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Abstract

In Thailand, pesticide use has increased exponentially over the past 15 years causing critical public health concern. We
used a geographic information system and applied a remote sensing method in an integrated manner on land use data to
model the spatial patterns of pesticide exposure. We also used toxicological data to quantify the health effects in terms of
disability-adjusted life years (DALYs) attributed to pesticide use in Thailand. We found that 56%of the total population
(35,144,284 persons) had potential pesticide drift at their residences. Pesticide exposure was mostly due to glyphosate
and paraquat applied to rice farms and atrazine applied to sugarcane farms, which were more widespread in the central
and northeastern regions of the country. The total burden caused by pesticide use equated to 10,045 DALYs, of which
more than half (52%) was due to use of paraquat. Regarding policy implications, all relevant sectors should work on
reducing paraquat use in crop fields. Reduction of pesticide exposure should be placed as the top priority for making
health-related pesticide management policies.
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Introduction over the past 10-20 years and the importation of

pesticides has also shown a rising trend.? These rising
Pesticides are commonly used to protect crops from trends are of public health concern as pesticide
pests and to increase agricultural productivity.! exposure can cause both short- and long-term adverse
Pesticide use in Thailand has increased significantly health consequences.®* Apart from the farmers or
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gardeners who apply pesticides, others living near
agricultural fields which have been treated with
pesticides are also at risk of exposure due to the
‘pesticide drift’ effect — the unintentional diffusion of
pesticides and its negative effect on surrounding
areas.

Remote sensing (RS) from satellite data is a useful
tool for assessing pesticide exposure on a wide scale.
A geographic information system (GIS) is also a
detect spatial
dimensions of the determinants of interest through

commonly wused tool that helps

geo-referenced spatial databases. Evidence-based and
transparent decision-making often requires spatial
information to help stakeholders assess the issues of
interest more comprehensively.’ The examination of
in a GIS to a better
understanding of how agricultural systems function

these variables leads

and interact over space and time.

This study aims to quantify the magnitude and
geographical distribution of disease burden in terms
of disability-adjusted life years (DALYs) attributable
to pesticide exposure through application of GIS and
RS.8

Methods

We used a GIS and RS of land use data in an
integrated manner to model the spatial patterns of
pesticide exposure and applied an exposure-based

approach based on toxicological data to quantify the
human health effects in terms of DALYs attributed to
pesticide use in Thailand during 2017. The ‘Global
Burden of Disease Risk Assessment Framework’ was
employed as a conceptual framework for this study
(Figure 1). The
components: (i) exposure and effect size estimation,

framework highlighted two

and (ii) health impact indicators assessment.”
Exposure and Effect Size Estimation

Exposure and effect size estimation was conducted
through a GIS-based exposure model. The model
describes interactions between pesticide drift distance
and populations living near the crop fields. The
estimation was divided into subcomponents as follows.

Pesticide-Use Data

Concerning pesticide selection, we selected the most
frequently used pesticides in Thailand, namely,
atrazine, glyphosate, paraquat and chlorpyrifos,
based on the import quantity ranking.? Pesticide use
data was published in the report from the Food and
Agriculture Organization of the United Nations (FAO)
and the World Health Organization (WHO) between
2009 and 2014.%° Noting that the FAO/WHO report
did not include local pesticide use, we therefore
assumed that the total pesticide use was twice the
amount reported by the FAO/WHO. This assumption

was supported by a prior study by Lamers et al.!!
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Figure 1. Conceptual framework of this study
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Crops Data

We obtained the Moderate Resolution Imaging
Spectroradiometer satellite crops data processed from
the  Geo-Informatics and Space Technology
Development Agency in 2014. The analysis was
limited to four types of crops: rice, cane, cassava and
corn.'? The ground data between January 2014 and
December 2014, the most recent annual data
available, were provided in the form of Geographical

Positioning System reference data points.
Population-Weighted Pesticide Exposure Model

We modelled the population-weighted pesticide
exposure in residential areas and crop fields using RS
land use data and pesticide drift distance. We created
a pesticide exposure map by applying the pesticide
fate and the fraction loss in the environment and in
crops.!® Population data and the pesticide exposure
model were combined together to estimate the
population at risk of pesticide drift. The population
data was obtained from the US grid population
dataset, generated in 2000 by the Socioeconomic Data
and Applications Center, Columbia University.!* The
population data were arranged in grids of size 30 arc-
second (approximately 1 km at the equator).

We assumed no dynamic population movement
around the residential areas because we had no
information on farmers’ activities at their place of
residences or in the fields. Based on the literature
review, any person living within a buffer distance of
110 meters from the centroid of a grid in which a
pesticide was applied were assumed to be exposed to
that pesticide (so-called, pesticide drift).!5% 110
meters was used to differentiate exposure from non-
exposure based on previous studies by Fritz et al and
Longley et al.1"18

Health Impact Estimation

We wused risk and
toxicological effect indicators to estimate the pesticide
health damage factors (HDF's) in terms of DALYs.?
HDFs are the estimates of toxicological impacts that

regulatory hazard-based

are attributable to the emission of pesticides into the
environment over time and space.'®? The HDFs
consisted of two factors: (i) the intake fraction: the
fraction of a release taken by the population taking
into account the fate of chemical exposure , and (ii)
the effect factor: the incidence of chronic toxicological
effect per unit intake by the population (in this study,
focusing on cancers).'® The equation for HDF is
described as: HDFs = IF x 8 x D where IF is the
intake fraction of the mass of pesticide (in kg)

released into the environment of a population grid, 3
is the dose-response slope factor (also known as ED50
— the median effective dose) and D is the burden of
disease (DALYs/incidence). More than 99.9% of
pesticides applied for pest control application
in the

environment outside field application, and another

remained contaminated residence and
study reported that application of indoor-released
chemical in residences produced approximately 10 to
10! of intake.’®?! We therefore assumed that fraction
of 1% of pesticide residue in population-weight

pesticide exposure entered the human.
Dose-Response Slope Factor (f or ED50)

Since pesticide dose-response slope factor for human
toxicity is not available in most substances (including
the four pesticides selected in this study), we
therefore estimated this factor based on animal-based
dose-response data. We then calculated the dose-
response slope factor from a chronic lifetime dose of
pesticide affecting 50% of the animal population
(ED50). ED50 is the chronic dose-rate which would
induce cancers in 50% of the tested animals at the
end of the standard lifespan.?? The formula for
estimating ED50 is as follows.

NOEL; ; X cfNOEL x BW x LT x 365 days

BI(EDSO) = cfED50 X Cfs X Cft-ime

where ¢fED50 = 0.5 equating the human response
level corresponding to ED50; NOEL = non-observed
level effects (varying by species and substances),
cfNOEL = 9 equating NOEL-to-ED50 extrapolation
factor, BW = 70 kg/person denoting an average body
weight; LT = 70 years denoting an average human
lifetime; cfs = correction factor for the interspecies
difference; and cfiime represents difference in exposure
time.

Burden of Disease Data (D)

The burden of disease was described as DALYs/
incidence and categorized into two groups (cancerous
versus non-cancerous effects). We relied on burden of
disease data obtained from the International Health
Policy Program, Thailand, in 2009 and reviewed the
literature on selected health outcomes of both
cancerous and non-cancerous effects.?2 The relevant
diseases were mentioned in a study by Huijbregts et
al in 2005.24

Model Analysis: Correlation between Estimated
Pesticide Exposure and Patient Volume

We determined the association between pesticide
exposure and the number of pesticide poisoning cases
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Figure 2. Exposure distribution of four selected pesticides in Thailand:

paraquat (a); atrazine (b); glyphosate (c); chlorpyrifos (d)

reported in 2017, defined as any patient with an ICD-
10 code of T60 (toxic effect of pesticides) using
Pearson’s correlation coefficient (r-value). This data
was obtained from the National Health Security
Office and analysis was done at the provincial level.
Statistical significance was set at 0.01 and all p-
values were two-tailed.

Results
Exposure Model
Using the population grid centers, 56.0% of the total

population (n=339,448 grids) or 35,144,284 persons
had crops planted within 100 meters of their place of
residence. The spatial distribution of exposure to the
four selected pesticides is presented in Figure 2. The
spatial pattern of exposure for all four pesticides were
relatively similar. Residents in the central and
northeastern region had a higher level of pesticide
exposure than those in other regions. The maximal
exposure per population grid level for atrazine,
glyphosate, paraquat and chlorpyrifos was
approximately 47.2, 12.8, 8.7 and 3.4 kg, respectively.

Table 1. Crop-specific level of exposure to different pesticides in Thailand, 2014

Crop Area (raf') Exposed area (rai') Pf’f?“m!it::“ Pesticide exposure (1,000 kg)
(%) (persons) Paraguat Atrazine Glyphosate Chlorpyrifos
Sugarcane 10,530,927 715,382.1(6.8) 5,159,457 260.9 1,424.4 384.9 102.6
Cassava 8,975,865 469,121.7 (5.2) 3,290,604 1711 934.1 252.4 67.3
Corn 7,292,697 461,681.3 (6.3) 1,943,210 168.4 019.2 178.0 66.2
Rice 76,927,017 3,438,122.1 (4.5) 24,751,014 1,254.2 = 1,849.8 493.3
Total 103,726,506 5,084,307.1(4.9) 35,144,284 1,854.8 3,277.6 2,665.1 729.4

Note: Dose response relationship for paraquat, atrazine, glyphosate and chlorpyrifos equated 0.104, 0.037, 0.013 and 0.031,
respectively (unit = life-time incidence/kg intake). 11 rai = 1,600 m?
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Figure 3. Estimated yearly incidence of cancer by type of pesticide
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The level of exposure for various crops based on our
model is summarized in Table 1. The majority of
pesticide exposure was attributable to glyphosate and
paraquat applied to rice farms and atrazine applied to
sugarcane farms. Among the four pesticides, atrazi ne
contributed the greatest level of exposure (3.3 million
kg) followed by glyphosate (2.7 million kg).

Health Impact Estimation

Figure 3 shows the estimated yearly number of new
cancer cases, including carcinoma, sarcoma, leukemia,
lymphoma and myeloma, attributed to each of the
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four pesticides. Paraquat was responsible for the
greatest number of cases (192,046) followed by
atrazine (119,265) and glyphosate (33,942).

The incidence/100,000 population exposed by province
is shown in Figure 4. A similar pattern for each
pesticide was apparent; the Northern and Central
regions had higher cancer incidences. Paraquat and
atrazine accounted for the highest incidence rates in
these regions compared to the other pesticides.

DALYs lost attributable to the four pesticides are
demonstrated in Table 2. The total burden of disease
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caused by all four pesticides accounted for 10,044.7
DALYs. Over half (51.6%) of the burden was due to
paraquat exposure (5,185.2 DALYs).

Table 2 Estimated DALYs by type of pesticide.

Pesticide DALYs (%)
Paraquat 5,185.2 (51.6)
Atrazine 3,220.2 (32.1)
Glyphosate 983.3 (9.8)
Chlorpyrifos 656.0 (6.5)
Total 10,044.7 (100.0)
Table 3 summarizes the correlations between
pesticide exposure and pesticide toxicity. All

correlations were highly significant, ranging from
0.421 to 0.691.

Discussion

This study presented the geographic health impact
from exposure to four commonly used pesticides in
Thailand. Results showed that about 56% of the Thai
population (about 35 million people) were exposed to
pesticides in 2017. About 70% of the exposed
population live within 100 meters of rice farms
treated with pesticides, of which glyphosate and
paraquat were the main ones. Paraquat caused the
greatest health impact (about 5,185 DALYs lost)
among the four pesticides of interest.

The highest residual pesticide was atrazin with
almost three million kilograms used, representing
38.4% of total atrazine imports in Thailand. The
amount of residue depended, to a certain extent, on
the amount of agricultural land used. Atrazine
exposure per population grid in the US was about 2-7
times higher than in our study.?® This difference
might be due to application of pesticide aerial
spraying in the US, a method which leads to a more
effective distance of pesticide drift.

Another study in the US, which applied RS land use
data with a buffer distance of 500 meters, reported a
pesticide exposure level of about 0.05 kg/rai in
agricultural areas.?® This is approximately one sixth
of the estimate reported in our study (0.3 kg/rai). This
difference might be explained by differences in the
definition of exposed group and in data source. To
improve the accuracy of estimated pesticide exposure
among the exposed group, the residential mobility
should be taken into account. For example, Rull &
Ritz simulated a random selection of population
controls and applied a zonal exposure model on
pesticide use reports in California which contained
more in-depth details compared to our study.?®

For health impact estimation, we selected health
outcomes that can be associated with pesticide
exposure based on burden of disease data in the Thai
population in 2009. Long term pesticide exposure is
linked with the development of many diseases, such
as Parkinson’s disease, respiratory diseases and
depression.?™? Pesticide exposure is also found to be
related to cancer risks, including non-Hodgkin's
lymphoma and leukaemia.?® With respect to previous
studies, the use of an average disease-specific health
is a good alternative given the lack of critical-effect
information.?3 However, Huijbregts et al reported
that as pesticide can cause multiple diseases, the
estimation on health impact should use the disease
with the highest DALY to account for the damage
factor.3°

From a methodological point of view, our study had
both strengths and limitations. The application of
GIS and RS on land use data at a national level
meant that our results could partly represent the
Another
advantage of using RS data was that it allowed the

situation of pesticide use nationwide.

analysis to delve into the local scale without requiring

Table 3 Pearson’s correlation analysis between pesticide exposure and pesticide toxicity

- Pesticide . ..
. Admission Pesticide toxicity Pearson
Pesticide diagnosis’ exposure (total number) correlation P-value
(10°kg)

Paraquat T60.3 1.85 1,904 0.575 <0.001
Te0all 4,159 0.516 <0.001
Afrazine T60.3 3.28 1,904 0.691 <0.001
Te0all 4,159 0.421 <0.001
Glyphosate T60.3 2.65 1,904 0.550 <0.001
Te0all 4,159 0.200 <0.001
Chlorpyrifos T60.0 0.73 1,904 0.575 <0.001
Te0all 4,159 0.516 <0.001

Note: * based on the International Statistical Classification of Diseases and Related Health Problems version 10; T60.0 =

organophosphate and carbamate insecticides, T60.3 = herbicides and fungicides, T60all = all types of pesticides.
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expensive or time-consuming activities. However,
there remained some limitations in this study. First,
this study relied on available pesticide application
fate and the FAO/WHO report on food residues.>!?
The actual pesticide used might be much more than
that reported by the FAO/WHO.3

measurement errors may have occurred in terms of

Second,

the resolution of RS land use data and intake
assumption. The pesticide drift distance in this study
was based on a local study and a recommendation
from the US Environmental Protection Agency.%101516
The pesticide drift might spread up from 500 meters
to 1 kilometer, depending on the spraying tools.
Pesticide spraying data along with its residue
detection at field scale are essential to improve the
estimation of pesticide application in Thailand. For
intake fraction, Bennett et al reported that an intake
fraction to exposed population of 10® to 107 could be
applied as for every kilogram of pollutant released
into the environment; but for pesticides with a longer
environmental lifetime, the intake fraction might be
higher.?® In addition, we used population grid data
from 2000.** Updated data is now available that
includes demographic characteristics such as age and
sex. Application of this new information may improve
estimation, especially in vulnerable populations such
as children and the elderly. Third, we did not apply a
full-scale simulation of the pesticide fate and
transport from farmers’ pesticide spraying along the
food-chain. A related pesticide assessment in aquatic
ecosystems would improve the exposure model.
Finally, we did not include various neighborhood
crops or horticultural areas, such as fruit orchards,

rubber tree plantations, and oil palms in this analysis.

Some of these crops were reported to have pesticide
residue.?®3” Accounting for these neighborhood crops
will help improve the accuracy of health burden
estimation in the future.

Conclusions and Recommendations

Our results can be beneficial to researchers and local
stakeholders to understand the situation of pesticide
exposure and its ecological risks in Thailand. We
clearly demonstrated that all four pesticides used in
economic crops were associated with risk of cancers in
the Thai population. The greatest health gain can
thus be realized by reducing pesticide exposure,
especially for paraquat and atrazine. This should be
the top priority in all health-related agricultural and
environmental management plans. In addition, our
results can help policy makers design and prioritize
pesticide reduction strategies pinpointing the pattern

of pesticide use in certain areas based on the GIS and
RS data. The database can also help researchers
conduct further epidemiological studies related to
other chronic diseases such as neurological disorders
and birth defects at provincial or national levels.
Spatial maps of pesticide exposure and health impact
could be used to alert local populations and policy
planners to potential contamination of the ecological
systems in their residential areas due to pesticide use.

Acknowledgement

We would like to thank Mr. Panu Nuangjumnong
from the Geo-informatics and Space Technology
Development Agency for his great assistance. Our
appreciation also goes to the Land Development
Department under the Ministry of Agriculture and
Cooperatives,
Environmental Diseases from the Ministry of Public
Health, Faculty of Public Health, Mahidol University,
International

Bureau of Occupational and

Postgraduate Program in

Environmental Management and Center of
Excellence on Hazardous Substance Management
from Chulalongkorn University for their great
support and sharing their wisdom and knowledge

throughout the course of this study.
Suggested Citation

Pinichka C, Issarapan P, Siriwong W, Kongtip P,
Chotpantarat S, Bundhamcharoen K. Application of
geographic information systems and remote sensing
for pesticide exposure and health risk assessment in
Thailand. OSIR. 2019 Sep;12(3): 75 -83.

References

1. Panuwet P, Siriwong W, Prapamontol T, Ryan
PB, Fiedler N, Robson MG, et al. Agricultural
pesticide management in Thailand: situation
and population health risk. Environ Sci Policy.
2012 Mar; 17:72-81.

2. Office of Agricultural Economics. National
Agricultural statistics 2014. 2014 [cited 2019
Sep 28].
<http://www.oae.go.th/assets/portals/1/files/eb
ook/yearbook57.pdf>

3. Alavanja MC, Ross MK, Bonner MR.
Increased cancer burden among pesticide
applicators and others due to pesticide
exposure. CA Cancer J Clin. 2013 Mar-Apr;
63(2):120-42.

4. Pretty JN. The pesticide detox: towards a

more sustainable agriculture: Earthscan;

81



10.

11.

12.

13.

OSIR, September 2019, Volume 12, Issue 3, p.75-83

2012.

Peeters A, Ben-Gal A, Hetzroni A, Zude M.
Developing a GIS-based spatial decision
support system for automated tree crop
management to optimize irrigation inputs.
6th International Congress on Environmental
Modelling andSoftware; 2012 July; Leipzig,
Germany; 2012.

Forouzanfar MH, Alexander L, Anderson HR,
Bachman VF, Biryukov S, Brauer M, et al.
Global, regional, and national comparative
risk assessment of 79  behavioural,
environmental and  occupational, and
metabolic risks or clusters of risks in 188
countries, 1990-2013: a systematic analysis
for the Global Burden of Disease Study 2013.

Lancet. 2015 Dec 5;386(10010):2287-323.

Murray CdJ, Ezzati M, Lopez AD, Rodgers A,
Vander Hoorn S. Comparative quantification
of health risks: Conceptual framework and
methodological issues. Popul Health Metr.
2003 Apr 14;1(1):1.

Office of Agricultural Regulation. Pesticide
import statistics in: Department of

Agriculture.2014.

Food and Agriculture Organization. Pesticide
residues in food - 2009. Evaluations. Part 1.
Residues. 2009.

Food and Agriculture Organization. Pesticide
residues in food 2014. Report 2014. 2014.

Lamers M, Schreinemachers P, Ingwersen J,
Sangchan W, Grovermann C, Berger T.
Agricultural pesticide use in mountainous
areas of Thailand and Vietnam: Towards
reducing exposure and rationalizing use. In:
Frohlich HL, Schreinemachers P, Stahr K,
Clemens G, editors. Sustainable Land Use
and Rural Development in Southeast Asia:
Innovations and Policies for Mountainous
Areas. Berlin, Heidelberg: Springer Berlin
Heidelberg; 2013. p. 149-73.

Office of Agricultural Economics. Agricultural
Statistics of Thailand 2014. 2014 [cited 2019
Sep 28].
<http://www.oae.go.th/assets/portals/1/files/eb
ook/yearbook57.pdf>

Pimentel D. Amounts of pesticides reaching
target pests: Environmental impacts and
ethics. J Agric 1995
Mar;8(1):17-29.

Environ Ethiecs.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Balk DL, Deichmann U, Yetman G, Pozzi F,
Hay SI, Nelson A. Determining global
population distribution: methods, applications
and data. Adv Parasitol. 2006; 62:119-56.

Norkaew S, Taneepanichskul N, Siriwong W,
Siripattanakul S, Robson M.
exposure of farm and non-farm families in an
Ubonratchathani
of Health

Indirect
agricultural community,
Province, Thailand. Journal
Research. 2013;27(2):79-84.

Watts M; Pesticide Action Network Asia and
the Pacific. Paraquat. 2010.

Fritz B, Kirk IW, Hoffmann WC, Martin D,
Hofman VL, Hollingsworth C, et al. Aerial
application methods for increasing spray
deposition on wheat heads. Appl Eng Agric.

2006; 22(3): 357-364.

Longley M, Cilgi T, Jepson PC, Sotherton NW.
Measurements spray drift

boundaries and

of pesticide
deposition into field
hedgerows: 1. Summer applications.
Environ Toxicol Chem. 2009 Oct 26;16(2):165-
72.

Pennington DW, Margni M, Payet J, Jolliet O.
Risk and regulatory hazard-based
toxicological effect indicators in life-cycle
assessment (LCA). Hum Ecol Risk Assess.
2007 Jan 18;12(3):450-75.

Jolliet O, Margni M, Charles R, Humbert S,
Payet J, Rebitzer G, et al. IMPACT 2002+: a

new life cycle impact assessment methodology.
Int J Life Cycle Assess. 2003 Nov;8(6):324.

Lai AC, Thatcher TL, Nazaroff WW.
Inhalation transfer factors for air pollution
health risk assessment. J Air Waste Manag
Assoc. 2000 Sep;50(9):1688-99.

Fantke P, Juraske R, Anton A, Friedrich R,
Jolliet O. Dynamic multicrop model to
characterize impacts of pesticides in food.
Environ Sci Technol. 2011;45(20):8842-9.

Burden of Disease Thailand. Comparative
risk assessment in Thai population
International Health Policy Program. 2009.

Huijbregts MAJ, Thissen U, Guinée JB, Jager
T, Kalf D, van de Meent D, et al. Priority
assessment of toxic substances in life cycle
assessment. Part I: Calculation of toxicity
potentials for 181 substances with the nested

82



25.

26.

217.

28.

29.

OSIR, September 2019, Volume 12, Issue 3, p.75-83

multi-media fate, exposure and effects model
USES-LCA. Chemosphere. 2000;41(4):541-73.

Wan N. Pesticides exposure modeling based
on GIS and remote sensing land use data.
Applied Geography. 2015; 56:99-106.

Rull RP, Ritz B. Historical pesticide exposure
in California using pesticide use reports and
land-use surveys: an assessment of
misclassification error and bias. Environ

Health Perspect 2003;111(13):1582-9.

Ahmed H, Abushouk AI, Gabr M, Negida A,
Abdel-Daim MM. Parkinson's disease and
pesticides: A meta-analysis
connection and genetic alterations. Biomed
Pharmacother. 2017 Jun; 90:638-649.

of disease

Mamane A, Raherison C, Tessier J-F, Baldi I,
Bouvier exposure to
pesticides and respiratory health. Eur Respir
Rev. 2015 Sep;24(137):462-73.

G. Environmental

Freire C, Koifman S. Pesticides, depression
and suicide: a systematic review of the
epidemiological evidence. Int J Hyg Environ
Health. 2013 Jul;216(4):445-60.30. Huijbregts
MA, Rombouts LJ, Ragas AM, van de Meent
D. Human-toxicological effect and damage
factors of carcinogenic and noncarcinogenic
chemicals for life cycle impact assessment.
Assess Manag. 2005

Humbert S, Margni M,

Integr Environ
Jul;1(3):181-244.31.

Charles R, Salazar OMT, Quirés AL, Jolliet O.

Toxicity assessment of the main pesticides
used in Costa Rica. Agriculture, ecosystems &
environment. 2007 Jan;118(1):183-90.

30. Huijbregts MA, Rombouts LJ, Ragas AM, Van

de Meent D. Human-toxicological effect and

damage factors of carcinogenic and

31.

32.

33.

34.

35.

36.

37.

noncarcinogenic chemicals for life cycle
impact assessment. Integr Environ Assess

Manag. 2005 Jul;1(3):181-244.

Humbert S, Margni M, Charles R, Salazar
OMT, Quirés AL, dJolliet O. Toxicity
assessment of the main pesticides used in
Costa Rica. Agriculture, ecosystems &
environment. 2007;118(1):183-90.

Grovermann C, Schreinemachers P, Berger T.
Quantifying pesticide overuse from farmer
and societal points of view: An application to
Thailand. Crop Prot. 2013; 53:161-8.

Bennett DH, McKone TE, Evans JS, Nazaroff
WW, Margni MD, Jolliet O, et al. Peer
reviewed: defining intake fraction. ACS
Publications. 2002.

Center for International Earth Science
Information Network —Columbia University.
Gridded population of the world, version 4
(GPWV4):  population density. NASA
Socioeconomic Data and Applications Center

(SEDAC) Palisades. NY; 2016.

Palakool S, Sukmak S, Dumrugs B. Pesticide
residues in fruits and vegetables. Technical
Conference of Agricultural Toxic Substances
Division, Chonburi (Thailand), 23-25 Aug
1995; 1995.

Tirado R, Englande AJ, Promakasikorn L,
Novotny V. Use of agrochemicals in Thailand
and its consequences for the environment.

Devon: Greenpeace Research Laboratories.
2008.

Norton G, Sanchez G, Clarke-Harris D, Kone
Teaore H. Case study reducing pesticide
crops.2003.

residues on horticultural

83



