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INTRODUCTION

Pesticides have become inevitable in the field
of agriculture. A majority of the pesticides are
insecticides and many of the insecticides are or-
ganophosphates. Organophosphates are highly
toxic and they affect the nervous system of ver-
tebrate and mvertebrate pests. These organo-
phosphorus pesticides have been proved mu-
tagenic in several in vitro and in vivo test sys-
tems (Vijayaraghavan et al., 1994; Pluth et al.,
1996; Saxena et al., 1997),

Agricultural workers especially those who
spray the pesticides have a great risk as they are
directly exposed to organophosphates along with
other pesticides. There are wide range of stud-
ies available on health hazards (Richter et al.
1992; Brega etal. 1998), mutagenicity (Scarpato
et al, 1996ab; Brega et al., 1998) and repro-
ductive performance (Kharazzietal., 1980; Rita
et al., 1987; White et al., 1988) of these work-
Crs.

Besides agricultural workers, men who are
employed in the production of pesticides also
have occupational exposure to pesticides, How-
ever, they are also exposed to several toxic
chemicals which are used in the synthesis of
pesticides. Studies on health hazards reported de-
creased plasma and serum cholinesterase activ-
ity and alterations in liver function profiles
(Kashyap, 1984; Kossmann, 1997; Brega et al.,
1998). Cytogenetic studies have reported in-
creased frequency of chromosomal aberrations
and SCEs in pesticide workers. (Stocco et al.,
1982: Padmavathi et al., 2000). However stud-
ies on reproductive performance in pesticide
workers are meagre (Whorton et al., 1977), hence
we attempted to study the reproductive histories
of male workers employed in a organophospho-
rus pesticide industry.

MATERIALS AND METHODS

A total of 256 male workers in the age group
of 21-50 years who were employed in the pesti-

cide industry for a period of 1-27 years were
selected for the study. 204 individuals with the
same age group and socio-economic status were
studied as controls. The workers were clinically
examined and information on duration of ser-
vice, health status, medication, exposure to
chemicals, smoking and drinking habits, tobacco
and pan chewing habits, type of marriage and
reproductive history was collected using a stan-
dard questionnaire. Reproductive history in-
cluded data on number of children, abortions,
stillbirths, premature births, neonatal deaths and
congenital defects.

The pesticide industry workers were invalved
in the manufacturing process of five different
organophosphorus pesticides, monocrotophos,
chloropyrifos, phorate, phosalone and ethion.
During the process the workers handled a wide
range of chemicals like chlorine, caustic lye, hy-
drogen chloride, phosphorus pentasulphide,
methylene bromide, farmaldehyde, ethylmerca-
ptan,dichloroethane, acrylonitrile, organic sol-
vents etc., that were used as raw materials. Ex-
cept for wearing boots and uniform the workers
were not using any other protective equipment
during their work. They worked for 8 hours per
day for six-days a week throughout the year. The
statistical analysis of the data was done using y*
test.

RESULTS AND DISCUSSION

The frequency of livebirths decreased sig-
nificantly from 96.76% in the non-smoker con-
trol group to 89.46% in the non-smoker exposed
group. A significant increase in the incidence of
abortions (7.20%) was observed in the non-
smoker exposed group compared to 2.51% abor-
tions in the non-smoker control group. There was
an increase in stillbirths (1.29%), neonatal deaths
{0.30%), congential defects (0.77%) and prema-
ture hirths (0.26%) in the exposed group when
compared to the controls. A slight decredse was
observed in the number of fertile males (98.21%)
in the exposed group when compared with the
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Table 1: Reproductive histories of male workers in a pesticide industry

Girowup No.of  No. Fertile No. Preg-  No.of Neo. of Mo. of Ne. af Mo. of Na. of

Duration Males Mules nancies  live-births  abortions still-births neo-natal congenital  pre-mature

of expasure deaths defects births

in pears

Control Group

Non-Smokers 143 142 678 656 17 3 2 0 0
(99.30) {96.76) (2.51) (0.44) (0.30) {0.00) (0.0

Smokers ]| 60 247 226 15* 2 2 1 1
(98.36) (91.50) (6.07) (0.81) (0.81) (0.41) (0.41)

Exposed group

(1-27 Years)

Mon-Smokers 168 165 3ae 48 28 5 4 3 1
(98.21) (89.46) (7.20) (1.29) (1.03) {0.77) (0.26)

Smokers B8 Bo 182 139 27 ™ 5 2 2
(97.73) (76.37) (14.84) {3.85) {2.75) (.10} (1.1

Note:-Walues in the parantheses indicale percentage
* p<0.03

control group (99.30%). However, the increase
in the stillbirths, neonatal deaths, congenital de-
fects, premature births and decrease in fertility
rate observed in the workers was statistically
insignificant when compared to the conirol
group.

In the smoker exposed group, there was a
significant decrease in the percentage of
livebirths (76.37) when compared to the value
{91.50) observed in the smoker control group.
The percentage of abortions and stillbirths in the
workers was 14.84 and 3.85 while the control
group showed 6.07% abortions and 0.81% still-
births. This increase in the incidence of abor-
tions and stillbirths in the exposed group when
compared to the control group was found to be
statistically significant. The frequencies of neo-
natal deaths, congenital defects and premature
births were higher in the exposed group than in
the control group. The percentage of fertile males
was 97.73 in the exposed group and 98.36 in
the control group. However, no statistically sig-
nificant differences in the frequencies of neona-
tal deaths, congenital defects, premature births
and fertile males were observed between the
exposed and control groups,

Environmental pollutants induce mutations
in the persons exposed and thereby increasing
the risk for genetic defects in the subsequent gen-
erations. End points such as congenital malfor-
mations and spontaneous abortions following
paternal exposure can also be considered as in-
dicators of heritable mutagenic effects (Narod
et al., 1988). The results of the present study

clearly presented evidence for the impaired re-
productive performance in the male workers of
a pesticide industry. The results are comparable
with those of Rita et al. (1987) who reported high
incidence of spontaneous abortions and still-
births in the wives of grape garden workers ex-
posed to nine different pesticides during their
work. Earlier, increased infertility was reported
in men involved in pesticide spraying (Kharazzi
et al,, 1980) and in pesticide industry workers
{Whorton et al., 1977). In a case control study,
association between the congenital abnormality
spinabifida and maternal agricultural occupation
was reported (Blatter et al., 1996). In another
study association between exposure to agricul-
tural chemicals and three anomalies, stillbirths,
spinabifida and hydrocephalus was reported
{White et al., 1988).

Several epidemiological studies have re-
vealed a wide range of reproductive effects of
occupational exposure in the workers employed
in a variety of occupational set ups like crystal
glass industry (Wingren and Persson, 1998), rub-
ber industry (De Celis et al., 2000) metal indus-
try (Weizu et al., 1993), chemical plants
{Pimenova etal., 1997), dry cleaning workshops
(Olsen et al,, 1990), hairdressing saloons
{Kersemaekers et al., 1997), cement factory
(Fatima et al, 1994) and agriculture {White et
al., 1998).

The present study has shown more intensi-
fied impaired reproductive performance in the
smoking groups when compared to the non-smok-
ing groups suggesting the ill effects of smoking
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on the reproductive performance. In contrast to
this, a study on women occupationally exposed
to chemicals reported high incidence of malfor-
mations in the new borns in non-smoking women
compared to smoking women (Hruba et al.,
1999). The adverse effects on the reproductive
performance of the pesticide industry workers
may be not only due to exposure to organophos-
phorus pesticides but also due to exposure to a
variety of chemicals that are used as raw materi-
als. Studies in animal models have established
the genetic effects of different organophospho-
rus pesticides (Pawan and Khatdare, 1983;
Jayashree etal., 1994; Fahmy and Abdalla, 1998)
and some of the chemicals such as 1,2-
dichloroethane, benzene, ethylalcohol that are
used in the industry for the manufacture of pes-
ticides also have been reported to induce steril-
ity, foetotoxicity and teratogenecity in rats
(Tatrai et al., 1980; Kuna and Kapp, 1981;
Raymond et al., 1982; Slozina et al., 1990). In a
reproductive epidemiological study on women
occupationally exposed to benzene, gasoline and
hydrogen sulphide, increased risk of spontane-
ous abortions was reported { Xu et al., 1998). So
occupational exposure to organophosphorus
pesticides and chemicals could be a potential
hazard.

In the present study, since the workers are
exposed to a variety of pesticides and number
of chemicals, it is difficult to attribute the ad-
verse reproductive effects to any particular pes-
ticide or chemical, This might be due to the cu-
mulative effect of exposure to different organo-
phosphorus pesticides and chemicals. Hence
measures should be taken to minimise long term
exposure 1o the pesticides and the chemicals at
the work place. Otherwise, undue exposure might
affect the reproductive performance of the work-
ers and increase birthdefects in their children.

ACKNOWLEDGEMENTS

Financial support from CSIR, New Delhi to
P. Padmavathi and P.A. Prabhavathi 15 thank-

fully acknowledged.

REFERENCES

Blater, B.M., Roeveld, N., Zielhuwis, G.A., Gabreels, F.1.

and Verbeek, A.L.. Maternal occupational exposure
during pregnancy and the nsk of spinabifida. Cceug
Environ. Med., 53 80-86 (1996).

Brega, 5.M., Vassiliefl, 1., Almeida, A., Mercandante, A,
Bissacot, [0, Cury, P.R. and Freire-Maia, D.V.: Clini-
cal, Cytogenetic and toxicological siudies in rural
workers exposed to pesticides in Botucatu, Sao Paulo,
Brazil. Cad. Sawde. Publica., 14: 109-15 {1998).

De Celis, R., Feria — Velasco, A, Gonzalez = Unzaga, M.,
Tomes — Calleja, 1. and Pedron - Nuevo, M.- Semen
quality of workers occupationally exposed to hydro-
carbons. Fertil, Steril., T3: 221-228 (2000).

Fahmy, M.A. and Abdalla, E.F.:. Genotoxicity evaluation
of buprofezin, petroleum oil and profenofos in somatic
and germ cells of male mice. J. Appl. Toxicol, 18:
I01-305 (1998).

Fatima, 5.K., Prabhavathi, P.A., Hemaprasad, M. and
Reddy, P.P.: Reproductive epidemiology of cement
factory workers. Biemarture, 15 (1994),

Hruba, I3, Kukla, L. and Tyrlik, M.: Occupaiional risks for
human reproduction: ELSPAC Swudy. European Lon-
gitudinal Study of Pregnancy and Childhood. Cenr.
Eur. J. Public. Health, T: 210-215 {1999)

Jayashree, 1.V, Vijayalaxmi,; K. K. and Abdul Rahiman, M.
The genotoxicity of Hinosan, an organophosphorus
pesticide in the in vivo mouse. Mur. Res., 322: 77-85
(1994

Kashyap, S.K.: Health surveillance and biclogical moni-
toring of pesticide formulators in India. Tovicol Leir.,
33 107-114 (1984).

Kersemaeckers, W.M., Roeleveld, M. and Ziclhuis GoA
Reproductive disorders among hairdressers. £pideni-
ology. B: 396-401 (1984).

Kharrazi, M., Potashmik, G. and Goodsmith, 1R Repro-
ductive effects of bromochloropropane. fsrael. . Med
Sci., 16: 403-406 (1980).

Kossmann, 5., Cierpka, E. and Szwed, Z.. Biochemical
evaluation of the liver function in workers employed
at the production of chlorofenvinphos. Proegl. Lek.,
S4: T12-T15 (1997

Kuna, R.A and Kapp, R.W.: The embryonic/teratogenic
potential of benzene vapor in rats. J. Toxicel, Appl
Pharmacol,, 57. 1-7 (1981).

Marod, 5.A., Douglas, G.R., Nestmann, E.R_. and Blakey,
[.H.: Human mutagens: Evidence from patemnal ex-
posure ? Envican. Mol Mutagen., 11:401-415 (1988).

Osen, J., Hemminki, K., Ahlborg, B., Bjerkedal, T.,
K.yyrouen, P. and Taskiness, H.: Low birthweight, con-
genital malformations and spontaneocus abortions
among dry cleaning workers in Scandinavia. Scand
J. Work, Enviren. Health, 16: 163-168 (1990)

Padmavathi, P., Prabhavathi, P.A. and Reddy, P.P.. Fre-
quencies of SCEs in penpheral blood lymphocytes of
pesticide workers. Bull. Environ. Contam. Toxicol | 64
155-160 (2000)

Pawan, R. and Katdare, M.: Effect of insecticide sumithion,
fenitrothion on embryonic development in frog.
Experientin, 39 297-298 (1983).

Pimenova, M.N., lanno L.V ., Bakina, V.N. and Sshushenok,
AW Evaleation of chemical mutagenic factor in
workers. Med. Tr. ko. Prom. Ekal., 16: 19-22 (1997).

Pluth, 1.M., Nicklas, J.A., 0" Meil, ).P. and Albertini, R.J.:
Increased frequency of specific genomic deletions re-
sulting from in vitro malathion exposure. Cancer Res.,
56: 2393-2399 (1996).



286 P PADMAVATHE, P. ARUNA PRABHAVATI, M. HEMA PRASAD AND P.P. REDDY

Raymond, R.T., Thomas, F.V. and Costra, D.L.: Cytoge-
netic effects of inhaled benzene in murine bone mar-
row. Environ. Sci. Res., 25: 257-275 (1982).

Richter, E.D.. Chuwers, P., Levy, Y., Grader, F., Marzonk,
I., Levy, G., Barron, 8. and Gruener, N.: Health ef-
fects from exposure to organophosphorus pesticides
in workers and residents in lsrael. F5R. J Med. Sci,
I8: 584-508 (1092).

Rita, P, Reddy, P.P. and Reddy, 5.V.: Monitoring of work-
ers occupationally exposed to pesticides in grape gar-
dens of Andhra Pradesh. Environ. Res., 44: 1-5 (1987).

Saxena, 5., Ashok, B.T. and Musarrat, J.: Mutagenic and
genotoxic activities of four pesticides: Captan, Foliaf,
Phosphamidon and Furadan, Blechem. Mol Bial. Int,,
41: 11251136 (1997).

Scarpato, B, Miglore, L., Angots, G., Fedi, A., Miligi, L
and Loprieo, N.: Cytogenetic monitoring of a group of
Italian Aoriculturists: no evidence of DNA damage re-
lated to pesticide exposure. M. Res., 367: 73-82 (1996).

Scarpato, R., Migliore, L., Hirvonen, A., Falck, G. and
Morppa, H.: Cylogenetic monitoring of occupational
exposure (o pesticides, characterization of GSTMI,
GSTT1 and NAT2 genotypes. Environ. Mol. Mutagen.,
27: 263-269 (1996).

Slozina, N.M., Narzullaeva, M.5. and Niktin, A.l.: Chro-
mosome anomalies and dominant lethality in the rat
oocytes under acute and chronic aleohol intoxication.
Genetica, 26: 154-157 (1990),

Stoceo, R.C., Becak, W., Gaeta. and Rabellogay, M.N.
Cytogenetic study of workers exposed 1o methy] par-
athion. Mur. Res., 103: 71-76 (1982)

Tatrai, E., Rodics, K. and Ungary, G.: Embryotoxic effecis
of simultaneous exposure of benzene and toluene.
Folia. Morphol., 28: 286-189 (1980)

Vijayaraghavan, Meenakshi and Natarajan: Mutagenic po-
tential of acute exposure to organophosphorus and or-
ganochlonne compounds. Mur. Res., 3210 1-2 (1994

Weizu, F., Xiaowei, L., Zhongwei, G. and Xiaochun, Z.:
Effects of mercury exposure on reproduction in fermnale
workers, Zhonghua, Yufang, Yizwe, Zachi., 27 347-
349 (1993).

White, F.M., Cohen, F.Gi., Sherman, G. and McCurdy, R.:
Chemical, birthdefects and stillbirths in New
Burnswick: association with agricultural activity,
CMAL, 138: 117-124 (1988).

Whorton, D, Krauss, .M., Marshall, 5. and Milbey, T.H.:
Infertility in male pesticide workers. Lancer., 10: 1259-
1261 (1977).

Wingren, G. and Persson, B.: Male reproductive pattemn in
a glass producing area. fal. J. Occup. Med, Environ
Health, 11: 227-234 (1998).

Xu, X.,Cho, 5.1, Sammel, M., You, L., Cui, 5., Huang, ¥,
Ma, GG, Padungtod, C., Pothier, L., Niu, T, Christiani,
D, Smith, T, Ryan, L. and Wang, L_: Association of
petrochemical exposure with spontanecus abortion,
Oecup. Environ. Med., 55: 3]1-36 (1998).

Authors' Address: P. Padmavathi, P. Aruna Prabhavati, M. Hema Prasad and P.P. Reddy, In-
stitute of Genetics, Hospital for Genetic Diseases, Osmania University, Begumpet,
Hyderabad 500 016, Andhra Pradesh, India





