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L. INTRODUCTION

On November 6, 1997, the Health Effects Division's Hazard Identification Review committee
evaluated the toxicology data base to select the doses and endpoints for acute dietary, chronic
dietary (RfD) as well as occupational and residential exposure risk assessments, and addressed the
enhanced sensitivity of infants and children from exposure to Malathion as required by the Food
Quality Protection Act (FQPA) of 1996.

II. HAZARD IDENTIFICATION

A. Acute Dietary (one-day)

Study Selected: Range-Finding Developmental Toxicity - Rabbit and
Developmental Toxicity - Rabbit §83-3
MRID Nos. 00152569 (Range Finding) 40812001 (Main Study)

Executive Summary: Range Finding: In a Range-Finding study, pregnant New Zealand
white rabbits (5/group) received oral administration of Malathion (92.4%) in corn oil at
doses of 0, 25, 50, 100, 200, or 400 mg/kg/day on Gestation Days (GD) 6-18. No
mortalities or clinical signs were observed at 25, 50 or 100 mg/kg/day. At 200 mg/kg/day,
2 does died, 1 on GD 11 (5 days after dosing) and another on GD 17 (11 days after
dosing). At 400 mg/kg/day, 4 does died, 1 on GD 7, 1 on GD 8 and 2 on GD 9.
Cholinergic signs of toxicity seen at 200 and 400 mg/kg/day included tremors, decreased
activity and salivation. External examinations of the fetuses did not indicate any gross
abnormalities. For Maternal Toxicity, the NOEL was 100 mg/kg/day and the LOEL was
200 mg/kg/day based on mortality and clinical signs.

Main Study: In a prenatal developmental toxicity study, pregnant New Zealand White
rabbits (20/group) received oral administration of Malathion (92.4%) in corn oil at doses
of 0, 25, 50, or 100 mg/kg/day on gestation days 6-18. Mortality in 2 does at 100
mg/kg/day were attributed to dosing (gavage) errors. For Maternal Toxicity, the NOEL
was 25 mg/kg/day and the LOEL was 50 mg/kg/day based on reduced mean body weight
gains during treatment. During the dosing period (Days 6-18), mean body weight gains
were 0.19, 0.06, -0.03 and -0.03 kg at 0, 25, 50 and 100 mg/kg/day, respectively.
Anorexia and soft stools were seen at all doses including the controls, but occurred at a
slightly higher incidence at 100 mg/kg/day. For Developmental Toxicity, the NOEL was
25 mg/kg/day and the LOEL was 50 mg/kg/day based on a slightly increased incidence of
mean resorption sites per dam.

Dose and Endpoint for Risk Assessment: NOEL of 50 mg/kg/day. The Committee
selected this dose based on a weight-of-the-evidence consideration from the Range-
Finding and the Main Study as well as pertinent information from other studies.



Comments about Study and Endpoint: In the Range-Finding study no deaths occurred at
100 mg/kg/day. Death attributable to a single dose (i.e., the period of exposure of
concern)occurred only in 1 doe on the first day of dosing (GD 7) at 400 mg/kg/day. At’
200 mg/kg/day deaths occurred only after multiple doses (i.e., GD 11 and 17)]. No
treatment-related mortality was seen in the main study. None of the clinical signs
(anorexia and soft stool) seen in both studies were attributable to a single exposure.

In the Main Study, the decrease in mean body weight gain in does at 50 mg/kg/day
(LOEL) observed during the dosing period was not attributable to a single dose but rather
to multiple doses. It should be noted no mortalities, clinical signs or decreases in body
weight gain were seen at the same dose (50 mg/kg/day) in the Range-Finding study.

Thus, toxicological endpoints (e.g., death, clinical signs) attributable to a single dose were
not observed at 50 mg/kg/day. The increase in resorption sites/dam at 50 mg/kg/day was
not considered to be an appropriate endpoint because the incidence was only slightly
increased and was considered by the Committee to be of no meaningful toxicological
significance with respect to acute dietary risk assessment. Based on a weight-of-the-
evidence consideration from the Range-Finding and the Main Study and other pertinent
information from other studies on Malathion, the Committee determined that a NOEL of
50 mg/kg/day is appropriate for acute dietary risk assessment.

The Committee did not consider the acute neurotoxicity study in rats (MRID No.
43146701) to be appropriate because of low confidence in the assessment of
cholinesterase activity. In rats given a single oral dose of Malathion at 0, 500, 1000 or
2000 mg/kg, plasma and erythrocyte cholinesterase were inhibited in both sexes at 2000
mg/kg on Day 7, a finding which was sustained, in females only on Day 15. Also, there
was equivocal inhibition of plasma cholinesterase in females at 500 and 1000 mg/kg which
was characterized by a poor dose response. No inhibition of brain cholinesterase activity
was seen in either sex at any dose level. Thus the lack of dose response and a clear NOEL
for this biomarker constituted an inherent weakness of this study since inhibition of
cholinesterase activity was seen in other studies among various species (rats, and dogs) at
much lower doses.

This risk assessment is required.

Acute Dietary Risk Assessment: The Committee determined that the 10 x factor to
account for enhanced sensitivity of infants and children (as required by FQPA) should be
removed. For acute dietary risk assessment, a Margin of Exposure (MOE) of 100 is
adequate for the protection of the general U.S. population including infants and children
from acute exposure to Malathion. A MOE of 100 is adequate because.

D Developmental toxicity studies showed no increased sensitivity in fetuses as
compared to maternal animals following in utero exposures in rats and
rabbits.



(i) A two generation reproduction toxicity study in rats showed no increased
sensitivity in pups when compared to adults.

(i)  The toxicology data base is complete and there are no data gaps.

B. Chronic Dietary [Reference Dose (RfD)]

Study Selected: Combined chronic Toxicity/carcinogenicity -Rat Guideline §83-5
MRID No. 43942901

Executive Summary: In a combined chronic toxicity/carcinogenicity study, groups of
Fischer 344 rats (90/sex/dose) were fed diets containing Malathion (97.1%) at 0, 100/50,
500, 600 or 12000 ppm (equivalent to 0, 4, 29, 359 or 739 mg/kg/day in males and O, 5,
35, 415 or 868 mg/kg/day in females, respectively) for up to 24 months. The low dose of
100 ppm was reduced to 50 ppm after 3 months due to inhibition of erythrocyte
cholinesterase activity in females. For chronic toxicity, the NOEL was 50 ppm (4
mg/kg/day) and the LOEL was 500 ppm (29 mg/kg/day) based on inhibition of plasma
cholinesterase activity in males at 24 months.

Dose and Endpoint for establishing the RfD: NOEL=4 mg/kg/day based on significant
inhibition of plasma cholinesterase activity at 29 mg/kg/day (LOEL).

Uncertainty Factor (UF): An UF of 100 was applied to account for inter (10 x)-and intra-
(10 x) species variation.

RfD = 4 mg/kg/day (NOEL = 0.04 mg/kg/day
100

Comments about Study and Endpoint: The RfD derived from the use of the NOEL and
endpoint from the above animal study and an Uncertainty Factor of 100 is supported by a
comparable RfD that could have been derived from the use of the NOEL from a human
study and an Uncertainty Factor of 10.

In a 1962 study conducted with male human volunteers, Malathion (purity not known)
was administered by gelatin capsule once each day to groups of 5 healthy male volunteers
ranging in age form 23 to 36 years. Based on an assumed body weight of 70 kg, the
dosage regimen was 0.11 mg/kg/day for 32 days, 0.23 mg/kg/day for 47 days and 0.34
mg/kg/day for 56 days. Plasma and erythrocyte cholinesterase activities were determined
twice weekly before, during and after administration. Some of the volunteers were also
given another test material (EPN) alone or in combination with various doses of Malathion
over the course of the study. No clinical signs or symptoms of toxicity were observed at
any dose level at any time. The NOEL was 0.23 mg/kg/day and the LOEL was 0.34
mg/kg/day based on inhibition of plasma and erythrocyte cholinesterase.



When the NOEL of 4 mg/kg/day from an animal study is used in conjunction with an
Uncertainty Factor of 100 (10 x for inter-species and 10 x for intra-species variations),
the RfD derived is 0.04 mg/kg/day.

When the NOEL of 0.23 mg/kg/day from a human study is used in conjunction wifh an
Uncertainty Factor of 10 (for intra-species variation), the RfD derived is 0.02 mg/kg
/day.

The Committee decided to use the animal study instead of the human study for deriving
the RfD for the following reasons: 1) low confidence in the human study due to the use of
only one sex (males), unknown purity of Malathion, and the unavailability of raw data for
proper evaluation); 2) the completeness of the animal toxicology data base, known purity
(97.1%) of Malathion tested and the NOEL of the 2-year study supported by the results in
a 13-week neurotoxicity study in rats in which the NOEL for inhibition of cholinesterase
activity was also 4 mg/kg/day in both males and females.

Chronic Dietary Risk Assessment: The Committee determined that the 10 x factor to
account for enhanced sensitivity of infants and children (as required by FQPA) should be
removed. For chronic dietary risk assessment, a UF of 100 is adequate for the
protection of the general U.S. population including infants and children from chronic
exposure to Malathion. A UF of 100 is adequate because.

O Developmental toxicity studies showed no increased sensitivity in fetuses as
compared to maternal animals following in ufero exposures in rats and
rabbits.

(i) A two generation reproduction toxicity study in rats showed no increased
sensitivity in pups when compared to adults.

(iii)  The toxicology data base is complete and there are no data gaps.

C. Occupational/Residential Exposure

1. Dermal Absorption
Study: Published Study (Feldman, RJ and Maibach, HI. (1970)

Executive Summary: In this dermal absorption study in humans, 14C-radiolabeled
Malathion (dissolved in acetone) was applied to a 13 sq cm circular area on the
ventral surface of the forearms of 7 subjects at a rate of 4 ug/sq cm. The skin sites
were not protected. All urine was collected for 5 days and assayed for
radioactivity in a liquid scintillation counter. Dermal penetration of Malathion
through the skin was estimated by calculating the total amount of radioactivity



excreted in the urine in 5 days. A mean of 7.84% +2.71% (SD) of the applied
dose of radioactivity was recovered in the 5 day urine, indicating a dermal
absorption rate of approximately 5% to 10% over a 5 day period. Based on the
above, the Committee concluded that the dermal absorption rate is about 10%.

Dermal Absorption Factor: A dermal absorption factor of 10% should be used for
converting oral dosing to dermal dosing.

Comments about Study: The dermal absorption rate of 10% established in the
human study is supported by the dermal absorption (DA) calculated by comparing
the NOELs or LOELSs in the oral developmental toxicity study and the 21-day
dermal toxicity study in the same species (rabbits) as shown below

Estimated DA based | Estimated DA based
Type of Study NOEL | LOEL on NOELs on LOELs
Main Study-Developmental 25 50 25+1000 =2.5% 50+1000=5%
Range-Finding-Developmental 100 200 100+1000=10% 200+1000=20%
21-Day Dermal Toxicity 1000 >1000

Additional support for the dermal absorption rate of 10% in humans is provided in
a study by Castles and Reddy. In that study, human percutaneous absorption was
determined for Malathion (neat), Ortho Malathion 50 (50% Malathion in Xylene),
Ortho Malathion diluted to 1% in water and Ortho Malathion diluted in 10% water
when applied to the forearm. The mean doses applied were 0.8, 0.9, 0.032 and
1.13 mg/sq cm. respectively. Mean absorption, based on urinary excretion of
label, for a 24 hour exposure was 7.2, 5.6, 15.0 and 5.5, respectively (Castles and
Reddy, January, 1993; Tox.Doc.No. 011314).

2. Short-Term Dermal - (1-7 days)

Study Selected: 21-Day Dermal Toxicity - Rabbit ~ Guideline §82-2
MRID No 41054201

Executive Summary: Groups of New Zealand White rabbits (6/sex/dose) received
15 repeated dermal applications of Malathion (94%) at 0, 50, 300 or 1000
mg/kg/day, 6 hours/day, 5 days/week over a three week period. Except for one
death at the high dose due to acute mucoid gastroenteritis, no mortality occurred.
No treatment-related effects were seen in body weight, body weight gain, food
consumption, clinical signs, hematology or clinical chemistry parameters, organ
weights and gross or histopathology. Slight dermal irritation was seen at
application sites. The overall NOEL was 50 mg/kg/day and the LOEL was 300
mg/kg/day based on significant inhibition of plasma and red blood cell
cholinesterase activity in both sexes and in the brain of females.



Dose and Endpoint for Risk Assessment: NOEL = 50 mg/kg/day based on
significant inhibition of plasma, red blood cell and brain cholinesterase activity at
300 mg/kg/day (LOEL).

Comments about Study and Endpoint: Inhibition of cholinesterase activity
following oral administration was also observed following dermal applications, the
route of exposure of concern. ‘

This risk assessment is required.

3. Intermediate-Term Dermal (7 Days to Several Months)

Study Selected: 21-Day Dermal Toxicity - Rabbit ~ Guideline §82-2
MRID No 41054201

Executive Summary: See Short-Term

Dose and Endpoint for Risk Assessment: NOEL=50 mg/kg/day based on
significant inhibition of plasma, red blood cell and brain cholinesterase activity at
300 mg/kg/day (LOEL).

Comments about Study and Endpoint: The Committee selected this dose for this
risk assessment, since the NOEL of 50 mg/kg/day established following dermal
exposure in the 21-day dermal study is supported by the NOEL of 4 mg/kg/day
established following oral exposure in the 13-week neurotoxicity study in rats
when a dermal absorption factor of 10% is applied. In both studies (i.e. via both
routes), the LOEL was based on a common toxicological endpoint, inhibition of
plasma, red blood cell and brain cholinesterase activity.

In a subchronic neurotoxicity study (MRID No. 43269501), Sprague-Dawley rats
received dietary administration of Malathion at 0, 4, 352 or 1486 mg/kg/day to
males and at 0, 4, 395 or 1575 mg/kg/day to females for 13 weeks. For
cholinesterase activity, the NOEL was 4 mg/kg/day in both sexes and the LOEL
was 352 mg/kg/day in males and 395 mg/kg/day in females based on inhibition of
plasma and erythrocyte cholinesterase activity in both sexes and on inhibition of
brain cholinesterase activity in females.

Application of a dermal absorption rate of 10% to the oral NOEL of 4 mg/kg/day
yields a comparable dermal dose of 40 mg/kg/day (4 mg/kg/day+10%DA = 40
mg/kg/day). Thus the 40 mg/kg/day is analogous to the 50 mg/kg/day NOEL
observed in the 21-day dermal study in rabbits based on the same toxicological
endpoints.



This risk assessment is required.
4. Long-Term Dermal (Several Months to Life-Time)

Study Selected: Combined Chronic Toxicity/Carcinogenicity - Rat §83-5
MRID No 43942901

Executive Summary: See Chronic Dietary

Dose and Endpoint for Risk Assessment: NOEL=4 mg/kg/day based on
significant inhibition of plasma cholinesterase activity at 29 mg/kg/day (LOEL).

Comments about Study and Endpoint: This dose and endpoint was used in
establishing the RfD. Since an oral dose was selected, a dermal absorption rate of
10% should be used in dermal risk assessments. When a dermal absorption rate of
10% is applied to the oral NOEL of 4 mg/kg/day, a comparable dermal dose of 40
mg/kg/day is obtained (i.e., 4 mg/kg/day +10% DA = 40 mg/kg/day).

This risk assessment is required.

5. Inhalation Exposure (Any-Time period)

Study Selected: 90-Day Inhalation -Rat Guideline: 82-4
MRID No 43266601

Executive Summary: In a subchronic inhalation study, groups of Sprague-Dawley
rats (15/sex/concentration) were exposed in whole body inhalation chambers to
Malathion (96.4%) at aerosol concentrations of 0.1, 0.45, or 2.01 mg/L for 6
hours/day, 5 days/week for 13 weeks . Treatment had no effects on survival, body
weights or food consumption. Cholinergic signs observed at 2.01 mg/L and
sporadically in a few animals at the lower doses included red staining of the
urogenital areas, excess salivation and ungroomed oily fur. Treatment-related
histopathological lesions were seen in the nasal cavity and the larynx of both sexes
of rats at all concentrations tested. The lesions in the nasal cavity were
characterized as slight to moderate degeneration and/or hyperplasia of the
olfactory epithelium which was locally extensive. The lesions of the larynx were
characterized as epithelial hyperplasia, with squamous keratinization occurring in
some rats. In addition, the olfactory/respiratory epithelial junction was severely
affected in most animals. For systemic toxicity, a NOEL was not established and
the LOEL was 0.1 mg/kg/day based on histopathologic lesions of the nasal cavity
and larynx. Inhibition of plasma and red blood cell cholinesterase activity was seen
in female rats at all concentrations. In male rats, inhibition of cholinesterase
activity was observed in plasma at 2.01 mg/L and in red blood cells at > 0.45
mg/L. Inhibition of brain cholinesterase activity was seen only at the highest
concentration. For overall cholinesterase inhibition, a NOEL was not established
for plasma and red blood cells; the LOEL was 0.1 mg/L. For inhibition of brain
cholinesterase, the NOEL was 0.45 mg/L and the LOEL was 2.01 mg/L.



Dose and Endpoint for Risk Assessment: LOEL = 0.1 mg/L based on inhibition of
plasma and red blood cell cholinesterase activity and histopathological lesions of
the nasal cavity and larynx at the lowest concentration tested.

Comments about Study and Endpoint: Since this is the only inhalation study that
is available in the toxicology data base, the LOEL from this study will be used for
Short-, Intermediate-and Chronic inhalation risk assessments.

This risk assessment is required.

D Margin of Exposure for Occupational/Residential Exposures:
1. MOE for Dermal Exposures

For Short-, Intermediate- and Long-Term dermal exposures a MOE of 100 is adequate
for occupational and residential exposures to Malathion via the dermal route because:

@ Developmental toxicity studies showed no increased sensitivity in fetuses as
compared to maternal animals following in utero exposures in rats and
rabbits.

(i) A two generation reproduction toxicity study in rats showed no increased
sensitivity in pups when compared to adults.

(i)  The toxicology data base is complete and there are no data gaps.

2. MOE for Inhalation Exposures

The dose (0.1 mg/L) selected for inhalation risk assessments is a LOEL and thus ordinarily
would necessitate the use of an additional Uncertainty Factor (UF) for risk assessments
(under FIFRA). For Malathion, however, an additional UF of 3 should be applied only for
Intermediate and Long-Term but not for Short-Term exposure risk assessments.

The Committee determined that an additional UF of 3 is not required for Short-Term risk
assessments because the toxicological endpoints (inhibition of plasma and red blood cell
cholinesterase activity and histopathological lesions) seen at the lowest concentration
tested are considered to be cumulative effects (the result of multiple dosing) and are not
expected to occur after 1-7 days of treatment (the Short-Term exposure period of
concern). In the acute neurotoxicity study, no cholinesterase inhibition was seen after a
single oral dose except at a very high dose. In subchronic and chronic studies via the oral
route, inhibition of cholinesterase activity has been observed only after repeated dosing
with Malathion.
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Therefore, the Committee determined that a MOE of 100 is adequate for Short-Term
exposure risk assessments but a MOE of 300 is required for Intermediate-and Long-
Term exposure risk assessments for exposures to Malathion via inhalation. The
additional UF of 3 is applied under FIFRA because a LOEL was used for these risk
assessments. No FQPA factors are required since there was no indication of increased
sensitivity in the offspring of rats or rabbits in prenatal exposure studies on Malathion.

E. CLASSIFICATION OF CARCINOGENIC POTENTIAL

On September 24, October 8 and 15, 1997 HED's Cancer Assessment Review Committee
(CARC) evaluated the carcinogenic potential of Malathion. The CPRC reviewed the
following studies: 1) Carcinogenicity study in B6C3F1 mice with Malathion; 2) Combined
chronic toxicity/carcinogenicity study in Fischer 344 rats with Malathion; and 3)
Combined chronic toxicity/carcinogenicity study with Malaoxon in Fischer 344 rats. The
CARC recommended re-evaluation of certain tissues/slides from these studies since an
assessment on the relevancy of observed tumors to treatment could not be made due to
the absence of critical histopathological data. The CARC re-affirmed the current
classification of Malathion as a Group D Carcinogen - Not Classifiable as to Human
Carcinogenicity (Memoradum: J. Rowland SAB to M. Ioannou, TB2, November 3, 1997).

F. MUTAGENICITY

(D). _Gene Mutation:

In a Salmonella typhimurium/Escherichia coli reverse gene mutation assay, Malathion
(95.2%) was non-mutagenic when tested at concentrations up to 5000 ug/plate (highest
dose tested) with or without S9 activation (MRID No. 40939302).

(ii). Chromosome Aberrations:

In an in vivo bone marrow cytogenetic assay, Malathion (94%) was negative following
oral doses at 500-2000 mg/kg to male and female Sprague-Dawley rats. A dose-related
reduction in mitotic indices (MIs) was seen in the females of all treatment levels at 24
hours. Reduced MlIs were also recorded for high-dose males and females at 48 hours
(MRID No. 41451201).

(iii). Other Mutagenic Effects:
In an in vitro primary rat hepatocytes unscheduled DNA synthesis (UDS) assay, Malathion

(94%) was negative up to cytotoxic levels (> 0.12 pL/mL; ~ 150 pg/mL).(MRID No.
41389301).
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(iv). Other Information:

Under the pre-1991 guidelines, the three acceptable studies S.typhimurium/E. coli reverse
gene mutation assay, in vivo bone marrow cytogenetic assay in rats, and unscheduled
DNA synthesis (UDS) assay in primary rat hepatocytes (UDS)] satisfy the minimum
requirements in the three major categories of genetic testing. The acceptable studies were
negative. However, an open literature review of mutagenicity studies on Malathion and
Malaoxon, a metabolite formed by oxidation, was prepared for the Carcinogenicity Peer
Review of Malathion held on February 7, 1990 (see Memorandum from K. Dearfield to J.
Edwards, 1990).

In addition, the mutagenicity potential of Malathion was again evaluated by HED's CPRC
on September 24 and October 8 and 15, 1997. The overall assessment indicated that there
is overwhelming confirmation from the published literature demonstrating that Malathion
is genotoxic, producing structural damage to chromosomes in vitro and in whole animal
studies with mice and hamsters. Similar conclusions were reached by Flessel et al., (1993)
in the genetic toxicology review prepared for the California Department of Health
Services. No assays with germinal cells have been submitted to the Agency. However,
Malathion was negative in Drosophila melanogaster sex-linked recessive lethal assays,
mouse dominant lethal assays and spermatogonia and/or spermatocyte cytogenetic assays.
A questionable clastogenic response was reported in mouse spermatocytes following
subacute exposure to commercial grade Malathion (Salvadori ef al., 1988). Nevertheless,
the data from reproduction toxicity (MRID No. 41583401) and developmental studies
(00152569, 41160901) and epidemiological surveys of pregnant women exposed to
Malathion (Arevalo ef al., 1987, Spielman, 1986; Grether, ef al., 1987) do not suggest
adverse heritable effects. The Committee concluded, therefore, that requiring studies in
germinal cells was not warranted.

No mutagenicity studies have been submitted to the Agency on Malaoxon. The consensus
opinion from the above cited reviews of the open literature is that Malaoxon is not
mutagenic in bacteria but is positive without S9 activation in the mouse lymphoma assay
forward gene mutation assay. Malaoxon was not clastogenic in cultured Chinese hamster
ovary (CHO) cells; however, the findings from the mouse lymphoma assay suggest that
Malaoxon may induce both gene mutations and chromosome aberrations. Nonactivated
Malaoxon also caused SCEs in independently performed investigations with CHO cells.

(iv). Conclusions:
The positive mutagenicity studies with Malathion support the evidence of liver tumor
induction in male and female mice. Based on the overall results, there is a clear concern

for somatic cell mutagenicity. No further testing is required since all mutagenicity issues
have been addressed.
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G. Recommendation for Aggregate Exposure Risk Assessments

For aggregate exposure risk assessment, the MOEs derived for the oral, dermal and
inhalation exposures may be combined to obtain a total MOE since a common
toxicological endpoint (i.e., cholinesterase inhibition) was observed following exposure via
these routes in oral, dermal and inhalation toxicity studies.

1
1 + 1 + 1

MOEOml MOEDerma] MOEI:ﬂwIaﬁon

III. FQPA CONSIDERATIONS

1. Neurotoxicity Data

In an acute delayed neurotoxicity study, Malathion (93.6%) was administered by gavage
to atropinized hens at 1007.5 mg/kg (1.3 x the oral LD50 of 775 mg/kg). A second dose
(852.5 mg/kg) was given by gavage at study day 21. Mortality was extensive (only 14/60
hens survived the full study). Clinical signs of neurotoxicity, considered to be due to
inhibition of cholinesterase activity, were observed for up to 6 days after dosing. No
further clinical signs or gross or microscopic evidence of neuropathology was observed.
(MRID No. 40939301)

In an acute neurotoxicity study, groups of Sprague-Dawley rats (27/sex/dose) received a
single oral administration of Malathion (96.4%) in corn oil at doses of 0, 500, 1000, or
2000 mg/kg. For neurotoxicity, the NOEL was 1000 mg/kg and the LOEL was 2000
mg/kg/day based on decreased motor activity at peak effect time (day 1) and clinical signs
(salivation, body staining, one death with tremor, labored breathing, stained fur, decreased
defecation and urination). Plasma and erythrocyte cholinesterase were inhibited in both
sexes at 2000 mg/kg on Day 7, a finding which was sustained, in females only on Day 15.
Also, there was an equivocal inhibition of plasma cholinesterase for females at 500 and
1000 mg/kg, characterized by a poor dose response. No inhibition of brain cholinesterase
activity was seen in either sex at any dose level. Equivocal neuropathological findings at
2000 mg/kg included axonal degeneration in the lumbar root and bilateral retinal rosette in
one male, digestion chambers in the lumbar dorsal root fibers in one male and in the sciatic
and tibial nerve in another male rat. The one rat with bilateral retinal rosette was
observed was among but five males examined histopathologically in the high dose group,
and that none were examined in lower lose groups. Digestion chambers and axonal
degeneration of the sciatic nerve were also seen in one male control rat. (MRID No.
43146701).
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In a subchronic neurotoxicity study, groups of Sprague-Dawley rats (25/sex/dose) were
fed diets containing Malathion (96.4%) at 0, 50, 5000 or 20,000 ppm (0, 4, 352, or 1486
mg/kg/day in males and 0, 4, 395, or 1575 mg/kg/day in females, respectively). For
systemic toxicity, the NOEL was 5000 ppm (352/395 mg/kg/day for M/F) and the LOEL
was 20,000 ppm (1486/1575 mg/kg/day in M/F) based on decreased body weight and
food consumption and on increased clinical signs (anogenital staining, and dried red
material around the nose). For cholinesterase inhibition, the overall NOEL was 50 ppm (4
mg/kg/day) and the LOEL was 5000 ppm (352/395 mg/kg/day in M/F) based on inhibition
of plasma and red blood cell cholinesterase in males and females and on Brain
cholinesterase in females. There were no treatment-related effects on brain weight or
neuropathology (MRID No. 43269501))

In a published study by Desi ef al. (1976) Malathion (95%) was administered to female
CFY rats at dietary doses of 38 and 75 mg/kg/day for 90 days. The authors reported that
maze performance was affected during the first 21 days of the study and EEG and EMG
recordings were affected after 90 days. Brain cholinesterase activity was inhibited, but
clinical signs of cholinergic poisoning were not observed during the study.

In an ad hoc meeting of HED neurotoxicity experts convened to consider this study (and
certain other studies on Malathion), the consensus of the meeting participants was to
perform a literature search on this finding and related findings for organophosphates in
general and for Malathion in particular and if warranted by new information, consider
requesting additional neurotoxicity studies on Malathion. The conclusins of this ad hoc
meeting is attached to this Report.

2. Determination of Susceptibility

There is no indication of additional sensitivity to young rats or rabbits following pre-
and/or postnatal exposure to Malathion in the developmental and reproductive toxicity
studies.

() Developmental Toxicity:

In a prenatal developmental toxicity study, pregnant Sprague-Dawley rats (25/group)
received oral administration of Malathion ( 94%) in corn oil at doses of 0, 200, 400, or
800 mg/kg/day during gestation days 6 through 15. For maternal toxicity, the NOEL was
400 mg/kg/day and the LOEL was 800 mg/kg/day based on decreased body weight gain,
decreased food consumption and clinical signs of toxicity (urine-stained abdominal fur).
No developmental toxicity was observed. For developmental toxicity, the NOEL was
>800 mg/kg/day (HDT); a LOEL was not attained. Neither maternal nor fetal
cholinesterase levels were measured in this study. (MRID No. 41160901)
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In a prenatal developmental toxicity study, pregnant New Zealand White rabbits
(20/group) received oral administration of Malathion (92.4%) in corn oil at doses of 0, 25,
50, or 100 mg/kg/day during gestation days 6 through 18. For maternal toxicity, the
NOEL was 25 mg/kg/day and the LOEL was 50 mg/kg/day based on reduced mean body
weight gains during treatment. For developmental toxicity, the NOEL was 25 mg/kg/day
and the LOEL was 50 mg/kg/day based on a slightly increased incidence of mean
resorption sites per dam. Neither maternal nor fetal cholinesterase levels were measured
in this study. (MRID No. 40812001).

In a Range-Finding study, pregnant New Zealand white rabbits (5/group) received oral
administration of Malathion (92.4%) in corn oil at doses of 0, 25, 50, 100, 200, or 400
mg/kg/day on Gestation Days (GD) 6-18. No mortalities or clinical signs were observed
at 25, 50 or 100 mg/kg/day. At 200 mg/kg/day, 2 does died, 1 on GD 11 and another on
GD 17. At 400 mg/kg/day, 4 does died, 1 on GD 7, 1 on GD 8 and 2 on GD 9.
Cholinergic signs of toxicity seen at 200 and 400 mg/kg/day included tremors, decreased
activity and salivation. External examinations of the fetuses did not indicate any gross
abnormalities. For Maternal Toxicity, the NOEL was 100 mg/kg/day and the LOEL was
200 mg/kg/day based on mortality and clinical signs (MRID No. 00152569).

(ii) Reproductive Toxicity:

In a two-generation reproduction study, groups of Sprague-Dawley rats (25/sex/group)
were fed diets containing Malathion (94.0%) at concentrations of 0, 550, 1700, 5000, or
7500 ppm (43, 131, 394, or 612 mg/kg/day in males and 51, 153, 451, or 703 mg/kg/day
in females, respectively). For parental systemic toxicity, the NOEL was 5000 ppm
(394/451 mg/kg/day in M/F) and the LOEL was 7500 ppm (612/703 mg/kg/day in M/F)
based on decreased P generation body weights during gestation and lactation and
decreased F1 pre-mating body weight. No effects on reproduction were observed. For
offspring toxicity, the NOEL was 1700 ppm (131/153 mg/kg/day in M/F) and the LOEL
was 5000 ppm (394/451 mg/kg/day in M/F), based on decreased Fla and F2b pup body
weights during lactation. In the F1b and F2a litters, the pup weight decrements were
observed at 7500 ppm (612/703 mg/kg/day). Although the DER describes this as a
developmental NOEL/LOEL, the only treatment-related Day 0 body weight decrease in
pups occurs at 7500 ppm in the F1b litters. In fact, pup body weight decrements were
primarily observed at postnatal day 21. Neither adult nor offspring cholinesterase was
measured (MRID No. 41583401).

Although the offspring NOEL (131 mg/kg/day in males and 153 mg/kg/day in females)
was lower than the parental systemic NOEL (394 mg/kg/day in males and 451 mg/kg/day
in females), the Committee determined that this was not a true indication of increased
sensitivity of offspring because: (I) pup body weight decrements were primarily observed
at postnatal day 21; (ii) during that period (i.e., later portion of lactation), young rats
consume approximately twice the diet per unit body weight as an adult rat consumes (i.e.,
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1 ppm in the diet of a young rat is approximately 0.1 mg/kg/day whereas in older rats, this
ppm level is equal to 0.05 mg/kg/day) and (jii) the estimation of the test substance intake
in pre-weaning animals is likely to be more than double the adult intake because of the
availability of the test material both via the milk (lactation) and food, particularly after the
mid point of lactation.

(iii). Information from the Open Literature:

These summaries are provided to develop a comprehensive picture of Malathion toxicity.
The data have not been reviewed in depth, and no statement is made regarding the
accuracy or quality of the data or reports.

In day 1-3 chicken embryos, Malathion appears to produce multiple malformations of the
wing-level and trunk/leg level spinal cord, eye, tailbud, and cardiovascular system, some of
which result from aberrations in the neural fold, with from 125 pg to 4 mg Malathion
(Wyttenbach and Thompson, 1985).

Neurotoxic esterase and delayed neuropathology studies in hens were judged not to
demonstrate a potential for Malathion to cause delayed neurotoxicity. (Erich et al, 1995
and Jianmongkol et al, 1996)

Oral administration of Malathion at 0, 10 or 20 pg on gestation days 6, 9, or 12 to white
mice did not result in developmental toxicity (Mufti and Safdar, 1991).

A study of Malathion exposure to sheep (20 mg/kg/day) on gestation months 3-5 resulted
in ataxia, hind leg weakness and depression in the dams and abortion, still births, dystocia,
placental retention, and low birth weight lambs. (Thatoo and Prasad, 1988).

A case study demonstrated delayed neurotoxicity in a suicide attempt exposure to
Malathion (100 ml of 50% Malathion); findings may have been exacerbated by chronic
alcoholism. (Komori et al, 1991).

A case study suggested a relationship between Malathion exposure (via head lice
treatment shampoo during the 11th to 12th week of pregnancy) and a malformation of the
nervous system development (amyoplasia-like condition) in an infant (Lindhout and
Hageman, 1987).

An in vitro study of human fetal brain and liver suggested that "Malathion "altered the
level of enzymes associated with glutathione cycle and antioxidase defense system”,
involving "alterations in glutathione status and extent of lipid peroxidation." The effect
was greater in brain tissue than liver, and greater with earlier developmental stage,
suggesting to the authors that there is a greater susceptibility of the human fetus to
Malathion (Gupta et al, 1991).
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Epidemiological surveys of pregnant women exposed to Malathion in Chile (Arevalo et al,
1987), Germany (Spielman, 1986), and the San Francisco area (Thomas et al, 1987,
Grether, et al., 1987) suggested no adverse effects. A preliminary review of the study by
Thomas and Green indicates that the San Francisco studies included groups of large
sample sizes (7,450 and 22,465 births) which presumably should have resulted in
statistically robust conclusions.

3. Recommendation for a Developmental Neurotoxicity Study

The Committee determined that, based on a weight-of-the-evidence review of the available
data, a developmental neurotoxicity study with Malathion in rats is not required at this
time. The following information was considered in arriving at this decision.

(I) Evidence that support requiring a developmental neurotoxicity study:

Malathion is a neurotoxic organophosphorus pesticide. Administration to
various species (human, rat, mouse, dog) causes inhibition of cholinesterase
activity in various compartments.

Some equivocal neuropathology was observed in the perfused tissues from
the acute neurotoxicity study in rats.

Minimal equivocal learning and memory effects were observed in the study
in rats by Desi et al.

" A case study from the open literature indicated that delayed neuropathy

resulted from a suicide attempt in an adult human male with chronic
alcoholism. (This study was not supported, however, by other data in the
literature or by the results of animal studies.)

(i) Evidence that do not support asking for a developmental neurotoxicity study:

No evidence of abnormalities in the development of the fetal nervous
system, were observed in the prenatal developmental toxicity studies in
either rats or rabbits, at maternally toxic oral doses up to 800 or 100
mg/kg/day, respectively.

Neither brain weight nor histopathology (perfused or nonperfused) of the
nervous system was affected in subchronic and chronic toxicity studies in

several species, and in the neurotoxicity studies in rats.

Available epidemiological data did not find adverse effects associated with
exposure of pregnant human females to Malathion.
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4. Determination of Uncertainty Factor:

The Committee determined that for Malathion, the 10 x factor to account for enhanced
sensitivity of infants and children (as required by FQPA) should be removed. This
conclusion was based on the following factors.

@ Developmental toxicity studies showed no increased sensitivity in fetuses as
compared to maternal animals following in ufero exposures in rats and
rabbits.

(i) A two generation reproduction toxicity study in rats showed no increased
sensitivity in pups when compared to adults.

(iii)  The toxicology data base is complete and there are no data gaps.
IV. DATA GAPS
The toxicology data base is complete for Malathion; there are no data gaps.
V. OTHER ISSUES

A. Resolution of Issues Related to Neurotoxicity

The Committee determined that an ad hoc group should resolve three outstanding issues
related to the neurotoxicological testing of Malathion. The three issues identified were:

1). The possibly greater sensitivity of females (as compared to males) to the
cholinesterase inhibiting effects of Malathion, and how this sex difference might affect the
RID for this chemical

2). Should the Agency require the Registrant to submit the microscopic slides (or
photomicrographs) of retinal tissue from three rats in the acute and subchronic
neurotoxicity studies on Malathion?

3) Should the Agency require the Registrant to perform and submit additional
neurotoxicity studies to evaluate possible effects of Malathion on learning and/or behavior
and/or other neurotoxicological parameters as exemplified in a literature article by Desi et
al. (1976) in which maze performance (learning) and EEG and EMG recordings were
reported as being affected in rats treated with Malathion?.

The conclusions of the ad hoc group meeting of November 13, 1997 are in Attachment 1.

18



B. Minority Reports

Three “Memorandums” from Brian Dementi, Toxicologist, to Clark Swentzel, Chairman,
Hazard Identification Assessment Review Committee dated November 10, November 20,
November 25, and one Memorandum from Brian Dementi, Toxicologist, to Jess Rowland,
Executive Secretary, Hazard Identification Assessment Review Committee dated
December 11,1997 are in Attachment 2.

VI SUMMARY OF TOXICOLOGY ENDPOINT SELECTION

The doses and toxicological endpoints selected as well as Margins of Expsoures (MOE’s)
for various exposure scenarios are summarized below.

EXPOSURE DOSE ENDPOINT STUDY MOE
SCENARIO | (mg/kg/day)
Acute Dietary | NOEL =50.0 | Maternal toxicity Range-Finding & Main 100
Developmental toxicity
studies - rabbits
Chronic NOEL=4.0 | Inhibition of plasma Combined/Chronic =
Dietary cholinesterase activity Toxicity Carcinogenicity - 100
Rat
Short-Term | NOEL =50.0 | Inhibition of plasma, RBC and 21-Day Dermal - Rabbit 100
(Dermal) brain cholinesterase activity
Intermediate- | NOEL=50.0 | Inhibition of plasma, RBC and 21-Day Dermal - Rabbit 100
Term brain cholinesterase activity
(Dermal)
Long-Term NOEL=4.0 | Inhibition of plasma Combined/ Chronic 100
(Dermal) cholinesterase activity Toxicity - Rat
Short-Term LOEL= Inhibition of plasma, and 90-Day Inhalation 100
0.1 mg/L RBCcholinesterase activity & Toxicity
(Inhalation) histopathology in respiratory
epithelium
Intermediate- LOEL= Inhibition of plasma, and 90-Day Inhalation 300
Term 0.1 mg/L RBCcholinesterase activity & Toxicity
(Inhalation) histopathology in respiratory
epithelium
Long-Term LOEL= Inhibition of plasma, and 90-Day Inhalation 300
(Inhalation) 0.1 mg/L RBCcholinesterase activity & Toxicity
histopathology in respiratory
epithelium
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December 3, 1997
MEMORANDUM

SUBJECT: Malathion: Report on the ad hoc Neurotoxicity Subgroup Meeting of November
13, 1997

DP Barcode D240967 Pesticide Chemical No. 057701
(Subbean to D238907)  Tox Chemical No. 535

Case 818961

Submission S529758

FROM: Edwin R. Budd, Toxicologist
Registration Action Branch 2
Health Effects Division (7509C)

TO: Clark Swentzel, Chairman
Hazard ID SARC
Health Effects Division (7509C)

THRU: Richard Loranger, Branch Senior Scientist

Registration Action Branch 2
Health Effects Division (7509C)

INTRODUCTION

At the request of the Hazard ID SARC, which met on November 6, 1997 to conduct a
toxicological assessment on malathion, an ad hoc neurotoxicity subgroup was formed to consider
and resolve three outstanding issues related to the neurotoxicological testing of this chemical.
The seven persons comprising this subgroup were nominated by Clark Swentzel and Mike
TIoannou on November 6, 1997 and were the following: Clark Swentzel, William Sette, Kathleen
Raffaele, Robert Fricke, Virginia Dobozy, Brian Dementi, and Edwin Budd (all staff members of
HED). The subgroup met on November 13, 1997 from 1:00 to 3:15 PM. This report presents
the decisions of the subgroup and will be appended to the final Hazard ID SARC report.

ISSUE #1--The possibly greater sensitivity of females (as compared to males) to the

cholinesterase inhibiting effects of malathion, and how this sex difference might affect the RfD for
this chemical.
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Discussion: On November 6, 1997, the Hazard ID SARC decided to base the RfD for
malathion on the results of the 2-year combined chronic feeding/carcinogenicity study on
rats (MRID 43942901). For the purpose of setting the RfD, the SARC considered the
NOEL for inhibition of cholinesterase activity in this study to be 50 ppm in the diet
(equivalent to 4 mg/kg/day in males and 5 mg/kg/day in females). A 32-56 day oral study
in humans (males only)(Moeller and Rider, 1962) with a NOEL for inhibition of
cholinesterase activity of 0.23 mg/kg/day was also discussed by the Hazard ID SARC and
considered to be supportive of the RfD.

Subsequent to the November 6, 1978 meeting and during the neurotoxicity subgroup
meeting on November 13, 1997, the issue was raised as to whether it would have been
more appropriate to base the RfD for malathion on the results of the human study, rather
than on the rat study. After considerable discussion, Clark Swentzel, in the capacity of
chairman of the Hazard ID SARC, agreed to discuss this matter with selected members of
the SARC to determine whether or not the full SARC might or might not be asked to
readdress the choice of studies on which the RfD for malathion is based.

Regarding the possibly greater sensitivity of females (as compared to males) to the
cholinesterase inhibiting effects of malathion, the results of cholinesterase determinations
in numerous studies on malathion were discussed and it was agreed that females do indeed
appear to be more sensitive than males. There was not full agreement, however, on the
relative degree of increased sensitivity of females compared to males. Also, there was not
full agreement on whether or not a modifying factor should be applied to the RfD for
malathion if the human study (in which only males were tested) were eventually selected
to be the study on which the RfD for malathion were based.

Recommendation: The consensus of the neurotoxicity subgroup was that if the human
study were eventually chosen as the basis for the RfD, it would not be appropriate to
apply an additional modifying factor to the RfD to account for the increased sensitivity of
females as compared to males. The rationale for this recommendation was that although a
sex difference in sensitivity apparently does exist, the difference appears to be small. In
many (but not all) studies, the sex difference did not result in different cholinesterase
NOELS for males and females, but rather in different degrees of cholinesterase inhibition
for males and females at a given dose level. It was pointed out that NOELSs, rather than
degrees of effect at a given dose level, are used in HED to determine RfDs and as the
basis for various other risk assessment calculations. It was also pointed out that this same
issue (possibly greater sensitivity of one sex) had arisen several times in the past with
respect to setting the RfD for other chemicals and that as a general policy it had previously
been decided that additional modifying factors based on possible sex differences ordinarily
would not be applied to RiDs.



The neurotoxicity subgroup also agreed that if the 2-year combined chronic
feeding/carcinogencity study in rats were retained by the Hazard ID SARC as the basis for
the RfD, the question of whether or not to apply an additional modifying factor based on
sex to the RfD would be "moot" since 50 ppm (equivalent to 4 mg/kg/day in males and 5
mg/kg/day in females) was the cholinesterase NOEL for both males and females in the
study. ‘

ISSUE #2--Should EPA require the registrant to submit the microscopic slides (or
photomicrographs) of retinal tissue from three rats in the acute and subchronic neurotoxicity
studies on malathion?

Discussion: In the draft DER for the acute neurotoxicity study in rats (MRID 43146701),
it was observed that 1/5 high dose group male rats had a bilateral retinal "rosette". Since
concerns had arisen in recent years regarding the possibility that exposure to malathion
might affect the visual system of humans and/or experimental animals, and since
treatment-related lesions of the visual system had been observed in studies with certain
other organophosphate pesticides, the occurrence of the bilateral retinal "rosette" in this
high dose animal was considered by the reviewer to be a potentially serious effect of the
test material and to warrant full investigation into the pathology and possible cause of the
lesion in this animal. Further, the lesion was most likely a very rare event in rats. Toward
this end, several pathologists were contacted regarding the potential seriousness of this
lesion. These pathologists included Dr. Lucas Brennecke (EPA consulting pathologist),
Dr. Robert Dahlgren (the study pathologist) and Dr. C. B. Clifford (Charles River
pathologist). In addition, in the past, considerable discussion of this matter among several
HED staff members also occurred, but all without resolution of the question of whether or
not to ask the registrant to provide the microscopic slides of the retina-of this rat to EPA
for further examination--together with the slides of the retina of a control rat in the
subchronic neurotoxicity study (MRID 43268501) which showed a unilateral retinal
"rosette" and the slides of the retina from a randomly selected control rat from the acute
study. Since the term "rosette" lacks histopathological preciseness, the slides of the retina
of the control rat were required to determine if the lesion in this animal was indeed the
same or was different than that in the high dose animal. Prior to the neurotoxicity
subgroup meeting, additional information on retinal rosettes derived from a National
Library of Medicine literature search was provided by Virginia Dobozy. The neurotoxicity
subgroup discussed all the available information and data.

Recommendation: The consensus of the neurotoxicity subgroup was that, based on the
presently available information, EPA should not ask for the microscopic slides of the
retinas of these three rats at this time. The rationale for this recommendation included a
weight-of the-evidence consideration of the following:



The lesion of concern (bilateral retinal rosette) occurred in only one high dose male
rat in the acute neurotoxicity study.

A unilateral retinal rosette was also tentatively observed in one control male rat in
the subchronic neurotoxicity study.

Drs. Brennecke and Dahlgren both concluded the retinal rosette in the high dose
male rat was not of toxicological significance and was not due to treatment with
malathion.

Dr. Dahlgren considered the cause to be a "developmental deficit which occurs at
the time of retinal maturation".

The neurotoxicity subgroup also-concluded that retinal rosettes in rats are most
likely the result of abnormal proliferation and differentiation of developing retinal
cells during neonatal life (i.e. during the first approximately 32 days after birth) and
ordinarily are not likely to develop in mature animals as a result of treatment with
xenobiotics.

In a reference book available to the subgroup (Ophthalmic Pathology of Animals,
Saunders and Rubin, 1975), it was stated that "[Retinal] rosettes occur
spontaneously in certain strains of inbred rats and in beagle and collie dogs."

ISSUE #3--Should EPA require the registrant to perform and submit additional neurotoxicity
studies to evaluate possible effects of malathion on learning and/or behavior and/or other
neurological parameters as exemplified in a literature article by Desi et al. (1976) in which maze
performance (learning) and EEG and EMG recordings were reported as being affected in rats
treated with malathion?

Discussion: In the subchronic neurotoxicity study in rats (MRID 43269501), a guideline
study that included a "functional observational battery" (FOB) and motor activity
measurements, treatment-related effects on these two parameters were not observed at
the highest dose level tested--20000 ppm (equivalent to 1486 mg/kg/day in males and
1575 mg/kg/day in females). However, in a non-guideline subchronic neurotoxicity study
in female rats (reported by Desi et al., 1976), which employed dose levels of 0, 38 and 75
mg/kg/day, malathion was reported to affect maze performance (learning/memory) during
the first 21 days of the study (increased errors and increased running time) and to affect
EEG and EMG recordings after 90 days. At the dose levels tested in the Desi et al. study,
brain cholinesterase activity was inhibited about 20% at 21 days, but clinical signs of
cholinergic poisoning were not observed. Therefore, learning/memory deficits and
changes in EEG and EMG recordings were reported in the absence of cholinergic clinical
signs (i.e. at subclinical doses). Since the guideline subchronic neurotoxicity study
(MRI(D 43269501) did not assess either learning/memory or EEG or EMG effects, it was
recommended in the draft DER that the registrant be required to perform and submit
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additional neurotoxicity studies on malathion to evaluate possible effects on
learning/behavior and EEG and EMG changes. A schedule-controlled operant behavior
study (guideline 85-5) was suggested as a possibility. The neurotoxicity subgroup
discussed the general subject of learning/behavior studies and also considered specific
information pertinent to the Desi et al. study. In addition, a memorandum from R.C.
MacPhail (Chief, Neurobehavorial Toxicology Branch/HERL/EPA) to John Doherty
(HED) and Brian Dementi (HED), dated May 4, 1995, was available which commented on
the Desi et al. study and on the potential regulatory usefulness of further neurotoxicity
testing of malathion as recommended in the draft DER.

Recommendation: The consensus of the neurotoxicity subgroup was that, based on the
presently available information, EPA should not ask for additional neurotoxicity studies on
malathion at this time. It was recognized, however, that such studies might possibly be
requested at some time in the future if there were sufficient justification for doing so.
Toward this end, the subgroup suggested it would be appropriate to perform a literature
search on 1) learning/ behavior effects of organophosphates in general, and 2) available
information on malathion in particular. After the literature search was completed and if
warranted by new information, the question of additional neurotoxicity testing for
malathion might be reconsidered.

cc: Brian Dementi
William Sette
Kathleen Raffaele
Robert Fricke
Virginia Dobozy
Mike Ioannou
Diana Locke
Jess Rowland
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Clark Swentzel, Chairman November 10, 1997
HazardID SARC
Health Effects Division

As a follow-up to the November 6, 1997 HazardID SARC on malathion, I am compelled to
express in writing my disagreement with certain very important decisions rendered at that
meeting. One such issue concerns the apparent decision of the Committee to shift the basis of the
RfD for malathion from the NOEL in the human study (Moeller and Rider, 1962), which has
served in this capacity for years, to the NOEL for cholinesterase inhibition in the 1996 F344 rat
chronic toxicity/carcinogenicity study. The problems I have with this decision are developed as
follows. Firstly, the decision was too precipitous. By this I mean that since this is such a critical
end point for this pesticide, it should have been presented as an issue or topic well before the
meeting to allow people to be better prepared for discussion. I view this as a problem inherent in
the process in dealing with a chemical having an extensive scientific record. Accordingly, there
must be opportunity for offering further arguments supportable by additional information.

To the extent that Moeller and Rider incorporates a valid assessment of the LOEL/NOEL for
cholinesterase inhibition in human subjects, being based as it is on both plasma and erythrocyte
cholinesterases, evidence suggests humans are at least 10-fold more sensitive than F344 rats for
erythrocyte cholinesterase inhibition and even more sensitive with respect to the plasma enzyme.
To explain this difference, someone at the meeting suggested that 1962 vintage malathion was of
questionable purity and that impurities could explain the differences with respect to the 1996
product. However, it was not indicated that humans have historically been more sensitive, i.e.
were more sensitive than rat as compared on the basis of earlier products and likely remain so as
compared to the more recent Cheminova product. Critical to the sensitivity of organisms to
malathion in the cholinergic sense is the presence and level in such organisms of carboxylesterase
activity, an enzyme(s) which, via catalysis of hydrolysis of one carboxyethyl group on malathion
(actually malaoxon as the cholinesterase inhibiting entity), compromises its cholinesterase
inhibitory capabilities. As I indicated at the meeting, insects lack carboxylesterase activity, which
is thought to explain the remarkable selective efficacy of malathion as an insecticide. Similarly, to
the extent that mammals incorporate differential levels of carboxylesterase activity they are
variably sensitive to the agent in the cholinergic sense. Published works show that while
carboxylesterase activity is located in the plasma and liver of the rat, in humans the enzyme is
found in liver but not plasma. (Exhibit 1) The greater sensitivity of humans as demonstrated in
Moeller and Rider may have its explanation in differing carboxylesterase activity in man versus
rat. However, whatever the explanation, the fact remains that Moeller and Rider demonstrates
the greater sensitivity of humans as compared historically using malathion of existing purity at the
time and would likely prove so today if compared using the recent Cheminova product. I present
these views as a way of dismissing any notions that Moeller and Rider has any fundamental flaw,
if it can be accepted that malathion used in that study was at least as pure as 1962 vintage
technical malathion, though purity of malathion used in the study was not provided. Ifit were a
more highly purified product, then to the extent that such culprit cholinesterase inhibiting
impurities as malaoxon and isomalathion were reduced, the concern about relative human
sensitivity would be to that extent more enhanced.
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In view of these considerations, greater scrutiny of the rat cholinesterase data than was had at the
November 6 meeting would be essential before a shift could be made from human to rat data as
the basis for deriving an RfD. Along these lines I have the following to say. The Cheminova
malathion technical product is said to be more pure than the former American Cyanamid product.
Before the Committee accepts such claim, members should have in hand the Confidential
Statement of Formulation for the respective products for direct comparison by the Committee.
This is particularly important with respect to levels of cholinesterase inhibiting impurities.
Cheminova has submitted data showing higher LD50 values for their product versus the American
Cyanamide product, but LD50 may not be a good reflection of how products may compare at low
levels of exposure based on cholinesterase data. LD50 values may be confounded by a host of
adverse effects of the test material including cholinesterase inhibition brought on by trace
impurities of cholinesterase inhibiting entities that do not require activation and thus become
relatively more important at high doses of malathion where metabolic conversion of malathion to
malaoxon becomes more saturated. Actually, I must confess to the committee that I very
carefully compared the two product compositions awhile ago and there are reduced levels of
malaoxon and isomalathion in the Cheminova product versus the American Cyanamid product,
but I would question the relative effects of these these entities at low doses where metabolic
conversion of malathion to malaoxon is less saturated.

In developing the protocol for the recently (1996) submitted malathion chronic/carcinogenicity
study, the registrant was advised by our staff that 100 ppm, which the registrant was proposing as
a low dose for the study, included principally in search of a NOEL for cholinesterase inhibition,
would likely not be a NOEL for the blood borne cholinesterases. (Exhibit 2) It was explained that
100 ppm (lowest dose tested) was not a NOEL in the 1980 chronic/carcinogenicity study in the
Sprague-Dawley rat, and likely would not be a NOEL in the new study. Nontheless, the
registrant elected 100 ppm as the low dose for the new study, partly predicated on their view that
their product is more pure than the American Cyanamide product empolyed in the earlier studies.
As it developed, after 3 months on test, statistically significant erythrocyte cholinesterase
inhibition was observed in females, prompting a reduction of the low dose to 50 ppm for rats of
both sexes for the duration of the two year study in search of a NOEL. (Exhibit 3) I should note
at this point that this finding corroborated the finding in the Sprague-Dawley rat performed
seventeen years ago using tha American Cyanamid product. Subsequent to the three month time
point, 50 ppm proved to be a NOEL for erythrocyte cholinesterase for both sexes. Firstly, what
this says to me is that there is little if any improvement in the Cheminova product over that of the
American Cyanamide product with respect to inhibition of erythrocyte cholinestyerase at low
doses, particularly those critical to setting the RfD for malathion. Secondly, in the DER for the
new chronic/carcinogenicity study in the rat, additional cholinesterase information is called for in
view of the absence of a NOEL for cholinesterase inhibition among females at the 3 month time
point. It is alleged in the DER that given the ability of organisms to adapt somewhat to
cholinesterase inhibitors (see, for example, the recovery of erythrocyte cholinesterase inhibition
for females at 500 ppm at 6 months in that study, Exhibit 4), there is no assurance that the enzyme
would not have been inhibited at 50 ppm during the first three months, i.e. during a very critical
time frame for exposure to a pesticide.



This is also very important in view of the facts that, a) malathion has a very shallow dose response
curve (in my judgement there is very little difference between 50 and 100 ppm for an agent that
demonstrates such a shallow dose response curve ranging up to 6000-12000 ppm), b) the human
study demonstrated greater sensitivity for uncertain reasons and c) the number of animals assayed
for cholinesterase activity, 10/sex, does not accord sufficient statistical power to clearly identify a
NOEL at low but meaningful levels of inhibition. I must maintain at this point that a definitive
NOEL for cholinesterase inhibition be determined over at least a three month period using large
numbers of rats at doses that embrace those employed in Moeller and Rider (.11-.34 mg/kg/day)
overlapping those of the lower dose range of the rat chronic/carcinogenicity study, say up to 20
mg/kg/day. To the extent that this end point will be employed in establishing the RfD for
malathion, I view it imperative that this data be gathered.

In summary I consider it inappropriate to change the basis of the RfD for malathion from the
Moeller and Rider human study to the recently submitted chronic toxicity/carcinogenicity study in
the F344 rat, particularly without a definitive NOEL for cholinesterase inhibition over the first
three months of testing in ths case of the rat. Also, I recommend additional study to obtain a
more definitive NOEL for cholinestarase inhibition at low doses in the rat

cc Jess Rowland Brian Dementi
Toxicologist, HED.



EXHIBIT 1

COMMENTS ON THE POTENTIAL ROLE OF ALIESTERASES
IN MALATHION TOXICOLOGICAL ASSESSMENTS

As reported in several sources, e.g. Dauterman (1971) there are various ca.rboxlesterases in
the plasma and tissues of animals. Certain of these enzymes may play a significant role in the
differential expressions of malathion toxicity. Dauterman cites references attesting to the presence
of such enzymes as widely distributed in mammals and as having been found in the liver, kidney,
serum, lung, spleen and ileum of the rat, mouse, guineapig and dog. "This hydrolysase is present in
certain malathionresistant insects and it is reasonable to assume that resistance to malathion is at least
partly due to carboxylase activity" (p. 139) Dauterman notes that the enzyme will hydrolyze only one
of the two carbethoxyl groups on malathion.

Augustinsson (1959) presented research results and a good discussion on various types of
carboxylesterases. Each type is actually a class or group of enzymes. The carboxylesterases might
be defined as (1) aryl esterases - those which catalyze hydrolysis of aryl (aromatic) esters; (2)
aliesterases - those w I hich catalyze hydrolysis of both aliphatic and aromatic esters and; (3)
cholinesterases - those which catalyze hydrolysis of cholinesters. There can be overlap in enzyme
spec t ificity. '

The importance of aliesterases with respect to the toxicological profile for malathion might
be explained as follows: unlike most organophosphates employed as pesticides, malathion has two
carboxylester groups which in principle are vulnerable to hydroysis catalyzed by aliesterases.

Once one of these ester 2 groups is hydrolyzed to yield a carboxylic acid substituent on the
residual malathion molecule, the molecule looses its cholinesterase inhibiting capability and' hence,
looses its cholinergic toxicity. The structure of malathion is as follows:

*rkkkxkkx STRUCTURES NOT PRESENTED HERE. ... SEE FILE COPY *##:#**

Reactions possibly catalyzed by aliesterases would yield, in principle, any of the
following three molecules:

**+%%x*MOLECULES NOT PRESENTED HERE............. SEE FILE COPY ****#*¥



As reported, only one carboxylester group is cleaved on the molecule, which yields
compound B resulting from action at the alpha carboxylester group. -Apparently this is the
preferred site for the enzyme and once cleavage occurs, the carboxyl group generated precludes
further binding of the molecule to aliesterase (Dauterman, 1971, p. 142). Of course, the product
molecule will not inhibit cholinesterase. This is further substantiated in the work of Wilkinson
(1976): "It is probable that the selectivity of malathion is directly related to the presence or
absence of carboxylesterases in. various species. Thus, carboxylesterase activity is found to be
low or absent in several insect species susceptible to malathion (Kojima, 1961) and is usually
high in malathion resistant strains or species (mot'oyama and Dauterman, 1974)." (p. 157)

Augustinsson (1959) examined the plasma of several species for all three types of
esterases. Essentially, he found that while aliesterases are present in the plasma of many species,
for example, rat, rabbit, horse, cat, guinea-pig, etc., this enzyme is absent from the plasma of the
human, monkey and dog. Thus, to the extent that the enzyme is missing from human plasma,
humans would lack this essential line of defense against cholinesterase inhibition by malathion,
once oxidized to malaoxon. By contrast,' the rat, rabbit, guinea-pig, etc. possess 'this capability
in the plasma to detoxify malathion (cholinergically) . This conclusion or rationale is further
supported by the work of Main and Braid (1962) who demonstrated the essential absence of
aliesterase activity in human serum, though finding it abundantly present in rat serum. These
investigators were able to show that when serum aliesterase is inhibited in the rat using tri-o-
tolylphosphate (TOTP) , the acute toxicity of malathion was remarkably enhanced. For
example, the LD50 of secondary standard malathion as reported by these investigations for the
rat is,. /600 mg/kg. However, when administered one-hour post TOTP administration at doses
inhibiting aliesterase activity, the malathion LD50 dropped to 35 mg/kg. Similarly, the LD50 of
technical malathion dropped from 415 mg/kg to 7.5 mg/kg when TOTP was employed. The
implication of this work is that with respect to anticholinesterase activity (and, hence,
cholinergic effects) malathion toxicity may be greater in the human than in the rat. Indeed,
according to Main and Braid, "The hydrolysis of malathion by aliesterase explains the vast
difference between the toxicity of compounds, such as parathion and malathion.11 (p, 262). It
should be noted that humans are not devoid of aliesterase activity. Human liver contains
aliesterase activity, as does rat liver (Main and Braid, P. 257). Hence, according to Main and
Braid: "It is difficult at this time to predict precisely the toxicity of malathion toward human
beings on the basis of the detoxicating effect of aliesterase in the rat. The complete absence of
aliesterase activity in human serum means that at lease one important barrier to malathion
poisoning present in the rat is absent in humans.11(p. 262) (A related reference is that of
Ecobichon and Comeau, 1973). It should also be emphasized that the dog probably contains no
serum aliesterase, but, as is true in the case of man, dog liver contains aliesterase activity. In
fact, Augustinsson (1959) notes that esterase electrophoretic patterns of the plasma of the dog
resembled that of human plasma (p. 584). "Human, monkey, dog, swine and ruminant plasmata
do not contain aliesterasell (p. 591) However, Augustinsson (pp. 584-85) appears equivocal as
to whether there may be some aliesterase activity in dog plasma. The absence of aliesterase in
dog serum is further substantiated by the work of Murphy and DuBois (1957).



"The serum of mice and rats was capable of detoxifying malaoxon, but dog serum
exhibited no activity" (p. 815). These authors also report a 4-fold difference in this activity of
the liver of male rats with respect to that of female rats, male's being more active.

The latter comments offered here with respect to the dog are ,designed in part to help
assess the suggestion of Dr. A. A. Sadun (letter to B. Dementi, May 25, 1990) in which he
advocates the dog as a better surrogate than the rat for man in the event ocular testing is
pursued. The absence of aliesterase activity from the dog serum and the similarity of dog to man
with respect to aliesterase profiles would support use of the dog over the rat in such testing.
This would be expected to be true more so if anticholinesterase activity is important in the
etiology of any -effects. However, the ocular organohosphate phenomenon might not be
entirely cholinergic in nature, and malathion remains an organophosphate even after a
carboxyethyl group is hydrolyzed. Nevertheless,based on this line of reasoning, it does appear -
the dog would be preferred to the rat as the surrogate. The articles cited above are appended.
There is much noteworthy information in these articles. A thorough up-to-date search of the
literature followed by review would be desirable in order to more definitively characterize the
role of aliesterases in malathion toxicity. For now, information on aliesterases developed from
these articles must be viewed as helpful.

ADDITIONAL NOTES:

(1) The, absence of aliesterases in human plasma could serve to explain the lower
cholinesterase NOEL in humans (Moeller and Rider, 1962) than in rats. Hence, the malathion
RfD based upon Moeller and Rider assumes more significance in view of the aliesterase
distinction between man and the rat, for instance.

(2) The prolonged duration of malathion in human serum allows more time for
conversion to malaoxon.

(3) Aldridge (1953) reported investigations showing that E600-esterase (an enzyme
which hydrolyzes E600, (diethyl-pnitrophenyl phosphate) at the phosphate center to yield p-
nitrophenol) is the same as arylesterse, the enzyme known to hydrolyze such arylesters as p-
nitrophenylacetate, p-nitrophenyl propionate and p-nitrophenylbutyrate. The article appears to
say that aliestereses' will also hydrolyze the latter carboxylic-acid esters, but is mute as to
whether aliesterases with hydrolyze E600. To the extent that E600 esterase (arylesterase) will
hydrolyze E600, it is behaving as a phosphatase; however, the article makes clear that
arylesterases are different enzymes from the phosphatases. The article does not address the
issue of how broad the phosphates - e activity of the arylesterases may be. Apparently this class
will not catalyze hydrolysis-of diethylphenylphosphate. Also, apparently aliesterases will
hydrolyze p-nitrophenylactate, p-nitrophenylpropionate and p-nitrophenylbutyrate. It is doubtful
that aliesterases will hydrolyze E600.



In any case, the author indicates the destinction between arylesterases and both
aliesterases and phosphatases. This whole subject of hydrolysases in plasma and tissues of
various species is a complex one, but of great interest. The literature discussed above represents
but a partial effort. A thorough reviaew of the literature followed by a comprehensive written

review would be desirable.
Brian Dementi, Ph.D., D.AB.T,

Toxicology Branch I
Health Effects Division
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EXHIBIT 2

JELLINEK, SCHWARTZ,
CONNOLLY & FRESHMAN, INC.

February 13, 1992

Ms. Joanne Edwards

Product Manager (74)

Special Review and Reregistration Division (H7508CO)
Reregistration Branch

Office of Pesticide Programs

U.S. Environmental Protection Agency

1921 Jefferson Davis Highway

Arlington, VA 22202

Dear Joanne:

This letter contains our minutes on what transpired at our meeting on malathion with a
member of your staff and two HED toxicologists on December 10, 1991. We would appreciate
your concurrence with these minutes and the conclusions we reached concerning testing of
malathion and malaoxon in chronic toxicity/oncogenicity studies. At the end of this letter, you
wiU find a signature line for concurrence by HED toxicologists. If they do not concur with
statements made in this letter that would affect the conduct of these studies, please inform us at
your earliest convenience because testing is to be initiated early in 1992.

Those in attendance at the meeting included Mr. Jon Weis (CheminQva Agro A/S
(Cheminova,)] and Dr. Judith Hauswirth (JSCF) representing Cheminova and Dr. Brian
Dementi, Mr. Larry Schnaubelt, and Dr. Hank Spencer representing EPA/OPP.

Mr. Weis opened the meeting with a brief discussion of the transfer of the malathion
registration in the United States to Cheminova solely. The only malathion technical product to
be sold in the United States will be made by Cheonova. American Cyanamid will no longer be
producing malathion for sale in the United States. As of December 31, 1991, the malathion task
force no longer exists.

T'he discussion then turned to issues related to the conduct of rat chronic
toxicity/oncogenicity studies on malathion and malaoxon and a mouse oncogenicity study on
malathion. It was agreed that the malathion mouse oncogenicity study would be conducted for 24
months instead of 18 months, which would have been in accordance with the conduct of the NCI
mouse oncogenicity study on malathion as requested by the Agency. Drs, Dementi and Spencer
agreed to this because of the proposed performing laboratory's (International De-lopment
Corporation) historical control data base on studies of this length; Research and Deve
however, they requested that they be informed if survival past 18 months becomes a problem in
the malathion study.



The two high dose levels (8,000 and 16,000 ppm) for this study have been previously agreed upon
with the Agency. Dr. Dementi questioned why the low dose level was raised from 35 ppm, as
originally proposed by American Cyanamid, to 100 ppm. Dr. Hauswirth stated that this was an
American Cyanamid decision, that we would check into the reasoning, and that we would inform
EPA of the reason as soon as we could.

The dose levels (20,000, 10,000, 5,000, and 100 ppm) selected for the chronic _
toxicity/oncogenicity study on malathion in the rat were discussed. Dr. Hauswirth presented the
rationale for selection of the two high dose levels. The highest dose selected, 20,000 ppm, is the
limit dose for studies of this type. The next highest dose level, 10,000 ppm, represents one-half
of this dose level and would serve as the high dose for the oncogenicity study if mortality was
excessive at the limit dose. The dose level of 5,000 ppm would serve as onehalf of the top dose
if mortality were excessive at 20,000 ppm. Dr. Dementi asked why 100 ppm was selected as the
lowest dose level tested because in his opinion in past studies conducted on malathion 100 ppm
was an effect level. Dr. Dementi stated he would prefer the lowest dose level to be 50 ppm. We
agreed that we would look into this issue but informed EPA that the Cheminova technical
malathion is less acutely toxic than the American Cyanamid technical. EPA was not aware of
the differences in acute toxicity. Mr. Weis said that the comparative acute studies would be
submitted officially to EPA and he showed EPA copies of the studies for discussion. It was
suggested by Cheminova representatives that 50, 100, 10,000, and 20,000 ppm might be more
appropriate dose levels for this study in light of Dr. Dementi's concerns about a NOEL for
cholinesterase inhibition and the differences in toxicity between Cheminova's and American
Cyanamid's technical products. EPA thought this M be more appropriate. '

In addition, with regard to the rat chronic toxicity/oncogenicity study with malathio n,
Dr. Hauswirth noted that EPA had suggested that a 90-day range finding study be conducted
prior to the chronic testing. Dr. Hauswirth, suggested that a 28-day study be conducted, initially
because of the already available toxicity information for mala n in the SpragueDawley rat and
because this would cut down on the time it would take to initiate the two-year study. Dr.
Dementi stated that he wants the chronic studies started on malathion as soon as possible and
that he is very concerned about how long it has taken to initiate the studies. EPA and
Cheminova agreed that this was a good approach to take and would be sufficient provided
adequate data were provided for dose selection from the 28-day study results. If not, it was
agreed that a 90-day study would be initiated perhaoin conjunction with neurotoxicity testing (a
requirement of the draft data-call-in on malathion)..

Dr. Dementi requested that we submit the methodology that will be used for
cholinesterase activity determinations. Cheminova committed to providing this information and
asked for a quick turnaround time on review. Dr. Dementi assured us that we would get a quick
response and that the methodology should be submitted to Joanne Edwards. Drs. Dementi and
Spencer also asked that we inform them when the studies have been initiated and that we
provide annual progress reports.



EPA and Cheminova agreed that the dose levels for the malaoxon chronic toxicity/
oncogenicity study have been previously approved by EPA. Dr. Dementi noted that ultimately
dose level selection was the responsibility of the registrant. Mr. Schnaubeit informed
Cheminova that the ocular toxicity and neurotoxicity testing guidelines are to be discussed at an
EPA-sponsored workshop sometime in January and are therefore subject to change.

T'he meeting ended with a commitment from Cheminova to initiate the studies on
malathion and malaoxon as soon as possible.

Diane Allemang
JSCF & Co., Inc.
Authorized Representative of

Cheminova Agro A/S
cc: Brian Dementi
Hank Spencer
Concurrence:

Dr. Brian Dementi

Dr. Hank Spencer
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Table 5. Actual M-alathion Intake Based on Food Consumption

Dosage Level (ppm) Mg/Kg/Day
Males Females
100 4 5
500 29 35
6000 359 415
12,000 739 ' 868

These dose levels were considered reasonable by the Health Effects Division (HED) (memorandum dated
January 25, 1993, from Brian Dementi to Joanne. Edwards) based on the results of the 90-day study and a
previously conducted 28-day study; however, The HED was concerned that I 00 ppm might not be a no-
observed-effect level (NOEL) for cholinesterase inhibition.

In the definitive study, 90 Fischer 344 rats/sex/group were placed on test. Ten rats/sex/group were evaluated
at 3, 6, and 12 months for clinical laboratory studies and cholinesterase activity, including brain. Necropsy
was performed on 10 rats/sex/group at 3 and 6 months, and on 15/sex/group at 12 months.
Electroretinograms (ERGS) and fundic photo evaluations were performed on select animals at various times
during the study. The remaining 55 rat/sex/group remained on test until study termination at month 24.

The HED's concerns regarding a NOEL for cholinesterase inhibition were confirmed when, at the three-
month time period, RBC cholinesterase inhibition was statistically decreased in female rats at all dose levels
tested (Table 6). At this point in the study the low dose of I 00 ppm was dropeed to 50 ppm in both males
and females. Six weeks after this reduction in dose level, RBC cholinesterase was evaluated in 10
animals/sex from the control and 50 ppm dosage groups. RBC cholinesterase levels in animals at 50 ppm
were comparable to the control group. The NOEL for plasma cholinesterase inhibition was also 50 ppm,
based on statistical reduction in females only at 12 and 24 months in the 500 ppm group. The NOEL for
brain cholinesterase inhibition was 500 ppm.
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