier than 24 hrs after
treatment, but not extending beyond 48
hrs after treatment with appropriate
interval(s) between samples. The use of
sampling times earlier than 24 hrs after
treatment should be justified. Samples
of peripheral blood shall be taken at
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least twice, starting not earlier than 36
hrs after treatment, with appropriate
intervals following the first sample,
but not extending beyond 72 hrs. When
a positive response is recognized at one
sampling time, additional sampling is
not required.

(2) If two or more daily treatments
are used (e.g. two or more treatments
at 24 hr intervals), samples shall be col-
lected once between 18 and 24 hrs fol-
lowing the final treatment for the bone
marrow and once between 36 and 48 hrs
following the final treatment for the
peripheral blood (techniques described
in the reference under paragraph (g)(8)
of this section may be used).

(C) Other sampling times may be
used in addition, when relevant.

(iii) Dose levels. If a range finding
study is performed because there are
no suitable data available, it shall be
performed in the same laboratory,
using the same species, strain, sex, and
treatment regimen to be used in the
main study (guidance on dose setting is
provided in the reference in paragraph
(9)(9) of this section). If there is tox-
icity, three dose levels shall be used for
the first sampling time. These dose lev-
els shall cover a range from the max-
imum to little or no toxicity. At the
later sampling time only the highest
dose needs to be used. The highest dose
is defined as the dose producing signs
of toxicity such that higher dose levels,
based on the same dosing regimen,
would be expected to produce lethality.
Substances with specific biological ac-
tivities at low non-toxic doses (such as
hormones and mitogens) may be excep-
tions to the dose-setting criteria and
should be evaluated on a case-by-case
basis. The highest dose may also be de-
fined as a dose that produces some in-
dication of toxicity in the bone marrow
(e.g. a reduction in the proportion of
immature erythrocytes among total
erythrocytes in the bone marrow or pe-
ripheral blood).

(iv) Limit test. If a test at one dose
level of at least 2,000 mg/kg body
weight using a single treatment, or as
two treatments on the same day, pro-
duces no observable toxic effects, and if
genotoxicity would not be expected
based upon data from structurally re-
lated substances, then a full study
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using three dose levels may not be con-
sidered necessary. For studies of a
longer duration, the limit dose is 2,000
mg/kg/body weight/day for treatment
up to 14 days, and 1,000 mg/kg/body
weight/day for treatment longer than
14 days. Expected human exposure may
indicate the need for a higher dose
level to be used in the limit test.

(v) Administration of doses. The test
substance is usually administered by
gavage using a stomach tube or a suit-
able intubation cannula, or by
intraperitoneal injection. Other routes
of exposure may be acceptable where
they can be justified. The maximum
volume of liquid that can be adminis-
tered by gavage or injection at one
time depends on the size of the test
animal. The volume should not exceed
2 ml/100g body weight. The use of vol-
umes higher than these must be justi-
fied. Except for irritating or corrosive
substances which will normally reveal
exacerbated effects with higher con-
centrations, variability in test volume
should be minimized by adjusting the
concentration to ensure a constant vol-
ume at all dose levels.

(vi) Bone marrow/blood preparation.
Bone marrow cells shall be obtained
from the femurs or tibias immediately
following sacrifice. Cells shall be re-
moved from femurs or tibias, prepared
and stained using established methods.
Peripheral blood is obtained from the
tail vein or other appropriate blood
vessel. Blood cells are immediately
stained supravitally (the test tech-
niques described in the references
under paragraphs (g)(4), (g)(5), and
(g)(6) of this section may be used) or
smear preparations are made and then
stained. The use of a DNA specific
stain (e.g. acridine orange (techniques
described in the reference under para-
graph (g)(10) of this section may be
used) or Hoechst 33258 plus pyronin-Y)
can eliminate some of the artifacts as-
sociated with using a non-DNA specific
stain. This advantage does not preclude
the use of conventional stains (e.g.,
Giemsa). Additional systems (e.g. cel-
lulose columns to remove nucleated
cells (the test techniques described in
the references under paragraph (g)(12)
of this section may be used)) can also
be used provided that these systems
have been shown to adequately work
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for micronucleus preparation in the
laboratory.

(vii) Analysis. The proportion of im-
mature among total (immature = ma-
ture) erythrocytes is determined for
each animal by counting a total of at
least 200 erythrocytes for bone marrow
and 1,000 erythrocytes for peripheral
blood (techniques described in the ref-
erence under paragraph (g)(13) of this
section maybe used). All slides, includ-
ing those of positive and negative con-
trols, shall be independently coded be-
fore microscopic analysis. At least 2,000

immature erythrocytes per animal
shall be scored for the incidence of
micronucleated immature

erythrocytes. Additional information
may be obtained by scoring mature
erythrocytes for micronuclei. When
analyzing slides, the proportion of im-
mature erythrocytes among total
erythrocytes should not be less than
20% of the control value. When animals
are treated continuously for 4 weeks or
more, at least 2,000 mature
erythrocytes per animal can also be
scored for the incidence of micronuclei.
Systems for automated analysis (image
analysis) and cell suspensions (flow
cytometry) are acceptable alternatives
to manual evaluation if appropriately
justified and validated.

(f) Data and reporting—(1) Treatment
of results. Individual animal data shall
be presented in tabular form. The ex-
perimental unit is the animal. The
number of Iimmature erythrocytes
scored, the number of micronucleated
immature erythrocytes, and the num-
ber of immature among total
erythrocytes shall be listed separately
for each animal analyzed. When ani-
mals are treated continuously for 4
weeks or more, the data on mature
erythrocytes should also be given if it
is collected. The proportion of imma-
ture among total erythrocytes and, if
considered applicable, the percentage
of micronucleated erythrocytes shall
be given for each animal. If there is no
evidence for a difference in response
between the sexes, the data from both
sexes may be combined for statistical
analysis.

(2) Evaluation and interpretation of re-
sults. (i) There are several criteria for
determining a positive result, such as a
dose-related increase in the number of
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micronucleated cells or a clear in-
crease in the number of
micronucleated cells in a single dose
group at a single sampling time. Bio-
logical relevance of the results should
be considered first. Statistical methods
may be used as an aid in evaluating the
test results (the test techniques de-
scribed in the references paragraphs
(9)(14) and (g)(15) of this section may be
used). Statistical significance should
not be the only determining factor for
a positive response. Equivocal results
should be clarified by further testing
preferably using a modification of ex-
perimental conditions.

(ii) A test substance for which the re-
sults do not meet the criteria in para-
graph (f)(2)(i) of this section is consid-
ered non-mutagenic in this test.

(iii) Although most experiments will
give clearly positive or negative re-
sults, in rare cases the data set will
preclude making a definite judgement
about the activity of the test sub-
stance. Results, may remain equivocal
or questionable regardless of the num-
ber of times the experiment is re-
peated. Positive results in the micro-
nucleus test indicate that a substance
induces micronuclei which are the re-
sult of chromosomal damage or dam-
age to the mitotic apparatus in the
erythroblasts of the test species. Nega-
tive results indicate that, under the
test conditions, the test substance does
not produce micronuclei in the imma-
ture erythrocytes of the test species.

(iv) The likelihood that the test sub-
stance or its metabolites reach the
general circulation or specifically the
target tissue (e.g. systemic toxicity)
should be discussed.

(3) Test report. The test report shall
include the following information:

(i) Test substance:

(A) ldentification data and CAS no.,
if known.

(B) Physical nature and purity.

(C) Physiochemical properties
evant to the conduct of the study.

(D) Stability of the test substance, if
known.

(ii) Solvent/vehicle:

(A) Justification for choice of vehi-
cle.

(B) Solubility and stability of the
test substance in the solvent/vehicle, if
known.

rel-

§799.9539

(iii) Test animals:

(A) Species/strain used.

(B) Number, age, and sex of animals.

(C) Source, housing conditions, diet,
etc.

(D) Individual weight of the animals
at the start of the test, including body
weight range, mean and standard devi-
ation for each group.

(iv) Test conditions:

(A) Positive and negative (vehicle/
solvent) control data.

(B) Data from range-finding study, if
conducted.

(C) Rationale for dose level selection.

(D) Details of test substance prepara-
tion.

(E) Details of the administration of
the test substance.

(F) Rationale for route of administra-
tion.

(G) Methods for verifying that the
test substance reached the general cir-
culation or target tissue, if applicable.

(H) Conversion from diet/drinking
water test substance concentration
parts per million (ppm) to the actual
dose (mg/kg body weight/day), if appli-
cable.

(1) Details of food and water quality.

(J) Detailed description of treatment
and sampling schedules.

(K) Methods of slide preparation.

(L) Methods for measurement of tox-

icity.

(M) Criteria for scoring
micronucleated immature
erythrocytes.

(N) Number of cells analyzed per ani-
mal.

(O) Criteria for considering studies as
positive, negative or equivocal.

(v) Results:

(A) Signs of toxicity.

(B) Proportion of immature
erythrocytes among total
erythrocytes.

(C) Number of micronucleated imma-
ture erythrocytes, given separately for
each animal.

(D) Mean = zstandard deviation of
micronucleated immature erythrocytes

per group.
(E) Dose-response relationship, where
possible.
(F) Statistical analyses and method
applied.

(G) Concurrent and historical nega-
tive control data.
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(H) Concurrent positive control data.

(vi) Discussion of the results.

(vii) Conclusion.

(g) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.
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§799.9620 TSCA neurotoxicity screen-
ing battery.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of TSCA. This neurotoxicity
screening battery consists of a func-
tional observational battery, motor ac-
tivity, and neuropathology. The func-
tional observational battery consists of
noninvasive procedures designed to de-
tect gross functional deficits in ani-
mals and to better quantify behavioral
or neurological effects detected in
other studies. The motor activity test
uses an automated device that meas-
ures the level of activity of an indi-
vidual animal. The neuropathological
techniques are designed to provide data
to detect and characterize
histopathological changes in the cen-
tral and peripheral nervous system.
This battery is designed to be used in
conjunction with general toxicity stud-
ies and changes should be evaluated in
the context of both the concordance be-
tween functional neurological and
neuropatholgical effects, and with re-
spect to any other toxicological effects
seen. This test battery is not intended
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to provide a complete evaluation of
neurotoxicity, and additional func-
tional and morphological evaluation
may be necessary to assess completely
the neurotoxic potential of a chemical.

(b) Source. The source material used
in developing this TSCA test guideline
is the OPPTS harmonized test guide-
line 870.6200 (June 1996 Public Draft).
This source is available at the address
in paragraph (g) of this section.

(c) Definitions. The following defini-
tions apply to this section.

ED is effective dose.

Motor activity is any movement of the
experimental animal.

Neurotoxicity is any adverse effect on
the structure or function of the nerv-
ous system related to exposure to a
chemical substance.

Toxic effect is an adverse change in
the structure or function of an experi-
mental animal as a result of exposure
to a chemical substance.

(d) Principle of the test method. The
test substance is administered to sev-
eral groups of experimental animals,
one dose being used per group. The ani-
mals are observed under carefully
standardized conditions with sufficient
frequency to ensure the detection and
quantification of behavioral and/or
neurologic abnormalities, if present.
Various functions that could be af-
fected by neurotoxicants are assessed
during each observation period. Meas-
urements of motor activity of indi-
vidual animals are made in an auto-
mated device. The animals are perfused
and tissue samples from the nervous
system are prepared for microscopic
examination. The exposure levels at
which significant neurotoxic effects
are produced are compared to one an-
other and to those levels that produce
other toxic effects.

(e) Test procedures—(1) Animal selec-
tion—(i) Species. In general, the labora-
tory rat should be used. Under some
circumstances, other species, such as
the mouse or the dog, may be more ap-
propriate, although not all of the bat-
tery may be adaptable to other species.

(ii) Age. Young adults (at least 42
days old for rats) shall be used.

(iii) Sex. Both males and females
shall be used. Females shall be nullipa-
rous and nonpregnant.
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(2) Number of animals. At least 10
males and 10 females should be used in
each dose and control group for behav-
ioral testing. At least five males and
five females should be used in each
dose and control group for terminal
neuropathology. If interim
neuropathological evaluations are
planned, the number should be in-
creased by the number of animals
scheduled to be perfused before the end
of the study. Animals shall be ran-
domly assigned to treatment and con-
trol groups.

(3) Control groups. (i) A concurrent
(vehicle) control group is required.
Subjects shall be treated in the same
way as for an exposure group except
that administration of the test sub-
stance is omitted. If the vehicle used
has known or potential toxic prop-
erties, both untreated or saline treated
and vehicle control groups are re-
quired.

(ii) Positive control data from the
laboratory performing the testing shall
provide evidence of the ability of the
observational methods used to detect
major neurotoxic endpoints including
limb weakness or paralysis, tremor,
and autonomic signs. Positive control
data are also required to demonstrate
the sensitivity and reliability of the
activity-measuring device and testing
procedures. These data should dem-
onstrate the ability to detect chemi-
cally induced increases and decreases
in activity. Positive control groups ex-
hibiting central nervous system pa-
thology and peripheral nervous system
pathology are also required. Separate
groups for peripheral and central
neuropathology are acceptable (e.g. ac-
rylamide and trimethyl tin). Perma-
nently injurious substances need not be
used for the behavioral tests. Histor-
ical data may be used if the essential
aspects of the experimental procedure
remain the same. Periodic updating of
positive control data is recommended.
New positive control data should also
be collected when personnel or some
other critical element in the testing
laboratory has changed.

(4) Dose level and dose selection. At
least three doses shall be used in addi-
tion to the vehicle control group. The
data should be sufficient to produce a
dose-effect curve. The Agency strongly
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encourage the use of equally spaced
doses and a rationale for dose selection
that will maximally support detection
of dose-effect relations. For acute stud-
ies, dose selection may be made rel-
ative to the establishment of a bench-
mark dose (BD). That is, doses may be
specified as successive fractions, e.g.
0.5, 0.25, ...n of the BD. The BD itself
may be estimated as the highest non-
lethal dose as determined in a prelimi-
nary range-finding lethality study. A
variety of test methodologies may be
used for this purpose, and the method
chosen may influence subsequent dose
selection. The goal is to use a dose
level that is sufficient to be judged a
limit dose, or clearly toxic.

(i) Acute studies. The high dose need
not be greater than 2 g/kg. Otherwise,
the high dose should result in signifi-
cant neurotoxic effects or other clearly
toxic effects, but not result in an inci-
dence of fatalities that would preclude
a meaningful evaluation of the data.
This dose may be estimated by a BD
procedure as described under paragraph
(e)(4) of this section, with the middle
and low dose levels chosen as fractions
of the BD dose. The lowest dose should
produce minimal effect, e.g. an EDI10,
or alternatively, no effects.

(if) Subchronic and chronic studies.
The high dose need not be greater than
1 g/kg. Otherwise, the high dose level
should result in significant neurotoxic
effects or other clearly toxic effects,
but not produce an incidence of fatali-
ties that would prevent a meaningful
evaluation of the data. The middle and
low doses should be fractions of the
high dose. The lowest dose should
produce minimal effects, e.g. an EDI10,
or alternatively, no effects.

(5) Route of exposure. Selection of
route may be based on several criteria
including, the most likely route of
human exposure, bioavailability, the
likelihood of observing effects, prac-
tical difficulties, and the likelihood of
producing nonspecific effects. For
many materials, it should be recog-
nized that more than one route of expo-
sure may be important and that these
criteria may conflict with one another.
Initially only one route is required for
screening for neurotoxicity. The route
that best meets these criteria should
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be selected. Dietary feeding will gen-
erally be acceptable for repeated expo-
sures studies.

(6) Combined protocol. The tests de-
scribed in this screening battery may
be combined with any other toxicity
study, as long as none of the require-
ments of either are violated by the
combination.

(7) Study conduct—(i) Time of testing.
All animals shall be weighed on each
test day and at least weekly during the
exposure period.

(A) Acute studies. At a minimum, for
acute studies observations and activity
testing shall be made before the initi-
ation of exposure, at the estimated
time of peak effect within 8 hrs of dos-
ing, and at 7 and 14 days after dosing.
Estimation of times of peak effect may
be made by dosing pairs of rats across
a range of doses and making regular
observations of gait and arousal.

(B) Subchronic and chronic studies. In
a subchronic study, at a minimum, ob-
servations and activity measurements
shall be made before the initiation of
exposure and before the daily exposure,
or for feeding studies at the same time
of day, during the 4th, 8th, and 13th
weeks of exposure. In chronic studies,
at a minimum, observations and activ-
ity measurements shall be made before
the initiation of exposure and before
the daily exposure, or for feeding stud-
ies at the same time of day, every 3
months.

(ii) Functional observational battery—
(A) General conduct. All animals in a
given study shall be observed carefully
by trained observers who are unaware
of the animals’ treatment, using stand-
ardized procedures to minimize ob-
server variability. Where possible, it is
advisable that the same observer be
used to evaluate the animals in a given
study. If this is not possible, some dem-
onstration of interobserver reliability
is required. The animals shall be re-
moved from the home cage to a stand-
ard arena for observation. Effort
should be made to ensure that vari-
ations in the test conditions are mini-
mal and are not systematically related
to treatment. Among the variables
that can affect behavior are sound
level, temperature, humidity, lighting,
odors, time of day, and environmental
distractions. Explicit, operationally
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defined scales for each measure of the
battery are to be used. The develop-
ment of objective quantitative meas-
ures of the observational end-points
specified is encouraged. Examples of
observational procedures using defined
protocols may be found in the ref-
erences under paragraphs (g)(5), (9)(6),
and (g)(9) of this section. The func-
tional observational battery shall in-
clude a thorough description of the
subject’s appearance, behavior, and
functional integrity. This shall be as-
sessed through observations in the
home cage and while the rat is moving
freely in an open field, and through
manipulative tests. Testing should pro-
ceed from the least to the most inter-
active with the subject. Scoring cri-
teria, or explicitly defined scales,
should be developed for those measures
which involve subjective ranking.

(B) List of measures. The functional
observational battery shall include the
following list of measures:

(1) Assessment of signs of autonomic
function, including but not limited to:

(i) Ranking of the degree of
lacrimation and salivation, with a
range of severity scores from none to
severe.

(ii) Presence or absence of
piloerection and exophthalmus.

(iii) Ranking or count of urination
and defecation, including polyuria and
diarrhea. This is most easily conducted
during the open field assessment.

(iv) Pupillary function such as con-
striction of the pupil in response to
light or a measure of pupil size.

(v) Degree of palpebral closure, e.g.,
ptosis.

(2) Description, incidence, and sever-
ity of any convulsions, tremors, or ab-
normal motor movements, both in the
home cage and the open field.

(3) Ranking of the subject’s reac-
tivity to general stimuli such as re-
moval from the cage or handling, with
a range of severity scores from no reac-
tion to hyperreactivity.

(4) Ranking of the subject’s general
level of activity during observations of
the unperturbed subject in the open
field, with a range of severity scores
from unresponsive to hyperactive.

(5) Descriptions and incidence of pos-
ture and gait abnormalities observed in
the home cage and open field.
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(6) Ranking of any gait abnormali-
ties, with a range of severity scores
from none to severe.

(7) Forelimb and hindlimb grip
strength measured using an objective
procedure (the procedure described in
the reference under paragraph (g)(8) of
this section may be used).

(8) Quantitative measure of landing
foot splay (the procedure described in
the reference under paragraph (g)(3) of
this section may be used).

(9) Sensorimotor responses to stimuli
of different modalities will be used to
detect gross sensory deficits. Pain per-
ception may be assessed by a ranking
or measure of the reaction to a tail-
pinch, tail-flick, or hot-plate. The re-
sponse to a sudden sound, e.g., click or
snap, may be used to assess audition.

(10) Body weight.

(11) Description and incidence of any
unusual or abnormal behaviors, exces-
sive or repetitive actions
(stereotypies), emaciation, dehydra-
tion, hypotonia or hypertonia, altered
fur appearance, red or crusty deposits
around the eyes, nose, or mouth, and
any other observations that may facili-
tate interpretation of the data.

(C) Additional measures. Other meas-
ures may also be included and the de-
velopment and validation of new tests
is encouraged. Further information on
the neurobehavioral integrity of the
subject may be provided by:

(1) Count of rearing activity on the
open field.

(2) Ranking of righting ability.

(3) Body temperature.

(4) Excessive or spontaneous vocal-
izations.

(5) Alterations in rate and ease of
respiration, e.g., rales or dyspnea.

(6) Sensorimotor responses to visual
or proprioceptive stimuli.

(iii) Motor activity. Motor activity
shall be monitored by an automated
activity recording apparatus. The de-
vice used must be capable of detecting
both increases and decreases in activ-
ity, i.e., baseline activity as measured
by the device must not be so low as to
preclude detection of decreases nor so
high as to preclude detection of in-
creases in activity. Each device shall
be tested by standard procedures to en-
sure, to the extent possible, reliability
of operation across devices and across
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days for any one device. In addition,
treatment groups must be balanced
across devices. Each animal shall be
tested individually. The test session
shall be long enough for motor activity
to approach asymptotic levels by the
last 20% of the session for nontreated
control animals. All sessions shall have
the same duration. Treatment groups
shall be counterbalanced across test
times. Effort should be made to ensure
that variations in the test conditions
are minimal and are not systemati-
cally related to treatment. Among the
variables which can affect motor activ-
ity are sound level, size and shape of
the test cage, temperature, relative hu-
midity, lighting conditions, odors, use
of the home cage or a novel test cage,
and environmental distractions.

(iv) Neuropathology: Collection, proc-
essing and examination of tissue samples.
To provide for adequate sampling as
well as optimal preservation of cellular
integrity for the detection of
neuropathological alterations, tissue
shall be prepared for histological anal-
ysis using in situ perfusion and par-
affin and/or plastic embedding proce-
dures. Paraffin embedding is accept-
able for tissue samples from the cen-
tral nervous system. Plastic embedding
of tissue samples from the central
nervous system is encouraged, when
feasible. Plastic embedding is required
for tissue samples from the peripheral
nervous system. Subject to profes-

sional judgment and the type of
neuropathological alterations ob-
served, it is recommended that addi-

tional methods, such as glial fibrillary
acidic protein (GFAP)
immunohistochemistry and/or methods
known as Bodian’s or Bielchowsky’s
silver methods be used in conjunction
with more standard stains to deter-
mine the lowest dose level at which
neuropathological alterations are ob-
served. When new or existing data pro-
vide evidence of structural alterations
it is recommended that the GFAP
immunoassay also be considered. A de-
scription of this technique can be found
in the reference under paragraph (g)(10)
of this section.

(A) Fixation and processing of tissue.
The nervous system shall be fixed by in
situ perfusion with an appropriate
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aldehyde fixative. Any gross abnor-
malities should be noted. Tissue sam-
ples taken should adequately represent
all major regions of the nervous sys-
tem. The tissue samples should be
postfixed and processed according to
standardized published histological
protocols (protocols described in the
references under paragraphs (g)(1),
(9)(2), or (9)(11) of this section may be
used). Tissue blocks and slides should
be appropriately identified when
stored. Histological sections should be
stained for hematoxylin and eosin
(H&E), or a comparable stain according
to standard published protocols (some
of these protocols are described in the
references under paragraphs (g)(1) and
(9)(11) of this section).

(B) Qualitative examination. Rep-
resentative histological sections from
the tissue samples should be examined
microscopically by an appropriately
trained pathologist for evidence of
neuropathological alterations. The
nervous system shall be thoroughly ex-
amined for evidence of any treatment-
related neuropathological alterations.
Particular attention should be paid to
regions known to be sensitive to neuro-
toxic insult or those regions likely to
be affected based on the results of func-
tional tests. Such treatment-related
neuropathological alterations should
be clearly distinguished from artifacts
resulting from influences other than
exposure to the test substance. A
stepwise examination of tissue samples
is recommended. In such a stepwise ex-
amination, sections from the high dose
group are first compared with those of
the control group. If no
neuropathological alterations are ob-
served in samples from the high dose
group, subsequent analysis is not re-
quired. If neuropathological alter-
ations are observed in samples from
the high dose group, samples from the
intermediate and low dose groups are
then examined sequentially.

(C) Subjective diagnosis. If any evi-
dence of neuropathological alterations
is found in the qualitative examina-
tion, then a subjective diagnosis shall
be performed for the purpose of evalu-
ating dose-response relationships. All
regions of the nervous system exhib-
iting any evidence of
neuropathological changes should be
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included in this analysis. Sections from
all dose groups from each region will be
coded and examined in randomized
order without knowledge of the code.
The frequency of each type and sever-
ity of each lesion will be recorded.
After all samples from all dose groups
including all regions have been rated,
the code will be broken and statistical
analysis performed to evaluate dose-re-
sponse relationships. For each type of
dose-related lesion observed, examples
of different degrees of severity should
be described. Photomicrographs of typ-
ical examples of treatment-related re-
gions are recommended to augment
these descriptions. These examples will
also serve to illustrate a rating scale,
such as 1=, 2=, and 3= for the degree of
severity ranging from very slight to
very extensive.

(f) Data reporting and evaluation. The
final test report shall include the fol-
lowing information:

(1) Description of equipment and test
methods. A description of the general
design of the experiment and any
equipment used shall be provided. This
shall include a short justification ex-
plaining any decisions involving pro-
fessional judgment.

(i) A detailed description of the pro-
cedures used to standardize observa-
tions, including the arena and scoring
criteria.

(ii) Positive control data from the
laboratory performing the test that
demonstrate the sensitivity of the pro-
cedures being used. Historical data
may be used if all essential aspects of
the experimental protocol are the
same. Historical control data can be
critical in the interpretation of study
findings. The Agency encourages sub-
mission of such data to facilitate the
rapid and complete review of the sig-
nificance of effects seen.

(2) Results. The following information
shall be arranged by test group dose
level.

(i) In tabular form, data for each ani-
mal shall be provided showing:

(A) Its identification number.

(B) Its body weight and score on each
sign at each observation time, the time
and cause of death (if appropriate),
total session activity counts, and
intrasession subtotals for each day
measured.
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(ii) Summary data for each group
must include:

(A) The number of animals at the
start of the test.

(B) The number of animals showing
each observation score at each observa-
tion time.

(C) The mean and standard deviation
for each continuous endpoint at each
observation time.

(D) Results of statistical analyses for
each measure, where appropriate.

(iii) All neuropathological observa-
tions shall be recorded and arranged by
test groups. This data may be pre-
sented in the following recommended
format:

(A) Description of lesions for each ani-
mal. For each animal, data must be
submitted showing its identification
(animal number, sex, treatment, dose,
and duration), a list of structures ex-
amined as well as the locations, na-
ture, frequency, and severity of lesions.
Inclusion of photomicrographs is
strongly recommended for dem-
onstrating typical examples of the type
and severity of the neuropathological
alterations observed. Any diagnoses de-
rived from neurological signs and le-
sions including naturally occurring dis-
eases or conditions, should be recorded.

(B) Counts and incidence of
neuropathological alterations by test
group. Data should be tabulated to
show:

(1) The number of animals used in
each group and the number of animals
in which any lesion was found.

(2) The number of animals affected by
each different type of lesion, the loca-
tions, frequency, and average grade of
each type of lesion.

(3) Evaluation of data. The findings
from the screening battery should be
evaluated in the context of preceding
and/or concurrent toxicity studies and
any correlated functional and
histopathological findings. The evalua-
tion shall include the relationship be-
tween the doses of the test substance
and the presence or absence, incidence
and severity, of any neurotoxic effects.
The evaluation shall include appro-
priate statistical analyses, for exam-
ple, parametric tests for continuous
data and nonparametric tests for the
remainder. Choice of analyses should
consider tests appropriate to the exper-
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imental design, including repeated
measures. There may be many accept-
able ways to analyze data.

(9) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.
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of glial fibrillary acidic protein: Com-
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281 (1991).
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for high resolution light microscopy of
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[62 FR 43824, Aug. 15, 1997, as amended at 64
FR 35080, June 30, 1999]

§799.9630 TSCA
neurotoxicity.

(a) Scope—(1) Applicability. This sec-
tion is intended to meet the testing re-
quirements under section 4 of the Toxic
Substances Control Act (TSCA).

(2) Source. The source material used
in developing this TSCA test guideline
is the OPPTS harmonized test guide-
line 870.6300 (August 1998).

(b) Purpose. In the assessment and
evaluation of the toxic characteristics
of a chemical substance or mixture
(test substance), determination of the
potential for developmental
neurotoxicity is important. This study
is designed to develop data on the po-
tential functional and morphological
hazards to the nervous system which
may arise in the offspring from expo-
sure of the mother during pregnhancy
and lactation.

(c) Principle of the test method. The
test substance is administered to sev-
eral groups of pregnant animals during
gestation and early lactation, one dose
level being used per group. Offspring
are randomly selected from within lit-
ters for neurotoxicity evaluation. The
evaluation includes observations to de-

developmental
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tect gross neurologic and behavioral
abnormalities, determination of motor
activity, response to auditory startle,
assessment of learning,
neuropathological evaluation, and
brain weights. This protocol may be
used as a separate study, as a followup
to a standard developmental toxicity
and/or adult neurotoxicity study, or as
part of a two-generation reproduction
study, with assessment of the offspring
conducted on the second (F2) genera-
tion.

(d) Test procedure—(1) Animal selec-
tion—(i) Species and strain. Testing
must be performed in the rat. Because
of its differences in timing of develop-
mental events compared to strains that
are more commonly tested in other de-
velopmental and reproductive toxicity
studies, it is preferred that the Fischer
344 strain not be used. If a sponsor
wishes to use the Fischer 344 rat or a
mammalian species other than the rat,
ample justification/reasoning for this
selection must be provided.

(ii) Age. Young adult (nulliparous fe-
males) animals must be used.

(iii) Sex. Pregnant female animals
must be used at each dose level.

(iv) Number of animals. (A) The objec-
tive is for a sufficient number of preg-
nant rats to be exposed to the test sub-
stance to ensure that an adequate
number of offspring are produced for
neurotoxicity evaluation. At least 20
litters are recommended at each dose
level.

(B) On postnatal day 4, the size of
each litter should be adjusted by elimi-
nating extra pups by random selection
to yield, as nearly as possible, four
male and four females per litter. When-
ever the number of pups of either sex
prevents having four of each sex per
litter, partial adjustment (for example,
five males and three females) is per-
mitted. Testing is not appropriate for
litters of less than seven pups. Elimi-
nation of runts only is not appropriate.
Individual pups should be identified
uniquely after standardization of lit-
ters. A method that may be used for
identification can be found under para-
graph (f)(1) of this section.

(v) Assignment of animals for behav-
ioral tests, brain weights, and
neuropathological evaluations. After
standardization of litters, one male or
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one female from each litter (total of 10
males and 10 females per dose group)
must be randomly assigned to one of
the following tests: Motor activity, au-
ditory startle, and learning and mem-
ory, in weanling and adult animals. On
postnatal day 11, either 1 male or 1 fe-
male pup from each litter (total of 10
males and 10 females per dose group)
must be sacrificed. Brain weights must
be measured in all of these pups and, of
these pups, six per sex per dose must be
selected for neuropathological evalua-
tion. At the termination of the study,
either 1 male or 1 female from each lit-
ter (total of 10 males and 10 females per
dose group) must be sacrificed and
brain weights must be measured. An
additional group of six animals per sex
per dose group (one male or one female
per litter) must be sacrificed at the ter-
mination of the study for
neuropathological evaluation.

(2) Control group. A concurrent con-
trol group is required. This group must
be a sham-treated group or, if a vehicle
is used in administering the test sub-
stance, a vehicle control group. The ve-
hicle must neither be developmentally
toxic nor have effects on reproduction.
Animals in the control group must be
handled in an identical manner to test
group animals.

(3) Dose levels and dose selection. (i) At
least three dose levels of the test sub-
stance plus a control group (vehicle
control, if a vehicle is used) must be
used.

(ii) If the test substance has been
shown to be developmentally toxic ei-
ther in a standard developmental tox-
icity study or in a pilot study, the
highest dose level must be the max-
imum dose which will not induce in
utero or neonatal death or malforma-
tions sufficient to preclude a meaning-
ful evaluation of neurotoxicity.

(iii) If a standard developmental tox-
icity study has not been conducted, the
highest dose level, unless limited by
the physicochemical nature or biologi-
cal properties of the substance, must
induce some overt maternal toxicity,
but must not result in a reduction in
weight gain exceeding 20 percent dur-
ing gestation and lactation.

(iv) The Ilowest dose should not
produce any grossly observable evi-
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dence of either maternal or develop-
mental neurotoxicity.

(v) The intermediate doses must be
equally spaced between the highest and
lowest doses used.

(4) Dosing period. Day 0 of gestation is
the day on which a vaginal plug and/or
sperm are observed. The dosing period
must cover the period from day 6 of
gestation through day 10 postnatally.
Dosing should not occur on the day of
parturition in those animals who have
not completely delivered their off-
spring.

(5) Administration of the test substance.
The test substance or vehicle must be
administered orally. Other routes of
administration may be acceptable, on a
case-by-case basis, with ample jus-
tification/reasoning for this selection.
The test substance or vehicle must be
administered based on the most recent
weight determination.

(6) Observation of dams. (i) A gross ex-
amination of the dams must be made
at least once each day before daily
treatment.

(ii) Ten dams per group must be ob-
served outside the home cage at least
twice during the gestational dosing pe-
riod (days 6-21) and twice during the
lactational dosing period (days 1-10) for
signs of toxicity. The animals must be
observed by trained technicians who
are unaware of the animals’ treatment,
using standardized procedures to maxi-
mize interobserver reliability. Where
possible, it is advisable that the same
observer be used to evaluate the ani-
mals in a given study. If this is not
possible, some demonstration of inter-
observer reliability is required.

(iii) During the treatment and obser-
vation periods under paragraph
(d)(6)(ii) of this section, observations
must include:

(A) Assessment of signs of autonomic
function, including but not limited to:

(1) Ranking of the degree of
lacrimation and salivation, with a
range of severity scores from none to
severe.

) Presence or absence of
piloerection and exophthalmus.

(3) Ranking or count of urination and
defecation, including polyuria and di-
arrhea.
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(4) Pupillary function such as con-
striction of the pupil in response to
light or a measure of pupil size.

(5) Degree of palpebral closure, e.g.,
ptosis.

(B) Description, incidence, and sever-
ity of any convulsions, tremors, or ab-
normal movements.

(C) Description and incidence of pos-
ture and gait abnormalities.

(D) Description and incidence of any
unusual or abnormal behaviors, exces-
sive or repetitive actions
(stereotypies), emaciation, dehydra-
tion, hypotonia or hypertonia, altered
fur appearance, red or crusty deposits
around the eyes, nose, or mouth, and
any other observations that may facili-
tate interpretation of the data.

(iv) Signs of toxicity must be re-
corded as they are observed, including
the time of onset, degree, and duration.

(v) Animals must be weighed at least
weekly and on the day of delivery and
postnatal days 11 and 21 (weaning) and
such weights must be recorded.

(vi) The day of delivery of litters
must be recorded and considered as
postnatal day 0.

(7) Study conduct—(i) Observation of
offspring. (A) All offspring must be ex-
amined cage-side at least daily for
gross signs of mortality or morbidity.

(B) A total of 10 male offspring and 10
female offspring per dose group must
be examined outside the cage for signs
of toxicity on days 4, 11, 21, 35, 45, and
60. The offspring must be observed by
trained technicians, who are unaware
of the treatment being used, using
standardized procedures to maximize
interobserver reliability. Where pos-
sible, it is advisable that the same ob-
server be used to evaluate the animals
in a given study. If this is not possible,
some demonstration of interobserver
reliability is required. At a minimum,
the end points outlined in paragraph
(d)(6)(iii) of this section must be mon-
itored as appropriate for the develop-
mental stage being observed.

(C) Any gross signs of toxicity in the
offspring must be recorded as they are
observed, including the time of onset,
degree, and duration.

(ii) Developmental landmarks. Live
pups must be counted and each pup
within a litter must be weighed indi-
vidually at birth or soon thereafter,
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and on postnatal days 4, 11, 17, and 21
and at least once every 2 weeks there-
after. The age of vaginal opening and
preputial separation must be deter-
mined. General procedures for these de-
terminations may be found in para-
graphs (f)(1) and (f)(11) of this section.

(iii) Motor activity. Motor activity
must be monitored specifically on post-
natal days 13, 17, 21, and 60 (+2 days).
Motor activity must be monitored by
an automated activity recording appa-
ratus. The device must be capable of
detecting both increases and decreases
in activity, (i.e., baseline activity as
measured by the device must not be so
low as to preclude detection of de-
creases nor so high as to preclude de-
tection of increases in activity). Each
device must be tested by standard pro-
cedures to ensure, to the extent pos-
sible, reliability of operation across de-
vices and across days for any one de-
vice. In addition, treatment groups
must be balanced across devices. Each
animal must be tested individually.
The test session must be long enough
for motor activity to approach asymp-
totic levels by the last 20 percent of the
session for nontreated control animals.
All sessions must have the same dura-
tion. Treatment groups must be
counter-balanced across test times. Ac-
tivity counts must be collected in
equal time periods of no greater than
10 minutes duration. Efforts must be
made to ensure that variations in the
test conditions are minimal and are
not systematically related to treat-
ment. Among the variables that can af-
fect motor activity are sound level,
size and shape of the test cage, tem-
perature, relative humidity, light con-
ditions, odors, use of home cage or
novel test cage, and environmental dis-
tractions. Additional information on
the conduct of a motor activity study
may be obtained in §799.9620.

(iv) Auditory startle test. An auditory
startle habituation test should be per-
formed on the offspring around the
time of weaning and around day 60.
Day of testing should be
counterbalanced across treated and
control groups. Details on the conduct
of this testing may be obtained under
paragraph (f)(1) of this section. In per-
forming the auditory startle task, the
mean response amplitude on each
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block of 10 trials (5 blocks of 10 trials
per session on each day of testing)
must be made. While use of prepulse in-
hibition is not a requirement, it is
highly recommended. Details on the
conduct of this test may be obtained in
paragraph (f)(10) of this section.

(v) Learning and memory tests. A test
of associative learning and memory
should be conducted around the time of
weaning and around day 60. Day of
testing should be counterbalanced
across treated and control groups. The
same or separate tests may be used at
these two stages of development. Some
flexibility is allowed in the choice of
tests for learning and memory in
weanling and adult rats. However, the
tests must be designed to fulfill two
criteria. First, learning must be as-
sessed either as a change across several
repeated learning trials or sessions, or,
in tests involving a single trial, with
reference to a condition that controls
for nonassociative effects of the train-
ing experience. Second, the tests must
include some measure of memory
(short-term or long-term) in addition
to original learning (acquisition). If
the tests of learning and memory re-
veal an effect of the test compound, it
may be in the best interest of the spon-
sor to conduct additional tests to rule
out alternative interpretations based
on alterations in sensory, motiva-
tional, and/or motor capacities. In ad-
dition to the above two criteria, it is
recommended that the test of learning
and memory be chosen on the basis of
its demonstrated sensitivity to the
class of compound under investigation,
if such information is available in the
literature. In the absence of such infor-
mation, examples of tests that could be
made to meet the above criteria in-
clude: Delayed-matching-to-position,
as described for the adult rat (see para-
graph (f)(3) of this section) and for the
infant rat (see paragraph (f)(9) of this
section); olfactory conditioning, as de-
scribed in paragraph (f)(13) of this sec-
tion; and acquisition and retention of
schedule-controlled behavior (see para-
graphs (f)(4) and (f)(5) of this section).
Additional tests for weanling rats are
described under paragraphs (f)(20) and
(f)(12) of this section, and for adult rats
under paragraph (f)(16) of this section.
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(vi) Neuropathology.
Neuropathological evaluation must be
conducted on animals on postnatal day
11 and at the termination of the study.
At 11 days of age, one male or female
pup must be removed from each litter
such that equal numbers of male and
female offspring are removed from all
litters combined. Of these, six male and
six female pups per dose group will be
sacrificed for neuropathological anal-
ysis. The pups will be sacrificed by ex-
posure to carbon dioxide and imme-
diately thereafter the brains should be
removed, weighed, and immersion-fixed
in an appropriate aldehyde fixative.
The remaining animals will be sac-
rificed in a similar manner and imme-
diately thereafter their brains removed
and weighed. At the termination of the
study, one male or one female from
each litter will be sacrificed by expo-
sure to carbon dioxide and imme-
diately thereafter the brain must be re-
moved and weighed. In addition, six
animals per sex per dose group (one
male or female per litter) must be sac-
rificed at the termination of the study
for neuropathological evaluation.
Neuropathological analysis of animals
sacrificed at the termination of the
study must be performed in accordance
with §799.9620. Neuropathological eval-
uation of animals sacrificed on post-
natal day 11 and at termination of the
study must include a qualitative anal-
ysis and semiquantitative analysis as
well as simple morphometrics.

(A) Fixation and processing of tissue
samples for postnatal day 11 animals. Im-
mediately following removal, the brain
must be weighed and immersion fixed
in an appropriate aldehyde fixative.
The brains must be postfixed and proc-
essed according to standardized pub-
lished histological protocols such as
those discussed in references listed
under paragraphs (f)(6), ()(14), (H(17),
and (f)(21) of this section. Paraffin em-
bedding is acceptable but plastic em-
bedding is preferred and recommended.
Tissue blocks and slides must be appro-
priately identified when stored. Histo-
logical sections must be stained for he-
matoxylin and eosin, or a similar stain
according to standard published proto-
cols such as those discussed in ref-
erences listed under paragraphs (f)(2),
(f)(18), and (f)(23) of this section. For
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animals sacrificed at the termination
of the study, methods for fixation and
processing of tissue samples are pro-
vided in §799.9620(e)(7)(iv)(A).

(B) Qualitative analysis. The purposes
of the qualitative examination are
threefold—to identify regions within
the nervous system exhibiting evidence
of neuropathological alterations, to
identify types of neuropathological al-
terations resulting from exposure to
the test substance, and to determine
the range of severity of the
neuropathological alterations. Rep-
resentative histological sections from
the tissue samples should be examined
microscopically by an appropriately
trained pathologist for evidence of
neuropathological alterations. The fol-
lowing stepwise procedure is rec-
ommended for the qualitative analysis.
First, sections from the high dose
group are compared with those of the
control group. If no evidence of
neuropathological alterations is found
in animals of the high dose group, no
further analysis is required. If evidence
of neuropathological alterations are
found in the high dose group, then ani-
mals from the intermediate and low
dose group are examined. Subject to
professional judgment and the kind of
neuropathological alterations ob-
served, it is recommended that addi-
tional methods such as Bodian’s or
Bielchowsky’s silver methods and/or
immunohistochemistry for glial
fibrillary acid protein be used in con-
junction with more standard stains to
determine the lowest dose level at
which neuropathological alterations
are observed. Evaluations of postnatal
day 11 pups is described in paragraphs
@@ vi)(B)(1) and (@)(7)(vi)(B)(2) of
this section. For animals sacrificed at
the termination of the study, the re-
gions to be examined and the types of
alterations that must be assessed are
identified in §799.9620(e)(7)(iv)(B).

(1) Regions to be examined. The brains
should be examined for any evidence of
treatment-related neuropathological
alterations and adequate samples
should be taken from all major brain
regions (e.g., olfactory bulbs, cerebral

cortex, hippocampus, basal ganglia,
thalamus, hypothalamus, midbrain
(tectum, tegmentum, and cerebral
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peduncles), brainstem and cerebellum)
to ensure a thorough examination.

(2) Types of alterations. Guidance for
neuropathological examination for in-
dications of developmental insult to
the brain can be found in paragraphs
(f)(8) and (f)(22) of this section. In addi-
tion to more typical kinds of cellular
alterations (e.g., neuronal vacuolation,
degeneration, necrosis) and tissue
changes (e.g., astrocytic proliferation,
leukocytic infiltration, and cystic for-
mation) particular emphasis should be
paid to structural changes indicative of
developmental insult including but not
restricted to:

(i) Gross changes in the size or shape
of brain regions such as alterations in
the size of the cerebral hemispheres or
the normal pattern of foliation of the
cerebellum.

(ii) The death of neuronal precursors,
abnormal proliferation, or abnormal
migration, as indicated by pyknotic
cells or ectopic neurons, or gross alter-
ations in regions with active prolif-
erative and migratory zones, alter-
ations in transient developmental
structures (e.g., the external germinal
zone of the cerebellum, see paragraph
(f)(15) of this section).

(iii) Abnormal differentiation, while
more apparent with special stains, may
also be indicated by shrunken and mal-
formed cell bodies.

(iv) Evidence of hydrocephalus, in
particular enlargement of the ventri-
cles, stenosis of the cerebral aqueduct
and general thinning of the cerebral
hemispheres.

(C) Subjective diagnosis. If any evi-
dence of neuropathological alterations
is found in the qualitative examina-
tion, then a subjective diagnosis will be
performed for the purpose of evaluating
dose-response relationships. All regions
of the brain exhibiting any evidence of
neuropathological changes must be in-
cluded in this analysis. Sections of
each region from all dose groups will be
coded as to treatment and examined in
randomized order. The frequency of
each type and the severity of each le-
sion will be recorded. After all sections
from all dose groups including all re-
gions have been rated, the code will be
broken and statistical analyses per-
formed to evaluate dose-response rela-
tionships. For each type of dose related
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lesion observed, examples of different
ranges of severity must be described.
The examples will serve to illustrate a
rating scale, such as 1+, 2+, and 3+ for
the degree of severity ranging from
very slight to very extensive.

(D) Simple morphometric analysis.
Since the disruption of developmental
processes is sometimes more clearly re-
flected in the rate or extent of growth
of particular brain regions, some form
of morphometric analysis must be per-
formed on postnatal day 11 and at the
termination of the study to assess the
structural development of the brain. At
a minimum, this would consist of a re-
liable estimate of the thickness of
major layers at representative loca-
tions within the neocortex, hippo-
campus, and cerebellum. For guidance
on such measurements see Rodier and
Gramann under paragraph (f)(19) of this
section.

(e) Data collection, reporting, and eval-
uation. The following specific informa-
tion must be reported:

(1) Description of test system and test
methods. A description of the general
design of the experiment should be pro-
vided. This must include:

(i) A detailed description of the pro-
cedures used to standardize observa-
tions and procedures as well as oper-
ational definitions for scoring observa-
tions.

(ii) Positive control data from the
laboratory performing the test that
demonstrate the sensitivity of the pro-
cedures being used. These data do not
have to be from studies using prenatal
exposures. However, the laboratory
must demonstrate competence in eval-
uation of effects in neonatal animals
perinatally exposed to chemicals and
establish test norms for the appro-
priate age group.

(iii) Procedures for calibrating and
ensuring the equivalence of devices and
the balancing of treatment groups in
testing procedures.

(iv) A short justification explaining
any decisions involving professional
judgement.

(2) Results. The following information
must be arranged by each treatment
and control group:

(i) In tabular form, data for each ani-
mal must be provided showing:
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(A) Its identification number and the
litter from which it came.

(B) Its body weight and score on each
developmental landmark at each obser-
vation time.

(C) Total session activity counts and
intrasession subtotals on each day
measured.

(D) Auditory startle response ampli-
tude per session and intrasession am-
plitudes on each day measured.

(E) Appropriate data for each re-
peated trial (or session) showing acqui-
sition and retention scores on the tests
of learning and memory on each day
measured.

(F) Time and cause of death (if appro-
priate); any neurological signs ob-
served; a list of structures examined as
well as the locations, nature, fre-
quency, and extent of lesions; and
brain weights.

(i) The following data should also be
provided, as appropriate:

(A) Inclusion of photomicrographs
demonstrating typical examples of the
type and extent of the
neuropathological alterations observed
is recommended.

(B) Any diagnoses derived from neu-
rological signs and lesions, including
naturally occurring diseases or condi-
tions, should also be recorded.

(iii) Summary data for each treat-
ment and control group must include:

(A) The number of animals at the
start of the test.

(B) The body weight of the dams dur-
ing gestation and lactation.

(C) Litter size and mean weight at
birth.

(D) The number of animals showing
each abnormal sign at each observation
time.

(E) The percentage of animals show-
ing each abnormal sign at each obser-
vation time.

(F) The mean and standard deviation
for each continuous endpoint at each
observation time. These will include
body weight, motor activity counts,
auditory startle responses, perform-
ance in learning and memory tests, re-
gional brain weights and whole brain
weights (both absolute and relative).

(G) The number of animals in which
any lesion was found.
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(H) The number of animals affected
by each different type of lesion, the lo-
cation, frequency and average grade of
each type of lesion for each animal.

() The values of all morphometric
measurements made for each animal
listed by treatment group.

(3) Evaluation of data. An evaluation
of test results must be made. The eval-
uation must include the relationship
between the doses of the test substance
and the presence or absence, incidence,
and extent of any neurotoxic effect.
The evaluation must include appro-
priate statistical analyses. The choice
of analyses must consider tests appro-
priate to the experimental design and
needed adjustments for multiple com-
parisons. The evaluation must include
the relationship, if any, between ob-
served neuropathological and behav-
ioral alterations.

(f) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.
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§799.9748 TSCA metabolism and phar-
macokinetics

(a) Scope. (1) This section is intended
to meet the testing requirements under
section 4 of the Toxic Substances Con-
trol Act (TSCA). (1) Testing of the dis-
position of a test substance is designed
to obtain adequate information on its
absorption, distribution, biotrans-
formation, and excretion and to aid in
understanding the mechanism of tox-
icity. Basic pharmacokinetic param-
eters determined from these studies
will also provide information on the
potential for accumulation of the test
substance in tissues and/or organs and
the potential for induction of biotrans-
formation as a result of exposure to the
test substance. These data can be used
to assess the adequacy and relevance of
the extrapolation of animal toxicity
data (particularly chronic toxicity and/
or carcinogenicity data) to human risk
assessment.

(2) Metabolism data can also be used
to assist in determining whether ani-
mal toxicity studies have adequately
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addressed any toxicity concerns arising
from exposure to plant metabolites,
and in the setting of tolerances, if any,
for those metabolites in raw agricul-
tural commodities.

(b) Source. The source material used
in developing this TSCA test guideline
is the Office of Prevention, Pesticides
and Toxic Substances (OPPTS) har-
monized test guideline 870.7485 (August
1998, final guideline). This source is
available at the address in paragraph
(h) of this section.

(c) Definitions. The following defini-
tions apply to this section.

Metabolism (biotransformation) is the
sum of the processes by which a foreign
chemical is subjected to chemical
change by living organisms.

LOEL is the lowest observable effects
level.

NOEL
level.

Pharmacokinetics is the quantitation
and determination of the time course
and dose dependency of the absorption,
distribution, biotransformation, and
excretion of chemicals.

(d) Good laboratory practice standards.
The pharmacokinetics and metabolism
tests outlined in this guideline must
conform to the laboratory practices
stipulated in 40 CFR Part 792—Good
Laboratory Practice Standards.

(e) Test Procedures. Test procedures
presented below utilize a tier system to
minimize the use of resources and to
allow flexibility in the conduct of me-
tabolism studies. The proposed tier
system consists of a basic data set
(Tier 1) and additional studies (Tier 2).
These additional studies may be re-
quested based upon the existing toxi-
cology data base and/or the results of
Tier 1 testing which are found to im-
pact upon the risk assessment process.
For Tier 1 testing, the oral route will
typically be required; however, if the
use pattern results in other types of ex-
posure, other routes (dermal and/or in-
halation) may be required for initial
testing of the disposition of a chemical
substance. The registrant should jus-
tify the route of exposure to the Agen-
cy. Complete descriptions of the test
procedures for these other routes of ex-
posure can be found in paragraph (i) of

is the no observable effects
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this section. Except in unusual cir-
cumstances, the tiered approach to me-
tabolism testing should apply to all
listed routes of exposure.

(1) Pilot studies. The use of pilot stud-
ies is recommended and encouraged for
the selection of experimental condi-
tions for the pharmacokinetics and me-
tabolism studies (mass balance, analyt-
ical procedures, dose-finding, excretion
of COy, etc.).

(2) Animal selection—(i) Species. The
rat must normally be used for testing
because it has been used extensively
for metabolic and toxicological studies.
The use of other or additional species
may be required if critical toxicology
studies demonstrate evidence of sig-
nificant toxicity in these species or if
metabolism is shown to be more rel-
evant to humans in the test species.

(if) Strain. Adult animals of the
strain used or proposed to be used for
the determination of adverse health ef-
fects associated with the test sub-
stance.

(3) Material to be tested—(i) Test sub-
stance. (A) A radiolabeled test sub-
stance using 14C should be used for all
material balance and metabolite iden-
tification aspects of the study. Other
radioactive and stable isotopes may be
used, particularly if the element is re-
sponsible for or is a part of the toxic
portion of the compound. If it can be
demonstrated that the material bal-
ance and metabolite identification re-
quirements can be met using unlabeled
test substance, then radiolabeled com-
pound need not be used. If possible, the
radiolabel should be located in a core
portion of the molecule which is meta-
bolically stable (it is not exchangeable,
is not removed metabolically as CO,
and does not become part of the one-
carbon pool of the organism). Labeling
of multiple sites of the molecule may
be necessary to follow the metabolic
fate of the compound.

(B) The label should follow the test
compound and/or its major metabolites
until excreted. The radiopurity of the
radioactive test substance shall be the
highest attainable for a particular test
substance (ideally it should be greater
than 95%) and reasonable effort should
be made to identify impurities present
at or above 2%. The purity, along with
the identity of major impurities which
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have been identified, shall be reported.
For other segments of the study, non-
radioactive test substance may be used
if it can be demonstrated that the ana-
lytical specificity and sensitivity of
the method used with nonradioactive
test substance is equal to or greater
than that which could be obtained with
the radiolabeled test substance. The ra-
dioactive and nonradioactive test sub-
stances shall be analyzed using an ap-
propriate method to establish purity
and identity. Additional guidance will
be provided in chemical specific test
rules to assist in the definition and
specifications of test substances com-
posed of mixtures and methods for de-
termination of purity.

(ii) Administration of test substance.
Test substance should be dissolved or
suspended homogeneously in a vehicle
usually employed for acute administra-
tion. A rationale for the choice of vehi-
cle should be provided. The customary
method of administration will be by
oral gavage; however, administration
by gelatin capsule or as a dietary mix-
ture may be advantageous in specific
situations. Verification of the actual
dose administered to each animal
should be provided.

(4) Tier testing. (i) The multiplicity of
metabolic parameters that impact the
outcome of toxicological evaluations
preclude the use of a universal study
design for routine toxicological evalua-
tion of a test substance. The usefulness
of a particular study design depends
upon the biological activity of a com-
pound and circumstances of exposure.
For these reasons, a tiered system is
proposed for evaluation of the metabo-
lism/kinetic properties of a test sub-
stance.

(if) The first tier data set is a defini-
tive study by the appropriate route of
exposure conducted in male rats to de-
termine the routes and rate of excre-
tion and to identify excreted metabo-
lites. First tier data will also provide
basic information for additional test-
ing (Tier 2) if such testing is considered
necessary. In the majority of cases,
Tier 1 data are expected to satisfy reg-
ulatory requirements for biotrans-
formation and pharmacokinetic data
on test chemicals.
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(iii) Second tier testing describes a
variety of metabolism/Kkinetic experi-
ments which address specific questions
based on the existing toxicology data
base and/or those results of Tier 1 test-
ing impacting significantly on the risk
assessment process. For conduct of
these studies, individualized protocols
may be necessary. Protocols for these
studies, if required, can be developed as
a cooperative effort between Agency
and industry scientists.

(f) Tier 1 data requirements (minimum
data set). At this initial level of testing,
biotransformation and pharmaco-
kinetic data from a single low dose
group will be required. This study will
determine the rate and routes of excre-
tion and the type of metabolites gen-
erated.

(1) Number and sex of animals. A min-
imum of four male young adult ani-
mals must be used for Tier 1 testing.
The use of both sexes may be required
in cases where there is evidence to sup-
port significant sex-related differences
in toxicity.

(2) Dose selection. (i) A single dose is
required for each route of exposure.
The dose should be nontoxic, but high
enough to allow for metabolite identi-
fication in excreta. If no other toxicity
data are available for selection of the
low dose, a dose identified as a fraction
of the LDso (as determined from acute
toxicity studies) may be used. The
magnitude of the dose used in Tier 1
studies should be justified in the final
report.

(ii) For test substances of low tox-
icity a maximum dose of 1,000 mg/kg
should be used; chemical-specific con-
siderations may necessitate a higher
maximum dose and will be addressed in
specific test rules.

(3) Measurements—(i) Excretion. (A)
Data obtained from this section (per-
cent recovery of administered dose
from urine, feces, and expired air) will
be used to determine the rate and ex-
tent of excretion of test chemical, to
assist In establishing mass balance,
and will be used in conjunction with
pharmacokinetic parameters to deter-
mine the extent of absorption. The
quantities of radioactivity eliminated
in the urine, feces, and expired air shall
be determined separately at appro-
priate time intervals.
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(B) If a pilot study has shown that no
significant amount of radioactivity is
excreted in expired air, then expired air
need not be collected in the definitive
study.

(C) Each animal must be placed in a
separate metabolic unit for collection
of excreta (urine, feces and expired
air). At the end of each collection pe-
riod, the metabolic units must be
rinsed with appropriate solvent to en-
sure maximum recovery of radiolabel.
Excreta collection must be terminated
at 7 days, or after at least 90% of the
administered dose has been recovered,
whichever occurs first. The total quan-
tities of radioactivity in urine must be
determined at 6, 12, and 24 hours on day
1 of collection, and daily thereafter
until study termination, unless pilot
studies suggest alternate or additional
time points for collection. The total
quantities of radioactivity in feces
should be determined on a daily basis
beginning at 24 hours post-dose, and
daily thereafter until study termi-
nation. The collection of CO, and other
volatile materials may be discontinued
when less than 1% of the administered
dose is found in the exhaled air during
a 24-hour collection period.

(i) Tissue distribution. At the termi-
nation of the Tier 1 study, the fol-
lowing tissues should be collected and
stored frozen: Liver, fat, gastro-
intestinal tract, kidney, spleen, whole
blood, and residual carcass. If it is de-
termined that a significant amount of
the administered dose is unaccounted
for in the excreta, then data on the
percent of the total (free and bound)
radioactive dose in these tissues as
well as residual carcass will be re-
quested. Additional tissues must be in-
cluded if there is evidence of target
organ toxicity from subchronic or
chronic toxicity studies. For other
routes of exposure, specific tissues may
also be required, such as lungs in inha-
lation studies and skin in dermal stud-
ies. Certain techniques currently at
various stages of development, e.g.,
quantitative whole-body
autoradiography, may prove useful in
determining if a test substance con-
centrates in certain organs or in deter-
mining a specific pattern of distribu-
tion within a given tissue. The use of
such techniques is encouraged, but not
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required, and may be employed to limit
the number of tissues collected to
those shown to contain a measurable
amount of radioactivity.

(iii) Metabolism. Excreta must be col-
lected for identification and quantita-
tion of unchanged test substance and
metabolites as described in paragraph
(F)(B)(i) of this section. Pooling of ex-
creta to facilitate metabolite identi-
fication within a given dose group is
acceptable. Profiling of metabolites
from each time period is recommended.
However, if lack of sample and/or ra-
dioactivity precludes this, pooling of
urine as well as pooling of feces across
several time points is acceptable. Ap-
propriate qualitative and quantitative
methods must be used to assay urine,
feces, and expired air from treated ani-
mals. Reasonable efforts should be
made to identify all metabolites
present at 5% or greater of the admin-
istered dose and to provide a metabolic
scheme for the test chemical. Com-
pounds which have been characterized
in excreta as comprising 5% or greater
of the administered dose should be
identified. If identification at this level
is not possible, a justification/expla-
nation should be provided in the final
report. ldentification of metabolites
representing less than 5% of the admin-
istered dose might be requested if such
data are needed for risk assessment of
the test chemical. Structural con-
firmation should be provided whenever
possible. Validation of the methods
used in metabolite identification
should be included.

(g) Tier 2 data requirements. Studies at
the Tier 2 level are designed to answer
questions about the disposition of test
chemicals based on the existing toxi-
cology data base and/or results of Tier
1 testing which may have a significant
impact on the risk assessment for the
test chemical. Such studies may ad-
dress questions regarding absorption,
persistence, or distribution of the test
chemical, or a definitive alteration in
the metabolic profile occurring with
dose which may be of toxicological
concern. At the Tier 2 level, only those
studies which address a specific con-
cern are required, and if required must
be conducted according to mutual
agreement between the registrant and
the Agency. Flexibility will be allowed
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in the design of specific experiments as
warranted by technological advances in
this field.

(1) Absorption. (i) If the extent of ab-
sorption cannot be established from
Tier 1 studies, or where greater than
20% of the administered dose is present
in feces, a study to determine the ex-
tent of absorption will be required.
This can be accomplished either
through intravenous administration of
test material and measurement of ra-
dioactivity in excreta or after oral ad-
ministration of test material and
measurement of radioactivity in bile.

(ii) For the intravenous study, a sin-
gle dose (not to exceed the oral dose
used in Tier 1) of test chemical using
an appropriate vehicle should be ad-
ministered in a suitable volume (e.g., 1
mL/kg) at a suitable site to at least
three male rats (both sexes might be
used if warranted). The disposition of
the test chemical should be monitored
for oral dosing as outlined in paragraph
(F)(3)(i) of this section. Metabolite iden-
tification will not be required for this
study.

(iii) If a biliary excretion study is
chosen the oral route of administration
may be requested. In this study, the
bile ducts of at least three male rats
(or of both sexes, if warranted) should
be appropriately cannulated and a sin-
gle dose of the test chemical should be
administered to these rats. Following
administration of the test chemical,
excretion of radioactivity in bile
should be monitored as long as nec-
essary to determine if a significant
percentage of the administered dose is
excreted via this route.

(2) Tissue distribution time course. (i) A
time course of tissue distribution in se-
lected tissues may be required to aid in
the determination of a possible mode of
toxic action. This concern may arise
from evidence of extended half-life or
possible accumulation of radioactivity
in specific tissues. The selection of tis-
sues for this type of study will be based
upon available evidence of target organ
toxicity and/or carcinogenicity, and
the number of time points required will
be based upon pharmacokinetic infor-
mation obtained from Tier 1 data.
Flexibility will be allowed in the selec-
tion of time points to be studied.
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(i) For this type of study, three rats
per time point will be administered an
appropriate oral dose of test chemical,
and the time course of distribution
monitored in selected tissues. Only one
sex may be required, unless target
organ toxicity is observed in sex-spe-
cific organs. Assessment of tissue dis-
tribution will be made using appro-
priate techniques for assessment of
total amount distributed to tissue and
for assessment of metabolite distribu-
tion.

(3) Plasma Kkinetics. The purpose of
this experiment is to obtain estimates
of basic pharmacokinetic parameters
(half-life, volume of distribution, ab-
sorption rate constant, area under the
curve) for the test substance. Kinetic
data may be required if the data can be
used to resolve issues about bio-
availability and to clarify whether
clearance is saturated in a dose-de-
pendent fashion. For this experiment a
minimum of three rats per group is re-
quired. At least two doses will be re-
quired, usually the NOEL and LOEL
from the critical toxicology study. Fol-
lowing administration of test sub-
stance, samples should be obtained
from each animal at suitable time
points appropriate sampling method-
ology. Total radioactivity present (or
total amount of chemical, for non-
radioactive materials) should be ana-
lyzed in whole blood and plasma using
appropriate methods, and the blood/
plasma ratio should be calculated.

(4) Induction. (i) Studies addressing
possible induction of biotrans-
formation may be requested under one
or more of the following conditions:

(A) Available evidence indicates a re-
lationship between induced metabolism
and enhanced toxicity.

(B) The available toxicity data indi-
cate a nonlinear relationship between
dose and metabolism.

(C) The results of Tier 1 metabolite
identification studies show identifica-
tion of a potentially toxic metabolite.

(D) Induction can plausibly be in-
voked as a factor in such effects where
status may depend on the level of in-
ducible enzymes present. Several in
vivo and in vitro methods are available
for assessment of enzyme induction,
and the experiments which best address
the issue at hand can be determined be-
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tween Agency and industry scientists.
If induction is demonstrated, the rela-
tionship of this phenomenon to tox-
icity observed from subchronic and/or
chronic toxicity studies will need to be
addressed.

(ii) [Reserved]

(iii) If toxicologically significant al-
terations in the metabolic profile of
the test chemical are observed through
either in vitro or in vivo experiments,
characterization of the enzyme(s) in-
volved (for example, Phase | enzymes
such as isozymes of the Cytochrome
P450-dependent mono-oxygenase sys-
tem, Phase Il enzymes such as
isozymes of sulfotransferase or uridine
diphosphate glucuronosyl transferase,
or any other relevant enzymes) may be
requested. This information will help
establish the relevance of the involved
enzyme(s) to human risk, as it is
known that certain isozymes are
present in animal species which are not
present in humans, and vice versa.

(5) Physiologically-based modeling. Tra-
ditional methods of modeling have
been used to determine kinetic param-
eters associated with drug and
xenobiotic disposition, but have as-
sumed a purely mathematical con-
struct of mammalian organisms in
their operation. On the other hand,
more recent models which take into
account the physiological processes of
the animal have been used with success
in defining biological determinants of
chemical disposition as well as the re-
lationship between tissue dose and tis-
sue response. These so-called physio-
logically-based models, also allow for
cross-species extrapolation which is
often necessary in the risk-assessment
process. The use of physiologically-
based modeling as an experimental tool
for addressing specific issues related to
biotransformation and pharmaco-
Kkinetics of a test substance is encour-
aged. Information as derived from
physiologically-based modeling experi-
ments may aid in the comparison of
biotransformation and pharmaco-
kinetics of a test substance between
animal species and humans, and in the
assessment of risk under specific expo-
sure conditions. At the discretion of
the Agency, or by mutual agreement,
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results of physiologically based phar-
macokinetic (PBPK) studies with par-
ent compound may be submitted in lieu
of other studies, if it is determined
that such data would provide adequate
information to satisfy this guideline.

(h) Reporting of study results. In addi-
tion to the reporting requirements
specified under EPA Good Laboratory
Practice Standards at 40 CFR part 792,
subpart J, the completed study (Tier 1
or Tier 2) should be presented in the
following format:

(1) Title/cover page. Title page and ad-
ditional requirements (requirements
for data submission, good laboratory
practice, statements of data confiden-
tiality claims and quality assurance) if
relevant to the study report, should
precede the content of the study for-
matted below. These requirements are
to be found in 40 CFR parts 790, 792, and
799.

(2) Table of contents. A concise listing
must precede the body of the report,
containing all essential elements of the
study and the page and table number
where the element is located in the
final report of the study. Essential ele-
ments of the table of contents should
include a summary, an introduction,
the materials and methods section, re-
sults, discussion/conclusions, ref-
erences, tables, figures, appendices, and
key subsections as deemed appropriate.
The table of contents should include
the page number of each of these ele-
ments.

(3) Body of the report. The body of the
report must include information re-
quired under this section, organized
into sections and paragraphs as fol-
lows:

(i) Summary. This section of the study
report must contain a summary and
analysis of the test results and a state-
ment of the conclusions drawn from
the analysis. This section should high-
light the nature and magnitude of me-
tabolites, tissue residue, rate of clear-
ance, bioaccumulation potential, sex
differences, etc. The summary should
be presented in sufficient detail to per-
mit independent evaluation of the find-
ings.

(i) Introduction. This section of the
report should include the objectives of
the study, guideline references, regu-
latory history, if any, and a rationale.
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(iii) Materials and methods. This sec-
tion of the report must include detailed
descriptions of all elements including:

(A) Test substance. (1) This section
should include identification of the
test substance—chemical name, molec-
ular structure, qualitative and quan-
titative determination of its chemical
composition, and type and quantities
of any impurities whenever possible.

(2) This section should also include
information on physical properties in-
cluding physical state, color, gross sol-
ubility and/or partition coefficient, and
stability.

(3) The type or description of any ve-
hicle, diluents, suspending agents, and
emulsifiers or other materials used in

administering the test substance
should be stated.
(4) If the test substance is

radiolabeled, information on the fol-
lowing should be included in this sub-
section: The type of radionuclide, posi-
tion of label, specific activity, and
radiopurity.

(B) Test animals. This section should
include information on the test ani-
mals, including: Species, strain, age at
study initiation, sex, body weight,
health status, and animal husbandry.

(C) Methods. This subsection should
include details of the study design and
methodology used. It should include a
description of:

(1) How the dosing solution was pre-
pared and the type of solvent, if any,
used.

(2) Number of treatment groups and
number of animals per group.

(3) Dosage levels and volume.

(4) Route of administration.

(5) Frequency of dosing.

(6) Fasting period (if used).

(7) Total radioactivity per animal.

(8) Animal handling.

(9) Sample collection.

(10) Sample handling.

(11) Analytical methods used for sep-
aration.

(12) Quantitation and identification
of metabolites.

(13) Other experimental measure-
ments and procedures employed (in-
cluding validation of test methods for
metabolite analysis).

(D) Statistical analysis. If statistical
analysis is used to analyze the study
findings, then sufficient information on
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the method of analysis and the com-
puter program employed should be in-
cluded so that an independent reviewer/
statistician can reevaluate and recon-
struct the analysis. Presentation of
models should include a full descrip-
tion of the model to allow independent
reconstruction and validation of the
model.

(iv) Results. All data should be sum-
marized and tabulated with appro-
priate statistical evaluation and placed
in the text of this section. Radioac-
tivity counting data should be summa-
rized and presented as appropriate for
the study, typically as disintegrations
per minute and microgram or milli-
gram equivalents, although other units
may be used. Graphic illustrations of
the findings, reproduction of represent-
ative chromatographic and spec-
trometric data, and proposed metabolic
pathways and molecular structure of
metabolites should be included in this
section. In addition the following infor-
mation is to be included in this section
if applicable:

(A) Justification for modification of
exposure conditions, if applicable.

(B) Justification for selection of dose
levels for pharmacokinetic and metab-
olism studies.

(C) Description of pilot studies used
in the experimental design of the phar-
macokinetic and metabolism studies, if
applicable.

(D) Quantity and percent recovery of
radioactivity in urine, feces, and ex-
pired air, as appropriate. For dermal
studies, include recovery data for
treated skin, skin washes, and residual
radioactivity in the covering apparatus
and metabolic unit as well as results of
the dermal washing study.

(E) Tissue distribution reported as
percent of administered dose and
microgram equivalents per gram of tis-
sue.

(F) Material balance developed from
each study involving the assay of body
tissues and excreta.

(G) Plasma levels and pharmaco-
kinetic parameters after administra-
tion by the relevant routes of exposure.

(H) Rate and extent of absorption of
the test substance after administration
by the relevant routes of exposure.

(1) Quantities of the test substance
and metabolites (reported as percent of
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the administered dose) collected in ex-
creta.

(J) Individual animal data.

(v) Discussion and conclusions. (A) In
this section the author(s) should:

(1) Provide a plausible explanation of
the metabolic pathway for the test
chemical.

(2) Emphasize species and sex dif-
ferences whenever possible.

(3) Discuss the nature and magnitude
of metabolites, rates of clearance, bio-
accumulation potential, and level of
tissue residues as appropriate.

(B) The author(s) should be able to
derive a concise conclusion that can be
supported by the findings of the study.

(vi) Optional sections. The authors
may include additional sections such
as appendices, bibliography, tables,
etc.

(i) Alternate routes of exposure for Tier
1 testing—(1) Dermal—(i) Dermal treat-
ment. One (or more if needed) dose lev-
els of the test substance must be used
in the dermal portion of the study. The
low dose level should be selected in ac-
cordance with paragraph (f)(2) of this
section. The dermal doses must be dis-
solved, if necessary, in a suitable vehi-
cle and applied in a volume adequate to
deliver the doses. Shortly before test-
ing, fur is to be clipped from the dorsal
area of the trunk of the test animals.
Shaving may be employed, but it
should be carried out approximately 24
hour before the test. When clipping or
shaving the fur, care should be taken
to avoid abrading the skin, which could
alter its permeability. Approximately
10% of the body surface should be
cleared for application of the test sub-
stance. With highly toxic substances,
the surface area covered may be less
than approximately 10%, but as much
of the area as possible is to be covered
with a thin and uniform film. The same
nominal treatment surface area must
be used for all dermal test groups. The
dosed areas are to be protected with a
suitable covering which is secured in
place. The animals must be housed sep-
arately.

(ii) Dermal washing study. (A) A wash-
ing experiment must be conducted to
assess the removal of the applied dose
of the test substance by washing the
treated skin area with a mild soap and
water. A single dose must be applied to
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two animals in accordance with para-
graph (f)(2) of this section. After appli-
cation (2 to 5 minutes) the treated
areas of the animals must be washed
with a mild soap and water. The
amounts of test substance recovered in
the washes must be determined to as-
sess the effectiveness of removal by
washing.

(B) Unless precluded by corrosive-
ness, the test substance must be ap-
plied and kept on the skin for a min-
imum of 6 hours. At the time of re-
moval of the covering, the treated area
must be washed following the proce-
dure as outlined in the dermal washing
study. Both the covering and the wash-
es must be analyzed for residual test
substance. At the termination of the
studies, each animal must be sacrificed
and the treated skin removed. An ap-
propriate section of treated skin must
be analyzed to determine residual ra-
dioactivity.

(2) Inhalation. A single (or more if
needed) concentration of test substance
must be used in this portion of the
study. The concentration should be se-
lected in accordance with paragraph
(f)(2) of this section. Inhalation treat-
ments are to be conducted using a
‘““nose-cone’”” or ‘“‘head-only’ apparatus
to prevent absorption by alternate
routes of exposure. If other inhalation
exposure conditions are proposed for
use in a chemical-specific test rule,
justification for the modification must
be documented. A single exposure over
a defined period must be used for each
group—a typical exposure is 4-6 hours.

[65 FR 78815, Dec. 15, 2000]

§799.9780 TSCA immunotoxicity.

(a) Scope. This section is intended to
meet the testing requirements under
section 4 of TSCA. This section is in-
tended to provide information on sup-
pression of the immune system which
might occur as a result of repeated ex-
posure to a test chemical. While some
information on potential immunotoxic
effects may be obtained from hema-
tology, lymphoid organ weights and
histopathology (usually done as part of
routine toxicity testing), there are
data which demonstrate that these
endpoints alone are not sufficient to
predict immunotoxicity (Luster et al.,
1992, 1993 see paragraphs (j)(8) and (j)(9)
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of this section). Therefore, the tests de-
scribed in this section are intended to
be used along with data from routine
toxicity testing, to provide more accu-
rate information on risk to the im-
mune system. The tests in this section
do not represent a comprehensive as-
sessment of immune function.

(b) Source. The source material used
in developing this TSCA test guideline
is the OPPTS harmonized test guide-
line 870.7800 (June 1996 Public Draft).
This source is available at the address
in paragraph (j) of this section.

(c) Definitions. The following defini-
tions apply to this section.

Antibodies or immunoglobulins (Ig) are
part of a large family of glycoprotein
molecules. They are produced by B
cells in response to antigens, and bind
specifically to the eliciting antigen.
The different classes of
immunoglobulins involved in immu-
nity are IgG, IgA, IgM, IgD, and IgE.
Antibodies are found in extracellular
fluids, such as serum, saliva, milk, and
lymph. Most antibody responses are T
cell-dependent, that is, functional T
and B lymphocytes, as well as antigen-
presenting cells (usually macrophages),
are required for the production of anti-
bodies.

Cluster of differentiation (CD) refers to
molecules expressed on the cell sur-
face. These molecules are useful as dis-
tinct CD molecules are found on dif-
ferent populations of cells of the im-
mune system. Antibodies against these
cell surface markers (e.g., CD4, CDS8)
are used to identify and quantitate dif-
ferent cell populations.

Immunotoxicity refers to the ability of
a test substance to suppress immune
responses that could enhance the risk
of infectious or neoplastic disease, or
to induce inappropriate stimulation of
the immune system, thus contributing
to allergic or autoimmune disease.
This section only addresses potential
immune suppression.

Natural Killer (NK) cells are large
granular lymphocytes which non-
specifically lyse cells bearing tumor or
viral antigens. NK cells are up-regu-
lated soon after infection by certain
microorganisms, and are thought to
represent the first line of defense
against viruses and tumors.
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T and B cells are lymphocytes which
are activated in response to specific
antigens (foreign substances, usually
proteins). B cells produce antigen-spe-
cific antibodies (see the definition for
““antibodies or immunoglobulins’), and
subpopulations of T cells are fre-
quently needed to provide help for the
antibody response. Other types of T
cell participate in the direct destruc-
tion of cells expressing specific foreign
(tumor or infectious agent) antigens on
the cell surface.

(d) Principles of the test methods. (1) In
order to obtain data on the functional
responsiveness of major components of
the immune system to a T cell depend-
ent antigen, sheep red blood cells
(SRBC), rats and/or mice! shall be ex-
posed to the test and control sub-
stances for at least 28 days.2 The ani-
mals shall be immunized by intra-
venous or intraperitoneal injection of
SRBCs approximately 4 days (depend-
ing on the strain of animal) prior to
the end of the exposure. At the end of
the exposure period, either the plaque
forming cell (PFC) assay or an enzyme
linked immunosorbent assay (ELISA)
shall be performed to determine the ef-
fects of the test substance on the sple-
nic anti-SRBC (IgM) response or serum
anti-SRBC IgM levels, respectively.

(2) In the event the test substance
produces significant suppression of the
anti-SRBC response, expression of
phenotypic markers for major lym-
phocyte populations (total T and total
B), and T cell subpopulations (T help-
ers (CD%4) and T cytotoxic/suppressors
(CD?)), as assessed by flow cytometry,
may be performed to determine the ef-
fects of the test substance on either
splenic or peripheral-blood lymphocyte
populations and T cell subpopulations.
When this study is performed, the ap-
propriate monoclonal antibodies for
the species being tested should be used.
If the test substance has no significant

1 If absorption/distribution/metabolism/ex-
cretion (ADME) data are similar between
species, then either rats or mice may be used
for the test compound in question. If such
data are lacking, both species should be
used.

2 Because there is a fairly rapid turnover of
many of the cells in the immune system, 28
days is considered sufficient for the purposes
of the anti-SRBC tests.
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effect on the anti-SRBC assay, a func-
tional test for NK cells may be per-
formed to test for a chemical’s effect
on non-specific immunity.? For tests
performed using cells or sera from
blood (ELISA or flow cytometry), it is
not necessary to destroy the animals,
since immunization with SRBCs at 28
days is not expected to markedly affect
the results of other assays included in
subchronic or longer-term studies
(these tests are discussed in the ref-
erence under paragraph (j)(7) of this
section). The necessity to perform ei-
ther a quantitative analysis of the ef-
fects of a chemical on the numbers of
cells in major lymphocyte populations
and T Cell subpopulations by flow
cytometry, or a splenic NK cell activ-
ity assay to assess the effects of the
test compound on non-specific immu-
nity shall be determined on a case-by-
case basis, depending upon the outcome
of the anti-SRBC assay.

(e) Limit test. If a test at one dose
level of at least 1,000 mg/kg body
weight (or 2 mg/L for inhalation route
of exposure) using the procedures de-
scribed for this study produces no ob-
servable toxic effects or if toxic effects
would not be expected based upon data
of structurally related compounds,
then a full study using three dose lev-
els might not be necessary. Expected
human exposure may indicate the need
for a higher dose level.

(f) Test procedures—(1) Animal selec-
tion—(i) Species and strain. These tests
are intended for use in rats and/or
mice. Commonly used laboratory
strains shall be employed.4 All test ani-
mals shall be free of pathogens, inter-
nal and external parasites. Females
shall be nulliparous and nonpregnant.
The species, strain, and source of the
animals shall be identified.

3 When these optional tests are included,
the phenotypic or NK cell analyses may be
performed at 28 days of exposure, or at a
later timepoint if ADME data suggest that a
longer exposure is more appropriate.

4 The study director shall be aware of
strain differences in response to SRBC. For
example, if the B¢CsF1 hybrid mouse is used
in the PFC assay, a response of 800-1,000 PFC/
106 spleen cells in control mice should be the
minimally acceptable PFC response.

468



Environmental Protection Agency

(ii) Age/weight. (A) Young, healthy
animals shall be employed. At the com-
mencement of the study, the weight
variation of the animals used shall not
exceed 120% of the mean weight for
each sex.

(B) Dosing shall begin when the test
animals are between 6 and 8 weeks old.

(iii) Sex. Either sex may be used in
the study; if one sex is known or be-
lieved to be more sensitive to the test
compound, then that sex shall be used.

(iv) Numbers. (A) At least eight ani-
mals shall be included in each dose and
control group. The number of animals
tested shall yield sufficient statistical
power to detect a 20% change based
upon the interanimal variation which
may be encountered in these assays.

(B) To avoid bias, the use of adequate
randomization procedures for the prop-
er allocation of animals to test and
control groups is required.

(C) Each animal shall be assigned a
unique identification number. Dead
animals, their preserved organs and
tissues, and microscopic slides shall be
identified by reference to the animal’s
unique number.

(v) Husbandry. (A) Animals may be
group-caged by sex, but the number of
animals per cage shall not interfere
with clear observation of each animal.
The biological properties of the test
substance or toxic effects (e.g., mor-
bidity, excitability) may indicate a
need for individual caging.

(B) The temperature of the experi-
mental animal rooms shall be at 22 +3
°C.

(C) The relative humidity of the ex-
perimental animal rooms shall be be-
tween 30 and 70%.

(D) Where lighting is artificial, the
sequence shall be 12 hrs light, 12 hrs
dark.

(E) Control and test animals shall be
maintained on the same type of bed-
ding and receive feed from the same
lot. The feed shall be analyzed to as-
sure adequacy of nutritional require-
ments of the species tested and for im-
purities that might influence the out-
come of the test. Rodents shall be fed
and watered ad libitum with food re-
placed at least weekly.

(F) The study shall not be initiated
until the animals have been allowed an
adequate period of acclimatization or
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quarantine to environmental condi-
tions. The period of acclimatization
shall be at least 1 week in duration.

(2) Control and test substances. (i) The
test substance shall be dissolved or sus-
pended in a suitable vehicle. Ideally, if
a vehicle or diluent is needed, it shall
not elicit toxic effects or substantially
alter the chemical or toxicological
properties of the test substance. It is
recommended that an aqueous solution
should be used. If solubility is a prob-
lem a solution in oil may be used.
Other vehicles may be considered, but
only as a last resort.

(ii) One lot of the test substance shall
be used, if possible, throughout the du-
ration of the study, and the research
sample shall be stored under conditions
that maintain its purity and stability.
Prior to the initiation of the study,
there shall be a characterization of the
test substance, including the purity of
the test compound and if technically
feasible, the name and quantities of
any known contaminants and impuri-
ties.

(iii) If the test or positive control
substance is to be incorporated into
feed or another vehicle, the period dur-
ing which the test substance is stable
in such a mixture shall be determined
prior to the initiation of the study. Its
homogeneity and concentration shall
also be determined prior to the initi-
ation of the study and periodically dur-
ing the study. Statistically randomized
samples of the mixture shall be ana-
lyzed to ensure that proper mixing, for-
mulation, and storage procedures are
being followed, and that the appro-
priate concentration of the test or con-
trol substance is contained in the mix-
ture.

(3) Control groups. (i) A concurrent,
vehicle-treated control group is re-
quired.

(if) A separate untreated control
group is required if the toxicity of the
vehicle is unknown.

(iii) A positive control group with a
known immunosuppressant (e.g.,
cyclophosphamide) shall be included in
the study. A group of at least eight
animals shall be given the immuno-
suppressive chemical.

(4) Dose levels. (i) In repeated-dose
toxicity tests, it is desirable to have a
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dose-response relationship and a no ob-
served immunotoxic effect level.
Therefore, at least three dose levels
and a negative control shall be used,
unless a limit test is performed as spec-
ified under paragraph (e) of this sec-
tion.

(ii) The highest dose level shall not
produce significant stress, malnutri-
tion, or fatalities, but ideally should
produce some measurable sign of gen-
eral toxicity (e.g., a 10% loss of body

weight).
(iii) The lowest dose level ideally
shall not produce any evidence of

immunotoxicity.

(5) Administration of the test substance.
(i) The test substance, vehicle, or posi-
tive control substance shall be admin-
istered for at least 28 days for the anti-
SRBC assay. The route of administra-
tion of the test material will usually be
oral; however, this shall be determined
by the likely route of occupational or
indoor exposure. Therefore, under cer-
tain conditions, the dermal or inhala-
tion route of exposure may be more rel-
evant for the study. All animals shall
be dosed by the same method during
the entire experimental period.

(ii) If the test substance is adminis-
tered by gavage, the animals are dosed
with the test substance ideally on a 7-
days-per-week basis. However, based
primarily on practical considerations,
dosing by gavage on a 5-days-per-week
basis shall be acceptable. If the test
substance is administered in the drink-
ing water, or mixed directly into the
diet, then exposure shall be on a 7-
days-per-week basis.

(A) For substances of low toxicity, it
is important to ensure that when ad-
ministered in the diet, the quantities
of the test substance involved do not
interfere with normal nutrition. When
the test substance is administered in
the diet, either a constant dietary con-
centration in parts per million (ppm)
or a constant dose level in terms of the
animal’s body weight shall be used; the
alternative used should be specified.

(B) For a substance administered by
gavage, the dose shall be given at ap-
proximately the same time each day,
and adjusted at intervals (weekly for
mice, twice per week for rats) to main-
tain a constant dose level in terms of
the animal’s body weight.
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(iii) If the test substance is adminis-
tered dermally, use paragraphs
®G)(iii)(A) through (H(5)(iii)(D) of this
section.

(A) Dose levels and dose selection. (1) In
this test, it is desirable to determine a
dose-response relationship as well as a
NOEL. Therefore, at least three dose
levels plus a control and, where appro-
priate, a vehicle control (corresponding
to the concentration of vehicle at the
highest dose level) group should be
used. Doses should be spaced appro-
priately to produce test groups with a
range of toxic effects. The data should
be sufficient to produce a dose-response
curve.

(2) The highest dose level should elic-
it signs of toxicity but not produce se-
vere skin irritation or an incidence of
fatality which would prevent a mean-
ingful evaluation. If application of the
test substance produces severe skin ir-
ritation, the concentration may be re-
duced, although this may result in a
reduction in, or absence of, other toxic
effects at the high dose level. If the
skin has been badly damaged early in
the study, it may be necessary to ter-
minate the study and undertake a new
one at lower concentrations.

(3) The intermediate dose levels
should be spaced to produce a grada-
tion of toxic effects.

(4) The lowest dose level should not
produce any evidence of toxic effects.

(B) Preparation of animal skin. Shortly
before testing, fur should be clipped
from not less than 10% of the body sur-
face area for application of the test
substance. In order to dose approxi-
mately 10% of the body surface, the
area starting at the scapulae (shoul-
ders) to the wing of the ileum (hipbone)
and half-way down the flank on each
side of the animal should be shaved.
Shaving should be carried out approxi-
mately 24 hrs before dosing. Repeated
clipping or shaving is usually needed at
approximately weekly intervals. When
clipping or shaving the fur, care should
be taken to avoid abrading the skin
which could alter its permeability.

(C) Preparation of test substance. (1)
Liquid test substances are generally
used undiluted, except as indicated in
paragraph (f)(5)(iii)(A)(2) of this sec-
tion.
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(2) Solids should be pulverized when
possible. The substance should be
moistened sufficiently with water or,
when necessary, a suitable vehicle to
ensure good contact with the skin.
When a vehicle is used, the influence of
the vehicle on toxicity of, and penetra-
tion of the skin by, the test substance
should be taken into account.

(3) The volume of application should
be kept constant, e.g. less than 300
<greek-ms<L for the rat; different con-
centrations of test solution should be
prepared for different dose levels.

(D) Administration of test substance. (1)
The duration of exposure should be at
least for 90 days.

(2) The animals should be treated
with test substance for at least 6 hrs/
day on a 7-day per week basis. How-
ever, based on practical considerations,
application on a 5-day per week basis is
acceptable. Dosing should be conducted
at approximately the same time each
day.

(3) The test substance should be ap-
plied uniformly over the treatment
site.

(4) The surface area covered may be
less for highly toxic substances. As
much of the area should be covered
with as thin and uniform a film as pos-
sible.

(5) During the exposure period, the
test substance should be held in con-
tact with the skin with a porous gauze
dressing. The test site should be fur-
ther covered with nonirritating tape to
retain the gauze dressing and the test
substance and to ensure that the ani-
mals cannot ingest the test substance.
Restrainers may be used to prevent the
ingestion of the test substance, but
complete immobilization is not rec-
ommended.

(iv) If the test substance is adminis-
tered by the inhalation route, use the
procedures under paragraphs (e)(2),
(©)(3), (e)(6), (e)(8), (e)(9), and (e)(10) of
40 CFR 799.9346. The exposure time for
the anti-SRBC test shall be at least 28
days.

(6) Observation period. Duration of the
observation period shall be at least 28
days.

(7) Observation of animals. (i) Observa-
tions shall be made at least once each
day for morbidity and mortality. Ap-
propriate actions shall be taken to
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minimize loss of animals to the study
(e.g., necropsy of those animals found
dead and isolation or euthanasia of
weak or moribund animals).

(if) A careful clinical examination
shall be made at least once a week. Ob-
servations shall be detailed and care-
fully recorded, preferably using explic-
itly defined scales. Observations shall
include, but not be limited to: evalua-
tion of skin and fur, eyes and mucous
membranes; respiratory and cir-
culatory effects; autonomic effects,
such as salivation; central nervous sys-
tem effects, including tremors and con-
vulsions, changes in the level of motor
activity, gait and posture, reactivity to
handling or sensory stimuli, grip
strength, and stereotypes or bizarre be-
havior (e.g., self-mutilation, walking
backwards).

(iii) Signs of toxicity shall be re-
corded as they are observed, including
the time of onset, degree and duration.

(iv) Food and water consumption
shall be determined weekly.

(v) Animals shall be weighed imme-
diately prior to dosing, weekly (twice
per week for rats) thereafter, and just
prior to euthanasia.

(vi) Any moribund animals shall be
removed and euthanized when first no-
ticed. Necropsies shall be conducted on
all moribund animals, and on all ani-
mals that die during the study.

(vii) The spleen and thymus shall be
weighed in all animals at the end of the
study.

(g) Immunotoxicity tests—(1) Func-
tional tests. Either a splenic PFC assay
or an ELISA shall be used to determine
the response to antigen administra-
tion.

(i) Antibody plaque-forming cell (PFC)
assay. If the antibody PFC assay is per-
formed, the criteria listed under para-
graphs (g9)(1)(i)(A) through (g)(1)(i)(F)
of this section shall be adhered to. As-
says described in the references under
paragraphs (j)(2) and (j)(4) of this sec-
tion may be used.

(A) The T cell-dependent antigen,
SRBC, shall be injected intravenously
or intraperitoneally, usually at 24 days
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after the first dosing with the test sub-
stance.> Although the optimum re-
sponse time is usually 4 days after im-
munization, some strains of test ani-
mal may deviate from this time point.
The strain to be used shall be evalu-
ated for the optimum day for PFC for-
mation after immunization.

(B) The activity of each new batch of
complement shall be determined. For
any given study, the SRBCs shall be
from a single sheep, or pool of sheep,
for which the shelf life and dose for op-
timum response has been determined.

(C) Modifications of the PFC assay
described in paragraph (g)(1)(i) of this
section exist and may prove useful;
however, the complete citation shall be
made for the method used, any modi-
fications to the method shall be re-
ported, and the source and, where ap-
propriate, the activity or purity of im-
portant reagents shall be given. Jus-
tification or rationale shall be provided
for each protocol modification. Discus-
sions of modifications of the PFC assay
are available in the references under
paragraphs (j)(5),(j)(6), and (j)(10) of
this section

(D) Samples shall be randomized and
shall be coded for PFC analysis, so that
the analyst is unaware of the treat-
ment group of each sample examined.

(E) Spleen cell viability shall be de-
termined.

(F) The numbers of IgM PFC per
spleen, and the number of IgM PFC per
106 spleen cells shall be reported.

(ii) Immunoglobulin quantification. As
an alternative to a PFC assay, the ef-
fects of the test substance on the anti-
body response to antigen may be deter-
mined by an Enzyme-Linked
Immunosorbent Assay (ELISA). Com-
parison between the PFC and ELISA
assays for immunotoxicity assessment
are discussed in the references under
paragraphs (j)(5), (J)(6), and (j)(10) of
this section. Test animals shall be im-
munized with SRBCs as for the PFC
assay. IgM titers in the serum of each
test animal shall be determined (usu-
ally 4 days after immunization). As

5 If the SRBCs are administered by the
intraperitoneal route, the study director
should be aware that a low percentage of ani-
mals may not respond because the antigen
was accidentally injected into the intestinal
tract.
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with the PFC assay, the optimum dose
of SRBCs and optimum time for collec-
tion of the sera shall be determined for
the species and strain of animal to be
tested. Several methods are described
in the reference under paragraph (j)(11)
of this section).

(iii) Natural Killer (NK) cell activity.
The methods described in the reference
under paragraph (j)(3) of this section
may be used to demonstrate the effects
of at least 28 days of exposure to a test
substance on spontaneous cytotoxic ac-
tivity. In this assay, splenocytes from
treated and untreated test animals are
incubated with 5Cr-labeled YAC-1
lymphoma cells. The amount of
radiolabel released from the target
cells after incubation with the effector
cells for four hrs is used as a measure
of NK cytolysis. The following points
shall be adhered to when using the NK
cell assay:

(A) Assay controls shall be included
to account for spontaneous release of
radiolabel from target cells in the ab-
sence of effector cells, and also for the
determination of total release of
radiolabel.

(B) Target cells other than YAC-1
lymphoma cells may be appropriate for
use in the assay. In all cases, target
cell viability shall be determined.

(C) Modifications of the protocol
exist that may prove useful. However,
complete citation shall be made to the
method used. Modifications shall be re-
ported, and where appropriate, the
source, activity, and/or purity of the
reagents should be given. Justification
or rationale shall be provided for each
protocol modification.

(2) Enumeration of splenic or peripheral
blood total B cells, total T cells, and T cell
subpopulations. The phenotypic anal-
ysis of total B cell, total T cell, and T
cell subpopulations from the spleen or
peripheral blood by flow cytometry
should be performed after at least 28
days of dosing; this may be performed
at a later timepoint, if ADME data sug-
gest that a longer exposure is more ap-
propriate. If an exposure period longer
than 28 days is used, then these tests
may be performed in conjunction with
subchronic (ninety day oral, dermal, or
inhalation) toxicity studies, when

472



Environmental Protection Agency

these studies are required. Methods de-
scribed in the references under para-
graphs (j)(1) and (j)(5) of this section
may be used.

(h) Data and reporting—(1) Treatment
of results—(i) Data shall be summarized
in tabular form, showing for each test
group the number of animals at the
start of the test, the number of ani-
mals showing effects, the types of ef-
fects and the percentage of animals dis-
playing each type of effect.

(ii) All observed results, quantitative
and incidental, shall be evaluated by
an appropriate statistical method. Any
generally accepted statistical methods
may be used; the statistical methods
including significance criteria shall be
selected during the design of the study.

(2) Evaluation of study results. The
findings of an immunotoxicity study
shall be evaluated in conjunction with
the findings of preceding studies and
considered in terms of other toxic ef-
fects. The evaluation shall include the
relationship between the dose of the
test substance and the presence or ab-
sence, and the incidence and severity of
abnormalities, including behavioral
and clinical abnormalities, gross le-
sions, identified target organs, body
weight changes, effects on mortality
and any other general or specific toxic
effects. A properly conducted test shall
provide a satisfactory estimation of a
no-observed-effect level. It may indi-
cate the need for an additional study
and provide information on the selec-
tion of dose levels.

(3) Test report. In addition to the re-
porting requirements as specified under
40 CFR part 792, subpart J, the fol-
lowing specific information shall be re-
ported. Both individual and summary
data should be presented.

(i) The test substance characteriza-
tion shall include:

(A) Chemical identification.

(B) Lot or batch number.

(C) Physical properties.

(D) Purity/impurities.

(E) ldentification and composition of
any vehicle used.

(ii) The test system shall
data on:

(A) Species, strain, and rationale for
selection of animal species, if other
than that recommended.

(B) Age, body weight data, and sex.

contain
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(C) Test environment including cage
conditions, ambient temperature, hu-
midity, and light/dark periods.

(D) When inhalation is the route of
exposure, a description of the exposure
equipment and data shall be included
as follows:

(1) Description of test conditions; the
following exposure conditions shall be
reported:

(i) Description of exposure apparatus
including design, type, volume, source
of air, system for generating aerosols,
method of conditioning air, treatment
of exhaust air and the method of hous-
ing the animals in a test chamber.

(if) The equipment for measuring
temperature, humidity, and particulate
aerosol concentrations and size should
be described.

(2) Exposure data shall be tabulated
and presented with mean values and a
measure of variability (e.g., standard
deviation) and include:

(i) Airflow rates through the inhala-
tion equipment.

(ii) Temperature and humidity of air.

(iii) Actual (analytical or
gravimetric) concentration in the
breathing zone.

(iv) Nominal concentration (total
amount of test substance fed into the
inhalation equipment divided by vol-
ume of air).

(v) Particle size distribution, cal-
culated mass median aerodynamic di-
ameter (MMAD) and geometric stand-
ard deviation (GSD).

(vi) Explanation as to why the de-
sired chamber concentration and/or
particle size could not be achieved (if
applicable) and the efforts taken to
comply with this aspect of the section.

(E) Identification of animal diet.

(iii) The test procedure shall include
the following data:

(A) Method of randomization used.

(B) Full description of experimental
design and procedure.

(C) Dose regimen
methods, and volume.

(iv) Test results should include the
following data:

(A) Group animal toxic response data
shall be tabulated by species, strain,
sex, and exposure level for:

(1) Number of animals exposed.

(2) Number of animals showing signs
of toxicity.

including levels,
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(3) Number of animals dying.

(B) Individual animal data shall be
presented, as well as summary (group
mean data).

(C) Date of death during the study or
whether animals survived to termi-
nation.

(D) Date of observation of each ab-
normal sign and its subsequent course.

(E) Absolute and relative spleen and
thymus weight data.

(F) Feed and water
data, when collected.

(G) Results of immunotoxicity tests.

(H) Necropsy findings of animals that
were found moribund and euthanized or
died during the study.

(1) Statistical treatment of results,
where appropriate.

(i) Quality control. A system shall be
developed and maintained to assure
and document adequate performance of
laboratory staff and equipment. The
study shall be conducted in compliance
with the 40 CFR Part 792—Good Lab-
oratory Practice.

(J) References. For additional back-
ground information on this test guide-
line, the following references should be
consulted. These references are avail-
able for inspection at the TSCA Non-
confidential Information Center, Rm.
NE-B607, Environmental Protection
Agency, 401 M St., SW., Washington,
DC, 12 noon to 4 p.m., Monday through
Friday, except legal holidays.

(1) Cornacoff, J.B., Graham, C.S., and
LaBrie, T.K. Eds. Burleson, G.R., Dean,
J.H., and Munson, A.E. Phenotypic
identification of peripheral blood
mononuclear leukocytes by flow
cytometry as an adjunct to
immunotoxicity evaluation. Vol. 1.
Methods in Immunotoxicology (Wiley-
Liss, Inc., New York, 1995) pp. 211-226.

(2) Cunningham, A.J. A method of in-
creased sensitivity for detecting single
antibody-forming cells. Nature.
207:1106-1107 (1965).
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Dean, J.H., and Munson, A.E. Natural
Killer Activity. Methods in
Immunotoxicology. pp. 437-449 (1995).
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G.R., Dean, J.H., and Munson, A.E. The
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Immunotoxicology: An approach to
monitoring the primary effector func-
tion of B lymphocytes. Vol. 1. Methods
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in Immunotoxicology (Wiley-Liss,
New York, 1995) pp. 71-108.

(5) Ladics, G.S. and Loveless, S.E.
Cell surface marker analysis of splenic
lymphocyte populations of the CD rat
for use in immunotoxicological studies.
Toxicology Methods. 4: 77-91 (1994).

(6) Ladics, G.S., Smith, C., Heaps, K.,
and Loveless, S.E. Evaluation of the
humoral immune response of CD rats
following a 2-week exposure to the pes-
ticide carbaryl by the oral, dermal, or
inhalation routes. Journal of Toxicology
Environmental Health. 42:143-156 (1994).

(7) Ladics., G.S., Smith, C., Heaps, K.,
Elliot, G.S., Slone, T.W., and Loveless,
S.E. Possible incorporation of an
immunotoxicological functional assay
for assessing humoral immunity for
hazard identification purposes in rats
on standard toxicology study. Toxi-
cology. 96:225-238 (1995).

(8) Luster, M.l., Portier, C., Pait,
D.G., White, K.L., Jr., Gennings, C.,
Munson, A.E., and Rosenthal, G.J. Risk
assessment in immunotoxicology |I.
Sensitivity and predictability of im-
mune tests. Fundamental Applied Toxi-
cology. 18:200-210 (1992).

(9) Luster, M.l., Portier, C., Pait,
D.G., Rosenthal, G.J. Germolec. D.R.,
Corsini, E., Blaylock, B.L., Pollock, P.,
Kouchi, Y., Craig, W., White, D.L.,
Munson, A.E., and Comment, C.E. Risk
Assessment in Immunotoxicology II.
Relationships Between Immune and
Host Resistance Tests. Fundamental
Applied Toxicology. 21:71-82 (1993).

(10) Temple, L., Kawabata, T. T.,
Munson, A. E., and White, Jr., K. L.
Comparison of ELISA and plaque-form-
ing cell assays for measuring the hu-
moral immune response to SRBC in
rats and mice treated with
benzo[a]pyrene or cyclophosphamide.
Fundamental Applied Toxicology. 21:412-
419 (1993).

(11) Temple, L., Butterworth, L.,
Kawabata, T.T., Munson, A.E., and
White, Jr., K.L. Eds. Burleson, G.R.,
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Measure SRBC Specific Serum IgM:
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Methods in Immunotoxicology (Wiley-
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