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Assessment of exposure to organophosphate
insecticides during spraying in Haiti: monitoring
of urinary metabolites and blood cholinesterase levels*

MCWILSON WARREN,' HARRISON C. SPENCER,2 FREDERICK C. CHURCHILL,3
VELLY JEAN FRANCOIS,4 ROBERT HIPPOLYTE,5 & MICHAEL A. STAIGER6

Measurement of blood cholinesterase activity and of the urinary metabolites of
fenitrothion (p-nitrocresol) and malathion (monocarboxylic acid) was used to assess the
exposure to these insecticides of workers in the Haitian malaria control programme and of
residents in the sprayed houses. Cholinesterase activity was significantly reduced at the end
of the working week in 3 out of 28 fenitrothion workers. Urinary levels of p-nitrocresol
(PNC) in the spraymen rangedfrom 2.2 to 25.2 mg/l. Infenitrothion workers who had no
direct contact with spraying (weighers and supervisors), the cholinesterase activity
remained > 75% of the normal control value, and the urinary PNC levels were relatively
low. Urinary malathion monocarboxylic acid (MCA) levels at the end of the working week
ranged between 1.1 and 5.3 mg/l in workers using malathion and their blood cholinesterase
activity remained essentially normal. In both groups of workers the cholinesterase levels
improved and the urinary excretion of metabolites decreased after 2 days of restfrom the
spraying operations. In the residents ofthe sprayed houses, low concentrations ofPNCand
MCA were detected in the urine I day after spraying and measurable but reduced levels were
stillpresent after 7 days. In all these cases the cholinesterase activity remained > 75% ofthe
normal control value.

Malathion and fenitrothion are organophosphate
insecticides which are being used with increasing
frequency for malaria control following the
development of vector resistance to DDT (1-4).
Although both pesticides are toxic to humans (5-7),
malathion and fenitrothion have been reported to be
safe in a number of field trials (1-3, 8-10). However,
because of their pilot nature, these early field
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evaluations were done with strict safety precautions
and were monitored by experts under carefully
controlled conditions. As a result, the reported
incidence of toxicity both by evaluation of symptoms
and by measurement of the blood cholinesterase
activity was low. Few quantitative data are available
on the toxicity to spraymen and persons living in the
houses being sprayed in operational spraying
programmes. However, the safety issues involved in
the use of these compounds for the control of disease
vectors has been reviewed by the World Health
Organization in a series of expert committee reports
(11-14). Exposure to malathion and fenitrothion is
usually measured by examining the reduction in blood
cholinesterase activity, a relatively sensitive technique
for detection of excessive exposure to organophos-
phate compounds (7, 15).0 During monitoring of the
toxicity of malathion and fenitrothion that was used
by the Government of Haiti in a pilot programme in
1979, we determined the exposure to these pesticides

a WATSON, W. A. & EDSON, E. F. The Tintometer Limited
field cholinesterase kit: improvement in techniques. Saffron Walden,
Tintometer Limited, 1964 (mimeographed report No. Tox/1 15).
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of workers handling the chemical and persons living
in the houses being sprayed by measurement of the
blood cholinesterase activity and by quantitation of
pesticide metabolites in the urine.

MATERIALS AND METHODS

Study population and sampling methods

Details of the spraying programme and about
training of individuals handling the pesticides have
been described (3). The study population consisted
of personnel from the Service national des Endemies
majeurs (SNEM) of Haiti and the occupants of the
homes being sprayed. SNEM is responsible for
malaria control in Haiti. Included in the study from
SNEM were 4 spraying teams working with fenitro-
thion and 1 team with malathion, the weighers who
packaged the fenithrothion for the teams, and the
group and section chiefs. Each spraying team
consisted of a supervisor and 4 or 5 spraymen. In
general, the group and section chiefs and supervisors
had less direct contact with the pesticide than the
weighers and spraymen. Residents present at the time
each home was sprayed were examined before they re-
entered their houses after the spraying. Fenitrothion
was used in the areas of Gabians, Burdet, St Louis
Sud, and Cavaillon, whereas malathion was sprayed
in Anse Veau.

Fingerprick blood specimens for cholinesterase
determinations and urine samples for measurement
of insecticide metabolites were collected from SNEM
personnel on Friday afternoon at the end of the
week's spraying and on Monday morning after 2 days
without exposure to the insecticide. Similar samples
were collected from house occupants just prior to
spraying of their homes and then at 24 hours and 7
days after spraying.
The following SNEM personnel involved with

fenitrothion were examined on Friday at the end of
the working week and on Monday morning after 2
days without insecticide exposure: 4 supervisors, 19
spraymen, 2 weighers, 1 group chief, 1 section chief,
and 1 sprayman who had not worked during the week
because of a low blood cholinesterase activity
( < 50/o of control value) 10 days previously. Blood
cholinesterase and urinary p-nitrocresol (PNC) levels
were measured.

Eighteen individuals (including 15 females) from
Burdet and Gabians, aged from 4 to 50 years and
living in the homes being sprayed with fenitrothion,
were all examined prior to exposure, 17 ofthem on the
day after the insecticide was sprayed, and 13 of them
one week after the spraying. Blood cholinesterase
activity and urinary PNC levels were determined. An

additional 17 persons (10 females) from St Louis Sud
and Cavaillon, aged from 11 to 68 years, whose
homes were sprayed with fenitrothion, were
examined for urinary PNC levels before the spraying
and 1 day after; the blood cholinesterase activity was
not determined in this group.
The malathion-exposed group examined consisted

of 4 spraymen and 1 supervisor from SNEM, and 16
persons (10 females) aged from 7 to 70 years from
Anse Veau who occupied the houses being sprayed.
The blood cholinesterase activity and urinary
malathion monocarboxylic acid (MCA) levels were
measured in the SNEM personnel on Friday, at the
end of the week's spraying, and again on Monday,
after 2 days without exposure to the pesticide. Similar
determinations were done on the 16 householders
prior to spraying and on the following day. Urinary
determinations of the MCA levels in 8 persons were
done I week after the spraying.

Blood cholinesterase
Blood cholinesterase activity was measured by the

tintometric method (15-16), using a commercially
available kit (from the Tintometer Company,
Williamsburg, VA, USA).b Determinations were done
in the field by a trained technician from the malaria
programme of Haiti (SNEM). A sample from a non-
exposed control subject was measured each day. All
specimens were incubated for the time in minutes
required for the control to read 1000/ and expressed
as a percentage of the control reading. A value of
< 50%o of the control was considered to be a serious
reduction of blood cholinesterase activity.

Urinary metabolites

Urine samples from persons exposed to feni-
trothion were analysed forp-nitrocresol, the principal
urinary metabolite of fenitrothion, by the gas
chromatographic method of Dale.c The 100-ml
samples were preserved by the addition of 0.25 ml of
formalin. In selected samples, the presence of p-
nitrocresol was confirmed using a gas chromato-
graph/mass spectrometer (Hewlett-Packard model
5992A). b
To test for exposure to malathion, the urine speci-

mens collected in the malathion spraying area were
examined for the presence of malathion monocarbo-
xylic acid by the gas chromatographic method of

b Use of trade names and commercial sources is for identification
only and does not constitute endorsement by the Public Health
Service, the US Department of Health and Human Services, or the
Service national des Endemies majeures, Haiti.

C DALE, W. E. Determination of p-nitrophenyl in human urine
by gas chromatography. Paper presented at the 173rd meeting of the
American Chemical Society, New Orleans, Louisiana, 25 March
1982.
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Bradway et al. (16). To each 100-ml sample of urine
were added 0.25 ml of formalin and 0.2 ml concen-

trated H2SO4 in the field. From data obtained in the
laboratory, the loss of MCA in urine acidified in this
way occurs with the first-order rate constant of 0.0216
day -'. The corresponding half-life (t) is 32.1 days.
The value of r2 was 0.986 for the first order plot where
r is the correlation coefficient. The loss of malathion
dicarboxylic acid (DCA) under the acidic storage
conditions is much more rapid (tb = 2 days) so that this

metabolite was not monitored. All MCA values were
corrected for decomposition occurring in the time
between collection and analysis.
The urine specimens were collected in plastic

bottles, preservatives were added, and the specimens
transported to CDC, Atlanta, at ambient tempera-
ture. Samples were examined within 2 weeks of
collection.

For comparative purposes the urinary creatinine
concentration was analysed in each sample and the

Table 1. Blood cholinesterase activity and urinary p-nitrocresol levels in malaria workers before and after a weekend
with no contact with insecticides, 12-15 January 1979

Friday afternoon (12 Jan.) Monday morning (15 Jan.)

Cholinesterasea p-nitrocresol (mg/I) Cholinesterase' p-nitrocresol (mg/I)

Squad 1:

Supervisor

Sprayman 1

Sprayman 2

Sprayman 3

Sprayman 4

Sprayman 5

Squad 2:

Supervisor

Sprayman 1

Sprayman 2

Sprayman 3

Sprayman 4

Sprayman 5

Squad 3:

Supervisor

Sprayman 1

Sprayman 2

Sprayman 3

Sprayman 4

Squad 4: d

Supervisor
Sprayman 2

Sprayman 3

Sprayman 4

Sprayman 5

Sprayman 6

75

62.5

62.5

62.5

62.5

62.5

87.5

62.5

62.5

75

37.5

37.5

87.5

75

62.5

50

62.5

62.5

75

75

62.5

75

75

2.2 (41)b
3.2 (4.5)
7.5 (7.1)

10.1 (11.8)

16.4 (15.6)
3.6 (4.2)

4.1 (4.0)
9.8 (8.4)
7.1 (8.5)

25.2 (23.4)
22.4 (16.6)
21.8 (27.5)

4.9 (5.2)
8.4 (10.6)
7.3 (4.5)

18.3 (14.3)

3.7 (3.4)

6.6 (5.2)
10.2 (12.1)
10.5 (10.4)
7.9 (5.9)

20.2 (27.7)
9.3 (5.9)

100

87.5

87.5

87.5

87.5

87.5

100
87.5

75

100
62.5

62.5

87.5

75

75

62.5

75

87.5

100
75

87.5

87.5

87.5

0.4 (0.4)
0.8 (1.2)
0.6 (1.3)
3.3 (2.2)

2.9 (4.2)
Neg (Neg)c

Neg (Neg)
0.4 (0.5)
0.8 (0.9)
0.4 (0.8)
1.5 (0.7)

0.8 (1.4)

Neg (Neg)
0.3 (0.6)
0.6 (0.8)
0.5 (1.5)
0.5 (1.7)

0.9 (0.8)
3.4 (2.1)
0.3 (0.5)
0.3 (0.3)
0.6 (0.9)
0.6 (0.7)

a Values are given as the percentage of the enzyme level in a control (non-exposed) subject.
b Values in parentheses were corrected on the basis of creatinine content, assuming 1.4 g creatinine/1 200 ml urine/24 hours.
c Neg means less than 0.1 mg/I.
d Sprayman 1 in this squad was unavailable to participate at the time of this phase of the study.
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Table 2. Blood cholinesterase activity and urinary p-nitrocresol levels in selected personnel working in the Haitian
malaria programme before and after a weekend with no contact with insecticides, 12-15 January 1979

Friday afternoon (12 Jan.) Monday morning (15 Jan.)

Occupation Cholinesterase' p-nitrocresol (mg/I) Cholinesterasea p-nitrocresol (mg/I)

Sprayman b 62.5 Neg (Neg)c 87.5 Neg (Neg)
Sector Chief 75 0.5 (0.5)d 100 Neg (Neg)
Weigher 1 75 4.2 (5.9) 100 Neg (Neg)
Weigher 2 87.5 1.0 (1.4) 100 0.9 (0.7)
Group Chief 87.5 0.8 (0.4) 100 0.5 (0.2)

° Values are given as the percentage of the enzyme level in a control (non-exposed) subject.
h This worker was a substitute and did not work during the week of 8-12 January.
' Neg means less than 0.1 mg/I.
d Values in parentheses were corrected on the basis of the urinary creatinine content.

Table 3. Blood cholinesterase activity and urinary p-nitrocresol levels in householders in Burdet and Gabians before
and after fenitrothion application, 16-23 January 1979

16 January 17 January 23 January

Place Cholinesterase' p-nitrocresol Cholinesterase° p-nitrocresol Cholinesterase° p-nitrocresol
and ages Sex (mg/) (mg/I) (mg/I)

Burdet

19 F 75 Neg 75 Neg 75 0.74c (1.7)d
45 F 75 Neg 75 Neg - -

10 F 87.5 Neg 87.5 Neg 87.5 0.37 (1.9)
42 F 87.5 Neg 87.5 Neg -

16 F 87.5 Neg 75 0.33 (13)d 75 0.44c (2.7)
50 F 75 -C 75 0.70 (2.5) 75 -

12 F 87.5 Neg 75 1.0 (3.1) -

15 F 87.5 Neg 75 1.7 (4.1) 75 0.42c (5.7)
35 F 87.5 Neg 87.5 0.70 (2.8) 75 1.5c (6.6)
20 F 75 Neg 75 1.0 (3.0) 75 1.73c (6.3)
4 M 100 - 75 Neg 75

Gabians
20 F 87.5 Neg 75 1.4 (1.9) 87.5 -

29 M 87.5 Neg 87.5 1.0 (2.5) 87.5 0.48c (1.1)
25 F 75 Neg 75 -

37 F 75 Neg 75 - 75 Neg
25 M 100 - - - 100 0.25' (0.72)
38 F 75 - 75 1.7 (2.0) 75 Neg
13 F 87.5 Neg 87.5 0.63c (1.7) -

° Values are given as the percentage of the enzyme level in a control (non-exposed) subject.
b Neg means less than 0.1 mg/I.
' Confirmed by gas chromatography/mass spectrometry.
d Values in parentheses were corrected on the basis of the urinary creatinine content.
' The - sign means not measured.
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metabolite concentration corrected on the basis of the
average excretion rate of creatinine by assuming an
excretion of 1.4 ytg creatinine per day in 1200 ml of
urine. The results were expressed in parts per million
(or mg/l).

RESULTS

Fenitrothion group

The blood cholinesterase activity and urinary PNC
values for the SNEM personnel working with feni-
trothion are presented in Table 1. Both the crude PNC
concentrations and those corrected for average
creatinine excretion are shown.
Only 3 out of 23 workers had a cholinesterase

activity of < 50% of the non-exposed control level
and these rose to 62.5% after 2 days without
insecticide exposure. Urinary concentrations of PNC
were reduced from an average of 10.5 mg/l

(10.5 mg/l, after correction for creatinine) on the
Friday afternoon to 0.67 mg/l (1.0 mg/l, corrected
for creatinine) on the Monday morning. The range
was 2.2-25.2 mg/l (4.1-27.7 mg/l, after correction)
on Friday, compared with 0-3.4 mg/l (0-4.2 mg/l,
after correction) on Monday.
Data from SNEM personnel not directly involved

in the spraying operation are presented in Table 2.
The group and sector chiefs who had little direct
contact with the insecticide showed almost no
excretion of PNC, which was the case also with one
sprayman who had been suspended from work the
previous week because of a low cholinesterase activity
(37.5%) 10 days earlier. Higher PNC levels than those
in the chiefs and suspended sprayman were found in
urine samples from weighers who packaged the
fenitrothion powder but did not handle the liquid
spray. Average PNC levels for the persons included in
Table 2 were 2.2 mg/l (1.6 mg/l, after correction) on
Friday afternoon and 0.3 mg/l (0.2 mg/l, after
correction) on Monday. All the blood cholinesterase

Table 4. Urinary p-nitrocresol levels in householders in St Louis Sud and Cavaillon before and 24 hours after
fenitrothion application, 17-18 January 1979

Urinary p-nitrocresol (mg/I)

Place and ages Sex 17 January 18 January

St Louis Sud
27 F Nega 0.60 (0.61)h
34 F Neg 3.5' (2.9)

11 F Neg Neg

45 F Neg 0.63' (0.62)
20 F Neg 1.0' (1.2)
46 F Neg 0.50 (0.38Y
28 F Neg 1.2 (1.1)

Cavaillon
35 M Neg 1.3 (0.82)

20 M Neg 0.50 (1.7)
39 F Neg 0.7 (2.3)
19 M Neg 0.80 (0.59)

60 M Neg Neg
55 F Neg Neg

68 M Neg 0.76 (1.4)
44 M Neg 0.30 (0.36)

60 M Neg 1.8 (0.89)
61 F Neg Neg

e Neg means less than 0.1 mg/I.
b Values in parentheses were corrected on the basis of the urinary creatinine content.
' Confirmed by gas chromatography/mass spectrometry.
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Table 5. Blood cholinesterase activity and urinary malathion monocarboxylic acid (MCA) levels in members of a
spraying squad before and after a weekend with no contact with insecticides, 16-19 March 1979

Friday afternoon (16 March) Monday morning (19 March)

Cholinesterase° MCA (mg/I) Cholinesterase' MCA (mg/I)

Supervisor 100 3.3 (2.7)b 100 0.048 (0.097)b
Sprayman 1 87.5 3.0 (2.5) 87.5 0.20 (0.11)

Sprayman 2 87.5 5.3 (4.8) 87.5 0.019 (0.047)

Sprayman 3 87.5 5.1 (6.8) 87.5 0.11 (0.098)
Sprayman 4 100 1.1 (0.9) 100 0.20 (0.13)

a Values are given as the percentage of the enzyme level in a control (non-exposed) subject.
b Values in parentheses were corrected on the basis of the urinary creatinine content.

Table 6. Blood cholinesterase activity and urinary malathion monocarboxylic acid (MCA) levels in householders in
Anse Veau before and after malathion application, March 1979

19 March 20 March 27 March

Age Sex Cholinesterase° MCA (mg/I) Cholinesterase° MCA (mg/I) Cholinesterasea MCA (mg/I)

70 M _b Negc 75 0.32 (1.1)d - 0.046 (0.16)
70 F - Neg 75 0.21 (1.4) - 0.15 (0.31)

13 F - Neg 75 0.25 (0.90) - 0.029 (0.10)

14 F 87.5 Neg 75 0.081 (0.29) -

34 F 87.5 Neg 87.5 0.036 (0.42) - 0.046 (0.14)
70 M 75 Neg 87.5 0.030 (0.088) -

33 M 75 Neg 87.5 0.10 (0.37) - Neg

37 M 75 Neg 75 0.37 (0.26) -

43 M 87.5 Neg 75 0.077 (0.32) - 0.060 (0.085)
7 M 87.5 Neg 75 0.71 (0.095) - Neg

50 F 75 Neg 75 0.30 (0.36) -

10 F 87.5 Neg 75 0.19 (0.58) - Neg

53 F 100 Neg 87.5 0.093 (0.095) - -

16 F 100 Neg 87.5 0.77 (0.85) - -

9 F 75 Neg 87.5 0.020 (0.084) - -

57 F 100 Neg - 0.040 (0.096) - -

a Values are given as the percentage of the enzyme level in a control (non-exposed) subject.
b The - sign means not measured.
c Neg means less than 0.01 mg/I.
d Values in parentheses were corrected on the basis of the urinary creatinine content.

values in the group were higher on Monday after a
weekend without spraying, compared with the values
obtained on the previous Friday afternoon.
There was no significant change in the blood

cholinesterase activity of persons living in the houses
sprayed with fenitrothion (Table 3). The values

decreased in only 6 out of 17 individuals, with a
maximum change of 25%. These cholinesterase
values were found to be within the normal range of
variation for all house occupants; none was below
75% of the unexposed control.
No PNC was detected in the urine of individuals
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prior to spraying although all were living in the houses
that had been sprayed 3 months earlier (Tables 3 and
4). Detectable levels of PNC were present in the urine
samples of most householders 24 hours after the
spraying and persisted in most of the 7-day post-
spraying specimens (Table 3). In 5 of the 8 individuals
providing sufficient samples, the 7-day post-spraying
urine specimens had higher PNC concentrations
(corrected and uncorrected) than specimens collected
at 24 hours (Table 3). In general, the urinary PNC
values in householders were low and similar to those
found in workers who had no direct contact with the
spray (Tables 2 and 3).

Malathion group

Only 1 spraying squad used malathion, and the
blood cholinesterase activity after a week at work was
within the range of pre-exposure levels (Table 5).
There was no change in enzyme activity between
Friday afternoon and the following Monday
morning. The cholinesterase values were higher in
these spraymen than in those working with fenitro-
thion. The average urinary concentration of the
malathion metabolite, MCA, for the squad was
3.6 mg/l (3.5 mg/l, after correction for creatinine)
on Friday afternoon decreasing to 0.12 mg/l
(0.09 mg/l, after correction) the following Monday
morning after 2 days without exposure.
The blood cholinesterase activity in householders

did not change significantly at 24 hours and 7 days
after their homes were sprayed with malathion (Table
6). MCA was not detected in the urine samples prior
to spraying, but low levels were present at 24 hours
and 7 days after spraying.

DISCUSSION

Previous data obtained in Haiti from workers using
fenitrothion and malathion as residual insecticides
for malaria control activities have shown the impor-
tance of training so that safety measures at work will
be observed and the necessity of monitoring the blood
cholinesterase levels of the workers in order to
identify early toxic reactions (3). Our studies
indicated that such precautions were particularly
needed where the relatively more toxic compound,
fenitrothion, was in use. When there is increased use
of malathion and fenitrothion, which will occur as
malaria programmes convert to these insecticides,

careful monitoring of these compounds will be
needed.
As shown here, the measurement of urinary meta-

bolites is useful in determining the exposure to feni-
trothion and malathion in both spraymen and house
occupants. In the case of fenitrothion, data on blood
cholinesterase and urinary metabolites showed that
spraymen received the highest exposure to the
pesticide. Weighers of the fenitrothion powder
showed little reduction of cholinesterase activity and
relatively low levels of the fenitrothion metabolite,
PNC, in their urine, even though they handled large
quantities of the insecticide. Supervisory personnel
received the least exposure to fenitrothion. These
results suggest that the spraying operation inside the
houses, with exposure to the liquid spray, is the
principal source of contamination of the workers.
Urinary PNC levels rose as the spraymen were
exposed to fenitrothion. However, most of the
metabolite was eliminated during the weekends when
there was no exposure to the compound.

There was less blood cholinesterase reduction in
spraymen exposed to malathion than among those
exposed to fenitrothion. Malathion MCA was found
in the urine of all workers after a week of spraying
activity but the levels dropped after a weekend with
no exposure.

Fenitrothion caused more frequent and more
severe blood cholinesterase reductions among
spraymen than did malathion. These data support the
earlier report that, under field conditions, fenitro-
thion is more toxic to workers than malathion (13).
Our investigations indicate that the residents of

homes sprayed with either fenitrothion or malathion
do absorb a small amount of these insecticides, as
evidenced by the presence of pesticide metabolites in
their urine samples for at least a week after spraying.
However, the amounts of insecticide absorbed were
not large enough to cause a significant decrease in
blood cholinesterase activity.
The measurement of urinary metabolites provides a

highly sensitive method to detect and quantify the
absorption of pesticides like fenitrothion and
malathion and, together with measurement of the
blood cholinesterase activity, can provide an estimate
of the potential toxicity of exposure to these pesti-
cides. There is no evidence to suggest that the low level
of absorption seen in the house occupants is harmful,
but careful quantitative studies on the possible long-
term effects of such exposure are needed.
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RtSUMt

EVALUATION DE L'EXPOSITION AU COURS DES OPERATIONS D'EPANDAGE D'INSECTICIDES
ORGANOPHOSPHORES A HAITI: SURVEILLANCE DES MtTABOLITES DANS L'URINE ET

DES CHOLINESTtRASES DANS LE SANG

On a eu recours au dosage des cholinesterases sanguines et
a la mesure de la concentration des metabolites urinaires du
fenitrothion (p-nitrocr6sol) et du malathion (acide mono-
carboxylique) pour 6valuer l'exposition A ces insecticides du
personnel du programme haitien de lutte antipaludique ainsi
que des habitants des maisons trait&es. On a constate que
l'activit6 cholinest6rasique etait sensiblement r6duite a la fin
de la troisieme semaine de travail chez 3 des 28 travailleurs
utilisant le f6nitrothion. Les taux d'excretion urinaire du
p-nitrocr6sol (PNC) chez les travailleurs charges des
pulv6risations allaient de 2,2 A 25,2 mg/l. Chez ceux qui ne
participaient pas directement aux applications (peseurs et
superviseurs) I'activit6 cholinesterasique restait > A 75% de
la valeur normale et les taux d'excr6tion urinaire du PNC
etaient relativement faibles. Chez les travailleurs utilisant le
malathion, les taux d'excr6tion urinaire de l'acide mono-
carboxylique (MCA) A la fin de la semaine de travail allaient
de 1,1 A 5,3 mg/I et l'activite des cholinesterases dans le
sang restait essentiellement normale. Chez les deux groupes

de travailleurs les taux de cholinest6rases se sont am6lior6s et
1'excretion urinaire des metabolites a diminu6 apres deux
jours sans applications. Chez les habitants des maisons
trait6es, de faibles concentrations de PNC et de MCA ont
6te d6cel6es dans l'urine un jour apres les operations
d'epandage et des concentrations mesurables, mais r6duites,
etaient encore presentes au bout de 7 jours. Dans tous ces
cas, I'activite cholinesterasique etait rest6e > a 75% de la
valeur normale.
La mesure des metabolites urinaires est une m6thode tres

sensible permettant de deceler l'exposition aux deux insec-
ticides organophosphores que sont le fenitrothion et le
malathion. A l'aide de ces methodes, il a ete possible de
demontrer que les occupants des maisons trait&es comme le
personnel charge des operations absorbent de petites
quantit6s de pesticides au cours des applications d'insec-
ticides. L'activite cholinesterasique est cependant rest6e
essentiellement normale et rien ne prouve que ce degre
d'exposition soit nocif.
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