
.d 
1J't1't1 3 

3.1 LLN14n11flfliUl'1 

•"" ..t •• "" 1 "" ..IU ,t 'I • " • • z ..l.e "" .I n1'11~m ·rn.:i "n11u11Jfl al'l::wunn \4L1J£1'4 L \4flt4fl1EJVi1f1J'1L1mvrun ri1~flllaH£1EJ ... 
1f111f'-' n1dtf1m~nL'Ylft111af11ual"Liffi.:1 ~1Lrrn~-iv i.:iwl'flafl1fifln" L~al~n111imu"i11 • • 
t11111flnt11::a-.:1ffrfl.:1ll' WSiviithLitt4m1fl111ti1fiu,ft4fl£1'4i.:id' . ... 

uiufi1 a r.h.:i tit4u1L 1m~1-.,il'1tit4~1nti an1ifl11 v::11 a.:i L 'Ylft1J1af11ua1 '-'Ljj a.:irf 1::iu 

fl1111antJ1::inm 0-20 L1J1'49iL11fl1 lflvn11ft'11fi1mh.:iti"t.:il'l11fl 2 tia tiaa:: 4 ~fl • • ., ..... ..,.., ......... ..,.,..1 AW :: .. ., al I W 

flamfla1fl\4 L\11 L ·tnn\4 ~.:IL \'ILL \ll.:l'Yl£1nL\111UJ\ll £1.:1 ~1n\4 \41Jfl L l'la::L£1EJf1LLa::1£1\4fl1 EJf1'1::LLn'1.:I . . ... 
11\41fl s iiaau.1911 fl1n111LflTI::if am-.,11ii fi1fl112.1Lu'4n1t1-th.:i (pH) ua::tJ12.11m1a-.,::-.,t.t'n . ... 
'I•• tJ ·1 i] .... .: Lt4flt4nat4 anVi1f flEJE1£1mm111ffln11nt1aa.:1L " 7 1fflfl.:1'4 ... . . 

.I 
1ffln1'1'Ylflaa.:in 1 1fflfl11JflJJ • • • 

"" .. "lft1n11nt1aei.:in 2 (fl11L1a.:1) • .I .. 
1ffln1'1'Ylfla£1.:l'YI 3 (fl11L'1£1.:1) + EDTA • .I .. 
"lffln1'1'YlflaEJ.:l'YI 4 (2J::L11£1) • 

"" .. "Jffln1'1'Ylfla£1.:l'YI 5 (iJ::L11El) + EDTA • 
.I " .I '.!lfln1'1'YlflaEJ.:i'YI 6 (l'lqpLLHn) 
..I " .I '1Jfln1'1'YlflaEJ.:i'YI 7 (l'l'lJ1LLHn) + EDTA 

.JI • 'I ""' .,. o .,. ~ I I' • ·' • I' 111n11L Vi1::Vi1f L '4TI.:IVia1wflna'fl1~'42JEl1 EJ 3 a'ufl1\ll (Vi1f~::nn"""12.111Lfl'11::\lll'l1 . . ... 
t112.11mlal'l::l'lt.t'nrf a-::a-2.1a r.il t4ft°1t49'1.:i 'J ri £1'4 '11itJtJan1 t41ffln11n91a a.:i) ~1m.f "~.:iu1 t1Yi1f .. .. . 
ii1tJanlt4n1::n1.:1Via1a-tinif1111"1flLR\4~1"ft'-'Una1.:i a d'1 lft'tit4l'4LL9ia::n1::n1.:1Lrhnu ... .. 

1.5 fi1ani'2.1 1t1 r.111.:in1::n1.:itJanri"lfl1t '-'L 1at4'Ylflaa.:ill'liii'mLw.:iLLflflL fi1nt4 l~'111'4a:: .. 
1 flf.:i l~Yi1fnnfi''4lii'ull1L?tt1.:1Vial"tJ12.11mrfLfi1n" f.:1'11rtl,Y1t1Lu'4ii1t1nft~1nlaaa" . ' 

l'la.:1~1nn11tJanri"lfl"n1::n1.:i 2 it1t11if L9i2.1a-i1fiLani.:i Lm~"n (EDTA fl112.1L-ii2.1-ti" ... 
5 iiaa12.1a1filani'2.1) fl12.11ha.:i Chen et al., (2004) 1'41ffln1'1'Ylflaa.:irf 3 5 LLa:: 1 lt1EJ~:: • 
fl1n11Lnui1ar.i1.:iti"L~a\l1i111LflTI::if aml'l11ii fl112.1Lut4n1fl-ti1.:i (pH) LLa::tJ1ii1m1al'I:: . .. 

.... .... .. "' "" .. .. .I .. ... ·' .. .. 11· ,. .... .I l'lt4n'Yln ') 7 1\4 ~'4n.:11::t1::mmnEJ1~.:immnEJ1Vi1fLViEl"Mi12J11LflTI::l'l\111 '1JJ1tu.La\ll::\11'4n'YI • 
ca-11ar.ifl12.1ft'1t49i1.:i 'J tiaitJ LLa::\l1~affi91itJ1LflTI::if n1.:ia-fi9i LL~t4n11nflaa.:ii.:1111Vi 3.1 .. 



~~~'4t\l'IH'trm • 
MIB~tfd 
l11'1:1111lri (Fe, Cu, Cd. Pb Ill:: Zn) 

• 1"ln • fltfu . lu 
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lW'lrh\~endn~ s lliJwi,f 
ua:thn1mntlpt\•nmuw,, 

~rr;m\urm:~ 2 ftkmf tlurrsf'ta"'4 lBlWlf 

(EOTA flTUJl.'tlV8i4 5 DdlW/ftl~ 

\ B~S 51LU7 

11t1fo+IDTA 

'1LflT"l:l([m....,,.,Yn (Fe. eu. Cd. Pb at:: Zn) 

fia:ta.i\~,m..,,t1AAS 

111V. 3.1 LL~'Un11'Yltlt'Ul-3 

9AM'11~'1 
uaa~n11'4.-A 
·fP"OI 
-fhmiaa~ 
• tnnnlh , .. Cu. Oct Pb llU Zn) 
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..... 
3.2 16TI11rlflft0'1 

...... 0 ....... 

3.2.1 ft'l4rlr11TI111;JEJ 

... ,._ 
---~......;-

,k ..IJ ~ - ... 
111'Vi 3.2 'Vi'Ufh11TI1'lfln1~t11';JEJ 
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sl ... I ... 

3.2.2 ft11LntJfl1DEl1'1fl14 

3.2.2.1 11t.1n1m 
.... ~ 

3.2.2.1.1 ~EllJ Lffr..tll VUil1 

3.2.2.1.2 f1'1Vift1Rfin • 
3.2.2.1.3 N1Via1a-tin 

3.2.2.2 ~in11 
0 ,. .... • .. .. t ., •Ill • - ..a • 3.2.2.2.1 nTWUfl~flLn1Jfl1ElE..11'1fl14 L'ViEl 'VILL14L~11fl14'1Ln1J~:: • 

:'I ... ... ... .K ~.JI ... .JI t • " ... ... ... ... 
Lu14fl1U flU'll El'1fl141J1L 1nL'Vi14fl ri1~fl"ll r..t::"l1El'1 L flfl1J1ft•111J ft 14Lll El'1 ti1 Lil El'Vi"!f E..I ~'1'Vl1fl 

........ 
Elfl1flflfl fl'1111Vi 3.3 • ... • • t 111 .,_. - I ~ 3.2.2.2.2 fl1'1'Vlfll1'V11Eln11flLflli'Vi"!fUft:: 1J Lllflflftlltl14ElE..IElElnfl'1 ·ai • 'II 

LRr..triEl14 LLa1t-l~au LRE..lll 111;a'Vitt1"llfl'VlftlJLU141tli1 v antl1::l11nL 0-20 LIJf14fiLllfl1~1nA1 
• • 'II 

...... ti 11 tl ...... ~ ... - ..... ...... .¥ ...... ~ 
fl14UIJf::LEl1fl14~1fl 1n'Vlftll"ll14114ft'1 L fl1ll'Vl141fl14fl "llfl L1ftnn-3n14'Vlftl1Uft1'1fl"ll14 'Vl141fl14fl • • • 
ia'1m1ri~::fiflfl1llll1u"Vitt1 ~au111;mir..tll LLa1Lriutftn'1Via1a-9in • 

3.2.2.2.3 flftflLfla19i14~Ln1Jll1 tlfL i1n14LLa1L flft'11J14N1Vift1R9in • 
n1n11ti~mfla1antif'11flr..tr..tn~llN1Vift1R9infia:: 2 ~ll ~El~fl1'1i1ll014 n1Rft1J~ll014 3-4 

l: 
fl1'1 
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., 
1f ei~11 e:(1) • 
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• 
• w 

1feine:(2) 
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.. .. .. 
3.3 TI111Lfl11::Mtt14 

3.3.1 illlliMllii . .. 
.. ... ti .. 3.3.1.1 LA1il'1UilLLii::f! n1m 

!T ... .,.__ ... 
3.3.1.1.1 L'YIEl1L2J2JLflEl11flflU (Thermometer) ..... 

3.3.1.2 1tiTI11 

3.3.1.2.1 iL1L nai111iiLflE1fLir.iua..1ltlt ut11m.h..1tiu LLa::tl'uiin 

3.3.2 n111ttA1A11UL1114n1tt-ti1'1!1D'1i14 (pH) 

3.3.2.1 Lfl~il'1MOLLa::otln1nC • . ~ ... ... ... 
3.3.2.1.1 umna1 (Beaker) '!IU1fl 50 11aaaf11 

3.3.2.1.2 LLri'1LLn1flUft11 (Stirring Rod) 

3.3.2.1.3 Buffer Solution pH 4 LLa:: pH 7 d~a Merck 
• ..i... ' 

3.3.2.1.4 Lfl1El'1 pH Meter r.J~EI Metlor Toledo 1u Seven Easy • " ' 
3.3.2.1.5 iL1nau DI (Dionized Water) 

3.3.2.2 i6n11 
.!. _,,, I A ..l..il .... I I 

3.3.2.2.1 ".11''1 '11 El r.J1'1flU 'YI ~'1';JULL ~'1 LLa::1EJU~1Ufl:: LLTI1'1'!1U1fl 

5 iiafiuJfl1 tl1mm 10 ni'11 a..1\uiimnai1iu1t1 50 iiafififl1 
. " ' 

3.3.2.2.2 Lti11iL1nau 10 iiafififl1 t-KLLri'1LLn1flua-11f!ut~ 

t11ad1..1tiu~a-11nmi1 /..,fl'..,lrt11::mm 30 u1fi1.~flnfl::nau 
3.3.2.2.3 1flfi1f11111Lilun1t1-ti1..1 (pH) '!IEl'1tl1EIU1'1iiuti1mfl~E1'1 

...... 
pH Meter LLa::uunn~a 

... ti" ... , ........ 
3.3.3 TI111LA11::MLiiM::M14TI 149'14 tl1U1ti AOAC 999.11 

.. ... ti .. ""' 3.3.3.1 Lfl1D'1U o o n1mua::ft11Lflll • 
3.3.3.1.1 ilLtlfl (Pipett) 

3.3.3.1.2 n11 r.JTI1El'1 (Funnel) 

3.3.3.1.3 '!11fl1fltl1111f11 (Volumetric Flask) 

3.3.3.1.4 '!11fl1tl".11'2J~ (Erlenmeyer Fflask) 
'II 'II 

3.3.3.1.5 n1::';Jnu1Wr11 (Watch Glass) 
.. ..i ... 

3.3.3.1.6 n1::f11~n1E1'1L1JE11 42 r.J~EI Whatman 

3.3.3.1.7 TI1r.Jfl1eDLfia (Crucible) 
'II 

3.3.3.1.8 '!1191 Polyethylene '!IU1fl 60 iiafififl1 
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A .!. .JI I ~ ... 

3.3.3.1.9 Lfl1eh1"Jf~ (Balance) 4 •11U\llU~ r.J\llB Mettler Toledo 

iu AG 204 • 

' 
... ~ ... 

3.3.3.1.10 Lfl1 WVh (Hot Plate) r.J\llB Janway iu 1203 • 
3.3.3.1.11 Lfl1L~1fl11l!i'aua-~ (Muffer Furnace) d\fa Carbolite .. 

iu 8/00/2145 • 
3.3.3.1.12 ti't1t1fl1U (Laboratory Fume Hood) .... 

.. I 

3.3.3.1.13 il1nau DI (Dionized Water) ....... 
3.3.3.1.14 amm1nULflBfl (Glass Bead) .. 

' 
.. ~ ... 

3.3.3.1.15 n1t1 Ufl'l'n 65 % (HN03) r.JVIB Qrec 

'

T .. ~., 
3.3.3.1.16 fi'l'fl tlLfl'l'flaB1n 37% (HCI) r.J\llB Labscan 

....... 
3.3.3.1.17 Standard (AAS) Cu, Cd, Zn, Pb, Fe fl11l!L'!lll'!IU 

~ ... 
1,000 ppm. r.J\llB Merck 

3.3.3.1.18 Lfl~B~ Atomic Absorption Spectrophotometer iu • 
(ASS) Mold AA-6200 Shimadzu Japan ..... 

3.3.3.2 16TI11' 
.. ~ .... ~ .. .s 

3.3.3.2.1 BtJflUYl1BULLa1'YIBnL\111lll 105 B~fl1L'lfaL"Dr.Jff U1U . .. 

.!- .... I A .... ..I A 

3.3.3.2.2 "Jf~f11Br.J1~flU 0.5 fi'l'll L~1YIBnL\111lll 450 BH11 . .. 

L'JJaL4fr.ia- Li]uL 1a1 8 i11ll~ 
3.3.3.2.3 il1i1m.h~tiuflL~1ua1lw'!l1t11tl"lfllw '!IU1fl 250 .. .. 

iiafifi911 Lfilln1t1lt1lt11flaa7miilliiuLLa::n1t1lufl7miilliiu lue9111W1u 2:1 (LV:afi1n11uar.1 

i1m.h~iiu) 

Eiar.ii1mh~flamV111ii 150 B~fl1L'lfaL4fr.ia-• .. 
3.3.3.2.5 u a r.i~un1::,.t~l1iiifl1'ui~11 ltl'a-11a::a1 r.ila-ua::ii 

i1::naumn1 r.1n'!l1t11tl"Jfllwa~~1mfl1lw~1 fi~l\fLfi'u .. .. ... I ~,I ... .. 
3.3.3.2.6 n1a~911ar.11~n l!a::a1r.iaan911r.in1::911~n1a~Lua1 42 

1flr.ilifn1fllu917n 1% tlfutl7m911 50 iiafifit11 L'!lu1l\fi1au1~~RllLiluLdmilr.11nu 
3.3.3.2.7 Lnui1au1~fll91'tW'!J191~a1a-fin Polyethylene '!IU1fl 

3.3.3.2.8 il1i1aEi1~ltlV11tl7ll1mlaV1::V1i!ntl'1mfl~B~ Atomic 

Absorption Spectrophotometer ii.L (ASS) Mold AA-6200 Shimadzu Japan • 
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3.3.4 n11iLtt1'1::ii't&nu:M"n11"Yitf (Sun et al., 2011) 

iu AG 204 • 

.. ... t.I tf ... 3.3.4.1 Lfl1'0'111Hl ~ TI1'nliU&::1'11'Lflll 

3.3.4.1.1 flLtltl (Pipett) 

3.3.4.1.2 n11E.Jn7fh1 (Funnel) 

3.3.4.1.3 "111fl1flt17111t11 (Volumetric Flask) 

3.3.4.1.4 "111fl7tl'11'llvi (Erlenmeyer Flask) 
" " 

3.3.4.1.5 n1::~m.nm11 (Watch Glass) 

.. .a " 3.3.4.1.6 n1::f11~n7fh1L1JB7 42 E.J'VIB Whatman 

3.3.4.1. 7 "111fl Polyethylene "11U1fl 60 iinfifit11 
A ,.). ..,! I .a " 

3.3.4.1.8 Lfl7B'1'11'..:I (Balance) 4 •r1U'VIU'1 E.J'VIB Mettler Toledo 

'ii " "'" 3.3.4.1.9 Ltl1 L~~1 (Hot Plate) E.J'VIB Janway iu 1203 • 
3.3.4.1.1 O tiftflfl1u (Laboratory Fume Hood) 

"" W I 

3.3.4.1.11 u1nau DI (Dionized Water) 
" ... . 3.3.4.1.12 nmm1nuLflBfl (Glass Bead) 

" 
'II - .a " 3.3.4.1.13 n7fl LUtl7n 65 o/o (HN03) E.J'VIB Qrec 

ti .. A "'" 3.3.4.1.14 n7flL B7flftB7n 70% (HCI04) E.J'VIB Merck 

3.3.4.1.15 Standard (AAS) Cu, Cd, Zn, Pb, Fe fl11llL"lill"liu 

.a " 1,000 ppm. E.J'VIB Merck 

3.3.4.1.16 Lfl~B'1 Atomic Absorption Spectrophotometer iu • 
(ASS) Mold AA-6200 Shimadzu Japan 

3.3.4.2 i6n11' 

3.3.4.2.1 £11Jfl1£1U1'1Y1'11'ftatu.'Vlfl£i 70 £1'1fl1LIJfftL4JE.Ja- U1U 48 
~ " 

I 

3.3.4.2.2 -l'1i1aU1'1?t-u 1 nf11 

3.3.4.2.3 u1f11a£i1'1Y1'1fltn11f11tl'11'llvi "11U1fl 250 iinfifi917 LMll 
" " 

n1flLtlafflna7mLn::n1fl l u917m "lill"liu lua91nff1u 1 :3 (L V:arhn11£iaE.Jf11a£i1'1Y1'1f) 

3.3.4.2.4 U1"111fl7tl'11'llviltli'11JULtl1 L ~~1 41'11..:i aEil utiftflfl1u 
" " " " " 

EiaE.Ji1a£i1'1ffam'Vl11ii 150 a..:ifl1L'lfnLeiiE.Ja-
• " 

3.3.4.2.5 EiaE.J~un1::~'1lJ.iiifl1uh11 ltia-i1n::n1E.Jla-E.Jn"111flltl 

'11'llvift'1~1nL911L~~1 fl..:il~1uu 
" 
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3.3.4.2.6 fflB"i1ar.i1"tllia::a1uaanti1r.m1::f11~n1a"LtJBf 42 

1flul-ln1flli.i.fl1n 1% iJi'rn.J1111fl1 50 iiafifi911 L"JJr.i1\~i1ar.i1"~"llLUi.1.Liim~u1ni.i. 
3.3.4.2. 7 Lnui1 a r.i1"filfl'tff"JJ1f!vrn1 ff fin Polyethylene "JJi.1.1ti 

3.3.4.2.8 il1i1ar.i1"liJV111.J1ll1mlaV1::~nrnti1mfl~EI" Atomic 

Absorption Spectrophotometer ii.i. (ASS) Mold AA-6200 Shimadzu Japan 
~ 

... -'"' --3.4 n11'JLA11t1'1tlDIJRfl1'1ftftfl .. 
'"' '., ...... T o , .I , .a n111 Lf\11:::V1"JJ Elli an1" ffnfl Lfl un11f\1i.i.1 nL'Vl1fl1 Lti.a u (Mean) 1'11.LLlJ u" LlJ\L .. 

ll1fl1j1i.L (Standard Diviation) LLa::V11fi1fl11l!LLflnfi1"ar.i1"iii.l'mtuiqin1""niiff (p< 0.05) 

1flul-l F-Test, One Way Anova \i.i.m11LflTI::~ 


