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FOREWORO

Section 304 (a )( l ) of t he Clean Water Ac t of 1977 (P.L. 95-217) ,
require s t he Admi nistrator of t he Env i r onmenta l Pr otec t i on Age ncy t o
publish criter ia for water quality accur at e ly r efl ect i ng the latest
scien tif ic knowledge on the kind and extent of all identi f i able effects
on health and welfare which may be ex pect ed f rom the presence of
pollutants in any body of water, inc luding ground water. Proposed water
qua l ity cr i t eri a f or the 65 tox ic poll utan ts l is ted under sect ion 307
(a)( l) of t he Clean Water Act were developed and a notice of their
availab ility was published for pub l ic comment on March 15, 1979 (44 FR
15926), July 25, 1979 (44 FR 43660) , and Oc t ober I , 1979 (44 FR 56628) .
Th i s document i s a rev; s i an of tho se proposed cr i ter i a based upon a
cons ider ation of comment s recei ved f r om ot her Federa l Agencies, State
agenc ies. spec i al i nt e re s t groups. and indi vidu a l sci ent i s ts . The
cr iter ia cont ai ned in this document repl ace any prev iousl y published EPA
cr iteria for the 65 pollutants . Thi s cr iter ion document i s also
published in sat isifaction of paragraph 11 of the Set t lement Agreement
i n Natura l Resources Defense counCi1( et . al. vs. Train, 8 ERC 2120
(O.D.C. 1975), moa 'fied , 12 ERC 1833 D.D .C . 1979 ).

The t erm "water qual ity criter ia" is used in two sect ions of the
Clean Water Act , section 304 (a ){l ) and sec ti on 303 (c){Z). The term has
a different program impac t in each sect ion . In secti on 304, the term
represents a non-regulatory , scientifi c assessment of ecological ef 
fects . The cr iteria presented in t hi s pub l icat ion are such scient if i c
assessments . Such water quality criteri a associated with specific
stream uses when adopt ed as Sta te wa te r qual ity st and ards under section
303 become enforceab le maximum acceptable leve ls of a pollutant in
ambient waters . The water qua lity cr iteria adopted in t he State wa ter
Quali ty standards could have the same numer ica l limits as the criter ia
developed unde r section 304. However , in many situat ions St at es may want
to adjus t water quali ty criteria developed under secti on 304 to re f lect
loca l environmental conditions and human exposure patterns before
incorporation into water qua l ity standards. It i s not until the ir
adopti on as par t of the State water qual ity standards t hat the cr iteria
become regu latory .

Guide l ines t o assist the St ates i n the mod ificat ion of cr iter i a
pre sented 1n t his doc ument, in the development of water quali t y
standards, and in ot her wat er -rel at ed programs of t hi s Agency, are being
developed by EPA.

STEVEN SCHATZOW
Oeputy Ass is tant Administrator
Office of Water Regulat ions and Standards
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CRITERIA DOCUMENT

ENDOSULFAN

CRITERIA

Aquatic Life

For endosulfan the cr iter ion to protect freshwater aqua tic

life as derived using the Guidelines is 0.056 ug/l as a 24-hour

average and the concentra tion should not exceed 0.22 ug/l at any

time.

For endosulfan the cr i terion to protect sal twater aquatic

life as derived using the Guidelines is 0.0087 ug/l as a 24-hour

average and the concentration should not exceed 0.034 ug/l at any

time.

Human Health

For the protection of human health from the toxic properties

of endosulfan ingested through water and contaminated aquatic or

ganisms, the ambient water criterion is determined to be 74 ug/l.

For the protection of human health from the toxic properties

of endosulfan ingested through contaminated aquatic organisms

alone, the ambient water criterion is determined to be 159 ug/l.
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INTRODUCTION

Endosulfan is a broad-spectrum insecticide of the group of

polycyclic chlorinated hydrocarbons called cyclodiene insecti

cides. It was discovered and developed in 1954 by Farbwerke

Hoechst AG. in Germany and introduced under the registered trade

mark Thiodan~. The trade names of endosulfan include Beosi t®,

Chlorthiepin®, Cyclodan@, InsectopheneS , Kop-Thiodan~, Malix~, Thi

forS , ThimulS , Thioden@, Thionex® (Berg, 1976).

Annual production of endosulfan in the United States was esti

mated in 1974 at three million pounds. It is presently on the u.s.

EPA'S restricted list which limits its usage. However, significant

commercial use of endosulfan for insect control on vegetables,

fruits, and tobacco continues.

Endosulfan is a light to dark brown crystalline solid with a

terpene-like odor, having the molecular formula C9C16H603S,

a molecular weight of 406.95, and a vapor pressure of 9 x 10-3

mm Hg at 80 aC (Brooks, 1974; Whetstone, 1972). It exhibits a solu

bility in water of 60 to 150 ug/l and is readily soluble in organic

solvents (Braun and Frank, 1973). The chemical name for endosulfan

is 6,7,8,9,10,10-hexachloro-l,5,Sa,6,9,9a-hexahydro-6,9-methano

2,4,3-benzodioxathiepin-3-oxide. It is prepared through the Diels

Adler addition of hexachlorocyclopentadiene with cis-butene-l,4

diol to form the bicyclic dialcohol, followed by esterification and

cyclization with SOCl2 (Windholz, 1976).

Technical grade endosulfan has a purity of 95 percent and is

composed of a mixture of two steroisomers referred to as alpha and
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beta or I and II. It has a melting point range of 70 to 100°C and

a density of 1.745 at 20°C (Burchfield and Johnson, 1965). The

endosulfan isomers are present in the ratio 70 percent isomer I to

30 percent isomer II. Impurities present in technical grade endo

sulfan consist mainly of the degradation products and may not ex

ceed 2 percent endosulfandiol and 1 percent endosulfan ether.

Endosulfan is commercially available in the form of wettable pow

ders, emulsified concentrates, granules, and dusts of various con

centrations (Berg, 1976). It is a powerful contact and stomach

insecticide used to control a wide spectrum of insects.

Endosulfan is stable to sunlight, but is susceptible to oxi

dation and the formation of endosulfan sulfate in the presence of

growing vegetation (Cassil and Drummond, 1965). Techni cal grade

endosulfan is sensitive to moisture, bases, and acids and decom

poses slowly by hydrolysis to 502 and endosulfan alcohol.

In the environment, endosulfan is metabolically converted by

microorganisrns, plants, and animals to endosul fan su I fa te, endo

sulfandiol, endosulfan ether, endosulfan hydroxyether, and endo

sulfan lactone (Martens, 1976: Chopra and Mahfouz, 1977; Gorbach,

et ale 1968).
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Aquatic Life Toxicology*

INTRODUCTION

Endosulfan is a broad spectrum chlorinated cyclodiene insecticide. Al

though restrictions on the use of endosulfan in the United States have been

proposed, significant commercial use continues for insect control on vegeta-

bles, fruits, alfalfa, and tobacco. Technical endosulfan is a 94 to 96 per-

cent mixture of two stereoisomers, endosulfan I and II, in the approximate

ratio of 70:30. Both isomers are readily metabolized to endosulfan sulfate

by a wide variety of organisms (Maier-Bode, 1968). Toxicity of the isomers

may be different, but insufficient data are available to determine which

isomer is more toxic. In addition, the relative toxicity of the two isomers

may vary with the species tested.

Technical grade endosulfan or formulations containing technical endosul 

fan have been used for most toxicity testing. Data reported herein were

largely based on tests using technical grade endosulfan or one of the two

isomers of endosulfan. Tests using formulations such as emulsifiable con

centrates were not used for criteria derivation because of possible effects

of other components of the formulation.

The acute toxicity of endosulfan to freshwater and saltwater organisms

has been well studied, particularly in the 1960's and 1970's, although most

acute studies were carried out under static conditions with unmeasured con-

centrations. Freshwater chronic tests have been conducted on one inverte-

brate and one fish species. No measured steady-state freshwater bioconcen-

*The reader is referred to the Guidelines for Deriving Water Quality Crite
ria for the Protection of Aquatic Life and Its Uses in order to better un
derstand the following discussion and reccemendet ton, The following tables
contain the appropriate data that were found in the literature, and at the
bottom of each table are calculations for deriving various measures of tox
icity as described in the Guidelines.
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tration test data are available, and only one value for a freshwater plant

effect is available. Saltwater chronic tests have been conducted on one in

vertebrate and one fish species. Data on the bioconcentration of endosulfan

by saltwater organisms are available for two fish species.

Two freshwater studies have been conducted on the effect of temperature

on endosulfan toxicity, and one study was conducted on the effect of water

hardness. In general, based on the limited data, toxicity seemed to in

crease with increasing temperature, but hardness had no effect.

Data from three reports (Lemke, 1980; Nebeker, et ale 1980; Schinmel,

1980) comprise a substantial amount of the toxicity information available

for endosulfan and freshwater and saltwater organisms. These three reports

sunmarize results from interlaboratory comparison studies (round robins) of

stat ic and flow-through tests on fathead mi nnows and ra i nbow trout (Lemke,

1980) and on a copepod (Acartia tonsa), mysid shrimp and sheepshead minnow

(Schinmel, 1980); chronic tests with Daphn ia magna comprised the third study

(Nebeker, et ale 1980).

EFFECTS

Acute Toxicity

A11 acute tests on endosulfan with freshwater organi sms were static,

except for the study by Macek, et ale (1976) (Table 6) and the interlabora

tory comparison study of Lemke (1980) (Table 1). The concentration of endo

sulfan in freshwater tests was measured only in the static test of Herzel

and Ludemann (1971) (Table 6) and the interlaboratory comparison tests

(Lemke, 1980). Values for the freshwater tests with five invertebrate and

five fish species are given in Table 1.
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Acute values for freshwater invertebrate species range from 2.3 ~g/l for

a stonefly, Pteronarcys cal ifornica, to 740 llgl1 for a cl adoceran, Daphnia

magna (Table 1).

Several of the authors cited in Tables 1 and 6 reported freshwater acute

tes t val ues of other pes tic ides in addit i on to endosu 1fan. Wi th i nverte

brate species, endosulfan had intermediate toxicity among the chlorinated

hydrocarbon insecticides. Sanders (1969, 1972) found endosulfan to be less

toxic than DDT and endrin, but more toxic than lindane, toxaphene, chlor

dane, heptachlor, and dieldrin for two species of scud, Ganmarus fasciatus

and Ganmarus 1acustri s , Sanders and Cope (1968) found somewhat different

results for the stonefly, Pteronarcys californica. Endosulfan was less

toxic than endrin, dieldrin, and heptachlor, but more toxic than 1indane,

DDT, and chlordane; toxaphene had toxicity similar to endosulfan. Ludemann

and Neumann (1962) found endosulfan less toxic than DOT and chlordane but

more toxic than heptachlor for a midge, Chironomus plumosus , with lindane

being about as toxic as endosulfan.

Freshwater fish species are, in general. more sensitive to endosulfan

than are invertebrate species. Acute values for fish species range from

0.17 llgl1 for rainbow trout to 4.4 llgl1 for bluegill (Table 1). With fish

species endosulfan was second in toxicity only to endrin in acute studies

with both organophosphate and organochlorine insecticides (Ludemann and Neu

mann, 1960; Macek, et al. 1969). With fishes, endosulfan was consistently

one of the most toxic pesticides tested.

Pickering and Henderson (1966) studied the effect of water hardness on

toxicity of endosulfan and observed no significant effect. Ninety-six-hour

LCSO values for the b1uegi 11 exposed to techn i ca l-grade endosu 1fan in soft

and hard ~ater were 3.3 and 4.4 ~g/l, respectively.
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In contrast to the effect of hardness, toxicity of endosu1fan generally

increased with increasing temperature, although the observed differences may

be at least partially attributable to experimental variability. Macek, et

al . (1969) found an almost twofold increase in toxicity to rainbow trout

when tested at 7.2 and 12.7·C as compared to i.s'c, Schoettger (l970b)

found that endosulfan toxicity increased threefold with temperature for

rainbow trout tested at 10·C as compared to 1.S·C. He also found that endo

su1fan toxicity increased 16 percent with temperature for white sucker and

twofold with temperature for Daphnia magna, when tested at 19·C compared to

IO·C. The only exception was the damselfly, Ischnura sp., which showed a

twofold decrease in toxicity when tested at 19·C as compared to S·C. Al

though not shown in the tables, the differences in toxicity with temperature

were usually greater at 24 hours than at 96 hours.

The absence of flow-through tests with measured concentrations inmost

of the freshwater studies is primarily a function of the technology and

state-of-the-art of aQuatic toxicology at the time when much of the testing

was done. Herzel and Ludemann (1971) studied the effect of aeration on the

results of static tests (Table 6). They found a greater than sixfold de

crease in the measured concentrations of endosulfan at the end of a 96-hour

static unaerated exposure, and greater than a 40-fo1d decrease in an aerated

test, compared to the initial concentration at the start of the test. These

results indicate tile potential problems of determining the effective expo

sure concentration in static tests and of interpreting and comparing the

results of static tests.

In the freshwater interlaboratory study (Lemke, 1980) of acute toxicity,

with side-by-side comparison of static and flow-through tests, endosu l f an

was three times more toxic to rainbow trout and two times more toxic to fat-
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head minnows in flow-through tests than in static tests, besee on measured

toxicant concentrat ions.

Sped es mean acute va lues are 1isted in Table 3. The va 1ues for the

rainbow trout iJnd fatheiJd minnow were calcu lated from the measured values

for flow-through tests of the interlaboratory study (l emk. e, 1980) and were

the two lowest freshwater species mean acute values. The Freshwater Fina l

Acute Value for endosulfan, derived from the spec ies mean acute values

listed in Table 3 us ing the procedure described in the Guidelines, is 0 .22

.gll.

Twenty-three acute values have been reported for endosulfan and seven

saltwater invertebrate species (Table 1) . Nineteen of the values were pro

vided by ttle saltwater inter laboratory comparison study ( Scnteme l , 1980).

Additional results of Shorter acute toxicity tests with three invertebrate

species are shown in Table 6. The acute values range from 0.032 \lg/1 for

the copepod, Acartia tonsa , (Schi nme l . 1980) to 730 '911 tor the annelid

worm, Neanthes arenaceodentata (U.W. EPA I 1980) . Four other arthropod spe

cies were tested and only one Palaemon macrodactylus, had an leSo value

hi gher than 2 \1911. Eastern oysters were less sens 1t i ve than arthropods,

~1th EC50 val ues (based on decreased she 11 depos it ; on) of 65 (But Ier ,

1963) and 380 .g/l (Butler. 1964). The increased toxicity sh~n in the 1963

study may be related to a higher test temperature of 28·C versus 19·C in the

1964 study.

Sixteen acute toxicity tests have been conducted with five species of

saltwater f ishes from f ive f ish tam; lies (Table 1). Of the five species

tested, the LCSO values range from 0.09 \.19/1 for spot (Scht rsrel , et al ,

1977) to 3.45 .911 for the sbeepshead minno~ (Schi mmel . 1980). Table 6 pre-,

vides 48~our leSo data for the spot and the wh ite mullet.
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The Saltwater Final Acute Value for endosulfan, derived from the species

mean acute values listed in Table 3 using the procedure described in the

Guidelines, is 0.034 ~g/l.

Chronic Toxicity

Freshwater invertebrate chronic data are available with Daphnia magna

from the study of Macek, et al. (1976) and from the interlaboratory compari

son study of Nebeker, et al , (1980) (Table 2). Based on the effects of en

dosulfan on survival of Daphnia magna through the first two generations, the

chronic limits for endosulfan in the study by Macek, et al. (1976) were 2.7

to 7.0 ~g/l in a three-generation flow-through test. Interlaboratory com

parison data from replicated renewal chronic Daphnia magna tests from two

different laboratories gave chronic limits of 35.3, 72.8, 75.2, and 154.4

~g/l at one laboratory and 20.0, 32.0, 32.0, and 48.0 ~g/ l at the other lab

oratory for effects on reproduction (Nebeker, et al , 1980). It should be

noted that the chroni c 1imit va1ues from the study by Macek, et a1. (1976)

are 10-fold less than those from the study by Nebeker, et al. (1980). This

difference in chronic values may be due to the use of different procedures

by Macek as compared to Nebeker and to the variabi lity between laboratories

indicated by the extremes of data from the round~obin study of Nebeker, et

al , (1980). Acute-chron ic ratios derived for Daphnia magna range from 4.4

to 39. Acute values used for these calculations were those obtained in

tests at the same laboratories at which the chronic studies were conducted.

Because two acute tests and two chronic tests were conducted at each

1aboratory, ari thmetic means of the two acute and of the two chroni c tests

at each laboratory were used to calculate the ratio (Table 2).

The only available chronic data for freshwater fish species are those of

Macek, et al. (1976) with the fathead minnow (Table 2). The life~yc le test

lasted 40 weeks, and survival, growth, and reproduction were monitored.
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Based on no stat1st i ca11y s i gni ficant adverse effects on parenta 1 fi sh or

offspring at 0.20 "g(1 and observed poor hatchability of control eggs

hatched i n 0.40 .gll. the Chronic limits for fathead minnows were 0.20 and

0.40 ug/1. which result in a chronic value of 0.28 ug/1 (Table 2). Although

there 1s no 96..hour leso value for fathead minnow from a flow-through test

by the same investigator using measured concentrations in the same water, an

acute-chronic ratio of 3.0 was calculated for the fathead minnow using the

fathead minnow species mean acute value of 0.83 "g/l (Table 3) .

An endosulfan 28-<1ay life-cycle study was conducted with a saltwater

mysid shrimp (Mysidopsis bahia). In that study (U .S. EPA. 1980). the

chronic limits were 0.33 and 0.71 "g/l; the geometric mean of these gives a

chronic value of 0.48 "g/l. Both surv ival and reproduction (number of young

per female) were affected at 0.71 ugll but not at 0. 33 ugll (U.S . EPA.

1980). The acute-chronic ratio for the species is 2.8, based on an acute

value obtained from the same laboratory that conducted the chronic test

(Table 2) .

Sheepshead minnows were continuously exposed to endosulfan for 28 days

starting with newly-fertilized eggs to the juvenile stage (Table 2) . Sur vi 

val was significantly less than that of the controls in juveniles exposed to

concentrations ~1.3 "g/l. Embryos were apparently unaffected by any concen

tration tested. Average standard lengths of fish exposed to concentrations

~.6 "g/l were significantly less than that of controls. Statistical

analyses failed to demonstrate adverse effects at concentrations <0.27

"g/l. Based on the results of this test, specifically the effects on growth

of juvenile fi sh, the chronic limits are 0.27 and 0.6 ug/l. giVing a chronic

value of 0.40 "g(1. The acute-chronic ratio for the species is 2.4, using

an acute value obtained from a test conducted at the same laboratory in

which the early life stage test conducted (Table 2).
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The acuta-ch-onic r-at t cs fa,. endosulfan r-anqe f,.om 11 fa,. Daphnia magna

(the geometric mean of th,.ee values) to 2.4 fo" the sheepshead minnow (Table

2). The resulting Final Acute-Chronic Ratio is 3.9. The Freshwater and

Saltwater Final Chronic Values, obtained by dividing the repsective Final

Acute Values by the Final Acute-Chrcntc Ratio. are 0.056 and 0 .0087 \lgl1,

respectively (Table 3).

Plant Effects

The only freshwater plant effect data were obtained from studies by

Gohrbach and Knauf (1971l and Knauf and Schu1ze (1973) (Tab1es 4 and 6). In

the metabolism study by Gohrbach and Knauf (1971) green alga. Chlorella vul

garis. in 10.000 \lg/1 solutions of 14C endosulfan took up the endosulfan

rapidly and began excreting endosulfan-alcohol to the water with no observed

effect on growth of the a l gao In the study by Knauf and Schu 1ze (1973)

Ch lore l1a exposed to endosu1fan as a 35 percent emu 1s ifiab1e concentrate

showed growth inhibition 2.000 \lg/l. Although the above data do not provide

a Final Plant Value, they indicate a lack of sensitivity of a green alga,

Chlorella vulgaris, to endosulfan toxicity.

The only saltwater plant datum available (Table 6) is that of Butler

(963). who reported an 86.6 percent decrease 1n product i vi ty of natura 1

phytop1ankton cornnunit i es (as measured by l4C uptake duri ng a four -hour

exposure) when exposed to 1.000 \lg/l. which is more than 1.000 times higher

than those that produced deleterious effects on fish or invertebrate species

in acute studies.

Residues

No appropriate bioconcentration studies with endosulfan were conducted

with any freshwater fish species.

Roberts (1972, 1975) investigated the rates of uptake. depuration. and

t"anslocation and the bioconcentration factor (BCF) of endosulfan, using the
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saltwater bivalve Mytilus edulis (Table 6). In both studies he reported very

low BCF values (12 after 112 days and 29 after 14 days); however, no mention

was made of the analysis for endosulfan sulfate, the metabolite of technical

endosulfan. Analyses for the metabolite are important because Knauf and

Schulze (1973) have shown that metabolites of endosulfan that contain the

sulfur atom exhibit toxicities to aquatic vertebrate and invertebrate spe

cies that are similar to those of the technical material.

Several studies were conducted to determine the bioconcentration of en

dosulfan by saltwater organisms (Table 5). Schinmel , et al. (1977) studied

the uptake, depuration and metabolism of endosulfan by the striped mullet.

When concentrations of endosulfan I and II and endosulfan sulfate were com

bined to determine the BCF value, Schinmel , et ale (1977) reported an aver

age BCF of 2,429 for the edible portion and an average whole body BCF of

2,755; nearly all of the endosulfan measured was in the form of the sul

fate. Although the uptake port i on of the study was conducted for 28 days,

the authors auestioned whether a steady-state condition was reached since

the highest residue was reported on the 28th day of exposure. After two

days in an endosulfan-free environment, no endosulfan or sulfate was detect

ab1e in the exposed mu 11 et. Sheepshead minnow j uven il es , exposed from the

embryonic stage for 28 days, were analyzed for endosulfan residues (U.S.

EPA, 1980). The average whole body concentration factor for these fish was

328. Nearly all of the detectable endosulfan was that of the two isomers.

This result contrasts sharply with those of Schimmel, et ale (1977) in which

the BCF was nearly five times higher and endosulfan sulfate was the predomi

nate residue. Reasons for the disparity are unclear but appear to due to a

capacity of mullet to metabolize the pesticide; sheepshead minnows apparent

ly are unable to do so.
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Because no m~ximum permissible tissue concentration is available for en

dosulfan, no Final Residue Value can be generated.

Miscellaneous

Other data for freshwater and saltwater effects of endosulfan are listed

in Table 6. None of the data in these studies indicate that the final acute

and chronic values calculated for endosulfan are inappropriate.

lUlTll1ar~

Data on acute toxicity of endosulfan are available for 10 freshwater

fish and invertebrate species that are involved in diverse corrmunity func

tions. Acute toxicity values ranged from 0.17 ~g/l for rainbow trout to 740

~g/l for Daphnia magna, with invertebrate species generally being less sen

sitive than fish species. Except for recent data from an interlaboratory

comparison study, most of the data are from static tests with unmeasured

concentrations.

Five chronic tests with Daphnia magna gave chronic values ranging from

4.3 to 108 ~9/l, and a single fathead minnow chronic test gave a value of

0.28 ~g/l. Acute-chronic ratios ranged from 39 for one of the Daphnia tests

to 3.0 for the fathead minnow test.

The Freshwater Final Acute Value for endosulfan, based on 10 species, is

0.22 ~g/l, and the Freshwater Final Chronic Value is 0.056 ug/l. No residue

data are available for endosulfan and any freshwater fish or invertebrate

species.

Plant data are available for only one species of freshwater alga,~

~ vulgaris, and indicated that the alga was more resistant to endosul

fan than were the other freshwater organisms tested.

Data on acute toxicity of endosulfan are available for 12 saltwater fish

and invertebrate species. Acute toxicity values ranged from 0.032 ~g/l for

a copepod to 730 ug/l for an annelid worm. Chronic data are available from
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a life-cycle study on the mysid shrimp and an early life stage study with

the sbeepshead minnow. The Saltwater Final Acute Value for endosul f an,

based on 12 species. is 0.034 ~g/l. and the Saltwater Final Chronic Value is

0.0087 ~g/l.

Limited information on effects of endosulfan on saltwater plants indi

cates that. as was true for freshwater. phytoplankton were much more resis

tant than the saltwater fish and invertebrate species tested.

Bioconcentration factors for endosulfan are available for two saltwater

fish species and range from 328 to 2.755. No maximum permissible tissue

concentration or wildlife chronic feeding study is available to calculate a

Final Residue Value.

CRITERIA

For endosulfan the criterion to protect freshwater aquatic life as de

rived using the Guidelines is 0.056 ~g/l as a 24-hour average. and the con

centration should not exceed 0.22 ~g/l at any time.

For endosulfan the criterion to protect saltwater aquatic life as de

rived using the Guidelines is 0.0087 ~g/l as a 24-hour average. and the con

centration should not exceed 0.034 ~g/l at any time.
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Table I. Acute values tor endosulfan·

Specl .. NNn
LC50/EC50 Acute Va'ue

51!!£!!!. Method·· (JIg/I) (Jlgll) Reference

fRESHWATER SPECIES

CIodoceron, S, M 218 - Le~e, 1980
Daphnia mogno

Cladoeeran, S, M 282 - Le...e, 1980
Daphnia mogna

Cf adocer-en, S, M 250 - Lemke, 1980
Daphnia mogna

Cladoeeran, S, M 630 - Le...e, 1980
DaphnIa magna

Cladoceran, S, M 740 - Le"'e, 1980
Daphnia magna

Cladoeeran. S, M 378 - Lenke, 1980
Daphnia magna

CIadoceren, S, M 266 - Lenke, 1980
Dophnlo IIIOgno

CI adocer'en, S, M 158 - Lemke, 1980
Daphnia IIIOgna

Cladoeeran, S. M 372 - Lenke, 1980
Daphnia mogna

Cladoceran. S, M 328 - Le"'e. 1980
DaphnIa magna

Cladoceran, S, M 343 - Le...e, 1980
DaphnIa mogna

Cladoeeran, S, M 271 - Lemke, 1980
Da~mogna

Cladoceron. S, U 166 - Macek, et 01. 1976
Daphnia magna

Cladoceran, S, U 132 - Sehoettger, 1970b
Daphnia magoa
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Tebl. 1. (Continued)

Species Mean
LC50/ECSO Acut. Velue

Species Method" (1lg/1) (JIg/I) ,!!!ferenc:e

CIedoceran , S, U 62 261 Schoettger, 1970b
Dephnle Mgne

Scud, S, U 6.0 6.0 Senders, 1972
GemMllrus fescletus

Scud, S, U 5.8 5.8 Senders, 1969
Gemmorus lecustrls

Ston.fly (neled), S, U 2.3 2.3 Senders & Cope, 1966
ptoronerc~ ell II torn ICllI

DeMS8lfly (naled), S, U 71.8 - Schoettger, 1970b
Ischnure sp.

DaM58ltly (naiad), 5, U 107 88 Schoettger, 1970b
Ischnure sp.

RaInbow trout, rr, M 0.86 - Lelltte. 19f1l
Se I.e> galrdnor I

RaInbow trout. FT, M 0.81 - Le~e, 19f1l
SelB) gelrdnerl

Rainbow trout, rr , M 0.17 - Lelltte, 1980
SallO gelrdnerl

Ra Inbow trout, rr, M 0.29 - Le~e, 1980
SeIIO galrdnerl

Ral nbow trout, fT, M 0.30 - Le_e, 1980
SallO galrdnerl

Rainbow trout, fT, M 0.27 - L8/d(e, 1980
SeIIO galrdnerl

Rainbow trout, rr, M 0.26 - Lelllke, 1980
SelllO galrdnerl

Rainbow trout, fT, M 0.41 - LelMe, 1980
SeIIO galrdnerl



Tabl. 1. CCaatlnued)

Specl......
LC50/EC50 Aart. Val.

S2!£!!!. Method-- C'g/I) hlg/I) R.ference

Rainbow trout. FT, M 0.32 - La"e, 1980
Sal.a sa Irdner I

RaI nbow trout, FT, M 0.42 - L...., 1980
Sal.a galrdnerl

Ra Inbow trout, FT, M 0.26 - Lemke. 1980
SallllO galrdnerl

Ra I nbow trout, FT, M 0.24 - Lente. 1980
Salmo galrdnerl

Rainbow trout, 5, M 1.21 - Lemke, 1980
Sa1Il1O ga I rdner I

Ra Inbow trout, 5, M 0.94 - Lemke, '980
SallllO ga'rdner'

RaInbow trout, S. M 0.49 - La..e, '980
Sallno sa I rdner1

RaInbow trout, S, M 0.80 - Le"., 1980
Salmo ga'rdn.r'

Ra' nbow trout, 5, M 1.34 - Lemke, 1980
Sa'mo salrdn.rl

Ra'nbow trout. 5, M 2.43 - Lente, 1980
Salmo salrdner'

Rainbow trout, 5, M 1.30 - Le..., 1980
SaIIllO salrdnerl

Rainbow trout, 5, M 0.63 - Le..., 1980
5alllO salrdnerl

RaInbow t.-out, 5, M 1.69 - Lemk., 1980
SallllO sa,.-dn.rl

Rainbow trout, S, M 1.63 - Lemke, 1980
SalllO salrdnerl
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Table I. (Continued)

Species Mean
LC'O/ECSO Acute Value

Species Method-- hlg/I) (\!gil) Reference

RaI nbow trout, 5, M 0.69 - Lemke. 1980
5allOO .9.aI rdnerI

Rainbow trout, 5, M 0.79 - Le~e. 1980
~.9alrdnerl

Ral nbow trout, S, U 2.6 - Macek, et al. 1969
~.9alrdnerl

Rainbow trout, 5, U 1.7 - Macek. ot al. 1969
~.9.alrdnerl

Rainbow trout, 5, U 1.5 - Macek. et al. 1969
Sa'1OO ga'rdnerl

Rainbow trout. S. U 0.8 - Schoettger. 1970b
~9alrdnerl

RaI nbow trout I 5, U 0.3 0.34 Schoettger. 1910b
SallllO 9alrdnerI

Fathead minnow, FT,M 1.20 - Lenke. 1980
Plmephales promelas

fathead minnow, FT, M 1.01 - le~e. 1980
Plmephales promelas

Fathead minnow. FT,M 0.29 - Lemke. 1980
Plmoph~les promelas

Fathead .. Innow. FT. M 0.45 - le~e. 1980
Plmephales promelas

Fathead minnow, FT, M 0.16 - Lemke. 1980
Plmephales promelas

Fathead minnow, FT, M 0.13 - Le~e, 1980
Plmephales promelas

fathead minnow, FT.M 0.81 - Le~e, 1980
Plmephales promelas
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Table 1. (Coat I RUed)

Specl......n
lC50/EC50 Aarte Yal ...

S~ !!!!!!2!!.•• (pAIl) (pg/I) Refer.ce

Fathead Illlnoow, FT. M 0.80 - Le..e, 1980
Plmephafes pr~las

Fathead .Inoow. FT. M 1.67 - lelllke. 1980
Plmephales promelas

Fathead .Innow, FT, M 1.57 - Lemke, 1980
PI.phales prOlll8las

Fathead IIllnnow, FT, M 0.75 - Le..e, 1980
PI mepha les prCllll81 as

fathead .Innow, fT, M 1.00 - Lelllke, 1980
Plmephalas prOlll8las

Fathead minnow, S, M 2.35 - Le~e, 1980
Plmephele5 promefe5

Fathead .Innow. 5, M 3.45 - Le..e, 1980
Plmephales prCllll8las

Fathead IIllnnow, 5, M 2.10 - Le"e. 1980
PI.phalas prOlll8las

Fathead .Innow, 5, M 3.20 - Le..e, 1980
PI_phales prOlll8las

Fathead lIl'nnow, 5, M 1.70 - Lelllke, 1980
Plmephales prOlll8las

Fathead IIllnnow, 5, M 1.48 - Le..e, 1980
P11l!!f?/\8 fes prOlllB f 8S

Fethellld minnow, 5, M 1.90 - Lemke. 1980
Plmephales prc.eles

Fathead minnow. S. M 0.97 - Lemke, 1980
PI_phalos promelas

Fathead minnow, S. M 1.35 - Le"e. 1980
Plmephales prOlll8las
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Table 1. (ContInued)

$pecles Mean
LC50/EC50 Acute Value

Species ~.. (}IS/I) (lfgll) Reference

fathead minnow, 5, M 1.20 - Lemke, 1980
PImepha les ..erOlllll I2lS

fathead minnow, S. M 3.20 - Lemke, 1980
Plmephales promelas

fathead minnow, 5, M 2.50 0.83 Lemke, 1980
Plmephales promelas

Wh Ite sucker, 5, U 3.5 - Schoettger, 1970b
Catostomus commersonl

Wh Ite sucker, 5, U 3.0 3.2 SChoettger, 1970b
Catostomus commerson I

Guppy, 5, U 3.7 3.7 Pickering &
Poecilia retlcul21ta Henderson, 1966

Bluegil" S. U 3.3 - Pickering &
Lepomls macrochlrus Henderson, 1966

Bluegil" 5, U 4.4 3.8 Pickering &
Lepomls macrochlrus Henderson. 1966

SALTWATER SPECIES

Anne II d worm, 5, U 730 730 U.S. EPA, 1980
Neanthes arenaceodentata

Eastern oyster, fT, U 65 - But ler, 1963
Cra~~o5tr8Q vlrglnl~a

E21stern oyster, fT, U 380 157 But ler, 1964
Crassostrea vlrglnlca

Copepod, S, U 0.12 - SchImmel, 1980
Acartla~

Copepod. S, U 0.05 - Sch(lIIlle I. 1980
Acartla tonsa------
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Table 1. cContInued)

Species Mean
LC50/EC50 Acute Value

Species ~.. hlg/I) hlg/I> Reference

Copepod, S, U 0.28 - Schlmnel, 1980
Acartla tonsa

Copepod, S, U 0.37 - SchImne I, 1980
Acartla tonsa

Copepod , S, U 0.45 - Sch lnmet , 1980
Acartla tonsa---
Copepod, S, U 0.032 0.14 Sch11IIll81. 1980
Acartla tonsa

Mysld shrimp, S, U 0.46 - Schlnmel, 1980
Mysldopsls bahla

My sid shr Imp, S, U 0.24 - Schllllll8l, 1980
Mysldopsls bahla

Mysld shrimp, S, U 1.47 - Schlmnel, 1980
Mysldopsls bahla

Mysld shrimp, S, U 1.12 - SchInme I, 1980
Mysldopsls bahla

Mysld shrimp, S, U 0.73 - Schlmnel, 1980
Mysldopsls bahla

Mysld shrimp, FT, M 0.38 - Schlnmel, 1980
Mysldposls bahla

My sid shr Imp, FT, M 0.94 - Sch' nmel, 1980
Mysldopsls bahla

Mysld shrimp, FT, M 1.16 - Schlnmel, 1980
Mysldopsls bahla

Mysld shrimp. FT. M 1.29 - Schlmnel, 1980
Mysldopsls bahla

Mysld shrimp. FT, M 0.75 0.83 Schlnmel, 1980
Mysldopsls bahla
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Tab'. 1. (Cont.nued)

Specl .. Mean
LC50/EC50 Acute Va'.

Specl .. Method·· ()!9/1) _lES,!I) Reference

Korean shr Imp, S, U 17.1 - SChoettger, 1970a
Palaemon macrodactylus

Korean shr Imp, FT, U 3.4 7.6 Schoettger, 1970a
Palaemon macrodactylus

Gross shr I..." FT, M 1.31 1.31 Schimmel, et 01. 1977
Palaemonetes~

Pink shrimp, FT, M 0.04 0.04 Schimmel, et al. 1977
Penaeus duorarum

Sheepshead minnow, S, U 2.7 - Schimmel, 1980
Cyprlnodon varlegatus

Sheepshead ml nnow, S, U 1.4 - Schimmel, 1980
Cyprlnodon varlegatus

Sheepshead minnow, S, U 1.2 - Schimmel, 1980
Cyprlnodon varlegatus

Sheepshead minnow, S, U 2.87 - Schimmel, 1980
Cyprlnodon varlegatus

Sheepshead minnow, S, U 3.45 - Schimmel, 1980
Cyprlnodon varlegatus

Sheepshead minnow, 5, U 2.81 - SchImme', 1980
Cyprlnodon varlegatus

Sheepshead minnow, FT,M 1.10 - Schimmel, 1980
Cyprlnodon varlegatus

Sheepshead minnow, FT, M 0.34 - Schimmel, 1980
Cyprlnodon ~atus

Sheepshead minnow, FT, M 0.60 - Schimmel, 1980
Cyprlnodon varlegatus

Sheepshead minnow, FT, M 0.88 - Schimmel, 1980
Cyprlnodon varlegatus
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Table 1. (Cont Inued)

Specl. Mean
lC50/EC50 Acute Value

Specie. ~.. (JIg/I) (JIg/I)

Sheepshead minnow, FT, M 1.15
Cyprlnodon varle9atus

Sheepshead minnow. FT, M 0.83 0.76
Cyprlnodon varlegatus

Striped bess, FT, U 0.10 0.10
~51txat1115

Plnflsh, FT. M 0.30 0.30
lagodon rhomboldes

Spot, FT. M 0.09 0.09
lelostomus xanthurus

Str Ipad mu Ile1', FT. M 0.38 0.38
~cephalus

• Technical grade endosulfan

·*S • static, FT = flow-through, U = unmeasured, M=measured
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Table 2. Chronic values for enclosulfan*

lI.lts Chronic Value
Species Test** lpg/I) lpg/I> Reference

FRESHWATER SPECIES

Cladoceran, LC 2.7-7.0 4.3 Macek, et al. 1976
DaphnIa magna

Cladoceran,*** LC 35.3-72.8 50.7 Nebeker, et al. 1980
Daphnia IIll:Igna

CIadoceran, *** LC 75.2-154.4 108 Nebeker, et al. 1980
Daphnia magna

Cladoceran, **-* LC 20.0-32.0 25,3 Nebeker, at al. 1980
Daphnia IIll:Igna

Cladoceran,**** LC 32.0-48.0 39.2 Nebeker, et al. 1960
Daphnia IIll:Igna

Fathead minnow, LC 0.20-0.40 0.28 Macek, et al. 1976
Plmephales promelas

SALTWATER SPECIES

Mysld shrimp, LC 0.33-0,71 0.48 U.S. EPA, 1980
Mysldopsls bahla

Sheepshead minnow, ELS 0.27-0.6 0.40 U.S. EPA, 1980
Cyprlnodon varlegatus

Technical grade endosulfan

•• LC = life cycle or partial life cycle, ELS = early lite stage

... Replicate tests by some InvestIgator In some water

·***Repllcate tests by same Investigator In SlIme water
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Tabl. 2. (Cont I nuedJ

Acute-Chron I c Rat los

Acute Chronic
Value Value

s.e!£!..!!. .!!!9l!l. i!!9L!.!. Ratio

Cladooeran, 166 4.3 39
DaphnI a .!!!S!!!.

Cladooeran, 250· 32.2· 7.8
Daphnia magna

Cladoceran, 350· 79.4· 4.4
Daphnia magna

Fothead minnow, 0.83 0.28 3.0
Plmepholes promelos

Mysld shrlql, 1.37·· 0.48 2.8
Mysldopsls bohlo

Sheepshead minnow. 0.95·· 0.40 2.4
Cyprlnodon varlegatus

• Arithmetic mean of replicate tests by same Investigator In the same water for both
acute and chronic tests •

• ·Acute value from test by same Investigator In the same water source as tor chronic
value.

Geometr I c lII&an of acute-chron I c rat los for DophnI 0 magno .. 11
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Table'. Species lINn acute values and acute-chronlc ratios for ....dosulfan

Rank* Species

Species Mean
Acute Value

(JIg/I)

FRESHWATER SPECIES

Species MelIn
Acute-Chron Ie

Ratio

10

9

8

7

6

5

4

3

2

12

11

10

CI~doceran,

O~phnla magna

D~mselfly (naIad),
Ischnura sp.

Scud,
Gammarus fasclatus

Scud,
Gammarus lacustrls

Bluegill,
Lepomls macrochlrus

Guppy,
Poecilia reticulate

Wh Ite sucker,
Catostomus commersonl

Stonefly (n~lad),

Pteronarcys callfornlca

Fathead minnow,
Plmephales promelas

RaInbow trout,
Salmo galrdnerl

SALTWATER SPECIES

Annell d worm,
Neanthes arenacondentata

Eastern oyster,
Crassostrea vlrglnlca

Korean shr Imp,
Palaemon macrodactylus

261

88

6.0

5.8

3.8

3.7

3.2

2.3

0.83

0.34

730

157

7.6

11

3.0

B-23



Table l. (CoAt Inueen

Species ....n Species ......
Acute V.lue Ac:u~hranI e

~ Spec I.. etlg/I> Ratio

9 Grass shl" IlIlP. 1.31
Pllillemonetes~

8 Mysld shrllllP. 0.83 2.8
Mysldopsls bahlll

7 Sheepshead minnow. 0.76 2.4
Cyprlnodon varlegatus

6 Str Ipeel ... 1let • 0.38
~cephaluli

5 Plnflsh. 0.30
Lll~ rhOlllboldes

4 CopePod. 0.14
Acart Ia .!2!!!!.

3 Strl peel bliss. 0.10
~saxatilis

2 Spot, 0.09
Lelostomus xanthurus

Pink shrllllP. 0.04
Penaeus duorarum

* Ranked trail least sensitive to most sensitive based on species l118an
acute val ue.

Final Acute-Chronlc Ratio • 3.9

Freshwater Final Acute Value = 0.22 ~g/I

Freshwater Final Chronic Value· 0.22 ~g/I • 3.9 = 0.056 ~/I

B-24



Table 3. (ContInued)

Saltwater Final Acute Value = 0.034 ~g/l

Saltwater FInal Chronic Value =0.034 ~g/l ~ 3.9 =0.0087 ug/l
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Ctte.lcalSpec I..

Tabl. 4. Planf' values for ........ Uan

Eff.d

FRESHWATER SPECIES

Result
!1!sl!.! R.fer...ce

Gre«e alga,
Chlorella vulgarIs

~~doSU I fan
C-Illibeled

None observed
on growth

S-26

10,000 Gohrbach &Knauf,
1971



Table 5. "Iclues fOf' ....cIosuIfan·

Lipid BIOCClIIC8IItratlOil Duration
SpecI8$ TlsslHl ..J!L. FactOf' (days) Reference

SALTWATER SPECIES

Sheep shead m'nnow. Whol. body 3.6** .328 28 U.S. EPA. '980
Cyprlnodon varlegatus

Striped .. I let. Edible tissue - 2.429··· 28 Schimmel. et al. 1977
.!!!!9.!.!.. cepha Ius

Striped ..... 1let. Whole body 1.0 2.755"· 28 Schl..-I, et al. 1977
.!!!!9.!.!.. cepha Ius

• Technical grade endosulfan

.. Percent II p Id data frOll Hansen, 1980

••• Bloconcentratlon factor Includes bloconcentratlon of the llI8tabollte, endosulfan sulfate.
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Tebl. 6- Other dete for~ If.

Rault
SpecI.. C....lcel· OW.tlca Effect .!I!sll) Reference

fRESHWATER SPECIES

Green alga. Endosul fen 120 hrs InhIbl ted growth >2.000 Kneuf & SChulze. 1973
Chlore 110 vu19!!:.!!. 35 EC··

MIdge (Ierve). TechnIcal 24 hrs LC50 " Lude.ann &NeuMann.
ChIronalUs pI UIllOSUS grede 1962

Tublflcld wor_, Technical 96 hrs 100. lIOrtallty 10,000 Lude.ann &Neu.ann,
Tubl fex tubltex grade 1962

Rainbow trout (fry), Technical 24 hrs 100• .,,-t811 ty 10 Ludemann &Neu.ann,
~ sa Irdnerl grede 1961

Northern pi ke Technlcel 24 hrs 100. lIIorh" ty 5 Ludemann &Neumann,
(f Inger! Ing). grede 1961
Esox lucius

Carp. 2. EC 24 hrs 70. llIOrte " ty 10 Mulla, et el. 1967
Cyprlnus carpIo

Carp, 2. EC 24 hrs 60. IllOrtellty 25 MIIlla, et el. 1967
Cyprlnus carpIo

Carp (fingerling). Technical 48 hrs LC50 U.O ludellllll\n & Nau\IIIlnn,
Cyprlnus carpIo grade 1960

Fethead _Innow, Technical 7 days Inclpl ent LC50 0.86 Macek, et 01. 1976
PI!8pholes prQlll8las grede

Mosqultoflsh, Thloden -I 24 hrs 6. morta II ty 0.1 MIl lie, 1963
Gombusla afflnls 2. EC Ibs/acre

Mosqultoflsh, Thlodan -II 24 hrs 24. mortalIty 0.1 MIll la, 196'
Galllbusla efflnls 2. EC Ibs!acre

Guppy, TechnIcal 5 hrs 100. morta II ty 50 Jones, 1975
Poec l l Ie retlculeta grede

Guppy. TechnIcal 96 hrs 85. lIIOrta" tv 4.2 Herzel & Ludamann,
Poecilia retlculata grade 1971

Guppy, Technical 96 hrs 55. mortality 4.2 Herzel & Ludemann,
Poecilia retlculata grade 1971
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Table 6. (Continued)

Result
s~ Ch_lcel Duration Effect .!l!al!l. ~f .......ce

Bluegill. Technical UnspecifIed 50% Inh I bltlon 6.050 Yap. et 01. 1975
lepomls macrochlrus grade of bra I n Mg-ATPase

Bullfrog (tadpole), Thlodan I 24 hrs 60% morta II ty 0.1 Multa. 1963
Rana catesbelana 2~ EC Ibs/acre

BUllfrog (tadpole), Thlodan II 96 hrs 10~ morta " ty 0.1 Multa. 1963
Rana catesbelana 2. EC Ibs/acre

Mallard (young>. Technical 5 days 50% mort0" ty 1,050 Hili. et 01. 1975
Anas platyrhynchus grade l119/1(g

SALTWATER SPECIES

Natural phytoplankton Technical .. hrs 86.6J decrease 1.000 But fer. 1963
COlllllll nit Ias !rode In pr1~ctlvlty

1,000 C

~ IllUssel, Technical 112 days Bloconcentratlon - Roberts, 1972
Mytllus edulls !rode factor = 12

Connon IlIIsse I, Technical 14 days B loconcentrat Ion - Roberts, 1975
Mytllus~ grade factor" 29

Blue crab, Technical 2 days EC50·" 35 But Jer, 1963
Cailinectes sapldus !rade

Brown snr Imp, Technical 2 days a::,0·" 0.4 But ler , 1963
Penaeus oztecus grade

Brown shrlq>, Technlca I 2 days le50 10 Portllllln & WII son,
Cnme. crangon grade 1971

Grass stir IIIJI, Tochnlcal .. dalys Bloconcentratlon - Schlmmol, at al. 1977
Pel aemonetes~ grode factor .. 175....

PInf Ish, Technlca I 4 days Bloconcentratlon - Schimmel. at 01. 1977
Lagodon rhomboldes grllde fllCtor .. 1.173••••

Spot. Technical 4 days Bloconcantratlon - SchImmel, et al. 1971
lelostomus xanthurus grade factor • 779....
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Table 6. cCont IRued )

Result
Species Ch.lc:al Duration !!!.!£ .!l!9L!l Reference

Spot, Technical 2 days LC50 0.6 But ler, 1964
Lelostomus ~8nthurus grade

Wh Ite /Ill I let. Technical 2 days LC5D 0.6 Butler. 1963
~~ grade

Str IpGd IILII/et, Technical 4 days Bloconcentrat/on - Schimmel, et al. 1977
~ cephalus grade tactor = 1.115····

• Thladan = forllLllatlon trademark; EC ; emulsIfIable concentrate.

** For/lll/atlon 35' emulsifiable concentrate, unmeasured.

*** Loss ot equilibrium.

****Bloconcentratlon factor Includes bloconcentratlon of the metabolite, endosulfan sulfate.
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Mammalian Toxicology and Human Health Effects

EXPOSURE

Ingestion from Water

Schulze, et al. (1973) presented data from the U.S. Geologi

cal Survey program for monitoring pesticides in the streams of the

western United States for the period October 1968 to September

1971. At 20 sampl ing stations, water samples were collected at

monthly intervals and analyzed f or residues of endosul fan and

other pesticides by gas chromatography. No attempt was made to

separate suspended sediment from the water for separate analysis.

The low detection limit for endosulfan was .....",0.005 ~/l. In a

total of 546 water samples analyzed, one sample (from the Gila

River at Gillespie Dam, Arizona) contained an endosulfan residue

of 0.02 ug/l, along with residues of five other organochlorine

insecticides.

FMC (1971) reported endosulfan levels in runoff water in

North American agricultural areas. Water samples from a pond lo

cated in a field treated with endosu1fan contained no detectable

residues «10 ug/1). Mud samples from the bottom of the pond,

however, contained a maximum of 0.05 mg/kg ~endosu1fan and 0.07

mg/kg endosulfan sulfate. These samples were taken approximately

280 days after the last endosulfan application.

In a subsequent study, irrigation runoff was monitored from a

field in California treated at a rate of 1.12 kg/ha (FMC, 1972).

Water residues (~- and ~endosulfan) were approximately 15 wg/l

following the first irrigation but dissipated to below the detec

tion limit (0.005 wg/1) after 15 days.
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Miles and Harris (1971) measured insecticide residues in the

water of a creek flowing into Lake Erie and in ditches draining an

agricul tural area near Lake Erie. In these water systems, water

was sampled weekly and bottom mud was sampled monthly from mid

April to mid-October 1970. No endosulfan residues were found in

the creek. In the drainage ditch, endosul fan residues in the

water ranged from <2 to 32 ng/l at the pumphouse, where the water

was lifted into Lake Erie when necessitated by the water level,

and from <2 to 187 ng/l one mile upstream from the pumphouse.

Endosulfan residues in bottom mud were <1 to 1 ~g/kg (dry weight

basis) at the pumphouse and ranged from 4 to 62 ug/kg upstream.

In 1971, in order to compare residue contributions from areas

of differing insecticide use, Miles and Harris (1973) determined

insecticide residues in water systems draining agricultural,

urban-agricultural, and resort areas in Ontario, Canada. Water,

bottom mud, and f ish samples from these water systems were col

lected between mid-April and mid-October and analyzed for endosul

fan residues by gas-liquid chromatography. Endosulfan residues in

indiv idual wa ter samples ranged from <1 to 11 ng/l in Big Creek

and from <1 to 3 ng/l in the Thames River (average level for all

samples was <1 ng/l); no residues were found in the Muskoka River

(limit of detection 1 ng/l). No endosulfan residues were detected

in 18 samples of bottom mud or in a total of 57 fish collected

from the three water systems.

The National Research Council of Canada (NRCC) (1975) reports

u npubl ished data (Frank, 1973) on endosul fan residues in water

samples collected four times per year between 1968 and 1973 in six
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southern Ontario rivers and municipal water supplies. Over this

period, endosulfan was detected only in one sample, at a level of

0.012 Ug/l. In 1973, five water and three sediment sampling sites

were monitored at 2-week intervals from late March to mid-Septem

ber, and monthly thereafter. Endosulfan residues were detected

only in water during one sampling period at levels of 0.047 to

0.083 Ug/l.

Frank, et ale (1977) subsequently published the results of

pesticide analysis of 50 sediment samples collected on a grid from

Lake St. Clair in 1970 and 1974. In 1970, endosul fan residues

were present in the sediments at a mean residue of 0.2 ug/kg

(rang ing from nondetectable levels «0.2 Ug/kg) to 2.2 ug/kg).

Only 20 percent of the samples, however, contained endosulfan and

these residues (~- and / -endosulfan with traces of endosulfan

sulfate) were confined to sediments from the lower reaches of the

ship channel between Lake St. Clair and the Detroit River and off

shore from the mouth of the Thames River. Endosulfan was not de

tected in any of the 1974 samples.

Endosulfan residues in Lakes Erie and Ontario have been re

ported by the Environmental Quality Coordination Unit (1973) of

the Canada Centre for Inland Waters. Of 40 samples of surface and

bottom water from Lake Erie, 5 contained endosulfan concentrations

ranging from 0.005 to 0.014 ug/l. Of 40 Lake Ontario samples, 6

contained endosu1fan at concentrations of 0.005 to 0.051 ug/L

Residues in the sediment samples and in the other water samples

were be Low the detection limits, 0.005 Ug/l of water and 5 to 10

Ug/kg of sediment.
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Wong and Donnelly (1968) measured pesticide concentrations in

the St. Lawrence River and in the Bay of Quinte which empties into

the northern shore of Lake Ontario. Endosulfan was generally non-

detectable in the St. 'Lawr e nc e River, but a few samples contained

endosulfan residues between 0.020 and 0.060 ug/l.

Several laboratories studied the occurrence of endosulfan

residues in the Rhine River in West Germany and in the Netherlands

following a massive endosulfan-caused fish kill in the Rhine in

June 1969 due to an accidental point source contamination. This

episode was the result of accidental discharge of approximately

220 Lb of endosu1fan into the river system rather than from run-

off (NRCC, 1975).

Se ivers, et a1. (1972) moni tored the concentrati ons of endo-

su1fan in the Rhine and Main Rivers in West Germany from June to

December 1969. The endosulfan concentrations found in these sam-

pIes were within the following ranges:

Number of Samples fran
Endosu1fan Concentration

Range (ng/1) Rhine Main

<100 21 (38%) 3 (14%)
100-500 27 (49% ) 1 ( 4%)
500-1,000 4 ( 7%) 4 (18%)

1,000-10,000 3 ( 6%) 9 (41%)
>10,000 0 ( 0%) 5 (23% )

Total 55 (100%) 22 (100%)
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Many communi ties along the Rhine draw their water suppl ies

fro~ the river. Endosulfan residues in 35 samples of Rhine shore

filtrates collected between June 1969 and February 1970 contained

endosulfan concentrations ranging from <10 to 35 ng/l.

Greve and Wit (1971) determined endosulfan concentrations in

about 320 samples of surface water and 35 . samples of drinking

water collected between June 24 and August 31, 1969, from the

Dutch section of the Rhine and its tributaries following a massive

fish kill in June. Endosulfan was identified by gas-liquid chro

matography. The maximum concentration of endosulfan (0"- +,&) found

in river water in the Netherlands was 0.70 ug/l on the first day

of sampl ing. From this maximum value, a steady decrease was

observed; one month af ter ini tia tion of sampl ing, the endosul fan

concentration had fallen below the limit of detectability, 0.01

ug/l.

Greve and Wit (1971) found that river silt readily adsorbs

endosulfan. of the endosulfan present in raw river water samples,

82 to 85 percent could be removed by filtration or centrifugation.

Ferric hydroxide gel and activated carbon (used in the treatment

of drinking water) were still better adsorbents for endosulfan.

Ferric hydroxide gel not only adsorbed endosulfan, but also cat

alyzed its hydrolysis.

In a more extensive monitoring study, Greve (1972) measured

endosulfan residues in the Dutch section of the Rhine River from

September 1969 to l-larch 1972. During this period, water samples

were collected three times a week in the Waal River, the main

branch of the Rhine River in the Netherlands. Endosulfan (c7-, + p')
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residues were found in 75 percent of the samples, ranging from

<0.01 to 0.88 \.1g/1; the average and median endosulfan concentra-

tions were 0.10 and <0.01 \.1g/1, respectively, and the upper and

lower deciles were <0.01 to 0.29 \.1g/l.

Wegman and Greve (1978) monitored the Dutch aquatic environ-

ment from September 1969 to December 1975 for organochlorine pes-

ticides. Some 1,492 samples were analyzed, including surface

water, rainwater, groundwater, and drinking water. The results of

these analyses were as follows:

No. of Sample Sets Analyzed

Year
1969
1970
1971
1972
1973
1974
1975

Endosulfan*
Containing

17
36

9
7
9
1
1

Total
No.
32
45
22
35
22

3
1

Maximum Endosulfan*
Residue (\.1g/1)

0.81
0.40
0.25
0.09
0.10
0.02
0.02

.~- and~-endosulfani practical detection limit is 0.01 \.1g/1.

Herzel (1972) monitored organochlor ine insec ticides in sur-

face waters in the Federal Republic of Germany. Samples of unfil-

tered water and suspended solids were analyzed from about 25 sites

sampled in May 1971, and unfiltered water was analyzed from seven

sites sampled monthly between April 1970 and June 1971. All sam-

ples were analyzed by gas chromatography, and the detection
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limits for 01- and ~-endosulfan were 10 to 30 ng in 30 ml of hex

ane extract. Of 120 samples of unfiltered surface waters ana

lyzed, eight contained residues of cA -endosulfan ranging from 10

to 100 ng/l, and three contained residues of,4-endosulfan ranging

from 20 to 95 ng/l. These endosulfan concentrations were found in

samples from the Rhine, the lower Main, and the Regnitz and,

accord ing to the inves tiga tor, orig ina ted from indus trial eff lu

ents.

Of 20 samples of suspended sol ids, two contained cA -endosul

fan at concentrations of 22 and 24 ng, and one contained ~-endo-

sulfan at a concentration of 9.6 ng. These values are expressed

in terms of the quanti ties of each endosul fan is orner (in nano

grams) found in the solids suspended in one liter of water.

Tarrant and Tat ton (1968) stud ied the presence of organo

chlorine pesticides in rainwater in the British Isles. The total

precipitation collected in each 3-month period at seven sampling

stations was analyzed by thin-layer and gas-liquid chromatography.

The detection limit for endosulfan was about 1 ng/l. No endosul

fan residues were detected in any of the 28 composi te samples of

rainwaters analyzed.

Gorbach, et ale (1971a) investigated the presence and persis

tence of endosulfan residues in East Java in a river system

(Brantas River) and in ponds and seawater following large-scale

use of endosulfan on rice in the del ta reg ion of the Brantas
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River. The concentration of endosulfan residues in the water sam-

pled as determined by gas chromatography were as follows:

Endosulfan Residues (ug/1)

c::7-. .d' Sulfate

Canals Average <0.13 <0.12 <0.18
Range <0.01-5.8 <0.01-2.4 <0.01-0.55

Fish Ponds Average <0.03 <0.02 <0.06
Range <0.01-0.25 <0.01-0.08 <0.01-0.44

River system Average <0.01 <0.11 <0.19
Range <0.01-5.0 <0.01-2.0 <0.01-0.45

Madura Sea Average <0.02 <0.02 <0.08
Range <0.01-0.09 <0.01-0.07 <0.01-0.28

The highest residue levels (5.8 and 2.4 Ug/l of G7'S - and P -
endosulfan, respectively) were detected in a canal that drained

treated fields shortly after an endosulfan application. Within

two days, these high levels decreased to about 0.2 ug/1 by degra-

dation and/or dilution with uncontaminated water. Total endosul-

fan residues ~ +,&+ sulfate) averaged 0.46 Ug/l.

In connection with the same endosulfan application project in

East Java, Gorbach, et al. (l97lb) also investigated endosu1fan

residues in the water and mud of rice fields following an endosul-

fan treatment. Before treatment of the test fields, total endo

sulfan residues (endosulfan 0$ +;5+ sulfate) in the water were of

the order of 0.5 to 0.8 ug/l as a result of the large-scale endo-

sulfan applications in the area. The test fields were treated by

knapsack sprayer at a rate equivalent to about 0.5 1b Active In-

gredient (AI)/acre.
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After treatment, the initial water concentration of total

endosulfan residues in one field was 68 ug /l, declining to the

pretreatment value of 0.5 to 0.8 ug /1 within five days. In the

mud of both submerged test fields, maximum total endosulfan resi

dues were 0.053 and 0.008 mg/kg, respectively, directly after

treatment, declining to about 0.01 to 0.02 mg/kg by the fifth day

post-treatment . In an adjacent dry rice field, a maximum endosul

fan residue of 1.9 mg/kg was found. The sulfate equivalent in the

total endosulfan residues increased with time, pointing to conver

sion of the parent compound in the presence of water.

Several fish kills attributable to endosulfan have been re-

ported from other countries. One major, widely publicized and

investigated episode occurred in the Rhine River in West Germany

in 1969.

Osmond (1969) reported on an endosu1fan-related fish kill

which took place in On t a r i o , Canada, in August of 1969. Analysis

of water samples collected where fish had been killed from the

Thames River and a tributary where the contamination occurred

ah owed endosulfan concentrations of 0.096 and 0.260 ug /l, respec

tively. Two other samples taken from upstream on the Thames River

and from further up the tributary had endosulfan levels of 0.022

and 0.026 "g/l.

A second fish kill occurred in a pond near Simcoe, Ontario,

in 1972 (Frank, 1972). Endosul fan could not be detec ted in the

pond water (limits of detection 0.001, 0.002, and 0.01 t,l.g /l for

~ -ie ndoauI fan, ,tI'-endosulfan, and endosul fan suI fa te, respec-

tively) • However, bottan sediment from one end of the pond
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contained 0.9, 1.0, and 1.1 ug/kg (dry weight) of d'J-endosulfan,

.,61-endosu1fan, and the sulfate, respectively. Sediment from the

other end of the pond contained 1.2 ug/kg (dry weight) endosulfan

sulfate.

Ingestion from Food

Endosulfan is a broad-spectrum insecticide and acaricide that

is registered in the United States for use in the control of over

100 different insect pests occurring in over 60 food and nonfood

crops.

Official u.s. tolerances for pesticide residues in raw agri

cultural commodities are published in the Code of Federal Regula-

tions, Title No. 40, and in the Federal Register. Appropr ia te

food additive tolerances for processed commodities are published

in Title No. 21 of the Code of Federal Regulations. U.S. toler

ances for endosulfan and its metabolite are listed in Table 1.

Endosulfan tolerances that have been set by other countries

are summarized in Table 2.

The acceptable daily intake (ADI) is defined by Lu (1973) as

the daily intake of a pesticide which during an entire lifetime

appears to be without appreciable risk on the basis of all known

facts at the time of evaluation. It is expressed in milligrams of

the chemical per kilogram of body weight (mg/kg).

The ADI for pesticides is established jointly by the Food and

Agricul tural Organization (FAO) Working Party on Pesticide Resi

dues and the World Health Organization (WHO) Expert Conunittee on
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TABLE 1

u.s. Tolerances for Endosulfan*a

mg/kg

0.3
1
0.2 b

1
2
2
2
O.lb
0.2 b
2
O.lb
2
2
2
0.2
0.2

2
2
2
2
0.2

1
2

Crop

Alfalfa (fresh)
Alfalfa hay
Almonds
Almond hulls
Apples
Apricots
Artichokes
Barley grain
Barley straw
Beans
Blueberries
Broccoli
Brussels sprouts
Cabbage
Carrots
Cattle (meat, fat, meat

by-products)
Cauliflower
Celery
Cherries
Collards
Corn, sweet (kernels plus

cobs wi th husks removed)
Cottonseed
Cucumbers

mg/kg

2
0.2 b

0.2

2
0.2

0.2

2
2
0.2 b
2
0.5 c
2
0.2 b

2
o.i>
0.2 b

2
2
2
0.2 b

2
2

Crop

Eggplants
Filberts
Goats, (meat, fat, meat

by-products)
Grapes
Hogs (meat, fat, meat

by-products)
Horses (meat, fat, meat

by-products)
Kale
Lettuce
Hacadamia nuts
Melons
Milk fat
Mustard greens
Mustard seed
Nectarines
Oats, grain
Oats, straw
Peaches
Pears
Peas (succulent type)
Pecans
Peppers
Pineapples

mg/kg

2
0.2 b
2
2
o.z>
o.lb
0.2 b

O.2 b
·0.2

2
2
0.1 b

0.5
2
2
0.2
24 d
2
2
0.2 b

2
o.i>
O.2 b
2

Crop

Plums
Potatoes
Prunes
Pumpkins
Rapeseed
Rye grain
Rye straw
Safflower seed
Sheep (meat, fat,

meat by-products)
Spinach
Strawberr ies
Sugar beets (with-

out tops)
Sugarcane
Summer squash
Sunf lower seeds
Sweet potatoes
Tea, dried
Tomatoes
Turnip greens
Walnuts
~latercress

Wheat grain
Wheat straw
Winter squash

*Source: 40 CFR 180.182, 1977; 21 CFR 193.170, 1977
alncludes its metabolite, endosulfan sulfate
bNegligible residue
CNegligible residue in milk
dFood additive tolerance
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country

Australiaa

Canada b

New Zealandc

Netherlandsc

South Africa b

TABLE 2

Tolerances Reported by Other Countries*

Cornrnodi ty

Fat of meat of cattle and sheep
Milk and milk products
Fruits, grain, vegetables, cottonseed

Peas
Artichokes, beans, cauliflower, celery, cucum

cumber, eggplant, grapes, melons, peppers,
pumpkins, squash, strawberries, tomatoes,
watercress

Apples, apricots, broccoli, Brussel sprouts,
cabbage, cherries, lettuce, nectarines,
peaches, pears, plums, prunes, spinach

Fruits and vegetables

Berries, mushrooms
Fruit (except berries) and vegetables
Potatoes

Cabbage, green beans, boysenberries, young
berries, tomatoes, cucurbits, peas, citrus

peaches, apples, pears

Tolerances (mg/kg)

0.2
0.5 (fat basis)
l.0

0.5

LO

2.0

2.0

l.0
0.5
0.1

2.0
0.5

*Source: WHO, 1975
arncludes ~- and ~ -endosulfan and endosulfan sulfate
brncludes cA - and ~ -endosulfan
cResidues not specified
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Pesticide Residues, and thus is not a n o f f i c i a l l y recognized stan

dard in the United States. The ADI f or endosul£an is 0.0075 mg/kg

(FAD, 1975) .

Corneliussen (1970, 1972) reported the residue levels of sev

eral chlorinated insecticides in various foods before and after

processing by a dietician. The effect of processing on residues

of end osulfan (includes t he two Ie oner e and sulfate) are reported

for only one food class, leaf y ve ge t a b l e s . Corneliussen (1970)

reported the residues as 0 .011 mg/kg before processing and 0.006

mg/kg after processing. Corneliussen (1972) reported the residues

as 0.00 7 and 0.002 mg/kg, respectively.

McCaskey and Liska (1967) stud ied the effect of processing on

the residues of endosulfan and endosulfan sulfate in milk. One

group of milk samples came from cows fed 500 to 2,000 mg/day endo

suI fan for 7 to 11 days; the other group of milk samples contained

endosulfan which had been added in solution in ethyl alcohol . The

investigators were not able to detect endosulfa n in the mil k from

the cows fed endosulfan, but the milk did contain endosulfan sul

fate. The residues were reported on a milk fat basis since mois

ture was being removed from the milk during processing. The re

sults are presented here.
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tndosulfan· *Product

Residue (rng/kg, fat basis)

Endosulfan
Sulfate·

Raw milk
Forewarmed milk
Condensed milk
Spray-dried milk
Evaporated milk
Drum-dr Led mi lk

15. 2
12.7
12.6
8.8
8.8
4 .5

15.9
12.7
11.4
10.1
9.9
8.0

• Detected in milk from cows administered endosulfan
**Added to milk in alcohol solution

Li, e e e j , (1910) reported a study 1n which two dairy cows

were given 1 mg(kg/day endosu1fan for two weeks. Analyses of the

dairy products (pasteurized milk, cream, butter, cheese, dried and

condensed whole milk, etc.) indicated only a ve r y small (not quan

tified) concentration of ~-endosulfan. Endosulfan sulfate, hOw'-

ever, was not detected.

Johnson, et a1. (1975) studied the effects of freeze-drying

on the residues of endosulfan in tobacco. The treated samples

were analyzed for both endosulfan isomers and endosulfan sulfate.

The results are presented in Table 3.

The reduction in endosulfan residues amounted to 34 to 43

percent on a weight basis compared to the control samples . The

two types of freeze-drying had about the same effect; the percent

reduction in residue was about the same for both high and low in-

i tial residue levels. The percent reduction was greater for

0< -endosulfan than for #-endosulfan ce endosulfan sulfate.

Beck, et ale (1966) conducted four cattle feeding tests for

the purpose of determining residues of endosulfan. In the four

tests endosulfan in the tissue, milk, alfalfa, grass, and silage
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TABLE 3

The Effect of Freeze-drying on Endosulfan Residues on Tobacco*

Initial
Pesticide

Level

Low

High

Freeze-dryi n9
Treatment

Control
Standard
Freeze-drying
Extraction +

freeze-drying

Control
Standard
Freeze-drying
Extraction +

freeze-drying

-Endosulfan

0.12
0.05

0.05

0.25
0.11

0.10

Residues (rng/kg)a
End6sulfan Total

-Endosulfan Sulfate Endosulfan

0.98 2.43 3.53
0.56 1.59 2.20

0.59 1.68 2.32

2.35 7.65 10.24
1.27 4.45 5.83

1.29 4.94 6.33

*Source: Adapted from Johnson, et ale 1975
aThe analytical method was electron-capture gas chromatography
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was determined by colorimetric analysis. In one test, the inves

tigators fed alfalfa treated with endosulfan to Hereford steers

and analyzed for residues of endosulfan in the omental fat. Two

steers were used in each experiment at trea tment levels of 0.15,

1.10, 2.50, and 5.00 mg endosulfan/kg body weight/day. Two steers

(treatment levels 5 mg/kg/day and 2.5 mg/kg/day) developed muscle

convulsions (after 2 and 13 days, respectively); the experiments

at these levels were discontinued.

After 60 days, one of the steers receiving the 0.15 mg/kg

trea tment showed no residues of endosulfan in the fat tissue, but

one of the steers receiv ing the 1.10 mg/kg trea tment showed 1. a

mg/kg endosulfan in the fat tissue. Two other steers were also

fed 1.10 mg/kg of endosulfan in acetone solution twice daily, and

after seven days, urine and fecal samples were taken. The two

steers excreted endosulfan at the r.ate of 6.7 and 5.0 mg/day in

the feces and 18.5 and 15.9 fig/day in the urine. This rate of ex

creti on accounted for only 7.4 and 4.9 percent of the daily dose

administered. Since most of the endosulfan was not excreted or

accumulated in the body fat, the investigators concluded that it

must have been metabolized.

Beck et al. (1966) grazed Hereford steers on Coastal Bermuda

grass that had been treated wi th endosulfan. No residues were

found in the fat of any of the steers which had been grazing from

31 to 36 days on the trea ted grass. The levels of endosulfan in

the grass varied from 102 mg/kg (dry weight basis) on the first

day after treatment (when one test group began graz ing) to 1. 53

mg/kg on the day the last test group had completed grazing.
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Beck, et ale (1966) also fed groups of cows silage made from

Coastal Bermuda grass treated with endosulfan. The maximum resi

due of endosulfan in the silage was 6.43 mg/kg (dry basis), which

appeared in the grass treated at 1 lb AI/acre. There were no de

tectable residues of endosulfan in the milk between the groups of

cows which received treated silage and a control group of cows

which received untreated silage.

McCaskey and Liska (1967) examined the effect of processing

on the residues of endosulfan in milk. The investigators were not

able to detect any endosulfan in the milk of cows fed up to 2,000

mg/day for 11 days. Hawever, they did detect 0.6 ppm endosulfan

sulfate in a raw milk sample, but the investigators did not state

the treatment rate for the cow which produced that sample.

The Food and Drug Administration (FDA), Department of Health,

Education and Welfare, monitors pesticide residues in the nation's

food supply through two programs. One program, commonly known as

the "total d i.e t " or "market bas ke t " program involves the examina

tion of food ready to be eaten. This investigation measures the

amount of pesticide chemicals found in a high consumption varied

diet. The samples are collected in retail markets and prepared

for consumption before analysis. The other program involves the

examination of large numbers of samples obtained when lots are

shipped in interstate commerce to determine compliance with toler

ances. These analyses are complemented by observations and in

vestigations in the growing areas to determine the actual prac

tices being followed in the use of pesticide chemicals (Duggan, et

ale 1971).
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A majority of the samples collected in these programs are

categorized as "objective" samples. Objective samples are those

collected about which there is no suspicion of excessive residues

or misuse of the pesticide chemicals. All samples of imported

food. and fish are categorized as objective samples even though

there could be reason to believe excessive residues may be found

on successive lots of these food categories .

Market basket samples for the total diet studies are pur

chased bimonthly from retail stores in five regions of the United

States. A shopping guide totaling 117 foods for all regions is

used, but not all foods are represented in all regions because of

differences in regional dietary patterns. The food items are

separated into 12 classes of similar foods (e .g., dairy products;

meat, fish, and poultry; legume vegetables; and garden fruits) for

more reliable analysis and to minimize the dilution factor. Each

class in each sample is a "composite." The food items and the

proportion of each used in the study were developed in cooperation

with the USDA and represent the high consumption level of a 16- to

19-year-old male. Each sample represents a 2-week supply of food

(Duggan, et aI. 1971).

surveillance samples are generally collected at major har

vesting and distribution centers throughout the United States and

are examined in 16 FDA district laboratories. Some samples may be

collected in the fields immediately prior to harvest. Surveil

lance samples are not obtained in retail markets. Samples of i~

ported foods are collected as they enter the united States (Dug

gan, et al. 1971).
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The results of these FDA testing programs are intermittently

published in Pesticides Monitoring Journal. Pesticide residues

are analyzed by mul ti-residue methods. The residues of endosulfan

(total of cf... - and rf-isaners and sulfate) reported in the total

diet program are listed in Table 4. The average endosulfan resi

dues in ra .... agricultural products are listed in Table 5 . The

average incidence and daily intake of endosulfan based on these

data for a 6-year periOd are listed as follows (Duggan and Cor -

neliussen, 1972).

No. of Positive Daily
Year* Canposites Examined Composites (' ) Intake (mg)

1965 216

1966 312 1.6 <0 . 00 1

1967 360 0 .3 <0 . 0 01

1968 360 0.8 <0 . 00 1

1969 360 4. 2 0.001

1970 360 5.3 0.001

*Annual test period is from June of previous year to April
of year listed.

A num be r of studies have been reported concerning the pres

ence of endosulfan residues in tobacco and tobacco products. The

following

stud ies.

paragraphs briefly
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TABLE 4

Endosulfan Residues in Total Diet Sample*

Class of Food

Leafy vegetables
Garden fruits
Fruits

Leafy vegetables

Number of Composites
Containing Endosulfan Amount (mg/kg)

1 0.016
3 <0.001, 0.002, 0.006
1 0.014

1 0.003

Time Period of Study
and Source

June 1965-April 1966
Duggan, et ale (1967)

June 1966-Apri1 1967
Martin & Duggan (1968)

Leafy vegetables
Garden fruits
Oils, fa ts, and shortening

Leafy vegetahles
Potatoes
Garden fruits

Fruits

Leafy vegetables
Garden fruits
Fruits
Oils, fats, and shortening

Leafy vegetables
Potatoes
Garden fruits
Fruits

Fruits
Potatoes
Leafy vegetables
Garden fruits

1
1
1

8
2**
4

2

7
5
3
1

15
2
2
5

6
1
7
6

0.014
0.008
0.0134

<0.001-0.042
0.004-0.011

<0.001, 0.001, 0.002,
0.007
0.002, 0.010

<0.001-0.040
0.001-0.005
0.008-0.010

0.185

<0.001-0.063
<0.001, 0.007
<0.001, 0.061
<0.001-0.045

<0.001-0.006
<0.001

<0.001-0.008
<0.001
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June 1967-Apri1 1968
Corneliussen (1969)

June 1968-Apri1 1969
Corneliussen (1970)

June 1969-April 1970
Corneliussen (1972)

June 1970-Apri1 1971
Manske & Corne1iussen (1974)

June 1971-Ju1y 1972
Manske & Johnson (1975)



TABLE 4 (Continued)

Class of Food

Potatoes
Leafy vegetables
Garden fruits
Frui ts

Potatoes
Leafy vegetables
Garden fruits

Leafy vegetables
Garden fruits

Number of Composites
Containing Endosulfan

4
17

4
4

6
3
3

5
2

Amount (mg/kg)

<0.001-0.015
<0.001-0.439
<0.001-0.002
<0.001-0.007

<0.001-0.016
<0.001-0.012

<0.001

<0.001-0.022
<0.001-0.006

Time Period of Study
and Source

August 1972-July 1973
Johnson & Manske (1976)

August 1973-July 1974
Manske & Johnson (1977)

August 1974-July 1975
Johnson & Manske (1977)

* Total -~~dosulfan (~-, ~-, and sulfate)

** Endosu1fan sulfate only
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TABLE 5

Average Endosulfana Residues in Raw Agricultural Products
During 5-year study (1964-1969)*

Domestic Imported
Aver-age Aver-age

No. of Incidence Residue No. of Incidence Residue
Class of Food Samples % (mg/kg) Samples % (mg/kg)

Large fruits 6,763 0.8 <0.001 2,495 0.4 <0.001

Small frui ts 2,695 2.0 <0.001 496 2.4 <0.001

Leafy and stem 13,864 4.9 0.01 153 4.0 0.03
vegetables

Vine and ear 8,072 1.4 <0.001 1,791 6.7 <0.001
vegetables

* Duggan, et ale 1971Source:
aTotal includes ~ - and ,ed-isomer and endosul fan su l fa tes
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Dorough and Gibson (1972 ) reported t he re s i d ue lev e l s o f

~ - and ;d- e ndo s ul f a n a nd e ndos ul fan sulfate in th ree brands o f

c igare ttes purchased i n t he years 1970 to 1972. The re s i due s were

de t ermined by gas chromatography : th is met hod has a detection

l i mit of 0.01 mg/kg. In 1970 and 197 1 the residues were all below

t he detection l i mi t . The re s ul t s f or 19 7 2 were as follows:

Endos ulfan Resid ue (mgj kg )

Br a nd Sul f a t e Tota l

Regular A 0. 01 0. 12 0 . 27 0 . 40

Regu l ar B 0 .01 0. 14 0 .30 0 . 45

Fil ter B 0. 01 0.10 0 .2 1 0 .32

Fi lter C 0.01 0 .09 0 .25 0.35

Menthol C 0 . 01 0 .10 0 .30 0. 41

Av e r a ge 0.01 0 .11 0.26 0.38

Domanski and Shee ts (197 3) re por t e d the levels of endosu I fan

res idues (tota l for ~ - and ~-endosulfan plus endosu lfan su lfa te )

i n severa l varie ties of 1970 U.S . auct ion mar ke t tobacco . The

resu lts are prese nted i n Table 6 .

Endosulfa n res idues on various U. S . t oba c c o products were

r e por t e d by Domanski , et a I , (1973) for 1971 products and by Do

manski , et ar , ( 197 4) f or 1973 products . Muc h of the t obacco for

the 197 1 c igaret te samples had be e n i n storage f or t wo or more

years. The resu l ts ar e prese nted in Table 7.
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TABLE 6

Endosulfan Residues, U.S. Auction Market Tobacco (1970)*

Type

Flue-cured

Location

Tobacco Belt

Georgia-Florida
North-South

Carol ina border
Eastern
~tiddle

Old

States

Total Endosulfan
Range

<0.2-11.1
0.2-21.9

<0.2-5.0
<0.2-4.5
<0.2-2.7

Residue average
(mg/kg)a

3.6
3.9

1.5
LO
0.7

Burley

Dark air-cured

Light air-cured

Dark fire-cured

Nor th Carol ina
Tennessee
Kentucky

Tennessee
Kentucky

Maryland

Tennessee
Kentucky
Virginia

<0.2-3 0.1
<0.2 <0.2
1.4-14.3 8.6

0.3-12.5 5.7
5.8-13.6 8.5

<0.2-3.3 1.5

1.4-4.6 3.2
2.8-11.9 6.0
0.4-6.5 3.3

·source: Adapted from Domanski and sheets, 1973
aTotal of vA - and ~ -endosulfan and endosulfan sulfate; the analytical method was
electron-capture gas chromat oqraphy
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TABLE 7

Endosu1fan Residues on U.S. Tobacco Products (1971 and 1973)

Total Endosulfan Residues (mg/kg)*
Range (ave!"age)

Product 1971** 1973***

Cigarettes

Cigars

Little cigars

Smoking or pipe tobacco

Chewing tobacco

Snuff

<0.2-0.4 (0.2) 0.36-1.27 (0.83)

<0.2-1.1 (0.4) 0.03-1.03 (0.37)

0.3-0.5 (0.4) 0.15-0.26 (0.22)

<0.2-0.2 «0.2) 0.08-0.61 (0.37)

<0.2-0.5 (0.2) 0.06-0.86 (0.36)

<0.2 «0.2) 0.06-0.17 (0.12)

* The analytical method was electron-capture gas chromatography
** Source: Domanski, et ale 1973
***Source: Domanski, et ale 1974
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Domanski and Guthrie (1974) reported endosulfan residue

levels (total for~- and ~-endosulfan plus endosulfan sulfate and

several other insecticides) in six brands of cigars purchased in

1972. The residues were de t.e rmLned by gas chr ome t oq r aphy , The

results for endosulfan were as follows:

Brand

1
2
3
4
5
6

Average

Total Endosulfan Residues (mg/kg)

0.64
0.26
0.63
0.36
0.49

<0. 20
0 .41

Gibson, et al . (1974) reported t"esidues of endosulfan in Ken-

tucky Burley tobacco for the years 1963 to 1972. The residues for

endosulfan included the two isomers and the sulfate. Endosulfan

residues were not detected until 1968. The residues in tobacco

fram auction warehouses in Kentucky and residues in the Kentucky

Burley tobacco pool were as follows:

From Auction Warehouse in In Kentucky Burley
Kentucka Tobacco Pool

Year Resi ue (mg/kg) Residue (mg/kg)

1968 0.23 Not reported
1969 0.30 0.86
1970 4.19 2.68
1971 4.60 Not reported
1972 4.10 Not reported

Thorstenson and Dorough (1976) reported residue levels of

d - and ?-endosulfan and endosulfan sulfate in "reference" and

"alkaloid"' cigarettes prepared by the Tobacco and Health Research

Institute for the years 1969 and 1974. The "reference"' cigarette
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is a composite which re fleets a blend of an "average" domestic un-

filtered cigarette; the "alkaloid" cigarettes were composites

which contained blends of low-nicotine Burley and flue-cured

tobaccos. There were not detectable residues of endosulfan in the

1969 samples. The range and average endosulfan residues in the

1974 samples, which consisted of one alkaloid and three reference

cigarettes, were as follows:

Range Average
Residue (mg/kg)

Compound

~ -Endosulfan
~ -Endosulfan

Endosulfan sulfate
Total endosulfan

o
0.4-0.7
0.4-1.1
0.8-1.5

o
0.5
0.7
1.2

Schimmel, et ale (1977) reported on both short- and long-term

exposures of mar ine spec ies to endosul fan. Pink shrimp, Penaeus

duorarum, did not show any uptake at all when exposed to 0.089

ug/l endosulfan for 96 hours, while grass shrimp, Palaemonetes

vulgaris, had 96-hour bioconcentration factors ranging from 164 at

0.40 ug/l (the highest concentration with 0 percent mortality) to

245 at 1.75 ug/l (65 percent mortality). Maximum bioconcentration

factors after 96 hours for marine fish were 1,299 for pinfish,

Lagodon rhomboides, 895 for spot, Leiostomus xanthurus, and 1,344

for striped mullet, Mugil cephalus). The mullet was also used in

a long-term exposure test for 28 days followed by 28 days in clean

water. After exposure to 0.035 ug/l endosulfan for 28 days, the

bioconcentration factors were 2,429 for edible tissue and 2,755

for whole body. After two days in clean water, endosulfan was not

detected (limits of detection =
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The investigators noted that in all exposure tests endosulfan sul-

fate was the predominant and often sole form of endosulfan found

in the tissues.

Roberts (1972) studied the accumulation of endosulfan in com-

mon mussels, Mytilus edulis, when exposed to levels of 0.1, 0.5,

and 1.0 mg/l endosulfan in seawater. The concentration factors

determined from these tests were as follows:

End oau Lfan Exposure Per Lod ( d ay s )
Concentrations 14 27 42 56 70 85 100 112

(mg/l)
Bioconcentration Factors

0.1 13 .0 17.0 13 .5 19.3 22.5 16 .1 17 .0 17 .0
0.5 4.7 5.8 4.9 8.3 6.9 7.0 7.8 11.0
1.0 2.8 3.3 3.7 3.9 6.5 7.4 7.1 8.1

Roberts (1972) also reported a rapid fall in tissue residue levels

(1 to 2 mg/kg for all three exposure levels) within 58 days of re-

moval from endosulfan-containing waters.

In further studies, Roberts (1975) investigated the differen

tial uptake of endasulfan by tissue of M. edulis. Eighty mussels

approximately 60 rnm (2.4 in.) in length were exposed to 0.1 mg en

d05ulfan/1 in slowly flowing seawater for 36 days, then trans-

ferred to clean seawater for a further pe r Lcd of 23 days. Weekly

samples of six mussels were taken for determination of endosulfan

residues in the digestive gland, the mantle plus gonad, the gills,

and the remaining tissue, consisting of pedal retractor muscles,

foot, and anterior and posterior adductor muscles.

Results showed that the major site of concentration of endo-

sui fan is the digestive gland. The approximate maximum endosulfan

C- 28



residues found and the times at which they occurred (in number of

days after initial exposure) were as follows, expressed as ug

endosulfan (both isomers) per g wet weight:

Digestive gland 6.1 after 7 days
Mantle and gonad 1.8 after 36 days
Gills 2.1 after 15 days
Remaining tissue 2.3 after 36 days
Mean residue level 2.5 after 36 days

Upon removal of the mussels to clean seawater, the endosulfan

residue levels ini tially decl ined fairly rapidly in all tissues i

the greatest decline occurred in the digestive gland during the

first 14 days of elution. During the final six days of elution,

the rate of residue loss was similar for all tissues.

Ernst (1977) also evaluated the bioconcentration of endosu1-

f an in M. edul is in static tests. The ini tal concentration of

endosulfan was 2.05 ug/l, and it reached a steady-state concentra-

tion of 0.14 Ug/l. The concentration factor for cI -endosulfan

calculated from the tissue levels of the steady-state concentra-

tion in the water was 600. The half-life for elimination of the

residue was calculated to be 33.8 hours.

Roberts (1975) also conducted endosulfan uptake studies with

the scallop, Chlamys opercular is. In this spec ies, endosul fan

concentrations in the digestive gland and in the foot, and ante-

rior and posterior adductor muscles were similar to those seen in

M. edulis. However, the endosul fan level in the 9 ills of M.

edul is was almost five times that in g ills of C. opercular is,

while the reverse was true in the gonad and mantle tissues. The

mean tissue res idue levels f or both spec ies, estimated from the

summated values for the separate tissues, were very similar

despite the difference in distribution between tissues.
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Gorbach (1972 ) re ferred t o an experiment i n whi ch gol d f i s h ,

Ca r a s s i us auratus, were exposed f or fi ve d a ys t o 1 ug /l l4 C_

labeled endosulfan i n wa t e r . The fish a t t a i ned endosulfan

c oncentrations of 0.4 ug !g or a bi oconcentration f a ctor o f 400 .

all

were

a s well as

t he fi sh

comp ound

days when

t he p a r e n t

within 14

It was als o stated that

me t abol i t e s wer e excreted

transferred t o fre sh water.

o e e e c , e t a1. ( 1 97 1) held gol d f i s h f or f i v e days in a test

s ol u t ion c ontaining mean residues o f 3 50 ug!l 14 C-Iabeled en-

d osulfan. The av erage rati o o f body r esidue s t o sk i n re sid ues of

205:1 i ndicated that mos t o f the end osu1f an was i n the fish body ,

not the skin. After 14 d a ys i n fresh water, the t est f i s h ha d ex

c re t e d 96 pe r c e n t; o f t he r e d Loe c t I v ity t hat had been e bs or bed i n

the t e st s olut ion.

Investigations by Schoettger ( 197 0 ) with 14 C-I a beled en

dos u l f a n indicated the c ompound is ta ken up a nd de pos i t e d in var 

i ous tissue s of fish at v a ry ing rates. The liver and g u t (with

f eces ) c ontained the most pesticide whereas the heart, bl o od ,

g i l l , k i d ney , and br a in s h owe d s lowe r up t ake rates; le s s was f ound

in g u t (empty ), skin, and muscle . The invest igat or noted t hat in

general th ose tissues c onta i ning relat i vel y larg e amounts of bl ood

c ontained the higher c oncentrati ons o f r esidues, with t he e xcep

ti on o f the gu t and fece s. Rad iot r a c e r a nd chem ical a na lys i s

t echnique s showed a water-s oluble me tabol i t e of endosulfan in the

b ile o f wes te rn whi t e sucke rs (C a tost omus canmersoni), nor t he rn

creek chubs (Se mo t i l us a t r ana c u l a t us ) , and gol d f ish. Schoettger
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(1970) suggests that endosulfan degrades to its alcohol, which is

then conjugated with glucuronic acid and excreted with the feces.

A bioconcentration factor (BCF) relates the concentration of

a chemical in aquatic animals to the concentration in the water in

which they live. The steady-state BCF for a lipid-soluble com

pound in the tissues of various aquatic animals seem to be propor

tional to the percent 1 ipid in the tissue. Thus, the per capi ta

ingestion of a lipid-soluble chemical can be estimated from the

per capita consumption of fish and shellfish, the weighted average

percent lipids of consumed fish and shellfish, and a steady-state

BCF for the chemical.

Data from a recent survey on fish and shellfish consumption

in the United States were analayzed by SRI International (U.S.

EPA, 1980). These data were used to estimate that the per capita

consumption of freshwater and estuarine fish and shellfish in the

United States is 6.5 g/day (Stephan, 1980). In addition, these

data were used with data on the fat content of the edible portion

of the same species to estimate that the weighted average percent

lipids for consumed freshwater and estuarine fish and shellfish is

3.0 percent.

One laboratory study, in which percent lipids and a steady

state BCF were measured, has been conducted on endosulfan. The

BCF value, after normalization to 1 percent lipids, is 91.1 (see

Table 5 in Aquatic Life Toxicology, Section B). An adjustment

factor of 3 can be used to adjust the normalized BCF to the 3.0

percent lipids that is the weighted average for consumed fish and

shellfish. Thus, the weighted average bioconcentration factor for
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endosulfan and the edible porti on of all freshwater and estuarine

aquatic organisms consumed by Americans is calculated to be 270.

Inhalation

According to the American Conference of Governmental Indus

trial Hygienists (ACGIH, 1977), the Threshold t.imit Value-Time

Weighted Average (TLV-TWA) for endosulfan is 0.1 mg/m3• The

tentative value for the Threshold Limit Value-Short Term Exposure

Limi t (TLV-STEL ) is 0.3 mg/m3• The TLV-TWA is based on a normal

8-hour workday or 40-hour workweek, day-after-day exposure. The

TLV-STEt is the maximum concentration to which a worker may be

exposed con t i nuo us l y f or as l ong as 15 minute s with out irritati on,

chr onic or irrever sible tissue changes, o r narcosis suff icient to

increase the inclinati on to accident or to affect self-rescue or

work efficiency. Up to four such exp osure s may occur per day pro

vided at least 60 minutes elapse between the exposures and pro

vided the TLV-TWA is not exceeded in the time lapses.

Apparently neither Occupational Sa f e t y and Health Administra

tion (OSHA) exp osure limits nor Nati onal Institute f or Occupa

tional Sa f e t y and Health (NIOSH) recommended exposure limits have

been established for endosulfan ( NIOSH, 1978 ). Further, a recent

international comparison of hygienic s t a nd a r d s f or chemicals in

the work environment did not list standards for endosulfan

(WineH, 1975).

Lee (1976) summarized the results of intensive ambie nt air

sampling at selected locations ov e r t he nati on in which samples
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were analyzed for pesticide residues. Samples were collected dur

ing 1970, 1971, and 1972. The results of these tests for endosul

fan-containing samples are given in Table 8.

Wolfe, et ale (1972) evaluated potential respiratory exposure

f or a number of pesticides. Tests were conducted by sampl ing

spraymen operating tractor-drawn power air-blast equipment as they

applied pesticides to fruit orchards. Endosulfan was applied as a

0.08 percent spray. The estimated respiratory exposure was 0.01

to 0.05 mg/hour (average 0.02 mg/hour).

Exposure to endosulfan was found by respirator pad analysis

to be greater during mixing operations than in spraying opera

tions. With a 5-minute exposure time, 182,800 ng of endosulfan

were detec ted on the respira tor pad duri ng a mi xing operation;

only 4,664 ng were detected during a 30-minute spraying operation

(Oudbier, et ale 1974).

Tessar i and Spencer (1971) analyzed air samples from human

environments for pesticide residues. Nylon screens were placed

inside and outside the homes of 12 men occupationally exposed to

pesticides, including endosulfan, for a period of one year, five

days each month. Endosulfan residues were found in 13 of 52 in

door air samples from the formulators I households. In the posi

tive samples, endosulfan residues ranged from 0.22 to 4.52 Ug/m2

of filter; the mean of the positive samples was 1.77 ug/m2. The

posi tive samples came from only two households, and the house

holders in both cases were formulators who had handled endosulfan.

C-33



TABLE 8

Summary of Endosulfan Residues in Air Samples fra- 16 States·

1970 1971
ConcentratIon (59,.3) Concentration (Oi/m)

Positive Mean 0 Positive Mean 0
No. of Samples Arithmetic Positive Maximum Nu. of Samples Arithmetic Positive Maximum

State Residue Name Samples (i) Hean Samples Value Samples (\) Hean Samples Value

Arkansas -Endosulfan 72 6.94 1.1 15.5 27.1 60 NO NO NO NO
-Endosulfan 11.11 2.4 22.0 54.5 NO NO NO NO

Illinois -Endosulfan 53 7.55 2.2 28.8 39.5 36 NO NO NO NO
Kansas -Endosulfan 64 12.50 5.5 43.8 70.7 49 NO NO NO NO
Kentucky -Endosulfan 68 32.35 159.4 492.8 2,256.5 43 NO NO NO NO
ftontana -Endosul fan 48 16.67 13 .9 83.5 211.7 36 NO NO NO NO
North Carolina -Endosulfan 54 9.26 0.7 7.2 10.9 41 NO NO NO NO

All 16 states -Endosul fan - 6.61 13 .0 111.9 2,256.5 - NO ND NO NO
-Endosulfan 1.02 0.2 22.0 54.5 NO ND NO ND

1972
Concentration (ng7.3)

Arkansas -Endosulfan 64 NO NO NO NO
-Endosul fan NO NO NO NO

Illinois -Endosulfan 59 NO NO tlO NO
Kansas -Endosul fan 65 NO NO NO NO

Kentucky -Endosulfan 66 NO NO NO NO
Hontana -Endosulfan 69 NO NO NO NO
North Carolina -Endosu1fan 64 ND NO NO ND

All 16 states -Endosulfan - NO NO ND NO
-Endosulfan NO NO NO NO

*Source: Lee, 1976
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No endosulfan residues were found in the outdoor air near any of

the formulators' households, or in the indoor or outdoor air at

the farmers' households.

The National Research Council of Canada (NRCC, 1975) reported

unpubl ished data (Boelens and Frank, 1973) on endosulfan spray

drift from an aerial spray application of endosulfan to a tobacco

field in Norfold County, Ontario, Canada (endosulfan formulation

and rate of application not given in secondary source.). Residues

in various parts of the field were determined based on levels de

tected in pans filled wi th water. Endosul fan levels detec ted in

the water within the field were 55.0 mg/l between tobacco rows;

8.5 mg/l under plants in the rows; 20.0 mg/l in an opening in the

field; and 0.01 mg/l a t the edges of the field. No detectable

(detection limit not reported) endosulfan residues were found at

the edge of the field at the soil surface. Water in an adjacent

stream contained endosulfan residues ranging from traces to 0.22

mg/I. Sediment from the stream contained 2.7 mg/kg of endosulfan

in a sample collected opposi te the field' s drainage and 0.23 and

o.37 mg/kg in two other samples collected nearby. Aquatic mono

cotyledonous plants contained 0.01 mg/kg.

Rei 1, et al. (1972) observed endosul fan spray dr if t in a

field test on tobacco in South Carolina. Three treatments of en

dosulfan (formulation and AI content not given) at the rate of 0.5

lb AI/acre per treatment were applied by ground equipment to

single-row (12-ft) plots separated by guard rows. Each treatment

or control plot was replicated four times in a completely ran

domized design. Samples of tobacco f 01 iage were collected for
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residue analysis at 11 post-treatment intervals ranging from one

day after the first application to 18 days after the third.

Even though the experimental design included guard rows, en

dosulfan residues ranging from 0.037 to 0.679 mg/kg resulting from

spray drift were found on plots treated with another insecticide,

and on untreated control plots. However, in most instances (18 to

22 samples from plots not treated with endosulfan), the residue

from drift was less than the least significant difference at the

95 percent probability level, 0.363 rng/kg endosulfan.

Dermal

The 1977 listing of TLV values showed a "skin" designation

for endosu1fan (ACGIH, 1977). This designation refers to the po

tential contribution to the overall exposure by the cutaneous

route including mucous membranes and eyes, either by airborne en

dosulfan or by direct contact with it.

Wolfe, et ale (1972) also evaluated potential dermal exposure

of spraymen applying a 0.08 percent endosulfan spray. The esti

mated dermal exposure was 0.6 to 95.3 mg/hour (average 24.7

mg/hour) •

possible intoxication due to the dermal exposure was sug

gested by Kazen, et ale (1974) who analyzed hexane hand rinsings

and found that endosulfan persisted on exposed workers' hands for

1 to 112 days after exposure.

PHARMACOKINETICS

Absorption

Undiluted endosulfan is slowly and incompletely absorbed in

the mammalian gastrointestinal tract (Maier-Bode, 1968). However,
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.....hen endoauLf an is dissolved in a carrier vehicle such as cotton

seed oil, the oil and the insecticide are readily, though not com

pletely, absorbed by rats (Boyd and Dobos, 1969) and other mammals

(Maier-Bode, 1968). The ~isomer is more readily absorbed than

the d)-isomer (Demeter, et al. 1977).

Alcohols, oils, and emulsifiers also accelerate the absorp

tion of endosulfan by the skin (Maier-Bode, 1968).

Inhalation is not considered to be an important route of up

take of endosulfan because of its low vapor pressure (9 x 10-3

mm Hg) (Maier-Bode, 1968) .

When endosulfan is dissolved in chloroform and painted on the

shaven skin of rabbits, it is readily absorbed (Gup t a and Chandra,

1975) •

A 1:1,000 dilution of endosulfan instilled on the conjunctiva

of rabbits' eyes caused neither pain nor subsequent inflammation,

..... hich .....as apparently because of rapid removal by the lacrimal

fluid (Hoechst, 1967a).

Distribution

After ingestion, endosulfan is first distributed to the liver

and then to the following organs: brain, heart, kidneys, lungs,

spleen, testes, thymus gland, suprarenal glands, mammary glands,

skeletal muscles, and the remainder of the gastrointestinal tract

(Boyd and Dobos, 1969; Maier-Bode, 1968).

T..... o reports of individuals committing suicide by ingesting

endosulfan present some data regarding the distribution of endc-.

s u.l fan in man . Demeter, et e L, (1977) report on one victim ..... ho

ingested a preparation containing 12.4 percent - and 8.1 percent
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~-endosulfan. The order of distribution was as follows: stomach

contents > small intestine contents > liver > kidneys > urine >

blood •

Table 9 summarizes the data reported by Coutselinis, et ale

(1978) from three suicide cases.

Metabolism and Excretion

The metabolism of endosulfan in mammalian species has been

widely investigated. The generalized metabolic pathway for endo

sulfan in animals is given in Figure 1.

Demeter and Heyndrickx (1978) have detected endosulfan sul

fate as a metabolite in humans by analysis of two human post

mortem cases. Both were male, and both had taken a 20 percent en

dosulfan product by mouth within hours of death, in one case under

three hours. Endosulfan sulfate was not detectable in blood or

urine but was present in 1 iver (3.4 mg/kg average), brain (0.5

mg/kg), and kidney tissue (0.4 mg/kg).

No other information was found regarding the metabolism of

endosulfan (or endosulfan sulfate) in humans.

In a review by Matsumura (1975) a pathway for metabolism in

rats, mice, and insects was presented which differed somewhat from

that given by Knowles shown in Figure 1. Matsumura did not show

the transformation of the ether to the hydroxyether but indicated

the hydroxyether was formed directly from ei ther the diol or the

lactone (Matsumura, 1975).

The resul ts of a study using l4C-labeled endosulfan indi

cated the sulfate to be the metabolite most commonly present in

organs, tissues, and feces of rats whether dosed with the ~- or
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TABLE 9

Concentration Levels of Endosulfan in Biological Material*

Blood Liver Kidney Brain
Case (Ing/IOO mL) (mg/IOO g) (mg/IOO g) (mg/IOO g)

1 0.4 0.08 0.24 0.025
2 0.8 0.1 0.32 0.03
3 0.7 0.14 0 .28 0.028

'Source: Coutselinis, et al. (1978)
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~-isomer (Whitacre,

amounts of unchanged

1970) • The

endosulfan.

feces also contained large

Endosulfan diol, ~ -hydroxy-

ether, and lactone were recovered from both urine and feces of

rats fed either endosulfan isomer.

When the rats were administered the diol and the -hydroxy-

ether, both were partially transformed to the lactone and excreted

in urine. The diol was also transformed to hydroxyether in the

small intestine and in feces.

Feces usually had the highest radioactiv ity and must be .c o n

sidered to be the principal route of elimination in the rat.

The metabolism of 14C-labeled endosulfan was also studied

in BALB/C strain mice by Deema, et ale (1966). The 14C_

labeled endosulfan used was labeled in the hexachlorocyclodiene

ring at carbons 5 and 6. The compound was composed of 58.3 per

cent o'-t -endosulfan and 35.6 percent ~endosulfan, 6.0 percent of

the ether, and 1.0 percent of the alcohol.

Two male mice and four female mice were studied with groups

of two each being fed 0.30, 0.25, or 0.20 mg labeled compound in

300 mg food. After 24 hours the amount of the labeled compound

in 1 g of organ or excreta was greatest in feces (98,452 cpm),

followed by visceral fat (7,053 cpm), urine (3,746 cpm), liver

(2,883 cpm), kidney (1,390 cpm ) , brain (424 cpm), respired C02

(302 cpm), and blood (92 cpm) , Total recovery of the labeled

endosulfan was approximately 65 percent.

Purified unlabeled endosulfan was also fed at 0.3 mg/mouse in

a 300 mg food pellet. After 24 hours large amounts of endosulfan

sulfate were found in the liver, small intestine, and visceral fat

C-4l



with a trace in skele t a l musc l e and k i d ne y. The e ndosu l f a n was

fou nd only in t he s tomac h , small i ntest ine , a nd fece s. By chroma 

t ography, a metabolite t hat a ppe a r ed t o be identi cal with e ndo

s u I f a n alc oho l was dete c t e d in urine.

Whe n mi c e were fed only t he c:J-. -isomer of e nd os ulfan, t he

material was detected in t he stomach , small i nt e sti ne , and f eces

a lthough end osul fan su lfate was detected in the l iv er , sma l l in

testine , v isce ra l fa t, and fe ce s . Endosulfan alcohol was f ound in

urine . Neither t he parent c ompound nor any of its metabolite s

~ere detec t e d in the br ai n .

When t he ,d-isane r was fed, endosulfan sulfate was f ound i n

the l iv e r, k i d ney , ~all intes tine , ~usc l e , and visc e r a l fat . The

al c ohol wa s de t ec ted in t he urine , but neithe r the d-i s omer nor

a ny netabo l 1te s ~ere detected i n t he br ai n .

When 10 mi ce we r e fed die t s con t a in i ng 10 mg/kg pu r if i e d e n

dosul f a n f or 28 days , endosu lfan su l f a te ~as d e t e c t ed i n the l iv e r

a nd visceral f a t of all a nimal s a lthoug h lower amounts 'Were de 

tected than in or g a ns of ot he r test mice 24 hours after they ha d

been fed a single 0 .3 mg dose . End osulfan i s omers or metabolic

p r oduc t s were not detected in the br a in , but a p r od uc t having the

sarne retenti on t i me as e nd o sulfan alc ohol was detec ted in the

ur ine. wne n t he f e ce s were analyze d , both isome rs, endos ul f a n

su l f a t e , endosulfan a l c ohol , and e ndosul f a n ether were de te c ted.

Endosu lfan alcohol was de t ec t ed i n t he u r i ne of a n i mals fed

e i t he r endosulfan s u l f a t e, endos u l fan ether or e nd o s ul f a n diol.
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The principal metabolic products produced in the mouse under

the conditions of this study were endosulfan sulfate and endosul

fan alcohol (Deema, et ale 1966).

Dogs (unspecified breed or number of each sex) were admin

istered crS - and ,4'-endosulfan for 28 days at 0.35 and 1.75 rng/kg/

day (ntC, 1963). Upon analysis only traces of 0< - and ~-endosul

fan were detected in the urine (0.02 to 0.1 ppm), but large

amounts (13 to 25 percent of the endosulfan fed) were detected in

the feces.

In a study with two East Frisian milk sheep, radiolabeled

endosulfan (65 percent ~ and 35 percent~) that was administered

as a single oral dose of 0.3 mg/kg was almost entirely eliminated

in 22 days (Gorbach, et ale 1968). About 50 percent of the radio

label was excreted in the feces, 41 percent in the urine, and 1

percent in the milk. On the 22nd day the level in the milk was 2

ug/l.

The highest blood concentrations of radiolabel were reached

administeredofX 10- 4 percentto 4.5(4.3after 24 hours

activ ity) •

The maximum elimination in feces was observed on the second

day (20.8 and 18.6 percent of administered dose). The unchanged

isaners were detected in the feces. The lactone, diol, and hy-

droxyether of endosulfan were not detected in the feces.

Radioactiv i ty peaked in urine in the first 24 hours (18.5

percent of the dose) and then decreased. Two metabol i tes were

detected in urine, one characteristic of endosulfan alcohol and

the other characteristic of the hydroxyether. Of the activity, 70
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percent was present in the alcohol and 30 percent in the hydroxy

ether.

After 40 days the organ with the highest concentration of

radiolabel (0.03 Ug/g) was the liver.

The investigators noted that no fat-soluble metabolite other

than endosulfan sulfate was detected in the milk of the test ani

mals and that no major metabolite was retained in fat or in the

organs for long periods of time (Gorbach, et ale 1968).

In another study, between 0.1 and 0.2 mg/l endosulfan sulfate

was detected in the milk of cows that had been given 2.5 mg/kg

tf>-endosulfan, 2.5 mg/kg ,6-endosulfan, and 5 mg/kg endosulfan

sulfate in the feed for 30 days (FMC, 1965). Less than 0.005

mg/l endosulfan sulfate was detected in the milk 20 days after

administration of the insecticide was stopped.

The half-life of endosulfan in the milk of cows that survived

poisoning was reported to be 3.9 days (Braun and Lobb, 1976).

These residues were present primarily as endosulfan sulfate.

The endosulfan isomers were detectable in milk for six days in one

animal and 13 days in another, with a detection limit of 0.001

mg/l. Endosulfan sulfate residues were detected for 35 days in

Parent

both animals. Blood contained detectable amounts of the sulfate

metabolite (0.025 mg/l) for one day after exposure.

isomers were not found in blood.

I n sheep given single oral doses of 14C-labeled endosul-

fan at 14 mg/kg, the half-life of radiolabeled endosulfan in the

feces and urine of sheep was reported to be about two days (Kloss,

et al. 1966).
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Dorough, et a t , (1978) studied t he fate of endosulfan in fe-

male rats given the insecticide by es ophageal intubati on. Five

days after a single radiolabeled dose, 88 percent of the ~-is ome r

and 87 percent of the ~isomer were recovered in the urine ( 1 3

percent) and the feces ( 75 percent ). Two days after a single dose

was g i ven to rats with cannulated bile ducts, 47 percent of the

o? - isomer and 29 percent of the /- isaner were secreted in bi Le ,

After another group of these rats had eaten diets c ontaining

e nd osulfan f or 14 days, the half-l ife of the residues was deter

mined to be approximately seven days.

The last group of rats was fed 5 mg/ kg endosul fan metabolites

(the s ulfate , diol, o',-hyd r oxyether, lactone, and ether deriva-

tives) f or 14 days. The orga ns conta ini ng t he g r ea t e s t amounts of

endosulfan derivatives were the kidneys ( 1 Ug /g) and t he liver (3

"g /g ) .

EFFECTS

Acute, Subacute, and Chr on i c Toxicity

Values for the LDsO of technical endosul f a n (an 2 : 1

mi xture of cA - a nd4-endosulfan ) v i a or a l , intraperitoneal, and

dermal routes are shown i n Ta ble 10 . The o r a l LO S O f or tech-

nical endosulfan for rats ranged from 1 8 t o 1 21 mg/kg and v a r i e d

wi th the technical material or f ormulati on us e d , t he k ind of

v e h i c l e use d for administration, and the sex of t he an im a l . These

data ind icate that endosulfan by or a l , intraperitoneal, or dermal

route is more t oxic to female rats than t o ma l e s regardless of the

kind of v ehicl e used for a dminis trati on ( ACCIH, 1971 ).
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TABLE 10

Acute Toxicity of Endosu1fan

TtHii. an .... t IncIo"ul fAn o~ " ..be~ of ...I_la loute of
w,O (.. All•• )!.!(aex) (It ra h.) fo....l.tlon Solyent (c.~~I.~) pe~ t.at IrouP ""'lnl8t~,,tlon Source

R"t (-) (SII~.IU.-IIe.. hy) 'u~Ulnd Com 011 - 0.· ..1 ""-SO Llnd'lulat ."d 0.1. (1951)
R.t, " (Sh ......n) Tad.n'c.t , .....lIt oIl 60 tutel O~.I 41 (41-40) G"ln,," (1969)
R.t, , ts ..u.,...... ) Tad... lcal 'eanut all 10 total Oul II (15-21) C.I 'lUa (1969)
Rat (-) (-) Teet"'lc" - · Oral 15 June. et ... (\ 9611)

."t, " (Vlat ..r) TechnIcal - - Or.l 121 (j; 16) Ba)'d and Doboa (1969)
Iftt (-) (-) a_endo.ul fan - · or.l 16 '"lit. IIouchat (196111)
Rnt (-) (-) 1l-.ndoGU ltan - - Oral 2411 ""Ita IIo..chst (l'Io/b)

""t, " (-) Tochnlc..1 Alcobol 16/tr..t_.&I: .roup Int r ..ped tOIled 46.7 (16.".51.1) Gupt» (\916)

RAt, " (-) Technlc.1 101 alcol.ol In pe ....ut 011 16hr..~.t ,roup Int rap.rlton...1 19.4 (7]-107.4) elll'u (1916)
R.t, , (-) Technlc.1 Alc....ol 16Jtr••t..nt ,roup lnt ~.p.~1to"••1 22.1 (18.6-26.9) GUptA (19/6)
Rat. , (-) Tacmlcal lfJl alcollol In pe.....t 01 I 16Jt~••t_nt .roup Int~apadton... I 41.6 f16.".51.8) Gupt. (1916)
Rat (-) (.) 1101 2671 (201 AI) Alcohol "tr••t....t ,roup Intraperitoneal 1 (6.1-10.1) Le"dle (l'Ii6)
aAt (-) (.) 1101 2671 (aol. AlcollOl 4Jtre.t..nt ,~oup Int ~.p.. rllun." 1l.5 (9.5·19.3) Lendle (19S6)

powoln)

Rat, " (5"....... ) Teet",leal 1)'leno 60 tal. I De....1 \l0 (l04-161) Gatn.. (1%')
Rat, , (Sh .....n) Tecl,,'al lI)lene 10 lot.1 Ile ...l 74 (n.9") Galnu" (1')69)

.at, " (-) Tlolodene . · In".lallon. 4 houra 350 ..1.3 El)' et "I. (1961)

Huuae, H (-) Tecl",.c" Alc....ol 16/tr••t_nt .roup Int~ap.rlto.. e.1 6.9 (5.4.8.9) Cupta (1916)
Ho"ac, H (-) Tec"nlcal 101 alcohol In p••nut all 16/Lr".. t_flt I~our InL u".rl toneal 12.6 (9.4-16.1) GUpu (1916)
Hu".r., r (-) Teclanlc" Alcol.ol 16/t reaL_nt lrouP IntrapedLon.al 1.5 (5.3-10.1) GUl'tA (1916)
HOt•• e , r (-) TvchnlcDl IDZ. "coloo I In I,e.nul all 16!tre.L_al Iro"p tut r.,.eritoneal 11.5 «0.6-16.8) Gup.:. (1916)

••bblt, , (Alblnu) nc"nlcal (901) C"lorofo~ 4/tre.t~nt IrQup De....1 112 (± 36) Gupta and Gl" ...dra (t 91~)
Rabbit, , (Albino) Tec"nlul <> 911) Chl0.ofo~ 4/Lroat~t Broup De.... 1 167 (f 21) Cupta nnd rJ.a"dra (1''15)

III Al - ActIve InKredl~nt. C-46



Some difference in toxicity occurs whenever different vehi

cles are used as the carrier. Le nd Le (19S6) q uoted an LOSO of

only 8 mg/kg when endosulfan was dissolved i n ethyl or isopropyl

alcohol and given intraperitoneally to rats, but similar animals

treated with endosulfan in cottonseed oil ha v e an LOSO a s high

as 48.6 mg/kg .

In another study (Gup t a , 1976 ), ma l e rats given endosulfan in

alcohol exhibited an LOSO at 46.7 mg/kg, but similar male s

given t he material i n 10 perce nt alcohol in peanut oil exhibited

an LOSO at 8 9 .4 mg/kg. While the amount o f endosulfan neces

sary t o yield an LOSO was less for female rats, the twofold

difference between administrati on in the two different vehicles

remai ned the same f or both sexes .

Boyd and Dobos ( 1 969 ) estimated the largest nonlethal dose

(LOa ) t o be 60 mg/ kg and the smallest t otally lethal d ose of

endosulfan ( LOSO) t o be 180 mgjkg in Wistar rats .

Truhaut , et e j , ( 197 4 ) dem onstrated t hat there were differ

ences in the t oxicities of endosulfan to different rodents: the

LOSO of 96 percent p ur e end osulfan administered orally t o rats

and hamster s was 64 ! 4 rng/kg i n t he rat and 118 + 16 mg/ kg in the

hamster. The maximum d ose without fatality was 40 mg/kg for t he

rat a nd 70 mg/kg for the hamster . Bi ochemical measurements, or

effects of endosulfan dosing on enzyme levels, s h owe d that i n the

hamster, end osul fan i nhibited cholinesterase significantly, where

as there was no effect on rat c h ol i ne s t e r a s e . On the other hand,
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the a c t i v i t i e s o f enzyme s GPT a nd LOH v ere signi ficantly elevated

by e nd os ulfan dosage in the rat, but in the hamste~ they we~e un

a ffected .

The di f f i c ul t y in ext~apolati ng LOSO d a ta fr om on e animal

t o another vee d emons t r a t ed i n a s tudy by r.t , et a L (197 0 ), who

es t imated (based on rat d a t a) that 12.S mg/ kg ",ould be a n accept

a bl e dose for ( Br own-S.... i ss a nd Holste i n ) dai ry cat tle ~ With i n 10

hour s o f dos i ng , nceevec , t he t wo trea ted c ows ....e re in an extreme

state o f e xc t t a e Lon , and s i x d a y s afte r dosing one of the animal s

( Br own- Swi s s ) died .

Th e ef f e cts o f accidenta l de rmal e xp osure s of ca t t l e t o e nd o

suI fan were reported by Th anps on (1966) . Two hund r e d and fifty

c at tle ( br e e d , age, and s ex no t r e porte d ) were acc ident ly spraye d

with a S p e rce n t e nd os ul fa n miscible oi l conc e n t r a t e di luted

l: 300 , g t v i ng a wash c oncentrati on of a pproximate ly 0 . 12 percent

end osulfan. The cattle vere s p r aye d early i n the morning. Signs

o f toxic i ty ....ere noted i n SO o f t he 250 a n im a ls by about noon.

Four cattle were dead by 4 p vrn , and s i x more d ied by t.he next

mor ni ng. The s ymp t ans of e xp os u r e were t hos e of hyperexcitability

( Thomp son . 1966) .

An accidental pois oning of three c o.... s with endosu l f a n was re

p orted. The p oisoning occurr e d when the animals a t e grass ..,hich

had be e n sprayed 10 mon th s e a r l i e r with an end osulfan e mulsi on

spray ( r e por ted as 35 per cent e ndosulfan ). Analys i s of the organs

o f o ne of t he a nima l s with gas chr omat ogr a phy s b oaed the presence
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of vi' -endosulfan at 7 to 9 ~g/kg, ,/-endosulfan at 3.5 to 4.5

~g/kg, and metabolites as high as 9 mg/kg (Schmidlin- Meszaros and

Roman n , 197 I) •

Four of five crossbred male and female calves, weighing 60 to

170 kg, died within 24 hours after being dusted with a 4 percent

dust formulation of endosulfan. Symptoms of toxicity included

frenzied activity, violent convulsions, blepharospasm, and overall

extreme hyperexcitability. One of the animals was necropsied, and

no gross lesions were seen. Laboratory analysis revealed 0.73,

3.78, and 0.10 mg/kg endosulfan in the brain, liver, and rumen

contents, respectively (Nicholson and Cooper, 1977). This report

indicates excellent skin absorption in cattle, and probably a

toxic dosage much lower than that reported for rats, for which 110

mg/kg is an experimental fatal dose (Dreisbach, 1974). Milk and

tissue were also analyzed from another dairy herd which was ex

posed to endosulfan; 9 of 18 animals exposed died (Braun and Lobb,

1976). Liver, kidney, and muscle tissue contained endosulfan sul

fate at a level of 4.2, 1.1, and 0.6 mg/kg, respectively. Milk

from one of the survivors contained 1 ~g/kg endosulfan sulfate at

the end of five weeks, at the time a blood sample contained 0.025

mg/kg endosulfan. The symptoms of exposure were like those

described in the " first report.

The signs of toxicity observed in rabbits were similar to

those in rats and mice, the onset occurr ing three to si x hours

after exposure. Hyperexci tabil i ty, dyspnea, decreased respira

tion, discharge from the eyes, and tremors were followed by con

vulsions. The convulsions appeared at intermittent or regular
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intervals. The animals preferred to rest on the sternum .... ith the

forelimbs extended. Eventually the animals lost response to pain

ful stimuli. This loss first occurred in the hindlimbs and then

spread to the forelimbs, follC1W'ed by loss of motility, loss of

corneal reflex, a deep coma, and death (Gupta and Chandra, 1975).

In cattle dermal1y exposed to endosulfan the signs of toxi

city consisted of listlessness, blind staggers, restlessness, hy

perexcitability, muscular spasms, goose-stepping, and violent

"fits" (Thanpson, 1966).

Three other reports of accidental animal poisoning (species

not specified) describe the toxic effects of endosulfan exposure

(Panetsos and Kilikidis, 1973: Utklev and Westbye, 1971: Schmid

1 in-Meszaros and Ranann, 197 I; all cited by Demeter and Heyn

drickx, 1978). The effects reflected an induced neurotoxicity and

....ere roughly analogous to those in endosulfan-poisoned humans.

A survey by California veterinarians reported on the occur

rence of domestic animal poisoning by organochlorines, including

the death of calves following contamination of feed bunks .... ith

endosulfan. No specific instances or dose levels were reported,

but signs of poisoning and treatment were tabulated (Maddy and

Riddle, 1977). Signs of poisoning included apprehension, hyper

sensitivity and spasms of the eyelids and front quarters progress

ing to the hind quarters; these spasms may be continuous or inter 

mittent. Clonic-tonic seizures, loss of coordination, circling

frontward or backward, and abnormal posturing is seen. The animal

may become comatose. The veterinary treatment emphasizes agents
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t o c ontrol particularly v iol e n t ne uromuscular ac t iv i t y i n s e v e r e

p oisonings ( Ma ddy and Ridd l e , 1977 ) .

Ely , et al . (1 967 ) report that th e i nhalati on 4-hour LeS O

of endosulfan was 0 .35 mg/l f or male rats . Und e r s i mi l a r test

c onditions the 4-hour Le50 f or female rats was 0 . 08 mg/l .

Whether t hese v a l ue s are fr om work d one by Ely, et al. or are

q u o t e d f r om s ome other rep or t, however , i s not clear. Detai ls on

procedures, n umbe r s of animals, e t c . , were no t g iven .

Gupta and Chandra (19 75 ) studied the eye i r r i t a t i on proper

tie s o f e nd osu lfa n. When aqueo us s u s p e ns ions o f 5 , 10, and 20

p e r c e n t e ndos ul f a n were instilled into one eye each of s i x rabbits

(two per g roup ) , n o irritati on or cong es t ion was ob se rv e d in any

of t h e anima ls .

A 1:1,00 0 e ndos ulfa n di l u tion inst illed in ra b bit eyes caused

neither pa i n nor s u bse q uen t in f l a mmati on (Hoe c hs t , 1 96 7a ).

Sk i n i r r i t a t ion and ski n sensi t iza t ion s tudie s have appa r en t 

ly n ot be en made wi t h endosu l f a n , al t houg h one re p o r t note s t hat

the skin of rabbit s treated dermally with e ndosul fan at 1 00 mg/kg

d i d n o t exh i bi t a ny cutane ous abnormalitie s (Gup t a and Chandra,

1 97 5) •

S ig ns of pois oning in d og s dosed orally with 200 and SOD

mg/kg bod y weight were increased saliva for ma t i on , van i t i ng , and

t o ni c a nd c l on ic cramps ( Ha z l e ton Laboratories , 196 7). S ig ns o f

t oxicity in endosulfan-exposed c attle have been described ear lier

in thi s section .

Gross necr ops y of rats f ed end osul fa n at ne a r the LOSO

rang e (se e Ta ble 10 ) r e vealed cong e s tion of the br ai n a nd an ac ute
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gastroenteritis. Dark reddish areas were often seen in the kid

neys, 1 tv ec , spleen, and thymus. The skin was of normal appear

ance. Edema of the interstitial tissue of the testes was noted.

A lass of organ weight was observed in most animals, but sig

nificantly 50 in cardiac muscle, stomach, kidneys, liver, skin,

spleen, testes, and thymus (Boyd and Dobos, 1969).

Gupta and Chandra (1975) report that following an acute der

mal exposure of rabbits to endosulfan at 100 mg/kg of body weight,

necropsy revealed congestion in the kidneys, peritoneum, and the

muscles underlying the skin . No other gross pathological condi

tions were observed. Microscopic examination of the liver re

vealed marked congestion and dilation of sinusoids. In .s ome of

the lobules hepatocytes were observed undergoing degenerative

changes around central veins. Sec ... ions of the kidneys from

treated animals showed groups of glomeruli with shrunken tufts and

thickened Bowman IS capsules. Occasionally the epi thelium of the

proximal convoluted tubules were necrotic and desquamated. The

adrenals of treated animals exhibited cell disruption, foamy cyto

plasm, and eccentric nuclei in the zona reticularis.

Necropsy of cattle that died following an accidental (dermal)

exposure to endosulfan did not reveal any great pathological

changes, although congestion and edema of the lungs along with

froth in the trachea were observed (Thompson, 1966).

The liver was the principal target, with increased weight and

an apparent increase in drug metabol izing enzymes (Gupta and

Gupta, 1977a,b). Rats that were dosed on either 7 or 15 consecu

tive days with 2 .5 or 5.0 mg/kg technical endosulfan showed liver
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effects . Neither testes nor adrenals of the endosulfan-treated

animals differed in weight from the controls.

The kidney, stanach, and intestine of fish were adversely

affected by exposure to a 35 percent emulsifiable concentrate for

mulation of endosulfan at levels of 0.4 and 0.8 ~g/l , and the same

dose also severely damaged t he liver (Amminikutty and Rege, 1977;

1978). Acute treatment involved observation of histological

change that occurred in fish 96 hours after the f ormulation was

added to the fish water. The 96-hour LC50 was 1.6 lJ,g /l, and

renal tubular cells were affected . Both stomach and intestinal

mucosa were severely damaged. Fish, chronically exposed to levels

of 0.4 and 0.53 lJ,g/l for 16 weeks showed hyperplasia of the kidney

and necrosis of intestinal mucosa cells (Amminikutty and Rege,

1978) . The same dose levels and time produced va c uo l a t e d and

ruptured hepatic cells, as well as frequent total destruction of

pancreatic islet cells (Amminikutty and Rege, 1977).

A toxic effect unreported in other stud ies, testicular atro

phy in male Osborne-Mendel rats , was seen i n the recent carcino

genicity bioassay [National Cancer Institute (NCI), 19781 . Testi

cular pathology occurred in 18/4 7 (38 percent) of the group re

ceiving 445 mg/kg endosulfan of 98.8 percent purity in the diet

and in 24 /47 (51 percent) of the group receiving 952 mg/kg . The

pathology was characterized by degeneration and necrosis of the

germinal cells lining the seminiferous tubules. Three of 19, or

16 percent, of the control rats had testicular atrophy in this

study. Male mice of the B6C3Fl strain, receiving 6.9 a nd 3.5

mg/kg in the diet, in the same study, showed , a slight indication
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of testicular atrophy with pathology in 3 of 50 high dose and 2 of

50 low dose animals. Control mice had neither testicular inflam

mation nor atrophy.

Protein-deficient male Wistar. strain rats were reported to be

four times as susceptible to the toxic effect of technical grade

endosulfan as rats having adequate protein nutrition. The toxi-

city of the pesticide was determined after the rats had been fed

for 28 days on a purified diet low in protein. Test animals were

compared to rats on the purified diet with normal protein and to

rats on standard laboratory chow.

With the purified diet containing no additional protein the

LD50 in cats was 5.1 .:!:. 1.4 mg /kg . At dietary protein levels

of 3.5, 9.0, 26.0, and 81 percent (28 days' feeding), endosulfan

LD50s in rats were

mg/kg, respectively.

24 + 10, 57 + 4.0, 102 .:!:. 16, and 98 + 7

The LD50 value for endosulfan when given

in standard laboratory chow was 121 + 16 mg/kg (Boyd and Dobos,

1969: Boyd, et a L, 1970).

Toxicity of endosulfan sulfate to mammals is about the same

as the parent compound. However, the endosulfan alcohol, hydroxy

ether, and lactone have LD50s ranging from 150 to 1,500 mg/kg

in the rat (Gorbach, 1972).

Dorough, et ale (1978) determined the acute oral toxicities

of endosulfan and its apolar metabolites to female albino mice.

The approximation method used resulted in values that correlated

very closely with LDSO values. The most toxic compounds were

endosulfan sulfate (8 mg/kg), ~endosulfan (11 mg/kg), and ~-en

dosulfan (36 mg/kg) . With these compounds, no symptoms of poison-
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ing were seen until the lethal dose was almost reached, and the

lethal doses caused convulsions and death within one hour. Four

other metabol ites were tested: endosulfan ~ -hydroxyether, endo

sulfan lactone, endosulfan ether, and endosulfandiol, with acute

lethal doses of 120, 120, 270, and over 2,000 mg/kg, respectively

(Table 11).

Rats were reported to tolerate endosulfan at oral doses of up

to 3.2 mg/kg/day for three months without observed injury (Czech,

1958) •

The n<reffect level for dogs was considered to be 30 mg/kg

feed (~O.75 mg/kg/day) (FMC, 1967).

A no-effect level for endosulfan in rats was studied with

respect to induction of microsomal liver enzymes (Den Tonkelaar

and Van zscn , 1974). The activities of aniline hydroxylase,

aminopyrine demethylase, and hexobarbital oxidase in experimental

groups each consisting of six Wistar male rats were compared with

those of six control animals. Results from aniline hydroxylase

induction studies indicated that when end osuLf an was fed in the

diet at 200 mg/kg for two weeks the actiVity of the enzyme was 123

percent of the control (statistically greater); at 50 mg /kg the

activity of the enzyme in treated animals was nearly the same as

the control (slightly less). Treatment with endosulfan at a

dietary level of 200 mg/kg also statistically increased the activ

ity of aminopyrine demethylase, but not the activity of hexobar

bital oxidase. The no-effect dietary level for endosulfan for

rats was considered to be 50 mg/kg.

A 6-week toxicity study, dosing 98 .8 percent pure endosulfan

in the diet, was performed at five dose levels on B6C3FI mice,
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TABLE 11

Approximate Lethal Dose of Endosulfan

and Apolar Analogs to Mice*

Compound

OC-Endosulfan
,6'-Endosulfan
Endosulfan sulfate
Endosulfan D(-hydroxyether
Endosulfan lactone
Endosulfan ether
Endosulfand 101

Dose (mg/kg)

11
36

8
120
120
270

>2,000

*Source: Adapted from Dorough, et al. 1978
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five males and five females per dose, and a similar number of

Osborne-Mendel rats (NCI, 1978). Concentrations of endosulfan in

the rat group were 178, 316, 562, 1,000 and 1,780 mg/kg, and in

the mouse groups 3.2, 5.6, 10, 18, and 32 mg /kg. Animals v ere

dosed six weeks, then observed two more weeks while on regular

diet. A control group for each species received the vehicle and

normal lab chow.

In male rats, a 9 percent depression in mean body weight

occurred at 562 mg/kg, and a 20 percent depression at 1,000 mg/kg.

No depression in body weight as a function of dose occurred in

female rats. In both sexes of mice, depression in mean body

weight was observed at concentrations of 5.6 mg/kg and above.

Deaths and the endosulfan dose levels:

Rats: 3/5 males, 1,780 mg/kg

1/5 females, 316 mg/kg

4/5 females. 562 mg/kg

Mice: 1/5 males, 10 mg/kg

1/5 females, 5.6 mg/kg

weight gain of young female rats fed either 5 or 50 mg/kg

endosulfan in the diet for 15 days was used as an indicator of the

compound t s effect on animals exposed to the insecticide subacute

ly. Both groups gained weight at the control rate, and there was

no difference in the weight of livers or kidneys of end osuLfa n

exposed rats when compared to control (Dorough, et a L, 1978 ).

The compounds used in this test were purified tJ... - and ~ 

endosulfan added as an acetone solution to ground animal feed.

Feed was checked by extraction and chromatography when freshly
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prepared and af ter remaining in the feed ing cup 24 hours . The

f ou r feed ing groups were:

13 ra ts, ~-e nd osu l f an isorner -S rng /kg

13 ra ts , p:'-endosulfan isomer-S ll\g/kg

4 rats , of - e nd os u l fa n isomer-2S mg/ kg

4 rats , 7: 3 mi x t u r e of ~ :,J'-endosulfan- 2S mg /kg

Dog s were r e por ted t o "t. oke r a t e" end osu1fan a t d os e s up t o

0 . 7S mg/kg diet for one year ( Ha z l e ton La borator ies , 1959a ) .

Or a l doses of a bout 10 and 100 ti\g /kg e ndosulfa n in the diet

wer e adm inistered t o r a t s f or two ye a rs ( Haz l e t o n Labor ator ie15 ,

19S9b) • Low s urvival of fe males and reduced testis weight in

male s ....ere seen at t he low dose . Cons i s t e n t h i s topa t h olog i c a l

f ind ings were apparent at the hig h dose level , which p r od uced

renal tu bular demaqe and s ome hydr opic c ha ng e of t he liver.

Sy ne rg ism and/or Antagonism

The two human fa talities reported by Demeter and Heyndrickx

( 1978) both involved endosulfan ingested with a lco h o l (a lthough

d ime thoate wa s a lso in one formu lati on ). The auth ors s ugges t that

synergism be t ween alc oh ol a nd endosulfan is likely , and t he y

r efer e nc e t he sta temen ts o f Le nd 1e (1956) , who dem onst ra t ed an

increased gastroin testina l absorpti on o f endosu lfan in the p res

ence o f a lc oh ol s.

The acu t e toxicity o f a diethylph osph orothioate (bromophos

e thyl) was e xami ne d when dosed wi th endosulfan for synergistic

e ffects . A group of 10 ra ts was or a l ly dosed with one -ha lf of the

LOS O o f end osulfan, or 24 mg / kg , at t he same t im e they r e 

c e i v e d o ne - ha l f o f the LDS O o f branoph os-ethyl . The mortali t y

C-S 8



expected was 5/10, or 50 percent; 6/10 died within the one week

observation per iOO, which ind ica tes no synerg istic activ i ty oc

curred (Muacevic, 1973).

Endosul fan was repor ted by Gupta and Gupta (1977 a) to de

crease the pentobarbital-induced sleeping time in endosulfan

treated rats. Animals receiving the two higher doses of endosul

fan showed significant increases in time to sleep induction and

shortening of the sleeping time. Although the blood and brain

concentrations of pentobarbital were significantly reduced at 30

minutes (reflecting the reduced response observed), there were no

differences in concentrations of pentobarbital in blood and brain

in control and trea ted animals when the ra ts awoke. This ind i

cated to the authors that the inhibitory effect on pentobarbital

by endosulfan is not due to a change in the sensitivity of the

brain, but could be due to enhanced metabolism of pentobarbital.

The influence of endosulfan on rat hepatic drug metabolizing

enzymes and lipid peroxidation was also measured to define how

endosulfan modifies the action and metabolism of other compounds

by affecting the mixed-function oxidase system (Agarwal, et a L,

1978). A marked increase in the activity of aminopyrine-N-de

methylase, aniline hydroxylase, and tyrosine amino-transferase was

found, as well as an increase in spon taneous lipid per ox ida t i on ,

The increases were all dose dependent at the levels of 2.5 and 5.0

mg/kg (Agarwal, et al. 1978). The increase of the demethylase as

well as the hydroxylase enzyme suggests that endosulfan is a non

specific inducer of drug metabolism.
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Teratogenicity

Technical grade endosulfan was teste d f or teratogenic and em

bryotoxi c effects in rats by Gup t a , et a t • ( 1 978) . The insecti

cide was suspended in corn o i l and given or a l l y fr om d a y 6 thr o ug h

day 1 4 of gestation in doses of 0. 0, 5.0 , and 10.0 mg/kg. On d ay

21 of g e s t a t i on , both dams a nd fetuses were examined for path ol

ogy . There was a significant increas e in fetal mortality and

resorpti on sites in endosul fan-treated rats: c on t rol rats had 5. 5

percent resorption without any dead fetuses , whereas e nd osulfa n

treated rats had 20 t o 22.8 percent r.esorpt ion s . No malf ormations

of any significance were noted in 463 fetuses from 59 d ams . The

authors c onclude that the study demonstrated no teratogenic

effect, bu t that the administration of endosul f an to p r eg na n t rats

p r oduc ed a d ose- related increase in maternal t OXicit y , which they

attributed to a possible effect on t he f e ma l e s e x h ormone s (Gup t a ,

et 01. 1978 ).

Pure endosulfan was tested f or embryot o x i city i n the fertile

eggs of Whi te Leghor n chickens at levels of 10 t o 500 mqykq , I n

jections were made to the center o f the yolk us i ng c orn o i l or

a c e t one as the carrier . At 100 mg/kg , endosulfan in a c e t one re

duced hatchability by 54 p e r c e n t c omp a r e d to controls: 1 00 mg/kg

endosulfan in corn o i l reduced hatchability by 24 p e r c e n t compared

t o c ontr ols (Dunachie and Flet c her, 1969). Endosulfan at 50 0

ffig /kg in acetone showed 53 percent hatchabilit y c ompared to c on

troI s.

I n s i mi l a r s t ud i e s , Smith, et at. (1 97 0 ) eva luated the e m-

bryotoxic effects o f end osu lfan on Chi c kens .
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treatment and six treatment levels were studied (0.07 to 1.5

mglegg yolk injection) hatchability was reduced from the zero con

trol level of 80.0 percent to 77.3 percent at 1.5 mg/egg. At the

lowest concentration tested, percent hatchability was not affected

(Smith, et al. 1970).

In other tests 5 mg endosulfan per egg reduced hatchability

to 60 percent (Dunachie and Fletcher, 1966).

Lutz and Lutz-Ostertag (1972) conducted a study in which eggs

from hens of mixed breeding (Rhode Island Red-Wyandotte Whi te and

Rhode Island Red-Wyandotte white--Light Sussex crosses) were

dipped into or sprayed with endosulfan in alcohol or acetone solu

tions at concentrations from 0.5 to 5 percent. Following treat

ment the eggs were incubated normally. Gonads from male and female

chick embryos at days 8 and 9 of incubation were explanted on agar

medium to which three drops of a 0.5 to 1.0 gIl solution of endo

sulfan were added.

These investigators reported that the spray and dip treat

ments of the eggs resul ted in al tera tions in the gonads of the

embryos in both males and females. The cultured gonad ~nderwent

hypertrophy and became vacuol Lzed r thus, there was a tendency to

sterility of the gonads.

Lutz-Ostertag and Kantelip (1970; 1971) performed similar ex

periments on quail eggs, Coturnix coturnix japonica. They con

cluded that endosulfan had no teratogenic effect on the quail at

the doses employed, but the male and female embryos were steri

1 ized, and, accord ing to the authors, this was due to the anti

mitotic toxicity exhibited by endosulfan.
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Mutagenicity

Endosulfan, of unreported concentration, purity, and other

detail, was positive as a base-pair substitution mutagen in direct

Salmonella tests (without microsanal activation). The microbic-

logical tests employed the Salmonella typhimurium histidine auxo

trophs TA1S35, TA1S36, TAIS37, and TA1538 (Adams, 1978).

Neither the isomers of endosulfan nor the metabolites endo-

sulfan ether and endosulfan sulfate were active in the Salmonella

mutagenicity test with or without the S-9 liver homogenate .

Metabolites endosuLf an dial, "'-hydroxyether, and the lactone

severely inhibited bacterial growth even at 10 ug per plate, so

the Ames test on these compounds produced inconclusive results

( Dor oug h , et e L, 1978). All compounds were screened using the

four Salmonella typhimurium strains TA9S, TAlOO, TAl535, and

TAl978 following dose response tests at 10, 100, 500, and 1,000 ~g

per plate and were compared to a positive control, 2-acetylamino-

fluorene.

Endosulfan gave negative results when tested for mutagenicity

in Saccharomyces cerevisiae (mitotic gene conversion at the ede

2 and trp 5 loci), Escherichia coli (forward mutation to strepto-

mycin resistance at the str A gene locus), and Serratia marcescens

strains a 21 and a 742 (back mutation to prototrophy). Test dose

levels were not given (Fahrig, 1974).

The most relevant tests for predicting risk to humans are

positive results from in vivo mammalian tests which assess the

chemical's tendency to produce germ cell mutations . The heritable

translocation test in rodents is probably the best test to show
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chromosomal rearrangements, although the difficult and expensive

specific locus test in inbred mice is also satisfactory.

For assessing risk to man on the mutagenicity of endosulfan,

data that are necessary also include the demonstration that the

proposed mutagenic metabolite actually can reach the germ cells of

mammals when the compound 1s dosed. Further, knowledge of the

comparative metabolism of endosulfan in the test species versus

that of man is needed .

NO tests have been run which define mammalian suppression of

DNA repair, disturbed segregation of c hr omce cenee ., or outright pro

duction of gene mutations or chromosomal aberrations.

Stud ies have been conducted that include Ames tests on enda

sulfan isomers and proposed metabolites using four common Sal

monella typhimurium strains and liver homogenate S-9 fraction . No

mutagenicity was seen in defined systems, although three of five

metabolites were toxic to the bacteria.

Carcinoqenicity

Two bioassay tests by the NCI have been run on endosulfan.

In the first test (Kotin, et al. 1968; Innes, et a L, 1969) a 96

percent pure mixture of the isomers of endosulfan was administered

to mice by two routes: either as an injection in dimethylsulfox

ide (DMSO) on the 28th day of age (2.15 mg/kg, subcutaneously) or

by stomach tube orally on days 7 to 28 (2 .15 mg/kg in gelatin),

follOW'ing which the compound was mixed with ground feed at levels

of 3 and 6 mg/kg feed.

The mice, C57Bl/6 and C3H/AnfFl strains of both sexes, showed

incidences of tumors during the nearly 18 months of feeding as
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tabulated (Figure 2). Innes, et ar , (1969) summarized the statis-

tical analyses and concluded there was no evidence of endosulfan

carcinogenici ty.

In the second NCt bioassay on endosulfan (NCI, 1978), tech

nical grade endosulfan of 98.8 percent purity was dissolved in

corn oil and mixed with the feed for 50 Osborne-Mendel rats of

each sex and 50 B6C3Fl mice of each sex. Che mi c a l administration

was for 78 weeks, after which rats were observed for 33 additional

weeks and mice for 14 additional weeks. The trials on male rats

were terminated early f week 82 for high dose and week 74 f or low

dose. Time-weighted average concentrations of endosulfan in the

diets for the entire study are tabulated as follows:

Osborne-Mendel Rats B6C3F, Mice
Male Female Male Female

(mg(kg I (mg(kg) (mg(kg) (mg(kg)

High dose 952 445 6.9 3.9

Low dose 408 223 3.5 2. 0

The doses of endosulfan used in these studies were toxic to

the kidney of rats of both sexes and to male mice. Male rats also

had testicular atrophy, and high early death rates occurred in

both species of male mice. Due to these early deaths, the bio-

assay was not conclusive with regard to males, but enough females

survived t o conclude that technical grade endosulfan is not a car-

cinogen to female B6C3Fl mice or to female Osborne-Mendel rats.
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The official NCI summary recommended against retest of

endosulfan based on the early male animal mortality, since in the

female test animals, the chemical was noncarcinogenic.

Interesting relationships that were not discussed in the

official summaries appear when the data are examined closely.

Table 12, which presents tumors by site and ignores the early

deaths, shows that there were more liver and lung tumors in the

male mice than in matched controls; but this increased occurrence

of tumors is not dose-dependent: there were 6/49 liver tumors in

the low dose males but only 2/50 in the high dose and 1/20 in the

matched controls. Again, in the occurrence of alveolar/bron

chiolar carcinoma, the matched controls had 0/20, but both high

and low dose male mice had 2/50 and 2/49, respectively.

Early mortality occurred in the males of both rats and mice,

but was a particular problem in the rats. A generalized toxic

nephropathy probably contributed most significantly to the early

deaths, but signs commonly associated with aging in group-housed

laboratory rats were reported in equal numbers in both dosed and

control animals during the last six months. Table 13 summarizes

the early mortality. In necropsies of the early deaths, several

lesions were found, but no actual dose-response pattern was evi

dent, so no cause was ascribed by the authors to the early animal

dea ths. The most prevalent lesions include: nephropathy, para

thyroid hyperplasia, and testicular atrophy in male rats. Canni

ba-I ism was the most common cause of early dea th in male mice.

The 95 percent confidence intervals on the relative risk of

developing a tumor furnish additional insight into the statistical

C-66



TABLE 12

Target Organs for Endosulfan-Induced Tumors·
(incidence/population)

Lung
Lymphomas/
Leukemias Kidney Liver Endocrine

All
Other Si tes

Osborne-Hendel lIigh dosea 0/47 1/47 2/47 0/47 0/47
rats Hale Low dose b 0/50 2/50 3/50 0/50 1/50

Controls 1/20 4/20 2/20 0/20 7/20

High dose" 1/50 1/50 3/50 1/50 11/50
Female Low dosed 1/50 3/50 2/5P 1/50 19/50

Controls 0/20 1/20 1/20 0/20 13/20

High dosee 2/50 0/50 0/50 2/50 0/50
Hale Low dose f 2/49 0/49 0/49 6/49 0/45

Controls 0/20 0/20 0/20 1/20 0/20

B6C3Fl mice High doseg 0/50 6/50 0/50 1/50 1/50

Female Low dose h 6/50 10/50 0/50 0/50 0/50·
Controls 2/20 6/20 0/20 0/20 0/20

·Sources Summarized from HeI Bioassay Data, 1978
a952 mg/kg feed e6.9 mg/kg feed
b 4 0 8 mg/kg feed f 3• 5 mg/kg feed
cU5 mg/kg feed g3.9 mg/kg feed
d 22 3 mg/kg feed h2.0 mg/kg feed
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TABLE 13

Animal Survival Times: Tumor Bioassay Studies·

Dose Level % Living at Study Erd
Spe cies Sex or Control (110 wk=rats 90 wk-mice)

Rat Male High Oa
Low Ob

Control 25
Female Hi gh 50

Low 6 2
control 70

Mice Hale High 10
Low 39

Control 15
Female High 96

Low 94
Control 85

· Source : Summarized fr om Ne l , 1978
315% alive @ wk 74; ended trial 36 wk early
b20' alive @ wk 82; ended trial 28 wk early
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implications of these data. Many of the confidence intervals, due

to the early mortality, have an upper limit greater than one, in

dicating the theoretical possibility that the test did not conclu

sively address the possibility of tumor induction by endosulfan.

In all cases except one, however, the relative risk is unrelated

to the dose of endosulfan received. The occurrence of fibrosar

coma of subcutaneous tissue in male mice showed a relative risk

greater than one when compared to both pooled controls and with

matched controls, and the risk was dose-related (Table 12) (NCr,

1978). The high incidence of fibrosarcoma of subcutaneous tissue

in all control male mice suggests this difference is unimportant

to the overall carcinogenicity of endosu1fan.

Figure 3 illustrates time to tumor data for rats and mice for

this study.

The significance of the negative carcinogenicity data in the

latest NCr bioassay is increased by several factors involved in

the choice of model, which was a stringent test for carcinogeni

city.

The C3H strain of mouse has one of the highest known inci

dences of mammary tumors in females and liver tumors in males and

was a parent strain in both the carcinogenesis bioassay of 1968

and that of 1978. Differences in species responses to chemical

carcinogens can often be attributed to differing metabolic path

ways and metabolites and to an inability of same species to effec

tively convert the test chemical to an active carcinogen. The

work of Gupta (1978) and Gupta and Chandra (1975) has indicated,

however, that rats, mice, and rabbits all metabol ize endosulfan.
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FIGURE 3

Scattergram of Time to Tumor, Rat/Mouse Endosulfan Bioassay
Source: Tabulated from NeI, 1978
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The mouse strain used by the NCI in the 1978 carcinogenesis bio

assay of endosulfan is so prone to the development of liver tumors

with minimal stimulation that two working conferences on the use

of such mice to assess carcinogenici ty have been held: in 1969

[International Agency for Research on Cancer (IARC), 1971] and

1975 (Butler and Newberne, 1975). Neither conference has been

able to state conclusively which mouse data should be applied to

risk assessment. When very high levels of test compound (such as

those used for both bioassay trials of endosulfan) are used, tis

sue injury and repair may be important in the development of

lesions. Other factors such as sex, hormones, and diet have been

suggested as possible modifiers of the carcinogenic activities of

primary carcinogens. The distinct differences in toxicity to males

versus females seen in many endosulfan tests makes it quite likely

that hormonal differences influenced the final test result in the

carcinogenicity bioassays.

The Osborne-Mendel rat, also used in the NCI bioassay of

endosulfan (NCI, 1978), is known to be a strain very resistant to

toxicity, so that high dose levels for extended periods can be

administered. This increases the likelihood for survival and the

appearance of any tumors that would be missed in trials with early

deaths (Tomatis, et ale 1973). The fact that toxicity and early

deaths occurred in the male Osborne-Mendel rats in the 1978 endo

sulfan bioassays is another indication that doses were more than

adequate to produce an effect if the chance existed to produce

one.
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These animal models give an additionally severe test of ca r 

cinogenicity in that the paren t mice of these inbred strains

car ry tumor viruses . In the 1968 NCI bioassay , for example , the

AKR strain has a high rate of leukemia by 6 to 8 months of age .

Use of the C3H strain , with the mu rine mammary virus, and the AKR

strains of mice means these bioassays a re a lso testing for promo

tion mecha nisms of the test chemical . The re are no k nown huma n

tumors tha t occur by promotion of a human t umor virus , so the use

of these strai ns to test for carcinogenic ity i s a severe tr ia l .

I n addi tion , Henschler , e t a1 . (1977) has suggested that mice i n

general have a particular ly low activi ty of epoxide hydrase , i .e. ,

mice have a decreased abi lity compared to othe r animals to detox

ify reactive epoxides , which a re the re a c tiv e and toxic intermedi 

ates formed in vivo as metabolites in many industrial chemicals.

Route of exposure, used in t h e NCt tria ls (high dietary

l evel s ), is less relevan t to human exposure (dermal and inhalation

of particulates) than it is t o domestic animals . While these bio

assay trials did not meas ure gastrointestinal absorption , it is

l i ke l y t ha t a h igh concen tra tion of e ndosulfan reached the liver

by the porta l c irculation with each meal taken by the test ro

de nts. Endosu lfan that reaches the l i v e r complex ing and detoxif i

ca tion mechanisms by dermal or inhalation routes do so after pass 

age through tissue , the blood stream, and contac t with many cellu

lar mechanisms. The oral r o u t e is a part icularly sever e test f or

liver effects, a nd t he l ack of such effec ts in these t ria ls i s

further indicat.ion of a c lean bill of health for the carcinogeni -

city of endosulfan. It is also worthy of note that absorption
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f r om the gas t r o i n t e s t i na l tract is the r oute that is most likely

t o e nsure t hat meta bol ites of end osulfan, as well as the a lpha a nd

beta isomers, impinge upon not only the liver but also o the r

or g a ns and ti ssues of the body.

Ely, et at , (196 7 ) reported tha t o ne or mor e c onvul sions

oc c ur r ed i n each o f nine workers e xp osed t o a 50 percent e ndos u l 

fan wettable powder . Si x of t he nine cases were k nown not t o have

had a history of previ ous conv ul s ions , but t he previ ous histor ies

of the other three were uncertai n. A c a us a l relati ons hi p between

c onvulsions and e xposu r e t o endosulfan was, however, c onsidered

highly likely.

The potential v u l ne ra b i l i ty of the cen t ra l ne r v ou s sys tems of

humans t o endosulfan was d emons t r a ted in ep ileptic c onvul s i ons and

a l t e r e d EEG patterns in t hree sub j e c ts exp osed t o t he pe s tic ide .

In one o f the pa tients, oc c a s iona l EEG alterat i ons we r e obse rv ed

one ye a r after t he exp osure (Tiberin, et al. 1 970 ).

Five human deaths due to endosulfan were r e p or ted by Terziev,

et a L, (1974), tw o of whi ch were accidental p oison i ng s and three

o f which were t he resul t of intenti onal intake. Detai Is were

lacking, but the most significant pos t - mor t em fi ndings as de

scribed by Terziev were circulatory dis orders, p ro t e i n dystrophy

in the parenchymal organs, acute lung emphysema , a nd severe

changes in the neurons.

Two pois oning cases resulting in hu man fatal ities were re

ported with 20 perce nt e nd osul f a n products , and both involv ed

i nteracti on with o t he r Chemicals (alcohol in one ca s e and al c oh ol

with dimethoate i n the s econd) . Demeter a nd Heyndrickx (1 978 )
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f ou nd cr--- and ,f-endosulfa n in the different tis sues o f t h e v i c 

tims as f ollows :

Or ga n/ Tissue

Small intestine
Blood
Bra in
Kid ney
Ur i ne

End osulfan Lev el s

314 and 289 mg /kg
Below 0.1 and 0 .075 mg/l
4.1 mg/kg a nd unrep orted
11.4 and 4.2 8 mg/kg
Below 0 . 1 and 2 .65 mg/ l

Al coh o l wa s p r esent in the blood and ur i ne o f both p oisoni ng

fataliti e s a t level s o f 2. 34 a nd L8 1 mg / l for blood and 3 . 46 a nd

2.47 mg/l for u ri ne . One o f t he me n wa s extremely na us eous whe n

f ou nd and d ied sh or tly a fterward. The o t her wa s t ou nd dead, wi th

an extreme l y c y a notic appearance. No other symptans of toxic i t y

were re p orted.

The intentional i ngesti o n o f u nk nown q ua n t it i e s o f a 35 per-

cent emul sifiable c o ncentrate formulati on o f end osul fan r e s u lte d

i n t hree h uman fatalities. Cou tse l i ni s , et a L , (1978 ) analyzed

bl ood a nd vi s cera and reported t hat the average c once ntra ti on

leve ls of both i somer s o f e nd osu lf a n were 0. 63 mg/ lO O ml blood;

0 . 11 mg/lOO 9 liver tissue; 0 .28 rng /lOO g kidney t i s s ue ; a nd

0 .02 8 mg/ l OO g brai n ti ssue .

Seven Eur opean c ountries that ha v e he av y use of e nd osulf a n

wer e que r i e d for user reports o f t oxicity or allerg i c ma ni fe sta-

ti ons in norm a l usage. No symp toms t hat might be c onnected with

the normal appl i c a tion of end osul fan ha ve been reported f or hu mans

( Hoec hs t , 1966 ).

Israeli, et a1 . ( 1 96 9l r eport three cases of endosulfa n t o x i-

city in workers i n a che mi c a l factory . poisoning occ urred a s t hey

fi l l ed bag s with the inse cticid e, neg l e c t ing p r o tec t iv e c lothi ng
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and masks. The symptoms appeared rapidly, within 1 to 2 hours in

the lethal cases, and initially included headache, restlessness,

and increased irritability, followed by vertigo, stupor, disorien

tation, and epileptiform convulsive seizures. In the workers who

died, there were also loss of consciousness, cyanosis, dyspnea,

foaming at the mouth, and noisy breathing (Israeli, et at , 1969).

It was noted in a later report (Tiberin, et e L, 1970) that there

were pathological changes on the electroencephalograms. Hyper

ventilation improved the EEG picture.
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CRITERION FORMULATION

Existing Guidelines and Standards

The Nat ional Techn ical Adv is ory Commit t e e on Water Ouality

Criteria ( Fe d e r a l Water polluti on Control Admi nistrat ion, 1968 )

did not establish a perm issible l i mit of endosulfan in raw su rface

waters for public water supply purposes. The Comm i t t e e stated,

however. thot the 48-hour median tol erance level (TI,n > o f endo

suI fan to shrimp is 0 .2 ~g /l and, therefore, classified endosulfan

as acutely toxic to shrimp at concentrations of 5 1J,g /1 or less.

On the assumpt i on that 1/100 of th is l evel represents a reasonable

application factor, the cceea i eeee recCXNnended that environmental

levels of e ndosul fan s hould not be permitted t o r ise above 0 .05

~/l. Th i s level is so low that endosulfan cannot be appl ied

d irectly i n o r near t he ma rine ha bi t a t without dange r o f causi ng

d emeqe ,

I n the 1972 report of the Commit tee o n Water Quality Cr i t e r ia

[Na t i o na l Academy of sc iences ( NAS), 1972], a mAx im um concen tra

tion of 0.003 ug /l of endosulfan is r ecommended f or whole (unfil

tered ) fresh water sampled at any time and at any place. This

concentration was determined by multiplying the acute toxicity

v a l ue of e ndosulfon f or the most sensitive native aquat ic s pecies

(rainbow tr ou t, Sa l mo gairdner i ) ( Sc h oe t t g e r , 1970), by an appli

cati on factor of 0.01. The marine criterion of 0 .001 ug/l was

s i milarl y determined using the LeSO value of the mos t sens i

t i ve ma r i ne spec ies ( s t r i p e d bass, Morone saxati lis ) (Korn a nd

Ea rne s t , 1 974 ) .
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Revis i on of the above rec ommended s tandar ds may be i ndicated

by more r e cent data . For e xample, t he 96-h our LCSO v al ue o f

0. 04 ug / l o n pi nk shr i mp, Penaeus du ora rum, would, if i ncorpo

rated, reduce t he saltwater crite r ion f r om 0 .00 1 \.1g /l t o 0 .0004

ug /l, using a theoretical a pplic ation fa ctor o f 0 . 01 (Schimmel, et

a L, 1 97 7). Thi s t heoretical rat i o is used i n t he a bsence of an

empiri cally d e r iv ed factor. Macek, e t al . (1976) have e mpi r i c a l ly

derived applicati on f ac t or s fr om thei r work on two fresh water

species, fathead minnows, Pimephales pranelas, and water fleas,

Daphnia magna . The 7- day incipient LCSO of 0 .86 Ug/! and the

maximum acceptable t oxicant c oncentrat i on ( MATC) limits of 0 . 20 t o

0 .40 ).1g /1 for fa t he ad minnows giv e a derived applicati on factor

( ra t io o f chronic t oxic i t y t o acu t e or SUba c ute) r a nge of 0. 23 t o

0. 47 . MATC l imits are t he h i g hes t c o ncentrat i on f or which t here

is no effect a nd the l owest conc en t r a tion show i ng an adverse

e f f e c t. The 48-h our LeSO of 1 66 \.Lg /l and the MATe limits o f

2.7 t o 7 . 0 u9 /1 f or Daphn ia magna, h ow-e v e r , give a der i ved fa ctor

range of 0 . 01 6 t o 0 . 042 .

The r e cent Na tiona l Academy of Sc ience s report on d r i nk ing

water d i d not addre s s water stand ard s f or endos ulfan ( NAS, 197 7 ).

Cur r e n t Levels of Exposure

End osulfan ha s bee n de t e c t ed in water samples from t he Uni t ed

States and Ca na d a . fo1a x i mum v a lues reported from va r i ous studies

include :

0 . 02 lJ.g/l in s c ceems o f t he western Uni t e d S t a t e s . ( one pos i 

t ive sa mp l e out of 546 ) ;
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0 .032 Ug/ 1 in dra i nag e d i tches f rom t reated ag r ic u l t u ra l

f ie l d s nea r Lake Er ie;

0.0 11 ~g/l i n Ca nadian wa te ~ systems~

0.083 ug / l i n Ontario mun icipa l wa ter samples ;

0 .014 1J,g /l in surface a nd bot tom wa ter samples f rom La ke

Erie i

0 . 06 0 ug / l i n the St. Lawrence Rive r ;

The de tec tion limit for e nd os u l f an in water . using elec t ron

cap ture gas chromatog raphic methods , is ~ 0 .005 1J,g /l (Schu l ze, et

al. 1973) .

Residues i n f ood (0' -e nd osulf an , ,6-endosu lfan , and endosul 

fa n sulfa te ) re sult from the use of endosulfan on over 60 f ood and

nonfood crops .

During the 1965 t o 1 9 7 0 per Lcd , daily U.S . i n t a ke of endosul 

fan res idues was estimated us ing ma rket basket s a mp l e s f rom the

t otal d iet p rog ram of t he FDA. These samples showed a daily in

take of endosulfa n (0'1- , t6'- , and sulfa te) of from <0 .00 1 to 0 .001

mg/day.

The accep tabl e da i ly intake of endosulfan (i .e . , t h e daily

i ntake which du r ing an e nti re l ifetime appears to be without

a pp r e cia bl e risk ) , as establ ished by FAO/WHO , is 0.007 5 mg/kg.

This value corresponds to an intake of 0 . 52 5 mg/day for a 70 -kg

person.

End osulfan has a lso been shown t o bioconce ntrate in the t i s-

sue of aquati c spec ies.

Table 14.

Bioconcentration data are summari zed in
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TABLE 14

su..a~y of Bioconcent~ation Data fo~ Endosulfan

Measured Exposure
Water Concentration Period Bioconcentration

Test species (11911 iter) (days) Factora Source

COIRIIIon IIUssel 1,000 70 22.5 Rober ts (1972)
(Hutilus edul1s) 100 14 28.5° Roberts (1915)

O.14 b - 600 Ernst (1917)

Scallop 100 14 25.1c Roberts (1915)
(Ghla.ys apercularis)

Pink shrimp 0.089 4 0 Schimmel, et al. (1977)
(Penacus duorarum)

Grass shrimp 1. 75 4 245 Schi..el, et al. (1971)
(Palae.onetes vulgaris)

Mullet 0.32 4 1,344 Schi..el, et al. (1971)
(Hug11 cephaI us) 0.035 28 2,755 Schi..el, et al. (1977)

(2,429)d

Spot 0.076 4 895 Schi_el, et al. (1977)
(LeiOBtomus xanthurus)

Pinfish O.IS 4 1,299 Schi-mel, et al. (1977)
(Lagodon rha.boides)

Goldfish 1 5 400 Gorbach (1972)
(Garassiu9 auratusl

aUighest bioconcentration factor reported by the respective investigators. Whole body basis unless otherwise
noted

b -Endosulfan steady-state concentration; initial concentration was 2.05 ~/llter

eOased on su••ated values for separate tissues
dEdible tissue
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Endosulfan residues (~-endosulfan, ~-endosulfan, and endo

sulfan sulfate) have been detected in most types of U.S. tobacco

products in recent years. The data in Table 15 summar i ze the

average residue levels (mg residue/kg processed tobacco) detected

in several independent studies.

Air samples from 16 states in 1970 showed an average level of

13.0 ng/m3 d-., -endosulfan and 0.2 ng/m3 /-endosulfan. None of

the air samples collected in 1971 or 1972, however, contained de

tectable levels of either isomer.

Special Groups at Risk

Data on the presence of endosulfan residues eq.< -endosulfan,

;J -endosulfan, and endosulfan sulfate) in food, tobacco, water,

and air have been briefly summarized in the preceding subsection.

These data indicate three human populations that are at risk of

exposure to endosulfan through:

(1) Exposures occuring primarily from: residues in foods as

a resul t of the use of endosulfan on food crops and feedstuff:

bioconcentration in aquatic species: residues in air adjacent to

sites of manufacture or application: and residues in water.

(2) Residues in processed tobacco products (cigarettes,

cigars, snuff, etc.) resulting from the field use of endosulfan.

(3) Dermal and respiratory exposure occuring during manufac

ture, formulation/packaging, field application, and harvesting.

Basis and Derivation of Criterion

Establishing a scientific basis for evaluating the hazard of

endosulfan to man is difficult. At very high levels of acute

exposure, humans show central nervous system (CNS) symptoms and
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TABLE 15

Endosulfan Residues in Processed Tobacco

Average Residue
Year (mg/kg) Source

Cigarettes 1971 0.2 Domanski, et ala (1973)
1972 0.38 Dorough and Gibson (1972)
1973 0.83 Domanski, et aL, (1974)

Cigars 1911 0.4 Domanski, et a I , (1973)
1912 0.41 Domanski and Guthrie (1974)
1973 0.37 Domanski, et ala (1974)

Li tt1e cigars 1971 0.4 Domanski, et a1. (1973)
1973 0.22 Domanski, et a l , (1974)

Smoking tobacco 1971 <0.2 Domanski, et ala (1973)
or pipe tobacco 1973 0.37 Domanski, et ala (1974)

Chewing tobacco 1971 0.2 Domanski, et ala (1973)
1973 0.36 Domanski, et ala (1974)

Snuff 1971 <0.2 Domanski, et al. (1973)
1973 <0.12 Domanski, et al. (1974)
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may die. Several studies report endosulfan has been used for sui

cides t reea tev , et a1. 1974; Couteslinis, et a1. 1978) . Workers

who failed to use good safety practices (i.e., to cover skin and

use respiratory protection) have died from endosulfan exposure

(Israeli, et a1. 1969). In one incident, three persons exposed

showed eNS symptoms; two of them died. It therefore appears that

the most toxic potential effect to man is that of eNS toxicity,

since the available data indicate a lack of carcinogenic or tera

togenic potential. One study has indicated that endosulfan is a

base-pair substitution mutagen (Adams, 1978). The absence of

reports on toxic effects associated with the proper use of endo

sui fan (particularly such effects as skin sensitization or other

human symptoms) has been noted (Hoechst, 1966 ).

There appears to be considerable species variation in toxic

effects. Of the species tested .... ith endosulfan, cattle are the

most sensitive to the neurotoxic effects and would therefore be a

• ....orst case" model for human toxicity. There are much more con

trolled toxicity data on rodents, but cattle appear to be closer

in sensitivity and effects to man . Data on eNS toxicity to cattle

are presented in Table 16.

The relevance of these high exposure levels to a water qual

ity standard presents additional sources of calculation error.

The eNS toxicity in these studies is an acute symptom of high

exposure. All reported human poisonings, however, have resulted

from accident, human error, or suicidal intention. The reported

poisonings of man and the most sensitive other mammal, cattle,
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TABLE 16

CNS Toxicity of Endosulfan in Cattle

Number Time to % Exposed &
Animals eNS Toxicity Showing Time to Death Exposed

Dose, Route Exposed (hours) CNS Effects (days) Dying Source

12.5 mg/kg, oral 2 10 100 6 50 Li, et al. (1970)

0.12% formulation, 250 5 20 1 4 Thompson (1966)
dermal

4% dust, dermal 5 2 100 1 80 Nicholson and
Cooper (1977 )

35% powder, dermal 30 5 Apparently Hours to days 50 Braun and Lobb
100% (1976 )
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have occurred after acute, high level exposure to concentrated

endosulfan. These levels will not occur in drinking water. The

key question then is, are there any data in the toxicology reports

or studies to indicate that CNS effects can occur after chron ic,

very low level exposure to endosulfan?

Tiberin, et ale (1970) reported occasional EEG alteration in

one of three men one year after a convulsive seizure following

exposure to endosulfan. Terz iev, et a l, , (1974) report that

autopsy on an endosulfan suicide case showed "changes in the neu

rons" among lesions in other organs. Rats, although more resis

tant to toxicity than man or cattle, demonstrate no histopatho

logical changes in the brain after receiving high doses of endo

sulfan orally for 78 weeks, or most of a lifetime (NCr, 1978).

Cerebral hemorrhage was reported in seven female rats that

died early in the study (week 21), but the absence of lesions at

even higher and more long-term dosages suggested to the authors

that these deaths were not compound-related. Several lesions were

present in the male rats and mice that died early in these endo

sulfan feeding studies. The most prevalent lesions included

nephropathy, parathyroid hyperplasia, and testicular atrophy, all

without clear dose response pattern (NCI, 1978).

An important question is, "Do the apolar metabolites of endo

sulfan remain in the body to produce chronic effects if endosulfan

is ingested in low level quantities over a long term?" No con

trolled metabol ic stud ies in man have been reported, although

Demeter and Heyndrickx (1978) report that endosulfan sulfate is a
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metabolite in humans. This metabol i te is approximate ly as toxic

to mice as the parent isomers (Dorough, et ale 1978), but no spe-

cific CNS effects were reported (based on toxicity trials on the

pure compound).

The toxicity of endosulfan is somewhat greater in animals

with deficiencies of dietary protein (Boyd and Dobos, 1969; Boyd,

et ale 1970). The differences in even a dose as high as an

LD50 are not great enough, however, to ascr i be any potential

human hazard to this mechanism or to suggest that protein-deprived

humans would be more sensitive to chronic exposure to endosulfan

in drinking water.

It can be concluded that (a) the controlled studies uniformly

report CNS toxici ty following acute high level exposure, and (b)

there has been no indication reported of specific lesions in mam-

mals related to mortality following chronic exposure.

A water quality criterion could be based on the lowest no-

observed-effect level (NOEL) reported for endosulfan in test

species.

Table 17.

Available data on no-effect levels are summarized in

As no valid experimental results from studies on prolonged

ingestion by man were available, the best available long-term ani-

mal feeding study was used as the basis of criteria formulation.

The selected NOEL is based on a 78-week mouse feeding study at 2.0

mg endosulfan/kg feed concentration. The calculated dose corres-

ponds to 0.4 mg endosulfan/kg body weight/day for a typical 25 g

mouse consuming 5 gs feed/day:

2.0 mg endosulfan x 5 9 feed x mouse = 0.4 mg/kg/day
1,000 g feed mouse-day 0.025 kg

C-85



TABLE 17

Su.mary of Effects of Endosulfan on Different Species and Biocheaical Para.eters

Mice

Rat Liver

Rat Liver

Hallsters Liver

Boyd and Dobos
(1969 )

Truhaut, et ale
(1974 )

Truhaut, et ale
(1974)

Den Tonkelaar and
Van Esch (1974)

Gupta, et a1.
(1978 )

NCI (1978)

Hoechst (1967a)

Source

Dorough, et al ,
(1978 )

Beck, et al. 1966
Bec~, et al. 1966

Truhaut, et ale
(1974)

Truhaut, et al.
(1914 )

HCI (1978)

HCI (1978)

Gupta and Chandra
(1915 )

Gupta and Chandra
(1915 )

5aith, et al. (1970)
FMC (1967)

Acute Oral

Acute Oral
( intra')astric)

Acute Oral

Route Adainistered*

Oral (60 days)
Oral (60 days)

1. 0 JIg/plate

Diet
(2 weeks)

Oral
(gestation day
7-14)

445 ppa diet Diet
(78 weeks)

70 lIlCJ/kg Acute Oral

134 ag/kg ainiaua Acute oral

3.2 ppa diet Diet
(6 W@@kA)

2.0 ppm diet Dtet
(78 weeks)

1,1,000 aqueous Instillation

20' aqueous solu- Instillation
Hon

100 ag!kg Deraal

0.07 mg/~gg yolk injection
0.75 ag/kq/day Oral

(52 weeks)

0.15 ag/kg/day
2.5 l19/kg/day

Concentration
Effect Observed or Dose Level

Lethality 55 ag/kg • LDO

Lethality 40 ag/kg • LOO

Chol inesterase 68 lIlCJ/kg ainiaua
inhibi tion

"icr08~e enzyae SO Pplll diet
function

Hot teratogenic 10 lIlCJ/kg

Lethality

Lethality

Enzx-e inhibition,
GPT, LDH

Neight depression

Lethality

Hatchabil ity
Gross and aicroscopic

lesions
Base-pair substitution

(autagenicity)

No fat residue
Muscle convulsions

Infla..ation and
irritation

Inflallllllation,
irritation

Irritation

Target
Organ/TissueSpecies

Rat EMbryo

Rat

Rat (female
osborne-Hendel)

Hallsters

Rats

Steers
Steers

Hice
(FeAlale B6C3Fl)

Rabbit Eye

Rabbit Eye

Rabbit Skin

Chickens Egg
Dog

Salmonella Strains TA98,
typhlmuriu. 100, 1534,

and 1978

·S!nqle dose unles8 otherwise noted
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It should be noted that this estimate compares well with a re-

ported 60 day study where steers received endosul fan in their

feed. A 0.15 mg/kg NOEL estimate was observed. A low-observed-

effect level (LOEL) of 1.1 mg/kg was also noted in th is study

(Beck, et ale 1966).

Applying a safety factor of 100 to the derived NCI dosage

gives an upper limit for nonoccupational daily exposure (ADI) of

0.28 mg/kg body weight for a 70 kg person:

0.4 mg x 1 x 70 kg = 0.28 mg/day
kg-day 100 person

For the purpose of establ ishing a water qual i ty cr i terion,

human exposure to endosulfan is considered to be based on inges-

tion of 2 liters of water and 6.5 g of fish/day. The amount of

water ingested is approximately 100 times greater than the amount

of fish consumed. The fish bioaccumulation factor for endosulfan,

has been established to be 270 (Stephan, 1980).

The equation for calculating the criterion for endosulfan

content of water is:

(2) (X) + (0.0065) (F) (X) = ADI

where: 2 = amount of drinking water was consumed, l/day

X = endosulfan concentration in water, mg/l

0.0065 = amount of fish consumed, kg/day

F = bioconcentration factor, mg endosulfan/kg fish per

mg endosulfan/l water
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AD! = limit on daily exposure for a 70 kg person

For F = 270

2X + (0.0065) (270) (X) = 0.28

3.75x = 0.28

X = 0.075 mg/l or 75 ~g/l

Consideration of dietary endosulfan levels (apparently I"-' 0.01

mg/day or less) and other sources of exposure (ambient levels,

cigarette smoke, etc.) does not significantly affect this calcula

tion.

In summary, based on the use of chronic toxicologic test data

for mice and an uncertainty factor of 100, the criterion level for

endosulfan is 75 ~ g/l . Drinking water contributes 53 percent of

the assumed exposure while eating contaminated fish products ac

counts for 47 percent. The cr iter ion level can alternatively be

expressed as 159 ~g/l if exposure is assumed to be from the con

sumption of fish and shellfish p r od uc t s alone.
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