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ABBREVIATIONS
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Intramuscular LH Lutenisng hormone
| ntraperitonedal mg/kg bw/d mg/kg bodyweight/day
Intravenous ppb Parts per billion
Oral ppm Parts per million

Acceptable Daily Intake

Alkaine phosphatase

Aspartate aminotransferase (SGOT)
Alanine aminotransferase (SGPT)
Blood urea nitrogen

Cholinesterase

Creatinine phosphokinase
4.4-Diaminodiphenylmethane
Dimethyl sulfoxide

End Use Product

Good Laboratory Practice
Haemoglobin

Haematocrit

L actate dehydrogenase

Lowest Observed Effect Leve
Mean corpuscular haemoglobin
Mean corpuscular haemoglobin concentration
Mean corpuscular volume
Maximum Resdue Limit

No Observable Effect Leve
Neuropathy target esterase
Organophosphorus pesticide
Pyridine-2-adoxime methiodide
2-pyridine-adoxime methyl methanesulfonate
Technicd Grade Active Condtituent

Advisory Committee on Pesticides and Hedlth
Nationa Hedlth and Medica Research Council
Nationa Drugs and Poisons Scheduling Committee
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SUMMARY
I ntroduction

Chlorpyrifas is a broad-spectrum organophosphorus insecticide that has been used in Audrdiafor over
30 years. The current Acceptable Daily Intake (ADI) for chlorpyrifosis 0.003 mg/kg/d, based on the
no-observed effect level (NOEL) for plasma cholinesterase inhibition of 0.03 mg/kg/d in a human
volunteer study, and using a 10-fold safety factor. The current poisons schedule classification for
chlorpyrifosis Schedule 6, with a cutoff to Schedule 5 when used in preparations at concentrations of
5% or less of chlorpyrifas, when in agueous preparations containing 20% or less of micrencapsulated
chlorpyrifos, or in controlled release granular preparations containing 10% or less of chlorpyrifos. Potting
or S0il mixes containing 100g per cubic metre or less of chlorpyrifos are exempt from poisons scheduling.

Chlorpyrifosis one of some 80 agricultura and veterinary chemicasidentified as candidates for priority
review under Audraias Existing Chemicas Review Program (ECRP). A number of additiona data
submissions on the toxicology of chlorpyrifos were recaived from industry and the public following the
ECRP data cal-in process, and these data, together with dl previoudy submitted data, have been
asessed in detall. The detailed report is summarised below.

Thetoxicology of chlorpyrifos has dso been periodicdly reviewed by the Joint WHO/FAO Meeting on
Pesticide Residues (JIMPR), most recently in 1999, and the IMPR ADI is 0.01 mg/kg bw/day, based
on erythrocyte cholinesterase inhibition in a human volunteer sudy with an NOAEL (no-observed
adverse effect level) of 0.1 mg/kg bw/day, and using a 10-fold safety factor, and on the NOAEL of 1
mg/kg bw/day for the inhibition of brain cholinesterase activity in mice, rats and dogs, and using a 100-
fold safety factor. The Meeting o alocated an acute reference dose of 0.1 mg/bw on the basis of the
NOAEL of 1 mg/kg bw for inhibition of erythrocyte cholinesterase activity in astudy in which volunteers
received asingle oral dose of chlorpyrifos and with a safety factor of 10.

M etabolism and toxicokinetics

%Cl-chlorpyrifos (50 mg/kg bw), given to mae Wistar rats by intubation, was diminated rapidly,
predominantly in the urine (90% of the dose) and faeces (10% of the dose). The urinary metabolites
were identified as 3,5,6-trichloro-2-pyridyl phosphate (3,5,6-TCP phosphate) (75-80%), 3,5,6-
trichloro-2-pyridinal (3,5,6-TCP) (15-20%) and traces of chlorpyrifos; this indicates that desethylation
isaggnificant metabolic pathway in rats. Resdue levelswere highest in liver and kidney & 4 h post dose
but the haf life was less than 20 h in these tissues. The longest residue-hdf-life of 62 h was recorded in
fat (Smith et d, 1967).

A single intubated dose of **C-ring-labelled-chlorpyrifos (19 mg/kg) was administered to méae
Sprague-Dawley rats. By 72 h, 83-87% of the totad dose had been diminated, mainly as TCP in the
urine (68-70%), faeces (14-15%) and respired air (0.15-0.39%). Residues at 72 h were about 1.7%
of the total dose and while highest in fat were less than 1 ppm in any tissue (Branson & Litchfidd,
1971a).
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Femae Fischer 344 rats were dosed with chlorpyrifos by ordl gavage or by inhaationa exposure in
nose-only or whole-body chambers. Another group was exposed to ora gavage doses of “*C-labelled
chlorpyrifos to estimate recovery efficiency. Ora dosing lead to 30-80% recovery in urine with large
inter-individua availability. Inhdationa exposure, whether nose-only or whole body, led to average
urinary excretion, on an exposure adjusted basis, of between 0.28 to 0.58 g of 3,5,6-TCP per ppb
of chlorpyrifos in air. The whole-body-exposed rats absorbed more chlorpyrifos than would be
expected to occur by the inhalation route done. Grooming activity by rats probably contributed to the
larger ord intake of chlorpyrifos in animas exposad in whole-body chambers. The total combined
recovery of radiolabel from urine, faeces, and cage-wash was 99.8% of the administered dose (Nolan
et a, 1986).

Single doses of *C-ring labelled chlorpyrifos (19 mg/kg) or 3,5,6-TCP (7 mg/kg) were administered
by ord gavage to Sprague-Dawley rats. The radiolabel was andysed in blood samples, expired air and
excreta. The mgjor urinary metabolite of 3,5,6-TCP and chlorpyrifos was 3,5,6-TCP. The biologica
haf-life of each chemica was estimated to be between 8-17 h. By 72 h more than 98% of each
compound had been eiminated, mainly in the urine (68-70% for chlorpyrifos, 73-76% for 3,5,6-TCP)
and faeces (14-15% for chlorpyrifos, 6-7% for 3,5,6-TCP). Elimination as CO, was a minor (<1%)
pathway. Residue levels were uniformly low in the brain, while the highest residue levels occurred in the
bone and intestine following 3,5,6-TCP adminigtration, and in fat and intestine following chlorpyrifos
administration. Administration of asingle ora dose of **C-labelled 3,5,6-TCP or chlorpyrifos did not
indicate accumulation of these compounds in rat tissues (Branson & Litchfield, 1970, 1971b).

Groups of mae and female Fischer 344 rats were dosed with **C-labelled chlorpyrifos asasingle ordl
dose of 0.5 or 25 mg/kg, or as 15 consecutive daily doses of 0.5 mg/kg/d followed on day 16 by 0.5
mg *“C-chlorpyrifoskg bw. By 3 days post-exposure, essentialy al of the radioactivity had been
recovered (>97%), mainly in the urine (84-92% of administered dose), with 6-12% in faeces. Multiple
doses induced a dight increase (6-7%) in urinary excretion as compared to a single dose at the 0.5
mg/kg bw/day dose levd. At sacrifice, the maximum tota residues were 0.2% of the administered dose,
seen at the 25 mg/kg bw, and residues occurred mainly in perirend fat and liver of maes and in the
ovariesand fat of femaes The hdf-life for excretion was 12.4 h for maesand 23.2 h for femdesat 25
mg/kg, probably reflecting a sex-difference in absorption rates. Analysis of urine for metabolites failed
to reved any unchanged chlorpyrifos. The mgor metabolites were 3,5,6-TCP (12%), its glucuronide
conjugate (80%) and tentatively, a sulphate conjugate (Nolan et a, 1987).

Laying hens (36/group) were fed chlorpyrifos a O (two groups), 0.3, 1, 3 and 10 (three groups) ppm
intheir diet for 30-45 days before sacrifice. After 30 days, dl control birds and 24 birds from each dose
level were sacrificed. The remaining 12 hens at each dose level were fed trested diet for atotal of 45
days, and eggs were collected from these birds during the treatment period. At 10 ppm, the additiona
two groups of birds were alowed to recover from trestment for 7 and 21 days respectively after the 30-
day trestment period, and were then killed. Chlorpyrifos residues were not detected in any tissue except
fat; 3,5,6-TCP residues were recorded in liver (0.15 ppm), kidney (0.33 ppm) and in eggs (<0.05 ppm)
at the 10 ppm feed-level, but no residues were detectable after 7 days withdrawal period (Dishburger
et a, 1972).
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Two goats were fed “C-ring labelled (positions 2 and 6) chlorpyrifos twice daily via capsule for 10 days
a alevel equivalent to 15 to 19 ppm in the feed. The magjority (80.3%) of the total **C activity was
recovered in the urine, with smaler amounts in faeces (3.6%), gut (0.9%), tissues (0.8%), and milk
(0.1%). The mgor urinary anayte was the [3-glucuronide conjugate of 3,5,6-TCP with smaler amounts
of free 3)5,6-TCP. The mgor (>75%) residuein fat was chlorpyrifos (0.12 ppm), while 3,5,6-TCP was
the mgor resduein liver and kidney (Glas, 19814). A very similar pattern of dimination was seenina
study of lactating goats fed **C-ring |abelled chlorpyrifos twice daily by capsule; very little *C activity
(mainly chlorpyrifos) was recovered in milk (0.05 to 0.14%) (Glas, 1981b).

Groups of 3 pigs (2 mde, 1 femae) were fed basa rations containing 0, 1, 3 or 10 ppm chlorpyrifos for
30 days, tissue samples were collected after withdrawa periods of 0, 7 and 21 days. Initidly, residues
were predominantly in the fat tissues, with progressively lower levels seen in muscle, liver and kidney;
these vaues had al declined to non-detectable by 7 days withdrawd (McKdlar et d, 1972). Weanling
pigs of mixed sex were given daily oral doses (equivaent to 75 ppm in the diet) of **C-labelled 3,5,6-
TCP for 7 days, urine and tissue samples were collected after withdrawa periods of up to 7 days. The
principa urinary excretion product was unchanged 3,5,6-TCP. The liver and kidney contained the
highest initia resdues, and while these residues decreased rapidly after withdrawd, the liver exhibited
the dowest rate of clearance (Bauriedd & Miller, 1981).

Cadveswerefed 3,5,6-TCP in the feed at concentrations up 100 ppm for 28 days. Tissue sampleswere
taken at day 28 or after a3, 7, or 21-day withdrawd period. Residue levels were highest in liver and
kidney with low levels seen in fat and muscle. These residue levels showed a rapid decline &fter the
return to untreated feed (Glas, 19774). One caf fed 2-methoxy-3,5,6-trichloropyridine for 28 days
showed sgnificant (>2 ppm) residues of 3,5,6-TCP but not 2-methoxy-3,5,6-trichloropyridinein liver,
kidney, and fat (Glas,1977b).

Caves were fed triclopyr in the feed a concentrations up 1000 ppm for 28 days. Tissue samples were
taken at day 28 or after a3, 7, or 21-day withdrawa period. At the 1000 ppm dose levd, triclopyr
residues were high (4.3 ppm) in kidney only and required 21 days to return to background. Residues
of 3,5,6-TCP were much higher, averaging 0.4 ppm in muscle, 1.0 ppmin fat, 5.9 ppmin liver and 11.7
ppm in kidney at the 1000 ppm feeding leve. These residues showed arapid decline in muscle and fat
(3 days) and adower declinein liver and kidney (21 days) (Glas, 1977¢).

Female caves were fed one capsule of chlorpyrifos per day for 30 days. The doses were equivaent to
dally dry-matter dietary concentrations of up to 100 ppm. Tissue samples were taken a day 30 or after
a1-5 week withdrawd period. There was a dose-related increase in chlorpyrifos resduesin dl tissues
but especidly in faity tissues, whereas 3,5,6-TCP was found predominantly in the liver and kidney.
Chlorpyrifos resduesin fat were 0.93 ppm a 7 days, and 0.02 ppm at 35 days after withdrawa of the
100 ppm dose (Dishburger et a, 1972, 1977).

Human subjects poisoned with chlorpyrifos formulations exhibited significant inhibition of serum and
RBC cholinesterase activities, with RBC cholinesterase activity the fastest to recover. Chlorpyrifos was
detected in serum samples only and at low concentrations compared to diethyl phosphorus metabolites
that were excreted mainly in the urine. The urinary diethylphosphorus metabolites were excreted with
firg-order kinetics, with an average dimination hdf-life of 6.10 + 2.25 h in the fastest and of 80.35 +
25.8 hiin the dowest dimination phase (Drevenkar et d, 1993).
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Human mae volunteers received an ora dose of chlorpyrifos (0.5 mg/kg) and one month later aderma
dose (5 mg/kg). There were no signs or symptoms of chlorpyrifos toxicity in any volunteers, however
dosing led to sgnificant inhibition of pre-dose plasma cholinesterase leves (85% inhibition for the ord,
and up to 30% inhibition for the derma dose). Erythrocyte cholinesterase inhibition was not sgnificantly
inhibited following ether ord or dermal doses of chlorpyrifos. The haf life of 3,5,6-TCP appearance
in the blood was 0.5 h after oral dosing and 22.5 h after derma dosing, but both routes had an
dimination hdlf life of 26.9 h. The mean predicted total absorption following ord adminigtration was 72
+ 11%, and following derma adminigtration was 1.35 + 1.0% (Nolan et al, 1982, 1984).

Acutetoxicity

Numerous median letha dose studies have been carried out using chlorpyrifos technica. The acute
toxicity profile of chlorpyrifos technicd is tabulated below. In generd, the signs of acute chlorpyrifos
intoxication in animals were consstent with cholinesterase inhibition, and included inectivity, sdivation,
dyspnoea, flaccid paralysis, vomiting, piloerection, exothdmiaand diarrhea,

Species Strain Sex Study Type | Vehicle (C;L;E/((:)ogleor range)

Rat albino F oral not specified Lowest LD50: 96 mg/kg (72-140)
Mouse \;S\r;l g;ter M oral tlrzgizne%us 9uM 1| owest LDSO0: 102 mg/kg (94-110)
Rabbit | NZwhite | M+F | derma undiluted ;nge(;d LD30: 1580 mg/kg (828-
Rat SD M+F dermal undiluted Lowest LD50: >2000 mg/kg

Rat sD F inhalation 65% xylene Lowest LC50: 78 mg/nt (57-108)
Rat SD M+F inhalation undiluted Lowest LC50: >230 mg/nT (4 h)
Rabbit NZ white F Eyelrritation | undiluted Slight to moderate eye irritant
Rabbit NZ white M skinirritation | undiluted Slight skinirritant

CEE RUNITG F sdn maize oil Non-sensitising

pig Hartley sensitisation

Acutetoxicity of end-use products

The acute toxicity of chlorpyrifos formulaions was rdated to the concentration of active ingredient in the
end-use products. The signs associated with intoxication were Smilar to those seen with the TGAC.

Short-term, repeat-dose toxicity

In atwo-week dose-ranging study conducted using young adult CD-1 mice, Pyrinex Technicd (96.3%

purity) was administered at dietary concentrations of O (control), 75, 150, 300, 600, and 1200 ppm (0O,

14.3-18.5, 30.1-32.4, 56.4-66.6, 88.7-103.8 and 127.9-181.1 mg/kg/d, respectively). Mortdity and

trestment-rated dinica Sgns, induding tremor, ocular opacity, ocular saining, hunching and lacrimation

were mainly confined to animasin the 1200 ppm group. Marked reductions in body weights and food

consumption were observed in animas treated at 600 ppm and above. In maes, cholinesterase activity
245
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was reduced at al test doses. At 75 ppm, plasma cholinesterase activity was reduced by >95%,
erythrocyte cholinesterase activity by almost 40%, and brain cholinesterase activity by about 50%.
Inhibition of erythrocyte cholinesterase activity was not dependent upon dose, with approximately 35%
inhibition seen at dl dose levels. Plasmaand brain cholinesterase activity was reduced in a dose-rdated
manner, with plasma cholinesterase inhibition of 99% and brain cholinesterase inhibition of about 89%
a the high dose. Smilar patterns of cholinesterase inhibition were seen in females. Based on the results
of this study, doses of 5, 50, 200, 400, and 800 ppm were sdected for a 13-week digtary study in mice
(Crown et a, 1984).

Made and femae CD-1 mice were given chlorpyrifos (95.7% purity) in the diet a 0 and 15 ppm
(40/sex/group), with 20 animal s/sex/group sacrificed after one week, and 20 animals/sex/dose trested
for atotal period of 4 weeks. Doses equated to 2.7 and 3.4 mg/kg for males and females, respectively.
There were no sgnificant inHlife dinica signs or unscheduled desths. Food consumption was unaffected
by treatment, but the body weight gain of male mice was decreased by 25% at the end of the 4-week
study period. Organ weight andlysis did not reved any findings that were related to trestment and there
were no Sgnificant differences between groups. Pathology findings a necropsy were within normd limits
for dl groups. At one week, plasma cholinesterase activity was depressed by 88 to 91% and RBC
cholinesterase was depressed by 40 to 53%. At 4 weeks, plasma cholinesterase activity was depressed
by 91% and RBC cholinesterase was depressed by 53%. Brain cholinesterase activity was unaffected
by trestment a ather assay period. There was no sex difference in the changes observed in plasmaand
erythrocyte cholinesterase activity (Davies et a, 1985).

In a2-week dietary range-finding sudy in rats used to establish dose levelsfor a 13-week digtary study,
technical chlorpyrifos (95.5% purity) was administered to Sx groups of animals (5/sex/dose). Dietary
concentrations were 0 (controls), 10, 30, 84, 240, and 694 ppm for 14 days (0, 1.4-1.9, 4.1-5.2, 11.7-
13.7, 34.3-39.4, and 65.8-94.8 mg/kg/d, respectively). At the high dose, clinica sgns of intoxication
were reported, congsting of irritability, hunching, tremor, aaxia, urogenitd staining, pigmented orbital
secretion, failure to groom, and proneness. No trestment-related clinical Signs were observed at other
dose leves. Treatment-rdaed mortdity was confined to high-dose animas. Body weights were reduced
in males and femaes at 694 ppm and at 240 ppm in females and food consumption was a so reduced
at 694 ppm. Dose-rdated, biologicaly-significant decreasesin blood cholinesterase activity were seen
a dl test doses On the basis of these findings, the dose levels selected for the 13-week study were 0.5,
10, and 100 ppm (Crown et d, 1984).

Plasma, RBC and brain cholinesterase activities were markedly reduced in rats following dietary
adminigtration of chlorpyrifos for 14 days at doses of 5 and 10 mg/kg/d. Inhibition of cholinesterase
activity occurred in the aosence of clinica sgns of intoxication. Feed consumption, body weights, and
gross pathologicd findings were smilar in control and trested groups. Statisticaly-sgnificant increases
in absolute and relative adrena weights (about 20% compared with controls) were observed in femdes
only at 10 mg/kg/d (Liberacki et &, 1990).

Inasummary only, it was reported that two rhesus monkeys were given doses of 2 mg/kg chlorpyrifos
by stomach tube for three consecutive days. Blood samples were teken at intervas of 24 h and
cholinesterase activity was measured. No change in behaviour or dinica sgns of cholinergic simulaion
were observed in either monkey during the three-day observation period. A sharp decreasein plasma
cholinesterase activity was observed 24 h after the initia dose (to 17-46% of control), with dightly
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greater reductions after the second and third doses (to 6-23% of contral). Erythrocyte cholinesterase
activity decreased dightly following the firgt dose (to 85-95% of control), with greater reductions after
the second and third doses (to 66-89% of control) (Coulston et d, 1971).

Chlorpyrifos technicad (95.8% purity) was administered ordly via gdatine capsule to groups of purebred
beagle dogs at doses of 0 (control; lactose only), 0.01, 0.03, 0.5, and 5 mg/kg/d for 4 weeks, using 2
animals'sex/group (only 1 animal/sex/group at 0 and 0.5 mg/kg/d). No deaths occurred during the studly,
and no dinica sgns associated with trestment were observed. All groups gained weight steedily during
the treatment period, and food consumption was smilar in al groups. Rapid inhibition of plasma
cholinesterase activity was observed a 0.5 and 5.0 mglkg/d a dl sample intervals, and inhibition was
both dose- and time-dependent. At 0.03 mg/kg/d, plasma cholinesterase activity was reduced, but due
to theintra-group variaion in results, and the small group sizesin this study, it was consdered that the
inhibition of plasma cholinesterase a the 0.03 mg/kg/d dose level was not biologicaly significant.
Biologicaly sgnificant inhibition of erythrocyte and brain cholinesterase activity was observed at
5 mg/kg/d. Macroscopic post mortem examination did not reved any findings that were considered to
be of toxicologica sgnificance. Under the conditions of this study, no treatment-related effects were
observed at 0.03 mgkg/d, while plasma cholinesterase activity was inhibited at 0.5 mg/kg/d, and
erythrocyte and brain cholinesterase activities were inhibited a 5 mg/kg/d (Harling et d, 1989).

When a chlorpyrifos formulation (61.5% chlorpyrifos, 35% xylene) was applied to the skin of the back
and abdomen of 2 rabbitsdose at 5, 10, 25 and 50 mg/kg for 20, 4, 3, and 1 gpplications respectively,
no skin irritation was recorded. Both plasma and RBC cholinesterase measures were significantly
inhibited by dermd application under each of the dose regimens; plasma va ues recovered more quickly
than RBC vaues which were il significantly inhibited at day 40 after the 3, 4 and 20-day exposure
patterns (Pennington & Edwards, 1971).

Inadermd study in Fischer 344 rats, animas were dosed with chlorpyrifos (100% purity) & 0, 0.1, 0.5,
or 5 mg/kg/d in acorn oil vehicle, for atota of 15 days over a 21-day period. No trestment-related
effects were observed a any dose, and plasma, RBC and brain cholinesterase activities were not
inhibited. Gross and microscopic pathologicd examinaions did not reved any trestment-related findings,
and body weights and organ weights were unaffected by treatment. In the 4-day range finding
component of this study, decreases in plasma ChE activity (45%) and RBC ChE activity (16%) were
observed at 10 mg/kg/d, in the absence of clinicad signs of intoxication (Cahoun & Johnson, 1988;
Cahoun & Johnson, 1989).

In a two-week derma application of a chlorpyrifos aerosol formulation, five dogs received ten
goplications of 0.087% Dursban in dichlorophene to their backs (with the fur brushed againgt the grain)
over a period of 2 weeks, with each application lasting 30 seconds. There were no mortdities or
abnormadlities in the andysis of clinica observations, body weight gain, opthdmoscopic examination,
heematology or clinical chemistry parameters. RBC cholinesterase activity was not decreassed by
trestment, but plasma cholinesterase activity fell from the commencement of trestment, before returning
to norma a 72 days podt-tresiment. There were no dlinical Sgns rdlated to the fdl in plasma
cholinesterase activity (Sharp & Warner, 1968).

Fischer 344 rats received technical chlorpyrifos (95% purity) by nose-only inhaation exposure for 6
247

Not to be used for commercial or registration purposes without the consent of the owner of the cited information



FTITINI/A MTVITYY UL VUL PYTTTUDS ™ 1 UAILUIUYY adoCodi1ia i

h/day for 5 days a atarget concentration of 20 ppb. No mortality or treatment-related clinicd signs
were reported during the sudy. Under the conditions of this study, the nose-only exposure of femderats
to chlorpyrifos concentrations of 0.34 mg/nT (23 ppb) for 6h/day, over 5 days, resulted in asignificant
decrease in plasma cholinesterase activity. No effect on erythrocyte or brain cholinesterase activity was
seen in femdes, and plasma, erythrocyte and brain cholinesterase activity was unaffected in males
(Newton, 1988).

Chlorpyrifos was administered via nose-only exposure to female Fischer 344 rats a concentrations of
0 or 12 ppb (equivaent to 0 or 172 pg/nT) as atime weighted average for 6 hours/day, 5 daysiweek,
for two weeks. No clinical sgns of intoxication or treatment-related changes in body weights were
reported during the study, and al rats survived until the scheduled termination. Clinica chemistry
examination did not reved any trestment-related changes in haematology or urindys's parameters,
including plasma, brain, and erythrocyte cholinesterase activity (Landry et d, 1986).

In adose range finding study, chlorpyrifas technica was administered by whole-body exposure (6 hday,
5 days/week, for two weeks) to groups of Wistar rats at target concentrations of O (air control), 10,
100, and 400 mg/nt. Exposure of al high-dose animals was terminated after 5 exposures due to the
moribund condition of the animals, with rapid weight loss and deterioration in the generd condition of
the animals observed, and dl surviving animas were sacrificed on day 9. No mortdity was observed at
other exposure levels. No NOEL was demonsirated in this study, based on the significant inhibition of
plasma, erythrocyte, and brain cholinesterase activities at doses of 10 mg/nt and above, in males and
femdes. Clinicd sgnsof toxidty (tremors, sdivation, lachrymation), decresses in food consumption, and
decreasesin body weight were observed at doses of 94 mg/nt and above, but these effects were not
observed at 10 mg/inT. Increased adrena weights (94 and 388 mg/int), and forestomach effects
induding thickening and congestion (388 mg/nT) were observed, but no trestment-rel ated pathology was
observed at 10 mg/n? (Kenny et al, 1988).

Fischer 344 rats were exposed to time-weighted average concentrations (nomind) of 0, 1, or 5 ppb (0,
0.014, or 0.072 mg/n) of chlorpyrifas vapour for 6 hday, 5 dayswesk for two weeks. The mean daily
time weighted average (TWA) andlysed concentrations were 0.7 and 5 ppb, respectively, a the nomind
concentrations of 1 and 5 ppb, respectively. Two control groups (A and B) were used in this sudy, and
as no datigticaly-sgnificant differences in cholinesterase activities were determined between the two
control groups, the test group cholinesterase activities were compared with the combined control group
vaues. Statigticaly-sgnificant decreasesin plasma, RBC and brain cholinesterase activity were observed
at 5 ppb. The reductions in brain and RBC cholinesterase activity at 5 ppb did not reach 20% when
compared with any of the control groups, and these effects were not considered to be of toxicologica
sgnificance. The inhibition of plaama cholinesterase activity was >20% in femdes a 5 ppb. A
detidicaly-sgnificant decreasse in plasma cholinesterase activity at 0.7 ppb in females compared with
the combined control group was considered to be incidenta to treatment. There were no treatment-
related mortdity, clinica signs of toxicity or changes in body weights during the study. No trestment-
related effects were noted on body weights or organ weights, and no lesions were observed at gross
pathologicd examination. No dgnificant trestment-related effects were observed a 0.7 ppb
(approximately 0.01 mg/nt) (Landry et a, 1985; Streeter et &, 1987).

Four humans and three rabhbits were exposed for 5 minutes to chlorpyrifos formulation M-2995 (61.5%
chlorpyrifas, 34.5% xylene), usng an ULV cold aerosol fog generator ddlivering 3.8 L/h. The humans
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were exposed at a distance of 8 m wearing plastic coverdls but with heads and hands exposed for 2
subjects, and heads, hands and arms exposed for 2 subjects. The rabbits were exposed at a distance
of 8ma 1.3 m height (2 rabbits) or 0.8 m height (1 rabbit). Exposure was terminated & 5 minutes due
to the eye and lung irritation induced by the formulation. The air sampling recorded bresthing-space
concentrations of chlorpyrifos of about 108 mg/L (range 83-133) for humans and rabbits. There was
no depresson of plasmaor RBC cholinesterase in 24 h post-exposure samples from the human subjects.
At 24 h post-dose, rabbits recorded a decrease in plasma cholinesterase (up to 33%) and RBC
cholinesterase (up to 12%), but by 72 h post-dose these values had recovered to near control values
(Pennington & Edwards, 1971).

Subchronic toxicity (TGAC)

Mice (12/sex/dose) were given chlorpyrifosin the diet a 0, 5, 50, 200, 400, and 800 ppm (equivaent
to dose ranges of 0, 0.7-1.3, 7.1-13.5, 32.4-53.4, 40.9-135.7, and 112.5-300.7 mg/kg bw/day,
respectively) for 13 weeks. Dose-related mortality and ocular opacity were seen at 400 and 800 ppm.
Body weight was reduced by 10 to 15% in males and females a 800 ppm throughout the Sudy. Plasma
cholinesterase activity was markedly decreased at al doses in maes and females; equivoca decreases
in erythrocyte cholinesterase activity were observed in both sexes; brain cholinesterase activity was
inhibited in a dose dependent manner a doses of 200 ppm and above in maes, and a doses of 50 ppm
and above in femdes. Absolute and relative organ weights were relatively unaffected by treatment,
athough rdative liver weights were increased in femaes at 200, 400, and 800 ppm. Clinicd dgns
included urogenita staining at doses of 200 ppm and above in maes and 800 ppm females. Ocular
opacities occurred in a single high-dose mde and in one femde a 400 ppm and four femdes a
800 ppm. Dosereaed histopathologica findings were seen in the adrends (including lipogenic
pigmentation at doses of 200 ppm and above in femaes and at 400 ppm and above in males), and the
eyes (acute or subchronic kerdtitis observed in two males and four femaes a 800 ppm, and inasngle
femae at 400 ppm). No treatment-related neoplasia was observed. Based on plasma cholinesterase
inhibition at al doses, an NOEL was not established for this study. The LOEL, based on inhibition of
plasma cholinesterase was 5 ppm (calculated to be equal to 0.7 mg/kg/d). Erythrocyte cholinesterase
determinations were variable, and the effect of trestment on this parameter was equivoca. The NOEL
for brain cholinesterase inhibition was 5 ppm (equal to 0.7 mg/kg/d), based on this inhibition of activity
at 50 ppm (equal to 7.1 mg/kg/d) (Crown et &, 1987).

Rats (10/sex/group) were fed chlorpyrifos at concentrations of 0, 0.1, 1, 5, or 15mg/kg/d for 13 weeks.
At the highest dose (15 mg/kg/d), treatment-related effects consisted of a decrease in bodyweight and
bodyweight gain (males), increasad fetty vacuolation of the adrend zone fasciculata (maes), and changes
in haematology and clinica chemistry parameters (decreased RBC in both sexes; increased platelet
counts and reduced serum totd protein, abumin, globulin, danine transaminase and dkaline phosphatase
in the maes, decreased serum glucose and increased urinary pecific gravity in the femdes). Plasmaand
erythrocyte cholinesterases were depressed a 1 mg/kg/d and above. Depression of brain cholinesterase
activity occurred at 5 and 15 mg/kg/d. The NOEL was 0.1 mg/kg/d in both maes and femal es based
on plasma and erythrocyte cholinesterase depressions and the NOEL for brain cholinesterase was
1 mg/kg/d (Szabo et a, 1988).

Rats (10/sex/group) were started on diets containing 0, 0.001, 0.003, 0.03 or 0.1% chlorpyrifos (0, 10,
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30, 300, and 1000 ppm, respectively). Dosing of the group receiving 0.1% chlorpyrifos was
discontinued after 4 weeks due to the severity of toxicity signs. Plasma cholinesterase activity in both
sexes was reduced in a dose-related manner and was significantly lower than controls at dl dose levels,
erythrocyte cholinesterase activity was amilarly sgnificantly reduced at dl dose levels, while brain
cholinesterase displayed a dear dose-rdated depression in both sexes. There were no significant adverse
haematologicd or clinicd chemidry findings, but very few parameters were examined. No
histopathological |esions were found that could be linked to treatment with chlorpyrifos. The NOEL for
brain cholinesterase inhibition was 0.001% (LOEL 0.003%). This was estimated to be equivaent to a
NOEL of 1 mgkg/d with an LOEL egtimated to be 3 mg/kg/d. There was no NOEL for RBC or plasma
cholinesterase inhibition, with effects seen a 0.001% (1 mg/kg/d) and above (Bestty, 1964, and Besity
& McCalliger, 1971).

Rats (10/sex/group) wereinitialy exposed to chlorpyrifosin the diet at doses of 0 and 0.3 mg/kg/d for
13 weeks (groups 1 and 2), and 1.0, 3.0 and 10 mg/kg/d (groups 3, 4, and 5) for 4 weeks. There were
no deaths during the study. After 4 weeks of intake, there was a clear dose-response for RBC and
plasma cholinesterase inhibition with no NOEL evident and at the higher dose levels, animads displayed
dinicd dgnsof toxidity. After 4 weeks, animads in groups 3-5 were removed from exposure and alowed
to recover for a 3-week period, during which time plasma and RBC cholinesterase activities returned
to control vaues. These groups were then fed chlorpyrifos at doses of 0, 0.03 and 0.1 mg/kg/d for 13
weeks. After 13 weeks intake, there was no unequivoca effect a 0.03 mg/kg/d on any of RBC, plasma
or brain cholinesterase in either sex, but a 0.1 mg/kg/d, treetment significantly reduced RBC and brain
cholinesterase in maes, and RBC and plasma cholinesterase in females. The NOEL for plasma, RBC
and brain cholinesterase activity was 0.03 mg/kg/d, based on significant inhibition of one or more of
these activities after 13 weeks intake at 0.1 mg/kg/d in one or both sexes (Anon, 1968).

Rats (20/sex/dose) were given chlorpyrifosin the diet at 0, 0.03, 0.15 or 0.75 mg/kg/d for 6 months,
and an interim sacrifice (5 anima s/sex/dose) was conducted after three months. Unscheduled degths (16
animals) due to chronic murine pneumonia occurred in al dose groups. There were no treetment-rel ated
changes to body weight gain, food consumption, haematology or dinica chemigtry vaues. Cholinesterase
inhibition occurred at the high dose (0.75 mg/kg/d) in both red blood cells (50%) and plasma (65%),
but there was no inhibition of cholinesterase activity inthe brain a any dose. The NOEL in this study was
0.15 mg/kg/d, based on inhibition of plasma and erythrocyte cholinesterase activity at 0.75 mg/kg/d
(Coulston et a, 1971).

Rats (20/sex/dose) were given chlorpyrifos a dietary concentrations of O (control), 0.5, 10, and
200 ppm for 13 weeks. Under the conditions of this study, no mortdity or sgnificant dinica sgnswere
observed a any dose. Clinica chemidtry, urinaysis and ophthamoscopy examinations did not reved any
findings that were considered to be related to treatment. At 200 ppm (approximately 13 mg/kg/d),
reduced body weights and erythrocyte count, haematocrit and haemoglobin, and increased food
consumption were observed. Biologically and statisticaly-significant reductions (>20% cf. controls) in
plasma cholinesterase activity were observed in males at 12 weeks at doses of 0.5 ppm (gpproximately
0.03 mg/kg/d) and above, while in femaes, cholinesterase activity was reduced at doses of 10 ppm
(approximately 0.6 mg/kg/d) and above. The LOEL for this sudy was 0.5 mg/kg/d, caculated to be
equa to 0.03 mg/kg/d, based on the inhibition of plasma cholinesterase a al dosesin maes (Crown et
al, 1985).
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Rats (10/sex/group) were exposed nose-only to 0, 5.2, 10.3 or 20.6 ppb (0, 75, 147 or 296 pg/nr)
chlorpyrifosfor 6 Wday, 5 daysiweek for 13 weeks. No trestment-related mortdities and only minimal
dinica dgns were observed during the sudy. Body weights, urindyss, haematology and dlinicd
chemistry were unaffected by treatment. No effects on plasma, erythrocyte or brain cholinesterase
activity were seen at any dose. Gross and histopathological examination did not reved any effects
associated with the adminigration of chlorpyrifos in high-dose animals. Under the conditions of this
study, no adverse, treatment-related effects were seen in rats exposed to chlorpyrifos by nose-only
inhalation, at doses up to 20.6 ppb (296 pg/nT), for six hours/day, five days'week, for 13 weeks
(Corley et d, 1986).

Rats (15/sex/dose) were exposed nose-only for 6 h/d, 5 daysiweek, for 13 weeks at target
concentrations of 0 (contral), 5, 10, and 20 ppb (0, 0.07, 0.14 and 0.28 mg/nT respectively). There was
no treatment-related mortality or ophthalmoscopic changes. Haematologica and clinica chemistry
examinaions did not reved any effects tha were consdered to be treatment-related. Plasma
cholinesterase activity was inhibited by 23% in high-dose maes (p<0.01), but other changes in
cholinesterase activity were considered not to be trestment-related. Pathology and histopathology
examinations did not reved any effects of trestment. The NOEL for this study was 10 ppb, based on
adecrease in plasma cholinesterase adtivity in terminal sacrifice males a 20 ppb (0.28 mg/nt) (Newton,
1988).

Y oung adult beagle dogs (2/sex/dose) were given daily doses of chlorpyrifos ordly by capsule a doses
of 0, 0.03, 0.10, 0.30 and 1.0 mg/kg/d for 90 days. Plasma cholinesterase activity wasinhibited at dl
doseleves, and so0 the LOEL for plasma cholinesterase inhibition was 0.03 mg/kg/d. The NOEL for
RBC cholinesterase inhibition was 0.03 mg/kg/d, basad on inhibition at doses of 0.10 mg/kg/d and
above, and the NOEL for brain cholinesterase inhibition was 1.0 mg/kg/d (Blackmore, 1968).

Technical chlorpyrifos was administered oraly by capsule to purebred beagle dogs (4/sex/dose) once
daily for 13 weeks, at doses of 0 (control), 0.01, 0.22, and 5 mg/kg/d. There were no unscheduled
deeths or unequivocd dinica sgnsduring the sudy. There was areduction in group mean body weights
in malesand femaesin the high-dose group. Examinations of heematologicd, dinical chemidry, urindyss
and ophthamoscopic parameters did not reved any findings that were considered to be treatment-
related. Pathological and histopathologica examinations did not reved any macrascopic or microscopic
findings that could be attributed to treatment. Under the conditions of this study, there was no NOEL
for inhibition of plasma cholinesterase activity, with biologicaly and datisticaly-sgnificant reduction of
activity seenin femdesat doses of 0.01 mg/kg/d and above. In maes, plasmacholinesterase activity was
reduced at doses of 0.22 mg/kg/d and above. Erythrocyte cholinesterase activity was inhibited in maes
and femaes a 0.22 mg/kg/d and above, with an NOEL of 0.01 mg/kg/d for this effect, and brain
cholinesterase activity was inhibited in both sexes at 5 mg/kg/d, with an NOEL for this effect of
0.2 mg/kg/d (Harling et d, 1989).

Rhesus monkeys (1 or 2/sex/group) were given 0, 0.08, 0.40 and 2.0 mg/kg/d technica chlorpyrifos

in 1% agueous gum tragacanth by stomach tube for a period of 6 months. There were no trestment-

related changes in body weight gain, food consumption, clinica observations, haematology, clinica

chemistry or histopathologica examinations. Plasma cholinesterase activity was depressed at dl doses,

erythrocyte cholinesterase activity was depressed at 0.4 and 2.0 mg/kg. A LOEL of 0.08 mg/kg/d was
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seen for plasma cholinesterase inhibition at 16 weeks but this concentration was a NOEL at 24 weeks.
A NOEL of 0.08 mg/kg/d was seen for RBC cholinesterase inhibition at 16 and 24 weeks and a NOEL
of 0.4 mg/kg/d for brain cholinesterase inhibition. However this study was not deemed adequate for
regulatory purposes due to the low numbers (Sometimes one) of animals tested at each point (Coulston
et a, 1971).

White leghorn chickens were administered chlorpyrifosin drinking water a 1 ppb, 1 ppm and 100 ppm
for up to 84 days. Only plasma cholinesterase was reported due to technicd difficulties with the blood
sampling. Significant inhibition (54% decrease) of plasma cholinesterase was recorded on day 84 a 100
ppm (Stevenson, 1965).

Subchronic Toxicity (TCP)

Rats (10/sex/group) were fed diets containing 0, 0.01, 0.03, 0.1, 0.3 or 1.0 % of 3,5,6-trichloro-2-
pyridinol (TCP) for 90 days. There were no treatment-related effects at 0.01, 0.03 or 0.10% TCP on
body weight gain, mortdity, food consumption, haematology vaues, BUN, ALP, and average body and
organ weights. Based on reduced bodyweight gain in both sexes at 1.0%, the NOEL for TCP was
0.10% in the diet for 90 days (1000 ppm, or approximately 50 mg/kg/d) (Begity, 1964).

Rats (15/sex/group) were fed 0, 10, 30 or 100 mg/kg/d sodium-TCP (3,5,6-trichloro-2-pyridinol) in
their dietsfor 91 days. The dietary concentration was varied to alow for increasing body weight, and
ranged from ca. 85, 250 and 825 ppm at day O, through to ca. 160, 460 and 1540 ppm at day 84 for
the 10, 30 and 100 mg/kg/d groups respectively. Significantly increased bodyweight gains were
observed in 30 mg/kg maes from day 48 onwards. There were no treatment-related changes in
heematology, urindysis or blood chemidiry vaues. There were increases in aosolute heart weight in 100
mg/kg/d maes, and increased absolute and relative liver and kidney weights in both sexes at 100
mg/kg/d. There were no gross or histopathologica findings due to treetment. Based on the increasesin
relative liver and kidney weights, the NOEL for sodium-TCP was 30 mg/kg/d in the diet for 90 days
(Barna-Lloyd & Szabo, 1985).

Beagle dogs (2/sex/group) were administered TCP (3,5,6-trichloro-2-pyridinol) in the diet at levels of
0, 26 and 80 mg/kg/d for a period of 93 days. At termination, haematologicd findings were normd;
however no NOEL could be established as there was e evated serum dkaline phosphatase activity and
histopathological evidence of liver damage in both sexes at both doses, as well as increased testes
weights in males at both doses (Copeland, 1964).

Dogs (3/sex/group) were administered TCP (3,5,6-trichloro-2-pyridinal) in the diet a levels of 1, 3, 10
or 30 mg/kg/d for aperiod of 91 days. There was no gpparent toxicity associated with the adminigtration
of 1, 3 or 10 mg/kg TCP (3,5,6-trichloro-2-pyridinol). At the highest dose of 30 mg/kg there was
evidence of liver toxicity with devated levels of AST, ALP and ALT, but there were no unequivoca
ggnsof liver damage in the histopathologica examination (Emerson & Gerbig, 1970).

Chronic toxicity

The dietary administration of technica chlorpyrifosto CD-1 mice for up to 78 weeks a doses of 5, 50,
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and 250 ppm did not have any adverse effect on surviva, and no increase in neopladtic findings were
attributed to trestment. Trestment-related clinical Sgns (ocular opacities, excessve lachrymation, hair
loss on head) were observed at 250 ppm (goproximately 31.7 mg/kg/d), and reductions in body weights
and food consumption were aso seen a the high-dose leve . Plasma cholinesterase activity was inhibited
at doses of 5 ppm (0.7 mg/kg/d) and above in this study, and no NOEL was demongtrated for this
effect. Brain and erythrocyte cholinesterase activities were inhibited at 50 ppm (6.1 mg/kg/d) and above,
and the NOEL for these endpoints was 5 ppm (0.7 mg/kg/d). Non-neoplastic effects were observed
in the livers of high-dose mdes (dight subchronic pericholangitis, higtiocytic proliferation, and
centrilobular hepatocytic fatty vacuolation), and in the eyes of high-dose maes and femades. No
treatment-related lesions were seen at doses of 50 ppm (6.1 mg/kg/d) and below. Based on the
inhibition of plasma cholinesterase activity a al dose levelsin this study, no NOEL could be established.
The LOEL, based on inhibition of plasma cholinesterase activity, was 5 ppm (0.7 mg/kg/d) (Gur et d,
1991).

In astudy in which CD-1 mice were maintained on diets containing 0, 0.5, 5 and 15 ppm of chlorpyrifos
(99.6%) for 105 weeks (approximately 0.05, 0.5 and 1.5 mg/kg/d), body weights and absolute and
reldive organ weights were generdly not significantly affected by trestment. Mortdity was dso generdly
unaffected by trestment. There were no dinica sgnsthet indicated an effect of treetment, and pathology
reported no findings that indicated an effect related to trestment. A significant increase was observed
in the incidence of spindle cdl hyperplasia of the adrend gland (both sexes) in animasingesting 0.5 ppm
chlorpyrifos and in maes only from the group ingesting 5 ppm chlorpyrifos. This finding was not
considered to be trestment-related as there was a high background incidence in aging mice, and there
was no dose-response relationship. Sciatic nerve preparations recorded vacuolation in controls (2/56
males and 3/54 femdes); at 0.5 ppm (5/54 maes and 8/55 females); at 5 ppm (2/56 maes and 2/52
femaes); and a 15 ppm (6/52 maes and 8/53 femaes). The incidences of aveologenic adenomas and
hyperplagtic nodulesin the liver were sgnificantly eevated in the intermediate (5 ppm) mae group, but
not in any other trestment group. These findings were consdered to be incidentd. This study was
consdered to be barely adequate for assessment of carcinogenicity and inadequate for chronic toxicity
assessment, as it had some serious shortcomings in design, methodology and data collection. No dinica
pathology was performed, including no measurement of cholinesterase activity. No dlinical Sgns other
than physica examination were reported. Individual data were not presented for severa parameters
including histopathology. Intestina parasites (nematodes) were present in al groups. No clear evidence
of treatment-related carcinogenicity was seen in this study (Warner et d, 1980).

Ratswere fed chlorpyrifosat 0, 0.01, 0.03, 0.1, 1.0 or 3.0 mg/kg/d (dietary levels not provided) in ther
diet for 2 years. This sudy was consdered to be inadequate for assessment of carcinogenicity, and dso
inadequate for assessment of chronic effects other than cholinesterase inhibition in a chronic study as
there were serious shortcomings in data collection, the gross pathology and histopathology reports were
inadequate and no dlinica sgnswere reported. The NOEL for plasmaand RBC cholinesterase inhibition
was 0.1 mg/kg/d based on sgnificant inhibition in both sexes a 1.0 mg/kg/d. The NOEL for brain
cholinesterase inhibition was 1.0 mg/kg/d based on significant inhibition in both sexes a 3.0 mg/kg/d.
The study was inadequate to enable aNOEL for carcinogenic effects to be established (McCoalligter et
a, 1971).

A supplementary report provided some of the data identified as lacking/inadequate in the origina study
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report outlined above (McCoalliger et d, 1971). However the “in life’ individua anima observations
were very limited and did not include basic observations such as anorma behaviour or gait. Individua
body weight records, gross pathology findings and histopathology findings were included in this
supplement; histopathology was limited and variable with only a smal number of tissues examined
consgtently in each rat. The histopathology results were not presented as summary tables of incidence
and saverity. The condusions of the evaluation of the origind study remain unchanged by this supplement
(McCalligter et a, 1985).

Fischer F344 rats were exposed to chlorpyrifosin the diet at 0, O (vehicle contral), 0.2, 5 and 100 ppm
for two years. Mortdity was not affected by trestment, nor was the incidence of clinical Sgns or papable
masses. Body weightsin 100 ppm males and fema es were reduced compared with controls. A variety
of non-neoplastic and neoplastic lesions were recorded, and occasiondly the incidence of these lesons
displayed a pogtive trend with treatment. However the incidence of lesions was generdly within the
range of historical |aboratory controls or within the range of published NTP vaues. There were no
neoplagtic lesons which recorded an unequivoca or satisticaly-significant dose reaionship. In this
study, the NOEL for plasma cholinesterase activity was considered to be 0.012 mg/kg/d (0.2 ppm)
based on significant (>20%) inhibition relative to the control vaue at 0.3 mg/kg/d (5 ppm) and above.
No sgnificant treatment-related neoplastic or non-neoplastic lesions were observed at any dose. No
NOEL was set for RBC cholinesterase inhibition in this sudy due to detaiinadequacies. The NOEL for
inhibition of brain cholinesterase was 0.3 mg/kg/d basad on significant inhibition a& 6 mg/kg/d (Crown
et a, 1988).

In astudy in which chlorpyrifos was administered to rats at 0.05, 0.1, 1.0 and 10 mg/kg/d for up to 2
years, high-dose males showed: a consstent decrease in body weight gain relative to controls in the
absence of reduced food consumption; depression of plasma (56-87%), erythrocyte (20-40%) and
brain (56-58%) cholinesterase activities, and an increase in the weight of adrenal glands, characterised
microscopicaly by an execerbated fatty vacuolation of the zonafasciculata. Effects Smilar to those seen
in males were dso observed in femaes a 10 mg/kg/d, but were generdly less pronounced in females.
For example, there was a transient decrease in bodyweight gain relative to controls with no reduction
in food consumption; depression of plasma (82-95%), erythrocyte (generdly <20%) and brain (57-
61%) cholinesterase activities, and an increase in adrena weight at the termina sacrifice, but with no
associated histopathologica lesons. At 1 mg/kg/d, the only noted effect attributable to trestment was
an inhibition of plasma (39-71% in maes and 60-86% in females) and erythrocyte (20-40% in males
and <-22% in females) cholinesterase activities. Brain cholinesterase was not affected. No trestment-
related effects were observed at the two lowest dose levels (0.05 and 0.1 mg/kg/d). There was no
increase in tumour incidence of any typein any organ or tissue & any of the dose levelstested (0.05, 0.1,
1.0 and 10 mg/kg/d). The NOEL for this study, based on toxicologicaly (>20%) and satisticaly-
ggnificant inhibition of plasma ChE activity in both sexes at 1.0 mg/kg/d, was 0.1 mg/kg/d. The NOEL
for erythrocyte ChE was 1.0 mg/kg/d, based on toxicologicdly (>20%) or datigticaly-significant
inhibition in both sexes a 10 mg/kg/d. The NOEL for brain ChE was 1.0 mg/kg/d based on
toxicologicdly (> 10%) and satisticdly-sgnificant inhibition in both sexes at 10 mg/kg/d. There were
no clinica signs of cholinesterase intoxication at the highest dose tested (10 mg/kg/d). No tumorigenic
effects of chlorpyrifos treetment were evident in this study (Y oung & Grandjean, 1988).

Beagle dogs were administered chlorpyrifos in the diet at dose levels of 0, 0.01, 0.03, 0.1, 1.0 or
3.0 mg/kg/d for up to 2 years. This study had inadeguaciesin data collection and recording. The chronic
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effects of dietary chlorpyrifosintake could not be evaluated in the absence of complete pathology and
histopathology findings, however NOELs for cholinesterase inhibition (>20%) could be established. The
NOEL for this study, based on plasma cholinesterase inhibition in both sexes was 0.01 mg/kg/d (LOEL
0.03 mg/kg/d). The NOEL for RBC cholinesterase for both sexes was 0.03 mg/kg/d (LOEL
0.1 mg/kg/d), and for inhibition of brain cholinesterase activity, the NOEL in both sexeswas 1.0 mg/kg/d
(LOEL 3.0 mg/kg/d) (McColligter et d, 1971b).

This supplement provides some of the data identified as lacking/inadequate in the origind study report
outlined above (McCalligter e d, 1971b). However the“inlife” individua anima observaions were very
limited and do not appear to consstently include basic observations. Individua body weight records,
ophthamology data, pretest and termina physicd examinaions, and atissue inventory for histopathology
was induded in this supplement. The condusions of the evaugtion of the origind study remain unchanged
by this supplement, with the additiona observation that there was no effect of trestment detected by the
ophthamology examinations (Kociba et a, 1985).

Beagle dogs were fed the chlorpyrifos metabolite TCP (3,5,6-trichloro-2-pyridinol) at doses of 0, 3,
12 or 48 mg/kg/d for one year. No details of clinica observations were reported. In maes, body weights
were not datigticaly sgnificantly different between groups. High-dose females consstently displayed
lower body weights than controls, and dtatisticaly-significant lower body weight gains were recorded
for these high-dose females). There were no changes in food consumption in treated groups, and no
dterations in haematology or urindyss parameters. Dose-rdlated changesin clinica chemistry values
atributed to TCP adminigtration were increased serum ALP and AL T vauesin both males and femaes
seen at 3, 6 and 12 months. These vaues were comparable to controls at 3 mg/kg/d, aways eevated
athough generdly not to a gatisticaly sgnificant leve a 12 mg/kg/d, and a 48 mg/kg/d exhibited an
increase over controls which was generdly daigticaly sgnificant a each assay time. There were no
gross or histopathological lesions associated with trestment and no changes in absolute or relative organ
weights. Based on the biologicdly significant increased levels of serum ALP and ALT vaues a 12
mg/kg/d, the NOEL for dietary intake for one year of TCP in male and femae dogs was 3 mg/kg/d
(Zempd et a, 1987).

Female chickens were fed chlorpyrifosin the diet a 0, 25, 50 and 200 ppm (approximately 0, 2.5, 5
and 20 mg/kg bw/d) for 52 weeks. Hen mortality was unaffected by treatment; therewas 13, 3, 7 and
10% mortdity for the 0, 25, 50 and 200 ppm groups, respectively. Plasma cholinesterase was assayed
inthree hens/dose at 1, 3, 7, 14, 22 and 29 days after treatment started, and monthly theresfter, aswell
as 1, 2 and 3 weeks dfter treatment finished. The onset of cholinesterase activity inhibition was rapid and
dose-rdated (22, 45 and 76% inhibition at week-1 for 25, 50 and 200 ppm respectively), and perssted
a smilar levels throughout the study but returned to control levels during the recovery period. Overdl
fead consumption, body weight, egg production, feed efficiency, egg weight and shell thickness were not
affected by trestment. There was no NOEL for plasma cholinesterase inhibition in this study based on
ggnificant plasma cholinesterase activity inhibition at the lowest dose tested, 2.5 mg/kg/d (25 ppm)
(Sherman & Herrick, 1973).

Reproductive toxicity

Inadietary study, Sprague-Dawley rats were fed chlorpyrifos at doses of 0, 0.03, 0.1 and 0.3 mg/kg/d
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for the first generation, and 0, 0.1, 0.3 and 1.0 mg/kg/d for the second and third generations. The F3B
foetuses were used for teratologica examination. Clinica Sgns of toxicity were not seen in any parents
or offgoring. Parenta body welghts were not significantly affected by trestment, and food consumption
was variable but unaffected by treatment in ether sex. The fertility, gestation and lactation indices were
comparable between groups and generations. The viability index was decreased at 1.0 mg/kg/d. This
effect on pup viability at 1.0 mg/kg/d was aso seen when comparing mean litter Sze at day 21. In the
dams producing the F3B pups, mean bodyweight gain showed a dose-rdated increase; a 0, 0.1, 0.3
and 1.0 mg/kg/d, body weight gainsfor gestation days 0-20 were 114, 120, 123 and 126 g respectively.
In this generation, there were no treatment-related effects on fertility (% pregnant), mean number of
corpora lutea or implantations, viable litter Sze or pup weight following caesarean section. Skeletal
examination of pups reveded common minor variants such as incomplete ossfication of sernabrae, and
the occurrence of extra ribs. Viscerd examination of pups revealed minor variants of the urogenita
system (hydronephrosis or hydroureter |€ft, right or bilaterd) to be more common in the treated group.
A sngle foetus with multiple anormdities occurred in the 1.0 mg/kg/d group. Group-average plasma
and erythrocyte cholinesterase activity was decreased (>20%) at 1.0 mg/kg/d in males and femaes of
the F2 generation. Based on the reduction in pup viability seen in each generation at 0.3 and 1.0
mg/kg/d, the decreased plasma and RBC cholinesterase activity seen a 1.0 mg/kg/d in maes and
femaes, and the decreased RBC cholinesterase activity seen in 0.3 mg/kg/d females, the NOEL for this
study was 0.1 mg/kg/d (Thompson et a, 1971).

To supplement the findings of the previous study (Thompson et d, 1971), which recorded an equivocd
decrease in neonatd surviva a 1.0 mg/kg/d, Sprague-Dawley rats were fed diets containing chlorpyrifos
(purity 96.6 to 99.0%) at doses of 0, 0.5, 0.8 or 1.2 mg/kg/d for two generations. Parenta animas
displayed no sgnificant dinicd sgnsin ether generation. Body weight and food intake were unaffected
by treatment. The mean fertility index (number of femaes ddivering alitter expressed as a percentage
of the total number of femaes placed with amale) was reduced at 0.5 and 0.8 mg/kg/d, but not at 1.2
mg/kg/d, and a smilar inverted dose-response was recorded for gestation length; individua anima data
were not presented. Litter Szes (10-11) were comparable in dl dose levels, as were surviva indices
(>91% in dl groups on days 1, 4, 7, 14 and 21) during lactation. Pup weights (presumably litter
weight/number of pups) were also comparable. In F1 adults, mae body weight was reduced at 1.2
mg/kg/d on days 160-182 (post cohabitation), and femae body weight showed dight sporadic increases
compared to controls. Food intake was sporadicaly decreased in males, but not in femaes. There were
no effects on femae body weight during lactation. The fertility index in trested groups exceeded control
vaues. Litter Szeswere comparable in al groups, as were pup weights and pup surviva during lactation.
The adequacy of this study for regulatory purposes was limited by the dose selection. As no adverse
effects were demondirated at the highest dose, it was unclear whether the study clearly demonstrated
the reproductive toxicity potentid of the test materid in rats. The lack of individua animd data and the
inverted dose-response for some parameters did not alow for an unequivoca interpretation of the
findings. However in the absence of dear adverse findings on reproductive parameters a any dose leve,
the NOEL for this study was 1.2 mg/kg/d (Dietz et d, 1983).

Technica chlorpyrifos (purity 95.8%) was given to groups of rats at dietary concentrations of O
(contral), 2, 10, or 50 ppm over two generations. These dietary levels corresponded to a dose range
of 0.1-8.1 mg/kg/d. Food consumption was Smilar in control and treated groups, and no adverse,
treatment-related effects on group mean bodyweights were observed at any of the doselevels, in either
of the generations. Mating performance and duration of gestation were smilar in control and treated
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groups. Some dight intergroup variation was observed in the incidence of totd prebirth lossin both the
FO and F1 generations but in the absence of any consistent rel ationship between dose and effect, these
findings were not consdered to be related to treatment. In the FO generation, there were Satidtically-

ggnificant increasesiin litter Sze and litter weight and decreases in mean pup weight at anumber of dose
levds a most sampleintervals, but these findings were generdly only dightly different from controls, and
there was no cong stent rel ationship with dose. The decrease in mean pup welghts was probably related
to increased litter size. In the F1 generation, litter data were similar in control and treated groups, with
the exception of a Sngle Satisticaly-sgnificant decrease in litter weight & 50 ppm on day 21. This
isolated finding was consdered to be incidentd to trestment. No consistent, dose-rdated effect on organ
weights was reported during the study. Peathologicad examinations did not reved any macro-or
microscopic effects that were consdered to be related to treatment. Pathologica findings were confined
to generd effects seen in laboratory rats, with a low incidence for most findings, and no consistent
relationship with dose for any findings. Under the conditions of this study, no adverse, treatment-rdated
effects were observed a any dose, up to and including 50 ppm (equivaent to a dose of up to
8.1 mg/kg/d, depending on sax and age of animd). Sight increasesin group mean body weightsin high-

dose FO males were the only effect attributed to trestment. No adverse effects on reproductive
performance were demongtrated (James et a, 1988).

In a 2-generation dietary reproduction study, four groups of SD rats were fed chlorpyrifos (purity 97-8-
98.5%) at doses of 0, 0.1, 1.0 or 5.0 mg/kg/d. No sgnificant effects of trestment were seen on clinica
sgns, food intake or body weight. Slight, but not statisticaly-significant, decreasesin body weghts were
seen in F1 maes at 5 mg/kg/d, and F1 femaes showed reduced body weight gain during lactation a
5 mg/kg/d. Plasma cholinesterase activity was inhibited in parental FO and F1 rats in both sexes a
1 mg/kg/d and at 5.0 mg/kg/d, and plasma cholinesterase inhibition was aso seen in both sexes of both
generations a 0.1 mg/kg/d, as part of adose-rdaed trend, which generdly failed to reach biologica or
gatisicaly sgnificance & this dose. Erythrocyte cholinesterase activity was strongly inhibited at 1.0 and
5.0 mg/kg/d , but brain cholinesterase inhibition was seen only a 5 mg/kg/d (both sexes, both
generaions). Gross pathologica obsarvations of FO and F1 parents recorded no sgnificant observations,
and sgnificant histopathologica changesin the parental animas were limited to vacuolation, consstent
with faity change in the adrend zone fasciculata In both generations, trestment had no effect upon
fertility, length of gestation, gestation surviva, time to mating, sex retio or litter Sze. F1 pups showed
dightly decreased body weight gain during lactation a 1.0 mg/kg/d, and body weight gain and surviva
were decreased (ftatisticaly sgnificant) at 5 mg/kg/d. No effect of trestment was seen during gross
pathologic observations or daily observation of the F1 weanlings. F2 pups did not show dose-related
decreases in body weight gain during lactation. In these F2 pups, surviva was decreased during lactation
in control and 5 mg/kg/d groups dueto totd loss of 3 and 5 litters respectively; this was Sated to be due
to maternd neglect since somach of pupsin these litters contained no milk. No effect of treatment was
seen during gross pathologica observations or daily observation of the F2 weanlings. The NOEL for
maternd toxicity based on plasma cholinesterase inhibition in adult animas was 0.1 mg/kg/d, based on
ggnificant plasma cholinesterase inhibition & 1 mg/kg/d. The NOEL for RBC cholinesterase inhibition
in adultswas 0.1 mg/kg/d and for brain cholinesterase inhibition was 1.0 mg/kg/d, with reduced materna
weight gain during lactation seen at this dose aso. The NOEL for neonatal effects was 1.0 mg/kg/d
based on decreased body weight gain and survival a 5 mgkg/d and the NOEL for fertility and
reproductive effectswas 5 mg/kg/d (Bredin et a, 1991).
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Developmental toxicity (TGAC)

In adevelopmenta study in CF1 mice, animaswerefirg given chlorpyrifos (96.8% purity) at 0, 1, 10,
or 25 mg/kg/d by gavage. These doses were based on arange-finding study which used doses up to
60 mg/kg/d. Due to severe materna toxicity observed a 25 mg/kg/d in thisfirst main study, additiona
groups were dosed at 0, 0.1, 1 or 10 mg/kg/d (second study). The dose-ranging study found severe
chalinergic Signs and consequent reproductive failure a doses of 30 mg/kg/d and above. In the first main
Sudy, there was a dose-rdated incidence of clinica sgnsat 1, 10, and 25 mg/kg/d, induding mortdlity,
excessve sdivation, tremors, urine-soaked coat, ataxia and lethargy. Body weight gain was reduced at
25 mg/kg/d, but no effects were observed on litter Sze, resorption incidence or sex ratio. Foetal body
weight and crown rump length were significantly reduced at 25 mg/kg/d. Cholinesterase activity was
depressed in adose-rdated manner in al tissues examined. Exencephdy was reported in al groups, and
the incidence of delayed ossfication was increased a 25 mg/kg/d. Satidticaly-significant increeses were
only seen in the case of the delayed ossification. The second study did not record any cholinergic Sgns
inthe dams at any of the doselevesof 0, 0.1, 1 or 10 mglkg/d. Body weight, food intake, maternd liver
weights, gravid uterine weight and adjusted body weights were dso unaffected. Cholinesterase levels
were rgpidly and significantly inhibited in plasma and erythrocytes at 1 and 10 mg/kg/d, but were
depressed in foetal homogenates only at the high dose. No effects were observed on maternal
parameters or on litter size, incidence of resorptions, incidence of dead foetuses, sex ratio, foetal body
weight or crown-rump measurements. Neither teratology study provided evidence for teratogenic activity
at any dose leve, but foetotoxicity was seen at 25 mg/kg/d (reduced pup weight, crown-rump length
and delayed ossification), and foeta homogenate cholinesterase activity was depressed >20% at 10
mg/kg/d in both studies. On the basis of these findings, the NOEL for foetotoxicity was 1 mg/kg/d.
Erythrocyte cholinesterase inhibition was seen at 1 mg/kg/d, and cholinergic Signs were seen in one of
the studies at 1 mg/kg/d; on the basis of these findings, the NOEL for maternotoxicity was 0.1 mg/kg/d
(Deacon et a, 1980; Deacon et a, 1989).

In a range-finding developmenta study, Fischer 344 rats were given chlorpyrifos (96.6% purity) by
gavage at 0, 3, 10, 15, or 30 mg/kg/d during organogenesis. Slight maternd toxicity was doserved at
15 mg/kg and severe toxicity was observed a 30 mg/kg, with typica cholinergic Signs of excessve
sdivation, lacrimation, urination, defecation and body tremors, and genera observations of unkempt
gppearance, decreased body size and matting of perined/facid hair. Mortality was dso seen a
30 mg/kg/d, and animals from this group also recorded decreased body weight gain, decreased food
consumption, enlarged adrend glands, decreased liver weight and shrunken thymus glands. Both plasma
and erythrocyte cholinesterase activities were depressed at dl dose levels. Maternotoxicity was
obsarved a dl doses (based on plasma and RBC cholinesterase inhibition in adult animas a
3.0 mg/kg/d), but foetotoxicity (increased resorptions) was seen at 30 mg/kg/d only (Ouelette et d,
1983a).
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Fischer 344 rats were dosed with chlorpyrifos (96.6% purity) by gavage at doses of 0, 0.1, 3, or
15 mg/kg/d on days 6 through 15 of gestation. There were no unscheduled deaths. Clinica sgns of
maternd toxicity incdluding excessive sdivation, urine staining (perined region), porphyrin deposits about
the eyes, vagind bleeding. Tremors were observed in the 15 mg/kg/d group only, and at this dose there
was a0 decreased body weight gain, but no other maternal findings were reported at necropsy. Both
plasmaand RBC cholinesterase activity were depressed at the 3.0 and 15.0 mg/kg/d dose levels. No
adverse effects were observed on reproductive parameters, and no teratogenicity was observed.
Variaions and maformations were randomly distributed through the dose groups, and no effect of
treatment on skeletal devel opment was seen. The NOEL for materna toxicity was 0.1 mg/kg/d, based
on plasma and RBC cholinesterase inhibition seen in dl adult animals at 3.0 mg/kg/d and above. No
foetotoxicity was observed at any dose (Ouelette et d, 1983Db).

In arange-finding developmenta study in rats, chlorpyrifos (95.5% purity) was given to mated femaes
by gavage at doses ranging from 0.02 to 62.5 mg/kg/d on days 6-15 of gestation. Treatment-related
mortdity and clinica signs (tremors and staining of the periorbital, nasad and/or urogenita regions) was
seen at 62.5 mg/kg/d, and Al animds at this dose died or were killed in extremis. No mortdity occurred
at other doses, but at the next highest dose (12.5 mg/kg/d) asingle animd displayed tremor, peri-orbital
and urogenitd staining between days 11 and 16 of gestation. Group mean body weight and body weight
gain were markedly and gatigticaly significantly reduced a 12.5 mg/kg/d. Satisticdly and biologicaly
ggnificant, dose-related decreases in plasma cholinesterase activity were observed at doses of 0.05, 2.5,
and 12.5 mg/kg/d. Satigticaly-sgnificant decreases in pre-implantation loss were observed in Al

trestment groups, suggesting that the pre-implantation lossin controls was higher than expected. A dight
but gatidticaly-significant increase in pogt-implantation loss was seen a 12.5 mg/kg, and this finding may
be related to the maternotoxicity of the test materid & this dose. Under the conditions of this study, no
treatment-related effects were reported at doses of 0.1 mg/kg/d and below, but inhibition of plasma
cholinesterase activity was observed a doses of 0.5 mg/kg/d and above. No evidence of maternotoxicity
was observed at doses of 2.5 mg/kg/d and below, but dinica Sgns, decreased body weight and reduced
food consumption were observed at 12.5 mg/kg/d (Rubin et &, 1987a).

Female CD (SD) rats were given chlorpyrifos (purity 96.1%) by ora gavage at doses of 0.5, 2.5, and
15 mg/kg/d, on days 6-15 post coitum. No treatment-rel ated mortality was observed during the study,
and clinical gns of intoxication were confined to tremors seen late in the Sudy in three animals a
15 mgkg/d. Sight but datidticaly-sgnificant decreasesin mean food consumption and body weght gains
were seen at 15 mg/kg/d. Statistically-significant, dose-related decreases in plasma cholinesterase
activity were observed a dl test doses. Totd live litter sizes were unaffected by treatment, but a
15 mg/kg/d the mean number of live male foetuses was Satisticaly sgnificantly decreased, and podt-

implantation loss was dightly devated. Satidticaly-sgnificant increases in pre-implantation loss were
Seen at dl test doses, but there was no cons stent dose-response relationship associated with thisfinding,
the pre-implantation losses were within historica control vaues for this testing laboratory, and this finding
was not considered to be rdated to trestment. At 15 mg/kg/d, dight but satisticdly-sgnificant increases
were seen in mean foetd weight and mean crown-rump length but as the increase in foetd weight did
not correlate with a decrease in litter Size, this finding was possibly associated with advanced foetd
development, and was not consdered to be of toxicologica sgnificance. Smilarly, the datigticaly-

ggnificant decrease in the incidence of small foetuses (observed in dl test groups) was not considered
to be toxicologicaly sgnificant. A range of minor structurd variations were reported (indluded asingle

259

Not to be used for commercial or registration purposes without the consent of the owner of the cited information



FTITINI/A MTVITYY UL VUL PYTTTUDS ™ 1 UAILUIUYY adoCodi1ia i

incidence of anophthamia (0.5 mg/kg/d) and single ingtances of microphthdmiaat 0.5 and 2.5 mg/kg/d),
but the incidence of such findings was very low, and/or there was no relationship with dose. As such,
these findings were conddered to be incidental to treatment. At skeletd examination, no adverse
trestment-related findings were observed. An NOEL was not demondtrated in this study, based on the
inhibition of plasma cholinesterase activity a doses of 0.5 mg/kg/d and above. The NOEL for frank
maternotoxicity was 2.5 mg/kg/d, based on reduced body weights, tremors and transient reductionsin
food consumption a 15 mg/kg/d. The NOEL for foetotoxicity was 2.5 mg/kg/d, based on a dight
increase in post-implantation loss a 15 mg/kg/d, probably associated with maternotoxicity at this dose
level. No evidence of mgor malformations was observed at any dose (Rubin et a, 1987h).

In a range-finding developmenta study, femade New Zedand White rabbits were given chlorpyrifos
(95.5% purity) by gavage on gestation days 7 to 19, at doses of O (vehicle contral), 1, 3, 10, 30, 90,
270, and 800 mg/kg/d. Trestment-related mortaity was reported at doses of 270 and 800 mg/kg/d, and
a these doses the remaining animas were killed on humane grounds, and no further data were collected
during the study. Diarrhoea was observed in animals at doses of 10 mg/kg/d and above. Statitically-
sgnificant reductions in group mean food consumption were observed at doses of 10, 30 and
90 mg/kg/d during treatment, and this decrease in food consumption perssted past the treatment period
at 90 mg/kg/d. At dl doses, body weight gains were reduced during the trestment period in a dose-
dependent manner. Statigticaly-significant decreases in group mean body weights were seen a
90 mg/kg/d on days 19-25, with decreases of about 10% compared with controls, and this finding was
considered to be related to treatment. At day 18/19 of gestation, statistically-significant, dose-related
decreases in plasma cholinesterase activity were measured in al trestment groups compared with
controls. Slight but gatisticaly-significant decreases in mean foeta weight were observed at 10 and
90 mg/kg/d, but not a 30 mg/g/day, and the toxicologicd sgnificance of thisfinding, and its rdaionship
to treatment, was unclear. Statigticaly-sgnificant decreasesin pre- and post-implantation losses were
seen in dmogt dl trestment groups compared with controls, but this effect was not considered to be
toxicologicaly sgnificant, and probably reflects higher than norma control vaues for these endpoints.
Decreased plasma cholinesterase activity was seen at al doses, and frank maternotoxicity (decreases
in body weights) was seen at 90 mg/kg/d and above. No unequivocd foetd toxicity was demondrated
during this study, and there was no evidence of gross treatment-related malformations (Rubin et d,
1987¢).

Female New Zedand White rabbits were mated and given chlorpyrifos (purity 96.1%) by gavage on
days 7 to 19 of gestation at doses of 1, 9, 81, and 140 mg/kg/d. No treatment-related mortaity was
observed during the study, and no treatment-related clinical signs were reported. Materna group-mean
food consumption was unaffected by treatment, and group-mean body weights and body weight gains
were not affected by treatment at doses up to 81 mgkg/d, with smilar growth seen in control and
treated animals. At 140 mg/kg/d, body weight gain was inhibited for most of the trestment period.
Statigticaly-sgnificant, dose-related decreases in plasma cholinesterase activity were seen at dl test
doses after 10 days of dosing. Statisticaly-significant decreases in pre-implantation |oss were observed
a mogt doses, but this finding was not congdered to be toxicologicdly sgnificant. Statigticaly-sgnificant
increases in post-implantation loss were observed at 9 and 140 mg/kg/d, but no increasein this effect
was observed a 81 mg/kg/d. In the aosence of a consstent dose-response relationship, the toxicologica
ggnificance of thisfinding was unclear, and no historica control deta were supplied for this effect from
the tedting laboratory. A dight but Satigticaly-sgnificant decrease in mean foetd crown-rump length, and
a decrease in mean foetd weight were observed in the 140 mg/kg/d group, and these effects were
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considered to be related to chlorpyrifos adminigtration. A number of foetd anomalies were observed,
but these findings were not considered to be treetment-related, as the incidence was generdly very low,
and there was no reationship to dose. An increased incidence of foetuses with fifth sternebra and/or
xiphisternum unossified at 140 mg/kg/d was considered to be related to dightly delayed development
a this dose, as seen by reduced foetd weight and length in this group. However, given the variability in
the incidence of other skeletal observationsin trested groups, it was possble that this finding was dso
due to chance, and was unrelated to treatment. Under the conditions of this study, an NOEL was not
demondrated, basad on the inhibition of plasma cholinesterase activity at doses of 1 mg/kg/d and above.
The NOEL for frank maternotoxicity was 81 mg/kg/d, based on decreased body weight gain at
140 mg/kg/d. The NOEL for foetotoxicity was 81 mg/kg/d, based on a dight decrease in mean foetal
crown-rump length, a decrease in mean foetd weight, and an increased incidence of foetuses with fifth
sernebra and/or xiphisternum unossified, at 140 mg/kg/d. No maor trestment-related malformations
were observed in this study (Rubin et a, 1987d).

Developmental toxicity — Metabalite (TCP) (3,5,6-trichloro-2-pyridinal)

In adose-ranging study in Fischer 344 rats, animals were given 0, 43, 75 and 127.5 mg/kg/d of TCP
(3,5,6-trichloro-2-pyridinal; 99.7% pure) on days 6 through 15 of gestation, by ord gavage. Clinica
sgns (perined soiling) were seen sporadicdly in dl the 127.5 mg/kg/d and some of the 75 mg/kg/d
dams. Food and water consumption were unaffected by treatment. Signs of maternd toxicity were
limited to reduced body weight gain in the dams of the high-dose group. Reaive and absolute liver and
kidney weights were unaffected by trestment. There was no observable influence of trestment on
reproductive parameters. The study indicated that maternd toxicity may be seen at doses exceeding
43 mg/kg/d (Scortichini et &, 1986a).

Groups of Fischer 344 rats were given 0, 50, 100 and 150 mg/kg/d of TCP (99.7% pure) on days 6
through 15 of gedtation, by ord gavage. Clinica sgns of toxicity were not seen in any group. Slight
vagind bleeding was seenin three animds a day 13 (1 a 50, and 2 a 150 mg/kg/d). Food consumption
was dightly decreased in the 100 mg/kg/d group and decreased about 10% in the 150 mg/kg/d group.
Dose-rdated and significant decreases in body weight gain over the dosing period (days 6-16) were
recorded at 100 and 150 mg/kg/d. Changes in the relative and absolute liver and kidney weights were
regtricted to asgnificant increase (4%) in rdative liver weight a 150 mg/kg/d, consequent to a significant
decrease (5%) in body weight at this dose. There was a dose-rdated trend in implantation Stes/dam
which was reflected in the number of foetuses/litter and probably in gravid uterine weight; this latter trend
may aso reflect the trend to lower body weight with higher dose. Foetd examination reveded only a
smal number of maformations in each dose group including controls. Overdl, there was no significant
influence of trestment on reproductive parameters or on foetal observations. Based on decreased body
weight gain during trestment, the NOEL for materna effects was 50 mg/kg/d. The NOEL for
foetotoxicity and teratogenic effects was 150 mg/kg/d, the highest dose tested (Hanley et d, 1987a).

In thefirgt phase of adose-ranging sudy in inseminated New Zedand White rabbits, animals were given
TCP (99.7% pure) on days 6 through 18 of gestation, by ord gavage at 0, 48.5, 80 and 133.5 mg/kg/d.
As there was uncertainty that the Maximum Tolerated Dose (MTD) had been reached in this phase,
additiond groups of animalswere dosed a 128 and 212 mg/kg/d (phase 2). Maternd body weight gain
during gestation was depressed, but this was not datisticaly sgnificant and was highly varigble at the
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highest dose in both phases. Gross pathology examination of al animas did not record any significant
findings nor any differences between groups. All litters a 212 mg/kg/d showed resorptions, the
percentage of implantations resorbed and the percentage of litters with resorptions was datigticaly
different from the comparable phase 2 control group. There was no observable influence of treatment
on reproductive parameters at doses up to 133.5 mg/kg/d. The range-finding study indicated that
meaternd toxicity and foetd toxicity may be seenin rabbits a doses exceeding 133.5 mg/kg/d (Scortichini
et al, 1986b).

Groups of New Zedand White rabbits were given TCP (99.7% pure) by ord gavage on days 7 through
19 of gestation at doses of 0, 25, 100 and 250 mg/kg bw/day. This study met GLP requirements.

Female animals were injected with HCG to synchronise oestrus, and were inseminated 3 weeks later
on the presumed day O of gedtation. Clinical Sgns of toxicity were not seen in any group. Water and food
consumption were not reported. There was a dose-rel ated decrease in body weight gain over the dosing
period (days 7-20) which reeched atistical Sgnificance & the high dose level. There were no trestment-
related changes in the rdative and absolute liver and kidney weights. Foeta examination reveded only
a smdl number of madformations in each dose group including controls. Overdl, there was no

datigticaly-significant influence of treatment on reproductive parameters or foeta observations.

However, an increased incidence of CNS maformations at mid- and high doses was suggestive of a
possible teratogenic effect of TCP at these doses. There was no strong dose relationship for these
findings, and the incidence was not Satisticaly sgnificantly different to controls. However, the study
authors concluded that these findings were evidence of teratogenic potentid despite the lack of Satistical
ggnificance. The maformations included severe dilation of the cerebral ventricles and hydrocephaly.

There was no change in the incidence of minor dterations observed externdly, viscerdly or upon skeletd
examination. Based on decreased body weight gain during trestment, the NOAEL for maternd effects
was 100 mg/kg bw/day. The NOAEL for foeta toxicity and teratogenic effects was 25 mg/kg bw/day,
based on increased CNS malformations at 100 mg/kg bw/day and above (Hanley et d., 1987b).

Genotoxicity
Chlorpyrifas was negative for genotoxicity in arange of in vitro and in vivo studies.
Neur otoxicity

No sgns of delayed ataxia or pardysis were reported in hens (3/group) trested with single ordl doses
of chlorpyrifos (40, 75, 100, or 150 mg/kg). Doses of 100 and 150 mg/kg resulted in desths and other
clinica ggns of toxicity (Stevenson, 1966). Smilarly, hens (10/group) given single ord doses of
chlorpyrifos a up to 100 mg/kg did not display any delayed neurotoxicity, and no neuropathologica

findings associated with trestment were detected (Rowe et d, 1978). In another study, sSingle ord doses
of chlorpyrifos at up to 5 timesthe ord LD50 in hens (up to 150 mg/kg) resulted in significant inhibition
of NTE and ChE activity (Capodicasaet d, 1991), dthough extensve and aggressive antidote trestment,
both prior to and throughout the treatment and recovery periods, was required for the birds' survival.

The ord adminigration of asngle dose of chlorpyrifos (110 mg/kg) to groups of ten hens, followed by
arepeat dose after 21 days, did not produce any dinica signs of ddayed neurotoxicity. This observation
was supported by histopathologica examination, which showed no trestment-related change in nerve
tissuesin the birds as aresult of chlorpyrifos adminigtration (Roberts et d, 1987).
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When chlorpyrifos was given to chickens for 91 daysin the diet a up to 10 mg/kg/d, no compound-
related clinica Sgns or increases in hisopathologica lesons of the nerve tissues (characteritic of
OPIDN) were seen. Concurrent positive controls exhibited both toxic signs and histopathologicd lesions
of the nervetissuestypica of adelayed neurotoxicant (Barna-Lloyd et a, 1986).

The acute delayed-neurotoxicity potentia of chlorpyrifos was tested in white leghorn hens, for 21 days
at up to 12 mg/kg/d, dosed by ord gavage in apeanut il vehicle. Dose- and time-related increasesin
the incidence and severity of ataxia were observed. Plasma and whole blood cholinesterase activities
were reduced at 5 and 12 mg/kg/d. Ataxiawas observed at doses of 2, 5, and 12 mg/kg/d. Necropsy
examination did not reved any findings associated with trestment. Histopathologica examination of the
brain and spind cord reveded a number of findings at alow incidence, without any relaionship with
dose, and these findings were consdered to be incidental to trestment. The ongoing adminisiration of
chlorpyrifos resulted in ataxia in test groups during the study, which would have made it difficult to
observe any delayed neurologica effectsin treated birds, had any such effects been manifest. As such,
the adequacy of this study for regulatory purposesis limited (Anon, 1996f).

Inarat sudy, sngle ord doses of chlorpyrifos a 50 to 100 mg/kg resulted in treatment-related effects
and dinicd sgnsfor saverd days after dosing. No mortaity occurred a any dose. At 10 mg/kg, effects
were confined to isolated observations of perinea staining and/or decreased activity. No
neuropathological lesions were reported in animals recalving chlorpyrifos a up to 100 mg/kg (Wilmer,
1992; Mattsson et a, 1996).

In astudy in adult Long-Evans rets, the ora administration of chlorpyrifos a doses up to 10 mg/kg/d
for 4 weeks resulted in dose-rdaed inhibition of cholinesterase activity (1 mg/kg/d and above for plasma
and RBC; 3 mglkg/d and above for brain). These effects were accompanied by clinica signs of
intoxication at 10 mg/kg/d. A cognitive behavioura sudy indicated some non-cognitive changes
associated with impaired motor activity a 10 mg/kg/d, but no dear treetment-related effects on cognitive
function were observed (Maurissen et a, 1996).

Following the ord adminigtration of chlorpyrifosto rats a single doses up to 100 mg/kg, no trestment-
related effects were observed on NTE activity at any dose. Plasma, RBC, and heart ChE activitieswere
datisticaly significantly decreased compared with controls at doses of 5 mg/kg and above, and brain
ChE was decreased at 50 mg/kg and above. No significant ChE inhibition was observed a 0.5 or
1 mg/kg/d (Dittenber, 1997).

The neurotoxicity potentid of chlorpyrifos was assessed in male Long-Evans Hooded rats following
sngle orad gavage dosing a up to 100 mg/kg. All animads were examined using a Functiond
Obsarvaiond Battery (FOB). Cholinesterase activity was Sgnificantly inhibited in arange of tissuesand
tissue components, including brain, plasma and erythrocytes, at al doses of 10 mg/kg and above. No
clinica or behavioura sgnswere observed at 10 mg/kg, but were observed at 30 mg/kg and above at
the 4.5 h interva. The sdlection of doses in this sudy resulted in a skew of some correlation data,
especidly in the corrdations for ChE inhibition (in blood and blood components) with behavioura and
dinica findings. Marked ChE inhibition was observed a the lowest dose in this study in the aosence of
clinical findings. The use of a gngle dose in this sudy dso limited the ussfulness of the findings. No
dinica sgnswere seen when brain ChE activity was inhibited by less than 60%, or when whole blood
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ChE inhibition was less than 80% following a single dose of chlorpyrifos, but there were no data to
suggest that these figures could be extrapol ated to repeat-dose Stuations. It is possible that the apparent
threshold ChE inhibition that is needed before clinica and/or behavioural Sgns were observed after
repeat dosing would be lower than the 60% (in brain) or 80% (in blood) inhibitions that were observed
after asingle dose (Nostrandt et a, 1997).

In a 13-week neurotoxicity study in Fischer rats at doses up to 15 mg/kg/d, alow incidence of perined
gdaning was seenin femades at 5 and 15 mg/kg/d. No decrease in body weight was recorded at any
dose. A dight reduction in motor activity was observed at 15 mg/kg/d during week 4 only, but asthe
magnitude of this isolated effect was not grest, and the effect was not observed at other doses or
intervals, the relationship with treatment was unclear. The doses used in this study were based on another
rat sudy (Szabo et d., 1988), and it is likely that the transent and reversible change in motor activity
at 4 weeks, if related to treatment, occurred only in the presence of significant brain and erythrocyte
cholinesterase inhibition. Cholinesterase activity was not measured in this study. No neuropathologica
findings related to treatment were observed a any dose. The NOEL for this neurotoxicologica study
was 1 mg/kg/d (Shankar et &, 1993).

In astudy designed to investigate the effects of age on chlorpyrifostoxicity, rats received ether corn oil
or chlorpyrifos (adult dose: 80 mg/kg; young rat (post-nata day17 or PND 17) dose: 15 mg/kg); these
doses were equaly effectivein inhibiting ChE. In adult rats, pesk behaviourd changes and ChE inhibition
occurred in maesa 3.5 h after dosing, whilein femaes the onset of functiona changes was sooner, the
time course was more protracted and recovery was dower. In young rats (PND17), maximal
behavioura effects and ChE inhibition occurred a 6.5 h after dosing, and there were no gender-related
differences. Behaviora changes showed partid to full recovery at 24 to 72 h, whereas ChE inhibition
recovered markedly dower. Blood and brain ChE activity in young rats had nearly recovered by 1 week
after dosing, wheress brain ChE in adults had not recovered at 2 weeks. Muscarinic-receptor binding
assay's revealed apparent down-regulation in some brain areas, mostly at 24 and 72 h. PND17 rats
generaly showed more receptor down-regulation than adults, whereas only adult femae rats showed
receptor changesin sriatd tissue that persisted for 2 weeks. Thus, compared to adults (1) young rats
(pogt-natd day 17) showed smilar behavioura changes and ChE inhibition dthough a afive-fold lower
dose; (2) the onset of maxima effects was somewhat delayed in the young rats; (3) ChE activity tended
to recover more quickly in the young rats; (4) young rats appeared to have more extensve muscarinic
receptor down-regulation, and (5) young rats showed no gender-rd ated differencesin functiond changes
(Moser & Padilla, 1998).

Chlorpyrifos was administered subcutaneoudy to neonatd ratsat 1 or 5 mg/kg/d from postnatal days
1 through 4 (PND 1-4) or daily at 5 or 25 mg/kg/d to neonates from days 11-14 (PND 11-14). The
strain and number of animals assessed was not stated. These two groups of pups were examined a
postnatal days 5 and 10 or 15 and 20 respectively. PND 1-4 animals showed sgnificant mortdity at 5
mg/kg/d (>50%) but not a 1 mg/kg/d. The body weights of these 5 mg/kg/d pups were decreased by
10-15% and the brain as awhole was significantly smdler compared to controls. The survivors exhibited
cdl lossin the braingem and brainstem growth was maintained by enlargement of the remaining cdls.
This effect was not seen a 1 mg/kg, a dose that did not compromise surviva or growth, nor was there
any adverse effect a ether dose in the forebrain, despite the fact that both brainstem and forebrain
possess comparable chalinergic projections. There was no mortdity a 5 mg/kg/d but significant mortdity
(>80%) at 25 mg/kg/d in PND 11-14 animas at day 15. On day 15 the body weights of the pups at

264



NAutivl il MTYIJL Allul AULTIVETLY TUT AglTudildiar aliu v ad jiar y wiigaiinuard, Mmual aliag

25 mg/kg/d were significantly decreased (>40%) and the mgjor target for cell loss shifted from the
brainstem to the forebrain. The pups treated with 5 mg/kg/d recorded a small transient loss in body
weight and no significant effects on whole brain weight. However, these pups displayed a loss of
forebrain cdl number between 15 and 20 days of age. The total amount of DNA in the forebrain
declined in the 5 mg/kg/d group when compared to the rise seen in the control pup forebrains. The
brainsem aso showed a smaller but not sgnificant cdl loss during this period. The cerebelum differed
from the other regionsin that it showed short-term eevations of DNA after chlorpyrifos exposure in
ether early or late postnatd periods; nevertheless, values then regressed to subnormd, in parale with
the loss of cdlsin other regions. Although regionsrich in cholinergic projections, such as brangem and
forebrain, were gpparently more affected than non-cholinergic regions (cerebe lum), the maturationa
timetable of each region (brainstem earliest, forebrain intermediate, cerebdlum last) may have been more
relevant for the development of these effects. Brain region weights remained within normd limits despite
severe reductionsin cdl number, possibly because reactive hypertrophy of the remaining cells masked
the cell loss. These authors fdt that these results indicated that, even when growth or surviva are
unaffected, chlorpyrifos produced cdlular deficits in the developing brain that could contribute to
behavioura abnormdities. However, no information on clinica effects was provided and no assessment
of behaviour or cognitive function of the pups was made. The conclusions regarding the nature of the
cdlular deficits (ie. regarding cdlular hypertrophy) appear to have been based solely on quantitative
measurements of DNA and protein concentrations, and not on histopathological examination of the
tissues. The usefulness of this study for regulatory purposes is limited by the route of administration
(subcutaneous injection), which may have had a significant effect on the toxicokinetics of the test
meaterid, and the lack of information on the protocol, including the number of animals used (Campbdl,
Seidler & Sotkin, 1997).

Chlorpyrifos was administered subcutaneoudy to neonatd rats at doses of 1 or 5 mg/kg/d from postnatal
days 1-4 (PND1-4) or at 5 mg/kg/d from PND11-14. These two groups of pups were examined at
posnata days 5 and 10 or 15 and 20 respectively. Investigaions for sgns of interference with the adenyl
cycdlase sgndling cascade examined the heart and developing brain regions viz. bransem, and
cerebdlum. PND 1-4 animds a 1 mg/kg/d showed no signs of toxicity, while there was sgnificant
mortdity a 5 mg/kg/d (>50%). PND 11-14 animds at 5 mg/kg/d showed no mortdity or clinica signs.
There were no sgnificant changes in brain region weights at the apparently non-toxic doses.
Cholinesterase activity in the brainstem of the 1 mg/kg/d pups was inhibited by 25% when measured 24
h after the last dose and recovery was substantia (<10% inhibition) by PND10. Cholinesterase activity
in the brainstem of the pups administered 5 mg/kg/d from PND11-14 was inhibited by >60% when
measured 24 h after the last dose and recovery was again substantid (<30% inhibition) by PND20.
Separate examinations of the forebrain, cerebellum and heart found that chlorpyrifos evoked deficitsin
multiple components of the adenyl cycdlase cascade: expresson and activity of adenyl cycdase itsdf,
functioning of G-proteins that link neurotransmitter and hormone receptors to cyclase activity, and
expression of neurotranamitter receptors that act through this cascade. Disruption of signdling function
was not redtricted to transduction of cholinergic sgnas but rather extended to adrenergic Sgnasaswell.
In most cases, the adverse effects were not evident during the immediate period of chlorpyrifos
adminigration, but appeared after a delay of severa days. Results from this study were generdly
presented in summary form only (Song et d, 1997).

The acute effects (as determined by afunctiond observationd battery (FOB) and motor activity) of two
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carbamates (carbaryl, ddicarb) and five organophosphates (OP) (chlorpyrifos, diazinon, parathion,

fenthion, and diisopropy! fluorophosphate, or DFP) were evauated in 10-week old male Long-Evans
rats on the day of dosing at the time of peak effect, at 1 and 3 days, and at 1 week after dosing. All

doses (ord gavage, in corn oil) were administered a volumes of 1 ml/kg, except carbaryl (2 mi/kg).
Weight loss (about 10%) was recorded for each substance a the high dose only. Generaly al

cholinesterase inhibitors produced autonomic sgns of cholinergic over-gimulaion (sdivation, lacrimation,
and miogs), hypothermia, mild tremors and mouth-smacking (chewing mations), lowered motor activity,
decreased tail-pinch response, and dtered neuromuscular function (gait changes and increased foot
splay). The measures generdly found to be most senditive on the day of dosing were body temperature,
motor activity, gait, and the presence of mouth-smacking and fine tremors. However, no sngle measure
was the most sengitive across al compounds. For some measures, differencesin the dopes of the dose-
reponse curves were evident. Many effects were sill observed at 24 h, but recovery was apparent for
al compounds. Interestingly, resdud effects at 72 h were obtained with the carbamates (carbaryl,

adicarb) aswell aswith the OP fenthion, but not with the other compounds; this observation may be
explicable, a least in the case of the carbamates, by dow absorption from the Gl tract. Thus, in
summary: the overdl dinicd toxidity profile was amilar for these cholinesterase inhibitors, but compound-
specific differences emerged in terms of the individua measures, dose-response, and time course;

behaviourd effects produced by these compounds may be dependent on both cholinergic and non-

cholinergic mechanisms. Only summary data were available for evauation (Moser, 1995).

Chlorpyrifos was administered subcutaneoudy to neonatd rats at 2 mg/kg on postnata day 1 (PND1)
or a 11 mg/kg on PND 6-9. The developing brain regions (brainstem, forebrain and cerebellum) were
examined for Sgns of interference with cell development using markers for cdl divison. One-day-old
ras given 2 mg/kg of chlorpyrifos showed sgnificant inhibition (about 15%) of DNA synthessin dl brain
regions within 4 h of treatment. Equivaent results were obtained when asmall dose (0.6 pg or 2 pug/g
brain) was introduced directly into the brain viaintracisterna injection, suggesting that the actions may
not have been secondary to systemic toxicity. Comparable inhibition (>10%) of DNA synthesswasadso
Seen a 8 days of age; however, at this point, there was regional sdlectivity, with sparing of the
cerebellum (about 1% inhibition). In another phase of this study, 6-8 day-old animas were pretrested
with mecamylamine, a nicotinic receptor antagonist, followed by chlorpyrifos (11 mg/kg). The
pretreatment caused a decline in DNA synthesis by itsdf, and aso prevented any further decrement in
DNA synthesis due to chlorpyrifos. Chlorpyrifos adminigration a 1 day of age caused alarge (>30%)
inhibition of protein synthesis throughout the brain; the effect was digtinct from that on DNA synthess,
as it diminished subgtantidly by 8 days of age (<10%) and did not develop any regiond sdectivity.
Assays of ornithine decarboxylase activity 4 and 48 h after chlorpyrifos treatment of 1 and 8-9 old rat
pups found no significant dteration of activity in any brain region when compared to appropriate
contrals. The authors concluded that the effects of chlorpyrifos on DNA and protein synthesis were not
secondary to generdised cdl damage or suppresson of cell metabolism, as evidenced by the
maintenance of normal ornithine decarboxylase activities. However, the data do not necessarily support
such acondusion, as effects on DNA synthesis might arise following systemic effects (such asinhibition
of acetylcholinesterase) leading to secondary effects such as regulation of receptor number and changes
In secondary messenger pathways. In the absence of cholinesterase inhibition data, it is not possible to
determine whether any effects on DNA synthesis, if such effects did occur, would occur at doses that
do not cause other measurable findings. The use of subcutaneous and intracisterna routes of
adminigration in this sudy make the results limited for regulatory purposes. Results from this sudy were
presented in summary form only (Whitney et d, 1995).
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Pregnant Sprague-Dawley rats were given chlorpyrifos at doses of 0, 0.3, 1 or 5mgkg/d in corn ail
vehicle from day 6 of gestation through day 11 of lactation (GD6-LD11) before evauation of
neurobehaviourd performance. An additiona satellite group of mated femades were Smilarly dosed every
day from GD6 through to GD20, and used for blood and brain sample collection and cholinesterase
andlyss. There were no deaths and only afew dinica sgns (fasciculations, hyperpnes, hyperreectivity
and decreased body weight gain) in the dams at the high dose. Between LD 1-5, atota of 3 damsin
the 5 mg/kg/d dosage group had totd litter loss and an additional 57 pups died or were cannibalised;
these losses led to a decreased viability index. Necropsy of many of these dead pups indicated
trestiment-related lack of maternd care (no milk in ssomach). There were no Smilar effects of treatment
in the other dose groups. In dams, both plasma and erythrocyte cholinesterase activity were sgnificantly
inhibited at dl three dose levels (>40% inhibition a 0.3 mg/kg/d), while brain cholinesterase was
sgnificantly inhibited at the two higher doses only (18% inhibition a 1.0 mg/kg/d). Pups, which were
exposed to chlorpyrifosin vivo and for a period post-partum, displayed signs of toxicity at the high
dose. Mae and femae pup weight in the high dose group was significantly lower than the other dose
groups, conggtent with the decreased food consumption and lack of body weight gain in high dose dams,
Morphometric measurements of the brain and brain sections of 48 pups (6/sex/dose group) found a
pattern, strongest in male pups, of an increase in morphometric measurements at the low dose and a
decrease a the high dose, pardlding the brain weight differences between the groups. Chlorpyrifos
trestment induced maternd toxicity (clinical Sgns and decreased body weight gain) &t the high dose only
(NOEL 1.0 mg/kg/d). Plasma and RBC cholinesterase activity in dams were significantly inhibited at dl
three doses (LOEL 0.3 mg/kg/d), while brain AChE activity was Sgnificantly inhibited at the two highest
doses (NOEL 0.3 mg/kg/d). Chlorpyrifos treatment induced toxicity in the pups (decreased: viability
index; relative brain weight and delayed sexud maturity) at the high dose only (NOEL 1.0 mg/kg/d).
Cognitive functions in the pups (learning, memory and habituation) were not affected by trestment
(NOEL 5.0 mglkg/d). The lack of afunctional observationd baitery and andyss of reflex ontogeny, and
the fact that cholinesterase activity was not measured in pups, means that this sudy was of limited
regulatory vaue in determining the relative sengtivity of young and adult animds to the effects of
chlorpyrifos (Hoberman, 1998).

In astudy performed in pardld to the developmenta neurotoxicity study by Hoberman (1998), pregnant
rats (25/group) were given chlorpyrifos once aday from day 6 of gestation through to day 10 of lactation
(GD6-LD10) oraly via gavage a doses of 0, 0.3, 1 or 5 mg/kg/d. Clinical signs, bodyweights and
reproductive parameters were recorded. Cholinesterase inhibition and the concentrations of chlorpyrifos
and metabolites were measured in dams and developing pups. Chlorpyrifos and chlorpyrifos-oxon were
determined in milk, and chlorpyrifos, chlorpyrifos-oxon and 3,5,6-trichloro-2-pyridinol (TCP) were
determined in blood samples from fetuses/pups and dams. Cholinesterase activity was determined in
plasma, RBC, heart and brain samples from dams and pups. Dams showed a clear dose relationship for
chlorpyrifos and TCP levels in blood and milk. Chlorpyrifos concentration in the blood of mae and
femae pups showed a smilar dose-related incresse; these blood levelsin pups declined rgpidly and no
chlorpyrifos was detected from PND5 onwards. Mae pups recorded higher chlorpyrifos concentrations
in blood than femaes. Oxon levels were rardly quantifiable in any pup- or dam-samples. Cholinesterase
activity was sgnificantly decreased in a clear dose-rdated manner in al compartments in the dams.
Minimum plasma and RBC activity was recorded on PND1. Cholinesterase inhibition in the pups was
less severe than in the dams and recovered more quickly. Pups sacrificed a PND65 showed no
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cholinesterase activity depresson compared to controlsin any compartment or at any dose level. There
was some protection of the fetuses by the dams. The data from GD20 showed a higher blood level of
chlorpyrifosin dams than in the fetuses at 1.0 mg/kg/d (dams 2.6 vs 1.0 ng/g) and 5.0 mg/kg/d (dams
110 vs40-50 ng/g). This was conggtent with the lack of any cholinesterase inhibition in fetuses from the
0.3 and 1.0 mg/kg/d dose groups, whereas dams showed significant cholinesterase inhibition in al
compartments a 1.0 mg/kg/d and in blood at 0.3 mg/kg/d. The NOEL for cholinesterase inhibition in
pups was 1.0 mg/kg/d based on the sgnificant inhibition seen in the fore- and hind-brain, heart, plasma
and RBC compartments on gestation day 20 at 5.0 mg/kg/d. There was no NOEL for cholinesterase
inhibition in dams as there was sgnificant inhibition seen in the plasma and RBC compartments on
gestation day 20 at 0.3 mg/kg/d and higher doses (Mattsson et al., 1998).

Adult male Long-Evans rats were trained to perform an gppetitive test of memory and maotor function
and were then injected sc with single doses of 0, 60, 125 or 250 mg/kg of chlorpyrifos in peanut ail (2
ml/kg) and tested 5 daysiweek for 7 weeks. Unconditioned behaviour was aso rated for signs of
cholinergic toxicity. Cholinesterase activity was measured in whole blood and severd brain regions, and
muscarinic receptor dengity and the hypothermic effect of oxotremorine chalenge were dso measured.
Clinicd dgns of toxicity were seen in onerat at 250 mg/kg. Whole blood cholinesterase activity was
inhibited by 60-75% (dose-dependent) at the first sample (day 4), and recovered to near control values
after day 53 (60 mg/kg) and day 74 (125 mg/kg). Brain cholinesterase activity was strongly inhibited
in a dose-dependent manner, and at the first sample (day 7) was up to 95% inhibited at 250 mg/kg. By
day 21, partid recovery of cholinesterase activity was seen in some brain regions at the 60 and 125
mg/kg dose levels, but no significant recovery was seen a 250 mg/kg. Muscarinic receptor density
decreased with dose and time. At 250 mg/kg receptor density in the hippocampus, frontal cortex and
driatum fell to 70-75% of contral after 7 days and to 60% of control 21 days after dosing; hypothdamic
receptors were much less affected. Compared to contrals, the hypothermia induced by oxotremorine
chalenge was sgnificantly less pronounced in each dose group on days 8 and 32, but was comparable
to controls by day 52. Unconditioned behaviour was reatively unaffected by treatment, with a fine
tremor in head and limbs pesking on day 9 and gone by 14 days after dosing the only sign of cholinergic
overdimulation. Functiond deficits (in working memory and motor function) gopeared within 2 days after
injection of chlorpyrifos and recovered within 3 weeks (Bushnell et a, 1993).

Pregnant Sprague-Dawley rats were injected sc with ether the peanut il vehicle or chlorpyrifos (98%)
at 200 mg/kg as asingle dose on gestation day 12 (GD12) and then sacrificed on either GD16, GD20,
or postnatal day 3 (PND3) for measurement of maternd and developmentad indicators of toxicity. The
day of birth was PNDO. While most treated dams exhibited no overt signs, 4/28 showed moderate to
severe cholinergic signs at 2-3 days after treatment, and these rats were omitted from further studies.
Materna body weight was initialy decreased (15% reduction, 3 days after treatment) after which the
body weight increase was comparable to controls. Chlorpyrifos exposure did not significantly affect
foeta body weights or brain weights when assayed on GD16 and GD20. AChE inhibition (82-88%)
was noted in maternd brain a dl three time points following acute exposures. Foetd brain cholinesterase
activity was lessinhibited; with 40% inhibition at GD16 and 58% inhibition & GD20. This compared to
19-25 % inhibition a PND3 in trested pups cross-fostered to control dams and in control pups cross-
fostered to treated dams following repeated exposures (25 mg/kg per day). At GD16 and GD20, foetd
brain AChE activity was inhibited 42-44%. While some degree of recovery in AChE activity was noted
in pup brain by PND3, AChE activity was il inhibited (30%) in trested pups cross-fostered to control
dams. In vitro inhibition of materna and foetd (GD20) brain AChE activity by the active metabalite,
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chlorpyrifos oxon, suggested that the prenatd brain AChE activity was somewhat more sengtive than
adult brain AChE. Maternd brain muscarinic receptor binding was more extensvely reduced (30-32%)
at GD20 and PND3 as compared to the developing brain a GD20 (16%) and PND3 (11%). A smple
postnatal reflex test (righting reflex) was transently (present & PND1 but not PND3) atered by
chlorpyrifos exposure. The results suggested that acute chlorpyrifos exposure of dams during gestation
produces more extensive neurotoxicologica effectsin the dam than in the developing foetus. The use of
subcutaneous adminigration of the test materid limits the usefulness of this study for regulatory purposes
(Chandaet a, 1995).

Pregnant Sprague-Dawley rats were injected sc with ether peanut oil vehicle or chlorpyrifos (98%) a
25 mg/kg/d from gestation days 12-19 (GD12-19) and sacrificed either on GD20 or postnatd day three
(PND3). In a separate dose-response study, rats were smilarly exposed to chlorpyrifosat 6.25 or 12.5
mg/kg/d, from GD12-19 and sacrificed on GD 20 for andysis of various neurochemica markers. No
clinical sgns of maternd toxicity was seen & any dose. Trestment with 25 mg/kg/d of chlorpyrifos
induced only an initid dight trangent decrease in materna body weight. Trestment commencing on
GD12 did not affect foetd weight & GD16 or GD20, but pup weight on PND1 was sgnificantly
reduced by trestment a 25 mg/kg/d. Maernad brain cholinesterase activity measured at GD20 after
trestment at 6.25, 12.5 and 25 mg/kg/d during GD12-19 was significantly inhibited in a dose-related
manner. Foeta brain cholinesterase was less inhibited (40 and 60% inhibition at respective doses of 6.25
and 25 mg/kg/d). Extensve AChE inhibition (10-17% of control value) was noted in dams after
treatment with 25 mg/kg/d from GD12 to GD 16, GD20 and PND3. A significant dose-related down-
regulation of muscarinic receptorsin maternd and foetd brain was noted a GD20 following the GD12-
19 exposures at dl doses. Righting reflex and dliff avoidance tests were markedly dtered following
repeated exposures. Generdly, the neurochemistry parametersin dams were more severely affected than
the developing nervous system of the foetus, despite the higher sengitivity of foeta brain cholinesterase
to chlorpyrifos inhibition. Comparison of these results with those from an earlier sudy which used acute
exposure to chlorpyrifos (Chanda et a, 1995) reveaed that repeated exposures caused greater down-
regulation of muscarinic receptors than the equivalent dose ddivered acutely (Chanda & Pope, 1996).

Human/exposur e studies

A number of reports address the potentia exposure and/or risks associated with the use of chlorpyrifos
insecticides in domestic and/or urban settings (Fenske et d, 1990; Currie et d, 1990; Lean & Cantrell,
1992; Cantrell, 1992; Vaccaro et d, 1987; Wright et al, 1991; Wright et d, 1994; Dow Chemical
Company, 1990; Berteau et a, undated; Ishikura 1988; Ishikura, 1989; Kawikata, 1987; Vaccaro,
1983; Ludwig et d, 1970). These studies contain arange of monitoring data, and estimates of dermal
and or inhaationa exposure varied widely depending on the methods used for application and sample
collection. Smilarly, esimates of risk to humans were largely dependent upon the default assumptions
and uncertainty factors used in the exposure models.

Inareview of chlorpyrifos poisoning data (Blonddl & Dobozy, 1997), the US EPA summarised the

case reports, case series, datistica surveys, and epidemiologica studies of acute and chronic health

effects reported to be related to chlorpyrifos. The authors noted the limitations in preparing such a

report, including inadequate documentation of exposure and effects, reporting biases, and absence of

denominator information on the population at risk. However, where consistent patterns of risk factors
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were identified, the report dso made recommendations to mitigete such risk. The report concluded that
chlorpyrifos was one of the leading causes of acute insecticide poisoning incidentsin the United States.
Thisfinding was based largely on an examination of Poison Control Centre reports. Certain types of uses
were consdered to pose grester hedlth risks. The main concern was associated with the use of
chlorpyrifos liquid formulations used by homeowners or Pest Control Operators (PCOs) indoors or
outdoors, termite trestments, and liquid sprays and dips gpplied to domestic animals. Most of the more
Serious poisonings were associated with misuse or ingppropriate use (spills, inadvertent contamination)
by a PCO.

In response to the above US EPA review on chlorpyrifos poisonings (Blonddl & Dobozy, 1997),
DowElanco (Shurdut et d, 1997) sated that there were deficiencies in the EPA report which invaidated
its use for reaching any conclusions about the safety of chlorpyrifos. The review concluded thet there has
been a misinterpretation of Poison Control Centre data, and that data from state and nationa poison
control centres supported the rdlative safety of products containing chlorpyrifos. The review adso damed
that the US EPA report failed to respect the limitations of anecdotd information, failed to consider the
extensve testing and long use history for chlorpyrifos products with regard to neurologica injury, made
an ingppropriate use of anecdotes and studies of organophosphates to characterise the safety of
chlorpyrifos, falled to consder the extensve database on exposures following use of chlorpyrifos
products, and selectively presented the data.

Inamedica case-report (Aiuto et d, 1993a), a previoudy well 3-year-old boy was found playing near
an open, spilled bottle of insecticide containing chlorpyrifos (Dursban; Dow Chemicas, concentration
not stated). The authors of this paper noted that clinical manifestations of organophosphate-induced
polyneuropathy (OPIDN) usudly begin 1-3 weeks &fter the acute cholinergic criss, and that
examinations were congstent with dista, symmetric, predominantly maotor polyneuropathy. In this patient,
the symptoms of cholinesterase inhibition, dong with the manifestations of weskness and areflexia 11
days after ingestion and the e ectromyographic findings, confirmed the presence of an acute trangent
polyneuropathy, with a more proxima distribution than usudly seen in adults. The acute, reversble
bilateral voca cord paralysis reported in this patient has not previoudy been seen as part of OPIDN,
but the authors believed that the onset of stridor and voca cord paraysis coincided with the onset of
muscle weakness, and resolved at a similar time to the normalisation of peripherd neuropethy.

Gutmann and Bodengteiner (1993) responded to the Aiuto et d, 1993 article, and suggested that this
case may not represent a clear example of OPIDN. They noted that chlorpyrifos has been associated
with OPIDN only after severe intoxication, characterised by extensve cholinesterase inhibition. The
inhibition of plasma cholinesterase activity in this case was instead suggestive of mild chlorpyrifos
intoxicetion. It was dso noted that the clinica findings associated with OPIDN were predominantly
motor polyneuropathy, with flaccid weskness and arophy primarily in the distd limb muscles, and
recovery usudly requires months to years, and is often incomplete. The diagnosis of the patient in this
case implied that evoked compound muscle action potentials and sensory nerve action potentials had
norma amplitude, which would run counter to a diagnosis of OPIDN.

In response to these comments, Aiuto et a (1993b) noted that the patient’ s symptoms were consistent
with cholinesterase inhibition of >90%, and that the plasma cholinesterase levels did not necessarily
corrdlae with the severity of the ingestion. The authors concluded that the patient suffered from a
delayed, life-threstening neuropathy, but were unable to determine the mechanism of such aneuropathy.
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In another case report, a 38-year-old man drank an undefined quantity of chlorpyrifos 25% solution.

The patient was treated with atropine 3 mg iv every two h for six days (total 400 mg), but any attempt
to remove aropine treatment resulted in regppearance of respiratory distress. After thistime, the patient
was stuporous, catatonic and suffering from respiratory distress, with white mucous secretions, and his
serum cholinesterase activity was undetectable. Ipratropium, 0.5 mg, was administered endotrachedlly
as an aerosol migt over a ten-minute period, and there was an improvement in the patient’s clinica
condition, though the sdivary secretions continued. The patient continued to receive ipratropium
(between 1 and 2 mg daily), and by the fifth day the respiratory support was discontinued. A significant
amount of catatonia and coarse tremor were relieved following adminisiration of dantrolene 10 mg iv,

followed by 25 mg po, three times daily. Serum cholineterase activity was till undetectable one month
after discharge (Shemesh et a, 1988).

In a case where a 26-year-old man intentionaly ingested gpproximately 360 ml of a 6.7% chlorpyrifos
formulation, 360 ml of a 2,4-D (10.8%) and MCPP (11.6%) formulation, and a few granules of a
warfarin (0.025%) concentrate, the patient’s mgor dinica findings on admisson were coma, myoclonus,
miosis, cardiac arrythmias, and a progression into hypotension, oliguriaand death after severa episodes
of asystole. The authors stated that such symptoms were consstent with those seen in other patients
following ingestion of chlorofenoxy acetic acids such as 2,4-D and MCPP. The patient did not display
many of the usud signs of organophosphate poisoning, such as lacrimation, sdivation, respiratory
pardyss, or muscle fasciculation, but the red blood cholinesterase activity was inhibited by about 70%
at 13h, and by up to 90% by 26 h. Plasma cholinesterase activity was inhibited completely at dl time
intervas. Lymphocyte neurotoxic esterase (NTE) activity was inhibited by about 50% after 13 h but was
within normd limits after 19 h. Cerebrd cortex NTE activity was within normad limits, but periphera
nerve NTE activity was inhibited by about 70% compared to norma control levels. This inhibition of
NTE activity was measured in the absence of any sgnificant sgns of organophosphate intoxication
(Osterloh et al, 1983).

Four incidents of birth defects dlegedly associated with exposure to chlorpyrifos were reported
(Sherman, 1996). In this paper, the children were reported with a range of birth defects including
ventricular, eye, and paate defects and growth retardation (al children), hydrocephaly, microcephaly,
mental retardation, blindness, hypotonia, wide-spread nipples, and deformities of the teeth, ears and
externd genitdia The mothers of the affected children were reportedly exposed to chlorpyrifosin ether
the workplace or the home during pregnancy. Two of the children were born to the same mother. The
exposure of the mothersto chlorpyrifosis very poorly characterised, but the pgper does not indicate that
exposure was severe or sustained during organogenesis. The range of birth defects reported in the
children is not congstent with results of sudiesin laboratory animas, where Smilar effects have not been
demondirated. On the basis of the findingsin this report, and the poor characterisation of exposure, it
is not possible to determine whether the reported effects were associated with chlorpyrifos exposure.

In areview of the previous paper by Sherman (1996), the authors disputed the association of the

reported defects with chlorpyrifos exposure (Gibson, 1996). This review stated that the medica records

of the cases indicated that the effects seen were not the samein dl children, and thet the effectsin some

of the children were congsent with a pecific diagnoss of an autosoma recessive hirth defect syndrome

of the brain and eye known as cerebro-oculio-facio-skeletal syndrome (COFS), or a closely related
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syndrome known as MICRO syndrome. On the basis on the information provided in this paper, and the
lack of information in the original case report paper (Sherman 1996), it is not possible to ascribe an
associ ation between the cases reported and chlorpyrifos exposure.

In a study of the effects of asingle oral dose of chlorpyrifos at 0, 0.5, 1.0 or 2.0 mg/kg bw (purity -
99.8%; lactose powder was the diluent/placebo) to fasted human males and females (6/sex/dose), the
NOEL for dinica signsor symptomsin this study was 2.0 mg/kg, the highest dose tested. The NOEL
for RBC cholinesterase inhibition was 1.0 mg/kg based on sgnificant inhibition in 1/12 subjects exposad
a 2.0 mg/kg. Plasma cholinesterase activity was not measured. There were no effects of treatment at
any dose level on generd hedth measures during the study nor on clinical chemidry parameters
measured a 7 days after dosing. The study design was double-blind, randomised, placebo control and
conducted in two phases separated by 14 days. Volunteers (18-55 years old) were screened for generd
good hedth according to set criteria, and ingtructed to refrain from acohoal, strenuous exercise and
prescription medications before and during the study. Doses were taken by capsule after an overnight
fast. The hedth status of subjects was closely monitored; vitd signs (blood pressure, pulse, respiration
and temperature) were assessed prior to dosing and at 1, 2, 4, 8, 12, 24, 48 and 168 hours post-
treatment. Subjects were questioned regarding their well being at each sample time, and clinica
evauation of the symptomology was recorded. Subjects were aware of the sgns and symptoms of
cholinergic toxicity and were indructed to inform the study physician of any adverse effects experienced.
The subjects were blind as to their treatment group and the assessment and treatment of these Sgnsand
symptoms was perfomed by a physician dso blind to the trestment group of the subject. There were no
ggnificant deviations from the study protocol. One mae (phase 1 control) and one female (subject 56,
phase 2, 2.0 mg/kg) did not provide a complete series of blood and urine samples. The only treatment
related effect was recorded for the femae volunteer who withdrew from the study (subject 56, 2.0
mg/kg). Thisfemae had decreased RBC cholinesterase levels compared to her pre-trestment vaues at
most of the sample times (98.4%, 77.2%, 71.8%, 74.1%, 81.4% and 79.5% of pre-treatment value
a 4, 8, 12, 24, 36 and 48h post-dose). If the data for this subject were removed from the andysis, then
the 2.0 mg/kg female group-means were indigtinguishable from the concurrent control vaues (Kisicki
et al., 1999).

Groups of four hedthy adult male volunteers received chlorpyrifos in tablet form at dose levels of O
(placebo controal), 0.014, 0.03 and 0.10 mg/kg/d for up to 27 days. The period of dosng was different
for each dose leve, and ranged from 9 to 27 days (48 days for controls). A single subject in the
0.1 mg/kg/d group reportedly suffered from arunny nose, blurred vison and afeding of faintness on the
find day of dosing, and this subject's plasma cholinesterase activity was inhibited by 70% compared with
pretest levels. No decrease in erythrocyte cholinesterase activity was noted in any test subjects during
the study. With the exception of plasma cholinesterase inhibition, no other trestment-related effects were
noted. Rapid and marked depression of plasma cholinesterase activity was observed in subjects at the
high dose of 0.1 mg/kg/d chlorpyrifos. Within-day comparisons with placebo controls reveded that the
group mean depression of activity was greater than 40% by day 6 and greater than 60% by day 9, a
which time the trestment was suspended. Plasma cholinesterase activity did not return to control levels
until about day 34 in these high dose subjects. Smilar results were observed when the plasma
cholinesterase activity in the high-dose subjects was compared with the basdline activity of the group
prior to treetment. At 0.03 mg/kg/d, mean plasma cholinesterase activity was inhibited by greater than
20% compared with placebo controls on days 16-20 of trestment. When compared to basdine levels
pre-trestment, the mean plasma cholinesterase activity in this group was reduced by up to 34% on day
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18, and activity was till inhibited by more than 20% compared with basdine levels on day 34. Individud
subject plasma cholinesterase inhibition (relative to each subject's mean predose activity) was as high
as 53% at day 18 of adminigration at 0.03 mg/kg/d. Plasma cholinesterase activity did not return to
control levels for several weeks after cessation of trestment at this dose. At 0.014 mg/kg/d, plasma
cholinesterase activity was inhibited by 20% a a sngle sample interva only (day 13), and plasma
cholinesterase levels were smilar to basdine activity from day 20 to day 27, even with continued
chlorpyrifos adminigtration. A separate datistica andyss was conducted by the investigators to
determine the sgnificance of plasma cholinesterase activity at the higher dose levels. At 0.03 and
0.1 mgkg/d, two-way anayss of variance by the investigators indicated that the inhibition of mean
plasma cholinesterase activity was sgnificant (p<0.05) compared with controls at the high dose level
(0.1 mg/kg/d) only. The NOEL for inhibition of erythrocyte cholinesterase activity was 0.1 mg/kg/d, with
no effect on activity a any doseleve. Asthe satistical sgnificance of the inhibition at 0.03 mg/kg/d was
equivoca, and depended upon the statistical tests used, the NOEL for this study was 0.03 mg/kg/d,
based on the inhibition of plasma cholinesterase activity a 0.1 mg/kg/d (Coulston et d, 1972).

Sx mae Caucasan volunteers, aged 27-50 years, were used in this sudy. A single volunteer (Volunteer
A) was firg given a single ora dose (0.5 mg/kg) of chlorpyrifas in the form of a lactose capsule,
adminigtered gpproximately 30 minutes after food. This dose was administered gpproximately one month
prior to the treatment of other volunteers. Volunteer A was aso given a derma dose of chlorpyrifos
(0.5 mg/kg, dissolved in methylene chloride) when the other volunteers were given their ord dose. Two
weeks after the fird derma dose, Volunteer A was given a further derma dose (0.5 mgkg) in
dipropylene glycol methyl ether (DPGME). The remaining volunteers were given a derma dose of
5.0 mg/kg chlorpyrifosin DPGME four weeks after the administration of their ord dose. All urine was
collected from volunteers from 24-48 h prior to dosing, through 120 h post-dosing. No signs or
symptoms of chlorpyrifos toxicity were reported in any volunteers during the study. Following the ora
adminigration of 0.5 mg/kg chlorpyrifos, plasma cholinesterase was inhibited by 71% (compared with
predose levels) in volunteer A, and by 85% (mean) in the other volunteers within 12-24 h after
treestment. The range of individua vaues was not provided. Plasma cholinesterase activity had returned
to >80% of the mean predose vaue by day 30 after ora treatment. Following dermad gpplication at day
30, plasma cholinesterase activity decreased to approximately 70% of predose levels, and returned to
about 80-90% of these levels by day 40 of the study. The intra-group variation was stated to be
congderable by the authors of the study, but these figures were not provided in the report. Erythrocyte
cholinesterase inhibition was not sgnificantly inhibited following either ord or derma doses of
chlorpyrifos (Nolan et a, 1982, 1984).

A monitored field test was used to determine the effect that chlorpyrifos had on spraymen applying
treatment at the rates used for programs for eradication of mosquitoes. This study was conducted
following two earlier sudies which were of limited success. These Sudies were conducted in 1966, 1967
and 1968, respectively. Cholinesterase activity measurements were conducted, and individud exposure
was terminated if ChE inhibition reached 50% of basdline values. In the first study, three soraymen
showed a marked depression in plasma ChE activity, with reductions of 68 to 82% compared with
basdine levels. In the two remaining Soraymen, where basdline values were not available, therewas a
reduction in plasma ChE activity of 52-56% over the 9-day period. The study was discontinued after
two weeks due to the sgnificant decrease in ChE activity. In the second study, there was reportedly no
treatment-rel ated effect on cholinesterase activity during the short study period. In the third study, RBC
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ChE activity was not affected by trestment. Plasma ChE activity was reduced by 50-80% in spraymen
using a suspenson formulation & the first sample interva. All workers in this group had plasma ChE
activity reduced by 50% or more, and activity had generally returned to pre-exposure levels within 2
months following cessation of use. The four spraymen using an emulsion formulation did not display a
reduction in plasma ChE activity during the exposure period (Eliason et a, 1969; Kenaga, 1967b).

In another paper, the authors reported 8 case studies where chlorpyrifos exposure was claimed to cause
sensory neuropathy. The cases each presented with arange of symptoms, and exposure characterisation
was poor. Only 1 patient (case 3) reported Sgns of cholinesterase inhibition, including lacrimation,

muscle twitching and diarrhea, and this individud was a pesticide gpplicator who was reportedly
exposed to chlorpyrifosin adosed environment for 6 months. The patient's RBC cholinesterase activity
was reportedly “low” initidly, but recovered to “normd” levels within two months. No neurologica

eva uations were conducted until 6 weeks after the other symptoms were reported, and at thistime the
evauation reported sensory loss of al moddities in a stocking-glove digtribution test, mild disal

weakness and areflexia in the lower extremities. Nerve conduction studies and quantitative sensory
threshold studies reportedly reveded changes consstent with periphera neuropathy of the distd

anonopathy type. The decreased reflexes and mild distd weskness were consstent with polyneuropethy.

Follow-up examination at one year revedled remission of al symptoms. In the other 7 patients (4 from
the same family), symptoms were non-specific, and the absence of symptoms of cholinesterase inhibition
suggested that these patients were not acutdly exposed to chlorpyrifos to the extent of case 3. Thelack
of immediate dectrodiagnostic testing, the poor exposure characterisation, and the variagbility in the
reported clinica findings makes interpretation of the case sudies generdly difficult. Additiondly, the
method of questioning used to obtain information from the patients was subjective. No follow up
examinations were conducted for a range of parameters on a number of patients, and not al patients
were subjected to the sameinitid testing regimen. Based on the information provided in this report, there
was evidence that one patient (case 3) was exposed to chlorpyrifos occupationaly, with exposure
aufficient to decrease cholinesterase activity and cause cholinergic symptoms. This patient aso presented
evidence of mild, reversble polyneuropathy, possble in the presence of ongoing decreased RBC
cholinesterase activity. Two other patients (cases 2 and 8) had limited evidence of mild polyneuropathy
(Kaplan et a, 1993).

Discussion

An extensive database of toxicology studies has been evaluated as a component of the ECRP review
of this compound; no significant deta deficiencies were identified in thisreview.

Metabolism and kinetics. In studiesin humans and laboratory animals, chlorpyrifos was rapidly
absorbed when swallowed, but did not pergst for long periods in the tissues or organs of animals,
and passed rdatively quickly from the body. Absorption through the skin was relatively poor (about
2% in humans).

Acute toxicity: The 9gnsaf acute chlorpyrifos intoxication were congstent with cholinesterase inhibition,
and included inactivity, sdlivation, dyspnoes, flaccid paralys's, vomiting, piloerection, exophthalmiaand
diarrhoea, and femae animas were generdly more sengtive to the acute effects of chlorpyrifos exposure
than male animas. The acute dermd toxicity of chlorpyrifos was consstently lower than Smilar ord or
inhdationd exposures, and was indicative of the rdatively low dermd absorption of chlorpyrifos
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compared with absorption following ord exposure to chlorpyrifos.

Repeat-dose toxicity: Thetoxicity of chlorpyrifos was generdly rdated to the inhibition of cholinesterase
activity, and in most repeat-dose sudies with chlorpyrifos the inhibition of plasma cholinesterase activity
was the most sengtive toxicologica parameter, followed by inhibition of erythrocyte cholinesterase
activity, then inhibition of brain cholinesterase activity, and dinica sgns of intoxication a higher doses.
A summary of the no-observed effect leves, including those for inhibition of cholinesterase activity, is
provided in the table below. Based on the limited data available, humans were of Smilar sengtivity to
the cholinesterase-inhibiting effects of chlorpyrifos as laboratory animas. Chlorpyrifos was not
carcinogenic in long-term anima studies, and was not genotoxic in awide range of assays.

Neurotoxicity: A range of studies were performed to investigate the neurotoxicity potentia of
chlorpyrifosin hens and rats, both after acute and repeated exposures. These studies did not reved any
delayed or irreversible neurotoxicologica sequelae to chlorpyrifos exposure in animas. As expected,
dose-rdated, reversible inhibition of cholinesterase activity was observed, but this effect was not
accompanied by any micrascopic changes in nerve tissues, even in those animas that displayed clinica
sgns of intoxication. On occasion, some impairment of motor activity was reported a higher doses, but
this effect was trangent and reversble.

Reproduction and development: Chlorpyrifas did not induce mgor maformeations or sgnificant effects
on most reproductive parameters in experimenta animas. In some studies, decreases in surviva of
offspring were seen at high dosesin the presence of frank maternotoxicity, sometimes associated with
materna neglect of the offspring. In developmenta studies with chlorpyrifos, no trestment-related
Sructurd malformations were seen in mice, ras, or rabbits, and Sgns of delayed development (including
decreases in foetd weight and crown-rump lengths) were only observed at maternally toxic doses.
Doses of chlorpyrifos that caused materna toxicity (clinicd signs and decreased weight gain),
cholinesterase inhibition (in dams and pups) and perinatd toxicity in pups (decreased viahility index,
relative brain weight and delayed sexua maturity) did not affect cognitive functions (learning, memory
and habituation) in pups (Hoberman, 1998).

In developmentd studies with the chlorpyrifos metabolite TCP, there was no dtatigticdly-sgnificant
influence of trestment on reproductive parameters or foetal observations in rats or rabbits. However,
an increased incidence of CNS maformations at doses of 100 mg/kg/d and above in rabbits was noted.
There was no strong dose relationship for these findings, which included severe dilation of the cerebra
ventricles and hydrocephaly, and the incidence was not datidticaly significantly different to controls. As
these effects were only reported a high doses, and there was no change in the incidence of minor
dterations observed externdly, viscerdly or upon skeletd examination, TCP was not congdered to pose
ateratogenic risk to humans (Hanley et d., 1987b).

Toxicity in young animals: A number of studies have been conducted to determine whether neonates

and young animas are more sengtive to chlorpyrifos than adult animals. In one of these sudies, it has

been reported that brain cholinesterase activity in foetuses was somewhat more sengtive to inhibition by

chlorpyrifos than adult brain cholinesterase, while another study reported that acute chlorpyrifos

exposure of dams during gestation produced more extensive neurctoxicologica effectsin damsthanin

developing foetuses (Chanda et d., 1995; Chanda & Pope, 1996). In genera, the usefulness of these
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studies for regulatory purposes has been restricted by the study design and protocols employed. For
example, many of these udies have used routes of administration such as subcutaneous injection, and/or
at high doses that cause clinical sgns and/or extensive inhibition of cholinesterase activity, and so the
relevance of findingsin these studies in determining the public hedlth risks associated with exposure to
chlorpyrifas from food residues and/or non-agriculturd usesislimited. In addition, many of these dudies
have not been conducted according to established test guidelines or according to Good Laboratory
Practice guidelines. The rdiability and vdidity of the results obtained from such studiesis not clear.

In severa studies designed to invedtigate treetment-related effects on brain DNA synthesis, neonatd rats
were exposed to chlorpyrifos by intracisterna and/or subcutaneous injection. In these studies, the sudy
authors reported inhibition of DNA synthesis and reductionsin DNA amountsin brain regions. However,
the usefulness of these dudies for regulatory purposes was limited by the routes of adminigtration (which
are not relevant for assessing public risks for chlorpyrifos uses in agricultura and/or residentid uses),
study protocol deficiencies (including the lack of information on anima numbers used), and the use of
high doses (1 to 2 orders of magnitude higher than the NOELSs for inhibition of plasma and/or
erythrocyte cholinesterase activity). In addition, the conclusions regarding the nature of the reported
cdlular deficitsin brain regions gppear to have been based soldy on quantitative measurements of DNA
and protein concentrations, and not on histopathological examination of the tissues. As no information
on clinica effects or extent of cholinesterase activity was provided, and no assessment was made on
cognitive or behaviourd functions of the pups, it is not possible to correate any reported changes in
DNA or protein levels with any physiologica manifestations of chlorpyrifos toxicity (Campbel et d.,
1997; Whitney et d., 1995).

In rat studies in which chlorpyrifos was administered to adult and young and/or neonatdl rats by ora
gavage, there were apparent differences between young and old rats following acute exposure. These
include findings that young rats (post-natal day 17) displayed behaviourd and cholinesterase changes
a alower dose than adults, but dso included obsarvations thet the onset of maxima toxicity was dower
and recovery was more rgpid. The limited dose sdection in this particular sudy (Moser & Pedilla, 1998;
80 mg/kg bw in adults compared with 15 mg/kg bw in young rats) makes the ussfulness of these findings
limited for regulatory purposes.

In arecently published study*, neonatal (7 days old) and juvenile (21 days old) rats were reportedly
more sengtive to the acute toxicity of chlorpyrifos Theorad LD50 vauesfor chlorpyrifoswere estimated
to be approximately 40, 80, and 120 mg/kg bw, for neonates, juveniles and adults, respectively.” Oral
LD50 vaues for chlorpyrifos vary widdy, even in sudies in adult rats, and range from 96 to 475 mg/kg
bw, and the lower of these two figures has dready been used to establish the Poisons Schedule for
chlorpyrifosin Audrdia.

In the same study (Zheng et d, 2000), following asingle ord dose of chlorpyrifos of between 0.15 and
15 mg/kg bw, neonates were more sensitive to the cholinesterase inhibiting effectsin plasmaand brain
than adult rats. However, when exposure was extended over a 14-day period, at the same dose levels,
the neonatd animals were usudly no more senstive, if not less sengtive, to the effects of chlorpyrifos than
the adults, based on the inhibition of cholinesterase activity. The authors concluded that while immature

1Zheng et a., Toxicological Sciences 55, 124-132 (2000). Comparative cholinergic neurotoxicity of oral
chlorpyrifos exposuresin preweanling and adult rats.
2 Based on the curves presented in the paper. The results were given in the study as LD10 values.
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animds can be markedly more sengitive to the letha effects of high doses of chlorpyrifos, lesser or no
age-related differences were apparent for non-letha endpoints, particularly after repested exposures.

Basad on thesefindings, it is consdered that the norma safety factors for individua variability, used in
combination with the NOEL in humans for the most sengitive toxicologica endpoint (inhibition of plasma
cholinesterase activity), are adequate for setting public hedlth standards for the repeated exposure of
humansto low levels of chlorpyrifos.

Effects in humans: Mild distad axonopathy consstent with organophosphate-induced delayed
polyneuropathy (OPIDN) has been reported some weeks after poisoning incidents, but only in those
cases in which savere cholinergic sgns and dgnificant inhibition of neuropeathy target esterase and
cholinesterase activities required treatment with aggressive, extensive antidotal thergpy and artificid
ventilation. Such effects are only expected after the ingestion of large doses of chlorpyrifos, intentionaly
or otherwise. Thereis dso evidence that individuds, if exposed to chlorpyrifos occupationaly (at doses
aufficient to decrease cholinesterase activity and cause cholinergic signs) may present with mild,
reversible polyneuropathy, possibly in the presence of continua inhibition of erythrocyte cholinesterase
activity.

In supervised studies, when volunteers have received ora doses of chlorpyrifos for up to 27 days,
inhibition of plasma cholinesterase activity (at doses of 0.1 mg/kg bw/day and above) and erythrocyte
cholinesterase activity (at doses above 0.1 mg/kg bw/day) were observed. No other signs of toxicity
have been observed at these doses.

NOEL consderations
To determine the lowest NOEL for the establishment of hedlth standards for chlorpyrifos, a summary

of the NOEL s determined in those studies deemed adequate for regulatory purposes is shown in the
Table below.

5 . NOEL LOEL

Species | Duration (ma/kg/d) (ma/kg/d) Effect Reference
- 0.7 plasma ChE

mouse 78 weeks | 0.7 6.1 RBC ChE Gur et a (1991)
0.7 6.1 brain ChE

mouse* 2 years 1.5 carcinogenicity Warner et a (1980)
0.1 1.0 plasma ChE

rat 2 years 0.1 1.0 RBC ChE McCollister et a (1971)
1.0 3.0 brain ChE

rat 2 years 8:212 (6).3 Elr:?:gsg E Crown et a (1988)
0.1 1.0 plasma ChE

rat 2 years 1.0 10.0 RBC ChE Salminen & Ma (1992)
1.0 10.0 brain ChE
0.01 0.03 plasma ChE

dog 2 years 0.03 0.1 RBC ChE McCollister et a (1971b)
1.0 3.0 brain ChE

chicken 1 year <2.5 plasma ChE Sherman & Herrick (1973)
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NOEL LOEL

Species | Duration (ma/kg/d) (ma/kg/d) Effect Reference
0.03 0.1 plasma ChE
human 9-28 days 01 : REC ChE Coulston et a (1972)

* Study suitable for oncogenicity determination only. * highest dose tested
Determination of Public Health Standards
Acceptable Daily I ntake

In Augtrdia, the current Acceptable Daily Intake (ADI) for chlorpyrifosis 0.003 mg/kg/day, based on
the NOEL for plasma cholinesterase inhibition of 0.03 mg/kg/day in a human volunteer study (Coulston
et a, 1972), and usng a 10-fold safety factor.

Following the considerations of the Advisory Committee on Pesticides and Hedlth (ACPH) and the
Scientific Director of the Chemicals and Non-Prescription Drug Branch (CNPDB) of the Therapeutic
Goods Adminigtration (TGA), the current ADI for chlorpyrifos was affirmed.

Considerations of the Advisory Committee for Pesticides and Health (ACPH)

The Committee provided advice on the selection of an gppropriate No-Observed Effect Level (NOEL)
on which to base the Acceptable Dally Intake (ADI) for chlorpyrifos.

Four issues were identified for the Committee to examine and resolve. Firglly, whether the Committee
wished to maintain its current policy on the use of plasma ChE inhibition as atoxicologica endpoint for
certain anticholinesterase pesticides. Secondly, whether plasma ChE inhibition was an appropriae
toxicologica endpoaint for establishing the chlorpyrifos ADI. Thirdly, if the plasma ChE inhibition endpoint
was maintained for chlorpyrifos, whether the NOEL from the human (Coulston et d, 1972) study was
0.01 or 0.03 mg/kg/day, and lastly, what safety factor should be sdected when esimating the
chlorpyrifos ADI.

The Committee acknowledged that the NOEL is based on the depression of plasma ChE activity, and
that the toxicologica sgnificance of this effect remains undear but, neverthdess, maintained the view thet
it isachemicaly induced response that cannot be dismissed. Accordingly, the Committee agreed that
it would be prudent to continue to base ADIs for anticholinesterase pedticides on the mogt sengtive ChE
inhibition endpoint which in the mgority of cases, including chlorpyrifos, is plasma ChE inhibition.

It was agreed that whilst the Coulston study may be inadequate by contemporary standards, its results
were consgdered to be most appropriate for basing the chlorpyrifos ADI, asthe use of aNOEL from
a human study removed the extra uncertainty associated with extrapolating from a NOEL in animals
gudies. The Committee noted thet the satigtical Sgnificance of plasma ChE inhibition a 0.03 mg/kg/day
in humans was conddered to be equivocd and agreed that the ADI should remain unchanged.
Accordingly, the existing chlorpyrifos ADI of 0.003 mg/kg/day was affirmed based on aNOEL of 0.03
mg/kg bw/day and using aten-fold safety factor. It was highlighted thet this vaue is congstent with the
NOELsfor anumber of ChE inhibition endpoints identified in toxicology studiesin animas.

Acute Reference Dose
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To reflect safelacceptable exposure from asingle or short exposure to chlorpyrifas, an acute reference
dose (acute RfD) may be derived using appropriate data. In a human study (Coulston et d, 1972), the
ord adminigration of chlorpyrifos at doses up to 0.1 mg/kg/d for up to 3 days did not result in any
sgnificant inhibition of plasma or erythrocyte cholinesterase activity. The acute RfD based on this sudy
is0.01 mg/kg/d, derived from the NOEL and using a 10-fold safety factor for individud varigbility.

Public exposure

In Audraia, chlorpyrifosis registered for arange of uses, induding use on crops, asatermiticide for use
by licensed Pest Control Operators, and in some home-garden insecticide products. Chlorpyrifos MRLs
have been established in awide range of foods, including fruits and vegetables; the current Austrdian
MRL ligt isoutlined in Chapter 1 of the main assessment document.

Dietary Exposure Considerations

An egtimate of chlorpyrifos intake was derived from the Audtrdian Total Diet Survey (formerly the
Audrdian Market Basket Survey), based on food consumption in Audrdia The estimated consumption
of chlorpyrifos resduesin food varied condderably between surveys. This variability may be a reflection
of changesin use patterns, or of the sampling protocols used in the surveys. In the 1996 survey, the
highest dietary exposure to chlorpyrifos in the groups studied, based on the 95th percentile energy
intake, was 0.0904 ng/kg bw/day in infants aged 9 months, and was estimated to be 3% of the
Acceptable Daily Intake (ADI). The lowest dietary exposure was 0.0311 ng/kg bw/day in girls aged
12, with an intake estimated to be 1% of the ADI. The ADI is derived from toxicologica data obtained
from humans, and using a safety factor to account for inter-individua variation

In 1990, the highest estimated intake was calculated for boys (aged 12 years, approximately 40 kg
bodyweight), with 0.014 pg/kg/day. In 1992 the highest estimated intake was 0.544 pg/kg/day in
children aged 2 years (12.3 kg bodyweight), and in 1994 the highest estimated intake was
0.1584 pg/kg/day, dso in children aged 2 years (12.3 kg bodyweight). In the group with the highest
consumption (children aged two, 1992), the estimated intake accounted for approximately 18% of the
ADI, giving an additiond 5.5-fold safety factor between the ADI and maximum estimated dietary intake,

Non-Dietary Exposure Considerations

Termiticide use: Theissue of potentid public hazard of inhaationd exposure to chlorpyrifos arisng from
its use as atermiticide has been consdered previoudy by the NHMRC Standing Committee on Toxicity
(SCOT). The Committee noted that chlorpyrifos levelsin Austrdian treated buildings did not exceed 1
g/t (approximating to an exposure of 0.2 ny/kg bw/day for a 24-hour period), and that results from
animd toxicology studies indicated awide margin of safety based on this potentid human exposure. The
Committee concluded that “exposure of occupants of dwellings treated ... with chlorpyrifos was not
consdered to pose asgnificant risk”.

Data on indoor air concentrations of chlorpyrifos following a soil barrier trestment againg termitesin the
sub-floor space of seven dwellings have been re-assessed as part of the ECRP review. Mean indoor
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air concentrations did not exceed 1 ng/nT. At thisleve of exposure, it was not considered that there
was a ggnificant public hedlth risk associated with the use of chlorpyrifos as a sub-floor termiticide, and
under-dab treatment with chlorpyrifos would be unlikely to give rise to levels higher than those in sub-
floor sudies.

Based on the estimated daily air intakes in population subgroups (using factors from the Internationa
Programme on Chemica Safety Environmental Hedlth Criteria document #210, 1999), a concentration
of 1 ny/nT equates to amaximum equivaent dose of 0.44 ng/kg bw/d (in 5-11 year olds), equivaent
to gpproximately 14.6% of the Acceptable Dalily Intake (ADI). Intake estimates for other subgroups
were 0.38 ng/kg bw/d in children aged 7 months to 4 years (12.7% of the ADI), 0.36 ng/kg bw/d in
12-19 year olds (12 % of the ADI), 0.32 nmy/kg bw/d in adults aged 20 years and above (10.7% of
the ADI), and 0.28 ng/kg bw/d in infants aged less than 6 months (9.3% of the ADI).

Indoor broadcast use: The public hedlth issues associated with the indoor broadcast use of chlorpyrifos,
including use on floors, furnishings and carpets, has been considered on a number of occasions during
the 1990s by Nationad Hedth and Medical Research Council (NHMRC) Commiittees, including the
Standing Committee on Toxicity (SCOT) and the National Drugs and Poisons Scheduling Committee
(NDPSC), or their predecessors, the Committee on Toxicity (COT) and the Drugs and Poisons
Scheduling Standing Committee (DPSSC). These Committees expressed concerns over the potentia
public hedlth risks associated with such uses. SCOT concluded that chlorpyrifos posed a potentia
human hedlth hazard following indoor gpplication, and advised the DPSSC of its concerns, with the
recommendation that gppropriate |abelling instructions be prescribed for chlorpyrifos products intended
for indoor broadcast application. The DPSSC agreed, as a generd rule, that organophosphorous
pesticides (including chlorpyrifos) should not be available in domestic products for use by householders,
particularly on floor coverings. SCOT aso recommended that, in considering chlorpyrifos products
intended for indoor use, efforts should be made to reduce air and surface levels. Adequate ventilation
should be provided for at least 24 hours after gpplication to ad in the disspation of arborne
chlorpyrifos. Adults should not re-occupy rooms until trested aress are dry and that children should
avoid contact with treated surfaces for 48 hours after application.

The exposure data on broadcast indoor use have been reassessed as part of the ECRP review. It has
been concluded that there is a public hedth issue associated with the indoor broadcast use of
chlorpyrifos, based on the hazard and potentid exposure to chlorpyrifos associated with this use. Inthe
absence of data on the residud concentrations of chlorpyrifos following, such uses should not be
supported.

The TGA has been advised by the NRA that labels on chlorpyrifos products do not currently support
indoor broadcast use. However, consderation should be given by the NRA to review chlorpyrifos
labels, and to amending exigting |abels (where appropriate) to dearly specify that chlorpyrifos products
should not be used for indoor broadcast use.

Pet collars. The toxicity and release properties of flea collars that contain chlorpyrifos was not
consdered specificdly in the ECRP review, but previoudy has been consdered in some detall by the
TGA. It wasfdt that the public hedlth risk assodiated with the use of chlorpyrifos flea collars was minimal
in adults but could be somewhat higher in children. However, based on the following information, it was
consdered that this risk was not significant.
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The active materid isimpregnated in atough plastic resin, making the remova of pieces by biting
extremely difficult, and exposure by this route was not consdered likely.

The absorption of chlorpyrifos through the skinis very low, and thus exposure by the derma route
would not be sgnificant.

A rate-of-release sudy indicated that the maximum release of chlorpyrifos from the collars worn by
cats and dogs was estimated to be 1.1 and 8.6 mg/day, respectively. The data did not indicate any
build-up of chlorpyrifos on the surface of the collar while it was being worn by the animd.

A dose of 8 mg (dog collar) represents gpproximately three hundredths of the median lethal dose
for a 15 kg child; this safety margin is much greater for acat collar.

Chlorpyrifosis not a volatile compound and there is negligible exposure potentia from inhaation.
The sefety directions relating to skin and eye contact are a precaution againgt excessve or ddliberate
skin or eye contact with the very low levels of active ingredient on the surface of the collar.

Based on these earlier considerations, the TGA does not recommend that the NRA make changes to
the regigtration Status of flea collars containing chlorpyrifos.

Other residential uses: The NRA “Guiddinesfor pesticides used by householders’ (Ag Requirements
Series, Part 3, Toxicology, Appendix 3-1) indicate that pesticides for household, home garden or
domestic use should be rdlatively harmless or cgpable of causng only mild illnessif poisoning occurs.
They should not cause irreversible toxicity on repeated exposure, nor require the use of safety/persond
protective equipment that is not readily available to householders. Based on the toxicity of chlorpyrifos,
products containing chlorpyrifos at 50g/L or less are generdly acceptable for use by householdersin
terms of compliance with the NRA guiddines, and to minimise the risk to the public from use of such
products.

The ECRP toxicology assessment has identified that there are a number of emulsfiable concentrate (EC)
and/or liquid concentrate (LC) formulations registered for use in domestic, home garden and/or lawn
areass. Mogt of these formulations contain chlorpyrifos at concentrations between 240 and 500 g/L, and
are available in home garden pack sizes (1 litre or less). The toxicity of these formulations is such that
they do not comply with NRA Guiddines for pesticides used by houscholders. The TGA has
recommended that risk-mitigation messures be made to reduce public hedlth risks from the use of these
products, and such measures might incdlude changes in availability, regigtration satus, labelling information
and or packaging.

Aggregate exposure estimates

An estimate of the highest intake of chlorpyrifos from dietary and resdentia exposuresto chlorpyrifos
resulting from termiticide use has been tabulated below. A number of assumptions have been madein
these estimates, namdy: 1) Termiticide use in Austraia accounts for the highest potential for resdentia
exposure, 2) other resdentia chlorpyrifos uses do not present a significant exposure for the public, and
3) the highest ar concentration from chlorpyrifasin Audrdian residences following termiticide gpplication
was 1ng/nT (see‘ Termiticide use’ section above). The agricultura report prepared as part of the ECRP
review indicated that termiticide use in Audtrdiaaccounted for dmost 30% of the usage of chlorpyrifos,
while turf, home garden and other non-agricultura uses accounted for only 2.4% of chlorpyrifos usage
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in Audrdia

The dietary intake figures from Audtrdian Market Basket Surveys was highest for al age categoriesin
the 1992 survey, where estimates of intakes at the 95" percentile were some 10-fold higher than dietary
intakes in the 1996 survey. [It is not clear whether such differences in intake estimates arose from
differing survey methodologies or sgnificant changes in the agricultural uses of chlorpyrifos in those
years]

Aggregate maximum exposur e estimate for dietary and termiticide uses of chlorpyrifos

Population Group* Dietary exposure Residential Total exposure Percentage
estimate® exposure estimate’ estimate of the ADI®
(termiticide use (ny/kg bw/day)
only)
Adults 049" 0.32 0.81 21%
Children aged 12 years 05* 0.44 094 31%
Toddlers aged 2 years 0.63 0.38 101 A%
Infants aged 9 months 052 0.28 0.80 27%

* Based on groups used in the Australian Market Basket Surveys (AMBYS).

1 Highest intake estimate (95" percentile) from AMBS 1992 in ng/kg bw/day

2 Based on a maximum exposure of 1 ng/nt, and using air intake estimates from IPCS EHC 210, 1999. Population
subgroups are: adults aged 20 years +, children aged 5-11 years, children aged 7 months—4 years, and infants aged
less than 6 months. Expressed asnmg/kg bw/day

3 Expressed as a percentage of the Acceptable Daily Intake (ADI) of 0.003 mg/kg bw/day

4 Females

Basad on the above assumptions and exposure estimates, there are no public hedth concerns associated
with exposure to chlorpyrifos from food residues and indoor air levels following termiticide use.
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TOXICOLOGY MAIN REPORT
1 INTRODUCTION
11 Regulatory History of Health Considerationsin Australia

Chlorpyrifas is a broad-spectrum organophosphorus insecticide that has been used in Audrdiafor over
30 years. The current Acceptable Daily Intake (ADI) for chlorpyrifosis 0.003 mg/kg/d, based on the
no-observed effect level (NOEL) for plasma cholinesterase inhibition of 0.03 mg/kg/d in a human
volunteer study, and using a 10-fold safety factor. The current poisons schedule classification for
chlorpyrifosis Schedule 6, with a cutoff to Schedule 5 when used in preparations at concentrations of
5% or less of chlorpyrifos, when in agueous preparations containing 20 % or less of micrencapsulated
chlorpyrifos, or in controlled release granular preparations containing 10% or less of chlorpyrifos. Potting
or s0il mixes containing 100g per cubic metre or less of chlorpyrifos are exempt from poisons scheduling.

Regulation

In Augrdia, public hedth standards for agricultura and veterinary chemicas, such as the poison
schedule, firgt aid and safety directions and an acceptable daily intake (ADI), are set by the Department
of Hedlth and Aged Care (heresfter called the Department). Poisons schedules are set by the Nationa
Drugs and Poisons Schedule Committee (NDPSC) of the Audraian Hedth Ministers Advisory Council
[formerly the Drugs and Poisons Schedule Committee (DPSC) of the National Hedth and Medica
Research Council (NHMRC)]. Maximum residue limits (MRLS) were formerly established by the
Pedticide and Agricultura Chemicas Standing Committee (PACSC) of the NHMRC. In 1992, the
Department became directly responsible for establishing MRLS, a function subsequently transferred to
the Nationd Regigtration Authority for Agricultura and Veterinary Chemicas (NRA) in June 1994. In
1993 an independent expert committee, the Advisory Committee on Pesticides and Health (ACPH),
was established by the Department to provide advice and peer review on toxicology and public hedth
issues.

An extensive toxicologica database of studies has been submitted and assessed since 1985, with
dearance of the technica grade active congtituent (TGAC) granted in 1990. Chlorpyrifos has been used
asagrain protectant since 1985 and as an under-dab termiticide since 1993.

Other names for the chlorpyrifos compounds are Brodan, DOWCO 179, Eradex, Lorshan, and
Pyrinex. Since mogt of the experimenta work on chlorpyrifoswas carried out in the 1960s and the initia
developmental name was DOWCO 179, most of the early studies use the name DOWCO 179 (97%
chlorpyrifos). Thefirst US regigtration was in September 1965 and a patent was assigned to DOW in
1966 under the trade names of Dursban for domestic use products and Lorsban for agricultura uses.

The chemica has avery wide range of uses. It is used to control insect pests on awide range of food
and feed crops. It is registered for use as a direct application to pets and various meat-producing
animals. It isaso used for trestment of anima quarters, domestic dwellings, storage bins, ornamentals,
lawns and turf, and terrestria structures (termiticide).
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Chlorpyrifos has been formulated with various other insecticides including pyrethrins and pyrethroids,
parathion-methyl, diazinon, dichlorvos and others. The goplications to food/feed crops may be dormant,
delayed dormant, foliar, seed treatments, or direct at-planting soil gpplications.

Toxicity sudies have aso been carried out using TCP (3,5,6-trichloro-2-pyridinol) which is the mgor
metabolite (degradation product) of chlorpyrifos.

Existing Chemicals Review Program

Chlorpyrifosis one of some 80 agricultura and veterinary chemicasidentified as candidates for priority
review under the ECRP. Following data cal-in processes, a number of additional data submissions on
the toxicology of chlorpyrifos have been received from industry and the public. These data, together with
al previoudy submitted data have been evauated and are detailed in the report below.

1.2 International Toxicology Assessments
WHO/FAO

Thetoxicology of chlorpyrifos has been reviewed internationaly by the Joint WHO/FAO Mesting on
Pesticide Residues (IMPR).

The IMPR origindly established the ADI in 1973 at 0.0015 mg/kg bwi/day, based on the NOAEL (no
observed adverse effect level) of 0.015 mg/kg bw/day observed for plasma cholinesterase in ahuman
study. Subsequent statistical andysis of the results of this study by the sponsors indicated a revised
NOAEL for plasma cholinesterase inhibition to be a 0.03 mg/kg bw/day which forms the basis for the
establishment of the current Austrdian ADI.

At the 1982 JMPR the use of plasma cholinesterase inhibition as an end-point for toxicity was
discontinued. The Mesting noted that the NOAELSs for red-cell erythrocyte cholinesterase inhibition
were without sgnificant effects on mortdity, behaviour, food consumption or growth, haematology,
clinical chemidry, urindyss, or gross and microscopic examination of tissues (where determined). As
a consequence, the 1982 IMPR revised its ADI to 0-0.01 mg/kg bw/day based on the NOAEL for
red-cdl| erythrocyte cholinesterase inhibition in the human study.

The IMPR reviewed the toxicology of chlorpyrifosin 1999, and affirmed this ADI on the basis of the
NOAEL of 1 mg/kg bw/day for inhibition of brain cholinesterase activity in sudiesin rats, mice and dogs
using a 100-fold safety factor, and on the NOAEL of 0.1 mg/kg bw/day for inhibition of erythrocyte
cholinesterase activity in the study of human subjects exposed for nine days using a 10-fold safety factor.
The Meeting also dlocated an acute reference dose of 0.1 mg/bw on the basis of the NOAEL of 1
mg/kg bw for inhibition of erythrocyte cholinesterase activity in astudy in which volunteers received a
sangle ora dose of chlorpyrifos and with a safety factor of 10.

USEPA

In June 1997, the USA registrants of chlorpyrifos agreed to implement measures designed to reduce
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household exposure to chlorpyrifos, as part of a negotiated risk reduction plan. This plan involved
deletion of indoor broadcast use, use as an additive to paint, direct application to pets (prays,
shampoos and dips), and indoor total-release foggers.

In addition, the regigtrants have implemented the following measures:

- revised labesfor safer termiticide and pet care products;

- accelerated education and training for pest control operators (PCO's) to reduce risk

- and exposure,

- |abd improvements;

- undertaken epidemiologica research and established a Blue Ribbon Pand to provide scientific
direction for study design for chlorpyrifos, and

- continued the Poison Control Center Stewardship Project (University of Minnesota) for chlorpyrifos
to monitor incident reporting related to chlorpyrifos. This includes follow-up on the identity of
products and the circumstances responsible for exposure.

In October 1999, the US EPA released arevised prdiminary hedlth effects assessment and a priminary
ecologica risk assessment on chlorpyrifos for public comment.

The preliminary hedth effects assessment for chlorpyrifos proposed an acute digtary reference dose
(ARfD) of 0.005 mg/kg/d based on ano-observed adverse effect level (NOAEL) of 0.5 mg/kg/d from
an acute ord rat blood time-course study, and using a 100-fold safety factor. The chronic RfD
(analogous to the ADI) was proposed to be 0.0003 mg/kg bw/d based on an oral NOAEL of 0.03
mg/kg/d from a 2-year dog study, and using a 100-fold safety factor.

These figures are consderably lower than the corresponding va ues recommended in the ECRP report,
due in part to the US EPA decison not to use the available human sudies to derive these digtary intake
standards.

In June 2000, the EPA released its revised risk assessment document for chlorpyrifos. In this revised
assessment, the Agency decided to use an additional 10x safety factor due to concerns for increased
sengitivity of infants and children, as part of their Food Qudlity Protection Act (FQPA) evauation
(insteed of the aditiond 3-fold factor used in their 1999 assessment). As a result, the chronic RfD
remains a 0.0003 mg/kg bw/d and the acute RfD remains at 0.005 mg/kg bw/d, each based on
NOAELsfrom animd studies and using a 100x safety factor for inter-species extrgpolation and intra-
species variability. However, the chronic Population Adjusted Dose (cCPAD) for infants, children and
women aged 13-50 years is 0.00003 mg/kg bw/day, and the acute PAD (aPAD) is 0.0005 mg/kg
bwi/d, as aresult of this additional FQPA safety factor.

To reduce the risks from chlorpyrifos, the registrants in the USA have negotiated with the EPA and are
withdrawing most resdential and recregtiond uses of chlorpyrifos, and a number of changes in
agricultura usage are being modified or removed to mitigate acute dietary risk concerns.

Other countries

In the United Kingdom, the Advisory Committee on Pegticides (ACP) considered the human hedlth
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review of chlorpyrifosin July 2000. The Committee recommended that agricultura uses of chlorpyrifos
should continue whilst the following data were obtained: Information on the pattern of usage and work
rates for both contractor and farm operators, and a four-week dog study measuring cholinesterase in
peripherd tissues aswell asin erythrocytes and the brain.

The Committee recommended that off-label gpprova for use as a bulb dip should be revoked unless
a suitable protocol for an operator exposure study was provided within 8 weeks and that the amateur
home-garden uses of chlorpyrifos should be revoked because sufficient data on the exposures of users
had not been provided. The revocation would be to norma Pesticide Safety Directorate (PSD)
timescales. The uses of chlorpyrifos that are regulated by the Hedlth and Safety Executive (HSE) will
be examined at a later date.

The European Union (EU) sdected chlorpyrifos as one of about 90 compounds to be reviewed on a
priority bassin 1994. Spain is the rapporteur country for this assessment, but it is not
clear when the EU review will become available.

1.3 Chemistry

Chemicd Name: 0,0-diethyl-0-3,5,6-trichloro - 2-pyridyl phosphorothioate (IUPAC)

0,0-diethyl 0-(3,5,6-trichloro-2-pyridinyl) phosphorothioate (CA)

Common Name: chlorpyrifos

Trade Names: Dursban FM, Dursban R, Durshan XP, Dursban FE
CASNo: 2921-88-2
Structura Formula:
Cl Cl
S =
CH4CH,0 ||
P N
CH3CH20/ \O N Cl
Empl ricad Formula C9H11C|3N OsPS
Molecular Weight: 350.6
Physca Stae White crysdline solid
Odour: Mild mercaptan
Water Solubility: 0.000129/100g
MP 42-43.5°C
VP 2.7 mPa (1.87 x 10° mm Hg) (25°C)
Kow 50000-129000
Solubility mg/L (25°C):  water: 1.4
benzene: 7900
acetone: 6500
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chloroform: 6300
carbon disulfide: 5900
diethyl ether: 5100
xylene: 5000
isooctanol: 790
methanol: 450
Dengty: 14 g/cm3at 43°C.
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2. METABOLISM AND TOXICOKINETICS

Studies reviewed in this section include investigations of 3,5,6-trichloro-2-pyridinol (3,5,6-TCP) which
is the mgor metabolite and degradation product of chlorpyrifos, chlorpyrifos-methyl and triclopyr.

A generdised metabolic pathway for chlorpyrifosis shown below.

M etabolism of Chlorpyrifos

a = cl
CH 3CH 20 Kﬁ |
P~ S H'O C2Hs
CH 3CH 20 o N a
chlorpyrifos 3
S
1 cl Cl
/
or all |
=P~ =~
CH 3CH 20 o N a

2 ethyl O-3,5,6-trichloro-2-pyridyl phosphate

CH 3CH 20 o N cl
chlorpyrifos oxon

a = al
CH 3CH 20 >I|\ ~ | \

CH 3CH 20 Qﬁ
P

L 4
CH 3CH 20 OH

4 diethyl thiophosphate
\/
CH 3CH 20 Q(ﬂ d = d
=P~ |
CH 3CH 20 OH o
. HO N a
diethyl phosphate 3,5,6-trichloro-2-pyridinol

Overview

Introduction: Chlorpyrifos, like many of the most commonly used organophosphorus (OP) insecticides
Is a phosphorothionate, and as such, is a relaively weak anticholinesterase. Phosphorothionate
insecticides are bioactivated by the microsoma cytochrome P-450 system(s) within the bodies of
vertebrates and insects to their active oxon (phosphate ester) metabolite, which are about three orders
of magnitude more potent as anticholinesterases. The bulk of biocactivation takes placein the liver, while
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detoxification takes place in the liver and plasma. TCP has inggnificant anti-cholinesterase activity and
IS not regarded as toxicologicaly sgnificant, whereas chlorpyrifos oxon is a potent cholinesterase
inhibitor.

Absorption, Digtribution, Metabolism: A fourth of the cardiac output passes through the liver (Cahdan
& Mangano, 1982), which, combined with the high activities of hepatic biotransformation enzymes,
ensures the primacy of the liver as the mgjor controller of the systemic leve of chlorpyrifos and other
toxicants. In ora exposures, essentialy dl of the dose passes through the liver before entering the
systemic circulation (Nakatsugawa, 1992). Chlorpyrifos molecules are mostly bound to macromolecules
in the blood and as the blood enters the liver there is an equilibrium established between the free and
bound molecules in the blood and in the parenchyma liver cdls. Extrgpolaing from Nakatsugawa
(1992), it is estimated that the chlorpyrifos molecules may have up to 4 min of interaction with the
hepatocytes before reaching the centrilobular vein. An incoming dose may well be totaly consumed by
biotransformation processes before leaving the liver circulation, as the chlorpyrifos oxon generated by
the activation pathway israpidly sequestered by the hepatic diesterases. It is when the doseis sufficiently
high to dlow chlorpyrifos or its oxon to gppear in the post-hepatic circulaion that toxicity symptoms first
aopear. Recent work in perfused rat liver has found thet chlorpyrifos oxon may exit the liver in sufficient
quantity to reach important extra-hepatic stes (Sultatos, 1991). Other routes of adminigiration may lead
to systemic circulation of chlorpyrifos and its bioactivation in a variety of target tissues.

Chlorpyrifosis rapidly metabolised by mixed function oxidases to the highly reactive chlorpyrifos oxon
via oxidative desulphuration (step 1). The oxidative metabolism involving concurrent activation and a
degradation via a common intermediate, appears to be a generd scheme for P=S esters (Nakatsugawa
et d, 1968; Wolcott et d, 1972; Yang et d, 1971). The oxidative desulfuration is believed to proceed
via an dectrophilic phogphooxathiiran intermediate (Kamataki et d, 1976). This reactive intermediate
can "suiciddly” inactivate cytochrome P450 and possibly, covaently bind to other tissue nucleophiles.
(Halpert & Ned, 1980). The degradation step is conversion directly to TCP and diethyl thiophosphate
(step 2). The highly reactive oxon can be deactivated by hydrolyss of the oxon to diethylphosphate and
3,5,6-trichlorophenal (step 4) (Ma& Chambers, 1994; Sultatos & Murphy, 1983). A minor reaction
pathway is hydrolysis to monethyl 3,5,6-trichloro-2-pyridinol phosphorothioate (step 3).

Hydrolyssisthe most important route of detoxification of organophosphorus esters. Hydrolytic esterases
are digributed ubiquitoudy in the blood and tissues of virtudly al organisms, and catdyse the hydrolyss
of avaiety of esersinduding organophosphorus esters, but have little activity on the OP itsdlf. Edterases
which interact with OPs have been characterised as A- or B-esterases according to their sengtivity to
inhibition by organophosphorus compounds. Plasma and tissues of mammals have sgnificant levels of
the calcium activated A-esterases, arylesterase (EC 3.1.1.2) and the high dengity lipoprotein associated
paroxonase (EC 3.1.8.1), which are not inhibited by the substrate. The B-esterases, including
diesterases (EC 3.1.1.1) (also cdled carboxylesterases) and cholinesterases (eg. butyryl cholinesterase
BuChE, EC 3.1.1.8) areinhibited by OP substrates such as chlorpyrifas oxon, and while binding them,
will not hydrolyse them (Derdlanko & Hollinger, 1995).

In human serum, BUChE is the predominant cholinesterase (>99%), while in the rat there is an
gpproximately equd distribution of AChE and BuChE (Wilson et d; 1995 cited in Nolan, 1997).
Detoxification via these enzymes is via the sequestration of OPs by binding or phosphorylation to/by
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blood proteins, such as abumin, serum ChE (BUChE ), or erythrocyte (RBC) acetyl cholinesterase,
which stoichiometrically degrades them (Aldridge, 1953). Such protein bound organophosphorus esters
are secreted into the bile. The RBC AChE (EC 3.1.1.7) issmilar to the AChE in nervous systems and
can bind and sequester, or hydrolyse OPs. The enzyme activities tributable to A-esterases, B-esterases
and cholinesterases vary widdy within populaions, and are influenced by genetic and environmentd
factors and disease tates (Derelanko & Hollinger, 1995).

Excretion: Chlorpyrifosisrapidly ceared from the tissues and diminated primarily in the urine as TCP
and its glucuronide. These hydrolytic products are much more soluble than chlorpyrifos and are repidly
eliminated; this supports the observed low biocaccumulative ability of the parent compound and its
products. Ora doses have plasma clearance haf-lives of <24hinrats.

Foecies and sex differences. Rabhits have serum levels of paraoxonase some 40 times greater than the
rat and a substantially higher LD50 (2000 mg/kg vs 118-245 mg/kg) following equivaent dosing with
chlorpyrifos (McColligter e d., 1974). Mot avians including hens have reatively low levels of A-
esterases, and a concomitant lower LD50 (15 mg/kg) for chlorpyrifos (Capodicasa et a., 1991).
Humans have a mean vaue of serum chlorpyrifos oxonase activity 10 times that of rat serum (Furlong
et a., 1989).

In humans, a subgirate dependent polymorphism of serum paraoxonase is observed, where oneisoform
of paraoxonase has a high turnover number for paraoxon and the other alow turnover number (Furlong
et d, 1989; Smolen et d., 1991). The polymorphism is aso observed with the oxons of methyl
parathion, chlothion, and EPN. However both isoforms appear to hydrolyse chlorpyrifos-oxon and
phenylacetate a the same rate. Cloning and sequencing of the human paraoxonase cDNAS has
elucidated the molecular basis of the polymorphism; arginine a podtion 192 determines high
paraoxonase activity, and glutamine &t this position, low paraoxonase activity (Humbert et &, 1993). In
addition to this polymorphism, a 13-fold variation in serum enzyme levels within a given gendtic dassis
seen in humans (Furlong et d, 1989).

Toxicity and Anticholinesterase Activity: The mgor determinant of OP toxicity appears to be the
sengtivity of AChE to inhibition by the active compounds or their metabolites, such that thereisagenerd
correation between the inhibition of AChE and species sensitivity to the toxic effects of OPs. The
inhibitor binds with a serine residue of AChE to form areversble complex. The ensuing phosphorylation
of the enzyme occurs rapidly and isfollowed either by rapid hydrolysis and dephosphorylation, which
restores the intact enzyme, or "ageing” of the phosphorylated site by O-dealkylation, which markedly
inhibits this reactivating hydrolyss (Wallace, 1992). The balance between reactivation and ageing isan
important determinant of species and individua sengtivity to OPs.

Chlorpyrifos is only moderately toxic when compared to some other phosphorothionates such as
parathion. This may relate to the hydrolytic detoxification of the oxon by A-esterases such as
paraoxonase such that high serum levels of paraoxonase may be protective againg poisoning by those
organophosphorus insecticides whose active metabolites are paraoxonase substrates (LaDu and
Eckerson, 1984; Omenn, 1987; Geldmacher-von Mallinckrodt and Diepgen, 1988). This has been
directly demondrated in rats, where injection with purified paraoxonase prior to dosing with chlorpyrifos
oxon greatly reduced brain AChE inhibition in these animals compared to controls (Cogtaet ., 1990).
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Initid work has corrdated the ord LD50 vaues of chlorpyrifosin rats with the activation rates measured
in brain rather than liver (Chambers, 1992), which suggests that local biotransformation in target tissues
may be an important determinant of the toxicity profile. However, amore recent review by Chambers
& Car (1995) compared published LD50 or LCS0 levels for a variety of insecticides in severa
vertebrate species. Studies in rats indicated that brain AChE sengtivity to inhibition by various
phosphorathionate oxons did not correate with acute toxicity levels. Chlorpyrifos oxon has a grester
affinity for rat brain AChE than paraoxon (Ises of 4.0 and 22.5 nM respectively), but alower LD50. This
data is however conggent with the greater affinity (Is,s 0.75 nM) of chlorpyrifos oxon for plasma
diegterases than for rat brain AChE, indicating that aiesterases provide protection against chlorpyrifos
oxon.

Further work by Chambers and Carr (1995) indicated a more prolonged inhibition of esterases following
chlorpyrifos exposure when compared to parathion. This fact was attributed to the high lipophilicity of
chlorpyrifos compared to parathion (Hexaneacetonitrile partition coefficients 0.285 and 0.062
respectively), and the assumption that a substantid fraction of the chlorpyrifos dose would have been
sequestered by fat, and released gradualy for later bioactivation. Studies of hepatic microsoma
metabolism of parathion and chlorpyrifos indicated that desulfuration of parathion was favoured over
dearylaion (activation vs deactivation), whereas the reverse was seen for chlorpyrifos (Ma & Chambers,
1994). However, in the channd catfish, the acetylcholinesterase sengttivity to oxon inhibition reflects the
acute toxicity leve of these same insecticides, and may be largdly responsible for determining the acute
toxicity leve in this species. Thus, metabolism of insecticides gppears to be far more influentid in some
gpecies than others in determining the toxicity dicited.

21 Rat

Smith GN, Watson BS & Fischer FS (1967) I nvestigations on Dur shan insecticide. M etabolism
of [*CI] 0,0-diethyl O-3,5,6-trichloro-2-pyridyl phosphorothiatein rats. Agric Food Chem 15:
132-138, 1967.

Mae Wistar rats (ca. 4 months old, bw. 200 g) were given single oral doses of *Cl-chlorpyrifos (activity
0.029 mCi/mmole, labelled at the 3- and 5-position) by stomach tube. Chlorpyrifos was dissolved in
refined corn ail to give a solution containing approximatey 10 mg/ml of the labdlled insecticide. Each
animd was given 1 ml of the corn oil solution. At varioustimeintervas (4, 24, 48, 96, 168, 240 h podt-
dosing), the animals were sacrificed in groups of two and the blood and tissues analysed.

Results

Initialy (at 4 h) liver and kidney had the highest leve of radioactivity (respectively ca 0.069 and 0.092
mmoles radioactive compound/kg of tissue). Other organs to show measurable amounts of radioactivity
were (in ppm in descending order of concentration) lung (0.041), fat (0.032), heart (0.029), skin
(0.024), spleen (0.021), testes (0.016), bone (0.010) and muscle (0.009). At 72 h post-dosing, fat
tissue contained the highest level of radioactivity (0.005), which was approximately 3 times the kidney
and 4 timesthe liver concentrations at thet time. The biologicd hdf-life in fat was the longest (62 h) for
al thetissues sudied, with liver, kidney and muscle showing haf-lives for radioactivity of 10, 12 and 16
h, respectivdy. The mgority of the activity was diminated in the urine (90%) and faeces (10%) indicating
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that the compound was readily absorbed from the gastrointestind tract. Data indicates that three
compounds were present in the urine and faeces. 3,5,6-TCP phosphate (75-80% of the recovered
radiolabdl), 3,5,6-TCP (about 20-25%) and chlorpyrifos (trace quantities).

Branson DR & Litchfield NH (1971a) Absorption, excretion and distribution of O, O-diethyl
0-3,5,6-trichloro-(2, 6-C'*)-2-pyridyl phosphorothioate in rats. Dow Chemical USA. Report
No.: NBA-9. Report dated April 23, 1971 [Dow; Submission 939 (1988) Part 4, pps 4.24-4.35.
Dow; Submission 238 (1987) Part 4, pps 4.29-4.39]

Two mae Sprague-Dawley rats (bw. 200 g) were given Sngle ord (slomach tube) doses of ring-labelled
0,0-diethyl 0-3,5,6 (2,6- 1*C)-trichloro- 2-pyridyl phosphorothioate (chlorpyrifes), administered in 0.3 m
(19 mg/kg) of corn oil. Samplesof blood (1, 3,5, 7, 9, 11, 13, 24, 48, 72 hrs), urine (13, 24, 48, 72
h) and faeces (24, 48, 72 h) were collected at intervas (indicated above) after treatment commenced.
The CO, in respired air was collected daily. At necropsy, selected tissues and the carcass were andysed
for radioactivity by the acid combustion method for total combustible *CO..

Results

The andyses of diminated radioactivity were reported as equivdents of the radiolabelled parent
compound and not as metabolites. The total radioactivity recovered was 85-89% of the administered
dose. Radioactivity peaked inthe blood a 3 h (3% of tota dose) and declined steadily to 24 h. By 72
h, 83-87% of the totd radioactive dose had been diminated, mainly in the urine (68-70%, mainly TCP),
faeces (14-15%) and respired air (0.15-0.39%). Residues a 72 h were ca. 1.7%. These 72 h tissue
resdues were low (lessthan 1 ppm) especidly in brain (0.007 ppm) and highest in the fat (0.75 ppm).

Nolan RJ, Streeter CM & Kastl PE (1986) Chlorpyrifos. Absorption by female Fischer 344
rats exposed for 6 hoursto vapours of chlorpyrifosin a nose-only or a whole-body inhalation
chamber. Dow Chemical Company. Laboratory Report Code HET K-044793-82, dated 12
November, 1986.

Segment 1: In thefirgt ssgment of this study, four groups of femae Fischer 344 rats (four/group; Charles
River Breeding Laboratories, USA; 6-8 weeks of age prior to laboratory acclimatisation) were used.
Two groups were administered single doses of chlorpyrifos (Dow Chemica Company, USA; purity
100%; batch not stated) viaord gavage, at doses of 0.084 or 4.48 mg/kg body weight. Prior to dosing,
the chlorpyrifos was dissolved in USP corn ail to produce concentrations of 0.045 and 2.31 mg
chlorpyrifos'ml, and a dosage volume of 2 mi/kg body weight was used. The remaining two groups of
rais were exposed to chlorpyrifos by inhdation for dx hours, ether by whole-body
(6.6 ppb/94.5 pug/nt) or by nose-only (23.5 ppb/338ug/nT) exposure. The nose-only exposures were
conducted in a commercialy-supplied gpparatus, while the whole body exposures were conducted in
a1 n7 stainless-stedl/glass chamber. Animals were placed in metabolism cages following exposure, and
urine was collected for 48 h pogt-treatment for analysis.

Segment 2: A group of four female rats was exposed for six hours to 14 ppb chlorpyrifos (202 pg/nt)
in anose-only exposure chamber. A second group of four femae rats was given asingle ord gavage
dose of *C-chlorpyrifos at adose of 0.93 mg/kg body weight, using adose volume of 2 mi/kg of acorn
oil solution containing 0.50 mg and 10.2 uCi of radiolabelled chlorpyrifos. Animas were placed in glass
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metabolism cages after treatment, and urine, faeces and cage wash was collected for 48 h for analyss.
Results

No dinica Sgnsof intoxication were observed during the study. Following the oral adminigration of non-
radiolabdled chlorpyrifosto femderatsin Segment 1 of this study, the mean recovery of 3,5,6-trichloro-
2-pyridinal (3,5,6-TCP) from the urine after 48 h ranged from 29% of the administered dose of test
materid when 0.084 mg/kg chlorpyrifos was administered, to 33% of the administered dose when 4.48
mg/kg of chlorpyrifos was administered. The intra-group variation was considerable at the lower dose,
and metabolite recovery for individuad animas ranged from 15-46% of the administered dose. In
Segment 2 of the study, the recovery of radiolabel from the urine was 79% of the administered dose
following ord administration. The total combined recovery of radiolabel from urine, faeces, and cage-
wash was 99.8% of the administered oral dose.

Andyss of urine from rats exposed to chlorpyrifosin Segment 1 of the study indicated that the average
urinary excretion of 3,5,6-TCP following the whole-body and nose-only inhal ation exposures was 3.86
and 10.3 ug of the metabolite, respectively, which are equivaent to 0.58 and 0.48 g of 3,5,6-TCP per
ppb of chlorpyrifos in air, on an exposure-adjusted basis. For the Segment 2 nose-only exposure,
urinary excretion was 3.85 ug of 3,5,6-TCP, or 0.28 ug of 3,5,6-TCP per ppb of chlorpyrifosin air,
on an exposure-adjusted basis.

Whole-body exposed rats (Segment 1) excreted smilar amounts of 3,5,6-TCP in ther urine
(approximately 3.85 pg) when compared to nose-only exposed rats (Segment 2), but the whole-body
exposed animals were exposad to half the chlorpyrifos concentration (6.6 ppb vs 14.0 ppb). The whole-
body-expased rats absorbed more chlorpyrifas than would be expected to occur by the inhaation route
aone. Grooming activity by rats probably contributed to the larger ord intake of chlorpyrifosin animas
exposed in whole-body chambers.

Branson DR & Litchfidld NH (1970) Compar ative absor ption, dimination and distribution of
DOWCO 179, its methyl analog DOWCO 214 and their major metaboalite, 3,5,6-trichloro-2-
pyridinol. Dow Chemical USA, CRI No.: 70 4479. Report dated 30 September, 1970. [Dow;
Submission 939 (1988) Part 4, 4.11-4.23]

Branson DR & Litchfied NH (1971b) Absor ption, excretion and distribution of 3,5,6-trichloro-
2, 6-C*-2-pyridinol in rats. Dow Chemical USA. Report No.: NBA-10. Report dated April 23,
1971 [Dow; Submission 939 (1988) Part 4, pps 4.24-4.35. Dow; Submission 238 (1987) Part 4,
pps 4.40-4.51]

In this study, **C-ring labelled chemicals were administered orally to rats, and the radioactivity in each
st of samples was used to compare the relative rates of absorption, and the proportion of the dose
eliminated and retained as aresidue, as well as the digtribution of the resdue in selected tissues. The
labelled chemicds were chlorpyrifos (0,0-diethyl 0-3,5,6-trichloro-2-pyridyl phosphorothioate or
DOWCO 179), methyl chlorpyrifos (0,0-dimethyl 0-3,5,6-trichloro-2-pyridyl phosphorothioate or
DOWCO 214) and the common metabolite of these compounds, 3,5,6-trichloro-2-pyridinol or 3,5,6-
TCP.
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L abelled *C-3,5,6-TCP (specific activity 10.2 mCi/mmole, purity >99%) was used to synthesise both
the chlorpyrifos and methyl chlorpyrifos used in these tests. The test compounds were administered in
corn ail (0.3 ml gavage doses) to groups of 2 mae Sprague-Dawley rats as single ord doses which
amounted to atotal dose of 3.8 mg for chlorpyrifos, 3.2 mg for methyl chlorpyrifos and 1.4 mg for
1C-3,5,6-TCP. After dosing, the pre-acclimatised rats were placed in metabolism cages for 72 h to
enable separate collection of urine, faeces and expired air. Tail-tip blood samplesweretaken at 1, 3,
5,7,9,11, 13, 24, 48 and 72 h post treatment. Expired air CO, and faeca sampleswere collected at
24-h intervas, while urine samples were collected at 13, 24, 48 and 72 h post treatment. At 72 h, the
rats were necropsied and radioactivity determined in brain, heart, lungs, digphragm, scomach, intestines,
spleen, liver, kidneys, adrends, testes, fat, thymus, bone, muscle, skin and carcass. Skin radioactivity
was gpportioned by measurement into the dermal, subcutaneous fat and hair compartments.

Results

The blood-level peaks for 3,5,6-TCP, chlorpyrifos and methyl chlorpyrifos occurred at 1, 3and 6 h
respectively. At 72 h, most of the radioactivity in the blood was associated with the serum rather than
the erythrocytes. Urinary metaboalites of 3,5,6-TCP, chlorpyrifos and methyl chlorpyrifos were dmost
exclusvey 3,5,6-TCP. The biologicd half-life of each chemica was estimated as between 8-17 h.
Residue levels were uniformly low in the brain. The highest resdue levels occurred in the bone and
intestine following 3,5,6-TCP adminigration, in fat and intestine following chlorpyrifos adminigtration,
and in bone, fat and carcass following methyl chlorpyrifos adminigtretion. Generdly, the resdue levels
of methyl chlorpyrifos were lower than the chlorpyrifos levels.

Chlorpyrifos and derivatives: elimination and residuesin therat

Chlorpyrifos M ethyl chlorpyrifos 3,5,6-TCP
Total dose (mg) 3.8 32 14
total eliminated at 72 h 83-87% 90-94% 77-81%
eliminated as urine 68-70% 83-85% 73-76%
eliminated as faeces 14-15% 7-9% 6-7%
eliminated as CO, 0.14-0.89% 0.23-0.43% 0.34-0.63%
maximum residue remaining a 72 h 1.7% 1.0% 1.8%

Adminigtration of asingle ord dose of **C- chlorpyrifos, 3,5,6-TCP, or methyl chlorpyrifos did not
indicate accumulation of these compoundsin rat tissues.

Nolan RJ, DryzgaMD, Landenberger BD & Kastl PE (1987) Chlorpyrifos Tissuedistribution
and metabolism of orally administered **C labelled chlorpyrifosin Fischer 344. Dow Chemical
Company. Laboratory Report Code HET K-044793-(76), dated 23 December, 1987.

An expert panel convened by the Sponsor Company reviewed this study. The report of that expert
panel is reproduced here, with minimal alteration.

Groups of 5 Fischer 344 rats/sex (food withdrawn for 14-18 h pre-dosing) were administered

¥C-labelled chlorpyrifos (>99% radiochemical purity) asasingle ora dose of 0.5 or 25 mg/kg, or as
15 consecutive daily doses of 0.5 mg/kg/d of unlabelled chlorpyrifos, followed on day 16 by 0.5 mg
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¥C-chlorpyrifos’kg. Urine and faeces were collected post dosing for 3 days from males, and for 6 days
from femaes. Rats were sacrificed after collection of excretawas completed and radiolabd levels were
measured in the bone, brain, perirend fat, gonads, heart, kidney, liver, lung, blood, skeletd muscle,
gpleen, skin and carcass.

Radioactivity recovery was 96.8-98.5% of the administered dose, mainly in the urine (83.9-91.7% of
administered dose), with 5.5-11.5% in faeces. At sacrifice, 0.01% of the 0.5 mg/kg dose (single or
repeated doses, both sexes) and 0.2% of the 25 mg/kg dose remained in the tissues or the carcass.

The only difference in dimination of radioactivity, regardless of sex or dosage, was a dight increase (6-
7%) in urinary excretion from multiple doses as compared to a single dose a the 0.5 mg/kg/d dose levd.

Tissue residues of radioactivity occurred in perirend fat of dl test group maes (£0.14% of administered
dose/g) and in liver of males and in the ovaries and fat of femaes administered 25 mg/kg bw. In dl other
tissues residues were not detected in sufficient quantities to be quantified (£0.01% dose/g).

During the 3-day post-exposure period after single and multiple dosss of 0.5 mg/kg, the half-life for *4C
excretion was 8-9 h compared to 12.4 h for males and 23.2 h for femaes at 25 mg/kg. These
discrepancies probably reflect differences in absorption rates, since there were no indicators of saturetion
kinetics (eg. dose-dependent changes in metabolites or in routes of excretion). Females continued to
excrete 1.2-1.4% of the 0.5 mg/kg dose and 4.7% of the 25 mg/kg dose over the 3-6 day post-dosing
period. Most radioactivity excretion (both sexes) occurred in the 24 post-dosing period, the lower dose
being more rapidly excreted.

Andyssof urine for metabolitesfailed to reved any unchanged chlorpyrifos. The mgor metabolites were
3,5,6-trichloro-pyridinol (12%), its glucuronide conjugeate (80%) and tentatively, a sulphate conjugate.

2.2 Poultry

Dishburger HJ, McKellar RL & Wetters JH (1972) Residues of chlorpyrifos and 3,5,6-
trichloro-2-pyridinal in tissues and eggs from chickensfed chlorpyrifos. The Dow Chemical Co.
Report No. GH-C 555, dated May 31, 1972 [ Dow; submission 939, November 1988, part 4,
vol 1, pp 4.250-4.284. Dow; Submission 238 (1987) Part 4, 4.408-4.442]

Laying hens (Hyline) were divided into 8 groups of 36 birds each. The hens were fed chlorpyrifos (Lot
CP523-CD235C, 97.2% pure) a 0, 0, 0.3, 1, 3 10, 10 and 10 ppm in their diet for 30 days, a which
time al the hensin the two control groups and 24 hens from each of the dose groups were sacrificed.
Two groups fed 10 ppm for 30 days were sacrificed after 7 and 21 days on untrested diet. For residue
andyss, eggs were collected from twelve hens fed treated diet for atota of 45 days a each dose levd.
Residues of chlorpyrifos and 3,5,6-trichloro-2-pyridinol were measured in the eggs and samples of
muscle (with fat and skin), liver, kidney and peritoned fat from al sacrificed hens by gas
chromatographic methods, with a validated lower level of sengtivity of 0.01 ppm for chlorpyrifos and
0.05 ppm for 3,5,6-trichloro-2-pyridinol. The efficiency of the extraction method was determined from
spiked samples of both residues. The extraction procedure showed average recoveries of >83% and
tissue vaues were corrected for this efficiency. None of the animas displayed dinica signs of toxicity
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during the treatment period.

Chlorpyrifos resdues were not detected in any tissue except fat, where the levels were <0.1, 0.03 ppm
and non-detectable, at feed levels of 3 ppm, 10 ppm and 10 ppm plus 7 days recovery, respectively.
3,5,6-TCP residues were recorded in liver (0.15 ppm) and kidney (0.33 ppm) a the 10 ppm feed-leve;
again, there were no residues detectable at 7 days withdrawa. The only residues recorded in eggs
(<0.05 ppm) were seen at 10 ppm in the feed.

McKdlar RL & Dishburger HJ (1974) Deter mination of resdues of 3,5,6-trichloro-2-pyridinol
in tissues of cattle, swine, chicken and eggs following alkaline hydrolysis. The Dow Chemical
Co. Report No. GH-C 733, dated April 2, 1974 [Dow; submission 939, November 1988, part
4, vol 1, pp 4.285-4.298. Dow; submission 238, part 4 vol 1, pp 4.394-4.407]

Residues of chlorpyrifos and 3,5,6-TCP were determined in muscle, liver, kidney and fat of cattle,
swine, chicken and eggs both with and without dkaline hydrolysis during the extraction procedures. The
data showed no sgnificant increase in resdues of chlorpyrifos or 3,5,6-TCP after dkaline hydrolyss.
It was concluded that chlorpyrifos and 3,5,6-TCP were not bound in animd tissues, and that the
gtandard methanol extraction method was sufficient to remove dl residues from tissues for analyss.

The results reported by the authors of this study on extraction technique are reproduced without
alteration, and no detailed evaluation was reported.

2.3 Goat

Glas RD (1981a) The metabolic fate of “*C-chlorpyrifos fed to lactating goats. The Dow
Chemical Co. Study No.: GH-C 1408; dated February 12, 1981. [Dow; submission 238, part
4,vol 1, pp 4.127- 4.176]

Two goats were fed *C-ring labelled (positions 2 and 6) chlorpyrifos ordly by capsule for 10 days. The
doses were administered twice dally at a level equivaent to 15 to 19 ppm in the feed. Recovery of
administered radioactivity averaged 85.6%. The mgority (80.3%) of the total *“C activity was recovered
in the urine with smdler amounts in faeces (3.6%), gut (0.9%), tissues (0.8%), and milk (0.1%).

Andysis of the urine showed that most of the radioactivity was excreted as the (3-glucuronide conjugate
of 3,5,6-trichloro-2-pyridinol with smdler amounts of free 3,5,6-trichloro-2-pyridinol and a minor
component tentatively identified as S-ethyl 0-(3,5,6-trichloro-2-pyridyl) phosphorothioic acid.

Andysis of the fat showed approximately 75% of the *C activity to be chlorpyrifos (0.12 ppm) with
mogt of the remaining **C activity hydrolysable to 3,5,6-TCP

Liver and kidney tissues showed 3,5,6-trichloro-2-pyridinol to be the magjor metabolic product with
minor amounts of chlorpyrifos and very low leves of unidentified metabolites. Greater than 94% of the
Y¥C-labelled residue in these tissues could be hydrolysed to 3,5,6-trichloro-2-pyridinol. No evidence
was found of any metabolites with dterations in the pyridinol ring.

The results presented by the authors of this study in this summary report have been verified as
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accurate, and the report was reproduced with only minor alterations. No detailed evaluation was
reported.

GlasRD (1981b) I dentification of **C-labelled residuesin milk from goatsfed **C-chlorpyrifos.
The Dow Chemical Co. Study No.: GH-C 1470; dated October 9,1981. [Dow; Submission 238,
part 4,vol 1, pp 4.177- 4.190]

Two goats were fed **C-ring labelled chlorpyrifos oraly via capsule for 10 days. The doses were
adminigtered, after milking, twice dally at alevel equivaent to 16 to 21 ppm in the feed. Recovery of
administered radioactivity averaged 85.6%. Very little **C activity was recovered in milk (0.05 to
0.14%); larger amounts were recovered in tissues (0.8%), gut (0.9%), and faeces (3.6%), with the
majority of the radioactivity in urine (80.3%).

Residues of **C-labelled materidsin milk were low, averaging <0.03 ppm (0.002 to 0.046 ppm) over
the course of the feeding study. Andyss of sdected milk samples showed greater than two thirds of the
YC activity to be chlorpyrifos. The balance of the activity was shown to be 3,5,6-trichloro-2-pyridinol
or materids hydrolysable to 3,5,6-trichloro-2-pyridinol. No evidence was found of any metabolises with
dteraionsin the pyridinal ring.

The results presented by the authors of this study in this summary report have been verified as
accurate, and the report was reproduced with only minor alterations. No detailed evaluation was
reported.

2.4 Pigs

Bauriededd WR & Miller JH (1981). The metabolic fate of the sodium salt of **C-labelled 3,5,6-
trichloro-2-pyridinal orally administered to swine. The Dow Chemical Co. Report no: GH-C
1427, dated April 27, 1981. [Dow; submission 939, November 1988, part 4 vol 1, pp 4.151-
4.204]

Twelve weanling pigs of mixed sex were given daily ora doses of the sodium sdlt of **C-labelled 3,5,6-
trichloro-2-pyridinol for 7 days at the equivalent rate of 75 ppm in the total diet. On the fina day of
trestment, urine samples were collected from the Sx mae animds. The animas were sacrificed in groups
of three and tissues were obtained for analysis at withdrawd periodsof 8 h, and 1, 3 and 7 days. Urine
and tissue samples were examined for total **C activity and identification of the **C-labelled residues.

Results

The principa urinary excretion product was 3,5,6-trichloro-2-pyridinol, accompanied by asmdl amount
of apolar metabolite characterised as the glucuronide conjugate of the pyridinol. The liver and kidney
contained the highest initid resdues, and the liver exhibited the dowest rate of clearance. The
¥C-containing residue in the liver, kidney, skeletd muscle, heart muscle and fat tissues consisted
primarily of 3,5,6-trichloro-2-pyridinol. These residues decreased rapidly after withdrawd, fdling to
below 0.1 ppm sodium 3,5,6-trichloro-2-pyridinate equivadent by 3 days. The liver tissue contained the
highest residue at the later time periods.
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Comment: The above study summary was provided by the registrant; it is in accord with the
reported data and was presented with only minor changes.

McKeélar RL, Wetters JH & Dishburger HJ (1972) Residues of chlorpyrifos and 3,5,6-
trichloro-2-pyridinal in tissues of swinefed chlorpyrifos. The Dow Chemical Company. Report
No.: GH-C549, dated April 28, 1972 [Dow; submission 939, November 1988, part 4 vol 1, pp
4.205-4.229; Dow; submission 238, part 4 vol 1, pp 4.191-4.215]

Groups of 3 pigs (2 mae, 1 femae; Landrace, ca. 23 kg bw.) were fed basd rations containing O, 1,
3 or 10 ppm chlorpyrifos (Lot CP523-CD235C; 97.2% pure) for 30 days and sacrificed with no
withdrawa period. Six other animals fed the 10 ppm leve for 30 days were put on untreated feed and
3 animds eech were daughtered after 7 or 21 days withdrawa period. Samples of muscle, liver, kidney,
omentd fat, rena fat and subcutaneous fat tissues from each animal were analysed for residues of
chlorpyrifos and 3, 5,6-trichloro-2-pyridinal by gas chromatographic methods with a vaidated lower
level of sengtivity of 0.01 ppm for chlorpyrifos and 0.05 ppm for 3,5,6-trichloro-2-pyridinol. The
efficiency of the extraction method was determined from spiked samples of both residues.

Results

The extraction procedure showed average recoveries of >83% and tissue vaues were corrected for this
efficiency. None of the animals displayed clinica sgns of toxicity during the treetment period.

At the end of 30 days feeding with chlorpyrifos, residues were predominantly in the fat tissues, with
maximum vaues of 0.02, 0.04 and 0.22 ppm for 1, 3 and 10 ppm feed levels, respectively; these vaues
declined to 0.03 ppm and non-detectable a 7 and 21 days withdrawal, respectively. Maximum vaues
detectable in other tissues at the 10 ppm feed level were 0.03, <0.01 ppm and non-detectable, for
muscle, liver and kidney respectively.

At the end of 30 daysfeeding with chlorpyrifos, 3,5,6-TCP resdues were predominantly in the liver and
kidney and maximum vauesfor the 10 ppm feed levelswere 0.32, 0.16, 0.07 ppm and non-detectable
for liver, kidney, fat and muscle respectively; these vaues had dl declined to non-detectable by 7 days
withdrawdl.

2.5 Cattle

GlasRD (1977a) Residues of 3,5,6-trichloro-2-pyridinol and 2-methoxy-3,5,6-trichloropyridine
in tissues from calvesfed 3,5,6-trichloro-2-pyridinol. The Dow Chemical Co. Study No.: GH-C
1053; dated December 1, 1977. [Dow; Submission 939 (1988) Part 4, pps 4.36-4.55]

Five groups of three calves (sex not stated, 180 kg bw.) were fed commercid cattle feed containing
3,5,6-trichloro-2-pyridinol (AGR 143197, 99.7%) ad libitum for 28 days, a concentrations of O, 3,
10, 30 and 100 ppm, and then daughtered. Three additiona groups of caves fed 100 ppm for 28 days
were maintained on control feed for an additiond 3, 7, or 21 days before daughter. Samples of muscle,
liver, kidney, and fat were analysed for residues of 3,5,6-trichloro-2-pyridinol and 2-methoxy-3,5,6-
trichloropyridine using gas chromatographic methods vaidated to concentrations as low as 0.05 ppm.
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The storage stability of the tissue residues and the efficiency of the extraction method were determined
by the use of spiked samples. Food consumption figures were not provided.

Results

The efficiency of the extraction methods for the residues ranged from 80-88%. The loss of detectable
residues during storage and before andysis ranged from 0-35%. No residues of 2-methoxy-3,5,6-
trichloropyridine were found in any tissues from calves fed 100 ppm of 3,5,6-trichloro-2-pyridinal.

Resdue levels of 3,5,6-TCP in liver and kidney showed a clear dose relationship, with the average
residue level found at the lowest dose of 3 ppm being 0.21 ppm and 0.08 ppm respectively. At the 100-
ppm feeding level, 3,5,6-TCP residues averaged 0.06 ppm in muscle, 0.15 ppm in fat, 3.1 ppmin liver,
and 2.0 ppm in kidney. These residue levels showed arapid decline to < 0.05 ppm in muscle and fat
at 3days, andin liver and kidney a 7 days after the return to untreated feed.

GlasRD (1977b) Resdues of 3,5,6-trichloro-2-pyridinol and 2-methoxy-3,5,6-trichloropyridine
in tissues from a calf fed 2-methoxy-3,5,6-trichlor o-2-pyridine. The Dow Chemical Co. Study
No.: GH-C 1052; dated November 30, 1977. [Dow; Submission 939 (1988) Part 4, pps 4.56-
4.75]

A dngle cdf (sex not stated, 180 kg bw) was fed 2-methoxy-3,5,6-trichloropyridine at the rate of 2000
ppm in the diet for 4 days, during which time the food consumption was 2.3 kg/d. The diet was then
remixed to 500 ppm and the calf consumed 5.5 kg/d for 24 days, which approximated a dose of
15 mg/kg/d. Samples of muscle, liver, kidney and fa were collected at the end of the feeding period and
andysed for 2-methoxy-3,5,6-trichloropyridine and 3,5,6-trichloro-2-pyridinol using methods validated
to concentrations as low as 0.05 ppm. The efficiency of the extraction method was determined by the
use of spiked samples.

Results

The efficiency of the extraction methods for the residues ranged from 79-88%. Residues of 2-methoxy-
3,5,6-trichloropyridine were very low in dl tissues. The following resdues were found: < 0.05 ppm in
muscle, <0.05 ppm in liver, 0.05 ppm in kidney, and 0.30 ppm in fat. Residues of 3,5,6-trichloro-2-
pyridinol were much higher, reaching 0.75 ppm in muscle, 8.1 ppm in liver, 8.8 ppm in kidney, and 2.0
ppm in fat.

Glas RD (1977c) Residues of triclopyr, 3,5,6-trichloro-2-pyridinol and 2-methoxy-3,5,6-
trichloropyridine in bovine tissues from calves fed trichlopyr. The Dow Chemical Co. Study
No.: GH-C 1047; dated November 17, 1977. [Dow; Submission 939 (1988) Part 4, 4.76-4.110]

Six groups of three calves (sex not stated, 214 kg bw.) were fed commercia cattle feed containing

triclopyr ad libitumfor 28 days at concentrations of 0, 10, 30, 100, 300 and 1000 ppm, and then

daughtered. Three additional groups of calves fed 1000 ppm for 28 days were maintained on control

feed for an additiond 3, 7, or 21 days before daughter. Samples of muscle, liver, kidney, and fat were

analysed for residues of triclopyr, 3,5,6-trichloro-2-pyridinol and 2-methoxy-3,5,6-trichloropyridine
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using gas chromatographic methods vaidated to concentrations as low as 0.05 ppm. The storage
dability of the tissue residues and the efficiency of the extraction method were determined by the use of
spiked samples. Food consumption figures were not provided.

Results

The efficiency of recovery of the three resduesin dl tissues exceeded 70%, and these vaues were used
to correct dl residue values reported.

Very low leves of triclopyr were found in muscle, liver and fat. At the 1000 ppm feeding level the
average residues were <0.05 ppm for muscle, 0.09 ppm for fat and 0.14 ppm for liver. Triclopyr
resduesin kidney from the 1000 ppm feeding level averaged 4.3 ppm. Triclopyr resdues in tissues of
caves returned to control feed declined rapidly, reaching alevel of <0.05 ppm within 3 daysfor muscle,
liver and fat and within 21 daysfor kidney.

In contrast to triclopyr, resdues of 3,5,6-trichloro-2-pyridinol were much higher, averaging 0.4 ppmin
muscle, 1.0 ppminfat, 5.9 ppminliver and 11.7 ppm in kidney at the 1000 ppm feeding level. Residues
of 3,5,6-trichloro-2-pyridinol showed arapid declinein muscle and fat, reaching <0.05 ppm a 3 days
after the return to untreated feed. Residuesin liver kidney tissues declined more dowly and reached a
level of <0.05 ppm at 21 days &fter the return to untreated feed. No residues of 2-methoxy-3,5,6-

trichloropyridine were found in any tissue from caves fed the highest level, 27000 ppm triclopyr.

Dishburger HJ, McKeélar RL, Pennington JY & Rice JR (1977) Deter mination of residues of
chlorpyrifos, its oxygen analogue, and 3,5,6-trichloro-2-pyridinol in tissues of cattle fed
chlorpyrifos. J Agric Food Chem 25(6): 1325-1329 [Public Domain. Dow; submission 238, part
4,vol 1, pp 4.223- 4.242.]

Dishburger HJ, Rice JR, McKdlar RL & Pennington JY (1972) Deter mination of residues of
chlorpyrifos, its oxygen analogue, and 3,5,6-trichloro-2-pyridinol in tissues of cattle fed
chlorpyrifos. The Dow Chemical Co. Report No. GH-C 566, dated June 30, 1972 [ Dow;
submission 939, November 1988, part 4, vol 1, pp 4.111-4.150]

Eighteen Hereford crossbred heifers (160-240 kg bw., 3/dose) were fed for aperiod of 30 days with
chlorpyrifos (Lot No. CP523-CD235C, 97.2% pure), administered once each day by capsule, at levels
of 0, 3, 10, 30 or 100 ppm on adaily dry matter intake basis and sacrificed with no withdrawa period.
Samples of muscle, liver, kidney, omentd f&t, rend fat and subcutaneous fat were collected for resdue
andyss. Three other animals were fed 100 ppm chlorpyrifos for 30 days. At this time the chlorpyrifos
was withdrawn. Omenta fat samples were collected from these animas by surgica biopsy at weekly
intervasfor 5 weeks.

All samples were analysed for residues of chlorpyrifos, its oxygen analogue and 3,5,6-trichloro-2-
pyridinol by gas chromatographic methods with vaidated lower leves of sengtivity of 0.01 ppm for
chlorpyrifos and the oxygen anaogue and 0.05 ppm for 3,5,6-trichloro-2-pyridinol. The Storage Sability
of the tissue resdues and the efficiency of the extraction method were determined by the use of spiked
samples.

300



NAutivl il MTYIJL Allul AULTIVETLY TUT AglTudildiar aliu v ad jiar y wiigaiinuard, Mmual aliag

Results

The average efficiency of recovery of the three residuesin dl tissues exceeded 74%, and these vaues
were used to correct al residue values reported.

In the cattle fed chlorpyrifos for 30 days with no withdrawal period, there was a dose reated increase
in chlorpyrifos residues in dl tissues, but especidly in fatty tissues. Samples of rend, omenta and
subcutaneous fat each had average chlorpyrifos residues ranging from 0.02 ppm at the 3 ppm dose,
through to 3.3 ppm residue at the 100 ppm dose leve. The average resduein fat declined to 0.93 ppm
at 7 days, and 0.02 ppm at 35 days after withdrawa of the 100 ppm dose. Muscle, liver and kidney
samples from the 100 ppm dose level had average residue levels of chlorpyrifos of 0.24, 0.02 and

0.02 ppm respectively.

3,5,6-trichloro-2-pyridinol was found predominantly in the liver and kidney. Average 3,5,6-TCP
residues ranged from 0.20 ppm in liver and 0.11 ppm in kidney at the 3 ppm dose levd, to 2.41 ppm
in liver and 1.75 ppm in kidney when 100 ppm chlorpyrifos was fed. The levelsin fat and muscle found
at the 100 ppm dose level were 0.14 and 0.26 ppm respectively.

2.6 Humans

Drevenkar V, Vaslic Z, Stengl B, Frobe Z & Rumenjak V (1993) Chlor pyrifos metabolitesin
serum and urine of poisoned persons. Chem. Biol. Interact. 87(1-3): 315-22. Luxembourg
Industries Dossier fileno. 5.1/02 [David Gray; submission no. 11475]

Urinary and serum metabolites of chlorpyrifos were investigated from subjects poisoned with
formulations containing chlorpyrifos. The subjects were a 25-year old man (subject A) and a 28-year
old woman (subject C) who drank 30-60 ml of Chromord D (a liquid formulation containing 50%
chlorpyrifos), and a 40-year old woman (subject B) who ingested two spoonfuls of Zlatica-Pirifos (a
powder containing 4% chlorpyrifas). The subjects were admitted to hospital 2-5 h after they ingested
the formulations, and were initidly trested with atropine and then with 4x500 mg of the oximes
praidoxime and/or HI-6 (identity not provided) daily.

The firgt serum and urine samples were obtained on the day of admisson, and then daily during the
hospitaisation period. Serum and RBC cholinesterase activities were measured, and serum and urine
samples analysed for chlorpyrifos and chlorpyrifos metabolites.

In dl patients, sgnificant inhibition of serum and RBC cholinesterase activities were noted at hospita
admisson, with serum BChE activity reduced by 80-90% of basdline reference vaues (3.45 kU/L) and
RBC AChE activity reduced by 70-80%, compared with the activity measured at the end of
hospitalisation. After treetment with oximes, AChE activity recovered quickly, and within 24 h had
reached levels of 66-87% of the estimated basdline activity (after 15 days of hospitdisation). The BChE
activity did not return to reference values in any subject during the hospitalisation period. The BChE
activity did begin to increase in subjects B and C within 3 days of initiation of trestment, but in subject
A the BChE activity only began to increase after 27 days, and by 37 days had only reached 33% of the
reference basdine.
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Chlorpyrifos was detected in al patients in serum samples only. The concentration of total
diethylphosphorous metabolites [diethylphosphate (DEP) plus diethylphosphorothioate (DETP)] was
1-2 orders of magnitude higher than the concentration of chlorpyrifos in serum, and the concentration
of the metabalites in urine was significantly higher than in serum.

The decrease in concentrations followed firg-order kinetics. In theinitid dimination phase chlorpyrifos
was eliminated from serum twice as fast (ty, = 1.1-3.3 h) asthetota diethylphosphorous metabolites
(ty2 = 2.2-5. 5 h). The authors stated that the totd urinary diethylphosphorous metabolites in six
chlorpyrifos poisoned persons (3 from this study, and 3 from a previous study) were excreted with an
average dimination hdf-life of 6.10 + 2.25 h in the fastest and of 80.35 + 25.8 h in the dowest
elimination phase.

Nolan RJ, Rick DL, Freshour NL & SaundersJH (1982) Chlorpyrifos: pharmacokineticsin
human volunteer sfollowing single oral and dermal doses. The Dow Chemical Company. Study
No.: HEB-DR-0043-4946-4, dated August 1982 [Dow; submission 939, November 1988, part
4, vaol 1, pp 4.299-4.313. Dow; Submission 238 (1987) Part 4, pps 4.228-4.242]

Nolan RJ, Rick DL, Freshour NL & SaundersJH (1984) Chlorpyrifos. pharmacokineticsin
human volunteers. Toxicol Appl Pharmacol 73:8-15 (1984) [Dow; Submission 1080. Dow;
Submission 1053, part 3, pp 3.213-3.220. Dow; Submission 11462, reference 114]

Six male Caucasian volunteers, aged 27-50 years, were used in this sudy. In an initid pilot phase,
Volunteer A was given asingle ora dose (0.5 mg/kg) of chlorpyrifos (Dow; 99.8% purity; Lot AGR
166043) in the form of alactose capsule, administered approximatedy 30 minutes after food. This dose
was administered gpproximately one month prior to the trestment of other volunteers. VVolunteer A was
aso given adermd dose of chlorpyrifos (0.5 mg/kg, dissolved in methylene chloride) when the other
volunteers were given their oral dose. Two weeks after the first dermal dose, Volunteer A was given a
further dermal dose (0.5 mg/kg in dipropylene glycol methyl ether, or DPGME). The remaning
volunteers were given a dermal dose of 5.0 mg/kg chlorpyrifos in DPGME four weeks after the
adminigration of their oral dose.

Dermd applications were made to Sites on the forearms of volunteers (gpproximately 100 ant), and the
test material was not covered or occluded. The volunteers were encouraged to follow normal routine,
and each took a bath or shower 12 to 20 h after gpplication of the derma dose. All urine was collected
from volunteers from 24-48 h prior to dosing, through 120 h post dosing. Separate collections were
made at 0, 6, 12, 24, 36, 48, 60, 72, and 96 h postdosing. Two additiona 12-h urine collections were
made starting 156 and 180 h post dosing, following the 5.0 mg/kg dermd trestment. Blood samples
were collected prior to and at discrete intervals following treatment, for determination of chlorpyrifos,
and its principd metabalite 3,5,6-trichloro-2-pyrinidol (3,5,6-TCP), and for the determination of
cholinesterase activity.

Results

No sgns or symptoms of chlorpyrifos toxicity were reported in any volunteers during the study.
Following the ora adminidration of 0.5 mg/kg chlorpyrifas, plasma cholinesterase was inhibited by 71%
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(compared with predose levels) in volunteer A and by 85% (mean) in the other volunteers, within 12-24
h &fter trestment. The range of individual vaues was not provided. Plasma cholinesterase activity had
returned to >80% of the mean predose vaue by day 30 after oral treatment.

Following dermd gpplication at day 30, plasma cholinesterase activity decreased to gpproximately 70%
of predose levels, and returned to about 80-90% of these levels by day 40 of the study. The study
authors ated that the intra-group variaion was condderable, but these figures were not provided in the
report. Erythrocyte cholinesterase inhibition was not Sgnificantly inhibited following ether ordl or dermd
doses of chlorpyrifos. No unchanged chlorpyrifos was detected in the urine (andyticd limit 10 ng/ml).

Following the 0.5 mg/kg ora dose of chlorpyrifos, 3,5,6-TCP wasfirst detected in the blood after 1-2
h, after which time the concentration increased rapidly (hdlf life of 0.5 h), reaching a mean maximum
concentration of 0.93 ug/ml, six hours after ingestion of the dose. Following the 5.0 mg/kg dermd dose
of chlorpyrifos, the mean half-life for appearance of 3,5,6-TCP in the blood was 22.5 h, with the highest
mean concentration of 0.063 pg/ml observed 24 h after dosing. The mean predicted absorption
following ord adminigtration was 72 + 11%, and following dermd adminigtration was 1.35 + 1.0%. This
was conggtent with the percentage of the administered dose recovered from the urine following ord
(70%) and dermal (1.28%) administration.

2.7 Other Studies

Mortensen SR, Chanda SM, Hooper MJ & Padilla S (1996) Maturational differencesin
chlorpyrifos-oxonase activity may contribute to age-related sensitivity to chlorpyrifos. J
Biochem Toxicol 11(6): 279-287

This paper investigated the increased sengtivity of younger animas to the toxicity of chlorpyrifos. The
authors hypothesized that young rats have less chlorpyrifos-oxonase (CPFOase) activity than adults.
CPFOase activity was measured in the brain, plasma, and liver of male, postnatal day 4 (PND4) and
adult (PND90) Long-Evans rats (CRL:(LE)BR). CPFOase is biochemicaly defined as a Ca(2+)-
dependent A-esterase that hydrolyzes chlorpyrifos-oxon (CPFO), the active metabalite of chlorpyrifos;
this activity may be related to paraoxonase, and was determined spectrophotometrically by measuring
generation of 3,5,6-trichloro-2-pyridinol (3,5,6-TCP) (Furlong CE et al., 1989).

No brain CPFOase activity (activity/g wet weight) was detected at either age. Plasma and liver
CPFOase activities were markedly lower & PND4 compared to adult: PND4 plasma and liver
CPFOase activities were 1/11 and 1/2 the adult plasmaand liver activities, respectively.

Because the Michadlis-Menten constant (Km) of CPFOase activity was high (ie. 210-380 M),
experiments were done to determine if this CPFOase activity could hydrolyze physiologicaly relevant
concentrations (i.e. nM to low M) of CPFO. Reasoning that tissue AChE inhibition may provide a
sengtive bioassay for the concentration of chlorpyrifas oxon, these experiments compared the shiftsin
the tissue acetylcholinesterase (AChE) 1C50 for CPFO in the presence or aosence (inhibited by EGTA)
of CPFOase activity. Brain cholinesterase activity was determined spectrophotometricdly, while plasma
and liver acetylcholinesterase activities were determined using a radiometric method with a
[*H]acetylcholine iodide substrate. An increase in the "apparent” IC50 indicates that CPFOase
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hydrolyses subgtantia amounts of CPFO during the 30 minutes the tissue was preincubated with the
CPFO. In the adult, both plasma and liver AChE gpparent 1C50 values were higher in the presence of
CPFOas= activity, suggesting that the CPFOase in those tissues was capable of hydrolysing
physiologicaly reevant concentrations of CPFO within 30 minutes. In young animas, however, there
was less of ashift in the IC50 curves compared to the adult, confirming that the young animal has less
capacity than the adult to detoxify physiologicaly relevant concentrations of CPFO via CPFOase.

SultatosL G (1991) M etabolic activation of the or ganophosphor usinsecticides chlor pyrifos and
fenitrothion by perfused rat liver. Toxicology 68(1): 1-9

Male and female SD rats were used in a series of experiments undertaken to characterise the
metabolic activation of chlorpyrifos and fenitrothion by intact rat liver. A crude measure of
mortality recorded as percentage survival was obtained from treating groups of rats (10/sex)
with a dose of 150 mg/kg chlorpyrifos and 700 mg/kg fenitrothion. Chlorpyrifos was
administered IP in 10% DMSO in corn oil at a volume of 1.0 ml/kg, while fenitrothion was
administered | P without dilution.

Single-pass liver perfusons were performed in situ (Ses, 1978). Liver weights averaged 11.0 g.
Chlorpyrifos and fenitrothion were dissolved in less than 2.0 ml of ethanol and added to the perfusate
reservoir to give final concentrations between 10-80 uM, with a perfusate flow rate of 20 mi/min. The
concentretion of the test substances and their oxons in the perfusate was determined by HPLC andysis.
Blood collected by cardiac puncture was used to determine in vitro detoxification of chlorpyrifos and
fenitrothion oxons (Sultatos et al, 1985).

Result

Single-pass perfusons of rat livers with chlorpyrifos or fenitrothion achieved steady state conditionsin
about 18 minutes for chlorpyrifas and 20 minutes for fenitrothion. For both chlorpyrifos and fenitrothion,
the perfusad livers from maes and femdes & steady state extracted about 30% and 20% of the incoming
ubstances respectively, over the perfusate concentration range of 10-80 uM. The effluent from the liver
perfusate contained chlorpyrifos oxon and fenitrooxon at concentrations of less than 1.0% of the
perfusate chlorpyrifos and fenitrothion concentration, with oxon concentrations from mae livers ca. twice
thet from femdelivers.

Detoxification of the oxons by rat blood (sex not stated) was observed with half-lives of 4-6 min. for
chlorpyrifos oxon and 7-8 min. for fenitrooxon. This rate was not rapid enough to prevent passage of
at least some of these chemicals from liver to extrahepatic tissues, suggesting that in vivo, hepatic
biotransformation of chlorpyrifos and fenitrothion by rat liver resultsin their net activation.

304



NAutivl il MTYIJL Allul AULTIVETLY TUT AglTudildiar aliu v ad jiar y wiigaiinuard, Mmual aliag

The IP injection of 150 mg/kg chlorpyrifos produced 10% and 90% mortality for male and
female rats respectively, while the equivalent figures after 700 mg/kg fenitrothion were 30%
and 100%. Thus although male rat livers produced more chlorpyrifos oxon and fenitrooxon
from the parent OPsthan did livers from femalerats, the acute toxicities of chlorpyrifos and
fenitrothion were greater in females than in males. It appears unlikely that differencesin
hepatic activation of chlorpyrifos and fenitrothion can account for the sex differencesin their
acutetoxicitiesin SD rats.

Chiappa S, Padilla S, Koenigsherger C, Moser V & Brimijoin S(1995) Slow accumulation of
acetylcholinesterasein rat brain during enzymeinhibition by repeated dosing with chlor pyrifos.
Biochem Pharmacol 49(7): 955-963

This study was designed to investigate the effects of chlorpyrifos exposure on the activity of brain
acetylcholinesterase in rats.

Male, Long-Evansrats maintained at 350 +/- 5 g, were dosed (sc) weekly for 4 weeks with 0, 15, 30,
or 60 mg/kg chlorpyrifosin peanut oil. Animaswere sacrificed a 1, 3, 5, 7 and 9 weeks after trestment
began for the processng of bran and other tissues AChE activity was measured by a
spectrophotometric method, and immunoreactive AChE protein (AChE-IR) was estimated by two-ste
ELISA using 2 monoclond antibodiesto rat brain AChE. Northern blots were carried out with mouse
AChE-derived cDNA probes. Control experiments included in vitro tests which determined that
chlorpyrifos oxon did not interfere with the AChE ELISA, and that chlorpyrifos oxon could gain reedy
access to both intra- and extra-cdllular compartments of brain tissue when added to the in vitro sysem.
The AChE assays incorporated ethopropazine to inhibit butyrylcholinesterase activity.

AChE activity fdl sgnificantly in a dose- and time-rdlated manner a dl times and doses, reaching a
maximum inhibition of 80% in globd bran samples (braingem, diencepahdon and parts of
telencephaon) after 4 weeks at the 60 mg/kg level. The inhibition was grestest in the forebrain, lessin
hippocampus and substantidly lessin cerebelum, digphragm and liver. During the recovery phase, brain
AChE activity steadily recovered, reaching control levels after 9 weeks a 15 mg/kg, but remaining 25
30% inhibited after 9 weeks at the 30 and 60 mg/kg dose levels. In the globa brain samples, the AChE
protein was not decreased by dosage at any time; in fact, AChE-IR increased at 3 and 5 weeksin the
two higher dosage groups. However, no significant changesin AChE-IR were seen in the hippocampus,
forebrain, cerebdlum, digphragm or liver. Northern blots were conastent with stable levels of AChE
MRNA throughout the dosing and recovery periods.

The authors argue that chronically reduced brain AChE activity after chlorpyrifos reflects sustained
enzyme inhibition, not loss of enzyme protein or suppresson of AChE message. They suggest that this
results from the propensity of chlorpyrifos for depot storage and gradud bioactivation. The pattern of
resduad AChE activity in the brain was conastent with the idea that new enzyme biosynthess was
aufficiently rapid to stabilise brain AChE activity at anew equilibrium between 10 and 20% of control
levels. The possibility that a longer dosing period would lead to a lower equilibrium level of AChE
activity was not addressed by this study.
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Coulgton F, Golberg L, Abraham R & Benitz FK (1971) Final report on safety evaluations and
metabolic studieson Dowco 179 (IN 151) I nstitute of Experimental Pathology and Toxicology,
Albany Medical College, Albany, New York. Report K-44793-(48)A dated March 18, 1971.
Sponsor: Dow Chemical Company, USA. [Dow; submission 238, part 4: pp 4.52-4.126]

This report contained studies of the excretion of **C-labelled Dowco-179 and 3,5,6-TCP after 1P
injection in rats, and reports on andysis of urinary levels of Dowco-179 and metabolites after subchronic
feeding sudiesin rats and monkeys.

Made (4) and femde (3) abino rats were fed chlorpyrifas (DOWCO179) in their diet a an average daily
intake of 0.75 mg/kg for aperiod of 6 months. Urine samples were collected a 2, 4 and 6 months and
andysed for chlorpyrifos and its metabolites. At the 2month collection, the amount (ug/ml) of
chlorpyrifos in the urine was 300 times less than the concentration of 3,5,6-trichloro-2-pyridinal. The
level of 3,5,6-trichloro-2-pyridinal in the urine a two months (mean 3.35 pg/ml) was Smilar to the leve
at the four-month (mean 3.03 pg/ml) andyss. It was gpparent that there would not be any accumuletion
of chlorpyrifos or its metabolites.

These metabolic and toxicokinetic studies contain insufficient detail to be deemed adequate for
regulatory purposes and no detailed evaluation was reported.

Bakke JE & Struble C (1981) M etabolism of 3,5,6-trichloro-2-pyridinol [Na+] in pigs. The Dow
Chemical Company, report No.: GH-C1428. [Dow; submission 939, November 1988, part 4 vol
1, pp 4.230-4.235]

The authors reported the following: - Three weanling pigs were given sngle ord doses of the sodium st
of *C-3,5,6-trichloro-2-pyridinol at 6 mg/kg body weight. Urine, faeces and blood were monitored for
Y¥C activity. The animas werekilled at 1, 2 and 3 days after dosing and the tissues examined for **C
activity. It was reported that:

. total accounting of activity was excellent,

. that most of the *C activity was diminated in the urine,

. the urinary excretion products were the free 3,5,6-trichloro-2-pyridinol and the glucuronide conjugate
of the pyridinol, and

. tissue residues of **C activity decreased rapidly with no indication of retention in any tissue.

This metabolic study contained insufficient detail to be deemed adequate for regulatory purposes
and no detailed evaluation was reported.

Bakke JE & Price CE (1976) Metabolism of O,0-dimethyl-O-(3,5,6-trichloro-2-pyridyl)
phosphorothioate in sheep and ratsand of 3,5,6-trichloro-2-pyridinol in sheep. J Environ Sci
Health B11(1), 9-22 (1976). [Dow; submission 939, November 1988, part 4 vol 1, 4.236-4.249]

Two ewes were given *C-labelled 3,5,6-TCP oraly (100 mg/kg, gelatine capsule). The sheep excreted
it unchanged in the faeces and as the glucuronide of 3,5,6-TCP in the urine.

This metabolic study contained insufficient detail to be deemed adequate for regulatory purposes
and no detailed evaluation was reported.
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Gutenmann WH, S John LE Jr & Lisk DJ (1968) M etabolic sudieswith O,0-diethyl 0-(3,5,6-
trichloro-2-pyridyl) phosphor othioate (Dur shan) insecticide in a lactating cow. [Public domain.
Dow; submission 238, part 4, vol 1, pp 4.216- 4.218]

A lactating cow which ingested 5 ppm of chlorpyrifosin the feed and excreted 1.7% of the consumed
dose unchanged in the faeces, but none in the urine or milk. The bulk of the compound (ca. 63%) was
metabolised and excreted in the urine as methyl esters of the diethylthiophosphate and diethyl phosphate.

This metabolic study contained insufficient detail to be deemed adequate for regulatory purposes
and no detailed evaluation was reported.

McKeélar RL, Dishburger HJ, Rice JR, Craig LF & Pennington J (1976) Residues of
chlorpyrifos, its oxygen analogue, and 3,5,6-trichloro-2-pyridinal in milk and cream from cows
fed chlorpyrifos. Agric Food Chem 24(2): 283-286. [Dow; submission 238, part 4 vol 1, 4.219-
4.222]

Cows were fed a complete ration containing chlorpyrifos at 5 levels from 0.3 to 30 ppm for 2 weeks
at each level. Milk and cream samples were collected a predetermined intervas during the feeding of
the chemicd and for 14 daysfollowing withdrawd of the highest feeding level. Resdues of chlorpyrifos
and its oxygen analogue (O,0O-diethyl O-(3,5,6-trichloro-2-pyridyl) phosphate) were determined. The
methods were vaidated to 0.01 ppm for the three compounds in milk and 0.01 ppm for chlorpyrifos and
its oxygen analogue and 0.025 ppm for 3,5,6-TCP in cream with overdl average recoveries of greater
than 80%. The average residues found were 0.01 ppm of chlorpyrifos, <0.01 ppm of chlorpyrifos
oxygen andogue, and 0.01 ppm of 3,5,6-TCP in milk and 0.10 ppm of chlorpyrifos, <0.01 ppm of
chlorpyrifos oxygen analogue, and <0.025 ppm of 3,5,6-TCP in cream at the highest feeding levd.
Residues of al chemicas decreased rapidly upon remova of chlorpyrifos from the feed.

This metabolic study contained insufficient detail to be deemed adequate for regulatory purposes
and no detailed evaluation was reported.

LoresEM, Sovocool GW, HarlessRL, Wilson NK & Moseman RF (1978) A new metabolite
of Chlorpyrifos. Isolation and identification. J Agric Food Chem 26(1): 118-122, 1978. [Dow;
submission 238, part 4: pp 4.243-4.247]

A new metabolite of chlorpyrifos was discovered in a human poisoning case in which aletha quantity
of the pegticide was ingested. The metabolite was isolated from a human liver extract. After extensive
cleanup, the metabolite was subjected to various instrumental analyses such as gas chromatography,
mass spectrometry, and nuclear magnetic resonance. The metabolite was identified as a compound
amilar to chlorpyrifos with a methylthio (-SCH3) group substituted for a chlorine on the pyridinal ring.

This metabolic study contained insufficient detail to be deemed adequate for regulatory purposes
and no detailed evaluation was reported.
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3. ACUTE TOXICITY
31 Technical-Grade Active Constituent
Summary of Median L ethal Dose Studies

Numerous median letha dose studies have been carried out using chlorpyrifos technica. The available
lethal dose studies using chlorpyrifos technica are summarised below. Many sudies have been evauated
previoudy, and are thus only presented in tabular form below. Acute toxicity studies submitted in
response to the ECRP data call-in have been tabulated, and are aso reported in detail (below). In
generd, the Sgns of acute chlorpyrifos intoxication are conastent with cholinesterase inhibition, and
include inectivity, sdlivation, dyspnoes, flaccid paralys's, vomiting, piloerection, exothadmiaand diarrhea

Summary of acute oral toxicity studies with chlorpyrifos technical.

Species | Strain Sex | Vehicle L D50 mg/kg (95% CI | Reference
or range)
Mouse Smith M 1% aqueous 102 (94-110) Coulston et al (1971)
Webster gum tragacanth
Mouse NAMRU F soyabean ail 152 (143-162) Berteau & Deen (1978)
Mouse Swiss M+F | vegetable ail 109 (93-127) Anon (1995a)
albino
Rat ns M 5% corn oil 163 (97-276) Taylor & Olson (1963)
F 135 (97-188)
Rat SD F soyabean oil 169 (146-196) Berteau & Deen (1978)

Summary of acute oral toxicity studies with chlorpyrifos technical (continued)

Species | Strain Sex | Vehicle LD50 mg/kg (95% CI | Reference
or range)
Rat SD M arachisoil 276 (167-455) Dreher (199449)
F 350 (285-429)
M+F 320 (260-393)
Rat Wistar M+F | vegetable ail 134 (102-163) Anon (1995b)
Rat SD M maize oil 264 Wilson & McBeth (1994)
F 141
M+F 192
Rat SD M maizeoil 475 (311-727) Buch & Gardner (1981)
F 337 (220-515)
Rat SD M corn ail 221 (181-269) Nissimov & Nyska (1984b)
F 144 (105-200)
Rat SD M ns 205 (134-299 mg/kg) Henck & Kociba (1980)
F 96 (72-140 mg/kg)
M 248 (170-379 mg/kg)
F 97 (80-112 mg/kg)
M 270 (188-426 mg/kg)
F 174 (130-244 mg/kg)
Guinea ns M corn ail 504 (300-850) Lackenby (1985h)
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pig
Rabbit ns M corn oil 1000-2000 Lackenby (1985b)
Chicken | ns M capsule 32(14-72) Lackenby (1985h)
Chicken | Leghorn M diet 25(21-31) Sherman et a (1967)
Chicken Leghorn M capsule 32 Stevenson (1963)
Chicken | White M&F | capsule 50-63 Stevenson (1966)
Rock
Chicken | ns M&F | capsule 20-50 Ross & Roberts (1974)
Chicken | ns M&F | gavage/cornoil | 102 (64-169) Ross & Roberts (1974)
Chicken | ns M capsule- 32(14-72) Taylor & Olson (1963)
undiluted
Turkey Beltsville ns ns 32-63 Stevenson (1967)
Small
Whites
Cavy ns M 10% corn ail 504 (299-850) Taylor & Olson (1963)
ns = not stated

SD = Sprague-Dawley

Summary of acute dermal toxicity studies with chlorpyrifos technical

. . . L D50* mg/kg
Species Strain Sex | Vehicle Reference
(95%ClI or range)
Rat SD M+F | PEG >2000 Lackenby (1985a)
Rat SD M+F | undiluted >2000 Jackson & Ogilvie (19944)
Rat ns M+F | undiluted >2000 Nissimov & Nyska (1984a)
Rat Fischer M+F [ undiluted >2000 Jeffrey et d (1986)

Summary of acute dermal toxicity studies with chlorpyrifos technical (continued)

. . . LD50* mg/kg
Species Strain Sex | Vehicle Reference
(95%ClI or range)
Rat SD M+F | arachisoil >2000 Dreher (1994b)
. >5000

Rat SD M+F | saline (Intact and abraded) Buch et a (1980)
Rabbit Himadayan | M+F | aqueous 1233 (993-1531) Anon (1995c¢)
Rabbit NZW M+F | undiluted 1580 (828-2606) Henck & Kociba (1980)

M+F 1598 (1243-1919)

M+F 1801 (1023-3152)
Rat CFY M+F | Tween 147 (120-179) Davies & Kynoch (1970)
(sub- 20/DM SO/
cutaneous) water 2:3:5

ns = not stated

SD = Sprague-Dawley

Summary of acute inhalation toxicity studies with chlorpyrifos technical
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Species | Strain Sex | Vehicle L C50* mg/m® (95%Cl Reference
or range)

Mouse NAMRU F 65% xylene 94 (83-106) Berteau & Deen (1978)
Rat Albino M+F | vapour >200 Hardy & Jackson (1984)

(HCICFHB)
Rat Fischer 344 M+F | 1% agqueous >32 Phillips & Lomax (1989)
Rat D F 65% xylene 78 (57-108) Berteau & Deen (1978)
Rat D M+F | Undiluted >230 (4 h) Anderson et a (1995)
Rat sD EI 40% xylene 238(7)(()2(312)- 4160) (4 1) Buch (1980)
Rat Wistar M+F | Undiluted >1020 (4 h) Kenny et al (1987)
Rat Fischer 344 | M+F i f’uti Oiq”eous 3200 (4 h) Phillips & Lomax (1989)
Rat SD M+F | vapour >36 (4 h) Blagden (1994)
Rat Wistar M+F | not stated 560 (360-950) (4 h) Anon (1996a)

SD = Sprague-Dawley

3.1.1 Acuteoral toxicity studies

Wilmer JW, Berdasco NM & Crissman JW (1992) Chlorpyrifos. Acute oral toxicity (range-
finding) study in Fischer 344 rats. The Dow Chemical Company Study No. K-044793-093A,
dated 16 September 1992. GLP certificate. QA. [Dow; Submission 11462, reference 4]

A rangefinding study with chlorpyrifos (98.1 %, Dursban F, Lot No. MM-890115-661) was
performed with Fischer 344 rats (CrL, 9 weeks old) to determine a dose and time of peek effect. Fasted
rats (2/sex/dose) were administered 50, 100, 150 or 200 mg/kg of the test materid by single ord gavage
as a 5% solution in corn ail. Animals were observed for dinical Sgns frequently during the first 9 h post-
dose, and then daily for two weeks. Body weights were recorded on days 0O, 2, 8 and 15 prior to
sacrifice,

There were no degths prior to scheduled sacrifice. Clinicad Sgnswere seen at 1.5 h after dosing, pesked
at 6 h post-dose, were more severe in females and had resolved by day 5 post-dose. Only minor signs
were seen a 50 mg/kg, and signs a higher doses included decreased activity, faecd and/or urine
perined gaining, lacrimation, salivation, laboured respiration (femaes only), tremors and incoordination.
All animals except femdes a 50 mg/kg logt weight during theinitid parts of the sudy, with this effect dso
more pronounced in femaes. The authors concluded that 100 mg/kg was the highest dose suitable for
an acute neurotoxicity study.

Wilson JA & MacBeth D (1994) Chlorpyrifos Tech: Acute oral toxicity (LD50) test in rats.
Inveresk Resear ch International, Scotland. Project. No: 556031; Report No: 10521; 31 August
1994. [Lerace Pty Ltd; Submission 11204; A3162/31, Box 31]

This study was conducted in accordance with UK Department of Health GL P regulations (as accepted
by the US EPA and FDA), and was conducted in accordance with EPA (FIFRA) and OECD guidelines
for acute oral toxicity testing in rats. Rats (Sprague-Dawley; Harlan Olac Ltd, UK; 5/sex/group) were
given chlorpyrifos (Chlorpyrifos Tech; Luxembourg Indudtries, Isragl; batch 007/94; 99% purity) in
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maize oil (dose volume 10 mi/kg) by ora gavage at doses of 50, 200, 350, or 500 mg/kg, and observed
for up to 14 days after trestment for mortality and/or signs of toxicity. All rats at 350 and 500 mg/kg
died, or were killed in extremis, within 24 h of dosing, and mortaity was d o reported in femde rets
given 200 mg/kg (3/5 animals). Clinical observations preceding desth included piloerection, increased
sdivation, ataxia, subdued behaviour, tremors, hunched appearance and laboured breathing. No
ggnificant sgns of toxicity were reported at 50 mg/kg, and a 200 mg/kg dl surviving animas had
recovered by day 9 post treatment. There were no significant pathologica findings reported. Under the
conditions of this sudy, the LD50 for the test materid was 141 mg/kg for femaes, 264 mg/kg for maes,
and 192 mg/kg for maes and femdes combined. The 95% confidence limits associated with these LD50
vaues were not reported.

Dreher DM (1994a) Chlorpyrifos technical: Acute oral toxicity test in the rat. Safepharm
LaboratoriesLtd, UK Project no: 545/53. Report dated 23 November 1994. Cheminova Agro
A/Sreport CHA Doc No: 8-CYF. [Submisson 11470; Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedlth 1989
(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guiddines (FIFRA
Section 81-1, TSCA Subpart B, Section 798.1175). The study was conducted between 29 June 1994
and 21 July 1994.

The test materia (chlorpyrifos technical; Cheminova Agro A/S; Baich 341-HRR-153; certified purity
99.3%) was given once to male and femae Sprague-Dawley rats (Harlan UK Ltd; approximately 5-8
weeks old a the start of the main study) by ord gavage (in arachis oil BP, dose volume 10 mi/kg). In
a range-finding study, one animal/sex/dose was tested at doses of 50, 100, 200, 500, 1000, or
2000 mg/kg, and degths and overt Sgns of toxicity were recorded 30 minutes, and 1, 2, and 4 h after
dosing and then daily for five days. Based on the results of the range-finding study, the main study
consisted of three groups of animals (5/sex/dose) given doses of 180, 300, or 500 mg/kg, in the same
manner asthe range-finding study. Deaths and overt Signs of toxicity were recorded 30 minutes, and 1,
2, and 4 h after dosing and then daily for 14 days. Individua bodyweights were recorded prior to dosing
on Day 0 and on days 7 and 14, or a death. At the end of the dosing period, dl surviving animas were
killed, and dl animds, including those that died during the study, were subjected to gross pathologica
examination, including opening of the abdomina and thoracic cavities. No tissues were retained.

Results

In the range-finding study, animas died a 500 (both the made and the femae), 1000 (the mae only), and
2000 mg/kg (both the male and the femae) within two days of trestment. Signs of intoxication included
ataxia, fasciculations, hunched posture, lethargy, increased sdivation, laboured respiration, occasiona
body tremors, splayed gat, and less frequently, diarrhoea, dehydration, clonic convulsions,
exophthadmos, and increased lacrimation. At 50 and 100 mg/kg, dinica Sgns were confined to hunched
posture, and occasiond tremors.

In the main study, 2/5 madesdied at 180 mg/kg (between 4 h and 1 day), and 2/5 maesand 1/5 femdes
died at 300 mg/kg (between 1 and 3 days). At 500 mg/kg, dl animds died before day 3 (two femaes
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killed in extremis). Common clinica signs of intoxication were similar to those reported in the range-
finding study, and surviving animalss recovered two to seven days after dosing. In animds killed in
extremis or that died during the study, common necropsy findings were haemorrhagic lungs, dark liver,
pde or dark kidneys, and dight haemorrhage and/or doughing of the gastric mucosa. No abnormadlities
were noted at necropsy in animalskilled a the end of the study.

Under the conditions of this study, the acute ord median LD50 and 95% confidence limits for the test
materia in Sprague-Dawley rats were 276 (167-455) mg/kg in males, 350 (285-429) mgkg in femdes
and 320 (260-393) mgkg indl animds.

Anon (1995a) Acute oral toxicity study of chlorpyrifostechnical in Swissalbino mice. Fredrick
Ingtitute of Plant Protection and Toxicology, India. Report no. 2739, dated 15 August 1995.
Project no. 05-159-95. [National Resour ces; Submission 11463]

A Qudlity Assurance Statement was issued for this study, stating that the study was conducted as per
Gaitonde Committee guidelines and protocols. No information was provided on the GLP status of this

study.

Technicd chlorpyrifos (Ficom Organics, India; stated purity 96.2%; batch no. C503085) was
suspended in refined vegetable oil and given to groups of Swiss abino mice (Fredrick Inditute, Indig;
aged 6-8 weeks at sart of experiment; 5 animas/sex/dose) by ora intubation (dose volume 10 mi/kg).
Doseswere 75, 100, 125, and 150 mg/kg. Control animals received vegetable ail only. All animals had
access to food and water within 2-3 h after dosing. All animas were observed for 14 days for mortdity
and/or 9gns associated with toxicity. All surviving animas were necropsied for gross pathologica
observations at the end of the observation period.

Results

The incidence of mortdity was 0/10, 1/10, 4/10, 6/10, and 9/10, at 0, 75, 100, 125, and 150 mgkg,
respectively, and dl animasthat died did so in the first 48 h after treatment. The mortality datafor the
Separate sexes was not presented.

Clinicd sgns of intoxication were recorded in the firgt 48 h after treatment, and these included dullness,
lethargy, tremor, urinary incontinence and paralysis from 4 h onwards. The incidence of these findings
in each of the test groups was not provided. No gross abnormalities were reported following necropsy
of the animals that survived trestment.

Under the conditions of this study, the acute oral LD50 of the test materid in mice was stated to be
109.58 mg/kg (95% confidence limits: 93.25 - 127.55 mg/kg).

Anon (1995b) Acute oral toxicity study of chlorpyrifos technical in Wigtar rats. Fredrick
Ingtitute of Plant Protection and Toxicology, India. Report no. 2738, dated 18 August 1995.
Project no. 05-158-95. [National Resour ces; Submission 11463]

A Qudlity Assurance Statement was issued for this study, stating that the study was conducted as per
Gaitonde Committee guidelines and protocols. No information was provided on the GLP status of this
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study.

Technicd chlorpyrifos (Ficom Organics, India; stated purity 96.2%; batch no. C503085) was
suspended in refined vegetable oil and given to groups of Widter rats (Fredrick Inditute, India; aged 6-8
weeks a dart of experiment; 5 animals'sex/dose) by ord intubation (dose volume 10 mi/kg). Dose leves
were 100, 150 and 200 mg/kg. Control animals received vegetable oil only. All animals had accessto
food and water within 2-3 h after dosing. All animas were observed for 14 days for mortdity and/or
sgns associaed with toxicity. All surviving animals were necropsed for gross pathological observations
at the end of the observation period.

Results

The incidence of mortality was 0/10, 2/10, 6/10, and 9/10, at 0, 100, 150 and 200 mg/kg, respectively,
and dl animasthat died did so in the first 48 h after treetment. The mortdity datafor the separate sexes
was hot presented.

Clinicd sgns of intoxication were recorded in the firgt 72 h after treatment, and these included dullness,
lethargy, tremor, urinary incontinence and paraysis from 4 h onwards. The incidence of these findings
in each of the test groups was not provided. No gross abnormalities were reported following necropsy
of the animals that survived trestment.

Under the conditions of this study, the acute ord LD50 of the test materid in rats was stated to be
134.18 mg/kg (95% confidence limits: 102.46 - 163.06 mg/kg).

Buch SA & Gardner JR (1981) Pyrinex Technical: Acuteoral toxicity in therat. Life Science
Research, UK. L SR Report: 8/MAK035/104, 5 March 1981. [M akteshim; Submission 11471]

The acute ord toxicity of Pyrinex technica (chlorpyrifos concentration not stated) was studied in young
adult CD (SD) rats (Charles River, UK), with the test materia administered via ord gavage as a
suspension in maize oil. The doses used were 133, 231, 400, 693, and 1200 mg/kg body weight, with
5 animas/sex/dose and a dosage volume of 20 mi/kg. These doses were sdlected after a prdiminary test
was conducted using 2 animal/sex/dose, at doses of 25, 50, 100, 200, and 400 mg/kg body weight,

inwhich 1/2 mades, and 0/2 femaes died a adose of 400 mg/kg. A Quaity Assurance Statement was
issued for this study.

In the main study, mortality was 0/5, 0/5, 2/5, 4/5, and 5/5 in males, and 0/5, 1/5, 3/5, 5/5, and 5/5in
females, at doses of 133, 231, 400, 693, and 1200 mg/kg, respectively. The ord median lethd dose
LD50 (95% confidence limits) was 475 mg/kg in males (311-727 mg/kg) and 337 mgkg in femaes
(220-515 mg/kg), with deaths occurring during days 2-4. Clinicd dgns of intoxication included
diarrhoea, decreased motor activity, muscle tremors and fasciculaions, lethargy, hunching, and
respiratory distress. These signs had resolved in surviving animals by day 8 of the studly.

Nissmov S & Nyska A (1984b) Pyrinex Tech: Acute oral toxicity in the rat. Life Science
Research |srad, Study conducted 9-23 April, 1984. L SRI Report MAK/056/PYR, 12 May
1984. [Makteshim; Submission 11471; Amalgamated Chemicals, Submission 1396]
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To test the acute ord toxicity of Pyrinex Tech (95.5% chlorpyrifos, Makteshim Chemica Works), the
test materia was prepared in corn oil, and administered by ord gavage to groups of young adult rats
(CD (SD) drain; Charles River UK; 5/sex/dose) at doses of 90, 164, 298, 543, and 987 mg/kg body
weight, with a dose volume of 5 ml/kg. This study was conducted in accordance with OECD and US
EPA Guiddines, and was subject to Quality Assurance ingpection.

Mortality in males was 0/5, 0/5, 5/5, 5/5, and 5/5, and in females was 0/5, 4/5, 5/5, 5/5, and 5/5, at
doses of 90, 164, 298, 543, and 987 mg/kg, respectively. Deeths occurred between one and three days
after dosing. Clinical sgns of intoxication included tremors, sdivation, diarrhoea, hunching, decreased
motor activity, urogenital staining, and ataxia, in both decedent and surviving animas, and lacrimation
in surviving animals only.

Under the conditions of this study, the oral LD50 (95% confidence intervals) was 221 mg/kg (181-
269 mg/kg) in maes, and 144 mg/kg (105-200 mg/kg) in femaes.

Lackenby F (1985b) Durshan F and Dursban F (OP1): Acute oral toxicity studiesin therat.
Hazleton L aboratories Europe Report No.: 4703-50/390 & 591, dated September 1985. GLP.
OECD Guidelines 401 [Dow; Submission 11462, reference 25]

Studies were performed to determine the acute ord LD50 of Dursban F (described as Durshan
Technica, pale beige crystas, batch # EK830516110; purity not stated) and Dursban F (OP1)
(described as off-white crygtdline solid, batch #830516110) in rats. Following severd screening sudies,
fasted rats (6-10 weeks, Sprague-Dawley Crl:CD(SD)BR, Charles River, UK, 5/sex/dose) were
administered Dursban F in polyethylene glycol by single oral gavage a 25, 50, 71, 100, 141 and 200
mg/kg. Smilarly, groups of 5/sex/dose were administered Dursban F (OPL) in corn oil by single ora
gavage at 180, 255, 360 and 500 mg/kg.

Common dinica signs following adminigration of both formulations included: Iethargy, prodration,
hunched posture, piloerection, tremors and sdivation; animals which survived appeared normd by days
3-5.

The Dursban F formulation exhibited acute ord LD50's (mg/kg, 95% limits) of 74 (59-89) for al
animds, 84 (56-117) for maes only and 66 (no limits caculable) for femaes only,.

The Dursban F (OP1) formulation exhibited acute ordl LD50's (mg/kg, 95% limits) of 229 (156-282)
for dl animas, 287 (201-394) for maes only and 181 (no limits caculable) for femaes only.

Henck JW & Kociba RJ (1980) Three samples of Dursban insecticide: Acute oral toxicity and
acute per cutaneous absor ption potential. Dow Report A1A-130, undated. [Dow; Submission
11462; reference 16]

To test and compare the acute ord toxicity potentid of three different batches of technica chlorpyrifos
(Dursban; Dow; batches 6289-610, 693-76, 693-80; purity 97.1-100%), the test materia was
administered by ora gavage (vehicle and dose volume not gtated) to groups of made and femde
Sprague-Dawley rats (6/sex/dose; Spartan Research Animals, USA). The dose levels were asfollows:
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* femdes only

batch 6289-610: 40*, 80, 160, 320, 630 mgkg;
batch 693-76: 20*, 40*, 80, 100*, 160, 320, 630 mgkg;
batch 693-80: 80, 160, 320, 630 mg/kg.

Animals were observed for 14 days following treatment.

All samples of test materid resulted in essentidly the same Sgns of toxicity, induding lethargy, tota body
tremors, and diarrhoea. The L D50 vaues (95% confidence intervals) were as follows:

Sample 6289-610: males 205 mg/kg (134-299 mg/kg)
females 96 mg/kg (72-140 mg/kg)

Sample 693-76:  mdes 248 mg/kg (170-379 mg/kg)
females 97 mg/kg (80-112 mgkg)

Sample 693-80:  maes 270 mg/kg (188-426 mg/kg)
femaes 174 mg/kg (130-244 mg/kg)

Stevenson GT (1966) A single oral dose LD50 toxicity study of Dursban in broiler type
chickens. Report label A1A-364, dated July 12 1966. [Dow; Submission 11462, reference 11]

Summary data only provided. This study was not suitable for regulatory purposes.

Stevenson GT (1967) A single oral dose L D50 toxicity study of Dursban in turkey/poultry.
Dow Report A1A-362, 23 Jun 1967. [Dow; Submission 11462, reference 19]

The single ord dose LD50 of Durshan (Dow; purity not stated) was established in Turkey Poults
(Betsville Smal Whites, 6-7 weeks of age; 5 birds/dose), with doses of O (contral), 15.8, 25.2, 31.6,
63, and 126 mg/kg. Deaths were seen at 63 and 126 mg/kg (3/group). The LD50 was between 32-

63 mgkg.

Tucker RK (1967) Denver Wildlife Research Center, Dursban (Supplement #3): The median
lethal dosefor female domestic goats. Dow report A1A-55, Jun 1967. [Dow; Submission 11462,
reference 18]

To determine the acute ord LD50 of Dursban (Dow; 94.5% chlorpyrifos) in goats, the test materid was
adminigtered to female domestic goats (1/dose) at doses of 200, 500, and 1000 mg/kg. At 200 mg/kg,
the test animd displayed symptoms including hunched hindquarters, neck shaking, and jerkiness,
between approximately 1-5 h after adminigtration. No effects were seen at 500 mgkg, while a
1000 mg/kg, clinicad sgns were confined to unessiness and diarrhoea during the first two days after
treatment. After two days, the animal at 1000 mg/kg appeared weak, and died on the fifth day after
adminidration.

3.1.2 Acutedermal toxicity studies
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Jeffrey MM, Battjes JE & Eisenbrandt DL (1986) Dursban F (Tech): Acute Dermal Toxicity
Study in Fischer 344 Rats. The Dow Chemical Company Report No: HET-K 044793-083,
dated 30 June, 1986 [Dow; Submission 11462, refer ence 30]

Rats (Fischer 344; 5/sex; 9 weeks, Charles River, NY) were administered asingle derma application
of Durshan F (98.5%, batch AGR 214637, solid) and observed for 2 weeks before necropsy. The test
substance was gpplied to the clipped back skin under an occlusive dressing for 24 h (no detalls provided
asto physica state of gpplied test substance). The gpplication site was then washed clean of the test
subsgtance and scored for skin irritancy. The animals were observed daily for dlinica signs and weighed
weekly. This study was conducted in accordance with the intent of GLP.

All animals survived until scheduled necropsy a 2 weeks post treetment. Clinica signs were redtricted
to red soiling around the eyesin 3 M and 1 F. There were no signs of irritation at the gpplication Ste,
weight gains were unaffected by trestment, and al animas were within norma limits at gross necropsy.
Under the conditions of this study the acute dermd toxicity of Dursban F was > 2000 mg/kg in rets.

Dreher DM (1994b) Chlorpyrifos technical: Acute dermal toxicity (limit test) in the rat.
Safepharm Laboratories Ltd, UK Project no: 545/54. Report dated 23 November 1994.
Cheminova Agro A/Sreport CHA Doc No: 9-CYF. [Submisson 11470; Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedth 1989
(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guidedines (FIFRA
Section 81-2, TSCA Subpart B, Section 798.1100). The study was conducted between 7 July 1994
and 1 August 1994.

The test materid (chlorpyrifos technica; Cheminova Agro A/S; Batch 341-HRR-153; certified purity
99.3%) was ground to a fine powder and applied dermally to male and female Sprague-Dawley rats
(Harlan UK Ltd; approximately 10-14 weeks old at the start of the main study). The test sites were
clipped areas on the back and flanks of each animal, and these Sites were moistened with arachis oil BP
prior to dosing. Surgica gauze was applied over the test area and semi-occluded with self-adhesive
bandage for the 24-h exposure period. After the 24-h contact period, the bandage was carefully
removed and the treated skin wiped with cotton wool moistened with arachis oil.

In arange-finding study, one animal/sex/dose was tested at doses of 100, 500, 1000, or 2000 mg/kg,
and deaths and overt Sgns of toxicity were recorded 30 minutes, and 1, 2, and 4 h after dosing and then
daly for five days. Based on the results of the range-finding study, the main study consisted of a group
of animals (5/sex/dose) treated with the test materia at a dose of 2000 mg/kg, in the same manner as
the range-finding study. The test Stes were examined for evidence of primary irritation and scored
according to the method of Draize. Desths and overt Sgns of toxicity were recorded 30 minutes, and
1, 2, and 4 h after dosing and then daily for 14 days. Individua bodyweights were recorded prior to
dosing on day 0 and on days 7 and 14, or at deeth. At the end of the dosing period, al animaswere
killed and subjected to gross pathologica examination, including opening of the abdomina and thoracic
cavities. No tissues were retained.

Results
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No desths were reported in ether the range-finding study or the main study. In the range-finding study,
common signs of toxicity were ataxia, hunched posture, lethargy, decreased respiration rate and
laboured respiration, and occasond additiond findings included red/brown stains around the eyes or
mouth and occasiona body tremors.

In the main study, dinicd signs were smilar to those seen in the range-finding study, with occasiond
incidents of exophthalmos aso reported. No signs were reported later than 5-6 days after dosing. No
sgns of skin irritation were noted during the study. No abnormalities were noted at necropsy.

Under the conditions of this study, the acute derma LD50 for the test materia in Sprague-Dawley rats
was > 2000 mg/kg.

Anon (1995¢) Acute dermal toxicity study of chlorpyrifostechnical in rabbits. Fredrick Ingitute
of Plant Protection and Toxicology, India. Report no. 2748, dated 16 August 1995. Project no.
05-168-95. [National Resour ces, Submission 11463]

A Qudlity Assurance Statement was issued for this study, stating that the study was conducted as per
Gaitonde Committee guidelines and protocols. No information was provided on the GLP dtetus of this

study.

Technica chlorpyrifos (Ficom Organics, India; stated purity 96.2%; batch no. C503085) was mixed
with digtilled water and gpplied to the clipped abdomind skin area of groups of Himdayan abino rabbits
(Fredrick Indtitute, India; 1.2 - 1.6 kg at start of experiment; 3 animas/sex/dose) a doses of O (ditilled
water control), 1000, 1250, and 1500 mg/kg (dose volume not stated). After application of the test
materia, the gpplication Sites were covered with gauze pads and fixed to the bodies with tape, then the
trunks were covered with wrgpping for 24 h. At the end of the exposure period, the bandage/gauze pads
were removed and the trestment Stes cleaned with distilled weater. All animas were observed for
mortaity and/or Signs associated with toxicity soon after dosing and then every hour for thefirg day, then
daily during the 21-day observation period. Body weights were measured prior to dosing and then on
days 7, 14, and 21. All surviving animaswere necropsied for gross pathologica observations at the end
of the observation period.

Results

Rabbits exposed to 1500 mg/kg of the test material displayed tremors and salivation after 3h of
adminigration. The length of time that these Signs were observed was not stated, nor was the incidence
for this finding given. Mortality was 0/6, 2/6, 3/6, and 4/6 a 0, 1000, 1250, and 1500 mg/kg,
respectively. The mortality data for the separate sexes was not provided. The time of deaths was not
dated. Gross pathologica examination did not revea any abnormdities.

Under the conditions of this study, the acute derma LD50 in rabbits was 1233.57 mg/kg (95%
confidence limits: 993.82-1531.15 mg/kg).

Jackson D & Ogilvie SW (1994a) Chlorpyrifos Tech: Acute dermal toxicity (L D50) test in rats.
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I nver esk Resear ch International, Scotland. Project No. 555546; Report No: 10439; 9 August
1994. [Lerace Pty Ltd; Submission 11204; A3162/31, Box 31]

This study was conducted in compliance with UK Department of Hedth GLP regulations and in
accordance with OECD Test Guideline No: 402 and US EPA Guiddines, Subdivison F, 81-2. The
acute dermd toxicity potentid of Chlorpyrifos Tech (Luxembourg Indudtries, Isradl; batch 007/94; 99%
purity) was tested in rats (Sprague-Dawley; Harlan Olac Ltd, UK; 5/sex/group), with the test materia
gpplied evenly onto a gauze dressing that was subsequently gpplied to the intact, clipped skin on the
back of each anima and covered with an occlusive dressing for 24 h. Each animd received a single
dermal dose of chlorpyrifos at 2000 mg/kg, and the animals were observed for 14 days after treatment
for mortdity and/or signs of toxicity. The doses for this study were sdlected after arange-finding study
was conducted in 2 animals/sex/dose at 500, 1000, 1500, and 2000 mg/kg.

There were no deeths during the study. The sSigns of toxicity included piloerection, ataxia, and tremors
on day 3inasngle femae treated at 2000 mg/kg, and red nasa discharge occurring within 4 hours of
dosing in surviving males in the main study. There were no Sgnificant pathologica findings reported.
Under the conditions of this study, the derma LD50 for the test materid was >2000 mg/kg.

Nissmov S & Nyska A (1984a) Pyrinex Tech: Acute dermal toxicity in rabbits. Life Science
Research Israel, Study conducted 19 April - 3 May, 1984. L SRl Report MAK/059/PYR, 12
May 1984. [M akteshim; Submission 11471; Amalgamated Chemicals; Submission 1396]

This study was conducted according to OECD and US EPA test guiddines, and was subject to Quality
Assurance ingpection. To assess the acute dermd toxicity potentid of Pyrinex Tech (95.5% chlorpyrifos,
Makteshim Chemica Works), the crydtdline test materid wasfirg hested to aliquid form in awater bath
for approximately one hour a 50° C, and this materid was then applied as a single dose (approximately
2000 mg/kg) to a clipped area of skin between the limb girdles of mde and female dbino rabbits
(5/sex/dose; local drain; Loebenstein Laboratory Animds, Isragl). The test dte condituted
approximately 10% of the total body surface area (~200 cn?), and the test material was kept in place
under a porous gauze dressing and an adhesive bandage for 24 h. Animals were ingpected four times
on the day of dosing, and twice daily theresfter, with the test terminated on Day 15.

No mortalities occurred during the study, and no dlinical signs of toxicity were reported. Signs of skin
irritation, namely scaes and hedled ulcers, were observed at necropsy. Under the conditions of this
study, the acute derma LD50 in rabbits was >2000 mg/kg.

Buch SA, Gardner JR & Birnie JV (1980) Pyrinex: Acute per cutaneoustoxicity sudy in rats.
Life Science Research, UK. LSR Report: 80/MAK022/300, 14 July 1980. [Makteshim;
Submission 11471]

This study was conducted in accordance with US EPA Guidelines 163.81-2. To determine the acute
derma toxicology potentid of technica chlorpyrifos (Pyrinex; Makteshim; purity not stated), the test
materid was moistened dightly with a smdl quantity of physologicd sdine and applied to the skin of
male and female rats (CD Sprague Dawley drain; Charles River, UK), and covered by a layer of
unmedicated gauze and awaterproof plagter. In aprdiminary range-finding component of the study, the
test materid was applied to the abraded skin (2 animals/sex/dose) of rats at doses of 500, 750, 1000,
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3000, and 5000 mg/kg body weight. In the main sudy, the test materia was gpplied to the intact skin
of one group of 10 males and 10 females at adose level of 5000 mg/kg, and to the abraded skin of a
group of 10 males and 10 females, dso at 5000 mg/kg. A control group (5 maes and 5 femaes)
received saline only, gpplied to abraded skin. Animals were observed three times during the first hour,
and then at least twice daily until day 15. Bandages were removed after 24 h, with the test Site wiped
to remove excess test materidl.

In the preiminary study, mortdity was confined to 1/2 maes a 5000 mg/kg (found dead on day 3), and
1/2 femaes a 750 mg/kg (found dead on day 4). It was reported that clinica sgns associated with
trestment were observed at doses of 750 mg/kg and above, and consisted of reduced motor activity,
ataxia, abdomind hunching, lethargy, debility, tremor, diarrhoea, orbital secretion, snout saining, and
lack of grooming.

In the main study, the signs observed included unkempt appearance, tremor and decreased motor
activity, and these were seen between days 2-12. No clinical signs were seen in 4/10 males from the
non-abraded group, nor in 4/10 females from the abraded group. No control animals dies during the
main study. In the animals administered with 5000 mg/kg chlorpyrifos to the intact skin, mortaity was
confined to /10 maes. In the groups treated with 5000 mg/kg to abraded skin, 2/10 maes and 1/10
femdes died.

Under the conditions of this study, the dermal LD50 was >5000 mg/kg, for both intact and abraded
kin.

Henck JW & Kociba RJ (1980) Three samples of Dursban insecticide: Acute oral toxicity and
acute per cutaneous absor ption potential. Dow Report A1A-130, undated. [Dow; Submission
11462; reference 16]

To test and compare the acute dermal toxicity potential of three different batches of technicdl
chlorpyrifos (Dursban; Dow; batches 6289-610, 693-76, 693-80; purity 97.1-100%), the test materia
was administered to groups of mae and female rabbits (New Zedand White dbino; Langshaw Farms,
USA; 2/sex/dose), with the undiluted test materia applied to the clipped intact skin on the trunk of the
animas, and covered with a plagtic deave for 24 h. After thistime, the test Stes were washed with sogp
and water, and animals were observed for mortdity and/or clinica sgnsfor 14 days. The dose levels
were asfollows:

batch 6289-610: 630, 1300, 2520, 5000 mgkg;
batch 693-76: 630, 1300, 1600, 2520 mg/kg;
batch 693-80: 630, 1300, 2520, 5000 mg/kg.

Clinical sgnsranged from dight lethargy &t the lower doses to severe diarrhoea and severe ataxia @ the
higher dose levels.

The percutaneous L D50 vaues (95% confidence intervas) were as follows.

Sample 6289-610;: 1580 mg/kg (828-2606 mgkg)
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Sample 693-76: 1598 mg/kg (1243-1919 mg/kg)
Sample 693-80: 1801 mg/kg (1023-3152 mg/kg)

3.1.3 Acuteinhalational studies

Blagden SM (1994) Chlorpyrifostechnical: Acuteinhalation toxicity sudy. Four-hour exposure
(nose only) in the rat. Safepharm Laboratories Ltd, UK Project no: 545/55. Report dated
22 November 1994. Cheminova Agro A/Sreport CHA Doc No: 10-CYF. [Submission 11470;
Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedth 1989
(also OECD; Japanese MAFF natification 3850; Japanese Health and Wefare natification 313 and
subsequent natification 870) and designed to satisfy OECD Guideines (403), and US EPA Guiddines
(FIFRA Section 81-3). The study was conducted between 31 August 1994 and 5 October 1994.

A group of mae and female young adult Sprague-Dawley rats (5/sex; Charles River UK Ltd) was
exposed (nose-only) to the test materid (chlorpyrifos technica; Cheminova Agro A/S; Batch 341-HRR-
153; certified purity 99.3%) as a vapour atmosphere for a period of 4 h. The test materid was first
melted, then compressed air was blown through the test materid and ducted directly into exposure
chambers. The chamber atmosphere was sampled for concentration andysis at approximately hourly
intervals during the exposure period. All animals were observed for dinica sgnsa hourly intervas during
exposure, immediatdly after remova from restraining tubes after exposure, one hour after termination
of exposure, and then daily for 14 days. Individua bodywe ghts were recorded on the day of exposure,
and days 7 and 14. At the end of the dudy, dl animaswere killed and subjected to internd and externd
macroscopic examination.

Results

The actua vapour atmosphere concentration was 36 mgint, and the chamber flow rate was maintained
at 10 litresminute, providing 20 ar changes’h. No animds died during the study. During exposure, wet
fur was commonly observed, and there were incidents of increased or decreased respiratory rates.
Following exposure, dl animals displayed hunched posture and piloerection, and two animas has
red/brown staining around the eyes and/or snout. No abnorma signs were observed from day 1 until
the end of the study. No abnormalities were noted at necropsy.

Under the condiitions of this study, the acute inhaation LD50 in Sprague-Dawley rats was > 36 mg/nt
(the maximum attainable concentration).

Hardy CJ & Jackson GC (1984) Dur shan technical: Acuteinhalation toxicity in rats. The Dow
Chemical Company, Report DWC 411/84774, or DET 368, dated Dec 10, 1984. GL P [Dow;
Submission 238, part 2 vol 1. A3162/5 Box 42]

Rats (5/sex/group, abino HC/CFHB, 6-8 weeks old) were exposed by inhaation to vaporised
chlorpyrifos (Dursban technical, lot EK 830516110) at 0 or 200 mg/nT for 4 h, and then observed for
2 weeks. There were no deeths. Signs of toxicity were limited to sdivation, closing/partid closing of
eyes, abnormal body posture, abnorma respiration and discharge from the snout. There were no
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trestment-related pathological findings. The LC50 for chlorpyrifos was >200 mg/nt.

Anderson BT, Walker SA & Punler MJ (1995) Chlorpyrifos Tech: Acuteinhalational toxicity
study in rats. Inveresk Research International, Scotland. Project. No: 654130; Report No:
10425; 14 February, 1995. [Lerace Pty Ltd; Submission 11204; A3162/31, Box 31]

This study was conducted in compliance with OECD (403) and US EPA guiddines for acute toxicity
testing, and with internationally recognised standards of GLP. Technica chlorpyrifos (Luxembourg
Industries, Isradl; batch 007/94; 99% purity) was administered to rats (Sprague-Dawley; Harlan Olac
Ltd, UK; 5/sex/group) by a4 h nose-only inhalational exposure at measured concentrations of 150 or
230 mg/nT. All animals were observed during exposure for signs of intoxication, and then observed for
mortality and/or clinical signs for 14 days following exposure. At the end of the observation period,
animas were subjected to gross pathologica examination. Some intermittent gpparatus problems were
experienced during the study, with blockages occurring due to the use of the test materid in its powder
form. The nominal doses used (corresponding to measured doses of 150 or 230 mg/nT) were 23600
and 13300 mg/n?, respectively.

Clinica sgns, which had disappeared by day 3 of the study, were confined to unkempt gppearancein
two females, and encrustations around the eye of a single mae, a 150 mg/nt. No mortality was
reported during the study. Under the conditions of this study, the 4 h LC50 was >230 mg/nt
chlorpyrifos.

Anon (1996a) Acute inhalation study with chlorpyrifos technical in Wigtar rats. Fredrick
Ingtitute of Plant Protection and Toxicology, India. Report no. 2968, dated 30 January 1996.
Project no. 05-297-1995. [National Resour ces; Submission 11463]

A Quality Assurance Statement was issued for this study, stating that the study was conducted as per
Gaitonde Committee guidelines and protocols. No information was provided on the GLP status of this

study.

Widar rats (5/sex/dose; Fredrick Indtitute, India; 6-8 weeks old) were exposed to technica chlorpyrifos
(Ficom Organics, India; stated purity 96.2%; batch no. C503085) for 4 h (whole body) a nomina
concentrations of 3850, 7220, 9620, and 14430 mg/n?. The test materid was initidly dissolved in
acetone to obtain a concentration of 200 mg/ml, and this solution was infused through a nebuliser to
generate particles less than 5u in Sze. The solution was infused at a rate of 0.2, 0.375, 0.5, and
0.75 ml/min, respectively, to achieve the nomind test concertrations. Air was drawn through the
chamber at arate of 10 litressmin. Control animas were smilarly exposed, but to acetone only.

Sampling of the chamber atmosphere (n = 3) reveded mean actud concentrations of 180 + 60, 470 +
160, 1190 + 140, and 1760 + 110 mg/nT, respectively, at the nomina concentrations listed above. No
explanation was provided for the large differences between nomind and actua concentrations.

All animas were observed for 14 days for mortdity and/or signs of toxicity. Body weights were
recorded prior to exposure and at 7 and 14 days, and al animals were subjected to gross pathology
examination & the end of the study.
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Results

Mortality incidence was 0/10, 1/10, 3/10, 9/10, and 10/10 at 0, 180, 470, 1190, and 1760 mg/n’,
respectively, and these deaths occurred up to 48 h after exposure, but the sex of the dead animaswas
not provided. Clinical signs of toxicity were reported to include tremor and paralysis, which perssted
for up to 48 h, but the incidence of these findings, and the doses a which they occurred, were not
provided. Common lesions were reported in control and treated animas, but the detalls of these findings
were not provided.

Under the conditions of this study, the LC50 of chlorpyrifos technicd in rats was 560 mg/nt (95%
confidence limits 360-950 mg/n).

Buch SA (1980) Pyrinex Tech: Acuteinhalation toxicity in rats. Life Science Resear ch, UK.
L SR report 80/M AK/025/362, 27 August 1980. [M akteshim; Submission 11471; Amalgamated
Chemicals, Submission 1396]

This study was conducted in accordance with Section 163.81-3 of the EPA Proposed Guiddines for
Regigtering Pegticides in the US; Hazard Eva uation; Human and Domestic Animads. To test the acute
inhalationd toxicity of Pyrinex Technicd (chlorpyrifos, 95.2% purity; Makteshim Chemica Works,
Batch D1/5-3), the active ingredient was prepared as a 60% w/w solution in xylene, and administered
by nose-only exposure to groups of young adult Widar rats (Sprague-Dawley drain; Charles River UK)
at continuous atmospheric actua concentrations of 1690, 2230, 2980, 3560, and 4070 mg/nt, for a
gngle 4 h period. Negative control and vehicle (xylene) control groups were smilarly treated in this
study. Groups consisted of 5 animals/sex/dose, except at doses of 4.07 my/nT, and with xylene done,
where 10 males and 5 females were used. No maes were exposed to the lowest Pyrinex concentration
of 1.69 mg/n. Animals were observed for 14 days following the test period, for mortality and Signs of
intoxication.

During the exposure period, dinica signswere generdly confined to bradypnoea and hypnoea, but these
effects were seen in animds adminigtered with xylene aone, as well as those animds that received
pyrinex/xylene. No dinical Sgnswere observed in negative control animals during this period. In males,
dinica signs observed during the period after treatment were generdly confined to piloerection and lack
of grooming, while other Sgns were seen in femaes exposed to the test materid, including proneness,
ataxia, tremor, and decreased motor activity. Mortaity was confined to females, with 1/5, 2/5, 3/5, 2/5,
and 4/5 animals dying at concentrations of 1690, 2230, 2980, 3560, and 4070 mg/n, respectively.

Under the conditions of this study, the acute LC50 (95% confidence intervals) in rats following asingle
4-h nose only exposure to a60% solution of chlorpyrifos/xylene was 2890 mg/nT (2010-4160 mg/nT)
in femaes, and >4070 mg/n? in males.

Landry, TD, Dittenber DA, Lomax LG & Momany-Pfruender JJ (1986) Chlorpyrifos. An
acute vapor inhalation toxicity study with Fischer 344 rats. The Dow Chemical Company Study
No0.K-44793-74 dated 3 December, 1986. [Dow; Submission 11462, reference 3]

Y oung (7-10 weeks) Fischer 344 rats (CrL) were exposed to chlorpyrifos vapour (Dursban R, batch
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not stated) for 6 h in either whole body or nose-only apparatus. The first group of 12 rats/'sex were
exposed whole-body at 0 and 6 ppb (0.085 mg/n) for 6 h, and then sacrificed within 2 h for plasma
cholinesterase determination, while the remaining 6 anima s/sex/dose were held for 2 weeks prior to
cholinesterase determination and necropsy. Another group of 6 rats/sex was exposed whole-body at
0 and 3 ppb (0.05 mgn™) for 6 h and then sacrificed within 2 h for plasma cholinesterase determination
and necropsy. A third group of 6 rats'sex was exposed nose-only at 0 and 14 ppb (0.2 mg/inT) for 6
h with blood samples taken within 2 h later for plasma cholinesterase determination. These animaswere
observed for 2 weeks prior to sacrifice and necropsy. Body weights and clinical Sgns were recorded.

The measured time weighted average (TWA) exposures for the three groups were 6.1, 3.5 and 14.4
ppb, respectively. There were no unequivoca signs of toxicity attributed to exposure. One mae (6 ppb)
was lethargic on test day 8 and died on test day 9 and this was attributed to physica trauma Relative
body weights were unaffected by treatment, athough al animas on test including controls lost weight
between days 11-15. The gross pathology observations recorded no treatment-rel ated findings. Plasma
cholinesterase levels (see table below) were reduced in both sexes after whole body exposure a 6 ppb,
but not at 3 ppb whole body or at 14 ppb nose-only.

Rat plasma cholinesterase activity after exposure to chlorpyrifos vapour

E Plasma Plasma
AXpC;?;rtis Sampling Time Exposure Concentration | Cholinesterase | Cholinesterase
pp (U/ml) Males (U/ml) Females

0 8.6 15.3
whole body | 0-2 h =

6 ppb (0.085 mg/m®) 7.5* 11.7*

0 7.4 20.1
whole body | 2 weeks 3

6 ppb (0.085 mg/m°) 6.7 21.0

0 6.8 18.5
whole body | 0-2 h 3

3.5 ppb (0.05 mg/m®) 6.5 19.0

0 7.0 23.8
nose only 0-2h 3

14 ppb (0.2 mg/m®) 7.1 224

* statistically significant difference from controls

Kenny TJ, Coombs DW & Hardy CJ (1987) Chlorpyrifostechnical acute inhalation toxicity
in rats 4-hour exposure. Huntingdon Research Centre, UK. HRC Report MBS 20/87575, 6
October, 1987. [M akteshim; Submission 11471]

This study was conducted in accordance with GLP standards of the US EPA (Title 40 Code of Federd
Regulations Part 160, 1983), Japan MAFF (Noatification 3850, 1984), and the OECD (1982). A
Qudity Assurance Statement has been issued for this study. Young dbino Widar rats (Crl:COBS
WIBR; Charles River, UK) were subjected to a sngle 4-h whole-body exposure to chlorpyrifos (96.8%
purity; Batch 489205; source not stated) to investigate the acute inhaationa toxicity potentid of the test
materid. Groups of maes and femade animds (5/sex) were exposed to the test materia a a
concentration of 1020 mg/n, while negative control animals (5/sex) were exposed to ar only in an
identical exposure system. Animals were observed for 14 days after exposure for mortality and signs
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of intoxication.

During the exposure period, dinica sgnsin trested animads induded hunching, rapid breething, sneezing,
and closure of the eyes. During the observation period, clinical Sgnsin trested animasincluded brown
staining around the snout and jaws, lachrymation, sdivation, abnormal body posture, and whole-body
tremors. The tremors were seenin al trested femaes from days 3-7, but were not observed in males.
No signs of intoxication were observed in control animals. There was no mortaity during the study.

Under the condiitions of this study, the 4-h whole body LC50 was >1020 mg/n'.

Ludwig PD & Powers DR (1966) Blood cholinester ase analysis on animals exposed to varying
concentration of Durshan disper sed as a thermal fog and liquid aerosol. The Dow Chemical
Company. Report dated March 11, 1966 [Dow; submission 238, part 2 vol 1. A3162/5 Box 42]

Pigs, sheep, dogs and rats (3 or 4 animals/group, no other details) were exposed to a
thermdlly-generated fog (in diesel ail), or aerosol spray of Dursban (in xylene) (dogs and sheep only),
when confined in a spray chamber for 4 h including the brief (time unspecified) period of fog/aerosol
injection. Blood samples were taken &t various times after exposure for cholinesterase estimations, but
no technica details were provided. The caculated maximum chamber concentrations of Durshan were
28000, 113000 and 226000 mg/nT, however no meaningful estimates of inhaationa exposure or the
derma expaosure contribution to cholinesterase depression can be made from this study.

Cholinesterase activity (pH Stat method) was reported for 2 days pre-treatment and 2-5 days post-
trestment; the maximum recorded reduction in cholinesterase activity is reported for each exposed animd
in the table below.

The largest reduction was 38% seen with the fog at 226000 mg/nt in dogs. This effect was reversible
and by the end of 6 days post-exposure, cholinesterase activity had returned to normal in the dog. A
maximum decrease in cholinesterase activity of 26% was seen in dogs exposed to 226000 mg/nT of the
aerosol Dursban. Other species tested were less susceptive to the anticholinesterase activity of Dursban.

Dogs and monkeys

This report was presented as a summary document, and no details of the source of the results were
given. A po dose of 10 umoles’kg DOWCO 179 (chlorpyrifos; 97%) was given to dogs (3) and
monkeys (3), followed by blood sampling at regular intervals for cholinesterase determination. The
results (summarised below) show that plasma cholinesterase was much more sengtive to the inhibitory
action of DOWCO 179 than erythrocyte cholinesterase (both species).
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Cholinesterase activity (as % of control)

Specimen Species Time (hours)

0 4 8 24 48 144 168 192
Erythrocytes | dog 170 81* 88 78 89 86 100 -
Plasma dog 258 93 17 30 56 65 93 95
Erythrocytes | monkey 360 60 66 80 82 73 20 20
Plasma monkey 260 6 8 14 30 54 58 53

(*Cholinesterase activity measured as pl CO,/30 min).

Phillips JE & Lomax LG (1989) 1% aqueous dilution of Dursban acute aerosol inhalation
toxicity study in Fischer 344 rats. The Dow Chemical Company Report No. M-004803-004A,
dated October 19, 1989. Guideline 81-3. GLP. QA. [Dow; Submission 11462, reference 13]

Rats (Fischer 344, 11 weeks old, 5/sex) were exposed (whole body) to an aqueous solution of Dursban
TC (GHD-2424-39-17) containing 1% chlorpyrifos for 4 h. Clinica signs (daily), body weight changes
(days1, 2, 4, 8, 11 and 15) and gross pathology findings at termina sacrifice (day 15) were reported.

The achieved exposure concentration was 3200 mg/n? (TWA) of the formulation, equating to 32 mg/nT
of chlorpyrifos. The MMAD of the particles was generdly less than 5 microns and hence the particles
were respirable, but additional expaosure would have occurred from skin absorption and ingestion. There
were no deeths during the study. Bodyweights were transently depressed, but there were no clinica
signs or trestment-related findings a necropsy. The LC50 for the 1% formulation exceeds 3200 mg/n™.

Soule RD & Wolf MA (1967) Results of air sampling and cholinester ase studies on ratsand
chicks exposed to Durshan during field applications in Brevard County, Florida. The Dow
Chemical Company. Report No: T35.12-44793-12/13, dated Sep 29, 1967 [Dow; submission
238, part 2 val 1. A3162/5 Box 42, & Submission 11462, reference 8]

In this poorly reported study, rats (young adults) and chicks (8-10 days) were exposed (maximum 30
mins) to either an aerid spray or thermally-generated fog of Dursban (chlorpyrifos). The aeria spray
produced concentrations of Dursban from 3.9-8.1 pg/m2. While the fog contained concentrations of
between 17.5-23.0 ug/m?. A maximum reduction in serum cholinesterase activity of 24% was observed
in chicks and 20% in the rats a the sample time of 7-9 h after exposure. There were no Signs of toxicity
in either species asaresult of their exposure to Dursban. This study was not of regulatory standard.

3.14 Eyeirritation studies

Summary of eyeirritation studies with chlorpyrifos technical

Species | Effects Outcome Reference
Rabbit Slight conjunctival redness Slight irritant | Taylor & Olsen (1963)

Rabbit Conj un(_:tlvql _effects only at 1h dueto Non-irritant Jones (1985a)
mechanical injury
Rabbit Slight to moderate conjunctival redness, Slight irritant | Jackson & Ogilvie (1994b)
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dlight chemosis, slight discharge

Slight conjunctival redness, (dightly lessin
irrigated eyes)

Diffuse corneal opacities in some animals
Rabbit (reversible), conjunctival irritation and
chemosis

Very dight iridid and conjunctival irritation at
4 honly.

Rabbit Slight irritant | Buch & Gardner (1980b)

Moderate

rritant Dreher (1994d)

Rabbit Non-irritant Anon (1995e)

Taylor ML & Olson KJ (1963) Toxicological properties of 0,0-diethyl-0-3,5,6-trichloro-2-
pyridyl phosphorothioate. The Dow Chemical Company. [Dow; submission 238, part 2 vol 1.
A3162/5 Box 42]

Few procedurd details are provided in this study and the results are reported here in tabular form only.

Eyeirritation studies with chlorpyrifos (purity and batch not stated)

Rabbit - eye , dlight conjunctival rednessin 2/6 for <24h, in
6 animals undiluted I G 1/6 for <48h and in 3/6 persisting >168h
Rabbit - eye undiluted washed as above

6 animals

Jones JR (1985a) Durshan F : Eyeirritation sudy in therabbit. Dow Chemical Europe Report
DET 424, dated Jan 25, 1985 (Hazleton L aboratories Report: 4201-50/393, dated November
1984 ) OECD 405 [Dow; submission 238, part 2 vol 1. A3162/5 Box 42]

Three young adult femae New Zedand white rabbits each had 100 mg of findy ground Dursben placed
into the left conjunctival sac, with the untrested right eye serving as control. A transent conjunctiva
irritation was noted in dl animals 1 h after treetment (mean Draize score of 5.0 for conjunctiva), and one
anima showed dight iridid inflammeation (mean Draize score of O for theiris). All animas had normd
eyes when scored at 24 h, with mean Draize scores of zero. The trangent irritation may have been due
to adirect physica irritant effect of the powder.

Jackson D and Ogilvie SW (1994b) Chlorpyrifos Tech: Primary eyeirritation test in rabbits.
I nver esk Resear ch Inter national, Scotland. Project No: 555546; Report No: 10441; 9 August
1994. [Lerace Pty Ltd; Submission 11204; A3162/31, Box 31]

This study was conducted in compliance with OECD guiddine 403, and US EPA guiddines, Subdivison
F, 81-4, and in accordance with GLP requirements. The eye irritation potential of Chlorpyrifos Tech
(Luxembourg Indugtries, Isradl; batch 007/94; 99% purity) was tested in six young mae New Zedand
White rabhbits (Harlan Olac Ltd, UK), with 100 mg of test materid placed into the right eye of each
rabbit, and the untreated left eyes of animals serving as controls. One rabbit was tested first and
observed 1 h after indtillation of test materia for Sgns of severeirritation. In the aosence of such sgns,
the remaining animals were treeted the following day. The eyes were examined for signs of irritation at
1, 24, 48, and 72 h &fter trestment, and scored for irritation based on the US EPA recommended
scoring system.

Therewere no signsof corned or iridid irritation. Sight to moderate conjunctiva redness (Mean Draize
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Score (MDS); 1 h: 1; 24 h: 0.83), dight chemosis (MDS; 1 h: 0.83, 24 h: 0.16), and discharge (MDS,
1 hr: 1.6; 24 hr: 0.83) were noted up to 24 h post indtillation, but no Sgns of irritation were reported &
48 h. Under the conditions of this study, the test materid was adight eye irritant to rabhbits.

Dreher DM (1994d) Chlorpyrifostechnical: Acuteeyeirritation test in therabbit. Safepharm
LaboratoriesLtd, UK Project no: 545/57. Report dated 23 November 1994. Cheminova Agro
A/Sreport CHA Doc No: 12-CYF. [Submission 11470; Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedth 1989
(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guidelines (FIFRA
Section 81-4, TSCA Subpart E, Section 798.4500). The study was conducted between 28 July 1994
and 4 August 1994.

The eyeirritaion potentid of the test materid (0.1 g; chlorpyrifos technica; Cheminova Agro A/S,; Batch
341-HRR-153; certified purity 99.3%), was assessed in New Zedland White rabbits (3 animag/sex;

David Perciva Ltd, UK; 12-20 weeks old at the start of the study), by ingtilling the test substance into
the conjunctival sac of the right eye, with the left eye remaining untreated and serving as control. One
rabbit wasinitialy treated. After consderation of the ocular responsesin thefirgt animd, the remaining
five animas were trested. To minimise the initia pain on application, adrop of locd anaesthetic (0.5%
proxymetacaine hydrochloride) was indilled into both eyes of these animds 1-2 minutes before
trestment. Assessment of ocular damage/irritation was made gpproximately 1, 24, 48, and 72 h falowing
trestment, according to the numerica evauation of Draize.

Results

Residud test materia was observed around the eyes of dl animas 1 h after trestment. Diffuse corned
opacities (score 1 for degree and area of opacity) were observed in two animals a the 24 h examination,
but these effects had disappeared by 48 h, and no other corned effects were observed. Iridia
inflammetion (score 1) was noted in four animasat 1 h, and this effect pergsted for 24 hin one of thee
animas, and for 48 in another. No iridia effects were observed after 72 h. Conjunctivd irritetion was
observed in Al animals, with redness (score 2: diffuse, degper crimson red at 1 to 24 h; score 1: vessdls
definitely injected above normd a 48 h), chemosis (score 2: obvious swelling with partid everson of
lids up to 48 h), and discharge (scores 2-3: moistening of the lids and hairs just adjacent to lids, or a
consderable areaaround the eye; only a 1 h). No signs of conjunctival irritation was observed & 72 h.

Maximum individua irritation scores were seen & 1 h, and ranged from 12 to 19, with a mean score of
16.3. The mean scores at 24, 48, and 72 h were 9.3, 2.5, and O, respectively. The overal scores
according to EEC Council Directive 67/548/EEC were 2 (mean 0.11), 3 (0.17), 11 (0.61), and 8
(0.44), for corned opacity, iridid inflammation, conjunctival redness, and conjunctival chemoss,
respectively.

Under the conditions of this study, the test materid was considered to be amoderate eyeirritant in New
Zedand White rabbits.
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Anon (1995¢) Irritation of chlorpyrifos technical to mucous membrane in rabbits. Fredrick
Ingtitute of Plant Protection and Toxicology, India. Report no. 2746, dated 16 August 1995.
Project no. 05-166-95. [National Resour ces; Submission 11463]

A Qudlity Assurance Statement was issued for this study, stating that the study was conducted as per
Gaitonde Committee guidelines and protocols. No information was provided on the GLP status of this

study.

Technicd chlorpyrifos (100 mg; Ficom Organics, India; stated purity 96.2%; batch no. C503085) was
indtilled into the conjunctival sac of the left eyes of Himaayan abino rabbits (Fredrick Inditute, India;
3/sex/group; 1.1-1.3 kg), and the right eyes of the animas served as controls. A group of control animals
was Smilarly treated with didtilled water only. All animals were observed for Sgns of ocular irritetion &
1,4, 24, 48, and 72 h, and then daily up to day 7. Ocular lesions were graded and scored according
to the method of Draize.

Results

At the 4-h observation, very dight iridia irritation (score 1) and conjunctiva irritation (score 1) were
reported. It was not clear from the report whether the conjunctiva irritation was redness, discharge or
chemosis. No signs of irritation were reported at 24 or 72 h following indillation of the test materid.

Under the conditions of this study, the test materia was not an eye irritant in rabbits.

Buch SA & Gardner JR (1980b) Pyrinex Tech: Irritanceto rabbit eye. Life Science Resear ch,
UK. LSR report 80/MAK/023/143, 30 April, 1980. [Makteshim; Submission 11471;
Amalgamated Chemicals, Submission 1396]

This study was conducted in compliance with the regulations of the US EPA, 191.81-4, 1981. To test
the eyeirritation potentid of technica chlorpyrifos (Makteshim Pyrinex technicd, purity not steted), the
test materid (fine powder; 100 mg) was placed into the right eyes of nine young adult abino rabhits (6
femaes/3 maes, Morton Commercia Rabhbits, UK; New Zedand White gtrain). The behaviour of the
animals was obsarved for severd minutes after indiillation of the tet materid to alow assessment of the
initid pain response. Irrigation of the eyes of three animas was conducted using sdine solution No sooner
than 30 seconds after trestment, while the eyes of the remaining animals were not irrigated. Ocular
examinations were conducted after 24, 48, and 72 h, and at 4 and 7 days, according to the method of
Draize.

Mosgt animds displayed dight initid pain responses following indtillation of the te meterid. No sgns of
irritation were obsarved in the cornea nor in the iris of any animds in this sudy. Slight conjunctiva
redness was observed in dl animals with unwashed eyes, and in 2/3 animas whose eyes wereirrigated
after 30 seconds. Thisirritation disgppeared in most animals by days 3-4, but persisted for 7 daysin a
sgngleanima (unirrigated). The mean irritation score in rabbits with unwashed eyeswas 2.3 a 24 h, and
0.3 a 7 days, while in the rabbits with irrigated eyes, these scores were 1.3 and 0, respectively. Under
the conditions of this sudy, the test materid was a dight eye irritant in rabbits.
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3.1.5 Demalirritation studies

Summary of dermal irritation studies conducted with chlorpyrifos

Species | Effects Outcome Reference
Rebpit | Slight to mild hyperaemia, slight burn, slight | gt iritant | Taylor & Olsen (1963)
exfoliation

Rabbit No effects Non-irritant Jones (1985h)

. . C Jackson & Ogilvie
Rabbit Slight erythema Slight irritant (1994d)

. Well-defined or very dlight erythema (intact or Co Buch & Gardner
RAbDIt | raded skin), very slight cedema (one animal) | > 9 Mt 1 10500
Species | Effects Outcome Reference

. Very dlight to well-defined erythema and very o
Rabbit dlight to slight oedema. No effects a 72 h Slight irritant Dreher (1994c)
Rabbit No signs of erythema or oedema Non-irritant Anon (1995d)

Taylor ML & Olson KJ (1963) Toxicological properties of 0,0-diethyl-0-3,5,6-trichloro-2-
pyridyl phosphorothioate. The Dow Chemical Company. [Dow; submission 238, part 2 vol 1.
A3162/5 Box 42]

Few procedurd details are provided in this study and the results are reported here in tabular form only.

Skin irritation studies with chlorpyrifos (purity and batch not stated)

Rabbit 10 daily applications intact bandaged progression from mild hyperaemia
undiluted & dry belly skin to dight burn to sight exfoliation.
Full hedingin<21d
Rabbit 9 daily applications intact bandaged progression from slight hyperaemia
undiluted & wet (water) belly skin to dight burn (1/2) to dlight
exfoliation. Full hedling in <21 d
Rabbit 3 daily applications abraded bandaged progression from slight hyperaemia
undiluted & dry belly skin to dight burn (1/2) to dlight
exfoliation. Full healing in <21 d
Rabbit 3 daily applications abraded bandaged progression from slight hyperaemia
undiluted & wet (water) belly skin to dight exfoliation (1/2). Full
hedling in <21 d

Jones JR (1985b) Dursban F: Primary skin irritation and corrosvity study in the rabbit. Dow
Chemical Europe Report DET 421, dated Jan 25, 1985 (Hazleton L abor atories Report: 4176-
50/392, dated November 1984 ) OECD 404 [Dow; submission 238, part 2 vol 1. A3162/5 Box
42]

Finely ground Dursban F (500 mg, batch EK 830516110), moistened with digtilled water was gpplied
under an occlusive dressing to about 6 cn? of clipped skin on the back of three young adult femae NZ
white rabbits as asingle 4 h gpplication. The dressng was removed and the areawashed prior to scoring
for irritation using the Draize scde. A primary irritation index of O was obtained, indicating that Dursban
F was a norvirritant to the skin of the rabbit under the conditions of this studly.
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Jackson D & Ogilvie SW (1994d) Chlor pyrifos Tech: Primary skin irritation test in rabbits.
I nveresk Resear ch Inter national, Scotland. Project No: 555546; Report No: 10440; 9 August
1994. [Lerace Pty Ltd; Submission 11204; A3162/31, Box 31]

This sudy was conducted in compliance with OECD guiddine 404, and US EPA guiddines, Subdivison
F, 81-5, and in accordance with GLP requirements. The skin irritation potentia of Chlorpyrifos Tech
(Luxembourg Industries, Isradl; batch 007/94; 99% purity) was tested in six young mae New Zedand
White rabbits (Harlan Olac Ltd, UK), with 500 mg of test materid (moistened with weter) gpplied under
agauze patch to the clipped intact skin on the trunk of each rabbit, and then covered with an occlusve
dressing. The dressingswere removed after 4 h, and the skin wiped to remove residud test maerid. The
skin was examined for Sgns of irritation at 1, 24, 48, and 72 h after patch removal, and scored for
irritation based on the US EPA recommended scoring system. Further assessments were conducted at
4,5, and 6 days after patch removd to determine the reversibility of skin effects.

Sight erythema (score 1) was noted in 3/6 test Stesa 1 h. This effect perssted until 72 h a one test Site,
and until day 5 in another animd. No skin irritation was seen a day 6. Under the conditions of this study,
the test materid was adight skin irritant to rabbits.

Buch SA & Gardner JR (1980a) Pyrinex tech: Irritanceto rabbit skin. Life Science Resear ch,
UK. LSR report 80/MAK/024/144, 30 April, 1980. [Makteshim; Submission 11471;
Amalgamated Chemicals, Submission 1396]

This study was designed and conducted in accordance with the US EPA guidelines 163.81-5, 1978.
The test materid Pyrinex tech (chlorpyrifos, Makteshim; purity not stated) was tested for its skinirritation
potentid in 9x young adult male New Zedand White rabhits (Morton Commercid Rabbits, UK). Single
doses of the test materid (0.5 g fine powder) were impregnated onto unmedicated lint patches, and
gpplied to shaved test Sites (abraded and intact) on the dorsal skin of the rabbits. Two test patches were
applied to both the intact and abraded sites of each animal. The test patches were held in place under
impermesble dressings, which were removed after a 23 h exposure period. Trestment Sites were then
wiped with paper towel to remove any excess test materia from the Site, then the reactions at the test
Stes were assessed by the method of Draize at 24 and 72 h, and at 7 days after administration of the
test materid.

Well-defined or very dight erythemawas seenin al animals a 24 h, both on intact and abraded Sites.
Very dight oedemawas adso seen in the intact and doraded anterior test Stesof asngleanimd at 24 h.
Very dight erythema was seen at the intact and abraded anterior test Stesof asngleanimd a 72 hand
a 7 days. No skin reactions were seen in other animals at these time intervals. The primary irritation
index was ca culated to be 0.67.

Under the conditions of this study, the test material was consdered to be adight skin irritant to rabhbits.
Anon (1995d) Primary skin irritation of chlorpyrifostechnical in rabbits. Fredrick Ingtitute of

Plant Protection and Toxicology, India. Report no. 2747, dated 15 August 1995. Project no. 05
167-95. [National Resour ces, Submission 11463]
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A Qudlity Assurance Statement was issued for this study, stating that the study was conducted as per
Gaitonde Committee guidelines and protocols. No information was provided on the GLP status of this

study.

Technicd chlorpyrifos (500 mg; Ficom Organics, India; stated purity 96.2%; batch no. C503085) was
applied to the clipped intact and abraded skin on the trunks of a group of Himalayan abino rabbits
(Fredrick Indtitute, India; 1.2 - 1.5 kg a dart of experiment; 3 animas/sex). After goplication of the test
materid, the trunks were wrapped with plastic sheets and held in place with tapesfor 24 h. A control
group was trested with didtilled water. After the exposure period, the coverings were removed, but the
report did not indicate whether the test Sites were washed or cleaned at this time. The skin reactions
were observed at 24 and 72 h after gpplication for Sgns of irritation, and these Sgns were scored
according to the method of Draize.

Results
No sgns of erythema or oedema were reported in intact or abraded skin at the observation intervals.
Under the conditions of this study, the test material was not a skin irritant in rabhbits.

Dreher DM (1994c) Chlorpyrifos technical: Acute dermal irritation test in the rabbit.
Safepharm Laboratories Ltd, UK Project no: 545/56. Report dated 23 November 1994,
Cheminova Agro A/Sreport CHA Doc No: 11-CYF. [Submission 11470; Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedlth 1989
(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guiddines (FIFRA
Section 81-5, TSCA Subpart E, Section 798.4470). The study was conducted between 13 July 1994
and 16 July 1994.

The test materid (0.5 g; chlorpyrifos technica; Cheminova Agro A/S; Batch 341-HRR-153; certified
purity 99.3%), moistened with 0.5 ml didilled water, was applied to clipped skin areas on the back of
New Zedand White rabbits (5 males 1 femae; David Percival Ltd, UK; approximately 12-20 weeks
old at the start of the study). Surgica gauze was applied over the test area and secured in position with
adtrip of surgical adhesive tape, and then the trunk of each rabbit was wrapped in an eagticised corset.
After the 4-h contact period, the corset and patches were carefully removed and the treated skin wiped
with cotton wool soaked in digtilled water. One hour after remova of the patches, and gpproximately
24, 48, and 72 h after patch removd, the test Sites were examined for evidence of dermd irritation and
scored according to the method of Draize.

Results

Very dight (score 1) to well-defined (score 2) erythema and very dight (score 1) to dight (score 2)

oedema were observed in dl animas between 1 and 24 h after patch removal. At 48 h, very dight

erythema (3 animals) and very dight oedema (1 animal) only were observed. No sgns of skin irritation

were observed at 72 h. The sum of 24 and 72 h readings (S) was 10. The Primary Irritation Index
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(§12) was 0.8. This score trandates to amild irritant classification according to Draize.
Under the conditions of this study, the test material was consdered to be adight skin irritant in rabbits.
3.16 Dermal senstisation studies

Carreon RE & Wall JM (1983) Durshan F : Guinea pig skin senditization potential. The Dow
Chemical Company. Report: HET-K-044793-056, dated August 29, 1983 [Dow; submission
238, part 2 vol 1. A3162/5 Box 42]

Test A: Two groups of 10 mae Hartley abino guinea pigs were treated with either Dursban (10%
solution of Dursban F in Dowanol DPM/Tween 80 (9:1)) or a positive control (DER 331 epoxy resin
in Dowanol DPM/Tween 80 (9:1) ) in anon-standard skin sengitising assay. Each treatment consisted
of the gpplication of 0.1 ml of test substance to the clipped and occluded back-skin. There were ten
consecutive daily gpplications and 0.2 ml of Freund's Adjuvant was injected intradermaly adjacent to
the trestment Ste a the time of the 6th trestment. Primary irritation was scored daily after patch removdl.
Fourteen days after the last treatment the challenge dose test material was applied uncovered to one
freshly clipped flank and the solvent carrier to the other. Skin responses were scored at 24 and 48 h
after application.

Test B: This entire procedure was replicated in another experiment.

Test C: Another two groups of 10 male Hartley abino guinea pigs were treated with either Dursban
(10% solution of Dursban F in Dowanol DPM/Tween 80 (9:1)) or a positive control (DER 331 epoxy
resn in Dowanol DPM/Tween 80 (9:1) ) in a non-standard skin-sendtising assay. Each treatment
congsted of the gpplication of 0.1 ml of test substance to the clipped and occluded back-skin. There
were 4 gpplicationsin 9 days, and 0.2 ml of Freund's Adjuvant was injected intradermally adjacent to
the trestment Ste a the time of the 3rd trestment. Primary irritation was scored daily after paich removdl.
Fourteen days after the last treatment the challenge dose test material was applied uncovered to one
freshly clipped flank and the solvent carrier to the other. Skin responses were scored at 24 and 48 h
after application.

No experimental data were provided for these tests. The report states that for Tests A, B and C
respectively, 4/10, 3/10 and 0/10 guinea pigs were weakly sengtised, while the podtive control
substance induced sengtisation in 9/10, 9/10 and 8/10 respectively. In the absence of scoring datathis
study cannot be adequately evaluated.

Henck JW & Lockwood DD (1978) Skin sengitization potential of Durshan F insecticide. The
Dow Chemical Company. Report HET-AO-4122-(1), dated September 15, 1978. [Dow;
submission 238, part 2 vol 1. A3162/5 Box 42]

Two groups of 10 mae Hartley abino guinea pigs were treated with either Dursban (10% solution of
Dursban F in Dowanol DPM glycol ether or a positive control (10% epoxy resin in Dowanol DPM
/Mween 80 (9:1) ) in askin-sendtising assay reported as “repeated insult patch test”. No technicd details
of procedures or results are reported; however the outcome was reported as 0/10 and 10/10 for
sengtisation by Dursban F and the positive control respectively. In the absence of any technica details
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including scoring data, this sudy cannot be adequately evaluated.

Dreher DM (1994¢€) Chlor pyrifostechnical: Magnusson & Kligman maximisation study in the
guinea pig. Safepharm LaboratoriesLtd, UK Project no: 545/58. Report dated 23 November
1994. Cheminova Agro A/S report CHA Doc No: 13-CYF. [Submission 11470; Cheminova
AgroA/S

This study was conducted in compliance with GLP principles of the UK Department of Hedlth 1989
(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guiddines (FIFRA
Section 81-6, TSCA Subpart E, Section 798.4100). The study was conducted between 29 June 1994
and 4 August 1994.

The skin sengtisation potentid of the test materid (chlorpyrifos technical; Cheminova Agro A/S; Baich
341-HRR-153; certified purity 99.3%), was assessed in femade abino Dunkin-Hartley guinea pigs
(David Hall Ltd, UK; 8-12 weeks old at the start of the study). The test materid was melted at
approximately 70° C prior to formulation, and freshly prepared as follows:

Intradermal induction: 25% w/v in arachis oil BP and 25% wi/v in a mixture of Freund's Complete
Adjuvant plus arachis oil BP (1:1)

Topica induction: undiluted as supplied.
Topicd chdlenge: undiluted as supplied and 75% v/v in arachis oil BP

Determination of the concentration, homogeneity and stability of the test materia preparations was not
conducted. No concurrent positive control group was used in this study, but an historicd postive control
response of between 39 and 80% was reported in four studies using the same source of animals (with
avaiety of pogtive control substances) conducted at a Smilar time to this sudy, and so the test system
appearsto be suitable for determining the skin sengtisation potentia of compounds in guinea pigs.

Range-finding studies: The concentration of test materid to be used at each stage of the main study
were determined by “sighting tests’ asfollows:

Intraderma induction: Four animas were intradermally injected with preparations of test materid (1, 5,
10, or 25% in arachis oil BP), and the highest concentration that did not cause local necross, ulcerdtion,
or systemic toxicity was selected for this sage of the main study.

Topicd induction: Two guinea pigs (intradermaly injected with Freund's Complete Adjuvant twenty-one
days earlier) were trested with undiluted test materia and three preparations of the test materid (75, 50,
and 25% in arachis oil BP). The highest concentration causing only mild to moderate dermal irritetion
after a48-h occlusive exposure was selected for this stage of the main study.

Topica chdlenge: The undiluted test materid and three preparations of the test materia (75, 50, and
25% in arachis oil BP) were applied to the flanks of two guinea pigs and occluded for 24 h. These
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guinea pigs had been treated identicaly to control animals of the main study, up to day 14. The highest
non-irritant concentration of the test material and one lower concentration were selected for this stage
of the main study.

Main study: Thirty guinea pigs were used for the main sudy (twenty test and ten control). Body weights
were measured at the beginning and end of the study.

Induction: A row of three injections were made to the clipped shoulder region of each animd. In test
animds, the injections were:

i) Freund's Complete Adjuvant plus digtilled water 1:1

i) a25% wiv dilution of test materid in arachis oil BP

iii) a25% wiv dilution of test materid ina1:1 preparation of Freund's Complete Adjuvant plus arachis
ol BP

In control animals, the induction procedure was identica to that used in test animals, except that the
injections were as follows.

i) Freund's Complete Adjuvant plus distilled water 1:1
i)  aachisoil BP
i)  Freund's Complete Adjuvant plus arachis oil BP 1:1

One week after injections, the same area on the shoulder region was clipped, and treated with atopica
goplication of the undiluted test materid. The test materid (0.2-0.3 ml) was goplied on filter paper, held
in place by a drip of surgica adhesive tape, covered with an overlgpping sheet of duminium fail, then
further secured with an eastic bandage for 48 h. The degree of erythema and oedema were quantified
according to the method of Draize at 1 and 24 h after removad of the patches.

Challenge: On day 21 of the study, the undiluted test materid (0.1-0.2 ml) was applied to the clipped
right flank of each anima on a square of filter paper held in place by a drip of adhesive surgicd tape,
and occluded in asmilar manner to the induction phase of the sudy for 24 h. The test materid was dso
aoplied to a separate skin Ste on the dipped right flank a a 75% viv concentration in arachis oil BP, and
the vehicle done smilarly gpplied to the clipped €ft flank, and occluded. After remova of the dressing,
the chdlenge Sites were swabbed with cotton wool soaked in diethyl ether to remove resdua materid.
Evauation of the skin siteswas made a 24 and 48 h after removal of the dressing.

Results

Very dight (score 1; 10 animals) to well-defined (score 2; 2 animds) erythema and very dight (score
1; 1 animal) oedemawas observed 1 h &fter the topicd induction in test animals, but no Sgns of irritation
were observed at 24 h. No skin reactions were observed in control animas following topica induction.
No skin reactions were observed in a the test or vehicle control sSites following topica chalenge

gpplication. One anima was found dead at this stage of the study, but cause of desth was not
determined.
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Under the conditions of this study, the test materid was not a skin sengtiser in guinea pigs.

Anon (1996b) Allergy and skin sensitization potential of chlorpyrifostechnical in guinea pigs.
Fredrick Ingtitute of Plant Protection and Toxicology, India. Report no. 2928, dated 15Mar ch
1996. Project no. 05-291-95. [National Resour ces, Submission 11463]

A Qudlity Assurance Statement was issued for this study, stating that the study was conducted as per
Gaitonde Committee guidelines and protocols. No information was provided on the GLP status of this

study.

The skin sengtisation potentia of technicd chlorpyrifos (100 mg; Ficom Organics, India; stated purity
96.2%; batch no. C503085) was tested in male Hartley guinea pigs (Fredrick Institute, India; 300-
700 g), with ten animds in the test group, and five animasin each of the control and postive control
groups. Chlorpyrifos technical was prepared as a 1% solution in 0.5% carboxymethyl cellulose.

Test and pogtive control groups recaived induction exposures to the shaved I eft flank skin ares, followed
by challenge exposure 14 days after the third induction dose. Control animas received a chalenge
exposure only to 0.5 ml of 0.1% chlorpyrifos technical.

Induction: The test material was gpplied to the skin on the flank of treated animas and retained under
a patch for 6 h. This induction exposure was conducted on days O, 7, and 14 (ie,, three induction
exposures in total). Podtive control animas smilarly received exposures to 0.3% 1-chloro-2, 4-
dinitrobenzene).

Chdlenge Test and control group animas were given a single chdlenge dose of 0.5 ml of 0.1%
chlorpyrifos technical, and postive control animas were given 0.5m of 0.3% 1-chloro-2,4-
dinitrobenzene, on their respective right flanks. No details were provided on the length of this chdlenge
exposure period.

Following the chalenge exposure, loca skin reactions were recorded at 24 and 48 h. Thetotd irritation
score for each anima (sum of erythema and oedema scores) was cdculated on a scde of 0 (no
sengitisation) to saven (Severe sengtisation), and the mean severity of sengtisation score was caculated.
Theincidence of skin sengitisation reactions was ca culated as the number of animas with scores of 1
or gregter, divided by the total number of animals. The senstisation ranking was calculated as the mean
severity divided by the maximum of theirritation scale (ie. seven), and the test compound was graded
asasengtiser on the basis of thisranking.

Results

Test animads displayed barely perceptible (score 1; 4/10 animals) erythema or dight oedema (score 1

2/10 animals) at 24 h pogt-chalenge, but no signs of irritation were observed at 48 h. Using the study's

scoring system, the sengitisation ranking was 9%, and on this basis the test material was ranked as a

week sengtiser by the study authors. A single control animal displayed barely perceptible erythema at

24 h, but no other Sgns of skin irritation were seen in this group. Positive control animals displayed

barely perceptible to deep red erythema (score 1-3) and dight to marked oedema (score 1-3) at 24 h
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post-chalenge, and barely susceptible erythema and dight to marked oedema at 48 h, with an incidence
of 100% for these findings, and a sengitisation ranking of 40-51% (moderate skin sengtisation).

Under the conditions of this study, the test material was not considered to be a skin senstiser in guinea
pigs.

Jones JR (1985c) Dursban F: Delayed contact hypersensitivity study in the guinea pig
(Buehler Test). Dow Chemical Europe. Report DET 475, dated March 20, 1985. (Hazleton
Laboratories Europe, report 4311-50/422 dated January 1985). OECD 406. [Dow; submission
238, part 2 vol 1. A3162/5 Box 42]

After adoseranging Sudy indicated a suitable dosing regimen, young abino Dunkin-Hartley guinea pigs
(6/sex) were treated with Dursban F in a standard Beuhler skin sengtisation assay. The test substance
(0.3 ml, 100% wiv in polyethylene glycol on alint pad) was gpplied for 6 h under an ocdusive bandage
to the freshly clipped I€eft flank of the animals on days 1, 8 and 15. The chdlenge doses of Dursban F
and solvent only were gpplied for 6h on day 29 to the right and left flanks respectively. The negative
controlswere untreated until day 29, at which timethey received identicd trestment to the test-substance
animas. The challenge sites from both groups were evauated at 24 and 48 h after patch removal.

There were no adverse skin reactions noted on exposure to the test substance or vehicle onein ether
test or control groups.

Jackson D & Ogilvie SW (1994c) Chlor pyrifos Tech: Magnusson-K ligman maximisation test
in guinea pigs. I nveresk Research International, Scotland. Project No: 555546; Report No:
10442; 9 August 1994. [Lerace Pty Ltd; Submission 11204; A3162/31, Box 31]

This study was conducted in accordance with OECD Guiddine 406 and US EPA Guidelines,
Subdivison F, 81-6. The skin sengtisation potential of Chlorpyrifos Tech (Luxembourg Industries,
Isradl; batch 007/94; 99% purity) was tested in young femae Dunkin-Hartley guinea pigs (David Hall
Ltd, UK), usng the Magnusson-Kligman Maximisation Test. The test congsts of an induction procedure,
with intraderma injections of the test materid, followed after one week by topica application, and a
challenge procedure conducted three weeks after the induction procedure. A preiminary dose-ranging
study was conducted using eight guinea pigs, with injections made to the shaved scapular region and
topica applications made to the shaved flanks of test animals. Four guinea pigs were subjected to
injections of test material (75%, 50%, 25%, 10%, 5%, 2%, and 1% w/v in maize ail) and four guinea
pigs exposed to topica applications of test materia (75%, 50%, 25%, 10%, 5%, 2%, and 1% whv in
maize oil). The test Stes were assessed for irritation at 24, 48, and 72 h after injection, and at 24 and
48 h after patch removal (48-h exposure). Following the range-finding study, a concentration of 25%
test materid in maize oil was selected for the injection induction phase of the main study, and 75% test
materia in maize oil sdlected for the topica induction phase of the study. A concentration of 75% in
maize oil was aso sdected for the challenge phase of the main sudy.

In the main study, hair was shaved from the scapular region of 20 test animas and 10 control animals.
Test animals recalved Sx intradermd injections, with two injections of each of the following: 0.1 ml
Freund's Complete Adjuvant (FCA); 0.1 ml test materia (25% in maize ail); and 0.1 ml of a 50:50
emulson of test materia:FCA (fina concentration of test materid 25%). The control animals were
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smilarly treated using the vehicle ingteed of test materia. Thetest Steswereexamined at 1 hand 24 h
after injection. Six days after the injection phase, the injection Stes were again shaved and wetted with
a 10% aqueous solution of sodium lauryl sulfate to enhance the possibility of sengtisation. After 24 h,
a pach containing test materia (75% in maize ail; dose volume not stated) was gpplied to the test Site
on each animd and covered with an ocdusive dressing for 48 h. The test Steswere examined at 1 hand
24 h after patch removal. Two weeks after the start of topical induction, test and control animaswere
chdlenged with a 75% solution of test materid in maize ail, and with the vehide done. These gpplications
were made to the shaved Ieft flank of animds, and hdd in place for 24 h, using asmilar method to thet
used for the topical induction applications. The degree of response was determined gpproximately 24
and 48 h after removal of the chalenge patch.

No concurrent positive control was used in this study, but the sensitivity of the guinea pigs used in this
study was assessed periodicdly by the tegting facility using 2-mercaptobenzothiazole, a known sensitiser.

During the induction phase of the sudy, dight or discrete erythemawas obsarved in dl animal's (test and
control) at 1 and 24 h after injection, and a 1 h after topica gpplication. A number of animas, test and
control, aso digplayed such erythemaaat 24 h after topica application. During the gpplication procedure,
two test group animas were ataxic, thin, and subdued, and were removed from the study. Prior to the
chdlenge application, a single test anima was removed from the study due to lesions on the dorsd test
dte. A dngle test anima showed a postive response to chdlenge, with dight to discrete erythema
observed. No vehicle control animas reacted to the chalenge application. Under the conditions of this
Sudy, the test materid was not a skin sengtiser to guinea pigs.

Berman CL (1987) Evaluation of chlorpyrifos (Pyrinex) for dermal senstization of Guinea pig.
Arthur D Littlelnc, USA, Report ADL 59487-01, 21 October 1987. [M akteshim; Submission
11471]

This study was conducted in compliance with the GL P regulations of the US EPA (40 CFR Part 160).
The skin sengtisation potentid of technica chlorpyrifos (Makteshim; Batch 489205; 96.8% purity) was
tested in abino guinea pigs (Dunkin-Hartley; Hazleton Research Products, USA). The test materia was
dissolved in 100% dimethylsulfoxide (DMSO), and diluted in DMSO to achieve the desired test
concentrations. Dinitrochlorobenzene (DNCB) was prepared at a concentration of 0.1% (w/v) for use
as a pogtive control, and solubilised on the day of use by the addition of Tween 80. Test materid was
applied to the shaved flank regions of animals, with induction gpplications made to the left flank, and
chalenge applications to the right flank. Test or control materias (0.2-0.5 ml) were applied to a patch
of filter paper or cotton and placed on the test Site, under an occlusive bandage, for 6 h. After the test
periods, the dressings were removed, and the test sites washed with 70% ethanal.

A dose range-finding study was conducted to determine the highest non-irritating concentration of the
test materia, with animals exposed to test materia a concentrations ranging from 0.25 to 5.0%
chlorpyrifos in DMSO for sx hours. Based on the results of this range finding study, a chlorpyrifos
concentration of 1.5% was selected for the main study.

In the main study, three groups of animas were used. One group of 20 animas (Group 1) was sendtised
and chdlenged with chlorpyrifos, agroup of 10 animals was chalenged with chlorpyrifos without any
prior sengtisation period (Group 1); and a positive control group (Group I1; 10 animals) was sensitised
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and challenged with 0.1% DNCB. Animasin Groups I and |11 each received three induction doses of
the appropriate materia (one application/week for three weeks). The firgt induction gpplication to Group
Il was with 1.5% chlorpyrifos. As this resulted in a dight skin reaction, subsequent applications to
animasin Groups | and I were conducted with 1.0% chlorpyrifos. Two weeks after the find induction
dose, dl animas were chalenged, with test or control materids gpplied for asix hour period. Twenty-
four hours after challenge application, the area was treated with a depilatory, and cleaned with 70%
ethanol. Dermd reactions were scored gpproximately one hour after the sites were cleaned. Forty-eight
hours after the challenge dose, test Sites were again scored for dermal reactions.

In the animals treated with a single chlorpyrifos dose (Group 1), irritation ranging from scettered mild
redness to moderate and diffuse redness was seen a 24 h (5/10 animals) and 48 h (4/10 animals, mild
redness only). In animas induced and then chalenged with chlorpyrifos (Group I1), only 1/20 animas
displayed scattered mild redness after the challenge dose at 24 h, and no skin reaction was seen at 48
h. The positive control group displayed mild redness at the 24 h inspection (9/10 animals) and a 48 h
(4/10 animds).

Under the conditions of this study, the test materia was not a skin sengtiser in guinea pigs.
3.1.7 Potentiation Studies

Anon (1964) Potentiation studieswith Dur sban in combination with Rueleneand Malathion in
rats. The Dow Chemical Company. Report dated April 22, 1964. [Dow; submission 238, part
2vol 1. A3162/5 Box 42]

No substantia procedures or technica details were provided for this study. L D50swere calculated for
Dursban, Rudene and Mdathion from separate experiments in which single ord doses of the compounds
in corn oil were administered at 5 different doses to groups of 5 mde rats. The experimentally derived
LD50s (95% CI) were 245 mg/kg (219-273 mg/kg) for Dursban, 1020 mg/kg (880-1880 mg/kg) for
Ruelene and 1370 mg/kg (1280-1470 mg/kg) for maathion. Additiond studies usng smilar methods
determined the LDS50 resulting from co-joint adminigtration of the compounds as well as studies where
Durshan was administered four hours prior to the dose of Ruelene or Mdathion. The Durshan/Rueene
combination showed no potentiation under either procedure, but Dursban/Maathion showed a 3-fold
potentiation after both procedures with LD50s of about 135 mg/kg (co-joint) and 158 mg/kg (4 h gpart)
vs 420 mg/kg “expected’. This study was not of aregulatory standard.

NorrisJM (1970) Potentiation study on Dowco 179 and Vaponainsecticide. The Dow Chemical
Company Report # T35.12-44793-24, dated January 13, 1970. [Dow; submission 238, part 2
vol 1. A3162/5 Box 42]

No subgtantia procedures or technica details were provided for this study. L D50swere calculated for
Dowco 179 (97% chlorpyrifos), Vaponainsecticide (93% chlorpyrifos), and a 1:1 mixture of the two
based on 4 or 5 ord dosesin corn oil administered to fasted mae abino Sherman rats (5/dose). The
experimentally derived mg/kg LD50s (95% CI) were 118 (77-181), 59 (38-91) for Dowco 179 and
Vapona insecticide respectively. The 1:1 mixture of the two products yielded an LD50 of 135 mg/kg
(97-188) cf the “expected” vaue of 79 mg/kg, and hence no potentiation was inferred. This study was
not of regulatory standard.
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3.1.8 Antidotetreatment

Davies RE & Kynoch SR (1970) Acute subcutaneoustoxicity of Durshban to ratsand the effect
of treatment with 1. Atropine sulphate 2. Atropine sulphate and PAM . Report varioudy
labelled : A1A-275, Dow Chemical Europe 3641/70/453, dated 22 September, 1970. [Dow;
submission 238, part 2 vol 1. A3162/5 Box 42, Submission 11462, reference 15]

Main Sudy: Fallowing aprdiminary range-finding study, fasted CFY rats (70-104g, 5/sex/group) were
injected subcutaneously with Dursban (Dowco 179, lot CD-935, 97%) in a vehicle of Tween
20:dimethyl sulphoxide:water in ratio 2:3:5 and injection volume ca. 0.1 ml. Doses ranged between O
and 200 mg/kg (6 dose levels) and animals were observed for two weeks post-dose. Signs included
lethargy, tremors, excessive lacrimation and sdivation and bradypnoea, and degths occurred from 19h-4
d, but survivors gppeared norma at two weeks. All animals at 200 mg/kg died, and the derived LD50
(95% CI) was 147 (120-179) mg/kg.

Atropine sulphate treatment: Groups of rats (5/sex/dose) received subcutaneous injections of Dursban
(7 dose levels, 0-320 mg/kg) in a Smilar procedure to the main study with each animd receiving a
subcutaneous injection of atropine sulphate (1.74% in water, 1.0 ml/kg) four hours after Dursban dosing
or when sgns of toxicity were observed, and subsequently a 24 h intervals for seven days. Degths
occurred within 22 hto 5 d. The derived LD50 was 205 (165-254) mg/kg.

Atropine sulphate + PAM: Groups of rats (5/sex/dose) received subcutaneous injections of Dursban
(8 dose levels, 0-800 mg/kg) in a Smilar procedure to the main study with each animd recelving a
subcutaneous injection of atropine sulphate (1.74%) and PAM (2-hydroyiminomethyl-1-methyl

pyridinium methiodide) (5%) in weater & 1.0 mi/kg 4 h after Dursban dosing or when signs of toxicity
were observed, and subsequently a 24 h intervals for seven days. Deaths occurred within 22 hto 6 d.

The derived LD50 was 540 (365-799) mg/kg.

Humiston CG (1969) A study of possible antidotes for Dur shan exposures. The Dow Chemical
Company, File No. T35.12-1244793-23, undated. [Dow; submission 238, part 2 vol 1. A3162/5
Box 42]

This study reports experiments with rats and dogs which investigate the effectiveness of PAM and
atropine as antidotes to Dursban toxicity. This study was not evaluated as it was not of regulatory
gdandard, there being insufficient technical detail provided. This study was not of regulatory standard.

Swart RW (1968) Teststo determine the antidotal activity of atropine and protopam chloride
for Dursban toxicity. The Dow Chemical Company Study No: TA-423, dated October 1, 1968
[Dow; submission 238, part 2 vol 1. A3162/5 Box 42]

This sudy reports experiments with caitle which investigate the effectiveness of pralidoxime chloride and
atropine as antidotes to Dursban toxicity. This study was not evaluated as it was not of regulatory
gandard, there being insufficient technical detail provided. This study was not of regulatory standard.
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3.2 Acute Toxicity of Chlorpyrifos End Use Products
321 Durshan 20MEC

Summary of acute toxicity of Dursban MEC formulation ( 20% aqueous solution of
microencapsulated chlorpyrifos).

Species | Strain | Sex | Study Type | Vehicle Outcome Reference
Rat abino | M+F | Ora undiluted | LD50: >25850 mg/kg QMY
(19853)

. NZ . _ Hart & O'Malley
Rabbit white M+F | Dermal undiluted | LD50: >10000 mg/kg (1985b)

) NZ Eye . . _ OMdley & Ebbens
Rabbit white F \rritation undiluted | Slight eye irritant (1985)

. NZ Skin , : . ¥ Hart & O'Malley
Rabbit white F rritation undiluted | Slight skin irritant (1985¢)

Hart GE & O’'Malley KD (1985a) Acute Oral Toxicity Study with ACP 5-85, M C00002
(Formulated) in Albino Rats. Riker Laboratories, Inc., St. Paul, Minnesota USA Study No.
0985AR0152, conducted 9 April to 9 May, 1985 and dated 13 May 1985. [Dow; Submission
1073, reference A3162/15, B18]

(Qudlity-assured study claimed to comply with GLP [EPA FIFRA] but no GLP statement signed or test
guiddines identified)

Acute toxicity data was provided on Durshan 20 MEC manufacturing concentrate, a 20% agueous
solution of microencapsulated chlorpyrifos. This was given the code name ACP 5-85 (M C00002).

The tes materid was administered by gastric intubation to fasted male and femde dbino rats
(5/sex/dose; Charles River Breeding Laboratories, USA, age ungtated, initial bodyweight 193-236 g)
at doses of 1.03, 10.34, and 25.85 g/kg of the formulation, corresponding to doses of 206, 2068, and
5170 mg/kg body weight of chlorpyrifos, with dose volumes of 1, 10, and 25 mi/kg, respectively, at the
doses above. The test materid was administered undiluted. After adminidration of the test materid, the
animds were observed for 14 days, a which time surviving animas were sacrificed, and gross
necropsies were conducted, in which the heart, lungs, liver, kidneys and gastrointestina tract were
examined.

A single femde died on day three of the study, at a dose of 10.34 g/kg test materid. This animd
digolayed dyspnoea and sdivation on day two of the sudy. No other mortaity or sgnificant dinica sgns
associated with chlorpyrifos adminigtration were reported during the study, with the exception of
sdivation and hyperacusisin asingle high dose male, which were seen only a 6 hours post dosing. At
necropsy, the decedent displayed haemorrhagic lungs, but no abnormalities were observed among the
animas which survived until termination.

Under the conditions of this study, the acute oral LD50 for the test materid was >25.85 g/kg body
weight (approximately >5170 mg chlorpyrifos’kg body weight).
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Hart GE & O’Malley KD (1985b) Acute Dermal Toxicity Screen with ACP 5-85, M C00002
(Formulation) in Albino Rabbits. Riker Laboratories, Inc. Study No. 0985AB0151, conducted
from 22 April to 6 May 1985 and dated 8 May 1985. [Dow; Submission 1073, reference
A3162/15, B18]

(Quality-assured study claimed to be conducted in accordance with the US EPA FIFRA Good
Laboratory Practice Regulations, but no compliance statement signed and no test guidelines specified).

The acute dermd toxicity potential of Dursban 20 MEC (ACP 5-58 (MC00002), an agueous
formulaion containing 20% microencgpsulaied chlorpyrifos) was determined usng male and femae New
Zedand abino rabbits (Hazleton-Dutchland; 5/sex/dose, initid bodyweight 1.93 - 248 kg). A single
dose of the undiluted test materid (10 000 mg/kg) was applied to the clipped intact skin of each animd,
and retained in place for 24 h under an occlusive plagtic dressing, after which time the resdua test
materid was removed with water. To prevent oral ingestion of the test compound, rabbits were fitted
with flexible collars. The animds were weighed on days 0, 7 and 14 and observed for mortality and
behaviour for fourteen days after adminidtration, a which time the survivors were sacrificed and
necropsied grosdy including examination of the heart, lungs, liver, kidneys and gastrointestind tract.

No mortality occurred during the study, and no dinica signs of intoxication, skin irritation or pathologica
abnormalities were observed. Under the conditions of this study, the derma LD50 for the test materid,
containing 20% chlorpyrifos, was >10 000 mg/kg.

O’'Malley KD & Ebbens KL (1985) Acute Ocular Irritation Test with ACP 5-85, M C00002
(Formulation) in Albino Rabbits. Riker Laboratories, Inc., &. Paul, Minnesota USA Study No.
0985EB0150 conducted from 2 April to 9 April 1985 and dated 7 May 1985. [Dow; Submission
1073, reference A3162/15, B18]

(Quality-assured study claimed to be conducted in accordance with the US EPA FIFRA Good
Laboratory Practice Regulations, but no compliance statement signed and no test guidelines specified).

A 0.1 ml volume of the test substance (Dursban 20 MEC, coded ACP 5-85 (MC0002), an agqueous
formulation containing 20% microencapsulated chlorpyrifos) was indilled into the conjunctiva sac of the
right eye of sx femae New Zedand adbino rabbits (Hazleton Dutchland, age and initid bodyweight
ungtated), with the left eye acting as the untreated control. The trested eyes were not washed, and were
examined a 1 hour, and 1, 2, 3 and 7 days.

At 1 h post treatment, very dight conjunctiva redness, and chemosis and/or discharge were observed
in four animals, but these effects had disappeared at the examination at 1 day. The mean Draize score
for the group a the one hour examination was 2.7, and this was the total mean score for the study, with
no other ocular irritation seen during the study. The test substance did not cause any damage to the
corneaor iris. Under the conditions of this study, the test substance was considered to be adight eye
irritant in rabbits.

Hart GE and O’Malley KD (1985c) Primary Skin Irritation Test with ACP 5-85, M C00002
(Formulation) in Albino Rabbits. Riker Laboratories, Inc., &. Paul, Minnesota USA Study No.
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0985EB0149, conducted from 2 April to 5 April 1985 and dated 7 May 1985. [Dow; Submission
1073, reference A3162/15, B18]

(Quality-assured study claimed to be conducted in accordance with the US EPA FIFRA Good
Laboratory Practice Regulations, but no compliance statement signed and no test guidelines specified).

A 0.5 ml volume of the test substance (Dursban 20 MEC, coded ACP 5-85 (MC0002), an agqueous
formulation containing 20% microencapsulated chlorpyrifos) was applied to two Sites on the clipped
backs and flanks of sx femade New Zedand abino rabbits (Hazleton Dutchland, age and initid
bodyweight unstated). On the day of gpplication, one Ste was abraded by making four epiderma
incsions, while the other was | €ft intact. The test substance was gpplied to the Stes, immediaely covered
with a gauze patch, and the trunk of each anima was then wrapped in an impervious plastic sheet for
24 h. The dressings were then removed and any residua test article removed by washing with water.
The test Stes were examined for Sgns of skin irritation a one hour and 48 hours after removd of the test
aticle.

Bardly perceptible erythema was observed on the aboraded skin of two animals, and on the intact skin
of one animd after 1 h but not at 48 h. No other Sgns of irritation were observed during the study. The
mean scores for erythema and oedema of abraded sites was 0.3, and for intact skin was 0.2, with an
overdl Primary Irritation Index of 0.1/8.0. Under the conditions of this study, the test substance was
consdered to be dightly irritating to the skin of rabbits.

3.2.2  Dursbhan 50W and L orsbhan 50W & WP and XRM-4700

Carreon RE & Yano BL (1985) Dursban 50W: Acute oral toxicity in rats and rabbits. Dow
Chemical USA Report HET M-004700-002, dated May 6 1985. EPA guidelines 81-1. QA.
[Dow; Submission 11462, reference 40]

Rats

The diluted test materid (25% agueous dilution of Dursban 50W) was administered by gadtric intubation
to mae and femae Fischer 344 rats (6/sex/dose; Charles River Breeding Laboratories, USA) at doses
of 320, 630 or 1300 mg/kg of the formulation; an additiona group of maes received 500 mg/kg and
an additiond group of femdes recaived 160 mg/kg. Rats were weighed weekly, observed for two weeks
after dosing and then necropsied.

Lethargy and body tremors were noted at dl doses, while excessive lacrimation, sdivation, diarrheaand
rapid shalow respiration were noted & some doses. No animals died a 160 mg/kg, 1femae died a 320
mg/kg, 2 maesa 500 mg/kg and dl animas at 630 and 1300 mg/kg died. Deaths occurred on days 1-
5. Bodyweights of survivors were norma, and there were no findings a necropsy. The LD50 for mae
rats was 494 (429-583) mg/kg, and for females was 382 (289-553) mg/kg.

Rabbits

The diluted test materid (25% agueous dilution of Dursban 50W) was administered by gadtric intubation
to mae and female NZW rabbits (5/sex/dose; Hazleton, Dutchland Inc., USA) at doses of 500, 1000
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or 2000 mg/kg of the formulation. Rabbits were weighed weekly, observed for two weeks after dosing
and then necropsied.

Decreased appetite was noted at all dose levels. Lethargy, body tremors, sdivation, diarrheaand rapid
shdlow respiration were noted a 2000 mg/kg. Animas which died spontaneoudy exhibited
facia/perineal soiling with faeces and fluid, decreased faecal content and secondary non-specific
gastrointesting irritation. No animas died at 500 mg/kg, 1 mae and 1 femde a 1000 mg/kg and 5/5
males and 4/5 femaes a 2000 mg/kg, with degths occurring within 1-2 days. There were no findings
at necropsy. The LD50 for male rabbits was 1175 (854-1814) mg/kg, and for females was 1414 (925
4231) mg/kg.

Nitschke KD & Yano BL (1983) Durshan 50W insecticide: An acute aerosol inhalation study.
Dow Chemical USA report No.: A1A-255, signed December 1983 [Dow; Submission 11462,
reference 41]

Rats (Fischer 344, 10-weeks old, 5/sex/group) were whole body exposed for 4 h to filtered air or 1500
mg/nT of the test substance, identified as Dursban 50W insecticide, Lot #DM83011705, composed of
Durgban F 53.2% and inerts 46.8%. Animals were weighed and clinical signs recorded regularly during
a 2 week post-exposure period, prior to necropsy and gross pathology examination.

The measured TWA concentration in the exposure chamber was 1500 mg/nt, and the MMAD of the
test materid was 5.5 microns (raw data not provided). All animas survived till scheduled sacrifice. The
test substance was observed for severa days post-exposure as a brownish materid on the face and
forepaws of some (females only) rats. No raw data was presented for surviva, bodyweights, clinical
sgns or the gross pathology findings. The authors date that: hyperexcitability was recorded in onefemde
rat on days 5-7 post-exposure; bodyweights were decreased on day 1, but bodyweight gains recovered
to control vaues theresfter; there were no treatment-related findings at necropsy and gross pathology
examination. Under the conditions of this study the LC50 for Dursban 50W insecticide exceeded 1500

mg/nt’,

Jeffrey MM (1986b) Lorsban 50 WP Insecticide: Primary dermal irritation study in New
Zealand Whiterabbits. Dow Chemical USA Report HET M004700-003C dated January 16
1986. Guiddine: EPA 81-5; GLP (dated 1991) [Dow; Submission 11462, reference 36]

Lorsban 50WP insecticide (Dow Chemical Canada, lot reference GHD-1109-84; containing 49.4%
technica chlorpyrifos (Dursban F); 0.5 g of water wettable grey powder) was applied to the clipped
back skin of six (1M, 5F) NZ white rabbits (Hazleton Dutchland, USA), under amoistened gauze patch
(2.5 cn) for 4 h. The patch was then removed and the gpplication site was wiped dean. The application
stes were scored for erythema, oedema and necrosis at 30 minutes, 24, 48 and 72 h after patch
remova. This study was conducted in accordance with the intent of GLP.

Scores were uniformly zero at 30 minutes, and al other scoring times. the Primary Irritation Index was
0.0. Three rabbits (maes) displayed dight erythema at 24, 48 and 72 h. Under the conditions of this
study, Lorsban S0WP insecticide was not askin irritant in rabhbits.
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Streeter CM & Carreon RE (1986) L orsban 50 W: Dermal sensitization potential in guinea
pigs. Dow Chemical USA Report No.: HET M-004700-003, report dated January 8, 1986; GLP
undated; QA; Guiddine: EPA 81-6. [Dow; Submission 11462, reference 37]

Lorsban 50W insecticide (Dow Chemical Canada, lot reference GHD-1109-84; containing 49.4%
technica chlorpyrifos (Durshban F); grey powder) was tested in a skin sengtisation assay in ten male
Hartley abino guinea pigs (Charles River Breeding Laboratories, USA). In the induction phase, the
animas were shorn and depilated (day 0) and then received four dermd applications (days 2, 5, 7, 9)
of 0.1 ml of the diluted test formulaion (10% in Dowanol DPM (dipropylene glycol monomethyl
ether/Tween 80; 9:1)) on gauze patches under occlusive dressing. The patches remained in place for 48
h prior to remova and replacement with a fresh patch. At the time of the 3rd gpplication (day 7),
Freund's Adjuvant was intradermally injected a multiple points adjacent to the patch. An additiona
group of 10 guinea pigs was smilarly trested with a postive control DER331 (10% epoxy resin)
substance. Each time the patches were removed, observations for erythema and/or oedemawere made.

In the chalenge phase, two weeks after the fourth application, the test materia or the positive control
was gpplied to one shorn flank, and the solvent to the other shorn flank of the gppropriate animas and
left uncovered. The application Sites were graded for sengtization response a 24 and 48 h after the
chdlenge application.

Only summary results were provided. When chalenged with the positive control materid, dight to
marked erythema was noted in 10/10 animals at 24 and 48 h. When chalenged with the test formulation,
no erythema was observed at any test Stes at either 24 or 48 h. Under the conditions of this study,
Lorsban 50W insecticide was not considered to be a skin sengitiser in guinea pigs.

3.23 Dursbhan TC Insecticide

Summary of acute toxicity of Dursban TC formulation.

Species | Strain Sex | Study Type | Vehicle | Outcome Reference
Fischer M LD50: 226 mg/kg
Rat 4 F Oral agueous L D50: 50-500 mgkg Carreon et a (1985)
Rabbit | NZwhite | M+F | Ora gnd' Ut 1| bso: >500 mgkg Jeffrey et al (1986b)
. . M undilute | LD50: 1265 mg/kg
Rabbit NZ white E Derma d L D50: 930 mgkg Jeffrey et a (1986a)
Fischer | M . undilute | LC50: 3900 mg/n?
Rat 4 = Inhalation d 2600-3600 mgrr? Streeter et a (1985)
Rabbit NZ white Eyelrritation gnd| lute Severe eyeirritant Carreon (1985b)
. . S undilute . A
Rabbit NZ white | M+F | Skinirritation d Slight skin irritant Carreon (1985a)
Guinea . in : Moderate skin
pig albino M sensitisation undiluted sensitiser Carreon (1986b)

Carreon RE, Battjes JE & Eisenbrandt DL (1985) Durshan TC Insecticide: Acute oral toxicity
study in Fischer 344 rats. The Dow Chemical Company Laboratory Report Code: HET-M-
004795-001A, 16 August 1985. [Dow; Submission 1080]
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The study was conducted according to the New and Revised Hedlth Effects Test Guiddines of the US
EPA, 81-1, 1984, and a quality assurance statement was issued for this study. The test materia

(Dursban TC; containing 44.6% chlorpyrifos) was administered to eight groups of Fischer 344 rats
(Charles River Breeding Laboratories, US; 7-week old; 6/sex/dose) viaord gavage (undiluted or asa
10% aqueous solution) at doses of 50, 500, 1000, or 2000 mg test materia/kg body weight. Food was
provided to dl rats following dosing, and animals were obsarved for 14 days fter trestment. All animals
were submitted for a complete necropsy examingtion.

No animas died at 50 mg/kg, and no clinica sgns of intoxication were observed a this dose levd. At
500 mg/kg, 5/6 maes died between days 2-4, and 6/6 femaes died by day 2 of the sudy. At 1000 and
2000 mg/kg, dl animas died before day 2 of the study. At doses of 500 mg/kg and above, dinica signs
cons stent with organophosphate intoxication were observed in animas, and included lethargy, loss of
motor coordination, body tremors, excessive lacrimation/sdivation, diarrhea, laboured bresthing, and
unconsciousness. The time of onset of these signs decreased with increased dose levels.

The LD50 was caculated to be 226 mg/kg for mae rats (95% confidence interva 100-413 mglkg), ad
between 50 and 500 mg/kg for females.

Jeffrey MM, Battjes JE & Yano BL (1986b) Dursban TC Termiticide : Acute oral toxicity
study in New Zealand white rabbits. The Dow Chemical Company, L aboratory Report Code:
HET-M-004795-001E, 17 March, 1986. [Dow; Submission 1080]

This study was conducted in accordance with the intent of the Good Laboratory Practices for Non-
Clinicd Studies; the US EPA; FIFRA November 1983; EPA Guiddines 1982. The test materid
(Durshen TC; Dow Chemicd, USA; containing 42.8% chlorpyrifos) was administered undiluted by ora
gavage to groups of New Zedand white rabbits (source not stated; 5/sex/dose) at doses of 200 or 500
mg test materia/kg body weight. Animals were observed for 14 days following treatment. All animas
that survived the study period were sacrificed and submitted to pathological examination.

Mortdity was confined to a sngle femae from the 500 mg/kg dose group, with the anima found deed
on day 4 of the study, apparently from pneumonia which may have occurred due to administration of
the test materid into the lung. Decreased gppetite was reported for al males a 200 mg/kg, and for al
animds a 500 mg/kg, but no other clinica signs of intoxication were reported. Gross pathologica
examination did not reved any effects that were atributed to chlorpyrifos adminisiration.

Under the conditions of this study, the ordl LD50 in rabbits was >500 mg/kg.

Jeffrey M M, Battjes JE & Lomax LG (1986a) Dursban TC Termiticide : Acute dermal
toxicity sudy in New Zealand whiterabbits. The Dow Chemical Company, L aboratory Report
Code: HET-M-004795-001E; 31 January 1986. [Dow; Submission 1080]

The study was conducted in accordance with the intent of the GLP for Non-Clinical Study (Federd

Register, Dec 22, 1978, Part |1, vol 43, no 247, 59986-60025), the US EPA: FIFRA GLP Procedures

(Federd Register, Nov 29, 1983, Part 1V, Vol 48, No 230, 53946-53969); Pesticide Assessment

Guiddines Subdivision F-Hazard Evauation, Human and Domegtic Animds, EPA, October 1982. The
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undiluted test materid (Dursban TC; Dow Chemicd, USA; containing 44.6% chlorpyrifos) was applied
to the clipped dorsal and ventrd trunk regions of New Zedland white rabbits (Hazleton Dutchland, USA,;
5/sex/dose) a doses of 200, 800, or 2000 mg test materia/kg body weight, and retained in place under
agauze dressing and an occlusive covering for 24 hours. After the treetment period, the dressings were
removed and any resdud test materia removed by washing with mild sogp and weater. Animas were
observed closdly for 14 days after trestment. All animals were subjected to necropsy examination.

At 200 mg/kg, no animas died, and no dinica signs of intoxication were reported. At 800 mg/kg, 1/5
maes died (day 5) and 1/5 femaes died (day 4), while at 2000 mg/kg, 4/5 maes and 5/5 femdes died
(between days 2-4). Clinical Sgns of intoxication a 800 and 2000 mg/kg included loss of gppetite, loss
of motor coordination, reluctance to move, lethargy, shalow respiration. Sight to moderate erythema,
oedema, and necross were reported in animas at al dose level, and in addition marked erythemawas
observed in animals at 800 mg/kg.

Under the conditions of this study the derma LD50 was cdculated to be 1265 mg/kg for maes (95%
confidence interval 625-7809 mg/kg), and 930 mg/kg for females (547-1913 mg/kg).

Streeter CM, Battjes JE & Johnson KA (1985) Dursban TC Insecticide : An acute aer osol
inhalation study of formulation XRM-4795 with rats. The Dow Chemical Company, L aboratory
Report Code: HET M-004795-002, 14 May 1985. [Dow; Submission 1080]

The study phases of this report were ingpected by Quality Assurance staff in accordance with FDA and
EPA GLP regulaions. The acute inhadationd toxicity of Dursban TC (Dow; containing 44.6% technica
chlorpyrifos) was investigated in Fischer 344 rats (Charles River Breeding Laboratories, gpproximately
10 weeks old at initiation of trestment; 6 animas/sex/dose unless otherwise daed), with animas
exposed to a single four-hour, whole-body exposure of the test materia under dynamic airflow
conditions at doses of 0, 2600 (females only), 3600, and 4700 mg/nt. The mean mass median
aerodynamic diameter of these aerosols was 1.97 1, while the mean geometric sandard deviation of the
particle sze digtribution was 2.04. Animas were routingly observed at least once aday for two weeks
after trestment for clinica reactions. Gross pathologica examinations were conducted on al rats
surviving at least one day post exposure.

No control animals died during the study, and no females died a 2600 mg/nT. At 3600 my/nt, 1/6
males and 6/6 females died within 3 days of exposure, while al animals exposed to 4700 mg/nt of the
test materid died within 2 days of exposure. During the exposure period, rats displayed clinicd signs of
intoxication, including lacrimation, sdivation, shalow bresthing, and incoordination. Clinica Sgnsin
surviving animas post exposure included chromodacryorrhea, inguina urine stain, reddish perinesa
encrugation, tremors, and hypersengtivity.

Under the condiitions of this study, the 4-h LC50 for the test materia was determined to be 3900 mg/n?
in male rats, and between 2600 and 3900 mg/nT in femderas.

Carreon RE (1985b) Dursban TC: Primary eyeirritation study in New Zealand white rabbits.

The Dow Chemical Company Laboratory Report Code: HET M-004795-001(D), 8 April 1985.
[Dow; Submission 1080]
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This study was conducted in accordance with Pesticide Assessment Guiddines of EPA; Subdivison F
Hazard Evauation; Human and Domestic Animas; 81-4, October 1982. Dursban TC (Dow; containing
44.6% technica chlorpyrifos, 0.1 ml) wasindilled as a sngle gpplication into the right eyes of six NZ
white rabbits (Hazleton Dutchland, USA), and these treated eyes were left unwashed. The left eye acted
as an untreated control. Examination of the eyes occurred at 1, 24, 48 and 72 hours, and 7, 14 and 21
days, post-indtillation.

Following application, rabbits gppeared to experience moderate discomfort. Examination of the trested
eyesat 1 h reveded moderate conjunctival redness and swdling (irritation score of 1 or 2), discharge
(score 1), reddening of theiris (score 1) and dight opacity of the cornea. At 24 h, the conjunctiva effects
were mogt noticesble in the mgority of animals (irritation scores of 2 or 3 for chemos's, redness, and
discharge), with diffuse, crimson redness, and individua vessals not easly discernible; obvious swelling
with partid everson of lids or sweling with the lids about haf closed; and discharge, with moistening of
the lids and hairs, and congderable area around the eyes. By day 7 post trestment, easly discernible
tranducent areas of the cornea were seen in two animals (irritation score 2), with another two animals
digplaying scattered or diffuse areas of opacity (irritation score 1). Iridia rednesswas seenin dl animals
for a least 3-7 days. All Sgns of irritation were resolved in al but one rabbit at 21 days post-exposure.
Under the conditions of this study, Dursban TC was a severe eyeirritant in the rabbit.

Carreon RE (1985a) Dursban TC: Primary dermal irritation study in New Zealand white
rabbits. The Dow Chemical Company, Laboratory Report Code: HET M-004795-001(C), 8
April 1985. [Dow; Submission 1080]

This sudy was conducted in compliance with FDA and EPA GLP regulaions, and Pesticide Assessment
Guiddines of the EPA; Subdivison F-Hazard Evauation: Human and Domestic Animdss, 81-5, October
1984. A sngle dose of 0.5 ml of undiluted Dursban TC (Dow; containing 44.6% technical chlorpyrifos)
was gpplied under a gauze patch to the hedthy intact dorsa clipped skin of 2 mae and 4 female NZ
white rabbits (Hazleton Dutchland USA) for a contact period of 4 h. The trestment Site was covered
with an occlusve dressing following application of the test substance, and the test Site was washed with
water at the end of the exposure period.

The 4-h exposure resulted in very dight (1/6 animals) to well-defined (3/6 animals) hyperaemia, but no
oedema was observed in any animas. Hyperaemia was till evident at 72 h post-gpplication, with an
irritation score of 2 in one animal, and a score of 1 in two animals. The Primary Irritation Score was
cdculaed to be 0.63/8.0. Under the conditions of this study, Dursban TC was adight skin irritant in the
rabbit.

Carreon RE (1986b) Dursban TC Insecticide Formulation(s): Dermal sensitization potential
in the guinea pig. The Dow Chemical Company, Laboratory Report Code: HET M-004795-
001(F), 17 February, 1986. [Dow; Submission 1080]

This study was conducted in accordance with the intent of the Good L aboratory Practices for Non-
Clinica Studies (Federd Regigter, December 1978); the Environment Protection Agency; FIFRA GLP
Procedures (Federa Register, November 1983), EPA Guiddines (October 1982).
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To determine the skin sengitisation potentia of the formulation Dursban TC (Dow; containing 44.6%
technicd chlorpyrifos), ten mae Hartley abino guinea pigs (Charles River Breeding Laboratories, USA)
received four dermd applications of 0.1 ml of the test formulation as a 10% Dowanol DPM solution
(dipropylene glycol monomethyl ether/Tween 80; 9:1) made to the clipped back regions over a period
of 10 days. Additiona groups of 10 guinea pigs each were smilarly treated with a vehicle control (the
Durshan TC formulation without the active ingredient Durshan XP), and a positive control (10% epoxy
resin) substance. Each gpplication was made under a gauze patch then covered with an occlusive
dressing for 48 h. After thefirst gpplication was removed, a second gpplication (0.1 ml) was made. At
the time of the third application, atota of 0.2 ml of Freund's Adjuvant was injected intradermaly at
multiple points adjacent to the application ste. Forty-eight hours after this application, the paich was
again removed, and afresh application of 0.1 ml of test materid was made. Each time the patches were
removed, observations for erythema and/or oedema were made.

A 2-week bresk from trestment followed the induction period. During the induction period the trestment
stewasregularly examined for skin reactions. Chalenge doses (0.1 ml) of the respective test and control
substances were gpplied to previoudy treated Sites on one side, and with Dowanol DPM/Tween 80
(9:1) on the other, and the skin reactions noted at 24 and 48 h.

No signs of skin irritation were seen in any group during the induction phase of the study. When
chalenged with the positive control materid, dight to marked erythema was noted in 19/20 animals.
When chalenged with the test formulation (10% Dursban TC), dight erythema was observed in 5/10
animasa 24 h, and 510 animas at 48 h (3x different animasin total), while none of the 10 guinea pigs
chdlenged with the blank formulaion (minus Dursban XP) showed sgns of erythema. Under the
conditions of this study, the test material was considered to be awesk skin sengtiser in guinea pigs.

Carreon RE (1986a) Durshan TC I nsecticide (Formulation B): Dermal senstization potential
in the guinea pig. The Dow Chemical Company, Laboratory Report Code: HET M-004817-
001, 9 April, 1986. [Dow; Submission 1080]

This study was conducted in accordance with the intent of the Good L aboratory Practices for Non-

Clinica Studies (Federd Regigter, December 1978); the Environment Protection Agency; FIFRA GLP
Procedures (Federal Register, November 1983), EPA Guiddines (October 1982).

To determine the skin sengtisation potentia of the formulation Dursban TC (Formulation B) (Dow;

containing 43.0% technica chlorpyrifas), ten male Hartley abino guinea pigs (Charles River Breeding
Laboratories, USA) received four dermd gpplications of 0.1 ml of the undiluted test formulation made
to the clipped back regions over a period of 10 days. An additiona group of 10 guinea pigs were
smilarly trested with a positive control [DER 331; 10% epoxy resnin DOWANOL DPM (dipropylene
glycol monomethyl ether/Tween 80; 9:1) (dipropylene glycol monomethyl ether/Tween 80; 9:1)]

subsgtance. Each application was made under a gauze patch then covered with an occlusive dressing for
48 h. After the first gpplication was removed, a second gpplication (0.1 ml) was made. At the time of
the third application, atotd of 0.2 ml of Freund's Adjuvant was injected intradermdly a multiple points
adjacent to the gpplication site. Forty-eight hours after this application, the patch was again removed,
and a fresh gpplication of 0.1 ml of test materid was made. Each time the patches were removed,
observations for erythema and/or oedema were made.

A 2 week bresk from trestment followed the induction period. During the induction period the trestment
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stewas regularly examined for skin reactions. Chalenge doses (0.1 ml) of the respective test and control
substances were gpplied to previoudy trested sites on one flank, and with Dowanol DPM/Tween 80
(9:1) on the other, and the skin reactions noted at 24 and 48 h.

Oneanimd died during the study, but its death was not attributed to chlorpyrifos adminigration. No Sgns
of skin irritation were seen in any group during the induction phase of the study. When chalenged with
the positive control materid, moderate to marked erythema was noted in 9/10 animas. When chdlenged
with the test formulation (undiluted Dursban TC Formulation B), dl animas diplayed a skin sengtisation
regponse, with dight erythema observed in 4/9 animds at 24 h, and 3/9 animds at 48 h, and moderate
erythema observed in 5/9 animas and 6/9 animals, at 24 and 48 h, respectively. Under the conditions
of this study, the test materid was considered to be a moderate skin sengtiser in guineapigs.

3.24 Durshan ULV

Summary of acute toxicity of Dursban ULV formulation

Species | Strain Sex | Study Type Vehicle Outcome* Reference

Rat SD M+F | Oral undiluted LD50: 541 pl/kg Jones (1977d)

Rat SD M+F [ Dermal undiluted L D50: >5000 pl/kg Jones (1977¢)

Rat SD M Inhalation undiluted LC50: >1690 mg/n? Crouch & May
(1977

Rabbit NZ white M Eye Irritation undiluted Slight eyeirritant Jones (1977b)

Rabhit NZ white M Skinirritation undiluted Slight skinirritant Jones (1977a)

* Calculated as volume or weight of product

JonesJR (1977d) Acuteoral LD50 in therat: Dursban ULV. Hazleton Labor atories Europe,
report: 875-50/24, November 1977. [Dow; Submission 11462]

The acute ord LD50 for Dursban ULV (Dow; chlorpyrifos concentration not stated) was determined
in Sprague-Dawley rets (Bantin and Kingman, UK). The undiluted test materia was first administered
by ora gavage to four groups of fasted rats (2/sex/dose; dose volume 0.2 to 1.6 ml) at doses of 200,
400, 800, and 1600 pl/kg, in arange-finding study. Mortality was 2/4 and 4/4 at 800 and 160 pl/kg,
respectively. Based on these results, the doses for the main study were 400, 670, 800, 950, 1350, and
1600 pl/kg, with 5 animals'sex/dose. Animals were observed for clinical sgns for 14 days after
treatment.

Clinicd 9gnsincluding prodration, convulsons, exophthadmaos and chromodacryorrhea were generdly
confined to animals treated at doses of 950 ul/kg and above. Mortality was 1/10, 3/10, 7/10, 9/10,
9/10, and 10/10, at 400, 670, 800, 950, 1350, and 1600 pl/kg, respectively. Under the conditions of
this study, the LD50 (95% confidence limits) was 700 pil/kg (583-840 pi/kg).

JonesJR (1977c) Acutedermal LD50in therat: Dursban ULV. Hazleton L abor atories Europe
Report no: 932-50/33, November 1977. [Dow; Submission 11462, reference 21]

To determine the derma L D50 of the chlorpyrifos formulation Dursban ULV (Dow; concentration not
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stated), the undiluted test materia (5 mi/kg) was applied to the shaved intact skin on the backs and
flanks of Sprague-Dawley rats (Charles River, UK; 5/sex). The test Stes were then covered with
waterproof dressings for 24 h, after which time the dressings were removed, and residud test materid
removed by washing with warm water. The animas were observed for sgns of toxicity at 15, 30, and
60 minutes, and at 4 h. Overal mortality was assessed at 48 h.

No deaths occurred during the study, but al animals displayed a marked brown secretion around the
nose, hunched posture and chromodacryorrhea at 24 h, and to alesser extent at 48 h.

Under the conditions of this study, the derma LD50 of the test materia was >5 mi/kg.

Crouch CN & May JW (1977) Acutetoxicity by inhalation of Dursban ULV in rats. Hazleton
Laboratories Europe, Report No: 874-50/23, September 1977. [Dow; Submission 11462,
reference 22]

Dursban ULV (Dow; concentration not stated), was administered undiluted, as an aerosol, by nose-only
inhdation to rats for 4 h. The animals (Sprague-Dawley; Bantin and Kingman, UK ; 8/sex/dose) were
exposed to measured concentrations of 0 (control; 5/sex), 790, 940, 1280, and 1690 mg/inT of the test
materia. The highest dose was areflection of the maximum concentration achievable in this sudly.

No deeths associated with treatment occurred during the exposure period. On the day following
exposure, 2/16 animals in the 1690 mg/nt group died, and 1/16 animasin the 1280 mg/inT group died.
Clinica sgns, including ruffled fur, chromodacryorrhea, nasd secretion, and lethargy, were reported at
al exposure concentrations, but these signs disgppeared after 2-3 days. At the highest dose leve,
animals dso showed signs of tremor, twitching, and uncoordinated movement. Under the conditions of
this study, the LC50 for the test material was >1690 mg/n'’,

JonesJR (1977a) Primary skin irritation studiesin therabbit Dursban ULV (EF312). Hazleton
Laboratories Europe Study No.: 910-50/28, dated October 1977 [Dow; Submission 11462,
reference 23]

This study was carried out to determine the primary irritation index of Dursban ULV (EF312). No
details of thisformulation were provided. The test substance (colourlessliquid, 0.5 g) was goplied to two
steson the dlipped backs of sx mae New Zedand White rabbits (The Buxted Rabhbit Co. Sussex). On
the day of application, one Site was abraded by making three epidermal incisons, while the other was
left intact. After the test substance was applied to the Sites they were immediatdly covered with a gauze
paich, followed by a cotton wool pad, and the trunk of each anima was then wrapped in a bandage for
24 h. One h and 48 h after remova of the patches the test Stes were examined for Sgns of skinirritation.

Four rabbits showed dight erythema (score 1) at both sites at 24 h but not at 72 h, and no sites showed
oedema at ether scoring time. No other Signs of irritation were observed during the study. The mean
scores for erythema and oedema of abraded and intact sites were 8/6 = 1.3, and hence the primary
irritation index was 1.3/4 = 0.3 and the materid was regarded as adight irritant to rabbit skin.

Jones JR (1977b) Eye irritation study in the rabbit Dursban ULV (EF312). Hazleton
L aboratories Europe Study No: 918-50/29, dated November 1977 [Dow; Submission 11462,
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reference 24]

This sudy was carried out to determine the ocular irritancy of Dursban ULV (EF312). No ddtalls of this
formulation were provided. The test substance (colourless liquid, 0.1 ml) was indilled into the left
conjunctiva sac of six mae New Zedand White rabbits (The Buxted Rabbit Co. Sussex), with the
untrested right eyes serving as control . The eyes were scored using the Draize scdeat 1, 2, 3, 4 and
7 days dfter treatment.

Slight to mild conjunctiva redness (6/6) and dight discharge (3/6) were seen on day one, and no other
ggnsof irritation were seen at other scoring times. The total score was 22/110 for day 1 and zero at dl
other times. This formulation was adight eye irritant in rabbits.

325 Lorshan 50 EC

Summary of acute toxicity of Lorsban 50EC formulation

Species | Strain Sex | Study Type | Vehicle | Outcome Reference
M LD50: 310 mgkg

Rat SD F Oral water L D50: 230 mgkg Anon (1985a)

Rabbit NZ white M+F [ Derma undiluted | LD50: >2000 mg/kg Anon (1985b)
: M . : L.C50: 2500 mg/n? Streeter et al

Rat Fischer 344 = Inhalation undiluted L C50: 2000 mg/n? (1986)

Rabbit NZ white F Eyelrritation | undiluted | Moderate eyeirritant | Anon (1985c)

Rabbit NZ white F Skinirritation | undiluted | Slight skinirritant Anon (1985d)

Anon (1985a) Acute oral toxicity in the Albino Rat. Toxicity Research Laboratory Ltd, TRL
Study # 033-011, Completed 2 December, 1985. [Dow; Submission 1053]

This study was conducted in compliance with GLP for Non-Clinicd Laboratory Studies regulations. The
test materid Lorsban 50 EC Insecticide (Dow; chlorpyrifos concentration not stated) was dissolved in
digtilled water and administered to young adult mde and femde rats (Crl:CD (SD)BR; Charles River
Breeding Laboratories; 5/sex/dose) at doses of 156.3, 312.5, or 625 mg/kg (males), and at 156.3, 221,
312.5, 442, or 625 mg/kg (femdes). The dosage volume was 10 mi/kg. Animas were observed for
mortaity and dlinica sgns of intoxication during the day of adminigtration and twice daily theresfter for
14 days.

No animds died at 156.3 mg/kg, whileasnglefemdedied & 221 mg/kg. At 312.5 mgkg, asnglemde
died, but al females died at this dose. At doses of 442 mg/kg and 625 mg/kg in femdes, and &
625 mglkg in mdes, dl animds died fallowing adminidration of the test materid. A range of dinicd sgns
were reported, including hypoactivity, sdivation, lacrimation, diarrhea, prodration, tremors, ataxia, and
convulsons, with the incidence of anumber of these Sgnsincreasing with dose. Clinica signswere not
seen in surviving rats after five days. The LD50 vaue was determined to be 310 mg/kg for maes (95%
confidence interva 247-389 mg/kg), and 230 mg/kg for femades (174-304 mg/kg). All deeths occurred
within four days of adminigration.

Anon (1985b) Acute dermal toxicity in the Albino Rat. Toxicity Research Laboratory Ltd, TRL
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Study # 033-012, completed 16 December, 1985. [Dow; Submission 1053].

This study was conducted in compliance with GLP for Non-Clinica Laboratory Studies reguletions. The
test materid (Lorsban 50EC; Dow: chlorpyrifos concentration not stated) was applied to the shaven
intact skin on the trunk of rabbits (New Zedland white; Oak Hill Rabbit Ranch, USA; 16-17 weeks old;
five animals/sex/dose) to give adose of 2000 mg/kg body weight. The test materia was covered with
a gauze dressing and tape for 24 h, after which time the ste was washed with water to remove any
resdud test material. The animals were observed for mortdity and dlinical Sgns of toxicity frequently
during the four hours after dosing, and twice daily theregfter for 14 days.

No animas died during this sudy. No dinicd sgns of intoxication were observed during the study. Sight
erythema and oedemawere seen in dl animals, while exfoliation and fissuring were aso seen in most of
the animas. Under the conditions of this sudy, the dermd LD50 for thistest materid was >2000 mg/kg.

Streeter CM, Battjes JE & Lomax LG (1986) Lorsban 50 EC insecticide : Acute aerosol
inhalation study in rats. The Dow Chemical Company, Laboratory Report Code HET DR-
0155-1753-002, 9 October, 1986. [Dow; Submission 1053]

This study was conducted congstent with FDA and EPA GLP Regulations. To assess the acute
inhaationd toxicity of Lorsban 50 EC (Dow; containing 50.1% chlorpyrifos, lot HM 831108/1), the test
materid was administered for four hours by whole-body exposure to Fischer 344 rats (minimum 8
weeks old at time of exposure; Charles River Breeding Laboratory; six animals/sex/dose) at time-
weighted average concentrations of 1500 (femaes only), 2200, and 3100 mg/n?. Animas were
observed for mortdity and dlinica sgns of intoxication for up to 14 days after exposure. The mean mass
median aerodynamic diameter of the aerosols was 2.33|, and the mean geometric standard deviation
of the particle Size distribution was 2.09.

During the exposure period, only a few of the animas were able to be observed in the chamber. At
1500 mg/nT, animals displayed sdlivation, lacrimation and laboured bresthing during exposure. On day
1 following exposure, al animas displayed sdivation and lacrimation, but these effects were not seen
a |ater observations during the study. At 2200 mg/nT, animas in the exposure chamber displayed eye
squint, salivation, lacrimation, and |aboured bregthing, with lacrimation persgting in al animasfor two
days, and in some animds for up to five days. Tremors were dso seen in dl animas for two days, and
in some animals for up to Six days. At 3100 mg/n?, eye souint, lacrimation, laboured bresthing,
divation, and lethargy were seen in dl animads on the firgt two days of the sudy. Signs such as gaining
of the muzzle, periocular region and perineum, and hyper-reectivity, were dso seen during the
obsarvation period at al dose levels. No femaes died at 1500 mg/n; 1/6 males and 4/6 females died
at 2200 mg/nT from days 5-14, and al animals exposed at 3100 mg/nt died between days 2-5.

The LC50 was determined to be 2000 mg/nt for femaes (95% confidence intervals 1500-
3100 mg/nt), and 2500 mg/n? (<3100 mg/nT) for males.

Anon (1985¢) Primary eyeirritation in the albino rabbit. Toxicity Research Laboratory, TRL
Study # 033-013, completed 19 November, 1985. [Dow; Submission 1053]

This study was conducted in accordance with GLP requirements. To evauate the eye irritation potentid
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of Lorsban 50 EC, aformulation containing chlorpyrifas (Dow; concentration of active ingredient not
dated) was indtilled into the everted lower eydids (0.1 ml diquots) of sx femae New Zedand white
rabbits (16-17 weeks old; Oak Hill Rabbit Ranch, USA). The treated eyes were examined and scored
for irritation a 24, 48, 72, and 96 h after compound adminigiration, and aso a 7, 10, and 14 days. The
untreated left eyes of animas served as controls.

Sight to moderate conjunctiva redness and chemosis was seen in dl animds, with redness pergsting until
96 hin 4/6 animals, and for 7 daysin 2/6 animas. At 24 h, conjunctival redness ranged from diffuse
beefy redness (score 3; 3/6 animas) to diffuse crimson (score2; 3/6 animas). A purulent discharge was
observed around the conjunctivain al test animals. Cornedl opacities were noted in dl animals, with
scattered to diffuse areas of opacity (score 1) seenin 5/6 animads, and easily discernible tranducent aress
(score 2) seen in 1/6 animas. While some opacities persisted for 96 h, no corneal opacity was seen at
the 7 day examination.

Under the conditions of this study, the test materia was amoderate eye irritant in rabhbits.

Anon (1985d) Primary dermal irritation in the albino rabbit. Toxicity Research Laboratory,
TRL Study # 033-014, Completed 11 November, 1985 [Dow; Submission 1053].

This study was conducted in accordance with the standards st forth in the OECD Guiddine for testing
of Chemicds (12 May 1981), and in accordance with GLP procedures. The primary dermd irritation
potentid of Lorsban 50 EC (Dow; containing chlorpyrifos, concentration of active ingredient not stated)
was tested in Six femae New Zeaand white rabbits (16-17 weeks old; Oak Hill Rabbit Ranch, USA).
Thedorsd areaof the trunk of each anima was clipped of fur, and the test materia (0.5 ml) was applied
to asmall area of skin (approximately 6 cn¥) and covered with a gauize patch. The test Site was then
covered in asemi-occlusive dressing for four hours, after which time the test site was rinsed with weater
to remove any resdud test materia. Thetest Ste was observed for erythemaand oedemain accordance
with the Draize technique a 30 min after paich removal, and then at 24, 48, and 72 h, and 4, 5, and 6
days after gpplication.

Very dight (bardly perceptible) erythema (score 1) was seen in dl animas for up to 5 days, while very
dight (barely perceptible) oedema (score 1) was dso seenin one animd at 4.5 h, and another animal
at up to 24 h post adminigtration. Under the conditions of this study, the test materid was adight skin
irritant in rabbits.

Anon (1985e) Dermal sendtization in guinea pigs. Toxicity Research Laboratory Ltd. TRL
Study # 033-015, completed 28 February, 1986. [Dow; Submission 1053]

This study was conducted according to GLP procedures, and the OECD Guiddines for Testing of
Chemicds. A formulation containing chlorpyrifos (Lorsban 50 EC; Dow; concentretion of active
ingredient not stated) was tested for derma sengtisation potentid in young, adult mae guinea pigs
(Murphy Breeding Laboratories, USA) using the method of Buehler. Prior to the initigtion of the study,
apilot test was conducted to determine a non-irritating concentration of the tet materid, usng asingle
dose of the formulation. This study reported thet the test materia was not irritating to the skin of guinea
pigs.
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During the induction phase of the main study, the skin of the backs and flanks of ten animals was dipped
of har, and the undiluted test materid (0.5 ml) was applied three times/week (with at least one day
intervening) for atotal of ten applications. To avoid cumulative irritation, the test gpplications were
gpplied to one of three test Stes, ether on the back or either flank of the animas. After gpplication, the
test materid was covered with apad, and with an impervious sheeting for a Sx hour exposure period,
after which the animals were returned to their cages. The test Sites were scored for erythema and
oedema 24 and 48 h after each gpplication. Two weeks after the fina induction gpplication, the animas
were chalenged once with asingle dose of the undiluted test materid. The chalenge dose was gpplied
to the same test St asinduction doses 1, 4, 7, and 10. A positive control group, aso consisting of ten
male guinea pigs, was treated smilarly, but with a 0.1% (w/v) dilution of 1-chloro-2,4-dinitrobenzene
in weter.

Following induction doses with the test materid, very dight (barely perceptible) erythemawas seen in
trested animds, but generaly only on one or two occasons during the study. Well-defined erythema was
seeninasngle animd only, after the fourth induction dose, and very dight oedemawas dso seenin this
animd fallowing thisinduction dose. Oedemawas not reported in other treated animas. No reaction was
observed following chalenge doses of the test materid. Following the chalenge with the positive control
materid, very dight erythema was seen in three animas, and well defined erythemain asingle animdl.
Very dight oedemawas seen in asingle anima only, following the positive control chalenge dose.

Under the conditions of this study, the test materid was not a skin sengitiser to guinea pigs. However,
due to the equivoca nature of the response to the postive control materid, this study does not
adequately address the skin sengitisation potential of Lorsban 50 EC.

3.2.6 Dursban 2E

Carreon RE & Wall JM (1985) Dur shan 2E formulation : Dermal sensitization potential in the
guinea pig. The Dow Chemical Company, Laboratory report Code: HET M-004501-004, 21
February, 1985. [Dow; Submission, 1053]

This study was conducted in compliance with US FDA and EPA GLP regulations. To test the skin
sengtisation potentia of the chlorpyrifos formulation Dursban 2E (Dow; containing 25% chlorpyrifos
technicd), the test materia was gpplied to the shaved skin on the back of ten mae Hartley abino guinea
pigs (Charles River Breeding Laboratories, USA), with four applications (each 0.1 ml of a 1% solution
in Dowanol DPM/Tween * (9:1)) made over the 7-day induction period. Each gpplication was made
on a gauze patch, and then secured in place under an occlusive dressing for 48 h before the next
gpplication was made. At the time of the third gpplication, atota of 0.2 ml of Freund's Adjuvant was
injected intradermaly at multiple points adjacent to the gpplication site. After thefind application of test
materia, the patches were removed, and anima s were dlowed to recover for a14-day period. A group
of 10 mae guinea pigs smilarly received gpplications of a postive control material, DER 331 epoxy
resin, as a 10% solution in the same vehicle used on the test animals. After the rest period, both flanks
of each animd were clipped and challenged with the test materid on one sde and the solvent on the
other. The test materid was gpplied as a 0.5% dilution, asthe 1% dilution resulted in skin irritation in a
number of animals during the induction phase of the study. Challenge gpplications were not covered, and
skin responses at these Sites were observed at 24 and 48 after application.
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During the induction phase of the study, dight skin irritation (hyperaemia) was observed in 4/10 animals
that was treated with the 1% solution of the test materid. No Sgns of skinirritation or sengtisation were
observed following the chalenge dose with the 0.5% solution of test materid. The positive control
materia resulted in moderate to marked erythema reactions in dl animas upon chalenge. Under the
conditions of this study, the test materid was not askin sengtiser in guinea pigs.

3.2.7 Lorshan LV/XRM-4656

Carreon RE, Johnson KA & Wall IM (1982) Experimental L orshan Formulation (XRM-4656);
acute toxicological properties and industrial handling hazards. Study No: HET M-4556-(1),
Dated 8 September, 1982 [Dow; Submission 11462, reference 1]

A Lorsban formulation (23% chlorpyrifos) described varioudy as chlorpyrifos solution and GHD-0544-
38 was tested for acute ord and dermd toxicity, eyeirritation and skin irritation.

Acute oral toxicity: Rats (Fischer 344, 6/sex/group) were administered 320, 630, 1300 or 2500 mg/kg
of the formulation as a 10% corn-oil solution by single dose gavage. Clinica signs were noted for the
two week observation period, and surviving animas were sacrificed and subjected to gross necropsy.
Clinicd sgnsinduded body tremors, watery eyes, excessve sdivation, lethargy and laboured respiration.
There were no abnormalities noted a gross necropsy. Degths occurred on days 1-4 and were recorded
as 0, 0, 5/12 (4M, 1F) and 12/12 for 320, 630, 1300 or 2500 mg/kg doses respectively. The ora
L D50 was 1173 mg/kg for maes and 1530 mg/kg for femaes.

Acute eye irritation: Aliquots of the undiluted test materid (0.1 ml) were indilled into the lower
conjunctiva sac of the right eye of Sx NZW rabbits (6M) without washing, and smilarly into the sac of
3 rabhbits (1M, 2F) with washout after 30 seconds. The left eye of each anima served as a contral.
Animas were returned to ther cages immediaidy following inddlation of the test materid, and
assessment of ocular effects were made for dl rabbitsat 1, 2, 3, 4, 7, 10 and 15 days after dosing, and
scored according to the method of Draize.

Sight conjunctiva redness (Draize score 1) was seenindl animas a 1, 24, and 48 h, but this effect hed
disappeared by 72 hin dl animads. Additiondly, dight conjunctiva chemoss and discharge were seen
in2/3animasa 1 hand at 24 h, but these effects were not seen at the 48 h examination. A sngle anima
disolayed dight iridid irritation at the 1 h examination only.

Under the conditions of this study, the test materia was considered to be adight eye irritant in rabhbits.

Streeter CM, Battjes JE & Yano BL (1986) Lorsbhan LV Insecticide: An acute aerosol
inhalation study of formulation XRM-4656 in rats. The Dow Chemical Company Report No.:
HET-M004656-003 dated April 16 1986. QA [Dow; Submission 11462, reference 31]

This study was performed to assess the acute inhalationa toxicity of a chlorpyrifos formulation known

as Lorshan LV: formulaion XRM-4656. Few detals were provided, but the formulation was described

as an amber liquid, dengity 1.040 g/ml Ref: GHD-1137-1, purity 95.9%, and containing 22.95%
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Dursban F. The test materid was administered for four hours by whole body exposure to Fischer 344
ratls (minimum 8 weeks old a time of exposure, Charles River Breeding Laboraory; Sx
animas/'sex/dose) at time-weighted average concentrations of 4600 mg/nt. Additiona Smilar
experiments with additional rats achieved 4600 and 3700 mg/n for males and females respectively.
Animas were observed for mortality and clinical sgns of intoxication for up to 14 days after exposure,
and then necropsied.

The mean mass median aerodynamic diameter of the aerosols was 2.27 1, and the mean geometric
standard deviation of the particle size digtribution was 1.85. During the exposure period, only afew of
the animals were able to be observed in the chamber. On days 1 and 2 following exposure a
4600 mg/nt, most animals displayed sdivation, lacrimation, lethargy, reddish stains (muzzle) and urine
perined stains, with laboured breathing and reddish stains (periocular) appearing only on day 2. Signs
a later obsarvation times additionaly included hyper-reactivity and unkempt fur, but were less frequent,
especidly in maes, such that by day 14 only urine perined stains (2M, 3F) and dopecia (muzzle and
periocular, 3 F) were present. In asecond experiment, males exposed at 4600 mgint® displayed asimilar
pattern of sgns to those listed above, such that by day 14 2/6 displayed urine perined stains only.
Anocther experiment in which females were exposed a 3700 mg/nT also recorded a Smilar pattern of
clinica ggnsto thet listed above but induded trembling seen in Al ratsfrom days 1-3. By day 14 the only
signs recorded were urine perined stains (5/6) and dopecia (muzzle and periocular, 5/6). Bodyweights
dropped in dl rats following exposure but tended to recover to pre-exposure levels by day 14. Deeths
occurred in 1/6 males (died day 14) and 3/6 femaes (died days 4, 7 & 8) in thefirg experiment (M &
F, 4600 mg/nT) and the surviving females in this group recorded enlarged adrends at termind necropsy.
The LC50 (4h) for Lorsban LV experimentd formulation XRM-4656 containing ca. 23% chlorpyrifos
was determined to be 4600 mg/nt for females and >4600 mg/nT for males.

3.28 Pyrinex ME Insecticide

Summary of acute toxicity of Pyrinex ME formulation

Species | Strain Sex Study Type | Vehicle | Outcome Reference

Rat SD M+F Oral undiluted | LD50: >2000 mg/kg Dreher (1993a)
Rat SD M+F Derma undiluted | LD50: >2000 mg/kg Dreher (1993b)
Rabbit NZ white Qt(;tt od Eyelrritation | undiluted | Slight eyeirritant Privman (1994)
Rabbit NZ white | F Skinirritation | undiluted | Slight skinirritant Dreher (1993c)

Dreher DM (1993a) Pyrinex ME: Acute oral toxicity (limit test) in the rat. Safepharm
Laboratories Ltd, UK. Project no: 306/187, 21 May 1993. [M akteshim; Submission 11471,
10994]

This study was conducted in accordance with the OECD Guiddines for Testing of Chemicals (1987)
no: 401. Thetest materid, Pyrinex ME (chlorpyrifos concentration not Sated), was administered viaordl
gavage to mae and femae Sprague-Dawley rats (Charles River, UK) to establish the acute ord toxicity
potentid of the compound. As arange finding sudy, a Sngle mae and femde rat were administered the
test material at a dose of 2000 mg/kg, and the animas were then observed for mortaity or signs of
toxicity a 30 min, and at 1, 2, and 4 h after dosing, then daily for 5 days. Asthere were no desths at
this dose levd, the 2000 mg/kg dose was chosen for the main sudy. Five animas/sex were administered
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the test materia at a dose of 2000 mg/kg, with a dose volume of 1.85 mi/kg. Observations for death
and/or clinica signs of toxicity were made a 30 minutes, and 1, 2, and 4 h after dosing, then daily for
14 days. At the end of the main study, animals were killed and subjected to gross pathologica
examingtion.

No degths or clinica signs of toxicity were reported during the main study, and no abnormalities were
noted at necropsy. Under the conditions of this study, the ora LD50 for the test materid, Pyrinex ME,
was considered to be >2000 mg/kg in rats.

Dreher DM (1993b) Pyrinex ME: Acute dermal toxicity (limit test) in the rat. Safepharm
LaboratoriesLtd., UK. Project no: 306/188, 21 May, 1988. [M akteshim; Submission 11471,
10994]

This study was conducted in accordance with the OECD Guideines for Testing of Chemicals (1981)
no: 402. Pyrinex ME, a microencapsulated chlorpyrifos formulation (concentration not stated) was
gpplied undiluted to the intact shorn skin on the back and flanks of ten Sprague-Dawley rats (5/sex;

Charles River, UK) at adose of 2000 mg/kg, and a dose volume of 1.85 mi/kg. The test materid was
then covered with gauze and a semi-occlusive dressing and bandage, and retained in place for 24 h.

After the exposure period, the treated skin was cleaned with didtilled water to remove any residua test
materia. Animals were observed for mortdity and sgns of toxicity at 30 minutes, 1, 2, and 4 h after
dosing, and daily theresfter for 14 days. At the end of the study the animals were killed and subjected
to gross pathologica examination.

No desths or Sgns of toxicity were observed during the study. No signs of skin irritation were reported,
and no abnormalities were noted at necropsy. Under the conditions of this study the derma LD50 for
the chlorpyrifos formulation Pyrinex ME was >2000 mg/kg in rats.

Dreher DM (1993c) Pyrinex ME: Acute dermal irritation test in the rat. Safepharm
LaboratoriesLtd., UK. Project no: 306/189, 11 May, 1988. [M akteshim; Submission 11471,
10994]

This study was conducted in accordance with the OECD Guiddines for Testing of Chemicals (1981)
no: 404. To assessthe skinirritation potentid of the microencgpsulated chlorpyrifos formulation, Pyrinex
ME (Makteshim; concentration not stated), the test materid was applied undiluted (0.5 ml) to the
clipped dorsd/flank areas of three female New Zedland White rabbits (David Perciva Ltd., UK). The
test material was introduced under a gauze patch, and secured in place under a semi-occlusive dressing
for four hours, after which time the test sites were swabbed with ditilled water to remove any resdud
test materia. Approximately one hour after removal of the patches, and at 24, 48, and 72 h later, the
test Stes were examined for evidence of primary irritation and scored according to the method of Draize.

Mild erythema (irritation score 1) was seen in two rabbits at 1 h, but only perssted in one animal until
24 h. No sgns of skin irritation were seen at 48 h. The Primary Irritation Index was 0.2. Under the
conditions of this study, the test material was consdered to be adight skin irritant to rabbits.

Privman | (1994) Pyrinex ME: Primary eyeirritation in rabbits. Life Science Research | srad
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Ltd. LSRI report MAK/238/PYR, 3 October 1994. [M akteshim; Submission 11471, 10994]

This study was conducted in accordance with OECD GLP requirements, and according to OECD
Guiddines 405. To assess the eye irritation potentid of the chlorpyrifos formulation Pyrinex ME
(concentration not stated), diquots of the undiluted test materia (0.1 ml) were indilled into the lower
conjunctival sac of the left eye of three hedlthy young adult dbino rabbits (sex not dated; A. Loebengein
Laboratory Animals, Isragl). The right eye of each anima served as a control. Animals were returned
to their cagesimmediady following inddlation of the test materia, and assessment of ocular effectswere
made for dl rabbitsat 1, 24, 48, and 72 h after dosing, and scored according to the method of Draize.

Sight conjunctival redness (Draize score 1) was seenin dl animasat 1, 24, and 48 h, but this effect had
disappeared by 72 hin dl animas. Additiondly, dight conjunctiva chemos's and discharge were seen
in2/3animdsa 1 hand at 24 h, but these effects were not seen at the 48 h examindion. A sngle anima
disolayed dight iridid irritation at the 1 h examination only.

Under the conditions of this study, the test materia was consdered to be adight eyeirritant in rabhbits.

3.29  Pyrinex 48 EC Formulation/4EC Formulation
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Summary of acute toxicity of Pyrinex 48EC formulation

Species Strain Sex | Study Type Vehicle | Outcome Reference

M LD50: 541 mg/kg
Rat SD F Oral maizeoil | LD50: 497 mg/kg Hamani (1986)

M+F LD50: 508 mg/kg
Rabbit NZwhite | M+F | Dermal gnd"“te LD50: >2000mghkg | McSheehy (1986¢)
Rat M . L. C50: 3400 mg/n?

. undilute
4EC SD F Inhalation d LC50: 3100 mg/n? Hoffman (1988)
formulation M+F L C50: 3300 mg/n?
Rabbit NZ white | F Eye Irritation g”d"“te :\:'ri‘i‘;ﬁ:ale eye McSheehy (1986b)
. . o undilute : .
Rabbit NZ white | F Skinirritation d Slight skinirritant M cSheehy (1986a)
Guineapi local M4E Sin various moderate skin Crown & Marom
P9 | grain sensitisation sensitiser (1989)

Hamani S (1986) Pyrinex 48 EC: Acute oral toxicity study in therat. Life Science Research
Israel. LSRI report MAK/038/PYR, 1 June 1986. [M akteshim; Submission 11471]

This study was conducted in accordance with OECD Guiddines for Testing of Chemicals, Section 401,
and EPA FIFRA Guidelines, Subdivison F, Series 81-1, and was subject to QA ingpection. The test
materid Pyrinex 48 EC (Makteshim; batch 560008; chlorpyrifos concentration not stated) was prepared
in maize ail, and administered to young adult mae and femde rats (remote Sprague-Dawley drain;
Charles River, UK) by ora gavage, with a dose volume of 5 mi/kg. To determine the dose levels for the
sudy, a prdiminary study was conducted using 2 animas/sex/dose, with doses ranging from 75-
1200 mg/kg bodyweight. In this preliminary study, deaths occurred at doses of 300-1200 mg/kg. On
the basis of the preiminary results, the doses used in the main study were 200, 270, 360, 490, and
893 mg/kg bodyweight, with adose volume of 5 mi/kg. Animals were ingpected for mortdity and dinicd
sgns four times on the day of dosing, and twice-dally thereafter until day 14. Animas were killed at
study termination, and gross pathologica examinations performed.

In the main study, no deaths occurred at 200, 270, or 360 mg/kg. At 490 mg/kg, 2/5 maes and 3/5
femdesdied, while at 893 mg/kg, al animas died. Deaths were noted between days 3 and 6, with all
animds in the high dose group dead by day 4 of the study. Clinica sgns of intoxication included
decreased motor activity, aaxia, hunching, sdivation, and urogenitd staining. Under the conditions of
this study, the ord LD50 for the test materid (95% confidence intervas) was 497 mg/kg (386-
638 mgkg) infemdes 541 mg/kg (411-711 mg/kg) in maes, and 508 mg/kg (438-590 mgkg) in maes
and females combined.

McSheehy TW (1986¢) Pyrinex 48 EC: Acute dermal toxicity study in rabbits. Life Science
Resear ch Roma Toxicology Centre SPA. LSR-RTC report 143-008/T/037/86, 30 December
1986. [M akteshim; Submission 11471]

This study was conducted in accordance with GLP regulations of the OECD and US FDA. The acute

dermd toxicity of the test materid, Pyrinex 48 EC (containing chlorpyrifos, Makteshim; batch 560008;

dated purity 45.2% wiw), was investigated using New Zedand White rabhits (Charles River Itdia). The
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results of an initid range-finding sudy, using 2 mae and 2 femae animds, was used to determine the
dose selection for the main study, with the method of pre-trestment, treetment, and observations smilar
in both range-finding and main sudies.

Approximatdy 24 h before test materid gpplication, an area on the back of test animaswas dlipped free
of hair. On the day of treatment, the test materia was gpplied to alint patch and applied to the test Site,
then held in place with an occlusve dressing for 24 h, after which time the dressing was removed, and
the test gte washed with warm water to remove resdud test materia. Two animals'sex were used in the
range-finding sudy, and 5 animag/sex in the main study, with a dose of 2000 mg/kg body weight gpplied
to dl animas. Animas were observed for mortaity and signs of intoxication for the first hour after
gpplication, then at frequent intervas on the remainder of the day of gpplication, and twice daily on
subsequent days for atotal of 14 days after gpplication. Animals were killed on day 14, and subjected
to agross pathologica examination.

Mortdlity was confined to a single femade in the main study, which died during the observation period
(day 13). No dinicd sgnswere reported in animas during the range-finding sudy, nor in animasin the
main study immediately after application of the test materid. A number of animads diolayed eye and/or
nesd discharge during the observation period of the main sudy, but no other dinica signswere reported.
Under the conditions of this study, the derma LD50 for the test materid was consdered to be

>2000 mg/kg bodyweight.

Hoffman GM (1988) An acute inhalation toxicity study of chlorpyrifos 4EC in the rat.
Bio/DynamicsInc., USA. Project No: 87-8018, 3 June 1988. [M akteshim; Submission 11471]

Three groups of Sprague-Dawley rats (aged 7-10 weeks at exposure; 5/sex/group; Charles River
Breeding Laboratories, USA) were exposed to atmospheres containing the test materia (Chlorpyrifos
4EC; containing 48.77% chlorpyrifos, Pennwadlt) for a4-h period in individua exposure chambers, with
al animals held for at least a 14-day observation period post-exposure. The measured exposure
concentration of the test material was 3000, 3500, and 4800 mg/nT, corresponding to nominal
concentrations of 8300, 14000, and 27000 mg/n, for the test groupsin this study. All animals were
observed immediately prior to exposure, then at gpproximately fifteen minute intervals during the first
hour of exposure, and hourly for the remainder of the exposure. Detailed observations were recorded
30 minutes after exposure, then hourly for two hours, and daily for the remainder of the study. All
decedent animals and survivors were subjected to a gross pathological examination. This study was
conducted in accordance with US EPA Guiddines, Section 81-3, and in accordance with US EPA GLP
requirements 40 CFR Part 160 (FIFRA) and 40 CFR Part 792 (TSCA).

At 4800 mg/nt, dl animals died within 3 days after exposure, while 7/10 animals died at 3500 mg/nT
(3/5 males and 4/5 femaes) within 3 days after exposure, and 3/10 animals died after one day of
exposure to 3000 mg/nT (one male and two females). During the exposure period, the signs of toxicity
included lacrimation, laboured breathing, gasping, and decreased activity, while post-exposure signs
included respiratory effects (laboured breathing, gasping), lacrimation, sdivation, tremors, hunched
gppearance, uncoordinated gait, and progtration. Tota recovery from these effects was not seen during
the recovery period in surviving animas.

Under the conditions of this study, the LC50 (95% confidence limits) was 3100 mg/n? (2700-
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3700 mgnT) for females, 3400 mg/inT (3000-3900 mg/nt) for maes;, and 3300 mg/nt (3000-
3600 mg/nT) for males and females combined.

McSheehy TW (1986a) Pyrinex 48 EC: Primary skin irritation study in rabbits. Life Science
Research Italy, Roma Toxicology Centre SPA. LSR-RTC report 143-009/T/026/86,
24 December 1986. [M akteshim; Submission 11471]

This study was conducted in accordance with GLP regulations of the OECD and US FDA. The skin
irritation potentia of the undiluted test materia (Pyrinex 48EC; Makteshim; Batch 560008; 45.2%
chlorpyrifos) was tested in Sx female rabbits (New Zedand White; Charles River Itaia). Areas of skin
on the back of test animas were clipped free of hair approximately 24 h prior to administration of test
materid. On the day of trestment, 0.5 ml of test materid was placed on an unmedicated gauize patch on
the test Site on the left Sde of the animas, and an untreated path smilarly placed on the right Sde of the
animals to act as control. The patches were covered and held in place with a waterproof plaster for 4
h, after which time the dressings were removed, and the test Sites washed with warm water to remove
resdues of the test material. Assessment of the skinirritation &t the test Steswas made at approximately
30 minutes, 1, 24, 48, and 72 h after patch remova, and at 24 h intervas until the skin lesons were
resolved. Skin lesions were scored according to the method of Draize.

Erythemawas seen in dl animds, ranging in severity from dight to moderate-severe (irritation scores 1-
3). Sight to wdll-defined erythema (irritation score 1-2) perssted for up to 72 h in 4/6 animas. No
erythema was seen at 96 h. Exfoliaion perssted for up to 15 daysin severd animds. Sight oedemawas
observed in asngle animd at the 24 h examination only. Under the conditions of this study, the test
meaterid was adight skin irritant in rabbits.

M cSheehy TW (1986b) Pyrinex 48 EC: Eyeirritation study in rabbits. Life Science Research
Italy, Roma Toxicology Centre SPA. LSR-RTC report 143-010/T/025/86, 24 December 1986.
[M akteshim; Submission 11471]

This study was conducted in accordance with the principles of GLP of the OECD and US FDA. The
gye irritation potentia of the test materid Pyrinex 48EC (Makteshim; 45.2% chlorpyrifos; batch
560008) was tested in 12 femae New Zealand White rabbits (Charles River Breeding Laboratories,
Itay). An diguot of the undiluted test materid (0.1 ml) was indilled onto the corned surface of the right
eyeof dl animas, and the left eye of each anima acted as the untreated control. Animals were exposed
to the test materid for periods of 24 h (sx animas), four seconds (three animalss), or 30 seconds (three
animals). At the end of the required contact period, the treated eyes were flushed with a siream of
lukewarm water for gpproximately five minutes to remove the test materid. Eyes were examined at 1,
24, 48, 72, and 168 h for Sgns associated with trestment. Irritation was scored according to the method
of Draize. The method of pre-trestment, trestment, flushing and observations conducted were essentidly
gmilar for al groups.

Scattered or diffuse areas of opacity (irritation score 1), covering one quarter of the corneaor less, were

observed in 4/6 animds treated for 24 h. Another anima in this group displayed more severe corned

effects (irritation score 2), with easly discernible tranducent areas on more than one quarter of the

surface area, and scattered opacities were seen in thisanimd up to 72 h. No cornedl effects were seen
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after 7 days. In the animals with eyes flushed after 4-30 seconds, some scattered or diffuse areas of
opacity were reported, but these effects were dso seen in the untrested eyes of these animasa asmilar
incidence.

No iridia effects were observed in this sudy. Conjunctiva effects were seen in animal's exposed to the
test materid for 24 h, and ranged from blood vessd's being definitdly injected (irritation score 1) & one
hour in dl animals, to diffuse, crimson redness (irritation score 2) in one animd at 24 and 48 h. No
effects were seen in these animas at the 72-h ingpection. In animals exposed for 4 seconds, 2/3 animas
digplayed dight conjunctivd irritation a one hour only. Sight to obvious sweling of the eydids were seen
in animasfrom dl trestment groups a 1-24 h, but these effects had disappeared at 48 h. Very dight
discharge was observed at 1 h in treated eyes that had been flushed after 4-30 seconds, while in the
animals exposed to the test materia for 24 h, consderable discharge was seen at 1 h, but perssted for
up to 48 hinasngleanimd only.

Under the study conditions the test materia was a moderate eye irritant to rabhits.

Crown S& Marom M (1989) Pyrinex 48 EC: delayed sensitisation study in Guinea pigs. Life
Science Research Isradl. LSRI report MAK/164/PYR48EC, 16 April, 1989. [Makteshim;
Submission 11471]

This study was conducted in accordance with OECD and US EPA FIFRA guidelines, and in compliance
with GLP standards (OECD; US EPA). The skin senstisation potential of Pyrinex 48 EC (Makteshim;
chlorpyrifos concentration not stated) was assessed in albino guinea pigs (A. Loebengtein Laboratory
Animds, Igad; locd gtrain) using amodified verson of the Magnusson and Kligman maximisation test.
The study conssted of a preliminary skin irritation screen and the main sudy. The test materid was
formulated in the following manner:

Study M ethod Vehicle Concentration (%) | Doselsite
Prelim. Intradermal FCA emulsion or maize oil 051 2 5wiv 0.1ml
Prelim. Topical Maize oil 25, 50, 70, 100 wiv 05m
Main study: . . .

. . . Intradermal FCA emulsion or sesame il Pyrinex 48EC 2% wiv 01m
primary induction
Main study:
secondary Topical Pyrinex 48EC 100% 05m
induction
ZI]: Feit;:y Topical Pyrinex 48EC 100% 05m

In the preiminary study, intraderma injections of the test materid were made to the shaved skin over
the scgpulae of two animals, with one animd receiving the test materia suspended in maize oil, and the
other anima recelving the test materiad suspended in Freund's complete adjuvant (FCA). Skin reactions
were recorded at 24 and 48 h after adminigtration. In the prdiminary study, topica applications were
aso made to the shaved flanks of three animals, with the test materid suspended in maize ail, then
covered in occlusive dressings for 24 h. Skin reactions were assessed 2 and 24 h after removal of the
dressings.

In the main study, 10 anima/sex/group were used, with the test group receiving both induction and
chdlenge doses, while a control group received the chalenge procedure only. The induction procedure
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conssted of primary induction by intradermd injection on day 1, and secondary induction by topica
gpplication on day 8. These procedures were performed on the shaved area of the suprascapular region.

In the primary induction, three pairs of injections were made usng FCA in emulsfied form, test materid
in sesame ail, and test materid in FCA. After the secondary induction procedure with undiluted test
material, reaction to treatment was recorded 24 h after removal of the dressing.

The chdlenge procedure was performed on day 21 of the study, with an undiluted application of the test
materid to the shaved left flank of animds, followed with assessment of the Sites at 24 and 48 h after
remova of the dressings.

In the preliminary study, no response was observed following topica application of the test materid.
Intraderma injection of the test materid a 1%, 2%, and 5% resulted in a dight erythematous response
after 24 and 48 h, but no reaction was observed with 0.5% test material.

In the main study, intraderma induction with the test materia in sesame oil resulted in paichy to severe
erythema and oedemain 920 sitesin mdes, and 2/20 stesin femades. Treatment with FCA in emulsfied
form resulted in erythema (patchy to severe) and oedema in 19/20 Sites in males and 18/20 Sitesin
femaes. Smilar responses were seen in 13/20 Stesin maes and 14/20 Stes in females after trestment
with the test materid in FCA.

After topicd induction trestment, using undiluted test materid, severe erythemawas seeninasngle mde
only. In the chalenge phase of the study, 6/20 control animals showed patchy to moderate erythema
after 24 h, and asmilar response was seen in 10/20 animds after 48 h. In animas induced with test
materia and then chalenged, 16/20 animals has dight to severe erythema at 24 h, with the response
being generally more severe than that seen in control animals. At 48 h, asimilar reponse was seen in
18/20 animdls.

Under the conditions of this study, the test materia was a moderate skin sengitiser in guineapigs.
3210 WPH0

Vaughn C, Keder PA & Jersey GC (1976) Acutetoxicological propertiesin indugtrial handling
hazards of M-4170, a wettable powder formulation containing 50% chlorpyrifos. The Dow
Chemical Company Report dated: August 24 1976, reference: TACUTE AM F4170. No GLP
certificate. QA. [Dow; Submission 11462, reference 2]

Chlorpyrifos 50% wettable powder formulation (described as an off-white powder) bearing reference
No. GHI-5487-43 was tested to establish acute oral and dermal toxicity and eye and skin irritation
properties. No raw data was presented in this summary report.

Acute oral toxicity: Fasted rats (S-D, 5/sex/dose)were administered 63, 126, 252 or 500 mg/kg of
the test materid by single dose gavage (vehicle unspecified). Clinicd sgns and bodyweights were
recorded during a 2-week observation period prior to sacrifice and gross necropsy.
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Clinicd sgnsincluded body tremors, hyperactivity, nasal and eye secretions and lethargy. There were
no abnormalities noted at gross necropsy. Deeths occurred on days 1-4 and were recorded as 0, 1 (F),
8/10 (3M, 4F) and 10/10 for 63, 126, 252 or 500 mg/kg doses respectively. The oral LD50 was 235
(120-445 95% CI) mg/kg for males and 180 (105-310 95% CI) mg/kg for females.

Acute dermal toxicity: Samplesof thetest materia a 1000, 2000 and 3980 mg/kg were gpplied under
an occlusive cuff to the clipped skin of NZW rabbits (2/sex/dose), and then 3-10 ml of water was
injected under the cuff to aid skin contact. After 24-h exposure, the cuffs were removed and the area
washed clean and dried. The animals were observed for two weeks.

Topica responses were dight to moderate redness and swelling (duration not stated) and clinica Sgns
included trangent diarrhea (dl dose groups), temporary paralysis or incoordination (1F a 3980 mg/kg)
and lethargy (1 M at 3980 mg/kg). One animad at 3980 mg/kg died on day 2 with signs of respiratory
digress and nasal secretions. The surviving animas were normd in gppearance and behaviour by the end
of two weeks. The derma LD50 of this formulation exceeds 3980 mg/kg.

Acute eye irritation: Samples of the undiluted test materid (0.1 g) were indilled into the lower
conjunctival sac of the right eye of six NZW rabbits (sex unspecified) with washing after 30 seconds,
and smilarly into the sac of the left eye of the same rabhbits without washout. Assessment of ocular
effects were made for dl rabbits at 1, 2, 3, 7 and 14 days after dosing. No results are reported other
than the summary condusion that the formulation induced dight to moderate conjunctiva irritetion which
was dill present 14 d podt-trestment. In the absence of data to the contrary, this formulation was
considered a moderate eye irritant as effects were till present at 14 d.

Sin irritation: The formulation (0.1g, vehicle ungpecified) was applied under an occlusive dressing to
one abraded and one unabraded shaven site on the backs of six NZW rabbits. The skin reaction was
scored when the patches were removed after 24 h and again 48 h later. No results are reported other
than the summary conclusion that the formulation possessed a primary irritation score of 0.7/8.0, based
on dight redness @ the stes at 24 h, but none a 72 h. This formulation was conddered to be adight skin
irritant.

3.2.11 1lb/gallon EUP

Carreon RE & New MA (1981) Chlorpyrifos1 LB/GAL: Acutetoxicological properties. The
Dow Chemical Company Report No. DR-0205-4413-(1), dated May 26, 1981. [Dow;
Submission 11462, reference 6]

A formulation of chlorpyrifos was tested for acute ord and dermd toxicity and eye and skinirritation in
rats. The formulation (13%) was identified as M-4543.

Acute oral toxicity: Fasted rats (CDF, 6/sex/dose) were administered 130, 250, 500, 1000, 2000,
or 4000 mg/kg of the undiluted test materid by single dose gavage. Clinical Sgns and bodyweights were
recorded during a 2-week observation period prior to sacrifice and gross necropsy.

Clinicd sgns included diarrhea, body tremors, hyperactivity, nasal and eye secretions, aaxia, repid
shdlow breathing and lethargy. There were no abnormdities noted at gross necropsy. Desaths occurred
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on days 2-5 and were recorded as 0/12, 0/12, 1/12 (M), 3/12 (3F), 11/12 (5M, 6F) and 12/12 for the
130, 250, 500, 1000, 2000, or 4000 mg/kg doses respectively. The oral LD50 was 1414 (927-2598
95% CI) mg/kg for males and 1000 (733-1364 95% Cl) mg/kg for females.

Acute dermal toxicity: Samples of the undiluted test materia at doses of 2500 or 5000 mg/kg were
gpplied under an occlugive cuff to the clipped skin of NZW rabbits (2/sex/dose). After 24-h exposure,
the cuffs were removed and the area washed clean and dried. Clinica signs and bodyweights were
recorded during a 2-week observation period prior to sacrifice and gross necropsy.

Topicd responses were dight (4/8), moderate (3/8) or marked (1/8) redness, dight (4/8) or moderate
(4/4) swdling and moderate (7/8) or marked (1/8) necrosis. Clinicd sgnsincluded trangent lethargy (dl
animals) and rapid shdlow breething (1 rabbit at 5000 mg/kg). One animad a 5000 mg/kg died on day
5. The surviving animas were normd in gopearance and behaviour by the end of two weeks. The dermd
LD50 of this formulation exceeds 5000 mg/kg.

Acute eye irritation: Samples of the undiluted test materid (0.1 ml) were indtilled into the lower
conjunctiva sac of theright eye of Sx NZW rabbits (sex unspecified) without washing, and smilarly into
the sac of the right eye of another three rabbits with washout after 30 seconds. The left eye was
untreated and served as a control for dl rabbits. Assessment of ocular effects were made for dl rabbits
al, 2 34,710, 14 and 21 days after dosing. The raw data were presented.

The rabbits experienced moderate to severe discomfort upon indillation of the test dose. The unwashed
treated eyesin 2 animds dill displayed corned irritation at 21 days after treatment. The washed eyes
were clear of irritation by day 10 after trestment. The Draize scores are presented in the table below.
This formulation was a severe eye irritant.

Eyeirritation scores* for rabbits treated with chlorpyrifos 1 Ib/gallon EUP

Group | day 1 day 2 day 3 day4 |day7 | dayl10 | day14 | day?21

average | 39 28 28 23 13 10 5 3
unwashed 1= o 13050 | 450 | 264 | 040 |03/ | 037 | 019 | 010

average | 16 10 3 8 1 0 0 0
wasned M oce | 625 | 026 | 04 222 |02 o 0 0

* maximum score = 110

Sinirritation: The undiluted formulation (0.5 ml) was applied under an occlusive dressng to one
abraded and one unabraded shaven site on the backs of Six male NZW rabbits. The skin reaction was
scored when the patches were removed after 24 h and again 48 h later, and the raw data was presented.
The formulation possessed a primary irritation score of 3.3/8.0, based on moderate redness &t the Sites
(6/6 rabbits) at 24 h and 72 h, superficia necrosis at 72 h (2/6) and dight (3/3) to moderate (3/3)
swdling a 72 h. All rabbits exhibited moderate exfoliation over the gpplication Stes at 14 days, but no
irritation a 21 days post treatment. This formulation was considered to be a moderate skin irritant.

3212 25% WP Formulation (TF124X)

365

Not to be used for commercial or registration purposes without the consent of the owner of the cited information



FTITINI/A MTVITYY UL VUL PYTTTUDS ™ 1 UAILUIUYY adoCodi1ia i

Hall CA & Hotson IK (1967) Report of atrial on the acute oral toxicity of Dursban for sheep.
Dow Report A1A-392, 12 May 1967 [Dow; Submission 11462; reference 14]

To test the acute ord toxicity potential of a 25% WP formulation of chlorpyrifos (TF124X; Dow) in
sheep, the test materid was administered as an ord drench to 19 merino-X sheep, with 5 animas'group
treated a dose levels of 50, 100, and 150 mg/kg, and a group of four animalstrested a 200 mgkg. The
dose volume ranged from 40-160 mi/animd. The animals used in this study had previoudy been used
inlicetrids

At the high doseleve, asingle anima died 21 h after trestment. No animals died at other dose levels,
and dinica sgnswere redtricted to coughing and heaving respiration seen in two animas at 200 mg/kg.

3.2.13 Lorshan 250 W

Summary of acute toxicity of Lorsban 250W formulation

Species Strain Sex | Study Type Vehicle Outcome Reference
Rabbit NZ white | M+F | Eyelrritation undiluted Slight eyeirritant | Jeffrey (19864)
Rabbit NZ white | M+F | Skinirritation undiluted Slight skiniirritant | Jeffrey (1986¢)
Guineapig | Hartley M in 25%in Not askin Jeffrey (1986d)
sensitisation Dowanol sensitiser
DPM
Guineapig | Dunkin- | M in 50%in Not askin Jones and Collier
Hartley sensitisation distilled water | sensitiser (1987)

Jeffery MM (1986a) L orshan 250 W Insecticide: Primary eyeirritation study in New Zealand
white rabbits. The Dow Chemical Company Report No.: HET DR-012403456-001C dated
September 25, 1986 . GLP. QA. [Dow; Submission 11462, reference 32]

This study was conducted in accordance with the intent of GLP; the GLP certificate was signed in 1991.
Lorshan 250W insecticide (Dow, lot No. 720270; containing 25.7% technica chlorpyrifos, 0.1 g of
white powder) was indtilled as a single gpplication into the right eyes of sx (3M, 3F) NZ white rabbits
(Hazleton Dutchland, USA), and these treated eyes were left unwashed. The Ieft eye acted as an
untreated control. Examination of the eyes occurred at 1, 24, 48 and 72 h post-indtillation.

Following application, rabbits gppeared to experience dight discomfort. At 1 h after indtillation dl trested
eyes digplayed dight to moderate conjunctiva redness (irritation score 2) and swdling (irritation score
3), discharge (irritation score 2-3) and reddening of theiris (irritation score 1). At 24 h dight conjunctiva
redness (irritation score 1-2; 6/6animals) and chemosis (3/6) were seen, a 48 h dight conjunctiva
redness (irritation score 1; 6/6 animals) and chemosis (1/6), and by 72 h all treated eyes were scored
asfree of effects. Under the conditions of this study, Lorsban 250W insecticide was adight eyeirritant
in rabbits.

Jeffrey MM (1986¢) Lorsban 250 W Insecticide: Primary dermal irritation study in New

Zealand white rabbits. The Dow Chemical Company Report No.: HET DR-0124-3465-1001B
dated September 30 1986 QA. [Dow; Submission 11462, r efer ence 33]
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This study was conducted in accordance with the intent of GLP. Lorsban 250W insecticide (Dow, ot
No. 720270; containing 25.7% technica chlorpyrifos, 0.5g of white powder) was applied to the clipped
back skin of Six (4M, 2F) NZ white rabbits (Hazleton Dutchland, USA), under amoistened gauze patch
(2.5 cnf) for 4 h . The paich was then removed and the application site was wiped clean. The
application sites were scored for erythema, oedema and necrosis at 30 minutes, 24, 48 and 72 h after
patch removal.

Scores were uniformly zero & 30 minutes, and three rabhbits (maes) displayed dight erythema a 24, 48
and 72 h (irritation score 1).

Under the conditions of this study Lorsban 250\ insecticide was adight skin irritant in rabbits.

Jeffery MM (1986d) L orshan 250 W Insecticide: Dermal sendtization potential in the Hartley
albino guinea pig. The Dow Chemical Company Report No.: HET-DR-0124-3465-001E dated
October 28 1986. QA. [Dow; Submission 11462, reference 34]

Lorshan 250W insecticide (Dow, lot No. 720270; containing 25.7% technica chlorpyrifos, 0.5 g of
white powder) was tested in a skin sengtisation assay in ten mae Hartley abino guinea pigs (Charles
River Breeding Laboratories, USA). In the induction phase, the animds received three derma
gpplications (6h,/week, 3 weeks) of 0.1 ml of the diluted test formulation (25% in Dowanol DPM
(dipropylene glycol monomethyl ether/Tween 80; 9:1)) in chambers placed over clipped regions of the
left back. An additiona group of 10 guinea pigs was Smilarly treated with a postive control DER331
(10% epoxy resin) subgtance. Each time the chambers were removed, observations for erythemaand/or
oedema were made. In the challenge phase, two weeks after the third application, the test materia or
the pogitive control was applied in asmilar manner to the induction phase (6 h in chambers) to the right
sde of the back. The application sites were graded for sensitization response at 24 and 48 h &fter the
chdlenge application.

No signs of skin irritation were seen in any group during the induction phase of the study. When
chdlenged with the positive control materid, dight to moderate erythema was noted in 6/10 (24 h) and
9/10 (48 h) animals. When chalenged with the test formulation, dight erythema was observed in 2/10
animasat 24 h, and 2/10 animas & 48 h (3 different animasin tota). Under the conditions of this sudy,
Lorshan 250\ insecticide was not considered to be a skin sengitiser in guinea pigs.

Jones JR & Collier TA (1987) Lorsbhan 250W: Modified Buehler contact sensitization study
in the guinea pig. Dow Safepharm Laboratory Project No: 44/171. QA. OECD Guideline 406
[Dow; Submission 11462, reference 35]

After a dose ranging study, Lorsban 250W insecticide (Dow, lot No. 720270; containing 25.7%
technical chlorpyrifos, grey powder) was tested in a skin sendtisation assay in 12 mae abino Dunkin-
Hartley dbino guinea pigs (Interfauna, UK). In the induction phase, the animals received nine derma
gpplications (6 h, days0, 2, 4, 7, 9, 11, 14, 16, 18) of 0.5 ml of the diluted test formulation (50% wiv
in digtilled water) on paper filters under occlusive dressing over clipped regions of the shoulder. An
additiona group of 12 guinea pigs was smilarly treaeted with a solvent-only control. Observations for
erythema and/or oedema were made ca. 24 h after each induction and immediately prior to the next
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goplication. The chdlenge phase commenced on day 29 with the dipping of the flanks of the animas and
the gpplication in asmilar manner to the induction phase, of 0.2 ml of the diluted test materid to the right
flank and solvent-only to the left flank. After 6 h the occlusive bandages were removed and the
gpplication Stes were graded for sengtization response at 24 and 48 h after the chalenge application.

No sgns of skinirritation were seen in any group (0/12 controls, 0/12 test) during the chalenge phase
of the study. Appendices were provided detailing appropriate responses obtained in tests using a positive
and negative control and using this protocol and strain. Under the conditions of this study, Lorsban
250W insecticide was not considered to be a skin sengitiser in guinea pigs.

3.2.14 Empire20

Parcdl Bl & Healing G (1991) Skin senditization in the Guinea-Pig of Empire 20. Huntingdon
Research Centre, Huntingdon, Cambridgeshire England Study No. 91291D/DWC 611/SS,
conducted from 3 April to 4 May 1991 and dated June 18 1991. [Dow; Submission 11462,
reference 39]

(Quality-assured study, compliant with GLP [UK 1986, US FDA 21 CFR 1987, US EPA FIFRA and
TSCA 40 CFR 1983/1989, Japan MHW 1982/1988, MAFF 1984 and MITI 1984, and OECD] and
performed according to OECD Test Guiddine 406 and EEC Directive 84/449)

After adose ranging study, Empire 20 (off white suspension, 21.3% chlorpyrifos, batch X1891115-08,
Dow Elanco, England) was tested in a skin sengitisation assay in 10 femae dbino Dunkin-Hartley dbino
guinea pigs (D. Hall, Newchurch, UK, 6-7 wk old, initia bodyweight 400-489 g). In the induction
phase, the animals received three dermal gpplications (6h application, 1/week, 3 weeks) of 0.5 ml of
the undiluted test formulation on gauze patches under ocdlusive dressing over dipped regions of the left
shoulder. A control group of 10 guinea pigs was sSmilarly treated but with the omisson of the test
compound. Observations for erythema and/or oedema were made ca. 24 h after each induction. The
chalenge phase commenced two weeks after the last induction gpplication. In the chalenge phase, the
animds received one dermd gpplication (6h) of 0.5 ml of the undiluted test formulation on gauze patches
under occlusive dressing over clipped regions of the right shoulder. A control group of 10 guineapigs
was smilarly treated but with the omission of the test compound. Observations for erythema and/or
oedema were made 24, 48 and 72 h after remova of the patches. Daily observations of clinical signs
were recorded as well as bodyweights pre- and post test.

There were no treatment-related clinica Sgns. Bodyweights were unaffected by trestment. There were
no dermal reactions seen in any test or control animals during the induction or challenge phases. No
concurrent pogitive controls were tested, but appendices were provided by the testing facility which
detailed gppropriate regponses obtained in tests using a positive (formain) and negative control and using
this protocol and strain. Under the conditions of this tegt, the Empire 20 formulation was not a skin
sengtiser in guinea pigs.
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3.2.15 [WD-4325 Durshan PC

Summary of acute toxicity of Dursban PC formulation

Species Strain Sex | Study Type Vehicle | Outcome Reference
Rat SD M Oral aqueous | LD50: 541 mg/kg Jones (1996l)
Rat SD M+F [ Dermal undiluted | LD50: >4000 mg/kg Jones (1996f)
Rabbit NZ white | M+F | Eyelrritation undiluted | Moderate eyeirritant Jones (19964)
Rabbit NZ white | F Skinirritation undiluted | Moderate skinirritant Jones (1996))
Guineapig 5;21(; F S;ZI tisation aqueous | Not askin sensitiser Jones (1996h)

Jones JR (1996i) IWD-4325 (Dursban PC): Acute oral toxicity test in the rat. Safepharm
LaboratoriesLimited, UK. SPL Project no: 790/011, 22 February 1996. Dow no: GHF-R-327.
[Dow; Submission 11462, reference 49]

This study was conducted in compliance with GLP principles (UK Hedth; OECD) and in accordance
with US requirements of CFR Part 160, 40 CFR Part 792 and 21 CFR Part 58, and OECD Guiddines
no: 401. A QA report has been issued for this study. The study was performed between 1 August and

29 August 1995. Test materid (Dursban PC; IWD 4325; Dow; Batch HT-76-100), was administered
by ord gavage (as an aqueous solution as required) to young mae and femae Sprague-Dawley rats
(Charles River UK; 5-8 weeks old). To establish the appropriate dose levels for the main study, a
range-finding study was performed using 1 animal/sex/dose, with test doses of 100, 500, and

2000 mg/kg, and adose volume of 10 ml. The animals were observed for death and/or sgns of overt
toxicity at 30 minutes, and 1, 2, and 4 h after dosing, and daily for 5 days. Based on the resullts of this
preliminary study, the main sudy was conducted usng 5 maes/group, with adose volume of 10 ml, and
dose levels of 80, 200, and 500 mg/kg. Observations were conducted as for the range-finding study,

but the observation period was extended to 14 days after dosng. In addition, asingle group of 5 femaes
was Smilarly administered the test materid a a dose of 80 mg/kg. All animas were subjected to gross
pathologica examination.

In the range-finding study, animas a 2000 mg/kg and the male at 500 mg/kg were found dead on the
day of dosing or the next day. Common clinica sgns included ataxia, decreased respiratory rete,
hunching, lethargy, and occasiond body tremors with fasciculations. Other Sgns were noted less often,
and these included splayed or tiptoe gait and increased sdivation.

No deaths were reported at 80 mg/kg, while 4/5 animas died at 200 mg/kg, and 5/5 animals died at
500 mg/kg. Desaths occurred between 4 h and 2 days after dosing. In the main study, the clinical Sgns
were Smilar to those reported in the range-finding study, and these effects disappeared after 1-4 days.
Two femdes at 80 mg/kg did not display any dinicd sgns of toxicity during the sudy. Under the
conditions of this study, the acute ora LD50 (95% confidence limits) was cdculated to be 152 mg/kg
(105-219 mg/kg).

Jones JR (1996f) IWD-4325 (Dursban PC) - Acute dermal toxicity (limit test) in the rat.
Safepharm Laboratories Limited, UK. SPL Project No: 790/012, 22 February 1996. Dow report
No: GHF-R-317. [Dow; Submission 11462, reference 51]
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This study was conducted in compliance with GLP principles (UK Hedth; OECD) and in accordance
with US requirements of CFR Part 160, 40 CFR Part 792 and 21 CFR Part 58, and OECD Guiddines
no: 402. A QA report has been issued for this study. The study was performed between 7 August and
2 August 1995.

Undiluted test materia (Dursban PC; IWD 4325; Dow; Batch HT-76-100) was applied to the intact
clipped skin on the back and flanks of five mae and five femae rats (Charles River UK; 10-14 weeks
old) at adose leve of 4000 mg/kg, with a dose volume of 3.75 mi/kg. Surgica gauze was placed over
the treatment area, and the test Ste was then semi-occluded with a piece of self adhesive bandage.
Resdua test materia was removed from the test Ste after 24 h. Animals were observed for mortdity
and/or sgns of toxicity at 30 minutes, and 1, 2, and 4 h &fter dosing, then daily for 14 days. After
remova of the dressing, the test Sites were examined for evidence of primary irritation, and scored
according to the method of Draize.

No degths occurred during the study, and clinical Sgnsincluded hunched posture, lethargy, decreased
respiratory rate, and ataxia. No signs of skin irritation were observed during the study. Under the
conditions of this sudy, the derma LDS50 for the test materid was >4000 mg/kg. The test materid was
not irritating to the skin of rats.

Jones JR (19960) IWD-4325 (Durshan PC) - Acute eyeirritation test in therabbit. Safepharm
LaboratoriesLimited, UK. SPL Project No: 790/014, 22 February 1996. Dow Report No: GHF-
R-318. [Dow; Submission 11462, r eference 52]

This study was conducted in compliance with GLP principles (UK Hedth; OECD) and in accordance
with US requirements of CFR Part 160, 40 CFR Part 792 and 21 CFR Part 58, and OECD Guiddines
no: 405. A QA report has been issued for this study. The study was performed between 10 July and
17 July 1995. An diquot of the undiluted test substance (0.1 ml; Dursban PC; IWD 4325; Dow; Baich
HT-76-100), was indilled into the conjunctival sac of the right eyes of three New Zedand White rabbits
(1M, 2F; David Percivd, UK; 12-16 weeks old). The untreated |eft eyes of the animas were used as
controls. Assessment of ocular irritation was made approximately 1, 24, 48, and 72 h after treatment,
and irritation was scored according to the method of Draize. An additiondl assessment was made on Day
7 of the Sudy.

Scattered or diffuse areas of corneal opacity were observed in the treated eye of one anima at 24 and
48 h. This effect had resolved by 72 h. Sight iridid effects were seen in dl animas a 1 h, and this
persgted in agngle animd until 48 h. Conjunctiva redness was seenin dl animas and ranged from dight
to moderate (diffuse, degper crimson), and persisted for up to 72 h, while dight to moderate conjunctiva
chemaosis and discharge were dso seen in dl animas. The group-mean irritation scores ranged from 18.3
alhtol.3at 72 h. Nosgnsof irritation were seen at the Day 7 ingpection. Under the conditions of
this study, the test materia was a moderate eye irritant to rabbits.

Jones JR (1996]) IWD-4325 (Dursban PC) :- Acute dermal irritation test in the rabbit.
Safepharm Laboratories Project No.: 790/013, certificates dated February 22 1996, study
performed 29 June - 6 July, 1995. QA. GLP. OECD guideline 404 [Dow; Submission 11462,
reference 50]
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Three femae NZW rabbits (David Perciva Ltd, UK, 12-16 weeks) were exposed for 4 h to agauze
patch containing 0.5 ml of the test materid. The patch was gpplied to the shorn dorsa flank area under
a sami-occlusve dressng. The test materid was identified as a clear yellow to light brown liquid,
Durshan PC, Batch #HT-76-100. After the 4-h exposure period, the patch was removed and the
application areagently swabbed free of the test material. The application areas were scored for irritance
(Draize) a 1, 24, 48 and 72 h |ater.

Slight to moderate erythema (score 1-2) was present at al three application sites at each of the 1, 24,
48 and 72 h scoring times. Very dight to dight oedema (score 1-2) was present at dl three gpplication
Stesat each of the 1, 24, 48 and 72 h scoring times. At seven days dl signs of irritation had resolved
other than some minor crugt formeation (2/3) and desquamation (1/3). The Primary Irritation Index was
22/6 = 3.7. Dursban PC was considered to be a moderate skin irritant to rabbit skin.

Jones JR (1996h) IWD-4325 (Dursban PC): Buehler delayed contact hyper sensitivity study
in the guinea pig. Safepharm Laboratories Limited, UK. SPL project No: 790/015, 22 February,
1996. Dow Report No: GHF-R-316. [Dow; Submission 11462, r eference 53]

This study was conducted in compliance with GLP principles (UK Hedth; OECD) and in accordance
with US requirements of CFR Part 160, 40 CFR Part 792 and 21 CFR Part 58, and OECD Guiddines
no: 406. A QA report has been issued for this sudy. The study was performed between 5 July and 13
August 1995.

To assess the skin sengtisation potentia, test materia (Dursban PC; IWD 4325; Dow; Batch HT-76-
100) was prepared as a 50% v/v solution in digtilled water (for induction procedures) and as 25% and
10% viv solutions in digtilled water for challenge procedures. The test animals were femae abino
Dunkin-Hartley guinea pigs (David Hall Ltd., UK) aged approximately 8-12 weeks &t the start of the
main study. To determine the concentration of test materid for the main study, preiminary tests were
conducted. In the preliminary induction test, two animas were treated with 0.5 ml of the 50% solution
of test materid, with gpplications mede to the dipped flanks under ocdusive dressngsfor a6 h exposure
period. The degree of erythema and oedema was assessed at 24 and 48 h after dressing removal. For
the preliminary chalenge procedure, two animas that hed received induction gpplications on days 0, 7,
and 14 were treated with 0.5 ml of the two concentrations of test materid (25% and 10%) in atopica
challenge. The results of these tests were used to determine the concentrations used in the main study.

In the main sudy, 0.5 ml diquots of a50% v/v solution of test materia were gpplied to the dipped intact
skin on the left flanks of twenty animals, and held in place with an ocdusive dressing for Sx hours. This
procedure was repested on days 7 and 14 of the study. Approximately 24 h after each induction dose,
the degree of erythema and oedema was assessed. A control group (10 animals) received the vehicle
only, using the same procedure as test animals. At day 28, chalenge doses of 0.5 ml of a25% solution
of test materia were gpplied to the shorn right flanks of al animas, and held in place under occlusive
dressingsfor 6 h. The treatment sites were washed and assessed for Signs of skin irritation at 24 and
48 h dter removd of the dressings. In asimilar procedure, a 10% solution of the test materia was used
asachdlenge on the left flanks of dl animals.
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Following topica application with the test materid, very dight to well-defined erythema with or without
very dight oedema was observed. No skin reactions were observed following induction trestment in
control animals. No skin reactions were observed following chalenge in any animas during the study.
No concurrent podtive controls were used, but the vdidity of this testing protocol was routinely
determined by the testing facility, and results of such recent tests have been provided by the testing
|aboratory in this report. Under the conditions of this study, the test materid was not a skin sengtiser to

guinea pigs.
3.2.16 Dursban Dust

Carreon RR & New MA (1981) Dursban Dust: Acutetoxicological properties. Dow Chemical
USA Study no: HET-4516-(1) dated July 28 1981. [Dow; Submission 11462, refer ence 38]

Dursban dugt (identified as M-4516 and GHD-0408-18, ydlow solid, from Dow Chemicas Agricultura
Products Dept, Michigan. Compostion: 1.0% chlorpyrifasfrom Durshan R and 99.0% yelow corn flour
and inerts) was tested to evaluate the acute ord and derma LD50's, and the eye and skin irritation
potential.

Acute oral toxicity: Four groups (6/sex/dose) of fasted rats (CDF, CRL, 66-101 g) were administered
630, 1300, 2500 or 5000 mg/kg of the test materid by single ora gavage. Clinica signs and body
weights were recorded regularly and gross pathology examination performed at 2 weeks post-dose.
There were no desths, weight gains were normd, i1solated muscle spasms were recorded in 2/6 females
and body tremorsin 6/6 maes at 5000 mg/kg, and there were no treatment-related findings at necropsy
(no pathology data provided). The acute oral LD50 for Durshan dust exceeds 5000 mg/kg.

Acute dermal toxicity: The test substance was gpplied at 5000 mg/kg with 5ml of water under an
occlusive wrap to the clipped skin of four NZW rabbits (Langshaw Farms, Michigan, 2M & 2F). After
24 h the wrap was removed and the skin was washed and scored for irritation. The animas were
observed regularly throughout the next 2 weeks, body weights were recorded weekly and gross
pathology examination was conducted at necropsy.

All animds gppeared lethargic on the day of trestment. Slight erythema (3/4) and dight oedema (1/4)
were visible when the treatment wraps were removed. Observations at 1 and 2 weeks post trestment
were unremarkable, and bodyweights were not significantly affected by trestment. Gross pathological
examination at termina necropsy did not record any trestment-related findings (raw data not provided).
The acute derma L D50 of Dursban dust (1%) exceeds 5000 mg/kg in rabbits.

Acute eye irritation: Aliquots of the undiluted test materia (0.1 mg) were indtilled into the lower
conjunctival sac of the right eye of six NZW rabhbits (Langshaw Farms, Michigan, mixed sex) without
washing, and smilarly into the sac of 3 rabbits with washout after 30 seconds. The Ieft eye of each
animd served as acontrol. Animas were returned to their cagesimmediatdy following ingalaion of the
test materid, and assessment of ocular effects were made for al rabbitsat 1, 2, 3, 4 and 7 days after
dosing, and scored according to the method of Draize.

Slight conjunctival redness (Draize score 1) was seen in 3/6 and 0/3 of the treated unwashed and
washed eyes respectively, but this effect had disappeared by 72 hin dl animas. Under the conditions

372



NAutivl il MTYIJL Allul AULTIVETLY TUT AglTudildiar aliu v ad jiar y wiigaiinuard, Mmual aliag

of this study, the test materid was consdered to be adight eye irritant in rabbits.

Acute skin irritation: The test substance (0.5 g) was applied under a gauze patch and occlusive wrap
to one abraded and one unabraded Site on the clipped back skin of sx NZW rabbits (Langshaw Farms,
Michigan, 4M, 2F) for 24 h. The Steswere score for irritation after patch remova and 48 h later. Sight
erythemawas observed a 24 h in 3/6 unabraded and 6/6 aboraded sites. No irritation was visble at the
72 h scoring interva. The primary irritation score was 0.37 out of a possible 8. Under the conditions of
this study, the test materid was consdered to be adight skin irritant in rabbits.

3.2.17 Durshan Micro-Lo

Summary of acute toxicity of Dursban Micro-Lo formulation

Species Strain Sex | Study Type Vehicle Outcome Reference
Rat SD M Oral agueous LD50: > 250 mg/kg Jones (1996a)
F L D50: 297 mg/kg
Rat SD M+F | Derma undiluted L D50: >4000 mg/kg Jones (1996b)
Rabbit NZ white | F Eye Irritation undiluted Severe eyeirritant Jones (1996d)
Rabbit NZ white | M Skinirritation undiluted Moderate skinirritant | Jones (1996c¢)
Guineapig | Dunkin- | F in agueous Not askin sensitiser | Jones(1996p)
Hartley sensitisation

Jones JR (1996a) IWD-4192 (Dursban Micro-L o Insecticide): Acute oral toxicity test in the
rat. Safepharm Laboratories Project No.: 790/006, certificates dated February 22 1996. QA.
GLP. OECD guiddine 401 [Dow; Submission 11462, r efer ence 44]

In arange finding study, individua (1/sex/dose) young (5-8 weeks) rats (Sprague-Dawley CD Charles
River (UK), 5/sex) were administered an aqueous solution of 100, 500 and 2000 mg/kg of Dursban
Micro-lo insecticide (a pde straw-coloured liquid, Batch #HN950427-06) by single ord gavage. Based
on the results of this study (both rats at 2000 mg/kg died within 24 h), the main study was performed
in which 5 femaes/dose were administered 250, 500 and 1000 mg/kg, and 5 maes were administered
250 mg/kg of the same test substance by single ora gavage. The animds in the main study were
observed for degths or overt Sgns of toxicity up to 4 h after dosing and daily thereafter, body weights
were recorded weekly and gross pathology was performed on dl animals dying during the study and at
termind sacrifice a 2 weeks post-dose

Deaths were reported as 2 males at 250 mg/kg (2 h, 1 day), 1 femade a 250 mg/kg (1 day), 5 femdes
at 500 mg/kg (1 onday 1, 4 on day 2), and 5 females at 1000 mg/kg (4 on day 1, 1 on day 2). Clinica
ggns commenced within 0.5 h of dosing and included in mogt rats hunched posture, lethargy, decreased
respiratory rate, laboured breathing and ataxia, and occasiona incidence of increased sdivation and
exophthamaos. Surviving animas recovered within 4-7 days after dosing. bodyweight gains were not
sgnificantly affected by treetment and there were no trestment-related gross pathology findings a day
14 scrifice. Animds dying and necropsied during the study were reported to have haemorrhagic lungs,
dark liver and dark kidneys. Maes were considered not to be markedly more sengtive than femaesto
the ord toxicity of the test materid. The acute ord LD50 of Dursban Micro-Lo Insecticide was
calculated to be 297 (193-459) mg/kg in femderats.
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Jones JR (1996b) IWD-4192 (Dur shan Micro-L o Insecticide): - Acute dermal toxicity (limit
test) in therat. Safepharm Laboratories Project No.: 790/007 certificates dated February 22
1996. QA. GLP. OECD guideline 402 [Dow; Submission 11462, r efer ence 43]

Y oung (10-14 weeks) rats (Sprague-Dawley CD Charles River (UK), 5/sex) were dermally exposed
to a dose of 4000 mg/kg of Dursban Micro-lo insecticide (a pae straw-coloured liquid, Batch
#HN950427-06) for 24 h. The dose was administered on a gauze patch to ca. 10% of the shorn back
and flank skin under a semi-occlusive dressing. After the 24 h exposure period, the patch was removed
and the gpplication area gently swabbed free of the test materid. The animals were observed regularly
during the 24 h exposure period and daily theresfter, and signs of toxicity and dermd irritance (Draize
scale) noted. Bodyweights were noted weekly, and necropsy findings recorded on day 14.

There were no degths during the sudy, and dlinica signs of hunched posture, decreased respiratory rate
and lethargy were recorded in most rats on dayl, mainly females on day2, and not theresfter. There
were no Sgns of dermd irritancy on any application Sites on any day. Bodyweight gains were unaffected
by treatment, and there were no abnormalities detected a necropsy. The derma LD50 of Dursban
Micro-Lo insecticide exceeds 4000 mg/kg in rats.

Jones JR (1996d) IWD-4192 (Durshan Micro-L o Insecticide): Acute eyeirritation test in the
rabbit. Safepharm Laboratories Project No.: 790/009, certificates dated February 22 1996. QA.
GLP. OECD guideline 405 [Dow; Submission 11462, refer ence 47]

The eyeirritation potentid of the test material was assessed in rabbits. The test materid was identified
as a pae straw-coloured liquid, Dursbhan Micro-lo insecticide, Batch #HN950427-06. An aliquot
(0.1 ml) was indtilled into the conjunctival sac of the right eye of one femae New Zedand White rabbit
( David Percivd, UK;; 12-16 weeks old), without washout; aloca anaesthetic had been indtilled into the
eye 1-2 min before trestment. The untrested |eft eye of the anima was used as control. Assessment of
ocular irritation was made approximately 1, 24, 48, and 72 h after trestment, and scored according to
the method of Draize, and Group Mean Scores for irritation at each time point caculated according to
amodified Kay & Caandra method.

Moderate to severe conjunctiva redness (score 2-3), chemosis (score 2-3) and discharge (score 3) was
evident & al scoring times. There was dso dight iridid irritation (score 1) a al times. Additiondly there
was corneal opacity covering most of the area (score 4 for area), ranging from scattered (score 1, 24
& 48 h) to easlly discernible (score 2) at 72 h. Ectropion was observed at 72 h. Thetotal Draize scores
were 19, 39, 39 & 69 at 1, 24, 48 & 72 h respectively. The animal was sacrificed at 72 h due to
obvious pain discomfort, and no further animals were tested. There was thus no day-7 eye irritancy
score; however the effects were worsening and not resolving at 72 h, so Dursban Micro-lo insecticide
was regarded as a severe irritant to the rabbit eye.

Jones JR (1996¢) IWD-4192 (Dursban Micro-Lo insecticide): Acutedermal irritation test in
the rabbit. Safepharm Laboratories Project No: 790/008. QA certificates dated February 22
1996. GLP. OECD guideline 404. [Dow; Submission 11462, reference 42]

Three male NZW rabbits (David Percival Ltd, UK, 12-16 weeks) were exposed for 4 h to a gauze
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patch containing 0.5 ml of the test materid. The patch was gpplied to the shorn dorsa flank area under
a semi-occlusve dressing. The test materid was identified as a pale straw-coloured liquid, Dursban
Micro-lo insecticide, Batch #HN950427-06. After the 4 h exposure period, the patch was removed
and the gpplication area gently swabbed free of the test materid. The gpplication areas were scored for
irritance (Draize) at 1, 24, 48 and 72 h later. Additiona observations were made on days 7 and 14 to
asessrevershility.

Erythemawas dearly present at 1 h (3/3 well defined, score 2), pesked a 72 h (3/3 moderate to severe,
score 3), and dowly decreased thereafter (2/3 dight at day 7, score 1) until day 14 (3/3 score zero).
Oedemawas clearly present a 1 h (3/3 dight, score 2), increased at 24 and 48 h (2/3 moderate - score
3, 1/3 dight - score 2), declined at 72 h (3/3 dight - score 2) and was absent by day 14. The sum of
the 24 and 72 h readings was 29 and the Primary Irritation Index was 4.8. Dursban Micro-Lo
insecticide was considered to be amoderate skin irritant in rabbits.

Jones JR (1996p) IWD-4192 (Dursban Micro-Lo Insecticide): Buehler delayed contact
hyper sensitivity study in the guinea pig. Safepharm Laboratories Project No.: 790/010,
certificates dated February 22 1996, study performed July-August 1995. QA. GLP. OECD
guideline 406 [Dow; Submission 11462, r efer ence 48]

This study was designed to assess the skin sendtization potential of Dursban Micro-lo Insecticide in
guineapigs Thetest animds were femae dbino Dunkin-Hartley guinea pigs (David Hal Ltd., UK) aged
aoproximately 8-12 weeks at the Sart of the main sudy. The test material was identified as apae straw-
coloured liquid, Dursban Micro-lo insecticide, Batch #HN950427-06. The test material was prepared
as a25% viv solution in distilled water (for induction procedures) and as 25% and 10% v/v solutions
in digtilled water for chalenge procedures. To determine the concentration of test materid for the main
study, preliminary tests were conducted. In the preliminary induction test, 4 animals were trested with
0.5 ml of ether a50% or 25% solution of test materid, with applications made to the clipped flanks
under occlusve dressingsfor a6 h exposure period. The degree of erythema and oedemawas assessed
at 24 and 48 h dfter dressing remova. For the prdiminary chdlenge procedure, two animals that had
received induction gpplications of solvent only on days 0, 7, and 14 were treated with 0.5 ml of each
of 4 concentrations of test materid (25%, 10%, 5% and 2%) in atopicd chdlenge. The results of these
tests were used to determine the concentrations used in the main study.

In the main study, 0.5 ml diquots of a 25% v/v solution of test materia on a cotton patch were applied
to the dipped intact skin on the left flanks of twenty animas, and held in place with an ocdusive dressng
for 6 h. This procedure was repegated on days 7 and 14 of the study. Approximately 24 h after each
induction dose, the degree of erythema and oedema was assessed. A control group (10 animals)
received the vehide only, using the same procedure astest animas. At day 28, chdlenge dosesof 0.5 ml
of a25% solution of test materid on a cotton patch were gpplied to the shorn right flanks of dl animals,
and held in place under occlusve dressingsfor 6 h. In asmilar procedure, a 10% solution of the test
materid was used as a chdlenge on a separate Ste on the shorn right flanks of dl animas. The trestment
Stes were washed and assessed for sgns of skinirritation at 24 and 48 h after remova of the dressngs
using the method of Draize.

One treated animal died on day 13, and this was thought to be unrelated to treatment. The induction
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phase of the main study recorded dight to moderate erythema (score 1 or 2) on 4/20 sites on dayl,
11/20 on day 8 and 18/19 on day 15. Similarly oedema was recorded for O, 1 and 6 Steson days 1,
8 and 15 respectively. No control sites recorded any irritation. During the challenge phase, scoring of
the control animals recorded no irritation reections a the 10% sites, and only dight erythema (score 1)
a 2/10 of the 25% sites, and that a 24 h only. Similarly the trested animas recorded no irritetion at the
10 % Stes at ether 24 or 48 h. The 25% challenge induced dight (score 1) erythemaonly at 4/19 stes
a 24 h, and no erythema or oedema at any sites at 48 h. No concurrent positive controls were used,
but the vdidity of this testing protocol was routindy determined by the testing facility, and gppendices
were provided detalling appropriate responses obtained in tests using a positive and negative control and
using this protocol and strain. Under the conditions of this study, Dursban Micro-lo Insecticide was
considered not to be a skin sendtiser to guinea pigs

3.2.18 Durshan Micro-Lo 2%

Jones JR (1996€) IWD-4192 (Dursban Micro-Lo) - 2% active ingredient:- Acute dermal
irritation test in the rabbit. Safepharm Laboratories Project No.: 790/032, certificates dated
February 22 1996. QA. GLP. OECD guiddine 404 [Dow; Submission 11462, r efer ence 45]

Three NZW rabbits (2M & 1F, David Percival Ltd, UK, 12-16 weeks) were exposed for 4 hto a
gauze patch containing 0.5 ml of a 2% aqueous dilution of the test materia. The patch was gpplied to
the shorn dorsal flank areaunder a semi-occlusive dressing. The test materia was identified as apde
straw-coloured liquid, Dursban Micro-lo insecticide, Batch #HN950427-06. After the 4-h exposure
period, the patch was removed and the application area gently swabbed free of the test materia. The
application areas were scored for irritance (Draize) at 1, 24, 48 and 72 h | ater.

Sight erythema (score 1) was present at 1 h at one application Site, but there were no other sgns of
irritance at any other scoring time. The Primary Irritation Index was 0.0. A 2% emulsion of Durshan
Micro-Lo insecticide was considered to be non-irritant to rabbit skin.

Jones JR (1996q) IWD-4192 (Dur sban Micro-L o) - 2% activeingredient: Acute eyeirritation
test in the rabbit. Safepharm Laboratories Project No.: 790/033, certificates dated February
22 1996. QA. GLP. OECD guideine 405 [Dow; Submission 11462, r efer ence 46]

Theeyeirritation potentid of a 2% aqueous dilution of the test materid was assessad in rabbits. The test
materid was identified as a pde straw-coloured liquid, Dursban Micro-lo insecticide, Batch
#HNO50427-06. An diquot of the 2% dilution (0.1 ml) wasindilled into the conjunctiva sac of the right
eyes of three New Zedland White rabbits (1M, 2F; David Perciva, UK; 12-16 weeks old), without
washout. The untreated |eft eyes of the animals were used as controls. Assessment of ocular irritation
was made gpproximately 1, 24, 48, and 72 h after treetment, and irritation was scored according to the
method of Draize, and Group Mean Scores for irritation at each time point calculated according to a
modified Kay & Caandra method.

At 1 h there was dight conjunctiva redness (score 1, 3/3 eyes), dight chemosis (score 1, 3/3 eyes) and
dight to moderate discharge (score 1, 1/3 eyes, score 2, 2/3 eyes). Additiondly a 1 h there was dight
iridid irritation (score 1, 3/3 eyes) but no corned involvement. By 24 h there was only dight conjunctiva
redness (score 1, 2/3 eyes) and chemosis (score 1, 1/3 eyes); by 48 h only conjunctival redness was
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gpparent (score 1, 2/3 eyes), and by 72 h dl signs of irritation had ceased. The Group Mean Scores at
1, 24, 48 and 72 h respectively were: 12.3, 2.0, 1.3 and 0.0 . A 2% emulsion of Dursban Micro-Lo
insecticide was congdered to be adight irritant to rabbit eyes.

3.2.19 Predator 300

Jones JR (19961) Predator 300 Insecticide: Acute Oral Toxicity Test in the Rat. SafePharm
Laboratories, UK. SPL study No.790/039, report code GHF-R-334, dated August 6, 1996.
GLP, OECD 401 [Dow; Submission 11422, r eference 7]

In arange finding study, individua (1/sex/dose) young (5-8 weeks) rats (Sprague-Dawley CD Charles
River (UK), 5/sex) were administered undiluted test material (550 mg/kg) or an agueous solution of
1000 and 500 mg/kg of Predator 300 Insecticide (a pale straw-coloured liquid, Batch #HT-76-198)
by single ord gavage. Based on the results of this study (both rats a 1000 mg/kg died within 24 h; the
maes at 550 and 500 mg/kg died within one or two days of dosing), the main study was performed in
which 5 maes/dose were administered 300, 500 and 833 mg/kg, and 5 femaes 300 mg/kg of the same
test substance by single ora gavage. The animasin the main study were observed for deaths or overt
sagns of toxicity up to 4 h after dosing and daily thereefter, body weights were recorded weekly and
gross pathology was performed on al animas dying during the sudy and at termina sacrifice a 2 weeks
post-dose

Deaths were reported as 0/5 maes and 0/5 females at 300 mg/kg, 3 males at 500 mg/kg (2/5 on day
1, 1/5 on day 2) and 5/5 males at 833 mg/kg (5/5 within 4 h). Clinica signs commenced within 0.5 h
of dosing and included hunched posture, lethargy, decreased respiratory rate, laboured breathing and
ataxia, Solayed or tiptoe gait and (in maes only) an occasond incidence of increased sdivation and
exophthamos, sgns of fasciculations, noisy respiration, chromodacryorrhea and increased lacrimation.
Surviving animals recovered within 3-6 days after dosing. Bodyweight gains were not significantly
affected by trestment and there were no trestment-related gross pathology findings at day-14 sacrifice.
Animals dying and necropsied during the study were reported to have haemorrhagic lungs, dark liver and
dark kidneys. The acute ord LD50 of Predator 300 Insecticide was calculated to be 475 (370-
610) mg/kg in maerds.

Jones JR (1996k) Predator 300 I nsecticide: Acute Dermal Toxicity (Limit Test) in the Rat.
SafePharm Laboratories, UK. SPL study No.790/040, report code GHF-R-335, dated August
6, 1996. GL P, OECD 402 [Dow; Submission 11422, r efer ence 8]

Y oung (10-14 weeks) rats (Sprague-Dawley CD Charles River (UK), 5/sex) were dermaly exposed
to adose of 4000 mg/kg of Predator 300 Insecticide (a pae straw-coloured liquid, Batch #HT-76-198)
for 24 h. The dose was administered on a gauze patch to ca. 10% of the shorn back and flank skin
under a semi-occlusive dressing. After the 24-h exposure period, the patch was removed and the
gpplication area gently swabbed free of the test materia. The animas were observed regularly during
the 24-h exposure period and daily thereafter, and sgns of toxicity and dermd irritance (Draize scae)
noted. Bodyweights were noted weekly, and necropsy findings recorded on day 14.

There were no deaths during the study. There were no dlinica sgns or skin irritation seen during this
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study. Bodyweight gains were unaffected by treatment, and there were no abnormalities detected a
necropsy. The dermal LD50 of Predator 300 Insecticide was > 4000 mg/kg in rats.

Jones JR (1996m) Predator 300 Insecticide: Acute dermal irritation test in the rabbit.
SafePharm Laboratories, UK. SPL study N0.790/041, report code GHF-R-336, dated August
6, 1996. GL P, OECD 404 [Dow; Submission 11422, reference 11]

Three NZW rabbits (1F, 2 M) (David Percival Ltd, UK, 12-16 weeks) were exposed for 4 h to a
gauze patch containing 0.5 ml of the test materia. The patch was gpplied to the shorn dorsd flank area
under a semi-occlusive dressing. The test materiad was identified as Predator 300 Insecticide (a pae
straw-coloured liquid, Batch #HT-76-198). After the 4-h exposure period, the patch was removed and
the application area gently swabbed free of the test material. The gpplication areas were scored for
irritance (Draize) a 1, 24, 48 and 72 h |ater. Additiona observations were made on days 7 and 14 to
asessrevershility.

Erythemawas clearly present a 1 h (3/3 well defined, score 2) and declined thereafter. The score at 24
h was 2/3 sites with well defined erythemaand 1/3 with dight (1/3), a 48 and 72 h there were 1/3 Stes
with well defined and 1/3 with dight erythema. These Sites exhibited crust formation or desquameation
a 7 and 14 d. Oedemawas clearly present at 1 h (3/3 very dight - score 1), increased a 24 (1/3 dight
- score 2, 1/3 very dight), declined at 48 and 72 h (1/3 very dight) and was absent by day 7. The sum
of the 24 and 72 h readings was 12 and the Primary Irritation Index was 2.0. Under the conditions of
this study Predator 300 Insecticide was consdered to be adight skin irritant in rabbits.

Jones JR (1996n) Predator 300 Insecticide: Acute eyeirritation test in the rabbit. SafePharm
Laboratories, UK. SPL study No0.790/042, report code GHF-R-337, dated August 6, 1996.
GLP, OECD 405 [Dow; Submission 11422, r eference 10]

The eyeirritation potentid of the undiluted test material was assessed in rabbits. The test materid was
identified as Predator 300 Insecticide, comprising 300 g/litre chlorpyrifos (a pae straw-coloured liquid,
Batch #HT-76-198). An diquot of the test substance (0.1 ml) was indiilled into the conjunctival sac of
the right eyes of three male New Zedand White rabbits (David Percivd, UK; 12-16 weeks old), without
washout. The untreated |eft eyes of the animals were used as controls. Assessment of ocular irritation
was made approximately 1, 24, 48, and 72 h after treatment, irritation was scored according to the
method of Draize, and Group Mean Scores for irritation at each time point calculated according to a
modified Kay & Caandra method.

Conjunctivae exhibited mild redness a 1 and 24 h (score 2, 3/3 eyes), and this decreased to dight
redness (score 1) in all treated eyes at 48 and 72 h, but was not present at 7 d. Chemosiswas mild at
1 h (score 2, 3/3 eyes), but decreased to dight (score 1, 3/3 eyes) at 24 and 48 h, decreased further
a 72 h (score 1, 2/3 eyes) and was absent at 7 d. Discharge was marked at 1 h (score 3, 3/3 eyes),
but declined to dight at 24 h (score 1, 3/3 eyes), to very dight at 72 h (score 1, 1/3 eyes), and was
absent a 7 d. Additiondly at 1 h there was dight iridid irritation (score 1, 3/3 eyes) but no corned
involvement gpart from dight dulling seen in one eye a 1h. The Group Mean Scores a 1, 24, 48 and
72 h respectively were: 19.0, 8.0, 6.0 and 4.0 . Under the conditions of this study, Predator 300
I nsecticide was considered to be adight eyeirritant in rabbits.
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Jones JR (19960) Predator 300 I nsecticide: Buehler delayed contact hyper sensitivity study
in the guinea pig. SafePharm Laboratories, UK. SPL study No.790/043, report code GHF-R-
338, dated August 6, 1996. GL P. OECD 406 [Dow; Submission 11422, reference 12]

This study was designed to assess the skin sengitization potentid of Predator 300 Insecticide in guinea
pigs. The test animas were femde abino Dunkin-Hartley guinea pigs (David Hdl Ltd., UK) aged
approximately 8-12 weeks at the start of the main study. The test materiad was identified as Predator
300 Insecticide, comprising 300 g/litre chlorpyrifos (a pale straw-coloured liquid, Batch #HT-76-198)
The test materid was gpplied undiluted for induction procedures, and undiluted or as a 75% v/v solution
in distilled water for challenge procedures. To determine the concentration of test materid for the main
study, preliminary tests were conducted. In the preliminary induction test, 2 animals were treated with
0.5 ml of 100%, 75%, 50% and 25% solution of test materid, with applications made to the clipped
flanks under occlusive dressings for a6 h exposure period. The degree of erythema and oedemawas
assessed at 24 and 48 h after dressing removad. For the prdiminary chalenge procedure, two animas
that had received induction applications of solvent only on days 0, 7, and 14 were treated with 0.5 ml
of each of a 75% solution and undiluted test materid.. The results of these tests were used to determine
the concentrations used in the main study.

In the main study, 0.5ml diquots of undiluted test materia on a cotton patch were applied to the clipped
intact skin on the left flanks of twenty animals, and held in place with an ocdusive dressing for x hours
This procedure was repeated on days 7 and 14 of the study. Approximately 24 h after each induction
dose, the degree of erythema and oedema was assessed. A control group (10 animals) followed the
same procedure except that a blank patch was applied. At day 28, chalenge doses of 0.5 ml of
undiluted test materia and a 75% solution on a cotton patch were gpplied to the shorn right flanks of dl
animds, and hdld in place under occlusive dressings for 6 h. The treatment Sites were washed and
asessed for Sgns of kinirritation (Draize) at 24 and 48 h after remova of the dressings.

The induction phase of the main study recorded no irritation. During the challenge phase, scoring
recorded no irritation at 24 or 48 h. Body weight gains were unaffected by trestment. No concurrent

positive controls were used, but the vaidity of this testing protocol was routingly determined by the
testing facility, and appendices were provided detailing gppropriate responses obtained in testsusing a
positive and negative control and using this protocol and strain. Under the conditions of this studly,

Predator 300 Insecticide was considered not to be a skin sengitiser to guinea pigs.

3220 CHA 7110

Summary of acute toxicity of CHA 7110 (480 g/litre EC formulation)

Species | Strain Sex Study Type Vehicle Outcome Reference
M LD50: 205 mg/kg

Rat SD F Oral undiluted LD50: 350 mg/kg Dreher (1995a)
M+F LD50: 293 mg/kg

Rat SD M+F | Dermd undiluted LD50: >4000 mg/kg | Dreher (1995h)
M L.C50: 2160 mg/nT

Rat D F Inhalation undiluted LC50: 2320 mg/n? Blagden (1995)
M+F L C50: 2260 mg/n?
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Rabbit | NZwhite | M+F | Eyelrritation undiluted i'\:'r?t‘;ﬁtrate eve Kuhn (1996b)
Rabbit | NZwhite | M+F | Skinirritation undiluted i'\r"r?t‘;ﬁ;ate skin Dreher (1995¢)
Rabbit NZ white | M+F | Skinirritation undiluted Slight skinirritant Kuhn (1996a)
Guinea Dunkin- Skin Not askin

pig Hartley F sensitisation agueous sensitiser Drener (1995d)

Dreher DM (1995a) CHA 7110: Acute oral toxicity test in the rat. Safepharm Laboratories
Ltd, UK Project no: 545/67. Report dated 24 April 1995. Cheminova Agro A/Sreport CHA Doc
No: 26-CYF. [Submission 11470; Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedlth 1989
(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guiddines (FIFRA
Section 81-1, TSCA Subpart B, Section 798.1175). The study was conducted between 24 November
and 28 December 1994.

The undiluted test materid (CHA 7110; an emulgfiable concentrate formulation containing chlorpyrifos
at 480 gllitre; Cheminova Agro A/S; certified concentration of active ingredient 45.4%; batch no. 359-
KMA-30) was given once to made and femae Sprague-Dawley rats (Charles River UK Ltd;
goproximatdy 10-14 weeks old at the sart of the main study) by ord gavage. In arange-finding study,
one animal/sex/dose was tested at doses of 50, 100, 200, 500 mg/kg (dose volume 0.05-0.47 mi/kg),
and deaths and overt Sgns of toxicity were recorded 30 minutes, and 1, 2, and 4 h after dosing and then
daly for five days. Based on the results of the range-finding study, the main study consisted of three
groups of animals (5/sex/dose) given doses of 245, 350, or 500 mg/kg, in the same manner asthe range-
finding study (dose volume 0.23-0.47 mi/kg). Deaths and overt signs of toxicity were recorded 30
minutes, and 1, 2, and 4 h after dosing and then daily for 14 days. Individua bodyweghts were recorded
prior to dosing on Day 0 and on days 7 and 14, or at degth. At the end of the dosing period, dl surviving
animaswerekilled, and dl animals, including those that died during the study, were subjected to gross
pathologica examination, including opening of the abdomind and thoracic cavities. No tissues were
retained.

Results

In the range-finding study, both animals given 500 mg/kg died, at 1 h (male) and 2 days (femae). No
other deaths were recorded. Signs of intoxication included ataxia, fasciculations, hunched posture,
lethargy, increased sdivation, laboured respiration, occasiond body tremors, splayed gait, and increased
lacrimation. At 50 and 100 mgkg, dinical signs were confined to hunched posture, ataxia and decreased
respiratory rate.

In the main study, desths occurred at al dose levels. The incidence of mortdity in maeswas 4/5, 2/5,
and 5/5, and in females was 1/5, 3/5, and 3/5, at 245, 350, and 500 mg/kg, respectively. No maes
survived beyond 1 day at 500 mg/kg. Common clinical signs of intoxication were Smilar to those
reported in the range-finding study, but surviving animas recovered four to ten days after dosng.
Additiona or isolated Sgns of toxicity were ptosis, noisy respiration, red/brown stains around the eyes,
pdlor of the extremities, chromodacryorrhea, and pilo-erection. In animdskilled in extremisor that died
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during the study, common necropsy findings were haemorrhagic lungs, dark liver, dark kidneys, and
dight haemorrhage and/or doughing of the gastric mucosa. No abnormaities were noted at necropsy
in animaskilled at the end of the study.

Under the conditions of this study, the acute ord median LD50 (with 95% confidence limits) of the
45.4% EC formulation in Sprague-Dawley rats was 205 (38-1092) mg/kg in males, 350 (208-
589) mg/kg in femades, and 293 (167-513) mgkg in dl animds.

Dreher DM (1995b) CHA 7110: Acute dermal toxicity (limit test) in the rat. Safepharm
LaboratoriesLtd, UK Project no: 545/68. Report dated 24 April 1995. Cheminova Agro A/S
report CHA Doc No: 27-CYF. [Submission 11470; Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedth 1989
(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guidedines (FIFRA
Section 81-2, TSCA Subpart B, Section 798.1100). The study was conducted between 28 December
1994 and 11 January 1995.

The undiluted test materid (CHA 7110; an emulsfiable concentrate formulaion containing chlorpyrifos
at 480 gl/litre; Cheminova Agro A/S; certified concentration of active ingredient 45.4%; batch no. 359
KMA-30) was applied dermally to a single group of mae and female Sprague-Dawley rats (5/sex;

Charles River UK Ltd; approximately 10-14 weeks old at the start of the main study). The test Sites
were clipped areas on the back and flanks of each anima. The applied dose was 4000 mg/kg, with a
dose volume of 3.69 mi/kg. Surgical gauze was gpplied over the test area and semi-occluded with sdif-

adhesive bandage for the 24-h exposure period. Animals were observed for mortality or signs of overt
toxicity at 30 minutes, and 1, 2, and 4 h after dosing, and then daily for 14 days. After the 24-h contact
period, the bandage was carefully removed and the treeted skin wiped with cotton wool moistened with
digtilled water. The test Stes were examined for evidence of primary irritation and scored according to
the method of Draize. Individua bodyweights were recorded prior to dosing on Day 0 and on days 7
and 14. At the end of the dosing period, dl animals were killed and subjected to gross pathologica

examination, including opening of the abdomina and thoracic cavities. No tissues were retained.

Results

No deaths were reported. In the main study, no dinica signs were noted in maes. Hunched posture and
lethargy were noted in dl femaes one day after dosing, with hunched posture, lethargy and decreased
respiration noted two days after dosing. No signs were reported later than two days after dosing. Very
dight erythema (score 1) was noted in dl males after 1 day, and in 4/5 maes after 2 days. Very dight
erythemawas observed in 4/5 femaesfor 1-2 days. Smal superficid scattered scabs (3 animas), crust
formation (2 animals), and desquamation (3 animals) was noted in femaes, but none of these Sgns
perssted beyond 5 days. No signs of skin irritation were observed past day 6 in this sudy. No
abnormalities were noted a necropsy.

Under the conditions of this study, the acute derma LD50 for the 480 gllitre chlorpyrifos formulation
in Sprague-Dawley rats was > 4000 mg/kg.
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Blagden SM (1995) CHA 7110: Acute inhalation toxicity study. Four-hour (nose only) in the
rat. Safepharm Laboratories Ltd, UK Project no: 545/69. Report dated 3 April 1995.
Cheminova Agro A/Sreport CHA Doc No: 28-CYF. [Submisson 11470; Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedlth 1989
(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guiddines (FIFRA
Section 81-3). The study was conducted between 12 January 1995 and 2 February 1995.

Three groups of mae and femae young adult Sprague-Dawley ras (5/sex; Charles River UK Ltd) were
exposed (nose-only) to the undiluted test materia (CHA 7110; an emulsifiable concentrate formulation
containing chlorpyrifos a 480 g/litre; Cheminova Agro A/S,; certified concentration of active ingredient
45.4%; batch no. 359-KMA-30) as a vapour atmosphere for a period of 4 h. The test materid was
aerosolised using a glass concentric jet nebuliser, then introduced into the exposure chamber using a
continuous supply of compressed air. The chamber atmosphere was sampled for concentration analys's
a regular intervas during the exposure period. All animas were observed for clinica sgns a hourly
intervals during exposure, immediady after remova from restraining tubes after exposure, one hour after
termination of exposure, and then daily for 14 days. Individua bodyweights were recorded on the day
of exposure, and days 7 and 14. At the end of the Sudy, dl animals were killed and subjected to internd
and external macroscopic examination. The mean achieved atmosphere concentrations were 1170,
2000, and 3360 mg/nT (nominal concentrations of 5500, 8200, and 15400 mg/nT).

Results

Mortality was 4/5 males and 5/5 femaes a 3360 mgn™, 2/5 males and 1/5 femaes a 2000 mg/nt, and
1/5 males and 0/5 females at 1170 mg/nt. With the exception of two males found dead on day one of
the study at 3360 mg/n?, the other deaths were a result of animals being killed in extremis. During
exposure, wet fur and decreased respiratory rates were commonly observed. Following exposure,
hunched posture, lethargy, ptoss, ataxia, palor of the extremities and piloerection were seen in dl
groups. At the high exposure leve, the surviving animals on day one after exposure continued to show
Ssevere Sgns of toxicity. In addition to the sgns listed above, exophthamos, dehydration, fasciculations
and increased lacrimation were also observed. Common abnormdities noted a necropsy were
associated with the lungs, and included swelling, abnormal redness, palor, dark patches, and dark foci.
Incidents of darkening, palor or patchy palor of the liver and palor of the kidneys were noted. No
abnormalities were detected in surviving animas a the end of the study.

Under the conditions of this study, the acute inhaation LC50 (95% confidence limits) for the 480 g/litre
chlorpyrifos emulsifisble concentrate CHA 7110 in Sprague-Dawley rats was 2160 mg/nt (1310-3580)
in males, 2320 mg/nt (1880-2870) in females), and 2260 mg/n (1800-2840) in dl animals.

Dreher DM (1995c) CHA7110: Acute dermal irritation test in the rabbit. Safepharm
LaboratoriesLtd, UK Project no: 545/70. Report dated 24 April 1995. Cheminova Agro A/S
report CHA Doc No: 25-CYF. [Submission 11470; Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedlth 1989
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(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guiddines (FIFRA
Section 81-5, TSCA Subpart E, Section 798.4470). The study was conducted between 14 December
1994 and 21 December 1994.

The undiluted test materid (0.5 ml; CHA 7110; an emulsifiable concentrate formulation containing
chlorpyrifos at 480 g/litre; Cheminova Agro A/S; certified concentration of active ingredient 45.4%;
batch no. 359-KMA-30), was applied to clipped skin aress on the back of New Zedland White rabbits
(3/sex; David Perciva Ltd, UK; gpproximately 12-20 weeks old at the start of the study) under agauze
paich. Surgical gauze was gpplied over the test area and secured in pogition with a strip of surgica
adhesive tape, and then the trunk of each rabbit was wrapped in an elasticised corset. After the 4-h
contact period, the corset and patches were carefully removed and the treated skin wiped with cotton
wool soaked in 74% Industrid Methylated Spirits. One hour after remova of the patches, and
approximately 24, 48, and 72 h after patch removal, the test Stes were examined for evidence of dermal
irritation and scored according to the method of Draize.

Results

Well-defined erythema (score 2) was observed in dl animas at every ingpection interva up to and
induding 72 h. This erythemawas generdly accompanied by other Sgns, induding loss of skin dadticity,
haemorrhage of the dermal capillaries, and crust formation. These sgns, dong with the erythema, had
disappeared by 7 days. Moderate (score 3; raised approximately 1 mm) to severe oedema (score 4;
raised more than 1 mm and extending beyond the area of exposure) was observed in dl animas from
1 hthrough 48 h. At 72 h, severe (1 anima) and moderate (3 animals) oedema was till seen, and the
oedema has subsided to dight (score 2; edges of areawd |l defined by definite raisng) in two animals.
No oedema was observed at 7 days. The sum of 24 and 72 h scores (S) was 62, and the Primary
irritation Index (S/12) was 5.2. According to the Draize scoring methodology, the test materia was
classfied as a severe irritant. The interpretation of these findings according to EEC Council Directive
67/548/EEC gave overdl total (mean) scores of 36 (2.0) for erythemaleschar formation, and 57 (3.2)
for oedema

Under the conditions of this study, the 480 g/litre emulsifiable concentrate test material, CHA7110 was
considered to be a moderate skin irritant in rabbits.

Kuhn JO (1996a) CHA 7110 Final Report: Primary dermal irritation study in rabbits.
Stillmeadow Inc, USA, study no. 2585-95. Completion date 6 March 1996. Cheminova Agro
A/Sreport CHA Doc No 56-CYF [Cheminova; Submission]

This study was conducted in compliance with GLP principles of the US EPA FIFRA 40 CFR 160,
Japan Maff Notification 59 Nohsan 3850, and the OECD Annex 2, C(81)30 and designed to satisfy
USEPA Guiddines (FIFRA Section 81-5). The study was conducted between 14 December 1994 and
21 December 1994.

The undiluted test materid (0.5 ml; CHA 7110; an emulsfiable concentrate formulation containing
chlorpyrifos at 480 gllitre, Cheminova Agro A/S; batch no. 359-KMA-30), was applied to clipped skin

383

Not to be used for commercial or registration purposes without the consent of the owner of the cited information



FTITINI/A MTVITYY UL VUL PYTTTUDS ™ 1 UAILUIUYY adoCodi1ia i

aress on the trunk of young adult New Zedland White rabbits (3/sex; Ray Nicholls Rabbitry, USA)
under a gauize patch. Surgica gauze was gpplied over the test area and secured in position with a semi-
permeable dressing, and then secured on the edges with strips of tape. After the 4-h contact period, the
wrapping and patches were carefully removed and the treated skin wiped with a clean cloth. Thirty
minutes after remova of the patches, and approximately 24, 48, and 72 h after patch removad, the test
gteswere examined for evidence of dermd irritation and scored according to the method of Draize. For
each animd, dl of the erythema and oedema scores through 72 h were added, and the sum was divided
by 4 to obtain an individud irritation score. The Primary Irritation Index was obtained by caculating the
mean of the irritation scores.

Results

Very dight (score 1) erythemawas observed in dl animals at 30 minutes, and at 24 and 48 h. A sngle
animd had well-defined erythema (score 2) a 24 h. Five animas had well-defined erythemaat 72 h, dl
animds displayed wel-defined erythemaa day 7, and very dight erythemawas seenin dl animas a day
10. No erythema was observed on day 14. Very dight (score 1) and/or dight (score 2) oedemawas
observed in 5/6 animasat 24 h, 4/6 animds at 48 h, and 6/6 animdsat 72 h. This effect perssted in 5/6
animdsat day 7, and in 1/6 animas at day 10, but no oedema was observed on day 14. Theindividua
Primary Irritation scores ranged from 1.50 to 2.50, and the Primary Irritation Index was 2.0.

Under the conditions of this study, the 480 g/litre emulsifiable concentrate test materid, CHA7110 was
consdered to be adight skin irritant in rabhbits.

Kuhn JO (1996b) CHA 7110 Final Report: Primary eyeirritation sudy in rabbits. Stillmeadow
Inc, USA, study no. 2584-95. Completion date 6 March 1996. Cheminova Agro A/S report
CHA Doc No 57-CYF [Cheminova; Submission]

This study was conducted in compliance with GLP principles of the OECD (Annex 2, C(81)30), Japan
MAFF, Notification no. 59 Nohsan 3850, and US EPA FIFRA(40 CFR Part 160) and designed to
satisfy US EPA Guiddines (Section 81-4).

The eye irritation potentid of the test materid (0.1 ml; CHA 7110; an emulsfiable concentrate
formulation containing chlorpyrifos a 480 g/litre; Cheminova Agro A/S; batch no. 359-KMA-30), was
asessed in young adult New Zealand White rabbits (3 animas/sex; Ray Nichols Rabhbitry, USA), by
indilling the test substance into the conjunctiva sac of the right eye, with the left eye remaining untreated
and sarving as control. The test materid was smilarly introduced into the right eye of another group of
three males, and the treated eyes of these animals were washed with deionised water 30 seconds after
treatment. Assessment of ocular damage/irritation was made gpproximately 1, 24, 48, and 72 h and 4,
7, and 10 days following treatment, according to the numerica evauation of Draize.

Results
In the 'unwashed' eyes, scattered or diffuse areas of corned opecity (score 1) were noted in al animds,
and thisfinding persisted for up to day 4 in two males, and for 48 h in the other animals. The opacities

covered more than 75% of the corneaiin al of these animals at some stage in the observation period.
No iridid irritation was reported. Conjunctival redness was seen in dl animals. This redness was severe
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(score 3; diffuse beefy redness) in 5/6 animas on at least one occasion, and persisted at this leve of
severity for between 24 h and 4 days. At the 72 h inspection, the conjunctiva redness was dight in 3/6
animas (with some blood vessds definitely injected; score 1), moderate in 1/6 animds (diffuse crimson
coloured; score 2), and diffuse beefy red in 2/6 animas. Conjunctiva redness persisted for up to 7 days,
but was not observed at day 10. Conjunctiva chemosis, ranging in severity from any swelling above
norma (score 1) to swelling with lids about haf closed (score 3) was observed between 1 hand 7 days
after treatment. At 72 h, the chemosis scorewas 1 in 1/6 animals, score 2 in 1/6 animals and score O
in 4/6 animas. Discharge (ranging from dight (score 1) to discharge with moistening of the lidsand hairs
and considerable area around the eyes (score 3) was observed in al animals between 1 and 72 h.

In animas that had their eyes washed after treatment, corneal opacity (severity score 1) was observed
in 2/3 animds, and this effect perasted until the 48 h inspection, but disappeared by 72 h. Some
conjunctival redness (score 1-2), chemosis (score 1-3) and discharge (score 1-3) was observed, but
these effects were generdly less severe than those seen in the unwashed eyes, and the findings
disappeared more quickly in the washed eyes.

The maximum average irritation score was 31.3 in non-washed eyes, and 16.0 in washed eyes. At 72 h,
the mean scores were 12.7 (unwashed) and 2.7 (washed).

Under the conditions of this study, the 480 g/litre emulsfiable concentrate test materid, CHA 7110 was
considered to be amoderate eyeirritant in rabbits.

Dreher DM (1995d) CHA 7110: Magnusson & Kligman maximisation study in the guinea pig.
Safepharm Laboratories Ltd, UK Project no: 545/72. Report dated 24 April 1995. Cheminova
Agro A/Sreport CHA Doc No: 29-CYF. [Submission 11470; Cheminova Agro A/S]

This study was conducted in compliance with GLP principles of the UK Department of Hedth 1989
(also OECD (OCDE/GD(92)32), EEC (87/18/EEC and 88/320/EEC), and US FDA (40 CFR Part
160, 40 CFR Part 792, and 21 CFR Part 58)) and designed to satisfy US EPA Guidedines (FIFRA
Section 81-6, TSCA Subpart E, Section 798.4100). The study was conducted between 21 November
1994 and 26 December 1994.

The skin sengtisation potentid of the test materid (CHA 7110; an emulsifiable concentrate formulation
containing chlorpyrifos a 480 g/litre; Cheminova Agro A/S; batch no. 359-KMA-30), was assessed
in dbino Dunkin-Hartley guinea pigs (David Hall Ltd, UK; 8-12 weeks old at the start of the studly).
Maes were used for the topica induction range-finding test, and femaes were used for al other phases
of the study. The test materia was freshly prepared as follows:

Intradermal induction: 0.1% wi/v in didtilled water and 0.1% w/v in a mixture of Freund's Complete
Adjuvant plus digtilled water (1:1).

Topicd induction: 25% v/v in distilled water.

Topica chalenge: 10% and 5% v/v in didtilled water.
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Determination of the concentration, homogeneity and stability of the test materid preparations was not
conducted. No concurrent positive control group was used in this study, but an historical positive control
response of between 39 and 100% was reported in four sudies using the same source of animals (with
avaiety of pogtive control substances) conducted at a milar time to this sudy, and so the test system
gppears to be suitable for determining the skin sengtisation potentia of compoundsin guinea pigs.

Range-finding studies. The concentration of test materid to be used at each stage of the main study
were determined in preliminary tests as follows:

Intradermal induction: Four animals were intradermaly injected with preparations of test materia (0.1,
0.5, 1, and 5% wi/v in digtilled water), and the highest concentration that did not cause loca necross,
ulceration, or systemic toxicity was selected for this stage of the main study.

Topica induction: Two guinea pigs (intradermaly injected with Freund's Complete Adjuvant seven days
earlier) were treated with undiluted test materia and three preparations of the test materid (75, 50, and
25% viv in digtilled weter). The highest concentration causing only mild to moderate dermd irritation
after a48-h occlusive exposure was selected for this stage of the main study.

Topicd chdlenge: Four preparations of the test materid (5, 10, 25, and 50% v/v in didtilled water) were
applied to the flanks of two guinea pigs and occluded for 24 h. These guinea pigs had been trested
identicaly to control animals of the main study, up to day 14. The highest non-irritant concentration of
the test materid and one lower concentration were sdected for this stage of the main study.

Main study: Thirty guinea pigs were used for the main sudy (twenty test and ten control). Body weights
were measured at the beginning and end of the study.

Induction: A row of three injections were made to the clipped shoulder region of each animd. In test
animals, the injections were:

) Freund's Complete Adjuvant FCA) plus distilled water 1:1
i)  a0.1% wlv dilution of test materid in ditilled water
i)  a0.1% wlv dilution of test materid in al:1 preparation of FCA plusdidtilled water.

In control animals, the induction procedure was identica to that used in test animals, except that the
injections were as follows.

i) FCA plusdidtilled water 1.1
i)  didilled water
i) 50% wiv formulation of didtilled water in a 1:1 mixture of FCA plus digtilled water

One week after injections, the same area on the shoulder region was clipped, and treated with atopica
gpplication of the test materid (25% v/v in didtilled water). The test materid (dose volume not stated)
was gpplied to saturation on filter paper, held in place by a strip of surgica adhesive tape, covered with
an overlgpping sheat of duminium fail, then further sacured with an dastic bandage for 48 h. The degree
of erythemaand oedema were quantified according to the method of Draize at 1 and 24 h after remova
of the patches.
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Chalenge: On day 21 of the study, the undiluted test materia (dose volume not stated) was applied to
saturation to the clipped right flank of each anima on a square of filter paper held in place by a gtrip of
adhesve surgicd tgpe, and occluded in asmilar manner to the induction phase of the study for 24 h. The
test materia was aso gpplied to a separate skin Site on the clipped right flank at a 5% v/v concentration
in digtilled weter, and the vehicle done smilarly applied to the clipped left flank, and occluded. After
removd of the dressing, the chalenge stes were swabbed with cotton wool soaked in digtilled water to
remove resdua materid. Evauation of the skin Sites was made a 24 and 48 h after remova of the
dressing.

Results

Very dight (score 1) to well-defined (score 2) erythema, and/or very dight (score 1) to dight (score 2)
oedemawere observed in dl test animas 1 h fallowing topica induction. By 24 h after induction, some
erythema was gill present in 14/20 animals (score 1-2), but oedema had disappeared in dl but one
anima (score 1). Some desquamation was aso observed in 4/20 animds a the 24 h ingpection. No skin
irritation findings were observed in control animals after the induction phase of the study.

After the challenge phase of the study, no erythema or oedema was observed in any treated or control
animals at either 24 or 48 h.

Under the conditions of this study, the 480 g/litre emulsifiable concentrate test materid, CHA7110, was
not a skin sengtiser in guinea pigs.

3.3 Acute Toxicity of 3,5,6-trichloro-2-pyridinol (TCP)

Gerbig CG & Emerson JL (1970a) Oral median lethal dose (L D50) deter mination of 3,5,6-
trichloro-2-pyridinol in mice. The Dow Chemical Company report HH-240, dated 10 June 1970.
[Dow; Submission 238, volume 5; A3162/5, B43]

Groups of Swiss mice (Y oung adult; Laboratory Supply Company, USA; 15-19 g body weight; Cox
drain; 15/sex) were given a single ora dose of TCP (Dow; reference 238-11-112; 100 mg/ml
suspension in 0.5% hydroxypropylmethylcdlulose, [METHOCEL]; purity not stated) by gavage. Dose
levelswere 354, 445, 562, 708, and 891 mg/kg, and mortdity at these doses was 6/15, 10/15, 14/15,
15/15, and 15/15 in maes, and 3/15, 11/15, 12/15, 15/15, and 15/15 in females, respectively. The ord
L D50 vaues (95% confidence limits) for mice were 380 mg/kg (333-433 mg/kg) for males and 415
mg/kg (367-469 mgkg) for femdes. Toxic Sgns included tremor, flaccid paralyss, dyspnoea and
exophthamia Desths occurred within 1-2 hours of dosing, with the development of arigor mortis-like
rigidity of the whole body within seconds following degth. Surviving animals were normd in appearance
and activity within 24 h of dosing.

Gerbig CG & Emerson JL (1970b) Oral median lethal dose (L D50) deter mination of 3,5,6-
trichloro-2-pyridinol in the rat. The Dow Chemical Company report HH-239, dated 5 June
1970. [Dow; Submission 238, A3162/5, B43]
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Groups of Sprague-Dawley rats (Laboratory Supply Company, USA; weight 78-96 g; 10/sex) were
given a sngle oral dose of TCP (DOW,; reference 238-11-112; 100 mg/ml suspenson in 0.5%
METHOCEL; purity not stated) by gavage. Mortdity was 5/10, 7/10, 7/10, 8/10, and 10/10 in males
at 794, 891, 1000, 1120, and 1260 mg/kg and 4/10, 7/10, 8/10, and 9/10 at 794, 891, 1120, and
1260 mg/kg. The ord LD50 vaues (95% confidence limits) for rats were 794 mg/kg (709-889 mg/kg)
for maes and 870 mg/kg (758-1009 mgkg) for femaes. Toxic sgns incdluded flaccid parayss,
dyspnoea and mild hypersdivation. Deaths occurred within 4 hours of treatment and were followed
within seconds by arigor mortis-like rigidity of the body. Surviving animals recovered within 24 h of
dosing.

Gerbig CG & Emerson JL (1970c) Determination of oral minimum lethal dose of 3,5,6-
trichloro-2-pyridinol in beagle dogs. The Dow Chemical Company report HH-253, dated 16
July, 1970. [Dow; Submission 238, A3162/5, B43]

Three Beagle dogs (source not stated; 8.35-12.1 kg weight) received gelatine cgpsules containing TCP
(Dow; reference 238-11-112; purity not stated). Dog 1 received 2 doses of 1000 mg/kg TCP an hour
apart, dog 2 received 4 doses of 500 mg/kg TCP at hourly intervals and dog 3 received 8 doses of 50
mg/kg TCP a hourly intervas. Toxic sgns incdluded emess within 1 hr of dosing for the 500 and
1000 mg/kg doses and within 3 h of the 50 mg/kg dose. Other toxic signs were ptyaism, watery
diarrhoesa, dight transient depression of the gag reflex and transent mydriasis. There were no degths.

4, SHORT-TERM REPEAT-DOSE STUDIES
41 Dietary Studies
411 Mouse

Crown S, WessA, Nyska A & Waner T (1984) Pyrinex. Toxicity in dietary administration to
mice for two weeks. arange-finding study. L ife Science Resear ch Isradl, Inc. Conducted 21
December 1986 to 6 January 1987. LSRI Report no: MAK/109/PYR, 4 March 1987.
Makteshim Chemical Worksreport no: R-4389. [M akteshim; Submission 11471; reference
22]

This study was conducted in compliance with EPA GLP regulations 40 CFR 160, and a QA Statement
was issued for this sudy. To determine the dose levelsfor a 13-week digtary study in mice, atwo-week
dose-ranging study was conducted using young adult CD-1 mice (Charles River UK), where Pyrinex
Technica (Makteshim; 96.3% chlorpyrifos, Batch 58900.9) was incorporated into a commercialy
available powdered rodent diet (Altromin 1321N) and administered to groups of 12 animals/sex a
dietary concentrations of O (contral), 75, 150, 300, 600, and 1200 ppm for two weeks. An additiona
group (12 animals/sex) was sacrificed prior to initistion of trestment for messurement of basdine
cholinesterase activity. Homogeneity and stability of the prepared diet was assessed. Animals were
examined dally for treetment-related signs, and body weights, food consumption, and achieved dosage
was determined weekly. At the dietary concentrations listed above, the dose levels of test materid were
0, 14.3-18.5, 30.1-32.4, 56.4-66.6, 88.7-103.8 and 127.9-181.1 mg/kg/d, respectively. Plasma,
erythrocyte and brain cholinesterase determinations were made a the completion of the study, and dl
animals were subjected to necropsy examinations.
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At 1200 ppm, 1/12 maes and 6/12 females died or were sacrificed in extremis during the study. A
number of other animals died following blood collection procedures. Treatment-related clinica signs,
including tremor, ocular opacity, ocular staining, hunching and lacrimation were mainly confined to
animds in the 1200 ppm group. Marked reductions in body weights and food consumption were
observed in animals treated at 600 ppm and above.

In males, cholinesterase activity was reduced at dl doses of test materid. At 75 ppm, plasma
cholinesterase activity was reduced by >95%, erythrocyte cholinesterase activity by amost 40%, and
brain cholinesterase activity by about 50%. The inhibition of erythrocyte cholinesterase activity was not
dependent upon dose, with approximately 35% inhibition seen at dl dose levels. Plasma and brain
cholinesterase activity was reduced in a dose-related manner, with plasma cholinesterase inhibition of
9% and brain cholinesterase inhibition of about 89% at the high dose leve. Similar patterns of
cholinesterase inhibition were seen in femaes.

Based on the results of this study, dose levels of 5, 50, 200, 400, and 800 ppm were recommended as
suitable for a 13-week dietary study in mice.

DaviesDB, Tollett JT & Lomax LG (1985) Chlorpyrifos. A four-week dietary study in CD-1
mice. The Dow Chemical Company, study No. HET-K-044793-068, dated May 23, 1985. QA.
[Dow submission 238, A3162/5 B43; Dow submission 11462, r eference 55]

Male and female CD-1 mice (Charles River, Portage, M1, USA) were given chlorpyrifos (95.7%,
Dursban F, Ref.: AGR 214637, Lot No.: MM820905-610) in the diet a 0 and 15 ppm (40/sex/group),
with 20 anima s'sex/group sacrificed after one week, and the remaining 20 animal s'sex/dose were trested
for atotal period of 4 weeks. Doses equated to 2.7 and 3.4 mg/kg for males and females, respectively.
Clinicd sgns (daily, 5/7), body weights (weekly), food consumption (weekly) and cholinesterase activity
(photometric method, week one and termination) in plasma, RBCs and brain were measured. The
animas were subjected to gross pathologica examination at termination and organs weights were
recorded. Appropriate statistical tests were gpplied to the data.

There were no sgnificant inHife dinicad sgns or unscheduled desths. Food consumption was unaffected
by trestment with chlorpyrifas, but the body weght gain of mae mice was decreased by 25% at the end
of the 4-week study period. Organ weight analysis was unremarkable and there were no significant
differences between groups. Pathology findings a necropsy were within norma limitsfor al groups. At
one week, plasma cholinesterase activity was depressed by 88 to 91% and RBC cholinesterase was
depressed by 40 to 53%. At 4 weeks, plasma cholinesterase activity was depressed by 91% and RBC
cholinesterase was depressed by 53%. Brain cholinesterase activity was unaffected by trestment at ether
assay period. There was no sex difference in the changes observed in plasma and erythrocyte
cholinesterase activity.

412 Rat

Crown S, Nyska A & Waner T (1984) Pyrinex technical. Two-week range-finding study in
dietary administration to rats. Life Science Research Isradl, Inc. Conducted 9-23 October
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1984. L SRI Report no: MAK/057/a/PYR, 29 November 1984. M akteshim Chemical Works
Report no: R-3644 [Makteshim; Submission 11471; reference 21]

No GLP or QA statements were issued regarding this study. In a 2-week dietary range-finding study
in rats (CD; Charles River UK; 4 weeks old at arrival), used to establish dose levels for a 13-week
dietary study, technica chlorpyrifos (Pyrinex Technica; Makteshim; 95.5% purity; batch 760210) was
incorporated into acommercidly-available powdered rodent diet (Altromin 1321N) and administered
to sx groups of animals (5/sex/dose) at dietary concentrations of O (controls), 10, 30, 84, 240, and
694 ppm for 14 days. These dietary concentrations were caculated to be equivaent to achieved dose
levelsof 0, 1.4-1.9, 4.1-5.2, 11.7-13.7, 34.3-39.4, and 65.8-94.8 mg/kg/d, repectively. The suitability
of the mixing procedure was verified by andyss of digtlary samples from atrid mix. Rats were ingpected
twice daily for mortality or treatment-related effects. Food consumption, body weights, and achieved
dosages of test materid were determined weekly. Prior to sacrifice, blood samples were obtained for
cholinesterase determination, and at the study termination, al animals were killed and subjected to
necropsy examination.

At the high dose (694 ppm), clinica signs of intoxication were reported, conggting of irritability,
hunching, tremor, aaxia, urogenita staining, pigmented orbital secretion, failure to groom, and proneness
No trestment-related clinica Sgns were observed a other dose levels. A single mae from the 30 ppm
group died as aresult of blood collection procedures, while at 694 ppm, one female was found dead,
and a second femae waskilled in extremis. No mortality was observed at other dose levels. Body
weights were reduced in males and femaes by about 35% compared with controls at 694 ppm at the
8 and 15 day examinations, while at 240 ppm, body weights in females were reduced by about 12%
compared with controls at day 8 of the study. Food consumption was also reduced at 694 ppm (up to
50%).

Dose-rdated, biologicaly-sgnificant decreases in blood cholinesterase activity were seen at dl test
doses, and inhibition ranged from 42% &t 10 ppm to 93% at 694 ppm, in maes. Blood samples were
not obtained from high-dose females due to their poor condition. The mgjor findings a necropsy were
amal spleen, reduced fat pads, and thinning of the posterior musculature in high-dose males and femaes,

On the basis of these findings, the dose levels sdected for the 13-week study (LSRI study
MAK/058/PYR) were 0.5, 10, and 100 ppm.

Liberacki AB, Bredin WJ, Dittenber DA & Quast JF (1990) Chlorpyrifos. Two week dietary
probe study in Sprague-Dawley Rats. Dow Chemical Company Study HET K 044793-090,
dated 16 April 1990 [Dow; Submission 11462, reference 54]

This study was conducted in compliance with the GLP Standards of the US EPA (40CFR160, 1983),
the Japan MAFF (59 Nohsan, Natification 3850, 1984), and the OECD (1982).

The test materid (chlorpyrifos technica; Dursban F Insecticide; Dow; AGR 273801; stated purity
98.5%) was added to Purina Certified Rodent Chow #5002 and given to male and femae Sprague-
Dawley rats (7/sex/dose; Charles River, USA; 4 weeks old) for two weeks at targeted dose levels of
0, 5, or 10 mg/kg/d. The diets were prepared once prior to the gart of the study by serid dilution of the
test material/feed concentration premix, which was aso prepared once prior to the sart of the study.
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Reference samples (1/dose/sex/mix, plus the premix) were retained and stored, and andyses of the test
diets to determine the concentration of test material and homogeneity were performed once during the
conduct of the study.

All animas were observed daily for evidence of treatment-related effects on behaviour, and these
observations included anima movement and paatability of diet. Body weights and feed consumption
were recorded a 3-4 day intervas. Blood was obtained via orbital sinus puncture for plasmaand RBC
cholinesterase activity determinations, after which time a complete necropsy was conducted on al
animas. The brain and adrenas were removed and weighed, and haf of the brain was used for
cholinesterase determinations.

Results

The dietary concentrations in the test diets were anadysed and found to be within 92.6 and 104.8% of
the targeted concentrations, and homogenous throughout. All animas survived the test period, and no
treatment-related signs were observed in test groups. Feed consumption, body weights, and gross
pathologica findings were similar in control and treated groups. Dose-rdated decreasesin plasma, RBC
and brain ChE activity were observed in test groups. The depression of brain cholinesterase activity
displayed a strong dose-dependency, with reductions in activity of 40% in maes and 43% in females
at 5 mglkg/d, and 73% and 68% in femaes a 10 mg/kg/d. For plasmaand RBC cholinesterase ectivity,
the reductions were about 58% and 75% in males, and 65-70% and 73% in femaes, regardless of the
dose.

Statigtically-ggnificant increases in absolute and relative adrena weights (about 20% compared with
controls) were observed in femaes only at 10 mg/kg/d.

Under the conditions of this study, plasma, RBC and brain cholinesterase activities were markedly
reduced in ratsfollowing dietary administration for 14 days at doses of 5 and 10 mg/kg/d, in the abosence
of dinicd dgns of intoxication.

413 Monkey

Coulgton F, Golberg L, Abraham R & Benitz FK (1971) Final report on safety evaluations and
metabolic sudies on Dowco 179 (IN 151). Ingtitute of Experimental Pathology and Toxicology,
Albany Medical College, Albany, New York. Report Date March 18, 1971. Sponsor: Dow
Chemical USA. Unpublished [Dow; submission 238, part 2 vol 1. A3162/5 Box 42]

A summary report only was supplied. Two rhesus monkeys were given doses of 2 mg/kg Dowco 179
(purity and batch details not provided) by stomach tube for three consecutive days. Blood samples were
taken &t intervals of 24 h and cholinesterase activity was measured. No change in behaviour or clinica
sgnsof cholinergic simulation were observed in ether monkey during the three-day observation period.
A sharp decrease in plasma cholinesterase activity was observed 24 h after the initid dose (to 17-46%
of control), with dightly greater reductions after the second and third doses (to 6:23% of control).
Erythrocyte cholinesterase activity decreased dightly following the firgt dose (to 85-95% of contral), with
greater reductions after the second and third doses (to 66-89% of control).
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414 Dog

Harling RJ, Barker MH, Buist DP, Crook D, Dawe|S & Anderson A (1989). Chlor pyrifosoral
dose range finding toxicity study in Beagle dogs. (Final report-repeated daily dosage for 4
weeks). Huntingdon Research CentreLtd., UK, Study completed 16 March, 1988. HRC report
MBS 30/88675, dated 3 May 1989. M akteshim Chemical Worksreport R-4749. [M akteshim;
Submission 11471; reference 24]

This study was conducted in accordance with GLP Standards of : US EPA, Title 40 CFR 160, 1983;
OECD 1982; Jgpan MAFF, natification 3850, 1984; and UK Hedth 1986. Chlorpyrifos technica
(stated purity 95.8%; batch 489 205; 1% wi/w mixture in lactose) was administered ordly viageatine
capsule to groups of purebred beagle dogs (Interfauna UK) at doses of 0 (contral; lactose only), 0.01,
0.03, 0.5, and 5 mg/kg/d for 4 weeks, using 2 animas/sex/group (only 1 anima/sex/group & 0 and
0.5 mglkg/d). The gability and homogendty of the test mixture was anadysed to confirm the tet materia
concentration. Animals were housed individudly, and received 400 g of a standard dry diet each
morning, and fresh water was available ad libitum.

Obsarvations were conducted for al animads throughout each day of the study for dlinicd signs
associated with trestment, and body weights (weekly) and food consumption (daily) were aso recorded
during the study. Samples of venous blood were collected from al animas prior to and during the study
for determination of cholinesterase activity. At the completion of the dosing regimen, animas were killed
and post mortem examinations conducted, with macroscopic examination of a number of tissues
(adrends, brain, heart, lungs, kidneys, liver, pancrees, pituitary, spleen, testes or ovaries, thymus,
thyroids and parathyroids, uterus or prostate). Brain cholinesterase activity determinations were made
after autopsy. Samples of arange of tissues were collected and preserved, but none of the tissues were
processed, as this sudy was designed to determine appropriate dose levels for a 13-week study in dogs.

Results

No deaths occurred during the study, and no clinical signs associated with treatment were observed.
|solated incidences of vomiting were reported in one control and one low-dose female, but these were
not consdered to be reated to the adminigration of the test materid. All groups gained weight steadily
during the trestment period, and while there were someintra- and inter-group variaionsin body weight
gain, these were not dose-related, and it was considered that treatment did not affect body weight gain
during this sudy. Food consumption was smilar in al groups.

Rapid inhibition of plasma cholinesterase activity was observed at 0.5 and 5.0 mg/kg/d & dl sample
intervals, and inhibition was both dose- and time-dependent. Compared with concurrent controls,
plasma cholinesterase inhibition was about 38% within 30 minutes of adminigtration at 5 mg/kg/d, and
30% inhibition by 1 h at 0.5 mg/kg/d. At the high-dose, plasma cholinesterase inhibition reached about
60% by 1 h, and varied between 60% and 80% from days 1 to 28, and up to about 60% during the
study at 0.5 mg/kg/d.

At 0.03 mg/kg/d, plasma cholinesterase activity was reduced by up to 34% compared with pre-test
mean activity, but there was substantid intra-group variation in cholinesterase determinations, probably
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due to the smal group sizes, including in the control group. When compared with concurrent controls,
plasma cholinesterase inhibition was generaly between 10-17%, though the inhibition did exceed 20%
on isolated occasions. It was congdered that the inhibition of plasma cholinesterase at the 0.03 mglkg/d
dose level was not biologicaly significant.

No biologicdly-ggnificant inhibition of erythrocyte cholinesterase activity was observed until day 7, when
there was a reduction of 47% compared with concurrent controls a 5 mg/kg/d. At the end of the study,
the inhibition of erythrocyte cholinesterase activity was till grester than 70% at the high-dose level. At
lower doses, erythrocyte cholinesterase inhibition did not reach 20% compared with concurrent controls,
When compared with the pre-test means, there was an gpparent inhibition of erythrocyte cholinesterase
activity of about 30% at 0.5 mg/kg/d, but only on days 27-28 of the study. Dueto the preliminary nature
of this sudy, and the smdl anima numbers, it was consdered that the inhibition of erythrocyte
cholinesterase activity at 0.5 mg/kg/d was not biologicdly sgnificant.

Brain cholinesterase activity wasinhibited by 32% compared with concurrent controls at the end of the
study at 5 mg/kg/d. No biologicaly-significant inhibition was noted at lower dose levels.

Group mean organ weights, and organ weights relive to body weights, were not affected by trestment,
with smilar results seen in control and treated groups. Macrascopic post mortem examination did not
reved any findings that were consdered to be of toxicologica significance.

Under the conditions of this study, no trestment-related effects were observed a 0.03 mg/kg/d, while
plasma cholinesterase activity was inhibited at 0.5 mg/kg/d, and erythrocyte and brain cholinesterase
activities were inhibited a 5 mg/kg/d.

4.2 Dermal Studies
421 Rabbit

Pennington JY & EdwardsNH (1971) Comparison of cholinester ase depresson in humansand
rabbits following exposure to chlorpyrifos. The Dow Chemical Company (TA-477). [Dow;
submission 238, part 2 vol 1. A3162/5 Box 42]

Dursban 6 (6 Ib/gdlon EC, formulation M-2995, 61.5% chlorpyrifos, 35% xylene) was gpplied to the
skin of the back and abdomen of 2 rabbitsdose at 5, 10, 25 and 50 mg/kg for 20, 4, 3, and 1
applications respectively. The applied dose was covered with occlusive paiches for 12 h, and after patch
remova each Ste was scored for irritation prior to washing. Each site was used only once. Plasmaand
erythrocyte cholinesterase determinations (pH-Stat method) were made pre- and at severd intervas
post-dose (exact time not stated).

No skin irritation was recorded. The table below indicates that both plasma and RBC cholinesterase
measures were sgnificantly inhibited by dermd application under each of the dose regimens, plasma
vaues recovered more quickly than RBC vaues which were gill significantly inhibited at day 40 after
the 3, 4 and 20 day exposures.
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Cholinesterase activity after dermal dosing of rabbits* (% of predose value)

Eggnoé Eggn"; Day12 |Day12 |Day40 | Day40
Dermal dosing Plasma RBC Plasma RBC Plasma RBC
10 mg/kg for 4 x 12 h 8 11 81 23 102 52
25 mg/kg for 3x 12 h 2 18 100 36 103 63
50 mg/kg for 1 x 12 h 42 55 100 76 116 98
5 mg/kg for 20x 12 h 6 10 73 25

* average of two rabbits

422 Doy

Sharp LD & Warner SD (1968) The clinical toxicity of Dursban in the dog after multiple
applications of an aerosol formulation. The Dow Chemical Company. Unpublished [Dow;
submission 238, part 2 vol 1. A3162/5 Box 42]

In atwo-week dermd gpplication of an aerosol formulation to dogs, five mongrels and five beegles (6-
24 months old, 9-13 kg weight, 5 M and 5 F) were dlotted to groups as untreated controls (2 F),
vehicle (dichlorophene, Lot No: 80256) control (1 F, 2 M) and atrestment group (2 F, 3 M) recaiving
0.087% Dursban (Lot No: 80137-A) in dichlorophene. Ten applications (5/7) of an aerosol spray were
meade to the backs of the animas (with the fur brushed againgt the grain) over a period of 2 weeks, with
each gpplication lasting 30 seconds. Thetota dose volume was not stated. The animas were observed
for 8 weeks after the study commenced. Blood samples for RBC and WBC counts, PCV, Hb and
differentia counts were taken on days 1, 7, 14 and 28. Separate blood samples were taken pre-test and
ondays 1, 7, 14 and 28 to measure cholinesterase activity and for determination of ALP, ALT, AST,
BUN and blood glucose. Clinica signs were recorded daily, ophthamoscopy was performed pretest
and at day 14. Body weights were measured pretest and at weeks 1, 2, 4 and 8.

There were no mortdities or abnormdities in the andyss of dinica observations, body weight gain,
opthamoscopic examingion, haematology or dinica chemigtry parameters. RBC cholinesterase activity
was not decreased by trestment, but plasma cholinesterase activity fell from the commencement of
treatment, before returning to norma at 72 days pos-trestment. There were no dlinica sgnsrelated to
thefdl in plasma cholinesterase activity.

423 Rat

Calhoun LL & Johnson KA (1988) Chlorpyrifos: 4-day dermal probe and 21-day dermal
toxicity sudiesin Fischer 344 rats. Dow Chemical Company Study no. HET K 044793-085,036,
dated 1 September 1988. [Dow; Submission 11462, r efer ence 57]

Calhoun LL & Johnson KA (1989) Supplemental information to thereport titled: Chlorpyrifos
4-day dermal probe and 21-day dermal toxicity studies in Fischer 344 rats. Dow Chemical
Company Study no. K-044793-085(S), dated 26 December 1989. [Dow; Submission 11462,

reference 70]

This study was conducted in compliance with the GLP Standards of the US EPA (40CFR160, 1983),
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the US FDA (21CFR58, 1978), the Japan MAFF (59 Nohsan, Notification 3850, 1984), and the
OECD (1982).

To assess the potentia toxicological effects of repeated dermal exposure, chlorpyrifos (stated purity
100%; Dow Chemicd USA; Lot no. AGR 219646) was fird tested in a preliminary 4-day study.
Groups of 4 female rats (Fischer 344; Charles River USA; 9 weeks old) each received daily dermal
gpplications of the test materia in corn il at 1, 10, 100, or 500 mg/kg for 4 days, and were killed the
day after the finad dose application. An additiond group of 4 female rats received only corn ail, and
served as controls. The application Site, application technique, dose calculation, occlusion method and
observations were the same as for the full 21-day study, as were the cholinesterase activity
determinations, and gross necropsy examination. Body weights were recorded on days 1 and 4 of this
preliminary study. Blood samples were obtained by orbital snus puncture of anaesthetised rats
immediately prior to necropsy. No tissues were retained for histopathologica examination.

In the 21-day study, groups of mae and female Fischer 344 rats (5/sex/dose; Charles River, USA; 11
weeks old) received dermal applications of chlorpyrifos at doses of 0.1, 0.5, or 5 mg/kg/d in acorn ail
vehicle, for atota of 15 days over a 21-day period. An additiona group of animals (5/sex) received
corn oil only as controls. The dose volume (not stated) was claimed to be smilar in al groups.

The test materid was gpplied to the clipped skin on the back of each animd, covered by a gauze paich
and held in place for gpproximately 6 h using an dadtic bandage. After the exposure period, the bandage
was removed, and the test Site was wiped with a water-dampened towel to remove resdua test
materid. The condition of the skin Sites were examined daily for Sgns of irritation, prior to regpplication
of test materid. Irritation was evauated and scored according to a modified method of Draize, as
recommended by the US EPA and OECD, with ascae of 0-4 used for erythemaand eschar formation,
oedema, and scaling and fissuring.

All animas were observed once daily for Sgns of toxicity (on weekends this was limited to observation
for mortdity). Animas were weighed before their first exposure, and agpproximately weekly thereefter,
and food consumption was recorded weekly.

Immediately prior to necropsy, a Functional Observationd Béttery (FOB) was conducted. Obsarvetions
were firs made on muscle tone, tremor, haircoat condition, saivation, lacrimation, urine staining, and
faecd staining, and then the animas were placed individudly in an observation box for gpproximeately
20 seconds, and observations were made on deviations from norma locomoation, and on responsiveness
to touch and pain.

Cholinesterase activity (ChE) in plasma, erythrocytes and brain homogenate was determined, dong with
the following haematologica parameters. haematocrit, haemoglobin concentration, erythrocyte count,
total leucocyte count, and platelet count. Differentia leucocyte counts were obtained from stained blood
smearsfrom dl rats.

Clinicd chemigtry andyses were conducted on the serum collected from dl rats a termind sacrifice, and

the following parameters were measured: danine aminotrandferase activity (ALT), aspartae

aminotransferase activity (AST), urea nitrogen, akaline phosphatase activity (AP), glucose, cregtinine
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activity, total protein, abumin, globulin, cholesteral, triglycerides, cacium, and phosphorous.

Urine was collected from rats during the fina week of exposure, and the following parameters were
measured: hbilirubin, glucose, ketones, blood, pH, protein, and urobilinogen. The colour and appearance
of the urine was a0 noted, and determinations of specific gravity and sediment were conducted.

All surviving animas were killed on the day following the last application, and examined for gross
pathological findings. Weights of adrends, brain, liver, kidneys and testes were recorded, and a
complete set of tissues was collected from each animd and preserved. The adrends, brain, kidneys,

liver, periphera nerve (scidtic), skin, and spina cord (cervical, thoracic, and lumbar aress) from all

control and high dose animds, and a few sdected tissues that had gross pathologica findings, were
prepared for histopathologica examination.

Results

Stability, homogeneity and test diet concentration andyses were conducted. Stability and homogeneity
were about 100%. Test doses ranged from 88-99% of the target concentrations in the 4-day study, and
79-100% of the target concentrationsin the 21-day study.

In the 4-day study, the derma gpplication of the test materid did not produce dose-rdated skinirritation.
No sgns of irritation were seen a 100 or 500 mg/kg/d, while 2 animasin each of the 1 and 10 mg/kg/d
groups displayed very dight erythema (score 1) and or very dight oedema (score 1). No significant
effects on body weight, in-life clinica observations, or gross pathological examinations were noted a
any dose. Marked reductions in plasma and erythrocyte ChE activity were observed a doses of
10 mg/kg/d and above, with plasma ChE inhibited by up to 98%, and RBC ChE inhibited by up to 75%
at 500 mg/kg/d.

In the 21-day study, dl rats survived until the scheduled termingtion of the sudy. Throughout the course
of the study, a red-brown exudate was observed around the eyes of most femade animas, and dsoin
males on isolated occasons. This effect was seen in control and trested groups with Smilar incidence.
No other clinicd findings were noted, and no signs of skin irritation were reported. Mean feed
consumption and body weight values were smilar between control and treated groups.

Reaults of the FOB tests did not reved any sgnificant findings in trested groups compared with controls
At 5 mg/kg/d, two femaes had reductions in muscle tone, but in the absence of any other effects, these
findings were congdered to be incidental. No satigticaly-sgnificant changesin mean clinical chemidry,
haematology, or urindys's parameters were observed a any dose level, compared with controls. Slight
decreases in plasma cholinesterase in females (18%), and plasma (7%) and RBC (11%) in maes, were
observed at 5 mg/kg/d, but these changes were not considered to be treatment related, and were
congstent with historica control vaues for these parameters from this testing facility. Body weights and
organ weights were unaffected by trestment.

Gross and microscopic pathologica examinations did not reved any findings associated with treatment.

Under the conditions of this 21-day derma study, no trestment-related effects were observed at doses
up to 5mg/kg/d. Plasma, RBC and brain cholinesterase activities were not inhibited a 5 mg/kg/d for 21

396



NAutivl il MTYIJL Allul AULTIVETLY TUT AglTudildiar aliu v ad jiar y wiigaiinuard, Mmual aliag

days, but in the 4-day range finding component of this study, decreases in plasma ChE activity (45%)
and RBC ChE activity (16%) were observed a 10 mgkg/d, in the absence of clinical sgns of
intoxication.

4.3 Inhalational Studies
431 Rat

Newton PE (1988) A 5-day nose-only inhalation toxicity study of chlorpyrifos technical
(Pyrinex) in the rat. Bio/Dynamics Inc, USA. Project no: 88-8057; 23 December 1988.
[Makteshim; Submission 11471; reference 10]

This study, conducted in accordance with the US EPA GLP requirements (FIFRA 40 CFR Part 160),
was arange-finding study to determine the cholinesterase inhibition in Fischer 344 rats (Charles River
Breeding Laboratories, USA) as a result of nose-only inhaation exposure to technica chlorpyrifos
(Makteshim USA; 95% purity) for 6 h/day for 5 days at atarget concentration of 20 ppb asarespirable
vapour. Ten animas/sex were trested with the test materia, and a group of control animals (10/sex)
received air only. Individua anima observations were made immediately prior to initiation of treatment,
and again prior to sacrifice. Clinica chemistry andlysis of cholinesterase activity was made immediately
prior to sacrifice,

Andyss of the chlorpyrifos concentration confirmed that animals received exposure concentrations of
23 ppb chlorpyrifos (calculated to be gpproximatdly 0.34 mg/m®). No mortality was reported during the
study. A range of clinica signs were seen during the study, including chromodacryorrhea, matted codt,
and soft goals, but the incidence of these effects was similar in control and treated groups, and so were
not consdered to be related to trestment. Plasma, brain, and erythrocyte cholinesterase activity in males,
and erythrocyte and brain cholinesterase activity in femaes, was unaffected by treatment. A datigticaly-
sgnificant, 43% reduction in plasma cholinesterase was observed in femaes trested with chlorpyrifos,
compared with control females. This effect was considered to be related to treatment.

Under the conditions of this study, the nose-only exposure of femae rats to chlorpyrifos concentrations
of 0.34 mg/nT (23 ppb) for 6hVday, for 5 days, resulted in asignificant decreesein plasmacholinesterase
activity. No effect on erythrocyte or brain cholinesterase activity was seen in femaes, and plasma,
erythrocyte and brain cholinesterase activity was unaffected in males.

Landry TD, Dittenber DA, Lomax LG, Calhoun LL & Morabito P (1986) Chlorpyrifos. 2 week
nose-only vapor inhalation exposure study in Fischer 344 rats. Laboratory report HET K-
44793-81, 10 June 1986 [Dow; Submission 11462, reference 66: Submission 4033, A3162/12,
B 67, & submission 238, part 2 vol 1. A3162/5 Box 42]

A Quadlity Assurance Statement for this study indicates that the study was conducted in accordance with

US FDA and EPA GLP regulations. This study was conducted as a dose range-finding study for a

subsequent 13-week inhdationa study in rats. Chlorpyrifos (Agricultural Products Division of Dow

Chemica USA; 99.7% purity; Lot AGR 219646) was administered to female Fischer 344 rats (6-8

weeks of age; 6 animas/exposure concentration) at concentrations of 0 or 12 ppb (equivaent to 0 or
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172 pg/nt) as a time weighted average for 6 hours/day, 5 days'week, for 2 weeks, via nose-only
exposure. Animals were acclimatised to laboratory conditions for 6 weeks prior to exposure to
chlorpyrifos. Animals were exposed for 3 consecutive days prior to sacrifice, a which time samples
were obtained for determination of plasma, erythrocyte, and brain cholinesterase activity. A range of
dinica laboratory determinations were made on blood and plasma samples collected on the last day of
chlorpyrifos exposure, namely haematocrit, haemoglobin concentration, erythrocyte count, tota
leucocyte count, platelet court, differentid leucocyte count, blood urea nitrogen, danine aminotransferase
activity, agpartate aminotranderase activity, dkaine phosphatase activity, glucose, tota protein, abumin,
globulins. Smilarly, urindyss was performed for measurement of the following parameters: bilirubin,
glucose, ketones, blood, pH, protein, urobilinogen, specific gravity. All animas were observed for
cinica sgns of intoxication after each exposure period. Gross pathologic examination was conducted
on dl animds, and tissues were presarved in fixaive, but no histopathologica examinations were
conducted during this study. Body weights were determined weekly during the study.

Results

No dlinica sgns of intoxication or trestment-related changesin body weights were reported during the
sudy. All rats survived until the scheduled termination. Clinica chemistry examination did not reved any
trestment-related change in haematology or urindyd's parameters, induding cholinesterase activity. Sight,
but satistically-sgnificant (p<0.05) increases in akaline phosphatase and aspartate aminotransferase
activity, and decreasesin globulin and tota protein, were reported in animas exposed to chlorpyrifos.,
These effects were not large, and were generaly smilar to historica control vaues from the testing
facility, and were not congdered to be toxicologicdly sgnificant. Organ and body welghts were not
affected by treatment.

Under the conditions of this study, the nose-only inhdationd exposure of female Fischer 344 rats to
chlorpyrifos (99.7% purity) at a concentration of approximately 172 pg/nt, for 6 h/day, 5 days/week,
for 2 weeks, did not result in any trestment-related adverse effects, and plasma, erythrocyte, and brain
cholinesterase activity was unaffected by treatment.

Torkedson TR (1965) Chronic inhalation of atmospheres containing 0,0-diethyl-0,3,5,6-
trichloro-2-pyridyl ester of phosphoric acid (Dursban) Dow Chemical Company sudy A1A-193,
dated 2 February 1965 (Summary Only) [Dow; Submission 11462, r eference 74]

Torkelson TR (1968) Results of repeated inhalation of vapours of 0,0-diethyl-0-3,5,6-trichloro-
2-pyridyl ester of phosphoric acid (Dursban). The Dow Chemical Company. File No: T35.12-
44793-6, dated 19 December, 1968. [Dow; submission 238, part 2 vol 1. A3162/5 Box 42]

Rats (5/group) were exposed to a vapour containing 0.007 mg/nT Dursban for 7 hours/day for atotal
16 days, whilein agasjar. A control group was left untreated. Plasma cholinesterase was measured
pretest and after 1, 2, 6, 9 and 14 treatments.

There were no dinica sgns induced by trestment. The group mean plasma cholinesterase vaues
recorded by the control rats were consistently and significantly lower (up to 66% reduced) than those
seen in the treated rats. This may have been rdated to the initid dlocation of the rats to groups, and no
meaningful conclusions could be drawn from this study. Not of regulatory standard.
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Kenny TJ, Coombs DW, Hardy CJ & Crook D (1988) Chlorpyrifosinhalation toxicity in the
rat. 14-day preiiminary dose range finding study. Huntingdon Research Centre Ltd, UK,
conducted 22 June 1987 to 6 July 1987. HRC Report MBS 21/871329, 18 March 1988.
Makteshim report R-4684. [M akteshim; Submission 11471; reference 27]

This study was conducted in compliance with GL P standards of the US EPA 40 CFR 160, OECD, and
Japanese MAFF natification 3850. In order to establish dose levelsfor a 90-day inhdation study in rats,
this dose range finding study was performed, with the test materia (chlorpyrifos technica; Makteshim
Israel; 96.8% dtated purity; batch 489205) administered as an aerosol by whole body exposure
(sx hday, five days'week, for two weeks) to groups of animas (Wigtar CrL:COBS WI BR; Charles
River UK; aged 6 weeks upon arriva; 5/sex/dose) at target concentrations of O (air contral), 10, 100,
and 400 mg/nt.

During exposure, clinica sgns were recorded either as a group response where dl visble animas
gppeared to be reacting in asmilar manner, or as an individua response. After exposure, animals were
examined a leadt twice daily for dinicd signs of intoxication. Body weights and food consumption were
measured daily from one week prior to trestment through to the completion of the study. For
determination of erythrocyte and whole-blood cholinesterase activity, blood samples were collected from
animasin the control, 10 and 100 mg/nT groups immediately after trestment on days 11 or 12 of the
study. At the 400 mg/nT exposure leve, surviving animals were bled prior to sacrifice on day 9 of the

study.

All surviving animals were killed after the 14 day exposure period, & which time the brain was removed,
with haf of the brain tissue used for cholinesterase activity determinations. The macroscopic gppearance
of dl tissueswas noted, and the following organs were dissected free and weighed: lungs, liver, adrends,
heart, kidneys. A range of organs and tissues were collected, together with any abnormd lesions, and
preserved for microscopic examination. No histopathologica examinations were conducted on these
tissues for this report.

Results

Andysis of the exposure conditions reveded that the doses of test materia at the nominal doses listed
above were 0, 10, 94, and 388 mg/nT. Paticle size andysis did not reved any particles greater than
5.0 um aerodynamic diameter, and so respirability was consdered to be 100%. High-dose femaes
were sacrificed in amoribund condition on days 5 and 8 of the study (two femaesin totd). Exposure
of dl high-dose animas was terminated after 5 exposures due to the moribund condition of the animals,
with rgpid weight loss and deterioration in the generd condiition of the animals observed, and dl surviving
animals were sacrificed on day 9. No mortality was observed at other exposure levels.

During exposure, Sgns observed incdluded sdivation, lachrymation, hunching, and partia closure of the

eyes. At 94 and 388 mg/nT, signs aso included head and whole body tremors. After the exposure

period, dlinica sgnsinduded red/brown staining on dl parts of the body, pae eyes, and ydlow staining

of the urogenital region. At 94 and 388 mg/inT’, the Signs of intoxication induded tremors (facid, fore and

hind limb, and whole-body), extreme agitation, and convulsions. The severity of these effects at the high-
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dose levd resulted in the animas being killed for humane purposes.

At 388 mg/nt, animas lost weight rapidly between commencement of trestment and until trestment was
suspended at day 5. At day 5, body weights were reduced by about 24% compared with controls, in
both males and femaes. At 94 mg/nT, body weight reductions reached about 10% in males and about
16% in femaes, compared with controls. At these dose levels, the reduction in body weights was
considered to be treatment-related. At 10 mg/n, body weight gain was Smilar to that seen in control
animals. Food consumption was similar in controls and low dose animals, but a 94 and 388 mg/in™, food
consumption was reduced in a dose-related manner during the study.

Plasma, erythrocyte, and brain cholinesterase activities were markedly decreased at dl doses. At 10,
94, and 388 mg/in?, plasma cholinesterase activity in males was inhibited by 78, 86, and 88%,
respectively, compared with controls. In femaes, the corresponding percentage inhibition was 91, 93,
and 95%, respectively. Erythrocyte cholinesterase inhibition a 10, 94, and 388 mg/nt in males was 78,
58, and 75%, respectively, and in females was 60, 80, and 73%, respectively. Brain cholinesterase
inhibition was 50% a 10 mg/nT, about 70% at 94 mg/n?, and about 72% at 388 mg/nT, in males and
femdes.

Macroscopic examination revealed a number of findings that occurred only sporadicdly in both control
and trested groups, including minima hydronephrosis, enlarged cervical nodes, and pale spleen, and
hence were not considered to be related to treatment. Symmetrically enlarged adrenals were observed
in 1/5 maes and 5/5 femaes at the high-dose, and in 1/5 femaes at 94 mg/nT, compared with a zero
incidence of this effect in other groups. Examination of the forestomach reveded findingsin high-dose
animals, including thickening, whiteness, invagination, depressons, and congestion, and no such effects
were observed at other dose levels. The adrend and forestomach effects were considered to be rdated
to treetment with the test materid.

Statigicaly-sgnificant (p<0.05) increases in absolute group mean adrend weights were seen in high-
dose maes and femaes, while in femaes at 94 mg/nt an increase in adrend weight (not Satistically
sgnificant) was also observed, and this effect may be related to treatment.

Decreased absolute group mean weights were also seen in heart (high-dose maes only), kidneys (high-
dose femaes only), and liver (mid-dose femaes only), and increased liver weights were seen in high-
dose femdes only. Asthese changes were generdly dight, were not cons stent between the sexes, and/or
were not related to dose, they were not considered to be treatment-related.

No NOEL was demondrated in this study, based on the significant inhibition of plasma, erythrocyte, and
brain cholinesterase activities at doses of 10 mg/n? and above, in males and femaes. Clinica signs of
toxicity (tremors, sdivation, lachrymation), decreases in food consumption, and decreases in body
weight were observed at doses of 94 mg/inT and above, but these effects were not observed at
10 mg/nT. Increased adrenal weights (94 and 388 mgnt’), and forestomach effects indluding thickening
and congestion (388 mgin) were observed, with no trestment-related pathology observed at 10 mg/n.

Streeter CM, Lomax LG, Landry TD & Dittenber DA (1987) Chlorpyrifos 2-week whole-body

vapor inhalation toxicity study in Fischer 344 rats. Dow Chemical Company Study HET K
044793-078, dated 17 February 1987. [Dow; Submission 11462, r efer ence 58]
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Landry TD, Streeter CM & Lomax LG (1985) Chlorpyrifos: 2-week vapor inhalation toxicity
study in Fischer 344 rats. Protocol. Dow Chemical Company AA-714, dated 5 December 1985.
[Dow; Submission 11462, refer ence 65]

This study was conducted in accordance with GL P requirements of the US FDA (Federd Regider, 22
December 1978, Vol 43, No 247, 59986-60025), US EPA, FIFRA (Federal Register, 29 November
1983, Vol 48, No 230, 53946-53969), and Pesticide Assessment Guidelines (Subdivision F).

This study was conducted to assess the effect of repested whole-body inhalationa exposure to
chlorpyrifas (Dow Chemica Company; Dursban R; lot: AGR 219646; stated purity 100%) in rats (mde
and femae Fischer 344; 6-8 weeks of age; Charles River, USA), and aso to select doses for a 13-
week inhdation study.

Rats (6/sex/exposure concentration) were exposed to time-weighted average concentrations (nomina)
of 0, 1, or 5 ppb (0, 0.014, or 0.072 mgnT) chlorpyrifos vapour for 6 Wday, 5 days/'week for two
weeks. Exposure-chamber atmospheres were sampled to determine the actua exposure concentrations
(3 andyses/day; 1.5-2 h sampling times). Chamber distribution was shown to be homogeneous. Two
control groups were used to assess norma basdine cholinesterase activity. Body weights were
determined weekly, and at the end of the exposure period, and samples were obtained from each rat
for plasma, RBC and brain cholinesterase (ChE) activity determinaions. Gross pathologica examinations
were conducted on each animal. Weights of brain, liver, kidneys, and adrenals were recorded. A
complete set of tissue samples were obtained and preserved, but no histopathologica examination was
performed. All animals were observed after each exposure period for clinical signs of toxicity.

Results

The mean daly time weighted average (TWA) anadysed concentrations were 0.7 and 5 ppb,
respectively, a the nomina concentrations of 1 and 5 ppb, respectively.

There were no trestment-related clinical signs of toxicity or changes in body weights during the study,
and dl rats survived until the end of the studly.

Statisticaly-sgnificant decreases in plasma cholinesterase activity were seen in males and females at
5 ppb, with reductions of 18 and 45% compared with control goup A (n = 6). RBC cholinesterase
activity was dso sgnificantly reduced & this dose leve, with reductions of 8-9% compared with control
group A. Brain ChE activity was not significantly decreased.

When the test groups were compared with the second control group (group B; n = 6), significant
decreases in plasma (15% and 47%, maes and femaes, respectively), RBC (11% and 15%, maes and
femaes, respectively) and brain (8% in femaes) cholinesterase activity were observed.

No datidicaly-sgnificant differences were determined between the two control groups, and so the test

group cholinesterase activities were compared with the combined control group values. When thiswas

done, satiticaly-significant decreasesin plasma (16% and 46%, maes and femaes), RBC (10% and
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13%, maes and femaes) and brain (7%, femaes only) cholinesterase activity were observed.

At 0.7 ppb, agatidicaly-significant decrease in plasma cholinesterase activity (10% reduction) was dso
seen in femaes. The study authors stated that this gpparent decrease was due to alower than expected
plasma cholinesterase activity in asingle femae, with avaue congderably less than the group mean for
this enzyme. However, the individua animal data were not provided in this report.

The reductionsin brain and RBC cholinesterase activity at 5 ppb did not reach 20% when compared
with any of the control groups, and these effects were not considered to be of toxicologica significance.
The dose-dependent reduction in plasma cholinesterase activity was considered to be treatment-related
and toxicologicaly sgnificant a 5 ppb, based on the reduction in activity of about 45% in femdes. The
datisticaly-sgnificant decrease in activity at 0.7 ppb in femaes compared with the combined control
group was considered to be incidentad to treatment.

No treatment-related effects were noted on body weights or organ weights, and no lesions were
observed a gross pathologica examination.

Under the conditions of this study, reductions in plasma, RBC and brain cholinesterase activities were
observed at 5 ppb (approximately 0.072 mg/nt). The inhibition of plasma cholinesterase activity wes
>20% in females a this exposure concentration. No significant trestment-related effects were observed
at 0.7 ppb (approximately 0.01 mg/nT).

432 Rabbit

Pennington JY & EdwardsNH (1971) Comparison of cholinester ase depression in humansand
rabbits following exposure to chlorpyrifos. The Dow Chemical Company (TA-477). [Dow;
submission 238, part 2 vol 1. A3162/5 Box 42]

Four humans and three rabbits were exposed for 5 minutes to chlorpyrifos formulation M-2995 (61.5%
chlorpyrifos, 34.5% xylene), lot 042 7032 viaan ULV cold aerosol fog generator ddlivering 3.8 litresh.
The humans were exposed at a distance of 8 m wearing plagtic coverdls but with heads and hands
exposed for 2 subjects, and heads, hands and arms exposed for 2 subjects. The rabbits were exposed
a adigtance of 8 m at 1.3 m height (2 rabbits) or 0.8 m height (1 rabbit). Plasma and erythrocyte
cholinesterase determinations were made pre- and at several intervals post-dose.

For the humans, air sampling was conducted using 2 shoulder height filters, 3.7 onf in area, one of which
measured passive skin deposition and the other sampled air at 1.0 litresminute. Air samples for rabbit
exposures were taken by postioning filters directly under the noses of rabbits and sampling air a 1.0
litressminute. Exposure was terminated at 5 minutes due to the eye and lung irritation induced by the
formulaion.

The air sampling recorded breathing-space concentrations of chlorpyrifos of about 108 mg/litre (range
83-133) for humans and rabhbits, with passive deposition accounting for 2-6% of filter load. Therewas
no depresson of plasmaor RBC cholinesterase in 24 h post-exposure samples from the human subjects.
At 24 h post-dose, rabbits recorded a decrease in plasma cholinesterase (up to 33%) and RBC
cholinesterase (up to 12%), but by 72 h post-dose these values had recovered to near control values.
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5. SUBCHRONIC TOXICITY
51 Subchronic sudieswith the TGAC
511 Mouse Studies

Crown S, WeissA, Nyska A, Waner T & Pirak M (1987) Pyrinex technical. Toxicity in dietary
administration to mice for 13 weeks. A preliminary study. Life Science Research Israd, Inc,
Study Dates 11 March 1987 - 23 June 1987. L SRI Report No: MAK/105/PY R, 23 December
1987. Makteshim Chemical Works Report No: R-4671. [Makteshim; Submission 11471;
reference 23]

This sudy was conducted in compliance with LSRI Standard Operating Procedures, designed to comply
with EPA GLP Regulations, 40 CFR 160. Chlorpyrifos (Pyrinex Technica; Makteshim; 93.5% purity;
Batch 58900/9) was mixed in commercialy available powdered laboratory anima diet (Altromin
1321N) to provide test diets containing O (contral), 5, 50, 200, 400, and 800 ppm of the test materid.
These dietary concentrations were measured to be equal to doses of 0, 0.7-1.3, 7.1-13.5, 32.4-53.4,
40.9-135.7, and 112.5-300.7 mg/kg/d, respectively. The homogenety and stability of the test materid
was determined using atrid mix, and the stability and homogeneity was acceptable for the purposes of
this study. Homogeneity was assessed by analysis of six spaced samples of diet from each dose group.
To test for Sability, the previoudy examined samples were reandysed after 7-8 days and after 14 days
of storage. Groups of mice (CD-1; Charles River UK; 12/sex/dose) were fed the test diet for a period
of at least 13 weeks, followed by sacrifice during the 14th or 15th week of trestment. Animals were
ingpected twice dally for dinica signs and for mortdity. Body weights and food consumption were
determined weekly. Blood samples were obtained from al surviving mice prior to termind sacrifice, and
brains were dissected from 4-12 mice/group at termind sacrifice, for cholinesterase determination.

All animas were subject to gross necropsy, with al externa surfaces, body orifices, and the contents
of cranid, thoracic and abdomind cavities gudied. The brains, hearts, kidneys, livers, oleen and testes
were weighed. Histopathologica examinations were conducted on a range of tissues from al animas,
namely adrends, bone (sernum including marrow + tibiafemora joint), duodenum, eye and optic nerve,
jgiunum, kidneys, liver, lungs, lymph nodes (cervica, mesenteric, abnorma), spleen, somach (fundus,
pylorus), and uterus. In addition, histopathologic examinations were conducted on a further st of tissues
from control and high-dose groups, and for al animals dying or killed during the study, namely aorta,
brain, caecum, colon, epididymides, gall bladder, Harderian glands, heart, ilium, mammary glands,
oesophagus, ovaries, pancress, pituitary, prostate, rectum, sdivary glands, sciatic nerve, semind vesidles,
skeletd muscle, skin, skull, testes, thymus, thyroids, tongue, trachea, urinary bladder. All tissues that
displayed abnormalities were dso examined microscopicaly.

Results

Treatment-related mortaity occurred in 4 males and 2 femaes at 800 ppm, and in 2 femdes at

400 ppm. A number of deeths were also recorded at 200 ppm, but these were attributed to causes

unrelated to treatment, namely water bottle mafunction and injuries inflicted by cage mates. Ocular
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opacity was reported in 3/12 males and 7/12 females at 800 ppm, and in 1/12 femaes at 400 ppm.
Satigticaly-ggnificant increases in urogenitd gaining were seen in maes a 400 ppm (9/12) and
800 ppm (11/12) compared with 1/12 in controls. A range of clinica signs occurred at doses of
200 ppm and above, including tremor, lachrymation, hunching, lack of grooming, and orbita saining,
but the incidence of these effects was low (1-3/group) and not dose-dependent.

Satidticaly-ggnificant decreases in group mean body weight was observed in maes a 800 ppm

throughout the study, with reductions of 10-15% compared with controls. A lesser reduction in group

mean body weight was also seen in males a 400 ppm during the study, but this reduction (about 5%

compared with controls) only reached Satistical Sgnificance on afew occasions, and was not consdered

to be biologicadly sgnificant. In femades, a amilar patern was observed for body weights, with a
reduction in group mean weight of up to 10% in high-dose femaes (often datisticaly sgnificant), and

alesser reduction (occasondly gatidticaly sgnificant) in femades at 400 ppm. Food consumption was
reduced at 800 ppm in the firs few weeks of the study, and again during the |ast two weeks of the studly,

but food consumption patterns in the remainder of the test was smilar a dl dose levels.

Plasma cholinesterase activity was markedly decreased at al test dose levels in males and femaes
compared with controls, ranging from decresses of 36% in femaes and 45% in maes a 5 ppm, to 95-
99% in males and femaes at doses of 50-800 ppm. These decreases in activity were highly datidticaly
ggnificant (p<0.001). No statisticaly-sgnificant decreases in erythrocyte cholinesterase activity were
observed in maes, though decreases of 21% and 26% were seen at 50 and 800 ppm, respectively. In
femaes, datitically-significant decreases in erythrocyte cholinesterase activity were measured a doses
of 50 ppm and above, but there was no dose relationship observed for this effect. Brain cholinesterase
activity was markedly inhibited a doses of 200 ppm and above in males, and at doses of 50 ppm and
above in femaes, with a strong dose dependency seen for this effect.

Group mean cholinesterase inhibition (expressed as a percentage cf. untreated control values)

Dose (ppm) 5 50 200 400 800
Plasma - mae 45% " 95% 98% " 99% 99% "
Plasma - female 36% 97% " 98% 99% " 99% **
Erythrocyte - male 349%™ 21% 16% 12% 26%
Erythrocyte - female 11% 57% 44%"" 48% " 44%""
Brain - mae 439%™ 14%" 80% " 85% " 87% "
Brain - femde 3% 28% " 58% " 84% " 88%

*p<0.05
**p<0.01
***n<0.001

™ cholinesterase activity increased compared with controls

On occasion, absolute organ weights varied dightly from controls, and this difference reached Satidtical
sgnificance a a number of doses, for a number of organs. However, there was no consstent dose
relationship observed for these effects, and they were not considered to be related to treatment.
Satidicaly-sggnificant changes in organ weights relative to body weights were aso observed. In maes
and femaes, mogt of these findings occurred infrequently, and were not dependent upon dose, and so
were not conddered to be trestment-related. In femaes, atisticaly-significant increases in group mean
relative liver weights were reported at doses of 200, 400, and 800 ppm. The changes were largest at
the high dose, with an increase of approximately 15% compared with controls.
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Urogenital staining was observed at doses of 200 ppm and above in maeskilled at termina secrifice,
and d0 in high-dose femdes at thistime, and this effect was condstent with the treetment-rdated dinicd
sgns reported during the study. Some ocular effects were aso reported, with ocular opacities occurring
in asingle high-dose mae and in one femde a 400 ppm and four females at 800 ppm. Pthisis bulbi
(shrinking of the eyeball) was aso seen in two high-dose females. During macroscopic examingtion, a
range of other findings were reported sporadicaly, often with a single incidence, at a range of dose
levels, these effects included distended gal bladders, congested Iungs, enlarged ovaries, and enlarged
lymph nodes. As the incidences of these findings were very low, and there was no dose-relationship,
they were not considered to be related to treatment.

For animals that died or were killed during trestment, a number of findings related to trestment were
observed during microscopic pathologica examination. These findings were mainly confined to the 400
and 800 ppm groups, with instances of thymic atrophy, depletion of lymphocytesin the spleen, lipogenic
pigmentation in the adrena cortex, ocular kerditis and cataracts, and inflammatory ulceration of the
glandular somach mucosa. Some of these lesions may be associated with the generd poor condition of
the animas due to the toxicity of the test materid. At doses of 200 ppm and below, a sporadic incidence
of some findings were observed, but these effects were not considered to be related to treatment due
to the lack of a dose-response relationship for these findings, and their low incidence.

Microscopic pethologica examination of animaskilled a termind sacrifice reveded a number of findings
in adrena gland, eye, and uterus that may be associated with treatment. These findings have been
outlined below.

Adrenal effects In the adrend gland, changes were generdly seen in the adrenocortica cdls from the
inner layers of the cortex, with multinuclested cellular formations, pyknotic nucle, findy vacuolated
cytoplasm, and cytoplasmic pigmentation, possibly ceroid. These findings were associated with trestment
at doses of 200 ppm and above in femaes and a 400 ppm and above in maes, and the incidence was
related to dose. At doses of 5 and 50 ppm (and 200 ppm in males), these adrend effects were not
considered to be related to trestment as the incidence & the lower dose levels was smilar to the control
incidence.

Adrenal Gland: Microscopic pathology, terminal sacrifice

- Dose (ppm)
Finding SeX g 5 50 200 | 400 | 800
Cortex: lipogenic pigmentation, M 112 2/12 2/12 1/9 3/12 2/8
occasional, focal: F 0/11 112 112 2/10 3/10 V11
Cortex: lipogenic pigmentation, M 0/12 0/12 0/12 0/9 2/12 3/8
multiple foci: F 0/11 0/12 1/12 5/10 5/10 10/11
Cortex: lipogenic pigmentation, M 112 2/12 2/12 1/9 5/12 5/8
occasional or multiple foci F 0/11 1/12 2/12 7/10 8/10 1111
Accessory adrenocortical tissue M V12 V12 012 o9 312 28
F 0/11 112 0/12 0/10 0/10 0/11
Subcapsular: call hyperplasia M 112 0/12 3/12 0/9 2/12 0/8
F 111 112 2/12 1/10 1/10 4/11
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Ocular effects Acute or subchronic keratitis was observed in two maes and four femaes a 800 ppm,
andinasnglefemdea 400 ppm. At 800 ppm, a cataract was obsarved in asingle femae and phthiss
bulbi in two femaes. The study authors suggested that these ocular effects may have been associated
with the irritant properties of the test materid, following contact with the eyes, and thiswas a plausble
explanation.

Uterine effects In asingle high-dose femde, denser endometrid stroma, with reduced stroma ground
substance and closdy packed stromd cells, was observed. Due to the isolated nature of thisfinding it
was not possible to attribute the lesion to treatment.

A range of other findings were dso reported following microscopic examination, indluding foca necross
and mononudear cdl infiltration of the liver, para-ovarian cy<, dight subchronic nephritis and pulmonary
vascular congestion. As the incidences of these and other sporadic findings occurred at alow incidence
and were not dependent upon dose, they were not considered to be related to treatment.

A sngleincident of malignant lymphoma was reported in a high-dose femde a termind secrifice. The
incidence of thislesion in al other groups was zero, and no other neopladtic lesions were reported in this
sudy. Given the isolated nature of this finding, it was considered that there were no trestment-rel ated
neopladtic findingsin this report.

Under the conditions of this study, a NOEL was not established, with marked and satigticdly-sgnificant
inhibition of plasma cholinesterase in males and femaes a the low dose of 5 ppm. The LOEL for this
study, based on the plasma cholinesterase inhibition, was 5 ppm, caculated to be equa to 0.7 mg/kg/d.
No other treatment-rel ated effects were reported at the low dose level.

Marked and Satistically-sgnificant, dose-related inhibition of brain cholinesterase activity was observed
at doses of 50 ppm and above. The NOEL for brain cholinesterase inhibition was 5 ppm (equal to
0.7 mg/kg/d), basad on thisinhibition of activity at 50 ppm (equd to 7.1 mg/kg/d).

512 Rat

Szabo JR, Young JT & Granjean M (1988) Chlorpyrifos: 13-week dietary toxicity study in
Fisher 344 rats. Jackson Research Centre, Health and Environmental Sciences - Texas.
Laboratory study No.. TXT: K-044793-071. Report dated December 28, 1988. [Dow;
Submission 11462, refer ence 68. Reviewed by PMRA]

The following study assessment report was obtained from the Pest Management Regulatory
Agency of Canada (PMRA) under the auspices of the OECD Ad Hoc Exchange Program. The
Canadian review was completed on 14/1/93, and has been incorporated with minimal textual
change. An independent assessment of the original data has not been conducted by Australian
regulatory authorities. Additional Australian regulatory conclusions and comments are
enclosed in square brackets| ].

GLP: Yes(USEPA, OECD, and Japanese MAFF standards). Test Period: 03 July 1985 - 04 October

1985 (13 weeks). Test Materiads: Dursban F*, AGR 214637, Lot No. MM 820905-610 supplied by
the Agricultural Products Test Chemica Repository, The Dow Chemica Company, purity of 95.7%.
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Sability of test materid in the diet was determined. Test Animals: Mde and femae rats CDF Fischer-
344, obtained from Charles River Laboratories Inc. Kingston, N.Y. agpproximately 28 days of age,
weights not given.

Treatment: Groups of rats (10 rats/'sex/group) were fed diets containing chlorpyrifos at dose levels of
0,0.1, 1.0, 5.0 and 15 mg/kg body weight/day for 13 weeks. Rats were housed individudly in stainless
stedl, wire bottom, suspended cages. Cages were placed in rooms with controlled temperature (75
degrees + 5 degrees F) and a 12 hour light/12 hour dark cycle. Purina Certified Rodent Chow #5002
diet and drinking water were available to the animas ad libitum. Each lot of diets used was anaysed for
nutritiona values and contaminants.

Parameters. Animas were observed at least once daily (including weekends) for Sgns of toxicity and
mortality. Functiona observational batteries were conducted on dl rats on day 8, day 30 and day 87.
Food consumption was recorded weekly. Water intake was not determined. Body weights were
recorded weekly.

Blood samples were collected from the orbital Snus after 90 days for maes and 91 days for femdes and
examined for the following haematology parameters. packed cdll volume, haemoglobin, totdl red and
white blood cdlls, plateets, differentia white blood cells (100 cells), the morphologies of erythrocytes,
leucocytes and platelets.

Blood samples for erythrocyte and plasma cholinesterase determinations were drawn on days 43 and
90 for males and on days 44 and 91 for femaes. One hdf of the brain, upon necropsy, was used to
determine brain ChE activity. Clinical chemistry determinations were obtained on fagted rats at the end
of the experiment and included akaine phosphatase (ALP), danine transaminase (ALT), apartate
transaminase (AST), blood urea nitrogen (BUN), total protein (TPRO), abumin (ALB), and glucose.
Globulin was cdculated. Urine samples were collected after 92 days on surviving rats and tested for
specific gravity, pH, protein, glucose, ketones, bilirubin, occult blood and urobilinogen.

At termination dl surviving rats which had been fasted overnight were necropsied and examined for gross
pathology. The following organs were removed and weighed: brain, heart, liver, kidneys, thymus, testes
(maes), ovaries (femaes). Ratio of the organ weights to fasted termind body weights were calculated.
Eyes were dso examined in Situ immediatdly after sacrifice. Tissues and organs from animas of control
and high-dose group were histopathologicaly examined (those marked with an asterisk were examined
in rats given doses of 0.1 and 1.0 mg).
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Adrend glands* Liver* Skedetd muscle
Aorta Lungs in
Bone Mammary gland Smdl intedtine
Bone marrow Mediagtind lymph node Spind cord
Bran Mediadtind tissue Spleen
Caecum Mesenteric lymph node Stomach
Cervix Mesenteric tissue Testes
Coagulating gland Nasd tissue Thymus
Epididymis Ovaries Thyroid gland
Oesophagus Oviducts Tibid nerve
Eyes Pancreas Tongue
Grosslesons® Parathyroid glands Trachea
Heart Fituitary gland Urinary bladder
Harderian/lacrima gland Prostate Uterus
Kidneys* Sivary gland Vagina
Large intestines Scidic nerve
Larynx Semind vesde

Results

Clinical signsof toxicity. Two mderats, one from the control and the other from the 0.1 mg/kg bw/day
dose group lost significant weight on day 42 of the study. Observations were done weekly. However,
the following week these mde rats gppeared hedthy. Among the femde rats, two (one from the 5 mg/kg
bwi/day and the other from the 15 mg/kg bw/day) were seen to have eye damage resulting from orbital
bleeding procedures.

Mortality. There were no deaths reported.

Functional observational battery: Mae rats fed 15 mg/kg bw/day had urine staining only at the 87
day observation interva (7/10). Increased frequency in the number of rats experiencing urine staining
at each timeinterval was observed in the femae rats fed 15 mg/kg bw dose: on day 8 (1/10), on day
30 (3/10), and on day 87 (8/10). Urine staining was aso observed on day 87 only, in femae rats (2/10)
fed 1 and 5 mg/kg bw/day.

Food consumption: Food consumption was dightly higher (not gatisticdly significant) in mae rats of
the 15 mg/kg bw/day dose group when compared with the controls.

Body weight and body weight gains. Following the first week of trestment and throughout most of the
recorded time intervas in the sudy, body weight and body weight gain were sgnificantly lower in mde
rats of the 15 mg/kg bw dose group when compared with the respective controls. No changes in body
weight or weight gain were seen in the femaes of the 15 mg/kg bw dose group compared to the control

group.
Hematology: (see attached tables) A significant decrease was seen in the red blood cell (RBC) count

in males of the 5 mg/kg bw/day. Significant decreasesin RBC count were seen in both the femae and
male rats fed 15 mg/kg bw/day of chlorpyrifos. No histopathologica changes were seen in the bone
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marrow or the spleen. A significant increase (dose-related) in the platelet count was seenin mderats
at both the 5 and 15 mg/kg bw/day dose groups. No changes in the platelet count were observed in
femderats. A dight increase (dose-rdated) of the white blood cdl (WBC) count though not satisticaly
sgnificant was seen in male rats at al doses. No changes in WBC was observed in femde rats. A
sgnificant decrease in the packed cell volume (% PCV) was seen in femde rats at the high-dose group,
though none was observed in maerats.

Urinalysis: (see atached tables) Statidticaly-sgnificant increases of the specific gravity inthe urinewas
observed in the femderats of the 15 mg/kg bw dose group. A dight increase (not datisticaly sgnificant
) in the urinary specific gravity was obsarved in the femae rats at the 5 mg/kg bw/day dose group and
in the males a the 5 and 15 mg/kg bw/day dose groups. All other parameters (pH, protein, sugar,
ketones, bilirubin, blood and urobilinogen) were comparable to control.

Clinical chemistries: (see attached tables) Statistically significantly lower ALP and ALT (not dose-
related) activity vaues were recorded for mde ratsfed 1, 5, and 15 mg/kg bw/day. No changesin ALP
and ALT were obsarved in the femde rats. Significant decreases in the total protein and globulin
concentration were seen In mderats of the 5 and 15 mg/kg bw dose group, while no changes were seen
among the femae rats. A sgnificant decrease in the abumin concentration was seen in mae rats only,
at the 15 mg/kg bw dose.

A dgnificant decrease in the serum glucose concentration (not dose-related) was seen in femade rats of
the 1, 5 and 15 mg/kg bw dose group. No changes in the serum glucose concentration was seen in mae
rats. A dight increase (not datiticaly significant) in the blood urea nitrogen (BUN) was seen in femde
rats at the 15 mg/kg bw/day dose, however this was atributable to two female rats of the group
(outliers) having higher BUN vaues than the rest of the group. A datigticaly-significant increase in the
kidney weight (absolute weight) was seen in the high-dose group of femaerats (of which the two outliers
mentioned above and another femae rat had higher kidney weights than the rest) when compared to the
control.

Cholinesterase activity. (see atached tables) Significant dose-rdated decreases in the plasma ChE was
seenin mderasfed 1, 5 and 15 mg/kg bw/day at both time intervas, 43 and 90 days. Significant dose-
related decreases with regards to the erythrocyte activity was observed in malerats fed 1, 5 and 15
mg/kg bw/day at 43 days, and in thosefed 5 and 15 mg/kg bw/day at 90 days. Brain ChE activity was
ggnificantly lower and dose-rdlated in mae rats fed 5 and 15 mg/kg bw/day (measured only at the
termination of study).

[Satigticaly] significant dose-related decreases in the plasma ChE was seen in femderatsfed 0.1, 1,
5 and 15 mg/kg bw/day at 44 days and in femade rats fed 1, 5 and 15 mg/kg bw/day at 91 days. In
femde rats fed 0.1 mg/kg bw/day, the plasma ChE activity decreased by 15% after 44 days and was
gatisticaly sgnificant (alpha = 0.05), whereas the decrease after 91 days was only 9% but was not
datidicdly sgnificant. At the higher dose of 1 mg/kg bwi/day, the plasma ChE activity wasinhibited by
81-82% at both time intervals denoting an abrupt and more severe inhibition. Significant dose-reated
decreases were ds0 seen in RBC (erythrocyte) ChE activity at both time intervasin femaeratsfed 1,
5 and 15 mg/kg bw/day. Brain ChE activity was sgnificantly lower and dose-related in femde rats fed
5 and 15 mg/kg bw/day at 94 days (after less than 1 day of fasting prior to sacrifice).
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Termina body weight, organ and relative organ weights. (see attached tables) Statisticaly significantly
higher relative brain and heart weights were identified in male rats fed 15 mg/kg bw/day though not in
femderats. A ggnificant increase in the absolute weight of the kidney was seen in femae rats fed the
highest dose (15 mg/kg bw/day) but not in mde rats. A gatisticaly-sgnificant increase was seen in
femaeratsfed 0.1 mg/kg bw/day with regards to the absolute and relative heart weight. No additiond
weight effectsin female rats were seen a the higher doses which seemsto indicate that this effect was
biologicdly inggnificant.

Gross Pathology: Perined soiling was seen in femde rats (7/10) and mae rats (1/10) fed 15 mg/kg
bw/day. Other observations such as periocular hemorrhage, phthisis bulbi and cloudy cornea were
attributed to orbital sinus bleeding procedures. Cysts were observed in femaerats at dose levels of 1
mg/kg bw/day (1/10), 5 mg/kg bw/day (1/10) and 15 mg/kg bw/day (2/10).

Histopathology: In mderats, histologica changes were seen in the adrends; very dight vacuolation of
cdls conggtent with faity change in the zone fasticulata was seen in 8/10 maerats a the mid dose range
(5 mg/kg bw/day), while dl rats a the highest dose levels were affected - 5 cases with dight vacuolation
and the remaining 5 cases were moderately affected. The adrends of the female rats were not affected.

Vey dight higologicd changesin the liver such as aggregates of mononudear (predominantly lymphoid)
cdls, multifocd, in both the femae and male rats were observed in dl dose groups (femaes. control
4/10; 0.1 mg/kg bw/day 3/10; 1 mg/kg bw/day 1/10; 5 mg/kg bw/day 3/10; and 15 mg/kg bw/day
1/10) (mdes: control 1/10; 0.1 mg/kg bw/day 2/10; 1 mg/kg bw/day 0/10; 5 mg/kg bw/day 2/10; and
15 mg/kg bw/day 0/10). Liver architecture dtered secondary to digphragmeatic herniawas observed only
in the female rats in the control and high-dose group: control 2/10; and 15mg/kg bw/day 1/10.

Very dight higologica changes in the kidneys congsting of aggregates of mononucear (predominantly
lymphoid) cdll, corticomedullary junction, in the mae rats were observed in the control aswell asin most
of the dose groups. No histopathologica changes in the kidneys were observed in femde rats. Very
dight degeneration (with or without inflammeation) of the myocardium of the heart was seen in mderats
in both the control and high-dose groups (the intermediate dose groups were not andysed) at
comparable rates: control - 2/10; 15mg/kg bw/day - 1/10. The myocardium of the female rats were not
affected.

Inflammeation of the lacrimad/harderian gland were observed in both mae and femde rats but were
secondary effects of orbita bleeding. One female in the high-dose group was seen to have a focd
inflammation (subacute to chronic) of the tongue muscle.

Conclusion: Chlorpyrifos affected mainly the cholinesterase activity (dose-rdated effects) by reducing
ChE levesin the plasma, and in the erythrocytes starting at doses of 1 mg/kg bw/day and in the brain
garting a 5 mg/kg bw/day. Histologica changes consgting of faity vacuolization of the adrend zone
fasciculata with increasing severity was observed in maerats fed 5 mg/kg bw/day (8/10 dight) and 15
mg/kg bw/day (5/10 dight and 5/10 moderate). Body weight and body weight gain was lower in maes
fed the highest dose level (15 mg/kg bw/day) while none was observed in femaes.

Among the dinicd chemidry parameters, ALP and ALT was sgnificantly lower in malesfed 1, 5 and
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15 mg/kg bw/day, whereas these parameters were unchanged in femaes. Glucose levels were
ggnificantly lower infemadesfed 1, 5 and 15 mg/kg bw/day. [Decreases in the above dinica chemidry
parameters were not consdered to be toxicologicaly significant.]

The NOEL, under the conditions of this study (subchronic dietary adminigiration during 13 continuous
weeks) was 0.1 mg/kg bw/day for both femae and male rats based on erythrocyte cholinesterase
depresson. The NOAEL was consdered to be 1 mg/kg bw/day based on brain cholinesterase
depression. [The NOEL was 0.1 mg/kg/d, based on sgnificant inhibition of plasma and erythrocyte
cholinesterase activity at doses of 1 mg/kg/d and above. Decreases in plasma cholinesterase activity in
femdes a 0.1 mg/kg/d (15% at 44d and 9% at 91d) were not considered to be toxicologicaly
ggnificant. The NOEL for the inhibition of brain cholinesterase activity was 1 mg/kg/d, based on
sgnificant inhibition a doses of 5 mg/kg/d and above]

Summary: Groups of 10 rats/'sex/group were fed diets containing chlorpyrifos at dose levels of 0, 0.1,
1.0, 5.0 and 15 mg/kg bw/day for 13 weeks. Statistically significantly reduced body weight and body
weight gain were seen only in mae ratsfed 15 mg/kg bw/day. The number of femae rats fed 15 mg/kg
bw/day showing urine staining increased at each timeinterva; 1/10 on day 8, 3/10 on day 30 and 8/10
on day 87. Perined soiling was seenin 7 out of 10 femade fed 15 mg/kg bw/day compared to 1/10 with
male rats of the same dose group.

Chlorpyrifos sgnificantly affected the haematologic parameters (decreased RBC and increased platel ets)
inmaerasat both the 5 and 15 mg/kg bw/day dose. Statisticaly-sgnificant decreases in the RBC and
PCV parameters were seen in the female rats fed 15 mg/kg bwi/day. Specific gravity in the urine was
increased (datigticaly sgnificant) in the femae-rats fed 15 mg/kg bwi/day.

The following parameters in clinical chemidries a dose levels of 1, 5 and 15 mg/kg bw/day were
ggnificantly affected: for maerat, decreased ALP, decreased AL T and for femderat, decreased serum
glucose concentretion. Tota protein and globulin levels were sgnificantly reduced in mderasfed 5 and
15 mg/kg bw/day. A sgnificant decrease in the dbumin level was seen in the mae rats fed 15 mg/kg
bw/day.

Significant dose-rel ated decreases in plasma cholinesterase (ChE) were seen in femde and mde ratsfed
1, 5 and 15 mgkg bw/day. Statistically-sgnificant, dose-related decreases in the erythrocyte
cholinesterase activity was observed in femderats fed 1, 5 and 15 mg/kg bw/day a both time intervas
(43 and 90 days). Male rats showed significant decreases (dose-related) at 43 days for dosesof 1, 5
and 15 mg/kg bw/day and at 90 days only a 5 and 15 mg/kg bw/day. Significant dose-related
decreases in brain ChE was seen in both female and mae rats fed 5 and 15 mg/kg bw/day.

Rdative heart and brain weights (relative to body weights) were Satigticaly sgnificantly increased inmde
rats of the highest dose group. Kidney weight (absol ute weight) was Satisticaly increased in femde rats
of the high-dose group. Increasing severity of fatty vacuolization of the adrend zone fasciculata was
observed in male rats fed 5 mg/kg bw/day (8/10 dight) and 15 mg/kg bw/day (5/10 dight and 5/10
moderate), while no effects were seen in femaerats.

The NOEL, under the conditions of this study (subchronic dietary adminidiration during 13 continuous
weeks) was 0.1 mg/kg bw/day for both female and male rats based on erythrocyte [and plasmal
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cholinesterase depression. The NOAEL was considered to be 1 mg/kg bw/day based on brain
cholinesterase depression.

Synopsis Five groups, each consgting of 10 male and 10 femae CDF Fischer-344 rats, were fed diets
containing chlorpyrifos a concentrations of 0, 0.1, 1.0, 5.0 and 15.0 mg/kg bw for 13 weeks. The
NOEL was 0.1 mg/kg bw/day in both maes and females, based on erythrocyte cholinesterase
depression and the NOAEL was 1 mg/kg bw/day based on brain cholinesterase depression.

At Img/kg bw/day, sgnificant decreases (P<0.05) in clinical chemistry parameters (ALP and ALT for
maes only, and glucose for femaes only) were seen. Significant dose-rdated decreases in cholinesterase
activity (plasma ChE for both sexes, erythrocyte ChE for femaes at both time intervas, and erythrocyte
ChE for male rats at 43 days only).

At 5 mg/kg bw/day, in addition to the changes seen a 1 mg/kg bw/day, there was sgnificant decreases
(P<0.05) in the totd protein and globulin (clinical chemigtry) for mae rats only, and brain ChE was
ggnificantly inhibited for both sexes. Moreover erythrocyte ChE activity in male rats was sgnificantly
decreased (P<0.5) at both time intervals (43 days and 90 days) compared to the lowest dose group.
There was a sgnificant decrease (P<0.05) in RBC and a significant increase (P<0.05) in platelets for
male rets only. There was increased number of maes (8/10) with dight fatty vacuole formation of the
zonafasciculata of the adrenas compared to the control.

At 15 mg/kg bw/day, in addition to the changes seen a the lower doses, there was a Sgnificant decrease
(p<0.05) in dbumin (clinica chemistry) in male rats only. In addition, there was increased severity of
fatty vacuole formation of the zone fasciculata of the mae adrends (5/10 dight and 5/10 moderate)
compared to the previous dose. Significant reduction (P<0.05) in body weight and body weight gain was
aso seenin maerats. In femaerats, there was asignificant decrease (P<0.05) in RBC and packed cell
volume (hematology), and a significant increase (P<0.05) in the specific gravity of their urine. The
absolute kidney weight was increased in femde rats, while relaive brain and heart weights were
increased in mae rats. An increased number of femde rats showing urine staining was seen a eech time
interval: 1/10 on day 8; 3/10 on day 30; and 8/10 on day 87. On day 87 only, 7/10 mae rats showed
urine staining. A higher dose-rdated incidence in the number of femaes exhibiting perined soiling was
seen compared to the control and lower dose groups (0/10, 0/10, 0/10, /10 and 7/10).

Addendum to Study Review: Chlorpyrifos: 13-week dietary toxicity study in Fischer-344 rats'.

This addendum was in response to EHD's comments of Canada's draft review of the above study on
October 26, 1992 in which it was suggested that "gsatigticaly-sgnificant observations on some
parameters may not be trestment-related and perhaps these observations should not be detailed in the
Summary and Synopsis sections of the review”. The following study summary, which was prepared
based on the origind review of M. Looss (19/09/91) and appeared in SMa's "Summary of Toxicity
Datafor Chlorpyrifos' (5/08/92), now forms part of the evauation report of the above study.

13-Week Feeding Study in Rats- Summary and Conclusions

Ten CDF Fischer-344 rats/sex/group were fed diets containing chlorpyrifos (purity 95.7%) at
concentrations [doses] of O, 0.1, 1, 5, or 15 mg/kg bw/day for 13 weeks. Plasma and erythrocyte

412



NAutivl il MTYIJL Allul AULTIVETLY TUT AglTudildiar aliu v ad jiar y wiigaiinuard, Mmual aliag

cholinesterases were depressed at 1 mg/kg bw/day and above. Depression of brain cholinesterase
activity occurred at 5 and 15 mg/kg bw/day. The NOEL was 0.1 mg/kg bw/day in both males and
femaes based on plasma and erythrocyte-cholinesterase depressions and the NOAEL was 1 mg/kg
bwi/day based on brain cholinesterase inhibition. At the highest dose (15 mg/kg bwi/day), additiona
treatment-rdated effects consisted of a decrease in bodyweight and bodyweight gain (maes), increased
fatty vacuolization of the adrend zone fasciculata (mdes), and changes in hematology and clinica
chemigtry parameters (decreased RBC in both sexes; increased platelets and reduced serum total
protein, dbumin, globulin, danine transaminase and dkaline phosphatase in the males; decreased serum
glucose and increased urinary specific gravity in the femaes).

[Audgralia: The NOEL was 0.1 mg/kg bw/day in both males and females based on plasma and
erythrocyte-cholinesterase depressions. The NOEL for brain cholinesteraseinhibition was 1
mg/kg bw/day.]

TABLE 1
Changes (statistically-significant or slight changes) in the different parameters measured in the male rat
PARAMETERS DOSE GROUPS (MG/KG BW/DAY)

0 0.1 1 5 15

Hematology
RBC X10° 854 863 8.49 8.20* 8.05
(SD.) (0.19) (0.27) (0.43) (0.15) (0.19)
Platelets X 10° 691.60 67040 678.80 732.60* 756.80*
(SD.) (29.81) (20.30) (46.92) (24.15) (22.28)

Difference from control mean statistically significant; alpha= 0.05, two-sided.
0 Standard deviation.

TABLE 1 (CONT)
Changes (dtatistically-significant or slight changes) in the different parameters measured in the male rat
PARAMETERS DOSE GROUPS (MG/KG BW/DAY)
0 0.1 1 5 15
WBC X 10° 6.50 6.09 6.63 7.24 7.59
(SD.) (0.99) (1.76) (1.07) (0.97 (0.7
PVC (%) no changes were observed
Urinalysis
Specific gravity 1.085 1.086 1.087 1.104 1.102
(SD.) (0.014) (0.023) (0.018) (0.016) (0.019)
Clinical chemistry
ALPuU/I 9.0 93.79 90.15* 88.34* 89.78*
(SD) (4.08) (6.86) (9.82) (7.61) (6.09)
ALT (ul) 67.60 60.11 57.66* 49.69* 57.71*
(SD.) (11.56) (5.25) (5.99) (4.92) (7.85)
Total protein (g/dl) 5.76 543 5.46 5.19* 5.17*
(SD) (0.39) (0.16) (0.17) (0.17) (0.70)
Globulin (g/dl) 242 2.16 2.22 1.82* 2,05
(SD) (0.34) (0.1 (0.14) (0.55) (0.77)
Albumin (g/dl) 334 327 324 337 3.12*
(SD)) (0.13) (0.13) (0.10) (0.56) (0.3
Glucose (md/dl) no changes were observed
413
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BUN (mg/dl) no changes were observed
Cholinesterase activity
Plasma ChE (43 d) 0.618 0.602 0.308* 0.149* 0.129*
(SD) (0.031) (0.034) (0.025) (0.010) (0.006)
% inhibition 3% 50% 76% 7%
Plasma ChE (90 d) 0.640 0.574 0.267* 0.135* 0.106*
(SD) (0.059) (0.045) (0.015) (0.007) (0.013)
% inhibition 10% 57% 78% 83%
Erythrocyte (43 d) 210 201 141* 1.08* 112+
(SD) (042 (0.15) (0.20) (0.28) (0.36)
% inhibition 2% 33% 4% 47%
Erythrocyte (90 d) 133 159 113 0.79* 0.73*
(SD.) (0.33) (0.59) (0.36) (0.34) (0.29)
Brain (90 d) 11.37 11.26 11.08 6.79* 4.31*
(SD.) (0.44) (0.27) (0.39) (0.99) (0.27)
% inhibition 3% 40% 62%
ﬁgasﬁllué? dor:gya:/]vggrih(tg) no changes were observed
Rel ative organ weights (g/100qg)
(relative to body weight)
Relative brain weight 0.636 0.639 0.660 0.665 0.682+*
(SD.) (0.035) (0.031) (0.019) (0.021) (0.030)
Relative heart weight 0.286 0.283 0.292 0.290 0.301**
(SD) (0.008) (0.012) (0.010) (0.013) (0.016)

* Difference from control mean statistically significant; alpha= 0.05, two-sided.

O Standard deviation

A Probably due to change in body weight

TABLE 2

Changes (statistically-significant or slight changes) in the different parameters measured in the female rat

PARAMETERS DOSE GROUPS (MG/KG BW/DAY)
0 0.1 1 5 15

Hematology
RBC X 10° 7.87 808 823 8.00 7.51*
(SD.) (0.79 (0.19) (0.16) (0.16) (0.15)
Plateletsx 10° no changes were observed
WBC x 10° no changes were observed

40.20 40.30 40.75 40.25 38.80*
PCV (%) (1.30) (079) (054) (129) (0.75)
Urinalyses
Specific gravity 1072 1.080 1.080 1.093 1.116*
(SD) (0.020 (0.016) (0.016) (0.017) (0.046)
Clinical chemistry
ALP (u/l) no changes were observed
ALT (ull) no changes were observed
Total protein (g/dl) no changes were observed
Globulin (g/dl) no changes were observed
Albumin (g/dl) no changes were observed
Glucose (mg/d) 12259 11813 112.71* 104.76* 111.31*

(6.87) (6.9 (641) (545) (12.59)
BUN (mg/dl) 18.02 19.01 18.96 19.56 23.96
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(1.20) (2.17) (1.85) (1.74) (12.60)

Cholinesterase activity
Plasma ChE (44 d) 2974 2518* 0.539* 0.196* 0.154*
(SD) (0.268) (0.300) (0.063) (0.017) (0.012)
% inhibition 15% 82% 93% 95%
Plasma ChE (91 d) 3312 3.006 0.619* 0.199* 0.130*
(SD) (0.209) (0.395) (0132 (0.022) (0.013)
% inhibition P 81% A% 9%6%
Erythrocyte (44 d) 1.89 170 119* 0.97* 0.79*
(SD) (0.29) (0.26) (0.24) (0.19) (0.19)
% inhibition 10% 37% 49% 58%
Erythrocyte (91 d) 181 184 116* 0.93* 0.88*
(SD.) (053) (0.24) (0.18) (0.27) (0.24)
% inhibition 36% 49% 51%
Brain (91 d) 1191 11.84 11.77 7.08* 4.18*
(SD.) (0.34) (0.46) (064 (0.30) (0.20)
% inhibition 2% 41% 65%
Absolute organ weights
Heart weight (g) 0.563 0.615* 0.586 0.567 0.585
(SD.) (0.038) (0.038) (0.041) (0.046) (0.025)
Kidney weight (g) 1.289 1.357 1.319 1.347 1.392*
(SD.) (0.061) (0.064) (0.071) (0.042) (0.079)
Relative organ weights (g/100q)
(relative to body weight) no changes were observed
Relative brain weight

: : 0.344 0.365* 0.358 0.341 0.350
Relative heart weight (0.016) (0.011) (0.020) (0.023) (0.010)

* Difference from control mean statistically significant; alpha= 0.05, two-sided.
0 Standard deviation

Beatty SC (1964) Results of 90-day dietary feeding studies of 0,0-diethyl 0-3,5,6-trichloro-2-
pyridyl phosphorothioate in rats. No study numbersfound. Dated February 24, 1968. [Dow;
Submission 11462, reference 67]

Beatty SC & McCollister DD (1971) Results of 90-day dietary feeding studies of 0,0-diethyl-0-
3,5,6-trichloro-2-pyridyl phosphorothioate in rats. Revised from 1964. A1A TBRATSAM 1-17
[Dow; submission 238, part 2 vol 1. A3162/5 Box 42, Submission 11462, reference 71]

Male and female rats (10/sex/group, 7-8 weeks old, strain and source not sated) were sarted on diets
containing 0, 0.001, 0.003, 0.03 or 0.1% chlorpyrifos (O, 10, 30, 300, and 1000 ppm, respectively;

source and purity of chlorpyrifos not stated). The group receiving 0.1% chlorpyrifos were discontinued
after 4 weeks due to the severity of thetoxicity at thislevel. At 90 days, 5 raty/'sex/dose were sacrificed
for plasma, RBC and brain cholinesterase determination. An additional 6 rats/sex/dose were initiated
as interim sacrifice groups of 3/sex/dose for sacrifice at days 14 and 41 for plasma, RBC and brain
cholinesterase determination. Animals were weighed twice weekly for 4 weeks and weekly thereafter.
Haematologica vaues (HOT, Hb, WBC) were obtained from 5 femaderats at 0, 0.03 and 0.01% doses
at 90 days. At termind sacrifice (90 days) selected organs were weighed from dl groups and portions
processed for histopathology from the control and 0.03% groups, and serum samples (al groups)

processed for limited dinical chemistry (BUN, ALP). No details were provided on the dietary sability,

concentration, or homogeneity of the test materid.
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Rats (both sexes) started on adiet containing 0.1% chlorpyrifos (1000 ppm) were sacrificed (4 weeks)
because of a dramatic weight loss and high mortdity. Their condition was characterised by tremors,
moist bloody noses, emeciation, ulceration of the cornea and motor coordination problems, with
profound depression of cholinesterase activity in al three compartments.

At 0.03% (300 ppm), tremors were observed in only afew rats, and plasma cholinesterase activity was
zero for these animas. Slight growth retardation and doudy swelling in the livers were seen in both sexes,
but were more pronounced in the females. Probably as a consequence of the grow retardation, the
relative weights of the lung, liver and kidney of femaes were al sgnificantly eevated (approx. 15%)
while the absolute weights of these organs were normd. There were no trestment-related variations
observed in the organ weight andysis for males a this dose levd.

Plasma cholinesterase activity (in both sexes) was reduced in a dose-rel ated manner and was Sgnificantly
lower than controls a al dose leves, with the animas from the 0.001% dose leve (10 ppm) regigtering
aresdua activity (47%) of the control vaue at day 90. Red blood cell cholinesterase activity was
smilarly significantly reduced at adl dose levels, dthough not in dose-reated manner, and was 61% of
control vaue at the lowest trestment dose a day 90. Brain cholinesterase displayed aclear dose-rdated
depression and a clear NOEL at the lowest dose of 0.001% (10 ppm) in both sexes, but depression
at the 0.003% leve (30 ppm) & 90 days was only margindly sgnificant (M 81%, F 78%). Haematology
recorded a smal reduction in total leucocytes compared to control at 0.01% (13% reduction) and
0.03% (22% reduction), however there were no other adverse haematologica or clinical chemistry
findings, but very few parameters were examined. No histopathologica |esions were found that could
be linked to trestment with chlorpyrifos. The NOEL for brain cholinesterase inhibition was 0.001%
(LOEL 0.003%). Thiswas estimated to be equivaent to aNOEL of 1 mg/kg/d with an LOEL edimated
to be 3 mg/kg/d. No NOEL for RBC or plasma cholinesterase inhibition was established, with effects
seen at 0.001% (1 mg/kg/d) and above.

Anon (1968) Short term (subacute) dietary administration - rats organophosphate insecticide
Durshan. Final Report. Hazleton Laboratories. Project No. 174-114, dated November 15, 1968.
[Dow; submission 238, part 2 vol 1. A3162/5 Box 42]

This study was designed to establish aNOEL for 4 and 13 week dietary intake of chlorpyrifos. Charles
River rats (10/sex/group) were exposed to chlorpyrifos (Dursban, 97.5% a) inthe diet & levels of 0 and
0.3 mgkg/d for 13 weeks (groups 1 & 2) and 1.0, 3.0 and 10 mg/kg/d for 4 weeks (groups 3, 4 & 5).
At the end of the 4-week exposure period, animas in groups 3-5 were alowed to recover from
trestment for three weeks, after which time they were given chlorpyrifosin the diet, at doses of 0, 0.03
and 0.1 mg/kg/d, respectively, for 13 weeks. Dosages were adjusted weekly on the basis of group mean
body weights and food consumption. Tail-tip blood samples were taken for plasma and RBC
cholinesterase measurement at 1, 2, 4, 8 and 13 weeksfor groups 1 & 2, and at weeks 1, 2, 4, 5 and
6 for groups 3, 4 and 5. Brain cholinesterase was measured at week 13 for groups 1 & 2. After the 3
week recovery period, groups 3, 4 & 5 were fed diets achieving a chlorpyrifos intake of 0, 0.03 and
0.1 mg/kg/d respectively for afurther 13 weeksin a2nd phase of the experiment. Tail-tip blood samples
were taken for RBC and plasma cholinesterase measurements at weeks 1, 2, 4, 8 and 13 weeks of this
2nd dosing phase, and the animals were then sacrificed for brain cholinesterase estimation.

There were no degths during the study. In the first phase of the study, animals from groups 4 and
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especidly 5 (ie. 3.0 & 10 mg/kg/d) showed weight loss, reduced food consumption, a hunched and
thinning appearance with occasiona tremors, athough these sgns disappeared during the recovery
period. There was a clear dose-response for RBC and plasma cholinesterase inhibition with no NOEL
evident after 4 weeks intake. This effect was till present at week 13 when Groups 1 & 2 were
sacrificed, but brain cholinesterase was not affected by treatment. Samples from the end of the recovery
period (week 6) recorded areturn of plasmaand RBC cholinesterase activities to control vaue in groups
3,4& 5.

Cholinesterase activity (_pH/h) after 4 weeks dietary intake

Male Female
Dose (mg/kg/d) RBC Plasma RBC Plasma
0 0.84 0.54 0.98 1.8
0.3 0.65 0.40 0.67 1.6
1.0 0.31 0.38 0.28 1.1
3.0 0.21 0.31 0.16 0.89
10.0 0.18 0.30 0.13 0.63

Phase 2 of the study revealed no consstent effect of 13-weeks intake of 0.03 mg/kg/d on any of RBC,
plasma or brain cholinesterase in ether sex, but 0.1 mg/kg/d sgnificantly reduced RBC and brain
cholinesterase in males, and RBC and plasma cholinesterase in femaes.

Cholinesterase activity (DpH/h) after 13 weeks dietary intake

Male Female
Dose (mg/kg/d) RBC Plasma Brain RBC Plasma Brain
0 0.77 0.31 2.0 0.52 1.9 1.2
0.03 0.75 0.37 1.9 0.56 1.8 1.3
0.1 0.67 0.31 1.7 0.47 1.7 1.2

The use of these animasin phase 1 of the sudy makes interpretation of this data uncertain, however the
observed NOEL for plasma, RBC and brain cholinesterase activity was 0.03 mg/kg/d based on
ggnificant inhibition of one or more of these activities at 0.1 mg/kg/d in one or both sexes.

Coulgton F, Golberg L, Abraham R & Benitz FK (1971) Final report on safety evaluations and
metabolic studies on Dowco 179, Section I1.D.1. (IN 151). Institute of Experimental Pathology
and Toxicology, Albany Medical College, Albany, New York. Report Date March 18, 1971.
Sponsor: Dow Chemical USA. [Dow; submission 238, part 2 vol 1. A3162/5 Box 42]

Albino Sprague-Dawley rats (90-100g) were administered DOWCO 179 (20/sex/dose) in the diet at
0, 0.03, 0.15 or 0.75 mg/kg/d for 6 months. Diets were prepared weekly and clinical Sgns recorded
daly. An interim sacrifice group of 5 animas/'sex/dose were examined a 3 months. Necropsies and
histopathologica examination were reported in alimited manner (summary incidence) for 5 animals/'sex
in the control and high-dose groups after termind sacrifice. Limited haemeatology (RBC count, Hb, HCT,
WBC count) and serum chemigtry (glucose, sodium, potassum and ALT concentrations) was reported
for 5 animals/sex/dose a 4 and 6 months for haematology and 6 months for clinica chemidry. Brain
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cholinesterase was determined at scheduled sacrifice, while plasma and erythrocyte cholinesterase
determinations were recorded for 3 animals/sex/dose from the control and high-dose groups at 3, 5, 7
and 16 weeks, and on 3 animag/sex/dosein dl dose groups at 6 months.

The formulated diets were within 10% of the nominal values at each assay. A totd of 17 rats died or
were sacrificed (moribund) during the study. The main cause of death (16 animals) was chronic murine
pneumonia, and while the occurrence of mortdity was spread among the groups, it was dightly higher
in the high-dose group. One mae at 0.75 mg/kg/d was sacrificed with paralyss of hind legs and tail.
There were no treatment-related changes to body weight gain, food consumption, haematology or
clinical chemigtry vaues. The limited histopathologica report did not record any treatment-related
findings. Cholinesterase inhibition occurred at the high-dose (0.75 mg/kg/d) in both red blood cells
(50%) and plasma (65%0), but there was no inhibition of cholinesterase activity in the brain at any dose.
The NOEL in this study was 0.15 mg/kg/d based on inhibition of plasma and erythrocyte cholinesterase
activity a 0.75 mg/kg/d.

Cholinesterase activity®

Plasma RBC

Sex Weeks control 0.75 mg/kg/d Control 0.75 mg/kg/d

3 0.5+0.2 0.4+0.2 1.320.6 1.1+04
Mde 5 0.4+0.1 0.4+0.1 1.5+0.5 1.0+0.4

7 0.4+0.1 0.5+0.1 0.8+0.2 0.7+£0.0

16 0.4+0.1 0.1 1.2+0.7 1.5

3 0.5+0.2 0.5+0.2 1.5+0.4 1.0£0.2
Femde 5 0.6+0.2 0.4+0.1 0.8+0.1 0.8+0.2

7 0.8+0.1 0.5+0.2 1.2+0.4 0.9+0.3

16 0.8+0.1 0.1+0.1 1.6+0.4 0.8+0.1

"insufficient data for computation
*umoles acetylcholine hydrolysed/min/ml (expressed as mean and standard deviations for three animals per group)
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Cholinesterase activity*

Dose (mg/kg/d) Plasma RBC Brain 3 months Brain 6 months

Mde 0 0.4+0.1 1.9+0.2 208+5 203+5

0.03 0.6+0.1 2.2+0.3 21542 20216

0.15 0.7+0.1 3.0+0.1 207+9 20446

0.75 0.3+0.1 0.9+0.0 2055 19314
Femae 0 1.1+0.3 1.9+0.0 201+3 182+8

0.03 1.6+0.3 2.3£0.3 202+0.6 192+0.7

0.15 1.440.1 2.8+0.1 182+11 193+9

0.75 0.5+0.1 1.0£0.2 191+1 199+3

*umoles acetylcholine hydrolysed/min/ml (mean and standard deviation) in plasmaand RBC at 6 months, and brain
at 3 and 6 months (ul CO,/30 min, mean and standard error)

Crown S, Gu