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Abstract

The study aimed to analyze and compare the total heavy metal contamination
(THMs), including arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe),
manganese (Mn), nickel (Ni), lead (Pb), and zinc (Zn) in influent and effluent during both
dry and wet seasons. The analysis of THMs utilized acid digestion, with the determination
of THMs conducted according to USEPA standard methods 3005A and 6010D. The study
results indicated that THMs contamination levels were below USEPA and Thai
wastewater discharge standards in both seasons. The metals with the highest treatment
efficiencies were As (dry season: Inf=0.07 ppm, Eff=below detection limit (BDL), wet
season: Inf=0.065 ppm, Eff=BDL), Cd (dry season: Inf=0.005 ppm, Eff=BDL; wet season:
Inf=0.005 ppm, Eff=BDL), and Cr (dry season: Inf=0.065 ppm, Eff=BDL; wet season:
Inf=0.01 ppm, Eff=BDL), achieving 100% removal efficiency during both the dry and wet
seasons. In contrast, Ni showed the lowest treatment efficiency, with removal rates of
28% during the dry season and 58.27% during the wet season (dry season: Inf=0.125
ppm, Eff=0.09 ppm; wet season: Inf=0.115 ppm, Eff=0.055 ppm). Statistical analysis
revealed significant differences (P<0.05) in heavy metal contamination levels between
influent and effluent, particularly for Cr, Mn, and Ni during the dry season, and Cr, Mn,
Ni, and Pb during the wet season. Additionally, most heavy metals in influent, except for
Cu and Fe, showed significant statistical correlations (P<0.05). The research findings can
inform strategies for enhancing the efficiency of heavy metal treatment in leachate and

for monitoring the surrounding environmental conditions in the future.
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msnseilansmintemunitunoussdl thinegnivzvsziousarndsiitnun 50 fadans
WAuNSALURTALTUTY 70% (Kemaus) waznsalalasaan3ndudu 37% (Fisher chemical™)
2 uay 5 fiaddns mudiy thiegeiinaunsaudlulinmdouvumlianudeuiiaumgd
90-95 °C auUlsunsanauunde 15-20 dadans shdreggeanarnmiliauiouindiegis
fanslilvgamgianaaviiiugmmgiives nsosienszaunsonued 42 UsuUiuinsdu
25 findansdounuiand aunings (mili q wate) ¥1luTiasgsilangnindeia3 o9
Inductively Coupled Plasma-Optical Emission spectroscopy (ICP-OES, PerkinElmer, model
optima 8300) A211819A8 uf M lun1sasiaTalaneminde 193.696, 226.502, 267.716,
220.353, 257.610, 231.604, 213.856, 259.940 Uag 324.754 wnluwins dmsusie As, Cd, Cr,
Pb, Mn, Ni, Zn Fe wag Cu mua1nu n1sasiadaunnulilanvesisnaaeuldisnisnisasia
NIMNVBIAITALANLNINTFIU (calibration curve) yadlansminusazainfinuidudy 0.125,
0.25, 0.5, 1 L8z 2 ppm ienaaeuaIdudunse (linearity) lagn1staTuNaIsazaI8aIn
miazmammigmmaw?ﬁw Sigma-Aldrich (product no. 92091, lot bcch 2638) @1sagany
wnsgrudinaridutaniusesdiids MnvesufiRnsdldinunsiuseannsgiu 15017034
wansvadeuaiudunsvesnsmaisazatsuiasgiunuin Aduuseans anduius
(correlation coefficient: r*) waalanzynudiadianegluinausiiimua A *>0.995 [19]

ASIATIZHNSEDR

waliAnsiwsziiemauuansesrduduresansuintmeluthev ey
Aouruszuu I ALarrd s UUITAd833n15919 independent sample t-test #iszsiu
Toddaymneadfisesu 0.05 wagdnszimmuduiusseaRvesUsnalaneminiivuidou
TudhwzryAouthtneAduyssansanduiug fiesdu (Pearson's correlation coefficient)
eruduiuiuazinsviunasidalaneminfinelfiinnsuudeuluthwzvszdeuiu
szuuU1dn selusunsudniagunieadd SPSS Version 26 [20]
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hwan sialangniinddnsvudougsfiaaluvsasznoutidaaniesdlugquiuas
q@ﬁmmﬂﬁa Mn wag Ni auany mﬁmiawzmﬁnﬁawmﬁﬂmﬁawfﬂﬁqm leun Fe uaz Cu
Tuharasziogsrounazndsindn 2 nANNA uae Pb wag Zn Tuhwzaezdegatounas
nstnnnmaiuiioddluggrivan rennuisudfisunsiudeulaveninluivses
NaeUUAAUAININTFIUNUIN msUuLﬁaumaﬂamnﬂmﬁmhjLﬁummmgmﬁwﬁqﬁﬁmum
(M3797 2) nansasratanunmihneauunu Aenudunsa-seergamgivesives
neuddadiAgenimasindn
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A15199 1 nsvulaulanentnanunlutivsverney (Inf) waznast1us (Eff) seseuuUans
TugaudaarguIvaIn LagHaILATIEYaAnes independent samples test (t-test)

wan1sinseilaveminluiesufjifinig

anududuvaslanewin (ppm) Tuihyzees (X + SD)

Independent sample t-test

gauMan AUA gauMan aauds
Tane  gha ¥ L. e ¥ oo
o DIeLiH] Useans i Jseans
nun LIH o vy o p P
} VYLWAS 2N \ VYLNAY a2 t t
nau o o nou o o value value
o o Uua (%) o o uun (%)
Uin Uin
0.065 0.07 -
As BDL ~ 100 BOL ~ 100 2.447 0.071 -13.24 0
+0.046 +0.053
0.005 0.005
Ccd BDL ~ 100 BOL ~ 100 2.748 0.051 3.148 0.088
+0.032 +0.004
0.01 0.065 " ™
Cr BDL ~ 100 BOL ~ 100 8.660 0.001 15.330 0.004
+0.002 +0.001
Cu BDL BDL NC BOL BOL NC - - - -
Fe BDL BDL NC BDL BDL NC - - - -
0.047 0.003 0.570 0.015 -
Mn 93.61 97.37 3810.5 0 2.377 0.141
+0.001 +0.0002 +0.0012  +0.0001
0.115 0.055 0.125 0.09 -
Ni 52.17 28 231.64 0 18.853 0
+0.004 +0.0025 +0.0017 +0.0027
0.07
Pb BDOL BDL NC BOL ~ 100 - - 1.865 0.136
+0.0184
0.02 » 0.019
Zn BDOL BDL NC BDOL ~ 100 - - 7.059
+0.0015
NaN13ATRAMMNIN lUAIAEUIN
pH 8.42 8.15 8.40 7.26
YOUN-
N 38.0 °C 31.1°C 35.1°C 34.4°C
ol

BDL (below detection limit), NC = lianunsafuanld, "=

' IR aad_ o ** =
AMULANANBYNHUBFIAYNNENANTEAU p<0.05, = UMY

' IR} asd_ o ' P () q‘ £ )
LANANBENUUYF AN NEADANTEAU p<0.01, - = 1113']1“5{]@Tu’\lml@L‘LJB\?ﬁ]’]ﬂﬂ’\ﬁ’JuLUENLUUJﬂWSEWUVN 2 fauANINY 0

A13197 2 ANLAITFIUAMN LYV a1

ANIATTIUAMMWINYEVEZUAZIN Y (ppm)

Tavswiin UIn3gIU USEPA [21] mmgquﬁqﬁq u'migwmuQmmﬁzmaﬁqﬁqmnamuﬁﬁi

Long Short term Yasnmsiauuisssindlne nawuUz;‘.l,aclawzqniwf’nmwmnsssimﬂﬂ
term [22] uagdInasy [23]

As 0.1 2.0 0.25 0.05

cd 0.01 0.05 0.03 0.005

Cr 0.1 1.0 0.25 -

Cu 0.2 5.0 2.0 -

Fe 5 20 10 -

Mn 0.2 10.0 5.0 2.0

Ni 0.2 2.0 1.0 -

Pb 5.0 10.0 0.2 0.05

Zn 2.0 10.0 5.0 -
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Han1ATERUsEANE AT U lang g ssuUUeRanudn Ussansaimnis
ﬂﬂﬂ’m‘lamwﬁﬂﬁgwmiuqqLLé"waa Cd (~100%), As (~100%), Cr (~100%), Pb (~100%) wag
Zn (~100%) > Mn (97.37%) > Ni (28%), ‘Uszﬁw%ﬂW‘Wmiﬂwﬁmiawwﬁﬂﬁgmmiuqaugmmﬂ
999 Cd (~100%), As (~100%) waz Cr (~100%) > Mn (93.61%) > Ni (52.17%)

mMsiaszianuuandiesssiumsiudsulansudnluthvssss deunasudnda
Fuszuuteidugaudswarggimannwui seiunisuudowvedaveninluwsosiouuas
%é’nﬂwﬁ’mﬁmmLmﬂfsi’mﬁ’umqaaaaéwqﬁﬁﬂﬁ’lﬁmﬁivﬁu 0.05 Ag Cr, Mn uaz Ni lugauds uag
Cr, Mn Ni uag Pb Tuqmummﬂ ety wameinszuuthdaeflannsathdalaveningangn
I§ognaiuszansaim uenani nalszvimeadfdauandiifiuinsssunmsuuiounes As
way Cd luguas uag As, Cd wag Zn ’LuqaummﬂlmmemNﬂuammuamﬂmmqam
(p>0.05)

nsfsamauduiusvelavendniauafivuideuluhssvezneutidage
Ardulsyans anduiugveaiioddu (15199 3) wuin lansndniidauduiusidauanly
3% ﬁuqqﬁimUuamﬂmmaaammmu 0.05 oA As-Cd (r= 0.837), Ni-Cr (r =0.910), Mn-Ni
(r = 0.893), Mn-Pb (r = 0.960), Mn-Zn (r = 0.997), Ni-Pb (r = 0.901) itay Pb-Zn (r = 0.978)

s é’fvuamﬂmmaaam 0.05 LLa”IaW“"VmﬂVlllF’]’NJJﬁlIW'uSleN‘U’Jﬂiui"@ﬂﬁﬂ%i“’(ﬂUUBﬁ’lﬂﬂm’N

afaszau 0.01 Tewn Mn-Cr (r = 0.990), Pb-Cr (r = 0.962) wag Zn-Cr (r = 0.997)

a | o a £ U v € A & ' . . | | a
A15197 3 AduUseanSandunusiesdu (Pearson's correlation coefficient) S¥ninaALade
ANMUINTUBI A VTN N LAz IRA A28 191N Y8 NaUUIUA

As Cd Cr Mn Ni Pb Zn
As 1 837 1100 017 446 219 1109
cd 1 042 011 394 228 068
cr 1 999" 910" 962" 997"
Mn 1 893" 960" 997"
Ni 1 901" 901"
Pb 1 978"
Zn 1

uuuuuu

wwwwww aad

* mamJiwawﬁamﬁuwuﬁuuamﬂmmmmmsxﬁu 0.05 (2-tailed)

afuTIEHaNITIdY

naFsuiiisunisund euveslangmintenualugguivainiazgqudanuis
nsvudouvedane Mﬁ’ﬂﬁgwmiuqmLLé’aﬁLLuﬂﬁuaaﬂdmmﬁémmn #niy Cd wag Mn lag
Tuhwzane ﬂauLLamawwmmmmsmumaaﬂﬂuqmummml,a qml,ammiﬂul,ﬂ ou
Cd iy uagnisuuieu Mn s[,uuwwuammmmiuqmLLawmmmmﬂummﬂ anni
wulffuas As, Cr, Cu, Fe, Ni Pb waw zn luthwzasznoutidadimsudeulugquadiegs
ﬂdﬂuqaﬁfmmﬂ LﬁaﬂmmJ'%mmffwNuﬁqﬂuﬂmqaﬁmaWﬂvi'ﬂﬁl,ﬁamammvﬁm’fwm

msssuisuUsalansminyanunluihvesveznoulasasivn
YOIsTUUUBAN Al d017IN19nYezyarlaeyuvy S9ninnssunsasogse) a6



MsETIINIsTIedne wsn.gun 07 8 aui 2 we. 2567 PKRU SciTech Journal 8(2) 2024

gy demalvitszassdssdunmsuidioulavemindamuasiluggumanndsaenndosiy
UATves Sankoh wazAmy [25] uay Kalcikova uazaasy [26] damuinmsvuilouvedans
Mﬁﬂﬂuaﬁwwaﬂuqaﬁmmﬂ%ﬁmiUuLﬁauﬁﬁaaﬂdm@uﬁamﬂmiﬂszmu%ﬁwwaafmu
1qu1fmmn drumsuutioures Cr uaz Mn AfuTinuuandstusgrannesnlanzeio
dufianasluuiunuillis Lﬂumaumeﬂanﬁﬂizﬂawuaw8m?fﬁmwﬁQﬂauluﬁanqafwuaWﬂﬁ
nstuideu Cr uag Mn anategann 3winlinsvuidewnes Cr uag Mn fAranasguiiv
MNMsAnwIes Kiou uazany [27] wuilulssmamdsiannddadosuiasgiauazdannd
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siaveslangninfivud ouluihwzasseutin deuaenadosiulusuussianvesvey
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Uszanaeaniu (0.8, p<0.05) 1A As-Cd, Cr-Ni, Mn-Ni, Pb-Ni, Zn-Ni, Cr-Mn, Cr-Pb, Cr-Zn,
Mn-Pb, Mn-Zn wag Pb-Zn

Uszdndnmnisundalavenindlanasgade 100% lauwn As, Cd, Cr, Pb wag Zn lu
gauas wag As, Cd, wag Cr‘[.uqa‘fma’m UszAnsammsundalavgminddiamagnde
3t Ni ludezasslasssuutidaaunsatidnld 52.17% uax 28% lugguvainuas
fAkE AUAIGY nan1sUssufsumaLansesnsUuiloulaveminimueluthasves
naukaynasiialagldas independent sample t-test wudn Cr, Mn wag Ni lugauds wag
Cr, Mn, Ni kag Pb quaﬁwmﬂﬁmmLLmnﬁmmqaﬁaﬁﬁﬂﬁwﬁmmﬁaaa 0.05 Fawansliiiiuin
ixwﬂ’lﬂ’mﬁﬂixﬁwﬁmwmiﬂﬂﬁ'ﬂauwﬁfﬂﬁdﬂé’nﬁLmﬂ@haﬁ’uasmﬁ‘[.uqaLLé’ﬁLLasqaﬁmmﬂ

AnAnssuUsEnA

YBUBUAMNBIUALATIINIAIERS ITuuazuInNTIL (19U Wag UMNINYIRETINAY
2lageainsal Tunszususiyudud Alivuatuayuauidoussadautssuna 2566
(5WalA39n15: 33U, 005/2566)
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