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5Jd ECTIVES F OR T HE S TUDY

Bearing in mird that Tanzania is largely an agricultural

bountry, and that a relatively large section of the working

population is engaged in farming and involved in handling of
pesticide compounds, this study has been conducted with the
following objectives:

1. To assess the effects of occupational pesticide exposure.
For this purpose, the staff of two agricultural research
institutes in Tanzania, who are continuously exposed to
different pesticide compounds were selected for this
study. Appropriate procedures, including various investi-
gations with clinical examinations and laboratory tests
were conducted. My aim was to discuss the findings in the
light of present knowledge and experience on implications
these cheuicé. compounds have on health; ‘

2. To coneider all possible factors known to influence exposure
to pesticides, and to find out how these factors can
influerce the degree of exposure;

5 ?o try designing a comprehensive methodology for assessing
the degree of exposure, which could be further developed
into a model for the purpose;

4. To assess how preventive and protective measures applied in
the working environments of the exposed subjects could have
repercussions on already recognised effects of pesticides
on health of the workers.

§, To arouse a:serce to the recognized and

4

to devel

unrecognized hea’ op interest on

further research in respec’ of occupational exposure and
general expo:u.re of the pcpuleticn at risk as potential
sources «f fli-vezlth resuiting from pesticide poisoning

3 [ ey YL
in Tanzanrnia.
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5 UMMARY

A prospective study was conducted in two agricultural

. research institutes in Tanzania on 111 workers who were exposed

& to various groups of pesticide compounds including cholinesterase
inhibitors from 19. 3. - 20. 4. 1977. The workers were categorized
into A, B, C, D occupational groups, and group E comprised of

54 subjects was selected as a control group.

The objectives for the study were to assess the effects of the

.~ pesticide chemical compounds on health of the workers; and to try

" how to design a methodology for assessing the degree of exposure
risk based on external influencing factors. For determination of
cholinesterase activity, usually inhibited by some anticholinesteras
pesticide compounds Spectrophotometeric and Tintometric methods

were used simultaneously, while interviews, questionnaires and
elinical examinations were the other objective and subjective
‘methods applied for assessing the clinical pesticide effects.

It was revesled in the study that there was significant
inhibition in cholinesterase activity among the exposed subjects
particularly in groups A and B who handled cholinesterase inhibitors
which correlates with exposure factors and the clinical mani-
festations observed during the investigations. A proposed model

for assessing the degree of exposure risk to anticholinesterases

in form of a screening test is also described.

(
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INTRODUCTTION

In order to ccnguer the enemies of his interests, paradoxically,

" man has introduced undesirable chemical substances into his environ-
ﬁ%.ment which tura cut to be a threat to his own health and welfare.

In recent years, concern over the escalating usage of pesti-

 §ide compounds for combating diseases and for increasing agricule
fural-productivjty nas been expressed all over the developing

g countries, particularly in Burope, North America and Japan. While

B there is no reasorn ‘or alarm, there is enaough evidence regarding

potential hazards to the environment and particularly to human
health, demanding cocrrective measures. The issue becomes more and
more actual as we consider that, in addition to the small doses

of accumulating pesticide compounds we take into our bodies daily,

kmainly through the food we eat and water we drink, environmental
pollution by otner pollutants which accumulate in air, water and
B S0il is o threat to Iumar hezalth now and in future as industriali-
Sation continues to grow day by day.

‘,j; 3 The problem attached to pesticide usage may not attract the
% o B \,flg. attention of,or alert the developing countries now, in view o :
j E multiple social and economic problems confronting ithem,especially

in terms of disease and hunger. But, while the major demand for
chemical method cof pest-control has until now come from developing
gountries, the likeiinood is thut the greatest potential increase
in future will be witnin the developing countries, and that future
is at hand!

As the world population continues to increase, especially in

+

tooting, the developing countries,

eountries with poor eccnomic

E ‘and as long as tropical diseases like malaria continue to persist
| & L in some areas sc a major csuse of moreidity and mortality, the de-
3 B for more recticides is irevitable. In addition to:this, the
@eveloping countries nove o relatively shert tradition, if any, in
production and pesticide usa e, so0 they are likely to suffer from

gimilar errcr: formoyly coritied by developed countries due to

inexperience ir oo ling veo Licide compounds in which health hazards




gare likely to occur. Furthermore, lack of technology and ec-nomic
lteveioping ccuntries is a handicap to develo-

ower on the side of
order to identify their needs witn regard

Bing their own reseurch in

0 the best and safest way of
"There is no ratiorality in advocating to ban the use of mode-
in view of the great advantages

making use of pesticides.

Eately toxic pesticide ~cmpounds
gthey have contributed te health ana welfare of mankind. However,
the concern and emphasis should not be spared in pointing out the
B harmful effects to health of those who by nature of their occupa-
of "improved human welfare!" Indeed,

tion may happen to be victims of
= : N 4 - "
& occupational pesticide exposure can be a serious health hazard if

e
i . . N 4 . )
g proper precautions and anpropriate protective and preventive mea-
. FAO and WHO continues to give support to

A

N

sures are overlooked.

e H] : ﬁ these efforts, it is ihe responsibility of chemists, entomo-
logists, agriculturalists, toxicologists and physicians to work

B hand in hand in order to minimize human health hazards which may

i

Bbe contributed by irraticnality in pesticide usage, misuse and
& abuse.

%




% History of Pesticide Usage

Different subst: ces and methods have been used to kill in-

ets and to cecntrol other pests a4 long way back in History, as
pooks put it, "t.e origin of chemical insect control seems to be

R

@8t in antiquitv" (Rrooks, 1974). During the prehistoric era, man

fended himsel! =zg=ainst flies, mosquitoes and other pests by

pted the biologicial <guilibrium, in a way, by growing plants

its own interests, domesticating animals and establishing or-
'hised settlements. Tris has no doubt created new and favourable
gonditions for breeding ana multiplkation of large numbers of
@rasites, bacteria, virus and other pests. Man, therefore, has
geén compelled through the ages to defend-frimself and his interests
pod, cattle and other prcperty) from being destroyed by pests.

l Spite of these defensive efforts, today man is still harvesting
fly what the pests have letft over!

Development of some of the pesticides has evolved through
}}%perience,by chiance or under influence of certain factors. The
nts and their calts. As far back as 70 A. D. , Plinius is said
0 have recommended arseric compounds for insecticidal purposes.
During Homer's era sulphur is mention.d as a means of controlling
dnsects, and in the tenth century, the Chinese are recorded to have
used arsenic for the suame purposes.

f <Preparatioﬁs frcw the plant sepbadilla, containing veratrine
alkaloids has been used tor centuries as powder against body lice
¥ the natives of Scuth imerica, while the application of tobacco
thracts (nicotine alkaloids) as insecticides dates from the mid-
ﬂﬁth century, whichh was recommended in France to kill aphids. The
iloids {rom the South American plant,

Bgeneral toxicity of aixal
Rynia specioccs has 1150 been known for a long time, but the in-
Becticidal pro.srtie=s were first reported in 1945. Various oils

cresote and turpentine came into use

BRuUeh as petrolium, kercoine,



hthe 18th century 'r ‘urope, some of which (vinegar ana paraffin
1) were applied to the human scalp to control head lice and were
-ﬁhred into cracks in bedsteads and other furnitures to kill bed-
gs .
'bThe 19th cé;iury ras opened a new era for development of in-
ecticides in terms of variety and intensity. While complex of
aris green (copper airsenate and copper acetate), calcium arsenate,
gad arsenated and salis of copper, zinc, thalium, chromium, lead,
ercury, selenium and cryolite (sodium fluoraluminate came into
§é in this century, it 2lso witnessed the birth of organochlo-
ne group of chemical compounds. It was~in 1874 when for the first
me DDT "the wonder chemical" was synthesized in the laboratory
y‘Zeider (Mellanby, 13407a). Its use was widespread in Africa,
818, Europe and South America in the Second World War against
ies, louseborne typhus and malaria, the diseases which
aimed thousands of lives, of inhabitants and soldiers the world
)jver where these diseases were endemic.

According to one source (Mrak Commission, 1969a) pyrethrum,

een used by primitive peoples as fish poisons, and it was

ilyanide, usuzliy in the form of hydrocyanic gas was extensively

8ed in 1886 onwards in Califcrnia against cotton cushion scale

B¥e occurred. :

As early as 1892, dinitrophencls have been used in Germany,
Eirst\as insecticides to control the Nun moth, a pest of forest
Brees, and later .= rerbicides until the present day. Methyl

=

pmide and ca ide have been used for mary jyears and the

ee of naphthaline - ny n-dichlorobenzine dates from the bteginning




the 20th century.

few additional potential insecticides were
gcognised in the 19%0s but there seem to have been few develop-

nts of impatance before the appearance of DDT. Benzene hexa-
oride came into use at the end of the Second World War, while

eldrin and related compounds such as cyclodiene group of chlo-
nated hydrocarbons, - aldrin, heptachlor, endosulfan and endrin
»ch are toxic to mammals and man, have been used since 1048.

. Resistence against the "wonder chemical" (DDT) eventually led
way to the introduction of more effective insecticides based
korganic phosphate corpounas. It i§\§¢ated in the book "Insecti-

fgides and Fungicides Handbook" thut purathion was the first organo-

igeéd in 1944. However, as early

7y

B phosphoric acid in a reacti

B 2cid and therewith: launche

B 10 be used on farms (1 g cou

,jﬂ_'mentioned to have toern used as

osphate substance to find insecticidal use, having been intro-

as 1820Lassaigne reacted alcohol
crioan iogous to that with sul-
d the cremistry of the organo-

Bborus compounds (Fest and Schmidi, 197%a)., TEPP, another
@&nophosphate cempound, probuabl

y trhe mcst poisonous substance
1d fatslly peison about 17 people)
a nicotine surstitute in 1939

MMellanby, 19¢72). Y -~rion an organopuosphors insecticide wide-

gused today, was iriroguced in
BEBmic organo: Lol .orus insect

t

B retecting sugar-beet from c

called sugar-veed

BBENEr croup of unticholinest

@t of the ratural pyrethirum.

monomethyl c.rbarates, have b

1950. Sirce 50, a nunber of

icides have been on the nmarket
londsution vy aphids which cause

vellows. During the past decade
comepounds used as pesticides
en introduces, a2nd very recent-

receive recico ]l attention as

67

*v i comparatively higher than
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B Definition of resticides
4

Today a pesticidc .e2ans & chemical substance (which may or
pnot be mixed wit: sther substences) intended to be used for

destruction of ovgarisms detrimental to man or to his interests

9 8}

lipational Healtn and Safety, 1974). In other words, it is

ainst damage to property, sanitary advantages etc., caused by
rbs, animals, bacteria, birds, virus or any other pests. The

-3 4|
m does not apply toe drugs 6;—bompounds meant to preserve foods

idrugs, nor to paint, vanish tar and the like, under certain
'd}tions, neither does it apply to chemicals or drugs which

@ intended to be abscrved as medicines into the human or bene-
:ial animal body whether systemically or topically.

Pesticide 1is = tsrm which is derived from two latin expressions,
§tis = plague, zna cuedere = to kill. Literally, the word means
?plague—killer”, a g+ netual reminder of widespread epidemics of
dgues which harassed masses of people in Europe in the 16th cen-
'y when the term wus coined. The word clearly has a very wide
éning, and includes & number of terms (e. g. insecticides, fun-
¢ides, herbicides, rodenticides, miticides, nematocides, mollus-
L] canisms or pests a particular chemical

to kill, Since”there are

: for these general classes,
B8 usually =dvisable to indicate the particular category of
Beticides. Considering that, atout %74 of all 800,000 types of

02 creatures on cartl belorg Lo 1o insect kingdom, it ds

B 10 conceive the counsejguencus of trheir multiple destructive

%!tivities which threaten tr: welfare of menkind., Tt is, there-

B¥e. not suprising to near coraorly of irsecticides, which are

BEEly used in disease-vector coptrol and 1in agricultural pest

ntrol.




Classification of Yesticides

Mhere are sever:z]l classifications of pesticides, depending on

tions heave

1

urpose they rtend to serve. The following first two classi-

oear

often adopted and applied by most authors

#0g with health aspects oz/g\sticide exposure.
Yhe WEO recomménded Classification by Hazard

(WHO Chronicle, 1975);

Classification according to Chemical Groups
n

(Kenaga znd End, 1974 REVISION);

¢lassification of Pesticides by Usage (PANS, 1973)
)

according to the terms which indicate the
organism or pests a particular chemical or
class of chemical agents designed to kill

(e. g. acaricides, fungicides, herbicides,
insecticides, molluscides, nematocides, roden-
ticides etc.)

b) according to the term describing the effect

of pesticide on the organism or pest which

is designed to be affected by it, such as
attractants and repellents.

The WHO recommended classification of pesticides by hazard s

tended to distinguish between the more and the less hazardous

rms of each pesticide regardless of it's chemical group. The

1y criteria for its clussification is based on toxicity of the

shnical compound and or it's formulations. However, even this

gsification has run short of some aspired expectations, since

ihe hazard referred toc in this recommendation is acute risk to
Mealth while it gives little corsideration for the question of

hronic" pesticide eifects, which is a current subject of inten-

jve investigatiors and discussions by experts in the field of
gricultural occupaticnal health.
The clascificaticn according to chemical groups is indeed

ry significant ard h's nad very wide application in literature




N

Sticide because o the more or less specific chemical struc-
and properties a2nd the biochemical effect the pesticide che-
groups have on biclogical systems in mammals including man.

nstance, many crganophosphorus compounds and methylcarbamates

known to be cholinesterase inhibitors, while chlorinated hydro-

paet differently.
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J; f:ASSESSMENT OF RISKy 1IN pPLSTICIDE USAGE AS RELAT®D TO BENEFITE

All living systems are constantly exposed to small doses of
jcides through the contaminated environment in which we live:
L water, food and soil, ard since the demand for these chemi-
1 s ecompounds is on increase the environment will consequently
;;;f 80 continue to ve poliuted, while at the same time man is also
i ééfiting from this disadvantage,since the use of pesticides has
0 many instances relieved nunger and reduced vector-borne diseases.

|, Bnvironmental Pollution

Perhaps the most obvicus way in which man has contaminated
'ﬂ;f E environment is by polluting the air with smoke from burning
‘a; goal and oils primariiy in cold climate countries, with waste

pducts from industres, and with poisonous gases from combustion
el for motor vehicles, the number of which is tremendously

ireasing. Atmospheric polluticn by these substances differ, how-
grom insecticidal atmospheric pollution in that the later

: more or less confined to those areas where agriculture with
~ﬂd‘; e use of pesticides is extensive (Mellanby, 1967b). The intro-

& ion of pesticides into the environment for the control of

e¢ts or unwanted jplant growths is most generally accomplished
aerial or surface acpriications. In all such cases air is the

Bl through which pesticides move to their intended targets.

lle in developen countries such as USA aerial spraying by using
t8 and aeroscls accounts for over 80 % of the total pesticide
gplication, the ~use 1is reversed in favour of surface spraying in .

‘extent of a’'r pollution will depend on these factors as well
'to other various factors, including wind and thermal conditions
frak Commission, 1969b ; Akkesson and Yates, 1964; Quinby, and
ornink, 196-5 . The potential danger of pesticides to handlers

E@ operators is well known, but there is little information



- 10 =

irning pesticide expeocsure to the general public, and some
rative studies in this respect have been conducted over

dos and La Jolla, California revealing that pesticides are
Sally present in air (Risebrough et al., 1968) and by the
ngs of Stanley that contamination by pesticides in the US
ominatediby UOT “Stanley, 1968). There is no doubt that man
€8s considerable zmounts of pesticides in widely sprayed areas.
hile air contains sufficient oxygen to sustain life, water

€ greatly depletea of oxygen so that it cannot sustain most

of life, when certain pesticide chemical compounds are added
"it, or animals and plants can be poisoned by such toxic com-

8 they take into their body with water. The major pathway
Esticides into thie water environment occurs through direct
gation to surfuace waters and surface run off. The major re-
nts of surface run off are stfeams, lakes and coastal waters.
pding to Mrak Coummicss:on, the ground water is much less

fected by quartities normally encountered in agricultural prac-
but there may be cases of wells being contaminated by and
through accidenta! spills and back siphonage of pesticide

ent wher care is not taken with pumps (Mrak Commission, 1969c).
trial and domestic pollution of many estuaries discussed by
jlér indicdte that the pesticide chemical compounds can degrade

S environment to such an extent that only the most tolerant of
pisms can persist (Butler, 1966; Barthel et al., 1969),
ticide—ladén irrigation waters may be a source of contamina-

to nearby streams as a result of flooding. Pesticides are

ed directly to waters for the control of mosquitoes, obnoxious
desirable weeds and snails and this could be a potential health
id_if the question of human consumption of water is not con-
red prior to such application (Smith and Ison, 1967).
Agriculture as the ma jor producer of human food also provides
ﬁrinciple sources of intake for a majority of the pollutants

an. The contaminations of agricultural produce may arise




dentally through industrial operations close to cuitivati~n
B8 Oor through the application of a wide range of chemicals in
ern methods of crop production and animal rearing. Crops may

orb pesticides from the soil previously treated, and studies

ucted by Bruce and otners have indicated that seeds with high

gontent such as scybeans and groundnuts contained greater

1966, Varicus foods receive

ficide residues (Bruce et al.,

¢t exposure to pesticides during growing se.son, and, depending

n the methods of proc

ng, may contribute ccnsiderable pesti-

food consumer.,

jde content to the diet of
rBe fall-out of pesticides

feilowing sprayed ayrplications in

fre)

a burld-up in the soil of

Bdirect treatment of scil

@

residues may, therefore, be

ous amounts of pesticides., Soi

Be for concern since they may reacr nan

by a number of rouler:

gkeé from soil by consumalb lie crops; ieaching intc water supr es:

contact with the corts

8tilization into the air and by direc

teéd soil. The magnitude of the .protvliern
amount supplied to the so0il ard the rates ¢ 7 degradatic

801il. The problem can be minimized

3

reaching the soil by more

is - cirectly related t

i
—t

educing the amounts of

tive procedures, by

38 that once they

periods or by the use

Risks in Humans

It is possible to categorize human pes:
fee major exposure circumst nces:
accidental exposures which invoiv
(several studies indicate that
nificant vulnerable group in USA (W
individuals not occupationally ex:
agricultural areas) and the general

»isk into

population groups
‘i.ildren are a sig-

2t ul., 1968);

‘trnose who live in

urtan population (people

whose exposures are largely lin tco
food, water and air);
occupationally exposed workers

Morkers in formulating clants,

.icide traces in

.1tural applicators,

contrel operators, green-

house workers

;.




Aecidental exposurecs to pesticides occur through inhalation,

t consumption of contaminated food and through skin apsorp-
The use of pesticides fordomestic purposes has become wide-
id. Accompanying this increased application is an increased

r of misuse, accicental poisoning and increased contamination
€ home envircnment. Homeowners are seldom acguinted with the
tific raticnale of safe application and frequently fail to
and understand the instructions contained in the label. In
circumstances when pesticide contents are stored in con-

rs which are used for storing edibles, such as juice bottles,
drink containers and the like, this can prove to be a very
tant source of accidental poisoning, especially in children.
flthough individual farmers and cultivators as a group apply
ﬁargest quantity of pesticides, the most important population
p to be considered compriseé those persons subjected to a re-
vely heavy and prolonged.occupational exposure when working
praymen either ir agriculture or in public health programmes.
3 his vulnerable group, the safe handling of toxic chemicals

k= : major problem and the greatest concern for pesticide health

. ds should be givern due consideration.

hile pesticide hezards have been considerably identified
ularly in acute poisoning, uncertainty prevails about the
éxtent of pesticide poisoning. The scattered reports in the

d literature, drammatic as they are, themselves add up to a
jively small total. The trouble is that in scarcely any country
1 is fact finding and incidence reporting systematically

.

ducted. Reliable information or incidence and epidemiology of
loning among people on the lund is scanty all over the world
Regional Office for Furope, 1971) partly because poisoning

@sticides in most areas is not a notifiable disease, so that
acquisition of true incidence 1s deficient ever in the more
eloped countries (Mrak Commission, 1969a). Ir those developing
ks of the world where facilities for healih and vital statistics
almost completely lacking the gap between reported and true

onn

idence of poisoning would be expected to widen (Hayes, 1964).




r, the risk of starvation would certainly tend to minimize
gnificance of this gap in those areas where agriculture must
€ to meet at least subsistence levels of food production,

f such information was available.

fhe mortality rate of ﬁesticide poisoning is considered to be
'W,% of the total chemical poisoning prevalence per year, in
countriec where medical treatment and antidotes are readily
ble but it may be higher in other countries (WHO Expert

tee on Pesticides, 1973). In the United States, the morta-
ate has been given as 1:1,000,000 and the ratio of fatal
n-fatal poisoning expressed as 1:13 in one study and 1:75
ﬂgther study depending upon the criteria of severity (Hayes,
Pesticides contribute a substantial proportion of cases

by all solids and liquids, a proportion which ranges from

% in different years (McCarthy, 1967).

forbidity data can be extrapolated from areas where reporting
ieupational poisoning by pesticides is mandatory. For example,
galifornia (1969) such reports were rcquired if work injury

ﬂed the approximately 80 7 of employed persons in the state
’ﬁ\by California workmen Compensation Law (West, and Milby,
Between 1960 - 1903, the number of reports of work injury
pesticides runged from £27 to 101% annually, out of approxi-
250,000 persons at risk (Culifornia Dept. of Public Health,
= 1963). About 1/2 of +*hese reports dealt with skin diseases
bout 1/3 with systemic illness. During the same period, pesti-
| caused 21 deaths in California. Of the total, 5 were asso-
= ted with occupational exposure, while 16 other deaths, largely
ildren, were not occupational in origin (West and Milby, 1965).
findings significantly differ from those of one hospital in -
rs, Algeria (one of the developing ccountries in Africa) over
years, 1466 - 1970, received from a radius of 50 - 80 km, in
of the 57 patients who suffered from pesticide poisoning

1ly always from paratiion, 3% were occupationalin origin (WHO
pnal Office, 1971).
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resticide Usage in Crop Protection

 Benefits of

N spite of ovrotests emanating very often from those critids

e i itle or no
¢ health care, the use of pesticides throughout has continued

pand, the =nnual increase probably being of the order of some
er annum, #ll told. This has mainly involved the herbicides
‘fungicides. As a rule these have lower mammalian toxicity than
nsecticides, the use of which has not increused so much. Large

direct experience in food production or

ts of pesticides are used in many countries for the production

od and fiber. World grain such as wheat, maize and others

ry dependemt on the use of insecticides in the first place in

%0 increase the yields, and the fruits which supplement for

itive requirements are all protected by pesticides. This also

fies to vegetables which provide relish in the diets. In cer-
areas of the world it is clear that crop production would

failed entirely without the aid of pesticides. The interre-

nships of man and animals have become increasingly complex

man populations have increased. s wildlife habitats have

€ altered, certain species have established new balances. Thus

@pecies have substancially increased in population density,

creating problems that affect man's interests and welfare.

fe are numerous situations when control of predators and rodents

rats 'is essential to protect agricultural and pastoral in-

t8 as well as human health and safety. However, it must be

‘ tonnage of pesticides will not

burgeoning yields. The temptation
be resisted, as much in countries
are already well-established as in

gized that an escalating
i88arily be accompanied by
€ prodigal with them must

lmethods of pest control
pse for which they are a novelty (WHO Regional Office for Europe,
,a). Por some years to come, the campaign for general improve-
{t BT plart rrotection services to which FAO is committed, is

1 wider use of Pesticides, subject always to the

tamount to
—riding cons :deration of safety. That is why FAO maintains
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n each country, official control should be exercised over

€ 0f pesticides znd why in 196%, the Organisation set up
ing 'Party on tnis subject which compiled a booklet entitled
el Scheme for the Estabiishment of National Organisations
ficial Control of Pesticides", published by FAO in 1970.
jame Working Farty, in association with WHO, has already
unded a model law for such control and had incorporated this
idelines for Legislation Concerning the Registration for
and Marketing of Pesticides", published in 1969. Only by
‘means, couprled with a programme of technical education, can
handling be equated with efficient deployment.

. Advantages in Vector Control
K

J8ease vector control is still a major concern in tropical
pries where malaria, schistosomiasis and other similar diseases
_ill an important contributing factor to morbidity and morta-
In such areas of the world, disease vector control programmes
ted by teams of field technicians, spraymen, and laboratory

i Kers, necessitate the use of Iarge cuantities of pesticide

‘ unds such as DDT, malathion, dieldrin, chlorpyrifos etc. Some
gse major control programmes have been conducted by many coun-
in collaboration with the World lMHealtn Organisation (Vandekar
, 1968, Vandekar, 1965). In vector control programmes DDT

en in use for over 30 years. Very large quantities have

pued to be used and no reports of serious harmful effects

gen recorded among the thousands o! people who use it daily
aria eradication campaigns. It has, therefore, enjoyed the
ation of being an exemplary inserticide with efficacy and
‘mammalian toxicity. It was a very remarkable achievement to
Bthat1/5 of world's malaria had been eliminated by use of
gicides (PANS A, 1968). In India, for example, the number of

*ja cases dropped from 10C million in 193%3% - 35 fo 150,000 in
and the l1loss of economy in the same period reduced from
illion dollars to 2 million {(world Health, 1968)., This is of




ar importance in India, Mexico, Brazil, Venezuela, Columbia,
Honduras, and Japan, and African Tropical countries.

of DDT in vector disease control has been extended to in-
@pplication against simulium fly which transmits onchocer-
(riverblindness) which is a disease of particular impor-
pWest African states of Nigeria, Ivory Coast, and Upper

geping sickness (trypanosomiasis) is another disease trans-
by the Tsetse which has been under effective control by

of DDT in Nigeriz and Zambia, but more effective control
ined with dieldrin, which is widely used in Nigeria, Tan-
Kenya, Uganda, and Zambia, in an endevour to utilize the
.000 sq. kms of land ir Africa which is denied to cattle and
With consequent improvishment of farming practice. The

'of sleeping sickness was so serious between 1930 and 1946
1f a million cases of patients were reported and treated

ia alone (World Rev. Fest Control, 1966).

has been used agasinst Aedes aegypti, transmitting yellow

‘and gammz BHC and dieldrin have been applied for residual
raying in Central z2nd South America, particularlyin Venezuela
B211 against Chagas disease.

le the operations are justifiably intended to promote health
general public, the pesticides used have on several occassions
cause Qf itl-health to the exposed workers. The opinion of

0 Committee on Pesticides that health authorities are urge. i .
» , > é realistic view of the havards preserted hy the new pesti-
2 intended tc repluce the ones against which vectors have de-

d resistance, by sacrificing a few individuals who might be

@ly affected in order to eftect a substantial improvement in
alth of tne ~ountry as a whole, (WHO Expert Committee on

pides, 19¢7 1is : rational one. However, this will be justi-
only if a’''! ot.er measures to minimize Over-exposure to these

8 have beer acdeguately taxken.
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% Scheme of Toxic-logical Testing of Pesticides

=
-

efore launching a new chemical on small-scale trials to

Bl potentialities as a pesticide, an understanding is re-
of its toxicological characteristics. These must be dete -
d initially by definitive and comprehensive studies in animals.
gessential to compare different routes of uptake, e. g. oral,
enous, peritoneal, respiratory and per cutaneous. Besides
ing the acute lethal dose in a number of species, short-term
ng-term animal studies must be conducted. Consideration must
é given to carcinogenicity, embryotoxicity, teratogenicity
$agenicify. The experimental work involved in building up
logical dossier of this complexity is lebourious, exacting,
»isuming and expensive,There is indeed, no limit to repeated
g that may be required to answer unresolved doubts in the
hof those preoccupied with satsety. The WHO Programme for

fing and Zvaluating New Insecticides is on the fore front in

efforts by providing for evaluation of candidate insecticides
en stages of increasing magnitude and complexity and for con-:
it  investigations of the hazard involved in their application.
trapolation of animal findings toc human experience presents
probiems. The significance of the animal manifestations in

of human hazards dem:unds experts' interpretation. In recent
toxicologicual methodology has involved even more disciplines,
ing refined technigues,not only of classicul morbid anatomy,
logy and biochemistry but also for example, those of genetics,
ng.electronmicroscopy and molecular biology. These new

3 coupled with hipghly sensitive and specific system of ana-

8, have been adapted to intricate studies of metabolism

logy and sub-cellular functions, notably of the microsomes
dtochondria. Reactions revealed in this way may point to par-
ar target organs, or tissues, which should then be more closely
vigated. The tewildering complexity thus presented by the

1fy testing programme has led authcrities in some countries
jipulate a routine system of testing for all pesticide chemicals.



means and by reference to a stundard classification scheme,
rived at a toxicity rating by which a chemical may be accepted
d, or pernitted with certain restrictions. Other authorities
T0 adopt 4 more empirical attitude by having a modium of
atory tests as a routine. Thereafter, the testing sequence is
d expressedly with the nature of the chemical and its pro-
§és in mind, e. g. intrinsic toxicity, operator exposure,
100d of residues in food. All the diverse findings are sub-
%0 a "judgement of value", in which benefits are equated with
nd in arriving at which the toxicologist does not act alone,
consultations with experts in, for example, agronomy, nutri-
egonomics, and so on.

matter how intricate penetrating and wideranging these
gations in animals may be and no matter how impressive and
hensive the toxicological dossier so compiled, laboratory

8€s never give the final answer on safety. They are simply
iminary means oti predicting the risks to man, a process which
‘ught with guess work and uncertainties.Difficult as the task
it remains a chullenge to the toxicological assessor from
‘hie should not retreat by taking refuge in still more abtruse
:'expcriments. In this connection, a distinction must be drawn
fitoxicity, which is a quality intrinsic to the biological
ty-of the substance and can be demonstrated by animal tests
zard, which refers to the risk created when the same sub-

18 handled uncer pructical conditions. It is these latter |
hé expert is asked toc anticipate, so that appropriate pre-

n8 can be takern. Tr spite of the above rather pessimistic

ta correlation has beern shown to exist between acute toxicity
as determined 1n experimental! animals and the occupational
of pesticides to man bused on actual use experience (Hayes,
”960). Gaines has also presented evidence that there is a
relationship between acute dermal LD 50 -values and the
rence of occupational poisoning than between oral LD 50 values
gupational poisoning. The predictions of occupational poi-
for man may be improveu somewhat by studying the effect of



In pesticide toxi-

a pesticide in animals.

- dermal doses of
a number of factors have

idies with experimental
nd to be important in determining the response of the animal

oxicant. The factors 1include differences in the physiological

animals,

the animal (species, age, sex, disease and nutritional ‘
and environmental variations, light (Pearson and Malkinson,
d temperature (Baetjer and Smith, 1956). Some of these. factors
0 been noted to have similar effects on pesticide toxicity

196%a).

finckes et al.,
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3. HUMAN EYPOEURE TO PESTICIDES

e broad classificatior of human exposure to pesticides has
itlined under RISKS TN HUMANS (2.2). This section will deal
he forms. of exposure as well as the routes of exposure in
onal, accidental pcisor ng, and exposure of the whole

e are three major methcds applied to assess pesticide ex-
with regard tc ».umor hesalth: 1) Controlled human exposﬁre;
jemiological studies involving retrospective or planned

stive investig=-ti-ns of defined human populations exposed
icides, and pr- ferably involving also unexposed "control"

y monitoring]the effects produced by the biologically active
and by determining the compound and/or its metabolite in
urine and tissues; and 3) Clinical case reports, in which
several human subjects have apparently been made ill as a
of eprsure to a single or combination of Pesticides.
lusicns reachgd from these forms of evidence vary in vali- -
d reliability, but it appears that evidence based on con-
human exposure is the most reliable of all, although it

88 only to the cdnditiong‘of the study in question and the

8 employed. One of the most difficult tasks still remaining
ackled in human exposurg to pesticides is that of objective
gment of exposure in order for a -rational cause-and-effect
jonship to be estiblished. The main problem in determining
e‘lies in the multiplicity of influencing factors and their
tled interreactions some of which are not clearly understood.
, many epidemiological and biochemical studies in this re-
though fragmented in their approach, have contributed con-
%ly to disentangling the many unknowns.

While external exposure influencing factors give an understan-
Lto what. may happen to the body when the chemical compounds
fhe body, intrinsic factors play a leading role in the fave

N

ste compounds in the body and the effects they have on the




»

man. These biochemicai aspects will be described later
DE OF ACTION under 4.
foutes of Entry

cide chemical compounds make their way into the body
the blood-stream, by penetrating the skin, by inhalation,

by ingestion. There may, however, be different combinations
?? routes of entry, particularly in occupational exposure.
it is true for the genersl human population that ingestion
ommonest form ol pesticide poisoning, skin appears to be
important route of ertry in oc upational exposure to a

able number cof vesticides , foliowed by the respiratory.
gral studies suggest thaut during spraying operations, skin
ion of pesticide residues varies between 718 and 17554¢g/hour,
el are much higher than those obtained for respiratory

€. Skin eXposure seems likely to be gignificant in pesti-
xicity encountered when workers reenier sprayed fields as
ailbach and Feldman, 1974). Continous abundance of sebum
ing many lipids enables high affinity for lipid-soluble,
:luble substances such as pesticides to be absorbed readily
gl the skin. Considering thut the average s+in area is about
, the area which is most likely to be directly exposed,

BE, "V chest; forearms and hands constitutes a considerably.
rea (about 12 1/2 %). Under the specified conditions of
with parathion formulations for example, the dermal route
nts a potentially greater source of absorption than the re-
ry route for orchard spraymen (Durham et al., 1972), and
uito control spraymen applying various pesticides (WHO
fommittee on Pesticides, 1973). It is regarded also that

t common and important route of industrial exposure to
phosphate compounds is by accidental spillage on the skin
4% is.rapidly absorbed into the body (Patty, 1963). It has
;lﬁimed that for some pesticides, 8 times as mucu pesticide
ibed through the skiny,and in the tropics skin absorption




2e

ﬁnfluenced by sweating, increased blood flow, and inadequate
ve clothing (WHO fxpert Committee on Pesticides, 1973). The
bsorption in damaged skin appears to be 3 times of the
%ékln‘ and so far no biological significant differences of

on of parathion ure tound betweern black and white skin
ted(Ma;ibach ana Feldman, 1974). As far as occupational

re concerned, pesticide formulating plant workers mixing

iratory expow e th'rn were field workers aprlying the same
by spravlng with air blest machines in orchards (Batchelor
ery 1954). However, in carharyl exposure to dry formulation
1ratory “outa takes ‘an increuased significance and some othe
con51der *h@t ocoapatjonafiv exrosed people are at risk
dou§ absorptﬁon 0of pesticiues primarily through inhala-
'dus% or droplets ;enerated during pesticide manufacture,
and applylng.

second jﬁLort znt route of entry in occupational exposure
“c;dgs is uy;gnhtmution. Festicides are particularly hazar-
r fa;m workeﬁ{because oral ingestion is generally not

Ty, ﬁost case§ of vesticide poisoning occur from inhalation
e @ust or %apours of zccidental contact with clothing

‘, wlth Sub&equc" 1bsorption through the skin (Bogden et
i75) . Some of tAu highly toxic members of the organophos-
eompoundo vhié“ are a potential source of poisoning by in-

k 1nclude TEEP demeton (Svstox), parathion and mevinphos
1963)

far as stuiles to deterrine potpbtial oral exposure are

ed, lt was *uund out by .mstrong et al., that oral exposure
ers to parathlon may amount to only a small fraction of the
otentldl abs orptlon by the combined oral and respiratory
durlng a work ddy However, it would be unwise to consider
mport@nt, in as much as rgested parathion would be com-

] absdrbed (Amétrong et ul,, 197%). o
eliﬁination of most of pesticides and their metabolites

ing carbaryl aust were subjectea to greater poterntial dermal

S,

r

of



ugh urine and in some instances, and with certain pestici-
13 fact has been advantageously applied to determine the
_; absorption or for chemicci analysis in pesticide poi-
fiurham et al.,, 1972; Mountair et al., 1951).

jgeupational Exposure

i
?fous morbidity surveys have beer conducted in workers

fjo a single or a group of pesticides. Thus, for the orga-
'f;te compounds the hea:th efrects of occupational exposure
ifollowing pesticides have been cescribed: azinphos-methyl
), 1965) ,demeton (Kagan et al., 19%8), dichnlorvos (Gratz et
;QE; Menz et al., 1974; Funckes et al., 1963b; Stein et al.,
'@von and Kindel, 1966), fenitrothion (Vandekar, 1965),

n (Taylor, 1963), ethion (Palazzolo et al., 1972), malathion
7;1965; Elliot and Barnes, 196%), methyldemeton (Asribekova,-
:jarathioﬁ (Brown and Bush, 1950; Ingram, 1951; Wolfe et al.,-
iy et al., 1952; Davies et al, 1965; Lieben et al., 1953),"

| (Rosival ard Rajnoha, 19¢') and mevinphos (Rider et al.,

» the carbamate coapounds: carbaryl (Best and Murray, 1962;
1965; Comer et al, 1975%), Carbamult (Vandekar, 1965),
ur and mobam (WHC Expert Committee on Pesticides, 1973):
hlorinatea hydrocurbons: DDT (Kranyuk, 1964; Ortelee,
Quinby et al., 1965; Law et al., 1967; Bdmundson et al.,
C{zozowskz et al., 1954), chlordane (Alvarez, 1953; Fishbein
5, 1964), dic'drin and related compounds (Fletcher et al.,
1ﬁﬁogendaﬁ et al., 1962), p-dichlorotenzene (Pagnotto and
Vﬁ.1965), dichloroethane (Brzozowski et al., 1954), tri-
thane (Frant and Westendorp, 1950).

t gombination of pesticide compounds, the following studies
been described: (Barnes and Duvies, 1951; Princi and Spur-

) 1951; Fowler, 1953; Sumerford et al., 1953; Culver et al.,
L’rnax, 1057; Hayes et al,, 1957; Juinby and Lemon, 1958;
1964; Wassermann et al., 1969; Ruprich, 1963; Hartwell and



?Q 1965; Gershon and Shaw. ' ©1; Bogden et al., 1975;
nd Rehn, 1973%; and Zavon, 71964)
rs!' exposure risks exter. {rom processes of manufacturing

ﬁating pesticide materials,th~ ugh transportation and

0 application of pesticide caemical preparations. Indu-
loyees may be expoused to pesticide gases, fumes and dust,
ontact with these Qhemica?ﬂ.vﬁaftwell and Hayes have
hazardous effects ¢f ves’icide péisoning through inhala-

rborne contamiraints smong manufacturing employees in US’, \
€d the effect ¢! perscrnal protective devices and improve-
gineering and measures of reducin; health risks (Hart-
fyes, 1965). /s an example, in Gaiifornia during 1966,
dents were atiritutea to gpesticides and other agricul-
fcals (California, State otf, Dept. Publ. Hlth, undated).
~in the agrié%Lturul use of these chemicals numbered 820
other bCCJpat<ons accountec for 527 doc1dentsV’The num- -~
jdents involving these chemicals in terms of the industry
accidernts occurred and trhe occupation of the injured per-
ly indicateé that ir» areas where agriculture with the
cide is eXténsﬁveLy conducted, occupational exposure
icide .coemical compounds .s an important health hazard
idered. Expdsure to pesticides from agricultural appli-
may be experienoed by ‘ndividuals who apply the pesticides
diculture workers who wor< in the fields where pesticides
applied. wolfo et al., 19¢% studied the health hazard
with agricgltural application nf endrin and dieldrin,

e mofe toxic chlorinated hydrocarbons. Quinby and Lemmon,
1ed the potentlal exposure of workers engaged in picking,
cultWVub_pg, and irrigating various crops to which para-
been applled, 7leven cases of poisoning involving more
persons occurred from contact with parathion residués.
workexc may be affected by pesticide contamination if

ns fo% safe transportation equipments to avoid spills and

fpestici ces are overlooked.
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g¢idental Poisoning
‘@ge number of acoidehts from pesticides occur each year.
le, in 1961, 8,5 % of all cases of accidents and poisoning
dren younger than 5 years of age in the United States was
ted to pesticides (Cann, 1963). 0f the 32,034 reported cases,
jere caused by medicines, 1,726 by petroleum products, and.
;fpesticides. Some studies indicate that children who acci-
.ingested pesticides in the homes account for a large pro-
h@f the accidental poisonings attributable to pesticides.
1 exposure to pesticides occur through direct consump-
ontaminated food, or drinking the contents of an insec-
ored in an improper container (e. g. Coca-cola bottles)
e, or through inhulation and skin absorption. Table 1 has
gsome of reported epidemics of pesticide poisoning around

i Mrak Commission, 1969). Another problem and
of poisoning is that of thke disposal of used pesticide
which still contain appreciable amounts of pesticide
. The practice of using ccntainers for packing foods or
as far as possible, should be discouraged. For containers
household pesticide, it is important that glass, plastic
tontainers be isposed of soon after their contents have
ded in order thst they may not be used as drinking water
Bother household purposés or remain available for possible
with children. Obviously there exists a problem af dispo-
ese containers because the present method of disposal i. e.
ion or burial ir tne ground are unsatisfactory in that,
ugh they minirize the immediate dangers of exposure, they
té to the build-up of environmental contamination.
rder to prevent accidents of the types listed above, one of
rtant aspects is that of labelling, colouring, or otherwise
merking pesticides irn such a manner that will bring to the
on of the uscrs the huzards which exist. Tt 1is important

B user of resticides be thoroughly and forcibly warned of

bl

BRious n-ture of ihe material and the reasons for the pre-



@ltich are recommended.Trcblems of storage need to be given
ention, particulariy in relation to Storage of house-

‘iCides so as to prevent their availability to children.

ugassibility of sales cortrol through appropriate registra-

e more hazardous pesticides is an important measure in
the public from poterti- 1 resticide poisoning.

g8ure of the General Fcepuiation

from exrosures encountered under direct circumstances of
gusage during manufacturing, formulat.ng, transportation,
and application of pesticlilie cnemical compounds, the ge-
'pulation is exposea to dai v em:ll doses of these environ-
‘( mical contaminants irhuled through the air we breath,
€sted in the water we drink an.’ food we eat. The degree of
@Pect exposure will l.rgeliv depend on the group of com-

d for edible crop vprotection and the extent of usage of
iticide chemicual! compounds ir zgriculture. Some food products
subjected to = ceries of pesticide application are con-
the public wit}out exiternsive processing. In some cases,
88ing of the {ood w:y remove : portion of the pesticide
While in other cuses the food processing method may serve
trate und accentucste the vesticide problem in the food

The total dictary exposure varies from one country to ano=-
8lso depends upon the dietary rabits of the individual or

FE Few, 1f 'ny, 1oods sre completely free from pesticide re-

result “or a var:oiy of individusl staple foods and food
g8ured Ly offici.l lzteratories in the United Kingdom at
8t of t¥  Advis~or:, Commitiee on Pesticides and other toxic
8 are s. morisea :r Table 2. The high contributions of fats
@ts to the toto! tletary corsumption of three insecticides

ghlor n-ted r dr curben group, should be especially noted.
B8 fo0d scur-e. Lre together recponsible for just over 60 %
DDT &nd dieldrir ~creumed in each case and about 55 % of




Table 2 - AVERAGE DAILY CONSUMPTION OF CHLORINATED
HYDROCARBONS 1966 IN GT. BRITAIN, 1966-7
Adopted from Harries, G. M.: J. Sci. Food
Agr. 20: 242, 1969

d group % by weight of total  DDT dieldrin BHC
B consumed food compounds compounds
ca 1.7 kg/day

4.9 17.1 1.9 4.9

14.5 11.8 Bl 3.9

55, preserves 16.8 6.7 0.4 1.4

eals 15.9 4.4 0.6 3.5

vegetatle lc.4 1.6 Die B 140

‘ vegetables 8.2 1.5 0.3 0.7
23.73 1.3 0s7 1.1

Total 100 44,4 6.6  16.5

Table 3 « ORGANOPHOSPHORUS RESIDUES IN SELECTED
FOODS IN GREAT BRITAIN
Adopted from Abbot, D. C.: Pestic. Sci.
1:10, 1970

Food Organophosphorus residues (ppm)

Bread 140
- Imported cheese 700
Pork 1370
Milk ' 80

Infant food (mild based) 125
Sausages 60
Breakfast sausage or salami 60 - 180
Ham . 60

Lettuce 87




B

s the importance of Tats despite their contributing less
BOf the daily dietary, is especielly significant. The re-
phigh concentrations of these pesticides in meat is most,
f;due to their preserce in the fatty parts of the meat;
Bfiited hydrocarbons are distinguished by their solubility
pand it is to be expected that this association will be

ed even after human consumption, metabolism and deposition
body (Harries, 1969).

re ha?e been considerably f@wer analyses for other types

ue including the rotertinlly highly toxic organophosphates
tinding increasing application as replacements for DDT.
Beentrations may be expected tc show more. variation owing
more rapid degradatior or their application. The results
g analyses on foostuffe from the report of the Joint Survey
cide Residues in Yooastuifs are reproduced in Table 3
RI970 ) .

gxposure of the generul population, therefore the impact
fides on the realth of men, is much greater through the

e than eithci zir or wuter. Although "market basket"
findicate that the exncsure of the population to pesticides
#00d over yeas in the United 3tates in particular has ge-
‘not increasedbur to 16969 when Mrak Commission was issued,
#arly for aldr:n and dieldrin, further studies are necessary
fiffor future trends (Mrzk Commission, 1969e). At any rate,
'as the health of the gereral population is concerned, the
(iaemphasis in pesticide control should be on reducing the

ration ir fooads.



Table 4 - PESTICIDE MOD
Adopted from Luca

nao

TS5 OF ACTION
s, J.: Our Polluted
e, 1975

| CHEMICAL
L 0LASS

MODE OF
ACTION

riazins
hiocarbamates
ipyridyls

Bt

Inhibition of photosynthesis

Jrganophosphates
ethyl-carbamates

Inhibition of acetylcholine

Q}orinated phenoxyacetic acids

a

Hormone analogues

orinated hydrocarbons

Disturbance of nerve conduction

ethrins Neurotoxicant
ilkyl tin,
nocresols Uncouplers
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DR OF 'CTION AND METALOLISM OF TOXICOLOGICALLY MOST

T GROTES OF O P TTORID W

e harmful effects of ny pesticide chemical involve a

®x of factors. In addition to the magnitude of the ex-
life and the rate at which the exposure occurs, any effect
;*depend an the criticsl p@fhwafs of the foreign substan-
BWithin the body, on uny ticiransformation occurring along
pathways, and especially on the target organ in which the
nal substance or uny toxic metabolite is concentrated
rentially or whicn may bhe especially sensitive to damage.
tatec of health enjoyea by the individual and the ade-

@ of the diet may alsc be [fzctors in modifying and adap-

He to toxic effects.

Allibesticide chemicals are selected for their biologi-
‘activyty and their ability to be toxic to and hence de-
etive of some form of pest, insect, fungus or weed. The
ous classes differ apprecicbly in their chemical beha-

8nd mode of action within the crganism, These differen-
are listed in Table 4.

Mhe metabolism of organic pesticide chemical compounds

Be human body can be divided into twe large distinct bie-
mical processes: Activation, which is defined as a meta-
lic reaction or reactions that convert an intrinsically
active chemical compound to an active compound or an active
gpound to another’ one, in the r.man body; and detoxications
4 chemical reaction or reuctions that lead toxic substan-
s to non-toxic ones. The mixed function oxidases that re-
dre NAD(PH2 and Ozvare res onsible to a large degree for

e activation and detoxific . tion processes of insecticides
Bukuto and Metcalf, 1969). The "incubation" period of pesti-
kde intoxication depends on several factors, including the
pecificity of the compound 1irn tlerms of its biochemical action
'“n the body mode of entry, absorption rate, length of its
Betion, individual susceptibility etc. which give a variabi-

ity of toxicity signs, from one individu.l to another.
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ficholinesterases

ffects of both orginophosphorus and the carbamates have
ted to the inhibition of tissue cholinesterases at synap-
and to an sccumulation of excessive amounts of acetyl-

»

effector organs. The svmptoms of intoxication are most-
ot exclusively, of cholinergic nature. If the rate at
linesterase (Chi) is inkibited is rapid , there tends

d correlation between the inhibition of blood ChE and
BPity of illness. If the rate of ChD inhibition is slow
@y be little or rc correlaticn with illness. In fact, the
gyme levels mav reach a2 very low zctivity without occur.

- symptoms or signs.,

“guration of symptoms of poisoning depends in part on the
Feactivation of ihe inkibiteca chi linesterase and the rate
#he inhibitor itself is destroyed or removed from the
Both.these factors are related to the chemical structure
v?mpound. Betweer the two groups of compounds and among
@pounds in each group there are btoth differences and simi-
that have to be cmphasized. There are common characte-
among carbamates which distinguish them from organophos-—

Blecticides ir s:uveral important aspects. In case of

osure to an irsecticidal cirbamate the signs of poisoning:
Papidly, i. e. during or immediately after exposure; the
tating symptome prevent further exposure, making the

stop work long before a dangerous dose can be absorbed;
pis rapid and complete; and chronic or cumulative effects
ttreme 1y imprcbable. Owing to these characteristics there

bén no cases of severe poisoning after occupational exposure
Pemates. These differences tetween carbamates and organic
tes have been established on experimental animals (Vandekar

1965; Vandekar et al.,, 1971).
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1. Organophosphorus Compounds "

iiOChemical mechanism of intoxication is much better un-

@ for organophosphorus compounis than for many other toxic
‘ The association between inhibition of cholinesterase
iy by attacking the system of neural transmission in

d arthropods has been clearly demonstrated (Fest and
1?1973b). The inhibiting organoprosphorus compounds have an
@ to cholinesterase, and their phosphate radicals form a

Hd with these eruzvmes wh ¢l are normally responsible for
gracetylcholine a few sec nds after being released while
e active zone of the nzyme {0'Brien, 1969; Namba,

phibition leua: to wr ey essive accumulation of the inter-

1

substances (icetylenoline, butrylcholine, acetyl-beta-
line etc., der>ni1:v; or ©.ecies) responsible for neural
e, transoc .o sior of nerve imrulse, permiability of
g e locii umorsi foincticrs (e. g. in the heart), at
ic and aaptlic UVUL3Wn5.iT?w eftfect of this interference
BRsc rinic rd/or nicotinic action. Acetylcholinesterase
P 7 accordineg to TUPAC classitfication) normally found in
B syotem, vertebrate ervthrocyte and electric organs
§and fisncs is the "true" cnolinesterase. Plasma or serum
terase (1.0.%.1.1.8) also kncwn as the "pseudo"-cholineste-
B occurs 1rimarily in plasma, brain and other tissues
fown vhysiol.o;iral vunction. However, its usefulness in
lation of cholinesterace nctivity in organophosphorus
josure is very significant.
estigutiors invo the nuture .1 effects of wvarious organo-
jBPlUs com;ounds have cnuc.ed clussification of these com-
Bccording to thderree or eholinesterase inhibition they
8 The bicche ici. 1« “.rism of intoxication consists of
Worylaticr f trhe :ctive site of tne vital enzyme - ecetyl-
terase. The compound .y .iself bring about this enzyme
idn, but ‘n muny other instances the compound is first
el in thie (od. i1va converted into the inhibitor. Dichlorvos
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gample of "direct inniritor",while malathion and fenitro-
Pe examples of "indirect ivhibitors". Tt has been demon-
ifor example, that in pure state phosphorothionate esters

¥

MZie, 1966; Fukuto, 1957) because of the reactivating

lparathion are poor innibitors of cholinesterase (O'Brien,
L

B the thionate sulfur ~tem. Py ccntrast, paraoxon , the
“Qding oxygen analogue of p .ratnion, is @ very potent anti-
erase; the toxic action of rurathion and related com—
attributable to phosphate ester formed in vivo by

Pation (oxidution) of the thionate ester. In mammals,
appeirs to be the oource of phosphorothionate activa-
ue. Transforration ot :uosphorothionate activation has
Mstrated with . wide variety of insecticides including
(O'Brien, 197).

lophos phorus compounds rezact with cholinesterase to

hrel tively stable rhosproryliated enzyme. This reaction
Beeive and temiceriture-deperdent. When an active or free
Bin equation (1) ) reacts with an inhibitor - an drgano—
IS compound or w curbamate - AR, the reaction leads to
ation 6f phosphervlated enzyme UA, and BH is the first
product, where k is the biomclecular rate constant
B1071). The fuster thie rate is,the severer the inhibi-
the cholinesteruise s puosphorylited, it looses its

Rl spontuneous resctiva'ion of the phosphorylated enzyme
vivo. The rate ol re ctivation depends on the chemical
Ot the phosrhoryl group attuched to the enzyme and hence
emical structure of tne inse~t cide. Thus, the phosphory-
e produced when di-elhy! vrosphute esters inhibit ChE
gs sportaneously more raridly th n that produced by
Sphospit> esters. The resctiv.tion of inhibited enzyme
onsiderably accelerated by specinl compounds (notably

in vivo ord in vitro. Some of these compounds have become

Mt ant:iotes in the treatment of poisoning. When the
i Borylatea crzyie is hydrolised, r~e.ctivation results as shown
e (. Suc .rn outcome is dosirable in the body since the
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B (cholinesterase) has ar opportunity of reactivating for

Preactions.

Kk

L1 Y . B—— BA + PH (1)
k )

EA + H,0 R S EH + AOH (2)

Eous reactivation is not the only reaction that the inhi-
'ﬁzyme may undergo. It muy also be transformed into a state

0 spontaneous reactivation occurs and where oximes are no
fapable of reactivating it. This phenomenon is called

 &nd is characterized by removal of one of the alkyl groups
phosphoryl group ~ttached to the enzyme. The rapidity of
of inhibited Chi is dependent upon the nature of the
Wlating insecticides. The "aging" of an enzyme is a special
ristic of some rotentizl poisons used in warfare (soman,
ured in minutes, while reactivation of phosphorylated

8 slight and axtremely slow. There are, however, some
osphorus insecticides which can phosphorylate cholinesterase
@ way that the phosphorylated enzyme is partially "aged".
gases it is impcrtant to know the relationship in the rate
two reactions. Uncerstanding of rate constant of phos-

ion (k_), constant rate of reactivation (kr) and the con-

a

ate of "uging" {xo) is the basic condition for assessment

gffect of an ins-cticide in insects as well as in man.

iy 2. Carbamates

ike the organcphosphorus insecticides, carbamylation

élly leads to detoxication of the molecule. The spontaneous
fivetion of carbamylated enzyme is more rapid than that of
llorylatcd enzymes. Deécarbomylation of inhibited enzyme is

%ﬂd that, unless specicl precautions are taken,determinations
.bod ChE in people or in animals exposed to carbamates are

| to give results that are too high, since the inhibited enzyme

hgressively reactivated ufter collection of specimens. /
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faging" phenomenon has as yet been observed with monomethyl-
lated enzyme, either in vitro or in vivo. While inhibi-
'ﬁﬂw early stages is rapid, it is difficult to produce
degree of inhibition in the case of the carbamates because
¢ of reactivation approaches that of inactivation. These
Mees in behaviour as enzyme inhibitors are important when
}c effects of carbamates and organophosphorus compounds
npared .

TL 3. Chlorinated Hydrocarbons

fmer or later after discovery of insecticidal properties

y it was also established that chlorinated hydrocarbons are
;ﬂlthe human bodv and animals. The earliest published reports
L storage in man is apparertly that of Howel (1948). He found
rived material at a soncentration of about 7ppm in the fat
j@n with occupationazl exposure for 4 years and a history

ing foods known to bear appreciable residues.

Aﬁmammals, including humans, the principal metabolites of
iﬁDA, bis-{p-chlorophenyl) acetic acid (Burns et al.,,

f;hite and Sweeney, 1945).

: \_ >01 >Cl§/ ”< Vo1
= N~ cely ,

3
pp' DDE
£
Cl About 3/8 of the total
% in human fatty tissues
12 :
]
_ﬂ,m_\\ :
/ il 3 L T = |
OgﬁxMWWﬁm// partially conjugated with amino

acids and eliminated in urine

Fig. 1 Metabolites of DDT in Man
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iks of the chlorinated hydrocarbons entering the body in
ﬁaare'absorbed rel tively slowly in passing through the
and are then transported rapidly to the liver via portal
n the liver they undergo biotransformations quite slowly,
ing to the stability of the bond between chlorine atoms
sarbon atoms in the ring structure. They are, therefore,
oreign substances and the enzymes for breaking down those
Mot normally exist. They are, however, slowly transformed
mber of metabolites mainly by process involving more vul-
rts of the molecular structure (Fig. 1). Small quantities
etabolites may also be secreted via the bile into the
jestine, where they may be recycled through the small in-

r eliminated in feuces. There are evidences that the

fon of chlorinzted hydrocarbons, particularly DDT, can

fed under certain conditions in the cerebrum, cerebellum,
m, spinal cord, and periferal nerves (Bromiley and Bard,
'kland, 1964). Thus the .acule poisoning effects of these
Pappear to te a diffused n rvous system effect thought to
by interfererce with ne:ve impulse conduction and/or

don. /‘cute DDT poisoning is chara.terized at the onset
parasthesiacis of the tongue, lips, and face along with

Bhd headache.



o

BREKISED AND FOCSTRI. EPFECTS OF PESTICIDES IN HUMAN

N
I

fderAto understand better th zcpects of human exposure to
s and their effects to the human body functions, it is

y to review briefly the expressions often used in publi-
regarding pesticides hexltih hazards. Rxposure is described
fe" or "chronic", "hign-level", "over-exposure" or "low-

nd "short-term" or "long-tern®. The effects on the other
'Fbe\"acute“ or "chronic", "transient" or "permanent",
jediate" or "delayed". Ihe terr "zcute toxicity" and

@ toxicity" also deserve eiaboration. While "acute toxi-
1fa11y implies overwhelmiry intoxication with overt illness
h, where often only one p.sticide is involved and the

is relatively cleur-cut, the term "chronic toxicity" is
more difficult to interret, but it may be appropriate
it to "illnecs resuliing from long-term exposure”.e

ute Poisoning, Diagnosis of Major Pesticide Compounds
Treatment

liagnosis oi roisoning wiup cnolinesterase inhibitors and
florine compounds dcpends on careful occupational and di-
fory, clinic:l observations and laboratory tests., It may
50 difficult to collect useful information which leads /
Bl diagnosis in cccupaticnal over-ex osure, especially
Sctim or the expesed subjects nre employees in an orga-
Prestublished irctitution whore it may be easy to trace
Blirce of poisoning. Futl, 1n remote ureas where knowledge
peffects of pecticide poisoning on the side of medical per-
}may be lacking or overlooked, di gnosis may not be estab-
ilThe diagrostic siudy -~ pesticide poisoning whether fatal
BWiving should commence with a consideration of social,

lfand geographical background of individuals, bolstered by
ity knowledge (Duvis et al., 1969). The clinical manife-

ons are discussed under symptomatology of Poisoning with the
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s SIGNS AND SYMPTOMS OF ANTICHOLINESTERASE POISONING
‘Adopted from Holmstedt, B.: Pharmacol.
Rev., 11: 567, 1959

;@tion‘ Signs and symptoms
- Following local exposure

Miosis, marked, usually maximal (pin-point),
sometimes unequal

dy Frontal headache, eye pain on focusing, slight
F dimness of vision, occassional nausea and
vomiting
Hyperaemia

Rhinorrhorea, hyperaemia

j}ee Tightness in chest, sometimes with prolonged
o wheezing expiration suggestive of brocho-
constriction or increased secretion, cough

Sweging at site of exposure to the liquid

uscle Fasciculations at site of exposure to the liquic

Following systemic absorption

ﬂ;ee Tightrness in chest, with prolonged wheezing
s expiration suggestive of brochoconstriction
1 or increased bronchial secretion, cough

estinal Anorexia, nausea, vomiting, abdominal cramps,

. epigastric and substernal tightness (?cardio-
K spasm) with "heartburn" and eructation,

diarrhoea, tenesmus, involuntary defecation

Increased sweating

nds Increased salivation

| glands Increased lachrymation
Slight bradycardia

Slight miosis (occassionally unequal), later:
more marked

Rlurring of vision
Frequent or involuntary micturition

- muscle wasy fatigue, mild weakness, muscular twitching
Rk fasciculations, cramps, generalized weakness
ipcluding muscles of respiration, with
dyspnoea and cyanosis

fﬁc ganglia Pallor, occassional elevation of blood pressure

pervous system ~“iddiness; tension; anxiety; jitteriness; rest-
4 lessness; emotional lability; excessive drea-
ming; insomnia; nightmares;'headache; tremorx:
apathy; withdrawal and depression; bursts of
slow waves of elevated voltage in EEG

-I)-TnOo



Jigns and symptoms

'Yous system

especislly on over-ventilation; drowsiness;
difficult ir concentration; slowness of recal
confusion siurred speech; ataxia;
generalized weakness; coma with absence of
reflexes: Chyne-Stokes respiration;
convuleiors; depression of respiratory and
circulatory centres with dyspnoea,

cyanosis, and fall in blood pressure



le chemical compounds.

Bl the all other types of intoxication, first aid and

Bare based on measures aiming at 1) preventing the addi-
ﬁ@rption'of the toxicant by removal of unabsorbed material
@Stric lavage of the poison was ingested, or by rapidly

€ contaminated parts ¢f the body with water and soap for
minutes; ?) administering svecific antidotes and

fic treatment such as suspected artificial respiration.
;th-to—mouth respiration when it is suspected that the

been intoxicated by mouth.

1. Anticholinesterases

eneral svmptomatclogy of poisoning with anticholineste-

Oth carbamates and organcrhosphorus compounds - is given
e 5. "r many cases, cniy = few of these signs and

gare observed :nd no case can be expected to show all of

local effects commonly seen includce unilateral or bila-

8is lachrymaticr, conjuctival hyperaemia, spasm of accomo-
éﬁdimivision. Cther loczl efflects in the respiratory system
Ve Lronchial cecretion, and btronchospasm, with saliva-
7\nésa1 dischurge, after expesure of the lower and upper

;of tile respiratory *tract to direct inhibitors.

€ subsilances are irngested, gestro-intestinal spasm with

ypersecretior, vomitirg und dizrrhoea are common early

EEnitio! s icture of peisorning with crganophosphorus or
€ compounds, rroyression of intoxication can be divided
Bain sta,co: the initinl symptoms and signs; cramps
sione: ind tin.1ly, peralysis. Since recovery in carba-
sonine tikes place mire rapidly than in organophosphorus
symptomato.o,y may not necessarily comply with the
gauency of progression.

Bitiol o/ fect i3 marked by action on the smooth muscles,
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ele and exocrine glands, generally described as the

gﬁ acfion” of acetvlchcline, It refers to stimulation
Bi=ganglionic parasympathetic nerves.The most common
fsymptoms in th s ! e include a feeling of malaise,

.ﬁJ neuses, voriting, intesti.nsal disturbance (diarrhoea
inal pain), recdscre, tlurred.vision, miosis, lachrymation
}@se bl o: ¥ r. onure., P

Bose is m r -owerful, stimuintion proceeds to the

@O tor sys- e and to 1. =utonomic ganglia. The effects

e rescenbie those L ictien of nicotine, hence the
B cotinic ootdiorT o ¢ty choline, associated with
B of toxic ot sry, resuiting 1r neuromuscular and

blockade, murifested by oame. or convulsions. Lastly,
e is refered to 1e stimul tion of somatic, autono-
géntral rervous . sstem, accomrpanied by such signs as involun=
cation,incoﬁiyrenee and vpulmonary oedema., Death often

B0 puralysis of the resvpiratory functions.

f%om tie ¢linical manifestations already discussed, there
;@bry‘tnstafvanuucted in respect of cholinesterase inhi-
@hese biochnemicul teste for dia . nising and/or for moni-
olinesterasg inhibition in pecple exposed to the choli-
iﬁhibitors wre based on determinations of blood choline-
,;ctivity in blnmi {whole blocod, plasma, or erythrocyte)

ie metatolites of certain compounds in urine such as para-

BiRing plasma ind whole blood cholinesterase activity.
Biility of Acholect and Tintometric methods were studied
thé s;evtr@?hmtumetrio method as a reference method

and Reiner, 197%). They proved to be as valid as the
hotémetric method, for measuring plasma cholinesterase
(Ple¥tina, 1906). The Tintometric method, modified in such



. Substrate was added to the reuaction mixture immediately
%jion—of blood sanple, gave somewhat (2 - 11 %) higher
han did the specircphotometric method.

88 been shown th:t witr curbamates (e. g. carbaryl),

4

'fnd mobam), the ervthrocyte cholinesterase is inhibited
the plasma cholinesterase (Vandekar et al., 1971),
others (e. g£. landrin, carbamult, and m-isopropoxy-
fivicarbamate hoth enzymes are 1nhibited similarly

d Reiner, 197%) ard the modification (Wilhelm, 1968)
Bthrocyte determinations 4s well,. The method has been
Pto be developed for = field kit.

Jthe Tintometric and Acholest methods have been found to
'yle, the Tintometric method proved to be faster and more

mt (Bdisor, 1998). When enzyme =ctivity is measured under
itions temperature conversion tables are required, for
metric (wWatson .nd kdison, 1964) and for the Spéctro-

ic method (Reirer, 1974) in order for the user to be able

e the time of ass.y according to the ambient tempera-

*Qonitorjng and general diagnostig purposes, the question,
e two cholinesterases 1s more diagnostic arises., It

ant to consider the fact that plasma cholinesterase may
Pessed in early hepatitis, alcoholic cirrhosis, other liver
ses and by some drugs. It is felt that plasma cholinesterase
3 specific and too sensitive for routine monitoring (Zavon
[t is considered that erythrocyte cholinesterase is a
easure , but 1f possible both should be determined. Whole
gould be relisbly applied for monitoring purposes too.

B euthors hove deccribhed natural variability like differen-
Bween eton o cro.ps, age and sex. It is considered that the
Roble hove nigher cndlinesterase values than the blacksg

8 females have n-g?er values than males (©¥lliot and Barnes,
and that human ciolinesterase activity increases with age

1976). Recause ol nutural cholinesterase variability, it
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Wt thit eacn irdiviau L worker should have estimation
iﬁd.erythr«vytr cholinesterase Dbefore handling or
Ohcontact occupationully with organophosphate compounds,
€ against subsequent eXx osures. In the absence .of

re figures, average "rorr=1" cholinesterase determined
fWant populntion may - @ve 1o be accepted.

 &1 ftudies conducted ir respect of the association - o
buatology and cholinesteracse activity level, it is

{g that the re.at ~rs ip exists between the two variables.
s becer deronstrated tnat the mere fact that a

B vcilue 1= . U r t7e normal range canhot be used

ﬁthe diagnosis of or..«i¢ phospheorus or carbamate over-
§1though 11 does exc..de serious poiscning from that
merford et al., 19-5; Vandekar et al., 1968). On the

7; some workers can show eonsiderable low cholinesterase
bﬁout complaining of zny symptoms.

tscular Conduction Velocity Test. In an effort to

f&er methods for tiological monitoring in exposure to
rase inhibitors, & test based on neuromuscular conduction
8 been suggested (Zavon, 1976). There is evidence now

in wirkers who are exposed to organophosphorus com-

* prolonged periods may demonstrate reduction in the
velocity in BEMG voltage; but the condition returns

normal as soon as the workers cease handling the compounds.

mt for Intoxication with Chclinesterase Inhibitors
pert Committee on Pesticides, 1967):

be given parenterally.

s without signs of resvir.tory insufficiency but with

ericheral symptoms shnould be treated with 2-4mg of
Bif te and 1-2¢ of 4 soluble salt of pralidoxime or

SGbidoxime chloride (adult dose) by slow intravenmous in-

Mlore ctropine (with or without the rezctivators) may be
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ding upon the severity of intoxication and the response

fgst dose. ~fter the administration of oximes, less atro-
f%e required.

.% intoxicated unconscious persons with respiratory diffi-
and convulsions should be given atropine and a reactivator
8 In addition to this, the airways must be kept free and
ventilation applied if required. Atropine should not
ito a cyanotic patient until cyanosis has been overcome,
115 may lead to ventricular fibrillation.

hese cases of severe intoxication, 4-6mg atropine sulfate
given initially, followed by repeated doses of 2mg or

a8 required to maintain full atropinization. The patient's
M, including res: iration, convulsions, blood pressure,

8te and salivation 'should be carefully observed as a guide
Eher‘administrution of atropine.

Eﬁssible, blood samples should be taken for cholinesterase:

i

Bation before and during treatment. Tn parathion poisoning,
ation of the enzyme aclivity of erythrocytes may be ob-
SWithin @n rcur, but if tre putient comes late for treat-
after %6 hours) oxime therapy may prove to be less effec-
nce synrtoms ol intoxication with carbamates disappear
Compared to orgunophosphcsphates, atropine treatment is

® necessary by the time the vatient renches the place

e antidote e at hund. In case of accidental poisoning

8st synptoms, 1-?mg of atropine sulfate (adult dose) may
intramuscularly or even intravencusly, and the dose re-

@s necescary. Oximes should not be given in cases of

B2, Chlorinated Pydrccarbons

effects o! criorinated hydrocarbons on the body depend
8h on the guantity consumed. Gevere acute poisoning and
aths have coccurred as . result of a very few accidental

pes involving enarin and BHC but DDT does not appear to



involved in any fats] aceidents. They are known to have

Oh the central nervous system leading to serious dis-

dpn in the case of exper-mental animals. Some comparatively
@rse reactions have been reported from a few human volun-
ﬂeiving a single cute dose o 750 - 1000mg of DDT. Maximum
ccurred some © hours :fter dcsing and included a general
0f malaise witr some uncertainty of gait, a cool moist
increased sens tivity to¢ contact. There were no detectable
il the reflex<c nd recovery was complete after 24 hours.
@consumption of 150Cmg of DDT produced a slightly more se-
%ction with giddiness, confusicn and tremors of the limb

€S a.ter 10 hours but complete recovery again after 24.
Bute exposure, however, dc not present in any way the
’%ituation affecting tre -enerusl public from the small

@ ceived from frnod over a long period of time.
and Treatment

analysis for organocniorine levels in the blood may be
confirm the cuuse of poisoning, but this is at present a
@hd highly sreciuzlized proncedure.

“rganocblcrin@ levels ‘» the Yloou may be used to confirm
§iis. The organochlerine corpounds most commonly causing
are endrjﬁ, aidrir .nd ~ielcrin, Treatment is aimed at
e the synptoms, es ucj;ilv'hyperactivity and in some

B convulsicon., 'rt. !icial vertilation may be required.
fitsant tre ;hent with scluble djazeyam or paraladehyde

Be civen in sufficient “osage to calm the patient and pre-
onvulsions.

B 5. Cyanides

ides are cnemical copounds used as fertilizers and for
on in ggriculture. The threshold is considered to be
B0f air. 'n paiscning, the chemicals are ubsorbed through

flion, ingestion ana turough the skin.



Bms of the nervous system appear as a result of cyto-

o

(headiche dizziness, hyperpnoea, neusea vomiting

fsample of the victim should be taken for determination

D

y while increasing excretion of thiocynatein urine in
€an be diagrostic for cyanide. The victim should be
rom exposure immedisztely, and measures to reduce absorp-
has washing the contuminated body areuas externally and
j%vage internally should be performed without delay.

‘ pespiration 1nd oxygenation should be administered,
nitrite pesrlis should be inhaled by the victim every 5
@tcomparic” Y, irterverrous doses of 10cc of 3 % sodium
er & ;cr:.d of © minutes, then SCcc of 25 % sodium

8y rereuted pousicly at hourlr intervals(Plunkett, 1966).

@ B Methyl Bromide

Wl bromide or bromomethorne, it ¢ colourless irritating
,_chlorafwvm~lxke cdour. 1t is used in agriculture as an
gide as well =s o fumigart,where occupatioral over-exposure
his estimated that the threshold is 20ppm in the air.
the body throusn irhalztion, ingestion, or percutanous-
fthen througsh tie tlood-stream it can lead to pulmonary .
BEe and oedemz, cerebral heamorrhage, congestion of liver
tubular aarage.(FPlunkett, 1966). Locally, it can cause
burn, while systemically it leads to the aprearance of

Pic and neurological symptoms and signs. Convulsions can

 ide in blood .n cerebral fluid are diagnostic tests for
ﬁg.Treutment shouid aim at preventing further absorption
@xicant, administration of oxygen, and sedation.

gntive meocures ¢ ould include deguate ventilation,
gonditicne in work sareas, the use of chemical goggles,

irators. Ti{ possible, some authors suggest that workers



rk in pairs ir order “or them to save one another in case
ing offeither ot ther, Physical examination of exposed
Should be corducted every 6 monthswith speoiulyattention
fitral nervous system, including determinations of bromide
:Individuals with psycriatric and neurological disorders
§ those witl diseacos of skin, lungs, liver and kidneys

¥ precluded ror ex;osure (Plunkett, 1966).

Bk Paraguat

quat is a nitroger containing pesticide compound. It can

al poisoning if swatlowed in sufficiently large amounts.
;%ed deaths so far have beer a result of proliferation of
Belements in tre¢ lung with attendant impairment of venti-

ﬁo systemic poisonir, nhad been re orted from its use in

F€ in the United {tates except local irritation on the

B or nasal mucosa which have been observed. '
Bubstance is poorly arsorbed from the intestines and

@on absorbed is e¢xcreted rapidly in urine; the bulk of
gcreted unchanged within 48 hourrs. Because of the progressive
Of the pulmonury fibrosis, death was often 3 or more weeks
figestion (Barnes, 1968). Tndividual case reports are available
g more detailed description of the clinical picture of

W poisoning (Howe and wright, 1965; Clark et al., 1966;

0 1968; Almog and Tzl, 1907; Manktelow, 1967, Campbell, 1968).
He many cases that have recovered from Paraquat poisoning

in some manilesting severe hepatic and renal involvement,
@eroid therapy was constituted eurly (Weidenbach, 1969).

6. Pyrethrins

¥ethrins are chemical compo inds extracted from flowers of

BChirysu them cineruriaefolium. Its synonyms include such

88 cinerius, pellitery, rersiar insect powder, pyrethrolone

.



!

if Chrysanthem corboxy.ic icids and pyrethrum insectici-
Bubstances enter the body by irhalation or ingestion.
il is probably the most widely used insecticide of vege-
fgin,which has become an “‘mportant cash crop in Kenya,

% and several other tropical and subtropical countries.
pstriking feature of this insecticide is that in insects,
& remarkably rapid "knockdown", that is, when an insect

B8d it is guickly paralysed. "t is a4 most effective insect
quiring 2 very low dore ‘o  iruivse, and higher dose kill
ty but still in comparison with other insecticides, a low
1£nkett, 1966). It is unfortunately, rather expensive to
Spyrethrum, so it has been used more often in public health
R 1o contrcl disease carrying insects like malarial mos-
f%han in agriculture.

Skin irritant and sensitizers, pyrethrins cause skin irri-

d allergic dermatitis. The acute signs and symptéms include
fbreathing, hecdache, tinritus, neusea and vomiting as

8 incoordination cf puscles, tremors and convulsions. Anaphy-
_;action can occur. Dicgnosis is based on oesinophylia and
eynpters (Plunkett, 1966).

?tment cf nrrethrin intcxication is based on preventing
—ﬂabsorﬂtéun 0. tne toxic chemical compounds externally as

ﬂinterna lv, nnd wdministering oxygen or artifical respi-
BENd barbituratec ior sedution, accordingly.

w? EEentive me.oures include precluding from exposure those
igls with ulrmorury diseasges and allergies, as well as

g from any furticr exposur< those individuals that become
f;ed. The use of protective clothing and devices is an

it meas.re to be taken.



i
Py

18
2,

ption by
88 they

?quently
ting of
1%uild~up
sphorus
iggraduali

(Milby,

I. -
$

e, 19%0)

10 workers

0Ns produc

layed Effects of Some Pesticide Chemical Compounds

. Anticholinesterases

@rganophﬂrfku*es, particularly parathion, mevinphos and
piealth hazords because of their high toxicity and ease

ingestion and the dermal or respiratory routes.

produce in workers are chiefly acute poisoning,

BN addition leave sequelae of acute intoxication which

bly anoxic ir niture. However, there is an additional

whilcrh mey not be recognised; this is because undue

@ resulting ir cholinesteruse inhibition from chronic expo-

fpredispose the worker to poisoning when he/she is expo-

(tc ar ¢xrosure not expected to be noxious) with
cliniczl signs of poisoning. Somewhat similar
siowly from repeqte?d sprraying with residues of
compounds to the point that orchard workers are
y by cermal or respiritory contact with plant
19€4). Some of the deletarious persistent mani-

ed vy some orgarncphosphorus compounds include VV'

iﬁgathy (deloyed neurotoxicity). One of the first published
resvec! was demonstrated in the so-called "Ginger
ralysis or "Jakeleg" poralysis syndrome in connection with
fiégenera.:on due to tri-o-cresyl vhosphate (TOCP) (Smith

. Other percistent munifestations which involve

o

gral nervous srstem, liver functions and other body systems
hd experimertal unimais are presented in Table 6.

88 of curbamate poisoring usually occur where the compounds
@ extensively used (Vandekar, 1965). The biochemical effects

inical picture escsenti.ily resemble to those manifested -by

@sSplhorus

g usual ly

acute ef

compounds, “but it is characteristic with carbamates

rild sym. toms encountered, rapidly subside and

IS quicker thanr with organorhosphate compounds. There are

‘fecte prcduced by each carbamate compound but
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dxic effect of corbamin: compounds is the effect on

B cns, Possibly anvtner effect is aliergic reaction in
{sm. The present availablie data suggest that the possible
Bt of delaved effects ¢f carbamine compounds may be the
Btial hazard. In certo.n instances, there is evidence

t that the real hazards may be carcinogenic and genetic

( Medved and Coprlestone, 1974).

. Organocilorine “ompounds

b

ftudies in occupational sxpeosures have not revealed speci-

e effects. I = study conducted on 400 persons exposed
ﬂchlorinuted resticides, for example, it was suggested
kers exnerlépned i hig” freguency of cardiovascular di-
nlexpected; as revealed by abnormalities in their elec-
ograms out the evidence wes not conclusively convincing.
idence of tue feeding trials with DDT and dieldrin already
provjuys gome Inform=ti~n about édverse effects at sub-
weis of exrésura but provides nc evidence whutever for any
Bchronic effects whivﬁ night be expected from exposures
'ﬁt the pﬁesent levels ‘n food. T'e evidence for long-,
Qﬁs s TtSQQ ertirely on animal experiments involving
§Xposure QY%J& sre =til’ well above food consumption
deas been;tboroughly reviewed by Mrak Commission.

tempt to summurize the'r essential findings for long-
Bicinogenic, mytu/enic, teratogenic and other effects through
fjte%actjons @s set out in Table 7 (Lucas, 1975). With the
'.upgof compoﬁrdu, - aldrin, dieldrin, endrin etec., among
‘ieé which have been conducted, one of them revealed pre-
¥0f.§ % of wogkeré‘to be having epileptiform convulsions
‘$mn§t L[N 1965), but the incidents were temporary and

ted Qith over-exposure. In one ‘compmhensive epidemiological

f 826 plant workers exposed to aldrin and dieldrin for a
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@_years exposure, i w:s revealed that hazards of wor-
pesticides were ¢ i.nt, Lindane has been incriminated
indirectly, with 18 cases of blood dyscrabias. (West,
Bhere is an sdritted lack of datd to confirm the sus-
Phyria has been scsceribed following ingestion of
enzene (Sehmid, 1960).

9. NMiscellaneous Festicide Chemicals Compounds

factory manufacturing phenoxy (the herbicide 2-4D, 2,4,5T)
of workers were found to have hyperpigmentation and fra-
Bthe skir, eruptions on exposed areas and acne lesions,

B It was postulatec thut the disturbed metabolism was due

v

€ action on the liver by one or more different chemicals
Q‘in the factory althcugh no direct relationship between
S8igns and the degree of chemical exposure was demonstrated;
888 were considered tc be the result of individual sus-
6y (Bleiberg et ul., 1964). Other effects associated

D include excessive fatigue, headaches, epigastric pains,
nd occassional upper respiratory tract symptoms and im-
gitivity (Fetison, 1966).

te of all the informetion available on the effects asso-

4

86l pesticide usage, a review of the published reports on
0gical studies of human hazards from long-term exposure

dées lack agefinitions of the prthological conditions

le to the usage of pesticides. However, there is enough
f illhealth csociated with many aspects of pesticide
luding the nuture of the compounds and the way they are
Xposure is found to be essentially universal throughout
band developing countries,over all social classes, ages
orns to all adult ages), and for both sexes. Wide varia-

ational exposures.
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B FEATURES AMD HEALTH ASPECTS RELATED TO THE USE OF
[DES 117 TANZANTIA

al Ggographical feature and Population Structure

jited Republic of Tanzania consists of the former Tanganyika
Eands Ef Zanzibar and Pemba situated in the Indian Ocean .
gilometres ofi the coast, north of Dar es Salaam.

ry lies on the east ccast of Africa between 1% ana 11°
Htudes and 29 20' and 40° 38' E longitudes. The total

ut 939,767 sq.km.) can be divided into the following

hal divisions: arable land und plantations 12 %, per-
ﬁtures, including national parks and game reserves 10 %,
Eed land 18 %, forests 39 % and the remaining land is

ﬁq Lakes and rivers occupy the rest of the area. Topo-
;iy, the altitude rises from the low-lying eastern coa-
fialong the Indian Ocean shcres, towards the high westcen-
ﬁeau and the scattered mountain zones, the southern

8, and the northern highlands including the highest peak
Ef(Mount Kilimsur jaro, 5895 metres above sea-level), which
§8on the north-euctern part of the country, at the border
'ﬁnﬁighbouring Kerny .. RBecause of the large variations in ¥

S the climate disrluys a great range of temperatures from
i~tropical warmth of the coast to the cool invigorating

fu The climate ir Tanzania can be described broadly accor-
a&he following seczsons: the warmer dry season from January
Svthe first or loeng rains, from April to May; the cooler
gon, from June to September; und the short rains from No-
}ﬁ December. Average temperatures vary from 3 L 320 C.s

jef cash cro;s ure coffee, cloves, sisal, cotton, cashew
;ﬁbacco and tea, while food crops include cereals, legumes,
i‘fruits (including citrus fruits) and vegetables.

igania is mainly an agricultural country and most of the

g was until recently at subsistence level, while the indu-

largely concerncd with procegsing of raw materials, either
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% or for local consumption. However, emphasis on some
justry has been placed in the 3rd Five-Year Development
rder for it to complement the requirements for modern

ming that the present occupational population structure
fﬁa has not significantly changed from that of the last
1967) (Egero and Henin, 1967), and accepting the 1977

on estimates as a base, about 42 % of the total popula-
;@gaged in agricultural pursuits, and the agricultural
on of about 6,828,780, constitutes nearly 91 % of the

ftomically active population. Therefore, for many years

' Panzania economic development will depend largely on the

;the farmer!

itent of Pesticide Usage

ﬁe past 20 years, the use of pesticides in agricultural
E«t and public health has tremendously increased in Tan-
e increase has to a large extend been accelerated by
%brts employed to increase agricultural productivity and
f& vector diseases which are still the major cause of mor-
in Tanzania today.

estimated that Tanzania used 86,112 tons of pesticides
or agrichturalkand public health purposes {(Ministry of
fure Personal Communication). Ten years later pesticide
the same purposes had neurly trebled. Roughly, 8 % of
cides is used for preventive health measures, mainly

al control and other disease vector control programmes.
_&aof total Qquantity of pesticides is used mainly in agri-
;Ffor erop pest control.

;ring in mind that about 42 % of the whole population is

in agriculture, this information provides valuable 1ns1ght
lextent of pesticide usage and concealed health hazards
mpatlonal exposure as well as to the rest of the populatlon‘
es into contact with the toxic chemical compounds



ally or casually.

r as origin of pesticides used in Tanzania is concerned,

e Pederal Republic of Germany are the chief manufacturers
BBrs of pesticide compounds used in Tanzania. The local
Etill‘in its infancy formulated and manufactures some' pe-
under licence from overseas progrietors, but for some
come Tanzania will still depend on imported pesticides.
@\prove fruitless to trace the historical development of

¥,

8 in most of Africa before the colonial era,because of
_ﬁcords. However, there are ample evidences that African

used plant extr .cts and smoke of certain substances such

§ and roots similur to the account given by Brooks on the
erican inhabitants (Rrooks, 1974), either to kill or to
Eects. For exampie, the author observed the use of "unkondo",
fl plant whose leaves are smashed and poured into a pond
Poison in fisning,by the "Wanyakyusa" tribe in Tanzania.

2 substance is s.id to be an effective insecticide as well.
su" tribe of north-eastern Tanzania as well as some other

d to burn cow-dung for controlling house flies vexing their
against mosquitoes ir bedrooms at night. These methods
very effective, but, in my opinion, may not be totally
iﬁvé either. ) |

7idless of the extent of éxposure‘to pesticides, éexclusive

] exposure, most of the Tanzania working population

to contact with pesticide chemical compounds can be grouped
bed under the following broad categories:

orkers in production and formulation plants;

kdividual veasants, farmers, husbandry and poultry keepers
tand private employees who operate small scale pest control
{schemes against dgricaltural or domestic pests;

rkers ir fcrastry, dagricultural and veterinary institutions
};such as ctate firms ard ranches, and international or

Bhational research institutes;



e B8a . COMMON PESTICIDE COMPOUNDS USED IN TANZANIA IN 1968
Adopted and modified from Eberhard, B.:
Crop Pests in Tanzania and Their Control. 1968

PESTICIDE COMPOUND

.

Qorus azinphos-methyl, diazinon, dichlorvos,
: dimethoate, fenitrothion, fenthion,
fensulfothion, malathion, omethoate,
oxydemeton, parathion, phenamiphos,
phosphamidon, trichlorfon

carbaryl

| hydrocarbons| aldrin, chlordane, chlorbenzilate, DDT,
4 dieldrin, endosulfan, endrin, heptachlor,
dicofol, lindane, lindasan, toxaphene

ﬁtives pyrethrins and nicotin

ous ethylene dibromide, oxythioquinox,
3 white oils

fNSECTIDIDES RECOMMENDED FOR SMALL HOLDINGS IN TANZANIA
Compiled from Mshiu, E.: Lyamungu Leaflet

1976
soup of Compounds Name of Compound
Qophosphorus | fenitrothion, fenthiion,
. dichrotophos, diazinon
aﬁenated hydrocarbons endosulfan, dieldrin
'2§llaneous methomyl

INSECTICIDES RECOMMENDED FOR ESTATES IN TANZANIA
y Compiled from Mshiu, E.: Lyamungu Leaflet

1976
EL,_Group of Compounds Name of Compound ‘
}@anophosphorus parathion, dichrotophos,
: fenitrothion, azinphos-methyl
florinated hydrocarbons dieldrin
;scellaneous methomyl, sulfur compounds
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450-469

507=-986
Rb710

600-1200
283%=-590
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400024444
34000
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HOSPHORUS :
-@S_methvl(m"GUﬁin“}

‘%ifos(Dursban)
Demeton-o)
{(Diazinon)

diion(Delnav)

oton (DI-SYSTON)
Bion (Ultracide,
de)

s (Phosdrin)

B ios (NUVACON,
Btn (rkatin)

e (FOL1MAT)

b(METACTL)
b (1MESUROL)
(arprocarb, BAYGON)

ETED HYDROCARPONS:

fan (Thiodan)

in

e (Ganma BHC)
Bhillor (Velsicol 104)

BANEOUS COMPUUNDS

8eb acetate (Phenol)
¥rocresol (DNGC)

Yene divromide
bromide

(Lannate)
@t compoinds
Bin (coumarin)

B0S (DDVP, MUVAL, NOGCS)

960-1190 Rb2000 470C Rb9400
1500

4

:;)i./\»/ W ) ¥
F) 7 *

HmWDE *

£ Y7
5% *

200

* o
Sungrant 17-24

200 col.

/50

ity £50
200=2000

ARDB U S

1%5=16 200
Rb1000-2000
Rb2000

8-14 Rb24
379=1200
59-900
53-350
20-50

97-276
2=12
6Ee=-600
25=170
15-176
2=12

25=48 M25-68 Rb375

21 Rb354
100=120 M105=120
50 1400

30 215
1%0-1%5 2000
45=104 1000

40=-100C M44 80~ 200
12-110 74-130 Rb36
3=dy Rb 7=10 12=19

e Rb 60-120
2=17

T76-200 M86
40-158 Mo

500-1200
119-3%20
Rb2000

80-200
200-600
VA200
VA200
140 RDb5C
Rb1000

A37=-50
P6H=-65
108=-170

50=91 M24

157
H8
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arathion

(Thimet)

¢
-8

BEOUS COon
-

:
SPHORY: :

05 (CAKLCRON) 40%
e ton (Metasystox)

thion (DASANIT)
fi(Phosdrin) ' 2 (0%

i (BLADAN) 40
o= (NEIMACUR) H3=9

fidon (Dimecron)

= g s i

Bbutoxide (
f k1

e o)

T e ATy H AT g AR

22-175
40-180
8-10
9-42. M32
3-7 M8-200
5.5
3-%0 M6=25

=3
15=3%3% [16-12

D LY DROCAR UL :

59-60 M44

PUIIND S

LD
sutacide) T¢5
6% * 20=30

EC = Emulsion Concentration
WDP = wWater Dispersible Powder
M = Mouse

Rb = Rabbit

VA = Acute Vapour(ppm)

ct
)

Rb225

3=30
63-72 Rb1270
3-90 Rb13-5°F

4-200
72-84
2=300
125-150

65-90 Rb50-8(

* Adopted from WHO Chronicle. Recommended
Classification of Pesticide by Hazard.

29: 397-401, 1975,

The Dermal and Oral toxicities have been
adopted from Kenaga E.E. and End, C,L.:
Commercial and Experimental Organic

Insecticides, (1974 REVISION).
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(aminotriazole)

(Benlate) - Carbamate

- Organophosphate

ethylthiocarvamoyl) disulfide

hiram)

zim (Bavistin) - Carbamate

z2im (Derosal) - Carbamate

en (amiben)

uat

anone (threshold 50ppm of air)

iydrin (threshold 5 ppm of air)

ethyl dipropylthiocarbamate; -

rbamate

hylmercuric-hydoxide (Tillex)
fhylmercury-methyl mecury-citrate (Festix 85)
ron /N-4-isopropyl-N', N' dimethyl urea

icoprop) - Phenol

iide (Bayluscide)

m - (1, 3, 4-oxadiazoline-5-one)

in /N-(l-ethylpropyl)-3, 4 dimethyl-2,
initrobenzen

phenol (threshold 0.5mg/cu.m. of air)

.

. Table 8¢ . MISCELLANEOUS COMPOUNDS USED IN TANZANIA
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e 11 - PREST.CIDES COMMONLY APPLIED FOR DISEASE VECTOR CONTRO
“ “rom Ministry of Health, Tanzania, 1977

j

stor Control Pesticide Compounds

malathion, dieldrin, pyrethrins

Abate, chlorpyrifos

DNCO, chlorbyrifos

niclosamide

Warfarin, coumachlor, coumatetraetil

ous benzene hexachloride, dichlorvos,
, diazinon

é;SOME OF THE MOST FREQUENT CAUSES OF ATTENDANCES AT OUT
. PATIENT MEDICAL DEPARTMENTS IN TANZANIA MAINLAND 1973 - 74

Adopted from the Ministry of Health
Annual Reports (Tanzania) 1973/74

i

NO. OF CASES % OF TOTAL % OF CASES
4 1973 1974 1973 1974
BBe of i11- 510,094 541,577 8.9 9.1
3l ed conditions
4 ¢ 747,170 607,709 13.1 10.3

Lits, poiscning
1ce 329,461 354,186 5.8 6.0

I
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leld workers (spraymen) and health technicians who are
engaged in small and larie scale disease vector control
‘programmes (malarial, schistosomiasis, tse tse etc.)

1, Agricultural Use

pumber of diff'erent kinds of pesticide compounds for
%ﬁection in Tanzania has cortinued to increase year after
file in 1968 the list of 5 groups of commonly used pesti-
imounds showr irn Table 8a wes only handful, the different
[Ppesticides used 1n the country today probably run to
:dred since the chemica¢ industry continues to flood
productu 1nt\ use from day to day. Majority of the csm—
3 ed in Tanzanld now are presented in Table 8b and 8c.

fﬁe emphdaeq placed on increased agric. .1tural produc-
here are clear indicgtions from the recommendations on
aeauSdge 1ssupd to smdll holdings and estate farmers

bles 8, 9, 11) by the leading national agricultural re-
nstltute, Lydm ngu(Simon et al., 1976; Mshiu, 1976), that
cess to Sume dangerous toxlc compounds may prove to be

e of pesti clde health hazards due to possible mishandling.
the groups of pesticide compounds used to protect or cure
crop from coffee berry disease (CBD) is the fungicide
includlng the feciiowing chemical compounds, most of which
’a@ates: benomyl, captafol, carbendazim, carbensazin,
Qiide and delar.

<.Mipistry ofgﬁ”ri(ulture through the National Milling
¥tioa based lu Dar es Salaam conducts fumigation opera-
arly carrle out by a team of 5% workers who cater for
‘Liong in the- @ountry during harvest season, using mevinphos,
i'on,Zdichlorvgs, and methyl-bromide for preservation of
diérops for storage (Ministry of Agriculture, Personal
ation, 1977). It easy to foresee the pesticide health

ds which may arise during the handling of toxic chemical



@8, it prop r rrecautions are noct taken into consideration

1976).

2. !~1‘_ib]i{’ Hb’(ilth .Use

order to control the problem of vector diseases, the

W of Health established a number of zonal health techni-
;d auxiliary teams (Ministry of Health, Dar es Salaam,

a, 1977; 1978 - Personal Communication). Since malaria

1 = major health problem, these teams conduct malaria
;programmes in which even the highly toxic insecticides
Fbe applied in order to overpower the ever increasing

0f resistence demonstrated by some mosquito species towards
f the pesticides, such as DDT. Tuble 11 shows types of

lde compounds commonly used for m:larial, rodent and other
ﬁtrol programmes relevant to public health.

EXisting Legislation with regard to lesticide Usage

in Tanzania

parently, there is ro specific legislation in Tanzania
T;espect of pesticide safe handling. As in some other
3es,reguiremerts for the control of highly and moderately
pesticide compounds are covered under the Poisons Act,
fﬂously there are so many loopholes in such a legislation
fiere is o need for clearly defined specifications by the
or production, transportation, storage, distribution and
ation of pesticides in Tanzania, as the country embarks on
ifarmjng economical techniques., This is one of the ways
%re that the public is protected by the law from untoward
[liinent health hazards imposed by these toxic substances,
glly those who are exposed to them by nature of their
ation.

? need t¢ establish a pesticide controlling body was felt

#4 by tne “ast African countries including Tanzania, when
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African Fest:lides Contrcel Crganization was formed by
gtion between representatives from the ministries of

%ure, healtr and veterinary of Kenya, Tanzania and Uganda
gents (TPkl, Annual Report, 1974). wWhile not so much would
.pted sc soon in terms of achievements from such an infant
ation beciuse of lack of cualified staff, laboratory faci-
and scientific equipments, the organisation has been

gned by the unfortunate overull disintegration of the parent
Etion, the =ast African Community, whose doom now seems
able .

gpalth FProblems and Apparent Pesticide Health Hazards
In Tanzania

file the wir sgainst pests has to be waged, the battle is
thout bilateral victims. People whkoe handle the pesticides
fmprop@r way, or indiscriminate use of these compounds has
fdll-health, und often than usuvally thought others have
fheir lives tragicszlly.

adic rerorts of pesticide acute roiscning received every

-iiTanzania through intentional or acciderntal ingestion of Mole
ﬁnated food or water, only indicate that the problem existsf,,
§ extent but that true incidence is higher and that it mayy"'
P revealed at present. One of the reasons for this assumption
”f Tanzania has a long way to go before establishing compre-
reporting and statistical systems ir bealth services.
By, there is no established reporting of birti® and deaths
irurallareas. Although diagnostic fucilities and expertise
Ebe claimed as the impeding factors to this move, this

ncy reQuires such system to be started, not only in re-
fbf pesticide health hazards but for the benefits it will
%to the overall health services.
he few competent chemical/pathological laboratories available
country, mainly in Dar es Salaam, Moshi, Mwanza, Tanga
Pusha can not sufficiently cope up with the demand for ana-
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::;1 ihe specimens, including those of other forensic

@art from the fact that it sometimes takes too long
iSpecimens tc reach them due to inadequate transportation
i@s.

ording to the Ministry of Health Annual Reports for 1973
?,the data presented in Table 12 may reflect concealed
ge or prevalence of pesticide poisoning (Ministry of
‘Annual Reports, Tanzania, 1973, 1974). Considering that
ralone claimed the.first place as a single disease cause
patient attendances in 1973 und 1974 respectively, it
1that poisoning combined with uaccident and violent case:
8 & significant fourth position in frequency of overall
f;morbidjty ir medical units. In addition to that, symptoms
health or ili-defined conditions indicated in the table

8 well include some of the symptoms and signs known to

fe to pesticide over-exposure. It should be remembered too
ﬁonsidev;ble number of patients, due to one recson or

g do not attenda for treatment. Beuring in mind that pesti-
the commorest chemical compounds with minimum con-

‘ access to the rural population, it is justifiable to
that poiscning referred to in the annual reports is most
B0 be at 1 rge attributed to pesticide poisoning. This

on could be bucked up by the number of specimens analysed
.}Central Chemical Laboratory in Dar er Salaam every year.,
f@lthere are no systematic studies conducted so far in
ion with occupational exposure to pesticides, there are
ions that the long-term effects on those who are con- V2
y exposed to thc toxic chemical compounds are not so
ﬁflCdnt to be ignored (Ministry of Health, Tanzania, 1977,

al Communlcgtlon)

i
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2. MATERTAL AND M®THODS

ilaticr under Study

j’studv was focussed on spraymen -nd technical staff
bpestﬂﬂlde& in two leading research institutes in Tan-
he Tropical Testicide Research Institute (TPRI) formerly
d jointly under the suspices of the East African Community
?tered for Kenya, Tanzania, and Uganda; the second is
J?Agriculturul Research Institute which primarily serves
erests of Tanz:nia government in agricultural research
élopment. The T.P.R.I. is divided into three major divi-
?he agricultural entomology and research division, the

L and veterinary research, and the chemical and physics

h divisions. The Lyamungu Agricultural Research Institute
ionCLntr.ucs on ugricultural research, more or less con-
”g field, fodder, vegetable, fruit and food crops.

ndom saumple ot the group under study was comprised of

ers frcm botn research institutes in such a way that
nstitute contributed part of the 111 exposed subjects as
the 54 subjects comprising the control group. The control
as composed of adminstrative clerical staff, workers in
;er and mechianic repair workshops, and watchmen, who were
;ay exposcd to pesticides at the site of work.

cupati-n ! und Domestic Exposure to Pesticides

f was not intenued to subject the volunteers to any experi-
&tondjt*1ns, but to assess the different aspects of exposure
.could affect their health in the course of their day to day
'iln the institutes. Their duties ranged from experlmental

atory work with soil, water, animals, insects, etc., invol-

he use cof pesticide compounds, to field work, exposing them

%umbcr of different pesticide chemical compounds while mixing
éraying in experimental plots. At the time this study was
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 EEE RS S S 7)., only ground insecticide spraying
? was g °ng or. o nee the workers were exposed to pestici-
fﬁfferev; cnemica. groups and toxicity, at various working
ﬁd under vary ng working conditions, it was deliberately
éed apprinriate to cliassify them under the following

Hes whic' hove boen adopted throughout the whole text:
I(Primar-1y sprayuen from TPRI), Group B {(spraymen from

1 institute}, Group C (Laboratory

e

B lgricutursi Peseurc

n T.P.2. ), Group D (workers in plant pathology in TPRI),

up E (th: contrcl group as described sbove). Groups A and

1

fn agricultural esntomology vecticns of their respective

ates.,

| and B; Pieid workers {spraymer) in entomology section

1 constituted the lLargesti singie .~roup exposed to

‘ simiiar types of pesticide compounds in this study,

.nd were engaged in spraying operations involving

the use of aldrin, berzene hexachloride,carbensa-
m, chlorpyrifos, coprer sulfate, diazinon, DDT,

dimethcute, dioxathion, endosulfan, fenitrothion,

fent»: .n, iscirin, phorate, pyriphos_methyl, secarol

and trich orfon.

Liborai ry Workers. This group embraced chemists,

physiciste, technicians and laboratory attendants

in viclugy, chemistry, and physics laboratories

who were exposea to a rumber of pesticide compounds

includitg aldrin, avcdrine, atrazine, DNCO,

coumatetratil, benzene hexachloride, endosulfan,

monverotophos, parathion, phosphamidon, pyrethrins,

toxaphene, warfarin and others.

Workers in BRotany or Plant Pathology section.

.t the time this study was conducted, this group of

workcers was exposed to the following pesticides:

slehlor, bentazone, 2,4-Damire 72,4 dichloracetic

acid, benomyl, €irbens zim, captafol, cuprous oxiue,
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LE 14 a. DISTRIBUTION OF SCORES IN THE DRSIGN FOR
JASSES&MLNT OF DEGREE OF EXPOSURE RISK TO PESTICIDES

SCORES
LACTIVITY : Mixing of pesticides ihd . BEE GeE - ool
‘ Spraying/dusting aw Py .o sue 2
Cleaning containers(oontaminated) ik - a0l
‘ Feeding experimental animals PN veo oos 1
' SITE OF Indoor ge.g. green-house ) - wan ! -wpw 2
I APPLICATION: Outdoor(in farms and gardens) e coe eos 1
: MODE OF ‘:’Eallually ' es e seoe P eco 2
APPLICATION:: By mechanical means ese soe eoe wate e
; (tractors, merial spraying) ...  cen ...
ENVIRONK ENTAL Mean daily temperatures over 20°¢ P oes 1
P CONDITIONS: Relative humidity over 75% oo vee sos 1
4 Wind: Wind Sp B'PQ avbove 1 93(11/}{1]? es o see soe 2
3 Wind speed above 12K/ see  see  ses 1
BHEATTH STATUS
OF EXPOSED Poor nutritional status ... see eoe ooe 2
SUBJ“V“;- Kespiratory, neurological, dermatological
conditiong, etc. ese ceoa eos eee 2
‘PREV3NWIVJ JND  lack of training on use of pesticides eao
PhOTab“l‘ Lack of protective clothing and devices eee 2
MEACU 53 yFailure to wesh hands, face or to take
showers accordingly after coming into
contact with pes stie ..Ld. oo e e cee eeo 2
Pailure toc uncress Bﬁ*&w'éfxd) working
clotneg after work coe K ece se e 2
Jating or drinking during contact with v
)""ulC}Geu eoe coe e ve soe 1
Smoking during handling of pesticides ey
URATDT T U R Over 8 hours per (}ka ecoe e e o0 on e XK 3
G T Over % hours per day ece ese ceo seh 2
Uver 2 hours ner day 85 sos iae ees 1
over 5 days per week see see a8 sad i D
Over % deys per week R ses cos eses 2
Up to 3 days vner week - S PR ves 1
Constantly exposed for more than 3 months ... 3
Constantly expvosed Tor more than 1 months e.e 2
Constantly exrcsed for less than 1 month cee 1
TOXICI? Sxyitremel vy toxice se o e e e e s e es e 4
BESTICIOE,: 11.”;11:[ Hox1e ses ev e s 00 oo 3
lloderatel V toxic e o e o6 e eos saoe 2
Slightly toxic v aiv eee oo e 206 1
solvenis or venicle s(other than H O) cos wale &
Route of intry: Skin e Teye see PN ees 1
Inhalation oo ceos seo 1

{aecording to prevalence of absorbtion of

‘Aging of enzyme" (according to the pesticide) 1
In mutually exclusive items above, the maximum score is taken to
add up to the total score of 9 in a group.

In mutuz non-esclugsive items in the same category, an average
i celculated(e.g. if an exposed subject is involved in both
manu:l on mechanicszl spraying, the resulting score would be

sre in group T ig divided by 2 in order to bring conformi*y
acoresg 0° 9 as in the other groups (Refer to Table 14)

e
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fioXxutiion, carbendazim, isoproturon, MCPA, oxa-
dizzon, 'nd penoxalin, majority of which were car-

bamates.

gMajor Uujective Factors Influencing Degree of Exposure Risk

A

fan attemgt to assess the degree of occupational pesticide
Je risk, especially for the antichclinesterases, the author
ily designed a pattern of objective factors known to in-

€ Ssuch exposures, by giving negative scores for each corres-
f finding on each exposed subject during the handling of
des, in such 4 way that the higher the total score against
rresponc.rg findings of the individual, the higher the risk
ure. Ir so doing the author had in mind the idea of using
gn as . screening test or as a method of orientation as
extent of exposure risk encountered by those who are con-
Sly exposed to pesticide chemical compounds. The information
' design wus obtained from a special form, the Daily Record 4 _~
 which was completed by the group supervisor concerned,
lnstructed on how to fill it on the spot as he watched the

8 of the subjects. The form duly completed was submitted
author at the end of the work session or day. The author
ited the sites of work and supervised the way the proce-

ére conducted in this respect was satisfied that the pro-

88 were adequately complied with. Table 14 outlines the in-

ng objective factors which were considered for assessment. .
¢ design, the scores from each group (I - IV) were treated
'}ively and given a single score, which is not necessarily

ble to thut of another group in magnitude. For grading

res in group IV, the WHO Recommended Classification accor-
toxicity (or by hazard) was adopted so that those com-

8 which 411 under the categories of extremely hazardous

ighly hazardous had scores. ranging 7 - 9,those under moderate-
rdous 4 - 6, and those under slightly hazardous 0 - 3.



categ  ~iee were applied to the other groups of influen-

s (- 7).,

linica’ “xaminations and Laboratory Tests

fiew of the lac. that many workers were exposed to the
hsPh&te na carbamate groups of compounds which are of
concern =t present in terms of their recognised bioche-
ffects, moie attention was given to them in terms of the

i guestionna:re, clinical examinations and laboratory

g, 1. Perscnal History

Cauthor decigned a questionnaire with the objective of

ting age, sex, social and educationai: background, anthro-
i¢ mecsurements, medical and occupational histories, sub-
aKsymptOms) factors reflecting the effects of exposure to
sphate ano carbamate chemical compounds, and the working
nt as « whole, The main subjective factors taken into
ation were: loss of apetite, nausea, vomiting, abtdominal,
arrhoesa, dizziness (giddiness), head:.che, coughing,

‘vision and lachrymation, and excessive sweating.

B 2. Clirnical sxaminations

#cal medica’ examinations covering head, chest, abdomen
fhvere conducted according to established medical proce-
B each indivic.«l, in order to exclude any pathological
Biological abrorma:lities. The neurological tests were in-
inve.lve tests for biceps, quadriceps, pupilary, and
fal reflex=s, tremor, muscle tone etc.

lehest aucculictions, murmur of the heart and wheezing
Micul.riy taxen into account, while enli.rgement of the

nd spleen on utaominal palpation was noted.
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) Anaercic sthigmomanometer was used for taking blood

, pulse ~a.e was measured by stop-watch. The measurements
ken in ‘he morping in a sitting position after a subject
minat on was ailowed to rest on a lying position for about

1tes .

4, 3. Laboratory Tests

:ratory tests were conducted in well equiped laboratories
"P,P.R.I., Arusha, under the guidance of a qualified toxi-
}j, assisted by the author and twc other laboratory techni-
aemoglobin content was measureu for euch subject in this
the morning before any activity. Likewise, two methods
'rmining cholinesterase activity were adopted simultaneous-
@ Tintometric method was used for determining whole-blood
ﬁéteraue activity, and the Spectrophotometric method for

‘(serum) cholinesterase activity.
8 3. 1. Haemoglobin Content

¥ibond comparator identical to that used for Tintometric
?Tor determination of cholinesterase activity was adopted
asuring haemoglobin content in percentage for each subject
ining a blood sample from a finger-prick. The blood was

. to ooze between a special blood glass slide and a cover-
fter which direct reading was taker by fecing the Lovibond
tor towurds a uniform source of light or sunlight and

mg the colour of the blood smear on the slide with that
QStandurd cisc where corresponding re-dings of haemoglobin

8¥h percentage cuan be taken.



e 4, G, . " thods for Determination of Cholinesterase

Aetivity

@rophotomeﬁric Method

d principie of this method for determination of serum

éterase activity is based on the reaction between acetyl-
{énd serum c¢h linesterase. The substrate used was butyryl-
oline iodide which is very easilv hydrolised by serum cho-
sase, and ihe indicator,used was 5,5' dithiobis-2-nitroben-
d which is reduced by enzymatically 1liberated thiocholine
jithe yellow-coloured 5S5-mercapto-2-nitrobenzoate. The rate
5r chunge {(absorbance increase) is measurable photometri-
and this is proportional to the pseudocholinesterase (ChE)

f (Merck-1-Test).

samples were obtained from finger-prick of the volunteers,
gansing the fingers with methylated spirit. The blood was
%ﬁked intc sterile heparinized micro-pipettes or glass

%ries) ready for centrifugation. Blood samples for group B

of group & were first centrifuged immediately after they
ained from finger-pricks, into heparinized micropipettes.

e thern trunspcrted to the laboratory for analysis under
conditions und at optimum cool temperature, with ice-cubes,
analysed « thin 2 hours from the time of taking the

[40]

As for the (ther groups analyses were conducted within
étes frcm the time they were obtained. The Pye-Unicam Spec-

ometer v 500 Series 2 with waveiength 185 - 1000 manometers

bat 4C5 nm Hg witau an optic layer thickness of 1 cm. The

;QO was conductoa systematically as follows:A stop-watch was
ensure accurate timing. An assistant began pouring the

@is of bo*tle 1 {dilution solution with the serum) into bottle
;(Bufferws,tstrate mixture) and then immediately shook the

%ts vigerously and thoroughly for 15 seconds and then poured

|£ I
; pxture quickly into the photometric cuvette. The stop-watch
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BN star ¢ .ivsr ~0 seconds and each reading was consequently
i turn; - me :n which absorbance increased by 0.100 was
€d for ¢a - =ample consecutively.

fim choli-coterase activity was then calculated from the

f}dings according to the following formula:

90.7 A
ri, .zmtivit_'y = T- kvk’/l (?5 C) (3)
where t = time (in seconds) required for A405

to increase by 0.100

kU/1 = kinetic unit (1U) is the activity
of the enzyme which is required to

|
;.
?

convert 1 micromole of substrate

¢ in 1 minute. The normal value is

o considered to be at the range of
3.0 - 5.0 kU/1 (butyryl thiocholine,
at 25°C, and pH7.7.

g

3 . A b

ftémetric Me tnod

he Tintometric method for determination of whole-blood

. sterase sctivity is based on observations established

n and “dson( Ec_on, 1958; Waison =nd dson, 1964) that
ossible to dispense with a timed ccntrol sample and to

ute a temp:cr ture/time relationship from a reaction of a
ire of blood, indicator and acetylcuoline perchlorate,alloWed
d for a fixed time resulting in a change of pH, due to
erztion, prcvided that the temperature range involved is
essive, or the time is subsequentiy corrected, the modi-
structions to be followed exactly. It is, therefore, possible
his principle to determine blood cholinesterase in human

gcts. As blood contains enzyme cholinesterases, which liberate
acid from acetylcholine, thereby changing the pH, cholineste-
activity levei can be measured from the time regaired for the

e of pH tc¢ taxe gluce. All the instructicns for the test were



%d exacti~ 1n this study, including preparations of COQ—free
[led wa* - =+d vne time limits for the indicator-blood di-
‘;was aliswed 1o stand. The substrate was added immediately
%test tuves containing blood samples of individual subjects
8 ml 1r..cator solution (Sodium salt of bromothymol blue),
;ﬁhe reagum{s were tested bty mixing 0.5 ml of indicator

ﬁ01 ml ¢of tinger-rrick blood from a selected normal "control"
gnd 0.5 mi of substrate solution accordingly.

O observ:«rs took the readings simultaneously, and in abbut

. cases there w.s agreement between their readings. How-
zﬁhere the readings of the two observers differed, a third
r's opir® 'n, which was usually in agreement with one of

e o e S e e e e s i b i i it i v B i b e

gerver's 1 iding, was accepted as final reading. Shade

ftures under which tests were carried out ranged from

G (o e 8l e

25° 0. Trree to four tests were conducted for each subject
exposed , roup as well as in the control group. In addition
, 46 subiects from the exposed group (agricultural ento-
had one more test on another occassion when blood samples

ken before and after exposure.

e 5. 3. Miscellaneous Information

m the questionnaire, the author intended to know particu-
garding workers' awareness of the potential health hazards
from improper handling of pesticide chemical compounds,
ng first aid in cuse of acute poisoning. The author was
egrestec to xnow whether the examinees had any information
fficide pcisoning cases in their neighbourhood for the past

rs.
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fons 2n ropulation under Study

four grois of 110 exposed subjects, field workers in
and B constituted 62 %, while 24 % and 14 % represented
Bhd D resrvectively. Table 13 refers to statistical data
d sex distribution of all groups.
f0f «ll €. .ced subjects examined 69 % were aged between
QB years, .imilarly 81 % of the 54 examined in the control
&11 unce~ this age group. The youngest workers from the
band exposed zroups were 21 and 19 vears respectively, like-
cldest were o0 and 56 years of age. The number of females
e expc- e ;roup (7 out of 110) is almost negligible,
; all but  were between 19 and 35 years of age, the re-
Oriy one female was involved in spraying among
; roups A nnd B. Information on age was mi§sing
BlE sub «cts.
fina out whether exposure to pesticides elsewhere
v site of work influenced significantly the overall
d= exv-sure, p ovisinrs for this information

Ovided irn tne jues” ‘onnaire,

or Qe upatioral ane Domestic Exposures to Pesticides

netn of rvice 1 respect of pesticide exposure
1w of lhe 1o workers irn Group D were below a year
pestic . de expcsure and only one had 15 years of

y While two hud © years' service. Exposure in this group

ual during the 1.0y with un average of 8 hours per week,
‘about 2 to © hours per day, ind only periodically the workers
nvolved “n hunciing pe-ticides during the month. Ten of the

s used copper s !‘ate nd aldr n tor gardening and pyrethrin

irations againct ins: . is such as flies, mosquitoes, bedbugs



:pachec ir their homes.

fjtne workers repm Group C, 427had exposures ranging between
¥}s, but =znother 34 % had engaged in pesticide handling for
fyears. Turing the study, the subjects did not have uni-

n of <xposure, but it depended on their site of work.

e exposure which did not differ much from one section

ler, however, ranged from 2 - % hours per day, for 5 days
éess constant from one week to another. 18 of the workers
@esticides for either gardening or against disease vector
jn their homes, by using DDT and pyrethrin preparations.

"

|
; re were distinct (ifferences between Group A and Group B

; @ﬁn terms of length of service with pesticide exposure.

3 h length of service in group " ranged between 1 and 22

L With an average of about & hours, that for Group B spray-

; i@ range ot between 1 and 7 vears with th. exception of

} dect whe hod e years ol service, and the average length

j b years. Nuring the study, Group A spraymen were exposed
; Q werage 1en~tn of 3 hours per day for five days in a week,

i 3 f0up B spraymen h.d rel=tively longer exposures per day

% hours\ rng the=ir exposure was more less constant. I was

i that the excosures. were more or less the same through-

Bvears, Ten of the spraymen in this group applied DDT and
#0n for gurdeninz in their homes, and 15 from group A
fnsecticades inciuding DDT, pyrethrins and dieldrin,

individusal usec diazinon for similar purposes.

sessmert of Decree of Bxposure kisk

Sthere is n¢ sirgle stondard avallsble for assessment of

ggree of exposure risk, the :utior deliberately and arbi-
categorized the total obtained negative scores for each

dual into low (0 - 12), moderate (1% - 24), and high (25 - 36),
Vng to the design already described in Table 14, The results

total scores (sum of scores from Group I, II, III and IV)



‘Tat;? ‘5, TTLTRTRUTION OF INDIVIDUAL INDEX SCORES FOR
SSLSIMENT OF mXPOSURE RISK? ACCORDING TO
THi CATEGORIES OF THE EXPOSED SUBJECTS

CATEGOE . ¥ OCCUPATIONAL GROUP
LOW - g 11 2 13
MOTERATE 19 30 16 15 80
| HIGH 7 15 - - Rk v
F
] TOTAL 21 i g7 17 110
; Table 16+ DISTRIBUTION OF INDIVIDUALS FROM GROUPS
; A AND B IN RESPECT OF SMOKING HABITS AND
: CHOLINESTERASE ACTIVITY (kU/1)
| 3 i
1 1
| b CHOLINESTERASE SMOKING HABITS
: | ACTIVITY (kU/1)  NON-SMOKERS UP 10 2C CIGAR. ABOVE 20 CIGAR.
| . : |
| Significant

inhibition 10 12 2
(below 2.5)

Insignificant
inhibition 20 16 1
(above 2.5)

Total 30 : 28 %

| e i
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i individua. were summed inte a single grand total or an
.‘re for the degree of exposure risk. ‘
ﬁistribuzion of individual "index" scores of exposure
Sented in Table 15. From this latter table, we find that
_ﬁhe 110 exposed workers fall under high exposure risk,

fj% and 12 % fall under moderute and low degree of exposure
espectively. arout all of the 15 % under high degree of

e risk were from Groups A and B, but the majority of them
Group k. No spraymen either from Group 2 or Group B were
low ¢xposure risk.

sults on Clinical Xxaminations and Laboratory Tests

1. Personal History

far as medical history is concerned, most of the control
erwent rre-emyloyment medical examination. About 80 % of
and D inclusive, 1/2 of Group B spraymen and about 13 %

' B had undergone similar medical examinations. Practi-

lere was ro mon‘toring of either cholinesterase:activity

e exposed to ctolinesterase inhibitors or any other routine
examinat. n irtended to detect ill-effects in respect of

ide BXPOSUT L, |

order to ussess whether social habits such as smoking and

1 : g could ir any wav be asscciated to the effects of over-

since zabitual smokers are likely to fail in refraining
Oking cur:r. spreying operations, for example, the author

find sutficient statistical evidence to associate sﬁoking
king in Groups 4 and B with the level of inhibited cholineste-
tivity below 2.5 kU l,as shown ir Table 16 and Table 17.
'jionally however, tnere are more subjects with significantly
-%ed cholirnesterase sctivity amecng smokers than among non-

» It apve -5 that the number is too small for a comprelien-
Btistic. analysis. It is to be noted that "significantly

#8d chol nesterase activity"in this context means inhibited



SISTRIBUTION OF SUBJECTS FROM GROUPS A AND B
IN RESTHCT OF DRINKING HABITS AND CHOLINESTERASE
ACTIVITY (kU/A1) :

fevie 17 .

‘ECHOLINESTERAbE ALCO?OL CONSUMING HABITS £
RACTIVITY(kU/1) ABSTAINERS OCCASSTONAL HABITUAL

elow 2.5)

insignifiCant 9
1 hlbltlon 12 15

14 19 30

Abstainer in this context signifies a person who does
not take alcoholic drinks at all.

Qccassional drinking in this context signifies a havit:-of a
person wro does not take alcoholic drinks for more
than three days per week.

Havitual érinking in this context signifies the habit of
taking alecoholic drinks for more than three days
per week



linesterace ocl:vity cvelow 2.5 kU/1, deliberately set by tne

r in order to acguire more accuracy , while normally it is
’fdered tc be below 3.0 kU/1 (MERCK-1-TEST)},

ﬂhe 11 sut jective tactors (symptoms) which were considered
some oif t'.e ccmmonest in workers exposed to anticholineste-
for a ilong period cf time are presented in T:ible 18. The
minant type of complaints among the exposed group are

che and dizzines=, which indicite a comparatively higher
uency in this grour then in the control group. As a whole,

ed relative frequencies of each type of complaint which are

fnted in Table 18 indicate that freguencies were compara-

I hicgher in the exposed group. Only five spraymen received
bne would consider as "en the spot" training on proper and

) handling ¢f pe.ticides wrieh lasted for a number of hours
£ Y
days, a': told bv the workers themselves in Group A and
yS, ,
B B, while there were 16 witk such training from Group D
82 from Group C.
L B 4. 2. Findirvgs On Clinmical Examinations
, ;

S Phe clinicul examination revealed four cases of abdominal

Plogical findings. Two of the subjects, one from Group B

i‘ & e other from Grxcup D, nad liver enlargement of 2 to 3
: s respeciively and on palpsticn the liver of the former
| tender. e was ruoferred to hospital for further investiga-
fon and treatsert sccording’y. The other pathological cases
'Q detected among the contral group tob; one of the subjects
liver eniargement and the other had enlarged spleen. The
Pological teste conducted zave 1 range of responses which
e regarded to bée w.thin norma: limits.
[ ipart trow cne c=se of bronchial asthma from the exposed
b jects, there were neither wneezes nor murmurs detected by

8t auscu:t.tion during the reriod of this study.
One spravman from Group A had claimed to have been a victim

overexpc.ure to insecticides und avicide a year back during one




Table 18Ba ,.VALUES IN RESPECT OF PULSE RATE OF EXPOSED
AND CONTROL GROUPS

GROT N X 8 Range : ;
! N= total number
- Exposed =7 77.8 8.9 60-100 of subjects
: X=mean pulse
8 rate
& Control 46 T4 5.9 56-84 ge stgndged
] deviation

Table 18 .ABSOLUTE AND RELATIVE FREQUENCY DISTRIBUTION OF
TYPES OF COMPLAINTS BETWEEN EXPOSED GROUP AND
CONTROL GRJT}

: OF A TYl s OF ABSOLUTE FREQUENCIES RELATIVE FREQUENCIES
, BEAINTS COMPLAINT EXPOSED  CONTROL  EXPOSED  CONTROL
| Loss of apetite 17 7 15% 13%

] Excessive salivation 22 3 20 6
Vomi ting .39 9 35 17
Abdominal pain 32 15 29 28
Diarrhoea 14 7 13 13
Headache 50 9 45 k=
Dizziness 53 12 48 22
Tightness in chest 37 - 3% 13
Frequent coﬁghing e - 6 29 12

Rlurred vision and
lachrymation 27 2 24 4
Txcessive oweatlng 34 4 i 8
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*ampalgns wgainst crop pest invasions. As a result his eyes
adversely affected to the extent that the left one had
irenderec completelv blind by corneal opalescence.However,
case was not supported by medical report confirming the

comparing systolic and diastolic blood pressures between
‘exposed and contrcl groups respectively and singly, there
\:no statistically significant differences between them,

tg were, however, three cases of spraymen who had blood
ssures of 150/100, 100/110 and 180/100 respectively which

<

*@1gn111Cantiy high.
;&he difference in pulse rate between exposed and control

decls was statistically significant, being higher in the

f;,;ed group. heter to Table 18a.

Y

'3, 4. 3. Results of Laboratory Tests

%, 4., %. 1. Haemoglobin Content

BIn analysing haemoglobin content from blood samples of the
gosed and con'rol subjects, the mean haemoglobin level for the
rol group was slightly lower than that for the exposed group,
ly due to the 1.1rger number of females in this group. How-
there was no statistically significant difference in

oglobin levels between the two groups.

5, 4. 3., 2. Determination of Cholinesterase Activity

A) Spectrophotometric Method

While Group A spraymen were occassionally exposed to several
cholinesterase inhibitors than Group B spraymen, the latter.
more ccnstantly exposed to fenthion, carbendazim ( a carbaf'
2 ) for three consecutive weeks and they were only occassio-
y exposed to parathion and malathion.

of cnolinesterase determinations on three

The results
for all other groups

assions «at aver.ge weekly intervals,



~dnoxn ToIquUO) 8YZ 931NITISUCO 240QB ' pue x3

(T/0%) A3TATIOV 9SBISESAUTTOYD JO 8nlsp usdy = X

=

(T/01) A3TATIOV 9seI331S8UTTOU) JO a3usy = ¥

dnox8 yoss utr s3o08fgng Jo xagmwnu TB3OL = N

7Y 4 g 6°2 6t ¢ X
G*9-9°2 C*v=¢'2 . ¢°G - L% 2°v-8°1 6°9-¢°2 g L1
Lz Gl 92 037 61 N
Gt 6y L*'g G*'¢ 2 0°¢ X
0°9-8°2 ¢°'9=¢° 2 LG 2 G"G=¢°1 Loy=L°1 ey = LTL d Il
¢z &2 7i 92 2y oL N
Lt )Y g’ 5*¢ "2 6°2 £
E ] - I
=J "% N*L-L"2 LEg=¢"2 gL ™ 9%1 L*9-1" 1 g'y' = ¥° d
27 8¢ )4 L2 LY L2 N
4 bax *E a & q ¥

§dn0¥H TYNOILVAADIO0 . GNOIIYNIWHAIZI

NOIS$VOD0 HHEHL NO




1
o
0

i

v

gept for Trour » spraymen who had determinations on four
sions are shuwr in 'Table 19, It is clear that Group B sub-

s had 1 ¢ . vidunily and collectively the lowest values of

plinester. ~ - vity, followed by Group A. The values for ?
g C anc were rot sc remarkable in this respect, and even
puch less e« rk.t'e were those for the control group.

Tintometric Method

gThe perceriuge of subjects with depressed cholinesterase
fﬁyity for 3roup ., mainly at 87.5 % level shows a steady

§e, while in 3ro.p F the steady rise begins from the second
rminaticn; refer to Fig. 2. .t is important to mention that
his group, tne rumber of subjects with inhibited activity
§ conside» : Lo bt~ requiring removal from further exposure
% and belouw) rose from 2 cases on first determination 2 on
second v . third determinations, tc 9 on the fourth deter-
ion. 1t 1¢ also ‘nteresting te note that of the total
gsions r .rded o1 cases of irk:bited whole-blood cholineste-
activitv ovelow /% %, corresponding findings of inhibited
ma cholincsterase activity below 2.5kU/1 were found in half
fhem as we!l.

Frequencies for depressed ctolinesterase activity below

B or Grouss f\uvdkp were more or less uniform through the

e determ’ ations. The percerntuage of peorle with such de-

4 L g8ed cho.iiresteras=s activity was smali.
i spite of the fact thot the two methods dpplied measured

ncipally two 4if‘+rent enzymes (erythrocyte and plasma ChE),
ery striking eviderce of som: agreement tetween the two me-
dds, at least for significant cholinesterase inhibition
parently bvelow 75 7)), was dcemenstrated by the findings on

subject frocm the acaricide secticn in the Group C whose

sma cholinesterase on the three occassions were 1.6, 1.3, and
fkU/1a for the Spectrophotometric method, and 62.5 %, 62.5 %
75 - for the Tintometric method. The cause for such severe
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Mibitons was not koown, and could not be convincingly be
§}ibuted to sntiecnolinesterases only, but the subject did

it have any clinical complaint at all! Apart from this single
indicating some correlation between the two methods, as a

e there was nc statistically significant association between

ggtwo methods.

. 3, 4. 4. Miscellaneous Information

E;Majorify of the spraymen did not know the names of pesticides
;y were hardliing or proper first aid procedures for acute pe-
fBide poiscning. An attempt to find out by statistical methods
ether this defficiency could be extrapolated on the effect
Pinhibition of cholinesterase activity between those who had
sh knowledge asnd those who did not, could not demonstrate
istically significant difference.

. There was no statistically significant difference eilther
fween those who did not use pesticides elsewhere other than

b the site of work, and those who did use some pesticides %t
eir homes (in terms of cholinesterase inhibition). It appears,
gfore,that this factor had no impact on cholinesterase acti-
,or rather there was no evidence 1o support the hypothesis
there was a significant difference.

: Conoerning unconfirmed reports of poisoning cases in their
ﬁghbourhood within the previous two years, 20 volunteers
pterviewed in Group A feported to have heard 29 cases of poi-
ng, out of whicnh 7 had ended fatally. Similarly, Group B
ymen reported 50 cases of acute poisoning out of which 5

re fatal. Of the total 79 alleged cases, about 60 were to be
idered as se:arate poisoning cases, out of which 8 deaths
resulted. The cases were reported from two separate areas
BO00 sq. km. euch.

i? Prom the results of haemogl obin content and physical exami-
iions, i1 appears that the workers in general were well-fed in

1 groups nnd that there were no signs of nutritional deffi-



vy tion is in agreement with the fact that

c1o workers live is rich in a variety of

o
o




4., DISCUSEICN, FECOMMENDATICONS AND CCNCLUSIONS

B, General Dizcussion

There arest 11 many unknowns prevailing with regard to the
flerse effects on health in respect of occupational exposure,
pugh there are circumstances of clear-cut manifestations
ppesticide ver-s=xposure. The present objective method of
fkessing the adverse physiological effects by laboratory

ts are surrounded by some uncertainties as to which all fac-
8 influernce the results of cholinesterase activity, such as
y sex, etl i< characteristics, weather conditions etec. In
'is respect thes guestion of ethnic differences regarding the
yrma 1 levels for cholinesterase activity, as an example, still
ains unanswered yet. It is even least known what impact va-
pus physiological and psychological stresses have on bioche-
cal changes in erzymatic behaviours effected by pesticides,

(41]

I8t to menticn = few examples,

The other protvlers one faces in a study like this one, is
variety of cnemical compounds the workers were handling
ultanecusly, whicn touches the question of interactions im-
icated amcng siftferent kinds of pesticide (Mrak Commission,
B0f). In this study, I huve deliberately omitted this con-
gleration due to the complexities involved. .

Despite all the shortcomings in dssessing the effects of

ligh-level of pestiicide exposure, 1 have s#dopted the methods
: 2 } g

B laboratory tests and clinic .l investigations from available

owledge in literature and expecriences from other countries,

Piuse practically there is very little or no information

ailable ir Tanzunia on studies conducted within the country

fdct this is the first prospective and systematic study of
8 kind to te conducted in Tanzaniea on spraymen continuously

Xposed to resticides on whom investigations in this respect

ose characteristics may differ from our population inm Tanzania,

its neigntours with regard to pesticide cccupational exposure.
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? involvea ¢ inicsl examinations, questionnaire, and the

e of Spectravhotometric wncd Tintometric methods respectively

r determinatio,n of cholinesterase activity. In addition to

lat the responses reflected in crnolinesterase activity levels

1d symptoms on subjects 1in this study indicate that these findings
) not essentially differ from results cbtained from other parts
ithe world 1n repect of exposure tc cholinesterase inhibitors.
fimeans”that experiences from other countries could serve to
redict or to interpret pesticide health hazards in Tanzania
%Tpresent or in future, if proper precautions on the safe use

f pesticides are not taken in time, assuming that the present
uation has not assumed proportions of great concern yet.
During the three or four determinations for cholinesterase
:‘ivity, there was a distinct difference in frequencies of
bjects with depressed or inhibited cholinesterase activity

mong the five groups. This distinction is very apparent between
QOup A and Group B, which were almost identical in respect of
~ticides they handled, the main difference between them largely
ng in working conditions, 1nclud1ng the length of exposure
protectlve measures enforced.'lt would be reasonable to
jummarize the overall findings of levels of exposure of the
;oups according to the following ascending order: E, D, C, A,

B, E being of the theoretically zero level of exposure, as

8 control group. The laboratory findings in Tuble 19 correspond
*ﬁosely with the frequencies of complaints in the above-mentioned
@der as well. In other wbrds, there was correlation between
rage cholinesterase nctivity levels and the number of com-
ints(frequencics) i1nd p<0.05. Considering all the factors and
findings it is Jjustifiuble to say that Group B was the most

e osed group and thuit the high-level of exposure in this group
2d affected their he:lth to such an extent that on one occasion
gring this study 11 spraymen were taxen to hospital for treat-
ent, compliining of severe headache and dizziness. However,

8 expected, prysicul examinations did not reveal any patholo-
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. fincdinge ~xcept OhE inhibition, which would be directly
%ociatt: witr pesticide high-level of exposure, excluding the
ﬁgle case of ai.eged eye injury claimed to have resulted

';m over-ex:. sure. The three cases of high blood pressure

nd a case of bronchial asthma could as well be attributed to
ther causes.

¢ In an att.mpt to analyse the factors which would have con-
%ﬁbuted to tne effects of exposure, the laboratory findings

1d the symptoms or complaints relted to high-level of pesti- :
de exposure, it is important first to compare the findings
the exposed group and those of the control or non-exposed
oup. It is clexr from Table 19 that the exposed group in
neral had relatively lower cholinesterase uctivity levels

n the control subjects, and this difference was statisti-

ly significant, p0.05.

Similarly there'Qas a statistically significant difference
the number of complaints between the two groups in favour of
reased frequencies among the exposed subjects. Since the two
ups do not differ essentially in other respects like age,

x, educational and social background, except in the work in-
lronment, it is Jjustified to associate the adverse effects

h this latter factor. For Group B, the inhibition of cholineste-
e activity is associated with the exposure to parathion and
‘lathion on first'détermination, and on continuous exposure

for about 3 weeks to fenthion and carbendazim on the consecutive.
'@ree determinations which followed. The compounds are known

) inhibit chclinesterase activity and in this case there is
sason to assume the cause-and-effect relationship.

The other wetnsd of assessing the effects of high-level

f exposure by s.t jective responses from the workers, such as
omplaints, is cuite unreliable by itself. While some workers

gy have genu:-¢ reascns to complain, based on established
linical man:estations, others may take the advantage of making
Bise claimse .nd complaints for the sake of winning sympathy
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d unwarrarted favour, und therefore, distort the objectivity
' the ipvest - 'ion. Gn the other hand, there are several cases

jported on .+ .viduals whose cholinesterase activity levels

fe confirmed tc be very Tow beyond all doubts, but they hardly
3 any symptoms or complaints (Sumerford et " 1953) Similar-
5 I had a cice in this study of a subject handling acaricides,

h had amorg the lowest cholinesterase activity levels on all
}ree determinations by both methods (Spectrophometric and
imtometrlc,. vut he did not have any complaint at all regarding
? healih. Taking into account that headache and dizzihess are
11-establisned effects or manifestations of organophosphorus
gh-level of exposure oOr acute poisoning, and conéidering that
e were the most prominent features among the complaints,

ile frequency of these complaints was-relatively higher among
he exposed subjects, it suggests that this association between
se geffects and high level of exposure could also support the
jgsumption of the cause-effect relationshipe This assumption 1is
hparently supported by several other factors observed in this
’udy. These factors have been outlined in a more detailed
sccount in the pattern designed for assessment of the degree
fexposure risks in Table‘M%mThe result of the influencing
gctors, in the form of scores, indicate that the length of exr/
msure and toxicity of the pesticide compounds carried the most
weight, which, in other words, means that they were the most
ﬂéfluen01ng factors for the effects of high level of pesticide
posure. It is, howcver, a1so essential to bear in mind that
her factors connected with the work environment such as type
work as well as protective measures may have played an im-
rtant role i. bringing about the effects, although it is ge-
rally felt tunat protective clothing :nd devices should be

e last consideration in min mizing the risk of high level of
Gamelin et al., 1964). The worker
is

posure (Lieben at al.,m 19533
‘handling toxic substances, especially, involving mixing,

ﬁpposed to use protective equipments such as goggles, gloves,




Table 20 . JUDGING THE VALIDITY OF THE SCREENING /TEST

9 Significént Insignificant g
4 inhibition inhibition +
(below 2.5kU/1) (above 2.5kU/1}) &
%h level of exposure

jpove 21 thresheld sccre _ 29 23 52
%imum level of exposure 3 10 15

jelow 21 threshold score)
b g  Total %2 35 67

- Table 21. JUDGING THE VALIDITY OF THE SCRESNING TEST
. SEN :
1 ignificant Insignificant
‘ ' inhibition Inhibition 70363
! i3 (below 2.5kU/1) (above 2.5kU/1) ‘
] *ﬁii h level of exposure
o8 ove 21 threshold score) 26 26 b2
'fT imum level of exposure 3 12 15
W low 21 threshold score) ‘
i Total : 29 38 67
-
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n - :
gad-gear, ov '= .5, impefiable aprons, gum-boots, and when
dicated PERD LY
jasks (Lieber et =l., 1953; WHO Expert Committee on Pesticides,

astory equipment in the form of gas or dust

}ﬂB). Spraymer in almest all working groups had inadequate
éotective clotrning and devices and in some instances the
slothes were torn. Most spraymen in Croup B did not take off

ir clothes they had on while spraying, at the end of the

@rk day, a practice which could prove a further source of
;ntamination, not only for the workers themselves, but for
éeir families as well. They had the most inadequate protective
§0thing of a4ll groups, and only a few had at most gumboots or

veralls, and but a handful had even these basic requirements.

B 2. Proposed Ccreening Method for Degree of Exposure Risk to

Anticholinesterases

The screening method proposed here is based on an arbitrari- .
adopted "thresnold" score. The author termed it so because

, is the borderline score above which is regarded as high

evel of exposure and below it is the "optimum level" of expo-

re. Althougn the exposure levels described under 2.5+ Were
vided into three ranges: Low, moderate, and high, the author:
opted a threshoicd score of 21 deliberately, so that index

cores (the autnor termed the individual total scores as "index
icores"\ above 21 were to be regarded as significant index of
verexposure #nd those below as insignificant, in order to enable
he method to undergo a statistical test. For tne sake of en-
Buring strirgercy on genuinely significant inhibition of
{hollnesterdke sctivity, it was considered necessary to lower

;he normal t.ra-r-line of 3.0 kU/1 as recommended (MERCK-1-TEST),
;o 2.5 kU/1, = tha! values above this figure are considered to

e normal for the sake of the test, and those below it indicate
glgnlflcanf innitition as shown in Tables 20 and 21.

Firstly, *he average chollnesterase artivity levels of Groups



Table 22 , MOD%I. FOR JUDGING THE VALIDITY OF THE
SCRELNING TEST
Adopted and Modified from Roberts,C.J.:
kpidemiology for Clinicians pp.85-88,
1977

Results of cholinesterase
Activity Determination
Significent insignificant
inhibition inhibition
(+ve] (-ve)
1 Exposure
esults of g ¥
B erine high level(+ve) agreement(a) over-referral(b)
high level(-ve) under-referral(c) agreement(d)

a

positive sensitivity (sensitivity) e 100

negative sensitivity (specificity) d 100
b +4d

over-referral rate (false +ve) 2 100
a + b

under-referral rate (false -ve) g 100
~ c + d
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ﬁand B comtined., whi.h were calculated from all determinations,
;re taken *r order tc¢ test whether majority of individuals who
iad lower chclinesterases below 2.5 kU/1 were also the victims

; high level of exposure or not; conversely, did the majority

1 those who were subjected to high level of exposure have
ggnificantly inhibited cholinesterase? The test is based on

%e data in Tzbles 20 znd 21. By using the X?-test, the asso-
ﬁation between the kigh level of exposure and the inhibition

f cholinesterase activity is statistically significant, since
éom Table 20 .caleulated X2 = 6.07, while tabulated X2 = 3.841
ﬁ 0.05 level. o U.u . Accordingly, if we take the number of
kose who had si,rificant inhibition and high level of exposure
: 29, over the tot:l number of significant inhibition = 32, we
get a proporticn equivalent to 90 %, which indicates the positive
}nsitivity of the test, while taking the number of those who
‘Ed insignificart inhibition, with optimum level of exposure =
12, over the total number of insignificant inhibition = 35,
}proportion equivalent to 34 % is obtained which indicates
pegative sensitivity or specificity.

f Taking another example, this time the values of cholinesterase
f@tiyity for Group A wna B combined, which were obtained from
‘kasurements on the csecond determinations the results similar
the above can be obtained by calculations from Table 21.
onsequently, czleoulated X2 = 4,2 and p<0.05 witlr a positive
densitivity of 89.7 % and a negitive sensitivity or specificity

The other relations such as the over-referal rate and under-
feral rate could be :isec c.lculuted. The model for judging

he validity ¢! this screening test is presented in Table 22,

As in many other screening tesis, this test does not have
perfect corres;ondence with the diagnestic procedures, but it

las an appreciably righ degree of validity in detecting those

§ areat risk of the adverse effects due to hiqh—level of

sticide exposure of about 90 % in both above przctical examples.
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he method cou’d adeguately satisfy the second criterion of

@ing reliable, because there is a mod:-1l of observations which
be clearlyv defined, and that observer variation is very low.
here is no use ~: instruments, so that there is no need to

ry about irstrumental inaccuracy. The third criterion is

ly compli=d w.th, i. e. acceptability. It is such a procedure
hat it does .t leave room for unacceptability from the side
those who urdergo the testing. The test is ideal, since it

in no way painful, embarassing or causing discomfort. It

ould be compuaratively economical and convenient to apply the
lethod in those situations where laboratory facilities and
jualified laboratory staff are unavail=ble. However, the best

. ult will be obtained if it is conducted by those who are

ly conversant with effects on health in rospect of pesticide
posure. I te ieve that the test could be improved and developed
a screening test for high level exposure to organophosphorus
emical compounds in the first place, and for carbamate com-
ounds when other factors are-taken into consideration. In the

long run its application may be extended to include other groups

Bf pesticides.

. 3. Recommendations and Conclusions

Panzania is still économically on its infant stages of
evelopment in many respects. As many other developing countries
it is faced with socio-economic problems and stresses of depri-
vation of basic needs in terms of better living conditions,
argely aggravated by economic disadvartages such as inflation.
the country has a long way to go bvefore requirements such as
better housing, education for all, adequate food and clean

kater supply to the rural population are satisfied in entirety.
Although Tanzania is said to be one of the developing countries
with an exemplary health service structure in rural areas, there
are still prevailing problems in running such an infra-structure,

basically economic in nature.
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At presert, the country does not have a unified comprehensive

pjecupation @ realth service programme, and what exists is only

?alth Serviceg", confined more or less to the urban industrial
:@pulation in = number of towns in the country. The services
rendered by the industrial health service groups, primarily
Enrative, are operated by private or parastatal companies. The
iinistry of Veulth merely provides advisory support and some
!inancial 4¢: 1stance from time to time, as need arises. Apart
érom the t:usic medical care provided to the public as a whole,!
*here are no specific provisions for occupational health care
5r1ented to tre needs of the agricultural population.

The ambitious 3rd Five Year Development Plan launched in
%anzania‘since 1976, is featured by two major objectives: to
;evolutionise agricultural production by the application of
?mdern farming methods and techniques; and to establish heavy
fndustries as a basis for a sound economy, to the degree that

%he two objectives become complementary, the former providing
;early all the main raw materials for the latter. For some reason
for another only about 3 % of the total funds has been allocated
ﬁfor rural health services, which is apparently inadequate for
ibrlnglng about corresponding radical improvement in the rural
?populatlon. Modern farming methods and techriques in this con-
?ﬁext mean an increased usage of fertilizers, pesticides, and
ffarming implements, an increaseﬂngorqequently leads to poten- ¢
‘tial health hazards.

,f Although this study has provided some indications of recog-

i nised and unrecognised health hazards to the lives and health

of the people coming into contact with pesticide chemrical com=-
pounds, especially the organophosphorus and carbamate compounds,

. of the population. The deliberations in this study provide a
zgvery valuable insight to the problem of pesticide exposure risk

" put can not be extrapolated to apply for the whole country

Ethere is need to extend the scope of the study to otner sections

an industrial realth service under the name of "Group Occupational



e without due - nsiderations and reservations, for, the magnitude
the protlem in the country has yet to be assessed! There is

-gff %eed, therefore, toc conduct further investigations, starting

s ;ith those areas where the use of pesticide is extensive.:This

11 help to identify potential health hazards attributed to
éesticide apviication, for the whole country. Failure to do

ghis now, may result to an explosive situation of poisonings
Qrought about bv mass application of these dangerous chemical
ﬁbmpounds, wh ch would prove eventually, to be an extra burden

w the health services which are already under éonstraint."

It should not be considered too early to start planning for
‘an agricultural health service programme within the context of
‘kn occupational health service programme at the ministerial
ﬁevel, even within the framework of the existing basic health
‘%ervices, in terms of health education and other basic requir-
nts in respect of agricultural health hazards, including the
‘health risks involved in the increasing usage of pesticide
shemical compounds. The programme should, in the first place,

be focussed to those areas where agriculture with the use of
pesticides is conducted at a large scale. Such a programme should
clude pre-employment and periodic medical examinations or sur-
vaillance on those who are exposed to these toxic compounds,

;by monitoring cholinesterase activity and application of other
%methods accordingly. Medical authorities concerned should involve
;fhemselves in exploring potential sources of agricultural health
Ehazards and therefore work towards finding appropriate measures

" and solutions to the relevant problems.

Tanzania requires legislation to support preventive measures
in respect of pesticide usage. It is necessary to define the
terms and conditions under which pesticide hazards will be brought

E?to minimum during manufacturing, transportation, storage, distri-
| bution and applications of pesticides as recommended by FAO/WHO
AF(WHO Regional Office for.Europe, 1971).In a number of well documen-

E:
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need rather than by arbitrary calendar schedule; and development
i# integrated best control programmes in place of exclusive re-
ance on chemical means of control.

. I am convinced that this study has achieved some of its ob-
rctives by providing evidences of recognized pesticide effects
the health of some workers exposed to pesticide chemical com=-
unds in the two institutes where the investigations were con-
cted.

The nature of the effects on health can neither be clearly
fined as acute, neither can it be claimed to be "chronic".
obably the right definition lies between the two conditions
ill-health. However, repeated doses of pesticide over-exposure
pose a long-term condition of ill-health to these workers who
e continuously exposed to some of the pesticide chemical com-
unds. It is, therefore, necessary to enforce measures which

11 improve their health, and some of these measures should
clude considerations for the length of exposure and personal
otective measures.

The methodology for assessing the degree of exposure risks
oposed in this study leaves room for constructive criticisms,
d probably improvement and development. If it stands the test,
it will have accomplished one more objective, the goal of which
is at least to minimize the threat to health of those who are
gubjected to prolonged exposures to the toxic chemical pesticide
}ompounds. Its successful appllcatlon will provide us with one
re weapon to flgnt the enemies of our own creation!
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