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SAFE USE OF PESTICIDES
IN PUBLIC HEALTH

Sixteenth Repbit
of the WHO Expert Committee on Insecticides

. The WHO Expert Committee .on Insecticides met in Geneva,
Switzerland, from 21 to 27 September 1966. Dr A. M.-M. Payne, Assis-
tant Director-General, opened the meeting on behalf of the Director-
General. Dr W. J. Hayes, jr, was elected Chairman and Dr M. K. Q.
Hashmi, Vice-Chairman. Dr A. Arnan was appointed Rapporteur.

1.. INTRODUCTION

In vector control programmes DDT has been in use for over
20 years. Very large quantities continue to be used and no reports of
any harmful effects have been recorded among the thousands of people
who use it daily in malaria eradication campaigns. Furthermore, DDT
remains the insecticide of choice where the vector is susceptible to its
“action.

The concern that has been expressed in recent years about contamina-
tion of the environment by this very stable and persistent insecticide should
not, in the opinion of the Committee, be considered sufficient reason
for substituting other insecticides for indoor residual spraying against
mosquitos. The safety record of DDT remains outstanding.

Unfortunately, where vectors have developed resistance to DDT it
has become necessary to introduce alternative insecticides. The Com-
mittee reviewed those compounds that have been introduced as part of
the WHO Programme for Testing and Evaluating New Insecticides for
use in public health programmes.

The Committee is of the opinion that with one exception — mala-
thion (OMS-1)1 — those insecticides so far developed as indoor residual
sprays are likely to present a greater hazard in use than DDT.

The Committee urges health authorities to take a realistic view of
the hazards presented by these new insecticides. In many public health
programmes, the possibility that a few individuals might be adversely

1 An index to the OMS numbers used 'throughout this report will be found
in Annex 1. ) -

5



6 INSECTICIDES

affected has to be accepted in order to effect a substantial improvement
in the health of the country as a whole. -Examples: of this can readily
be seen in programmes for vaccination agamst smallpox and for
immunization against poliomyelitis.

The insecticides now under trial for use in vector control programmes
belong to the organophosphorus and carbamate groups of anticholin-
esterases. For the former, biochemical techniques have already been
developed for field use which can detect exposure before any symptoms
of poisoning appear. With the carbamates, symptoms of over-exposure,
while severe enough to make a man stop work and so avoid further expo-
sure, will clear up within a very short time and allow him to resume work.

Recovery from severe poisoning by either type of insecticide will
be complete, provided that prolonged asphyxia is avoided by proper treat-
ment. No permanent disability will result from the direct action of the
insecticide. Furthermore, a very effective antidote — atropine — is readily
available for the early treatment of the effects of any over-exposure. ‘

While bearing in mind the importance of good public relations
throughout a control or eradication programme, the Committee considers
that the demonstration of non-symptomatic enzyme depressions in the
inhabitants or the spraymen should not preclude the use of entomologi-
cally effective compounds capable of controlling or eradicating malaria
and other serious vector-borne diseases. The occurrence of symptoms
with compounds of the carbamate group may indicate the need for a
review of safety procedures and application techniques rather than for
a discontinuation of the programme. .

While the deliberations of the Committee were confined to com-
pounds and procedures in use in public health, many of the points raised
are applicable to some uses of similar compounds in agriculture and food
storage. It is therefore hoped that the relevant parts of this report will
be helpful to those concerned with the use of pesticides in agriculture
so that an exchange of information on relevant hazards may result.

- 2. PROGRESS IN THE EVALUATION OF SUITABLE
ALTERNATIVE PESTICIDES FOR PUBLIC HEALTH

The Committee noted that the WHO Programme for Testing and
Evaluating New Insecticides was now in its sixth year of operation. During
this period the number of collaborating laboratories had increased to
12 and field testing projects had been established in four countries. The
programme provides for evaluation of candidate insecticides in seven
stages of increasing magnitude and complexity (see chart on page 7) and
for concurrent investigations of the hazard involved in their application.
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8 INSECTICIDES

Approximately 1300 compounds have so far been examined in Stage I,
and of these about 300 have met the required entomological criteria and
advanced to the Stage II level. Toxicological assessment begins at
Stage II, when the oral and dermal toxicity levels of the compounds to
rats are determined. Pesticides that show a high mammalian toxicity
are not recommended for further study for interior house treatments
but may be tested in subsequent stages if they appear useful for applica-
tions of less hazard to man (e.g., for fly baits). Stages II and III are
primarily concerned with the measurement of the biological efficacy of
the pesticide against mosquitos, flies and other arthropods under labo-
ratory and simulated field conditions. At State IV, which is the initial
entomological evaluation against natural populations of the insects,
observations are also made of the response of the technicians to
the pesticide during its application to experimental huts or animal shel-
ters. Compounds that cause dermatitis, extreme lachrymatory and other
untoward effects may be detected at this stage. During. Stages V and
VI entomological and toxicological assessments continue, villages or
groups of villages being sprayed with the candidate pesticide. A toxi-
cologist is assigned to these tests during part or all of the evaluation
period. With this extended treatment, the number of persons exposed to
the spray operation and the duration of exposure of the spray personnel
are greatly increased. Spraymen and occupants of treated houses are
examined before, during and after the insecticide applications for any
clinical signs or symptoms and their blood cholinesterase activity is deter-
mined. Other indications of exposure are sought. Such trials also
allow the comparative study of different techniques for assessing the
influence of the pesticide on cholinesterase levels. Information obtained
on the hazards involved in exposure enables the development of suit-
able precautionary procedures that will permit the safe use of a new
compound in large-scale programmes. Compounds that are acceptable
through Stage VI are then evaluated against the disease vector on
an epidemiological basis by WHO malaria eradication field teams.

At the present time, one compound, OMS-1 (malathion), has passed
through all stages, including a Stage VII trial in Uganda in which the
insecticide was shown to be capable of interrupting malaria transmis-~
sion. Stage VI tests on one carbamate insecticide and one organophos-
phorus compound are now under way or in preparation and Stage V
tests are under way with another carbamate and another organophos-
phorus compound. .

Vector control research activities of WHO now include a Filariasis
Research Project at Rangoon, Burma, and an Aedes aegypti Research
Project in Bangkok, Thailand. Both projects emphasize the application
of larvicidal measures against the mosquitos in contrast to residual adul-
ticide techniques employed against anopheline vectors. The anti-larval
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procedures against Aedes aegypti involve the treatment of potable water,
thereby necessitating an assessment of the exposure of humans to the
larvicide used. :

The Committee was informed that the formulation of water-disper-
sible powders of certain candidate compounds is a major problem. After
Stage IV much larger quantities of the pesticide may be required and
difficulties in making satisfactory formulations may affect the biological
and toxicological performance of the treatment. Both chemical and
toxicological quality control, together with pre-acceptance and shelf-life
tests on insecticide lots, are desirable to ensure that all batches of the
insecticide are similar.

The Committee recognized that the probability of developing a com-
pound that would have all the qualities of DDT (low cost, safety and
long-term efficacy) and be effective against DDT-resistant populations
is not great. The application of a promising alternative pesticide would
be more costly because of the price of the compound per se, the
frequency of treatment, the need for monitoring of spraymen to detect
excessive exposure, and closer supervision and training of field teams.
Thorough training of spray teams is essential if compounds of greater
hazard than DDT are to be used with safety

The Committee agreed that the application of any insecticide will
always result in the exposure of spraymen and occupants of treated
dwellings. Therefore WHO would be expected to advise a country inter-
ested in using a certain compound as to the hazards involved in its use,
together with the procedures necessary to ensure its safe application.
Once this information has been given, the decision to use the pesticide
would rest upon the health authorities of the country concerned, who
would thereby assume full responsibility for establishing and applying
the necessary measures to ensure its safe use.

At present five relatively new compounds, OMS-33 (Baygon), OMS-
716 (Carbamult), OMS-43 (fenitrothion), OMS-214 (dicapthon) and OMS-
658 (bromophos) have shown promise as residual adulticides against
malaria vectors. The period of residual activity of each is less than that
of DDT or dieldrin. Extensive tests are being made on OMS-33 in mala-
rious areas of El Salvador. As a larvicide for use in filariasis control
OMS-2 (fenthion) is currently under test in Rangoon, Burma. A new
organophosphorus compound, OMS-786 (Abate), which combines low
toxicity to man with high toxicity to mosquito larvae, has been shown
to be highly effective against Aedes aegypti in potable water. This com-
pound is currently under biological and toxicological evaluation in Puerto
Rico. In the control of houseflies OMS-94 (dimethoate) has been shown
to be highly effective under field conditions. In addition, a number of
promising compounds of low mammalian toxicity are now under evalua-
tion at Stages II and I11.
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3. MECHANISM OF ACTION

The effects of both the organophosphorus compounds and the car-
bamates have been related to the inhibition of tissue cholinesterases at
synaptic sites and to an accumulation of excessive amounts of acetyl-
choline in effector organs.

The symptoms of intoxication are mostly, if not exclusively; of a
cholinergic nature. If the rate at which cholinesterase (ChE) is inhibited
is rapid, there tends to be a good correlation between the inhibition of
blood ChE and the severity of illness. If the rate of ChE inhibition is
slow, there may be little or no correlation with illness. In fact, the blo od
enzyme levels may reach a very low activity without the occurrence of
signs or symptoms.

The duration of symptoms of poisoning depends in part on the rate
of reactivation of the inhibited cholinesterase and the rate at which the
inhibitor itself is destroyed or removed from the tissues. Both these
factors are related to the chemical structure of the compound.

Between the two groups of compounds and among the compounds
in each group there are both differences and similarities that have to be
emphasized. ’

3.1 Organophosphorus compounds

The biochemical mechanism of intoxication is much better under-
stood for organophosphorus compounds than for many other toxic com-
pounds. It consists of a phosphorylation of the active site of the vital
enzyme—acetylcholmesterase The compound may itself bring about
this enzyme inhibition, but in many other instances the compound is first
metabolized in the body and converted into the inhibitor. Dichlorvos
is an example of a “ direct inhibitor ”; malathion and fenitrothion are
examples of “indirect inhibitors ”

A spontaneous reactivation of the phosphorylated enzyme occurs
in vivo. The rate of reactivation depends on the chemical structure of
the phosphoryl group attached to the enzyme and hence on the chemical
structure of the insecticide. Thus, the phosphorylated enzyme pro-
duced when dimethyl phosphate esters inhibit ChE reactivates spon-
taneously more rapidly than that produced by diethyl phosphate esters.

The reactivation of inhibited enzyme can be considerably accelerated
by special compounds (notably oximes) in vitro and in. vivo. Some of
these compounds have become important antidotes in the treatment of
poisoning. -

“ Aging > of phosphorylated enzyme. Spontaneous reactivation is not
the only reaction that the inhibited enzyme may undergo. It may also
be transformed into a state where no spontaneous reactivation occurs
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and where oximes are no longer capable of reactivating it. This pheno-
menon is called “aging ” and is characterized by removal of one of the
alkyl groups from the phosphoryl group attached to the enzyme. The
rapidity of “aging” of inhibited ChE is dependent upon the chemical
nature of the phosphorylating insecticides.

3.2 Carbamates

Although the carbamates have been known as anticholinesterases
longer than the organophosphorus compounds, they have been less exten-
sively studied in regard to the relationship between ChE. inhibition and
effects in mammals. In recent years, however, a series of investigations
has brought a considerable advance in knowledge of ChE inhibition by
these compounds. The available evidence suggests that the mechanism
is analogous to the phosphorylation observed with organophosphorus
compounds, namely, carbamoylation of the active centre of the enzyme.

The compounds referred to in this report are all monomethylcar-
bamates and have been found to be “ direct inhibitors ” of ChE, the
unmetabolized compounds being capable of inhibiting the enzyme. The
spontaneous reactivation of carbamoylated enzyme is more rapid than
that of the phosphorylated enzymes. Decarbamoylation .of inhibited
enzyme is so rapid that, unless special precautions are taken, determina-
tions of blood ChE in people or animals exposed to carbamates are likely
to give results that are too high, since the inhibited enzyme is progresswely
reactwated after collect1on of the specimen.

No “aging ” phenomenon has as yet been observed with mono-
methylcarbamovlated enzyme, either in vitro or in vivo.

Recent experimental work has shown that, in the case of several)
carbamates, there is a much greater ratio between the median dose pro-,
ducing symptoms (EDso) and the LDsg than in the case of two well-
known organophosphates. This is consistent with differences in the
kinetic data on the action of these two classes of compounds on ChE.
Thus, while inhibition in the early stages is rapid, it is difficult to pro-
duce a severe degree of inhibition in the case of the carbamates becausé
the rate of reactivation approaches that of inactivation. These differences
in behaviour as enzyme inhibitors are important when the toxic effects
of carbamates and organophosphorus compounds are compared.

4. DIAGNOSIS
4.1 Signs and symptoms

The general symptomatology of poisoning with anticholinesterases
~—both carbamates and organophosphorus compounds—is given in the
table on p. 13. In many cases, only a few of these signs and symptoms
are observed and no case can be expected to show all of them. ;
2
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4.1.1 Local effects

" Miosis is most commonly seen after the eye has been exposed to
the vapour or partlcles of a direct lnhlbltOl' this ‘may sometimes be
present as an impurity in a commercial preparation of an indirect
inhibitor. Miosis may be unilateral if particles enter one eye only. It
may be accompanied by lachrymation, feeling of pressure in the eye, con-
junctival hyperaemia, spasm of accommodation, and dim vision.

Salivation, nasal discharge, excessive bronchial secretion and bron-
chospasm result from the exposure of the upper and lower portions of
the respiratory tract to direct inhibitors.

If these substances are ingested, gastro-intestinal spasm with colic,
hypersecretion, vomiting' and diarrhoea are common early symptoms.

Most or all of these signs and symptoms may also occur in systemic
p01somng ‘

4.1.2 Systemic: effects

The signs and symptoms of systemic illness are fully listed in the
table opposite. These are, in general, similar whatever the route of absorp-
tion but differences in their sequence and time course may occur. Tests
of mental alertness have given results consistent with the view that
that organophosphorus compounds affect mental alertness only if absorbed
in amounts great enough to cause clinical signs or symptoms of systermc
illness. No cases have been seen in which mental effects occurred alone.

Unusual cases with a passing icterus, but without definite proof
of pathological liver function, have been reported after exposure to organo-
phosphorus compounds. It is considered- probable that gall-bladder
obstruction arises from a spasm in the smooth muscles of the gall- duct
system as a result of parasympathetlc stlmulatlon

4.1.3 Delayed: eﬁ'ects

A few organophosphorus ‘compounds, such as mipafox (no longer
in use), have been shown to possess a delayed neurotoxic action. Careful
tests have been made to determine whether exposure to organophosphorus
insecticides may be followed by psychlatnc disturbances — in particular
schizophrenic and depressive states — but no such re]atlon has been found

4.2 Causes of death in anticholinesterase poisoning

In death ffom poisoning by ChE inhibitors, the following main fac-
tors have been shown to be operative :

Respiratory system : increase of secretion, - bronchospasm, neuro-
muscular block of respiratory muscles and paralysis of the resplratory
centre, leading to asphyxia., . :
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SIGNS AND SYMPTOMS OF ANTICHOLINESTERASE POISONING *

Site of action

Pupils
Ciliary body

Conjunctivae

Nasal mucous
membranes

Bronchial tree

Sweat glands
Striated muscle

Bronchial tree

Gastro-intestinal
system

Sweat glands
Salivary glands
Lachrymal glands
Heart

Pupils

Ciliary body
Bladder

Striated muscle

Sympathetic ganglia
Central nervous
system

‘Signs and symptoms
Following local exposure

Miosis, marked, sometimes
unequal

Frontal headache, eye pain on focusing, slight dimness of
vision, occasional nausea and vomiting

Hyperaemia

usually maximal (pin-point),

Rhinorrhoea, hyperaemia

Tightness in chest, sometimes with prolonged wheezing expira-
tion suggestive of bronchoconstriction or increased secre-
tion, cough

" Sweating' at site of exposure to the liquid

Fasciculations at site of exposure to the liquid

Following systemic absorpton

Tightness in chest, with prolonged wheezing expiration suggest-
ive of bronchoconstriction or increased secretion, dyspnoea,
slight pain in chest, increased bronchial secretion, cough

Anorexia, nausea, vomiting, abdominal cramps, epigastric
and substernal tightness (? cardiospasm) with © heartburn *
and eructation,” diarrhoea, tenesmus, involuntary defecation

Increased sweating

Increased salivation

Increased lachrymation

Slight bradycardia

Slight miosis (occasionally unequal), later more marked

Blurring of vision

Frequent or involuntary micturition

Easy fatigue, mild weaknéss, muscular twitching, fasciculations,
cramps, generalized weakness including muscles of respira-
tion, with dyspnoéa and cyanosis

Pallor, occasional elevation of blood pressure

Giddiness; tension; anxiety; jitteriness; restlesness; emotional
lability; excessive dreaming; insomnia; nightmares; head-
ache; tremor; apathy; withdrawal and depression; bursts of
slow waves of elevated voltage in EEG especially on over-
ventilation; drowsiness; difficulty in concentrating; slow-
ness of recall; confusion; slurred speech; ataxia; generalized
weakness; coma with absence of reflexes; Cheyne-Stokes
respiration; convulsions; depression of respiratory and
circulatory centres with dyspnoea, cyanosis, and fall in
blood pressure

* From Holmstedt, B. (1959) Pharmacol. Rev., 11, 567.
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Circulatory system : bradycardia, decreased cardiac output, cardiac
arrest, paralysis of vasomotor centre.

Central nervous system : convulsions (in addition to depression of
the respiratory and vasomotor centres).

Death appears to be primarily asphyxial in some instances and cardio-
vascular in others.

4.3 Diagnosis of intoxication

Diagnosis of anticholinesterase poisoning can be made from a history
of exposure followed by the onset of all or some of the signs and symp-
toms listed in the table on page 13. After exposure to organophosphorus
insecticides of the indirect inhibitor type, the first symptoms may not
appear until after the individual has left work. In some instances illness
may develop during the night, and its association with occupational poison-
ing may not be recognized immediately. ‘

The carbamates have certain common characteristics which distin-
guish them in several important aspects from organophosphorus insec-
ticides. In the case of over-exposure to an insecticidal carbamate the
signs of poisoning develop rapidly, i.., during or immediately after
exposure; the incapacitating symptoms prevent further exposure, making
the operator stop work long before a dangerous dose can be absorbed;
recovery is rapid and complete; and chronic or cumulative effects are
extremely improbable. Owing to these characteristics there have been
no cases of severe poisoning after occupational exposure to carbamates.

4.4 Cholinesterase determination

The diagnosis can be confirmed by determination of the activities
of the blood cholinesterases. These may not be depressed, however, where
only local effects follow exposure to a direct inhibitor, e.g., after
the introduction of a small amount of such an insecticide into the eye.

The determination of the activity of the blood cholinesterases is of
even greater value as an index of exposure than as a tool for diagnosis,
because it is possible to have depression of activity in the complete absence
of symptoms.

Several methods are available for determining ChE activity. The
Committee agreed that separate determinations of the plasma and red-
cell give the most accurate information. Whole-blood tests may be easier
to perform in the field but are less sensitive and subject to greater experi-
mental errors, making it difficult to detect small fluctuations in activity.
The advantage of determining the activity of plasma ChE alone was
recognized, because few organophosphorus compounds are known that
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do not depress activity in the plasma before that in the red cells. On
the other hand, with some carbamates the erythrocyte ChE would be
inhibited more than plasma ChE. ,

The Committee recommended that the activities of blood cholinester-
ases be determined regularly in operators exposed to the organophos-
phorus compounds of intermediate or greater toxicity, because operators
may have to be withdrawn from exposure if the activity of their blood
ChE decreases significantly from a well-established pre-exposure value.
The choice of the method to be used will depend on the nature of the
compound and the laboratory facilities availables.

Many methods are available for measuring ChE activity. A few
that seem suitable for field or simple laboratory conditions are described
below. Most of them have already been tried out in conjunction with
WHO-sponsored field trials and an attempt has been made to summarize
the experience gained. Each method is described separately, special
emphasis being given to its suitability for use in large-scale vector control
activities.

4.4.1 Tintometric method

This method was developed and described by Edson ! and subsequently
improved. All the necessary equipment is available commercially in
the form of a field kit.2

Principle of method

The blood ChE enzyme hydrolyses acetylcholine, liberating acetic
acid. The rate of the reaction (and thus the enzyme activity of the sample)
is measured by the range of colour change of an indicator (bromothymol
blue) present in the solution. A mixture of blood, indicator and acetyl-
choline perchlorate is prepared and allowed to stand for a fixed time.
The change in colour produced by change of pH is matched against the
colours on a comparator disc, which is designed to show directly the per-
centages of ChE activity covering the range 0-100%; in steps of 12.5%.

Field experience

The kit has been in extensive use for about 10 years, mostly
for workers exposed to organophosphorus compounds during the manu-
facture of formulations and their application to crops. More recently,
it has been used — sometimes on a very large scale —to test exposed
spraymen and residents in areas where new organophosphorus insecticides

1 Edson, E. F. (1958) World crops, 10, 49 (Improvements introduced later are incor-
porated in the instruction sheet supplied with the kit).

% Produced by Tintometer Sales Ltd., The Colour Laboratory, Salisbury, England.
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were being tried out for their effectiveness in mosquito control (Nigeria,
southern Iran). The experience gathered in these trials is as follows :

The method proved sufficiently simple to be mastered by field per-
sonnel. When sampling conditions were favourable (good organization
and co-operation of re51dents) 60 to 100 determinations were easily per-
formed in 6 hours by a team of 3 or 4 persons. As no instruments apart
from those in the field kit are required, the whole determination can be
made on the spot under all ordinary conditions. In field trials the
method proved to be sufficiently accurate for operational purposes.

In one trial in Iran in 1963, where there were many cases of clinical
poisoning by OMS-2 (fenthion), the correlation between symptoms and
ChE depression as measured by this method was very good. In a trial
with OMS-43 in Northern Nigeria some measurements showed ChE de-
pression down to 25% of the pre-exposure level but without appearance
of any clinical symptoms. This is probably not a failure of the method
but a well-known phenomenon in chronic exposure.

The preparation of a reliable and stable indicator solution is the
most difficult part of the whole assay. It requires first-quality, COg-free
distilled water and fresh solution must be prepared frequently; the indi-
cator powder must be accurately weighed, since even the pre-weighed
ampoules supplied may contain up to 509, more material than stated.

‘ The difficulties in preparing good quality distilled water caused serious
problems on several occasions. In Northern Nigeria, the water actually
seemed to inhibit ChE activity in the test tube.

Advantages of the method

Simple and inexpensive equipment and materlal simple procedure;
direct and immediate reading in percentages of ChE activity; needs very
small amounts of blood, with no need to separate plasma from erythro-
cytes; suitable for large-scale surveys. :

Disadvantages of the method

Designed to measure only organophosphorus-induced depression of
ChE activity; not suitable for measuring carbamate-induced depression;
might not be accurate for some purposes, particularly as plasma
and erythrocyte ChE activities are not differentiated; preparat1on of indi-
cator solution difficult.

Recommendations

The Committee recommends that WHO should consider the possi-
bility of standardizing materials used, and of providing its field research
units, collaborating laboratories and agencies with pre-weighed and pre-
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tested ampoules of substrate and indicator, as well as distilled COq-free
water in suitable containers for preparing these solutions. The possi-
bility of preparing a truly stable indicator solution should be investigated.

Recently, other field kits based upon the same principle have been
developed. These use disposable equipment and reagents pre-measured
for a single test. Further information regarding cost and stability of
the solutions has to be obtained before their suitability for vector control
operations can be assessed.

4.4.2 Acholest method

- This method was described in 1959 by Sailler & Braunsteiner.l It
was later found suitable for use in field trials of organophosphorus and
carbamate insecticides.

Principlé of the method

The method utilizes specially impregnated test papers.2 The ChE
in plasma hydrolyses the substrate in the paper liberating acetic acid,
which slowly changes the colour of the indicator in the paper from deep
blue to yellow-green. The amount of ChE activity is measured by the
time needed for the colour to reach and match the colour of a control
paper. The drop of plasma is placed on a slide. The test paper is care-
fully laid on the drop and immediately covered by another slide : this
prevents both contamination and drying. Opinions differ about the
quantity of plasma to be used and whether -— within limits -— it has any
effect on the results. The higher the ChE activity, the shorter the time
- needed. It is more convenient to express the results in units rather than
in minutes. The formula is,:

. 1000

where 4 = ChE activity in units (as suggested by Richterich) 3

¢ is the time in minutes
and f is a correction factor for temperature.

Field experience

In the last five years, reports of the method have been published
by clinical investigators from several European countries. In public
health, the method has been used in Senegal (1963); at the WHO Insec-

1 Sailer, 8. & Braunsteiner, H. (1959) Klin. Wschr., 37, 986.
2 Produced by Osterreichische Stickstoffwerke A. G. , Linz/Donau, Austria.
8 Richterich, R. (1962) Schweiz. med. Wschr., 92, 263.
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ticide Testing Unit, Lagos, Nigeria (1963, 1964, 1965 and 1966); in Tsrael
(1964); and in El Salvador (1966). o
1 ~The method has proved exceptionally simple, needing very little
equipment. A serious difficulty encountered in the ficld was the necessity
for separation'of plasma: The hand centrifuge described by Holmstedt 1
‘may.be used when only 8 samples have to be inspected at a time. For
a larger number- of 'samples, a mains-operated or battery-powered centrifuge
will have to be used. Ce

Comparison with other methods for both normal and depressed
ChE values were carried out in the field at Lagos in 1964, 1965 and 1966.
The methods used for comparison were electrometric in 1964, and both
Elcqtrome‘tri‘gand‘ spectrophotometric in 1965 and 1966. The correlation
for normal ChE values between the methods compared was very good.
High correlation was also found when .depression in ChE activity was
measured in spraymen and villagers after spraying OMS-658 and OMS-
716. Of particular significance is the high correlation between spectro-
photometric and Acholest methods when measuring depressions induced
by ‘the carbamate insecticide OMS-716. L :
-~ ''This method might be of limited value for those carbamates that
depress primarily the red-cell ChE. -

Advantages of the 'm‘ethod

~ Extreme simplicity, “ very low cost; relative rapidity. Can measure
dgpreSSion of plasma ChE induced by most carbamates as well as by
organophosphorus compounds. Small amount of blood needed. Suit-
able for large-scale surveys if problem of separating plasma is solved.

Disadvantages of the method

Plasma has to be separated before the assay. It is necessary to wait
for the colour to reach and match that of the control instead of reading
at a fixed time. W o '

Recommendations

The possibility of manufacturing a field centrifuge for spinning large
batches of glass capillaries should be investigated. Further investiga-
tions in the field, particularly where exposure to carbamates is- taking
place, should be carried out. The manufacturers should be requested
to include in their instructions a temperature correction chart as well
as a table for conversion of results from minutes to “ units of activity ”.
A detailed technical description should be drawn up for the use of the
method in vector coritrol operations. ’ - ‘

1 Holmstedt, B. (1965)-Science, 149, 977.
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4.4.3 Radiometric method

This method was developed in 1964 by Winteringham & Disney,l
who have since introduced several modifications to overcome technical
difficulties.

Principle of the method

A sample of haemolysed whole blood is mixed with 1*C-labelled
acetylcholine on a microscope slide. After 20 seconds the mixture is
acidified and dried. Under these conditions 14C-labelled acetic acid,
liberated enzymically, is evaporated while the unhydrolysed 14C-labelled
substrate remains on the slide. The loss of radioactivity on acidification
and drying is therefore a direct measure of ChE activity.

Field experience

The original method, slightly modified, was first tried in the field
in Iran in 1963. Technical difficulties and breakdowns were so numerous
that the value of the method itself could not be determined. It was tried
again with further improvements at the WHO Insecticide Testing Unit,
Lagos, in 1964. Here also technical difficulties predominated so that the
results obtained were too erratic for analysis.

Recently the method has been examined under laboratory conditions,
with some slight but important modifications. The results were con-
sistent and reproducible. However, it should be stressed that trials under
field conditions have so far not been successful.

Advantages of the method

Can be performed with a very small amount of blood without separa-~
tion of the plasma from the erythrocytes. Measures carbamate-induced
inhibition as well as that due to organophosphorus compounds.

Disadvantages of the method

Expensive equipment and reagents. Apparatus too complicated for
real field conditions. Need for frequent checking and careful main-
tenance of the equipment. Need of mains supply of electricity or large
batteries, which have to be recharged and maintained. Calculation of
results mathematically rather complicated.

Recommendations

At present, the method cannot be recommended for general use.
The Committee recommends that further trials should be made under
field conditions, but realises that this may not be possible at present.’

! Winteringham, F. P. W. & Disney, R. W. (1964) Lab. Pract., 31, 739.
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4.4.4 Spectrophotometric method

:This method, for measuring ChE activity .in human tissues was des-
cribed' by Ellman-et al. (1961)1 and later adapted to the measurement
of plasma ChE activity.

Principle of the method

The -enzyme activity is measured by determining the rate of
thiocholine formation -due to enzyme hydrolysis of acetylthiocholine.
Thiocholine reacts with: dithiobisnitrobenzoic acid to produce a yellow
colour, the intensity of which is measured spectrophotometrically. The
time needed for the actual assay is two minutes.

Field experience

Strictly speaking, this is not a field method, as it requires a spectro-
photometer as- well as other laboratory equipment for preparing the
reagents. It was used, however, in following up village-scale trials in
the WHO . Insecticide Testing Unit, Lagos, in 1965 -and 1966. Blood
samples,were br,o‘ug\htu from the field in glass capillaries and examined
in the laboratory. The method proved fast, consistent and easy to per-
form. No technical difficulties were encountered in over 300 determina-
tions.

The results of the spectrophotometnc method were compared with
the results of the electrometric and Acholest methods in a series of studies
performed at the WHO Insecticide Testing Unit, Lagos. Statistical
analysis showed good correlation among the three in determining ChE
activity of unexposed people. There was also good correlation when
depressions of ChE levels were measured in the occupants of houses that
had been sprayed with OMS-658 and OMS-716.

Advantages of the method -

Small amount of blood needed; fast and relatively simple procedure;
gives accurate and highly consistent results. Measures carbamate-induced
1nh1b1t10n as well as that due to organophosphorus compounds.

Dzsadvantages ‘of the method

‘Expensive equipment and laboratory facilities required. » Fairly com-
plicated apparatus, requiring constant maintenance.

Recommendations

. The method should be further investigated in simple laboratories
in association with field trials. The use of simpler equipment such as
that described for some routine clinical microanalysis is desirable. The

1 Ellman, G. L..et al. (1961) Biochem. Pharmacol., 7, 88.
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possibility of using the principle of the present method to develop a genuine
field test should be considered.,

In view of.the difference in . sens1t1v1ty to certain carbamates shown
by erythrocyte ChE and plasma ChE of humans, trials using the spectro-
photometric method extended to both erythrocyte and whole-blood ChE
should be carried out.

4.4.5 Filter-paper method )
_This method has been used extensively_ by Augustinsson and adapted
to tropical conditions by, Augustinsson & Holmstedt (1965).1

Prznc;ple of the method -

- Whole blood is sampled and absorbed on filter-paper, dried and
sh1pped to a laboratory where Warburg determinations can be performed.
The enzyme activity is determined both in blood plasma and in the ery-
throcytes. The method is based on the use of two selective substrates,
butyrylcholine for plasma ChE and acetyl-#-methylcholine for erythrocyte
ChE.

Whole blood is collected from a ﬁnger puncture Exactly 005 ml
is applied to the centre of each of four filter-papers which are allowed
to dry, either in the sun or in the shadow, for about 30 mrnutes All
papers are despatched by the qurckest means, e. g air ma1l express.

Field experience

The method has been carefully investigated and successfully used
for more than 10 years in the temperate zone and for 2 years in Senegal,
where it has constituted the norm against which the Acholest, tintometer
and other methods have been judged.

Advantages of the method

It allows the shipment of samples even to dlstant laboratorres where
accurate measurements can be made of both plasma and erythrocyte
ChE activity. The samples are stable for long periods if the filter-papers
are properly dried and kept free from moisture. The sampling is very
simple and can be carried out by field personnel. It also forms a good
norm with which determmatrons made by other methods can be
compared.

Disadvantages of the method

Fairly expensive, electrically operated equipment is required and
the determinations must be made by -a competent technician. Results
cannot be obtained quickly unless Warburg apparatus is avallable near
the area of sampling.

1 Augustinsson, K. B. & Holmstedt, B. (1965) Scand. J. clin. Lab. Inizest., 17, 573.
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Recommendation

Further trial and comparison with other existing methods under
varying experimental conditions are required. Studies should be made
of the effect of free inhibitor when blood is dried.

4.4.6 Electrometric method

This method, first described by Michel,! is the one most commonly
used for routine ChE determinations. Its value and its limitations are
well known and need no further comment.

The method, as modified by Stubbs and Fales,2 has been used at
the WHO Insecticide Testing Unit, Lagos, since 1963. Both erythrocyte
and plasma ChE were measured once and plasma alone on other occa-
sions. Exposure to the following insecticides was tested : OMS-2, OMS-
15, OMS-29, OMS-33, OMS-43, OMS-214, OMS-658 and OMS-716.

' The results were consistent and often used as reference for other
methods. The equipment, however, proved too sensitive for conditions
‘at Lagos and several breakdowns seriously interfered with some trials.

The characteristics of the method do not perm1t accurate measure-
ment of carbamate-induced inhibition.

The method is not suitable for routine field trials, though it will pro-
bably continue to be used as a reference method in trials where adequate
laboratory facilities exist. -

4.5 Measuring insecticides or their metabolites in urine

With some. insecticides, it is possible to measure the metabolites
excreted in the urine. According to long-established practice in industrial
medicine, this method can be of great value in measuring exposure to
toxic substances. )

A method for determining metabolites of aryl methylcarbamates
in urine described by Dawson et al.3 was tried at the WHO Insecticide
Testing Unit, Lagos, during field trials with OMS-29, OMS-15 and
‘OMS-33. Increased excretion of metabolites could be demonstrated in
exposed spraymen and residents. Nevertheless the method does not
seem suitable for field use or, in its present form, for simple laboratory
conditions.

Not only are the analytical methods in current use complex, but
the collection of urine samples from spraymen and residents has proved
difficult. The excretion curve of the compound in question has to be
known in order to estimate the optimum time ‘after exposure at which
the specimens need to be provided. For rapidly excreted compounds,

1 Michel, H. O. (1949) J. Lab. clin. Med., 34, 1564.
2 Stubbs, J. L. & Fales, J. T. (1960) Amer. J. med. Tec}mol 26, 25.
3 Dawson, J. A. et al.-(1964) Bull. Wid Hlth Org., 30, 127. .
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this may bé during the second half of the working day; for less rapidly
excreted compounds the period during which samples should be taken
does not need to be defined so exactly. In either case, specimens should
be collected under supervision. Precautions may have to be taken
against’ contamination of the specimen by insecticide but, in those cases
where the test is for a metabolite, direct contamination may not interfere
with the test.

The method has the advantages that, once provided, the specimens
are stable until processed, and it gives a reliable indication of total
absorption.

The Committee considers that if a simple method for measuring
insecticides or their metabolites in urine is developed, this will be a useful
addition to the control of the exposure to insecticides in public health.

5. THERAPY OF POISONING BY CHOLINESTERASE INHIBITORS

Serious poisoning is unlikely to occur in occupational exposure in
public health programmes : details of treatment of severe cases are
however set out below and will apply in any case where a large -
dose of insecticide is absorbed through accident or intent.

The correct treatment of anticholinesterase poisoning includes—in
addition to the use of drugs—removal of the toxic agent and decon-
tamination of exposed skin with an alkaline solution of soap and water.
Suction of the airways, tracheotomy and positive-pressure artificial
respiration may be necessary.

In cases of respiratory insufficiency artificial respiration should be
started as soon as possible after careful cleaning of the airways; this may
be done by suction. If available, the use of a short mouth-piece is to
be preferred to direct mouth-to-mouth respiration in order to avoid
contact of the breath-donor with vomited material which may contain
dangerous amounts of toxic substance. The institution of artificial
respiration should not be delayed until after antidotes can be given.

It must be stressed that all drug treatment is liable to fail if the other
measures are not properly observed. Drugs used for this purpose fall
1nto two groups as.follows :

5.1 Atropine

Atropine sulfate is recommended as first aid in the case of poisoning
with organophosphorus compounds and as the only antidote in poisoning
with carbamates.

Atropine should be injected immediately after the appearance of
any serious signs of anticholinesterase poisoning, in doses larger than
those employed for other purposes.
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"When signs or symptoms produced by an organophosphorus com-
pound are mild, 1-2 mg of atropine (adult dose) should be injected intra-
muscularly and this dose repeated, if necessary; at 30-minute intervals
until ‘symptoms, are relieved. 'Any patient sick enough to receive even
one dose of atropine should be under medical observation for at least
24 hours, because thé symptoms may reappear, especially in poisoning
by organophosphorus compounds. Mild symptoms due to carbamate
compounds have been known to respond to the admlmstratlon of atropine
by mouth or to remit spontaneously.

When symptoms of poisoning are moderately severe, 2-4 mg of atro-
pine. should' be injected intravenously or, if this is not feasible, intramus-
cularly. Repeated doses of 2 mg at 10-minute intervals should be given'
until symptoms are relieved. .

When severe signs and symptoms are present (partlcularly respira-
tory difficulties, marked slowing of the heart, or convulsions), 4-6 mg
of atropine should be injected intravenously or, if this is not feasible,
. intramuscularly, and repeated doses of 2 mg should be given at intervals
of 5 to 10 minutes until the severe symptoms decrease markedly or cease.
In severe antlchohnesterase poisoning, the effect of each injection of atro-
pine may be transient, lasting only 10-30 minutes. The patient must
therefore be observed as “closely as possible for recurrence of signs of
poisoning, and atropine must be repeated at approprlate intervals for

at least 48 hours if his clinical condition requires it. In severe poisoning,

as much as 50 mg or more of atropine may be required the first
day. Respiratory failure requires immediate art1ﬁc1a1 resplratlon (sée
above).

It should be remembered that treatment with atropine may reduce
heat loss, owing to inhibition of sweating. Under hot environmental
conditions this may be dangerous, particularly in young children. It is
therefore advisable that the hospitalized patient be kept cool and quiet.
In no circumstances must a person who has received even one dose of
atropine be allowed to perform muscular work, and he must be kept under
observation for at least.24 hours or until he is fully recovered.

Automatic injectors and other injection devices of reliable construc-
tion are now available for the administration of .atropine or other
drugs.l It is recommended that a supply of these devices should be at
hand during spraying operations but should not be issued to the individual
spraymen.

Although some atropine analogues may be superior to atropine in
" some respects for treating poisoning by specific compounds, none has

been found that is better in all respects ‘

1 Information on these devices is available, on request, from Vector Biology and
Control, World Health Organization, Avenue Appia, 1211 Geneva, Switzerland.:
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5.2 Reactivators—oximes

In recent years it has been demonstrated that certain oximes, when
used in combination with atropine, provide more effective therapy than
atropine alone in poisoning -with some organophosphorus anticholin-
esterases. These drugs reactivate phosphorylated cholinesterase and thus
tend to correct the biochemical defect rather than merely relieve symp-
toms. The administration of oximes may reduce the quantity of atropine
required.

According to present knowledge, oximes should never be given to
people intoxicated with carbamates.

5.2.1 ‘Pralidoximel

Pralidoxime iodide (2-formyl-1-methylpyridinium iodide, oxime) has
been used in man to treat accidental poisoning by organophosphorus com-
pounds, mostly parathion. The intravenous administration of 2000 mg
of prahdox1me iodidé to man at the rate of 100-300 mg/min produces
no signs or symptoms and no change in blood pressure or cardiac rate.
The safety of the compound is shown by’ the fact that repeated
doses totalling over 40 g have been given intravenously without side-effects
in a case requiring this tremendous dose for recovery.

The more soluble pralidoxime chloride (2-formyl-1-methylpyridinium
chloride, oxime) is now available and is preferable, especially as it can also
be used intramuscularly should the need arise for this form of administra-
tion. Although other soluble pralidoxime salts exist, they seem to offer no
advantage.

5.2.2 Toxogonin

Another reactivator of phosphorylated cholinesterases is Toxogonin
[1,1"-(oxydimethylene)bis(4-formylpyridinium chloride), dioxime], commer-
cially available as a stable aqueous solution containing 250 mg/ml.
Its reactivating power in vitro and in vivo exceeds that of pralidoxime,
but its toxicity is slightly higher. Toxogonin in high doses seems to be
capable of penetrating the blood-brain barrier. The recommended dose
is 250-500 mg for the adult, given intravenously or, in urgent cases, by
the intramuscular route. Some cases of poisoning, mostly with parathion,
have been successfully treated. However, the safety in man of Toxo-
gonin has not yet been established on a scale comparable to that of the
pralidoxime salts.

1 Also known as 2—pyr1dm1um aldoxime methiodide or 2-PAM. The use of the
latter designation is undesirable since the abbreviation PAM is also used to des1gnate
another therapeutic agent which is not a reactivator.
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5.3 General considerations

It has been demonstrated that the results obtained Wlth an oxime
in relation to a particular organophosphorus compound are not neces-
sarily applicable to other organophosphorus compounds, even those that
are chemically closely related. The potential usefulness of the prali-
doxime salts and other reactivators should therefore be investigated when
new insecticides of the organophosphorus type are introduced.

As explained in section 3.1, the phosphorylated enzyme undergoes
“aging ”, i.e., it becomes incapable of reactivation. Treatment will
therefore be most effective if given within a few hours after poisoning
by an organophosphorus compound. At least in the case of parathion,
little will be accomplished if the drug is administered more than 36 hours
after exposure has occurred. Other time relationships will hold for other
organophosphorus compounds.

After poisoning by some organophosphorus compounds the intra-
venous administration to man of pralidoxime results in a moderate
improvement in the general condition, reduces muscular fasciculations,
relieves neuromuscular block, and often brmgs about a dramatic recovery
of consciousness. Improvement may. begin within 30 seconds after injec-
tion of the oxime and reach a maximum in 5- 10 minutes. Approximately
20 minutes later, there may be some return of weakness and fasciculations,
but these will be less marked. A second injection of oxime may result
111 further improvement.

In connexion with parathion poisoning treated by pralidoxime, the

reversal of enzyme activity is confined largely to the red-cell ChE.
" It must be stressed that the pralidoxime salts and other reactivators
are of limited value if their administration is not accompanied by other
therapeutic measures, such as atropine and artificial respiration. It is
recommended that pralidoxime chloride or Toxogonin be included in the
kit for medically trained toxicologists who accompany spraying teams
using organophosphorus insecticides.

. Morphine and tranquillizers must not be given to people poisoned
with anticholinesterases. Under exceptional circumstances, short-acting
barbiturates such as sodium thiopental may be given intravenously for
the relief of convulsions, but this treatment should only be given in hospital.

For a summary of methods of treatment, see. Annex 2.

6. SAFETY MEASURES

6.1 “Recommended methods for vector control ”

In the twelfth report of the WHO Expert Committee on Insecticides 1
measures were outlined for the protection of people exposed to pesticides

"1 Wid Hith Org. techn. Rep. Ser., 1962, 227, 18-24.
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during their application in public health programmes. These recommen-
dations, together with other information on the nature of poisoning by
the newer insecticides, were incorporated in the revised version of
“ Recommended Methods for Vector Control ”, published as Annex 17
to the thirteenth report of the Committee.l

A further revision of this Annex is at present being prepared by the
WHO Secretariat and the opportunity will be taken to include an up-
to-date account of recommended safety measures. The Committee
requested that its recommendations for the safe use of pesticides should
be incorporated in a suitable form in this revised edition so that full details
of safety measures and of appropriate information on the recognition
and treatment of any of the sequelae of an over-exposure to pestlcldes
would be available in one document.

6.2 Extended scope of responsibility

WHO?’s activities in the control of vectors of public health impor-
tance are broadening considerably to include the control of a number
of additional species of mosquitos, flies and other arthropods. This
development will entail the use of new methods of ‘applying insecticides
of many types, so that guidance on the prevention of hazards must be
expanded.

6.3 Data sheets on pesticides

The Committee suggests that WHO prepare data sheets on the toxi-
cology of all pesticides in- use or under consideration for use in public
health programmes.

6.4 Advice to be based on field experience

The Committee believes that no recommendation for the use of any
pesticide for any particular purpose in public health should be made until
sufficient experience has been gathered in the field to make it possible
to assert that a compound can be used safely if the precautions stipulated
for the operation in question are faithfully observed.

6.5 Toxicity and hazard

The Committee deplores the apparent failure in many quarters to
recognize the difference between roxicity, which expresses the capacny
of a compound to cause poisoning, and hazard, which expresses the pro-
bability that a compound will cause poisoning under the particular coh;

1 Wid Hith Org. techn. Rep. Ser., 1963, 265, 155.
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ditions of its application. Thus parathion, which, is far too toxic to be
considered for use indoors as a residual spray, has been safely used for
many years indoors in the form of impregnated-cords for fly - control.
Furthermore, there is a failure to recognize the very great differences
" in toxicity that exist among the various members of the organophos-
phorus group of insecticides.. There is a tendency to regard any organo-
phosphorus compound as being as dangerous ' as parathion, although
some, like malathion, are probably among the safest pest control materials
available. ' » _

The Committee recognizes that in the struggle to control vector
populations that have developed resistance to'insecticides such as DDT,
it will be necessary to use compounds that may present a greater hazard
if used carelessly. The Committee is strongly of the opinion that this
risk must be accepted (see section 1).

The Committee noted with approval the work in progress to try to
devise safer ways of applying pesticides to the interior of houses by such
means as impregnated cheese-cloth. " '

6.6 Recommended safety measures

The general principles on which safety measures are based are dis-
cussed below, together with some of the measures to which consideration
should be given. All recommendations on safety measures must take
into account the proposed method of applying the pesticide as well as
the nature of the compound proposed for such use. Most emphasis
is given to the technique of interior application.of residual sprays.

6.6.1 Supplies and equipment

The planning of the campaign must include provision for the safe
transport and secure storage of the pesticide concentrates, which should
not be stored in rooms in which people live or'in which food is kept. Pro-
tection against theft, misuse, and accessibility- to children must be provided.

When either the provisional or the final specification recommended
by the WHO Expert Committee on Insecticides for a pesticide formula-
tion is available, only those materials meeting the specification should
be used. The containers must be suitably designed to withstand trans-
port and handling and the label must clearly indicate the contents,
together with any precautionary measures to be observed. The Com-
mittee examined the texts of the cautionary notices for labels given in the
WHO publication “ Specifications for Pesticides ”, . the ‘third edition of
which is at: present in preparation. It recommended a number of
modifications, and the revised texts are reproduced in Annex 3.
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All equipment used to distribute the pesticides should conform to
the general and specific recommendations with regard to: design and
maintenance published in Equipment for Vector Controll There must
be a regular systematic inspection of all equipment to ensure against leakage
from faulty valves, gaskets, or hose.

6.6.2 Responsibility for safety 5

Any authority approving the use of a pesticide, including the sub-
stitution of a new material for one already in use, must ensure that the
application is carried out under the appropriate informed medical super-
vision. It must also be prepared to bear the extra cost that will almost
inevitably follow the need to exercise greater measures for safety than
generally provided hitherto.

Probably the most 1mportant and difficult step is to ensure that
medical officers in areas in which pesticides are to be introduced are made
aware of their responsibilities for the safety of people who will be
exposed to the pesticides and that they are provided with the information
they need to enable them to exercise this responsibility. When an agency
within a country decides to use a new pesticide, it must be fully informed
about the likely hazards and necessary precautions for safe use of the
compound. However, the agency may not have enough specialized
knowledge to enable it to advise and train the staff who will be responsible
for safety at the points of application of the new material. The Com-
mittee therefore suggests that WHO be prepared to provide, whenever
pos51ble consultants or technical experts to undertake such specialized
training and advice. The aim would be to inform the local medical and
other specialized staff in the public health programmes so that they could
organize the proper training of the spray teams, set up any special diag-
nostic aids, and organize facilities for treatment, including the provi-
sion of antidotes in cases of accidental poisoning.

6.6.3 Training for safety

Training in the safe use of pesticides should be on two levels :
(@) for the medical specialist, entomologist, engineer or sanitarian, in-
struction should be given on the mode of action of the new pesticide,
the significance of any diagnostic measures, recognition of the signs and
symptoms of any toxic effects, and the facilities for treatment of cases
of poisoning; () for the foremen and other responsible field operators,
training should be given in the techniques of proper spraying, safety pre-
cautions and protective equipment, recognition of the early signs and
symptoms of poisoning, and first aid measures including resuscitation
(see section 5). Thus, while the ultimate rtesponsibility for the health

1 World Health Organization (1964) Equipment for vector control, Geneva.
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of spraymen and those living in treated premises must rest on a medical
officer, the day-by-day responsibility for ensuring that sound, safe tech-
niques of application are practised can be given to any competent field
operator.

6.6.4 Recruitment and selection

The staff who will carry out the work must be organized into squads
with a precise definition of the duties and responsibilities of each man.

Before toxic materials are used, a training period is essential. The
distribution of written instructions on hazards and safety procedures
has been shown to be valueless, unless other training is given. Lectures
jllustrated with slides, posters, and demonstrations have a definite value
when co-ordinated with a practical course of training.
. Training and retraining periods should -also be used as opportunities
for selection of personnel. If a recruit appears to be physically incap-
able or unable to assimilate rapidly new oraltered methods of applica-
tion, he should be excluded from the programme. Under some circum-
stances it may be ‘better to consider training a new group of operators
rather than attempting to persuade those long accustomed to work with
compounds such as DDT to adopt greater precautions when applying
mote toxic compounds. S

6.6.5 ‘Protection and hygiene

During the training perlod the men should Wear and work in the
protective clothing required, to ensure that it is acceptable to the operator
and that work can be carried out properly while it is being worn.

Definitions of the various items of protective clothing mentloned
are given in Annex 4 together with notes on their proper care.

All working clothes must be removed at the end of each day’s opera-
tion and a shower or bath taken. Facilities for this must be provided.
The recommended procedures for personal cleaning must be shown to
be practicable. For example, the adequate performance of these measures
should not take up so much time as to render them unacceptable. A
drill for carrying out and supervising personal hygiene and the cleaning
of protective clothing and equipment must be organized. The use of
contaminated gloves may be more dangerous than not wearing gloves
at all. The hours of work must be arranged so. that exposure to
the material being used is not excessive and transport arranged so that
too long a delay does not occur between the end of the day’s operations
and the return to the base for washing. Feeding arrangements must be
such that it is not necessary for the men to eat while they work or before
they can clean themselves. Smoking during work must be strictly
forbidden. - : T
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6.6.6 Medical surveillance

Arrangements must. be .made to ensure that any exposed person can
easily report any symptoms to a supervisor who will then bring the com-
plaint to the attention of a medical officer.

This last point is particularly important since with some of the car-
bamate insecticides the early and innocuous symptoms may provide the
only indication that over-exposure is taking place (see sections 3.2 and
4.3). )

The immediate clinical surveillance of those exposed to pesticides
is the duty of the medical officer responsible for ensuring that the pesticide
is safely used in the programme. Any undue prevalence of illness not
associated with well-recognized signs and symptoms of poisoning by the
particular pesticide should be noted and reported to the appropriate health
authorities. :

6.6.7 Long-term surveillance

The ultimate assessment of the efficacy of safety procedures designed
to protect people against the immediate effects of over-exposure to a
pesticide can be made only by an epidemiological study of a defined popula-
tion which has been subjected to a prolonged exposure to a single sub-
stance greatly in excess of that of the general population. The potential
value of such studies in assessing the safety of pesticides has been stated
in previous reports. However, the practical difficulties of such a study
are serious. Attention was drawn to the fact that in several countries
groups of spraymen have been applying DDT as an indoor residual spray
for 15 years or more without the use of any protective clothing and
without any special cleansing routine after exposure. By preliminary
investigation, such as the analysis of blood or fat levels for DDT, it should
be possible to establish whether or not spraymen in these groups have
absorbed significantly more DDT than the general community in which
they live. If this fact is established, then the possibility of making a pro-
spective study on these spraymen might be explored. The Committee
recommends that WHO should examine the possibility of making such
studies.

6.7 Operative procedures

6.7.1 Preparation of spray materials

" Facilities for the safe handling of the concentrates must be provided
adjacent to the insecticide storage place, because it is during handling
of the concentrates that the greatest degree of exposure occurs.

Facilities will be needed for both dilution of the insecticides and
loading into the equipment. The concentrates may be subdivided into
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bags or small containers suitable for safe mixing by the spraymen in the
field. Simple mechanical aids and adequate protective clothing—aprons,
gloves, boots and masks—should be available for those handling con-
centrates. Adequate washing facilities must be available and immediately
accessible so that spills on the skin can be quickly removed. All smaller
containers should be secured and packed to withstand transport to the
periphery of the area of application. Any medical tests that are to be
used for measuring exposure of spraymen should also be carried out on
those exposed to the concentrates. '

6.7.2 House treatment with residual sprays

This procedure is of paramount importance in all malaria eradication
programmes. It must be recognized that spraymen will inevitably be
exposed to the sprayed material and that absolute protection of the skin
and respiratory tract would impose physical limitations that would make
such work impossible in hot climates.

There is extensive published evidence that during indoor spraying
the greater part of the exposure of spraymen to spray droplets is dermal
and only a very small proportion of the total is inhaled and then swal-
lowed. The skin can be protected to a considerable degree by cotton
clothing and by washing with soap and water. When more toxic com-
pounds are sprayed 1t may become necessary to provide respiratory pro-
tection also.

The Committee therefore urges WHO to stimulate the development
of masks that will be effective in trapping the spray and rebound particles
and in protecting the face, but yet remain comfortable to wear in hot
environments.

While no symptoms of overexposure have occurred- when DDT: has
been applied without any protection and HCH and malathion with no
more protection than a hat and an overall, it has ‘been found that when
dieldrin was used as an interior spray in long-term programmes, poisoning
occurred even when veils,; capes and gloves were worn in addition to hats
and overalls.

It was found possible to apply OMS-33 safely as an interior spray
for a full working day when men wore hats and long-sleeved overalls
as the only protective clothing and took care to avoid contaminating
their hands during mixing or washed them promptly upon contamination.

When OMS-2 was applied as an indoor residual -spray there was
depression of blood ChE but no poisoning when the men wore hats,
overalls, surgical masks, plastic capes, rubber gloves and boots and washed
thoroughly at short intervals. When the insecticide was applied with
less strict precautions in. the same programme, very serious p01son1ng
occurred among most of the spraymen (see section 7.7).
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During the spraying of houses, all bedding and as much furniture
as possible should be removed, together with cooking utensils and food.
Anything that has to be left inside should be protected from the spray.
Contamination of the floor should be reduced to a minimum to protect
crawling children. - Parents should be advised to prevent children from
rubbing off newly applied spray deposits.

6.7.3 Larvicide treatments

Persons applying larvicides are generally liable to a much lower degree
of exposure than are spraymen engaged in the indoor treatment of houses
with residual insecticides. With outdoor applications the operator’s
exposure is confined mainly to the hands and arms, since most of
the spraying or dusting is done at or below eye level. With the majority
of larvicides care must be taken to .avoid the contamination of drinking
water or of waters inhabited by non-target organisms of value, such as
fish and crustaceans. However, to control mosquitos that breed in artificial
containers, drinking water may ‘be treated deliberately with specially
selected pesticides (see section 7.1).  As a matter of principle, such treat-
ment should always be made with a slow-release formulation of the
pesticide so as to avoid the need to measure accurately into the container
small quantities of concentrated formulations. '

6.7.4 Application by motorized equipment and aircraft

The main hazards here are to those who handle the bulk concen-
trates in Joading the machines and to the pilots, operators and ground
staff. Proper equipment, including pumps for transferring liquids and
pouring devices, must be available. The cleaning and maintenance of
machines also require care so that mechanics do not unwittingly con-
taminate themselves with concentrates during routine maintenance. Wash--
ing facilities to deal with large spillages of concentrate must be avail-
able at loading points. .

The aircraft and machinery must be properly designed for the pur-
poses for which they will be used and pilots given a specific training course
in the use of toxic pesticides.

As large tracts of land and urban areas may be treated, there must
be prior consultation with the health authorities responsible for the resi-
dents and for the food and water supplies in these areas and the limits
laid down by them must be strictly adhered to. The residents should
be told the purpose and the times of such pesticide applications.

6.7.5 Fumigation

This is normally done with highly toxic gases after the premises have
been sealed and evacuated. The main danger is when operators re-enter
the building to ventilate it. Properly tested respirators of the canister
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or airline type must be used as the gas may still be present in lethal con-
centrations. Detector tubes for cyanide and methyl bromide and other
fumigant gases are available. Special care must be taken to prevent
the residents of treated premises re-entering them before they have been
adequately ventilated.

6.7.6 Application to people

Liquid or dust formulations may be applied directly to people or
to their clothes to control external parasites.’ "Special care must be taken
to ensure that only the correct formulation is used, as a mistaken use
of a concentrate may have disastrous results.

6,‘7.7 Special devices

‘ These include vapour release devices, baits, and -impregnated cords
and cloth. -

In operations using these devices, the materials will normally be
commercially available and will have been prepared under factory con-
ditions. The proper protection of the workmen is the responsibility of
the contractor.

The manufacturers of these devices must supply them with a full
description of how they may be safely used. Baits may sometimes be
prepared by mixing pesticide concentrates with the appropriate food for the
pest to be attacked. Such baits should not be prepared or used inside homes.

6.8 Retail sale of pesticides

In some warm countries, pests such as flies, bedbugs, cockroaches,
fleas and ticks are widespread and resistant to DDT. There may be a
number of commercial preparations on sale for use by the general public
‘and some of these household pesticides may be hazardous. It is there-
fore very important that the government of every country take steps to
make the registration of pesticides compulsory so that measures can be
taken to prevent the sale to the public of unsuitable and dangerous
pesticides.

7. REVIEW OF COMPOUNDS

The following compounds of particular significance to current
problems of vector control were discussed in detail. 1
7.1 OMS-786 (Abate)

Chemical name : 0,0,0',0'-tetramethyl O,0’-thiodi-p-phenylene phos-
phorothioate. » .

1 Most of the data on which this section is based are taken from unpublished reports
made available' to WHO. . :
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This compound is highly promising for the control of mosquito
larvae, including Aedes aegypti infestations in drinking water. It is applied
in the form of sand granules impregnated with 19, of OMS-786 at a rate
of 1 ppm of active ingredient at intervals of one month or longer. The
compound is released into the water gradually, the highest concentra-
tion reached being about 0.5 ppm. It has been shown also that repeated
application of OMS-786 to water at the recommended interval of one
month does not result in a gradual cumulation of insecticide in the water
but only serves to maintain an insecticidal concentration not exceeding
about 0.5 ppm.

- Extensive studies of OMS-786 have been made in animals and in
man. It was found that men tolerated a dosage of 64 mg/man/day for
a month withcut any clinical effect and without any change in plasma
or red cell ChE referable to the compound. Men also tolerated a dosage
of 256 mg/man/day for 5 days without ChE inhibition or clinical effect,
except that the taste of the compound made continued administration
of this dosage unacceptable. For this reason, it was not feasible to study
higher dosage levels to determine the repeated dosage that inhibits ChE.
It may be noted, however, that a single dose of 256 mg is larger than the
amount (189 mg) of insecticide that must be added to a 55-gallon (250-
litre) barrel of water to produce a nominal concentration of 1 ppm.

Following completion of the tests just mentioned, an operational
field trial of OMS-786 was begun in December 1965 in a community with
401 premises is Puerto Rico. The field trial is still in progress. Results
of the first 9 months of study indicate that the treatment of containers
of drinking water with the granular formulation has been generally well
accepted by the people. Three individuals, at scattered times, com-
plained that the water had a bad taste and one complained that it had
a milky discoloration. There was some evidence that these complaints
were the results of objections to the collection of blood samples for ChE
determination and were not truly related to the treatment of water. No
significant change in either plasma or red blood cell ChE was observed
at any time during the study in those who drank the treated water. No
clinical effects related to this application were seen by medical observers.
It was possible to measure metabolites of OMS-786 excreted in the urine
of those who drank the treated water. This will make it possible
to monitor future full-scale programmes in which this compound is used.

The Committee recommends that OMS-786 should be further tested
in the field and that, if the results continue to be favourable from the
standpoint of safety and effectiveness, the compound should be considered
the preferred treatment wherever insecticides are needed for the control
or eradication of Aedes aegypti in drinking water. The compound can
also be used against the larval forms of other species of mosquito.
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7.2 OMS-43 (fenitrothion) .
Chemical name : 0,0-dimethyl 0—(4—nitro—m—tolyl)v phosphorothioaté

OMS-43 has been tried on two occasions on a village scale at the
WHO Insecticide Testing Unit, Lagos. Though ChE activity was depressed
in some persons, the -depressions did not exceed 109%. No signs or
symptoms developed among the people exposed to the insecticide. The
compound was then sprayed in Northern Nigeria on a large scale for
18 months in 1964 and 1965. Entomologically and, to a lesser extent,
epidemiologically the compound showed great promise.

The only case of illness recorded was in one sprayman who
had minor complaints. These lasted a few hours and disappeared without
treatment. The sprayvmen were under constant medical supervision and
ChE activity determinations were regularly carried out using the
tintometric method. The method had to be modified to overcome
difficulties caused by the quality of the local water. A few spraymen
had significant ChE depressions during most of the trial. In the seven
and -a half months’ period from mid-October 1964 to June 1965, only
one sprayman showed a ChE depression as high as 50%,. However, once
during 1964 and once during 1965 depressions of up to 509, occurred
in a significant number of spraymen. This was attributed to new batches
of the water-dispersible powder formulation that were put into opera-
tion on these occasions. One of these was tested and shown to be more
toxic to laboratory animals than the other batches.

. The Committee came to the conclusion that OMS-43 is an effective
insecticide that can be used safely. It recommended that, once the prob-
lem of uniform formulation has been solved, this compound should be
given further Stage VI trials. Precautionary measures similar to those
observed in Northern Nigeria should be taken and for a short period,
at the beginning of the operations, the ChE act1v1ty levels of the spray-
men should be tested regularly.

7.3 OMS-658 (bromophos)
Chemical name : O-(4-bromo-2,5, dlchlorophenyl) 0,0-dimethyl phos-
phorothioate.

This compound was tested on a village scale at the WHO Insecticide
Testing Unit, Lagos, in 1964 and '1965. On the first occasion, only one
village was sprayed, the operation being carried out by 8 spraymen work-
ing 4 hours one day and -2} hours the following day. In the second
trial, three villages were sprayed and five spraymen were engaged in the
operation. Altogether, they sprayed OMS-658 on 14 -days during a
period of 22 days, the actual spraying time being about 4 hours per day.
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In both trials, the sprayman wore protective clothing and masks and,
in addition, the mixer wore gloves. Clothes were washed every day.
Washing- facilities were prov1ded and spraymen washed their hands
frequently. :

The findings in the 1964 and 1965 trials were 1dent1cal No clinical
symptoms were observed in either the spraymen or the villagers. Only
very slight depressions of plasma ChE levels were observed in both groups,
the lowest measured being about 759; of pre-exposure level. One month
after spraying, ChE activities were practically back to normal levels.

The Committee concluded that OMS-658 can be used safely for a
large-scale field' evaluation programme, such as a Stage. VI trial. The
same safety measures should be observed initially as were observed in
the field trial in Northern Nigeria with OMS-43. These safety measures
can be relaxed only under.close medical supervision.

7.4 OMS-214 (dicapthon)
Chemical formula : O-(2-chloro-4-nitrophenyl) O,0-dimethyl phos-
phorothioate

This compound has been used in agriculture and in household pest
control for many vears. It is of low toxicity to laboratory animals and
no cases of human poisoning have been recorded. It shows promise
as a residual spray for adult mosquitos.

. In 1966, it was tested on a village scale at the WHO Insec-
ticide Testing Unit in Nigeria. It ¢aused no symptoms in spraymen
or residents. ChE activity was measured in the spraymen and showed
no depression after 8 days of spraying!.

The Committee considers. OMS-214 to be a safe compound for use
in larger scale trials. Cholinesterase determinations in the spraymen
are necessary at the initial stages. of such an operation. The same safety
measures should be observed initially as were observed in the field trial
in Northern Nigeria with OMS-43. These safety measures can be relaxed
only under close medical supervision. '

7.5 OMS-14 (dichlorvos)
Chemical name : 2,2-dichlorovinyl dimethyl phosphate

This compound is effective in the control of mosquitos, fiies and
cockroaches. Its use for the disinsection of aircraft in connexion with
international quarantine is of great importance and is descrlbed in more
detail in section 8. ‘

OMS-14 is promising for use as a residual fumigant to ‘control adult
mosquitos in dwellings and in other enclosures. It has undergone at
least 7 village-scale or larger tests against malaria vectors. -
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The use of OMS-14 as a residual fumigant requires dispensers that
protect the compound from hydrolysis while releasing a small, relatively
constant amount as a vapour. The vapour tends to be lost rapidly
through ventilation, adsorption on surfaces, and hydrolysis. However,
it has proved possible to maintain an insecticidal concentration of vapour
in houses in several tropical areas, provided that the number :of
dispensers per room is adjusted to the ventilation and temperature as
well as to the size of each room. The early tests were on a small scale
but the two most recent ones involved the homes of 10 000 and 25 000
people respectively. Clinical surveillance was carried out in all trials;
there was no complaint or observed illness among inhabitants of treated
houses. ‘

Inhibition of ChE activity has not been observed in residents of treated
houses but moderate depression of plasma ChE levels has been observed
in workers unwrapping dispensers. The Committee considers the dis-
pensers safe when used at the rate recommended for the control of adult
mosquitos.

7.6 OMS-94 (dimethoate)
Chemical name : O,0-dimethyl S-(methylcarbamoylmethyl) phosphoro-
dithioate

This compound has been extensively used in agriculture for a number
of years and no cases of poisoning arising from its use in this way have
been recorded. It has a low mammalian toxicity by the oral and dermal
routes. ‘ '

OMS-94 has been found to be effective when used as a residual spray
for fly control in piggeries, cow sheds and poultry farms.

The Committee considers that OMS-94 is a compound that can be
recommended for use for fly control outside the home.

7.7 OMS-2 (fenthion) _
Chemical name : 0,0-dimethyl O-[4-(methylthio)-m-tolyl] phosphoro-
thioate

Under the trade name “ Baytex ”, this compound was considered
in the twelfth report of the WHO Expert Committee on Insecticides,!
entitled “ Toxic Hazards of Pesticides to Man ”. It was reported that
in village-scale operations some depressions in plasma ChE occurred,
but the compound was considered safe for indoor residual spraying, pro-
vided that the same safety measures were observed to protect both spray-
men and residents.

1 Wid Hith Org. techn. Rep. Ser., 227, 15.
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In the autumn of 1963, OMS-2 was used in large-scale spraying
operations conducted in southern Iran by the local authorities. The
operations involved over 5000 people in 50 villages. WHO was asked
to provide a consultant to carry out toxicological observations. Owing
to a misunderstanding, spraying started earlier than had been planned,
so that by the time the toxicologist arrived the first round of spraying
had already ended. .

The first round of operations was carried out with hardly any pre-
cautionary measures by teams with long experience in spraying DDT.
There were many cases of poisoning : some of them were severe, but no
deaths were recorded. After 15 days of spraying, 27 spraymen out of
28 had signs and symptoms of poisoning including headache, vertigo,
blurring of vision, tightness in the chest, muscle pains, abdominal pains,
cramps, diarrhoea and prolonged vomiting. In some cases, symptoms
such as diarrhoea and vomiting were very serious and persisted up to
five days after the end of spraying. Some spraymen complained of loss
of appetite, loss of weight, insomnia and bouts of severe vertigo, even
several weeks afterwards. ChE ' activity measured by the tintometric
method showed very severe depressions and a month after the end of
operations was still far below pre-spraying level in more than half the
spraymen. '

Among the residents in the villages, 9 people complained of symptoms
that obviously represented poisoning by OMS-2 and in a further 11,
poisoning was highly probable. Most cases among residents were not
severe. All mentioned vertigo, nausea and loss of appetite. Prolonged
vomiting was reported by 7 people. Symptoms started between 2 and
5 days after the houses had been sprayed and lasted between 3 and 10 days.
There were probably further incidents that were not recorded.

ChE activity was measured before spraying and one week after in
the same group of 433 residents. There was a very large overall drop
in ChE levels. Over one third showed a drop of 509, or more compared
with pre-spraying levels.

Atropine by intramuscular injection was given several times in cases
of prolonged vomiting. It always proved efficacious.

Toxogonin was tried on three spraymen who, a fortnight after the
end of the first round of spraying, were still complaining of general
malaise and whose ChE activity was still very low. The antidote did
not give any relief and had no effect on the ChE level. These observa-
tions were not unexpected as all cases followed prolonged exposure and,
therefore, presumably involved “aging” of the phosphorylated cholin-
esterase (see section 3.1). .

During the first round of spraying, many deaths were reported among
chickens — a very serious problem in a poor area where chickens are
the main source of animal protein.
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" In the second round, a smaller area was- covered. A new group
of spraymen was engaged and given instruction in safety measures. Pro-
tective clothing and good washing facilities were provided. Instructions
to avoid contamination of food, furniture, clothes and bedding were
issued and continuously supervised. This team of 12 spraymen worked
between 4 and 17 days. Only one case of mild poisoning was observed —
a mixer had an attack of vertigo, profuse sweating, hypersalivation and
obvious miosis. He recovered in 24 hours. In spite of technical diffi-
culties, ChE determinations were carried out and depressions were found.
In one sprayman, ChE levels dropped by 509, after working for 15 days.
The others showed much smaller depressions or none at all. In this
round, large army barracks and three villages with a total population
of 650 were sprayed. Only two cases of poisoning were observed and
both were mild. One was in a child of 9 years and the other in a young
pregnant woman. - Both complained of headache, nausea, general weak-
ness and two short bouts of vomiting. The symptoms started 3 or 4 days
after spraying and lasted for 10 days. Both had marked: depression ‘of
ChE activity. . Many persons, particularly those in the army barracks,
complained of the strong unpleasant and persistent smell of the insecticide.
ChE determinations were carried out in about 50 soldiers and 60 civilians.
There was an obvious though not a very marked drop in the general level
a week after the spraying. This depressed level remained fairly constant,
with only minor rises or further falls a month after the operations.

In the second round of spraying, there were no reports of poultry
dying. Many were affected but recovered in a few days.

In view of these observations the  Committee considers that OMS-2
is not suitable for routine residual indoor spraying. It can be used as
a mosquito larvicide in non-potable water, provided that safety measures
are taken by the operators, especially in handling the concentrates.

7.8 OMS-1 (malathion) | L
Chemical name : S-[1,2-bis(ethoxycarbonyl)ethyl] O,0-dimethyl phos-
phorodithioate - :

The Committee . considered reports of a large-scale field trial
(Stage VII) of OMS-1 in Uganda in 1963-1965, and of extensive routine
use of this compound in 29 000 houses in Central America from 1963
to the present time. In these operations no safety precautions were taken
other than those for routine spraying of DDT, and no evidence of illness
was seen or reported, except in three spraymen who more uniforms wet
with kerosene solutions of OMS-1 uninterruptedly for several days. Two
of these men were moderately ill for three days and one for one day.
Their symptoms were typical of anticholinesterase poisoning.
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':  OMS-1 has been very widely used in the USA as a space spray for
control of adult mosquitos and as a larvicide. Both aircraft application
and ground dispersal techniques were used.
Previous experimental evidence of its safety when used as a 1° dust
for louse controll has been confirmed in further trials and routine use.
The - Committee approves the use of OMS-1 in public health pro-
grammes in which it is needed, provided that the same precautions -
recommended for DDT are observed.

7.9 OMS-33 (Baygon)
Chemical name : o- 1sopropoxyphenyl methylcarbamate

Th_lS compound has properties that make it promising for use as
a residual insecticide for adult mosqultos It has been tried on several
occasions on a village scale, both in Nigeria, by the WHO Insecticide
Testing Unit, and in southern Iran by the University of Teheran. The
operations lasted two to three days and the spraymen were under con-
stant supervision to ensure that safety precautlons were carried out. These
measures included protective clothing and a face mask that prevented
inhalation of droplets. One sprayman. in Nigeria complained of chest
tightness and tingling under the skin. No other complaints were recorded
and no signs observed. Among, the residents in Nigeria there were a
few cases of skin eruptions, mostly in young men; however, these
disappeared after a few days. Skin reactions to carbamate insecticides
have been reported only in Nigeria. Testing of the same formulations
on laboratory animals and human volunteers in Europe failed to elicit
skin manifestations. On one occasion plasma ChE determinations by
the electrometric method showed some depressions amongst spraymen,
the greatest recorded being 209, of the pre-exposure value two hours
after spravmg Excretion of phenol derivatives in the urine was markedly
increased in one sprayman and there was a small but significant increase
in 25 villagers examined.

A somewhat larger village-scale trlal was performed in El Salvador
in 1965 under PAHO/WHO auspices. A minimum of protective equip-
ment was used (plastic helmet, long-sleeved shirt and trousers). Transi-
tory symptoms occurred occasionally -in spraymen during the first week
of spraying, but after the men became accustomed to the hard work
and high temperatures and learned how to avoid the heaviest mist fall-
out, there were no more complaints or signs of intoxication.

.In the second round of spraying, transient reactions, including
nausea, vomiting and dizziness, were reported in 4 out of 5 spraymen in

1 WHO Expert Committee on Insecticides (1962) Twelfth report, Geneva (Wid
‘Hlth Org. techn. Rep. Ser., 227, 15).
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a single day, but only when they worked 8 hours in unusual heat and
sprayed 9 houses. Several sick children were seen, 6 on the itinerary
of one sprayman, who was later found to have excessively contaminated
the floors and furniture and to have been using leaking equipment. In
addition, these houses were distant from a water point and the inhabitants
were most sparing with water for washing. In some cases of illness,
tincture of belladonna was given with beneficial results. In one case,
0.6 mg of atropine sulfate given intramuscularly to a 4-month old child
caused over-atropinization.

In 1966, a large-scale operational field trial was carried out among
13 000 inhabitants in El Salvador also under PAHO/WHO auspices. A
total of 3020 houses was sprayed in April-May by 10 men working for
5% weeks and 5 men working for 14 weeks. During the first round, the
spraymen worked for 5% days a week and sprayed for 7 hours a day.
The work day was then increased in the second round (August-September)
when 12 men sprayed for 8 hours a day. Precautions were taken to reduce
contamination of the floors inside the houses in both rounds of the large-
scale trials. In the second round, one squad was given disc flow regula-
tors and these were observed to reduce considerably the mist fall-out
and rebound of the insecticide.

In 350 man-days worked in the first round, symptoms were reported
by spraymen on 20 occasions but not all symptoms were due to OMS-33
intoxication. Nausea (8 times) and headache (6 times) were the most
common complaints. No sprayman was taken off work, and some re-
covered even while continuing to work. All worked the day following
symptoms without further trouble. Mild miosis without symptoms and
other signs was frequently seen as a purely local reaction. Tincture of
belladonna was given when symptoms were distressing. Atropine sulfate,
2 mg, was given twice intramuscularly, but over-atropinization resulted.

ChE levels, as measured by the Acholest method; were often
depressed after work in spraymen with and without symptoms, but were
close to pre-exposure levels when measured 2% to 4 hours later. ChE
determinations were rarely performed within 2 hours of the termination
of exposure, although blood was drawn earlier, so that the maximal
depression was probably not measured. On one occasion, bathing
and change of clothing were deferred for 4 hours with no ill effects, and
a depressed ChE level tended to revert to normal during this period. - In
the. second round of spraying, the same uniforms were worn for 2% days
without the appearance of symptoms.

. Among residents, children of 1 to 4 years old occasionally mani-
fested evidence of intoxication, but only during the first day after spraying.
All these children had been playing on contaminated floors or had been
in contact with freshly-sprayed surfaces, and had been left unbathed for
several hours. Ingestion via soiled fingers probably played a role. Nau-
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sea, vomiting, pallor, weakness, excessive sweating, and salivation were
the usual symptoms and signs. Inability to walk without falling was
noted several-times. Recovery occurred in a few hours, with or without
the administration of tincture of belladonna. Many complaints in chil-
dren were found not to be due to the insecticide.

Complaints were received from adults as well, but the majority
checked were found not to be due to insecticides. In those recognized
as due fo overexposure, the most common reactions were paresthesia
of the mouth, nose or face and respiratory tightness. These reactions
occurred in persons cleaning floors with too little water immediately after
spraying. Symptoms attributable to OMS-33 never made their appear-
ance more than one day after the house had been sprayed. All cases
were very transient and most persons had recovered by the time they
were seen by a medical officer.

Amongst domestic animals, only poultry were affected in a few house-
holds. Tilness was almost always attributed to the eating of dead cock-
roaches. The only reported deaths were two chicks and two turkey poults.

The fumigant effect of OMS-33 was studied and was shown to be
sufficient to kill mosquitos for upward of 5 weeks, but it was harmless
to chicks, and, as stated above, rarely if ever produced symptoms in man.

The Committee concluded that OMS-33 can be used safely as
a residual insecticide, but it should be tested in further Stage VI trials
in different parts of the world under medical supervision. Transitory
iliness has been produced by overexposure. Symptoms occurred far
below dangerous levels and induced some spraymen to stop work for
a short time. Complete recovery of all cases ensued in a few hours at
the most. No cumulative effects have been observed. When used as
a residual insecticide indoors, precautionary measures should include
the wearing of hats and overalls, and the provision of facilities for wash-
ing. Particular attention should be given to minimizing rebound spray
and the contamination of floors.

7.10 OMS-716 (Carbamult)
Chemical name : 3-methyl-3-isopropylphenyl methylcarbamate

This carbamate insecticide was tried on a village scale at the WHO
Insecticide Testing Unit, Lagos, in 1965. Iis residual action against
adult mosquitos was found very effective. These spraymen were assigned
to one village. Before spraying the village, the workmen spent three days
spraying empty houses. They were under constant medical supervision.
There were no complaints, and clinical examination failed to reveal any
signs. The same workers then spent three days spraying the village itself.
Again there were no complaints and no signs of intoxication.
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All the 90 inhabitants-of the sprayed village were clinically examined
at least once within the fortnight after spraying. The only findings were
discrete skin' eruptions in two young men. These eruptions, of an
obvious contact dermatitis type, caused moderate itching that was relieved
by calamine lotion; they disappeared completely in 5 to 6 days. This
was yet another example of carbamate insecticides causing dermal reac-
tions, a phenomenon so far observed in Nigeria only. '

The plasma ChE levels were studied among the spraymen and
residents by three different methods — the electrometric. method, the
spectrophotometric method and the Acholest method. A significant
depression was demonstrated by all three. . .

The plasma ChE activity of the three spraymen was measured daily.
All showed depressions from the first day onwards. Three to four days
after the end of exposure, plasma ChE activity did not quite reach the
level measured before exposure. When measured every day during
3 days of consecutive spraying, the level of activity went steadily down in
2 out of the 3 spraymen. ' On the last day of the operation, the plasma
ChE activity of one sprayman was about 409, of its original level when
measured by the spectrophotometric and Acholest methods. It returned
to normal within 5 days. Among the residents there was a large overall
decrease to about 509 of prespraying level a week after the end of the
spraying operations. One month later; there was a general rise but the
plasma ChE levels were still far below the original values.

In discussing these observations, the Committee stressed the fact
that recovery of plasma ChE activity after depression caused by this com-
pound seems slower than with other carbamates studied. Although no
clinical manifestations were observed, the Committee considers. that this
insecticide should not be used extensively in the field at present. It should
undergo another village scale trial under strict: medical supervision and
with good laboratory facilities that will allow the study of both plasma and
erythrocyte ChE activity. Particular attention and additional study should
be devoted to the speed of ChE recovery after exposure to this insecticide.

711 OMS-15
Chemzcal name : m- 1sopropy1phenyl methylcarbamate

This carbamate was sprayed by the:e WHO Insecticide Testmg Unit,
Lagos in 1964 in.a village-scale- trial. The 8 spraymen wore masks,
overalls, oilskin caps (southwesters) and gumboots. Conventional house-
spraying technique was used and within 2 hours all became ill and work
was stopped. Weakness,- dizziness, tightness in the chest, headache,
pinpoint pupils and profuse sweating were the- most common symptoms
and signs observed. .Recovery was so rapid that no atropine injections



