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Abstract

This research aims to: 1) investigate heavy metal contamination, including arsenic, cadmium,
copper, manganese, nickel, and lead in groundwater at the municipal solid waste landfill of the Phra Nakhon
Si Ayutthaya Provincial Administrative Organization during the dry and wet seasons; 2) assess the human
health risk of heavy metal contamination of groundwater. The research methodology consists of the
following steps: 1) groundwater samples were collected using grab sampling method from monitoring wells
with a bailer; 2) heavy metals in the groundwater were extracted using microwave-assisted acid digestion
and analyzed with an Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) according to
USEPA standard methods USEPA 3015A and USEPA 6010D, respectively. The analysis results indicate that
the levels of heavy metals not exceeding the contamination standards for groundwater set by USEPA, WHO,
and NOAA are Cadmium, Copper, Nickel, and Lead during both seasons. Heavy metals and the percentage
of samples exceeding the standards of USEPA, WHO, and NOAA for groundwater are Arsenic (100%),
manganese (50%) in the dry season, and Arsenic (50%), Manganese (75%) in the wet season. The assessment
of cumulative health risk from heavy metals, including non-carcinogenic and carcinogenic health risks,
exceeded acceptable limits in both seasons, with the highest risk observed in children during the dry season,
showing a Hazard Index (HI) of 35.85 and a Total Carcinogenic Risk (TCR) of 0.16. Therefore, this research
data may be helpful for responsible agencies in improving the effective management of waste disposal sites,

in order to reduce metal contamination and health risk factors from groundwater.

Keywords: Health risk assessment, Groundwater, Heavy metals, Municipal solid waste landfill, Phra Nakhon
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Location: 47P 661379 1586815
Depth (m)

= Summer season = 6.74 m

Location: 47P 661829 1587006
Depth (m)
Summer season = 7.22 m

Storm season = 5.70 m Storm season = 6.70 m

Location: 47P 661869 1586620
Depth (m)

Summer season = 7.07 m

Location: 47P 661188 1586162
Depth (m)
Summer season = 7.87 m

Storm season = 6.14 m Storm season = 7.31 m.
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msweusedndaenisatalaveniniivudenlufetisveanas suiunsmusadeuisidounsgu
USEPA 3015A [21] ¢giA3 89 Microwave digester 8% PerkinElmer u Titan MPS u&11#1081931n5898 28
NEANENTINUDS 42 (Whatman) UsuUsumsidu 25 fiadans wagdmsieilaneutn (As, Cd, Cu, Mn, Ni kag Pb)
CRPILERY Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) f4e PerkinElmer JU 8300

MIUABNITUINTFIU USEPA 6010D [22] nszuiunisanalanevinuaznisiiaszilangnunlutiviniawansling
A9 2

1.Add 5 ml. mixture of 2. Digest sample with acid 3. Filter the digestate 4. Analyze the heavy metals
concentrated HNO, and by microwave digestion through filter paper concentration by ICP-AES
HCl to vessel (4:1) (T1 = 170 °C, 10 minute; No 42.

T2 = 170 °C, 10 minute;

P = 1800 w)
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nsUszfiuanudsameguamanmslivssleiiuania
mAteildnsvsaidunnudssiogunmainnisliussldinaaiinmuudeulansaiinauisns
U89 USEPA [22] mi'ﬂ'ﬁxLﬁuﬂ’nmﬁmmaqmmwazLL‘U'aaaﬂL‘f]u 2 UssLan Ao ﬂ’J’]ﬁJL%EJWI’NEj‘Uﬂ’]Wﬁﬂﬂﬂ’]ilﬁgﬁﬂ8’15
finel#iAinugise (Carcinogenic Health Risk Assessment) waznalwiinlsad ufi lulyuzi$e (Non-Carcinogenic
Health Risk Assessment) N1un1ssuduRalangnin 2 1dun1e A NIUNILAUD11IS (Ingestion) wagnsduia
(Dermal Contact) [23, 24] Tunguuszans 2 ngufe win (<6 V) wazilveg) (>15 U)
ﬁi’jy’umaumiﬁixLﬁumqmﬁmmaqmmw ansornauazanaldnudiunoudwiolull 1) mavsadunig
Sududa (Exposure Assessment) HIUNILAUDIMNTLAZNTAURAIABN1TAIUIAT Average daily dose NIUNIGLAY
8913 (ADDing) saun1sfl (1) waz A1 Average daily dose run1sduia (ADDder) fisaunsdi (2) 2) Useiiuaay
L?iﬂwmefumwﬁﬁaiﬁﬁmiiﬂgumﬂﬂiﬂmL%ﬂ (Non-Carcinogenic Risk Assessment) 91nn15tasu As, Cd, Cu, Mn,
Ni wag Pb Tagn1sAuane1 Hazard Quotient (HQ) ileUszifiunnuidssmaguaniineliiAnlseduilsilslsauzise
WA ARIUVNAALEINS (HQIng) Aeaunisii (3) Hunsduda (HQder) feaunisi (@) A1uanidn Hazard Index
(HI) tiouszifiunnudssnsguamiineliiAnlsaduilildlseuzifsarnnsldiuansinnnit 1 viia dsaunisit (5)
Tagunen HI, HO>1 LLaijU%maﬂamﬁLﬂﬁwéﬁwmaﬁmﬂwaﬁ%f]'af[,ﬁl,ﬁmwaﬂizmuﬁaqmmwmaawwﬁ LAZWINAT
HQ, Hi<1 LLamin%maﬂam17'iLﬂﬁﬂzjs'wmaﬁhjumwaﬁazﬁa‘iﬁﬁmwaﬂizwu way 3) MsUsvduauidssanansi
AeliiiinugL5e (Carcinogenic Risk Assessment) 91nn15ASU As, Cd, Ni wag Pb HIun1aduennis wag As fu Ni
Hunsdusta Tneldnsdusauan Carcinogenic Risk (CR) iieUsziiunnuidssnnansiineliAnudausazaiingd1u
MaAnaWNT (CRing) Ayaunsf (6) snunsduia (CRder) fyaunnsfl (7) fuanudn Total Carcinogenic Risk (TCR)
Weusufiuanuidssnnansiinelianuzis@innnsldasineliifnusdannnd 1 via faaunsi 8) lnewinan
CR, TCR < 1.0x10° wansiladiianudssiilangminiildsuaradanansenuaunsesisnelmanuziseld @1 CR, TCR
ffn 1.0x10°-1.0x10™* LLamd’]ﬁmmLé"mﬁ%da‘[,ﬁﬂ.ﬁmml,%qwaaaﬂummsﬁaau%’uﬁ wag A1 CR, TCR > 1.0x10™
wanaanudsseglunasineonsuliild Wesnuimalaneniiniliiuazaimansenuaunseianolifnuzi5s

[26-28] IngANAIRlUNISATIN LA Lo LandlInanI5197 1

Cw x IngR x EF x ED

ADDing (mg/kg.day) = (1)
BW x AT
Cw x SA x Kp x ET x EF x ED x CF
ADDder (mg/kg.day) = 2
BW x AT
ADDing
HQing = 3
RfDing ®
ADDder
HQder = ——--— (4)
RfDder
n
H = Z HQi (5)
i=1
CRing = ADDing x Slope factor (6)
CRder = ADDder x Slope factor (7

n

TCR = Z CRi (8)

i=1
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M13°99 1 ArAsfidmnsunisUssliuaudsmnsguamainnsiasulangmin

Symbol Description Unit Value for Children  Value for Adult Reference

Average Daily Dose by
ADD ingestion (ADDing) and mg/kg/day
dermal contact (ADDder)

Concentration of metals mg/L
Cw
in groundwater

Hazard quotient through -
dermal (HQder) and
HQ
ingestion exposure
(HQing)

HI Hazard index -

Carcinogenic risk through -
CR ingestion (CRing) and

dermal exposure (CRder)

TCR Total carcinogenic risk -
EF Exposure frequency day/year 365 [28]
ED Exposure duration year 6 70 [29]
AT Average time day EDx365 [30]
IngR Ingestion rate of water L/day 1.8 2.2
SA Exposed skin surface area cm? 6600 18000 U
Kp Dermal permeability cm/hr As, Cd, Cu, Mn=0.001 Ni=0.0002 [22,31-32]
coefficient Pb=0.004
ET Exposure time per day h/day 1.0 0.58 [33]
CF Conversion factor L/cm’® 107 [34]
BW Body weight ke 15 70 [35]
Reference dose for As=3.0x10", Cd=1.00x10", Cu=4x1072,
RefDing ) 2 2 3
ingestion Mn=4.70x10, Ni=2.00x10, Pb=1.4x10
Reference dose for mg/kg-bw/day As=1.23x10"* Cd=2.5x10", Cu=1.2x107,
RefDder dermal contact Mn=1.84 x 10, Ni=5.40x107,
. [36-39]
Pb=5.24x10
Slope factor for ingestion As=1.5, Cd=0.0038, Ni=1.7, Pb=0.0085
SF Slope factor for mg/kg/day As=3.66, Ni=42.5

dermal contact

N15AATIZANGEDA
NATeldadMgmssann laun Anede wardiudesuuninggu adfided9ds lnen1siesizren
duuszandandunusuuuiiasdu (Pearson correlation coefficient, r) Wi o3AsIzimLraInwinvesn1sUwlou

lavgniinluivniananuduiusyedaveninuiasylin lneninendudssansvesalaneniniinuduiusids

Uan (r>0) wlanalnin lanee

U

AINATBUNAIN BRAUTINNLAG LA 87 LLazmﬂﬂ"lﬁ’wwﬁw%Guaqq'Ia‘vrwﬁﬂ
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fanuduiudiBeau (r<0) wlanalddn unasiilavedaveminduinainurasiudasiaiu (41, 42] uasdinse
Armuansinsadivesnmsvuteulangutinudazialuiiuiniaszninsgguésuasggumann fae3snieain
Independent sample t-test Im8mﬁmiwﬁaﬁﬁﬁgwmiua'nfaff]’aﬁyﬁfwamﬁwiﬂsummaﬁ@ﬁu%gﬂ SPSS
(version 26)
N13AIUANAMAINVDINANITAAT R lUTR U URNTS

nsnsvasunNlelalun1s3asiei (Method Validation) T6n1smsi3aauaudunus i sidunss
(linearity) mﬂﬂﬁa%ﬁam’]v\lmiazmsuwmigﬂuﬁmmﬁu%’u 0, 0.25, 0.5, 1 uag 2 ppm TAENUIIAIAINRULYS
() vodlangninusazviailan r? >0.995 %ﬂaaﬂummﬁﬁsam%ﬂﬁ NANISNAADUAIINULIUET (accuracy) 989015
veaeuldnsiafevasmsiundu (%recovery) wuieglutng 102.32-109.70% Feagluinasinesusuléi 80-120%
[43] ansiadiildlunsneaaeuiiaualdin HNO, (Kemaus, Lot no. 2209165609) HCL (Fisher, lot no. 2192020) uaw
arsagarglaveminuinggiu 4w Certified reference material (CRM) 983U3 8% Sigma-Aldrich (lot no.
bech2638) ansiadiililusmiddonnvdadouduamsiadifiunmeaeugaamainesufianisildsunisiuses
15017034 nsta3eana3osuiildlunisinssinageu Lﬂ%@ﬂLLﬁ’JQ%QﬂLL‘Zﬂu 14% HNO; \urian 24 Flusuazdna
panduthuIavinmnIngs (Mili-Q water) deuiunldludesufofing nissenunanisinnevinaaeuiildluy
muiaﬁ’aﬁaﬂ%mﬁmsmﬂugmwu Triplicate Determination ifieidusunuresmanisnaaeuiildainnsinge

Nagau

NANTAVY

wanaszinisUueulavewinlutuiaauasianisiiasesiada
am3sfnwAn it uredangninluduiaalugauds (summer season) waggquivain (rainy

season) Wisuiflsufusnnasgulavevinluthuinie wasdfeudsusuaeududulanewinedelutihuinia

TunuifnuUn.a. 2565 (n5193nlagesAn1susmsdudmianssunsasossen) [44] fauandlunisnd 2

v

M399 2 namTBeswiaudnturedanentnluthuvinalugguds goumain wazAanasgulaneiniy

TRIRT
Sample Concentration (mg/L)
Season
site As Cd Cu Mn Ni Pb
GWO01 0.060+0.016 BDL 0.013+0.001 0.314+0.002 BDL BDL
(N=3)
GWO02 0.108+0.028 BDL 0.017+0.002 0.001+0.004 BDL BDL
(N=3)
Summer
GWO03 0.105+0.021 BDL 0.004+0.002 0.002+0.000 BDL 0.001+0.0005
(Jan 2023)
(N=3) 3
GW04 0.079+0.004 BDL 0.006+0.004 0.051+0.021 BDL 0.001+0.0009
(N=3)
Average 0.088 BDL 0.010 0.092 BDL 5x10™
GWO01 BDL BDL 0.010+0.001 0.954+0.003 0.003+0.003 BDL
Rainy
(N=3)
(May
2023) GW02 0.007+0.003 BDL 0.010£0.001  0.009+0.001  0.011+0.0022  0.006+0.007

(N=3)
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Sample Concentration (mg/L)
Season

site As Cd Cu Mn Ni Pb
GWO03  0.025+0.005 0.001+0.001  0.009+0.003  0.058+0.04  0.016+0.0025 BDL
(N=3)

GW04  0.029+0.028 BDL 0.008+0.007  0.724+0.004  0.005+0.0019 BDL
(N=3)

Average 0.015 2.5x10" 9.3x10” 0.436 0.009 1.5x10”

Average

concentration of

heavy metals in

- < 0.001 < 0.05 0.86 <0.02 <0.01
groundwater in study
area during March
2022 [43]
USEPA standard [44-
0.01 0.005 1.3 0.05 0.1 0.015
46]
WHO standard [47] 0.01 0.003 2 - 0.07 0.01
Maximum
contaminant levels 0.05 0.005 1.3 0.05 0.1 0.015

(MCLs) [48]

BDL, below detection limit; N, number of samples

nanTaTEanaasvesstiuaudidilansninluthuiaa wuiUansdudewses As, cd, Cu,
Mn, Ni, Pb gqudsiin 0.088, BDL, 0.01, 0.092, BDL, 5x10°* nuddy danlugguivainiier 0.015, 2.5x10%,
9.25x107, 0.436, 0.009, 1.5x107 anuasu ?iﬂuz]@LLé’aﬁmLaﬁﬂﬂ’ﬁﬂuLﬁawaq As wag Cu qmdﬂ,uqaﬁmmn Na
mﬁmiwﬁmmLLmﬂm'wuaamﬁJuLﬁauiamwﬁﬂ’tuﬁywmwaiwa’mqqLLa”ﬂLLasqqifmmnmqaﬁﬁﬁ"m
Independent sample t-test (15147 3) wudilangminfinsvudouunndsiulugguiauazqgimann fe As
(p-value = 0.000), Mn (p-value = 0.020) ua¢ Ni (p-value = 0.000) fissutiudAayn19adn 0.05

nannTeuiisunmstudeulaveninluhuinaluusezdedunamsaifuamassiu nui wiaves
TavgniiniifiaAuannsgiuves USEPA, WHO, NOAA fa As (GWOT, GWO3, GWO4), Mn (GWO1, GW0d) Tugquds
waz As (GW03, GWO04), Mn (GWO01, GW03, GWO04) quaifmmﬂ mﬁmaﬂamiuﬁwwma*ﬁ'ﬁmﬁmdm’wmmgm
fa Cd (GWO01-GW04), Cu (GWO1-GWO04), Mn (GW02, GW03), Ni (GWO01-GW04), Pb (GWO01-GW04) Tugauas uag
As (GW01, GW02), Cd (GW01-GW04), Cu (GW0O1-GW04), Mn (GW02), Ni (GW01-GW04) wag Pb (GW01-GW04)
slqu]ifma'm

namsiisuiisunstudeulaneninluthuimausasUedunnnsaivesuidedfuanadsnnudud
Tangniinlutuinalng. 2565 ﬁmi’;ﬁ]i’mimaaqﬁmS‘U?Mﬁd’;uﬁwi’mwwuﬂiﬂ%aqﬁaﬂ wuirmsuuideu Cd, Ni,
Pb ﬁ]ﬂﬂv!ﬂijaé’qmmmim“[,uqqif’mmnuazqa_]LLé’qﬁﬂ'wﬁ’mdmea?{&JﬂﬁUuLﬁauiuﬂ 2565 aniiu Mn Tu GWO1

(0.954) mﬂqQﬁmaWﬂﬁﬁmiﬂuﬁjaufvﬁm’jﬂuﬂw.ﬂ. 2565 (0.86)
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M13199 3 HaM AT EmANuenAeNIduiwedareniinluiimaseningguasiar g umaINme afiA

UV Independent sample t-test

As Cd Cu Mn Ni Pb
t-value 7.953%* -1.399 0.384 -2.647* -5.312%* -0.816
p-value (2-tailed) 0.000 0.189 0.705 0.020 0.000 0.423

**_very significant differences at the 0.01 level (2-tailed); *. significant difference at the 0.05 level (2-tailed).

a <

NanSIAsITwasnialanerinvwleauluiiuinianie Pearson correlation coefficient (aN51991 4)

WU As-Mn ien 1 = -0.535, As-Ni fif1 1 = -0.579 Tiszduiluddamnadf 0.01 waz Cd-Ni flen r = 0.488 fiszdiu

WedAgyn19adia 0.05 detun1suulauves As-Mn, As-Ni Tuihuimadamnuiainunasiniasiiaiu uag Cd-Ni Tu

v I
o =

uaaiianwanmsvuideuinanmsunasinianediu

A15199 4 NN AT VENUSEANSENAUNUSWUULNESEU (Pearson correlation coefficient)

Arsenic Cadmium Cupper Manganese Nickel (Ni) Lead

(As) (Cd) (Cu) (Mn) (Pb)

Arsenic (As) 1 -.201 025 -535" 579" -172

Cadmium (Cd) 1 -162 -168 488" -098

Cupper (Cu) 1 .005 -.052 -.060

Manganese (Mn) 1 -.106 -.247

Nickel (Ni) 1 .235
Lead (Pb) 1

** Correlation is significant at the 0.01 level (2-tailed).; *. Correlation is significant at the 0.05 level (2-tailed).

nanUszfiuandswnegunwanmsldusslesitiuiana

Nan13AIuIUA1 ADD (ADDing Way ADDder), HQ (HQing thag HQder) , HI, CR (CRing kag CRder) ag
TCR LﬁaﬂisLﬁum’mL?%?JWN@MWW'«JWmﬂé’%’u‘lawwﬁﬂuﬁwWmaLLamﬂ’iﬁam’ﬁ’mﬁ 5 nansusEliunsIudula
Tangminusazsiindigsnsne (ADD) nuiilugqudsiian ADD gean Ao As (1.06x107) uarluggumainde As

(1.83x10%) vfiavaslangniniifia1 ADD sivaaluggudsie Cd, Ni(0) wazgguimainde Cd (3.87x10%) wan1s

a

UszidiurnudssnsguamiineliAnlsaduililvlsauzifavedavgniinusazein (HQ) wuiwiavedlanguiiniil
A1 HQ geanlunquisuazggumann Ae As (nauds = 35.2, ggimann = 6.1) wiavedlangmindisian HQ diign
fio Cd, Ni (0) Tugquda Ni (5.00 x109) lugguimann wan1svssiiunnudsamsguaindneliifnlsadudlald
Tsauzifannnsldsulaveminannndiudasiin (H) wuirlungudadien Hi ludnde 35.85, fluajde 9.42 Tuggih
wanndien H Twanfe 7.62, dlwgjdie 2.01 wamﬁ‘dizLﬁummLﬁsqqmﬂﬂwﬁﬁaiﬁLﬁmiiﬂuzL?d (CR) wui1 1) Cu, Mn
1NNS I SUNIUNSTURALAENILAUDIMIS way Cd, Ni Bhumié’uﬁaiaiﬁmmL?i&JwwqqmﬂwwﬁdQTﬁLﬁmisﬂu3L§q
dlosnlaliien slope factor iseiduansiilidninduansiideliinusseiudomiadngn wae 2) viavestans
wifnfifien CR gearlugauds @ As (1.58x10?) Tuggtimann e As (2.75x107) siiaveslavewiindiiian CR daelu
faLasAe Ni, Cd (0) qqﬁuﬁumﬂﬁa As (1.01x10%) wansUszidiuanuidesiineliiAauzifsannislésulanemin
wnnimisvia (TCR) wuirluggudsiie TCR luifinde 1.60x102 flugjAe 4.20x10° dauq@ﬁma’mﬁm TCR Ty

Winfie 4.56x10°, Jlngjfie 1.20x10°
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nann

Exposure assessment

Summer season (Jan 2023)

Rainy season (May 2023)

Element Children Adult Children Adult
ADDing ADDder ADDing ADDder ADDing ADDder ADDing ADDder

As 1.06x10°  387x10°  2.77x10°  136x10°  1.83x10°  671x10°  4.80x10"  2.35x10°
Cd 0 0 0 0 300x10°  1.10x107  7.88x10°  3.87x10°
Cu 120x10°  4.40x10°  3.10x10"  1.54x10°  1.11x10°  4.07x10°  290x10°  1.43x10°
Mn 1.10x107  4.05x10°  2.89x10°  1.42x10°  524x10°  192x10"  1.37x10”  6.73x10”
Ni 0 0 0 0 1.05x10°  7.70x107  2.80x10*  2.70x10”
Pb 6.00x10°  880x107  157x10°  3.09x107  1.80x10*  2.64x10°  471x10°  9.26x10”
Non-carcinogenic health risk assessment

Summer season (Jan 2023) Rainy season (May 2023)
Element Children Adult Children Adult

HQing HQder HQing HQder HQing HQder HQing HQder

As 35.20 3.15x10™ 9.22 1.10x10" 6.10 5.46x10” 1.60 1.91x107
cd 0 0 0 0 301x10°  4.41x10°  7.88x10°  1.55x10°
Cu 300x10°  370x10%  7.86x10°  1.30x10°  2.78x10°  3.40x10°  7.27x10°  1.20x10"
Mn 235x10"  220x10°  6.15x10°  7.72x10” 1.11 1.04x10"  2.92x10"  3.66x107
Ni 0 0 0 0 525x10°  1.40x10"  1.38x10°  5.00x10”
Pb 4.29x10°  1.68x10°  1.12x10°  590x10°  1.29x10"  5.04x10°  337x10°  1.77x10°
HI 35.85
Carcinogenic health risk assessment

Summer season (Jan 2023) Rainy season (May 2023)
Element Children Adult Children Adult

CRing CRder CRing CRder CRing CRder CRing CRder

As 158x10°  1.40x10°  4.15x10°  497x10°  2.75x10°  2.89x10°  7.20x10*  1.01x10°
cd 0 NC 0 NC 1.14x10” NC 3.00x10° NC
Ni 0 0 0 0 1.79x10°  327x10°  4.70x10"  1.15x10”
Pb 5.10x10” NC 1.34x10" NC 1.53x10° NC 4.01x10” NC
TCR 1.60x107 4.20x10” 4.56x10” 1.20x10°

NC, not calculated; ADDing, average Daily Dose by ingestion; ADDder, average Daily Dose by dermal contact; HQing,

hazard quotient through ingestion exposure; HQder, hazard quotient through dermal exposure; HI, hazard index; CRing,

carcinogenic risk through ingestion exposure; CRder, carcinogenic risk through dermal exposure; TCR, total carcinogenic

risk

afUseuazaTUNan1sAdY
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WHO (0.01), USEPA (0.01), A1 MLC (0.05) w8¢ NOAA uaznisuuitousas Mn lu GWO1, GWoa Tuggudauazegii
MaNLALAATEILLUIUIANATES USEPA (0.05), A1 MLC (0.05) 499 NOAA anwngitvilsiannuidudues As uay
Mn Tuthurmadidniusnsgu desniladeduanmgiionna UTnary, vemii) uasdafoduranssalu
anuiididnuey Ranssunsldhdumdadanamanivauilinavasy) Tnetlades 2 YadeasdeliAniilva
UntiAurestwrsruninsr g tutuiaa dsaliiuviaaluuinaenuiitinavssiendudures As
wag Mn LUANINTFIU Fadenndoatunanisfnuszdumsuuioulavgndnludvsvssuazdlnayviiud
Hlnadaaandon Yne. 2566 Tne Tan fnasila wavane [09) wuinhuzaszuazthlnatmihAuinisuudou As
uar Mn lutiinaigs Taeranududures M luthwsvesiidanududuganidunasguiifises USEPA uas
As ﬁﬂ'wqqﬂdwmmmgmmuaumﬁzmmfwﬁqmﬂamuﬁﬁaﬂawwyjamaa‘uaqﬂizmqw%”wmﬂiﬁiiu‘mﬁuas
Awandon uenaniitadeduanmgfienauasianssuaelunquilinaunerlulna. 2566 Ssdwmalimnududy
99 Mn 210 GWO1 Tuggu manndegeninanadonisuudeuves Mn Tuduinia Yw.a. 2565 Taganvnitviili
Arndudures Mn Tu GWo1 fiagendranadsnisuudouves Mn Tuduinta Yw.a. 2565 Liesanarududu
993 Mn Tuhazasziifinisdilnagiuihuimaliangs Tasanududures Mn luhesassdidganiaunasgiudiiis
989 USEPA 4 2 i wazamgivilsfifisshuinialy awol wihduiifidnganidadsnisuuioures Mn luth

U1ana Un.A. 2565 1119991N58AUANUANTBILIUINNALY GWO1 Tetipeiian danalvaisuaiuwasduniurfuasly

q

v v
v o o

faguhuinaledng
maleneiuliimanssnumsgunimainnsldusslesithuinalugguésuargimainliaenisdun
A1 HQ wudnluggniatigatulavgyiinagien HQ nnslasulaneninuussuuNIuALeMITIINAIINSFUTE
warlufnunninglvg manmsusuidisusn HQ seisggudaazgguimann wudien HQ wes Cd, Mn, Ni uag Pb
Tungimaingsninguds dwalilavedsnaniimmdssnsgunmannislésu Cd, Mn, Ni wag Pb idgsnemely

' [%

aopiwangeninauds nanmsasgimndssgunmiinelfifnlsaduuennlsauziaudasain (HQ) nudiwia
vodavguiinidanudsseglunasivensulilld fe 1) As iumaduemnsludin (35.20), dlvey (9.22) ugguds
2) As HIUMBANEMISLUAN (6.10), Hlngy (1.60), Mn rumsAuemIsludn (1.11)1uqaﬁmam ASIASIEN
HANTENUNNEUAININNTTIATU As Uag Mn (HQ>1) Wud As AHANTENUABIFUUNINAUBIMNT, SUUNIULTEY
lasie (Wala), ssuudseam, auss, szwﬁuqﬂﬁu (ﬁwawmiﬁ’uqﬂﬁu) LAy Mn ANANTENUABSLUUUSEE™M
(sansaudu), ssuumela wavdsmaronudulafinlneyidlrinizanusudi [50] NansiATIEwALLEsINa
qunmiinelianlsnduuennusnisiiunisdudaansinnimilssiia (H) wuhawdsmsgunwluggimain
wazgguiudsludn, fvajeglunasieeusuldldimun tnefuuliuenudsmisguninainds H fall 1)
deoduinannslaslavevinunninglvg Tneftedesnand ET veainiisnnniidlng Ssvilisnlasuasiv

Whgiamesnnninglvg [51] wag 2) anudesdugguaminniggumain leeddadeunainseaunisduieuves

o

v
° '

As Tugaudangeningguvainvalem
Y Y Y
nan1sUssduanudeweguamiinelifauziiaannistasulanevinusazelin (CR) lugguds wuin Cd
Ni waz Pb Wifanudsmnsaunamiineliinuzisainnislasudigsianmeniumaiuemisuaznisduda 3
WANANIINKANITUsTIUAMILEINEUN YR As Taenslasu As dnumnafue1ms (1.58x102) Tudn, kuns
v W it [ 1 a 3 1 I I3 [ M v ] Y
durla (1.40x10%) Tudn, HunsmadueIng (4.15x10°) ludlvgjedlunasisensulald way As iunisdudaly

Alve (4.97x10°) eglunasindinnudswsseniuaudels nansuszdiuanudsminsguamiinueiiunay

v
o

a ' av Yo Y a1 el o P v a & a
wila (CR) Tugaurvann wudn 1) Cd AldsudgsnamelifianudsamsguamiidelfifauziSwiuniaiuemis

2) Ni ildsudgsnnmesimnudesfioglunaeisensulyldriuniafivermshuin (1.79x107), Jlng) (8.7x10°)

U ]
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wazfirnuideseglunamiseniuldiunsduialudin (3.27x10%), flug (1.15x10%) 3) Pb AldFuidrgsrsnielaid
A samsguainitaznoliiAnuzsdludlng usnuaudssegluinusisensuld iiumaduemishudin
(1.53x10°) @) As A lFFuidgsensegluinasisensulalimunismaduemsluin (2.75x107), g
(7.20x10%) waglinuanuidssannslésu As siunsduia nansitasgimnuidsansguamiineliAsuzise
mnmslésulaveiinlugauds, gedwannludin, 4wy wuheudssmsguamiineliiausinmsldulany
g aamennnislivsgleviiaaludngainiglvy deaenndosiunanis@nuives Pui uazay [52]
uenanturanITiesziandeninnsldsulansminannislivsslonithuinakudomnansdudanas
MLAUD NI IdOAARDINUNANISANYIVDY Omobolaji Waaug [53] ﬁwudwmwm?&mqmWwﬁﬁaiﬁl,ﬁmm3l,%ar;hu
Feanensgegemsaziiiianaudssganiinsldfuiududa namsitasesidanudsmisauaminelsiie
upidennisldsuansinnnimiawda (TCR) ‘wuﬂ'}mmL?{IsﬂquLLﬁﬂLLazq@ﬁmmﬂmmamﬂ&jmﬂimmﬁmwm?m
oglunariulilldionun Fsaudsdudnunniiglvguarlugquiannniigguiinain Tasinauaniade
FenfumsUssiiuanndssnsguamlagan Hi

MnnsAnwsgdunmstwd suvedlavevinludhuinausznstssdiuanuidssannnisldu selogdy
uImatery vinliaueg 3Teddeiausideuloune (policy implementation) Fail 1) aunslduselevideyaan
ATy mhonuiisuinveuguasniuiifidnvez ey Jmianssunseieysen maﬁmiﬁﬁa;&amiﬂuLﬁauiam
wﬁﬂiuﬁwmmWmJaa%uﬁmmwaizﬁuﬁummmﬁaﬁiﬂﬁﬂﬁwLi‘]ugmﬂﬁayjai'mﬁu%’agaﬂWimia%‘FmmiUuLﬁau‘Iam
uiinlutuwiuimavesnsumineinsituinia et auedeyarsssdnisuimsduimianszunsadoyseuay
Famuumnavimemslivssleridiuimalufuidnuldedaumangan vonanidsaasiinis@nudeyanis
vudeulangminludusinggifisidy ioussfiunansgnunisguamainnisldvslomithuiaannduteingg
Wi uay 2) srumsdnnisanuiiilinauey mhenuiisuiiavevanuiimdnvezyamu Smianszsunsaiogsen
arsfimaadisszuumsnuruhinaU i Auresivzasy wavadusruudidesilrad mihduiisivsasldiiu
manda (open channel) wioviosyune (drainage pipe) ieluthialaessuuthdniszaes duazilugms

andymnsvudoulaveninluiuiaandanvaunanvauilinavaeela

Anfnssudsznaa

YavauANNawuduaSIeImans Ieuazuinnssy () uazamminerdenvdglaseainsel Tunsy
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