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SYNOPSIS

The widespread use of DDT and the chlorinated hydrocarbon
group of insecticides for the control of mosquitos and flies has led
to the emergence of resistant strains of flies. Where the DDT
group of insecticides is ineffective for the control of resistant insects,
it appears that the use of the organo-phosphorus group of insec-
ticides may be an alternative. However, it seems probable that their
introduction and application under the same conditions in which
DDT has been safely used might carry serious risks to the health
of the men who apply them. In this paper, the authors indicate
what these dangers are, how they manifest themselves, and how
they might be controlled. Four methods of blood-cholinesterase
determinations, carried out in the laboratory and in the field, are
described in an annex.

The widespread and successful use of DDT and the chlorinated hydro-
carbon group of insecticides for the control of mosquitos and flies in and
around human habitations has led incidentally to the emergence of resistant
strains of flies in these same environments. With the control of malaria,
the fly-borne diseases have assumed a new importance and now demand
control. While general good sanitation is the ideal method for controlling
fly-borne diseases, this may not always be practicable. Thus, a demand for
the use of insecticides for fly control arises.

Where the DDT group of insecticides is ineffective for the control of
resistant insects, it appears at present that members of the organo-
phosphorus group of insecticides represent a reasonable alternative. The
compounds useful as insecticides for vector control are tri-esters of thio-
phosphoric acid, such as:

malathion: S-(1,2-diethoxycarbonylethyl)-O,O-dimethyl dithiophosphate
parathion: 0,0-diethyl-0-p-nitrophenyl thiophosphate
diazinon: 0,0-diethyl-O-(2-isopropyl-4-methyl-pyrimidyl-6) thiophosphate
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If organo-phosphorus insecticides are to be used for vector control,
they will be handled by the same groups of men under conditions similar
to those in which DDT, etc., have been safely applied for years. From
what is known of the properties of some of the organo-phosphorus insecti-
cides and the experience of their early use in agriculture, it seems probable
that their introduction and application for vector control under the same
conditions in which DDT has been safely used might carry serious risks
to the health and well-being of the men who apply them.

It is the purpose of this paper to indicate what these dangers are, how
they may manifest themselves and how they might be controlled.

Characteristics of Organo-Phosphorus Insecticides

A great number of organo-phosphorus compounds have insecticidal
properties. They range from volatile compounds, of such high toxicity that
they have been considered as chemical warfare agents, to compounds
with an acute toxicity no greater than that of DDT or BHC, such as mala-
thion. In general, the toxicity of these compounds to insects runs parallel
with their toxicity to mammals, but there are exceptions, e.g., malathion.
The existence of such exceptions points to possible future developments in
the production of selective insecticides. Meanwhile, it may not be practic-
able to use the least toxic insecticide for effective control. Such materials
may be of value in agriculture to kill, over a short period, a pest actually
infesting a crop. For vector control, a persistent action of small residues
on walls, etc. is needed.

The general action of all organo-phosphorus insecticides on mammals
is similar. They appear to poison animals and man by inhibiting the
enzyme called cholinesterase. All the functions of cholinesterase are not
understood, but at least one of them is the prevention of the persistence or
accumulation of acetylcholine at the sites where it is normally formed at
certain nerve endings and nerve synapses. Almost all the signs and
symptoms of poisoning could be attributed to the over-action of the cholin-
ergic elements of the nervous system, both peripherally and centrally.

Atropine is a specific antidote against the action of acetylcholine at
certain points in the body. It is also a very valuable antidote for poisoning
by organo-phosphorus insecticides.

Organo-phosphorus insecticides are readily absorbed by the mouth,
the lungs, or through the skin. They may produce rapidly fatal or serious
poisoning by inhibiting the action of cholinesterase in the body. Some of
the organo-phosphorus insecticides, e.g., TEPP (tetraethyl pyrophosphate)
are themselves the inhibitors of cholinesterase but others, such as malathion
or parathion, have very little action on cholinesterase until their chemical
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structure has been modified after absorption into the body. This is important
in relation to the speed of development of poisoning that each may produce.

Recognition of Poisoning

In the great majority of cases, early poisoning is accompanied only
by subjective symptoms of a rather general and mundane character. This
is very important because such complaints in persons not exposed to
organo-phosphorus insecticides are, in most cases, disregarded and con-
sidered as being of no particular significance.

Headache, nausea-characteristically increased by smoking-and weak-
ness and fatigue are the commonest early symptoms which, if appearing
at the end of a hard day's work, might not be attributed to any specific
intoxication. Because some of the organo-phosphorus insecticides have
to be changed by the tissues of the body before these symptoms appear,
poisoning may not, in some cases, become evident until work for the day
has finished. With more severe exposure, the headache is more intense
and, if the eyes have been affected by direct contact with a spray, there
may be constriction of the pupil and pain in and behind the eye. Miosis is
not always present and its absence does not exclude poisoning by organo-
phosphorus insecticides.

Vomiting, tenesmus and diarrhoea may develop as a result of stimulation
of the gut. Tightness of the chest and excessive bronchial secretion indicate
an action on the respiratory tract. Muscular fasciculations in the tongue
and eyelids and, later, of the face and neck muscles may appear but usually
only after vomiting and diarrhoea have started. The central nervous
effects are only seen in very severe cases. After gross contamination or
swallowing of large quantities, these central effects may develop rapidly
with coma, and convulsions followed by death from respiratory failure.
Giddiness, anxiety and restlessness may be the only signs observed in less
severe cases or they may precede coma. Death is usually caused by respi-
ratory failure which is brought about by a combination of 3 separate
factors: depression of the respiratory centre, obstruction of the airways by
spasm and secretion and, finally, weakness of the muscles of respiration.

Blood Cholinesterase

All organo-phosphorus insecticides act as inhibitors of the action of
cholinesterase in human blood; in the red cells, in particular, cholinesterase
activity is normally high. The function of this enzyme in the red cells is
obscure, for it appears that if a reduction in activity takes place slowly, it
may progress to less than 20% of normal before any signs of poisoning
appear. For this reason, estimations of the level of cholinesterase in the
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blood have proved useful in the health control of people exposed to organo-
phosphorus insecticides.

Blood-cholinesterase studies may be of value in several ways:
(a) Carried out regularly on a population continually exposed to

organo-phosphorus insecticides a depression may indicate an undesirable
degree of exposure and absorption of the insecticide in amounts that may
eventually prove poisonous.

(b) In establishing or refuting a diagnosis of poisoning.
(c) In following the process of recovery to determine fitness for further

work.
All good medicine is preventive medicine and it is because of their role

in preventive medicine that organo-phosphorus insecticides will be used in
fly control. Poisoning from organo-phosphorus insecticides should be
prevented by proper surveillance of those exposed during application.
Routine blood-cholinesterase determinations in those handling the materials
will greatly contribute to this effect. The observations may indicate:

(a) that the whole procedure is free from danger when properly con-
ducted;

(b) that some processes or stages in handling the insecticide are more
dangerous than others;

(c) that some individuals are more careless or susceptible than others
doing similar work.

When controls are undertaken by means of repeated cholinesterase
determinations, it is necessary to establish the normal levels in the popula-
tion or normal levels of the individuals before exposure. In an unexposed
population, the individual range from day to day is smaller than the range
from one person to another. Thus, it is possible for a man to have a sig-
nificant reduction in his normal level while still showing an activity as great
as the lowest normal level in the group to which he belongs.

Prevention of Poisoning

Prevention of poisoning can best be carried out by handling the materials
carefully and by simple cleaning procedures immediately after all accidents
leading to contamination of skin and clothes.

Severe cases of poisoning may be prevented by the recognition and
prompt treatment of mild and early contamination. Accessible medical
supervisors, aware of the special hazards to which a man complaining of
illness might have been exposed, are therefore necessary. Prompt treatment
may then prevent a mild case of poisoning from developing into a serious
case.
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As serious cases may arise from accidental gross exposure, hospital
facilities should be accessible to all exposed people. These may include the
inhabitants and, especially, the children in the surroundings who may
gain access to tins of concentrate, etc.

Finally, prevention may be achieved by observing trends in serial
cholinesterase determinations in the blood of those constantly exposed to
the insecticides. A progressive fall of cholinesterase levels in individuals or
throughout the group indicates the need for rest in certain individuals or a
general tightening up of the precautions during application. Although it
is unlikely that serious poisoning will ever occur in a person with a normal
blood-cholinesterase level, experience has shown that some of the symptoms
of mild poisoning may be found in persons with normal cholinesterase
levels. The technique of estimating blood-cholinesterase activity is discussed
and described in the Annex on page 49.

There is very little experience in the use of organo-phosphorus
insecticides for indoor spraying. Work with diazinon has demonstrated
that unless respirators were worn the operators showed a reduction of
blood-cholinesterase levels, though not enough to produce clinical symptoms
of poisoning.12 It might be emphasized at this point that if it is found neces-
sary to use respirators, they must be properly maintained if they are to
remain effective protectors when used over long periods.

Treatment of Poisoning by Organo-Phosphorus Insecticides

Atropine is a specific antidote for many of the poisonous actions of
organo-phosphorus insecticides. For mild cases of poisoning, 2 mg of
atropine should be given intramuscularly and it should be fully effective in
40 minutes. The dose of atropine should be repeated every 30-40 minutes
until either the signs of poisoning are relieved or the subject displays signs
of mild atropine poisoning: dry mouth, warm skin and tachycardia. Atropine
is well tolerated and treatment in cases of suspected organo-phosphorus
insecticide poisoning should not be restrained by any fear of atropine
poisoning. The organo-phosphorus insecticide will raise the tolerance to
atropine while the signs of atropine poisoning are largely the converse of
those of organo-phosphorus insecticide poisoning. Atropinization should
be maintained for 24-48 hours in severe cases, and, when treatment has
been interrupted, it should be resumed immediately if symptoms such as
colic reappear. Any person who is ill enough to receive a single dose of
atropine should remain under medical observation for at least 24 hours,
because the atropine may produce only a temporary relief of symptoms
in what may prove ultimately to be a serious case of poisoning.

In very severe cases, respiration may fail and artificial respiration should
be applied and continued until either the heart fails or spontaneous respira-
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tion is resumed. Anoxia, associated with respiratory failure, should be
treated by the administration of oxygen which should be continued for
some time after natural breathing has begun again. There is no other
effective treatment.

A recent review of 46 severe cases of poisoning by parathion and TEPP
with 23 fatalities 7 underlines the importance of early treatment which must
be maintained until recovery is obvious. Delayed or inadequate treatment
was a feature of all the fatal cases. However, it might be added that the
course of poisoning by TEPP is much more rapid than with parathion.

Recovery from severe poisoning should be followed by serial cholin-
esterase determinations and work with organo-phosphorus insecticide
should not be resumed until a normal level of activity has been reached.
It may take several weeks before this is attained.

Some typical case-histories of severe poisoning are given to illustrate
the points made in discussing diagnosis and treatment.

Case J 8

" A young woman repackaged damaged bags of wettable 15 per cent. parathion clay
powder. It was a hot day. She wore a respirator designed for protection against dusts.
Subsequently, it developed that this respirator may have been defective. After a few
hours she complained of dizziness. The physician who was called observed constriction
of the pupils of the eyes and a pallid greenish cyanosis of the skin. Twenty minutes after
a subcutaneous dose of atropine grain 1/100 the patient appeared to be recovered and
was allowed to go home by street car. However, two-and-a-half hours later the physician
was called to the home in haste. The patient was in coma. No tendon reflexes were
obtainable. There were physical signs of a profound degree of pulmonary edema. The
physician immediately placed this patient in an inverted position over the side of
the bed and drained about eight ounces of frothy fluid from the lungs. The patient was
then transferred to a hospital by ambulance, placed in an oxygen tent, and given another
subcutaneous injection of atropine gr 1/100. This dose was repeated every hour while
the patient remained under the oxygen tent. About 1,200 cc of blood-tinged fluid was
aspirated from the stomach. Shortly thereafter the patient became incontinent of urine
and feces. There was evidence of improvement each time that atropine was administered,
but this was of short duration. After midnight she lapsed repeatedly into coma asso-
ciated with twitching movements of all the voluntary muscles. As morning approached
these symptoms gradually subsided and the pupils became less constricted until she had
made a complete recovery."

This case illustrates the temporary improvement seen after each dose
of atropine and the danger of casual treatment in the early stages of a
suspected case of poisoning.

Case 2 9

" A man of 26 filled the supply tanks of three citrus-orchard speed-sprayers. Alto-
gether, this equipment applied 40 or 50 500-gallon tanks a day of six pounds of 25 per
cent. parathion powder and 50 pounds of sulfur per 500 gallons. This work had previously
been done by several men in turn, one of them a man who on several occasions had tran-
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sient dizziness and headaches while at work. On three successive days this man expe-
rienced no ill effects. Two weeks later for two days the same task was repeated, and it
was reported that he repeatedly stirred the sulfur and parathion mixture with the bare
hands to work it through the screen of the sprayer tank. At 3.00 p.m. on the second
day after he resumed work he left for home because of blurred vision, headache, and a
sense of grogginess. At 6.00 p.m. he was transferred to a hospital. Treatment with atro-
pine and oxygen was started at once in accordance with the recommendations found on
a parathion package label. Coramine was also used. The patient at this time had a
bluish cyanosis, slurred speech, inco-ordination of swallowing and miosis. He was too
weak to stand alone. Four hours after the beginning of treatment he appeared recovered.
On the following morning he was released from the hospital and advised against further
exposure.

" Twenty-five days later this man resumed the same work. This time he immersed
hands and arms in the spray tank solution as he washed the parathion and sulfur from
a bag and each time after doing this he rinsed the hands and arms in a bucket of water.
On the second day after resuming this work he noticed a sense of illness at 10.30 a.m.
At 11.00 a.m. he requested medical aid. At 12.05 he was readmitted to the hospital. He
was confused and too weak to stand without help. The pupils were pin-point. At 12.15
p.m. he was treated with atropine gr 1/100 and oxygen. He vomited after being given a
quart of milk and a quart of saline, and defecated involuntarily. At 12.30 p.m. he had
lapsed into coma alternating with convulsions and frequent involuntary stools. At
1.45 p.m. a bluish cyanosis appeared. At 2.30 p.m. Coramine was injected and mucus
aspirated from the pharynx. At 2.45 p.m. the patient became restless, but remained
unconscious. Convulsive movements continued. At 3.26 p.m. 2 cc of sodium Nembutal
was injected to relieve the convulsions. At 4.00 p.m. the body temperature had risen to
103.6°F, and at 5.16 p.m. it had reached 107°F. Treatment between 4.00 and 5.00 p.m.
included 300,000 units of procaine penicillin and 2 cc of sodium Nembutal. Crystodigen
(intravenous) and Coramine were given a few minutes before death. The respirations
and pulse were weak at 5.17 p.m. and ceased at 5.35 p.m., approximately seven hours
after the onset of symptoms. Oxygen had been continued up to the moment of death.
No post-mortem examination was performed. On the day of this accident the atmos-
pheric temperature was 100°F and there was no breeze. A foreman who entered the
sprayed area to inspect trees developed nausea and promptly left."

This case illustrates the fate of the careless worker who refuses to take
precautions. It is probable that this patient had only partially recovered
from the effects of his first exposure before he started work again.

Case 3 2

" A. H., gardener's assistant, aged 28. Previously in good health. Admitted to the
Blegdamshospital September 16 1948 at 9 a.m. with a diagnosis of acute gastro-enteritis.

" On admission remote, but quite conscious-could give his past history in a few
words, after which he dozed off.

" Stated that he had wakened about midnight feeling ill with dizziness, nausea, vomit-
ing and diarrhoea. At 6 a.m., feeling worse, he had called in his doctor, who had given
him charcoal. The condition becoming worse, he was admitted to the Blegdamshospital
at 9 a.m.

"Physical examination: very poorly, shocked, pale, faint and cool. His clothes
drenched with sweat. No cyanosis or dyspnoea. Tongue moist, turgor normal. Eyes:
marked vertical rhythmic nystagmus. Pupils: equal, contracted, react to light. There
are universal fibrillar twitchings-particularly pronounced round the mouth and in the
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muscles of forearms and thighs. St. of 1. and h.: normal conditions. Extremities: normal
reflexes. No pareses or rigidity.

"Tp: 35.4°C. Pulse: 110, small, soft. B.P. 180/110. Ecg.: norm. Blood urea: 24 mg%.
Hg.: 127/93. Leucocytes: 14.200/600. Urine: +A (20/oo)I -A. Remaining examina-
tion revealed nothing of particular interest.

" 10 a.m. We could now no longer communicate with the patient, who was Cxtremely
weak, almost moribund, with progressive cyanosis, mucous rales and gradually cessation
of respiration.

" Artificial respiration was begun.
" Venesection done; lobeline and nikethamide given.
" Glucose 50%, 50 ml i.v.
"As prophylaxis: penicillin 100.000 x 3.
" Tracheotomy was done, because enormous amount of foaming sputum was collect-

ing in his nose and mouth. A considerable amount of sputum was sucked up, after which
the condition improved. The mucous rales diminished.

" 12 noon. After two hours of artificial respiration the patient began to breathe
spontaneously. The cyanosis subsided.

" 2 p.m. The fibrillary twitchings and the nystagmus had ceased.
"8 p.m. W could now communicate with the patient, who seemed past danger.
"B.P. 125/70.
"After 11 days in hospital the patient was discharged well.
"Add to the past history. When the patient recovered consciousness 11 hours after

his admission he stated that for the past fortnight or so he had been working in a hot-
house, where they used DPTF (Bladan) as an insecticide. Within the last six days he had
occasionally been feeling unwell with nausea, headache, dizziness and gripes. The symp-
toms had, however, disappeared each time, soon after he came out of the hothouse.
The last day before his admission he had to go out four times to " take the air".

" At 5 p.m. he had left the hothouse. In the evening he had been feeling perfectly
well-had spent some time in the Tivoli gardens. Had gone to bed at 10 p.m., but did
not feel ill till midnight.

" Three of his work-fellows, who worked in the same hothouse, showed no signs of
poisoning. This may be due to the fact that they do not smoke during working hours.
Our patient, on the other hand, rolls his own cigarettes and smokes from 8 to 10 a day
or 8 pipes. He no doubt had some of the substance on his fingers while rolling and smok-
ing his cigarettes, thus having been in close touch with the poison."

This case illustrates the value of artificial respiration. The mistake in
early diagnosis has been reported in a number of other cases and is always
liable to be made unless the doctor who first sees the patient inquires into
his occupational history.

In a series of 38 cases 13 of mild poisoning occurring in a group of
workers in a formulating plant and in apple orchards, the following symp-
toms were noted: headache (29), nausea (21), weakness or fatigue (19),
pain or tightness in the chest (17), abdominal pain (13), vertigo, fainting
or inco-ordination (13), vomiting (11), nervousness, drowsiness, insomnia
(9), sweating (9), cough or expectoration (9), disturbance of vision (9),
loss of appetite (8), shortness of breath (8), nasal discharge (6), mytosis (5).
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Annex

BLOOD-CHOLINESTERASE DETERMINATIONS

Human blood contains two enzymes: one in the plasma, the other in
the red cells. Both hydrolyse acetylcholine but can be distinguished by
their action on other substrates. The organo-phosphorus insecticides vary
somewhat in their activity towards the two enzymes, some inhibiting one
more strongly than the other.

The enzymes hydrolyse acetylcholine to form choline and acetic acid.
The methods of determination of the activity of cholinesterase depend upon
measuring the amount of acetic acid liberated in a given time by the enzyme
acting upon an excess of acetylcholine under standard conditions of temper-
ature, pH, etc.

Although the enzyme activity in whole blood may be determined, it is more
usual for the activity of the plasma and red-cell enzymes to be examined
separately. In whole blood, the predominant activity will be that due to
the red-cell enzyme.

Special arrangements must always be made for carrying out the exami-
nations because the methods used are not routine in the clinical laboratory
of the ordinary hospital.

The principles of the methods used are the following:
1. The acetic acid is liberated in the presence of bicarbonate and the

CO2 evolved is measured by means of the Warburg respirometer.
2. The change in pH brought about by the liberation of acid is con-

tinuously readjusted by the addition of alkali.
3. The change in pH in a buffered solution is measured electrometrically

or colorimetrically.
4. The loss of acetylcholine is measured.
For a number of reasons, methods 1 and 3 have been the most widely

used and two techniques based on method 3 are given in detail on pages 50
and 53.

The value of cholinesterase activity is best expressed as a simple number
rather than as a percentage of the normal. In any case, the normal values
for the population exposed should be established to provide a base line for
any estimation on people who will be exposed to organo-phosphorus
insecticides. Thus, the cholinesterase number can be derived, by means of
the Michel method, by measuring the fall in pH produced by 0.1 ml whole
blood in 1 hour x 100. The range of normal values is about 20% above
or below the mean figure. As this value is greater than the normal
variation of any individual's blood-cholinesterase activity, an individual
with a high normal level may suffer a significant reduction in his cholin-
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esterase activity without it falling below the lowest possible level for the
normal population.

When making use of blood-cholinesterase determinations for the control
of health hazards among organo-phosphorus insecticide sprayers, it is
advisable to have a normal pre-exposure value for each individual and
some knowledge of the levels in the general population from which the
workers are drawn.

Michel Electrometric Method a

Micro sampling procedure for plasma and red-cell esterase tests

The following directions for the collection, storage, and shipment of
micro blood samples are applicable to routine cholinesterase determinations
by the electrometric method, but they can also be applied to determinations
obtained by the manometric method of Ammon.

Blood is collected from a dry and clean fingertip, as for a blood count.
Before clotting can begin, allow this blood to flow into a glass capillary
tube slightly tilted downwards, which has been previously dipped in a
heparin solution of 10 mg per ml and dried in an air-stream. Leave 2.5 cm
(1 inch) free on one end of the capillary to permit heat-sealing without
overheating the blood sample. The other end may be plugged with cold
paraffin if the sample is to be shipped. After the capillary is carefully
sealed in order to avoid loss, it is labelled with a small slip of waterproof
adhesive tape on which the serial number or name and date are indicated.
Thereafter, the samples may be transported or shipped in a thermos jug
packed with glass wool and ice. Plastic encased ice-cubes are convenient
for keeping the samples and packing dry. As soon as practicable, and
preferably prior to shipment, the samples should be centrifuged; 2500-
3500 r.p.m. in an International clinical centrifuge for 30 minutes is adequate.

For analysis, the capillary is cut cleanly with a sharp ampoule file at
the sealed ends and at the red-cell plasma junction. From the cut section
of the capillary containing plasma draw 0.02 ml directly into a downward
tilted Sahli-type haemoglobin pipette, and wash well (3 times) into 1.0 ml
of water. Add 1.0 ml of the buffer for plasma and proceed by the Michel
electrometric method as outlined below. A glass vial, 2.5 cm (1 inch)
deep, and about 2 cm (3/4 inch) in diameter is convenient for electrometric
testing; this vessel, with a clean rubber stopper, may eliminate transfer
from a test tube for each pH measurement.

From the packed red cells in the capillary collect 0.02 ml as described
above for plasma. Wash these cells (3 times) into approximately I ml
of 0.9 % NaCl wash-solution.

a This method, which requires a laboratory, was originally described by Michel."" A slightly abridged
version of the procedure as recommended by Hamblin & Marchand (American Cyanamid Co., New York,
1951) is described here.
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Centrifuge for 15 minutes at 2500 r.p.m. or more. Then aspirate away
all but an estimated 0.02 ml of the saline overlying the red cells. From
this point add the 1 ml of saponin solution and 1 ml of buffer solution
for red cells, and proceed as directed in Michel's method. The final calcula-
tion for expression as percentage of normal average cholinesterase activity
must be corrected for dilution by the volume of the samples (2.0 ml diluted
by 0.02 ml plasma: 1 %, or an estimated 0.04 ml of red cells and saline: 2%).

For work where environmental temperatures occasionally exceed 25°C
the analyst may elect to restandardize Michel's electrometric procedure
for water-bath temperatures of 300C in order to eliminate any need of
cooling the bath on hot days and may do so by a suitable decrease in the
specified time of incubation.

Outline of Michel electrometric method applied to samples collected by the
micro sampling procedure a

Reagents required
1. Buffer solution I (for red cells): 0.02 M sodium barbital (4.1236 g);

0.004 M KH2PO4 (0.5446 g); 0.60 M KCl (44.730 g). For 1 litre of buffer
the reagents are dissolved in 900 ml of distilled water; 28.0 ml of 0.1 N HC1
are added while shaking the solution, and the volume is then made to
the mark. The pH of buffer I should be 8.10 at 250C.

2. Buffer solution II (for plasma): 0.006 M sodium barbital (1.2371 g);
0.001 M KH2PO4 (0.1361 g); 0.30 M NaCl (17.535 g). For 1 litre of buffer
dissolve the reagents in about 900 ml of distilled water and add 11.6 ml of
0.1 N HCI before diluting to volume. The pH of buffer II should be
8.00 at 250C.

3. Acetylcholine substrate for red cells: 0.11 M acetylcholine chloride
(2.000 g in 100 ml of distilled water).

4. Acetylcholine substrate for plasma: 0.165 M acetylcholine chloride
(3.000 g in 100 ml of distilled water).
A few drops of toluene are added to all the foregoing solutions as a

preservative and the solutions are kept in a refrigerator when not in use.
5. 0.01 % saponin.
6. 0.90% NaCI.
These two solutions are made fresh as needed.

Method for red cells

The haemolysed red cells in the saponin solution and buffer solution I
are placed in a water bath at 25°C.

a Another account of this method has been given by Aldridge & Davies.'
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... After allowing 10 minutes for equilibration, the initial pH (pH1) is
determined with a pH meter reading to the nearest 0.01 pH unit. Then 0.2 ml
of 0.11 M acetylcholine solution is added with rapid mixing and the time is
recorded. The enzymatic reaction is allowed to proceed for 1-1 1/2 hours,
and then the final pH of the solution (pH2) is determined. It is necessary
to shake the beaker containing the reaction mixture a few seconds after
the electrodes have been immersed to establish rapid equilibrium. The
time at which the pH was measured is recorded, and the cholinesterase
activity in units of A pH/hour is calculated by the use of the following
formula:

a pH/hour (pH,-pH2-b) x
t2 - tt

where pH, = initial pH
pH2 = final pH
t, = time of mixing with acetylcholine
t2 = time of reading pH2
b = non-enzymatic hydrolysis correction corresponding to pH2
f = correction for variations in A pH/hour with pH, corre-

sponding to pH2

The b and f corrections are given in Table I.

TABLE I. CORRECTION FACTORS FOR USE IN EQUATION I

Red cell cholinesterase Plasma cholinesterase
pH, corrections corrections

b f b f

7.9 0.03 0.94 0.09 0.98

7.8 0.02 0.95 0.07 1.00

7.7 0.01 0.96 0.06 1.01

7.6 0.00 0.97 0.05 1.02

7.5 0.00 0.98 0.04 1.02

7.4 0.00 0.99 0.03 1.01

7.3 0.00 1.00 0.02 1.01

7.2 0.00 1.00 0.02 1.00

7.1 0.00 1.00 0.02 1.00

7.0 0.00 1.00 0.01 1.00

6.8 0.00 0.99 0.01 1.00

6.6 0.00 0.97 0.01 1.01

6.4 0.00 0.97 0.01 1.02

6.2 0.00 0.97 0.01 1.04

6.0 0.00 0.99 0.01 1.09
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To express results in terms of percentage activity relative to some normal
value, multiply the a pH/hour value found for the sample by 100 and
divide by the a pH/hour value considered to be (or found to be) normal.
For example, the average a pH/hour value for red cell cholinesterase
activity in 12 normal human subjects has been found to be 0.753. If an
unknown sample gave a value of, say, 0.550, then the percentage activity

would be 0175.3 x 100 = 73%-

Method for plasma

... One ml of diluted plasma mixed with 1 ml of buffer solution II
is allowed to equilibrate in a water bath at 25°C for 10 minutes, and then
0.2 ml of 0.165 M acetylcholine is added and mixed. The subsequent
determination is carried out, and the activity calculated, in the same manner
as described above for red cells, using the correction values for plasma
given in Table I.

... After several weeks, both buffers I and II slowly decrease in pH
and buffer capacity, and should be checked with a pH meter at the time
they are used. If the pH, reading for a determination is more than 0.03 pH
units below 8.00, a fresh buffer solution should be prepared.

... The mean value of the cholinesterase activity, by the electrometric
method, is 0.703 a pH per hour for plasma and 0.753 L pH per hour for
red cells.

Laboratory equipment and supplies

Apart from the necessary reagents and glassware, the laboratory must
be equipped with a suitable pH meter, a centrifuge and a constant tempera-
ture bath for carrying out the determination.

Colorimetric Method a

Materials and apparatus

I WBC ( 1: 20) diluting pipette for each test
1 2-ml serum bottle with rubber stopper for each test
Acetylcholine iodide aqueous solution (0.012 g/ml). This solution is twice as strong

as the one used in the original Limperos & Ranta method, and will remain stable for
periods up to 2 weeks if kept in a refrigerator.

Bromothymol blue (water-soluble) in aqueous solution (0.0005 g/ml). This solution
will remain stable for up to one week if kept in a refrigerator.

Note. These solutions are made with distilled water, preferably de-ionized (pH 6.8
to 7.0).

a This simple method, developed by Limperos & Ranta 10 and modified by Wolfsie & Winter,'5 can be
done in the field.
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Modified method

Draw blood from the fingertip puncture up to the 0.5 mark in the pipette;
wipe the outside of the pipette with clean gauze or tissue, and dilute to-the
11 mark with the BTB solution. Shake the pipette briefly; then deliver the
contents into the serum bottle. Fill the pipette again to the 11 mark with
BTB solution and rinse into the serum bottle 2 or 3 times. Measure 1 volume
of the AChI solution to the 11 mark in the same pipette, and add this
solution to the contents of the serum bottle. Stopper the bottle, shake, and
observe the initial colour by holding the bottle in a horizontal position
about 1 inch (2.5 cm) above a white surface and looking down through
the side of the bottle. The initial colour should be green. (If the contents
of the bottle appear muddy or if the colour is more olive green than green,
the result should be checked with a repeat test, using freshly prepared
solutions.) Place the bottle in the axilla of the patient, next to the skin,
or in a water bath at 98°F, for 20 minutes. Remove at the end of the
required time interval, and note the final colour in the same manner as
before. Limperos & Ranta cite the following colours as representing the
indicated percentage of normal ChE activity: orange, 100 %; brown, 75 %;
olive brown, 50%; olive green, 25%; and green, 0%.

Field Test a

Laboratory equipment and supplies

Apparatus
Tubes: 3 x 3/8-inch (7.5 x 1.0-cm) (1 for each test)
Pipettes: 10-ml graduated in 1.0 ml; 5-ml graduated in 0.5 ml; 20-ml haemoglobin

pipette
Rack, to hold 10 3 x 3/8-inch tubes
Watch, to read accurately in minutes
Triangular needles: I packet
Thermometer

Reagents
Only 2 solutions are needed:
Acetylcholine chloride. Ampoules; Roche product 0.6 % solution. Dissolve the

contents of 6 0.1-g ampoules in 100 ml of distilled water. This solution can be stored at
20°C for a period of 5-6 days without deterioration and provides sufficient solution for
200 tests.

Brom-thymol blue (B.D.H.): (a) stock solution: 0.04 g of powder is dissolved in
1 ml of N/20 sodium hydroxide; approximately 90 ml of distilled water are added as
well as sodium hydroxide dropwise until the solution just tums blue. The total volume
is made up to 100 ml; the pH of this solution can be 7.7 and if possible, since this solution
can be made up in laboratory, it should be checked with a pH meter; (b) for use, dilute
2 volumes of stock solution with 1 volume of distilled water.

a This method, developed by Davies & Nicholls 5 is a modification of the method described by Limperos
& Ranta."0
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Technique
Collect 20 ml of blood in a haemoglobin pipette and wash it out into

1 ml of dilute B.T.B. solution contained in one of the 3 x 3/8-inch tubes.
Add 0.5 ml of acetylcholine chloride solution and note the time of addition.
Note the exact time at which the colour of the reaction mixture becomes
deep orange. The interval is a measure of the enzyme activity. To facilitate
the determination of the end-point, a standard is easily prepared as follows:
blood and B.T.B. solution in the above proportions are mixed in a tube
and then 0.15 ml of N/100 acetic acid is added. The volume is then made
up to 1.5 ml (the pH should be 6.7).

Results
If the time interval over which the requisite colour change occurs is

determined precisely, the assessment of whole-blood ChE activity correlates
closely with determinations made by the electrometric method (see Table II).

TABLE II. COMPARISON OF READINGS FOR DETERMINING BLOOD
CHOLINESTERASE ACTIVITY BY THE ELECTROMETRIC

AND COLORIMETRIC METHODS

N

E

130

126

146

132

123

140

129

148

136

133

127

146

116

116

110

ormal range Range of slight absorption Hypersensitive range

C E C E C

15 108 20 66 31

15 104 20 63 32

14 103 21 59 42

15 103 20 58 39

15 102 20 56 40

14 100 22 55 33

15 100 22 53 40

15 96 22 52 40

16 95 23 49 35

15 88 23 36 47

15 87 23 36 50

15 85 26 33 50

19 81 25 30 52

19 78 27

18 76 27

75 27

75 28

73 28

67 27

E = Electrometric method (zA pH/hr.)
C = Colorimetric method (minutes for colour change at 310C)
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The relative activity increases with temperature in a non-linear fashion
from 10°C to 40°C. Above 400C, results become uncertain. At 10°C the
relative activity is about 65 while at 30°C it is 132 (see Table III).

TABLE III. EFFECT OF TEMPERATURE ON THE TIME TAKEN FOR THE COLOUR
CHANGE IN BLOOD CHOLINESTERASE ACTIVITY

Temperature Normal activity Marginal activity Serious depression
(° C) (Jph 109) (Azph 67) (Alph 25)

10 41 minutes 63 minutes 111 minutes

15 32 49 98

20 26 40 87

25 22 34 74

30 19 30 62

35 16 23 53

The information yielded by these experiments permits us to simplify
the test for field conditions. If in addition it is possible to relate enzyme
evels to zones which will permit clear-cut executive action, then a very
useful test may be evolved. The latter idea is possible, for three critical
levels of whole blood ChE can be defined. These are as follows:

Lower level of normality

There have been very many determinations of normal values of red-cell,
plasma and whole-blood ChE and the limits of variation have been exten-
sively worked out (Callaway, Davies & Rutland; 3 Wolfsie & Winter; 14
Fleisher & Pope 6). These are consistent with each other. For the present
purpose, the values for the whole-blood ChE as determined in this labora-
tory have been used to define the lower limit of normal activity. On a
recently determined series, the mean value of the whole-blood ChE was 133
(A pH/hour) with a standard deviation of 12 (A pH/hour). The lower
fiducial limit of normality is therefore 109 (A pH/hour).

Level of hypersensitivity

No symptoms of systemic poisoning are obvious until a very significant
reduction of the blood ChE has occurred. However, in 1954 Callaway et al.
(unpublished document) showed that when the whole-blood ChE of rabbits
has, by prior exposure to anticholinesterase, been reduced to half the
pre-exposure value, there is a significant reduction in the L.D.50, thus
demonstrating that a reduction in the blood ChE level is indicative of an
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increased sensitivity towards further doses of anticholinesterase. Their data
did not permit an extrapolation which would have indicated the exact
point at which this increased sensitivity is first obvious.

In the absence of such precise data, and bearing in mind the main
purpose for which this test is being evolved, we therefore suggest that the
level of clinical significance could be set at 50% of the mean normal level,
i.e., at a A pH/hour of 67.

Clinical danger level
Davies 4 noticed that the blood cholinesterase of animals dosed with

anticholinesterases by the intravenous, intramuscular or percutaneous
routes had to be reduced to at least 20% of normal before the onset of
serious clinical symptoms was noticed. In this author's experience, the
critical whole-blood cholinesterase level is about 20% of normal, although
it does not follow that symptoms automatically appear when this level of
blood cholinesterase is reached. The clinical danger level may therefore
be set at 200% of the mean normal level, i.e., at a pH/hour of 26 units.

Effect of temperature
The most difficult problem has been to evolve a method of temperature

compensation without the use of a constant temperature bath or enclosure.
This was done as follows: As indicated above, several simultaneous observa-
tions were carried out on the same sample at various temperatures, together
with electrometric determinations at 25°C. These results were then sum-
marized in a family of straight lines corresponding to each temperature and
relating 1000/T and A pH/hour, where T is the time taken for the completion
of the colour change.

From these, T was determined for each critical level, at varying temper-
atures and a new family of curves constructed relating T and temperature.
By plotting these on one diagram, a chart showing various zones has been
constructed, each zone corresponding to the interpretation shown on the
right side (see data in Table III).

The modus operandi of the test is therefore as follows: the temperature
of the ambient air is noted; an ordinate on the chart is then drawn cor-
responding to this temperature; and the time read at the point where it
cuts each curve.

The tubes are prepared as described earlier (i.e., 1.0 ml. of B.T.B.,
20 ml of blood and 0.5 ml acetylcholine chloride), and then the colours
noted at each of these times obtained from the chart. In all the tubes in
which the colour has changed to deep orange at the time of inspection the
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reaction is complete. For example, if the temperature was 230C, tests with
all normal blood samples would be complete in 21 minutes. Blood which
changed colour in less than 34 minutes but in longer than 21 minutes
would possess whole-blood ChE levels lower than normal and the level
would indicate a slight absorption of anticholinesterase. Such levels would,
however, be of little clinical significance. They would, on the other hand,
indicate indifferent safety procedures or personal carelessness on the part
of the individual.

If the time taken is longer than 34 minutes, this indicates that the
individual is hypersensitive, and will come into the red zone. If even after
72 minutes the test is not complete, at least 80% inhibition is indicated,
implying danger of clinical symptoms.

It should be emphasized that an exact colour match with the standard
is seldom necessary since the criterion at the critical time is whether the
colour change is complete at that time.

Rapid Field Determination by Means of the Lovibond Comparator a

A further modification of the field method for blood-cholinesterase
determinations, similar in principle to the technique used in several other
quantitative determinations, has been developed with the use of a com-
parator.a

This method is described here because the use of the comparator may
already be familiar to the biochemist called upon to advise on the setting
up of a cholinesterase service.

... The method of Limperos and Ranta (1953) has been modified to give a combi-
nation of speed, convenience and reasonable precision for emergency or routine choli-
nesterase determination with simple equipment.

Principle of Method

Blood cholinesterase enzyme hydrolyses acetyl choline, liberating acetic acid. The
rate of the reaction (and so the enzyme activity of the sample) is measured by the rate of
change of colour of an indicator (bromo-thymol blue) present in the solution, the colour
change covering the range from 0-100% normal enzyme activity.

Reagents

1. Indicator solution:
Sodium salt of bromo-thymol blue (B.D.H. Ltd. water soluble) 0.5 gni.
Distilled water (CO2 free) 1,160 ml.
This solution is stable for several months and should be stored with a soda-lime
guard tube to prevent absorption of CO2.

a Developed by Dr E. F. Edson, Fisons Pest Control Ltd., Cambridge, and quoted by kind
permission from Tintometer Ltd. (1956) The rapid field determinations of cholinesterase in whole blood. In:
Colorimetric chemical analytical methods, Salisbury
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2. Substrate solution:
Acetyl choline perchlorate 0.5±0.2 gm.
Distilled water (CO2 free) 100 ml.

This substrate solution is stable for up to a fortnight at room temperature with
a soda-lime guard tube. Its exact concentration is not critical.

Complete Apparatus required for field work.

1. Three 1 ml. pipettes with teats. These pipettes should be graduated at 0.5 ml.*
2. A supply of 0.01 ml. blood pipettes with teats.
2. Up to 20 Pyrex 5 ml. reaction tubes with bungs, in a suitable stand.
4. Lovibond Comparator and disc.
5. Two 2.5 mm. optical glass cells.
6. Finger-prick needle.

(Soap, water, surgical spirit, cotton wool, to clean skin.)

The Standard disc covers the range 0-100% normal enzyme activity in steps of 121/2%.

Technique.

1. Test the reagents by mixing 1 ml. of indicator and 1 ml. of substrate solution.
Place in a 2.5 mm. cell in the right-hand compartment of the Comparator. Hold the
Comparator facing a source of uniform white light, such as the north sky, and revolve
the disc until a close colour match with the test solution is obtained. It should be no
more yellow (acid) than the 50% activity colour. If the indicator solution is too acid,
due to the absorption of carbon dioxide, it can be restored to normality by bringing it
momentarily to the boil. If the substrate is at fault it must be discarded, and a fresh
solution prepared.

2. Make a blood " blank " by adding 0.01 ml. of finger-prick blood to 1 ml. distilled
water in a 2.5 mm. cell and place in the left-hand compartment of the Comparator.

3. Prepare 1 reaction tube for each patient to be tested, and pipette 0.5 ml. of indicator
into each tube. Up to about 15-20 samples can be tested in one ' run '.

4. Pipette 0.01 ml. blood obtained by finger or thumb prick into a reaction tube,
one for each patient, rinsing the pipette two or three times with the indicator in the tube.
A " control " blood sample (i.e. that of a normally healthy person unexposed to organic
phosphorus insecticides) should be put into tube No. 1.

5. Pipette 0.5 ml. substrate solution into tube No. 1 (" control " tube). Note the
time (" zero time "), immediately transfer the reaction mixture to a 2.5 mm. cell and note
its colour in the Comparator. It should be no more acid than the 12.5% colour.

6. Add 0.5 ml. substrate solution to the other reaction tubes at 1 minute intervals
from zero time, stopper them and shake to mix.

7. Wait for the contents of the control sample cell to reach 100% activity colour
(which will take 20-30 minutes, depending largely on temperature) and at 1 minute
intervals from this time transfer the contents of the other tubes in turn to the cell. Match
the contents of the cell against the disc, by placing the cell in the right-hand compartment
of the Comparator and revolving the disc until the nearest match is found, and record
activity. The discs are graduated in % of normal (i.e. of control) activity.

* All pipetting is done with teats to avoid production of acidity and false colour
changes due to respiratory carbon dioxide.
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Interpretation of Cholinesterase Activity Readings.

100 %-75% of normal No action, but retest in near future>.
75y%- 50% of normal Over-exposure, suspend from further work with organic

phosphorus insecticides for 2 weeks, then retest to assess
recovery.

50y%-25% of normal Serious over-exposure: suspend from all work with insec-
ticides. If indisposed or ill arrange medical examination.

0 %-25% of normal Very serious and dangerous over-exposure. Suspend from
all work pending medical examination.

Remarks.

Good agreement has been found with whole blood Cholinesterase activities as deter-
mined by the Michel electrometric method (Michel, H. O., J. Lab. Clin. Med. 34, 1564
(1949)).

Acid, alkali or insecticide contamination should be avoided by carefully cleaning the
skin before taking the blood sample, first with soap and water, then with surgical spirit,
drying the area with clean cotton wool. The needle must also be carefully cleaned each
time.

The control blood sample must be obtained from a normally healthy person, who has
had no probability of exposure to organic phosphorus insecticides in the past three months.

Alternatively, a ' stock ' sample of normal blood may be used, but only heparin is suitable
for use as the anticoagulant. Citrate or oxalate cause interfering pH changes and should
not be used.

The reaction tubes and bungs must be carefully washed with distilled water between
tests, because, as this test depends on a change of pH, there must be no contamination
from any acid or alkali.

R1tSUMIt

On recourt d6sormais a l'emploi d'insecticides organo-phosphores pour d6truire
certaines souches d'insectes, de mouches en particulier, qui sont maintenant resistantes
au DDT et i ses analogues. Si ces substances sont utilis6es dans les memes conditions
pratiques que les insecticides du groupe du DDT, il est probable, d'apres les experiences
d6ja faites, que le personnel charge de les appliquer sera expos6 a des risques assez serieux.

La serie des insecticides organo-phosphor6s comprend une gamme de substances de
toxicite variable, dont les moins toxiques ne le sont pas plus que le DDT; tel est le cas du
malathion, par exemple. Les composes organo-phosphores agissent en inhibant les
cholinest6rases sanguines, les uns directement, les autres apres avoir ete partiellement
decomposes dans l'organisme. Selon que ces composes appartiennent au premier ou au
second de ces groupes, ils agiront plus ou moins rapidement et les troubles qu'ils causent
apparaitront plus ou moins tot. Presque tous les signes et symptomes d'empoisonnement
produits par ces substances peuvent etre attribues aL l'activit6 excessive des el6ments
cholinergiques du systame nerveux p6riph6rique et central.

Les premiers sympt6mes sont subjectifs et peu specifiques: cephalee, nausees, fatigue,
etc. Un exces de s6cretion bronchique trahit l'atteinte du systeme respiratoire. La fibrilla-
tion musculaire de la langue et des paupieres, puis du visage et du cou succede souvent
aux vomissements et a la diarrhee. La mort survient par arret de la respiration sous l'effet
de plusieurs facteurs conjugues.
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La d6termination du niveau de la cholest6rase dans le sang peut donner une indication
utile, a diverses fins: a) pour contr6ler par des determinations regulieres les risques
encourus par les groupes de population exposes et prevenir le danger d'une exposition
excessive; b) pour confirmer ou infirmer le diagnostic d'empoisonnement; c) pour suivre
l'evolution d'une gu6rison.

L'atropine est l'antidote specifique de nombreuses formes d'empoisonnement par les
insecticides organo-phosphores. Le traitement doit etre poursuivi durant 24-48 heures
dans les cas graves; la respiration artificielle peut etre necessaire.

Les auteurs exposent une s6rie de cas cliniques et d6crivent, en annexe, diverses
methodes de determination de la cholinesterase sanguine, au laboratoire et sur le terrain.
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