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SYNOPSIS

A study of the exposure of spray-men to dieldrin was made in a
pilot scheme of residual spraying in the Taveta-Pare area of East
Africa. A detailed work study was completed on the operators,
and sources of contamination were enumerated. Filter paper pads
were placed on the skin and outside clothing and the pick-up was
estimated chemically. A spray-man, while using the daily average
of 2.12 kg (4.7 pounds) of dieldrin and observing the protective
measures laid down, received a dermal exposure of 1.8 mg of
dieldrin per kg of body-weight per day. This was possibly reduced
somewhat by washing with soap and water upon completion of each
day's work. The sixteen spray-men and assistants were exposed for
180 days per year and there was an interim period of 2 months
between spray cycles. No clinical symptoms of poisoning were
observed.

Comparison is made with certain programmes where dieldrin
poisoning has occurred. Attention is drawn to the reduced time of
exposure in the Taveta-Pare scheme, personal washing, the great
value of protective clothing and of its daily washing in soap and
water and the need to use a dilute suspension of wettable powder
for spraying.

Dieldrin wettable powders have been used in house spraying for the
control of disease vectors for a number of years. In certain programmes in
Venezuela, Ecuador, Nigeria (Hayes, 1957) and India (Patel & Rao, 1958)
from 5 % to 20% of the spray-men have experienced some form of dieldrin
poisoning. The WHO Study Group on the Toxic Hazards of Pesticides to
Man in 1956 stressed the need for investigations of the contamination of
operators in the field. The observations recorded in this paper refer to the
fourth and fifth spraying cycles, carried out for the most part by the same
personnel who were engaged in the actual operation of spraying from the
inception of the scheme in the Taveta-Pare area of East Africa. The first
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cycle gave a wall dosage of 1 g per m2 and subsequent cycles of 0.5 g per
m2, using 1.1 % and 0.55 % dieldrin suspensions respectively.

Detailed Action Study

The routine followed by the spraying staff, on whom the following
observations were made, was as follows. In the morning, haversacks were
filled with insecticide, and equipment and staff conveyed by truck to a
convenient centre. From there each pair of spray-men and pump-men
walked to the houses to be sprayed carrying their equipment, consisting of
an Eclipse stirrup pump, bucket and sieve. The pump had a regulating
valve to give a pressure of 50 pounds per square inch (3.5 kg per cm2) at
the nozzle, which was fitted with a No. 3 Carbide insert of 3/64-inch bore,
producing a fan-shaped jet. With equipment of this type, the pump-man
does not stand directly over the bucket containing the insecticide but at
some distance from it. After various trials, the headgear worn was a cap
made of impermeable material, with a curtain that went round the back of
the head and buttoned at the front of the neck, and a 7-inch (18-cm) plastic
visor coming down from the forehead. Drill overalls, to the wrists and
ankles, covered the body (see the figure). Gumboots have been worn, but

DIELDRIN SPRAY-TEAM IN TAVETA-PARE AREA

Reproduced by courtesy of W. J. Hayes
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it is considered that these are too heavy and difficult to clean, and they are
being replaced by tennis shoes. The hands were covered by rubber gloves
of medium thickness of the kind used in autopsy rooms.

The insecticide was ladled out of the haversacks by means of the mea-
sures provided, tipped into the bucket, and mixed with a small amount of
water; further water was then added to the mark, the mixture being stirred
with the suction hose. During actual spraying operations the gloves were
put on, and not often taken off. The visor was drawn forward, although as
it became clouded by spray, it tended to get pushed further back on the head.

When the spraying of houses for the day was completed, equipment,
gloves, hands and face were washed (without soap), while return transport
was awaited. On return to camp, hands were washed (and later scrubbed),
and the overalls taken off and washed through once or twice with soap and
water. The shorts and singlet worn beneath the overalls were washed
generally every second or third day. A second pair of overalls was used for
the following day.

During the course of these observations it was noted that two of the
spray-men persistently left their overalls unbuttoned, and on two occasions
the overalls had not been washed at the end of the day. The contaminated
overalls might have been thrown on to, or even rolled up in, the bedding,
as was observed on one occasion.

Little washing took place during the course of the work, although the
pump-man sometimes washed off his hands after doing a mixing with his
gloved hand, contrary to instructions.

Before going to work, a cup of tea or other snack was usually taken.
Thereafter, with the exceptions noted below, no other food was taken until
the return to camp, and the evening meal was eaten only after the washing
procedures had been completed. On four occasions a drink of water or
milk was taken during work.

The times spent within the house, spraying or otherwise, as portions of
the total period of work, are shown in Table 1. The average number of
houses sprayed daily (17.5) is typical. Approximately two days in three
are spraying days; Saturdays are held for maintenance of equipment, and
the balance is made up of Sundays and days involved in moving camp.
There is an interim of two months between sprayings. Thus on an annual
basis there are approximately 180 spraying days. The resulting compara-
tively low proportion of time of exposure is clearly very relevant to the
possibility of appearance of evidence of toxicity.

A variety of minor and accidental sources of contamination with insec-
ticide is, of course, liable to occur. Most of them arise from neglect of
standing instructions; in each man observed, one or more aspects of such
neglect was recorded.

These sources of contamination may be divided into two groups: those
connected with defects in the equipment, and those arising solely from
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irregular behaviour by the spray-man or his assistant. The first group
included leaking spray-lances three times, in one case leading to definite

wetness of the wrist; leaking gloves twice; and contamination of the overalls
from the insecticide-containing haversack once.

TABLE 1. AVERAGE DAILY WORK PERFORMED BY SPRAY-MEN

In the second group were included the frequent removal of the spray-
man's visor, its wiping with a contaminated sweat rag, the tucking up
of the visor curtain beneath the cap, or the pushing of the visor so far
back that part of the face was exposed to falling spray; each of these was

observed once. The gloves are liable to be carried in the bucket used for
insecticide, although this is perhaps an unlikely source of appreciable con-

tamination. A pump-man was seen to be splashed by insecticide because of
overpumping on three occasions and insecticide was splashed on to the
legs of overalls on two occasions. Once hands contaminated during
mixing were not washed, and twice overalls were not washed at the end
of the day.

The possible hazard to the pump-man is considerably less than it is
to the spray-man. Although he may be in the house for three-quarters of
the period spent by the spray-man, he is only rarely in the room being
sprayed. The additional exposure entailed in measuring and mixing occurs

over so short a period that it is small in total. Thus during these observa-
tions there was an average of 14 mixes per day, and the total time taken in
filling and mixing was never more than 15-20 minutes a day. This work
is carried out in the open air and, provided that the pump-man follows the
simple precautions most of the time, it is difficult to believe that he- is at
any real risk when using this insecticide.

Detailed action observations Exposure experiments on
on 9 man-days 16 man-days Average for
_____________________________ __________ whole

scheme
average range average range

Number of houses
treated 17.5 12-27 19.4 8-30 17

Time spraying 2.0 hours 1.2-3.5 hours

Time resting 2.0 ,. 1.2-2.6
T

5.5 hours 3.25-7.25 hours
Time walking and
transporting 1.8 ,, 1.3-3.4 ,

Total time from
camp to camp 6.6 ,, 4-8 hours

Dieldrin used:
kg 1.31 0.90-1.94 2.12 0.81-3.44 1.63
pounds 2.9 2.0 - 4.3 4.7 1.8 - 7.6 3.6
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Exposure Study

In order to investigate the degree of exposure of spray-men to the
insecticide, absorbent pads were placed on selected sites of the skin and
on the outside of protective clothing. A set of pads was applied to clothing
on one side of the body, on the back of the neck, shoulder, back of wrist
and outside of ankle; at the same time pads were applied to the other side
of the body on the skin of the shoulder, back of wrist, and outer side of
ankle, and also on the cheek and stomach. A fresh set of pads was applied
to the other side of the body on the succeeding day to give complete coverage.
The overalls had been in use for several weeks, receiving the normal periodic
washing with soap and water. They were washed immediately before but
not during the test.

Pads were constructed of Postlip Filter Paper (grade: soft 160), which
is 0.08 cm thick and weighs 430 g per M2. The pads were made 10 cm square,
except those for use on the cheek, which were a quarter the size, having
a side of 5 cm. They were secured in position by 1 cm wide elastic sticking
plaster or zinc oxide tape. On removal, the ends of the tape were cut off,
and each pad was placed in a polythene bag 25 x 15 cm. Bags were
labelled with details of name, location of pad, duration of spraying, number
of houses sprayed and locality, and were despatched to Amani for dieldrin
estimation.

It will be observed, from Table 1, that the average number of houses
sprayed, and amount of dieldrin used, per day are considerably higher
in the exposure experiments than the average for the whole scheme. This
is due to the selection of villages where the supervision given to two spray-
men could be adequate to ensure that pads remained in position. Hence
more houses were sprayed, owing to their close proximity; and considerably
more dieldrin was used, as larger and better constructed houses are found
in centres of population.

The pads were extracted with fractionally redistilled isohexane (boiling-
point 55°-58°C), and the residue upon evaporation was treated to determine
the total organic chlorine content by sodium reduction with isopropyl
alcohol, followed by a Volhard titration. Dieldrin was determined with
an accuracy of ± 0.02 mg. A series of blanks obtained by analysing pads
that had been attached to an operator spraying water only, after he had
been issued with new overalls and a clean pump, gave average results of
less than 0.02 mg dieldrin equivalent.

The exposure of two spray-men was determined in July and September
1957, and of a further two in December 1957 and March 1958. The average
values of pick-up are given in Table 2.

It will be seen in the table that there is a significantly greater deposit
on the protective clothing on the right side of the body than on the left.
This would be expected, as all the spray-men were right-handed. The range
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TABLE 2. AVERAGE PICK-UP (mg) OF DIELORIN ON ABSORPTIVE PADS
(100 cm2) PLACED ON PROTECTIVE CLOTHING AND SKIN OF FOUR SPRAY-MEN'

Location of pad Left side Right side Over both Range of Standard
of body of body sides of body exposure deviation

On protective clothing:

(a) Back of neck - - 3.59 0.78-10.48 2.93

(b) Shoulder 7.05 10.35 8.73 1.78-29.21 6.26

(c) Back of wrist 4.72 9.38 7.05 1.02-28.95 7.10

(d) Outside of ankle 1.55 3.37 2.52 0.32 - 9.14 2.22

On skin:

(e) Cheek
(pad: 25 cm2) 0.33 0.30 0.32 0.10-0.89 0.22

(f) Shoulder 0.64 0.55 0.60 0.06-1.04 0.46

(g) Back of wrist 0.86 0.95 0.90 0.44-1.77 0.41

(h) Stomach - - 0.60 0.45-0.78 0.11

(i) Outside of ankle 0.51 0.44 0.48 0.20-0.78 0.16

Average (f - i) 0.67 0.65 0.65 0.06-1.77 0.38

* Two sets of observations were made for each man with a 3-months interval.
Average time pads worn: 5.5 hours
Average number of houses sprayed: 19.4
Average amount of dieldrin used: 2.12 kg (4.7 pounds)

of pick-up is very large in the case of the shoulder and back of the wrist.
However, the heavy dosage of 29.21 mg on one pad of 100 cm2 is exceptional,
for the next highest value is 15.05 mg. Similarly the value of 28.95 mg
for the back of the wrist is exceptional, the next highest value being 15.88 mg.
A leaking valve on the lance was probably responsible for this very high
value on one occasion.

The exposure to the skin is highest on the cheek, where it is uncovered,
and an average value of 1.28 mg per 100 cm2 is reached. There is little
difference between the left and right hand side of the body, the exposure
on the left being slightly greater than on the right. Under the overalls
the percentage variation from one part of the body to another is very much
smaller than it is on the outside of the clothing. An average value of
0.65 mg per 100 cm2 was picked up during a day's work involving spraying
an average of 2.12 kg (4.7 pounds) of dieldrin.

Use of Lanolin-impregnated Pads

It is possible to argue that non-greasy paper pads placed next to the
skin do not simulate the slightly greasy surface of the skin, and hence the
average pick-up recorded would be far too low. So a trial was made using
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pads that had been impregnated with an emulsion made from 20 g lanolin
in 100 ml isohexane. The pads were impregnated at the rate of 1.8 g lanolin
per 100 cm2 and had a slightly greasy texture.

The results obtained from one spray-man only showed far greater
variation in values than had been obtained previously with plain pads.
This was due to two factors. The first is that lanolin interferes in the
chemical determination, a very high blank value being obtained, equivalent
to 3.41 mg dieldrin. The lanolin is also oxidized slowly by the excess of
nitric acid present in the Volhard titration, a yellow colour is produced,
and this colour interferes with the reddish-brown end-point. The second
factor is that lanolin is absorbed by the skin, and the blank value will vary
from one part of the body to another depending on the amount of sweating
that has occurred, and will undoubtedly vary from man to man.

The average of two values obtained for the cheek was 0.38 mg per
100 cm2 while spraying 2.26 kg (5 pounds) of dieldrin during 5 hours. This
value is considerably lower than the 1.28 mg obtained with plain pads.
The average for the skin of the rest of the body was 0.79 mg as opposed
to 0.65 mg with plain pads. Although the pick-up may be slightly low
with the use of plain paper pads, the results will be subject to far less
variation attributable to difficulties of chemical determination in the
presence of lanolin and to its absorption. Thus use of plain pads will give a
clearer picture in detecting small differences of exposure.

Contamination of Protective Clothing

Overalls were washed with soap and water after use every day, whenever
possible, during the spraying cycle. However, as the washing was carried
out under field conditions, and as the amount of dispersing agent and added
soap may be insufficient under the conditions to remove all the water-
insoluble dieldrin, the amount of dieldrin remaining on the overalls might
build up in spite of repeated washings. It was possible therefore that after
several months overalls would become a reservoir of insecticide and their
use represent a toxic hazard. Investigations were completed in which used
overalls were washed with soap and water, used for two days, and the
dieldrin content estimated with or without further washing. The results
are given in Table 3.

It will be seen that as the spraying proceeds the overalls become more
and more contaminated, despite washing in soap and water. However, it
is obvious that probably 30%-50% of the dieldrin is being removed by
each washing. But the concentration of residual dieldrin rises with time;
and, should a serious risk of toxicity occur, it should be shown by estimation
of the average pick-up with time on pads placed directly on the skin.
Table 4 gives the average for two men at various (generally three-monthly)
intervals.
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TABLE 3. AMOUNT OF DIELDRIN CONTAMINATION ON OVERALLS USED FOR TWO DAYS`

August September October November December

* Overalls were washed in soap and water previous to use.

TABLE 4. AVERAGE AMOUNT (mg) OF DIELDRIN ON PADS (100 cm2)
PLACED DIRECTLY ON THE SKIN, AFTER ONE DAY'S SPRAYING

Location of pad July 1957 September December March 19581957 1957

Shoulder * 0.29 0.77 0.68 0.64

Back of wrist * 0.96 1.11 0.85 0.70

Stomach * - - 0.65 0.54

Outside of ankle * 0.41 0.33 0.56 0.61

Average value (and standard
deviation) 0.55 (0.36) 0.74 (0.51) 0.69 (0.25) 0.62 (0.11)

Average number of houses
sprayed

Average time pads worn

Average amount of dieldrin
used

20.8

5.3 hours

1.44 kg
(3.2 pounds)

23.2

6.2 hours

2.94 kg
(6.5 pounds)

18.8

5.8 hours

2.58 kg
(5.7 pounds)

15.0

4.8 hours

1.63 kg
(3.6 pounds)

* Four samplas determined per month.

The pick-up is influenced by two factors: the amount of previous con-
tamination of the clothing, and the amount of dieldrin sprayed. It will be
seen that the results tend to follow the second factor quite closely. Thus the
amount of dieldrin remaining in the overalls seems to have only a little
influence on the average pick-up on the skin at the concentrations ex-
perienced. Similarly these results show that the shorts and singlet worn
beneath the overalls are being washed adequately.
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However, if it were felt desirable to reduce the residual source of con-
tamination, the protective clothing could be washed in the field in petrol
-a liquid that is readily available, and a moderately good solvent for
organic insecticides. Four overalls were washed in soap and water, and
used for spraying for two days. They were then each washed in separate
5-litre amounts of petrol, allowed to dry and washed in soap and water.
It was found that, after spraying 2.31, 4.30, 4.08 and 4.71 kg (5.1, 9.5, 9.0
and 10.4 pounds) of dieldrin, there remained in the overalls, following
petrol washing, 0.68, 0.45, 0.19 and 0.14 g dieldrin respectively. Thus,
compared with ordinary soap and water washing, a single washing in petrol
caused a 60% reduction in residual dieldrin, and this reduction could have
been increased by a further petrol treatment.

Discussion

As no clinical symptoms of dieldrin poisoning have been observed among
the teams of spray-men, it is of interest to study the differences between
spraying in the Taveta-Pare scheme and in programmes where poisoning has
occurred. The most marked dissimilarity is undoubtedly the number of hours
the men were exposed to insecticide. The spray-men under study spent an
average of six hours a day in contaminated overalls when spraying, but
only for 180 days a year. Their overalls were washed each day, whenever
possible, and an issue of 225 g of soap was made to each man per week.
This is in contrast to Venezuela where some men worked as much as
15 hours a day, seven days a week, with no break between spraying
cycles (Carillo, 1954; Blazquez & Bianchini, 1956). Others, in horse-
mounted units, sometimes slept in their uniforms for several days without
a change. However, in Nigeria (J. Haworth-unpublished information,
1956) spray-men were not employed normally for more than six hours a
day, with a working week of five and a half days. There were also three-
monthly intervals between the various cycles. Although protective clothing
was worn, it was not washed frequently; an issue of only 60 g of soap was
made every two weeks.

It is probably most important to keep the concentration of the suspension
as dilute as possible, for this would reduce the hazard of accidental exposure.
In Ecuador (9% of workers poisoned), Venezuela (18% of workers poi-
soned) and Nigeria (10% of workers poisoned), the concentration of the
dieldrin suspension was 2.5%, 1.25% and 1.370% respectively, while in the
Taveta-Pare area it was 1.1% for the first cycle and 0.55 % subsequently.
It is interesting to note that in India (Patel & Rao, 1958) there was 5 %
poisoning of spray-men in the malaria control unit using 1.25 % suspension,
and 10% in the filariasis control unit, where the suspension was twice as
concentrated.

A further factor that may have reduced contamination was the use in
East Africa of stirrup pumps of a type which do not require the pump-
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man to operate directly over the bucket of insecticide. In Venezuela and
Nigeria compression sprayers slung from the shoulder were used, possibly
causing contamination of the back.

The results given in Table 2 show the very real protection given by the
overalls, and it is not surprising that poisoning occurred in India, where no
protective clothing was used. Washing the overalls with soap and water
each day, although not removing all the dieldrin, did prevent the increase
of skin contamination as the spraying cycle proceeded. An occasional
washing in petrol would have been advantageous. The exposure per unit
area on the cheek was approximately twice that for the rest of the body,
thus emphasizing the need for a hat and visor. The feet received less
exposure than the average (f-i in Table 2). Knee-length gumboots are not
necessary and could be replaced by tennis shoes, which are far less clumsy.

The average surface area of the skin for the four spray-men studied was
1.73 m2 with a range of 1.66 m2 to 1.80 M2. These figures were found by
use of a nomogram using the values of height and weight (McLester &
Darby, 1952). For an average weight of 62 kg, the exposure on the skin
was 1.8 mg per kg of body-weight per day. However, if absorption into
the skin was not particularly rapid, some of the dieldrin would be removed
by washing with soap and water upon return to camp. It has been suggested
that contamination expressed in mg per kg of body-weight per pound of
pesticide applied might be used as a measure of the efficiency of the protective
clothing (WHO Study Group on the Toxic Hazards of Pesticides to Man,
1956). The figure for the investigation would be 0.39 mg.

The route of absorption will be predominantly dermal, for even in
spraying an aerosol Batchelor & Walker (1954) found that dermal exposure
was much greater than exposure by the respiratory route. There is no
information on the chronic dermal toxicity of dieldrin to man, and little
on that to animals. There are large differences in the LD50 values for dif-
ferent species; the acute dermal LD50 value for white rats is 90 mg/kg and
60 mg/kg for males and females respectively (WHO Study Group on the
Toxic Hazards of Pesticides to Man, 1956); but in the case of the rabbit
it is 400-450 mg/kg (Johnston & Eden, 1953), and it is difficult to postulate
a value for man. In the case of cattle, sheep, pigs and rats, dieldrin is
stored unchanged in the animal body (Bann et al., 1956), and it is reasonable
to assume that it is only very slowly eliminated in the case of man. Thus
safe daily dermal exposure may be extremely low. This paper shows that
an exposure of 1.8 mg of dieldrin per kg of body-weight per day for 180 days
a year, during which time there was an interim of two months between
spraying cycles, produced no clinical symptoms of dieldrin poisoning over
a period of three years when daily washing was performed. Thus with the
enforcement of certain protective measures, which do not become a burden
or impede the speed of application, dieldrin may be used without endanger-
ing the health of operators in house-spraying campaigns.
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RESUMt

Les op6rateurs chargeant les pulv6risateurs ou proc6dant aux pulv6risations de dieldrine
dans la lutte contre les vecteurs de maladies, sont exposes A l'action de cet insecticide.
Dans le cadre du plan pilote de pulv6risations A effet r6manent de la zone de Taveta-
Pare (Tanganyika), 1'exposition des op6rateurs a la dieldrine et les causes possibles
d'intoxication ont ete etudi6es.

Des morceaux de papier filtre ont ete plac6s en diff6rents endroits sur la peau et les
vetements de protection des travailleurs, et le d6p6t de dieldrine a ete 6valu6 chimiquement.

Un travailleur pulv6risant chaque jour 2,12 kg de dieldrine en moyenne, et observant
les prescriptions 6dict6es, est soumis a une exposition cutan6e de 1,8 mg de dieldrine par
kg de poids corporel et par jour. Cette dose peut etre reduite si, A la fin de la journ6e de
travail, les mains, le visage et les vetements de protection sont laves A l'eau et au savon.
L'6quipe qui fit l'objet de cette 6tude fut expos6e 180 jours par an, avec des intervalles
de 2 mois entre chaque campagne de pulv6risation et aucun signe clinique d'intoxication
ne fut observ6. On peut se demander pourquoi, dans d'autres cas, il y eut intoxication
du personnel. II est probable que les resultats favorables obtenus A Taveta-Pare l'ont 6t6
A la faveur d'un nombre relativement reduit d'heures de travail quotidiennes et de jours
de travail annuels; de pr6cautions telles que la toilette quotidienne des travailleurs et le
lavage quotidien des vetements de protection; de temps d'arret d'une certaine dur6e
entre les campagnes de pulv6risations; de la concentration relativement faible de la diel-
drine utilis6e; et de la protection efficace assur6e par les survetements.
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