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Objectives Farm workers chronically exposed to low levels of pesticides seldom show signs and symptoms of clinical
significance. This study investigates subclinical morbidity patterns among male farm workers in a desert country.
Methods Migrant-established farm workers (N=226) were compared with referents (N=226) and with new farm
workers (N=92) who had just entered the country to work on farms, Acetylcholinesterase activity was measured, the
aiming test and digit symbot test were applied, and a morbidity profile was collected with a questionnaire.

Results The erythrocyte acetylcholinesterase activity and hemoglobin-adjusted erythrocyte acetylcholinesterase
activity were significantly depleted in the established farm workers. The results of the aiming and digit symbol tests
were also significantly lower for the established farm workers. For the morbidity profile, irritated conjunctiva
(#1.3%), watery eyes (52.2%), blurred vision (63.3%), dizziness (55.2%), headache (63.7%), muscular pain (61.1%),
and weakness (76.6%) wete reported by established farm workers in statistically significantly higher numbers than by
the referents and new farm workers.

Conclusions Morbidity patterns, such as the health complaints and objective parameters suggested in this study,
would be suitable as criteria for identifying farm workers most at risk from pesticide toxicity and as criteria for
initiating measures to control and reduce exposure.

Key terms aiming test, digit symbol test, erythrocyte acetylcholinesterase, hemoglobin-adjusted erythrocyte

cholinesterase, organophosphates.

Crop losses have been effectively controlled through the
use of pesticides. However, their use has caused wide-
spread concern over direct exposure during their handling
(mixing and spraying) and also during indirect exposure
through pesticide residues in food and the general envi-
ronment (1). Reports of adverse health effects on agricul-
tural workers and the community have generated calls for
the most judicious use of pesticides in agriculture and
public health (2, 3). However, the improper use of pesti-
cides, especially in developing countries, has raised sus-
picions of increasing morbidity rates for agricultural work-
ers (2). Lack of control and training in the proper use of
pesticides on farms has resulted in the exposure of farm
workers to toxicologically significant quantities (1, 4).
Although only a small percentage of those exposed re-
ceive doses high enough to cause acute severe effects,
the majority are at risk of developing subclinical damage
to their health (5).

As reported by pesticide handlers elsewhere, the most
common symptoms from chronic low-dose exposure are
headache, dizziness, anxiety, vertigo, nausea, and vomit-
ing (2, 3). Farm workers subjected to chronic pesticide
exposure are also at risk of developing mood disorders,
mainly depression, which can be manifested as signifi-
cantly high suicide rates (4). Cytogenetic effects have also
been observed for farm workers chronically exposed to
pesticides (5). A 3-fold increase in chromatid breaks has
been detected for sprayers at the end of the spraying sea-
son in a comparison with unexposed workers (5). Gudu-
mak et al (6) reported that prolonged exposure to pesti-
cides alters the amino acid profile in agricultural pesticide
handlers. Significant alterations in amino acids produced
clinical manifestations of ill-health in occupationally and
chronically exposed agricultural workers (6). Certain can-
cers, namely, gastric, renal, skin and blood (leukemia and
non-Hodgkin lymphoma), have tended to increase (7, 8).
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Decreased conduction velocities have been observed for
the motor and sensory fibers by Ruijten et al (9). Auto-
nomic nerve function was also decreased in resting sinus
arrthythmia. Acetylcholinesterase activity levels have been
reported to be lower in workers exposed to organophos-
phorus compounds than in unexposed workers (10).

Dose-response relationships to pesticides are difficult
to determine among agricultural workers because of the
heterogeneity of the pesticides used, the variability of the
methods of application, the lack of information on the use
of protective measures, and the lack of adequate expo-
sure data (11). Migrant agricultural workers in particular
are at increased risk since they do not carry any exposure
history with them and most migrant farm workers are un-
aware that pesticides are toxic and could cause health prob-
lems (12). Few comprehensive epidemiologic studies have
assessed the magnitude of occupational health problems
among farm workers in developing countries, and data
on acute and chronic health effects related to their toxic
exposures are generally lacking (13—16).

This study aimed at collecting information on some of
the key morbidity parameters (both those reported else-
where and others) among migrant-established farm work-
ers and those working in nonpesticide-related industry.
Farm workers who had worked on farms in other coun-
tries and who had come to the United Arab Emirates to
commence farm work were also studied. Erythrocyte ace-
tylcholinesterase (AChE) activity and neurological and
muscular dysfunction were measured in the study popu-
lation, and the results were correlated with their AChE
level and the type of job. The morbidity parameters iden-
tified in this study were assessed for their ability to pre-
dict the depletion of AChE, the type of job engaged in,
and the period of occupational exposure to pesticides.

Subjects and methods

Subjects

A population of 544 male expatriate workers recruited
from developing countries to work on farms, in industry,

Table 1. Demographic characteristics of the study population.

Parameter Referents Farm New farm
workers workers
Mean SD  Mean SD Mean SD

Body massindex (kg/m?) 2324 354 2175 313 2054 3.35
Systolic blood
pressure (mm Hg)?
Diastolic blood
pressure (mm Hg)?

Heart rate (beats/min)

118.80 155 120.78 17.07 115.61 10.33

80.27 1253 81.66 11.46 77.39 9.20
7049 1279 6890 11.65 64.67 751

a1mm Hg = 0.133 kPa.
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and as domestic help in the United Arab Emirates took
part in this study. The study population was selected from
workers attending the occupational health clinic of the
Preventive Medicine Department, Ministry of Health; they
attended this clinic to obtain a health certificate to renew
their residence permit, which would allow them to stay in
the country and work in the designated industry. The pop-
ulation consisted of 226 established farm workers, 226
referents matched for age and nationality, and 92 un-
matched new farm workers. Both the farm workers and
the referents were selected on the basis that they had
worked, at least for the past 2 years, in the country in their
present jobs. The farm workers lived on the farms and
handled tilling, the spraying of pesticides, and the har-
vesting of farm crops. The selection criteria for the refer-
ents were that they had never been occupationally exposed
to pesticides or handled pesticides for domestic use; they
were employed as domestic workers or in retail shops or
in offices or industry. The new farm workers were select-
ed from men who had just come into the country to work
on farms and had previously worked for at least 2 years in
the farming industry in their home country. The response
rate was 99%; 6 people (1 referent, I farm worker and 4
new farm workers) did not participate because of a lack
of communication skills or because they were afraid to
provide a blood sample. The study population, which was
mainly ethnic Asians, comprised Pakistanis (30%), Indi-
ans (29%), Bangladeshis (28%), Egyptians (9%) and oth-
ers (4%) (Iranians, Jordanians, Sudanese, Syrians and
Yemenis). The means of the systolic and diastolic blood
pressures of the population were 119.08 (SD 15.54) mm
Hg [15.84 (SD 2.07) kPa] and 80.36 (SD 11.65) mm Hg
[10.69 (SD 1.55) kPa], respectively, and the mean and
standard deviation of the hemoglobin level was 13.27 (SD
7.92) g/dl. The body mass index (BMI), systolic and di-
astolic blood pressures, and heart rate did not differ be-
tween the 3 groups (table 1).

Questionnaire

A specifically designed questionnaire was applied to the
surveyed population to elicit information on demograph-
ic characteristics, health status, work, and dietary habits.
Blood pressure was measured using a close-fitting cuff
and an aneroid sphygmomanometer. Height and weight
were measured, and the BMI was calculated by using the
formula BMI = weight (kg)/height® (m).

Analyses

A 10-pl capillary blood sample was collected to measure
AChE and the hemoglobin level (17, 18). A Testmate
Cholinesterase Kit (19) (EQM Research, Cincinnati, OH,
USA) was used to analyze the blood sample for AChE
and hemoglobin. In the assessment of neurological dys-
function, memory disorder and loss of neuromuscular
coordination status, the digit symbol test and the aiming



test (20) were applied under controlled and comfortable
conditions. The test instructions were given in the rele-
vant native language, and, after a practice session, 1
minute was allowed for the completion of each test. All
the subjects were then examined by an occupational phy-
sician, who was “blind” to their jobs, to collect informa-
tion on their past and present health status according to a
predesigned checklist.

Morbidity data

The morbidity pattern was compiled using the 30-day re-
call information provided by the study population. The
checklist for the past health effects included complaints
described in previous studies and also other complaints
on the basis of protection from presumed toxicologic ac-
tions. They included watery eyes, blurred vision, runny
nose, itchy skin, dizziness, headache, restlessness, sleep-
lessness, muscle pain, abdominal pain, weakness, wheeze,
and chest tightness. The subjects were also asked to re-
port on any parameter which they experienced while at
work or soon after work. The responses to each parame-
ter were classified as experienced “often”, “sometimes”,
or “never”. The current health status was assessed from
the following observations: conjunctiva (irritated or nor-
mal), vision test, wheezy chest, and skin condition of the
hands.

Statistical analysis

The data were analyzed using the statistical package for
the social sciences (SPSS) for Windows (21). Student’s t-
test was used to test the significance of the difference in
the categorical variables, and an analysis of variance
(ANOVA) was used to test the significance of the differ-
ence between the means among the different groups.
Multiple regression analysis was used to test the associa-
tion between AChE depletion and farm work from the re-
sults of the aiming and digit symbol tests and the different
parameters from the morbidity pattern. The period of ex-
posure of the farm workers was also tested as a dependent
variable.
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Results

Measured parameters

The values for AChE, hemoglobin-adjusted AChE, the
aiming test, the digit symbol test, and the period of serv-
ice for the referents differed highly significantly
(P<0.0001) from the respective values of the established
and new farm workers (table 2). But between the 2 groups
of farm workers only the difference for AChE was highly
significant, those for the hemoglobin-adjusted AChE val-
ue and the aiming test being significant and those for the
digit symbol test and the period of service being nonsig-
nificant.

Reported parameters

Many of the morbidity parameters showed statistically sig-
nificant differences between the established farm work-
ers, the new farm workers, and the referents. Higher per-
centages of farm workers than referents reported (often or
sometimes) irritated conjunctiva (47% versus 16%), wa-
tery eyes (52% versus 4%), blurred vision (63% versus
7%), runny nose (36% versus 9%), wheeze (18% versus
6%), and chest tightness (18% versus 5%) in the past
month,; these differences were all statistically highly sig-
nificant (table 3). Greater numbers of farm workers than
referents reported dizziness (55% versus 14%), headache
(63% versus 18%), restlessness (41% versus 0%), and
sleeplessness (48% versus 4%); these differences were
also highly statistically significant (table 4), Muscular pain,
abdominal pain, and weakness were more frequently ex-
perienced by the farm workers than by the referents often
or sometimes in the past month (69% versus 8%, 61%
versus 4%, and 77% versus 10%, respectively); these dif-
ferences were all highly significant (table 5).

Regression analysis

The type of job was a highly significant predictor of
weakness, abdominal pain, blurred vision, muscular pain,
restlessness, and, to a less extent, sleeplessness in the af-
fected population (table 6). Farm work also predicted low

Table 2. Enzyme pattern and neurological function for the referents, established farm workers, and new farm workers. (95% Cl= 95%
confidence interval, AchE = erythrocyte acetylcholinesterase, HAChE = hemoglobin-adjusted erythrocyte acetylcholinesterase)

Parameter Referents Farm New farm 95% Cl for difference
workers workers
Mean SD Mean  SD Mean SD Referentsversus  Referentsversus new  Farm workers versus
farm workers farm workers new farm workers

AChE (Ul/ml) 412 031 347 050 423 021 0.57—0.73* -0.18—-0.04* 0.68—0.83*
HAchE (Ul/g hem) 3154 231 28.41 6.26 3324 173 2.3—4.01* -2.22—-117* 3.93—5.72**
Aiming test 18.98 18.55 717 1205 799 1524 8.92—14.71* 6.7—15.3* -2.7—4.34**
Digit symbol test 587 11.70 090 383 074 289 3.45—6.68* 2.8—7.66* -1.04—-0.71
Period of service 631 454 504 382 0.06 046 0.52—2.03* 5.31—7.18* -5.45—-4.99

* P-value< 0.01, ** P-value< 0.001.
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scores on the aiming and digit symbol tests and low AChE
activity levels with a high level of statistical significance.
AChHE depletion significantly predicted weakness and
blurred vision highly significantly and less significantly
musclular pain, headache, and chest tightness. Among the
108 farm workers who sometimes experienced blurred
vision, 14% (15 of 108) reported sometimes experienc-
ing double vision, while 40% (14 of 35) reported this
symptom as being experienced often. AChE also predict-
ed a low hemoglobin-adjusted AChE activity in the

exposed population significantly and identified the ex-
posed population highly significantly.

Discussion

Migrant farmers have a low level of literacy and are there-
fore unable to read the instructions on the labels of pesti-
cide packing (22). These workers, who also disregard

Table 3. Eye problems, respiratory problems, and skin allergy among the referents, established farm workers, and the new farm workers.

{NS=not significant)

Symptom Referents Farm workers New farm workers
N % N % N % P-valug?

Conjunctiva

Irritated 36 15.9 107 47.3 16 174

Normal 190 84.1 119 52.7 76 82.6 <0.0001
Watery eyes

No 217 96.0 108 478 92 100

Sometimes 9 3.9 108 478 - 0.0

Often - 0.0 10 4.4 - 0.0 <0.0001
Blurred vision

No 210 92.9 83 36.7 92 100

Sometimes 15 6.6 108 478 - 0.0

Often 1 04 35 15.5 - 0.0 <0.0001
Runny nose

No 205 90.7 143 63.3 89 96.7

Sometimes 21 9.3 78 345 3 33

Often - 0.0 5 2.2 - 0.0 <0.0001
Respiratory problems

Normal 201 88.9 145 64.2 92 100

Wheezy 14 6.2 41 181 - 0.0

Tightness 11 49 40 17.7 - 0.0 <0.0001
Skin rash

No 217 96.0 209 925 92 100

Yes 9 39 17 75 - 0.0 NS

aChi-square test between the referents, farm workers, and new farm workers for either the presence or absence of the morbidity parameter.

Table 4. Dizziness, headache, restlessness, and sleep disturbances among referents, established farm workers, and new farm workers.

Symptom Referents Farm workers New farm workers
N % N % N % P-value?

Dizziness

No 194 85.8 101 447 Q0 97.8

Sometimes 30 13.3 107 473 2 2.2

Often 2 0.9 8 79 - 00 <0.0001
Headache

No 186 82.3 82 36.3 89 96.7

Sometimes 33 146 110 48.7 3 33

Often 7 31 34 15.0 - 0.0 <0.0001
Restlessness

No 226 100 134 59.3 92 100

Sometimes - 00 92 40.7 - 0.0 <0.0001
Sleeplessness

No 217 96.0 118 52.2 92 100

Sometimes 9 39 101 447 - 0.0

Often - 0.0 7 3.1 - 0.0 <0.0001

2 Chi-square test between the referents, farm workers, and new farm workers for either the presence or absence of the morbidity parameter.
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health and safety measures and treat pesticides and any
toxic chemicals as harmless substances, are therefore po-
tential targets for exposure and for subsequent adverse
health effects (15). Any subclinical morbidity they expe-
rience is usually discounted as general malaise which will
pass away the following day. They are also reluctant to
seek medical advice because of the fear of losing their
jobs (12). Chronic health effects are underreported and
usually are not linked in their minds with ill-health from
pesticide exposure, even though the exposure is occupa-
tional (22). Statistically significant negative relationships
have been observed between the use of protective meas-
ures and symptoms experienced within hours of exposure
after the application of pesticides on a farm (2). Anxiety,
nausea, vomiting, weakness, headache, and dizziness have
been suggested as potential predictors of pesticide illness
(2, 3). In our study, we identified a wide range of symp-
toms and parameters that were experienced often or some-
times by farm workers but not by referents (ie,
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restlessness, sleeplessness, weakness, headache, muscu-
lar pain, abdominal pain, pain in the extremities, allergic
reactions including irritated conjunctiva, watery eyes,
blurred vision, runny nose, wheeze, and chest tightness).
Ihelin & Hoglund (23) reported similar allergic reactions
among farm workers who were chronically exposed to
pesticides on farms and who were wanting to change jobs.
Similar morbidity patterns pertaining to the central nerv-
ous system, skin, and eyes were found to be associated
with exposure to pesticides by Gupta et al (24). We sug-
gest, therefore, that this list of complaints and measures
be used as a checklist for monitoring the health of farm
workers exposed to chronic low doses of pesticides and
for advising them on the use of protective measures.
Cholinesterase monitoring has been used as a biolog-
ical marker for the subclinical effects of organophosphate
pesticides (25). The depletion of AChE has been reported
to follow a dose-response relationship from exposure to
organophosphorus pesticides (10, 25), and among farm

Tahle 5. Muscular and abdominal pain and weakness among the referents, established farm workers, and new farm workers.

Symptom Referents Farm workers New farm workers
N % N % N % P-value?

Muscular pain

No 207 91.6 71 314 92 100

Sometimes 17 75 127 56.2 - 0.0

Often 2 0.9 28 124 - 0.0 <0.0001
Abdominal pain

No 218 96.5 88 389 92 100

Sometimes 8 35 125 556.3 - 0.0

Often - 0.0 13 58 - 0.0 <0.0001
Weakness

No 204 90.3 53 235 89 96.7

Sometimes 20 8.8 120 53.1 3 33

Often 2 0.9 53 235 - 0.0 <0.0001

aChi-square test between the referents, farm workers, and new farm workers for either the presence or absence of the morbidity parameter.

Table 6. Prediction of morbidity parameters for the farm workers and the erythrocyte acetylcholinesterase activity (AchE) depletion by

multiple regression analysis. (NS = not singificant)

Parameters Farm work AChE depletion

B 95% Cl P-value B 95% Cl P-value
Weakness 0.261 0.165—0.359 0.0001 -0.209 -0.179—-0.036 0.003
Abdominal pain 0315 0.190—0.440 0.0001 0.005 -0.087—0.098 NS
Blurred vision 0.182 0.077—0.286 0.0001 -0.098 -0.175—-0.023 0.01
Muscular pain 0170 0.055—0.062 0.002 -0.045 -0.124—0.034 NS
Restlessness 0.379 0.222—0.535 0.0001 0.044 -0.072—0.159 NS
Headache 0.034 -0.058—0.128 NS -0.085 -0.133—0.001 0.05
Sleeplessness 0.142 0.012—0.273 0.03 0.049 -0.046—0.143 NS
Chest tightness 0.032 -0.051—0.114 NS -0.055 -0.131—0.065 0.05
Watery eyes 0.059 -0.076—0.194 NS -0.033 -0.076—0.079 NS
Dizzyness 0.023 -0.511—-0.28 NS 0.001 -0.076—0.079 NS
Aiming test -0.012 -0.016—-0.008 0.0001 -0.001 -0.004—-0.001 NS
Digit symbol test -0.015 -0.023—-0.008 0.0001 -0.002 -0.006—0.002 NS
Hemoglobin-adjusted AchE -0.008 -0.023—-0.005 NS 0.034 0.027—0.042 0.0001
AChE / farm work -0.902 -1.03—-0.772 0.0001 -0.283 -0.0325—-0.0243 0.0001
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workers the depletion has been related to the intensity of
exposure (25, 26). Among the adverse health effects from
pesticide exposure, dementia has been identified in pa-
tients chronically exposed to pesticides, and this finding
may suggest a clue to the etiology of some neurodegener-
ative diseases (27). Postural sway, used in the assessment
of neurological dysfunction, has been observed to be sig-
nificantly affected by exposure to pesticides (28). Memo-
ry disorders from chronic exposure to organophosphorus
pesticides have been reported (29). The significant deple-
tions of AChE and hemoglobin-adjusted AChE in our
study were therefore consistent with the finding elsewhere,
and it indicated the possibility of subtle diminution of neu-
romuscular functional integrity.

In our study the positive association of the aiming and
digit symbol test results with AChE activity depletion sup-
ported the hypothesis of the presence of subclinical neu-
rological dysfunction and memory disorders among es-
tablished farm workers and, to a less extent, among new
farm workers. These test results therefore showed good
agreement with the observations of postural sway and the
length of sway used to assess neurological dysfunction in
agricultural workers exposed to pesticides (28). Agricul-
tural workers with long exposure to pesticides are there-
fore potential targets for neurological and memory disor-
ders.

To our knowledge the use of the aiming and digit sym-
bol tests has not been reported in the context of assessing
neuromuscular dysfunction among farm workers em-
ployed on open farms, although these and other similar
tests have been used in assessing health effects from sol-
vent exposure (30). In our study, AChE activity, which
has been identified as a good indicator of pesticide expo-
sure (26), also showed positive associations with the re-
sults of the aiming and digit symbol tests. Low-level ex-
posure to pesticides induces a state of sensitization (31)
among farm workers, who therefore reduce their expo-
sure and, thereby, reduce the possibility of severe intox-
ication but do not avoid the possibility of mild chronic
intoxication. Manifestations of acute clinical toxicity are
therefore not commonly seen in farm workers, but sub-
clinical toxicity is prevalent, and it could culminate in a
debilitating pesticide-related disease. We therefore sug-
gest that, by monitoring the parameters identified in our
study, it may be possible to identify subclinical toxicity at
an early stage and thereby prevent the clinical manifesta-
tion of a pesticide-related disease at a later date.
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