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Abstract

Occupationa health, well researched in devel oped countries, remainsneglected in devel oping
countries. Oneissueof particular importanceistheuse of pesticideson farms, which can have
both chronic and acuteimpacts on human health. Thispaper focuses on acute healthimpacts
associated with pesticide exposureinrural Nepal. Based on datafrom 291 households, the
study findsthat the magnitude of exposureto insecticidesand fungicidescan sgnificantly influence
the occurrence of health symptoms. The predicted probability of falling sick from pesticide-
related symptomsis 133% higher amongindividua swho apply pesticidescomparedtoindividuas
inthe same household who are not directly exposed. Householdsbear an annua health cost of
NPR 287 ($4) asaresult of pesticide exposure. These costsvary with fungicide exposure. A
ten percent increase in hours of exposure increases costs by about twenty-four percent. In
aggregate, pesticide exposure contributesto ahealth burden of NPR 1,105,782 (US $ 15,797)
per year inthestudy area. Although pesticideusein Nepal islow relativeto many other countries
intheworld, thisstudy, whichisthefirst of itskind in Nepal, suggeststhat farmersand policy
makers need to become aware of the healthimpacts of pesticide use asthey continueto promote
itsusein Nepal.

Key words. Pesticides, acute symptoms, cost of illness, dose-responsefunction, Nepal.
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Pesticide Use in Nepal : Understanding Health Costs
from Short-term Exposure

Kishor Atreya

1. Introduction

Human hedlthispartly dependent onthe environmenta conditions peoplelivein. Occupational

hedlth, whichiswell researched in devel oped countries, remansnegl ected in deve oping countries
(Nuwayhid, 2004) including Nepal (Poudd, et. al., 2005). Oneissueof particular importance
istheuseof pesticidesonfarms, which hasasggnificant negativeimpact onfarmers’ hedth (Rola
and Pingali, 1993; Antle and Pingali, 1995; Antle, Cole and Crissman, 1998; Ajayi, 2000).

Pesticide pollution not only affects human health, but also affectsmultiple other environmental

factors, such assoil, surface and ground water, crop productivity, micro and macro floraand
fauna, etc. (Fimental, 2005). Despitesuch environmentd and hedth effects, farmworkerscontinue
to usepesticidesin ever increasing quantities (Wilson and Tisdell, 2001).

Pesticide exposure can have chronic and acuteimpacts on human health. Long-term, low-dose
exposureto pesticidesisincreasingly linked to human hed th effects such asimmune-suppression,
hormonedisruption, diminishedintelligence, reproductiveaonormalities, and cancer (Gupta, 2004).
Farmworkersa so experienceday-to-day acuteeffectsof pesticide poisoning, including symptoms
such asheadache, dizziness, muscular twitching, skinirritation, respiratory discomfort, etc. (Antle
and Pingali, 1994; Dung and Dung, 1999; Murphy, €t. al., 1999; Yassin, Abu Mourad and Sfi,
2002; Maumbe and Swinton, 2003). Several studies have attempted to value the effect of
pesticide exposure on human health. A recent study (Pimental, 2005) estimated that the cost of
the public health impact of pesticide usein the US was around US$ 1140 million per year.
However, studiesof hedth coststo farm workersand applicatorsin devel oping countriessuggest
much lower numbers(seeTablel).

The average consumption of pesticidesin Nepal (142 gm/ha) is still very low compared to
pesticides used in other countries such asIndia (500 gm/ha), Korea (6.6 kg/ha) and Japan (12
kg/ha) (Gupta, 2004). However, market-oriented production and agricultura intensification are
leading farm workerstoincrease pesticide use at arapid rate. Thereisalsoinappropriateand
excessveuseof chemicd pedicidesinsomehighly commercidized agriculturesectors. Inresponse,
Nepd’sNationd Agriculturd Pergpective Plan hasemphasi zed integrated pest management (1PM)
toreduce pesticideuse. However, thereisadearth of empirical research on occupationa health
(farmer’shedlth) inNepa. For example, arecent review paper by Poudd, et. al., (2005) found
only seven scientific studieson occupational healthin Nepa from 1966 to 2004—all wereun-
related to pesticidesand farmers’ hedth.

Quantification and economic va uation of work place hazardsto human healthisimportant for
effectived|ocation of resourcesaswell asformulation of new rulesand regulations. Furthermore,
the hedlthimpactsdueto exposureto pesticide use have been omitted from anayses of returnsto
pesticide useor in evaluation of specific agricultural policiesor programs. Doespesticideuse
sgnificantly affect farmers hedthinNepd? Dofarmersincur any costsfor trestment and avertive
actionstaken to protect their health? Are averting actionstaken to reduce pesticidestoxicity
sufficient? What are the factors that significantly determine pesticide exposure and health
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damages? Thispaper attemptsto answer the above questionsin order to better inform pesticide
policy inNepa. Thefocusof the paper isrestricted to acute health symptomsthat gppear during
or after the spray of pesticideson vegetable cropsin an areanear Kathmandu, Nepal .

Inthefollowing section, we describe the study areaand sampling procedures. Thisisfollowed
by adiscussion of the survey and general characteristicsof the sample. We document thetypes
and frequency of pesticidegpplication by the sampleand their exposureto thelocad environmental
conditions. Themethodology section discussesthetechniquesused for estimating costsof health
damages dueto pesticide pollution. I1ntheresults section, we tabul ate theincidence of acute
symptomsand defengveaction, andidentify the health costsof pesticidepallution. Intheconcluding
section, the paper highlightsissues of relevanceto policy makersand other line agenciesand
makes recommendationsto redressthe problem.

2. SudyArea

Thestudy areaislocated inthemid-hillsof Nepa andis40 km east of Kathmandu (see Figure
1). TheAraniko Highway that passesthrough the study areaprovidesgood accessto the capita
andthreeother mgor cities. For thisstudy, Deubhumi Ba uwaand Panchkha Village Devel opment
Committee (VDC) of Jikhu KholaWatershed (IKW) weresdlected. TheseVDCsarethemost
commercidizedinthewatershed. Herefarm familiesareswitching fromrice (Oryzasatival..)
based cropping systemsto vegetabl e based cropping. Pujaraand Khanal (2002) and Shrestha
and Neupane (2002) have reported significantly high use of pesticidesin cash crops, such as
tomato (Lycopersicon esculentum Mill.) and potato (Solanum teberosum L.) in the JKW.
They ds0 dressthat farmersexperienced severd hedth problemsgiventhat they useno protective
measures. The other cash cropsgrown at thetime of the study were bitter gourd (momordica
charantia Linn.), cucumber (Cucumis sativus Linn.), cauliflower (Brassica oleracea var.
botrytisL.), cabbage (Brassica oleracea var. capitata L.), pepper (Capsicum spp.), brinjal
(Solanum melongena L.), lady’s fingers (Abelmoschus esculentus Moench), pumpkin
(Cucurbita moschata Duchesne), sponge gourd (Luffa aegyptiaca Mill.), radish (Raphanus
sativus L.), ribbed gourd (Luffa acutangula Roxb), cowpea (Migna sinensis), field bean
(DolichoslablabL.), and snakegourd (TrichosanthesanguinaL.). Generaly, pesticidesin
the study areaare used against pests such asbrown plant hopper, fruit fliesand diseaseslike the
late blight of potato and tomato. Recent literature (Atreya, 2007 a, b, ¢) has shown that few
individua saretrainedinintegrated pest management (IPM) and adoption of safety precautions
and that pesticide hygieneisstill minimal. Thus, exposureto pesticidesaswell astherisks
farmersarefacing consequently may be significant. Among thereasonsthat makeindividuasopt
for pesticidesin the areaare the unwillingnessto risk economic losses, ready availability of
pesticidesinloca markets, and thelow shareof pesticidesontotal produce.

3. Data
3.1 Sampling Proceduresand Size
Each selected VDCiscomprised of 9 wards (thesmallest administrative unit). We selected one

or two villages from these wards. A ward may have more than one village. Therefore, one
village, with the highest number of households, was selected in those wardswith lessthan 100
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households. Two villageswith the highest and the second highest household numberswere
selected from those wardswhich had more than 100 households. We assumethat villageswith
the highest and the second highest number of househol dsrepresent the popul ation of thewards
and that, therefore, conclusions can be generaized for thewholeVDC. We sdlected asampl e of
300 households proportionately and randomly from thesevillages.

Weidentified 2 pesticide usersand one non-user from each of the sample househol ds' (3 members
wherepossible). User A refersto ahousehold member who sprays pesticide most of thetimein
the selected household. User B represents the second member of the same household who
sprays pesticidesinthe absenceor instead of User A. Non-User refersto athird member of the
household who never sprayed pesticides during the study period.

Thesampleiscomprised of 295 of A Users, 148 of B Users, and 126 Non-Users.2 We scheduled
weekly interviewsfor 295 User Asand 126 Non-Users. |f User B substituted for User A for
spraying operations, then User B wasaso interviewed. Four User Asand 4 Non-userswere
not present during thesinglevisit survey, and 61 Users Bsnever sprayed pesticideseven once
during the study period. We excluded these respondentsfrom the dataanalysis(see Figure 2).
User A (or user B) did not necessarily spray pesticidesevery week. Therewere spraying aswell
as non-spraying weeks. However, each week, weinterviewed User As (or User Bs) and dll
non-users. Therefore, wetook the dose—+esponse data obtained from either User Asor User
Bsduring spraying days as‘treatment’ data. Similarly, we took as data on the ‘ control’ the
sampledataobtained from either User Asor User Bsduring non-spraying days, plusdatacollected
weekly fromall non-users.

3.2 DataCoallection Methods

We collected the datafor thisstudy from individual s and househol ds between January to July
2005 and devel oped thefinal questionnaire on the basisof apilot survey of 25 households. We
collected some of thedataduring asinglevisit and obtained therest through repeated visitsto
individualson aweekly basis.

We collected data on household demography, personal characteristics, farm size and
characterigtics, history of pesticide use, history of chronicillness, and property of the households
fromsinglevisitsto households. We gathered data on pesticide dose and exposure, appearance
of acute symptoms, use of safety gear, number of work-dayslost dueto health symptoms, and
type of medication through multiplevists. Other datacollected inweekly vistsinclude medical
consultation fees, laboratory costs, medi cation codts, transport fareto/from hedth centers, dietary
expensesduring treatment, and the number of family membersinvolvedinnursngthevictimsas
well astime spent by thefamily members.

1 In the study area, we could not find any household that had never sprayed pesticides before, and no
household assured us that they would not spray pesticide during the study period. Therefore, user and
non-user are different members of the same household.

2 There may be multiple users and non-usersin a particular household, but datawas obtained from a subset
of these individuals. It was not possible to interview all family members due to time and budget con-
straints.
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Werecruited fourteenloca field levd assigtants®, with at least 10 years of education, to undertake
theweekly interviews. All of themwereexperienced in household surveysand wereinvolvedin
morethan two household surveys conducted by other organizations. We provided themwith
threedaysof intengvetraining for thisstudy. Theresearch team monitored thefield staff initialy
weekly for three months, and monthly for therest of the period. Weestablished afield officeat
the center of the study areaand held bimonthly meetings (1% and 16" of each month) that included
al field gaff and theresearch team. During these bimonthly meetings, we checked and corrected
where necessary the survey instrumentsfor missing data, codes, spellings, and so on. We used
thesemestingstofurther trainfidd saff. After completingweekly interviews, fivefied-level staff
(the best among the 14-member) conducted thesinglevisit survey. They received two days of
training for thesurvey instrument.

Thetotal dataset contains 12721 observations of which 28.6% were spraying episodeswhile
therest are non-spraying episodes. User Assprayed pesticides 12 times (ranged from 1to 31
times) while User Bs sprayed 5 times (ranged from 1 to 17 times) during the 31 weeks of the
study period. A household, on average, sprayed pesticides 13 timesduring the study period.

We providethegenera characteristicsof the study populationin Table2. Therewere291 User
As, 87 User Bs, and 122 Non-users. Both males and females sprayed pesticides. Males
accountedfor 86%of A and61% of B users. Femaesdominated the' control’ group. Pesticides
applicatorswereyounger. Eventhoughtheformal educationwaslow inall groups, userswere
better educated. Only eight percent of the User Ashad taken IPM training. It wasonly four
percent for the other two groups.

Timeallocated for farm activitiesvaries during pesticide spraying and non-spraying days. User
Ashad worked 2.83 hoursper day on their farmsduring the spraying days (spraying pesticides
accounted 1.87 hours) under the average maximum temperature of 27.3°C whileduring non-
spraying days, the same User Asworked 3.70 hours (nearly 31% more) with ahigher maximum
temperatureof 29.7°C. Similarly, User Bswerealso exposed to 26.7°C for 3.08 hoursduring
spraying days (spraying pesticides accounted for 1.8 hours), while during non-spraying days
they were exposed to the same number of hours (3.0 hours) with a higher daily maximum
temperature (30°C). For non-users, the exposureto 28.8°C wasfor 2.16 hoursper day during
the study period. We found that most of the spray operations had been done when the days
werecooler. It meansthat higher the day temperatureis, thelower the spray operationsare.

The pesticidesfound in the study areacan be classified into five World Heal th Organization
hazard categories. Extremely hazardous (Class 1), Highly hazardous (Class1b), Moderately
hazardous (Class|1), Slightly hazardous (Class|11), and Unlikely to present acute hazard in
normal use (ClassU) (WHO/PCS, 2001). Different kindsof insecticides, such as parathion-
methyl and phorate of classla; dichlorvosand methomyl of classib; cypermethrin, deltamethrin,
fenvelerate, endosulfan, quina phaos, chlorpyrifos, and dimethoate of classil; and fungicideslike
copperoxychloride, metalaxyl and dinacap of class|1 and mancozeb; and carbendazim of class
U withvariousconcentrationswere used inthestudy area. Almost al spray operationscontained
mancozeb, either mixed or alone, at an average concentration of 4.26 gn/l.

8 Fiveof them worked for ICIMOD/PARDY P as data recorders, especially weather and hydrological data
(daily temperature, humidity, and rainfall and river discharge).
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4.  Methodology

Thebasisof theformal model sthat assessthe health costsof pollutionisthat pollution resultsin
morbidity, whichinturn affectsindividud’ swdfare (utility). Theseeffectsarearesult of discomfort
and pain, lossof productivetime, and expenditureson medica and avertiveactions. Inpesticide
exposure studies, economistsoften mode individua behavior asutility maximizing, subjecttoa
health production function. Individualswho are exposed to pollution are assumed to choose
optimal amountsof avertive and mitigating actionsto reduce health impacts (Freeman, 1993).

Whileaformal model of autility maximizingindividual or ahealth production functionisnot
devel oped inthis paper, the gpproach used in estimating hedth costsissimilar tothese. Pesticide
exposure in Nepal reduces people’s wellbeing because of sickness, wage loss and medical
expenses. In this study, we use the cost of illness and avertive cost approach to assess the
pesticide hedth costsof pallution. Cost of illnessisdefined aslost productivity dueto sickness
plusthecost of medical careresulting from sckness(Freeman, 1993). Avertivecostsaredefensive
expenditurestaken prior to spraying pesticidesto minimize heath costs. Thepaper buildsonthe
work of Dasgupta (2004) who estimated the probability of scknessfrom diarrheato households
in Delhi and identified the coststo the household from sickness. Other studiesthat haveinformed
themethodol ogy we use are pesticide specific studiessuch asthose by Antleand Pingali (1994),
Wilson (1998) and Dung and Dung (1999).

4.1 Dose-Response and AvertiveAction Functions

Inthisstudy, individual sexposed to pesticideshave aprobability y, of falingsick. The probability
of scknessisafunction of exposureandindividua hedlth stock, education, and other household
characterigtics. Individuadsasotakeavertive actionsto reducethe effects of pesticide exposure.
Inthe health production function literaturethisisreferred to asademand for avertiveactions. In
our study, we estimated the probability of undertaking avertive actionsusing aprobit model
whichisasoafunction of pesticide exposureand individual and household characteristics.

The econometric model specification used in the dose-response and avertive demand
andysesis.

y; =B.Xx, +¢,, y,=1if y; >0,00therwise ........ccccoevvrrvrrnenee, (@)

Y, =B,X, +¢&,,y,=1if y, >0,00therwise ........cccoeurrunvne, 2
E()=E()=0
Var (e,) = 6%, Var (g,) = 62,

Thebinary dependent variablesy, isthe probability of faling sick. Itindicateswhether or not an
individual experiences aset of acute symptoms during and or within 48 hours of pesticides
gpplication. y, isthe probability of anindividuastaking avertiveactionwhileusing peticides. It
indicateswhether or not anindividual adoptsavertive actions such aswearing amask, gloves,
boots and long-d eeved shirtsor pants during pesticides application. x, and x,, arethe vector of
explanatory variables that may affect these probabilities. The variables reflect individual
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characteristics, pesticide doseand level of exposure, and environmental factors. We present
definitions of independent variablesand theway they are expected to affect the probability of
sicknessand probability of taking avertive actionsin Tables 3 and 4 respectively. We selected
these independent variables based on our understanding of theliterature. ¢, €, arerandom
errors.

Equation 1 and 2 can be rewritten asthe dose response and avertive action equation:

y. = BINSECT + B,FUNGI + S,TEMP + ,MIX + B, AGE + 5,EDU
+B,IPM +BBMI +e, )

wherei=1,2

INSECT and FUNGI refer to dose of insecticide and fungicide used. Pesticide doseisan
important variableinthisandyds. It isdefined asconcentrations(ml or gnvl) multiplied by spray
duration (h/day), calculated as

Where, dose (D) isthe magnitude of exposure, C (t) isthe exposure concentration asafunction
of time (1), t-t, being the spray duration (defined astime interval of interest for assessment
purposes during which exposure occurs, either continuoudly or intermittently). Thus, INSECT
and FUNGI arethe magnitude of exposureto insecticidesand fungicides. Greater exposureto
either insecticides or fungicidesisexpected to increase the adoption of avertive activities, and
asoincreasethelikelihood of acute symptoms.

TEMPrefersto theaverageweekly maximum temperature, which would decrease the adoption
of avertiveactivitiesdueto discomfort, and would increase the occurrence of symptoms. MIX
isadummy variablethat reflectswhether or not morethan one pesticide hasbeen mixed together.
In developing countries, pesticide sprayers mix morethan one pesticide (insecticidesare mixed
withfungicidesin most cases) toincreasetoxicity and to minimizecroplosses. Themixing habits
(MIX) of individual swould both increase the adoption of avertive activitiesdueto increased
toxicity of themixtureaswell asincreasethelikelihood of occurrence of symptoms.

Older people have better experienceinfarm activities, especiadly pesticide spraying. Thismay
enhancetheadoption of avertiveactivitiesand reducethe occurrence of symptoms. Thus, age of
theindividual (AGE) wasincorporated inthemodels.

Educated individuadsprefer to adopt higher avertive activitiesto minimizethe health risk because
of thelir better knowledge of pesticidetoxicity. Moreover, education opensup other employment
avenuesbeside agriculture. Thus, education of theindividual interms of yearsof education
(EDV) islikely to be positively related to the adoption of avertive activitiesand negatively rel ated
to the occurrence of pesticide-related acute symptoms.
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Individualstrained in any IPM prefer to take more avertive actions than those without such
training while spraying toxic pesticides. Arguably, |PM trained people useless pesticide doses
and prefer to go for alternative pesticides which are thought to be environmentally safe, like
green pesticides. It is, therefore, assumed that IPM is positively related to the adoption of
avertive activities, and negatively related to the occurrence of symptoms. 1PM ismeasured as
dummy, if anindividual had prior training =1, 0 otherwise.

The occurrence of acute symptoms dependson individual nutritional status. The Body Mass
Index (BMI), defined by weight/square height, isaproxy for nutritiona status. Itis, therefore,
includedinthemodd.

4.2 EstimatingHealth Costs

Thecost of illness(COI) and avertiveactions gpproach isused for val uing health damages dueto
pesticide exposure. COI iscomprised of cost of treatment and productivity losses. Tothis, we
add cost of averting behavior. These costs, however, do not capture discomfort, pain and
sufferingduetoillness. Thecostscan beinterpreted asanindicator of the minimumwillingness
to pay for reduced health risk from periodic exposureto pesticides.

Themodelsdescribed above are used for estimating health costs of pesticide exposure. From
equation Linitsempirical specificationwe can obtain estimates of the predicted probability of
ilinessfor users(P,) and non-users(P,). Similarly, Equation 2 estimatesthe predicted probability
of taking avertiveactions, P,

Thus, the average health costs of exposure are estimated as:

C,=P,* COI + P * ACfor users,and ..........ccooumriminnicnicniesice, 5)
C.=P_* COI_fOr NON-USESS ..ot (6)
Where,

C,and C_ are the total predicted health costs of exposure to pesticide users and non-users
respectively. COI  and COI aretheaverageannual treatment costsand productivity lossesfor
usersand non-users, respectively, and AC isthe average costs of avertive actionsfor the sampled
population.

Findlly, actual health costs (HC) for anindividua dueto exposureto pesticidesiscalculated as:

Itisuseful to explain why non-users, i.e., individualswho do not spray pesticides, may have
positive probabilities of sicknessand health costs, C_. Non-usersexperience someof thesame
symptoms as users because they arefairly common (headaches, for example) and reflect an
unrelated malaise, such aslong hours of work outdoors. Thus, we think it is important to
acknowledgethese symptoms and costs and then subtract them from the costs experienced by
usersinorder toisolatethe correct health costs of pesticide exposure.
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We estimated COl from the data collected on costsincurred by individuas, such asconsultation
fee, hospitalization cost, laboratory cost, medication cost, travel cost to and from clinics, time
spent intraveling, dietary expensesresulting fromillness, work efficiency lossin farm, loss of
workdaysinfarm and time spent by family member (s) in assisting or seeking treatment for the
vidim.

Averting costs (AC) include costs associ ated with precautionstaken to reduce direct exposure
to pesticides, such as masks, handkerchiefs, long-deeved shirts/pants, sprayers, etc. These
averting equipments may also have multiple uses, but each individual was asked whether they
have separated such measuresused especidly for spraying pesticides. Hence, averting equipments
purchased specifically for the use and handling of pesticidesonly wereconsidered. For example,
along-deeved shirt may have multiple uses, but if anindividual had separated it for spraying
pesticides, it was considered for estimating costs. These averting equipment were annualized
with the expected life span.

Theeffect of exposure changeson health costs can be decomposed into the effects of increased
chemical concentration and increasein the hoursof application. Margina effectsof pesticide
concentration and hours of application to health costswere estimated asfollows:
A Healthcosts/ A insecticide concentration = 77, * COl + ¥, * AC .................... 8
A Healthcosts/ A fungicide concentration= 7)., * COl + ¥, * AC........cccu..ee. 9
A Hedlthcosts/ A hoursof insecticides application= 77, * COI + y, * AC....... (10)

A Headlthcosts/ A hoursof fungicidesapplication= 77, * COI + ¥, * AC...... (1D

Where,
1., Aprob. sickness/ A insecticide concentration eval uated at mean hours of exposure,

7., A prob. sickness/ A fungicide concentration eval uated at mean hours of exposure,

1y, A prob. sickness/ A hoursof spray evaluated at mean concentration of insecticides,

1y, A prob. sickness/ A hoursof spray evaluated at mean concentration of fungicides,

¥, A prob. avertiveaction/ A insecticide concentration evaluated at mean hours of exposure,
Y., prob.avertiveaction/A fungicide concentration evaluated at mean hours of exposure,

1y, A prob. avertiveaction/ A hoursof spray evaluated at mean concentration of insecticides,
and

7, A prob. avertiveaction/ A hoursof spray eval uated at mean concentration of fungicides.
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5.  Results and Discussions
5.1 Incidenceof Acute Symptoms

Both usersA and B haveahigher probability of contractingamost dl documented acute symptoms
when they spray pesticidescompared to dayswhen they do not spray (see Table5). Interestingly,
users B who werethe substitute sprayersfor user A inthe same household had ahigher chance
of having acute symptomsreativeto usersA. Inevery thousand exposureto pesticides, usersA
experienced headaches 193 times, muscletwitching/pain 158 times, chapped hand 149 times,
excessive sweating 136 times and eye irritation 81 times. Whereas user B had these acute
symptoms 282 times, 256 times, 239 times, 144 times, and 115 timesrespectively. Wethink
that thisdatashowsthat user B ismore aware of acute symptomsthanuser A. It aso suggests
that either UsersA haveacquired moretol eranceto pesticide pollution or underestimate symptoms
becausethey think that the symptomsarea“normal” part of their work.

5.2 AvertiveActions

Individualsdo not take enough protective measures during spraying againgt pesticidetoxicity to
reduce health hazards. They generally prefer to wear only long-seeved shirts (68 percent of
total events) and long pants (58 percent). They did not use other averting equipment, which are
recommended and thought to be effective, on many occasions. Userswore caps (15 percent),
handkerchief (14 percent), shoes (11 percent) and masks (10 percent). Spraying operations
were undertaken without any protective equipment 15 percent of thetime (see Table 6). The
low levelsfor adopting safety gear while spraying pesticideswerenot surprising. Our resultsare
consstent withthefindingsof other studiesdonein devel oping countries (Wilson, 1998; Gomes,
Lloyd and Revitt, 1999; Murphy, et. al., 1999; Yassin, Abu Mourad and Safi, 2002; Salameh,
et. al., 2004). Thesestudiessuggest that thelow level of awareness and education, the humid
hot environment, low incomeand discomfort arethemain factorsfor not adopting such protective
gear whileusing pesticidesin developing countries.

5.3 Dose- Response and Avertive Actions Estimations

We regressed the response to pesticides use, i.e., whether or not an individual experienced
symptoms during the study period, on the magnitude of exposure to pesticides, exposure
environment, and personal characteristics. Defensiveor avertive behavior isachoicevariable
that theindividua choosesbased onavariety of factors. Thus, weran asecond regressonwith
the probability of adoption of defensive actionson theleft hand side and the same explanatory
variables

We give the summary statistics of the independent variables used in the dose-response and
avertiveactionsfunctionsin Table 7. Weprovidethedose-responseand avertiveaction estimations
in Table 8 and Table 9 respectively. In both regressions, dependent variables are binary (if
outcome occurs=1, 0 otherwise).
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Inthe dose-responsefunction, except IPM, other explanatory variablesare Satisticaly sgnificant
athe1%levd. Exposuretoinsecticides(INSECT) and fungicides(FUNGI) positively determine
the probability of occurrenceof symptomsasweexpected. Thus, thisresult empirically shows
that the use of insecticidesand fungicidesaffect farmer healthin Nepal. A oneunitriseinthe
INSECT and FUNGI increasesthe probability of occurrence of symptomsby 3.8 and 1.4 %
respectively. Identification of chronicand long-term hedthimpacts, whichaso exist, isbeyond
the scope of this paper.

Theexpected sign for the coefficient of the maximum averageweekly temperature (TEMP) is
negative. Thisisbecause of the higher rate of pesticide application during cooler days.* Mixing
of pesticides (M1X) hasapositiveimpact on thelikelihood of symptoms. Mixing two or more
pesticidesin acontainer before application tothefield isbelieved to be more potent inkilling
pests and is thus common in devel oping countries (Kishi, et. al., 1995; Cole, et. al., 2000;
Yassin, Abu Mourad and Safi, 2002; Lu, 2005).

AGE of individual negatively affectsthe probability of occurrence of symptoms. Agecanbe
taken as proxy of experience onthefarm. Experienceinfarm activitiesincreases defensive
actionsand reducesthe probability of occurrence of symptomsdueto pesticideexposure. Formal
education of anindividual (EDU) also decreasesthe probability of acute symptoms. Thisis
because educated individual smay have abetter knowledge of safe handling practices.

Theexpected sgnfor IPM ispostive; however thecoefficient itsdf isinggnificant. Theadoption
of IPM®technology isachoice between two aternatives. thetraditiona practicesthat demand
high useof pesticidesand | PM technol ogy, which reduces pesticides use but may aso contribute
toadeclinein productivity. Our resultsmay reflect the possibility that individualsmay not use
their IPM training, even if they have had some. In Nepal, where people are very poor, |PM
training may not necessarily enableindividua sto reduce pesticide use significantly onther crops.

Hedth and nutritiond status(BMI) isnegatively corrdated with theincidence of acute symptoms,
whichiscons stent with resultsfrom Dung and Dung (1999) and Antleand Pingali (1994).

5.4 Health Costs of Pesticide Use

The dose-response function alowsusto determinethe probability of auser (both usersand non-
users) being sick due to pesticide use and exposure. Thus, the predicted probability of an
outcome (the probability of observing pesticide-related acute symptoms) isestimated for users
and non-users. Theaverage predicted probability of being sick dueto pesticideusefor user is
0.41 whilethat for non-usersis0.18. Smilarly, theavertiveaction model allowsusto determine
theprobability of anindividua adopting avertive actionwhile spraying pesticides. Theaverage
predicated probability of taking avertive actionsis0.52 (see Table 10).

4 Late blight of potato caused by a fungus, Phytophthora infestans, is the most important disease in the
study area, against which farmers spray pesticides. The high relative humidity and low day temperature
strongly favor itsgermination, growth and infection (Singh, 1990). This may be another reason for spray-
ing more pesticides in cooler days.

5  Thedow rateof IPM adoptioniswell described by Trumble (1998). Feder, Murgai and Quizon (2003), who
also evaluated the impact of farmer field school in terms of improved yields and reduced pesticide use,
found no evidence of expected environmental benefits of the program.
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We usethese predicted probabilitiesto obtain the heal th costs of pesticideuse. Wedso caculate
theaverage costsof treatment and defensive actionsfor anindividua for thesample. Weassume
that the cost of defensiveactivitiesfor non-usersiszero.®

Inthe case of thisparticular sample, the average annua costs associated with health effectsand
productivity losses from pesticide exposure are NPR 172.54 for users and NPR 105.34 for
non-usersfor similar illnesses. The annual average cost of avertive activitiesfor usersisNPR
175.

Average health costs of pesticide use are ca culated for usersand non-users by multiplying the
abovehedth cost numberswith the predicted probability of faling sick and taking avertiveactions
(see Equations 5 and 6). Thetotal health cost per year of exposureto pesticide pollutionis
estimated to be NPR 162.34 for apesticide user; for anon-user thisisNPR 18.62. Following
Equation (7), the difference between these valuesis NPR 143.72 (US $ 2.05), which isthe
actual annual cost of pesticide use and exposurefor auser individual. Itisimportant to deduct
costs of non-usersfrom costsfor users because some of the health symptomsarevery smilar
and may arisefrom other factors. With regard to gender, health costs of pesticide usefor aman
were estimated to be NPR 151 per year and that for awoman at NPR 102 per year (see Table
17).

The estimated pesticide-induced health costs constitute 0.2 percent of annual household
expenditure, 13.16 percent of annual household expenditure on pesticides, and 10.32 percent of
theannual household expenditure on health care and services dueto chronic and non-chronic
illnesses, injuriesand birth deliveries (Hotchkiss, et. al., 1998). Thelow proportion of pesticide
health costs makes househol ds underestimate heal th costsin their farm production decisions.
Thiscould beamajor reason why human hedlthissuesarisng from pesticideusearegivenlittle
attentionin household decisions, which may further acceleratetheuse of peticidesintheir farms.

In order to estimatethetota health costsfrom acute exposureto pesticidesinthe study area, we
makethe assumption that al householdsin the study areaapply pesticidesand two membersin
each household generally undertakethisoperation. We estimatethat thetotal annual pesticide
related health costsfor the study areaare NPR 1,105,782 (US$ 15,797) per year. Each\VVDC
getsdevelopmental and administrative fundsfrom the government of NPR 10 lakh per year.
Thus, theaggregate hedth cost isequivaent to 55% of theannual devel opment and administrative
budgets of thesetwo VDCs.

Welist theimpacts of increased chemical concentration and hoursof applicationin Table12. A
oneunit riseininsecticide concentration (1 mi/l) would increase sicknessby 6.8 percent, avertive
action by 10 percent and health costsby nearly NPR 30, which was evaluated at mean hours of
pesticide gpplication. Similarly, oneunit risein fungicide concentration would result inincreased
sicknessby 2.4 percent and health costsby NPR 13.17. Wea so observed that aunit increase
infungicide gpplication hourswould resultin morehedth coststhan aunit increaseininsecticides
concentration. Thesengtivity analysisshowsthat sickness, avertiveactionsand hedlth costsare
invariant to increase in fungicide concentration and insecticide application hours, but they

6 Non-users did not use masks, gloves, aprons, or any other defensive measure during the study period
even if they worked on the farm and were exposed in some fashion to pesticide sprays.
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significantly increase with insecticide concentration and hours of fungicide applications. The
main fungicide used in theregionismancozeb, whichisconsidered to berelatively non-toxic.
Hence, increasesin the concentration of fungicidesdo not seem to matter, but the build up that
occurs by increasing the hours of exposure does have an effect. Table 13 shows that a 10
percent increasein fungicide application hoursleadsto increased s.ckness by 6 percent, averting
action by 13 percent and health costs by NPR 34, which are comparable to the increase in
Insecticide concentration by the same amount.

The estimated costs of pesticide usein Nepal are at the lower end when compared to costs
estimated from pesticide exposurein other studies (see Table 1) from India(Devi, 2007), Sri
Lanka(Wilson, 1998), Vietnam (Dung and Dung, 1999), Mali (Ajayi, t. al., 2002), Ecuador
(Cole, Carpio and Leon, 2000; Yanggen, et. al., 2003) and United States (Pimental, 2005).
For example, Devi (2007) findsthat in Indiatheannual cost of illnessper gpplicator isaround US
$36. However, the costs estimated here are consistent with estimatesfrom studiesin Africa
undertaken by Ajayi (2000) and Maumbe and Swinton (2003).

Thelow costsof pesticide exposurein thisstudy could be the domination of mancozebin spray
events. Out of 3637 spray eventsduring the seven-month study period, mancozeb was sprayed
3464 timeseither aloneor mixed with other pesticides (Atreya, 2007¢). Mancozebisrdatively
non-hazardous. Further, the average amount of pesticide used in Nepal islower thanin many
other countries. Itisasoclear that individualstreat symptomsasunrelated to pesticide exposure
andaspart of their agriculturd life, thus underestimating their effects. M oreover, acute symptoms
do not last for long periods. And, lastly, people uselocally made acohol to get rid of these
symptomsand thismay |ead to acertain reluctanceto discuss symptomswith outsiders.

Itisaso useful to notethat most of the other studiesconsidered arecall period of either oneyear
or acrop season (Atreya, 2005; Wilson, 1998; Dung and Dung, 1999) and al so measured long-
term chronic illness (Wilson, 1998; Maumbe and Swinton, 2003) and intentional pesticide
poisoning (Pimental, 2005; Cole, Carpio and Leon,. 2000). A longer recall period distorts
assessment of costs. For example, inthe pilot study, estimated costs dueto pesticide use based
on aone-year recall period produced a higher value of NPR 1261 per household per year
(Atreya, 2005). The present study did not valuelong-term chronicillness, pain and discomfort.
Nor didit vaueintentional pesticide poisoning.

A find qualificationisthat our cost estimates are based on sdlf-reported symptoms, which may
not fully reflect health changes. A study on pesticide exposurein Vietham by Dasgupta, et. al.
(2005) shows, for exampl e, that self-reported symptoms have weak associationswith actual

poisoning.
6. Conclusonsand Policy Recommendations
Thisisthefirst empirica study of itskind in Nepal to focuson pesticidesuse and itshealth costs

inrural Nepal. The study showsthat the use of insecticides and fungicides hasasignificant
negativeeffect on human hedth.
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Thisempirica investigation providessome policy inputsfor plannersat locd, district and national
levels. IPM training may not necessarily reduce health damageseventhoughitincreasesaverting
activitiessignificantly. Thissuggeststhat agricultura and environmenta plannersneedtoreview
theimplementing strategies of the|PM program from ahealth perspective. Avertive measures
likewearing masksand long-deeved clothesdo not help individual sreduce pesticide damageto
health. Furthermore, only asmall percentage of individual s adopt such avertive gear. Mixing
moretypesof pesticidesincreases health damages. Awareness programsabout safe handling
and management of pesticide usewould help reduce health symptoms.

Thecost of illnessestimated in this study areaisan indicator of the hazards pesticides poseto
individuals. Thestudy showsthat onaverageapersonwhoisinvolvedin pesticideapplication
and isexposed to pesticideson averagefor 1.8 hoursduring spraying daysbearsan annual cost
of NPR 143.72. Thiscostisindeed small, whichisthereasonwhy we seevery limited avertive
action being undertaken by individuals. Dueto thelow costs, when afarmer isfaced witha
choice between human health costs (indirect) associated with pesticidesuse and increasesin
farm production costs (direct), 'he tends to give greater priority to pesticides technol ogy.
However, thiscost isnearly 8 times higher for the user popul ation compared to the non-user
population inthe samehousehold. Thetota annua costsof illnesspluscostsof avertiveaction
for the population of the Panchkhal and BaluwaV DCsare estimated to be NPR 1,105,782 (US
$15,797). Thisisassumed to bethelower bound when it comesto costsof pesticide pollution.

Pesticide pollution not only affectsshort-run health effects, but can ad so result in chronic diseases
suchascancer. Pesticidesa so causedeathsof domestic animals, lossof natural pests, increase
pesticide resistance, crop losses, bird and fishery losses, and surface and sub-surface water
contamination. Therefore, thecost of pesticide pollutionfor thesociety islikely to besgnificantly
higher than the cost estimated here. Thelow level of awareness on pesticidesand health costs
may lead to sub-optima decision-making onthe use of pesticides (Ajayi, 2000). However, the
estimated cost here could be taken asreason to launch programsthat focuse on pesticide use
and safety measures.

7.  Acknowledgements

The author acknowledges the financial support provided by the South Asian Network for
Development and Environmental Economics (SANDEE). He is also thankful to Priya
Shyamsundar, Enamul Hague, M. N. Murty, S. Madheswaran, IndiraDevi, PurnamitaDasgupta,
and Joyshree Roy for val uable suggestionsand comments. He acknowledgeswith gratitudethe
logistical support for theresearch provided by Subodh Sharmaand Roshan Man Bgjracharya.
Participants at the different SANDEE workshops are a so acknowledged for their comments.
Khadak Rokayadeservesmy sincerethanksfor dataentry and field monitoring. Finally, the
author would like to thank the 14 enumerators and all respondents for their endurance and
cooperation during the period of thisstudy. Without their assistance, thiswork could not have
been compl eted.

SANDEE Working Paper No. 28-07 13






Refer ences

Ajayi, O. C. (2000), Pesticide Use Practices, Productivity and Farmers Health: The Case
of Cotton-Rice Systemsin Cote D’ lvoire, West Africa, Pesticide Policy Project, Specia Issue
Publication SeriesNo 3, University of Hanover, Germany.

Ajayi, O.C,, et. al., (2002), Socio-economic Assessment of Pesticide Usein Mali, Pesticide
Policy Project Special Issue Publication SeriesNo 6, University of Hanover, Germany.

Antle, J. M., D. C. Coleand C. C. Crissman (1998), ‘ Further Evidence on Pesticides, Productivity
and Farmer Health: Potato Production in Ecuador,” Agricultural Economics, 18: 199-207.

Antle, J.M.andP. L. Pingdli (1994), ‘ Pesticides, Productivity, and Farmer Health: A Philippine
Case Study,” American Journal of Agricultural Economics, 76: 418-430.

Antle, J.M.andP. L. Pingdli (1995), ‘ Pesticides, Productivity, and Farmer Health: A Philippine
Case Study,” Ed. P. L. Pingali and P. A. Roger, Impact of Pesticides on Farmer Health and
the Rice Environment, IRRI, pp. 361-385.

Atreya, K. (2005), ‘ Hedlth Costs of Pesticide Usein aVegetable Growing Area, Central Mid-
Hill, Nepal,” Himalayan Journal of Sciences, 3: 81-84.

Atreya, K. (2007a), ‘ Pesticide Use, Knowledge and Practices. Gender differencesin Nepal,’
Environmental Research, 104:305-311.

Atreya K. (2007b), ‘ Farmer’sWillingnessto Pay for Community | ntegrated Pest Management
TraininginNepal,” Agricultureand Human Val ues, 24: 399-4009.

Atreya, K. (2007c), ‘ Probabilistic Assessment of Acute Health Symptomsrelated to Pesticide
Useunder Intensified Nepalese Agriculture,” International Jour nal of Environmental Health
Research, in press.

Coale, D. C,, F. Carpio and N. Leon (2000), ‘Economic Burden of 1lIness from Pesticide
Poisoningsin Highland Ecuador,” Pan American Journal of Public Health, 8: 196-201.

Dasgupta, P. (2004),  Valuing Health Damagesfrom Water Pollutionin Urban Delhi, India: A
Health Production Function Approach,” Environment and Devel opment Economics, 9: 83-
106.

Dasgupta, D, C. Meisner, and D. Whedler, et. al., (2005), ‘ Pesticide Poisoning of Farm
Workers: Implications of Blood test Results from Vietnam,” World Bank Policy Research
Working Paper 3624, The World Bank, Washington, D.C., USA.

Devi, I. P.(2007), ‘ Pesticide Useinthe Rice Bowl of Kerala: Health Costsand Policy Options;’
SANDEE Working Paper 21, South Asian Network for Development and Environmental
Economics(SANDEE), Kathmandu, Nepal .

Dung, N.H.and T. T. Dung (1999), ‘ Economic and Health Consequences of Pesticide Usein

SANDEE Working Paper No. 28-07 15



Paddy Production in the Mekong Delta, Vietnam,” Economy and Environment Program for
Southeast Asia(EEPSEA) - RR2, Singapore.

Feder, G, R. Murgai, and J. B. Quizon (2003), * Sending Farmers Back to School: The Impact
of Farmer Field Schoolsin Indonesia,” Review of Agricultural Economics, 29: 45-62.

Freeman, A. M. (1993), The Measurement of Environmental and Resource Values. Theory
and Methods, Resourcesfor the Future, Washington D. C.

Gomes, J,, O. L. Lloyd, and D. M. Revitt (1999), ‘ The Influence of Persona Protection,
Environmenta Hygieneand Exposureto Pesticideson the Hed th of Immigrant FarmWorkersin
aDesert Country,” International Archive on Occupational & Environmental Health, 72:40-
45,

Gupta, P. K. (2004), ‘ Pesticide Exposure—Indian Scene,” Toxicology, 198: 83-90.

Hotchkiss, D. R, et. al., (1998), * Household Health Expendituresin Nepal : Implicationsfor
Health Care Financing Reform,” Health Policy and Planning, 13:371-83.

Kishi,M., et. al.,, (1995), ‘ Reationship of Pesticide Spraying to Sgnsand Symptomsin Indonesian
Farmers', Scandinavian Journal of Work, Environment & Health, 21:124-133.

Lu,J. L. (2005),‘Risk Factorsto Pesticide Exposure and Associated Health Symptomsamong
Cut-Flower Farmers,’ International Journal of Environmental Health Research, 15: 161-
169.

Maumbe, B. M.and S M. Swinton (2003), ‘ Hidden Hedlth Costs of Pesticide Usein Zimbabwe's
Smallholder Cotton Growers,” Social Science & Medicine, 57: 1559-1571.

Murphy, H. H.,A. Sanusi and R. Dilts, et. al., (1999), ‘ Heal th Effects of Pesticide Useamong
Indonesian Women Farmers. Part | Exposure and Acute Health Effects,” Journal of
Agromedicine, 6: 61-85.

Nuwayhid, I. A. (2004), ‘ Occupationa Hedlth Research in Devel oping Countries: A Partner for
Socia Justice,” American Journal of Public Health, 94: 1916-1921.

Pingdi, P.L.,C.B.Marquez, F. G Palis, et. al ., (1995), ‘ The Impact of Pesticideson Farmer
Hedth: A Medical and Economic analysisinthePhilippines,’ Ed. P. L. Pingali and P. A. Roger,
Impact of pesticides on farmer health and the rice environment, pp. 343-360, Philippines:
IRRI.

Pimentd, D. (2005), ‘ Environmenta and Economic Costsof theApplication of Pesticides Primarily
in the United States,” Environment, Devel opment and Sustainability, 7. 229-252.

Poudd, K. C., M. Jmbaand K. Poudd-Tandular, et. al., (2005), ‘ Lack of Occupational Hedth
Researchin Nepal,” American Journal of Public Health, 95: 550.

16 SANDEE Working Paper No. 28-07



Pujara, D. S. and N. R. Khanal (2002), ‘ Use of Pesticidesin Jaishidhi subcatchment, Jhikhu
kholaWatershed, MiddieMountaininNepal,’ Ed. A. Hermann and S. Schumann, Proceedings:
international workshop on environmental risk assessment of pesticides and integrated pest
management in devel oping countries, 6-9 November 2001, Kathmandu, Nepal .

Rola,A. C.and P. L. Pingali (1993), Pesticides, Rice Productivity, and Farmers Health: An
Economic Assessment, Philippines: IRRI & WRI.

Salameh, P. R., . Baldi and PBrochard, et. al., (2004), ‘ Pesticidesin L ebanon: A Knowledge,
Attitude, and Practice Study,” Environmental Research, 94:1-6.

Shrestha, P. L. and F.P. Neupane (2002), * Soci o-economic Contextson Pesticide usein Nepal,’
Ed. A. Hermann and S. Schumann, Proceedings of theinternationa workshop on environmental
risk assessment of pesticides and integrated pest management in developing countries, 6-9
November 2001, Kathmandu, Nepal .

Singh, R. S. (1990), Plant Diseases (Sixth Ed.), New Delhi: Oxford & 1BH Publishing Co. Pvt.
Ltd.

Trumble, J.Y. (1998), ' IPM: Overcoming Conflictsin Adoption,” Integrated Pest Management
Reviews, 3: 195-207.

Wilson, C. (1998), Cost and Policy Implications of Agricultural Pollution with Special
Referenceto Pesticides, Ph D Thesis, Department of Economics, University of St Andrews,
Scotland, UK.

Wilson, C. and C. Tisdell (2001), ‘Why Farmers Continue to Use Pesticides Despite
Environmental, Health and Sustainability Costs,’” Ecological Economics, 39: 449-462.

Yassin,M. M., T.A. AbuMourad, and J. M. S&fi, (2002), * Knowledge, Attitude, Practice, and
Toxicity SymptomsA ssociated with Pesticide Use among Farm Workersin the Gaza Strip,’
Occupational and Environmental Medicine, 59: 387-394.

Yanggen, D., D. Cole, and C. Crissman, et. al., (2003), ‘ Human Health, Environmental and
Economic Effectsof Pesticide Usein Potato Productionin Ecuador,’ Lima, Peru: International
Potato Centre.

WHO/PCS (2001), The WHO Recommended Classification of Pesticide by Hazard and
Guidelinesto Classification 2000-2002, Rome: UNEP/ILO/WHO.

SANDEE Working Paper No. 28-07 17



TABLES

Table 1: Environmental and Social Cost of Pesticide use in Different Countries

Ecuador Theimmediate costs of atypical intoxication (medical attention, Yanggen, et. al., (2003)
medicines, days of recuperation, etc.) equaled the value of
11 days of lost wages.

Ecuador The median cost associated with pesticide poisoning was Cole, et. al., (2000)
US$ 26.51/case/worker

India The average annual welfare loss toof an applicator from pesticide  Devi (2007)
exposure amountsto US$ 36a(US$ 36).

Mali Annual indirect and external cost of pesticideuse=US$10 million  Ajayi, et. al., (2002)

Philippines  61% higher health costs for farmers exposed to pesticides than Pingali, et. al., (1995)
those not exposed

SriLanka [l health cost to farmers from pesticide exposure = Wilson (1998)
incomeof 10 weeks
USA Total estimated annual environmental and socia costs from Pimental (2005)

pesticidesin the United States= US$ 9645 million
(public healthimpact = US$ 1140 million)

Vietnam Health cost of over US$ 6.92 per individua per rice season Dung & Dung (1999)

West Africa The economic value of the pesticide-related health costs Ajayi (2000)
equal US$ 3.92 per household per season in the case of
cotton-rice systems

Zimbabwe  Cotton growersincur amean of US$4.73in Sanyati and $8.31in  Maumbe & Swinton
Chipinge on pesticide related direct and indirect acute (2003)
health effects.
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Table2: Descriptive Satistics of the Respondents*

Category % of Male Age(Years) Education (Years) IPM Training (%)
UsersA (N = 291) 0.86(0.35) 336(10.64) 55 (4.06) 82
UsersB (N =87) 0.61(0.49) 30.0(11.94) 48 (4.67) 34
Non-users(N=122)  0.24(0.43) 352(13.%5) 2.9 (4.08) 41

* Figures in parenthesis are standard deviations.

Table 3: Explanatory Variables and Hypothesis for Dose-response Function

Varigble Expected sign Description

INSECT + Exposureto insecticides (ml/I/h)

FUNG + Exposure to fungicides (g/I/h)

TEMP + Averageweekly maximum temperature (°C)

MIX + Dummy for mixing of pesticides (if mixed = 1, O otherwise)
AGE - Age of theindividual (years)

EDU - Formal education of theindividua (Years of schooling)
IPM - Dummy for IPM training (if trained = 1, 0 otherwise)

BMI ? Body Mass Index (wt/ht?)

Table 4: Explanatory Variables and Hypothesis for Avertive Function

Varigble Expected sign Description

INSECT + Exposureto insecticides (ml/I/h)

FUNGI + Exposure to fungicides (g/1/h)

TEMP - Averageweekly maximum temperature (°C)

MIX + Dummy for mixing of pesticides(if mixed = 1, O otherwise)
AGE + Age of theindividual (years)

BEDU + Formal education of theindividua (Years of schooling)
IPM + Dummy for |PM training (if trained = 1, O otherwise)

BMI ? Body massindex (wt/ht?)
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Table 5: Frequency of Acute Symptoms (Incidence per 1000 Spray)

Users A UsersB
. Non- ) Non- Non-
N Symptoms Spraying  gpraying  SPAING gpraying users
Days Days Days Days
1 Headache 193 24 2 37
2 Muscle Twitching/Pain 158 59) 26 s %
3 Chapped Hands 149 43 23 5% S 2]
4 Excessive Sweating 136 57 144 51 %
5 Eyelrritation 81 4 15 5 1
6 Skin Irritation/Burn Il 1 110 2 2
7 Weakness 61 17 89 19 b
8 Respiratory Depression 0 4 14 12 13
9 Chest Pain 37 n 104 3 K3}
10 Throat Discomfort 0 8 I& 7 2
Table 6: Use of Protective Equipment during Pesticides Spraying

Protective Equipments % of Total Spraying Episodes’

Long-deeved Shirt 67.72

Full Pants 5826

Cap 1534

Handkerchief 14.19

Shoes nz

Mask 9.76

Gloves 148

Spectacle 047

Boots o1

Others (Plastic, Shawl) 412

Without any Protective Equipments 148

* Total % is>100 since an individual may use more than one protective gearsin a spray
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Table 7: Summary Statistics of the Variables Used in the Dose-response and Avertive

Functions

Variable Mean Std. Dev. Min Max
INSECT 022 0.9559 0 2074
FUNGI 237 54594 0 67
TEMP 2875 5.0893 1810 36.10
MIX 018 0.3360 0 1
AGE 3398 11.7902 10 71
BEDU 474 42401 0 14
IPM 006 02435 0 1
BMI 19.90 312 VA ] 3845

Table 8: Dose-response Function*
Variables Coefficient Marginal Effect T-Statistic
INSECT 0.1269(0.0142) 0.0380(0.0043) 8.92%**
FUNGI 0.0452(0.0029) 0.0135(0.0008) 15.58%**
TEMP -0.0509(0.0026) -0.0152(0.0007) -19.08***
MIX 0.2506(0.0408) 0.0794(0.0135) 6.14%**
AGE -0.0049(0.0012) -0.0015(0.0004) -4.10%**
EDU -0.0322(0.0034) -0.0096(0.0010) -9.47***
IPM 0.0947(0.0522) 0.0292(0.0165) 181
BMI -0.0271(0.0043) -0.0081(0.0012) -6.27%**
CONSTANT 1.3772(0.1287) - 10.70%**

+ Figure in parenthesis are standard errorLog likelihood = -6252.96, Pseudo R? = 0.119, No of

observation = 12721
*EE Indicates significant at 1% level
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Table 9: Avertive Action Function

+

Variables Coefficient Marginal Effect T-TEST
INSECT 0.2203(0.0232) 0.0563(0.0060) 0,49 **
FUNGI 0.1116(0.0037) 0.0285(0.0010) 30.37%**
TEMP -0.0076(0.0034) -0.0019(0.0008) -2.21*

MIX 1.4770(0.0455) 04914(0.0159) 32.44x**
AGE 0.0072(0.0015) 0.0018(0.0003) 4,65%**
EDU 0.0040(0.0044) 0.0010(0.0011) 093

IPM 0.3190(0.0615) 0.0918(0.0196) 5.19***
BMI -0.0052(0.0054) -0.0013(0.0013) 097

CONSTANT -1.4900(0.1636) - -0.17***

Figures in parenthesis are standard errorLog likelihood = -3582.29, Pseudo R? = 0.483, No of

observation = 12721

“and ™" indicate significance at 10% and 1% level respectively

Table 10: Annual Costs of IlIness for Users and Non-users due to Pesticide Exposure

Predicted probability of auser being sick (P)

Predicted probability of anon-user being sick (P)

Predicted probability of taking avertive actions (P,

Average costs of treatment for users (COI )

Average costs of treatment for non-users (COI )

Average costs of avertive actions for users (AC)

Average costs of exposure for users: C, = P *COI +P*AC
Average costs of exposure for non-users.C_= P *COI

Actua health costs for a user to pesticide exposure HC=C, - C_

Total annual health costs for the study area (3847 households),
assuming that at least two members in a household spray pesticides

04116
01768
05218

17254(Rs)
105.34(R9)
175(Rs)
162.34(R9)
1862(R9)
143.72(R9
11,05,782(R9)
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Table 11: Estimation of Cost-of-illness by Gender

Male Femde
Predicted probability of auser being sick 04027 04306
Predicted probability of anon-user being sick 0171 0.1882
Predicted probability of taking avertive actions 05089 05494
Average costs of treatment for users (Rs) 178 156
Average costs of treatment for non-users (RS) 78.78 17247
Average costs of avertive actions for users (Rs) 180.16 12
Average costs of exposure for users (Rs) 14 1A
Average costs of exposure for non-users (Rs) 1347 3243
Actual health costs for a user to pesticide exposure (RS) 151 102

Table 12: Change in Health Costs from Changes in Concentrations and Hours of

Application

Results
Marginal effect of insecticide exposure to sickness 0.0380
Marginal effect of fungicide exposure to sickness 00135
Mean insecticide concentration (mi/1) 052
Mean fungicide concentration (g/l) 426
Mean hours of exposure (h/day) 180
Marginal effect of insecticide exposure to avertive action 0.0563
Marginal effect of fungicide exposure to avertive action 0.0285
Costs of treatment (Rs) 17254
Costs of avertive action (Rs) 175
A prob. sickness / A insecticide concentration evaluated at mean hours of exposure 0.0684
A prob. sickness/ A fungicide concentration evaluated at mean hours of exposure 00243
A prob. sickness / A hours of spray evaluated at mean concentration of insecticides 0.0198
A prob. sickness / A hours of spray evaluated at mean concentration of fungicides 00575

A prob. avertive action / A insecticide concentration evaluated at mean hours of exposure  0.1013
A prob. avertive action / A fungicide concentration evaluated at mean hours of exposure 00513
A prob. avertive action / A hours of spray evaluated at mean concentration of insecticides  0.0293

A prob. avertive action / A hours of spray evaluated at mean concentration of fungicides 01214

A hedlth costs / A insecticide concentration Rs.29.53
A health costs / A fungicide concentration Rs 13.17
A health costs / A hours of insecticides application Rs. 853
A health costs / A hours of fungicides application Rs 31.17
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Table 13:  Policy Simulation

Probability of Sickness

Percentage
Increasein Concentration Hour of Spray
Policy Variables Insecticide Fungicide Insecticide Fungicide
10% 0.0752 0.0267 0.0217 0.0633
20% 00821 0.0292 0.0237 0.0620
50% 01026 0.0365 0.029%6 0.0863
100% 0.1368 0.0486 0.03% 01150
Probability of Avertive Action
10% 01115 0.0564 00322 01336
20% 01216 0.0616 0.0351 0.1457
3% 01520 00770 00439 01821
100% 02027 0.1026 0.0586 02428
Hesdlth Costs

10% 3249 14.49 939 3429
20% 3544 1580 10.24 3740
3% 44.30 19.76 12.80 46.75
100% 59.07 26.34 17.07 62.34
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FIGURES

Figure 1: Location of the Sudy Area
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Figure 2. Scheme of the Important Steps used in the Households and Individual

Sampling

Panchkhal VDC

e Nationa highway passes through
e Moreintensified
e  Better market for produce

e  Better access to hospitals, pesticide
dealers, and government agricultural
offices

Deubhumi BaluwaVDC

Lessintensified comparatively
Market problems, needs to go elsewhere

y

Each VDCshas 9 wards (the smallest administrative unit)

\ 4

selected.

Inwardswith < 100 households, onevillage with highest household
number was selected. Similarly in wardswith > 100 households, two
villageswith the highest and second highest householdswere

\ 4

Total households= 300

Proportionate random sampling resultsin

e 189 householdsfrom Panchkha VDC
¢ 111 householdsfrom Devbhumi BauwaVDC

\ 4

Welist out two pesticide usersand one non-user from these househol dsif applicable. “User
A” wasthe member who sprays pesticide most of thetime; “User B” wasthe member who
sprayspesticidesin theabsenceor instead of User A, and Non-user never sprayed pesticides.
Finaly, total memberssdlected wereasfollows:

UsersA = 295, Users B = 148 and Non-User = 126

A

wereexcluded from dataanalysis.

4 User Asand 4 Non-Userswere absent during thesinglevisit survey and 61 User B
never sprayed pesticides even asingletimeduring the study period. These respondents
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