
Notes

Accidental Poisoning from Agricultural Pesticides *

by A. ARNAN, M.D., D.P.H., Medical Officer of Health, District Health Office, Beersheba, Israel

The years following the Second World War have
seen a great increase in the use of agricultural
pesticides. The use of chemicals for the control of
insects, rodents, weeds or fungi detrimental to
farming is not new. Thallium, copper sulfate,
arsenic and nicotinic acid have been in use for a very
long time.

Since 1945 or thereabouts, large numbers of new
materials have been and are still being introduced.
These, generally speaking, are easy to apply, very
efficient and also inexpensive. This, together with
the enormous strides in planned agriculture all over
the world, has served to bring them into the gardens,
fields and homes of millions of people.

Pesticides are, by their very nature, poisonous.
Most are only mildly toxic to man or domestic
animals. Unfortunately, however, some of the most
effective pesticides are also the most highly toxic
and their extensive use has brought about many
accidents. Case have been registered in every part
of the world, but the fact remains that a large
number have escaped reporting or even diagnosis.

Estimating the size of the problem is, therefore, a
difficult proposition. This is particularly true of the
developing countries. It is in these countries, more-
over, that the most toxic materials are often used.
It is there that the necessary and complicated pre-
cautionary regulations are most difficult to enforce.
It is there that many accidents can and do happen
without reaching the medical press or even the ears
of the local practitioners.

In this note I propose to describe the problem as
reflected in one predominantly agricultural district
in Israel. I have been associated with this region for
four years, and this period has convinced me that
accidental poisonings from pesticides are a major
public health problem-in some parts of the world
at least. It is a problem concerning not only the
workers actually handling them, but also the general

*Note based on a dissertation that was presented at the
London School of Hygiene and Tropical Medicine for a
Diploma of Public Health of London University during
the author's tenure of a WHO Fellowship.

population, wherever large quantities of these
poisons are scattered.a, b, c

The Negev-the area of the present survey
The Negev forms the southern part of Israel.

Though the area is large, 12 851 kM2, over half is
total desert. The population numbers about 105 000
(1960 estimate) out of a total of just over two
million for the whole country. Since it is the coun-
try's main development area, however, there is a
constant and large increase. About half the popula-
tion is urban, but 60 000 live in rural or semi-rural
areas.

Like everywhere else in Israel, there is an enorm-
ous variety in cultural backgrounds and standards
of education. There are university graduates living
side by side with the wholly illiterate or the semi-
literate, and natives of London, Tel Aviv or Berlin
with the peoples of the deserts of Arabia or the
caves of South Morocco. Some have only a few
years ago made their first contact with the twentieth
century. Many had never done any farming before
their arrival in Israel and have no agricultural
traditions whatever.
Of particular interest are the 16 000 semi-nomad

Bedouin tribesmen. These are just beginning to
emerge from a pattern of life that had been estab-
lished long before the era of the Old Testament.
The agricultural pattern is varied too. Cereals,

cotton, deciduous fruits and a large variety of
vegetables predominate. There is also a fair amount
of animal farming, with most of the fodder grown
locally. The Bedouin, for their herds of sheep and
camels, depend more on natural pasture-not a
very reliable method in this almost arid zone. They
are, however, settling down slowly and are sowing
more.

a Barnes, J. M. (1959) Bull. Hyg. (Lond.), 34, 1205.
b Edson, E. F. (1955) Brit. med. J., 1, 841.
c World Health Organization, Study Group on the Toxic

Hazards of Pesticides to Man (1956) Wid Hlth Org. techn.
Rep. Ser., 114.

IOWA - 109 -

8



110 NOTES

All these branches of agricultural activity have
one thing in common: a need for stringent pest
control and, therefore, the liberal use of many types
of pesticide.

Collection of data
It is difficult to ascertain when the first case of

pesticide poisoning in the Negev occurred. The
files of the local hospital show three cases in 1957
and four cases in 1958. These were most probably
due to parathion, and two were fatal. There was
another case, also fatal, due to thallium; this case
was a suicide.

In 1959, the problem seems to have acquired new
dimensions, not only in our region but all over
Israel. It is difficult to say how far this can be
attributed to the increase in the use of pesticides
and how far to the increase in awareness among the
public and the health authorities.
The District Health Office, Beersheba, started a

careful collection of data. Circulars were sent to all
the general practitioners and all the rural clinics d

asking them to be on their guard and report to the
health department every case of poisoning or
suspected poisoning. Wherever possible, a personal
contact was made as well.
A good working arrangement was reached with

the central hospital in Beersheba. This hospital
serves the whole area and one could expect all cases
to arrive there. Whenever a case suspected of
poisoning of any type was admitted, the physician
in charge of the casualty ward notified the medical
officer of health by telephone. Either the medical
officer of health or a particular public health nurse,
who had been given special instruction, went to the
hospital at once. In most cases they were able to
see the patient or his family within an hour of the
accident and thus obtained many relevant details
that might have been forgotten later. The same
nurse, together with the area public health inspector,
visited the home of the patient not later than the
following day and often even earlier. There, usually,
many further and relevant data were obtained. All
suspected articles-food leftovers, bottles containing
unknown liquids, home or farm sprayers, etc.-were
taken away and sent for laboratory analysis, often
with significant results.

All the details were correlated and filed. In the
vast majority of cases, the final report concerning

d These rural clinics are responsible for all the therapeutic
work. They are staffed by a nurse, usually resident in the
village, and a doctor who comes in regularly, two to six
times a week, according to the size of the population.

each case was virtually complete, with very few
loose ends left. I also feel certain that not a single
case severe enough to alert the victim or his family
escaped registration. In some places, at least, the
intensive and extensive inquiries made the general
public over-aware. People suspected of having para-
thion poisoning were sent to hospital, where investi-
gations showed them to be suffering from no more
than a mild attack of gastro-enteritis or even pure
hysteria. Needless to say, these cases do not figure
in the present series.

Analysis of accidents
The above-mentioned arrangements were com-

pleted in May 1959. Unfortunately, for personal
reasons, the first few cases could not be properly
investigated. The present series, therefore, covers
the period between October 1959 and September
1960-namely, 12 months.
Over this period, in the Negev district, 34 cases

of poisoning due to pesticides were reported, 10 of
which were fatal. By agent, they can be subdivided
as follows:

Parathion .... . . 21 (7 fatal)
Thallium ..... . . 9 (3 fatal)
Malathion .... . . 3
Benzene hexachloride . I

The age distribution was as follows:
Parathion. Of the 21 cases recorded:

0-2 years .... . 6 (3 fatal)
3-5 years .5... . S (I fatal)
6-15 years . . . . . 8 (3 fatal)
Adults .. 2

Thallium sulfate. Of the 9 cases recorded:
0-2 years .... . 1
3-5 years .... . 3 (1 fatal)
6-15 years . . . . . 0
Adults ...... . 5 (2 fatal)

Malathion. Of the 3 cases recorded:
0-2 years .I... . 1
6-15 years . . . . . 1
Adults ..... . . I

Benzene hexachloride
3-5 years

The only cases that can be classified as occupa-
tional casualties are those of the two adults in the
parathion group. Almost all the others were home
accidents. Home in this context is meant, of course,
to include also the courtyard or the next-door
orchard or garden. One of these home cases was
an attempted suicide, one a successful suicide after
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an earlier unsuccessful attempt e and one a successful
murder.

Occupational accidents

During the period under survey, only two cases of
accidents amongst workers actually engaged in apply-
ing pesticides were recorded. This is a surprisingly
low figure and seems purely fortuitous. In other parts
of the country many more cases of this kind were
reported. As ar example, 17 cases were hospitalized
in the whole of Israel during July 1960 alone.
The Ministry of Labour, in co-operation with the

Ministry of Agriculture, has tabulated an extensive
set of regulations covering working conditions.
These regulations, though not perfect, seem reason-
able on paper. Probably the most important item is
that only people with a special licence are allowed to
work with pesticides. This licence is given only to
people who have attended a course of instruction
and passed some kind of an examination. This
course is devoted mostly to the exposition of all the
hazards involved and the precautions to be taken.
The same set of regulations defines the responsibili-
ties of the employer. He is not to employ anybody
without the above-mentioned certificate, and he is
to provide all the necessary safety measures, such as
protective clothing, safe sprayers, washing facilities,
proper storage space, etc.
Those measures, however, were never really

applied in practice. Although courses were held and
licences issued, they often proved on close investiga-
tion to be a waste of time and paper. The courses
were too short and too superficial, and the people
attending them did not really grasp even the little
information that was meted out. The employers, in
their turn, employed everybody who came and often,
particularly the owners of small farms, provided no
safety measures. Moreover, even when such meas-
ures were provided, they were seldom used by the
workers, who objected to the heavy and cumbersome
protective clothes and flatly refused to wear them in
the hot weather.
The two cases we investigated were typical of the

picture as a whole.
Case 1. A 17-year-old farm labourer was em-

ployed on a large, company-owned farm. He was a
jack of all trades, but was often sent out to help in
the operation of a tractor-drawn spray in the cotton
fields or to spray vegetables by hand. On that farm

e Hereafter in this note, this person figures as two cases-
an attempted suicide and a successful one.

nobody ever wore masks or protective clothes,
though these were provided. Various organo-
phosphorus compounds were in constant use.
One afternoon he was found unconscious. On

arrival at hospital, he was completely unconscious
and very pale, and parathion poisoning was at once
suspected. The most prominent sign was hyper-
salivation; he seemed covered with saliva. Before
reaching hospital, he passed a large quantity of
urine and some liquid stools; he was breathing slowly
and with great difficulty, and rales could be heard
even without a stethoscope.

His clothes were removed and he was washed to
remove all residues of the poison which might still
be adhering to his skin. An endo-tracheal tube was
inserted and suction applied to facilitate breathing.
Atropine sulfate was administered intravenously, in
an initial dose of 2 mg, repeated 20 minutes later and
again 15 minutes after that. About an hour after
admission he seemed to be improving; he was
breathing fast, but effortlessly, and was considerably
less pale. The atropine dosage was then reduced
-1 mg every 20 minutes-and given subcutaneously.
About three hours after admission his condition
suddenly seemed to deteriorate. His breathing
became difficult and he became pale again; there was
also a generalized muscular tremor. The atropine
dose was increased again and some barbiturate given
intravenously. The relapse did not last long. In less
than an hour there was a considerable improvement;
seven hours after arrival he was conscious enough to
remove his tube himself and about an hour later was
well enough to talk. He recovered completely and
left hospital after four days.

Altogether he was given 32 mg of atropine sulfate.
The only effect of this enormous dose was that he
complained of dryness in the mouth. In this case,
the specific cholinesterase (ChE) reactivator, PAM
(pyridine-2-aldoxime-methiodide), was not yet avail-
able.
A blood sample, taken on admission to hospital

and sent to the central toxicological laboratory for
ChE determination, showed less than 50% of the
normal ChE level.
The investigation carried out in the farm by the

health department personnel was, in this 'case,
rather perfunctory. The history was fairly obvious
and any measures to prevent further similar occur,
rences were the responsibility of the inspector of the
Ministry of Labour and the pest control expert of the
Ministry of Agriculture. These, of course, were
immediately notified. No further cases occurred.
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The real difficulty lies in controlling not the large
farming concerns-though that, too, is not easy-but
the small independent farmer. Though instructions
were issued to all concerned, they were seldom, if
ever, observed. Considering the fact that practically
every small farm owner used even the most toxic
pesticides, the number of accidents is miraculously
low.

Case 2 involved one of these small farm owners, a

man of 30 years. He had been engaged for a time as

the storekeeper of a large agricultural firm and hand-
led most of their pesticides. He actually attended a

day's course on safety measures and adhered to most
of them while employed by the firm. In his own

small farm, however, he seems to have forgotten
everything. He was taken ill a short time after
coming home from his field, where he had spent
several hours spraying parathion by hand. He had
some food with him and left it somewhere inside the
field. There is very little doubt that the food was

contaminated. Together with the amount absorbed
through the skin and through the respiratory tract,
this was sufficient to cause a fairly severe intoxication.
He was rushed to hospital after he started vomiting

and complained of severe headache and blurred
vision. There his stomach was pumped and atropine
as well as PAM administered (2.0 g of PAM and
7 mg of atropine). He made a very swift recovery,
but was detained in hospital for five days because of
severe nausea.

His blood ChE was 15% of the normal. There was
parathion in his stomach contents and p-nitrophenol
(a parathion decomposition product) was found in
his urine.

In this context a survey conducted by the Ministry
of Health should be mentioned. The ChE levels of
588 workers handling organo-phosphorus pesticides
were compared with those of 200 other workers of
the same ages. There was a significant decrease in
the ChE level in the former group, often surpassing
the danger level. The most significant decrease
occurred among the workers engaged in spraying
from the air and among the marksmen directing them
from the ground. There was one case in our region
during the period of survey of an aircraft crashing
and killing the pilot. Whether or not the pilot lost
control because of early symptoms of poisoning
remains a moot point.

Home accidents
Excluding the four cases of suicide or murder

referred to above, 28 of the 34 cases recorded in the

12-month period can be classified as home accidents.
Of these 28 cases, eight were fatal. Twenty-six were
in children below the age of 15 years, and all the
fatalities occurred in this age-group. These figures
thus brought pesticides to the front as a cause of
home accidents among children.
The organo-phosphorus insecticides took the

first place. Parathion was the cause of 19 cases with
seven deaths and malathion the cause of three non-
fatal cases.
One case was caused by benzene hexachloride, one

of the chlorinated hydrocarbons of very low toxicity.
This case was in a 3-year-old child, who drank some
of the insecticide from a bottle, and the symptoms,
which were not very severe, were all attributed to the
solvent-paraffin oil.
The organo-phosphorus home accidents almost

invariably arose from one of the following causes:

(a) Some pesticide that looked very effective in the
field was brought to the house and tried against
domestic vermin. Food, clothes and bedding were
sprayed, often liberally and with highly concentrated
solutions.

(b) Children, and even adults, got hold of full or
partly empty containers or spraying machines, which
were left in the yard or in open sheds. In many cases
the handsome aluminium bottles used for storing
parathion in high concentrations were discarded
after use, contrary to all regulations, and the few
drops left in them were enough to cause severe
poisoning if the bottles were subsequently used as
receptacles for drink.

(c) People entered fields or orchards soon after
spraying and helped themselves to some fruit or
vegetables. Cases of poisoning did not result only
from the eating of such fruit, but also arose from the
sucking of contaminated fingers and possibly even
from inhalation or absorption through the skin.

(d) People ate contaminated food, bought in the
usual way. (At least two cases in our series were
caused in this way. The question of residues in food
is, of course, a particularly important one and will
be dealt with later in more detail.)

The following cases might serve as illustrations.
Cases 3, 4 and 5. A family, consisting of a mother

and five children, was brought to hospital one
evening. The mother and two of the children were
soon discharged, since nothing more serious than
an attack of hysteria was diagnosed (blood samples
were, nevertheless, taken for determination of the
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ChE level). The other three children, aged 18
months, eight years and nine years, respectively,
were detained in hospital. The youngest child was
very ill, being deeply unconscious and very cyanotic,
and breathing laboriously. The other two were very
agitated; they retched continuously-having vomited
several times in the ambulance-and showed fairly
severe muscular twitching. All three were salivating
freely, their faces being covered and their shirts
soaked with saliva.
They were treated by the usual method-a com-

bination of atropine and PAM. The two older
children recovered within two hours. The youngest
child remained dangerously ill until the next morning
and then recovered very suddenly. All were dis-
charged on the fourth day after admission.
The laboratory tests were all significant. The ChE

level in the blood of all three affected children
was below 20% of the normal and that of the
youngest was below 5 %. The blood of the mother
and of the other two children showed a ChE level
within the normal range.

Talks with the parents and the neighbours, and
a visit to the home, elicited the following story.
The father often worked as a hired hand helping to
spray the cotton fields. A few years back, he
" borrowed " a small bottle of insecticide-parathion
-and brought it home. They used it once to spray
the house with and there were no casualties. This
time they tried it again. The mother sprayed the
house, very thoroughly, and closed all the windows.
She sent all the children out and told them not to
enter the house until the evening. She then went to
the neighbouring village, leaving the eldest daughter,
aged 13 years, in charge. At noon it got too hot
to stay outside, and all five children and the two
family dogs came in and had some food, including
porridge. A little of the porridge got spilt on the
floor and the dogs helped themselves; the 18-month-
old baby joined them. About two hours later the
mother returned and found the dogs dead, the baby
unconscious and the other children in a state of
great terror. Her scream brought in the neighbours,
who called the ambulance.

It should be pointed out that this family obviously
knew that pesticides were dangerous, though they
were not aware of the intensity of the danger.

Case 6 is similar in most details to that described
above. A girl of four months was brought to
hospital showing all the signs of severe parathion
poisoning. It took several hours of combined
atropine and PAM therapy to pull her through.

Her mother, too, showed some slight signs of
poisoning, but recovered almost without treatment.
The ChE level in the infant's blood could not be
determined for technical reasons, but the mother's
showed a significant reduction. To our great
surprise no p-nitrophenol-a decomposition product
of parathion alone and not of the other organo-
phosphorus compounds-was found in the urine
of either mother or child.
A visit to the house the next morning brought

forth the same story of spraying the whole house
with some insecticide acquired by dubious means.
Particular attention was paid to the baby's cot,
which was literally soaked. We could not find the
small hand spraying-machine, which had obviously
been destroyed or hidden before our visit. We did,
however, find a milk bottle containing some yellow
opaque liquid. After many denials, the mother
suddenly admitted that that was the substance she
had used. This was corrobated by an inquisitive
neighbour, who obviously knew the household well.
This bottle contained highly concentrated malathion
solution. Malathion was also found on the sheets
in the baby's cot.
Though this evidence may be only circumstantial,

I personally have no doubt that this was a genuine
case of malathion poisoning. This should be
stressed, as malathion is generally considered to be
one of the least toxic of all the organo-phosphorus
insecticides.

Case 7 was a fatal one. A girl of two years died
about 10 minutes after reaching hospital-before
any treatment could be started. She lived near
Beersheba and no more than half an hour elapsed
between her showing the first obvious symptoms
and her death.

Her father was a watchman in a machine yard
of a big agricultural concern. He told of taking,
from an open barrel in the yard, about one pint
of a liquid which he believed to be paraffin oil. He
claimed that this was effective against sheep ticks.
When he brought it home, some got spilt and the
child played with both the bottle and the liquid on
the floor. She started vomiting and fell down in a
faint about 20 minutes later, from which she never
came round. We went to the tool yard with the
father and he pointed to a barrel. It was one of
about a dozen, all looking alike, and was found to
contain parathion in water emulsion. The other
barrels contained paraffin oil. We tried, in this case,
to sue the company for negligence, but our legal
adviser discovered some technical flaw and advised
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us to drop the proceedings. Later we heard that two
of the watchman's sheep had died of poisoning.

Cases 8, 9, 10 and 11. These cases were in four
young Bedouin boys herding their goats near an
almond orchard of a Kibbutz (collective settlement).
When their little flock was seen wandering aimlessly
on the road, some people from the settlement went
to investigate and found three of the children dead
on the ground, and the fourth one, rather ill, hiding
in the rocks. The latter recovered.

Investigations showed that the trees had been
sprayed in the night. All precautions had been
taken and large posters with " Danger, Poison "
were prominently displayed all around. The boys,
unfortunately, could not read and obviously dis-
regarded the skull and cross-bones signs. They
entered the orchard early next morning and ate
some of the far-from-ripe almonds. They were
found in the afternoon, but had been dead for a
few hours. The only survivor could not give us
any details except that he himself had eaten only
one almond after partly peeling it, whereas the others
had eaten many which were unpeeled. Post-mortem
examination corroborated the story. Large quan-
tities of parathion were found in the stomach
contents of the three victims as well as on the
almonds still on the trees.

This case, with all its pathetic human appeal,
made headlines in the general press. The victims
were all under 12 years of age. For us, its main
significance lay in the fact that here, for a change,
all regulations had been followed and yet a tragedy
occurred.

Cases 12 and 13. Though unique in the present
series, these cases are of particular importance. I
consider them genuine cases of poisoning from
parathion residue left on vegetables (tomatoes)
bought at a greengrocer's in town. They involved
a 12-year-old Bedouin boy and his sister aged six
years, who were brought to hospital together. The
girl showed obvious, though not very severe, signs
of parathion poisoning. The boy, on the other hand,
was critically ill and for over 12 hours showed no
signs of recovery. Even days afterwards he suffered
from blurred vision, speech difficulties, diarrhoea
and occasional vomiting. He was discharged from
hospital only after 12 days.
The mother's story was that she bought, on her

weekly trip to Beersheba, some cucumbers and
tomatoes. The next morning she gave some to her
three children. The youngest daughter, aged two
years, ate very little, but the other two between them

consumed some three pounds. About two hours
after the meal, the boy started screaming. He tried
to tell his mother what the matter was, but did not
seem to be able to talk; he then vomited a great
deal. By the time she had summoned the father and
he had started to harness their camel, the boy was un-
conscious and the older girl had started to vomit too.
We did not take the story at its face value.

However, after a visit to the family tent, together
with a police investigator to help with the search,
we were convinced. The family lived in a solitary
tent, several miles from their nearest neighbours.
They were obviously very, very poor. There was
practically nothing in the tent apart from some
rags, a few boxes and three old petrol tins used for
storing water brought from the nearby well. There
were no bottles or other containers. Their larder
was practically bare, containing only some flour,
salt, sugar, tea and coffee. There was no vegetation
whatever for miles around, and needless to say
there were no pest control activities. The children
had not been away from home for several weeks.
Under some sacks we found the remnants of the
vegetables bought three days before. These were
sent for analysis, as were blood samples, stomach
contents and urine specimens from the children.
The tomatoes were found to be contaminated

with parathion. Unfortunately, no accurate deter-
mination was made and we could not trace the
tomatoes further back than the retailer.
When these results were presented it was pointed

out that there was one serious drawback to our
conclusion-a drawback that was quite clear to us
as well. Other people must have bought from the
same batch of tomatoes and yet no other case was
recorded. There is an explanation: unlike the vast
majority of housewives in the country, this particular
Beduoin mother neither washed nor even wiped the
vegetables before serving them to her children.
Of the many rodenticides in use in the region, only

thallium sulfate has been responsible for any acci-
dents. For the record, there was an outbreak of mild
diarrhoea among a group of children in a large
Kibbutz. The local practitioner attributed it to the
children's finding a sack of oatmeal baited with
warfarin and eating some. We could not prove
anything, however, and decided not to regard it
as a case.
The cases of thallium poisoning, on the other hand,

were always severe and easy to prove. Any quantity
of the metal found in the urine was, of course,
pathognomonic. Also, the complete loss of hair after
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a fortnight or so, in all those who survived that long,
made diagnosis a relatively simple matter.

Thallium sulfate is sold in two forms: an oily
liquid, which is added to bait such as bread, and
ready coated wheat grains. In either form it is very
attractive to children. The grain, in particular, is
dangerous; it is painted red to distinguish it from
ordinary wheat and thus looks exactly like sweets.
The rather sweetish taste of thallium itself makes it
even more tempting.

There were five cases (not counting the suicides or
murder). All were severe and one ended fatally.

Case 14-a typical case of thallium poisoning-
was of a child aged three years. He was hospitalized
after having been ill at home for about a week. He
became weak and restless, could not eat and com-
plained of aches everywhere. Signs of encephalo-
pathology developed and the local doctor sent him
to hospital, where thallium poisoning was not sus-
pected until three days later, when he started losing
hair. The diagnosis was then confirmed by large
quantities of the metal being found in the urine. The
child did not recover. His condition deteriorated
steadily and he died nine days after admission.
Though dimercaprol was tried, it was in the know-
ledge that it would be unlikely to be effective.
On visiting his home we found, in a tool shed in the

yard. many red, thallium-coated grains scattered on
the floor and an old coffee tin full of the grains. The
parents knew what these grains were, but said they
had not used them for a few years. The shed was a
favourite haunt of the boy, who used to spend
many hours there, alone or with a neighbour's child.
This child, when shown the tin, said: " Here, these
are David's sweets "; and proceeded to tell us that
David never let him have any. On the very next day,
however, the mother of that child came to the health
visitor to tell her that during the night she noticed
that her son's hair had begun to fall out, as also had
that of his two-year-old sister. Thallium was dis-
covered in the urine of both children, who were
observed closely for several weeks. Luckily, apart
from the temporary, though complete, loss of hair,
neither of the children suffered any ill effects.

Rodents, both rats and mice, are quite a serious
problem in the country as a whole and, in the rural
areas, can be a crucial one; consequently, many tons
of rodenticides are used every month. For some
obscure reason, thallium has remained a favourite
with the small farmer, though it is not more efficient
and is only slightly cheaper than many other roden-
ticides.

Murder and suicide
With so much poison so easily obtainable, it was

only a question of time before it would be discovered
by those wishing to put an end to their own or a
neighbour's life. In our area, in the 12-month period
of observation there was one successful murder, one
successful suicide and two instances of attempted
suicide. All, surprisingly, used thallium.
The murder was a highly complicated Bedouin

tribal vendetta; the culprit has not yet been discov-
ered. The suicides were young Jewish girls, the
background invariably romantic.
There was also an attempted murder with para-

thion-a much simpler weapon. Someone added a
spoonful to a bottle of brandy, but this tampering
was discovered in time and nobody was hurt.

Poison in the home
Thirty-four accidents in 12 months, and in a

population at risk of less than 60 000, is a formidable
rate indeed. But if we consider the quantity of
pesticides scattered everywhere and the manner of
their storage. the figure seems almost miraculously
low.
A visit to a village where cases had occurred in

January 1960 served to illustrate a situation that was
typical-as we soon found out-of most settlements
in the region.
K. is a village of 150 families. Most of the inhabit-

ants are of North African origin (Libya, Tunisia and
Morocco) and settled there in 1952-53. The standard
of education is not particularly low; about 85%Y of
the adult population can read one language at least,
and all those under 25 years are literate. Very few of
the inhabitants were farmers in their countries of
origin and the process of acclimatization has been
difficult. All the same, the village now is fairly
prosperous and there are no cases of real poverty.
All the inhabitants live in concrete houses, with
running water and electricity. The roads are good
and transport facilities adequate. There is a school,
a clinic, a maternal and child welfare centre, a youth
club and a synagogue, as well as a general household
shop and a store for seeds, fertilizers, farm tools,
animal fodder and, of course, pesticides.
We arrived in the morning and, together with the

local health visitor and public health inspector, went
to visit a few houses at random. In every house and
yard we found pesticides-in bottles, tins or paper
bags. The containers were seldom labelled and, even
if they were, were sometimes labelled wrongly. In
no house was there a proper storage place. Most of
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our hosts knew that these liquids or powders could
be dangerous to people or animals, but no one
seemed to have taken any precautions. We did not
find any parathion in the houses we visited, but there
were large quantities of thallium solutions and mala-
thion in various concentrations, as well as the whole
gamut of the chlorinated-hydrocarbon insecticides.
The household shop, where all food is sold, pre-

sented a very depressing picture. Thallium solutions,
DDT, dieldrin, etc. were stored on shelves cheek by
jowl with food articles. One shelf held some 50
bottles of thallium in 3% solution, while directly
underneath were noodles in paper bags and rice in
open sacks. What would happen if a bottle leaked is
anybody's guess.
About 30 metres down the road stood the above-

mentioned agricultural store. The manager of the
shop acted also as manager of the store, which he
opened for an hour or so every day. There was no
question of washing hands or changing clothes
between carrying out his two functions. The store
was locked, but a side door was open. Inside there
were large quantities of pesticides of every descrip-
tion, including ten 5-litre aluminium bottles con-
taining parathion in 47% solution. These were on
low shelves easily reached even by a child and, of
course, were not under lock and key.
The manager told us that a few months previously

he had received a circular instructing him not to sell
parathion to " unlicensed " people. He added that
as he had no idea of what was meant by an unlicensed
person, he did not pay much attention to these
instructions. There had never been any control and
he could order any amount of any pesticide through
the large co-operative society that owns the store.
A few of the pesticides in the store, though not the

most dangerous, were bottled in containers originally
used for something else-oil or fruit juice, for exam-
ple. The new labels were not always of good
quality and, if they came off, it would be possible for
anybody to mistake the solution for some article of
food or drink.

Subsequent visits to other villages showed this
situation to be fairly general. Some places were
even worse, with parathion in open containers found
in the yard or tins of thallium-coated wheat grains in
the kitchen cupboard.

Obviously there have been many accidents among
farm animals, though no reliable data are available.
The Ministry of Agriculture has published some
figures, but these are far from complete. The cases
that came to our knowledge we did not investigate

unless they were part of an incident involving
humans (cases 3 and 7, for example). We did,
however, hear of cows, sheep, dogs, and chickens
being poisoned. The general press reported that, in
a Kibbutz just outside our region, a herd of over a
hundred pedigree sheep was annihilated when some
organo-phosphorus compound found its way into
their fodder.

Plans for control and prevention
The situation thus far described was by no means

peculiar to the Negev. Accidents at an ever-increas-
ing rate were reported from all agricultural regions
in Israel. There were questions asked in the House
of Representatives. The general press, too, became
interested and the subject often reached the head-
lines. This caused some alarm and we, for once,
welcomed it.
The authorities were spurred into action. For the

first time, a considerable degree of co-operation
between the various bodies concerned was achieved.
These included the Ministry of Health, the Ministry
of Labour and the Ministry of Agriculture, as well as
the medical school of the Hebrew University in
Jerusalem, the Medical Association and the sick
fund of the General Labour Federation. The last-
mentioned body operates most of the curative ser-
vices in the rural areas of the country and also plays
a major part in the field of occupational health.
On the local level, too, we did not confine our

efforts to the collection of data. As the problem
became clearer, various means of preventing
accidental poisoning were tried out. Some progress
has been made since 1959, both in our region and in
the country as a whole.
Legal approach. Only a brief outline can be given

here of the very complicated situation with regard to
legislation. The acts and regulations concerning the
manufacture, distribution, storage and application
of pesticides come under the jurisdiction of three
Ministries-Health, Labour and Agriculture. None
of these laws, when originally formulated, had the
present-day pesticides in mind. They are, therefore,
inadequate and often contradictory. A new series of
regulations specifically dealing with the subject has
been in preparation for some time. Various ad hoc
committees, representing all three ministries, have
been studying the legal as well as the practical aspects.
This has proved a difficult task, since each of these
bodies sees the problem from a different angle.

Co-operation must be maintained even after the
new regulations have been drawn up-and that is
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likely to be an even more difficult task. For example,
the Ministry of Health was inclined to ban the use of
parathion simply by including it in the list of
substances covered by the Dangerous Drugs Act.
This, theoretically, would have been quite a simple
matter. In practice, however, the enforcement of the
ban would have been impossible without the fullest
co-operation of the Ministry of Agriculture-co-
operation that, needless to say, would not have been
forthcoming.
A draft covering a wide ground has finally been

agreed upon and the individual acts are in prepara-
tion now.
The Ministry of Health has undertaken to bring

the Dangerous Drugs Act up to date and, in co-
operation with the Ministry of Agriculture, is pre-
paring a list of permissible amounts of residues of
pesticides in foodstuffs.
The Ministry of Agriculture has promised to

publish regulations concerning the minimum period
that should elapse between the application of
pesticides and the marketing of the produce. In
addition, all new pesticides are to be tested by the
Ministry of Health before they are introduced.
The Ministry of Labour is to publish new regula-

tions for farm workers engaged in pest control.
These are based chiefly on data supplied by the other
two ministries involved.

All enforcement and control activities are to be
conducted jointly by the personnel of all three
ministries.
A regulation is to be passed permitting the bottling

of pesticides only in specially designed and easily
recognized containers, which must be properly
labelled, the labels including instructions for first aid
in case of accidents.

This, as already stated, is only a short summary of
the legal measures being adopted. Some of the
necessary acts have already been passed; the others
are being prepared for publication. Legislation will
facilitate matters undoubtedly, though it will by no
means entirely solve the problem.

Control of residues in food. The decision to deal,
by legal means, with the problem of pesticide
residues on foodstuffs was not reached easily. Only
a few countries-notably, the United States of
America-have so far attempted to introduce
legislation on this subject, the majority considering
it unnecessary. Though all workers in the field admit
the theoretical possibility of residues being harmful
to the consumer, many serious workers claim that
accidents have happened too seldom to warrant

special legislation. It must be emphasized that the
enforcement of such legislation is very difficult and
almost prohibitively expensive. Nevertheless, it was
decided to try to introduce it in Israel. Apart from
the cases described earlier, there were others, less
serious, in other parts of the country. There is also
a feeling, prevalent among many public health
workers, that some of the outbreaks of diarrhoea and
vomiting that occur from time to time may be
attributable to pesticides. This possibility has been
investigated recently, but the results so far have not
been conclusive.

Health education. Legal measures in public health
are seldom, if ever, self-sufficient. In the case in
question, where the aim is to prevent accidental
poisoning from pesticides in a rural community, such
measures could play only a minor role. As explained,
the legal coverage of the situation is not complete
even now, and in 1959 was almost non-existent.
Moreover, many tons of pesticides have already
found their way into the homes of small farmers, so
that even if the new legislation succeeds in regulating
their distribution in the future, the situation will
remain virtually unchanged for many years. The
laws governing storage and working conditions are
excellent in themselves, but are bound to fail unless
the worker and his family co-operate willingly and
intelligently. This is particularly true in farming com-
munities, where people have ever been individualists
and where supervision is both difficult and un-
welcome.

Luckily we have a good instrument for health
education of the kind needed here-namely, the
health visitor. The whole area is reasonably well
covered by maternal and child welfare services, and
the subject of preventing accidents with pesticides is
closely enough related to the usual work of the
health visitor to be introduced without difficulty.
A few hours of instruction, together with some
relevant handouts, are sufficient to give the health
visitor, who already has experience in the prevention
of accidents in the home, the necessary background.
Whenever an accident occurs, the detailed findings
are handed to all the health visitors.
Now almost every visit to a home includes some

reference to pesticides. Sometimes the mother is
urged to discard all bottles containing liquids of
unknown or forgotten origin. Usually, she is
encouraged to arrange some storage space, far from
food and from the reach of her younger children,
even for the less toxic materials. She is warned of the
danger of using, or even keeping in the house, the
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pesticides that are meant only to be used in the open;
and she is told various facts about the danger not
only to herself and her children, but also to farm
animals. If the health visitor finds out that the
husband uses pesticides in the field, she drops some
discreet hints on the importance of his changing his
clothes when he comes in and on how these clothes
should be washed. A great stress is laid on the danger
of children entering sheds used for pesticide storage
or finding and playing with discarded containers.
Recently, the Ministry of Health has published some
good illustrated circulars and these are left for the
mother to look at, and to read if she can.
The public health inspectors have their part to

play as well. They are encouraged to raise the subject
of pesticides often in their visits to different parts of
the community. They visit village shops and give
advice about the storage of dangerous substances.
They approach the village secretary or some other
influential person, and discuss with him the question
of how to store pesticides in general. They get in
touch with the agricultural experts operating in the
region and, on a purely local level, often succeed in
obtaining the co-operation of these experts in
implementing even the more complicated protective
measures.

Teachers, social workers and even political party
organizers have been asked to help in the campaign
and have almost invariably responded. Talks to
schoolchildren have been given by the school nurse
or the public health inspector. These talks, parti-
cularly those given to the higher forms, are on a
fairly high scientific level and we have a feeling that,
at least in some cases, the " message " has been
brought home-in both senses.

Information centres
The general practitioners in the region have been

well aware of the problem from the start, but they
have often been hampered by lack of specialized
knowledge. They cannot be expected to be familiar
with the vast range of pesticides now in use, particu-
larly as so many are marketed under proprietary
names, and have inevitably been faced with cases,
often very acute, which they have not known how to
approach and have consequently treated incorrectly.
The Medical Association has published much

practical information in the medical press, but it
has not always been sufficient. Often vital informa-
tion concerning identification of the active principle
or the proper antidote has not been at hand when
required in a hurry.

The District Health Office in Beersheba became
the unofficial information centre for the physicians
in the region. We tried to assemble as many data
as possible and established a primitive card-index
with all the relevant information about the pes-
ticides commonly used. We could often supply
details about toxicity or treatment on the spot,
and whenever we did not seem to possess all the
data we contacted someone in the appropriate
departments of the Ministry of Health and the
Ministry of Agriculture or even in the pesticide
factories.

This system worked reasonably well, but was
obviously not the final answer. We could not
always be reached outside normal working hours,
there were sometimes difficulties in making a series
of telephone calls to other parts of the country and,
last but not least, the whole system was rather
amateurish. An information service, to be useful,
must be available round the clock, must be easily
reached by telephone, must have all the information
needed at hand and must be of a high professional
standard. Such " poison centres " have recently
been established in Israel. It is too early to evaluate
their services, but experience in countries that have
had them over a longer period indicates that they
are very useful. Naturally they do not deal only
with pesticides, but cover the whole gamut of
poisons to which modern man is exposed. The
Medical Association and the medical school of the
University have actively participated from the start.

Early diagnosis; periodical examinations
The more familiar the medical profession becomes

with pesticide poisoning, the fewer are the un-
diagnosed cases. There is one sphere, however,
in which more active steps should be taken. All
the organo-phosphorus compounds are, in a way,
cumulative poisons. They do not themselves
remain in the body, but any impairment they cause
in ChE activity is only slowly corrected. Any
prolonged exposure, therefore, might reduce the
ChE almost to the critical level. A person thus
affected appears quite healthy and yet a small
additional exposure might cause very severe symp-
toms. The doctor must be on the alert for any
suggestive symptoms, even the mildest.

It is now universally accepted that all people
regularly exposed should have periodical blood
tests for ChE activity. Any serious deviation from
the normal-e.g., a reduction of 40-50%-should
be regarded as a danger signal. The person must
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be removed from further contact with any organo-
phosphorus compound. If he has been regularly
occupied in pesticide application, the working
conditions must be investigated.

All employers are supposed, according to the new
regulations, to arrange fortnightly blood tests for
their workers, and some probably do so. There
are now good and fairly cheap methods available,
though the organization of regular blood sampling
is extremely difficult and, in the case of self-employed
farmers, it is practically impossible. The general
practitioners in the rural areas have therefore been
encouraged to explain to their patients the value of
periodical blood tests. Some people have actually
taken advantage of the suggestion and have started
attending fairly regularly; they are, however, still
the exception and much patient persuasion is needed.
The sick fund of the General Labour Federation,

which provides almost all the curative services in
the area, has provided all the facilities for ChE
estimations in their regional laboratories in Beer-
sheba and the practitioners have been urged to
regard ChE determination as a routine analysis.f

First aid and early treatment
In acute poisoning the time factor is all-important.

The roads in the Negev are generally good and
transport is easily available. The distances, on the
other hand, are large and the journey to the hospital
in Beersheba might take up to two hours or even
longer. All agree that any case of acute poisoning
should be taken to hospital as quickly as possible,
but opinions differ as to how much treatment
should be given on the spot beforehand.

Naturally the decision in each case rests with
the local doctor. But in this new field, most doctors
are ready and even anxious to accept guidance. An
even more important point is that the practitioner
spends only a few hours, on two or three days a
week, in the smaller villages; and even in the larger
settlements he seldom lives on the spot and has to
be summoned from his home after working hours.
If the doctor is away, the nurse who lives in the
village does not call him in cases of emergency that
obviously require hospital treatment, but sends the
patients direct to hospital after giving some sort of
first aid.

In cases of poisoning by organo-phosphorus
compounds two questions arise: what advice should

f Weissenberg, A. (1959) [Poisoning from organo-phos-
phorus compounds', Jerusalem (Ministry of Health publica-
tion).

the doctor be given and what instructions should
he leave with his nurse, who is often only partly
trained ?
So long as atropine sulfate was the only treatment

available, I personally objected to its being admini-
stered on the spot. The diagnosis, though not
difficult, does require some experience and mistakes
are possible. And atropine, in doses that will have
an effect in cases of parathion poisoning, is a
dangerous drug. Moreover, the time spent in obser-
ving the effects would be better spent in speeding
the patient to hospital. Naturally this reasoning
does not apply to cases where the diagnosis is
certain and the journey to hospital is bound to
take several hours. In our region no such case has
occurred.
The situation has changed radically since PAM

became generally available. This is-for all practical
purposes-a non-toxic drug. Large doses can be
given even to healthy people with no ill effects.
It is simple to administer and can be given intra-
venously, intramuscularly and even orally. Its
only disadvantage for first-aid purposes is the fact
that it must be freshly prepared and the preparation
is complicated, since it will dissolve only in large
quantities of hot saline solution. Some of the newer
oximes, such as P2S, are much more soluble.

Recently all rural clinics in Israel have been
supplied with PAM. The physician or the nurse is
expected to give an initial dose of PAM (0.5 g intra-
muscularly) before sending any case suspected of
parathion poisoning to hospital.

Discussion and conclusions
Agricultural pesticides are here to stay and their

use is fast becoming universal. They have con-
tributed already, and continue to do so, towards
solving one of the major problems of our age-
how to feed the ever-increasing world population.
The vital importance of pesticides in the control
of insect-borne diseases is, of course, so well recog-
nized that it needs no stressing here.

These substances are, and will probably always
be, toxic to man and domestic animals. Yet there
is no question of forbidding their use or even limiting
it. The problem now facing the public health
authorities in many parts of the world is therefore
how to minimize the number and severity of acci-
dents wherever the more dangerous pesticides are
used. " Public health authorities " in this context
means not only the medical profession, but also
the research chemist, the biologist, the legislator and
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the agricultural expert. Co-operation in this case
is essential.
The first step must be further research to discover

new pesticides. A few products, both efficient and
of low toxicity, are already widely used, and more
should be developed. In particular, a good sub-
stitute for parathion is most urgently needed. As
insect after insect acquires resistance to particular
compounds, new insecticides are constantly being
introduced. These should all be tested as to their
effect on man. This is done in most countries
already, and should be done everywhere.
Much work has been done on the problem of

pesticide residues in foodstuffs, but still more is
necessary. Various countries have approached the
problem in different ways and legislation, so far
as it exists, varies greatly. At least the " safety
interval" between spraying and harvesting should
be internationally established for each pesticide in
use, and should be effectively enforced.
An extremely important detail that has worried

many workers in the field is the question of the
long-term effect of exposure to small quantities of
pesticides over long periods. This applies not only
to farmers and residents in rural districts, but also
to consumers of residues. The question of the last-
mentioned group is not an isolated matter, but is
part of the broader one of food additives in general.
So far there has been little or no indication of any
harmful effects. The theoretical possibility exists,
however, and the problem should be thoroughly
investigated-preferably by the World Health
Organization.

Detailed safety regulations for all people working
with pesticides should be established in all countries.

These, though basically uniform, must vary accord-
ing to the substances commonly used as well as
with differences in local conditions. They must
also include measures to ensure safe storage and
proper disposal of empty containers.
Thought must be given to the methods for applying

or enforcing these regulations. Farming commu-
nities are not readily susceptible to such control
and in regions where the general standard of educa-
tion is low, the difficulties might be even greater.

Stringent regulations must be issued for the proper
bottling and labelling of all pesticides.
Wherever possible, the application of the more

dangerous pesticides should be carried out only by
specially trained workers, who, apart from being
aware of all the pitfalls, can more easily be super-
vised. It seems that the small farmer, even in under-
developed areas, has learnt to call occasionally on-
and pay for-the services of a specialist such as a
tractor driver. He might therefore be induced to
treat the pest controller as such a specialist.

Simultaneously with all preventive measures,
adequate treatment facilities must be provided
wherever pesticides are used.
Above all, the public must be made aware of the

dangers and of the ways of avoiding them. This
should not be done in a manner that might discour-
age the use of necessary pesticides altogether.
Much patience is necessary, as this branch of health
education is by no means the easiest. The results
will probably not be immediately evident-a
drawback common to so many public health
activities. Yet, if enough thought and perseverance
are invested in them, these measures cannot but
succeed.

Effects of Dieldrin on the Behaviour of A. gambiae

by A. SMITH, Entomologist, Tropical Pesticides Research Institute, Arusha, Tanganyika

The first experiments to study the effect of dieldrin
on A. gambiae were carried out with experimental
huts in the Taveta area of Kenya by Davidson a and
Burnett.b They showed that it was a highly toxic
and persistent insecticide. During the same series

a Davidson, G. (1953) Bull. ent. Res., 44, 231.
b Burnett, G. F. (1957) Bull. ent. Res., 48, 631.

of tests, Davidson demonstrated, by a laboratory
method, that dieldrin had some irritant effect on the
mosquitos. Although he did not specifically state
so, his results from the dieldrin-treated experimental
hut also indicated that contact with dieldrin drove
out of the window some of the mosquitos which
would otherwise have stayed in the house.
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