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Aldicarb Registration Standard

toxicity data consists of:

1, Review of toxicity data for aldicarb, aldicarb
sulfoxide and aldicarb sulfone.

2. "One-Liners" for the data base.

3. Data Summary Taple
toxicological data gaps and

4. Policy discussion,

assessment and ADI re-evaluation.
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ALDICARB

Aldicarb, (2-methyl-2 imethylthio] propionaldehyde 0-
[methyl-carbamoylloxime), is the active ingredient of TEMIK®
products. It is rapidly absorbed and metabolized in mammals
to aldicarb sulfoxide, a major metabolite, which is subsequently
and more slowly degraded to aldicarb sulfone. All three
moities are inhibitors of cholinesterase enzymes, with aldicarb
sulfoxide the more potent acetylcholinesterase inhibitor of
the three. The rapid conversion in animals to aldicarb
sulfoxide is probably responsible for the acute toxic reaction
associated with aldicarb. All of the metabolites of aldicarkt,
poth oxidative and hydrolytic, are rapidly and completely
eliminated from the body, with 80-90% excreted within 24
hours, leaving no detectable residues by the fifth day. Data
demonstrate that it is not stored in body tissues.

ACUTE TOXICITY

The acute toxicity of aldicarb; aldicarb metabolites and
of TEMIK® formulations to several animal species is summarized
in Table 1.

Aldicarb is very highly toxic to mammals by oral exposure.
In all species tested, the acute oral toxicities of aldicark
and its formulations are similar. The oral toxicizy of the
formulations is basically that associated with ingestion of
the active toxicant; the lower acute oral toxicity of the
formulations reflects the reduced concentration of aldicarb
as formulated on the granular material. The toxicity of
aldicarb when injected intraperitoneally or intravenously is
almost the same as when it is given orally, suggesting rapid
absorption lnto the body.

Aldicarb is also highly toxic by dermal exposure; it
readily penetrates the skin, especially when the skin is
moist. _In countrast, the dermal toxicity of TEMIK?® formulaticns
is extremely low, reflecting the greatly reduced availability
of aldicarb from the formulations. Moistening granular TEMIK®
formulations on the skin during dermal exposure slightly
enhances penetration of aldicarb, which is demonstrated via
increased toxicity.

The oral toxicities of aldicarb and its prinicipal
me+abolite, z2ldicarb sulfoxide, are similar, while the oral
toxicity of aldicarb sulfone is approximately one ctwenty-
£ifth tnat of aidicarb. The other aldicarb metabclites are
considerably less toxic than these.




“\

When rats, mice, and guinea pigs were exposed to aldicarb,
finely ground, mixed with_talec, and dispersed in the air at a
concentration of 200 mg/m3 for five minutes, all animals died
(63). At a lower concentration (6.7 mg/m3), 15 minutes exposure
was not lethal, but five of six animals died during a 30-minute
exposure (64). Although aldicarb is extremely toxic when inhaled.
it does not vaporize at ambient temperatures and thus does not
produce toxic vapors. Exposure of rats for eight hours tg air
that had passed over technical aldicarb or granular TEMIK
formulations caused no mortality (56).

.
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TERATOLOGY AND REPRODUCTION

Aldicarb:

Teratogenicity of aldicarb was investigated as part of a
reproductlon study (74) wherein aldicarb was given to groups
ranging in size from five to twelve female rats throughout the
gestation period, for the first seven days only, from day 5
through day 15 of gestation, or from the start of pregnancy
through weaning of the pups. Females were sacrificed between
days 19 to 21 or allowed to bear their young through weaning.
No anomalies were seen in any offspring of any treated mothers
at the maximum dose of 1 mg/kg. The treated groups did not
differ from controls in standard parameters of reproduction
(quantitative measures of fertility, gestation, viability, and
lactation) or in standard parameters measured in teratology
studies,

Two thres-generation, one litter per generation, reproduction
studies were performed (72,96). Rats were fed aldicarb for 90 or
100 days at doses of up to 0.7 mg/kg and mated to produce the ’
respective F;, Fp and F3 generations. All animals were maintained
contlnuously on diets containing aldicarb. The F3 animals were
histologically examined either at weaning or at 20 days of age.

No differences were found between treated and control groups in
fer=ility, gestation, viability, or lactation. There was no
mortality at:iributable to aldicarb, nor did gross or microscopic
examination reveal any effects of the treatment.

Cambon ez. al. (12) have evaluated the ability of aldicarb to
cause a depression of blood, brain and liver cholinesterase in
dams and fetuses. Aldicarb was administered to pregnant rats
via gastric intubation in a single dose on day 18 of gestation.
Dosage levels administcred included 0.001, 0.01, and 0.1 mg/kg
boéy weight. Acetylcholinesterase activity in the fetus was
significantlv- lower at all dosages of aldicarb. Ir a number of
instances the inhibition of acetylcholinesterase was greater in
fetal than maternal tissue suggesting rapid placental transfer.

The Cambon et. al. studies (1979,13980) measured only ChE inhibition

witnout regard to fetal development or reproduction parameters.
The authors concluded that the sensitivity difference observed in
maternal and-fetal AChE to insecticides is in the specific
affinities of carbamate derivatives, such as aldicarb, for each
fetal and maternal iscenzyme.

{
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Aldicarb sulfone:

An aldicarb sulfone reproduction study was modified to
include a teratology bioassay with animals treated (1) from day 0
to day 20, (2) from day 6 to day 15 and (3) from day 7 to day 9
of gestation (114). All animals were sacrificed before parturition
(day 20) and fetuses examined for skeletal and somatic (tissue)
changes, Maternal toxicity was observed at the high dose (9.6
mg/kg). There were no teratologic changes noted in this study.

In a study similar to the aldicarb three generation study,
aldicarb sulfone was administered in the diet to rats (10 male
and 20 female/group) at dosage levels of 0, 0.6, 2.4 and 9.6 mg/kg
to initiate a three generation, one litter per generation,
reproduction study (114). There were marginal effects on the
lactation index at 9.6 mg/kg. Aldicarb sulfone, at levels up to
and including 9.6 mg/kg, had no adverse effect on reproduction
under the conditions of this study.

NEUROTOXICITY

Aldicarb:

White Leghorn hens, aged 10 months to 2 years, were administered
technical grade aldicarb orally either as a single dose of 4.5
mg/kg b. wt. or as daily doses for 30 days of 2.25, 4.5, or 9.0
mg/kg body weight. At the conclusion of Jd-~=ing animals were
observed for an additional 30 days for si, of ataxia or hind
limb paralysis. Representative tissues fr... the brain, spinal
cord and sciatic nerve were taken for histopathological examination
(histopath was not presented, however). + was concluded that
aldicarb is not neurotoxic at “he doses administered based on
observed symptomatology (36).

Aldicarb sulfeone:

Adult white leghorns hens (40 each) were intubated to receive
250 mg/kg b. wt. suspenned in corn oil. Two other groups, each
with 10 hens, received either TOCP (500 mg/kg) or corn oil alone,
and served as positive and negative control groups, respectively.
The birds received single oral doses, 21 days apart, in a typical
acute delayed neurotoxicity evaluation. The hens were observed
every third day for 42 days. There were no neurological effects
other than acute cholinergic signs of poisoning in the TOCP dosed
group. There was no histological examination performed owing to
the lack of demonstrated neurotoxic signs. Aldicarb sulfone did
not cause delayed neurotoxic reactions under the conditions of
the study (8).




SHORT-TERM STUDIES

aldicarb. Among young rats fed aldicarb for seven days,
mortality was observed at a dose of 16.0 angd 8.0 mg/kg; at 4.0
mg/kg, no rats died although body weight decrease was evident and
kidney and liver weight decreases occurred at all levels in
females (4, 8, and 16 mg/kg) (88). Growth of young rats of both
sexes was depressed at doses of aldicarb as low as 1.6 mg/kg
(Weil and Carpenter, 1969c), but not affected by doses of 0.8
mg/kg or less in this and another study (50). There was also nc
mortality observed at the high dose of 3.2 mg/kg in either study.
In another study (B89) growth over seven days was depressed by a
dose of 0.3 mg/kg of aldicarb in females, but not in males. The
only organ weight change in this study was decreased liver weight
in female rats, with no such effect in males. When rats (10
males and 10 females/group) were fed aldicarb at dosage levels oZ
0, 0.02, 0.1, and 0.5 mg/kg b.w. for 93 days., mortality was
increased at the highest levels. Growth was retarded as was food&
consumption at the highest dose. The mortality resulted from a
non-uniform dispersion of aldicarb in the diets (71).

When mice were fed aldicarb for seven days, mortality occur=—zad
at 1.2 mg/kg (the highest dose), but not at 0.6 mg/kg. There
were no effects on growth or organ weights at any dose level
(87). In mice (B6C3Fl strain), aldicarb in the diet at doses of
up to 40 ppm (about 6.0 mg/kg) for 13 weeks caused no significanz
somatic effects or mortality (48).

Dogs (two of each sex), fed aldicarb for seven days, exhibiz=d
no growth depression or organ weight changes at doses up to 0.7 =g/kg
(the highest in this study) (95). 1In a 100-day feeding study,
the only effeg¢ts on dogs were slightly declreased weight of the
testes and sligntly increased weight of the adrenal glands in
males at 0.7 mg/kg (the highest dose); microscopic examination
revealed no changes in these tissunes (97). A dose of 0.3 mg/kg
of aldicarb had no effect on organ weights.

Aldicarb was tested on rabbits and rats for subchronic derma’
toxicity. Moist dressings containing aldicarb at doses of 5, 10.
and 20 mg/kg body weight/day were applied to the abraded skin of
male rabbits for six hours/day for 15 days (14). All three doses
depressed growth, and the two nighest doses inhibited plasma
acetylcholinesterase activity. ©No effects were observed on kidnev
or liver weight or in hematological or histological examination.
Rabbits with intact skin receiving dry applications of 20 mg/kg
of aldicarb under the same regime showedi no effects of the
treatment. A similar study with rats (77) gave the same results
with respect to depression of growth; other variables were not
investigated.
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The toxicity of aldicarb to chickens was examinred by Schlinke
(59) wherein groups of White Leghorn chickens (5/group), 6-7 weeks
old, were orally dosed with 1.0, 2.5 or 5 mg aldicarb/ kg b. wt./day
for 10 days. Administration was via gelatin capsule or oral
drench. Birds were observed for body weight gain and mortality.
There were no ill effects among chickens in the 1.0 mg/kg group,
however, at the two higher doses birds exhibited decreased body
weight gains and mortality (2/5 at 2.5 and 5/5 at 5 mg/kg).

Aldicarb sulfoxide:

Aldicarb sulfoxide in the diet at doses of up to 1.0 mg/kg
for periods of time up to six months caused no mortality in rats
(78,103). In two seven-day studies (50,89), aldicarb sulfoxide
depressed growth in rats of both sexes at a dose of 0.8 mg/kg of
aldicarb sulfoxide. 1In a six month study growth was depressed in
males at 0.25 mg/kg. The lowest dose of aldicarb sulfoxide that
reduced kidney or liver weights in either seven-day or six-month
studies was 1.6 mg/kg (50,78,89); no effects on organ weights
were seen at 1.2 mg/kg (78).

Aldicarb sulfoxide did not reduce brain acetylcholinesterase
activity in rats during either seven-day or six-month studies at
doses of up to 1.0 mg/kg (50,78). When rats were fed aldicarb
sulfoxide for seven days, erythrocyte acetylcholinesterase activity
was depressed at a dose of 0.8 mg/kg. but not at 4.v mg/kg (50).

In a more comprehensive study over a 56 day interval cholinesterase
depressior {plasma and RBC) was observed at 1.0 mg/kg with no
effects being noted at 0.3 mg/kg b.w. (103). Over this pericd,
depression of cholinesterase was not progressive at the highest
dose level. 1In studies in rats lasting three and six months

(78), plasma and erythrocyte acetylcholinesterase activity was very
slightly (marginally) depressed at doses of 0.25 mg/kg in male

rats and G.5 mg/kg in female rats; while 0.125 ng/kg of aldicarb
sulfoxide did not affect acetylcholinesterase activity.

Dogs Zed aldicarb sulfoxide for three months demonstrated nc
depression” of growth except du:-ing the first week of treatment at
0.5 mg/kg {the highest dose) (78). Body weights was not affected
at doses of 0.25 mg/kg or less. The treatment had no effect on
acetylcholinesterase activity. (However, in this study with
dogs, a recovery period of 24 hours was allowed before
acetylcholinesterase was assayed.) Aldicarb sulfoxide was without
effect at any dose up to and including 0.5 mg/kg on blood chemistry,
hematology or gross/micro histological examinations.

{
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Aldicarb sulfone:

Aldicarb sulfone in the diet at doses of up to 20.0 mg/kg
for seven days caused no mortaltiy in rats (50,89,90) nor in rats
fed up to 16.2 mg/kg of aldicarb sulfone for periods of up to six
months (79,103). In the six-month study. the highest dose of
aldicarb sulfone (16.2 mg/kg) caused a transient but significant
depression of growth, while doses of 5.4 mg/kg or less were without
effect. 1In the seven-day studies, growth was significantly
depressed at a dose of 5.0 mg/kg in males and 0.6 mg/kg for
females. Liver and kidney weights of rats were reduced only at a
dose of 20.0 mg/kg of aldicarb sulfone; these organs were unaffected
at 5.0 mg/kg in seven-day studies (89) and at 16.2 mg/kg in a six-
month study (79). 1In a seven-day dietary study with mice,
reduction in body weight was noted at the highest dosage level,
38.4 mg/kg (101). No significant effects were noted at 9.6 mg/kg
on growth, or tissue and crgan weights.

In a seven-day study, erythrocyte and plasma cholinesterase
depression were seen in rats of both sexes at a dose of 5.0 mg/kg
of aldicarb sulfone, with no effect at 2.5 mg/kg (50). In a 56
day study plasma and rbc cholinesterase were depressed at 16.2
mg/kg but unaffected at 2.4 mg/kg (103). In a six-month study,
erythrocyte acetvlicholinesterase activity was reduced at a dose of
1.8 mg/kg, with no effect at 0.6 mg/kg; while plasma cholinesterase
activity was depressed with no effect at 1.8 mg/kg (79). However,
a similar three-month study showed plasma cholinesterase depressicn
in both sexes at a dose of 1.8 mg/kg, with no effect at 1.2 mg/kg
(79).

At relatively high doses, aldicarb sulfone also reduced brain
acetylcholinesterase activity. This was observed in rats of both
sexes fed aldicarb sulfone at 16.2 mg/kg for three months and at
5.4 mg/kg for six months (79), while brain acetylcholinesterase
was unaffected by a dose of 1.8 mg/kg in the six month study.

Rats fed aldicarb sulfone for seven days showed brain acetyl-
cholinestérase depression at a dose of 20.0 mg/kg (50).

In dogs fed aldicarb sulfone for three months, growth was
depressed although not statistically at doses of up to 5.4 mg/kg
(the highest dose used) (79). There was no mortality nor were
there any observed effects on tissues or organs. Acetylcholinesterase
depression was not detected; a recovery period of 24 hours was
allowed before the assay.
{
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Mixture of aldicarb or aldicarb sulfoxide with aldicarb
sulfone: ’

In rats, 1.2 mg/kg of a 1l:1 mixture of aldicarb sulfoxide
and sulfone in the diet for seven days reduced growth only in the
females, and this effect was observed only at the first of three
weighings (89). The treatment nad no observed effect on the
liver or kidney. Acetylcholinesterase measurements from this
study were not appropriate for assessing enzyme depression.

In a seven-day study with mice, a 1l:1 mixture of aldicarb
and aldicarb sulfone caused no mortality at doses of up to 36 mg/kg
(the highest used), but at 18 mg/kg, growth was depressed, and
males showed severe cholinergic signs of poisoning (90). Although
these effects were not seen at 2 dose of 6 mg/kg of the mixture,
liver weight was reduced in both sexes. Kidney weight was affected
only at 36 mg/kg. A level of 2 mg/kg in the diet was without
adverse effects.

Groups of rats (10 male and 10 female rats/group) were
administered aldicarb sulfoxide /sulfone i» * 1 drinking water, ad
l1ipitum, for 29 days (43). The aldicarb metabolites were present
Th a 1:1 ratio at dosage lievels corresponding to 0, 75, 300,
1,200, 4,300 and 19,200 ppb. Growth, food and water consumption,
clinical hematology and clinica- biochemistry parameters were
evaluated on a weekly basis. Blood cholinesterase analyses were
performed on days 8, 15, and 29, while brain cholinesterase was
examined on day 29. Animals were continuously exposed until
blood samples were drawn or sacrifice was made. There was no
mortality over the course of the study. Growth and food consumption
were depressed¢ at the highest dose level (equivalent to a daily
intake of 1.44 mg/kg). Red blood cell and plasma cholinesterase
in both males and females was depressed only at the highest dosage
level, 19,200 ppb. There were no differences in the inhibition
pattern with either sex. No effects were noted on growth or any
clinical parameter at 4800 ppb ‘equivalent to a daily intake of
approximately 0.40 mg/kg).

LONG-TERM STUDIES:

In studies lasting two years, rats were examined for potential
neoplastic changes, as well as for the same effects as in the
short-term toxicity studies summarized above. The highest doses
of aidicarb and 1its metabol:tes jused were In some cases slightly
lower than tnose producing «ffects in the short-term studies.
Because acetylcholinesterase activity was measured 24 hours after
cessation of diety exposure, these measurments could not be used
to evaluate enzyme depressicn.

>
™~
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Aldicarb:

Rats (20 of each sex per treatment) were fed aldicarb
for two years in two separate studies using a maximum dose of
0.1 mg/kg (73} and 0.3 mg/kg (92), respectively. There were no
differences from controls in mortality, growth, hematologic
characteristics, or occurrence of of tumors or other histological
abnormalities (73,92). At a dose of 0.3 mg/kg, plasma acetyl-
cholinesterase activity in males was slightly depressed (92).
No effect was seen on females at 0.3 mg/kg (92) or on either sex
at 0.1 mg/kg (73).

In dogs (three per sex per dose), aldicarb in the diet at up
to 0.1 mg/ka for two years produced no significant differences
from controls in mortality, growth, acetylcholinesterase activity,
hemotological values, or condition of organs and tissues (76).

Aldicarb metabolites:

In rats fed aldicarb sulfoxide (at doses of up to 0.6 mg/k3g).,
aldicarb sulfone (at doses of up tc 2.4 mg/kg), or a 1l:1 mixture
of these chemicals (at doses of up to 1.2 mg/kg), slight ZIncreases
in mortality were experienced at the nighest dose levels (92).
Growth was unaffected by aldicarb sulfoxide or aldicarb sulfone
administered separately, but was slightly depressed by the 1:1
mixture at a dose of 1.2 mg/kg, primarily in males (0.6 mg/kg of
rhe mixture ¢éid not affect growth). Hematocrit values were
comparable in treated and control groups. All three of these
treatments caused slight depression of plasma acetylcholinesterase
activity in males at their highest doses. No cifferences Dbetween
treated and contrcl groups were found in gross or microscopic
examination oF organs and tissues cr in tumor occurrence. NOELs
determined wcre 0.3 mg/kg, 2.4 mg/kXg, and 0.6 mg/kg, respectively.

CARCINOGENICITY

Oral Exposure

In long-term stucies with rats anc mice, dietary expcsure to
aldicarb did not increase tnhe incidence of tumors. In the rat
study doses 2f up to & ppm of aldicarb (about 0.3 mg/kg) Zor 103
weeks produced no increase of penign or malignant tumors compared
Wwith controls. Mice (B6C3Fl) receiving aldicarb at 6 ppm {about
0.9 mg/kg) £or 103 weeks did not differ from cont~<cls in occurrence
of benign or malignant tumors, nor 2id gross microscopic examination
of tumors reveal any difference between treated and contrel groups
(48).

13
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In a separate study with CD-1 mice (44 of each sex per
treatment) (93), aldicarb at 0.7 mg/kg for 18 months resulted
in a significantly higher incidence of hepatomas in surviving
treated males than among surviving controls or mice that had
died. at the same dose, lymphoid neoplasias were significantly
more frequent among dead treated males than among dead controls
e (no surviving male mice had lymphoid neoplasia). During the
4 first 2.5 months of this study, doses of 0.2 mg/kg or more in
' females and 0.4 mg/kg Or more in males had acutely toxic effects,
- resulting in some mortality. This appeared to be due to inadequate
. 4ispersion of aldicarb crystals in the focd: mice eating
o concentrations of these crystals could have received an excessive
o dose. For the rest of the study, aldicarb was dissolved in
1 acetone before being mixed into the food; this appeared to eliminate
2 the acute toxicity. These results occurred in the 1972 study
only. A follow-up study using the same strain of mouse ({50 of
each sex per treatment) and the same nighest dose (0.7 mg/kg)
failed to detect any carcinogenic response (98). Further analysis
chowed that in the first study, the incidences of hepatomas and
lymphoid neoplasias in the control groups were exceptionally
low, apparently a chance occurrence; this caused the incidences
in treated groups to appear significantly higher than contrels.
The incidences of these tumors in treated groups were comparable
to their incidences in both control and treated groups in other
1 studies (98).

3 In another study with CD-1 mice (50 of each sex per treatment)
7 (114), aldicarb sulfone at 9.6 mg/kg/day for 18 months (73 weexs)
1 did not produce any deleterious effects when included in the
diet. The criteria of effects that were evaluated includsd:
P mortality, growth and food consumption, life span, ancd gross and
b microscopic examination of tissues and organs for histeclecgic changes.
RBased on these criteria, aldicarb sulfone did not affect
tumor incidence or produce any pathologic alteration in <he CD-1
mice.

- In a-separate 2-year feeding study using rats (92)., zldicard
sulfone when ingested at dietary levels up <o and including 2.=

mg/kg b. wt. per day was not oncogenic in rats according to the
conditions of the test.

Dermal Exposure

Aldicarb in acetone solution applied to the shaved >acks of
male mice (C3H/HeJ strain) for 28 months did not increase the
incidence of tumors over that in the controls (75). The dose of
aldicarb was initially a 0.25% solution applied three times a
week; after two weeks, application was reduced to twice weekly.
and after two months, the concentration of aldicarb was raduced
to 0.125% because mortality was comparafively high during the

{ first 2 months. Mortality over the 28-month study did nect cifler
: significantly between treated and control mice.
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MUTAGENICITY

Aldicarb, aldicarb suifoxide and aldicarb sulfone have been
tested for mutagenic potential in the Ames Salmonella/Microsome
Plate Assay, using five nistidine-requiring strains of Salmonella
tzghimurium (TA-98, TA-100, TA-1535, TA-1537 and TA-1538), both
with and without metabolic activation (31). Aldicarb and aldicarb
sulfone were also evaluated for dominant lethal effects in rats
(96,115). Although results from all of these studies were
negative, supstantial gquestions have been raised by Toxicology
Branch concerning the laboratory procedures utilized. Additional
information has been requested and until received these studies
are considered "unacceptable”.

N-nitroso aldicarb

The g—nitrosamide derivative of aldicarb (formed in a laboratory
reaction of aldicarb with sodium nitrite at low pH) has been
shown to be carcinogenic in vitro in mammalian cell culture test
systems (57) and in vivo 1n rats (40).

The muagenicity of N-nitrosamide derivative of aldicarb has
been demonstrated in human cell cultures (9) and in a Salmonella
assay (60). The N-nitrosamide derivative is extremely unstable
in the environment. Despite exhaustive studies to detect this
chemical, there is no evidence at present that an E—nitrosamide
derivative of aldicarb is a naturally occurring product resulting
from the use of aldicarb.

STUDIES ON BEHAVIOKR

The effect of acute administration of aldicarb on avoidance
behavior in rats was investigated and compared with the effects
of other carbamate esters (35). Rats trained to avoid electrical
shock were_ injected intraperitoneally with aldicarb, and their
ability to avoid shock was rested over the six hours immediately
after treatment. The lowest dose to interfere with avoidance
behavior was 0.266 mg/kg. The ratio of the behaviorally effective
dose to the acute i.p. LD5g was smaller for aldicarb than for the
other carbamates tested. Because the behaviorally effective dose
is closer to _a lethal dose with aldicarb than with other carbamate,
products containing aldicarb would be less likely than other
carbamate products to affect behavior since the exposure levels
(i.e., TMRC) are several orders of magnitude less than the effect
level.

15
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OBSERVATIONS IN HUMANS

Studies examining the acute effects of aldicarb administered
orally to human volunteers revealed the same pattern of rapid
acetylcholinesterase depression and rapid recovery seen in
experimental animals. Adult male volunteers (four per treatment)
were given aldicarb orally in aqueous solution at doses of 0.025,
0.05, or 0.1 mg/kg (32}); in a similar study, two subjects were
given doses of 0.05 or 0.26 mg/kg (Cope and Romine, 1973). AlZX
subjects showed a slignt degree of whole-blood acetyicholinesterase
depression within one cr twe hours of treatment, although the
maximum depression noted at 0.025 mg/kg and 0.05 mg/kg was within
the normal range of variation seen in the control population.

Only doses of 0.1 and 0.26 mg/kg produced clinical signs and
symptoms typical of a cholinergic response from anticholinesterase
poisoning, seen within an hcur of aldicarb administration. The
symptoms were -. 1d at 8.1 mg/kg, but at 0.26 mg/kg, Doisoning was
acute, and atr.cine was administered. 1In the first study {(32),
where signs and symptoms of poisoning were observed at 0.1 mg/kg.,
acetylcholinesterase activity returned to normal and poisoning
symptoms disappeared spontaneously within five to eight hours cof

treatment (without administration of antidote).

Human exposure to aldicarb was assessed under a variety of
actual working conditicns (f£ield and greenhouse) in wnich TEMIX
pesticides were handled. Exposure, as determined by detection of
blood acetylcholinesterase inhibiticn, with or without clinical
signs or symptoms, depended primarily on the means by which the
formulated product was appli=ad. When exposed workers were remcved
from the exposure situacion, depressed acetylcholinesterase levels
returned rapidly to normal and symptoms, if any, subsided; no
lasting effects on the nealtn of workers were noted 711,52,61,79,
109,7).

®

Two separate incidsnces of suspected carbamate scoisoning in
Nebraska were..reported in the Morbidity and Mortality Weekly
Report, March 30, 1979:. The incidences occurred in 1977 and
1978 and involved a total of 14 persons (6 men, 8 females) who
became ill after ingestion cZ locally grown hydroponic cucumbers.
The signs and symptoms of th2 illness were typical o=Z cholinestearase
inhibition (e.g., diarrhea, abdominal pain, blurred vision, nausea,
vomiting). None of the patients received specific medical
treatment and recovereé quickly and completely. Analysis of the
cucumbers and the hydrcponic mixture in the second incident
detected 6.6-10.7 ppm aldicarb residues in the cucumpers, with
1.8 ppm in the water-nuzrient solution. If aldicarb residues
were present in these cucumbers as a result of applying it to the

{
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water-nutrient solution then it is clearly a misuse of Temik
formulations in that: (1) there is no registered use for aldicarb
on cucumbers, (2) there are also no registered hydroponic uses

for aldicarb, and (3) residue levels in the contaminated cucumbers
were several orders of magnitude greater than any federally
established tolerance (limits determined to constitute safe

levels in specific racs).

A review of the labels for Temik 10G and 15G demonstrate
that the Agency has taken great care {i.e., Restricted Use) to
develop use directions and label warnings which, if followed, will
adequately protect the authorized applicators. A review of Agency
files did not reveal any deaths which could be attributed to the
proper use of aldicarb.

Furthermore, the Agency carried out on epidemiological study
in Suffolk County in late 1979 and reported no evidence of ususual
symptomology that could be associated with aldicarb residues in
drinking water or food commodities. An epidemiology study titled
"Agricultural Pesticides: Results of a Preliminary Study" by
Drs. Varma, Zaki and Sternman does not support the suggestion
of spontaneous abortions in the human population on Long Island
being associated with exposure to aldicarb contaminated drinking
water. There were specific problems identified by the Agency
concerning the design and manner in which this study was concducted
and therefore, no valid conclusions could be made.

METABOLISM (Including Absorption, Distribution and Excretion):

When aldicarb is given orally to mammals, it is absorbed
readily, distributed widely in tne body, and excreted rapidly.

s - The presence of aldicarb metabolites in tissues, urine, and £=ces
has been examined in several mammalian species following
administration of radiolabelled aldicarb under a variety of
treatment regimes. Similar results have been found in all species

tested (for both sexes) and under all treatment regimes.

A

When male rats were administered single oral doses of
radiolabelled aldicarb, most of the aldicarb metabolites wers
excreted within 24 hours; after four days, more than 95% of the
administered dose had been excreted, and no residues were detected
in body tissues (39). Within the first 24 hours of another study.,
80% of the administered dose of aldicarb was eliminated in the
urine and 5% in the feces. Although radicactive metabolites were
found at low levels in a variety of tissues during the first days
affter treatment, there was no indication that residues accumulated
in the body; by the fifth day, residues were no longer detected (6! .
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To measure the excretion of subacutely administered aldicarb,
dogs were maintained on diets containing aldicarb both before and
after being given a single l4c_1abelled dose of aidicarb (66}.

Each dog received 0.75 mg/day of aldicarb in the diet for 20

days, a single radiolabelled dose on the 21lst day, and unlabelled
aldicarb for 10 more cays. Of the radiocactivity recovered in the
urine, 90% was found within 24 hours of administration of the
radiolabelled aldicarb. Thus, the pattern of excrecion of aldicarb
in the urine by dogs following subacute dosing was similar tc

that found for rats after acute dosing.

When lactating dairy cows received a single dose of aldicarb,
approximately 83% of the dose appeared in the urine within 24
hours, with traces of residues noted in the feces and milk (25,58).
Subchronic dosing of cows with aldicarb gave very similar patterns
of excretion: trace levels of residues were found in body tissues
following continuous treatment (24).

A single oral dose of aldicarb to laying hens was rapidly
excreted in the feces. Traces of residues were noted in the
+issues within 6 hours of treatment and in the eggs within 24
hours. Residues in both tissues and eggs declined rapidly. The
_ results were the same following administration of aldicarb for 21
davs (33). Thus, hens showed patterns of rapid distribution in
body tissues and rapid excretion of aldicarb very similar to
those of the mammals tested.

The patterns of distribution and excretion of scrally
administered aldicarb metabolites are the same as for aldicarb.
This has been demonstrated for aldicarb sulfone ané¢ aldicarb
nizrile in dogs and rats (4,65,67,68); for aldicarb sulfone in
hens (33) and_for a aldicarb sulfoxide and aldicart sulfcne In
dairy cows (58}. In addition, water-soluble aldicard residues
from bean plants were found to be readily absorbed ZIrom the
gastrointestinal tract of rats and rapidly excreted in the urine
(41) .

In summary, aldicarb ingested by animals 1s rapidly absorbed
and metabolized and is not stored in body tissues. 1Its metapbolites
were mostly excreted in the urine within 24 hours, =z=nd elimination
is complete in about five days.

The basic metabolic pathway for aldicarb appears to be the
same in all species studies (including plants and a variety of
vertebrates and invertebrates). This pathway is shown in Figures
1 and 2. Aldicarb is rapidly oxidized to aldicarb sulfoxides
then, more slowly, aldicarb sulfoxide is partially oxidized to
aldicarb sulfone. Aldicarb and »oth carbamate metadolites, the

{
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sulfoxide and sulfone analogs, are converted to the corresponding
oximes, which are, in turn, slowly degraded to the corresponding
nitriles, aldehydes, acids, and alcohols.

Aldicarb given orally to rats as a single acute dose was
excreted primarily as aldicarb sulfoxide (40%), and the sulfoxide
oxime (30%); only trace amounts of aldicarb were found in the
urine (6,39). The major urinary metabolites in dogs and in dairy
cows were the same as in rats (25,66), and the pattern of aldicarb
metabolism was found to be similar in hens (33), insects (10,42),
and plants (42,5).

The principal metabolites found in milk following acute
administration of aldicarb to cows were aldicarb sulfoxide and
sulfoxide oxime and nitrile (25). When dairy cows were given
aldicarb for 14 days, however, the major metabolite in the milk
was aldicarb sulfone and its nitrile derivative, with little
aldicarb sulfoxide and relatively large amounts of the sulfoxide
oxime present. This suggests that more complete metabolism occurs
with continuous dietary exposure to aldicarb (24).

) The fates of acutely administered aldicarb metabclites have
been studied in rats, confirming the pattern shown in Figures 1

and 2. When rats were given aldicarb sulfoxide, about half of

the dose was rapidly degraded and eliminated as hydrolytic products
in the urine; very small amounts of aldicarb sulfone were found.
When rats were given aldicarb sulfone, the unchanged aldicarb
sulfone comprised about 80% of the urinary metabolites (4,6).

EFFECTS OF ALDTCARB ON ENZYMES AND OTHER BIOCHEMICAL PARAMETERS:

The most-important biochemical effect of zldicarb and its
methyl-carbamate ester metabolites (as with the class of methyl-
carbamates in general) is their ability to inhibit acetylcholinesterase
in a rapidly reversible reaction (15). (Note: the normal function
of the enzyme_acetylcholinesterase is to degrade the neurotransmitter
acetylcholine. Failure to degrade acetylcholine at the appropriate
time results in neurological disruption that is evident in various
signs and symptoms of poisoning.) When aldicarb comes in contact
with acetylcholinesterase, it forms a reversible complex, competing
with acetylcholine for the active site of the enzyme. The aldicarb-
acetylcholinesterase complex dissociates rapidly, and the
acetylcholinesterase is released unaltered (hence the description
of the enzyme inhibition as "reversible".) Foilowing a single
dose of aldicarb, formation of the enzyme-inhibitor complex is
rapid, with recovery of the enzyme beginning within a few minutes.
Complete recovery occurs rapidly, within hours.
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A major difference in the toxicology between organophosphate
and cartamate insecticides is that the former almost irreversibly
phosphorylate the acetylcholinesterase of tissues, whereas the
carbamates cause reversible carbamylation of the enzyme. The
reversibility of reactions of certain organophosphates and
acetylcholinesterase resulting in a phosprorylated or "aged" (an
jrreversibly-inhibited) enzyme depends primarily on synthesis of
new enzyme. In humans, exposure to organophosphates can cause
depression of plasma cholinesterase to persist for 1 to 3 weeks;
red blood cell depression can last up to 12 weeks. In cases of
carbamate poisoning, plasma and red blood cell cholinesterase may
he depressed, but they commonly revert to normal within a few
hours after exposure (45).

In vivo studies show aldicarb sulfoxide to be 23 times as
effective an acetylcholinesterase inhibitor as aldicarb and 60
times as effective as aldicarb sulfone. As aldicarb in the body
is metabolized to aldicarb sulfoxide, this metabolite is most
likely responsible for the cholinergic effects noted with aldicarb
(10).

The transience of acetvlcholinesterae inhibition by aldicarb

(and methyl-carbamate esters in general) makes it difficult to

assay accurately. In routine toxicological studies, animals

often are placed on a control diet 24 hours before terminal
sacrifice, when an assay for several clinical chemistry parameters
are to be made. By this procedure, acetylcholinesterase inhibition
by carbamates cannot be detected, because enzyme activity completely
recovers within a few hours after treatment is stopped. This was
demonstrated in experiments with rats fed aldicarb sulfoxide or
aldicarb sulfone for one week and then assayed for acetylcholinesterzse
activity eicher immediately or after 24 hours {(78,79). In both
cases, the immediate assay revealed acetylcholinesterase depression.
and the delayed assay did not. Similar experiments in which rats
received aldicarb sulfone for three months or aldicarb sulfoxide

for six months gave the same results (78,79). In the later case,
acetylcholinesterase depression was as high as 89%, yet recovery

was complete in 24 hours.

Even with no delay between cessation of aldicarb treatment
and the assay, reversible acetylcholinesterase depression is
difficult to_detect using routine procedures. Spontaneous reversal
of inhibition is rapid, and inhibition is reversed by simple -
dilution. Furthermore, because acetylcholine and aldicarb compete
for the enzyme's active site, acetylcholinesterase inhibition is
reduced by adding substrate {acetylcholine) to measure the
reaction. (It should be noted that this effect also occurs

{




"

20

004022

naturally in the body, and probably results in the spontaneous
rapid recovery from cholinergic signs of poisoning following
acetylcholinesterase inhibition.) Thus, the assay for
acetylcholinesterase inhibition must be very rapid (taking less
than five minutes) and must empioy minimal dilutions and minimal
amounts of substrate.

SIGNS OF POISONING AND ANTIDOTAL STUDIES

Aldicarb is extremely poisonous, a toxic dose rapidly producing
severe cholinergic signs of poisoning. These parasympathomimetic
responses included salivation, lacrimation, nausea and vomiting,
evacuation of bowel and bladder, constriction of the pupils,
piloerection, ataxia, muscle spasms and general muscular weakness,
labored respiration, convulsions, and death. The immediate cause
of death is usually respiratory failure. The speed of onset of
these symptoms and their severity depend on the dose and route of
exposure. In all cases, atropine sulfate is an effective antidote.

Atropine has been shown to limit the muscarinic effects of
aldicarb and its metabolites (38,84). The nicotinic effect of
aldicarb at myoneural junctions has proven more difficult to
control. Decamethonium, a skeletal-muscle relaxant, is not very
effective with aldicarb, nor is tubocurare, although a combination
of decamethonium and atropine is effective (37). Oximes, widely
used in treatment of organophosphate poisoning, are frequently
effective against carbamate poisoning as well. The oximes 2-PAM,
P2S, 2and obidoxime act as antidotes to aldicarb, bo*h alone and
with atropine (35,49). In mice, the oxime toxogonin, doubles the
LDgg of subsequently-administered aldicarbd (62). 1In vitro
acetvlcholinesterase inhibition is not affected by P2S or obidoxime
(49); the mode of action of oximes against acetylcholinesterase
inhizition appears to be different for carbamates than for
organophosphates. Although atropine is a more effectiev antidote
than the oximes tested, certain oximes appear to be valuable in
treatment of aldicarb poisoning.

ACCEPTABLE DAILY INTAKE (ADI)

The toxicological data considered in support of tolerances
for zldicarb (and its ChE inhibiting metabolites) include a 2-year
rat =eeding/oncogenicity study with a no observed effect level
(NOEZ) (other than ChE inhibition) of 0.3 milligrams (mg)/kilogram
(kg) of body weight (bw) per day; a rat oncogenicity study which
was negative for oncogenic effects at 0.3 mg/kg (highst level
tested, HLT); a 100 day dog feeding study and a 2-year dog feeding
studv¥ with NOELs (other than ChE inhibition) of 0.7 (HLT) and
0.1 mg/kg bw/day (HLT), respectively; an l8-month mouse feeding/
oncocenicity study with & NOEL of ;0.7 mg/kg bw/day (HLT); a 2-year
mouse oncogenicity study with a NOEL of 0.9 mg/kg bw/day (HLT);
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a 6-month rat feeding study using aldicarb sulfoxide (considered

the more potent cholinesterase inhibitor) with a cholinesterase

inhibition NOEL of 0.125 mg/kg bw/day; & 3-generation reproduction

stundy in rats with a 0.7 mg/kg bw/day NOEL (HLT); a rat teratology

study which was negative at 1.0 mg/kg bw/day (HLT); and a hen

neurotoxicity sq@ y which was negative at up to 4.5 mg/kg bw/day.
F

The most suitable study for defining the amount of aldicarb
and/or aldicarb sulfoxide which appears to be without appreciable
risk as it appears in the diet (mg/kg bw/day) is the 6-month rat
feeding study using aldicarb sulfoxide (Weil and Carpenter, 1968).
This study demonstrated a NOEL of 0.125 mg/kg bw/day for cnolinesterase
inhibition, and is considered appropriate as a basis for the ADI
for both aldicarb and aldicarb sulfoxide because the latter
compound {(a metabolite) is an equally potent, if not more so,
cholinesterase inhibitor as aldicarb.

The determination and/or calculation of an Acceptable Daily
Intake (ADI), in one form or another (i.e., Temporary, Provisional,
etc.), for pesticide residues in foods (racs - raw agricultural
commodities) is a single unique practice commonly employed by
several regulatory and advisory authorities whose primary objective
and responsibility is directed toward the safe use of pesticides.
A review of the history for aldicarb will reveal that both
regulatory and advisory opinions have differed. Since its use
was introduced, based on the evaluation of the "available data"
at the time each opinion was expressed. As additional data and
information have been generated and evaluated the concerns and
understanding of aldicarb's toxicity to mammals, including man,
nave been advanced and reiined. The toxicity data for aldicarb
reviewed in the late 69's to early 70 s painted a picture of
extreme concern for its lethal effects. This wags based on the
low acute oral LDgg, the steep dosage-mortality curve (from acute
testing) and the lethality in a subchronic feeding study which
demonstrated an extremely narrow margin between no efect and
death (e.g., 0.1 vs. 0.5 mg/kg). A 100-fold margin of safety was
recommended because aldicarb was believed equally toxic (i.e.,
the same on a mg/kg basis) following either acute oral or dietary
exposures. It 1S now Xnown this effect has not been borne out
in any further studies with aldicarb or its ChE inhibiting metabo-
lites. A review of all available toxicity data, involving
repeat dietary exposurs2, clearly demonstrate that even at the
highest level tested (HLT), ranging from 0.3 to 4.0 mg/kg bw/day,
mortality was rarely, if ever, evidenced at dietary doses equal
to or greater than the acute oral LDsg for the respective species.
It is unusual for an animal to tolerate more than the equivalient
of an LDgg dose, daily. Aldicarb, aldicarb sulfoxide and aldicarb
sulfone are "unusual" then in fhis respect: w“hich apparently
reflects reduced biocavailability as residues 1n ithe diet and the
rapid reversibility of anticholinesterase effects in vivo. The
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conclusion reached by all of the regulatory and/or advisory
authorities is that all of the available toxicity data, including
human studies, have provided no indication that aldicarb or its
ChE inhibiting metabolites have any untoward toxicity other than
that associated with anticholinesterase activity.

The ADI for aldicarb and its ChE inhibiting metabolites, and
data base in support thereof, have undergone extensive critical
review within the last year. The 1982 Joint Meeting on Pesticide
Residues (JMPR) (29) re-evaluated the data in support of the ADI
igNlight of additional data received on aldicarb and its ChE
inhibiting metabolites. They determined that the new evidence
supported earlier feeding studies which showed that feeding of
aldicarb at relatively high doses (i.e. relative to LD50) does
not produce toxic effects expected from the LD50. In uwe light
of the toxicological data on aldicarb, the reduced bioavailability
when administered in the diet, and the rapid spontaneous recovery
of the carbamylated cholinesterase, the meeting revised the ADI
and mme recommended 0.005 mg/kg body weight.

A committee, chaired by Dr. C. Wilkirson, from the Institute
for Comparative and Environmental Toxicology at Cornell University
completed their evaluation in 1982 and subsequently a report was
issued in January 1983, entitled: "A Toxicological Evaluation of
Aldicarb and its Metabolites in Relation to the Potential Human
Health Impact of Aldicarb Residues in Long Island Groundwater®" (108}.
The Cornell document represents the most comprehensive and accurace
discussion of the toxicology of aldicarb, and presents a novel
"kinetic" approach for calculating on ADI. They applied this
model directly to the available human data and concluded that "a
reasonable range- for the ADI of aldicarb/aldicarb metabolites
would be 0.003 to 0.0l mg/kg, the currently accepted value of
0.003 mg/kg being the most conservative and upper value (0.01 mg/kg}
being a dose that causes a depression of whole blood cholinesterase
approximating the range of normal intra-individual variation®.

Subsequently, in 1983 the Assistant Administrator for EPA
formed an Aldicarb Review Committee whose membership was a cross-—-section
of several offices within EPA, and chaired by Dr. J. Stara (Director,
OHEA, Cincinnati). Discussions and evaluations of pertinent
data and relevant scientific reviews (i.e. JMPR, Cornell University.,
NAS) were conducted. Although a formal report is, at this time,
not yet available, the recommendation of the Committee was for an
AST for aldicarb and its sulfoxide metabolite of 0.0038 mg/kg/day.
This ADI results from dividing the subchronic rat NOEL of 0.125 nmg/kg/day
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{Weil and Carpenter, 1968) by a 33-fold "uncertainty" factor.

The 33-fold uncertainty factor represents an "intermediate"
uncertainty factor between 10 and 100, and is consistent with
previously established EPA guidelines in supporting intermediate
uncertainty factors (U.S. EPA 1980, FR 45 No. 231, November 28, 1989,
79347).

EXPRESSION OF THE TOLERANCE/COMPATABILITY WITH CODEX

The expression of U.S. EPA tolerances for aldicarb is
compatable with expression of Codex MRLs. That is, the limits
are for the sum of aldicarb, its sulfoxide and its sulfone,
determined as aldicarb sulfone and expressed as aldicarb.

U.S. TOLERANCES

Tolerances for aldicarb are established at 40 CFR 180.269
and include several commodities (RACs). See the computer printout
which is appended.
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A File last updated 11/1/82
}pﬂfb\v ACCEPTABLE DAILY INTAKE DATA
ﬁiﬁ;\ N#ﬁf' RaT ,0lder NWOEL S.F. ADI HP1
?\ /(y\'/l ~ ©.125 2.50 33 0.0038 0.2273
g

mg/kg pEk mg/kg/day wg/Gay(60kg)
Publisned Tolerances

CrOP Tolerance Fooé Factor mg/Gay(l.5kg)
rotatoes(1:7) 1.00¢ 5.43 .08140
Cottonseea (cil) ( a4l) 0.1u0 0.15 g.00022
Peanuts(115) 0.050 0.36 0.00027
3ugar ,czneaceet(154) 0.050 3.64 0.006273
Sweet Pctatoes(157) 0.10v 0.40 0.00060
heat, red( 90) 0.010 10.81 £.00162
tiilkabDairy Products( 93) 0.002 28.¢2 £.00036
uranges (10€) 0.300 2.17 C.00975
cananas( 7) 0.300 1.42 g.0063¢9
seans,dry ecible( 10) 0.100 0.31 2 .00047
>oypeans {(cil) (1438) 0.020 0.92 £.00028
Ccfiee( 36) 0.100 0.75 $.00112
Pecans(118) 0.500 0.C €.00023
Crapefruit({ 65) C.300 0.99 £.00446
Lemons( £2) 0.300 0.17 Ct.00078
Limes({ §5) 0.300 .17 c.00078
Sorgaum(147) 0.200 0.03 3.00009
[P I THRC $ ADI
0.2273 mg/Aaay (6UKS) 0.1120 mg/dav(l.3ka) 49,30
PR R R R e e AR L2 E L R FE R IR R RS RL R LR SRR R R i L i Rk e
onputiisned, Tox Aprroved 7G1955,585163,68F209%¢
CROP Tolerance Food Factor mg/&ay(l.5kg)
aops{ 73) 50.000 0.023 C.02250
-~ -(214) 1.000 .03 c.00045
f icmatoes(163) 0.100 2.87 3.00431
{‘’PI RC % ADI
C.2272 mg/day (60kc) 0.1393 mg/day(l.5kq) 61.29

AR R XTI AN RRTRTEIT I TR IR R TR XIRR P I IR T I Ak hrrhrrrdrrdrhdrdrrirt

Current Acticn 2F 2079

CROP Tolerance Food Factor me/cay(l.53kqg)
lorrn,zil types( 3%) 0.050 2.51 C.001ez
Scultrv(128) .04 2.5%4 2.00177
£3gs{ 54) .02 2.77 T .000E3
HEI TURC $ ACT

.2273 mg/dav (60kc) 0.1430 zg/day{l.Zkqg) 63.26

IEIZE R EEEEEEEE RS SR PRSI S EE RS ESESIR S RALES R LR RE SRR LRSS L a S S i kRS
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Figure 1. Metabolism of aldicarb. (Value in brackets {s acute oral LDSD :
for rats.) |
G % '
ca,-s-c;-cnau-o—c-ua—cu,
CH, \,
?ldicarb ; : k c’:H,
0.9 mg/k
8% l CHy = § = €~ CH=NOH
O CH - o o P
P i Aldicarb oxime Q\ CHs
ca,-s—?—cuw—o—c—ua—ca, 12380 mg/k3] CH,-S—C~-C=N
{
CH, , : : CH,
* Adicarb sulfoxide | \ 0 cH - Aldicarb nirile
0.8 mg/kv
{ g/ | V CH, - § — C - CH=NOH [570 mg/kg]
CH, N
S G 9 Aldicarb stfoxide oxime « e Ch
CH,—?-C‘:"CH=§I-O-C—NH-CH, {8050 mg/k3l CHy-S—C-C=N
. - |
O CH, - . \ : o ‘_CH;
ggica;jb nilfcne ﬂ C!J CH, ) - Aidicarb sulfoxide nitrile
m ! 40
= - CH, — § —C~CH=N-OH 14000 mg/kg]
H N
O CH; N
Aldicarb sutfone oxime <\ ? “:H’
{1580 mg &g} CH;~S~-C~C=N
. i i
O CH;

Aldicarb sulfone nitrile
{350 mg/kgl

~-otnote: Heavy dark arrow denotes major pharmazokinetic pathway.
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Figure 2. Miscellaneous metabolites of aldicarb. (Value in brackets is

acute oral LDSO for rats.)

CH, R may be:

) |
CHy-5-C-R —CH,=OH
CH; slcohol-derivative
[> 11,000 mg/kgl
E o
1
? ClH, - C~— NH,
CH,-5-C-R Amide derivative
] {> 15,000 mg/kg]
CH, X
| - CHO
V ' Aldehyde derivative
0 CHJ
1 ¢]
CH,-S-C-R i
T ~C-OH
0 C

Acid derivative
[5700-7500 mg/kg}

i
t

Tootnote: Heavy dark arrow denotes major pharmacokinetic pathway.
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7-Day {(Mouse)
Weil, Woodside,
Bernard

1974

Long-term Studies

18-Month Onco. (Mouse)
Woodside, et. al.
1977b

2-Year Feeding (Rat)
Weil, Woocdsice,
Bernarc, =t. -al.
1972

Acute Oral L2sg (Rat)

fov}
i

Design

Diet - 0, 0.15, 0.6, 2.4, Yes
9.6, 38.4 mg/kg 0005733¢

Results
Body wt. depressed at 38.4

Organ wt. = normal
ChE not determined

Design

Diet - 0, 0.15,
9.6 mg/kg b. wt.

J.6, 2.4, Yes
00100388
My murn
Results

Body wt. — sporadic
Gross/Micro - ncrmal
Not oncogenic

NOEL = 9.9

Design

Diet - 0, 0.6, Z.4 mg/kg Ves

b. wt. 000299432
ChE > 24 ars. Min . mum

Results

Not oncogenic at 2.4

. . o S S S . S S Sl S A P S, S S il S S A P o e S S S S D D e T R D, 0




Aldicarb Sulfoxide: Aldicarb Sulfone (1:1)

Ccpy of Report

Study/Author/Date Brief Description Available
Design
7-Day (Rat) Diet - 0, 1.2 mg/kg Yes
Well & Carpenter 7 week old rats 00053348
1970d
Results

Growth depressed in {emales
Liver/kidney - normal

Design

29-pay Water Inclusion In drinking water - 0, 1.2, Yes
(Rat) 4.8, 19.2 ppm
Mirrc, et. al. ChE < 24 hrs.
1982
Results

No mortality

Food/water consumption depressed
at 19.2 (M/F)

Bedy wt. depressed at 1%2.2 (M/F)
Brain/RBC/Plasma ChE depressec
atr 19.2

NOEL = 4.8

Design
resldan

2-Year Feeding (Raz) Diet = 2, 0.6, 1.2 mg/ kg ' Yes
wWeil, Woodside, - b. Wwt. 00029943
Rernar<c, et...al. ChE > Z4 hrs.
1972 )

Results

Mortali=zy, initially zt 1.2

Growth depressed at 1.:Z

— - Hematocrit = normal
Plasma ChE slignht depression
at 1.2 (M)
Gross/Micro - normal
Tumor incidence = no efifect
NOEL = J3.6




1€

1dicarb: Aldicarb Sulfone {1:1)

Copy of Repor:

study/Author/Date Brief Description Available
Design
7-Day (Mouse) pDier - 0, 2, 6, 18, Yes
Weil & Carpenter 36 =g/kg 0005335438
1870
Results

- No mortality
e ChE severely depressed
! at 36
Growth depressed at 18
(Reduced b, wts. at
all levels)
Kidney wt. depressed

at 36
Liver wt. depressed at &
NOEZ = 2

i
b
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k. Pesticide Petition #6E1792, R. Engler TB/RD,
memorandum 9/8/76.

1. Pesticide Petition $8RH5183, #. W. Spencer,
TB/RD, memorandum 9/29/78.

m. Pesticide Petition #8F2096, H. W. Spencer,
TB/RD, memorandum 1/29/79.

e Pesticide Petition #9G2147, R. A. Gessert,
TB/RD, memorandum 4/26/79.

O. Memorandum from DAA (E. Johason, EPA) to
Urion Carbide (R. Back), 3/20/80.

P Pesticide Petition #9F0798, G. E. Whitmore,
Pesticide Review Branch, Div. of Toxicology-
Memorandum 4/16/79.

q. Memorandum from DAA (E. Johnson, EPA) to
Union Carbide (R. Oldford), 4/3/81.

r. Memorandum from AA (J.A. Todhunter, EPA) tS
Inspector General (Mr. M. Novick), 12/8/81.

S. Transcripts of the Proceedings of the Scientific
Advisory Panel Hearings on Aldicarb, 2/1/80.
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Aldicarb:

studv/Author/Date

3-Gen. Reproduction
(Rat)

Weil & Carpenter

1964

3-Gen. Reproduction
(Rat)

Weil & Carpenter

19732

Terazology (Rat)
weil x Carpenter
ly66a

-wr
Brief Description
Design
0, 0.05, 0.1 mg/kg
b.w. in the diet for
90 days, then mated;
3-Gen./1l litcer per
gen.
Results

Micro - normal {(only
the lesions Ffound
were reported).

No pup anomalies or
abnormalities.

NOEL = 0.1 mg/kgd

Design

0, 0.2, 0.3, 0.7

mg/kg b.w. in diet.

3-Gen./l1 litter per
gen.

Resulzcs

Decreased 5. wz. of

Fo pups (M/F) at 0.7

No other effects.

NOEL = 0.7 mg./xg

Design

0, 0.04, 0.2, 2.0

mg/kg B. wt. in
the cdist

{a}) day 0 "=c" wean
(b) day O "to" day 7
(¢} day 5 "two" day 1
Results

Body weight ncrmal.
NOEL = 1.0 mg/x3

5

<D
O

Zopy cf Report
Available

Yes
00069918

MinvMmum

Yes
00044736

Minvivu v

Yes
00058631

Minvimum



Neurotoxocity {(Hen)
Jonnscon & Carpenter
1966a

Short-term Studies:

7-Day (Rat)
Wweil & Carpenter
ie70d

7-Day .Rat)
Weil & Carpenter
N - 1259b -

Design

{a) Single oral 4.5 mg/kg b. wt. Yes
(p) Daily oral 0, 2.25, 4.5, 9

mg/kg b. wt. (for 30 days).
(c) LDgg = 9 mg/kg

Results

9 mg/kg - death 4/6; no ataxia
some weight losss
acute signs of
poisoning.
Not neurotoxic at 4.5 mg/kg
pased on "observed symptomatolcgy”.

Design

Diet - 0, 4, 8, 16 mg/kg b. wt. Yes
6 week old rats.

Results

Mortality at 8 & 16
B. wt. decrease at all levels.
Males - kidney wt. decrease at 2
liver wt. decrease at &,
and 8.
Females -~ kidney/liver wt. decr=sase
at all levels.

00.

00080699

Mirnimumm

Design

Diet - J, 0.8, 1.6, 3.2 mg/kg {Possibly
D. Wt. in PM

7 week 51d rats. files)

Results 00035379

Nec morzality.
B. wt. decrease at 1.6.
Maies - kidney wt. decrease at
all levels.
- liver: body wt. decreass=
at all levels.

Females -~ liver: body wt. decrezse
at 1.6.
kidney wt. decrease =z
3.2.

{ -— IR
IChE > 24 hr. {(Hcowever, plasma
decrease at 3.2:.




3 0040

Design
7-Day (Rat) Diet - 0, 9.4, 0.8, 1.6, {Possibly in
Nycum & Carpenter 3.2 mg/kg b. wt. PM file)
1968 00100384
Results

Body wt. decrease at 3.2
No effect on liver or
kidney.

RBC ChE decreased at 3.2.
ChE < 24 hr.

NOEL = 0.8 (ChE)

Design
7-Day (Rat) Diet - 0.3 mg/kg b.wt. Yes
Weil, Carpenter,
woodside, Bernard,
, et. al. Results
1270
No effect on growth in males.
Female body wt. decreased.
Male - no effect on liver/kidney.
Female - liver wt. decrease.
b ChE > 24 hrs.
Design
7-Day {Mouse) Diet - 0, 0.1, 0.2, 0.5, Yes
wail & Carpenter 1.2 mg/kg b. wt.
- - 1370c¢c -
) Results
Mortality at 1.2
X ; Growth - no change
- Liver/kidney wt. = noc change
ChE not determined
T-Day (Dog) Design
weil & Carpenter Yes
— 1373 - Diet - 0, 0.2, 0.3, 0.7 00060197

mg/kg D. wt.

Results

No mortality

Gross liver/kidney wts. - no effect
Chg > 24 hours - Normal

RCceEL = C.7




99~-100 Day {Dog)
Weil & Carpenter

1974b

93-Day (Rat)
Weil, Woodside,
Bernard, et.al.
1963

Long-cerm Studies

2-Year reecing

Weil & Caroenter

1965

Design

Diet - 0, 0.2, 0.3, 0.7

mg/kg b. wt.
Results
No mortality

Growth -~ no effect
No effect on females

nnaog.

Yes
00044737

Mirv.ou o

Males - testes wt. decrease,
adrenal wt. increased

at 0.7
No microscopic changes
ChE > 24 hrs {normal)
NOEL = 0.3

Design

Diet - G, 0.02, 0.1, 0.5 Yes

mg/kg b. wt. (mon-uniZorm

dispersion of =zldicarbk
in the diet)

Results

Mortality incrsased ac
Body wt./Food Zonsump.
at 0.5

Rel. Liver/kicney wts.
Histopath. - normal
Plasma ChE decrszase at
ChE > 24 or < 24 hrs 2
NOEL= .t

Design

piet - G, 0.003, 0.02%
0.1 mg/kg b. w=.

Results

No mortality
Growth = no eZlect

r

00062917

Min . my

0.5
decrease

- normal

3.5
{unknownj

0.05, {Pos

Svrf»uaméM

Liver/kidney wts. — ncrmal

Hematology - normal
Histopath. - normal
ChE > 24 hrs.

NCEL = 3.1 mgG, xg 5. wWtT.

(HDT toc low = ancther
test run)

~1

3




2-Year Feeding (Rat)
Weil & Carpenter
1972a

2-Year Onco. (Rat)
NIH, 1979

W

2-Year Feeding (Dog)
Weil & Carpenter
1966¢

Design
Diet — 0, 0.3 mg/kg b. w.t.
Results

No mortality

Growth -~ normal

Hematoleogy -~ normal

ChE > 24 hrs (male, plasma
decreased)

Not oncogenic

NOEL = 0.3

Desian

Diet - 0, 2, 6 ppm

[Alsc: 13 wks 0, 5, 10, 20,
40, 80, 160, 320 ppm - micro
exam. of 0 and 80 ~ no
differences]

Resulzs

No mortality

Not carcinogenic in F344 rat
at 6 zpm (0.3 mg/kg)

Design

Diet - 0, 0.025, 0.05, 0.1

mg/kg, day; Dogs 8-20 months
0ld

Resulzs

No mor=ality

Growth -~ normal

dematc logy - normal
ChE - naormal

{ChE > 24 or < 24 nr =z
unknown)

3ross, micro -~ normal
NOEL = 0.1

004055

Yes
60029943

Min i mowms

Yeos

AT IRV R

"Possibiw
In PM £i’ =g

pu——l




"‘n
b

2-Year Onco. (Mouse)

NI=,

18-Mo

1973

nth Feeding

{Mouse)

Weil
1972¢

18—-¥0
"Cont
Weil

19744

& Carpenter

nth .(Mouse)
irmatory Test"
& Carpenter

e 0024022

6
Design
Diet - 0, 2, 6 ppm Yes
[Also: 13 wks 0, 0.5, 1.0, Minimum

2.5, 5, 10, 20, 40 ppm -
micro of 0, 20, 40 ppm -
normall]

Results
No mortality

Not carcinogenic in B6C3F1l mouse
at 6 ppm (0.9 mg/kg)

Design

Diet - 0, 0.1, 0.2, 0.4, 0.7 Yes
mg/kg b. wt. 00044732
CD~1 mice Minsmom
Results

Mortality at 0.4 and 0.7 in
females because of improper
mix of aldicarb in the diet
resulted in consumption of
small crystalline particles
of aldicarb.

Hepatomas increased in male
survivors at 0.7.

Lymphoid neoplasia in males
which died at 0.7.

NOEL = 0.4

Design

Diet 0, 0.1, 6.3, C.7 mg,/kg Yes

b. wt. 200447=3

CD-1 mouse ™M aamio an

Results

No mortality

Growth - normal

Tumor incidence - no effect
(particularly hepatomas,
lung adenomas, lympnoid
neoplasias)

Not oncogenic

NOEL = 0.7




Humans:

Single Oral
Haines 1971

Single Oral
Cope/Romine
1973

i SR
b .

s o S o S " o — " - — o . ¥ o

Design

Single oral agueous solutions
of 0.025, 9.05, 0.1 mg/kg

b. wt.;

Adult males (4/dose level);
ChE measured up to 6 hrs post
treatment

Results

Acute signs of ChE depression
at 0.1 within 1 hr.

No signs at 0.05

ChE decreased in all volunteers
within 1-2 hrs.

Complet2 reversal within 6 hrs.

Design
Single oral aqueous solutoins

of 0.05, 0.26 mg/kg b. wt.
Adult males (2)

Results

“Acute signs of ChE depression

at 0.26
No signs of ChE depression at
0.0%

Acute Oral LDsg (Rat)

®04022

Zes
0010912

{Possidly
in PM Ziles)

0.6 1.2 mg/kg (0.84) M/F

(Mouse) 0.38 1.5 mg/kg M/F

i
Al




Aldicarb Sulfoxide

Study /Author/Date

Short-term Studies

7-Day (Rat)
Nycum & Carpenter
1968Db

7-Day (Rat)
Weil & Carpenter
19704

Copy of Repor:

3rief Description Available

-
- s

Acute Oral LDgg (Rat)

Design
Diet - 0, 0.4, 0.8 mg/kg (Possibly :in
D. Wt. PM files)
00100384
Results
Body wt. decrease at 0.8
Liver/kidney wt. - no
effect
RBC ChE decrease at 0.8
NOEL = 0.4
Design
7 week old rats (2 different Yes
strains - (a) and (b) 00053328
Diet --0.4, 0.8, 1.6 mg/kg
D. Wt
Che > 24 hr.
Results:
Strain
fa) ChE - normal
Growth decreased at 0.8
(Males/Females)
Liver/kidney wts decreased
at 1.6
Strain
{n) Growth decreased at 0.8
Liver/kidney wt. - normal
RBC ChE - normal
3.49 1.13 mg/kg (M/F)1

o1l




*g-Month Feeding
{Rat)

Weil & Carpenter

1968b

56-Day Feeding (Rat)
Weil, Woodside,
Peterson, et.al.
1975

Design

Diet - 0, 0.125, 0.25, 0.5, Yes

1.0 mg/kg b. wt. 00100331
ChE determined < 24 hrs. and MV mime e
> 24 hrs.

15M/15F per group

Results

No mortality

Growth depressed at 0.25 (males)
Growth depressed at 1.0 (females)
ChE depressed (plasma, RBC) at
0.25 {(males)

ChE depressed (plasma, RBC) at
0.5 (females)

Liver/kidney - normal

NOEL = 0.125

Desicn

Diet - 0.3, 1.0 mg/kg b. wt. Yes
ChE > 24 or < 24 hrs. ? 000573=+2
(unknown) M1 nMon

Results

2/30 deaths at 1.0

{(only 2/360 died throughout

the study)

Body wt. depressed at 1.0

lst week

ChE depressed at 1.0

(plasma/RBC - marginal)

NOEL = 0.3 "to" 1.0 (very sporadic
results)

— * Used as basis Zor

— - - -

tne ADI



3-6 Month Feeding
(Rat)

Weil & Carpenter

1968Db

90-Day Feeding (Dog)
Weil & Carpenter
1968Db

Long-term Studies

- P

2-Year Feeding (Rat)
Weil & Carpenter
1972a

e, i

10 004022

Design

Diet - 0, 0.0625, 0.125, Yes

0.25, 0.3, 1.0 mg/kg b. wt. 00100381
ChE determined < 24 hrs. <o
5M/5F per group Minimowe

Results

Brain ChE - no effect
Plasma/RBC ChE depressed at
0.25 (male)

Plasma/RBC ChE depressed at
0.5 (female)

(89% ChE depression completely
reversed in 24 hrs.)

NOEL = 0.125

Design

Diet - 0, 0.0625, 0.125, 0.25, Yes

0.5 mg/kg D. wt. 00100381
ChE > 24 nrs. Wi RUv
3M/3F per group

Results

No mortalizy
Body wt. slight depressicn at

0.5 .

Hematologv./Blood Chem. - normal
ChE - normal

Gross/Micro - normal

NOEL = 0.23

Design

Diet 0, 0.3, 0.6 mg/kg b. wt. Yes
ChE > 24 Aars. 00029943

M nviymu v

Sl:ght increase in mortality
at 0.6

Growth - ncrmal

Plasma ChE depressed in males

at 0.6

Gross/Micrc - normal

Tumor incidence -~ no difference
NOEL = 0.3




Aldicarb Sulfone

Study/Author/Date

3-Gen. Reproduction
! {Rat)
g Woodside et. al.
1977a

Teratology (Rat)
Woodside et. al.
1977a

Short~term Studies

7-Day (Rat)
Nycum & Carpenter
1968Db

{
t

Copy of Report

Brief Description Availzble
Design
Diet - 0, 0.6, 2.4 and Yes

9.6 mg/kg b. wt. for
100 days, then mated
3-Gen./1 litter per gen.

Mt mum

Results

Body wt. decrease in males

at 9.6

ChE depressed at 9.6

No effects on reproduction

up to and including 9.6
{marginal effects on lactation -
oggnfurv1val decreased at 9.5)
Design

0ral - 0, 0.6, 2.4, 5.6 Yes
mg/kg at one of the Mirmum
following intervals:
(a) day 0 "to" day 20
{p) day 6 "to" day 15
{c) day 7 "tc" day @

Results
Maternal tox. at 9.6 -

diarrhea, ChE depression
Not teratogenic at 9.6

Jesign
Diet - G, 0.4, 1.0, 2.5, (Possioiv
5, 20 mg/kg b. wt. in PM files)

ZhE > 24 hrs ? {(unknown) 00100=34




7-Day (Rat)
Weil & Carpenter
19704

56-Bay Feeding (Rat)
Weil, Woocdside,
Peterson,--et. al.
1973

6-Month Feeding (Rat)
Weil & Carpenter
1968c

bt
~N
O
D
A
Q
N
Ny

Results

Growth depressed at 20

Gross liver/kidney — no effect
Plasma/RBC ChE depressed at 5
Brain ChE depressed at 20 (M/F)

NOEL = 2.5

Design

Diet - 0, 0.6, 3, 20 mg/kg Yes

b. wt. 00053343

Two strains of 7 week old rats
ChE > 24 hrs.

Results

Strain {a) and (b):

{a) Growth depressed at 5 for males
Growth depressed at 0.6 for
females
Liver/kidney wt. depressed at 20
ChE - normal
(RBC)

/b)) Growth depressed at 5
Liver/kidney wt. depressed at 20
ChE - normal
(RBC)

Design

Diet - -, 2.4, 16.2 mg/kg b. wt. Yes
ChE > 24 or < 24 hrs. ? {(unknown) 0C057342

M5 sy
Results

No mortality
Body wt. depresed at 16.2
ChE depressed at 16.2 {(plasma/RBC)

NQEL = Z.4

Cesign

Diet - 2, 0.2, 0.6, 1.8, 5.4, Yes

16.2 mg/kg b. wt. 00057337

ChE < 2% and > 24 hrs.

_ pradiotoet M Vi v
15M/15F per group




3-Month Feeding (Rat)

Wweil & Carpenter
1968c¢

30-pay Teeding (Dog)

Weil & Zarpenter
1968c¢

Neurotoxicity (Hen)
Babish x Salerno
1977

13

Results

No mortalicy

Growth depressed at 16.2
Liver/kidney micro - normal
RBC/Plasma ChE depressed at 1.8
Brain ChE depressed at 5.4

No ChE depression at 0.6

(at 5.4 all ChE depression
returned to normal in 24 hrs.)
NOEL = 0.6

Design

Diet - O' 0.2' 0.6' 1.2' 108'
5.4, 16.2 mg/kg b. wt.

ChE < 24 and > 24 hrs.

SM/5F per group

Results

Plasma ChE depressed at 1.8
RBC ChE depressed at 5.4
Brain ChE depressed at 16.2
NOEL = 1.2

Design

piet - 0, 0.2, 0.6, 1.8,
5.4 mg/kg b. wt.
ChE > 24 hrs.

Results

No mortality

Body wt. depressed at 5.4
(not statistical)
Hematol./Blood Chem - normal
Gross/Micro - normal

NOEL = 1.8

Design

40 hens intubated with 250 mg/kg
b. wt.

Single oral doses 21 days apart

Results

Che depressed
Not neurotoxic (nc hisctopath.
exam.)

vuauZ2

Yes
00057337

i nsimuna

Jes
00037337

ARG AU T

Yes
00120387

M MU




