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Assessing the Impacts of Glyphosate, Atrazine and Alachlor Residues in Soil

UAFT LIV g71U19 NEULNA YUY HANed a3N3 aesgruna
Malisa Wetchayanon Amnaj Katintet Jantima Phonkong Siriporn  Luengsuchonkul
naw3deingiiiunisinuns NBIYLAUNITATYNTHANNNNTAYAT
ABSTRACT

Long-term continuous use of glyphosate, atrazine and alachlor may be have cause impacted
on health and residue in the environment. This study was conducted to crop soil sampling in Central
region of Thailand; Kanchanaburi, Nakhon Pathom, Lop Buri, Saraburi, and Suphan Buri province areas.
The samples were collected in both dry and wet seasons from February to July 2021. Thirty-four sites
were collected in total, 130 samples. High performance liquid chromatography (HPLC) and Gas
chromatography (GC) were used for pesticide analysis including glyphosate, atrazine and alachlor. Health
risks of non-carcinogenic and environmental risk effects were calculated using hazard quotient (HQ) and
risk quotient (RQ), respectively. The results revealed that the concentration of atrazine and alachlor at
<0.01 - 0.45 mg/kg (27%) and <0.01 - 0.02 mg/kg (2%), respectively. These concentrations of pesticide
were detected less than the environmental quality standard of pesticides in soil. Long-term health risk
assessments in children and adults revealed that HQ in the range 3.59 x 10°- 7.39 x 10” and ecological
risk that RQ in the range 0.01 - 0.05. However, the pesticides indicated that low potential risk to human
health and the environment (HQ and RQ <1).
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nslyansrdatefivlnalien ssndu wazezarraeinaideadunaiuiu o1adinsanans sauds
AANTENURDAUNINLALAWINAEY MIAnwTlaauiusessduluiasgniidlumnnanats Aufidomin
nyauys uasUsy anyd asu? uavanssny Turnquasiargany semenunWUsEINIngnAN 2564 T
34 uas SruaudesAuTavn 130 fes Tinsigransanansvdalnaliien esnsidu uazevarnaeinie
iwdesdnialasanlang il uaziniesunalasulansin savidsediunansenunegunnuarasunaoulaely
dnanumndes (Hazard quotient HQ) Wag ANAIULEE (Risk quotient RQ) mmﬁﬁumamimaﬁmi%ﬁ
WuBENT LAY ovanAaes Usina <0.01 - 0.45 fadnfumedlaniu (seuag 27) wag <0.01 - 0.02 Tadn3une
Alanfu (sasa 2) Awaw Uimmmmwwummwmmmmummmmimiﬂiuﬂu Ltawmauﬂﬂﬂiumuwa
nsgnumegunwluinuazylng wasnansevuluszersnnedauanasy fan HQ wag RQ MU 350 x 10°-
7.39 x 10° wag 0.01 - 0.05 Auddy senslafiniy Uhinumnanslufueglussduarudesneguninuay
Aswanaon (HQ uag RQ <1)
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AN

Tnaluliwn (CsHeNOsP) iiuansidnsufivaiagada (systematic herbicide) laidonviane ozns1dy
(CgH14CINs) Lﬂumsﬁmﬁuﬁﬁm%ﬁwﬁm@m%m wuudenihane leneuiuiiaen (pre-emergence) Laymnas
Suiimsonluszovisuay (early post-emergence) @U8¥a1AAD3 (C1aHCINO)) Ju uansdasiumdauiy
UDEIEH anglareTuiausennlunay warluning leneuSuitesen (Tumer, 2018) Tud w.a. 2563 T3
nsthlnalmgnsnniian Tnefiufinaansdidy 5870,488.36 Alansu mussnsifulayozarnassiiuiua
miﬁ'mjyﬁmﬁﬁ”uﬁag 2,735,030.56 Wag 303,717.15 Alansu mua1su (rinauauieiasiannisinens, 2563)
AN uiwvadlnalus asﬂuisﬁuﬁw LDso (#11) >5000 faandumenlandy vwindm (Henderson, 2010)
fiauaamilufusyiultiunas aasadinveanisaatesilufiu (degradation time; DTsy ) 5¥%313 1 8 197 Su
(Giesy et al., 2000; Laitinen et al., 2007; Lewis et al., 2016; Bento et al., 2016) ANUT0AAYAILABYVIUNNT
gagaay (oxiredutase) vasuuaiiSeluAulneasudu aminomethylphosphonic acid (AMPA) (Van et al., 2018)
azNs 13U flan LD, (vy; yilaansiunay) 1870 - 3090 fadndunonlansy thwinga (Turner, 2018) AA3q
Finluiu 15.6 Yu (Usehauazane, 2556) dnsusrainansinaudufivlusyduiiunans LDy, (1) 930 -
1350 fladnsuneilansy tminga e DTs, >17.1 Fu Fusudunse, pH 7.5) (Turner, 2018)

msﬁw%’mﬁ’%ﬁwﬁmima‘lﬂwm Wuiwﬁmamv‘mﬂui“a prilminuzissludnineass (Chruscielska
et al., 2000; Portier et al., 2020) mu EmluLﬂuwLmemmﬂwmmuvlﬁﬂuuu% (Henderson 2010) dusu
fwvosornFuiiy LM@lﬂiU%ﬂ’]W@JL%@J‘Jan JzfnoIMsAaUiioy edeu e ﬂmmuamua“mmawwm
i’;:u‘vlaﬁumumsmmwmmauiwa endocrine disruptor chemical; EDC) mﬂ,‘wmﬂmm’gumqaaﬂuuwm
(sex-hormone pollution) RAngANIDBsULTameA ﬁmaﬂiwuéaizwﬁUﬁuéiué’mgwﬂaad (Song et al,, 2014)
auastdnfaiivoraraaestiu gnanlveglunquansiivhss TuazidolanelmAnusSenouyuwemniimsly
1u1J%mmqa (US. EPA, 1998; Catherine et al., 2018)

MnU3nanstie sudwnunduiivieslnalien exnsidy wazerainaes lminauinane
qmmwmawi%’uﬁuﬁmagmimﬂéjﬁluﬁmnmgam Faagmoaiinisiisy Yinansgnuiientaniiat ulusyezen
Tnensasaadasieiusnamsanasluiufides 33&%&‘1]38@‘14!ﬂ’J’]iJLT?‘l“Sﬂﬂﬂﬂﬂéﬂﬂmaﬂiﬁ@ﬂg’mﬁﬁ{aqmﬂ’l‘W
wazAwnnaey LﬁaLﬂumsLﬁ]jﬁzi’qmmLﬁjuﬁumﬂw{aqmmw wazdwnmaonluianuuasaseainnislyens
wazthlugnisuimsdaniafeatumsdrianisly nisiumen wasnsendnnislemely

A5aniung

aunsal

1. Lﬂ%@ﬂLLfTﬁLLﬁﬁﬁ@?%Enmam‘; vLﬁyLLﬂl beaker, centrifuge tube, cylinder, desiccator, eppendor, filter paper
No. 1, funnel, graduated tube, laboratory bottle, micro-pipette, pasture pipette, round bottom flask, vial
for auto sampler, volumetric flask, polytetrafluoroethylene (PTFE) filter membrane vu1a 0.45 lulasiuns
WA AN GRGEN AoduY BDS Hypersil™ C18 £12 250 fiadiuns Lz;ur;huvg]usjﬂma 4.6 adlnT a1TAaeU
5 lulasiuns sniuveseun1A 130 ssansex AOdUY DB-1701 817 30 WA Lgushugiusjﬂmq 0.32 daghuns
st 0.25 lalasiuns Aedut DB-35 &M 30 AT WuRUgUENAT 0.25 Tadiuns asiedeu 0.25 lilasins

2. il foumviingna 9

2.1 gswpiludia analytical grade laun nsalslasaassn (hydrochloric acid; HC lalwiien 1ansy

UoLsm tATlaLase (di-sodium tetraborate decahydrate; NayB;O++10 H,0) lalatiun lalasiau Weainn

(disodium hydrogen phosphate; Na,HPO,) latovia 53 (diethyl ether; CaHioo) LSl o Fimsn
(trisodium citrate; NasCgHsO7) Wndu (distilled water; distilled H,0) Uatsa Uulwes (borate buffer)
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wQaaLiﬁamﬁaaaﬂ%ﬂﬁUaﬁa aaalse (fluorenylmethyloxycarbonyl chloride (Fmoc-Cl); CysHyiClO)
pvd ey (acetone; CsHsO) pzdlnlulnsa (acetonitrile; C,H3N) LoWia aedLan (ethyl acetate; C4HgO,)
woulansa leiAaudaina (anhydrous sodium sulfate; anh. Na,SO4) lola-aaninu (iso-octane; CsHis)
way nwy (hexane; CeHig)
2.2 arswadiadin HPLC grade Toun o=dlalulase (acetonitrile: CHCN) Bnuea (methanol; CHsOH) uay
‘5’1 (water; H,O)
2.3 d@13119931U pesticide grade mmu’%qwéqq
231 ﬂﬁju glycine ¥iln Tnalwlm (glyphosate; CsHsNOsP) wag awﬁuﬁs Jhnprdlly Wilaveanata waTe
(AMPA, aminomethylphosphonic acid; CHsNO3P)
2.3.2 ﬂfcj:u triazine ¥ln 8¥NI1TU (atrazine; CsHiaCINs)
233 ﬂ&j:u chloroacetamide ¥iin azmﬂaa% (alachlor; Ci4H20CINO,)

3, pResfloivenmans VLeﬁyLLﬂ' Fi3ed gas chromatograph ¥laAfn5793n electron capture detector (GC-UECD)
LA nitrogen phosphorus detector (GC-NPD) 130 high performance liquid chromatograph ¥1iaf37157910
fluorescence detector (FLD) Lﬂ?@ﬂﬂi@ﬂizUqumﬂﬂ’]ﬂ (vacuum filtration apparatus) \A3 DUV HANATT
(votex mixer) \A3 834981815 (shaker) \A3 8399 (analytical balance) 1a3 83 uin3 smnaznou (centrifuge)
Lﬂéa\‘iaﬂﬁmmaﬁazmﬂ (rotary evaporator) Lﬂ%‘laﬂamﬂ%mmaﬁazmEJGT?EJLL;E%MI@?L%U (nitrogen evaporator)
Lﬂ‘%@ﬂgﬂﬂmmﬁqx‘i (ultrasonic bath)
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1. fmungaLiufieens (Sampling sites)

wasdgniivfifiuseiAnislaasminviivainlnalien eenndu warezanaosluiuidantn
neyauy’ unsUgy anyd anssuy3 wazaszyd laslvidagiamans vinisaufuiiossfuluraagguas
(qmmﬁuéﬁqﬁmm 2564) wagggru (Hguisuiianingiau 2564) 31w 34 uuas (MARUIN; Table 1)

2. miémﬁuﬁaaéw (Sample collection)

EmLﬂ‘Ufﬂ’JE)EJNfﬂ‘usl‘uLLUaﬂUaﬂ‘WSUI@EJ’JSﬂﬁmJ (random sampling) (ﬂéu’i%ﬁ’ﬁmqﬁﬁwﬂmwm, 2564)
mwm‘mamwwmmmmmim‘umamqaaﬂ Isuwmalmmaasummﬂwauaﬂi‘dm%' (V) Uszanm 6 - 9 19
nffu quiffuegnsues 7 - 10 9a sailvladmindutszanm 2 Alansu lagawatadin Anaain Wiudnw
anwlufaniuds @ ssmeaidoa) 3wiwﬁwéqﬁaw§ﬁ§ms SR TITIVIA 130 F29819

3. M3afadaee13 (Sample preparation)

fmnaprduluiiosneiu LLazﬁwu’amﬁmﬁﬂﬁuLLﬁqqm% (dry weigh; dw) Tneasaeensiiu 50 n§u Tudin
dwiindeensiunousy uasndseu 24 Hala (Back, 1965) thiudnmemduuasiwinfuundluasanienty
ihiegshuatnansfivanans ansidateivdalnalhen wavoyius afalnedswines iy 10 niu adanle
ANTATANUNENTE ‘1/1’3"1\‘1 0.03M Disodium hydrogen phosphate ez 0.01M Trisodium citrate USUUINAS 50 Hadans
g Derivatization m&J 0.02M FMOC-CL %Lﬂiﬂ“%‘dimmmmmad h|gh performance Liquid chromatograph
(Sun et al, 2017) @ruansidaisiiveinesnindu warerainaes Tei10819AU 20 N3y afanae ethyl
acetate anU3u1ms uavUSUUSRS 2 Tadans SiesterUSunameindos gas chromatograph (AOAC, 2016)

4. mﬁmwﬁmimﬁ?ﬂq (Sample analysis)

4.1 Tsrgvansidnuisvinlnalvlen wazoyius faularisnageuues Sun et al. (2017) @ung

Annevanstintsfiveinesniiiu wazeranaeifauUasninisnaaeuras AOAC (2016)
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4.2 \SuudNTaY A18YDIANTUINTIIU stock standard solution Guaﬂa']iwmma %umimmmwmu
Uszunad 1000 lmiﬂ'ﬁﬂ'ﬁmamaaam WS intermediate standard solution ‘L‘vﬂ,ﬂaﬁaymaﬁuaqmimm%m

v v

mmwmua&ﬂuma 20 - 80 llasnSumeiiadang uaziwsey working standard solution iis ivm‘ummwmu
vosEshnalrlen ezns1du wazezanass Iulamnuwuvuyszana 0.10 - 2.00, 0.02 - 1.50 waz 0.01 - 0.50

lulasnsunefiaddns auansu

4.3 AnEMINIYENAS 8 High Performance Liquid Chromatograph (HPLC) Lteig Gas Chromatograph (GO)

WD SIDIATIENANT AR TLIN

4.3.1 aadassransiiveialnalienuazeyiius Usuan1ienisvinauveansod HPLC fAall

Column

Detector
Excitation wavelength, Kex

Column temperature
Run time

Gradient cretic system :

: BDS Hypersil™ €18, 250 mm x 4.6 mm,

particle size 5 um, pore size 130 A°

: Fluorescence (FLD)
: 270 nm; Emission wavelength, Kem : 315 nm
: 40 OC, Injection volume : 20 pL

: 14 minutes

Mobile phase (Ratio)

Time (minutes)

Flow rate (mL/min)

50mM KH,PO, (pH = 5.50) acetonitrile
0 70 30 0.7
5 50 50 0.7
8 20 80 0.7
10 70 30 0.7
4.3.2 ATINATIENENINYLADLNITU USUENIEAITYINIUTDUATDY GC AT
Column : DB-35, 30 m length x 0.25 mm id. x 0.25 pm film thickness
Detector : NPD, Injection mode : pulsed splitless

Temperature conditioning

Oven program

Carrier gas
Ignite gas

Injection volume

: injector = 23OOC detector = 300 C
- 55°C (1 min) Y7 195°C (2 min) 290 230°C (1 min)

20°C/min 250 C (1 mlﬂ) 15°C/min 280 C (1 mm)

- helium flow 1.4 mL/min
: hydrogen 2 mL/min, air 120 mL/min

2 1 L, run time: 26.5 minutes

4.3.3 A579 A TNE SR rlnaranass USuan1azn1svinaueeawnsad GC a9l

Column
Detector
Temperature conditioning

Oven program

Carrier

Injection volume

: DB-1701, 30 m length x 0.32 mm id. x 0.25 pm film thickness
: MECD, Injection mode: splitless

: injector = 23OOC detector = 300 C

£ 80°C (1 min) 22918 220°C (2 min) 98 235°C (1 min)

20 °C/min 2400(: (1 mlﬂ) 25 °C/min 265 C (12 mlﬂ) 20 °C/min
280 C (8 min)

: helium flow 1.4 mL/min

2 1 pL, run time: 49 minutes
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4.4 ANSAUINUTUIUEITNYANAIY
US1NuasiEnnANS A D819ANUINDTN

(Ry-Bo) _ V
C=—2 "% x_xD
A, W

v v

ilo C (concentration) Ao AU NTUYBIANSHWlUR10819AULe (HadndunoAlandy) R, A8
response (area) maamaﬁﬂwﬁ"uaﬂw, B, A® intercept Y84 calibration curve, Ag Ao slope ¥4 calibration
curve (Hadans/lulasnsy), V (volume) A U"%mmqmmywsuaqaﬁamEJGT’J@&JN (Hladdns), W (weight) Ao
Yhuiindesnsiuui (n31) uay D (dilution factor) e $112UMINSE091s
5. MIUTzIUNaNIZNU
5.1 miﬂimﬁumamwwiaqsumw
Tyaunnsmendnmans lunisaensarseuneuluLvemansEnUTionaaintuLilausdse iy
pududunsevesansiiy Imaa:ummzﬁmmam%mﬁﬁumiﬁmmwamwwiaqﬁumwsuamuwé%ﬁqmﬁmm
A1 Hazard quotient (HQ) (US. EPA, 2011) Fail

HQ = ADI/RD

la ADI (average daily intake) fio ‘U‘%mmmiﬂm%ﬂééwmaaéwmLﬁamaﬂfﬂ%ﬁﬂﬁaﬁiaﬂ%’m, RfD
(reference dose of the contaminant) fla Usinauansiisuiigsamelayniulaglinlninanuiaunile
noguameusle Tag ADI Auinan

ADI = (C x IR x EF x ED)/(BW x AT)

il C (concentration) Ao ANLLTWIRABANTRWlUF D87 @adansumenlansa), IR (ingestion rate)
Ao USunanssududa (Radndunetu), EF (exposure frequency) A® AuRveInssudula Gused ; 350/4),
ED (exposure duration) fie szeziafisuduia (3) (fin 6 9 gﬁmyl 30 1), BW (body weight) A® Yo
s (Alandw) (6in (child) 019 6 T dviniade 33.38 Alansu wazklug (adult) eng 70 9 viviniade
55.77 Alan3u) (Unov., 2559), AT (average time) Ao srozaadefiTuduianasnyiseny (u) (Fin 2190 fu
gy 10950 Tu) nsusazinaffidwanla HQ <1 Ao lufinanszvuneguaimeglussduiiseusula
(acceptable risk) HQ >1 o fxansenuviodanuidssmaguan (risk)

5.2 mUssiunansynunedInaen

Ussiiunansenuluszezeineiidinluduvia earthworm (ECB, 2003; ECHA, 2008) Taglsanaan

Fe (Risk quotient; RQ) a1n@NANT
RQ = MEC/PNEC

'
a a o

\ile MEC (measured environment concentration) fis Auwsmuvesenslufy Gadndumonland),
PNEC (predicted no effect concentration) fla Ansusugsgavesansiluasuansenunedsddin @adniune
Alansu) (assessment factor WY 10) A RQ <1 fA® iaiﬁmwmﬁamla?ﬁumgam (no immediate concem),
RQ = 1-10 fie fmudemedwinaeudnues uamninsifiauSinaasieiily aesiidadnnuidsanniu
(of concern if supply volumes increase), RQ = 10-100 f® flenudes nowhnsanauides (Further data
require), RQ >100 A Smudsannuazsdunesannrudssiuiu (reduce risk immediate)
6. NMIPIUANAMUNINKANITVNAFDU (Quality assurance)
6.1 LLGiazﬁz;mszJaqr]’]imaﬁLﬂiflzﬁ ﬁwmimaaummLﬁjuLgumwaqmiazmmaamimmgmﬁ 5 58AYU
aranny lamn correlation coefficient aaﬁjiw’m 0.997 - 0.999 (NAUMNIEBNTU >0.995)
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https://www.sciencedirect.com/science/article/pii/S0048969720336512#bb0130

6.2 Lwiazﬁqmaamﬁmiwﬁ WIN1IVAABYU reagent blank, sample blank (Wuans <LOD) warAINIsle
NAUALLIVDIETT (NAUNNITERUTU %recovery 70-120%; SANTE/12682, 2019) wan1svagdauandlu Table 1

Table 1 Quality assurance of analysis

Pesticides Conc. (mg/kg) Recovery (%) LOD (mg/ke) LOQ (mg/kg)
glyphosate 1.03 81.00 0.05 0.17
alachlor 1.58 87.60 0.05 0.10
atrazine 0.10 93.63 0.001 0.01

LOD means limit of detection,

LOQ means limit of quantitation

7. miﬁuﬁﬂszjyaua
7.1 Guauamﬂaum lmm Sasnsluans mmumﬂumiwums mauamﬂmmﬂﬂa‘h\lmm DYNIITUY
LAY aYaIAADIIINANTEUATHALAEAIAS Wﬂmmmumamwu wazAanUANIALl- Fanavesiu
7.2 namsnTadaTzUInaEsivanasluRy ‘VT‘LJ’J‘EJLﬂj‘Ll fiadnsunailandy (me/ke)
7.3 HANTENUTRIENIABIINNITAIUIN WarnsiUSeuiiisufiuaunsgiu

STOULLIAN 13uAL AaTAY 2563 Audn fugieu 2564

#01UNIINTINARBS
1. uwasUgniiglumnianansifufidmianinauy’ unsUgy anys aszus wovanssuys
2. afanagTTinTeiiesiivesufiinsnauite Tadifiunsinuns nedifeimundade
NSNEANNNITNYAT NTLIYINITNYAT

NANISNAABILAZ AR50l

1. ansenAnglnaliien asnsdu wazezairaslunu

mnmaganiufossiuluangniglunnienansiuiidoriamaauyd uasgs any3 assy3 uay
ANTINUS T30 34 wlas S1urueE R usINT auA 130 Fae8ns Iuﬁlil’NE]@JLLg\‘l (nunwiusfeiiunau 2564)
WUBEMTITU USaa <0.01 - 0.42 fadnfumenlandy $1uau 15 foens uazluvaggru @quisuiansngiam
2564) WUoEVTEL USias <0.01 - 045 fiadnuneRlaniu S1uu 20 Feene wagnueratAReTUSINAL <0.01 -
0.02 fadnsuneflansu $1uru 2 Mewns s uufessTinsaTnuasivanasdndy sevay 28 vessiuay
fegnavianun tneasIanUey mw%ﬂw&mf]mNuﬁﬁﬂmuﬁaa&mmm’jﬂuqmLLévq uwaUSinafinsaanuiulnaies
iy %ﬂﬁ@mﬂa@\‘lﬂ‘Um{[ﬂjEJ“V]?’]SUUHWQ@’J‘UWGUIU%’NGWQ@EJ‘LJ Wiomuanviiuneusen (pre- emergent) dmsu
wiuuUasgniiels laun ooy 113lna Lﬁumu PPDB, 2022a) suamamﬁ@mmwmamﬂuammaamaaavmw
Fuiifennsaaneivesesnsduluiu DTs Wiy 115 Yu imaiuavane, 2555) Sanninslvesnwneiiesas
lviinnanglauuty aéw&iiﬁmm U'%mmﬁmmwufj ANNANATHILALANALYBsUTEWALNY Aiimuaen
mmmusuaqavmwuiummw ooy edouay zinwasnssuaosliliy 22 fadnfumeflansy (AMENTTLNTS
AIWINABULVTIR, 2547) mmumsmamsuwwumavmﬂaaswmnwumsmm’lﬂuﬂsmmmuu mmmauum
miavmauwiﬂmuﬂmq 240 fiadn3unedns sauviean DT50IumuwumuauﬂﬁiaaaaawamaqLmﬂmsamaﬂww
&4 9 7 6 - 15 Fu (Vendill, 2002) FevhlymuUSinamsnnAsrouwn Fwdennaosiunmiinszrasadiige

o

ﬂmwmmﬂmﬂumuwm GAP Iuwumammammu V]WUﬂ'TWIﬂﬂNGUENﬁ’Iiﬂ'H]WJSZJW‘UGZM@Ebaﬁﬂa@ﬂu‘dill'lmm']

‘VI 0. 01 O 06 maaﬂsumaﬂiaﬂsm ﬁ]ﬁi‘WﬂﬂLLauﬂmu 2562) ﬁ’Juﬁ’]iﬂ’ﬁ]ﬁTﬁ‘WWﬁu@iﬂﬁIWL"ZJG]‘L!‘LJ bLﬁJWUﬂWW]ﬂﬂ’NIu
G]’JE]EJ’NVN 2 9 V]\TL! Lummﬂmsaawmimaﬁ;aummu sammﬂ%wwamuammmaau (Van et al,, 2018)
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wazaaniRnsazanetilafinnd 100 nfumedng vaiaanisaaes DT, vedlnaluienaouwaduil 645 fu
(field) (PPDB, 2022b) Ui%ﬂ@UﬁU@mauﬁaﬁUmaﬂuﬁuﬁﬁﬂ'mLﬂjuﬂi(ﬂﬂﬂuﬂmﬂﬁﬂﬁﬁﬂhuﬂmﬂ pH izij 6.0-83
(nsuanfiiy, 2553) uazidlofuarulngidufumien (aarwan; Table 2) farwanuisalunisguinlad
vhlmhazansanslnalienainduiu Ieilvlunumannasedlnaliisnuazeyiusdana

2. NaNTENUVBsEsANANInalVn 9295 1%FU wazazrainaasluA
mﬂmiﬂ'ﬁzLﬁumamwuéaqﬁumwmnmi%’uﬁmE’J’a‘ﬁ"ﬁmaﬂuﬁaummmaﬁwﬂé’waﬁlﬂﬁmiﬁamL%q
Tneles Hazard quotient (HQ) dusuidinens 6 9 uazylvyony 70 T uasdsufiunanssvumedaunaey tngly
Risk quotient (RQ) nUSuaa1si e asranud Ui uiunour19sn <0.01 - 0.45 fadnsuneilansy
Lﬁ@ﬂixLﬁumaﬂiwuﬁu’qﬁaqﬁumw uavdwInaey NUAT HQ way RQ veteynsfunarezainaesiinunsiaty
{1 HQ <1 uanen Wuanadsssziusiieeul (acceptable risk) (Table 2) IngaennapIfUNIATIANY
axamaa%m&ﬂuﬁuwmUqﬂmﬂﬂuﬁwi’mauuﬁu LLazléjﬁwmsiJizLﬁumaﬂswuﬁaqﬁumwmaaLﬂ‘wmm
WuiwagﬂmzﬁuﬁwLﬂumﬂmﬁmﬁaam%’uﬁ (HQ <1) (m’:;wqﬁl,l,a::ﬂmz, 2562)

Table 2 Hazard quotient (HQ) and risk quotient (RQ) for detected pesticides

Concentration (mg/kg) Hazard quotient (HQ) Risk quotient (RQ)
. Dry Rainy X X
Pesticides Dry season Rainy season Dry Rainy Risk
season season
season  season
(min - max)  (min - max) Child Adult Child Adult
atrazine  <0.01-0.42  <0.01-0.45 6.89x10° 215x10° 7.39x10° 231x10° 0.04 0.05  acceptable risk
alachlor ND <0.01-0.02 - - 1.15x10° 359 x10° - 0.01  acceptable risk

ND means not detected,

HQ <1 means no adverse health effects are expected as a result of exposure,

HQ >1 means adverse health effects are possible,

Average weight for 6-year-old child is 33.38 kilograms and 70-year-old adult is 55.77 kilograms (1na%., 2559),

RQ <1 means no immediate concern, RQ = 1-10 means of concern if supply volumes increase, RQ = 10-100 means further data require,
RQ >100 means reduce risk immediate
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Table 1 Locations of the samples collected in the Central region of Thailand

Location by GPS

Site Description of sampling sites
UTM X UTM Y

1 Khao Din Subdistrict, Doem Bang Nang Buat District, Suphan Buri Province  14.780394 100.200547

2 Khao Din Subdistrict, Doem Bang Nang Buat District, Suphan Buri Province  14.780283 100.201222

3 Khao Din Subdistrict, Doem Bang Nang Buat District, Suphan Buri Province  14.778587 100.195748

4 Khao Din Subdistrict, Doem Bang Nang Buat District, Suphan Buri Province  14.787972 100.196697

5  Chorakhe Samphan Subdistrict, U Thong District, Suphan Buri Province 14.302300 99.859616

6  Chorakhe Samphan Subdistrict, U Thong District, Suphan Buri Province 14.290789 99.853827

7 Chorakhe Samphan Subdistrict, U Thong District, Suphan Buri Province 14.307936 99.850833
8  Ban Yang Subdistrict, Mueang District, Nakhon Pathom Province 13.854114 99.930264

9  Ban Yang Subdistrict, Mueang District, Nakhon Pathom Province 13.856781 99.931736

10  Thung Luk Nok Subdistrict, Kamphaeng Saen District, Nakhon Pathom Province  14.016889 99.906042

11 Huai Mon Thong Subdistrict, Kamphaeng Saen District, Nakhon Pathom Province 132.988156 99.943144

12 Huai Mon Thong Subdistrict, Kamphaeng Saen District, Nakhon Pathom Province 13.986358 99.944553

13 Tha Mai Subdistrict, Tha Maka District, Kanchanaburi Province 132.891900 99.813522

14  Tha Mai Subdistrict, Tha Maka District, Kanchanaburi Province 13.892047 99.813906

15  Dan Makham Tia Subdistrict Dan Makham Tia District, Kanchanaburi Province 13.836777 99.392905

16  Dan Makham Tia Subdistrict Dan Makham Tia District, Kanchanaburi Province 13.841689 99.398687

17 Wang Dong Subdistrict, Mueang Kanchanaburi District, Kanchanaburi Province  14.226396 99.329406

18  Wang Dong Subdistrict, Mueang Kanchanaburi District, Kanchanaburi Province  14.229878 99.317606

19 Wang Dong Subdistrict, Mueang Kanchanaburi District, Kanchanaburi Province  14.230444 99.318125

20 Khao Wong Subdistrict, Phra Phutthabat District, Saraburi Province 14.661408 100.834603
21 Khao Wong Subdistrict, Phra Phutthabat District, Saraburi Province 14.661131 100.834719
22 Khao Wong Subdistrict, Phra Phutthabat District, Saraburi Province 14.660758 100.835658
23 Khao Wong Subdistrict, Phra Phutthabat District, Saraburi Province 14.661808 100.835292
24 Chon Saradet Subdistrict, Nong Muang District, Lopburi Province 15.183919 100.669925
25 Chon Saradet Subdistrict, Nong Muang District, Lopburi Province 15.192000 100.656603
26 Chon Saradet Subdistrict, Nong Muang District, Lopburi Province 15.189781 100.657386
28 Chon Saradet Subdistrict, Nong Muang District, Lopburi Province 15.188811 100.721950
29 Chon Saradet Subdistrict, Nong Muang District, Lopburi Province 15.188664 100.722558
30 Chon Saradet Subdistrict, Nong Muang District, Lopburi Province 15.190439 100.729756
31  Hin Son Subdistrict, Kengkoi District, Saraburi Province 14.744119 101.039186
32 Hin Son Subdistrict, Kengkoi District, Saraburi Province 14.760022 101.038906
33 Hin Son Subdistrict, Kengkoi District, Saraburi Province 14.773011 101.001133
34 Hin Son Subdistrict, Kengkoi District, Saraburi Province 14.772553 101.000036
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Table 2 Physical and chemical properties of the soil samples

EC OM Avail P Avail K Sand Silt Clay
Site  pH Soil Texture
(dS/m) (%)  (mgrkg)  (mg/ke) (%) (%) (%)

1 7.2 0.148 2.18 17 150 5.8 25.8 68.4 clay

2 6.6 0.195 3.22 49 127 11.6 26.3 62.1 clay

3 7.1 0.177 2.48 107 79 25.6 36.6 37.8 clay loam
4 8.0 0.125 2.08 82 239 21.6 38.6 39.8 clay loam
5 6.7 0.616 1.69 49 69 38.2 35.3 26.5 loam

6 6.2 0.081 1.42 7 60 31.6 42.8 25.6 loam

7 6.3 0.111 1.77 71 107 29.6 40.8 29.6 clay loam
8 6.9 0.099 1.50 98 107 40.8 34.9 24.3 loam

9 8.0 0.236 1.29 107 91 259 34.1 40.0 clay

10 7.6 0.172 1.27 290 168 28.0 44.0 28.0 clay loam
11 8.0 0.225 1.22 51 97 33.0 33.6 33.4 clay loam
12 8.0 0.225 1.22 51 97 33.0 33.6 33.4 clay loam
13 73 0.185 1.32 617 247 44.9 36.4 18.7 loam

14 6.7 0.145 1.44 26 92 40.6 39.0 20.4 loam

15 6.0 0.119 1.73 43 118 21.5 46.3 32.2 clay loam
16 6.2 0.052 1.15 191 7 51.6 30.1 18.3 loam

17 75 0.115 2.38 34 141 58.2 20.9 20.9 silty clay loam
18 6.5 0.037 1.86 9 188 46.0 27.0 27.0 silty clay loam
19 6.5 0.037 1.86 9 188 46.0 27.0 27.0 silty clay loam
20 7.7 0.196 3.23 565 322 21.0 39.5 39.5 clay loam
21 7.9 0.256 3.20 358 414 15.8 42.1 42.1 silty clay
22 8.2 0.145 2.46 274 264 23.0 38.5 38.5 clay loam
23 7.9 0.262 253 304 372 30.7 42.9 26.4 loam

24 8.1 0.120 2.56 33 97 30.5 42.8 26.7 loam

25 79 0.162 297 a5 287 239 32.1 44.0 clay

26 7.8 0.157 2.82 30 179 19.9 16.9 63.2 clay

27 8.1 0.116 3.03 21 108 23.3 34.0 42.7 clay

28 7.5 0.711 2.10 54 304 20.0 27.2 52.8 clay

29 177 0.198 1.97 31 179 15.4 13.4 71.2 clay

30 8.0 0.134 297 17 340 18.0 28.3 53.7 clay

31 8.3 0.100 3.11 25 158 18.4 23.7 57.9 clay

32 7.7 0.166 2.66 51 200 22.8 16.2 61.0 clay

33 7.1 0.094 2.02 26 283 16.4 24.2 59.4 clay

34 7.0 0.119 1.58 52 222 35.1 25.7 39.2 clay loam
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Figure 2 Soil sample analysis
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