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Monitoring and surveillance of organochlorine pesticide residues and heavy
metals in free-grazing duck eggs and environment in central part of Thailand
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Abstract

Background: The distribution of environmental contaminations such as pesticides (OC) and heavy
metals has led to the importance of food safety and hysiene especially in regard to free grazing duck eges.
Since Thai people tend to consume duck eggs due to the enrichment as their sources of high proteins and
fats. However, the consumption of duck eggs is still a question because raising ducks in the paddy fields
and habitats poses a risk of OC and heavy metals contamination. Therefore, the aims of this study are to
determine OC and heavy metal residues in free-grazing duck eggs and their surrounding environments and
to evaluate the health risks of consuming duck eggs contaminated with OC and heavy metals in central
Thailand.

Methods: Duck eggs, soil, and water samples were collected from 8 provinces in the central region.
The samples included 640 duck eggs, 320 paddy soil, and 320 water. 20 types of OC were
analyzed by Gas Chromatography-Mass spectrometer (GC-MS) and 11 heavy metals were analyzed by
Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES). Then the correlation among the
contamination levels of duck eggs, soil, and water was conducted. After that contamination levels of duck
eggs concerning health risk (THQ) was assessed.

Results: The results showed that the highest contamination of OC (Endrin) was found in duck eggs
(0.8215-3.0360 me/ke), followed by Metoxychlor and DDT, respectively. In soil samples, the highest
contamination was found in Heptachlor epoxide (0.2061-26.1740 mg/kg), followed by Aldrin and B-BHC,
respectively. Besides, in water samples, the highest contamination was found in endosulfan sulfate
(0.0077-0.4978 mg/kg) followed by Aldrin and Endrin ketone, respectively. In addition, the highest level of
heavy metals in duck eggs, soil and water was found in Zn (40.6060-380.8650 mg/kg), followed by Fe,
Cu and Mn. When assessing the health risk from duck egg consumption, the health risk factor (THQ) was
less than 1, which indicates that duck eggs produced in the central region can be consumed. But the
amount of consumption for health safety (ADI) must not beyond 62.87 grams per day or not more than
3 eggs per day.

Conclusions: Based on the research, it can be concluded that duck eggs, paddy soil and water in
the central region of Thailand were still the sources of OC and heavy metals contamination. However, the
result of health risk assessment suggested that the amount of duck egg consumption must not more than
3 eggs per day.

Keywords: Residue, Organochlorine, Heavy metals, Free-grazing duck eggs, Environment, Central part of Thailand
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Heuuslaalidadudunuun wsglidaduunas
Tsiukarliuiitivsslenidesnsne winsaoada
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320 108719 1W1A8819YINTIATIER OC U
20 ¥ lneldiades Gas Chromatography-Mass
spectrometer (GC-MS) kaznTI9LATIZRlanzuiln
11 ¥fin Iaeldin3es Inductively Coupled
Plasma-Optical Emission Spectrometer (ICP-OES)
ndunianuduiusvesUsnanisiudouly
frogslddn Au waziin thaSnanmsuuiouves
OC uas laveninlushetsldadilaunyinisussdu
AudBIFLguam (THQ) 9nu3laelddnlas

na: wuinlulddanumsvuitou oC wia
Endrin qaﬁqm Imaww%mmmiﬂmﬁamaﬁaagﬂu
%74 0.8215-3.0360 mg/kg 5938941 Ain Metoxychlor
waz DDT muddu lushegnsmununsuuiouves
Heptachlor epoxide Qaﬁ'qm TneUsinamsuuiton
LQSEJ@&ILWN 0.2061-26.1740 mg/kg 509947 AB
Aldrin tag B-BHC muanau yonanilusietisi
wumsUuitlounes Endosulfan sulfate qaﬁqw 1oy

wuUinamsUuitewadveglutag 0.0077-0.4978
mg/kg 5098911 A9 Aldrin tag Endrin ketone 210
ATAsIERieg L itovUSinanisduiouves
Taviewti lushogsldda fiu wazth wuiSinanis
Vuideuvetlaneniinluinodndlade fiu ezt
mstuidouves zn qaﬁqm Imwumwu@aumﬁlaag
w9 40.6060-380.8650 mg/kg 509831 f8 Fe, Cu
ez Mn levhmsussfiuanudesdiugunimain
nmsuslanaldidalaemuindianundsssugunim
(THQ) fetfeendt 1 Fsusdldifiuinmsuslnaladn
lavannisuluwanianaaiunsauslaala usides
uslaaluUsunadiiiiu 62.87 nSusetu wseuseun
TAu 3 WessieSuiiennudasnseainnislésuans
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ladnlavs dnden aananswesUszindalng

N

INTNYIUVBIBIANITOITUALNTLAYATUIAY
anUszmf (FAO) ¥ 2001 nwuiilulaniansiedidi
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wia luswauiduaisiaiivssian asmdauuas
11NN 250 BlA Lay @a15naadune 1 150 via

aswlmInuuaIngueasnilunaesu (Organo-
chlorine, OC) WWuasiafiidneglunguvesansindn
wuasifieudfydeguainvesuywd @ uas

daonwnazns UN 74 1auN 1
Journal of Thai Veterinary Medical 3
Association Under Royal Patronage



Fanedouduagnann (Jayarajetal., 2016) dlosan
OC 1Huasidneglunguuesaisiiiaiunamnigs
(Persistent Organic Pollutants, POPs) Favilasinng
mmﬁwﬂu?unmﬁaﬂﬁmu (Tzanetou and Kalasari,
2022) uazfaazanglaniulutiu Uayaraj et al., 2016)
AN duiiwuas OC %uaE“Jﬁ’uﬂ'%mmﬁé’mil,t,azﬂulﬁ%’u
Tnedlodsdidinlasu oC dsamevgluinasesyuy
Usgamdiunas lagssuumadunielaaglasu
NANTENULINAINTEUUMLAUDIMNS (Briz et al,
2011) wonanifiwilminmuinunanessuusiox
Inseedfaduiatesesluunasriinfidfaysions
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nslzesiaanalg (Wolf et al., 1993)
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Inglangnunuierdadivselosinasnsnmemnlasulu
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Wulvenadudunseld wu neswns (Cu) wavdenzd
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Qﬂ%’ﬂiﬁﬁ'ﬁyuﬁ’ig%ﬁwLﬁaamﬂﬁﬁw%’mmmﬂsiaﬂu Ay
i (Pb) a1y (As) wazupaden (Cd) 1usu
(Hassaan et al,, 2016) luilagiuiinsinuiseiFes
msduieuvaslansuinluemsuazdanndeud
dldueglubuasAunndudesnnidullymiids
Hansenulnensiogun nvesau (Real et al, 2017,
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(CusO) \iefdnneswesissuinluwidn Seiily
wummﬂé”mmaqmqLmﬂuﬂ%mmqﬂuﬁwﬁﬂéaaaaﬂ
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ATIINU Ao 670 me/ke FuduUTinaiionvdmasie
guamannsuslaale (Tanhan et al., 2014)
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Uszrnsuazinegneitldlunisfing
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ynafufegdladalaaioun 640 ves lng
wiadudswinas 4 vsy vhsuaz 20 Wes Fudu
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(1967) fuIBNgdusuudte (Whittemore, 1997)
fregeiu wasth duifuiedieiu wasily
Uinuiuiideadn 8 Smin Ymrinae 4 W vhduay
10 fege Tadufiegaiu 320 fee1s uazdiogns
141 320 f819 MduFpg LTSI IVENYDY
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ASIATITHA2DE9

frogaliidn fiu uavin azvhnsadalngldss
Liquid-liquid extraction Iagvinisdadaagnafu
U 20 g 1 Ethyl acetate 75 ml WeN@e shaker
Fiaui$a5au 2,100 o/min Wi 5 h n3eeHY Na SO,
anUsuInTAIY Acetronitrile 2 ml W&IIN15RTIA
LATILANRINITANAIIVDIAITANTAUNAY OC
20 ¥ia 1AuA a-BHC, y-BHC, R-BHC, §-BHC,
Heptachlor, Aldrin, Heptachlor epoxide,

a Ao o o & Y v
i1 wiuATinluwanianatediuuianan 21 Sanda (@he)
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wAR U lunSAnwIENmLe 8 Fawin (1)
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NFUANUIUAT 80 40 40
NITUATATOLSE 80 40 40
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GEEATE 80 40 40
GAVAT 80 40 40
Unusil 80 40 40
T 640 320 320

y-chlordane, Endosulfan |, a-chlordane, DDE,
Dieldrin, Endrin, Endosulfan I, DDD, Endrin
aldehyde, DDT, Endosulfan sulfate, Metoxychlor
way Endrin ketone vnmsiiasnzsidaeiedes Gas
Chromatography-Mass spectrometer (GC-MS) S
Agilent 1 MSD 5973 AUANAN1I¥N15Y1N91UY09
\3osdiel Mode pulse spitless, SIM mode column
DB5-MS capillary, 30 m x 0.25 mm id, 0.25 pum film
thickness, injector 230 °C MS Transfer Line 280 °C,
MS Quad temperature 150 °C, Ms source 230 °C
Oven program 100 °C (1 min) 8731 15 °C/min
180 °C (1 min) 9%31 3 °C/min 200 °C (0 min)
9n51 1 °C/min 210 °C (0 min) 8»s1 15 °C/min
29 °C (5 min) Carrier gas helium flow 1.4 ml/min
Injection volume 1 pl (Birich et al., 2020)
N1505299LAT1zRlanzuln AvNn1Tann
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LLazﬁwzﬁ’]maﬁmmﬁ%mmg'mﬁuEN United States
Environmental Protection Agency (USEPA) (2000)
Tngazifeg1afildauasnudsdiediu vins
gosuu hot plate seisluliansazansifion daeau
ansazanumaeUIIgs 10-20 ml enasameiels
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Zn $hepses Inductively Coupled Plasma Optical
Emission Spectrometer (ICP-OES) §to PerkinElmer
U Optima 2100 »1135v8 McBride (2011)
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mi'“slmwﬁ%'ayjamﬂmﬁm (Health risk assess-
ment)
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INNITAUNAANS (Target hazard quotient, THQ)
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Target hazard quotient (THQ) = 0 x 100%
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Toedi

Exposure daily intake (EDI) fig A1IA1S&NNE
(mg/kg/day.)

Acceptable daily intake (ADI) g USunuans
fisr9neanansasuld (me/ke/day)

dun1sman THQ (laveniin) agUseidiuaiiy
Aedlned1adesziunanandssain USEPA (2000) ang

GNP
) EFXEDXFIRXC 5
Target hazard quotient (THQ) = ———— x 10
RFDXWABXTA
Tnei

Exposure frequency (EF) A9 Aualunis
Uslaa (365 days/year)

Exposure duration (ED) fia szeztain1suilag
fvualidu 70 years

Food ingestion rate (FIR) A9 8n31n13U3L0A
sionse (62.87 g/person/time)

Metal concentration (C) Aa Usunaulangniin
fimsrany (mg/kg)

Oral reference dose (RFD) Ao U3u104n13
U3lnA&1983 (me/ke/day)

Average body weight (WAB) Ao Aadeves
Yuiindvesszraululszannsive (60 ke)

Averaging exposure time for non-carcinogens

(TA) Ao Aayszeznan iy lminuess
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n1sdauedeyauSunanisuuideures OC
warlavegninaggauluguuuuaiage daunisang
AMNFURUSYRIUTHIMYEs OC waglansutinlu
feg1alilda Au wazi azvhnisvegeulnenism
AANdNTusIngltana Pearson’s correlation lag
° v o aaa
MUUAATYEANSEDAN p=0.05
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LOD wa4 OC vaansnuil A oglurg
0.01-0.03 pg/kg @ LOQ ¥99n1505191Av89 OC
f9 0.05-0.09 pg/ke luvausdl LOD vaslansniin Ao
0.5-0.8 pg/kg taz LOQ vadlanguiin As 1.0-3.5

pg/kg
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INMTIATIERFeg Lo YT NS
Judoures 0C lugregndlida fu wazh wut
U3uaunisandngwes OC lusredaldidanunis
vJudlounes Endrin Qqﬁqm Tnemuusinaumsduitou
Laﬁsagiuﬁaq 0.8215-3.0360 mg/kg 998911 AD
Metoxychlor ki DDT InemudSnainsiuiounds
ae/luY3 0.0643-0.4216 mg/kg Waw 0.2090-0.3325
mg/kg MNAIAU Tnedanimiinunsuuidiouveseans
vt 3 wilathnnilan fe fwiadbum sesaun e
Faingrames warUyustdl muddu (1wd 1 n) Tu
GT’JEJEJ'NauWUﬂﬁIJuL%EJu‘U@d Heptachlor epoxide
qaﬁqm T,maﬂ%uwmmiﬂuﬁama?{sJag”me 0.2061-
26.1740 mg/kg 7998311 Av Aldrin wag B-BHC lng
wutinaumstuiteuadseglutay 0.0078-3.6363
mg/kg Waz 0.0047-3.2539 meg/kg AUAINU TN
fifinsuutouvesans 3 vintigean Ao finaseys
5098911 Ao FMIndNUT way Jwminunusnd
pddy (w1 9) wenaniidievhnisranis
Judlouves OC lushegahfiivaniiuiidnyny
nstudloues Endosulfan sulfate qqﬁqm lngny
U3munistudeundvegluiag 0.0077-0.4978
mg/kg 89891 A9 Aldrin ay Endrin ketone lag
wutimnaumstuiteuadseglutas 0.0087-0.0798
mg/kg WAz 0.0020-0.0193 meg/kg AMUAINU TN
fwumstudouvesans 3 viatlgean Ao Torfaanys
5098931 ABTINIANTINNUMIUAT LazTanin
WsEUATA3RY5EN MUAIFU (Ml 1 A) 3nTina 12

Fraduaziiuladn nsldarsidauuasngu oC Tu
wtnlilafinansenuamziadneaINsyldies
Wity Smumsandnsluiiu wavinandae Tnonisuns
nszeUes OC ﬁLuLméaﬁwﬁu%u“]ul,ma'aqmﬁwmaq
M133993UNSANASYDS OC Wazenemonlugadldin
Fonderdolduseloiannunasintiu (Fdwards, 1997)
finsAnwanududuvesans oc luthuazvaily
wsithves3y Edo Uszwaluiide Tae Lindane, Aldrin,
pp-DDE, op-DDD, op-DDT wag pp-DDT AnTIany
v;mma'm%w LLazgﬂmmwu"LuLﬁaﬂmﬁawiuﬁ’u
(Ize-lyamu and Egwakhide, 2007) uaﬂmmfu
galafin1sAnwinisanAeues OC w¥fia Endosulfan
TuundsiinensnssuneanamilovesUssmnelneg
wuISnamsuuiouves Endosulfan wuuSuna
miﬂulﬁauqmdwm requlatory limit TuAsdiTdn
ﬁmﬁﬁ@@ﬂmméﬂﬁé’]ﬁu (Sangchan et al., 2013)
dmsunisanatawesans OC uludalatins@nwnig
pndswas OC %ia Endosulfan Tudelaviedidedy
FINTAFNITUYT NANITANYINUAITANANYBY OC
%iln Endosulfan sulfate Fanunisuuioululiung
wnndlvm Yinamsuuidouiinululdunmuns
Yuilou 6.73 ne/g dilulivnmumsiuiieu 4.78
ng/g MUaRU (Ketyam et al., 2016)
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USununisandrsveslaveuinludiednelile fu
wazin

1INNITIATITREIRE 1o UT NS
Uuideuvedaventn Tuhethdlaida fu wazdmu
nsUudewvedansminiidanusdusessnieuay
Tangminidufivdesnenie tngludregrslubany
nstuidou zn gafign Imawumiﬂuﬁjaumﬁaa@u
%79 40.6060-380.8650 me/ke 584844 Ao Fe, Cu
uar Mn Teenumsduiteuadeeglutag 75.5200-
187.1190 me/kg, 3.5150-7.2535 mg/keg wag
1.2766-4.2300 mg/kg MNEIAY uenaNtmunis
Uudewvedaventniifaudufiv Ae Pb, Cd waz
As Bndae Tnsusuiunisuuitoundseglugag
0.1490-4.8370 mg/kg, 0.0095-3.4810 me/ke waz
0.0090-0.3190 mg/kg ANAIAU Fwm¥aiinunis
Judlouvadangniinluseglnidalavsgefian Ao
I TIATHUIN 5998301 AD TINTND1IWY LA i
any3 Tushegapunumsuudouvedansaingia
Zn qaﬁqm s09a3N Ao Cu way Fe Uanmunsuuiiou
Wadeves Zn Tushegnsdueylutgi 31.6500-257.1500
mg/kg Tuvaiivsinansduideuves Cu uay Fe #
nsranvludregrsiununisuuitoueglugag
18.8350-73.3650 me/ke wag 10.1750-25.2853
me/ke auandu dndaveminiitinrudufiviuly
FetnaRunTITNy As iissliaifefifiuiinagaay
Audn LOQ Aifmun TnenuuSinansuuitoueds
e/luY39 2.13500-4.2650 mg/kg druansdu 9 nulu
Uunafisuinauiensialiny fawiafinunis
Juiouvedlaveminlusogifugean fo Semin
daMyS se9aunAe Jeninaseys wavdandn
wsruAsATeyse) AUy MamsInsUudouves
Taveminlushessih wunsuudiouves Fe ites
¥iaifer TnsuTinunstudoundeiinveglugag
0.3560-36.0755 mg/kg Imwumsﬂwﬁauqaﬁqmﬁ
FaIndNIyT 5098911 AD NTUVINUUAT Uazdanin
WITUATATOYTET MUY

Mnramsinwmui msdudouvedansmiin
Tuludn fiu wazih Tuifdansminifienusiduse

$19me wazlaveundndidenuduiiv Tnglanewind
faudndusesnenie laun Mn, Fe, Cu uag Zn
Judu drlazvendniifanuduiviesnenie wu
Hg, Pb, Cd wag As (Extreme health USA, 2005)
Tanguinimandaiunsainduldiomiusssuni
lnge19unanlssnuenavngsy vsensidlevse
gidadngiivlunsiinuasnssulignUdeseend
Aauandau (Guevara-Riba et al., 2004) winkifins
fansiirazsiliAnnsuudoulanendninaniidng
$9lge1mske (Ahmed et al., 2015; Kibria et al.,
2016; Proshad et al., 2020)
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ﬁw%agaﬂ%mmmsﬂm%awm OC uag
Tangnininsranululade fu wasthuimanny
Funuslagly Pearson’s correlation lagninuaan
TodAyn19adif p=0.05 wuin Aansiiaudug
fuszualaide fiu wazih Ae Endosulfan sulfate,
B-BHC, Zn, Fe wag Cu lawilAn r= 0.9870, 0.8750,
0.9650, 0.9750 uag 0.9980 Axau Fawila OC uae
Tangmiindiwulusogafuuazthenaunainnisliie
wazansLATinamsnens Feanisuuioues OC uas
Tanzndinludrogrespunazidudnaldnunis
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Tned1 THQ wasves OC Tushegludadiiiuain
Nuidnwsiuy 8 Jamipeglugie 0.2738-0.4707
dup1 THQ La?ilmaﬂawwﬁfﬂaaﬂmm 0.1420-
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