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Translations of document No. 3a
Re: First Regulatory action against endosulfan
Session 271 of the Agricultural Pesticide committee
Date 25/7/1991
Excerpts of the minutes related to the control actions against endosulfan

The committee of pesticides met on Thursday the 25 /7/1991 under the chair ship of
the head of protection division (Dr. Hani Hadadain) and the membership of:

I\ Dr. Yousif Alshoraigi
2\ Dr. Eisa Abanba
3\ Eng. Khalid Musfat
4\ Eng. Said Magad
5\ Eng. Khalaf Alogla
6\ Eng. Mahmoud Altibish
7\ Dr. Mazin Akkawi
The following issues were discussed:

Paragraph Nol was not relevant and therefore was not translated.

Paragraph No. 2; Study of the insecticide Thiodan presented by the Eastern Company
and intended to be imported from Germany.

The committee decided to refuse registration because of the following reasons;

e High toxicity to humans and environment and to its persistence in the
environment as it contains chlorinated hydrocarbons;
* No need by agricultural sector because of availability of other
alternatives;
¢ Long safety period for vegetables.
The committee decided;

To stop granting any new import license for formulations containing this active
ingredient and cancellation of registered product after the expiry of their license. All
companies must be aware by the committee decision.

The Eng. Mahmoud Altibish refused the committee decision for the reasons indicated
later (decision item No. 2).

Other issues discussed in this meeting were not translated as they were not relevant.

Signature of attendants:
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Translations of document No. 3b
Re: Second Regulatory action against endosulfan
Session 325 of the Agricultural Pesticide committee
Date 4/5/1994
Excerpts of the minutes related to the control actions against endosulfan

The committee of pesticides met on Wednesday the 4™ /5/1994 under the chair ship of
Eng. Mazin Alhafawna, the director of Agric. Protection and the membership of:

I\ Dr. Mazin Akkawi

2\ Eng. Mahmoud Altibish

3\ Eng. Ahmed Alhafawna

4\ Eng. Khalaf Alogla

5\ Dr. Eisa Abanba

6\ Eng. Khalid Musfat

\ Eng. Said Magad

The following issues were discussed:
Agenda items No. 1 — 5 were not relevant and therefore were not translated.
Agenda item No. 6;
The committee listened to reports (The assumed report??? was translated as document
No. 5) from representatives of ministry of health and the Jordanian university about
re-registration of the insecticide Thiodan which contain the active substance
endosulfan.
e The committee refused the re-registration as this product (Thiodan) contains
chlorinated hydrocarbon substance and some scientific research confirm that it
may cause cancer as well as it was found in underground water.

Other issues discussed in this meeting were not translated as they were not relevant.

Signature of attendants:
- Head of Agric. Quarantine Division, Eng. Said Magad

- Chair of the committee, Eng. Mazin Alhafawna

- Representative of faculty of agric., Jordanian University, Dr. Mazin Akkawi
(refuse agenda item No. 6 regarding the insecticide endosulfan as it is still approved
by EPA and we rely on registration on certificates from EPA.).

- Head of analytical center of pesticides, Eng. Ahmed Alhafawna.

- Representative of ministry of environment, Eng. Khalaf Alogla
(Refuse agenda item No. 5, not relevant to endosulfan and therefore not translated).

- Representative of agrochemical merchants, Eng. Mahmoud Altibish.
(Refuse agenda item No. 6 and I accept its registration because it was registered by
US-EPA).

- Representative of ministry of health, Dr. Eisa Abanba
(Refuse agenda item No. 6 as we still do not have any thing which oppose the
registration of the above mentioned pesticide if it is used according to recommended
directions)

- Representative of national center for research, Eng. Khalid Musfat
(Refuse agenda item No. 5, not relevant to endosulfan and therefore not translated).
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Focused Sumrmary-Endosulfan

e e

NINTRODUCTION:
This section should provide a brief statement / summary of the final regulatory actions

and the reasons for the action taken (e.g. occupational health concerns, environmental
concerns). Could include:

(2) The events that led to the final regulatory action
There are two regulatory actions (1991 and 1994).

Events for 1991 action:
A company called Alshargia applied for registration of imported Thiodan (from

Germany). The control action was taken in the in:the session No. 271 of the
agricultural pesticjde committee dated 25/7/1991.

Event for 1994 action:
The committee listened to reports (The report was study of the extent of pollution of

Jordanian environment as a result of pesticide use, document No. 5) from

dated 4/5/1994.
(b) Significance of the regulatory actlon, e.g. one use or many uses, Jevel or

degree of exposure;
The banning of endosulffan would reduce the hazards to human health (high toxicity,
and long safety period) and environment (persistent, decrease pollution of ground

water and soil).
© An overview of the regulatory system of the notifying country if

relevant;
Pesticides were used to be regulated by the law of Agriculture No. 20 for the year
1973, through a multi-stake holder committee called the Agricultural Pesticides
Committee. Recently the law was amended to the Interim Law of Agriculture No. 44
for the year 2002. According to this law a national multi-stake holder committee
called Pesticides Registration Committee js formed and responsible for registration,
re-registration and cancellation of registration of pesticides within the Hashemite
Kingdom of Jordan. The pesticide division within the ministry of agriculture is
responsible for approval of label while the provinces had the authority of granting
Jicense for retailers as well as inspection of any miss-use or off Jaw actwvities.

(d) Scope of the regulatory action-precise déseription of the chemicals

subject to the regulatory actiom;

There are two regulatory actions (refusal of registration) against this product in

Jordan.

The first Decision (1991):

It is prohibited to place on the market or use plant products containing endosulfan.

The decision at that time was the refusal of registration for import of the formulation

Thiodan. This decision further included the stoppage of granting any new import
MNae

license for formulations containing this active ingredient and cancellation of
registered product after the expiry of their Heense.

a3
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The second Decision (1994):
The committee refused the re-registration of this product (Thiodan) as it contajns
chlorinated hydrocarbon substance and research findings indicated that it can cause
cancer and it is found in ground water.
INRISK EVALUATION;
This section should provide evidence that a tisk evaluation was carried out under the
prevailing conditions of the notifying country. It should confinm that criteria Anpex
11 (b) are met. May include;

(2) Key finding of 2 national risk evaluation;
First Decision (1991):

© High toxicity to humans and envitonment and persistence in the
environment as it containg chlorinated hydrocarbons;

e No need by agricultural sector because of availability of other
alternatives;

° Long safety period for vegetables (the safety period in Jordan is
determined based on information gubmitted on the label, no national
data, source; mterveiws).

(Minutes of the meeting did not clearly indicate a national exposure data were
generated or considered in making the national rigk evaluation)

Second decession (1994):

o Contains chlorinated hydrocarbon substance;

e Cause cancer;

e Found in underground water., ,
The national data available was study of the extent of pollution of Jordanjan
cnvironment as a result of pesticide use (see document No. 5). This document
reported the presence of endosulfan residues among other pesticides in soil samples
analyzed. The relevant recommendation in this decument was given below;
The necessity of being more strict on prevention of import of the banned chlorinated
pesticides (like endrin and aldrin).

(b) Key data reviews consulted and a brief deseription;
e pesticide manual
o FAO/WHO
(¢) Reference to national studies, e.g. toxicological and ecotoxicological
studies; ;
There are general data of a monitoring program of pesticide residucs in Jordan
environment. This national data is study of the extent of pollution of Jordanian
environment as a result of pesticide use (see document No. ).
Summary of actual (or petential) humag exposdre and or envirommental fate,
This document (No. 5) reported the presence of endosulfan residues among other
pesticides in soil samples analyzed. The relevant recommendation in this document
was given below;
The necessity of being more strict on prevention of import of the banned chlorinated
pesticides (like endrin and aldrin)
N\ RISK REDUCTION AND RELEVANCE TO OTHER STATES
This section should provide svidence that the contro! action is of relevance o other
states. Could include information on the followings;

A GTZ OFFICE aMMaN PaGE  94q
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(a) Estimation of quantities of chemicels used or imported/exported at the
timee of the regulatory action and ¥ possible information on ongoing

trade;
The Hashemite Kingdom of Jordan has imported 240 Kg of endosulfan in 199¢.

Jordan has no information on ongoing trade,

(b) Relevance to other states, i.e. those with similar comditions of use;
The Hashemite Kingdom of Jordan has no information.

(¢) Comments on the typical use of the'chemical within the notifying
country, with comments on possible misuse (if appropriate).
The product was registered to be used as insecticide.

N INTRODUCTION:
This section should provide a brief statement / summary of the final regulatory actions
and the reasons for the action taken (e.g- occupational health concerns, environmental
concerns). Could include:

(c) The events that led to the fina] regulatory action
The committee received information about potential hazards of dimefox to human
health and the environment. The action was taken in the 68th session of the
agricultural pesticides committee dated 29/10/ 1980. It was stated that the contro]
action will enter into force on 1/1/1981.

(d) Significance of the regulatory action, e.g. one use or many uses, level or

- degree of exposure;
The banning of dimefox would reduce the hazards to human health and the
environment as it is highly toxic and persistent in the environment.

© An overview of the regulatory system of the notifying country if

relevant;
Pesticides were used to be regulated by the law of Agriculture No. 20 for the year
1973, through a multi-stake holder committee called the Agricultural Pesticides
Committee. Recently the law was amended to the Interim Law of Agriculture No. 44
for the year 2002. According to this law a national multi-stake holder committee
called Pesticides Registration Committee is formed and responsible for registration,
re-registration and cancellation of registration of pesticides within the Hashemite
Kingdom of Jordan. The pesticide division within the ministry of agriculture is
responsible for approval of label while the provinces had the authority of granting
license for retailers as well as inspection of any migs-use or off law activities.

(e) Scope of the regulatory actiom-preclse déscription of the chemicals

subject to the regulatory action;

it 1s prohibited to place on the market or use plant products containing dimefox. The
decision at that time was against the registered formulations (Pestox 50 EC). This
decision was interpreted to include all formulatione.containing dimefox.
T\ REISK EVALUATION; ’

85







Study of the extent of pollution of Jordanian environment as a result
of pesticide use

Final Report

Prepared by;

Ministry of Agriculture / Department of Plant Protection

Jordanian University / Center for Consultation, Technical Service and Studies
Royal Scientific Society / Center of Industrial Chemistry

Royal Scientific Society / Center of Environmental Research

1992-1993

Presented to:
Ministry of Municipal, Rural and Environmental Affairs
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Chapter Six
Summary, Conclusions and Recommendations

Summary:

6-1-1 Agricultural Soil:

I\ Residues of the pesticide (DDT) were the most found residues in soil samples
collected from Ala Qwar area, irrespective of whether being collected from bare area
or underneath greenhouses (plastic houses). Sometimes it was found in samples from
high land (Wadi Shoaib, Wadi Kafranga, Albaqaa, and Sail Alzargaa). The
concentration of this pesticide and its derivatives was higher in surface levels
compared to deeper levels. The difference in concentration between various areas is
due to the use of DDT in mosquito control as control campaigns were more intensive
in Ala Qwar area but their effects can reach to the valleys connected to it. Also DDT
is found as impurity in the pesticide dicofol, a commonly used pesticide in Jordan.

2\ Residues of other pesticides were also found at variable frequencies in the soil
samples analyzed. They include Chlorinated pesticides ( endrin, dieldrin, endosulfan,
lindane, chlorothalonil, dicofol, tetradifon, bromopropylate), ‘phosphorous pesticides (
of which, dimethoate, pyrazophos, methidathion, azinphos, chlorpyriphops,
phosphamidon), carbamate pesticides ( carbofuran, carbaryl, oxamyl, pirimicarb),
pyrethroid pesticides (cypermethrin, deltamethrin) and nitrogenous pestlcldes
(hexaconazol, penconazol, oxadiazon, oxadixyl, procymidone, vinclozolin):

3\ In most cases the concentration of residues was higher in surface soil samples
analyzed compared to deeper levels. The concentration underneath used greenhouses
was higher compared to unused ones. This was mainly attributed to the continuation
in the use of these pesticides in agricultural activities which increases their
concentration in surface levels upon each use and to their ability to decompose in soil
which result in gradual decrease of their concentration upon stoppage of use or
increase in depth.

4\ On the other hand, residues of three pesticides were also found (procymidone,
oxadixyl, vinclozolin) in soil samples from deeper levels, some times at
concentrations comparable to their concentration in surface levels. Also concentration
does not decrease underneath unused greenhouses. This was mainly attributed to the
persistence of these pesticides in soil which may cause infiltration of these pesticides
(vinclozolin, oxadixyl) to deeper levels with irrigation water because of their
relatively higher solubility in water. The penetration of the pesticide (procymidone)
during soil tillage and preparation for planting due to its higher association with soil
particles. The presence of the residues of these pesticides was attributed to their
intensive use in agriculture (which increases their concentration in surface levels
specifically in the cases of repeated use).

5\ The level of pollution in the analyzed soil samples from underneath greenhouses
was higher than in bare areas, in Ala Qwar was higher than in high lands and this
regarding the number of found (detected) pesticides and their concentration. Also
some agricultural pesticides of higher environmental persistence (oxadixyl,
procymidone, vinclozolin) were found in a way which looks like absolute in Ala




Qwar area or underneath greenhouses. While some of the highly persistence
phosphorous pesticides were found (azinphos, pyrazophos, methidathion) in Ala
Qwar at a frequency higher than in high lands.

6-1-2 Water:

I\ Sample of exhaust water from absorptive pit of a pesticide factory in Al Dileel area
was found to contain higher concentration of some pesticides. But most of these
pesticides were not found in the Al Dileel runoff water.

2\ Water samples coming from the stations of sewage water treatments at Alkharba
Alsamra, Irbid, Jarash, and Alsalat were found to contain lindane and its isomers (a-
HCH, b-HCH, d-HCH) (generally known as XHCH compounds ) at concentration
approaching (330 ng/liter), and this is close to their level in sewage water in other
parts of the world. However these samples did not contain other chlorinated
compounds. It was not possible to identify nitrogenous or phosphorous pesticides
because of the high interference but there are some indications that Alkharba Alsamra
station share relatively higher concentration of the pesticide (dimethoate) and a lower
concentration of a number other pesticides (mostly phosphorous).

3\ No pesticide residues were found in the valley water of Alyabis and Alwala. While
some were found in water samples from the northern part of Ala Qwar (Alarab dams
and Sharhabeel, King Abdalla canal, and agricultural water drainage) at a frequency
and concentration generally lower than in water samples from the southern area of
Ala Qwar (Alkafreen dams and Shoaib valley, the canal, and agricultural water
drainage). The high pollution of the southern part of King Abdalla canal was partially
attributed to its mixing with King Tilal Dam at Deer Ala, as dam water normally
contains some pesticides at concentration higher than their counterparts in canal
water. The agricultural water drainage in the wide lake of the dam was considered as
one source of pesticide residues in dam water. While there is some indication that
some part of it (e.g. dimethoate) may result from treated water coming out of
Alkharba Alsamra station. While control operation in the area surrounding the station
led to the presence of the pesticide (cypermethrin) in the sites near to the station only.

4\ The pesticides (lindane, dimethoate, ethoprophos) were generally the most found in
surface water samples from Ala Qwar and high lands. In addition to these, samples
from Ala Qwar area repeatedly contain residues of the pesticides (oxadixyl and DDT).
This is in consistency with the intensive use of these pesticides (specifically oxadixyl,
DDT and dimethoate) and their high persistence in the environment (DDT, lindane,
oxadixyl) or high solubility in water ((ethoprophos, oxadixyl, dimethoate).

5\ None of the pesticides studied was detected in drinking or underground well water
samples from Alazrak area, Amman, Alzargaa, Albagora- Aladasia and Wadi Rajab.
While some of these residues were found in some wells in the southern areas

of Ala Qwar. This was attributed to the high permeability of the soil in these areas.

6\ The pesticides concentrations in most surface and underground water samples
examined were lower than the maximum residue level in European specifications for
drinking water which is considered the most conservative in this area. (100 ng/liter for
a single pesticide or 500 ng/liter for total pesticides in the sample). It was notice that
about 13 samples contain pesticide exceeding the single pesticide level. These were




collected from Ala Qwar area (six samples of agricultural drainage water, one water
sample from Shoaib valley and six samples from King Abdalla canal).Only one water
sample (from Shoaib valley) contain total pesticide concentration exceeding the
collective pesticides level. While in the Swamp area of King Tilal Dam, both the
singular and collective levels were exceeded in many cases especially in the main
stream of Alzargaa runoff.

6-1-3 Dam sediments:

No chlorinated pesticides residues were found in the analyzed samples from
Sharhabeel dam sediments, while DDE was continuously found alone or in
combination with DDD in the sediments of other dams (Dams of King Tilal, Alarab
valley, Shoaib valley, Alkafireen). The concentrations were very small and range
between (0.2-5.6 ng/Kg).

6-1-4 Local fishes:

Samples of three types of fishes (Misht, Shabot, and Balbot) from three different
places (King Tilal dam, farms in Ala Qwar, farm in ALazrak) were collected. The
fishes from the dam and Algor were found to contain (DDD and DDE). Also the
fishes from Alqor were found to contain (DDT) while fishes from the dam and one
sample from Alazrak fishes were found to contain the pesticide (lindane) and its
isomers. The concentration in the Misht fishes was generally lower than that in Shabot
and Balbot. Generally the concentration detected was lower or similar to its
counterparts in other parts of the world, and far lower than the maximum level in
many of the developed countries in fish products.

Conclusions:
1\ The presence of pesticide residues in the local environment was attributed to three

different sources; spraying for public health protection, spraying for agricultural
purposes and sewage water drainage.

2\The spraying for public health protection purposes in the area surrounding Alkharba
Alsamra station led to the presence of residues of the pesticide (cypermethrin) in
Aldileel runoff water. But the effect is limited as the pesticide is quickly adsorbed to
runoff sediments. While in Ala Qwar area the control campaigns use DDT, more
persistent in the environment, which results in the presence of its residues in all
components of Ala Qwar environment, including the agricultural soil, dam sediments,
fishes and sometimes the agricultural drainage water. But the concentrations found
were generally low, may be because of the special conditions dominants in Ala Qwar
(high temperature, high rate of bright sunlight and intensive irrigation) which may
assist in reducing the concentrations, by evaporation or by chemical or biological
degradation. On the other hand there is no important source of pollution with the
pesticide (DDT) in the high lands except in some valleys connected to Ala Qwar like
Shoaib valley, Kafranga and Alzargaa runoff.

3\ Spraying for agricultural purposes include the use of great number pesticides
belonging to different classes including the banned chlorinated pesticides (aldrin,
endrin, dieldrin).This has been reflected by the presence of great number of these
pesticides in samples from soil and surface water of low and high lands. It was
noticed that there was preference in Ala Qwar areas and underneath greenhouses for




the use of pesticides of high persistence in the environment (like oxadixyl,
procymidone, vinclozolin, pyrazophos, azinphos, methidathion). This may sometimes
cause these pesticides to reach deeper layers in the soil, and to the persistence of its
residues for longer period.

4\ The water coming from sewage water treatments caused an increase in the
concentration of the pesticide (lindane) and its isomers in the receiving surface water.
There are some indications that specifically Alkharba Alsamra station caused an
increase in the concentration of dimethoate basically and other pesticides at lower
degree. This may be due to the fact that the station has been greatly overloaded.
Residues of the pesticide (lindane) were found in the water and fishes of King Tilal
dam which receive the water coming from Alkharba Alsamra station.

S\ The effects of the above mentioned sources did not reach the underground water
except in southern areas of Ala Qwar where the soil is highly permeable and
underground wells in these areas were used extensively for irrigation purposes. These
limited effects may also be attributed to the nature of the pesticides used in Jordan
generally and in Ala Qwar specifically where insecticides and fungicides dominates
and herbicides were less frequently used. However in other parts of the world
herbicides (highly water soluble) were usually more dominants and these compounds
are usually appear in underground water of these areas.

6\ The low concentration of most pesticides studied, in most areas, can be mostly
attributed to the climatic and environmental factors dominant locally and also to the
types of pesticides used in Jordan which are environmentally degradable in most
cases. Clear exceptions were some chlorinated, nitrogenous and phosphorous
pesticides which are relatively more persistent in the environment. With regard to
places the clear exception was King Tilal dam, extension of Alzargaa runoff from
Alkharba Alsamra station to the dam, where high concentration of some pesticides
was clearly found in water samples sometimes.

Recommendations:

1\ The necessity of being more strict on prevention of import of the banned
chlorinated pesticides (like endrin-and aldrin).

2\ To study the possibility of banning the use of some pesticides which has high
environmental persistence, high water solubility or both. This must be based on field
studies for evaluation of the ability of these pesticides to degrade under local
conditions generally, and Ala Qwar environment specifically.

3\ More strict monitoring of King Abdalla canal water for the purpose of its protection
from contamination with pesticides residues as great portion of the canal water is used
for drinking purposes after treatment in station Zee.

4\ To study possible alternative to DDT for public health protection purposes.

5\ To be assure about the purity of dicofol specially its contents of DDT impurities.




6\ The necessity of evaluation of factors affecting the residues of the pesticide (DDT)
under local environment causing the decline of its residues in Ala Qwar specifically
compared to the application rates there, and this may need exclusive field and
Laboratory studies.

7\ To study and evaluate the extent of pollution in Ala Qwar environment with the
compound (ETU, ethylene thiourea) which is produced from the degradation of
dithiocarbamate pesticides, which are the most commonly used pesticides in Jordan.

8\ Itis recommended to execute a monitoring program including collection of surface
and underground water samples from selected positions in the high and low (Ala
Qwar) lands, specially in king Tilal dam area where preparation are currently going
on for extending Alkharba Alsamra station for the purposes of upgrading its capacity.

O\ To increase the awareness among farmers about expected hazards (long term) of
pesticides misuse.

10\ The necessity of encouraging the activities which reduce the pollution of
underground water in Ala Qwar like restricting banana cultivation to impermeable
soils and prevention of irrigation within 24 hours after spraying pesticides.
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ENDCOSUL FAN JMPR 1998

First draft prepared by

D. B. MG egor

International Agency for Research on Cancer
Lyon, France

Expl anati on
Eval uation for acceptable daily intake
Bi ochem cal aspects
Absorption, distribution, and excretion
Toxi col ogi cal studies
Acute toxicity
Short term studies of toxicity
Long-term studi es of toxicity and carcinogenicity
Genotoxicity
Reproductive toxicity
Mul ti generation reproductive toxicity
Devel opnental toxicity
Speci al studies
Enzynme i nduction
Pronoti on
| mmunot oxi city
Neur obehavi oural effects and neurotoxicity
Ef fects on sperm
Endocrine effects
Qbservations i n humans
Coment s
Toxi col ogi cal eval uation
Ref er ences

Expl anati on

Endosul fan (6, 7, 8,9, 10, 10- hexachl oro-1, 5, 5a, 6, 9, 9a- hexahydr o- 6, 9-
met hano- 2, 4, 3- benzo- di oxat hi epi n-3-oxi de), an insecticide, has been
eval uat ed toxicol ogically on several occasions by previous Joint
Meetings (Annex 1, references 2, 4, 8, 10, 38, 44, and 56), the | atest
bei ng the 1989 JMPR (Annex 1, reference 56), when an AD of O0-0.006
ng/ kg bw was established. Endosul fan was revi ewed by the present
Meeting within the Periodic Review Progranme of the Codex Conmittee on
Pesticide Residues. In this evaluation, full use was made of the
revi ew of endosul fan prepared by the Australian National Registration
Authority, the entire version of which may be obtained at
http://ww. dpi e. gov. au/ nra/ prsendo. ht Ml . Thi s nonograph sumrari zes the
new data and rel evant data fromthe previ ous nonographs and nonograph

http://www.inchem.org/documents/jmpr/jmpmono/v098pr08.htm (1 of 51)23/12/2003 11:14:34
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addenda on endoslufan (Annex 1, references 4, 9, 11, 39, and 58)
Eval uation for acceptable daily intake

1. Biochem cal aspects

(a) Absorption, distribution, and excretion

When radi ol abel | ed endosul fan was adm nistered to mce as a
singl e dose of 4 ng/ kg bw by gavage, a single dose of 4.7 ng/kg bwin
the diet, or a 21-day administration of 2.4 ng/kg bw per day in the
di et, nost of the radiol abel was recovered fromthe faeces. Wthin
three weeks after cessation of treatnent, a total of 87-100% of the
adm ni stered dose was recovered, with little difference with dosing
regine. Wiile biliary excretion was not studied, the percent of
chem cal absorbed after oral dosing would appear to have been noderate
to high. Three weeks after the final admnistration, the residues in
tissues were greater in animals fed the compound for 21 days, the
hi gher concentrations being found in the liver (about 2 ppn) and
spl een (about 1.4 ppn) at this tinme. Little residue was found in the
ki dneys and fat, even after repeated adm nistration, and there was no
accunul ation of radiol abell ed endosul fan residues (Christ & Kell ner,
1968) .

Single oral doses of 0.3 ng endosulfan and its two isoners
adm nistered to male Balb/c mce were not conpletely absorbed fromthe
gastrointestinal tract but were excreted with the nmetabolites
endosul fan sulfate and diol in the faeces. Only the diol netabolite
was excreted via the urine; the sulfate nmetabolite was the only form
of endosul fan found in tissues, with relatively |large anmounts in
liver, small intestine, and visceral fat and trace amounts in nuscle
and ki dney. \Wen endosul fan was fed to Balb/c mce in the diet at a
concentration of 10 ppmfor up to 49 days, the sulfate netabolite was
detected in the liver and visceral fat of all animals. Both isomners
and the sulfate and diol netabolites of endosul fan were detected in
the faeces, while the only endosul fan product detected in the urine of
these animals in this early study was the diol netabolite. After a
singl e dose of up to 0.3 ng 14C- | abell ed endosul fan to Bal b/c mice,
about 65% of the radiol abel was recovered; the faeces accounted for
t he hi ghest concentrations, followed (in rank order) by visceral fat
> urine > small intestine > kidney > brain > expired carbon
di oxi de > bl ood (Deenm et al., 1966).

At the end of a 24-nonth study in which NVRI mice were given
diets containing 0, 2, 6, or 18 ppmtechnical -grade endosul fan (see
Donaubauer, 1988), the concentrations of endosulfan and its main
net abol i t es endosul fan hydroxyether, sulfate, |actone, and diol were
nmeasured in the liver and kidneys. No endosul fan was detected in
either the liver or the kidney. In mce given 18 ppm endosul fan, the
concentrations of the hydroxyether, |actone, and diol netabolites were
at or below the |l evel of detection (0.02 ppnm), while the endosulfan
sul fate concentrations were 0.1-0.2 ppmin kidney and 0.7-1.1 ppmin
liver. The tissue concentrations of endosulfan sulfate in mce at 2,
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6, and 18 ppm respectively, were: kidney, 0.2-0.4 ppm 0.04 ppm and

0.1-0.2 ppm and liver, 0.06-0.07 ppm 0.12-0.45 ppm and 0.7-1.1 ppm
(Leist, 1989a).

After oral or intravenous administration of 14C endosulfan to
mal e and female Wstar rats at a dose of 2 or 0.5 ng/ kg bw,
respectively, > 80% (intravenous) or 90% (oral) of the dose was
elimnated in the urine and faeces within seven days; elimnation was
essentially conplete within the first 1-2 days. The half-lives for
urinary and faecal elimnation for males and fenmal es were bi phasic,
with an earlier half-life of 6-14 h and a |later half-life of 33-67.5
h. Elimnation in urine of the intravenous and oral doses,
respectively, accounted for 11 and 13% of the dose in nales and 2 and
24% of the dose in fenmales; the corresponding figures for elimnation
in faeces were 65 and 82%in nmales and 60 and 72% in fenmal es. The
hi ghest tissue concentrations were found in the kidneys (1.8 ppm,
liver (0.23 ppmin males; 0.48 ppmin fermales), and retroperitoneal
fat (0.16 ppmin females). The concentrations of residues were < 0.1
ppmin all other tissues exam ned. The absorption of endosul fan was
estimated to be 60-70% on the basis of a conparison of areas under the
curve after intravenous and oral adm nistration and about 90% on the
basis of a conparison of elimnation of radiol abel adm nistered by the
two routes (Table 1; Kellner & Eckert, 1983; Stunf & Lehr, 1993).

14C- Endosul fan (al pha or B isomer) was rapidly excreted by
female rats after a single oral dose of 2 ng/kg bw or adm nistration
in the diet at a concentration of 5 ppm After a single oral dose,
> 85% was excreted within 120 h (> 70% after 48 h), mainly in the
faeces and to a | esser extent in the urine. After dietary
adm ni stration for 14 days, followed by a 14-day recovery peri od,
> 72% of the adm ni stered dose was recovered. Biliary excretion of
radi ol abel in male rats given 1.2 ng/ kg bw as a single dose approached
50% for the al pha isoner and 30% for the B isomer over 48 h. There
appeared to be little enterohepatic circulation. The tissue
concentrations of residues were generally highest in the kidneys and
liver and |ower in other tissues, including fat. At the end of the
14-day recovery period, residues were confined to the kidneys and to a
| esser extent the liver, with half-lives of about seven days in
ki dneys and three days in liver. By far the | argest proportion of the
radi ol abel adm ni stered was netabolized to highly polar products, nost
of which could not be extracted fromfaeces (28% or tissues (71%. O
the extractable fraction, unidentifiable polar netabolites constituted
6.2%in faeces and 13%in urine. The apolar netabolites of endosulfan
identified in faeces and urine were the diol, the l[actone, the
al pha- hydr oxyet her, and the sulfate. The nmetabolites occurred at
simlar concentrations, ranging from3.4 to 9.1% of the radiol abel in
the urine of rats given single doses and from2.4 to 4.2%in the urine
of rats given endosulfan in the diet. The three apolar netabolites
(endosul fan diol, hydroxyether, and | actone) accounted for 7.5% of the
singl e dose and 3.2% of the dietary dose in the urine, 9% of the
adm ni stered dose in bile, and 21%in faeces. No accunulation in fatty
ti ssues was found (Dorough et al., 1978). A netabolic schene is
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presented in Figure 1.

Tabl e 1. Pharmacoki netics of 14C-endosulfan in rats after oral and intravenous

adm ni stration

Phar macoki neti c paraneter Oal (2 ng/ kg bw) I nt ravenous
(0.5 nmg/ kg bw)
Trax Mal es, 3-8 h; females, 18 h Mal es and
females, 5 mn
Crrax Mal es, 0.25 %= 0.06 pg/ni; Mal es and
femal es, 0.18 + 0.04 pg/ m
femal es, 0.18 + 0.05 pg/ m
Elimnation half-life Mal es (biphasic), 8 h, 110 h Mal es
(triphasic), 0.77 h, 12.5 h, 157 h
Femal es (nonophasic), 75 h Femal es
(bi phasic), 1.2 h, 47 h
Faecal excretion Mal es, 82% females, 72% Mal es, 66%
femal es, 59%
Urinary excretion Mal es, 12% fenales, 22% Mal es, 13%
femal es, 24%
Urinary excretion half-life Mal es (biphasic), 6.2 h, 67.5 h Mal es
(bi phasic), 7.5 h, 60 h
Femal es (bi phasic), 5.6 h, 33 h Femal es
(biphasic), 7.6 h, 42 h
Faecal excretion half-life Mal es (biphasic), 7.7 h, 34 h Mal es
(bi phasic), 8.6 h, 34.5 h
Femal es (biphasic), 11.4 h, 30 h Femal es
(bi phasic), 13.6 h, 40 h
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Figure 1. Mamimalian metabolism and excretion of endosulfan
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M=t endosulfan metabalites are polar and are yet to be identified.

G oups of 24 nmal e Sprague-Dawl ey rats recei ved der mal
applications of [5a, 9al4C]-endosul fan at a dose of 0.1, 0.76, or 10
mg/ kg bw, w thout washing. Four animals fromeach group were killed at
0.5, 1, 2, 4, 10, and 24 h, and radiol abel was neasured in the
col l ected excreta and various organs and tissues, including the
application site after washing with soapy water. No skin irritation
was seen at the application site. Adsorption onto the skin was
essentially conplete within 0.5 h at all doses and accounted for
63-80% of the applied dose. Movenent away fromthe application site
was slow, with 73, 73, and 89% respectively, of the adsorbed doses
remai ning at the application site after 24 h. By 10 h, each group had
excreted less than 1% of the applied dose. By 24 h, the excretion was
11, 10, and 4% of the applied dose in the groups given 0.1, 0.76, and
10 ng/ kg bw, respectively (Craine, 1986).

Groups of 16 femal e Sprague-Dawl ey rats received der nal
applications of [5a, 9al4C]-endosul fan at 0.09, 0.98, or 11 ng/ kg bw,

http://www.inchem.org/documents/jmpr/jmpmono/v098pr08.htm (5 of 51)23/12/2003 11:14:34



950. Endosulfan (JMPR Evaluations 1998 Part 11 Toxicological)

and the site was washed with soapy water after 10 h. Four aninmals from
each group were killed at 24, 48, 72, and 168 h, and radi ol abel was
measured in the collected excreta and various organs and tissues,
including the application site. No skin irritation was seen at the
application site, and there were no signs of systemc toxicity.
Recovery of radi ol abel was 84-115% The anount of the applied dose
that was renoved by washing was 28, 47, and 69% respectively, at the
three doses. After 168 h, 63, 87, and 65% respectively, of the dose
that was not renoved by washing was either adsorbed on to the skin or
had penetrated and been distributed and excreted; an average of
2.4-3.3% of the adhering dose renained at the application site.
Excretion was maxi nal between 24 and 48 h, faeces accounting for about
two-thirds of the |abel. The total residues at 168 h represented 2.5,
2.3, and 1.3%of the applied dose (about 3.5, 4.3, and 4.2% of the
adhering dose) at the doses of 0.09, 0.98, and 11 ng/ kg bw,
respectively, and were present mainly in |iver and kidney (Craine,
1988) .

At the end of a 24-nonth study in which Sprague-Dawl ey rats were
given diets containing 0, 3, 7.5, 15, or 75 ppmtechnical -grade
endosul fan (see Ruckman et al., 1989), the concentrations of
endosul fan and its known netabolites, endosul fan hydroxyet her,
sul fate, lactone, and diol, were neasured in the liver and ki dneys. As
no quantifiable residues were detected in organs of rats at 15 ppm
the organs of animals at 7.5 and 3 ppmwere not investigated further.
Nei t her al pha- nor R-endosul fan, the substances adm nistered in the
diet, or any of the netabolites was quantifiable in either organ, with
t he exception of endosulfan sulfate in animals at 75 ppm which was
found at concentrations of 0.2-0.4 ng/kg in liver. No residues were
observed in the kidneys of this group (Dorn & Werner, 1989; Leist,
1989a) .

Twel ve |l actating goats were given endosul fan (purity unspecified)
in gelatine capsules at a dose of 1 ng/kg bw per day for 28 days. The
ti ssue concentrations of residues were generally | ow, the highest
bei ng detected on the first day after cessation of treatnent, with

0.29 ppmin kidney, 0.2 ppmin the gastrointestinal tract, and 0.12
ppmin liver. The concentrations in the kidney were increased one week
after treatnent, reaching 0.49 ppmon day 8, but no residues were
detected 21 days after treatnment ceased. Endosul fan residues did not
accunul ate in the fat; the concentrations reached 0.06 ppmon day 1
after the end of treatnent, but none were detected by day 8 after
treatnent (Indraningsih, et al., 1993).

G oups of three lactating Holstein cows were given diets
containing 0, 0.3, 3, or 30 ppm 4G endosul fan for 30 days. Between
days 7 and 29, the average concentrations in mlk were 3.4, 40, and
462 ppb endosul fan equivalents in the three groups. After the dosing
period, the | oss of radiolabel frommlk (nmeasured in one cow per
group) was 81% w thin seven days in the cow given 0.3 ppm and 96%
within 14 days in cows given 3 and 30 ppm (Bowran, 1959). The bl ood
concentrations rose during the first 21 days, to 0.15 and 1.97 ppm at
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the doses of 3 and 30 ppm respectively, but were always bel ow t he
detection level (0.06 ppm in the groups at 0.3 ppm The
concentrations of residues found at the three doses were: liver, 0.35,
2.45, and 25.3 ppm kidney, 0.05, 0.35, and 6.29 ppm and onental fat,
0.07, 0.71, and 7.08 ppm (Keller, 1959a).

Two | actating East Friesian sheep were given a single oral dose
of 0.3 ng/ kg bw 14C endosul fan and were killed after 40 days. The
radi ol abel was maximal in blood after 24 h, when it was equivalent to
0.07 pg/ M. The total radiolabel elimnated in ml|k over 17 days was
0.37% and 1.82% of the dose in the two sheep, respectively. Radi ol abe
was excreted mainly via the urine (41% and faeces (50% . About half
of the 50%in faeces was unnetabolized endosul fan. Fat, kidney, and
liver of the sheep contained 0.02-0.03 pg/g endosul fan; all of the
remai ning tissues had considerably | ower concentrations. The total
radi ol abel found in organs and tissues accounted for < 1% of the
adm ni stered dose (CGorbach et al., 1965).

In pigs fed endosulfan at 2 ppmin their diets for up to 81 days,

t he compound was detected in fatty tissue at concentrations of 0.07,
0.09, and 0.04 ppm after 27, 54, and 81 days of treatnent, nuch |ess
than the residues seen after admnistration of 7 ppmDDT: 8.3, 9.1,
and 9.7 ppmafter 27, 54, and 81 days treatnent, respectively. Liver
and muscl e contai ned about 15-fold | ess DDT residues than fat. Thus,
whil e much | ess endosul fan was found in fatty tissues, it does not
appear to bi oaccunul ate as does DDT ( Mai er-Bode, 1966).

The system c absorption of endosul fan over 96 h after derma
adm nistration to two rhesus nonkeys of single doses of 2.2-3 ng/kg bw
of an aqueous suspension of 4G endosul fan (purity, 94.6% for 10 h
was 22% of the adm nistered dose. An additional 11%remained in the
skin, 10.5%was found in the carcass, and 4.3 and 3. 7% of the
adm ni stered dose was excreted in faeces and urine, respectively;
however, as only 50% of the adm nistered dose was recovered, the
figures calculated for absorption may not be accurate indications of
the extent of dermal absorption of endosul fan. A plateau was reached
in blood and plasma concentrations at 36 h, and there may have been no

significant additional dermal absorption after that tine.
Concentrations in the liver, kidneys, and fat were hi ghest (0.48,
0.083, and 0.23 ppm respectively), while there were negligible
concentrations in the brain (Lachmann, 1987).

In a study of the penetration of endosul fan through rat and human
skin in vitro, radiol abelled endosul fan formnul ated as an
enul sifiable concentrate containing 353 g/L endosul fan, which had been
diluted to concentrations of 0.4-4 ng/m in water, was applied at
nomi nal doses of 0.01, 0.1, and 1 ng/cn? to rat and human skin
nmounted in derrmal penetration cells. The rate of penetration was, on
average, 4.3 times greater through rat skin than that of humans. The
percent age of the applied dose varied with the concentration: 61% of
the | owest dose applied to human skin and 96% of that applied to rat
skin penetrated, and 20% of the highest dose applied to human skin and
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40% of that applied to rat skin penetrated. Wen the skin was washed
10 h after application, the amount of endosul fan that penetrated
decreased to 4% in the human and 9% in the rat skin. Endosul fan that
passed t hrough human skin was netabolized or degraded to a greater
extent than that which passed through rat skin (Noctor & John, 1995).

2. Toxicol ogi cal studies
(a) Acute toxicity

The LDgy of endosul fan varies w dely depending on the route of

adm ni stration, species, vehicle, and sex of the animal (see Table 2).
Certain other reports are available, but it has been argued that nost
of them are not acceptable by current standards (Brenmer & Lei st,
1998). Fenmle rats are clearly nore sensitive than male rats, and, on
the basis of a single study, this sex difference appears to apply to
m ce al so. Endosulfan is generally highly toxic after oral and

i nhal ati on exposure. The |owest oral LDy value is 9.6 ng/kg bw in

femal e Sprague-Daw ey rats.

The i soners of endosul fan al so show high acute toxicity after
oral admi nistration. The clinical signs of poisoning include
pi |l oerection, salivation, hyperactivity, respiratory distress,
di arrhoea, trenors, hunching, and convul sions. Like endosulfan, its
nmet abolites were nore or |less toxic according to the vehicle used and
t he speci es exposed. In general, the toxicity of the |actone and
sulfate netabolites was simlar to or less than that of the parent
conmpound, while the hydroether, ether, and, in particular, the diol
were far less toxic. The clinical signs of poisoning were simlar to
t hose i nduced by the parent conmpound and i ncl uded pil oerection,
salivation, hyperactivity, respiratory distress, diarrhoea, trenors,
hunchi ng, and convul si ons.

Phenobarbital was an effective therapeutic nmeasure agai nst an
absolute | ethal dose of endosulfan in rats, reducing the clinica
signs of poisoning and the nortality rate. D azepam was not effective
(Ebert & Weigand, 1984).

Table 2. Acute toxicity of technical-grade endosulfan and its isomers and
net abol i tes

Speci es Strain Sex Rout e Vehi cl e
LDsg Ref erence
(no/
kg bw)
Techni cal - grade endosul f an
Rat Spr ague- Daw ey M O al 25% in food 2
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800
Rat
45

43
110
15
87
160

23

Rat
40

Rat
9.6

Mouse
35

Mouse
14

Dog
77

Rat
000

Rat
500

Rabbi t
290

Rabbi t
1 000

Rabbi t
000-2 000

Rat
21 000

n? for
Rat

mg/ n?

1 h

4 h
Rat
mg/ md

4 h

Tabl e 2.

Bracha (1977)

Spr ague- Dawl ey F
Bracha (1977)
CD M F
Li ghtow er & Gardner (1978)
Haf f ki ne M
Bhi de & Nai k (1984a)
Haf f ki ne F
Bhi de & Nai k (1984a)
Hol t zman M
El sea (1958)
W st ar M
D ehl & Leist (1988a)
W st ar F
Di ehl & Leist (1988a)
Spr ague- Daw ey M
Reno (1975)
Spr ague- Daw ey F
Reno (1975)
Kasaul i M
Bhi de & Nai k (1984b)
Kasaul i F
Bhi de & Nai k (1984Db)
Mongr el M F
Nogam (1970)
HoeW SKf M
D ehl & Leist (1988b)
HoeW SKf F
Diehl & Leist (1988b)
NS M
Bhi de & Nai k (1984c)
New Zeal and M
Bracha (1977)
New Zeal and F
Bracha (1977)
Spr ague- Dawl ey M F
Bracha (1977)
W st ar M

Hol | ander & Wei gand (1983)

W st ar F
Hol | ander & Wei gand (1983)

(conti nued)

O al

O al

O al

O al

O al

O al

O al

O al

O al

O al

O al

O al

Der mal 2

Der mal 2

Der mal 2

Der mal 2

Der mal 2

| nhal ati on

| nhal ati on

| nhal ati on

25% in food

Mai ze oil

Corn oil

2% st arch 100-

2% st arch

5% CMC

5% CMC

Tween 80

Tween 80

Gel atin capsul e
> 4
500-
1
>
g/

Et hanol + PEG 35
for

Et hanol + PEG 13
for

http://www.inchem.org/documents/jmpr/jmpmono/v098pr08.htm (9 of 51)23/12/2003 11:14:34



950. Endosulfan (JMPR Evaluations 1998 Part 11 Toxicological)

Speci es Strain Sex Rout e Vehi cl e

LDsg Ref er ence
(mo/

kg bw)

Endosul f an al pha i soner

Rat O al
76 Coebel et al. (1982)

Mouse Al bi no F O al Tween 80
11 Dorough et al. (1978)

Endosul fan 3 i somer

Rat O al
240 Goebel et al. (1982)

Mouse F O al Tween 80
36 Dorough et al. (1978)

Endosul fan sul fate

Mouse Al bi no F O al Tween 80
8 Dorough et al. (1978)

Rat W st ar F O al Starch suspensi on
76 Hol | ander & Kraner (1975a)

Rat W st ar M O al
570 Ehling & Leist (1991a)

Rat W st ar F O al
40 Ehling & Leist (1991a)

Dog Beagl e M O al St arch suspensi on
15 Hol | ander & Kraner (1975b)

Rat W st ar M Der mal 2
700 Ehling & Leist (1991b)

Rat F Der mal
280 Ehling & Leist (1991b)

Endosul f an di ol

Mouse Al bi no F O al Tween 80 > 2
000 Dor ough et al. (1978)

Rat F O al Starch suspensi on > 1
500 Hol | ander & Kranmer (1975c)

Rat Al bi no F O al >
15 000 Wei gand (1982a)

Rat W st ar M F O al > 5
000 Ehling & Leist (1991c)

Mouse Al bi no F O al Tween 80
120 Dorough et al. (1978)

Rat F O al St arch suspensi on 1
750 Hol | ander & Kraner (1975d)

Rat W st ar M F Der mal > 2
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000 Ehling & Leist (1991d)

Tabl e 2. (conti nued)

Speci es Strain Sex Rout e Vehi cl e

LDsg Ref er ence
(mgy/

kg bw)

Endosul f an et her

Mouse Al bi no F O al Tween 80
270 Dorough et al. (1978)

Rat F O al Starch suspensi on >
15 000 Hol | ander & Kranmer (1975c)

Rat Al bi no F O al >
15 000 Wei gand (1982b)

Endosul f an hydr oxyet her

Mouse Al bi no F O al Tween 80
120 Dorough et al. (1978)

Rat F O al St arch suspensi on 1
750 Hol | ander & Kraner (1975d)

Endosul f an | act one

Mouse Al bi no) F O al Tween 80
120 Dor ough et al. (1978)

Rat W st ar F O al Starch suspensi on
290 Hol | ander & Kranmer (1975e)

Rat W st ar M O al Starch suspensi on
160 Hol | ander & Kranmer (1975f)

Rat MF Oal Sesane oi
100/ 120 Kramer & Weigand (1971)

M male; F, fenale; CMC, carboxy nethyl cellul ose; PEG polyethylene glyco

a 24 h on intact skin

The dermal irritancy of technical-grade endosul fan (purity,
98.6% was tested in three New Zeal and white rabbits by clipping the
hair froma dorsal area of about 25 cn? and 24 h |ater applying 500
ng endosul fan noi stened with deionized water on a 6.25-cn? cel |l ul ose
pat ch, which was then covered with a sem -occl usive bandage. Exposure
was for 4 h, after which the test material was renoved with warm
tap-water. The exposed area was exam ned 0.5-1, 24, 48, and 72 h after
renoval of the patch. On the basis of the evaluation system defined by
EEC guideline B.4 ('Acute toxicity skin irritation' of Directive
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92/ 69/ EEC), the overall nean scores for dermal irritation were O for
bot h erythema and eschar formati on and oedema formation. No signs of
systemic toxicity were observed (Bremmrer, 1997a).

The ocular irritancy of technical -grade endosul fan (purity,
98.6% was tested in three New Zeal and white rabbits by applying 100
ng to the conjunctival sac of one eye of each rabbit; the other
untreated eye served as the control. The eyes were exposed for 24 h,
after which the endosul fan was washed out, and the eyes were exam ned
for ocular lesions 1, 24, 48, and 72 h later. On the basis of the
eval uation system defined by EEC guideline B.5 ('Acute toxicity eye
irritation' of Directive 92/69/EEC), the overall nmean scores for
irritation were 0.66 for redness of conjunctiva, 0 for chenosis of
conjunctiva, 0 for opacity of cornea, and 0.11 for irritation of the
iris. No signs of systemc toxicity were observed. Endosul fan was not
irritating to the eye (Bremmer, 1997b).

The cutaneous all ergenic potential of endosulfan (purity, 98.6%
was exam ned in 20 treated and 10 control nale al bi no gui nea-pigs. The
maxi mal tol erated concentration of endosul fan suitable for the
i nduction phase of the main study and a suitable non-irritating
concentration of topically applied endosulfan were identified for the
chal l enge application in a prelimnary study. For intradernma
i nduction, injection of 0.1 ml of a 0.5%solution in corn oi
emulsified 1:1 (v:v) with Freund' s conpl ete adjuvant was sel ected. One
week after these injections, a 6-cn? patch of filter paper saturated
with about 0.3 ml of a 50%solution of endosulfan in corn oil was
applied to the shaved skin of each guinea-pig, and the area was
occluded with alum niumfoil secured by inperneabl e adhesive tape,
which was left in position for 48 h. Irritation was assessed 24 and 48
h later. On test day 22, the guinea-pigs were challenged with the
non-irritating 50% endosul fan in corn oil applied as during the
i nduction phase. The dressing was left in position for 24 h. The
application sites were assessed for erythema and oedema 24 and 48 h
ater. On the basis of the evaluation system defined by EEC guideline
B.6 ("Acute toxicity -- Skin sensitization' of Directive 92/69/ EEC)
none of the treated gui nea-pi gs devel oped skin reactions. Endosul fan
was therefore considered to be non-sensitizing for guinea-pig skin
(Arcelin, 1996).

(b) Short-termtoxicity
M ce

G oups of 10 male and 10 fermal e Hoe: NMRKf mice were fed diets
contai ni ng endosul fan at a concentration of 0 or 18 ppm for six weeks,
equal to 0 or 3.7 ng/ kg bw per day for males and 0 or 4.6 ng/ kg bw per
day for fenmales, to determ ne whether 18 ppmwas the NOAEL in this
strain, as it was found to be in CD-1 mce in a three-nmonth study
(Barnard et al., 1984). There were no clinical signs attributable to
treatnment. The nmean food intake of mce receiving endosul fan was
slightly decreased in males and slightly increased in females. Mean
body-wei ght gain was reduced in treated nmal es during the second hal f
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of the experinment but was slightly increased in femal es throughout the
experinment. Two treated femal es died, on days 28 and 38; the causes
were not established, but no histol ogical changes were found in the
nouse that was not autol ysed. The absolute and rel ative weights of the
liver of males and fermal es at 18 ppm were higher than those of
controls and statistically significantly so in females (17 and 12%
respectively). A NOAEL was not identified, as an increase in |liver

wei ghts was seen in fenmales at the only dose tested (Donaubauer et

al ., 1985).

Goups of 20 CD-1 mice of each sex were fed diets containing
endosul fan (purity, 97.2% at a concentration of 0, 2, 6, 18, or 54
ppm for three nonths, equal to 0, 0.24, 0.74, 2.1, and 7.3 ng/ kg bw
per day for males and 0, 0.27, 0.8, 2.4, and 7.5 for fermales. dinical
signs attributable to treatnent, consisting of convul sions and
salivation, were seen in one nmale and one fenmal e at the high dose.
There was a marked treatnent-rel ated decrease in the survival rate
(about 50% of nale and female mce at the high dose; the nean food
i ntake of these animals was significantly reduced for the first two
weeks of the study, and the nmean body-wei ght gain of nales at the high
dose was reduced during the first week of treatnent. A significant
reduction in neutrophil count was observed in nales at 54 ppm at week
6 (72% p < 0.01), and a |lower count (629, which was not
statistically significant, was al so observed at week 13. The bl ood
gl ucose concentration was reduced by about 11%in fenmales at all doses

(p < 0.01) at week 6, and the serumlipid concentration was
increased by 15%in females at 54 ppmat week 13. The NOAEL was

18 ppm equivalent to 2.1 ng/ kg bw per day, on the basis of
convul sions and salivation, decreased survival, and increased serum
lipid concentrations at 7.3 ng/ kg bw per day (Barnard et al., 1984).

G oups of 10 four-week-old ddY mce of each sex were fed diets
contai ning technical -grade endosul fan (purity, 91.4% at
concentrations of 0, 10, 30, 100, or 300 ppm equal to O, 1.2, 4.1,

15, and 42 ng/ kg bw per day in nales and 0, 1.4, 4.7, 14, and 42 ny/kg
bw per day in females, for 12 nonths. There were no apparent
treatnent-related clinical signs or deaths. Ml es at the high dose
showed a small (1% but significant decrease in mean corpuscul ar

vol une, and transient, non-dose-rel ated increases in haenogl obin
(11%, haenmatocrit (4%, and eosinophil counts (33% were seen in

mal es at 30 ppm A significant decrease in serum aspartate

am notransferase activity was seen in males at 100 and 300 ppm and a
decrease in bilirubin concentration in nmales at the high dose. The
only change in organ weights was a dose-related increase in the

rel ati ve wei ght of the adrenals in fenales, which was about 30% and
statistically significant at 300 ppm There were no treatnment-rel ated
changes on gross pathol ogi cal exam nation; the histopathol ogi ca
effects consisted of dose-rel ated granul omat ous changes in the liver
and | ynph nodes. In the liver, granuloma, giant-cell infiltration,
and/or large histiocytic cells filled with brown pignment were found in
treated mce; these effects were significant at 100 and 300 ppm In
the | ynmph nodes, giant-cell infiltration and/or reticul oendotheli al
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cell proliferation were found at the same doses. Testicul ar atrophy
was seen erratically, with incidences of 30, 70, 33, 50, and 80%in
the five groups, respectively, but was not considered to be related to
treatnment. The NOAEL was 30 ppm equal to 4.1 ng/ kg bw per day, on the
basis of histological findings in the liver and |ynphatic system (Ara
et al., 1981).

Rat s

G oups of male albino rats were given endosul fan in peanut oil by
gavage at a dose of 0 or 11 ng/kg bw per day for 30 days. In addition,
t he possible interaction between endosul fan and the chenosteril ant,
net epa, was investigated in groups of rats receiving either netepa
al one at 30 ng/ kg bw per day for 30 days or in conbination with
endosul fan at 11 ng/ kg bw per day. There were three deaths in the
endosul fan-treated group. Endosul fan al one had no significant effect
on body wei ghts, organ wei ghts, blood chem stry, or histopathol ogi cal
appearance. No potentiation of the toxicity of netepa was seen (Nath
et al., 1978).

G oups of 100 male SPF Wstar rats were fed diets containing
techni cal -grade endosul fan (purity, 97.9% at concentrations of 360 or
720 ppm equal to 34 and 68 ng/ kg bw per day for four weeks. Twenty
control rats received diet alone. Fifty treated and 10 control aninmals
were mai ntained for an additional four-week wthdrawal period. The
obj ective of the experinent was to determ ne the toxicol ogical
significance of yellow, granular deposits observed in the proximal
convol uted renal tubules in a 13-week and a two-generation feeding
study. One rat in each treated group died, with no signs of poisoning.
The behavi our and general condition of the rats and their food and
wat er consunption were unaffected by treatnent, and body-wei ght gains
were conparable in treated and control groups. Enlargenent of the
liver was observed in rats at 360 and 720 ppm at the end of the
treatnment period, and the kidney and brain weights were significantly
el evated in those at 720 ppm these treatnent-rel ated changes in organ
wei ght s had, however, disappeared by the end of the w thdrawal period.
The ki dneys of treated rats were darkly discoloured, but their
appearance had returned to nornmal by the end of the w thdrawal period.
Hi st opat hol ogi cal exam nation by light and el ectron m croscopy showed
granul ar pignmentation and |arger, nore numerous |ysosones in rena
proxi mal tubule cells after treatment; these changes had decreased by

the end of the w thdrawal period, and no |ysosonal changes were found
in brain or liver. Analysis of residues showed that storage of

al pha- endosul fan was dose- dependent, tenporary, and confined to the
ki dney, where it was detected as endosul fan sul fate and endosul fan

| actone. The anount of R-endosul fan was 230 tinmes | ess than that of

al pha- endosul fan. The concentrations of the sulfate and | actone

nmet abolites were many tinmes lower in liver, and only traces of

endosul fan remained in the kidney at the end of the w thdrawal period
(Lei st & Mayer, 1987).

Groups of 15 nale and 15 fenmale Wstar rats were exposed by
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i nhal ation to technical -grade endosulfan (purity, 97.2% at a
concentration of 0, 0.5, 1, or 2 ng/md air for 6 h/day, five days per
week for 29 days, for a total of 21 exposures. One male rat at the
hi gh dose was enaci ated, had a pale skin, and adopted a hi gh-1 egged
position; no other clinical signs were seen in the treated animals. No
neur ol ogi cal di sturbances, opacity of the refractive media, inpairnent
of dental growth, or changes in the oral mucosa were seen. The
body-wei ght gain of nmales at the high dose tended to be depressed from
day 20 of exposure until day 29, the end of the recovery period, but
no ot her changes in body-weight gain or food consunption were seen
Non- dose-rel ated increases in erythrocyte and haenogl obi n
concentrations were seen at the end of exposure, but not at day 29;

t hese concentrations were reported to be within normal ranges for this
strain of rat. Apart froma transient, non-dose-related increase in
creatinine concentration and a decrease in serum aspartate

am notransferase activity in femal es at the high dose, no
treatnment-rel ated change in blood chem stry was noted, and no

hi st ol ogi cal changes were seen in any of the rats (Hollander et al.,
1984)

Techni cal - grade endosul fan (purity, 97.2% was applied in a
solution in sesane oil to the shaved skin of the nape of groups of six
Wstar rats of each sex 21 tines over 30 days, for 6 h/day on five
days per week under an occl usive bandage. Ml es were given a dose of
0, 12, 48, 96, or 190 ng/ kg bw per day, and fenml es received 0, 3, 6,
12, or 48 ng/ kg bw per day. In males, deaths and clinical signs of
poi soni ng consisting of trenors, tonoclonic convul sions, and/or
hypersal i vati on were observed only at the highest dose. In fenales,
clinical signs of poisoning were observed at > 2 ng/ kg bw per day;
deat hs occurred mainly in the group receiving 48 ng/ kg bw per day,
al t hough single aninmals died on day 18 after receiving 3, 6, or 12
ng/ kg bw per day, none having shown signs of poisoning. Serum
cholinesterase activity was 33% |l ower in males at 192 nyg/ kg bw per
day, whereas the activities of the erythrocyte and brain enzynes were
reduced by 12 and 7% respectively. In females at 48 ng/ kg bw per day,
serum chol i nesterase activity was 21% |l ower than in controls, and
there were no effects in the activities of erythrocyte and brain
enzynes. The NOAEL was 6 ng/ kg bw per day (Ebert et al., 1985a,b).

Techni cal - grade endosul fan (purity, 97.2% as a solution in
sesane oil was applied to the shaved skin of the nape of groups of six
mal e and six female Wstar rats 21 tinmes over 30 days, for 6-h periods
under an occl usive bandage, at doses of 0, 1, 3, 9, 27, or 81 (nales
only) ng/ kg bw per day. No signs of toxicity were observed in nales or
females at 1 and 3 ng/ kg bw per day, but two males at 9 ng/ kg bw per
day died, one on day 5 with no previous signs of poisoning and the
other on day 8 after piloerection, hypersalivation, blood-encrusted
nose, stagger, and dyspnoea. There were no deaths anong nal es at 27
ng/ kg bw per day, but three at 81 ng/kg bw per day died. None of the
femal es at 9 ng/ kg bw per day died and no clinical signs of toxicity
wer e observed, but five females at 27 ng/ kg bw per day di ed between
days 2 and 6 with no previous clinical signs of toxicity. Mcroscopic
changes were seen in the livers of animals at > 9 ng/ kg bw per day,
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consi sting of enlargenent of parenchynmal cells in the periphery and

| oss of cytoplasm c basoplilia. Serum cholinesterase activity was
statistically significantly reduced by treatnent, by 70-80%in nal es
at doses of 9-81 ng/ kg bw per day but in fermales by only about 40% at
9 nmg/ kg bw per day. Brain acetylcholinesterase activity was
statistically significantly reduced in nales at 9 (21%, 27 (28%, and
81 (24% ng/kg bw per day and in all treated femal es by 13-18% The
responses were not dose-related, and the observations in fenales are
probably not biologically significant. Since a |ater study did not
demonstrate a direct inhibitory effect of endosulfan on rat brain
acetyl cholinesterase activity in vitro, the reduced brain enzymne
activity found in this study was difficult to interpret. It is also
noted that serum enzyne activity was inhibited only at ruch hi gher
doses in the study of Ebert et al. (1985a,b). The two males at 9 ng/kg
bw per day that died had reduced or inmmture testes and/or sex organs,
and the livers of these animals has accentuated | obul ar markings. The
aut hors reasoned that these effects resulted froma

non- subst ance-rel at ed devel opnental disturbance already present before
treatment. No nechani smwas proposed for these effects, which were not
seen at hi gher doses. The NOAEL was 3 ng/ kg bw per day on the basis of
i nhibition of serumand brain cholinesterase activity and m croscopic
changes in the liver (Ebert et al., 1985b,c).

Endosul fan (purity not stated) as a solution in acetone was
applied daily to the shaved abdom nal skin of groups of 24 albino rats
of each sex for 30 days at doses of 0, 19, 38, or
63 ng/ kg bw per day for males and 0, 10, 20, or 32 ng/ kg bw per day
for femal es. There were no deaths. Al doses produced
hyperexcitability, trenor, dyspnoea, and salivation, which di sappeared
after one week. No significant changes in organ: body weight ratios
occurred, and there were no treatnent-associated effects on
hi st ol ogi cal, haematol ogi cal, or blood chem cal paraneters. Liver
al ani ne and aspartate am notransferase activities were reduced in
ani mal s of each sex at the | owest dose, but there were no further
reductions with increasing dose. Liver alkaline phosphatase and
| act at e dehydrogenase activities were increased in fenmales but not in
mal es, again with no increase with dose. Cholinesterase activities
were not neasured. A NOAEL was not identified (Dikshith et al., 1988).

G oups of 25 CD Sprague-Dawl ey rats of each sex were fed diets
contai ning technical -grade endosul fan (purity, 97.9% at
concentrations of 0, 10, 30, 60, or 360 ppm equal to 0, 0.64, 1.9,
3.8, and 23 ng/ kg bw per day for males and 0, 0.75, 2.3, 4.6, and
27 nmg/ kg bw per day for females, for three nonths. Five aninals of
each sex per group were muaintained for an additional four-week
recovery period. Three femal es died, one each at 0, 60, and 360 ppm
Slight but statistically significant, dose-related reductions in
erythrocyte counts and haenpgl obin concentrati ons were seen in nales
at > 30 ppmand in females at > 60 ppm but were within the
reported normal range for this strain and age of rat (Leist & Brenmer,
1998); increased nean corpuscul ar vol une was al so seen at these doses.
Femal es at 360 ppm had statistically significant decreases in plasma
and erythrocyte cholinesterase activities (nmeasured by the Ell man
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nmet hod) at week 12 (by 41 and 12% respectively), while increased
brain acetyl cholinesterase activity was observed at 60 and 360 ppm (19
and 20% respectively). In nmales at 360 ppm urinalysis showed a
nunber of reversible changes, including increased urine volune and
urinary protein concentrations and decreased specific gravity. G oss
exam nation reveal ed enl argenent of the liver in nales at 360 ppm and
of the kidneys at 60 and 360 ppm increases in the absolute weights of
the liver (18%, kidney (29%, and epididym des (8% were seen in
mal es and of the liver (21% and kidneys (10% in fenmales. The kidney
wei ghts remai ned significantly elevated in nmale rats at 360 ppm (15%
p < 0.01) at the end of the w thdrawal peri od.

Hi st opat hol ogi cal exami nation reveal ed traces of brown pignment in
scattered hepatocytes in 25% of nale rats and mininmal centril obul ar
enl argenment of hepatocytes in 25% of females at 360 ppm These changes
were not observed in rats at the end of the w thdrawal peri od.
Yel | ow sh di scol ouration of renal proxinmal tubular cells was seen in
mal es at all doses and in fermal es at 30-360 ppm the degree of
pi gmentation increasing in a dose-rel ated manner; however, no cel
death was associated with this finding. In addition, granular
pi gnentati on was seen in straight portions and occasionally in
proxi mal tubular cells in males at 60 and 360 ppm The yell ow
di scol ouration of the renal tubules in nmale rats had decreased by the
end of the w thdrawal period, but trace or mninmal pignentation was
still evident. In females at > 60 ppm the traces of pignentation
persisted. Males at 360 ppm al so had yell ow protein aggregation in the
proxi mal convoluted with intracytoplasm c eosinophilic droplets in the
tubul es. The increase in incidence and degree of the yell ow sh
di scol ouration of the proximal tubular cells appeared to be
treatnent-related, since it did not develop in control rats; however,
no adverse effects were reported that m ght be associated with these
findings alone. Al rats at 30 ppm showed either trace or m ni mal
di scol ouration and signs of granular or clunped pignent. O her
i nvestigations suggest that the yellow pignentation is no nore than an
i ndi cation that endosul fan and sone of its netabolites are being
tenporarily stored before urinary excretion, and that it is therefore
an indicator of exposure rather than an expression of toxicity.
Consequently, this effect was not considered in the evaluation. At
doses of 60 and 360 ppm other treatnent-related effects were al so

seen when the pignentation was present, including enlarged kidneys and
centril obul ar hepatocytes. No treatnment-related i ncrease in the

i nci dence of other renal effects was reported in animals at 10 ppm
The NOAEL was thus 10 ppm equal to 0.64 ng/ kg bw per day, on the
basi s of haematol ogi cal changes (Barnard et al., 1985).

(c) Long-termstudies of toxicity and carcinogenicity
M ce

G oups of 50 six- to seven-week-old B6C3F; m ce of each sex were

fed diets containing technical -grade endosul fan (purity, 98.8% at
ti me-wei ghted average concentrations of 3.5 or 6.9 ppmfor nmales and 2
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or 3.9 ppmfor females for 78 weeks. G oups of 20 controls received
untreated diet. There were no clear conmpound-related effects on
appear ance or behaviour in the treated groups, and the body wei ghts of
both nmal es and fenal es were unaffected by treatnent. The nortality
rate of males at the high dose was increased early in treatnment so
that, at the end of the experinent, the survival rates were 3/20
controls, 19/50 at the | ow dose, and 5/50 at the high dose. The
nortality rates of female mce were not affected by treatnment. No
treatnent-related clinical signs were recorded, and no
treatnent-rel ated neoplastic | esions were seen in the females. Ow ng
to the high early nortality rates, no conclusion could be drawn about
t he carci nogenic potential of endosulfan in nales. None of the

non- neopl asti ¢ changes seen in the kidneys and sex organs of nale and
female mce could be attributed to treatnent. The NOAEL for fenale
mce was 3.9 ppm equal to 0.58 ng/kg bw per day (US National Cancer
Institute, 1978).

G oups of 60 NVRI mce of each sex were fed diets containing
techni cal -grade endosul fan (purity, 97.2% at concentrations of 0, 2,
6, or 18 ppm equal to 0.28, 0.84, and 2.5 ng/ kg bw per day for mal es
and 0.32, 0.97, and 2.9 ng/ kg bw per day for females, for up to 24
mont hs. Ten mice of each sex per dose were killed at 12 and 18 nonths.
The behavi our and general health of the animls were not affected by
treatnent. The nortality rate of females at 18 ppmwas statistically
significant decreased at the end of the experinment: control, 45% 18
ppm 28% (p < 0.05); at week 78, the rates in these two groups of
fermal e m ce were 82 and 62% Survival anong treated nmal e m ce was not
statistically different fromthat of controls. The body wei ghts of
nmal es receiving 18 ppmwere slightly but significantly | ower than
t hose of controls during the first third of the study and renai ned
slightly but not significantly |ow throughout the remainder of the
study. In the other treated groups, there was a tendency to increased
body-wei ght gains, especially in the satellite groups killed at 12 and
18 nonths. No statistically significant changes were observed in
haemat ol ogi cal or clinical chem cal paraneters, and macroscopic
exam nation did not reveal any findings that were related to
treatnment. No statistically significant changes in organ wei ghts were
seen in treated animals at the end of the experinment; however, slight
but statistically significant changes in organ wei ghts were observed
in animals at 18 ppmat 12 and 18 nonths, consisting of decreased |ung

and ovary weights in females at 12 nonths and decreased |iver weights
in mal es and decreased ovary weights in femal es at 18 nont hs.

Hi st opat hol ogi cal exami nation did not reveal any effects that were
related to treatnment. No increase in the incidence of neoplastic or
non- neopl astic | esi ons was observed. The NOAEL was 6 ppm equal to
0.84 ng/ kg bw per day, on the basis of decreased body weights in nales
at 24 nonths and decreased weights of the liver, ovaries, and lung in
mal es and femal es at 12 and/or 18 nont hs (Donaubauer, 1988, 1989; Hack
et al., 1995).

Rat s
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G oups of 50 nmale and 50 fenal e Csborne-Mendel rats were fed
di ets containing technical -grade endosul fan (purity, 98.8% at
ti me-wei ghted average doses of 220, 410, or 950 ppmfor males and 220
or 400 ppmfor females for 78 weeks, with a return to control diets
for a further four weeks. Goups of 20 rats of each sex received
untreated diet. A highly significant norbidity rate was seen in male
rats and, by week 54, 52% of those at the high dose had died. A
dose-rel ated reduction in body weight was found in nales at all doses.
Hi st opat hol ogi cal exam nation showed a high incidence of toxic
nephropathy (> 90% in males at the | ow and hi gh doses and in
fermal es, but in none of the controls. Chronic renal inflammation was
observed in 40% of control nmales and 80% of treated nmales. The toxic
nephr opat hy observed was characterized as degenerative changes in the
proxi mal convol uted tubules at the junction of the cortex and nedul |l a,
Wi th associated cloudy swelling, fatty degeneration, and necrosis of
the tubular epithelium Sone tubul es had hyaline casts, and enl arged,
dar k- st ai ni ng regenerative tubular epithelial cells were observed
infrequently. In treated mal es, parathyroid hyperplasia was observed,
as were cal ciumdeposits in the stonmach, kidney, testis, aorta, and
mesenteric artery. A dose-related increase in the incidence of
testicular atrophy was seen in treated males, characterized by
degeneration and necrosis of the germnal cells lining the
sem ni ferous tubules and nultinucleated cells (fusion bodies),
resulting in aspermatogenesis. No treatnent-related effects were noted
in the reproductive organs of female rats. No treatnent-rel ated
neopl astic | esions were seen in female rats; owng to the high
nortality rate in males, no valid conclusion can be drawn about
carcinogenicity. A NOAEL was not identified, as treatnent-rel ated
changes occurred in the kidneys and the testis at all doses (US
Nati onal Cancer Institute, 1978)

G oups of 50 five-to-six-week-old Sprague-Dawl ey rats of each sex
were fed diets containing endosul fan (purity, 97.1% at concentrations
of 0, 3, 7.5, 15, or 75 ppm equal to O, 0.1, 0.3, 0.6, and 2.9 ny/kg
bw per day for nales and 0, 0.1, 0.4, 0.7, and 3.8 ng/kg bw per day
for females, for 104 weeks. Satellite groups of 20 aninmals of each sex
were retained for blood sanpling and exam nation at 104 weeks.
Reductions in body weights and body-wei ght gai ns were observed in
mal es (group nean, 17% at 104 weeks) and fenmal es (group nean, 18% at
104 weeks) at 75 ppm but no clinical signs of poisoning were seen at
any dose. No increase in nortality rates was observed in treated

groups. Increased incidences of enlarged kidneys in fenmal es and of
aneurysnms and enl arged | unbar |ynph nodes in nales were seen at 75
ppm Hi st opat hol ogi cal exam nati on showed that males at 75 ppm had an
i ncreased incidence of aneurysm and mar ked progressive

gl onerul onephrosis (controls, 20/70; 75 ppm 30/70). The commonest
neopl asnms were pituitary tunours in males and femal es and mammary
tunours in females, but the increased incidences did not appear to be
related to treatnment. The NOAEL was 15 ppm equal to 0.6 ng/ kg bw per
day, on the basis of reduced body wei ghts and pathol ogi cal findings at
hi gher doses (Ruckman et al., 1989; CGopinath & Cannon, 1990; Hack et
al ., 1995).
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G oups of 25 Wstar rats of each sex were fed diets containing
techni cal -grade endosul fan (purity unspecified) at doses of 0, 10, 30,
or 100 ppmfor up to 104 weeks; groups of five of each sex were killed
at 52 weeks. There were no treatnent-related clinical signs, and the
body wei ghts were unaffected, except for a nonsignificant decrease in
t he body wei ghts and food consunption of nales at the high dose. The
survival rate of treated femal es was reduced, the deaths being
associ ated predomnantly with respiratory infections. The wei ghts of
the testes of nales at 10 ppm were reduced by 7% with respect to
controls at 104 weeks (p < 0.05), and the kidney wei ghts were
significantly (p < 0.001) increased (by 16% in nales at the high
dose at 104 weeks. Hi stopathol ogi cal changes observed in nmales at the
hi gh dose at 104 weeks consisted of enlarged kidneys, mld-to-severe
renal tubular dilatation (12/12), mld-to-noderate formation of
i rregul ar al bum nous casts (10/12), pronounced focal nephritis (7/12),
and m | d-to-severe degeneration (11/12) of the renal tubular
epithelium At 104 weeks, female rats at the high dose showed m nima
degeneration of renal tubules (2/3) and sonme focal nephritis (1/3).
The | ow survival rate precluded a clear conclusion about the rena
changes in female rats. Mcroscopic alterations in the liver were seen
in 50% of nales at the high dose at week 104, consisting of foca
areas of hydropic cells, which were pale and swollen; the nuclei were
surrounded by a clear zone, and a few cells appeared to have
eosi nophilic cytoplasm c inclusions. Few fenmal es at the high dose
showed changes in liver cells. A few tunmours devel oped during the
experinment, but their occurrence was not dose-rel ated. The NOAEL was
30 ppm equal to 1.5 ng/kg bw per day, on the basis of effects on the
ki dney (Keller, 1959c).

Dogs

G oups of six beagle dogs of each sex were fed diets containing
techni cal -grade endosul fan (purity, 96.5% at concentrations of 0, 3,
10, or 30 ppmfor one year, calculated by the authors to be equival ent
to 0, 0.23, 0.77, and 2.3 ng/ kg bw per day. In addition, one group was
given a diet containing 30-60 ppm endosul fan, increasing in stages
from30 ppmfor 54 days, to 45 ppmfor 52 days, and 60 ppm for 19-40
days; these dogs were killed in extrem s before the schedul ed
conpl etion of the experinment and showed a nunber of signs of
poi soni ng, including tonic contraction and increased sensitivity to
noi se and optical stinmuli. Sonme animals given endosul fan at 30 ppm

t hroughout the 12-nonth study had violent contractions of the

abdom nal nuscles (w thout vomting), and males at this dose had
reduced body-wei ght gai ns t hroughout the study and slightly reduced
body weights in the |latter stages of the study, in conparison with
control animals. Cholinesterase activity was neasured in serum
erythrocytes, and brain, but difficulty appears to have been
experienced in nmeasuring these activities, and there were | arge
variations within groups for the brain enzyne, the group nean of which
was increased in dogs at 30 ppm No other effects related to treatnent
wer e observed, and no increase in the incidence of neoplastic or non-
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neopl astic | esions was observed in treated animals. The NOAEL was 10
ppm cal cul ated by the authors to be equivalent to 0.57 ng/kg bw per
day, on the basis of clinical signs and reductions in body wei ght
(Brunk 1989, 1990).

G oups of two male and two femal e nongrel dogs were given
techni cal -grade endosul fan in gelatin capsules at doses of 0, 3, 10,
or 30 ppm equivalent to 0, 0.075, 0.25, or 0.75 ng/ kg bw per day, on
si x days per week for one year. The group receiving 3 ppmwas given
100 ppmfor the first three days of treatnment, but clinical signs of
vom ting, trenors, convul sions, rapid respiration, nydriasis,
salivation, and tonic-clonic convulsions in one nmale and both fenal es
led to a reduction in the dose for the renmai nder of the study. No
clinical signs or treatnent-related effects on body-wei ght gain were
seen. Cinical chem cal and haematol ogi cal end-points were wthin
normal Ilimts, and kidney function was unaffected by treatnent. No
gross or histopathol ogi cal changes associated with treatnent were
noted. The NOAEL was 30 ppm equivalent to 0.75 ng/kg bw per day, on
the basis of clinical signs at the initial high dose (Keller, 1959b).

(d) Genotoxicity

Endosul fan was tested for genotoxicity in a wi de range of assays,
both in vitro (with and wi thout nmetabolic activation) and 1in vivo
(Table 3). There was no evidence of genotoxicty in nost of these
assays. In an assay for dom nant |lethal nutation in nmale Swi ss mce
gi ven endosul fan of a purity of 97.3% there was a significant change
in the result of mating during the sixth mating week in the group at
16.6 ng/ kg bw per day. The total nunbers of inplants per pregnhancy
were 9 in controls and 4.5 at the high dose; the nunmbers of live
i mpl ants per pregnancy were 9 in controls and 2.2 at the high dose;
and the nunmbers of dead inplants per pergnancy were none in controls
and 2.25 at the high dose (Pandey et al., 1990). Wile there is no
doubt about the statistical significance of these results, it is
unusual to find a true dom nant |ethal effect appearing so late in an
experinmental mating schedul e; however, it is not unknown, since a
reproduci bl e effect of this type was denonstrated with some gl yco
ethers (McGregor et al., 1983). In a |ater assay for dom nant |etha
mut ati on (Dzwonkowska & Hibner, 1991), nuch | ower doses were used, Sso
the results cannot be used as evidence for a non-reproducible effect.
Significant increases in the proportion of norphol ogically abnorm
sperm were al so observed in the study of Pandey et al. (1990), as well

Table 3. Results of assays for the genotoxicity of endosul fan

End- poi nt Test obj ect
Dose Resul t Ref er ence
(LED or HID)a
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In vitro

Differential toxicity B. subtilis rec strains H17 and M45

di sc Negat i ve?2 Shirasu et al. (1978)
Reverse mutation S. typhi nmurium TA100, TA1535,
pl at e Negat i veb Shirasu et al. (1978)

TA1537, TA1538, TA9S8;
E. coli WP2 uvrA

Gene conversi on S. cerevisiae, ™4
m Negat i veb Mel | ano & M| one (1984b)
Forward mnut ati on S. ponbe
m Negat i veb Mel | ano & M | one (1984a)
Unschedul ed DNA Mal e F344 rat primary hepatocytes
m Negat i ved Ci fone & Myhr (1984b)
synt hesi s
Gene nutation Mouse | ynphoma L5178Y cells,
[?] Negat i veb Cifone & Myhr (1984a)
tk locus
Chr onosonal Human | ynphocyt es
m Negat i veb Asquith & Baillie (1989)
aberration
Chr onosonal Human | ynphocyt es
m Negat i veb Pirovano & M| one (1986)
aberration
In vivo
M cronucl eus NMRI nouse bone-marrow cells
bw, Negati ve Jung et al. (1983)
formation
M cr onucl eus NMRI nouse bone-marrow cells
bw, Negati ve Mil I er (1988)
formation

Tabl e 3. (continued)

2000 pg/

5000 pg/

5000 pg/
500 pg/

51 pg/

75 ug/ n

200 pg/

200 pg/

5 nmg/ kg

po x 1

10 ng/ kg

po x 1

End- poi nt Test obj ect
Dose Resul t Ref er ence
(LED or HID) 2
Chr onosonal Al bino rat bone-marrow cells 55 mg/ kg, po X
5 Negati ve D kshith & Dotta (1978)

aberration
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Dom nant | et hal Mal e Swi ss m ce 16. 6 ng/ kg
bw, Equi vocal Pandey et al. (1990)
mut ati on ip x5
Dom nant | et hal Mal e Bal b/c mce 0. 64 ng/ kg
bw, Negati ve Dzwonkowska & Hubner
nmut at i on ip x1andip x
5 (1991)
Sper m nor phol ogy M ce 16. 6 ny/ kg
bw, Positive Pandey et al. (1990)
ip x5
Sper m nor phol ogy Mce in vivo 3 ng/ kg
bw, Posi tive Khan & Si nha (1996)
ip x 35
LED, | owest effective dose; H D, highest ineffective dose; po, oral; ip,

i ntraperitoneal

a |n the absence of exogenous netabolic activation;
exogenous netabolic activation

b In the absence and presence of exogenous netabolic activation

not tested in the presence of

as in a later study (Khan & Sinha, 1996) at
enmul si fiable concentrate.

| oner daily doses of a 35%

(e)
(i)

Reproductive toxicity
Mul ti generation reproductive toxicity

A prelimnary investigation was conducted to determ ne the doses
of endosulfan to be used in a two-generation study of reproductive
toxicity. Four groups of 10 male and 10 fenal e seven-week-old Crl:
COBS CD Sprague-Dawl ey rats were given diets containing
techni cal - grade endosul fan (purity, 97% at concentrations of 0, 50,
75, or 100 ppm for two weeks and subsequently throughout mating and
the rearing of offspring to weaning. Food consunption and body wei ghts
were decreased in adults at 75 and 100 ppm At term nal autopsy, the
mean wei ghts of the livers were significantly higher than the contro
value in all treated groups. Mting performance, pregnancy rate, and
the duration of gestation were unaffected by treatnent. The litter
wei ghts of dans were significantly decreased at 75 ppmand to a
greater extent at 100 ppmfromday 4 post partum No
treatnment-related abnornalities were found in the young (Edwards et
al ., 1982).

In a two-generation study of

reproductive toxicity with two

matings in each generation

four groups of six-week-old

Sprague-Dawl ey rats were fed diets containing technical-grade
endosul fan (purity, 97% at concentrations of 0, 3, 15, or 75 ppm
equal to 0.2-0.23, 1-1.2, and 5-5.7 ng/ kg bw per day for males and
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0.24-0.26, 1.2-1.3, and 6.2-6.9 ng/kg bw per day for fermales. The
group sizes were 32 of each sex for the Fy generation and 28 of each

sex for the Fy, generation. No clinical signs or deaths related to

treatment were observed during the study. Single deaths occurred anong
Fo females at 0, 3, and 15 ppm and anong F;, control females. Mting

performance and pregnancy rates were not affected by treatnent.
Statistically significant decreases in litter weight were occasionally
seen, but there was no effect on nmean pup weights or on litter size.
No treatnment-related effect on sex ratios was seen at any dose.

Statistically significantly increased relative kidney weights
were seen at 75 ppmin Fy and Fyp males, and statistically

significantly increased relative |liver weights were observed in Fj
mal es and fermales at 75 ppmand in Fy, females at 15 and 75 ppm The
effect at 15 ppmin F;, dans was not seen at this dose in any other

mati ngs. Yell owi sh di scolouration of cells in the proxinml convol uted
t ubul es were observed in male Fy, rats at 3, 5, and 75 ppmand in

female Fip rats at 75 ppm The incidence and extent of this effect

was dose-rel ated; traces of discolouration were seen at all doses, and
m ni mal di scolouration was seen in nmale rats at 15 and 75 ppm

Granul ar or clunped pignent was seen in proxi mal convol uted tubul ar
cells in nmales at the high dose, but these findings were not

associ ated with histopathol ogi cal evidence of renal danage. Wile the
i ncreased incidence of cellular discolouration was related to

treatnment, the finding is considered not to be toxicologically
significant as no adverse effects were seen on cells and the yell ow

pi gment was considered likely to be due to storage of endosul fan and
its netabolites in | ysosones before excretion (Annex 1, reference 58).
The presence of the pignent is thus an indication of exposure to
endosul fan rather than of toxicity. The NOAEL for maternal toxicity
was 15 ppm equal to 1 ng/kg bw per day, on the basis of increased
relative liver and kidney weights at higher doses. The NOAEL for
reproductive effects was 75 ppm equal to 6 ng/ kg bw per day, the

hi ghest dose tested (Edwards et al., 1984; Ofer, 1985).

(ii) Developnental toxicity
Rat s

Goups of mated fermale albino rats (strain and age unspecifi ed)
were given oral doses of O (20 rats), 5 (26 rats), or 10 (32 rats)
mg/ kg bw per day of endosulfan (purity unspecified) on days 6-14 of
gestation. No marked changes in behaviour or appearance were reported,
and the body weights of treated animals were simlar to those of
controls. The nunbers of pregnancies were 18, 20, and 21,
respectively. The danms were killed on day 21 of gestation. No
abortions occurred, but there was a significant increase in the
percent of litters with resorptions (5.5%in controls, 20% at 5 ng/ kg
bw per day, and 23% at 10 ng/ kg bw per day) and increased fetal
nmortality, although this effect was slight and was not dose-rel ated
(0, 2, and 1 in the three groups, respectively). Slight increases in
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the incidences of cerebral hypoplasia and enl argenment of the rena

pel vis were observed on visceral exam nation, but these effects were
not considered to be related to treatnent as they were al so seen in
control animals and the increases were small and were not
dose-dependent. No other increase in the incidence of viscera
abnormalities was reported. Skeletal exam nation showed statistically
significant increases in the incidences of absent fifth sternebrae and
of fetuses with inconplete ossification. A slight increase in the

i nci dence of absent fifth netacarpus, although not statistically
significant, was also seen in treated aninmals. These effects were not
considered to be related to treatnent, as their magnitude was smnal |
and they were not dose-dependent. No maternal toxicity was seen at any
dose. The level of reporting in this published paper was i nadequate
for identifying a NOAEL for devel opnental toxicity (Gupta et al.

1978) .

G oups of 25 mated CD Sprague-Dawl ey rats were given
techni cal - grade endosul fan (purity, 97.3% in corn oil by gavage on
days 6-19 of gestation at a dose of 0, 0.66, 2, or 6 ng/ kg bw per day.
The clinical signs in danms at 6 ng/ kg bw per day included flaccidity,
rough coat, al opecia, and hyperactivity. A dose-rel ated decrease in
mat ernal body-wei ght gain was seen at 2 and 6 ng/ kg bw per day. The
nunmber of inplantations and litter size were unaffected, but there was
a slight reduction in the weight and I ength of fetuses of dans at the
hi gh dose. A non-dose-related reduction in the percent of |ive fetuses
and an increase in the nunber of resorbed fetuses were seen at 2 ng/kg

bw per day. No statistically significant treatnment-rel ated effect on
the sex ratio was observed. No external variations or malformations
were seen at 0.66 or 2 ng/kg bw per day; at the high dose, 5/405
fetuses exhibited | ordosis (anteroposterior curvature of the spine)
and six had oedema. Al five of the fetuses with |ordosis and five of
those with oedema were froma single litter. In one fetus fromthe
same litter, the skin of the upper forelinb was webbed to the chest.
No significant treatnent-related effects were seen on soft-tissue
devel opnent. Common mi nor skel etal variations were present in al
groups. The incidence of poorly ossified sixth sternebrae was
significantly greater in animals at the high dose than in the control
group, and two fetuses at this dose had clubbed | eft hindlinbs. The
five fetuses fromthe sane litter that had oedema and | ordosis al so
had wi de, thickened vertebral arches, ribs, and clavicles, and the
clavicles were shortened, curved, and tw sted. Four of these fetuses
had shortened pubes, and two had an unossified hyoid bone. The

i nci dence of these effects was generally < 1% and the effects were
largely related to del ayed devel opnent and confined mainly to a single
litter froma single damthat showed nunerous signs of poisoning
related to admi nistration of endosul fan, including face rubbing,

al opecia, flaccidity, and hyperactivity. The devel opnental effects are
therefore probably related to the maternal toxicity of the high dose.
The NOAEL for maternal toxicity was 0.66 ng/ kg bw per day on the basis
of decreased body-weight gain and clinical signs at higher doses. The
NQAEL for devel opnental toxicity was 2 ng/ kg bw per day on the basis
of del ayed devel opnent and a | ow i nci dence of isol ated skel et al
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vari ations (Mackenzie, 1980).

G oups of 20-24 mated female Wstar rats were given
techni cal -grade endosul fan (purity, 97.3% dissolved in sesane oil by
gavage on days 7-16 of gestation at doses of 0, 0.66, 2, or 6 ng/kg bw
per day. No clinical signs of toxicity were reported in fenal es at
0.66 or 2 ng/ kg bw per day; four dans at 6 ng/ kg bw per day died after
6- 10 doses of endosul fan, three of these rats having tonic-clonic
convul sions for several days before death. Thirteen of the surviving
ani mal s had tonic-clonic convul sions for a nunber of days, generally
around day 10 of gestation. Sone of these rats also showed
hypersalivation on a nunber of days during treatnent. Statistically
significant decreases in body weight and body-wei ght gain were
observed at 6 ng/ kg bw per day. No statistically significant changes
in reproductive or pup paraneters were observed at any dose, and the
fetal sex ratio was relatively well balanced. No statistically
significant increase in the incidence of abnornmalities was observed in
fetuses. A single oedematous, retarded fetus at 6 ng/ kg bw per day
presented with superior brachygnathia and a relatively snmall al veol ar
cavity in the upper jaw, conbined with cleft palate, bending of both
hind feet in the tarsal joint, wavy clavicles, and bent and shortened
scapul ae. These effects were considered to be spontaneous, as no ot her
limb or head defects were observed in any pup in any of the litters at
this dose. Skeletal exam nation revealed a statistically significant
increase in the incidence of fragnmented thoracic vertebral centra at 6
ng/ kg bw per day. This effect was considered to be treatnent-rel ated
and reflects the frank maternal toxicity of endosul fan at the high

dose. No treatnent-related major mal formati ons were observed. The
NOAEL for maternal toxicity was 2 ng/ kg bw per day on the basis of
deat hs, clinical signs, and decreased body wei ghts at higher doses.
The NOAEL for devel opmental toxicity was 2 ng/ kg bw per day on the
basis of the increased incidence of fragnented thoracic vertebral
centra (Al brecht & Baeder, 1993).

Rabbi t s

G oups of 20-26 mated New Zeal and white rabbits were given
techni cal -grade endosul fan (purity, 97.3 %9 in corn oil by gavage on
days 6-28 of gestation at doses of 0, 0.3, 0.7, or 1.8 ng/kg bw per
day. There were no changes in nean body wei ght. None of the does at
0.3 or 0.7 nmg/ kg bw per day aborted, and there were no signs of
toxicity and no deaths. The high dose was associated with signs of
maternal toxicity that included noisy, rapid breathing, hyperactivity,
and convul sions. The does were killed on day 29 of gestation. The
nunber of inplantations, litter size, sex ratio, nmean fetal weight and
| ength, and the nunbers of live and resorbed fetuses were unaffected
by treatnent. There were no dead fetuses in any group, and no gross
external alterations were reported. The only soft-tissue anonalies
occurred in 6/167 fetuses (2/20 litters exam ned) at the high dose and
consisted of the left carotid arising fromthe innom nate; 1/141
control fetuses (1/18 litters exam ned) al so showed this abnormality.
Common skel etal variations and m nor anonalies occurred at simlar
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i nci dences in control and treated fetuses. Endosul fan did not have
teratogeni c or devel opnental effects even at the maternally toxic dose
of 1.8 ng/ kg bw per day. The NOAEL for maternal toxicity was 0.7 ng/ kg
bw per day on the basis of clinical signs at higher doses (Dickie et
al ., 1981).

(f) Special studies
(1) Enzyne i nduction

Endosul fan was one of 16 organochlorine pesticides tested for
their ability to induce hepatic mcrosomal enzynme activities. Wstar
rats were given diets containing endosul fan at concentrations of 0,
20, 50, or 200 ppmfor two weeks. No difference fromcontrol enzyne
activity was observed at 20 or 50 ppm at 200 ppm group, the
activities in conparison with the control were 123%for aniline
hydr oxyl ase (statistically significant, one experinment), 191% for
am nopyrene denet hyl ase (statistically significant, one experinment),
and 124% for hexobarbital oxidase (not significant, one experinent)
(den Tonkel aar & van Esch, 1974).

ICR mice given endosul fan at 5 ng/ kg bw per day by oral gavage
for three days and killed on the fourth day showed no increase in
liver weight or total hepatic cytochronme P450 content. The dearyl ation
of O-ethyl O para-nitrophenyl phenyl phosphorothi oate and
par at hi on and NAD( P) H dependent reductase activity were
nonsi gni ficantly increased (Robacker et al., 1981).

(i) Pronoti on

Enhancenent of gamma-gl utanyl transpeptidase-positive foci in rat
liver was studied as an indicator of pronotion. Young nal e
Sprague-Dawl ey rats were partially hepatectonm zed and injected
intraperitoneally 24 h later with N-nitrosodi ethylam ne at 30 ny/kg
bw. One week after the partial hepatectony, the rats were randoni zed
to groups of 10 or 11 and dosed orally by gavage on five days per week
for 10 weeks with endosulfan in corn oil at 0, 1, or 5 ng/kg bw per
day. The numbers and vol une of enzyme-altered foci were not increased
in the treated groups in conparison with controls.

In the sane study, inhibition of intercellular conmmunication was
studied in Chinese hanster lung V79 cells in a netabolic cooperation
assay and in rat liver WB epithelial cells in a scrape | oading,
dye-transfer assay. At nontoxic concentrations, technical-grade
endosul fan, anal ytical -grade ensosul fan (al pha and 3 i soners and a
m xture of the two), and endosul fan sul fate inhibited gap-junctiona
intercellular comunication in both systens. In addition, endosul fan
ether was effective in the rat liver WB cell system (Fl odstromet al.
1988) .

(iii1) Immunotoxicity

In two published studies, endosul fan was adm nistered to nmale
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Wstar rats at dietary doses of up to 50 ppmfor six weeks (Banarjee &
Hussain, 1987) or up to 20 ppmfor 22 weeks (Banarjee & Hussain, 1986)
to evaluate hunoral and cell-nedi ated i mune responses. In the

si x-week study, a significant decrease in total serumantibody titre
to tetanus toxoid was seen at 30 and 50 ppm with a slight decrease
(not statistically significant) at 10 ppm A decrease in both

i mmunogl obulin (Ig)Mand 1gG and in the total ganma-gl obulin content
of rat serum was observed at 50 ppm Cellular immunity was assayed by
nmeasuring inhibition of mgration of activated | eukocytes and

macr ophages. Rats exposed to endosul fan and subsequently i mruni zed
with tetanus toxoid showed a significant decrease in inhibition of

| eukocyte and macrophage migration in a dose-dependent pattern, the
decrease beconming statistically significant at 30 and 50 ppm These
results indicate that both hunoural and cellular inmmunity was
depressed as a result of exposure to endosulfan at 30 and 50 ppm wth
no effect at 10 ppm equivalent to 0.5 ng/kg bw per day. In the
22-week study, the specific response of serumantibody titre to
tetanus toxoid showed a marked decrease in rats exposed to 10 or 20
ppm endosul fan t hroughout the experinent, in a dose- and

ti me-dependent pattern. Treatnent at 10 or 20 ppm di mi ni shed the

i nhibition of mgration of both | eukocytes and macrophages throughout
t he study.

The effect of endosul fan on the i mmune system did not appear to
be secondary to other toxic effects, since the body weights of the
animal s were unaffected by treatnent and endosul fan is not known to
af fect the hornonal system |mune responses were unaffected by
treatnent at 5 ppm equivalent to 0.25 ng/kg bw per day. The Comm ttee

noted that the nethod used to assess cellular imunity in these
studies is far fromideal as it is flawed by |large inherent errors,
| ack of objectivity, and, except in very experienced hands, |ack of
accuracy. Less subjective tests of cellular immunity, such as
cytotoxic T cell response to a virus, would have provi ded nore
reliable results.

Techni cal -grade endosul fan (purity, 96% was adm nistered in
sesane oil on 10 occasions by gavage to groups of eight fermale Wstar
rats at doses of 0.5, 1.5, or 4.5 ng/kg bw per day fromtwo days
before until seven days after infection by gavage with approxi mately
500 Trichonella spiralis |larvae. As a positive control, prednisolone
was admi ni stered by subcutaneous injection at a dose of 25 ng/ kg bw
per day two days before and three days after infection. Three rats
fromeach group were killed seven days after infection so that the
nunber of adult worns in the intestine could be counted; the renmaining
rats were killed 54 days after infection in order to count the nunber
of larvae in the tongue. Thymus and spl een wei ghts and the percentage
| ynphocytes in the white cell count were neasured at both tinmes. Body
wei ghts were neasured weekly. There were no differences between
endosul fan-treated and untreated rats, whereas the
predni sol one-treated group had a sevenfold higher tongue |arval count
and, at seven days, a 25% reduction in thynus wei ght, a 50% reduction
in spleen weight, and | ynphocyte counts < 50% of the control val ue
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(Hack & Leist, 1988).

Endosul fan was included in the first part of a study to screen
for immunotoxicity, but because no effect was observed it was not
exam ned in greater detail. Goups of six nale, weanling Wstar rats
were given endosulfan in the diet at concentrations of 20, 100, or 250
ppm for three weeks. Body weights and food intake were recorded
weekly. At autopsy, the weights of the liver, kidneys, spleen, thynus,
pituitary, adrenals, thyroid, testis, and nmesenteric and popliteal
| ynph nodes were recorded, these organs were al so exam ned
hi st ol ogi cal | y. Haemat ol ogi cal exam nation consi sted of total and
differential |eukocyte counts. Serum |l gM and |1gG were determ ned by
enzyne-1inked i mmunosorbent assay. The only effects induced by
endosul fan were considered to be expressions of general toxicity, and
there was no evidence for any specifically imunotoxic effects. The
nost sensitive paranmeter for the toxicity of endosul fan was a
reduction in body-wei ght gain, which was observed at 100 ppm (Vos et
al ., 1982).

(iv) Neurobehavioural effects and neurotoxicity

In a nunber of studies conducted by the same group of
i nvestigators, endosulfan (purity, 95% was given by gavage to rats at
a dose of 2 ng/ kg bw per day for 90 days (Paul et al., 1993, 1994) or
up to 6 ng/ kg bw per day for 30 days (Paul et al., 1995), and
behavi oural and bi ochem cal changes were determ ned. Signs of frank
toxicity (reduced body weights, reduced food consunption, death,
increased intensity of trenors, and increased |iver enzyne activity)
were observed in all studies, and some changes i n behavi our were

not ed, including increased notor activity and inhibition of
condi ti oned and uncondi ti oned escape and avoi dance responses.

G oups of adult donestic hens were given a single oral dose of 96
ng/ kg bw endosul fan, the LDsg, in corn oil, observed for 21 days,

re-dosed, and again observed for 21 days. As was to be expected, a
nunber of deaths occurred that were related to treatnent. No signs of
ataxia and no treatnent-related changes in nervous tissue were seen in
vehicle control or endosul fan-treated hens. Seven of 10 hens in a
concurrent positive control group given tri- ortho-cresyl phosphate
devel oped ataxia and signficant spinal cord and peri pheral nerve
degeneration (Roberts et al., 1983).

No inhibition of rat brain acetylcholinesterase activity was
observed in a preparation incubated with 10 unol /L al pha-endosul f an
for up to 75 min.. Asimlar concentration of aldicarb produced 15%
inhibition within 5 min and 80% inhibition within 75 mn (Millner,
1989) .

Techni cal - grade endosul fan (purity, 98.6% was administered to
groups of 10 rats as a single dose of 25, 50, or 100 ng/ kg bw to mal es
and 3, 6, or 12 ng/kg bwto fenmal es. Deaths occurred at the highest
doses, and there was a dose-related increase in the frequency of
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clinical signs, which were reversible and apparent only on the day of
dosi ng. These were assuned to be due to the known affinity of

endosul fan for the gamra-am nobutyric acid receptors in the brain. At
50 and 100 ng/kg bwin nales and 6 and 12 ng/kg bw in fenal es, various
seri ous neuropharmacol ogi cal effects were seen, including coarse
trenmor and tonic-clonic convul sions. At 25 ng/kg bw in nales and

3 mg/kg bwin females, the clinical signs seen were typical of genera
di sconfort, such as stilted gait, squatting posture, and irregul ar
respiration. No compound-rel ated effects on notor activity were
observed at non-lethal doses. No effects were seen on the rearing
frequency, fore- or hindlinb grip strength, or on |landing foot-spread.
No hi st opat hol ogi cal effects were found in the central or periphera
nervous system The study was carried out in accordance with
prevailing OECD testing guidelines (April 1996) and the OECD
principles of good | aboratory practice (12 May 1981 [C(81)30(Final)])
(Bury, 1997).

(v) Effects on sperm

In a study of biochem cal changes induced by endosul fan in the
testis of Druckrey rats, the authors postul ated that endosul fan
inpairs testicular function by altering the enzyne activities
responsi bl e for spermatogenesis, thus affecting the intratesticul ar
spermatid count and resulting in | ow sperm production and increased
spermdeformties. The data presented support the notion that
adm ni stration of endosulfan at relatively high doses (> 2.5 ng/kg
bw per day) for several nonths increases the activity of a nunber of
enzynmes in the testes, including |actate dehydrogenase, sorbitol
dehydr ogenase, ganmma- gl utamyl transpeptidase, and gl ucose- 6- phosphat e
dehydr ogenase. At doses of 5 ng/ kg bw per day and hi gher, there was a

mar ked reduction in spermcount (up to 47% in conparison with
controls. In the absence of historical control data, it is unclear

whet her the decrease in spermcount seen at 2.5 ng/ kg bw per day (22%
was within the normal biological range for the test animals. The sperm
abnormalities and the reductions in spermatid count and sperm
production, while statistically significantly different fromthose in
concurrent controls, were only slight. In the absence of consistent
dose-response rel ationships for these effects, they were considered
not biologically significant (Sinha et al., 1995).

The effects of endosul fan on gonadal hornones, neasured as plasma
and testicular testosterone, plasma follicle-stinmulating and
| ut ei ni zi ng hornones, and plasnma and testicular 3R3- and
17R3- hydr oxyst eroi d dehydrogenases, was investigated in Wstar rats
gi ven endosul fan in peanut oil at doses up to 10 ng/ kg bw per day for
up to 30 days. Significant inhibition of 3B- and 17R-hydroxysteroid
dehydr ogenases occurred in the testes of treated animals after 30 days
of treatnent, and the plasma follicle-stinulating hornone, |uteinizing
hornone, and testosterone concentrations were significantly
(p < 0.05) reduced in rats treated for 15 or 30 days at either
dose. Plasma and testicul ar testosterone concentrations were not
significantly reduced after 15 days of treatnent at 7.5 ng/kg. A
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significant decrease in the content or activity of m crosoma
cytochrone P450 and rel ated m xed-functi on oxi dases was observed in
the testes of treated animals, with marked inhibition of the activity
of glutathione- S-transferase at both doses. The |atter changes were
reversed when endosul fan was w thdrawn, but the testicular
test ost erone concentrations remai nhed significantly reduced (Singh &
Pandey, 1990).

(vi) Endocrine effects

An estrogen is a substance that can induce estrus or a biol ogical
response associated with estrus; one such effect is proliferation of
cells in the female genital tract. In recent years, naturally
occurring and man-made substances in the environment that may be
estrogeni c have conme under increasing scrutiny. Suspicion that
endosul fan may have estrogenic properties was stinul ated by
observation of the reduced sperm counts descri bed above and of
testicular atrophy in rats given endosulfan in the diet in |ong-term
st udi es.

Perhaps the first study of estrogenic effects in vivo was
conducted by Raizada et al. (1991), who treated groups of eight
ovari ectom zed Wstar rats, weighing an average of 100 g, with
endosul fan at 1.5 ng/ kg bw per day by gavage, estradi ol dipropionate
intraperitoneally (dose unspecified), or a conbination of these
treatnents for 30 days. Endosul fan did not change the wei ghts of the
uterus, cervix, or vagina, whereas estradiol propionate produced | arge
i ncreases. The increased weights seen with the conbined treatnent were
simlar to those with estradi ol propionate al one.

Concern that endosul fan m ght be estrogenic persisted as a result
of the findings of an 'E-screen' assay, which was devel oped to assess
the estrogenic effects of environnmental chem cals by observing their
proliferative effect on a target cell. The nunbers of cells present
after simlar inocula of the human breast cancer cell |ine, MCF-7,
were conpared in the absence of estrogens (negative control), in the
presence of estradiol-178 (positive control), and with a range of
concentrations of endosulfan. In this assay, endosul fan was estrogenic
at concentrations of 10-25 pnol/L, with a proliferative effect about
80% that of 17R-estradiol at 10 pnol/L; the relative proliferative
potency (i.e. the ratio of the doses of endosul fan and estradiol-17R
required to produce the maxi numeffect) was 0.0001% In addition
endosul fan conpeted with estradiol-1708 for binding to the estrogen
receptor and increased the concentrations of progesterone receptor and
pS2 in MCF-7 cells, as would be expected for a conmpound that nmimcs
estrogens (Soto et al., 1994, 1995).

As part of a study to optim ze investigations of estrogenic
activity, endosul fan and nine other chem cals (17R-estradiol,
di ethyl stil bestrol, tanoxifen, 4-hydroxytanoxifen, nethoxychlor,
t he met hoxychl or netabolite
2,2-bis (para-hydroxyphenyl)-1,1,1-trichl oroethane, nonyl phenol,
ortho, para' -DDT, and kepone) wi th known or suspected estrogenic
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activity were tested in three assays: conpetitive binding to the nouse
uterine estrogen receptor, transcriptional activation in HeLa cells
transfected with plasm ds containing an estrogen receptor and a
response elenment, and the uterotropic assay in mce. The results of
the three assays were consistent with respect to the known estrogenic
activities of the chemcals tested and their requirenents for

net abol i ¢ activation. There was no evidence fromany of these tests

t hat endosul fan is estrogenic (Shelby et al., 1996).

A much publicized report indicated that even estrogens of |ow
pot ency, such as endosul fan, could have inportant effects because of
interaction with other chem cals. The estrogenic potencies of
conbi nati ons of chenmicals were screened in a systemin which the human
estrogen receptor sequence is incorporated into the yeast genone.
Combi nations of two weak environnmental estrogens, such as dieldrin
endosul fan, and toxaphene, were 1000 tinmes nore potent in human
estrogen receptor-nedi ated transactivation than any chem cal al one
(Arnold et al., 1996). This result was not reproduced in another
| aboratory in which the sanme assay was used or in a uterotropic assay
in which sexually immture rats were treated with endosul fan or
dieldrin alone or in a conbination on three successive days and the
uterine mass wei ghed on the foll ow ng day. The highest doses used in
t he hunman estrogen receptor assay were determ ned by the solubility of
t he compounds, and the highest doses in the uterotropic assay were 100
ng/ kg bw for endosul fan or dieldrin alone and 75 ng/ kg bw of each in
combi nation. Both chem cals were inactive in both assays, and there
was no evi dence of synergism (Ashby et al., 1997). In a further study
with the human estrogen receptor assay, however, 0.1 nmol/L endosul fan
increased the activity of R-gal actosi dase (Ramanoorthy et al., 1997).

More doubt was cast upon the thesis of synergismby an
i ndependent study in which endosul fan and dieldrin showed no additive
effect in displacing 3H 17R-estradiol fromrat uterine estrogen
receptors or in inducing the proliferation of MCF-7 breast cancer
cells. The weak proliferative potential described by Soto et al.
(1994, 1995) was, however, confirnmed in this assay in vitro.
Endosul fan or dieldrin alone at 3 ng/ kg bw per day or in conbination,
injected intraperitoneally daily for three days, did not stinulate
uterotrophic activity and had no effect on pituitary prolactin or
ot her endocrine-related end-points in inmmture female rats, indicating
that these weakly estrogeni c conpounds do not interact in a
synergistic fashion in binding to estrogen receptors or in activating
estrogen receptor-dependent responses in manmalian tissues or cells
(Wade et al., 1997). The paper in which synergismwas originally
proposed was | ater withdrawn, since the results could not be
reproduced, even in the sane |aboratory (MLachlan, 1997). Overall
t hese results suggest that concomtant exposure to weakly estrogenic
conmpounds probably does not result in reproductive toxicity related to
estrogen acti on.

3. (Observations in hunans

In general, the doses of endosulfan involved in cases of
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poi soni ng have been poorly characterized. In a summary of case reports
(Lehr, 1996), the | owest reported dose that resulted in death was 35
mg/ kg bw;, deat hs have al so been reported after ingestion of 295 and
467 ng/ kg bw, within 1 h of ingestion in sone cases. |ntensive nedical
treatment within 1 h was reported to be successful after ingestion of
doses of 100 and 1000 ng/ kg bw. The clinical signs in these patient
were consistent with those seen in | aboratory animals, dom nated by
tonic-clonic spasnms. In a case in which a dose of 1000 ng/ kg bw was

i ngested, neurol ogical synptonms requiring anti-epileptic therapy were
still required one year after exposure.

Coment s

More than 90% of an oral dose of endusul fan was absorbed in rats,
wi th maxi num pl asma concentrations occurring after 3-8 h in nales and
about 18 h in females. Elimnation occurs mainly in the faeces and to
a lesser extent in the urine, nore than 85% bei ng excreted wthin 120
h. The hi ghest tissue concentrations were in the kidneys. The
nmet abol i tes of endosul fan include endosul fan sul fate, diol,
hydr oxy-ether, ether, and |actone but nost of its netabolites are
pol ar substances whi ch have not yet been identified. Endosul fan woul d
not be expected to accurul ate significantly in human tissues. No data
on plant netabolites were available to the Meeti ng.

A battery of tests for acute toxicity in several species with
techni cal - grade endosul fan showed that it is highly toxic after oral
or dermal administration, with respective LDyy val ues of 10-160 ng/ kg

bw and 45-135 ng/ kg bw. The LCgy value for rats in a single study was

13 ng/ ¥ in females and 35 ng/nd in nmales. Endosul fan, adninistered
by any route, is nore toxic to female than to nale rats. Cinical

signs of acute intoxication include piloerection, salivation,
hyperactivity, respiratory distress, diarrhoea, trenors, hunching, and
convul si ons.

WHO has cl assified endosul fan as noderately hazardous (WHQ,
1996) .

The kidney is the target organ for toxicity. The renal effects
i ncl ude increased renal weights and granul ar pignment formation after
short-term adm ni strati on and progressive, chronic gl onerul o-nephrosis
or toxic nephropathy after |ong-term exposure, although the
observation of progressive gl onerul onephrosis is conplicated by the
fact that this is a common | esion in ageing |aboratory rats and occurs
at high incidence in control rats.

In a 90-day feeding study in rats, the cytoplasm of isolated
cells in the renal proximl convoluted tubules had a yellow sh col our,
particularly in males, at all dietary concentrations from 10 ppm The
presence of this yellow pignmentation was |argely reversible during a
four-week recovery period, and it did not appear to indicate
nephrotoxicity. A darker, nore particul ate, granular and/or clunped
pi gment was al so observed, predom nantly in cells of the straight
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portions and occasionally in the proximal convol uted tubul es, at
dietary concentrations of 30 ppm and above. This darker pignent was
nmore persistent than the yell ow one, and urinalysis reveal ed darker
urine and marginally nore ketones at doses from 60 ppm and marginally
nmore protein, particularly in males, indicating renal danage at doses
of 360 ppm and above. Simlar findings energed froma nultigeneration
study but not froma two-year study of carcinogenicity in rats. The
changes in pignentation were considered to be due to the presence of
endosul fan and/or its netabolites in the enlarged | ysosones. To test
this hypothesis, a four-week feeding study was conducted in which male
rats were given dietary concentrations of 360 or 720 ppm endosul f an

Li ght and el ectron mcroscopy of the kidneys of these aninmals clearly
showed increases in the nunber of |ysosones and the size of cells in

t he convol uted tubul e, probably as a result of accunul ation of the
test material and/or its nmetabolites. Lysosomal changes were not
observed in either brain or liver, and the renal changes receded
appreci ably during a 30-day recovery period. Chem cal analysis of the
ki dneys indicated the presence of al pha-endosulfan and, to a | esser
extent R-endosul fan sulfate, and endosul fan | actone. The
concentrations of the dom nant al pha-endosulfan in the kidneys were
about 50 times those in the liver. The concentrations in blood were
usual ly below the | evel of detection. After the 30-day recovery
period, renal al pha-endosul fan was detected only in traces and [3-
endosul fan not at all. Simlar analysis of tissues fromrats in the
two-year study of toxicity and carcinogenicity did not reveal the
presence of these substances in the kidney, although nmeasurabl e al pha-
endosul fan was found in the liver at 75 ppm The yell ow col our
therefore indicates the presence of endosul fan and/or its netabolites,
rather than either a stage in the pathogenesis of nephropathy or an

i ndependent expression of toxicity. It was postulated that in |onger

studies its renoval from|ysosones is accel erated by enzyne induction,
whi ch has not been investigated.

In a 78-week study, exposure of rats to endosul fan at a hi gh dose
of 20 ng/ kg bw per day resulted in testicular atrophy, characterized
by degeneration and necrosis of the germnal cells lining the
sem ni ferous tubules. In addition, decreased sperm counts acconpani ed
by an increased incidence of spermabnormalities have been reported in
m ce, again at high doses of endosul fan. Reductions in the activities
of sonme testicul ar xenobiotic-netabolizing enzynes and sone hornones
that are necessary for normal testicular function were also seen in a
30-day study in rats at 10, but not at 7.5 ng/kg bw per day. The
functional significance of these findings was not clear, as studies of
reproductive and devel opnental toxicity in rats and rabbits showed
neither inpaired fertility nor any increase in the incidence of
defects or abnormalities in offspring. Gven the high doses at which
these testicular effects were observed, it would appear that they are
of little human significance.

No genotoxic activity was observed in an adequate battery of

tests for nutagenicity and clastogenicity in vitro and in vivo.
The Meeting concluded that endosul fan is not genotoxic.
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No carcinogenic effect was observed in mce at 18 ppmfor 24
months, in female rats at 445 ppmfor 78 weeks in one study or in male
or female rats at 75 ppmor 100 ppmfor two years in two other
studies. The Meeting noted the differences in the dietary
concentrations used in these studies, but non-neoplastic responses
were seen even at the | ower doses.

Endosul fan at dietary concentrations of 0, 3, 15, or 75 ppmdid
not affect reproductive performance or the growh or devel opnent of
the of fspring of rats over the course of a two-generation study. The
NOAEL was 75 ppm the highest dose tested, equal to 5 ng/ kg bw per day
for mal es and 6.2 ng/ kg bw per day for femal es. The NOAEL for parental
toxicity was 15 ppm equal to 1 ng/kg bw per day for males and 1.2
nmg/ kg bw per day, on the basis of increased |iver and kidney wei ghts
at 75 ppm

In two studies of developnental toxicity in rats given oral doses
of 0, 0.66, 2, or 6 ng/kg bw per day, the NOAEL for maternal toxicity
was 0.66 ng/ kg bw per day in one study and 2 ng/ kg bw per day in the
other. In the first case, the basis was decreased body-wei ght gain at
2 mg/ kg bw per day and decreased body-wei ght gain and clinical signs
of toxicity at 6 ng/ kg bw per day; in the second case, the basis was
nortality, clinical signs of toxicity, and decreased body-wei ght gain
at 6 ng/ kg bw per day. In both studies, the NOAEL for devel opnent al
toxicity was 2 ng/ kg bw per day, in the first case on the basis of
del ayed devel opment and a | ow i nci dence of skeletal variations seen at
6 nmg/ kg per day and in the second on the basis of an increased
i nci dence of fragnented thoracic vertebral centra seen at 6 ng/ kg bw
per day. In neither study was there any treatnent-rel ated major
mal f or mati on.

In a study of devel opnental toxicity in rabbits given oral doses
of 0, 0.3, 0.7, or 1.8 ng/kg bw per day, the NOAEL for materna
tocicity was 0.7 ng/ kg bw per day on the basis of clinical signs of
toxicity at 1.8 ng/kg bw per day. The NOAEL for devel opnental toxicity
was 1.8 ng/ kg bw per day, the highest dose tested.

Several recent studies have shown that endosul fan, alone and in
conmbi nation with other pesticides, may bind to estrogen receptors and
may perturb the endocrine system The avail able studies show only very
weak binding to hornone receptors in vitro, and the evidence for
their relevance to adverse physiol ogical effects in vivo is
extrenely limted. Long-term assays of toxicity and studies of
reproductive and devel opnental toxicity in experinmental mammals did
not indicate that endosul fan induces functional aberrations that n ght
result fromloss of endocrine honeostasis.

The absence of inmunotoxic effects in a | arge nunber of bioassays
wi th endosul fan suggested that it does not have an adverse effect on
the i mmune function of |aboratory aninmals. However, in two studies,
rats given endosulfan in the diet at 30 or 50 ppmfor 6 weeks or 20
ppm for 22 weeks had reduced serumtitres of tetanus toxoid anti body
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and reduced i munogl obulins G and M and inhibition of mgration of
bot h | eukocytes and nmacrophages. These findi ngs have not been
confirmed.

In a sunmary of case reports of human poi soning incidents, the
| onest reported dose that caused death was 35 ng/ kg bw. Hi gher doses
caused death within 1 h. The clinical signs in these patients were
dom nated by tonic-clonic convul sions, consistent with the
observations in experinmental aninals.

An ADI of 0-0.006 ng/ kg bw was established on the basis of the
NOAEL of 0.6 ng/ kg bw per day in the two-year dietary study of
toxicity in rats and a safety factor of 100. The ADI is supported by
simlar NOAEL values in the 78-week dietary study of toxicity in mce,
the one-year dietary study of toxicity in dogs, and the study of
devel opnental toxicity in rats.

An acute RfD of 0-0.02 ng/ kg was established on the basis of the
NOAEL of 2 ng/kg bw per day in the study of neurotoxicity in rats and
a safety factor of 100.

Toxi col ogi cal eval uation

Level s that cause no toxic effect

Mouse: 3.9 ppm equal to 0.58 ng/kg bw per day (fenmales in a
78-week study of toxicity)

Rat : 15 ppm equal to 0.6 ng/ kg bw per day (two-year dietary
study of toxicity)
75 ppm equal to 6 ng/ kg bw per day (reproductive
toxicity)
0.66 ng/ kg bw per day (maternal toxicity in a study of
devel opnental toxicity)
2 mg/ kg bw per day (fetotoxicity in a study of
devel opnental toxicity)

Rabbi t : 0.7 ng/ kg bw per day (maternal toxicity in a study of
devel opnmental toxicity)

Dog: 10 ppm equivalent to 0.57 ng/ kg bw per day (one-year
study of toxicity)

Esti mate of acceptable daily intake for hunmans
0-0. 006 ng/ kg bw

Estimate of acute reference dose for humans
0.02 ng/ kg bw

Studi es that would provide information useful for continued
eval uati on of the conpound
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1. St udi es of

i mmunotoxicity with standard test protocols

2. Studies of the significant sex difference in acute toxicity,

particularly in rats

3. Furt her observati ons i n hunmans

Li st of end-points relevant for setting gui dance val ues for dietary and non-

di etary exposure

Absorption, distribution, excretion,

Rate and extent of absorption
concentration at

Di stribution

Potential for accunul ation

Rate and extent of excretion
1st phase,

was 10 h and

Met abolismin ani mals
pol ar

Toxi col ogi cal ly significant
conmpounds (ani mals, plants and
envi ronment)

Acute toxicity

Rat: LDgq oral
Rat: LDsy dernal
Rat: LGCgp i nhal ation

Skin irritation
Eye irritation
Skin sensitization

Short-termtoxicity

ef f ect

oral NOAEL

der mal NOAEL

i nhal ati on NOAEL

Target/critica
Lowest rel evant
Lowest rel evant
Lowest rel evant
concentrati on)

Genotoxicity
Long-termtoxicity and carcinogenicity
ef f ect

Target/critica
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and netabolismin mamml s

Rat: oral, > 90% absorption; nax.
3-8 h (males) 18 h (femnal es)
Mainly in kidney and liver

Low

Bi phasic; urinary half-life was 6 h for

33-68 h for 2nd phase; faecal half-life

30 h; > 85%excretion within 120 h
Oxi dation and hydrol ysis; unidentified

nmet abol i tes
Parent; no data on plant netobolites

10 ng/ kg bw (femal e)

500 ng/ kg bw (femal e)
13 ng/nm® 4 h (female)
Not irritating

Not irritating

Not sensiti zing

sal i vation
dietary

Reduced survival, convul sions,
Rat: 0.64 ny/ kg bw per day,
Rat: 3 ng/ kg bw per day

Rat: 2 ng/n?, no effect (highest

Not genot oxi c

Ki dney
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Lowest rel evant NOAEL Rat: 0.6 ng/ kg bw per day, 2-year study
Carcinogenicity Not carci nogeni c

Reproductive toxicity

Reproduction target: critical effect None identified

Lowest rel evant reproductive NOAEL Rat: 6 ng/ kg bw per day

Devel opnental target /critical effect Fetoxicity at maternally toxic doses

Lowest rel evant devel oprmental NOAEL Rat: 2 ng/ kg bw per day

Neur ot oxi ci ty/ Del ayed neurotoxicity Rat: 1.5 ng/kg bw (female); 12.5 ng/kg
bw (mal e)

no effect
O her toxicol ogical studies | mmunot oxicity in certain special

assays, hot
confirmed in sensitization test or
hi stol ogical ly

Some conflicting evidence of interaction

with
estrogen receptors in vitro; none in vivo
Medi cal data Lowest | ethal dose: 35 ng/kg bw, ora
Summary Val ue St udy Saf ety
factor
ADI 0-0. 006 ngy/ kg bw Several different species 100
and end- points
Acute reference dose 0. 02 ny/ kg bw Study of neurotoxicity in 100
rats
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must be introduced when the pest is at a very low density. Several introductions are made
until one month after the first black scales are seen. Phytetoxicity Non-phytotoxic and
non-phytopathogenic. Formulation type Parasitised pupae of whitefly on cards.
Compatibility Use is entirely compatible with the use of other biological agents, but they
are susceptible to a wide range of insecticides and some fungicides. -

Principal tradename ‘Bunting Encarsia formosa’ (Bunting), ‘En-Strip’ (Koppert).

MAMMALIAN TOXICOLOGY

‘There is no evidence of acute or chronic toxicity, eye or skin irritation or hypersensitivity
to mammals. No allergic response or health problems have been observed in production
staff or horticultural workers. ‘

@HdOSlﬂf an Insecticide Acaricide

organochlorine

NOMENCLATURE -
Common name endosulfan (BSO, E-ISO, (m) F-1SO, ANSI, ESA), thiodan (Iran, USSR),
benzoepin (JMAF), no name (Italy). ’

FUPAC name ( 1,4,5,6,7,7-hexachloro-8,9,10-trinorborn-S-en-2,3-ylenebismethylene)
sulfite; 6,7,8,9,10,10-hexachloro-1 ,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-=
benzodioxathiepine 3-oxide. :

C.A. name 6,7,8,9,10,10-hexachloro-1 ,5,5a, 6,9,9a-hexahydro-6,9-methano-2,4,3-=
benzodioxathiepine 3-oxide. CAS RN [115-29-7] endosulfan; [959-98-8] formerly
{33213-66-0], alpha-endosulfan; [33213-65-9] formerly [891-86-1 Jand [19670-15-6],
beta-endosulfan Development code Hoe 02 671; FMC 5462 Official code OMS 204 (a);
OMS 205 (B); OMS 570; ENT 23979. -~ -, ‘

PHYSICO-CHEMICAL PROPERTIES

Composition Endosulfan is a mixture of two stereoisomers: alpha-endosulfan, endosulfan
(1), stereochemistry 3a,5aB,60,92,9aB-, Comprises 64-67% of the tech. grade; beta-
endosulfan, endosulfan (II), stereochemistry 3«,5a%,68,98,9aa-, 29-32%. Earlier reports
on the stereochemistry of these isomers gave bonﬂicting reports (W. Riemschneider,
World Rev. Pest Control, 1963, 2(4), 29). ‘

Mel. wt. 406.9 Mol formula CoHCL,058

Form Colourless crystals (tech., cream to brown, mostly beige). M.p. >80 °C (tech.); a-
109.2°C; B- 213.3°C Y.p.. 0.83 mPa (20 °C) for 2:1 mixture of - and B- isomers
SG/density /,c lﬁ (20 °C) (tech.) K., logP for o- = 4.74; 8- = 4.79 (both}qﬁt pH 5)A

oy f
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Solubility In water alpha-endosulfan 0.32, beta-endosulfan 0.33 (both in mg/1, 22.°C). In
ethyl acetate, dichloromethane, toluene 200, ethanol c. 65, hexane c. 24 (all in g/1,
20°C). Stability Stable to sunlight. Slowly hydrolysed in aqueous acids and alkalis,

with the formation of the diol and sulfur dioxide.

COMMERCIALISATION

History Insecticide reported by W. Finkenbrink (Nachrichtenbl. Disch.
Pflanzenschutzdienstes (Braunschweig), 1956, 8, 183). Introduced by Hoechst AG (now
AgrEvo GmbH) and, in the USA, by FMC Corp. Patents DE 1015797; US 2799685;
GB 810602 all to Hoechst Manufacturer AgrEvo; Excel; Hindustan Insecticides;
Makhteshim-Agan.

APPLICATIONS

Mode of action Non-systemic insecticide and acaricide with contact and stomach action.
Uses Control of sucking, chewing, and boring insects and mites on a very wide range of
crops, including fruit (including citrus), vines, olives, vegetables, ornamentals, potatoes,
cucurbits, cotton, tea, coffee, rice, cereals, maize, sorghum, oilseed crops, hops, hazels,
sugar cane, tobacco, alfalfa, mushrooms, forestry, glasshouse crops, etc. Also controls
tsetse flies. Phytetoxicity Glasshouse geranitms and chrysanthemums, alfalfa, and
lima beans may be injured. Formulation type EC; WP; DP; GR; UL; FT; SC; EO;
Powder concentrate. Cempatibility Compatible with most pesticides, but incompatible
with strongly alkaline materials. Principal tradename ‘Fan’ (FMC), ‘Thiodan’
(AgrEvo), ‘Endocel’ (Excel), ‘Thionex’ (Makhteshim-Agan). Mixtures [endosulfan +]
dimethoate; malathion; methomyl; monocrotophos; pirimicarb; triazophos; fenoprop;

' parathion; parathion-methyl; amitraz; deltamethrin; heptenophos; lindane +

oxine-copper; petroleum oils; thiometon; anthraquinone + lindane + oxine-
copper.

ANALYSIS

Product analysis by i.r. spectrometry (CIPAC Handbook 1970, 1, 360) or by glc (ibid.,
1985, 1C, 2110; AOAC Methods, 1990, 983.08). Residues determined by gle with MCD -
(ibid., 976.23; Pestic. Anal. Man., 1979, 201-A, 201-G, 201-I; 405; A. Ambrus et al.; J.
Assoc. Off. Anal. Chem., 1981, 64, 773; Man. Pestic. Residue Anal., 1987, 1, 5, 6, S19;
Anal. Methods Residues Pestic., 1988, Part I, M1, M12). Further methods avallable on
request from AgrEvo.

MAMMALIAN TOXICOLOGY .

Reviews Pesticide residues in food - 1989. FAQ Plant Production and Protection Paper
99, 1989. Pesticide residues in food - 1989 evaluations. Part II - Toxicology: FAO Plant
Production and Protection Paper 100/2, 1990. Environmental Health Criteria 40
(WHO, 1984). Acnte oral LDy, for rats 70 mg (in aqueous suspension)/kg, 110 mg’
tech. (in oil)/kg, 76 mg alpha-isomer/kg, 240 g beta-isomer/kg; for dogs 77 mg
tech./kg. Skin and eye Acute percutaneous LDy, for rabbits 359 mg (in oil)/kg;

for male rats >4000 mg/kg, femalerats 500 mg/kg. Inhalation LCs, (1 h) for

rats >21 mg/1 air; (4 h) for male rats 0.0345, female rats 0.0126 mg/l. NOEL In2y
feeding trials rats receiving 30 mg/kg diet showed no ill-effect; in 1 y trials NOEL for
dogs 3 mg/kg diet. ADI (JMPR) 0.006 mg/kg b.w. [1989] Toxicity class WHO IT;
EPA T (tech.). ’ ' '
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ECOTOXICOLOGY o

Birds Acute oral LD;, for mallard ducks 205-245, ring-neckcd pheasants 620-

1000 mg/kg~ . Fish Highly toxic (LCs, (96 h) for golden orfe 0.002 mg/1 water) but, in
practical use, should be harmless to wildlife. -Bees Not toxic to bees under field
conditions at an application rate of 1.6 1/ha (560 g endosulfan/ha). Daphnia ECs (48 h)
75-750 pg/1. . :

ENVIRONMENTAL FATE ,
Animals The principal route of elimination is faeces. Most of the radioactivity is excreted
within the first 48 hours. The amounts excreted are independent of dose level, number of
dosages and isomerism. There are indications of species-specificity. Residues of endosulfan
accumulate in the kidneys rather than in fat. Elimination from the kidneys takes place

with half-lives of 7 days, but there is no sign of accumulation in the kidneys even after
long-term feeding. Endosulfan is metabolised rapidly in mammalian organisms to less

toxic metabolites and to polar conjugates. Plants The plant metabolites (mainly

endosulfan sulfate) were also found in animals and have thus been investigated from a
toxicological point of view. 50% of residues are lost in 3-7 days (depending on plant :
species). Soil and water Eyndosu an (alpha-, and beta-) is degraded in soil with DTs 30 ,” . / &

_ to 70 days. The main metabolite usually found was endosulfan sulfate, which is degraded

more slowly and is for thiis reason the most important metabolite. DT;, for total
endosulfan (alpha- and beta- endosulfan and endosulfan sulfate) in the field is 5-8

. months. No leaching tendency was observed. LogK, 3.48-4.30. K <3%.
‘ H

endothal Herbicide Algicide Plant growth regulator

NOMENCLATURE

Common name endothal (BSI, France, New Zealand, since 1990 E-ISO (m) F-ISO),
endothall (ANSI, Canada, WSSA).

IUPAC name 7-oxabicyclo[2.2.l]heptane-Z,3-dicarboxylic acid. ~

C.A. name 7-oxabicyclo[2.2.1]heptane—2,3-dicarboxylic acid. CASRN [145-73-3]
endothal, unstated stereochemistry; /. 28874-46-6 ] endothal rel-(1R,28,3R,4S)-isomer:
[17439-94-0] endothal-diammonium, unstated stereochemistry

Other names 1,2-dicarboxy-3,6-endo-cyclohexane.

PHYSICO-CHEMICAL PROPERTIES

Composition Of the 4 theotetical stereoisomers of endothal, the rel-(1R,2S,3R,45S)-isomer
is the most effective herbicide (US 2550494),

Mol. wt. 186.2 Mol. formula CgH,,0, ,

Form Colourless erystals (monohydrate). M.p. 144 °C (monohydrate) V.p. Negligible
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