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ABSTRACT

Pesticides application is essential in protecting crops and increases their productivity. However, this causes the
pesticide residues to contaminate the crops and their surrounding environment that will eventually lead to exposure
to human being. There is very little understanding on the human health effects of pesticides, thus many studies are
being carried out for this purpose. In conjunction to this, there are various analytical methods on multi-residue pes-
ticides analysis that have been developed over the years in various samples. This review provides an overview of
the reported concentration of pesticides, the extraction and determination techniques of pesticides in environmental
samples and the potential health effects they imposed on human in Malaysia from 2007 to 2017.
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INTRODUCTION

Pesticides havebecome aveteran key playerin agriculture
as it demolishes and controls pests from disturbing the
production of crops. The intensive use of pesticides may
not only result in high residues in the crops but also the
environment via the process of leaching, run off, erosion,
aerial drift or volatilization of the pesticides (1,2). In
consequence, human are exposed to pesticides through
various routes such as dermal, ingestion, inhalation, etc.
Their ability to easily bioaccumulate in human body
makes them very detrimental when exposed (3). Thus,
regular monitoring of the pesticides in environmental
samples is required. This is to regulate pesticide usage
and limit its exposure to human and the environment. In
conjunction to this, there is a necessity in finding out the
pesticides usage, its health effects on human, and the
viability and frequency of the extractions methods and
analysis based on the types of pesticides and matrices.
The aim of this review is to briefly assess the reported
concentration of pesticide residues and their effects on
human health, and to discuss their analytical methods in
various environmental samples in Malaysia from the year

2007 to 2017. Besides that, this study also updates on the
commonly detected pesticide residues in environmental
matrices, sample extraction methods along with their
corresponding analytical instruments, and recent studies
on health effects posed by the pesticides in Malaysia for
the past ten years.

MATERIAL AND METHOD

This study compiled data on pesticide residues
concentration in soil, water, personal air samples and
biota, the current analytical methods used for pesticides
analysis, and their effects on human health in Malaysia
from 2007 to 2017. Data from various studies in Malaysia
(4-21) were acquired via literature databases such as
Scopus and Google Scholar. Mean concentration of
pesticides compounds were reviewed along with their
associated analytical methods and health effects.

RESULTS AND DISCUSSION

A total of eleven studies were reviewed in terms of
concentration (Table ). Organochlorine pesticides
(OCPs) such as dichlorodiphenyltrichloroethane family
(DDTs), hexachlorocyclohexane isomers (HCHSs) and
endosulfan were the most frequently detected pesticides
in all studies. Overall, the reported concentration were
ranged from not detected (ND) to 604 pg/L in water
samples, 2.55 pg/kg to 362 pg/kg in soil samples,
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Table I: Type of pesticides, matrix, reported concentration, type of crops, location of reviewed studies

CLASS REPORTED CON-
PESTICIDES MATRIX CENTRATION CROPS LOCATION REFERENCE
BHCs® Organochlorine 0.015 pg/L
Chlordane 0.012 pg/L
Aldrin 0.05 pg/L
Dieldrin 0.009 pg/L
DDTs" 0.63 pg/L
El(:)r;:chlor Water 882; ﬂgt n/a Sembrong Lake, Johor (4)
Heptachlor epoxide ND
Methoxychlor 0.234 pg/L
Endosulfan isomers 0.063 pg/L
Endrin aldehyde ND
Endosulfan sulphate 0.015 pg/L
r&r\{:‘/\(ﬂ Sulphonylurea Water 2(5)43.4p§/g|_/l_ n/a Tasik Chini, Pahang (5)
Aldrin Organochlorine 0.153 pg/L
HCHe 0.137 pg/L
Heptachlor 0.220 pg/L
Heptachloro Epoxide 0.513 pg/L
Endosulfan 0.381 pg/L organic &
Bi[(ZITdSrin Water 8';;4P§Q'/L conventional Ledang, Johor (6)
Endrine ND paddy
Endosulfan Sulphate 0.149 pg/L
Diazinon Organophosphates 0.227 pg/L
Malathion 0.421 pg/L
Chlorpyrifos 0.08 pg/L
Hexaconazole Azole Soil 180 pg/kg oil palm Bangi, Selangor (7)
HCHs Organochlorine 5.58 pg/kg cauliflower,
DDTs Soil 3.78 pglkg cabbage and Cameron Highlands, Pahang (8)
Endosulfan 8.15 pg/kg broccoli
HCHs Organochlorine . 8.06 pg/kg flower and .
DDTs Soil 2.55 pgkg vegetables Cameron Highlands, Pahang 9)
2,4-Df Phenocetic acid . 128 pg/kg )
Paraquat Viologen Soil 362 pglkg paddy Kerian, Perak 9)
HCB Organochlorine 0.003 pg/L
Lindane 0.024 pg/L
trans-Chlordane 0.003 pg/L
E)lis(—eijhr:;)rdane Water 888; Egt n/a Selangor river, Selangor (11)
DDTs 0.004 pg/L
Endrin 0.002 pg/L
Mirex 0.005 pg/L
Quinalphos Organophosphate 0.03 pg/L
Diazinon Water 0.03 pg/L n/a Langat river, Selangor (12)
Chlorpyrifos 0.04 pg/L
2,4-D Phenocetic acid 1.49 pg/L .
Paraquat Viologen Water 6.90 pg/L paddy Kerian, Perak (10)
HCHs Organochlorine 0.005 pg/L flowers and .
DDTs Water 0.0009 pg/L vegetables Cameron Highlands, Pahang (9)
Azoxystrobin Strobin 20.04 ng/m?
Trifloxystrobin 44.44 ng/m?
Buprofezin Thiadiazin 20.94 ng/m?
Chlorantraniliprole Anthranilic 73.44 ng/m?
Difenoconazolea diamide 86.49 ng/m’
Tebuconazole Azole 53.03 ng/m’
Propiconazole 49.70 ng/m?
Tricyclazole Personal air  65.03 ng/m* paddy Tanjong Karang, Selangor ~ (13)
Fipronil 67.86 ng/m’
Imidacloprid Pyrazole 18.96 ng/m’
Isoprothiolane Neonicotinoids 57.42 ng/m?
Pretilachlor Dithiolane 107.19 ng/m?
Pymetrozine Chloroacetan- 79.51 ng/m?
ilide
Triazine
EDn%—gzulfan Organochlorine Fish, squids ;EzﬁéSOHpgg/z?g paddy Tanjong Karang, Selangor (13)
n/a: not applicable
*¢Hexachlorocyclohexane isomers " Dichlorodiphenyltrichloroethane family
¢ Metsulfuron methyl benzoate 4IN-A4098 (MSM metabolite)

'2,4-dichlorophenoxyacetic acid
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18.96 ng/m3 to 107.19 ng/m3 in personal air samples
and 22.5 to 2880 pg/kg in biota samples. The highest
concentration (2880 pg/kg) belonged to endosulfan in
marine biota samples (14), whereas both heptachlor
epoxide (4) and endrine (4,6) were not detected. Eight
of the compounds reported (HCHs, aldrin, dieldrin,
heptachlor, chlordane, DDTs, endosulfan, quinalphos)
were either banned or restricted by Pesticides Act 1974
(22), however they are widely used in various crops such
as fruits like strawberries and guava, and vegetables
like long beans and egg plants in Malaysia (23). It was
previously reported that usage of DDTs caused mild
symptoms such as nausea, dizziness, vomiting, fatigue
and tremor (24). Endosulfan on the other hand had been
associated with destructive effects on male reproductive
system (25) and cardiovascular diseases (26). Over the
course of ten years, the usage of these pesticides was
not only perpetual, but increased in frequency. Regular
surveillance should be done and sterner implementation
should be taken by the government so that such issue
will not be overseen.

Analytical methods

Table Il summarizes the analytical methods of pesticides
residues in Malaysia in various matrices from the year
2007 to 2017.

Sample preparation methods
Sample preparation is a crucial step in pesticides
analysis to purify the active compound and separate it

from the matrix (27). It affects how much the residues
can be salvaged from the sample matrix and contributes
mostly to analysis accuracy and precision. In Table
[I' method by Santhi and Mustafa, 2013 (11) which
employed salt out and solvent extraction technique
reported the lowest limit of detection (LOD) in water
samples (0.0002 to 0.0028 pg/L) for fifteen OCPs
without a clean-up step. Comparatively, a similar study
in China (28) quantifying OCPs in water samples by also
using gas chromatography coupled to electron capture
detector (GC-ECD) had reported lower LOD (0.000015
pg/L). This may due to the application of solid phase
extraction (SPE) as a clean-up technique that may help
to improve the recovery of the OCPs. In Malaysia, the
first OCPs analysis was done by Meier, Fook and Lagler,
1983 (29) on paddy fish, sediments and water. The study
had applied soxhlet extraction method to extract fish
and sediment samples. The method used was lengthy as
soxhlet extraction takes about 4 to 6 hours to complete
and required large amount of solvents; approximately
150 to 500 mL (9). Nowadays, various methods have
been developed, adapted and modified to generate more
conducive and efficient method (30-33). Over the years,
SPE has become one of the most popular techniques for
clean-up methods in various matrices such as water and
foodstuffs. It requires low solvent consumption, and
minimizes sample manipulation and sample load (34).
The efficiency of SPE depends on the type and quantity
of sorbent, the strength and volume of the elution solvent
etc. (35). Although there are various sorbents available

Table II: Type of matrix, number of pesticides, sample extraction method, sample clean-up method, type of analytical instrument, method

sensitivity of reviewed studies

SAMPLE SAMPLE ANALYTICAL SENSITIVITY
MATRIX PESTICIDE EXTRACTION CLEAN-UP INSTRUMENT REFERENCE
Lake water 19 pesticides - SPE' GC-ECD ; @)
River water
River water . )
Tap water 3 pesticides - SPE HPLC-DAD LOD 0.003-0.006 pg/L (12)
. LOD 0.01 -0.088 pg/L

_ ~ 3
Paddy water 17 pesticides SPE GC-ECD LOQ 0.035-0.263 pglL (6)
Lake water 2 pesticides - SPE LC-vWD* - (5)
River water 2 pesticides - SPE GC-pECD? - (15)
River water 15 pesticides ethyl aCEtéte/dIChloromethane GC-Ms® LOD 0.0002-0.0028 pg/L ~ (11)

mixture (1:1)

Soxhlet extraction
Soil 8 pesticides with NaOAc’” & 1:1 Acetone:  SPE GC-ECD LOD 0.04- 5 pg/kg (8)

Hexane

S DCM? followed by filtration
S?;Ligt':oza)lm 1 pesticide through GC-ECD ::88 ?é pg//tg )
P sodium sulfate on filter paper P hEke
Poultry manures 3 pesticides SDIE’ SPE UPLC-PDA'™ - (16)
Soil 1 pesticide water: acetonitrile, 1:2 GC-ECD - 17)
) . LOD 0.1-1.0 ng/m’
_ 1

Air 13 pesticides acetone UPLC-MS/MS LOQ 0.5-2.5 ng/m’ (13)
Fish, squids 2 pesticides LLE™ SPE GC-MS LOQ 0.50 to 10.00 pg/kg  (15)

"Solid phase extraction

2 High-performance liquid chromatography coupled to diode array detector
* Liquid chromatography coupled to variable wavelength detector

© Gas chromatography coupled to mass spectrometry

7 Sodium acetate & Dichloromethane

10 Ultra-performance liquid chromatography coupled to photodiode array
"2 Liquid-liquid extraction

* Gas chromatography coupled to electron capture detector
* Gas chromatography coupled to microelectron capture detector

? Solvent direct-immersion extraction
' Ultra-high performance liquid chromatography coupled to tandem mass spectrometry
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commercially, developing an effective method may be
difficult for both extraction and separation steps (11)
in more complex matrix like soil. The low volume of
solvents used may result in insufficient elimination of
interferences which may cause low recovery. Another
frequently-used clean-up technique that is adapted
from SPE is dispersive solid phase extraction (DSPE)
which employs the same technique but with different
execution. The procedure includes addition of sorbent
substance into the extract and further partitioned the
target analytes from the matrix by centrifugation (36).
DSPE is also commonly used as part of the clean-up
technique for Quick, Easy, Cheap, Effective, Rugged,
and Safe (QUEChERS) method. It was designed to be fast,
simple, economical and viable to various type of solid
samples and analytes (37-39).

In Table I, five studies on water and two studies on
soil, and one study on marine biota had applied SPE for
sample clean-up while the rest adapted direct injection
into the analytical instrument. Other countries has
widely afforded the QUEChERS technique coupled to
DSPE in multi-residue analysis of pesticides in foodstuffs
(40-42) and recently soil samples (38,43,44). However,
none of the studies reviewed in Malaysia employed the
QUEChERS-DSPE method in soil samples. In Thailand,
Arnnok et al. 2017 (37) has developed polyaniline-
modified zeolite NaY DSPE sorbent for multi-class
pesticides extraction in food and environmental
samples. The sorbent showed better recovery compared
to C18 sorbent.

Analytical instruments

Gas chromatography (GC) and liquid chromatography
(LC) coupled with selective detectors such as mass
spectrometry (MS), diode array detector (DAD) and
electron capture detector (ECD) have been used
extensively in pesticides analysis. GC-ECD was first
introduced in 1960s and since then was further
improve to be more thermostable making it highly
sensitive for analysis of halogenated compounds.
It acts as a pioneer that induce the development of
other detectors (45). Table Il suggests that GC-ECD is
the most popular instrument for pesticides analysis
especially in soil and water samples. This may be due
to its ability to quantify and detect non-polar, volatile
ad halogenated compounds especially OCs (46). LC
coupled to mass spectrometry (MS) detector associates
with high sensitivity and selectivity without implying
derivatization step. Globally, numerous studies had
successfully employed liquid chromatography coupled
to tandem mass spectrometry (LC-MS/MS) to analyse
wide range of pesticides in soil and water samples
(38,43,47-49). However, in Table Il none of the studies
on soil and water samples utilize this instrument even
though recent studies have proven that this technique
provides suitable selectivity for the analysis of organic
contaminants in complex matrices (50). LC-MS/MS is
comparatively more complex, labour-intensive and

expensive to maintain. Besides that, it often requires a
concentration step to improve sensitivity of detection,
this process may contribute to loss of target compounds
(46).

Method sensitivity

Limit of detection (LOD) and limit of quantification
(LOQ) in various environmental matrices in Malaysia
are summarised in Table Il. The lowest LOD in water
samples was 0.0002 pg/L using GC-MS (11). Whereas,
the highest LOD in water was 0.088 pg/L using GC-ECD
(6). The two studies in soil samples (7,8) also utilized
GC-ECD for analysis, however, method proposed by
Farina etal, (2016) (8) shows lower LOD (0.04 pg/kg to 5
pg/kg) compared to Maznah et al, (2015) (0.2 pg/kg) (7).
Asimilar study in China was reported by Liu et al. (2016)
(51) which employed the same clean up technique and
instrument. Liu et al, (2016) shows slightly higher LOD
(1 pg/kg to 5 pg/kg) as compared to Farina et al, (2016).

EFFECTS ON HUMAN HEALTH

There were not many data on pesticides effects on human
health available in the last ten years for this review, having
said that, four studies were identified from 2007 to 2017
(18-21) suggested the effects the pesticides imposed on
human health. Based on Table Il exposure of pesticides
increased the risk of cardiovascular (CVS) diseases,
genotoxic, and reduced semen quality. All four studies
utilized biological markers to associate the pesticides
exposure to its human health effects. Samsuddin et al,
2016 (18) reported that the workers who are chronically
exposed to low dose mix-pesticides are possibly at
higher risk of cardiovascular diseases. A study by Xu et
al. 2017 (26) also reported the association of endosulfan
and CVS. The study successfully proven that endosulfan
causes overexpression of a protein from the matrix
metalloproteinase family (MMP) called stromelysins
(MMP-3). Overexpression of MMP-3 in turn, may
degenerate proteins such as fibronectin, laminin, and
cartilage proteoglycans. These proteins are involved in
progression of atherosclerosis (52). Sutris et al, 2016 (19)
had conducted a genotoxicity study of organophosphates
on Orang Asli children living in an agricultural island
in Kuala Langat, Selangor. The study reported that
the organophosphate genotoxicity among children is
associated with the organophosphates detected in urine
and the residential period in the agricultural village.
Children with detectable urinary organophosphates had
a longer comet tail length compared to children with
undetectable urinary organophosphates. Those who had
lived in the agricultural island for ten years and more
had significantly longer comet tail length. Comets are
the resulting images of the comet assay that is conducted
in genotoxicity studies. Increase in comet tail length
indicates the extent of the DNA damage (50). Similarly,
studies in India (53) and Croatia (54) suggested a positive
association between pesticides exposure level and
comet tail length. Hossain et al, 2010 (21) had reported
significant association between pesticides exposure and
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Table 11I: Exposed population, health effects, type of biological markers of reviewed studies

EXPOSED PESTICIDES HEALTH EFFECTS BIOLOGICAL MARKER REFERENCE
POPULATION
Workers Mixture of pesticides: Chronic mix-pesticide Diazoxonase and the increase in ox- (18)
fenitrothion , malathi- exposure among workers  LDL, brachial and aortic DBP and SBP,
on, primiphos methyl, is associated with CVS and heart rate.
permethrine, cyfluthrin, hemodynamic parameters
deltamethrin
Children Organophophates Amount of exposure and  Organophosphate pesticides urinary (19)
length of residence is metabolites
associated with organo-
phosphate genotoxicity
Farmers n/a Pesticide and fertilizers Micronucleus (MN) and binucleus (20)
exposure may contribute  (BNu) frequencies
to the promotion of nucle-
ar anomalies
Farmers Paraquat, malathion A significant decline in Volume, pH, sperm concentration, (21)

semen quality among

motility, morphology and WBC count

subjects with pesticide

exposure

semen quality. This finding is supported by a number
of comparable studies that had reported in low sperm
count (55,56), changes in sperm motility, morphology
and concentration (57) due to pesticides exposure. An
animal study in Kuwait in 2006, found that exposure
of rats to organophosphate, methyl parathion (MP) had
resulted in disruption in testosterone and Luteinizing
Hormone (LH) in the testis, and had induced tubular
atrophy by causing cell death and the formation of
multinucleated cells in the testis (58).

CONCLUSION

Although pesticides have shown great importance in
providing good quality and protection to the crops,
their disadvantages pose the same degree of concern
in human and environment as it affects the natural
resources and natural populations. Usage of restricted
pesticides have been widely applied by local farmers
indicating that the pesticides can be easily obtained or
purchased regardless of the regulation outlined by the
authority. Thus, more enhanced enforcement should be
conducted in order to manage and prevent the extensive
use of these pesticides.

Monitoring the trace levels of pesticides in environmental
samples is an essential step of enforcement, however
developing a reliable and efficient method for multiple
pesticides analysis with high sensitivity and accuracy
may be difficult as many aspects should be considered.
Numerous techniques have been introduced and
improved over the years to minimize the loss of analytes,
time, cost and the tedium of a sample preparation
method. Besides that, more sensitive analytical
instruments have also been introduced in this line of
study in order to aid the achievement of an optimum
method. Advanced analytical instruments such as LC-
MS/MS and GC-MS/MS should be more employed in
environmental samples in Malaysia in order to improve
LOD and LOQ of existing methods. From 2007 to 2017,

there are not many studies on method development
multi-residue analysis of pesticides in Malaysia. Existing
methods show acceptable sensitivity when applied to
environmental samples.
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