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Exposure to pesticides in the recent years has increased mani-
fold due to their. intense application and as such the risks of
occupational hazards have also multiplied tremendously. Interes-
tingly the greater part of the data regarding the effect of
pesticides concentrated on aquatic organisms (Reddy and Rao,
1989), birds (Perry, 1990) and other laboratory mammals
(Dikshith et al., 1978). Comparatively there are few hemato-
logical, biochemical or risk assessment studies of pesticide on
exposed human beings (WHO, 1986; Ingermann, 1989; Nair et al.,
1992). Most of these environmental hazard studies which have
been done on human beings, deal with residue levels of pesti-
cides either in blood, serum or adipose tissue following occu-
pational or accidental exposures. As factory workers who work
in pesticide plants where pesticides of different nature are
manufactured, formulated or packed, run a great risk of direct
exposure, assessment of their occupational risks involving the
damage to hematological or biochemical factors is of paramount
importance.

The present study was undertaken to explore the effects of
pesticides on the hematological responses of workers exposed ior
varying durations in one of the factories of Bhopal where
organochlorine and organophosphorus pesticides are manufactured
and formulated on a very large scale. Needless to say, private
chemical factories in developing countries have poor working
conditions and if environmental legislations and laws are followed
they are only on paper. Bhopal gas disaster is a living
example of the extent of precautions followed in factories. It
must be mentioned that in the past whatever hematological
studies have been done, particularly on the human subjects
exposed accidentally or occupationally to pesticides the results
are at variance. Davignon et al. (1965) reported that there was
no change in red blood cells and hemoglobin concentration after
pesticide exposure, whereas Namba et al, (1971), Sandifer et al.
(1972) and Morgan and Lin (1978) reported significantly lowered
values values of hemoglobin in workers following pesticide
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exposure. Similarly Desi et al. (1986) also reported some
changes in hematological factors of pesticide exposed workers,
however, all such studies regarding the effects of pesticide
exposure on factory workers are of European countries and
reports on the status of Indian pesticide factory workers are
wanting, who work in more rigorous environmental conditions and
have comparative low socio-economic and health status.

MATERIAL AND METHODS

The present study was conducted in one of the major pesticide
manufacturing and formulating factories of Bhopal, where the
working conditions were considerably substandard and the
workers did not use masks, gloves, gumboots or any protective
apparel. It was observed that they worked in stuffy rooms
without proper ventilation, and only tied a cloth around their
mouth, working on an average for 10 to 12 hours in hot and
humid conditions. The temperature of their working place
ranged from 24-40°C. The products manufactured by the factory
were benzene hexachloride, malathion, parathion and carbaryl.
The workers handled the pesticides by way of manual mixing and
packing them in plastic bags and also stacking the pesticide
bags for loading. Almost all the workers were exposed to the
pesticides through skin as well as by inhalation. After their
work very few pesticide workers (10-15%) used to take shower
and change their clothes, whereas others used to change their
clothes after 3-4 days. Information regarding the concentration
of pesticides in air or on skin could not be obtained. A total
number of 41 human subjects were studied for a period of two
years. The subjects were studied after three, six and nine to
twelve months of pesticide exposure. A group comprising eleven
workers who left their job were also studied as withdrawal
group. All the workers were males and ranged between 25-40
years of age and belonged to low income group. The subjects in
each group were compared with an external group of control
subjects of the same age and socio-economic status having no
previous history of occupational contact with pesticides.

Various blood samples from all the subjects, exposed as well as
controls, were taken in vials containing dried ethylene diamine
tetra acetic acid as anticoagulant and brought to laboratory for
analyzing the hemoglobin (Hb), total leucocyte count (TLC),
differential leucocyte count (DLC) and erythrocyte sedimentation
rate (ESR). The equipment used for estimation was SEAC compu-
terisod analyser (Miles India Ltd.). Total white blood cell
count was done using WBC diiuting fluld and the enumeration was
done using Neubauer counting chamber. DLC was done using
Leishman's stained blood films while ESR was measured using
Woesterngreen method.

RESULTS AND DISCUSSION

Fig. 1 shows the changes in levels of Hb and ESR in the factory
workers occupationally exposed to organochlorine and organophos-
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phorus pesticides along with well matched control human subjects
without any pesticide exposure. In the 3 months exposed
workers it was observed that there was a significant decrease in
the average Hb values, the level decreased from a control value
of 15.9 g/dl to 12.46 g/dl (Fig. 1). The 6 and 9-12 months
exposed groups also exhibited considerable lower values of Hb
from that of unexposed controls, the deviation being 26.6% and
34.4% respectively. Thus there was a clear cut exposure depen-
dent decrease of Hb wvalues in the pesticides exposed factory
workers which was statistically significant (P< 0.001).

ESR was also found to be significantly affected, the response
increasing exposure dependently being minimum in the 3 months
exposed group and maximum in the 9-12 months group. Percen-
tagewise the 3 months exposed group exhibited an increase of
21,42% from the controls, whereas the 6 and 9-12 months pesti~-
cide exposed groups registered further elevation in the ESR
values. Percentagewise the increase being 109.7% and 217.2%
respectively (P < 0.001). Interestingly, studies of Hb and ESR
from withdrawal group indicated that within 3 months of the
cessation of exposure, ESR values in all the factory workers
became normal whereas Hb levels fell slightly short to that of
normal and were found to be quite similar to that of 3 months
exposed group (Fig. 1 § 2; P< 0.001).

Another important hematological factor TLC was also seriously
affected by the pesticide exposure in almost all the groups of
workers studied. In the 3 months exposed workers, TLC increa-
sed by 15.66% whereas in the 6 and 9 to 12 months group the
percentwise increase was 30.29% and 44.2% respectively (Fig. 4).
DLC of the occupationally exposed workers also exhibited signi-
ficant deviations from the normal values, the changes being non-

specific. The percentages of polymorph and eosinophil were
found to be markedly elevated in almost all the three exposed
groups from control values. Percentagewise the increase in

polymorph was found to be 3.14% after three months exposure,
15.6% after six months and 37.36% in 9 to 12 months exposed
group, eosinophils showed an elevation of 5.10% in the group
studied after three months of exposure, 87.18% in six months
exposed group and the maximum exposed group showed an eleva-
tion of 110.24% (Fig. 3, 5).

On the other hand lymphocytes decreased in all the three diffe-
rently exposed groups, the percentage of lymphocytes in three
months exposod group docreased from control values of 41.26% =
0.9402 to 38.65% * 1.3388 in the exposed human subjects, exhi-
biting a deviation of 6.44%. In the six and nine toc twelve
months exposure groups the lymphocyte percentage further
showod a lall ol 29.48% and 66.72% rospoctively (I'ig. ©6). 'The
percentages of basophils and monocytes were found to be unaffe-
cted in all the three groups. Analysis of blood from workers
who had left their jobs further confirmed the fact that the
pesticide exposure induced deviations in hematological parameters
was time related and cessation of exposure or its withdrawal
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resulted in achieving normal levels of hematological factors
within three months.

It has been argued that environmental levels of pesticides may
not reflect the amount ingested, inhaled or absorbed, while
blood samples show only specific time levels (Davis, 1980). In
contrast to the earlier reports of Davignon et al, (1965} and
Christopher (1969) who reported that pesticide exposure is
without any hematological effects in human beings, in the pre-
sent study a significant reversible decrease in hemoglobin levels
resulted in response to duration dependent pesticide exposure.

The results of the present study are highly significant in
relation .to the fact that few such studies have been conducted
on Indian subjects which have quite different geographical,
racial and socio-economic status. The only detailed study
carried on Indian factory workers is of Bhatnagar (1980) who
reported a similar decrease in hemoglobin levels in human
subjects exposed to mixture of organochlorinee and organophos-
phorus pesticides. These workers found that hemoglobin values
decreased from a control level of 14.48 * 0.75 to 11.0 t 3.05
(P< 0.001) in male workers. In the present study also the
decrease is statistically significant, however, it is much greater
than that reported by Bhatnagar (1980). The present findings
also corroborate those of Morgan and Lin (1978) and Desi et al.
(1986) who have reported that following pesticide exposure, Hb
levels decrease significantly.
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In the present study ESR of human factory workers exposed to
mixed organochlorine and organophosphorus pesticides showed
marked increase ranging from 21.42 to 217%. This increase in
ESR was found to be directly proportional to duration of expo-
sure and the values returned to normal after cessation of pesti-
cide exposure. It may be mentioned that this is the first
report indicating the increase in ESR on exposure to pesticides
as there are no studies reported in the literature. These data
are highly significant in relation to health and disoase condi-
ttons, as any Incroaso In 1ESR 1s always assoclated wlith tuber-
culosis, rheumatic fever, myocardial infarction and other infla-
mmatory and arthritic conditions. Thus the present data show
that the tremendous increase in ESR is a matter of serious
concern in human subjects working in the pesticide factories.
Even a short exposure of three months duration had increased
the ESR by 21.42%, whereas the increase was 217.2% in the
maximally exposed group.

In the present study, an important component of hematological
factors was total and differential white cell counting. The data
clearly demonstrate that WBC increased between 15.56% being
minimum in the three months exposed group and maximum in one
year exposed factory workers. The increase in total WBC in all
the three exposed groups of varying durations is similar to that
reported by Sandifer et al. (1972) who found that WBC elevated
significantly in 120 workers exposed to pesticide for a period
averaging twelve years. Similarly Namba et al. (1971) found
that in moderate or severe poisoning cases of organophosphate
pesticides leucocytosis occurred with a WBC count of upto 20,000
per cu mm with an increased number of neutrophils. In the
present study, distinct leucocytosis has occurred in all the
three groups with significant deviation in the white cell count.
The data of the present study regarding the differential white
cell count revealed that maximum elevation occurred in eosino-
phils (110.24%) followed by polymorphs (37.36%), whereas the
lymphocytes decreased by 66.72% in the group exposed for
maximum period (Fig. 3,5,6). while the monocyte and basophil
percentages were unaffected. These data are also supported
by the observations of Namba et al. (1971) who reported that
there is a neutrophil increase followed by decrease in lympho-
cytes and monocytes in moderate or severe organophosphate
pesticide poisoning cases. Morgan and Lin (1978) also suspected
hematoxic effects in human subjects exposed to mixed pesticides
with positive correlation between pesticides and WBC count. The
data of the present study regarding the significant elevation of
WBC and statistically significant variations in differential count
are also supported by the recent findings of Desi et al. (1986)
who found green house workers, who were engaged in spraying
pesticides had their lymphocytes increased significantly. Simi-
larly Ingermann (1989) reported that exposure of human red
blood cells to pesticides results in hemolysis and the membrane
transport is affected considerably. Thus it may be concluded
that in the factory workers exposed to pesticides there are
significant hematoxic changes which need to be further elucidated
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in different geographical and socio-economic groups so that
serious after effects of pesticide contamination may be monitored
and eliminated.

Acknowledgements. We thank Mr. Fakhruddin, Secretary, Saifia
Education Society; Prof. S. Nasir Ali, Principal, Saifia College,
Dr. M.A. Khan, Head of the Zoology Department and Dr. B.S.
Ohri, Pathologist, J.N. Hospital for necessary facilities and
encouragement.

REFERENCES

Bhatnagar VK (1980) Effect of pesticidal stress amongst pesti-
cide factory workers in Agra, India. Publ Hith Lond 94
375-378.

Christopher AJ (1969) Hematological effects of pesticides. Ann
N Y Acad Sci 160 : 352-355

Davignon LJI°, Pierre J, Charest G, Tourangeau FJ (1965) A
study of the chronic effects of insecticides in man. Can Med
Assoc J 92 : 597-602

Davis JB (1980) Minimizing occupational exposure to pesticides.
Personnel monitoring. Residue Rev 75 : 33-50

Desi I, Mara Palotas G, Vitro I, Cadle Mara Nehez, Maria
Zimayi, A Ferke (1986) Biological monitoring and health
surveillance of a group of green house pesticide sprayers.
Toxicol Lett 33 : 91-105

Dikshith TSS, Datta KK, Kushwah HS, Raizada RB (1978) Histo-
pathological and biochemical changes in guinea pigs after
repeated dermal exposure to benzene hexachloride. Toxicology
10 : 55-56

Ingerman RL (1989) Influence of Estrogenic pesticides on Mem-
brane Integrity and Membrane Transfer of Monosaccharide intn
the Human Red Cell. Bull Environ Contam Toxicol 43 : 436-
443

Morgan DP, Lin LI (1978) Blood organochlorine pesticide concen-
trations, clinical haematology and biochemistry in workers
occupationally exposed to pesticides. Arch Environ Contam
Toxicol 7 : 423-447

Nair A, Dureja P, Pillai MKK (1992) Aldrin and Dieldrin Resi-
dues in Human Fat, Milk and Blood Serum collected from
Delhi., Hum Exp Toxicol 11 : 43-45

Namba T, Carl T, Nalte, Jerald Jackrel, David Grob (1971)
Poisoning due to organophosphate insecticides. Acute and
chronic manifestations. Am J Med 50 : 475-492

Perry A5, Sidis 1, Zemach A (1990) Organochlorine insecticides
rosiduos in bLirds and bird eggs in the coastal plain of
Israel. Bull Environ Contam Toxicol 45 : 523-530

Reddy MS, Rao KVR (1989) In vivo modification of lipid meta-
bolism in response to Phosphamidon, Methyl Parathion and
Lindane Exposure in the Penaeid prawn. Metapenasus monce-
ros. Bull Environ Contam Toxicol 43 : 603-610

746



Sandifer SH, Julian E Keil, John F Finkles, Richard H Gadsden
(1972) Pesticide effects on occupationally exposed workers,
Indust Med. 41(5) : 9-12

wHO (1986) Env Hlth Crit 3. Organophosphorus Insecticides
A General Introduction

Received October 5, 1992; accepted May 1, 1993.

747



