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Health risk assessment of exposure to heavy metals via consumption of three

tadpole species found in surrounding electronic waste dumpsite in Kalasin Province
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Abstract

This research was conducted to assess health risks from exposure to heavy metals (arsenic,
cadmium, chromium, lead, nickel, copper, and manganese) via consumption of three tadpole species
(Kaloula pulchra, Fejervarya limnocharis, and Hoplobatrachus rugulosus) found in the surrounding areas of
an electronic waste dumpsite in Khong Chai district, Kalasin province. Heavy metals contamination in water,
sediment, and three tadpole species were assessed. The samples were analyzed for heavy metals using induc-
tively coupled plasma optical emission spectrometry (ICP-OES). Health risk assessments through three
tadpole species consumption was conducted based on hazard quotient (HQ). The results found that all heavy
metal concentration in water samples exceeded the standards for water sources, whereas arsenic concentration
in sediment samples was found to have exceeded the standards for soil used for the purposes other than ag-
ricultural and residential purposes. Regarding heavy metal contamination in three tadpole species, it was
found that arsenic, chromium, and lead concentration exceeded the standard contamination in foods (at 0.1,
1.0 and 0.3 mg/kg, respectively), whereas cadmium concentration (0.5 mg/kg) exceeded the standard
level only in Fejervarya limnocharis. Health risk assessment of exposure to heavy metals through the con-
sumption of three tadpole species found that the HQ values of lead in three tadpole species were more than
1, whereas the HQ of arsenic was more than 1 only in Fejervarya limnocharis tadpole. E-waste disposal that
was not appropriately managed has led to contamination of toxic substances into the environments and det-
rimental impacts to human health and ecosystem both in the short and long term.

Correspondence: Somsak Intamat E-mail: suwanwisit@yahoo.com

A ﬁ’iy Keywords

msUssduanudevdagammn, lavswin, health risk assessment, heavy metals,

electronic waste

a o a g
yaﬂaaamnmauna

UNH

a o a .
YyLdANNIBUNT (Electronic Waste:

< a 1 13 4 sa < a g
annsadiing lna | ‘Yl'ﬂ‘VIQ‘lJﬂimaLaﬂYliﬂuﬂﬂ

v
a o

gnivivsmnaniingedunnd laalul 2562

2 S @

E-waste) A8 inudannrilunguiaiaaldlniy  Susinaweudedunie 648,208 ¢u inzuan

uazgnngunsaldidnnsaiinduiiaene g filnavuneeny U 2561 Saeas 1.60 umnudndamiaiaaldlnih

4 v L% 4 : & 1 v
msldnuuazaaiis narauvezgninniagnaina
Tugaaaniislaia viasusuzavaan ey
AauanBudIuuasMIntAsINYasaUnIainvae

ld' k4 v = v
lugananudnmhmanaluladlawannszuums
o oa o a v ¥ v =
fosnsuazaUnsaidiannsaiindligamh lUagnanad
lagaransenulagnssdanginssnaangueuilng

Tagtamrznsildsuiaiasld Induazaunsal
74

wazdiannsaiing 421,335 ou (Saaz 65.00) U
FpudsSunneNnENEUUTAANEY 9 BU LUA0E3
arulware aguzussyasiedl nszdasase
296,873 fu (38az 35.00) wnludiind il
wnnnilatufienudasmsuasiisnldiaiadldluin
wazgunsaldidnnsadindainniu® matamsues
@easuaneguilutymaany swme ilasnnusznauy



Ns@smuaulsa Ui 48 atui 1 w.a. - §i.6. 2565

anudssiugumwanmsuilnagndan 3 gila
ffinsUuilaulansmin

ganannuasEning insanasuivueundaduaae
& o P Y v o
Juiaunurazyanas Taudmsaauenantnusau
< P o v Py v
wazthusIuTImiai lidadeszuuiigna ag
UanaINl avAnIsUnAsaIg U asduaelyf
nfszdousassulumsaauenyaadaauasiaan
pezyarasm U Nuddthiiingninefashinmnu
qualv maengusuiiazaulumsIamsmniaies
a o a o 1
ElWihuazgunsaididnnsaiing auh lugdamans
ﬁwmﬂwaqLﬁﬂé’umiﬂﬂﬁﬁwﬁmlﬁgﬂﬁ'aqmnﬁ'wu.a:
& P Yo va
mstudauluunanhiifuuannlaou loeawmns:
Taviewin®
& A aa A Z o
Nunthnauezdannsaiing sualangzan
g1nedety JnTanIWaUg ugounneaes
a o a P! P v
dlannsatindnlnaigalulszmalng wazanhu
1 1 = vV W a o a
drulvafionineuazaauansazdiannsaiing
LAYTINYELBLANNIDNNENWEDNNMTAALENALIN
TunenasBtivasaten Aalvitiamsinlvievasansiny
gaanaaan nnmsAnmzadle ASauRus uas
+® Lazal wmne(d) das
Az wazalissa guwane wazanz™ MMs
= lﬂy L4 g’ a
dnwnsdul ouvaslaveninluin aznaudu
Vv | \ = dly =
M wazdanzau wun Imstuilouzeelasuiisn
wazazmlulsnage Sidianlasulansming
gaama wi ludSinanipauaiszaznanud e
v v dgz' Id [
gzanlusnmaloannzu audhuanale lussazen
Nwyaalaverinanansamameszuulssam nane
wasan e Wisuwlasmsiaueeseulasindnn
varagie Mlvnszuiunisvnalaszauisas
3 o Y a W g aaa = dlﬂ'
andaae Mldiiamsduaedjasemeduaiin
AT LaZINANBLFINUBIENZINEINUD DY
TMeFNTInC "
dgodaziuinaziiuun log@nzauwas
= o L 1 4 J
@eagmbanldidudisdmsazanzasansiuion
Tums@AnnanenZu® ' dadmartiiiainu
ausolumsgaguasiyruiIiawazdau
o o ' .:4'
Widanzasalaauwaz aamsuasuudasluanw
v o v = o I a‘ e
windan lvnuuazdsagnininiuddidmiowuy

HrassdnsumsuseiunansenuraIlaeuINaaN
P o v o ¢ s ¥ &
nonam lisernsdninsaunasaihanad uanani
AU W80 WazDIBIN NITZHLAIDDULIZALA NI
Hanudhauaaszuuilnamesssunnd laaduanms
adnInaegtia iyl lagwmnsdssnauy
TumaasTusanidswniianiientingndaniUs
I = al L
Wuems nmsansaeanwsila auanaia?
' v & @ oa & A ad A @
WU NUNMRNIEUSHNUNEINausLdennIaing
o & o a & P
imsvwdaulanzminnnaiio azniuaslasiien
nigeanNINesIN MIadeatuasgndanluamn
v P o ' e o
W aNNHANNLFNGansUU puzatlanzrin
P W et & o o v
wasmsuslnagndaaniimstudleulavewiin eravili
tiaanudsvdagunweaslszansulassaule
o & Saw ¢ a
ToansAnwaalifiingussadinayseiliuany
@endnuguauanmsuilnagndae 3 wia laun
9n8andIlIU gNEBANUNUBY UALgNBBANUN)
o & o v o ~
Mudaulanewin laun vy uaaiiien Tasie
AN YN NBILAY WaTUNaNMUd wastNadne
Usnamsdudauzaalavienn Tuih acnaudu
waslugndaauiiasauunavdanavyarlas
diannsaiing Snedade JnTanmuaus

Jaauazismsdnw
1. fudidismsang
diilumsinsusnaseuiuidanavass
duannsaiing dualanazena Snezasde 2nIn
MUFUF 5285WN 100 LA Aenanazlafuwanse
wumnﬁwma&aﬁaﬂ T@ﬂ&juLﬁuﬁaaiiwﬁmawznau
U 10 9 WAzaNdaNYlaa: 15 M8 MMIANK
Tussrhadauisneu-aman 2563
2. MIHIBNUANITILATILHINBE
2.1 33MsLeTonIaIN
faghahUsines 25 Milliliter (ml)
Wunsalu@sn (HNO,) wndu 1.25 mhinludasuy
water bath ﬁqm‘wgﬁ 95 parnwalded Wuns 30
¥ nspsansarangIunsEMEnIae USulsunas
75



Dis Control J Vol 48 No. 1 Jan - Mar 2022

Exposure to heavy metals via consumption of three tadpole species

50 ml"?

2.2 I5NMIAIBNMIBENAZNAUAY

fegeaznauduanluiisnauuns
waLiINIUA LW aLLBEALELI DUNIUALILNTIZUIN
0.5 mm Feaznouduaziden 1 ¢ nlalasiau
aaalsd (HCD) 15 ml nsalua3n (HNO,) iy
5 ml uazlalasaulasaanlyd (H.0)) 10 ml 1h
vlﬂsiaﬂﬁ'smﬂémdaﬂﬁuﬁqmwgﬁ 200 NFEALTd
Funm 2 il nsasshunszasnsas Usulsines
50 ml"?

2.3 IEMsn3aNMIaLNgNaan

ﬁwﬁaaﬂ'wLﬁagﬂﬁamlﬂumamﬁm
%"qé'aaﬂmﬁ’agﬂé”aﬂ Wnnsaluasn (HNO,) R
7 ml wazlalaswuasaanloe (H0,)) 1 ml 1l
d08UU water bath Tigauvnil 95 senaLdeaiy
nan 2 Hlae nsasrunszaEnsas Usulsinas
25 ml"?

2.4 MsenIadsSinalanzwin

asiaUsSunalaveninluasazas
fhathahuazaznauduuazUSinalansuiniaza
Tugndan lasnisia3eneiagNaI838 American
Public Health Association (APHA)"? waginse
USinalavieniin ﬁl’JEILﬂ%:m inductively coupled plasma
optical emission spectrometry (ICP-OES)"®
& dasUfiamsdunadanma 10 Saniavauuny

2.5 MIMUANANIIN (Quality
Control)

¥5IAI L9 (Duplicate) lu
GIBENLAEINY NN 10 MBEN wiedums
AIUANAMUNN

3. miﬂimﬁumwtﬁmé’mgmmwmnmsu‘%‘[nﬂ
<V d'el J CY
gnaamnmmsﬂmﬂau‘famwun
3.1 psUsstiunISSuUdNEaaNs
(Exposure assessment)
115U UANNLFEENINNISUSLNA
76

anoon nsaimslasulansninlulSinaiins
ﬂuLﬁauagiutnmmfﬁﬁmmL?imm'aqwmwmq
Huslna mﬂlﬁ'%'umiu?mﬁ'njifwmﬂashwimfiamﬂu
nannu wazilasnndayaiithan i nziamande
L‘Tjuﬁagaﬁlﬁmﬁmw%uﬁm Suhewasilaanms
NOADITNINAILI Feaumh 149

Estimated Daily Intake (EDI) =
(CEXIRXFXED)/(BWXAT)

CF @o Usmalanzndnfivwdauly
andaa mhaduiiadnsudadlansu (wn./nn.)

IR #o Usinagndaaiisutssmuluudas
i mheduaTanudaile (nn. i) (0.45 nn.)®

F #e anwdvesmsdnda (20 Ju/dl
il'agamﬂmiaaumuﬂszmﬁﬁluﬁuﬁ)

ED @a szaznmiiduiia 50 U msldeil
mgmuﬁ@'ﬂu%%’uﬂszmugﬂSamﬁﬁulﬂﬂuﬁ'QQﬁu
§wSuruui 50 wWedFudlnduasdieai
andeag 50 U wu ’luﬁaﬁ%mﬂmjﬁgﬂwumwiw
20 uaz 70 U

AT @9 szaznaildlumswisdviu
Hlva/aziiannifuyg19dinvesunazynna
fiazdszfiuszaznaildlunsimasuasaulng
77.34 U

BW @a thwiing wihedlualansy (nn.)
(ﬁmﬁfﬂLa?{mumﬂszmﬁﬂuﬁuﬁiauﬁmmﬁﬁwms
dnw A 65.5 NN.)

3.2 NM3ABUNESNEALABIANNEDS (Risk Cha-
racterization)
MSAEUNEENHALYDIANNEEIINMS
uilnngndan lasiarsananwansusziiunsdl
ﬁtaa%’mﬁgmﬁmaﬂ'aiﬁlﬁmwaﬂiwu&ﬂ'aqwmw
a5walaann@ hazard quotient (HQ) Faudaee
Fasuwaduds daaumst 207

HQ = Daily Intake/RfD

Daily Intake An ﬂ%mm‘[amwﬁfﬂ‘ﬁ
whgsme mibaduiadniudailaniudaiy



Ns@smuaulsa Ui 48 atui 1 w.a. - §i.6. 2565

anudssiugumwanmsuilnagndan 3 gila
ffinsUuilaulansmin

(un./nn./3U)
=] v Vv v a
RfD A ANNYNIUBINBI2BIETHY
(0.0003) Tastiay (1.5) waatiay (0.001) Az
(0.0035) fintia (0.02) wnamild (1.4) wihailu
Niaansnaanlansuaalu (un./nn./3u)"®
M@ HQ dasnvm3awnu 1 udeei

USuaasiaiinlasulisnwenaznalviiona

Y A T lﬂ' 1] o W o X
meguawlanialaifinndesagiiveddg (no
significant risk) U018 HQ annn 1 WaeNI
Usinalanswinilasuiuammasguvsaionag
luszaunlivasadadagumn Tenudesgumn
NAMITNHFALANNT 4 Usetanaumenmsny
4. anesgunldlumsulSauiisunuaansdne

1. 955 UAUMWINEIAY N0
32 wiawsENsUyaiadaaTuuazsnmanaw
a v (19)
FUNAdaN W.A 2535

a A9 v ¢ A

2. asPUAMMNauNlFssleniiie
mMsatanAauasn¥nInITINE

3. Usemansensnassagy (Ruun
414) W.A. 2563 aanmuANNlUNSEBUNLHDIS

m5199 1 USanalavzminludaegai 10 fag USnassuiuniinavsesdidnnsaiing o.lanazena o.8p9%e 2.MWEUS

W.A. 2522 1399 NesPuUIMINNasUuiou
5. MIIANRdaY
L4 aa a v 1 I3 k4
Tfad@dzanssann laun S sauas
ARdE SHIUBUUUINATIIU MONED LazAIggn

WANISANE

1. Usanadansminludiadnai

uamsanmnmsUuitausnalanewinly
fhathai wuhlavsntinynafiadiaiuinasgiu
Qmmwwa'qi{w anuiiniadidaldlaivuasn
1037 10eNIUeNAFEn 52.43+8.98 Naanin
A9905 (NN./805) SDIIN PD WM Td 9.47+1.26
UN./305 MNEIAU (Gl"l'i’]\i“?; 1)
2. Usinalansminlumadranznaunu

uansnsanm s auusinalan:
niinludiagNaznaudy wudrasuyiainiu
NATFIUAUNINAY suTaviemingiiaguiialaiu
053U Tesuamilaiagegn 31.62+3.65 NN/
AN. 996NN AB NBIULAN 27.75:1.69 WA./NN.
(miwﬁ 2)

<

a

Ysunalaneniin (un./809)

afinlaneniin Andatautliaaiuy

MM FA-AFIFR
9 U 9

U (Seaay)

L fidudaNaszIM
NAFIU

ANy 0.07+0.05 0.01-0.14 0.01 8 (80.00)
Tasiiiaa 0.23+0.04 0.08-0.97 0.05 10 (100.00)
wanLlewy 0.18+0.12 0.02-0.56 0.005 10 (100.00)
A 0.31+0.15 0.06-1.06 0.05 10 (100.00)
untLia 1.38+0.98 0.06-4.67 - -
waamile 9.47+1.26 0.46-14.62 1.0 8 (80.00)
NDILLON 52.43+8.98 4.29-48.41 0.1 10 (100.00)

77



Dis Control J Vol 48 No. 1 Jan - Mar 2022 Exposure to heavy metals via consumption of three tadpole species

m51ai 2 USinalavieninludiagnaznaudu 10 Madn USnasauNunilnavaezdidnnsaiing o.lanszena o209t

AMUFUS
) . ﬂiTmTamwun (Nf'l./ﬂﬂ.) dmou (Gasaz)
wum‘[awzwun AIRFYEFIULUSILUY AIFA-PIFITR AINIANIFIU S oa
9 v * mﬂummm_@m
NINIFIU
sy 4.69+1.14 1.21-13.85 3.9 8 (80.00)
Tasuiien 15.40+3.34 9.09-21.64 300 0
wAALIIE Y 4.04+1.26 0.60-13.60 37 0
Az 17.72+2.69 6.85-20.36 400 0
Anha 5.50+1.06 1.54-6.15 1600 0
waamile 31.62+3.65 4.94-42.24 1800 0
7BAULAY 27.75+1.69 13.72-31.53 - 0
o CY s ] "4 q'_; a U d;, 1 =] =
3. 1J*smm‘lfamwuﬂ°lumamﬂgﬂaam Az uAINAIFIUDIMIVUUDU dIULAALNENN

nnmsdnmnmsdudeuzadlaveninlugn  andumnaspuludedigndaanunuss (a1
daam 3 zilia wud Usinaaswy lasley uas  3)

My 3 Usnalavzniinludiatgegndanyiinas 15 drat vsnassunuidnavsezdiannsaiing a.lanazeaa a.484
B 2.MUFUG

P — Qﬂﬁamfiaﬁm andannuvnual andaanuin —
(N=15) (N=15) (N=15)

Yy 0.43+0.12 3.27+1.08 0.32+0.14 0.1
Tastile 4.69+0.82 24.73+8.33 6.84+2.70 1.0
WARLNEN 0.12+0.10 1.154+0.56 0.20+0.07 0.5

ﬂxﬁlﬁ} 15.65+5.24 17.76+4.99 8.63+2.23 0.3

inLha 1.46+0.42 10.63+6.67 10.18+8.09 -
wnamila 118.64+10.32 392.69+95.81 122.24+44.46 -

NBIUAY 63.91+15.38 71.05+15.52 73.58+12.54 -

4. sdsziiuanud@smuguawanmuilaae - ainmsuilaagndsaiimatudleulansmin wuh
andanniinsuuilaulansmin pzmie HQ iy 1 ludedgndaannuiia uas
NnuansUTsiuANNEFEIaIugEIW - asvyien HQ v 1 Tugndaanuvuae (a9 4)

M3 4 MsUsadiuanudsdugumwannmsuilaagndaanimsuudaulaveminudnuseuiuiidinauses
diannseiing o.landzea o.8898 2.mwEug

siioTansmin gndandathu andannuvuag andaanuin
EDI mg/kg/day HQ EDI mg/kg/day HQ EDI mg/kg/day HQ
191y 1.62x10*  0.542 0.001 4.044 1.75x10°  0.058
Tasifion 0.001 0.001 0.009 0.006 0.0018 0.001
uALie 4.52x10° 0.045 4.2810" 0.428 5.43x10° 0.054
Az 0.005 1.659 0.006 1.883 0.003 1.021
inina 0.005 0.272 0.003 0.197 0.002 0.139
uaile 0.044 0.031 0.145 0.104 0.033 0.023
MBI 0.023 0.592 0.026 0.659 0.020 0.505

78



Ns@smuaulsa Ui 48 atui 1 w.a. - §i.6. 2565

anudssiugumwanmsuilnagndan 3 gila
ffinsUuilaulansmin

a 4
AV
= J %
nnnmsansnsdu suvaslanevin
Tughagnai wuh Tansutinynafionimsdnmn
ﬁﬂ%mmmmmgmqmmwmﬁaﬁu gNULNLHS
navlailamvuamanasgu®® msduidlouvaslans
PN LINUSDAUENINNNTEUIUMSLNTUTIUY S
a o A A o ¥ o v a
annsating waziiiaiimsrzraniheuinlviians
nszAEYRdlanerineanINUS MR N UV
BLaNNIANNE INKAANTANHINUIY PNILDE
= .:5 I £% d' I [ U a' e
waatiendululaveniinnluduasad o FaisIo
= a lﬂy U U
idsnanmsduilauginnamunasgiv 6.2 uas
' o W 4 @
36 i MNaeU ezmluasusenaunanluain
UANS 30NDNLODT WASLUMLADS SIULAALNEN
wuluudrudidnnsaiind 1y Jagnedni
(semiconductors) 8Un3ala5I9TUBUNIILIA
(infrared detectors) WazaaNdNLADS > FDAAA DI
1 a a a o a d‘ ° 4
furtauazUSuauueaneazdiannsaindniingd
& Ay o a P a P v ¢
Tuiun laun sauaiinas AauiImas wazlnsnal
% = 4 =~ ld'd Al v
PaINANISANUENNIDDBALENLaVENNAILED
Usznuazinmnuannaei lnassiudulineu
~ o P o H o v
Pazhmsen msduilavzaslansminluihazila
wamsazanlansniinludlizianordeagluin
' ' v P ' { o o
fnansznuaavinldemsaatudesmendrae
azuwslaveninluguywd drunmsduidouvas
Tavzwinlunznaudu wuhlanzninynziiaiian
' a ' a A9 o P
luiAuanasguaumwaunlduszloniiie
MIsgandeuaznsnsnTIn” WaNansanlansniin
' a ' o A g a ~
udazziio wuhlanswiniduie (amy lasuden
uAALlgNLasAzM) Haglagmsasnidanaaed
o 2 v ¥ &
Aumsvut auzaelavieniinluiin mshiatAwzIn
A NINAY waLIBABNANIADS M IVaIsAENILa:
LmﬂLﬁﬂuﬁagluﬁ)amwuwfnizmﬂgauua:ﬁw
FINNIMsNzawayian Mldansiyluiawiag
a ' & v oA o ' a '
Yudouagluaiamasagasaalufnuuazuns
dunavihdswaliimsasanzadlasntinluduuas
iludsnmgs daanassnunsdnwzesdles

aiFounud® wun azmluduuinaiinaduyadles
a o a o 1a
alannsaiindiyinnags (577.68+1.60 un/nn)
waswsila ouanada” wuazniludusgludie
' & o
3.21-7719.16 ¥n/nn. drumsduilousaelavieniin
lushathegndana 3 giia wuhBanmasvy lasdiew
wazazn? tiuavesgiuamsiudau® dau
waalaadaiunasgulumaggndan nurues
WaNasananseNag 1Az wUININBanLTUNE
Y 4 & v ¥ deo o o
AU pulane N AaLe SEas NN
' o & v g o " H
il waziilaWnaanmlumngensandeagluih
wazaznauduninmsuuaulavzninealuauni
< [l [ a o
azaslollugnnu dauanyemsnueIms gndenis
Aunzlasin Wz wwWaenaay §mMNe dunsgans
a 3 a =) e’d' ] d‘ o v o
PznaudY TINNINdUNIgNuniey nligndan
Tasulareniinnaanii aznaudy waza1vns Msle
Sulavizvinlulsunambinnuazimsmianaanann
sume lvgndeediarmnsaizinagleluaniz
! ! 2 a
Fanesanilune®
msﬂimﬁummLﬁﬂm'aqwmwwaq
KansENUaaguMwEaUsznnsnanialanenin
U%nmsauu,miqﬁ]\mauyablaﬂﬁLf?}ﬂmaﬁnéwm'w
pzmie HQ i 1 ludadegndaannaiia uas
ansvydien HQ 1y 1 lugndaanunuad wamsdnt
Huanedn Msvilangndensauuiiunilanay
a < a = H U
watlpsdlannsalinderafinnuidasdagunin
(HANITAN M NTHAYBILaNLHUNALTNUIINEN?
lanudssdagumwlussaugs daandaenulsana
& A o & & a
aznInasanlugnden asasmilanuluneg
AAAULALENT NISLASUNBALNIFSANLIDSIE
FHaeaszUUlsEanaIUNaNLaTENDY UBNAIN
gaganadaszuulseandrudarauaznainiiia
SLUUPNLAUDIS szuulane ssuumadutlaans
v & o
szuulasasie leaazmasluazaniinszgn szuu
= v 5'(24) c%’ 3 n'l w U [~
duiug®” wennniluaransaznigniadnduas
{ ' a < '
nonanaldiionzdingn 24 @rsnydulans
anytianieinua HQ :nn 1 lugndaanumnues
79



Dis Control J Vol 48 No. 1 Jan - Mar 2022

Exposure to heavy metals via consumption of three tadpole species

nslasuasnyd I lusemeludsinanin
1AM LN ADIANSRIUNIUNAIETEUY NSV
a k4 1 v 1 d' YV
MadueIns lawa exmsithariasadaguus aauld
ey Mt 2msmessuulszamaiunan
v U = = = 4 a
Town vhedswe Asufses 40 wasunedd szuu
maeulaanne loun daanzeaniias §ldun
Tudaan: szuulafienwuanzlafinae duaIms
lﬂgl L o YVa L a L ld‘ =
WUULIDS e WAL Ravualdsud
o v ‘:?I U Q'I i = @
fdvunazsauaniuganisene Fanwaus
wilaugenneuan ssuulaia 91ANUNIEEEA N
anuaulafings ssuulszam deimsthadsse
= = =l v a a
NauAsH: Menudaraialarawn) anuiadnd
N o = 1 o v a S a o
e asvyduansnemldiiansSeiinm
< < d“l (26) 4:4'
23900 N3N Le®® uanNNANNLFENINNS
uilnagndaauallssmzunendeagsauusnmil
o o o v a v A & A
galianudesdamsuilaadnnugnssununidenau
a o a g ::49' tY v ] [
yezdannspiindimsUuiaulaneriinmeduny
nnmMsdnwasale AsauNus® wuh azniuss
=1 d' dy vV o
waamianvuilauluiniidr HQ 1.50 war 2.60
v dy CN~4 1 .:4' 13 1 a .:7
doyetiudasIiiiiunUssmsunandeagsauuinmil
Feanudsanamslasulaneriinmannaawns sy
A v a a
wazaIvisnlaarnusalassaurd unr1staw
AanuddagumMnnslussasduuazszezenla
datduauue
NIATIAITETINITUUNITIANITVYS

a o

duannsadindndugusssn Tasmsmuasms
4 o 4 Y :
parnsaUsSuldsudunianisaudsueges
a o a U v U % = a
dlannsafindnnngumzaamludilsmnuilada
d ad a
Tasmspannguanaiiamuanguazasdannsaiing
[~ dy = 3 [ Cd
Wunisawie wananiasinsussmdnnus
v ¥ U d' [ o [~
TWanusundsszuneinuanuinduluns
pd a o a & &
wanzazddnnsatindaananaaz il 5709
[ d' a a o a d'd U Q' 4
AN VLdLannsaind N6 adILINa BN
wazguMneaslseanzu lagmIsusaAEIuERN 9
agNGaley wazmatiaiiamlunangasmsiSeu

[ P v v ¥ =
ﬂ']'iﬂi]unﬂ’i%ﬂu LWE]ﬂ'i’Nﬂ'J']NEﬂ’J']NL“U’ﬂ‘\]LLﬂ 5201}
80

LT U u,asﬂssﬁwuﬁ'ﬂﬂﬁ'ﬁlﬁwﬁuﬁ'ﬂ5umm
nnssiwluwesdidnnsafindduiuwsadasuase
sianila ﬁ”'\iﬁ'qﬁﬂﬂgimiﬁdms"mw 29UszTu
namasiulumsagunzuasllasiuiymuais

A4 ) NAzNaTY

tﬁ;d
= tdy E N~ d%' d'
MSANNHLFN LA A UKBNTENUYDINUN
a g a { o ' '
thnavzezdiannsafindniimsiamsadnligneas
AINNSNITING NBLVLNANITII Iianadlavienin
CEATRIERH dqwansswudaﬁqﬁﬁimﬁmﬁﬂagﬂu
U3nalagIaULasaNHaNIENUADFUNNYBIN Y
A a o & o o
nuslaaormsniud auaislarerinuasaIsia i
a o o a < a ~ v

#lindy M3Iansyaclasdiannsalindngneag
W uFINzE 9@ UNITDEINSIAIULNDAANS
Juidauzolaneninluduind anuasFiNEIo
FINTNAAANNLF A UFEAIWUAUSENBUTIDAE

2EIDUUINIMUUY

LNEIIANDN

1. Ministry of Natural Resources and Environment
(TH), Pollution Control Department. Thailand
state of pollution report 2019. Bangkok: Pollu-
tion Control Department; 2020. (in Thai)

2. Phuphisut O, Sangrajang S. Electronic waste and
hazardous substances. Thai Journal of Toxicology.
2010;25(1):67-76. (in Thai)

3. Neeratanaphan L, Khamma S, Benchawattananon
R, Ruchuwararak P, Appamaraka S, Intamat S.
Heavy metal accumulation in rice (Oryza sativa)
near electronic waste dumps and related human
health risk assessment. Human and Ecological

An International Journal.

2017;23(5):1086-98.

Risk Assessment:

4. Phoonaploy U, Tengjaroenkul B, Neeratanaphan

L. Effects of electronic waste on cytogenetic and



Ns@smuaulsa Ui 48 atui 1 w.a. - §i.6. 2565

anudssiugumwanmsuilnagndan 3 gila
ffinsUuilaulansmin

10.

11.

12

physiological changes in snakehead fish (Channa
striata). Environmental Monitoring and Assess-
ment 2019;191(6):363.

Duruibe JO, Ogwuegbu MOC, Egwurugwu JN.
Heavy metal pollution and human biotoxic
effects. Journal of Physical Science. 2007;2(5):
112-8.

Nordberg GF. Biomarkers of exposure, effects
and susceptibility in humans and their application
in studies of interactions among metals in China.

Toxicology Letters. 2010;192(1):45-9.

. Jarup L. Hazards of heavy metal contamination.

British Medical Bulletin 2003;68:167-82.
Wei L, Ding G, Guo S, Tong M, Chen W,
Flanders J, et al. Toxic effects of three heavy
metallic ions on Rana zhenhaiensis tadpoles.
AsianHerpetological Research. 2015;6(2):132-
42.

Sign P, Dey M, Ramanujam SN. Bioaccumula-
tion of heavy metals in anuran tadpoles: A study
in Barak Valley, Assam. International Journal of
Aquatic Biology. 2016;4(3):171-8.

Srivastav  AK, Srivastav S, Suzuki N. Acute
toxicity of a heavy metal cadmium to an Anuran,
the Indian skipper frog Rana cyanophlyctis.
International Journal of Toxcicology 2016;10(5)
139-43.

Thanomsangad P, Junsong R, Neeratanaphan L,
Appamaraka S, Tengjaroenkul B. Cytotoxic
evaluation of heavy metal in frog (Hoplobatrachus
rugulosa) around electronic waste landfill area.
Thai
2018;26 (1):172-84.

Journal of Science and Technology.

.American Public Health Association (APHA).

Standard methods for the examination of water

and wastewater. 21" ed. Washington, DC:

13.

14.

15.

16.

17.

18.

19.

American Public Health Association; 2005.
Chand V, Prasad S. ICP-OES assessment of
heavy metal contamination in tropical marine
sediments: A comparative study of two digestion
techniques. Microchemical Journal. 2013;111:
53-61.

Fu J, Zhou Q, Liu J, Lui W, Wang T, Zhang Q,
et al. High levels of heavy metals in rice (Oryza
sativa L.) from a typical open dumping of
e-waste area in southeast China and its potential
risk to human health. Chemosphere. 2008;71:
1269-75.

National Bureau of Agricultural Commodity and
Food Standards (TH). Food consumption data of
Thailand. Bangkok: National Bureau of Agricul-
tural Commodity and Food Standards; 2016. (in
Thai)
Knoema. World and regional statistics:
Thailand-life expectancy at birth [Internet].
New York: Knoema; 2020 [cited 2021 July
14]. Available from: https://knoema.com/
atlas/Thailand/topics/Demographics/Age/
Life-expectancy-at-birth

US Environmental Protection Agency. Risk
based concentration table. Washington, DC: US
Environmental Protection Agency; 2000.

US Environmental Protection Agency, Office of
Research and Development, National Center for
Environmental Assessment. Exposure factors
handbook volume 1-general factors (EPA/600/
P-95/002Fa). Washington, DC: US Environ-
mental Protection Agency; 1997.

Pollution Control Department (TH). Surface
water quality standards. notification of the
National Environmental Board no. 20. Bangkok:
Pollution Control Department; 2000. (in Thai)

81



Dis Control J Vol 48 No. 1 Jan - Mar 2022

Exposure to heavy metals via consumption of three tadpole species

20.

21.

22.

23.

82

Pollution Control Department (TH). Soil quality
standards for habitat and agriculture. Notification
of the National Environmental Board, No. 25.
Bangkok: Pollution Control Department; 1992.
(in Thai)
Pollution Control Department (TH). The
standard levels of heavy metals in tissues of
aquatic animals. Bangkok: Pollution Control
Department; 2020. (in Thai)

Lee CH, Chang SL, Wang KM, Wen LC.
Management of scrap computer recycling in
Taiwan. Journal of Hazardous Materials. 2000;
73:209-20.

Unrine JM, Hopkins WA, Romanek CS, Jackson
BP. Bioaccumulation of trace elements in om-

nivorous amphibian larvae: Implications for

amphibian health and contaminant transport.

Environmental Pollution. 2007;149(2):182-92.

24.Tong S, von Schirnding YE, Prapamontol T.

Environmental lead exposure: a public health
problem of global dimensions. Bull World Health
Organ. 2000;78(9):1068-177.

25.IARC Working Group on the Evaluation of

Carcinogenic Risks to Human. Inorganic and
Organic Lead Compounds. IJARC Monographs
on the Evaluation of Carcinogenic  Risks to

Humans. 2006;87:1-16.

26.Centeno JA, Mullick FG, Martinez L, Page NP,

Gibb H, Longfellow DT, et al. Pathology related
to chronic arsenic exposure. Environmental

Health Perspectives. 2002;110(suppl5):883-6.



