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Abstract

The objectives of this research are to investigate the contamination of heavy metals
in groundwater and tap water and to assess human cancer and non-cancer risk caused by
heavy metals in groundwater in non-hazardous landfill area located in Chombueng district
Rachaburi province. Groundwater and tap water samples, at up-gradient, landfill and down-
gradient areas were collected during April to October 2017.

Ba Mn Ni and Zn were found in groundwater collected from up-gradient and down-
gradient wells whereas the other heavy metals were not detected. The concentrations of As,
Ba, Cr, Hg, Mn, Ni, Pb and Zn in groundwater collected from monitoring well located in the
landfill area were ND-0.004, 0.011-1.37, ND-0.13, ND-0.006, 0.013-11.14, ND-0.095, ND-0.042 and
ND-0.085 mg/L, respectively which was meet the requirements of Groundwater Quality
Standards by the Department of Industrial Works (2016). For tap water samples, Mn and Zn
concentrations were 0.011-0.038 and ND-0.043 mg/L, respectively which was meet the
requirement of the Standard Deviation of Provincial Waterworks Authority, 2007. The other
heavy metals in tap water were not detected.

No cancer risk caused by heavy metal intake due to the concentration of As in
groundwater and tap water samples collected in the up-gradient and the down-gradient area
was not detected. Only arsenic (As) causes carcinogenic risk in human, according to US-EPA
(2011) and US-EPA (2003). Non-cancer risk, indicated by Hazard index (HI), caused by Ni, Mn, Ba
and Zn descended from 0.050-0.069, 0.011-0.062, 0.006-0.045, and 0.002-0.003 respectively.
The oral ingestion route caused higher risk than the dermal absorption whereas non-cancer risk
from groundwater intake was much higher than that from tap water intake. The total HI was

lower than 1 which was accepted by US-EPA 19809.

Keywords: Landfill, Non-hazardous Waste, Ratchaburi, Groundwater, Heavy Metal, Health Risk

Assessment

33



aninermansuazinalulad Veridian E-Journal, Science and Technology Silpakorn University

Uil 5 atufl 5 Weufueneu - nanau 2561 Volume 5 Number 5 September — October 2018 ISSN 2408 - 1248

umin

Uszinalnefimsiaugraimnssalunngianavesussimedsinausnaiugiueveads ann
gnavnssuTsdeshinedisgnaesmungmnelagmisauiisuiitauasidnninvesdvgmaimnssy
Alduseansusznoufanslasnsilsanugnavnssy mstlanaunnveadognamnssndudnisvied
THdauazidnninveadegranvnssuiiiussansam (nsumunuuadiy, 2556) aenslsAnudam
uafwnuauinaudenadmansenuseduandeslasnsaisiu th uarernia Snvanslvavesthee
yezyiliszauluvinalndidvalduanuionounseiinudssiiensl iiindunsesieauan
owsfe (eAnyn UAugeaw way A3eua alinan1s, 2560) NTENTNEAAINNTINII00NNYNTENTINS
uaunsUuouRukarthlFAungluunnlsan we 2559 (nsgnsrsenamngsa, 2559n) wiel4lu
nMsfinmunTIRdeUaaunNsalvesulinaunnveddsgaannisy aaenauliiluuimlesiuudly
Hoyvuafivanvauilinauninveadugnanvinssuegsioidleuar Ssdu

ddeildhmslinnsiauduturedangndnludldfuuasivssuivinalaeseu
vauilsnauninveadeiilisunsne suneaeuds Saninseys Sadunquilinauuuugnudnguifuia
(Sanitary landfil) wuuynses (Trench method) Bsdndunisilinauvesdelisunsionmsiiaves
yilauazUszinnvesdslfanieTanilildudinuuseniansensrsgmamngsy we. 2548 1304
nsidndsunavsetaniilaldudn

Tangminiitinszid 10 ¥din 16ud As Ba Cd Cr Hg Mn Ni Pb Se wag zn ululangmini
fsruaeuUsEnIAnsEnTNgaamMnTIL 3o Avunnaminisuudeulufiuwesinldiu n1seseaey
A mALLazthlFAY maudeioyasuiimsiainenunanisnnaaeugunwAuwazilitu uay
SeuLEUeNININIIAIUANLArIInINTann sUulouludunazdldRy we. 2559 (nsgnaag
MEANNNTITY, 2559%) uanmnﬁmu%’aﬁiﬁﬁwmiﬂizLﬁummLﬁm@iaqsumwmaﬂﬂizmmﬁag:mé’f&J

Uinalagseunauilanaulusai 500 was annslasududalanendnidngsnnie 2 wdunie laun

Y
v

MAAUDIMT hagn1eimds annsaulaauslasvimavsednlddu wazdiusedn aadsnisues
US-EPA T A.6.1989 vanuidestunisifauziiauazdunsiedunenainusa ieidunuimiddunis
adunisdesiuunledymavamineraiiaduuszvuiedeegusiiuseunquilinauninveade

anamnssuildidudunsiesie

ad =)
35015998
1. ASNUBAZINYIENINAIDE19UN
1.1 9iusiegng

au Xo g o 1 % ewa v ¢ % 9 va °
mia%umwummmumamﬂuﬂmumﬂuaaﬂmmmimu’ﬂmu (GW) 27U 9 0 WA

[
°

szl (TW)E1uau 5 9 Tusadl 500 wasanuquilinavvendsgaaimnssuiliiludunsie

q q

N =

gunevends Juinswys Fadumsilsnaviuugnudngudviauuuynsessuaiiunislunquilinay

)

=

N1 Al w.e. 2549 Uil w.a. 2556 lawilvesveudsNussyeylunauilanaviusuinssiy

34



Veridian E-Journal, Science and Technology Silpakorn University ganingrmansiazmalulad
Volume 5 Number 5 September — October 2018 ISSN 2408 - 1248 Ul 5 atufl 5 eufueey - Aa1AL 2561

130,000 gnunAfng wazlivquilsnauvaun 2 Awet we. 2557 Sedagdu Usunsveadenilenauy
5213797 WAl 2557-2561 Uszunas 82,000 gnUIAALUAT N1SAVUARALAUAIBENUIAIINTANINTS

[

Inavosunldfu (Ffsguil 1) iiuinldfudie Bailer sampling  augden15d15994aATI900UNTS

Y
v

Vudoulufuuazihldfuanmsdssnovgeanvnssy (nsulssnugnanunssy, 2559) uagifiuiiiuseu
LUUA3 (Grab sampling) AuAuSNWIAMNTNTINAToNSEITILAEATIABUN TULDeuluAuLae
ildRuanmsUsenougpamnssy (nsulssugramngsy, 2559) lneftusegtaildluriawanadin
¥l Polyethylene 7flinda wagiiisl HNO; T pH<2 dhlUutiuiioumgdl 4+2 ssmiwaidea

12 anudvesnsifiufiogs

o 2 o 13 qua g ° ] .:4
Mmnsinumegrailafulazinussun d1uau 4 ase lulfeu Wwwieu UYUY

2D
)

duneu LazaaIAN WA 2560

JUN 1 gafiudegraininldau (GW) uidszdr (TW) ushamaquilanay

VAR GWI1-GW2 uay TW1-TW2=9a8389miloth GW2-GWT way TW3=9auedananisal GWs-

GW9 wag TW4-TW5=9081989781i —> = fienanishratilénu

2. MsAATIZRLAR AN

nswssuitegslunsieilanendneng q 1935u1nsgIuves AWWA,  2012.APHA,
AWWA and WEF (2012) 1agiLas14 Ba Cd Cr Pb Mn Ni Wag Zn a1u35lu Part 3030 E, 3111 B and
3111 D @519 Hg @135 Part 3030 E, 3112 B uagAs1zii As kag Se m1u3s Part 3030 E, 3114 B

s

and 3114 C lngirdosoznoninuensosnduaiunlasinlafines 8ve Agilent Ju SpectrAA 240FS

35



aninermansuazinalulad Veridian E-Journal, Science and Technology Silpakorn University
Uil 5 atufl 5 Weufueneu - nanau 2561 Volume 5 Number 5 September — October 2018 ISSN 2408 - 1248

3. Myuuugauay
nsdsteyaniiiunisiaglduuvasuaiumeisnsdunvaliazandui nvisliie linsu
ToyadsweaUszrisuluiunlunisifanssunne q Aferdesiuiilssiuasuildfulaeasiuiiiy

v

Toya 1 A5e luduil 22 unsian we. 2561 vnnmsivdeyannUssuvuiiondeegluusiumvquilinay
voudenlididudunselusall 500 was 91w 43 au lugedutiuazaavheinnivssanguedeetuas
aa v 3 g va 3 A a v ) Y
fRanssulunsidinlafuuazdivseun Tunshuiy Msvesusenauams waen1s915ea19319ne
Joyavnuuudeunuazsiludumiavesnsihunldlunsussiluanudesioaunm

4. YszifiuanudssdeguamannisldsuTaneminaninlfAunastussun
Tumsdssiiunudssasnianududureslaveninlui lfAuuasilseun sufedaya
MNUUUABUNY 1nsUszEiunEseguAINAILASAsYes US-EPA T A.a.1989 Tnovinis
Usziliunnandssannidumanislasuduiadigsnenie 2 @uma 16ua madiuems (ngestion) uag
ysfamia (Dermal contact) wazUszifiupuidosdmiuau 2 nau fe 1in (81g 0-12 U) uazflvgy
(eng0dn 70 T)
maUsuiunssududadunsusadiunisivansdhgsamenisdunanissududannnnis
melauarmeimlanmnsoruanildainaunsi (1) wae (2) muddiu Tnemnsiseg saumednai
sl liRunasissunmnuuuasumuuansimaed 1 lumstssduarudsshumisadudild
foyanndegnanngn GW2-TW1 ilesinge Gw2 Wudethldfudiinsdidlulfludanssus «
wnfiaauaregluuinalndidestuganisliiszdn Twi dmsugaiethmuiienansivaveshls
Fufeguil 1 199n GWB-TWA uaz GWO-TWS iilesain GW8 way GW9 luldfudadutethiud
ymthugalfesmarldsmiuiussilugn TWa uaz Tws anudedlunsiousfauazaudssnin
anududunneduuenannuzdsinnaldanaunsi (3) uaz (@) suddu Tagldrmnasiianasisii 2
nsdlanudeddumafousiadasening 1x10° fe1x10° (Juenudesitsensuls
nsdlAnadssnduneduuonanupds M Hazard index fAnteendvidewiniu 1 mneaudn
Usinalangvindisramelasulsisnnefiazdolminnansenusesneniegld mindn Hazard  index
fiAnunnnin 1 mneamnuiTinalaneuiiniisuneldiulanaseglussiuiilivasndodegunin dos

muwmdlunisuimsdanisuasudlvanudesiaziiatuiuguaineudevessssguluiug

I __ CWXIRXEFXEP )
ingestion - BWXAT
I _ CWxSAXPCXETXEFXEPXCF )
contact dermal - BWXAT
Cancer Risk = IXxSF (3)
I
HI = — il
RID )

36



Veridian E-Journal, Science and Technology Silpakorn University gunInenransuazinalulad

Volume 5 Number 5 September — October 2018 ISSN 2408 - 1248 Uil 5 aduil 5 Weufuensy - ganau 2561

| = Usinasensiisnemelddu (me/ke-weisht/day)  CW = aonuiduduwesansluth (me/L)

R = snsnsuslaaih (L/day) ET = szeglantunsdunanaiu (hr/day)

EF = ShwanSufidudalu 1 U (day/yean) EP = shunudfidudaans (year)

BW = shniinuesinenie (ke) AT = szezianade (day)

SA = ufinTiduda (cm) PC = fpsiisngsoansalifidusunafomils
(cm/hr)

Cancer risk = pandsslunisiinuzise H = assviianudssannnmsdusunsedu
UBNANUBLT

CF = eflddmumsudasenUSunani(l L/ 1000 | = USunasansfilé$u (me/kg-day)

cm’)

SF = Slope factor (mg/kg—clayf1 RfD = Reference Dose (mg/kg-day)

= i Ao  w o 129 o Y
M990 1 ﬂ’]ﬂﬂ‘V]ﬁ’]‘Vﬁ‘Uﬂ’]u%mmﬂﬂ’i‘uiﬁﬁ%ﬁuﬂL‘U’@i’mmﬂ (lntake)

a g . v AAsi 4
WILNDS wile  Auls - , wraIan
0 Klviey
ANULTLTUVD AT TN mg/\ CW - * NAILATIEN
5 R @mMing uaz
9131V LNAUN \/day IR 0.96 1.67 o
agnn, 2559)
Srunuiuiidudaly 1 9 day/year EF - 365 WUUEDUAN
Srunudiiduiaans (wae) year EP - 185 MIGRIRR
dmtihvessnene (wde) kg BW - 58.3 wUUAD U
nalunsduiaeans (wie) day AT - 6,752 LUUAUAY
N Adusa m’ SA - 1.72 (Amd, 2548)
ApsTisngsoasAlfdusLAY  cm/hr PC 0001 0001 (US-EPA, 1989)
syagaT UM SuRaURo Ty hr/day ET - 0.17 LUUaUAY
AilddvsunlasUsinnse Vem® CF 0.001  0.001  (US-EPA, 1989)

14

nEwe: * nadaeaududulavgntnluiladusasidiussun

37



aninermansuazinalulad Veridian E-Journal, Science and Technology Silpakorn University
Uil 5 atufl 5 Weufueneu - nanau 2561 Volume 5 Number 5 September — October 2018 ISSN 2408 - 1248

#1319% 2 A1 Oral and Dermal Slope factor waz Reference Dose voslanzuiintting1s ¢

Metals Oral SF . Oral RfD Dermal SF_1 Dermal RfD
(mg/kg-day) (mg/kg/day) (mg/kg-day) (mg/kg/day)
As 1.5 3.0x10 3.66 1.23x10°"
cd - 5.0x10 " - 1.0x107
Cr - 3.0x10° - 6.0x10 "
Ba - 2.0x10" - 1.4x10"°
He - 3.0x10 " - 2.1x10”
Pb - 3.5x10 - 5.25x10 "
Ni - 2.0x10 - 5.4x10
Zn - 0.3 - 6x10
Mn - 0.14 - 1.84x10"
Se - 5.0x10" - 2.2x107

fiun : (US-EPA, 2011) wag (US-EPA, 2003)
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