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Safety measures associated with the use of
organophosphate insecticides in the Haitian
malaria control programme*

MCWILSON WARREN,1 TRENTON K. RUEBUSH Il,2 JESSE H. HOBBS,3
ROBERT HIPPOLYTE,4 & STEVE MILLER5

A programme emphasizing intensive training, use of protective equipment and
uniforms, daily supervision of safety measures at work, and weekly monitoring of blood
cholinesterase levels by the tintometric method was instituted to prevent toxicity in Haitian
malaria workers during spraying with the organophosphate insecticides fenitrothion and
malathion. The programme functioned well, depressed cholinesterase activity (£ SO%o of
normal) being detected rapidly prior to the development ofserious symptoms. Evidence of
fenitrothion overexposure appeared in spraymen early in the first spray cycle, and was
associated with faulty protective clothing and afailure to observe strictly the recommended
safety measures at work. After these deficiencies were corrected, insecticide application
continued without serious incidents or interruption of the programme. No serious
reduction of cholinesterase activity was seen in a more limited study of spraymen using
malathion. It is strongly recommended that similar training and monitoring programmes
should be instituted whenever organophosphate pesticides are used as residual sprays for
malaria control. This is particularly important in areas where the more toxic compound,
fenitrothion, is to be used.

The development of vector resistance to DDT has
resulted in the use of alternative insecticides for the
control of malaria. Two of the most promising
compounds are the organophosphate insecticides,
malathion and fenitrothion. Extensive field-testing
of malathion in Nigeria (1), Uganda (2), and Central
America (3) has demonstrated little evidence of
toxicity in man (4). Fenitrothion was developed more
recently and is considered to be potentially more toxic
than malathion (5), although the reported toxicity in
field trials of fenitrothion in Kenya (6) and Thailand
(7,8) has been low. In all these field evaluations, strict
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safety precautions monitored by experts under
controlled conditions have been followed. Both
pesticides, however, can cause potentially lethal toxic
effects (9). In fact, an epidemic of malathion
poisoning with several deaths, which was due to poor
safety measures at work and contamination of
pesticide formulations with isomalathion, has been
reported (10).

In July 1978, the Government of Haiti initiated a
pilot project to evaluate fenitrothion and malathion
as residual insecticides for malaria control. The
Centers for Disease Control, Atlanta, GA, USA,
were asked to assist in the development of protective
measures for the spraying squads. The present report
describes the implementation of this programme
designed to avoid organophosphate intoxication and
its results.

MATERIALS AND METHODS

Spraying operations

The southern peninsula of Haiti, which is reported
to be highly endemic for malaria, was selected for the
trial of fenitrothion and malathion. The spraymen
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were organized into squads of 4 or 5 men working
under a supervisor. Spray-tank charges of the water-
dispersible insecticide powders, 4U)o fenitrothion
(Sumithion)° and 50% malathion (Cythion),° were
weighed into plastic bags by weighers and carried to
the field by the spraymen. The preweighed insecticide
charges were mixed with water and added to the tanks
in the field by the spraymen. The target dosage for
both fenithrothion and malathion was 2 g/m2 of the
interior wall surface, the insecticide being applied on
five days each week. Prior to spraying, all the
furniture and foodstuffs were removed from the
houses, and the occupants were requested not to enter
their homes for at least 2 hours after the spraying.

Training ofspraymen
Prior to the initiation of spraying operations, a

training course was conducted for the supervisory
personnel, spraymen, and weighers. This course of
instruction, which took place in the zone office over a
period of one week, laid stress on demonstration and
practice. The instructors were professionals or super-
visory personnel experienced in the use of these
pesticides. Training sessions in the use of spraying
equipment, as well as methods for the application and
proper handling of residual insecticides, and in the
use of appropriate protective equipment were
included. The spraymen were given the opportunity
to practise their tasks under working conditions.
Particular emphasis was placed on the toxic nature of
the organophosphate insecticides, and on the dif-
ferences in precautionary measures to be observed
with these compounds compared with DDT.
The recommended protective equipment included

hats, uniforms, gloves, and shoes. A bar of soap was
also issued to all field personnel. The protective
procedures emphasized were:

(i) no preparation or spraying of insecticide
without wearing a complete uniform including gloves
and hat;

(ii) washing of hands after each pump charge was
applied;

(iii) no eating, drinking, or smoking while at work,
without first thoroughly washing the face and hands
with soap and water;

(iv) removal of the uniform and a full bath at the
end of each workday; and

(v) use of a clean uniform each day.
The importance of the strict application of these

procedures was stressed to all spraying squad
supervisors and other supervisory personnel.

o 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 End6mies majeures, Haiti.

Determination of cholinesterase activity
Weekly cholinesterase activity was determined on

all workers exposed to malathion and fenitrothion.
Measurement of the blood cholinesterase level has
been found to be a most useful method for measuring
the intensity of exposure to the organophosphate
insecticides (9-11). The tintometric method (12)b was
chosen because it is easily performed under field
conditions and requires only 10 ul of blood, which is
taken from the fingertip by a capillary tube. Results
obtained by the tintometric method correlate well
with those obtained by the more standard Michel
technique which requires a venepuncture (12-14) and
is less adaptable to field conditions.

Cholinesterase determinations were done in the
field on fingerprick blood specimens by a technician
from the Haitian malaria programme who had been
trained in the tintometric procedure prior to the
initiation of this spraying programme. Field kits,
pipettes, and preweighed samples of the indicator and
substrate were provided. A blood sample from a
nonexposed person was measured each day as a
control. Blood specimens were incubated for the
length of time required for the control sample to read
1000/o and were then expressed as a percentage of the
control reading in 12.5% increments from 0% to
100%.
Any worker with a blood cholinesterase activity of

. 50% was removed from contact with the pesticide
until this level reached 62.5% or higher. These
workers retained their positions and continued to be
paid during their first suspension due to a lowered
cholinesterase activity. They were not paid during a
second suspension and were removed from the work
force if a third suspension was required.

RESULTS

Application of fenitrothion began on 4 July 1978.
Two spraymen from different squads showed a
reduction of cholinesterase activity to 50% of normal
in the second week of spraying (Table 1). During the
third week, 6 out of 22 workers examined had an
abnormally low cholinesterase activity ( < 50% of
normal), including all four spraymen in one squad.
The cholinesterase values were rechecked and found
to be accurate. Investigations suggested that the
excessive exposure to fenitrothion was largely due to
damaged gloves and faulty construction of the pro-
tective hats. The seam in the plastic cover at the
juncture of the brim and the crown of the hats was not
waterproof, thus allowing seepage of the insecticide

b WATSON, W. A. & EDSON, E. F. The Tintometer Limited
field cholinesterase kit: improvement in techniques. Saffron Walden,
Tintometer Limited, 1964 (mimeographed report No. Tox/l 15).
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Table 1. Blood cholinesterase activity,' as determined by the tintometric method, in members of four squads
spraying fenitrothion in Haiti, 3-26 July 1978

Before spraying Week 1 Week 2 Week 3

Squad 1:

Supervisor 87.5a 75 87.5 75

Sprayman 1 75 75 75 62.5

Sprayman 2 100 75 87.5 75

Sprayman 3 87.5 62.5 87.5 75

Sprayman 4 100 75 87.5 87.5

Sprayman 5 75 62.5 62.5 50

Squad 2:

Supervisor 100 87.5 75 100

Sprayman 1 75 62.5 62.5 37.5
Sprayman 2 100 - 50 50

Sprayman 3 87.5 75 62.5 37.5

Sprayman 4 87.5 75 75 37.5

Squad 3:

Supervisor 75 75 75 87.5

Sprayman 1 87.5 75 62.5 37.5
Sprayman 2 87.5 75 - 75

Sprayman 3 87.5 62.5 50 - h

Sprayman 4 100 75 100 75

Squad 4:

Supervisor 87.5 75 75 87.5
Sprayman 1 87.5 62.5 62.5 75

Sprayman 2 100 75 75 75

Sprayman 3 87.5 75 75 75

Sprayman 4 75 75 87.5 87.5

Sprayman 5 87.5 62.5 75 87.5

° Values are given as the percentage of the enzyme level in a control (non-exposed) subject.
b Not tested.

into the actual fabric of the hat, and in these places
there was contact with the skin. Spraying was there-
fore suspended until new hats and gloves could be
obtained.

Spraying was restarted on 16 August 1978. Within
one week, reduced cholinesterase values (37.5 o) were
found in 3 spraymen who were removed from work
(Table 2). Six additional workers had a cholinesterase
activity of < 500o of normal by the end of the second
week. By the third week, 2 more workers, including 1
replacement sprayman, were found to have depressed
enzyme activity.

Review of the data showed that low enzyme levels
were more common in squads 2 and 3 (Table 2),
whose members had not fully recovered a normal

blood cholinesterase activity during the period of
work suspension. Since the protective clothing and
equipment seemed to be functioning properly, it
appeared that the practice of safety measures for the
protection of the spraymen needed to be more rigidly
enforced. Two field supervisors were therefore given
the responsibility of overseeing all fenitrothion-
spraying activities.

Careful reviews of the programme in January and
March 1979 were more encouraging. The weekly
cholinesterase monitoring showed that in January,
only 3 out of 23 spraymen had an enzyme activity of
50% or below, and in March none of the workers had
a reading below 62.5%.
At no time during this pilot project was medical
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Table 2. Blood cholinesterase activity,a as determined by the tintometric method, in members
spraying fenitrothion in Haiti, 16 August-8 September 1978

of four squads

Before spraying Week 1 Week 2 Week 3

Squad 1:

Supervisor 87.5a 87.5 75 87.5

Sprayman 1 87.5 62.5 62.5 62.5

Sprayman 2 100 75 62.5 87.5

Sprayman 3 87.5 75 62.5 75

Sprayman 4 100 87.5 75 87.5

Sprayman 5 62.5 62.5 37.5 _ b

Squad 2:

Supervisor 87.5 87.5 87.5 87.5

Sprayman 1 62.5 62.5 37.5 -

Sprayman 2 62.5 37.5 -

Sprayman 3 62.5 37.5 - -

Sprayman 4 75 37.5 50 -

Squad 3:
Supervisor 87.5 75 62.5 50

Sprayman 1 50 - 50 50

Sprayman 2 87.5 75 - -

Sprayman 3 - 75 37.5

Sprayman 4 75 75 37.5 -

Squad 4:

Supervisor 87.5 87.5 75 100

Sprayman 1 75 75 50 62.5

Sprayman 2 87.5 87.5 87.5 62.5

Sprayman 3 87.5 - 62.5 75

Sprayman 4 87.5 87.5 75 50

Sprayman 5 87.5 62.5 75 87.5

a Values are given as the percentage of the enzyme level in a control (non-exposed) subject.
b _ means not tested.

treatment required for organophosphate intoxi-
cation. Complaints of weakness, headache, and
increased sweating were common, however, in
workers with enzyme activities of 50% or less. These
symptoms usually resolved rapidly when contact with
fenitrothion was stopped.
Malathion spraying was initiated in January 1979

in an area considerably smaller than the fenitrothion
area. The spraymen (in one spraying squad only) were
selected from malaria programme workers who were
experienced in spraying organophosphate insecti-
cides, because they had participated in the fenitro-
thion pilot spraying programme during the previous 6
months. These workers' blood cholinesterase activity
was measured prior to the start of spraying and at

weekly intervals thereafter (Table 3). No decrease in
cholinesterase values exceeding 12.5% was observed
during this period.

DISCUSSION

Our experiences underline the importance of
training in the practice of safety measures at work, as
well as the need for careful monitoring of blood
cholinesterase levels in workers who have to handle
organophosphate insecticides in malaria control
programmes. In the present study, a fall in the blood
cholinesterase activity was associated with faulty
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Table 3. Blood cholinesterase activity, a as determined by the tintometric method, in members of a malathion spraying
squad, Haiti, 22 January-7 March 1979

Before spraying Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Supervisor iooa 100 87.5 100 87.5 100 100

Sprayman 1 87.5 75 87.5 87.5 87.5 87.5 75

Sprayman 2 87.5 87.5 87.5 87.5 75 75 100

Sprayman 3 87.5 75 75 87.5 75 87.5 87.5

Sprayman 4 _ b 87.5 75 87.5 87.5 87.5 -h

a Values are given as the percentage of the enzyme level in a control (non-exposed) subject.
h Not tested.

protective equipment and failure of some field super-
visors to enforce the recommended safety practices.
These deficiencies were ultimately corrected by the
use of proper equipment and more strict supervision.
Without the close monitoring of cholinesterase levels,
overexposure of spraymen to fenitrothion might have
gone on unrecognized until one or more workers
became ill enough to require hospitalization (15).
A monitoring system for cholinesterase activity,

like the one described here, can be organized and
implemented without difficulty by malaria pro-
gramme personnel. In our study, all the choline-
sterase determinations were performed by a tech-
nician of the Haitian malaria programme who had
been trained on the job. Personnel of the Service
national des Endemies majeures (SNEM) of Haiti,
aided by consultants from the Centers for Disease
Control and of the Pan American Health
Organization (PAHO), made appropriate decisions
in the field and provided necessary supervision and
training. The potentially disastrous consequences of
overexposure to organophosphate insecticides, which
have been reported among field personnel in other
programmes, were thereby avoided (10).
The absence of a reduced cholinesterase activity in

the workers applying malathion is interesting. There
is no doubt that fenitrothion is the more toxic of the
two organophosphate compounds used in Haiti
(11)- this is one reason why there were reductions in
cholinesterase activity in workers applying
fenitrothion, but it should be noted that in the Haitian
programme all the workers applying malathion had
previously worked with fenitrothion and were
probably more careful in observing the established
safety measures.

Various items of protective clothing including hats,
gloves, and shoes were introduced in an effort to
reduce contact with the insecticide. However, we
consider that use of clean uniforms and washing of
hands with soap and water (after each spray pump

charge has been prepared) are at least as important as
the items of protective clothing. It should be noted
that damaged gloves, hats, and rubber shoes will tend
to increase the exposures to the chemicals being
used.

Education of all such workers concerning the
potential danger of exposure to pesticides is
absolutely basic to safe application. The workers
must be thoroughly trained as to what they can and
should do to avoid overexposure, and they should be
encouraged to report any symptoms or signs of intoxi-
cation as soon as they appear. The programme
director must be prepared to remove negligent or
persistently poor performers from further work with
such pesticides.

Medical care facilities in the areas concerned
should be informed that spraying with organophos-
phate pesticides is to be introduced. Information on
the presenting symptoms of a blood cholinesterase
reduction and on appropriate therapy should be
provided to both public and private health care
personnel.

It is strongly recommended that cholinesterase
monitoring and training activities, similar to the ones
reported here, be instituted whenever organophos-
phate pesticides are used for residual spraying in
malaria control. We agree with the conclusions of the
WHO Expert Committee on Vector Biology and
Control (11) that these precautions are more
important when using fenitrothion than good formu-
lations of malathion. However, it has been our
experience that both clean protective clothing and the
high standards of personal hygiene required for the
safe use of malathion without routine cholinesterase
monitoring may be very difficult to establish and
maintain. Therefore we feel that, even with this less
toxic organophosphate compound, cholinesterase
determinations should be included at least until the
workers have demonstrated their ability to use the
pesticide safely. Inexperienced workers using
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malathion should have routine cholinesterase deter-
minations until they are able to show their ability to
work correctly with the material under field condi-
tions. When fenitrothion is being used, routine
monitoring of cholinesterase levels should be carried
out for all exposed people throughout the period the
pesticide is in use.

Finally, refresher training, especially of super-
visory personnel, should be carried out on a yearly
basis wherever organophosphate pesticides are being
applied. This training should emphasize the toxic
potential of the compound being used and the essen-
tial nature of the required precautionary measures.
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RESUME

MESURES DE SECURITE ACCOMPAGNANT L'UTILISATION D'INSECTICIDES ORGANOPHOSPHORES DANS LE
PROGRAMME HATTIEN DE LUTTE CONTRE LE PALUDISME

Afin d'eviter des intoxications chez les travailleurs
haitiens preposes aux pulverisations d'insecticides organo-
phosphores comme le fenitrothion et le malathion, on a
institue un programme qui vise a assurer une formation
intensive, a encourager le port d'equipements et de
vetements protecteurs et prevoit un contr8le journalier des
mesures de s6curite sur le lieu de travail ainsi que la surveil-
lance hebdomadaire des taux sanguins de cholinesterase par
colorimetrie. Ce programme a bien fonctionne jusqu'ici,
permettant de d6celer rapidement la chute de l'activite
cholinesterasique ( < 50% de la normale) avant l'apparition
de symptomes graves. Les signes de surexposition au
fenitrothion qui ont fait leur apparition chez les pulveriseurs
au debut de la premiere tourn&e de pulverisations ont pu etre

attribues a des vetements protecteurs defectueux ainsi qu'A
un respect insuffisant des consignes de securite sur le lieu de
travail. Apres l'application de mesures correctives, 1'epan-
dage d'insecticides s'est poursuivi sans incident serieux ni
interruption du programme. Une etude un peu plus limit&e
portant sur des epandeurs de malathion n'a pas revele de
reduction importante de l'activite cholinesterasique. II est
vivement recommande d'instituer des programmes de for-
mation et de controle analogues partout oi l'on utilise des
pesticides organophosphores en pulverisations a effet
remanent dans le cadre de la lutte antipaludique. Ces
mesures sont particulierement importantes dans les secteurs
oui l'on utilise le fenitrothion, qui est le plus toxique des deux
produits.
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