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?ozapbene: Position Document l 

I. BA.CKGB.OU~D 

A. Chemical/Physical Characteristics 

Tc~aphene (cbe~ical name, cblori~ated camphene) is a 
com~lex mi:ture of at least 177 polychlorinated compounds c10 
with an empirical formula of C1o li10 Cls (1). It occurs as 

an amber, waxy solid with a mild odor of chloTiue and 
camphor and is pTapared by the cblorinatiou of camphene. It 

bas a molecular weight of 414 and a density of 1.66 at 21°c. 
The melting poiut ranges from 65 to 9O°c. It is highly 
soluble in organic solvents, espe~ially in aromatic solven:s. 
Its solubility in water is 0.5 parts per million (ppm). 
(Rus~ian names include polychorpiuene and polychloro­
campaene.) 

3. Fo'Mltulstion and Class 

Toxapbene is ,la~~~d and used as au insecticide and 
is avai:able i.u emu.lsi.:i-:!;b1e concentrates, wett.abl1; powde?'s, 
and dust formulations. A 20% dust is che standard com­
mercial formulation, aud a 10% dust is ?roduced :or use on 
certain insects. £mulsifiable concentrates range from 4 
to 8 l~ of toxaphene/gal, whereas oil solutions contain 90% 
toxapbene. Wettable powders contain 40% coxaphene. Toza­
poene is also availabl~ as an emulsifiable concentrate in 
various mixed ratios with methyl parathion for use ou cotton 
(2). It also occurs in registrations mixed with lindane, 
dichlorvos, malathion, sulfur, parathion, methyl parathion, 
dimttthoate, dicofcl, aaled, zineb, cryolite, metallic 
cop?er, methoxyehlor, EPN, dinocap, ethylene dichloride, 
metasys:ox R, BHC, trichlorofon, pyrethrin and piperonyl 
butoxide, ~onocrotophos, endosulfan, azinphosmethyl, 
chlordime£orm, carbaryl, aracite, endrin, dioxathion, 
earbophenothion, Dacomil 2787, 24-D, MGK-264, and chlordane 
(3). 

r.:. Registered Uses and Production 

!oxaphene ~as been produced a! a pes:icide si~ce 
1947. Approximately 186 companies hold Federal registrations 
and manufacture 817 regis~ered products. Sixty-one co~panies 
have stat~ registrations and produce :76 products. 
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.' EPA records indicate that an aiggregate total of 
103,000,000 lb were produced in 1974 and ll6,000,000 lb in 
1975 (4). The "National Study of Agric~ltur.al, Governmental 
and Industrial Uses of PesticidesN (5) conducted by EPA's 
au.man Effects Mon!.toring Branch relatee that an estil:lated 
74,469,332 lb of toxaphene were use·:i in agriculture in the 
Onited Sta~es during 1974. Cotton was ~y fa= tb.e largest 
single use, consuming approximately 63,960,00C lb or 861 of 
the total domestic conswnption figute. Soybeans a~ccunted 
fer an es~imated 2,440,000 lb: wheat for 1,604,000 lb: . 
cattle for l,285,000 lb; corn for 1,219,000 lb; peanuts for 
1,070,000 lb: swine for 530,000 lb: tobacco for 434,000 lb: 
alfalfa :or 367,000 lb: tomatoes for 347,000 lb; sorghum for 
254,000 lb; sunflowers for 233~000 lb; beans :or 201,000 lb: 
lettuce for 105,000 ~b; hay (pasture & forager for 89,000 
lb; oats for 71,000 lb; barley for 58,000 lb; radishes for 
'53,000 lb; potatoes for 33,000 lb; sheep for 24,000 lb; 
green peppe.::s for 20,00~ lb: ornamen<:.als for 15,000 lb; 
carrots for 7,000 lb; other vegetables for 7,000 lb; onions 
for 3,000 lb: eggplants for 3,000 lt1; spinach for 2,000 lb; 
nursey crops for 1,000 lb: and peaches for 96 l~. (A list of 
sites on which toxaphene has been re<;·istered for use since 
October 7, 1975, is given in Reference 6.) 

The four.pricary Ji~es listed for ~he use of toxa­
phene are cotton, livestock, soybean.,, and peanuts (6). 

o. Znvironmental Fate and C~aracteristics 

As stated earlier, ~cxapheoe i~ a complex mix~ure of 
compounds, and little :s known of the metabolic patbways or 
of the metabolites themselves. Menzie (7) has stated that 
very little information is available about the metabolism of 
toxaphene. o:. Phillip Kearney (8), Secreta:y to the !UPCA 
Commission on Terminal Pest.:.cide Reviews, reported that 
knowledge of toxaphene metabolism in mammals, birds, and 
=ish is "undoubtedly" limited. And Sanborn et al. (9) 
have stated th.at the en•,ironm-?nt.al fate of toxaphene is very 
pocrly understood. Scientific studies have been conducted, 
however, that give some insight into certain of toxaphene's 
characteristics {18). 

(l) Persistence: Soils 

Toxaphene is generally ac:epted as a persistent 
compound il'l. both· sc.:.l and water. Nash and wools on (l 0) 
:eported .~hat 45% of the applied toxaphene remained in 
Cong~ree sandy :oam soil after 14 years. Foster et a:. (ll) 
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indicated that repeated applications of toxaphene accumulatec 
in. the soil and affected the growth rates of several vege­
tables an: f:ield crops. Based on analytical procedures 
in use ~t that time, Foster determined that 29% of the 
toxaphene applied over 60 months in ccld frames re~ained in 
the soil. According to a green house test, 66% of the . 
total applied remained after 34 months. In the same study, 
a significant reduction in the yield of turnips {a root 
cTop) resulted when they were planted in soil that nad 
been contaminated by toxaphene, even though the turnips were 
never sptayed from time of planting th:ough harvest. 
LaFleur (12). concluded that some toxaphene persists beyond 
the growing sea5on, and that hazardous acC'Jmulation in soil, 
water, and air is a possibility. Nash et al. (13) reported 
that soi:s which were treated with 112 kg/hectare of toxa­
phene in 1951 contained 55 .8 p-;:m (average of all plots 
checked) in 1952, and after 20 years (1971) tllose same 
soils still contained 24 .24 ppm by soxhlet e~-r.ractioo., 
28.08 ppm by shake extraction, and 21.61 ppm by GLC column 
extraction. 

(21 Persistence: Water 

Although never resi~tered as a piscicide, toxaphene 
was in common use !or a :2eriod of time to cont:ol undesir­
ahle fish. As a result cif-cllis use, a number of s~udies 
were conducted that give ·some indication of tlle persis­
tence of toxapbene in surface waters. Terriere et al. (14) 
reported that toxic levels remained in a lake·trea~ed with 
40 ppb after 5 years. John~on e~ al. (151 reported that 
aeveral lakes treated with O.l ppm of toxaphene could 
not be safely restocked for approximately 4 years. And 
Cohen et al. {16) reported, •rrom the limited experience 
with the stability of toxapbene in water, it seems clear 
that toxicity of toxaphene will persist ••• perhaps for as 
long as 13 ~onths." 

(3) Bioacummulation 

Most or;anoehlorine compounds are persistent and 
bioacummulatei; to:x:aphene is no excePt:.on. Metcalf and 
Sanborn (17) showed-that toxaphene ls ~igh:y pers:.stent and 
accumuJ.ates several thousand ti:nes in their model eco­
system. In a later study (9) they stated, "Continued 
use of toxaphene ..• will undoubtedly lead to greater con-=ami­
nation of humans and foodstuf= by [this] environ:nentally 
recalcitrant pesticide .... • Reimold and Durant (:9) demon­
strateG in a study. on toxapbene C'esidues thai; water levels 
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were undetectable on September 2, 1972, in Terry Creek, near 
Brunswick, Georgia (levels less ttan 0.25 ppm were considered 
insignificant); yet mummichogs collected the same day 
contained 10.45 ppm toxaphene. on October 12, 1972, wate: 
samples contained 0.0014 ppm; salt water marsh grass contain­
ed 3 •. 93 ppm; oysters contained 1.19 ppm~ shrimp contained, 
2~88 ppm; and mummichogs contained 131~14 ppm. Herring and 
Cotton (20) reported t~at a lake in Mississippi had water 
residue levels o: toxaphene of l.92 ppb; sediments had 0.946 
ppm, and bl~egill sunfish had 20.0 ppm in the body and 35.7 
ppm in tbe bead an~ viscera. Schimmel et al. (ll) report­
ed that longnose killifish were eXl:)osed to tcxaphene for 28 
days. Resulting concentration factors were 13,300 tc 33,000 
in embryo/fry; 19,300 to 32,200 in advanced fry; 23,700 to 
60,000 in· juveniles: and 4,200 to 5,300 in adult~- (Adults 
were exposed for only l4_days.) 

In a study on channel catfish, Merhle anc Mayer 
(22) learned that catfish fcy bic3ecumulated or concentratec 
the levels of toxaphene 40,000 to 91,000 times that found in 
water. Adult channel catfish accumulated about 54,000 times 
the lowest test level, a.nd 20,000 ti:nes the highest concentratior, 
used. 

( 4) Trans-oort 

Although toxaphene has been shown to oersist in 
soils, it can ·also be readily transported from the site of 
application. Bradley et al. (23) reported t~at sufficient 
tcxaphene was washed from a treated cot~on ?lot ~nto an 
adjoining pend to raise the detectable level of <1.0 ppb to 
a high of 65.2 ppb. Of ll different calendar dates (from 
July 8, 1969, through October 3, 1969} when ~ater residues 
were checkea, all ~ut one date showed levels cf toxaphene in 
the pond equal to or exceecing ~he 96-hour median tolerance 
limit for bluegills. Bidleman and Olney (24) ran a study to 
see whether or not long =ange transport of toxaphene by 
volatilizatior. was possible. By collecting air sample~ fr=~ 
a location in 3ennuda and from a cruising sh~p, they learne~ 
that levels of toxa?bene in the marine atmosphere of the 
western North Atlantic were equal to, and in some instances 
twice, ~hose of PCB's and ~ere thar. 10 times higher than 
those o= other ?eStic~des reported to that date in the same 
general location. Levels ranged from 0.4 to l.6 nanograms 
per cubic me-:er. 
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I::. Tolerances 

Although tolerances have been granted which allow the 
use of toxaphene on various food and feed stocks, no · 
acceptable daily intake has been set. or. Vettorazzi 
(25) reported the following when the FAO/WBO study group 
ada:essed ~roblems with the pesticide toxapbene: 

Ftir~her work deemed to ce ~e~essary before an 
A.:o.r. (acceptable·daily intake) for man can be 
established comprises adequate ~oxicclogical 
inforlllation on cam;,heclor (toxaphenel as cu:rently 
l.1'larketed, including carcinogenicity studies and 
comparative studies evaluating the toxicological 
hazards associated with polychlcrinatec camphene 
of different manufacturers used in worldwide 
agriculture. 

As of July 1, 1976, the Code of Federal Regulations 
(CFR 40, Section 180.138) reported the following tolerances 
in-effect fer toxaphene residues in ~r en raw a9ricult~ra.l 
commodities: 7 ppm in C?r -on appl~-., a?ricots, bea."'l.s, 
blackber=ies, boysenber~les, brocc-li, brussel sprouts, 
cabbage, carrots, cau:ifil.ower, celery, citrus fruits, 
collards, corn, cranberries, cucumbers, dewberries, egg­
plants: fat of meat from cattle, goats, bogs, horses, and 
sheep; hazelnuts, hickory nuts, horseradish, kale, kohlrabi, 
lettuce, ~oganberries, nectarines, ok=a, onions, parsnips, 
peaches, peanuts, pears, peas, pecans, peppers, pimentos, 
q~inces, radishes (with or ~itbout cops) or radish tops, 
raspberries, rutabagas, spinach, strawber=ies, tomatoes, 
walnuts, young ber=ies: 5 ppm in or on ba=ley, oats, rice, 
rye, sorghum grain, wheat; 5 ppm, calculated as a chlorinatec 
terpene of molecular weight 396.6 cor.taining 57% chlorine, 
in or en cottonseed: 3.5 ppm combined residues cf UDT and 
toxaphene in or on soybeans (dry form), cf ~hich residues 
DDT shall not exceed l.5 ppm and toxa~hene shall not exceed 
2 ppm; 3 ppm in or on bananas (of which residue not more 
than 0.3 ppm shall be in t~e pulp after the peel is removed 
and discarded) and pineapples; 2.0 pprn in or on soybeans 
(dry form) ; and 0 .1 ppm in or on si.:.nflowe.r seeds. 
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F. Residues 

(1) FDA Commoditv Survev 

The Food and Drug Administration (FDA) has been 
collecting food and feed samples for a number·of years, 
analyzing each sample to determine pesticide residue levels 
and frequency of occu.rrence. A brief summary of toxapbene 
residues for the ?ast 5 fiscal years is given in the chart 
below. 

Ccmn::x:lit'f Most 
t of C:llllICc. ties i of SaII9les ~ of Posith-e % of Frequently 

Ccnt..aminated Cl.eek~ 5amoles O:::c-..u:rence contaminated 

19i2 10 3Sl6 118 3.3 Leaf & Stem 
Vegetables 

1973 :,5 2906 lSCI 4.S :.ea£ & Stem 
· Vege':ables 

l.974 8 1913 . . 109 4.6 Fis., 
;;--

1975· 12 2317 118 s.o Fish 

1976 15 422E 257 6.0 Fish 

The above figures disclose a slow but steadv rise 
in the ~umber of ~ositives :ound on a percentage basis 
overt.he pa~t five years. Although t~e commocity con­
tanu;:-:atec most in the past three years i.s fish, there are 
only ~wo =egistered uses where ~cxa~hene is directly applied 
to water, cranberries and rice. It is likely that the high 
incidence in fish is due to side-effects such as run-cf: 
and volatilization. 
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The following list indica~es the com~odities, the 
number cf ?Ositives within the year., and the fiscal years 
(?Y) when found cor.taminated: 

IT FY FY FY FY 
Commodi-;y 1972 1.973 1974 1975 1976 

Beans 0 0 0 3 0 
r.arge Frui <:s 1 0 0 0 0 
Small F!:t::.its 0 l 0 0 0 
Leaf and Stem Veg. 50 66 38 19 34 
Root Vegetables 
Vine and Ear Veg. 

24 
4 

2 
10 

8 
6 

15 
6 

18 
23 

Nuts 
Eay Natural 
Whole Grain-Elll!lan 

0 
0 
0 

7, 
12 

4 

0 
a 

11 

1.9 
a 
0 

25 
·o 
0 

Whole Grain-Animal 0 3 l 2 3 
Whole Soybeans 0 6 0 a 3 
Fis.b. 27 10 4-0 22 65 
Shell F::.sh 0 0 0 0 

, -
Grains, Ground 1 2 Cl 0 0 
Processed Animal Feed 

E'ish byproducts 
Processed Animal Feed 
Oil seed byproducts 

. 
::-

13 

0 

0 

6 

0 

0 

12 

l 

15 

13 
?rocesseci Animal. Feed 

Bay dehydrated 
Processed Animal Feed 

a 4 a 11 28 

Misc. Animal Feecs 6 0 0 2 2 
Processed Animal ?eed 
?recessed Vee. byproducts 1 0 0 a '12 

Processed Animal ?eed 
!-Lise. Produc': Peed l 6 0 0 0 

Crude Veg. 0:.1 0 0 1 0 0 
Processed Ani~al Feeds 

Cerea.:. byproduc~s 
Processed Animal Feeds 

0 0 2 6 16 

Grains 0 a 0 0 l 
Treated Seed 0 1 0 0 0 
Whole Milk C 0 0 0 :z 

Total i of oc:::urrences u 15 a 12 15 

It is apparent from the above that toxaphene contam.i-
nates vegetables and fish, both basic food commodities. 
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(2) Air Residues 

Six air samples were taken in the Stoneville, 
Mississippi area !26). The following are average toxaphene 
levels in nancgrams per cubic meter (ng/m3 ) for the six 
sampling dates. . 

l-2-76/2-5-76 4.8 ng/m3 
2-5-76/3-2-76 16.36 n II 

3-2-76/3-31-76 16.55 n " 
3-31-76/ 4-30-76 15.48 " " 
4-30-76/6-1-76 - 16.67 ,, " " 
6-1-76/7-2-76. 42.09 " 

A maxi:num weekly level of 1746.5 ng/m3 occurre~ in 
the Mississipi Delta during a three-year study covering t'.he 
years 1972-73 and 1974. (27). Levels were the highes~ 
during the months of August and September. Average levels 
during those months are listee. below. 

1lli' 1973 1974 -
August 1540 ng/m 3 •· - 268. 8 ng/m3 903.6 ng/m 3 

September 827 • ,. :" 322. 6 " " 524.6 " " 

Bidleman and Olney (24Y reported that levels of O .:)4 
t'.O 1. 6 ng/m3 of -::oxaphene we.re found in the at:ncsphere over 
the North Atlantic many miles from any direct source ~f 
conta.mir.ation and suggested, "A poss~ble source of airborne 
toxaphene is the southern o.s. cotton growing areas where 
ehe bulk of ~his pesticide has been used •.•• " 

(3) Water Residues 

(a) ~rinkina Water 

A se~ies of commercial drinking water sa.roples were 
collec~ed and analyzed for EPA during 1975 and ~976 (28). 
~wenty-seven out o: fifty-eight samples were positive for 
toxaphene. The levels ranged from <0.05 to 0.05 ppb. 
Of the SaI!Qles reported prior to 1S75, none gave a positive 
indication for toxaphene. 
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(bl Surface Waters 

Berring and Cotter. (20) reported on pesticide :esidues 
in 20 Mississippi Delta lakes, ·disclosing detectable ~oxaphene 
ri:sicues in 11 lakes with a maximum of 1.52 ppb. In the 
same study, sediments from the lakes were also checked. 
Levels c:': a trace to 2.46 ppm were ::ouncl iri 10 of the lakes. 
Levels of a trace tc 35.7 ppm were four.din the flesh of 
bluegills in 3 of the lakes. Seven lakes had no detectable 
~oxaptene levels in th~ !ish. 

Reimold and Durant (19) =eported tha~ Terry Creek, 
near Brunswick, Georgia, and a toxaphene manufacturing 
plant, was dredged to bo~h widen and deepen tje creek bed. 
Water, sediment, and aquatic life were sampled before, 
during, and after dredgins. The following cha=t shows that 
disturbing bottom sediments caused a r:se in detectability 
vf toxapu~ne residues :n the water, flora, and fauna. 
Dredging ~egan on Sep~ember i, 1972, 

, ., 
Sent. 2 Sent. 28 Oct. . .. 

Water none detected a. o 013 _ppm 0.0014 ppm 
Salt. Marsh Grass a .82~-ppm 2. a .r ppm 3.93 ppm 
Sediment S.4i ppm 2.11 ppm 3.97 ppm 
Mt.lllllnichog tfish) 10.45 i:?m l0.52 ppm 1.31 .14 ppm 

Samoles cf water frc~ ~esterr. streams were analyzed 
fer pesticide residues f~om·l968 through 1971. No toxaphene 
residues were detected. Limits of detec~ability we~e listed 
as c.s to 1.0 :nicrograins per li':er (ppb) (29). 

(cl ~ 

In spite of the low frequency 0f recorded occur­
rences cf detectable toxaohene residues ~n water, fish 
have been found with si~nlficant levels :n their ~issues. 

A ~assive fish ki:l ~n 1975 in Louisar.a 
disclosed ~ox2ohene.resicues in fish and water of 2.017 and 
0.0042 ppm, respective:y, in ~he La Fourche Canal; of 5.058 
and 0.004 p-pm, respec-=.ively, in Joe Bayot:; of 10.294 t':'nr.l 
0.001 ppm, respec~ively, in the Seouf River; and of 4.399 
and 0.0014 ppm, respectively, in Bayou Bartholomew. A 
drainage ditch that flowed into Bartholomew had water 
levels of 0.01 ~pm (30). 
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Several lakes in Wisconsin were ncleaned out" for 
restocking using toxaphene (31). It was applied at a 
calculated dose of 0.1 to 0.15 mg/liter (ppm). Water levels 
after 4 months were l to 6 micrograms/lite= (ppb). Fish 
were stoeked ll months after treatlllent; two months after 
stocking, samples of fish were removed and analy~ed. 
Toxaphene residues were found to be 9.4 micrograms/gram 
(ppm) in bluegill sunfish and ~0.6 micrograms/gram {ppm) in 
suckers. 

According to Crockett et al. (32), S4 col!lIDerical 
catfish farms in Arkansas and Mississippi we.re sampled ir. 
1970 to see if they were contaminated by pesti.cides. Of the 
samples taken, 96% showed toxaphene levels from 0.2 to 20.7 
ppm in the tish. The average concent=ation was 2.l ppm. 
The authors suggested tb~t cotton product~on was ~he primary 
source of contamination and that, although actual routes 
of movement have not been clearly defined, aerial transport 
seemed most probable. Samples of sediments, f~sh feed, and 
water were analyzed but were not shown to be the sources of 
cor.:c:.amination. 

3awtborne et al. (33), usinc the same data base as 
Crockett et al. (32), reported thaf leve:s of toxaphene in 
commer~ially grown catfish-sampled in 28 counties in Missis­
sippi and in 22 co~nties:~n Arkansas disclosed positive 
oceur~enees in all but orie saaple in Mississip?i and in 
Arkansas. Levels of detec~ability were 0.01 ppm. Whole 
body residues ranged from 0.2 ppm to 20.67 ppm. 

(4) Li•restoek 

Diephuis and Dunn (34) fed livestock (sheep and 
cattle) hay treated wi':.h •rarying ::.evels of toxaphene. ~-fter 
134 days of feed~ng cattle, and ~33 days of feeding sheep, 
the following levels were determined. 

Steers Treat::Dent ~av ~idues Fat t.ea.'"l Meats 
Total lb/~e Sw:x::u,:.,. Al:xiomlnal Shailcier Rio Ri,;n;> 

conuol ,a 
uo 
;12 

0 
2. 
4 
8 

a 
25-40 ppn 

Sl ;:pn 
306 ppn 

0 
24 ppn 

338 Pi=l'l1 
61.8 ~ 

0 
Z5 P?11 

243 :'.-p!l 
n2 pp:n 

0 0 0 
0.9ppn 0 0 
6.8 i;;tn 6.E pp:n 6.6 i;:;:m 

17.9 ppn 34.8 ppll 28.9 ppn 

Shculder Loin Leg 
SheeP -
Control 0 C 0 0 0 0 0 
17 2 25-40 ~ 42 i;;m 60 ~ 1.6 ppn 5.5 P?ll 3.1 p;rn 
i9 4 81 p;-:m 72 can UDp;;:m 13.l ~ 7.5? 8.4 Pi:%ll 
U2 8 306 pp:n 162 ~ 317 ppn Sl.2 F?U 30.0 p;in 22.4 ;;:ni 
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G. Pes~icide E~isode Recorts Svstem (?ERS) 

EPA's Pesticide Episode Response (PER) Branch of the 
a=fice of Pesticide Programs (OPP) maintains a ?esticide 
Episode Reports System (PERS) which collects reports of 
pesticide exposure affecting humans, domestic animals, 
livestock, and wildlife (36). Accord~ng to their recorcis, 
there were 222 episodes f:om 1966 to 1975 involving the 
insecticide toxaphene. T~e large number of episodes ~ay 
reflect the extensive use· of toxaphene as a pesticide; in 
many instances, toxaphene was not the sole pesticide present. 
T~e following c~art list~ those reports. 

Table l. Toxapher.e Episo::es 1966-1975 

NOt 
:!ear Euman Animal Plant COntamin.ation Sc:eci.fied Total 
:§66 r. -r 

67 2 7 9 
68 6 6 
69 1 3 4 
70 3 l l 5 
71 2 15 2. 2 21 
n 10 12 10 7 39 
73 11 35 . 10 2 58 -74 8 38 4 50 
75 7 16 1 5 29 

ToU!l .44 134 r 32 u 

Table 2 shows the result when the above da~a we=e 
reexamined to determine age groups of humans affectec. 
Numbers in parentheses denote fatalities. 

Table 2. Year of Ag~ 

Year 5 5-16 l i-6'.5 65 & Older Unk. 
3n T (1) 

68 
69 . ... (1) 
70 2 (1) l (1) 
il l l (l l 
72 6 4 (). ) 
73 2 8 { 2) .... 

, 

74 8 
75 1 4 2 

( .1.·) -~ T:::>~a.l. 3 ~ 2) 4 30 ( :i) 0 7 
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Anal!sis of :he above table shows the hig~est 
''at risktt age group to be 17 to 55 years of age. This age 
group represents those individuals ~ost like1y to be 
oeeu?ationally exposed. Of the eight f~t~lities re?orted, 
five involved exposure duri~g som~ phase of application, 
i.e., spraying of crops or iippi~g of livestock. Two of 
the five involved the crash of ~ircraft during aeria: 
application, and the remaining three involved exposure 
during ground application. The actual cause of dea:b 
iu t~ese lat~er instances was vag~e due to exposure to 
mi.t~res of two or more pesticides. The re~aining :hree 
fatalities of ~he eight reported involved two incidents 
o: ingestion by ~hildren and one in which the circum­
stances of exposure were un~no.n. 

Table J. Ani:nal Episodes 1966-1975 

Year Wildlife Bees Livestock Fish To:a.l 
1966 l l 

67 5 1 i 
68 .l. 4 l 6 
69 l 1 3 
70 - l l 
7l -- 6 9 15 
72 2. 10 12 
73 4 3:!. .3 5 
74 1 8 29 38 , 75 . 6 9 lG 

::0:.:1.l . 2 37 94 U4 

Sixteen of ~he 37 episodes involving livestock were 
di-rect appli::ations to cattle (10), s-·ine (3), horses (2) 
and sheep Cl), :ish kills were involved Q to~al of 94 
ti~es. Forty of these episodes were reported to be the 
result of toxa~hene applications to or near water. Ihe 
specific circumstances of t~ircy-nine of the ep~sodes Ye-re 
11nrepor-ced. 

The Pe~ticide Episode Response Branch concl11ded, 
after examining t~e records c:osely, "The ~ost com~on 
circumstance :eading to fish ccrtality involved runoff from 
tre.:1.ted fields folloving applic3tions to rice, c~'tton and 

11 co-rn • 

II. REG~LATORY ACTIONS 

!o~aphene has been subjected to severa: Federal 
reg~latory a::t:ons since its original registration. r~elve 
of the following 15 actions were initiated duri=g tie ?eriod 



when USDA was responsible for the regulatory control of 
pesticides. Tbe reJ:1aining three were EPA actions. In raost 
instances, actions concerned the absence of finite tolerances 
or exemptions from tolerances, o~ the extension of time to 
develop information for tolerance. All were published in 
the Federal Register. (Some Federal Register notices on 
toxaphene, in addition to the PR notices, are listed in 
Reference 37). 

Pesticide Registra~ion (PR) Notice 68-3 issuec on 
January 10, 1968, classified certain chemica.i. use patterns 
as nonfood uses. Toxaphene use on seeds of velvet beans and 
the uses listed as uses on ag:icultural premises, i.e., 
barns, shed, anill18.l shelters, :ences, and farm buildings 
except dairy barns, poultry houses, and milk rooms were 
included. (This and all following PR Notices are cited in 
:Reference 38.) 

PR Notice 68-5 iss:.l'ed January 30, 1966, extended 
cer~ain •~o residue" and nzero tolerance• registrations 
beyond December 31, 1~67. Toxapbene use on alfalfa (seed 
crop only) and clover (seed crop only) we~e extended un~il 
January 1, 1969. 

P~ Notice 68-6 i&Sued on February l, 1368, ?reposed 
the cancellation of seve~al uses of toxaphene on t!le basis 
of an "absence of finite tolerance or exemptions.n Those 
uses included all uses on ~lfalfa (except when grown for 
seed only), asparagus, avacados, beets, blueberries, cur:a.~ts, 
gooseberries, grapes, huckleberries, cherries, clover 
(except when grown for seed crop only), almonds, cashews, 
chestnuts, dates, figs, filberts, olives; persimmons, plums, 
pomegranates, prunes, endive, birdsfoot trefoil, buckwheat, 
:lax, grasses, hops, :espedeza, millet, pasture grass, 
safflower, sugarcane, sugar ::>eets, vetch, garlic, guavas, 
hay, mangoes, mint (peppermint and spearmin-:), mustard, 
passion fruit, potatoes, salsify, sweet potatoes, swiss 
chard, papayas, turnips, cantaloupes, endine, melons, 
mustard greens, pumpkins, squash (summer anc winter), 
water111elons, watercress, dairy cattle, milk rooms, ar.d 
mushroom houses. (Several of t.,e following PR ~ctices 
are in ~espons~ to an appeal, made by the manufacturers o= 
toxaphene, of PR Notice 68-6.) 

PR No~ice 68-8 published on April 24, 1968, classified 
certain chemical use patterns as nonfood uses, allowing 
these uses to be continued in the absence of finite toler­
ances. For toxaphene, these uses were in grainbins and 
grain elevators. 
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PR Notice 68-9 published on April 24, 1968, granted 
an extension cf certain "no residue" and •zero tolerance" 
registrations beyond th€ original deadline (Decen:ber 31, 
1967) until January l, 1969. Those toxaphene uses were on 
alfalfa, clover, birdsfoot ~refoil, lespedeza, potatoes, 
sugar beets, and vetch. 

PR Notice 68-19 published on November 29, :968, 
classified certain compounds which required a label statement 
with regard to their hazard to honey bees. Toxapbene was 
classified as toxic to bees, needing t~e following label 
statement: "This produc~ is toxic to bees and should not be 
applied when bees are actively visiting the area.• 

PR Notice 68-20 published on December 2, :968, 
extended certain uses of specific economic poisons beyond a 
December 31, 1968, cutoff date. Toxaghene use on alfalfa, 
bi:dsfoot trefoil, clover, lespedeza,·potatoes, sugar bee~s, 
and vetch was extended until January 1, 1970. 

In February 1969 the OSDA issued PR Notice 69-5 
cancelling the registration of toxaphene products bearing 
~~rections for use on lettuce and cabbage. Certain informa­
tion showed existing reg:i.stered uses on let~uce and cabbage 
resulted in illegal resi""gu-es. It was orde~ed that labels 
showing those uses shoula be corrected immediat~ly to 
state ftdo not use. a:ter heads start to !ormft, and in the 
inst.ance of leaf lettuce, to prohibit ase after the seedling 
stage. The label change was com9lied with, and the compound 
continuee to be used on those crops. 

P~ Notice 70-1 published on January 19, 1970, extended 
certai~ uses of specific economic poisons beyond the 
December 31, 1969, deadline date. Toxaphene use on alfalfa, 
range grass, a::.fal!a (seed c:op), and potatoes was extended 
until January 1, 1971. 

PR Notice 70-4 issued on February 26, 1970, proposed the 
cancellation o= ~everal uses of toxaPhene on the basis 
of an •absence of finite tolerances or exemptions.w 
Those uses were birdsfcot trefoil, clover, clover {seed 
cr~p}, lespedeza, sugar beets, and vetch. 

PR Notice 70-23 published on October 9, 1970, followed 
a recommendation made by an interdepartmental review 
panel relative.to the continued regis~ration of ncertain 
Chlorinated Hydrocarbon Insecticide Products Bearing 
Directions fo: Repeated Applications.n rt stated, "It 
is t..~e recommendation of this Review Panel (OSDI, 5EW, 
and OSDA) that OSDA expeditiously noti=y registrants 
that, on August 31, 1971, use pat~erns calling for repeat 
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applications of DDT, DDD, dieldrin, aldrin, endrin, he?ta­
chlor, toxaphene, BSC and chlordane will no~ be accepted. 
The Secretary of Agricultu:e must aut.bori::e d!iviat.ion 
for repeat applications deemed essential.- As a :esult, 
~e notice stated tha~, after the August date, labels 
bearing directions for repeat applications of the ab0~e 
mentionec compounds would not be acceptable except for 
uses deemed essential and sup~orted by efficacy data. 

PR Notice 70-27 issued on November 12, 1970, rescinded 
the PR Notice 70-Z3 mandatory date of August 31, 197:!., · 
because after fur':.her consid1aration it was d~emad imr>ossible 
to re·riliw all the comp0u.:1as and their res-;,ecti ve uses that 
requir9d repeat applications. 

PR Notice 71-3 issued March 12, 1971, proposed 
:ancellation of the registrations of several specific 
chemical ccJC'0ounds and uses in ~e absenc~ of finite tole­
rances or exemptions fer u~e on food or feed crocs. Toxa­
phene regis~ratinns for u:!w on potatoes were pr"poseo fer 
cancellation. 

PR Notice 71-7 isstJ.E!d on May 7, l.971, rescindea PR 
Notices 70-23 and 70-2i~ .It stated that an in-depth review 
of each compound was be~~g initiated "to iden~ify which, if 
any, of the presently regis~ered pro~ucts present su~stantial 
questions of safety that should tri;ger ehe administrative 
process of cancellation.~. 

PR Notice 72-4 issued on March 10, 1972, proposed :he 
cancellation of the use of tcxaphene on range grass along 
with the cancellation of several ether uses of other compounds 
fffor use on f00ds in the absence of finite tolerances or 
exemp~ions.• Additional time was later granted to develop 
information for tolerance determinations. 

Although not ~egistered for such use, toxaFhene was 
used extensively as a piscicide. Even when applied at 
very low lev~ls (0.05 ·to 0.2 ppm), it would result in a complete 
~i:l in most waters. It is extremely toxic to most fish 
species, and in some instances·can remain active for 
long periods of time (6 years and longer). Bowever, it was 
also extremely toxic to other aquatic organisms. 3ecause of 
its ex~reme tox:.city and its persistence, the. Federal Fish 
and Wildlife Service discontinued its use as a oiscicide in 
1963 and recommended that Federal funds no longer ~e granted 
to states for th~ use of toxaphene in fish central or rough 
fish eradication programs (39} . 
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III. SUMMARY OF SCIENTIFIC EVIDENCE OF REEU~T~.3LE PRZSUM?TION 
CRII'E:RI.A 

The following adveise effec~s of toxaphene ~se have been 
found to exceed the criteria for issuance of a rebuttable 
presumption as stated in s~ction 162.11 of the Code of 
Federal Regulations (CFR 40). (Risk crite~a not used for 
issuance of a toxaphene RPAR at this time ar.e :isted in 
Refere.1ce 73.) 

A. Acute Toxicity, Bazard to Wild~ife: Aauatic 
Soec1es 

40 CFR Section 162.ll(a) (3) (i) (Bl (3) spec:.fies 
that a rebuttable presucp~ion shall arise against a pesticide 
use if such use nresul:s in a maximum calc~lated concentration 
following direct ap:;;:ilication to a. 6-incil layer of wa·ter more 
t~an 1/2 the acute LC~c for aquatic organisms representative 
of the organisms likely to be exposed ...• • 

Toxaphene is registered for the control of armyworms 
and cutworms on cranberries and =or the control of armywo:I:'lS, 
grasshcppers, chinch bugs, and cutwor::ru. on rice. (Represen­
tative label ·~ontent:! ar:e ·listed in Reference 4C.) 

To determine wheiher to~aphene use :n aquatic envi=on­
ment.s meets c-ebt:t.table presumption cri-ceria, -:he Working 
Group util.i:.:ed the r.c50 values for represantat.:.ve aquatic 

species, as listed in Tabl~ 4. 

calculations based on these values (45) and on label 
.?.:lloun-:.s and directions for: use ( 40) l/ indicate that any applica·-· 
tion of toxaphene ~o water, under current repr~ser.tative 
label directions, wou:d be expec~ed to exceed 1/2 the acute 

in a 6-inch layer of water for all species :isted LC50 
in Table 4. 

1/ Sample use directions for cranbet:::i.es include application 
;f 10 to 2S lb/acre of a p~oduc~ containing 2 to 5 !b active 
ingredi~n~ (AI); 3 to 5 pts/acre of a product con~aining 8 
lb AI/gal; for rice, 6 to 10 :b/acre ,,f a product containing 
2 lb AI; 2 to 2 2/3 ?ts/acre of a product c0r.tain9 6 lb 
AI/gal; and 2 to 3 1/2 p~s/acre for a product containing 8 
lb AI/gal. 
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Table 4. Acute Toxicity of Toxaphene to Fresh Waler and Marine/Estuarine Species 

Organism 24-hr 48-hr 96-hr. References 

Ganmarus lacustr ls (scud) J.80 wb 70 ppb 26 wb Sanders (72) 
II .. Pteronarw caITrornica (stonefly niad) 7 wb 

Salmo ga rdnerl (ralnb<M trout) 4 wb N II 

Daplmia pllex (waler flea) 15 ppb Sanders & Cope (41) .. .. Simocepha us serrulatus (daphnid) 10 ppb • 

Ict:alurus punclatus (channel catfish) ll ppb Macek & McAllister (42) 
• H .. Ictalunis melas (black oollhead) 5 wb 

I.epom1s macrochirus (bluegill) 18 ppb • • " 
N H Micropterus salmoides (largennuth bass) 2 wb • 

II Salmo trutta (br<Mn trout) J ppb • " .. II oicorhynchus kisutch (coho sal100n) 13 ppb 8 Wh • 
N H I o Perea Davescens (yellCM perch) 12 wb • 

Olcorhynchus tshawylscha (chinook 7.9 ppb 3.1 ppb 2.2 wb Katz (43) 
. ~Loon) . 

C":iuvusia afUnis (mosquito fish) 0.45 ppn 0.024 ppn 0.008 ppn Chaiyarach et al. (44) 
Palaemonetcs kadiakensis (grass 0.091 PP" 0.068 ppn 36 ppn " N " 

shrmp) .. If Procambarus simulans (crawfish) 0.045 ppn 0.045 wn 0.029 ppn • 

Penaeus duorarum (pink shrinp} 1. 4 ug/1 (ppb) Schinmel et al. (21) 
II Palaemonetes ~ (grass shrinp) 4 .4 ug/1 (ppb) • " 

<;ver lnodo'!_ vailigatus (sheepshead minn<M) l • l ug/1 (ppb) H H " 
II II I.agodon rhomboides (plnfish) 0. 5 ~_11 (ppb) " 
II N Fundulus slmllls (longnose killifish) 10.0 ug/1- (ppb) " 
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With a recommended toxaPhene treatment on cranberries 
of 3 ~o 4 pts/acre of an 8 lb AI/gal solution, the followi~g 
concent=ations would result (45). 

A'Colicatior:. rate Concentration Concentration 
cob -ot,m 

4 pts/a::re (4 lb/acre) 2945 2.945 

3.5 pts/acre (3.5 lb/acre) 2577 2.577 

3.0 pts/acre (3.0 lb/acre) 2209 2.209 

2. 5 pts/ac:e (2.5 lb/acre) 1641 1.841 

2.0 p-:.s/ac:::e (2.0 lb/acre) 1472 1.4 72 

With a recommended tcxaphene treatment on rice of 1 1/3 
qts/acre, or 2 to 2 2/~ pts/acre, of a 6 lb AI/gal solu~ion, 
the following concentration would ~esult (45). 

APolication rate C~ncentration Concentration 
- 'OPb o;:im 

2 2/3 pts/a:::re 1472 l. 4 72 

2 l/3 pts/acre 1288 l.28'3 

2 pts/acre 1104 1.104 

Additional studies are cited in the :oxaphene Criteria 
Documer.t submittec in the Public Eearing on P:oposed roxic 
Pollutant ~ffluent Star.dards. Those s~udies and the cata 
t~erei~ have been accepted as valid studies by tr.e Admini­
strat.or (46). 

The foregoing data and calculatio~s establish that 
the recot:UI1ended afplications for t □ xaphene ?roducts register­
ed for aquatic use exceed the ac~te toxicity cr~teria of 
Section 162.ll (a) (3) (i) (13) (3) for representative .:res;i w .. ter 
and marine/estuarine species. Accordingly, the Working 
Group recommends a rebuttable presumption be is~ued against 
the registration cf toxaphene products labeled :or these 
registrations and any other that call for di:'ec·c application 
tc water at rates resulting•in concentrat~ons i~ water which 
exceed t~e 1/2 tc50 rate. 
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B. Chronic Toxicity 

(l) oncoaenic Effeets in Test Animals 

40 CFR Section 162.ll(a) {3) (ii) (A) provides that a 
rebuttable ?resumption shall arise "if a pesticide's 
ingredient(s) .•• {i)nduces oncogenic effects in experimental 
mammalian species or in man as a result of cral, inhalation 
or dermal eX"Cosure •••• • Section l62.3(bb) defines the 
term oncogenlc as •the property of a substance or a mixture 
of substances to produce or induce benign or malignant tumor 
formation in living animals.• 

The National Cancer Institute on November a, 1976, 
issued an ExperimentaJ. Desi<:n Sta~us Report (Carcinogenesis 
Sioassy) with accompanying documents (47). Each copy was 
:narlced "Preliminary - Incomplete - Not Veri.Ei.ed"; the 
compound tested was toxapbene.1/ 

Verified NCI data have since been received by EPA's 
Carcinogen Assessment Group (CAG) (7S). It was statistical­
ly analyzed for that group by an EPA statistician. 

On- the basis of dl~ verified data and the ~tatistical 
analysis reported above,:.CAG (74) concluded t~at an increase 
in the frequency of malignancies was found in toxaphene­
treated male rats. High dose-treated ~emale rats showed 
a signi!icant increase in the =requency of tumors of the 
reproductive system, but net for the individual repro­
ductive organs. 

I·n the instance of t~xaphene-treated male and 
female mice, a highly significant dose-related increase 
in hepa~ic carcir.cmas was found. The Werking Group therefore 
recommends issuance of a rebuttable presump~ion against 
toxaphene registrations pursuant to Section 162.ll(a) (3) (ii} (Al. 

V Dr. ~elvin Reeber (48), a specialist in pathology and 
oncology, examined the prelim~nary data and determined that 
toxaphene was in fac~ carcinogenic in male and female mice. 
6e also !ound i~ to be tumorigenic in female ra~s and 
possibly tumorigenic in male ra~s. 
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(2) Other Chronic and/or Delaved Toxic Effects 

40 CFR Section 162 .. ll(a) (3) (ii) CB) pr.ovides that a. 
rebuttable presumption shall arise "if a pesticide's ingre­
dient(s) ••• (p)roduces any other chronic or delayed toxic 
effect in test animals at any dosage up to a level, as 
determined by the Administrator, which is substantially 
higher than that to which human,;; can reasonably be antici­
pated to be exposed, taking into account ample margins or 
safety •••• • The following studies demonstrate that exposure 
to toxaphene ?reduces changes in growth and cone composition 
in fathnad minnows, brook trout, and channel catfish, as 
well as ~.n black ducks and rats.. In the absence of an establi~L 0 

ed level at wnich there is no demonstrated effect and with 
-· 

a consequent lack of basis for choice of an "ample margin of 
safety,• it may be presumed that current exposure is 
sufficient to produce these, or similar, chronic or delayed 
effects in humans. 

(a) Acruatic Scecies 

(i) Fathead Minnow~ 

Fathead minnows bave long been an accepted 
test animal for acute testing of pesticides and have been 
generally thought of as an. i:nportant representative of 
fish forage species. The tc50 for fatheads as reported 

by Macek and McAllester (42) in 1970 was 0.014 ppm. 

In 1975 Merhle and Mayer (49) investigated toxaphene 
ef:ects on the growc and bone composition of fathead 
minnows, PimePhales ~romelas, and found that at all concentra­
tions tested (55-123 ppe) eoxaphene naltered the development 
and quality of the backbone [reduced collagen and incieased 
calcium], and induced biochemical manifestations cf the 
brokenback syndrome." Radiographic analyses of the f~sh 
supported thei= findings ':hat toxaphene induced a weakened, 
fragile backoone. 

(ii) Brook Trout 

The same authors (50) also checked brook t:out, Salveli­
nus fontinalis, an important commercial and sporting species, · 
and found t~e same effect of the brokenback syndrome (with 
altered colld9en and calcium levels of the bone). They also 
found ~hat, although hatchability was not affected, all f~y 
exposed to 288 and 502 nanograms/liter (ppt) died at 60 and 
30 days, respectively, and that growt~ decreased at all test 
concentrations (39, 68, 139, 288, and 502 nanograras/liter) 
after 90 days.• 
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(iii) Channel Catfish 

The effects on channel catfish, another important 
commercial and sporting species, was also investigated by 
Merhle and Mayer (22). In this study it was found that 
toxaphene concentrations cf 224 and 535 ng/liter (ppt) 
caused sig~ificant decreases in growth after 30 days. At 
levels as low as 44 ng/liter (ppt) of toxaphene, catfish, 
like the fathead minnow and brook trout, had decreased 
collagen content and increased calcium content of the 
bone, the biochemical ~anifestation of ~e brckenback 
syndrome. 

(b) Avian Scecies 

?inley and Ludke (51) reported that •cl~tch size (in 
black ducks], number of eggs i~cubated, hatchability and 
duckling s~rvival was lowest in the group fed SO ~pm toxa­
phene when compared to c9ntrols and the 10 ppm group." The 
authors also indicated a.significant decrease int.be collagen 
content and an increase in th~ calcium content of bone 
following treatment, similar to that seen in the studies 
usi:1g fish as tE."st animais ( 49) , ( 50) , ( 22) • 

(c) Mammalian Scec:.i.es: Rats 

Chernof:f and Carver ·cs2) administered toxaphene to 
female :ats tb.rough gastric int~bation in doses of 35, 25, 
and 15 mg/kg/day during days 7 through 16 of gestation. ~he 
toxaphene was in a corn oil sol~tion with an intubation 
volume of 0.1 ml. With regard to fetal effects, <:.he authors 
reported, •Dose-related reductions also occ~rred both in the 
average number of [fetali sternal (p<0.05) and caudal 
(p<0.001) ossification centers with increasing toxaphene 
dosage.• 

The above studies deconstrate that exnosure to 
toxaphene ?reduced changes in growth and bone composition in 
aquatic, avia:1, and mammalian species. Since the dose 
levels at which ~hese effects are incuced are net substan­
tially higher than current human exposure, ehe Working Group 
recommends Ulat a :ebuttable presumption be initiated 
pursuant to Section 162.ll(a) (3) (ii) (B). 
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(3) Poculation Reduction in Nontarget Organisms 

40 CFR Section 162..11 (a) (3) (ii) (C) provides that a 
rebuttable presumption shall ari.se when a pe.Ttl.cide 's use 
"(c)ar. ceasonably be anticipated to result in significant. 
local, regional, or national population reductions in 
nontarget organisms •••• • 

Stucies showing that toxaphene use has deleterious 
effects on no::1t,1rget or.ganisms and can lead to popt..lation 
reduction in such nontarget speeies have already been 
discussed in previous sections of this document. 

In Section I .:c. (3) ,. a study by Reimold aad r.ura.n~ 
(19) reported that toxaphene bioaccwm1lates in r.il.l!llL"..i.chogs~ 
oysters, and shrimp. Herring and Cotton (20) reported 
bioaccumulation in bluegill sunfish, and Schimmel et al. (21) 
reported bioaccumula~ion in all growth stages of longnose 
killifish. 

Section I.F. (3) (bl and (cl contained :eports showing 
toxaphene residues in ~ummichogs (19) and in commercia:ly 
grown catfish (32), (::33) •• A_fish kill in r.ouisiaL'ia was also 
at~ribu~ed to toxaphene (~-0~. 

Section I.G. containec a discussion of PERS 
repor~s whic:..~ showed that accidents involving toxaphene 
occurred in wildl~fe, b~es. ~nd fish (36). 

Section :rr.B. (2) (al and (b} c~ntained reports 
showing that toxaphene use has p~oduced deleteriocs effects 
(decrease in bone collagen and increase in calcium) in 
fathead minnows (49), brook trout (50), channel catfish (22), 
and black ducks (51). 

Physiological cr.ange, metabolic ~nterrupti~n~ or 
disturbances of hormonal or enzymatic systems, l::ehc.''J'ioral 
changes, as well as ether changes in body processe!i or 
functions resul:i:ig from pesticide exposure usualJ.y resu.lt 
in reduced survivacility of young, and at times signi:icant 
adult mortalities, ir. fish, birds, or wild mamnalian populations. 
The studies discussec in the foregoing sections indicate 
that such effects do ocr.ur in bees, :;ish,. and birds. Since 
these adverse ef!ects can reasonably be ar.ticipated tc 
result in significant local, regional, or national reductions 
in nor.tarset organisms, the Working Group recommends that a 
rebuttable presumption be issued against toxaphene pursuant 
to Section 162.:.1 (al (3) (iii (C). 
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I'v • OT£l'.E?. RELEVANT ADVEME EFFECTS 

A review of the scientific literature suggests 
severa~ other area~ of adverse effect.s of tcxaphene 
(summarized below) not included in the Position Document at 
this time. The working Group will continue to investigate 
these effects and :aay issue a supplementary Position Doc:ume:11: 
discussing thes~ effects in grear.er detail. The Working 
Group also recont.nends that the Agency solicit commen~s on 
the evidence listed below, and request submission of any 
additional studies or relevant information on toxaphene­
related mutagenesis, endocrine effects, reproduc~iv-1! -ef.fec-t:~ir 
enzymatic effP.cts, population reductions in nontarget 
organisms, am:' fa tali ties to members of endangered species. 
(Complete bibliographic citations for the following studies 
are 9iven in the ~ist of References to this Position Oocumer.~~ 
~hese studies are also available for public inspec~ion with 
this Position Document in the Office cf Special Pe~ticide 
Reviews {W'S'-566), Office cf Pesticide Pro~rams, Envircnmentat 
Protection Agencv, East Tower, Room 447, 401 M Street, 
s.w., Washington: D.C. 20460.) · 

With rega~a t~ ~utagenesis, Samosh (53) has :~ported 
chromoscmal changes ~_peripher~l leukocytes of women 
e~osed to polychlora:amphene. 

With reaard to endocrine effects, Hurst et al. (54) 
::eportec that toxaphene sti.I:IUlated thyroid growth a~d 

I131 uptake in bcbwhite·quail. Makovskaya et al. (55) 
reported that endocrine glands i~ rats, mice, and rabbits 
are sensitive to the effect of polychloropinene. 

With regard to reproductive effects, Mayer et al. 
(56) ::eported that to>taFhene rec.uced v::.al:::ility of brook 
trout eggs. Welch et al. (57) 1.·f'!?OC-ted tha't pretreatment of 
rats and ~ice with toxaphene increased the activity cf 
liver microsomal enzymes that met~bolizec estrone. Blekher~ 
man and !l' ina (58) reported th.at women i=xposed to toxaphene 
showed a deviation frofu the norm in the menstrual cycle and 
in estrogen levels. 

With regard to enzymatic ef=ects, ~esaiah and Koch 
(59) reported that exposure of channel catfish to toxaphene 
::.nhibi ted 1-lg.2+, NA+, and g+ ATPase i.n brai!I., kidney I ~nd 
gill tissues. Kuz 1minskaya and Alekhi.na (60) reported 
that exposure of rats to toxapheoe produced conditions of 
hypoxia and disturbed the normal course of meta~olism in 
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liver tissues. Welch et al. (57) reported that pretreatment 
Qf rats and mice with toxaphene increased the activity of 
certain ~icrosomal enzymes. Gertig and Nowaczyk (61) 
reported ~hat :ats treated with toxaphene showed decreases 
in certain enzymatic activities and increases in others. 

With regard to population reduction in nontarge~ 
organisms, Bunt and Keith (62} reported that toxaphene was 
responsible =or a bird kill in California. Johnson (64) 
reported a bird kill in South Dakota in which three of the 
animals had high toxaphene residues. Flickinger (66) . 
reported on a bird kill in Texas in which all of the animals 
had toxaphene residues. !-!cEwen et al. (69) reported that 
toxaphene use to control insects on short-grass ranges 
resulted in bird kills and caused significant population 
dec~eases. Toxaphene incidents involving a raccoon (63), 
the dea~h of a large nu.:nber of white pelicans in Califor~ia 
(65), and a water=owl kill in Arizona (67), (68) have also 
be~.,_ reported. 

With regard to ta~alities to members of endangered 
species, toxaphene resid.ue.s have been reported as being 
involved with the death~~ brown peli~ans (~elecanus occiden­
~alisl, a rare and endaru;ered species, in the Gulf Coast 
area of Louisiana in 1975 (70}, (71). 
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