S1UNUMTIVY

v a a d a U
ﬂ1‘i‘WW‘HTJ%ﬂ1‘iﬂ‘i’J‘i]’J!ﬂﬁ1$ﬁﬂ%N1ﬂ!ﬁ1§WBﬂﬂf;’]}1ﬂuﬂ39éN
VN % J o
NNANINHAI 1ﬁNﬂ’J1N§Jﬂﬂi’N!!ﬁ$!!3ﬁ—!Eﬂ

esessuMnsgInunslasaie

Development of Determination Method of Pesticide Residues in
Agricultural Samples to Accurate and Precise for

Support Agricultural Safety Standards

1a1INmM ymﬁuazﬂmz
a = a J =
avNMIBUAN ﬂﬂ!%?ﬂﬂ1ﬂ1ﬁﬂ§!lﬁ$lﬂﬂiﬂiaﬂ

a [y (Y] d
Nﬁ]?ﬂﬂ]ﬂﬂﬁ]‘ﬁﬂﬂ!ﬂ‘lﬁyﬁm

szthuilszana 2565



sHalAsIMsdy 1Al b&Aeocd&ooooma

X% Y d
IYNHIVYRVVaNY I

(Y] a a d a Y]
ﬂ1i‘V‘I9]1141’J%fﬂ‘iﬂi?%?!ﬂi1$?‘iﬂ%3~l1mﬁ1iwyﬂﬂf?ll1~‘iﬂl°l~!ﬂ3’r)£i”lx‘l‘i’l1\‘lﬂ1i!ﬂ‘lslﬂi

Trfinnugndeasaziiug) meseasuanasg1nunsilasany

Development of Determination Method of Pesticide Residues in Agricultural

Samples to Accurate and Precise for Support Agricultural Safety Standards

Tasamsidedeen 1

Tasansivedeen 2

TasamsIvegesn 3

TAsamsIvegosn 4

[ 9 asy a 4 a 9
miwwmuazmmﬁamamici’f'"lmamﬁm’msammﬁwmﬁmmmswmﬂmq
1 dy a 4 a =
f‘l’s]llﬁ'ﬁl‘b’@iﬂuNaNaWﬂNﬂ13Lf‘l‘lsl@]Sﬂ’lﬂmﬂuﬂIﬂSNTIﬂﬂﬁWWﬂJﬂﬂWiﬁ’J

AUTTOULYY

[ 9 asy a 4 a 9
msaumazasdounw 1y ldveditmasininszilSnamsiyandig
Usziana1sitauuaIngy carbamate AdeinaiialnsurInnsflveunan

AUTTOULYY

o o ¥ an a @ a v
ﬂﬁWﬁNuW!LaZ@i’J%ﬁﬂUﬂﬂWll%fllﬂﬂJ@\‘l’J‘ﬁﬂ1§@]5’3%3lﬂ‘§1$ﬁﬂa‘im1m’ﬁﬁW‘H¢]ﬂﬂN

ﬂi‘jiJ organophosphate AemnAiln GC-FPD

adta 4

ﬂWiﬁJﬂJ‘L!ngG]i’Ji]’dﬁ]‘uﬂ31%1%’1@9{"11@Q’Jﬁ’)tﬂi1$1’iﬂ%ﬂ1mﬁ13ﬂ‘rﬂ!“ﬂﬁﬂi uag

(% a a Ja
AIAuYA 2 ¥ia (Nsaulsdn tagnsaoiiin

¥

a a d awv LY
NHAAUHINHIDY Ggllﬂ!”tl‘nﬁﬂﬂ”lﬂﬂﬁ I8 HASUIANITIN (3IU.)

a A d av (Y]
vimnamudeaasmnmmam VYUATUIANITIN (aNA.)

J au (%)
J’l1811(%!!%1!8!T]ﬁﬂ”lﬁﬂiﬂ”l‘i')‘i]ﬂ!!aguﬂﬂﬂiiﬂ

a (v [ J

HHINENagINYNHYNYIUIN

szdilsviszana 2565



(n)

4 av @ a, a < A a o [}
%ﬂiﬂiﬂﬂ1§3ﬂﬂ miwmmfﬁmsmammswwﬂimmm5wymﬂﬁ'1ﬂumammwmsmym‘

Yy Y 1 o A @ @
lemmmgmmuammum LW’(’Jiﬂﬂiﬂw1ﬂij1ulﬂyﬂiﬂa®ﬂﬂEJ

A Y o au Y J =~

YoimsIde  Jremans191sd as.a1n yudl

Y a 91 J Al d a FY o J

f51338 HB20MaA3 19158 A58 B §HeMans19158 3931 AUNSnG
E/Al 4 a 4 a A
HA2emans 19156 as.ARmud thulsialesg uaz
919139 A3, uniny s0019

a = a 4 ~
mniIn Wil AuzInomansiazmalulad

a @ @ J = S Ay
HHTINGAYITTNYINYIY TN ﬂ!ﬁi‘i]?]‘i]ﬂ 2565

w L
UNANED
Aaov 1 A a o dy Y o ad a 4 I Y as
TAs9n1539g08M 1 U8 lanau1IsuaTIziuazasdvasuay 1y 1aueads
a L4 14 a 9 a
AnrdSunaasasuaay uag meziuuai lxalaglsmaiialasu Innslveariad
Y = @ ] @ @ ¢ o @ 1
anssouzgluwallf uazidnawaaiana ldlusandamasyal S1uau 55 20619 Tuns
dy YR d' o [ g’/ a é d‘ o [
NAARIN 1dANEIAA AL AUEINTUNITAITNG 2 FA FITN 1IN aud MU
g A P} o @ P} A A Y ~
wena1sNa 2 vialdneaull YMC-CI8 (4.6 x 250 mm, 5 pm ) Istainqouiiinemwnivea i
[ [ [ 4 { Aa aa 1 a o 4
8R3189U 50:50 8051013 Inaveundndoud 1 Jaaansaou1i gungiiveInvanil 40 DA
= [ 4 d'
waiFod as1vindevlgeos i ua Nan1zmInszqu 285 W TWNAT LAZMIABUES 315
oy ¥ ada o2 ' @
i Tuwuas wavean1sasraaeunuld lavedds AT IZHHNUI F1N1T0UENAITAISIUUA
a A I~ 4 a
F tazans mozua lsamelunal 15 1A Fr9anudluduas weasasuuMFy 1ag
4
Ineziwualwane 0.025-2.5 Haansuasnlansy arduilszansvesnmsdaauls () veq

o

J a T W Y o w
ATTLUUATIBFUININD 0.9998 L!ﬁ$l’l1ﬂ@$ljﬂuﬂ11°ﬁﬁlﬂ1ﬂﬂ 0.9997 AU Tclfﬁ ATUIURNAUDN

9 gJJ dy = [} Qdd‘ [ tg dyd "9
3980¢N15NI LOD Hag LOQ U 89.40 9N 102.64% ANUUNUUYDIITNNAUIVUUNAITDADLNT

v A

[ 1 H 1 H @ @ 4 ] 1
nauAUeY 1U%I 95.72 B9 101.45% HaziazANUNeIlANTsAUUINATTIUAUNNT g TUFI

A, [ 1 g o a 4 a gJJ a 1 % ] ]
2 5\1 4.63% %”Iﬂ'l%ﬂ\‘]ﬂﬁTUﬁqﬁ}ﬂTﬂTiﬁlﬂiTSﬁﬁTSWHﬂﬁ 2 FUA WU 53 @I’Ji’)fJ”I\‘IUhJWUﬁ”IS
4 a A A @ ] A A 1T a A A 4
ANTLUUATTY Llﬁgul‘ﬂ@&‘]JHQTT“Ifﬁ TUINYIANIDYN 2 VUANNUFTUAYUALAYIAD A1TIUUAN
a = A 1a Jd
U G]N‘]J%ll1ﬂ!ﬂ@]i?ﬁ]WU%ﬂﬂULﬂﬂ!"ﬂNWﬁ@?H
aw 1 { I 1
TasnsIv8doe92 Aldicarb, carbaryl, carbofuran, methomyl (161& oxamyl L‘]Juﬁ’”liﬂijll

[

4 = 1 4 A 1 ?x}/ a dy I 1 Aa Y A %
ATUUNA HINYUAITATUUUANNANINING 5 %uﬂmﬂuﬂqumswmﬂmm umm‘luwmmz
9 =\ a 1 1 Y a [ 191‘1 a o dyd Y o ax
wa”lu ‘Iri”lﬂllll"lﬂlﬂl!"lﬂﬁ]zﬁ\iWﬁﬂi%%ﬂ@]ﬂﬁﬂlﬂ"lwmﬂﬂlﬂﬂiiﬂﬂ ﬂquuiuwumﬂuﬂﬂﬂwmunﬁ
a d o @ a 1 J 3}; a dy 9 a =
TJL?‘IS”W‘HE‘T"IWTJJ@]iflﬁ]ﬁ"l‘]JﬁJ"lmﬁ”liﬂ’sjﬂJﬂ"li‘]J”ILiJGWN 5 %u@umamﬂuﬂimuﬂwﬂﬁw

o Ao v o @ @ Jd o
vounaraussouzgaluma lif uaziadnndmitenuaarani Tl Tudandameysysel S



(v)

@ ] A o [ dy o J .
55 AIBDYN “1uﬁmazmwmzﬁumw3‘1Jmﬁuaﬂu“l%’ﬂeauu YMC-Triart C18 (4.6x250 mm, 5

a

9 A A =) [ A A an 1 = a
um) ldenadouiiszuningReu sas1ms laveun@adouinne 1 JadansAeui gungll
I 4 Y] o {
YDINDAUY 40 DIANYAIFET #5I9TAA281AaToA015158 IaeaT aldicarb, carbaryl A
v Y
carbofuran 220 U1 THINAT methomyl 1AL oxamyl 234 W1 TUWAT MUY HAYBITNHAUIVY

Y

g a 1 I 1 [ 4 .
UTTUITDUINTITNY 5 FUA ﬁmmmmﬂmﬁ’umweumaxmimﬁ aldicarb (0.03-2.5

2

v 1A a o

Haansuaen lansu), carbaryl (0.001-0.5 Haansuaen lansu), carbofuran (0.001 2.50 aan5u
@on lansu), methomyl (0.015-1.0 Hadnsuaen lansy) 1ag oxamyl (0.025-2.00 Hadn5uno
Alansu) MU LOD 1raz LOQ ¥eea3iia 5 wiialiog 1139 87.69% 03 105% 1Az %RSD
VeI 5 wila i 10% 110338ena 1 IdmI ARz anTiEAnAI9R 5 ¥iia Wuh

9y =~ a J A o Y
ﬁ‘JJT'E)LLﬂQ uazmz%wuﬂ?mm carbofuran mummmmmgm%ﬂmuﬂa

[
1 ~ [ [

Aa v a dyd o d‘ @ amAa 4
Tasamsddegesn 3 luauitellingUssaamneiauIs 1A IZH uazas19dol
ama d o [ [ o o o 1 4
anuldldueditiasgidmiunmsaansesdrsmiadagiianguoain Tuedla (OP)
o a A % Yy 9 a 44 a o o
311U 20 sHaluisinuazmaly drematdaunalasurInnsiil d1a3297A0UY flame
photometer (GC-FPD) M3aNALaziANaz019A1081983875 QUECHERS 11V EN method
AaxAa Jd 1 1 [
pamsnadoua11uld laue it nsz i n AT UL E19UeINIT IAVDIA1TNN
a I T W a Q( v A . . .
yiadaNuiuduase Tastiadulszansuaninmsaaaula (coefficient of determination, r)

Y 1 A ax 9 1 a ~
>0.995 "lﬂﬂﬂﬁaﬂﬂ'nul!uu Lmzﬂﬁnumﬂﬁﬂlﬂﬂ?‘ﬁjﬂﬂi%ﬁﬁﬂqu OP 20 Gﬁu@iu sample blank#

=\

[ 1 o ?,’ 1 1 4 [ ]
sEAUANNTUAUAI 9 911 10 41 wueg lUNUREOUSUAD % recovery TUHIT 70-120 nazdl
1 Y a c’dy o o [ Y a oA A 4
A1 HORRAT < 2 1a1#75msTnszsi luamilseihidmsuieal fiiamsaugudimemans
lumedrernuazraliiiuiu 55 @1 nuNiided1s uauaigl AnNAv Auron 1A
Y J 4 a a  J
Wl nagnnedeaen nuarsnqueeim Tuneaauiesiia vsatadluaisdoaiudilu

AN methamidophos, mavinphos {8 omethoate

v
o 1 =1

T‘ﬂi\?ﬂ”ﬁ% YIDYN 4 AITVUNTANT L‘ﬂuﬁ'ﬁﬂlﬁjﬂ’ﬂhﬂ’ﬂu daunsauu 1aon Llﬁ$ﬂiﬂ%@§‘ﬁﬂ

I o A 9 v ] [ 2 A A = 1
LﬂuﬁWiﬂu‘UﬂWﬁJﬂ'ﬁi“ﬂ u@fl'NlLWiﬂﬂWElhlufnﬁ15llﬁ$!,ﬂ'§f)\iﬂllcﬂlﬂuﬂ'§ﬂ NINUNUINITHINANTENY
£y

U

1 =®

a o w Y 9 A B, A A gy Ao o
ﬁ@qmﬂ”lw iNG]’eNiJm'imﬂﬂﬂ’mmmmu‘ﬂﬁm1iai%iuﬂiﬁiiLLazgﬂiﬂﬂﬂnqﬂ AYLVAY WNINTT
Y

a 4 =Y o v A o w J Y a a AR Y o
’JLﬂi1$W1’ﬂﬂ51ﬂﬁ!ﬁ?iﬂ]iﬂ%ﬁﬂillﬁ%ﬂuﬂﬂVliJﬂ’JHJﬁ1ﬂﬂJ§lE)l§‘]J§Tﬂﬂ \11%’3%81&%\1‘1@17\]@11&1&63
9

£

@

a J @ a
asnaeunnn g ldueitinszilsmamsiunansuazarsiuya Taeldnaia InsuInns il
¥ D H YA o ' Yy 9 3 v
vounaraussauzgluwa ldaes waliugdn uazihwa ldntisimiheawdusina il lusinia
7 o (J 1 v o ' Yo o A = <
MFTYIA WY 42 29819 anadivga lagldadihazargiemuea Tunauanudguiunal 20
=1 ~ o % a Jda < a 9 [ 4
I aazimnzaudmiumsuennsau lydniaznsaseiin uazugnais ulaglynoauil

Inertsil ODS-3 (4.6x250 mm, 5 pm) tazWealativmes anudutu 20 Had Tuas midiey 6.7 fu



(a)

@

a d I zﬁ d’d a aa 1 =1 a [ o’tﬁ'
pzd1alulasn Wulandouniionsinislva 1.1 Haddasaoui gurgiineaniin 30 09a1
A o 9 s A A
e 931939028 10 Ta' laTeno15158 NANWE1IAAYL 230 W1 TUINAS NANTNABBIAINITDLEN
35 a Y Y s =1 a A
arsnsauyia lameszunns@ounielunal 13 Wi nsvluasgiuvesnsawnledn niagseidn
< a [} I A a o 1 A aa A Aa o 1
wazuFAMIT Y H¥annuiludunse 0.5-200 Taansuaeiiaaans (= 0.9998), 0.5-200 HaanTuAe
Haaans (= 0.9998) 1Az 0.5-50 HaansuAeNaaans (= 0.9996) WAL A1 LOD uag LOQ U4
a A < a 1 [
AsAU 0N NTAYDITUN LAZLFNATTY A1 IMAD 14.96, 8.75 L1AL 8.98 LAY 45.34 26.38 LAz 27.21
Haansuaean sawdey Mminadeuanugnasd laninmsnaduAuvesas Ans S umeglugig
] [ U $ % v ] A
86.58 D4 101.46 % tazANNUNUIANNANTEUVUNIATTIUTUNNS 1B 0.39 D9 1.36% 91nID
o 1 o a 4 a dAa < a o [l 1 [ @
aananlaiimsimsgdmnsanulsdnuaynsases in uazudnaisuludledis wua lilidag
A o a A o A A o zg z:y V3 aaad 3 = Y
motuomisdlanuinasgiunimvua 1T NRENYLINT WuNWuITNEI 118 Tanugnaes
l ] o ) Y I am a 4 a
niud naganusumzizas @ llsduituessiulumsiimszdnsawuledn

da < a o 1 d' d' Y
NIAFDIUN LASHEBNATTU Gluﬁ’)@EJNE]1'I’H§EL?I$LFI'§@Q@1IU1{P1

o W

fdmse : TasuInnsflveunatranssouzgaunalasuiinnifl-an T lalmes
(GC-FPD). A5 1uua13y, Inoziuuarlea, a1sunua, eosnm luoadia,

AIVUNANT, NIALUUTEDN NIATDILIN, ATNHOUATIY



(3)

Research Title Development of Determination Method of Pesticide Residues in Agricultural

Samples to Accurate and Precise for Support Agricultural Safety Standards

Researcher Saowapa Chumanee
Co-Researcher Ruchira Khoomsab, Sasikarn Panpraneecharoen and Nantharak Rodkate
Major Chemistry

Phetchabun Rajabhat University Year 2022

Abstract

Sub Project 1: This research developed analytical methods and validated the quantitative
analysis of carbendazim and thiabendazole using high-performance liquid chromatography
technique in fruits and vegetables at the market in Phetchabun Province, 55 samples. In this
experiment, the optimum conditions for the two substances were studied the optimum conditions
for the separation of the two substances were obtained using the YMC-C18 column (4.6 x 250 mm,
5 pm) using the water/methanol mobile phase (50:50%v/v), flow rate is 1 ml/min column
temperature 40 °C, detected with fluorescent at excitation of 285 nm and an emission of 315 nm. .
The results of method validation were found can separate carbendazim and, thiabendazole within
15 min and thiabendazole is 0.025-2.5 mg/kg. Coefficient of determination () of carbendazim was
0.9998 and thiabendazole was 0.9997, respectively. Rrecovery of LOD and LOQ was calculated
from 89.40 to 102.64%. The accuracy of this developed method ranged from 95.72 to 101.45%,
and the relative standard deviations in the range of 2 to 4.63%. Based on this method, both toxic
substances were analyzed and found that 53 samples did not contain carbendazim. and
thiabendazole Only two samples were found to contain only one substance, carbendazim, for which
the amount detected did not exceed the norm.

Sub Project 2: Aldicarb, carbaryl, carbofuran, methomyl and oxamyl are carbamates. The
group of 5 mentioned carbabate is a group of harmful pesticide residues in fruits and vegetables. If
there is too much, it will affect the health of consumers. Therefore, in this research, an analytical
method was developed for the determination of the content of these 5 carbamates by high-
performance liquid chromatography 55 samples of fruit and vegetables in the market at Phetchabun
Province. In ideal conditions for this separation, column YMC-Triart C18 (4.6x250 mm, 5 um)

was used. water to methanol was mobile phase flow rate of mobile phase is 1 ml/min. Column



(%)

temperatures of 40 °C were measured with a diode array where aldicarb, carbaryl and carbofuran
were 220 nm, methomyl and oxamyl 234 nm, respectively. gradient The linear ranges for each
substance were aldicarb (0.03-2.5 mg/kg), carbaryl (0.001-0.5 mg/kg), carbofuran (0.001 2.50
mg/kg), methomyl (0.015-1.0 mg/kg), and oxamyl. (0.025-2.00 mg/kg), respectively, the LOD and
LOQ of the five substances ranged from 87.69% to 105% and the %RSD 5 substances not more
than 10%. Found that red grapefruit and kaempferia contains carbofuran that exceeds the specified
standards.

Sub Project 3: The objective of this research was to develop method and validation for the
screening of 20 organophosphate (OP) pesticides in fruit and vegetable by gas chromatography-
flame photometric detector (GC-FPD). Sample was extracted and clean-up by QUEChERS, EN
method. The result of method validation found that the calibration curve and working range were
linearity, coefficient of determination (r’>0.995). The accuracy and precision test of 20 pesticides
in sample blank at different fortification level (n=10) showed acceptable recoveries (70-120%) and
repeatability (HORRAT < 2). This method of analysis has been used in routine work for science
center laboratories, for the 55 fruit and vegetable samples, cantaloupe, chinese cabbage, spring
onion, radish, white radish and cantonese were found some organophosphates which are prohibited
substances in vegetables such as methamidophos, mavinphos and omethoate

Sub Project 4: Saccharin is a substance that used to be sweetener, benzoic and sorbic acids, are
widely used as preservatives in acidic foods and beverages. The health effects have led to limitation on
the concentrations that can be used in food and beverages. Because of that, the analytical determination
of saccharin and preservatives is important for consumer interest and protection. In this purpose, develop
and validate the analytical methods for the determination of saccharin and two preservatives by high
performance liquid chromatography in pickled fruits, compote and fruit juices that are available at general
stores in Phetchabun of 42 samples. Sample preparation involved the extraction with ethanol in ultrasonic
cleaner for 20 min. Separation and determination of investigated benzoic acid, sorbic acids and saccharin
are performed using Inertsil ODS-3 column (4.6x250 mm, 5 pum) analytical column. The 20 mM
phosphase buffer (pH6.7) and acetonitrile is used as mobile phase, with flow rate of 1.1 mL/min constant
column temperature of 30 °C and detection was performed at 230 nm using a diode-arraay detector (DAD).
Successful separation conditions are obtained using a gradian elution within 13 min. The calibration curve
for benzoic acid, sorbic acid and saccharin were found to be linear in the concentration range of 0.5-200

mg/mL (r2 0.9998), 0.5-200 mg/mL (r2 0.9998) and 0.5-50 mg/mL (r2 0.9996), respectively. The values



(n)

of LOD and LOQ were 14.96, 8.75 and 8.98 mg/L and 45.34, 26.38 and 27.21 mg/L for benzoic acid,
sorbic acid and saccharin respectively. The accuracy determined by spike recovery measurement was
86.58-101.46% and intermediate precision were demonstrated by the relative standard deviation of 0.39
— 1.36%. The methods were then applied for the quantitative analyses of benzoic acid, sorbic acid and
saccharin in samples, it was found that none of the food additives exceeded the required standard. This
developed method found to be fast, simple, accurate, precise and specific method. It can be used as a
standard method for the determination of benzoic acid and sorbic acid and saccharin in food and beverage

samples.

Keywords: High performance liquid chromatography, chromatography-flame photometric detector
(GC-FPD), carbendazim, thiabendazole, carbamate, organophosphate residue, saccharin,

benzoic acid, sorbic acid, dangerous toxins
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29 fiadnSuAvans Ngangil 24 osruwaiFeod 7l pH 4 azanela 8 dadnsuneans ual
. I a [
ANvaNIoazaelaly ethanol, ethyl acetate L6 dichloromethane Ianutunyeunau
Tagiia1 LD, n191hnaeny > 15,000 Jaaniuaen laniu 1azn1anInga > 10,000 Jaaniy

1 v ) o v g b
Aonsu (o3gns 1runa, 2548) d15 Ineziwuan Taa gas Tuana C H,N,S wmin Tuana



201.25 nsuae lua (https://en.wikipedia.org/wiki/Tiabendazole, 2022) FoNIMImN mintezol,

tresaderm L1QY arbotect

v d
2.3 ﬁ]ﬁﬂQNﬂTiﬂuﬁJﬂ
' s d ' a A A d s 2 a
qITNQUAITUUNA (carbamate) LﬂuﬂqNﬁWiﬂu‘ﬂiﬂﬂlﬂul@ﬁlﬂ@iﬂlﬂﬁﬂiﬂﬂﬁ°]J13Jﬂ
A Lo & o o @ . e
’s’fﬁﬂijllﬁ’é]EJﬂi]‘l/l‘ﬁEJ‘]JENﬂﬁ‘l/lNTLJGU’ENL’E]ullcﬁﬂjﬂaumﬁmmiﬁ (acetylcholinesterase inhibitor,
Y [
AchE inhibitor) ﬁ']i“W‘]elﬂE]iJﬁﬁﬁWaIﬂﬂ@]ﬁ\iﬂ@ﬁZUU‘]J'igﬁ'WIﬁ’JMﬂaN‘U’t’NLUJaQ Lﬁ’t’N%Wﬂ
9 dy é d‘ 1 v A W A [ 9 dy o J
ﬂaTMLuﬂiziJﬂﬂiZﬁTVIﬁ’JuﬂaN‘lJ’ENLHJi.N“INL‘b”f)ll@]@ﬂl!iJaﬂHm%LWNﬂuﬂUﬂﬁTmu@‘Uﬂﬁﬁ@n
gll Y Y A [ U U 9 1 A a
QgIgNAIIUY Iﬂﬂﬁ’ﬂ\il‘b”ﬂllﬁﬂJuﬂJuTL!S$W’JNTJ?%@"WI@"J‘L!ﬂ?INﬂﬂﬂigiﬁ“ﬂﬁ’)u@u  DINIINY
J 1:9{1 Y 19 = A Y = 9 A %,’ ' Y (3
VDNATNINU ul,ﬂllﬂ NoILTY ﬂauiﬁ’ﬂ”ﬂﬁ]ﬂu ﬂ’JﬂVI’PN NNRRRI mmﬂ"lwa ATNIN ‘Vi'lfﬂ%‘l]ﬂ A7
& 9 dy I [ < v Ia d A Y <3 [ =Y o A a
FU NAUUBNTZAN Lmumzﬂuauwmmmn (WUTNNY HUNNINYT & IUA IAUBYYUTY,

(%

o Y] 4 [ I a 14 9
2021; FNINT LINTY & FINU WIUIUAT, 2555) ﬂ'ﬁllﬂsllﬂﬁﬂ??ﬂlﬂl&WE%ﬂﬂﬂ?ﬁU%N@]ﬂﬁWﬂﬂ‘]_l
4 A v v v ' 3 = J o w
ﬂl@ﬁ@@iﬂ11u7\|®ﬁw]ﬁ IHDINNINVUUEITVYI AChE ?JEJ'NlliﬂGHlI UINIUINFITINIIA
o A a 4 [ 9 I a [ <Y 1 4 1 ya
ﬁGl:.liW“]f“]ﬂ!@ﬂ?iﬂ'lmﬁﬂ@uﬂﬂﬁlﬂ‘HWHGIE]?J‘I;}‘HEJH’OEJﬂ’J'I’O@iﬂ11u7\|@ﬁw\|¢]uﬁ$8@ﬂﬁa'lﬂhl@ljﬂl
1 4 o [ a o g 1 1 14
N1e95M TUAAOI Y (Ahn azAME, 2021) FIRTLNIUITEUIZNAVUANIZAITNGUAITUUNA
Y
Narua 5 wia Uszneuaie aldicarb, carbofuran, methomyl, oxamyl Ua& carbaryl qwiiﬂ’iﬂﬁ%}N
@ { v 1 a g’; ~
HAAIAININD 2.2 aldicarb, carbofuran, methomyl, L!6i¥ oxamyl fﬂmﬂuﬂqumiwy%u 1 U (Ib)

v d ' 3 o
wag carbaryl 31l unguANNTUG

) 0
OJ\N/ \NJ\O

H H
0]
@)
N\><
Sy @:X

Aldicarb Carbaryl Carbofuran

Methomyl Oxamyl

a o

H 1 4 A dy
ﬂTWﬁ 2.2 ﬁ'l'iﬂqNﬂ']iﬂ']l,ilﬁﬂﬁﬂ‘]ﬂ'lcluq'lujﬂﬂu



1 d
2.4 asnguesimineailn
1 14 I ' a P
a13nqueain lunoaivla (organophosphate compound, OP) 1l ungua1soUNIdNil
o I 4 Ao w =\ Lo g’/ o <3 o =
Woaresmiluosdilsznouidiny Ugniduagimsiauveuoulad Induednoisauuy
A Yo Y 11 o A . A A Yya a ' a
215 e lasudhgiemeniniethn @i nazgaay szlioimsaauld Jaiou soumae
9 zil v Q) 1 [] 9 =) Y a 1 ’o' 1 a =~
namtHeviaa AT uvgaNg LUUKEIeN 81REY NBUAN AN WiargeenuinnUna Tunsal
v Y
NUeIMsHEIULIITHUAad Wateyuiin ganissuazaaiizsia ¥n wieledrn was
[ [ A o I a Ao v W A 9 1 A
nganigla msvaszaunIenstunaNuiuiyvesasnlmIadag iy Taglyansuna
[ g v @ o J o g’/ o o ]
asnliaemindvesdainaassniun luasudendvi ldae ) 50% (LD,) Tudaees
[ J o ] I~
YDA AWNIATTIUYDI99ANITOUINE Tan (World Health Organization, WHO) 1400 n1iu
4 class A9 Class I (Ta = B3 1005989 A1 LD,, ToonNvseminy 5 dadniuaen lansu aau Ib
a 1 1 1 a a o 1A 1] I 1 a
= WHGININ A1 LD, DYITHIN 5-50 HadnTuaen 1ansu) Class 11T unguansiiylunan I
] 1 1 a a o 1A o I 1 a [ [
A1 LD, 0§321119 50-500 Aaaniuaen lansy Class 11 unguaisiutios i1 LD, o4
1 Aa a o =Y [ I 1 a 9 A aAa =
TN 500-2000 AaaniuAen lansy uag Class VI Hunguansiytooninnionts lliny 1
A1 LDy, 410111 2000 Uadniuaen laniy (nsuaduqgulsn nsensnasisagy, vl ;
v v Y
quittouazinousuduaunadon nsuduETUAMNINAWIARDY, 2559; A51A1 DagaLiiu,
9 Y
1 A o 1 a o [ Aauv A o a 4
2558) @15NqNUNTIUIULINNAT 50 A (Zhang, 2019) AT uUITol ldviims sz
2 ' J ° a . < .
YSumesngueaini Turema $1uau 21 viia Taeldans azinphos-ethyl 11U internal
standard Tudnuagma lddromaiia GC-FPD udasgas Inseadauazsuunaiuszaunm
] Y
FUII AININN 2.3-2.6 Uaatine diazinon, dichlovos, dicrotophos, dimethoate, EPN, ethion,
fenitrothion, malathion, methamidophos, methidathion, mevinphos, monocrotophos, omethoate,

parathion-methyl, parathion-ethyl, phosalone, pirimiphos-methyl, pirimiphos-ethyl, profenofos,

prothiophos 481 triazophos

o) _ ) o
B 0 SN2 SN (lj+ N
o} N N o™ 0" i
\\O ? 0 O \©\ |I:|:\\ o~ o P\\O/\
o~ 0\
EPN Mevinphos Parathion-methyl Parathion-ethyl

MW 2.3 @15nguenin Tuneamila Class I (Ia = Av$ou5989)
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N//N 0 o / | \
Azinphos-ethyl Dichlovos Dicrotophos Methamidophos
o) S
||_ e e}
e S N SO
— — - / s ~ NV i
SO A G
H o) —d | o a
Monocrotophos Methidathion Omethoate Triazophos

MW 2.4 @15ngueoin Tuneala Class I (Ib = Wbgan)

O~
o
\

s S Ol o
Do Y AN, e .
g SN I S_Fl)_o\ (I)\S/\S/ \ O\I*\i S
Il
N /- \ o
Diazinon Dimethoate Ethion Fenitrothion
S\\P/O// cl s/ o) /S_/_
N Lo ~pl-0
e )\ /@[ ﬁ ~— g ~—
o~ 0 Br a © cl Cl
Phosalone Profenofos Prothiophos

H 1 J J a
M 2.5 arsngueoim Iureaia Class 11 (nguansiyiunan)

(0]
on <|3_
\O 0™ - Nt N2
o~ S o S
\O—F|> SN 1l \©\ "
IS o-R~0” o-Ro
S 0 o0— SN
Malathion Parathion-methyl Parathion-ethyl

MW 2.6 @15nguenin Tuneala Class 11 (nquensiuion)
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A
25 wgeduerms
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{ aa I I
199199U U013 (Food Additive) ¥iu18049 Taghauinailalsiiuemis wiedlu

= 1

U Ao w T o g A g 19 Y A
ﬁ’)uﬂi%ﬂﬂﬂﬂﬁWﬂﬂJfUﬂﬂ’tﬂﬂﬁ "l,mn@]quui]xmmmmﬂmmmima"luﬂ@nn lmﬁl%’l%ﬂﬂu

q

X P a 3 o ' : '
luomseilss Tesimana TuTagniswaa M3D553 MINVTAYI HTONMITVUEI FITHAAD

(%

A A o v = Aay yq ¥ A
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19 ¥ (Y A Jd o 1 9 Yy v o o
911113 ua 15352008 Ue 1IN0z TeraIna1vI9auaIe (F1HNNUANEATIUNITBINT
Hag e, 2564) a1ULoNa15 CLASS NAMES AND THE INTERNATIONAL NUMBERING
SYSTEM FOR FOOD ADDITIVES [CXG 36-1989] 04 1A39n 1501053 1UD1HITIZHIN
< o [ Y] 1 {
Uszna (Ta@nds (FAO/WHO); CODEX) 1ieingiiotue1msaiusoaungunininiesu
Y

a ' o I v

maTulad mswaald 27 nqu aell ersaruquanmilunsa (acidity regulator) #13tfoanu
o Y L o a . . o a

mMsauiluneu (anticaking) msileanumsnaneq (antifoaming agent) asileatunsinaoen

a & L. a X A a . Y
F1A%Y (antioxidant) d15Wend (bleaching agent) REISTETRI EEVREY (bulking agent) 15 1M ey

4 g . ' o A ' . =

asvoulaseon laq (carbonating agent) §13¥3UN1AE Q1IN IBYIYN (carrier) @ (colour)
= . a o A 4 . A A v a L 2
F1TAITNINVDIA (colour retention agent) AN IGRE (emulsifier) inaedad 11D an
(emulsifying salt) & 157 Iy (firming agent) & 1SINNTAHIA (flavour enhancer) a1515 ‘lJ‘]J‘;Q
annutle (flour treatment agent) a15%11¥1AAND4 (foaming agent) #1391 1¥INAA (gelling

A a . o Y Aa 1 dy (9 A <
agent) 913AADUNT (glazing agent) mwﬂmﬂﬂmmi‘maﬁu (humectant) MBNBI8TUNTIA

[ . v A . %) Aq Yo o 1 Y
$NB101M13 (packaging gas) G1INULAY (preservative) MaN IFUUAY (propellant) miﬁmsﬂ,mj
(raising agent) A155709V0YYATaNE (sequestrant) A15711 IHAIAT (stabilizer) 13 IHANUNIIIU

Y 9 ~ . ) o Ao tél 1 =K o A

(sweetener) L2z a3 1MANNIUITYD (thickner) d1MTVUIIBUILNA1INIINYRY U3

J = v A 9
2NN ﬂ’[’)fﬂﬁﬂulﬁﬂlla3@11511’7?]’31“1’7311!

2.6  uFHNAIIU
Y A Y =4 . . . I
15 AN UKTOE1T IHANH I ULN oY (artificial sweetening agent) Wueis
o g a Y ' < a . 4
ﬁﬁlﬂi?gﬁil‘ﬁﬁ”lﬂﬂfuﬂ]lﬂuﬂ HENA1TU (saccharin) lJl"])’?'lfl”l!llﬁ/] (cyclamate) wadgisuaw

o a % I
(aspartame) ozipgaty 1a (acelfame K) Cyﬂiﬂﬁﬁ (sucralose) o udatnNy (alitame) a3l u

1 =2

U 3 1 2 Y ) o o ao &
ﬂqusl,ﬁ’mmmmmﬂmwmma 100 tN1 ﬁu@gﬂuwﬂ ﬁﬁ"iﬁﬂﬂ?ﬂ?‘ﬂﬂﬁﬁ]%ﬂﬂ']’)ﬂ\ilﬂ‘l/‘l']g

<3 a A o A A go’ I a A a a A A
UEAATITUNIDUUNTNT UIDAUIND HJL!?HS@uﬂﬁﬂﬂﬁmﬂ“ﬂ@giillﬂﬁﬂ HYDNWNIANI
o-sulfabenzamide (2, 3-dihydro-3-oxobenzisosulfonazole) fl’g@ijﬂiﬁﬁ%)iﬂﬁ 301NN 2.7 fl’s;(@i

S A 1 =S 1 1 (% = 1 % % L}
NNAN N C7H5NO3S ﬂgiugﬂﬂiﬂNﬂT pKa Ininu 1.6 umaimaqammu 183.2 ﬂiﬂJ@'ﬂ)Illﬁ

1 J a

HAZANUNULUY 0.83 NTUADYNLNANTUAIAT (5Afide, 2019; Kapadiya & Aparnathi, 2017)

G

A A

A o I =R A ] =\ ' ?,‘ 1 @
tanvuziflunandvn ldlinau Tanuwauuinniniiaia 300 1 dumansluginse
3 3 ' ko
awnsoazater ldieaantios (azae’la 0.2% 0 20°C) Tuvazhdumans lugiinde Tadon
Y A a < A Y A o A
(azae'ld 100% N 20°C) wazunaiBonudnaisu (aza181837% i 20°C) Tumeans lugilinde

%’ Y1 J o ~ ' A = o Y
vzawsnazaivirlddieninluginse damansneglugiindennaFouinlgly



11

~ A A ' ad A 4
e vnssuNvianvatsluemIsiaznIean 1wy lonsa llf)ﬁﬂﬁiJ VYHUBDY LYY WITUAR
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I Y v Ao yxy Y ] ] = Aa a o
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Y521nN01115 MUUTEMANTENTNATITUGY DUUN 418 1aU7N 137

AOUNIAY 237 9 MUUYIHLBIAY 1 LL‘L!‘]JﬂWﬂﬂigﬂWﬁﬂigﬂﬁ’J\iﬁTﬁﬁﬂlqm HAAIAINITINN 2.1

9

NH N-Na
S=0 S0
o

0]

2

saccharin sodium saccharin calcium saccharin

4 < a '
M 2.7 g3 1In53a3 19909 uFNAITU (saccharin) Tugalang

nn (Mahmood & Aljuboori, 2020)

a < a
3NN 2.1 Lwﬂmiuﬂluwmmmmimﬁﬂiz!,mn Llﬁg‘]ﬁll'lmg\iqﬂ

=

(Haansuaen lansy)

NauUUIA

NUIIADINII

=)

YSugagan

oUIA (UN./NN.)

~ 3
Toaniuramudu
3y o A ¥ oA
wa lifluihduaey dniu viodunde
) A = v 3 A v A o a
wa linlsgon saudawa liue dusewn wa il nziuaziiungn
{ I 1 Y]
vuununiwa liuaulseneundan
Y [y
WA 1111inABa
Y A ) A A A A ' ] 3y
hananse lysstiaounsaniouaantnuuy Wdudey
] 4
Waasa
Y
1wale
HAN DML NOIHIT

@ a o d a
a0 LASNAANUNNILLEUIY

Y
YUVVUIAYD

100
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200
100
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300
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100

N1 1 (NTENTNATITUGY, 2563)
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Y] = = Aaw 1 o 3 ~ Y Y a <
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1 ] I~ % 4 1] o
Haaz uase1alsnaiy 1aususean sy laeansnisuniseannissuielan mvuala
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1181 nanmuzanlueis Faasududuaennavazinnuilasass dmsuaiily

Tsnwnru audIu waz 13a12 19 (Mahmood & Aljuboori, 2020)

a Jd a
2.7 nsauulydn uaz nsasesiin
@ A A LY @ = A A YA 1 A o A ]
asnuya ¥seizennagnuids nieulyas 2 ngu Asdagaeluerisnguiuu laen
a a 1 14 J a
(nsatuulsdnuazindevednsauuladn) nagnquaesiug (nNsAx¥oiln uag
A A g’/ 1 A Y g’/ a a a ~ 9
INAOUDINTAFDITN) ENTNIADINGUANNTDBADNT 0T UTINMTS AL Taveegaunidla
%
4
e 1o
A o o o ¢ o v ¢
naziaseanad 1531 (Frgn waddulo nazame, 2558; Sudyun lvelo nazame, 2563;
2550 TINNHIIUNA HazAmE, 2559) ANTEMANTENTWATITUGY RUVN 418 1aNN 137
ABUNIAY 237 9 MNTYTUW AT 1 uuUMeszMANTENTNAITITUGY HaAId1TNGY

1 14 1 1 [ X !
wulwea taznguesasiug Usmagaganoyq1alunuine113an 9 Aan131an 2.2

l
=

H J ' 4
ﬂ“lﬁ%iﬁ 2.2 ’(,’HiﬂprL'UHIG]SL’E]GI UAZaINQULDILUA ﬂ?mmqaq@mumm

L]

(Haansuaon lansy)

WUINDINIT ﬂ?mmqwﬂﬁwnpﬂ ﬂ?mmqaqaﬁwﬂpﬂ
VoI5 NQUILA Tion YOINGUHDI 1A
(wn./nn.) (wn./nn.)
9, ST -S|
Na"lﬁhlumﬁumﬂsy HIUU UIBUUNDD 1000 1000
Aa Y I J
munwam%mwa"lmﬂumuizﬂau 1000 1000
¥y A A A A vy 3
Walllll,lﬂf@ll YU HIDIAADUNIIUINTA 1000 1000
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wa lifgagn 500 1200
4 Y
e lfuagiima lifidudu 200 200
A A I ' A
INTONANLDANDIDANUAINAUTH 1000 500

N1 1 (NTENTNATITUGY, 2563)
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nsnuTadn Ugas 1nT9a319A90 MR 2.8 gas Tuana Av C,H,O, Nanuziunan

< A ° ° 1o o 1
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A A
3.1 139340
1.1A503 IA531 InnsHveuraIdus 50Uz g (High Performance Liquid Chromatography;
HPLC) §' U Agilent series 1260 W $9uA18 Diode Array Detector Ysznovlldae degasser
(G1311C), Quaternary pump VL (G1311C), auto sample (G1329B), thermostate tempareture
9y 4 J
(G1316A), fluorescent Detector (G1321C), 52 UUNIAIUAN taznsdssudanalysondanis
OpenLAB CDS ChemStation 1383 %4 C.01.07 NaA910 UTHM Agilent Technologies U3z ine
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TasaMsI988007 4
A [ = . . Y Y
2.1a50und Insu1 Insns 1 Agilent series 8890 W3®UAIY Flame Photometer Detector
1n309152nov 11828 auto sample (G4513A), column oven (G3540A), injector tower (G4513A)
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