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Epidemiological studies of pesticide- genetic factors; the latter includes natural detation of

N . . the body with age.
eXposed individuals and their clinical The objective of pesticide usage to prevent crop loss

implications from insects remains unachieved. Widespread use of syn-
thetic chemicals after the Second World War has revolu-
Kaiser Jamil*, G. Prabhavathy Da<, tionized agricultural practice. Initial studies of the

possible health effects of these substances on humans
were small and reassuring. During the 1960s, however, it
Sudha Murthy* , 9 9 -
: _ _ _ . became evident that persistent usage of pesticides had an
Indo American Cancer Hospital and Research Centre, Banjara Hills, d . t th logical ﬁ'§$1' led
Hyderabad 500 034, India adverse impact on the ecological communrtigsis led
?Department of Genetics, Bhagwan Mahavir Medical Research Centef0 & number of extensive epidemiologic investigations
10-1-1, Mahavir Marg, A. C. Guards, Hyderabad 500 004, India exploring the possible impact of these exposures on hu-
man health. These studies faced numerous methodological
Epidemiological studies were conducted in pesticide- problems common to environmental epidemiology, and
exposed agricultural workers along with an equal even today, our understanding of the relationship between
numbe:jof ?get— and sex—ma;[;:hgd cfontrofls. All the 200 pesticides and human health is limited
EXposed volunteers were sutlering from fever, nausea, Improper usage of pesticides and usage of banned pesti-

headache and other abnormal symptoms and visited ides lead locical and h logical licati
the hospital for general health check-up. These cases’!0cs e to neurological and haematological complications

were taken up for more detailed studies. Five (2.5%) N |pdividual§'6. Thi's is at a high incidence, gspecially in'
showed decrease in RBC, haemoglobin, and increaselndia where there is continuous usage of different pesti-
in WBC with a large number of immature cells. These cides, including banned ones, based on the season and
volunteers were further diagnosed as Philadelphia- crop produced. Household use of pesticides without prior
negative Chronic Myeloid Leukaemia (CML) cases knowledge of their toxic effects and use without safety
based on clinical and pathological examinations. precautions also lead to such incidents. Genotoxicity of
In similar environs, about 100 children (aged bet- pesticides on peripheral blood lymphocytes has been re-
ween 1 and 17 years) were studied for the above para-ported-®. Cytotoxicity of pesticides has also been repor-
meters. About 3% of the exposed children showed to$-12 cyrrent understanding of carcinogenesis favours

signs of mental retardapon and delayed milestones; the conclusion that even a tiny dose of a genotoxic agent
these were compared with healthy children (age- and L .
can initiate the process of converting a normal cell to a

sex-matched) from pristine environment. It is therefore i ¢ The aim of this stud i ine th
concluded that clinical evaluations supported by occu- Malignant one. theaim ot this study was to examine the

pational epidemiology could determine CML in exposed health outcomes of a group of agricultural workers occu-
individuals (adults). pationally exposed to pesticides in Andhra Pradesh, .India

Most of the exposed groups were apparently healthy when
Keywords: Chronic myeloid leukaemia, hematologicalthey came to the hospital with minor ailments. Therefore
and neurological parameters, occupational exposure, pescupational epidemiology consists of recording the data
ticides. of such groups.

Blood samples from 200 healthy adults, non-smoking,

UsAGE of pesticides in the ecosystem leads to developon-alcohol, i.e. with little or no exposure to pesticides
ment of various types of morphological, physiologicalwere collected as controls. An equal number of blood
biochemical and behavioural changes in individals samples was collected from male and female individuals
The degree of toxicity depends upon the nature of tHadults) exposed directly or indirectly to farm or indoor
pesticides, their environmental concentration and factopssticide sprays and who came to the hospital with com-
such as temperature, humidity, pH, oxygen concentratiogdlaints and disease-like symptoms.
etc. Pesticides are chemicals designed to kill a variety ofSimilarly, blood samples from 100 children living in
pests, such as weeds, insects, rodents and fungi. They Etg@n environs along with an equal number of samples
be characterized on the basis of their function as insecfiom children living in pesticide-prevalent environments were
cidal, herbicidal, rodenticidal, fungicidal, etc. and also ofollected in sterile vacutainers containing anti-coagulant
the basis of chemical nature, i.e. organophosphates, oréf-epidemiological studies. This study was carried out with
nochlorines, S-triazines and pyrethroids. Potentially hathe approval of the Ethical Committee of Mahavir Hospi-
ardous environmental toxicants like pesticides displaytal and Research Centre and prior consent of thiestsb
broad spectrum of biological effects, being toxic not onlfAnnexures | and Il). Blood samples obtained from the
to target organisms but also to humans. In a broad seng@ses and controls were diagnosed for certain parameters.

every disease is caused either by environmental factors oEpidemiological parameters were recorded according
to the WHO norms where age, sex, exposure period and

clinical symptoms and other associated parameters were
*For correspondence. (e-mail: kaiser.jamil@gmail.com) systematically recorded as given below.
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Chromosomal analysis is an extremely sensitive indicator Organophosphorus (OP), organochlorine (OC), carba-
of genotoxicity of harmful chemical and biologicalmate (CA) and pyrethroid pesticides are known to cause
agents. This was carried out using the method describadute toxic effects in workers exposed during spraying on
by Moorheadet al**with lymphocyte cultures. Lympho- the fields for pest control regime relating to direct expo-
cytes were stimulated to divide in RPMI-1640 mediunsure. Pregnant women who are exposed during the spray-
supplemented with 10% FCS. Subsequent cell divisidng periods can also be affected and young children
was arrested at the 70th hour by the addition of colchicimecompanying the adults are also affected. Indirect expo-
and slides were prepared. Results of the metaphase analysi® here refers to the after-spray effects of vector control
were recorded by viewing under the light microscopand repellants, etc. for indoor pests. Pristine environs in-
with photographic or digital imaging. At least 100 metaelude those places which are away from fields, generally
phases were analysed and chromosomes were classifieférred to as urban areas.
based on size and pattern of bands obtained after subjectin@he list of pesticides to which the adults, children and
the slides to G-banding. Karyotyping was performed tpregnant mothers were exposed is included in Annexures
check whether the individuals had any chromosomal alit and V.
errations as described by Moorhesidal.*. The occurrence of the possible causes of disease was

DNA damage studies were carried out using the Singtmmpared between cases and controls. Individuals exposed
Cell Gel Electrophoresis method as described by Setghto pesticides who came to the hospital had health problems
al.'*. This assay depicts the extent of DNAngage as like headache, fatigue, dizziness, loss of appetite with
comet tails in the nucleated cells of peripheral bloodausea, stomach cramps and diarrhoea. Some had problems
samples of the individuals. This assay is now widely usditke excessive sweating and salivation while others com-
for detecting the extent of DNAathage and is also referredplained of chest discomfort and tightness with involun-
to as Comet Assay. tary urination and bowel movement and some had slowed

ADVIA-60-Cell Counter (auto analyser) was used tdieartbeat; all these are the symptoms of pesticide poison-
assess the percentage of haemoglobin, RBC and WB(. Epidemiological investigations on the blood samples
count in all the 600 samples collected from adults arbllected from these individuals are presented in Table 1.
children. Differential leukocyte counting was done usin@/lost patients were asymptomatic at diagnosis and were
Leishman’s staining protocol. Thin smears of blood werdiscovered when a WBC count performed at the time of a
spread on clean, non-greasy, dry slides and subsequemtytine medical examination was found to be abnormal.
stained using Leishman’s stain for 2 min and washed with Chromosomal analysis of individuals exposed to pesti-
buffered saline for 20 min. The smears were washed, agides showed few aberrations like gaps and breaks, and
dried, cover-sliped and observed under light microscopkere was significant increase in the satellite associations
at 10 and 40x magnification. Blood samples of all indivicompared to the normal individuals. It was found that the
duals (exposed and unexposed to pesticides) were tesaderrations were more in those with longer exposure. No
for ESR using Wintrobe’s method. The rates of sedimerhromosomal abnormalities in any of the patients showing
tation of blood were recorded using the readings on tmeurological or haematological disorders were observed.
Wintrobe’s tube. There were no signs of genetic predisposition, consan-

Bone marrow tests for diagnosis of chronic myeloiguinity and clear absence of Philadelphia chromosome.
leukaemia (CML) were done on subjects showing abnormalComet assay for DNAainage studies showed signifi-
results during blood testing. Bone marrow aspirates wecant increase in the tail lengths in farmers compared to
taken to confirm CML morphology in the subjects. Thehe control groups and the damage is directly proportional
aspirates were cultured in RPMI-1640 medium and protse the duration of exposure.
essed. The peripheral blood smear showed leukocytosis, with

The results of chromosomal aberrations and comet t@itominence of maturing myeloid precursors (Tables 2
lengths in the comet assay were subjecteddtistical and 3). Significant percentages of blasts and basophiles
approaches like mean and standard devidfialue (<0.05) were seen. The bone marrow biopsy showed prominence
was also checked for the significance in these analysi©of myeloid. There was significant damage in the indivi-

Table 1. Epidemiological data of subjects showing symptoms of CML

Observation A B C D E
Age/sex 34 yrs/M 32 yrs/F 35 yrs/M 30 yrs/F 28 yrs/M
Kind of exposure Direct Indirect Direct Direct Indirect
Length of exposure (yrs) 2 1 5 2-3 2
Other genetic abnormalities Nil Nil Nil Nil Nil
Neurological complications Nil Nil Nil Nil Nil
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Table 2. Clinical profile and CBP analysis of individuals showing symptoms of CML

Observation A B C D E

Haemoglobin (g/dl) 10 12 Normal 9 10

RBC counts (million cells/cubic mm) 3 3.6 Normal 2.7 3

Platelets Normal Less than normal Less than normal Normal Normal

ESR values 40/first hour 35/first hour 50/first hour 60/first hour 40/first hour
80/second hour 85/second hour 90/second hour 115/second hour 80/second hour

Leucocytosis Negative Positive Positive Negative Negative

Splenomegaly Positive Negative Positive Positive Negative

Hepatomegaly Negative Negative Negative Positive Positive

Presence of myelocytes Positive Positive Positive Positive Positive

Table 3. Differential leukocyte count of WBCs of subjects showing symptoms of CML

Individuals showing CML

Type of cell A B C D E
Total leucocyte count (cells/cubic mm) 183,800 93,000 230,000 130,000 92,600
Neutrophils (%) 18 36 39 29 52
Lymphocytes (%) 15 21 14 28 23
Basophils (%) 6 7 4 4 7
Eosinophils (%) 3 2 4 6 1
Monocytes (%) 4 6 3 3 2
Promyelocytes (%) 8 7 6 4 5
Myelocytes (%) 19 12 19 15 14
Metamyelocytes (%) 16 3 7 4 4
Blast cells (%) 11 6 4 7 2

Table 4. Observations of children showing mental retardation pesticides in adults was about 2.5%. The results of bone

Observation A B c marrow a_spira_ttes docu_mented were takgn to confirm
CML-like signs in the subjects A, C and D — directly exposed
Length of exposure of 3-4 67 4-5  to pesticides (usage at the farm fields), B — indirectly ex-

mother during

posed to usage at home, E — live near farm lands (may be
pregnancy (months)

exposed to spray drift). The identities of persons were

Type of exposure Indirect Indirect Indirect i

Karyotying Normal Normal Normal preserved for ethical reasons. One subid8tyrs/male)
Consanguineous birth No No No who was directly exposed to pesticides showing CML-
Genetic predisposition No No No like signs expired recently due to neurological dysfunction
Mental rete_trdanon Yes Yes Yes prior to initiation of therapy.

Delayed milestones Yes Yes Yes out of 100 child dt ticid th h d
Heart impairment Negative Positive Negative ut o children ex_pose 0 pestci es’_ ree showe
Respiratory complications Negative Positive  Negative marked mental retardation and delayed milestones com-
Other abnormalities No No No pared to age-matched siblings (Table 4). The incidence of

such symptoms was 3%. All the 100 controls showed no
such symptoms. The risk of mental retardation and de-
duals having hematological disorder. There was an incred@ged milestones is about 3% in children exposed to pes-
of necrotic cells in these individuals. ticides during foetal stages. A-C are jgebs whose

Of the 200 exposed individuals approximately fivadentities are preserved for ethical reasons. These sub-
showed morphologic features of CML, other than genotoxjects wereall below the age of seven years.
effects and therefore, we carried out detailed investigationsin India, 70% of the population are farmers and they
on these particular volunteers. The results are presen®&@ the target group to be affected by the hazards of pesti-
in Tables 2 and 3. No such effects were observed in cogide applications. Moreover, in developing countries the
trols and in exposed children. These five individuals gawsers are rather careless in handling pesticides. All pesti-
information regarding pesticide exposure. The incidenaides in a given chemical group generally affect the human
of CML-like signs in both direct and indirect exposure tdody in the same way, however, severity of the effects
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varies depending on the formulation, concentration, toxicigcute myeloid leukaemia, characterized by the overpro-
and route of exposure of the pesticide. It is importantiuction of immature (blast) cells of the granulocyte series.
therefore, to know the type of pesticide associated with The leukaemia-like condition observed here was not as
poisoning. Data covering more than one time point weige result of chromosomal aberrations as indicated by the
collected. Many of the exposed individuals enroled wengormal karyotypes of the subjects. Moreover, all the cases
already showing symptoms of headache, nausea, giddhowed a positive response to other treatment regimens
ness, restlessness and vomiting. These are retrospeclike Hydroxyurea, Methotrexate, Cytarabine, Prednisone
studies since the investigations looked back from the diand Vincristine and have a currently normadlttestatus.
ease to a possible cause. Also, confounding factors likéere was no recurrence of the leukaemia-like condition
age, social class, habits of smoking or drinking, or even the individuals, thereby indicating that pesticide toxicity
high blood pressure or anaemia could influence the prean be reversed by proper treatment.
gression of the disease. Common findings at enrolment ofit is not clear whether exposure to pesticides is causally
the volunteers included fatigue, weight loss, anaemia anelated to the rising rates of these cancers or due to other
splenomegaly. There are several diseases linked with pesvironmental toxicants. The mechanisms by which pes-
ticide exposures, but in our clinical examination wéicides contribute to cancer vafyCurrent understanding
found development of CML-like complications. Atypicalof carcinogenesis favours the conclusion that even a tiny
presentations, including initial presentation in CML-BRlose of a genotoxic agent can initiate the process of con-
without detectable chronic phase was seen. In this invegrting a normal cell to a malignant dié°. Genotoxicity
tigation epidemiology played a crucial role in identifyings one of the causes and in our study we found there was
the cause of CML and linked it to pesticide exposure, sinsgnificant DNA camage in pesticide-exposed individuals
non-exposed persons remained unaffected. with relation to the period of exposure. This reveals that
Out of the 200 cases which we examined (pesticidetie length of exposure also plays a significant role in
exposed), five individuals showed an increase in the totANA damage.
WBC counts (92,600—-230,000 cells/cubic mm) compared The study focuses primarily on human epidemiological
to controls (4000-10,000 cells/cubic mm). There was also teeidence linking pesticide exposure and cancer. The pes-
presence of cells like promyelocytes, myelocytes, metticide specifically responsible for carcinogenésisas
myelocytes and blast cells along with a decrease in tbeen reported in many human studies. Because occupations
lymphocyte population. An increase in the total WBGn agriculture involve use of multiple agents (including
count accompanied a decrease in RBCs, elevated EB&h-pesticidal chemicals), it is often difficult to determine
values and alterations in platelet counts. Vojdatrél.'> what agent is linked to a specific end-point. The same
reported that pesticide exposure affected the functionipgoblem occurs with home and environmental exposures,
of the blood vascular system. Splenomegaly was also mghere multiple products are being used, their doses unmea-
ported to have occurred due to hyperplasia and hepasored, and their names long forgotten by those exposed.
megaly in some subjects exposed to pesticides. The effecOur observations also indicate that prenatal exposure to
of the pesticides on the WBCs and liver functforfwas xenobiotics/pesticides might have led to mental retarda-
also recorded. tion in 3% of the exposed children. Pedigree analyses of
Many of the signs and symptoms of CML occur becauske children up to three generations revealed no genetic
of undue proliferation of myeloid precursors replacingbnormalities and all the children showed normal karyo-
normal marrow cells. As a result, enough red blood celtgpes (Table 4). Neurological complications and delayed
are not produced, affecting the functioning of WBCs anuhilestones can be attributed to maternal exposure to pes-
blood platelets. Etiology of CML is not clear. Since factorsicides during pregnancy. Such pesticide toxicity could
predisposing to CML are not known, radiation or exposumisrupt the cell cycle and cell differentiation leading to
to xenobiotics has been implicated in some cases. Homental retardation and skeletal deformities in the embryos
ever, there does not appear to be an inherited dispositigteratogenic changes). One child with delayed milestones
Shortage of normal WBCs (leucopenia) and, in particulaaJso showed congenital heart disease. Complications like
few mature granulocytes (neutropenia or granulocyt@ongenital heart disease may occur based on time of exposure
penia) increase the risk of infection. Neutropenia refexd the foetus to maternally circulating pesticide levels
specifically to low levels of neutrophils (a type of granuduring pregnancy?®
locyte). Although patients with leukaemia may have very Some authors suggest that the susceptibility to pesticides
high WBC counts, the leukaemia cells do not protectepends mostly on the gene polymorphism at certain
against infection the way normal WBCs do. Chronic myeshromosomes on which the cancer genes are present, thus
logenous leukaemia (also called CML, chronic myelocytidifferent individuals show varying degrees of response,
leukaemia, or chronic myeloid leukaemia) is a chroniwhile others believe that chronic exposures are criti-
disorder of the bone marrow, characterized by the overalP*?°. Therefore, it may be essential to study thgexttb
production of mostly mature WBCs of the granulocyti@at the individual level while assessing the risk of pesti-
series. This is in contrast to the more serious condition ofde exposure. Since the subjects showing CML did not
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show specific genetic abnormality of the Philadelphiadult subjects. No such cases were reported in children of
chromosome, it may also be concluded that pesticidesr study group below the age of 10 years. In view of the
might have caused point mutations in genes. Thereforefaat that pesticides can be mutagenic, teratogenic and car-
more basic level of study concentrating on point mutainogenic, it is obvious that pesticide exposure to suscep-
tions may further indicate the nature of pesticide toxicitytible adults has caused CML and mental retardation along
Our investigation strengthens the reports of others wivdth delayed milestone in susceptible children. However,
diagnosed Philadelphia-negative CRIT>, this study provides a direction to evaluate the general
The mechanisms by which pesticides contribute to cangaopulation exposed to pesticide, which might lead to can-
causation vary, and a pesticide may operate by more thears. Therefore, further studies on larger populations are
one of the major mechanisms, which include genotoxigarranted.
effects — producing direct changes in DNA. Whereas the Although these studies have been limited to 600 (400
usual concept of toxicity follows the principle that ‘theadults + 200 children, both exposed and unexposed) indi-
dose makes the poison’, genotoxic chemicals and hormoriduals, it is noteworthy that many of the reported in-
disruptors may have effects at very low doses without@eased risks are of greater magnitude than those just
true threshold below which no risk exists (the stochastmbserved, suggesting that Indians living in rural areas are
or probabilistic model). Current understanding of carcimore exposed to the carcinogenic effects of pesticides.
nogenesis favours the conclusion that even a tiny doseFafture research on pesticides, especially in India, should
a genotoxic agent can initiate the process of convertingreclude improved exposure assessment, evaluation of risk
normal cell to a malignant one. by the age at exposure, and investigation of possible gene—
Our investigation becomes more important because wavironment interactions. There is potential to prevent
report the clinical profile of CML at least in 2.5% ofmental retardation and adulthood cancers by reducing or
cases in relation to environmental pesticide exposureslimiting exposure to pesticides.

Annexure |. Proforma/questionnaire for agricultural workers exposed Annexure 1.
to pesticides

Patient consent form

| Confirm that

Serial number I have read/understand/carefully considered the study

Name : | had a chance to ask questions and have been fully answered
Sex © Male/female My participation is voluntary

Age : | agree to allow all study procedures as required

Addre_ss | understand that | am free to discontinue at any stage
Location | have received a copy of information and consent

Period of exposure | am aware that the data and records are kept confidential
Workplace This study has had a hospital ethics committee approval
Status :

Marital status : Unmarried/Married

Number of pregnancies
(a) Abortions
(b) Miscarriages
(c) Stillbirths
(d) Infant mortality
(i) Age
(ii) Cause
Number of normal children
Number of abnormal children
Type of abnormality seen

Food habits

. Vegetarian/Non-vegetarian
Staple food . Rice/wheat/any other
Source of drinking water Well/borewell/tap water
Habits : Tealcoffee (no. of cups)

Non-smoker/smoker
Tobacco chewing/pan
Type/quantity

Non-alcoholic/alcoholic

. Toddy/Arrack/IMEL
Medical history of the subject :
Symptoms of toxicity

Family history (pedigree)

Signature of the Investigator and Date

My address is
Patient name

Patient signature : Date

Witness name :

Signature : Date

Name of the person taking consent

Signature : Date
Annexure Ill.

a. Pesticides used by subjects for household pests:
Acephate, Chlorpyriphos, Chlordane, Dimethoate, Allethrin, Piper-
noyl Butoxide and Transfluthrin.

b. Pesticides used on farm lands to control pests:
Endosulfan, Chlorpyrifos, Profenofos, Monocrotophos, Carbo-
furan, Cypermethrin and Cyfluthrin.

Annexure V.

Crops cultivated during exposure time:
Rice, wheat, jowar, barley, tomatoes, brinjals and chillies.
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