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There is a need for objective data on the exposure of spraymen to pesticides in agri-
culture in order to assess minimum requirements for practicable protection in tropical
areas. To provide data, a survey was carried out in the Sudan on spraymen using dime-
thoate. No cholinesterase depressions were found and the calculated dose received by each
man per day was within safe limits in the circumstances of this survey. Respiratory exposure
was only a minor part of total exposure. The methodology of such surveys is discussed and
the need for the use of a standard protocol is emphasized.

In 1972 the WHO Expert Committee on Insec-
ticides (1) noted that protective clothing for use with
toxic chemicals may not always be available in
developing countries and considered that the pro-
tection offered by cotton materials should be further
examined. It also mentioned the difficulties arising
out of the use of protective equipment in tropical
areas.

There is much advice available on the need for
protective clothing when handling pesticides but
there are few objective data against which this
advice can be evaluated, and some proposals are
clearly impracticable in tropical areas. However,
although occupational intoxications by pesticides
are not documented in most developing countries,
it is clear that these do occur. The problem therefore
is to know when protective equipment is necessary
and the form it should take. The protection given
by ordinary working clothing needs to be investigated
in relation to the type of clothing and to the for-
mulation and mode of application of the pesticide.
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In order to collect this information, a number of
epidemiological surveys are needed in various
regions and under different well-documented con-
ditions.

THE SURVEY AREA AND GROUP

A group of ground spraymen applying dime-
thoate, an organophosphorus insecticide, were
surveyed by the methods of Durham (2) and
Wolfe (3, 4) to assess exposure and by a field colori-
metric method a to measure whole blood cholin-
esterase.
With the cooperation of the Ministries of Health

and Agriculture of the Sudan, the area around the
village of El Khagalab, 32 km north of Khartoum,
was selected for the survey. The spray team, all
employees of the Plant Protection Board, consisted
of eleven men: two supervisors, one mixer, and
eight sprayers. The spraymen worked in pairs,
one using a knapsack sprayer and the other being
responsible for transporting the diluted insecticide
from the mixing area to the sprayer. These men
frequently reversed roles during the day so that
they spent about 2 h in each 4-h shift on each task.
Two men, the supervisors, had minimal or no
exposure and were considered as " controls ".

All the spraymen used a " Supra-Neu-75"
knapsack mist blower and duster,6 which is powered

a Tintometer Sales Ltd, Salisbury, England.
b Gebruder Holder Maschinenfabrik, Federal Republic

of Germany.
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by a two-stroke engine and has a liquid capacity
of 10 litres. A 2-mm-diameter nozzle was used.
At a constant pressure of 152 kPa, 1 litre of solution
is delivered each minute. Therefore, the tank was
refilled approximately every 10 min.
The typical clothing worn consists of a short

shirt or aragie, which is a loose fitting garment
stretching from the neck to just below the knee, a
tagya or ima on the head, and tennis shoes or
slippers on the feet. In general, the men wash their
aragies every 3 days. Most sprayers change clothes
immediately they get home, about half an hour
after they finish spraying. The exception in this
group was the mixer, who had only two aragies
and hence wore each for 3 days continuously.

Gloves and respirators had been supplied but
were not worn. The men stated that these interfered
with freedom of movement and were too hot for
the existing conditions. Soap was available and they
washed their hands and faces before and after
breakfast, and at the end of the shift. A sprayman
rarely washed his hands at other times if they were
accidently contaminated. None of the spraymen
smoked.
The insecticides most used by this group were

dimethoate, malathion, endosulfan, and formothion
with small amounts of HCH, carbaryl, dieldrin,
and Sofril.a Despite their long experience of insec-
ticide spraying, all the men denied specific symptoms
of insecticide intoxication with the exception of
headache, malaise, and irritation to the eyes and
hands when spraying dieldrin.

Prior to the survey, the team had not sprayed for
2 weeks; for 6 days in the 3 weeks preceding this
period they had sprayed a mixture of dimethoate
and carbaryl. The survey lasted 2 weeks, each of
6 days (from Saturday to Thursday). The team
sprayed from 2 to 4.25 h per day, averaging 3.3 h
over the 12 days of spraying and covering about
3 feddans per day (1 feddan 0.42 ha). Dimethoate
was used exclusively. Approximately 600 ml of
concentrate containing 32% active ingredient were
diluted to make 150 litres and applied to each
feddan. The crop sprayed consisted mainly of
aubergine (eggplant), alfalfa, okra, tomato, cucum-
ber, and melon. The average height of the crops
was 70 cm (range 40-100 cm).
The average maximum shade temperature was

38°C, ranging from 320 to 44°C, and the average
relative humidity was 19%; it did not rain. Winds

a Free sulfur as a micronized wettable powder.

were light and generally blew at right-angles to the
direction in which the fields had been ploughed and
hence to the direction in which they were sprayed.

METHOD

Cholinesterase tests were carried out on each
man twice before the spraying operation com-
menced and before and after work on each working
day. A haemoglobin estimation was carried out
at the time of the pre-exposure tests.
Exposure pads and modified cartridge-type res-

pirators were worn by some of the spraymen
throughout each working day. Pads made from
a-cellulose, 10 cm square, were fixed over the cloth-
ing or on the skin at the following sites:

1. Upper surface of left forearm held with elbow
bent at right-angles across the body.

2. Front of left leg, above the ankle.
3. Front of left leg, mid-thigh.
4. Over the sternum.
5. On the back between the shoulder blades.
6. On the head-dress.

In addition, one pad was placed on the skin of
the upper abdomen, under the clothing, at the level
of the arm pad. All the men were right-handed;
if any had been left handed, the arm and leg pads
would have been placed on the right side.
At the end of each day, 5 x 5-cm squares were

cut from the centre of the pads and these and the
respirator pads were placed in individual 30-ml
glass bottles each containing 10 ml benzene. The
bottles were closed with plastic caps completely
lined with aluminium foil for despatch to the ana-
lytical laboratory. There, 3- to 5-,4u1 aliquots of the
samples were injected into a gas chromatograph
for the determination of dimethoate concentrations.
Quantification was carried out by measurement of
the peak height of the chromatogram and com-
parison with that of a standard of known con-
centration. If no response was obtained, the sample
was concentrated to a volume of 1 ml and 5 ,ul of
the concentrated sample was reinjected. In some
cases, samples had to be diluted to bring them
within the range of concentration of the standards.

All analyses were made on a MicroTek gas
chromatograph, Model 220, equipped with a
phosphorus-sensitive flame photometric detector.
Separations were made on a 6-ft x ¼/4-in (approx.
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183 x 0.64-cm) aluminium column packed with
1.5% OV-17 plus 2.5% OV-210 on Chromosorb-W,
100/120 mesh. The column was operated at 235°C
and the detector at 300°C. Under these conditions,
0.20 ng of dimethoate produced a peak 1.0 cm in
height which permitted the determination of as
little as 0.01 jig per sample.

RESULTS

When the men were observed at work, it was

apparent that most exposure occurred during
transfer of the diluted formulation to the carrying
tins, during transfer from the carrying tins to the
knapsack, when the sprayman sprayed ahead of
himself while walking directly into the wind, and
when he walked through the crop he had sprayed
on his last traverse. Further exposure may have
occurred by the oral route as many workers took
home vegetables picked after spraying had been
completed.
The general data on the men studied and the results

of haemoglobin and cholinesterase tests are shown
in Table 1. For cholinesterase, only the pre-exposure

and the mean of the after-work tests on the last
2 days are given since no cholinesterase depression
was found in any of the men. In connexion with
these results, it has to be remembered that field
measurements may vary considerably and the results
for an individual have to be compared with the mean
result for the whole group for the day and par-

ticularly with the results obtained on non-exposed
men. Thus, while it appears from Table 1 that
there was a small increase in cholinesterase over the
period of the survey, in fact there was no real
difference between levels in the spraymen and
those in the " controls ".
The results of analysis of the exposure and res-

pirator pads for individual men are shown in Table 2,
together with a calculation of the percentage of the
toxic dose received per day. This varied with indi-
vidual spraymen from 0.020% to less than 0.001%.

If maximum exposure values obtained for any

body area by any applicator are treated in the same

manner, the respiratory exposure was 19.9 ,tg/day,
the dermal exposure was 26.018 jug/day, and the
percentage of the toxic dose potentially received
per day was 0.053%4.

Table 1. General data on the survey group and results of haemoglobin
and cholinesterase tests

Pre-spray tests sPraotsts
Duration Estimated Pre- spray tests_Post-

No. Age Job of em- quantity haemo- cholin- cholin-
(years) (litres) a globin esterase esterase

100 ml) normal) b normal) c

1 54 supervisor 45 - 14.0 78 87

2 39 supervisor 19 - 14.4 83 93

3 46 sprayman 7 479 14.0 99 100

4 39 sprayman 17 821 16.0 82 93

5 47 sprayman 17 752 14.0 86 87

6 45 sprayman 23 821 16.0 76 87

7 46 sprayman 17 821 15.1 78 81

8 35 sprayman 19 821 15.0 68 100

9 51 mixer 11 - 12.8 79 87

10 47 sprayman 7 821 15.0 83 100

11 45 sprayman 6 684 13.1 79 87

Mean values 14.5 81 91

a Mean No. of litres sprayed per day x days actually worked.
5 Mean of 3 tests.
c Mean of tests after work on days 12 and 13, except worker No. 1 (not tested on

day 12).
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Table 2. Results of analysis of exposure pads for individual spraymen, together with calculations of dermal and
respiratory exposures and percentage toxic dose received per day

Total
No. of Mean dimethoate recovery from pads (1.g/cm2/day) Skin calculated Respirator Percentage

N. days (unde dermal Rspirato/ PerictgNo. pads * ) exposure/ exPo toxc
worn clothing) day~r day (aug) dose/dayb

arm upper leg lower leg sternum back head (,Ag/cm2) a

3 4 0.0114 0.1035 0.3010 0.0041 0.0120 0.0053 0.0015 748.5 19.9 0.002

4 5 0.0188 0.0726 0.2027 0.0186 0.0980 0.0071 0.0200 361.8 6.2 0.002

5 5 0.0705 0.7602 3.4960 0.0208 0.1552 0.0041 0.0027 8322.1 6.2 0.020

6 6 0.0093 0.1510 0.5050 0.0154 0.1460 0.0065 0.0040 1174.7 8.5 0.003

7 4 0.0051 0.0189 0.4169 0.0139 0.0090 0.0040 0.0022 1013.1 6.5 0.002

8 4 0.0187 0.0769 0.0399 0.0290 0.0160 0.0018 0.0030 175.8 - -

10 5 0.0160 0.1345 3.4672 0.0037 0.0960 0.0052 0.0020 8104.1 11.9 0.020

11 5 0.3370 1.3733 2.5400 0.0096 0.0076 0.0137 0.0038 6642.7 5.1 0.014

a Using the following body areas: head 837 cm2 (head pad); upper chest below neck 149 cm2 (sternal pad); top of shoulder near neck
298 cm2 (head pad); back just below neck 100 cm2 (back pad); forearms 1208 cm2 (arm pad); hands 808 cm2 (arm pad); legs 2322 cm2
(lower leg pad); remaining areas 12 530 cm2 (skin pad).

dermal exposure (mg/day) + (respiratory exposure (mg/day) x 10)b Based on the formula: dermalepsr (m/dy ( rato x l 00* LDso value used for dimethoate = 700 mg/kg.
dermal LD50 mg/kg (rat) x 70

Calculated on basis of 4-hour day.

Table 3. Results (in pg dimethoate per 5 x 5-cm pad)
for all pads according to site

Site No. Mean Range Median SD

Arm 36 1.60 nil-39.60 0.30 ± 6.50

Head 36 0.18 nil-1.20 0.08 ± 0.28

Lower Leg 40 25.55 0.03-236.70 4.50 ± 51.38

Thigh 38 7.25 0.04-111.20 1.49 ± 18.91

Back 35 1.55 nil-1 8.50 0.18 ± 3.84

Skin 36 0.11 nil-1.40 0.06 ± 0.27

Sternum 35 0.36 0.02-1.60 0.16 ± 0.39

Table 3 shows the results obtained from all
exposure pads, according to site. The mixer, No. 9,
was excluded from these results. It is apparent that
some high results have biased the mean to a con-
siderable degree, as is usual considering the cir-
cumstances of the survey.

Table 4 shows the ranking of exposure sites and
their ratio in relation to the least contaminated site,
the skin.

Table 4. Ranking of sites according to exposure and
ratio in relation to the least exposed site (skin)

Mean exposure
Site (pg dimethoate Ratio

per 5 x 5-cm pad)

Skin 0.11 1.0

Head 0.18 1.6

Sternum 0.36 3.3

Back 1.55 14.1

Arm 1.60 14.5

Thigh 7.25 65.9

Lower leg 25.55 232.3

DISCUSSION

It had originally been intended that exposure and
respiratory pads should be transported from the
field to the processing laboratory in the USA in
sealed plastic bags. However, in preliminary labor-
atory tests, it was found that the recovery of known
amounts of dimethoate applied to cellulose dimi-
nished rapidly to approximately 10% after 3 weeks'
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Table 5. Recovery of dimethoate from
after storage: pre-survey tests

2 x 2-cm a-cellulose pads

Quantity of Percentage recovery after:
Condition of pad dimethoate Solvent

added (pg) I week 2 weeks 3 weeks

Plastic envelope
dry 50 none 26 28 NT

treated with 1 ml
normal saline 50 none 80 87 NT

Bottle
dry 50 none 13 16 11

dry 250 none 9 15 5

treated with 1 ml
normal saline 50 none 77 74 72

treated with 1 ml
normal saline 250 none 86 46 66

dry 50 10 ml benzene 88 98 89

dry 250 10 ml benzene 106a 86 89

treated with 1 ml
normal saline 50 10 ml benzene 89 108 a 100

treated with 1 ml
normal saline 250 10 ml benzene 106 a 86 86

a Values in excess of 100 % are within the limits of error expected with the
analytical method used.

storage (Table 5). The tests indicated that the best
solvent was benzene, in which recovery was 89%
after 3 weeks, and therefore bottles containing 10 ml
of benzene were used for transportation.
To further check recovery in the field, the dilute

solution as sprayed was added to pads and these
were immediately placed in solvent. In retrospect,
it would have been better to use the concentrate
since the exact initial dilution was unknown; it
was calculated to be 1.28 mg/ml but the highest
recovery rate was 206% in a single specimen,
indicating that the dilution may have been rather
lower on the day of the trial. Recovery from the
solvent was approximately the same as in the
initial tests (Table 6). Other pads were dosed with
dilute dimethoate and left in the sun for different
periods before putting them in the solvent. This
resulted in recoveries of 29%, 21%, and 10% after

½/2, 1, and 2 h, respectively. A further specimen,
sunned for 3 h and transported for 1 h before being
put in solvent, gave 19% recovery.

Table 6. Recovery of dilute dimethoate after approxi-
mately 1 month

Percentage of
dimethoate

Amount of solution and treatment recovered based on
calculated initial
concentration a

(a) 1.0 ml; 5 ml benzene; no pad 206

(b) 1.0 ml; no benzene; no pad 182

(c) 1.0 ml; 5 ml benzene; on pad 86

(d) 0.5 ml; 5 ml benzene; on pad 109

(e) 1.0 ml; on pad left in sun 0.5 h before
being placed in 5 ml benzene 29

(f) as (e) but left in sun 1 h 21

(g) as (e) but left in sun 2 h 10

(h) as (e) but left in sun 3 h and
transported 1 h 19

a Calculated initial concentration of dimethoate solution:
1.28 g/litre.
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Dimethoate is a rapidly degradable insecticide
and the same degradation may not be found with
other compounds. Field-laboratory recovery tests
need to be carried out before and during any survey,
and have been written into the protocol. The results
in this case show that concentrations on exposure
pads do not give the complete picture of exposure.
Any extrapolations from the results must have a
safety factor built in, proportional to the degradation
rate for the specific insecticide under the spraying
conditions.
The sites for the pads were chosen to be unilateral

in some cases to keep down the number of pads
to be processed. Hand washing with alcohol was
considered, but was excluded as being impracticable
in the field. However, in retrospect this might have
been included, particularly in view of the evident
contamination of the hands during transfer of the
dilute insecticide.

It has been suggested that for more toxic pesticides,
effects do not occur if the estimated percentage of the
toxic dose received per hour is less than 1% (3). The
results in this survey, which are given in percentage
toxic dose per 4-hour day, are well below this level
and therefore it is not surprising that no effects on
cholinesterase were seen in any of the men. However,
the important results are those indicating the relative
routes of exposure and areas principally conta-
minated in hand spraying. As was found in the
survey, respirators are uncomfortable to wear in
tropical climates and do not seem to be required
for the hand spraying of low crops with compounds
of moderate or low toxicity. This relaxation cannot
be applied to other methods of application or to

high crops until more data from similar surveys
are available.
The effect of the clothing worn can be deduced

from the contamination of the pad on the skin
of the upper abdomen compared with that of the
arm pad, which was at the same level but might
have been more subject to contamination through
movement, and to the sternal pad, which was about
30 cm higher. The mean for the arm and sternum
pads was 1.60 and 0.36 ,tg dimethoate/pad, res-
pectively. The mean for the skin pad was 0.11 ,ug/
pad, indicating that substantial protection was
given by the clothing. Moreover, it was probably
better than it seemed, as the skin pad was not
exposed to the sun and degradation was probably
less.
More data, preferably from tropical areas, for

other pesticides, other methods of application, and
other types of clothing is urgently required in order
that it can be correlated with data already available.
This can only be obtained in field trials along the
same lines as that described above. When a sufficient
number of trials have been carried out it will be
possible to compare the differences and similarities
and to bring out soundly based recommendations
on the protection required under different cir-
cumstances. However, it is essential that the data
obtained should be comparable and therefore
investigators are invited to use the protocol prepared
for this trial and amended in the light of experience.

Copies of the protocol may be obtained from the
Division of Vector Biology and Control, World
Health Organization, 1211 Geneva 27, Switzer-
land.
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RItSUMIt

EXPOSITION AUX PESTICIDES DANS L AGRICULTURE:
ENQUETE SUR LE PERSONNEL CHARGE DES PULVERISATIONS DE DIMEITHOATE AU SOUDAN

I1 est necessaire de reunir des donnees objectives sur
1'exposition aux pesticides du personnel charge des pul-
verisations dans l'agriculture, afin d'evaluer les normes

minimales assurant une protection realisable dans les
regions tropicales. Une enquete a et menee au Soudan
sur un groupe de 11 hommes qui appliquaient du dime-
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thoate A I'aide de brumisateurs portes sur le dos. Ces
hommes avaient des vetements de travail typiques, c'est-
A-dire une chemise, un chapeau et des chaussures de
tennis. Au cours des deux semaines, les hommes ont
ete examines chaque jour ouvrable et on n'a jamais
observe d'abaissement de la cholinesterase. Certains
d'entre eux portaient des tampons sur les jambes, les bras,
la tete et le tronc pendant chaque journee de travail afin
de permettre d'evaluer la contamination. On a utilis6 des
respirateurs specialement adaptes: I'analyse des filtres a
montre que moins de l % de la dosejournaliere etait inhale.

On a correle des r6sultats obtenus sur d'autres tampons
afin d'estimer quel etait le pourcentage possible de la
dose toxique recu: dans aucun cas, il n'excedait 0,05%.

II apparait que les vetements de travail classiques
fournissent une protection suffisante contre ce pesticide.
Neanmoins, bien d'autres enquetes sont necessaires et
il est recommande d'utiliser un protocole uniforme, dont
la validite a ete verifiee dans cette etude. Des exemplaires
peuvent etre obtenus sur demande A la Division de la
Biologie des Vecteurs et Lutte antivectorielle, Organisa-
tion mondiale de la Sante, 1211 Geneve 27, Suisse.

REFERENCES

1. WHO Technical Report Series, No. 513, 1973 (Safe
use of pesticides: Twentieth report of the WHO
Expert Committee on Insecticides).

2. DURHAM, W. F. & WOLFE, H. R. Measurement of
exposure of workers to pesticides. Bulletin of the
World Health Organization, 26: 75-91 (1962).

3. WOLFE, H. R. ET AL. Exposure of workers to pesti-
cides. Archives of environmental health, 14: 622-633
(1967).

4. WOLFE, H. R. ET AL. Exposure of spraymen to pesti-
cides. Archives of environmental health, 25: 29-31
(1972).


