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Observations on the Toxicity of Carbaryl,
Folithion and 3-Isopropylphenyl N-AMethylcarbamate

in a Village-Scale Trial in Southern Nigeria
M. VANDEKAR1

Two carbamates and one organophosphorus insecticide were evaluated in a village-
scale trial in Nigeria by the WHO Insecticide Testing Unit. Toxicological studies on
exposed spraymen and villagers included clinical observations, determination of plasma
cholinesterase activity and-in the case of the carbamates-determination of metabolites
in urine. While a village-scale trial can provide a basis for evaluation of the risk to which
villagers are exposed, the risk to the spraymen cannot be fully assessed since the spraying
operation in a single village lasts a comparatively short time. The toxicological information
gained in this trial has shown that one of the carbamates tested (3-isopropylphenyl
N-methylcarbamate) is too toxic to man to be used as a residual insecticide in houses. The
other two insecticides (carbaryl and Folithion) have proved safe enough to warrant their
being subjected to an extended field trial, provided that precautionary measures similar
to those described in the paper are undertaken.

The programme of work undertaken by the WHO
Insecticide Testing Unit (ITU) in Lagos, Nigeria,
in 1963 included the evaluation on a village scale of
the three compounds :'carbaryl (l-naphthyl N-methyl-
carbamate) [OMS-29], Folithion, (O,O-dimethyl 0-
(4-nitro-m-tolyl) phosphorothionate) [OMS-43] and
3-isopropylphenyl N-methylcarbamate [OMS-1 5].
Toxicological studies were carried out in May and
June 1963 to assess any adverse effects, including
cholinesterase inhibition, in spraymen and villagers
during the use of the three insecticides.

Similar studies had already been performed
(Taylor, 1963) by the ITU on fenthion (dimethyl-4-
methylthio-3-tolyl phosphorothionate) [OMS-2]. In
the study on Folithion every effort was made to
obtain data as comparable as possible with those
obtained by Taylor on fenthion, so that the effects
of the two compounds on spraymen and residents
could be assessed in comparison. .

Since cholinesterase inhibition in persons exposed
to carbamates might escape detection by electro-
metric techniques-these compounds have been
shown to be reversible and competitive inhibitors

1 WHO Consultant-Toxicologist; Institute for Medical
Research, Yugoslav Academy of Sciences and Arts, Zagreb,
Yugoslavia.

(Casida, 1963)-attention was paid to the possibility
of assessing the exposure to carbaryl and 3-isopro-
pylphenyl N-methylcarbamate by an examination
of urinary metabolites.

MATERIALS AND METHODS

Exposure to insecticides
Water-dispersible powders of carbaryl, Folithion

and 3-isopropylphenyl N-methylcarbamate, con-
taining 85%, 40%, and 50% of active ingredient
respectively, were used in these studies.

Three villages, Badore, Bolorumpelu and Egbe,
about 50 km north of Lagos, were selected for spray-
ing, each village being sprayed with one of the
insecticides. Spraying was performed by eight
spraymen and two supervisors. As the spraymen
and supervisors were more or less equally exposed
to insecticides they are dealt with in this paper as one
group, called " spraymen ". The day before each
spraying cycle commenced the required amount
of insecticide was weighed in small paper bags so
that 5% of active ingredient was obtained in final
spray. From the construction of the sprayer and
the spraying rate (19 m2/min) deposits of 2 g of
active ingredient per square metre were expected.
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The sprayed houses were built with mud walls and
with roofs of galvanized iron or palm thatch.

Spraying was carried out on three separate
occasions. On the first occasion (21 May) carbaryl
was sprayed for six hours; on the second occasion
(27 and 28 May) Folithion was sprayed for six hours
on each of the two days; and on the third occasion
(13 June) 3-isopropylphenyl N-methylcarbamate
was sprayed for two hours only, after which spraying
was discontinued. Spraymen were dressed in over-
alls, sou'westers and gum-boots, and they all wore
masks while spraying or weighing insecticide. It
was later established that the spraymen discontinued
wearing their masks on two occasions: the first,
one hour after the spraying with carbaryl had
commenced; and the second, during the weighing
of 3-isopropylphenyl N-methylcarbamate, which
was carried out by two supervisors and one spray-
man.
The number of houses sprayed and the number

of villagers exposed to each insecticide are shown
in Table 1.

Toxicological studies
Clinical examinations ofspraymen and exposed vill-

agers were performed throughout the whole period.
Plasma cholinesterase activity was determined in

spraymen and inhabitants before and after spraying
with all three insecticides. Blood samples were
taken by finger-prick into heparinized glass capillary
tubes, and plasma cholinesterase activity was
determined electrometrically as described by Stubbs
& Fales (1960). Special care was taken to remove
from the skin any possible traces of insecticide by
washing the hands with soap and water and rubbing
the finger tip thoroughly with a piece of gauze
soaked in ethanol. Except for centrifuging, blood

TABLE I

NUMBER OF HOUSES SPRAYED AND
NUMBER OF EXPOSED VILLAGERS

Insecticide ~~No. of No. of
sprayed Village houses villagerssp ed ________________________________________ sprayed exposed

Carbaryl Badore 16 95

Folithion Bolorumpelu 37 200

3-Isopropylphenyl
N-methylcarba-
mate Egbe 9 70

a Spraying was then discontinued.

samples were kept either in ice (during transport) or
stored at 40C. As a rule samples were analysed on
the day of collection; only exceptionally was the
analysis done on the following morning. The changes
in cholinesterase activity are expressed as percentages
of the initial values, obtained before exposure to
the insecticide.

Metabolites of carbaryl and 3-isopropylphenyl N-
methylcarbamate were estimated in the urine of
spraymen and inhabitants before and after spraying
with the given insecticide. a-Naphthol and 3-
isopropylphenol were estimated in the urine
according to the colorimetric method that Heath
& Rose described for 2-isopropoxyphenyl N-
methylcarbamate (Dawson et al., 1964). In the final
solution 1 ,ug/ml (corresponding to 50 ,tg/ml in
urine) gave in a 1-cm cell an optical density of
0.072 (3-isopropylphenol) and 0.051 (a-naphthol).
Urine samples were collected usually between 8 a.m.
and 10 a.m., and their volume varied from 20 ml
to 250 ml.

RESULTS

Carbaryl

Clinical observations. Except for one case of
pronounced rash in a sprayman whose back was
splashed with insecticide while the sprayer was being
filled, no adverse effects were observed among
either villagers or spraymen.
Laboratory findings. A slight depression of plasma

cholinesterase was found in all spraymen the day
after the spraying. It should be pointed out that the
spraymen discontinued wearing their masks one
hour after spraying had commenced. As shown in
Fig. 1 the enzyme activity, which averaged 84.9%,
was found within the normal (pre-exposure) range
when determined five days after the spraying.

Determination of a-naphthol derivatives in spray-
men's urine did not show any increase on the first
and second day after the spraying; a slight enhance-
ment was observed on the sixth day (Fig. 1).

Slight depression with a statistically significant
mean change of -8.0% of plasma cholinesterase
was found in exposed villagers one week after the
spraying (Table 2). The changes in plasma choli-
nesterase activities in villagers in relation to age
are given in Table 3.
The excretion of a-naphthol derivatives was

determined before and one week after the spraying
of carbaryl in 38 and 32 villagers, respectively. The
averages before and after spraying were significantly
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FIG. I

CHANGES IN CHOLINESTERASE ACTIVITY (o) AND EXCRETION OF PHENOL DERIVATIVES (0)
IN SPRAYMEN CONSEQUENT UPON THEIR SPRAYING WITH CARBARYL, FOLITHION AND

3-ISOPROPYLPHENYL N-METHYLCARBAMATE a

CARBARYL FOLITHION 3-ISOPROPYLPHENYL N-METHYLCARBAMATEII1 11 1

Ill l l l l l l l l l .
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a The values plotted represent the means and their 95 % confldence limits.

different. Calculated with 95% confidence limits
they were 30.5 ,ug/ml (24.4 ,ug/ml to 36.7 ,ug/ml)
before spraying and 50.3 ,g/ml (40.5 ,ug/ml to 60.0
,ug/ml) after spraying.

Folithion
Clinical observations. No adverse effect was

observed either in villagers or in spraymen. Most of
the villagers complained of the unpleasant odour
of Folithion; because of this some of them did not
sleep in their houses the first few nights after the
spraying.
Laboratory findings. A very slight-but statisti-

cally significant-depression of plasma cholinesterase
was found in spraymen on the day after spraying.
The enzyme activity averaged 94.4% (Fig. 1). On
this occasion spraymen did wear their masks
throughout the spraying.

Inhabitants of sprayed houses showed no inhibi-
tion of plasma cholinesterase activity one week
after the spraying and only a negligible inhibition
three weeks after the spraying (Table 4). The
analysis of the changes in plasma cholinesterase
activities in relation to age (Table 5) reveals that
the depression of cholinesterase was statistically
significant in the age-group 7-14 years.

3-isopropylphenyl N-methylcarbamate

Clinical observations. Within two to three hours
of spraying a mild to moderate degree of poisoning
occurred in all spraymen. They were wearing
their protective clothing as well as their masks while
spraying. The spraying was stopped and the spray-
men were sent back to Lagos headquarters. The
most frequent symptoms and demonstrable signs
observed in these spraymen are listed in Table 6.
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TABLE 2
CHANGES IN PLASMA CHOLINESTERASE ACTIVITIES IN

VILLAGERS EXPOSED TO CARBARYL AND
3-ISOPROPYLPHENYL N-METHYLCARBAMATE

4 days after
One week after spraying with
spraying with 3-isopropylphenyl

carbaryl N-methyl-
carbamate

No. of observations 63 19

Falls 48 19

Rises 13

No change 2

Mean change a -8.0 % -23.3 %

95 % confidence limits a -5.3 % to -18.5 % to
-10.7 % -28.1 %

ist"1t 5.9 10.1

P (approx.) <0.001 «0.001

a Calculated as percentages of initial values.

Besides weakness and headache, tightness in the
chest, described as "pressure inside chest " or

" heat inside chest ", was the most outstanding and
persistent complaint. The chest X-ray, performed
on all spraymen on the fifth day after exposure, did
not, however, reveal any abnormality. Most of the
other symptoms and signs disappeared gradually
within a few hours. The definite improvement that
occurred during the transport to Lagos headquarters
and during the clinical observations performed
there proved that no atropine injections were

necessary in this case. Patients were given mepyr-
amine (Anthisan; 50 mg) by mouth and were sent
to take a showerbath. In the course of the afternoon

TABLE 3
CHANGES IN PLASMA CHOLINESTERASE ACTIVITIES

IN VILLAGERS EXPOSED TO CARBARYL
IN RELATION TO AGE

Age-group No. Mean change 95 % confidence
(years) limits (%)

1- 6 14 -5.9 +1.7 to -13.5

7-14 12 -10.1 -4.3 to -15.9

15-30 18 -5.3 -2.9 to -7.7

31 and over 19 -10.8 -5.2 to -16.4

TABLE 4
CHANGES IN PLASMA CHOLINESTERASE ACTIVITIES

IN VILLAGERS EXPOSED TO FOLITHION

Interval a

1 to2 1 to3 2to3

No. of observations 102 71 71

Falls 49 42 39

Rises 37 24 22

No change 16 5 10

Mean change b -0.2% -3.3% -3.5 %

95 % confidence
limits b +0.8 % to -1.1 %to -1.5 % to

-1.2% -5.5% -5.5%

" tt" 0.4 3.1 3.5

P (approx.) 0.6<P<0.7 0.001o<P<0.01 <0.001

a I = before spraying; 2= one week after spraying; 3= three
weeks after spraying.

b Calculated as percentages of initial values.

their condition improved so much that they were
transferred home late in the evening.
As the spraying was performed at midday the

temperature ranged from 35°C to 40°C. The first

TABLE 5
CHANGES IN PLASMA CHOLINESTERASE ACTIVITIES
IN VILLAGERS EXPOSED TO FOLITHION IN RELATION

TO AGE

Age- Mean 195% confidence
Intervalal group | No. change limits (%)

(years)

I to 2 1- 6 13 -1.1 +2.3 to -4.5
7-14 27 -1.2 +0.8 to -3.2
15-30 31 +0.3 +2.5 to -1.9
31- 31 +0.5 +2.1 to -0.9

1 to 3 1- 6 8 -1.5 +1.5 to -4.3
7-14 23 -5.2 -1.9 to-8.5

15-30 17 -3.5 +1.0 to-8.0
31- 23 -1.9 +2.6 to -6.4

2 to 3 1- 6 7 -0.9 +2.6 to -4.4
7-14 23 -5.2 -2.8 to -7.6

15-30 17 -4.1 +0.6 to -8.8
31- 24 -2.7 + 1.3 to-6.7

a 1 = before spraying; 2 = one week after spraying; 3 = three
weeks after spraying.
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complaints of the spraymen could easily have been
attributed to uncomfortable working conditions as
they were fully dressed. Wondering if heat-exhaus-
tion was responsible for the condition of the affected
spraymen, a consultant-entomologist sprayed the
roof of a large house which had been left unsprayed.
He wore only a khaki shirt, shorts and socks, heavy
boots and a sou'wester, and no mask. After
having sprayed the roof for half an hour (from
about 1.30 p.m. to 2 p.m.) he experienced a moderate
degree of poisoning. Here is how he describes his
discomfort: 1

" The only discomfort during spraying was the heat
from the corrugated iron roof and the inconvenience of
heavy sweating. On coming into the sunshine I noticed
that vision was slightly hazy. Ten minutes later I felt
dizzy. There was also a slight twitching of muscles
around the knees which lasted a minute or two and then
disappeared. I had a wash and felt most dizzy at about
2.45 p.m., when I sat in the shade of a tree. I experienced
a few griping stomach pains on the bumpy journey
back, and on arriving at my flat at 3.30 p.m. was imme-
diately sick. I had a bath, went to bed and had a few
cold soft drinks. With the exception ofa slightly ' washed-
out 'feeling, I felt very largely restored the next morning."

Several cases of poisoning occurred among the
inhabitants of sprayed houses in the afternoon
following the morning spraying: out of 70 villagers
exposed to 3-isopropylphenyl N-methylcarbamate
three showed symptoms of mild poisoning (giddiness
only), five showed mild to moderate symptoms of
poisoning (vomiting) and one 14-month-old child
was severely poisoned. The child was driven to
Lagos during the same night.2
Next morning two villagers were still very ill

(vomiting) and were given atropine, which relieved
their symptoms within 30 minutes.
During the first night after spraying, as well as

during the next few days, itching macular hyper-
aemic rash occurred in 17 of 34 exposed male
villagers. The rash was most pronounced on the

1 Personal communication.
' On arrival at the ITU headquarters (1.30 a.m.) the child

was semiconscious, groaning at intervals, with rolling eyes
(looking upwards most of the time) and with a pulse rate of
200 per minute. Breathing movements were fast, with
audible wheezing and wet sounds. Excessive rales and crepita-
tions in the lungs, profuse sweating and pin-point pupils
were found on examination. Atropine sulfate (0.5 mg) was
given intramuscularly and the child was transferred to the
hospital. One hour after administration of atropine the child
showed definite signs of improvement. Sweating had ceased
and the lungs were clearing of fluid. At 8 a.m. X-ray examin-
ation showed that the child's lung field had been cleaned
of all fluid. The child was able to play and smile. Next day
the child was discharged from the hospital.

FIG. 2
TYPICAL GENERALIZED MACULAR HYPERAEMIC RASH
(BACK AND FRONT) OBSERVED IN VILLAGERS EXPOSED

TO 3-ISOPROPYLPHENYL N-METHYLCARBAMATE
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TABLE 6
SIGNS AND SYMPTOMS IN 8 SPRAYMEN
AND 2 SUPERVISORS AFTER EXPOSURE

TO 3-ISOPROPYLPHENYL N-METHYLCARBAMATE

Imme- I day 4 days
Signs and symptoms diately after after

spraying spraying spraying

Weakness 10 7 1

Nausea 5 1 0

Abdominal cramps 4 1 0

Tightness in the chest 8 8 4

Headache 6 5 0

Blurred vision 7 2 a 0

Dizziness 9 1 0

Pin-point pupils 6 0 0

Profuse sweating 5 0 0

Vomiting 2 0 0

a Until after washing In the morning.

uncovered parts of the body (Fig. 2). Among
36 female inhabitants only one rash was observed-
in a girl who did not wear much clothing. The
rashes were treated by Caladryl lotion, which eased
the irritation but did not seem to clear the rash
efficiently. It persisted in most cases for two to
three weeks, but in three villagers it was present
even one month after spraying.

Laboratory findings. A moderate inhibition of
cholinesterase activity was found in two supervisors
and one sprayman on the morning of spraying but
before the spraying took place. This was apparently
due to their handling of the insecticide the previous
afternoon when they were weighing it into paper
bags without wearing masks. Four to five hours
after the spraying a marked depression of plasma
cholinesterase was found in all spraymen and
supervisors (Fig. 1). The following morning a
moderate depression of cholinesterase was still
present in most cases; three days later the activities
were found to be within their normal range. A
marked increase in excretion of phenyl derivatives
was found in most spraymen when their samples
were collected during the afternoon after the
spraying (Fig. 1).
Four days after the spraying plasma cholines-

terase activity was determined in 19 exposed villagers.
Moderate inhibition of plasma cholinesterase activity

was found with the mean change of -23.3 %
(Table 2). The excretion of phenyl derivatives in
exposed villagers was considerably increased the
day after the spraying (Table 7). In some of them
high amounts were still to be found as long as eight
days after the spraying. In one villager, who was
confined to his (sprayed) room ill with an unrelated
sickness, high metabolite excretion was found for
14 days and ceased only after he had been taken to
hospital.

Precautionary measures taken. A thorough exa-
mination of all villagers was undertaken the morning
after the spraying. All the children were sent to be
washed properly and were inspected afterwards.
All adults were asked to wash carefully. The day
aftet the spraying all nine sprayed houses were
decontaminated (floors and lower parts of the
walls) with a 3 % sodium carbonate solution. People
were warned (a) not to let children play on the floors
of the sprayed houses; (b) not to lean on the sprayed
walls; and (c) to wash their bed mats, which had
been contaminated by being used for covering the
food during spraying.

Apart from the cases of poisoning observed
within the first few hours of spraying and the rashes
which persisted for several days or even weeks, no
adverse effects or complaints were noticed among
villagers during the next four weeks.

TABLE 7
EXCRETION OF PHENOLS a IN VILLAGERS EXPOSED TO

3-ISOPROPYLPHENYL N-METHYLCARBAMATE b

Date16 Mean value 95% confidence limits

12 June 21.2 18.2-23.2

13 June Spraying with 3-isopropylphenyl
N- methylcarbamate

14 June 51.7 38.9-64.5

15 June 20.9 16.0-25.7

17 June 31.4 24.3-38.0

21 June 32.7 28.1-36.8

25 June 24.8 20.8-28.5

28 June 25.6 19.7-31.6

6 July 29.8 21.0-38.8

13 July 22.4 18.6-26.8

a Estimated as jg/ml of 3-isopropylphenol.
b 316 urine specimens in all were collected in the morning.
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DISCUSSION

All the three insecticides tested belong to the
group of anticholinesterases: two of them are
carbamates and the third, Folithion, is an organo-
phosphorus compound. The carbamates produce
N-methylcarbamylated cholinesterase, which re-
activates very rapidly (Wilson et al., 1961) in com-
parison with the dimethylphosphorylated enzyme
produced by Folithion (Aldridge, 1953). As no
formation of unreactivatable enzyme could be
experimentally produced by carbamates, a cumu-
lative effect on cholinesterase under the prolonged
conditions of spraying cannot be expected. On
the other hand, it has been shown that a prolonged
contact between the dimethylphosphate inhibitor
and the cholinesterase in vivo results in the forma-
tion of the unreactivatable enzyme (Vandekar &
Heath, 1957).
As shown by J. M. Barnes,' who tested the effect

of alternating daily doses of carbamate and a
dimethyl phosphonate per os on male rats, the
sublethal exposure to an organophosphorus com-
pound increases the hazard from exposure to a
carbamate, while the reverse is not the case. Con-
sequently the proper planning of programmes with
these two kinds of insecticide is an essential pre-
ventive measure. It was originally planned to do the
spraying first with the two carbamates and then
with the organophosphorus insecticide. For various
reasons, however, the spraying programme had
to be changed and one of the carbamates (3-iso-
propylphenyl N-methylcarbamate) had to be sprayed
last. To avoid any possibility of cumulation of the
effects of these two insecticides enough time was
allowed between the spraying with Folithion and
3-isopropylphenyl N-methylcarbamate (see Fig. 1).
Several checks for cholinesterase activity were
performed in this period.

Carbaryl has proved to be a safe insecticide for
both the spray crew and the villagers if spraying is
done under the conditions described in this paper.
There is a possibility of rash being caused by car-
baryl if it reaches the skin in higher concentrations
and quantities, as was observed in one of the spray-
men. Contrary to the experience with 3-isopropyl-
phenyl N-methylcarbamate, no rash was observed
in villagers whose houses had been sprayed with
carbaryl.
The inhibition of cholinesterase activity in spray-

men and villagers exposed to Folithion was sta-

Personal communication.

tistically significant; however, the inhibitory effect
observed was too small to be of any toxicological
importance. When compared with the results
obtained by the ITU on fenthion in 1961 (Taylor,
1963), Folithion proved to be an even safer insecti-
cide as regards the risk of exposed residents, since the
cholinesterase inhibition in exposed villagers was
less pronounced. On the other hand, a two-day
spraying operation gives no grounds for assuming
that a similarly negligible effect on spraymen would
be observed with an exposure of several weeks.
Additional observations-under conditions of pro-
longed spraying-are necessary for a proper evalua-
tion of the risk to spraymen.
The poisonings produced both in spraymen and

among exposed villagers preclude the use of 3-
isopropylphenyl N-methylcarbamate as a residual
insecticide in houses. Most of the signs and symp-
toms observed in the persons affected were typical
of those following the absorption of an anticholines-
terase compound. Both clinical signs and cholines-
terase depression were transient (Table 6, Fig. 1),
which is typical of carbamate poisoning. The high
frequency among the villagers of skin reactions
caused by direct skin irritation was another dis-
advantage of this compound which may be shared
to a lesser or greater extent by other carbamates
as well. In fact, a few rashes were observed in spray-
men exposed to 2-isopropoxyphenyl N-methyl-
carbamate during a similar village trial undertaken
by the ITU in 1962 (personal communication). On
the other hand, no dermal reaction was observed in
workers exposed to carbaryl during its manufacture
(Best & Murray, 1962), while we observed a single
case of rash in a sprayman caused by heavy con-
tamination of the skin. The possibility that the skin
of Africans is more susceptible to irritation by car-
bamates must not be disregarded and requires special
investigation.
From the toxicological point of view it is much

safer to spray a carbamate for a short daily period
and prolong the whole spraying programme. Parti-
cular care should be taken to prevent the occurrence
of rashes by providing washing facilities and by
warning people against leaning on walls, etc. Floor
contamination certainly constitutes the most serious
hazard for residents, especially for children. At-
tempts to avoid or reduce floor contamination will
be of great importance in preventing further acci-
dents.
As the determination of cholinesterase activity

in persons exposed to carbamates may give too high
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results if the conventional techniques for blood
cholinesterase are applied (Casida, 1963), a more
reliable procedure is desirable by which the absorp-
tion of the anticholinesterase carbamates can be
measured. Determination of the metabolites in
urine might prove satisfactory, but only if a small
group of exposed persons is to be examined. As
shown by Heath & Rose (Dawson et al., 1964)
excretion of metabolites is very rapid, and no ab-
normal levels of phenol will be recorded in urine
unless specimens are taken within a few hours of
absorption. Accordingly, only the first morning
specimens of urine, or, even better, a 24-hour urine
collection will give a reliable answer. If such an
examination is to be carried out on residents, con-
tainers for collecting urine will have to be left in the
sprayed houses overnight and the possibility of
some specimens being contaminated by the insecti-
cide will be almost unavoidable.' At the same time
great difficulties will arise in arranging for the col-
lection of urine samples in some exact time relation
to exposure. On the other hand, the collection of

1 In our testing, urine specimens were collected on the
spot, usually between 8 a.m. and 10 a.m.

blood samples by finger-prick does ensure that the
observer knows exactly when the sample was taken
and that it really belongs to the person he is examin-
ing. A radiometric method for estimating cholines-
terase activity in the field has been described re-
cently (Winteringham & Disney, 1964). The method
is designed especially for measuring cholinesterase
activity in the presence of reversible inhibitors. Its
practicability under special field conditions has yet
to be assessed.

In view of the recent experience with 3-isopro-
pylphenyl N-methylcarbamate, more studies should
be performed on carbamate toxicity to mammals, and
a comparison should be made between LD60 values
and median doses producing symptoms (ED60).
It is very probable that with some carbamates a
relatively small fraction of an LD50 dose would
produce the first signs of poisoning; consequently
estimation of ED60 values for carbamates may
prove to be more useful for toxicological evalua-
tion of these compounds. At the same time, more
basic research on the mechanism of inhibition of
human cholinesterase by carbamates of similar
structure but different anticholinesterase activity is
required.
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RULSUME

L'auteur rapporte les observations toxicologiques
faites au cours de 1'essai de trois insecticides - deux
carbamates et un organophosphore- dans le cadre du
programme de travail du Service d'essai des Insecticides
de l'OMS, a Lagos, Nigeria, en 1963.
Ces trois insecticides appartiennent au groupe des

anticholinesterasiques. Des precautions furent prises
pour proteger les operateurs et les habitants; les premiers
portaient des sous-vetements, une combinaison et des
bottes de caoutchouc. Ils avaient un masque pendant les
manipulations et la pulverisation des insecticides. Les
planchers des maisons et la literie furent prot6ges autant
qu'il etait possible. Trois villages regurent respectivement
une solution de carbaryl, de Folithion ou de N-methyl-
carbamate d'isopropyl-3 phenyle, contenant chacune 5%
du produit actif. Les examens cliniques, les dosages de la
cholinest6rase sanguine et la recherche dans les urines

des metabolites des trois insecticides furent effectues,
avant et apr6s la pulv6risation, chez les villageois et les
operateurs charges de I'application.

Si le N-methylcarbamate d'isopropyl-3 ph6nyle montra
peu d'effets toxiques sur les hommes qui le pulv6riserent
pendant deux A trois heures - le travail dut etre inter-
rompu - il provoqua plusieurs empoisonnements dont
un trEs severe chez les villageois. Les troubles apparurent
l'apres-midi ou la nuit suivant l'application. Plusieurs
cas necessiterent un traitement A I'atropine. Une eruption
de macules hyperhemiques, predominant aux parties
decouvertes, apparut chez de nombreux villageois;
I'eruption prurigineuse persistait chez quelques-uns
plusieurs samaines apres. L'auteur conclut que cette
substance ne peutt etre utilisee comme insecticide A effet
remanent, a l'int6rieur des habitations.
Le carbaryl et le Folithion se sont montr6s assez
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maniables pour meriter une experimentation plus vaste
sur le terrain. La faible diminution de 1'activit6 cholines-
t6rasique du sang qu'ils ont provoqu6e est statistiquement
significative mais sans importance toxicologique. Une
abondante quantite de carbaryl, a forte concentration,
r6pandue accidentellement sur le dos d'un op6rateur
provoqua une 6ruption persistante de macules hyper-
hemiques. La plupart des habitants se plaignirent de

l'odeur desagreable du Folithion et passerent plusieurs
nuits aprEs la pulv6risation hors de leurs maisons.

L'auteur souligne les precautions A prendre pour la
pr6paration et la pulv6risation des solutions; il fait des
r6serves sur ses conclusions quant A la tolerance des
op6rateurs, la duree de pulverisation d'un village 6tant
bien courte pour donner une certitude.
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