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ABSTRACT 

A study was conducted in 430 pest control workers with that of 

161 comparable controls. The health risks and associated 

morbidity from occupational exposure to organophosphate (OP) 

pesticides was determined and factors ttat may contribute to 

a greater pesticide exposure were identified. 

Plasma and RBC cholinesterase (GhE) activities were determined 

using electrometric methods. Symptoms of OP poisoning and risk 

factors for exposure associated with pesticide use were 

assessed through a questionnaire, developed based on the WHO 

(1982) and WHO-UNDP (Maroni et al 1986) recommendations. To 

evaluate the possible liver dysfunction, plasma levels of 

alkaline phosphatase (AP) and gl utamic pyruvic transaminase 

(i;PT) ',.;ere determined using diagnostic ki~s number 6391 anrj 

14442520 respectively. 

Significantly lower plasma and RBC GhE activities were found 

in the exposed workers compared to the controls (P<0.001); 58 

(~3,5~\ and 47 (10.9%) of the exposed workers ~ad plasma and 

Rae '::l:!; a,::::.~vities below the lowe!' ::"Lni: of t:-n? controls 

respectively. Compared to the workers in the other job 

categories, the "spray men" and those wi:h duratio~, of exposure 

below 5 years were identified to be tta most affected groups. 

Normal AP and GPT levels without significant differencee from 

the co~trols were noted, suggesting the atsence of any marked 

liver im~airemnet at this level of exposu~e. Symptoms of OP 

poisor.ing were frequent in the exposed workers than in the 

controls. However, except for sweating and weakness (p<0.05), 

other symptoms reported were not significantly associated with 

low RBC and plasma ChE activities. Surveys of the risk factors 

for possible pesticide poisoning revealed that lack of 

knowledge and poor personal hygiene were prominent among the 

exposed population 
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_n general, the present study showed that :here are ap~~~e~~ 

health risks associated with OP exposure. Measures that s~oul~ 

be considered to minimize the health effects from the use of 

OP pesticides are cecommended; such as pre-placenmer:t and 

periodic medical examinations, the use of appropriate 

protective jevices and creation of awareness among the w:rkers 

of the risks of pesticide poisoning. 
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1. INTRODUCTION 

Pesticides have made a very significant contribution towards 

increasing the quality and quantity of crop protection world 

wide, as well as putting under control scourges which once 

caused untold death and famine in many countries (ILO, 1979). 

Some 15,000 individual compounds and more than 35,000 

formulations have come into use as pesticides since 1945 

(Forget, 1991-a). 

Despite these advantages, most pesticides are inherently toxic 

to all living things, a fact that users are learning the hard 

way. Since pesticides are poison by design (Forget, 1991 -a), 

they constitute a potential risk to the producer, the user, the 

bystander and the consumer (White, :993). Some are persistent 

in the environment, bioaccumulate in fatty tissues and cause 

long_term chronic problems, nervous system disorders, and 

sterility (Akhabuhaya, 1991). Therefore, concern has grown 

during the past years as to their potentially harmful effects 

to man and the environment. 

Several surveys conducted by the 'dorld Health Organization 

(WHO) and others concerned painted a progressively alarming 

picture. This was summarized by Foo (1985): In 1977, based on 

notifications from several governments and surveys of nine 

countries, WHO estimated that the number of deaths globally was 

about 24,640 a year. In 1981 OXFAM updating the WHO figures 

estimated that world pesticide related poisonings were around 

750,000 a year. More recently, the economic and social 

commissi';:)D of Asia and the pacific (ESCAP) suggested that 

pesticide poisoning incidents might amount to two million a 

year, of which 40,000 could be fatalities. 



2 

The situation is muc,: ''''orse ln develcpl:-lg countries, where 

illiteracy, poverty and ge~eral morbldity rates are high 

(Mawanthi and Kimani, 1993). It is estimated that 375,000 

severe cases occur annually, with 10,000 deaths, this 

corresponds to about one case per minute and one death per hour 

(Aguilar et al., 1993). 

Pesticides consist primarily of organochlorine (OC), 

organophosphate (OP) and carbamate compounds (Wu et a!., 1989). 

Organochlorine pesticides are generally less inherently toxic 

than OP pesticides, although their neurotoxic action can also 

affect non_target organisms. However, their danger lies with 

their relative resistance to environmental degradation which 

allows them to accumulate in the upper part of the food pyramid 

(Forget, 1991-b; Forget 1993). Because of these reasons, the 

production of OP and carbamate compounds jas grown rapidly to 

replace organochlorinated hydrocarbons which degrade more 

slowly and have a higher environmental impact (Brown et al ., 

1978; Sansur et a1., 1993). Therefore, these two classes of 

pesticides account for the majority of pesticides registered 

worldwidA (Mineau an6 Ke~th. 1993). Alt~cugh these groups of 

pesticides present less danger to the ecclcgy thac chlorinated 

hydrocarbons, the risk of human toxicity associated with their 

use is far greater (3pige1 et a1., 198:). Hany of them are 

highly toxic and are especially responsible for more cases of 

poisoning than all other pesticides (P les tina, 1984) . 

Organophospha tes were introduced first as "nerve gases" dur ing 

World War II. Because of their non-specificity and non­

selectivity among animal life, these compounds pose a great 

danger of toxicity to humans, accidentally and/or deliberately 

(Popendorf and Lefficgwe1, 1932). 

Organophosphates and carbamates are neuroactive molecules 

which act by disrupting the recovery mechanism of cholinergic 

neuronal transmission (ILO, 1979; Spigel et al., 1981; Coye et 

al., 1986). They inhibit the enzyme cholinesterase (ChE) which 

transmits nerve impulses to nerve or effector cells in the body 

(ILO, 1979). Since all earth multicellular animals rely on some 
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form of cholinergic system, these compounds are extremely toxic 

to non-target organisms, including humans (Namba, 1971; Forget, 

1991-b). 

Pesticides are absorbed through all possible routes, including 

the skin, the lungs, the gastrointestinal tract, and the 

conjunctiva; they may also enter the body by injection although 

this is of rare occurrence (Namba, 1971). The circumstances of 

exposure (duration, formulation, task performed, weather 

conditions), malnutrition, diseases and fatigue influence the 

absorption of toxic ingredients and actions of these materials 

on vital tissues (ILO, 1979). 

Agricultural workers are at particularly high risk for 

pesticide-related illnesses. By job category, these are 

pr imar il y the mixers, loaders and appl icators who handle 

agricultural chemicals directly (Coye et al., 1986; Ciesielski 

et al., 1994). 

Inspi te of the magnitude and sever i ty of the health and 

environmental pcoblems associated with pesticides, these 

chemicals wi:l c~ntinue to be widely used in the foreseeable 

future both in agriculture and in public health (Mercier, 

1993). On the other hand, the use of these chemicals for 

economic benefit has generally preceded recognition of risk or 

harmful outcomes (Forget, 1993). 

Reports of OP toxicity and fatal human poisonings associated 

with the use of these agents first appeared in the literature 

following world war II ( Namba, 1971; Spigel et al., 1981). 

Since these initial reports, acute and chronic OP pesticide 

poisoning has been described in crop workers, in commercial 

pesticide applicators, in children and suicide attempts by 

adults (Spigel et al., 1981). 

In many areas of the world today, there is still a paucity of 

information on the prevalence of poisonings by pesticides. The 

situation is much worse, particularly for the countries of the 
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develcplng world (Jeyaratnam, 1993) Alttough the hazards 

ar is ing from pest ic ides appear to be more ser ious in the 

developing countries than in the developed countries, research 

that has been carried out in developing countries is 

inadequate. The nature, magnitude and severity of the problem 

are not known ~Ii th certa int y. I n developing countr ies where 

about 99 percent of pesticide-related poisonings occur, few 

studies have been conducted because of financial and technical 

constraints (Amr et al., 1993). Moreover, there are only a few 

reports of the health effects of occupational exposure to OP 

pesticides (Misra et al., 1985). 

Ethiopia is a country covering a vast area with wide spread 

agricultural activity. The national economy is dependent on 

agriculture and this sector uses enormous quantities of 

pesticides to improve crop yields. The use of these chemicals 

in homes to combat household pests, disease vectors and grain 

pests is also becoming increasingly common. 

In Ethiopia, the use of pesticides in the agricultural sector 

l~ wide spread and intensive. For example, in 1979/80, it was 

known that about 3 7 ,281 liters .:f :8 diffBrent brands of 

pesticides were spread 1n the Awash valley state farms, and 

over 0.7 million liters of insecticides were used in the same 

farms in a 6 year period against cotton pests (Abegaz, 1983). 

Reports have been made that misapplication of pesticides have 

been implicated in the finding of pesticides in the tissue of 

agricultural labourers (Zharov et al, 1981). Except for such 

kind of scanty information, no ep1demiologic study have been 

carried out to findout the extent of pesticides poisoning among 

the agricultural workers (Asmerorr, 1995). The acute and chronic 

health effects from the use of OP pesticides have not been 

described. Generally, no documented information about the 

types of pesticides in use and their possible effects on man 

and the environment exists in the country. It is important, 

therefore, that epidemiological studies of the health impacts 

of pesticides on humans be carried ou~ in Ethiopia. 
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?- p~irsuance of t::is ~bjecti'",e, this stu,~:y \':as un("1ert3ken arnc~_: 

3~ric~::ural wc~~ers in three major st3te owned farms in the 

country. Namely, the Upper Awash Agro-industry Enterprise 

.UAAE), Wollega and Northern Omo IN.Omo) state farms. 

In the present study the health effects of OF pesticides cn 

the agricultural workers were evaluated based on medical 

histories, measurements of ChE levels and liver function tests. 

The findings were analysed in relation to age, job category, 

duration of exposure and causal factors of exposure that are 

related to pesticide use. 

The specific objectives of this study are: 

1 To assess the ChE and liver function status of pest 

control workers exposed to OF pesticides., 

2 To compare ChE activities of the exposed \','orkers amor.;; 

the different study sites, job categories and duration of 

exposure and identify the high risk groups., 

3 To determine the relationship between ChE activities and 

prevalence of OF poisoning signs and symptoms., 

4 To identify risk factors that may contribute to a greate~ 

Pes~icide exposure. 
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2. LITERATURE REVIEW 

2.1. The Enzyme Cholinesterase. 

There are two main types of cholinesterases: 

acetylcholinesterase (AChE, specific ChE, true ChE, 

acetylhydrolase of acetyl choline E C 3.1.1.7) and a less 

specific enzyme (called pseudocholinesterase, 

butyrylcholinesterase (BuChE, acylhydrolase of acylchline, E 

C 3.1.1.8)) ( Namba, 1971; Bacq et al., 1971; Abiola et al., 

1988). There are distinguishing characteristics between AChE 

and PChE. Aetylcholinesterase is found in the central nervous 

system, motor endplates of skeletal muscle and in human 

erythrocytes (Namba, 1971) and placenta (Kangas and Jauhiainen, 

1991). Pseudocholinesterase is found in human plasma (serum), 

liver (Namba, 1971; Bacq et al., 1971; Abiola et al., 1988), 

adipocyte and smooth muscle (Abiola et al., 1988). 

These esterases are differentiated by ( 1 ) substrate 

specificity, (AChE hydrolyses acetyl-~-methylcholine but very 

little benzoylcholine, propionylcholine, or butyrylcholine, 

'Ilhile the opposite is true for PChE); (2) se12~t:'/e inhibition; 

and (3) substrate inhibitlon (AChE lS inhibited by 

acetylcholine concentrations equal to or greater than 4 mM and 

PChE by concentrations greater than 100 mM) (Namba, 1971). 

Acetylcholinesterase plays a great role for hydrolysing 

acetylcholine (ACh) into choline and acetic acid on neural 

influx transmission in the cholinergic system. The non-synaptic 

AChE is postulated to maintain excitability and to initiate and 

propagate action potentials in nerve and mus~le by regulating 

passive and active transport of electrolytes (Bacq et al., 

1971). The physiological function of PChE however, remains 

unknown (Kangas and Jauhiainen, 1991). 

2.2. Factors affecting Cholinesterase activity. 

Blood ChE activity is va!:"iable both at individual and group 

levels. Age, sax and race influence ChE ac~ivity (Kangas and 
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J"luhiainen, 1991). The influence of age a,;:j sex on human ellE 

activity has been stud1ed by many investigators. The reported 

findings however, were controversial. Shanor and his coworkers 

(1961) found no difference between the plasma ChE level of 

middle-aged and old individuals. Red Blood Cell ChE activity 

doesn I t change with age in adults. Studies that show plasma ChE 

changes for both sexes with age are contradictory. However, 

even when reported, the differences with increasing age are 

very small (Quinones et al., 1976; Coye et al., 1986). There 

is no difference in RBC ChE activity associated with sex, 

whereas Plasma ChE activity is significantly higher in males 

than in females (Shanor et al., 1961). On the other hand, other 

investigators found no intersex difference in PChE or RBC ChE 

levels (Brown et al., 1978). 

Race is also known to influence ChE activity. It is reported 

that plasma but not RBC ChE act i v i t y to be lower 1n black 

persons than in white persons of the same sex. However it is 

unknown whether this is the result of genetic or nutritional 

factors (Coye et al., 1986). Many diseases depress plasma ChE 

levels. The effects on serum ChE of many diseases which affect 

hepatic function are ~ell known. Neoplasms, parenchy~al liver 

disease, acute infections, and some aneamias all depress serum 

ChEvalues (Baetjer, 1983; Coye et aI., 1986). Most of these 

conditions also prevent the individual from working. However, 

they are rarely responsible for depressed ChS in occupationally 

exposed populations (Coye et al., 1986). Studies also suggest 

that persons subject to nutritional deficiency and/or water 

deficit, as is frequently encountered in migrant and seasonal 

farm workers, could be the vulnerable groups (Baetjer, 1983; 

Forget, 1991-a). 

A small number of workers exhibit an unusual sensitivity to 

some quaternary ammonium esterase inhibitors; such workers 

also have reduced serum ChE activity. The genetic variance is 

not associated with any increased susceptibility to AChE 

inhibition or to poisoning by OPs and carbamates (Coye et al., 

1986). Pregnancy is also known to alter the concentration of 

many blood proteins including ChE. An acute drop in ChE values 
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was found in the flrst trimester with a slight apparent but 

nonsignificant rise in the third trimester, where as the lowest 

values were observed during the second to seventh days of 

postpartum (Howard, 1978). 

2.3. Cholinergic Transmissions. 

The chol inergic synapses, in which ACh is the transmitter 

include, synapses in the central nervous system, neuromuscular 

junctions, sensory nerve endings, ganglionic synapses of both 

sympathetic and parasympathetic nerves, postganglionic 

sympathetic nerve terminals that innervate the sweat glands and 

blood vessels, sympathetic nerve terminals (without ganglionic 

synapses) in the adrenal medulla, and all postganglionic 

parasympathetic nerve terminals (Namba, 1971; Bacq et a1 1971). 

Under normal physiological conditions, at the cholinergic 

synapses, ACh is released f rom the nerve ending as the 

neurohumoral transmitter in response to the nerve impulse, and 

initiates excitation by reacting with the receptor. 

Acetylcholine is then hydrolysed by AChE into choline and 

acetylated AChE; the latter reacts with water, dissociating 

into acetic acid and active AChE (Namba, 1971; Bacq et al., 

1971). This reaction is completed rapidly and the synapse 

becomes ready for the next impulse. 

2.4. Physiology of organophosphate poisoning. 

The molecular basis of the action of OPs on neural influx 

transmission has been well studied. It is directly related to 

inhibition of AChE within the central and peripheral nervous 

system, promoting the accumulation of ACh at the nerve synapse 

(Spigel et al., 1981). In cases of poisoning, AChE is bound to 

the organophosphorus compound, and its organic residue 

dissociates, leaving the phosphate group bound with the esteric 

site of AChE (Namba, 1971). This reaction produces a relativey 

stable and biological I y inactive enzyme (Kangas and Jauhiainen, 

1991). Since the rate at which this phosphorylated AChE 

dissociates is so slow (as to be practically negligible), 

organophosphorus compounds are said to be "irreversible" 
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Inhibitors (I['O, 1979; Coye et a1., 1986). As a result of AChE 

InhibitIon, ACh molecules accumulate at the synapse, initially 

causIng excessive excitation and latter leading to the blockage 

of synaptic transmission. The inhibition of AChE may be 

considered to be an extremely slow enzymatic hydrolysis of the 

organophosphorus compound molecule (Namba, 1971). 

Monitoring the effects of groups of compounds with specific 

methods well established for OPs is independent to their 

chemical structures. Usually, only the effect of the compounds 

on enzymes in the body fluids is measured. Therefore, 

depression of plasma and/or RBC ChE activity is the most 

satisfactory and generally available evidence of excessive 

absorption of OP pesticides (ILO, 1979). Blood ChE activity is 

only convenient indicator of the status of neural AChE 

(Popendorf and leffingwel, 1982). The cholinergic effects of 

antiChE compounds are due to the depression of the activity of 

the nervous system, muscle and secretary glands, and not of the 

plasma or RBCs directly. However, since it is not possible to 

determine the ChE activity of these tissues in man during life, 

it is necessary to rely on the ChE activ:ty of the plasma and 

RBCs as a guide of some value in detecti~; absorption of the 

antiChE compounds (Grob et al.,1950). It is a measure of the 

biochemical effect of the pesticide rather than a measure of 

the pesticide itself (Amr et al., 1993). The RBC ChE has been 

reported to closely parallel the level of ChE in the central 

and peripheral parasympathetic nervous system and is considered 

to be the best indicator of AChE activity at the nerve synapses 

(Namba, 1971). Although determination of plasma ChE is used 

because of its simplicity, the determination of both the RBC 

and the pl~sma ChE is preferable, bec3use most OP pesticides 

preferentially inhibit either plasma or RBC ChE. In cases of 

long-term exposures, however, the RBC ChE value is more 

important (Kangas and Jauhiainen, 1991). 

Monitoring acute intoxications by short-term over-exposures to 

OPs, is recommended to be carried out-either in plasma or in 

whole blood. In the case of chronit or .iQte~mittent but 

relatively low exposure to OPs, the only re"iable determination 
• 'F,' 
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is the assessment of AChE a':tlvity ln red blood cells, 

Inhibltlon of this actIvity can only be correlated with the 

effects on the nervous system. After exposure to OPs, the 

recovery to pre-exposure values is much faster for plasma ChE 

than for RBC ChE. Recovery of AChE activity is parallel to the 

production of new erythrocytes and to the de novo synthesis of 

AChE in neurons. The relatively long recovery time for AChE 

makes its monitoring very suitable for measuring previous or 

repeated low level exposure to OPs (Lewalter and Korallus, 

1986). Plasma ehB is completely regenerated in 50 days, 'while 

RBC ChE regenerates more slowly, at a rate of 1% or less per 

day. Red blood cells have a life of about 120 days, and hence 

the blood levels recover slowly (Rama, 1995). 

2.5. Signs and Symptoms of Organophosphate Poisoning. 

The chemical manifestations of exposure to OP compounds are 

extremely diverse. Major poisoning among exposed workers are 

fairly well characterized but, the health effects of routine, 

smaller exposures are uncertain (Ciesielski et al., 1994). The 

physical characteristics of the active material of the 

pes:icide, its penetration ability, stability, distribution, 

perSistence and degradation in the body considerably influence 

the likelihood of the appearance of outward effects in man 

(ILO, 1979; Plestina, 1984). 

Organophosphates can be grouped into two categories: those 

which can act on ChE directly without being modified and those 

which first have to be transformed in the body and therefore 

are called indirect inhibitors (Plestina, 1984). For instance, 

the toxicity of malathion is due mainly to ChE inhibition 

following the conversion of the compound to malaxon in the 

liver (Namba, 1971). After over exposure to direct inhibitors, 

signs and symptoms usually appear fairly quickly following 

exposure. Indirect inhibitors produce a more delayed' and 

prolonged action, and when Symptoms appear, although exposure 

might cease, they may develop further to cause a critical 

illness (Plestina, 1984). 
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In general, the acute cholinerglc effects of severe OF 

pOlsonlng correlate \"e:l I'll th ChE inhibi tion. Chronic moderate 

exposure results in a cumulative inhibition of the RBC and 

plasma enzymes. The appearance of symptoms depends more upon 

the rate of fall in ChE activity than the absolute level of 

activity reached. Workers may exhibit 70% to 80% inhibition of 

both plasma and RBC ChE levels after several weeks of moderate, 

exposure wi thout manifesting cholinergic symptoms. On the other 

hand, a previously unexposed individual may develop symptoms 

after sudden exposure and a rapid drop in ChE activify of less 

than 30% (Coye et al., 1986). It is generally accepted that 

during repeated exposure to toxic doses of OP compounds, 

symptoms of poisoning occur when 50% of the RBC ChE is 

inhibited (Kangas and Jauhiainen, 1991) and when 50% of the 

plasma ChE is inhibited (Namba, 1971). A 40% decrease in blood 

AChE is associated with the 

pOisoning; an 80% decrease 

first symptoms of pestici'de 

is associated with severe 

neuromuscular effects. Absorption of OPs sufficient to 

inactivate all the red blood cell AChE may result in death 

(Sansur et a1., 1993). 

Workers ~xposed to OP pes~i~ides were reported t~ exhibit a 

WIde varIety of symptoms: headache, visual blurring and 

vomiting with malathion; sweating, eye irritation, impairment 

of vision, cramps, salivation with fenthion; nausea, headache 

and nonspecific symptoms with parathion (Misra et al., 1985). 

Most of the manifestations of poisoning by OP compounds are 

associated \-lith excessive cholinergic action. On the other 

hand, tachycardia and increased blood pressure are explained 

by overwhelming cholinergic effects on the central nervous 

system, sympathetic ganglionic synapses, or adrenal medulla 

(Namba, 1971; Coye et al., 1986). Symptoms commonly associated 

wi th chol inergic excess (nausea, dizziness, vomiting, abdominal 

pain, and ataxia) observed to appear early but, abate with in 

a month. Symptoms of headache, weakness,-anorexia and blurred 

vision persist longer (Coye et a1., 1986). In mild poisoning, 

the manifestations are predominately due to stimulation of 

parasympathetic nerve endings. Manifestations resulting from 
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the stlmu1ation of other nerve endIngs ?.~;;:ear _+I rr:·:,·jerate cr 

severe poisonlng (Namba, 1971). 

Local exposure to OF pesticides produce comparatively severe 

local manifestations. Exposure of the eye causes severe miosis 

and lachrymation. Dermal exposure may cause copious sweating. 

Absorption from the respiratory tract may cause tightness of 

the chest initially and dyspnoea and bronchial secretions 

later. The ingestion of OF compounds is often followed by 

severe abdominal pain, diarrhoea, and vomiting (ILO, 1979 ; 

Plestina 1984). 

In recent years clinical effects that cannot easily be ascribed 

to the classic antiChE inhibition of OF pesticides have 

emerged. These manifestations are distinct from the well 

defined cholinergic phase that character:zes the normal acute 

cases of poisoning, but also from delayed neuropathy, which has 

a much later onset (Forget, 1991-a). The syndrome are described 

as an organophosphorus-induced delayed polyneuropathy (OPTDP). 

It is related to the organophosphorylation of a protein in the 

nervous system called neuropathy target es~erase !NTE) (Lotti, 

1985). There is also a report thaL an inter~ediate OP poisoning 

syndrome, involving the paralysis of a number of muscle sets 

including the respiratory muscles, that has resulted in death 

of a number of patients (Forget, 1991-a). Persistent central 

nervous system manifestations such as impaired memory, 

depression, impaired mental concentration and instability are 

also reported. There has also been reports of abnormal liver 

function and histological abnormalities vf the liver. Other 

possible persistent effects include changes in coagulation 

factor, effects on the fetus, dermatitis, bronchial asthma and 

impotence (Namba, 1971). 
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3. MATERIALS AND HETHODS 

3.1. Description of the study sites. 

The study was conducted in three different state farms namely; 
the Northern Omo, the Wollega and the UAA2 farms. 

3.1.1. The Northern Omo (N.Omo) State Farm. 

The N.Omo state farm is located about 550 kms south west of 

Addis Ababa. Previously it was under Awash agricultural 

development corporation. Since 1993 however, it was reorganized 

under independent enterprise. There are three main sub farms, 

named Abaya, Sile and Arba Hinch, each about 115, 30 and 15 kms 

away from Arba Minch town respectively. The altitude is 1250 

to 1300 meters above sea level. The average rain fall is 3.5 

mm/annum with a mean minimum and maxi~um temperatures of 17.7 

0
C and 31.9 J c respectively (data from farm office). There are 

about 90 wor~ers permanently involved in pest control 

activities. Agricultural activitiy in such farms is mainly 

rain-fed. Haize, cotton, banana and mango are the ma~o, 
products of the farm. 

3.1.2. The Wollega State Farm. 

The Wollega state farm is located about 400 kms north west of 

Addis Ababa. It covers a total area of 23,745 hectares with an 

average altitude of 1,440 meters above sea level. The mean rain 

fail is 4.4 mm/annum with a mean minimum and maXImum 

temperatures of 13.8 and 30.0 °c respectively. There are nine 

sub farms namely, Lugo, Anger, Diddesa, Aukie. Kena£. Eo'.'o 

Aleltu, Luko, Bereda, and Bello, each about 50 to 90 kms away 

from Nekemte. The total working population is about 13,443 out 

of which 2,410 are permanent employees. There are about 180 

workers invo'lved in pest control activities (data from farm 

office). The main products of this farm include maize, cotton, 

sourghum and sunflower. Similar to the Northern Omo farms, 

production is rain-fed and the major activities of the farm 
follow the rainy saason. 



3.1.3. The Upper Awash Agro-industry Enterprise (UAAE). 

The Upper Awash Agro-industry far~s were previously under the 

Awash agricultural development corpcratlon. Slnce 1993 hOI-lever, 

it was reorganized as an independent enterprise. It is located 

about 200 kms east of Addis Ababa. It covers a total area of 

about 6,500 hectares. The four major sub farms of this 

enterprise are Nura Era, Merti Jeju, Tibila and Awara Melka, 

each 20, 5, 55, and 110 kms away from the enterpr ise off ice 

located at Merti Jeju. The average altitude is 1018 (range 785-

1170) meters above sea level. The mean rain fall is 4.04 

mm/annum, with a mean minimum 

°c and 32.6 °c respectively. 

and maximum temperatures of 16.3 

There are about 200 permanent 

workers involved in crop protection activities (data from farm 

office). Perhaps, this is the largest horticultural farm in the 

country. The main products being mango, melon, papaya, robbi 

beans, orange, lemon, tomato, pepper, teff, maize, and to a 

lesser extent cotton and tobacco. 

Unlike the Northern Omo and vlollega farms, the UAAE farms 

inv:Jlv~ extensive irrigation sc~emes using thE Awash r~ver as 

throughout the year. 

3.2. Pesticides in use. 

The physical form of technical grade of OP pesticides used in 

the state farms studied varie3 frcm vocatile ~iquids, thrcugh 

semi-liquids and waxes to crysta:~ine solids. 

Some cf th" ChE-inhibiting pesti:i:!es used ~n the study Slt;,s 

are given in Table 1. These pesticides are nearly known under 

proprietary or trade names. Therefore a multitude of these 

exist, often several for the same active ingredient in various 

formulations, concentrations or for mixtures of two or more 

active ingredients. Description of the toxicity category is 

based on the guidelines of classification of pesticides by 

hazard (WHO 1994). As it can be seen from table 1, almost all 

types of C;P festicides are usee; ir; the UAAE farms. 
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r103~ of these are applied as insecticides in a.d_ the :-arrrl 

fields except Datiagaa and QUlckphos which are rnos:ly used as 

fumigants to combat insects in grain stores. Dursban, 

Guazatine, Volathion, Actalic, Ultracide, Di;necron and 

Malathion were OPs most frequently sprayed in the respective 

state farms. 



Table 1. ~lS: at ccmmon antiChE pestlcides used ~n the state 
farms during the study period. 

Pesticide Toxiclty category* Farms using 

common name the Pesticide 

Actalic Moderately hazardous UAAE + Wollega 

Azodrin Extremely hazardous UAAE 

Bazodin UAAE + Wollega 

Curacuron Extremely hazardous All farms 

Detiagas All farms 

Diazinon UAAE 

Dimecron Moderately hazardous All farms 

Dursban Moderately hazardous farms 

Ecathlon N.Omo 

Guazatine Highly hazardous UAAE 

Malathion Slightly hazardous UAAE + Wollega 

Highly hazardous N.Jmo + liAAE 

Nuvacl'on Moderately hazardous UAAE 

Parathion Extremely hazardous UAAE 

Quickphos liAAE + Wollega 

Rogor Moderately hazardous UAAE 

Sevin N .Orno 

Sumithion Highly hazardous \'Iollega 

Ult:ca~ide UAAE 

Volathion Highly hazardous UAAE + N.Omo 

* According to the WHO (1994) 
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3.3 The study population. 

A total population of 591 participated in this study. Volunteec 

non-exposed subjects, pest control workers and farm managers 

were briefly introduced about the aim of the study. Thus, they 

were encouraged and agreed to participate in the study. AI: 

measuments were carried out based on the consent of -the 

subjects. 

3.3.1 Exposed subjects 

All pest control workers from the aforementioned study sites 

participated in the study. They were all Ethiopians working in 

pesticide-exposed fields dur ing the study per iod. From the 

three study sites, a total of 430 workers (all male), took part 

in the study. No female was involved in pest control 

act i vi ties. Of these workers, 81 were f rom the N. Omo state 

farms; 169 were from the Wollega state farms; and 180 were from 

the UAAE farms. 

All workers in the different occupational groups were 

considered separately as recommended by WHC protocols (1932). 

The main job categories considered were the • spray men' 

(mixers, loaders, applicators and flagmen), tractor operators, 

pest assessors and mechanics. The study was designed as much 

as possible not to interfere with the manner in which they ara 

normally carried out in pest control operations such as tank 

filling, container rinsing, pesticide application, pest 

assessing and spray machine maintenance. 

3.3.1.1 • Spray men' ( mixers-loaders-applicators-flaggers). 

'Spray men" consisted of persons who were directly involved in 

the preparation and application of pesticides. The mode of 

application could be aerial, ground or by backpack means. 

"Spray men" may apply pesticides by-carrying manual or power­

operated machines on their shoulders. They also apply 

pesticides using tractor-drawn air spray equipment, fitted with 

a pump and a spray gun. They spray under climatic conditions 

they considered appropriate. Mixers are workers who dilute 



pesticide formulations and make rea,jy £~r 3~pl~ca:iQn. ~he ~~~d 

of f.::::rmG.i.ation used for mlxlng :::c;...:lj ce ',.;ettable powder I 

granular dust, emulsifiable concentrate or solvent soluble. 

Loaders load diluted formulations in the ~ankers of applicating 

maclnnes. Loading could be into motor ized knapsack spray 

equipment, tractor-drawn air spray machines, aeroplane tankers 

or other manual spray equipment. F laggers- are workers who 

guide the direction of pilots during aerial sprays. Using 

white flags hold by the flaggers, the pilots could be able to 

differentiate pesticide treated fields from the untreated ones. 

However, it is the usual practice in all the study sites that 

mixing, loading, flagging and spraying operations to be done 

by the same worker. Workers alternate between mixing, loading 

or spraYing activities. Therefore, all workers in these job 

categories were considered as "spray men". Pictures 1 to 10 

show some of these pesticide applic3ti::>Ds 3nd rel3ted pr3ctices 

in the study areas. 

3.3.1.2 Tractor Operators. 

The tractor operators are workers who drive tractors loaded 

with pesticide applicating machines. During tractor-operatea 

pesticide 3pplicati-:)Os, they oper3te t:"c::!-pu~led ground rigs 

which consisted of trailer-mounted s?ray tanks equipped With 

booms at the rear and operated with pum~s powered by tractor 

take-offs. During pesticide applications of large tree fruits, 

tractor operators help the "spray men" by moving tractors from 

treated to untreated rows. 

3.3.1.3 Pest Assessors. 

The ~est assessors are leaf inspectors who assess the presence 

or absence of crop pests before and after pesticide treatmer.t. 

Assessment of pesticide treated fields is commonly conducted 

after 24, 48, and 72 hours of pesticide application. 

3.3.1.4 Mechanics. 

These are technicians servicing and cleaning spray machines, 

tankers, hoses and other equipment. They are directly or 

indirectly exposed to diluted pesticide formulations during 

maintenance of contamir.ated applicating e~uipment. 



ture 1. Mixer,; mixing OP pesticides Guazitine and volalhion for 
application against cotton pests. N.Omo state farms, 1994 . 

. ~--.~--------~~---------------

O~Lt......... ==me OrmtYn e 

Picture 2. Loaders loading an aeroplane tan ker with an OP pesticide 
Dursban for aerial application. N.Omo state farms, 1994. ~--_.~_""",,"""""'n>D~ __ .... __ . __ .... _ .. _. __ ._.- ....... -"7""'-_.- .... _._ ~ ____ . 
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Picture 3. Aplication of pesticides on Maize and Sourghum farms by 
means of air crafts. Wollega state farms, 1994. 

Picture 4. FJaggers guiding pilots direction during aerial pesticide 
applications. N.Omo state farms, 1994. 
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'icture 5. Organophosphates Actalic and Ultracide being applied 
using knapsack motorized spray machines. UAAE farms, 1994. 

,-.-. -'---:-:-t .... f .. ...,.,.....~,,.."'7. ,'.~-

'. 

'icture 6. Pest assessors searching for cotton pests 24 hours after 
treatment with Dursban. N.Omo state farms, 1994. 

21 



Picture 7. A tractor 
to treat 

op:rated machine being loaded with a pesticide 
pests of large tree fruils. u~~ rarms, 1994. ,~_,~~, ~.' 
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lcture 8. A mechanic maintaining contaminated applicating machines 
at the apray field. N.Omo state farms, 1994. 
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PicLure 9. PesL conLrol workers usc 110 spccicd p!equations while preparing 
different pesticide formulali~)r~s .. \y()1l~9il, sli'~e ~afll's, .19<)4 .. 

; (' 

Picture 10. Pest control workers commonly consume fruits around the 
spray fields. UAAE farms, 1994. 
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3.3.2 The Control Population. 

A total of 161 volunteer subjects served as controls. The 

control subjects were selected based on the suggestions made 

by Maroni (1993). They were residents of Arba Minch, Addis 

Ababa and Nekemte, in good health and having no known 

environmental or occupational exposure to OP and carbamate 

pesticides. Most of them have occupations that require physical 

activities. They include employees in different factories, 

small scale farmers, daily labourers and office workers. 

3.4 Assessement of Organophosphate Poisoning Symptoms and 

Risk Factors. 

The health profile of all subjects was developed through the 

administration of a questionnaire. Questions \.,hich elicit 

information about potential causal factors of exposure that are 

related to pesticide application practices were also included. 

The questionnaire was prepared based on the WHO (1982) protocol 

for field surveys of exposure to pesticides and the WHO-UNDP 

recommendation for epidemiological study on the health effects 

of exposure to OP pesticides (Maroni et al., 1986). 

The questionnaire was pretested in a pilot study and refined. 

It includes some basic information about their health 

condition, alcohol consumption, smoking and history of domestic 

and occupational exposure to pesticides. In addition, farm 

workers were questioned about the period of employment as a 

pesticide worker, the nature of the job, possible past 

poisonings or suspension from work and their work history over 

the last 30 days. Meteorological information such as , air 

tempera ture and re lat i ve humidity were also recorded. Since 

exposure to ChE-inhibiting pesticide produces characteristic 

biologic effects (Coye et aI., 1986; Namba, 1971; Ciesielski 

et al., 1994), a fairly comprehensive range of symptoms were 

included in the questionnaire. Two symptoms thought not to be 

associated with OP exposure, dysgeusia and haematur ia were 

included to assess the extent of workers recall bias. It is 

suggested that the scientific assessement of the impact of 



pesticlde use on human health does ~ot s:cp ~:~~ toxIcology and 

epidemiology, but requlres equal attent:~~ rrem the behevioral 

and social SCiences (White, 1993). Therefore, the 

questionnaire also includes questions about workers knowledge, 

attitude and practice of pesticide use. 

In all the study sites, workers were questioned only once, that 

is, after pesticide exposures and the method used to verify and 

administer the questionnaire was identical for all the 

subjects. 

3.5. Blood Sample Collection. 

Blood samples were obtained at the state farm health clinics 

which provide health services to the farm workers and their 

£ amilies. Blood samples '"ere dra',!r; fr.:::; veins in the inner 

forearms using a venoject needle and a 5.0 ml sterile venoject 

tube containing 7.2 mg EDTA. The possibility of contamination 

was minimized by cleaning the skin before and after drawing the 

blood. Since the samples were taken after variable periods of 

exposure, the date and t~me of the las: ~xposure and the name 

,:: the last pesticide ,::c:npour,d were ;,::e·:, The sa~!p:es we~e 

thoroughly mixed to avoid coagulatior.s. :ehe p~asma and red 

tlood cells were then separated by centrif~gation at 2000 rpm 

for 15 minutes as recommended by Michel (1949). Finally, 

samples were placed into an insulate': cor.tainer with frozen 

cool ice and transported to the laboratory, and stored at -20 

:c until measurements were done. 

Similar sample collection procedures were followed in all the 

study sites. Numerous attempts were ma~e tc take blood samples 

for the assessment of ChE levels befere and after pesticide 

application as recommended by WHO (1982) and WHO -UNDP (Maroni 

et al. ,1986) protocols. Several other investigators (Partanen 

et al., 1991; Liesivuori, 1991; Ciesielsiki et al., 1994; Rama, 

1995) also strongly support this approach. However, this proved 

impossible in this study population. In the case of wollega 

state farms, it is because of the workers resistance to give 

b~ood samples more than once and the ~21ative difficulty of 
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reaching ~he workers before spraYIng S~3~~2'~. F~r :~:s ~eas:~. 

blood sample wa3 taken frorn each wor~er ~n:y ~~ri~g the pe3~ 

spray season (2 to 10 September, 1994). In the UAAE farms where 

production is totally dependent on irrigations, pesticide 

application IS made throughout the year. In such cases, there 

was no distinct time interval at which time workers have not 

been exposed to pesticides. Therefore, only a single post­

exposure blood sample was collected from each worker (from 1 

to 11 December, 1994). For similar reasons given above, in the 

N.Omo state farms, only a single post-exposure blood sample was 

collected from each worker (from September 20 to October 9, 

1994). No specific time was used to collect blood samples from 

controls. 

3.6. Laboratory Analysis. 

3.6.1. Cholinesterase Determination. 

Cholinesterase activities I'/ere measured both in the RBCs and 

the plasma of blood. The method used in this study is basically 

an electrometric method developed by Michel (1949). However, 

some of the modifications made to this met~od by Mohammed a~j 

Omer (1982) were also employed. It depends upon the measureme~t 

of the acid produced by the action of ChE on ACh. The aCld 

production is measured in terms of the change in pH produced 

by enzymatic activity in a standard buffer solution over a 

definite period of time. 

3.6.1.1. Red blood cell Determination. 

Approximately 5 ml of blood was centrifuged at 2,000 r.p.m. for 

15 minutes in a graduated centrifuge tube, and the plasma was 

separated. The cells were mixed with 2 to 3 ml of 0.9 percent 

NaCI and centrifuged at 2,000 r.p.m. for 15 minutes. The 

supernatant £luid was discarded. The cells were washed for the 

second time with similar volume of NaCI solution and then 

centrifuged for 20 minutes. The volume of the cells was 

recorded, and then the saline supernatant was removed to the 

point where the remaining volume of the cells and saline is 



~~ice the volume ,~: the cel~5 a:one. The ~~_lS were then ~:xe~ 

t~or0cg~:y with the remaining sallne. A£:~~ ~ixing! 0.4 ml o~ 

the cell suspenslon was hemolysed in 9.6 ml. of 0.01 % saponi~ 

solution. One millilitre of hemolysed red cell solution, 

represent ing O. 02 ml. of the ce lIs, was added to 1 ml. of 

buffer solution and placed in a water batt at 25°c. The buffer 

solution used for REC determination contains 0.02 M sodium 

barbital; 0.004 M KH,P04 and 0.60 M KCl. For 1 litre of buffer 

the reagents were dissolved in 900 mI. of distilled water; 28 

ml of 0.1 N Hel were added while shaking the solution, and the 

volume was then made to 1 litre. Finally the pH of the buffer 

was adjusted to 8.10 at 25 cc. 

After allowing 10 minutes for equilibration, the initial pH 

(pHl) was determined with a digital pH meter reading to the 

ne3rest 0.01 pH unit. Then 0.2 mI. of O.le H ACh solution was 

added wi th rapid mixing and the time was recorded. 

Simultaneously, a blank solution with no enzyme added was run 

to control spontaneous ACh hydrolysis. The enzymatic reaction 

was allowed to proceed for one and one half hours, and then the 

Lnal pH of the sc:,'.ut:cn (pH2) W3S det",r:-oined. Tr.e time at 

W3S calc~lated i~ units of ch3nge in ~H ex~ressed as 1pH/hour. 

3.6.1.2. Plasma Determination. 

The plasma from each sample was diluted with water so that each 

millilitre of solution contains 0.02 mI. plasma. One ml. of 

dlluted plasma was mixed wlth 1 mI. of :he buffer solution. 

The buffer solution used for plasma determination contains 

0.006 M sodium b3rbit31, 0.001 M KH:?04 a~d 0.30 M N3CI. For 1 

litre of buffer, the reagents I'lere dissclved in 900 mI. of 

distilled water and 11.6 mI. of O.lN HCI acid was added before 

diluting to volume. Then, the pH of the bu:fer was adjusted to 

8.00 at 25 Jc . After the solution is allowed to equilibrate in 

a water bath at 25°c for 10 minutes, 0.2 ml. of 0.165 MACh 

was added with mixing. Subsequent determination was carried 

out, and the activity was calculated, in the manner as 

descr:b~d for FEes. 



3.6.2. Liver Function Tests. 

3.6.2.1. Alkaline Phosphatase (AP). 

Alkal~ne phosphatase was determined according to the 

recommendation of the Scandinavian committee on enzymes (SCE) 

(1974).~ The method involves the continuous measurement of 

paranitrophenol at 405 nm formed by the following reaction. 

AP 
P-nitrophenylphosphate -------> P-nitrophenol + 

Phosphate 

A commercially available test kit number 6391 (Bayer 

Diagnostics Company, Germany) containing the appropriate 

substrate and buffer solution was used for the assay. The kit 

con.tains three bottles each with 120 ml of Diethanolamine­

magnes ium chlor ide buff er solut ien and par ani tropheny lphospha te 

substrate in the form of tablets. 

The substrate solutions were prepared by dissolving each tablet 

in 2 ml of the buffer solution and thermos:ated at 37 'c in a 

wa~er b3[~ before use. The ~uifer soltltion ~c~eve~, ~as b~o~ght 

to roc~ t.empera'c.ure before 

concentrations of the substrate 

final reaction volume were; 1 

use. Tr:e 

and reac;e~' t 

mol/l 

'~Jm;:onents 

sc:ut2.0n in 

pH 9.8 (37 

and 

the 
J c ) 

diethanolamine buffer; 0.5 mmol/l magnesium ch:oride and 10 

mmol/l sodium p-nitrophenylphosphate. 

Fro~ each sample, 0.02 ml of plasma was t3%e~ and mixed with 

2.00 ml of the buffer solution and allowed to equiliberate in , 
a water bath at 37 'c for 15 minutes. Then, 0.20 ml of the 

substrate solution was added. The final So:utlon was mixed in 

a reading cuvette thermostated at 370c. The absorbance was 

read using a digital spectophotometer (model spectronic 1001). 

Readings were repeated four times at exactly three mlnutes 

intervals. The time intervals were controlled using a stop 

watch. Finally, the mean value of the absorbance changes per 

minute (4A/min) was calculated and the alkaline phosphatase 

activity was obtained in V/I. 
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3.6.2.2. Glutamic pyruv.ic transaminase (,'lPT). 

Plasma glutamic pyruvic tr3nsaminase was jetermined according 

to the international federation for clin:=al chemistry (!FCC) 

recommendatlon (Bergmeyer et al., 1986). It was based on the 

following reaction princ~ple. 

GPT 
a-oxoglutarate + L-alanine <------> L-glutamate + pyruvate 

LDH 
Pyruvate + NADH + H+ <------> Lactate + NAD+ 

A commercially available kit number 1442520 (Boehringer, 

Germany), was used for the assay. The kit contains nine bottles 

each containing 50 ml of buffer/substrate solution (bottle 1) 

and another bottle containing enzyme /coenzyme a-oxoglutarate 

reagent in the form of tablets (bottle 1a). 

Ini~ial concent~~tio~s of the reagent s~:~t~on contains Tris 

buffer:110 mmol/l, pH 

= 

7 . 3; 

1.3 dehydrogenase (LDH) 

oxoglutarate: 16.5 mmol/l. 

L-alanine: 550 mmol/l; Lactate 

U/I; NADH: 0.198 mmol/l; a­

The subs:3.nce or catalytic 

concentration of reagent solution in the f~nal reaction mixture 

was Tris buffer: 100 ~ffiol!l, ~E '.3; ~-3:~~~~~: 500 mmol.'l; LDR 

= 1.2 U!l; NADR: G.:E mmcl/l; a-oxoglu~a:~~E: 15 mmol/l. 

Reagent solution was prepared and trea:"d according to the 

procedure given in the manual. Two reagen~ tablets from bottle 

1a were dissolved in one of the 50 mls of bottle 1. After 

mixing, the solution was brought to a reaction temprature of 

30 ·c using thermostated water bat!1. ,:",;: ml of the reagent 

solution was pipet ted into 

ml of plasma was added. 

a 1 em light pa:~ cuvette. Then, 0.2 

Using the blani< for caliberation, 

initial absorbance was read at 340 ~~. ~~~~~~g was repeated at 

exactly 3 minutes interval and the mea~ ajsorbance change per 

minute was detrmined. The result was calculated and the 

activity of GPT in the sample was obtai:,,~:: in U/l. 

3.7. Statistical methods 

All data were edited, coded, and fed to an IBH-PC computer 

using the stored dBASE IV programe and t~e statistical 



3~~::St~~~: !ne:hods e~p:~yed lDvolve ~te ~cl:~wing :our 

mettods. 

In the first part of the analysis, ChE levels (both plasma and 

RBC\, and liver function values (AP and GPTl were measured 

among exposed subjects and controls, and their mean values were 

compared. Subsequent analysis focused on the relationship of 

ChE levels among exposed subjects to specific occupational 

indicators such as length of employment and job categories. The 

third part of the analysis sought to identify the prevalence 

of the related symptoms and their association with ChE levels. 

The fourth and final part of the analysis considered 

information on the association of ChE activities and causal 

factors of potential exposure to OF pesticides. Analysis of 

':a~:3nce W3S used t~ tes~ differ6nces b~~we~~ ~ea~s, I~ ~he 

present study, p< 0.05, p< 0.01 and p< 0.001 were used as 

critical levels for statistical significance. 
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4.RESULTS 

4.1. The study population 

The age distribution of exposed subjects and controls is shown 

in ~able 2. Of the total population surveyed, 430 (72.7%) were 

pesticide-exposed workers whose mean age was 32.8 yrs (range 

17-55). The remaining 161 (27.2%) were the comparable controls 

with mean age of 33.4 yrs (range 17-51). As can be seen from 

table 2, both population groups have similar age distributions. 

Table 2. The age distributions (the number and corresponding 

percentage in parentheses) of the study population 

(n=591) . 

Age group 

< 18 

18--34 

35--51 
I 

7 (4.3) 

84 (52.2) 

70 (43.5) 

I 
Ezpose·j (n=430) 

4 (0.93) 

262 (60.9) 

161 ( 37 .4) 
, 
f 3 , : . 69) 

:=j 430 (72.8) 
~-:-~----------+-----1-61---(2--7-.2--)------~----------~--

Two hundred and sixty two (60.9%) of the exposed subjects and 

84 (52.2%) of the controls were between the ages of 18 and 34 

yrs. This indicates that apparently young people are involved 

in pest control activities. Information on personal details 

showed that smoking, chewing tobacco and alcohol drinking were 

common habits. Ninety five (22.1%' of the exposed workers 

and 32 (19.9%) of the controls were smokers. Alcohol 

consumption was high in the exposed group; 103 (23.9%) than 

in the controls; 14 (8.7%). None of the pesticide-exposed 

workers or controls reported any history of hepatic disease or 

other current illness. History of anaemia was recorded in 

4 (0.93%) and 1 (0.62%) of the exposed. workers and controls 

respectively. 
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The ~~s~ory of theIr medicatlsn stewed tha: none o~ the study 

SUb~03:tS had taken antl':hE drugs. HO'I/ever, ant1malaria drugs 

and vitamins were commonly used as most of the study sites are 

located in malaria endemic areas. 

4.2. Cholinesterase Activities by different categories. 

4.2.1 Overall cholinesterase activities of the study 

population. 

All the ChE activity analyses were performed in duplicate and 

the averaged results were recorded. The duplicate plasma and 

RBC ChE determinations agreed within 1.8% and 2.3% in all the 

cases respectively. In addition, the coefficient of 

inter individual variation for plasma and RBC ChE activities 

among the control subjects was found to be 

respectively. 

22.4% and 29.3% 

The means, the ranges and the standard deviations of the plasma 

and RBC ChE activities determined for the exposed workers and 

con~rols are shown 1n Table 3. It 13 evident frare the table 

that the :nean p1.a3ma a~d P.3C etE activi:leS c: ::.he expcsed 

subjects (0.949 and 0.639 pH units respectively) were found to 

be significantly lower than the plasma and RBC ChE activities 

of the controls (1.049 and 0.787 pH units respectively) 

(p<O.OOl) . 



Table 3. The plas~,a and RBC ChE act~v~::'les of the control :incl 

exposed subJects (values are mean ± SD; figures in 

parentheses indicate the corresponding range 

values). 

ChE activity Control (n=161) Exposed (n=430) 

(pH units) 

Plasma 1.049 ± 0.235 0.949 ± 0.278 * 
(0.535 -- 1.428) (0.238 -- 1. 388) 

RBCs 0.787 ± 0.231 0.639 ± 0.278 * 

(0.390 -- 1.492) (0.106 -- 1.435) 
* p< 0.001 

In addition, 55 (12.8%) and 49 (11.4%) of the exposed subjects 

were found to have ChE levels below 0.524 and 0.393 pH units 

(50% of the control plasma and RBC ChE values) respectively. 

Furthermore, 58 (13.5%) and 47 (10.9%) of the exposed subjects 

\a~ p:as~a 3~d RBe ~hE ~evels below tte con:r~l minimuffi val~e 

(0,535 and 0.390 pH uni:s respectively). 

However, no control subject was found to have the plasma or RBC 

.7hE level below the lower limit of the exposed subjects (0.238 

and 0.106 pH units respectively). 

4.2.2 Age group. 

Tables 4 and 5 depict ChE activities of the control and the 

exposed subjects with respect to the various age groups 

respectively. Analysis of variance showed that there were no 

significant difference in the mean plasma and RBC ChE 

activities of the control subjects with respect to the various 

age groups (Table 4). 

. I 



IPable 4. ChoJ :!~e3~erase activi:":' dis~ribu~lons (pH units) -,­

the :~ntr~l g:oups by age (n=161) (values are mean ± SD). 

Age group Number Plasma ChE RBC ChE 

<18 7 1.069 ± 0.183 0.716~± 0.216 

(0.902 1. 390) (0.400 -- 0.970) 

18-34 84 1. 049 ± 0.236 0.784 ± 0.212 

(0.535 -- 1. 421) (0.395 -- 1.355) 

35-51 70 1.048 ± 0.240 0.798 ± 0.254 

(0.538 -- 1. 428) (0.390 -- 1.492) 

>51 

No two groups are significantly different from each other at 0.05 level 

A similar result was observed in exposed subjects with the 

exceptlon of :he these exposed groups belcw 18 yea~s of age 

which showed a s:'gnificantly lower RBC ChE a~tivities compared 

to those in the other age groups (p<0.05) (Table 5). 



T:101e 5. Cholinesterase ::ictiv=-,-=-y dist~:t··_:,::or:.s of tl-:e eZI:·Qser1 

groups by age .~1 r ' 
wi.)j 

Age group Number Plasma ChE RBC ChE 

<18 4 0.993 ± 0.393 0.464 ± 0.109* 

(0.416 -- 1. 293) (0.364 -- 0.583) 

18-34 262 0.948 ± 0.276 0.639 ± 0.271 

(0.238 -- 1.388) (0.165 -- 1.435) 

35-51 161 0.949 ± 0.278 0.646 ± 0.285 

(0.286 1.342) (0.106 -- 1. 296) 

0.974 - 0.435 0.602 ± 0.342 -> 51 3 

(0.414 -- 1.275) (0.302 -- 0.975j 

* = P < 0.05 

4.2.3 The study sites 

The ChE activities for both :r.e plas;na :1:-ld the RBCs of the 

exposed subjects in comparlson to that of the controls at the 

different study sites are presented in Table 6. In this table, 

differences were observed in the mean ChE levels among workers 

employed in the different state farms. The observed differences 

were net the same for both j:las!'la and RB·:: ChE levels. 
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1',,1> 1 e> 6. Cholinesterase activities (pH units) of th", ",xposed subj ects and the controls with 

respect to the different study sites (values Are> mean t SD) 

I ! ,'Ill': 
I .. i r;('tlVl ty 
r-~--'-I Pl Asma 

I 
iI 

RRr:s 

( 1 ) 

UAAE (n=180) 

0.964 ± 0.292 

(0.413 - 1.365) 

0.589 ± 0.170 

( 2 ) 

N. Omo (n=81) 

0.929 ± 0.316 

(0.238 - 1.388) 

0.575 ± 0.214 

I (0,.166 - 1.435) (0.J.06 - 1.041) 

S I G N I F I CAN C E 

~~~-=-==dL== __________ ~-===~~~ 
il .1 
'i Ii 
f~ ----

il 1 vs 2 1 vs 3 2 vs 3 1 vs 4 

N.S N.S N.S P < 0.05 

I' 
'L' ------+-----~------+-----~~~ II PI asma 

Ii RBCs 
I 
I 

II 

N.S P < 0.01 P < P < 0.001 

0.01 

. _ • __ ••• _ •• ::t._ 

( 3 ) 

Wollega (n=169) 

( 4 ) 

Control (n=161) 
------1 /I 

0.943 ± 0.242 

(0.311 -1.294) 

0.777:t: 0.333 

(0.151 -1.380) 

2 vs 4 

P < 0.05 

P < 0.001 

.,- -.- .- .. - . _c.= . 

1.049 ± 0.235 

(0.535 - 1.428) 

0.787 ± 0.231 

(0.390 - 1.492) 

II 
3 vs 4 II 

I 
P < 0.05 II 

N.S .1 
II ., 

. -~-.... -. II 

" 

I 

1':. 

}! 

;;.'1 '. t 
4/ , 

'"'-... 



~AA~, N.Omo and Woliega state far~s ~ere observed. Similarly, 

ehe 'iifference in m"an RBC ehE between ·,.;orKers of UAAE and 

rl.Cmo s~ate farms were found to be statistically not 

significant. On the other hand, the mean REC ehE levels of UAAE 

and ILOme farm workers were slgnificant~y lower than the 

Wollega farm workers and than that of the controls. 

Furthermore, a significantly lower plasma ehE levels were noted 

in the UAAE, N.Omo and Wollega farm workers compared to that 

of the control group (p<0.05)(Table 6). However, no 

signif icant dif ference in RBC ehE acti vi ty was observed between 

the Wollega farm workers and controls. 

4.2.4 Job categories. 

~'3b!e 7 derr:onst(ates CCmpa(lSOn of the TiEar. ChE ac:~ .~ties of the e,~~csed 

subjects in all the study sites in relation to the different job 

categories. As it can be seen from the ~able , the'-e were no signifioant 

differences among the mean RBC ChEactivities of the assessors, the tractor 

operators and the mechanics. However, the "spray men' were identified to 

~ob catescries (p<C:.OG1;. Or 'the other na.nd. a S'91~"f~ca'ltly lcwer p~as!l'oa 

::hE activities were observed in the 'spraymen' 5}-O tre tractor operators 

compared to that of the pest assessors (p<0.01). :C' both cases therefore, 

the "spray 

men' are found to have depressed ChE activities than workers in the other 

occupational categories. 
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relation to the different job categories (values are mean ± SD) 

II 
I' II 
0; 

Job cat. 

Spraymen 
(1) 

Assessors 
(2) 

Tr.Operators 
(3) 

~~echani cs 
(4) 

.---

Number (%) Plasma ChE 

199 (46.3%) 0.919 ± 0.297 

(0.238-1.365) 

122 (28.4%) 1 .014 ± 0.256 

(0.293-1.388) 

73 (16.9%) 0.903 ± 0.267 

(0.313-1.307) 

36 (8.4%) 0.992 ± 0.221 

(0.320-1.315) 

SIGNIFICANCE 

4.2.5 Length of employment 

RBC ChE 

O. 548 ± O. 11 9 

(0.106-1.435) 

0.720 ± 0.296 

(0.151-1.342) 

0.712 ± 0.378 

(0.181-1.380) 

0.727 ± 0.282 

(0.186-1.292) 

The relationship between the length of employment or the duration of 

e<posure and ChE ~ct;,'ities is presented in Table 8. The average duraticn 

cf 8'1:;osUre was 8.5 1'·5 and they 'liNked for 5-6 hr:o per day, 6 days a wee~. 

Of the total exposed workers, 9.5% served as pest control worker for less 

tbar. 1 jr, 17 .S'~ fc-c ~-5 yrs, 29.1% fer 5-10 yes and 43,5% for more than 

10 yrs. 

It is evident from Table 8 that there is no significant difference in the 

mean plasma ChE activities among the different length of employment 

groups. However, analysis of variance showed that the mean RBC ChE 

activities were significantly different among the groups with different 

length of employment (p<O.OOl). 

I 
I 
" d 
" !I 
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Table 8. '::~'ci'nest-2r-ase act~,yities (or. ur'~3 \)f t'ne e:<posea workers with 

'espect to the length of emplD)''T1e''t ,~ years (lalues are mean ± SO). 

Length of 

employment Number (%) Plasma ChE RBC ChE 

< 1 (1) 41 (9.5) 0.932 ± 0.284 0.496 ± 0.103 

(0.413--1.304) (0.291--0.715) 

1-5 (2) 77 (17.9) 0.962 ± 0.275 0.627 ± 0.272 

(0.367--1.336) (0. 199--1 .435) 

5-10 (3) 125 (29.1) 0.976 ± 0.274 0.684 ± 0.289 

(0.238--1.388) (0.186--1.342) 

>10 (4) 187 (43.5) 0.937 ± 0.282 0.711 ± 0.287 

(0.263--1.342) (0.106--1 .296) 

SIGNIFICANCE 

:J'asma ~.S 

il "BCs 1 'is 2,3,4 ~ P<O.001; ) .'S 4 ~ P<C.001, 

[======~'========================================================~ 

For instance, those with duration of exposure below 1 yr had significantly 

lower RBC ChE activities than those with 5 yrs and above. In addition, 

workers with 1-5 yrs of exposure were srow', to have significantly lower 

RBC ChE activities than those who were exposed fot- more than 10 yrs 

(p<O.OOl). Generally, wot-kers with duration of exposure below 5 yrs had lew 

RBC ChE activi ties. This result suggests that the \\orket-s most affected are 

those who have been exposed to OP pesticides below 5 yrs than those with 

longer years of exposure. 

4.3. Poisoning signs and symptoms 

The prevalence of different OP toxicity symptoms in the exposed subjects 

in reference to that of the controls are given in Table 9. These symptoms 

wen, rr,cre frequent in exposed subjects as cc.r,pared to controls. I~ost of the 
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.... c~->eis a:sc rerl)rted that the symptoms were t(3.nS~2nt. They nere ~elieveC: 

frOill Such cCiIlplaints whenever' they had a break from a cortinuous pesilclde 

exposure. As a group, the prevalence of most of the QP poisoning symptoms 

in the exposed workers were Significantly different compared to those 

symptoms reported by the control subjects (p<0.05) (Table 9). The main 

symptoms by order of importance were, headache (19.7%), weaknesses and 

sweating each (16.5%), wheezing (13.9%) and blurred vision (12.8%). About 

9.3% of the exposed subjects and 8.7% of the controls reported frequent 

episodes of abdominal cramp (p<0.05). 
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Table 9. P"e·,alence of OP toxici'! symptoms 'r' '''2 :.cnUol and t~2 

excosed subj ects (the number of symptoms ar'c tile 

percentages are given in parentheses). 

correslX>nd'r''; 

Symptoms Controls Exposed workers P value 

(n=161) (n=430) 

Abdominal cramp 14 (8.69) 40 (9.30) p<0.05 

Anorexia 2 (1. 24) 32 (7.44) p<O.Ol 

Ataxia 5 (3.10) 23 (5.35) p<O.05 

Blurred vision (0.62) 55 (12.79) p<O.OOl 

Chest tightness 2 (1.24) 19 (4.41 ) p<0.05 

Cough 5 (3.10) 33 (7.67) p<0.05 

Diarrhoea 16 (3.72) 

Disgausea 

Haematuria (0.23) 

Headache 5 (3.10) 85 (19.77) p<O.OOl 

Irr~tation of the eye 43 (10.)0) 

Lachrymation 22 (5.11) 

Myosis 5 (1.16) 

Nausea 4 (2.48 ) 24 (5.58) p<O.05 

Sweating 5 (3.1O) 71 (16.51 ) p<O.OOl 

Tremor 5 (1.16) 

Weakness 7 (4.35) 71 (16.51) p<O.OOl 

Wheezing 3 ( 1 .86) 60 ( 13.95) p<O.OOl 

'I 
! 

I 
I 
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Evidences of excessive c~o1 inergic act'v'~j, sL:h as mjGsis, muscle 

weakness and tremor were noted on 1 yin 1. '5%, 5.35% and 1.16% of the 

exposed workers respectively. Although most 07 these symptoms were also 

reported by the controls, they were not as frequent as in the exposed 

subjects. The symptoms, haematuria and d;sgausea, were included in the 

questionnaire as dummy variables to see if there is a recall bias among the 

study population. As it can be seen from Table 9, disgausea was reported 

by none of the exposed subjects and controls. However, haematuria was 

reported by one exposed subject and by none of the controls. 

In the present study, the si gns and symptoms reported by the exposed 

workers were compared with plasma and RBC ChE activities. A comparison of 

the RBC ChE activities of those of the exposed subjects who had reported 

frequent symptoms with those who had not reported these symptoms is 

presented in Table 10. From this table, a defi~ite relationship can be 

observed between the different OP poisoning sjmptoms ard RBC ChE 

activities. Except for one symptom (irritation of the eye), the mean RBC 

ChE activities of the ex~osed subjects wi th various symptoms were low 

compared to those wi thout the reported symptoms. However, except for 

sweating, the differences between the ,1)eanR8C ChE activities in the 

vario~s ret:orted symptc.J~s were :lot statis~1C3.~~/ :;·9~,i~~cant. 
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Table 10. Ccmpa'-'son of RBC ChE activities 3mcr; the e<pcsec subjects 

in relation to the various OP toxicity symptoms (values are mean ± 

SO) . 

Symptoms RBC ChE activity (mean ± SO) 

(number) Workers Workers 
with symptoms wi thcut symptoms P 

Abdominal cramp (n=40) 0.654 ± 0.273 0.638 ± 0.276 

Anorexia (n=32) 0.615 ± 0.265 0.641 ± 0.276 

Ataxia (n=23) 0.537 ± 0.172 0.645 ± 0.279 

Blurred vision (n=55) 0.608 ± 0.271 0.644 ± 0.276 

Chest tightness (n=19) 0.563 ± 0.218 0.643 ± 0.278 

Cough (n=33) 0:579 ± 0.199 0.644 ± 0.280 

Diarrhoea (n=16) 0.547 ± 0.246 0.643 ± 0.276 

Disgausea (0) 

Haematuria (1) 0.580 ± 0.148 0.639 ± 0.276 

Headache ("=85' 0.506 ± 0.27: r:.e.!.- :: !J.2-S 

l'Ti cation of 

the eye (n=43 ) 0.659 ± 0.303 0.638 ± 0.273 

Lachrymation (n=22) 0.589 ± 0.344 0.642 ± 0.272 

Myosis (n=5) 0.561 ± 0.220 0.640 ± 0.276 

Nausea (n=44) 0.574 ± 0.257 0.643 ± 0.275 

Sweating (n=71) 0.555 ± 0.202 0.656 ± 0.285 ** 
Tremor (n=5) 0.541 ± 0.063 0.64' ± 0.277 

\'/eakness (n=71 ) 0.575 ± 0.225 0.652 ± 0.283 

Wheezing (n=60) 0.629 ± 0.260 0.641 ± 0.278 
.. p< 0.05 
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Table 11. Comparison of plas,r,a ChE a-:::ti,,,iti2s (,Tlean:!: SD ir; pH unlts; 

among the ex~osed worket~S ~() r~elatlon tc t:';e ' .. arlOUS OP ~oxicity 

symptoms. 

Symptoms Plasma ChE activity 

(numbers) Workers Workers 
with symptoms without symptoms P 

Abdominal cramp (n=40) 

Anorexia (n=32) 

Ataxia (n=23) 

Blurred vision (n=55) 

Chest tightness (n=19) 

Cough (n=33) 

Diarrhoea (n=16) 

Disgausea (n=O) 

Haematuria (n=1) 

Headache (85) 

1/ Ier; tation 
I 

Of 

I 
the eye (n=43) 

Lachrymation (n=22) 

Myosis (n=5) 

Nausea (n=24) 

Sweating (n=71) 

Tremor (n=5) 

Vleakness (n=71) 

Wheezing (n=60) 

** p<0.05 

0.912 ± 0.313 0.953 ± 0.274 

0.965 ± 0.285 0.948 ± 0.278 

0.809 ± 0.295 0.957 ± 0.275 

0.933 ± 0.319 0.951 ± 0.272 

0.848 ± 0.338 0.954 ± 0.275 

1.009 ± 0.250 0.944 ± 0.280 

0.843 ± 0.342 0.953 ± 0.275 

1 .106 ± 0.075 0.348 ± 0.278 

0.924 ± 0.283 0.955 ± 0.277 

0.936 ± 0.296 0.951 ± 0.277 

0.838 ± 0.257 0.354 ± 0.278 

0.986 ± 0.230 0.948 ± 0.279 

0.883 ± 0.297 0.853 ± 0.277 

0.918 ... 0.298 0.955 ± 0.274 -

0.930 ± 0.371 0.949 ± 0.277 

,) .881 ± 0.306 C.9S3 ± 0.271** 

0.965 ± 0.297 0.947 ± 0.275 

I 
;1 

" 
II 
II 

II 
I 

I 
1 

II 
:1 

!I 
I 

.. -
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<\8 show.) '" Table 10, of all the comp1'lints of possible ChE-re'ated 

symptoms, only sweating could be substantiated in tems of significantly 

reduced RBC ChE activity (P<0.05). A slightly higher but statistically 

insignificant RBC ChE activity was observed in those who reported 

irritation af the eye compal'ed to those who didn't report this symptom. 

Simi larly, the plasma ChE levels were compared in relation to the specific 

signs and symptoms of QPpoisoning. In general, Table 11 shows that in most 

of the cases, the mean plasma ChE levels in workers who reported the 

symptoms were lower than the workers without the symptoms. On the other 

hand, an unusually slight increase in plasma ChE activities were observed 

in workers who reported myosis, anorexia, nausea, wheezing and cough 

compared to those workers without these symptoms (Table 11). However, the 

differences were not statistically significant. Weakness was the only 

symptom reported and was found to be accompanied by significantly lower 

plasma ChE level (p<0.05). Similar to the other symptoms, the mean plasma 

and RBC ChE activities of the worker who reported haematuria was not 

significantly different compared to those with out this symptom (Tables 10 
and 11). 



46 

4.4. Liver function tests. 

Compa"ison of the mean AP and GPT values betweeen the exposed subjects and 

the controls are prsented in Table 12. 

Table 12. Comparison of the AP and GPT values of the exposed subjects 

and the controls (values are mean ± so and the corresponding ranges 

are given in parentheses). 

L 

LFT 
(U/l) 

AP 

GPT 

Exposed 
(n=430) 

77.59 ± 42.99 

(33.90 -- 390.90) 

14.24 ± 9.45 

(5.00 -- 90.00) 

LFT = Liver function tests 

~·J.S:::: ~ic'! s~gnlhcant 

Controls significance 
(n=161) 

76.15 ± 29.93 N.S 

(32.90 -- 176.20) 

14.79 ± 10.67 N.S 

5.00 -- 110.00) 

As it can be seen from this table, there were no significant differences 

in AP levels between the exposed subjects and that of the controls. 

Similarly, the difference in GPT levels between the exposed subjects and 

controls was found to be statistically insignificant. The mean AP and GPT 

values in both the e;(PDsed subjects a"d the contro1s are found to be withi.., 

the normal limlts (50 to 250 U;~ and 0 up to 29 U/l respectively). 

4.5. Risk factors 

Table 13 depicts some of the factors that are likely to affect the 

occurrence of pesticide poisoning in the diffe/'ent state farms studied. 

In the UAAE, N.Omo and Wollega farms, 12.8%, 8.6% and 24.6% of the workers 

mentioned having suffe/'ed from previous occupational pesticide poisoning. 
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'.!~.:: ~ :,f 1:'r'1e ~:;013Cnl(lg lr.,-;)rJer";';:s C,(,CUi -,IJi tni!l ,:he :::' '".:0 40-year age group. 

~e ~ause of th~s ir~cident cou~d be directly or 1rd'~ectly attr-ibuted t~ 

the factors indicated in Table 13. 

Table 13. Risk factors likely to affect the occurrence of pesticide 

p::lisoning in the e;<p::lsed groups (the number of the p::lsitive resp::lnses 

are given with their respective percentages in parentheses) . 

Risk factor UAAE N.C\'o1O WOLLEGA TOTAL 

Awareness of danger 

of p::lisoning 20(11.1) 13(16.0) 19(11.2) 51(12.1) 

Training 8(4.4) 21(25.9) 4(2.4) 33(7.6) 

Changing clothing 108(60) 28(34.6) 88(52.1 ) 224(52.1 ) 

Eating at work 

Washing hands 

:: oefore eat H19 

Bathing after 

spraying 

Using personal 

154(85.6) 44(54.3) 33(19.5) 231(53.7) 

39(49.41 35(43.2) 100(59.2) 224(52.1) 

48(26.6) 24(29.6) 43.3(25.4) 15(26.7) 

protective devices 30(16.7) 12(14.3) 36(2~ .3) 78(18.1) 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~jJ 
As it can be seen from table 13, only 12.1% of t~e total eXp::lsed workers 

were aware of the danger of p::lisoning which is associated with pesticide 

handling. The workers believed that their knowledge of the health risks 

associated with pesticide use is adequate. They also claim that they take 

precautionary measures when handling pesticides. On the other hand, 87.9% 

of workers were unaware of the danger of p::lisoning and even some of them 

believe that they are resistant to most of the toxic pesticide 

'ormulations. There is also lack of guidance and training in pesticide use. 
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safe h3:..,{j1~"'g of pest1c 1des (Tacle 13). The Sl~U3.~lOn 1$ alarming, 

particularly in the UAAE and the \'Iollega farms and shows how susceptible 

the wor<ers are to the ri sk. Fi fty two percent of the workers reported 

that they change their clothing after spraying. Even though this is a 

necessity in all the farms where OPs with toxicity category I and II are 

commonly used, 48% of the exposed subjects did not take care of this risk 

factor. 

Likewise the habit of eating around the spray field area was common in all 

the study sites. Drinking and smoking during pest control activties were 

also widespread among the workers. Responses to the habit of eating showed 

that 85.6%, 54.3% and 19.5% respectively of the UAAE, N.Omo and Wollega 

farm workers used to eat at work. The picture is alarming specially in the 

UAAE farms where the workers commonly consume fruits at the spray fields 

(Pictw'e 10). 

Workers took no special precuations during spraying or mixing the 

pesticides and there is high possibility of contamination with toxic 

formulations (Pictures 1 and 9). Most of the pesticides used in the farms 

were in t~e "highly hazardous' or "extremely hazardous' toxicity classes 

(Table 1). :::t."rin9 app1 ~cation of such pesticides, tt"'e use of ccrplE~e 

protective gear is str·::mgly recommended. Desplte this, workers cc;n~·only 

wore their everyday clothing and spray without foot wear. Only 16.7%,14.8% 

and 21.3% of the workers in the UAAE, N.Omo and Wollega farms respectively 

pt'Operly used personal protective apparel. The others usually wore 

ordinary work clothes consisting of long pants or cotton overalls, short­

sleeved shirt and in some cases jackets. Gloves, chemical respirators or 

masks, and boots were not normally worn during the appl ication of 

pesticides in the study sites. 

During field observations, it was found out that workers have great 

interest or positive attitude towards using personal protective devices. 

However, they claimed that these protect i ve devices were ei ther not 

provided or the appropriate type may not be available and caused discomfort 

to the users. In most cases, old protective devices were not replaced on 

time and farm workers were mostly using tornout rubber boots, gloves or 

overalls. 
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add'; t'et', .:~, 3%, :29.6% and 25.4% of th2 UAAE:, \.'300 and "'o1lega f3 r 'T. 

horkers ~~~~e: ~~ter spraylng. This informatior -~! not be re'lable Wl:r 

the water shortages and poor infrastractures in the farms. 

The relationship between important risk factors and ChE activities are 

separate'y indicated in Tables 14 and 15. In general, the effect of the 

risk factors observed in the present study was not the same for plasma and 

RBC ChE levels. As can be seen from both tables, the habit of eating during 

pest control operations, was accompained by Significantly lower plasma and 

RBC ChE activities(p<O.05 and p<O.OO1 respectively). 
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Table 1 , . ~. 

to the different risk factors (values are mean ± SD) 

Risk Factor RBC ChE acti i vi ty 

Response (no) Response (yes) sign. 

Changing clothing 0.657 ± 0.292 0.654 ± 0.259 N.S 

Eating at work 0.733 ± 0.283 0.597 ± 0.232 P<O.OOl 

Washing hands 

before eating 0.636 ± 0.265 0.652 ± 0.285 p<O.Ol 

Bathing after 

spraying 0.623 :': 0.271 - ~~: • C.237 N.S _ • J ..... _ -

Use personal 

protective devices 0.632 ± 0.268 0.674 ± 0.308 N.S 

Sign. = significance 

N.S = not significant 

Similar;/, e>: posed wor:"ers <'iro :ll :j not ,.·:is ~ :;-ei !' hands beforE: 8:3.i::i"9 ha.;: 

significaf'tly lower RBC ChE activities t,,~n Iou,'kers who have taken care of 

this risk factor properly (p<O.Ol) Howe·.er, the difference obse,'ved in 

plasma ChE activity with respect to t"is causal factor was not 

stat i st i ca 11 y s igni f i cant. A si gni fi cant difference in plasma ChE act i vi ty 

was also observed between exposed workers wi th and wi thout protect i 'Ie 

devices (p<0.C01) (Table 



, . 

to the different risk factors (va'ues are ~ea~ ± SO) 

Risk factor Pl asma Chi: act i vi ty 

-Response (no) Response (yes) Sign. 

Changing clothing 0.933 ± 0.276 0.964 ± 0.279 N.S 

Eating at work 0.957 ± 0.264 0.922 ± 0.290 P<0.05 

Washing hands 

before eating 0.950 ± 0.280 0.948 ± 0.276 N.S 

Bathing after 

spraying 0.954 ± 0.270 0.937 ± 0.299 N.S 

Using personal 

protective devices 0.845 ± 0.301 0.972 ± 0.268 p<O.OOl 

Sign. = Significance 

N.S = Not signifccant 
;1 
11~_ ~~~~~,~~~ __ -~~~~~~~~~~~"~~~o~_~~~~~_~~~,_~o"_-

However, thet"e was no slgnif~cant differer~ce ip ,Y.eari P8C ChE act"l-ty in 

tne e:qJosed workers who uSed pe(SCn6~ }:Tcte-::ive jev-;ces compared :0 those 

who d'dnot (Table 14). In addition, in the 2t-ese"t study, causa' :'actors 

of pesticide exposure such as changing clothi~g and bathing after pest 

control operations had no association with plasma or RBC ChE activity 

depression. 
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5. 1 . 1 

5. DISCUSSION 

Cholinesterase activities by different categories 

The study poPulation 

In the present study, the mean p'asma ChEvalues found in the contml group 

was 1.049 ± 0.235 (Table 3). This result is more or less comparable with 

those reported by Duncan et al (1986): 0.94 pH units; Brown et al (1978): 

0.99 ± 0.17 and by Abiola et al (1988): 0.90 ± 0.1. The mean RBC ChE 

activities of the control group found in the present study (0.787 ± 

0.231), is in close agreement to those reported by Brown et al (1978): 0.75 

± 0.1. However, it was higher than the values reported by Maroni et al 

(1990): 0.595 and lower than the values reported by Abiola et al (1988): 

1.80 pH units. 

The common e<istence of wide individual differences i'1 olasma and 'lBC ChE 

activities were pointed out in earlier studies by Jeyaratnam et al (1986) 

and Loosli (1980) respectively. In addition, Coye et al (1986) stated that 

there is no correlation between erythrocyte and serum enzyme activities in 

the absence of ChE inhibition. In the present study, the total variation 

observed between the dupl ieate int:'aindividu3.1 re3.d i r:9s Here 1.8% and 2.3% 

observed in the ',.o:'k of 'Juinones et al ('976 , Serat and Mengle (1973) 

observed a 5''; variation in ChE acti'/it, in 61% c f "he s&.'ole pairs analysed 

under the same laboratory conditions. Yager et al (1976) suggested that 

laboratory variation contributes to 40% and 25'<; of the variation in RBCs 

and plasma ChE values respectively. 

In genel'al, findi09s of the present study showed 3 becter '1atch between the 

dupl icate plasma and RBC ChE readings. 

The coe+ficient cf interi(;div~dua-: ChE a(;tiv'i-:f la'-ie.t~on obser'/ed among 

the control subjects Vias 22.4% and 29.3% for p''1SlT!a ;;rd MEiCs respectively. 

For the exposed subjects, the coefficient of interindividual plasma and RBC 

ChE activity was 29.8% ;;nd <13,5%, This finding is against to the opinior 

that in normal persons, the plasma ChE is more varlable than the RBC ChE 

and is considered as a less reliable indicator of exposure to ChE­

inhibiting pesticides (Knaak et al., 1978). The existence of wide 

interindividual variation in both plasma and RBC ChE activities have been 

suggested by many 'r\'orver·s. For ~ns~arce, Lcos:l ;:1'32l=:) 3f';d Coye ·~t al 
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,-eported to range f'-om 13.1% to 30.2~6. On the ot~er hand, :.iisra et al 

('985) reported a 38.4% and 23.2% variation for ;:Jlasma and RBC ChE levels 

respectively. 

A statistically significant difference in both plasma and RBC ChE levels 

were obsel-ved between the exposed workers and the controls (p<O.001) (Table 

3). These results suggest that the exposed workers are experiencing 

depressed ChE activities as a result of occupational exposure to OP 

pesticides. In agreement to the present findings, Quinones et al (1976); 

Gupta et a1 (1984); Misra et a1 (1985); Kundiev et al (1986); Desi et al 

(1986) and 

Ames et al (1989) reported a significantly reduced ChE levels in workers 

ex~osed to CPs compa'ed to unexposed contre>ls. Recently, t~aroni et al 

(1390) and Ciesielski et al (1994) also demonstrated a similar result. 

Unlike these findings, Kummer and Van Sittert (1986) observed no 

significant ChE depression among rvorian pest control workers exposed to 

OP irsecticide Sumithlon. 

A slight increase in ChE levels after OP exposure has even been reported 

by Rider et al (1958), Copplestone et a1 (1976) arod Vasillc et a1 (1987). 

These variation in OhE levels following exposure to OPs is suggested to be 

due '0 di fferences in the extent of excosure of the Norkel-s to various OPs 

a"d to variations in the method of analysls cf blood samples (Misl-a et a1 

1935). 

5.1.2 Age group 

In the present study, age did not appear to be an important factor to 

affect CIlE act i 'lit i es. No stat i st i ca 11 y s i gnif i cant di fferences in plasma 

and RBC ChEactivities among the different age groups of the controls was 

found (Table 4). Similarly, in the exposed workers, no significant 

difference in plasma and RBC ChE among the various age categories was noted 

(Table 5). 



any slgniflcant relationship between age and ChE activties, In the present 

study. hewe'/ee. the '\BC ChE 1 eve 1 sin the exposed I'K>rkers with ages be 1 ow 

13 yrs was sigmficantly lower compared to other age categories, 

Unlike this finding, Munn et a1 (1983) found a significantly lower 

pesticide residue values in the gloves and urine of youth cohort than in 

the adults, They also suggested that the differential risk in children is 

probably more dependent on their toxicological susceptibility than on 

exposure-related parameters. 

5.1.3 The study sites 

Comparison of the study sites showed that the differences in mean RBC ChE 

acti'/ities in the UAAE and N.Omo farm workers wet'e statistically 

sign; fican~ sompared to the workers in the \10112ga farms (p<0,05) (Table 

6). The mean RBC ChE activities in UAAE and N.Crno farm workers were 

significantly different from the controls (p<0,C5\, while the mean RBC ChE 

activities a f the \1011ega farm I'IOrkers were not. Such differences are 

... ~h;c'l pes~~:.::ide a~p~icatlor was carried out; to· 'city of the OP compound 

sprayed; dif'erences in the extent or duration of exposure and differences 

in the prevalence of risk factors of pesticide exposure may also contt'ibute 

to such di fferences (Hayes, 1975; ILO, 1979; Plestina, 1984). 

In F:::? pr-es8"t study, the a'v'erage ar.nual temper~-::::j~'S was relatively ~ighe~' 

in the UAA" and ""Cmo farms (33,0 :c and 32,0 :~ respectively) compared t,:) 

the iiollega state farm (30 :c), Most of the toxic CP pestic;des wel'e sprayed 

in L'~).E far,,;;s (iab:e 1), Ycreo\'sr, the prev~i;~r:ce of causal factors of 

pes:;:;i.]", ;;x,P:)SU'2 rna; a~s,:) be accc,unted for the observed differences it" 

the mean ChE depression among the di fferent farms, For instance, the habit 

:·f ~,?,'i"g c,\ the spn'.y fie'.] was f)igh in the UAAE and N,Omo farms whe:'s 

ft'ui ts are grown compared to the v/ollega state farms (Table 13 & Picture 

10), Furthermore, the use of protective devices during pest contt'Ol 

operations were not common in the UAAE and N,Omo farm I'IOrkers compared to 

the il'o 11 ega farm workers, 
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in the ot~er s'ate farms (Table 13). 

5.1.4 Job categories 

The resu 1 ts of the present study showed that the mean plasma and RBC ChE 

activities of the spray men was significar.tly lower compared to the 

workers in the other job categories (p<O.001) (Table 7). This finding may 

suggest that exposed workers in this job category (mixers, loaders, 

applicators and flag men) were highly affected from exposure to OP 

pesticides compared to the assessors, the tractor operators or the 

mechanics. In agreement with this finding, Spigel et al (1981) identified 

applicators and ware house handlers of pesticides to have a significant 

degree of exposure (p<O.05) than farmers in the other job categories. 

Vasi 1 ic ard his cowor'kers (1987) also observed high level of OP pesticide 

metabolites in urine among the mixers and the applicators compared to the 

mechanics and cther' field workers. Simi larly, among Pakistan vector control 

workers, Baker et al (1978) noted a 46.7% depression in ChEactivity in the 

spt" ay mer. o'Iho we t-e exposed to rna 1 a th i on formu 13. t ~ en. 

In genera~, t~e present study suggests that :he 'spray men' are the most 

high risk '3f"Ol.PS. This may be due to the fact that ::hese workers have 

frequent contact wi th the most concentrated technical grade of the OP 

pest i c ides dur i ng mi xing, loadi ng and app I i cat ion pract ices. It was also 

observed that workers in this job category exchanged from sections to 

sections as the need ar'ises. l'lorker's mobil it; may enhance tre possibi I ity 

of exposure tc more than one pesticide formu,ation which may be more 

potent as " resuit of synergistic effect (Hajes, 1975; Plestina, 1984). 

The tr'actcr op8r'ators were also found tc ha'/e s,gnificantly lower ChE 

activities compared to the pest assessors (Table 7). From field studies, 

it was observed that the tractor operators mainly operate 

tractor-dr'iven 1000-L tank, fi tted with a pump and spraY gun used for 

spraying. However, tractor operators did also sometimes alternate between 

carrying the hose, operating the spray gun and driving the tractor. Thus, 

tractor operators may be exposed to about the same dose of the pestiCide 

as the "spray men" who OIpply pesticides by knaps~cK or manual means. 



5.1 .5 Length of employment 

In the pt-esent study, the length of employment as a pest control wot-ker was 

found to affect ChE activity. A significant reduction in RBC but not in 

plasma ChE activity was observed in exposed workers who served for less 

than 1 yr (p<O.OOl). A similar result was also noted in workers who were 

exposed for 1 to 5 yrs compared to those with duration of exposurecf 10 

yrs and above (Table 8). This result was in contrast to the idea that 

workers exposed to ChE inhibitors over several years may demonstrate long­

term ChE activity depression (Sick, 1967). Roberts (1980) also mentioned the 

possibility that persistent exposure to pesticides may cause cumulative 

biological changes. In agreement with the present study, Aguilar et a1 

(1993) observed a significant plasma and RBC ChE depression among 

agricultural workers in Bolivia who have been using pesticides for 1 to 5 

yrs compared to those with longer years of exposure. This information 

confi '-.113 that exposed workers most affected are those who have been exposed 

to pesticides below 5 yrs, who have little work experience in pesticide 

handling. Hayes (1975) also suggested that excessive pesticide absorption 

occurs more likely in new employees than in those who through expeience, 

have learned to minimize their exposure. 

~;-,e present 

a slgnificantly higher- RBC ChE activity in OP exposed workers during the 

early period of exposure compared to those who a:-e exposed for longer­

period of time. 

On the other hand, in the present study, the length of employment is found 

to have no observable effect in the plasma ChE activity. 

5.2 Poisoning signs and symptoms. 

In the present stuey, the pt-eva 1 ence of poi soni ng symptoms were more 

frequent in the exposed workers compared to the controls (Table g). The 

most ft-equently reported symptoms by order of importance were headache, 

sweating, weakness, wheezing, blurred vision and abdominal cramp. Likewise, 

the frequent occurrence of these symptoms in workers exposed to OP 

pesticides as compared to controls have also been repor.ted earlier by many 

workers. For instance, Quinones et al (1976); Spigel et al (1981); Gupta 



57 

, "-A _" ~ 

- " £-:"1 J '~~~SlS :_;. 

occurrence of c~e or more of these symptoms Wl th weak,'ess ard headache 

being reported most frequent 1 y. In con'rast to these "eports. Jeyaratnarr; 

8t al (1986) ane Castaneda (1993) found no symptoms or clinica1 

manifestations of poisoning among farm wori<el-s exposec t.o CP ;;estioides. 

Similarly, Sansur et al (1993) noted no symptom exo~pt fatigue among QP 

exposed workel's. 

What is remarkable in this study was the significantly more frequent 

occurrence of the commonly reported OP poisoning symptoms in the exposed 

workers than in the control group. In addition to the high prevalence of 

different symptoms, a positive association was observed between low RBC ChE 

activities and reported morbidity. 

Despite these observations, almost all the symptOms were found to ha'ie no 

significant association with depressed plasma or RBe ChE activit-es (Tables 

10 and 11). 

Several field studies have associated ChE aotivities with signs and 

pesticide eX,posu"'e were prominent in Egyptiar: pest c:)l"\tro1 1<·r"l-ers anc 

~sitiyely associated with a significant reduction 1.'1 ACt..=- acti'/it). 

Similarly, Kashyap (1986) and Xue (1987) observed the frequent occurrence 

of poisoning symptoms accompanied by significant reduct'::n in ChE 

activi ties. 

The work of Quinones et al (1976); Whorton and Obl'isky (1983); 3upta et a: 

(1984); Nisra et ai (1985) and Kummer and Van Sittert (1986) and Aguilar 

at al (1993) showed the abse'ice of any significant rel3.t~)nship ::;etweer· the 

fl-equent1y repol'ted symptoms and depressed whole blood, plasma or RBG ChE 

activities. On the other hand, Wu et al (1989) observed no significant 

relation between symptoms and plasma ChE activities except wheezing which 

was accompanied by a sigl1lficant (30%) inhibition. Recently, Ciesielski et 

al (1994) also noted only minimal association between low AChE levels ru1d 

morbidity. Of the frequently reported symptoms, only diarrhoea was found 

to be associated with significantly low AChE level. 
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symptoms and significant reduction in either plasma or RBC CI)E activities. 

r<!oreover, compared to RBC ChE activities, the association of symptoms with 

plasma ChE activity was not definite. This finding is in agreement with the 

idea that the inhibition of of RBC ChE is a better 'r>d;cator of biological 

effect than plasma ChE, because it~ is analogous to the enzyme found in the 

nervous system tissues (Coye et al., 1986). Although not statistically 

significant, most of the symptoms were found to have positive association 

with low RBC ChE activities except for the complaint of irritation of the 

eye which was accompanied by slightly higher RBC ChE activities. A 

statistically Significant difference in RBC ChEactivity was noted between 

exposed workers with and without symptoms of sweating (Table 10). In 

addition, a statistically significant difference in plasma ChE activities 

were obseved between exposed workers with and without weakness. Therefore, 

in the present study, on 1 y weakness and sweat i n9 we~'e observed and bel i eved 

to have appeared as aresu 1 t of depressed plasma and RBe ChE 1 eve 1 s 

respectively. 

Generally, findings of the present study demonstrated higher prevalence of 

pJisoning symptoms in exposed workers compared t:, :he Gnexr:csed contr~ols. 

reported symptoms ar>d Che act ivi ty reduct io,- ".iij occ~r due to severa, 

reasons. 

The symptoms attributed to OP toxicity under chronic moderate exposure are 

not consistent, because their appearance depends more on the rate of fall 

in ChE activity than the absolute level of ChE res.c~ed (Coye et al 1986). 

Signs and symptoms of poisoning by organophosphorous compounds occur when 

morethan 50% of the plasma or RBC ChE activity is inhlbited (Namba, 1971). 

It was also reported that ChE activity can be rejucee slowly from day to 

day during occupational e.xposure to OP pesticides in the cOinplete absence 

of signs and symptoms of intoxication (Palestina 1984). Whorton and Obrisky 

(1983) also observed the persistence of some significant symptoms beyond 

the point of recovery of measurable ChE activi ty and suggested that RBC ChE 

is an imperfect marker for events occurring in the nervous system. It was 

also suggested that normal workers who are not exposed to ChE inhibitors 

may unpredictably shOYI striking fluctuation from one sample to the next. 
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plasma and RBe ChE levels in normal persons (~l'sr~ et a1., 1325; Coye et 

a1., 1986; Jeyaratnam et a 1 ., 1986) and under-reporting and/or over­

reporting of symptoms due to workers recall bias may be the causes of the 

absence of assoc 1 at' on between the frequent OCCurrence of S;o1'ptoms and 

significant ChE ~activity depression (Ciesielski et a1., 1994). The 

harshness of the weather, the hardness of the nature of the work which is 

typical in agriculture may also be the causes of frequent reporting of 

symptoms. 

Thus, it is not surprising to find some discrepancies between the 

prevalence of cho1 inergic symptoms and the degree of ChE activity 

reduction expected. 

5.3 Liver funct ion tests. 

In the present study, no significant change in AP and GPT 1eve~s was found 

between the exposed wot'kers and the controls (Table 12). This result is 

also in agreement with findings of Gupta et a1 (1979) and Misra et a1 

(1385). In contr-e.st ~-:) this, ghatnagar et a1 :~Q""8'. Gupta :::!": 3,: (1984): 

51gn; ficantly higher GPT and AP levels in pes:'cc1de expcseJ Subjects 

compared to the control groups. However, the SUe)8cts 1n <e{;s: of these 

studies were exposed to a number of other types of pesticides besides CPs. 

Furthermore, in the present study, AP and GPT levelS in the ex;:>csed workers 

were well with in the normal limits. Significant liver dysfunction in the 

exposed workers due to OP e:<p:sure seems theree'jl'e ~n like 1 y. ''''1,.5, it can 

be suggested that there is no marked impairment ;~ liver fl,.r.clcn at the 

level of exposure assessed in the present study, 

5.4 Risk factors. 

In the present study, risk factors which may cO'1trib'~+e to a ~",;,~er ext8"t 

of pesticide exposure were found to be prevalent among the exposed subjects 

(Table 13). Several epidemiological studies on workers knowledge, attitude 

and practice of pesticide use also demonstrated similar observations. 
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i n t~e corda,', va 11 ey by Sansur et a 1 (1993) showed that workers ignorance 

of the to:ccity of pesticides, lack of training on the safe use of 

pesticides, total absence or improper use of personal protective devices 

and wor~el's :::c<y personal hygiene are highly prevalent amcl'g pesticide 

e-xposed population. They were found to be the main causes of pesticide 

related illnesses. Consistent with these findings, in the present study, 

the effects of these factors as the main causes of pesticide related 

poisoning may be substantiated by the strong association observed between 

the prevalence of these factors and reduction in the plasma or the RBC ChE 

activities (Tables 14 and 15). As can be seen from Table 14, the higher 

preva 1 ence of factors 1 i ke the habit of eat ing at work and not washi ng 

hands before eating were accompanied by a significantly lower RBC ChE level 

compared to those who have taken care of these factors (p<O.OOl and p<O.Ol 

~espect'vel/). Similarly, a significant differe'1ce in plasma ChE level was 

observed between those who properl y use personal protect i 'Ie devi ces 

compared to those who didn't (p<O.OOl) ( Table 15). In agreement with this 

finding, Castaneda (1993) observeci a 40% reduction in plasma ChE level 

among Fi 1 i pi no spray men wi thout personal protect ive devi ces; however no 

significant d;~~ererce was observed w~th ~·eg:.1rd to RBC ChE levels. 

assocld.tions between such risk factors of pesticide exposure ~nd low RBC 

ChE levels among workers exposed to CP pestlcldes. 



6. ~"NCLUSrON 

The present study ras tried to assess the health i.~pact on sune Ethiopian 

farm worker's exposed to multiple crolinesterase-i~r"biting CP pesticides. 

Plasma and REC ChE activ; ty determinations, 1, vel' functicn tests and 

admirstration 'Of questionnai"e on signs and syrno::·"1s of OP ~c'soning and 

causa 1 factors of pest i ci de exposure were carri ed out in each exposed 

wo.-ker. Similar measurements were done in control sc;bjects. The results of 

each measurement were analysed in relation to the age, the different study 

sites and occupational histories. Based on the results obtained, the 

following conclusive statements could be made. 

6.1 Although wide interindividual variation in plasma and RBC ChE levels 

were observed, both are found to be important in the assessment of 

health impacts of OP pesticides in the farm workers. 

6.2 The OP ex posed workers are found to have s; 9ni f i can:; y depressed 

plasma and RBC ChE activities (p<O.001); the number of OP exposed 

workers with plasma and RBC CIlE values bel()l', the minimum of that of 

the controls were 58 (13.5%) and 47 (10.9%) respectively. This 

6.3 Of the three state farrr,s sur'-/eyed, the U'AAE 8.f',j N.Ono fa'-;;,s a:~e found 

to be with apparently greater OP pesticide associated problems. 

6.4 The 'spray men' followed by tractor operators are identified to be 

the most hi gh "i sk groups as compa,'ed to the ;Jest assessors and the 

spray machine technicians. 

6.5 OrganopiYspllate pesticide e:<posed wcrvecs witn t"~ lanqh of 

employment below 5 year's at'e the most af7e-::ed gt'DLiPS ccmpared to 

those who were exposed for long period of time. 

6.6 Normal AP and GPT levels without significant differences with that 

of the controls indicates the absence of mar~ed impairment in liver 

function at the level of exposure assessed. 
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associations w~th signliicantly lower plasma and RBC CilE levels 

respectively. 

S.3 The risk factors related to a greater pestlcide exposure such as lack 

of knowledge about the potential hazards of pesticides, poor personal 

hygiene and total absence or improper use of personal protective 

devices during pesticide applications were highly prevalent in the 

farm population. Moreover, the strong positive association observed 

between the prevalence of these factors and the plasma or the RBC 

ChEdepression confirms the potential of these factors as the causes 

of QP poisoning. 

6.9 Further investigations are needed to clearly know the nature, the 

amount and the route of entry of the (;F ::est i c i des used and to 

determi ne thei r associ at ion wi th pre- and post-exposure ChE 

activities and related morbidities. Such in depth studies would 

possibly rule out interferences of interindividual ChE variations. 

Further study on the future economic impact is likely important. 
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"1. REc;cw.tENDA TI ONS 

In order to minimize the health hazal'ds from the use of OP pesticides, the 

following recommendations are given. 

7.1. prOV1S'OI' of appropriate protective device and regular supervision 

on their use. 

7.2. Pre-placement medical examination including baseline ChE 

determination. This is primarily important to establish baseline ChE 

level which will be used as a reference value to follow individual 

ChE status after pesticide exposure. It is also useful to screen out 

individuals who genetically have low ChE levels. 

7.3. Periodic medical surveillance including ChE determinations, hepatic 

and l'ena1 function tests. Follow up is essential on ':ne f"'lquently 

reponed symptoms, wi th special emphasis on those wor~ers who are 

involved in pesticide mixing, loading, flagging and application 

practices. 

aChie\ied th(cugh dlssaminating ir',+ormation about ~r·e 'l:lture s.nd 

tox'c,ty of pesticides, tr'aining about safe handling Tle:hcds and 

promotion of \'K)I'kers personal hygiene using safety training. 

Organ i zing semi nars and prepari ng postel's in local 1 anguages are 

quite helpful. 
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