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SUBJECT: Malathion: Allergic and Ocular Effects

TO: Penelope Fenner-~Crisp Ph.D.
Director
Health Effects Division (H7509C)
' 7/0¢/ 94

- 7/_/7;_/ 7}
FROM: RobSit P. zéadzian Ph.D.

Senior Pharmacologist
Science Analysis and Coordination Branch ‘

Health Effects Division (H7509C

Ve
THROUGH: Reto Engler Ph.D. /(,a(/[/(/;( , //C/b
: L Y

Chief
Science Analysis and Coordinatiaé Branch

Health Effects Division (H7509@)

Action Requested

Review and comment on the following documents; .

MALATHION REVIEW: ALLERGIC AND OCULAR EFFECTS
Dennis Shusterman MD, MPH .
Chapter Outline : -
Undated

Draft Memo: re. Potential for Malathion Ocular toxicity,
From, Dennis Shusterman MD, MPH,

To, DHS Medfly Working Group

March 8, 1990 '

Conclusions

1. Allergic effects

The sensitizing agent in technical malathion has been
identified as diethyl fumarate. Considering its removal from
technical malathion and the lack of clinical reports of
sensitization from direct dermal use of malathion, allergic
effects from malathion are not considered a potential health
problem. However, the possibility remains that a specific
formulation or application form of malathion may contain

sensitizing agents.
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2. Ocular effects

The human and animal data available to the Agency clearly
establish the organophosphate cholinesterase inhibitors as
having the potential for significant irreversable toxicity on
the visual system. While the human data does not clearly
implicate any one compound, the animal studies show ocular
toxicity, similar to that observed in humans, from fenitrothion,
ethylthiometon, fenthion and ethyl and methyl parathion. At
this time we have no evidence from animal toxicology studies
of ocular toxicity due to malathion. However, we do not have
an acceptable chronic toxicity study with malathion and this
is the only type of routine (guideline) study which has
demonstrated this type of toxicity with organophosphate

cholinesterase inhibitors.

?

The compounds demonstrating the toxic effects on the
ocular system are all irreversable cholinesterase inhibitors
and the evidence available strongly indicates that cholinesterase
inhibition, at the target organ, is required for these effects.
This information does not perclude the possibility that
reversable inhibitors, carbamates, can produce functional
abnormalities in the visual system. The toxicity testing
available at this time is not capable of detecting functional

abnormalities.

Note. The compounds which are implicated in the human
toxicity and have shown toxicity in the animal tests do not
produce organophosphate type delayed neurotoxicity. Their
toxicity on the visual system is separate from that unique
- type of toxicity. However, none of the compounds which produce -
OP delayed neurotoxicity have been tested for toxicity on the
visual system and it is expected that they can produce ocular

toxicity.

Recommendations

It is recommended that;

1. Special testing for toxicity to the visual system be
required for all irreversable cholinesterase inhibitory
compounds. Such testing has been required for ethyl and methyl
parthion and fenthion in the respective registration standards.

2. Special testing for toxicity to the visual system be
required for malathion with particular attention to additions
to the rat chronic toxicity study such as those performed in
the second ethyl parathion study. The high dose must be

sufficiently high so as to produce signs of cholinergic

toxicity in order to assure a sufficiently severe challenge to
the visual system. In vivo observations must include direct

examination of the eyes and electroretinograms. Histopathology
must include light and electron microscopy of the eye and the



optic nerve.

3. The Agency develop sensitive functional tests for
toxicity to the visual system. Such tests must be validated
with reversable and irreversable cholinesterase inhibitors
including the toxic organophosphates. When validated, the
tests must become part of the Agency guidelines for toxicity
testing.

Background

1. Dr. Shusterman's Documents. . ,

a. The outline (attachment I) is, as represented,
an outline for a chapter on Malathion as follows;

"gvidence for allergic effects
IgE-mediated (e.g. anaphylasis, urticaria, angiodema,
atopic dermatitis, allergic rhinitis/conjunctivitis,
atopic asthma)
Cell-mediated (allergic contact dermatitis)

Evidence for ocular effects
Irritant/Aller%ic (e.g., conjunctivitis, keratitis)
Pharmacologic (miosis, accomodative disturbances)
Neuro-opthalmologic (oculomotor abnormalities)

Other (optic neuritis)"

‘Five references are cited for the allergic effécts
section. The references were not provided to the Agency. As
noted below we do not consider it necessary to obtain and

review them.

Nine references are cited for the ocular effects section.
The references were not provided to the Agency. We have the
four references in Japanese and the one in Slovic, in translation

and have obtained the remaining references.

b.-The Draft Memo is a one and one-half page document
listing 24 references (attachment II). Included with the
package are copies of several of the English language papers
written by the Japanese investigators, three other papers in
English on the subject and 'testimony' of two individuals on
the effects of malathion on the visual system. We have most
of these papers and, in translation, copies of additional
background papers from the Japanese literature. '

_Dr. Shusterman briefly summarizes the literature and
states that there are significant methodologic problems
in the studies and concludes “At best, for public health
policy-making purposes, the reports should be treated as
clinical case series materials suggestive of the need for
further study of the opthalmologic effects of chronic high-dose
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organophosphate pesticide exposure." He states as “reasons for
the non-applicability of these studies to the Medfly eradication

program":

1. “"The pesticides used in Japan includes parathion and
other organophosphates with acute and subacute
toxicities many times that of malathion. In the
medfly program, the sole pesticide is malathion.®

2. Different application rates. “In Japan, rates of more
than 2.6 pounds per acre per application were used,
whereas in California the application rate is 2.8 s
ounces per acre per application®

3. Form of spray, fine mist which could remain suspended
in Japan, "predominately large particle" protein bait
in California.

4. Contamination of drinking water in Japan.

He concludes:

"jt is our conclusion that exposures from the Medfly
eradication program will not produce eye effects of the sort
discribed in the Japanese literature.”

2. Agency background. ,
e

a. Allergic effects. 4

On May 9-11, 1988, Dr. Roy Sjoblad of this office attended
the Workshop on “The Effects of Pesticides on Human Health" as
a member of the "Immunotoxicology Working Group". Dr. Sjoblad
has provided a galley proof of “Chapter S, Immunologic Effects
of Pesticides" which will be published as part of the Proceedings
of the Workshop in Advances in Modern Toxicology. We believe
that the working group's comments on malathion's immunological
properties provide the most recent and authoritative evaluation.

b. Ocular effects

In 1979, as part of the EPN Rebuttable Presumption Against
Reregistration, I evaluated a review article by Plestina &
Liukovic-Plestina (1978) on the toxic effects of organphosphates
on the eye. The authors discussed the cholinergic effects of
organophosphates on the eye and the production of cataracts
following topical administration for glaucoma. In addition
they cited an extensive literature from Japan on the toxic
effects of organophosphates on the visual system. We obtained
the Japanese references and had them translated. We have
also obtained additional, more recent, reports directly from
Drs Satoshi Ishikawa and Kazui Mukuno. Bibliographies of
these references are attached as Human Effects, 55 references,
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attachment III and Animal Studies, 28 references, attachment
Iv.

We have also received registrant submitted reports of
chronic toxicity studies in the rat with ethyl and methy
parathion which show significant toxicity to the eye by
routine eye examination and histology and, in the second
ethyl parathion study, by additional special testing.

Based on these findings we are now requesting specific
evaluations of the visual system for organophosphate
cholinesterase inhibiting pesticides.

My evaluation of this material is presented in a briefiné
document, “"Toxic Effects of Organophosphate Pesticides on the

Eye", attachment V.
Discussion
1. Allergic effects

The following is quoted from the immunologic effects
chapter galley proofs;

“The pesticides malathion, captan, benomyl, maneb, and
naled are strong to extreme sensitizers by GPMT (Guinea Pig
Maximization Test); however, human sensitization data do not
always agree. For example, although human maximization test
(HMT) data on technical grade malathion support its classification
of a strong sensitizer (Kligman, 1966), such a rating was not
confirmed by an International Contact Dermatitis Research
Group survey of 455 individuals, in which one tested positive
(Cronin, 1980). The lack of clinical reports of dermatitis
from malathion use (including direct skin contact as a
delousing agent) makes it apparent that the animal and human
predictive tests (GPMT and HMT) that indicated strong to
extreme sensitization potential overestimated the sensitization
hazard. Furthermore, the offending chemical in technical
malathion is diethyl fumarate (Fisher, 1988: Milby and Epstein,
1964); reduction of this constituent has further lowered the
sensitization potential of this pesticide.”

Considering the removal of the sensitizing agent diethyl
fumarate from technical malathion and the lack of clinical
reports of sensitization from direct dermal use of malathion,
allergic effects from malathion are not considered a potential

health problem.

‘However, this does not mean that the formulation, bait,
used in California is not a sensitizer. In our experience
formulations can contain sensitizing agents other than the
active ingredient. For this reason the Agency requires
sensitization testing for all formulations. We have no
information as to whether the California bait formulation has

been tested for sensitization potential.



b. Ocular effects

The pharmacologic effects of the organophosphate
cholinesterae inhibitors (OPs) on the eye such as miosis and
accomodative disturbances are well recognized, as is the
production of cataracts following topical administration
for glaucoma. The Japanese experience with extensive human
poisoning by OPs showed a previously unreported syndrome of
effects on vision ranging from myopia to congestion or atropy
of the optic nerve.

The ocular syndrome was not typical of myopia, being
generally more severe, accompanied by vertical astigmatism,
concentric narrowing of the visual field, and abnormal eye
movements. It was not correctable. Additional observations
included lowered activity of serum cholinesterase, neurological
abnormalities characteristic of anticholinesterase poisoning
and relatively high levels of organophosphate insecticides in
the blood of the patients compared with normal individuals from

other areas.

Ishikawa and Miyata (1980) listed the organophosphates
malathion, EPN, ethyl and methyl parathion, fenthion, dipterex,
fenitrothion and diazinon as having extensive use in Japan.
Earlier papers listed these orgaonphosphates and many more
but are not clear as to the extent of their use.

In general the association between the toxic ;&ndrome
observed in Japan and exposure to organophosphate pesticides
is well established but individual compounds could not be
clearly connected with individual cases. Use data indicated
possible exposure to more than one organcphosphate. Urine
analysis could only jdentify the presence of phosphate
metabolites which are not indicative of a specific organophosphate
or the presence of paranitrophenol which can be indicative of

ethyl parathion, methyl parathion or EPN.

Animal experimentation in Japan showed that the OPs
fenitrothion, ethylthiometon and fenthion could produce
various aspects of the human syndrome. See the briefing
paper and Ishikawa 1980 for details (Attachment V).

The Agency has received chronic toxicity studies on
ethyl and methyl parathion which showed toxic effects on
the eyes. These effects are similar to some aspects of the
sydrome reported from Japan. Two studies with ethyl parathion
showed effects at the high doses (50 and 32 ppm) consisting
of retinal degeneration by direct observation and histopathology.
decreased ERG activity, histopathology (EM) indicative of

plindness, and a possible increase in cataracts in females.
Lesions were observed in the males but there was no compound-

related effect. The sex differencs may have been due to
significant differences in compound intake. At the 32 ppm

i HE A
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dose the actual dose was 2.47 mg/kg/day females and 1.75
mg/kg/day males. The study with methyl parathion showed
retinal degeneration by direct observation and histopathology
at the high dose, 50 ppm, again only in the females.

The human and animal data available clearly establish the

OPs as nhaving the potential for significant toxicity on the
ocular system. While the human data does not clearly implicate
any one compound, the animal studies show ocular toxicity

from fenitrothion, ethylthiometon, fenthion and ethvl and
methyl parathion. The pattern of toxicity is such as to
clearly implicate cholinesterase inhibition as a major factor,
in this toxicity. Since malathion is an organophosphate
cholinesterase inhibitor, we must consider whether our lack

of data indicating toxicity to the eye is due to an intrinsic
lack of this toxicity or to lack of the proper experiment to

show such toxicity.

We have no data indicating a toxic effect of malathion
on the eyes but this may well be due to the lack of an
acceptable chronic toxicity study in the rat with malathion.
The chronic rat study is the only routine toxicity study
which has shown ocular. toxicity., by ethyl and methyl parathion.
These studies also show that the dose tested must be sufficiently
high as to show signs of cholenergic toxicity to assure
adequate testing to demonstrate the presence or absence of
structural toxicity to the visual system.

y
Special testing for toxicity to the visual system is
necessary for malathion with particular attention to additions

to the rat chronic toxicity study such as those performed in
the second ethyl parathion study. The high dose must be
sufficiently high so as to produce signs of cholinergic
toxicity in order to assure a sufficiently severe challange to
the visual system. In vivo observations must include direct
examination of the eyes and electroretinograms. Histopathology
must include light and electron microscopy of the eye and the

optic nerve.

However, one must note that the compounds, ethyl and methyl

parathion, shown by chronic animal studies to have ocular
toxicity are in the order of 200 times more toxic than malathion.

If malathion demonstrates ocular toxicity in animal studies,
it may occur at doses significantly higher than those of the

prototype compounds.

_The following conclusions can be made in relation to the
prganophosphate cholinesterase inhibitors:

1. Severe functional and structural damage has been
demonstrated in human and experimental animals. Such damage
can follow a single massive dose or repeated smaller doses.
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In general the severe toxicity follows doses which demonstrate
cholinergic toxicity.

2. Function and possibly structural damage can occur at
doses which produce blood cholinesterase inhibition without
signs of cholinergic toxicity.

3. Functional abnormalities can occur at doses which do
not produce blood cholinesterase inhibition. These can occur
in the highly sensitive cholinergic structures in the retina
and in central areas of the brain. Such effects require ,
sensitive and specific testing procedures which are not

available for routine testing.

Attachments

I MALATHION REVIEW: ALLERGIC AND OCULAR EFFECTS .
Dennis Shusterman, MD, MPH

IT Draft Memo, re Potential for Malathion Ocular Toxicity,
Dennis Shusterman, MD, MPH to DHS Medfly Working Program

Mrr 8 ,1990 =

III Bibliography Toxic Effects of OPs on the Eye, Human
Effects, Japan

GZ A

IV Bibliography Toxic Effects of Organophosphate Insecticides

on the Eye (Animal Experiments 1972-1977) -
V Briefin Documeht Toxic Effects of Organophosphate
Festiciges on the Eye, Robert P. Zendzian Ph.D.
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Dennis Shusterman, MD, MPH

CHAPTER OUTLINE

Y
Evidence for allergic eifects
- (e.g., anaphylaxis, urticaria, angloedema, atopic
dermacitis, allergic rhinitis/conjunccivitis, acopic asthma)

Cell-mediated (allergic contact dermatitis)

Evidence for ocular effects
(e.g., conjunctivitis, keratitis)

Pharmacologic (miosis, accomodative disturbances)
N - (oculomotor abnormalities)

Other (optic neuritis)
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DRAFT
DATE: March 8, 1990 T
TO: DHS Medfly Working Group
FROM: Dennis Shusterman, MD, MPH
RE: Potential for Malathion ocular toxicity

As you are probably aware, it has come to our attention that several
articles originating in Japan have purported to implicate the high-level
spraying of various organophosphate pesticides in the genesis of a
variety of ocular disorders. While we are continuing to receive and
review literature at this date, certain preliminary conclusions are

possible.

To briefly summarize the issue: Around 1970, Japdnese researchers
became concerrnied with what they believed were increased numbers of cases
of myopia among school children in a rural area of Japan. Closer
examination of some of these children reportedly revealed other eye
abnormalities as well (including disturbances of extraocular movement,
visual fields, pupillary functiom, and ophthalmoscopic appearance of che
optic nerve). An attempt was made Cto compare these children with
"controls® from another area, but details of this comparison are obscure
in the articles we have reviewed to date. A search for possible causal
factors revealed that the increase in eye cases appeared to coincide in
time with the institution of "massive and routine” saerial agricultural
spraying of organophosphorus pesticides in an area of mixed residencial
and agricultural land use. Upon blood cholinesterase testing, many of
chese children had results indicacive of absorption of large quantities
of highly toxic organophosphate pesticides. This last point is criti-
cal, hecause the eye effects, if real, are apparently related to chronic

- systemic toxicity (hence, the absorbed dose and degree of toxicity of

the pesticide), not to external (i.e., conjunctival) exposures.

Review of the sciemtific merits of these studies reveal a number of
methodologic probleas (including ambiguous study design, questionable
comparability of controls, lack of specification of diagnostic criteria,
post hoc interpretation of results, and questionable statistical ‘proce-
dures), leading to ambiguity in the interpretation of study resulcs. At
best, for public health policy-making purposes, the reports should be
treated as clinical case series materials suggestive of the need for
further study of the ophthalmologic effects of chronic high-dose organo-
phosphate pesticide exposure. Reasons for the non-applicability of
these studies to the Medfly eradication program include the following
differences in exposure conditions: ,

1) The pesticides used in Japan included parathion and other
organophosphates with acute and subacute toxicities many times
that of malathion. In the Medfly program, the sole pesticide used

DRAFT
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2) There are large differences in the application rates bectween the
Japanese studies and the Medfly program. In Japan, rates of more
than 2.6 pounds per acre per application were used, whereas in
California the application rate is 2.8 ounces per acre per
application (less than one-fifteenth of the Japanese rate).

3) The form of the spray in Japan was a fine mist, capable of
remaining suspended in the air for extended periods of time, thus
maximizing deep penetration into the respiratory tract of exposed
individuals. By contrast, the Medfly eradicacion-program employs
protein bait mixed with pesticide, creating predominancl& large
particles which tend to settle out of the air quickly.

4) In most of the Japanese areas studied, contamination of drinking
water with pesticides had also occurred, correspondingly increas-
ing the dose to the population. By contrast, no such contamina-
tion is anticipated in Southern California.

Thus, when differences in the form of the spray, average potency of the

product used, application race, and alternate routes of exposure are
considered, the difference in potential dose to people living in the
Japanese areas and in the Medfly eradication areas is very large.

Civen the fact that these eye effects, if real, appear to be related to
long-term cholinesterase inhibition (not a topical effect), and given
the concensus that such inhibition will not occur as a result of the
aerial spraying of malathion bait, it is our conclusion that exposures
from the Medfly eradication program will not produce eye effects of the
sort described in the Japanese literature.

DRAFT
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Please send any additional references to:

Dennis Shusterman, MD, MPH

Air Pollution Epidemiology Unit
California Department of Health Services
2151 Berkeley Way, Rm. 517

Berkeley, CA 94704 DR AFT

FAX.: (415) 540-2923

/3

Ay



DRAFT

Public Health Effects Advisory Committee - 3/8/90

Ames RG. Brown SK, Rosenberg J et al. (1989) Health symptoms and occupa-
zional exposure to flea control products among California pet handlers.
: : 5 i 50:466-472.

Gupta SK, Pandya MK, Jani JP et al. (1980) Health risks in ultra-low-volume
(ULV) aerial spray of malathion for mosquito control. J Envivon Sci

Health [B] 15:287-94.

Hushaw JR, Vallotton WW, Milby TH (1976) Does chronic exposure to organo-
phosphate insecticides cause eye complications? JAMA 236:1891.

Imai H, Miyata M, Uga S et al. (1983) Retinal degeneration in rats exposed
to an organophosphate pesticide (Fenthion). Environ Res 30:453-465.

Ishikawa S (1970) An outbreak of bilateral visual distrubance among school

children in certain disctricets. Jap J Clin Ophchalmol 24:823-826.

Ishikawa S, Inaba K, Naito M et al. (1971) Eye disease induced by organic
phosphorous insecticides. Nippon Ganka Gakkai Zasshi 71:841-855.

Ishikawa S (1971) Eye injury by organic phosphorous insecticides (prelimin-
ary report). Japan J Oohthalmol 15:60-68. /
Ishikawa T (1972) ([Eye diseases due to organophosphate pesticides].
Bajoreku [Bjotechl 3:263-267. .

Ishikawa S, Ohto K (1972) Optico-neuropathy induced by enwironmental expos-
ure to organophosphate pesticides. In: -Asi o
. p.434-444,

Ishikawa S (1973) Chronic optico-neuropathy due to environzental exposure
of organophosphate insecticides (Saku disease)-Clinical and experimental
study. Acta Soc Ophthalmol Jap 77:1835-1886.

Ishikawa S (1976) Optico-autonomic-peripheral neuropathy due to chronic
organophosphate pesticide intoxication. In: XXII Concillium Ophthalmol.
H . Paris: Masson. p.1021-1025.

Ishikawa S, Miyata M (1980) Development of myopia following chronic organo-
phosphate pesticide intoxication: An epidemiological and experimental
study. In: Merigan WH, Weiss B (ed.) Neurocoxicity of the Visual Syscem.
New York: Raven Press. p.233-254.

Ishikawa S, Ozawa H, Miyata M (1983) Abnormal standing ability in patients
with organophosphate pesticide intoxication (chronic cases).

Agressologie 24:143-144.

DRAFT

/4



S BN RSN IR ZE L2 T i

¥

b3

A %}‘sz¢,% 777

————

BIBLIGRAPHY

Toxic Effects of OPs on the Eye
Human Effects, Japan

1. 1Ishikawa, S., K. Inaba, M. Naito, A. vYamazaki, Y. Ota,

T. Fujino, K. Ohto, and S. Xito (1970): An Obscure Bi -

Or Unilateral Amblyopia Occurring in Saku City (Preliminary
Report). Translation of "Irtei Chi-iki ni Taihatsu shita

Ryogan, Shiryoku Teika Jido ni Kansuru Kenkyc (Yoho)",
Rinsho Ganka, vol. 24,(6) pp 823-826. Translated for EPA
by SCITRAN (SCIENTIFIC TRANSLATION SERVICE) (TR-80-0868).

2. Ishikawa, S., (1970): Agricultural Chemical Eye Disease.
Nihon no Ganka, vol. 104, pp 1l-4. Translated for EPA by
Literature Research Company. (TR-81-0248.

3. 1shikawa, S., (October 1970): pesticide-Related Eye Diseases
and Their Treatment - With special Reference to Eye Disease
of Saku. Chiryo (J. Therap.) Special Issue, 52(10)
pp 1839-1848. Translated for EPA by Literature Research

company. (TR-81-0247).

4. Hizano, T., S. Ishikawa, Y. Ota, and Fujiko [Family name
illeg.] (1971) On the visual Field of "Saku Eye Disease".
Shinryo to Hoken, vol. 13(1), pp 45-52. Translated for
EPA by Literature Research Company. (TR-81-0251).

P i

5. Ishikawa, S. (1971): Pharmacological Inforﬁation - Organo-
phosphorus Agricultural Chemical Eye Disease. Gekkan
vakuri, vol. 13(2), pp 53-57. Translated for EPA by

Literature Research Company. (TR-81-0249).

6. TIshikawa, S., K. Inaba, M. Naito, K. Ooto (1971): Agri-

cultural Chemical Eye Disease Wtih Emphasis on Ocular
pisorders in Saku. Nihon Ganka Gakkai Zasshi, vol. 75

pp 757-771. Translated for EPA by Literature Research
Company. (TR-81-0245). ‘

7. 1shikawa, S., (1971) Eye Injury by Organic Phosphorous-
Insecticides (Preliminary Report). Japanese Journal of
opthalmology, veol. 15(1) pp 60-68.

8. Imaizumi, K;, ahd K. Atsumi (1971): Eye Lesions Due to
agricultural Chemicals. Tokyo, Ganka, Japanese, vol. 13,
NO. 7, pp 717-724. (TR-72-1990).

9. ohto, K., (1971): Eye Disease Induced by Organic Phosphorus
: Insecticides-Adult Case. Nippon Ganka Gakkai zasshi,
vol. 75, pp 1944-1951. Translated for EPA by SCITRAN
(SCIENTIFIC TRANSLATIOWN SERVICE). (TR-80-1032).

10. TIshikawa, S., M. Uono, M. Segawa (1971): "Organophosphorus
Agricultural Chemical Eye Disease"--From the Opthalmological
and Internal Medicine Standpoints. Naika, vol. 27, A
pp 882-886. Translated for EPA by Literature Research

Company. (TR-81-0011).
/S



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

_2_

otsuka, J., (1971): A Followup Report on Eye Damage Caused

by Or?anophosphate Pesticides. Ganka, vol. 13, op 715.
rranslated for EPA by Literature Research Company.

(TR-81-0041).

Nakamura, R., T. Kusuki, S. Mori. J. Kanemitsu, S. Kakimoto,

. T. Takano, T. Tsuda and J. Kishikawa (1971): Pesticide-
Induced Myopic Tendency and the Effects of Treatment.

Nippon Ganka Kiyo, vol. 22(8), pp 584-598. Translaced for
EPA by Literature Research Company. (TR-81-0019). :

I1shikawa, S,. (1972): Diagnostic Case Histories of Agricultural
chemical Intoxication--First Ministry of Welfare Research

Group Study Provisions. shinryo to Hoken, vol. 14(2),

op 21-22. Translated for EPA by Literature Research Company.

pp
(TR-81-0250) .-

Ishikawa, S., (1972): Ocular Pollution - In Particular,
Diagnosis of Organophosphorus Agricultural Chemical Intox-
ication. Ophthalmology, vol. 14, pp 781-792. Translated
for EPA by Literature Research Company. (TR-81-0243).

rTakaku, I., (1972): Report of the Investigation of Numerous
cases of Vision Disorders in Children in a Specific Area--
Nagasaki Prefecture--. Ganka Rinsho Tho, vol. 66(9) pp
820-823. Translated for EPA by Literature Re€search Company.

(TR-81-0022). -

Mitsui, Y., and O. Tamura (1972): Report on the Investiga-
rion of Numerous Cases of Eye Disease in Children in a
Sspecific Area--Patients in Tokushima Prefecture--. Ganka
Rinsho Iho, vol. 66(9) pp 822-824. (TR-81-0015).

Ishikawa, T., (1972): organophosphorus pesticide Intox-
jcation. Shinryo To Hoken, vol. 14, No. 7, pp 8-13.
Translated for EPA by SCITRAN (SCIENTIFIC TRANSLATION

SERVICE). (TR-80-0870).

tshikawa, S., (1972): Diagnosis standard for Chronic

organophosphorus pestcide Poisoning. Ganka Rinsho Tho
(Review of Clinical Ophtahlmology, Japan), vol. 66(9),
pp 817-820.

oto, K.,'(1972): piagnosis and Treatment of Eye Disease

caused by Organophosphorus Agricultural-Chemicals.
Ganka, vol. 14(1), pp 17-27. Translated for EPA by

Literature Research Company. (TR-81-0028).

oba, N., S. Michima and K. Oto (1972): On Visual Field
anomalies in Children of the Saku pDistrict. Ganka
rinsho Iho, vol. 66(9), pp 835-837. Translated for EPA
by Literature Research Company. (TR-81-0031).

/6

EN.- 3

vt



21.

22

23.

24.

25.

26.

27.

28.

29.

-3-

Kxudo, N. (1972): Reexaminaton of Clinical Aspects and
piagnosis of chronic Intoxication by Organophosphate
pesticides. Nippon Noson Igakkai Zasshi, vol. 21,

pp 92-93. Translated for EPA by Literature Research
Company. (TR-81-0013). .

Ishikawa, S., (1972): oOrganophosphorus Agricultural
Chemical Eye Disease. Bioteku, vol. 3(4),.pp 263-267.
Translated for EPA by Literature Research Company.

(TR-81-0010).

Ishikawa, S. (1972): Chronic Organophosphorus Agricultural
Chemical Intoxication. Nihon Ganka Kiyo, bol. 23(7),

pp 569-583. Translated for EPA by Literature Research
Company. (TR-81-0009). [contains an extensive and useful

bibliography]

Kato, S. (1972): Relation Between Organophosphorous Pesticides
and Ocular Anomalies. Nippon Noson Igakkai Zasshi, vol.
96, pp 12-13. Translated for EPA by Literature Research

Company. (TR-80-0012).

Ishikawa, S., K. Ohto I. Tsukahara, and J. Tsutsui (1972).
Optico-Neuropathy induced by Environmental Exposure to
Oorganophosphate pesticides. Fifth Afro-Asian Congress of

opthalmology. Kyurinsha, Tokyo, p434. = i

Tsukahara, I., S. Fukuchi and M. Hattori (1972): Exam-"
ination for Chronic Pesticide Poisoning Based on Examina- ~
rion of Visual Acuity, Eyeground and ERG. Ganka Rinsho
Iho, vol 66, pp 838-848. Translated for EPA by Literature

rResearch Company (TR-81-0021).

Ishikawa, S., (1973): Chronic Optic-Neuropathy Due to
Environmental Exposure of Organophosphate Pesticides (Saka
pisease) -Clinical and Experimental Study- Nippon Ganka

Gakkai sasshi, vol. 77 (10), pp. 1835-1886. Translated

for EPA by SCITRAN (SCIENTIFIC TRANSLATION SERVICE).
(TR-80-0787).

Ishikawa, S., (1973): Advances in study of Diseases Due to
Environmental Pollution and Iatrogenic Eye Diseases - With
Special Reference to Diagnostic Criteria of Chronic
Organophosphorus pPoisoning Patients. Nihon no Ganka, -

vol. 139, pp. S5-11. Translated for EPA by Literature

Research Company. (TR-81-0246).

Ito, S., (1973): chronic External Ocular Distrubance Due

to Pesticides Contacts. Nippon Noson Tgakkai Zasshi, vol.
22 (3), pp. 290-291. Translated for EPA by SCITRAN

(SCIENTIFIC TRANSLATION SERVICE). (TR-80-1049).

/7

< R,



30.

31.

32.

33.

34.

35.

36.

- 37.

38.

-4-

Ichi, S., and K. Kimata (1973): Results of Treatment of
ocular Disease Due toO Organophosphorus Pesticides for
Agriculture and the Prognosis. Ganka Rinsho Iho, vol. 27,
No. 9, pp- l1166. Translaced for EPA by SCITRAN (SCIENTIFIC

TRANSLATION'SERVICE). (TR-80~0864).

Imai, H., S. Ohno, H. Suzuki, R. Terakado, and T. Ishikawa
(1973): On the Electroretinogram and the Electrooculogram
of Patients Intoxicated by Organophosphorus Pesticides.
Rinsho Ganka, vol. 27 (9), p. 1165. Translated for EPA by
SCITRAN (SCIENTIFIC TRANSLATION SERVICE). (TR-80-0865).

Imaizumi, X., (1973): Pollution and Iatrogenic Disease of
the Eye. Rinsho Ganka, vol. 27 (9), pp. 1163-1166.
Translated for EPA by Literature Research Company.
(TR-78-0618). [set of abstracts] '

ono, S., H. Imai, S. Ishikawa (1973): Two Interesting
cases of Chronic Organophosphorus Intoxication. Rin Gan
(Jpn. J. Clin. Oopthalmol.) vol. 27 (6), pp. 731-737).
Translated for EPA by Literature Research Company.

(TR-81-0043).

ohto, K., (1974): Long-Term Follow-Up Study of Chronic
Oorganophosphate pesitcide Intoxication (Sakg/nisease)
Wwith Special Reference to Retinal Pigmenta;y Degeneration.
Acta. Soc. Ophthalm. Jap, vol 78 (S), pp. 273-243.

Matsushima, M., and M. Kawai (1974): pesticides and Health

IV. Organophosphate Types and Others. Nippon Noson
Igakkai zasshi, vol. 23, pp 594-59S5. Tranms ated for EPA

by Literature Research Company. (TR-81-0054).

ohto, K., (1974): Follow-Up study of Saku District pesticide
ophthalmology With special Reference to Retinal Degeneration
(3 Fiqures, 4 Tables). Nippon Ganka Gakkai zasshi, vol. 78 (5)
pp. 237-243. Translated for EPA by Literature Research

company. (TR-81-0025).

Haneu, Y., and T. Tsuji (1974): Results of Investigation
on the Effects of Agricultural Chemicals, Especially

organophosphorus pesticides, on Farmers’ Health. Koshu
Eisei Joho, vol. 4, p. 20. Translated for EPA by Literature

rResearch Company. (TR-81-0005).

oishi, S., (1974): Industrial Intoxication and Workers
Eyes. Rodo Eisei, vol. 15, po. 50-52. Translated for
EPA by Literature Research Company. (TR-81-0027).

/Y



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

-5-

Hayashi, T., (1974): Experimental Studies on Ocular
pisturbances Due to Organophosphorus Pesticides (Report
No. 3) Part II - Acutal State of Ocular Disturbances in
School Children in a Rural District. Nippon Noson Igaku
Kenkyusho Nenpo, vol. 3, pp. 168-171. Translated for EPA
by Literature Research Company. (TR-81-0006).

Kogure, M., and H. Imai (1975): Ocular Symptoms Induced
by Organic Phosphorous Insecticides. J. Am. Med. Women's

Assoc. vol. 30 (10), pp. pp. 420-422.

Uchida, T., (1974): A Case of Retinochoroid Pathosis Due
to Chronic Organophosphorus pesticide Intoxication.

Ganka Rinsho Iho, vol. 68 (2), pp. 191-192. (Translated
for EPA by Literature Research Company. (TR-81-0020).

Fuji, T., S. Ishikawa, K. Tokumasu, R. Kawano and H. Ozawa i
(1975): Results of Examination of Equilibrating Function .
In Patients With Chronic Organophosphorus Poisoning.

Ganko Rinsho Iho, vol. 69 (8), p. 1055-56. Translated for
EPA by SCITRAN (SCIENTIFIC TRANSLATION SERVICE). (TR-80-0867).

Misumi, J., T. Matsushita, T. Tomio and Y. Akimatsu (1975):

 Health Survey of Pesticide Control Operators Exposed to Mildly

Poisonous Organophosphorus pesticide. Journal of the Kumamoto
Medical Society (Japan), vol. 49, No. 2, pp. 175-84. Translated
for EPA by SCITRAN (SCIENTIFIC TRANSLATION SERVICE).

(TR-80-0800).

ramura, O. and Y. Mitsui (197S): Organophosphorus Pesticides
as a Cause of Myopia in School Children: An Epidemiological
Study. Jap. J. ophthalmol., vol 19, pp. 250-253.

Mukuno, K., and S. Ishikawa (1975): Ocular Toxicosis --

" Concerning in Particular the Mechanism of Toxic Action on the
“Ophthalmencephalon. No to Shinkei, 27 (8) pp. 809-820.

Translated for EPA by Literature Research Company. .
(TR-81-0018). -

otsuka, J.; T. Tokoro, K. Suzuki and H. Suzuki (1976):
Development of Myopia Induced by Organic Phosphorous
pesticides, XII Concilium Ophtalmologicum Paris 1974
Acta, vol. 2, pp. 1047-31055.

Kohmoto, M., N. Kikuchi and Y. Fukami (1976): Systemic

Myopathy as Intoxication by Pesticide. Rinsho Ganka
(Japan, J. Clinical opthalmology), vol. 27, (6) pp. 751~
755. (Translated by Medical Information Services, Inc.

Ishkawa, S., (1976): Optico-Autonomic-Periphetal Neuropathy

Due to Chronic Organophosphate pesticide Intoxication.
XXII Concilium Ophtalmologicum paris, 1974, Acta Vol. 2,

pp. 1022-1026.
/7



49.

So.

51.

52.

53.

54.

SS.

-6-

oto, K., (1976): The Course of Treatment of Refractoty
cases o§ Ocular Diseases Due to Organophophorous Pesticides.
Ganka Rinsho Iho, vol. 70 (6) pp. 662-668. Translated for
EPA by Literature Research Company. (TR-81-0024).

Ichii, S., and M. Dozono (1977): Electroretinographic (ERG)
stady in Toxic Myopia Due to Oorganophosphate Pesticides.

No. l--Therapeutic Trial by 2-Pam. Acta Soc. Opthalm.

Jap. vol. 81 (8) pp. 1206-1214. Translated for EPA

by Literature Research Company. (TR-81-0239).

oto, K., (1977): Eye Diseases Induced by Organophosphorus
Insecticides - Adult Cases. Nippon Ganka Gakkai Zasshi.
vol. 75, pp 1944-1951. Translated for EPA by Literature

Research Company. (TR-81-0029)

Ishikawa, S,. (1978): Effects of Pesticides on Eyes and/or

vision. Scientific American, vol. 1, pp 68-82. Trans-
javed for EPA by Literature Research Company. (TR-81-0244)

Ishikawa, S., (1978): Clinical symptoms of Chronic Organic
poisoning and Their Therapy. J. Clin. Anesthesia, vol. 2
(2) pp 185-186. Translated for EPA by Literature Research

Company. (TR-81-0238)

Fukuda, T., M. Wakakura and S. Ishikawa (1980): A Clinical
statistical Analysis of Behcet's pDisease--Partially Its
Occupational Specificity. . Folia Ophthalmologica Japonica,
vol. 31(9) pp 1426-1430. Translated for EPA by Literature
Research Company. (TR-81-0234).

Ishikawa, S., and M. Myata (1980) Development of Myopia

following Chonic Oorganophosphate Pesticide Intoxication;
An Epidemiological and Experimental Study, Neurotoxicity
of the Visual System, edited by W.H. Merigan and B Weiss

Raven Press, New York ©

20



/ﬁ %)zscuz,“&;/ i>7>\

Toxic Effects of Organophosphate Insecticides on the Evye
(Animal Experiments 1972-1977)

BIBLIOGRAPHY

M. Matsushima, E. Abe, K. Kurosawa, M. Yanagisawa, Y. Sasaki,
H. Yamazaki, and K. Schimazaki (1972): Experimental Research
. on Subacute Sumithion Intoxication. Nippon Noson Igakkai
Zasshi, vol. 21, pp 310~-311. Translated for EPA by
Literature Research Company. (TR-81-0014). . ,

4. Maebashi, M. Nishimura, K. Ueda, S. Ogata and A.
Kawamura (1972): Chronic Organophosphorus Intoxication
Experiment in Beagle Dogs. Sangyo Igaku, vol. 14(4),
op 411. Translated for EPA by Literature Research

S. Oishi (1972): oOn The Causes of the Pandemic of Blindness
In Cattle in Ehime and Pesticide Intoxification. Nippon
Saigai Igakkai Kaishi, vol. 20, pp 291-294. Translated

for EPA by Literature Research Company. (TR-81-0030).

G. Siem, M.D., Y. Ayan, M.D. and E. Baykal, M.D. (1972):
Experimental Study on the Effects of Insecticides on the
Rabbit Eye, Ann. Opthal vol. 4(10), pp 874-87S.

H. Hikita and S. Ishikawa (1972): Experimental Organo-

phosphate Intoxication (Therapy) - Inhibitory Effects =
of GSH on Corneal Opacity in Rats Given Baytex. Ganka :
Rinsho Iho, vol. 66, pp 832-834. Translated for EPA

by Literature Research Company. (TR-81-0007).

P. Carricaburu and R. Lacroix (1973): Effects of Parathion
on the Electroretinogram in white Mice. Vision Res. vol. 13,
pp 793-796. Translated for EPA by Literature Research

Company. (TR-81-0057).

S. Matsushima, E. Abo and K. Schimarski (1973): Exper-
imental Studies on Subacute DDVP Toxicity on Monkeys and
Rabbits. Nippon Noson Igakkai Zasshi, vol. 22(3), pp
296-297. Translated for EPA by SCITRAN ( SCIENTIFIC TRANS-

LATION SERVICE). (TR-80-1048).

H. Imai, M. Miyata, S. Ishikawa (1973): Retinal Disorders in
Rats Due to Single Administration of Organophosphorus

Agricultural Chemicals. Igaku no Ayumi, vol. 86(1)
pp 28-30. Translated for EPA by Literature Research

Company. (TR-81-0133).

T. Tokoro, K. Suzuki, H. Nakano and Jin Otsuka (1973):
Experimental Studies of Organic Phosphorus Pesticide on
Beagle Dogs: Long-Term Observations on the Refraction and
the Intraocular Pressure. Acta Soc. Ophthalm. Jap., vol.
77(9), pp 1237-1245. Translated for EPA by Literature

Research Comoany. (TR-81-0241).
2/



-2~

10. H. Hikita, M. Miyata and S. Ishikawa (1973): Exper-
imental Study of Chronic Organophosphate (OP) Intox-
ications in the Beagle Dogs - Activities of Cholinesterases
and Residues of OP. Nihon Ganka Gakkai Zasshi, vol. 77(9),
oo 1245-1265. Translated for EPA by Literature Research
Company. (TR-81-0242).

ll. M. Araki, J. Otsuka and V. Mizuhira (1973): Histological
Study by Electron Microscope and Elemental Analytical
Study of the Ciliary Body of A Dog Chronically Poisoned’
by Organophosphates. Nippon Ganka Gakkai Zasshi, vol.
77(11), pp 1923-1935. (TR-80-1000).

12. K. Mukuno and H. Imai (1973): Histological Research on
Dogs Given Long Term Administration of Organophosphorus -
Especially the Changes in the Extraocular Muscles.

Nippon Ganka Gakkai zasshi, vol. 77(9), pp 1246-1253.
Translated for EPA by Literature Research Company.

(TR-81-0017).

13. K. Mukuno, S. Ishikawa, S. Uga: (1973) An Electron Microscopic

Study of the Extraocular Muscles, Optic Nerve and Sural
Nerve in Experimental Chronic Organophosphate Intoxication.

J. Clin. Electron Microscopy vol. 6 pp3-4

14. M. Miyata, H. Imai and S. Ishikawa (1974): Rat Retina
Cholinesterase and The Effects of Organophosphates.
Nippon Ganka Kiyo, vol. 25(1), pp 89-93. Translated for
EPA by Literature Research Company. (TR-81-0016). i

1s. H. Imai (1974): Toxicity of Organophosphorus Pesticide
(Fenthion) on the Retina. Electroretinographic and Bio-
chemical Study. Acta Soc. Ophthalm. Jap., vol. 78(4),
pp 163-172. Translated for EPA by Literature Research

~ Company. (TR-81-0236).

16. A. -Kawamura, S. Ogata, K. shigeno, M. Nishimura, N. Someya.
and K. Ueda (1974): On the Effects of Long Term Adminis- -
tration of an Organophosphorus Pesticide to Male Beagles.
Nippon Eiseigaku Zasshi, vol. 29, pp 216. Translated for
EPA by SCITRAN (SCIENTIFIC TRANLSATION SERVICE).

(TR-81-1038).

17. H. Suzuki and S. Ishikawa (1974): Ultrastructure of the
Ciliary Muscle Treated by Organophosphate Pesticide in
Beagle Dogs. Br. J. Ophthalmal. vVol. S8(11), pp 931-940.

18. ‘M. Nishimura, K. Kanako, K. Sakama, M. Tomida, S. Someya,
Y. Ueda, R. Ogata, and M. Kawamura (1974): -Organophosphorus

Intoxication Experiment in Beagle Dogs. Sangyo Igaku.
vol. 16 p 362 Translated for EPA by Literature Research

Company. (TR-81-0033).

oyA



-3

H. Yamazaki, K. shimazaki, K. Kurosawa and A. Suzuki (1975);
£lectron Microscopy Study on the Subacute Toxicity of
Organophosphorus Pesticides. Nippon Noson Igakkai Zasshi,
vol. 24(1), pp 1-7. Translated for EPA by SCITRAN (SCIENTIFIC

TRANSLATION SERVICE). (TR-80-1046).

H. Imai (1975): Research on the Ocular Toxicity of
Organoohosphorus Agents, Report 2. Residue Properties
in the Rat After one Time Administration of Baytex
(Low Toxicity Organophsophorus Agent) (Especially ’
ERG Changes and Changes Over Time in the Serum, Liver,
Retina Cholinesterase Activity). Acta Soc. Ophthalm.
Jap., vol. 79(8), pp 1067-1076. Translated for EPA by

Literature Research Company. (TR-81-0235).

K. Kono, S. Ishikawa and S. Uga (1975): Impairment of
Optic Nerve and Peripheral Nerve in Chronic Organo-
phosphorus Intoxication. Ganka Rinsho Iho, vol. 69,
pp 969-971. Translated for EPA by Literature Research
Company. (TR-81-0048).

S. Ogata (1976): Research on Organophosphorus Chronic
Intoxication Experiments in Beagle Dogs (Especially
Investigation of Diagnostic Methods). Ganka Rinsho Iho
vol. 70{(8), pp 903. Translated for EPA by Literature
Research Company. (TR-81-0032). o

7
S. Matsushima, E. Abo, K. Sasaki, N. Asanuma, T. Nagano
and K. Fujuta (1976): Long Term-Administration Test in
Dogs and Monkeys with Sumithion At a Minute Dose Rate -
I. Interim Report. Nipon Noson Igakkai Zasshi,
vol. 25(3), pp S10-511. Translated for EPA by SCITRAN
(SCIENTIFIC TRANSLATION SERVICE). (TR-80-1047).

J. Otsuka and K. Tokoro (1976): Experimental Research on
the Development of Myopia Due to Long Term Ingestion of
Low Toxicity Organophosphorus Agents and Its Prevention.
Ganka Rinsho tho, vol. 70(6), pp 669-678. Translated -
for EPA by Literature Research Company. (TR-81-0023).

H. Imai (1977): Experimental Retinal Degeneration Due
To Organophosphorus Agents. Acta SocC. Ophthalm. Jap.,
vol. 81(8), pp 925-932. Translated for EPA by Literature

Research Company. (TR-81-0237).

S. Uga, S. Ishikawa and K. Mukuno (1977): Histopathological
study of Canine Optic Nerve and Retina Treated by

organophosphate Pesticide. Investigative Ophthalmoloqy &

visual Science, vol 16, no. 9, pp 877-881:

et Mg,



27.

28.

-4~

S. Ishikawa and M. Miyata (1980): Development of Myopia
Following Chronic Organophosphate Pesticide Intoxication:

An Epidemiological and Experimental Study, In: Neurotoxicity
of the Visual system (W. Merigan and B. Weiss, Eds) Raven

Press, NY, pp 233-254.

K. Mukuno and H. Imai (1973): Study on Intraocular Muscles
of Chronic Organophosphate Intoxication in Beagle Dogs.
Acta. Soc. Ophthalm. Jap. vol 77, no. 9, pp 1246-1253

Translated for the EPA by SCITRAN TR-86-0006 - ,



/47‘%«.:/\,.,“,( ’1/\

~Z_

TOXIC EFFECTS OF ORGANOPHOSPHATE PESTICIDES
ON THE EYE

Robert P. Zendzian Ph.D.
Senior Pharmacologist

Introduction

In Japan organcphosphate pesticides have been observed
to produce toxic effects on the eye. Extensive human poisoning
produced a syndrome of effects on vision ranging in severity
from myopia to congestion or atropy of the optic nerve. The
Japanese researchers were able to duplicate the effects on,
refraction in an experimental study on dogs utilizing the
organocphosphates fenitrothion and ethylthiometon. Experi-
mental studies with the organophosphate fenthion on rats by
another Japanese scientist demonstrated a syndrome of toxic
effects on the eye beginning with functional abnormalities
in electrical activity and culminating in retinal degenera-

tion following chronic dosing.

Background

In Japan agriculture is a 1l

to produce high quality produce
interspaced with living areas. In the early 1950s organophos-

phate pesticides were introduced to Japanese agriculture and
their use rapidly increased until the quantity applied per
unit area was the highest used in the world, fivg to ten

times that used in Europe and the United States/ Starting

in 1957, an increase in the incidence of myopia was observed
in Japanese school children. This myopia could not be corrected
with eye glasses. The increase showed peaks of incidence in
1964-1965, 1969 and 1973, particularly in junior high school
girls. Ishikawa and his coworkers pecformed a series of
medical and epidemiological studies in the agricultural region
of Saku district which showed a strong positive correlation
petween the incidence of the ocular syndrome and the massive
application of organophosphate pesticides (Ishikawa and Myata
1980)*. The ocular syndrome was not typical of myopia,

being generally more severe, accompanied by vertical astigma-
tism, concentric narrowing of the visual field, and abnormal
eye movements. It was not cocrrectable. Additional observa-
tions included lowered activity of serum cholinesterase,
neurological abnormalities characteristic of anticholinester-
ase poisoning and relatively high levels of organophosphate
insecticides in the blood of the patients compared with
normal individuals from other aceas.

abor intensive process designed
from small fields closely

- Dr. Ishikawa had been involved in research on the
treatment of glaucoma and recognized this pattern of toxicity
ag similar to that seen in glaucoma patients treated with

organophosphates.

(1980) list the organophosphates

Ishiiawa and Miyata
fenthion, dipterex,

malathion, EPN, ethyl and methyl parathion,

*appendix I contains a copy of this paper.
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fenitrothion and diazinon as having extensive use 1n Japan.
Earlier papers list these and many more but are not clear as
to the extent of their use.

The Japanese Ministry of Health and Welfare investigated
the toxic effects of organophosphate insecticides on the
general populatxon'(Sh1kano-l972), and i1dentified the same
ocular syndrome 1n several farming areas of Japan 1in adults

as well as children.

h

Ishikawa and his coworkers were able to reptoducé the
human eye toxicity, myopla with vertical astigmatism, 1n a
two-year study of ethylthiometon and fenitrothion in dogs-
This effect was detected by measuring the shape of the refrac-
tive surface of the eye. The results of the study are summar-
1zed briefly in Ishikawa and Miyata (1980). Ethylthiometon
was administered daily for two years at doses of 5 to 15
mg/dog/day. A reduction 1n erythrocyte acetylcholinesterase
activity was the only additional sign of toxicity. Histopath-
ology revealed a doserelated destruction of the ciliary
muscle. Fenitrothion was administered for one year at doses
of 5 to 50 mg/kg twice weekly and the dogs were observed for
an additional year. The eye effect was produced and persisted
for the one year observation period. Both plasma and RBC
cholinesterase activity were depressed. Histopathology was
similar to that observed 1in the ethylthiometon treated dogs.

Ima1 reported a series of studies on the effect of
fenthion on the retina of the male rat (1974, 1975 & 1977).
A single subcutanious dose (sC) as low as 0.005 mg/kg produced
Jetectable changes on the electroretinogram (ERG). Adminis-
tration for one year of 50mg/kg, SC, twice weekly ext inguished
the ERG and produced gross and histological abnormalities 1n
tne retina, some of which were similar to those seen in the

patients.

In the first study (1974), male rats were given a single
sc dose of 0.005, 0.05, 0.5, 5.0, 25, 50, 100 or 500 mg/kg.
On the fourth day after dosing., ERG recordings were made
and cholinesterase activity 1in

All animals in the highest dose group died before the tests

could be made. Compound induced changes 1in the ERG were seen

at all doses. Electrical activity was enhanced in doses up
to 5.0 mg/kg and depressed 1n the higher doses. Dose related
Jecreases 1in cholinesterase activity were observed 1n retina
and brain at doses as low as 0.5 mg/kg and activity was

essentially nil at 100 mg/Kg.

(1975) showed that the effect of a
uld last for at least
e SC dose of 5, 25 or
y for up to 66 days.
ly the animals dosed

Imai1's second study
single dose of fenthion on the eye co
65 days. Male rats were given a singl
S0 mg/k3 and the ERG taken periodicall
Effects were seen at all doses, but on

the retina and brain determined.
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at 5 mg/kg showed recovery from the compound effect at 30-49
days after dosing.

In the third study (1977) male rats were given a SC

dose of 50 mg/kg twice weekly for one year. ERGs were taken
periodically during the study. The ERG was severely depressed
after three months treatment and by 12 months no activity

was recordable. Visible changes in the ocular' fundus were
observed by the ninth month and at 12 months severe degenerative
changes were apparant. Treated animals sacrificed at three
montnhs showed no abnorm:.1tles under the light microscope,

but at 12 months degenerative changes were clearly visable.

Additional data available

1. Japanese reports on human effects.

Fi1fty-five papers from the Japanese literature on the
toxic eye effects of organophasphates are available in transla-
tion in Toxicology Branch. Although there 18 a great deal
of duplicative reporting 1in these papers, they contain the
primary data source on this type of poisoning 1n Japan. The
papers present detailed descriptions of the toxic syndrome
and 1ts treatment, detailed individual case reports, exposure
and incidence surveys and critical comments on the 1ssue. In
general the connection between the toxic syndromg and organo-
phosphate pesticides 18 well established but individual com-
pounds could not be clearly connected with individual cases.
Use data indicated possible exposure to more than one organo-
phosphate. Urine analysis could only identi1fy the presence
of phosphate metabolites which are not indicative of a specific
organophosphate or the presence of paranitrophenol which can
be indicative of ethyl parathion, methyl parathion or EPN.

2. Japanese reports of studies 1in experimental animals

Twenty-elght papers from the Japanese literature on
the toxic eye effects of organophosphates 1n animal experiments
are available in translation in Toxicology Branch. These
studi1es were able to reproduce various aspects of the toxic
eye effects seen in the human cases with ethylthiometon and
fenitrothion 1n dogs and fenthion 1n rats. These studies
also provide information on dose-response relationships. Their
results have been presented briefly above 1n the Background
secti1on. These studies also provide experimental methodology
and design suitable for testing other organphosphates for the

toxic eye effects.

3. Studies submitted to the Agency

a) Ethyl Parathion.

A two-year chronic study of ethyl
in rats. The compound was supplied 1n

parathion was performed

the feed at concentrations
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of 0.5, 5.0 and 50 ppm. At the 24 and 28 month observations,
reti1nal degeneration was observed by the veterinary opthalmologist
1in a total of seven females at the high dose. Five of these

were birlateral and two unilateral. At the same time four

females 1n the control group showed retinal degeneration, twoO
bilateral and two unilateral. The percent incirdence, combining

observation periods, was 12.5% controls and 22.6% high dose.
The effect was not observed 1n the low and intermediate dose

females nor in any males.
|

Light microscophy detected 2.5 times as many lesions 1in
the controls and 3 times as many 1in the high dose females as
well as detecting lesions 1n the low and intermediate dose
females. Percent 1ncidence was 17% controls, 8% 0.Sppm, 10%
Sppm and 43% 50ppm. Lesions were observed in the males but

there was no compound-related effect.

1

In a second chronic rat study animals were dosed at
0, 2, 8 & 32 ppm and special eye examinations, electro-
retinograms (ERGs) and special microscoplc examinations ¢
{including electronmicroscopy) were performed at termination. ‘
Terminal observations on the eyes indicated decreased ERG \
(LEL 8 ppm, NOEL 2 ppm)., gross retinal abnormalities,
histopathology 1ndicative of blindness and possible 1increase
in cataracts (LEL 32 ppm, NOEL 8 ppm) in the females. Effects
on the eyes of the males at 32 ppm were possible but not
clearcut. The sex differences were most probably due to the
higher doses actually ingested by the females (2.47 versis
1.75 mg/kg/day for the high dose).

A

The critical factor in the special eye studies was that
the animals examination by electronmicroscopy were randomly
selected from the clinically healthy and opthalmologically
normal rats intended for the ERG examination. The EM examination
showed histological abnormalities of retina and optic nerve
1ndicating that most, 1f not all, of the high dose animals

were blind as a result of treatment.

A testing problem 1dent1fied i1n this study was the
lack of corrilation between the results of the various optic
tests. The animal selected for special histopath were grossly
normal by direct ophthmoscopic examination but histological

abnormalities of the retina and optic nerve were severe.
Animals with severe histological abnormalities showed ERGs

which could not be distinguished from histologically normal
controls. The study clearly showed histopathology as the most
sensitive indicator of optic system abnormality..

p) Methyl Parathion

A two-year chronic study of methyl parathion, 1dent1ical

to the first study with ethyl parathion, was performed 1in
rats. The compound was supplied 1n the feed at concentrations
of 0.5, 5.0 and 50 ppm. At the 24 month observation, retinal

2y
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degeneration was observed by the veterinary opthalmologist.
1in 15 of the 35 living females at the high dose. No additional
high dose females showed the effect at 28 months so that 15
~as the total number detected for an incidence of 43% (15/35).

Vo retinal effect was observed in any other group of females
and no retinal effect was observed in the males.

Histopathology detected retinal degeneration 1n the
controls, low and intermediate dose females which were not
detected by the opthalmologist and an additional five high
Jose females. Percent incidence was 5% controls, 5% O.5ppm,
5% Sppm and 36% (20/55) 50ppm. Lesions were not observed 1n

the males.

Discussion

The Japanese reports available, on both human and animal,
are a very mixed lot. Many are duplicative, incomplete or 1in
abstract. Yet sufficient hard evidence exists to clearly show

that organophosphate cholinesterase-inhibiting pesticides
produce a spectrum of toxic effects on the eye both functionally
and structurally. The mechanism of these effects 1s reasonably
delineated 1in the animal studies. However, one cannot attribuite
a specific cqmpound as causal in the human cases.

In order to make a case based on the studies available
1t will be necessary to prepare a detailed, written evaluation
of the reports and write a document presenting the evidence.

There are 82 reports in house, most 1n translation from the
Japanese and a few written 1in English. In addition, some 20-30
d therein will have to be obtained, translated

and evaluated. To do the task will take 2.5-3 man months of a
senior reviewer's time and, i1f the additional studies are
ordered early, can take 3-3.5 calender months for completion.

What will we have'when this 1s completed?

1) In the human cases we will have a clearer picture of

the toxic syndrome but probably st1ll not be able to indict .
any single compound or determine a dose~relationship.

2) In the case of the animal studies of ethyl and methyl
parathion, we will know that chronic administration causes
retinal atropy and as the Registrant(s) completes the studies
requested, we will have information on acute and chronic
effects on nerve function. The Registrant(s) has indicated
1nterest in performing the studies. These, the most sensitive
studies will provide a dose-response relationship and NOELs.

3) In the case of ethylthiometon and fenitrothion we
will have studies in a limited number of dogs showing effects
on the geometry and optics of the eye and indications of
their cause through effects on the retinal, cilary and
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oculomotor muscles. The doses used and the dose regimen are
not clear and we will not have a NOEL(s).

4) In the case of fenthion 1n the rat we will have studies
of the acute dose response on the electrical activity,
cholinesterase inhibition in discrete parts of the eye and
Lndications of the duration of the effect. The chronic study
provides 1nformation on the effects on electrical activity

and Elstology showing degenerative effects. Unfortunately
all of this is the result of subcutaneous abministration, a

route that 1s not normal for pesticide administration. Even
so the electrical effects reported occurred at incredibly low

doses, 0.005mg/mg/kg the lowest dose tested. Rats 1in the
study survived a single dose of 100mg/kg and all died at

500mg/kg.

S) There 1s some 1ndication 1n the Japanese literature

of an effect on color vision. At this time we have no
experimental test system for determining effects on color vision.

Recommendations

It 1s recommended that a formal written evaluation of the

Japanese reports be performed. The task may be performed
ei1ther 1mmediately with a completion in three months or to
be completed in 6-9 months. The latter course is recommended
as this will allow time for the receipt of preliminary’

information on the eye toxicity studies on parathion.

Upon completion of the evaluation the following possible
actions can be available.

1) Require acute eye studies, electroretinograms, 1n
rats on the organophosphate pesticides 1denti1fied as being
used in Japan during the toxic eye epidemicC and on the compounds
tested in animals in the Japanese studies. The acute studies
will determine which of the suspect compounds causes an eye
effect by monitoring electrical activity and will determine
a dose-response relationship with NOEL for the active compounds.

2. Evaluate .all organophosphate pesticides with acute
eye studies.

3. Present the problem to SAP and request guidance.

ected may come of the acute parathion

4. Something unexp
ble course may be necessary.

eye studies and an unpredicta

Of the four possibilities number one appears most likely.

3
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The paper attached 1s a good short general review papet
on the Japanese experience with the effects of organophosphate
pesticides on the eye. It presents the human experience and
the animal studies which were used to show that organophosphate
pesticides can cause the effects seen in humans. It 1s of
necessity 1ncomplete and should not be used as a primary data
source. Translations of the Japanese papers cited as well as
numerous other Japanese papers on this subject are on hand
1n Toxicology Branch. These papers present the origional
reports of the human experiences and the animal studies which
should be used 1in developing an understanding of the toxic
eye effects of these compounds
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Ishikawa, I. & M. Miyata, Development of Myopia Following

Chronic Organophosphate Pesticide Intoxication: An epidemiological
and Experimental Study,. 1n Neurotoxicity of the Visual sustem.
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