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exposure 4. Environnental pollutants |.Series
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Publications, Wrld Health O gani zati on, Geneva, Switzerland, which
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to the text, plans for new editions, and reprints and transl ati ons
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(© World Health Organization 1991

Publications of the Wrld Health Organi zati on enjoy copyri ght
protection in accordance with the provisions of Protocol 2 of the
Uni versal Copyright Convention. Al rights reserved.

The desi gnations enpl oyed and the presentation of the materia
in this publication do not inply the expression of any opinion
what soever on the part of the Secretariat of the Wrld Health
Organi zation concerning the | egal status of any country, territory,
city or area or of its authorities, or concerning the delimtation
of its frontiers or boundari es.

The nention of specific conpanies or of certain manufacturers
products does not inply that they are endorsed or reconmended by the
World Health Organization in preference to others of a sinilar
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NOTE TO READERS OF THE CRI TERI A MONOGRAPHS
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publication. In the interest of all users of the environmental health
criteria nonographs, readers are kindly requested to comuni cate any
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wi || appear in subsequent vol unes.

* * *
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ENVI RONVENTAL HEALTH CRI TERI A FOR ALDI CARB

A VWHO Task Group on Environnental Health Criteria for Al dicarb
nmet in Gncinnati, USA, from6 to 10 August 1990. Dr C. DeRosa opened
the neeting on behalf of the US Environnmental Protection Agency. Dr
B.H Chen of the International Programme on Chenical Safety (1PCS)
wel coned the participants on behal f of the Manager, |PCS, and the
three 1 PCS cooperating organi zations (UNEP/ILO VWHO) . The Task G oup
reviewed and revised the draft criteria nonograph and nade an
eval uation of the risks for human health and the environnment from
exposure to al dicarb.

The first draft of this nonograph was prepared by Dr J. Risher
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and Dr H Choudhury of the US Environmental Protection Agency. The
second draft was prepared by Dr H Choudhury incorporating comrents
received following the circulation of the first draft to the IPCS
Contact Points for Environmental Health Criteria docunments. During the
Task Group neeting all the participants contributed to review the

| arge anmount of infornation submtted by Rhdne-Poul enc, and undert ook
a substantial revision of the second draft. Dr B.H Chen and Dr P.G
Jenkins, both nenbers of the IPCS Central Unit, were responsible for
the overall scientific content and technical editing, respectively.

The efforts of all who helped in the preparation and finalization
of the docunent are gratefully acknow edged. The Secretariat wi shes to
thank Dr S. Dobson and Dr G Burin for the significant contributions
and revisions of the draft document during the neeting.

Fi nanci al support for the neeting was provided by the US
Envi ronnmental Protection Agency, G ncinnati, USA

ABBREVI ATl ONS

ADI acceptabl e daily intake
ai active ingredient
CHO Chi nese hanster ovary
FAD flavin adeni ne di nucl eoti de
FPD fl ane photonetric detector
aC gas chromat ogr aphy
GPC gel perneation chromat ography
HPLC hi gh- perf ormance |i qui d chromat ogr aphy
LC |'iquid chromat ography
MATC maxi mum accept abl e toxi ¢ concentration
VS mass spectroscopy
NADPH reduced ni coti nani de adeni ne di nucl eoti de phosphat e
NOEL no- observed-effect |eve
TLC t hi n-1 ayer chromat ography
w ul traviol et
1. SUMVARY

1.1 ldentity, properties, and anal ytical methods

Aldicarb is a carbamate ester. It is a white crystal-line solid,
noderately soluble in water, and susceptible to oxidation and
hydrol ytic reactions.

Several different analytical nethods, including thin-Iayer
chr omat ogr aphy, gas chromat ography (el ectron capture, flame
ionization, etc.), and liquid chromatography, are avail able. The
currently preferred nmethod for analysing aldicarb and its major
deconposition products is high-performance Iiquid chronmatography with
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post-colum derivatization and fl uorescence detectors.
1.2 Uses, sources, and | evels of exposure

Aldicarb is a systenic pesticide that is applied to the soil to
control certain insects, mtes, and nenatodes. The soil application
i ncludes a wi de range of crops, such as bananas, cotton, coffee,
mai ze, onions, citrus fruits, beans (dried), pecans, potatoes,
peanuts, soybeans, sugar beets, sugar cane, sweet potatoes, sorghum
tobacco, as well as ornamental plants and tree nurseries. Exposure of
the general population to aldicarb and its toxic netabolites (the
sul foxi de and sul fone) occurs nainly through food. The ingestion of
contam nated food has |ed to poisoning incidents fromaldicarb and its
toxic netabolites (the sul foxide and sul fone).

Due to the high acute toxicity of aldicarb, both inhalation and
skin contact under occupational exposure conditions nmay be dangerous
for workers if preventive neasures are inadequate. There have been a
few incidents of accidental exposure of workers due to inproper use or
| ack of protective measures.

Aldicarb is oxidized fairly rapidly to the sul foxide, 48%
conversi on of parent conpound to sul foxide occurring within 7 days
after application to certain types of soils. It is oxidized much nore
slowy to the sul fone. Hydrolysis of the carbamate ester group, which
i nactivates the pesticide, is ph dependent, half-lives in distilled
water varying froma few mnutes at a pH of > 12 to 560 days at a pH
of 6.0. Half-lives in surface soils are approxinmately 0.5 to 3 nonths
and in the saturated zone fromO0.4 to 36 nonths Al dicarb hydrol yses
somewhat nore slowy than either the sul foxide or the sulfone.
Laboratory measurenent of the biotic and abiotic breakdown of aldicarb
have yi el ded very variable results and have |l ed to extrapol ations
radically different fromfield observation. Field data on the
breakdown products of aldicarb furnish nore reliable estinates of its
fate.

Sandy soils with | ow organic nmatter content allow the greatest
| eaching, particularly where the water table is high. Drainage
aqui fers and | ocal shallow wells have been contaminated with aldicarb
sul foxi de and sul fone; |evels have generally ranged between 1 and
50pg/litre, although an occasional |evel of approximtely 500 pg/litre
has been recorded.

As aldicarb is systemic in plants, residues may occur in foods.
Resi due |l evels greater than 1 ng/kg have been reported in raw
potatoes. In the USA, where the tolerance Iint for potatoes is 1
ng/ kg, residue levels of up to 0.82 ng/kg have been reported from
controlled field trials using application rates recommended by the
manuf acturer. An upper 95th percentile |evel of 0.43 ng/kg has been
estimated fromfield trial data, and upper 95th percentile |evels of
up to 0.0677 ng/ kg in raw potatoes have been deternined froma
mar ket - basket survey.

1.3 Kinetics and netabolism

Aldicarb is efficiently absorbed fromthe gastrointestinal tract
and, to a |l esser extent, through the skin. It could be readily
absorbed by the respiratory tract if dust were present. It distributes
to all tissues, including those of the developing rat fetus. It is
netabolically transforned to the sul foxide and the sul fone (both of
which are toxic), and is detoxified by hydrolysis to oxi mes and
nitriles. The excretion of aldicarb and its netabolites is rapid and
primarily via the urine. A mnor part is also subject to biliary
elimnation and, consequently, to enterohepatic recycling. Aldicarb
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does not accurulate in the body as a result of |ong-term exposure. The
inhibition of cholinesterase activity in vitro by aldicarb is
spont aneously reversible, the half-life being 30-40 min
1.4 Studies on experinmental aninmals

Aldicarb is a potent inhibitor of cholinesterases and has a high
acute toxicity. Recovery fromits cholinergic effects is spontaneous
and conplete within 6 h, unless death intervenes. There is no
substantial evidence to indicate that aldicarb is teratogenic,
nmut ageni ¢, carci nogenic, or inmunotoxic.

Birds and small mammal s have been killed as a result of ingesting
al di carb granules not fully incorporated into the soil as recomended.
In | aboratory tests, aldicarb is acutely toxic to aquatic organi sns.
There is no indication, however, that effects would occur in the
field.

1.5 Effects on hunans

The inhibition of acetyl cholinesterase at the nervous synapse and
nyoneural junction is the only recogni zed effect of aldicarb in humans
and is sinlar to the action of organophosphates. The carbanyol at ed
enzyne is unstable, and spontaneous reactivation is relatively rapid
compared with that of a phosphoryl ated enzyne. Non-fatal poisoning in
man is rapidly reversible. Recovery is aided by the admi nistration of
at r opi ne.

2. I DENTITY, PHYSI CAL AND CHEM CAL PROPERTI ES, AND ANALYTI CAL METHODS

2.1 ldentity
Comon nane: Al di carb
Chem cal structure:
CH; @)
CHS - C- CH = N - OCNHCH;
CH;

Mol ecul ar fornmula: GHisNOGS
Synonyns and
common trade
names:

Al dicarb (English); Al dicarbe (French);
Car banol ate; ENT 27 093; 2-nethyl -2-
(et hyl t hi o) pr opanal

O [ (et hyl am no) - carbonyl Joxinme (C A.);
2-nmet hyl - 2- (et hyl t hi o) pr opi onal dehyde

O net hyl - car banmoyl oxi me (| UPAC);

NCI - C38640; OVB-771; Propanal,
2- net hyl - 2- (net hyl t hi o) -,

O ((net hyl am no) car bonyl ) oxi nme; Teni c;
Tem k; Temik G Temk M Tem k LD; Sentry;
Tem k 5G Tem k 10G Teni k 15G Temi k 150G
Uni on Carbide UC 21 149.

CAS registry

nunber

RTECS no.

2.2 Physical

116-06-3
UE2275000.

and chem cal properties
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Sone physical and chemical properties of aldicarb are given in
Tabl e 1.

Al di carb, for which the | UPAC nane is
2- et hyl - 2- (et hyl t hi o) pr opi onal dehyde O net hyl car banoyl oxi me, is an
oxi me carbamate insecticide that was introduced in 1965 by the Union
Car bi de Corporation under the code nunber UC 21 149 and the trade name
Tem k (Worthing & Wal ker, 1987).

Takusagawa & Jacobson (1977) reported that the nol ecul ar
structure of the aldicarb crystal, as deternined by single-crysta
X-ray diffraction techni ques, consists of an orthorhonbic unit cel
with eight nolecules per cell. The GO single bond length in the
carbamate group was reported to be significantly greater than in
carboxylic acid esters. This supports the theory that interaction with
acetyl chol i nesterase invol ves disruption of this bond.

Al dicarb has two geonetrical isoners as shown bel ow

CHgy 0 CH
' I |
CH,s — C© . OCNHCH 4 CHS — © - o
CH, | CH, . OCNHCH 5
H
Anti Syn

The commrercial product is a mxture of these two isonmers. It is
not certain which isoner is the nore active

2.3 Conversion factors

In air at 25 °C and 101.3 kPa (760 mrHg):
1 ppm (v/v) = 7.78 ng/
1 mg/n? = 0.129 ppm (Vv/ V).

2.4 Analytical nethods

The nethods for anal ysing aldicarb include thin-|ayer
chromat ogr aphy (Knaak et al., 1966a,b; Metcalf et al., 1966), liquid
chromat ography (LC) (Wight et al., 1982), ultraviolet detection
(Sparacino et al., 1973), post-colum derivatization and fluoronetric
detection (Mye et al., 1977; Krause, 1979), and gas chronat ography
(GC) with various detectors. These include the Hall detector (Gal oux
et al., 1979), mmss spectronetry (Miuszkat & Aharonson, 1983), flame
ionization detection (Knaak et al., 1966a,b), and esterification and
el ectron capture detection (Mye, 1975). A nultiple residue nethod
exists for detecting N nethylcarbamate insecticide in grapes and
potatoes. It involves separation by reverse phase liquid
chr omat ogr aphy and detection by a post-colum fluoronetric techni que
(ACAC, 1990).

Table 1. Sonme physical and chenical properties of aldicarb?

Rel ati ve nol ecul ar nass: 190. 3
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Form col ourless crystals (odourless or slight
sul furous snell)

Mel ting point: 100 °C

Boi | i ng point: unknown; deconposes above 100 °C
Vapour pressure (25 °C): 13 nPa (1 x 10°* mtg)

Rel ative density (25 °O): 1.195

Solubility (20 °C): 6 g/litre of water; 40%in acetone;

35%in chloroform 10%in tol uene

Properties: heat sensitive, relatively unstable
chemical; stable in acidic nedia but
deconposes rapidly in al kaline media;
non-corrosive to nmetal; non-fl ammabl e;
oxi di zing agents rapidly convert it to
the sulfoxide and slowy to the sul fone

[ mpurities di met hyl am ne; 2-net hyl - 2- (et hyl t hi 0)
propionitrile; 2-methyl-2-(2-methyl-
t hi opr opyl enami noxy) propi nal dehyde
O (nethyl carbanoyl) oxi ne;
2-net hyl - 2- (net hyl t hi 0) propi onal dehyde
oxi me

Log octanol /water partition 1. 359
coefficient

& From Kuhr & Dorough (1976), Worthing & Wal ker (1987), and FAQ WHO (1980).

Because of aldicarb's thernmal lability, it degrades rapidly in
the injection port or on the colum during GC analysis. Thus, short
col umms have been used to facilitate nore rapid anal yses and prevent
thermal degradation (Riva & Carisano, 1969). A nmmjor drawback to using
GC nethods is that aldicarb degrades to aldicarb nitrile during GC
this degradation may al so occur in the environment (US EPA, 1984).
Duri ng GC anal ysis by conventional -l1ength colums, aldicarb nitrile
interferes with aldicarb analysis, thus necessitating a tinme-consuni ng
cl ean-up procedure. Furthernore, aldicarb nitrile cannot be detected
by LC with UV detection since absorption does not occur in the W
range (US EPA, 1984). The post-colum fluoronetric technique used in
LC requires hydrolysis of the analyte, with the formation of
nmet hyl ami ne, which reacts with o-phthal al dehyde to forma
fl uorophore. Since aldicarb nitrile does not hydrolyse to form
net hyl am ne, it cannot be detected (Krause, 1985a).

US EPA (1984) reported that high-performance liquid

chr omat ography (HPLC) can be used to deternmnine

N- net hyl - car banoyl oxi nes and N-net hyl carbanates in drinki ng-wat er.
Wth this method, the water sanple is filtered and a 400-pul aliquot is
injected into a reverse-phase HPLC col um. Conpounds are separated by
usi ng gradient elution chromatography. After elution fromthe col um,
the conpounds are hydrol ysed with sodi um hydroxi de. The nethyl am ne
fornmed during hydrolysis reacts with o-phthal al dehyde (OPA) to form
a fluorescent derivative, which is detected with a fluorescence
detector. The estimated detection limt for this method is 1.3 g
aldicarb/litre.

Redi ng (1987) suggested that sanples be kept chilled, acidified
with hydrochloric acid to pH 3, and dechlorinated with sodi um
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thiosulfate. OGther procedures used were the sane as those described in
t he previous paragraph

In a collaborative study, Krause (1985a,b) reported an LC

mul ti-residue nmethod for determning the residues of

N-net hyl carbanate insecticides in crops. The average recovery for 11
carbamat es (which included aldicarb and aldicarb sulfone) from 14
crops was 99% with a coefficient of variation of 8% (fortification

| evel s of 0.03-1.8 nmg/kg), and for aldicarb sul foxide, a very polar
nmet abolite, was 55% and 57% at |evels of 0.95 and 1.0 ny/ kg,
respectively. Methanol and a nechanical ultrasonic honogeni zer were
used to extract the carbamates. Water-sol uble plant co-extractives and
non-polar plant lipid materials were renoved fromthe carbanate
residues by liquid-liquid partitioning. Additional crop co-extractives
(carotenes, chlorophylls) were renoved with a Nuchar S-N-sil anized
Celite colum. The carbamate residues were then separated on a
rever se-phase LC columm, using acetonitrile-water gradient nobile
phase. Eluted residues were detected by an in-line post-colum
fluoronetric detection technique. Six |laboratories participated in

this collaborative study. Each |aboratory determined all the
carbamates at two levels (0.05 and 0.5 ng/kg) in blind duplicate
sanpl es of grapes and potatoes. Repeatability coefficients of
variation and reproducibility coefficients of variation for al
carbamates in the two crops averaged 4.7 and 8.7% respectively. The
estimated linit of quantification was 0.01 ng/kg.

Ting & Kho (1986) discussed a rapid analytical nethod using HPLC.
They nodified their previous nmethod (Ting et al., 1984) by using a
25-cm CH Cycl ohexyl colum instead of the 15-cm G 18 columm. This
nodi fication resulted in the separation of the interference peak found
in watermelon co-extractives. The separation of the interference peak
and the aldicarb sul foxi de peak was nade possi ble by the additional 10
cmin the length of the colum and the higher polarity of the
CH Cycl ohexyl . Acetonitrile and methanol were used in the extraction
and derivatization procedure before the HPLC determination. Wter
nmelons fortified with aldicarb sulfoxide at 0.1, 0.2, and 0.4 ng/kg
showed a nean recovery of 74-76%

Chaput (1988) described a sinplified nethod for deternining seven

N- net hyl car bamat es (al di carb, carbaryl, carbofuran, nethiocarb,

met honyl , oxanyl, and propoxur) and three related netabolites
(al dicarb sul foxide, aldicarb sulfone, and 3-hydroxy-carbofuran) in
fruits and vegetabl es. Residues are extracted fromcrops with

net hanol , and co-extractives are then separated by gel perneation
chr omat ography (GPC) or GPC with on-line Nuchar-Celite clean-up for
crops with high chlorophyll and/or carotene content (e.g., cabbage and
broccoli). Carbamates are separated on a reverse-phase liquid
chr omat ogr aphy col um, using a nethanol -water gradi ent nobil e phase.
Separation is followed by post-colum hydrolysis to yield nethylan ne
and by the formation of a flurophore with o-phthal al dehyde and
2-mer capt oet hanol prior to fluorescence detection. Recovery data were
obtained by fortifying five different crops (apples, broccoli
cabbages, cauliflower, and potatoes) at 0.05 and 0.5 ng/kg. Recoveries
averaged 93% at both fortification levels, except in the case of the
very polar aldicarb sul foxide for which recoveries averaged around 52%
at both levels. The coefficient of variation of the method at both
level s was < 5% and the linit of detection, defined as five tinmes the
basel i ne noi se, varied between 5 and 10 pg/ kg, depending on the
conpound.

The International Register of Potentially Toxic Chem cals (IRPTC,

1989) reported a GLC-FPD nethod for aldicarb analysis in foodstuffs.
The Iimt of quantification was 0.01-0.03 ng/kg with a recovery rate
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of 76-125% In this method, the acetone/dichl oromet hane-extracted
sanple is evaporated to dryness and the residue is dissolved in a
buffered solution of potassium permanganate in water in order to
oxi di ze the thioether pesticide and its sul foxide netabolite to the
correspondi ng sul fone. Aldicarb sulfone is then extracted with

di chl oronet hane and the extract is evaporated to dryness. The residue
is dissolved in acetone and the solution is anal ysed by GC- FPD using

a pyrex colum filled with 5% ov-225 on chronbsorb WHP, 150-180 U
(the colum tenperature is 175 °C and the carrier gas is nitrogen with
a flowrate of 60 m/mn).

3. SOURCES OF HUVAN AND ENVI RONVENTAL EXPOSURE
3.1 Natural occurrence

Aldicarb is a synthetic insecticide; there are no natural sources
of this ester.

3.2 Anthropogeni c sources
3.2.1 Production |levels, processes, and uses

Aldicarb is a systenmi c pesticide used to control certain insects,
mtes, and nenatodes. It is applied below the soil surface (either
pl aced directly into the seed furrow or banded in the row) to be
absorbed by the plant roots. OnMng to the potential for dernal
absorption of carbamate insecticides (Mibach et al., 1971), aldicarb
is produced only in a granular form The comercial formnulation
Tem k, is available as Temi k 5G Tem k 10G and Tem k 15G which
contain 50, 100, and 150 g aldicarb/kg dry weight, respectively. The
netabolite aldicarb sulfone is also used as a pesticide under the
common nane al doxycarb. Aldicarb is usually applied to the soil in the
formof Temik 5G 10G or 15G granules at rates of 0.56-5.6 kg ai/ha.
Soil moisture is essential for its release fromthe granul es, and
upt ake by plants is rapid. Plant protection can last up to 12 weeks
(Worthing & Wal ker, 1987), but actual insecticidal activity may vary
from2 to 15 weeks, depending on the organisminvolved and on the
application nmethod (Hopkins & Taft, 1965; Cowan et al., 1966; Davis et
al., 1966; Ridgway et al., 1966). The effective life of this
insecticide will vary, depending on the type of soil, the soi
noi sture, the soil tenperature, the rainfall and irrigation
conditions, and the presence of soil micro-organisns.

Al dicarb is approved for use on a variety of crops, which include
bananas, cotton plants, citrus fruits, coffee, nmize, onions, sugar
beet, sugar cane, potatoes, sweet potatoes, peanuts, pecans, beans
(dried), soybeans, and ornanmental plants (FAQ WHO 1980; Berg, 1981).
Its use in the home and garden has been proscribed by the
manuf act urer.

Since aldicarb is used in a granular form this reduces the
handl i ng hazards, as water is necessary for the active ingredient to
be rel eased. Respirators and protective clothing should, however, be
used in certain field application settings (Lee & Ransdell, 1984).

3.2.1.1 World production figures

In the USA, a total of 725 tonnes was sold donestically for
conmercial use in 1974 (SR, 1984).

The US EPA (1985) estinmated that aldicarb production from1979 to
1981 ranged from 1360 to 2130 tonnes/year. In 1988, the US EPA
estimated that between 2359 and 2586 tonnes of aldicarb were applied
annual ly in the USA (US EPA, 1988a). Mre recent world production
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figures are not avail able.
3.2.1.2 Manufacturing processes

Aldicarb is produced in solution by the reaction of nethyl
i socyanate with 2-nethyl -2-(nethylthio)propanal -doxi ne (Payne et al.
1966). During normal production, loss to the environnent is not
significant.

4. ENVI RONMENTAL TRANSPORT, DI STRI BUTI ON, AND TRANSFORNMATI ON
4.1 Transport and distribution between nedi a

The fate and transport of aldicarb and its decomnposition products
in various types of soil have been studied extensively under
| aboratory and field conditions. OMng to the physical properties of
al dicarb such as its | ow vapour pressure, its comrercial granul ar
form and its application beneath the surface of the soil, the vapour
hazard of aldicarb is low Thus the fate of aldicarb in the atnosphere
has not received nmuch attention. Simlarly, its fate in surface water
has not been extensively studied. However, the rates and nechani sns of
the hydrolysis of aldicarb have been studied in the |laboratory in sone
detail .

4.1.1 Ar

No studies on the stability or migration of aldicarb in the air
over or near treated fields have been reported. Laboratory migration
studies with radiolabelled aldicarb in various soil types showed a
| oss of the applied substrate. This |loss could not be expl ai ned unl ess
aldicarb or its deconposition products had been transferred to the
vapour phase (Coppedge et al., 1977). Wen 34 ng of *C-aldicarb
granul es was applied 38 mm bel ow t he surface of a columm of soi
contained in a 63 x 128 nm pol y- propyl ene tube, about 43% of the
radi ol abel was collected in the atnosphere above the col um.

Addi tional experinents showed that the transfer of radioactivity to

t he surroundi ng at nosphere was inversely proportional to the depth of
application in the soil. Wen C and 3S-1abelled aldicarb were
used separately in simlar experinments, only the experinents in which
the “C | abell ed conpound was used led to a transfer of

radi oactivity to the surroundi ng atnosphere, thus show ng that the
vol atil e conpound was a carbon-contai ni ng breakdown product rather
than aldicarb per se.

In a subsequent study with aldicarb using *C at the
S-nethyl, Nnmethyl, and tertiary carbon, Richey et al. (1977)
reported that 83% of the radiol abel was recovered as carbon di oxi de
froma colum of soil. The rate of degradation depended on the
characteristics of the soil, e.g., pHand humdity.

Supak et al. (1977) reported that when aldicarb (1 ng/g) was
applied to clay soil and placed in a volatilizer, its volatilization
was very limted. The authors stated that the possibility of aldicarb
causing an air contam nation hazard when it is applied in the field is
negligible since it is applied at a rate of only 1.1-3.4 kg/ha and is
inserted to 5-10 cm bel ow the soil surface.

4.1.2 Water and soil

There have been numerous studi es on aldicarb, under field and
| aboratory conditions, to investigate its novenent through soil and
wat er, persistence, and degradation. Wiile earlier studies suggested
that aldicarb degraded readily in soil and did not |each, later
identification of residues in wells indicated that persistence could
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be longer than predicted and that nobility was greater. Laboratory
studi es have given variable results and the only totally reliable data
are fromfull-scale field studies.

In one of the few studies conducted with natural water (Quraishi
1972), rain overflow and seepage water were collected fromditches
near untreated fields, filtered, and then treated with aldicarb at a
concentration of 100 ng/litre. Solutions were stored in anbient
lighting at tenmperatures ranging from16 to 20 °C. It took 46 weeks
for the aldicarb concentration to decrease to 0.37 ng/litre.

Fol | owi ng an extensive study under |aboratory-controlled
conditions, Gven & Dierberg (1985) reported that the hydrolysis of
al di carb was dependent on pH. They found that the apparent first-order
hydrol ysis rate over the pH range 6-8 and at 20 °C was rel atively sl ow
(Table 2). Above pH 8 the increase in the hydrolysis rate showed a
first-order dependence on hydroxide ion concentration. The authors
stated that these studies probably represented a "worst-case"
situation with respect to the persistence of aldicarb in water, since
ot her neans of aldicarb renoval or deconposition (e.g.
vol atilization, adsorption, |eaching, and plant and m crobial uptake)
had been prevented.

Hansen & Spi egel (1983) showed that aldicarb hydrol yses at nuch
sl ower rates than aldicarb sul foxide and al di carb sul fone. Since
al dicarb oxidizes fairly rapidly to the sulfoxide and at a slower rate
to the sul fone, and subsequent hydrolysis of the oxidation products
usual Iy occurs, aldicarb does not persist in the aerobic environnent.

In his review, de Haan (1988) discussed |eaching of aldicarb to
surface water in the Netherlands. Sonme of the factors favourable to
| eachi ng are weak soil binding, high rainfall, irrigation practices,
and | ow transformation rates of the oxidation products of aldicarb

Aharonson et al. (1987) reported that hydrolysis of aldicarb is
one of the abiotic chemi cal reactions that is Iinked to the detection
of the pesticide in the ground water. The hydrolysis half-life at pH
7 and 15 °C has been estinmated by these authors to be as | ong as
50- 500 weeks.

Table 2. Apparent first-order rate constant (k), half-life (t-), and
coefficient of variation of the regression line (r? for aldicarb
hydrolysis at 20 °Cin pHbuffered distilled water?

pH Peri od k (day )P t-P r?
(days) (days)

3.95 89 5.3 x 1078 131 0. 86

6. 02 89 1.2 x 103 559 0. 90

7.96 89 2.1 x 1078 324 0.62

8.85 89 1.3 x 103 55 0.98

9. 85 15 1.2 x 10! 6 1.00

& Adapted from Gven & Dierberg (1985).

Rates and resulting half-life values for pH 6-8 represent
only estimates since the slopes of the | og percentage
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remai ning versus tinme regression |ines were probably not
significantly different fromzero

The products of aldicarb hydrolysis at 15 °C under al kaline
conditions (pH 12.9 and 13.4) are aldicarb oxine, nethylanne, and
carbonate (Lem ey & Zhong, 1983). The hal f-lives of hydrolysis at
these two pHs are 4.0 and 1.3 mn, respectively. O her hydrolysis
data, determined at pH 8.5 and 8.2, yielded rates with half-1lives of
43 and 69 days, respectively (Hansen & Spiegel, 1983; Krause, 1985a).
Lemey et al. (1988) reported that at pH values of 5-8 the sorption of
al di carb, aldicarb sul foxide, and aldicarb sul fone decreases as the
tenperature increases from15 to 35 °C

Andrawes et al. (1967) applied the pesticide at the recomended
rate of 3.4 kg/ha to potato fields and found that < 0.5% of the
origi nal dose remained at the end of a 90-day period. In fallow soil,
deconposition of aldicarb to its sul foxi de and sul fone was rapid, >
50% of the adm ni stered conpound di ssipating within 7 days after
appl i cation. Peak concentrations of the aldicarb sulfoxide (8.24
ng/ kg) and al di carb sulfone (0.8 ng/kg) were reached at day 14 after
the application.

Qu et al. (1986) investigated the degradati on and netabol i sm of
1C aldicarb in soils under aerobic and anaerobic conditions. They
found that under aerobic conditions, aldicarb rapidly disappeared and
aldicarb sulfoxide was rapidly fornmed; the latter in turn was slowy
oxi di zed to aldicarb sul fone. The sul foxi de was the principa
nmetabolite in soils under strictly aerobic conditions. Although the

parent conpound al di carb persisted considerably |onger in anaerobic
soils, anaerobic half-lives for total toxic residue (aldicarb

al di carb sul foxi de, and aldicarb sulfone) in subsurface soils were
significantly shorter than under aerobic conditions.

A nunber of factors, including soil texture and type, soi
organi c content, soil noisture levels, tinme, and tenperature, affect
the rate of aldicarb degradati ons (Coppedge et al., 1967; Bull, 1968;
Bull et al., 1970; Andrawes et al., 197l1a; Suspak et al., 1977). Bul
et al. (1970) reported that soil pH had no significant effect on the
breakdown of aldicarb, but Supak et al. (1977) noted an increase in
the rate of degradati on when the pH was | ower ed.

Li ghtfoot & Thorne (1987) investigated the degradation of
al di carb, aldicarb sul foxide, and aldicarb sulfone in the [aboratory
using distilled water, water extracted fromsoil, and water with soi
particles (Table 3). Degradation of all three conmpounds was greatest
in the uppernost "plough" |ayer of the soil profile and rmuch higher in
the presence of soil particulates. Even after sterilization of the
soil, degradation was fast in this layer, indicating that the effect
of particulate matter is not entirely nicrobial. Degradation continued
in the saturated zone (ground water) at a slower rate (particularly
for the sulfoxide and sulfone). A further series of experinents
i nvestigated the degradation of m xtures of aldicarb sulfoxide and
sul fone in soil and water fromthe saturated zone of two soil types
(Table 4). The half-life was longer in the acidic Harrellsville soi
than the al kaline Livingston soil. As in the case of |aboratory
experinents, the presence of particul ates considerably increased the
rate of degradation of the carbamates. Investigation of many vari abl es
in the |aboratory led the authors to conclude that pH, tenperature,
redox potential, and perhaps the presence of trace substances can al
af fect degradation rates. They believed that |aboratory
experinmentation could not provide definitive results wi thout the
identification of critical variables and that field observation was a
nore reliable indicator of aldicarb degradation
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Table 3. Degradation rates for aldicarb, aldicarb sulfoxide,
and al di carb sul fone?

Hal f-1ife at 25 °C (days)®

Al di carb Tot al car bamat es

Pl ough- | ayer soi

sterilized 2.5 (2.3-2.6) 10 (7-16)

unsterilized 1.0 (0.9-1.1) 44 (39-50)
Soi | wat er

sterilized 1679 (1056-4064) 1924 (1133-6370)

unsterilized 156 (143-176) 175 (158-195)
Distilled water (no buffers) 671 (507-994) 697 (518-1064)
Sat urated zone soil and water

sterilized 15 (14-16) 16 (15-18)

unsterilized 37 (33-42) 123 (115-132)

a From Lightfoot & Thorne (1987).

b Val ues i n parentheses represent 95% confidence intervals.

¢ Al dicarb, aldicarb sul foxide, and al dicarb sul fone.

pH neasurenents
sterilized soil water: 6.6-7.0 for 238 days
4.8-5.0 at day 368 unsterilized soil water: 6.6-6.7 for 56
days; 4.2-4.4 at day 238, 3.2 at day 368 distilled water:
7.3-7.5 for 238 days, 6.2-6.8 at day 368 saturated zone soi
and water: 4.1-4.5 throughout entire study.

Coppedge et al. (1977) studied the novenent and persistence of
aldicarb in four different types of soil in |laboratory and field
settings using a radiol abell ed substrate. Sanples of clay, |oam
"muck" (soil with high organic content), and sand were packed in
pol ypr opyl ene colums (63 x 128 nm), saturated with water, and
mai ntai ned at 25 °C throughout the study. Radiol abelled aldicarb
granules (34 ng) were applied to each colum at a point 38 nm bel ow
the soil surface. Water was then applied to each soil colum at a rate
of 2.5 cmweek for the next 7 weeks. The water eluted through the
columms was col |l ected and anal ysed for radiol abel. At the end of the
7-week period, the soil was renoved in layers 25 nmthick and anal ysed
for residual radiolabel. The results of this study are shown in Tables
5 and 6. The radiolabel (< 1% in the loamand clay soils remained in
the upper layers of the colum, close to where it had been applied. In
the sand, the residual radiolabel (2-3% passed through to the |ower

parts of the colum. A nuch hi gher percentage (5-6% of the
radi ol abel was retained in the nmuck soil colum and was evenly
distributed al ong the colum. The radiol abel |eached into the water
eluted fromthe sand was 8-10 tines greater than that fromthe other
soil types. The nature of the deconposition products (ultimtely shown
to be carbon dioxide) resulted in sone |loss to the atnosphere
surrounding the soils. The data in Table 6 indicate that nost of the
radi oactivity retained in clay and loamsoils represented aldicarb
sul f oxi de whereas that in sand largely represented the parent
compound. Greater |eaching through sand decreased loss to the

at nosphere by degradation to carbon di oxi de.

Coppedge et al. (1977) also studied the persistence of aldicarb
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using field lysimeters. Aldicarb (34 ng), labelled with *®S, was

added to colums (63 x 128 mm) containing Lufkin fine sandy | oam soi
at a point 76 nm bel ow the surface. The contents were npistened with
wat er and then buried in the sanme type of soil at a depth where the

i nsecticide granules were 152 nm bel ow t he surface. The experi ment

| asted for 7 weeks and rain was the only other source of noisture. The
columm recovered 3 days after the application yielded 71% of the
radi ol abel, while the colum recovered at the end of 7 weeks yi el ded
only 0.9% This suggested an approximate half-life for the aldicarb of
< 1 week, and the | abel distribution suggested an upward novenent
through vol atilization of the deconposition products. The authors
therefore concluded that there was little danger that aldicarb would
nove into the underground water supply in this type of soil.

Bowman (1988) studied the nobility and persistence of aldicarb
using field |ysinmeters containing cores (diameter, 15 cm length, 70
cn) of Plainfield sand. Half of the cores received only rainfall
whil e the remai nder received rainfall plus sinulated rainfall (50.8
nm) on the second and ei ghth days after treatnent, followed by
simulated irrigation for the duration of the study. The results of
this study indicated that under normal rainfall about 9% of the
appl i ed aldicarb | eached out of the soil cores as sul foxide or
sul fone, whereas, in cores receiving supplenentary watering, up to 64%
of applied aldicarb appeared in the effluent principally as sulfoxide
or sul fone.

Table 4. Degradation rates for aldicarb sul foxide and aldicarb sul fone

Sterilized (25 °C
Soil type and nedi um

Hal f-1ifeP pH
Harrellsville, NC
saturated zone soil and water
Harrellsville, NC (first set)
saturated zone soil and water 378 (287-550) 4.3
coarse-filtered water 1100 (760-1970) 4.6
fine-filtered water > 2000 4.6
Li vi ngston, CA (original data)
saturated zone soil and water
Li vi ngston, CA
saturated zone soil and water 1.3 (1.2-1.4) 9.0
coarse-filtered water 19 (17-22) 7.7

a From Lightfoot & Thorne (1987).

Hal f-1ife (days) for carbamate residues. Values in parentheses represer
were conducted for only 1 year, half-life estimates greater than about
Hal f-1ives | onger than about 2000 days could not be determ ned.

Appr oxi mat e average val ue during experinent.

Table 5. Distribution and persistence of *C-aldicarb equivalents in soil co

Percentage of total dose in the various |ayers

Soil type Tot al
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0-25 ¢ 25-50 50- 75 75-100 100-128 extracted
from soi
Houst on cl ay 0.4 0.1 0.1 T T 0.6
Luf ki n | oam 1.2 0.3 0.1 0.1 T 1.7
Coar se sand T T 0.2 0.5 2.0 2.7
Muck 8.7 5.3 8.5 5.6 4.8 32.9

a From Coppedge et al. (1977).

b Results are the average fromtriplicate sanples. Trace anounts (T) = < (
¢ Layers are indicated by the distance (in m) fromthe surface.

d Wat er that passed through the colums after the weekly addition of npist

Table 6. *C-labelled aldicarb and metabolites in water eluted through soil ¢

Percent age of total dose recover:

Soil type and conpounds 3 10 16 23 29
C ay
al dicarb 0.5 0.2
sul f oxi de 3.2 1.9
sul f one 0 T
ot her netabolites 0.7 0.6
Tot al 0 3.2 4.4 2.7 0.8
Accumul ati ve tot al 0 3.2 7.6 10. 3 11.1 11
Sand
al dicarb 7.3 31.5
sul f oxi de 0.9 2.6
sul f one 0 0
ot her netabolites 0.2 1.9
Tot al 0 3.5 8.4 36.0 9.2
Accumul ati ve tot al 0 3.5 11.9 47.9 57.1 64

Table 6 (contd). “C labelled aldicarb and netabolites in water eluted throug

Percent age of total dose recover:

Soil type and conpounds 3 10 16 23 29
Loam

al dicarb T T

sul f oxi de 0.9 0.3 0.2

sul f one 0 0

ot her netabolites 0.2 T 0.2
Tot al 0 0.7 1.1 0.3 0.4
Accumul ati ve tot al 0 0.7 1.8 2.1 2.5 2
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Muck

al dicarb T

sul f oxi de 0.1

sul f one 0

ot her netabolites 0.2
Tot al 0 0.2 0.6 0.9 0.9
Accunul ati ve total 0 0.2 0.8 1.7 2.6 2

From Coppedge et al. (1977).
Results are the average fromtriplicate sanples. Trace anmounts (T) = < (
wi t hout val ues for each conponent, the volunme of sanples was insuffici

Andrawes et al. (1971a) studied the fate of radio-1|abelled
aldicarb ( S-nethyl-*C Tenik) in potato fields. The initial soil
concentration was 13.1 ng/ kg, which fell to 25.6 and 9.5% of the
appl i ed anbunt after 7 and 90 days, respectively. Sanples taken as
early as 30 mn after the application showed that 12.7% of the
al di carb had al ready been converted to aldicarb sufoxide. By day 7 it
had increased to 48% In fallow soil, aldicarb was applied as an
acetone/water solution at the sane |evel as that used in the planted
field. The dissipation of C residues occurred at a relatively slow
rate for the first 2 weeks and then at a faster rate. The breakdown
products in both the fallow and planted fields were essentially the
sane.

LaFrance et al. (1988) studied the adsorption characteristics of
al dicarb on I oamy sand and its nobility through a water-saturated
columm in the presence of dissolved organic matter. The results of
these studi es suggested that al dicarb does not undergo appreciable
compl exation with dissolved humic materials found in the interstitial
wat er of the unsaturated zones. Thus the presence of dissolved humc
substances in the soil interstitial water should not nmarkedly affect
the transport of the pesticide towards the water table.

Wodham et al. (1973a) studied the lateral novenent of aldicarb
in sandy |l oam soil. They applied the granular comercial formulation
of the pesticide (Tenmik 10G to irrigated and non-irrigated fields at
a rate of 16.8 kg/ha and placed it 15-20 cmto the side of cotton
seedlings and 12.5-15 cm deep. Soil sanples were collected throughout
the growi ng season froma depth of 15 cm fromthe bottomof a creek
adjacent to a treated field, and fromsites 0.40 and 1.61 km
downstream The aldicarb used in this study was found to have a short
residence tine. Levels in the treated field fell to 15%wi thin one
nonth. Only 8% renumi ned after 47 days. No residues were found after 4
nmont hs and no al di carb was detected either between rows or in the bed
of the creek that collected water drainage. The authors concl uded
that aldicarb was translocated into crop plants and weeds but that
there woul d be no carry-over of aldicarb or its netabolites from one
growi ng season to another (Wodhamet al., 1973b). The results of
studies by Andrawes et al. (1971a) and Maitlen & Powel | (1982) agree
with the observations of Wwodham and his col | eagues. Gonzal ez & Weaver
(1986) failed to detect aldicarb or its breakdown products in run-off
water froma field treated with aldicarb in California, USA

The nethod and tining of application can also affect the
m gration and degradation of aldicarb (Jones et al., 1986). Aldicarb
was applied in-furrow during the planting of potatoes and as a
top-dressing at crop energence. At the end of the growi ng season the
residues fromthe first application were found primarily in the top
0.6 mof soil, and the residues fromthe energence application were
found primarily in the top 0.3 mof soil
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In a three-year Wsconsin potato field study (sandy plain),
Fathulla et al. (1988) nonitored aldicarb residues in the saturated
zone ground water under fluctuating conditions of tenperature, pH, and
total hardness. Soils were well drained sands, |oany sands or sandy
loams (with 1 to 2% organic natter). The water table was high with a
depth to the saturated zone of between 1.3 and 4.6 m Sanpling wells
were bored to a maximumof 7.5 mfor groundwater sanpling. Rothschild
et al. (1982) had found all residues of aldicarb (and its breakdown
products) within the upper 1.5 mof the ground water in the sane area
in an earlier study. This is consistent with the views of both groups
of authors that novenment of aldicarb will occur in these aquifers. The
report of Fathulla et al. (1988) indicated that detection and
persi stence of aldicarb in the ground water were dependent on
al kalinity and tenperature. Mwvenent of aldicarb was lateral as wel
as vertical and the authors enphasized the inportance of seasonal
changes in water table depth and precipitation as factors influencing
noverent. Degradation by mcroorganisns in the upper |layers of the
soil and ground water was noted and identified as a major factor in
the short-termfate of the aldicarb. Hegg et al. (1988) neasured the
novenent and degradation of aldicarb in a loanmy sand soil in South
Carolina, USA, and found that it degraded at a rate corresponding to
a half-life of 9 days with essentially no residues present 4 nonths
after application. This was a faster loss of aldicarb fromthe soi
than in conparabl e studi es in neighbouring areas. Using the
unsaturated plant root zone nodel (PRZM with rainfall records from 15
years, aldicarb residues were predicted to be linited to the upper 1.5
m regardl ess of year-to-year variations in rainfall.

Pacenka et al. (1987) sanpled both soil cores and ground water
fromsites on Long Island (New York, USA), where earlier surveys had
suggested contami nation of wells with aldicarb and its breakdown
products (the sul fone and sul foxide). Three study areas were chosen
with shallow (3 n), nmedium (10 m, and deep (30 nm) water tables. A
were overlain with sandy soils. Soil cores, driven to the depth of the
water table, were taken froma field where aldicarb had been applied
to potatoes and from surroundi ng areas. Ground water was sanpled from
188 wells of varying depth and at different distances fromthe
al di carb source. Results indicated that the residence tinme of
aldicarb (including the sulfone and sulfoxide) in the soil depended on
the depth of the water table and, hence, the overlying unsaturated
zone. In the shallow and nmedi um depth water table sites, all aldicarb
resi dues had di sappeared within 3 years of the |ast use of the
conmpound. | n deeper unsaturated |ayers, aldicarb residues were present
at increasing concentrations in soil water from 10 mdown to the water
table at 30 m The uppernost 10 mwas free of residues. Analysis of
the groundwat er sanples showed | ateral novenment of residues extending
from120 mto 270 m "downstream of the source in a single year. It
was cal culated that the relatively shallow aquifer in the area (which
| ay over a deeper aquifer capped by an inpervious |ayer of clay) would

flush residues fromthe area conpletely within 100 years and lead to
concentrations bel ow the drinking-water guideline [ evel (New York) of
7 pg/litre being attained between 1987 and 2010 (depending on
assunptions for dispersion and degradation). Pacenka et al. (1987)
revised this figure downwards on the basis of their nore extensive
field observations, although no firmfigure could be advanced.

Studies in other geographical areas of the USA, including those
showi ng sone residues of aldicarb or the sul foxide and sulfone in
wel | s, have denobnstrated a shorter residence tine and nore rapid
degradation than in the Long Island study (Jones et al., 1986; Wnman
et al., 1987; Jones, 1986, 1987). In these studies there was little
| ateral noverment of the ground water in the saturated zone. \Water
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table levels in these areas were generally high and nmuch of the
sanpling of the ground water was in the top 4-5 mof the saturated
zone. Much greater |ateral novement of ground water in the Florida
Ri dge area at a shallower depth than simlar noverment in Long Island
al so shifted the aldicarb residues away fromthe treated area
However, degradation was sufficiently fast in these soils to reduce
the chance of contamination of wells used for drinking-water. An

i mpervious |layer 6 mdown woul d prevent deeper contanination in this
area (Jones et al., 1987a).

A review of well and groundwater nonitoring of aldicarb residues
t hroughout the USA has been published by Lorber et al. (1989, 1990),
whi ch indi cates geographical areas at greatest risk of water
contam nation and | ocal restrictions on the use of aldicarb

4.1.3 Vegetation and wildlife

The uptake of aldicarb and its residues by food crops and plants
has been reported in several studies (Andrawes et al., 1974; Miitlen
& Powel I, 1982). Residue levels in plants and crops grown in
al dicarb-treated soil are given in Table 7. O the nany varieties and
speci es of birds and manmmal s studied, only the oriole had aldicarb
residues (0.07 ng aldicarb equivalents per kg) in its tissues (Wodham
et al., 1973b).

In a study by Iwata et al. (1977), aldicarb was applied to the
soil in orange groves at rates of 2.8, 5.6, 11.2, and 22.4 kg ai/ha.
Resi dues found on day 118 after application in the soil were 0.03,
0.16, 0.20, and 0.42 ng/kg, respectively. On day 193, sanples were
taken fromthe pul p of oranges grown in soil that had been given the
hi ghest amount (22.4 kg ai/ha) of aldicarb. The residues in these
sanpl es ranged from 0. 02-0. 03 ny/kg.

After aldicarb was applied to the | eaves of young cotton plants
under field conditions, it was not translocated to other parts of the
plant to any great extent (Bull, 1968). Two weeks after application

93% of the recovered radi ol abel was found at the application site. The
remai nder was spread evenly throughout the plant, including the roots
and fruit.

4.2 Biotransfornation

In plants, aldicarb is netabolized by processes invol ving
oxi dation to the sul foxide and sulfone, as well as by hydrolysis to
the correspondi ng oxines and, ultimately, to the nitrile.

There have been several studies on the netabolismof aldicarb by
the cotton plant. Metcalf et al. (1966) found that aldicarb was
conpl etely converted within 4-9 days to the sul foxide, which was then
hydrol ysed to the oxi ne. The subsequent oxidation of the sulfoxide to
the sulfone occurred nore slowy and was found to lead to
bi oaccunul ation in aged resi dues (Coppedge et al., 1967).

When al dicarb (10 ul of an aqueous sol ution containing 10ug
al dicarb) was applied to the | eaves of cotton plants, 7.1% of the
adm ni stered dose was converted to the sulfoxide within 15 mn. Two
days later there was no residual aldicarb in or on the plant tissues,
and the principal netabolite (78.4%of the initial dose) was the
sul foxide. After 8 days, 7.4%of the initial dose was found as the
sul fone while the nitrile sulfoxide and an unidentified netabolite
were the final products of deconposition (Bull, 1968).

4.3 Interaction with other physical, chemical or biological factors
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4.3.1 Soil mcroorganisns

Kuseske et al. (1974) studied the degradation of aldicarb under
aer obi ¢ and anaerobic conditions and found that degradation was nuch
sl ower under anaerobic conditions. Jones (1976) studi ed the netabolism
of aldicarb by five commopn soil fungi. The potential for aldicarb
detoxification by these fungi (in decreasing order) was as foll ows:

@ iocl adi um catenul atum > Penicilliumnulticolor = Cunninghanell a
el egans > Rhi zoctonia sp. > Trichoderma harzi anum . The ngjor
organosol ubl e netabolites were identified as aldicarb sul foxide, the
oxime sulfoxide, the nitrile sulfoxide, and smaller amounts of the
correspondi ng sul fones, indicating that the netabolic pathways were
simlar to those found in higher plants and ani mals.

Spurr & Sousa (1966, 1974) tested the effects of aldicarb and its
net abol i tes on pat hogeni ¢ and saprophytic nicroorgani sms and found
that sone of the mcroorganisns appeared to use aldicarb as a carbon
source. The various bacteria and fungi used in these tests showed no
growt h i nhibition when aldicarb was added at levels up to 20 tines
those usually used in field conditions.

Table 7. Residues (in ng/kg) of aldicarb and its sul foxide and sul fone m
crops grown in aldicarb-treated soil®P

Replicate Pot at o Pot at o Alfalfa Alfalfa
no. | eaves® | eaves (transpl ant ed) (seeded)
(70)¢ (408) (456) (456)

3.4 kg ai/ha application

1 7.65 0.52 0.14 0.16
2 7.93 0. 15 ND 0.04
3 8.11 1.34 0. 09 0.05
4 8.74 1.27 0. 24 0.14
5 9. 60 1.03 0.13 0.24
Aver age 8.41 0. 66 0.12 0.13
15.0 kg ai/ha application
1 19. 30 0. 69 0. 89 0. 89
2 14. 90 1.10 0.34 1. 47
3 20. 80 1.12 0.43 0. 26
4 19. 40 0.50 0.76 0.61
5 22.60 1.96 1.37 8. 37
Aver age 19. 40 1. 07 0.76 2.32

a From Miitlen & Powell (1982).

Residues in this table were determ ned by oxidizing the aldicarb, aldic:
determ ning them as one conbi ned conpound, aldicarb sulfone. ND = non
these sanples was < 5.0 ng/aliquot analysed or < 0.02 ng/kg.

¢ These sanples are fromthe crop of 1979. Al others are fromthe crop ¢
Figures in parentheses are the interval in days between treatnment of so

5. ENVI RONMENTAL LEVELS AND HUMAN EXPOSURE
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5.1 Environnental |evels
5.1.1 Air

Since aldicarb is applied in granular formto the soil surface,
it reaches the atnosphere only by upward m gration and by
volatilization. Thus, it is not transported to the atnosphere to any
great extent and so is not expected to contribute a significant health
threat fromthis source. In a volatilization study (Supak et al.
1977), a special apparatus was designed to deternine the volatility of
aldicarb fromthe soil. The air eluted fromthe apparatus after it had
passed over soil sanpl es containing dispersed aldicarb was anal ysed by
the nmethod of Maitlen et al. (1970). This nethod all owed the
quantitative analysis of aldicarb and its two oxidation products, the
sul f oxi de and sul fone, both of which are toxic. Nontoxic deconposition
products, such as the sul foxide and sul fone oxi nes, both of which
interfere with the deternmination of aldicarb sulfone by this nethod,
were renoved by LC. Wen aldicarb was mixed with soil to a
concentration of 1 ng/kg, only 2ug of aldicarb volatilized over the
first 9 days of the experinent and subsequent |osses increased to a
steady-state rate of approximately 1lug/day. According to the authors,
this rate of volatilization was al nbst negligi ble and not hi gh enough
to cause a potential health hazard.

5.1.2 Water

Run-of f to surface water and | eaching to aquifers used as sources
of water for human consunption have been investigated. Al dicarb
resi dues have been found in drinking-water wells in New York
(Wl kinson et al., 1983; Varma et al., 1983), Wsconsin (Rothschild et
al., 1982), and Florida (MIler et al., 1985). The US EPA groundwat er
teamreported that they had found groundwater residues in 22 states
(US EPA, 1988b). In Canada, water sanples taken fromprivate wells
showed contamination with aldicarb up to 6.0 pg/litre; ground water
from Quebec (maxi mum of 28 pg/litre) and Ontario (nmaxi mumof 1.1
pg/litre) also contained detectable |evels (H ebsch, 1988).

Prince Edward |sland, Canada, is wholly dependent upon ground
water froma highly perneabl e sandstone aquifer for domestic,
agricultural, and industrial use. Priddle et al. (1989) reported that
12% of nonitored wells exceeded the Canadi an drinki ng-water guideline
of 9ug/litre for aldicarb. The maxi mumlevel detected was 15 pg/litre.

Fol | owi ng extensive agricultural use of aldicarb and as a result
of a conbination of environnental and hydro-Ilogical conditions on
eastern Long Island, New York, in 1978 the insecticide

and its nmetabolites had | eached into groundwater aquifers that
constitute the major source of drinking-water for |ocal inhabitants.

I n Decenber 1978, detectable levels of aldicarb were found in 20 of 31
wat er sources; simlar results were obtained in the foll ow ng June.
When both private and conmunity wells | ocated near potato farns were
sanmpl ed in August 1979, anal yses reveal ed detectable | evels of
aldicarb in potable water. |In March 1980, the Departnent of Health
Services in Suffolk County, New York, undertook an extensive sanpling
programe that included nearly 8000 wells. Union Carbide perforned the
anal yses, with the New York Department of Health serving as the
quality control arm Levels of aldicarb ranging fromtrace anounts to
> 400 pg/litre were detected in 27% of the wells sanpled. Baier &
Moran (1981) reported that of 7802 wells sanpled, 5745 (73.6% did
not have detectable concentrations of aldicarb, 1025 (13.1% had
concentrations in excess of the 7 ug/litre guideline of the New York
State Departnent of Health, and the remaining 1032 (13.3% had trace
amounts of this insecticide.
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Al di carb has been found at levels of 1-50 ug/litre in the ground
wat er of the USA (Cohen et al., 1986; de Hann, 1988).

The contamination of the Long Island (New York) aquifer by
aldicarb at levels of up to 500 pg/litre (in one well) was attributed
by Marshall (1985) to a conbination of circunstances (high rainfall
coarse sandy soil, low soil tenperatures, and a shallow water table)
that favoured | eaching. There have been sone predictions that this
undesi rabl e situation would persist for only a year or two, but also
some suggestions that wells could remain contaninated for up to a
century. Marshall (1985) also voiced concern that under anaerobic
conditions in cool climates, such as those in northern regions, the
breakdown of aldicarb and its residues would be a much sl ower process.
Cont ani nati on woul d al so be favoured by heavy usage of TeniKk.

During 1982, aldicarb was identified in several wells in the
state of Florida (MIller et al., 1985). The state Conmi ssion of
Agriculture and Consuner Services subsequently banned the use of Tem k
on citrus crops in 1983. A University of Florida task force was
appoi nted to sanple the 10 | argest drinki ng-water systens that
obt ai ned water from groundwater sources in 35 counties. Neither
al di carb nor its oxidative sul foxide or sul fone netabolites were
detected in any of the al nbst 400 sanpl es coll ected.

During the application season of 1984 (January to April), 2040
tonnes of aldicarb was used on citrus fruits at a rate of 5.6 kg ai/ha
in nore than 30 counties in Florida. No residues were detected in
sanpl es taken fromcomunity water systens, but trace anounts of
al di carb, aldicarb sul foxide, and aldicarb sulfone were found in the

Cal | oosahat chee River from which Lee County draws its drinking-water
(However, no residues were found in finished drinking-water in Lee
County). The authors stated that the persistence of aldicarb and its
nmetabolites in shall ow ground water may al so contani nate
drinking-water. The results of a nmonitoring study by the Union Carbide
Cor poration (UCC) showed that in shallow ground water aldicarb can
nove further fromits application point than originally predicted.

5.1.3 Food and feed

Resi dues have been detected on a variety of crops for which
aldicarb is used (see section 3.2.1). In the USA, aldicarb
i ntoxication fromeating contam nated wat ernel ons has been reported in
California (Jackson et al., 1986) and in Oregon (Geen et al., 1987),
and two epi sodes of poisoning from eating al di carb-contam nated
cucunbers have been reported in Nebraska (CGoes et al., 1980).
St or e- bought cucunbers, grown hydroponically, were found to contain
between 7 and 10 ng al di carb/ kg (Aaronson et al., 1980). It should be
noted that aldicarb is not approved for use on these crops.

Laski & Vannelli (1984) reported the results of a survey of
potatoes grown in New York State in 1982. Fifty sanples, each
consisting of 9 kg, were collected after harvest fromfour areas. In
each of these areas, except one (Long Island), aldicarb was applied at
rates of 14 to 22 kg/ha at planting stage. Sanples were anal ysed for
al di carb, aldicarb sul foxide, and aldicarb sul fone by the nethod of
Krause (1980). Over 50% (23 out of 43) of potato sanples obtained from
areas where aldicarb was applied were positive for aldicarb sulfoxide
(trace to 0.48 ng/kg) and/or sulfone (trace to 0.20 ng/kg), but
aldicarb itself was not detected. No residues were found in any of the
7 sanples fromLong Island. The maxi num concentrati ons were detected
in sanmples fromthe North Eastern | ocation, where there is sandy soil.
Pot at oes with the nmaxi mum concentration (0.48 ng/kg) were found to

Page 24 of 80



Aldicarb (EHC 121, 1991)

contain two and a half times higher concentrations (1.2 ng/kg) when
reanal ysed by a nore sensitive nmethod (Union Carbide, 1983). The

i nvestigators suggested that soil type and climatic conditions

i nfluenced residues in the crops.

When Krause (1985b) anal ysed aldicarb and its oxidative
netabolites in "market basket" potatoes, he detected |evels of
aldicarb sulfone ranging from< 0.01 to 0.18 ng/kg and of aldicarb
sul foxide from< 0.01 to 0.61 ng/kg. Al 39 sanples collected
bet ween 1980 and 1983 contai ned residues of aldicarb or its
met abol i tes.

Potato sanples collected fromfarnms in the north-central part of
New York, where soil is of the wet muck type, contained | ower aldicarb
resi dues than did the rocky-sandy soil type found in the north-eastern
part of the state, even though application rates were the sane in both
areas. These |lower residue levels were the result of aldicarb
deconposition associated with noisture. Cairns et al. (1984) descri bed
the persistence of aldicarb in fresh potat oes.

Peterson & Gregorio (1988) reported upper 95 percentile residue
| evel s of 0.0677 ng/kg in raw potatoes (tolerance = 1 ng/kg), 0.0658
ng/ kg in fresh bananas (tolerance = 0.3 ng/kg), and 0.0212 ng/kg in
grapefruit (tolerance = 0.3 ng/kg) in a market basket survey conducted
in the USA (national food survey). These authors also reported a
maxi mum resi due | evel of 0.82 ng/kg in raw potatoes obtained in
controlled field trials, as well as upper 95 percentile residue |evels
as high as 0.43 ng/kg in raw potatoes, 0.12 ng/kg in bananas, and 0.17
ng/kg in citrus products, estimated fromthe distribution of residue
| evel s obtained in field trials.

5.2 General popul ation exposure

The general popul ation may be exposed to aldicarb and its
residues primarily through the ingestion of food containing aldicarb
and from contam nated water, as discussed in sections 5.1.2, 5.1.3.
and section 8. The | argest documented epi sode of foodborne pesticide
poi soning in North Anerican history occurred in July 1985. This
resulted fromthe consunption of Californian waternelons contam nated
with up to 3.3 ng/kg of aldicarb sul foxide (Ting & Kho, 1986).

H rsch et al. (1987) reported 140 cases of poi soning incidences
in the Vancouver area of British Colunbia, Canada. A review of the
onset of synptons and food consuned suggested illness associated with
eating cucunbers contam nated with aldicarb. Analytical investigations
confirnmed that the cucunmbers from one producer contained residues of
total aldicarb up to 26 ng/kg.

Petersen & Gregorio (1988) reported the results of a
conpr ehensi ve analysis of aldicarb data fromcontrolled field residue
studi es and provided estimates of the upper 95 percentile of residues
in foods in the USA. The anal ysis showed that daily exposure at the
upper 95 percentile consunption rate for aldicarb-treated conmodities
containing the estinmated upper 95 percentile aldicarb residue |levels
woul d be approxi mately one-quarter of the daily exposure cal cul ated by
assuning that all of the aldicarb-treated commodities contained
residues at the tolerance levels (e.g., 1.77 pg/kg per day versus 6.38
pg/ kg per day for the USA popul ation). In addition, Petersen &
Gregorio (1988) presented the results of a statistically designed

nati onal food survey on the five commodities that were estimated to
be responsible for nore than 90% of the dietary exposure to aldicarb
residues in the USA (bananas, white potatoes, sweet potatoes, oranges,
and grapefruit). Daily exposure to aldicarb at the 95 percentile
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consunption rate for aldicarb-treated comobdities containing the

95 percentile aldicarb residue levels, as estimated fromthe nationa
food survey, would be approximately 6% of the daily exposure cal cul ated
by assuming aldicarb residue levels at the tol erance |evels

(e.g. 0.40 pg/ kg body weight per day versus 6.38 upg/ kg per day for the
USA popul ation).

The hi ghest daily exposure estimated fromthe results of the
nati onal food survey was 0.89 pg/ kg per day for non-nursing infants
and children (1-6 years of age).

A US EPA survey indicated that the vast najority of wells
contained levels of aldicarb residues Iess than 10 pg/litre and noted
that heat treatment of water used in cooking would result in aldicarb
resi dues no higher than 5 pug/litre (Cohen et al., 1986).

Acci dental |eaks of several gases at a plant producing aldicarb
inlnstitute, West Virginia, USA required 135 people to be the
hospitalized (Marshall, 1985).

5.3 Cccupational exposure during manufacture, fornulation or use

The dangers of inadequate safety precautions and inproper dress
and handling procedures are discussed in section 8. People involved in
the manufacture and field application of aldicarb are potentially at
hi gher risk than the general popul ation (Doull et al., 1980) and
shoul d al ways take proper safety precautions.

6. KINETICS AND METABOLI SM
6.1 Absorption

A nunber of studies on various manmal i an and non- manmal i an
speci es have shown that aldicarb, as well as its sulfoxide and sul fone
nmetabolites, is absorbed readily and al nost conpletely fromthe
gastrointestinal tract (Knaak et al., 1966a,b; Andrawes et al., 1967;
Dorough & Ivie, 1968; Dorough et al., 1970; Hicks et al., 1972; Canbon
et al., 1979). Andrawes et al. (1967) reported that the uptake of
al dicarb and aldicarb sul foxide fromthe gastro-intestinal tract of
the rat was rapid and efficient. They recovered 80-90% of the
radi ol abel in the urine during the first 24 h after administration
Their observation was substantiated by Knaak et al. (1966a, b), who
al so recovered > 90% of the adm nistered oral dose in rats.

Canbon et al. (1979) reported the rapid uptake of aldicarb in
pregnant rats. The rats showed overt signs of depression of
chol i nesterase activity < 5 mn after they were given single ora
doses of aldicarb ranging fromO0.001 to 0.10 ng/kg. At all dose
| evel s, acetylcholin-esterase activity was significantly decreased in
fetal blood, brain, and liver 1 h after dosing.

Dorough et al. (1970) recovered 92% of the doses (0.006-0.52
ng/ kg per day) of aldicarb and aldicarb sulfone in the urine of
| actating Hol stein cows dosed during a 14-day period. Dorough & lvie
(1968) found that > 90% of a single dose of 0.1 ng/kg admi ni stered
orally to lactating Jersey cows was absorbed and excreted in the
urine. In laying hens, oral doses of aldicarb and al dicarb sul fone
were adninistered in a 21-day short-termfeeding study and in a single
capsul e dose study, respectively. In the short-term feedi ng study,
80-85% of each daily dose was excreted in the faeces during the
following 24 h, while 90% of the total dose consuned was excreted
wi thin one week after the cessation of aldicarb intake. In the single
dose study, 90% of the single oral dose was excreted within 10 days
(Hicks et al., 1972).
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Fel dman & Mai bach (1970) reported the relatively efficient dernal
upt ake of carbamate insecticides in man (73.9% of a dermally applied
dose of carbaryl was absorbed over a period of 5 days conpared with
10% for five other representative pesticides). The percutaneous uptake
of aldicarb in water or in toluene has al so been denobnstrated
qualitatively in rabbits (Kuhr & Dorough, 1976; Martin & Wrthing,
1977) and in rats (Gai nes, 1969).

6.2 Distribution

The rapi d depression of acetylcholinesterase activity in fetal
and maternal bl ood and tissues observed after the oral administration
of aldicarb to pregnant rats denonstrated that aldicarb or its toxic
nmet abolites (the sul foxide and sul fone) are distributed to the tissues
by the systemic circulation (Canbon et al., 1979, 1980). The
quantitative distribution of radiolabelled aldicarb and its
netabolites in the tissues of female rats, given a single oral dose of
0.4 ng aldicarb/kg, is showmn in Table 8 (Andrawes et al., 1967).
Aldicarb and its residues appeared to be distributed anong the various
ti ssues exanmined with no tendency to be sequestered or accumnulated in
any one tissue, since animals killed from5 to 11 days after dosing
had no detectabl e radi ol abel | ed resi dues.

Aldicarb and its metabolites were found to be concentrated in the
livers of cows fed 0.12, 0.6, or 1.2 ng aldicarb/kg diet for up to 14
days (Dorough et al., 1970). Levels of the radiolabel in nuscle, fat,
and bone were | ow or bel ow the detection levels. In a previous study,
Dorough & Ivie (1968) found that 3% of the radi ol abel was excreted in
the mlk of a lactating cow after a single oral dose of 0.1 ng/Kkg.

H cks et al. (1972) conducted a study in which single oral doses
(0.7 mg/ kg) of aldicarb or a 1:1 nolar ratio of aldicarb and aldicarb
sul fone were adm nistered to |laying hens. The radi ol abel equival ents
were greatest in the liver and kidneys for the first 24 h, much | ower
| evel s being found in fat and nuscle. In a second study,
al di carb/al di carb sul fone was adninistered at 0.1, 1.0, or 20 ng/kg
diet for 21 days. Distribution to the tissues after this nmultiple
dosing reginen was simlar to that after the single dose, the highest
residue |l evels appearing in the liver and kidneys.

Table 8. Total aldicarb equivalents (nmg/kg) in tissues of rats treated

orally with ® S-aldicarb?

Time period (days after dosing)®

Day 1 Day 2 Day 3
W D W D W D
Hear t 0.12 0. 44 0. 09 0. 32 0. 08 .29
Ki dneys 0. 16 0. 56 0.08 0.25 0. 06 .16
Brain 0.11 0. 35 0. 02 0. 08 0. 08 .25
Lungs 0.15 0. 60 0. 02 0.48 0.04 .14
Spl een 0.27 1.08 0.04 0.12 0. 10 . 37
Li ver 0. 16 0. 28 0. 07 0. 22 0. 07 .21
Leg muscl e 0.16 0.61 0. 02 0. 07 0. 05 .20
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Fat 0.23 0.72 0.11 0.12 0. 09 0.11

Bone 0.11 0. 15 0. 09 0.13 0. 06 0. 08

St omach 0.19 0.64 0. 07 0.26 0.08 0.29

St omach contents 0.18 0.94 0.14 1. 05 0.10 0. 65

Smal | intestine 0.18 0.74 0.13 0. 45 0.10 0. 30

Smal | intestine 0.25 1.20 0.19 1.03 0.08 0. 49
contents

Table 8 cont'd. Total aldicarb equivalents (ng/kg) in tissues of rats treate
orally with *® S aldicarb?

Time period (days after dosing)”

Day 1 Day 2 Day 3
w D w D w D
Large intestine 0.15 0. 66 0.12 0.54 0. 08 0. 27
Large intestine 0.18 0. 67 0. 05 0.24 0.09 0. 39
contents
Bl ood 0.16 0.74 0.14 0.18 0. 08 0.21
a From Andrawes et al. (1967).

W= wet weight; D= dry weight.

6.3 Metabolic transformation

Car bamat es undergo a limted nunber of in vivo reactions:
oxi dation, reduction, hydrolysis, and conjugation (Ryan, 1971). In
animals, the enzynes involved in these processes are found in the
m crosomal fraction of the liver honogenate. In the case of aldicarb
bot h oxidation of the sulfur to the sul foxide and sul fone and
hydrol ysis of the carbamate ester group are involved (Andrawes et al.
1967). Although the hydrolysis reaction destroys insecticida
activity, both the sul foxide and sul fone are active anticholinesterase
agents (Andrawes et al., 1967; Bull et al., 1967; NAS, 1977). The
net abol i ¢ pathways for aldicarb in the rat are shown in Fig. 1
(Wl kinson et al., 1983). The netabolismof aldicarb in aninmals
usually results in the formati on of the sul foxide, sulfone, oxine
sul f oxi de, oxine sulfone, nitrile sulfoxide, nitrile sulfone, and at
| east five other metabolites (Knaak et al., 1966a,b; Dorough et al.
1970). Aldicarb nmetabolites forned by incubation with liver nicrosonal
enzynes are simlar to the netabolites formed in plants and insects
(Qonnithan & Casida, 1967). The rapid conversion to the sulfoxide and
sul fone has been denonstrated in plants (Metcalf et al., 1966;
Coppedge et al., 1967) and animals (Andrawes et al., 1967; Dorough &
lvie, 1968).

In vitro studies by Qonnithan & Casida (1967) showed that the
first stage in the netabolismof aldicarb involves the m crosomnal
reduced ni coti nam de adeni ne di nucl eoti de phosphate (NADPH) systemto
formthe sul foxide, but that the subsequent oxidation to the sul fone
derivative occurs only to a small extent. Andrawes et al. (1967)
confirnmed these findings and showed that in the presence of the NADPH
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cofactor the production of netabolites increases by a factor of 15.
The sane authors al so denonstrated that the principal urinary
nmetabolites in the rat consist of hydrolytic products with only a
smal | amount of carbamate. In studies with pig liver enzynmes, Hajjar
& Hodgson (1982) concluded that, under aerobic conditions and in the
presence of NADPH, the FAD dependent nonooxygenase is responsible for
the observed oxidation of the thio-ether in the primary netabolic
step. The sanme aut hors found that sul foxidation is enhanced rather
than inhibited by n-octylam ne, a known inhibitor of cyto-chrone

P- 450- dependent oxygenati on

6.4 Elimnation and excretion in expired air, faeces, and urine

Most studies on the elimnation and excretion of aldicarb and its
nmet abol i tes have used the radiol abell ed conmpound. No kinetic
coefficients have been reported, although studies in which rats (Knaak
et al., 1966a,b; Andrawes et al., 1967; Dorough & lvie, 1968; Marshal
& Dorough, 1979), cows (Dorough & lIvie, 1968; Dorough et al., 1970),
and chickens (Hi cks et al., 1972) were used gave sone infornmation
about the cl earance rates, nechanisns, and routes of excretion. In al
species, the principal excretion route for aldicarb and its

netabolites (> 90% is via the urine. A small anount of aldicarb and
its nmetabolic products is excreted via the faeces (which is in part
due to biliary excretion), or is exhal ed as carbon di oxi de.

The total excretion of S-nethyl-C¥, tert-butyl-CH-,
and N-rmethyl-C*-labelled aldicarb by rats after oral dosing was
investigated by Knaak et al. (1966a). Wthin 24 h, the total excretion
of the S-methyl, tert-butyl, and N nethyl |abels was
approxi mately 90, 90, and 60% respectively. For the S-nethyl- and
tert-butyl -l abell ed conmpounds, > 90% was excreted via the urine and
only 1.1% of the radiol abel was excreted as carbon dioxide. In a study
on rats dosed orally with aldicarb (labelled in a different position
and with different radioi sotopes), Andrawes et al. (1967) showed that
> 80% of the applied dose (labelled with *C) was excreted over 24
days, while 6.6% was excreted in the faeces within 4 days.

The biliary excretion of aldicarb and its netabolites was studied
by Marshall & Dorough (1979) in rats with cannulated bile ducts. A
single oral dose of C-thionethyl aldicarb (0.1 ng/kg) in 0.2 m of
vegetabl e oil was given by intubation, and urine, bile, and faeces
were coll ected over the next 72 h. Biliary excretion accounted for
2.6, 9.5, 22.9, 28.1, and 28.6% of the adm nistered dose at 3, 6, 12,
24, and 48 h after dosing, respectively. Mre than 64% was excreted in
the urine over the 48-h period, and < 1% was recovered fromthe
f aeces.

In a study by Dorough & Ivie (1968), 83% of an oral dose of 0.1
ng/ kg given to a lactating cow was recovered in the urine within 24 h
this increasing to 90% over 22.5 days. Only 2.85% of the radi ol abe
was recovered in the faeces within 8 days after dosing. Al sanples of
mlk taken from3 h to 22.5 days after dosing contai ned the radiol abe
and accounted for 3.02% of the admi ni stered dose.

H cks et al. (1972) dosed laying hens with %°S-aldicarb or with
a 1:1 nolar ratio of YCaldicarb and *C al dicarb sul fone. The
dose (0.7 ng/kg) was adm nistered orally in a gelatin capsule. In both
cases, the label was excreted rapidly; 75% of the radi ol abel was
recovered in the faeces within 24 h and > 80% was recovered within 48
h. Repeated dosing, twice a day for 21 days, resulted in a sinilar
pattern of excretion, 80-85%of the daily dose being excreted in the
faeces within 24 h after the admi nistration of each dose.
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CH, 0 hydralysis CH, dlebrydration CH,
CH,SCCH =—— MOCKWHCH, —*  CH,SCCH = NOH — CH SCC == N
CH, CH, EH,
aldicark i i . i
aldicarh oxime aldicark nitrile
acH , ﬁ OCH, ing
CH,5CCH == MOCMHCH, —® CH.5CCH = NOH E— CH.SCC =N
CH., CH., CH.,
aldicark sulfoxide aldicarb oxime sulfoxide aldicark nitrile sulfoxide
iiHB ﬁ OCH , ||:|u:|H3
CH,SCCH == MOCMHCH, —_— CH,SCCH ==MNOH — CH.SCC =M
OCH, OCH, OCH,
aldicarkh sulfone aldicark oxime sulfone aldicark nitrile sulfone

Figy. 1. Metabolism of aldicark in ratz. Modified from Wikinzon et al. (19833,
WHOSE0

7. EFFECTS ON LABORATORY MAMVALS AND I N VI TRO TEST SYSTEMS
7.1 Single exposure

The acute oral and dernal toxicity of aldicarb has been studied
in several species (Table 9). Oral LDsy; val ues appear to be fairly
consistent (0.3-0.9 ng/kg body weight in the rat) and not dependent on
the carrier vehicle. Oral adnministration of the granular formulation
of aldicarb gives LDsg val ues proportional to the active ingredient
content (Carpenter & Snyth, 1965). The oral LDsg values for aldicarb
sul foxide and sulfone in rats are 0.88 ng/ kg body wei ght and 25.0
ng/ kg body wei ght, respectively (Weil, 1968). Dermal LDsy val ues
vary with the node of application and the carrier vehicle used.

Several acute dermal toxicity studies using different carrier vehicles
have been reported. The dermal 24-h LDsp in rabbits for a single
application of aldicarb in water was 32 ng/ kg body wei ght (Wst &
Carpenter, 1966). However, when aldicarb was tested in propyl ene

gl ycol, the observed dermal LDsg was 5 ng/ kg body wei ght (Striegel

& Carpenter, 1962). A dermal LDsp of 141 ng/ kg body wei ght was
reported in a 4-h exposure study on rabbits using dry Tem k 10G
formulation. On the basis of results of acute oral and dermal toxicity
studi es, aldicarb should be | abelled as extrenely hazardous (WHO,
1990b) .

Carpenter & Smyth (1965) reported 100% nortality within 5 nmin
when rats, mice, and gui nea-pigs were exposed to aldicarb dust at a

concentration of 200 ng/nt. The rats and nice were nore sensitive
than the guinea-pigs. Rats survived a dust concentration of 6.7

my/ m® for 15 nin, but five out of six died after 30 min. Al rats
survived for 8 h when exposed to a saturated vapour concentration.
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Rats were also | ess sensitive to aerosol concentrations than to
simlar concentrations of the dust. Two of six rats survived an 8-h

exposure to an aerosol concentration of 7.6 ng/n?. Wil & Carpenter
(1970) determ ned an LDsp of 0.44 ng/kg body weight in rats by the
i ntraperitoneal route.

Table 9. Acute toxicity of aldicarb and its fornulation products

Conpound Rout e of Vehi cl e Species LDsg
adm ni s (mg/ kg body
tration wei ght) 2
Techni cal oral rat 0.93
al dicarb
oral peanut oil rat M 0.8
F. 0.65
oral corn oil rat M 0.09
oral corn oil rat F: 1.0
oral not specified nouse 0.3
skin xyl ene rat M 3.0
F. 2.5
skin not specified rabbit 5.0
skin propyl ene gl ycol rabbit 5.0
(5%
Tem k 10G oral not specified rat 7.7
der mal wat er rat 400
(4 h)
der nmal none rat 200

Table 9 cont'd. Acute toxicity of aldicarb and its formul ati on products

Conpound Rout e of ad- Vehi cl e Species LDsg

m ni stration (mg/ kg body
wei ght) 2

der mal none rat 850

der mal wat er (50% rabbit 32

der mal di met hyl rabbit 12.5

(4 h) pht hal at e

der mal tol uene (5% rabbit 3.5

(4 h)
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M= mle, F = femle.

Trutter (1989a) investigated the clinical effects and the effect
on plasma cholinesterase and erythrocyte acetyl cholinesterase of a
singl e feeding of aldicarb residues (about 83.4% sul foxi de and 16. 6%
sul fone). These residues were contained in a waternel on grown under
experinmental conditions, aldicarb having been applied to the soil at
intervals beginning at the tine of planting. Water-nelon with a
resi due concentration of 4.9 nmg/kg was fed to three nale and three
femal e cynonol gus nonkeys at a dosage that provided a residue intake
of 0.005 ng/ kg body weight. Additional groups of three male and three
fermal e nonkeys received untreated water-nelon (20 g/ kg body wei ght).
The test nonkeys received suppl enental untreated water-nelon so that
their total intake of the fruit was the sane as that of the controls
Chol i nesterase activity was measured 16, 9, and 3 days before and
i medi ately before the test. Peak inhibition of plasma cholinesterase
(31-46% occurred 1 h after treatnent. It was only slightly less at 2
h but was absent at 4 h after feeding. OCbservations continued at
intervals for 24 h. No inhibition of erythrocyte cholinesterase and no
clinical effects occurred (Trutter, 1989a).

A simlar study with identical nunbers of cynonol gus nonkeys was
conduct ed using treated bananas. The total residue |evel (0.25-0.29
ng/ kg) in six bananas was | ess than that in the water-nelon, and the
average distribution of netabolites was different (91.8% sul foxi de and
8.2% sul fone). The dosage of aldicarb netabolites for the test nonkeys
was 0. 005 ng/ kg body wei ght and the banana intake for both test and
control animals was 20 g/ kg body weight. Inhibition of cholinesterase
was simlar in male and femal e test nonkeys, averagi ng 23% one hour
after dosing, increasing to 33% by the second hour, and decreasing to
24% by the fourth hour. No inhibition of erythrocyte cholinesterase
and no clinical effects occurred (Trutter, 1989b).

7.2 Short-term exposure

Short-term studi es have been conducted in several species with
aldicarb and its principal netabolites (the sulfoxide and sul fone)
both al one and in conbi nation

In studies by Wil & Carpenter (1968b,c), male and fenale rats
were fed daily doses of aldicarb sulfoxide (0, 0.125, 0.25, 0.5, and
1.0 ng/ kg body weight) or aldicarb sulfone (0, 0.2, 0.6, 1.8, 5.4, and
16.2 mg/ kg body weight) in the diet for 3 and 6 nonths.

Acetyl cholinesterase activities were depressed at the three highest

| evel s of each compound, and this was acconpani ed by sone growh
retardation. No nortality or pathol ogical effects (gross or

m croscopi c) were observed. In an earlier study, Wil & Carpenter
(1963) fed nale and fenale rats daily with 0, 0.02, 0.10, or 0.50 ng
al di carb/ kg for 93 days. Plasma cholinesterase activity was depressed
in both males and fenal es but erythrocyte cholinesterase activity was
depressed only in nales. Male and female rats fed doses of either

al di carb sul foxide or the sulfone (0.4, 1.0, 2.5, or 5.0 ng/kg body
wei ght per day) for 7 days tolerated the | owest dose |evel of the

sul foxide with no effects on body or organ wei ght (Nycum & Car penter
1970). There was no evidence of plasma, erythrocyte or brain
chol i nesterase inhibition at that dose |evel. However, these
paraneters were significantly affected at all higher dose |evels.

Al dicarb sul fone caused a significant decrease in brain, plasnma, and
erythrocyte cholinesterase activity at the hi ghest dose level in rats
of both sexes. Reduction in brain cholinesterase activity al so
occurred at the two internedi ate dose levels for the sulfone in fenale
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rats only.

In a 13-week feeding study (NC, 1979), there was 100% nortality
in rats exposed to 100 or 320 ng al dicarb/ kg and body wei ght |oss at
80 ng/kg in nmale rats.

DePass et al. (1985) exposed 8-week-old male and fenal e Wstar
rats (10 of each sex per group) to a 1:1 m xture of aldicarb sulfoxide
and al dicarb sulfone in their drinking-water for 29 days. Their study
was based on a report by WIkinson et al. (1983) that residues of
al dicarb in drinking-water consist essentially of a 1:1 nmixture of the
sul foxi de and sul fone. The drinking-water |levels were 0, 0.075, 0. 30,
1.20, 4.80, and 19.20 ng/litre (0-1.67 ng/ kg body wei ght per day for
mal es and 0-1.94 ng/ kg body weight per day for females). The authors
concluded that 4.8 ng/litre (470ug/ kg body wei ght per day) was the
no- observed-effect |evel (NCEL), based on erythrocyte
acetyl chol i nesterase and plasma chol i nesterase inhibition observed at
the hi ghest dose | evel

Short-term dermal studies were conducted in which Tenmik 10G (with
10% ai) was applied with wetted gauze to the abraded skin of nale
al bino rabbits for 6 h/day for 15 days (Carpenter & Snyth, 1966). Dose
| evel s of 0.05, 0.10, and 0.20 g/ kg body wei ght were applied daily,
and wei ght gain, food consunption, organ weights, cholinesterase
activity, and the histopathol ogy of several tissues were exan ned.
Only plasma cholinesterase activity levels and wei ght gain at dose
levels of 0.1 and 0.2 g/kg per day were significantly altered.

In a 2-year study on beagl e dogs, aldicarb was adninistered in
the diet at dose levels of 0, 0.025, 0.05, and 0.10 ng/kg body wei ght
per day (Wil & Carpenter, 1966). The sane paraneters as those
nmonitored in the rat study conducted by these authors were
investigated in this study, but none were significantly different from
controls. The authors concluded that the NCEL for rats and dogs was at
| east 0.10 mg/ kg body wei ght per day, since this was the highest |eve
test ed.

In a study by Hanada (1988), nale and fenal e beagl e dogs were fed
for one year a diet containing O, 1, 2, 5 or 10 ng technical aldicarb
per kg to provide approximately 0, 0.025, 0.05, 0.13, or 0.25 ng/kg
body wei ght per day. No dogs died during the study, and there were no

effects on body weight, food and water consunption, organ wei ghts, or
on haenat ol ogi cal , opht hal nol ogi cal, hi stopathol ogi cal, and gross

pat hol ogi cal paraneters. However, statistically significant increases,
compared to controls, in the conbined incidence of soft stools, nucoid
stools, and diarrhoea were found in all groups treated with 0.05 ng/kg
per day or nore, as well as in females treated with 0.025 ng/ kg per
day. No statistically significant decrease in erythrocyte or brain
chol i nesterase was found in groups treated with 0.025 or 0.05 ng/kg
body wei ght per day. However, plasma cholinesterase was inhibited in
mal e dogs treated with 0.05 ng/ kg body wei ght per day or nore

t hr oughout the observation period of this study (weeks 5-52). In
addition, plasna cholinesterase was inhibited at the conclusion of the
study (week 52) in nale dogs treated with 0.025 ng/ kg body wei ght per
day. The author noted that plasnma cholinesterase activity in the nale
dogs treated with 0.025 ng/ kg body wei ght per day was subsequently
determined to be within historical control values, and that the
statistically significant increase in soft stools and related effects
in females treated with 0.025 ng/ kg body wei ght per day could be
attributable to an unusually high incidence of nucoid stools in one
dog during the last half of the experinent. The author concl uded that
the NCEL in this study was 1 ng/ kg (0.025 ng/ kg body wei ght per day).

Page 33 of 80



Aldicarb (EHC 121, 1991)

In a short-term study, Dorough et al. (1970) dosed lactating
Hol stein cows with Tem k (10% ai) at 0.042 ng ai/kg body wei ght per
day in their diet for 10 days and, in a second experinent, with a
m xture of aldicarb and al di carb sul fone (Tem k equival ents of 0.006,
0.027, and 0.052 ng/ kg body wei ght per day) for a period of 14 days.
Al though no alteration in blood cholinesterase activity |evels or
other clinical effects were noted, aldicarb sul foxide and sul fone were
detected in tissues. MIk production, feed consunption, and anount of
excreta were unaltered.

7.3 Skin and eye irritation; sensitization

Pozzani & Carpenter (1968) observed that aldicarb (0.7 ng/kg body
weight) in saline injected intradermally into mal e guinea-pigs had no
sensitizing properties.

In male al bino rabbits, application of aldicarb as a solution in
propyl ene glycol on covered clipped skin did not produce any
irritation. Instillation of 0.1 m of a 25% suspension of aldicarb in
propyl ene glycol or 1 nmg of dry compound did not cause cornea
irritation (Striegel & Carpenter, 1962).

The adm nistration of 25 ng of aldicarb (Temk 5G into the
conjunctival sac of rabbits resulted in conjunctival irritation, which
lasted for 24 h, in all the six test albino rabbits (Mers et al.
1983).

In a study by Myers et al. (1982), the application of 500 ng
Tem k 5G npistened in saline solution, did not produce prinmary skin
irritation in rabbits. Simlarly percutaneous admnistration to
abraded skin did not cause focal skin irritation

Separate tests using aldicarb (75% wettabl e powder) and
technical aldicarb in saline resulted in no sensitization response in
mal e al bi no gui nea-pigs follow ng intradermal injections (Pozzani &
Carpenter, 1968).

7.4 Long-term exposure

In a study by Weil & Carpenter (1972), nmale and fenale rats were
fed aldicarb (0.3 ng/ kg body wei ght per day), aldicarb sulfoxide (0.3
or 0.6 ng/ kg body wei ght per day), aldicarb sulfone (0.6 or 2.4 ny/kg
body wei ght/day), or a 1:1 mixture of the sulfoxide plus sulfone (0.6
or 1.2 ng/ kg body wei ght per day) for 2 years. No effects were
observed at the | ow dose level with any of the treatnents. At the high
dose level (except in the case of the sulfone), there was increased
nortality within the first 30 days and a reduction in plasnma
chol i nesterase activity, as well as decreased weight gain in the
mal es. The NOCEL val ues determ ned for aldicarb, aldicarb sulfoxide,
al di carb sulfone, and a 1:1 aldicarb sul foxide/al dicarb sul fone
m xture were 0.3, 0.3, 2.4, and 0.6 ng/ kg body wei ght per day,
respectively.

Wien male and fenale rats were fed diets containing aldicarb
(0.005, 0.025, 0.05, or 0.1 ng/kg body weight per day) for 2 years,
there were no effects on food consunption, nortality, |ifespan
i nci dence of infection, liver and ki dney wei ght, haematocrit,

i nci dence of neopl asns and pat hol ogi cal |esions, or on plasm, brain,
and erythrocyte cholinesterase levels (Wil & Carpenter, 1965).

7.5 Reproduction, enbryotoxicity, and teratogenicity

Proctor et al. (1976) studied the effects of several nethyl
carbamat e and or ganophosphate insecticides on teratogenicity and
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chi cken enbryo nicoti nanm de adeni ne di nucl eotide (NAD) levels. Fertile
Wi te Leghorn eggs (45-55 g) were used for the test. After the eggs
were incubated at 37 °C and 73%relative hunmidity for 4 or 5 days, 1
nmg of aldicarb in a 30-pul nethoxytriglycol solution was injected into
the yol k and the injection hole on the shell was then sealed with
paraffin wax. On day 12 after injection, sonme of the enbryos were
renoved and the NAD | evel s were examined. On day 19 after injection
the remaining enbryos (at |east 10) were exami ned. NAD | evel s were
simlar to those of controls. There were no terato-genic effects
(straight legs, abnormal feathers, or wy neck) in any of the enbryos
exposed to al dicarb.

In a study by Weil & Carpenter (1964), pregnant rats were fed
with doses of 0, 0.04, 0.20, and 1.0 ng al dicarb per kg body wei ght
per day. One group was fed throughout the pregnancy and until the pups
were weaned, a second group was fed fromthe day of appearance of the
vagi nal plug until the 7th day of gestation, and a third group
received al dicarb between days 5 and 15 of gestation. Although the
hi ghest dose adm ni stered was near the reported LDsg for rats, no
significant effects on fertility, viability of offspring, lactation or
ot her paraneters were observed

In a teratol ogy study, Harlan-Wstar rats were fed aldicarb
sulfone in their diets at dosages of 0.6, 2.4 or 9.6 ng/ kg body wei ght
per day, administered either during the first 20 days of gestation
during day 6 to day 15 of gestation, or during day 7 to day 9 of
gestation. No treatnent-related teratogenicity occurred as a result of
any of the treatment regines at any of the |evels of exposure to the
sul fone (Wodside et al., 1977).

Groups of 16 pregnant Dutch Belted rabbits were given doses of O,
0.1, 0.25 or 0.50 ng aldicarb/ kg body wei ght per day by gavage on days
7-27 of gestation (IRDC, 1983). Fetuses were then renoved by Caesarean
section. One spontaneous abortion was reported in each group given
0.25 or 0.50 ng/kg body wei ght per day. Al though the nunber of viable
fetuses and total inplantation values were lower in all treatnent
groups than those in controls, they fell within historical contro
ranges and no significant differences were recorded.

Devel opnental toxicity of aldicarb has been evaluated by Tyl &
Neeper-Bradl ey (1988). Four groups of pregnant CD Sprague-Dawl ey rats,
25 in each group, were adm nistered aldicarb (0.125, 0.25 or 0.5 ny/kg
body wei ght per day) in water solution by gavage from gestation days
6 to 15. There were three treatnent-related nmaternal deaths in the
hi gh- dose group on day 7 of gestation (second day of adm nistration).
Maternal toxicity at that dose |evel was indicated by reduced body
wei ght and food consunption and cholinergic signs. Body wei ght and
food consunption were also reduced in the rats given 0.25 ng/ kg body
wei ght per day. The NOEL for maternal toxicity was 0.125 ng/ kg body
wei ght per day. Litter weight was significantly reduced at 0.5 ng/kg
body wei ght per day. Fetotoxicity was indicated by body wei ght
reduction, increased skeletal variation, retarded ossification, and
ecchynosis on the trunk. No enbryotoxicity was observed. An increased
i ncidence of dilation of the cerebral lateral ventricle was observed
at the highest dose | evel. However, due to the very high baseline
control value for such changes found in pooled historical review, this
i ncrease was not considered to be significant.

In a 3-generation reproductive study on rats conducted by Wil &
Carpenter (1964), aldicarb was incorporated into the diet of the
parent generation at |levels of 0.05 or 0.10 ng/ kg body wei ght per day
for 84 days before mating. Simlar doses were fed to the subsequent
F, and F3; generations. No effects were noted.
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In a further 3-generation reproductive toxicity study, Wil &
Carpenter (1974a) fed Harlan-Wstar rats aldicarb in their diet at
dosages of 0.2, 0.3 or 0.7 ng/kg body wei ght per day. No consistent
treatnment-rel ated effects were observed in any of the paraneters
i nvesti gat ed.

A 3-generation reproductive toxicity study was perforned on
Harl an-Wstar rats that were fed aldicarb sulfone in their diets at
| evel s adjusted to give dosages of 0.6, 2.4, and 9.6 ng/ kg body wei ght
per day (Wodside et al., 1977). Apart from occasional reductions in
mat ernal body wei ght gain at the nmedium and hi gh dosage |evels, there
were no treatnent-rel ated adverse effects on any of the paraneters
i nvesti gat ed.

Canbon et al. (1979) tested three carbanmate insecticides
(al dicarb, carbaferran, and primnicarb) on acetyl-cholinesterase
activity in tissues from pregnant Sprague-Dawl ey rats and fetuses.
Al dicarb was adm ni stered by gastric intubation (0.001, 0.01 or 0.1
ng/ kg body weight) to the pregnant aninmals (eight per group) on day 18
of gestation, and acetyl cholinesterase activity was measured in
mat ernal and fetal whole blood. Signs of poisoning occurred in aninmals
about 5 min after the administration of the nmedi um and hi gh doses.
There was significant inhibition of acetylcholinesterase in nost
maternal and fetal tissues, and its activity in maternal and fetal
bl ood and liver was still |ower than the control activity 24 h after
treatnent at the nedium and hi gh dose | evels.

7.6 Mutagenicity and rel ated end-points

Er cegovi ch & Rashid (1973) evaluated the nutagenicity of aldicarb
in an Anes-type test using five strains of Salnonella typhinurium
(identity of strains not stated). Aldicarb was found to be weakly
nmut agenic in the absence of a netabolic activation system

Based on the results of four different |aboratories that tested
aldicarb for nmutagenicity in S. typhinurium (TA98, TA100, TA1535,
TA1537, and TA1538) and E. coli (W2 wuvrA ), both with and without
net abolic activation, Dunkel et al. (1985) reported that aldicarb did
not produce a nutagenic response in any of the bacterial strains
t est ed.

Rashid & Mumma (1986), reported that "techni cal grade aldicarb"
(500 pg/plate) induced DNA danmage in S. typhinurium (TA1538). It did
not, however, have any |ethal effect on the DNA-repair proficient
strain of S. typhimurium (TA1978). No DNA-damage was caused in E.
coli strains K-12 and WpP2.

An in vitro gene nutation assay in L5178Y nouse |ynmphonma cells
gave inconclusive results for aldicarb in the absence of netabolic
activation, but aldicarb caused nutations in the presence of S9 nix
fromArocl or 1254- induced F-344 rat |liver (Myhr & Caspary, 1988). In
an identical experinent perforned at a different |aboratory (Mtchel
et al., 1988), aldicarb was shown to be nutagenic in both the presence
and absence of induced S9 m x.

Wien aldicarb was tested in vitro in the CHO HGPRT manmal i an
cell forward gene nutation assay, there was no evi dence of
nmut agenicity either in the presence or absence of S9 mix from Arocl or
1254-induced nal e Sprague-Dawl ey rat livers (Stankowski et al., 1985).

Blevins et al. (1977) found no evidence of DNA damage in hunan
skin fibroblasts exposed in vitro to aldicarb.

No evi dence that al dicarb caused any unschedul ed DNA synthesis in
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primary cultures of hepatocytes fromnmale F- 344 rats was detected by
Godek et al. (1984).

Al di carb caused increases in the nunbers of chromatid and
chronosone breaks in human peripheral |ynphocytes exposed in vitro
(CGd & Matos, 1987). This effect was greater in the presence of S9
m x from phenobarbital -induced |ivers of male Sprague-Dawl ey rats than
inits absence.

Wen CGd & Matos (1984) studied the effects of aldicarb on hunan
| ynphocytes in vitro, they found that it caused a significant
increase in sister chronmatid exchanges (SCE). Slightly higher SCE
val ues were found in the presence of S9 |iver honbgenate fractions
than in its absence.

The in vivo clastogenicity of aldicarb in bone marrow has been
investigated in rats and mce via the intraperitoneal route. Sharaf et
al. (1982) treated male albino rats (strain not stated) with
injections of aldicarb (0.00121, 0.00666 or 0.0121 ng/ kg body wei ght)
dissolved in a 1:1 water/acetone vehicle. One group of animals served
as a control, a second group received one injection per day for 5
days, and a third group received one injection only. Increases in
structural and nunerical aberrations were observed in bone marrow
cells in all groups of treated animals. Structural chronosonal
aberrations consisted of chromatid breaks or deletions, chromatid
gaps, centroneric attenuation, and (in the case of repeated exposure
only) centric fusions. Nunerical aberrations were mainly due to
endoni tosis, although there was al so sone evi dence of increased
polyploidy. In mce, however, there was no evidence of any effect on
chronosomal aberration frequencies in bone nmarrow cells follow ng a
single intraperitoneal injection of aldicarb (93.5% pure; 0.010 or
0.001 ny/ kg body weight). In addition, no effects were seen when five
daily doses of 0.010 ng/kg body weight were given (CGmino et al.
1984).

Dom nant |ethal studies have been performed using Harl an- W st ar
rats (fromthe F, generation of multi-generation studies) that had
been treated with aldicarb (Wil & Carpenter, 1974a) or aldicarb
sul fone (Wodside et al., 1977) given in the diet at dosages of 0.2,
0.3, and 0.7 ng/kg (aldicarb) and 0.6, 2.4, and 9.6 ng/kg (aldicarb
sul fone). The treated nales were then mated with untreated virgin
femal es. The results of the studies gave no indication of an increased
i nci dence of dominant lethal nutations in rats treated orally wth
al di carb or aldicarb sulfone.

Al t hough sone of the nutagenicity tests performed on al dicarb
gave positive results, the results of the various in vitro and in
vivo tests, when considered together, indicate that aldicarb is not
an win vivow mut agen.

The nutagenic potential of N-nitroso aldicarb has al so been

investigated. A bacterial spot test conducted with Sal nonella
typhi nurium his™ G46 gave a weakly positive result (Seiler, 1977).
Blevins et al. (1977) investigated the interaction of Nnitroso
aldicarb with DNAin in vitro human skin fibroblasts and found
nunerous single-strand breaks in the DNA of all the
nitroso-derivative-treated cells but not in the DNA fromcells treated
with aldicarb itself. Cd et al. (1988) found that

N-ni troso-al dicarb caused an increase in the nunber of sister
chromati d exchanges in hunman | ynphocytes in vitro.

7.7 Carcinogenicity

Weil (1968) reported a skin-painting study of nmale mice in which
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a 0.125% sol ution of aldicarb was applied to the hair-free skin on the
backs of animals twice a week for up to 28 nonths. There were no
substantial differences with respect to the incidence of tumpburs. Two
growt hs, a haenmangi oma and a thynorma, were noted in the aninals
admi ni stered al dicarb. These internal growths were not acconpani ed by
cut aneous papill onas or carcinomas and were considered to be

spont aneous growt hs unrelated to any incidence of nalignancy

(Wl kinson et al., 1983).

In a study by Weil & Carpenter (1974b), aldicarb was dissolved in
acetone prior to nmixing with the diet, and dietary levels of 0.1, 0.3
or 0.7 nmg/ kg body wei ght were adm nistered to groups of 50 nale CD-1
mce for 18 nmonths. Two control groups of 50 nmice were used in
addition to a group of untreated mce fromwhich one aninmal was killed
for comparison purposes each tinme a nouse in the aldicarb-treated
groups di ed during the experinmental period. There was no
treatnent-related effect on nortality. Furthernore, there were no
treatnment-rel ated effects on the incidence of any tunour type at any
site or on the total incidence of tumpurs.

In a study by Wodside et al. (1977), groups of CD-1 nice (50 of
each sex per group) were adm nistered aldicarb sulfone (0, 0.15, 0.6,
2.4 or 9.6 ng/kg body weight) in the food for 18 nonths. Cbservations
included nortality, food consunption, and body wei ght determ nations,
and gross and m croscopi c exam nations were perfornmed on all mce.
Body wei ght changes were sporadi c and exhi bited no trends.
Hi st ol ogi cal changes were not statistically different fromthose in
controls at any dose level for either sex.

In a 2-year feeding study on rats, Wil & Carpenter (1965, 1972)
reported no significant tunour increases in rats fed aldicarb (0.005,
0.025, 0.05, 0.10, or 0.30 ny/ kg body weight per day) or its sulfoxide
and sulfone. In an NCI (1979) bioassay, nmale and fenale F-344 rats and
B6C3F; mice were given technical aldicarb (2 or 6 ng/kg body weight)
intheir diet for 103 weeks. No treatnent-related tunours were
observed in either species.

Quarles et al. (1979) perforned a series of experinments to
exam ne the transform ng and tunorigenic activity of aldicarb and its
nitroso derivative. Pregnant hansters were given intraperitonea
injections of aldicarb (0.1 or 0.5 ng/kg) or nitroso-aldicarb (2
ng/ kg) on day 10 of gestation. Fetal cell cultures were prepared and
pl ated on agar on day 13 of gestation. To test for tunorigenicity, 1
x 10% cells were injected subcutaneously into adult nude nice.

Al dicarb was found to be inactive and did not induce either

nmor phol ogi cal transformations or cells that grew in agar, whereas
ni troso-al di carb i nduced norphol ogi cal transformations that were
tunorigenic in nude mice.

Weekly adm nistration by oral gavage of N-nitroso-aldicarb
(ni ne doses of 10 ngy/ kg body weight or two doses of 20 ngy/ kg body
wei ght) to groups of 12 femal e Sprague-Daw ey rats resulted in the
devel opment, by the end of their natural lives, of forestonach
carcinomas in two of the rats fromeach treated group, conpared wth
none in control animals (Lijinsky & Schmahl, 1978). The nitroso
derivative of aldicarb may be fornmed in the | aboratory when aldicarb
is in the presence of nitrite under the pH and tenperature conditions
of the human stomach (El espuru & Lijinsky, 1973; Lijinsky & Schnahl
1978).

7.8 O her special studies

Far age- El awar (1988) studied the functional consequences of
dosi ng six-day-old chicks orally with 0.2 ng aldi carb/kg body wei ght
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per day for seven days. Both acetyl cholinesterase and neuropat hy
target esterase |levels were determned during treatnent and on days 1
3, 6, 10, 20, 30, and 40 after treatnment. Measurenments of notor
function consisted of analysis of the gait at the same tinmes. Six days
after the last treatnment there was a significant weight reduction with
no recovery to the control weight. There were significant alterations

in three paranmeters of gait starting on post-treatnment day 1 and
lasting until day 40. Al dicarb reduced the acetyl cholin-esterase
levels significantly only 24 h after the first day of treatment, with
recovery to control levels thereafter. There were no significant
alterations in neuropathy target esterase levels at any tinme. The

aut hors concluded that notor function changes in the young chick can
be seen in the absence of alterations in acetyl cholinesterase |evels.

O sen et al. (1987) conducted studies using | ow concentrations of
aldicarb (0, 1, 10, 100 or 1000 wuwg per litre) in the drinking-water
of inbred Swiss Whbster mice for 34 days and neasured the splenic
pl ague-fornming cells (PFC) response to sheep red bl ood cells. The nean
PFC count in the 1-pg/litre group was significantly less than in the
control group after 34 days. The authors stated that aldicarb
exhi bited i mmunonodul atory capability.

Thomas et al. (1987) conducted experinments simlar to dson et
al . (1987), but used both Swi ss Webster and B6C3F; mice. The nean
PFC counts at 0.1 pg/litre were lower than the controls; at 1.0
pug/litre they exceeded the controls; and at 10ug/litre they were | ower
than the controls. Wth B6C3F; m ce PFC counts exceeded contro
val ues at both 100 and 1000upg/litre, whereas in the case of Sw ss
Webster mce they were simlar to control values at 100ug/litre but
| ower at 1000ug/litre. The authors concluded that aldicarb at
environmental |y rel evant exposure concentrations is not immunotoxic in
rodents.

Shirazi et al. (1990) studied the i munonodul ati on response of
mce to low levels of aldicarb in drinking-water (0.01 to
1000ug/litre). Conpared to the nean PFC val ues of the control group
the mean val ues of treated groups indicated a stinulatory effect for
30- and 60-day tests and an inhibitory effect for 90- and 180-days
tests. However, when the data were reanal ysed using the distribution
of the relative PFC counts, a consistently inhibitory response was
observed. The authors concluded that the dose-response rel ationships
i ndi cated a pol yphasic and inhibitory response.

Selvan et al. (1989) observed that aldicarb selectively affected
nmacr ophage- nedi ated cytotoxicity of tunor target cells wthout
affecting the cytotoxicity nediated by natural killer cells. However,
no dose-response rel ati onship was found.

Dean et al. (1990) investigated the effect of aldicarb on
syngeni ¢ mi xed | ynphocyte reaction (SM.R). In this reaction CD4"
T-hel per cells (autoreactive T cells) respond to syngenic |a nolecul es
expressed on C3H nouse nacrophages. The authors reported that
intraperitoneal treatnent (0.1 m per nouse of a solution containing
0.1 to 1000pg aldicarb per litre) suppressed the SM.R by sel ectively
decreasing the stimulatory activity of macrophages w thout affecting
directly the responsiveness of autoreactive T cells.

A significant suppression of macrophage-nedi ated cytotoxicity of
turmor cells was observed in C3H nice that received seven daily doses
of 0.1 to 10ug aldicarb per kg. The authors concluded that aldicarb
may sel ectively affect the macrophage function but not directly affect
ot her conponents of the imrmune response.
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Thomas & Ratajczak (1988) reported that when aldicarb was

adm nistered in the drinking-water (0.1, 1.0, 10, 100 or 1000ug/litre)

ad libitumfor 34 consecutive days to both Swi ss Wbster and

B6C3F; hybrid female nice, there were no effects in either strain on
body wei ght, organ weight, circulatory white blood cells or

m croscopi ¢ pathol ogy of the thymus, spleen, liver, kidneys or |ynph
nodes. In vivo host resistance to infectious viral challenge was
unaffected by aldicarb treatment. Al dicarb was found to have no effect
in either strain on the nunber of antibody-formng cells in the spleen
or on the anobunt of circulating antibody in the blood. The capacity of
B and T | ynphocytes to respond to nonspecific nitogens was unaltered,
as was the ability of T |ynphocytes to recognize genetically different
cell types in a nixed |ynphocyte culture (M.C). It was concl uded t hat
al dicarb in drinking-water had no effect on any neasured i nmunol ogi cal
function.

Thomas et al. (1990) exposed adult femal e B6C3F, mice to
drinki ng-water containing 1.0, 10 or 100ug aldicarb per litre or to
distilled drinking-water alone for 34 consecutive days. The inpact of
al di carb exposure on the ability of splenic natural killer cells and
specifically sensitized cytotoxic T | ynphocytes to |yse YAC 1 | ynphoma
target cells and P 815 tunor cells was eval uated. The percentages and
absol ute nunbers of total T cells, T-suppressor, T-helper, and B cells
was al so neasured. The authors concluded that the absence of
statistically significant effects on any of these paraneters indicated
that aldicarb treatnent did not adversely affect the i mMmune system of
m ce.

7.9 Factors nodifying toxicity; toxicity of metabolites

O the netabolites that have been identified, only the sulfoxide
and sul fone have a nechanismof toxicity simlar to aldicarb (as a
chol i nesterase inhibitor in a carbanylation reaction). The sul foxide
appears to be equally toxic and the sulfone considerably |ess toxic
than aldicarb in acute and long-termtests (Wil, 1968;, Wil &
Car penter, 1972).

7.10 Mechanisnms of toxicity - node of action

Al di carb and acetyl choline exhibit very close structural
simlarity.

e 0 e °
C|-|35-C-C'J‘|=N-OU\IHG‘|3 CHsNCHzCHzOCCI-is
CH; CH;

Al di carb Acetyl chol i ne

The mechani sm of toxic action of aldicarb and its netabolites
(sul foxide and sul fone) involves their reaction with cholinesterase
enzynes. In particular, the carbanyl ation of acetyl cholinesterase
interferes with hydrolysis of acetylcholine at synaptic and nyoneura
junctions. This adversely affects neural transnission (Carpenter &
Snyth, 1965; Weil & Carpenter, 1968a,b,c, 1970; Dorough, 1970).
Various chol i nesterase enzynmes have been identified in the plasm, red
bl ood cells, liver, and brain (Kuhr & Dorough, 1976; Canmbon et al.
1980). The function of plasma cholinesterase is not fully understood,
but it is considered to play no role in cholinergic transm ssion
Acetyl cholinesterase in erythrocytes reflects the acetyl cholinesterase
activity in the nerve synapses. Since acetylcholinesterase in
erythrocytes and in nerve synapses are considered to be biochemcally
identical, erythrocyte cholinesterase activity may be taken as an
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i ndi cator of the biochenical effect of anti-cholinesterase pesticides
(WHO, 1990a).

Car bamat es, |i ke organophosphates, inhibit esterases
(serine-esterases and/or beta-esterases) (WHO, 1986). Although the
i nhibition of serine-esterases other than acetyl cholinesterase is not
significant for the toxicity of the conpound, it may have significance
for the potentiation of toxicity of other conpounds after |ong-term
| ow | evel exposure (Sakai & Matsumara, 1968, 1971; Al dridge & Magos
1978). The site of carbanyl ation of the enzyne is the hydroxyl noiety
of the serine amno acid. The rate of reactivation of the
car banyl at ed enzyne to acetylcholinesterase is relatively rapid
conpared to that of the enzyme phosphoryl ated by an organophosphorus
pesticide. Thus the inhibition of acetylcholinesterase by carbanate
pesticides is rapid and reversible. The chem stry of carbanate
pesticides is such that no aging reaction is possible, as occurs with
t he phosphoryl ated enzyne. In order to permt an eval uation of
chol i nesterase inhibition by carbamates in vivo , special care is
requi red. Carbamate cholinesterase inhibition studies should utilize
m nimal dilution during the preparation of the assay, mninal
i ncubation times, and mnimal tinme between bl ood sanpling and assay
(WHO, 1990a) .

8. EFFECTS ON HUMANS
8.1 GCeneral popul ation exposure

The synptons that have been reported for accidental or
occupati onal poisoning and controlled human exposure to aldicarb are
chol i nergi c and subsi de spontaneously, usually within 6 h, unless
death intervenes. dinical synmptons and signs include dizziness,
salivation, excessive sweating, nhausea, epigastric cranps, vomting,
di arrhoea, bronchial secretion, blurred vision, non-reactive
contracted pupils, dyspnoea, and nuscul ar fascicul ati ons. The
intensity of these synptons varies with the extent of exposure.

8.1.1 Acute toxicity; poisoning incidents

The first reported case of accidental poisoning occurred in 1966
when al dicarb was being used as an experinental pesticide (Hayes,
1982). The wife of an experinental scientist used a small anmount of a
10% granul ar fornulation to treat the soil around a rose bush.
Twenty-four days later she ate a sprig of mint froma plant grow ng
near by, which consisted of the terninal 4-6 |eaves and the stem
Thirty mnutes |ater she vomted and had di arrhoea and i nvoluntary
urination. On admission to the hospital, she was found to have
pi npoi nt pupils, nuscle fasciculations, and difficulty in breathing.
Maxi mal signs were observed 2 h after onset. She was given 1 ng of
atropine with no observable effect. About 15 min |later she was given
2 ng atropine and had transi ent opening of the pupils. A further 2 ng
atropi ne was followed by sustained opening of the pupils and gradual
i mprovenent in the patient's condition. Three-and-a-half hours after
onset, she was resting confortably and had no further signs or
synptons. It was estimated that she had eaten between 0.5 and 1.0 g of
mnt. Feeding 3.0 g of this mint to a rabbit resulted in its death
within 2 h; 2.4 g caused severe synptons in a second rabbit.

Two ninor incidents of aldicarb poisoning with noderately severe
synmptons occurred after hydroponically grown cucunbers were eaten
(CDC, 1979; Coes et al., 1980; Hayes, 1982). Although carbanmates had
been used in both cases, there were no data on the aldicarb content of
the cucunbers in the first case. Levels of 6.6-10.7 ng al dicarb/kg
were found in the second case (the hydroponic nutrient solution
contained 1.8 ng aldicarb/litre). The synptons |lasted only 4.5-6.0 h
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and recovery from cholinergic synptons occurred w thout specific
treatnment (Aaronson et al., 1979).

Al di carb food poi soning from contam nated nel ons was reported in
California, USA, in 1985 O the 1358 cases reported, 692 were
classified as probable. The nelons were tested for aldicarb

sul foxide, and 10 (4% of the 250 tests were positive. The nobst severe
signs and synptons included | oss of consciousness and cardi ac
arrhythma. Six deaths and two stillbirths were reported but no

anal yses for aldicarb sul foxi de were reported (Jackson et al., 1986;
Ting & Kho, 1986).

Gol dman et al. (1990a) anal ysed the sane epidenmic in California
in 1985. According to their result, 1376 cases of illness within
California were reported to the California Departnment of Health
Services of which 77% were classified as being probably or possible
carbamate-related ill nesses. Seventeen individuals required
hospitalization

An out break of illness caused by al di carb-contam nat ed
wat er - nel ons was reported in Oregon, USA, in 1985. About 264 cases of
poi soning were reported and 61 definite cases were confirned. The
| evel s of residue in the water-nelons ranged fromO0.01 ng/kg (limt of
detection) to 6.3 nmg/kg. (Green et al., 1987).

Col dman et al. (1990b) reviewed three outbreaks of poisoning due
to al di carb-contam nated wat er-nel ons or cucunbers in California
bet ween 1985 and 1988, and one outbreak due to contam nated cucunbers
in England. Estimated dosages of aldicarb sul foxide that caused the
ill nesses ranged between 0.0011 and 0. 06 ng/ kg body wei ght and nost
were well below the 0.025 ng/kg for subclinical whole blood
chol i nest erase depression.

Ramasamy (1976) reported an incident in which a 7-nonth-old
femal e baby ate sonme al dicarb powder. Recovery was conplete after she
was given a total dose of 105.6 ng atropine.

8.1.2 Human studies

An experimental study was carried out on 12 nmen al ready invol ved
in the study of aldicarb and, therefore, famliar with its effects.
Four volunteers in each of three groups took aldicarb (99.2%purity;

di ssolved in drinking-water) at concentrations of 0.025, 0.05, or 0.10
ng/ kg body wei ght. Blood was coll ected for cholinesterase neasurenent
at 18 h and 1 h before ingestion of aldicarb and at 1, 2, 4, and 6 h
after ingestion. The sanples of whol e bl ood were anal ysed by the

radi ometric nethod for whol e bl ood, which has the advantage of
involving mnimal dilution of the blood and a nmaxi mum of only 3 nmin
fromthe tine the sanple is taken until the chemical reaction is
conplete (the period of storage of the sanples until the radioactivity
in themis measured has no effect on the result). The conmpound

hydrol ysed is acetyl choline and not, as in many nethods, a substitute.
Urine sanples were collected at 1, 2, 4, and 6 h after ingestion

Anal ysi s was by gas chronatography after all netabolites had been
oxi di zed to aldicarb sul fone. The hi ghest dosage chosen was t hat

al ready found to be a no-observed-effect level in a 2-year rat feeding
study. This was done even though it was recogni zed that some synptons

m ght occur if ingestion occupied less than 1 min rather than 24 h as
inthe rat. Signs and synptons did, in fact, occur at the highest
dosage and included nausea and voniting, pinpoint non-reactive pupils,
mal ai se, weakness, epigastric pain, air hunger and yawni ng, sweating
of the hands, forearns and forehead, salivation, and slurred speech
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The authors stated that none of the signs and synptons were severe and
they required no treatnment. Cholinesterase activity was depressed in
proportion to the dosage. Based on the individual 18-h pre-dosing
sampl es, the average level 1 h after ingestion was reduced to 53. 3,
38.8, and 34.6% of normal at 0.025, 0.05, and 0.1 ng/kg, respectively.
At the highest dosage, the activity was further decreased (28. 1% of
normal) in the 2-h sanple, but it was elevated at the two | ower
dosages. At 4 hit was elevated in all groups but by 6 h it had al nost
returned to normal. Urinary excretion of netabolites was proportiona
to dosage; the total recovery varied from3.4 to 10. 7% during the 8 h
(Hai nes, 1971).

In a separate test of volunteers, one nman took a dosage of 0.26
ng/ kg body weight in the formof Tem k 10G granul es. He becane ill and
took atropine. The carbanate concentration was greatest in a urine
sample collected 4.5 h after ingestion, but total recovery of aldicarb
was only 8.1%in 24 h (Cope & Ronine, 1973).

8.1.3 Epidem ol ogical studies

After aldicarb had been detected in well-water sanples in Suffolk
County, New York, Varma et al. (1983) conducted a prelimnary nail
survey of famlies who had consuned water fromthese wells in 1981
The 1500 subjects had consuned water that contained from8 to over 64
pg aldicarb/litre. They were asked to report any synptons of 20
general health problens and the outcone of all pregnancies. A list of
25 randoml y arranged neurol ogi cal synptons was al so included. The
response rate (20% was poor. No concl usive evidence of the
association of health problens with aldicarb exposure was obtai ned
fromthis study (for which there were no controls), although there
appeared to be an associ ati on between sone neurol ogi ca
synpt ons/ syndronmes and the concentration of aldicarb in the wel
water. The rate of spontaneous abortions was al so high anobng wonen who
consuned water fromwells that contained the highest aldicarb
concentrations (66 pg/litre or nore).

In a cross-sectional study of exposed and unexposed residents of
Portage County, Wsconsin, Fiore et al. (1986) reported the effects of
chronic ingestion of ground water contaninated with levels of aldicarb
(< 61 pug per litre) on the inmune function of 50 wonen aged 18 to 70
with no known underlying reason for immunodysfunction. O these
exposed wonen, 23 consumed water froma source with detectable |evels
of aldicarb, while 27 unexposed wonen consuned water froma source
with no detectable | evel of aldicarb. Exposed wonen showed an el evated
stinmul ation assay response to Candi da antigen, an increase in the

nunber of T8 cells, and a decrease in the ratio of T4:T8 cells as
conmpared wi th unexposed woren. Al though the results of this study are
of interest, the T |ynphocyte data fall within the normal range
indicated by Martin et al. (1985). The Candi da response data are al so
within normal Iimts that have been routinely observed at the

Uni versity of Wsconsin Medical Center. The results of this study,
because of the presence of other contaninants, present no evidence for
a causal relationship between consunption of water contaninated with
al dicarb and alteration of inmmunol ogi cal paraneters.

8.2 COccupational exposure
8.2.1 Acute toxicity; poisoning incidents

Peoples et al. (1978) reported on occupational exposure to
aldicarb in California during the period 1974-1976. They revi ewed 38

illnesses, 31 of which were systemic, that were directly related to
occupational aldicarb (Teni k) exposure. There were four cases of
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contact dermatitis and one case of eye irritation in which dust from
Tem k granul es was blown directly into the eye causing chemi ca
conjunctivitis.

Lee & Ransdell (1984) reported the death of a 20-year-old farm
wor ker who was run over by a tractor after he had been handling Tenm k
15G Tissue sanples taken at autopsy reveal ed an esti mated body burden
of 18.2 ng aldicarb (0.275 ng/kg). This level is nearly 3 tines higher
than that known to produce cholinergic synptons in humans, and the
aut hors consi dered that pesticide intoxication contributed to the
wor ker' s deat h.

Sexton (1966) reported the incapacitation of a foreman working in
an al di carb nechani cal baggi ng operation. Synptons of cholinesterase
depression | asted longer than 6 h, but he returned to work the next
day. Giffith & Duncan (1985) surveyed Florida citrus fruit growers
over a 12-nonth period for aldicarb-related poisonings. Only one case,
that of a certified applicator who required hospitalization for
chol i nergic synptons, was directly related to the aldicarb exposure.

Aldicarb is one of the npost potent and acutely toxic pesticides
in use. In nost cases, excessive occupational exposure to aldicarb has
been due either to its inproper application or to the inproper use of
protective equipnent. Its fornulation as granules and its application
to the subsoil as a systemi c pesticide have been reconmended by the
manuf acturer to reduce the hazards (SR1, 1984).

8.2.2 Effects of short- and | ong-term exposure; epideniologica
studi es

No control |l ed occupational exposure or epideniol ogica
studi es have been reported.

9. EFFECTS ON OTHER ORGANI SMS | N THE LABORATORY AND FI ELD
9.1 M croorganisns

Sone aspects of the effects of nicroorganisns on aldicarb have
been di scussed in section 4.3.1. In the study by Kuseske et al
(1974), application rates of 5 and 500 ppm of a commercial fornulation
of aldicarb (100 g/kg ai) caused a decrease in the popul ati on of
mcroflora for the first 16 days and then stinulated the popul ation
growth, in proportion to the application rate, over the next 14 days.
The nicroorganisms used in this study were Actinonycetes,

Ni t rosonobnas europaea , and N trobacter agilis . Wien 5 ppmof the
insecticide was applied, depletion of Nitrosononas resulted in

compl ete inhibition of the conversion of the ammoniumion to nitrite.
The oxidative capability of five comon soil fungi (Jones, 1976) is
di scussed in section 4.3.1. Spurr & Sousa (1966, 1967) found no
inhibition of bacterial or fungal growh by aldicarb. Indeed, in the
case of Rhizoctonia solani (a plant pathogen and soil saprophyte),
the addition of aldicarb to the nedium doubled its growmh rate. The
aut hors concl uded that microorgani sns probably used aldicarb as a
carbon source.

9.2 Aquatic organisns

The acute toxicity of aldicarb to freshwater aquatic organi sns
varies greatly. The 96-h LGso values for different species of fish
range between 52 and 2420 pg per litre at different tenperatures and
wat er hardness (Table 10). Aquatic nolluses are very insensitive to
the effects of aldicarb (Singh & Agarwal, 1981). For the adult water
flea, Daphnia laevis , the sulfoxide is nore toxic than aldicarb by
a factor of two and the sulfone less toxic by a factor of five to six
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(Foran et al., 1985). For the bluegill sunfish, Leponis nacrochirus
, the toxicity of aldicarb and the sul foxide is conparable, but the
sulfone is less toxic (O arkson, 1968b). For estuarine and narine
organi sms, acute lethality is less variable with 96-h LGy val ues
rangi ng between 13 and 170ug/litre for all species tested (Table 10).
Pant & Kumar (1981) studied the acute toxicity of aldicarb to the

H mal ayan | ake tel eost Barbus conchonius in both hard and soft

wat er. Tenperatures varied from14 to 22 °C during the experinent, and
the tests were carried out under static conditions. Results indicated
that the toxicity of aldicarb to B. conchonius was consi derably
greater in soft water (Table 10). Mrtality data showed that
concentrations of 1.5 ng/litre in soft water and 6.0 ng/litre in hard
water resulted in 100% nortality within 96 h

Table 10. Acute toxicity (LGCs) of aldicarb to freshwater, estuarine, an

Organi sm Age/ si ze Stat/ M Tenperature Hardness pH  Conpound
flow N (°O (rmg/litre)
Fr eshwat er
speci es
Water flea adul t st at M 21 58 6.9 A
(Daphni a
| aevi s) M 21 58 6.9 AX
M 21 58 6.9 AN
juvenile
(1-3 A
days ol d)
AX
AN
Water flea
(Daphni a A
nmagna)
Wat er snail adul t st at A
(Lymaea
acum nat a)
Wat er snail adul t st at A
(Pila
gl obosa)
Bl uegil | 1.3 ¢ st at 24 44 7.4 A
sunfi sh
(Lepom s
macr o- 1.3 g st at 24 44 7.4 A
chi rus)
3.94¢ st at 18 44 7.4 A

Table 10 (contd). Acute toxicity (LGsy) of aldicarb to freshwater, estuarine,

Organi sm Age/ si ze Stat/ M Tenperature Hardness pH  Conpound
flow N (°O (rmg/litre)
3.9¢ st at 18 44 7.4 A
5.0 g st at A
5.0 ¢ st at AX
5.0 ¢ st at AN

Page 45 of 80



Aldicarb (EHC 121, 1991)

Rai nbow 0.5¢g st at 12 44 7.4 A
trout
(Sal mo 0.5¢g st at 12 44 7.4 A
gai rdneri)
2.7 g st at 18 44 7.4 A
2.74¢9 st at 18 44 7.4 A
Bar bus
conchoni us 4.8 cm st at 14- 22 319 7.4 A
4.8 cm st at 14-22 319 7.4 A
4.8 cm st at 14- 22 61 7.2 A
4.8 cm st at 14-22 61 7.2 A

Table 10 (contd). Acute toxicity (LGsy) of aldicarb to freshwater, estuarine,

Organi sm Age/ si ze Stat/ M Tenperature Hardness pH  Conpound
flow N (°O (nmg/litre)

Estuari ne & nmari ne
speci es

Al ga st at N 20 30 A
(Skel et onema
costat um

Mysid shrinp juvenile st at N 25 20 A
(Mysidopsis (1 day
bahi a) ol d)
adul t flow M 22 28 A

Pi nk shrinp adul t flow M 22 29 A
(Penaeus
duor arum

VWhite shrinmp juvenile st at N 25 20 A
(Penaeus
styliro-
stris)

Eastern enbryo st at N 25 20 A
oyster

(Crassostrea

Vi rgi ni ca)

Sheepshead juvenile st at N 25 20 A
m nnow
(Cyprinodon (28 days
vari egat us) ol d)
adul t fl ow M 28 28 A

Table 10 (contd). Acute toxicity (LGsy) of aldicarb to freshwater, estuarine,

Organi sm Age/ si ze Stat/ M Tenperature Hardness pH  Conpound
flow N (°O (mg/litre)
Pi nfish adul t flow M 22 30 A
(Lagodon
r honboi des)
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Spot adul t st at N 25 20 A
(Lei ost orrus
xant hur us)

Snook juvenile st at N 26- 30 35 A
(Centro-

ponus

undeci ma- (0.23 g)

lis)

a M = neasured concentration; N = nom nal concentration; stat = static conc

A = aldicarb; AX = aldicarb sul foxide; AN = aldicarb sul fone. b LG for gr

Landau & Tucker (1984) exposed eggs of the estuarine snook
(Centroponus undecimalis) from2 to 3 h after fertilization to
various aldicarb concentrations. Larvae were nore sensitive than eggs
to aldicarb. Mrtality over 14 to 25 h was 0, 17, 22, and 30% of
enbryos and 0, 83, 78, and 70% of |arvae at 0.025, 0.1, 0.25, and 0.5
ng per litre, respectively.

Pickering & Glliam (1982) exposed eggs and new y hatched | arvae
of the freshwater fathead m nnow to aldicarb at 20, 38, 78, 156, and
340 pg/litre and nonitored hatching and growth of juveniles over 30
days. None of the aldicarb concentrations affected enbryo survival and
only the two highest |evels reduced larval-juvenile survival (by 58%
and 80% respectively) over 30 days. G owth of surviving young was
reduced significantly only at the highest exposure concentration
Based on the acute maxi mum acceptable toxic concentration (MATC) of 78
to 156 pg per litre, the authors calculated a chronic MATC of 110 pug
aldicarb/litre.

9.3 Terrestrial organisnms

Haque & Ebing (1983) conducted a 14-day | aboratory toxicity test
of aldicarb using the earthworns Lunbricus terrestris and Ei senia
foetida as test species. The pesticide was honbgeneously incorporated
into the test soil substrates. The authors noted a speci es-specific
variation in toxicity, L. terrestris showing an LG, of 530
(490-565) and E. foetida of 65 (58-75) ng/kg dry soil substrate.

The acute oral LDsg for birds has been found to vary between
0.8 and 5.3 ng/ kg body weight, while the dietary toxicity ranged from
approxi mately 250 to 800 ng/ kg diet (Table 11). Wst & Carpenter
(1965) reported that the oral LDsg for Wiite Leghorn cockerel s was
9 ng/ kg body weight (i.e. 10 times that of rats). Synptonms of aldicarb
poi soning in chickens were excessive salivation, dyspnoea, stiffness,
and twitching of leg, wing, and pectoral nuscles (Schlinke, 1970).
When 28-day-ol d Japanese quail ( Coturnix coturnix japonica ) were
given anal ytical grade aldicarb in corn oil solution (in gelatin
capsul es) at a dose of 30 ng/kg body weight (i.e. 3 tinmes the LDs),
all birds died within 3 h (Martin et al., 1981). Balconb et al. (1984)
neasured the acute oral toxicity of aldicarb to two species of song
bird (house sparrow and redw nged bl ackbird) (Table 11). Wen birds
were dosed with varying nunbers of aldicarb granules (Tenmi k 15G, 40%
of bl ackbirds given a single granule died, and 80% of those given 5
granules died. In a study on the redw nged bl ackbird, technical and
granular (Tem k 15G aldicarb yielded simlar LDsg val ues. However,
the oral LDsg of granular aldicarb for sparrows was 3.8 ng/ kg body
wei ght whereas that for technical aldicarb was 0.8 ng/kg/body wei ght.
H |l & Camardese (1981) reported that dietary LGCso val ues in young
Japanese quail (Coturnix coturnix japonica) increased with the age of
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the bird, the increase being reasonably predictable between 7 and 21
days of age. Five-day dietary LG5y val ues were 247, 355, 542, and
786 ng/ kg diet at ages 1, 7, 14, and 21 days, respectively.

In studies by Schlinke (1970) on the toxic effects of aldicarb
and ot her nematocides in chickens, groups of five Wiite Leghorn
chi ckens, 6-7 weeks old, were given oral doses of 1.0, 2.5 or 5 ng
al di carb/ kg per day. Individual doses were administered in gelatin
capsul es or by an aqueous oral drench for 10 days. G oups of six to
ei ght chickens were used sinultaneously as controls. Body weight gain
and nortality were determined. In the | owdose group, a slight
decrease in the percentage body weight gain (44%treated versus 49%
control s) was observed, but no adverse effects were reported at this
| evel . Body weight gain for the chickens given 2.5 ng/ kg was 30%
versus 40%in controls. In addition one chicken died after receiving
a single dose of the conpound and a second died after receiving three
consecutive daily doses. In the high-dose groups (5 ng/kg per day),
one chicken died after receiving a single dose (day 1 of
adm ni stration), one after the second dose, and the renmining three
chi ckens died after the third dose (day 3).

Far age-El awar et al. (1988) conpared the sensitivity of young and
adult chickens to aldicarb and carbaryl. Brain, liver, and plasma
chol i nesterase | evel s were measured and hi stol ogi cal examni nations were
conducted. Adult chickens showed no changes in any of the paraneters
neasured. Brain acetylcholinesterase, plasna cholinesterase, plasna
carboxyl esterase, and |iver cholinesterase were all inhibited in young
chi ckens, but there were no histological changes or alterations in
neur ot oxi c esterase or |iver carboxylesterase in the young birds.

In a study by Belal et al. (1983), aldicarb was admi nistered in
the feed of 1-week-old chickens at a dietary level of 1 ng/kg. After
11 days of treatnment, the nortality rate was 27% Bl ood choli nesterase
activity levels were reduced by 74.3%during this treatnment period.

Spi erenburg et al. (1985) reported that six cows becane ill and
two died after the accidental spill of Tenmik in a pasture. Chenica
anal yses for aldicarb in the runen of one of the dead aninmals reveal ed
the presence of aldicarb at a concentration above the |ethal dose.
Exami nation for aldicarb residues showed the nmeat and organs to be
unfit for human consunpti on.

Schafer & Bow es (1985) found the approxi mate acute oral LDsg

of aldicarb for the deernouse Peronyscus naniculatus to be 1-6 ng/ kg
body wei ght.

Table 11. Oal and dietary toxicity of aldicarb to birds

Speci es Age Exposur e? Par anet er 0¢

House sparrow adul t or al LDso
(Passer domesticus)

Redwi nged bl ackbi rd adul t or al LDso
(Agel ai us phoeni cus)

G ackl e oral LDsg
(Qui scal us qui scul a)

Starling or al LDsg
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(Sturnus vul garis)

Pi geon oral LDsg

(Col umba liviavar.)

California quail 10 nont hs oral LDsg M
(Loportyx californica) F

Table 11 (contd).

Speci es Age Exposur e? Par anet er (04
Bobwhi t e quai | mat ur e oral LDsg

(Col i nus vi rgini anus)

Pheasant 3-4 nont hs or al LDsg 5
(Phasi anus col chi cus)

Pheasant 10 days di et LCso >
(Phasi anus col chi cus)

Japanese quai l 14 days di et LGCso 3
(C. coturnix japonica)

Mal | ard duck 5 days di et LGCsg 5
(Anas pl atyrhynchos) 10 days di et LGCso <

& (Oal dosing consisted of a single capsular dose. Dietary dosing consiste

by a 2-day observation period.

b LDsg = |l ethal dose for 50% of aninals, expressed as ng/ kg body wei ght.

expressed as ng/kg diet. M= male; F = fenal e.
¢  There was 70% nortality at 1000 ng/kg.

d Letter by EEW Schafer, Jr, dated 28 April 1975: Summary of three data st

Products Conpany.

9.4 Popul ati on and ecosystem effects

No studi es have reveal ed effects at the population |eve
resulting fromthe reconmended use of the pesticide aldicarb, nor has
significant introduction of aldicarb or its nmetabolites into the food
chain been reported in the limted information avail abl e (Wodham et
al., 1973b).

O 48 bobwhite quail (Colinus virginianus) penned in treated
fields (34 kg/ha), only one died as a result of ingesting Tem k 10G
granul es. No effects were seen on the body weight of the test birds
conmpared to controls (Carkson et al., 1968). In a second study,
Clarkson (1968a) misapplied Tem k 10G to fields by surface broadcast
or "spilled" it in one corner of the pen as a snall heap of granul es.
No deaths of bobwhite quail were seen in the broadcast application
but the birds consumed "spilled" granul es and died. Chickens refused
to eat "spilled" granules even when hungry. Further studies were
reviewed by C arkson et al. (1969) who concluded that broadcast Tenik
10G granul es could be toxic to bobwhite quail in the field under
conditions of confinenment and food stress. Incorporation of the
granules into the soil and/or irrigation reduced or elimnated the
potential hazard.
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In a study in which Wodham et al. (1973b) exanined total toxic
al dicarb residues in weeds, grasses, and wild-life in Texas after the
soil was treated with aldicarb, no evidence of nortality anmong mammal
or bird popul ati ons was observed in treated or adjacent areas. O the
smal | manmal s, coyotes, and birds exani ned, only one bird had
detectable levels of aldicarb residues (an oriole with a concentration
|l evel of 0.07 ng/kg). In all, 8 mammals and 14 birds were sanpl ed.

Bunyan et al. (1981) conducted an extensive field trial with
sanmpling of invertebrates, birds, and snmall manmal s around fiel ds of
sugar beet treated in furrowwith aldicarb granules (10%ai) at 1.12
kg aldicarb per ha. A dead partridge and high | evels of residues in
bl ackbirds and two small mammal s trapped within the treated field
indicated to the authors that the mpbst significant hazard of aldicarb
was fromdirect ingestion of non-incorporated granules by ground
feeders soon after application. A secondary hazard invol ved
al di car b- poi soned earthworns that canme to the surface of the soi
particularly in wet conditions. Mribund worns containing residues
were found 2-6 days after drilling. Low residues of aldicarb were
found in herbivores eating young plants that had systemically absorbed
al di carb. Residues and reduced esterase activity in brain were found
in a nunber of bird species feeding on the ground, indicating that
exposure to aldicarb can be w despread in the case of granul ar
application.

The death of 600 songbirds, poisoned follow ng the surface
application of Tenmi k granules without incorporation into the soil was
reported by Baron & Merrian (1988).

10. EVALUATI ON OF HUMAN HEALTH RI SKS AND EFFECTS ON THE ENVI RONVENT
10.1 Evaluation of human health risks

Aldicarb is an extrenely hazardous pesticide. The human heal th
risk arises mainly fromthe inproper use of aldicarb and a failure to
use protective equipnent during its manufacture, fornulation, and
application. A dicarb nay contami nate food and drinki ng-water. The
ef fects of excessive exposure are acute and reversible. Al though the
cholinergic effects may be severe and incapacitating and require
hospitalization, seldomhave they been fatal

10.1.1 Exposure levels
10.1.1.1 GCeneral population

The mai n possi bl e sources for general popul ation exposure are
food and water.

Sone data are available in the USA to estinate daily dietary
intake of aldicarb (see section 5.2). Extensive data show t hat
residues in nost harvested crops are generally | ow and do not exceed
the maximumresidue limts if aldicarb is used according to good
agricultural practice and reconmended pre-harvesting periods are
fol |l owed. However, even in this case, levels up to 1 ng/kg, and
occasional ly nore, have been found in potatoes.

Hi gh | evel s of aldicarb have been di scovered in sonme food crops
treated illegally with aldicarb. One poisoning incident occurred after
the consunption of hydroponically grown cucunbers with | evel s of
6.6-10.7 ng al dicarb/kg. Two incidences of poisoning were reported in
the USA from contam nated wat ernel ons where aldicarb | evel s ranged
from< 0.01 to 6.3 ng/kg. However, there is no certainty that this
range reflected the actual exposure.
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Cont am nation of ground water by aldicarb has occurred. About 12%
of wells nonitored in sone regions of Canada exceeded 9 ug/litre. O
7802 wells sampled in New York State, USA, in an area of aldicarb use
on potatoes, 5745 (73.6% had no detectable residues, 1032 (13.3% had
trace anmounts; and 1025 (13.1% had concentrati ons greater than 7
pg/litre.

A nationwi de survey of 15 000 private wells in the USA showed
| evel s of aldicarb in the water between 1 and 50 pg/litre in
approxi mately one-third of the positive sanples. Qccasional |evels of
500 pg/litre in ground water have been reported in test bores.

10.1.1.2 Cccupational exposure

Air concentrations of aldicarb during agricultural application
are nminimzed by the granular form of the product. However, sone
operations, such as the |oading process, may be hazardous if adequate
i ndi vidual protection is not taken. Over-exposure to aldicarb |eading
to a tissue level of 0.275 ng/kg contributed to the death of a young
wor ker | oading formul ated al dicarb. The main route of occupationa
exposure is through the skin, especially when workers do not foll ow
recomended precautions and negl ect the use of protective equi pnent.

10.1.2 Toxic effects

The effects or manifestations of aldicarb toxicity and its
net abolites (sul foxide and sulfones) result fromits inhibitory action
on acetyl cholinesterase. The inhibition of cholinesterase is
reversible. The clinical signs and synptons, dependi ng upon the
magni t ude and severity of exposure, include headache, dizziness,
anxi ety, excessive sweating, salivation, lacrinmation, increased
bronchi al secretions, vomiting, diarrhoea, abdomi nal cranps, nuscle
fascicul ations, and pinpoint pupils. There is no substantial evidence
of carcinogenicity, mutagenicity, teratogenicity or imrunotoxicity.

In human subjects, a single oral adnministration of 0.025 ng
al di carb/ kg body wei ght produced significant inhibition of whole bl ood
chol i nesterase activity, but no synptons. A dosage of 0.10 ng/ kg body
weight led to cholinergic signs and synptons and a dosage of 0.26
ng/ kg body weight resulted in acute intoxication that needed
treat nent.

10. 1.3 Risk evaluation

The risks froman extrenely hazardous chenical can be eval uated
only in terns of different kinds of exposure and only in ternms of the
saf ety measures avail able and the degree of certainty of their use.

By far the greatest risk fromaldicarb is to those who
manuf acture, fornulate and use it. Aldicarb is manufactured in a
cl osed system The use of aldicarb in granular formreduces the
generation of dust and the risk from occupati onal exposure. There have
been a few accidents associated with the fornulation and use, but each
was the result of one or nore clear violations of safety rules (see
section 8.2.1). However, although aldicarb is used in granules, there
can be a hazard to applicators if they do not follow all recomended
precauti ons.

The sources of aldicarb residues in food include the |ega
application of aldicarb to soil in which crops for which aldicarb use
has been approved are grown, as well as the illegal or inproper use of
al dicarb. There is no evidence of a health risk fromaldicarb in food
to the general popul ation at recommended application rates and
enpl oyi ng current techni ques. However, a substantial hazard exists
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when al dicarb is used on non-approved crops, as indicated by reports
of several poisoning episodes. On the other hand, soil application
rates and tol erances for aldicarb residues have been set for approved
al dicarb use to protect the general popul ation. The success of these
neasures i s suggested by the observation that no reports have been
found of adverse health effects attributable to aldicarb exposure from
commpdities where aldicarb was used properly. The linmted

mar ket - basket survey data suggest that exposure to aldicarb will
probably not exceed 1 pg/ kg body weight per day in the USA. This is
wel | below the acceptable daily intake (ADI) established by the Joint
FAQ VWHO Meeting on Pesticide Residues (FAQ WHO 1983).

Al di carb has not been found in public water supplies derived from
deep aquifers or surface waters, and thus there is no anticipated risk
fromaldicarb in water obtained fromthese sources. Al dicarb water
contami nation has been reported in ground water, generally at levels
of 1-50 pg/litre in the USA with occasional findings of up to 500
pug/litre. However, nost wells sanpled in contaninated areas have
undet ectabl e or trace anounts of aldicarb or its netabolites. Reduced
contam nati on of ground water has resulted fromthe restriction of use
in sandy soils.

Assumi ng an average daily water consunption of 2 litres and an
aver age body wei ght of 60 kg, the exposure of people consum ng water
fromlocally contam nated shall ow well s containi ng between 1 and 50
pg/litre would result in an exposure to nmetabolites of aldicarb
ranging fromO0.033 to 1.7 pg/ kg body wei ght per day. A well containing
wat er contanminated with aldicarb at a | evel of 500 pg/litre would
result in an exposure of 17 pg per kg body wei ght per day. The npbst
appropri ate avail able study for the assessnment of drinking-water risk
is a study in which aldicarb sul foxide and sul fone were admi ni stered
to rats in drinking-water. The no-observed-effect-Ilevel for
acetyl cholinesterase inhibition in this study was 480 pg/ kg body
wei ght per day. The estinmated exposure from contani nated ground water
is therefore well below this |evel

10.2 Evaluation of effects on the environnment

Wth full incorporation of aldicarb granules into soil at a depth
of 5 cm as recommended by the manufacturer, there is mninmal hazard
to birds and small mammal s. Non-target soil invertebrates,

such as earthworns, can be killed when aldicarb is used at reconmended
application rates. Kills of up to 600 songhbirds have been reported
fromm sapplication of the granules on the soil surface, since birds
can die after ingesting a single granule. Small manmals woul d be
simlarly at risk from surface-broadcast aldicarb

There is no indication that aquatic organi sns have been killed
fromal dicarb poisoning despite its relatively high potenti al
toxicity. Aldicarb could contam nate drainage ditches when used in

areas where periodic torrential rainfall is Iikely, causing
substantial run-off of both water and surface soil. However, this is
unlikely to kill fish or aquatic invertebrates.

11. CONCLUSI ONS AND RECOMVENDATI ONS FOR PROTECTI ON OF HUVAN HEALTH
AND THE ENVI RONMENT

11.1 Concl usi ons
11.1.1 General popul ation

Aldicarb is a highly toxic pesticide.
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Acci dental poisoning and a controlled | aboratory study resulted
in cholinergic synptons that included the follow ng: nalaise, blurred
vi sion, nuscle weakness in arns and | egs, epigastric cranping pain,
excessi ve sweating, nausea, voniting, non-reactive contracted pupils,
di zzi ness, dyspnoea, air hunger, diarrhoea, and nuscle fasiculation
The synptons di sappeared spontaneously within 6 h. The highest ora
dose that produced no observable synptons in a hunman study was 0.05
ng/ kg body wei ght, although there was significant transient
whol e- bl ood cholinesterase inhibition at this |evel

The primary nechani smof aldicarb toxicity is
acetyl cholinesterase inhibition. It is accepted that carbanmate
insecticides interfere with the ability of acetylcholinesterase to
break down the chenmical transmtter acetylcholine at synaptic and
nmyoneural junctions. The same mechani smof action is evident in both
target and non-target organisns. There is no substantial evidence of
carcinogenicity, nutagenicity, teratogenicity, or inmunotoxicity.

11.1.2 Cccupational exposure

I nt oxi cati on and poi soni ng due to occupational exposure are known
to have occurred as a result of a neglect of recommended safety
precauti ons.

11.1.3 Environmental effects

Aldicarb will not cause effects on organisns in the environnent

at the population level. Incidents of kills of individual birds and
small mammuals will occur where granules are not fully incorporated
into the soil. Aquatic organisns are not at risk fromaldicarb

11.2 Recommendations for protection of human health and the
envi r onnent

a) The handling and application of aldicarb should be undertaken by
trained applicators.

b) The agricultural use of aldicarb should be restricted to
situations where | ess hazardous substitutes are unavail abl e.

c) Manuf acturing of aldicarb is a hazardous process with possi bl e
ri sk of exposure to toxic chemicals. Safety systens should be
adequate to prevent | eaks and di scharges.

d) To minimze or elimnate exposure of terrestrial vertebrates to
al di carb, granules should be fully incorporated into soil to a
depth of 5 cm as reconmrended by the manufacturer

12. FURTHER RESEARCH

a) Addi tional pharmacokinetic studies, including uptake studies
foll owi ng dermal application, are needed to all ow physiologically
based pharmacoki netic nodel |i ng.

b) A case of intoxication resulting fromthe consunption of
al di carb-containing mnt denonstrated effects at what appeared to
be an unusually | ow dosage. A study of treated mnt might revea
a previously unknown netabolite or other factors relevant to this
poi soni hg epi sode.

c) St udi es of the imunol ogical effects of aldicarb are

i nconcl usi ve. Additional studies are needed to exam ne nore
thoroughly the effects of aldicarb on the i nmune system
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d) A reproduction study in the rat is needed to investigate concerns
of fetal susceptibility. One such study is underway.

13. PREVI OQUS EVALUATI ONS BY | NTERNATI ONAL BODI ES

The Joint FAQ WHO Expert Conmmittee on Pesticide Residues (JVWPR)
recomended an ADI of 1 pg/kg (FAQ WHO, 1980). In 1982, JWMPR revi sed
the ADI upward to 5 pg per kg body weight per day. Aldicarb is
classified as an extrenely hazardous pesticide (WHO, 1990b).
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RESUVE
1. ldentité, propriétés et nethodes d' anal yse
L' al di carbe est un ester carbam que. Il se présente sous la forne

d' un solide cristallin blanc, nodérénent sol uble dans |'eau, sensible
a | 'oxydation et a |'hydrolyse.

Pl usi eurs nét hodes d' anal yse sont utilisables, notamment |a
chr omat ogr aphi e en couche mince, |a chromatographi e en phase gazeuse
(capture d' électrons, ionisation de flame, etc.) et la
chromat ogr aphi e en phase liquide. Actuellenent |a néthode de choi x
pour | e dosage de |'aldicarbe et de ses principaux produits de
déconposition est |a chronatographie en phase |iquide a haute
performance avec fornation de dérivés aprés passage sur col onne et
détection par fluorescence.

2. Usages, sources et niveaux d'exposition

L' al di carbe est un pesticide endot hérapi que que |'on applique
dans |l e sol pour détruire certains insectes, acariens et nénmatodes.
Les récoltes concernées sont tres diverses: bananes, coton, café,
mai s, oi gnons, agrunes, haricots (secs), noix de pécan, pommes de
terre, arachide, soja, betteraves sucriéres, canne a sucre, patates
douces, sorgho, tabac ainsi que |les plantes ornenentales et |les
pépini éres. L'exposition de |a population générale a |'aldicarbe et a
ses nmeétabolites toxiques (le sulfoxyde et la sulfone) intervient
principal ement par |'internédiaire des alinents. C est ainsi que

| "ingestion de produits alimentaires contam nés a entrainé des cas
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d'intoxication par |'aldicarbe ou ses nétabolites toxiques (sulfoxyde
et sul fone).

En raison de la forte toxicité aigué de |'aldicarbe, |I'inhalation
et le contact cutané avec cette substance, dans des conditions
d' exposition professionnelle, peuvent étre dangereuses pour |es
travailleurs en |'absence de nesures de prévention. On dénonbre
quel ques cas d' exposition accidentelle de travailleurs qu
s' expliquent par des erreurs de manipulation ou |'absence de nesures
de protection.

L' al di carbe s' oxyde rapi denent en sul foxyde, | e taux de
conversion étant de 48%en |'espace de sept jours aprés application
sur certains types de sol. L'oxydation en sulfone est beaucoup plus
I ente. L' hydrolyse du groupenent ester carbam que, qui inactive le
pesticide, dépend du pH, la dem-vie dans |'eau distillée allant de
quel ques mnutes a pH > 12 & 560 jours a pH 6,0. Dans | e sol de
surface, la dem -vie varie d environ 0,5 a trois nois et dans |la zone
saturée, de 0,4 a 36 nmois. L'aldicarbe s'hydrolyse un peu plus
| entement que le sul foxyde ou la sulfone. L'étude en | aboratoire de la
déconposition biotique et abiotique de |'aldicarbe a fourni des

résultats trés variables qui ont donné lieu a des extrapol ati ons
radi cal ement différentes sur |a base d' observations en situation
réelle. En ce qui concerne |les produits de dégradation de |'aldicarbe,
ce sont |es données obtenues sur le terrain qui permettent |es

hypot héses | es plus fiables quant a | a destinée de ce pesti cide.

Les terrains sablonneux a faible teneur en nmati éres organi ques
permettent un | essivage maximal, en particulier |orsque |a nappe
phréati que est haute. Des nappes de drainage et des puits de faible
prof ondeur ont été contam nés par du sul foxyde et de |la sul fone
d' al di carbe; |es concentrations étaient général enent conprises entre
1 et 50 pg/litre, avec une fois une teneur d environ 500 ug/litre.

L' al di carbe étant un pesticide endot hérapi que, il peut |aisser
des résidus dans les aliments. On a fait état de résidus dépassant 1
ng/ kg dans des pommes de terre crues. Aux Etats-Unis d' Anérique, ou |la
limte de tol érance pour |es pomres de terre est de 1 ng/kg, on a
signal é des teneurs en résidus allant jusqu' a 0,82 ng/kg a la suite
d' essais contrdl és sur le terrain aux doses d' enpl oi reconmandées par
l e fabriquant. Les données obtenues ont pernmis de fixer le 95eme
percentile a 0,43 ng/ kg, cette valeur atteignant 0,0677 ng/kg dans |es
ponmes de terre crues lors d' une enquéte basée sur |le panier de la
ménager e.

3. Cinétique et métabolisne

L' al di carbe est bien résorbé au niveau des voies digestives et
dans une noindre nesure, au niveau de |a peau. Présent sous la fornme

de poussiére, il pourrait étre trés facilenent absorbé dans |es voies
respiratoires. Il se distribue dans |'ensenbl e des tissus et notanment
dans ceux du foetus de rat en dével oppenent. |l subit ensuite une

transformati on nmétabol i que en sul foxyde et en sulfone, qui sont tous
deux toxiques, puis une détoxification par hydrol yse en oxines et en
nitriles. L' excrétion de |'aldicarbe et de ses nétabolites s'effectue
rapi dement, principalement par la voie urinaire. |l est égal enent
excrété en faible proportion dans la bile et subit donc un recycl age
ent érohépati que. L'al dicarbe ne s'accunul e pas dans |'organi snme par
suite d' une exposition de longue durée. In vitro , |'inhibition de

| a cholinestérase par |'aldicarbe est spontanénent réversible, avec
une dem -vie de 30 a 40 m nutes.

4. Etudes sur |les aninmaux d' expérience
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L' al di carbe est un puissant inhibiteur de cholinestérases et
présente une forte toxicité aigué. Si |'aninmal ne meurt pas, |les
ef fets cholinergi ques di sparai ssent spontanénent et conpl étenent en
six heures. Rien n'indique que |'aldicarbe soit tératogene, nutagene,
cancérogene ou i munot oxi que.

Des oi seaux et de petits manmiféres sont norts aprés ingestion de
granul és d' al dicarbe qui n'étaient pas conpl étenent incorporés au so
conforménent aux reconmmandations d' enploi. Au laboratoire, |'aldicarbe
se révéle doté d une forte toxicité ai gué pour |es organi snes
aquatiques. Rien n'indique toutefois que ces effets se produiraient
sur le terrain.

5. Effets sur |'home

L'inhibition de |I"'acétyl cholinestérase au niveau de | a synapse
nerveuse et de la plaque notrice est le seul effet qui ait été danent
observé chez |'homme et il est anal ogue a celui qu'exercent |es
or ganophosphor és. L'enzyne carbanyl ée est instable et elle se réactive
spont anénment assez vite par conparai son avec |'enzyme phosphoryl ée.
Lorsqu' elle n'est pas nortelle, |'intoxication est rapidenent
réversible chez |"home. La réactivation est facilitée par
| "adm ni stration d' atropine.

EVALUATI ON DES RI SQUES POUR LA SANTE HUMAI NE ET EFFETS SUR
L' ENVI RONNEMENT

1. Evaluation des risques pour |a santé hunaine

L' al di carbe est un pesticide extrénenent dangereux. Pour |'homme,
| es risques découl ent principal ement d erreurs de mani pul ation et de
la non-utilisation de matériel protecteur au cours de |la fabrication
de la fornulation et de |'épandage. L'aldicarbe peut contamner |es
denrées alinmentaires et |'eau de boisson. Les effets d' une
surexposition sont aigus mais réversibles. Les effets cholinergiques
peuvent étre graves, incapacitants et nécessiter une hospitalisation
mais ils sont rarement nortels.

1.1 Niveaux d' exposition
1.1.1 Popul ation générale

Les principal es sources d' exposition de | a popul ation général e
sont les denrées alinmentaires et |'eau

Il existe aux Etats-Unis un certain nonbre de données qu
permettent d' estiner |'apport alinentaire journalier d'aldicarbe (voir
section 5.2). De nonbreuses données nontrent que |es résidus présents
dans la plupart des produits aprés récolte sont général enent peu
abondants et ne dépassent pas en tout cas les |imtes naximles de
résidus, dans la nmesure ou |"aldicarbe est utilisé conformnent aux
bonnes pratiques agricol es pendant |es périodes reconmandées avant |a
récolte. Toutefois, mérme dans ce dernier cas, on trouve des
concentrations dans | es pormes de terre pouvant aller jusqu' a 1 ng/kg
et parfois plus.

On a découvert de fortes concentrations d'al di carbe dans
certaines cultures vivriéres traitées ill égal enent avec ce produit. Un
cas d'intoxication s'est produit aprés consomrmati on de conconbres
obt enus par cul ture hydroponi que, a des concentrations de 6,6 a 10,7
ng d' al dicarbe par kg. Deux autres cas d'intoxication ont été signalés
aux Etats-Unis par suite de |a consonmati on de pastéques contam nées,

la teneur en aldicarbe allant de < 0,01 & 6,3 ng/kg. Toutefois i
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n' est pas certain que ces valeurs correspondent a |'exposition réelle.

Il v a eu des cas de contam nation des eaux souterraines par de
| " al di carbe. Dans certai nes régions du Canada, environ 12% des puits
contrél és en contiennent plus de 9 pg/litre. Sur 7802 puits sounis a
des prél evenents dans |'Etat de New York aux Etats-Unis, dans un
secteur ou |'on épandait de |'aldicarbe sur des pormes de terre, 5745
(73,69 ne présentai ent aucun résidu décel able, 1032 (13,3% en
contenai ent des traces et 1025 (13,1% présentaient une teneur
supérieure a 7ug/litre.

Aux Etats-Unis, on a constaté a la suite d' une enquéte portant
sur |'eau de 15 000 puits privés, que celle-ci contenait entre 1 et 50
pg/litre d' al di carbe dans environ un tiers des cas. Cccasionnell enment,
on arelevé lors de forages de contrdle, des concentrations de 500
ng/litre dans | es eaux souterraines.

1.1.2 Exposition professionnelle

Lorsqu' on effectue des épandages a des fins agricoles, on peut
réduire les concentrations atnosphériques d' aldicarbe en utilisant le
produit sous fornme de granul és. Toutefois certaines opérations, come
| e chargenent, deneurent dangereuses si des nesures de protection
i ndi viduel l e suffisantes ne sont pas prises. Un jeune ouvrier qu
travaillait au chargenent d' une fornulation d'aldicarbe est décédé par
suite d' une surexposition a ce produit qui avait conduit une
concentration tissulaire de 0,275 ng/kg. La principale voie
d' exposition professionnelle est |a voie cutanée, en particulier
| orsque | es ouvriers ne respectent pas |es précautions d' enploi et
omettent d'utiliser un équi perment protecteur

1.2 Effets toxiques

Les effets ou nmanifestations toxiques de |I'aldicarbe et de ses
mét abol i tes (sul foxyde et sulfone) proviennent de |leur action
inhibitrice sur |'acétylcholinestérase. Cette inhibition est
réversible. Les synptdnes, qui dépendent de |'anpleur et de la gravité
de | 'exposition, sont |es suivants: nmaux de téte, sensation
verti gi neuse, anxi été, sueur profuse, salivation, |lacrymation
hyper sécréti ons bronchi ques, vom ssenents, diarrhées, coliques,
fibrillation nusculaire et myosis. Rien n'indique que le produit soit
cancérogene, mutagéne, tératogéne ou inmunot oxi que.

Chez |'home, |'adnministration par voie orale d une seul e dose de
0,025 ny d' al dicarbe par kg de poids corporel a produit une inhibition
sensible de |'activité cholinestérasique du sang total, qui est
toutefois restée asynptomati que. A la dose de 0,10 ng/ kg de poids
corporel, sont apparus des synptonmes cholinergiques et a celle de 0,26
ng/ kg une intoxication ai gué nécessitant un traitenent.

1.3 Evaluation du risque

Les risques découlant de ['utilisation d une substance chinm que
extrénmenent dangereuse ne peuvent s'évaluer qu'en fonction des
différents types d' exposition, ainsi que des nesures de sécurité qu' on
peut nmettre en oeuvre et du degré de certitude qu' on a de |eur
utilisation effective.

Ce sont |es personnes qui fabriquent, fornulent et utilisent
| "al di carbe qui sont de loin |es plus exposées au risque. La
fabrication s'effectue en vase clos. L' enploi de |'aldicarbe sous
forme de granul és réduit la formation de poussiére et le risque
d' exposition professionnelle. Quel ques accidents se sont produits lors
des opérations de formul ation et d' épandage mai s dans chaque cas il y
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avait eu, a une ou plusieurs reprises, violation indiscutable des
regles de sécurité (voir section 8.2.1). Toutefois, nméne utilisé en
granul és, |'aldicarbe peut étre dangereux pour |es ouvriers chargés de
| ' épandage s'ils n' observent pas |es précautions reconmandées.

Des résidus d'al dicarbe peuvent étre présents dans | es denrées
alinmentaires par suite de |'application en toute | égalité de ce
produit sur des récoltes pour |esquelles on en a autorisé |'enploi,
ainsi d ailleurs qu en raison d une utilisation illicite ou
déf ect ueuse de ce produit. R en ne pernet de penser que |a popul ation
général e courre un risque di a la présence d'aldicarbe dans |es
produits alinentaires |orsque cette substance est appliquée aux doses

recommandées et selon |l es techniques actuelles. Toutefois il existe un
risque non négligeable si |'on répand de |'aldicarbe sur des cultures
pour lesquelles il n'est pas autorisé ainsi que |le nontrent un certain

nonbre de cas d'intoxication. D ailleurs, on a établi des lintes et
des tol érances pour |les taux d' application sur le sol dans |es cas ou
| " enmpl oi d'aldicarbe est autorisé afin de protéger |a popul ati on dans
son ensenbl e. Ces nesures ont été couronnées de succes puisqu' on ne
signal e pas de cas d' effets nocifs dus a une exposition a |'aldicarbe
par suite de |la consonmati on de denrées traitées correctenment au noyen
de ce produit. Des enquétes sur |le panier de |la nénagéere ont fourn
des données limtées qui nontrent que |'exposition a |'aldicarbe ne
dépasse probabl enent pas aux Etats-Unis 1 ug/ kg de poids corporel et
par jour. Cette valeur est trés inférieure a la dose journalieére

adm ssible (DJA), fixée lors de |a Réunion conjointe FAQ OMB sur |es
rési dus de pesticides (FAQ OVs, 1983).

On n'a pas retrouvé d' aldicarbe dans |'eau d' adducti on provenant
de nappes profondes ou d eau de surface et il n'y a donc pas lieu de
craindre un risque d'intoxication par |'aldicarbe qui aurait cette
origine. On a signal é des cas de contami nation d' eau souterrai ne par
de | "al dicarbe, en général a des doses de 1 a 50 pg/litre aux
Etats-Unis, avec parfois des teneurs allant jusqu' a 500 pg par litre.
Toutefois, la plupart des puits qui ont été contrdl és dans | es zones
cont am nées ne contenaient tout au plus que des traces d'aldicarbe ou
de ses métabolites. Les restrictions inposées a |'utilisation de
| "al di carbe sur les sols sableux ont pernmis de réduire la
contam nation des eaux souterraines.

Si |'on adnmet que | a consommation d' eau est en noyenne de 2
litres par jour pour un poids corporel noyen de 60 kg, on peut en
déduire que |'exposition des personnes qui consomeraient de |'eau

provenant de puits peu profonds contaninés par de |'aldicarbe a des
teneurs allant de 1 a 50 pg/litre, serait de 0,033 a 1,7 pg/ kg de

mét abolites par jour. Un puits dont |'eau serait contaninée a |la dose
de 500 pg/litre entrainerait une exposition de 17 pg/ kg de poids
corporel et par jour. La neilleure étude relative au risque de

contam nati on par consonmati on d' eau de boi sson a été effectuée sur
des rats qui recevaient de |'aldicarbe sous forne de sul foxyde et de
sul fone dans | eur eau de boi sson. La dose sans effet observable sur

| " acétyl chol i nest érase nesurée dans cette étude était de 480 ug/ kg de
poi ds corporel et par jour. On voit donc que |'exposition qu
résulterait de |a consommati on d' eau de source contani née se situe

bi en endessous de cette val eur

2. Evaluation des effets sur |'environnenent

Lorsque | es granul és d' al di carbe sont convenabl enent enfouis dans
| e sol jusqu'a une profondeur de 5 cm come | e recommande |e
fabricant, | e danger est mnine pour |les oiseaux et les petits
manm feres. Aux doses d'enpl oi recommandées, |'aldicarbe peut étre
nortel pour certains invertébrés terricoles non visés conme |es
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| onbrics. Jusqu'a 600 oiseaux chanteurs ont été détruits par suite

d' applications défectueuses d' aldicarbe sur le sol; en effet les

oi seaux peuvent nourir aprés ingestion d un seul granul é. Les petits
mamm f éres courent un risque anal ogue en cas d' épandage d' al di carbe a
| a surface du sol

Ri en n'indi que que des organi snmes aquati ques aient été détruits
par suite d intoxications a |'aldicarbe malgré la trés forte toxicité
potentielle de ce produit. L'aldicarbe pourrait contam ner |es fossés
de drainage lorsqu'on |'applique dans des secteurs ou il y a risque de
pluies torrentielles périodiques et par voi e de conséquence,
possibilité de ruissellenent et d entrainenment des particules du sol
Toutefois il est peu probable que des poi ssons et des invertébrés
aquati ques soient détruits de cette naniére.

CONCLUSI ONS ET RECOMIVANDATI ONS POUR LA PROTECTI ON DE LA SANTE HUVAI NE
ET DE L' ENVI RONNEMVENT

1. Concl usions
1.1 Popul ation générale
L' al di carbe est un pesticide hautenent toxique.

A |l'occasion d'intoxications accidentelles et lors d' une étude
contr6l ée en | aboratoire, on a observé des synptones de type
chol i nergi que parni | esquels: nalaise général, vision trouble,
fai bl esse musculaire dans les bras et |es janbes, cranpes
épi grastriques, sueur profuse, nausées, vom ssenents, pupilles
contract ées aréactives, sensation vertigi neuse, dyspnée, respiration
de Kussmaul, diarrhée et fibrillation nusculaire. Ces synptdnes ont
di sparu spontanénent en |'espace de six heures. La dose orale la plus
forte sans effet observable mesurée |lors d' une étude sur |'home se
situait a 0,05 ng/kg de poids corporel. Toutefois, on a tout de néne
observé a cette dose une inhibition passagére nmais sensible de la
chol i nest érase du sang total

Le mécani sne essentiel de |'intoxication par |'aldicarbe consiste
en une inhibition de |'acétyl cholinestérase. On adnet que |es
carbamat es insecticides abolissent |a capacité de
| "acétyl cholinestérase a dégrader |'acétylcholine, qui joue le rdle de
medi at eur chim que au niveau de | a synapse et de la plaque notrice. On
observe | e néne node d' action chez | es organi snes visés ou non vi sés.
Ri en n'indique que |"'aldicarbe soit cancérogéne, nutagene, tératogéne
ou i nmunot oxi que.

1.2 Exposition professionnelle

On connait des cas d'intoxication professionnelle par suite de
négl i gences dans | ' observati on des nesures de sécurité.

1.3 Effets sur |'environnenment

L' al di carbe ne représente aucune nenace pour |es divers
organi smes qui peuplent |'environnenent. |l peut cependant y avoir des
cas de nortalité individuelle d' oiseaux ou de petits manm féres
| orsque | es granul és ne sont pas convenabl enent enfouis dans |e sol
Les organi smes aquati ques ne courent aucun risque.

2. Recommmandations en vue de |la protection de |a santé hunai ne et de
[ ' envi r onnenent

a) La mani pul ation et |'épandage de |'al di carbe doivent étre confiés
a des personnes convenabl ement fornées.
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b) L'utilisation d aldicarbe a des fins agricoles doit étre lintée
aux cas ou il n'existe pas de produits de renplacenent noins
danger eux.

c) La fabrication de |'aldicarbe conporte des risques d' exposition
a des substances chi m ques toxiques. Les systéenes de sécurité
doi vent enpécher toute fuite ou décharge accidentelle.

d) Pour réduire au mnimumou élimner |'exposition des vertébrés a

| "aldicarbe, il faut que |es granul és soient bien enfouis dans |le
sol jusqu'a une profondeur de 5 cm ainsi que |l e reconmande |e
fabricant.

RECHERCHES A EFFECTUER

a) Des études pharnmacoci néti ques - conportant notanmment une étude de
la fixation du produit aprés application cutanée - sont
nécessaires pour pernettre une nodélisation pharnacoci néti que
fondée sur des données physi ol ogi ques.

b) Dans un cas d'intoxication résultant de | a consommati on de nent he
contenant de |'aldicarbe, on a observé des effets a une dose
anornal erent faible. L'étude de la nenthe traitée par |'aldicarbe
pourrait révéler |'existence d un métabolite encore inconnu
suscepti bl e d' expliquer ce phénonene.

c) Les études concernant |les effets inmunol ogi ques ne sont pas
concluantes. Des travaux suppl énentaires sont nécessaires pour
approfondir la nature des effets exercés sur |e systene
i munitaire.

d) Une étude de reproduction sur le rat est nécessaire pour voir
s'il y alieu de craindre une sensibilité du foetus. Une étude de
ce genre est en cours.

RESUVEN
1. ldentidad, propiedades y nétodos analiticos

El aldicarb es un éster de carbamato. Se trata de un soélido
cristalino blanco, noderadanente hidrosoluble y susceptible de
oxi daci 6n y de reacciones hidroliticas.

Exi sten vari os nétodos analiticos, entre | os que se cuentan |a
cromatografia en capa fina, la cromatografia de gases (captura
el ectronica, ionizacién de Ilam, etc.), y la cromatografia en fase
| i qui da. Actual nente, el nétodo preferido de analisis del aldicarb y
de sus principal es productos de desconposici6n es la cromatografia en
fase |iquida de el evado rendi m ento con derivaci 6n postcol umar y
det ectores de fl uorescenci a.

2. Usos, fuentes y niveles de exposicion

El aldicarb es un plaguicida sisténico que se aplica al suelo
para conbatir ciertos insectos, acaros y nematodos. Este tipo de
aplicaci 6n se hace en una gran variedad de cultivos, conb |a banana,
el algodoén, el café, el maiz, la cebolla, los citricos, las |egunbres
(secas), la pacana, |a papa, el cacahuete, la soja, la renolacha
azucarera, |a cafa de azucar, |a batata canote, y el sorgo, asi cono
en plantas ornanmentales y en viveros de arboles. La exposicion de la
pobl aci 6n general al aldicarb y sus netabolitos toxicos (el sulféxido
y la sulfona) tiene lugar principalmente por via alinmentaria. La
i ngesti 6n de al i nentos contam nados ha ocasi onado casos de
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i ntoxi caci 6n por aldicarb y sus netabolitos toéxicos (el sulféxidoy la
sul fona).

Dada | a el evada toxicidad aguda del aldicarb, tanto | a inhalaci én
como el contacto cuténeo en condi ci ones de exposici 6n profesiona
pueden resultar peligrosos para | os trabajadores si |as nedi das
preventivas son insuficientes. Se han producido al gunos incidentes de
exposi ci 6n accidental de trabaj adores debidos al uso inadecuado o a |la
ausenci a de nedi das de proteccion

El aldicarb se oxida con relativa rapidez para dar el sulfoxido
alos 7 dias de la aplicacién a ciertos tipos de suel o se produce |la
conversi 6n del 48% del conpuesto original en sul fo6xido. La oxidaci én
sul fona es mucho mas lenta. La hidrolisis del grupo éster de
carbamat o, que inactiva al plaguicida, depende del pH |a semivida en
agua destilada varia entre algunos mnutos en un pH > 12 y 560 dias
en un pH de 6,0. Las semividas en | os suelos de superficie son de
apr oxi madanente 0,5 a 3 neses y en |a zona saturada de 0,4 a 36 neses
El aldicarb se hidroliza un poco mas despacio que el sulfoxido o la
sul fona. La nedida en el |aboratorio de |a degradaci 6n bidtica y
abi 6tica del aldicarb ha producido resultados sumanente vari ables y ha
Il evado a extrapol aci ones que difieren radical mente de |as
observaci ones sobre el terreno. Los

dat os obtenidos en el terreno sobre | os productos de | a degradaci 6n
del aldicarb proporcionan estimaci ones nmas fiabl es de su evol uci 6n
met abol i ca.

Los suel os arenosos con bajo contenido de nateria organica son
| os que mas favorecen la lixiviacion, en particular alli donde e
nivel freatico es alto. Al gunos acuiferos de drenaje y pozos |ocal es
poco profundos se han contam nado con sulfoéxido y sulfona de aldicarb
en general, los niveles han variado entre 1 y 50 pug por litro, aunque
en una ocasi 6n se registro un nivel de aproxi madanente 500 pg/litro.

Comp el aldicarb tiene accién sisténmica en |as plantas, pueden
aparecer residuos en los alimentos. Se han notificado nivel es de
resi duos superiores a 1 ng/kg en papas crudas. En | os EE. UU., donde e
[imte de tolerancia para | as papas es de 1 ng/ kg, se han conuni cado
ni vel es de residuos de hasta 0,82 ng/ kg en ensayos control ados sobre
el terreno con | os reginmenes de aplicaci 6n reconendados por e
fabricante. A partir de |os datos obtenidos en | os ensayos sobre e
terreno se ha cal cul ado un nivel méxino del 95° percentilo de 0,43
ng/ kg; en una encuesta sobre |la cesta de |la conpra se han deterni nado
ni vel es maxi nos del 95° percentil o de hasta 0,0677 ng/ kg en papas
crudas.

3. Cinéticay netabolisnm

El aldicarb es absorbido con facilidad a partir del tracto
gastrointestinal y, en nenor nedida, a través de la piel. Se
absorberia facilmente en el tracto respiratorio si hubiera polvo. Se
di stribuye a todos los tejidos, inclusive |os del feto de rata en
desarrollo. Se transforma netabdlicanente en el sulféxido y |a sulfona
(los cual es son téxicos), y es detoxificado por hidrdélisis dando
oximas y nitrilos. La excreci6n del aldicarb y de sus netabolitos es
rapida y se produce principalmente por la orina. Una pequefia parte
puede ser objeto de elimnacion por via biliar y, en consecuencia, de
reci cl aje enterohepatico. El aldicarb no se acurmula en el organi snp
cono resultado de | a exposicidén a largo plazo. La inhibicién in vitro
de la actividad de | a colinesterasa por el aldicarb es
espont &neanente reversible; |la semvida es de 30-40 mi nutos.

4. Estudios en ani nal es de experinmentaci 6n
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El aldicarb es un potente inhibidor de |las colinesterasas y tiene
una el evada toxicidad aguda. Sus efectos colinérgicos revierten de
nmodo espont aneo y conpleto al cabo de 6 horas a menos que entretanto
sobrevenga |l a nuerte. No se di spone de pruebas bastantes que indiquen
que el aldicarb sea teratogéni co, nutagénico, carcinogénico o
i nmunot 6xi co.

Se han produci do nuertes de aves y pequefios namiferos por |a
i ngesti 6n de gréanul os de aldicarb no incorporados plenanente al suelo
conp se reconi enda. En pruebas de |aboratorio, el aldicarb ha
denpstrado ser sunanente tOxico para | os organi snbs acuati cos. Nada
indica, no obstante, que esos efectos se produzcan sobre el terreno.

5. Efectos en el ser hunmmno

La i nhibicion de la acetilcolinesterasa en |la sinapsis nerviosa
y la uni én neuronuscul ar es el Unico efecto reconocido del aldicarb en
el honbre y se aseneja a |la accion de | os organofosfatos. La enzinm
carbami ol ada es inestable y |la reactivaci 6n espont anea es
rel ati vanente réapi da en conparaci 6n con la de una enzima fosforil ada.
La i ntoxicacién no nortal en el honbre es rapi danente reversible. La
recuperaci 6n se acelera nediante | a adm ni straci 6n de atropina.

EVALUACI ON DE LOS RI ESGOS PARA LA SALUD HUVMANA Y DE LOS EFECTOS EN EL
MEDI O AVBI ENTE

1. Evaluaci 6n de los riesgos para |la salud humana

El aldicarb es un pl aguicida sumanente peligroso. El riesgo para
| a sal ud hurmmana se debe principal nente a su uso incorrectoy a la no
utilizaci 6n de equi po de protecci 6n durante su fabricaci6n
el aboraci 6n y aplicacién. El aldicarb puede contam nar |os alinentos
y el agua de bebida. Los efectos de |a exposici én excesiva son agudos
y reversi bl es. Aunque | os efectos colinérgicos pueden ser graves y
di scapacitantes y exigen |la hospitalizaci 6n de | a persona afectada, en
muy raros casos han sido nortal es.

1.1 Niveles de exposicion
1.1.1 Poblaci 6n genera

Las principal es fuentes posibles de exposicién para |a pobl aci én
general son los alinentos y el agua.

En | os EE. UU. se dispone de al gunos datos para calcular |a
ingesta diaria de aldicarb (véase |la secci 6n 5.2). Michos datos
denuestran que, en la mayoria de los cultivos cosechados, |os residuos
suel en aparecer en pequefias canti dades y no sobrepasan los linites
maxi nos para residuos cuando | a sustancia se usa siguiendo practicas
agricolas correctas y se respetan | os periodos de precosecha
reconendados. No obstante, incluso en ese caso, se han encontrado en
| as papas niveles de hasta 1 ng/kg, y en ocasi ones superi ores.

En al gunos cultivos tratados ilegal nente con aldicarb se han
descubi erto nivel es el evados de esa sustancia. Se produjo un caso de
i ntoxi caci 6n tras el consunp de pepinos cul tivados hidropo6ni cament e
con niveles de 6,6-10,7 ng de aldicarb/kg. En los EE UU. se
notificaron dos casos de intoxicaci 6n por sandias contam nadas en |as
que los niveles de aldicarb se encontraban entre < 0,01 y 6,3 ng/kg.
No obstante, no puede asegurarse que este nargen refleje |a verdadera
exposi ci 6n.

Se ha produci do al gin caso de contam naci 6n de aguas subterraneas
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con al dicarb. Al rededor del 12% de | os pozos exam nados en al gunas
regi ones del Canada excedieron los 9 pg/litro. De 7802 pozos
nmuestreados en el Estado de Nueva York (EE. UU.), en una zona en |la que
se tratan | as papas con aldicarb, 5745 (73,6% no tenian residuos

det ect abl es, 1032 (13,3% tenian cantidades mnimas y 1025 (13, 1%
tenian concentraci ones superiores a 7 pg/litro.

En una encuesta a escal a nacional de 15 000 pozos privados en | os
Est ados Uni dos de América se observaron niveles de aldicarb en el agua
de 1 a 50 pg/litro en aproxi madanente un tercio de | as nuestras
positivas. En perforaci ones experinental es se han conuni cado nivel es
ocasi onal es de 500 pg/litro en aguas subterraneas.

1.1.2 Exposicion profesiona

Las concentraci ones de aldicarb en la atnbsfera durante |a
apl i caci 6n agricola quedan reducidas al ninino por la forma granul ar
del producto. No obstante, al gunas operaciones, conp el proceso de
carga, pueden ser peli-grosas si no se adoptan |as nedi das apropi ada
de proteccion individual. La exposici6n excesiva al aldicarb, que
ocasi ono un nivel tisular de 0,275 ng/kg, contribuyd a |la nuerte de un
joven obrero que cargaba preparaci ones de aldicarb. La principal via
de exposici én profesional es a través de |l a piel, especial nente cuando
| os trabaj adores no adoptan | as precauci ones reconendadas ni usan
equi po de proteccion

1.2 Efectos toxicos

Los efectos o manifestaciones de |la toxicidad del aldicarb y sus
met abol i tos (sul foxido y sul fonas) se deben a su acci6n inhibitoria de
la acetilcolinesterasa. La inhibicion de |a colinesterasa es
reversible. Entre los signos y sintomas clinicos, segin la magnitud y
| a gravedad de | a exposicién, figuran: dol or de cabeza, nareo,
ansi edad, transpiraci 6n excesiva, salivaci6n, secreci én de |agrinas,
aunento de | as secreciones bronquiales, vénmitos, diarrea, cal anbres
abdom nal es, fascicul aci ones muscul ares y pupilas contraidas. No
exi sten pruebas inportantes de carcinogenici dad, mnutageni ci dad,

t erat ogeni ci dad o i nmunot oxi ci dad.

En suj etos hunanos, |a admnistraci 6n Gnica por via oral de 0,025
ng de al di carb/ kg de peso corporal produjo una inhibicién
significativa de |la actividad de |la colinesterasa en sangre entera,
aunque sin sintomas. Con dosis de 0,10 ng/ kg de peso corporal se
produj eron signos y sintonmas colinérgicos y con una dosis de 0, 26
ng/ kg de peso corporal se produjo una intoxicaci6n aguda que exigi o
tratam ento.

1.3 Eval uaci 6n del riesgo

Los riesgos que representa una sustancia quimca sunmanente
peligrosa sél o pueden eval uarse en funci 6n de |os distintos tipos de
exposici 6n y s6lo en funci6n de | as nedi das de seguridad di sponi bl es
y el grado de certeza de que se usan

Con diferencia, el grupo nmas expuesto al riesgo del aldicarb esta
formado por los que lo fabrican, 1o elaboran y lo usan. El aldicarb se
fabrica en un sistema cerrado. El uso del aldicarb en forma granul ar
reduce la formaci 6n de polvo y el riesgo de exposicién profesional. Se
han produci do al gunos acci dentes asoci ados a | a el aboraci 6n y el uso,
pero en todos | os casos se debieron a una o varias transgresi ones
claras de |las nornmas de seguridad (véase |la seccio6n 8.2.1). No
obstante, aunque el aldicarb se usa en forma granul ar, puede
representar un riesgo para |l as personas que lo aplican si no se
adopt an todas | as precauci ones reconendadas.
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Las fuentes de residuos de aldicarb en |os alinentos conprenden
| a aplicaci 6n de acuerdo con la ley a |l os suelos en | os que se
cul tivan cosechas para | as que se ha aprobado el uso de aldicarb, y no
s6lo el uso ilicito o indebido de esa sustancia. No hay pruebas de que
| a salud de | a poblaci 6n general corra riesgos debidos al aldicarb
presente en |los alinmentos en | os niveles de aplicaci 6n reconendados y
con las técnicas actuales. No obstante, existe un riesgo inportante
cuando el aldicarb se usa en cultivos no aprobados, conmp | o indican
los infornes de varios casos de intoxicacio6n. Por otro |ado, se han
est abl eci do reginmenes de aplicacién en el suelo y linmtes de
tolerancia para | os residuos de aldicarb en | os usos aprobados de |a
sustancia a fin de proteger a | a poblaci én general. El éxito de estas
medi das vi ene indi cado por |a observaci 6n de que no se han notificado
ef ectos adversos para | a salud que puedan atribuirse a |l a exposicioén
al aldicarb a partir de productos basicos en | os que |a sustancia se
usé debi danente. Los |imtados datos obtenidos en |a encuesta sobre |la
cesta de | a conpra sugieren que |a exposicion al aldicarb
pr obabl emente no excedera 1 pg/ kg de peso corporal al dia en |os
EE. UU. Esto se encuentra rmuy por debajo de la ingesta diaria adnisible
(1DA), establecida en | a Reuni 6n Conjunta FAQ OVBS sobre Residuos de
Pl agui ci das (FAQ VWHO 1983).

No se ha encontrado aldicarb en | os canal es puablicos de agua
procedent es de acuiferos profundos o aguas de superficie, por |o que
no se prevé riesgo alguno debido al aldicarb en | as aguas de esa
procedenci a. Se han conuni cado casos de contani naci é6n por aldicarb en
aguas subterraneas, general nente con niveles de 1-50 pg/litro en |os
EE. UU. y con casos excepcional es de hasta 500 pg por litro. No
obstante, la mayoria de | os pozos nuestreados en zonas contamn nadas
tienen canti dades i ndetectables o indicios de aldicarb o sus
nmetabolitos. La restriccion del uso de |la sustancia en suel os arenosos
ha reducido | a contam naci 6n de | as aguas subterraneas.

Suponi endo un consuno diario medio de agua de 2 litros y un peso
corporal nedio de 60 kg, |as personas que consunmen agua de pozos poco
prof undos cont am nados | ocal nente que contienen entre 1 y 50 pg/litro
estarian sonetidas a una exposicion a |os netabolitos de aldicarb de

entre 0,033 y 1,7 pg/ kg de peso corporal al dia. Un pozo de agua
cont am nada con aldicarb a un nivel de 500 pug por litro daria |ugar

a una exposicion de 17 pg/ kg de peso corporal al dia. El estudio

mas apropi ado que se conoce para | a evaluaci én del riesgo en el agua
de bebida es un estudio en el que se adninistraron sul féxido y sul fona
de aldicarb a ratas en el agua de bebida. En ese estudio, el nivel de
no observaci 6n de efectos en la inhibicidn de la acetilcolinesterasa
fue de 480 pg/ kg de peso corporal al dia. La exposicién estinmada por
consunp de agua subterranea contam nada esta, por lo tanto, nuy por
debaj o de ese nivel

2. Evaluaci 6n de | os efectos en el nedio anbiente

La plena incorporaci 6n de los gréanulos de aldicarb al suelo a una
profundidad de 5 cm tal y conp recom enda el fabricante, representa
un riesgo nininmo para |las aves y | os pequefios mami feros. Los
i nvertebrados del suel o que no se pretende destruir con |a sustancia,
comp |las | onbrices, pueden norir cuando se usa el aldicarb de
acuerdocon | os regimenes de aplicaci 6n reconendados. Se han conuni cado
casos de hasta 600 nuertes de aves canoras debidas a |la aplicacio6n
i ndebi da de | os gréanulos en |a superficie del suelo, ya que |os
paj aros pueden norir por |la ingestién de un solo granulo. La
aplicaci 6n superficial del aldicarb expone a | os pequefios maniferos a
un riesgo simlar
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No se tienen pruebas de que hayan nuerto organi snbs acuati cos por
i ntoxi caci 6n con aldicarb a pesar de su toxicidad potencial
rel ati vamente el evada. El al di carb puede contam nar |as zanjas de
drenaj e cuando se usa en zonas de |luvias torrencial es periodi cas, que
provocan una intensa escorrentia del agua y el suelo de | a superficie.
No obstante, es poco probable que con ello nueran peces o
i nvertebrados acuati cos.

CONCLUSI ONES 'Y RECOVENDACI ONES PARA LA PROTECCI ON DE LA SALUD DEL
HOVBRE Y DEL MEDI O AMBI ENTE

1. Concl usi ones
1.1 Pobl aci 6n genera
El aldicarb es un plaguicida sumanente toéxico.

La i ntoxicaci 6n accidental y un estudio controlado en e
| aboratorio dieron lugar a sintomas colinérgicos entre |os que
figuraron | os siguientes: malestar, visioén borrosa, debilidad nuscul ar
en |l os brazos y las piernas, cal anbres epigastricos dol orosos,
transpiraci 6n excesiva, nhauseas, voénitos, pupilas contraidas no
reactivas, mareos, disnea, hanbre de aire, diarrea y fascicul aci 6n
nmuscul ar. Los sintonmas desapareci eron espont aneanente al cabo de seis
horas. La dosis oral mas el evada que produj o sintomas no observabl es
en un estudio en el ser humano fue de 0,05 ng/kg de peso corporal
aunque se produjo una significativa inhibicidon transitoria de |la
col i nesterasa de sangre entera con ese nivel

El mecanisno primario de la toxicidad del aldicarb es la
i nhibicion de la acetilcolinesterasa. Cominnente se acepta que | os
i nsecticidas con carbamato interfieren con |la capacidad de |la
acetilcolinesterasa de degradar el transm sor quimco acetilcolina en
| as uni ones sinapticas y neuronusculares. El nmisnp necani sno de acci 6n
se mani fiesta en | os organi smbs que se prentende conbatir y en | os
demas. No hay pruebas sustanci al es de carci nogeni ci dad, mnutageni ci dad,
t erat ogeni ci dad o i nmunot oxi ci dad.

1.2 Exposicién profesiona

Se han produci do casos de intoxicacion y envenenam ento debi dos
a | a exposici én profesional por no adoptarse | as precauci ones
recomendadas.

1.3 Efectos en el nedio anbiente

El aldicarb no ejerce efecto alguno en | os organi snos del nedio
anmbi ente en el nivel de pobl aci 6n. Pueden producirse casos de nuerte
de aves y pequefios mami feros ai sl ados cuando | os gréanul os no se
i ncorporan plenanente al suelo. Los organi snbs acuati cos no estan
expuestos al riesgo del aldicarb

2. Recomendaci ones para | a protecci 6n de |la salud hurmana y del nedio
anbi ente

a) La mani pulacién y |a aplicaci on del aldicarb debe ser |levada a
cabo por personal adiestrado.

b) El uso del aldicarb en |a agricultura debe linmtarse a aquellos
casos en | os que no se disponga de sustitutos nenos peligrosos.

c) La fabricacion del aldicarb es un proceso peligroso que entrafa

el posible riesgo de exposicién a sustancias quim cas toxicas.
Los sistemas de seguridad deben ser suficientes para inpedir |os
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derranmes y vertidos

Para reducir al

vertebrados terrestres al aldicarb

pl enanent e i ncor porados a

y conp reconi enda el fabricante.

OTRAS | NVESTI GACI ONES

mnim o elimnar |a exposicion de |os

| os gréanul os deben quedar

suel o a una profundidad de 5 cm ta

a) Se necesitan mas estudi os farnmacoci néticos, inclusive est udi os
de asimlacion tras |a aplicaci6n por via cutéanea, que permtan
la formul aci 6n de nodel os farnma-coci néti cos de base fisiol dgi ca

b) En un caso de intoxicaci 6on debida al consuno de nenta que
contenia al dicarb se observaron efectos con una dosis
aparentenmente nuy reducida. El estudio de la nenta tratada puede
revelar |l a existencia de un metabolito desconocido o de otros
factores que hayan intervenido en ese caso de intoxicaci 6n

c) Los estudi os sobre | os efectos innunol 6gi cos del aldicarb no han
dado resul tados concluyentes. Es necesari o hacer nuevos estudi os
para examinar mas a fondo | os efectos del aldicarb en el sistena
i nmuni tario.

d) Es preciso |l evar a cabo un estudi o de reproduccion en la rata
para investigar aspectos rel aci onados con | a suscepti bilidad
fetal. Hay un estudio de ese tipo en narcha.

See Al so:

Toxi col ogi cal Abbrevi ations

Al di carb (HSG 64, 1991)

Al dicarb (I1CSC

Al dicarb (Pesticide residues in food: 1979 eval uations)

Al dicarb (Pesticide residues in food: 1982 eval uations)

Al dicarb (Pesticide residues in food: 1992 evaluations Part |l Toxicol ogy
Al dicarb (1 ARC Summary & Eval uation, Vol une 53, 1991)
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