
unit 4 

uan11"ntiaD'1LLatoihh1uuan11"ntiaD'1 

..1TU 1i £J L ~a..1n1,-t11tl'ft 1aV1::V1 i.tnrltli.ud a'\.I. t '\.l.fl'\.l.tl1£JY1".lfu1L1 tu. rf'" rlrhitt11a~ a £J .. 
..... "' t • ..t ....... .... .... ... .. ~. ""' 

'lf11'1f'\.I. : n7tu.flm~nL 'Ylflu1a.,1ua '\.l.L11El..1 v1LflE>Vi'lf£J ~..1Vl1f1Elfl7flfln '" m.JL '\.l.a..1111~1n • • 
tl .... qJV11n1,-tl'UL d a'" 1aV1::V1 i.t'n t '"ti'"4.., Lfifl~1nn1,-rhitt'!I £1:: a r.i1..1 li.i~n ~an~m:: 4..,tl .... qJV11 

.... I !'I ti.... ..l,e .... .. ti I ., .:. t .r "" ... ... t., 
fl..1n a11 LlJ'\.I. qJV11'YI ... 1flqJ'!I a..1 a..1fln7 n fl7a..1 ft'1'\.I. 'YI a..1n'\.I. '"VI a1 £JVi'\.I. 'YI 'D..111LL'"1 '\.1.11~:: 

'!l£11£Ji1LLa:L~11f111117'\.l.LL7'1fl'1;f'\.I. V11nu..1li.iltii'um7flLLaLLa::ifln1,-ar.i1..1nntia..1 . .. .. 

n17fhitt11a ~a £1'!1 £)..1 L 'YlflU1at11ua t 'ULiia..1 Ei1 Lfl aw'Ji'£J i'1WlflElf17flfltl LU'\.l.LLUU .. . 
L nn a..1n a1..1 LLi..1 t '"ti ati'U lfl £Jli.iiin1,-\ '1l'1 ft'fl,j a..1n'\.l.n1,-f1eii11tl,-a..1rf '\.I. V11aiin1,-rl a ft'i'1..1 . .. 
ij a~-:, n au'!! £J::fl111VI an ft''!111iu1 a n £)1~ L U'\.l.ft'1 L VI fl n17tl'\.l.Ld £)'\.l.'!1a..1ii1'Jf::'!I £J::a..1 tffl'\.l.LLa:: . . .. 
ii1 \titi'U (ft"!lft'111'\.I. i'..11£Jfl:: LLa::fltu.::, 2552) 91..,,f '"~i£1~..1L ~'U11n1,-f1m~nt11111mlaV1::V1i.t'n . .. 
""ti ,,f 1 ... !'I .:. "" t ., . .... ...... .• .... t .... .. 'YI '\.I.LU a'\.I. L '\.l.fl'\.l.LlJ'\.l.ft'..1'Ylfl17 Vlfl1111ft'1fl'lJ LLa::n17V1111m17lJ1Ufl aVl::Vl'\.l.nL Vi aaf1T11111 

LU'\.I. w~rltl'\.l.Ld £)\I, t 'Uti'UL Yi ail1 ltltl7:: £Jnfl1 ,n '"rf'" r1~1..,fi a ltl L Yi at ~'YITIU7::tlUfl1111 L i11i'U • 
'!1El..1ft'1711aw~t 'Uti'UU1L 1tu.rf '\.l.rlrhifl'!I £J::'!la..1 L 'Ylf1U1at11ua t '\.l.Liia..1 B1Lfl aw'Ji'£J i'1Vl1fl 

A ... ~ .... A ,. "'J # .... I A t .r "" .... I A I' _ ... ,. ., 
E>fl7fl fin H1~ £1~..1 Lfl 111n17LnUfl1 a £J1..1fl'\.I. '"Vi'\.I. 'Ylfl..1n a111111 Lfl71::Vlfl tu.ft'11U fl'D..1 Lfl~rn . .. . 
fl..1LLft'fl..1L'\.l.fl1TI..1 4.1 

.... .... ... .. 
~..1Vl1f1Elfl7flfltl • 

.. ti 
1'111a.JL9101 NRn11Amt1 -- ti 1fi1Lft11t'1 

Eltu.Vlfl£i (El..1fl1L'lfaLeU£Jft') 29.50 n ... .. L'YIEl7 1111Lf1El7 . .. 
fl1111LU'\.l.n7t1-fi1..1 8.00 pH Meter 

1aV1::V1i!n \'"ti'" (£iaani'111filani'11) 
~ 

- t1::n1 235.93 

- 'YI El..1 LLfl..1 271.55 
Atomic Absorption 

... 
18.06 Spectrophotometry - LLflflL11£111 

.... ... 
602.06 - ft'..1n::ft' 

" 3,863.61 - LVlan 



41 

~11nnT1~1fl tu.Ln1u1i"11e-3iiu~1nvf u fln1ifl"1I EJ::"11 EhH 'YlflltJ1a thua \ i.LLiie-3 a1L11 e 
• 

~,r[J i-3wi'fleit11tit1n ~u11fi1f11111Lflun1fl-fi1'3 (pH) L 'Yhnu 8.oo 111111mt1::rr1L 'Yhnu 
• 

235.93 iia fini'111nlani'11 111111 m n e-3 LLfl-3 L Yhnu 211.55 iiafini'111ntani'11 111111 m 

LLflflL£iEJ11L 'Yi1nu 18.06 iiafini'111ntani'11 111111mi-3n::iL 'Yi1nu 602.06 iiafini'111ntani'11 

LLa::111111tu.L ~am 'Yi1nu 3,863.61 iiafini'111ntani'11 Ld m111EJUL fi [JlJrllJfi1111t11f1\L Lfl1'3n11 

iiufi ii111aeflnEJ "11£l-3n111vrfilu1flttuif u ~u11fi1fl1111Lflun1tl-'11-3 (pH) tie-3eti\u'!1-3 .. 
5.5-7 .5 111111 mt1::rr1 tie-3 l3.i Lnu 55 iiaani'111ntani'11 111111mn e-3 LLtl-3tie-3 l3.i Lnu 45 

iiafini'111ntani'11 111111tu.LLflf1LiiEJ11tie-3l3.iLnu o.5 iiafini'111ntani'11 LLa::111111mi-3n::itie-3 

lliLnu 1 oo iiafini'111ntani'11 LLfi111111tu.L ~anl3.i£iieri1~utl \u111t1111u LflEJ~u11111111m 
ta~::~ \t'nflfi1n11fim~n £ifi1 Lnu111 t1n1u"11 £1-3111 t11;J1\L Lfl1'3n119iufiii111a £ltlrl EJ "11 £1'3n111 .. .. 

... .la ......... 1 A 'I ,f .I... I 1'1 .I A A 'ii I •• 11.1'1.!' 
~fil\L1'Ylfl\L'Ylnt11 'IJ-3~tl11fl\L L\L~\L'Ylfl-3na11£lEJ L\Lft1111::'Y1Lntl11a~~~\L L11a'11111fl-..1 LlJ L'll . .. 

111:: LEJ"lfU n1'3n11m ~t11lfi Einrf-3 U-3 ti £1-3 L~11::1'3l3.i\~ii1"Jf::"11 EJ::11uL~ eue en t#f u f1111 EJ\Len .. 

ti .a t.I -- Cl I 0 .._ ... f' ... 4.1 fl11L ftll1"LL ft'l1!1ih1fi!nlii'l&ltJ91ft1" '1"1::\1111'11fl11tJ1tJfli'f11&1ftTl1!HftllTl'ti 

4.1.1 Dnli\llllN (D'11ff1L'lfftL;h1&'1) . .. 
~1nn11t111~1fleitu.~11ii"1le-3il\LL\Ln1::ri1'3'Ylfla£l-3LLa::em~11ii"11e-3£l1n1fll . .. . .. 

~u11 e m~11ii"1I e-3 e1n1flltrn efln11nflae-3£ifi1 e Ei1::~11'3 30.00-34.00 £l-3fll1 LIJfaL•EJ w . .. .. 
eitu.~11ii"11£1'39i\LL\Ln1::ri1'3"lfflfl11Jfl11 (Control) iifi1eti1::~11'3 27.00 - 30.00 £l-3fll1LIJfaL•EJw . .. . . .. 
tl11L;£l-3iifi1eti1::~11'3 26.50 - 30.50 £l-3fll1L'JfaL•[Jff tl11L;£l-3f1Lii11EififiLeiifi1eti1::~11~ .. .. 
29.00 - 30.25 £l-3fll1L'JfaL•EJ« 11::L;ie£ifi1eti1::~11'3 26.75 - 30.75 £l-3fll1LIJfaL.[Jff 11::L;i£) .. 
flLii11EififiLe£ifi1mh::~11'3 26.75 - 30.50 £l-3fll1LIJfaL•EJw LLa::~nr1LLNniifi1eti1::~11'3 .. ~ .. 

~ ., .I .I ... ... ... ... ... • I I 

26.75 - 30.50 £l-3fll1L'JfaL•D[Jff ~'ll1LLHn'YILtl11£lfl'YIL£l11f11£l~1::~11'3 27.00 - 31.00 

£l-3fll1L'JfaL•uw fl-3t1111'3 4.2 ~1nn11L117EJrnfiEJu~an11nfla£l-3'Yl1'3«nfi ~u11 n11 

L 11 ~ EJ\LLL11 a -3"11e-3em~11 ii e1 n1 fl LLfl n th-3n tJ"lf fl fl1tJfl11 LLa::"lftl fl1tJ fl 11 LLfl n '11-3n u"Jff1n11 . .. . . . . . 
'Yltla£l-3fl11L;£l-3 11::L;ie 11::LiieflLii11 EififiL£l ~qj1LLNn ~qj1LLNnflLii11EififiL£l eti1'3£i\t'mf'lfl''l1 
.I ... 

'YI (p<0.05) tl-3fl1TI-3 4.4 

~:: L ~ \L 11 £l tu. ~11 ii\ \L"lftln11'Ylfla £l-3~::LL111~\L l11\ \L nfll'Yl1'3 LfiEJ1rl\LrllJ . .. . 
... ~ ~ ...... ' .1..l .1 ... -~ • ... ,f 

eitu.~1111 e1n1fll 'Yl-3\L£l tu. ~111111 ~ at1 en11Lu a EJ\LLLua-3"11 £1-3 eit111n11fl1 EJ-..1 L11 e eitu.~1111«'3"11\L . .. . .. . .. .. 
A. t;I ,,,:.,k ... I t ... • t 
~"lf~::f11 EJ\\1111n EJ-3"11\L LLa::~::11 ~rnt1 en11w::w1111it1 a~::~un"11 £l-3~"lf L ~11::n11w::w11 a~:: • 
~\t'mi1mm'4"lfif u\tfLL1-3~'3~1nn11mEJii1i111fi1EJ (111111nt ~u~1EJ, 2551) 4-3«£lflflae-3 .. . 
nu eaa-11-3\u (2554) fllfimh111eitu.~11iiLflu11;iEJflii~afieiat111n11EieEJ«a1EJa-1111a~~ . .. 
(Biodegradation Rate) Lfl [J~:: LL111~\Ltl1'31::~11'3 a t111n11Lnt111~n1EJ1LLa::n11L~114'\L"ll £)-3 

£ltu.~11ii . .. 
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911TI.:I 4.2 Eltl4'Vlllii (El.:lfl1L'.lfLU'iiFJff) luufia:"JfflnTIYlfltiEl.:I 
1 • 1 

!J 
Control fl1'lL;D'1 

... 
lltLilD ll:LilD 1'1qi1usJn 1'1qi1usJn 

... 
fl1UI fl1'lL 10'1 ~m'MIJ.11 

EDTA EDTA EDTA D1TI1ff 

0 29.50±0.58 29.50±0.58 29.50±0.58 29.50±0.58 29.50±0.58 29.50±0.58 29.50±0.58 32.00 

1 29.50±0.58 30.50±0.58 30.25±0.50 30.75±0.50 30.00±0.00 30.50±0.58 31.00±0.00 34.00 

2 30.00±0.00 29.25±0.50 29.50±0.58 29.50±0.58 30.50±0.58 30.50±0.58 30.50±0.58 33.00 

3 29.00±0.00 28.75±0.50 29.00±0.00 28.75±0.58 28.25±0.50 28.50±0.58 29.00±0.00 33.00 

4 28.75±0.50 28.50±0.58 27.50±0.58 28.00±0.00 27.50±0.58 28.00±0.00 32.00 

5 27.00±0.00 27.50±0.58 26.75±0.50 27.00±0.00 26.75±0.50 27.00±0.00 30.00 

6 29.75±0.50 28.50±0.58 29.00±0.00 29.00±0.00 28.50±0.58 29.00±0.00 32.00 

7 27.50±0.58 26.50±0.58 26.75±0.58 26.75±0.50 27.00±0.00 27.00±0.00 30.00 

8 28.00±0.00 28.50±0.58 28.50±0.58 28.50±0.58 28.75±0.50 29.00±0.00 32.00 

9 28.50±0.58 27.50±0.58 27.50±0.58 27.50±0.58 27.25±0.50 31.00 

10 28.75±0.00 28.25±0.50 27.75±0.58 27.25±0.50 27.50±0.58 31.00 

11 27.25±0.58 27.50±0.58 27.00±0.00 27.25±0.50 27.00±0.00 30.00 

12 28.00±0.00 27.00±0.00 27.25±0.50 27.50±0.58 27.25±0.58 30.00 

Mean 
a b a b b b b b 

28.63 28.61 29.56 28.25 28.21 28.23 28.38 31.54 

• rt1L 1• I A ... • 
Ma11fJL1HI - 11'fln11YlflaEl.:lfl11L'lEl.:IYI 112Jfl1LUEl.:1~1n91Ufl11L1El.:1911FJ 

• 1 

.. .. ..I I .. ab I "' ...... ..1 
911Elm~t7YILL9ln911.:lnU ( ' ) LLff91.:lfl1111LLfln911.:lnUYl1.:lff{lflfl (p< 0.05) 

- .- -- -911TI.:I 4.3 LLfffl.:lt.ian111Lf1TI:'VIY11.:lff{lfl"llEl.:IEltl4'Vlll11 
1 • 

Mean Std. F-test Sig. 

Control 28.58 0.98 11.16 0.00 
• 28.61 1.15 fl11L1El.:I 

fl11L7EJ.:i EDTA 29.56 0.52 
• 28.25 1.22 lJ:L"llEI 

11:L'1iEI EDTA 28.23 1.21 

'Vlqj1LL~n 28.23 1.28 

'Vlqj1LL~n EDTA 28.38 1.38 
... 

31.54 1.33 am'Vl1111t11n1fl 
1 • 

'Vl111FJL'Vl91 (p< 0.05) 
1 
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Control ai::LilD ai::LilD "if1us.ln "if1us.ln 
EDTA EDTA EDTA 

Control 

• fl11 L '1£1" 2.93* 

fl11L1£l" EDTA 

3J::Lii£l 3.29* 

3.J::Liia EDTA 3.31* 

~tj1u~n 3.31* 

~tj1u~n EDTA 3.15* 

mu.~11!ia1n1fl 2.97* . .. . .... ....... 
~3J1EJL~fl * LLfffl"fl113JUflTifl1"TI\Lfl1"Lmflfl (p< 0.05) • 
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34 
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32 

~31 
'! -+-Control 
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..... trnL!a..i EOTA 
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<V27 

26 
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fl~ilLt'f1JtrHIU1~ 

35 

34 

33 
ii' 
w 32 1! 
C5 
! 31 -+-Control 
~ 

30 ..... aJ:LfB q 

e 
c;i 29 
(;;• ..... aJ:LfB EDTA 

~ 28 -++- flC1L'N,Jll81mt1 -- 27 

26 

0 2 3 4 5 6 7 8 9 10 11 12 

~flLt'f1JtYltlU1~ 

34 
bi .., 
~ 

32 
~ 
~ -+-Control 
q 

30 (il ..... .,.qflurJn ....... 
lri 

~· ...-'llqflllrJn EDTA 
~ 28 
(;)"' 

""*""•~'ll'Jil81mtr 
26 

0 2 3 4 5 6 7 8 9 10 11 12 

·--·--·--·---··-··---------··------------------·---·--·----------
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4.1.2 tl'l1&1Lftl'n1tl • th\I (pH) 

tl1fl112JLU'l.Lfflfl-th:i (pH) "11£l-:lfi'l.L"lfflfl11Jfl2J (Control) iiti1mh::'Vli1.:i . . .. 
7.56- 8.89 fl11L1e.:iiiti1mh::'Vli1.:i 7.89 - 8.77 

• ..I ... ......... fj I ~ I 

fl11L'l£l-:l'Y1Lfl2J£lfl'YIL£l fl1£l 'l::\1111-:1 .. .. 
8.00 - 8.90 

• ... I I • ..la ............ I I 

2J::L"11£l2Jfl1et.l'l::\1111-:I 7.73 - 8.90 2J::L"11£l'YILfl2J£lfl'YIL£l2Jfl1£lll'l::'V111-:I 7.82 -.. .. 
8.98 LLa::'Vlql1Lu.Jnflfh£l~'l::'Vli1.:i 7.88 - 8.99 'Vlql1LL~TI~Lti2JeitiiiLeiiti1£1~'l::'Vli1.:i 7.83 -

8.90 fl-:lfl1TI-:I 4.5 ~1TITI1'lLU1ll1JL iir..iu~a'Yl1-:lft'Tifi Vi1Ji1 TI1'lLU~ll'l.LLLUa-:1"11£l-:lfl1 pH lu'Yln • 
"fln11'Ylflae.:iliiLLflnfi1.:inu'Yl1.:ift'ii~e~1.:iiii.t'r..1tlfi'l! (p<0.05) i.:ifl1n.:i 4.6 

fl1TI-:I 4.5 fl112JLfl'l.LTI'lfl-th.:i (pH) l uLL9ia::"JfflTI1'l'Ylfla£l-:I • 
.!'J 

fl1'1YI Control 9'11L~ih1 9'11L~D\1 ll::LiiD lltLflD 'tnf1LLs.ln 'Mcf1LLsJn 

EDTA EDTA EDTA 

0 8.00±0.16 8.00±0.16 8.00±0.16 8.00±0.06 8.00±0.16 8.00±0.16 8.00±0.16 

1 8.89±0.11 8.77±0.14 8.90±0.04 8.90±0.07 8.98±0.03 8.99±0.05 8.90±0.14 

2 8.54±0.11 8.65±0.16 8.81±0.02 8.65±0.08 8.63±0.12 8.79±0.03 8.68±0.09 

3 8.27±0.27 8.58±0.13 8.72±0.05 8.75±0.00 8.50±0.11 8.84±0.03 8.83±0.02 

4 8.08±0.27 8.57±0.23 8.53±0.10 8.78±0.07 8.65±0.10 8.69±0.09 

5 8.04±0.21 8.50±0.27 8.51±0.16 8.80±0.04 8.60±0.04 8.68±0.08 

6 8.15±0.06 8.31±0.16 8.43±0.04 8.59±0.19 8.55±0.05 8.71±0.03 

7 8.08±0.25 8.27±0.06 8.42±0.01 8.62±0.21 8.45±0.09 8.60±0.15 

8 8.05±0.18 7.89±0.08 8.22±0.08 8.52±0.19 8.51±0.05 8.47±0.13 

9 7.90±0.23 7.90±0.14 8.06±0.10 8.05±0.14 8.35±0.03 

10 7.89±0.10 7.76±0.21 7.84±0.20 8.03±0.11 8.28±0.03 

11 7.81±0.06 7.83±0.16 7.95±0.04 8.06±0.06 8.16±0.08 

12 7.56±0.16 7.73±0.13 7.82±0.10 7.88±0.07 7.83±0.06 

Mean 
a a a a a a a 

8.10 8.39 8.61 8.28 8.39 8.42 8.48 

M1111.1 L Mil - "lfflTI1'l'Ylfla e.:i~111L1e.:i~iiflfi1L de~~1ntiuf111L1e.:ifl1 ll • • 
.... .... ..I I .... ab I .... ... ... ..i 

fl1£lTI1Y'l'YILLflTifl1-:ITI'l.L ( . ) LLft'fl-:lfl112JLLflTifl1-:ITI'l.L'Yl1-:lft'Tifl'YI (p< 0.05) 
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Mean Std. F-test Sig. 

Control 8.10 0.33 0.10 0.10 

fl11L1Eh1 8.40 0.30 

fl11L1El\I EDTA 8.61 0.41 .. 
8.28 0.40 2J::L 'DEi 

JJ::L;ie EDTA 8.39 0.40 

MW1LL~n ., 8.42 0.37 

MtU1LL~n EDTA 8.48 0.33 

M2J1tlLMfl (p< 0.05) 
~ 
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2 3 4 5 6 7 8 9 10 11 12 

~ftu!LftJmath-o 

0 1 2 3 4 5 6 7 8 9 10 11 12 

~ffLnlJmati .... ~ 

0 1 2 3 4 5 6 7 8 9 10 11 12 

fl~i'tL1i1J.i"l£1lh-O 

..... Control 

---fn'lL!B.,'I 

..,._fn'lL!e.,'1 EDT A 

-+-Control 

---aJZLif B 

-.-i.i::Lila EDTA 

-+-Control 

·-- ---·-------·-------·--- ----

111w 4.2 f11111Lilun1t1-fh:i (pH) tufiu 
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.., 
4.1.3 e1::n1 (Pb) 

~nnnTl'YlfltHJ.:i vmi1 t17111mfl::rf1'll a.:iti"U l" nn"lft1n11nfla a.:il.:iuti 
1 1 

"':.I ' A "':.I '.I "" L 'I L'flJfl1'VI u 1n~"Un.:i ft'lJ ti1'Vl'Yl 12 'll a.:in11nfla a.:i11tl7111mafl a.:i fl v L "Uti'i.L'll a.:i"Jfflf111Jfl11 
1 1 

(Control) atia.:i 25.61 iiaanf111iilanf11 (fltiLi]" 10.85%) t111L1a.:iafla.:i 108.09 iiaanf111 

iilanf11 (fltiLi]" 45.81 %) ~1nitlt11~u1n fl11L1a.:1flLfi11£ifiiiLaafla.:i 99.34 iiaanf111 

iilanf11 (flflLi]'i.L 42.10%) ~1niilt11~u1n ~1nn11Ltl1vuLiivul"U1::v::L 1a1 4 iilfl1~ wui1 

t111L1a.:if1Lfi11 Eifiii Laiit17111m.-i::rf1at1a.:i111nni1fl11L1a.:ifllli Lfi11 EifiiiLa 54.02 iiaanf111 

iilanf11 L"U'llm::fl11::L'iiaat1a.:i 48.77 iiaanf111iilanf11 (flflLi]" 20.67%) 11::L'iiaflLfi11£ifiiiLa 

afla.:i 64.68 iiaanf111filanf11 (fi.-iLi]" 27.42%) ua::'Vlqj1LL~nat1a.:i 34.48 iiaanf111nlanf11 

(flflLi]" 14.62%) 'Vlqj1u~nflLii11£ifiiiLaafla.:i 36.49 iiaanf111iilanf11 (flflLi]" 15.47%) 

tl.:lfl1TI.:I 4. 7 ~1nn11Ltl1EJ1JL fi EJtJLtlaf L'lf'l-Lff n11afla.:l'l1 a.:itJ7111 nLfl::rf1'Y11.:I L'ffifi 'Vi1Ji1 L 'U'Jffl 
1 

n11'Ylflfl El.:lfl11L1a.:i Uflnfi1.:intJ"Jfflf111Jfl11'Y11.:I L'ffifi mh.:iii1l'vthfin1fl (p< 0.05) L 'U'llnL::fl 1 1 ... 

Ltlaf L.;'i.Lln11at1a.:i'll a.:i.-i::rf1 l w~fln11nt1a a.:i5" 'J lliu.-inti1.:in"U n1.:iL'ffifi i.:i.-i1n.:i 4.9 
.. '· .... ~ 'I ... 'I z ..I ..ll .., ........ 

~1nn11.-i11~1 Lfl11::'VllJ1111nLfl::n1 L 'i.Lfl'i.L L 'i.L'Vi'i.L'Yl ri1~fl'll v::11lJ1111m 
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iiaanf111nlanf11 LLa:: Rizo et al., (2011) nv.:11"Ui1.-i::rf1 l"t1".f"u"~1ntia~":,nau'llv:: L'i.L 

Liia.:in111"U1 L fi1nu 216 iiaanf111iilanf11 waflflaa.:inu L'f'll«111" i.:i lvfl:: LLa::flm:: (2552) 
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Mean Std. 

Control 4.90 3.58 
• 17.18* 13.63 fl11L1El"3 

fl11L1EJ.:i EDTA 13.74 16.61 
• 7.46 7.26 11::L1JEI 

11::L;ia EDTA 8.97 8.09 

,_,iY'1LLNn 8.08 4.93 

,_,iY'1LLNn EDTA 7.90 4.68 

'VI 111 m 'VI fl * LLfffl"3fl1111LLflnth"3TI'u.'Yl1·Uffififf (p< 0.05) 
~ 

Control 

• 9111L'1'8'3 

fl11L;a-3 EDTA 

• 2J::L'll8 

2.l::L;'ia EDTA 

~ti1u~n 

~ti1u~n EDTA 

EDTA 

12.27* 

'Vl111£lL'VlfJ * LLfffl"3fl1111LLflnth\ITI'u.'Yl1..1fffififf (p< 0.05) 

F-test 

2.51 

IJtLiB 

EDTA 

Sig. 

0.03 
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4.1.4 fl0'1Uth1 (Cu) 

~:n nn1'1'YI fl tUh'I w 1111 tl1111 nL 'YI Eh'ILLfl..:1"11 B..:I iii.Lt" 'Yln1f fl n1'1'Ylfl LUh'I '" LLfi • • 
fftlf11,.f LL1n-;ii.Ln..:ii'tlfl1,.f ff 12 "lla..:in11nfla a..:iiit11111mafla..:i lflut i.Ltii.L1fflfl1tlfl11 (Control) • • 
afla..:i 60.44 iiaini'111nlani'11 (fiflLili.L 22.26 %) fl11L1a..:iafla..:i 54.21 iiaini'111nlani'11 

(fiflLili.L 19.96 %) fl11L1a..:1ffLii11atifiLaafla..:i 42.69 iiaini'111nlani'11 (fiflLili.L 15.72 %) 

ti... ... t "':. I .. I • .I ... ... ... ... '"'ti ... 
~:nnn11L 'ltltlL'Yltltl i.L'1::tJ::L1a1 4 1'lJfl1VI Wtl11 fl11L'1B..:l'YIL9111Bfl'YILB11 '1111nL'YIB..:ILLfl'1 

af1a..:1111nn11fl11L1a..:ifflaJLfi11atifiLa 16.18 iiaini'111nlani'11 ti.L"llm::ff 11::L;iaat1a..:i 136.15 

iiaini'111nlani'11 (fiflLili.L 50.14 %) 11::L;iaffLfi11atifiLBafla..:1 145.78 iiaini'111nlani'11 

(fit1Lili.L 53.68 %) LLa::viqj1Lu.Jnafla..:i 122.52 iiaini'111nlani'11 (fiflLili.L 45.12 %) viqj1LL~n 

ffLfi11atifiLaaf1a..:1 137.65 iiaini'111nlani'11 (fiflLili.L 50.69 %) l..:191111..:i 4.11 ·;11nn11 

Ltl1r.im fi umtl af L'lfi.Lln11af1a..:1'11 a..:in a..:i LLfl..:l'Yl1'11'nfi w1111 t" nn1f fln11nfla a..:i laJ LLt1nfi1..:i • • 
_,,, ...... I ... .,, 0 &ofl -.,, 

ni.L'Yl1'1Mlf1Btl1'1111.Ltlft'1flty (p<0.05) fl..:lf11TI'1 4.10 
.. tlA t A t .f .I~ "' '"'tlA I _, 

~11nn11flm~n 7111mna..:1LLfl'1 i.Lfli.L i.LWi.L'Ylri1-;Jfl"llt1::11 '1111nLL n1nt1 

271.55 iiaini'111nlani'11 4..:itnaLfit1..:int1 Rizo et al., (2011) fflti11u..:11i.Ll111tl1111m 

na..:iLLfl..:it i.Ltii.L-;i1m.i a~":inat1"ll r.i:: t i.LLiia..:iu111i.L1 L rhnt1 252 iiaini'111nlani'11 LLa::fl1..:in11a 

tl11'Bi.L ua::1111wi.L1f l 11ui'n~ (2556) TI r.i..:111.L l 111tl1111m 'YI a..:itii.L-;i1ni'..:ivii'fli.Lfl'1fl71rn11TI1f 
'II • 

L'Yi1n11 350 iiaini'111nlani'11 Lrlmt17r.imfir.it1tl1111mna..:1LLfl..:1n11mm-rf111t11i1i.Lflmtnwtii.L ... . 
fft '1ftl1:: Liii.L 1 f11..:1n11ti i.Ltii11 ti a a flzl r.J"ll a..:in111w-~"1ff tii.L n1::n11..:i m 1!tt11LLa::ffV! n1nt wt111 

Lfii.LLnm-rf 11191'1!1"~ m111wtii.L L da..:1-;i1niit11111m 'YI a..:i LLfl..:I t i.Ltti.Lti a..:ilaJ Lfii.L 45 iiaini'111 

nlani'11 

n a..:i LLfl..:i L ili.L -;i a 1n "ff-41 L ii i.Li1vi i't1 w1111"1 t1vi d..:i L da ..:i-;i1 n 'YI a ..:i LLfl..:I ii • • • A..."'t "' .- " T.'l'I l'!'I "ti .I tl'Yltl1'Yl'1 1flty i.Ln1::t11Un1'11''1LflTI::VILL1''1 n1::t11i.Ln1'11'TI..:lflaB L'lnaa L1J1.LB..:lfl 'l::nBtl'YI 
....... _, 'II I' A ... 0 _, I ti.I ti • • 
"'· 1flty"llB..:ILB" L'Jf11Vla1tl1fi.Lfl 11tl'Yltl1'Ylft'1fltyflB'lltl11.Ln1'1L atJi.LLL a..:l"lJB..:ITin L11BW1f"ll1fl 

na..:iLLfl..:I trniai.Liiam~m::flaa 11-ilR LLa:: t11ii1u..:ia t1Bfl"llB..:1tii.Lw11-;i::iimn11r.i BflLL~..:it11u w11 
'II I " • ... • 'll.1 ... ... T • .I " • 'II ""' -;i:: L1IBBn11..:i r11aan11..:1L11af1-;J::at1 W1f-;J:: L1.1L';1'1'lJLfltl Lf1Lfl11'YI fl1W1f Lfl'1tl'YIB..:ILLfl'1111n 

Lfii.L ltl-;i 1.LL ili.L ~l!tW"Jf-;J:: LLfl'l:: LLn'li.L n1'1LLflnfl..:in1i.L-;i::\ta ti a..:i (tlnLLL1'1.L L 91 tl11.L n a1r'1'111, 
• • 'II 

11.tl.tl.) 4..:ina..:iLLfl..:iiifl1111Lhfity111nthvii't1w1f LLfiw11tia..:in11tut11111m\tar.i ti.LR1111::fft1" 

iifi1fl1111Lili.Ln1fl-~1..:i (pH) ~1 'J na..:1LLfl..:1-;i::iit11::1t11fi!fiaw11lti111n;f" ('lfurin~ ~111m 
"' .. 'lfli.L, 2536) 
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Mean Std. F-test Sig. 

Control 9.81 6.85 1.94 0.09 
• 11.17 6.24 fl11L'1Eh1 

fl11L;£h1 EDTA 8.28 6.33 
• 22.36 16.19 JJ::L '11£1 

2J::L'ii£l EDTA 20.88 17.34 

~qj1u~n 21.06 15.86 

~qj1u~n EDTA 20.17 16.27 

~ll1EJL~fl (p< 0.05) 
~ 
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4.1.5 LLflflLU!l&I (Cd) 

'11nn1,.flfltHh1 vnrh t1;iJ1tu.LLflflLiit.111'llE1.\l~tLLtL1fflfl1UfUJ (Control) 
1 1 

afla.\I 8.72 iiafinf11Jfilanf11 (flflLiltL 48.27%) fl11L;El.\lafla.\I 8.58 iiafinf111nlanfiJ 

(fiflLutL 47.54%) f111L;a"rlLtiiJaiifiLaafla.\I 8.34 iiafinf111nlanfiJ (fiflLutL 46.19%) '11n 

ti... ... II ~ I .. I • .I ... ... ... ... '"'ti- ... 
n1,.L ,.t.11JLflt.IULtL,.::tJ::L1a1 4 "'1Jfl1'VI WU11 fl11L,.El.\lflLfl11ElflflLEl11 ,.iJ1nLLLflflLllt.lllafla.\I 

• • ..Ill • • ,.. ,.. ,.. • • .,, •T ..,, 'I ..I • 
111nn11f111L,.El.\lfl LllLflllElflflLEI 1.68 11aan,.iJ/n Lan,.iJ LtL'llnL::fl11::L'llE1afla.\I 12.96 

iiafinf111nlanfiJ (fiflLUtL 71.76%) 11::LiiarlLti11aiifiLaafla.\I 14.43 iiafinfiJ1nlanf11 

(flflLUtL 79.91 %) LLa::'Vlqj1LL~nafla.:i 8.14 iiafinfiJ/nlanf11 (fiflLUtL 45.09%) 'Vlqj1LL~n 

rlLtiiJaiifiLaafla.\I 8.31 iiafinf111nlanf11 (fiflLUtL 46.03%) tt.\lfl1,.1" 4.13 '11nn1,. 

Ltl1t.1m fit.1mtl af LIJftL9i'n1,.afla.\l'll E1.\ltl1111ni.LLflfl Liit.111f11.\lft'nti wu11 t tLfln1ftm1,.flfla El.\! 
1 1 

l1iLLt1nti1.\lntLfl1.\lft'ntia~1"i'.iumhf'l'l! (p<o.o5) tt.\lt11n" 4.12 
.. t1• ... II ... II z ""'"' ... '"'ti- I ... '11nn1,.flm~1 ,.iJ1nLLLflflL11 t.111 L \Lfl\L L tLW\Lfl ri1'1fl'll t.1::11 ,.111nLL fl1nU 

1a.os iiafinf111filanf11 sB.\l\naLfit.1.\lnu ~fl'!ftLn afl1 l11fi (2550) ,.1t.1.\11tL11wuifu1tL 

fi1LL~au a1L11aufl,.it.1fl1 i.:i'Vl1fltLfl,.tl;t11 L fi1n11 11 iiafinfiJ1nlanfiJ 4"tia11LutLtl7111ni. .. 
r!ft'.\1111n 1ti t.1tl7111tu.LLflflLiit.111\ tLtitLlfl t.1ff1 lt1i'.ifi1L~§t.1,.::'Vl11.\I 0.01-1.0 iiafinf111nlanf11 

11 

tl'Vli'utitL rliin1,.tltLLd au'1::iit17111tu.LLfltlLii t.111 lfl m~§ t.1fi a o.53 iiafinfi.J!filanf11 (fl1liJ1fl 
1 

wu11fl'ntiYrfilu 1, 2540) ii'VI fm n ni.'ti 111 t1,.J1tLn1,.tltLLd EltL'll El.\! LLflfl Lii t.111rl t.1 Elli t ~ii\ tLtitL 

'llE1.\ltl,.::111fl11Lfl,.~:ifi'1t.1 htli'.ifi1L fi1n11 3 iiafinf111nlanf11 (n,.11fl1uf111i.Ja~~. 2549) 
.,; 1 1 

ti• ""'.I ... "' 11Z.I ""'i]' ,.111nLLLflflL11 t.lllfl ft'.\! El1'1111'11nn'1n,.,.llfl1tLn1,.Ln~fl,.n,.,.11 L tL WtL fl LLflfl Lll t.111 L \Lft'1\LN ft'iJ 
11 

'llEl.\IWl,.Lfl iirl\ -itl,.1Uflfl,.W1f wi,.ii1L4ei,.1 ua::LutLft1tLNft'iJ L tL~ t.IW El ft'L wt1rl\ ,r\ tLn1,.Ln~fl,. 
11 1 

(fl::it.\IU'1 U1f1tLtLn LLa:: ntLfltL1 Nfl.\lflfl, 2548) LLa::n1,.tltLLdE11.L'llEl.\ILLflflLiit.111LtLtitLU7L1nL • Z .I.... ~ J' .ii ... ....t II • ..t 
WtL fln1'1fl'll t.1::u tL111'11nt.1111f::'ll t.1:: L tLE1.:1'11nn1,.'1fln1,.'ll t.1::'11 El.\! L flflu1a.11u a L tLLll El.\! v1 Lil a 

~it.1 i.\l'Vl1ti £Jt1,.titin '11" l2.ii'.in1,.flti LLtJn'll t.1::atLt1,.1 t.1 a an ltln1iti 1fl t.11~5tL rlt1a atizit.1n11 • 
n1 t ~t1,.::11111tLft1u t 'VI qj La einfl.\1111111.L:: t«wi,.Lfliifl1.\ln1,.m~ti,. t tLTI.\l'll t.1:: Ti atL u1111n1if1 t tL 

vftLrld 
... ..I •II ... I II I •II .I ti .I ll .... .t II ... 

LLflflLllt.lllflElt.I L\Lfl1.Lft'1\LL'Vlfll'1::EltJ L\Lft'1l1WflLLam at.11.L Lfl 111 L'VI 
11 -~ 11 

fl'nt.1111w t tLn1,.Lfl~ EltL rlLLa::LL win,.::'11 t.1'llE1.\ILLflflLiit.111ft'.\liJ1n LLflflLiit.111\ tLtitLtmtifl'll'u 1fl t.1 
11 11 11 

... ... ... ... .. ... ... ... z ..1... • ... 
EltL1l1flfltLL 'Vl\Lt.11 n,.fllJ111n L tLEl.\1111'11n El\L1l1fl'll El.\! fl\LL 'Vl1.Lt.1111W\L fl N1'11 L W1::ft'.\I LLa::iJ 

1 1 11 

tl,.::'1 a UL tL n1,.fl fl'liu nu LLfl fl Lii tJ iJrB.:i L UtLLLflfl la El\L ltiiJ1n \LEI n'11ndn1,.a::a1 tJ lti'll El.\! 
1 11 

... ... z .... ll.. "' ...... t1• ........... ti'"' ... 
LLflfl Lll t.111 t.1.\l'lltLEI t.1nu El an L'lffl'll a.:i L 'VI an aa11tL11 LL a:: ,.111ni.atL fl,.t.11tin Lll m ,.t.1u L fl t.1u 

11 11 1 
... .... ... ..111..Y.1 ,. f' .. I ... 

LLflfl Lll tJ 11n1J 111 fl,.;t1 \Lfl nl.111 w fl tL fl L "D lJ ,.:: Ltl'!f\LL w El n1,.EI tJ El1 fl tJ LL a:: L n ~fl,.n,.,.11'11 El.\! 
.. 1 11 

n,.11fl1uf11111a~~t11i.Jtl,.::n1flfltu.::n,.,.11n1,.i"LL 1fla a11u ~"111fi ~uurl 25 (w. fl. 2547) 
1 

fin1'VltLfl t~titL'1::tia.\liiLLflflLiit.111tltLLdatLl2.iLntL 37 iiafinf111nlanfiJ '1::L ~u lt111~tL t tLrftLfi 



57 

Mean Std. F-test Sig. 

Control 35.27 12.17 0~20 0.98 
• 32.90 15.66 fl11L'1El-3 

fl11L1EJ-3 EDTA 34.47 19.36 
• 35.64 17.04 ll::L 'll El 

ll::L'iiEI EDTA 35.79 18.31 

1'1qj1LL~n 31.26 11.50 

1'1qj1LL~n EDTA 31.66 12.94 

1'1111llL1'1fl (p< 0.05) 
~ 
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4.1.& i'1n::I (Zn) 

~11nn11't1flLHh1 vmi1 tl1ii1mi.:in::i'!J EJ.:Jtiul 'U'!fflfl1tJfUJ (Control) • • 
afta.:i 31o.73 iiafini'iitiilani'ii (flflLilu 51.61 %) fl11L1a.:iafta.:i 306.46 iiafini'iitiilani'ii 

(fiflLilu 50.90 %) f111L7a.:irlLfiiiafinLaafla.:i 305.01 iiafini'iitiilani'ii (fiflLilu 50.66%) 

ti- ... 'I ~I .. I • .I ... ......... •t1• ... ... 
~:nnn11L 1EJ1JL 't1 EJtJ L u1::t1::L1a1 4 l.UJfl1'VI WtJ11 fl11L 1El\l't1Lfl11Eltl't1LElll 1ll1nLR\ln::Ratla\I 

I • ..111 I A --- A A ... ·t ... 'I .I • 111nn11f111L1a.:in Ll1Lfll1Elfl't1La 24.96 iiaan1iitn an1ii LU'!ltu.::'t1ii::L'!Jaat1a.:i 310.60 

iiafini'iitiilani'ii (fit1Lilu 51.59%) ii::L'iiarlLtiiiafinLaat1a.:i 313.1 o iiafini'iitiilani'ii 

(flflLilu 52.00 %) V1qj1LL~nat1a.:i 309.25 iiafini'111iilani'ii (flflLilu 51.37%) LLa::V1qj1LL~n 

rlLfiiiafinLaat1a.:i 318.40 iiafini'iitiilani'ii (fit1Lilu 52.88%) i.:ifl111.:i 4.15 -;i1nn11 

Ltl;t1rn fi t1rntl af L 'lfufi'n11a fl a.:i'!l a.:itl1ii1 mi.:in::i't11.:1 wii ti wui1 l wnn'!ftl n11't1fl a a.:i lil • • 
LLflnfi1.:inu't11.:iwiifimh.:iihtmtuiqi (p<0.05) i.:ifl111.:i 4.14 

A tlA ... !!!'I A 'I .k ""'"' ... •t1• I ... -;i1n n11fln ~1 1ii1 mw.:i n:: n L \I.flu Lu wu 't1 r11-;i fl'!! t1::ii 1ii1 nLL 't11n11 

eo2.oo iiafini'ii1nlani'11 ail'ifl 1i'n'!lmi'flu:: LLa::flm:: (2552) lti11t1.:i1utl1ii1mi.:in::i-;i1n 

V1aii~-:,na11'!l EJ::'!fii"lfu'!l a.:iL 'YlfltJ1aufl1'!l auLLrlu l 1iit11ii1mL 'Yhnu 963 iiafini'iitiilani'ii • • 
..I tlA ... !!'I A I .r 'I • ... I LLa:: Rizo et al., (2011) 't1TI EJ\11\1. 1ii1 mw.:in::R L ut1u-;i1n11 a H\lfl t'ltJ'!l EJ:: L UL1JEl\ltr111\l.11Jfl1 

L 'Yhnu 489 iiafini'iitiilani'ii i.:in::iLilU1nfta1V111l ufiu iitl1ii1mw.:1L w11::i.:in::iLfit1;f ut u • • 
fiu t \I.LL itl:iiJlliiLLa::fiuL 'Vlitt11 4.:1-;i::nnflt1eiul 1 El U1\IL V1itt11 LL \1 unu au 't1;Ef 1fln LLa::fiuL V1itt11 .... . . . . 
fhui.:in::irla::a1 t1ltiii a tiua t1ii1n 4.:ii.:in::il ufiu ff1 ltl-;i::iia ti1::V1i1.:i 20 - 50 iiafini'iit • • 
iilani'ii (R'At11 LLa:: -;i;ffl{ ii.ti.ti.) -;i::L~ulfii1n11LLwin1::-;i1t1'!la.:ii.:in::iiiLLu1luii • • 

•...,. .. .,:i •t1• •..., _.ti •T •• L 'VlllEl\l.fltJLLflflL11 till 91::n1 LLa::'t1 El\ILLfl\I LLa::Lll ElL 1EJ1JL 't1 EJtJfltJ LnnL'YI 1::Lll\l.Lfl1\lfl11fl\l.fl 
_5•t1 ... ... ..la .. I A .. 111 a afl11 EJ'!l a.:i n111w~u 1nt1u n1::'t111.:1 m~fl1LLa:: R'VI n1m w1111 LnuL n m-r1ii1 fl1J1U 

L da.:i-;i1niit11mmi.:in::ffl ufiufi a.:i li!Lnu 1 oo iiafini'111iilani'ii 

i.:in::iLilu-;i aln 91fl·;h L ilui1V1 i'u V1"lfn1 ft'Vld.:i L da.:i-;i1n i.:in::iLilu • • • 
I ti ..l..i..,. ... .. ll .. ... A • ... ... ..t 'I " ff1\I. 1::n El1J't1.., 1flqj'!J El\I L'lfaa Lilli L1J1\l.LLt'l::L au L'lfll1J1\l'!f\l.fl Lil ElW'!f'!J1fl1n 9J w.:in::R -;i::T11 L 'VI 

n11L -;i1qi Lfiu lfl'!l a.:iV1"lf"lf::f n thfiuLLfl1::LLn1\I. lmiluiL V1aa.:1LLa::ij1u\I a TI1'!11fllULL 1.:1 a1-;i'Yl1 

l 'Vliilt ~ ~rn ~aft fi1fl1111 Lilun1ft-ti1\I (pH) rlV1'!fff1iJ11ni.t1 LEl11n9li.:in::altll 'itl1:: lt1'!f1flti • 
.I 1'1 ~ A I .!'I I I t1• .I .!'I ll1fl't1fffl-;J::ElEJ LU"D1\I 5.5-6.0 L11Elfl1fl11llL1J\l.fl1fl-fl1\I (pH) ff\lfl11 6.0 1ll1nL't1L1J\I. • • • 

tl1:: lt1'!JU'!JEl\11n9lff\ln::n::L~llt'lfla\I (1JnLLLR\I. Lfltl1Unalfn1J, ii.ti.ti.) • • •• 
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Mean Std. F-test Sig. 

Control 42.99 13.40 0.33 0.92 

• 40.66 15.66 fl11L1El~ 

fl11L;El~ EDTA 34.42 19.80 
• 43.24 13.52 3J::L '!I El 

aJ::L;'ia EDTA 43.33 13.50 

\1tU1U~TI 43.25 13.47 

\1tU1U~TI EDTA 43.64 13.71 

\13J1EJL\1fl (p< 0.05) • 
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• 4.1.7 LMftn (Fe) 

~nnn11nt1£Uh'I w1rh t.B111nLL'Vlan11eh1fiu\u11t1fl11Jflll (Control) aflLH • • 
1, 745.41 iiafini'111iilani'11 (fit1Lilu 45.18%) t111Li'a'1at1a'1 1,803.76 iiafini'111nlani'11 

(fit1Lilu 46.69 %) t111Li'a'1~Lfi115fifiLaat1a-3 1,671.28 iiafini'111nlani'11 (fit1Lilu 43.26%) 

~nnn11LiJ1um firm\ u1::u::L1a1 4 MJt11~ wu11 t111L1a'1~Lf1115fifiLoiiiJ1111mL 'Vlanafla'1 

111nn11fl11L10'3~liiLfi115fifiLa 20.92 iiafini'111nlani'11 \w11m::~11::L;ioat1a'1 1,904.23 

iiafini'111iilani'11 {flflLilu 49.29 %) 11::L;io~Lfi115fifiLoat1a'1 2,039.96 iiafini'111iilani'11 

(fit1Lilu 52.80%) LLa::'Vlqj1LL~nat1£H 1,959.98 iiafini'111nlani'11 (fit1Lilu 50.73%) 

'Vlqj1u~n~Lf1115fifiLoat1a'1 1,899.99 iiafini'111nlani'11 {flflLilu 49.18%) tl'1fl111'1 4.17 

~nnn11L iJ1um fi UlJLU af L-Bufi'n11afta-3"110-3iJ1111 nLL 'VI ann1'1 wnfi W1Ji1 nn'!f fln11flfl a 0-3 • • 
liiuflnfi1'1nun1'1fffifimh'1iii!mhfi'llJ (p<0.05) tl'1fl1TI'1 4.16 

.. • 1• "' t ... t z """' ... ..2 t ·;nnn11t11n~1lJ1111nLL'Vlan ut1u uwunr11~t1"11U::"110'1Lflfl1J1a•111Ja u 
Li°ieJ-3 B1 L1la~1f u -,1'1'Vl1f1Elfl1fifln iiiJ1111nLL fhnlJ 3,863.61 iiafini'11tnlanf11 4f '1LUU • 
iJ7111nL~ff'1111n lfl UL 'VI an ii LL 'Vlft-3fi1L itt1fi OLUUWlUU1::n DlJ"ll El'1 LL 'fiJa1111iiua::Eiu n1u1fln \ U .. . .. . 
fiuLiJuft1uiJ1::n aurf nn fl1'1 El dntJ LL ifiuL 'VI UU1 LLa::fi1 aJ ff nnfl fl'JilJ D d~ t'.l1"11 El-3 OU1l1flU:ilJ .. .. . .. .. .. . . 
11ii"110'1fiu t'.l1"11D-3Eiun1u1fln LLa::t'.l1"11a'1fi13Jw\ufiu 4t-3ft'11111mflioud'1ultiutiliinn11::a1'1 .. . .. 

oonliJ~1nfiu LLa::a::tnutuiuloaauEin::LLa::fiLatl\uft'11a::a1ufiu L'Vlan\ufiutlu\'Vlqj~:: 
ad\uW1l1W"11D-3nftl.ILLiiJ;rnnii~LUUW1n Ferromagnesian Silicate na11"11eJ'1UiiJa1111ii~LUU .. . ... .. . . .. 
w1n o on l1J19i°"11 a-3 L 'VI an ua::a'1ff iJ1::n au"ll D-3 u inti uniilfl mti. w1:: \ uu itiuL 'Vlitu1 (1f m1n~ . .. ..... 
Lfl11nL1flU, 2536) 
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Mean Std. f·test Sig. 

Control 36.75 11.67 0.46 0.83 
• fl11L1El~ 36.98 14.52 

fl11L1a~ EDTA 30.49 17.74 

JJ::L ;'j El 38.42 12.43 

JJ::L;'ia EDTA 41.03 13.11 

'Vlqj1u~n 39.65 12.69 

'Vlqj1LL~n EDTA 37.32 12.39 

'Vl111tlL'Vlfl (p< 0.05) 
~ 
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n11flfl4111a'Vl::'Vlun'lla~w"lf '8~iifl1111ii114'ulfnufi1fl1111Lilun1fl-fi1~ .. 
(pH) lutiu (Zimdahl and Hassett, 1977) 1flttfi1 pH 'lla~tiu Lilufi1fl'l-Huanii~a-111wfl1111 
Lilun1fl-fi1~'lla~fiu "Ji1~'11a~ pH 'lla~tiulflr.irf1ltl-;i::iifi1ath::w)1~ 3.0-9.0 fi1 pH 7.o uan . .. 
ii~a-111wfl1111Liluna1~'11a~fiu mh1fiafiuiii1~fl1l,.;'Lilun1flLLa::i1~fl1l,.;'Lilufi1~adlu .. 
tl1111m~Lfi1nuwafi fi1~~1ni1 1.0 uana-111wfl1111Lilun1fl'lla~fiu fi1 pH 'lla~fiu~afla~ 
L rh lflff111Wfl1111LUUn1f1n-;J::d~1ULL1~d~;fuL rhif u L"liULtir.11nufiu~ii pH ff~ffl1 7.0 ii-;i:: . .. 

1JBnff111Wfl1111LUUfl1~ tl1~Ua'fl~fl111JLUUn1flflBltr1fl1L';JUlaaau (H+) 4i~ii6'Y1iwaad1~ 
'I .JI 'I ... A tl..I ti ..l..e,.. .... .. A I • .JI 'I ..... .... 

111n LUn11111 L'VILnfln11L ar.iuu a~'YI"' 1fl'lJ'Y11~LflJJ'llB~flU na11fla111 L'V111n11a::a1r.ift1'lla~ 

Jr1fl'Vl1aa-119i1~ 'l lutiuaan111 tl'1~iiLilut11::1r.i"Jfu tl'1~iia1-;iLiluw~fiaw"lf fl1111Lilu • 
ti 1 s't I 'I A ..a. .. 11.1'1~"1 ... 1'11 ,¥ '""' 

1:: r.J"JfUflB1r1~B1'V111fl1~ ') LUflU'YIW"Jf-;J::fl~~flLB1 LlJ L"D Lfl~1mLa::111nU£lr.JUfl L'VIU 'llUB~nlJ 

a-111w'Vl1a1::iu pH 'lla~fiuLiluad1~111n fl1111W'lfi''lJ'llB~ pH 'lla~fiud'~L~r.111ia~a~nun11 
.JI ..lilt11..... ..... ........ 'II ..e..."" • ..a 
111~1\l.'YIL " 1:: r.J"JfU'llB~,aU'Yl1r.Jfl1~ ') LUflUfl1r.J («1Tii.tn111 L'Ylr.1'1 1'V111JLr.J11"JfU't Lall'YI 

A .... .. I tl..I ti .... .t A A ,¥ • 
18) ua::ani.V11111r.1~11r·rnfl an11L ar.iuu a~'lla~aflnn11fl1 r.1 .... 1 L11aamV11111«~'llu W"lf-;J::fl1 r.i . .. . .. .. 
II .:. 6' .. I 1 .... • 1 .... ... I 
U1JJ1nr.J~'llU ua::-;i::11~af1Bn11a-::WJJ1r1fl a'Vl::'VIUn'llB~W"Jf L W11::n11ff::ff11 a'Vl::'VIUnL'll1ff . .. 

nnw"lfiful-fu1~tf~-;i1nn11fl1r.Jii1i111ti1r.1 (1TI111tlt QUQ1r.J, 2551) 41~a-BflflaB~rllJ Bfia-1 • 
1~1 u (2554) ~ltin 811i1 a m'Vl11 ii Li]utl""-;i~r.i~ii ~a 9i a £i9111n11d a r.i wa1 r.i a-1111aw~ . .. 

(Biodegradation Rate) 1fl r.J-;J::LLtl1~Ufl1~1::'Vli1~ £i flTin11L nfltl ~fi1r.11 ua::n11L ri11;f u'll B~ 
BnL'Vlllii i1wi'ut11ifi1r.11'Yl1~;J1111wif u n11L ~11;f u'll a~ a nL'Vl1lii-;iun~1::i11'Vli1~ W~ ~al,.;' • .. w • .. 

£i91nn11Lnfltl1iffir.11 l u-;iau 'Yl1rf L ~114uti1 r.i uan-;i1nif uua1n11L ~11 a m'Vl11ii4utr~fl1 l ,.;' «11 w • • .. 
11aw~~ W1u l 'VI qjii a-11111in11a::a1 r.iii1~1ua::Lilu«11lu1fl11 ~fln iin11a::a1 r.iii1 a an111111n 
.¥.Jl'I"• .... _!!A I ...... ,¥., 
'llU T11 L'Vl-;JftU'Yl1r.J«11111nflfl"D11LWBr.JBr.Jffft1r.J Lfl111n'l1Ufl1r.J (Increase Bioavailability) ua:: . .. . 

L rta~-;i1n ani.V111iiii~afi a 1fl1~rn~ua::n11fl1~1u'll a~ Laul1J1111 u1iiL11'Yl111aa411fi1~., 'llB~ 
• .. J 

... .. .. .... :: ...: ,¥ A ..I A 11t1• .. .. I .. 1 ... 
';)ftU'Yl1r.J fl~uun11LWJJ'llU'llB~BCU.'Vl1lJJ'Ylff~Lnu L ';)~JJ~ftLffr.JflBfl1111Lffnr.J1'11B~ fl1~«n~ua:: . ' . .. .. 
n11fl1~1U'llB~LBUl'lf3.i' ~BCU.'V11lii~1ni1 10 B~fl1L'lfaLeiir.iw £i9111n11f11~1U'llB~1ii . .. 

LJJ'Y111JBfi411lu,au'Yl1rf-;i::Lilultlad1~-i1 ') W~~al,.;'n11dar.Jffft1r.J«11JJaW~Lfifl;fultiad1~-f1 
111n n11L ~11;f u'lla~am V111iiw~~a l,.;'£i9111n11Lnfltl1iti1r.11 L ri11;f u-;iun~-;i91a-~wfl4i~Lilw!i1~ • .. w .... . 

.. ..a ..I ... ti......... ... .... ... 
~nL'VllJll'YIL 'VIJJ1::a-11'Yl~fl'lla~n11mfl l)n1r.11 (Optimum Temperature) 'JJ~Bflnn11m91n11 

I A A 'II ... I A A ,¥ I 'lltl .. I 'II .. 
r.JBr.Jffft1r.Jff1111ftW~-;J::Lnfl Lf1Br.J1~ff~fffl ua::LJJBBCU.'V11111ff~'llUflB L -;J::JJ~ftftB1::1JlJLBU LIJ111 .. . . .... 
'lla~,au'Yl1rf fl1l,.;'£i91nn11Lnfltl~ffir.11afla~ caa«11~lu, 2554) 
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4.2 n1·n1:ao.1Ta'1::1ntn11"w2f 

4.2.1 tA111mTa'1::'1il'nfl«::if1111"w2frio1.u.l~n 11"7.fttn1n1ttftih'I 
..: --.... -~ .,,, 4.2.1.1 11::n1 (Pb) uaan·n1/man111 

I .... ~ "' 11! • 
~nnnT1flflLHh1 Vi1J11 JJ'l'111nLfl::n1nw::LUIEl u L '\.Lfl11L 1£1'1 .. 

Lfhnu 29.86 iiRini'111nlRni'11 11::Liimfi1nu 18.75 iiRfini'111nlRni'11 uR::~iU1u~mfi1nu 

9.21 iiRfini'111nlRni'11 ~.:Jwi1111mLun91111«1utJ1::nauth.:J 'l '!JEJ.:JYJ'!flifi..,i{ Tinfl11L;a.., 

17.50 £iRfinf11/nlRnf11 a1tl'\.Lfl11L;El'3 4.27 £iRfinf11/nlRnf11 LLR::l1Jfl11L;El'1 8.09 

£iRfinf111filRnf11 11n11::Liia 11.09 £iRfinf11lfilRnf11 a1tl'\.L1l::LiiEl 4.48 £iRfinf11/nlRnf11 

LLR::tu11::Liia 3.18 iiRini'111nlRni'1111n~iU1u~n 6.18 iiRini'11lfilRni'11 LLR::tu~iU1u~n 

3.03 iiRini'111nlRni'11 ti'3t1111" 4.18 

I t.I ... ft11" 1tniJU!liJH't2f 

11n 
• 91 

ft1tl1" 

1u 

tA111mTn'1::'1il'n(1111) 

17.50±1.41 

4.27±1.93 

8.09±1.58 

29.86 

11.09±1.92 

4.48±1.41 

3.18±0.64 

18.75 

'Mal1EIL'M'l - ~fln1n1H0'3'MifiLL~niWiifi1Ld£1'3'11TI'MifiLu.Jn-Wiid1ti"U. 

'1 cU1 LLS.Jn 

6.18±0.94 

3.03±1.04 

9.21 

Limit Of Detection ; LOO : Pb = 0.0531, Limit Of Quantitation ; LOQ : Pb = 0.1136 

% Recovery; 0.5 ppm.= 100 %, 1.0 ppm.= 100 %, 1.5 ppm.= 97 % 

\u 

•tmLTIH 

o~miJe 

• --.q)iw.ln 
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4.2.1.2 r10'1LLth1 (Cu) ilain1uinTan1u 
I ti.. .I .1'1 • 

~:nnn11rlflLHh'I W1J11 1111nLYIEh'ILLfl'3rla'::a-11ou L1Hl11L10'3 
11 

L fi1nu 60.15 iiaini'11lillani'11 11::L;im fi1nu 60.08 iiaini'111nlani'11 LLa::l'ltj1LL~m fi1nu 

13.75 iiaini'111filani'11 ~'3ft'11111nLLtm9l1111'1eutl1::nouti1'3 ') '!lo-3?l"Jfltiti'3d 11nf111L;D'3 

26.31 iiaini'111filani'11 thtieuf111L;E1'3 12.11 iiaini'111filani'11 LLa::luf111L1D'3 21.73 

iiafinf11tnlanf11 11n11::L;io 27.80 iiaanf11tfilanf11 a1fieu11::L;io 13.61 iiaanf11tfilanf11 
LLa:: lu11::L ;io 18.67 iiaani'111nlani'11 11nl'I tj1LL~n 8. 11 iiaini'111filani'11 LLa:: lul'ltj1LL~n 

5.04 iiaani'111nlani'11 ti-391111'3 4.19 

11n 
0 .. 

ft19114 

1u 
tRu1mTa'Mt'M1l'n(1'Ju) 

26.31±1.40 

12.11±1.34 

21.73±0.21 

60.15 

27.80±0.91 

13.61±1.27 

18.67±1.48 

60.08 

1'1a.11fJL1'1'1- ~fln1nlflLUl~'Vlqj1LL~nfl'Wiifi1Lda.;r;11n'Vlqj1LL~nlijiiLhti1' 

8.71±0.45 

5.04±0.04 

13.75 

Limit Of Detection; LOO: Cu= 0.0319, Limit Of Quantitation; LOQ: Cu= 0.0699 

% Recovery; 0.5 ppm.= 100 %, 1.0 ppm.= 100 %, 1.5 ppm.= 97 % 

\u 

ti.. .I .... ti n1w 4.9 1111ni.no'3LLfl'3 (Cu) na-::a-11 L'UW1fnoeu an 
11 

•tn·n!e..i 

0 aJ:lf8 

• 'llqliuln 
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4.2.1.3 LLfltniiE11 (Cd) iiaini'111ntani'11 

I tlA ... .I 1'1 • -;nnnTn'lflftEl..:1 W1J11 13J1nLLLflflL3J[J3Jflft':L'UJB[J L Ufl11L 1£1..:1 .. 
Lfhnu 15.62 iiafinfll1ntani'll ll::L;imfhnu o.5o iiafinf3.11fitani'll LLa::'Vlqj1LL~mfhnu 

5.03 iiafini'lllnlani'll -i..:iwil111nLLvnfl13JL'f1utl1::nauth..:i 'J "lJa..:iw"D'liti..:id 11nt111L;a..:i 

6.92 iiafini'lllfilani'll n1fiut111L;a..:i 4.52 iiafini'll/nlani'll LLa::lufl11L;a..:i 4.18 iiafini'lll 

fitanfll Tinll::L;ia 0.31 iiafinfll/nlanfll ft1fi'Ull::L;ia 0.09 iiafinfll/nlanfll LLft:: lull::L;ia 

0.10 iiafini'lllfitani'll Tin'Vlqj1LL~n 2.66 iiafini'lllnlani'll LLa:: lu'Vlqj1LL~n 2.37 iiafini'lll 

fitanfll fi..:lfl1TI..:I 4.20 

I ii "I 11114 1'tTIDtJ!ID'11Hf tl11L1D'1 
... 

lltL!ID 

Tin 6.92±0.85 0.31±0.41 
0 .... 

4.52±0.81 0.09±0.14 ft19'9'• 

1u 4.18±0.91 0.10±0.01 

i.A111mf a,.::,.\l'n(1'111) 15.62 0.50 

M1.110L'Mf! - '.'l'•m11Y1t1ae·n~iY1LLi:Jn~ii,hLaa~;i1n~iY1LLi:Jnliiiid1tii.i. 

2.66±0.46 

2.37±1.54 

5.03 

Limit Of Detection; LOO: Cd= 0.0124, Limit Of Quantitation; LOO: Cd= 0.0315 

% Recovery; 0.5 ppm.= 100 %, 1.0 ppm.= 100 %, 1.5 ppm.= 97 % 

c 
~ 10 +-------------­
;i 

';i8+--=-------------
;;:i 

13 

I 6 

~ 4 

2 

0 

Tin *1'1''4 \u TUJ 
-2 ~-----------------

ti... ... .I 'I • • ti 111W 4.10 13J1nLLLflflL3J[J3J (Cd} fla'::WllL'UW'Unau an .. 

••rm!iw 

0 SJ:L4JB 

• lllqfnlfln 
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4.2.1.4 i'1nti (Zn) iiaani'1.11ntani'a.1 

~11nn11ntHHH1 vm11 tl1111 ni.i.rn::i~a::a11a tiht.fl11L;Eh1 
"' 

Lfi1riu 299.92 iiaini'111nlani'11 11::Liimfi1riu 165.64 iiaini'11tfilani'11 LLa::~qj1LL~n 

L fi1riu 185.17 iiaini'111nlani'11 ~" a11111nLLvn91111ft'1utl1::n auti1.:i 'J '!I a.:i?t"lfliti.:id 

11nfl11L;£1'1 137.78 iiainf11tfilanf11 a1fl'u.fl11L1£1'1 74.15 iiafinf11tfllanf11 LLa:: 

l1Jfl11L;£1'1 87.99 iiafinf11tfllanf11 11n11::Lii£1 80.89 iiainf11tfllanf11 a1i'u.11::Lii£1 50.57 

iiaini'111nlani'11 LLa::lu11::Liia 34.18 iiaini'111nlani'11 11n~qj1LL~n 118.53 iiaini'111 

fllanf11 LLa::lu~qj1LL~n 66.64 iiafinf11tfllanf11 fl'1911TI'1 4.21 

I t.I ... fl11L~D'1 
... 

•11' 1tTIDU'IJ0'1ftti IJtL'IJO 

11n 137.78±1.40 80.89±0.25 
0 Sol 

74.15±0.38 50.57±0.67 it1fl\6 

1u 87.99±5.53 34.18±2.56 

tRa.11mTaMtM\l'n(111.1) 299.92 165.64 

1.a.11t1L1''1- '!lt1n1n1flEl£l"~iY1u~nfFWii,h~i1£1"'11muy1u~n'1iii1htiu 

118.53±5.10 

66.64±1.51 

185.17 

Limit Of Detection: LOO: Zn= 0.0077, Limit Of Quantitation; LOQ: Zn= 0.0191 

% Recovery: 0.5 ppm.= 100 %, 1.0 ppm.= 100 %, 1.5 ppm.= 97 % 

c 
~ 200 +-~~~~~~~~~~~~~ 

ri 
11& 
~ 100 +-~~~~~~~~~~~~~ 

~! 

~ 100 

00 

0 

lu 'T'UJ 

ti .......... ..I , •• ti 
111~ 4.11 1111ni.a.:in::a (Zn) na::a-11 u~"Jtnau an 

"' 

••rrn!e~ 

o ll::~fe 
•11qf1wln 
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• .. ..... ""t ... 4.2.1.5 LMan (Fe) a.iaann.1/n an"ta.i 

I ti"" # .I '\ • ·;nnnTl'YlflLHJ~ vrn11 ·n11mL~trnnw::w11av "Ufl11L1B~ .. 
Lfhriu 193.40 iiafini'111fitani'11 11::L;imfhriu 211.84 iiafini'111nlani'11 LLa::~qj1LL~n 

L fhriu 142.95 iiafini'111fitani'11 4~w11111mrnnfl111ft'1"Utl1::nauth~ 'l ,,a~w"Jrlti'ti~d 
11nf111L1a~ 141.18 iiafini'111fitani'11 thi"Ufl11L1a~ 22.76 iiafini'111fitani'11 LLa:: 
LtJfl11L1a~ 29.46 iiafini'111fitani'11 TinaJ::L;ia 153.48 iiafini'111fitani'11 ~1i"U11::L;ia 29.21 

iiafini'111fitani'11 LLa::lu11::L;ia 29.15 iiafini'111fitani'11 11n~qj1LL~n 97.93 iiafini'111 

fitani'11 LLa::tu~qj1LL~n 45.02 iiafini'111fitani'11 fi~fl1TI~ 4.22 

ft'J\Uh::nDU!ID\IW!f tt1'JL1D\I 
... 

a.i::L!ID 

'11TI 141.18±15.42 153.48±20.00 
0 9" 

22.76±3.46 29.21±5.46 ft191t4 

1u 29.46±4.28 29.15±7.63 

tRa11mTaM::M1rn('1'lal) 193.40 211.84 

"a.11EJL"'! - ~fln1nlflLUh1\llIY1U~nfFLaliifi1Lda"~nmuy1u~n'WiiLhtiu 

97.93±11.57 

45.02±8.22 

142.95 

Limit Of Detection ; LOO : Fe = 0.0576, Limit Of Quantitation ; LOO : Fe =: 0.1522 

% Recovery; 0.5 ppm.= 100 %, 1.0 ppm.= 100 %, 1.5 ppm.= 97 % 

175 +---------------­

g 100 +--t-11}-----------­c 
~125 .; 
~ 100 

~ 75 

00 

25 

0 

n1~ 4.12 tl7111mL~nn (Fe) ftw::w11l"Uw"lfrla"Utlan .. 

•trnL!B~ 

O ll:Lila 

•"qflllf.ln 
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-~ 'f' .... ... , ... ... 0 ... iJ -~ 4.2.2 u'1111nl.LftMtM1'nrtft::&UJ 1'1HfMft'1rt1n1'1rtflftD'1 12 • 1111'1 
.., ... ... ... ~'f' ... 

4.2.2.1 11::n1(Pb)11aan'111mLan'111 

I 1.1· ~ ~ 't • ~ ~11 n n1'1fl fl ft £h1 VUJ 11 ·n.11 tu.fl ::n 1 fl ft':: LUI £HJ 'U.fl11L1£1-3 fl .. 
liiLfi11£ififiLaiit11111ni.Lfi1n1J 62.42 iiftfini'111nlftni'11 4'3tnft'Lfi[h1n1J Sun et al., (2011) 

fl11EJ-31ui1fl11L;a-3w::w11fl::Tt1L fi1n1J 69. 75 iiftfini'111nlftni'11 fl11L;a-3flLfi11EififiLm fi1n1J 

74.60 iiftfinf11/ filftnf11 1l::Liiafll1iLfi11£ififiL£1LTI1rl1J 37.63 iiftfinf11tfilftnf11 11::Lii£JflLfi11 

EififirnL TI1rl1J 53.51 iiftfini'111 nlftni'11 LLft::l'lqj1u~nfllihti11EififiLmfi1n1J 17.59 !iftfini'111 

filftni'11 LLft::l'lqj1LL~nflLfi11afifiL£JLTI1rl1J 17.96 iiftfinf11/ filftni'11 tnft'LflEJ-3rl1J Chen et al., 

(2004) fl11v-31ui1l'lqj1u~nflLfi11EififiLa 5 iiftfil11fttnlftni'11 cw11fl::Tt1lt1 19.19 !iftfini'111 

nlftni'11 4-3 L~ mtl;EJ1JL fi EJ1Jrl1J n11U1U flt ftl'I ::'VI ltn"ll £1'3fl1 'U.91::1 u W1Ji1fl1'U.91::1uc ft'1l 9l::rt1 

mh::w11'3 6.65-9.81 !iftfini'111nlftni'11 caiiifl 1in"llmi'flu:: uft::flni.::, 2552) fl1'3n11ft .. 
fi1wau Uft:: "Jr11wu11 l11vi'n~ (2556) 11EJ-31ui1fl1Ufl::1uw::w1191::Jt1lt129.91 iiftfini'111 ... 
nlftnf11 LLft:: Liphadzi et al., (2003) 11EJ-31'U.i1fl1'U.91::1'U.ft'::ft'1191::Jt1tu,b-3 5.2-46.9 

!iftfini'111nlftni'11 

t I ti I • 'II ....... .r flElft'11111TILLEJnfl111ft'1'U. 1::n£11J911'3 ') "11£1'3W11 Lflfl-3'U. 

11nfl11 L;£1-3fll1i Lfi11EififiLm TI1rl1J 30.24 !iftfini'111nlftni'11 Lhi'U.fl11 L;£1-3fll1iLti11EififiL£1 

L fi1n1J 5.82 !iftfini'111nlftni'11 11Jfl11L1a-3fll1iLfi11EififiLm 'Yi1n1J 16.32 !iftfini'111nlftni'11 

uft::fl anfl11L1a-3fllii Lfi11 EififiLm fi1n1J 1 o.04 iiftfini'111nlftni'11 11nfl11 L1a-3flLfi11EififiLa 

L 'Yi1n1J 11.07 !iftfini'111nlftni'11 a1i'U.fl11L1£1'3flLfi11EififiLm TI1fl1J 23.68 !iftfini'11tnlftni'11 

uft:: 11Jfl11L1a-3flLfi11EififiLm fi1n1J 39.85 iiftfini'111nlftni'11 

11n 11:: L ;i afllii Lfi 11 EififiLm 'Yi1 n1J 25.65 ii ft fini'111filftni'11 

a1tiu11::LiiaflliiLfi11EififiLm TI1rl1J 5.83 !iftfini'111filftni'11 Uft:: t1J11::L iiafll1iLfi11£ififiLm TI1rl1J 

6.15 !iftfinf111filftnf11 Tin1l::Lii£1flLfi11afifiLm 'Yi1n1J 33.49 !iftfinf11tfilftnf11 a1$u11::Lii£1fl 

Lfi11EififiLm 'Yi1n1J 8.66 iiftfin-i'111nlftni'11 t1J11::L iiaflLfi11 EififiLm 'Yi1n1J 9.08 !iftfini'111 

filftni'11 uft::~ft11::L iiaflLfi11 EififiLm 'Yi1n1J 2.29 !iftfini'111filftni'11 

11nl'lqj1u~nflliiLfi11EififiLm fi1n1J 13.03 !iftfini'111filftni'11 

LLft:: 11Jl'lqj1u~nfllii Lfi11EififiLm fi1n1J 4.56 !iftfini'111filftni'11 11nl'!qj1 u~nflLfi11EififiLa 
L fhn1J 14.62 iiftfini'111nlftni'11 uft:: 11Jl'lru1u~nflLfi11EififiLm fi1n1J 3.34 iiftfini'111nlftni'11 .. 
tl-391111-3 4.23 
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fl1TI'1 4.23 t11~1tu.fl::rf1 (Pb) ~ff::ff~L'UW"lf'Vla'1tlan (iiaani'~1ntani'~> .. 
ii1'MtJ"l::nou tt11L;0'1 tt11L;0'1 

... 
anaio lltL!IO 

... 
!10'1fttf EDTA EDTA 

"11ft 30.24±0.62 11.07±1.06 25.65±6.46 33.49±1.36 
0 ., 

5.82±0.80 23.68±5.15 5.83±1.62 8.66±1.13 ., .. ,. 
1u 16.32±0.51 39.85±2.84 6.15±1.23 9.08±0.91 

tton/Aa 10.04±0.92 2.28±0.83 

"1111 62.42 74.60 37.63 53.51 

1'U1!1L1'f! 
A .I - ........ rf\Jj ... I .. 91 A 

'llttmnitt a £l~tl11L 1£1'1fl L9111 EltlflLElfl 1lfl1L '"£1'1~1091'"9\11L 1£1~911 El • 
'J!tln1nit1a e~\lliU1u~nitl3.iiifi1L de.,-;i1n\lliU'1~n liiiiLhtl''" 

'llt1mn1He~11:Lfe~iifi1Lde.,-;i1n11:L;ie'1ieen~a • 

80 

70 

60 
c:: 
~ 50 
;z 

-~ 40 
H 

~ 
30 

~ 
20 

10 

0 

JSci'1LLfln 

13.03±1.70 

4.56±0.85 

17.59 

•nn 

ohfu 

•'tJ 
.HMll 

.Tlll 

J1ci'1ufln 

EDTA 

14.62±0.90 

3.34±0.74 

17.96 
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4.2.2.2 no\1Uth1 (Cu) ilainfa.11ntanf11 
I tJ.. .I 1'1 • .I 

~11 n nT1'YI fUHl-3 VUJ11 ·n.n nL 'YI £1-3 Ufl-3 'YI ft'::tnJ EH.I L Ufl11L1£1-3 'YI 
'II 

tiiLfillefinLajjtJ1ll1nLL ri1n11 133.34 iiafini'lltnlani'll ~-3LnSLflU-3rl1J Sun et al., (2011) 
.I I • ..... .. ........ 1 ..... ..1 ........... 'YITI U-31U 11fl11L1£1-3 ft'::ft'll'YI £1-3 Ufl-3 L 'Yl1n1J 121.44 l1aan1ll/n an1ll fl11L 1£1'3'YI Lflll Elfl'YILEl 

L fi1n11 138.79 £iafinfll/ nlanfll ll::Liia~tiiLfillefinLElL fi1n11 92.09 £iafinfll/nlanfll 
ll::LiiEl~Lfill a fin LEI L fi1n11 99.23 £iafinfll/ nlanfll LL a::~ ij1 LU~.Jn~tJ.iLfill efinLElL fi1rl1J 
44.42 £iafinfll/ nlanfll ua::~ij1LL~n~LfillefinL£1Lfi1rl1J 52.23 £iafinf1.I/ nlanfll ua::Lda 

LU1U1JL n U1Jrl1Jn11U1Ufl la~::~ \l'n'2.1 £1-3'Yl1Ufl::1u ..,1111'Yl1Ufl::1uft'::ft'll'YI £1-3 LLfl-3 L fi1rl1J 45.50 

iiafini'lltnlani'll (tt1'3nlla fi1wau ua:: "ll'll..,Wlf t"ll'ui'n,;', 2556) 
'II • 

t I tJ I • 11 ....... ..r fl[Jft'1ll11flUUnfl1llft'1U 1::n£11Jf11-3 5.1 '21£1-3..,"ll' Lflfl-3U 
11nfl11 L1£1-3~tJ.i Lfill afi'fiLm fi1n11 81.85 £iafinfll/nlanfll a1fi'Ufl11L1£1-3~,J.iLfillEflnLEl 
L ri1n11 8.23 iiafini'lltnlani'll l11tt11L1a-3~t1iLfillafinLm ri1n1J 19.88 iiafini'lllfilani'll 

ua::t1antt11 L1a-3~t1i Lfill EifinLm ri1n1J 23.38 iiafini'lltnlani'll 11nt111L1a-3~Lfill EitiiiLa 
L fi1rl1J 40.00 £iafinfll/nlanfll a1fi'Ufl11L1£1-3~LfillefinL£1L fi1rl1J 42.80 iiafinflltnlanfll 
ua:: L1Jt111L1a-3~LfillafinLm ri1n1J 55.99 iiafini'lltnlani'll 

11nll::L iia~tii Lfill EifinLm ri1n11 69.22 iiafini'lltnlani'll 
a1iul1::Liiam1iLfillBfinLm ri1n11 8.44 iiaani'lltnlani'll ua:: L1Jll::L iia~tiiLfillefinLm ri1n11 

14.43 iiafinfll/nlanfll 11n2.1::Lii£1~Lfi2.1efinL£1L fi1n11 65.07 £iafinfll/nlanfll ft1fi'Ull::Lii£1 
~Lfill EifinLm ri1n11 8. 78 iiafini'2.1tfilani'2.1 l11ll::L iia~LfillafinLm ri1n11 16.89 iiafini'llt 
nlanf2.1 ua::Nall::Lii£1~LflllEfifiLmri1n11 8.49 iiafinf2.11nlani'll 

11n~ij1LL~n~l1iLfi2.1EifinLm ri1n11 33.81 iiafini'lltnlani'll 
ua:: l11~ij1LL~n~t1iLfi2.1£ifinLm ri1n11 10.61 iiafini'2.11nlani'll 11n~ij1LL~n~LfillafinLa 
Lri1n11 38.85 iiafini'2.11iilani'2.1 LLa:: l11~ij1LL~n~Lf12.1EifinLm ri1n11 13.38 iiafini'lltnlani'll 
.... 

fl-3fl1TI-3 4.24 
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t11TI'1 4.24 tA111mna'1LLfl'1 (Cu) ~ca-11tu"11\1a'1thm (iiaani'111nlani'11) .. 
ft114t.l't::n DU 

... 
fl11L;il'1 IJ::LilD IJtLilD McU1LLf.ln McU1LLf.ln fl11L1'0'1 

!I il'1ft'lf EDTA EDTA EDTA 

nn 81.85±4.92 40.00±1 .17 69.22±1 .83 65.07±17.56 33.81±7.20 38.85±3.23 . ... 
8.23±1.52 42.80±3.64 8.44±1.69 8.78±4.12 ., .. ,.. 

1u 19.88±2.52 55.99±2.58 14.43±1 .27 16.89±1 .49 10.61±2.32 13.38±3.07 

flilTI/NR 

,.,,.. 

150 

c 125 
c 
~ 

100 ri 
,,,-
(i'. 

75 ::S 
r,> 
(;) 

~ 50 

~ 25 

0 

23.38±1 .40 8.49±1.18 

133.34 138.79 92.06 99.23 

.I'"' ..I t • "".I 1l1W 4.14 u'l111nl.'t1El'1LLfl'1 (Cu) 't1ft':a'11 UW1f\1a'1uan .. 

4.2.2.3 LLflt1LiiEJ&1 (Cd) ilaanf&11nTanf&1 

44.42 

.t18MUl 

.TU.I 

I ol'°' ... "" 't A ..I ·;n n n1'l't1 fl a El'1 w 1J11 u'l111 nl.LL fl fl L11 [J 11 'YI ft': L\'11 El [J Utl11 L 'lEI '1 't1 .. 
l1JLfi11ofifiLa~iJ7111W.L'Yhnu 25.83 iiafinf11/nLanf11 iA'1\mfLfl£1'1n1J Sun et al., (2011) 

ff 11[J'11U11fl11 L i'a'1 a'::a'1JLLflfl L~[J1J L 'Yhnu 19.25 iiafini'111filani'11 fl11L7El'1~Ltl11DfifiLa 
LTI1rl1J 23.55 iiafinf11/ nLanf11 11::Liia~l1iLtl11BfifiLBL'Yi1rltJ 5.39 £iafinf11lflLanf11 LLa:: 

52.23 
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tniLfl£h1nu Ji et al.; (2011) fl,-1EJ.:11"1111::L;iaa-::tn1LLflflLiiEJ11Lthnu 9.92 iiafini'111 

nLani'11 3J::LiiElflLfi3Jf:ififiLEILfl1rl1J 7.42 £iafini'11/ nLani'11 LLa::~cY1U~nfll1iLtl3JaflfiLEI 
Lfl1rl1J 2.56 iiafini'11/ nLani'11 ua::~cY1LL~nflLfi3Jf:ittfiLEILfl1rl1J 2.99 iiafini'11/ flLani'11 

T I ti I • ,.,..,,z Lfl[Jff13J11"TILLEJnfl13Jff1" 1"::nEl1Jfl1.:I ') '!IEl.:l~'IJ flfl.:I" 

Tinfl11L1a.:ifll1iLfi3J f:ittfiLEIL fl1rl1J 4. 75 £iafini'11/nLani'11 a1tl"fl11 L1a.:il1i Ltl3JaflfiLEIL fl1rl1J 

5.07 iiafini'111nlani'11 tutt11L1a.:il1iLii11EififiLE1L fi1nu 11.18 iiafini'111nlani'11 ua::ttan 

fl11L1a.:il1i Lfi11EififiLm fi1nu 4.83 iiafini'11tfllani'11 ,-1nf111 L1a.:irlLii11EififiLm fi1nu 4.29 

iiafini'11tnlani'11 a1tl"fl11L1a.:1flLii11efifiLEIL fi1nu 6.48 iiafini'11tnlani'11 ua:: \1Jfl11L1El.:i 

rlLii11EififiLm fi1nu 12. 11 iiafini'111nlani'11 

Tinll::L;iafll1iLfi3JBttfiLEIL fi1rl1J 3.81 iiafini'11/nLani'11 a1tl" 

11::L;iarll1iLfi11EififiLm fi1nu o.84 iiafini'111nlani'11 ua:: tu11::L;iarll1iLfi11efifiLm fi1nu 0.14 

iiafini'11/nLani'11 1"1n2J::L ;iaflLfi11ettfiLE1L fi1rl1J 4.35 iiafini'11tnLani'11 a1tl"3J::L ;iaflLfi3J 

EififiLaL fi1nu 1.18 iiafini'111nlani'11 tu11::LiiarlLti11EififiLm fi1nu o.94 iiafini'111nltmi'11 
• ..a ... .. .. .. I .... - - .... •T .... 

ua::~a11::L'!IEl'YILfl3JE1fl'YILEIL n1nu 0.95 11aan,-11/n Lan,-11 

,-1n~cY'1LL~nrll1iLfi11efifiLm fi1nu 1.93 iiafini'111nlani'11 

Ua:: \1J~cY1LL~nfll1iLfi11ettfiLEIL fl1rl1J 0.63 iiafini'11tfllani'11 1"1n~cY1 LL~nflLfi3J BflfiLEI 

L fi1nu 1.99 iiafini'111nlani'11 LLa:: tu~qj1u~nrlLfi11efifiLm fi1nu 1.00 iiafini'111nlani'11 

tl.:lfl1TI.:I 4.25 

fl1n.:i 4.25 tl1111ni.uflflLiiEJ11 (Cd) rlca-11\"Yi'lf~a.:itlan (iiafini'111nlani'11) 
'II 

l'i·nuh::nou • fl11L;D'1 IJtLi'ID 
... 

-.uu1usJn -.uu1usJn fl11L,.D'1 IJtL!ID 

!ID'1ft'Jf EDTA EDTA EDTA 

Tin 4.75±0.62 4.29±0.21 3.81±0.13 4.35±0.33 1.93±0.34 1.99±0.39 
0 " 5.07±1.80 6.48±1.93 0.84±0.19 1.18±0.24 ., .. ,. 
1u 11.18±2.71 12.77±0.62 0.74±0.13 0.94±0.07 0.63±0.23 1.00±0.31 

flDft/NR 4.83±0.55 0.95±0.13 
,., ... 25.83 23.55 5.39 7.42 2.56 2.99 

'Ma.11EIL'M'l 
• .a ........... _.... .. ., • 

'l!fln11Yltl a Eh19111L 1El~flL913JEltlfl LElfl W3Jfl1L\LEl~~1n9l\Lfl11L1El~911 [I 

~fln11Y1flaei~viiY1ui:Jn~liiifi1Li1ei~~1nviiY1ui:Jnliiiid1ti\L 
• ~ '"', ..i • 'IL! 

'l!fln11Y1flaei~11::L'!.1Elfl w11mL\LEl~~1n11::L'!.IEl weiein~a 
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.fl8Mll 

.TUJ 

··-·-···----····----·-·---·--··---·-.. ·--"·-·····--·-·--------··------··-·-----·--·-----··---·-----··---

ti... ... ..I 'I ... "'ti 1l1Vi 4.15 'Ul1nLLLflflUJE.Jll (Cd) 'YICLUIL\L'Vi"1f'V\a'1 an 
'II 

..., ~ ...... ..., •"Y: ..., 
4.2.2.4 a'1n::n (Zn) 1.ntan1u/man1u 

I t1• ... .....i 1'1 ... ..I ',11TITI11'Ylfl LUl'1 Vi1J11 1ll1t\Lft''1TI::ft''Ylft'::ft'll El E.I L \Lfl11L 1B'1'YI 
'II 

laJiin11LiillafifiLeiilt112.11 mL fi1nu 620.81 iiaani'lltnlani'll fl11 L1ei'1ilLfillafifiLm n1nu 
632.16 iiaani'2.1/ nlani'2.1 2.1::LiieiflliU:in11LiillafifiLm fi1nu 343.86 iiaani'lltfilani'll 

ll::Li'JeiflLfill afifiLmfi1rl1J 430.86 iiaani'll/ filani'll LLa::'VltY1LL~nfllaJLfillBfifiLBLfi1rl1J 
225.23 iiaani'2.1/ nlani'2.1 LLa::'VltY1LL~nflLiillBfifiLBLfi1rl1J 241.26 iiafini'll/ filani'll 

Ld m t11uu L Yi E.J u nun-111h u fl 1 a'V\::'VI i!n'!I ei'1n1 uti::i'u Viu11n1 uti::i' uw::w2.1 i" n::iL fi1nu 
100.10 iiaani'2.11filani'2.1 (tt1'1n2.1a fi1weiu LLa:: "1fll'Vi\L"1f l"lfE.Ji'n~. 2556) LLa:: eiiiti 

'II ~ ..... .,,.., 
1',10'!1nL1fl\L:: LLa::fl tu.:: 

iiafini'2.11nlani'2.1 
(2552) 11E.1'11\L11n1ut1::i'uw::w2.1i'1n::ilti1::'Vl11'1 109.8-134.2 

1 I ti I ... 'II ...... .r flE.lft'12J11TILLE.IOfl12Jft'1\L 1::0B1Jfl1'1 ') '!1£1'1Vi"1f Lflfl'1\L 
Tinfl11L1e'1illaJ£ln11Lfi2.1afifiLmfi1nu 261.95 iiafini'2.11nlani'2.1 a1tiuf111L1ei"rlli1£1n11 
Lii2.1afifiLm fi1nu 87. 75 iiafini'2.11nlani'2.1 lufl11L1a"illaJiin11Lii2.1afifiLm n1nu 119.18 

iiafini'2.11nlani'2.1 LLa::fl eintt11L 1ei'1illaJ£ln11Lfi2.1afifiLm fi1nu 91.93 iiaani'2.11nlani'2.1 

Tint111 L1ei'1ilLii2.1afifiLm fi1nu 59.82 iiafini'2.11nlani'2.1 a1tiuf111 L1ei'1ilLii2.1afifiLm n1nu 
259.63 iiafini'2.1lfilani'2.1 LLa:: lutt11L1ei'1ilLii2.1afifiLeL fi1nu 312. 11 iiafini'2.11nlani'2.1 

11n2.1::LiieiillaJLii2.1afifiLm fi1nu 156. 10 iiaani'2.11nlani'2.1 
a1'1u2.1::LiielaJLii2.1afifiLm fi1nu 126. 79 iiafini'2.11nlani'2.1 LLa:: lu2.1::Liie lilLii2.1afifiLm fi1nu 
60.37 iiafini'2.11nlani'2.1 11n2.1::L;'ieilLii2.1afifiLmfhnu 156.09 iiafini'2.11nlani'2.1 a1'1u 
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11::L ;ieff L~11ofifiL£1L fi1nu 141 .95 £iafini'111filani'11 tu11::L;ieff L~11ofifiLeL fi1nu 86.41 

£iafini'111filani'11 LLa::~a11::L;ieff L~11ofifiLm fi1nu 40.41 £iafini'111filani'11 

Tin~tU'1LL~nffl1ILt111ofifiLeL fi1nu 128.85 £iafini'111filani'11 

LLa:: tu~ tU1 LL~fl~l11 Lfi11 ofifiLEIL fi1nu 96.38 £iafini'11tfilani'11 11fl~ tU1 LL~fl~Ltl11DfifiL£l 
Lfi1nu 132.97 £iafini'111filani'11 LLa::tu~tU'1LL~n~Lii11ofifiL£1Lfi1nu 108.29 £iafini'111 

filani'11 tl'1fl1TI'1 4.26 

fl1TI'1 4.26 tl1111mi'1n::i (Zn) ~cw11t,..,ri"lf~a'1tlan (£iafini'111filani'11) .. 
ft'l\lth::nou tt1'lL1D'1 

... ... ... 
Mi1ufln Mif1ufln tl1'lL10'1 lltL!IO lltL!IO 

!ID'1ft!f 

nn . ... 
8111\l 

1u 

tton/Na 

't'lll 

261.95±11.37 

87.75±20.57 

179.18±50.95 

91.93±15.17 

620.81 

650 
600 

550 

c 500 
c:: 450 
'C 
ri 400 

11ri 350 
n 

i: 
~ 200 

150 

100 

50 

0 

EDTA 

59.82±24.32 156. 70±0.60 

259.63±10.25 126.79±11.86 

312.71±6.91 60.37±8.53 

632.16 343.86 

EDTA 

156.09±4.64 

147.95±4.10 

86.41±10.61 

40.41±1.68 

430.86 

EDTA 

128.85±5.63 132.97±4.45 

96.38±32.73 108.29±20.85 

225.23 

•nn 

oWu 

•'11 
•Hrvr.t 

.TUI 

241.26 

fml~~ trl1l~~ EDTA lJ:lil'B lJ:tfaEDTA 'llqfuu!n 'llqfuu!nEDTA 

tl... ... ... ..I t • ... tl 
111~ 4.16 1111tu.«'1n::w (Zn) nca-11 "~"lf~a'1 an .. 
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4.2.2.5 L'Min (Fe) ~ainfa11nTanfa1 

~11nnT'l'0MlLHh1 VUJ11 tl1ll1nl.L ,_, anfia-:ftllEI UL '14fl11L1£h1fi .. 
lllLfi11eififiLaiit11111mL 'YhntJ 1,580.83 iiaani'111ntani'11 fl11L1a-:1fiLfi11eitifiLaL 'YhntJ 
1,616.01 iiafini'll/ nlani'll ll:L'iiEl~J.ILfillafifiLEIL 'Yhn1J 1,603.18 iiafinf11/nlani'll ll:L'iiEI 
fiLfi11afifiLEIL'Yhn1J 1,925.15 iiafinfll/ filani'll LLft:,.,Ij1LU.JnfilJ.1LfillafifiLEIL'Yhn1J 
1,052.05 iiaani'lllnlani'll LLa:,.,Ij1u~nfiLfi11eififiLm 'YhntJ 997.26 iiaani'll1ntani'11 

t I ti I • ... W .... .r flE..lft1ll1'HlU£Jnfl1llft1'14 1:nEl1J911-:J ') "llEl-:JVi'I Lflfl-:114 
Tint111L1a-:i~liLfi11eififiLm'Yhn1J 902.91 iiaani'111ntani'11 a1ti'!4t111L1a-:ifil11Lfi11eitifiLa 
L 'Yhn1J 139.57 iiaani'111nlani'11 ua:: L1Jfl11L1E1-:1filliLfi11eififiLEIL 'Yhn1J 367.94 iiaani'll/ 
nlani'll flElnfl11L1El-:JfilJ.1 LfillBflfiLEIL 'Yhn1J 170.40 iiafinf11/nlani'11 11nfl11L1El-:JfiLfill 
eififiLaL 'YhntJ 465.39 iiaani'111ntani'11 a1ti'l4f111L1a-:1fiLfi11eififiLm 'YhntJ 524.06 iiaani'111 
ntani'll LLft:: L1Jfl11L1E1-:1fiLfilleififiLEIL 'Yhn1J 626.55 iiaani'111ntani'11 

11n11::L 'iiafilli LfilleififiLm 'YhntJ 859.27 iiaani'11lfitani'11 
..e ti A .Ill I .a ...... ... I ._, A A _,,, •t .... t • .1111 I A ....... 1.'1191'14ll:L"lJEl'Yl Ll1Lfll1Elfl'YILEIL'Yl1n1J 293.99 llftftn''l'll/n an111 ua:: 1Jll:L"lJEl'Yl LllLflllElfl'YILEI 
L 'YhntJ 449.92 iiaani'lllnlani'll 11nll::L'iiafiLfi11eififiLm 'YhntJ 848.54 iiaani'll1ntani'11 
a1fi1411::L 'iiafiLfi11eififiLm 'YhntJ 256.35 iiaani'111ntani'11 LL a:: ltJ11::L'iiafiLfi11eififiLm 'YhntJ 
647.60 iiaani'111ntani'11 LLa::~a11::L'iiafiLfi11eififiLm'Yhn1J 112.00 iiaani'111ntani'11 

11m~ Ij1u~nfilllLfi11eififiLm 'YhntJ 802.57 iiaani'111ntani'll 
ua:: ttJ,., Ij1 LL~nfilllLfill EififiLm 'Yhn1J 249.48 iiaani'iJ1ntani'11 11n,.,Ij1u~nfiLfi11eitifiLE1 
L n1n1J 751.54 iiaani'111fitani'11 LLa:: L1J,.,Ij1u~nfiLfi11eififiLm n1n1J 245. 71 iiaani'111 
nlani'll fl-:Jf11TI-:J 4.27 



nn 

1u 
on/NR 

,.,., 
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fl1TH 4.27 Lvian (Fe) ffw::w2.1l'U.w'lfvia..1tlan (iiaani'2.11nlani'2.1) 
11 ... 

fl11L1D'1 lltLiD lltLiD 'Mii'1LLJln 'Mii1u.Jn fl11L1'D'1 

EDTA EDTA EDTA 

902.91 ±155.34 465.39±17.28 859.27±40.77 848.54±56.40 802.57±91.42 

139.57±10.02 524.06±155.09 293.99±111.81 256.35±107.73 

367.94±74.33 626.55±160.58 449.92±86.48 647.60±21.88 249.48±54.53 245.71±36.70 

170.40±31.38 172.66±6.29 

1580.83 1616.01 1603.18 1925.15 

'M&l1UL'Mf! 
• .. ......... _ .... I • ... • 

'!lflTI1n1flLUHlfl11L1El~Elfl't1LO't1 Wllfl1L'U0~';11nfl'Ufl11L1D~fl1tl • 
"!tln1n1H 0~111iU1uf.Jnfl9wijfhL i10~~11n111iU'1uf.Jn l&;ijd1tl'-u 

"!flTI1n1t1ao~11::Li!iofl9wijfi1Li10~~11n11::L'2ioliioonr.ia 

2000 

1750 

c: 1500 

~ 1250 
;i 

<::.-
1000 Ilg 

~ 750 

~ 500 

250 

0 

ti... "' ..I l . ., ti 111'" 4.17 12.11nLLvian (Fe) 'Ylft'::ft'2J '"'"'lf'Vlt:i..1 an 
11 

1052.05 

.tl8n/Nt 

.TUJ 

~n nn11n .-i a £1..1-;J:: L ~ '"l.r11 l 'U.'lffln11n .-ia £1..1 .-i11 L ;a..,ff iin11L ti 2.1 EiftfiLa • . l ~· .. ..a "" ......... i] ... A,... ., • ... fl11L'1£J..1-;J::f11£1a..1 'U.ft'lJtl1'Vl'YI 3 L'U.fl..1-;J1nflfl'YIL£JL 'U.V.~Et 1'V1'11JV.'lf1J1..1'1f'U.fl Dufkova, (1984) 

TI £1..11'" 11 EififiLaaanrinntru Ef..,n11LLti'1 Liff a a tl'uEf..,n11m..1flaa 11waa ua::vuEf..,n11m.., 

2.11a;l1111v."JJ£1..1ft'1Wh£1 Chen et al., (2004) '11£1..11'U.11EififiL£Jft'12J1'1nLflwrt~fiflW'lfUa:: 
... ... n - l • 1 • ..a" • ... ... ... ... ... " • ';Jt:l'U.'Yl'1£1 'U.fl'U. ua:: 'U.'lffln1'1'Ylflt:lfl..12J::L"Jlfl fl[J2J::L"Jlfl'YI L2J2Jn1'1Lf12Jflfl'YIL£1 L2Jflflm.Ja • • 

L da..,2.11-;J1n"JJ1.-i LL fl a L4fo 2.1 (Ca) tA.., LL fl a L4i£12.1 L fl'U.D1t1fiiifl112.1~1 LU'U.fi £JW'lfL da..1-;J1mil'U.D1 fl • • 

997.26 
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£11M111£1~ ii fl11 a.i-;11 L ilufi £Jn11L ~1qi LfilJ 1 fl"ll £1"3W'lr L UUtbutJ1::n auff i'lfi' 'lJ"ll £1-3 ~1'-3 L'lfft a 

ff mltu1tl"11£1"3LLflftLanEJ&1LLwflLflfl (Calcium Pectate) '!hEJtun11uti-3L'lfsa '!bEJtun11wfH .. .. 

lt11fiuus::'!b EJt un11f11"31U"ll £1"3L£1U ,'lfif Mft1[J'lfUfl (1JfllLLa'U Lfi [J1Unftlr113J. aJ. ti. ti.) .. ., ... 
ufia.i::L iiaiin11L~1'll Lfiu lflff L 71Lfiu it1 w'lrwi'1-3 L'lfss1 Ma.I a Eh-311flL 71 t u"11m::ff n11~ttM1a 
a1 Lft EJ-3 LL fl ft Lan [JaJ (Ca) L fi ttif u<f1 ,a.I nufi £1fl11 aJ fl £1-3 n11ttfa-i'1-3~1'-3 L'lf ft aff L fifl t M aJ 

.... - .r "' • .!:.I ' !"I ..a. - - 1 I ... !"I ..a. a.imnfl"llULaJ£1W'lr£11~ 3-4 ~1Jfl1M L1JU1::EJ::'YlW'lrL~1'lJLfl1J f1£l[J1"311flL11 'IJ-3L1JU1::EJ::'Ylw'lr 

ia-3n11uflsLanEJa.i (Ca) \Y"3 cti1'n1'1r1Lnfl 1 ulsfin11Lm~tfl1 a.iM11nEJ1aEJ1amfn~m ,a.i.tl.tl.) 

ti- ,. .... ..I t ... .I .... ti ~ ·1.1- ,. .... ... I ... .1 us:: 1a.i1tu.LftM::Munnw::wa.i UM'lJ1LLHnMft-3 ~nuua.i 1a.i1tu.LftM::MunuaEJn11M'lJ1LLHn 

ri autl~n«1 L MtJL da-3 a.11~1mf n~ni.::n11L~1'lJLtlu lfl"ll £I-3M tj1u~n n11tl~nMtj1u~nfft -Kl u 

·' ... ... .I ..I, I... ti "' ... •• ..: ... t t .1 n11n fl ft £1"3~::"K1n s1M '111 u .... nn a.i a.111n a.11 ~ma.i £JM '111LLHm1a.ia.in11LLfln u Ma.i us:: 

- - 1 ,t ... I ... ..I it1 .. ,.. ·' 1.1· ,. .... ..I L~1'l!Lfl1J fl 1111flULn1~::LLM-3LMEJ1LLft::M~flft£Jn ~-3 a.i«13J11fl"K1 1aJ1nLLftM::Munnw::wa.i 

t UM nl'1 LL~n fi £1 utJ ft n LLft::M a-3 tJ ft n &11 L ti~ [JlJ L fi [J lJrlU ,, 'f1 -3 LL fl n tl1"3~1n an ~ni.::n11 . ., .. .. 
- - 1 • • ..I - - 1 .t ... - t ..a... -L~1qjLfllJ fl"ll £1"3fl11L1£1-3 LLft::aJ::L,, £1'Yl L ~1'11 LfllJ fl~1n 1111 flULfl a.I LL ft:: Ua'll11::'YlaJn11LflaJ 

......... ""t"' .... ~1 .... , ... ..:.r"' .............. -i] I £lfl'YIL£1111 MW'lraJn11flfl"JlaJ ftM::Mun flLWaJ"llU LU£1"3~1n£Jfl'YlL£1'1J-3aJflnLa'aJ1JflL Ua'11n£J. .. . 
fiLsfl ~::"Ji1EJlM'LsM::M1'nffi'ui1Luulfl1"3m-3ft.Jiu'Jl'aututiuiin11n1::~1EJti'1us::f11tlfLfifl 

"' ..I, ... .r .JI t ... ~ 1 .... , ...... .r I ... I ·' .... .r ..I n17Lflft£JU'Yl fl&11n'!lu T11 M«1a.111rtflfl"JlaJ sM::Mun flfl"llU «"3~ftflf1£1n111J11Jttwun .. 
ti ,k ,. t .... -~ - .... ,.... ... ~ tl..I ti -UL1J£1ULfl[J 'lrW'lr (£11l1lfl 1~n"llnL1flU:: LLft::flni.::, 2552) ann-3n11L ft[JULL ft-3"11£1"3~nLM1Jll 

t ... • tl..a ti .... .r "' - .r • .r U'lrfln11'Ylflft£1"3 aJ~ftfl £1n11L ft [JULL ft-3"11 £1-3 £1flTin11fl1 [J "K1 LaJ £1 £1nL Mil aJa'-3"11U W'lr~::fl1 EJ"K1 . . .. .. 
..:.r ... I 1 .., • 1 ......... ~ .. ..!' 

aJ1nEJ-3"11U aJ~ftfl£1n11«::«aJD1fl aM::MUn'!l£1"3W'lr LWTI::n11w::wa.i aM::MUnL"ll1«TinW'lrUUL"D . .. 

u1"3fl-3~1nn11fl1mhf1a.iti1EJ (1111l1m t1.ut1.1EJ, 2551) ~"3«£Jflflia-3nu afi«11"3tu (2554) • 
ftitimh111amMlliiLuu1J~i'EJffii~afiaat1Tin11r.iaEJ«a1EJ«11aJftW~ (Biodegradation Rate) . .. 

1 fl EJ~:: LLtl1~Ufl1"31::M 11-3 B fl TI n11L fi flt! 1ifi1 EJ1 LLa::n11L yt a.iif u "11 £1-3 £1 nL Mil ii LLa::fi1 fl11 a.IL U U w • .. 

n1fl-fl1"3 (pH) £i~afian11a::a1EJ"11£1-3 laM::M1'ntufiu n1fiuii pH W-3n11 7 na11LUUfl1"3 . .. 
f11 t M'LaM::M1'na::a1 EJiflL utl1a.i1 mi.ta EJ ua::f111a.i t"lfl°"'lJ"ll £1-3 pH ,, £J-39iutl'-3Lrl EJ1-Jia-3 a ~nu 

.JI ..l!"ltJ 1' ......... t•... , .f..... .... n11111"31U'YIL1JU 1:: [J'lfU"11£1"3~ftUfl1[Jf11"3 SJ Uf1Uf11[J («111~n1a.i fl[J~ 1M11JL[J11'1rU'i 

Laa.ift 18) 

lflEJnalnn11w::a-&1«11aJftW~ 1aM::M1'n M7£1«11rlaJllUfl1UW'lrLLU-3,tiLilu 3 "1u 

itiuri n11flfl•a.i (Absorption) n11th LftEJ-3 us::n11Lfl ~auv1EJw11a.isw~~1nR-3LL1flft£JaJ .. 
ll1EJuam-Ji1tiw'lr ~"3«11a.iaw~LMa1,.fu~::nnnmriu (Store) uEJnlfLu81ulflti1uMd-3,,£1"3 .. .. 

... 't ti ..lw I !"I - I ... .. • ..a., 1~ L'lfftftW'lr (Sequestration) LLa::~::£J[J \1.1 LL1J1J'Yl LllL1J\LW~fl£1LIJfftftW'lr '1J-3W'lr'Yl"K1ll1 "D LUn11 .. .. 
U1Ufl 1aM::M1'n ti £1-3 LUU W'lrff iifl11 a.I a'13J11fl'Yl\L 'Yl1\Lfl £lfl11 aJ LUU W~"ll £1-3 a'11aJ aw~,.f u SJ 

- - 1 I • ... ..I I it1i"' ... "' ..: .r""" ~ L~1'lJLf11J f1£l[J1"311flL 11 ua::aJ11nLL'llU-3'YlLL~£1£Jn fln11"3LW£1L WaJW\L'Yl L\Ln11~fl"JlaJ«11 

a.iaw~ (£Jfi«11"3tu, 2554) an...f-3nalnn11flfl.aJ"ll£1"3W'lr~::L~aJ~1nTin n11ft-3~hu1aM::M1'n .. 
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'11nnnltlu'3a1iu tu LLa::flem 91111a1iu lflr.i~nalnn11Lflgau~'tla'3la'Vl::'Vlil'ntuiulJLnfl 
li 2 n1tti. lti'LLTi 1. L rta'3'11n la'Vl::'Vlil'nltlm1::nuW11fiLaflLUL1Jratf,,a'3tl'ulJLLa::w'3~hultlu'3 
81uuu'tla'3tl'u lli 2. L rta'3'11nn11f11 mi1,, a'3f;"lff11 t 'Vl°La'Vl::'Vlil'mflg aut11 ltl~i'a11nu1i1 Lda 

l ...... "'111.111"'... 1'1 1 
I ·1 •ti ... a'Vl::'VIUmfla au fl L Lfl'1::Lnfln11a-::a-11a ~ L ua-1uf11'3 'J ,, El'3~"lf fl un11flmrnn L ULIJfaa~'I 

lflr.iafffiLa'1::Luuff11fiLafl~n1t"V1'La'Vl::'Vlumflgaut11ltiffifututl'uf;'I LLa::w'3~attfa-::a-2.1tu 
..!I ... 'I ,k •.£!) ... ... .. ... 
~1flULLa:: L1J111n'!IU (Elll11fl 1'1n'tlnt.1fl'U:: LLa::flm::, 2552) 

I -~ f" "" ...... ~ I ""' O 4.2.3 Nit911'1'110'1u1111mLitMt\11"HflW1f~fl"DllHO\ULitt\1it'1fl1H11 

flflit0'1 

'11nn111Lfln::~'V11tl12.11 mn11a-::a-2.1'tl E1'3fl::rr1 t '"fin w1u'tl a'3f;'I • 
~f11n11flfla El'3~1J11fl11 L7El'3~l1iLflll aff fiLaiifi1L 'ti1fl1J 32.56 iiafinf11tfilanf11 LL a:: 
9111L7a'3~Lfi11aff fiLaiifi1 L rl1nu 44. 14 iiafini'111nlani'11 2.1::L iiam1iLfi2.1afffiLaiifi1L rl1nu 
18.88 iiafinf11tfilanf11 LLa::2.1::L iia~Lfi11 aff fiLaiifi1 L fi1fl1J 34. 76 iiafinf2.1tfilanf2.1 

'VliY'1LL~n~l1i Lfi11afifiLaiifi1 L rl1nu 11 .59 iiafini'111nlani'2.1 LLa::'VI iY1LL~n~Lfi11afifiLaiith 
Lri1nu 17.96 iiafini'111nlani'11 

t.11111 nt.n11ff::ffll'tl El'3fl El-3 LLfl-3 L Ufl11L7a'3~l1i Lfill aff fiLaiifi1 
L rl1nu 73.19 iiafini'111nlani'11 LLa::fl11L7a'3~Lfi11afffiLaiifi1L rl1nu 78.64 iiafini'111nlani'2.1 

2.l::L iiamli Lfl11 aff fiLaiifi1 L fi1fl1J 32.01 iiafinf11tfilanf2.1 LL~::ll::L ii El~Lfi11 aff fiLaiifi1L fi1rl1J 
39.15 iiafini'2.11nlani'11 'VliY'1LL~n~l1iLfi2.1afffiLaiifi1L rl1nu 44.42 iiafini'111nlani'11 LLa:: 
'VliY'1LL~n~Lfi11afifiLaiifi1L rl1nu 52.23 iiafini'111nlani'11 

tl1111nt.n11ff::ff11'!1 El'3LLflfl Lii r.111LUfl11L7a'3m1i Lfl11 afifiLEIL fi1fl1J 
10.21 iiafini'111nlani'11 LLa::9111L7a'3~Lfi11afffiLaiifi1L rl1nu 7.93 iiafini'2.11nlani'11 11::Liia 
..1,. .......... .... ,..., .... .., .. 1.... • ................... .... fl L1ILt111aflm.a11f11Ln1nu 4.89 11aan111/n an12.1 LLa::11::L'!IE1flLt11IE1flflLE111fl1Lfl1nu 6.92 

iiafini'2.1tfilani'11 'VliY'1LL~nm1iLfi11afffiLaiifi1L rl1nu 2.56 iiafini'111nlani'11 LLa::'VliY1LL~n 
~Lfi2.1afffiLaiifi1L rl1nu 2.99 iiafini'111nlani'11 

tlA .,,_ ... 1 • ..1'1 I A ... ... ... I .... 1111mn11a-::ff1l't1El'3ff'3n::a-L 'Ufl11L1El'3fl L11Lfl11ElflflLElL fl1n1J 
320.89 iiafini'111nlani'11 LLa::9111L7a'3~Lfi11afifiLaiifi1L rl1nu 332.94 iiafini'2.1tfilani'11 

•..l.'1······· ,..., .......... 1 ..... • ..1 ............. ,..., 11::L't1Elfl L11Lfl11ElflflLEl11fl1L fl1n1J 178.22 11aan1111n an111 LLa::11::L'!IElflLfll!ElflflLEl2Jfl1L fl1n1J 
265.22 iiafini'111nlani'11 'VIW1LL~nm1iLfi11afifiLaiifi1L rl1nu 225.23 iiafini'2.11nlani'11 LLa:: ., 

'VliY'1LL~n~Lfi11afffiLaiifi1Lri1nu 241.26 iiafini'111nlani'11 

t.11111 nt.n11ff::ff11'!1 El-3 L 'VI an L Ufl11 L7El'3~l1i Lfl11ElflfiLa L fi1rl1J 
1,387.43 iiafini'111nlani'11 LLa::9111L7a'3~Lfi11afifiLaiifi1uiim rl1nu 1,422.61 iiafini'111 
filanf11 2J::Liiam1iLfi11afifiLaiifi1LQ~r.JL fi1n1J 1,391.34 iiafinf11tfilanf11 LLa::11::LiiEl~Lfill 
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afifiLaiifi1LO.~tJL fi1ntJ 1,713.31 Daanii11tilanii1 ,.,qj1Lu.JnflliiLthJafinLaiifi1L fi1ntJ 

1,052.05 Daanii11tilanii1 LLa::,.,qj1LL~nflL~a.iafifiLaiifi1L fi1riu 997.26 Daani'a.ittilani'a.i 

fi'1 fl1TI'1fl 4.28 4-rn17flfllJ1a.J la,_,::,_, Un'!J B'1f1'Jft WY1n'Jffln17'Yltl a B'1 lii LL fin fi1'1rlU 'Yl1'1 ft'Tifl 
'II • • 

au1..,iiuuthfi'l! {p<O.o5) ;..,91111.., 4.29 
...... ... ... ... - 1'I I ... ~ l!_f'r ... ""'... ... 

~ t:l'!J B'1 Btl'Yl LB,,.'1a.Jfl (Uft'a.JlJ flL1JUft'17n Bfl Lt:lfl -;i::"D1 E.I L 1'I Lt:i,_,::,.,Un'Yl';JlJfl1 • 
1'I T "'..1 ... "' t'"'""' ... JI!"• ..& ..1111., .r JI!"• L1JULfl7'1ft'TI'1'Yl,,.lJ'JfBU Uf1Ua.Jn11n7::';11E.lfl1 LLa::111 L,.,Lntin17Lflt:IBU'Yl Lfla.J1n'!JU 111 LWn'Jf 

.!! t ... WI ...... .r ... I ... I _, ... .r ""ti .k t .. ~· -~ ft'1a.117fltlfl"Jla.l a,.,::,.,un Ltlfl'!JU ,,..., • ..,~atif1Bn17JJ11Jtl~U'Yl ULlJBU flE.I L"D~'Jf {Bll"Dfl 
'II .. .... .,e; 

1';Jn'!JtU7flU:: LLa::flm::, 2552) 

fl1TI'1 4.28 tl1::ini111~n11tifl4a.i la,_,::,.,un'!la'1V1'JfLLfia::"lfilfl {Daani'a.11tilani'a.i) 
'II 

.... .,. 
tf\6fl1'tf n11~t1ia.1TnMtMin'llo'1wt1 (unani'a.11nTnnia.1) 

fl::rl1{Pb) 'YlB'1LLfl'1{Cu) LLflflLiiEJa.J{Cd) 
... ... 
ft''1n::w {Zn) L,.,an {Fe) 

.,. 
32.56 73.19 10.21 320.89 1,387.43 fl11L10'1 

fl11L~il'1 EDTA 44.74 78.64. 7.93 332.94 1,422.61 

IJtLiD 18.83 32.01 4.89 178.22 1,391.34 

IJtLio EDTA 34.76 39.15 6.92 265.22 1,713.31 

McH1LLfln 17.59 44.42 2.56 225.23 1,052.05 

McH1LLfln EDTA 17.96 52.23 2.99 241.26 997.26 

Mean std F·test slg 

fl11L~il'1 364.86 584.99 0.06 0.10 

fl11L~il'1 EDTA 377.37 589.09 

IJtLio 325.06 600.14 

IJtLio EDTA 411.87 734.91 

Mcf1ufln 268.37 447.13 

Mcf1ufln EDTA 262.34 421.81 

MIJ1EJLM91 {p< 0.05) • 
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.Pb 
oeu .Cd 
•Zn 
•Fe 

..... ti.... ~'I • -'11•• 
·;nnnTl1 Lfl11::'Vl'Vl1 L El'lLIJ11.Lflfi11ff::tUJ"ll£h1fl::fl1L1.Lfl11L 1El-3fl LllLflll 

afifiLm fi1TitJ 13.80% LLft::fl11L1t1-3flLfiiJafifiLm fi1TitJ 18.89% lJ::L;iafllaJLfii.iafifiLEI 
... I .... • .I .. ....... • .... ., .1 --...I ... ......... I .., 

lJL fl1fltJ 8.00% LLft::ll::L"llElflLfliJ Elfl'YILEIL ri1nu 14. 73% 'Vl'IJ1LLHfifl LaJLflllElflflLEIL ri1nu 
l,lll •• .I A ..... ... I .., 

7.46% LLft::'VlqJ1LLHflflLfli.IElflflLEIL ri1nu 7.61 % 
'I • -'11.1 a ......... I ... 

fl11ff::ffiJ"ll El-3'YIEl-3LLfl-3L1.Lfl11L 1El-3fl LaJLfli.IElflflLEIL fl1fitJ 26.95% LLft:: . .............. ..... .~................... . ...... 
fl11L 1El-3f1Lfli.1Elfl'YILEIL ri1nu 28.96% i.i::L,, £1'Yl LllLflllElflflLEliJL 'Yl1ntJ 11. 79% LLft::iJ::L "llElflLflll 

afifiLEIL fi1TitJ ,14.42% 'VltU1LL~nflhiLtlllElflfiLm fi1TitJ 16.36% LLft::'Vlqj1LL~nflLfiiJElflLfi1TitJ 
19.23% 

.. .. A "'"I... ....... I .... n11ff::ffiJ"llEl-3LLflfl Lll E.Jll L 1.Lfl11L 1El-3fl LllLfli.IElflflLEIL ri1nu 56.53% LLft:: 
• .I A ........ I .... A .N.1 A ...... illll I .... • .I A 

fl11L 1El-3f1Lfli.1Elflf1LEIL 'Yl1ntJ 43.91 % i.i::L"ll Elfl LaJLfli.IElfl'YIL£1llL ri1nu 27 .08% LLft::lJ::L "llElflLflll 

afifiLm fi1TitJ 38.32% 'VltU1LL~nfll3JLtllJElflfiLm fi1TitJ 14.17% LLft::'Vlqj1LL~nflLfillBflL fi1TitJ 

16.56% 
.... ..... • ...... I A ...... .. I 6" 

n11ff::ffll"ll £1-3ff-3n::ffL1.Lfl11L1El-3'YI Li.!Lflll Elflfl LEIL ri1nu 53.30% LL ft:: 
• ""... ......... I ... • -'11 I ............... I ... • "" ... 

fl11L 1El-3flLfli.1£1flflLEIL n1nu 55.30% i.i::L"lJElfl Li.ILfllJElflflLEliJL 'Yl1ntJ 29.60% LLft::lJ::L"llElflLflll 

EifiiiLm fi1nu 44.05% 'Vlqj1u~nfllaJLiii.1£ififiLm fi1nu 37.41 % LLft::'Vlqj1u~nflLiii.1£ifiL fi1nu 

40.07% 
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R 'I • ...,. I A ..... .. I .... 

TI11ft'::tUJ'lJEl-3LVlan LUfl11L1El-3'Yl L11Lfl11Elfl'YILEIL'Yl1TI1J 35.91% ua:: 
• ~ ............ I.... .~................ .... .... .~ ... 

fl11L1El-3'YILfl11Elfl'YILEIL 'Yl1TI1J 36.82% 11::L'2JEl'Yl L11Lfl11Elfl'YILE111L 'Yl1TI1J 36.01 % LLa::11::L '2JEl'Y1Lfl11 

EififiLmfhnu 44.34% viqj1LL~nmilLfi11EififiLm fhnu 21.233 ua::viqj1u~nflLfi11EifiL fhnu 

.... .. ti'"' ... ti ..... ~t .... •'I 25.81 % fl-391111-3 4.30 'JJ-3'11TITI11L 1tl1J L 'YI tl1JL El1L'lfUflTI11flfl"D11 aV1::VIUTI'lJEl-3W"Jf LU ,. 
'YITI"JfflTI11'Ylfla El-3 liJ LLflTifi1'3rlU 'Yl1'3mlfi El d1-3£iut1ft1fin1 (p<0.05) tl-3fl1TI-3 4.31 • • ·.i 

.............. -1" .... ~ 'l!'I' .... ~ ........ 
~.Ja'll tl-3 Elfl'Yl LEl'JJ-31lflmft'111Jfl L1JUft'11TI Elfl La fl '1::-u1 ti L VI LaVl::VIUTI'Yl'11Jfl1 • 

f'I 1 " ~ .... " 'I ... ... .... J 'I " ... "" ..a. " ..r J 'I .,. Luu fl1'3ft'11'3'Yl'Jf1J'Jl'EIU L UflU11TI11TI1::'11 tlfl1 ua::111 LVI LTiflTI11LflaEIU 'YI Lfl111TI'2JU 111 LVIW"Jf 
~ t .... 'II ., ... ..r .. I ... I _, .... ..r ~ti ,f t 'I~· A,0 

ft'11111tlflfl"J111 avi::viun Lflfl'llU 'JJ-3ft'-3~aflflEITI11lJ11JflWU'Yl UL1JEIU flt! L'DW"Jf (£111-ufl ,. ..... ...., 
1'1n'llm1flu:: ua::fltu.::, 2552) 

fl1TI-3 4.30 TI11Ltl1t11JL fit1utl1::i'Yl~ll1WTI11flf1411 tavi::VIUTI'lJEl-3~"JfLLfia::"Jfitfl ,. 
...... 

1f'M9'W1f nJ oi'L!t'Mti' n11~e.iu Ta'M::'M\l' n21 D\lft1f 
~ 

fl::n1(Pb) 'Yl£l-3LLfl-3{Cu) LLflflL£it111(Cd) 
.... ... 

ft'-3TI::ft' (Zn) Lvian (Fe) 

9'11L1D\I 13.80 26.95 56.53 53.30 35.91 

9'11L1D\I EDTA 18.89 28.96 43.91 55.30 36.82 

u:ailo 8.00 11.79 27.08 29.60 36.01 

IJ::Lflo EDTA 14.73 14.42 38.32 44.05 44.34 

'Mqj1us.Jn 7.46 16.36 14.17 37.41 27.23 

'Mqj1LLs.Jn EDTA 7.61 19.23 16.56 40.07 25.81 

"Jfitfl 

Mean std F-test slg 

9'11L1D\I 37.30 17.94 1.51 0.23 

9'11L1D\I EDTA 36.78 13.92 

IJ::Lflo 22.50 12.03 

IJ::Lflo EDTA 31.17 15.34 

,.41us.Jn 20.53 11.82 

'Mqj1us.Jn EDTA 21.86 12.10 

'MIJ1llL'Mf! (p< 0.05) 
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wnL~a-t wnL~-t ll:afa 11::1fa ..,qiluJ.ln 'KqilLUJn 
EDTA EDTA EDTA 


