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Abstract
Background: The group of insecticide which is high effective to prevent and control pest on crop cultivation is organophosphate
insecticides (OPs) group. Methodology: In this study 17 organophosphate insecticides residues in 126 fruits and 73 vegetable samples
were investigated from wet market and supermarkets around Muang district, Chiang Mai province, Northern Thailand. Results: The OPs
insecticides were determinative by gas chromatography-flame photometric detection (GC-FPD). The most common residue was
chlorpyrifos (21.43% in fruit sample and 31.50%  in vegetable samples). The residue in sample found not to exceed maximum residue limit
(MRL) of Codex Thai and Codex WHO/FAO. Furthermore, the residues of profenofos and triazophos in orange samples were exceeding
MRL of Codex WHO/FAO (0.07 mg kgG1) at 0.531 and 0.118 mg kgG1, respectively. The residue concentration data were used for OPs risk
assessing from fruits and vegetables intake. The  261  consumers  who work in Chiang Mai government center were assed risk from OPs
intake by using Hazard Index  (HI). The HI was calculated for short and long term risk of toxicity and assess by parameter of risk (<100%
indicates that there was no risk of toxic effects and >100% indicates that risk of poisoning). The short-term risk assessed in consumers
male, female and overview were shown aHI at 77.08, 62.15 and 56.32%, respectively and long-term risk assessment was shown cHI 109.39,
88.21 and 79.94%, respectively. Conclusion: The results shown had no risk of toxicity among this group of consumers except men
consumers who had health risk of chronic toxicity.
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INTRODUCTION

In  Thailand,  organophosphate  (OP)  insecticide  group
is in top 10 lists of agricultural chemicals ranked by
insecticides imported in 2014. The most used of OP pesticides
include chlorpyrifos, profenophos, dimethoate and ethion1.
Organophosphate (OP) pesticides are the most commonly
used pesticides among Thai farmers for growing fruit and
vegetables to markets2. With their use, the risk of residues
remaining on the food consumed is present and then the
governments and international organizations have published
a list of pesticides and maximum limits (MRLs) to avoid the
health hazard caused by pesticide residues. However, the OP
insecticides can be resulted in occurrence of residues of these
chemicals and their metabolites in every component of
environment i.e., air, water and soil along with that in the
crops, vegetables and fruits.

In fresh fruits and vegetables presence amount of
nutrients and minerals that important to healthy diet and play
an important role in the prevention of chronic diseases.
However, vegetable and fruit which sell in market can be
source of pesticides which destroy consumer’s health. The
structure  of  OPs  contains  ester  structure  with decomposing
on the surfaces and interiors of fruit and vegetable. Their
toxicity  of  OPs   is   inhibiting   of   cholinesterase   activity  i.e.,
acethylcholinesterase and butylrylcholinestease especially
acetylcholinesterase enzyme which controlling the functions
of the nervous system3,4. The OPs can be permanently bound
the group hydroxylating the enzyme, which prevents
acetylcholinesterase from decomposing and gain more
amount of acetylcholine at the synapses then leading to a
state of hyper arousal, paralysis of the muscles and the main
respiratory center. Long-term exposure to pesticides is
increasingly suspected of being linked to a broad spectrum of
medical problems such as cancer, neurotoxic effects,
reproductive health concerns and endocrine disruption,
particularly for specific populations5-8.

The most route of OPs exposure through consumption of
fruits and vegetable continue every day9-12 so that the food
monitoring and health risk assessment from OPs exposure
would be necessary in order to protect consumer health,
improve the management of agricultural resources and
prevent economic losses13. The assessment of exposure with
residues of OP pesticides in the fruits and vegetables were
related human health risk assessment. Risk assessment
typically further divided into similar, but separate practices,
depending on whether the chemical being evaluated
carcinogen  or  non-carcinogen.   The  major  difference  in  the

calculations of carcinogenic and non-carcinogenic risks
involves the method by which risks from low level exposures
are determined14,15.

The workers who work in Chiang Mai government center
are consumers who from every parts of Chiang Mai province.
They  consume  fruit  and  vegetable  from  market  around
Chiang  Mai  city  so  they  can  be  exposed  OPs  from  residue
fruit and vegetable. The aim of this study was to analyze
organophosphates insecticide residues in fruits and
vegetables and to assess insecticide dietary intake in
population of Chiang Mai province. That OP pesticides residue
in fruits and vegetables will be harmful to consumers or has
accumulated in the long term.

MATERIALS AND METHODS

Reagents and chemicals: Certified individual pesticide
standards, namely azinphos-ethyl (99.0%), azinphos-methyl
(99.0%), chlorpyrifos (98.0%), diazinon (99.0%), dicrotophos
(99.0%), dimethoate (98.5%), EPN (99.0%), ethion (98.0%),
fenitrothion (98.0%), malathion (99.0%), methamidophos
(98.5%),  methidathion (98.0%),   mevinphos   (99.0%),
monocrotophos    (98.5%),      parathion-methyl     (98.5%),
pirimiphos-methyl (99.0%), prothiofos (94%), profenofos
(98.5%)    and      trizophos      (80%)      were      obtained    from
Dr.  Ehrenstorfer GmbH (Augsburg, Germany). Individual stock
standard solutions (1000 mg LG1) were prepared by dissolving
an accurate weight of each pesticide in 100 mL of ethyl
acetate.  Working  standards   solutions   (10  mg  LG1) for the
19 OPs were prepared by serial dilution of individual stock
with ethyl acetate. All standard were stored under
refrigeration at -20EC. Ethyl acetate Actual analysis (J.T. Baker,
USA) were HPLC (analysis grade) (>99%) and sodium chloride
(>99.5%) was obtained from Merck (Darmstadt, Germany).

Study site, sampling and preparation of sample: The fruit
and vegetable samples were collected on August-September,
2015 from wet market and supermarket around Muang
District of Chiang Mai province. Eight kinds of fruit (orange,
apple, pear, dragon fruit, strawberry, guava, green and red
grape)  and  6  kinds  of  vegetable  (kale,  yard  long  bean,
spring onion,  coriander,  morning  glory  and  cucumber) were
collected for OPs analyzing.

One kilogram of each sample was collected and shaped
to  small  piece  and  stepwise  sampling  was  performed until
the final sample weighed 300 g was randomly taken for
analysis. All  samples  were stored at -20EC throughout the
experimental period. The OP compounds analyzed in fruit
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samples    included    methamidophos,     mevinphos,
dimethoate,  diazinon,  parathion-methyl,    pirimiphos-methyl, 
fenitrothion,   malathion,     chlorpyrifos,    methidathion,
prothiophos,  profenofos,  ethion,  triazophos,   EPN   and 
azinphos-methyl and azinphos-ethyl.

Sample extraction and conditions of gas chromatography-
flame photometric detector: Sample extraction and analysis
were modified from the method of Fillion et al.16. Briefly, 5 g of
fruit samples was weighed into a 50 mL centrifuge tube
followed by the addition of 24  mL acetonitrile (HPLC  grade;
JT Baker, USA). Fifty microliter of 4 µg mLG1 triphenylphosphate
(internal standard [IS]) was added and subsequently shaker by
vortex mix for 5  min.  The  supernatant  was transferred to a
50 mL  centrifuge  tube  with  addition  of  3 g of NaCl and add
3 mL of 0.5 M phosphate buffer, pH 7.0 then centrifuged again
at 20×1000 rpm for 3 min. Used dropper to filter papers No.
1 (Whatman, Piscataway, USA) to contain Na2SO4 3 g to bottle
evaporation. Add 6 mL  acetonitrile  extract  and washing by
2 mL ethyl acetate. Then dry evaporation by ratory vacuum
37EC, then washing by 5 mL ethyl acetate then dropper 2 mL
past PSA mix and centrifuge at 13,000 rpm for 3 min the
extract was evaporated with a gentle stream of nitrogen at
room temperature and subsequently reconstituted in 200 mL
of ethyl acetate for Gas Chromatography (GC) analysis.

The GC analysis consisted of a Hewlett-Packard model
6890 equipped with a flame photometric detector, a capillary
column (DB-5MS, 0.25 mm 9, I.D. 9, 30 m length 9, 0.25 1 m
film thickness (J and W column;  Agilent  Technologies, USA)
and a computerized  data  handling  system  (GC Chemstation
A.10.02; Agilent Technologies, USA). Temperature was 220EC 

for the injection port (splitless mode). Temperature
programming  of   the  oven  was  as  follows:  Initial 
temperature  of  100EC for 10 min, first ramp at 15EC minG1 to
180EC for 5 min, second ramp at 5EC minG1 to 250EC for 3 min
and final temperature maintained at 290EC for 4 min. The
carrier gas was helium 99.999%. Chromatograms of OP
compounds were shown in Fig. 1.

Health risk assessment: The OPs pesticides exposure from
fruit and vegetable consumption Chiang Mai province,
Thailand were assessed. The data from 24 h food recalled
questionnaires were used for estimating OPs intake. The data
from participants who consumed fruit and vegetable were
selected and calculated to fruit and vegetable consume per
day by NutriFact program17,18.

The  assessment  of  exposure   to acute/short-term
consumer health risk (aHI) on the Estimated Short Term Intake
(ESTI) was calculated according to report from Liu et al.19. The
dietary exposure to OPs pesticides was calculated based on
acute reference dose (ARfD) and chronic/long-term consumer
health risk (hazard quotient, HQ) was calculated based on the
Estimated Daily Intake (EDI) and the Acceptable Daily Intake
(ADI). For the precise evaluation, the ARfD and ADI are
expressed as a percentage of daily intakes for a mean kilogram
per person. The Hazard Quotient (HQ) indicates an
unacceptable risk when it is higher than 100% and the higher
aHI/HQ value represents the higher risk.

The cumulative risk index (cHI) will be used for the sum of
HQs from the multiple pesticide residues that the consumer is
exposed to, which is calculated by summing the hazard
quotients (HQs) for each pesticide in the samples.

Fig. 1: Chromatogram of standard OPs from gas chromatography-flame photometry detection (GC-FID). The OP standard
compounds   at   concentration   of   100   µg   mLG1.   1:   Methamidophos,   2:   Mevinphos,   3:   Dimethoat,  4: Diazinon,
5: Parathion-methyl, 6: Pirimiphos-methyl, 7: Fenithothion, 8: Malathion, 9: Chlorpyrifos, 10: Methidathion, 11: Prothiophos,
12: Profenofos, 13: Ethion, 14: Triazophos, 15: EPN, 16: Azinphos-methyl and 17: Azinphos-ethyl
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RESULTS AND DISCUSSION

Quality control: The chromatogram of standard OPs were
shown good separation (Fig. 1). The quality controls
parameters were listed in Table 1.  Limit of detection (LOD)
and limit of quantification (LOQ) for all of OPs ranged from
0.002-0.003 and 0.004-0.005 mg kgG1, respectively. The
recoveries of the compounds ranged from 83.63-117.70% for
low spiked level, 85.70-111.18% for medium spiked level and
94.27-114.40% for high spiked level. Relative SD coefficient
(%RSD) of intra-batch ranged from 1.47-18.14%  for low spiked
level, 0.79-7.88%  for  medium  level  and  0.05-12.80%  for
high spiked  level.  Percentage  of  RSD  inter-batch  ranged
from 1.74-8.55%.

OPs residues in fruits and vegetables: The modified method
gave good precision and could be used for analyzing OPs in
samples. The 17  OPs were analyzed in fruit and vegetables;
the result of residue was shown in Table 2. The OPs residues in
fruit and vegetable samples are listed in Table 2. The OPs
detected in fruit samples through 17 pesticides in 126 fruits
samples had 8 kind (orange, apple, pear, dragon fruit,
strawberry,    guava,    green    grape    and    red    grape)   and
73 vegetable samples had 7 kinds (kale, false pakchoi, yard
long bean, spring onion, coriander, morning glory and
cucumber) from market around Chiang Mai province,
Northern Thailand. Pesticide was determinate by gas
chromatography-flame photometric detected (GC-FPD).

The chlorpyrifos was detected in all kind of fruit and
vegetable samples. The OP pesticides detected in fruit
samples  from   5   supermarket    74    sample included orange, 

apple, pear,  dragon  fruit,  strawberry,  guava,  green and  red
grape. The common OP pesticides detected in supermarket
samples were chlorpyrifos (26.31%), methidathion (20.27%)
and ethion (11.84%), respectively. The OPs detected in wet
market sample were ethion (20.83%), chlorpyrifos (14.58%)
and diazinon and malathion (8.33%), respectively. The most
common residue  in  fruit  sample  was chlorpyrifos  (21.43%).
In addition, there were some residue in the samples i.e.,
methamidophos,    dimethoate,      fenitrothion,   diazinon,
malathion,  methidathion,  prothiophos,  profenofos,  ethion
and triazophos.

The chlorpyrifos is the most detected in fruit and
vegetable samples, this situation play like the of previous
studies20. In comparison of OPs detection in fruit samples
among wet market and supermarkets around Muang district,
Chiang Mai province found the number of residue in
supermarket higher than wet market. Among the detected
compounds, chlorpyrifos and  ethion  were  most detected
from all sources. The highest level in  fruit  sample was found
in orange and pear (ethion 0.796 and 0.877 mg kgG1). The
sample found  not  to  exceed  Maximum  Residue  Limit (MRL)
of Codex  Thai  and  Codex WHO/FAO21. Furthermore, the
residues of profenofos  and  triazophos  in  orange  samples 
were exceeding MRL of Codex WHO/FAO21 (0.07 mg kgG1) at
0.463-0.600 and 0.193 mg kgG1, respectively of supermarket
samples. The sample found not to exceed Maximum Residue
Limit (MRL) of Codex Thai22 and Codex WHO/FAO and EU.
Furthermore, the residues of profenofos and triazophos in
orange  samples  were  exceed  MRL  of  Codex WHO/FAO
(0.07 mg kgG1)   at   0.531   and   0.118   mg   kgG1,  respectively
and  dimethoate,   diazinon,   profenofos,  ethion, triazophos

Table 1: Quality control parameters of OPs analyzing by using GC-FPD
Interbatch percentage of

Recovery percentage of SD (n = 3) RSD (n = 3)
Retention LOD LOQ ----------------------------------------------------------------- ------------------------------------ Interbatch

OP compound time (min) R (mg kgG1) (mg kgG1) Low Medium High Low Midium High RSD% (n = 5)
Methamidophos 2.519 0.9961 0.003 0.005 92.43 (±2.45) 89.88 (±6.84) 99.74 (±1.30) 10.62 7.61 0.33 6.79
Mevinphos 3.910 0.9972 0.002 0.005 83.63 (±4.71) 97.40 (±7.05) 104.68 (±10.23) 18.14 6.88 2.41 8.55
Dimethoate 6.224 0.9969 0.002 0.005 86.93 (±1.19) 85.70 (±0.69) 99.41 (±9.06) 5.46 0.80 2.28 1.74
Diazinon 6.991 0.9977 0.002 0.005 99.73 (±0.37) 96.89 (±4.58) 98.03 (±13.44) 1.47 4.72 3.43 6.71
Parathion-methyl 8.159 0.9992 0.002 0.005 94.00 (±2.00) 95.19 (±5.12) 99.83 (±5.64) 8.52 5.38 1.41 5.58
Pirimiphos-methyl 9.100 0.9995 0.002 0.005 99.15 (±1.47) 92.08 (±1.45) 99.02 (±8.95) 5.93 1.58 2.26 4.95
Fenitrothion 9.256 0.9987 0.002 0.005 95.96 (±1.64) 93.25 (±3.68) 97.94 (±8.34) 6.84 3.94 2.13 3.33
Malathion 9.608 0.9981 0.002 0.005 94.55 (±0.90) 98.15 (±2.43) 98.90 (±2.64) 3.81 2.47 0.67 3.80
Chlorpyrifos 9.978 0.9963 0.002 0.005 114.61 (±11.05) 111.18 (±11.50) 114.32 (±62.99) 17.44 7.88 12.80 6.67
Methidathion 12.439 0.9976 0.002 0.005 94.47 (±1.11) 87.85 (±6.23) 98.77 (±14.09) 4.70 7.10 3.57 5.43
Prothiophos 13.720 0.9987 0.002 0.005 94.04 (±0.72) 94.74 (±0.75) 96.72 (±3.11) 3.06 0.79 0.80 5.87
Profenofos 13.980 0.9989 0.002 0.005 93.04 (±1.66) 87.07 (±2.13) 97.54 (±16.05) 7.14 2.45 4.11 2.47
Ethion 16.058 0.9978 0.002 0.004 117.70 (±1.22) 92.95 (±2.76) 98.36 (±0.20) 5.19 2.97 0.05 4.88
Triazophos 16.628 0.9990 0.002 0.005 95.85 (±1.03) 88.73 (±4.79) 98.37 (±1.58) 4.29 5.40 0.40 3.83
EPN 19.109 0.9979 0.002 0.005 97.93 (±0.94) 98.28 (±1.63) 98.37 (±3.81) 3.85 1.66 0.97 5.50
Azinphos-methyl 20.337 0.9962 0.003 0.005 89.95 (±1.04) 91.95 (±2.80) 94.27 (±21.52) 4.62 3.04 5.71 6.67
Azinphos-ethyl 21.631 0.9988 0.002 0.005 93.64 (±1.07) 97.79 (±3.26) 95.94 (±6.85) 4.55 3.33 1.79 6.50
RSD%: (SD/mean)×100
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Table 2: OPs residues in fruit and vegetable samples from market and supermarket in around Chiang Mai district of Chiang Mai province
Concentration MRL (mg kgG1)

No. of samples Name of OP No. of residues of OP residues ----------------------------------------------------------
Fruits detected residue detected samples (%) detected (mg kgG1) CODEXa EU Thailand
Fruit samples (n = 124)
Orange 14 Dimethoate 1 (7.14) 0.042 5 0.02 5

Diazinon 3 (21.43) 0.027±0.020 NR 0.01 NR
Malathion 5 (35.71) 0.221±0.137 7 2 7
Chlorpyrifos 11 (78.57) 0.082±0.128 1 0.3 1
Prothiophos 1 (7.14) 0.002 NR NR NR
Profenofos 2 (14.29) 0.531±0.097 NR 0.01 NR
Ethion 11 (78.57) 0.294±0.295 NR 0.01 NR
Triazophos 11 (78.57) 0.118±0.104 NR 0.01 NR

Apple 11 Diazinon 3 (27.27) 0.001±0.000 0.3 0.01 0.3
Chlorpyrifos 1 (9.09) 0.003 1 0.01 1
Ethion 1 (9.09) 0.001 NR 0.01 NR

Pear 10 Diazinon 1 (10) 0.001 NR 0.01 0.3
Malathion 1 (10) 0.059 NR 0.02 NR
Methidathion 4 (40) 0.027±0.024 1 0.03 1
Ethion 1 (10) 0.877 NR 0.01 NR

Dragon fruit 11 Methidathion 2 (20) 0.004±0.003 NR NR NR
Strawberry 10 Chlorpyrifos 1 (10) 0.03 0.3 0.2 NR
Guava 30 Malathion 2 (6.66) 0.002±0.002 NR 0.02 NR

Chlorpyrifos 11 (36.66) 0.017±0.015 NR 0.05 NR
Methidathion 11 (36.66) 0.009±0.004 NR 0.02 NR
Prothiophos 1 (3.33) 0.004 NR NR NR
Profenofos 1 (3.33) 0.006 NR 0.01 NR
Ethion 6 (20) 0.015±0.009 NR 0.01 NR
Triazophos 1 (3.33) 0.002 NR 0.01 NR

Green grape 12 Chlorpyrifos 1 (8.33) 0.002 0.5 0.3 0.5
Red grape 24 Fenitrothion 1 (4.16) 0.002 NR 0.01 NR

Chlorpyrifos 2 (8.33) 0.015±0.012 0.5 0.3 0.5
Methidathion 1 (4.16) 0.088 1 0.02 1

Vegetable samples (n = 73)
Kale 8 Chlorpyrifos 1 (12.5) 0.22 NR 0.05 NR
Yard long bean 8 Chlorpyrifos 2 (25) 0.006±0.005 NR NR 0.05

Profenofos 2 (25) 0.003±0.000 NR NR 0.01
Spring onion 9 Chlorpyrifos 2 (22.22) 0.005±0.000 0.2 0.05 NR

Ethion 1 (11.11) 0.0002 NR 0.02 NR
Coriander 12 Chlorpyrifos 9 (75) 0.019±0.022 NR 5 0.05

Profenofos 1 (8.33) 0.003 NR 0.05 0.05
Morning glory 15 Chlorpyrifos 2 (13.33) 0.041±0.045 NR NR 0.05
Cucumber 14 Chlorpyrifos 6 (42.85) 0.024±0.019 NR 0.05 NR
NR:  No report of estalished MRLs, aDetermined by CODEX Alimentarius Commission, bDetermined by European Commission regulation No. 1107/2009, (update 07
July, 2015)

in   orange  samples  were   exceed   MRL   of   EU23 at
0.042>0.02,  0.027>0.01, 0.531>0.01, 0.294>0.01 and 
0.118>0.01   m g  kgG1,   respectively,  malathion  and  ethion
in  pear  samples   were   exceed   EU-MRL23   at  0.059>0.01
and   0.877>0.01    mg     kgG1,    respectively.    The  detected
concentration  of  methidathion  in  red grape and chlorpyrifos
in   kale    samples    were    exceed   EU-MRL   at   0.088 and
0.22 mg kgG1, respectively.

Health risk assessments in consumers who consumed OPs
contaminated fruit and vegetable: The most volunteer’s
consumers  had  age  between  21-60  years  old.  They have
been working in  government  office at Chiang Mai province
8  h   dayG1   (80%  times  working  in  their  office).  Mean  body

weights of male, female and whole group were 68.93, 57.07
and 60.36, respectively consumptions. The mean of male
consumed fruit and vegetable were 76.22 and 23.04 g dayG1

while female were 64.68 and 29.66 g dayG1.
Acute and chronic cumulative intakes of OPs residue were

calculated. The Hazard Index (HI) was used as parameter of risk
(<100% indicates that there was no risk of toxic effects and
>100% indicates that risk of poisoning). The risks of short-term
and long-term were calculated. The short-term risk assessed
in consumers male, female and overview were shown aHI at
77.08, 62.15 and 56.32%, respectively and long-term risk
assessment was shown cHI 109.39, 88.21 and 79.94%,
respectively    (Table   3).   The   result   shown   had   no   risk of
toxicity among this group  of  subjects  but  in  long  term male 
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consumers had risk of toxicity but not in female consumers.
The cumulative risk (cHI) for the OPs in present study was
higher than other study that mean the group of consumers in
Chiang Mai province more consumed residues fruit and
vegetable or environmental exposure than other studies19,24.

CONCLUSION

The most analyzed of 126 fruits and 73 vegetables were
detected chlorpyrifos. The sample found not to exceed
Maximum Residue Limit (MRL) of Codex Thai and Codex
WHO/FAO. Furthermore, the residues of Profenofos and
Triazophos in orange samples were exceeding MRL of Codex
WHO/FAO  (0.07   mg   kgG1)   at   0.531  and  0.118  mg kgG1,
respectively. The  OPs i.e., dimethoate, diazinon, profenofos,
ethion and triazophos in orange samples, malathion, ethion in
pear samples, methidathion in red grape samples and
chlorpyrifos in kale samples were exceed of MRL of EU23. The
risk of exposure from intake residues fruit and vegetable were
assessed assessment. The Hazard Index (HI) among consumers
in Chiang Mai province were no risk of toxicity except the male
consumers had long term or chronic risk of toxicity.
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