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ABSTRACT

In Cambodia, the intensification of agriculture supported by investments in hydraulic
infrastructures does not only contribute to the economic development, but also to a change in
hydraulic processes in the floodplains, which are potentially affecting the pollutant transport
and dissemination of chemicals used in agricultural sector. However, the presence and
accumulation of these chemical pollutants into the environment in Cambodia remains poorly
known. Therefore, this study aimed to make an investigation of the environmental state with
regards to pesticides, during the dry season, after 10 years of use. Water from irrigation canal,
crop field and groundwater were sampled and pesticides were detected by semi-quantitative
analysis using gas chromatography coupled to mass-spectrometry (GC-MS). Firstly, 77
pesticides were inventoried through interviews of farmers and resellers in Kandal. Then, among
the MS database of 451 molecules, 167 pesticides were detected including 21 which were part
of the inventoried pesticides from interviews while other 146 detected pesticides were off-list.
The major types of biocides were insecticides (32%), fungicides (25%) and herbicides (21%)
and the major chemical families were carbamates (14%), organophosphates (13%), triazoles
(12%), organochlorines (11%), and pyrethroids (11%). Most of pesticides detected were
moderately hazardous (40%). Moreover, 119 pesticides detected were not allowed in European
Union while 10 were banned in Cambodia. Chloroneb which was not authorized in European
Union, was detected in every water sample, with particularly high concentrations in
groundwater (3.4010 = 0.3644 pg/L) and in water in the middle of prek (3.8314 + 0.0826 ug/L).
The Bassac river was the least contaminated (54 molecules), while pesticides accumulated
mostly in the rice field water (99 molecules) but also in the waters in the middle of the prek
(86 molecules) and the drainage gate (71 molecules). The water in the middle of the prek was
contaminated by the most hazardous pesticides in terms of number and potency of toxicity.
Furthermore, groundwater shared common pesticides with every water location, the most being
the water in the middle of prek. Pesticides in water may be transported weakly along the prek
canal and also from the rice field to the prek, potentially because of the low level of water and
because most of pesticide should degrade relatively fast. Conversely, through irrigation from
the prek, farmers may bring persistent pesticides back to the crops. Finally, a certain threat to
biodiversity, crop renewal and human health may be present in the agricultural area of the Koh
Thum district. Further focused analysis could be performed with an extended MS database and

with additional data about persistence of pesticides in water and toxicity.
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1. INTRODUCTION

1.1. Background

Pesticides are natural or chemical, organic or inorganic, substances or mixtures
intended to prevent, destroy, control or repel pests, and whose functional class commonly refers
to their active ingredient and the type of pest they intend to control. Pesticide residues differ
from pesticide since the residues result from the degradation of the active ingredient of the
pesticide (Alavanja, 2009). Pesticides were reported to be a quick, easy and relatively
inexpensive solution to pest control as they have presented benefits such as improving
productivity and food quality, protecting crop losses or controlling vector-borne diseases
(Aktar et al., 2009). However, in addition to pose problems to human health through acute and
chronic toxicities, pesticides as biocides have also posed problems to environment and
ecosystems, through the extermination of populations of biotas even at very low doses
(Carvalho, 2017; Zhang, 2018). Indeed, such molecules were responsible for acute problems,
and also chronic diseases such as immune suppression, hormone disruption, diminished
intelligence, reproductive abnormalities and cancer. Pesticides have been able to contaminate
every part of the environment including water and soil, affecting directly or indirectly every
form of life (Aktar et al., 2009; Arisekar et al., 2019).

Dependence on pesticides worldwide has become a problem of interest since many
farmers have been trapped in the technology system established by the dominant agricultural
system. (Wilson and Tisdell, 2001). The use of pesticides in the world did not stopped
increasing overall since 1990, particularly in Asia where the application of pesticides were the
most intense (see Figure 1.1). However, the quantities of pesticides applied within Asia were
heterogeneous between regions, with Cambodia which had a relatively recent history in the use
of such agricultural products compared to its neighboring countries (see Figure 1.2) (Food and
Agriculture Organization of the United Nations (FAO), 2018).
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Figure 1.1. Pesticide use per area of cropland (kg/ha), average 1990-2016 (Food and
Agriculture Organization of the United Nations (FAQ), 2018)
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Figure 1.2. Agricultural pesticide use in Cambodia, Laos, Thailand and Vietnam, 2003-2012
(Schreinemachers et al., 2015)

The use of pesticides in Cambodia started in the early 60s. While only 7% of
Cambodian famers used pesticides before 1980, they reached 49% between 1985 and 1994.
Between 2002 and 2012, the import of pesticides increased by seventeen times, while most of
pesticides in Cambodia were imported (legally or illegally) from countries such as Vietnam,
Thailand and China, since no factories were reported in Cambodia (Preap and Sareth, 2015).
Furthermore, many Cambodian farmers have experienced health problem by pesticide
poisoning. Those chemicals have been extensively mis-used in term of time, strength and way



of use, because of insufficient understanding due to the lack of relevant instruction manual
written in the native Khmer language (Matsukawa et al., 2016). Indeed, Cambodia have faced
three issues related to pesticides, which were the rapid spreading of pesticide trade associated
with a weak regulatory, the strong appreciation of pesticides associated with insufficient
awareness of the risks and a lack of knowledge in the use of pesticides, and the non-regular

monitoring of pesticide risks (Schreinemachers et al., 2015).

1.2. Objective, scope and limitation

Trough prompt economic development, Cambodia has experienced a recent and rapid
spread of phytosanitary treatments in agriculture, and so representing a case study unique in
South East Asia. Therefore, the challenge has been to think of a sustainable agriculture by
drawing lessons from the experiences of neighboring countries already at an advanced stage.
This study is located in Cambodia, in the upper Mekong delta, in the district of Koh Thum in
the province of Kandal, where the agricultural intensification has been developing alongside
the rehabilitation of preks irrigation system, which are perpendicular channels linking the flood
plain to the river. Indeed, this area has been facing hydrological changes through a typical
increase in the mobilization of water resources for irrigation, associated with a more intensive
use of phytosanitary treatments. This conjunction could threaten the quality of the environment
and human health in the short and medium term, and that is why this study has proposed to
make an investigation of the environmental state with regard to pesticides after 10 years of use,
in order to be able to make predictions and recommendations. So far, no significant data about
pesticides in the prek irrigation systems of Koh Thum district were reported. The objective was
then to examine pesticide molecules in different environmental compartments, in order to
understand their fate in the preks irrigation system. More specifically, this study aimed to make
a semi-quantitative analysis of pesticide residues in water samples collected in the river, the
canals, the flooded plain, the irrigation excess return flow and the groundwater in Koh Thum
district. The procedure involved filtration, followed by clean-up using SPE method, then
analysis using GC-MS / MS database. Moreover, a list of available phytosanitary products was
established from the local retailers and compared to the inventory for validation. However, the
MS database was limited and did not include all the pesticide molecules for detection identified
in the Kandal, while several data related to typical persistence of pesticides in water and

groundwater leaching were not available from the scientific literature.



2. LITTERATURE REVIEW
2.1. Pesticide classification

2.1.1. Functional role

Groups of pesticides were classified according to the target pest they intend to control
such as insecticides, herbicides, fungicides, rodenticides and many others (see Table 2.1)
(Ugab et al., 2016). Herbicides could affect weeds through different modes of actions such as
disruption of photosynthesis or hormones responsible for growth, and also inhibition of cell
division, lipids, cellulose or amino acids. Insecticides could have neurotoxic actions interfering
with growth and respiration of insects. Fungicides could inhibit cell division and respiration,
in addition to disrupt amino acid synthesis or carbohydrate metabolism of fungi. Rodenticides
acting against rodents, could belong either to the anticoagulant family which kills of internal
bleeding, or to the convulsant family which causes muscle spasms inducing coma then death
(Rifai, 2013).

Table 2.1. Classification of pesticides according to the target organism intended to control

Type of Pesticides Target pests
Herbicides Weeds
Insecticides Insects
Fungicides Fungi

Rodenticides Rodents
Algicides Algae
Avicides Birds
Miticides Mites

Molluscicide Snails, Slugs

Nematicide Nematodes
Piscicides Fish
Virucides Virus

2.1.2. Hazard toxicity

Pesticides could also be classified according to their acute toxicity hazard category,
following WHO classes: la (extremely hazardous), Ib (highly hazardous), Il (moderately
hazardous), Il (slightly hazardous), U (unlikely to present acute hazard) and O (obsolete
substance) (see Table 2.2) (World Health Organization (WHO), 2010).



Table 2.2. Acute toxicity hazard category (World Health Organization (WHO), 2010)

. L D50 for the rat (mg/kg body weight)
WHO Class Meaning

Oral Dermal
la Extremely hazardous <5 <50
Ib Highly hazardous 5-50 50-200
I Moderately hazardous 50-2000 200-2000
i Slightly hazardous > 2000 > 2000
U Unlikely to present acute hazard > 5000 > 5000
0] Obsolete substance / /

2.1.3. Chemical composition

Pesticides are more generally classified according to their chemical composition, nature
and major active ingredient. The classification could include OCPs, OPPs, carbamates,
triazines, substituted ureas, pyrethrin and pyrethroids (Kaur et al., 2019; Rifai, 2013).

| Natural || ~|| Synthetic

1. Pyrethrum
2. Azadirachtin

| | |
‘ Organochlorines ‘ | Organophosphatesl ‘ Carbamates |
l l |

1.DDT 1. Malathion 1. Propoxur 1. Deltamethrin
2.BHC 2. Temephos 2. Bendiocarb 2. Cyfluthrin
3. Fenthion 3. Carbaryl 3. Bifenthrin
4. Dichlorvos 4. Lambda-cyhalothrin
5. Fenitrothion 5. Permethrin
6. Pirimiphos methyl

Figure 2.1. Classification of insecticides (Kaur et al., 2019)

2.2. Organochlorine, organophosphorus and carbamates pesticides

Among the various pesticide families, OCPs were particularly noticed for their

versatility, efficiency, relatively cheap price, but also for their severe toxicity, bio-



accumulation and slow degradation. They were commonly and highly used worldwide and in
Cambodia as insecticide, herbicide and fungicide. OCPs were reported to be stable chlorinated
hydrocarbon derivatives with low polarity, low aqueous solubility and so high lipid solubility
(Jayaraj et al., 2016). On another hand, OPPs which are much less persistent probably because
of their unstable chemical structure, were greatly appreciated as an alternative to OCPs due to
their high persistence (Carvalho, 2017). OPPs were commonly known for their high acute
toxicity through the inhibition of acetylcholinesterases which are essential enzymes for seven
nerve functions in many living organisms. OPPs were reported to be esters, amide or thiol
derivatives of phosphoric, phosphonic, phosphorothioic and phosphonothionic acid (Adeshina
et al., 2019; Jayaraj et al., 2016; Kwong, 2002). Carbamates, another chemical family of
pesticides being even more easily degradable than OPPs, were described as aliphatic or cyclic
derivatives of carbamic acid and were reported as acting similarly to OPPs through the
inhibition of acetylcholinesterases, even if some carbamates were more or less toxic depending

on the different types of affected living organisms (Hoffman et al., 2002).

2.3. Environmental fate of pesticides

Pesticides have been able to contaminate different part of the environment such as the
air, the soil, the surface water, the ground water and the sediments, harming living organisms
including human, which are dependent on the affected environment. Through various ways
such as emission, drift, deposition, leaching, drainage or volatilization, those molecules were
able to move from one location to another (see Figure 2.2) (World Health Organization
(WHO), 2008). Furthermore, pesticides have been able to undergo biodegradation or physico-
chemical degradation to eventually produce pesticide residues. Biodegradation involves
breakdown by microorganisms where as physico-chemical degradation consists in breakdown
by processes in which living organisms are not involved, such as hydrolysis, oxidation-
reduction, substitution, elimination, dehalogenation, and reduction without microbial
intervention (Rathore and Nollet, 2012). The natural aqueous photolysis could be mentioned
as example, and involves the degradation of the molecule from the absorption of photon (i.e.
light energy from the sun) in aqueous medium (Rifai, 2013). Some pesticides were reported to
be very persistent in the environment (particularly in soil), such as OCPs: DDT, HCH, aldrin,
endrin, chlordane, DDT, heptachlor, mirex. However, environment is complex, variable and
continually affected by temperature changes, weathering, living organisms, water percolation

and substances added from the atmosphere; therefore, it is difficult to predict the environmental
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fate of pesticides. Although the use of such contaminants would have been stopped several
years ago, it would still be possible to find residues in the environment (Kutz et al., 1991,
Zhang, 2018). Moreover, pesticide residues have been able to bio-magnify in the aquatic
organisms, affecting human health through food chain and consumption (Arisekar et al., 2019).
In fact, the persistence of the pesticides in the different part of the environment could depend
on the physical and chemical properties, degradation and deposition rates, the environment and
the climate characteristics (Kutz et al., 1991; Zhang, 2018).
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Figure 2.2. Environmental fate of pesticides (World Health Organization (WHQO), 2008)

2.4. The Mekong river and the Bassac river

The Mekong River, about 4900 km long and crossing Cambodia from North to South,
originates on the Tibetan plateaus to end up in the South China Sea, passing through China,
Myanmar, Laos, Thailand, Cambodia and Vietnam by draining around 795,000 km? of water
per year. Moreover, the Bassac river splits from the Mekong river mainstream, at the top of the
Mekong delta, whose position were defined near Phnom Penh, capital of Cambodia. The
Bassac river originates at the meeting point between the Mekong river and the Tonle Sap river,
which is located in the province of Kandal, which includes 11 districts, each divided into

communes and villages (see Figure 2.3) (Mekong River Commission, 2010).



Tonle Sap

Mekong

Bassac

Kaoh Thum

Figure 2.3. Kandal Province and its rivers

2.5. The prek irrigation systems

The prek systems have been canals built perpendicular to the Bassac river during the
French colonial period, originally to extend the cultivable areas, then today making it possible
to irrigate the crops located on the high banks of the alluvial plain called " chamcar” as well as
the low plain called “boeung” (see Figures 2.4 and 2.5). Various rehabilitation programs were
funded to make water available in the preks longer and to the increase crop production, in order

to reduce poverty through agricultural development (Pratx, 2017).
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Figure 2.4. Cross section between two preks (Pratx, 2017)
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Figure 2.5. Longitudinal section of a prek (Pratx, 2017)

2.6. Institutional framework and regulation of pesticides in Cambodia

Ministry of Agriculture, Forestry and Fisheries (MAFF) manages pesticide regulation
in Cambodia, which is divided into three departments: the Department of Agriculture
Legislation (DAL) which is in charge of pesticide registration, the Department of Plant
Protection Sanitary and Phytosanitary (DPPSPS) which acts as technical advisor in pest
management, and the National Agriculture Laboratory (NAL) of the General Directorate of
Agriculture which is responsible for pesticide analysis (Preap and Sareth, 2015). Since the
Stockholm Convention in 2004, most organochlorine pesticides were banished in the world,
excepted the p-p’DDT for disease vector control and the heptachlor as biocide in buildings,
dams and roads or as additives in plywood adhesives (Tran et al., 2019). On August 25", 2006,
Cambodia approved the Stockholm Convention and so, in 2009 no pesticides, namely aldrin,
dieldrin, endrin, heptachlor and HCB should have been neither produced nor used (Idowu et
al., 2013). In addition, since 2012, the pesticides namely HCH, DDTs, isoxathion, and methyl-

parathion were banned in Cambodia as seen in Table 2.3 (Preap and Sareth, 2015).



Table 2.3. List of pesticides banned in Cambodia since 2012 (Preap and Sareth, 2015)

Name of pesticides banned/deregistered in Cambodia from 2012

Azinphos methyl
Aldicarb
Aldoxycarb
Aldrin
Aminocarb
Amitraz
Amitrol
Antu
Aramite
Arsenic compound
Benomyl
Binapacryl
Bromethalin
Bromophos
Butoxycarboxim
Cadmium compound
Cadusafos
Calcium arsenate
Calcium cyanide
Camphechlor
Captafol
Captan
Carbon tetrachloride
Carbophenothion

Chlordane
Chlordecone
Chlordimeform
Chlorethoxyfos
Chlorefenvinphos
Chlorophenols
Chlormephos
Chlorbenzilate
Chlorophacinone
Chlorthiophos
Copper arsenate
Coumaphos
Crimidine
Crotoxyphos
Cupric acetoarsenite
Cyanthoate
Cycloheximide
Cyhexatin
Daminozide
Dibromochloropane
DDT
Demephion-o
Demephion-s
Demeton-o

Demeton-s
Demeton-s-methyl
Diamidafos
Dichlorophene
Dieldrin
Difenacoum
Difenthialone
Dimefox
Dimethilan
Dinoxeb
Dinoterb
Dioxathion
Edifenphose
Elemental phosphorous
Endosulfan
Endothion
Endrin / Nendrin
EPN
Ethoprop (Ethoprophos)
Ethylene dichloride
Ethylene oxide
Famphur (Famophos)
Fenamiphos
Fenbutatin oxide

Fensulfothion
Fentin hydroxyde
Fluoroacetamide

Fonofos
Fosthietan
Furathiocarb
beta-HCH
HCH
Heptachlor
Hexachlorobenzene
Isobenzan
Isodrin
Isoxathion
Leptophos
Lindane
Medinoterb acetate

Mephospholan

Mercaptofostion
Methiocarb
Methomyl
Mevinphos

Mexacarbate
Methamidophos
Monocrotophos

2.7. Water quality standards for pesticides

Drinking water standards concerning pesticides has varied from one regulation to

another. The European regulation limits each individual pesticide (other than organochlorine

compounds) to 0.10 pg/L, while the standard for total individual pesticides has been 0.50 pg/L;

the standard for organochlorine compounds has been 0.030 pg/L, even though they should no

longer be found in Europe (Northern Ireland Environment Agency, 2011). The WHO and US

EPA regulations have limited each individual pesticide to different specific values (US EPA,
2018; World Health Organization (WHO), 2018). The Cambodian regulation from 2004 also

limited some individual pesticides to specific values (Kingdom of Cambodia, 2004) (see

Appendix A), some of which were modified since 2012.
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2.8. Procedures for pesticide analysis in water samples

2.8.1 Sample transportation, storage and preparation

In previous works, the water samples were commonly transported in ice condition
(~4°C), filtered to remove debris and organic substances, then stored at 4°C (Darko et al., 2008;
Jin et al., 2019; Kafilzadeh, 2015; Liu et al., 2016; Ntow, 2005).

2.8.2. Extraction

Most of previous studies did not perform preliminary pesticide extraction on water
samples since the Solid-phase Extraction (SPE) was effective enough to extract or purify the
pesticides prior to analysis (Darko et al., 2008; Jin et al., 2019; Kafilzadeh, 2015; Keo, 2019;
Liu et al., 2016); excepted in few studies which still performed a liquid-liquid partition with
organic solvent such as dichloromethane (Adeshina et al., 2019; Arisekar et al., 2019).

2.8.3. Clean-up method prior to pesticide analysis

2.8.3.1. Principle of SPE

The SPE allows the extraction, clean-up and concentration of analytes (pesticide
residues) from a complex matrix (sample), prior to their detection through Gas-
chromatography coupled to Mass-Spectrometry (GC-MS). It should also improve recovery
percentages. In order to separate the analytes from the interferents, SPE uses the difference of
interaction for a solid phase called sorbent between analytes and interferents or impurities
(Zwir-Ferenc and Biziuk, 2006) . The cartridge is first conditioned with the solvent, to wet the
sorbent; then, the sample solution containing the analytes percolates through the sorbent, to
retain the impurities or interfering components; the sorbent is next washed to remove the

impurities, and a last elution allows to collect the analytes solution (see Figure 2.6).
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Figure 2.6. Procedure of SPE (Zwir-Ferenc and Biziuk, 2006)

2.8.3.2. Clean-up methods

Various types of clean-up method were used to purify pesticide compounds (OCPs,
OPPs, PCBs) from water samples. The most common method has been the use of SPE with
octadecyl (C18) sorbent cartridge in elution column (Arisekar et al., 2019; Darko et al., 2008;
Kafilzadeh, 2015; Keo, 2019; Ntow, 2005). Jinya (2013) carried out the purification of 202
semi-volatile organic compounds with PLS3-AC cartridges. Another clean-up method has been
used, such as the use of florisil (magnesium oxide MgO, silicon dioxide SiO2, sodium sulfate
Na>S0s) column chromatography (Jin et al., 2019; Kangwon National University, 2011).
Another method was carried out with alumina-silica gel column chromatography (Liu et al.,
2016). The solvent was organic, being mostly pure or mixed hexane and dichloromethane.
Sodium sulfate (Na2S04), sodium sulfite (Na2SO3) or magnesium sulfate (MgSQO4) were also
used during the elution in order to separate the solvent layer and to improve the recovery of
target compounds. Before analysis, the samples were subject to evaporation under nitrogen
stream with rotary evaporator. There are also other types of extraction methods from water
samples (see Table 2.4) (Samsidar et al., 2018).
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Table 2.4. Extraction methods for pesticides from water samples (Samsidar et al., 2018)

Extraction

method Advantages Disadvantages Matrix
LLE Simple and reliable, Adaptable, W_ater
LT : . . Large volume of solvents,  Sediment
Liqui-Liquid Compatible with majority of . ) )
) . Time consuming Fruits
Extraction instrument
Vegetables
SPE Less time consuming than LLE, . Wat_er
. . e Requires pre-treatment, Fruits
Solid-Phase Effective purification and pre- : .
. . Toxic organic solvents ~ Vegetables
Extraction concentration
Roots
SPME Water
g Solvent-free, Simple, Easy to use, Quite fragile of fiber, Fruits
Solid-Phase = .
) ) Fast, Portable Limited lifetime Vegetables
Microextraction Soil
DLLME Simplicity, Minimal volume of Water
Dispersive plicity, . Low efficiency of Fruits
T toxic solvents, High speed i
Liquid-Liquid : ) extraction Vegetables
. : extraction, Inexpensive i
Microextraction Soil
SDME Quick and cheap, Easy to operate,
. . . . S Water
Single Drop Little organic solvents, Quite long extraction time Soil

Microextraction  Renewability of extraction phase

2.8.4. Detection of pesticides

2.8.4.1. GC-MS principle

GC-MS is an instrumental technique that includes gas chromatography coupled with
mass spectroscopy, whereby relatively low molecular weight, sufficiently volatile and
thermally stable compounds can be separated, identified and quantified from complex
mixtures. The sample solution is injected into the GC inlet, where it is vaporized and swept
onto a column by the carrier gas; then, the sample flows through the column and the compounds
of interest are separated according to their relative interaction with the coating of the column
called stationary phase and the carrier gas called mobile phase; the later part of the column
passes through a heated transfer line and ends at the entrance of the ion source where
compounds eluting from the column are converted to ions by either electron ionization or
chemical ionization; next, a filter separates the positively charged ions according to various
mass related properties depending on the analyzer that is used, to finally enter a detector that

amplifies signal; the detector sends information to a computer that record data and converts the
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electrical impulses into visual displays and hard copy displays (see Figure 2.7) (Hussain and
Magbool, 2014).

o—
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Figure 2.7. General GC-MS diagram

2.8.4.2. Previous detection methods used

Gas chromatography, either coupled to mass spectrometry (MS) detector or electron
capture detector (ECD) have been used so far. In order to identify unknown compounds, MS
(SIM mode) were proven to be effective, although ECD were little more sensitive and so more
effective for quantification of some pesticides such OCPs (aldrin, dieldrin, chlordane, dicofol)

and OPPs (methyl chlorpyrifos, dimethoate, methidathion and methyl parathion) (Alves et al.,
2012)

2.9. Data about pesticide molecules identified in Koh Thum district

77 pesticides molecules were identified for use in Koh Thum district (see 3.
Methodology) and some characteristics such as toxicity hazard, typical persistence in water
phase, and ground water leaching were collected from literature, in order to understand and

discuss their behavior related to human health and their environmental fate.
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2.9.1. Toxicity hazard

Most of pesticides identified in Koh Thum district belonged to WHO class Il
(moderately hazardous), while many of them belonged to WHO class U (unlikely to present
acute hazard) and some belonged to WHO class Il (slightly hazardous). No pesticides were
identified as belonging to WHO class la (extremely hazardous). Nevertheless, Abamectin and
Zinc phosphide belonged to WHO class Ib which are highly hazardous (see Table 2.5)
(University of Hertfordshire, n.d.; World Health Organization (WHO), n.d.).

Table 2.5. Toxicity of pesticide molecules from interviews

WHO

U 1 Il Ib la
Class
. . Chlorpyriphos, Imidacloprid,
Validamycin A, Cypermethrin, Chlorphenapyr,
Mancozeb, Cyhalofop S .
Acetamiprid, Cymoxanil,
Cyhalofop-butyl, .
! Difeconazole, Indoxacarb,
Azoxystrobin, - : .
o Propiconazole, Fipronil, Glyphosate,
Chlorantraniliprole, - .
. . Isoprothiolane, Permethrin, Butachlor,
Fenclorim, Carbendazim, .
Pyridaben, Metalaxyl, Hexaconazole,
Penoxsulam, ’ . .
Biocide Methoxvfenozide Bentazone, Propanil, Buprofezin, Abamectin,
Y iy Paclobutrazol, Isoprocarb, Cyromazine, Zinc phosphide
Chlorfluazuron, Pretilachlor, . . .

. . . Fenobucarb, Thiacloprid, Quinclorac,
Niclosamide-olamine, . . . . '
Bensulfuron-methyl Bifenthrin, Prochloraz, Bispyribac-sodium,

- Nytenpyram, 2,4-D, Metolachlor

Chlorothalonil, Spinetoram,
Hexythiazox, Propineb,
Kasugamycin,
Pyrazosulfuron-ethyl

Imidazole, Phenthoate,

Metaldehyde, Paraquat,

Profenofos, Trichlorfon,
Haloxyfop-R-methyl

2.9.2. Typical persistence in water phase

NPIC, n.d.; PubChem, n.d.; University of Hertfordshire, n.d.; US EPA, 2013 provided
information about typical DT50 (Degradation Time for 50% of compound) in water phase (see
Figure 2.8) of the molecules identified in Koh Thum district, allowing to understand how long
they could degrade in water. The DT50 is the time required for the chemical concentration
under defined conditions to decline to 50% of the amount at application, and the term “typical”
is often a mean of all studies. Those displayed data should be assimilated with caution and do
not necessarily reflect the reality in this study since they are representative of characteristic
examples; they can therefore change according to the complexity of the environments.
However, they make it possible to have an overview of the behavior of the identified molecules,

in order to predict the pesticide residues potentially expected to be found in this study. Data
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about some pesticides identified in interviews remained unknown since the information were
not available in scientific literature; their typical DT50 in water phase were not displayed. Thus,
in water-phase only, thiacloprid, a banned molecule, was found to be particularly and very
highly persistent, meaning that it would most likely be detected. Triazole, hexaconazole,
lufenuron, metolachlor and fipronil were also banned pesticides, and expected to be found since
they were reported to be generally highly persistent; in addition to paclobutrazol, bentazone
and metalaxyl which were authorized. Moreover, permethrin, thiamethoxam and
ethoxysulfuron could be found because they have a moderate persistence, although they were
banned; in addition to chlorantraniliprole, imidacloprid, bispyribac-sodium, buprofezin,
metalaxyl-M and bensulfuron-methyl which were authorized. Other compounds would not be

found since they degraded quickly or very quickly in water, unless they were used recently.
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Typical persistence in water phase only of pesticide molecules from interviews
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Figure 2.8. Typical persistence in water phase only of molecules from interviews
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2.9.3. Potential groundwater leaching

NPIC, n.d.; PubChem, n.d.; University of Hertfordshire, n.d.; US EPA, 2013 provided
the Groundwater Ubiquity Score (GUS), allowing to rank pesticides for their potential to move
toward groundwater. When the GUS is below 0, the potential is very low; when it is between
0 and 1.8, the potential is low; when it is between 1.8 and 2.8, the potential is moderate; and
when it is above 2.8, the potential is high (see Figure 2.9). Then, quinclorac was the compound
the most expected to be found in groundwater, rather than in surface water. Thiamethoxam,
azoxystrobin, chlorantraniliprole, methoxyfenozide, metalaxyl, 2,4-D acetic acid, metolachlor
and trichlorfon had a high potential to leach into groundwater. Fipronil, hexaconazole,
carbendazim, bentazone, ethoxysulfuron, metalaxyl-M, oxolinic acid, paclobutrazol,
pyrazosulfuron-ethyl and nitenpyram could also leach into the ground water, and the other
compounds would not be expected to leach into the ground water due to their low or very low

potential.
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Potential groundwater leaching of pesticide molecules from interviews
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Figure 2.9. Potential groundwater leaching of pesticide molecules from interviews
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3. METHODOLOGY

3.1. Study Area and Experimental design

The study area is located in Kandal (Cambodia), in the prek systems in the Koh Thum

district. Water samples were collected at 6 different locations which were representative of

rehabilitated preks (see Figure 3.1):

In the Bassac river, at the east entrance of prek Chann
At the prek Chann drainage gate

In the middle of prek Touch

At the western end of prek Touch

In a rice farm field of Prek Touch (surface water)

In a mango farm along prek Touch (groundwater)

$tudy Area and Sampie collection
T L Ty ——

Figure 3.1. Prek systems in Koh Thum district, Kandal, Cambodia

The design of the study is displayed in Figure 3.2. Briefly, water samples were firstly

collected during the dry season, then filtrated to be preserved before extraction. The extraction

allowed to remove impurities and retain the molecules of interest (pesticides) for analysis by
GC-MS.
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Water sample collection
* 1L per sample (n=3)
+ 6 samples
* Canal, river, field, groundwater

Filtration
* 2um glass microfiber filters
(Whatman, GF/C™)
« Storage 4°C

Cleanup: SPE
+ PLS3-AC2 cartridges
+ Concentration (nitrogen gas)
« Storage -20°C

Semi-quantitative analysis
« GC-MS /MS database

Figure 3.2. Experimental design for the study

3.2. Chemical list for sample preparation

Chemicals ordered and used for SPE and sample preparation prior to GC-MS analysis
are shown in Table 3.1. Quantities were evaluated for 18 water samples with 3 replications for

each and collected at 6 different locations.

Table 3.1. List of chemicals for sample preparation

No Description Pack Unit Quantity Brand Quantity needed
1 Cartridges PLS3 - 200mg/6mL 30 1 InertSep 18 cartridges
o Cartridges Slim-J Active 50 1 InertSep 18 cartridges

~N oo o1 b~ W

Carbon (AC) - 400mg

Dichloromethane, ACS BASIC 4L Sharlau 144mL (8mL/sample)
Acetone, ACS BASIC 4L Sharlau 180mL (10mL/sample)
n-Hexane, HPLC grade 2.5L Sharlau 180mL (10mL/sample)

Merck 369 (2g/sample)
PP air 50L (~50L/18 samples)

Sodium sulfate anhydrous, PA 1Kg

N R R R

Nitrogen gas 50L

21




3.3. Sample collection

The water samples were collected on March 20", 2020, during the dry season, by using
1L plastic bottles. They were collected in the Bassac river at the east entrance of prek Chann,
at the drainage gate of prek Chann, in the middle and in the west of prek Touch, in a rice farm
of prek Touch, and in the groundwater of mango farm of prek Touch. Once collected, the
samples were directly filtrated through 2um multilayered glass microfiber filters (Whatman,
GF/C™) in order to remove debris and suspended material (see Appendix B), transported to
SATREPS laboratory in the Institute of Technology of Cambodia in iced condition, then stored
at 4 °C.

3.4. Clean-up procedure

The samples were proceeded to clean-up (purification) by solid-phase extraction (SPE)
method following the method of Jinya, 2013. Sodium phosphate buffer solution (pH=7,
1mol/L) was added to the water samples and left for rest for 1h. The sorbents PLS3 and AC in
their respective cartridges were activated by conditioning with 5 mL of dichloromethane, 5 mL
of acetone and two times 5mL of distilled water. The samples were next passed through the
cartridges at the flow rate of about 15 mL/min (see Appendix B). The cartridges were dried
using nitrogen gas stream for 30 min. After that, the dried cartridges were disassembled and
washed: 2 mL of acetone followed by 5 mL of dichloromethane for the PLS3 cartridge (see
Appendix B), while both of the cartridges PLS3 and AC were washed with 5 mL of acetone.
The mixed eluted solvent was collected and concentrated to approximately 1 mL, using
nitrogen gas stream. Then, 10 ml of hexane were added to the previous concentrated solution
of 1 ml, to be then dehydrated by elution through sodium sulfate. The solution obtained was
concentrated to 1mL using nitrogen gas stream, and finally transferred into vials; stored at -
20°C.

3.5. Calibration for semi-quantitative analysis

A 1ppm mixture of standard pesticides containing about 950 molecules similar to those
to be detected was added to the samples. In addition, an external calibration was performed
with 1ppm, 0.5ppm, 0.125ppm, 0.1ppm, 0.05ppm and 0.025ppm solutions containing 24 target

pesticides; to which was also added 10ppm mixture of standard pesticides containing the other
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similar pesticides (see Appendix B). Thus, a quantitative analysis could be performed on the
24 target pesticides (see Table 3.2) while other pesticides could be detected in a semi-

quantitative way.

Table 3.2. Target pesticides for external calibration of quantitative analysis

No Name
1 Methamidophos
2 0,p'-DDT
3 Metalaxyl
4 Isoxathion
5 Hexachlorobenzene
6 Heptachlor
7 Aldrin
8 Dieldrin
9 Endrin
10 Chlordane
11 Chloroneb
12 Atrazine
13 Terbacil
14 Methyl-parathion
15 Parathion
16 Pyroquilon
17 Anilofos
18 Azaconazole
19 Isazofos
20 Mefenoxam
21 BHC/HCH (o, B, v, 9)
22 Lindane
23 Malathion
24 Triadimefon

3.6. Detection procedure

The detection procedures was inspired from Jinya, 2013, and involves GC-MS device,
model TQ8040 series (Shimadzu, Japan), with MS database for identification of 451 pesticide
residues. The column was DB-5ms, whose length was 30m, thickness 0.25pum and diameter
0.25mm. Injection was splitless with volume 1uL. The temperature of the oven containing the
column was maintained for 2 minutes at 40°C, then reached 310°C (maintained for 5 minutes)
at a speed of 8°C/min. The flow rate of the carrier gas, ultra-pure helium, was 50mL/min, and
the GC column flow rate was 1.23 mL/min. The MS ion source temperature was 200°C, and

the MS interface temperature was 300°C. The MS event time scan measurement was 0.3sec
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and the scanned mass range (m/z) was from 33 to 600. The identification of pesticide residues
was performed by the data treatment system and the computer, which calculate the
monoisotopic mass, predict the structural formula of compounds, and compare them using the
MS database.

3.7. Pesticide molecules identified for use in Koh Thum

A non-exhaustive list of 77 molecules was established from pesticide products used by
farmers and sold by retailers in the Koh Thum district (see Table 3.3). Those pesticides were
used to treat different kind of pest including insects, herbs, fungi, bacteria, mites, mollusks and
rodents. Among those 77 molecules identified, only 37 were detectable because they were
included in the MS database, while 40 were undetectable The list included about 28 different
organochlorine molecules contained into 63 products, 4 neonicotinoid molecules contained into
16 products, 4 pyrethroid molecules contained into 11 products, 1 organophosphorus molecule
named glyphosate contained into 4 products which were largely applied in field according to
the farmers and retailers, 3 organophosphate molecules contained in 11 products, 4 micro-
organism derivative molecules contained into 16 products, 6 urea molecules contained into 10
products, 5 carbamate molecules contained into 5 products, 6 aryloxy phenoxy propionate
molecules contained into 10 products, 1 strobilurin molecule called azoxystrobin contained
into 5 products, and other molecules; some of which containing many nitrogen atoms and
aromatic cycles. All the molecules identified were tolerated in Cambodia, while 32 were not

approved and 7 were not registered in the European Union (European Comission, n.d.).
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Table 3.3. Pesticide molecules identified in Koh Thum district, through interviews

Biocide

Detectable (in MS database)

Approved in EU

Disapproved in EU

Undetectable (out of MS database)

Approved in EU

Disapproved in EU

Insecticide

Herbicide

Acaricide

Fungicide

Bactericide

Molluscicide

Rodenticide

Cypermethrin - Buprofezin -
Acetamiprid - Indoxacarb -
Pyridaben

Cyhalofop-butyl - Bentazone -

Quizalofop-P-ethyl -
Fenoxaprop-P-ethyl

Cypermethrin - Buprofezin -
Pyridaben - Hexythiazox

Azoxystrobin - Difenoconazole

- Metalaxy - Metalaxyl-M -
Paclobutrazol - Prochloraz -
Pyraclostrobin

Chlorpyrifos - Chlorfenapyr -
Bifenthrin - Phenthoate - Profenofos
- Thiamethoxam - Fipronil -
Cyromazine - Isoprocarb -
Fenobucarb - Trichlorfon -
Isoprothiolane

Butachlor - Pretilachlor - Propanil -
Metolachlor

Chlorpyrifos - Chlorfenapyr -
Bifenthrin - Phenthoate - Profenofos
- Permethrin

Propiconazole - Hexaconazole -
Cyromazine - Chlorothalonil

Abamectin - Imidacloprid -
Emamectin benzoate -
Chlorantraniliprole -
Methoxyfenozide

Cyhalofop - Mesotrione —
Florpyrauxifen-benzyl —
Haloxyfop-R-methyl -
Penoxsulam - Glyphosate
Bensulfuron-methyl -
2,4-D acetic acid -
Bispyribac sodium

Abamectin -
Emamectin benzoate

Cymoxanil - Mancozeb

Emamectin benzoate

Metaldehyde

Zinc phosphide

Pymetrozine - Permethrin -
Chlorfluazuron - Lufenuron -
Thiacloprid - Spinetoram -
Hexythiazox - Nytenpyra -
Imidazole

Fenclorim - Ethoxysulfuron -
Quinclorac - Paraquat -
Pyrazosulfuron-ethyl - Fenoxaprop

Lufenuron

Validamycin A - Carbendazim -
Bismerthiazol - Oxolinic acid -
Niclosamide-olamine -
Kasugamycin - Propineb -
1H-1,2,4-Triazole - Isoprothiolane

Bismerthiazol - Oxolinic acid -
Kasugamycin

Niclosamide-olamine -
Thiacloprid
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3.8. Statistical analysis

All essays were carried out in triplicate, and the results were expressed as mean +
standard deviation. Single-factor analysis of variance (ANOVA) were performed to test the
differences between mean concentrations of pesticides, for completely randomized design
(CRD) using Excel Data analysis software. A p-value < 0.05 was considered statistically

significant for every sample location.
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4. RESULTS AND DISCUSSION

4.1. pH of samples

The pH of water samples was overall neutral, varying between 6.86 and 7.8. The water
of the drainage gate was the most basic (7.8) while the water of prek Touch west was the most
acidic (6.86). The pH seemed to increase slightly from the Bassac river (7.49) towards the
middle (7.76) and the drainage gate of the prek (7.8), then decreased towards the west (6.86);
while surface water in the rice farm and the groundwater in the mango farm remained more
neutral (7.14 and 7.12) (see Table 4.1).

Table 4.1. pH of water measured at the sample locations

Sample Bassac Middle prek Drainage gate West prek Rice farm Mango farm
location river (Touch) (prek Chann) (Touch) field groundwater
pH 7.49 7.76 7.8 6.86 7.14 7.12

4.2. General profile of pesticides detected in Koh Thum district

In the area of Koh Thum, 167 molecules were detected, the majority of which were
insecticides (32%), then fungicides (25%) and herbicides (21%). Acaricides represented 14%,
nematicides were 3% and a further minority included bactericides, molluscicides and plant
growth regulators (see Figure 4.1). Carbamates (14%), organophosphates (13%), triazoles
(12%), organochlorines (11%), and pyrethroids (11%) were the most present chemical family
of the pesticides detected. Moreover, pesticides moderately hazardous were detected as
predominant (40%), followed by slightly hazardous (16%) and unlikely to present acute hazard
(16%); highly hazardous pesticides detected represented 8% and extremely hazardous
pesticides 1% (see Figure 4.2.).

3% 4%

Insecticide
= Herbicide
= Fungicide

Acaricide

Nematicide
= Other

Figure 4.1. Types of pesticides found in Koh Thum district
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1%
! 8% = Class la
Class Ib
Class Il
Class Il
40% = Class U

5% I
= Class O

16% = Not listed

Figure 4.2. WHO class of pesticides found in Koh Thum district

Furthermore, among the 37 detectable pesticides on the list comprising 77 pesticides
identified from interviews, 21 were detected and 16 were not detected through the GC-MS
analysis. Thiacloprid, butachlor, lufenuron and triazole which were highly expected to be found
through their high typical persistence in water phase were not detectable because out of the MS
database. Fipronil, hexaconazole, paclobutrazol, metolachlor were detected as expected,
whereas bentazone was not detected despite its high persistence. In addition, 146 molecules

which were not mentioned in the interviews were detected.

4.3. Results of analysis, with regulations

Various pesticide molecules were detected in Koh Thum district through semi-
quantitative analysis, including 119 molecules either not approved or not registered in the
European Union (European Comission, n.d.), while 10 were banned from Cambodia since 2012
(Preap and Sareth, 2015); namely captafol, captan, azinphos-methyl, aldoxycarb, famphur (see
Appendix C), metamidophos, o,p’-DDT, isoxathion, dieldrin and endrin (see Table 4.2).
Moreover, 11 molecules were detected among the 24 targeted pesticides, with low to very low
concentrations. Among those 11 molecules, only two were authorized in European Union,
namely metalaxyl and mefenofam (metalaxyl-M). Chloroneb and triadimefon were detected in
every location. Chloroneb was detected with high concentrations in the mango farm
groundwater (3.4010 £ 0.3644 pg/L) and in the water in the middle of the prek (3.8314 + 0.0826
pg/L); chloroneb was also detected with fairly high concentrations in the water of the drainage
gate (1.1099 + 0.1544 pg/L) and in the Bassac river (0.9449 £ 0.8682 pg/L); chloroneb was
detected with moderate concentrations in the water of prek west (0.4282 + 0.0491 pg/L) and in

the rice farm water (0.5231 + 0.0736 pg/L). Triadimefon was detected with low concentrations
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in every location: from 0.0158 £ 0.0137 pg/L to 0.0331 + 0.0119 pg/L. Methamidophos and
pyroquilon were detected only in the water in the middle of the prek with very low
concentrations (0.0019 + 0.0032 pg/L and 0.0018 + 0.0031 pg/L). O,p’-DDT, metalaxyl and
mefenoxam (metalaxyl-M) were detected only in the mango farm groundwater with very low
to moderate concentrations (0.0029 + 0.0051 pg/L, 0.2319 + 0.2452 pg/L and 0.3121 + 0.3293
Mg/L). Isoxathion was detected only in the mango farm groundwater with very low
concentration (0.0055 £ 0.0096 pg/L) while endrin was detected only in the water of the
drainage gate with very low concentration (0.0114 + 0.0197 pg/L). Dieldrin and azaconazole
were both detected in the rice farm water with very low concentrations (0.0035 £ 0.0061 pg/L
and 0.0011 + 0.0019 pg/L); while dieldrin was detected with very low concentration in the
water of drainage gate (0.0278 + 0.0254 pg/L) and azaconazole was detected with very low
concentration in the mango farm groundwater (0.0123 £ 0.0213 pg/L) (see Table 4.2.)

Table 4.2. Target pesticides detected through quantitative analysis

Concentrations detected at the sample locations

Pesticide

Bassac

D. Gate

Mango F

Middle PT
(Ma/L)

PT West

Rice F

Methamidophos
o,p'-DDT
Metalaxyl
Isoxathion

Dieldrin
Endrin
Chloroneb
Pyroquilon
Azaconazole
Mefenoxam

Triadimefon

(Hg/L)

0.9449 + 0.8682

0.0283 +0.0184

(Mg/L)

0.0278 + 0.0254
0.0114 +0.0197

1.1099 + 0.1544

0.0176 + 0.0155

(Mg/L)

0.0029 + 0.0051

0.2319 + 0.2452

3.4010 + 0.3644

0.0123 +£0.0213
0.3121 +£0.3293

0.0158 + 0.0137

0.0019 + 0.0032

3.8314 + 0.0826

0.0018 + 0.0031

0.0197 +0.0134

(Hg/L)

0.4282 + 0.0491

0.0331 +0.0119

(Mg/L)

0.0055 + 0.0096

0.0035 + 0.0061
0.5231 +0.0736
0.0011 +0.0019

0.0225 + 0.0295

4.4. Distribution of pesticides with regard to their persistence and toxicity

4.4.1. The Bassac river

The sample in which the fewest pesticides were detected was the Bassac river with 54
molecules, and none of them were extremely or highly hazardous; which makes this water the

least harmful in this study. This could be explained by the fact that the Bassac river is a larger
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body of water, more diluted and potentially carrying pesticides elsewhere. Most of the
pesticides detected were moderately hazardous (22 molecules), being mostly lowly persistent
in water (10 molecules), thus suggesting a recent use by farmers. In addition, 1 of these
moderately hazardous molecules detected had moderate persistence, while 3 had high
persistence. 11 slightly hazardous pesticides were also detected, of which 4 were lowly
persistent, 1 moderately persistent and 1 highly persistent. However, 11 molecules among the
54 could not display their toxicity hazard since they were not listed in the WHO classification
(see Figure 4.3.).

4.4.2. The drainage gate

71 pesticides were detected in the water of the drainage gate, but none of them were
extremely hazardous. Nevertheless, 4 molecules detected were highly hazardous including 1
with moderate persistence (ethiofencarb), 2 with low persistence (methidathion which was
banned in Cambodia and European Union, and carbofuran), and 1 with unknown persistence
(dieldrin); involving a possible recent use and also a threat to human health. Most of the
pesticides found were moderately hazardous (30 molecules), of which 11 were lowly persistent,
1 moderately persistent, and 5 highly persistent. Moreover, 11 molecules detected were slightly
hazardous including 1 with moderate persistence, 1 with low persistence and 2 with high
persistence. 10 toxicities of molecules among 71 remained unknown. Thus, this water could be
seen as moderately hazardous in this study, and involved the greatest number of molecules
having low persistence in water phase (40 molecules); a fairly moderate accumulation of

pesticides occurred at this location (see Figure 4.3.).

4.4.3. The mango farm (groundwater)

The mango farm groundwater counted 61 molecules including 1 extremely hazardous
and banned in Cambodia and in European Union, namely captafol. No highly hazardous
pesticides were detected in this water sample and most of molecules detected were moderately
hazardous (34 molecules), of which 11 were lowly persistent, 1 moderately persistent and 6
highly persistent. 7 molecules detected were slightly hazardous including 1 with low
persistence, 1 with moderate persistence and 2 with high persistence. Finally, 6 pesticides

among 61 could not be discussed since their WHO hazard toxicities were unknown.
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Consequently, the groundwater did not appear globally as very hazardous, although one

extremely toxic pesticide should be taken into consideration (see Figure 4.3.).

4.4.4. The middle of the prek

In the water in the middle of the prek, a lot of molecules were detected (86 molecules),
including 1 extremely hazardous and banned in Cambodia and in European Union (captafol).
Furthermore, this water sample enumerated the highest number of highly hazardous molecules
(7 molecules) including 1 lowly persistent (carbofuran), 2 moderately persistent (ethiofencarb
and methamidophos), 1 highly persistent (triazofos) and 3 of unknown persistence (dinoseb,
isofenphos and dicrotophos). 41 moderately hazardous pesticides were also detected of which
15 had low persistence in water, 2 had moderate persistence and 4 had high persistence. In
addition, 13 slightly hazardous pesticides were detected in this sample, which included 2
molecules with low persistence, 2 molecules with moderate persistence and 2 molecules with
high persistence. 6 molecules among 86 had unknown toxicity. This water could be evaluated
as one of the most hazardous in this study. The water in the middle of the prek was supposed
to collect a part of irrigation return flow after pesticide use in the crops, explaining why it was

heavily loaded, particularly with highly toxic pesticides (see Figure 4.3.)

4.4.5. The west of the prek

At the west of the prek, 57 pesticides were found, which makes this water the second
least contaminated. However, captafol (extremely hazardous) was detected in addition to 4
highly hazardous pesticides such as cyfluthrin 2, 3 and 4 (low persistence) and dicrotophos
(unknown persistence); announcing a potential threat to humans. 26 moderately hazardous
molecules were also detected including 9 with low persistence, 2 moderate persistence and 3
high persistence. 8 slightly hazardous molecules were found of which 2 were lowly persistent,
2 moderately persistent and 1 highly persistent. 8 toxicities of pesticides among 57 remained
unknown. This water sample did not incorporate so many pesticides compared to other

samples, but did contain a fairly high and concentrated toxicity (see Figure 4.3).
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4.4.6. The rice field

99 molecules were detected in the water of the rice field, which made this water the
most contaminated in this study. This stagnant water was most likely to have been used for rice
crop irrigation, and therefore in direct contact with pesticide used by farmers. Captafol
(extremely hazardous) was detected, in addition to 5 highly hazardous pesticides including 1
with low persistence (carbofuran) and 4 with unknown persistence namely azinphos-methyl,
dieldrin and isoxathion which were banned in European union and in Cambodia, and
dicrotophos. Moreover, 42 other molecules classified as moderately hazardous were found
including 14 lowly persistent, 4 moderately persistent and 6 highly persistent; revealing a
potential problem for ecosystems and human health. 20 slightly hazardous molecules were
also detected of which 6 had low persistence in water, had moderate persistence 2 and 3 had
high persistence. However, 14 molecules among 99 could not be discussed since they were not
listed in WHO classification. Consequently, this water appeared to be the most loaded with
pesticides and contained the greatest number of persistent pesticides, thus revealing the most

important point of accumulation in this study (see Figure 4.3).
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Distribution of toxicty and pesticide persistence in the Koh Thum district
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Figure 4.3. Distribution of toxicity and pesticide persistence in the Koh Thum district
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4.5. Pesticide inter-location transfers

4.5.1. Transfer between the rice crop and the prek

The rice field water counted 48, 50 and 46 molecules in common with west water of
the prek, the drainage gate water and the water in the middle of the prek respectively. Thus, the
transfer of pesticides between the crop and the prek was quite important and homogeneous in
term of number of pesticides. However, many molecules did not displace from the rice field
water, moving neither towards the water west of the prek (53 molecules), nor towards the
drainage gate water (49 molecules), nor towards the water in the middle of the prek (48
molecules). Conversely, few molecules stayed in the water west of the prek, not moving
towards the rice field water (12 molecules). 23 molecules in the drainage gate water and 36
molecules in the water in the middle of the prek did not move to the rice field water.
Consequently, many pesticides applied in the crop would move weakly towards the prek water,
probably because of the low level of water during the dry season, or because they would
degrade faster since lowly persistent molecules were present in majority. Moreover, pesticides
contained in the prek water globally seemed to move more easily to the rice field but this should
be explained by the fact that farmers used the water from the prek to irrigate the crops, thus
accumulating the newly used pesticides with those which would have not yet been degraded

and which would remain in the prek water.

4.5.2. Transfer between the prek and the Bassac river

Within a prek channel, the west of the prek communicated directly with the drainage
gate, itself communicating with the middle of the prek, which ended to the Bassac river. 34
pesticides were common to the west and the drainage gate waters; however, 25 were detected
in the west water but not in the drainage gate water; whereas 37 were detected in the drainage
gate water but not in the west water. 41 pesticides were common to the drainage gate water and
the water in the middle of the prek; however, 31 pesticides were detected in the drainage gate
water but not in the water in the middle of the prek; whereas 43 pesticides were detected in the
water in the middle of the prek but not in the drainage gate water. In addition, 34 pesticides
were common to the water in the middle of the prek and the Bassac river; however, 49 were
detected in the water in the middle of the prek but not in the Bassac river; whereas 20 were
detected in the Bassac river but not in the water in the middle of the prek. Most of the pesticides

in common and different were lowly persistent but some were highly persistent. Consequently,
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during the dry season, majority of pesticides could not move through the different part of the
prek and even less to the Bassac river, probably due to the low and heterogeneous levels of
water in the prek and also because they may degrade relatively quickly. Some highly persistent
molecules may stay over time since they degraded slowly or could eventually move to the
groundwater. An accumulation of pesticides would be noticeable towards the water in the
middle of the prek rather than at its extremities. Consequently, from this accumulation in the
middle of the prek, pesticides would seem to move on the one hand towards the drainage gate
then towards the west on the left side, and on the other hand, but less, towards the Bassac river

on the right side, the latter carrying pesticides elsewhere than in the prek system.

4.5.3. Transfer towards the groundwater

Firstly, 44 molecules were common to rice field water and mango groundwater;
however, 53 molecules were detected in rice field water but not in groundwater, whereas 15
molecules were detected in the groundwater but not in the rice field water. This could mean
that many pesticides from the crop could reach the groundwater even if a majority of them still
could not because they would degrade before or because they would have a low GUS.
Concerning the Bassac river, it shared 32 common molecules with the groundwater, while 22
molecules were detected in the river but not in the groundwater, and 27 molecules were
detected in the groundwater but not in the river. The groundwater had 32, 38 and 39 molecules
in common with the west water of prek, the drainage gate water and the water in the middle of
prek respectively. In addition, 25, 33 and 19 molecules remained in the west water of the prek,
the drainage gate water, and the water in the middle of the prek respectively. Thus, the transfer
of pesticides from the prek water to the groundwater did not vary much between locations,
although more pesticides could move from the water in the middle of the prek Also, more
pesticides remained in the drainage gate water than in other prek locations, and less pesticides
remained in the water in the middle of the prek than in other prek locations. From the side of
the groundwater, 28, 22 and 43 molecules were detected in it, not being present in the west
water of the prek, the drainage gate water and the water in the middle of the prek respectively.
Finally, many pesticides could move from the different locations to the groundwater; the most

came from the water in the middle of the prek, and the less came from the rice farm field water.
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5. CONCLUSION

The results of pesticide contamination in the Koh Thum district during the dry season
were conclusive and provided useful information. 167 pesticide molecules were detected,
including 21 identified in the list drawn-up from interviews and 146 off-list. The three major
types of biocides were insecticides, fungicides and herbicides, and most of pesticides were
moderately hazardous. 5 chemical families of pesticides were predominant: carbamates,
organophosphates, triazoles, organochlorines and pyrethroids. 119 pesticides not authorized in
European Union and 10 banned from Cambodia were detected. Moreover, 11 target pesticides
among 24 were detected, including 9 not allowed in European Union. Triadimefon and
chloroneb were detected in every water sample; triadimefon with very low concentrations but
chloroneb from low to high concentration especially in the groundwater and in the water of the
middle of the prek. The Bassac river was the least contaminated and the least hazardous water
in term of potency of toxicity. However, pesticides accumulated mostly in the rice field water,
but also in the water of the middle of the prek, then in the drainage gate water. The water of
the middle of the prek was the most hazardous, while captafol which was banned in Cambodia
was detected in the groundwater, the rice field water, the west water of the prek and in the
water in the middle of the prek. Otherwise, transfers inter-locations appeared complexes,
involving pesticide transfers with groundwater in every location, the most from the middle of
the prek. Pesticides in water may be transported weakly from the rice field to the prek during
the dry season because of the low level of water and the relative fast degradation of pesticides,
but more strongly in the opposite way, probably through irrigation by farmers. Pesticides
should also be displaced weakly along the prek canal. A certain threat to biodiversity, crop
renewal and human health may be present in this agricultural area. On the basis of these
conclusions, more focused studies could be carried out. It would be recommended to extend
the MS database in order to detect other pesticides such as glyphosate which was largely
applied in Kandal. Additional studies should also be carried out in order to obtain more data
on the persistence, toxicities and behavior of pesticides in environments, particularly for newly

introduced molecules.
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APPENDICES

Appendix A: Drinking water standards

Table Al. WHO water drinking standard

Chemical WHO Guideline Value (ug/L)
Alachlor 20
Aldicarb 10
Aldrin and dieldrin 0.03
Atrazine and its chloro-s-triazine metabolites 100
Carbofuran 7
Chlordane 0.2
Chlorotoluron 30
Chlorpyrifos 30
Cyanazine 0.6
2,4-Dichlorophenoxyacetic acid 30
2,4-Dichlorophenoxybutyric acid 90
1,2-Dibromo-3-chloropropane 1
1,2-Dibromoethane 0.4
1,2-Dichloropropane 40
1,3-Dichloropropene 20
Dichlorprop 10
Dimethoate 6
Endrin 0.6
Fenoprop 9
Hydroxyatrazine 200
Isoproturon 8
Lindane 2
Mecoprop 10
Methoxychlor 20
Metolachlor 10
Molinate 6
Pendimethalin 20
Simazine 2
2,4 ,5-Trichlorophenoxyacetic acid 9
Terbuthylazine 7
Trifluralin 20

Table A2. US EPA drinking water standard

Chemical US EPA Guideline Value (ug/L)
Alachlor 2
Aldicarb 3
Atrazine 3
Bromodichloromethane 80
Bromoform 80
Carbofuran 40
Carbon tetrachloride 5
Chlordane 2
Chloroform 80
2,4-dichlorophenoxyacetic acid 70
Dalapon 200
Dibromochloromethane 80
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Table A2. US EPA drinking water standard (continued)

Dibromochloropropane 0.2
Dichloroacetic acid 60
Dichlorobenzene o- 600
Dichlorobenzene p- 75
Dichloroethane (1,2-) 5
Dichloroethylene (1,1-) 7
Dichloroethylene (cis-1,2-) 70
Dichloroethylene (trans-1,2-) 100
Dichloromethane 5
Dichloropropane (1,2-) 5
Dinoseb 7
Diquat 20
Endothall 100
Endrin 2
Ethylbenzene 700
Ethylene dibromide 0.05
Glyphosate 700
Heptachlor 0.4
Heptachlor epoxide 0.2
Hexachlorobenzene 1
Hexachlorocyclopentadiene 50
Lindane 0.2
Methoxychlor 40
Monochloroacetic acid 60
Monochlorobenzene 100
Oxamyl (Vydate) 200
Pentachlorophenol 1
Picloram 500
Polychlorinated biphenyls 0.5
Simazine 4
Tetrachloroethylene 5
Toxaphene 3
2,4,5-TP (Silvex) 50
Trichloroacetic acid 60
Trichlorobenzene (1,2,4-) 70
Trichloroethane (1,1,1-) 200
Trichloroethane (1,1,2-) 5
Trichloroethylene 5
Vinyl chloride 2

Table A3. Cambodian drinking water standard

Chemical Guideline Value (ug/L)
Polychlorinated biphenyls 0.5
Benzene 10
2,4-dichlorophenoxyacetic acid 30
Aldrin and Dieldrin 0.3
Carbofuran 10
Chlordane 0.2
DDT 20
Dichlorvos 1
Dirnethoate 6
Endosulfan 30
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Table A3. Cambodia drinking water standard (continued)

Endrin 0.6
Glyphosate 10
Heptachlor 0.3
Hexachlorobenzene 1
Methyl parathion 5
Mevinphos 1
Monocrotophos 30
Paraquat 10
Parathion 20

Appendix B: Photography of experiment

Figure B1. Sample collection and filtration of Bassac river water

Figures B2. SPE: Sample Elution & PLS3 Sorbent Washing
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Figure B3. The 18 water samples and the 6 standards solution, ready for analysis

Appendix C: Results of semi-quantitative analysis for pesticides detected in Koh Thum (see

below)
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Table C.1. Pesticide molecules detected in Koh Thum district

Molecule Ethiofencarb l Dicofol D(ldcgé;)l Captafol ‘ Acephate | Triflumizole | Methoprene | Pyridate I&?gﬁ;g Bensulide Methyldymron ‘ Captan ‘ Isoprothiolane Triclopyr | Dinoseb
Bassac - - - - - - + + + ++ + - - + -
D. Gate + - + - - - + - - ++ - - - + -
Locati Mango F - - - + + - + - - ++ + - - + +
ocation  riddle PT + - + + + + - + ++ - + + + -
PT West - + + + - - + + + ++ + - - + -
Rice F - - - + - - + + + + + + + + -
Authorization EU No No No No No No No Yes / No / Yes No Yes No
Authorization KH / / / No / / / / / / / No / / /
Molecule Dimethametryn ‘ Carboxin ‘ Diclofop methyl ‘ Pebulate ‘ Molinate ‘ Cycloate ‘ Metribuzin MSZBL:(Z'” Metgrb(uzm Metgguzm Isoprocarb ‘ Bromobutide | Methidathion | Buprofezin
Bassac ++ - + + + - - + + + - - -
D. Gate ++ - ++ + + + - + + + + + + -
Locati Mango F + - - + + + + + + + + - - -
ocation Middle PT ++ - - + + - + + + + + - - -
PT West ++ - + + + - + + + - + + - -
Rice F + + ++ + + + - + + + - + -
Authorization EU / Yes Yes No No No Yes Yes Yes Yes No / No Yes
Authorization KH / / / / / / / / / / / / / /
. . . . . . Allethrin 2 & . . .
Molecule Propham XMC | Propachlor | Propanil Oxadixyl Propargite 2 Pyrazophos Ametryn Bromacil Fenpropimorph Allethrin 1 Bioallethrin 1 Metominostrobin E Ethion
Bassac - - - - - - - - - + + + - -
D. Gate - + + - - - - - - - - + - -
. Mango F + + - - - - - - - + - - -
Location Middle PT - - - + + + - - - - + + - +
PT West - - - - + - - + - - - -
Rice F - + - - + - + + - - + - + -
Authorization EU No No No No No No No No No No No No No No
Authorization KH / / / / / / / / / / / / / /
Molecule Hexazinone Fenoxycarb 6-Benzylaminopurine | Azinphos-methyl Fluguinconazole Fenbuconazole ‘ FI;TE:;JIP' ‘ Fenoxanil ‘ Hymexazol ‘ Fluazinam ‘ Imaz?nrzgt]r;?benz Nitralin
Bassac + - - - - + + + - - -
D. Gate + + - - - R + R + R + _
. Mango F + + - - - + - + - - +
Location Middle PT ) R : : + : + } } +
PT West + - - ++ - + - + - - -
Rice F + - - + - + + - + - - -
Authorization EU No Yes Yes No Yes Yes No / Yes Yes No No
Authorization KH / / No / / / / / / / /
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Table C.1. Pesticide molecules detected in Koh Thum district (continue)

: P (lambda) (gamma) . . . . . . .
Molecule Triazophos Spirodiclofen Cyhalothrin 1 Cyhalothrin 2 o,p'-DDD Benfuresate Butachlor Cinmethylin Chlorobenzilate Pyriproxyfen Mefenacet Pendimethalin

Bassac - + + + - + - + - + - -

D. Gate - - - - + + - + + + - -

- Mango F - - + - + - - + - - + -
Location Middle PT . R ) N . B + + R R R -
PT West - +++ - - - - + + - - -

Rice F - +++ + - - + ++ + - - +
Authorization EU No No Yes Yes / No No / No Yes No Yes
Authorization KH / / / / / / / / / / / /

Molecule Proplcgnazole Proplctzjnazole Tebuconazole ‘ Alachlor ‘ Chlorfenapyr ‘ CyfIL;thrm CyfILéthrm ‘ Cyflithrm ‘ Cyproconazole ‘ Cyprodinil ‘ Isofenphos ‘ Permethrin 1 Permethrin 2

Bassac - - + - + - - - + + - - -

D. Gate - - + - + - - - + - - - -

. Mango F + + + - + - - - + - - - -
Location Middle PT + + + + + : ) + : + : }
PT West - - + + + + + + + - - -

Rice F - - + + + + - + +
Authorization EU No No Yes No No No No No Yes Yes No No No
Authorization KH / / / / / / / / / / / / /

Molecule Lenacil ‘ Metolachlor Ipr((l)ké(-:l;r;fos Mepanipyrim ‘ Mepronil ‘ Myclobutanil ‘ Fer(\;\t/lrétpr;lon Fluvalinate 1 Fluvalinate 2 I Etobenzanid ‘ Fludioxonil Kresoxim methyl Fenpropathrin

Bassac - - - - + - + - - + - - +

D. Gate - - + + + + + - - - - R +

) Mango F + - + - + + - - - - - R +
Location Middle PT ) R R B + + R R R - + + +

PT West - - - - + + - - - + - - ++

Rice F + + + + - - + - +
Authorization EU Yes No No Yes No Yes No Yes Yes / Yes Yes No
Authorization KH / / / / / / / / / / / / /

Triadimenol . . . . . . . -
Molecule 2 Paclobutrazol | Uniconazole P Fenobucarb Esprocarb Fosthiazate 1 Fosthiazate 2 Pyridaben Quinalphos Pretilachlor Procymidone Acetamiprid EPTC

Bassac + - - - - + - ++ - - - - -

D. Gate + + + - - + - - - - + - -

Locati Mango F + + - + - + + - - - + -
ocaton  Middle pT * + - + + + - + * : * -
PT West ++ - - - - - + ++ - + - + -

Rice F ++ + - + - + + ++ - ++ - + +
Authorization EU No Yes No No No Yes Yes Yes No No No Yes No
Authorization KH / / / / / / / / / / / / /
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Table C.1. Pesticide molecules detected in Koh Thum district (continue)

Molecule Pyrethrin 1 l Pyrethrin 2 ‘ Pyrethrin 3 ‘ Pyrethrin 4 l Pencycuron | Trichlamid ‘ Simetryn Thenylchlor Trﬁs&lﬁon ‘ Tricyclazole Ald&?g;arb Cz;_;'gg::;yl Cz;';é%:(:;yz
Bassac + - + - - + R N T N ¥ N N
D. Gate + + ++ - - - - + + + + + -
Location Mango F ) ) * * ) A ) * ) * ) *
Middle PT + - + + + - + - + - + - -
PT West - + - - - - + + - + - -
Rice F + + ++ - - - + - + + + + +
Authorization EU / KH Yes Yes Yes Yes Yes / / Yes No / / /
EU drinking std (pg/L) / / / / / / / / / No / /
Molecule Famphur ‘ Tgfor;?g ‘ Prochloraz ‘ Pyrazoxyfen ‘ TCMTB ‘ %Zsﬁ;ﬁ#gﬁg ‘ Iso:ta;]c:/llfen ‘ Simeconazole ‘ Clomeprop ‘ Dicrotophos ‘ Cyanofenphos ‘ Biphenyl ‘ Thiocyclam ‘ Oxabetrinil
Bassac - - + - + - B B - - - - + +
D. Gate + + - - - - - + - - - - + +
. Mango F - - - - - - B B B B B +
Location Middle PT } } R : + + + . . + } + . +
PT West - - + + - - - - + - + -
Rice F - + - + + - + + + - + -
Authorization EU / KH / / Yes No No No / No No No / No No /
EU drinking std (ug/L) No / / / / / / / / / / / / /
Molecule Tetramethrin1 | Tetramethrin 2 Bromuionazole Xylylcarb ‘ Opro conazole- Carbetamide Thiamethoxam ‘ Dialifos Oxpoconazole Prohydrojasmon Propamocarb | Pentoxazone
ormyl (deg) -fumalate
Bassac - - - - - - - - + + +
D. Gate - - - - + + - - - + + +
. Mango F - + - - - - - - - + - -
Location Middlge PT . + . N R + R + R + + R
PT West - - - + - - - - ++ + - -
Rice F - - - + - - + - ++ + - +
Authorization EU / KH No No Yes / No Yes No No No No Yes No
EU drinking std (pg/L) / / / / / / / / / / / /
Molecule Trladllmenol ‘ Propoxur ‘ Cyromazine ‘ Tribufos ‘ Phosalone ‘ Fipronil ‘ Phosmet ‘ Benalaxyl ‘ Carbaryl ‘ Carbofuran ‘ Bitertanol ‘ Imazalil ‘ Hexaconazole Bendiocarb '\gti;P/IB
Bassac + - + + - - - + - R R R R T N
D. Gate + - + + - + - - + - + + - + -
. Mango F + - + + + - - - - - + + - + -
Location Middle PT + + + - - + - + - + + + + -
PT West + - + - - + - - - - + + -
Rice F + - + + + + - - + + + + - +
Authorization EU / KH No No No No No No Yes Yes No No No Yes No No Yes
EU drinking std (pg/L) / / / / / / / / / / / / / / /
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