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I. Lindahé;Péiicx Discussions

A, IntroductionAgﬂw_

" Lindane is the common name for preparations of the gamma.’
isomer of 1,2,3,4,5,6- hexachlorocyclohexane (see structure :
below). Technical.preparations of lindane must ‘contain 99.5% or
more of the ‘gamma isomer. Other names used for the chemical lindane
are gamma BHC and gamma HCH (BHC = benzene hexachloride, HCH =
hexachlorocyclohexane). ‘It should be noted that use of the term BHC
in describing lindane is misleading because lindane does not - - .
contain an unsaturated benzene ring. Lindane must be distinguish-
ad from hexachlorobenzene a fungiclde, which has separate pesticidal
uses and its own toxicity data base. HCH exists in several -
{someric forms because of the spatial orientation of the chlorine
atoms on the cyclohexane ring. Thus preparations of technical
HCH contain mixtures of chiefly alpha, beta, gamma, delta, epsilon
and minor quantities of othaer isomers (up to eight). Technical
HCH was once used as an insecticide and earlier.toxiclity data was
generated using the mixture of the isomers. Later studies have
indicated that the differeant isomers have different toxicity profiles
Because of lindane's close relationship to the benzene derivative
and because there are several isomers of hexachlorocyclohexane
any discussion of the toxicity of lindane must carefully assess
the exact composition of the test material used in the study.
The chemical structure of lindane is as follows:

A

A

o
U N ¢

Other commercial names for lindane include: Exagama, Forlin,
Gallogama, GamapheX, Gammex, Inexit, Isotox, Lindafor, Lindgam,
Lindagrain, Lindagranox, Lindalo, Lindamul, Lin@boudre, Lindaterra,
Novigam, Silvanol. ; B
. o H .

Lindane has been used as an insecticide since%the 1940's.,

There are currently numerous tolerances for residues of lindane
in/on various agricultural commodities (see Tolerande Reasssessment).
The following table outlines the distribution of the usage of -
lindane in 1978 (this information was obtained from:"Preliminary
Benefit Analysis of Lindane® prepared by the U.S. EPA and USDA
in June 1978): - : -



Estimated Pounds of éammg-!aomer Used by Site

—3-
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_ % of totala/

(gamma)
hardwood logs, lumber 200,000 23.0
s8ed treatment 426,000 48.0
forestry 4,000 0.5
livestock 140,000 16,0
pineapples 19,000 2.0
ornamentals 17,000 2.0
Christmas trees unknown
pecans 27,000 3.0
pets 30,000 3.0
gstructures 1,000 0.1
household 12,600 1.0
cucurbits 11,000 1.0
Total 887,000 - 100.0

:

3/ May not add to 100% due to rounding error,

Accordih§ ﬁo Mark I. Dow, Ph.b., BUD/EPA,:the net poundage
and use distribution for the use of lindane probably ha= not
changed significantly from the 1978 estimates, - .

_ As indicated in the above table there are a large variety of
usages as well as exposure conditions for lindane. 1In addition
to the uses indicated in the table, lindane is also used on H
humans to control lice and scabies. The use of lindane dirececly
on humans is regulated by the Food and Drug Administration and
will not be further evaluated in this Registration Standard.

. e - . I - -

 The regulitory hiatbry of lindane ‘at EPA inciﬁdeé‘a'fullvké-
buttable Presumption Against Registrataion (RPAR) review. Position

Documents were published in 1977 (PDl), in 1980 (PD2/3) and in 1983

(PD4). PD4 addressed several toxicity issues of immediate concern,

but did not provide a comprehensive evaluation of the full toxicity
data base supporting the registration of lindane. Although there
have been numerous publications in the scientific literature, there
has been only a limited amount of new data submitted to the Agency
since completion of the PD4. This Registration Standard reassesses
the toxicity data base for lindane and specifies additional studies
which are required to support the registration(s) of lindane. The
discussions presented in PD4 for the most part will not be reit-
erated in this Kkegistration Standard. » ‘
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B. Data S\ Suy ary

1, Table A - Generit Data Requivrements for Lindane -
Sea Part II. .

2. Summary of Evaluated Data ("one liners" and review
of aelectad studjes)- See Part III.

3, Data Gaps and Spec1a1 Toxicity Prcblems
a. Data aps -

The following toxicity studies are data gaps which

should be filled to support the continued registration of various
uses of lindane. . : .

i. acute inhalation Lcso ~ rats
ii.  dermal sensitization
iii, 2l-day dermal-rabbits
" ive 90-day inhalation .
v. chronic feeding/cncogenxcity-rate
"vi. general metabolism (including pharmacokinetics)
vii. special testing - aplastic anemia
viii. mouse oncogenicity-this requirement is being
reevaluated (see part ¢ ii below) -

b. Explanation for Data Gaps. ’
i. Acute inhalation LC o-rats.»'Tnere is no available
study which aaequaEer aetermines-tﬁe Ecso of technical lindane.

ii. Dermal sensitization. A dermal sensitization study
is required because lindane products are likely to result in
repeatad hunan skin contact under conditions of use.

iii. 21 dqy dermal-rebbits. Registered uses of lindane
include livestock and pet treatment products. These and certain
other products may require frequent handling by the user/applicator.

Thus, a 2l-day ‘dermal toxicity study with rabbits is required to
support these usea. ,

5

o iv.' 90- da inhelation. Registered uses of lindahe iﬁclude
products intended %or repeated indoor uses in the form of aerosols,
sprays, etc. A 90 day inhalation study is required to support these .

and certain other uses such as soil treatments and subterranian ter-
mite control (refer to the Data-Call—In notice dated Feb. 23, 1984).

§

v, Chronic Feedinq/Oncogenicitx-Rats. chronic‘feeding/
oncogenicity study 1n rats 18 require O support uses on agricultural

commodities and certain other uses involving repeated long~temm
exposure to lindane. The chronic feading aspects of this study
must inclnde an emphasis on kidney and liver function and pathology.
Pathology of the testes should be included. Critical assessuments
of all blood elements and the spleen and bone marrow should also




N04704

sl

be included i3 addition to'the usual parameters of a chronic .
feeding study. Extra slides of the kidney, teutes, liver, spleen,
and bone marrow should te ‘prepared and examined. The oncogenicity

aspacts of this study should particularly include critxcal assessmant
of the llvec and “he hematopoietic sysrem‘

vi, Gene*u1 metabolism. A general metabolxsm study 15
required ta support uses on agricultural commodities and certain
other uses involving repeated long-term exposure to lindane (e.g.

801l treatrient and subterranian termite control (refer to the Data-
Call-in notice dated Fdd 23, 1984). o

vii, Sneciﬂl testing-aglastic anemia. ;

. Lindane haa been a5sociated with possible induction of
aplastic anemia (a more- specific term- for blood dyscrasias) in
humans. The PD4 concluded that ‘thore were insufficlent data to
astablish a cause-effect relationship between lindane and blood
dyscrasias. The possibility that lindane may induce aplastic
anemia in certain .ausceptible humans still remains. - For this
reason a special study is requested to assess whether lindane
can induce or increesse the frequency of anemia ‘in test animals.

A suggested protocol for this study is briefly outlzned below.
. It is suggestéd that the test animals (preferably rats
or mice) first be expoeed to known inducers of aplastic anemia
such as radiation or cartain chemicals. A standard curve for
induction cf anemia by the agent(s) should be constructed. Then
. ~additional animals should be dused with both lindane and the
: inducing agent: An enhancement of aplastic anemia by lindane
- would be the criterion for a positive result. This experiment

was suggested by Dr. Louis Kasza, Pathologist, Toxzcology Branch.

. The regxstrant is st.ongly encouraged to discuss thls
study in advance with the Agency and then-design the study and
submit the protocol to the Agency for review. Discussions on
chemical and radiation induced aplastic anemia can be found in

the following references {the *eglsorant is welcome to use other -
appropriate references):

(a) Hematologx, 3rd Edition, (1983), W.J. Williams,
~ E. Beutler, A.,J. Erslev, and M.A. Lichtman,
McGraw-Hill Book Company; pages 151-170. .

(b) Veterinarz Pathologz 5th detlon, {1983), T.C. Jones
and R.D, Hunt, Lea-Febiger, pages 886«894. '

(c) Pathology of Laborator Animals, Volume I, (1978},
K. Ben? rschka, F.M., Garner and T.C. Jones (sditors),
Springer-Verlag, pages 830-1050.
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¢. Special raxicity Problems

i. Tdratoiogy and reproduction studies

[The following statements'wére prOQided by william L. Burnam;
Deputy Branch Chiell, Toxi¢ology Branch.}) = . ,

. The potential of lindane to induce teratogenic and fetotoxic
effects has been adequately characterized by studies in the rat,
rabbit and mouse in which the routes of administration were by
gavage and subcutaneous injection. In these studies which wvere
reviewed previously by the Agency and referenced in Lindane
Position Document 4, no teratogenic effects were noted and adverse
faetal effects were seen only at doses which also caused maternal

toxlcity. .

oral (gavage) intubation in rats indicated a NOEL of

5 mg/kg/day for maternal effacts and a NOEL of 10 mg/kg/day for
fatal effects. Similar NOELs were noted in a gavage study in
rabbits. In a gavage study in mice, both the maternal and fetal
NOEL was 30 mg/kg/day. No further teratogenicity testing is
required with lindane. :

a noséé up-to 1bo épm produced no adverse reproductive
effects in rats fed lindane for three generations. No further
reproduction testing is required with lindane.

-

ii. orcogenicity in mice '

-
[

- = { "The Carcinoge#asis Assessment. Group (CAG) of the Office

. of Research and Development (ORD} of EPA has reviewed the issue
of lindane oncogenicity in mice -and has determined that lindane
has been demonstrated to be associated with increased incidences
of liver tumors in at least two studies. These studies are the

+~NCI study (1977) and the Thorpe and Walker“T1973) study <onducted at
the Shell Researcn Laboratories in England. For a more. detailed
discussion of this determination, see PD4. The conclusion that
lindane causes increased liver tumors in mice was also made by
the International Agency for Research on Cancer (IARC, 1979).
Other studies have indicated that the alpha isomer of hexachloro-
cyclohexane consistently increases liver tumors in both rats and
mice and a metabolite of lindane in humans (2,4,6=trichlorophenol)
igs agsociated with leukemia in rats and with liver tumors in

miCéo

L. s For the preparation of this Registration Standard,
Toxicology Branch has taken into consideration seven studies de-
signed by the investigators to assess the oncogénic potential of
lindane in mice.: For various reasons none of these studies could
be classified as CORE MINIMUM or better in terms of current review
criteria. The principal reasons that these studies could not be
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classified as CORE MINIMUM is that only summary tables were
presented and an independent analysis of the data by Toxicology
Branch could not be made., Other reasons include that some of the
studies were of too short a duration of dosing and still others
used too few mice at initiation of the studies and the studies
were run concurrently thh other test materials.

on June 28, 1985, Bazard Evaluation Division (HED) staff met
with the CAG to discuss the issue of lindane oncogenicity in
mice. As a result of this meeting it was agreed that CAG would
reconsider the issue of lindane cncogenicity in mice and on July
3, 1985, HED forwarded a request to CAG to provide specific res-
ponses to the following items (refer to Anne Barton memo to Dr,
Elizabeth Anderson dated July 3, 1985):

"l1. A rat chronie feeding/oncogenicity study with lindane

has been identified as a data gap for this lnsecticide..
Are additional mouse studies with lindane necessary to
assess for oncogenic effects in this species.

Do tﬁe.available oncogenicity studies piobide a satisfact-
ory assessment for other organs/tissues being possible

target organs/txssues for an oncogenic effect of lxndaner
in nmice. , N

If théhéﬁailable data"afé”apﬁfdpriate; classify 1indaﬁe
per proposed Agency Guidelines according to the weight of
available evidence, The attached summary of mutagenicity

experiments with lindane prepared by Dr. I. Mauer should be
incorparated into the classiflcatxon.

4. Conflrm that the appropriate Ql* for the risk assessments
for lindane is 1.33 (mg/kg/day)'

An addit1onal oncogenicity study with mice may or may nst ba a

requirement {(data gag) for lindane pending receipt of responses to
be provided by CAG.

iii. Mutag_nicity

{The following summary was provided by Dr. I. Mauer, Genetlcist,
Toxicology Brarich, ]

AsS summarized in Appendix IV of PD4, lindane has demon-'
strated little if any mutagenic or genotoxic activity. - Except for
two Salmonella studies by Rohrborn (1975, 1976), lindane has been

reported to be negative for gene mutation in bacterial Ames assays
(Shirasu et al., 1976; Lawler et al., 1975; Purchase et al., 1978;
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van Dick and ‘van der Voorde, 1976), in a Drosophila.sex-linked
recessive lethal assay (Benus and Sram, 1969), in yeast cells
(Schuber, 1969; Shahin, 1977) as well ‘as in host-mediated assays
(Buselmaier et al., 1972). Although a few inivitrcrstudies with
human lymphocytes (Zimonjic et al., 1981; Tzoneva~Maneva et al.,
1971) or Chinese hamster lung cells (Ishidate and Odashima,’ 1977)
have suggested lindane may induce chromosome breakage at toxic
concentrations, in vivo cytogenetic studies were negative (Rohrborn,
1976, 1977; DikshIth et al., Reno, 1976; Gencik, 1977; Buselmaier
et al., 1972; Epstein et al., 1972; Jenssen and Ramel, 1980), or
equivocal (Nigam et al,, 1981; Shtannov et'al.,, 1980, Cerey et al.,
1975). The beta-isomer of HCH has been reported to cause chrom-.
osome breakage in rat bone marrow cells (Shimazu et al.,, 1976).
Except for one'"weakly" positive in vitro study.for unschedullsd
DNA synthesis in rat thymocytes and Ruman lymphocytes by Rocchi
et al., (1980), lindane has been reported as negative in other in
vitro assays for DNA damage/repair in bacteria (Lawler e% al.,

; Shirasu et al., 1972, van Dijck-et al., 1976), in transformed
human (VA-4) cells (Ahmed et al., 1977), as well as in rat and -
- mouse hepatocytes (Probst et al., 198l1).. Finally, mammalian cell
. transformation assays 'were negative employing, human WI-38, Chang
- liver and hamster BHK2l cells (Purchase. et al., 1978). K

' ° - Some studies have reported spindle inhibition with lindane,
but thesé¢ have ‘not been validated by EPA. - That lindaneimay act as
a spindle inhibitor is suggested by cytological activity in plant
cells, in which it produces c-mitosis and polyploidy (Jeanne,

1979; Das and Singh, 1978; Kar and 8ingh, 1979; Nyborn, 1947; _
Anderegg et al., 1977; Bagar et al., 1971) and in rat liver cells,
where it increaes mitotic indices and tetraploidy (Hitachi et al.,
1975). However, other studies reported negative results (e.g.,
deBrabander, 1976). - . . o L .

-
AR S

.. - In response to the Special Data Call-In Notice (February 23,
1984), more.recent mutagenicity testing submitted by registrants
tarough the Centre International d'Etudes du Lindane (CIEL) have
cotifirmed that lindane has little or no genetic activity, even when
- employing more sensitive tests for detecting DNA avents. . For
example, negative results were reported in bacterial Ames testin
in the presence of a microsomal metabolic activation system (S-Q?
from the tumor-susceptible mouse strain, CF-1l, ' .Negative results
were also obtained in the presence of inactivators of potential
nucleophilic reacting products, such as the epoxide hydrase . . -
inhibitor and glutathione depletor, 1,1,1-trichloropropene (TCPO),
as well as following preincubation with nor-harman, a DNA inter=~
calator and co-carcinogen, which is a known inhibitor of DNA
synthesis and repair. Negative results have also have reported in
adequate mammalian assays for gene mutation at the HGPRT locus of
Chinese hamster lung (V79) cells, and for sister chromatid exchanges .

in CF~1 mice administered lindane by both the oral and parenteral
(ip) routes. : :

8
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Hense, the w&ight~of—evidenca based on convenuional geno-
toxicity testing indicates that lindane does not interact directly
with DNA or interfere with genetic mechanisms. Moreover, further

standard mutagenicity assays are unlikely to alter this assessment.

No further ﬁutagenicity studies are required at this time.

[Note: Refer to PD4 for the list of references.)

C. Risk Assessment/Tolerance Reassessment ..

-1.

Risk Assessment

o . HED has ‘requested the CAG to reevaluate the oncogenicity
. of lindane in mice and to confirm the appropriate Q.* for use

£ in risk assessments (see section ¢ ii-Oncogenicity 1n mice -
above). Until the Qy* value is confirmed by the CAG, oncogenic
risk assegsments for lindane. cannot be providad.

Tolerance Reassessment

. 2.

Tolerances ranging from 0.01 ppm to 7.00 ppm for residues
of lindane in/on various agricultural commodities have been
established (40 CFR 180. 133) _:j ?_ ,,__,;;»w o .

' 9{ . P
N The best available study for determlnxng the ADI. for lindane
: is the recently submitted subchronic feeding study.-imw Fats (1983)

which Kas a NOEL of 4 ppm. Based on dietary analysis, food intake
and body weight data from this pa*ticular study, the NOEL of 4 ppm
1is equivalenk to 0.3 mg/kg/day. Using this latter value and a safe-~ .
ty factor of 2000, the provisional Acceptable Daily Intake (ADI)
is 0.00015 mg/kg/day and the Maximum Permissible Intake (MPI) for
a 60 kg person is 0. 0090 mg/day. The Theoretical Maximum Residue
Contribution (TMRC) for lindane based on established tolerances
is 1.4189 mg/day/1.5 kg of diet. The percent of the MPI used up
is thus 15765.64%, See the attached computer prlntout. ’ .

: It should. be recognized that even if the safety factor
Was 100 the percent MPI used up would be 788.28%.

Thus, the sum of the TMRCs from existing tolerances greatly
exceed the MPI.- .

Notes Although the TMRC from existing tolerances greatly
exceeds the MPI, the actual residues of lindane
in foodstuffs may be lower. Information on the
actual residue levels of lindane has been sougnt

{refer to the Residue Chemistry Branch Chapter

for the lindane registration standard).
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¢ lowlng spices: Allsplce, anise,

yooe s

R

§ 120,130

- Parts per
h v retgn

'l ; .
Tomatoss o T

(&"c. 408(dX2),
4ecduzn - -
148 FR 21938, May 22, 1881, a8 smended at
48 FR 32015, July 13, 1983]

§ 180,130 lty&cu;en cyinldc: {olerancen
for resldues. - .o T oo
% Telerances for residues of the Insec.

ticlde hydrogen cysnide from posthar-
;lest fumigsiion are established as {ol.
owg v oo - .

950 parts per million {n or on the fol-

68 Btat, 514 (31 UBLC

bay, black pecpper, CATAwWAY, CRSSia,
celery seed; ehili, elnnanion, cloves, co-
rlander, cumin, dill, gingesr, mace, mar-
joram, nutmeg, . oregano, paprika,
poppy, red  pepper, rosemary, &ige,
savory, thyme, tumeric, while pepper.
15 parts per-million in or on bariey,
buckwheat, corn (including popcorn),
milo tgeain sorghum), oals, rice, rye,
whest, : : :
50 parts per million in or on clirus
fnlu!. o ¢ B
28 parts per mililon In or on al-
monds, beans (dried), cashews, cocos
beans, peanuts, peas (drled), pecans,
sesame, walnuts,

180,131 Endrin; tolerances for residues.

Tolerances are established for resi-
dues of the Insecticide endrin (hexach-
Joroepoxyoclahydro-endo, endo-
dimethanonaphthalene) in or on the
followlng raw wsgricultursl
Citles: - 4

Peris put
puihon

P - - K- R

basll, -

.gommod-

Iilh:{o—'?roujmgﬁ n'f Envlmimnm

f 180,102 _‘f‘hiram; tylerngees for reslduen. .

Tolerances for residues of the fungl-
clde thiram (lelramiethyl thluram di-
sulfide) in or on taw sgricultural com-
modities are enabllghed as {ollows:

7 pacts per millidn in or on apples,
:elery. pesches, *styawberries, toma-
0e8, . s ‘e ot O

7 parts per milllon In or on bananas,
(from-preharvest and postharvest ap-
pitcation) of which nol more than !
part per million shall be In
after peel {s removed arid discarded.

the pulp

§

0.5 part per miilion In or on onlons

ey bulb), oy

3

" {38°FH 22540, Nov. 25, 1971, as smended

37 FR 3183, Feb. 12-1972) . .. o .o

§ 150,103 Mndnni‘é-fo'iuunua {oe ruidu&.

.———M_-‘
Tolerances are asiablishied for resi-
_ dues of the Insecticide lindane (gamma

{somer of benzene hexachloride) in of
on raw. agricultural commodities as
followsis - .- -

7 parts per milifon in or on the fat of
meat from cattle, gosts, horses, and
Shcep.' AN . PR .
- 4 parts per mililon in or on the fat of
meat from hogs, = & - - ¢ S

3 paria-per mliliion i or on cucume
bers. lettuce, melons, mushrooms,
pumpkins, .squash, summer squash,
and tomatoes, o e oo o

1 part per mllllgh‘ ln'-o'r on apples,

_ apricols, asparagus; avocados, broceall,

hrussels sprouts, cabibage, cauliflower,
celery, cherries, --coliards, egeplants,
grapes, guavas, kale, wohlrabl, mane
goes, mustard greens, nectarines, okra,
onlong {dry bulb only), peaches, pears.
peppers, pineapples,”, plums ({resh
prunes), qulnces, spinach, satrawber-
rles, and Swiss chard, :

0.01 part per milllon (negligible yesi-
due) i or on pecans.

{36 FR 22640, Nov. 2. 1971, ss smended at
39 FR 13176, Apr.off: 1974)

g 160135 Ovex: lolerances for resldues.

Taleraboes for residues of the Insec-
ticlde ove® (g-chiorophenylp-chloro-
benzenesulfonateld are established as
follows: - "

8 parts per millfob in or on grape.
fruit, lemons, ardnges, tangerines,

3 parts per millidbn In of on apples,
peaches, pears, plums ({resh prunes),
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TABLE A

GENERIC DATA REQUIREMENTS FOR LINDANE . .

Does £PA Have
Data To Satisfy

. This Require-
‘ Use ment? {Yes, No
Data Requirement Composition Patterns or Partially} ~- MRID NG.
$158.135 Toxicology -
ACUTE_TESTING:
81-1 Oral LDgg-Rat TGAT All . Partial - 00049330 and UC10¢
81-2 Dermal LDgy TGAT ALl Partial 00049330 and 0010
. 81-3 Inhalation ICgy-Rat TGAI ©  All .~ Pareial —_—
81-6 Dexrmal Sensitization TGAL Al No | — s
' 81-7 Acute Dela}edu N/A
Neurotoxicity-Hen
SUBCHRONIC TESTING:
82-1 90-Day Feeding- TGAI all Yes 00128356
rodent - rat
nonrodent~dog TGAL All } o —_—
82-2 21-Day Dermal TGAI all No —_
82-3 90-Day Dermal TGAY — No —
82-4 90-Day Inhalation TGAI E L No —_—
§2-5 90-Day Neurotoxicity . N/A

¢l

-hen



GENERIC DATA REQUIREMENTS FOR LINDANE

TARBIE A

Does EPA Have

Data To Satisfy
This Require-

Use ment? (Yes, No »
Data Requirewment Camposition Patterns or Partially) MRID NO.
5158 135 Toxlcolog[
'(emtmued)
THRORIC TESTIBE

83-1 Chronic Toxicity- -

rat TGAL AE No ———

dog . TGAI A,E Yes —
83-2 moo'genicir;y“ -

rat TGAI A,E No —_—

mouse TGAI AE Partial —-—
33-3 Teratology -

1st species (rat) TGAI - All Yes —
2nd species (hauster} o TGAI a1l Yes —

83-4 Reprodmtmn - TGAI A.E Yes —

2 generations

I‘!II‘MICITY TESTING

84-2 Gene Mutation TGAX All Yes —
84-3 Chromosomal Aberration TGAI All Yes —-—
84-2 Other Mechanisms of TGAT All Yes ——

Mutagenesis

£l



_ TABLE A
GENERIC DATA REQUIREMENTS FOR LINDANE

. Does EPA Have .
Data To Satisfy -

This Require-
- : Use ment? (Yes, No
Data Requirement 3 Composition Patterns or Partially) ‘ MRID NO.
§158.135 Toxicology '
{continued)
SPECTAL TESTING:
85-1 General Metabolism - PATor  AE  Partial —
PAIRA - ’
aAplastic Anemia - TGAL ALl . No . —
Dermal Absorption PAIRA or  All Yes - ' : -—
PAL .

Composition: TGAI = technical grade of the active ingredient. PAI=pure active ingredient. PAIRA
radiclabelled. The use patterns are coded as follows: A = terrestrial, food crop, B = Terrestri
focd crop, D = Aquatic, nonfood, E = Greenhouse, food crop, F = Greenhouse, nonfood, H = damesti
Data must be submitted rno later than : . :

1. The need for an additional oncogenicity study in mice has not yet been determined. See discu
in the Policy Discussion section. ’

2. Recently acguired data are currently in review. Additional metabolism data may not be requi
of these submissions. = A .

3. See discussion of this réquirement in the Policy Discussion section.
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Tox Chem No.

527 {Lindane) File Last Updated — Current |
EPA
' ' Accession Results: y
Study/Lab/Study #/Date Material - No. Lbcg, ICsg, PIS, NOEL, EEL Ca
Acute oral - rats Lindane — = 88 mg/kg males. .
[as published in Toxicol. {gamnma isomer LDsg = 91 mg/kg females.
and ﬁll&d Phamacolgg of hexa— oOnset, duration and description of
H chlorocyclo-| . symptams not reported. No
T.B. Gaines (autl'or)], hexane ,HCH) necropsy. :
MRID # 00049330 '
Acuke oral -~ xats Lindane — LDgg = 200 mg/kg. Responses include
{as published in Midwest { gaamma— i samer increased respiration, restless-
American Aerovap, Inc., of HCH) ness, intermittent muscle spasms,
1951); ard chronic convulsions. Death
MRID ¥ 00109141 results fram dysfunction of the.
respiratory center. Onset of
symptoms is fram 2 to 24 hours.
Acute dermal LDcg - rats Lindane — = 1000 mg/kg males. =~ ... [
[as published .in.Toxicol. LDsg = 900 mg/kg females. -
and %Ehed Phamaco‘lggg. T
T.B. Gaines (author)l; .
MRID § 00049330 ‘
Acute Jermal - rabbits Lindane — LDsg = 300 mg/kg. E
{as published in Midwest
American Aerovap, Inc.,
1951]; ‘
MRID § 00109141
Acuwte Inhalation ICcy - rats; | Lindane —_— ICsq > 0.603 mg/L no deaths.
Framunhofer Institut; Signs of irritation and nerve
no study mumber; stimulation including restless-
Maxrch 23, 1981 ness, increased motor activity
MRID $ Not awailable and rhinitis.

'Page



Tox Chers No. 527 (Lindane) File Last Updated  — Current

EPA
_ Accession Results:
Study/Lab/Study §/Date Material No. IDggs ICsgs PIS, NOEL, LEL Ci
Subacute oral- rats (30 days) | Lindane — NOEL = 30 mg/kg.
[study not identified]
(see L.B. Dale review dated
4/12/68 in 8B files.)
MRID # not available ,
v/ 12-Week feeding ~ rat; Lindane 250340 NOEL: 4 ppm (This dosage level is
Research and Consulting (99.85% 250341 equivalent to 0.3 mg/kg/day based
Company Ltd.; pure) 250342 on diet analyses, food intake -
$005220; : and body weight data.) .
FPebruary 3, 1983 LEL: 20 ppm {Permanent or long-
MRID § 00128356 " l1asting kidney damage occurred
at this level).
Levels of lindane fed in diet: 0O,
0.2, 0.8, 4, 20, and 100 ppm.
Protocol: Wistar KFM-Han {outbred)
SPF rats, 20M + 20f/level, were
fed lindane for 12 weeks; ati=:-.
which time 15M + 15F rats fram -
each group were sacrificed. The
remaining 5M + 5F rats from each -
group were then fed a control -
diet for 6 weeks (recovery
period) and were subsequently
sacrificed.
[The above one liner was prepared
by Ir. K.K. Locke] ’
104 week chronic feeding ~ dogs; Lindane — NOEL=50ppn. . -
Buntingdon Research Center; IEL = 100 ppm. Changes in the macro-
$3422/70/234, June 10, 1970; . : scopic appearance of the liver (no| -
$4187/71/345, September 2, microscopic changes) and changes
1971; anc- : in the EBG. These are more
$3720/70/532, Jamary 7, 1971 pronounced at 200 ppm. Elevated -
MRID # not available . SAP at 200 ppm. -
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NC1;
CG-TR-14:1977
MRID $: ot available

at: up to and including 236 ppm
for males and 270 ppm for females
(time weighted average).

Tox Chem No. 527 (Lindane) File Last Updated —- Current
Accession Results:
_Study/Lab/Study 3/Date - Material LDcq, LCesq, PIS, NOEL, LEL Ca
Report's Conclusion
: ' . = 50 ppm_ ‘
Lifetime-Oncogenicity - rats; | alpha, beta Lwer weight increases at 100 ppm
FDA Laboratory [as published and gamma and abowve. .
in J, Pharmacol. Exptl. isomers of No tumors in liver but
Ther..100-59 (1950) . hexachloro- signs of hyperplastic change
0.G. Fitzhugh, A.A. Nelson, | cyclohexane noted. _
and J.P. Frawley (authors)] Dosage levels: 0, 5, 10, 50, 160
MRID #:not available : and 400 ppm.
Report's Conclusion .
8 month-Oncogenicity - rats; Lindane No frank liver tumors evident. 1
U.S. Govermment (USDA) [as Some signs of non-neoplastic .
published in A.M.A. Archives liver change (hyperplasia) noted.
of Pathology,64:614 (1957) Dosage levels: 0, 50 and 100 ppm.
- P. Ortega, W.J. Hayes . . _
and W.F. Durham (authors)]
MRID #:not available -
Report's Conclusion
24~72 week-Oncogenicity - rats| Lindane alpha-isomer resulted in development I
Nagoya City University of | and other of hepatocellular carcinoma and
Nagoya, Japan [as published | isomers of nodular hypexplasia (at 1000 ppm
in INCI 54:801-805 (1975) hexachloro~{ and above).
N. Tto, H. Nagasaki, cyclchexane gama—isamer resulted in no Erank
H. Moe, S. Sugihara, liver tumors. .Signs of body weight
Y. Miyata, M. Arai, and and hyperplast:ic liver changes -
T. Shirai {authors)] at 500 ppm (only dose tested). . -
MRID #:not available.
: f Report's Conclusion:
80-week-Oncogenicity - rats; Lindane No frank neoplastic effect noted

Page



Tox Chem No. 527 (Lindane) File Last Updated ~——- Current
EPA
Accession Results:
Study/Lab/Study §/Date Material No. LDsg, ECsq. PIS, NOEL, LEL Ca
80 week-Oncogenicity - mice; Lindane - — The mid-dose (80 ppm) group had the
NCI; highest incidences of liver
¥CG-TR-14: tumors, but the high-dose growp =
1977 was favorably camparable to the
MRID #: not available control. Thus, no dose response -
for .an oncogenic effect was - -
evident. Note: CAG/ORD has
determined that this study is
positive.
Dosage levels: 0,80and160ppu
{time weighted average) -
26 month-Oncogenicity - mice; | Technical - — Al)l mice dosed with 660 ppm of the
Nara Medical University, Bexachloro technical material developed
Nara Japan {as published cyclchexane liver tumors (hepatana).
in Proceed. Of the 2nd {alpha-66%,
International %ﬁn ... jgamma 15% Dosage levels: 0, 6.6, 66 and 660
o Princess tsu and other pPpm. :
Cancer Research Fund . isomers)
H. Wi' 3o M{i’ v
T. Mega, M. Marugami, and
R. Ito {authors)] 1972 -
MRID §: not available
32 ueek-alcq:;enicity - mouse alpha, beta —-— ganwma-isomer - Positive for :
gamma and *hepatomas® at-600 ppm 1n males
Osaka University; crude 3/4 survivors had tumors, but none
"Hanada Study™ GANN 64:511 hexachloro- in controls. - In females 1/3 had
(1973} : cyclohexane hepatoma. No hepatmlas at 100 or
MRID §#: not available studied sep- 300 ppm.
arately. alpha isamer - Both males and fanales
were positive for hepatoma at
300 and 600 ppm; (7/7 males and
Page

81




File Last Updated

Tox Chem No. _ 527 (Lindane) — Current
. EPA .
Accession Results: ‘
Study/Lab/St:ady §/Date Material No. LDcy, LCcn, PIS, NOEL, LEL Ca
6/8 females affected at 600 ppm;
continued from preceeding 7/7 maies and 2/8 females affected
page at 300 ppm and 1/8 males at ’
100 ppm affected).
A beta-isomer — No hepatomas in either
males or females at 100, 300, -
or 600 ppm.
80 week-Oncogenicity - mice; Lindane —-— No oncogenic effects noted up to’
Boehringer Solm Ingelheim and | 99.5% and including 50 ppm (HDT).
Rhein § L 139 B/75 .= Dosage levels: 0, 12.5, 25 and 50.
Pebruary 25, 1975 (translated ~ -
into English april 1575)
MRID #: not available '
24 woek-Oncogenicity - mice; }alpha, beta alpha-isomer alone at 250 and 500 ppm
Rara Medical University [as gamma and and in cambination with the other
published in JNCI 51:817-826| episilon isomers resulted in “nodular -
(1973) N. Ito, isomers of hyperplasiy and hepatoceliula.r ’
H. Nagasaki, M. Arai, HCH and cam- carcinoma.”
S. Sugihara, and binations of| None of the other isanezs resulted
S. Makiura {authors}] the isomers) in a neoplastic response when :
MRID #:not availble. dosed alone.
A Dosage levels: 0, 100,300,3:‘!1 ﬁmppm
38 week-Incogenicity - mice; Technical Technical and alpha isomer resulted
Gakashin University, Tokyo {mixture of in most mice developing liver: ‘
[as published in Chemospherrc|isomers, neoplagms (600 ppm).
1(6):279-282; - alpha, beta,|’ 5 of 10 mice dosed with .
M. Goto, M. Hottori, delta and 600 ppm lindane (gamma-isomer)
T. Miyagawo, and gamma developed liver tumors. - -
M. Enamoto (authors)] isomers Positive response for lindane.

MRID #: not available

Dosage levels: 0, 600 ppn.
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Tox Chem No. 527 (Lindane)

Study/Lab/Study §/Date

Material

File Last Updated -—

EPA
Accession
No.

Results:
LDég_c LCsq, PIS, NOEL, LEL

26 wonth~Oncogenicity ~ mice;

Shell Research Laboratories
[as published in Pd. Cosmet.
Toxicol. 11:433-442 (1973)
e ’Ihoxpe and A.I.T. Walker
(authors). -

MRID # not available

Metabolism - mice;

Institute of Toxicolagy,
ETH and University of -
Zurich, Switzerland;

no study mumber;

April 15, 1983

MRID ¥: not available

gamma-BHC
99,.5%
beta-BHC
also tested

3p-hexa-
chloro-
cyclchexane
(beta and
epsilon
isamers and
14¢C thymidine

250339

Ninety-three percent of male mice
and 69% of female mice dosed

with 400 ppm of gamma isomer

developed either type a or type b |

liver neoplasms. The control
frequency was only 23 or 24%.
[NOTE: male mice dosed with 7’ '
200 ppm beta-isomer also had - =
significant increase in liver -
tumors] . :
Dosage levels: 0, 400 ppn {gama)
and 200 ppm (beta) -

The objective of this study was to
detemine whether or not the
tumor formation by hexachloro~
cyclohexane (HCH) required cova-
lent binding to DNA. (Gamma: -
isomer of HCH is lindare). ..

It was concluded thatbe:aandgauna
isomers of HCH
did not bind to DNA.

In this study, young male NMRI,

CFl and C6B3F1 mice were or:ally
given different 3f-labeled - - .
isomers of HCH with or without . .
Mc-thymidine. : Single doses of
HCH were used. - The mice, . -
2/treatment, were then sacrificed
at different time intervals and -
INA was isolated from the livers:
and studied by a great vanety of
procedures. A

Page
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Research & Consulurg Co.’

- M5 (Scmeiz) . .

ROC Project No. 025716
July 17, 1984 :

i¢

(99.5%)

treated females (but not males) at
all dose levels (due to lower : .-
values in control females) are .
considered of little or no bio—
logical significance. = ..

Tox Chem No. 527 (Lindane) File Last Updated —— Curren
EPA
Accession Fesults:
Study/Lab/Study §/Date Material No. ILDsp, LCsq, PIS, NOEL, LEL . (
mtagenicity in vitro gene _ | Lindane 253997 Negative for forward mutation at the
mutation in mammalian cells;| Technical : HGPRT locus with and without met—
Institute of Toxicology, - (99.8% ai) abolic activation system derived
University of Mainz; from CF~1 mice. Dose levels tested |
A1SP-540-Y7T21; were up .to levels of toxu.lty and
May 28, 1984 limits of sohb111ty.
MRID #: not avahd)le S
mrtaganicicity in vivo SCE Lindane 254504 Negative for bone marrow SCE in CP-1] -
in mice; Technical mice treated orally at single doses |:
Research & Oonsultirg Co.3 (99.8% ai) {0, 2, 10, and 50 mg/kg) up to 1/3-
#ROC-025705; ' of the Lgg. -
June 20, 1964 -
MRID #: not available
Mutagenicity - Sister Chramat-| Lindane 254504 - - | Doses tested 0, 1.3, 6.4, 32.1
id Exchange in luce {ip Technical mg/kg (acute ip).
“in vivo SCE) - Slight but significant increases in




Tox Chem No. 527 (Lindane) File Last Updated CQurrent L
EPA
" Accession Results: 1
Study/Lab/Study §/Date Material No. LDsq, ECsq, PIS, NOEL, LEL Cat
Teratology-rat (gavage) Technical —_— Teratogenic NOEL >2mtg/kgfday (HUI‘) ?
Huntingdon Research Labs lindane Maternal IEL = 10mg/kg/day -
$4307/71/6163 Maternal NOEL = Sma/kg/day =
Dec. 3, 1971 Fetotoxic LEL = ZWkg;’da* SR
MRID # not available Fetotoxic NOEL = IWkg/day L
Teratolagy-rabbit (gavage) Technical — Teratngemc NOEL > Zthg/kg/day (HOT)
Huncingdon Research Labs lindane Maternal 1EL = 16 wmg/kg/day - -
84308/71/464 Maternal NOEL = 5 mg/kg/day .
Dec. 2, 1971 Fetotoxic IEL = 20 mg/kg/day =
MRID # not available Fetotoxic NOEL = 10 ng/kg/day i
3 Generation Reproduction- Technical — poses up to 100 ppm (Hm‘) in diet -t
rats (dietary) lindane caused no adverse reproductive o
Huntingdon Research Labs effects during 3 generations. Rt
§4289/71/445 ‘
Fedb. 18, 1972
MRID § not availetxle
Dermal Panetration-hmms l4rindane _— Absorption of }MC Lindana 1
As published in Toxicok dissolved in acetone and applied to |
and Applied Pharmacology, the forearm of humans is 9.3+/-3.7%
27: (1974). H. Maibach based on urinary excretion of l4c
and R.J. Peldman (authorsj. and camparision with intravenous
application.




004704

R=1

Study Type: Acute Inhalation LCs50 [Inhalation Study With
B Lindane (gamma-hexachlorocyclohexane to determine
LCsp)] '

Accassion No.:

- MRID NO.t

. SEOHSOL’ :

Contracting Lab: Frananhofer-Institut (Germany)

pate: March 23, 1981

The following was taken directly from a review written by
Stanley B. Grogs of Tox Branch dated Dec., 8, 198l. No

- changes were made and the hard copy ¢of the study was not
examined for the preparation of the Registration Standard.

Studx ﬁethods

- Rats of the Wistar HAN/Boe strain, 5 or 10 animals/szx/
level were exposed for 4~hour periods to lindane vapor deposited
on respirable NaCl particles at concentrations of 273 and 603
mg/cum. These concentrations are equivalent to 0.273 and 0.603
milligramg per liter. - The lindane/NaCl aerosol was produced
"by allowing vapor heated lindane (bath at 160 °C) to mix with
NaCl aerosols.made by nebulizig 0.5 percent aqueous solution
of salt, . This mixture was passed through a c¢condensation zone
before being mixed with conditioned room air as it was carried
into the exposure chamber. There was a NaCl control group as
well as nonexposed chamber control.

The chamber (250 cu cm) was not typical of those used in
“this country, however, it was appropriately baffled to ensure
good distribution of the aerosol within the chamber. Chamber
temperature was given as 20 °C and humidity as 63.4 percent. At
80 1/min input flow, the oxygen concentrations were calculated
to be greater than 20 percent. The animal volume amounted to
1.6 percent of the chamber, and the animals were group caged.

Chamber samples were taken by collecting the aerosol particles
on filters and analyzing xylene extracts of the deposited particles
by gas chromatography. Analysis of the vapor phase indicated that
this phase of the lindane was considered to be of no importance.,

Aerosol particle size was determined by Active Scattering
Aerosol Spectrometer System (Particle Measuring Systems,
Boulder, Colorado) to have a geometric mean of 0.154 um (SD = 23
1.419) by count distribution which was calculated to be 0.417 um
{SD = 2,601) by mass distribution assuming a density of 1 gm/cu. cm

The animals were obsezved and woighéd daily for 14 days after
their exposure and necropsied.




Study Results:

None of the animals died due to the tests. They responded
during the exposures with restlesness, increased motor activity,
eye-1id closure, and rhinitis during exposure. Post exposure
weight changes among the four groups {(control, NaCl, 273 and 603
mg/cu.m. groups) were not remarkable. Necropsies were not remarkab

. - i
Comments: . J

These were well run and well documented studies, however,
the levels used were too low to determine an inhalation LCgg
estimate., The current cut-off conceritration limit is 5 mg/L =
5000 mg/cum. If the highest level physically possible isg

603 mg/cum the Agency would accept this experiment, however, the
investigators made no claim for this.

Summary and donclusion:

This study cannot be used as a measure of an LCgy for
lindane.

Note:  As per conversation with Dr. S. B. Gross on June 12, 1985,

this study should be classified  as SUPPLEMENTARY.




N04704
R-3

Study Type: Subchronic (90-day)-rats [3=Munth Toxicity Study in
Rats with Lindane .

Accession No.: 250340-250342

MRID No.: 00128356

Sponsor: Centre International d'Etudes du Lindane (C.I.E.L.)

Testing Laboratory: RCCf'&esearch Consulting Ltd.;.4452
Itingen, Switzerland :

Date: February 3, 1983. o I -
[Note: This study was reviewed extensively by Dr. K.K.
Locke of Toxicology Branch (date June 17, 1983).:
Dr. Locke's review 1s some 28 pages in length and the
following comments on this study were excerpted from that -
review and unchanged. The study was not rereviewed for pre-
paration of the Registration Standard]. '

Conclusionss:

- " Wistar KFM-~Han (outbred) SPF rats, 20 males and females/
level, were fed diets containing the following levels of
lindane: 0, 0.2, 0.8, 4, 20 and 100 ppm. The feeding was
started after one week of an acclimation period and was
continued for 12 weeks, at which time 15 rats from each group
were gacrified.  The remaining 5 male and 5 female rats from the
lindane~fed groups were placed on a lindane-free (control) diet
for 6 weeks (recovery period) and then were sacrificed. The
remaining 5 male and 5 female rats from the control groups were
also ¢ontinued on their diet for the additional 6 waeks before
they were sacrified. . .

The following parameters were studied during the acclimation,
dosing and recovery periods: observations for toxic signs and
mortality, body weights, food consumption, hematology, clinical
biochemistry, urinalysis, organ weights, organ to body weight
and organ to brain weight ratios, gross necropsy, histopathology

~and levels of lindane in plasma, liver, kidneys, renal fat and

brain. o
-The following rasults were obtained:

1. Liééané, at all levels tested, had no effect on the
mortality, food consumption, hematology and urinalysis, and
no toxic algns were observed in any group. :

2. Male and female rats fed 100 ppm of lindane (highest

level tested) gained, respsctively, 8.4 and 14.9% less weight
during the dosing period than did the controls.

25
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3. Male rats fed 0. 2-20 ppm and 100 ppm of lindane gaxned,
raspectively, 8.9-12.5% and 28.6% less welght during the recovery

period, when compared with the r~ontrols. Lindane, at all ievels
tested, had no effect on the bedy wexght gaxn of the female
rat: du'ing the recove“y pe"iod.; o ST

"4, There were increases in the liver c¥tochrome P-450
levels at the termination of dosing, especia 1y in the female
rats, Females fed 0.8, 4, 20 and-100 ppm of lindane, had, .respec-
tively, 26, 42, 35 and 73% more of the hepatic cytochrome P-450
than did the controls.. <In the case of the males, a 17% increase
in the liver cytochrome P-450 content was observed only i the
rats dosed. with 100 ppm of lindane. . All cf the .increased hepati-
cytochrome P-450 levels returned to the control values during .
the recoveryﬂperiod.i The augmentation in the hepatic cytochrome
P-450 content during doging is regarded as an induction of the
mic*osomal detoxyfylng enzymes, and not as a toxic symptomy

5. There was a dose-unrelated increase in the liver
carboxylase activity of the female rats at the termination of
dosing, but not at the termination of the recovery period.
Specifically, the increases were 8, 14, 28, 17 and 26% in the
groups fed 0.2, 0.8, 4, 20 and 100 ppm of lindane, respectively.
The enzyme was unaffected by 1indane in the male rats.

T 6. There were small dose-“elated increaees in the absolute
weights of liver and kidneys (8-~13%), in the liver and/or kidney
to bod{ weight ratios (7-14%}, and in the liver and/or Kidney
to brain weight ratios (7-15%), all in the male and female
rats fed 20 or 100 ppm of lindane.

: 7. Groqs necropsy had revealed that lindane, at the 20 and
100 ppm levels, affected both kidneys of all male rats (or 15
rats/group) , examined at the termination of dosing. These kidneys
were covered with diffuse gray foci. ' However, this -abnormality
wag reversible because the kidneys of all male rats’ (or 5 rats/
group) which were sacrified at the termination of the recovery
period did not have focl. Gross necrospy revealed nothing remark-
able in the female ra%s at the termination of the dosing and the
recovery period. g:ﬁ__ , , ‘ A .

8. Histopatholaqy had revealed that lindane caused changes
in the kidneys and.-iiver of the male and female rats. These
changes occurred chiefly in the groups fed 20 or 100 ppm of
lindane, The changes were frequent, dose-related and severe in
the males, and infrequent, dose-unrelated and generally mild in
the females. The following renal changes were observed: tubular
degeneration, hyuline droplets, tubular casts, tubular distension,
interstitial nephritis and basophilic tubules. Hypertrophy was
the only dose-related liver change in both males and females.

20
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Most of the renal changes, but not tubular degeneration,
were observed also at the termination of the recovery period.
Tubular degeneration was not observed at that time and neither
was liver hypertrophy, meaning that liver hypertrophy was,
apparently, a consequence of enzyme induction.

9, There was a dose-related increase in the plasma lavel
of lindane, in the male :nd female rats, at the termination of
dosing, but there was no lindane in plasma (beyond the control
levels) at the termination of the recovery period. Similar
findings were observed foir liver, kidney, renal fat and brain.
The highest levels of lindane were found in the kidneys .of the
male rats and in the renal fat of the female rats.

10. ~NOEL: 4 ppm, for both male and female rats. This
dosage level Is equivalent to 0.3 mg/kg body waight/day =
based on diet analyses, food intake and beody weight data
(see page 9 of this review).

- : i

“Aithough some renal changes occurred at this level, they
were generally mild and were generally single occurrances., Other
changes observed at the 4 ppm level, such as liver hypertrophy
and increased levels of hepatlc cytochrome P-450, were not toxic
manifestations. o : _

"LEL: 20 pm (next highest level tested), for both male an
femal®é rats. Permanent kidney damage was observed at this level.

Core Ciassificaticn: Guideliné

———— -
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A, Study Type: Chronic Feeding - Dogs [Lindana fox£city
studies in Beagle Dogs]

Accession N2.: |

MRID No.:

sponsor: Merck A.G., Frankfurt, West Gexmany i

Contracting Lab.: Huntingdon Research Center. .. ...

Dates; Part 1 June 10, 1970 (Initial studies and intake up to
‘ 50 weeks); Part 2 January 7, 1971 (report on feeding -
200 ppm for 32 weeks); Part 3 September 2, 1971 (dietary
intake for 104 weeks). . Nota: see study review below
for explanation for three separate dates.

B. The test material used was described only as lindane, the
gupplier’, and lot number(s) were not provided., No, statement was
made verifying the purity of the material used.

. The dose levels for this study were: Initial study (range
finding), five groups of two dogs (one:male and one female) were
dosed with either 0, 25, 50, 100, or 200 ppm for 7 weeks. Main
study, four groups of eight dogs (four males and four females)
were dosed with either 0, 25, 50, or 100 ppm for 104 weeks;
gsatellite group (included and started after the main study
Indicated no overt signs of toxic responses to lindane), which
consisted of one group of eight dogs (4 males and 4 females)
dosed with 200 ppm of lindane, All diets were prepared by making
a promix with lindane dissolved in acetone and evaporating the
%cetgne by exposing the lindane fortified diet to infrared light

or waek . : " , .

Samples of the test diets were sent to the sponsor for
analyses for lindane content. Actual analytical data were
not included in the report but the report indicated that the
control group (0 ppm) had 0 to 0.6 ppm lindane; the low-dose group
(25 ppm) had 23.2 to 28 ppm lindane; the mid-dose groups (50
ppm) had 51.9 to 55 ppm; the high-dose group (100 ppm) had
92.4 to 112 ppm, and the satellite group (200 ppm) had 179 or
186 (two analyses) for an average of 183 ppm.

C. The test animals used were purebred beagle dogs. The identity
of the supplier of these dogs was not provided. They were innocu=-

lated prior to dosing against distemper, hegatitis, and leptospirosis
as well as treated with an anthelmintic. The approximate age of
the dogs at commencement of dosing was 18 to 20 weeks.
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D. Survival

A single dog receiving 200 ppm died. It could not be firmly
established if this death was a result of lindane poisoning
pecause of the lack of overt symptoms throughout dosing (the dog
died after 92 days of feeding). This dog, however showed some
aeparent initial (days 2-5) reactions to the test material
{*unsteadiness of gait, lethargic and appareatly unaware of its
gurroundings®). A single dog dosed with 25 ppm also died. This
dog had exhibited two geparate convulsive episodes and possibly a
third at the time of -its death (which occurred overnight) on day

613. None of the control dogs died. No definite test chemical
induced deaths were noted. ' :

£, Behavioral and 01inicai signs

The report asserts that although occasionally some convulsive
episodes were noted among the dogs in control and other groups,
there were no changes induced by lindane.

In the absence of data to the contrary, TB accepts the
testers conclusions.

F. Body Weigﬁt

TheAteBtér asserts that thefe ware no adversemaffects on
body weicht, food consumption, oT water consumption.

T8 concurs with the tester's conclusion, It should be noted
that since dogs vary in their weight and they are large animals,
differences in these three parameters are meaningful only when
large differences and dose responsaes are cleariy evident.

Based on body weight and food éonshmption together with the
; lindane content of the diet, the dogs received lindane in the
following daily dose level (in mg/kg/day) .

‘Dose_Level ) 0-50 'Mso-lm 0-50 wso-lm _
25 ppm 0.84 + .25 0.90 0.95 + .22 0.75

.50 ppm 1.71 £ .31 1.62 2.07 £ 0.32 ‘ ;,58

100 ppm Ca.51 4 .58 3.02 4,03 + 0.88 2.81

200 ppm 8.3 + 1.9 - 8.70 + 2.6 -

*Weeks 0-32 average

(Note: For sections G, H, and T below analyses were made two
times before dosing, at 1, 3, 6, 12, and 24 months on test for 29

the main experiment and once before dosing and after 4, 10, and
25 weaks for the gatellite group.] :

L8
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G. Hematology

The testaer asserts that there were no compound-related changes
in the various blood elements analyzed.

Evidence in the data tables prezented indicated that analyses
were made for: prothrombin index, platelets, erythrocyte
sedimentation rate, packed cell volume, Hb, RBC, Retlcs, MCHC,
MCV, WBC (total and differentxal).

Inspection of the data presented allows TB to concur with
the tester that no compound-related effects were evident.

[Note: Since lindane has been implicated in possibly causing
aplastic anemia in humans (refer to Poslition Document 4 prepared
by EPA.,) 1t is especially important to note that in this dog
study lindane was not shown to be related to any obvious changes
in red blood cells.,]

H, Clinical Chemistries

The tester asserts that there were no changes in any of the
clinical biochemistries indicative of lindane toxicity at dose
levels up to and including 100 parts per million. However, at

200 ppm, lindane was associated with increases in serum alkaline
phoSphatase (SAP) activity.

Data were presented which indicate that besides SAP levels
the following parameters were investigated: urea, glucose,
albumin, globulin (and ratio) SGPT, bilirubin, SGOT Nat and Kt

and serum proteins., There were no obvious dose-related changes
in these parameters.

: SAP levels in the group receiving 200 ppm were elevated at
weeks 4 (144%), 11 (121%), and 25 (217%).

In the group receiving 100 ppm,. the SAP levels were at weeks
25 (+6%), 50 (+50%), and 102 (-1P%). Thus there was no persistent
effect on lindane on this parameter at 100 parts per million,

The NOEL for clinical chemistries is 100 parts per million.

I. Urinalysis

The tester asserts that there were no effects of the test
material on the various urinalysis parameters investigated.

Data were presented to show that the pH, volume, specific
gravity, proteins, total reducing substances, glucose ketones,
bile pigments, bile salts, urobilinogen and blood pigments, and
microscopy were performed. There were no consistent dose-related
‘effects on these parameters noted. The NOEL of this aspect of .
the study is 200 ppm. ‘ :
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J. Organ Weight

The tester'assertshthat except for the spleen in the main
study and the liver in the satellite study the organ weights did
not exhibit changes relative to the control dogs .

~ The weiqhti (absolute and relative) of the following organs
were reported: brain, pituitary, spinal cord, heart, lungs,

liver, spleen, pancreas, thymus, uterus/prostate, kidney, thyroid,
adrenal, and gonads.: » : A .

The average spleen weight for the control group was 43.2 gms
and for the low dose group it was 71,0 gm (+65%), mid 67.9 (+57%),
and high 66.0 gm (+53%) and in the group receiving 200 ppm it
was 66.8 gms (+25% versus its own control group). No dose response
relationship is evident. ' Since the spleen is a vascular organ,
its weight depends upon the blood content and may vary depending
.on the dissection. - Changes in spleen weight are considered
critical by this reviewer only when they show clearly defined
dose responses, and have supporting pathology (macroand/or micro=-
scopic, see below). With these factors taken into consideration,
there is no evidence that the apparent changes in spleen weight
are related to ingestion of lindane. 1In terms of lindane toxicity,
the spleen must be carefully regarded because lindane has bgen

-implicated in blood dyscrasia and the spleen is involved in
conditioning the blood. = - : :

~The liver. No changes in absolute or relative liver weight
were evident in the main phase of the study. " In the satellite
group the dogs receiving 200 ppm had average liver weights of
409 gms or 13 percent higher than their control group. Wwhen .
expressed in relative liver weight, the difference was 38 percent
greater. It should be noted that the satellite group was indirectly
compared with a control group that was not specifically started
and dosed for the gsame 32 weeks. TB must accept that lindane
caused this increase which coincides with the increase in sap.

. The NOEL for organ weight changes is 100 parts per million.
At 200 ppm there are liver weight increases.

K. Gross Patholdgx

No statement on lindane induced effects was made by the
taster. . .

The macroscopic observations for each dog were listed. TB
notes that six of the eight dogs receiving 100 ppm had macroscopic
findings in the liver (“darker than normal,® "friable,™ "slightly
enlarged,™ "granular®). Only a single dog in the group receiving
50 ppm was reported as having a "slight enlargement of the liver.”

None of the dogs in either the low dose or control group had gross
abnormalities of the liver evident.
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The same types of macroscopic patholegy was also evident in
all of the dogs raceiving 200 ppm lindane. for 32 weeks.,

The NOEL for this aspect of the study is 50 ppm. At 100 ppm
and above there are changes in the appearznce of the liver. The
- single dog apparently affected with "slight enlatrgement®™ of the
liver is not sufficient to require that the LEL is 50 ppm.

L. Histepathology

The tester asserts that "no ﬁorphological change or variation

from normal was considered to be related to the compound under
test.” . R N , .

i. . The liver showed evidence of macroscopic change and slight
increases in welght, and the blood level of SAP was elevated all
of which suggest possible liver pathology.. The livers of all of
the dogs receiving 200 ppm (for 32 weeks) were reported as normal
following microscopic examination. Only three treated dogs in
the main study (two in the high-dose and one in the mid-dose group)
showed some evidence of possible effect.  Their livers were
described as having "some enlargement of centrilobular and midzonal
hepatocytes, occasionally accompanied by ballooning of a few

individual hepatocytes." At best this is a vague and indefinite
response to the test material.

ii. The ééiééh showed possible evidence of increased weight.,

There was, however, no evidence of test material related microscopic
~lesions presented.

[Note: Some 40 or more tissue types were reported as being examined
for sach dog by the conventional haematoxylin and eosin stain.

In addition sections of the liver and kidney were also stained for
fat with 0il Red 0, and sections of the liver were stained with

PAS for glycogen.]

M. Other Assessments

i. Ophthalmoscopy.~'(prétest; and after 1, 3, 6, 12, and 24
months). - No effects in the eye were noted.

ii. EEG (electroencephalography) was evaluated using four
controls and four high-dose group (100 ppm) dogs from the main
study and four controls and the seven surviving dogs in the
satellite study.

- Of the four lindane-treated dogs in the main study, two were
described as having "completely normal EEG's" while the other two
had "EEG's with some slight abnormalities™ which were said not to
be statistically significant., More specifically there were slight
increases in the 2 cycles/second activities associated with the
dogs receiving 100 ppm lindane observed while the dogs were sleeping.

32
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The dogs dosed with 200 ppm (for 32 weeks) also exhibited
changes in EEG racordings which were patticularly evident while
the dogs were asleep. These.were described as "slow waves
superimposed on normal sleep pattern.” Four of the seven dogs in
this group were described as being either "nervous" or "excitable."

The NOEL for this aspect of the study is 50 parts per million.
. At 100 and 200 ppm there are avident signs of EEE recording changes.
It should be noted that no dogs at dose levels lower than 100 ppm
were actually tested, but since the response at 100 ppm was

marginally different from the control, it is assumed that 50 ppm
is a reaaonable NOEL. ‘

iii. Tisauo 1ovels of 11ndane. Two dogs from each test group
were assessed for lindane concentration in the fat, liver, and
brain. The residues in the fat showed a good correlation with
the dietary concentration and the fat content of lindane was
64.6 to 73.3 ppm in the high-dose test group. In the liver,
although the high=dose group had the highest lindane content
(2.28 to 3.68 ppm), the low-doge group (0.3 to 1.14 .ppm) had
higher levels than the mid-dose group (0.50 to 0.77 ppm). The
brain tissue from the dogs in the high-dose test group was also
highest in lindane content (0.98 to 1.55 ppm), but the low and
mid-dose groups were in the range of 0.2 to 0.54 ppm of lindane.

Thus, lindane content of the tissues correlated with dietary
lindane in the fat only. .

N. Conclueion

'The study is classified as CORE MINIMUM. The highedose test

4 g:oup (200 ppm) received their diets for only 32 weeks, thus
preventing a more meaningful description of the lesions which
might be produced at 200 ppm of lindane over time. The NOEL as
assigned by TB is 50 « At 100 ppm there are indications of
liver changes (which may be adaptive rather than actually a
toxic response) as evidenced by the appearance of the liver, the

effect is hetter defined at 200 parts per million. At 100 ppm
there is also evidence of EEG changes.

No evidence ot an oncogenic effect in this dog study was
evident.
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Study Type: Oncogenicity-Rats. (The chronic toxicities of tech-
nical benzene hexachloride and its alpha, beta and
gamma isomaers).

Accession No.3

MRID No.:

| Sponsor: U.S. Govarnment, FDA

Contracting Lab; -Department of Pharmacology, FDA

Date: As'pubiisﬁéd in'J. Pharmacol, Expt. Therapeutics.

100: 59 (1950)0 (Authors, 0.G. Fit:hugh' AA. Nelson,
and J.P. Frawley).

Summnary of Study and Results

Groups of 10 male and 10 female weaning rats (Wistar gtrain)
were dosed with diets containing either 0, 5, 10, 50, 100, 400,
800, or 1600 ppm of either the a~, B=, Or y-isomers of HCH
for their lifespans., » - :

- Liver weight increases were noted for the rats dosed with
100 ppm y~isomer and above (when the test materlal was added .
‘to the diet in corn ofl). At 1600 ppm the livers were 142 per-
cent larger in weight. Liver weight increases were also noted
for each of the other isomers and for the technical preparation.
The weights of the other organs were not reported to bhe affected.

.~ The liver and kidney were reported to have noticeable macroscopic
patholological changes and the testes of the rats dosed with the
technical prevparation were also described as being smaller.
Microscopically the liver was described as having a response
typical of rats dosed with an organochlorine insecticide. There
were no frank liver tumors described as being induced by the y
isomer. The microscopic pathology of the kidney revealed five
types of lesions which included "focal nephritis,” brown nonfer-
rous pigment and hyaline granular degeneration as being chiefly
a response to ingestion of the test material, Some microscopic
evidence of testicular atrophy was also evident in the testes.

Cdncldaion:

- This atudy is INVALID. There were too few animals at the
initiation O0f the study to make meaningful assessments of the
results. The data are in summary tables only. The data provide

indications that the liver, testes, and kidney are candidate
target organs for hexachlorocyclohexane onic*ty.
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Scudy Type: Oncogenicity - Rats [Pathclogic changes in
the liver of rats after feeding low levels
of various insecticides.)

Accession No.:
MRID No.:
Snonsors - U.S, Government

Contracting Labr Savannah, GA

Date: As published in A.M.A Archives of Pathology 64:614
(1957) (Authors P. Ortega, W.J. Hayes, and W.F. Durham)

Summarx’of Study and Results

Lindane was fed to rats (six males and six females) for a
total of 8 months with interim sacrifices at 2, 4; and 6, months
at dose levels of 50 and 100 parts per million. Single rats
(one male and one female) were sacrificed at the interim kills
and the remaining three were sacrificed at 8 months. Two male
rats (one receiving 50 pgm and the other receiving 100 ppm) and
a single female rat :receiving 100 ppm developed abnormag liver
pathology (centrilobular-cell hypertrophy, peripheral migration

of ?asophillic cytoplasmic granulations, and cytoplasmic inclusion
bodies). _ : :

AOWing to the few numbers of animals tested, this study is
SUPPLEMENTARY., No firm evidence indicating a neoplastic response
for lindane was established. :
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Study Type: Oncogenicity - Rats (Brief Communication: Development
of Hepatocellular Carcinomas in Rats Treated with
Benzene Hexachloride)

Accession No.:!

MRID NoO.t

SEOH!OI’:

Contracting Lab: None (Study conducted at Nagoya City Univ,
Medical School, Nagoya, Japan)

pate: As published 1975. (As published in Journal of the National
Cancer Institute 54: 801-805, 1975). Authors N. Ito,
H., Nagasaki, H. Ace, S. Sugihasa, Y. Nigata, M, Arei,
~and T. Shirai

Summary of Study and Results: . . .-

Nine groups of male W rats (Japanese strain) were dosed as
controls (8 rats), with episilon-BHC at 500 (13 rats) or 1000 ~
(13 rats) ppm; gamma-BHC (lindane, 14 rats) 500 ppm; bata-BHC at
500 (13 rats) or 1000 (6 rats) ppm; or alpha-BHC at 500 (ll rats),
1000 (36 vats) or 1500 (13 rats) ppm. The feeding period ranged

~from 24 to 72 weeks. In particular, lindane was fed to the rats
" for 24 (6 rats) and 48 weeks. {8 rats) and the alpha isomer of BHC
for 24, 48, and 72 weeks, . - . = e

‘ . There were few investigational endpoints for this study

- which was designed mostly to assess liver pathology. ' Responses
to lindane in the diet resulted in loss of body weight and =
increases in liver-~ti-body-weight ratio. Pathological examination
of thé liver revealed lesions mostly in the rats dosed witch & BHC.
The only reported pathological observation noted in rats dosed
with beta, gamma or episilon BHC was liver “cell hypertrophy.”
The rats dosed with alpha-BHC developed "oval cells," "bile duct

.eroliferation,“ *"cell hypertrophy,” "nodular hyperplasia,” and

~ ®"hepatocellular carcinoma." Twenty-seven out of forty-one rats
dosed with 1000 ppm and above developed the nodular hyperplasias
and were in the groups dosed for 48 or 72 weeks. Four out of
twentynine rats dosed for 72 weeks at either 1000 or 1500 ppm
of alpha-BHC developed hepatocellular carcinoma.

Concluéidnb.

. This study is SUPPLEMENTARY. This paper reports an important
observation but the data cannot be validated or the classi-
fication of the lesion "nodular hyperplasia® be clarified on the

basis of the information provided. This term is often used to
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describe adenomas in the liver and the hyperplasias often progress
into adenomas and carcinomas in the liver. There were too few
animals available per group and the data are in summary form

only.

Based on the information provided in this paper the
alpha-isomer of BHC is oncogenic. The gamma-isomer of BHC results
in less liver weight gain without assoclated pathology except
for liver cell hypertrophy of a minimal degree.
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A,. Study nge: Oncoddnicity - Rat [Bioassay of Lindane for
vossible Carcinogenicity]

Accession hNo.:

MRID NoO.?

sSponsor: National Cancer Institute {(NCI-RG-TR-14)

Contracting Lab: Gulf South»Research Institute, New Iberia, LA
Date: Published - 1977 |

B. The test material was described as lindane the gamma isomer
. of 1,2,3,4,5,6- hexachlorocyclohexane. It was obtained from two
sources. City Chemical Co., NY and Diamond Shamrock Co. Both

sources asserted that the material was 100 percent pure.

C. The test animals used were Osborne Mendsl strain rats obtained
from the Battelle Memorial Institute, Columbus, OH. The experi-
ment design consisted of three groups of rats: a control group
{10 rats of each sex) and a mid (50 rats of each sex) and a
high=(50 rats of each sex) dose test gro?ps.

_* 'For the fimat 38 weeks of the study the low-dose group -
received 320 ppm and the high-dose group received 640 parts per
million. For the next 42 weeks, the low-dose received 160 ppm
and the high~dose group received 320 parts per million. After
80 weeks of dosing, the rats were fed control diet (without
lindane) for an additional 30 weeks before sacrifice at weeks
108 to 109. The time weighted averages for the low-dose group
was 236 ppm and for the high dose group 472 ppm for the 80 weeks
of dosing, o ) H . :
U TR i L -

. The females:were originally dosed J% 320 ppm (low=dose :
group) and 640 ppm (high~dose group) for 2 weeks and then at 160
and 320 ppm for the next 49 weeks and still later at 80 and 160
ppm for 29 weeks) and were then fed control diets (without lindane)
for 30 additional weeks before sacrifice. The time weighted
average for dosing of the females was thus 135 ppm for the low
dose and 270 ppm for the high-doge group for the time period in
which they received diets containing lindane.

" As indicated above, there were only 10 control rats of each
sex which were actually matched with the rats receiving lindane
in their diets. A pooled control group was made up from rats
which were parts of other studies being conducted with the same
strain of rat at approximately the same time as the lindane study.
Thus, a pooled control group of 55 rats of each sex was used for
comparison with the rats treated with lindane..
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The rats were 35 days of age when placed on the study, but
not all of the control rats were the same age as the lindane test
rats and may have differed in age by one year.

D. Survival: .

_Forty=eight to fifty percent of the males in the low- and
high=-dose groups and six of the ten controls survived. Among the
females, four of ten controls, but at least 60 percent of the
low and high dose females survived to the end of the study.

E. Behaﬁioral andlclinical Signs:

No tabulated data were presented, During the second year of
the study some signs of "rough®™ and "discolored" hair coats
(primarily among the males), pale mucous membranes, dermatitis,
and vaginal bleeding were noted. 1t was not clear from the
report Lf these symptoms were dose related.

F. Body Weight: . “

No significant body weight differences were reported to
indicate a test chemical effect. No data on food or water
consumption were reported. E—

[Note: No data on hematology (G), clinical biochemistries
(H), urinalysis (I), organ weights (J), or groas pathology (K)
were tabulated ]

L. Histopatholoqy_i

[Notei No individual animal data are presented: the data
are in summa*y tables only ]

The tester asserts that there was no onccgonic effact of
lindane and that there were no dose-related increases in non-

neoplastic effects evident. Selected organs/tissues are discussed
as follows. ; o

1) The s leen.f There«wa e thrae incidencaa of

hemangioma in the high-dose male group only and
none in thq,females.. In males this represents
7 percent of the available rats. There were no
rats affected with leukemia or other tumors of S
the hematopoietic system.- TB is concerned with o ®
this data concerning hemangioma possibly being '
associated with lindane primarilg because the -

. metabolite of lindane 2,4,6-trichlorophenol has
been shown to cause leukemia in the rat (NCI-CG-
TR-155) and because lindane has been implicated
in blood disorders in humang. The small increase
(7% of the 44 rats axamined) was not statistically

39
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significant (P 0.599, Fisher's One Tail P
Statistic, TB computer program). . The occurrence
of the hemangiomas in the highdose group only is
noted by TB, but there is insufficient quantita-
tive response to conclude that the hemangiomas
are a tesult of lindane in the diet.~r_;;i 4

The Liver - The liver has baan 1mplicated as an
oncogenIc target organ for lindane and/or its
isomers in the rat and mouse, = In this study,
there were 0 in the controls, 3(78) in the .
low-dose group, 2(4%) in the high-dose group
incidences of neoplastic nodules among the males.
Similarly, there were O in the controls, 4(8%) .

in the low~dose group and 2(4%) in the high-dose
group incidences of neoplastic nodules. - Although

it is disturbing.that the neoplastic nodules were
found only in the test animals, there is insuffi-
cient basis to conclude that they were related to
ingestion of ‘lindane. Neoplastic nodules vary from
0 to 12 percent in this strain of rats (see Goodman
reference indicated above). The possibility of
lindane inducing liver neoplasms in rats will be
assessed again in a requested rat oncogenicity study.

A non—neoplastic lesion described as 'metamorphosis
fatty® was not reported in the control males but
was in 7 percent of the low dose and 1l percant of
the high-dose males. In the females, it was also

present only in the test animals and not in the
controls. ‘

3. The Kidne - The results of a 90-day feeding
EEEH?'ﬁTE% lindane indicated the presence of
kidney lesions (see summary of review in this

Registration Standard,.

/ In this study the predominant lesion in tho
kidney noted at histopathology was "inflamma-
tion." 1In the males 50 percent of the controls
and 48 percent (low-dose) and 61 percent (high-
dose) group males were affected. Only females
receiving lindane in the test diets had lesions -
described as "inflamation." There were 3 low dose

(7%8) and 5 high dose (10%) female ats affected.

N. Conclusion-

This study is SUPPLEMENTARY. The use of only 10 rats in the
control group is not scientifically sound. No individual animal
data were presented. Definite decisions on the oncogenic potential
of lindane in rats cannot be made from this study.

40
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A. Study Type: Oncogenicity ~ Mice (Bloassay of lindane for
possible carcinogenicity.]

Accession No.! :

MRID NoO.:*

Sgonsofi 'National Cancer Institute [NCI~CG-TR-14]

Cénttactiﬁg Lab.:ﬁ Gulf South Researéh Ihstituta, New Iberia, LA
. Date: Published 1977 = . y :

B. The test material was described as lindane, the gamma isomer
of 1.2.3,3,5,5- Rexachlorocyclohexane. It was obtained from

two sources. City Chemical Co., NY and Diamond Shamrock Co.

Both sources asserted that the material was of 100 percent purity.

C. The test animals used were mice of the BGC3Fl hybrid strain
obtained from the Charles River Breeding Laboratories, Inc.,:
Wilmington, MA. The experimental design consisted of three
groups. The control group of 10 males and females each, and
low- and high-dosé groups of 50 males and females per group
which were dosed with 80 or 160 ppm of lindane for 80 weeks.

The mice dosed with lindane were allowed 10 additional weeks of
feeding control diet prior to sacrifice. The mice were reported
to be 35 days of age when placed on the study.

v As indicated above, there were only 10 mice/sex in the matched
control group. 1In order to try to bring the control group to a
number comparable with the tect groups, a pooled control group

was formed consisting of 40 other mice from other studies that
were then baing conducted at the New Iberia facility. These

other mice were not exactly the same age as the mice in the

lindane study, but were taken from other studies which overlapped
the lindane study by "at least one year."

. D. Survivalt:

There waé no obvious effect of the test material on survival,
Eighty-eight percent of the males and 80 percent of the females

were reported to have survived to the end of the atudy (90 weeks
or about 20 months)., .

E. Behavioral and Clinical Signs:

(No tabulations included.)

The summary states that during the second year,7the treatad
females appeared excitable when handled and the males were observed
to be fighting. Other possible signs of reaction to lindane
included rough hair coats, alopecia, and abdominal distention

and it was stated that the treated mice were in "poor physical ,
condition* during the last 6 weeks of the study. It was not 41
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specified if the 6 weeks were during the dosing period or the
"recovery" 10-week period.

F. Body Weight

. pody Weight was reported not to be affected by.the test
materia{. No data on food or water consumption were reported.
[Note: No data on hematology (G), clinical biochemistries (H),
urinalysis (I), organ weights (J), or gross pathology (K) were
reported.] ' '

L. Hishoéathologz

.~ [Note: No individual animal data are presented, the data
are in summary tables only.]

The tester asserts that there were no lesions either neoplastic
or non-neoplastic that were attributable to the presence of
lindane in the diet. -

Some of the £indings noted in the histopathology report are
as follows: :

1. The Liver: The following table reports the neoplastic
response in the liver: :

Males _ Females
Neo lastic Hepatocellular| Neoplastic Hepatocellular
“n  Nodule Carcinoma n_ Nodule Carcinoma
control 10 1 (10%) 2 (20%) 10 1 (108) -
Low Dose 49 ==~ 19 (39%) 47 2 (4%) 2(4%)
High Dose 46 1 (2%) h _ _9 (20%) _46 | —— 3(7%)

With regard to. hepatocellular carcinoma, the mid-dose
group males have a unusuaEIy high proportion and the high-dose
group females have three incidences and the control females, none.
A''racent summary (Goodman, Boorman, and Strandberg, "Selection
and Use of the BGC3F1 Mouse and F344 Rat in Long-Term Biocassays
for Carcinogenicity" in press) has indicated that the control
range for hepatocellular carcinomas in this strain of mouse is °

8 to 36 percent in males and 0 to 15 percent in females (p. 291
of the paper). The response as indicated above is just over the
range for the mid-dose group males. Although a possible effect
is noted in the mid-dose group, the high-dose group developed
this tumor type in the same frequency as the control group.
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These data by themselves do not require the conclusion
that lindane produced an oncogenic response in mice liver.

2, Other organs affected with primary tumors included the -
lung, skin, mammary gland, uterus, adrenal gland, and pituitary
but there were only a few incldences and no obvious dose response
or truly rare tumors. Two mice (one male high-dose group) and
onhe female (a control) developed lymphoma. .

N. Conclusion:

'This study is SUPPLEMENTARY. The use of only 10 mice in the
control group is not scientifically sound. No individual animal
data were presented. A decision on the oncogenic potential
~of lindane in mice cannot be made from this study.

43
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A. Study Types: Oncogenicity - Mousé (The Toxicology of Dieldrin
(HEOD). 1II. Comparative. Long-Term Oral Toxicity

Sstudies in Mice with Dieldrin, DDT, Phenobarbitone,
beta-BHC and gamma-BHC.)

Accession No.3

MRID No.:
Sgonsor:' shell Research Ltd.

Contracting Lab.: Shell Research Ltd., Tunstall Lab.
sittingbourne, Kent, England

Date: As published in Fd. Cosmet Toxicol. 11:433-442, 1973.
(authors Thorpe and Walker) - '

B. Test material was described as qamma-ﬁﬁc (99.58% purity) and was
provided by Koch-Light Laboratories Colinbrook, Bucks. No informa-
tion on the lot number or analysis of the diets was provided.

C. The test animals used were CFl strain mice. Apparently they
were provided and maintained by the tester's laboratory. The .
experimental design consisted of 45 males and 45 females as the
control group and 30 males and 30 females in the gamma-BHC treated
group. Also included in the study and assessed concurrently

wers groups of 30 male and 30 female mice dosed with dieldrin

(10 ppm), DDT (100 ppm), beta=-BHC (200 ppm), sodium phenobarbitone
(500 ppm). These dose levels were gselected based on a preliminary

experiment. Dosing was scheduled for 105 to 109 weeks (up to 26
months).

The following will emphasize the repsonses of the mice to
beta- and gamma-BHC. =

D. Survival

Twenty of the control males (44%) and 14 of the control
females (31%) survived to termination. Only five males (17%) and
one female (3%) from the gamma-BHC groups and four (13%) males and
five (17%) females from the beta-BHC group survived until termina-
tion. There were many deaths in the first 17 months and ataxia
was reported to precesd death. Survival was also poor for the
groups receiving other insecticides,

The presence of the test material is considered resaponsible
for the poor survival of the mice dosed with beta-BHC and gamma-BHC.

E. No data were provided related td behavioral responses except
f?t the statement that ataxia preceeded death for some of the
mice.



F.

o -2 "

G., He, I. and J. No data were provided for hematology, clinical
biochemistries, urinalvses, or organ weights. :

K. gfoss Fathology
!

Only comments on the liver were provided, Liver enlargement
was noticed by week 50 (apparently in the living mice) for the
mice dosed with gamma-BHC and by week 60 for the mice dosed with
beta-BHC., The appearance of the liver at necropsy was described
as "enlarged, with irregular nodular surface.® The individual
nodules ranged from a few "millimeters "to several centimiters”
in diameter. Some nodules were described as being of normal
color while others had paler focl and yellow necrotic areas were
also evident. No tabulation showing the incidence rate of these
lesions were presented.

L. Histopathology

The following table summarizes the neopiastié response in the
liver for all chemicals used in the study.

Males Females

) Tumor Type~ Tumor Type
Chemical (ppm) N A B Total | N A B Total
Control 45 20 4 24 44 23 0 23

Dieldrin (10) 30 47 53 100** 30 40 47 g7*r

DOT (100) 30 47 30 77** | 30 47 40
Phenobarbitone (500) 30 53 27 80%* | 28 43 32  75%*
beta=BHC (200) 30 40 33 73%** | 30 30 13 43

gamma=-BHC (400) 29 38 55 93 29 34 34 69**

pata are in patcent of mice with tumor type A or B or total.
*% p ¢ 0.01 different from the control (tester calculation).

on this basis, all five of the test chemicals were considered
positive in both sexes (except for beta-BHC in females) for increasing
the spontaneous production of liver tumors in mice. The tumor
types produced were either type A or type B with the type B being
an invasive variety. When a mouse had both type A and B, it was
counted as having type B only.

45
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As for other tissues/organs, the overall incidences of
neoplasms tended to be reduced relative to the control. Thus,
no other candidate target organ for a neoplastic effect of lindane
was indicated by this study.

N. Conclusion T

‘This study is SUPPLEMENTARY. Individual animal data were not
presented. The data are in summary tables only. Only a single
dose level of test material was used. .

The data presented in this study, indicate that the Qamma-isomer
of hexachlorocyclohexane (lindane) causes neoplastic changes in
mouse liver.
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A. Study ngez dncogehicity - Mouse [Testing of the substance
Lindane for cancerogenic effects in mice using
oral administration = duration 80 weeks]

Accession No.: ..

MRID No.:

spongor:
Contracting Léb.: C.H. Boehringer Sohn Ingelheim am Rhein

Date: February 25, 1975 (translated to English April 1975)

B. Test Material"

The test substanceé was described only as lindane and as
being of 99.5% purity from lot 22111-1.
C.. The test animals were described as SPF mice [(Chbb-NMRI).

The supplier's name was not provided. The experiment consisted
of four groups: the controls (100 males and 100 females) and
three dosed groups of 50 males and 50 females each per group
which were given diets consisting of 12.5, 25, or 50 ppm of the
test material. No information on the results of testing the
diet for lindane concentration was provided., The mice were
scheduled to receive their test diets for 80 weeks. The mice .
were approximately 34 days old (23 gm, males and 21 gm females)
at initiation of feeding of the test material

D. Survival

. There were 14 (14%), 4 (8%), 13 (26%), and 9 (18%) deaths
among the males and 14 (14%), 10 (20%), 5 (10%), and 10 (20%)
deaths among the females. Thus, survival for the 80-week -
experiment is considered good in that there was always 37 or
more mice per group vhich received the test diet for 80 weeks.
There was no test-chemical-related effect on the mortality.
NOEL > 50 parts per million. ,

E.

Reactions

No comments were provided in the test report, the frequency
of observation for test material reactions was not provided.

Fe BOd! Wﬂight

o teit—chomicalnrelated changes in either body weight or
food consumption were evident. Note: summary tables only, no
individual animal data were presented. NOEL > 50 parts per million.

{
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The mean effective intake of compound per day was calculated
(by the tester) to be 2.1, 4.1, and 8.2 mg/kg/day for males and
2.0, 3.9, and 7.8 mg/kg/day for females. These data were not
supported by actual dietary analysis but were based on food
consumption and body weight data.

+ .

G. Hematology

No tests on these parameters were conducted.;”

H. Clinicii Biochemistry

No tests on these parameters were conducted.

Urinalysis

No tests on these parameters were conducted.

Organ Weights T

No'evidence was presented that organ weights were determined.

K. Gross Pathologz

- According to the protocol, gross necropsy was to be performed
on all mice and all lesions and the results were supposed to
have been recorded. The test report lists those findings "if
they are of any relevance for the assessment of a cancerogenic
effect of the compound.” As a result of this limited reporting,
probably less than half of the mice from each group are listed
as having necropsy findings. There were no obvious increases in
necropsy findings associated with increases of lindane in the
diet. : :

L. Histogathologx

The principle target organs which the protocol listed for
histopathological asseasment were the brain, heart, lung, liver,
(with gall bladder), spleen, kidneys, adrenals, gonads, and
urinary bladder as well as "all macroscopically perceptible
tumors,.” . - : .

No comprehensive summary of the histopathological findings
was presented. There were 26 control, 9 low-, 6 mid-, and 11
high-dose male mice and 22 control, 16 low-, 6 mid- and 11 high-
dose test group female mice for which there were histologically
jdentifiable lesions described as being neaplastic reported.
Non-=neoplastic lesions were not reported. )

In the liver there were a total of 10 neoplastic incidences
reported. OF these 9 were liver cell adenomas of which 5
(4 males, 1 female) were in the control group, 2 (a male and a 48
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female) ware in the low-dose group and 2 (both males) were in the
high-dose group. The other neoplasm type was a *malignant heman-
gicendothelioma (a low-dose group male). No evidence was
presented of dose related increases in liver neoplasms.

Thera were a total of 50 lung tumors reported consisting of
primary lung tumor “type A", "type B, and "type I* (the test
report describes the difference in their classification for
these tumors). Of these 50, 21 were in the control group (13
males and 8 females) 1l were in the low-dose group (10 males and
1 female), 8 were in the rid-dose group (5 males, 3 females) and
10 were in the highdose group (6 males and 4 females). No
evidence of dogse-related increase in lung tumors was evident.

Some 35 incidences of “lymphatic leucoses lymphosarcomas were
reported, - There were 17 in the control (5 males and 12 females),
7 in the low=dose group (all females), 4 in the mid-dose group
(1 male and 3 females), and 7 in the high~dose group (2 males
and 5 females). No evidence of dose-related increases in this
type of neuplasm was evident, _ o ’

The higthosé'groups had three types of naopiasms which were
not found in other test groups. There were two incidences of -

"polymorphonuclear sarcoma® (one male and one female were affected)

and one incidence of "spindle cell sarcoma* in a male mouse.
Although it is noted that these are only in the high-dose groups
there is insufficient evidence that they are compound related.
They are not considered to be rare tumors for this species.

N. Conclusidns

This study is SUPPLEMENTARY. There is insufficient raw data
to support the conclusions. The individual animal pathology
sheets for the test mice must be provided and include all macro-
scopic and microscopic observations. Tables summarizing all
findings must be presented.

It would be difficult to upgrade this study higher than CORE
SUPPLEMENTARY even if the individual animal pathology data were
provided because the high-dose test group did not show any pharma-
cological response to the test material.
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Study Type: Oncogenicity - Mice (Pathologic and ultrastructural
studies in the hepatocarcinogenicity of benzene
hexachloride in mice] :

Accession No.:

MRID NO.:®
Sgdnsor:_ Government of Japan

Contracting Lab.: Nara Medical University, Nara, Japan

Date: As published in J. National Cancer Institute 51:817-826
(1973). [authors N. Ito, H. Nagasaki, M. Arai, S. Sugihara,
and S. Makiura.]

Summary of Sﬁﬁdz and Results

Nineteen groups of mice (20 to 40 per group) were dosed with
either pure alpha, beta, gamma or episilon isomers of BHC or
with combinations of alpha plus the beta, gamma or episilon isomers
for 24 weeks. At the end of the feeding period, the mice were
sacrificed and assessed for liver toxicity responses.

The mice dosed with the alpha-isomer when dosed at either 250
or 500 ppm all developed "nodular hyperplasia®™ and "hepatocellular
carcinoma* with most of the mice in these groups being affected.
None of the mice dosed with either beta, gamma or episilon alone
(at 100, 250, or 500 ppm) developed these lesions. Mice dosed
with combinations of 250 ppm each of tle alpha-isomer and either
beta, gamma or episilon also developed the neoplastic lesions.
Thus, the alpha-isomer is concluded to be the active ingredient
in technical BHC which may result in liver neoplasms in mice.

The study is SUPPLEMENTARY. No individual animal data
presented. The alpha-isomer, but not the gamma-isomez was shown
to be associated with increased liver tumors in mice.
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Oncogenicity - Mouse [Translated from German
"Contributions to Ecological Chemistry II. Hepatoma
development in mice after administration of HCH

isomers in high dosages.]

Study Type:

Accession No.:

MRID No.:

Sgonsor: None

Contracting Lab.: None - Study conducted at Gakushin Unive“sity,-
Tokyo, Jepan.

Date: As published in Chemosphe”e 1(6) 279-282 (1972). (euthors
M. Goto, M. BRattori, T. Miyagawa, and M. Enomoto).

Summerx of Study and Results -

This study was a followup of ‘a previous atudy by ‘the same
principle author which demonstrated that the alpha-isomer of BHC

induced 1liver tumors (hepatoma) in mice after Eeeding 600 ppm for
3 months. . E . : _

: In this study (the current study) 8 groups of 20 males of
ICR—JCL strain mice (5 weeks of age at start) were dosed with -
either 600 ppm of either technical grade HCH(I), alpha~isomer of
HCH(I1), beta-isomer of HCH(III), gamma=-isomer of HCH(IV), a mixture
of delta and epsilon HCH(V), 1,2,4-trichlorobenzol(vi), 2,3,5~trich-
lorophenol(Vil), 2,4, 5—t:1chlorophenc1(v111) or 300 ppm of gamma
~HCH(IX). After 26 weeks 10 mice were sacrificed from each -

grtoup and their internal organs examined. 1In summary, all of

the mice in group 1 and II developed hepatoma, 8 of 10 mice in
group V and 5 of 10 mice in group IX (lindane) developed "“liver
tumors.® Coincident with the presence of the liver tumors, the
liver weight was also elevated.

This study is SUPPLEHBNTARY. Thete are no supportinq individual
animal data and other technical details are not available in this:
report. The study provides data of interest in that it demonstrates

that lindane was associated with increased incidences of neoplasms
in mouse liver.
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Study Type: Oncogenicity - Mouse [Note: 1Induction of hepatoma
in mice with benzene hexachloride.]

Accession No.3

MRID NO.:

Sponsor: None

Contracting Lab.: Nohet -Study conducted at the Department of
Pathology, Osaka University School of Medicine

Date: As published in GANN 64:511-13, October 1973 (authors
M. Hanada, C. Yutani, and T. Miya).

Summay y of Study and Resulta.

. In this study, groups of dd mice were dosed with diets
containing 100, 300, or 600 ppm of crude BHC, of pure alpha, beta
or gamma isome*s of BHC for 36 to 38 weeks.

The mice in the g Toups .eceiving er ude Bﬂc, alpha— and gamma-
isomer were reported to develop "hepatoma” or liver tumors. The
response in the groups receiving crude BHC and the pure alpha-isomer
were most pronounced with all of the male arnd female mice in the
high=dose group developing the neoplastic condition, At least
one male mouse receiving 100 ppm alpha-isomer had a hepatoma.

Three of four males and one of three females receiving 600 ppm
of pure gamma-isomer (lindane) were reported as developing hepatoma.

None of the controls or mice receiving 100 or 300 ppm of gamma-isomer
developed hepatomas. ,

This study is SUPPLEMENTARY. No individual animal data were
provided and tco few test animals per dose were used. The study

provides an indication that lindane may produce neoplasms in
mouse liver.
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Study Type:. Oncbgenicity -~ Mice [Carcinogenicity of Benzene
Hexachloride (BHC).]

Accession No.:

_MRID No.:

Sponsor: None

Contracting Lab.: ané: Study'conducted at Nara Medical
o University, Nara, Japan

Date: As published Proceedings of the Second International
Symposium of the Princess Tokamatsu Cancer Research
Fund in Topics in Chemical Carcinogenesis, 1972. :
(authors H. Nagasaki, S. Tonrii, T. Mega, M. Marugami,
and N. Ito) :

$e

Summary of Study and Results ' y o
- Four groups of male dd mice were dosed as control, 6.6 ppm,

66 ppm, and 660 ppm of benzene hexachloride composed of alpha-~(67%),

beta=(11%), gamma~(15%), episilon-(6%) and other iscmers (< 1.08) for

24 weeks.,  After sacrifice, the liver, brain, heart, kidneys,

spleen, and testes were weighted and assassed microscopically.

The principle finding of this investigation was that all of
the mice dosed with 660 ppm of benzene hexachloride (technical)
developed "hepatoma." None of the mice in the groups receiving
the basal diet of 6.6 or 66 ppm of benzene hexachloride developed
hepatomas.  All dosed mice had increased liver weight (+ 14% for
the low=dose group and plus 16% for the mid- and + 245% for the
high-dose group). Other pathological changes found in the liver
included "oval cell infiltration," "bile duct proliferation,”
"cellular hyperplasia," and "nodular hyperplasia.* None of the
other organs examined had either weight or pathological differences
from the control group. ‘ o » .

One other interesting aspect of this paper is that data were
presented ito show that the alpha= and beta-isomer accumulate in the
liver. The beta~isomer, although it was present in the original
test material in lower proportions than the alpha=igomer, was present
in a higher concentration than the alpha-isomer. The gamma-isomer
was not detected at concentrations greater than 0.03 ppm.

This study is SUPPLEMENTARY. No individual animal data were
submitted to support the findings. The study confirms othesr
reports that technical benzene hexachloride (containing the
alpha-isomer) results in liver neoplasms when administered to mice
in the diet.
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