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Aquatic Life

For toxaphene the criterion to protect freshwater agquatic
life as derived using the Guidelines is 0.007 ug/l1 as a 24-hour
average and the concentration should not exceed 0.47 ug/l at any
time. |

For toxaphene the criterion to protect saltwater agquatic life
as derived using the Guidelines is 0.019 ug/l as a 24-hour average
and the concentration should not exceed 0.12 pg/l at any time.

Human Health

For the maximum protection of human health from the potentiél
carcinogenic effects of exposure to toxaphene through ingestion'of
water and contaminated aquatic organisms, the ambient water con-
centration is zero. Concentra;ions of toxaphene estimated to re-
sult in additional lifetime cancer risks rangihg from no addi-
tional risk to an additional risk of 1 in 100,000 are presented in
the Critericn Formulation sectioh of this document. The Agency is
considering ;etting criteria at an interim target risk level in
the range of 10-3, 10-6, or 16‘7 with corresponding criteria of
4.7 x 10-4 ug/1l, 4.7 x 10-5 nwg/1l, and 4.7 x 10-6 uwg/1l, respec-—

tively.



Introduction

Toxaphene is a commercially produced, broad spectrum,
chlorinated hydrocarbon pesticide consisting pfimarily of
chlorinated camphene and a mixture of related compounds
and isomers. It was introduced in the United States in
1948 as a contact insecticide under various trade names
and is currently the most heavily used insecticide in the
United States, having replaced many of the agricultural
applications of DDT, for which registration has been cancelled.
Annual production of toxaphene exceeds 100 millionipounds,
with primary usage in agricultural crop application, mainly
cotton.

Toxaphene has demonstrated carcinogenic effects in
laboratory animals. 1In addition, toxaphene is highly toxic
to many aquatic invertebrate and vertebrate species and
has been shown to cause the "broken back syndrome” in fish
fry. These observations, together with reported.bioconcentra—
tion factors as high as 91,000 indicate that toxaphene poses
a threat to living organisms;gparticularly in the aquatic
environment. On May 25, 1977, the U.S. Environmental Protec-
tion Agency issued a notice of rebuttable presumption against
registration and continued registration of pesticidé products
containing toxaphene.

Toxaphene is a complex mixture of polychlorinated cam-
phenes and bornanes with the typical empirical formula
ClOH10Cl18 and an average molecular weight of 414. It is

an amber, waxy solid with a mild terpene odor, a melting



point range of 65 to 90°C, a vapor pressure 0.17 to 0.40

mm Hg at 25°C, and a density of 1.64 at 25°C (Brooks, 1974;
Metcalf, 1966). Toxaphene has a -solubility in water of
approximately 0.4 to 3.0 mg/l1 and is readily soluble in
relatively nonpolar solvents, with an octanol/water partition
coefficient of 825 (Brooks, 1974; Edwards, 1973; Metcalf,

1966; Sanborn, et al. 1976). Paris, et al. (1977) reported

a toxaphene partition coefficient value of 3,300. Gas chromatoj
graphic analysis suggests the presence of approximately

177 components in technical toxaphene (Holmstead, et al.

1974). infrared absorptivity at 7.2 microns aids in distinguish-
ing toxaphene from other chlorinated terpene products such

as strobane. Although tricyclene may accompany the camphene,
the commercial mixture contains less than five percent of other
terpenes.

Toxaphene is commercially produced by reacting camphene
with chlorine in the presence of ultraviolet radiation and
certain catalysts to yield chlorinated camphene with a chlorine
content of 67 to 69 percent (Metcalf, 1966). The chlorine
content of the commercial product- is limited to this narrow
range since tﬁe insecticidal aétivity peaks sharply at those
percentage levels. Toxaphene is available in various formula-
tions as an emulsifiable concentrate, wettable powder, or
dust.

The commercial product is relatively stable but may
dehydrochlorinate upon prolonged exposure to sunlight, alkali,

or temperatures above 120°¢ {Metcalf, 1966; Brooks, 1974).



when dispersed in natural water systems, toxaphene
tends to be adsorbed by the particulates present or to be
taken up by living organisms and bioconcentrated. Thus,
it is seldom found at high levels as a soluble component
in receiving waters but can persist in sediments or remain

adsorbed on suspended solids for prolonged periods.
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AQUATIC LIFE TOXICQLOGY*

FRESHWATER ORGANISMS

Introduction

deaphene has been used as an insecticide for many years. At
one time toxaphene was used as a fish erraticant and there are
early acute static test data on the toxicity of toxaphene which
showed it to be very toxic to freshwater fish (Henderson, 1959;
Katz, 1961). |

Chronic data were published recently for both fish and inver-
tebrate species. Data for bioconcentration were obtained from the
fish chronic exposdres but there are no appropriate invertebrate
bioconcentration data.

The effect on aquatic plants is not known bui probably is nbt
important since this chemical is formulated as an insecticide and

not as a herbicide,

*The reader is referred to the Guidelines for Deriving Water
Quality Criteriavfor the Protection of Aquatic Life [43 FR 21506
(May 18, 1978) and 43 FR 29028 €July 5, 1978)] in order to better
understand the following discussion and recommendation. The fol-
ldwing tables contain the appfopriate data that were found in the
literature, and ét the bottom of each table are the calculations
- for deriving various measures of toxicity as described in the

Guidelines.



Acute Toxicity

As shown in Table 1, 52 96-hour LC50 values are available for
18 species of fish. Four of the 52 LCSO values are from flow-
through tests and the rest are from static tests. Johnson and
Julin (In press) showed that exposures of bluegills and channel
catfish to toxaphene in flow-through test systems did not produce
an appreciable increase in toxicity over static test systems.
However, fathead minnows were three times more susceptible to
toxaphene poisoning in the flow-through system (Johnson and Julin,
In press).

Unadjusted LC50 values ranged from 0.8 to 28 ug/l for the 18
species of fish listed in Table 1. No single species appeared
uniQﬁely sensitive or resistant. When the geometric mean of all
'values:in Table 1 is divided by the sensitivity factor (3.9) the
'LCSO value calculated (0.92 ug/l) is higher than one value in
Table 1. That valué (0.8 ng/l) is for channel catfish swim~up fry
at 25° C, suggesting a very reésonable fit of the data to the pro-
cedﬁres in the Guidelines. The Final Fish Acute Value is 0.92
ng/1. . | - \

The data base for @nvertebréte species (Table 2) contains 17
data points for 13 spec%es; six species represent rather different
decapods and insects. There are no toxicity data with flowthrough
. test procedures. The range of species sensitivity displayed in
Table 2 (the highest LCS50 value divided by the lowest is large,
178, The geometric mean of the invertebrate LC50 data is 9.6
ng/l. When the geometric mean is divided by the éensitivity fac-
tor (21), a value of 0.46 pg/l becomes the Final Invertebrate

Acute Value. The lowest LCS0 value is 1.1 ug/l which is 2.4 times

the Final Invertebrate Acute Value.
B-2



Since the Final Invertebrate Acute Value of 0.46 ug/1l is
lower than the Final Fish Acute Value of 0.92 ng/l, the Final
Acute Value for freshwater aquatic life is 0.46 ug/l.

Chronic Toxicity

There are two chronic test values for fathead minnows and
channel catfish (Table 3). A third chronic test result with brook
trout is in Table 6 because even at the lowest concentration
tested (0.039 nug/l) there was an effect on growth. The geometric
mean of the chronic values is 0.047 ug/l which is 77 times lower
than the geometric mean acute value for fish. The chrcnic value
divided by the sensitiyity factor (6.7) from the Guidelines gives a
95 percent species protection concentration of 0.007 pg/l. A
different method of estimating the same value is obtained by
multiplying the Final Fish Acute Value by the application factor
calculated from the chronic data. This estimate is 0.018 ug/l,
about 2 1/2 times larger. This suggests the Guideline sensitivity
factor is reasonabie for fish chronic toxicity. The Final Fish
Chronic Value is the lowest of the three estimates in Tabie 3:or
0.007 wng/l.

Chronic data for invertebrafe species are in Table 4. Chronic
values.for three species vary by a factor of 20, indicating the

sensitivity difference between the tested species. Daphnia magna

was the most sensitive of the three species. The chronic value
divided by the sensitivity factor (5.1l) from the Guidelines gives
a 95 percent species protection concentration of 0.06 ug/l. This
value is lower than the lowest chronic value of 0.09 ug/1l, and

0.06 pg/l becomes the Final Invertebrate Chronic Value.



Plant Effects

No daia for plant effects wefe found.
Residues

Table 5 contains equilibrium bioconcentration data for three
species of fish. The geometric mean of the bioconcentration fac-
tors is 44,000. A residue limit for consumers of aquatic life,
established by the U.S. Food and Drug Administration is 0.5 mg/kg
in animal feed. Fish meal is used in domestic animal feed and the
0.5 mg/kg value is used to calculate a Residue Limited Toxicant
Concentration (RLTC) value. By dividing the FDA limit of 0.5
mg/kg by the bioconcentration factor of 44,000 a RLTC value of
0.011 ug/l is obtained. The Final Fish Chronic Value (0.007
ug/l), Final Invertebrate Chronic Value (0.06 ug/l), Final Plant.
Value (no data) and the RLTC Value (b.Oll ug/l) are the values
derived to protect aQuatic life and the consumer of aquatic life.
The lowest value is the Final Fish Chronic Value and this becomes
the Final Chronic Value.

Miscellaneous

Table 6 contains no data that would alter the selection of

0.007 ng/l for the Final Chronic Value.



CRITERION FORMULATION

Freshwater-Aquatic Life

Summary of Available Data

The concentrations below have been rounded to two significant
figures.
Final Fish Acute Value = 0.92 ug/1
" Final Invertebrate Acute Value = 0.46 ng/1l
Final Acute Value = 0.47 ng/1
Final Fish Chronic Value = 0.007 ug/l
Final Invertebrate Chronic Value = 0.06 nug/l
Final Plant Value = not available |
Residue Limited Toxicant Concentration = 0.011 ug/1
Final Chronic Value = 0.007 ug/l1
0.44 x Final Acute Value = b.20 ug/l
The maximum concentration of toxaphene is the Final Acute
Value of 0.47 ug/l and the 24-hour average concentration is the
Final Chronic Value of 0.007 ué/l. No important adverse effects
on freshwater aquatic organisms have been reported to be caused by
. concentrations lower than the 24-hour average conceniration.
CRITERION: For toxaphene the criterion to protect freshwater
aquatic life ;s derived using;the Guidelines is 0.007 ug/l1l as a
24-hour average and the concentration should not exceed 0.47 ug/1

- at any time.



Table 1.

Orgapjum

Coho salmon,
Oncorhynchus kisutch

Coho salmon,
Oncorhynchus kisutch

Chinook salmon,

Oncorhynchus tshawytcha

Rainbow trout,
Salwo gairdneri

Rainbow trout,
Salwo gairduerl

Rafnbow trout,
Salmo galrdnert

Rainbow trout,
Salmo gafrdneri

Rainbow tyout,
Salmo gafrdneri

Ralnhow trout,
Salmo gairdnert
Brown trout,
Salmo trutta

Brook trvout,
Salvelinus fontinalis

Stoneroller,
Campostoma anomalum

Coldfish,
Carassius auratus

Goldfish,
Carussius auratus

Coldfish,
Carassius wuratus

Freshwater flsh acute values for toxaphene

Bioassay Test

Methodk copc.kk {hrse)

s .

|4}

U

U

u

Time

96

96
96
96
96
96
96
96
96
96
96
96
96
96

96

Adjusted
1LC50 1LCS50

{ugz1) {ugs1l)

9.4 5.1
8 4.4
2.5 1.4
8.4 4.6
8.4 4.6
5.4 3.0
2.7 1.5
1.8 0.98
11 6.0 |
3 1.6
10.8 10.8
14 7.7
5.6 3.1
28 15

14 7.7

kege;gnce

Katz, 1961

Macek & MéAlliater,
1970

Katz, 1961

Katz, 1961

Mahdi, 1966

Cope, 1965

Coéc. 1965

Cope, 1965

Macek & McAllister, -

1970

Macek & McAllister,
1970

‘Mayer, et al. 1975

Mahdi, 1966
Hendexson, et al.
Mahdi, 1966

Macek & McAllister,
1970



Table 1. (Continued)
Adjusted
Bioassay Test Time 1.C50 LCS0
Qrganism Method®  Cong, *%  fhre). {ug/1) fugzi) Beterence
Carxp, S u 96 4 2.2 Macek & McAllister,
Cyprinus carplo ' 1970
Golden shiner, S U 96 6 3.3 Mahdi, 1966
Notemipgonus crysoleucas
Bluntnose minnow, S u 96 6.3 3.4 Mahdi, 1966
Pimephales notatus .
Fathead minnow, S U 96 7.5 4.1 Nenderson, et al. 1959
Pimephales promelas ’
Fathead ninnow, S u 96 5.1 2.8 Henderson, et al. 1959
Pluephales promelas
Fathead minnow, S U . 96 14 2.7 Macek & McAllister,
Pimcephales promelas . 1970
Fachead minnow, S u 96 13 7.1 Cohen, et al. 1960
Plmephales promelas
Fathead minnow, S u 96 20 11 Johnson & Julin, In
Pimephales promelas press
Fachead wminnow, FT U 96 7 5.4 Johnson & Julin, In
Pimephales promelas press
Black bullhead, S u 96 1.8 0.98 Mahdl, 1966
Ictalurus melas :
Black bullhead, S u 96 5 2.7 Macek & McAllister,
Ictalurus melas 1970
Channel cacfish, S u 96 13 7.1 Macek & McAllister,
Ictalurus punctatusg 1970
Channel catFfish, FT u 96 5.5 4.2 Johnaon & Julin, In
Tctalurus punctatug press
Channel cacfish, S u 96 2.8 1.5 Johngon & Julin, In
Tetalurus punctatus press
Channel catcFish, S U 96 0.8 .0.44 Johnson & Julin, In

press



Table 1, (Continued)

Adjusted

Biocassay Test Tima LCSo LCS50
Vrganism Method*  copc,**  {his) fugqzl) {uaszl) _ Kererence
Channel catfish, S [ 96 4.7 2.6 Johngen & Julin, In
Ictalurus punctatus , press
Channel catfish, S U 96 4.2 2.3 Johnson & Julin, In
Ictalurus punctatus press
Channel cutfish, S ] 96 3.7 2.0 Johnson .& Julin, In
Ictalurug punctatus press
Channel catfish, [ u 96 2.7 1.5 Johnson & Julin, In
Ictalurus punctatus press
Chaunnel catfish, S U 96 3.4 1.9 Johnson & Julin, In
Tctalurus punctatus press
Channel catfish, - S v 96 3.0 1.6 Johnson & Julin, In
Ictalurus punctatus . press
Channel catfish, .8 ) 96 3.9 2.1 Johnson & Julln, In
Ictalurus punctatus press
Channel catflsh, S u 96 . 3.2 1.7 Johnson & Julin, 1In
Tctalurus punctatus press : ' :
Channel catfish, S u 96 3.9 2.1 Johinson & Julin, In
Ictalurus punctatus press '
Channel catfish, S u 96 4.7 2.6 Johnson & Julin, In
Tctalurus punctatus : press
Mosquitofish, S v 96 8 4.4 Chalyarach, et al. 1975
Gambusia affinls
Guppy., S U 96 20 11 llenderson, et al.. 1959
Lebistes reticulatus
Bluegill, S U 96 - 3.2 1.7 Macek, et al. 1969
Lepomls macrochirus
Bluegill, S u 96 - 2.6 1.4 Macek, et al. .1969
Lepowis macrochirus
Blucgill, s U 96 2.4 1.3 Macek, et al. 1969

Lepomls macrochirus




Table 1. {(Continued)

Adjusted

Bioassay Test Time 1.C50 LC50
Organigm Methodk = copc k%  fhre) dugzl)  fugsl)  peterence
Bluegill, S u 96 3.5 1.9.  llenderson, et al. 1959
Lepomis macrochirus - '
Bluegill, S u 96 18 9.8 Macek & McAllister,
l.epomls macrochirus _ 1970
Bluegill, S U 96 2.4 1.3 Johnson & Julin, In
Lepomls macrochirus ‘ press
Bluegill, FT u 96 3.4 2.6 Johnson & Julin, In
Lepomis macrochirus press
Redear sunfish, S u 96 13 7.1 Macek & McAllister,
Lepounis microlophus : 1970
Largemouth bass, : S v 96 2 1.1 Macek & McAllister,
Micropterus salmoides . ' _ 1970
Yellow perch, . 8 .U 96 12 6.6 Macek & McAllister,
Perca flavescens . ' 1970

* § = gtatic, FT = flow-through
*% U = unmeasured, M = measured

Geometric mean of adjusted values = 3.6 wg/l _gég = 0.92 ug/l

Lowest value from a flow-through test with measured concentrations = 10.8 g/l
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Table 2.

Oryanisw

Cladoceran,
Simocephalus serrulatus

Cladoceran,
Simocephalus serrulatus

Cladoceran,
Duphnia pulex

Cladoceran,
Dauphnia magna

Scud,
Gammarus lacustris

Scud,
Gammarus fasclatus -

Scud;
Gammarug fagciatus

Scud,

‘Gammarus pseudolimnaeus

Glass shrimp,
Palacmonetes kadiakensis

Txme

Glass shriwp,
Palacmonetes kadfakensis

Glass shrimp,
Palaemonetes kadiakensis

Crayfish,
Procawbarus simulans

Crayfish,
Procambarus acutus

Midge (larva),
Chironomus plumosus

Stonefly,
Preronarcys californica

gigﬁgﬁiy ﬁgﬁ:.** (nrs)
S U 48
s u 48
S ) 48
5 U 48
S u 96
S u .96
S u 96
S v <96
S i 96
5 U 96
S u 24
S u 96
S u 48
S u 48
S v 96

1C50

fugz1)

19
10
15
10
26

35

24

\
16
28
21
210
61
180

2.3

Adjusted
LCHO
{nqsi)

Freshwater invertebrate acute values for toxaplhecne

hercreEnce

6.9
3.6
5.5
3.6
22
30
5.1
20
10

24

Sanders & Cope, 1966
Sanders & Cope, 1966
Sanders & Cope, 1966

Sanders, In press

Sanders, 1969

Sanders, 1972

Sanders, 1972

Sanders, In press

. Chaiyarach, et al. 1975

Sanders, 1972

Naqvi & Ferguson, 1970
Chaiyarach, et al. 1975
Albaugh, 1972

Sanders, In press

Sanders & Cope, 1968
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Table 2. (Continued)

Bloassay Test Time
Orgapiam Methodkx_ Conc.**  (hra)
Stonefly, S u 96
Pteronarcella badia
Stonefly, S U 96

Claassenia sabulosa

Adjusted
Lcso IC50

fug/1) {ugs1) Reterence

J.o - 2.5

1.3 1.1

Sanders & Cope, 1968

Sanders & Cope, 1968

* § = gtatice
** Y = unmeasured

" Geouwetric mean of adjusted values = 9.6

ug/l -

>2§%v- 0;A6'ugI1
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Table 3. Freshwater fish chronic values for toxaphene (Mayer, et al. 1977)

Chronic
Limits Value
Organism Testk {ug/1}) (uq/1y
Fathead minnow, LC 0.025-0.054 0.037
Plmephales promelas
Channel catfish, 1.C 0.049-0.072 0.059
Ictalurus punctatusg
* [.C = life cycle or partial life cycle v
0.047

Geometric mean of chronic values = 0.047 g/l

Lowest chronic value = 0.037 ug/l

7 = 0.007 l‘g/l

Aéélicatlon Factor Values (Mayer, et al, 1977)

96-hr LC50 MATC
Organism . _eg/l) fug/l)
Fathead minnow, 7 0.037
Pimephales promelas :
Channel catfish, 5.5 0.059

Ictalurus punctatus

AF
0.0053

0.011

Geometric mean AF = 0.0076

Geometric mean LCSO = 6,2 ug/l ~

0.0076 ¥0.92 wg/l x 6.2 pg/l = 0.018 ug/i
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Table 4. Freshwater invertebrate chronic values for toxaphene

Chronic

. Limits Value
Organism Tead* dugsl)  quasd) Reference
Cladoceran, 1.C 0.07-0.12 0.09 Sanders, In press
Daphnia magna
Scud, ‘ Lc 0.13-0.25 0.18 Sanders, In press
Ganmarus pseudolianacus '
Midge (lacrva), Lc 1.0-3.2 1.8 Sanders, In-press

€hironomus plumosus

* Life cycle or partial life cycle A
Geometric mean of chroaic values - 0'.'3"_l ug/l g-%l - -0.06 -icgll '
Lowest chronic value = 0.09 yg/l o
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Table 5.

orqu“i.gﬂ

Brook crout (fry),
Salvellnus fontinalls

Brook trout (yearling),
Salvelinus fontinalis

Fathead minnow,
Pimephales promelas

Channel catfish,
Ictalurus punctatus

Channel catfish (fry),

Ictalurus punctatus

Organism .

Man

Domestic animals -

Freshwater rcasidues for toxaphene

: Time
Bioconcentration Factor (days)
76,000 15
16,000 161
69,000 98
26,000 100
50,000 ' 30

. Maxiwum Pgrm;gslhle Tissue Concentracion

S

) " ‘ Concentration . -
.Action-Level -or Effect : _(mg/kg)
edible fish and shellfish 5.0
-'animal feed - ' 0.5

)

xeterence
Mayer, et al.,
Mayer, et al.,
Mayer, et al.,
Mayer, et al.,

Mayer, et al.,

‘Reference

U.S. FDA Admin
7420.09 - -

U.S. FDA Adnmin

_7426.04

1975
1975
1977
1977

1977

. Guideline

. Guideline

Geometrlc mean fishlbidconcentracloh factor = 44,000

Lowest maximum residue concentration = 0.5 mé/kg

;%f305,= N.000011 mg/kg or 0.011 pg/l
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Table 6.

Organi sm

Brook trout,
Salvelinus fontinalis

Brook trout,
Salvelinus fontinalia

Brook trout,
Salvelinus fontinalis

Brook trout,
Salvelinus fontinalis

Brook trout (fry),
Salvelinus fontinalls

Brook trout (fry),
Salvelinus fontinalis

Fathead minnow,
Pimephales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow,
Pimephales promelas

Channel catfish,
Ictalurus punctatus

Channel catfish,
Tctalurus punctatus

Channel catfish,
Tctalurus punctatus

Test
Duratfon

90 days
166 days
11 days
161 days
60 daya
15 days
30 days
30 days
7 days

5 days
30 days

30 days

Other freshwater data for

Etfect

No effect on growth
Growth inhibition
LTC-LC50

Decreaged

reproduction

Growth inhibition

Mortality

Growth inhiﬁition
Growth inhibition
LTC-LC50
LTC-LC50
Growth inhibition

Backbone quality

toxaphene

Result
ingzi)

<0.,039

0.27
4.1
0.075
0.041
0.041
0.097
0.054
5.3

15.2
0.299

0.072

Mayer,
Mayer,
Mayer,
Mayer,
Mayer,
Mayer,
Mayer,
Mayer,
Mayef,
Mayer,
Mayer,

Mayer,

et

et

et

et

et

et

et

et

et

al.

al,

al,

al.

al.

al.

al.

al.

al.

al.

al,

al.,

1975
l9i5
1975
1975
1975
1975
1977

1977

1977

1977

1977

1977




SALTWATER ORGANISMS

Introduction

Toxaphene has been used as an insecticide for many years; its
toxicity, persistence, and bioconcentration potential has been
" well documented in studies using saltwater plants and animals.
Its acute toxicity, particularly to fishes, prompted its use to
control populations of undesirable fishes.

Chronic toxicity of toxaphene to saltwater animals has-been
documented only recently, but its toxicity to>plahts and biocon-
centration by oysters and fishes has been known sincé the 1960°'s.

Toxaphene is a mixture 6f numerous chlorinated terpénes,'but
which terpenes are most toxic to saltwater biota is unknown be-~
cause they have not been tested individually.

Acute Toxicity

In flow-through toxicity tests with five fish species (Table
7) unadjusted 48- and 96-~hour LC50 values rangeé from 0.5 ug/1 td
5.5 ng/1 (Butler, 1963; 1964; Korn and Earnest; 1974; and
Schimmel, et al. 1977). Katz (196l1l) exposed the threespine
stickleback to toxaphene in static-tests at 5 and 25%/00
salinity and reported 96-hour LC50 values of 8.6 and 7.8 ug/l, .
respectively. Freshwater fishes tested were comparably Sensitive
(Table 1).

The 12 saltwater invertebrate species tested were highly
disparate in species sensitivity to toxaphene (Table 8).
Crustaceans varied greatly in species sensitivity. Blue crabs
were relatively insensitive; the unadjusted 48- and 96-hour LCS0
values ranged from 330 ng/l1 to 2,700 ug/l (Butler, 1963; McKenzie,

1970). Several life stages of the pink shrimp were nearly identi-



cal in sénsitivity to toxaphene with the 96-hour LC50 values
ranging from 1.4 to 2.2 ug/l (Courtenay and Roberts, 1973;
Schimmel, et al. 1977). However, sensitivity of individuals of
five early life stages of the drift-line crab exposed to toxaphene
in 96-hour toxicity tests was inversely related to the age of the
crabs tested. For example, the 96-hour LC50 of stage I larvae was
0.054 ng/l; that for megalopa (the oldest stage tested) was 8.4
ug/1 (Table 8). Other than stage I drift-line crab larvae, the

most sensitive crustacean tested was the copepod, Acartia tonsa,

the 96-hour LCS50 being 0.11 ng/1 when recalculated by probit
analysis (Finney, 1971; Khattat and Farley, 1976). The unadjusted
96~hour LCS50 to mactrid clams, the least sensitive species, was
460,000 ug/1 (Chaiyarach, et al. 1975). However, the data from
toxicity tests such as this with molluscs which can close their
valves and avoid direct contact with exposure water for indefinite
periods of time may underestimate a chemical's toxicity. 1In a

more appropriate test with molluscs, embryos of Mercenaria

mercenaria were also relatively insensitive with a 48-hour ECS50 of

1,120 wg/1l (Davis and Hidu, 1969).

Chronic Toxicity

Chronic éffects of toxaphene on saltwater fishes indicate
that concentrations that do not affect individuals in their early
stages differ little from 96-hour LC50 values. Goodman, et al.
(1978) conducted an embryo-larval study with the sheepshead minnow
in which toxaphene was not lethal to embryos at concentrations as
high as 2.5 ug/l. Combined embryo and larval mortality during a
28-day exposure to 2.5 ug/l was significantly greater than control

mortality, but at 1.1 ug/l mortality was not greater. Therefore,



concentrations not affecting survival or growth of sheepshead min-
nows in an embryo-larval test were the same as the 96-hour LCS50 of
toxaphene to juvenile sheepshead minnows. Schimmel, et al. (1977)
exposed longnoée killifish to toxaphene in a 28-day embryolarval
study. Significant effects on survival were evident at 1.3 ug/1,
but not at 0.6 ug/l. No 96-hour LC50 data are available for the
juvenile of this species; however, it probably would not be
greater than 10 times the no-effect concentration in an embryo-
larval test. (Schimmel, et al. 1977). )

The data for saltwater fishes contrast sharply with chronic
test data for freshwater fishes (Table 3). The 96-hour LCS50 of
toxaphene for the channel catfish was nearly 100 times the highest
concentration that produced no observable deleterious effects in a

chronic study; that for the fathead minnow, Pimephales promelas,.

was nearly 200 times. Data for four other pesticides support the
hypothesis that differences between acute- and chronic-effect
concentrations in freshwater and saltwater fishes are similar
(Parrish, et al. 1978). Probably either saltwater fishes_differ
from freshwater fishes in chronic sensitivity to toxaphene because
of the innate differences between snlt water and fresh water, or
the .difference in sensitivity may be due to phylogenetic factors,
sucn as those reported by Macek and McAllister (1970). If the
latter is true, then a criterion based on a saltwater cyprinodon-
tid fish, such as sheepshead minnow or longnose killifish in an
embryo-larval study may not provide adequate proteétion for other
estuarine and marine fishes.

The mysid shrimp is the only saltwater invertebrate species

exposed to toxaphene in a lifecycle study (Table 10) (Nimmo,
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1977). Exposure to 0.14 ug/1 of salt water decreased the number
of youné produced per female by 82 percent.slAn unmeasured concen?
tration of 0.067 ug/l .did not adversely affect reproduction. The
limits on the chronic values (0.07 to 0.12 ug/l) generated using

the freshwater cladoceran, Daphnia magna (Table 4), are comparable

to those for the saltwater mysid.

Plant Effects

Ukeles (1962) found that five species of algae varied
greatly in sensitivity to toxaphene (Table 11). The most sensi-

tive organism was the dinoflagellate, Monoéhrysis lutheri, its

growth being inhibited at a concentration of 0.15 ng/l. Data from
Butler (1963) indicated that 1,000 ug/l caused a 90.8 percent
decrease in productivity of natural phytoplankton communities.
Residues

The bioconcentration of toxaphene into tissues of saltwater
animals has been well studied (Butler, 1960; Goodman, et al. 1978;
Lowe, 1964; Lowe, et al. 1970; and Schimmel, et al. 1977) (Table

12). Lowe et al. (1970) exposed eastern oysters, Crassostrea

virginica, to a concentration of 0.7 ug/l for 36 weeks, followed
by a 12-week depuration period. . Tﬁe maximum bioconcentration
factor (BCF), 32,800, was attained after 24 weeks. No toxaphene
was found in oyster tissues after the l2-week depuration period.
Goodman, et al. (1978) exposed sheepshead minnow embryos and
fry to toxaphene for 28 days and reported an, average BCF of 9,800.
Schimmel, et al. (1977) exposed newly-hatched and juvenile long-
rose killifish for 28 days and reported average BCF's of 27,900

and 29,450, respectively.



Therefore, the geometric mean BCF for saltwater fishes (ex-
cluding ova of the longnose killifish) was 12,690 and that for
oysters exbésed to toxaphene was 32,800,

Data Interpretation and Use of Guidelines

The acute toxicity of toxaphene to saltwater organisms may be
underestmated when LC50 values are based on unmeasured concen-
trations, thereby justifying the use of adjustment facto:s for
this test condition. For example, Schihmel, et al. (1977) re~
ported 96~hour LC50 values for five species basedAoﬁ unmeasured
and measured concentrations. Four of the five measured values
were lower and one was equal to the unmeasured value. Only the
test results with measured concentrations are listed in Tables 7
and 8.

Variability in species sensitivity of fishes éxposed to
toxaphene is approximately a factor of 10 (Table 7) éompared with
that for invertebrate species tested (approximately a factor of
105, not including data on the mactrid clam; Table 8). There-
fore, use of the greater species sensitivity factors for inver-
tebrate species appears justified. The use of adjusﬁment factoré
contained in the Guidelines for species sensitivity produces a
Final Fish Acute Value of 0.44 g/l (Table 7) which is only
slightly lower than the lowest adjusted LCS50 values. Since the
Guidelines provide a Final Fish Acute Value which is lower than or
equal to 95 percent of the LC50 values, the sensitivity aajustmént
factor appears adequate. For invertebrate species, however, the
Final Invertebrate Acute Value of 0.12 pg/l (Table 8) is lower
than the adjusted LCS50 values for nine of eleven (82 percent)

species tested. Sesarma cinereum and Acartia tonsa, (Table 8)




would, therefore, not be protected from acute effects of toxaphene
at the Final Invertebrate Acute Value. Reasons for providing a
less-than-adequate Final Acute Value for the two species above
probably lie in the extremely high range (up to 100,000) in LC50
values from species to species. This is significant because these
two séecies are saltwater zooplankters which are especially impor-
tant as foods and larvae in saltwater systems.

Data from an embryo-larval test (Goodman, et al. 1978) and
information from the Guidelines were used to obtain a saltwater
fish chronic value for toxaphene (Table 9). No reports of entire
life-cycle exposures of saltwater fish were available in the
literature, but estimates of chronic values in these tests can be
obtained by using procedures in the Guidelines with data on
embryo-larval tests. Use of this procedure and a species sensi=-
tivity factor in the Guidelines appears to be justified, since the
sheepshead minnow has been shown to be generally less sensitive in
acute studies than are several'other saltwater fishes. No other
saltwater fish can now be tested in life-cycle tests for compari-
son of chronic sensitivity. Therefore, 0.12 ng/l is the Final
Fish Chronic Value.

One saltwater invertebrate species, Mvsidopsis bahia, has

been exposed to toxaphene in a chronic toxicity test (Nimmo,
1977). Using the procedures in the Guidelines, a chronic value of
0.097 ug/l is derived from this test. Using the épecies sensi-
tivity factor of 5.1, a Final Invertebrate Chronic Value of 0.019

ug/1l is derived (Table 10). Since Mysidopsis bahia is a rela-

tively sensitive species, it is believed that this value is
adequate to protect 95 percent of invertebrate species exposed

chronically to toxaphene.



Data derived from plant studies with toxapene (Table 11) do
not genérate a Final Plant Value 1owér than the Final Invertebrate
Chronic Value of 0.019 ug/l. |

Saltwatér residue data for toxaphene (Table 12), based on the:
average BCF's reported by Goodman, et al. (1978) and Schimmel, et
al. (1977) and FDA maximum tissue concentration of téxaphene
.a;lowable in animal feed (0.5 mg/kg), produce a Residue Limited
‘Toxicant Concentration (RLTC) of 0.039 ug/l in salt water. 'Use of:
the oyster BCF value of 32,800 (Lowe, et al. 1970) and the FDA
maximum concentration of toxaphene in edibie shellfish (5.0 mg/kg)
provides a higher RLTC (0.15 ug/l). |

Miscellaneous

No data from Table 13 suggest any more sensitive effects than.

those already discussed.



CRITERION FORMULATION

Saltwater—-Aquatic Life

Summary of Available Data

The concentrations below have been rounded to two significant
figures.
Final Fish Acute Value = 0.44 nug/1
Final Invertebrate Acute Value = 0.12 ug/1l
Final Acute Value = 0.12 ng/1
Final Fish Chronic Value = 0.12 ng/l
Final Invertebrate Chronic Value = 0.019 ng/1
Final Plant Value = 0.15 ug/1
Residue Limited Toxicant Concentration = 0.039 ug/1l
Final Chronic Value = 0.019 ug/1l
0.44 x Final Acute Value = 0.053 ug/1l
The maximum concentration of toxaphene is the Final Acute
Value of 0.12 ug/l and the 24-hour average concentration 1is the
Final Chronic Value of 0.019 ué/l. No important adverse effects
on saltwater aquatic organisms have been reported to be caused by
concentrations lower than the 24-hour average concentration.
CRITERION: For toxaphene the criterion to protect saltwater
aquatic life as derived usingAthe Guidelines is 0.019 ug/l as a
24-hour average and the concentration should not exceed 0.12 ug/1

at any time.
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Table 7.

Organionm

Sheepshead minnow,
Cyprinodon variegatus

Threcspine stickleback,
Gasterosteus aculeatus

Threespine stickleback,:

Cagterosteus aculeatus

Striped bass,
Morone saxatills

Pinfish,
Lagodon rhomboides

Spot,
Lelostomus xanthurus

white wmullet,
Mugil curema

Marine flsh acute values for toxaphene

Bioassay Teut Time
Hethjodk conc.ak {hre)
FT M 96
S u 96
5 u 96
FT u 96
FT M 96
FT U 48
FT u 48

1c50

{ug/1),
1.1
8.6
7.8
4.4
0.5

1.0

5.5.

[ RN

Adjusted

1C50

fuqs1} jeterence
1.1 Schimmel, et al. 1977
4.1 Katz, 1961
4.3 Katz, 1961
3.4 Korn & Earnest, 1974
0.5  Schimmel, et al. 1977
0.62 Butlerx, 1964
3.4 Butler, 1963

*§ = gtatic, FT = flow-through
*AM = measured, U = unuweasured

Geometric mean of adjusted

values = 1.6 ug/l

1.61
1.61 | 4 44 wenl
3.7 &

Lowest value from a flow-through test wlth weasured concentrations = 0.5 ug/l



Table 8.

Qrganism

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virginica

Hard claw (embryo),
Mercenaria mercenaria

Mactrid clam,
Rangla cuneata

Copepod,
Acartia tonsa

Mysid shrimp (Jjuvenile),

Mysitdopsis bahla

Mysild shrimp (adult),
Mysidopais bahia

Blue crub,
Callinectes sapidus

-Blue crab,

Callinectes sapidus

Blue crab,
Callinectes sapidus

Blue crab,
Callinectes sapidus

Blue crab,
Callincctes sapidug

Blue crab,
Callinectes sapidus

Blue crab,
Calllnectes sapidus

Marine Invertebrate acute valuea for toxaphene

Bioussay Test

Met nouk conc A%
FT M
FT u
FY U
S u
S U
S u
FT Y
Fr M
FT u
S U
S H
S u
S U
S u
8 u

Time

18£8)

96

96

96

48

96

96

96

96

48

96

96

96

96

96

96 -

herere€nce

Adjusted
1C50 LCLHO
{uqzi} fugzsl)
16.%%* 16
63 %%k 48.

57 k&% 44
1,120%4%%% 949
460,0005%*%309,600
0.11%kA%kk 0,093
6.32 6.32
3.19 - 3.19
330.*%%% 109

580 491

900 762

370 313

960 813

380 322

170 652

Schimmel, et al. 1977
Butler, 1963

Butler, 1963

Davis & Hidu, 1969
Chatyar;ch. et al. 1975
Khattat & Farley, 1976
Nimmo, 1977

Nimmo, 1977

Butler, 1963

McKenzie, 1970
McKenzie, 1970
McKenzie, 1970
McKenzie, 1970
McKenzle, 1970

McKenzice, 1970
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Table 8.

Organism

Blue crab,
Callinectes sapldus

Blue crab,
Callinectes sapidus

Blue crab,
Callinectes sapidus

Korean shrimp,
Palaemon macrodactylus

Korean shriup,
Palaemon macrodactylus

Grass shrimp,
Palaecmonetes puglo -

Brown ashrimp,
Penaeus aztecus

Pink shrimp,
Penaeus duorarum

Pink shrimp (nauplius),
Penaeus duorarun

Pink shrimp (protozoea),
Penaeus duorarum

Pluk shrimp (mysis),
Penaeus duorarum

Mud crab (stage I larva),
Rhithropanoplus harrisili

Deift-line crab (stage
1 larva), .
Sesarma clnerewn

Drift-line crab (stage
IT larva),
Sesarma cinereun

{Continued)

Biocassay Test

Methodx  Conc,
5 {!]
] U
S u
S u
FT u
FT M
FT v
FT M
8 U
S U
s
S u
S U
S u

Time
fhrs)
96
96
96
96
$6
96
48
96
96
96
- 96
‘ 96

96

96

McKenzie, 1970
McKenzie, 1970
McKenzie, 1970
Schoettger, 1970

Schoettger, 1970

Schimmel, et al. 1977

Butler, 1963
Schimuel, et al. 1977
Courtenay & Roberts,

1973

Courtenay & Roberts,
1973

Courtenay & Robertas,
1923

Courtenay & Roberts,
1973

Courtenay & Roberts,
1973

Adjusted

LCS0 LC50
{ugzl)  fuasd) __ pererence
1,200 1,016
2,700 2,287
1,000 847

20.3 17.2
20.8 16.0
4.4 4

4. 9kkk 1.6
1.4 1.4
2.2 1.9
1.8 1.5
1.4 1.2
43.75 37.1
0.054 0.046
0.76 0.64

Courtenay & Roberts,
1973 :
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TalLle 8. {(Cont inued)

‘ Adjusted

Biocassay Test Time 1.C50 1.CS0
Organism Method*  cong,**  (hrs) fuaZ)l)  {ngzl)l__ keterence
Drifu-line crab (scage S u 96 0.74 0.63 Courtenay & Roberts,
I1II larva), 1973
Sesarma cinercum
Drift-line crab (stage S u 96 6.8 5.8 Courtenay & Roberts,
IV larva), : 1973
Sesara cinereum
Drife-1ine crab (megalopa),$S u 96 8.4 7.1 Courtenay & Roberts,
Scesarma clnereum 1973

* S » atatic, FT = flow through

*k M = measured, U = unmeasured

A%k EC50: Decreased growth of oysters, or loss of equilibrium for brown shrimp or blue crabs.

*kkk Not used to calculate geometric mean because bivalve egg data and wortality data were not
used in calculation of variance. 1In addltion, toxicity can be underestimated when molluscs
close thelr valves and avoild direct exposure.

AkkxA[C50 data vecalculated using probic analyses Mecthod of Finney (1971).
GCeometric mean of adjusted values = 5.86 g/l Etgé = 0.12 ug/l

Lowest value from a flow-through test with ineasured concentrations = 1.4 ng/l



Table 9. Marine invertebrate chronic values for toxaphene (Nimmo, 1978)

Chronic
lamits Value
Qrganism Teut fugsl) {ugqrs1)
Mysld shrimp, LC 0.067- 0.097

Mysldopsis bahia : 0.14

Geometric mean of lowest chronic value = 0.097 ng/l. 9;9%1 = 0.019 ;g/1

Lowest chronic value = 0.097

2Z-€
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Table 10. Marine fish chronlc values for toxaphene (Goodman, et al. 1978)
Chronic
Limits Value
Qrganisgm Tesch Juyzi)  qug/l)
Shcepshead minnow, E-L 1.1-2.5  0.83
Cyprinodon variegatus
% E-L « embryo-larval
0.83

Geometric mean of chronic valuea = 0.83 ug/l % Bl 0.12 ug/l

Lowest chronic value = 0.83 ug/l
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Table 1l. Harine plant effects for toxaphene

Concentxation

orqanism Effect fugs1y

Alga. No growch 70
Chlorella sp.

Dinoflagellate, Lethal 150
Dunallella cuchlora

binoflagellate, No grouwth 0.15
Mouochrysis lutheri

Alga, Lethal 40
Phacecodactylun tricornutum

Alga, - No growth 150

Protococcus sp.

Natural phyctoplankton 90.8% decrease in

communicics productivity; '‘C

1,000

Reference

Ukeles,

Ukeles,

Ukeles,

Ukeles,
Ukeles,

Butler,

1962

1962

1962

1962

1962

1963

Lowest plant value = 0.15 ug/l
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Table 12. Marine vesiduea for toxaphene

Time
Orqganism pioconcentration Factox (days)
Eastern oyster, 32,800 168
Crassostrea virginica
Sheepshead minnow, ) 9,800. 28
Cyprinodon variegatus
Longnose killlfish (fxy), 27,900 28
Fundulus similis
Longnose killifish (Juvenile), 29,450 28
Fundulus similis
Longnose killifish (adult), - 5,400 32
Fundulus slmilis
Longnose killifiash (ova of 1,270 14
exposed adult),
Fundulus similis
Longnose killifiseh (ova of . 3,700 32

exposed adult),
Fundulug siwmilis

Maximum Perﬁlaslble Tisgue Concentration

neterence

Lowe, 1970

Goodman, et al.

Schimmel, et al.

Schimmel, et al.

L

Schimmel, et al.

Schimmel, et al.

Schimmel, et al.

Reference

Concentration
Organism Action Level or Effect (mg/kg)
Man edible fish and shellfish 5.0
Domestic animals animal feed 0.5

1978

1977

1977

1977

1977

1977

FDA Admin. Guideline:

7420.09

FDA Admin. Guideline

7426.04

Geometric mean shellfish bioconcentration factor = 32,800
Geometric wean fish bioconcentration factor = 12,690
Lowest maximum residue concentration = 0.5 mg/kg

19295 = 0000039 wg/kg or 0.039 yg/1
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Table 13,

Qrganigm

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virginica

Grass shrimp,
Palaemoneres pugio

Plok shrimp,
Penaeus duorarum

Sheepsheud minnow,
Cyprinodon variegatus

lLongnose killifish
(fry .48 hrs),
Fundulus similis

Longnose killifish
(juvenile),
Fundulus similis

Longnoase killiffish
(adult),
Fundulus slnilis

Spot,
Lefostomus xanthurus

Other marine data for toxaphene

Test
Puration Etfect
24 hes Growth fnhibition
4 days Bloconcentration
factor = 11,250
4 days Bioconcentration
factor = 960
*4 days Bloconcentration
factor = 550
- 4 days Bloconcentration
factor « 7,620
28 days LC50
28 days  1C50
14 days 957 wortalicy
144 hrs 504 moxtality

Result

fuq/i)
100

1.3

0.9

1.7

0.5

Reterence
Butler, 1960

Schinmel, et
Schimmel, et
Schimmel, et
Schimnel, et

Schimmel, et
Schinmel, et
Schimmel, ec

Lowe, 1964

al.,

al.

al,

al.

al.

al.

al,

1977

1977

1977

1977

1977

1977

1977
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Mammalian Toxicology and Human Health Effects

EXPOSURE

Ingestion from Water

Several routine monitoring studies of United States
sur face waters conducted prior to 1975 did not detect toxa-
phene (Brown and Nishioka, 1967; Lichtenberg, et al. 1970;
Manigold and Schulze, 1969; Mattraw, 1975; Schafer, et al.
1969; Schulze, et al. 1973; Weaver, et al. 1965). Lichten-
berg (1971) and Schulze, et al. (1973) placed the toxaphene
lower detection limit at 0.5 to 1.0 ug/l, whereas other
organochlorides can be detected at concentrations about
two orders of magnitude lower. Nicholson, et al. (1964,
1966) detected toxaphene in drinking water obtained from
Flint Creek, Ala. from 1959 to 1965. Mean concentrations
of 0.05 to 0.10 ung/1 were noted during the first four years
when toxaphene usage in the area was high, but dropped to
0.01 to 0.05 ug/l in the last three years. A survey of
commercial drinking water samples conducted by the U.S.
Environmental Protection Agency (1976a) during 1975 and
1976 found no detectable levels of toxaphene in 58 samples;
the limit of detection was 0.05 ug/l.

Toxaphene has been detected in water around areas where
it was applied to crops as an insecticide. 1In California,
Johnston, et al. (1967) detected toxaphene residues in- 60
of 61 analyses of surface effluents in Panoche Drain Water
(average 2.009 ug/l and range of 0.100 to 7.900 mg/1l) and
in 13 of 66 analyses of San Joaguin Valley tile drainage

effluents (average 0.528 pg/l and range of 0.130 to 0.950
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mg/l). Also, in California, Bailey and Hannum (1967) moni-
tored toxapﬁene in 17 of 26 surface water samples (average
concentration 0.23 pg/l). The San Joaquin District, California
Department of Water Resources (1963-1969) detected toxaphene

in 51 of 422 (12 percent) tile drainage effluents (0.02

to 0.5 mug/1); in 216 of 447 (48 percent) of surface drains

in Central Valley (0.04 to 71.00 ug/l); in 88 of 712 (12
percent) of Central Valley surface wateré (0.02 to 0.93

Mg/1l); and in 8 of 200 (4 percent) of California bays and
surface waters.

In Alabama, the Flint Creek watershed was monitored
during the years 1959 to 1965 (Cohen, et al. 1961; Grzenda
and Nicholson, 1965; Grzenda, et alf 1964; Nicholson, 1969;
Nicholson, et al. 1964; 1966). This water-shed drains an |
agricultural district where the major pesticide source is
from small cotton farms, major users of toxaphene (Nicholson,
et al. 1964). During this study, toxaphene waé detected
(carbon absorption followed by chloroform extraction) in
paired samples of raw Flint Creek water and treated drinking
water obﬁained from Flint Creek. Toxaphene concentrations
ranged from the limits of detection to 0.410 ug/l, with
a mean of approximately 0.07 ng/l. Since the recovery was
approximately 50 percent (i.e., 48 percent for the 1 ng/1
spiked samples and 42 percent for the 0.5 ng/l samples),
actual residues may have averaged about 0.14 ug/l. The
toxaphene concentrations in treated and untreated water
samples. were not significantly different, indicating that
treatment of drinking water does not reduce toxaphene concentra-

tions.



Although Mattraw (1975) did not detect toxaphene in
surface water in an organochlorine-residue survey in Flor-
ida, toxaphene was found in 3.2 percent of the sediment
samples (claimed lower detection limit of 0.05 uag/l). Barthel, .
et al. (1969) also found detectable toxaphene residues in
sediments at 11 sites on the lower Mississippi River. Her-
ring and Cotton (1970) detected toxaphene in 11 of 20 Missis-
sippi Delta Lakes at a maximum concentraﬁion of 1.92 ng/1l.
Sediments from 10 of these lakes had a maximum toxaphene
concentration of 2.46 ug/l.

Toxaphene contamination also has been documented in
an area surrounding a toxaphene manufacturing plant. The
University of Georgia Marine Institute (Reimold, 1974; Rei-
mold and Durant, 1972a, b, 1974; Durant and Reimold, 1972)
has monitored toxaphene contamination in surface waters,
sediment, and biota of waters receiving the effluent of
the Hercules, Inc. plant located on Terry Creek, Brunswick,
Ga, the largest producer of toxaphene in the United States.
The average monthly toxaphene concentration in the plant's
effluent has decreased from a high of 2332 ug/1 in August
1970 to a low of 6.4 pg/1l in June 1974, Dye experiments
have shown that the effluent is diluted by a factor of 10
‘after it reaches Terry Creek (Reimold, 1974). The Institute
(Reimold and Durant, 1972a, b; Durant and Reimold, 1972)
analyvzed sediment at three locations downstream of the plant
outfall. Samples were collected prior to a dredging operation
in June 1971 at three sites downstream: 0.2 miles from

the outfall at a location 50 yards from its intersection



with another creek; 0.8 miles from the plant outfall; and

1.4 miles from the plant outfall and 50 yards from the end
of Terry Creek (junction with Back River). Reimold and
Durant (1972b) measured 32.56 pug/l as the average toxaphene
concentration in sediment cores within Terry Creek Marsh.

The highest residue concentration measured in the surrounding
water was 15 pg/l before dredging.

Ingestion from Food

Estimates of toxaphene exposure from dietary intake
can be made from the U.S. Food and Drug Administration (FDA)
market basket survey, the FDA survey of unprocessed food
and feed samples, and the U.S. Department of Agriculture
(USDA) survey of meat and poultry. In the FDA market basket
survey, food samples are prepared for consumption (i.e.,
cdoked, or otherwise proceééed) prior to moniﬁoring for-
pesticide residues (Duggan and McFarland, 1967). The market
‘basket items are grouped by commodity c}ass (e.g., dairy
.products, leafy vegetables, legume vegetables) and are intended
to represent a 2-week diet for a'l6e to 19-year-old male
(Duggan and Corneluissen, 1972). The results of these sur-
veys, from their inception to the most recently published
report, are summarized in Table 1. From 1964 to 1972, food
samples were obtained from five cities: Boston, Mass.,
Baltimore, Md., Los Angeles, Calif., Kansas City, Mo., and
Minneapolis, Minn. Of the 26 positive samples encountered
during this period, 19 were in Los Angeles, four were in
Baltimore, and one was in Boston. Based on the estimates

of daily intake made by Duggan and Corneluissen (1972),
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TABLE 1

Toxaphene Residues Found in Food and brug Administration

Market Basket Survey,

1964 to 1975.

Monitoring “No. of No. of Commodities Contaminated Range Of Daily Reference

bPeriod Composits Composits Occurcence (No. of Composits of Levels Intake
o Positive Each Commodity Contaminated (ng/kq)

June 1964-April 1965 216 0 - -- 0] Duggan, et al. 1966

June 1965-aApril 1966 312 3 L.eafy vecgetables(1l) 0.048-0.38 0.002 Dpuggan, et al. 1967
and gatden fruits(2)

June 1966-April 1967 360 0 -- - 0 Martin and Duggan,

1968

June 1967-April 1963 360 4 Meat, fish, or poultry(l) 0.064-0.375 0.002 Corneliussen, 1969
leafy vegetables(l),
garden fruits(2)

June 1968-April 1969 360 13 Garden fruits(6), meat, 0.022-0.33 0.004 Corneliussen, 1970
fish, or poultry(l), :
vegetables(2), root veget-
ables{1l), lcafy vegetables(3)

June 19G69-April 1970 360 4 Leafy vegetables(2), 0.080-0.132 0.001 Corneliusscn; 1972
garden fruits(2) .

June 1970-Apcil 1971 360 1 Root vegetables(1l) trace Manske and Cornelius-

sen, 1974
June 1971-July 1972 420 | Lecaty vegetables(l) 0:1 Manske and John-
son, 1975
Aug. 1972-July 1973 360 0(1)h - (0.005)? Johnson and Manske,
' 1975
Aug. 1973-0uly 1974 360 3 Garden fruits(3) trace-0.163 Manske and Johnson,
. 1976
Aug. 1974-July 1975 240 1 l.eafy vegetables (1) 0.118 Johnson and Manske,
1977
a

b

From Duggan and Corneliussen, 1972,
Strobanc.



and assuming an average body weight of. 70 kg, the estimated
daily dose of dietary foxaphene over the period of June
1964 to April 1970 was 0.021 ng toxaphene/kg body &eight/day.
This estimate is based on food samples from a limited number
of cities, most of which are not located in areas of high
toxaphene usage. The more recent (1972 to 1975) results
of the market basket survey suggest that the current daily
dietary dose may be substantially lower; however, it is
equally possible that the dietary doses for individuals
located in the Mississippi Delta (an area of high toxaphene
usage) could be substantially higher. The U.S. EPA (1977)
recently compiled the results of the FDA survey on unprocessed
food and feed samples. As indicated in Tabie 2, the percent
of occurence of toxaphene contamination suggests significant
potential exposures to field workers.

TABLE 2

Toxaphene Residues Found in Food and Drug
Administration Survey of Unprocesseg Food and

Feed Samples, 1972 to 1976

# of # of # of Commodity most
commodities samples positive 3 of frequently

Year contaminated checked samples occurrence contaminated

1972 10 3516 118 3.3 Leaf & Stem
Vegetables

1973 15 2906 150 4.8 Leaf & Stem
Vegetables

1974 8 1919 109 4.6 Fish

1975 12 2317 118 5.0 Fish

1976 15 14228 257 6.0 Fish

dy.s. EPA, 1977.



The only published information encountered in the USDA
survey of meat and poultry is contained in the World Health

Organization (WHO)

(1974a) monograph on toxaphene.

information is summarized in Table 3.

TABLE 3
Residues of Toxaphene in Meat and Poultry Products?

This

No. of tissues . . No. with
analyzed No. with a residue toxaphene
Species
1969 1970 (6 mos) 1969 1970 (6 mos) 1969 1970
Meat
Cattle 739 583 712 NaP 2 0
Calves 142 67 141 NA 0 0
Swine 1964 1076 1741 NA 0 2
Sheep 312 137 303 NA 0 1
Goats 12 8 10 NA Y 0
TOTAL 3169 1871 2907 1721 2 3
Poultry
Young chickens 1909 1405 1898 NA 2 0
Mature chickens 78 - 77 NA 0 0
Turkeys 169 67 164 ‘NA 0 0
Ducks 42 8’ 41 . NA 0 0
Geese 1 2 1 NA 0 0
Other = 4 - NA 0 0
TOTAL 2199 1486 2181 1472 2 0

b

Similar but unpublished information covering the years

@wWorld Health Organization, 1974a. :
Breakdown by species not available from 1970 interim report.

1973 to 1978 has been obtained from the U.S. Department

of Agriculture (1978) and is summarized in Table 4.

These

data indicate that toxaphene is found consistently from

year to year in the fat of cattle, although the incidence

of contamination is extremely low.

only six samples were in excess of the tolerance limit (7.0

During this survey period,

ppm; see Existing Guidelines and Standards section).
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TABLE 4
Resxdues of Toxaphene in Fat Samples of Meat and Poultry Products
at Slaughter in the United States

Number of Positive Samples/Total Number of Samples (%)

Animal 1973 1974 1975 1976 1977 1978P
Cattle 9/710 (1.27) 2/1117 (0.18) 3/1733  (0.17) 3/1785 (0.17) 4/880 (0.45) 17432 (0.23)
Calves 1/84 (1.19) 0/284 (0.0) 0/269 (0.0) 0/327 (0.0) 0/124 (0.0) 0/62 (0.0)
Sheep & Goats 2/289 (0.69)c 1/371 (0.27) 0/356 (0.0) 0/250 (0.0) 0/100 (0.0) 0/36 (0.0)
Swine 4/232 (1.72) 2/323 (0.61) 0/324 (0.0) 17442 (0.23) 0/215 (0.0) 0/179 (0.0)
Chicken 3/530 (6.57) 1/1138  (0.09) 0/777 (0.0) 0/927 (0.0) 1/375 (0.27) 0/191 (0.0)
Turkeys - 3/517 (0.58) 0/535 (0.0) 0/554 (0.0) 0/456 (0.0) 0/303 (0.0) 0/64 (0.0)
Ducks & Geese 0/95 (0.0) 0/148 (0.0) 0/246 (0.0) 0/267 (0.0) 0/186 (0.0) 0/39 (0;0)
Rabbits 0/19 (0.0) ; 0/11 (b.O) 0/65 (0.0) 10/21 (0.0) 0/14 (0.0)
Horses 0/44 (0.0) 37266 (1.13) 0/261 (0.0) 0/217 (0.0) 0/112 (0.0) n/20 (0.0)
TOTAL 22/2520 (0.87) 9/4388 (0.21). 3/3971 (0.08) 474736 (0.08) 5/3216 (0.22) 1/1037 (0.10)
bU .S. Department of Agtxculture, 1978.

first two quarters only
Clisted as lamb



these six yiolations, five were in fat samples from cattie,
one of which occurred in the first quarter of 1978. The
data summarized in Tables 3 and 4 indicate that toxaphene
is not a widespread contaminant in meat and poultry products.
As detailed in the Ecological Effects section of this
criterion document, toxaphene in water can be bioconcentrated
in fish by factors of 50,000 and more, based on laboratory
studies and measurements of whole body residues. However,
in assessing potential human dietary exposure, the primary
concern is with residues bioconcentrated in the edible por-
tion or fillet. Working with adult brook trout, Maver,
et al. (1975) found that toxaphene was biloconcentrated
in the fillet by a factor of 8,000 when fish were kept in
water containing toxaphene at 0.5 pg/l for 161 days. At
a nominal concentration of 0.041 pg/l1 - which is still greater
than the concentrations of toxaphene found in dr}nking water
(see Ingestion from Water section) - the bioconcentration
factor for the fillet was less than 2,400. Toxaphene resi-
dues found in fish from toxaphene-treated lakes are gener-
ally consistent with levels obtained during laboratory studies
and indicate’ that fish bioconcentrate toxaphene by a factor
of several thousénd. For example, Terriere, et al. (1966)
found that total mean body residues in'rainbow trout in
lakewater were several ug/g compared to approximatley 0.5
RBg/l in water (bioconcentration factor of 9,000 to 19,000),
which is comparable to the bioconcentration observed experi-
mentally by Mayer, et al. (1975) with total body residues

in brook trout.



A bio;oncentration factor (BCF) relates the concentra-
tion of a chemical in water to the conéentratibn in aquatic
organisms, but BCF's afe not available for the edible portions
of all four major groups of aquatic organisms consumed in
the United.States. Since data indicate that the BCF for
lipid-soluble compounds is proportional to percent lipids,
BCF's can be adjusted to edible portions using data on percent
lipids and the amounts of various specieé consumed by Ameri-
cans. A recent survey on fish and shellfish consumption
in the United States (Cordle, et al. 1978) found that the
per capita comsumption is 18.7 g/day. From the data on the
19 major species identified in the survey and data on the
fat content of the edible portion of these species (Sidwell,
et al. 1974), the relative consumption of the four major
groups and the weighted average percent lipids for each

group can be calculated:

Consumption Weighted Average

Group {(Percent) Percent Lipids
Freshwater fishes 12 4.8
Saltwater fishes 61 . 2.3
Saltwater mol}uscs 9 1.2
Saltwater decapods lé . 1.2

Using the percentages for consumption and lipids for each
of these groups, the weighted average percent lipids is

2.3 for consumed fish and shellfish.



TheAabove approach have been used to estimate a biocon-
centration factor for toxaphene. Measured steady-state
bioconcentration factors were obtained for toxaphene using
five species:

Percent Adjusted

Organisms BCF Lipids BCF - Reference
Eastern oyster, 32,800 1.5 50,293 Lowe, 1970
Crassostrea virginica
Sheepshead minnow, 9,800 5 . 4,508 Goodman, et
Cyprinodon variegatus al. 1978
Brook trout (fry), 76,000 4.5 38,844 - Mayer, et
Salvelinus fontinalis al. 1975
Brook trout, 16,000 4.5 8,178 Mayer, et
(yearling), al. 1975
Salvelinus fontinalis
Fathead minnow, 69,000 8 19,838 Mayer, et
Pimephales promelas al. 1977
Channel catfish, 26,000 3.2 18,688 Mayer, et
Ictalurus punctatus , al. 1977
Channel catfish 50,000 3.2 35,938 Mayer, et
(fry), . al. 1977

Ictalurus punctatus

Each of these measured BCF's was adjusted from the percent
lipids of the test species to ;he'2.3 percent lipids that

is the weighted average for consumeé fish and shellfish.

The geometric mean was obtained for each species, and then
for all species. Thus, the weighted average bioconcentration
factor for toxaphene and the edible portion of all aquatic

organisms consumed by Americans is calculated to be 18,000.



Inhalation

The highest toxaphene residues in air have been found
in areas where toxapheﬁe is applied for agricultural purposes
(especially cotton production) (Arthur, et al. 1976; Miss.
Agric. Exp. Sta., 1976; Stanley, et al. 1971; Tabor, 1965
and 1966). Studies in cotton-growing areas demonstrate
that airborne residues are highest during the cotton growing
season and decrease to low levels after 5arvesting, but
spring tilling releases soil residues to the air. The recent
identification of ng/m3 levels over the Atlantic Ocean,
where toxaphene has not been applied, establishes that toxa-
phene residues move with air currents analagous to DDT (Bidleman,
et al. 1976; Bidleman and Olney, 1975).

Arthur,'et al. (1976) reported a 3-year (January 1972
to December 1974) study of toxaphene air residues at Stone-
ville, Miss., which is located in the southern catton belt.
Over this period, toxaphene concentrations were highest
in August (1540.0, 268.8, and 903.6 ng/m3) and lowest in
January (0.0, 0.0, 10.9 ng/m3). The mean monthly concen-
tration was 167 ng/m3. In a more.reéent unpublished survey
of the Mississippi area, conducted from January 1976.to
July 1976, the mean measured toxaphene concentration in
air was 18.7 ng/m3, with the highest concentration found
during June and July (42.09 ng/m3) (Miss. Agric. Exp. Sta.,
1976). Earlier studies (Tabor, 1965, 1966) conducted in
seven southern agricultural communities, detected toxaphene

at only two sites: Leland, Miss. where toxaphene levels



ranging from 1.2 to 7.5 ng/m3 were found in 6 of 15 samples
from July to September 1963; and Newellton, Tex., where
toxaphene levels ranging from 3.1 to 15 ng/m3 were found

in 6 of 10 samples. Both of these communities were cotton-
growling areas.

Comparative geographic studies of toxaphene air concen-
trations suggest that toxaphene contamination is most perva-
sive in southern states. From 1967 to 1968 Stanley, et
al. (1971) attempted to monitor toxaphene at nine locations:
Baltimore, Md., Buffalo, N.Y., Dothan, Ala., Frgsno; Calif.,
Iowa City, Iowa, Orlando, Fla., Riverside, Calif., Salt
Lake City, Utah, and Stonevillie, Miss. Toxaphene was found
in only three locations, all in the southern part of the
country: Dothan (11 of 90 samples'at 27.3 to f9.0 ng/m3),
Orlando (9 of 79 samples at 20.0 to 2520 ng/m3), and Stoneville
(57 of 98 samples at 16.0 to 111.0 ng/m3). Similarly, Bidleman,
et al. (1976) monitored toxaphene at five sites in North
America. As indicated in Table 5, the more southern sites

evidenced considerably higher concentrations of toxaphene.



TABLE 5

Toxaphene Residues in Air Samples at Five North American Sites?
(Bidleman, et al. 1976)
Number
of Rang

Location and Date Samples (ng/m”)
Kingston, Rhode Island, 1975 6 0.04 - 0.4
Sapelo Island, Georgia, 1975 6 1.7 - 5.2
Organ Pipe Cactus National Park, Arizona, 1974 6 2.7 - 7.0
Hays, Kansas, 1974 3 0.083 - 2.6
Northwest Territories, Canada, 1974 3 0.04 - 0.13

4gidleman, et al. 1976.

Toxaphene has also been monitored in the atmosphere

over the east coast of the U.S., near Bermuda, and over
the open ocean (Bidleman and Olney, 1975). With respect
to the above discussion of geographic distribution, it is
not.too surprising that a sample taken at Sapelo Island,
Ga. is'substantially greater (mean of 2.8 ng/m3) than the
samples taken at Bermuda (mean of 0.79 ng/m3) or over the
open ocean (mean‘of 0.53 ng/m3), since substantial amounts
of toxaphene are used in the south on-cotton.

These monitoring studies clearly suggest that toxaphene
is a prevalent atmospheric contaminant in areas where this
pesticide is used, particularly in the southern United States.
Taking the mean monthly toxaphene concentration of 167 ng/m3
noted by Arthur, et al. (1976) over a 3-year period in Stone-
ville, Miss., and assuming (1) that the average human weighs

70 kg and breathes 24 m> of air per day, and (2) that all
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1 the

of the tbxaphene breathed into the lungs is absorbed,
average déily dose of toxaphene from air is approximately
0.057 pg/kg.2 This is approximately twice the estimated
daily intake of toxaphene from the diet (see Ingestion from
Food section) based on the FDA 1964 to 1970 market basket
survey. An average national level of toxaphene exposure
from air cannot be estimated from the available data. However,
taking the average concentration monitored by Bidleman and
Olney (1975) over the open ocean (0.533 ng/m3), the daily
intake of toxaphene from air would be 0.18 ng/kg.
Dermal

No direct information is available on the importance
of dermal absorption in total human exposure to toxaphene.
Data from toxicity studies with laboratory mammals (see
Acute, Subacute, and Chronic Toxicity section) indicate
that toxaphene can be absorbed across the skin in toxic
amounts by humans. However, incidences of dermal absorption
of toxaphene by humans are restricted to occupational or
accidental exposures to large amounts of toxaphene. For
those exposed to only background ieVels of toxaphene, dermal
absorption is nct likely to be a significant route of entry.
lAssuming 100 percent absorption is common EPA policy, but
in this case is very conservative since human studies of
occupationally exposed individuals suggest no absorption
(see Absorption section).
21t should be noted that 0.057 ang/kg is a maximum or worst
case value due to (l) assumption of 100 percent absorption

and (2z) use of a mean monthly toxaphene concentration from
a high toxaphene use area.



PHARMACOKINETICS

Absorption

The recently completed U.S. EPA (1978) study suggests
that inhalation exposures to toxaphene do not result in
sufficient absorption by humans to cause quantifiable levels
in the blood. The study found no detectable levels of toxa-
phene in the blood of 54 workers occupationally exposed
to toxaphene. However, of 53 personal air samples analyzed,
30 had quantifiable levels of toxaphene and 19 had trace
levels. In the same study, cne individual not occupation-
ally exposed to toxaphene was found to have elevated toxa-
phene blood levels associateé with the consumption of toxa-
phene~-contaminated fish (see Excretion section), indica-
ting significant absorption after oral exposure.

Inferences on the absorption of toxaphene by laboratory
mammals can be made from some éf the available toxicity
data. Absorption across the alimentary tract, skin, and
respiratory tract is indicated by the adverse effects eli-
cited by toxaphene on oral, dermal, and inhalation exposures.
Based on toxicity studies detailea in the Acute, Subacute,
and Chronic Toxicity section, the vehicle used in the admini-
stration of toxaphene has a marked influence on lethality.
This effect is probably attributable to differences in the
extent and/or rate of absorption. 1In oral exposures, toxa-
phene has a much lcwer LD50 when administered in a readily
absorbed vehicle - e.g. corn o0il or peanut oil - than when
given in an indigestible vehicle such as kerosene. Similarly,

dermal applications of toxaphenrne in solution with mineral
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oil, dimethyl phthalate, or water are much more toxic than
similar applications of toxaphene in powder preparations’
(Lackey, 1949 a, b; Conley, 1952). Documented cases of
human poisoning by toxaphene indicate that man may absorb
toxic levels following oral, dermal, or inhalation exposures
(McGee, et al. 1952; Pollock, 1958; Warraki, 1963). When
administered or applied in comparable lipophilic solvents,
the ratio of oral LD50 to dermal LDS50 is about 0.1 (Tables
6 and 8). This suggests that toxaphene is absorbed more
completely and/or more rapidly from the alimentary tract
than from the skin. The pronounced vériability in time

to death after toxaphene ingestion indicates marked indivi-
dual differences in the rate of toxaphene absorption and/ér
differences in susceptibility to toxaphene intoxication.

Distribution

Toxaphene is readily distributed-throughout'the body,
with highest residues found in -fat tissue. Threé hours
after single intubaticns of Cl-36 labelled toxaphene in
peanut oil: acacia, rats had detectable levels of C1l-36
activity in all tissues examined kkidney, muscle, fat, testes,
brain, blood, liver, intestines, esophagus, spleen, and
stomach) with the highest levels being found in the stomach
and blood. By nine days after dosing, 6.57 percent of the
administered dose (measured as Cl-36 activity) remained
in the organism, with most of the activity found in the
fat, blood, liver, and intestines (Crowder and Dindal, 1974).
in a similar single dose study using rats with corn oil

as the vehicle (Ohsawa, et al. 1975), both C-14 labelled
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toxaphene (8.5 mg/kg) and C-14 labelled 2,2,5-endo, 6-exo,
8,9,10-heptachloroborane (2.6 mg/kg) (é componént of toxa-
phene) were found primérily in the fat, liver, kidneys,
and blood after 14 and 9 days, respectively. These patterns
are consistent with toxaphene redistribution from'the fat
via the circulatory system to kidneys and liver prior to
urinary and fecal elimination (see Metabolism and Excretion
sections). |

The predominance of fat storage has also been demon-
strated in 1l2-week feeding studies with rats (Clapp, et
al. 1971) and 2-year feeding studies with rats and dogs
(Lehman, 1952a; Hercules, Inc., undated). 1In all these
studies, toxaphene residues were highest in fat tissue but -
remained below the levels administered in the diet. This
suggests that toxaphene is not likely to be biomagnified
in terrestrial organisms, and is consistent with the relatively
rapid elimination of toxaphene by mammals (see Excretion
section).

Metabolism

Toxaphene undergoes reducﬁive éechlorination, dehydro-
chlorination, and hydroxylation in mammalian systems.

In the study by Crowder and Dindal (1974) using Cl-
36 labelled toxaphene, about 68 percent of the activity
was recovered as ionic chloride. Similarly, Ohsawa, et
al, (1975) found that of seven Cl-36 labelled toxaphene
frac;ions administered by intubation to rats, all were de-
chlorinated by about 50 percent. Based on the recovery

of both C-14 and Cl-36 labelled toxaphene, these investi-
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gators cthluded that only three percent of the original’
dose is excreted unchanged and only two percent is eliminated
as carbon dioxide.

For technical (i.e., commercial grade) toxaphene, both
reductive dechlorination and dehydrochlorination occur in
reduced bovine blood hematin solutions, and 50 percent de-
chlorination has been noteé in toxaphene incubated with
rat liver microsomes and reduced nicotinamide adenine dinu-
cleotide phosphate'(NADPH) under anaerobic conditions (Khalifa,
et al. 1976). Reductive dechlorination has also been demon-
strated for heptachloroborane, a component of toxaphene,
{(Saleh, et aL.-l977; Chandurkar, 1977; Pollock, 1978).

Toxaphene has been showﬁ to yield a tvpe I binding
spectra with hepatic cyvtochrome P-450 of rats, mice, and
rabbits which suggests that toxaphene may serve as a sub-
strate for the hepatic microsomal mixed-function oxidase
system (Kulkarni, et al. 1975). . Type II binding has not
been observe@. Metabolism by the hepatic microsomal mixed
function oxidase system is further suggested by the potentia-
tion of toxaphene by piperonyllbuﬁoxide (Saleh, et al. 1977)
and the demonstrated NADPH dependance for the in vitro hy-
droxylation of nonachloroborane (a toxaphene component)
by rat liver microsomes (Chandurkar, 1977).

In ccmparing the chromatographic patterns of toxaphene
residues found in the liver, feces, and fats, both Pollock
(1978) and Saleh, et al. (1977) have noted that only fat
residues approximate those of whole toxaphene, while resi-

dues in both the liver and feces are consistently more polar.



Excretion

The half-life of C-14 or Cl-36 labelled toxaphene in
rats after single oral doses appears to be from one to three
days, with most of the elimination occurring via the urine
and feces (Crowder and Dindal, 1974; Ohsawa, et al. 1975).
Only a small portion of the urine and fecal metabolites
are eliminated as glucuronide or sulfate conjugates (Chan-
durkar, 1977).

As mentioned in the Absorption section, elevated toxaphene
blood levels in one individual in the U.S. EPA (1978) study
were associated with the consumption of toxaphene-contaminated
fish (catfish fillet with a toxaphene residue of 52 ug/g
wet weight). On the first day that blood samples were taken,
toxaphené was found in the blood of this individual at a
concentfation of 142 ppb. Eleven days after this measurement,
the concentration of toxaphene in the blood had fallen to
47 ppb. By 14 days after the initial measurement, toxaphene
blood levels.were below the limit of detection (30 ppb).

EFFECTS

Acute, Sub-acute, and Chronic Toxicity

Information on the acute oral toxicity of toxaphene
to laboratory animals is summarized in Table 6. 1In cases
of acute intoxication, toxaphene, like most chlorinated
hydrocarbon insecticides, appears to act as a central ner-
vous system stimulant. However, unlike DDT, toxaphene does
not significantly affect conduction in the rat supe;ior
cervical ganglion (Whitcomb and Santolucito, et al. 1976).

Published reports of human cases of acute toxaphene poisoning
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TABLE 6 .
Adcute Oral Toxicity of Technical Toxaphene to Laboratory Mammals

LD50

Organism Vehicle Reference
(mg/kg)
Rats
Unspecified strain Unspecified 69 Lehman, 1951
Wistar, male,
3-4 weeks, t0-60 g, a
fasted Cottonseed oil 220 + 33 Boyd ‘and Taylor, 1971
Sherman, male,
90 days, 175 g, b
- fasted Peanut oil 90(67~-122)" Gaines, 1960
Sherman, feméle,
90 days, 175 g, b
fasted Peanut oil 80(70-91)" Gaines, 1960
Peanut oil 40 Shelanski and Gellhorn,
B undated
Peanut oil 90 Hercules Inc., undated
Corn oil 120-125 Shelanski and Gellhorn,
undated
Corn oil 60 Hercules Inc., undated
Mice Corn oil 112 Hercules Inc., undated
Unspecified oil 8C Rico, 1961
Cats Peanut oil 25-40 Hercules Inc., undated
Unspecified oil 100 Rico, 1961
Dogs Peanut oil ~ 25 Lackey, 1949a
Cofn oil 49 Hercules Inc., undated
Unspecified oil 100 Rico, 1961
Rabbits Peanut oil 75-100 Hercules Inc., undated
Guinea Pigs Corn oil 270 Hercules Inc., undated
Unspecified oil 80 Rico, 1961

a, standard error.

85 percent confidence interval.



by ingesiion are summarized in Table 7. 1In these cases,
convulsions are the most consistent clinical signs of intoxi-
cation. Similar effects have been observed in both rats
and dogs (Lehman, 1951). Along with convulsions, hyperreflexia
has been noted in dogs (Lackey, 1949a, b), rats (Boyd and
Taylor, lé?l), and humans (Haun and Cueto, 1957). Addi-
tional unpublished reports (U.S. EPA, 1976e) of poisoning
in numans describe the major symptoms of oral intoxication
as vomiting, convulsions, cyanosis, and coma. Based on
a review of the acute toxicity of toxaphene to experimental
mammals and cases of human poisoning, Conley (1952) has
estimated the minimum lethal oral dose of toxaphené for
man to be between 30 and 103 mg/kg body weight. 1In rats,
rathological effects of toxaphene include cloudy swelling
and congestion of the kidneys, fatty degeneration and necrosis
of the liver, and decreased spermatogenesis {Boyd and Tavlor,
1571). Mehendale (1978) has reported that toxaphene (100
mg/kg in the diet for eight days) inhibits hepatobiliary
function in rats.

The acute dermal toxicity-of‘toxaphene is summariced
in Table 8. foxaphene appears tg be somewhat less toxic
when administered dermally. In rats the ratios of dermal
to oral LD530's range from 10 to 12 (Gaines, 1960; 1969;
Harcules 1nc., undated). Without providing documentation,
Hayes {1963) estimates the hazardous dermal dose for humans
at 46 grams. For a 70 kg man, this is approximately 660
mg/kg. Dermal LD50's for rats rahge from 780 to 1075 mg/kg

(Gaines, 1960; 1969; Hercules Inc., undated).
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TABLE 7

Case Studies of Toxaphene Poisoning in Humans in which
Ingestion is the Primary Route of Entry

Case No. 12 2@ 32 4@ 52 62 7P
Subject(s) Male Male, 4 yrs Male, Male, 2 yrs Female, 20 yrs - Male, adult Female, 9 mo
2 yr 8 mo 1l yr 5 mo Female, 16 yrs Male, young
: Female, 12 yrs Female, adult
Nature of : » ‘
toxaphene Wax Emulsion in~ 60% in 20% in solution Residue of spray Residue of Powder, 13.8%
water solvents in food spray in food toxaphene,
7.04% DDT
Dose Unknown Unknown ~100 mg/kg Unknown 9.5-47 mg/kg Unknown Unknown
o Time to react
o to onset of i
w symptoms ~7 hours 2 hours N.5. N.S. 1.5~4 hours 4 hours A few hours
Symptoms Convulsions Convulsions Convulsions Convulsions, inter- Nausea; vomiting; No nausea; Vomiting;
2-5 minute intermittent mittent; mild convulsions spontaneous diarrhea; convulsions;
intervals : cerebral excite- vomiting; hyperreflexia; tachycar-
ment; aimless convulsions dia; b.p.140/100; labored
jerking motion and jerking '‘and respiration; respira-
excessive muscular transitory tory failure
tensions of extremities, movements; muscular
merked pharyngeal and rigidity; periods
laryngeal spasms; of unconscious-
labored respiration; ness; amnesia(?)
cyanosis
Outcome Death Death Death Recovery Recovery Recovery Death
Time to death
or recovery 9.5 hours 6 hours 11 hours 12 hours ~12 hours <l day(?) ~9 hours

aMcGee, et al., 1952
Haun and Cueto, 1967



v _ TABLE 8
Acute Dermal Toxicity of Toxaphene to Laboratory Mammals

Dose _
Organism Vehicle (mg/kg) ) ‘Response Reference
Rats
Sherman, male,
>90 days, > 175 g, : 4
unfasted Xylene 1075 - LD50 (95% Gaines, 1960 and 1969
(717+1613) Confidence : :
Interval)
a Rats
{ Sherman, female,
0 " »90 days, »175 g, - ' 1 ‘
: unfasted Xylene 780 LDS0 (95% ‘ Gaines, 1960 and 1969
(600~-1014) Confidence
‘ Interval)
Rats Xylene 930 LD50 Hercules Inc., undated
Rabbits Dust >4000 LD50 Hercules Inc., undated
Rabbits Peanut 4 250 LD50 Hercules Inc., undated

oil




Table .9 summarizes the effects of subacute oral admini-
stration of toxaphene ;o laboratory mammals. Except for
convulsions observed in dogs given 5 mg/kg/day, none of
the exposures detailed in Table 9 resulted in clinical signs
of toxaphene poisoning. The ability of dogs to tolerate
large cumulative doses (176 to 424 mg/kg) when given at
4 mg/kg/day suggests a rather sharp threshold level for
central nervous system stimulation. This is consistent
- with information discussed in the Excretion section, showing
that toxaphene is eliminated relatively rapidly. A similar
pattern is seen in rats on intraperitoneal injection. Ohsawa
and coworkers (1975) have found that male rats injected
with 50 mg toxaphene (approximately 300 mg/kg) every 48
hours tolerated cumulative doses of 700 to 2,000 mg/gg (over
10 times the single oral LD50 dose) before marked lethality
occurred.

In subacute exposures, whiéh do nét cause apparent
central nervous system stimulation, no increases in morta-
lity are noted. However, pathological changes of the kid-
nevs and liver, as well as changeé in blood chemistry, seem
to be common featufes of subclinical toxaphene intoxication.

Ortega, et al. (1951) (using rats) and Lackey (1949a)
(using dogs) have noted similar changes in liver histology.
Morphologically, these changes appear as vacuoles of plasma
with occasional red blood cells found within hepatic cells.
This condition, referred to as hydropic accumulation, is
distinct from fatty degeneration. In neither rats nor dogs

was hydropic accumulation associated with the destruction

(84
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TABLE 9

Subacute Oral Toxicity of Toxaphene

Estimated
Dose cumulative -
mg/kg/day or dose a
Organism Vehicle Duratioen ppm in diet) (mg/kg) Response Reference
Mice, both albino and Diet Several weeks 50. mg/kg/day 300 Changes in blood Baeumler, 1975
wild strains or months (250-480 ppm) chemistry and
urine protein
Rats Diet 12 weéks 189 ppm No apparent adverse Clapp, et al.
: } effects 1971
Rats N.S.b 7 months 1.2-4.8 mg/kg/day 250-1000 Temporary change in Grebenyuk, 1970
blood: chemistry
kats, Sherman, male
and {emale, 100 g Diet 2-9 months 50 and 200 ppm Questionable liver Ortega, ct al.
pathology 1957
iate and guinea pigs Diet 6 months 100-800 ppm No significant cffect Shelanski and
Gellhorn, undated
nogs Corn oil "A few days" S mg/kg/day ~15-35 Convulsion Lackey, 1949a
Corn oil 44 days 4 mg/kg/day 176 Questionable liver Lackey, 1949a
pathology: renal
tubular degeneration
Corn oil 106 days 4 mg/kg/day 424 Questionable liver Lackey, 1949a
pathology: renal
tubular degeneration
QSec text for details.

N.S5. - not specified.



of hepatic‘cells. However, Ortega, et al. (1957) also noted
occasional masses of red blood cells iﬁvading the cytoplasm
of liver cells in areaé of hypertrophy and margination.

In addition to liver damage, Lackey (1949a) also noted wide-
spread degeneration of the tubular epithelium, océasionally
accompanied by inflammation of the pelvis of the kidney.
Ideﬁtical pathological changes were seen in dogs surviving
prolonged dermal exposures to toxaphene kLackey, 1949b).

As noted in Tab;e 9, alterations in clinical chemistry
have also been seen in subacute oral toxaphene exposures.
Mice with no c¢linical signs of intoxication evidenced consist-
ent increases in serum acid phosphatase, glutamicpyruvic
transaminase, and gamma-glutyamyl transpeptidase activities,
along with increased neutrophil counts and changes in urine
protein (Baeumler, 1975). At a much lower daily dose, rats
had only a transient increase in serum alkaline phosphatase
during the 5th month of intoxication and showed no variation
in urine hippuric acid (Grebenyuk, 1970). Increases in
all of the above enzyme activities are consistent with the
mild liver pathology associated witﬁ subacute toxaphene
exposure.

Lehman (1952b) states that the 90-day dermal LD50 of
toxaphene (as a dry wax) is 40 mg/kg in rabbits. No details
of symptoms or éathology are provided.

Hercules Inc. (undated) has conducted experimental
dermal and inhalation exposures of human volunteers to toxa-
phene. Toxaphene doses of 300 mg/day applied to the skin

of 30 volunteers for 30 days produced no observable toxic
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effects. Similarily, cotton patches treated with toxaphene
produced neither sensitization nor prihary skin irritation
when applied to the skin of 200 subjects. Shelanski (1974)
indicates that humans exposed to toxaphene mists of 500
mg/m3 of air for 30 minutes daily for ten consecutive days
followed by three daily-exposures three weeks léter showed
no adverse effects, based on physical examinations as well
as bloocd and urine tests. |

However, Warraki (1963) has attributed two cases of
acute bronchitis with miliary lung shadows to inhalation
of toxaphene during applications of toxaphene formulation
spray. Warrakli does not specify the carriers used during
the toxaphene spray applications of the cases that he sum-
marized. However, he did indicate that toxaphene is usually
applied as an emulsifiable concentrate containing 60 percent
toxaphene, 35 percent kerosene, 3 percent xylol, and 2 per-
cent emulsifier. Both individuals, male adults, had been |
exposed to toxaphene sprays from 1-1/2 to 2 months before
the onset of pulmonary insufficiency. Maximum breathing
capacity was between 19 and 22.percént of normal. Both
adverse affects observed (pulmonary insufficiency and lung -
lesions) were reversible within 3 months after toxaphene
exposvre was discontinued. No central nervous system effects
were noted. One case of allergic rhinitis iﬁ a worker exposed
to toxaphene by inhalation has been reported. However,
details on the duration of exposures were not given (U.S.

EPA, 1976e).



Long-term exposures to low dietary levels of toxaphene
are summarized in Table 10. All studies note some form
of liver pathology in rats at dietary levels of 100 mg/kg
or above. At 100 mg/kg, cytoplasmiC‘vacuolizatidn similar
to ‘that seén on subacute oral exposure was noted by Kennedy,
et al. (1973). Lehman (1852) noted both cytoplasmic vacuo-
lization and fatty degeneration of the liver in rats fed
100 mg/kg. At 25 mg/kg diet, Fitzhugh and Nelson (1951)
did observe increased liver weight with minimal liver cell
enlargement. Unpublished studies on rats, dogs, and monkeys
by ﬁércules Inc. (undated) are in general agreement with
~tﬁe above published reports. The lowest dietary level of
toxaphene produciné unequivocal liver damage over a two-
year feeding period is 20 mg/kg diet. Only at relatively
high concentrations -i.e., 1,000 mg/kg diet - does chronic
toxapheng,ekposuré elicit central nervous system gffects
charac*erlstlc of acute intoxication.

No cases of chronlc human intoxication havn been encoun-
'téred in the llterature

Synerglsm and Antagonism

Inductlon of _hepatic microsomal ‘mixed-function oxidase
appears to account for most of the_intgrac;ions of toxaphene
with other compoundsjf In rats pretreated with aldiin or
" dieldrin and evidencing increased liver b-dealkylase ané
O-demethylase activities, toxaphene 96~hour LD50 values
were approximately two times higher (indicating decreased
toxicity) than those of rats given no pretreatment. Similarly,

pretreatment with DDT, a known inducer of hepatic microsomal
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TABLE 10

Chronic Toxicity of Toxaphene at
Low Dietary Levels to Laboratory Mammals

mg/kg/day)

effects

Toxaphene
Duration concentration a
Organism of feeding in diet Response Reference
Sprague Dawley 3 generations 25 mg/kg No effect Kennedy, e
al. 1973
100 mg/kg Liver pathology
Rats Lifetime 25 mg/kg No effect Lehman, 19522
100 mg/kg Liver pathology
"Rats Lifetime 25 mg/kg Liver pathology Fitzhugh and
Nelson, 1951
Rats 2 years 25 mg/kg No effect Hercules Inc.
' . undated
2 years 100 mg/kg Slight liver damage
1000-1600 mg/kg CNS stimulation
Dogs 2 years 5-20 mg/kg No effect ' Hercules Iﬁc.
: undated
Dogs 2 years 40 mg/kg Slight liver
degeneration
200 mg/kg Moderate liver
degeneration
Dogs 1360 days Smg/kg/dayaLiver necrosis Hercules Inc.
( 3.7 years) ' undated
Monkeys 2 years 10-15 mg/kg No clinical or Hercules Inc.
( 0.64-0.78 . histological undated

@ndministered in capsules containing. toxaphene dose in corn

Bil;

Diets prepared fresh weekly.

table did not specify frequency).

5 mg/kg/day equivalent to 200 mg/kg in diet.
(The other studies in this



mixed—function'oxidase, resulted in a threefold increase
in the 9éfhour LDSOvof toxaphene in rats (Deichmann and
Keplinger, 1970). Piperonyl butoxide, which inhibits the
metabolism of hany toxicants by mixed-function oxidase,
has been shown to potentiate the toxicity of toxaphene in
house flies (Saleh, et al. 1977).

When administered by intubation to rats, equitoxic
combinations of toxaphene with parathion, diazinon, or tri-
thion were less toxic than would be expected based on the
assumption of simple similar action (Keplinger and‘Deich-
mann, 1967).

Cases of acute human intoxication by toxaphene-lindane
mixtures have been reported. In one instance, (Pollock,
1958) a 70-year-old male had his hands in contact with a
toxaphéne?lindane solution for two hours. After ten hours,
the following symptoms developed: headache, poor coordina-
tion, lassitude, severe nausea, and vomiting. Over the
next week, this individual exhibited mild hyperthermia,
flaccid musculature, and decreased response to stimuli.

Only after nine days did the individual become semicomatose.
At no time were convulsions or hyperreflexia noted. These
signs and symptoms are not characteristic of toxaphene or
lindane poisoning (Matsumura, 1975) and differ markedly

from the previously described cases of acute oral toxaphene
poisoning in humans. While clinical signs of intoxication

may be expected to show some variation with different routes
of entry, such profound variation is uhcommon with the chlori-

nated insecticides. Gaines (1960, 1969) noted no difference
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between signs of intoxication in rats orally and dermally
exposed to. a variety of pesticides. Lackey (1949 a, b)
similarly notes no remarkable differences in the response
of dogs to subacute oral and dermal doses of toxaphene.

Two cases of acute plastic anemia associated with dermal
exposure to toxaphene/lindane mixtures have been reported
(U.S. EPA, 1976e). One of these cases resulted in death
due to acute myelomonocytic leukemia which was presumed
to be secondary to the development of plastic anemia. Thus,
while toxic anemia has not been reported in laborafory mammals
in acute toxaphene poisoning, such an effect may be hazardous
in man in instances also involving lindane exposure.

Teratogenicity

In a study by Kennedy, et al. (1973), male and female
rats were fed diétary levels of 25 mg/kg diet and 100 mg/kg
toxaphene. Gross and microscopic pathology of F3 weanlings
revealed no indication of teratggenic effects. Further,
no statistically signficiant variations from cohtrolé were
noted in either dose group for any of the following parame-
ters: mating index, fertility index, pregnancy index, par-
turition index, mean viable litter size, live birth index,
five-day survival index, lactation index, or weaning body
weights of offspring. One of 16 females from each dose
group resorbed ‘an entire litter. This was not seen in any
of the 32 control females but did occur in tests with another

pesticide, delnav.



In multigeneration studies of mice given toxaphene
at 25 mg/kg diet, no effects on fertility, gestation, via-
bility, lactation, or survival indices were observed (Kep-
linger, et al. 1970).

In addition to~these long-term dietary studies, one
study (Chernoff and Carver, 1976) has been conducted in
which toxaphene in corn oil was administered to pregnant
female rats and mice from days 7 to 16 of gestation at doses
of 15, 25; and 35 mg/kg/day. All doses produced signs of
maternal and fetal toxicity but no teratogenic effeéts.

DiPasquale (1977) has examined the effects of toxaphene
on fetal guinea pig development. In this study, toxaphene
wés administered to pregnant females at a dose of 15 mg/kg
body weight orally from day 21 to day 35 of gestation.

No éffects were noted on anatomical development of the fetus.
The only sign of fetotoxicity was a decrease in collagen-
containing structures. This was attributed to axfunctional
deficiency of vitamin C related to mixed-function oxidase
induction. Maternal guinea pigs ;howed a slight loss of

body weight but no effects were seen on maternal liver weight
or mortality.

Mutagenicity

Epstein, et al. (1972) have used a modified dominant
lethal assay in mice to evaluate the mutagenic potential
of a variety of chemical agents including toxaphene. 1In
this study, four groups of male ICR/Ha Swiss mice were given
toxaphene intraperitoneally - single doses of 36 mg/kg and

180 mg/kg - and orally - five doses of 8 mg/kg/dose and
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16 mg/kg/dose. After dosing, the treated males were mated
to groups of untreated females over an eight-week period.
Based on measurements of early fetal deaths pef pregnancy
and the percent of females with early fetal deaths, the
toxaphene-treated groups did not differ significantly from
controls. Thus, in this strain of mice, toxaphene apparently
does not produce chromosomal abnormalities that preclude
zygote development.

Hill (1977) has summarized information on the mutageni-
city testing of toxaphene in bacterial éystems. Ames tests

have been conducted on Salmonella typhimurium strains TA-

1535, TA-1537, TA-1538, TA-98, and TA-100 with and without
metabolic activation by non-induced mammalian liver frac-
tions. Positive results were obtained for strains TA-98
(frameshift mutation) and TA-100 (base pair substitution)
only in tests without metabolic activation. All other tests
were negative. A "high temperature"” toxaphene has elicited
positive aose response increases in strains TA-98 and TA-
100 only with metabolic activatiop. All the above tests
were conducted by Litton Bionetics Inc. for Hercules, Inc.
In addition to these studies, work has been conducted

on the mutagenicity of toxaphene in the Salmonella system

by Dr. Kim Hooper of Bruce Ames' group in Berkeley, Calif.

(Hill, 1977). His results indicate that toxaphene and toxa-
phene subfractions are mutagenic to strain TA-100 with and
without activation by Aroclor-induced rat microsomes. Mutagenic

activity was decreased in those tests using microsomal activation.



A recently completed study by U.S. EPA (1978) found
no significant differences in the rates of chromosomal aber-
rations in. leukocytes between groups of individuals occupa-
tionally exposed to t@xaphene and groups with no occupational
exposures to toxaphene.

Carcinogenicity

Under contract to the Natl. Cancer Inst., Gulf South
Reseafch Institute has recently completed a carcinogeni-
city bioassay of toxaphene (Natl. Cancer Inst. 1979). It
should be noted thaﬁ this study, which was conducted from
1971 to 1973, 4did not fdllow current NCI prqtocols (Natl.
Cancer Inst. 1977).‘-Specifically, only ten animals were
used in each matched control group, and matched-fed control
groups were notvutilized. In this study, groups of Osborne-
Mendel rats and B6C3Fl’hybrid mice were exposed to technical-
grade toxaphene in the diet for 80 weeks. Details of the
dose schedule and number of animals used are prov;ded in
Tables 11 and 12.

Toxaphene was added to the feed in acetone. In addi-
‘tion, 2 percent corn 0il was added to the diet as a dust
suppressant.. Actual dietary toxaphene concentrations, which
were confirmed by gas-liquid chromotography, did not deviate
“from the nominal concentration by more than 6.9 percent.

In addition to the matched contrcl groups indicated in these
tables, pooled control groups were used in the statistical
énalyses. For rats, pooled controls consisted of matched

controls from similar bioassays on captan, chloraben, lin-

dane, malathion, and picloram, as well as the matched con-



TABLE 11 a
Toxaphene Chronic Feeding Studies in Rats

Sex and Initial® Toxaphene Time on Study Time-Weighted
Test No. of 1in Diet(c) Dosed(d) Observea(e)Average Dose(f)
Group Animals (b) (mg/kg (weeks) (weeks) (mg/kg)
Male
Matched-~Control 10 0 108~109
Low-Dose 50 1,280 2 556
640 53
320 25.
0 28
High-Dose 50 2,560 2 1,112
1,280 53
640 25
0 28
Female
Matched-Control 10 0 108-109
Low~Dose 50 640 55 540
320 25
0 30
High-Dose 50 1,280 55 1,080
640 25
0 30
a

b

National Cancer Institute,
All animals were 5 weeks of age when placed on study.

1979.

Initial doses shown were toxic; therefore, doses were lowered

. after 2 weeks and again at 53 or 55
All animals were started on study on
When diets containing toxaphene were
and their matched controls were fed
corn oil for 20 weeks,
oil added) for an‘additional'g week
Time-weighted average dose  =Z4t305€ 1

then control

weeks,
the sam

as shown.
e day. .,

discontinued, dosed rats

control diets without
diets (2 percent corn

ﬁ'ppm X no. of weeks at that dose)

el:élno. of weeks receiving each dose)



TABLE 12
Toxaphene Chronic Feeding Studies in Mice?

Sex and _ Initial Toxaphene Time on Study Time-Weighted
Test No. of in Diet{c) Dosed(a) Observed (e) Average Dose(f)
Group Animals (b) (mg/kg) (weeks) (weeks) (mg/kg)
Male
Matched-Control 10 0 90-91
Low-Dose 50 160 19 99
‘80 61
0 11
High-Dose 50 320 19 ' 198
160 61
0 10
Female
Matched-Control 10 0 90-91
Low-Dose 50 160 19 99
80 61
0 11
high-Dose . 50 320 19 198
160 61
0 10

dNational Cancer Institute, 1979.

All animals were 5 weeks of age when placed on study.

Initial doses shown were toxic:; therefore, doses were
lowered at 19 weeks, as shown.,

All animals were started on study on the same day.

When diets containing toxaphene were discontinued, dosed mice
and their matched controls were fed control diets without
corn oil for 7 weeks, then control diets (2 percent corn o0il

added) for an additional 3 to .4 weeks
Time-weighted average dose = ?d in“pom x no. of weeks at that dose)

s (nc. of weeks receiving eacnh aose)

b

d
e




trols from the toxaphene biocassay. For mice, pooled con-
trols consigted of matched controls from similar bioassays
on lindane, malathion, phosphamidon, and tetrachlorvinphos,
as well as the matched controls from the toxaphene study.
Organisms used in all pooled control groups were of the
same strains, from the same suppliers, and examined by the
same pathologists.

During the course of this study, both rats and mice
evidenced signs of general toxic effects. Both male and
female rats in the high-dose group developed body tremors
at week 53. From week 52 to week 80, other clinical signs,
which occurred primarily in toxaphene-dosed rats, included
diarrhea, dyspnea, pale mucous membranes, alopecia, rough
hair coats, dermatitis, ataxia, leg paralysis, epistaxié,
hematuria, abdominal distention, and vaginal bleeding.
Female rats in both dose groups had lower mean body weights
than the matched controls. No dose-related effect on mor-
tality was noted in any of the rat test groups. 1In mice,
males and females in each dose group displayed a significant
increase in mortality when comparéd to the matched controls.
In high-dose male mice, mean body weights were generally
lower than those in the matched control group. Clinical
signs of toxicity in mice included abdominal distention,
diarrhea, alopecia, rough hair coats, and dyspnea.

The effects of dietary toxaphene on tumor incidence
in male rats, female rats, male mice, and female mice are

summarized in Tables 13, 14, 15, and 16, respectively.
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TABLE 13

Analyses of the Incidence of Primary Tumors in Male Rats
Fed Toxaphene in the Diet (a,D)
Matched Pooled Low Hiéh‘.

Topography: Morphology Control - Control Dose Dose
Liver: Neoplastic Nodule(c) 1/9 (11) 1/52 (2) 6/44 (14) 4/45 (9) -
P Values (d) N.S. N.S. P = 0.034%* N.S. |
Weeks to First Observed Tumor 109 - 108 94
'Pituitary: Chromophobe Adenoma,

Carcinoma, NOS, or Adenoma, ' ) :

NOS (c) 3/7 (43) 8/46 (17) 13/42 (31) 5/31 (16)
P Values(d) N.S. N.S. N.S. N.S.
Weeks to First Observed Tumor 102 - 85 95
Adrenal: Adenoma, NOS, Cortical

Adenoma, or Carcinoma 4/9 (44) 5/52 (10) 5/41 (12) 3/37 (8)
P Values(d,e) P =0.019 (N) N.S. P - 0.043 (N)* P ~-0.020 (N)*
Weeks to First Observed Tumor 85 85
Spleen: Hemangioma (c) 0/9‘(0J 0/49 (0) 3/45 (7) 3/42 (7)
P Values (d) N.S. N.S. N.S.- N.S.
Weeks to First Observed Tumor - - 83 85
Thyroid: Follicular-cell

Carcinoma or Adenoma (c) 1/7 (14) 2/44 (5) 7/41 (17) 9/35 (26)
P Values (d) N.S. P - 0.007 N.S. P - 0.008**
Weeks to First Observed Tumor 109 - 104 56
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A National Cancer Institute, 1979.

Dosed groups received time-weighted average doses of 556 or 1,112 ppm.

Number of tumor-bearing animals/number of animals examined at site (percent).

Beneath the incidence of tumors in a control group is the probability level for the Cochran-
Armitage test when P less than 0.05; otherwise, not significant (N.S.) is indicated. Be--
neath the incidence of tumors in a dosed group is the probability level for the Fisher exact
test for the comparisons of that dosed group with the matched-control group (*) or with the
pooled-control group (**) when P less than 0.05 for either control group; otherwise, not
significant (N.S.) is indicated.

A negative trend (N) indicates a lower incidence in a dosed group than in a control group.

O

C
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TABLE 14

Analyses of the Incidence of Primary Tumors in Female Rats

Fed Toxaphene in the Diet(a,b)

Matched Pooled Low High

Topography: Morphology Control Control Dose Dose
Integumentary System: Malignant

Fibrous Histiocytoma of the A

Subcutaneous Tissue(c) 0/10 (0) 0/55 (0) . 1/50 (2) 3/49 (6)
P Values(d) N.S. N.S. N.S. N.S.
Weeks to First Observed Tumor - 105 33
Mammary Gland: Fibroadenoma(c) 1/10 (10)- 6/55 (11) 10/50 (20) 10/49 (20)
P Values (d) N.S. N.S. N.S. N.S.
Weeks to First Observed Tumor 87 -- - 19 67
Liver: Hepatocellular Carcinoma

or Neoplastic Nodule(c) 1/10 (10) 1/55 (2) 5/42 (12) 4/40 (10)
P Values (d) N.S. N.S. N.S N.S.
Weeks to First Observed Tumor 109 - 108 109
Pituitary: Chromophobe Adenoma, _

Carcinoma, or Adenoma, NOS(c) 3/8 (38) 17/51 (33) 15741 (37) 23/39 (59)
P Values (d) P = 0.046 P =0.012 N.S. P = 0.013**
Weeks to First Observed Tumor 85 -— 75 79
Thyroid: Follicular-celle

Adenoma {(c) 0/6 (0) 1/46 (2) 1/43 (2) 7/42 (17)
P Values (d) P = 0.022 P = 0.008 N.S. P = 0,021%*
Wi:eks to First Observed.Tumor - - 102 105
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TABLE 14
Analyses of the Incidence of Primary Tumors in Female Rats
Fed Toxaphene in the Diet(a,b)

Matched Pooled Low High

Topography: Morphology Control - Control Dose Dose
Adrenal: Cortical Adenoma or _

Carcinoma (c) 0/8 (0) 3/50 (o) 3/44 (7) 6/43 (14)
P Values (d) ' N.S. N.S. N.S. N.S.
Weeks to First Observed Tumor -- - 104 87
Uterus: Endometrial Stromal

Polyp (b) 0/9 (0) 5/53 (9) 9/41 (22) 5/45 (11)
P Values (c) N.S. . N.S. N.S. N.S.
Weeks to First Observed Tumor _ - - 87 109

a

bNational Cancer Institute, 1979.

Dosed groups received time-weighted average doses of 540 or 1,080 mg/kg.

Number of tumor-bearing animals/number of animals examined at site (percent).

Beaneath the incidence of tumors in a control group is the probability level for the
Cochran-Armitage test when P less than 0.05; otherwise not significant (N.S.) is indicated..
Beneath the incidence of tumors in a dosed group is the probability level for the Fisher
exact test for the comparison of that dosed group with the matched-control group (*) or with
the pooled-control group (**) when P less than 0.05 for either control group; otherwise, not
significant (N.S.) 1is indicated.
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TABLE 15

Anaylses of the Incidence of Primary Tumors in Male Mice
Fed Toxaphene in the Diet(a,b)

Pooled

Matched Low High
Topography: Morphology Control Control Dose Dose
Liver: Hepatocellular
Carcinoma (c) 0/10 (0) 4/48 (8) 34/49 (69) 45/46 (98)
P Values (d) P less P less P less P less
than 0.001 than 0.001 than 0.001%* than 0.001*
P less P less’
than 0.001** than 0.001*x*
Weeks to First Observed 'Tumor - - 73 59
Liver: Hepatocellular Carcincnia
or Neoplastic Nodule(c) 2/10 (20) 7/48 (15) 40/49 (82) 45/46 (98)
P Values(d) P less than P less than P less than P less than
0.001 0.001 0.001* . 0.001*
P less than P less than
0.001*x* ' 0.00L*x*
Weeks to First Observed Tumor 90 . - 73 59

A National Cancer Institute,

S QCw

1979,
Dosed groups received time-weighted average doses of 99 or 198 mg/kg.

-Number of tumor-bearing animals/number of animals examined at site (percent).
Beaneath the incidence of tumors in a control group is the probability level for the
Cochran-Armitage test when P less than 0.05;

otherwise not signficant (N.S.) is indicated.

Beneath the incidence of tumors in a dosed group is the probability level for the Fisher

exact test for the comparison of that dosed group with the matched-control group

(*) or with

the pooled-control group (**) when P less than 0.05 for either control group; otherw1se, not
significant (N.S.) is indicated.
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TABLE 16

Analyses of the Incidence of Primary Tumors in Female Mice
Fed Toxaphene in the Diet (a,b)

Matched

Pooled Low High
Togograghx: Morphology Control Control Dose Dose -
Liver: Hepatocellular
Carcinoma{c) 0/9 (0) 0/48 (0) 5/49 (10) 34/49 (69)
P Values (d) P less than - P less than P = 0.030%** P less than
0.001 0.001 0.001%*
P léss than
0.001**
Weeks to First Observed Tumor - - 89 72
Liver: Hepatocellular
Carcinoma or Neoplastic
Nodule (c) 0/9 (0) 0/48 (0) 18/49 (37) 40/49 (82)
P Values (d) P less than P less than P = 0.026* P less than
0.001 0.001 0.001* -
P less than P less than
0.001** ,0°001**
Weeks to First Observed Tumor - _— - 89 72

National Cancer Institute,

Q0 0T

Armitage test when P less than 0.05;

1979.

Dosed groups received time-weighted average doses of 99 or 198 mg/kg.

Number of tumor-bearing animals/number of animals examined at site (percent).
Beneath the incidence of tumors in a control group is the probability level for the Cochran-
otlierwise not significant (N.S.) is indicated. Be-

neath the incidence of tumors in a dosed group is the probability level for the Fisher
exact test for the comparison of that dosed group with the matched-control group (*) or
with the pooled-control group (**) when P less than 0.05 for either control group; other-
wise, not significant (N.S.) is indicated.



In male rats in the high dose group, a significant
increase was noted in the incidence of follicular-cell carcin-
omas or adenomas of the thyroid. Of the nine thyroid tumors
which were found in this group, two were carcinomas. A
significant increase of follicular-cell adenomas of the
thyroid was also noted in the high-dose group of female
rats. No carcinomas of the thyroid were found in this group.
In both of these groups, the development of thyroid tumors
was dose-related. A significant increase was also noted
in the incidence of chromophobes, adenomas, chromophobe
carcinomas, and adenomas of the pituitary in the high-dose
group female rats. However, an examination of historical
control data on the incidence of pituitary tumors in female
rats.suggesfed that an association between the administra-
tion of toxaphene and the development of pituitary tumors
could not be maintained based on the results of this study.

In both male and female mice, significant increases
were noted in the incidence hepatocellular carcinomas and
in the incidence of hepatocellula? carcinomas combined with
neoplastic nodules of the liver.

Based on the results of this study, the National Cancer
Institute has concluded that "Toxapﬁene was carcinogenic
in male and female B6C3Fl mice, causing increased incidences
of hepatocellular carcinomas. The test results also suggest
carcinogenicity of toxaphene for the thyroid of male and

female Osborne-Mendel rats" (¥Watl. Cancer Inst. 1979).



Litton Bionetics, Inc. (1978) reported a study in the
B6C3F1 strain of male and female mice fed at doses of 7, 20,
and 50 ppm toxaphene iﬁ the diet which showed a statistically
significant excess of hepatocellular tumors (hepatocellular
adenoma plus hepatocellular carcinoma) in male mice, but
only at the 50 ppm dose.

Strobane, a chlorinated terpene pesticide related to
toxaphene, has been shown to cause an inérease in liver

tumor in male but not female mice (Innes, et al. 1969).

C-46



CRITERION FORMULATION

Existing Guidelines and Standards

Standards for toxaphene in air, water, and food have
been established or recommended by groups within the United
States, international agencies, and agencies of oéher govern-
ments. All these standards were set before the results
of the National Cancer Instituté biocassay of toxaphene for
carcinogenicity were available.

Both the Occupational Safety and Health AéminiStration
(39 FR 23540) and the American Conference of Governmental
Industrial Hygienists (1977a) have established a time-weighted
average value of 500 pg/m3 for toxaphene in the air of the
working environment. The American Conference of Governmen-
tal Industrial Hygienists (1977b) based this standard on
unpublished acute and chronic toxicity studies conducted
in the 1950's and on comparisons of the toxicity of toxa-
phene w;th DDT and Lindane. A ﬁentative.short-term exposure
limit for toxaphene has been set at 1.0 mg/m3 (Am. Conf.

Gov. Ind. Hyg., 1977a).

The national interim primary drinking water standard
for toxaphene is 5 Pg/l (40 FR-11990; U.S. EPA 1976b, 1976c).
This standard is based on the reported organoleptic effects
- of toxaphene at concentrations above 5 ug/1 (Cohen, et al.
1961; Sigworth, 1965). A standard of 25 pg/l was also calcu-
lated based on a concentration of 10 mg/kg in the diet,
which was estimated to give an average daily dose of 1 mg/kg
body weight, as the lowest long-term level with minimal
or no effects in rats (Lehman, 1965). This standard was

calculated using the following assumptions:



weight of rat = 300 g

daily food consumption of rat = 50 g
weight of average human adult = 70 kg
average daily water intake for man = 2 liters

safety factor - 1/500

dietary intake = trace (assume zero)

From these assumptions, the maximum safe daily dose for
human was estimated to be 3.4 pg/kg body weight (U.S. EPA,
l976b).‘ It should be noted, however, that the assumption
of 50 g daily food consumption for a 300°'g rat is probably
excessively high.

Based on a study by Fitzhugh and Nelson (1951) summar-
ized in Table 10, in which rats evidenced increased liver
weight and hepatic cell enlargement after exposure to toxa-
phene at 25 mg/kg diet for two years, the acceptable daily
intake for man has been estimated at 1.25 ung/kg (Natl.

Acad. Sci., 1977). This is based on (1) the estimate that
the daily dose in rats during the Fitzhugh and Nelson study
was equivalent to 1.25 mg/kg body weight and (2)lthe applica-
tion of a safety factor of 1,000. Assuming a human body
weight of 70 kg and a daily water consumption of 2 liters,
the suggested no-adverse effect level from water was set

at 8.75 ng/1 (éssigning 20 percent of the total ADI to water)
or 0.44 npg/l (aséigning-l percent of the total ADI to water)
(Natl. Acad. Sci., 1977).

Effluent standards for toxaphene manufacturers have
been set at 1.5 pg/1l for existing facilities and 0.1 ug/1

for new facilities (U.S. EPA, 19764d).



Tolerances established by the U.S. Food and Drug Admini-
stration for toxaphene residues in various agricuitural

products are as follows:

Residue
level Product Reference
(mg/kg) , _
7 Fat of meat from cattle, goats, and sheep 22 FR 4615
Fat of meat from hogs 24 FR 4727
Fat of meat from horses : : 27 FR 7492
Cranberries, hazelnuts, hickory nuts, horse-
radish, parsnips, pecans, peppers, pimentos,
rutabagas, walnuts ‘ 22 FR 4615
Collards, kale, spinach 27 FR 7492
6 Crude soybean oil . 31 FR 12435
5 Barley, oats, rice, rye, and wheat 23 FR 477
Sorghum grain 25 PR 5335
Cottonseed 26 FR 11799
3 Pineapple and bananas? | .~ 27 FR 4913
2 Soybeans, dry form 31 FR 9453
0.1 Sunflower seeds U.S. EPA, 1977

8of which not more than 0.3 mg/kg shall be in pulp after the peel
is removed and discarded.

In Canada, the tolerance for toxaphene in citrus fruits
is 7.0 mg/kg. In both the Netherlands and West Germany,
the corresponding standard is 0.4 mg/kg (Gunther, 1969).

The World Health Organization has not yet established
an acceptable daily intake level for toxaphene (WHO, 1974a,
1974b, 1976). The following information is considered neces-
sary by WHO (1974b) before an acceptable daily intake can
be established:

1. Adequate toxicological information on camphechlor

(toxaphene) as currently marketed, including a
carcinogenicity study.



2. Comparative studies evaluating the toxicological
hazard associated with polychlorinated camphene
"of different manufacture used in worldwide agricul-
ture. :

3. Before recommendaticns can be made concerning
residues from the use of camphechlor, other than
that conforming to FAO specifications, ‘information

is needed on the composition, uses, and residues
arising from such products.

The following guideline levels for toxaphene in the speci-
fied foods have been recommended (WHO, 1974a):

Fat of meat of cattle, sheep, 4

goats, and pigs 5 mg/kg
Broccoli, brussels sprouts, cabbage, celery,
collards, eggplant, kale, kohlrabi, lettuce,

okra, peppers, pimentos, spinach, tomatoes,

barley, rice (rough), rye, sorghum, bananas

(whole), pineapple, beans (snap, dry, lima),

peas, cauliflower, oats, wheat, shelled nuts,
carrots, onions, parsnips, radishes,

rutabagas 2 mg/kg
Soybeans, peanuts (ground-nut), cotton-seed

0il (refined), rape-seed o0il (refined),

soybean o0il (refined), peanut oil (refined),

maize, rice (finished) ‘ 0.5 mg/kg

Milk and milk products (fat basis) 0.5 mg/kg

These recommendations are based on levels which might be

expected if good application practices are followed and

do not reflect a judgement concerning potential human hazard.
The Iﬁternational Joint Commission of the United States

and Canada (1977) has recommended a water standard of 0.008

Mg/l for the prdtection‘of aéuatic life. This standard

is based on the study by Mayer, et al. (1975) which found

that toxaphene at 0.039 ug/l caused a significant increase

in mortality and a significant decrease in growth in brook



trout fry over a 90:day period. The standard of 0.008 ng/1
~is obtained by applylng a safety factor of 0.2.

Current Levels of Exposure

Quantitative estimates of human exposure to toxaphene
are extremely difficult to make based on the data éresented
in the Exposure section. 'The three major obstacles are:

1. The wide variation in toxaphene concentrations
noted in food, water, and air.

2. Conflicting information concerning the trena of
toxaphene residues in food.

3. The marked seasonal and geographic difference
in toxaphene concentrations found in air and food.

fGiven these problems, a conservative approach in eétimating
exposure to toxaphene is necessary.

‘ | .The best available estimate of dietary intakefis 0.021
tpg/kg/day, based on the U.S. Food and Drug Adminisiration

_ market.basket surveys between 1964 and 1970 (Duggan and
C¢fneliussen, 1972). Although mbre recent market ﬁasket

" surveys indicate a:decrease in the incidence of toxaphene
contamination (Tabie l) and the U.S. Department of:Agricul—
ture survey suggesﬁs that the incidence of toxapheﬁe contam-
ination of raw meat has remained relatively stable-since
1969 (Tables 2 and 3), the U.S. Food and Drug Administration
survey of unprocessed focd samples shows an almost?two-fold
increase in the ihéidence of toxaphene contaminatién between
1972 and 1976 (Table 2). Given this conflicting iﬁforma-
tion, the current aietary‘intake is estimated to bé 0.042

Mg/kg/day, twice that noted by Duggan and Corneliussen (1972).



No sétisfactory estimate can be made of average national
-inhalation éxposures.\ In areas where toxaphene is not used,
inhalation exposure mayibe'negligible. Even in areas of
high use, the apparent low absorption of toxaphene across
the lungs suggests that inhalation may ‘not be a significant
séurce of exposure.

These admittedly tenuous exposufe estimates are éummar—

ized as follows:

Source Estimate Intake
Water no estimate
Food 0.042 ug/kg/day
Air 0

. Spééial Groups at Risk

| " Individuals working with toxaphene or living in areas

Qhere toxaphene is used or produced would seem to be at

‘higher risk than the general population. However, as indicat-

?éd'pfe§iously (see Mutagenicity section), an increased incidence

‘of ¢hroﬁosomal aberration has not been noted in groups with

occupational exposure to toxaphene (U.S. EPA, 1978). Further,

=,fdf¥32'5amples of human adipose tissue obtained from aétopsy
fof surgery cases in areas of high'toxaphene usage, only

one sample contained detectable levels of toxaphene (6.13

iippm). This sample was from an individual who lived in the

Mississippi Delta, an area of high toxaphene use, and who

thefefore potentially was exposed to toxaphene through agri-

"cultural use (U.S. EPA, 1978). Thus, there is no fir@ data

to support the assumption that individuals living in 5igh

use areas or individuals with occupational exposure to toxa-

phene are at greater risk than the general population.



Basis and Derivation of Criterion

Various water concentrations have already been recommended
for téxaphene (see Existing Guidelines and Standards section
in the Criterion Document). These concentrations, ‘with

the rationale, are summarized below:

Standard Rationale Source

5.0 pg/1 Organoleptic effects U.S. EPA, 1976b

8.75 ng/1 Non-carcinogenic Natl. Acad. Sci., 1977
o mammalian toxicity
- 0.44 ng/l Non-carcinogenic Natl. Acad. Sci., 1977
o . mammalian toxicity 1 :

0.008 ng/1 . Agquatic toxicity data Int. Joint

Comm., 1977

Estimated risk levels for toxaphene in water can be
calculated using the linear, non-threshold model déscribed
';n federal Register FR 15296, 1979. The results of the
) Nétional Cancer Institute biocassay of toxaphene for carcino-
'éééﬁiCity is presented in Appendix I. This model assumes
'a‘fisk of 1 in 100,000 of developing cancer as a result
of drinking 2 liters of water per day cqntaining'tdxaphene
at ﬁhe concentrations used in the biocassay. Allowances
‘are also made for consuming fish from toxaphene-coﬁtaminated
waters, The results of these calculations are summarized
-in Table 17. Taking the results of these calculations from
the lowest dose shown to cause a significant increése-in
tumor incidence, a toxaphene criterion of 0.467 ng/l can

be calculated.



TABLE 17

Concentratlons of Toxaphene in Water Estimated to Induce No More
than One Excess Cancer per 100,000 Individuals Exposed over a-

Lifetime based on Data from Natlonal Cancer Iqéﬁ}tute Bioassay of

Toxaphene for Carcinogenicity

Mice

Male, high dose, matched controls
pooled controls

Male, low dose, matched controls
pooled controls

Female, high dose, matched controls
pooled controls

Female, low dose, matched controls
pooled contrcl

Rats

Male, hlgh dose, matched controls
' pooled controls

;Male, low. dose, matched controls
o pooled controls

Female, hlgh dose, matched controls
pooled controls

Female, low dose, matched controls.
' pooled controls

Estimated concentratéoa (ng/l)

by tumor type

H & N

0.4172
0.409

0.502°
0.467°

1.996¢
1.996°%

‘B

0. 393
0.402€

0.623:
1.673

1.43¢
1.43€

7. 84 (N.S.)
7.84°

T

108

- 61.6°

237 (N.S.)
55.7 (N.S.)

70.2 (N S.)
79.9°%

277 (N.S.)
421 (N.S.)

bNatlonal Cancer Institute, 1979.

III of this report.

H & N, hepatocellur carcinoma or neoplastic nodule

H, hepatocellular carcinoma
dT, thyroid tumor

eN.S. - not significant

The worksheets and computer output sheets are included in Appendix

tumor incidence significantly greater than controls at p 0.05.



APPENDIX I

Summary and Conclusions Regarding the Carcinogenicity

- of Toxaphene*

Toxaphene'is a mixture of polychldrinated camphenes.
It is obtained ffém camphene by photochemical chlorination
which produces a heterogeneous mixture of chemicals (177)
containing 67 to 69 percent chlorine. It is structurally
related to strobane (polychlorinated terpene),.an insecticide
(currently not in use) known to induce hepatomas in.mice.

Toxaphene was found to be mutagenic for Salmonella typhimurium

strains TA-98 and TA-100 without metabolic activation.

Two studies, (1) the National Cancer Institute bioassay.
(dietary study) on toxaphene in mice and rats, and (2) the
Bionetics Research Laboratory dietary 'study (sponsored by
Hercules) in mice, have demonstrated that toxaphene is carcino-
genic to both mice and rats.

The National Cancer Institute (NCI) dietary study using
male and female B6C3Fl mice at doses of 99 and 198 ppm revealed
a statistically significant excess of hepatocellular carci-
nomas in male and female mice at both dose levels.

The Bionetics Research Laboratory study in the same
strain (B6C3Fl) of male and female mice fed at doses of
7, 20, and 50 ppm in the diet showed a statistically signi-
ficant excess of hepatocellular tumors (hepatocellular adenoma
plus hepatocellular carcinoma) in male mice, but only at

the 50 ppm dose.



TheJNational Cancer Institue bioassay study also
showed atcarcinogenic‘response induced by ﬁoxaghene in both
male and female Osborne-~-Mendel rats only at the high dose
level (1,080 ppm), consisting of a statistically significant
excess of follicular-cell carcinomas and adénomasuof,the
thyr01d., '

In summary, carcinogenic responses have been 1nduced
in mice and rats by toxaphene. These_results, toggther
with the positive mutagenic-respbnse,}conétiﬁuge_substéntial‘:
evidence'thét.toxaphene is likely to'be,éAhumgp ¢aréihoééﬁ: '

The water‘quality criterion fo:~toiapbeneuis béséd"
on incidence of hepatocellular carcinoma and.neopiastfq
nodules from the low dose BGC3F1 male mlce bloassay. It
is concluded that the. water concentratlon of. toxaphene should

-4

be less than 4.7 x lO mlcrograms per lxter 1n order to

keep the lifetime cancer rlsk below 10 5

*This summary has been prepared by the‘Carcinogéns Asséssmenﬁ

Group, EPA, on June lS, 1979.



Derivation of the Water Quality Criterion for Toxaphene

The water quality criterion for toxaphene is derived

from the development of hepatocellular carcinomas and neo-

plastic nodules
of toxaphene in
a time-weighted

in the diet for

in the B¢C3F; male mice given the low dose
the NCI biocassay study. In that group,
average dose of 99 ppm was administered

80 weeks and the animals were observed for

an additional 10 weeks before terminal sacrifice. The in-

cidence of hepatocellular carcinomas and neoplastic nodules

was 7/48 and 40/49 in the pooled control and treated groups,

respectively.

Assuming a fish bioconcentration factor of

18,000, the criterion is calculated from the following para-

meters:

40
49
2
48
900 days
665 days

99 ppm x 0.136 = 13.50 mg/kg/day
0.033 kg

900 days

18,000

0.0187 kg/day

Based on these parameters, the one-hit slope By 1is

4.42 (mg/kg/day)'l. The resulting water concentration of

toxaphene calculated to keep the individual risk below 10~

is 4.7 x 10" ° ng/1.

4

5



REFERENCES

American Conference of Governmental Industrial Hygienists.
1977a. TLV's: Threshold limit values for chemical substances
and physical agents in the workroom environment with intended

changes for 1977. Cincinnati, Ohio.

American Conference of Governmental Industrial Hygienists.
1977b. Chlorinated camphene (toxaphene)-skin - documenta-~
tion of the threshold limit values, 3rd ed. Cincinnati,

Ohio.

Arthur, R.D., et al. 1976. Atmospheric levels of pesticides:

in the Mississippi delta. Bull. Environ. Contam. Toxicol. 15: 129.

Baeumler, W. 1975. Side-effects of toxaphene on mice.

Anz. Schaedlingskd., Pflanz.—Umﬁeltschutz. (Germany) 48: 65.

Bailey, T.E., and J.R. Hannum. 1967. Distribution of pesti-
cides in California. Jour. San. Eng. Div. Proc. Am. Soc.

Civil Eng. 93: 27.

Barthel, W.F., et al. 1969. Pesticide residues in sediments
of the lower Mississippi River and its tributaries. Pestic.

Monitor. Jour. 3: 8.



Bidleman, T.F., and C.E. Olney. 1975. Long range transport
of toxaphene insecticide in the atmosphere of the western

North Atlantic. Nature'257: 475.

Bidleman, T.F., et al. 1976. High molecular weight chlori-
nated hydrocarbons in the air and sea: Rates and mechanisms
of air/sea transfer. In H.L. Windom and R.E. Dace, eds.

Marine pollutant transfer. D.C. Heath & Co.

Boyd, E.M., and F.I. Taylor. 1971. Toxaphene toxicity in

protein-deficient rats. Toxicol. Appl. Pharmacol. 18: 158.

Brown, E., and Y.A. Nishioka. 1967. Pesticides in selected
western streams - a contribution to the national program.

Pestic. Monitor. Jour. 1l: 38.

Chandurkar, P.S. 1977. Metabolism of toxaphene .components
in rats. Microfilmed by Photogr. Media Center, University

of Wisconsin.

Chernoff, N., and B.D. Carver. 1976. Fetal toxicity of
toxaphene in rats and mice. Bull. Environ. Contam. Toxicol.

15: 660.

Clapp, K.L., et al. 1971. Effect of toxaphene on the hepa-
tic cells of rats. In Proc. Ann. Meet. Western Section,

Am. Soc. Anim. Sci. Fresno State College, Fresno, Calif.



Cohen, J-M., et al. 1961. Effect of fish poisons on water
supplies. III. Field study at Dickinsorn. Jour. Am. Water

Works Assoc. 53: 233.

Conley, B.E. 1952. Pharmacological properties of -toxaphene,
a chlorinated hydrocarbon insecticide. Jour. Am. Med. Assoc.

149: 1135.

Cordle, F., et al. 1978. Human exposure to polychlorinated

biphenyls and polybrominated biphenyls. Environ. Health'

Perspect. 24: 157.

Corneliussen, P.E. 1969, Pesticide residues in total diet

samples (IV). Pestic. Monitor. Jour. 2: 140.

Corneliussen, P.E. 1970. Pesticide residues in total diet

samples (V). Pestic. Monitor. Jour. 4: 89.

Corneliussen, P.E. 1972. Pesticide residues in total diet

samples (VI). Pestic. Monitor. .Jour. 5: 313.

Cfowder, L.A., and E.F. Dindal. 1974. Fate of chlorine-
36-1labeled toxaphene in rats. Bull. Environ. Contam. Toxicol.

12: 320.



Deichmann, W.B., and M.L. Keplinger. 1970. . Protection against
the acute effects of certain pesticideé by prétreatment

with aldrin, dieldrin, and DDT. Pestic. Symp. Collect.

Pap. Inter-Am. Conf. Toxicol. Occup. Med., 6th, 7th, 1968~
1970.

DiPasquale, L.C. 1977. Interaction of toxaphene with ascor-
bic acid in the pregnant guinea pig. Master's Thesis. Wright
State University, 1976. EPA in-house rep. 1977. Summar-

ized by K. Diane Courtney, Environ. Toxicol. Div., Health
Eff. Res. Lab., U.S. Environ. Prot. Agency, in a Toxaphene

review dated Nov. 16, 1977.

Duggan, R.E., and P.E. Corneliussen. 1972. Dietary intake

of pesticide chemicals in the United States (III). June
1968-April 1970 (with summary of 1965-1970). Pestic. Monitor.
Jour. 5: 331.

Duggan, R.E., and F.J. McFarland. 1967. Assessments include
raw food and feed commodities,.markef basket items prepared
for consumption, meat samples taken at slaughter. Pestic.

Monitor. Jour. 1l: 1l.

| Duggan, R.E., et al. 1966. Pesticide residues in total

diet samples. Science 151: 101.

Duggan, R.E., et al. 1967. Pesticide residues in total

diet samples (II). Pestic. Monitor. Jour. 1l: 2.



Durant, C;J., and R.J. Reimold. 1972. Effects of estuarine
dredging.of.toxaphene-contaminated sediments in- Terry Creek,

Brunswick, Ga. - 1971. Pestic. Monitor. Jour. 6: 94.

Epstein, S.S., et al. 1972. Detection of chemical mutagen
by the dominant lethal assay in the mouse.. Toxicol. Appl.

Pharmacol. 23: 288..

Fifzhugh. 0.G., and A.A. Nelson. 1951. _Comparison»oftch:onié v
effects produced in rats“by»se&e:al'chlozinatedihydfocarbon

insecticides. Fed. Proc. 10 295;,

Gainesq T.B. 1960. The acute toxicity of pesticides to
rats. Toxicol. Appl. Pharmacol. 2: 88..
Gaines, T.B. 1969.. Acute~toxicitywofépeéticidésJ Toxicol.

Appl. Pharmacol. l4: 515..

Goodman, L;R,,.et,él. 1978. Effecté:of,héptachlor’and*toka—*
phene oh'laboratory-rearedwembryos and fry of the sheepshead’

‘minnow. 30th Ann. Conf. Southeast.Asspcj Game Fish Comm.

Gﬁebenyuk, S.S. 1970. Effect of polychlorocamphene on liwver:
 functions. Gig. Primen., Toksokol.. Pestits. Klin. Otraq- |

lenii -(USSR) 8: 166. D .
Grzenda, A.R., et al. 1964. Water pollution by insecticides
in an agricultural river basin. II. The zooplankton, bottom

fauna and fish. Limnol. Oceanog. 9:- 318.

C-62.



Grzenda, A.R., and H.P. Nicholson. 1965. Distribution and
magnitude of insecticide residues among various components
of a stream system. Trans. South. Water Resour. Pollut.

Control Conf. 14: 165.

Gunther, F.A. 1969, Insecticide residues in California

citrus fruits on products. Residue Rev. 28: 1.

Haun, E.C., and C. Cueto. 1967. Fatal toxaphene poisoning

in a 9-month-old infant. Am. Jour. Dis. Child 113: 616.

Hayes, W.J. Jr. 1963. Clinical handbook on economic poisons.
Pub. Health Publ. No. 475. U.S. Government. Printing Office,

Washington, D.C.

Hercules Inc. Undated. Hercules toxaphene insecticide.

Bull. T-105c.

Herring, J., and D. Cotton. 1970. Pesticide residues of
twenty Mississippi delta lakes. Proc. 24th Annu. Conf.

S.E. Assoc. Game Fish Comm. 482.
- Hill, R.N. 1977. Mutagenicity testing of toxaphene. Memo

dated Dec. 15, 1977, to Fred Hageman. Off. Spec. Pestic.

Rev. U.S. Environ. Prot. Agency, Washington, D.C.

C-63



Innes, J.R.M., et al. 1969. Bioassay of pesticides and
industrial chemicals for tumorigenicity in miée} A prelimi-

nary note. Jour. Natl. Cancer Inst. 42: 1101.

International Joint Commission, United States and ‘Canada.
1977. New and revised Great Lakes water quality objectivés.

Vol II. Toxaphene

Johnson, R.D., and D.D. Manske. 1975: Pesticide residues

in total diet samples (IX). Pestic: Monitor. Jour. 9: 157.

Johnson, R.D., and D.D. Manske. 1977. Pesticide and other
chemical residues in total diet samples (XI): Bestic. Monitor.

Jour. ll: 1l1l6.

Johnston, W.R., et al. 1967. 'Iﬁseétiéiaes in tile drainageé

effluent. Water Resour. Res. 3:'525;:j77

Kennedy, G.L. Jr., et al. 1973. Multiéenététidn'fep:oduc—_
;iveﬂeffects'of three pesticides in rats. ToXicOl;ﬂApp;;

Pharmacol. 25: 589.

Keplinger, M.L., and W.B. Deichmann. 1967. Acute ﬁoxicity
of combinations of pesticides. Toxiéol. Appl. Pharmacol.

10: S86.



Keplinger, M.L., et al. 1970. Effects of combinations of
pesticides on reproduction in mice. 1In Pestic. Symp.
Collect. Pap. Int. Am.. Conf. Toxicol. Occup. Med. 6th,

7th.

Khalifa, S., et al. 1976. Toxaphene degradation by iron

(II) protoporphyrin systems. Jour. Agric. Food Chem. 24: 277.

Kulkarni, A.P., et al. 1975. Cytochrome P-450'optical differ-
ence spectra of insecticideé. Comparative study.' Jour.

Agric. Food Chem. 23: 177.

Lackey, R.W. 1949a. Observations on the acute and chronic
toxicity of toxaphene in the dog. Jour. Ind. Hyg. Toxicol.

31: 155.

Lackey, R.W. 1949b. Observations on the percutaneous absorp-
tion of toxaphene in the rabbit and dog. Jour. Ind. Hyg.

Toxicol. 31: 155.

Lehman, A.J. 1951. Chemicals in foods: A report to the
Association of Food and Drug Officials on current develop-
ments. Part II. Pesticides. U.S. Q. Bull. Assoc. Food Drug

Ooff. 15: 122.

Lehman, A.J. 1952a. Oral toxicity of toxaphene. U.S. Q.

Bull. Assoc. Food Drug Off. 1l6: 47.



Lehman, A.J. 1952b. II. Pesticides: dermal toxicity. U.S.

Q. Bull. Assoc. Food Drug Off. 16: 3.

Lehman,EAfJ. 1965. Summaries of pesticide toxicity. Assoc.
Food Drug Off. U.S., Topeka, Kans. Summarized in U.S. Environ.

Prot. Agency 1976b.

Lichtenberg, J.J., et al. 1970. Pesticides in surface waters
of the United States - a 5-year summary, 1964-1968. Pestic.

A

Monitor. Jour. 4: 71.

Lichtenberg, J.J. 1971. Aspects of pesticidal use.of toxa-
' phene and terpene polychlorinates on man and the environment.
Anal. Qual. Control Lab. U.S. Environ. Prot. Agency, Cinéfhhati,_

Ohio. Personal commun. in Hartwell, et al. 1974. |

Litton Bionetics, Inc.. Carcinogenic,evaluétibn‘in mice.
Toxaphene. Final Report. : LBI Project No. 20602. Kensington,

'MD. Submitted to Hercules, Inc., Wilmington, Del. Nov. 1978.

Lowe, J.I., et al. 1970. Chronic exposure of oysters to
DDT, toxaphene and parathion. Proc. Natl. Shellfish Assoc.

61: 71.

Manigold, D.B., and J.A. Schulze. 1969. Pesticides in selected
western streams - a progress report. Pestic. Monitor. Jour.

3: 124.



Manske, D.D., and P.E. Corneliussen. 1974. Pesticide residues

in total diet samples (VII). Pestic. Monitor. Jour. 8: 110.

Manske, D.D., and R.D. Johnson. 1975. Pesticide residues

in total diet samples (VIII). Pestic. Monitor. Jour. 9: 94.

Manske, D.D., and R.D. Johnson. 1976. Pesticide and metallic

residues in total diet samples (X). Pestic. Monit. Jour.

10: 134.

Martin, R.J., and R.E. Duggan. 1968. Pesticide residues

in total diet saﬁples (ITI1). Pestic. Monitor. Jour. 1l: 1ll.

Matsumura, F. 1975. Toxicology of insecticides. Plenum

Press.

Mattraw, H.C. 1975. Occurrence of chlorinated hydrbéarbon
insecticides - southern Florida - 1968-1972. Pestic. Monitor.

Jour. 9: 106.

Mayer, F.L. Jr., et al. 1975. Toxaphene effects on reproduc-
tion, growth, and mortality of brook trout. EPA-600/3-75-

013. Off. Res. Dev. U.S. Environ. Prot. Agency.
Mayer, F.L., et al. 1977. Toxaphene! Chronic toxicity to

fathead minnows and channel catfish. EPA-600/3-77-069.

U.5. Environ. Prot. Agency.

Cc-67



McGee, L.C., et al. 1952. Accidental poisoning by toxaphene.

Jour. Am. Med. Assoc. 149: 1124.

Mehendale, H.M. 1978.- Pesticide-induced modification of
hepatobiliary function: hexachlorobenzene, DDT and toxa-

phene. Food Cosmet. Toxicol. 16: 19.

Mississippi Agricultural Experiment Station, Department
of Biochemistry. 1976. Samples of air received from Delta
Branch Exp. Station. Mississippi State University.,vﬁpubi

lished. Summarized in U.S. Environ. Prot. Agency, 1977.

National Academy of Sciences. 1977. Drinking water and. _
health. A report of -the Safe Drinking Water,CommittéefAdvisory '
Center on Toxicology Assembly of Life Sciénces,'Natiohal

Research Council. Washington, D.C.

National Cancer Institute. 1977. Guidelines for cércin04
genesis bioassays in small rodents. Tec. Rep. No. 1, Publ.
No. 017-042-00118-8. U.S. Government Printing Office, Washington,

b.C.

National Cancer Institute. 1979. Bioassay of toxaphene

for possible carcinogenicity. DHEW Publ. No. (NIH) 73-837. .

Nicholson, H.P. 1969. Occurrence and significance_of pesti-

cide residue in water. Jour. Wash. Acad. Sci.. 59: 77.

C-68



Nicholson, H.P., et al. 1964. Water pollution by insecti-
cides in an agricultural river basin. I. Occurrence of insec-

ticides in river and treated water. Limnol. Oceanog. 9: 310.

Nicholson, H.P., et al. 1966. Water pollution by insecti-
cides: A six and one-half year study of a watershed. Proc.
Symp. Agric. Waste Waters Rep. No. 10 of Water Resour.

Center. .University of California.

Ohsawa, T.,_et al. 1975. Metabolic dechlorination of toxa-

phene in rats. Jour. Agric. Food Chem. 23: 98.

Ortega, P., et al. 1957. Pathologic changes in the liver:
of rats after feeding low levels of various insecticides.

Am. Med. Assoc. Arch. Pathol. 64: 614.

Pollock, R.W. 1958. Toxaphene-lindane poisoning by cutan-
eous absorption - report of a case with recovery. Northwest

Med. 57: 325.

Pollock, G.A. 1978. The toxicity and metabolism of toxa-

phene. Univerisity of California, Davis.

Reimold, R.J. 1974. Toxaphene interactions in estuarine
ecosystems. Natl. Tech. Inf. Serv. COM-75-10104/8GA.

Springfield, Va.



Reimold,‘ﬁ.J., and C.J. Durant.- 1972a. Survey of toxaphene
levels in Georgia estuaries. Tech. Rep. Ser. No. 72-2.

Georgia Mar. Sci. Centér, Skidaway Island.

Reimold, R.J., and C.J. Durant. 1972b. Monitoring. toxaphene
contamination in a Georgia estuary. Natl. Tech. Inf. Serv.

COM 73~1072/. Springfield, Va.

Reimold, R.J., and C.J. Durant. 1974. Toxaphene content
of estuarine fauna and flora before, during, and after dredg- .-
ing toxaphene-contaminated sediments. Pestic. Monitor.

Jour. 8: 44.

Rico, A. 1961. Chlorinated syntheticforgahic.inéecticides  o

and their toxicology.  Red. Med,_vet. EcoieiAIfo;t;5137g 761.

Saleh, M.A., et al. 1977. Polychlorobornane,cémponents o
of toxaphene: Structure-toxicity relations andjmetabolic

reductive dechlorination. Science 198: 1256..

San Joaquin District, Calif. Dep. of'Watér‘Résourqes,f 1963~
1969. Annual summaries of water-borne chlorinafed hydro-

carbon pesticide program. In G,E.Gﬁyer, et ai, l97l.;‘TOx5phénev
status report. Spec. rep. Hazard. Mater. Adv. Co@m.5U.S.

Environ. Prot. Agency.

Schafer, et al. 1969. Pesticides in drinking water from
the Mississippi and Missouri Rivers. Environ. Sci. Technol.
3: 1261.

Cc-70



Schulze, J.A., et al. 1973. Pesticides in selected western

streams - 1968. Pestic. Monitor. Jour; 7: 73.

Shelanski, H.A. 1974. Unpublished rep. to Hercules, Inc.

Summarized in Deichmann, 1974.

Shelanski, H.A., and A. Gellhorn. Undated. Unpublished

data. Cited by McGee, et al. 1952.

Sidwell, V.D., et al. 1974. Composition of the edible portion
of raw (fresh or frozen) crustaceans, finfish, and mollusks.
I. Protein, fat, moisture, ash, carbohydrate, energy value,

and chloesterol. Mar. Fisheries Review 36: 21l.

Sigworth, E.A. 1965. Identification and removal of herbi-

cides and pesticides. Jour. Am. Water Works Assoc. 57: 101l6.

Stanley, C.W., et al. 1971. Measurement of atmospheric

levels of pesticides. Environ. Sci. Technol. 5: 430.

Tébor, E.C. 1965. Pesticides in urban atmosphere. Jour.

Air Pollut. Control Assoc. 15: 415.

Tabor, E.C. 1966. Contaminatidn of urban air through the

use of insecticides. Trans. N.Y. Acad. Sci. Ser. 2. 28: 569.

Terriere, L.C., et al. 1966. The persistence of toxaphene
in lake water and its uptake by aquatic plants and animals.

Jour. Agric. Food Chem. l4: 66.

Cc-71



u.s. Department of Agriculture. 1978. Unpublished data
courtesy of Dr. Grace Clark, Residue Eval. Surveil. Div.

Food Safety Qual. Serv. Washington, D.C.

U.S. EPA. 1976a. Laboratory examination of drinking water
pesticide analysis. Unpublished. Summarized in U.S. EPA
1977.

U.S. EPA. 1976b. National Interim Primary Drinking'water"

Reéulations. EPA-570/9-76~003, Off. df~Water Supply;

U.S. EPA. 1976c. Quality Criteria for Water. Report No.

EPA-440/9-76-023.

U.S. EPA. 1976d4. Water program. Proposed toxic. pollution

by effluent standards. Fed. Reg. June_ld..4l$‘23576.'u

U.S. EPA. 1976e.. Episode summary for repdrts'invoivihg
toxaphene. Pesticide Episode Review'System,‘Rep. No,'81.‘

Pestic. Episode Resp. Branch.

U.S. EPA. 1977. Toxaphene: Position document..

U.S. EPA. 1978. Occupational exposure to toxaphene;, Final
Rep. by the Epidemiol. Stud. Progr. Off. Tox. Subst. Washingtoh.

D.C. (Draft).

Warraki, S. 1963. Respiratory hazards of chlorinated cam-

phene. Arch. Environ. Health 7: 253.

c-72.



Weavef, L., et al. 1965. Chlorinated hydrocarbon pésticides

fin major U.S. river basins. Pub. Health Rep. 80: 481.

,Welch,fR.M., et'al; 1971. Effect of halogenated hydrocarbon
insecficides on the metabolism and uterotropic action of

estrogens in rats and mice. Toxicol. Appl. Pharmacol. 19: 234.
Whitcomb, E.R., and J.A. Santolucito. 1976. The action
Qf_pesticides on conduction in the rat superior cervical

,éanglibn.. Bull. Environ. Contam. Toxicol. 15: 348.

1World Health Organization. 1974a. Evaluation of some pesticide

residues in foods: Camphechlor. Pestic. Residues Ser. No. 3.

World Health Organization. 1974b. Pesticide residues in food.

Tech. Rep. Ser. No. 545.

World Health Organization. 1976. Pesticide residues in food.

Tech. Rep. Ser. No. 592.

GPO 943-118



