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MEMORANDUM

SUBJECT: CHLROPYRIFOS - RE-EVALUATION - Report of the Hazard Identification
Assessment Review Committee.

FROM: Jess Rowland, Executive Secretary Aon. [ R A
Hazard Identification Assessment Review Committee
Health Effects Division (7509C)
7
o 6 o .
THROUGH: Melba Morrow, Acting, Chairman,
Hazard Identification Assessment Review Committee
Health Effects Division (7509C)

TO: Deborah Smegal
Reregistration Branch 3
Health Effects Division (7509C)

PC Code: 059101

On October 29, 1998, the Health Effects Division's Hazard Identification Assessment Review
Committee evaluated new toxicity data and the Registrant's rebuttal, the impact on the existing
Reference Dose (Rfd) and the assessment of the potential risk to infants and children from exposure
to chlorpyrifos as required by the Food Quality Protection Act (FQPA) of 1996. The Committee's
conclusions are presented in this report.
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Committee Members in Attendance

Members present were: Karl Baetcke, William Burnam, Robert Fricke, Karen Hamernik, Sue
Makris, Melba Morrow (Act'ing Chairman), John Redden and Jess Rowland.

Member in absentia: K. Clark Swentzel,
Data was presented by Deborah Smegal of Reregistration Branch 3.

HED staff participating at the meeting were William Sette of Science Analysis Branch and
Kathleen Raffaele of Toxicology Branch 2.

Also in attendance were Brenda Tarplee of Science Analysis Branch and Jerry Blondell of
Chemistry and Exposure Branch 2.

Report Preparation: ‘_%Q_M:
Jess Rowland

Executive Secretary



I. INTRODUCTION

On October 29, 1998, the Health Effects Division's Hazard Identification Assessment Review
Committee (HIARC) evaluated new toxicity studies and the Registrant's rebuttal of August 4, 1998
and their impact on the current Reference Dose (RfD) as well as on the assessment of the potential
risk to infants and children as required by the Food Quality Protection Act (FQPA) of 1996.

1. BACKGROUND

‘The Reference Dose (RfD) for chlorpyrifos was established during the Health Effects Division's
RfD/Peer review on February 21, 1986. The RfD of 0.003 mg/kg/day was derived from a NOAEL
of 0.03 mg/kg/day established in a human volunteer study using an Uncertainty Factor of 10 to
account for intra-species variation. This RfD was re-affirmed at the subsequent meetings held on
March 4, 1988, September 8, 1993, May 25, 1995 and November 23, 1995. On April 28, 1996,
HED's Toxicology Endpoint Selection Committee (TESC) selected the doses and endpoints for acute
dietary as well as occupational and residential exposure risk assessments.

On December 11, 1997 , HED's Hazard Identification Assessment Review Committee (HIARC) re-
assessed the RfD in response to a report (Proposed Reference Dose (RfD) for Acute and Chronic
Exposure to Chlorpyrifos Based on the Criteria Described by the Acute Cholinesterase Risk
Assessment Task Force and the Available Animal and Human Data) submitted by the Registrant
(MRID No. 44271001). At this meeting, the HIARC also re-assessed the doses and endpoints
selected for dietary and non-dietary exposure risk assessments by TESC, and addressed the potential
risk to infants and children (as required by FQPA). The HIARC's conclusions are presented in the
HIARC report of February 2, 1998 (Memorandum: J. Rowland, to B. Madden; HED Document
012471).

The HIARC convened on May 12-14, 1998 to conduct a comprehensive review of the toxicity data,
with special emphasis on the neuro-, developmental and reproductive toxicity data of 40
organophosphates, including chlorpyrifos. Based on hazard assessment alone, the HIARC
recommended that the 10x Safety Factor for the protection of infants and children be retained for
chlorpyrifos (Hazard Assessment of the Organophosphates: Report of the Hazard Identification
Assesment Review Committee, dated July, 7, 1998).

HED's FQPA Safety Factor Committee met on June 15 and 16, 1998 to evaluate the hazard and
exposure data for chlorpyrifos and recommended retention of the 10x Safety Factor (as required by
Food Quality Protection Act of August 3, 1996) to ensure the protection of infants and children from
exposure to these pesticides (A Combined Report of the Hazard Identification Assessment Review
Committee and the FQPA Safety Factor Committee, dated August 6, 1998 ).

On October 29, 1998 the HIARC evaluated the five toxicity studies listed below, the Registrant's
rebuttal (of 8/4/98) and their impact on the RfD and FQPA assessment. The executive summaries
are presented below. -



1. Developmental Neurotoxicity Study - Rat (§83-6) ‘MRID No. 44556901

& 44661001
2. Cholinesterase and Metabolite Determination -Rat (Non -Guideline) ~ MRID No. 44648102
3. Special Neurotoxic Esterase Assay (Non-Guideline) MRID No. 44273901
4. Cognitive Neurotoxicity - Rat (Non-Guideline) MRID No. 44020901
5. Blood Time Course (Part A) (Non-Guideline) MRID No. 44648101

[IL. HIARC's REVIEW OF TOXICITY STUDIES AND OTHER DATA

1. Developmental Neurotoxicity Study - Rat (MRID No. 44556901 & 44661001}

In this developmental . neurotoxicity study (MRID 44556901), 25 pregnant Sprague-Dawley
rats/group were administered chlorpyrifos (99.8% a.i.) by gavage from gestation day 6 (GD 6)
through lactation day 11 at0,0.3, 1, 0r 5 mg/kg/day. An additional 5 pregnant females/group were
dosed at the same levels for the cholinesterase (ChE) phase of the study, Dams were examined for
body weight, reproductive performance, number of viable pups, and postpartum behavior. During
the dosing period, dams were observed daily for signs of autonomic function toxicity. Satellite dams
were sacrificed four to five hours post-dosing on GD 20 for ChE analyses to be performed on brain,
plasma, and erythrocytes. Offspring were examined for viability at birth, pup/litter survival, body
weight, sex ratio, physical development landmarks (eye opening and pinna detachment), observed
nursing. behavior, and sexual maturation. F, generation litters were randomly standardized on
Jactation day 5 and assigned to 4 subsets for continued observation. On postnatal day (PND) 12,
fixed brain weight measurements (10 pups/sex/dose) and neuropathological evaluations including
morphometrics (6 pups/sex/dose) were performed on Subset 1 pups, with the remaining 10
pups/sex/dose necropsied for gross lesions. In Subset 2, 8 pups/sex/dose were selected for
evaluation of learning and memory; evaluations were performed on PNDs 23-25 and 62-92. These
Subset 2 animals were sacrificed on PNDs 97-101, following the last evaluation. The Subset 2 pups
not selected for evaluation were necropsied for gross lesions on PND 22. The Subset 3 pups were
tested for motor activity on PNDs 14, 18,22, and 61 and auditory startle habituation on PNDs 23 and
62; all Subset 3 animals were sacrificed on PNDs 63 or 64 following the last evaluation. In Subset
4 pups, fixed brain weights were determined in 10 pups/sex/dose, neuropathological examinations
were performed on 6 pups/sex/dose, and all remaining Subset 4 animals (10/sex/dose) were
necropsied for gross lesions upon sacrifice on PND 66-77.

Maternal toxicity in the high-dose (5 mg/kg/day) animals was manifested as increased signs of
autonomic function toxicity, apparent at the end of gestation as fasciculations (6/25 treated vs 0/25
controls), and during early lactation (days 1-5) as fasciculations (16/24 treated vs 0/25 controls),
hyperpnea (8/24 treated vs 0/25 controls), and hyperreactivity (17/24 treated vs 2/25 controls). Dams
with all pups dying were increased in the high-dose group (3/23 treated vs 0/25 controls). There
were no significant effects on bodyweight, food consumption, or pregnancy parameters. There were
no unscheduled deaths in the maternal animals. -

Brain ChE activity was decreased in the high-dose (190%) and mid-dose (1 18%) dams as compared
to control. Erythrocyte (141-99%) and plasma (143-92%) ChE activities were decreased in a
dose-dependent manner in all treated groups.



The maternal toxicity NOAEL was not observed.
The maternal LOAEL was < 0.3 mg/kg/day, based on plasma and RBC cholinesterase
inhibition.

For the F, generation pups, the high-dose group bodyweights were significantly reduced (! 8-15%)
at PND 1 and 5 (pre-and post-culling). Bodyweights were also reduced from birth to PND 22 in
Subset 4 high-dose animals (1 5-19%); bodyweight gains were reduced in these animals during the
same period ( 15-30%). Additionally, compared to the controls, reduced terminal body weights were
observed in the Subset 1 (PND 12) high-dose animals (117-19%) and the Subset 4 (PND 66)
high-dose males (110%). For the F, generation adults, body weights of the high-dose males were
decreased at PND 22 through 66 (! 11-17% vs controls). High-dose F, adult fémales also weighed
less than controls at PND 22 (1 17% vs controls), but were of similar weight at PND 66. Bodyweight
gains were also decreased in the high-dose males for the PND 22-40 interval (! 13% vs controls) and
PND 40-66 interval (! 7%). Food consumption was decreased immediately after weaning (PND
23-30) in high-dose males and females (! 13% vs controls).

Development as assessed by pinna unfolding was delayed (4.0 days in treated vs 3.5 days in controls) -
in the high-dose group. Sexual maturation was delayed as assessed by time to preputial separation
(106% of controls) and vaginal patency (103% of controls).

Pup viability was reduced as assessed by the following parameters: surviving pups/ litter (127%) and
live litter size at culling (116%), pup viability index (129%), and pups found dead or presumed
cannibalized (day 1 -7.2 % treated vs 0.0% controls; days 2 to 5 -24.7% treated vs 1.3% controls).

There were no statistically significant differences between the groups in the average acquisition and
delay training.  Additionally, there were no differences among dose groups when comparing
retention of information during PNDs 23-25 and 62-92. Motor activity was decreased in high dose
male and female pups on PND 14 (156% in males and |37% in females), and increased in high dose
females on PNDs 18 and 22 (151% on both days). There was a statistically significant increase
(116-25%) in the latency to peak response during the auditory startle habituation assessments on
PND 23 in the high-dose animals compared to concurrent controls. At PND 62, the latency to peak
response in the high-dose animals was 10-12% higher than in the controls. Additionally, the peak
response amplitudes in the high-dose animals were decreased by 9 to 29% on PNDs 23 and 62 (not
statistically significant) compared to the controls.

There were no gross or microscopic lesions of the nervous system in Subset 1 or 4 offspring. Subset
1 high-dose males at PND 12 had reduced absolute brain weights (19% vs controls), increased
relative brain weights (113% vs controls), reduced anterior to posterior measurement of the
cerebellum (124% vs controls), reduced height of the cerebellum (! 14% vs controls), decreased
thickness of the parietal cortex (6% vs controls), and decreased thickness of the hippocampal gyrus
(19% vs controls). High-dose female pups had reduced absolute brain weights (19% vs controls),
increased relative brain weights (114% vs controls), thickness of the parietal cortex (16% vs
controls), width of the caudate-putamen (i 10% vs controls), and thickness of the hippocampal gyrus
(112% vs controls). In Subset 4 F1 animals, killed on PND 66, morphometric analysis revealed
decreased parietal cortex measurements (! 5%) and decreased thickness of the hippocampal gyrus



(17%) in high-dose females. These measurements were also decreased in mid-dose females (parietal
cortex, | 4%; hippocampal gyrus, 14%). The statistical significance of the differences in mid-dose
fernales was not evaluated, and there was no evaluation of low dose females. Brain weight in high
dose females was similar to control brain weight at day 66 (10.3%).

Due to inadequate presentation of the statistical data analysis, it was not possible to determine the
definitive developmental neurotoxicity NOAEL and LOAEL for the offspring. The tentative
developmental neurotoxicity LOAEL is 5 mg/kg/day. The tentative NOAEL is 1 mg/kg/day.

This study in the rat is classified unacceptable (§83-6) and does not satisfy the guideline
requirements for a developmental neurotoxicity study. The study may be upgradable, following
submission of more complete statistical analysis.

The HIARC also concluded that guantitatively (i.e., based on NOAELS/LOAEL:s in dams vs.
pups), there was no evidence of increased susceptibility. Qualitatively, there was evidence of
i (5 mg/kg/day) based on the concern for the severity
of effects seen in the dams and pups. Maternal toxicity, manifested as increased signs of
autonomic function toxicity was apparent at the end of gestation as fasciculations, and during
lactation as fasciculations, hyperpnea, and hyperactivity. Offspring toxicity manifested as
decreases in body weight/body weight gain and food consumption in both sexes, reductions in
pup viability, delays in development (pinna unfolding and sexual maturation), decreased brain
weight, and alterations in morphometric measurements.  Effects at the mid-dose (1.0
mg/kg/day) are not yet fully determined.

2. WWWWM(MMD No. 44648102)

This study complements a Developmental Neurotoxicity study and was designed to evaluate
cholinesterase inhibition and determination of chlorpyrifos and its principal metabolites in dams and
pups. Pregnant Sprague-Dawley CD® rats were administered chlorpyrifos (99.8% a.i.; Lot No.
MM930503-17; TSN 100227) by gavage at doses of 0, 0.3, 1.0, or 5.0 mg/kg/day beginning on
gestation day (GD) 6 and continuing through lactation day 10. Five dams, as well as 5 male and 5
female pups/dose, were sacrificed on GD 20 and lactation days 1, 5, and 11 for chlorpyrifos and
metabolite determinations. Milk samples werg taken from the dams for chlorpyrifos and
chlorpyrifos-oxon analyses. Blood samples were taken from dams and pups for chlorpyrifos,
chlorpyrifos-oxon, and 3,5,6-trichloro-2-pyridinol (TCP) analyses. Cholinesterase (ChE) was
determined in an additional 5 dams/dose and 5 pups/sex/dose on GD 20 and lactation days 1, 5, 11,
22, and 65 (pups only). ChE activity was determined in plasma, RBC, brain, and heart. For all
analyses, samples were taken from dams and fetuses 4 hours postdosing, and from pups 2 hours
postdosing of the dams.

No treatment-related clinical signs of toxicity in dams or pups and no differences in maternal body
weights were observed at any time during the study. No differences in litter sizes at parturition or
in the number of pups born dead were observed between the treated and control groups. Pup survival
during lactation was similar for the treated groups as compared to the control.



Chlorpyrifos was detected in the blood of high-dose dams at a mean concentration of 108.78 ng/g
on GD 20. Levels of chlorpyrifos then declined to 87% on lactation day 1, remained unchanged on
lactation day 5, and were below the limit of detection by lactation day 11. Chlorpyrifos was detected
ata low level (2.55 ng/g) in blood of mid-dose dams only on GD 20 and was not detected at any time
in blood of low-dose dams. In milk, chlorpyrifos concentrations in the 0.3, 1.0, and 5.0 mg/kg/day
groups were 20.57, 139.49, and 3022.00 ng/g, respectively on lactation day 1 and were 13.54, 81.76,
and 1533.98 ng/g, respectively on lactation day 5. By lactation day 11, chlorpyrifos was detected
only in the high-dose group at a level of 19.79 ng/g. Chlorpyrifos-oxon was not detected in the
blood or milk of any dams at any time point.

Blood concentrations of chlorpyrifos in male and female fetuses from high-dose dams were 52.81
and 39.40 ng/g, respectively on GD 20. Concentrations in the pups declined to less than half of the
GD 20 levels by lactation day 1 and were below the limit of detection by lactation day 5. Levels of
chlorpyrifos in the blood of male and female fetuses from the mid-dose dams were 0.99 and 1.19
ng/g, respectively on GD 20, but were undetectable thereafter. Chlarpyrifos-oxon was detected in
the blood of male and female fetuses from high-dose dams only on GD 20 at concentrations of 0.97
and 0.94 ng/g, respectively.

TCP was detected in the blood of dams from all treated groups on GD 20, lactation day 1, and

lactation day 5. In the 0.3, 1.0, and 5.0 mg/kg/day groups, TCP levels in blood were 114.40, 322.01,

and 1974.00 ng/g, respectively on GD 20, and were 142.93, 536.53, and 1449.92 ng/g, respectively

~ on lactation day 5. On lactation day 11, TCP was detected only in the mid- and high-dose groups
at levels of 9.87 and 71.40 ng/g, respectively.

TCP was detected in the blood of male and female fetuses from all dose groups in a dose dependent
pattern on GD 20. In the 0.3, 1.0, and 5.0 mg/kg/day groups, TCP levels in blood on GD 20 were
93.93, 361.00, and 1680.00 ng/g, respectively for males, and were 99.49, 339.13, and 1884.00 ng/g,
respectively for females. TCP was essentially not detectable in the blood of low- and mid-dose pups
by lactation day 5. On lactation day 11, TCP was detected in the high-dose male and female pups
at levels of 42.29 and 47.01 ng/g, respectively.

ChE activity in fore- and hindbrain from high-dose dams was 1 1.1-22.7% and 19.5-42.8%,
respectively of the control level on GD 20 through lactation day 11 and 57.9% and 80.4%,
respectively of controls on lactation day 22. ChE activity in the heart of high-dose dams was 16.9%
of controls on GD 20, but recovered to 93.6% of controls on lactation day 22. Mid-dose dams had
inhibition of brain ChE activity to 87.8-93.1% of controls from GD 20 through lactation day 11. In
low-dose dams, brain and heart ChE activities were unaffected by treatment. In high-dose dams
plasma and RBC ChE activities relative to the controls were 12.0% and 4.9%, respectively on GD
20, and 48.9% and 7.4%, respectively on lactation day 11. By lactation day 22, plasma ChE had
recovered but RBC activity remained inhibited at 53.6% of the control level. In mid-dose dams
plasma and RBC ChE activities relative to the controls were 38.5% and 17.6%, respectively on GD
20, and 65.5% and 22.3%, respectively on lactation day 11. By lactation day 22, plasma ChE had
recovered but RBC activity remained inhibited at 66.6% of the control level. In the low-dose group,
plasma and RBC activities were 67.2% and 73.7%, respectively of controls on GD 20, but recovered
to 83.8% and 75.5%, respectively on lactation day 11 and were similar to controls on lactation day
22.



No effects on ChE activity were seen in tissues from pups from the low- or mid-dose dams. In pups
from the high-dose group, forebrain activity was 40.2% of controls on GD 20 and 63.3% on lactation
day 1; hindbrain activity was 46.1%, 67.2%, and 88.4% of control levels on GD 20, lactation day 1,
and lactation day 5, respectively. ChE activity in the heart of high-dose pups was 18.4%, 34.7%, and
83.9% of control levels on GD 20, lactation day 1, and lactation day 5, respectively. ChE activity
in plasma from the high-dose pups was inhibited to 15.3% of controls on GD 20, 40.0% of controls
on lactation day 1. and 81.5% of controls on lactation day 5. ChE activity in RBC from the high-
dose pups was inhibited to 7.9% of controls on GD 20, 14.7% of controls on lactation day 1. and
86.4% of controls on lactation day 11. Complete recovery of ChE activity occurred in high-dose
pups by lactation day 5 for forebrain, by lactation day 11 for hindbrain, heart, and plasma, and by
lactation day 22 for RBC.

This study is classified as Acceptable-nonguideline. This is a special study intended to investigate
specific parameters and does not fit into a guideline study classification. It is acceptable for the
purposes for which it was intended. No NOAELSs or LOAELS could be determined from the data,
because this is a pharmacokinetic study.

The HIARC concurred with the results of this study which, although limited in scope, did not
identify any increased sensitivity of neonatal rats (as compared to adults) to chlorpyrifos
exposure. This study demonstrated the presence of chlorpyrifos in the blood of dams and
fetuses; and the presence of chlorpyrifos in the milk at higher levels than the blood. The
HIARC suggested that this study identifies the following NOAELs/LOAELS for cholinesterase
inhibition: In pups, the NOAEL and LOAEL are 1 and 5 mg/kg/day, respectively for plasma
and red blood cell cholinesterase inhibition, while in dams the LOAEL is < 0.3 mg/kg/day (the
lowest dose tested) and a NOAEL was not established.

3. ] Iotoxic rase A -Guidelin (MRID No. 44273901)

In a special study designed primarily to assess for the potential of chlorpyrifos to inhibit
neurotoxic esterase (NTE), chlorpyrifos was administered by gavage to six groups of Fischer 344
strain female rats at dose levels of 0, 1, 5,10, 50 or 100 mg/kg and sacrificed 24 hours later. NTE
was assessed for by the method of Kayyali et al (J. Anal. Toxicol. 15:86-89 (1991). Dosing was
by gavage at a dosing volume of 10 mi/kg. The rats were also assessed for cholinesterase inhibition
in the plasma, red blood cells (RBCs), heart and brain and there was an additional group dosed at
0.5 mg/kg included for assessment of cholinesterase only. The cholinesterase inhibition data
‘ndicated a NOAEL and LOAEL for plasma cholinesterase (ChE) and RBC and heart
acethycholinesterase (AChE) of 1 and 5 mg/kg, respectively. At 10 mg/kg, plasma ChE, RBC
AChE and heart AChE were inhibited approximately 45%, 17% and 19%, respectively. Brain
AChE demonstrated a NOAEL and LOAEL of 10 and 50 mg/kg, respectively and at 50 mg/kg
inhibition was approximately 53%. NTE was not inhibited at the highest dose level of 100 mg/kg
and there was an apparent 9% increase in activity at this dose level.

This study is classified as Acceptable (non-guideline). This study contains data useful fgr
evaluating the potential for chlorpyrifos to inhibit neurotoxic esterase following systemic
administration.



The HIARC concurred with the results of this study which demonstrated a NOAEL of 1
mg/kg/day and a LOAEL of 5 mg/kg/day for inhibition of plasma and red bloed cell
cholinesterase activity; a NOAEL of 10 mg/kg/day and a LOAEL of 50 mg/kg/day for
inhibition of brain cholinesterase activity; and no inhibition of neurotoxic esterase at the
highest dose tested (100 mg/kg/day).

4. Cognitive Neurotoxicity Study - Rats (Non-Guideline) (MRID No. 44020901)

" In this special study (MRID 44020901) that is tentatively classified as unacceptable but upgradeable
because additional data are being requested, the effects of repeated oral administration of
chlorpyrifos technical (purity, 98.1%; lot no. #MM-890115-616) on the cognitive function of rats
were evaluated with a delayed matching to position (DMTP) test. Groups of 10 female Long-Evans
rats, pretrained in a DMTP apparatus were administered oral doses of chlorpyrifos in corn oil of 0,
1, 3, or 10 mg/kg/day for 5 days/week for 4 weeks. DMTP testing was conducted 6 days/week
during treatment and continued post-dosing for 4 weeks. Testing for short-term memory (as
evidenced by the retention rate) and attention/encoding deficits was based on the percent correct
accuracy on several time delays. Slope over delay and intercept at time zero were calculated from
these data for each rat and represented the "forgetting curve.” A satellite group of 6 rats/dose was
sacrificed after the 4-week dosing period and plasma, erythrocyte and brain cholinesterase (ChE)
were determined. Neurotoxic esterase (NTE) activity was determined in satellite rats from the
control and high-dose groups.

ChE and (NTE) were assessed one day after the last dose administration. Plasma (68%), RBC (56%)
and brain (8%) ChE were inhibited at 1 mg/kg/day. At3 mg/kg/day, plasma (83%) RBC (65% and
brain (63%) inhibition increased. At 10 mg/kg further increases were noted. NTE was not affected
(6% decrease in the high-dose group was not considered significant). The LOAEL for ChE
inhibition is < 1 mg/kg/day. No NOAEL was established.

The clinical sign of miosis was observed in rats that received 3 and 10 mg/kg/day particularly at
weeks 3 and 4 and corresponded with brain ChE inhibitions of 63% and 86%, respectively.
Salivation and tremors were observed primarily in the high-dose group (10 mg/kg/day; brain ChE
inhibition of 86%) with tremors usually disappearing by the following moring. The DMTP
parameters of actual total delay (increased), void trials per session (increased) and nosepokes
(decreased) were affected by 10 mg/kg/day chlorpyrifos at most or all intervals during dosing. The
intercept of the retention gradient (an index of the attention/encoding processes) was increased
at week 2 and decreased at week 3 but equivalent to the control at weeks 1 and 4 at 10 mg/kg/day.
The possibility that there is an effect on the intercept of the retention gradient requires further
" analysis. In order for HED to complete its assessment of chlorpyrifos on the cognitive ability of the
rat and further evaluate the possible relationship between the effects on DMTP performance and
cognitive ability, additional data tables on the percent correct responses at all assay intervals are
being requested. The fenfative conclusion is that the study supports a LOAEL for neurotoxic
systemic effects of 3 mg/kg/day based on miosis. The NOAEL for neurotoxic systemic effects
is 1 mg/kg/day. A tentative LOAEL on the DMTP performance is 10 mg/kg/day. Conclusions
related to possible effects of chlorpyrifos on the cognitive ability of the rat are pending.



This study is tentatively classified Unacceptable (Nonguideline) but upgradeable. Additional data
on summary tables on the percent cOITeCt responses of each delay, the key measure made to assess
for cognitive effects in this study are being requested in order to complete the review of this study.
The percent correct responses should also be analyzed statistically by the laboratory.

The HIARC concluded that the dose levels tested in this study were higher than those which
caused cholinesterase inhibition in other studies. The HIARC further concluded that the
results of this study provided data on the cognitive functions of the rats following repeated
exposure which are essential for hazard characterization and qualitative assessment of the
overall toxicity of chlorpyrifos but which will not have an impact on risk assessment. The
HIARC also concluded that the data presented need additional analysis, specifically, the study
needs to present summary tables of the percent correct at a function of delay.

Therefore, the HTARC recommended that this study should be classified as Unacceptable pending
receipt and review of the additional data requested by this Committee, and the Data Evaluation
Report should reflect this conclusion.

5. Blood Time Course (Part A) (Non-Guideline) ~ (MRID No. 44648101)

This study was done to help construct and validate a physiologically-based pharmacokinetic model
for chlorpyrifos (Unlabeled -99.8% a.i., Lot # MM930503-17; Labeled -89.4% a.i., Lot # B930-51
[INV1134]) a weak inhibitor of acetylcholinesterase activity, and its metabolites, chlorpyrifos-oxon
(OXON), a strong cholinesterase inhibitor and 3,5,6-trichloropyridinol. Groups of 24 male rats were
given a single gavage dose of 0.5, 1, 5, 10, 50, or 100 mg/kg chlorpyrifos in corn oil. Four rats from
each group were killed 10 and 20 minutes and 1, 3, 6, and 12 hours after treatment. Cholinesterase
activity was measured in the brain and plasma at each time point, as well as the plasma concentration
of the test material and its OXON metabolite. In a separate portion of the study, four male rats were
given a single gavage dose of labeled chlorpyrifos at a concentration of 5 or 100.0 mg/kg and were
sacrificed three hours later. Blood was collected from the animals at sacrifice and the concentration
of the test material and its metabolites 3,5,6-trichloropyridinol (TCP) and OXON determined.
Plasma cholinesterase activity decreased in a time-and dose-dependent manner. The plasma
cholinesterase activities of rats treated with 0.5, 1, 5 or 10 mg/kg were maximally decreased 3-6
hours after treatment, with both the decrease and recovery of activity being dose-dependent. The
decrease in activity of rats treated with 50 or 100 mg/kg began within 10 minutes of treatment. By
12 hours after treatment, both groups were approiimately 11% of the control group and had not
shown signs of recovery.

Brain cholinesterase activity was not affected as dramatically by test material treatment as plasma
activity with only the 10, 50, and 100 mg/kg dose groups showing significant effects. The brain
cholinesterase activity of rats treated with 10 mg/kg test material began to decline within three hours
of treatment and was significantly decreased by six hours after treatment. The brain cholinesterase
activity in the 50 or 100 mg/kg dose groups decreased significantly within one hour of treatment; and
by 12 hours, were approximately 30% and 20%, respectively, of control. In none of the affected
groups did brain cholinesterase show signs of recovery. Peak chlorpyrifos blood concentrations
occurred within three hours of treatment in all but the lowest dose group. The area under the curve

10



(AUC) was calculated as 0.4, 1.1, 5.0, and 12.5 pmole hr L' for the 5.0, 10.0, 50.0, and 100 mg/kg
groups, respectively and yielded calculated blood half-lives of chlorpyrifos 0of 2.7,1.5, 2.1, and 7.3
hours for the 5.0. 10.0, 50.0, and 100.0 mg/kg dose groups, respectively. Regardless of dose, the
highest concentration of OXON detected was 2.5 ng/g found in the blood of rats treated with 50
mg/kg test material one hour post-treatment. Following treatment with 5 or 100 mg/kg labeled test
material, 98% of the activity detected in the blood was identified as TCP metabolite with the
remaining attributed to the parent compound. Since OXON is an intermediate in the formation of
TCP and none of the metabolite was detected, these studies support that the half-life of the OXON
metabolite is short (reportedly 10 seconds) and that in vivo metabolism of chlorpyrifos is rapid.

This study is considered Acceptable (nonguideline). It may partially fulfill guideline requirements
in other areas.

6. Review of Registrants Letter to the Agency (August 4, 1998).

The Registrant's letter provides review of and makes comment on a variety of studies submitted to
OPP/HED or published in the open literature. Except for the results of the developmental
neurotoxicity study which was reviewed at this meeting, no new data or analyses were provided in
this letter. All other materials had been previously considered by HED's RfD/Peer Review
Committee or in earlier meetings of HIARC. The RfD Peer Review Report of 2/26/96 and the
HIARC report of 2/2/98 discussed the same data from the Registrant in terms of acute and repeated
animals and human exposures.

Again, the HIARC, re-affirmed the use of the human volunteer study (Coulston ef al. 1972) and the
NOAELSs used in deriving the acute and chronic RfDs.

The Agency selected the NOAEL of 0.1 mg/kg (established in the Coulston er al, 1972 study) for
deriving the Acute RfD because no effects were seen on plasma cholinesterase activity after 1 and
3 days of treatment but significant inhibition of plasma cholinesterase activity was seen at this dose
(0.1 mg/kg/day) after only 6 and 9 days of treatment. Therefore this dose is appropriate for acute
(single exposure) dietary risk assessment.
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The Registrant, however, requested the use of 0.5 mg/kg for the NOAEL based on another human
study (Nolan er al 1982). In the Agency's presentation to the FIFRA Scientific Advisory Panel
(SAP) in June 1997, it was noted that on Day 1 of this study, plasma cholinesterase activity was
inhibited 84 to 86% while by Day 4, red blood cell acetylcholinesterase activity was inhibited by 11
to 52%. Therefore, the HIARC rejected the 0.5 mg/kg as a NOAEL for either plasma or red blood
cell cholinesterase inhibition from the Nolan study.

The Agency selected the NOAEL of 0.03 mg/kg/day (established in the Coulson ef al, 1972 study)
for deriving the Chronic RfD based on significant inhibition of plasma cholinesterase activity
(reduced 18-64% from pre-test levels) and clinical signs (blurred vision, runny nose and faintness
in 1/4 subjects) at 0.1 mg/kg/day (LOAEL). Treatment of subjects at this dose (0.1 mg/kg/day) was
terminated at 9 days because plasma cholinesterase inhibition exceeded 20-30%, which the study
authors used as a guideline.

The HIARC again contends that there is no reason to discount the observed clinical signs, because
blurred vision is a typical cholinergic sign of cholinesterase inhibition and can not be attributed to
a common cold, as purported by the Registrant. In addition, there is no reason to believe that other
clinical signs would not have appeared if the dosing had continued for 20 days as it did for the other
groups.

The Registrant recommends a chronic RfD of 0.01 mg/kg/day based on a NOAEL 1 mg/kg/day for
brain acetycholinesterase inhibition in animals. The HIARC noted that several animal studies
identify NOAELSs less than | mg/kg/day as discussed below.

The HIARC noted that at least eight animal studies in rats, mice and dogs provide support for lower
chronic RfDs. Overall, these studies identify LOAELs for plasma, red blood cell and brain
cholinesterase inhibition in the range of 0.2 to 1 mg/kg/day following exposures of 10 days to 2 years
(Barker 1989, Crown 1990, Deacon et al. 1979, Hoberman 1998a,b, Kociba 1985, McCollister er
al. 1971, Rubin e al. 1987a, Szabo et al. 1988, Young and Grandjean 1988). Most noteworthy is
the chronic rat study that observed significant inhibition of brain cholinesterase at 1 mg/kg/day in
both sexes (Young and Grandjean 1988). Collectively, these studies identify NOAELSs in the range
of 0.01 to 0.1 mg/kg/day. In addition, the developmental study by Ouellette et al. (1983) also
supports a NOAEL of 0.1 mg/kg/day, but observed plasma and red blood cell cholinesterase
inhibition at higher levels of 3 mg/kg/day (only tested 0.1, 3 and 15 mg/kg/day).

If these animal data were selected as the basis of the chronic RfD, and an Uncertainty Factor of 100
was applied to account for intra-specis variability (10x) and inter-species extrapolation (10x), this
would yield much lower chronic RfDs (range, 0.0001 to 0.001 mg/kg/day) than the current RfD of
(0.003 mg/kg/day) derived from the human data with a UF of 10x for intra-specis extrapolation.

The HIARC, after careful consideration of all available animal and human data and the
proposals put forth by the Registrant, concluded that there is no reason for changing the doses,
endpoints, and/or the uncertainty factors selected for deriving the acute and chronic RfD's for
dietary as well as occupational/residential exposure risk assessments.

'ﬂ\
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verview of Poisoning Inci

An overview of the poisoning incident data is presented here. A detailed evaluation is presented in
Appendix 1.

As a result of the widespread use of chlorpyrifos, there have been numerous exposures and
poisonings. Detailed analysis of the poisoning data has been used to identify specific use patterns
that are more likely to be associated with pesticide poisoning. In addition to acute poisoning,
chlorpyrifos has been reported to be associated with chronic effects in humans, including peripheral
neuropathy, chronic neurobehavioral effects, and multiple chemical sensitivity.

‘The main source of serious, acute incidents of chlorpyrifos poisoning appears to be liquids (not
including aerosol cans) used by homeowners or Pest Control Operators (PCOs) indoors or outdoors,
termite treatments, and liquid sprays and dips applied to domestic animals. Poisonings are likely to
be more serious when applied by a PCO (usually due to misuse). However, in 1998 the uses of
sprays and shampoos on pets, broadcast uses on carpets, paint additives, and indoor fogger use were
voluntarily canceled. However, even when these canceled uses are excluded, it appears that
poisonings are likely to be more serious when applied by a PCO (usually due to misuse). This is
supported by reports received by Dow AgroSciences, the American Association of Poison Control
Centers, the California Pesticide Illness Surveillance Program, and the Incident Data System of the
Office of Pesticide Programs (OPP).

IV. DETERMINATION OF INCREASED SUSCEPTIBILITY

The developmental neurotoxicity study demonstrated that quantitatively, based on the NOAELs and
LOAELSs, there is no evidence of increased susceptibility in neonatal rats when compared to aduit
rats. The NOAEL (1 mg/kg/day) in the F, offspring for developmental neurotoxicity was higher than
the maternal toxicity (no NOAEL). However, gualitatively the effects in the F, offspring at the high
dose were more severe when compared to those observed in the dams. Specifically, at a dose which
resulted in cholinesterase inhibition and transient cholinergic clinical signs in the dams, observations
in the offspring included postnatal death; decreased body weight, body weight gain and food
consumption; delayed development (pinna unfolding and sexual maturation); decreased brain weight;
and alterations in post natal day 11 morphometric measurements, some of which persisted through
to adulthood (postnatal day 60). It should be noted that the parameters evaluated in the offspring and
the dams in this study protocol are not comparable. Nevertheless, in a subchronic neurotoxicity
study in rats, no neurobehavioral or neuropathological effects were observed in adult animals at the
highest dose tested of 15 mg/kg/day (MRID 42929801) which support the argument that the
offspring appear to be more severely affected by chlorpyrifos exposure than are adult animals.

At the December 11, 1997 meeting, in the absence of the developmental neurotoxicity study, the
HIARC concluded that a review of the data submitted to the Agency as well as numerous published
and unpublished research papers provided sufficient information to elicit concern about the potential
for increased susceptibility of neonates to chlorpyrifos exposure. On the other hand, there was no
indication of increased susceptibility of fetuses to chlorpyrifos following in utero exposure. The
studies from which these conclusions were derived are presented in the Committee report dated
2/2/98 (HED Document No. 012471).
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At the10/29/98 meeting, the HIARC determined that there is sufficient evidence to conclude that
exposure to chlorpyrifos results in increased susceptibility to neonates as compared to adult rats.
This conclusion is based on the evidence presented in the guideline developmental neurotoxicity
study submitted to the Agency and also of the published studies (some of which are described below)
which provide evidence that the perinatal rats are more sensitive to chlorpyrifos than dams.

Moser and Padilla (1998) reported that following oral (gavage) administration of 75 to 80% of the
maximum tolerated dose, neonatal rats were 5 times more sensitive than adult rats. Following a
single oral dose to pups (postnatal day 17) and adults (about 70 days), although the degree of
cholinesterase inhibition (blood, brain and peripheral tissues) and behavioral measurements were
similar. the effective dose was five-fold lower for the pups (15 mg/kg/day) when compared to adults
(80 mg/kg). In the same study, 10 day old pups were approximately 7 times more sensitive than
adults based on the maximum tolerated dose (15 mg/kg vs. 100 mg/kg, respectively).

Lasstier et al (1998) observed that following gavage doses of chlorpyrifos at 7 mg/kg on gestation
days 14 to 18, the time of maximal cholinesterase inhibition (ChEI) was the same for both maternal
and fetal brain, the degree of fetal brain ChEI was 4.7 times less than the matemal brain ChElL Also,
the detoxification potential (i.e., carboxylesterase and chlorpyrifos-oxonase) of the fetal tissue was
very comparable to maternal tissues. Following a single dose (7 mg/kg/day) on gestation day 18, the
degree of fetal brain ChEI was comparable to the maternal brain ChEL The maternal brain
cholinesterase was inhibited more than the fetal brain cholinesterase (more than 4 fold) only after
repeated dosing (gestation days 14 to 18).

Based on these results the authors concluded that the fetus is not genuinely protected from the toxic
effects of a given dose of chlorpyrifos but that the fetal brain cholinesterase is simply able to recover
more fully between each dose as compared to maternal brain cholinesterase. This gives the illusion
that the fetal compartment is less affected than the maternal compartment.

Pope et al (1991) reported that following subcutaneous injection, the neonates were more sensitive
to chlorpyrifos exposure than adults; the maximum tolerated dose for neonates was 45 mg/kg, while
for adults the MTD was 279 mg/kg.

Pope and Liu (1997) reported that following subcutaneous injection when the endpoint was based
on 50% acethylcholinesterase inhibition, the neonates were only about two times more sensitive than
adult rats; EDg, = 19.8 mg/kg for neonates and 44 mg/kg for adults.

Whitney et al (1995) administered chlorpyrifos by subcutaneous injections to neonatal rats in
apparently subtoxic doses that caused no mortality and little or no weight deficits, and examined
developing brain regions (cerebellum, forebrain and brainstem). One-day old rats showed significant
inhibition of DNA and protein synthesis in all brain regions within 4 hours of treatment with 2
mg/kg. The authors concluded that chlorpyrifos affects the developing brain during cell division.

Intraperitoneal injection of chlorpyrifos at toxic doses has resulted in blockage of protein and DNA
synthesis, modification of the activity of the adenylyl cyclase system, and binding of specific ligands
to the beta-adrenergic or muscarinic receptors in the brain of 1 to S day old neonatal rats (Whitney
et al., 1995, Cambel et al., 1997 and Song et al., 1997).
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The Registrant contends that increased susceptibility demonstrated by Moser and Padilla (1998) is
not relevant due to the route of administration. The Registrant claims that direct administration of
chlorpyrifos by gavage to 17-day old rats is not a natural route of exposure, that the dose was
excessive and unrealistically toxic relative to what could be absorbed via milk. In addition, even if
it were assumed that direct administration is an appropriate route there is no way to relate the
quantity administered by gavage to the amount that might be absorbed through the diet.by the pup
at this age.

The Registrant also contends that the increased susceptibility seen following subcutaneous and the
intraperitoneal routes of administration are not relevant because the impact of the vehicle (DMSO)
is indeterminable, only very toxic doses were studies, no effort was made to define a NOAEL, and
the route of exposure (i.e, subcutaneous and intraperitoneal) are not relevant for the route of concem
(oral) for human risk assessments.

The HIARC acknowledges that while young rats (and by extrapolation, young humans) appear to be
more sensitive to the acute toxicity of high doses of chlorpyrifos, sensitivity to neurochemical and/or
neurobehavioral changes following repeated, low-dose exposure should be of more concern for risk
assessment and regulatory decisions making, especially in light of the FQPA.

The HIARC determined that the results of the oral, subcutaneous and intraperitoneal studies
described above and others presented in the previous HIARC report (2/2/98)can not be discounted
since there are no studies that evaluate susceptibility or sensitivity in neonatal rats at low doses that
simulated potential "real world" exposure to chlorpyrifos. Although no increased susceptibility was
seen in the developmental neurotoxicity study at low doses, the experimental design of this study is
vastly different from the Moser and Padilla (1998) study int which the neonates were shown to be 5
times more sensitive than adult rats.

The HIARC acknowledges that the subcutaneous and intraperitoneal exposure are not routes which
are anticipated for human exposure routes (i.e, oral); however, the results of these studies can not
be discounted because they are supportive of the increased susceptibility seen via the oral route and
are considered relevant as a part of the weight-of-evidence in assessing age-related differences in
susceptibility to chlorpyrifos exposure. : )

Based on the weight-of-evidence considerations and the lack of data with lower, "real world"
exposure to chlorpyrifos in the diet, the HIARC concluded that the current available data
demonstrated that exposure to chlorpyrifos results in increased susceptibility of young rats (and by
extrapolation young humans) and this evidence can not be discounted.
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V. RECOMMENDATION ON THE FQPA SAFETY FACTOR

Based solely on the hazard assessment, the HIARC considered the retention of the 10x Safety Factor
for the protection of infants and children (as required by FQPA) for the following reasons:

i.

iit.

Vi.

Vii.

Increased susceptibility was demonstrated in neonatal rats when compared ta adult rats
following oral, subcutaneous and intraperitoneal routes of exposure in studies published in
the open literature.

. Although the subcutaneous and intraperitoneal injections do not represent traditional routes

of exposure (i.e., oral), the results of these studies support the results observed following oral
exposure and thus can not be discounted.

Increased sensitivity of the offspring was noted in the developmental neurotoxicity study in
which effects on the offspring at the highest dose tested (5 mg/kg/day) were more severe than
effects observed in the dams at the same dose. The relative lack of sensitivity of the dams
was confirmed by the results of a subchronic neurotoxicity study in adult rats.

Although the increased susceptibility in the literature studies was seen only at high doses,
there are no comparable studies that examined age-related sensitivity at lower doses.
Therefore, there is uncertainty related to the absence of these data.

Although no evidence of increased offspring susceptibility was seen at the lowest dose tested
in the developmental neurotoxicity study, the experimental dosing in this study was different
from that used in the oral study by Moser and Padilla that did show increased susceptibility.

Chlorpyrifos is a neurotoxicant with evidence of OPIDN in humans (following a suicide
attempt) and in animals; there have been cases reported of neurophysiological effects in
humans.

viii.  Poisoning data showed that compared to other organophosphates, chlorpyrifos was 1.8

times more likely to have effects lasting a week or more and 1.6 times more likely to
have effects lasting a month or more. Additionally, with the exception of propetamphos,
chlorpyrifos had the highest percentage of persistant effects reported for 13
organophosphates used widely in residéntial settings

Although the above factors provided reasons for retaining the 10 Safety Factor, the HIARC
recommended that the 10x Safety Factor can be reduced because:

i The toxicology database is complete.
ii No increased susceptibility was seen following in urero exposure in the prenatal

developmental toxicity studies in rats submitted to the Agency under Subdivision F
Guidelines. '

16



iti No increased susceptibility ‘was seen following in utero exposure in the prenatal

iv

v

developmental toxicity studies in rabbits submitted to the Agency under Subdivision F
Guidelines.

Quantitatively, that is, based upon a comparison of maternal and offspring NOAELSs, and
not considering the severity of the effects, no increased susceptibility was seen following
pre/post natal exposure in the two generation reproduction study in rats submitted to the
Agency under Subdivision F Guidelines.

No increased susceptibility was seen in the developmental neurotoxicity study in rats
submitted to the Agency under Subdivision F Guidelines.

In reaching this conclusion, 4 members voted for the retention of the 10x Safety Factor while 7
members voted for reducing the 10x Safety Factor. The final decision will be made during risk
characterization by the FQPA Safety Factor Committee.
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