
'~MJ1,~m~t.a~~lMU1LriM£'t.lJnL~ll'lriL~uLm~G~f1~m"ltLLJI1Lt.S~t\L~.BM

J1,"'fi~t.a~alMlJu.riW't.l11l.f\~'4W6~~~\ri~\~Gz'e;

uunuL~11.14

B€SZrf~L!'1ill.LJV~~11fiL11UUtZ~~~11\'ijMJ1,~m~lIij~tFLMLru.m.4M.l
'I

tllJLtYl.liJ.riL~fi"lrtl1j16'~rfYN~~ij~\ri~\~ijre I,,

t'LIJ'tfL".ijM
~~m~~ijW4UlMLllIJUJ"'''~'111\f1~LJ~ij~\f1~\~G.s ,

tlUI1lJ.es~11L~B€SZ'rf~Ll1'ill.U •

17~~~t1f1Lt1tlULZ~~t1\'t:!M.a,~m~~ij~ULMU1LfiMM..ltlLJLtYl.Uj,riL~

ri~l'~M.u.l!)m~~~~MulM.ru.fiMM..lt1\m.{1f&Lu~~~'L~~W.~'z
~LLJfilJ.LOtt1t11L~B€SZrt~Ll1'~uV~~t1fiLt1UtFLZ~~~'~M

,

.u.l!)m~~ij~MtFlMLr1Lfi~lt1\f1~~~W.ij~Ut1~\LrfL~!fU~x.t ,

G~lAlJ1~e~'~f1"rik-~LJ

t1~'L~LrfL~IiC{\~~~ij~r~~~vLL~c.."\IJ't1ij~rfU.88SZrf~Ll1'lll.UV~~~
I...."I

8S9Zt1IiLt1htJtz~~L~t1\t1xuLA.tW"'~tlm~Il~'~LUt1t\'L~Iilf)l'~M.a,lf)m~~G~Mulr ,,

l:!Ll1Lfi~~lUUL'U.!J1fiL~lJL~~Lr1Lri~tlt1\1iC{L~~W.ij~,fiG~Il~'

Ii~LUt1~\~rij~'t

~tmr.•.s-

fi~ULU~U:~"~~c.. nWWW"

81dWl ,



2. qun~~L~~n~~

2.1 Lfl~!l~t)m:~~t) (analytical balance : NA 264, Oertling)~ S&c

2.2 Lfl'!l-3l..Jt) (blender: Moulinex type 241)

2.3 Lfl~!l"~LUn TmT~T91~L91!lfrt)n~~t)n~LU'l-lTt)~!l~!lJJ

(Atomic Absorption Spectrophotometer; AAS : Varian Model Spectr AA-300)
, .

2.4 Lfl~!l"li~l (water bath)~ Heraeus
...

2,5 ~~t)!l1mfl

2.6 ~!l1J (hot air oven)~ Memmart

2.7 L911Lywh (hot plate)

2,8 TfI";l"~ (desiccator)

3. ~TILflij~L~~mm~

. 31 lmfl::fll~JJ1~

3.1.1 ~::fll~JJ1~fl!lULU!lft~Lm91 (copper nitrate) ft~Lfl~!l"

~LUnTmT~T91~L91!lfrt)n~~t)n~ ufl..lTt)~!l::91!lJJ fl'llJJL;;JJ~~!l"fl!lULU!l~ (copper) 1

~fffin7JJfi!l~fffiflm ~!l~ Farmitalia Carlo Erba

3.1.2 ~m::fll~JJ1~~"fl1~Lm91 (zinc nitrate) ~Lfl~!l"~LUn TmT~

T91~L91!lfrt)nTI~t)n~~"fl..lTt)~!l::91!lJJ fl'llJJL;;JJ~~!l~"~ 1 ~flfln7JJfi!l~flflflm ~!l"

~ Farmitalia Carlo Erba

3.2 mt)L~mm;;JJ~ (concentrate nitric acid) AR Grade ~!l~

E. Merck

3.3 n'mWfl~TIm;;JJ~ (concentrate sulphuric acid) AR Grade ~!l~ E.

Merck

~inm'lJ

1.41qumMi",?lL~~n-mLfl71..~ L~ il~f1n~ Lfl~"LLn1 LLfl::'lnt)Wfllfl~n

'W!l~LlJ~ (polyethylene) ~~::fll~fnlJti", LL~L~~::fll~n"'lt~mn
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m1~L;;~W-WtJi'll: 10 LWL1i'lW.J.I1tu 12 ~1T3J~ L~EJL~GtJn~"fI~lnmnMfiEl'l.41JEl~

fl,m~LLi'l::Y1EJ~LL~N LL~1!jtJn-miL\<ffi~1l\'~L~fl::EJlfl~1tJJ1n~~fILElElEJ'1.4 (deionized

double distilled water) (Osborne LLi'll:Voogt, 1978)

1. n-mLt'l'rl::w"'-n..R~lt\~m~LfltJLt'l~il.mLtJnLmLwL91iiL91Elf)fIn-nliJfln~'I.4LLfl.lLfltJ

il::9lil~

.. " ,
1,1 n-nLffltJ~mEltJ~

" "
~lmil~""'LL9ii'l~~~lU~ Nff~Wi'll:L~u~L~hLiMLt1El L~mn'1.4 'i.nmZ'l.4~~l

Lil1milf.h~~i'll:L~tJ~LL~1EllJ L'I.4~mJ~'I.4mil~~LL~~YJ ~1~1tm'il L'I.4t)~~i'llff9in'l'mf\LiJff

L91il7 (polyester) t1~L~YJLL~1LnlJL'I.4Lt1";lLL~ L~il7ElmTILt'l"~ n-mt~mEl~l~LW1Jil~

LwrlL-.1\41mil£h.."MtJ~L'lIItJWLt1~El~P)-nr1~w1tJ~~1917i'l~trEl tJ~r1il'l.4\41Ll1lLt'l'rl:M

1,2 n-mLt'l,,::w"'M~lt\lfl~nl:~L'I.4mil~l~

~l'VI1Znqbil~l~LL~il~~i'll:LfitJ~ 2-5 n.,~ Lfl~L'I.41J1~~~~

(erlenmeyer flask) W1~ 100 lJi'l. ~iltJ'l L9i~m~L'I.4YJ~nL;;~W 10 ~i'l, L1J~lLlJ1'l L~L~hn'1.4

~L~.J.I1tu 2-3 WM ·~nn~'I.4~iltJ'l L9i~mflorfWh~nL;;~W 2 ~i'l. L1J~lLlJ1'l M4f1n'1.4

~L~.J.I1tu 5-10 'I.4-M L7-Jn-n~iltJLfltJn-nL~m1~-W'l.4El~~il'El'l.4'l LfltJ91m1nL911L..wh

LLrlffm::fi1tJmEl£i~L'l.4ID~~~ffTIi'll:i'lltJL~ il~ LLi'll:L~m1~7il'l.49iilLtJwm~t'l11.4~

J 1911i'l1Jil~n~~L'I.4mn~~LLi'll:Lfi~t'l11.4~1Jmil~m~or~n ";1L~L~'1.4 LLi'l::n~~lJl'I.4n~~"M

n~~LlJil7 541 (whatman filter no, 541) ~L'I.4ID~trnJ~~lffl (volumetic flask) W1fl

25 ~i'l. LL~lJ1ffl~1tJJ1n~~~Lmlil'1.4 9iEJ~ln~'I.4~lff1~::i'lltJmil~~lJl'I.4m7~iltJ

L~L'I.4mlll'M'llff9in~ilf\Lllm~t1l1l L~YJ L~Il~mTILt1"::'lII'T~tJLt'l~El~ffLtJn LmLWL91

iiL91El-fillln-nliJfln~LLfl.lLlIltJEl::9lEllJ (AOAC, 1990)

1.3 n-nL~tJ~ffm::i'lltJ~l~

ffm::i'lltJlJ1~oil~~'l.4Lffl9l (zinc nitrate);1L.rt'l.4mTI~tJdnm1~L;;~W

0.5 1.0 1.5 2.0 LLi'll:Z.5 ~fln .IlJi'l. L~tJ~LlIltJnl'll~El~~::i'lltJ~l~oil~t'l''I.4Lffl9l

L4i'~W 1.0~n j~i'l. ~1tJJ'lni'l.4~fILililll'1.4 (AOAC, 1990)

1.4 n-mLfl'rl~ (AOAC, 1990)

111lfhn-nliJlIln~Ufl.lLlIltJll::9lil~1Jll~::i'lltJlJ1~oil~~1olLm9l LL~

i'l::i'lltJmllU~UEJtJLLfhLlIltJLfl~..mltJn TmLWL91iiL9111~lIln-nliJlIln~LLfl.l TlIltJEJ::9l11~

22



, . "
mu,nt~-l9iiJ'ttKt

n~tLLff'tww, (lamp current) 5 jjl'1ilLLiJJJLL~

m1JJn11~''LLli-l,,h104 (slit width) 10 104111o4U.Jm

m1JJ!.Jnfl~104 (wavelength) 2139 104111o4U.Jm

L'IfnL104mTI\I1 (measurement time) 2.0 'h.IlYi

LUm'tW (flame) iJlmflLLI'1::iJtL'lfYMfl104 (air-acetylene)

1\11!.JL~m'i'LLn1Jjj'VI~ (background correction mode)

15 n1'i'fi1104'1tl4 (Osborne LLI'1:: Voogt, 1978)

n'i'1WLLff\l1"m1JJa-JJm.th::wil"~ln1'i'~\I1n~LLli-lnlJm1JJL4fJJ1M'JiJ"a-,m::fi

L104~~ 1 M~lnm'i'1'11m~fIl'i'-ll<i 1104~lm'i'~ \11nfl104LLli-l1\11 !.J iJ::fIliJJJ'J iJ-lffl'i'l'1tI'11!.J 3<lf1l'i'Jl104~''.-I'
't104L~ml3<L1M1M 0.5 1.0 1.5 2.0 LLI'1::2.5 3<fln ./3<1'1. ml3<L4f3<1M'JiJ,,a,,n::fiL104ff1'i'

1'1::1'11!.JmiJE.i~E.i iJ!.JLL~'I'VI~ln m-ml~lm'i'~ \11 n~LLli-l1\11!.J iJ::fIliJ3<3<11l'i'::Ljj104LWml3<L4f3<4f104

'JiJ"a"n~lnn~ 1 ml3<L4f3<1M'JiJ,,a-,,n::fiL1044hiJE.i1''fi1104'1tl4't~~,,.a•

a"n::fi (3<n./nl = (A x B x C) / 1000 W

rl''l'Vl104\11L~ A = ~lml3<L~1M'JiJ-la"n~'t~~lnnr1WLLff\l1"ml3<a-JJm.th::wi"'~lm'i'

~ \11 n~104LLli-lnlJf1'Il3<L ;;3J1M'JiJ-la"n::fi (3< fln./311'1.)

B = LLWmflltl-m1'i'L~iJ~~::fl1!.J (dilution factor)

C = tRJJ1~::fl1!.JmiJE.i", (311'1.)
"W= \oi1'VI1ZnmiJE.i", (n.)

2. m1iLfl'i'1:M'Vi1tR3J1tlmiJ-lLL\I)-lI\1)!.JLfl~iJ-lffLtJnImlwl~LfIliJ-n\l1n1'i'~\I1n~LLli-ll\11!.J
iJ::9IiJ3J

2.1 n-mfl1!.JJJmmJ",

LfI1!.J3<L,juL~!.J'Inu4iiJ 1.1

2.2 mTI\I1'V11tRJJ1tlmiJ-lLLII1-lL104mtlE.i,,,

~lLU104n-m,juL~!.J'Inu4iiJ 1.2
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2.3 n-nL~~~fl1'mtfll~~l~

fl1'mtfll~~l~tliJULUiJ.fl'l.lL9m1 (copper nitrate) ~1~'I.In,m~dn
1/1/ -T.

t1'll~L'IMJ'I.l 0.4 0.8 1.2 LLfi::l.6 ~tln.l~fi. LWW~L\I1~n1'l"L~iJ~~tfll~~l~

tliJULUiJ.fl'l.lL9m1L,j~W 1.0 ~n.l~fi. ~'lm.rln~'I.I~\I1'tiJiJiJ'I.I (AOAC, 1900)

2.4 n1TILtl'l"1:M (AOAC, 1900)

l'\11 f11n1'l"~ \11 n~'I.ILLfI"1\11 ~ iJ::f1iJ~~iJ"f11'l"fi::fil~~l~t1 iJULUiJ.fl'l.lLfflfI

LLfi::f11'l"fi::fn~ fl1 iJ £i~£iiJ uLLm1\11~Lt1~iJ"f!LUn 10m1w1f1SjLfliJf)\I1n1'l"\I1 \I1n~LLfI..l1\11~iJ::f1iJ~. .
~1'l::~,,9iiJ't~

n'l"::LLfI'twyh (lamp current) 4 !lflflLLiJ~LLU~

t1'l1~n1miiJ"LLfI..lNl'1.1 (slit width) 0.5 'I.I1T'I.IL~f1'l"

ml~~1'ltl~ (wavelength) 324.8 'I.I1T'I.Iu.Jffl

L'lfll1'1.1n1TI\I1 (measurement time) 2.0 1'I.l-M

LUm'tW .(flame) iJln1flLLfl::iJ::L~ (air-acetylene)

2.5 n-nfi1'l.l'lm (Osborne LLfl:: Voogt. 1978)

n'l"1WLLfI\I1"ml~fl~W'I.l~""f11nTI~\I1n~nlJml~L,j~W'lliJ..miJ"LL\I1 1'1.1

~ 2 M~lnn1'l"film~9rnN1'I.lf11n-n~ \I1n~'I.ILLfI..lT\I1~iJ::fIiJ~'lIiJ"fl1'mtfll~~lf1'lJl'1.l
, ~

tliJULUiJ.fl'l.lLmmt1'll~LWW 0.4 0.8 1.2 ueei.s ~tln.l~fl. ~.nr'l.lt1'll~L,j~W'lIiJ"

fliJ"LL \11,,1'l.lfll'l"fl::fll u f1'ln£il,,~£iiJ ~LLthl·11M~lnn1'~~1f11n1'l"1iJ. \I1nfl'l.lLLfI"1\11 ~iJ::f1iJ~~l

t.I'l"::L£j'l.lLWt1'll~L,j~W'lIiJ..miJ"LL\I1~lnn~ 2 fl'll~L,j~W'lIiJ..miJ"LL\I1,,1'1.14rliJ£i,..,

fi1'l.l'lmM~-ni

fliJ"U\I1" (~n.ln.) =(A x B x C) / 1000 W

ri1m4\111~ A = f11tl'l1~LiJW'lIiJ..miJ"LL\I1~'t~~nnmLLfI\I1"t1'l1~fl'~W'I.l~""

f11n-n~\I1n~UfI..lnlJml~L,j~W'lIiJ..miJ"LL\I1" (~tln .I~fl.)

B = LLWmfliJ-srrrn~iJ~1-.lfl1'mtfll~ (dilution factor)

C = t.R~19l'lf1 rni..'1l1~miJ£i,.., (~fi.)
~

W = \.i'MlXnmiJ£i,.., (n.)



3. n-nvrn.nJJltl.l.fl11~1Jt)-3mt)~1I'J (AOAC, 1990)

tJiJJltl.l.fl11JJiullEl\lmEl~mlT~!.J~1mtnmll!.J'~flflt~!.JflLWLdmfl!.J1n~

EllilffitL~!.Jfl 2-3 n~ \l1~'I·mli1l'Jlt1mJt'U~i)vA~tl.l.WJij 102 ± 3 D\lfflL'~f1L~tJff wn~

l~J~n~\IYl1.413Jlti1'U1tl.l.wn.Ji3Jltl.l.t1113J~LW';D!.Jflt~~

4. n17ti1'U'Jmm3Jl~ntftLLfI:mtNLL~\1L~tn\117tJ1~lL~~n"'~tb!.JL'U

T~!.J 11J1MD'V'ffii)flfl!.JLflt' 'fW,
'II ~ .

tJi3Jlmfl\lnt~LLflt~D\lLL~-3L'Um\11'n.!C\ltilL~~ftl~m,~U!!.Jl'Ul~..m!.J11Jlft

til'U1tl.l.'JlmJi3.l1tl.l.H\lntftLl,~t'l'lll"LL~" LW~f1q~lJ~L-HLtJ'U~~tJ~nEl1JL'Un~m\11~LL~t

'J1'UT~!.JtR3.lln~,m~LLfI:mll\lL~~\I1~",nf11m~~~~T1tvl1'U~ll 1. LU,t 2.

... .." ......5. nmLfl"tmJt)~~1\Ifffl'll

Ltn!.JlJLYl!.J1.n.IiJJ1~ntflL~f1::fl£l\lLLfl\lt'UD"M~mL~ff"Mi1.n.J;nl,~th!.J1'1.4

t,-."w!.JltJ1fI~1~~lnn1't5~fl"mLLfltn"ti1'U1tl.l. 1.41N~1~JJTIL~"mf'l113.l LL'Ilf1 fl1\ItD\I

fhLQ~tJTfl!.J~n Student's pair t-test m17tl.l.lfl11JJLL'Iln9i1l'Jll~,..,n,xmf1tltlJ'l'l1l'Jfffih~lJ
f'l11JJL!El~'U';mJflt 95'(LtlJJf1i 1ha~-nfI~, 2531)
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