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Abstract: Inappropriate use, handling and disposal of agrochemicals could have adverse health and
environmental impact. This study was done in selected villages of a rural developmental block in Tamilnadu with
the main objectives of assessing the knowledge and practices regarding storage, handling and disposal of
routinely used agrochemicals; exploring the farmers’ perceptions of agrochemical use and its potential ill
effects on health and to determine if commonly used agrochemicals have reached the water consumed by the
local population. Methodology involved cross sectional survey, focus group discussions, key informant
interviews and water sample testing. Of the 98 farmers interviewed 18.4% stored agrochemicals in their homes
prior to usage. Thirty nine percent used bare hands to mix the chemicals, a third disposed empty sacs or tins of
agrochemicals in the open and 43% reused containers/sacks to store materials at homes. Only 28% used
adequate personal protective equipment while applying agrochemicals. Focus group discussion and key
informant interviews revealed that awareness regarding health effects of chemicals was poor among the
farmers. Except for phosphorous, all chemicals tested were below detectable levels in the ground water samples
from both the study villages.The practice of storing, mixing and applying agrochemicals without personal
protection and unsafe disposal of pesticide containers appears to be widely prevalent in the study villages. A
comprehensive program for creating awareness for safe management, handling and disposal of pesticides
among both users and shop keepers is required to address this important health and environmental problem
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I.  Introduction

Agriculture remains the principal source of livelihood for majority of the population in India.' The
increased use of synthetic fertilizers and chemical pesticides in agriculture started in India since 1960s as part of
the Green Revolution.” Over the past five decades synthetic fertilizers' consumption has drastically increased
several foldsand India is now one of the leading producers of agrochemicals in the world.>*

Many of the chemical pesticides can have harmful effects on human beings either as acute or chronic

toxicity.’ Acute exposure to pesticides can lead to death or serious illnesses.®About 355,000 people die globally
each year due to unintentional acute poisonings.” Two-thirds of these deaths occur in developing countries
where such poisonings are associated with excessive exposure and or inappropriate use of toxic chemicals and
pesticides present in occupational and domestic environments.*” The cumulative health impacts of human
exposures to various agrochemicals can be a factor in a range of chronic health conditions and diseases
likecancer, reproductive, endocrine, immunological, congenital and developmental disorders.'*"?
Groundwater is the major source of drinking water in India."* Besides, it is an important source of water for the
agricultural and the industrial sector. The continued use of chemicals in agriculture has revealed its potential to
percolate and reach the groundwater.'>'® There are four major routes through which pesticides reach the ground
water. They may drift outside the intended area when sprayed, may percolate, leach or seep through the soil,
may be carried to surface water as runoff.'” Factors that affect a pesticide's ability to contaminate water include
its water solubility and half life, the distance from an application site to a body of water, weather, type of soil,
presence of a growing crop and the method used to apply the chemical.'® Once in ground water, pesticides and
their degradation products can persist for years, depending upon the chemical structure of the compounds and
environmental conditions."”

Good management, use, and disposal of agrochemicals is an important health and environment issue in
developing countries.”” Safe pesticide management is essential to the well being of all those involved with using
pesticides. The total exposure of a person to pesticide is the sum of all exposures resulting during different
working situations like mixing, applying, storing or disposing the chemicals.”’ Exposure to pesticides and there
by its health impacts can be minimized at community level by appropriate and judicious use of agrochemicals,
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adopting recommended methods of mixing, applying, storing, disposing and practicing use of proper personal
protective equipments (PPE).”*

This study was done in selected villages of Kaniyambadi block of Vellore district in Tamilnadu to
study the knowledge and practices regarding storage, handling and disposal of routinely used pesticides and
fertilizers (agrochemicals). The farmers’ perceptions of agrochemical use and health effects were also explored.
This study also intended to determine whether the commonly used agrochemicals for agricultural purposes had
reached the ground water. This information was thought to be useful to make informed policy decisions for
bringing about changes in the agricultural practices to reduce the risk of exposure to harmful agrochemicals.

II. Methods

This study was done in two villages of Kaniyambadi block of Vellore district, selected for its
availability of water for farming or the lack of it. Keelarasampet has a population of 2189 and most of the
people depend on agriculture as their primary source of income. The village has a natural and continuous water
source because it is located close to a river where rain water from the hills close by flows. Allivaram is another
village which is on a higher ground and has a population of 1356 where water supply is relatively scarce and
hence agriculture is seasonal.

Methodology included a survey using a structured questionnaire among farmers from both the villages,
two focus group discussions (FGDs) and two key informant interviews. Three liters of water samples from three
bore wells which constituted the main drinking water supply of these villages were collected; two from the
agricultural village, and one from the non-agricultural village and tested in an accredited laboratory for presence
of the commonly used agrochemicals in the study area which included phosphorous (as phosphate), urea (as
nitrate), hexaconazole, carbendazim, lambda-chylothrin, monocrotophos, endosulfan (as alpha, beta and sulfate).
The questionnaire included basic demographic information, commonly used pesticides and fertilizers, practice
of mixing, storing and disposal of chemicals, re-use of containers, sacks and use of personal protective
equipments. The questionnaire was translated into vernacular, back translated and piloted, modifications made
before use. Farmers from both villages were selected by systematic random sampling from every third house,
interviewed at their home using the questionnaire. Data was entered using Epi-info 2002, version 3.5.1 and was
analyzed using software SPSS 12(SPSS Inc., 1989-2003) for windows.

A focus group guide was developed, the key themes for FGDs were identified as commonly used
agrochemicals in that region, reasons for using it, harmful effects of these chemicals and ways to reduce the
harmful effects. One FGD was conducted in each village with farmers who were currently involved in
agriculture. The participants for FGD were selected with the help of the "Health Aide’, who is the village level
trained worker. FGDs were held at the villages itself and the sites were chosen according to ease of access for
the participants. Both FGDs were moderated by the same researcher, who ensured that each item on the agenda
was fully discussed and that all the respondents had sufficient opportunity to express their views. The objectives
of the study and implications of participation were explained to the group at the start.Demographic
characteristics such as age and experience in agriculture were collected from the participants. After obtaining
consent from each participant, the discussions were videotaped.FGD was analyzed on the same day in which it
was conducted. The transcripts were translated to English by two researchers separately and correlated with the
video recording. Themes were divided into common pesticides and fertilizers used, reason for using it, harmful
effects, precautions taken to minimize harmful effects and were coded with different alphabets. Repeated
themes were marked as important with a bold alphabet in red font color. All the flagged statements were put
together and synthesized. Themes which evoked spontaneous discussions, themes which had more time spent on
them and those themes associated with strong emotional cues were quoted verbatim.

Key informant interviews were conducted with an experienced farmer and with the inventory of the
pesticide shop in the agricultural village. The interview focused on commonly used agrochemicals in the
villages and trends in its usage over years.

III. Results

A total of 98 farmers were interviewed; 68 from Keelarasampet and 30 from Allivaram. The
demographic characteristics of the farmers interviewed are shown in Table I. Mean age (SD) of the farmers
interviewed was 47.3(12.1) years. Among them 18.7 % (18/98) were illiterate and 47.9% (47/98) owned less
than one acre of land.

All used synthetic fertilizers and chemical pesticides for cultivation. Of them 18.4% (18/98) said they
stored agrochemicals prior to use while a majority of them would buy the chemicals only before use. Eight
(8.2%) stored chemicals inside their house.

About 31.6% (31/98) of the farmers interviewed, mixed chemicals at their household premises before
taking it to the field for application. Among them, 38.8% (38/98) mixed chemicals with bare hands while 41.8%
(41/98) used a stick or ladle for mixing.
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Of those interviewed, 32.7% (32/98) threw away the empty sacks or tins of pesticides or fertilizers once
empty, while 42.8% (41/98) reused it to store things; 12.2% (12/98) reported that they use empty sacks for
storing grains. The common practices on the use of chemicals are summarized in Table 2.

A majority 73.5% (72/98) would not bathe or clean themselves with water immediately after applying
pesticides. PPEwere used by 27.6% (27/98) while 18.4% (18/98) did not use any personal protective equipment.
Education of the farmer for less than 8 years was identified as a risk factor for not using any PPE with an
adjusted odds ratio of 3.32 (95% CI 1.12-13.2). The results of analysis of factors associated with use of PPE are
presented in Table 3.

The commonly used pesticides in the study villages were monocrotophos, endosulfan, lambda-
chylothrin, diathone M45, hexaconazole, borate and carbendazim. The pesticides were classified using the
World Health Organization (WHO) classification of pesticides based on hazard and is shown in Table IV. The
major findings from the two FGDs showed that the practice of using chemicals in agriculture started in both the
villages thirty years ago. Most of the people did not have adequate knowledge regarding the recommended
amount of pesticides or fertilizers to be used. The local pesticide/fertilizer shop-keeper advised most of the
farmers on the type and quantity of the chemicals to be used. All agreed that crop production had definitely
increased since they started using chemical pesticides. Non availability of leaves from the forest due to restricted
entry into the forest was a reason stated for using chemical fertilizers. Use of chemical pesticides for deliberate
self-harm was discussed and was pointed as a major reason for not storing chemicals in their home along with
the presence of children at homes The overall awareness regarding the effects of chemicals in causing chronic
toxicity was poor in both the groups. Infertility among cattle was attributed to pesticide use which was agreed by
many. Soil fertility was thought to decrease by the use of chemicals. One group felt that chemicals can reach
ground water. Biological pesticides were considered as being “very mild”, “not so effective” with “delayed
effects. Organic farming and simultaneous chemical use were considered as bad since pests from the chemical
farms would move to the organic farms. Avoiding spraying during rainy seasons, not letting the cattle to graze
immediately after spraying, not storing pesticides at home were some of the ways by which the community
suggested to reduce the harmful effects of pesticides. Personal protective equipment were not considered as
being effective and a stated reason for not using it was they were not in the habit of using it. Few verbatim
accounts from the FGDs are shown in Box 1.

All the pesticide compounds tested in the three water samples collected were below the detectable levels
while phosphorus sample from a bore well in agricultural village was found to be 0.2 parts per million.

Iv. Discussion

The Insecticides Act, 1968 and Insecticides Rules, 1971 regulate the import, registration process,
manufacture, sale, transport, distribution and use of insecticides and pesticides with a view to prevent risk to
human beings or animals and for all connected matters, throughout India.** However, the various act/welfare
schemes applicable to agricultural workers have not been able to adequately protect and safeguard the interests
of the workers.

The current study revealed poor awareness regarding the harmful effects of agrochemicals among the
farmers. The practice of storing, mixing and applying agrochemicals without personal protection and unsafe
disposal of pesticide containers appears to be widely prevalent in the study villages. The farmers mainly depend
on the information from the shop owner regarding the type and amount of agrochemicals to be used.

The use of PPE while handling pesticides was low in the study villages. Only one in four farmers used
to practice PPE adequately. Experience form elsewhere in India has shown similar findings.”>*'A
comprehensive program for creating awareness for safe management, handling and disposal of
pesticides/containers among both users and shop keepers is required to address this important health and
environmental problem. Education activities should focus on increasing awareness regarding need for using
proper personal protective measures among farmers while handling agrochemicals and these activities need to
be continuous and ongoing. Block agriculture office should take an active responsibility to monitor the use of
PPE among farmers.

Monocrotophos which is classified as “highly hazardous” and endosulfan, lambda chylothrin and
diathon-M45 which are ‘moderately hazardous’, according to WHO recommended classification of pesticides
by hazard, were widely used in the study villages.*® Food and Agriculture Organization recommends that WHO
Ib (Highly hazardous) and class I (Moderately hazardous) pesticides should be avoided for regular use.” Most
class-I and II pesticides are banned or strictly controlled in the regulated industrialized world, but in India,
where there are no resources to ensure safe use of pesticides, still class-I and II pesticides are produced and are
freely available.*’Documented harm from endosulfan spraying in the Indian States of Kerala and Karnataka, the
Supreme Court had to intervene and ban the pesticide throughout the country in May 2011. Many countries
around the world like Brazil, Germany, Mexico and Benin have demonstrated that crops with good yield can be
grown without the use of endosulfan or similar chemicals and Srilanka has demonstrated that after the
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endosulfan ban, yield has not dropped and there has been a large reduction in fatal poisonings.***’ Advocacy is
needed for reducing reliance on harmful chemical pesticides and encouraging the use of non-chemical
alternatives and the less harmful pesticides and the use of pest-resistant genetically modified seeds through
community involvement and participation in decision making are needed. Civil and medical societies have a
major role to play in bringing evidence informed policy decisions.

The presence of organochlorine and organophosphorous pesticides in the ground water was detected
from various places in India.****The agrochemical compounds tested were below detectable level in the ground
water samples, in the study area. Leaching of pollutants to groundwater is a complex process influenced by
many other factors such as rainfall and temperature, soil properties like particle size distribution and organic
carbon content, water solubility and half life of pesticides, the distance from an application site to a body of
water, presence of a growing crop and the methods used to apply the chemical.'®The Partition Coefficient (PC)
value of the pesticides, defined as the ratio of the pesticide bound to soil particles to the pesticide dissolved in
the soil water, is another factor determining its potential to reach ground water. Knowing PC and half life, the
pesticides can be classified based on their ground water contamination potential in to low, moderate and high. "
Among the chemical compounds tested in the study area, endosulfan and lambda-chylothrin have moderate
potential and while all others have low potential to reach ground water. We tested for the chemical compounds
in its original form rather than their degradation products. Hence it would be difficult to comment on the results
of the ground water testing without considering these factors. Long-term and consistent data for assessing trends
is essential for tracking water-quality response to changes in pesticide use and management practices and for
providing early warning of unanticipated problems.

Some issues raised in this paper, though not exhaustive, indicate the scope for further research that is
needed for the detailed analysis of pesticide use, externalities and policies in India. The country needs to enact a
policy and enforce it, which promote safe pesticide practices among the farmers. National level initiative to
provide information to community, dissemination of appropriate information regarding correct application of
pesticides as well as intensive training on selective application of right pesticide at right time for the right pest,

is the need of the hour.

V. Tables
Table 1. Characteristics of the study population (N=98)
Characteristics Categories Number (%)
Age groups <30 years 2(2.1)
30-45 years 46 (46.9)
46-60 years 43 (43.8)
>60 years 7(7.2)
Educational status Not attended school 7(71.4)
1-5" standard 21 (21.4)
5".10™ standard 68 (69.4)
>10" standard 2(2.1)
Literacy status Illiterate 18 (18.7)
Land owned <1 acre 47 (47.9)
1-5 acre 42 (42.9)
>5 acre 9(9.2)

Box 1. Verbatim accounts from focus group discussions

“Most of us don’t know how much to apply, many even don’t know the exact names also...we will use it as suggested by the shop
owner....”

“Forefathers had no problem to walk even 10 km at 90 years of age but we can’t walk even 5 km at this younger age. This can be
because of the fact that we use chemicals.”

“The hired laborers who spray the pesticides are very healthy, healthier than us”

“Fertility of soil decreases with use of chemicals. It is evident from the fact that every year more and more fertilizers have to be
used to get same yield”
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Table 2. Practices regarding use of chemicals in agriculture (n=98).

Activities Categories Number (%)
Storage of agrochemicals. Farmers who store pesticides/fertilizers. 18 (18.4)
Place of mixing of chemicals. Farmers who mix chemicals at their house 31(31.6)
Method of mixing chemicals. Stick/ladle 41 (42)
Bare hand 38 (38.8)
Gloves 16 (16.3)
Others 3(3.1)
Disposal of empty sacs/tins. Store materials 42 (42.8)
Thrown away 32(32.7)
Buried 11(112)
Burnt 9(9.2)
Given to rag pickers 4(4.1)
Cleaning immediately after applying Soap and water 9(9.2)
chemicals. Water 17 (17.3)
Won’t do anything 72 (73.5)
Personal protective equipments while Gloves 47 (47.9)
applying chemicals. Clothing 60 (61.2)
Mask 80 (81.6)
Shoes 28 (28.6)
All the four equipments 27(27.6)
Won’t use anything 18 (18.4)

Table 3. Factors associated with use of Personal protective equipments

Character ~ Categories Not using any Using at least p value Odds ratio (95%  Adjusted OR
PPE one PPE CI) (95% CI)
Multivariate
analysis
Age >45 years 10 (19.6%) 41 (80.4%) 0.473 1.05 1.01
<=45 years 8 (17%) 39 (83%) (0.42-3.42) (0.34-5.62)
Literacy Illiterate 5(27.8%) 13 (72.2%) 0.206 1.98 -
Literate 13 (16.3%) 67 (83.8%) (0.61-6.51)
Land <=1 acre 10 (21.3%) 37 (78.7%) 0.325 1.45 1.16
owned >1 acre 8 (15.7%) 43 (84.3%) (0.52-4.006) (0.39-3.42)
Education  <=8"grade 13 (27.7%) 34 (72.3%) 0.021 3.51% 3.32%
>8™ orade 5(9.8%) 46 (90.2%) (1.14-10.81) (1.12-13.2)

*significant odds ratio

Table 4. Classification of commonly used pesticides in the study villages by hazard*

Chemical name of pesticide WHO classification by hazard
Monochrotophos Ib ( highly hazardous)
Endosulfan II (moderately hazardous)
Lambda chylothrin II(moderately hazardous)
Diathon M45 [I(moderately hazardous)
Hexaconazole 111 (slightly hazardous)
Borate I(slightly hazardous)
Carbendazim U ( not hazardous)

VI Conclusion
The practice of storing, mixing and applying agrochemicals without personal protection and unsafe
disposal of pesticide containers appears to be widely prevalent in the study villages. A comprehensive program
for creating awareness for safe management, handling and disposal of pesticides among both users and shop
keepers is required to address this important health and environmental problem
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