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EXECUTIVE SUMMARY
The unsafe use and misuse of pesticides in China are major threats to farmers’ health and
the environment. This study evaluated small-scale farmers’ knowledge, perceptions of pesticide
risks, and practices with regard to pesticide use to identify the determinants of their behavior.
A choice experiment approach was also applied to investigate farmers’ valuations of health risk
changes associated with pesticide use in Anqiu County, China in 2016. A total of 630 farmers from
seven towns were interviewed and 420 farmers were asked to answer the choice experiment
valuation tasks. An empirical comparison of the disparity between farmers’ willingness to pay
(WTP) for a health risk reduction and willingness to accept (WTA) for the same risk increase was
also conducted. Respondents were randomly assigned into the WTP group or the WTA group.
Results show that the frequency of pesticide application by local farmers is high and that
the improper disposal of pesticides after use is common in the study area. Most farmers claimed
that they did some protective practices when they mixed or applied the pesticide. The most
frequently used protective measures were avoiding eating or drinking while spraying pesticides,
washing immediately after applying the pesticide, and changing clothes after spraying. Protective
clothes, however, were not adequate protection. Although most farmers felt that they were at
some degree of risk when using pesticides, farmers were found to overuse pesticides in the study
area. The probability of pesticide overuse significantly decreased with farmers’ risk perceptions,
willingness to reduce pesticide use, better social relationships, and strict government monitoring.
In the choice experiment, four attributes (health consequence, baseline risk, risk change
size, and price) were identified and included. The results show that cancer consequence due to
pesticide use decreases the utility of the farmer. A higher baseline risk has a higher WTP to reduce
the risk and a higher probability of receiving compensation. If the health risk change size is bigger,
it will result in a higher WTP and higher compensation. Household income, education, and age
have significant and positive impacts on farmers’ WTP. Farmers who are more educated or female
are more likely to accept the compensation scheme if health risks increase. The marginal WTA for
the same risk change is about two times higher than the marginal WTP.

1.0 INTRODUCTION

1.1

Background

Pesticides have been playing an important role in the success of modern food production
since the Green Revolution in the early 1970s (Beddington 2010; Rahman 2013). Worldwide,
over 2.36 billion kilograms (kg) of pesticides are applied each year, and roughly 85 percent of the
pesticides currently used are devoted to the agricultural sector (Grube et al. 2011). An estimated
1.3 billion workers are working in agricultural production worldwide, 80 percent of whom are
found in Asia (Rice 2000). Although the Green Revolution has doubled rice production in Asia
(Maclean et al. 2002), the intensive use of pesticides had adverse effects on the environment and
human health (Damalas 2009; Damalas and Hashemi 2010; Hvistendahl 2013; Peshin and Dhawan
2009; Verger and Boobis 2013), making it an important concern in public health.
The use of pesticide poses morbidity and mortality risks to agricultural workers and
farmers, as well as consumers who ingest produce, specifically fresh fruits and vegetables that
contain residues (Gomes, Lloyd, and Revitt 1999; Gunnell and Eddleston 2003; Hogstedt et al.
1997; Hvistendahl 2013; Ibitayo 2006; Yassin, Mourad, and Safi 2002). It has been suggested
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that diseases such as acute neurological toxicity, neurodevelopmental impairment, cancer,
allergies, neurological disorders, and reproductive disorders may be related to pesticide
exposure (Chowdhury et al. 2013; Guan et al. 2010; Hercegova, Domotoro, and Matisova 2007;
Mostafalou and Abdollahi 2013). Moreover, the World Health Organization and the United Nations
Environment Programme estimated that one to five million cases of pesticide poisoning occur
among agricultural workers each year, with about 20,000 fatalities (WHO 1990; ECOSOC 2002). The
unsafe handling of pesticides in developing countries has been widely documented, revealing
practices such as users (farmers and farm-workers) not protecting themselves, use of restricted
pesticides, and children playing in the farm (Barraza et al. 2011; Blanco-Muñoz and Lacasaña 2011).
Despite such societal costs of pesticides, Wilson (2000) and Wilson and Tisdell (2001)
argued that farmers in developing countries will continue to use pesticides at increasing quantities
because of (1) ignorance of the sustainability of pesticide use, (2) lack of alternatives to pesticides,
(3) underestimation of short- and long-term costs of pesticide use, and (4) weak enforcement
of laws and regulations. Hence, the protection of human health from exposure to pesticide by
enforcement activities remains a major objective (Solecki et al. 2005).
China has a long history of cultivation and is now becoming the largest consumer of
pesticides in the world. The amount of pesticide use in China has dramatically increased in recent
years (Figure 1). More than 1.6 million tons of pesticides are used annually in China (National
Bureau of Statistics of China 2011). The annual mean rate of pesticide application in China is 14.8
kilograms per hectare (kg/ha) (National Bureau of Statistics of China 2013). Some highly toxic,
persistent, and bioaccumulative pesticides, such as chlorinated pesticides, have been completely
banned since 1983, but some of these are still commercially available (Zhang and Lu 2007).
High levels of residue are still detected in soils and water (FAO 2013; Zhang et al. 2011). Cases of
poisoning and suicide using pesticides are reported frequently (Cui 2009; Zhou et al. 2011).
Governments regularly implement policies in various sectors in order to prevent or
reduce people’s risk of injury and death. There appears to be a reasonable degree of consensus

Figure 1. Amount of pesticides used in China between 2007 and 2011
Source: National Bureau of Statistics of China 2011
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in academic and policy circles on the usefulness of the value of a statistical life (VSL) as an
appropriate measure for estimating the mortality benefits of policies that reduce mortality risk,
such as environmental and safety programs (Máca, Melichar, and Milan 2012; Alberini and Milan
2013; Tsuge, Kishimoto, and Takeuchi 2005). However, there is much less agreement as to whether
a single VSL figure should be used for all beneficiaries and for all causes of death covered by the
policy (Alberini and Milan 2013). Economic theory suggests a number of reasons why individuals
might place a different value on different causes of death. Previous psychometric research
further indicates that individuals perceive risks along many dimensions, including voluntariness,
controllability, and dread (Fischhoff et al., 1978; Slovic 1987; Starr 1969), and such perceptions may
influence the values they place on risk changes (McDaniels, Kamlet, and Fischer 1992).
In China, the VSL studies conducted have mainly focused on the field of air pollution
(Hammitt and Zhou 2006; Li et al. 2002; Wang et al. 2001; Zhang 2002; Zhang et al. 2004). The
question is whether it is appropriate to use these estimates when performing cost-benefit analyses
for public operations that reduce the risk of other health risk types. This study aimed to extend
estimates of VSL in China to the context of pesticide exposure risk and will focus on the following
research questions. First, how do the consequences of pesticide risk affect people’s valuations?
Individuals may have different preferences for different risk consequences (Carlsson, Daruvala,
and Jaldell 2010). The health effect of pesticide usage can be represented as acute or chronic
illness and death (Travisi, Nijkamp, and Vindigni 2006). Our study investigated how different
consequences of pesticide exposure (cancer versus trea illness) affect people’s valuations. The
second question is whether people will have different values for the same size of risk change
in different directions. The health risk of pesticide use can be increased or decreased when the
amount of pesticide usage changes. The monetary value of a change in pesticide usage and the
associated hazards can be expressed as the aggregate of individuals’ willingness to pay (WTP)
for pesticide risk reduction or, alternatively, the willingness to accept (WTA) a compensation for
exposure to increased pesticide risk levels. This study tested whether the same amount of small
risk change, but in different directions of change (decrease versus increase), generates the same
amount of monetary value.
To answer these questions, it is important to use a single valuation method to avoid
confounding true differences in VSL with valuation method-induced effects. We use the choice
experiment method (Bateman et al. 2002) because by varying risk attributes across and within
respondents, we can disentangle the effect of such variations on the respondent (Alberini and
Milan 2013). The choice experiments were used to value health risk reductions in Tsuge, Kishimoto,
and Takeuchi (2005); Itaoka et al. (2006); Alberini et al. (2007); Tonin, Alberini, and Turvani (2012);
Bosworth, Cameron, and DeShazo (2009); and Adamowicz et al. (2011).
1.2

Research Objectives

The general objective of this study is to estimate farmers’ valuations of health risk change
related to pesticide use. The specific objectives are as follows:
1. To determine farmers’ knowledge and perceptions of pesticide use risks;
2. To test whether the consequence, risk change size, and risk change direction will affect
people’s valuation or not;
3. To provide policy recommendations for reducing risks from pesticide usage.
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2.0 METHODS
2.1

Study Area

Anqiu County is located in the middle part of Shandong Province (Figure 2). It is located
between 36°05’ and 36°38’ north latitude and 118°44’ to 119°27’ east longitude. The county has 12
towns with 870 villages. It has a total land area of 1,760 square kilometers (km2) and a population
of 950,000. The average population density is 539/km2.
The county has more than 866.7 km2 of arable land, with the per-capita arable land area
at about 0.09 hectares (ha). About 10 different crops are grown in the area. Winter wheat, scallion,
and garlic are the principal crops, which occupy 69 percent of the total arable land, followed by
peanut, which occupies 13 percent of the total land area. The remaining 8 percent of the land is
used mainly for fruits, such as peach and cherry. Irrigation is widely practiced, with groundwater as
the main water source.
The area has a continental monsoon climate, which is characterized by an annual average
temperature of 12.2°C and annual precipitation of about 646.3 millimeters (mm). The precipitation
is unevenly distributed—high rainfall usually occurs in summer (June to September), accounting
for about 69 percent of the total annual precipitation. Rainfall occurring between March and May
accounts for only 15 percent of the total annual rainfall. However, this is the period most critical
for crop water demand. The rainfall occurring from October to February is only 16 percent of the
total rainfall, designating this period as dry. The average evaporation is 1,438 mm, which is double
the annual rainfall. Declining and uneven distribution of rainfall and high evaporation lead to an
increase in irrigation water demand.
The selection of the study area was based on the following criteria.

2.2

•

Geographically, Anqiu county is located at the central part of the North China
Plain. Agricultural production in the area plays an important role in ensuring food
security of the country. Anqiu County has been identified as the national agricultural
standardization demonstration city.

•

The county has been adopting high-input farming practices. Assessment of such
intensive production practices has increasingly attracted the attention of academics,
planners, and decision-makers.

•

The county can represent the general situation of the North China Plain in terms of
biophysical, socioeconomic, and agricultural production conditions.

•

There is no research on valuation of health risk changes in the area.

Survey Instruments

The survey questionnaire was developed and revised using results from focus group
discussions and pretests. Focus group discussions were carried out among scientific experts on
health and agriculture, government officials from the Agricultural Bureau and Sanitary Bureau
of Anqiu County, and some local farmers. The purpose of the focus group discussions was to
assess the suitability of the draft questionnaire and obtain opinions and key information on the
knowledge, risk perceptions, attitudes, and behaviors of local farmers regarding pesticide use.
Surveys were pretested to review the language and clarity of survey questions, to further identify
and correct potential problems in the wording of the questionnaire, and to collect additional
information regarding farmers’ knowledge and attitudes toward pesticide use. Based on the
results, modifications and clarifications were made.
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Figure 2. Location of study area in China

The questionnaire mainly consists of four sections. The first part collected information
on farmers’ knowledge and perceptions of pesticide use. After an introductory welcome note,
respondents were asked to indicate the most prominent problem of pesticide use. Four problems
were provided: pesticide overuse, unsafe use of pesticide, health effects of pesticide use, and
environmental effects of pesticide use. Then they were asked to indicate the extent of their
agreement or disagreement with a series of attitudinal statements concerning pesticide use on
a five-point Likert scale, anchored by 1 (strongly disagree) and 5 (strongly agree). The statements
include:
1. “I think the use of pesticides in food production reduces the safety of food.”
2. “Pesticide use will have negative effects on the environment.”
3. “Pesticide use is harmful to human health.”
4. “Higher dosage of pesticide will have better effects on pest control.”
5. “Pesticide exposure risk can happen to me.”
6. “I consider myself to be more at risk from pesticides than other people.”
7. “I feel more afraid of dying by pesticide use than other risks.”
8. “I can avoid being affected by pesticide use with my own efforts.”
Respondents were then asked about whether they knew about the harmfulness of
pesticide on human health and the environment, and whether they had heard about any
information on illnesses caused by pesticide use. They were also asked about whether or not they
knew pesticide use-related illnesses can cause fatality. A series of questions were asked about
knowledge of the health effects of pesticide use, their level of awareness, and concerns about
health effects of pesticide use.
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Respondents were then introduced to the concept of chance and the probability of
dying. Simple probability concepts were introduced using coin tosses and die throws. Because
mortality risks associated with pesticide use are typically much smaller than those seen on a
die toss, a representation using a much larger denominator is needed. A risk scale with a graph
containing 1,000 squares was used. White squares denote chances of surviving and black squares
represent chances of dying. The use of a grid of squares has been found to be a successful risk
communication tool in other stated preference surveys involving mortality risk (Krupnick et
al. 2002) and has been used previously in a developing country context (Vassanadumrongdee
and Matsuoka 2005; Hoffmann et al. 2012). Respondents were shown three examples of scales
representing risk levels (2%, 5%, and 10%). To test their comprehension, respondents were asked to
finish one test, which described two hypothetical people: Mr. A, a relatively careless driver who had
33 chances in 1,000 of an accident, and Ms. B, a relatively safe driver who had a 10 percent chance
of an accident. Respondents were then asked which of these two people had the lesser chance of
an accident. Only after the respondent has had a good understanding about the mortality risk and
known how to indicate risk using the risk scale, did the enumerator continue with the rest of the
questionnaire.
After completing the probability tutorial, respondents were asked a few questions about
their health experience related to pesticide use. They were asked whether they thought pesticides
were harmful to human health, whether they had heard or read about diseases related to pesticide
use, whether they personally knew anyone who had diseases caused by pesticide use, and
whether they had thought about the possibility that they themselves might get diseases related
to pesticide use. After answering these questions, respondents were asked to use the risk grid to
estimate their chances of becoming ill or dying because of pesticide use. They were also asked to
rank the risk that pesticide use poses to their health based on the following five categories: no risk
at all, some small level of risk, medium (or moderate) level of risk, large (or significant) level of risk,
and extremely high level of risk.
The second part was composed of questions about which actions/measures were adopted
by respondents to protect themselves. Respondents were asked where they purchased the
pesticide and how they stored, mixed, and applied pesticides. Specifically, respondents were asked
whether or not they took the following measures:
1. read and understand the toxic mark present on the pesticide containers;
2. avoid spraying during hot times of the day (sprays as early in the day as possible);
3. avoid spraying against the wind;
4. wear a hat;
5. wear a cloth or mask over the nose and mouth;
6. wear a shirt or jacket with long sleeves;
7. wear pants when spraying;
8. avoid smoking while spraying;
9. avoid eating while spraying pesticides;
10. avoid drinking while spraying pesticides;
11. wash immediately afterwards (before taking a rest);
12. change clothes after spraying pesticides; and
13. shower after spraying pesticides.

6
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In the third section of the survey questionnaire, respondents were first informed about
basic information on the impact of pesticide use on human health, which were expressed in terms
of number of cases of acute illness (i.e., leading to hospitalization) and deaths per year, both as
a result of work and domestic exposure. To get a point of reference, respondents were informed
about the number of yearly cases of hospitalization and death due to pesticide use in China.
The choice experiment method was used to capture the individual’s valuation of
the change of risk related to pesticide usage. In order to compare the WTP and WTA welfare
estimations, this study included several split sample “treatments”, and administered them to a
sample of farmers. We chose farmers as our respondents because they have the highest health
risks related to pesticides (Palis et al. 2006).
Before the questions for the CE were asked, the two groups (WTA and WTP) were given a
hypothetical context. The WTP group was informed that a reduction in pesticide risk exposure is
possible by implementing pesticide management policies, and the Chinese government is about
to do this. Policy options consisted of agricultural production practices designed to reduce the rate
of pesticide application on fields, without any change in the products’ quality. However, this would
increase production costs.
The WTA group was informed that in order to ensure a continued success of modern food
production, the amount of pesticide usage will increase in the future. However, this would have
some adverse effects on the environment and human health. In order to reduce these adverse
effects of pesticide usage, the Chinese government was about to implement a national program to
compensate each farmer.
The hypothetical alternatives in our choice experiments were described by four attributes:
(1) the health consequence of pesticide usage, (2) baseline risk, (3) risk change size and direction,
and (4) yearly payment/compensation. The four attributes and their levels are summarized in Table
1.
The first attribute, health consequence of pesticide usage, focused on two levels (i.e., liver
cancer, liver hepatitis) related to liver disease because the liver plays a key role in the maintenance
of the homeostasis of the organism and the metabolic reactions and toxic effects of pesticides
occur primarily in the liver microsomes (Hernandez et al. 2013). The two levels differ in their
consequences in which the final result of liver cancer is death, while the final result of liver hepatitis
is a 100 percent trea disease, but not death.
The second attribute is information on baseline risk. This attribute tested whether people
will value the same consequence, same size, and same direction of pesticide risk differently if
the baseline risk is different. Because of previous psychological arguments, for three decades
economists have been analyzing how individuals’ valuation of risk varies with the level of baseline
risk, either objectively or as perceived (Travisi, Nijkamp, and Vindigni 2006). The conventional
hypothesis assumes that the estimated marginal valuation of a risk change increases with an
increase in the initial risk level.
Table 1. Attributes and their levels in CE
Attributes

Levels

Consequence

Liver cancer; liver hepatitis (100% trea )

Baseline risk (10 years)

9/1,000; 90/1,000

Risk change (10 years)
Production cost increased yearly/
compensation every year

Decrease or increase by 2/1,000; 5/1,000; 8/1,000
CNY 100; CNY 200; CNY 400; CNY 600
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The third attribute is size and direction of pesticide risk change. Including the attribute
levels of risk change and allowing it to vary (decrease and increase) with the same amount of
change allowed us to determine whether or not the same amount of risk change that differs in
direction alters the estimated VSL. In other words, whether the WTA given for risk increase is the
same as WTP given for the same amount of risk reduction. In order to test the effect of risk change
direction, respondents were randomly assigned to two groups. One group was asked about their
WTP for the reduction of pesticide risk and the other group was asked about their WTA for an
increase in pesticide risk.
The last attribute is the price tag. For the WTP group, respondents were told that reducing
pesticide use would be costly to the agricultural sector and some agricultural production costs
will increase. For the WTA group, respondents were told that the increase in the amount of
pesticide usage may have some adverse effects on human health and the government is going to
implement a compensation program for farmers.
Using these attributes and their levels, we generated a fractional factorial. Subsequently,
alternative profiles were cyclically combined to generate eight choice sets. These satisfy the
principles of orthogonality, level balance, and minimal overlap (Huber and Zwerina 1996). An
example of a choice set is shown in Table 2. In each choice set, respondents were instructed to
choose their preferred option among two hypothetical alternatives and a “none” option.
The last section collected information on the socioeconomic characteristics of the
respondents including age, sex, formal education, income, years of farming experience, area of
cultivated land, presence of children (under 16) in the family, and health satisfaction.

Table 2. An example of a choice set in the WTP group
Characteristics of Options

Program A

Program B

Liver cancer

Liver hepatitis (100% treatable )

Baseline risk (10 years)

9/1,000

90/1,000

Risk change (10 years)

Decrease 5/1,000

Decrease 8/1,000

CNY 200

CNY 400

Consequence

Production cost increased (every year)



2.3

I prefer program A

 I prefer program B

 None of them

Data Analysis

The data obtained from CE is typically analyzed based on Lancaster’s (1966) characteristics
theory and random utility theory (Adamowicz, Louviere, and Williams 1994; Boxall et al. 1996).
Lancaster’s theory posits that choices can be modeled as a function of the attributes of the
alternatives relevant to a given choice problem. Random utility theory assumes that the alternative
with the highest overall utility is selected. This type of selection of one alternative over another
implies that the overall utility (Ui) of that alternative is greater than the overall utility of another (Uj).
The overall utility of an alternative (U) consists of a deterministic component (V) and a stochastic
component (ε) (McFadden 1978):

𝑈 = 𝑉 +𝜀

The parameter V is specified as a function of measured attributes of the environmental good,
service, or policy that can be measured as well as the characteristics of the respondent; ε is a
stochastic component, representing unobserved attributes affecting choices.
8
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Choices made by any particular respondent n between alternatives will be a function of
the probability that the utility associated with option i exceeds the utility associated with all other
options in the choice set C, as stated in the following equation:

Prob 𝑖⁄𝐶 = Prob 𝑉𝑖𝑛 + 𝜀𝑖𝑛 > 𝑉𝑗𝑛 + 𝜀𝑗𝑛 ;𝑖 ≠ 𝑗, 𝑗 ∈ 𝐶

Assuming that the distribution of the error terms () are independently and identically
distributed with an extreme-value (Gumbel) distribution, then the probability of respondent n
choosing option i is given by (McFadden 1978):

Prob 𝑖𝑛 =

exp 𝜇𝑉𝑖𝑛
∑ exp 𝜇𝑉𝑗𝑛

where µ is a scale parameter, which is inversely proportional to the standard deviation of the error
distribution. The scale parameter is always assumed to be equal to 1.
We also assume that the utility gained by individual n from option i is given by a linear
function of the attributes X:

𝑉𝑖𝑛 = 𝐶 + � 𝛽𝑘 𝑋𝑘

where C is an alternative specific constant (ASC), which expresses the relative preference of one
alternative compared to another. ASCs are unique for each of the alternatives that are considered
in the choice sets. β is a coefficient and X are attributes from the choice sets. It is possible to include
socioeconomic and environmental attitudinal variables into the utility functions by estimating the
variables interactively, either with the ASC or with any of the attributes from a choice set (Morrison,
Bennett, and Blamey 1999):

𝑉𝑖𝑛 = 𝐶 + � 𝐶𝑆ℎ + � 𝛽𝑘 𝑋𝑘 + � 𝛽𝑘 𝑆ℎ 𝑋𝑘
where S represents socioeconomic or attitudinal variables.
The maximum likelihood estimation method can be used to estimate the parameters.
Then the marginal value of a change within a single attribute using a linear-in-parameters utility
function can be represented as a ratio of coefficients as follows (Morrison, Bennett, and Blamey
1999):

WTP⁄W TA = −

βattribute
βM

This part-worth formula provides effectively the marginal rate of substitution between income
change and the attribute in question.
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2.4

Data Collection

Data collection took place between July and August 2016 in Anqiu County. Personal
interviews were carried out to encourage more responses. This survey method is expensive but can
provide the highest response rates and is better suited to collecting complex information (Khan
and Damalas 2015).
The enumerators involved in this study were recruited from universities in Beijing. Students
who were studying for their masters’ degrees and can speak the local dialect were preferred. A
training course composed of a careful explanation of all the questions in the survey, a role-playing
exercise, and tips on how to obtain cooperation from respondents during face-to-face interviews
was given to help enumerators understand the subject matter of the survey and understand the
research design.
Respondents were selected based on random sampling from eight towns in Anqiu County
using lists of residents obtained from local village officials. The respondent in each household
was the person who did most of the farm work and used pesticides. The survey was completely
voluntary. Each respondent received a gift (soap, shampoo, oil or towel) worth USD 1.53 as
economic compensation. A total of 660 farmers were approached and 630 participated in the
study. The overall response rate (interviews completed) was 95 percent.
The survey data from the 630 complete questionnaires were encoded and entered into
Microsoft Excel and verified prior to analysis. SPSS 15.0 and Stata/SE 13.0 were used in the analysis.

3.0 RESULTS AND DISCUSSION
3.1

Characteristics of Respondents

Table 3 reports socioeconomic characteristics of the sample. Most of the respondents
were male (n=452, 71.74%), which is consistent with the actual situation in Anqiu, where men
perform most agricultural activities and appear to take greater responsibility for purchasing and
spraying pesticides. Farmers’ average age was 52.73 (±10.03) years. All respondents were married.
Our random sample brought about a rather representative distribution of education levels:
7.62 percent of the respondents were illiterate, 18.89 percent had a primary school education,
56.98 percent had a middle school education, 16.03 percent had a senior high-school education,
and only a few (0.48%) had a university degree. The mean household size of the sample was
approximately 3.87, with a mean of 0.63 persons under 16 years of age. The average household
income was approximately USD 557/month. The farmers interviewed were typically smallholders,
with farm sizes averaging 0.60 ha, and 89.84 percent of farmers’ land holdings were less than 1.0
ha. Our results show that respondents’ socioeconomic characteristics were consistent with the
average values for the whole country (Liu and Huang 2013; Jin, Bluemling, and Mol 2015). Thus, it
can be concluded that our sample is representative.
3.2

Knowledge of Farmers Regarding Pesticide Use

Nearly all farmers interviewed (98%) believed that it is important to use or apply pesticides
in a correct and scientific way. This is a welcome finding from the perspective of reducing the
hazards of pesticides. When asked what problem they perceived as most important, almost half
(42%) of the respondents identified the safe use of pesticides as the most important problem.
Almost a third (30%) felt that the human health effects of pesticide use was the most important
problem.
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Table 3. Main socioeconomic characteristics of the sample
Variable

Mean

Male respondent

SD

Min

Max

0.71

0.45

0

1

52.73

10.03

18

86

Civil status or married respondent

1.00

0.00

1

1

Total household members

3.82

1.50

1

10

250

17,500

0.31

20

Age of the respondent

Total household income (CNY/month)
Total farm area (ha/household)

3621
0.60

3057
1.02

Respondents were asked their opinion on several knowledge statements. Answer
categories for these statements were based on a five-category Likert scale, going from 1 (strongly
disagree) to 5 (strongly agree). The results are presented in Table 4.
Most respondents agreed or strongly agreed with the statement that pesticide use in food
production reduces food safety. The respondents were well aware that pesticides are harmful
to the environment and human health. Most of the respondents (over 80%) agreed or strongly
agreed with the statement that pesticide use adversely affects human health or the environment.
Only a few respondents agreed with the statement that more pesticides control pests more
effectively. With regard to respondents’ perceptions of their personal health risks, most of the
farmers thought using pesticides would adversely affect their own health. More than two-thirds of
the sample claimed that they knew the safe time interval between two sprays.
Most of the respondents (76%) stated that they had read or heard about illnesses caused
by pesticides. More than half of the sample (66%) believed that illnesses caused by pesticide
exposure can be fatal. Approximately half of the sample (50.32%) claimed that they had attended
some type of training on how to use pesticides properly.
Table 5 presents farmers’ main sources of information regarding pest control and pesticide
application. It can be seen that the most important information source regarding pest control and
how to apply pesticides is oral communication with other farmers, followed by pesticide retailers.
Only a few (10.95%) reported that they had acquired information on pest control and pesticide
application from government extension services. Ineffective extension services are considered
a key factor leading to the overuse of pesticides in developing countries (Togbe et al. 2012).
Very few farmers learned about pesticides via the media (e.g., the internet, television, books, or
newspapers).
3.3

Risk Perceptions of Farmers Regarding Pesticide Use

Respondents were asked to estimate the risk of pesticide use on their own health in
terms of five proposed categories (Table 6). About 15.87 percent of the respondents reported an
extremely high level of risk, 33.49 percent believed the risk to be large, 25.40 percent thought the
risk to be medium or moderate, 23.33 percent reported a low level of risk, and 1.9 percent believed
that there was no risk at all when using pesticides.
Thirty-eight percent of respondents reported being sick after routine applications of
pesticides in the previous year. Approximately 23 percent of the respondents stated that family
members felt sick because of pesticide application. The most common pesticide poisoning
symptoms reported by the interviewees were headache, nausea, and vomiting. Kishi et al. (1995)
reported that farmers assume that pesticide poisoning symptoms were normal, so they could get
used to them. This may explain why few farmers in this study reported symptoms of ill health after
spraying.
Valuing Health Risk in Agriculture: A Choice Experiment Approach to Pesticides in Anqiu County, China

11

Table 4. Respondents’ perceptions on pesticide use
Statements

1 (Strongly
5 (Strongly 4 (Agree) 3 (Neutral)
2
Agree)
(Disagree) Disagree)

The use of pesticides in food
production reduces the safety of food.

42.77

40.70

6.84

7.31

2.38

Pesticide use will have adverse effects on
the environment.

45.87

37.78

6.19

7.30

2.86

Pesticide use have harmful effects on
human health.

45.71

43.17

5.24

4.76

1.11

Higher doses of pesticides use will have
better effects on pest control.

12.86

12.54

11.43

37.30

25.87

Pesticide use will have negative effects
on my health.

40.63

41.43

9.87

5.71

2.38

I know the pesticide safety interval
period.

12.38

59.52

10.48

16.67

0.95

Table 5. Information source about pest control and pesticide use
Source

Percent (%)

Communication between other farmers

45.24

Government extension services

10.95

Pesticide retailers

34.44
9.35

Media

Table 6. Perceptions of pesticide risk on farmers’ health
Risk Perception

No. of Farmers

Percentage

Extremely high level of risk

100

15.87

Large level of risk

211

33.49

Medium level of risk

160

25.40

Low level of risk

147

23.33

No risk at all

12

1.90
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3.4

Pesticide Use Practices of Farmers

The survey results show that respondents spent approximately CNY 1,382 (USD 213) on
pesticides in 2015 and on average used approximately 19 kg of pesticides during the 2015 season.
When asked where they purchased pesticide, most of the respondents (90.14%) said they bought
pesticides from pesticide retail stores.
Local farmers made wide use of knapsack spray equipment, which is relatively cheap,
readily available, and easy to operate and maintain. The average frequency of pesticide application
was approximately 11 times per growing season. This finding is comparable with farmers in
Pakistan, where the average number of pesticide applications per growing season is 10 or 11 (Khan
and Damalas 2015). More than a third (35%) of the respondents applied pesticides up to 10 times
or more. Approximately 21 percent of the farmers reported applying pesticides 15 times or more
per year (Figure 3). Thus, the frequency of pesticide application by local farmers was high. Such
heavy use of pesticides may result in frequent contact with pesticides, which can lead to significant
health problems and possible air, soil, and water pollution. Such heavy use of pesticides could
occur because most local farmers did not receive agricultural extension services. Sun et al. (2012)
conclude that inadequate agricultural extension services is the most important external factor in
the overuse of chemical inputs, including pesticides.
Methods of storing and disposing of pesticide containers are also critical points of
intervention that can be used to enhance awareness of safety during the application of pesticides
(Yang et al. 2014). Our results show that most farmers (89.91%) stored pesticides in their homes,
but only 23.13 percent of the farmers said they stored pesticides in specific storerooms. Pesticides
stored in the home can easily contaminate drinking water and food and can threaten the health of
children (Matthews 2008).
The improper disposal of pesticide containers after use is a common practice in the study
area. Nearly half of the farmers (47.14%) discarded empty containers near the fields where they

Figure 3. Number of pesticide applications per year
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prepared the pesticides. This improper disposal of pesticide containers after use can easily lead
to contamination of agricultural soil and water. Only 20.63 percent of the respondents claimed
that they disposed of containers as garbage. Disposal of containers by burning or burying them in
fields was reported, but the proportion of containers disposed of via these methods was less than
25 percent.
3.5

Protective Measures of Farmers

About 70 percent of the respondents stated that they knew how to reduce the harmful
effects of pesticides and 87 percent of the sample stated that they did some protective practices
when they mixed or applied the pesticide. The respondents reported 13 protective measures in
using pesticides (Table 7). The most frequently used protective measures were avoiding eating
or drinking while spraying pesticides, washing immediately after applying the pesticide, and
changing clothes after spraying. Protective clothes, however, were not adequate protection.
Farmers claimed that special protective gear, such as masks, made them feel uncomfor when they
applied pesticides in hot weather.
In order to identify the factors influencing farmers’ self-protective behaviors, this study
employed the standard ordinary least squares model as it is widely used as an efficient estimator
(Hayashi 2000). In the course of determining the factors, we considered various factors based on
the previous literature, tested for correlation, and reduced the number of factors (Table 8). The
regression results show that the coefficients on ‘health’ and ‘ownhealth’ are positive and highly
significant, indicating that if the farmer perceived the adverse effect of pesticide use on human
health or his own health, he would be more willing to take self-protective measures. This result is
expected and understandable.

Table 7. Protective measures in pesticide use
Protective Measures

Responses (n=630)
No.
%

Check pesticide equipment to avoid leaking or dripping before spraying.

544

90

Avoid spraying during very hot times of the day (spray as early as possible).

553

91

Avoid spraying against the wind.

493

81

Wear a hat.

299

49

Wear a cloth or mask over the nose and mouth.

278

45

Wear a shirt or jacket with long sleeves.

407

68

Wear pants when spraying.

441

73

Avoid smoking while spraying.

534

88

Avoid eating while spraying pesticides.

582

95

Avoid drinking while spraying pesticides.

566

93

Wash immediately afterwards (before taking a rest).

597

98

Change clothes after spraying pesticides.

578

94

Shower after spraying pesticides.

542

89
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Table 8. Factors influencing the protective measures farmers take
Variable
Health

Description
Pesticides can harm human health (5=strongly
agree, 4=agree, 3=neutral, 2=disagree, 1=strongly
disagree)

Environment Pesticides can harm the environment (5=strongly
agree, 4=agree, 3=neutral, 2=disagree, 1=strongly
disagree)

Coefficient Std. Error p-value
0.42***
0.13
0.002
–0.39**

0.17

0.020

Ownhealth

Pesticides will affect farmer’s own health

0.29**

0.14

0.035

Risk

Risk perception (1=no risk, 2=small risk, 3=medium

0.46***

0.11

0.000

0.54**
0.56**
–0.39
–0.04***
–0.27*
10.70

0.22
0.33
0.24
0.02
0.16
1.31

0.015
0.086
0.114
0.009
0.101
0.000

(5=strongly agree, 4=agree, 3=neutral, 2=disagree,
1=strongly disagree)
risk, 4=high risk and 5=extremely high risk)

Training
Attended training (1=yes, 0=no)
Read
Reading labels on the pesticide containers
Gender
1=male, 0=female
Farmyears
Years of farming experience
Relationship Better relationship with other villagers
Constant
Summary statistics
F(11,618)
Prob>F
R-squared
Observations

10.79
0.0000
0.1611
630

Note: *** and ** indicate significance at p<.01 and p<.05, respectively.

The variable ‘risk’, indicating farmers’ risk perception, had positive influence on doing
protective measures. Thus, farmers who perceive pesticides as a health risk are more likely to take
self-protective measures relative to those who do not perceive pesticides as a health hazard.
The coefficients on ‘training’ and ‘read’ are positive and significant, suggesting that if
a farmer attended any trainings on pesticide use or read instruction presented on pesticide
containers, he would take more self-protective measures. This finding is expected because training
or reading the label can increase farmers’ knowledge of the adverse effects of pesticide, which
would probably encourage farmers to take more protective measures.
The variable ‘farmyears’ had a negative effect on taking protective measures, indicating
that more experienced farmers were less likely to take protective behaviors. Therefore, farmers
who have used pesticides for a long time are less likely to take protective measures.
The coefficient of the ‘relationship’ variable is negative and significant, suggesting that if
farmers had better relationship with other villagers, they would take less self-protective measures.
This finding is unexpected. Our assumption was that a better relationship with other villagers
increased the probability of taking self-protective measures. Although further research is necessary
to understand this result, one explanation might be that existing networks in the area can help
farmers overcome difficulties if they get sick because of pesticide use.

Valuing Health Risk in Agriculture: A Choice Experiment Approach to Pesticides in Anqiu County, China
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3.6

Farmers’ Overuse Behaviors

Our survey respondents were asked, among other questions, “Compared to the dosage
that is recommended by the manual, how much do you usually use?” Our results show that
approximately 69.21 percent of the respondents applied the pesticide based on the manual or
label on the pesticide container. However, approximately 17.78 percent of the sample used a
higher dosage than recommended on the label, and 12.54 percent of the sample applied the
pesticide based on previous experience.
To identify the factors affecting farmers’ decisions regarding pesticide overuse, we
performed regressions, using the binary logistic model (Panda et al. 2013; Solomon, Agwata, and
Anyango 2014). The specification or reduced form of the empirical model estimated is as follows:

𝑌𝑖 = 𝛼 + 𝛽𝑖 � 𝑋𝑖 + 𝜀𝑖

where Yi is a dichotomous dependent variable (farmer using pesticide more than the amount
of pesticide recommended on the label, specified as yes = 1, 0 = otherwise); α is the Y-intercept;
βi is the set of coefficients to be estimated; X is the set of explanatory variables hypothesized to
influence farmers’ decisions, based on theory and related empirical work; and ε is an error term.
The regression results are presented in Table 9. Most explanatory variables take the
expected signs and are statistically significant (p<.10 or lower). The results of a chi-square test show
that the likelihood ratio statistics are highly significant (p<0.001), suggesting that the explanatory
power of the regression model is strong.
The regression results show that the coefficient for farmers’ risk perception is negative
and significant (Table 9), indicating that farmers who perceive a higher health risk of pesticide use

Table 9. Factors affecting farmers’ pesticide overuse
Variable
Risk

Description
Risk perception (1 = no risk, 2 = small risk, 3 = medium
risk, 4 = high risk and 5 = extremely high risk)

Estimate
−0.10 **

S. E.
0.05

p-value
0.051

Reduction

Willingness to reduce pesticide use

−0.29 ***

0.11

0.010

Read

Reading labels on pesticide containers

−0.73 ***

0.16

0.000

0.10 *

0.06

0.088

0.01 **
−0.07 *
−0.19 **

0.00
0.04
0.08

0.02
0.086
0.024

0.06
0.61

0.05
0.50

0.191
0.224

(1 = yes; 0 = otherwise)
(1 = yes, 0 = no)

Governance Local government having a strict supervision
on pesticide use (1 = extremely strict; 2 = strict;
3 = moderate; 4 = loose; 5 = extremely loose)
Farmyears
Years of farming experience
Income
Monthly income of the respondent (CNY1000)
Relationship Better relationships with other villagers
(1 = extremely bad; 2 =bad; 3 = moderate; 4 = good;
5 = extremely good)
Knowledge Knowledge score
Constant
Summary statistics
Log likelihood
LR chi-squared [9]
Prob > chi2
Observations
Note: ***, **, and * indicate significance at p<.01, p<.05, and p<.10, respectively.
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−353.34
66.36
0.000
630

are less likely to overuse pesticide. This result is consistent with the finding in the literature that
farmers’ perceptions of pesticide risk influence their behavior toward pesticide use (Liu and Huang
2013; Damalas and Hashemi 2010; Hashemi et al. 2012). Earlier empirical studies also found that
perceptions of low health risk from pesticide use are positively correlated with overuse (Dasgupta
Meisne, and Huq 2007; Zyoud et al. 2010).
The coefficient of farmers’ willingness to reduce pesticide use is negative and significant,
indicating that if a farmer is willing to reduce pesticide use in the future, she or he will have a lower
probability of overusing pesticides. The regression results also indicate that reading the label
on the pesticide container negatively affects pesticide overuse. This finding is as expected and
understandable. If farmers read the label on the pesticide container before they used the pesticide,
they would be more likely to use the dosage recommended on the label, reducing the probability
of pesticide overuse.
The variable “farmyears” is positive and significant, indicating that more experienced
farmers are more likely to overuse pesticide. Older farmers would thus appear to use more
pesticides than younger farmers, as farming experience tends to be directly related to age. Older
farmers usually have lower levels of education and perceive lower risks and greater benefits
from using pesticides (Damalas and Hashemi 2010). Therefore, farmers who have used pesticides
for a long time are more likely to overuse pesticides. Fan et al. (2015) argue that older farmers
have more difficulty than younger farmers following instructions for pesticide use, leading to
inappropriate behaviors.
As expected, the coefficient on “governance” is positive and significant, indicating that
if a farmer believes that the local government strictly supervises pesticide use, he will be less
likely to use more pesticides than recommended. The same result has been reported in studies in
African countries (Midega et al. 2012). Interestingly, the regression results show that farmers’ social
relationships negatively affect the probability of pesticide overuse. Specifically, if respondents
had better relationships with other villagers, they are less likely to overuse pesticides. Thus, there
is a need to build farmers’ social capital, enabling them to redesign agro-ecosystems to be more
productive while lowering the use of pesticides.
Our results also show that farmers’ income negatively and significantly affect the
probability of pesticide overuse. This finding is not surprising, as rich farmers are typically more
concerned than poorer farmers about health hazards associated with pesticides, which may reduce
pesticide overuse.
3.7

Farmers’ Valuations of Health Risk Changes of Farmers

Two multinomial logit (MNL) models were estimated using the data derived from the
survey with Limdep Nlogit 4.0 (Greene 2002). The first model (model 1) is a basic specification,
which shows the importance of the choice attributes in explaining respondents’ preferences in the
different options. In this model, utility is determined by the levels of four attributes (consequence,
baseline risk, risk change size, and price) in the choice sets. Hence the model provides an estimate
of the effect of a change in any of these attributes on the probability that one of these options
will be chosen. The second model (model 2) considers socioeconomic variables in addition to
the attributes in the choice set. The definitions of the explanatory variables used in the models
are presented in Table 10. Four socioeconomic variables (gender, age, education, and income)
were included in the utility function by interactions with the alternative specific constant. The
estimation results of these two models are shown in Table 11.
In both the WTP and WTA groups, the coefficients of almost all attributes in the choice
sets are significant (p<.01), suggesting that they influence respondents’ preferences/utility. The
coefficients of all attributes have the expected sign.
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In the WTP group, in both model 1 and model 2, the negative sign of the coefficient for
“cancer” attribute means an increase in cancer risk will decrease the utility of the respondents.
The coefficient for “baserisk” is negative and significant, suggesting that a higher baseline risk will
decrease the welfare utility of the respondent. The positive sign of “size” means respondents would
be willing to pay more if the risk change size is bigger. The negative sign of the coefficient for the
“price” attribute means an increase in cost will decrease the utility of the respondents. The positive
and significant alternative specific constant suggests that the average respondent does have a
Table 10. List of explanatory variables
Variable
ASC
Cancer
Baserisk
Size

Descriptions
Alternative specific constant
Categorical variable,1=liver cancer; 0=liver hepatitis
Baseline risk, takes on value 9/1000; 90/1,000
Risk change size, decrease or increase 2/1000; decrease or increase 5/1,000;
decrease or increase 8/1,000

Price

Production cost increased yearly in the WTP group or one-time compensation in
the WTA group

Gender
Age
Education
Income

Gender of the respondent, 1=male, 0=female
Continuous variable, number of years
Highest education attained, categorical variable
Total household monthly income

Table 11. Estimated coefficients of MNL models

ASC
Cancer
Baserisk
Size
Price
Gender
Age
Education
Income

WTP
WTA
Model 1
Model 2
Model 1
Model 2
0.61*** (0.13)
–0.28 (0.50)
-0.24 (0.13)
–1.53*** (0.51)
–0.13*** (0.06)
–0.13*** (0.06)
–0.22** (0.06)
–0.22** (0.06)
–0.004*** (0.007)
–0.002*** (0.0008) –0.004*** (0.0007) –0.004*** (0.0007)
0.07*** (0.01)
0.08*** (0.02)
–0.09*** (0.02)
–0.09*** (0.02)
–0.00097*** (0.0002) –0.00086*** (0.0002) 0.0006*** (0.0002) 0.0006*** (0.0002)
–0.61*** (0.17)
–0.34*** (0.12)
0.002** (0.006)
0.01 (0.006)
0.41*** (0.08)
0.14*** (0.04)
0.003*** (0.01)
0.003 (0.01)

Summary statistics
No. of
210
respondents
No. of
1678
responses
Log–
–1743.44
likelihood
Pseduo–R2
0.18
Interactions
5
completed

210

210

210

1542

1680

1662

–1590.79

–1802.14

–1754.85

0.24

0.17

0.33

5

4

10

Note: ***, **, and * indicate significance at p<.01, p<.05, and p<.10, respectively.
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preference for the health risk reduction alternative holding the other attributes constant. In model
2, all socioeconomic variables included in the utility functions by interactions with alternative
specific constant are significant. The signs of several of these socioeconomic variables can be
anticipated a priori. “Income” has a positive sign and is significant (p<.01) as the respondents with
higher income would be willing to pay more for the reduction of health risks related to pesticides.
“Education” has a positive sign and significant (p<.01): respondents with higher education level
would have more knowledge about social, political, economic, and environmental issues as well
as a good understanding of health risk problems and would prefer the alternative with health
risk reduction option. The “age” variable has a positive sign and significant, suggesting that older
respondents are more willing to pay for reducing health risks related to pesticide uses. One
possible reason for this could be that older farmers have a longer history of pesticide exposure and
have a generally lower health status (Garming and Waibel 2009). “Gender” was negative and highly
significant, suggesting that male respondents had a lower willingness to pay for the health risk
reduction option.
In the WTA group, all the four attributes (cancer, baseline risk, size, and price) are highly
significant. The negative sign for “cancer” means that the cancer hazard associated with pesticide
use will decrease the well-being of the public. The coefficient for “baserisk” is negative and
significant (p<.01), suggesting that if the baseline risk is higher, respondents would be more likely
to accept the compensation, holding other attributes constant. The coefficient of “size” is negative
and significant, suggesting that if the health risk increases even more, respondents would likely get
more compensation. The positive sign of “price” means an increase in compensation will increase
the utility of the respondents. As in the WTP group, “education” is positive and significant, meaning
that more educated respondents would have higher probability of choosing the compensation
program. “Gender” is significant and negative, suggesting that female respondents are more likely
to accept the compensation scheme.
3.8

Estimation of Marginal Willingness to Pay/Accept

Point estimates of willingness to pay or willingness to accept a change in one of the
attributes in the choice sets can be derived by estimating marginal willingness to pay (MWTP) or
marginal willingness to accept (MWTA). The MWTP or MWTA for a certain attribute is, given our
assumptions about a linear income effect, the ratio of the attribute coefficient and the marginal
utility of income (Hanemann 1984), where the coefficient for the cost attribute is interpreted as the
marginal utility of money.
Using the above equation and the estimation results of model 1, the MWTP and MWTA
for one unit of cancer risk change (1/10,000 per year) are presented in Table 12. The 95 percent
confidence intervals were obtained by using the delta method (Greene 2002). The results show
that the MWTA is about two times higher than the MWTP for the same risk change. The disparity
found in this discrete choice experiment is within the range of disparities found in the literature
(Grutters et al. 2008). The reason for this disparity could be that payment is constrained by income,
while demand for compensation is not, which is consistent with economic theory (Hanemann
1991).
Table 12. Mean WTP/WTA measures (CNY/household/year)
Methods

Mean

95% Confidence Intervals

WTP

72

39.41–103.81

WTA

134

56.13–211.87
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4.0 CONCLUSIONS AND POLICY IMPLICATIONS
China is the world’s largest user of pesticides, and its use is growing rapidly (Gong et
al. 2016). Unsafe use and misuse of pesticides in China are major threats to farmers’ health and
the environment. Information regarding farmers’ risk perceptions and behavior with regard to
pesticides is a prerequisite for any policy intervention initiative (Khan and Damalas 2015). This
study, therefore, investigated small-scale farmers’ knowledge, risk perceptions, and practices
regarding pesticide use and estimated farmers’ valuations of health risk change related to pesticide
use in Anqiu County, China. The findings of this study provide data for ongoing efforts in the
region to promote upstream policy interventions in the reduction of hazardous pesticide exposure
of vulnerable small-scale farmers.
The results of this study indicate that local farmers have some knowledge of the adverse
effects of pesticide use on human health and the environment. The frequency of pesticide
application by local farmers is high and improper disposal of pesticides after use was common in
the study area. Most respondents felt that they were at some degree of risk when using pesticides
with almost half of the respondents perceiving their health risk from pesticide use as high or
extremely high.
Our survey results show that the four attributes (consequence, baseline risk, risk change
size, and price) are significant and have expected signs both in the WTP group and the WTA group.
The results from the WTP group indicate that farmers do have a preference against cancer risk
associated with pesticides. As baseline risk increases, an individual would be willing to pay more to
reduce the risk. Respondents are also willing to pay more if the risk change size is bigger.
Based on these findings, our study suggests that the welfare gain of a policy aimed at
reducing the health risks associated with pesticides would depend on the policy target in terms
of: (1) the baseline risk of the health consequence; and (2) level of provision of the risk reduction.
The findings from the WTA group suggests that cancer hazard associated with pesticide uses will
decrease the well-being of the public. If the baseline risk is higher, respondents would be more
likely to accept compensation, holding other attributes constant. Furthermore, respondents would
likely get more compensation if the health risk increases.
Our results also show that farmers’ socioeconomic characteristics affect their preferences
for health risk changes related to pesticide use. As expected, respondents with higher income
would be willing to pay more for the reduction of health risks related to pesticides. More
educated respondents would also prefer the alternative with a health risk reduction option. Older
respondents are more willing to pay for reducing health risks related to pesticide uses but male
respondents had a lower willingness to pay for the health risk reduction option. Results from
the WTA group suggest that more educated and female farmers were more prone to accept the
compensation scheme if health risks increase.
The estimation results show that the MWTA for the same risk change is about two times as
much as the MWTP. As this affects monetary valuations, more research on when to use a payment
or a discount in the cost attribute is needed before discrete choice results can be used in costbenefit analyses. For example, if most respondents are losers because of pesticide use, using a WTA
format probably is more conservative (Knetsch 2010).
Conversations with other farmers and pesticide retailers are the two most important
information sources of local farmers regarding pesticides and the amount to apply. Current
training on pesticide use and alternatives are inadequate, and there is a need to launch education
or training programs for farmers, particularly the older ones, to enhance their knowledge of
pesticides and how to properly use these. Pesticide retailers must also be educated, trained, and
supervised to improve their ability to provide clear and standard information to farmers. Most
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local farmers did not receive any agricultural extension services from local governments. Because
extension services can offer appropriate advice on pesticide applications (Ngowi et al. 2007), there
is an urgent need that the capacity of the extension system be strengthened to enable it to more
effectively provide farmers with information on pesticide use in the study area.
Most farmers did take self-protective measures when loading, mixing, and applying
pesticides. However, some protective behaviors, especially those mandated to be taught by the
Worker Protection Standard of the US Environmental Protection Agency, such as wearing longsleeved shirts, long pants, socks, and closed shoes (Walton et al. 2016) have not been widely
taken. This may be attributed to a lack of training. As argued in previous studies, farmers’ behavior
pertaining to pesticide use is mostly influenced by their knowledge (Chen, Huang, and Qiao
2013; Zhang et al. 2015). Thus, there is a need for a policy intervention on training and educating
farmers, especially the older farmers, to enhance their knowledge about pesticides and to promote
the use of protective measures. Apart from the improvement of farmers’ competence on pesticide
use, prospective training programs should include more specific information on using pesticides in
a correct and scientific way, reducing the health hazards associated with pesticides, and changing
hazardous behaviors of farmers caused by misleading beliefs about pesticide risk (Khan and
Damalas 2015).
Local farmers were found to overuse pesticides in the study area, but such overuse was
not found to be as common as reported in previous studies (Huang et al. 2002). The probability
of pesticide overuse significantly decreased with farmers’ risk perceptions, strict government
supervision, and farmers’ reading of labels on pesticide containers. Perception of risk, therefore,
can be an important element in developing effective education and communication campaigns.
In addition, information regarding the environmental and health hazards induced by pesticide
overuse should be widely disseminated. Finally, to reduce the probability of pesticide overuse,
regulation and monitoring of farmers’ pesticide use and application methods should be
strengthened.
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