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Abstract: The electrochemical analysis has been developed by using the potentiostatic 

reduction of lead-analytes to become amalgam at working electrode. The specific voltage 

potential of oxidative lead related to the time and concentration of analytes when the lead 

metal , reoxidized , presented in potential-time curve. This stripping potentiometry (SP) 

technique was validated using atomic absorption spectrometry(AAS). The results found the 

linear range of potential-time curve of lead and detection limit were 5-30 ppm(/= 0.9966) 

and 0.4-1.2 ppm(s/n = 3) respectively. 
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~1f1'\1~ ~1f1~ L'VItl 1'W Vll '\1 tfl~m 'W 1fl1l11fl~ t 'W fl1~'W~'W 11'.61Lfl~1~ '\1 '\I 'WlJ 1 ~~ fJ1'.6'W ~ 'eJ-3lJ 

Jl'\1U m1Jl ffllJl~ mfl~'eJ'WihfJ111~lfJ ijfl1llJ bLLtl~fl1llJLL1,j'W~1'eJu1 'W 
'" 

f1l~-W ~'W l1ti1tfl7l~ M'1 ~ fJ~~1J'ULL ff -3LL 'Vl'Utij'W 1 1.1 11,j'1111 'W '\IW ~rl' til~-3 ~l fl 
'JI ., iJ 

9/ "19/'" _I ... "".,.. ""'" 9/ "" """" '" 9/ 
~'eJ -3 ~ "If'Vl~~]J f1~ W tflt'J1 f1'lJ Hff -3'VlCJ11J CJ1~'W Utl~ VllJ-31'W 'Vl ~"lffJ1"lfl t1! 'Vl-3 ~~ 'U 1J U ff -3 LW~ 'Vll~~ 1'W 

v v 
~ d ~ tI QI Q.I Q.I G) 91 do 4 tJ' 4 lI) ..... I_SH 
'eJ Ltl fl'Vl7 ~ 'W fl ff'\l 'U ~ -3 m'Wl~ 'Vl1-3 ~ -3 'W 'W fll ~ t "lftfllJ 1 Lfl ~ l~ '\1 t"lf~ t l"n'n(Electrochemical 

, ?I <!I -k "I "" ... _ I"'" ~ 
analaysis) 'W 1 ~~ tU'W VI 1-3 Ltl'eJ fl'Vll-3'\1'W -3 ~ 'W fll~1 tfl~ l~ '\1 '\1l]J ~lJ lW ~~ f11U'U'lJ f11l~ (Screening 

v 

test) ti'eJ'W~~Vilf1l~~~1~-w~~tf~'WV'W~1mVlflilfl'eJ~~'eJlJiJflU'eJ'UCJ1'eJ1'U~'W ~f1Vi'-3V-3t~'Wfl1~tl~ 

~1'W1'W ~1~Ul~~ ~~~.,r 1~11'~~t1~'11~ fl1~ 1~ fJ~'WfJ'eJlJ{I~t1~~ ff'Vl i.fll'Wfl1~ 1Lfl ~ l~M'tl-3' t1,j1-3 

H~ Il-m fl1~ 1Lfl~ l~ MV-3 tij'Wv\ fJ~lJ ~'U 111 

"I • "" '" ... "'" III _.I_~ "" ""''''' "I 9/ <!I "I 9/ di .... '" 
~ 'W ff1WlJ~ -3 t 'Vlfl 'Wfl1tfl ~l~ '\1 t"lf-3 n"rn llJ '\1 mfJ1 '.6 ~ '\1 ttl 'eJ fl t "lftll'eJ'V'l ~l~ W ltl fl1:lW ~ '\I 'eJ~ 
't t 91 iI " 'JI 'JI 

~1'eJU1~fi~lfJfit1~ ~~tij'Wih l1-3'lh~llJ'.6~~ll"lfl~Htl~ihVi-3 ~lfl1 H-3l'W~~ffl'\1fl~~lJ ~~ij 

1 'eJ ~ 'eJ'W '\I 'eJ -31 tll1 ~ '\1 tllfJ"lfU ~t1 ~ t1'W 'eJ ~ LL~;;-311,j lJlf1'V'l 'eJ v\ 'il~ 1~1ti flLtlfl1 ~ ~ '1 tl ffff 

(Electrolysis) 1ti11LL'VllJtlJ~1(Voltametry) '\1~'eJ 1'V'l~11tlf1~1~ (Polalogroply) ~~~tij'W 
"",,,,,.d .d, di <!I "" OJ 9/ 9/ "I 9/ '" Q ... t di 
1 '.6'Vl L'VIlJ l~ ffll'Vlt1~ U~ Lfl~ ~-3lJ 'eJlJ fl11lJCJ11JCJ1~'W lJlf1 ~ 'eJ-3 t 'i1~~ 'U'U 'eJ ttl flVl~ 'eJ'W fl'\l'W ~ -3 L'V'l'eJ ~~ 

1tfl~1~M't1~lJ1W f17~Hff'1l'J.yjll'W~~~'U '1lJ 1fl~u'eJlJHtl1il-3'Wl1 'Wu'eJlJHtl1(~A-nA) Htl~~1tfl~'eJ-3 

ij'eJ ij ~lfllLL'W~ lJlfl fll~4'eJlJll~~1'W 1~ fJf1Tn~ht .,rl~lfl ~1-3 t1~ ~ t'Vl fftij'W f11~ '11,j~lJri 1~-3 
v 

'Vll-3l1l'Wfl1~illlJl '~~1'W Utl~ fl1~illlJll ~fl1~fff11:1l~1lJl1-31 ~ 'Wfl1~rllfJ'Vl'eJ~fl1111i 
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fn'JH;!VIf'l'wflrr\9l~,jil'll't1!V1'U;l~HlJ\9l\9l~(Stripping Potentiometry) aB'I1I'J~~fll9i''J1lJfj)lfl 

L'VlflUfleJ~ l'U~fl rr\9l~1Iil'l l1f1U'VllJLlJ\9l~ (Anodic Stripping Voltammetry) UfI~ l't1L'Vl'U;leJLlJ 

"" t d"l 91 OJ d "" lIJ _~ ,J • OJ 

\9l~ (Potentionmetry) fj)lm'Vlfl'Ufl'Vl'lrreJ'I'Vl !Gtf'Y/f1 flf11'J'Vl1l'J lJ1W 'tI eJ'I fl'J~ LLrr ! 'VJl"l1 fj)~ 'tI'U eJ '!Ifl'U 

1I~lJ 1W 'tI eJ'Il f1'Y/~ LLfI~ fffliJh.JVJ1~ lf1'Y/~ Lfl~ fl1HleJ tl~;,~CJ1(oxidize);' 11 d~J'U ;'eJeJ eJ'ULri'U fi1 

'" L'i1't11~ ~1't1 eJ'Il f1'Y/ ~ U~ f1~ (;)fW~ W rr fl11~tl' 'U 
J/ ",,,,,,,, .. .1 t '" 
tl)f'l11i 1Lfl 'J1~ 'Y/'U fj)~ fl 'J eJ'Ufl~lJ 'Vl'l 1I'JlJ 1W 

"'. . 
{im1'1Lri'U11Hlrr~~1fl ~1Lfl~eJ'I~eJ hili 

Q tI .:::. a'G'f d Q,I 

1Lfl 'Jl~ 'Y/ UfI~ fJW fll't11Lfl'Jl~ 'Y/ ! 'U nfllL~ fJ1tl'U 

OJ 91 91 ~ OJ nl .. nl ?I.A ~ lIJ9I' lIJ' 
fl11lJ<l)f'U <l)feJ 'U rr1lJ 1'J fl rr'J 1'l'Y/'J eJ fj)~'Y/l~ lJ tl'J W lJ1lJ 'J~ tleJ 'U L1J'U Lfl 'J eJ'IlJ eJ !~ '11fJ 'J 1fl1 !lJ U't1 'I 

rr1lJl'J fl Lfl~eJ'UlhfJ;' 11 'Vi 1'1 1'Ufl1flrr'U llJ;'~ rr1lJ Tifl1Lfl'J 1~ 'Y/1 ~ 'W 'J~ ~'Uri1'U i 'U ~1'U ri1'U 

~ .A ""n I~ 'I' "',. '" ... ."f d! '" 91 
fl1'J rr11'1 Lfl'J eJ'Irr\9l 'JlJlJ'I ! 't1 L'VlWlf ! eJlJ L\9l tl'J tlfJH'I1CJ'tI'U lJ 1 <l)f'llJ 'J1fl1\1 tl rr1lJ1'J flrr'J 1'1 

"f lIJ9I ~ "'nl '" '" 91 lIJ_I9I' OJ "191"1 OJ "I .l 91 lIJ9I • 
'tI'U !~Ltl'l fl'lfj)~lJlJ'J~rr'Vl1'ifll't1~tlfJfI'I !lJ1J1'1U\9lCJ'Irr1lJl'Jfl!'lf !'Ufl1'J\9l'J1fj)1~ tW'Utl'l\9l'U!~ LGtf'U 

ii, ," iI 

i'U fl'JW'Y/~,j1'Ufl~~H1li'J~~'U\9l~ fl1i'Uih~'1lJ1fl 'Uiltlfj)ltltl''UV'IrrllJ1'JflU1lJ1 t ~t 'U tll'J L~ fJU fl1'J 

rrtl 'U'Vi 1 '1,rUiY\9lLfl~fl11lJL~1 t fj) Lfl~fl11lJ L~mt'U i 'Ufl11lJi Lri'UU'U 1'Vl1'1 '1 'U tll'J.wWJ'U1~ mi1eJ'I t 'U 

tl'Ulfl\9l 

. .., 
~~fl1 

'" fj)lfltl''ULihtl1tllfn~1;' 11 tltl fl~Lfj)'Ut 'UeJ1tllfYfj)~'Vi111fifl~fJ1fl'U\9l~ ~1Ufl~ ti1lJ~~'U Lri'U\9l~ ~1 

eJtlfl ;'<l)f~ (Leadoxide) UfI~nl<l)fcirflL'VJtl1;'~tltlfl ;,tl)f~ (Su1ferdioxide)\9l1lJth~'U nl<l)f 

cirm't'ltl1'1fleJeJfl ;'<l)f~ fj)~ \1flU1;' 1I~~\9lLri'Ufl'JfltillJ~~'U(Salfuric acid)~tl;' 11 ri1'U \9l~~1eJtlfl ;'<l)f~~ 
~ 0 "''''.. 91"'" '" d~ lIJ 91'1' ~ mfleJfj)~'Vlltll'J'l'~1tl)f (reduce) ~1CJfl1'l''Utl'U tflCJfl1'U'Y/'U'Vl';ltl'U fj)~ !~ !f1'Y/~\9l~tl1 

tl' tl1l'J~ 1~ fY1rr\9l1;,~'t1'U'Y/~ tlil'U~urr~'1';h1l'J~lJ1tu 5,000 iltitl'U'Y/U Tn "I11'lfl~ fl 
l'U'l'lW ;,~it[tlfl~'1\9l~~1U~1 li tll'J't1'Um~tl'l\9l~ ~1~'U~ntuU'Y/f1lJ Iberia t 'U~fll 'J~'Ui'lL~tl'lli . '" . 
fl1'J"'fl'Y/l\9l~n1'U~nW~lJ'Vl~ LflLlJ~L\9ltl1L'JLiAfJ'U m~tl'lm!:hiA~~\9l\9l~ n1 ;,mJfI~ 50,000 ~'U 

fj)'U f)'1il't1.fY. 2370 ~tllJ1Ldtl~ 1'J1Iti'11L~1~~fl~\9lrr111flnlJfl111J~eJ'Itll'l'i'U tll'l''U~lflfl\9l~ ~1;'~ . 

~ J at c:, QI Q,I ~ lfJ3Io ~ .d t 'j} 

L't1lJlJlfl'tl'U mlJtl'l\9l~ fl11 'U tl'lflq'l:lUfI~ Wtl'J1J'U fj)'1 t~~lL'U'U ~l'J"'~tl tlfl'J 'I ;'~'t1'U'Y/~ flil'U 
" , • 'JI IJ} ~ d 

urr~'1';h ~'1U~1f1tl;,~it[fl\9l~n1;'~~~\9l~~fl1tltlfllJ111'1iY'U 260 ~1'U~'U UfI~ 85% 'tItl'l\9l~fl1'Vl 
. '" 

~~\9l ;'~\1fl"'~tltlfllJ1i'U"I11'1 200 11 lhh'UlJliAL~N 
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GJi'N n "1~lJ'\fl:l6t~'tJ,,~ tJrl ~HJ~~ ti'1~~ t,hrvhH1V fl ~'U7 7 tJl fllffir.u ffllJ17 f1 mj ~ 
vvmtlu 5 GJi1~ ~V 

. " 
LN1'\lU7~L'I1mtlutV'I1lJ~ tv~~fi1f1flfl11lJ~U'tUmfl1ffVhlM'fl1'UHuuLL~1itJff~fflJV~lU~Ui~ 

~ ~ 

• .A do .:::::t.-=s QI ~ , ~ .d .d. A 
- FJflVi 2 iJ 'V'l.ff. 1993 - 2293 tlJVlJfl17'Vl'U11ifffl~t~UVVfl'\llmt7~'U'VIlJ 1,,'I1~VU'1 

NfflJvd'l1mtJG)fQ~ fl17tJ,,~tJrlVtJ~~ti'1vVfl~'UntJ1fl1ff~~UVtJ"~ 
..i ""'" 13)' "" OJ 1 .J OJ 3)111 3) ~ 0 '" - f,lfl'YI 3 lJ'4'.1:W'UtJlJ 'lfmu'I1U tUfl17LNl "'I1~NfflJtL'VIU'VI'\l~ t'lf tlJ t1JUfflm~fflflqj 

VVfllJl~1tJ 
..; -::'1 ~ 3) 

- f,lfl'YI 4 1J 'Vl.ff. 2468 t1JU~UlJl 

tJfl~tJ rl V tJ~~ ti'1V V fl~'U7 7 tllfl1ff 

- FJfl~ 5 'tulI'\l~UU1ifl17fl1'UfllJtJ1lJ1W~~ti'1'tU'U77tllfl1ff'\JV~ 1"flV~1~'\l1~.u~ 

1 " . tJ7~ tJ'lfwlm~~~fi1 

~~ ti'11itJ7~ 1tJ'lfu lJlfllJltJ \l flih i tJ't~l U'I1fl1tJltJH'U'UffllJ17 f1ff1tJ ';h fl17 't~~~ ti'1 '1 U 

'~I ~I "" 1~fl17'Q~ffl'l1fl77lJ u'U~t1JU 2 1J7~1J)'V1 flV 
~ do' cr, • 

1. ff17tJ7~flV'UVUU'VI7tJ~~fl1 L'lfU 

1.1 1,m~ ~~ti'11~NfflJlum1~ lm1~ NfflJ'H~VN~L~VlJU~fl~l,,'H~ UllJ1VhLtlum'4u 

" 'Qlflfi'Uff17filJ~U~~~ft 

1.2 VVfliCJf~6lJv~~~ti'1 i~ml ~~ti'11lJU Vfl iCJf~(Lead monoxide) l~lu 

~~ti'1VVfliCJf~(Lead dioxide) l~vhLtlu 

.J~1 A .... "'" .A 3) .A "" 
U'U~L~V7 ·,,'VI1 fl'l1~t'VlVflUffUlJ Lfl7V~Ufl1 tJl~ Hfl~WI7V~Lfl"V'U 

1.3 ff17tJ7~flV'U'\JV~Lfli1V~~ti'1 '\llflfflJU~1i~ft~l~'1nU '41~i!tJlJl~Ltluu~ft 'H~V 

ftNfflJlu'Q~ffl'l1fl'J7lJft tGJiu ~~ti'1mi1v~(Lead chromate) ~~ti'1'\J11(Lead carbonate) ~~ti'1 

oi1"L'VJ~(Lead sulfate) 't~lu 'Q~ffl'Hfl77lJftH"~'I1ijfl~1J'l.{ ~~ ti'1V~o)fL'VI~(Lead acetate) l~l U 

'Q~ffl'l1 fl77lJLfl~V~fflVl~ fl~lJ 'triNlJ 
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2. ffl'i'lh~f)tI'lJ~h.A'V1~6!ijtl-3\9l~tr1 i~mi t\9l\9l'ilW~'I:1 m~(Tetraethyl lead) U'l:1~t\9l\9l'il 
"'" ,,91='1 OJ d <9 _!Ii OJ dt 0' 

t'lJ'.6'1:1 m~(Tetramethyllead) ~C;]HU'U "ffl'if)'U'Utif)" 'HH)ffl'ilJtI-3f)'Um'if)'i~~f)!ijtl-3tfl'itl-3t1'U\9l 

o 'i',,9I,,:<V A dt,,9IJ' Ad. ,J 
t1'1:1l'V1l-3l'U ~~tI ~"lfNff'lJ ~'U'Ul'lJ'UttJualf'Ut'WtI ~m"lftlt'W'I:1~'lJflle:le:lm'VI'U"l-3!ij'U 

\9l~ tr1 ~~ trJ'U ffl'i-W1:l1 'U f)~ 'lJ i'l:1'H~ -W'H i'hh~ itl"lfu mh-3'lJl f)'lJlt1 t 'U'VI l-3~ \9l ffl'H f)'i'i'lJ 

tn'H\9l'i f)'i'i'lJ U'l:1~'VI1~~1'U1'V1t1lftlff\9l1 t~'U~'U NtHnf)m'i\lf)ill'lJl1~e:lrh-3'lJlf)'lJlt1'Vh 1 M'iim'i 

f)'i~ 'i1lt1~1!ije:l-3\9l~ tr1ti~~tn~~e:l'lJ iim'i11'Utne:l'U i 'Um'Hl'itm~Jl~'lJ trtm.,rlti~l-3mtl'i1~ tfi~ m'i 

ff~ff'lJt~'lJ11~'lJ1W'lJlf)~'U tfi~mm'it~'U-W1:l'Ulu11m'i~-3mm'it~'UVi1:lutJtJt\1t1tJ'W~'Utm~tfe:l~-3 

~ d ....d .. 91 A 'i' J' QJ 'i' ~ "g 91 IJ) 9I.d 0 IJ) 91 d 
~~f)1tll'Uffl'i'W'H'VI'Vh ~mf)~ ~'iflt'ie:l'i-3 ~~tI~~f)1'i1~\lf)~~C}f'lJt!ijl ~~'VI'1:11 ~ffmf) U'I:1~m'i1 

t.,r l'VIln~ tJ U'VIl-3 t~ 'U 'Hltl t 'i1 'i1lf)m'iff~~'lJfll'U 'i1lf)'Vltl imi'1m tltl'U ~ ~-3m 'i1'WtJ ~~ tr1e:l ~i 'U !ije:l-3t'H '1:11 
~ ~ 

~1~1-3f)1t1 ~~ tr1 'i1~\lf)ff~ ff'lJe:l~\9ll'lJtifm~'e:H9h-3"1 i~tI'i1~ ff~ff'lJ~~U"l-3 f)"h~~'U"1 U'l:1~ ff~ff'lJ i 1~ . . . 
"" 'i' A 91' <9 1IJ 91 91 "g IJ)n I 'd' 

f)'i~t1 f)'lJlf)'VIq'~ ~~m~'Wl~U'i nw !ije:l~tI!ije:l-3 f)'i~t1f) t'lJe:lff~ff'lJ L1'lJlf)'We:lU'I:11'i1-3 'i1~ nJe:l~'VIff1'U!ije:l-3 

J' 
t'Utlm~~f) 

. 
"g <v !II " 

fl1';j~~C)flJ'U6-3V1::::fl1!'ll1~';jHflU' 

J., 91" l.IJ9I ~ 
\9l~f)1ffl'lJl'im!ijl"l'i1-3mtl ~~ 3 'VIl-3f1e:l 

"g "'" 1. m'it1~C}f'lJ 'i1lf)'i~tJtJ'VI1~t~'Um'HTJ 
, 0 cv ~ ~ c:, 6} iI.J. dt 

U'H'I:1~fflf1ty fltI mnJ'UtutI'U'lltl-3\9l~f)1 ~'Um'Hl'i ill tfl'ie:l-3~'lJ tIlff'l,J'Ui'W'iUN'U 

i U'ilWH'I:1~fll"lf'U~ tfl~~N t~~ii\9l~ tr111'Utrltl'U 'Wu'h!e:ltl'l:1~ 70-75 !ijtl-3\9l~ tr1~t.,rlti~1-3mtlfl'U11f)~ 

l'I fJlQ.I Q.I .d. 91 d d .dl ~'do QI 

~ ~ 'itJff ~ f)~ ff'U tI tlf) 'i1~ t'W'lJ m'i ~~C}f'lJ~~ f)1t"lf'Ut~ tl1f)'U 

"g "'" 'I 
2. m'it1~C}f'lJ'i1lf)'i~tJtJ'VIl-3t~'U'Hlt1 ~'i1 

m'i'Hltli 'i1tmfll'U 'H~e:l itl(fume)!ije:l-3\9l~~1~'H'I:1e:l'lJt'H'I:11t.,rl i 11 

~~~1'H~m~tI'lJ im1~ clj.~t~'U'VI1-3t.,rlri~1-3mVU'U~'lJU'if)!ije:l~~'ll'i~f)tltJm;'W~ff'lJHff~~~1 t~'U 
~ ~ 

fI'U-3l'Ui'U h-3~1'U'H'I:1t1'lJ~~~1 utJ\9lt~tI~ iH-3l'UNil~i'1 ciJ'I:1ciJ 
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~ ... "" 
3. fll'j~~CJf1l'VI1~N1'11'W~ 

!fi~m'V'l1~~~ti'1~'W'VI~6t'vhJ'W ~~ijlf1fllffi~i''U~~ti'1'V11~H1'11U~i~!!fi fI'W~l'W~ 
• v 

!Ufl~mfll'W~~ffl'l1 fl'j'j1lthiTtAijfll'j !~11 !~~'jl!f1~Cl !Cl~ 
~ 'JI QJ t J. : QJ ~ .c::. OJ l:9 

'I1'jfl!~ ~'jl!1InCl !Cl~ Nff1l 1 'W'\.~hiT'W!'U'W~'W ~~'WtA !1IflfltA~1'W\1 fltA11l'W!'UtACJf'W'I1fl'j~ N1'11tA~'I1'jfl 
v 

!~~'jl!f1~Cl !Cl~ ff11l1'jtlCl~mtllwiftA i'\JiT'W"JfI~H1'11U~ i~ 

~~ff11l1'j tl~1I ~1'W H1'11U ~ !!Cl~! ttil'd'j~ 'U'U i 'I1Cl !1tl'W!~V~ '\J f1~'i1~ flltl i tJ'd~'U UCl::: 'il~ !tJ~tltA!r1'W 

i~'jmnCl !Cl~(triethyl lead) ~~ti'1\1fl'li'Uflflfl'illfl'~h~flltli~.fI11l1fl 1~tlijfl~~GJ11~!'Vhn'U 200-

350 1'W ~~ti'1~~ff11l1'jtlff~ff1lflQltA'i1~flltli~!r1tAnmtAl'W 

. 
~ QJ , , 

'Vt'l:l'lla,:j~::::fl1~a'n-3fl1fJ 

... ~ "I 91"1 1 
'V'l1:H91:::fl1 t'W~ mty 

1. f11fll'j'VI1~'j~'U'U'VI1~!~'WfIl'l11'j 'V'l'U i~'I.hwi'W~ 'I1q! 1~m~1I 'illflijfllfll'j !1JflfIl'l11'j 

A llJ9I "" 9J "" 91 ~ do QI CI ~I 91 1 d 
flCl'W rff fIl!'iltl'W 'VIfI~~fl 'Ul~'jltl1lfllfll'j'VIfl~!,(;'Itl f11fl1'j'VIfflflty flfI lJ1~'VIfI~f1tJ1~~tAUH:JJlfl 'VI 

"" 1 ... ~ 91911 911 91.t QI 91 
!'j tlfl11 "lf1Clfl" !il'Wffl!'l1~ i 'I1~lJ1tl1l1 h ~'V'ltJ1'U1Cl~lJ1t1f11'iltJ1~'VIfI~ 'il'W~'W~1~f1 fIlfll':itJ1~'VIfI~ 
,,1 0 "I 91 ..... ... QI 'r ... 1 ?t ~ I 91 A A llJ 91 1 llJ 91": QI 

'Wfll'il'VIl t'l1U'V'l'VItl1'W'il'iW t 'jflN~11!1J'WfIlfll'jlJ1~'VIfI~!'WfI~'illflfflm~f1'W ~~ !~'W rff~~f1mff'U 

.! A CI ~ ~'I A ?t "" 91 0 "I 91'" A d ~ 
'W €I fl 'illfl'W fll'j~:JJ,,!'jl '11 'j f1.fl11~! 'il'UlJ 1 tlflWl 'il~ !1J'W ~ 1fl'j~ ~'W 'VI 1 t mfl~fll'j !flCl €I 'W'VI '\J f1~~~ fl1 

d~ llJ9I.x 91 ~ "" CI "" 
'illfl'VI!fl'Uff~ff1l nVflfl1l1:JJlfl'\J'W UCl~fIl'il~'j1'il'V'l'I.JU'W1!ff'W~~fl1'U'jnfIH'I1~f1fl(Lead line) 11 

~fl1:lW~!r1'W!~'W~Jl!~'W - ¢il ~'Ufld~'\JfI'Um~f1fl~f1nuVJ'Wlh~'illflVltAtJ'j~:JJ1W 1 iJCl~!:JJ~'j 'V'l'U 

'l..ifltl'U~ nwVltA'I1ti' lfl'j11l !m:::VltA fl'j11l 

. 
Q 91..:::t Q.I • 

1Ifllfll':i '\Jl~'VI fl'W ~ flfltA 

3. fIlfll'j'VI1~ff1lfl~ !r1tAmfll'jUff~~~'V'l'I.J11~'WU'j~~f[~ iTfl'V'l'Ui'W!~fl~i~i''U~~ti'1 

f1i!'W'VI~6'11~f1~~~1I!m iflUCl~Cl:::f1f1~ ~'W~~ ~1!ttil i tJ1Ilfl ~l'l1'r'U~'I1q!'V'l'U i~ti'f1tl 1~tl1l1mfi~ 
~ A do c/ 

'illfl~~ fl1f1tA'VI':itl 

4. mfll'j'VI1~ lCli1~ ~lJ1t1iTfl'il:::ijfllfl1'jCJ1m~f1~'ill~ flfl'W!'V'liitl tAflfl'illflmfll':i~~flri11 
91 91~11 QI "" "" ~ "I d?t,l QI 1 "" QI CI <!I llJ 9191 UCl1~lJ1tl1lfl:JJfllfll'jtJ1~rr'j1:l~ 1I'W~~ ttA'jlt'.l'VI!1J'W!'jfl'j~ 'V'l'U111lfllfl1'j~1mClfl~ ~lmClfl~ t~~1t'.1 



. 
o o<!I <w 

1. fl'U~l'U'VIlt'Y1:utN~~ fl1 

2. fl'U~l'U l'j~~l'Utl'l~H~~~fh 
Q ~ I.e.d ~ rI .Q rI 

3. fl'U~l'U 1 'j ~~1'U~~ffl'Yifl'j'j:ut:-l{l~~,\H"1'\.m!flfl'VI'jtl'Uflff H{I~fltl:U'V'l1t~tI'j 

4. fl'U~l'U l'j~~l'Ut:-lil~H'l.J~t~mi 

5. fl'U~l'U l'j~~l'Ut:-lil~ff 

6. fl'U~l'U lH~l'U"ll'l.J 1",'Yi~ . " 
7. fl'U~l'U h~~l'UVlltfl~tI~tJ'U~'\.Ht:-Il / tC}$'jlnfl 

A " 
8. fl'U~l'U l'j~~l'UVlltfl'jtl~tJ'U 

9. fl'U~l'U 1 H~l'UVlltfl~tI~'l.h~~'l.J l{1'Yi~ 

do.QrI 'Q.I~o' 

11. fl'U~l'Ut'jtN'V'l:U'V'l H"'~'Yi{ltl~1'V'l:U'V'l 

12. fl'U~l'U lH~l'Ut:-lil~H"'~'l.J'j'j~ffl'jfh~~fl~~~"lf 

13. fl'U~l'U'Vl1ff 'Yi~m"'Uffn'Uffij:u 

14. fl'U~l'U 1'j~~1'Ut:-lil~Hn'1 

2. 1Atltla~1'1f1""uri 
,z 

l.t~fl 

2. 'l,Iflfl'" 1 'Ufl'jmmj1'UtI~fl'U~1'U~lh~ fltl'l.Jtll;'V'Iff:U~ff~~ it1 

, , '" 
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.:t U ,t\} A 4 e.t.... 4I:tG) 91 4J' 91 d QI • G) 91 
4. 'ldtltla Vltll fit! tltt t lUJ 'n 1W VI~ fl1 'i 'U 'i~ fltl1JVI t 'U(;'f1 'if! ~fl1 t ~'U ~ 'VI tI 1 fHW ~ t fl {I 

1 H~l'Ut:-lil~H'l.J~t\9mi . , .. " 
'Utlfl'illflfl~:u!fftJ~H"'1'l,1flfl{l111illtll'ili~j'l.J~~n1'illfliY~H1~"'tI:U'jtl'l.J~1hHl'il~tn'Uih 

tllfllf'l tlT111'j 'Yi~'f) l~m'Yi~,j~t~ty 

.do f'1'" , .dd ~ . d. QI J., 
Hfl~!:utJlHu'U t"''Yi~tltI'U :Ufft~'U!~'Ut~tJ1fl'l.J~~fl1H{I~1l'jtl'VI 

. " 
1l'j~ ltJ~t!~tI~l~flltJ~~ hJfl':hir'UV~!n'U.yh:l~tI~l~flltJ 

d. ~ ,d, 91 
Hfl~!:U tJ:u !1J'U 1i l~'VIfl tI'U 'U l~'Yil 

" tJ1fl i 'U1i'j'j:U~1~'W'l.J 1 'Ulll'UtI~cM'" i vM (CdS)H~ tt'YIrl~tdilihYtltJ:Ulfl 
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" " ~~ir'W 1~'YI~HfI~ttimJri1'Wh,qjd~J'W~m 

lI) g/... 0 'r ... "l g/ "" ... d '" ~"1 '" 
~~1Jn1'.i'W1 ~~'YI~HfI~t1Jt:J1J ~"lm'VI'W~HJ1Jt'Wt:J1J m~nffH\OI'Wmff U~~ff~n~'(;1 ~'Wm'Hn'lJ1ff~ 

" ~dj'W 1~'YI~19i1~1I"j tfl~~NicnvJvh ~tlmWJ:-l~\OI'VH'l1ff~nVi1C)f thmtfli1~'lJt~ l~'YI~J:-Iff1J 
" 0'" 6J g/ 0''': d g/ 19i1~1I"j ffH~~U1t:J1t1'WffU1J 'il1nm'.i'W1m1ufI~t1Jt:J1J1J1 t"lftl'.i~ 1t:J"lf'W'Wt~~ttJ'Wff1m~ i'YI 

... "" 'W'i:I 'U6~HfllOUlJtllJ 

d A ,t ~ ".t~ d el d 

Ufl~U1J t:J1J t1J ~ 'U 1"l'J 1~ mt:J 'iI~ tf)~ m'J ff~ ff1J U~~ lJ'J1J1W m'.i ff~ ff1J 'iI~ t'V'l1J 'U'W 19I11J ~ 1fJ 1J 

m'.i'l.h~1J1Wm'J11f1'W~1itl~ti~lfJ 50 iJ 'iI~tiHfI~ttitJ1Jff~ff1Ji'Wi1~mtJ 10-60 iJ~~flf1J ~~ 
H"'1UI9i11f1'Wtf'W'iI~tl~i'WUfI'lJt~'UtJ~ 1~n t~fl~tn~ hnjtiHfI~ttitJ1Jt'Wi1~mmVitJ~ 1 t1J 1f1'.inf1J 

m'.iff~ ff1JUfI~ttit:J1J t 'W i1~ nlt:Jt'Wtll1J1W "l ~vh i M'f1'WU{l~ ftI9l1t1:J'Wmj'W i~ 'W~fl 'il1f)'cl'v~vh t M'il9l 

fim'.i tn~ hflfl111J~'W l~11\O1"l~ f1111Jt1:J'WfiEJ'U~~Ufl~ttit:J1JV~ t1h1:J'W~t~lt'ilt1'W~irfl 

ul9it~~'htifflm~1J1'i11nm'.i t~lU'VI'W~ft~fl~ffl'Wm'W iO)1~'lJ1~"I1U~ ~ti'YI~ -SH vhl,ft~'W LO)11J11.i 

ff11Jl'.iflVh~1'W'YI~fJVh~1'WN~tln~L~ 
.c::.. ~ d ~ ~ iJO,I QI t d 4 ,. ~ ~I I : c. tI 
'V'lEJ'U~~UfI~t1Jt:J1J'VItn~'U'Wtm~~'iInflUfl'.i~mn'VIt1Jtl~ ~\OIt:J11J1 '.i1Jp.j~H1J'W1'i1'W\OI~(JintsU) 

tl'.i~t'VIff~~'W lU'.i~'Y/'.h~ff~f1'J11J 1{lflflf~~ 2 hfl1i"lfl1~~'Wt~t:Jfl111 '.iflVL\OI-VLI9I (Itai-Itai 

disease) cH~utl~111 'Ji'lt~'lJtl1~ 'iI'Wf~~ 1~t:J-l~t:J t1:J'W 1 'JfI~ti~ lM'tn~f1111J'VI'.i1J1'W~~1~Uff'W 
'" A"" ... o"lg/ lI)'" "lg/ "''r'" 

ff1'Y1ff t'W~~'iI1fl'V'l't:l'U~~ttfl~t1Jt:J1J'VI1 ~'YIfl'J~~flU~:::: ~\OI'V'lm'.i vh ~'YIfl111J~'W t~'YI\OI"l~ ff1 t:JI9I 1 

"" _I '" _I '" ,J • g/ d'r '" '" 'r • ~ 
J:-I~1Jfl\Ol n1'.i1J1~n'.i::::~fl'il~tfl~'U'Wl9l11JU~~\9Il'lJ'U~ 0)1 ~f1'.i~U~~ff'W'YI{l~ t~m~'V'll~tlt:J1~t:J~ 

n'.i~~m~~fl'.i1'W tt~dr1mtl1 m'.i'lb~t~'lJfI"'1t:Jti1I91Qtt'YI~1Jt~11J1~1Jtt'VI~ m::::~fll 'Wi1~mt:J 
t~1Jff~1t:J~1 ttflmC)ft:J1J'iI~{l~mt:JtJ~n'il1flfl'.i::::~fl l'W'.i~t:J::::~t1:J'Wl'WHH ~iJ1t:J'iI::::tl1~1J1fl 

. . 
d d. ~ .... 'f do d. ~ I 

'.i:::: m: 'VI 1 'W U '.i ~1J1n'VI~~ ~1J 1t:J'iI:::: "ltytfft:JUfI mO)1t:J1J~tl fl'VI1~ 1Jffff11:::: 1J1n1Jlt:J 'iI'W n'J:::: ~ fl~n'.i tJ'W 

~iJ1t:J'iI~f)'W L1.iL~ 'W~'W L1.i'YI~'lJ tfj~tJ1'Y11'J -e:i~Ut'V'ltlt:J 'YI1J~m~tm::::tfft:J;1\01 tu~~~ . " . 91 ~ d.,d gJ 001 .... 1 0 ~ 9J ~,. d do 

~'YIty~'VI1J'4\01'.i tt~1'Y1mt:JfI'W'YI{l~ mnl11J~lJ'.i:::: 'il1t~~'WH{l1'i1:::: tuU ~ '.iflU1J1fl'VI~~ 

" t'W'Uw::::ir'Wffltli~'.h tJ1m'.iN~tlfl~'UtJ~fl'.i::::~fl~~mh1tifflm~1Jl'i11flttfl~ttit:J1Jt1:J'WfiEJ 
" . 

t'V'l'.i1::::'lJ~nwtttl'lJirut1:J'Wilivht'YIij~~u~~tl'l~ l{ll1::::'U~~'lJ~1:i''VIiJ\9IGJ.ft:J (Mitsui Mining and Smelting 

.J ""'r ~ "' ... ?t "lg/'" ~"" ... "I 
Company ) O)1~J:-I~\OI t~'YI::::'VItJ~U~~ 19I~n1U{l::::ff~fl~ff tu'Wff1m~ t'YI'lJ'.inw'W'W1JUflm1Jt:J1J ~u 

" " tll1J1W "l ~'l1~ t'WU1tm::::tl1mff 



9 

..,... ... 
fl1 'J 'J fl'lJ1Nl'I "U8~ UflvUtJtltJ 

U~';hUfl~tijfJlJ~~'J1lJfl~fl'U'VI~ -SH "Ufl~ lu'J~'Ul'U~l~fllfJ u~fll'Jl~fJl BAL 'VIjfl 

<V QI lIJ .lIJ 91 ?l "" .l Ad"" .1 
dimercaprol 'JfI'tllfH'l'U ~lJ ~~!NflUfI~flfllm'U'U'V'I'tllJlfl"U'U t'Ufl~~lf1 Cd-BAL complex 'VHfI~"U'U 

lIJ"l.dllJ QI QI oGlg.l"" "" "" '''''lIJ.1 t 
~~ ~uflt!'Vl ~~HfI~UfJfI~1flflfl~1f1f1'U'Vl1 mtfl~ttfl~tlJfJlJflff'J~ff~fflJflt!'Vl ~~lJ1f1"U'U ~~'U'Ufn'.i 

. 
QI do 

fl 'U ~ 'J 1 fJ'Vl fll'VI 'U ~ 

fl11tJ~~l1tJltl1'Ufll'J1~tI 

1. t~flfffl'tl1fll'JU'J~flfl'Utfl~~N{jfl~'UU'U'U ff~~uiI~ 1'V'1t'Vl'UG)51fliJt~fl1 ~1~1fflPl .. 
0<9 • 
'V'I'Ul1'U~1~ "I 

2. t~flfffl'tl1fl11lJ t~'U 1 u 1 ~ "Ufl~ fn'J '1 ~tfl ~fl~{jfl ~'UU'U'U1tfl'J1~ lhnu~lJ1W ~~ fi'1 
dt ~ ?l lIJ. jll) 91 GI 91 A 0<9 91 "" <I. I"" ~ GI : 

3. t'V'lflflfl'tl1fl11lJt'U'U ~u ~~"Ufl~fn'J ~riHfl'Jfl~lJfl~'UU'U'U'Ufl'.i1~'VI'VI1u'.ilJ1W~~fl1 ~'U'U1 

4. t~ fl fffl'tl1tJ 'J~ ff'VI ~ .fl1't'l fll'.i ~'J 1 ~1tfl 'J 1~ r1'1~ mm fJ'U tVl fJ'U!NfI fn'.i1 tfl'J 1~ r1' fl'U 

t'VlflUfltvl'JlJfl~~fllJiJfl Ufl'U Clm1'U'1f'U mUfll~'J lvll~tlJ~~ 
A ~ GJ QI """""" <I" 1 QI • 1 dt 0<9 91 GJ 

5. t'V'lfl flfI'tl1U 'U 1'VI1~ t'U fn'J't'l1'lJ'U111i1tfl 'J1~'VI UfI~ u'J'Uu~ ~tfl'J fl~lJfl ~'UU'U'U ~ 'U fl'U 1fl ~ 

o Q,I oC:Ir, Q..I 

fl11tJlI'lflty"U8~fl1'J1{lti 

1. Vi 1 '1 M'VI '.i 1'U~UU 'U'U~41fJ '1 'U fl1'.iU 'J~ flfl 'U tfl~fl ~{jfl~'UU'U'U tm~ 'MU~ "Ufl ~1fflPl~ij!NfI fl'U 

U'J~ff'Vl~.fl1't'l"Ufl~~~fl~{jfl . .. . 
OGJg.I • QlGJ 0 "" ~9I't 0<90<991 

2. 'VI1 m'VI'J1'U11~~fl1 ~'U'U1ff1lJ1'Jf;)1tfl'J1~'VI ~~ ~~mfl'Jfl~lJfl~'UU'U'U 

3. Vi1 '1M'VI'J1'UU'J~ff'Vl~m'V'l"Ufl~1i t'lf'U fl11lJ 11 (sensitivity) 'lf1~fl1'J~fl'Uff'Ufl~"Ufl~ 
QI QI • I"" ~I 91 
ffqJqJ1WfI'Uu'JlJ1Wff1'.itu'Utff'U~'.i~ (linearity) 

4. Vi 1'1 M'VI'J 1'U .um.tfl~'U~l'U~ '1 ~ 'U fl1'.i~ 1'lJ'U 11~1tfl'.i 1~ r1'~ 1 m'VI flU flff~ ~uiI~ 1 'V'It'Vl'U G)5 



91 d 

t'.IfU1'WffTl"tfllJ 
• 'JJ 

2. ffllJl'Hli11hJ1tfl~1~11''\111.11lJlru~~n1i'Wih 

3. '\111.1~~ff'Vl1ifll'V'l'lJ5~1n 1~mmt'.J')Jtfit'.l'Un'Ut'VlflUfl5~~5lJiJfI tt5'UC]f51'U.]1'W m1.lfl 

l~l"lvJl~tlJl9l~ 

4. ffllJll" f1i11' 1.1'1 .r;t1~J'W 51.1f1~W 1.1~~ f15'Um·H~t'.I'W m~ff5'W . 
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, ..,. 
1J1111 2 

, 
NlIfl'j~'rI'lJ'Uf)'i~~n1 

'll1f1f11'jtllWl\91~A'1 i tl1~e>~1-:ltJlmJl(.1 1\91m'Q'Wl~'Vll-:l~l'Wf.l\91ffl'l1f1'j'jtJ ~-:lvh 1,rlj . . ., 
m'j uwi f1'j~ 'lll(.1'lJe>-:l\91~ tl1\liY-:lU 1\91 ~e>tJe> ~l-:ltJlf1tJl(.1 hHl 'll~ t;j'Wtt'l1ri-:lUl e>lmfl' e>1'111'j ttfl~ 

'll1f1f11'jtl'j~ f1m.Je>l~fvm,n(.ltl'j~t.fl'Vl tite>-:l 'll1f1~11tJt;j'W~'I:J 'lJe>-:l\91~ A'1rim.! ~l-:lff -:l ttfl~ lj f}H'1 .. 
<J/ , iJ 'j/ 

t~e>~ -:l 'lllf1m'jff~fftJ'lJe>-:l\91~ tl1 1 'W'il-:lm(.l~-:l~e>-:lljf)1'j\91'j1'llt~1'j~ 1-:ll1-:l 1 'W ~1e>~1-:lVlmfl' Vl'l11'j Ul 
A: ~ 'JJ ~ .... I 0 , d QI d d ~ 91 QI ~ 9J 0 

\91tJ 'Wlt1'j~tll tlJ'W \91'W 'W e>f1'lllf1tlJ'W -:ll'WlJ 'j~ 'll1'lJe>-:l'l1'W1(.1-:l1'W 'Vlfllf1 'ji'Vltf1(.11'lJe>-:ltt1:11 (.I-:ltJ ~'Vll m'j 
, ., 

fff1'I:J11~(.I 1tfl'jl~M'I11t1~tJlru'lJe>-:l\91~tl11'W~1e>~1-:l~1-:l COJ ~-:li! 

~l'11ti l(.1\911tJ~e>-:l \911:11\91 \91'j1 'll'V'l'ly;h 'l.Jl-:l~1e>~1-:lljtl~tJlru 'lJe>-:lUfI\91 tlj (.ItJ tf)'W 2 ij1:1ilf1~tJ ~e>f)11:1 f1f tJ 

oH-:l tfl'W f111tJ 1 \91 'j i 1'W ~'I11:11 (.ItI 'j ~ t'Vl fl'rh'l1 'W \91 i 1 ~ -:l if 1\91 (.ItI f1~ ffl'11 'i l(.1'Vl~ Ul ~\91 t;j 'WVl"lf~ lj 
1 QI d '1 \.l} 91 QI t e:::. d , ~,~ 

fl11tJffltJl'Jfl 'W f11'j~\91C)f'l.Jffl'j'Vle> ~ 'W'Vl~ tfI L\91tJlf1 \91-:l'W 'W 'I11f1'l.J'j nru 'Vlffl'11'j l(.1'Vl~ tfI 'lJ'W e>~tJ m'j 

tI'Wttie>'W 'lJe>-:l\91~ A'1 UfI\91tlj(.ltJ ffl'j'l1~ 'I1~e> 11:1'11~ 'I1ir f1~t;j'W~'I:J~ -:l ffl'11'il(.1~'ll~ ~~aM'l.J ffl'j mrilJ'W 

'J/ 1IJ 'J/ A 0 """i d 'J/ 1IJ~ 1"1 I 0' 'J/ ... .1 
t'lJltJlff~fftJ n ttJe>'WltJl'l.J'j Lflflf1'll~ffltJl'jm'lJl L1J L'W'jl-:lf11(.1'lJe>-:ltJ'I.!'I:J(.I tlltJm'jff~fftJtJlf1'lJ'W 'll~ 

t;j'W-el'W \91'j l(.1~e>~'lJfll'W t)-:l j}H'lf11'j \91'j1 CO 'll~'V'I'l.J11t1~tJlru 'lJe>-:l\91~ A'1 'll~ iii tfl'WtJl\91'j~l'W u~ ~iJ-:l 
'J/ ... "I 'J/' ." .", 1IJ~1 

\91e>-:ltJ m'jfl1'l.J~tJf11'j L "lfe>(J1-:l'j~tJ~'j~ 1-:l\91e> L lJ 

'lllf1'11ir-:lffe>~tJ~ ~~~f11'j 8 ff-:l'l11f1tJ 2548 tt1:1~'I1ir-:lffe>fitJ~tJ~"lf'W 29 i''W11f1tJ 2548 1'W ., ., , 
f1'jW 'I1~.ul'Wflil~ Vlt.fle>'Vle>-:l ~l.fJij ~-:l'l11\91f11qJ 'll'W'l,J~ i~~'l.JUlffl'j tflljifil ~1 'W f11'j U~-:lU 'i 'illf11 'j-:l 

tt~-:ltd 'l.J~ir'Vl \91~ A'1f1e>'WtC)f'Wt'Vl'j\91ft (tI'j~ t'Vlfl'i 'Vl(.l)~ltl~ ~ltiJ'W fl'ilm'j t'l1ije>-:ltd\91~ A'1 'l.J~ nru lie> 
., " 

-:lltJ 1'Wt'lJ\91ihff-:l1'Wuli-:l"lfl~ihUl1'il'W 'J!l'Wflil~'l.J'W \91."lf~U1:1 e>.'Vle>-:l~l.fJij 'll.f11qJ'll'W'l,J~ 'I1~e> 
" ljf11'jtlrle>(.Iffl'jt~ljU1:1~ \91~f1e>'Wtd 'illf11 'j -:lU~-:ltdi 'I11:11:1-:l~ih~1(.1f1il~ 

" V t g) 'JJ 

1~ (.Ilj f11'j'W'l.Jvi mhVi-:lifi tmri-:lU 1 'il'W 'v'h 1 ,r"lfl1'J!1'W rrt ~ul1 'W th,r1(.1~tJiJ 1(.1'111:11(.1f1'W fI ru~ 'Vil-:ll'W . ., " 
1f1'j-:lf)1'j1"lflf11'j tWmff'We>u'W1'Vll-:lf11'jVl'WvJth,r1(.1~il~ ul1~(.1 ~'j .Vlfll 'I11-:ltn(.l'j~ ffl'lJl 

OJ 

, ii, v 

1f1'1f1'j'jtJff-:lU 1~~e>tJ tJ'I111'Vl(J115(.1~ -:lff\91 'V'I'l.Jf1l'JtI'Wtile>'W'lJe>-:l\91~tl11'W \91~ f1e>'W til'jUl 1 'W~h,r1(.1 
" , 

flTI~l~h-:lu~-:lu'i1:1-:l itlljril~-:lf111riltJl\91'jil'W\91~tl11'W~'W 400 ij1:1TIf1~tJ~e>fl11:1f1~tJ t)-:l 100 t'Yh 

ttfl~ V-:l'V'l 'l.J11t1~ tJlru \91 ~ A'1~ e> ~1 'W ihtl liJ-:l~ -:l e> ~ ~1t1:1 'lJ e>~'j ~ 'I111-:l t;j'W'I1rt'W t)-:luff'Wwvh~tJ( fh'W 

1 'W ~1'W rl1'W) ttfl~ f11'j 'Vl\91ffe>'l.J~ \91'j lf11'j 1:1~ m(.l'lJe> -:l \91~ A'1e>e>f1tJl ~'V'I'l.J11ljriltfl'WriltJl\91'ji 1'W 'lJe>-:l 
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..iI , iI 'JI 

fl';j~ 'Vl';j'N~ ~ ~lM fl';j';jlJ 1 ~ f.m~tI ~f) 11..1 ~~ flfJ'W ij ~~ n'JtI'U~iJf)'Wf) ~lJ1 fl ij 1 f) fl1~.yhY~1'l11t1'W~iJfJ'W . .. 
lJ1rl<l,h~10J1fJ1M1';i Utl~ 1'14 ff ~ij;1~ih'l11L~ .. .. . .. 

L~ijfl1';j~~h';j~1~ l~fJfl1';jfl1';jffm:l1fl1';jtl'W~ilf)'W'l.m~tI';jf)'Vl ~~n'J Ufl~!ijfJlJ 1'W'l11 U~~ 

~~ flf)'W~'WfI~fJ~~~~1Jl1 e11JlfJM1~ lMqj .u~M1~ff~'lJtl1 'JU\9I\9I1 f)~Lfl~'W(2539) l~fJl~!fI~f)~ ICP 

(Inductively Coupled Plasma Emission Specophotometer) Utl~~fI~fl~ Cold Vapour Generation 
Q.I A ..:::to ~ ~ A ~ tI tI • tI~ 91 gJ d 

tI';j~ flf)'lJ fl'lJ ~fI';jf)~fl~ \9If)lJlJfI ~~f)'lJc:tffJ';j'lJ~'W !'VW'J!fI';j1~'\1'\11 ';jf)'Vl 'V'l'lJ 'J1 ';jlJ1W fI'J11H 'U lJ 'U'Um tl fJ .. .. .. 
1'W'l11ii~lhhn'WlJl\9l';ji1'Wf.]Wfl1'V'l'l111'W!mri~'l11~h~'W .. . . 

'W f) mn fl,r'WtJ~'V'l'lJ 'htl~lJ1W m~fJ'Uf)~tI';j f)'Vl ~~ n'J U~~ UfI~Hij fJlJ 1 'W ~'W ~~ flfJ'W iifi If)~l 'W")b~ 'U f)~ . . .. 
~'Utlfl~vhLtI u~l'Wq~~tJ (~mfllJ !m~i''U'JlfllJ ) ~~iifl'J1lJ!~lJ'lj''W'Uf)~\9I~n'Jl'U'l11Utl~\9I~flf)'W~'W 

,9J Q.I <I 

~~fl11q~Utl~ (fllJfl1'V'l'W1Hm~!lJil1fJ'W) 

... liJ~ ~ ~.. ... "" <It 
'U';j"l11 U~~flW~ (2540) t~';j1fJ~1'WfI'J1lJfl1'JM'U1 tflHfl1';j~';j'J'ilf.]Wfl1'V'lNm·m\9lff~'J'W1 

fl';jlJtI';j~lJ~ l~fJ\9I';j'J'il~f)'lJ l~M~l11!fl UfI~HiifJlJ tI';jfJ'Vm~~\9I~ ~'J 1'WMijflm1'JfJ Mijflfl';j~~f)~ U~~ 

Mijflff1fJ 1~mWfl1!fI';j1~M!i1'Uri'J'WM'W'J~ (tentacle) U~~~'J (mantel) 'il1flff~'Vn'WtI~lfl~~!'Vl'V'lclJ 

ff~'Vl';jff1f1';j';j~'\111~tJ 2539 - 2540 N~fl1'jffflil1tJ~f)~1'W';j~~'lJ~ hhil'Wfl'W\9I'j1fJU~tJ~~f)~ !~1';j~1~ 
~f)LtI 

. .. . 
u~~\9I~n'J 1'W'\1f)fJUfl';j~'lJ~nwtl1flmhhU1~tI';j~fl~ 'V'fid1ii~lm~fJ!'Vhn'U 84.90,0.427 ,0.312 !!tl~ 

.. .. 
0.222 lJfl./flfl. ~llJih~'lJ 1~fJhi'V'l'UfI'J1lJU\9lfl~1~'Uf)~ ltl'\1~'\1,rfl~~ 4 "l1U~';j~'\111~'\1f)fJUfI';j~!~fJ~ 

n'U'\1 fJfJHflH.u'U L~~ llJti';j';jlJ~l~ U~fI'J1lJH~ fl~1~';j~M11~q ~ij Ntl~f)fl1';jff~ fflJ'Uf)~ ltlM~ M,r fl 

f)ri1~ij,rm11~t1!v\';j~~'U 0.05 f)ri1~ h~~llJf)1~ff~tlL~11t1~lJ1W l~M~'\1,rfl\9l~~'J i1~fl~ i1 H~~ .. . 
tI ';j f)'Vll '14 MfJ fJHfI ';j ~'U~! 'JW tl1 flU~'l11'U1~tI~ fl~f) ~1 'W !flW cn~ llJtI';j~ fl1ftfl';j~ 'Vl';j 'J~ ff1ti1';j W "!'U'R. ~ 'U Vi 

98 ('V'l. ft. 2529) 1'14 fl';jru fl1';jff~fflJ'Uf)~ufI~!iifJlJ'V'l'U'htJ~fl~l'U!flw Cl'1'lJ1~';ji1'Wff1fltl (llJfl./flfl.) 
.;. 

~lfl'lJ'Vlfl11lJ!';jf)~ Toxic contamination in chinese Patent mediciness 'UfJ~ Jake Paul 

Fralkin ~l~'l11'U'Vlff~tl'il1fl~1'W1.ufJ'Uf)~ Richard Ko , U~~ flW~ m,;~ California Department of . " 
Health Services ~1'U1fl1'\11';j Utl~ fJ1 l~vilfl1';j1!fI';j1~MM1fi1t1';j~ lJ1W ltlM~M,r flVitl'W!ilf)'W f) ~1 'W 

ff~'WL'V'l';j~'W ~1'U1'W 261 ~'JfJril~ 'V'l'U11 tI';j~lJ1wff)fJtl~ 15 ~~iitl~lJ1W'Uf)~ff1';j'\1'l;dUtl~tI';jf)'Vl 
iI , ,'JJ. 91 

tI'U!iJf)'W 1 'WtI~lJ1tl.!Vi~ ~ut1'JtJ~ii~~ n'JtI'W!iJf)'WVi';j~~'U 5 -241 ri'J'W l'Ut11'Wri'J'W mfl~fJlq!tl-W m 'ilvi1 

1 M'ff1,r m1'WflW~ fl';j';jlJfl1';jmMl';j Utl~ fJl'U f)~ffMfi f) !lJ~ fl1 (FDA) 'l11lJl!i1'W ~f)~ 'il1';j W lfJmil flfJ1 
• fJ/, <JI 

fflJ'U 1 V. ';jVi L~f'lJ ~~ ff'Vl ~~ \9I';j ~~'\1lJ~ dlf) ~ 'il1fl hi ffllJ1';j tI fI'J'UfllJ ~~'\1lJ~ Htl~ tI';j ~ ff'UiI tuMl . ." 
!"If'W!~fJ'Jn'Uff~'W i 'V'l';j~'U 1 'WffMfimlJ~fl1~~'Vl~!n fJ'W!"lf'W!~fJ'Jn'UtI';j~ !'VlftL 'Vl fJ ~ff~'U L'V'l';j~'W 1 'W 
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ft'l1i'51~HlJ~f)1tt1~'VI~tUCJ't.a~'WNit~.nru~tr(~lJ~1'111~ (dietary supplement) vhiMm~fl1'11'W~~~~1l 
v •• 

fl11lJtth"\Vl'l:lEU~~'ff1~'lh..!ttJ~'W '1'W!.fIffG)ff)~~lJfl11l~lJ ltit1~ d1'11i'1l~~ tl1fl1'11U~ 1 ~iii 1titfi'W 10 ~h'W 

i 'W~lUri1'W 

N!;l f)~~'VI'UEU~~~~ A'1 i 1.,111 ttI~,juU~f)ttl1f)ttI~ri~H!;l1~tI~'i ~~~~EUfi1wu~1f1~ri~ H!;lf)'i~'VIll 

l~tI~'i~~ml1'~'l:l~n ttI~1t1 til ~~ ttl1f)flru~ f)'i'ilJ1i m~ I'J 1 'itl1~~~f)i1~f)fJ'I1lJ1t1';h~1t1m'i ~ltl~f)l'i 
6J~ '" • • ) A ~ 0 '1~ 
tG)fft1'i~U~'i1t1 (RestnctIOn on Hazardous Substance RoHS tlJm~~'WlJf)'i1fllJ 2546 m'l1'W~ '11 

~ Hit ~ ihH11 tl 'l ~ tfi 'VI tfl ~ ~ ~ i ~1 cWvh U!;l ~ Hit ~.n ru cvl~h~ f)'VI ~ ~ U f) ff~ ~ I'll 1..il tli 'W ft'l1 fi 1 W .. 
I'Jhtl (European Union ; EU)~~~~ltl~tl~lJ1ruf)1'it~ft1'i~'W~'i1t16 G)fU~ ~~ ~~A'1 Ufl~tiitllJ 

tl'i~'VI lfl~tiitllJ(Hexavalent Chromium) lwitlll~iJt'W~ illVlU!;l (Polybrominated Biphenyls ; 

PBB) tm~ lw~i11'U'liJt'W~ 1~fJU!;l ~t1i~ (Polybrominated Diphenyl Ethers; PBDE) 1~m1'W 1tll~ 
.", A Ad... • .., tl ~ ~ ~,:f 

ft1~G)fU ~ ~U 'VI ~U 'VI'W tW ~!;l~ H!;l f)'i~'Vl1l'Vl ~ 1 ttllJ~ ~~EU~'W llJ tlEU ~~ ~~ G)f1G)f'W U!;l~ ft ~ U 1 ~ !;l~lJ 'VI~U 

.Q ,t 0 A 6)91 91 QI , QI' ~ • 

ftlJ1G)ff) EU ~~'i~1111~~ltU'W m'l~ el f)f)fJ11lJ1t1 t l1ftel~fl!;lel~ f)1l'i 1~ f)fJl1lJ1t1~~f)m1 Cl}f~fll~11 ttI~ 
, <JI. iI 

t~lJiiH!;l,j~fl'U'1~i~u~1'Wiii 1 f)~f)fJlfllJ 2549 f)fJl1lJlt1U ttI~ri~H!;l f)~~'VI1l1~tI~Htl'IJ ~ri~el~f) 1 'VIti 

l~tlttI~vh'1M 
.. v 

~'U'VJ'UflljNa~nJ-r'lJ\T~;j'U -n~ 1 'Wri1UEUel~m'itli'lltli~f)'i~1l1'W m'l Hit~ mn1~ftelll 
• v 

Hit~.nrucvl tm~ m~1imm~-w~'W1t~el~~~'Wft1~G)fU~ '1l1lhhl1i'll i ~'Vl~U'VI'Wft1'i~'W~'i1t1'Vi'~ 6 G)fU~ 

\TtytiYfJ1.i·n.unj~~alA1 'I1n'lJ~H'tj~ 111f) ltift1lJ1~ fltli''IJ~ 11 ~-n'Wfi1t11 'W flll1'W ~n!;llt~ lJ 

iT~fllli~f)fJl1lJ1t1 RoHs 

ti~I'Wvifll~':h~tl'i~ f)~llEU'Wl~f)!;ll~ tm~EU'W l~th)lJ (SMEs) 1'W 'Q ~ftll1 f)'i 'ilJtfl~el~ '1~1 cWvh 

, 
"" d.., 

fl1j1Afljl~'J1~~fll 

Uttlf)t1..w{ (Jagner) U!;l~flru~ (1978) 1~1~t'VlflUflft~~t11h lWt'VIu;lmlJ~~vhm'i~~hCJ1 
" l!;ll1~l1U f) 1 Mel ~1 'W,tlel~ ijt'ltllJ ttl1f)uuvhf)1~ fff)'l:llfl11lJfflJ-W'W .fi'l~ l1';h~fff)vl cWVhtllln!;ll 

l~ tll~tfl~~~ 1~fl11lJttl'W f)'i~-tll'ff (pH meter)ttl'Wtfl~el~~h'W fi1fff)vl cWvh U!;l~ tfl~el~,j'W Vi f) 

ffty tylru vl1f)1'i,jU Vi f)fftytylru 'l~ l1';h~ fff)vlcWvhti!iCl'IJ tlll n!;ll w'IJ'h iJftiJft Ufl~tiitllJ 'VI el!;l 

tiltllJ ~~A'1 'VIel~U~~ U!;l~ ff~f)~ff iifilfff)6icWvhmwl~~1EUru~~tfi~m'ielelf)~1~CJ1 tm~ 

iiri1trlCl~tll'WfflJ-W'Vl.fi (RSD) t1'i~lJ1ru 6 % 
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U'ilf1tt.!'v1 (1979) i~Vllfll';jfffl'l:Jlfn';j1tf'l';jl~""Vl1tl~lJlru 1~'11~ i 'W ~1V~1~~\lf1t\9l~ UlJ i l1Vd 

i 'W'fft111~~'ffl';j~~tllU~tri'W fl';jl9l 119lui ~t'VIflufI'ff\9l~tlil~ 1 'V'It'VI'W;1vtlJ\9l~ cR~ i ~:rl~lJ GijV~tl ';j V 'VI i 'W 

'" ~ '" d?l '" ,A , lJ]tl '" A 
fll';j'il'lJ'ff~'fflJ !~'11~ 'fffY\1l1ru'VIt1J'W'fffYfYlru\9lVt'WV~(analog signal) 'il~\lfl'ff~\9l';j~! U~tfl';jV~ 

U'WVifl (recorder) filfn';ju'WVimYfYfYlru';j~'I1';h~fffl6i'V'lvhu't'l~n~1 (i~';j~rJ~'VI1~U'VI'W) 'V'I'lJ'h 

ff~fl~ff 1iVm~rJlJ Uf'll9ltijrJlJ \9l~tt1 iJ'ff:U'VI tm~ 'VIV.:jUI9l~ U'ffI9l~fhfffl6i'V'l1~h~tri'Wfilt'il'V'l1~~1 
QI lrI 9J • Q.I dG) 91G] .c:. tl..::::::.,Q':::' Q Q.I ~ QI 

U~~'ffllJl';jmWflV-e:lfl'illflfl'W !I9lVrJ1~"lfl9lt'il'W U~~t1't'll'V1!"lf !'Wfll';jtfll9l ~fl';jrJ1VVflCJHI9l~'W Gij'Wfl'lJ 

" f'l11lJt~lJ~'W GijV~ 1't'l'l1~t1'W i 'W 'ffl';j't'l~mrJ 

U'ilf1t'WV1 U't'l~f'lru~ (1981) i~~~'Wlt'VIfli!f1'ff\9l~tlll~ 1'V'1t'VI'W;tVtlJ\9l1 ~filfll';jttl~U'W 

irfYfYlru~miiv~tri'W~'l\9lV't'l (digital) U~1~Vt~VlJt1'lJtf'l~V~f1VlJ~1t\9lVi'Vllfn';jtl';j~lJ1~~~ Vll 

6J~ 0 '" lJ]91 ..go6J~ ~~~ d ... 0' 
! 'I1~llJl'Hl'VIlfn';j Gij rJ1U'ffqJqJlru !l9llJlfl 'il~'VI1 ! 'I1'ffllJl';j f)'I11f'l11lJ tGijlJ Gij'W \9lTtll9l'VI 'ffllJl';j f) 1 tfl ';j 1~ '11 

i~ (LOD)GijV~ttfll9ltijrJlJ U~~ \9l~tt1 vd~ 25 nM. filtrlrJ~t'lJ'WGij-e:l~'ffl';jlJl\9l';jjll'WUVrJfl'hfvrJ't'l~ 4 

" tt't'l~ 'illflfll';j i~~1 i 'V'l~lGij'Wll9l t~ fllJ 1 fl(micro - electrode) Vll il1'ff1lJl';jf)1tfl';j1~"'~1V~1~~ij 

tl~lJ1\9l'.nV4U~ 25 ilJ 1f'l';j~\9l'j i~ 

1f'lft'W1 tm~~'W~tfl';j'W(Viksna and Lindgren) (1997) i~Vl1fn';j~~'W111i'l11tl~lJ1ru\9l~tt1 
. " 

U~ ~ U f'll9ltij rJlJ i'W ttl V I9lGij V~ 'VI1'j mt~ ~lJl'j ~ 1 1~ ui ~t 'VIflUfI'ff\9l~tlll~ 1'V'1 t 'VI'W;1 mlJ \9l ~Vii ~~ 1 

" Vl1~1'WGij'W1~ ilJ 1f'l'jtri'Wfl't'l1 'ffOHfI1 i''lJv'W(glassy carbon electrode) U~~~1fl1~~~tri'Wfl1 t~tlJ~ 

~U~glJ~1(SCE) ~h'W~~ 1~rJi~1tl';jUfl'jlJtht~'illtl~1rJflVlJ~1t\9lVi' Vhfn';j1tf'l';j1~",tViU'lJti''lJ 

t'VI f1Uf'lfl';j1 i 'V'll9l't'V'l-e:li'u'W CJfV~ \9lV:Uf'l UV'lJCJfV'lJi'W 'ffttlf'l1\9l'j tlJ \9l~( Graphite furnace atomic 

absorption spectrometry (CFAAS» 'V'I'lJ';htl~lJ1ru\9l~km~~ufI~tijrJlJl'Wt~V~t~fl'VI1';jf1tt~~lJl';j~1 

~t~'W~111tltm'W~"l~fl'h'VI1'jmt~~lJ1';j~1~t1~I'W~11'ff1t~'Wii~ 3 t'Yh f11~';h111'il~tri'W~~lJ1'il1fl . ... ~ 

'ff~U1~~VlJ 

'il1mVfl'ff1'jfn'j1tf'l'j1~"'t;~tfliji'V'l~1(Electrochemical analysis) 1~m'VIflufI'ff\9l~tlll~ 1'V'1 

t'VI'W;1 V tlJ \9l~ th 'il~ t~'W'VI1~ t~ V fl'VI1~'I1i1.:j i'W fn';j1tf'l ';j 1~ "''I11tl~ lJlru \9l~ A'1 'il1fl fn';j ffmn'V'l'lJ'h 

111 'il~ 'ff1lJ1';j f) 'fffl~ tfl~ -e:l ~'ff\9l~ tlil~ 1'V'1 t 'VI'W ;1v:u t\9l vi'mh~~lrJ u 'VI'W ~ 'il~ ~ ~ U It ~1 'illfl~l~tl'j~ t'VI ff 

" " tri'W fn';j hj~lJfi1Vl~'VI1~~1'W fn';jUllJ1 i~~l'W tm~U1lJ1 i~fn';jfffl'l:J1';j1lJVl~ i ~i'W fn'jrilrJ'VIVI9l 

91 91 A "'tl~ ~ ... ~ "" 0', ,d{ ~ '" 91 d{ 
f'l11lJl fn';j'ff';j1~tfl'jV~'ff\9l'j u~ !'V'It'VI'W"lf !mH\9lV';jVrJ1~~lrJGij'WlJ1 CJf~lJ';jlm\lfl 'ff1lJ1';jf)'ff'jl~Gij'W 

i~m~ ii~ 'il~ijtl'j~ ff'VI~.f)l'V'1~mm~ itlD'1~U~fJ~'ff11J1';jf) i ~i 'W fn';j ri1rJ'VIV~f111lJfU~~'ff1lJ1'jf) ... 



, 
"" 1J'rI'rI 3 

r i1 jI V 

,\'111l~'lJ1u! \91~ fl1 hn111~m'VIflufl~\9I~llil~ l'V'1t'VI'W;lm'lJ\9I~ ii.;J'W\9I~'W flT.ifffl1>n~~i1 

l. fl'j~'UU'W1fl11'lJ~~ . 
~ I" ""... ""G! giG! "" ... 2. Q1Jfl'ju! ~1'jtfl'lJtt"'~1ff~'VI ~~ ~'Wfll'j1'ilrJ 

~ ~ 

tCJ$",fttflii''t'Ivh'il~1l'j~fl~'U~1t1.;J1'thn'W(Working electrode) tm~.;J1~1~~~(Reference 
iI 'j}, '1J • 

electrode) i,'W.;J'l-Ht'jfl 'il~i,,rffmf1't'1vhttti.;J1Vh~1'WtrJ'W"''Ut§jmVitl'Ufl'U.;J1~1~~~ tt"'~ffmf1't'1vhVi 

1,r ~~~trJ'WmJ 'lJl fl'V'l ~ .y\ 1~~~'W 'tl~~ 1 "'11~ 1 'W ~l'j"'~ "'ltl~1'lJl'jmfi~1l6mtl1~~ fli'W(Reduction) 
, iI • jI 

!.u'l'lJl~'U~t~fl\9l'j~'WVi.;JTYh~l'WllltrJ'W 1"'11~tfll~~~Vi~1'tl~~.;JTvh~1'W ~~~'lJfll'.i 

M"+ + ne M ........................... (1) 

G! gI <V f.1JI ~.U!l ... .:: 0 J , ... gI gI 11) G! gI 

'.i~tI~n"'lfll'j ~l1fl'flrJ n"fnlfl'U'tl1'V11~1'W'tl'W~~fl'Ufl11'lJt'tl'lJ'tl'W'tl~~ L~~~'W L'W~l'.i"'~mtl fl1 

~l'.i"'~"'lm~~ 'ill~1Jlfl~~ t~1Jnm l'Wfll'.i 1 ,rffflal 't'I~ltl'U~1Vh~1'W t~~ 1 ,riifll'.i~~~'lJ'tl~~ 1"'11~ 
, iI. iI , 

Vi.;J1Vh~1'W'lJlfl'V'l~<yj ~~ Vilfll'.i 1tfl'.i l~ ..1 ~1.;J1vil~1'W!rJ'W 1l'.i ~'VI1"'11~Yi'lJltfll~ ~~ ~ ~1 'W III 
~. ~ 

~~ ~'" tl'lJ(Amalgam) .;J'W \9I~'W Viiifll'.i ff~ ff'lJ'lJ~~ 1 "'l1~ih~ tlfl11'V'l~~mfll 'VI'.i 1", ffff(Pre-electrolysis) 
. " . 

11~~ mfliifll'j~~ ~'lJ'lJ~~ 1"'11~Viii.;J1'lJlfl'VWttt11 'il~ 19i~fl'.i~ bbffl 'rl~lVil ,rttti1~ 'il'j l~tI 
~ 

1i'.i'.i'lJ~1~1"'11~ri1'W'lJlfliifilfffl61'rl~1'lJl\9l'.i~1'W'lJ~~.;J1(Standard electrode potential, EO) i,'Wlll . ~ 

~~fli'W!rJ'W"'1J ttff~~11i,'W~m1~llfl~11iiit!'.i~~'Ul'V'l~111~~fffl61'rl~lmtl'W~fl<yj~~'W1,rtl'U.;J1vil 
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• ~ 1IJ _~ ~ • d ':'.OJ OJ ~ _~ • ~ ~ <r d .d ~ 
'.i~'I111~'tl1 ~ -Wl"nVl~t"'tN'ft~H'I~Vt11~'.i1~t'.i1 ~'W fl'.i~'VI~(l~ffflt1 ~ -W'ftlm'l1'W~C)f~ ~'ft'l1~'VI1;1'~ 1;1'tJV~'VI'tl1 

Vh~l'W tfi~11 ~m UlVV flClft~~'W f)~'U i 11t1~I'W ivvv'W t 'W1;1'1'.i'ft~'ft lt1 

M M'+ + ne ............................. (2) 

J , QI ~ _~, 91 d 01!9. , gJ 

t 'W ~V'W 'W~n'U v~ rlfleJ t 'VJ'ftlr1V'W 'tll~ ~~ r1~'VI'11'.i V '\l~ rI v tI'1 "'~ "'~VUl~"lfltJlfl 
. '" 

1",'I1~ Vi ~1~1'vh~1'W Q flVV flC)fi ~C)$1 11 trJ'W ivvv'W t 'W 1;1'1'.i'ft~ mtl'l1tJ~ ffmfl vJ~l ~~ ~~ "'~ "'~Vcil~ 

'.i1~t~16flrlf~ 'fifl~ru~'\Jv~t~'Wt~1vJ(Curve)~i~'\llflfhfffl6ivJ~lU"'~nm(Potential - Time ., 
Curve) lj'fifl~ru~t~'W Plateaus curve nm'tlV~fll'.itn~11amUlVVflClft~~'W ~'Wvdti'U11~tJlru 

<r d .d~ 0 ~ ~I OJ ~ 'J/ 9J 1IJ <r t 
'tlV~ ~"''I1~'VI1;1'~1;1''lJV~'VI'tl1'V11~1'W C)f~UIJ'.iN'W t~eJ~'.i~~1'lJrl11'lJt'\J'lJ'tl'W'tlV~ tVVV'W'\JV~ t"''11~ 'W 

1;1'1'.i"'~"'1t1 fh'WfhffmJ'1vJ~1~tfi~11~n~tIlVVflClft~~'Wt~'Wfhm'Vn~~1'tlV~ l"''I1~ul9i'''~"lfU~ 
.% OJ 9J .oj OJ "" d ~ ~ d 1IJ • OJ ~ _~ 
'\J'W fl'Url11'lJ1;1'1'lJl'.ifl t'Wfll'.i t'l1'11'.iV'.i'Um"'fl~'.iV'W'\JV~ 1",'I1~'W'W C)$~tll'W t'lJ~ltJrllfffltl t'VJ'ftl ., . ., 
'lJl\91 '.i il'W 'Uv~ ~1(Eo) 1 ~ eJ 1'ft'l1~ Viij~hffmf'l-w~l'lJl\91'.iil'W 'tlV~~1 t 'Wl ill ~ fli'Wt~'W'" 'UtJlflfl'h ~~ 

\l flVV flClfi ~C)$1 11 t~'W i vVV'W 1 'W 1;1'l'.i"'~"'lt1tiV'W '\Jru~~tnmJ ~m mvv flClft~i'W ffmf'l 'VJ~ltnv'U '\l~ 
d .oj • 'J/ A <r OJ ~ "" ~I"""""" OJ ~~.I_~.Oj • d 

fN'VI'I1'.iV'ft~"'~Vtll~"lfl'1 t'lJV t"''I1~\9I1'W'Wtfl~IJ{Jfl'.itll'\l'W'I1tJ~rlf)tI t'ft'ftl~,:j~~"'~"'~VtIl,:j'.i1~m1 

d ~ A.Oj OJ ~~.I_~ • ~ ~ 0 OJ "I' d "" ~ ~ d. Q,I ~~.I_~ 
VflrlH t'lJV"'~"',:jfl,:jfffleJ nmlr11'11'W,:jC)$~~lt'V'l1~fl'U t"''I1~Vfl"lf'W~'I1'W,:jC)$~tJmfffleJ tl"l'ftl 

'" " . 
'lJl\9l'.i il'W 'tlV,:j~1t~'W "''U~ V tlfl11 It'1'11~"lfU m! 'W '\l~ tn~tJ ~n~ til V VflC)ft~~'W fffl6i 'VJ~1 ~~ r1~Vi6 fl 

" 91 'I t 

r1~,:j U~1fffl6i-W~1'\l~"'~"',:jvcil,:j"'1~t~16ml~,:jtljv 1"''I1~'i1U~Vi1;1'v,:j\lflVVflClfi~C)f1tJ~'W 

'I1tJ~ th~'Ufl1'.i tn~tJamtll'tlv,:j It'1'11~ U~"'~'i1U~\lflfl1'UfJtJtm i 1vcil,mU'W V'W~1t1fff)6i 'VJ~1~ 
t~'Wfh~lt'V'll~ 'tlV~ It'1'11~U~t'I~'i1ii~ ~~ 1 'W~'W~v'W~1;1'v,:j~ijfl1'.i~'U 1'ft'l1~~~1'Vil,:jl'W fl~'U i tJt~'W 

" ivvv'W t 'WfI'l'.it'l~t'lltlilt~tlfl'h 1;1'~~tJtI~(Stripping) 

fll'.i'.i~ 'lJ'i1ii~ 'UV,:j ~1vcil,:j '\l~~ ~l'.iru 1 ~lflr11fffl6i -W~l~tn~fll'.ifl'~~tJtI,:j 

'lJl\9l'.i~l'W ~lt~'W 1'ft'l1~'i1ii~t~tl1ti'W~~tn~fl1'.i1;1'\9I~tJil~~fffl6ivJ~lt~tl1ti'W 
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~tJfl"jfli 1ty\?lU"~tyl"j!flilm.uh.Afll"jl.utl 
t.I J OJ 

tl fl'nUU~~li;l"l 

1.~~flU'lJ'lJtfl~tJ~ff~~llil~ 1'Wt'V1U~1tJijt~m1tR~tJ';j~fltJ'lJ~1t:JriTU~h~ '1 ~llJm'W~ 1 

.2' 0 ft! .l! <9 QI .d 
Un1'V11fl1';ju';j~fltJ'lJtfl';jtJ~lJ~ ~~fll'W'V1 1 

Potentiostat 

I \. l 

I pH meter I ~ Volt meter I 

I Recorder I 
Working Reference 

electrode electrode 

1.1 t~~~~~lt:JffmJl~vh (Potentiostat) tJ';j~fltJ'lJ~·Jt:J 

1.1.1 Urrci~tiltil~ ivlvhfl';j~Uff~H t~ufhuivl'QlfJ'UU1~ 1.5 11",~ m'ilt~'Uul~ 
., . 

O'tJUtiffl (AAA) O'tJUfl"'l~ (AA) l1~tJO'tJUtl1qj (A) ~i~;j\JtJdf1'lJ'UU1~'UtJ~i'~thuvhhlJl ., 
tJ';j~fltJ'lJ lufl1';j'V1~"'tJ~il 

1.1.2 i'~thu ~ffllJl';jtl'lJ';j';j~fhuivl'QlfJi~ 2-4 O'tJu 

, \ 

\ 
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1.1.3 ~1f111tJ~TW'Vll'W~'l1r1J~h ill (Variable resistor) ffltJl'H11~~1'l1r1Jfl11tJ~~ 
.... .li .... III l' 'I ~ 0 '" ~.'" '" c(IIJ ~.I_S!j d _~ 'I ~ I 0' .... 111 MUM .li "1 91 

'lJtl~tfftJ~(Volume)'lJ~Ntfl'jtl~1'VlfJ tll'l t'ifffl'11'j1J1J'j'Uf1'fltJ t1"l1"ll'Vllltl'W t'Httmo:tt,UHfltJ L1"lnl t'Wtl t'l1 

~Tvh~l'W(working electrode) lhhffmfl'Vl~lt~'W~'U ti1tltVitJ1Jn'W~1trl~~~(reference electrode) 

~ltJ~tl~fl1'j 

L. __ 

1 'Vl~1 ti1tl~tl1~ '\'l'j 1~f11'U~'JJGlh~ nmfl1'jVil'W~~mfll 'Vl'j 1~ffff 

fl1'jff~l'l1tl~ 

, ; 

I 

. ~ 

1.2 11~~iJt~tl1 (Volt meter) 1~~h'W~hffmfl'Vl~lVi~nfl~tltJtl~'j~'I1';h~'\i1trl~~~ U~~ 

~1Vil~1'W ~tl~t~'WG)$il~~Uff~~~mt~'W~1m'lJ ~m~Uff~~tltlfltJl'\'l~\lmVitJ1Jn1Jtfl~tl~~ttl'if-iJt~tl1 
~'19/.?t .li 9/ .... 

(pH meter) o:tt~ t'ift1J'Wtfl'jtl~m~tl~ 

L 
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~-~-----~--~':---------

oJ. <II ~ <II ?t .. GJg/<II ~ 
1.4 t'fl'H),,:j'lJU'YIf)fffYfY1W t1JU'U~N HItachi D 2500 Chromato - Integrator ~'if'lJU'YIf) . 

ftfYfY1W'U5,,:j'fl11lJ~1,,:jfff)6tVit'JlJnlJn~ltriu polential - time curue 'iI~loMftfYfYltl.!'vh:hu'll LriU 

ftfYfY1W~1,,:jV,,:j' t~51oMlum'j'ttl~t'J'lJ'tVit'JlJ'fI11lJ111t~vil5'\J5,,:jm'j'loMulwm~lJnm~loMlum'j'~lJ 

nmm'j''fI,,:j~'U5,,:jfff)6''\'Hh '\Jw~~ljm'j''l'J'lJ (stripping) 1~'I1~55f)'iI1f)~1Vll,,:jlU 

I, 

ii ~, 
i ~\ ~ b ~q-:-- .:::1 .. ~ 

'-,--: - ~ 
SEY E3=----

c 'ut."."", .. 
d. A Qlc2Q1 

.f11'V'l'YI 7 L'fI'j'5,,:jlJ'W'YIf)fftytylW Hitachi D 2500 Chromato - Integrator 

v v • 

1.5 .u1~1,,:jV,,:j trl'W.,jU'fIl1~LtmVlJ~1 (Saturated Calomel electrode: SCE) 

t1'j'~f)5'lJ1l1t'J 
v 

1.5.11'f1'j',,:j(housing)'\JV,,:j.,j1~1,,:jV,,:j 

'I1~V~'lJ 1'f1'j'LO)1'W~~vh~ (micro-centrifuge tube) 
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- Mm)~ ilJ lf1jil~'l.J~~(micro-pipette tip) 

- viU'V'l~lft~fl'lJ'Wlf1 1.5 C]flJ.(id) x 15 tC]f'W~~lJ~j 'IhlJl'illfl VhUGJ1-

:.".,,=:>' . ,,. . 

--

t)' 

" . . 
.fll'V'lv1 8 Uft~~fh'W'l.Jj~flU'U'lJU~.rr';n~\~i)·rVit~viu'V'lmft~fl ~~'Wttrff~~f1jl~r1;tifl~~1n'Wml'Wd~I'W 

" 1.5.2 ~1ih iW~1'lJU~.rr1~1~i)~ 1~1ff~M(;lluGJ1ii~ 1 'W fl1jMl'l.Jj~iY'Vli.fll'V'l 

- (;l1~'VIU~u~NtrJ'WftlU'VIU~U~~'lJU~ftlUiwrh v1ftu~u~l'WM(;lu~ 
'V'l(;llft~ flf1U~ fl'WflljfflJ Nftfl'Uftlj(;l~(;llU 1~ U t ,.r~11'W 'l.Jmuvt ~iI~ ~lJ(;l~ 1'W l(;lM ~ 'l.JjU 'VI 

jI dq !Vq QI 1Ur ~.I_!!l ..J ... .s, 
- ~ff'W(;l1~'VIU~U~~'VI ~GJ1 ~'Wfl1j'V'l'WlJUt~Uj rrrnlC]f~lJ~'W1'W~f1(;lU'UU~ 

um1''Wft1'W'l.J(;lluvt~fl~~ Bflft1'W .rr~~m~'W1'Wuum~fll cMl'W fl1j~Ut~UlJ1~'ilj iW~l 
- ~~'W(;l1f1'V'lm~trlJ(platinum) 

1.5.3 ftlj(;l~mU~lJ~11'l.Ju~fttC]}UlJfI(;lU ij~ (KCI) 

1.5.4 1tht~ft~OJ}UlJfI(;lU h~ 
0'"", QI lIJ" 

1.5.5 ~lJUjfl1jftfl(;lU ~j~ (Hg2CI2) 

1.5.61(;lM~'l.J';jU'VI (Hg) 

.s q!VQI "'" dt q q !V 
1.5.7 ft~'V'll'Wm(;lU ~<Jf1ft~'\1(;llU<Jf'W~U'V'lUMlf111lJmlJl~ftlJ !'Wfl1j ~GJ1~1'W 
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v • 

1.6 .u1Vil~TW trh..!H'Vi~Tn{1Jtl'WV1ihlJl'illmtfl'Wmn~'U~NthW i'¥hntJ'U'Wl~ l'Y1qj ih 

(lO%HN0
3

) t'Wtfl~tl~fl~WI'jllC)fUfl(Ultrasonic bath) ~1~~1tJJlfli'Wl9itl Hrl~llrltltJtMm~~ 
'JI , , iI 

'illm!'Wih i ll~tlmH t 'W'VitltJ1~~i11fl'Wfiii'U'Wl~U'YI~J1: fflJ l~tJV1ih~tl~ hj~llJl'j (laJflJ ~1'W 

~hfflJ Nff'j:'YI':h~u 'Vi~Tl1{1J tliA n1J'Vitl~i11 fl'W i ~ llrlltJ~ l'W'YI;1~l9itl n1J!~'W rl1~~1'I.'h ri1'WllmtJ~ fl 

{ _·~_-:o .] 
__ t -

I 

'I: ,.., 

.. 

,. , v , 

fll'WV11 0 uff~~ri1'W1l'j: fltl1J 19i1~"l 'Utl ~tfll tl~i1tl~~'YIlJ~V11.n 'W fll'j1tfl'jl:M'1 ~mV1 flU fl ff~ 1U 

tl~ l'WtV1'W;ltltlJ~~ 



2. tfl~{)~{)~\9l{)'!l;Jfl U{)'Uclf{)1'U~'W fftllfl119l'j 1v11\9l;Jt\9lel1(Atomic absorption 

Spectrophotometer) Perkin - Elmer 

.. 
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.f)1'W~ 10 tfl~{)~{)~\9lV'!l;Jfl Uel'Ull]fel1'U~'W mllfl1\9l'j 1v1119l;Jtl9lv1(Perkin - Elmer) ~i~t'Wm'j 

1tfl'jl~Mt-n£J'Un'Utfl~{)~ff\9l~llil~ 1'Wt'Vl'W~1{);Jt\9l{)1 

- mHi~filtU~!!ff~ t1:l'W Pb - Hollow Cathode Lamp 

A 
- fl11'!l£Jl1fl~'W 283.3 nm 

- fl11'!ln1'1~'\Jel~ stit 0.7 'W11'Wt'!lI9l'j ., 
~ 1 lIJ~.lGJ ~ Q,I "'... ~ 1 Q,I lIJ ~s 0 '" - tlJ~1 t-n t'l1ellmffn'Uel~tll]f'W~'W (acetylene) u'j'U~'W t~·"'Wlt~'W (clean blue) 

cfA dGi lJJ' G) .... I a e:9 , Q.I fJ} Q.I d. .l, Q,I Jd tq,...1 
3. ~lln'jWel'W'Vl t'l1'j1'!l t'Wm'jlJ'j~nelUfl'jel~'!lel t'l1'W M1!!H'U~n'j \9l~n1'U~n'j ffl£J m 

miv~m'Wnll'j~ff~~t~t1:l'W 1 fl'j ~'\Jel~tfl~el~ ~l£JffmJlvJvh ff'"h'W '1'VJvh ~lln'jw~t~WMel~~el 
ffl£J'1v1 t~'W~'W 

A ~ ... A do?t. '" ~ I'" ~ ~ 1 ... 
4. tfl'jel~Un1tm~~lln'jWel'W"l'Vl~lt1J'W t'l1'W '\J1~t')f~u'j'!l119l'j (Volumetric flask) ,utu\9l\9l 

(Pipette) ,t~~ll~'!lll9l'j (Volumetric pipette) , n'j~'UelnI9l1~ (Cylinder) , iimnv1 (Beaker) t~'W~'W 

... 
al'UfllJ 

... dGJ ~ d... .;: lIJ ~ • 
ffl'j tfl'!l'Vl t ')ftU'W telell'j tn'j~ (AR grade) 'Vl~M'!l~ t~!!n 

1. ll'jel'Vl (Hg) 

2. t'!lel1~h~fl '1 'Wt\9l'j~ (Hg(N03))2 

... '" QI lIJ'" 3. t'!l{)'jfl1'jfffl~el t'j~ (Hg2CI
2
) 

4. 11lU\9lff!Clf£J'!lfl~V h~ (KCI) 



5. 19l~~1 ''Utl9l'.i~(Pb(N03)2) 
6. H'fI~tljtJ1l1'Utl9l'.i~(Cd(N03)2) 

.... <JI <JI 'OJ <JI , 
'b''U t'Ull'U'U 1000 ff1'U t'U{l1'Uff1'U(ppm) 'U{).:.t Carlo-erbar 

4 0 QI <Q tltjI ~ A 

8. ffl'.i{l~ {lltJllll9l'.i ~1'U 'U{) .:.tU'fI~ tll tJllffl11'.i'U f)1'.i 1 t'fl '.i 1~ 11~1m'VJ'fI'U 'fI{)~ \9I{)llll'flU{) 'U 

0'.... <JI <JI 'OJ <JI , 
0)j'{)'.i'U'b''U t'Ull'U'U 1000 ff1'U t'U{l1'Uff1'U(ppm) 'U~N Carlo-erbar 

, 
OJ 

al~~~~lU~l~~ilU~~fll 
'j/ • 
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i.:.t\9l~~11'Utl9l'j~ 0.1299 fl~ll('VJ'jl'U'\.h11'W fl'Vi UU'U{) 'U) Ul hl{l~mtJ'1 'Ufl'j~ 1 'U19l~fl 
• • 'j/ 

tEij'llEij''U 1 ill{l11 'iI~ 1~ffl'j{l~{lltJ\9I~ti1Viij'fl1111tEij'1lEij''U 1000 ~b'U '1'U~l'U"h'U li:nm!'UUl hlt~{) 
'j/ , , 

'ill.:.ttrJ'U 5-30 ~h'U '1'U~l'U~h'U '1 'Uillmt'U '1~ffl11~'Uffm:J1111ff.fll1~Vit11111~ffll 

ffl'j{l~~ltJllll9l'.i~1'U19l~~1 1000 ~h'U'1'U~1'Uri1'U ffl11~'Ut'VJ'fIii'flU~I9lUllil'fluu'UO)j'ul'U 

i'U ill 1t1t~U'ill.:.t~1tJ'Jlfli'UtrJ'U 5-30 ri1'U '1'U~1'Uri1'U '1~ff~l.:.tmlvJ'UU.:.tffl'.illll9l'.i~l'U'1'Uf)1'.i 

<=I 
al~~~~lU~l~~!lUHfl(?lAUUU 

i.:.tU'fl~tljtJ1l1'Utl9l'j~ 0.1552 fl~ll ul1t1~~{lltJ'1'Ufl'.i~1'U19l~'fItEij'1lEij''U 1 illml '\)~1~ 
.c:t dd 91 9J 'Gt c;J, Z 0 1IItI.::9 ~J • 

ffl'.i~~{llmt'fl~tlltlll'VJll'fl1111t'Ull'U'U 1000 ff1'U t'U~1'Uff1'U 'il1fl'U'U'Ul t t'il{)fj}l.:.ttlJ'U 5-30 ff1'U 
'j/ • , 

'1 'U ~1'U ri1'U '1 'W U lfl~'U '1 cMftl11~'U ffm:n111ff.fll1~Vi t11111~ ffll 

ffl'j ~~ {l1t111119l'j~1'UU'fI~tij till 1000 ri1'U '1 'U ~1'U ri1'U nTI1 ~'Ut'VJ'fIii'fl{)~ 19l{)llil'fl tW'U 
'j/ , 

Ul hJt~{) fj}1.:.t~1t1Ulfl~'Ut1:l'U 5-30 ri1'W i 'U~1'Uri1'U icMff~l.:.tfl'jlvJ'U{).:.tffl'jlll\91'j~l'U 

V 91 , jI 

Ul~1U~1.:.tt~'U'illfl'VJ1.:.t'.i~'Ulmllffl1il'jW~'U~t1W.fllt1'UUfl i'.i.:.t.:.tl'U~l9lffl'l1flnllVi~'U'Wl 
'j/ • 'j/ 

Vl.:.tfj}lfl i'j.:.t.:.tl'U '~ttfl i'.i.:.t.:.tl'UvJ{)mn!.:.t i'.i.:.t.:.tl'Ullull~l h.:.t.:.tl'Utt'Ul9ltI9lU~ h.:.t.:.tl'U~i1I9lUlfl'.i~ 
QI ,: d QI 0 QI .d 7J , ~ 

19l1{)tI1.:.t'U 1 'iI~ \1 f)tfl'U'.i fl'l:l119l111 11119l'ji1'U 'U U.:.tffl'U fl.:.tl'U 'fIW ~ fl'.i '.ill f)1'.i ff.:.t tt1~~ Ull U 11.:.t'b'119l 

~ 1mh.:.t '\)~ \1 flfl'.i{) .:.tt~{)'U ~~ ffl'.i tt 'U1'U ~{)tlfl{)'UU1' tl1t'fl'.il~ M 
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CV Q,I A 0 QJ lIJ .,l ~ .c:::. .d 1Id!.d 4 

~~1l~~~1\1 t'Vfe)fll'il~tr1'l:J'\JV\lfl~~~l'l:J\'l~l(JfI~l'U t'\J'illfl'W111V ml~ffl~V'W\'l~(JU'W"l \'lm'il'il~l9I~ 

V~ ~l\1~U~1(JJlfl~'W Ufl~fl~~ i'Wl9I~fI 0.1 l11fll'f U~1tih~l\1~1mrlfl~'Wtlflflf\l 'illmrUlhiu 

U~~flU'U19I11l1\1'il~ i'VHhl9ll11.fll'V'l~ 1 (Stripping Potentiometer) 

. ~ 

.fll'V'll1 11 Uff~\lli'1Hff!l\l'\JU\I,J1'Vll\11'W 

~ 
o ~ Q gJ QI 0 91 ... 1 
\'llfll~ tflr:W'U t'il'V'll~ N1'11U l'\J~H '\J1\'ll\llU ~1(J1J~V\'l 

~ . 
'\J~H,J1~l\l~\I ~llfl\ll 'W ffl~'t'l~mmllvi'~1~fI i Utl9l~~l1l:ifl1111t6!i'1l6!i''W 100 t"Y1U 1 u~lurb'W lu 

ffl~'t'l~m(Jfl~~ i'Wl9I~flt6!i'll6!i'U 0.1 'rlUi'lll't'l (100 ppm Hg :(Hg(NO)) in 0.1 F HN03) 'Vllf11~ 

t~Ull~U1\1 'il~f)'Uti'l~V\I~1(JffflrJl'rl'9hui''U1,rthffmfl'rlVJ1'\JU\I~1'Vll\11Utilu -0.5 l1fl~ (-0.5 V trlu 

tl1(J'Uf)'U SeE) til'W t1't'l 1 1 'W1Vi U~1'Vllf11~ff~~u11\11~(Jf11~~~m~uffi'rl'9h~t,rtui1\1'il~ 
~ ~ ~ ~ . 

'illfluut,rffmj'i'rl-rhtui,J1'Vll\ll'Wtlflfli'\I fli'\I't'l~ 1 ulVi 1~(JflV(J "l tVillfllffflrJl'rl-rhttlu -0.6 V , 

-0.7 V , -0.8 V , -0.9 V U't'l~ -1.0 V t~U 1,rivuu'W'uU\lU~U\'l(Hg2+ )lUffl~fl~fll(Jllltflilu'Utilu 
t " 'j) iI 

:rJ ~1l1 't'l'l1~ u ~ V'Vl'Vl N1'11U' 1,J1'Vl1\1 lU ~ U\I ffl9l ~ u11\1 mlffl~ll't'lVl't'lUU fl 'illfl,J 1'Vll\llUl'l flfli' \I tff~ 'il 

tt~1lh i UttGJft'WJlfl~'W~m.h i u1 ~\llU( ~1~1'Vll\11U\lfll ~\llUlllUl'W 'I1~V 'il~t~ll\llU1tfl'jl~"y1u 
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'JJ 
QI'I' QI""!II Qla!ll !II 'I !II 
1t.A ~rnJ'ffl:JJl'H)'U~fl1'11t.Al'Ufl~'U1'V11~1t.A~1tJf)~~~11:l'VI~ltJm~ ~'H'ff~m~ 

'll~fl'VI) 
" .ot <v!ll"'" 

m"n~"n.lll'U"Un:UH 

m"jt~jfJlI ~"UrHa~ t\?lfJ'f't'ia8~'tI tfl"jtC)ft.A~~rbd 

ill'l1f1fl~ l:JJ lfl~tCl]1t.A~~vh~:JJlt'ill~l~~httl~ 'Ut.Al~tfft.Af>hi!l't.A6mn~ 0.2 tCl]1t.A~t:JJ~~ 
~1t.A1t.A 2 1 ill~Tl~h l-w.yhfteJ~v-ll'Wlf>h~t'ill~ 1 1'Uft'1 t,r'llf11tJ~1t.A'Hii~eJd~n't.A'Hf1eJ~ l:JJ lfl~ tCJft.A 

~~vh~ 'HtJ~ 1,m~'ll~eJ'VIfI~ l'llit.A'Hflfl~ l:JJ lfl~tCJft.A~~vh~t ~"Q;~'ll~~:JJltu 0.5 tCJfU~t:JJ~~ t~:JJ 
0'"" QI 0' lIJ d!ll d t ""!II 

t:JJfl~fl1~ftflflfl h~(Hg2CI2)fI~ ~'lltflf)t.AfltJ(ttlt.AGJfU'Ht.Al'lh~:JJltu 0.1 tCJfU~t:JJ~~) ~1:JJ~1tJ l'lltt~'ff 
'JJ • 

tGlftJ1Jflflfl 1 ~~(KCI)'Ht.A l'll~~:JJltu 0.5 tCJft.A~t:JJ~~ 'llfl,rUt~:JJ'ffl~f1~mtJ5:JJ~11 'lltt~mGlftJ:JJflflfl 

lIJ 0' .!t 'I !II "" 0'"" QI lIJ 0'''1 ..{ QI 'i''ll ... 
flflfl ~ ~~ t~fl ~'H tfl~'ff:JJ~flm~fI~mtJ'Ufl~t:JJfl~fl1~'ffflfl"e) ~ ~~ ~t.A'ffl~fI~mtJfl:JJ~1'Ufl~ ~ tt~mCJftJ:JJ 

lIJ 0' 0 'll !II ~ .!I '1.d.!l.1 QI QI QI 
fl fI fl ~ ~~ t.A 1 flltJ~ It.A 'Ht.A~ 'Ufl~ft~~lUtflflflftflflfl~ ~ Ul 'VIt'Hflfl1Jt.Al"Il 'lUft:JJ ~ftfl1Jftl~ fI~ flltJ 

tt.A'Hflfl~ l:JJ lfl~tCl]1t.A~~vh~ 

Reference electrode 

Salt bridge 

Saturated KCI 
KCI 

Hg+Ch 
Hg 

--,-=--. 

Working electrode 

Silicone pipe 

Carbon rod 

!II !II 'i''ll ... lIJ o'..{ QI !II lIJ'll'l 'll lIJ 
~:JJlt.A(3%agar)flft:JJftl~fI~mtJ ~ U~fttCJftJ:JJflflfl ~~~ "e):JJ~1 1J~~~t'\Jl ~ ~t.A mtJ'Hflfl~~:JJ 

'JJ 

lfl~t1t'll~~'\Jt.Al~ 1000 l:JJ lfl~i1~~ 'll~~:JJltu 113 '\Jfl~'HfI"e)~ 'ri'Hflfl~Ufl~flm~fI~ l'll't.Ai't.A'Ufl~ 
!II .d'l!ll ~ .!I '1!11'll· ..!I "" t!ll 'll "" a 'll 
It.A'VI ~')j't1Jt.Aft~'V'Ilt.Atf)fI"e) ~'11 flltJft1t.A1Jt.Afl~t'Ht.Afl~1'\JeJ~')j't.Alt.A ~~:lJlru 2 tCJft.A~t:JJ~~ t.Al ~fl'VI 

'JJ • 

'rifl~ l'll"e)~h~~:dr~~~ 1'~1Jt.Ai't.AiU;' ,r"Q;~'ll~~:JJ1W 0.5 tCJft.A~t:JJ~~ iht~t.Af11~~fll~,r:JJvhj~fl~fl1J 

ftltJ 1 -wtrifl~ t t.A'll~"e)'V1 ~~ 1'~"e)~1 t ..r'llflltJ'Ufl~t~t.Afl1~'V'Ifll~ir:IJ"e)dt'Hilfl'll~fl'VI t~:JJ ~~t:JJfl1~hi'ft 
lIJ 0' .!I t !lid t ""!II !II 

flf1fl ~ ~~(Hg2CI2) htJmt.A"e)')j'u'll~fl'VI tmtlU')j'U'Ht.Al'll~~:JJ1W 0.1-0.2 tCJfU~t:IJ~~ tm1~1:JJ~1tJ 

~~ l'llu~fttGlftJ:lJflfl"e) h~'Ht.Al'll~~:JJlru 0.2-0.5 tCJfU~t:JJ~~ t~:JJftl~fI~flltJ l'lltt~fttGlftJ:JJflflfl l~~~ 
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Working electrode Reference electrode 

VOLT 

~Pt-wire 

Saturated KCI Solution 

~N-I---KCI 

Hg2Clz 

Carbon rod ----.. 
Hg 

Salt bridge 

• <JI 'J/, 

fll'WVi 13 Uff~N[)-:Jfltl'j~fl[)1J'lJ[).:!4J11h~1'WU'ft~4J1~\~v.:!Vii~'\1ft[)~ i:JJ l~'jihtl~191' 

.. . 
<01 .., iI """'I" ~iI' """ <01 """ 'I" "'0 iI 

fll'j~fl·n.laJ'U101..:JB..:J A~m A'tf'rlB'rUIUYVlflmfl 'nU)'tf- BUU'} AVl1~'rI'tf1'~~uun 
v • 

Ul'\1'ft[)~uf{1tl'ftlmll~~.:!ff[).:!.,j'1':!'lJ'Wl~ hhfl'W 0.5 x 10 !C)f'W~!:JJ~'j Viffl:JJ1'jflff[)~~N i'W 

vi[)'W'ftlff~fl i~ ill itltJ~tl'ftlrJ~1'W'\1rl.:!1~rJl~!tl'ft1 i'Vh1'ft[):JJUf{1!~[):JJtJ~tl'ftlrJ !'ill~~.,j'l.:!~U':! 
31 J 31 ~f ~ 31 ~f 

'\1 'ft[)~Ufl1"l\l'U'W:JJl 'il1fl~lUlJ mrJlJ~'lJ[)':!'\1ft[)~Ufl1lJ'j~ :JJ1W 3 !C)f'W ~!:JJ ~'j Ultl 'j[)'Vl1J'j 'j ~ M 

"I 31' Q,I Q,I "I 31 ~f "" 0 gJ "" Q,I ~f 
t 'W'\1'ft[)~Ufl1[)m':!'j~:JJ~'j~1.:! t '\1"l.:!lJ'j~:JJ1W 0.5 !C)fU \9U:JJ~'j Ul!ff'Wft1~'W'ft119l'W:JJm1lJ'j~:JJ1W 

10-15 !C)f'W~!:JJ~'j cR.:!filfll'jD~fl1fi1JfflrJ i'VJlrl~H i utl'j[)'Vl 1~whrtl'ftl(1'lJ[).:!!ff'W'ft1~'Wm~U:JJ[)~ 
v ....."'" Q,I I!J" <!I:; 31 ?t :; 

l'Wiu'lJ[).:!'lhm', !~:JJ()N!:JJ[)'j~1'jff~'ft[) t 'j~ 1 'jm'\1'W[)"lf'Wtl'j[)'Vllmu'W"lf'W'\1'Wltl'j~:JJ1W 0.1-0.2 

!C)f'W~!:JJ~'j u~1~1:JJ~1(1~.:!ltlul9lff!~(I:JJ~'ft[) h~'\1'Wltl'j~:JJ1W 0.5 !C)f'W~!:JJ~'j 

ffl'j'ft~mrJ ltlUl9lfft~(I:JJ~'ft[) h~~~:JJ~1'ft.:! itl 'ilUfl':!'j~~1Jl~!'ill~Wl i l' 
v v. 

rl1'Wvi[)'W'ftlff~flfilfl1'j'ft~'lJ'Wl~oM[).:!fl1(1l'W~1(1vi[)m.:!~i11~'W 2;'14 l~(I~'WVi 2 'W[)fl'illfl 
v v 

'il~ 1 ~'W fl1'j'ft~'lJ'W l~oM[).:!fll(1l'W 'illflfl1'jn~'lJ'Wl~'lJ[)\I;'WH'jfl~fl~1' .:!!t~1 if.:!i ~1J'j'j ~!~'W i(l 

i1':!!~'jl~M~el~~1ti'Wml'W irlffl'j'ft~mU ltlu~m~(I:JJ~n[) h~~~:JJ~1'ft.:! itltl'j~:JJ1W 112 'lJ[)\I 
v 

'lJ'Wl~1Jn ~~':!'\1:JJ~ 
v • 

Q,I 31 at at llJ3I 31 "I' "" "131 'I'~f d 
'illfl'W'Wff[)~'\1n[)~Ufl1'Vl!~'ju:JJ!m nU'ft1'ft.:! t'W'Vl[)'Wmffl9lfl t'\1ffl'j'ft~'ftl(1 tlJU~ff!C)f(l:JJ 

~'ft[) i 'j~~~:JJ~1~ii[)~t 'Wvi[)'Wmff~flfi1Jffl'jn~'ftlt11 tlu~m~mJ~'ft[) h~~~:JJ~1 i 'W'\1n[)~Ufl1 
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Plastic tube -----. 
___ Pt-wire 

Solution [[]] 
V-Silicone tube 

[OJ 
B ......--Porous polymer ~I 

,~.o • .ato Q,I ddt ~ ~Qldo Q.I Q 

- ffl'H'I~fl1rJfl17 CO~ 'tl ~~lfl11~lH'\1'W~'Vl'Vl1fl17'lJ~fl7 t<Jf'tltJ tft'W '" 1~'V'I"'1~'WtJ'Vl'Vl1fl17'lJ~ fl7 

fl'lJfflrJL'W 

- il'tl~fl'Wl/hi1-H'ff17"'~mrJiYtJ~fffl'lJ~lH'\1U~~Vilfl17U~fl~'\1~'tlfflrJLW~d~I'W~h'W'tl'tl~ 

v v 

n'tl'W vllfl171 tfl71~ ,.r~1'tl ch~ CO~ vl1fl17 ffm:I1'\11fl11tJ trl'W L U L~'lJ'tl~t'Vlm1flu n'tl'W COlflU 'W 

vl1fl17 '\11ff il11~ tm~ U ~'lJ tU~ rJ'W 1ff~~1 ~t 'W fl171tfl71~,.r Vi 1 fl17 till rJ'lJtVl rJ'lJ -e;jUfl7 ru~ 1 ~t 'W 

A ~ QI dG) g)..... cI, Q.I 0 .r=:.d~ 0' '6) t d 

tfl7'tl~tJ'tl fl171171'il1~'Vl ~ <Jf-e;jufl7W ~l~fl'W 'Vllfl17~71 'ilff'tl'lJ11i1tfl71~'\1 CO'WH'W ~ 'il11tJfl11tJ 

, A ..::9 <) 0 ~ cI ... 1 A~ t ~ 0 

'W 1t<Jf'tltl'tl ~ ~ rJfl17 U 1 Nfl fl171tfl71~ '\1 ff17"'~ '" 1 rJtJ 1 ~71il'WtJ1u 7~ tJ1fl N"''Vll~fffl~ COl fl'W 'W 'il~'Vll .. 
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o ~ ?t l1J l1J 91 "" 0' "" ~ "l : 91 "" "" 
'Vl1f1TH'lf1'l=llfl11'lJLlJU ~t1 ~fl'\ltl-:lfll':i1Lfl':i1~'\1L'If-:l~0U11Vl'\ltl-:l~~f11 ~UU1fl1m'VlflUflff~':itl 

" tI-:llVlL'Vlu;lm'lJ~~ GJ11-:1mf)ih.rlwli'1-:1'\1t1-:1f11':i'Vl~H)t1-:1U'U'UrltI-:I~fl~'ltI-:1\lf1(Trial and error) 
91 , ,II II 

t UGJ11-:1illl~Vi1fll':iffmn11ff1'lJ1':i (l1l~ i'U~~ ihVh11Vi1-:l1U t~'\1~t1 hh'Viliru lmJv-:I hi Vi 1 fll':i'\1 1 

t1':i~ i1'Vl~f11Vl'\ltl-:l1i 
, 

... <=5... .! <=5 
-;) Ii fl1 'j-;)! fl ':n:~~ 'l1 'j~tI ~'YI 1 

, . 
o QI d,4 91 91 'G) 91, 0 

1. U1ff1':irl~rl1t'J'lJ1~':i511U'\ItI-:I~~f11'V1'lJfl11'lJL'\I'lJ'\IU 100 ff1U ~umUff1U 1l1U1U 50 

iJrI~~~':i L~hJff1'jrl~ff1t'JtI':itl'Vl iULI9l':i'Vl (Hg(N03»2 L~'lJ~U 540 "bUtU~lUri1UrI-:l1t1 1.0 

iJrI~~~':i L'\I~ltM'~~lnu 

" 'ihel'l-:lil-:l (SCE) LnUL1r11 5 U1.n 
, " " 

4. Vi1fll':i~flf)':i~Ufft ~.nth:l'U t M'mi'li1 t ~~l.yr-:lfftl-:l Vlftl'lJ n'U Vi 1 fll':iUUVif1 ffty ty1W f11':i 

"" 0' ~ "l 91 dt .....,g.... 0 .....,g.... ~~.I_~'" .... 
~':i11l1Lfl':i1~'\1 ~flt'J ~")Hfl':itl-:l'UU'Vlf1fftyty1W'Vl1f11':i'UU'V1f1fff1t'J ~""'n1L'V1t'J'Uf1'UL1m(potential-

time curve) 

" ... 
1 U 

, d .Q. tI QI,. tic:,. fI 

':i~'\111-:l Vlm'lf'-'lJL~t1':i(pH meter) f1'IJ tdfl~'lJL~t1':i(Volt meter) 

(Hitachi D 2500 Chromato- Integrator) n'Uu1wf11i'UL1f11 

" GJ' d QlQlt/" iJgJ QlQI 

t U'If'1-:1U 1l~ '\11fl11'lJff'lJVlU 1i':i~ '\111-:1 'lf1-:1fl11'lJ L '\I'lJ '\IU '\ItI-:lff1':ifl~fl1t'Jf)'Ufftyty1W fll':i 
.,. 0' 

~':i11l1Lfl':i1~'\1 

fl11'lJ~lLVl1~ 
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ffl'i't'l~'t'lltllJll9l'ill'l.·Hm~ffl'i't'l~mtl~';Je)~l\l~t~Uffl'i't'l~mm~tl1nU utlfl~nmiu~~Vilfll'i 
tmmJ tiltl'Urhffmf1 vJvh~~hu 'illmfl~tl\l t 1't'l~ijtl9ltl1~ii'Jlf1lQfllJlmVimJn'Ufh~~lU 'il1mfl~tl\l oW 

""" .. dI... '" <:!/ '" 'i' Gj 'JI d! "" "" .. .d... QI 

ttl'b'-lJ t\9l tl 'j CJ1 \llJ'jlflltt't'Ij\I tt't'l~ fll'J'UU 'VIflfftyqpW tfltl t'lftfl 'jtl\ltlU 'VI tfl'j t\9l tl'j 'VIlJ'J lf1l tt'rl \I fl'U fll'j 

~:hUfftytylW tfltli~U1Wfll~'Ut1m 

~ 
t:{:,_', ~{-

" t=7 Ii!:1I 
',' 

-
- L....,' ~# -: " ,..;.' , 

- 1 

; ~ 
. :1 

I '\ ~ -" ---~-::J 

~.----~~--~~--------

• d!...... .. QI d! 'i' 0'... o'.dGj 'JIGj QI' QI o'1IJ _~... QI 

fll'rlVi 15 ufffl\ltfl'jtl\l 'rlttl'b'-l)tl9ltl'jfl'l.Jtfl'jtl\l t 1't'll9llJt\9ltl'j'VI t'lf tUfll'j1flfllfffltl tvJ-nlt'VItl'l.JflUU't'l~ 

tfl~tl\l~UVitfl'jt\9ltl1n'UU1Wfll~'l.Jn't'l1~1~lufll'J1flG)h~nm'tltl\lfll'itfiflff\9l11HhtVitl'l.Jnu 

oto d~ cI ~ ~ Z!JJ4 .t::.1!::\<t 

2. U 1'tl1'V11\llU 'VI tfl 't'l fl'l.JVJ ~lJl.h fl'VIU't'l1ttc'l~ ff~'rll1Jtfl't'ltl 'tlfl\l 'tl1tll\1tl\l 'tltl \I ff\9l 'itlil\l t'rl 

"''i' "" .. , Gj 
t'VIU'lf ttllJt\9ltl~~lJ't'l\l tUffl'j't'l~mtllJl\9l'jllU 

3. tilCP)ff~\9lOJ1tfl~tl\l~ltlffmflvJftllrrffmflvJftl'tltl\l~1Vil\llUt~U -1.5 t1't'l~trltltVitl'l.Jn'l.J 
oJ 

.u1fl'l\1~\1 (SeE) t~Ut1't'll 5 ulVi 
• oJ oJ 

4. Vilfll~ ~CP)fl'j~ uff"lvJVitlflU 1 Mwi.u1 "lvJftl-n\lfftl\l 'rl~tllJ n'l.JVilfll'joUuViflfftytylW t~U 
'JI , " 

CJ/ QJ QI GJ 91 ~ QJ 4 91 0 OJ ~ Q.I ~ ... .I_~ d 

potential- time curve 'rl'jtllJflUUU t'lfU1Wfll'il'l.Jnmt'JlJ\9lU'VIlfll'j 'il'Un't'lltlJtlfffltl twnl'VI't'lfl't'l\l 

lJlt~lJfI\I~ U't'l~ l'J~ fll'j ~'U n't'l 1 trltlflfl 6'1 vJftl~fI\I~ t~lJ't'lfl't'l\ltl~l\1'j1fl t~1~ flfl# \I Vi 1 fll'j oUU Vi flnm~ 
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" " QI 0 ~ 001 91 A 9J 0 ltJ~1 ' 
7. I'Jf)EU 1'V11-:J1'UUfI~ ff~'V'll'U!f)fI fl EUfl-:JEU1ell-:J ~Nflfl mnmY1'jfl~fl1I'Jtl1~'j i1'UUfl1'U 1 L 1J ~tl 

" . 
fI~ "l'UU1f)~'U!1j'Unfl1 3 'U1Vl 

" . 
1 o. 'Vl1m'j1!fl'j1~11'fl~ ~ '1 'I1~.nflm~~ I'Jtlff1'jfl~ml'Jtl1(9l'ji1'U(9l~ti1 "l'l1~ UfI~ H1i~~1flrh~lJ1 

.. " 
'Vl1 m'j~ ~'U1~1lf)'jru tfll'Jll~'l.J!lliil'J'U 1ff~VlU1tl1 i ~i 'U m'jll'j~ f)fl'U <U1 , 'VJ'~h~l~~-:J 

'11~~ '01f) , ~~ fll.!fI '01f)m'j1tfl'j1~ 11'1 'U'j~ I'J~ ~fffl~ u6'1 tfll'J'Vl1m'j1l~ 'U !1l~1'J'U lllU'U'Uff1'U ~ t~'U 
". " <!I 0 ~ ft I "" "" • QI 91 "" '="'1 91 11) <)' ""~I" QI QI 

ff~'V'll'Utf1f1fl 'VI1m'j j'ff)'i:l11J'j~ ff'VI1i .f)1'V'l'j~ 'I111~EU1ell~fl~ !!'U'U'VI t "lfl1f1flfl ttl t fl'j !C)f'U (9l 'jl"C1 'Of)'U EU 1 

. '" 
~1-:J~~u'U'UVi1 ~'I1f1flfl itl tfl'jihll(9l~ !m~'j~'I1'h~<U1~1~~-:Ju'U'UVii~'I1f1flfl itl tfl'j tC)f'U(9l~:vJ1'O 

d Q.I ~ 91 ~ dG) 91 .c:. ~ I ~ ~ 91 ,.d Q,I QI Q.I 

!'VII'J'U f)'U EU1fl1-:Jfl-:J U'U'U'VI t GJ1'11f1 flfl'V'lfl1ff(9l f)C)f~ Hl'U m'j 1'1 fl'i:l 1 t'U fl~(9l'U EUfl~ff1'U 'VIfftl Hfff)'Uff1'jfl~ml'J 

.n11'J'Uflf)~t~'Uff1ii ti''Uf)'jfl~'l.J'I1~ !tfl~!ff''Uil'Jff-:Jtfl'j1~M~vfl~1ti'Wml'U 

" <U1~1~~~ (SeE) tn'U!1f11 5 'U1Vi 

. " " 
4. 'Vl1m'j~fl f)'j~ uffi'VJVl-llfl'W '1 M'un<U1 i 'VJ~ll1~fffl~ 'V'Iffltlti'lJ'vi1m'j<uu-nf)ftty tlPtlUn'U 

0a1 0 <)' q 91 .!t "" d " potent! - tune curve tfll'J LGJ1tfl'jfl~fl'W'VItf1'jt(9lfl'j 

o A tlIA4 : 

5. 'VI1m'j1!fl'j1~mGJ1'W!fltlflf) 2 C)f1 

" " Q,I 0 ~ OJ 9J ~ 91 0 llJ .... 1 ' 
6. I'Jf)EU1'V11~lWm~ff~'V'llUtf1f1flEUfl~EU1ell-:J~~fl~f)'01f)ff1'j"(;l~fl1I'Jtl1~'ji1'UUfl1'U1 L1J~tl 

fI~ i'U'J1f)c;tUt~Un"(;l1 3 U1Vl 

o A tI d 9J9J I G)9J 
7. 'VI1m'j1tfl'j1~'I1ff1'jfl~fI1l'Jtlll9l'ji1'W'VIfl11tltEUtlEUU 10,15,20, 25 UfI~ 30 ff1'W t'Wfl1U 

" " , Q.I 91 0 

ff1U 19l1tlEUU(9lflUEUfl 1- 6 ff1'jfl~fI1l'JfI~ 3 C)f1 
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o ~ ?I "" llJ "" ~ 'JI .:: 91 "" d"l 91 
8. 'Vll~TH1~('lltltJl~'jilUO)f~tlJtHn'jll~mm~1J tll1tfl'jl~'I'I~1t1E\J1m~tl~U'lJ'lJ'Vl t'lf'l'llltl~ 

11J 1fl'jihll~~ 
o ~ ?I "" llJ ~ I"" ~ 91 .:: 91 "" d"l 'JI 

9. 'Vll~l'j('l~llltl1Jl~'jilWlf~tlJU~l'jll~lllm~1J t1J1tfl'jl~'I'I~1t1E\J1m~tl~U'lJ'lJ'Vl t'lf'l'llltl~ 

'Wlll~~ fl ~1 ~ri1'W ~ fftJ ~~ti'lJ ffl'jll~ mtlilltiU tlmnU ftlfi flU fl'jtl~'lJ'I'I~ U('l~ trt'U lt1ff ~ tfl'jl~ 11 . 
dQlQlQl • 

'Vltl~~1flUUUU 
~ . 

10. Vllfl1'j1tfl'jl~11fli' ~ i m.n~tlt~~ tl1J~1'jll~ml'.l1Jl~'jilU~~ti11'1'11i 

, , " I 
o ~ .d .... t ~ ~ .t:'4d.d6) gJQI 9J ~ dl 'JI 

'Vllfl1'j 1'Tfl1:l1111~ .f)11~'Vl tl'!1Jl~ ff1J Ull~1J'j~ ~'Vl1i .f)l'WE\Jtl~T!i'Vl t 'lfE\J1m~tl~!t'lJ'lJ'Vl 'If'l'llltl~ 

'Wmff~fl~1~ri1U~ff1J~~ti'lJffl'jll~ml'.l.f)1l'.lUtlmnUtrt'uil'.lff~tfl'jl~11~B~~1tiUUtlu VI 1 f11'j . . ~ 
1~l'.lVllfl1'j!tll 'jfhflmfl vI~l!tll~ nmfii.n 14 f11'j ~~ ff1J 111'l'l~fi sU1 "" ~ 

1tfl'jl~'I'I~1'jll~mtl1Jl~'j~lU 

Vll~lU('W~~mfl1 'Vl'j 1('liY~ (Pre-electrolysis)) 

o t 0 d 4 ~ tI ,.. ~ CJJ t CjJ Q dGJ lJI ~. GJ 
2. U1E\J1'Vll~1'W'Vltfllltl'lJ11111J1J'jtl'VlU1l1 Ull~E\J1m~tl~!t'lJ'lJ'Vl t'lf'l'llltl~'Wmff~fl~1J~N tU 

ffl'jll~llll'.l1Jl~'j~l'W 

3. t1J~~1~GJ1tflttl~~1l'.lffmflvl.yh lM'flmflvl~1E\Jtl~~1V11~lUtnU -1.51111~trlmfit:J'lJti'lJ 
~ 

.u1U'1~~.,'l (SCE) Lnunlll 5 ulfi 
. ~ '" 

4. Vllfll'j~~ fl'j~ !t~1 vi 'vHltl 14 1. M'Wi.u1 1v1~111.,'lfftl~ 'W!tl1Jti'lJVllfl1'j'JJ'uViflffqJqJltIHnU 

potential- time curve 1~tli~tflttl~~ufitfl'jt~tl1 
o .c::. tI,.c);.c:l : 

5. 'Vllfll'j1Lfl'jl~'I'IL'lfUL~1Jtlfl 2 O)fl 

o.c::. ,f.d Q,liJ 'QlQI~_~ to c::I 
6. 'Vllfll'j1tfl'jl~'I'It'lfUL~tI1fl'lJE\Jtl 1-5 !t~l1'j'lJffflt:J !vl111E\Jtl~E\J1'Vll~lULllU - 2, -2.5, -3, 

"i' ~ A .ot "'.:: 'JI "" ?I .ot 
-3.3 Ull~ - 3.5 t111~L1Jtlt'Vll'.l'lJfl'lJE\J1m~tl.,'l (SCE) tlJunm 5Ul'Vl 
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ffm:nJl-.l"'U~Hln"l~l<flunl'nhw~Vt"fll'V1'.i'1"iY'ff(Pre-electrolysis) 
1. Ul'ffl'.i"~"ltJ'lJl~'.i!lU'U-el-3~~A'1~ljfl11'lJt,j'lJ,jU 5 t'f1u'lu~lurhu ~lU1U 50 

.e:..t:\Q ~ lrJ Q 'JJ 9J <r a* lit .... 1 Q QoC:\ I Gi 'JJ 91 Q.I 

'lJ"""~'.i t~'lJ'ffl'.i"~"ltJn'.i~ tU~'.im'U'lJ'Uu 10 t'lJ"l':i "~tlJ 0.5 'lJ"""~':it'UtI1 t'I'H'Ulnu 

2. ul~chvh~lU~tflfl-el'UYI~'lJ'lh-el'VIU~1 tm~~1fl'1~V~U'U'U~'l~11"-el~'Vml'ff~f)~'lJ"~'lu 
'ffl':i"~mtJ'lJl~':i~lU 

3. tll~'ffl~cHtfl~-el~~ltJffmfl~.yh 'l11'ffmf1~vh'U-el~~1Vil~lUt1ju - 3.3 b,,~d1mVitJ'Un'U 
'" ,j'1V'1~V~ (SeE) djun"l 1 Ul'Vi 

. '" '" 
4. Vilm':i~~n'.i~tt'ff'~Vi~-elut11'ttri,j'1 '1~cVhVI~'ff-el~ 'W1'-el'lJn'UVilm':iU'U\1nfftytyluu1ju 

~ "1 91 ~ '" .,. .. 
potential- time curve t~tJ tGIHfl':i-el~-el'U'VItf)':it~-el':i 

'" o .c:::. a"~d. 0 

5. 'VI1f11':i11fl':il~l1t~'Ut~'lJ-eln 3 C)fl 
" iI " I cv 0 cv 91 '" 91 0 ILl' 'I 0 cv ~I 

6. tJn'U1'V11-31'UU"~'U1-ell~-el~-el{)n'j)ln'ffl':i"~"ltJ'lJl~':i~1'Utm1Ul tlJ~'lJ"-3 t'U'Uln"'UtlJU 
.,. 

n"l 3 Ul'VI . '" 
7. .yjlm'.iltfl':il~,.rt"li'Ut~ tJ1n'U,j-el 1-5 Ul9ltlr'Utd"lVi'l <flu f11':i 'l11'ffmf1~cVhuri,j'1.yjl~1'U 

t1j'U 3 ,5, 7 tm~ 9 'U1Vi ~l'lJtil~'U 
o .c:::. 0': !V d 

8. 'VI1f11':i1tfl':il~11C)fll~w'l~'ffl':i"~mmtfl~t'lJtJ'lJ 

lhml'fffl11~~tl1'lJl~'ff'lJ'j)ln'fffl11~~ 4 'lJl 'l~'l U m':iltfl':il~M111tl~'lJ1W ~~ A'11 'UU"~ 
ttfl~tljtJ'lJtU~1-el~1~Jl~t~'U'lJltl11i~n 4 ~1-el~1~ lfltJt~t'VIfli!fl-el~~-el'lJiifl tt-el'UC)f~)'r'U~'U mtlfl 

l~':it'lJ~~l1j'U11iV'l.:JV~ 

_I "" "" """""'" J fll ":i'HllJ ":i~f;YYlfifll'W '\16,,:) 1fi1!fI ":il~'I1 

m':i~lti!'Um':i111tl':i~ff'VI~fll'W'U'e)~11iltfl':i1~,.r 
'" .. : ~ • cv. 91 91 d~1 gJ dI 
1tfl ':i l~ 11 7 C)fl t'W -el111~1-3 nl':i ~-el'U 'ff'U -el~'U'e)~ 'ffty tylW \91 'e)fl 11'lJ 1 'U'lJ'\J'U 'VItlJ'Ut'ff'U ~':i ~(1inearity) C)f-3 

Q G} ... I Q.I Q,I 0' 9J 9J d 91 d d 
'j)~'W 'j)l':iW 1 t 'UllJ'ff11'ff'lJ'W'U 1i (correlation coefficient) fl11'lJt'U'lJ'U'U'VI'U'e)tJ'VI~~'VI'ff1'lJ1':ifl 

ltfl':il~,.r '1~(LOD) fl11'lJ ~lt'Wl~ tt"~~nll'ity~~fl~'e) Jl-.I"'U'e)~f11':iltfl':il~,.rtrl'e)tVitJ'U n'U 

t'VIfli!fl'e)~~'e)'lJiifl u'e)'UC)f'e)1'U~'U 'ffttlfll\91':i l~l~t'lJ~~~t~t1j'Ul1iV'l~fl~ 'U'e)n'j)lmr'UV~111fl11'lJ 
\l n~ 'e)~ 'U'e)~11i 1 fltJ t ~t'VIflUfl f11':i t~'lJ'ffl':i "~"ltJ'lJl\91':i!l'U ~'VI':i l'UtI~ 'lJ1W U UU 'e)'U"-3 t 'U ~1'e)~1~ 

'" (Spiked method) 'j)lnir'U.Ul'1t11tfl':il~,.r111tl~'lJlw1'-eltJ"~'U'e)~m':i~un~'U(% Recovery) 
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" fl1~'l.h~'lJ1"JlH'lfl1~1~fl~1~,,;''I-1~11:JJfl'O~t~hJ~Uf)~:JJ Microsoft excel ''Ufl1~'lh~'lJ1rHm 

'Vll~f11fff)~-vf~11:JJ~ 1~ufi f11~'i1~tl fl11:JJ~~tl~'lh1'U~1~G'j '151-:jm~\9H:l'lJff'U~~6ij~-:jfftyqJ1ru~~ 



, 
"" 1J'Vl'Vl 4 

, 
~cv ~ a 

Nflfll'j1~U tU'j~tI~'n 1 

V11fl1'j fffl'l::l1fl111HrJ'U , 11' ~'\J~N O1'j 1tfl'jl~ M t;~ fJW.fll~'lJ 'fl~ ~~ ~11 'U Jl~1m'VIflUfl'ff~ ~ tJ 
tJ • ,i1 

tl~ 1 ~t'VI'U;1~HlJ~~ GJ11~U 'jflU ~~V1101'jfffl'l:n:h'ffllJl'jm)~~'lJ~~ flTn.u1V11~1'U '~'I1~'fl hi 
iJ t1 , iJ 

t'YiTu'U 1~tlv~ ':UV11fl1'j'l11tJ1~i1'V1n.fll~'lJ'fl~1ti ~'i'1~l~fl~Vil~dj'U'I1fl'fl~'lJ 1fl1tC}f'U~~yh~ l'U.u'U 

91 91 "" QI ~I 91 QI 0 ~l ~ t 91 "" .;. 
U1 fl ~~, GJH'ff'Ufl1~'Wfll~'UlJt1J'Utff'Ufl1~~1'Ul'V1 G1f t 'U 'lJ1m~'fl~ t'VW~~t1t1j'l11fl11 tfi~tJafi~e.l1 

1.0 V 
1 2 3 

Cd 
VSSCE 

Ph 

O.5V 

0.0 '--_____ ---:-:~------
n~1 

.fllW~ 16 U'ff~~ Potential-time curve 'lJ'fl~ffl1fl~fllt1Ufl~t~mJ(1) ffl'jfl~mtl\9l~~1(2)Ufl~ . 
ff11 fl~ fllt1HfflJ~~ n1Ufl~ UfI~t~ tllJ \9l1lJtil~'lJ(3) 

~lflfll11tfl'jl~ M'ffl'jfl~ mtllJl\9l'ji1'U 'lJ'fl~\9l~ ~1Ufl~ Ufl~ t~tllJ W'lJfl11lJ tri'U' tJ' ~ 'U 

fl111tfl'jl~M"ntJ~lJ1W\9l~~1Ufl~UfI~!~m.J l~tll~!'VIf1Url'cl' ~lfl.fllW~ 15 filftmf'l~vh~\9l~~1 
Ufl~Ufl~t~tllJl'UGJ11~nm~~fHl'flfl~'~~ ~'flftmf'l~~l~~fl'ff~~tJtl~ ~filfifl'U,rl~fI~~(fl~fl~ 
fl~1~~1'1)Ufl~1jfilm~1~~11~u~~~11jfilftmf1~vh~\]fl'ff\9l~tJtl~ (V) ~ 0.498 11fl~ trlfl!VifJ'lJ 

., 
fl'lJoij1~1~fl~(VS SCE) Ufl~UfI~!1jtllJ1jfilftmf1~vh~~fl'ff\9l~tJiI~ (V) ~ 0.685 11fll9l' (VS 

SCE) ~ll1.fllW~ 3 tff'U~ 1 Ufl~ 2 !rJWU'fl~Ufl~t1jtlll!U'I~\9l~ ~1~!fi~tJamfJ1flflfl~'flCJ1' 
OQl 91~ ~ "191'" 

\9l111fll~'lJ !ff'U'VI 3 !lJ'U'lJ'fl~'ff11fl~mtl'lJ'fl~'ff11H'ff1l mfl Potential-time curve U'ff~~ t'l1!'11'U 

.;. 0 .,..... ~ lIJ "" t "" .t .,. .,."" o:'llJ £II ~ <i'~!~'U'h tll'fl'VI1W'j'flU'lfl t 'VI'j tfl'ff'ff'VI~flflfl'U'lJfl~\Zl~fl1Ufl~ UfI~!lIt1l1 ~~ \]fl1~1C}f t tJ!1J'U tfl'l1~ 

'ff~ 'ffllflQ~~1'vh~l'U U~!rl'flV11fl11~~fl1~ U'ff1~vh~1I'fl'Uttfh~ ~1 ~'lJ'h UfI~!1jfJlI ~~ \]fl 
'fl fl fl~1 ~GJ1'rl'fl'U \9l~ A'1 (\] fl'fl'flfl~' ~CJ1'~1t1ftmf1 ~~l~dj'U fl'lJlIlflf)':h\9l~ ~1)~ ~'ff'fl~fI~fl ~ fl'lJrh 

., 
flmfl~~llJl\9l1il'W'\Jfl~oij1(Standard electrode potential EO) 
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Cd2
+ + 2e Cd EO = -0.403 V 

Pb2
+ + 2e ........ >. Pb EO = -0.126 V . ... 

U'(;l~Lii~flTJe)flfl~'~cM'~U 1'(;l'\1~Ufl~Liim,I'Viff~ft:Utl~iu41'nhnUfl,;luillLrJu~tltlUiU 

ftl'j'(;l~m(J~U'\1:U~ ~lflJuffmJlvJvh~~'(;l~"'-:I:Ultl~1-:1'.i1~L~1~flflf-:l ~Ufl'.i~(i-:lffmflvJvh~ 
1"''\1~~~tt1ftl:U1'.itHii~fll'.itltlfl~i~cM' ~hffmJlvJvh~~L~:Ufl-:l~U~1"'~"'-:ltl~1-:1~1:Ulfl~flflf-:l 

• I • 'j/ 

~Ufl'.i~l1-:1 1"''\1~~~fh-vlft~ff:Utl~iu411V11-:11UQfltltlfl~i~CJ1111LrJU~tltlUiuffl'HI~m(J~U'\1:U~ 

ffmflvJvh~-:I~~'(;l~'(;l-:l:Ultl~1-:1'.i1~L~1~flflf-:l L.;tui~i1fhffmJlvJvh~iltlUiMUri~1V11-:11U 
, 91 , , SI 

L~(J-:I'Wtl-vl~tltlU'tJeJ-:I 1'(;l'\1~11-:1Ufl~Lii(J:UU'(;l~~~ti1Qfl~~1CJ1111ff~ff:uill411V11-:11U U~iWlb-:l~Vl1 

fll'.i ft~~l1l1-:1 1 '(;l'\1~ U~'(;l~ "lfW ~iiih~u U'(;l~ ffmJlvJvh~ Q fltltl fl~i ~cM'mlutlu Uft~-:I (i -:lfl11:U ~lL'Wl~ 

'tJtl-:l11iffl:U1'.itll~L'VIfl-Uflrllufll'.i1Lfl'.i1~l1L~tl'.i~1J'lf-U~'tJtl-:lffl'.i~1tl~1-:1 u"'~fll'.i~l",'\1~u~",~ 
... 

'If-U~~~~tl-:lQfltltlfl~i~cM'~u'\1:U~ 1"''\1~~1~tl ill(i-:l~~\lfltltlfl~i~cM'~1:U:U1 Uft~-:lill1-:1 1'(;l'\1~ 
r1 do lIJ' 4Q.1 Q.I 0 ~ tI~ Qllrtjl ?I 

~~ fl1U'(;l~ Uflm:U(J:U ~:U'.iU fl1UCJ1-:1flULm~flUff1:U1'.itl'VI1fll'.i1Lfl'.i1~'\1'Wd tl:U"l flU ~~ LlJUUU1'V11-:1 

U1 hJtifll'.iW~U1,.nll~:U1ru~tl ill 
_I'::! .cO A GJ!lI 91 QI 0 GJ t.J!... A GJ!lI2 .J 0 

~'(;l fll'.i LlJ'.i (JUt'VI (JUt:Utl ~'lfLftU"'1~~1Ul ~U'tJ1tl1-:1tl-:l L:Utl ~ "lHnU'(;l1~'VItl-:lLL~-:I'VIU 1:U1~lfl 

ffl(J'vJLL~1Ul:Ull{:um.nUm-:l 'WU':iTiI~'~-:l1U '11'~~h~(J~nm'\1it-:lll'.i~:U1w 72 i11:U-:l ~~tii~ . ... 
fll'.i~1aH:u'tJtl-:lff1'.ifl~ '(;l1(J i U 411~1-:1~-:I i llif:u ~fftiU Llfu "'1~'V1 tl-:l U~-:I tii~l1 aii~ f.J1~1-:1 t~(J-:lii fll'.i 

... ... . 
llUt1JtlU 'tJtl-:l 'tltltlU'VItl-:lU~-:I i Uft1'.i"'~m(JVll iMffmflvJvh'tJtl-:l411~1-:1~-:I ilifl-:lVj 'i;tf1jLiY(Jff.fl1'W 

... 
fll'.itrJU411 ivlvh~l-:1~-:I iliff1:Ul'.itlU1 illi<M-:l1U i~~fl 

.cO , !lI GJ !lI '" 91_ I QI .% QI GJ 
Lfftl(J'.i.fl1'W:U1flfl11t'ffU'(;l1~'VItl-:lU~-:I ft1:Ul'.itl ~'lf-:llU ~~lJ'.i~:U1W 5-7 1U 'tJUflUfJW.fll'W ~Ufll'.i 

tfli-ltlU~ U 1U 'Wu--.i 1 fll'.i t~tl:uft .fll'W tii~ ~lfl fll'.i'(;l~'(;l1(J~1'tJtl-:l ~ U1U i vlvh~ tfli-ltlU Llfu '" 1~'V1 tl-:lU~-:I 
... . 

Vll1 Mff1'.i "'~ '(;l l(JiflJ ~fftiU'VI tl-:l U~-:I tii~l1 aii~ f.J1~1-:1 L~ (J-:I fffl6'1 vlvt1'tJtl-:l 411~ 1-:1 ~-:I ilifl-:l-vl 
... 

'i;tf1jtiY(Jff.fll'Wfll'.i t~U 411 'vlvtl~l-:1~-:I iliff1:Ul'.it:lU1 i lli<M-:llU '~~fl 

ri1ULlfU'(;l1~'W'(;l1~hr:ulM~'(;l~~~~iifl11:ULfffi(J'.i Ldtlif:u~ftff1'.i"'~m(Jiu~1~1-:1~-:liliLii~ 
llamf.J1~l-:1t~(J-:I ili~ltrJU~tl-:lVll~U1Ul{:u U~ii~tltiY(J~tlii'.ilmU'W-:I:Ulfl 

... 
Vl-:l lUft1'.i'(;l~m(J:U1~'.i~lULt"'~ 

... . 
UtlmrU~~Vl1fll'.iffmmm(JUtVj(JUtfl~tl-:lthUiff1jf1j1W(Detector) 
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, d. Q ~ Q,I <r tle:::!l. tI 
'.l~'I111.:J 'V'Hf)"lf-lJ!\9If)'.l(pH meter) fl'lJ tdC1\91lJ!\9If)'.l(Volt meter) 

(Hitachi D 2500 Chromato- Integrator) n'U'\..nWf11~'Unm 
OJ ' .1 OJ 91 t 91 "" d ~I III ,. ""~ " '" "''' , , 
t14"lf1.:J'W'il~ t"lf'tl1f)1.:Jf).:J'VHu14'I1C1f)~ tlJ tfl'.l!Il)f14\9I'.l1"l'H"1 'I11fl11lJfflJ'VfW1i'.l~'I111.:J"lf1.:Jfl11lJ 

9191 "'''' """ ~ 0 91~ 91 ! 'tIlJ \I U \If).:J ff1'.l C1~ml:Jf1'UfffY ty1ru f11'.l \91 '.l 1 'il1!fl '.l 1~ '11 1l)f.:J 'il~ U llJ1ff'.l1.:J !l..I14 fflJ f11'.ltlflflf) I:JUC11 'il~ 

'I11GJ11.:Jfl11lJ !rJ14!~14 \91 '.l .:J(linearity) .w 'il1'.lru 1 'ill f1fi1ff'l1fflJ-Yr14 i ifll:J' ~!'VIfl Ufl f)~ \91 f)lJ:Ufl 

" !tfJ'UIl)ff)1'U'~u ff!t1fli\9l'.l i'V'J1\91!lJ\9I~!rJU1iV1.:Jfj.:J fi'.:J'14ff1'.lC1~ml:JlJ1\91'.l~lUUC1~ff1'.lC1~ml:J 

~1eJ~1.:J~!rJ14ff1'.ln~n1m~1:J1n14 
jI " , 

Uf)f1'il1mrU'il~Vhf11'.l!mCl'UtillCl'Ufi1ffmJ1'V'J.yhVi~TU'il1f1!fl~f).:J 11C1~:Ut\9leJ1tViI:J'Un'Ufi1i1l 
, A "" """ '" <'!l '" ,. OJ 91 A "" "" "'" QI ,. m14'il1f1!fl'.leJ.:J l"ItfJ"lf-lJt\9lf)'.l UC1~ f11'.l'UU'VIf1fffYfY1ru tflCl t"lftfl'.lf).:JeJU'VI!f1'.l t\9leJ'.l f1'Uf11'.l'il'U !1C11 tfll:J 

'~UTWf11~'Unm f11'.lU14Vif1fftyfY1ru 1~l:Ji~!fl~f).:Jfj'UVi!f1'.l!\9IeJ1~fh'l114fI iMih)\9i'.llf11'.l!flgf)U~ . . . 
\If).:Jf1'.l~fl1'l:JVii ~UUVif1fffYfY1rutrJU 60 :UC1il!lJ\9I'.l ~eJu1Vi 'il~ '1~fftyfY1ru iu~t1VitrJu Potential-. " 
time curve GJ11.:J nmVi tnfl f11'.lff\9ijtlU.:J-U14 'il~ i ~1i1f1'.l~ C1~ (m.11 mrJu:unil tlJ \9I'.l) 

1.0 

VSSCE 

0.5 

\ 
0.0, __________________________________ __ 

Time 

" . 
t~lJ~U~.:J ~.:Ji:jlJ1f1 ~.:J-UUGJ11.:J nn1Vii~iu f11'.lff\9ljtlU.:J;).:J~eJ.:J i ~lJ1f1\911lJ '1 t1~11:J 'il1f1f11'.l\9l'.l1'il1f1 

l"I'U'hGJ11.:J !1C11't1 f).:J f11'.l ff\91 jtlil.:JutI '.l \9I1lJfl11lJ t~lJ ~U 'tI eJ.:J '1f)eJeJU i U ff1'.ln~ml:J ;).:J 11 1 'il~ U llJ1 i ~ 
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J., d d 9J 91, A <iI 91 Q,f 91 Q ~ tI 4C\ Q.I .t::l, 

~~ f)1'Vl~11'lJ'Vl!"lJ'lJ"lJ'U ~1~'1 !'lJV ~G)5(Ol71 'il1~~1t1V'U'Vl!fl'H~V7 'U1Wm'il'Un'fll U'fl~ !'Vl~'U~V~ (OlV'lJ 

iJ~uv'UCJfV1'Ui'U ff!t1~ 1\917 1'V'11~!'lJ~~ (ASS) 

C> C> .. 91 91 
ffmfl'V'1vh ~11'lJ!"lJ'lJ"lJ'U V'U'Vl!f)7t(OlV7 

(ppm) (volt) 

10 -0.499 

15 -0.497 

20 -0.495 

25 -0.497 

30 -0.499 

fl 
y = 1.585x + 7.75 

20 -

10 

R2 = 0.9986 

y = 1.6996x + 0.4 Integrator 

R2 = 0.9983 

(1'U1Vi) 

23.25 

31.75 

39.5 

48 

54.75 

1 

2 

o -- I , ---r---- -r--. 
o IS 10 15 20 25 30 35 

Cone. (ppm) 

C> '" I 4 
'U1Wm'il'Unm mm7~~f)'fI'UUff~ 

(1'U1Vi) (AAS) 

17.23 0.048 

25.99 0.072 

34.13 0.096 

43.79 0.122 

50.82 0.144 

QUJ " 
'.: j 

j 0.00 

0.06 y = 0.0042x + 0.006 
0.00 

Qal 
o • 

0 5 10 ;5 20 2S 30 35 

.d Q.I. _. ~ tI J., 91 Q 

flTV'l'Vl 18 fl. Uff~~\911Vm~ RegressIOn hne "lJV~f)171!~71~11~~f)1~1m'Vl~'U~ 

ff~~t1il~ l'V'l!'Vl'U~lm'lJ~~ (1) fl'UVi!f)7!~v1 (2) 'Ul'wmoiunm 

"lJ. Uff~~~1vrh~ Regression line "lJV~m71!~71~M~~tt1~1m'Vl~U~ 
V~~V'lJiJ~uv'UCJfv1ui'U fftt1~ l\91j 1'V'11~!'lJ~~ (ASS) 
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. 
.c::::! Q,/ Q Q.I d'd. QI 

!'VWUtlUU1Wf)1'11U!1m'lJfll'VJ\9l1\lf1U 

A QI CJJ A ~ ~ d'~ QI 0 QI 

!Ut)\l'llltlf)1'j1~~1mfl'jfJ\lfJU'VHf1'H\9lfJ'H1JUf)1'j1~'IIlf1ill'W Potential-time curve 'V11f)1'j1~ 

'j~(J~'Vll\lm;U'lJl!~tnn11(Jnm(ff'lJiunflUU\9l'jlf)1'j!f1~fJU~EUt)\lf1'j~~l'.I:1~1~UUVif1fff1jf1jlW) 

ri1Uf)1'j1~GJi1\lEUfJ\lf)1'j!fi~f)1'jff\9l~uil\l~1(JU1Wf)1~Un1:l1'\1~!i'lJ~U!11:l1!rtfJffmflvh~l!i'lJfI\l~ 
A '" ~~.I_~ d. • oj , .dIlJ!II !II , ",!II A"""" .. 

U1:l~ M fJ~!'lJfJf(f1(J t l"fnl! 'j'lJ1:l~ 1:l\lfJCJ1\l 'j 1~!'j 1 f11'Vl t ~ '\I~UfJ(Jf111f)1'j1~\9l1mfl'j fJ\lfJU 'Vl !f1'j!\9l fJ'j 

!'W'jl~'II~ti1J~un1:l1~1f1'hfl11'lJ!~U'\I~\l H1:l~MI'J~~unmt~1tfiulu H~trtfJ111fh~1~'lJlff~1\l 

,.. dl Q,lQld'IQ,I QI d"gJ191" 
t~(J'lJfI1ffMff1J'WU1H'Vllf1U 1 U1:l~ ~~\9lf1Hf1U'lJfI1tEUl tl1:ltlU(J1Jlf1 

~1:l '\IlfWl1'jl\l~ 1 U1:l~m'W~ 17 H1:l~ 18 'II~t~U 1~11ffl1Jl'j(l1l1mlt'VlflUfl1:l'\9l~U1h 1'W t'Vl 1,1 . ., 
~lm'lJ\9l~1Jl 1.n Uf)1'j1!f1'jl~11M1U~1J1W \9l~fl1 1 uUll~ f)1'j \9lfJUffUfJ\lEUfJ'lfff1jf1jlW f)1'j \9l'j 1 'II 

1tfl 'jl~ 11 ~ fJfl11'lJt""'lJ""U EUfJ\ll fJfJfJU \9l~ A'1t~U!~U \9l'j 'l 1 ~ ~1:l~fffJ~f11:lfJ'l flU t'VlflU fI fJ~ \9l fJ'lJiifl UfJU 

.. • !II~ """"'!II d! A 0 ... ..: IIJ!II '" 
CJffJ'jU.J1U 1:l'!-Ufll\9l'j lvJl\9l!1J\9l~Villl'lJll'b'!1Ju11im\li)\l CJf\l!1JfJ'Vllf)1'j1!f1'jl~M 7 G)fl'll~ t~~1:l\9l\l . 

"" \9l1'jl'l'Vl 2 . . 
do 'QI QI ", • 2 ~ 

\9l1'jl\l'Vl 2 Uff~\lfllffMff1J'WU1i(CoITelation coefficlent (r)) t1JfJ n = 7 

n Stripping Potentiometry (l) 

Integrator Stop clock watch 

1 0.9942 0.9873 

2 0.9985 0.9980 

3 0.9964 0.9957 

4 0.9982 0.9963 

5 0.9949 0.9947 

6 0.9978 0.9988 

7 0.9964 0.9887 

AAS(r
2
) 

0.9995 

0.9984 

0.9992 

0.9986 

0.9961 

1.0000 

0.9998 
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Jlo.I't1f11'j~'j'H}1tll'j1~11'11111~lJ1Ol \Ol~ A'1'j~'I1'h~t'Vlflilf>H)~ \OleJlJiJlItteJ'lJ<>]f~1'lJoM14 rnll 11 1 ~'j 

1'VJ1\OltlJ\Ol~ (ASS) ttfl~t'YIlli1f1ff\Ol~lliJ~ 1'Wt'YI14;1~tl/\Ol~ 1~H.It'YIllilllff~~lliJ~ 1'Wt'YI14;1~tl/~~ 
QI.Q! .d "" A f~ 'JI A "" d " 

'lJ14'YI f1t1f11'YI \1 flff'YI'j1J1J~~1mll'j ~~ ~14'YItf1'j t\Ol~'j 

"" " OJ .d A 
1tll'j1~'I1ttff~~~N \Oll'j1~'Y1 2 tlJ~ n = 7 

" . 
'\l1f1fi1ff'l1-ffl/~14 tiVi'~'ijeJ~ t'YIflilflff\Ol~lliJ~ 1'W t'Vl14;1 ~tlJ \Ol~ (Vi' ~fl14Vi tf1'j t\Ol~1tW~ 14 1wm 

~'lJn"n) ttfl~t'YI1li111~~~~lJ:iJlItt~'lJ<>]f~1'lJoM14 fftllrl1\Ol'j 1'V'J1\OltlJ\Ol~ (AAS) ~'~'14m'j~l~fl~ii 
'6) 91 do Q,I d' gJ til 9J '~4 ... 1~ "f .Q1' .d. d gJ 

111 ~f1mlltl~f114tm~lJmt'ij1 ~f1't1 1 Uff~~11t'Vlll14rlff\Ol'j1J1J~ ~'Wt'YI14"b' ~~tlJ\Ol'j 1Jrl11l/\1f1\9l~~tm~ 

tt~14t'h 'f1~t~tI~f1'Ut'Vlllilrl~~~~lJ:iJmm'lJ<>]f~1'lJoM14 fftll1l1\Ol'j 1vn\9ltl/\9l~ U't1~ff1lJ1Hl '~141wm 
Q.I .e.. .::::t tI 111 gJ,.. ad Q,I d , 0 91 Ci) gJ d QI 

'\l'Unfl1U'YI14eJ14'Vltf1'jt\Ol~'j ~~ ~~tI'YItJ~1I~l/f111lJttl/14tI1ttfl~f111lJ\1f1\Ol~H ~f1mlltl~f114 

'JI • 'JI, " 

'\llm!14 vh m'j1trl'j1~M'I1111~ l/lOl \Ol~ t11' 14ih~1~ ci1~Vi t~'lJlJ1 '\l1f1'lJ~ nru 'Vl1~U 1ffTIi1'jOl~ 

rU1~ 1'j~~l14f.J\9lff1'l1f1'j'jlJ 

1.0 1 2 3 4 5 

0.5 

o~-------------------------------------
11f11 

f11'W~ 19 ttff~~ potential time curve'ij~~ff1'jfl~mtJ (1)\Ol~A'1 20 ppm (2) h~~l14U'lJ\9lt\9l~i 
(ih 111t~~'\l1~tiu14Vi1f11'j1tll'j1~M) (3) 1H~l14~~l/ti1 (4) 1'j~~l14'YI~ti1 (5) 1'j~~l14'V'J~f1'11ir~ 

. . " 
\9l1'j1~Vi 3 Jlo.I't1m'j1tll'j1~M'I1111~l/lOl\Ol~f11'14U1~1~ci1~ 

QI , : 1l~lJ1Ol \Ol~ A'1(ppm) \9l1~tI1~141 

Stripping Potentiometry AAS 

1 H~l14'V'J~f1'11ir~ 1~'W'lJ hi'W'lJ 

1 'JI 'JI 
'j~~l14tl~l/Jlo.I1 1~'V'l'lJ 1~'V'l'lJ 

h~~l14'YIUti1 1~'V'l'lJ l~'V'l'lJ 

h~~l14tt'lJ\Olt\9l~i 178 179.7 
,.. 

" " \Ol'j1'\l1~'W'lJUlI~tiitll/'14u1Vi'~ 4 ~1~ci1~ 
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• 9J 

fi1Jt'VI~l'WflVi1tfl'n~Mi~m'VIflUfl~~\9re)tliJflU~1JC)f~1'lJ'i'U m'l.Jfli\91'J lvJi\91!:U\91~ ~:h~'V'l1~~1m'hnll 

~ !~1J:Ul '11 fl'VI 1,ni 1 ~l1il'JU!~ ,rl~ i 'J ~~1'U!!1J \91t\91 ~~!vi lif'U~'V'I1J\91~ ~1 m~11'W 1 '1~lJ 1 '11flf11'J 

~1 '1"'n1~~fl:Ulmfl.fllI:J1'U h~~l'U !!19i1'U~1~cil~i~ 4 ~1~cil~\91'J1'1 '1li'V'l1JUfl~!ijl:J:U til~~'11fl 
1 14 1i'J'J:U'ifl~ i {t'Yi~ !!fl~ tijl:J:UU fl 'il~ ~ ~'l.J~'l.J'U n1Jff~fl~ ff 

1J~ !1fJU'Yiij~~~'lJ~'Hlff~fl~ff'Yi~~ i 'J ~~l'UHI9i~!t 'iff~fl~ff 

•• 9J 

'Vilf11'J-W~'Ul~'l.Jfl'Jru i~I:J'l.J~1Jt'l.Jill:J'U1~~Viill:U11 ~1'U f11'J'l.J'J~ fl~1JoU1 '1 'VHhfl'l~~~ 

'Yi~~ 'illfl '1 ~,rm.!{t '11flfll'J1tfl'Jl~M1 14 'J~ I:J~ ~~~~ !!~1 i ~m'ilf11'J'l.J~1J!'l.J~(I'U 'l'l.JU1J1Jri1'U ~t~'U 
9J. 9J 

~~'V'll'Utfli1l ~ Vilf11'Jffm:n'l.J'J~ ff'VI 1i ill'V'l'J~ 'H11~oU1fl'1~~~U1J1JVil ~'Yi{t~~ '1:u i fl 'J tC)f'U \91~:vJ 1 'iln'lJ oU1 

fl'l~~~u'lJ'lJ~l~'Yi'fl~~ '1:u ifl'Jih'l.J\91\9l' U{t~'J~'Yi11~~1fl'1~~~U1J1J~1~'Yi{t~~ '1:u ifl'J!C)f'U\91~:vJ1 
9J • 

'iltViI:J1Jn'UoU1fl'1~~~U'U'UV1'1~'H{t~~'V'lm~~fl 

~1'J{t~{t 1 (lil 1 £J'U ~ fl~ !~'U fflil n'U fl'J~~ 1J'Yi~ U{t~ !~'U il:Jff ~!fl'Jl~ M~5~ ~1 n'Um.l 14 
9J • 

N{t 'ill flfll'J till (l1J tV1 (l1J'l.J'J~ ff'VI 1i ill'V'l 'J~ 'Yi11~oU1fl'1~~~U1J1JVi1 ~'Yit'l~~ '1:u i fl'J !C)f'U \91~:vJ1 'il 

n'lJ ~1fl'1~ ~~U 'lJ1JYl1 ~'Yi{t ~~ '1:u i fl'Jih'l.J\91 \9l' .... 1J11ij'l.J'J~ff'VI1i ill'V'l !VhtVi (I:U n'U \911lJ~fll~ !il~~ '01 fl 
•• 9J 

ij~ ~f1''l.J'J ~ fl~'lJ1~~Vi !'Yiij~'U n'Uul9i U\91 fl~ l~V1'lU U'lJ1J ~.m~ f11'Jill:Ul'l.J'J~ fl~'U tvi I'll 14 ~l:Ul'J fl~1;'l.J 
j} v, v 

91 "" 91 91 '" 91 "" '" "" "" 0 i 'jIi "" .flI) 'J/QI "" 
'tI~~'tI~~f)(I'tIf)~'tI1m~~~'VI~~~~'if'U~t:U~'Ul:1J1 'if 'Uf11'J1!fl'Jl~'Yi !~~~'U 

9J • 

oU1fl'1~~~U1J'lJVi'1 ~'H{t~~ '1:u i fl'J !G]f'UI9l~:vJ 1'il 

'jI "" 
'tI~~ 

ijml'Jf11'J i ~~1'W'Ul'Ufl11U'U1J 1 ~'Yi{tf)~ '1:u ifl'Jlhul9l\9l' 

~l:Ul'Jfl'Vilf11'Jfl~~!U~(I'U~~""l'U!f1i1l~ '1~~1(1 
tm'1~ 

9J 

~1oU'J '1vJVhij'tl'Ul~!~fl 

1~~1'Jtflihr~£J 

,r~~f)(I 
9J 

oU'U \91 ~'W f11'J'l.J'J~ fl~'lJijfl11:U~~(J1fl:Ulflfl11 

"" "" 91 "l'jl "'" "" fll'J !\91'J (I:U~~'V'll'W!f1t'1~\91~~ ~ 'if'Yit'l ~~ Hfl'V'lt'lt'll'J 

'114 fll'J t\91~(llJ:Ulfl 

ijml'Jf11'Ji~~l'U~ln~ 
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1u 

4f1~\~~'m1J1J~i~"HHl~ 1lJ lf1';jiJnJ~19I' 
~tl~ 

"I 91 "" 91 
~GJj'ffl';j tf'llJUtlU 

ffllJl';j fli~1Jij~t~tlU'I.h~11~lU'I1~tl~''''Hl~ 1lJ lf1';jiJt11~l9I't~tli ,rffl';j~~mU~~tl~ 

91 91 
'Utl~tlU 

hjffl'1Jl';jm11~uUff~'V'llUtf)~tl1~ 

ti1tl1U ~i ~Yilff~'V'llUtf)~tl~U 1;11 f1~1J 111 trJu 'Utl~t'\1~1 

• 'j). 

1 f1';jiJ t11 ~l9I'ij,j' tl ~lfi~ 'V'l1J'hil t;y'l11Vi ffl~t;y~ mff~ r.J';j .fll'V'l 'Utl~ .u1Ul~~~Viri ~ ~'m ~~ml'JfIl';j i ~~lU 
• d. d.<!l .<!I ,. "" iII ... d 0 91 ~ A 91 "" .<!I 

ff1U'VI ff ~ ~~lJlfl'VIq'~f1tl ff~'V'll'U1f1~tl ~ 11 U~fftG)fUlJfI~tl ~ ';j ~'VI'VI1 "lfllU"~ t-" r.Jff.fll'V'l tlJ tllU lJ fIl';jflU 

1;11f1~1J 111trJu'Utl~ t'\1~1 fIl';j i~1ff~~tff~m~~ 1tltltlU 'Utl~ l11H~mG]$UlJH~~/'I1~tl1tltltlu'Utl~ 
'j) 

f1~tl1 ';j~ffllJl';jfltt'V'l~r,hu 1111~ tt~~T.l1"~mu~mh tliffllJl';jflH'V'l1r·hu 1111~ ,,~vhi,rml'J 
iI j/ 'JI fJI. I 

fIl';ji~~lU'Utl~.u1Ul~~~V~U11~U ~~UU~~Yilfll';j'VI~fftl1J.u1Ul~~~ViYil~1U'I1"tl~'V'Wlff~f1Viicff 
g!G) Q.I tI <r t Glg/odo gJdd QI • GJ ~'91 ~ 

tffU ~Uff~tfl';jl~'\1 ~~UfI';j~tt';jfl ~GJj'ffl~'VI1'l1Ul'VIttJ'W~1f1~1~';j~'\111~ffl';j~~~lU.fllr.J ~U'U1tll~tl~ 

n1Jffl';j~~~lU~~tl~fIl';j1!f1';jl~M!~tlffm!nfl11lJ!rJu1111~ 'V'l1J11ffllJl';jfl~1J~~A'1~4f1Yil~lU1~ 
(~"lfl potential-time curve !rltlYilfll';jff~111il~) Uff~~11H'W1'V11~fIl';j~~Ul!rJU 1111~ H~'W1J 

fIl';j~11 '\1~'Utl~ffl';j,,~ mU.fllui u4f11'V'l~1~1~~~tltlfllJl.fllUUtlfl ~tllJli.rt~mtl~'lJ'\1~~V~ 
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• • ,iI 

'VI~fftl'U 'hi'W'Ufll'ji''J i 'I1~"'~Nffl'j~~m£J U~!}m Ij)ltlfll'j1~f1'jl~11'W'U"h hiffl'!J1'jt1~'U~~ ti'JVi~'J 

.yh~l'U i~ t11Ij)t~'U i.lli~'h lmY~tfl'jl~l1~l ~~~~'Jti'Uml'U:lJltllj)'U ffl'j~~m£Ji,jffl:IJ1'jt1f'J i '11~ 
t1t1tl ill'j'J:IJ'~~.yh 1,rfl'JllJffl:IJ1'j t1fll'jtfl~t1'U~ itltltl'U~~~~ ill~'J£J . ~ 

uni." 1~t:Jfll'j~-WlJHH~'U i'VHhl'U~'U~t1'Ufll1'Vll'W~~mfl1'V1'j i~iYff 

• , i1 • 
o ~ d. ... 1 ~.c:r. Qd.dG} 91QJ 91.c:r. dG} 91 

'VI 1 fll'j1'Ttl'l:l1'111ff.fl 1'J~ 'VI m:IJ1~ ff:IJ U~~lJ'j~ ff'VI15.fll'W"'t1~ TIi'VI ~ ''If''''JtJ1~ t1~ U 'U'U'VI ~ ")j''I1~ t1~ 

'W~lff~tl~l~ri'J'U~i1lJHffti'Uffl'j~~~lt:J.fll£J'Utlm~'U~tl'Ul£Ji1~tfl'jl~l1~~~~'Jti'Uml'U 'Vllfll1 . . ~ 
1~ t:J'Vl 1 fll1 U1l1fhfftl6i 'V'lfhu~~ n~lVil.rl 'U fll'jff~ ff:IJ 1 ~'11~ Vi Eij'J "" " 'Jtfl'jl~'Hffl'j~~~1£J:lJl~1!1'U 

'Vll~1'U('W~~mfl1'V1'j i~iYff (Pre-electrolysis» 

ftf)1?J1N~'tla~Hf)d1-w';h~-na~'-Ht11J.[1'vJ~1 . ~ . 
'llltlfll'jlli''Ufhfftl6'1'V'lfhVi1JtI'U t,r ti'U.u'J hHh i~ ~~~~lllVi 18 

1.0 

.=: o 
:> 

2.0 volt 2.5 volt 3.0 volt 

Time 

3.3 volt 

d .;, 91 91 d QJ Q.I o'Q,I , 
.fll'W'VI 20 UtWI~ potential-time curve "'t1~ffl1~~~1£J~~tl1t"':IJ'IJ'U 5 ppm 'VIff:IJ'W'Utl'UfI1 . ~ 

fftl6'1 'V'lfhVi1JtI'U i ,rti'UEij'J i'V'l.rJl 



~ 8~-------------------------------, 
::: ? 
?i;l6 
(;I~ .. . ~ 
Ii ~ 4 
!: CD 

~CS2 
"lI 

• • 
• 

O+-------.-------,--------r----~~ 

o 1 2 

I1Imf'bivh 

3 4 
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fll'W~ 21 mY~~filfffltf1'V'l~l(volt) ~~fltA1MUrii,;l'1''h~1'Ut.n£l'I.Jfi'I.Ji1~~il~~~ff'lJ~'U,rfi'I.JGJb~nfl1 
"tJfl~fll'j tn~ff\9l~tlil~ 

" ~lflfll'j1tf1'jl:::"y'W'I.J,hfll'jlMfffltf1'V'l.yhHrio;ij1l11~1'UU'fl£lfl11 2.5 11~~ ~::: ithn~fll'j 

'Wjilmf11 'Vl'j i~ffff~i1l11~1'U tm:::trlm~'lJfffltf1vJvhi~u~ 2.5 11~~~'U itl~dn~'I1:::'lJlff:::ff'lJ 
,d ~ 0 J QI ~ J. IaI d. ~ Q,I ~ _~ <d 

fl~'Vl "tJ 1'Vll~1'U 'lJlfl"tJ'U \9l1'lJ~ fl'hlW::: fll'j t'W'lJ"tJ'U "tJfl~fftyqpW \9l1'lJfll'W'Vl 19 H\9lfll'j t'W'lJrYfl£l t 'V'l~1'lJ 

fil~lfi~ ~lt~'lJ'lJlflfl11 3.3 1-m~ ~:::tn~tlan~£l1".l~tfl£l~ ~fffltf1'V'l~1'lJlflfl11 3.3 l1tl~~::: 
91 • jI 91 , iI t j/ 

tn~fll'jU\9lfl~1"tJfl~ihtrJtAWlff.no;ij1 ivJ~l.yr~fffl~ 1~£l.no;ij1l11~1'U~::: tn~ufi'ffi~ 1~'j t~'U H~:::.no;ij1 

~l~fl~tn~Hfi'ffflflflcJ1t~'U ii~ml111Mfll'jtn~'Wjilmf11v)'ji~ffffhjff~ltff'lJfliiflln'I.Jfl1'U~'mU'1 

i1 i 'V'l~1 ~lflvJfl~ Ufi'ff ~·m1tf1'jl:::"y~ i~trlfll11fll'j1tf1'jl::: "ycil~ iifilf111'lJHtl'jtl'j1'U'lJlfl ~~JtA 
.:/ "I 'OJ ~ _~ .,: ~ 0' d! ~I ,": .,: 0 'I iI"" 11) 'I .... 0''': ~ .,: 
~~t~mwnrYfl£l tvJ~l'Vl 3.3 t1~\9l cIFHlJ'Uf11'Vl'lJlfl'Vl~~'V11 t'l1'lJf111'lJ t1 t'Ufll'j1tf1'jl:::'I1~~'V1~~ t~£l'V1 

" hjl111Mtn~fll'j H\9lfl~1"tJfl~ih 

ftfl't:llN"''Uel~n'''lmll'Ufl1'j'ril'W~tlU'lfllVl'j''''~GI' 
l~£lfll'j~fl'Ufffltf1'V'l~lttriiTl''h~l'UtrJ'U 3.3 l1tl~ trlm.n£l'I.Jfi'I.Ji1~lfl~ H~1u'l.hn~1~loM 

l'Ufll'jl11'Wjilmf11'V1'ji~ffff trJ'U 1, 3, 5, 7, H~::: 9 'Ul.n t~~flfl'hl111nfl1~loMl'Ufll'jl11'W~flt~f1 

1\9l'j itlffffiir·mfi'I.JfftytylW fll'j \9l'j 1 ~1tf1'jl:::"y~~1~ h ~tl~lflfll'j1tf1'jl:::'I11~~tl~~fI1'W~ 22 
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1 

Time 
d do 4 tI J, ~ gJ l' G)i1 

fll'V'fVl 22 Hff~-3 Potential-time curve 'VI'V11fll~1tfl~1~'Viffl~fl~mfJ~:::f11t'tl1J'tI'W 5 ppm t~fJ t'b' 

nm~1.rl.'Wfll~vhv~1~hflfll'V1~Lflffff trJ'W 1,3,5, 7, Ufl::: 9 'W1Vi ~l1J",h~tl 

20~----------------------------------, 

15 

10 

5 

O+-----~------~----~~----~----~ 

o 2 4 6 8 10 

fll'V'l~ 23 Uff~~fl111Jif1J~'Wn~~wh~9f1~nfll~i.rl.'Wflln'h'V'l1flmfll'Vl~'flffff 1, 3,5,7 Ufl::: 9 

'W1Vi titlnfll~tfi~fll~ff~~t1il~ 'tItl~ffl~fl:::mfJ~~fi'1 5 ppm 

.J ?t 91 "" <I t : GJ 91. A d .dGJ 'J/GJ 
'illf1fll'V'l'VI 23 t1J'W'tItl\!tl'illflfll~1tfl~1~'Vi 5 fl~~1fl::: 3 G)$1 Uff~~ t'Vi11t1Jtlt'V'l1Jnfll'Vl t'b' t'W 

o """" 'l' lI)"" ?t d 'l' GJ 'J/lI) 'l' • .d t 0 .l 
fll~'Vll'V'l~tlmfl t'Vl'j ttlffff t1J'Wfll~t'V'l1J ttlfllff t'Vi Ltltltl'W'tItl~ ttl'Vi~1Jlff:::ff1Jtl~'Vl'tl1'V11~1'W1Jl't1'W 

'" .,. <I";'.l "'?t d lI)GJ "" <I ?t'J/d 
ff~~lru fll~~~1 'il1tfl~1::: 'Vi 'O~ t'V'l1J'tI'W~l1Jfl'WtlJ'Wfll~ t'V'lllfl11ll n t'Wfll~ ~~1 'il1tfl~1~'Vi tlJ'W 'tItl~ 

..,. .f~ A '" • "" ~ GJ 91"""" d GJ 
'tItl~ t'Vlfl'Wfl'W fltltlltl ffl~fl~mfJ~ 1tlm~1Jfl11llt 'Otl 'Ol~lllfl1 ffllll~ tl t 'b'11H'V'lll nm t '14 fll~ ff~ ffll 

. " . 
ltl'Vi~Vi,j1'vh~l'W l11 i ,rffllll~tl1tfl~1:::lf~1tlth~Viiifl11llt~tl 'Ol~lllfl1 L~ ul9i '0::: ~tl~ i ~nm 1'14 

fll~~~1 '01tfl~1:::lf1Jlf1~lll L t1~1fJ 
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91 Q .d 91 tq,.. Ael tI QI ~ 91 A dGi ~ 111 .4 tI 
~l~~~U'lJ'lJ'VIl91'11"'~~ ~'JJ tfl'HCJ1'W 19I':in1~fI'lJ'tI1m~~~U1J'lJ'VI t91'11"'~~ ~lJ 1fl ':itl LtJ 191 191 

• oJ 

ffmJ'lvJ-rhL~tI~ 1 11"'~~ffllJl':itl'v'hl'11'tn~~~~mfl1'VI':i1"'ffffVi,j1'Vh~1'W 1~ fIl':il~fffl61vJ-rh 1.5 
tldi9l.J.Q.I ~ tI 91 , 

11"'191 L~~I9I~~fIl':it~lJfftytylrufll':i\9l':i1~1LfI':il~'I1 U~,j1~1~~~Vivhmfl'l1"'~~~mff~ml'fl~1~ 

ffmJ'lvJ-rhlJlf1f1'h 2.5 11"'~f1~~~Ln~~~~mfl1'VI':i1"'ffffotl~fI'1~ 3.3 11"'~) f111'JJ111'WfIl':i 

\9I':i1~iLfI':il~M'tI~~~1~1~~~LL1J1J~1~'I1"'~~ ilJ 1fl':iLCJ1'WI9I~VJ1~U"'~~1~1~~~U1J1J~'1~'I1"'fl~ 1'JJ 1fl':i 

ihtJ\9I~1ifl11lJ 11~ ~fI'h f11~';hth~~tn~ ~lf1f1l':i~ lfl~fl'W 'tIfl~ 1 tJLLl9lff!C)ftl'JJU"'~ 1~~~'W 'tIfl~f1"'fl 

1':i~1ifl11lJffllJl':itlLfI~fl'U~1'W~1f1"'1~~d~J'Wi'W'JJlf1f1'h U~ri1'U~~~q'~'tIfl~~1~1~~~~vh~1f1 
'I1"'fl~~"'lff~fI$i~ml'JfIl':i i~~1'Wfn1'Wl'UlJlf1( fI1~1T\.h~~1iml'Jfll':i '1~~1'W'JJlf1f111 1 1/) N"'~ 1~1i 

I 0 do"" ,:!f .d. do", GJ ~.d. 1lJ,J IlJ 'JJ 
f111lJLtlJ'UtIl U"'~'VIfflf1tyflfllJU'U1'V11~'VIffl'JJ1':itl'VIlf1l':i~m'U1 t 'I1lJfl11lJ n~~6ij'U 1'W fl'Ulf1191 ~~ 

~1t1 

oJ • 

u"'~ Ltfl~!1itllJ 1 'W~1mh~ihViL~1JlJl '1'11:U~fI 4 ~1fl~1~ 1~ tl1 ~!'VIf1Uflfl~ I9IfllJ~f1!W1JCJ1fl11Ji'W 

mtJfl119I':i 1vJ1l9ltlJ\9I~!il'W1n~1~~~ 
• oJ 

nfl'U Vi ~~ Vi lf1l':i1LfI':i l~M ~ 1fl cil~ 1 ~ Vilf1l':i'VI~""fl'lJini!f1 ':il~Mffl':i"'~ '" lt1lJll91':i;}l'W 'tIfl~Vl~ 

6ijfl~I9I~~1U"'~!tflmljtllJ 1~tlfIl':itJ~'lJ!tJ~tI'W'jh~nm~ifl'WfIl':iVil~~~mfl1'VI':i1"'ffff Lil'W 2 ,3 

5 ppm 10 ppm 15 ppm 20 ppm 

~~~~ 
1.0 

o~ ______________________________ ___ 

Time 

"" .d. ffff 2 'UTV] 



35~----------------------------~ 
~ 30 
I 25 
~ 20 
~ 15 
~ 10 
~ 5 

y = 1.138x + 4.57 
R2 = 0.9927 

o+---------~--------~--------~ 

o 10 20 30 
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.f)l'¥l~ 25 uff~~~';ltlrh~ Regression line 'tI~Nffl'H'~~ltJ~~~d 5-25 ppm l~nmyh '¥l~~mf1 
1V1'J1~ffff 2 t.l1n 

5-25 ppm Ph Standard 

1 
r~--~A ") J11.h::lh + 10 +20 

1 

'I 
Time 

.f)l'¥l~ 26 Uff~~ Potential-time curve 'tIfl~ffl'J~~~ltJ~~~d 5-25 ppm 1~n~lYil'V'l~~mf11V1'J1~ 
91 91. • 

ffff 2 'U1Vi '¥l!mJ~1mh~'\hth~'lh U~~Ul'lh~'l.hViYilm'J spiked fflnl1~'J!l'U~~fid 10 U~~ 

20 ppm 

d '0 ~A cfd 0 .c:. fI iI 

.f)l'¥lVl 24 'il~Uff~~f1dllJUlJ'Um'tlfl~d1i1tf1'Jl~l1V1V11m'Jdtf1'J1~l1ffl~~~~ltJ~~ 3 cifl 'il~ 

t~'U11nm~1~'U"lb~fll~tf1~ff~~'llil~ij~hlfl~t~tJ~fi'U fh'U.fl1'W~ 26 Uff~~1~m~111f1dllJ 

(% Recovery) 

11~fl1~ 



A " tll'lh::: 'lh +10 +20 
'\ ( 

1 

1 

\ 
Time 

fll~~ 27 Uff~-IJ Potential-time curve 6ijtl~ffl'iI:l~l:ll£JUfl~!ij£J'lJ 5-25 ppm l~nmVil~~vmfl 
'J) 'J}. 

l'Vl'ill:lffff 2 'W1Vi ~-rtl'lJ~';ltldl~Ul1h~lh !m~Ul1h~lhViVilfl1'i spiked ffl'i'lJl~'iil'W 

"" Ufl~!'lJ£J'lJ 10 Ul:l~ 20 ppm 

~r-----------------------------~ 
~: 
1530 
'"25 
.! 20 

~ 15 

~ 1~ 
y = 1.438x + 2.77 

R2 = 0.9974 

O~~~----~~~----~--__ ----~ 
o 5 10 15 20 25 30 
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fll~~ 28 nff~~~dtldl~ Regression line 6ijtl~ffl'il:l~m£JUfl~!ij£J'lJ 5-25 ppm l~nmvh~~v!l:lfl 

l'Vl'ill:lffff 2 'W1Vi 
.d ,d tl/QlrJ' 2 ~ d , 

~l'il~'Vl 4 !!ff~~fll!~I:l£Jff""'ff'lJ~'W'jj(Correlation coefficient (r» t'lJtl n = 7 'Vlfffl1d~~l~ 

fldl'lJ!~'lJ~'W 0 """" Correlation nm'Vll~'imflfl LOD 
ffl'iI:l~l:ll£J 

1 'Vl'i 1I:lffff('W1Vi) (ppm) coefficient (l) (ppm) 

2-10 3 0.9982 0.7 

. 2-10 5 0.9967 0.5 ... 
~~fld 

5-20 3 0.9986 1.0 

5-25 2 0.9973 1.2 

2-10 3 0.9981 0.6 

"" 
2-10 5 0.9972 0.4 

u fl ~ t'lJ £J'lJ 
5-20 3 0.9979 1.0 

5-25 2 0.9967 1.2 



48 

d dGi 9fGl ~ rI 0 ~ ~d 
1j)1fl\9ll'jl~'Vl 4 tt'ff~~v.I"l'U~N'ff.f)11~'Vl t'lf t'Wfl1'j1t'fl'jl~11'ffl'j"l~mtJ 'Vllfl1'j1t'fl'jl~11'Vl'fl1l'.IJ 

t~'.IJ~'W 5-30 ppm u~'V'fI.J'h trttl '1.ffn"llfl1'j'Vil'¥l~~m'fll'Vl'j '''lffff ~ 2 'W1Vi ffqJqJ1Wfl1Hn11j) 

30 ppm 

'V'l~~t"l'fll 'Vl'j '''lfffft~'W 3 'W1Vi Ij)~ '~GJ51~fl1'j \9ltltJff'WtI~'UtI~ffqJqJ1W fl1'j\9l'j11j)1t'fl'jl~11ntJ'fI1l'.IJ 

t~'.IJ~'Wd~I'Wtff'W\9l'j~tlY'1'WGJ51~ 5-20 ppm v.I"l'j)lfl\9ll'jl~~ 4 ttff\9l~'1M't'~'WtI{h~.J1~H'j)'W';hnm~i.ffi'W 

fl1'j'Vil'V'l~~m'fll 'Vl'j '''lffff'.IJlm'vh' 'j GJ51~'UtI~'fI1l'.IJt~'.IJ~'Wt~tt'fltJ"l~ '1'W'UW~~fl1'j\9ltltJff'WtI~'UtI~ 
Q.I ""''' Q.I 91 91 '" • J dt '" ~ I"" ,. 1lJ a 1 .d 

ffqJqJ1W fl1'j \9l'j 1 'j)1t'fl'jl~11 fltJ'fI1l'.IJt'U'.IJ'U'W'.IJ'fI1'.IJlfl'U'W t'WtI~ 'j)lfl'.IJ1J'j'.IJ1W 'UtI~ t"Gm~ t 1Jff~ff'.IJ'Vl 

~1'Vi 1~1'W '.IJlfl;1'W '1 'W rl1'W 'U tI~'fI1l'.IJt ~'.IJ ~'Wt1' tI tJ~ q''fI~ ffl'.IJ1'j fl 'j)~ 1t'fl'j l~ 111~(LOD) if 'W'fI1\9l ';h 

til 'j)~1i~1 tn'W 'j)~ ~~ tI'W ~l~'.IJlfl t'V'l 'j l~ ~ tl1q!"l~'Vil fl1'j 1t'fl'jl~ 11 .f)ltJ '1 'W 1'W t~ tJ1 n'W 'j)~ 1i'fl11'.IJ mj'Wrh 

'.IJlfl(~ 'j)l'j W 1 'j)lfl~l r J U~ ~tI\!"l~'Vilfl1'j1 tfl'jl~'I1'j~l1';h~1'Wli'fl11'.IJUt.l'jt.l'j1'W~ tI'W ~l~ 

'.IJlfl 'Wtlfl'j)lflffltl1\9j'Vll~t'Vl'flU'fl i'W fl1'j t\9l~tJ'.IJ'ff1'j'(;'1~"llmt~1 'ffltl1\9j il1qjtillj)~'.IJ1'j)lflfl1'j~'ti . ., ., 
ffl'.IJ1'j fl'fl1tJ~'.IJfl1'j t'fl~tltJ UJl4'WVI~'.IJt.I'j tI'VIVi<iJ1'Vi 1~1'W '1 'Wtt~"l~ 1'W i M'li'fl11'.IJ11 'U 1 t'Yil n'W'VJ fl'fl1 ~ U~ 

mh~' 'j ~\9ll'.IJ fl1'j 1t'fl 'jl~ 11.f) ltJ '1 'W GJ51~ n"llt~ tJ1n'Wt1~'fI~li'fl11'.IJtti'Wrh\! ~'.IJlfl 
<i 4 t!Q,/,: d g , : gJ i 
t'W fl1'j 1 t'fl'j l~ 11\9l1t1tJ1~'U 1'Vl \1 mfltJ'.IJ 1 'j)lflUl1"l~'W lffl1il'jW~ 'Ul~ t 'j ~~1'W ~ \9lffll1 fl'j'j'.IJ 

~1mh~'VJfl~1t1~1~ 'j)~ \1flttti~tltlmrl'Wrl1'W'1 tJl~rl1'Wlh 't.l1t'fl'jl~11 tt~tJl~rl1'W 'j)~ \1m~'.IJ 

(spiked)~ 1tJffl'j"l~ "lltJ'.IJ1\9l'jil'W~'Vl'jltJt.I~'.IJ1Wtt U'W tI'U"l~ '1 'W ~1t1~1~ ntl'W U 1 , 111t'fl'jl~ 11 t~tI 

i.rt 'W fl1'j111f111'.IJ \1 fl~ tI~ 'U~N11i 

2-10 ppm Pb&Cd 
~ __ .A..~ __ _ 

(' "\ 1 11 2 22 3 33 

Volt 

TIme 

.f)1'V'l~ 29 ttff~N Potential-time curve 'UtI~ffl'j"l~mtJ\9l~tt1tt"l~tt'fl~tlitJ'.IJ 2-10 ppm i.ff 
., ., . 

n"ll'Vil'V'l~~m'fll'Vl'j'''lffff 5 'W1Vi 'V'l!tI'.IJ~1t1~1~Ul tt"l~~1t1~1~U1Vi'Vilfl1'j spiked ffl'j'.IJ1\9l'ji1'W . 
QI 

\9l~fl1 4 ppm 
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91 91 ., 

1 ~tI ~1t1~1~ih~lflH'VIrl~ihff11iTHU~~\~ h~~lUf-.l~\9m'lJ\9ItI~(h~~lUVi2) 
91" • • , 

11 ~tI ~1t1rll~ih~lmmrl~ihffl1iTjtU~;{1~ h~~lUf-.l~\9IU'lJ\9ItI~Vinffl';j\9l~n1 4 ppm 
~ ~ ~ 

2 ~tI ~1t1~1~,h~lmmrl~'\.hffl1il';jW~;{1~ h~~lUf-.l~\9I1l1fl';jfl 
'J/ fJI 'JI,. 

22 ~tI ~1t1~1~1l1~lmmrl~1l1ffl1il';jW~;{1~ h~~lUf-.l~\9I1l1fl';jflVinffl';j\9l~n1 4 ppm 
~ ~ 

~QI' 0 '0 91<;' 9J 91 
3 fltI \9l1t1I'Jl~Ul~lflU'VI"NUlff11i1';jW~'lJ1~ ~';j~~lUf.lUlJf-.ll 

'JI j/ " 
~ Q.I '0 , 0 gJ <;' 9J 91 dod QI 

33 flU \9I1UI'Jl~Ul~lflU'VI~NUlff11i1';jW~'lJ1~ ~';j~~lUf.lUlJm'VIlJffl';j\9l~fl1 4 ppm 
• 'J/ 91 • 

\9l';j1'il~'lJ\9I~n11u~1u~1~1l1~lmmrl~1l1ffl1il';jW~;{1~ 1';j~~lUf-.l~\9IU'lJ\9ItI~ Ul9intl~lJ1W 

Utlf.llJlfl ~~1~1h~lJnfll~'1~ufl1';jlil~~~mfl1'V1';j'1f1ffff 5 UTVl 

Volt 

1 11 

\ 
\ 

2 

Time 
. . . ... ... ... 

fll~'VI 30 Uff\9l~fll'V'l'VI'IJI'Jlf.llJl'illflfll~'VI 29 

22 3 33 

. ~ . 
'illflfll'V'lVi 30 Uff~Nl,rd~uim'ilu';hlu~'JUrll':n1~'VIlJ\9I'1~ihtfl\9ltlimJHI9i\9l';j1'il'V'l'U\9I~n1iu . ~ ~ 

~1U~1~Vi 1 'illfliru1l1ml~1U~1~11~'VIlJ\9Iltl\9l'n~1tfl';j1~rf~1m'VIflUflU~\9lUlJiJflUU'lJCl}ftl{'UiU 

ffttlfl1\9l';j 1vJ1\91tlJ\9I~(AAS) '1~f-.lfl~~\9Il';jl~~ 5 
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" t11111tl.1~::: it1(ppm) 
a- t " ~1el(nnn 

Stripping Potentiometry AAS 

J1t1'.1::: tI1 Lli'V'l'U ili'W'U 

h'N1'U~elllN'1(h~~2) ili'V'l'U ili'V'l'U 

" 1 H~l'U~i1~'t.'hfl'j~ ili'V'llJ ili'V'l'U 

h~~1'UU'U~t~el~(1'j~~2) 1.2 0.85 

" " ~'j1'il ili'W'UUfl~tijCJlli'Uihvr~ 4 ~1elrh~ 

t " 

~1'j1~iIi 6 ttff~~1elCJft:::'lJel~fll'j~'Umr'Uh.!ih~1mh~ 

91 "'I a-
'jelCJft:::'lJel~fl1'jfl'Uflft'U(% Recovery) 

" a- t " ~1elCJ1~'U1 Pb Cd 

4 ppm 8 ppm 4 ppm 8 ppm 

J1t1'.1::: tI1 105 106 102.5 101.2 
91 91 t 

h~~1'UCJelllm(h~ili2) 97.5 97.5 97.3 100.3 

1 "': '.1 ~~1'U~ft~'U1fl'j~ 97 99 99.7 100.1 

1 H~l'Uu'U~t~el~(l H~2) 95 97 96.4 98.8 

f-lft fll'j1 tfl '.1 1::: If'l11t11111tl.1 ~::: it1 i 'U~1mh~~t~'U~1~ 1 '.1 ~~1'Utt'U~el~ijfht!elCJ~~fl1~ m'il 

ti1el~ 111 'il1fl i 'U 'lf1~~Vi 1 fll'j t~'U ~1elrl1~ijN'U ~ fl~ el ti1el~ trJ'Ut1ft1'11ft1CJ1'U '11~ elm mrJ'Ut'W '.11::: 



, 
"" 111111 5 

U"fU fUl a #h.1-n tI f.I(;1 U(;1 ~ ;,a !utm m"'~ 

H~f1Tj1t~~1~M",,'U';ht'V1~l'Q~1,"(~~111h 1'Wt'VI'U~lm:u~~ iif11ffmflvlfh~ii~11:U~1L'Vn~ 

I9ifl1~l1~ul9i~~'Ifil~ 1jih~'Ui'WfI1~f1f1f1~1~cif~1:Uf11 EO 'lf1~nm~i~i'WfI1~1,"(I9l~11i1~~'Wfi'U 

" flfl'WU1 1 111t~~1~M ";1 i M'~~H1~ltm~ .;J'Wl9lfl'W i'WfI1~1t~~1~M H~fI1~tm tI'UtVi tI'Un'lJt'VI~il~ 

f1~ I9ltl:uilfltW'UClJffl1'Ui'W m11~ 1\91~ 1vl1I9lt:Ul9l~ 'W'U';hii~11:UQfI~f1-3u1i'Wih iml'tiiitl~n'W:U1f1 ~f1 
:t '" ~".""'". d '" '" "" "'" ". 1 ".""'". ?I 'VI-3t1-31,"(1:U1~tl i 'If 11~~lJt~f1~ t1J'W\9I119l~1'il1\91 U'VI'W'Wttl'If-lJtl9lfl~( 1~'VI:Ut~f1~tt'U'UU1,"(~~ HmlJ'W 

.! .d ~ ~ "" , '" '" ". .d dt.. ~"" "" ". "" "'WfI1~'VI~~f1-3'W 'VI~11:Ut'UlJ'U'W 10-30 ppm :Ufl11,"(l11,"(:U'W'VI1im~m:Utl ~'Iffl'W'VItfI~tl9lfl~W:t~'W1Wfl1 
. " 

~'Un~ltrJ'W 0.9966 U{l~0.9946 19l1:uih~'U fI1~1t~~1~Ml1111~:U1WI9l~n1'UtI-3-31'W1~tlU 1,"(1:U1~tl 
. ". 

1t~~1~MI9l~ n1 "'W~tl1f1f1f1'W~1,"(~~(free ion) tvhu'W ~lWh~lii1,"(1~Vi1,"(1:U1~mfi\9lt~'W1,"(1~tl~~ f1f1'U 

t~~oMfI'W'UtI-3l9l~tt1 fI1'il'il~";liM'f11~1t~~1~l11~iifiTtrtltlfl'h~11:ut~'U'il~-3 ri1'Wtff'W~1\91~d't~h~ 
" . 

"offl U .;JT~l-3 ~-3 ~lt~ 'W $If1-3 i ~t1:V'W ~1~'Wm~h!:u tffu {l1\91'V1f1-3 u\9I-3Vi'W mm:uilfl-3nUm"1~-3 11i 

1,"(1:U1~tlilfl~nuil" M'fflJN1,"(ff1~{l~mtl 1~ tfi~tlijmm,rl-3tiiitl~ ";1 i M'~1~1~~~iifffl6i vlvh 11i~-3~ 
IJ] <til] ~ .J .. Y~ ". 0 ~ ". .d:t 0 , d 
~1i1,"(1:U1~ tl";lf11~1t~~ 1~ l1 ! \91 tlU -3f11~ ! "Dl"l {l:U 'VI f1-3fl1U'VI'Wl"lfl:utl ~f1'V1'V1 'U1'V11~lU 'W 1 'il~ t1J'W 

U'W1'V11~~'l..h1,"(ui 'ilfffl'l:nl9ifl 111 
, !lI fJI. 

fI1~tl i''U ttl~tlU .;J1~1-3 ~~ tilum..l'U" ~l1~tI~'Wm1,"(~ f1U'VI'W .;J1el-3~-3 tt'U'UVii ~l1 ~ tI~ 1:u 1 ~ ~ 

el-3~-3U'U'U" ~l1{lfl~'W{l11,"(~f1ii~11:U~-3~1 ~l\9111111'il~iifl1l'JfI1~ i ~-31'W:U1flfl'h 1 11 iM'H~fI1~ 

1t~~1~M~1j~11:uu1i81U~~ii~11:ull1t~tlt1f1:U1f1f1'h Ul9iii~11:U 11 i 'W fI1~I9l~1'il1t~~1~ M~lfl11 
A do Q.I ~ tI~ 9J fjJ 

t:Utl t'VI tI'U'U 'W 1~ 'UtI~1,"(ty fY1W fI1~ 19l~ 1 'il1t~~1~ l1 f1'Ufl11:ut'U:u 'U'W 

UU1'V11~ i'WfI1~-WWJUll9ifl 1 tli'WfI'W1~19l 
" . 

fI1~ffm,:nih~'Wt.wtl-3f11~ffmn~11:utrJu1111~i'W~11:U'V'lmm:uVi'il~1t~~1~M1~tli~ 
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., , 
d1'l1 r 1J m...!1'Vl1~ f11'j ~fl'l:ll'l1 ~tn11i1tfl'j1~ rfl ~m'VlflUfl il ~ tI 1'il ij111,j' tlVithff'U t \1'11mtl 

, Q 1lIJ" G]i/.A ~ do r:I~ 4 CV di)Q ~ 
- f11'jtl1'U~{l1tfl'j1~'I1 tlJ11\1~ ~G)ftfl'jtl~tI'U'VItmt~tI'j'l1'jtl'U1Wf11\11JnmlJ6\JtI~~'V'Im~'VI~ 

Q.I ~ QI , dQl ~ Q .ct.ck 9J .A GI 
\11 flf11'j1~ H{l~ f11'j t'JlJ-'I1 fJ~ \1'1H1{l1 'I1'U1tl'VI1~H1J'U1'U1'V1G)$~ 'Uti tllJ1fl fl11lJfl {l1~ tfl{ltl'U ~ 'U 

"h'U ii l:h 1'il 'ldfl11lJU'il'j 'il'J1'U 6\JtI~,j'tI\l{llJ1fl th~ \1~ fi1f11'J unt 6\J l~tlu'il{l~ffty ty1W ~tI tiltl~ 
?t..,.., 91 ''i'. I Gj A "" 0' 0 "I 91 , .., 

(analog) t1J'U'fftyty1ru~1m6\J(digital)t6\J1"l m'jttfl'JlJ ~'Utfl'jtl~'fItllJ'V'I1t~tI'j \1~'Vl1 ~'I1t11'Ufftyty1W 

CJJ gJ er o Q,I' , o.Q 11) 91 91 
'1~\1fl~tI~ 6\Jtu~'U f11{l~tI~'j~'I111~f11'J~lt'U'U f11'J ! 'il'Ul~tm1 

'" d '" dGj 91 ?t '" "I Z 91 "" A d llJ "I "" 0' 
- f11'J'il'J'Ut'il{ltl'U1ff~'Vl ~G)ft1J'U~1fl{l1~ ~'U6\J1t11~tI~t'V'ltlt'V'llJ'fI1T1J n ~'Uf11'J1t'fl'Jl~'I1 

, , , 
QI a dd tjI QI 0 ~ QI Ad 

- fll'J'V'ItJ1tJ1lJ'I111ff~tI'U'VIlJ'J1'f11\1mt'Vl'Utff'U{l1~~1'U1'V'l{l1~'UlJ'VIlJ'J1'f11U'V'l~ 

- f11'J ~fl'l:ll f11'J '1 ~Vt~lJ'Vltl~fl1('1 ~U~'U'Vltl~fl1t'il{l1~'1 ~'1 'U f11'JiI~tI~f1''V'I'J~ )U'Vl'U:W~lJ'il'JtI'VI 
, ., .:1<.... 0 

'Vl6\J1'V11~1'U 

~ ct,- 4 a 
- f11'J1tfl'Jl~'I1 !{l'l1~G)f'U~tI'U"1 

l' ~ t .1 0 "I 91 .1 d, "1.1 A.<!I 91 ~~ tlff~ 'il fl1HTf1'l:llflH'U 'VI 1 ~ '11 'VI 'Jl'U t lJ U'U'U'VI~ltl ~ 'U f11'J lJ'J~ fl tI'U t'fl'J tI~lJtI ~'UU 'U 'U U{l~ 

G)fU~6\J tI~1 ff~~ij ~{l n'U'il 'J~ ff'VI n.fl1'V'16\JtI~t'fl ~tI~ijtl ffllJU U1tfl'J1~ rf'l11'il~lJ1ru ~~ tt1U{l~ 

Ufl~tijtllJ 1~1~mfl~tI~ijtl~'UU'U'U iJ~'Vl'J1'U'il'j~ff'Vln.fl1'V'16\JtI~11i tGJf'U fl11lJ'11 (sensitivity) GJf1~ 
., , 

'" '" • I"" ?I 91 0 "I 91 91 .<!I """I 91 
f11'J~tl1Jff'UtI~'tItI~fftyty1ru fl'UlJ'JlJ1ru ff1'J t1J'Utff'U~H (linearity) 'VI1 ~ 'I1'V1'J1'U6\JtI\l{l'V'l'U~1'U 'VI ~ GJf 

'1'Uf11'J'l1~'U111i1tfl'n~rf~1m'VIflUflff~~'ilil~ 1'V'1t'Vl'U~1t1tlJ~~1 ~t~'U11i1t'fl'J1~rf~ff1lJ1'Ju'ilr'U 

~llJ'il~lJ1ru ff1'J~ \1~1tfl'j1~rf~~ijtl~'1 'U~1mh~ W51iJ~fi11M'VI'J1'UH 'U 1'V11~ '1 'U fl1'j'ilr'U'il~ ~ tfl~tI~ 
"".1='1 l' ""1' "" o'd", • I "" "" .r . I d .r .1", 

ff~'JlJlJ~ ! 'V'I t'Vl'U'lf ~ tllJt~tI'J'VllJ lJ'J~ ff'VI1i.fl1'V'1lJ1 fl6\J'U tm~tlJU'U'U'VIff~ ~1fllJlfl 6\J'U 'U tlfl \11 fl'U tl~ 

"I 91 A .<!I 91 .1'1. 1"1 91. I "" '" '" "" ~ '191 ff1lJl'J U ! 'lft'fl'JtI ~'lJtI~ 'UU'U 'U'U lJ ~ GJflJ'J~ fltl'U f11'J t'JtI'U f11'Jfftl'U 'j~ ~'U'UW CVI~rrfl'l:ll ~ {l ~ f11'J .,,, ., 
~~oJ1t1fl~i)rucnt 'U "h'U il ~1-W \11'jru 1~llJ~hfffl6'1 'VJ~llJ1~'j~1'U 6\JtI~ 'li1 'fI1~11ff1lJ1'J Ufi1f11'j 

Q,I 'OJ 91 "" 0'1' Q,I "" A '191 , Q,I "" ?t 91 
'Vl~'U1~tI ~'I1ff1lJ1'JU1tfl'j1~'I1 ~{l'l1~'I1'UflGJf'U~tI'U ~ tGJf'U ff~fl~ff H{l~'Vltl~U~~ t1J'U~'U 



~f1rn.r tlfI~l'U. ll'f.l:j6tiufl1~i'lJ~1fl~\9I~;r1.1'V1t1lillff\9l{\.hr ffmuuri'l!ff~llfl1'jffVU 
1 'VI til ill ff \91 { m\~t'VI~ 11..1 1l:1fl(http://www.schoo1.net.thllibrary/ 

snet6/envi3/tatualtatuan.htm) 

ll~"J1U. 2547. 'j~1':U)tI'illflffl'l1~ltl'VI~mHl1~ 'I1U~ff'e),t1ll~, 2 :lJflUltlU 2547 • 
'JI • • 

gJQI d.e). Ad. QI d. 4 QI QI.c::::.. 

~'il~fI1'j . 2547 ""J11\91~U 2548 . ~l:I\9It:J~tfft:J~\9Iltl1'iltl~U\9l~f11"l~tflUlll\9l'jilU. 

l'iU~ffVVlll~, 8 ff~'I1l~ll 2548 Ul:l~ 29 iU1l~1l 2548 
.c::::.. a ~ e::;,.~ d ,. r/ ~ 0' QI ~ .c::::.. fI 

ll\9l"J1U . 2548. mllV~\9I~f11~l:I\9I-t~1l ~f11JU~1lll'VJfI'tItIlfl "J1l1tllV~fI1ty'ilU. 'I1U~,!;rV~ll~, 

29 iU1l~1l 2548. 
'JI • 'JI 

1U\9I\9I1 viifl~U. 2539. "fI1'jffmnfl1'j1JutilVU'tIV~tl'JV'VI \9I~ti1 ttl:l~tt~~tijtlll'u':h 

ttl:l~\9I~f1VU~U mm~~\9I~tm flltflV'l1l~ 1'11qj ~~'I11~ff~'tIl:Il" 1'V1t:Jl'W~U:fi uru 
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Anodic - exhibits greater tendency to lose electrons 
Reduction Reaction EO (V) Oxidation Reaction EO (V) 

Li + e' -> Li -3.04 Li->Li +e 
, 

3.04 
K + e' -> K -2.92 K -> K + e' 2.92 
Sa'" + 2e' -> Ba -2.90 Sa -+ Sa'''' + 2e' 2.90 
Ca'" + 2e' -> Ca -2.87 Ca -+ Ca'" + 2e' 2.87 
Na + e' -> Na -2.71 Na -+ Na +e 

, 

2.71 
Mg'" + 2e' -> Mg -2.37 Mg -+ Mg'" + 2e' 2.37 
Alol· + 3e' -> AI -1.66 AI -+ AlolT + 3e' 1.66 
Mn'" + 2e' ....... Mn -1.18 Mn -+ Mn'" + 2e' 1.18 
2H20 + 2e' -> H2 + 2 OH' -0.83 H2 + 2 OH" -> 2H20 + 2e' 0.83 
Zn'" + 2e" -> Zn -0.76 Zn -+ Zn"'" + 2e' 0.76 
Cr'" + 2e' -> Cr -0.74 Cr -+ Cr'" + 2e' 0.74 
Fe'" + 2e' -> Fe -0.44 Fe -> Fe'" + 2e' 0.44 
Cr'" + 3e' -> Cr -0.41 Cr -+ Crol' + 3e' 0.41 
Cd'" + 2e' -> Cd -0.40 Cd -+ Cd'" + 2e' 0.40 
Co'" + 2e' -> Co -0.28 Co -+ Co"'" + 2e' 0.28 
Ni'" + 2e' -> Ni -0.25 Ni -+ Ni'" + 2e" 0.25 
Sn"" + 2e" -> Sn -0.14 Sn -+ Sn'" + 2e' 0.14 
Pb'" + 2e' -> Pb -0.13 Pb -+ Pb"" + 2e' 0.13 
FeolT + 3e' -> Fe -0.04 Fe -+ Feol· + 3e" 0.04 
Arbitrary Neutral : H2 
Reduction Reaction EO (V) Oxidation Reaction EO (V) 

2H + 2e' -> H2 0.00 H2 -> 2H'" + 2e' 0.00 
Cathodic - exhibits greater tendency to ! ain electrons 
Reduction Reaction EO (V) Oxidation Reaction EO (V) 
8 +2H + 2e' -> H28 0.14 H28 -> 8 + 2H + 2e' -0.14 
Sn'" + 2e' -> 8n'" 0.15 8n'" -+ Sn"" + 2e' -0.15 
Cu'" + e' -> Cu 0.16 Cu -+ Cu"'" + e' -0.16 
S04'" + 4H + 2e' -> 802 + 2H20 0.17 802 + 2H20 -> 80/' + 4H +2e" -0.17 
AgCI + e" -> Ag + cr 0.22 Ag + cr -> AgCI + e' -0.22 
Cu'" + 2e" -> Cu 0.34 Cu -+ Cu'" + 2e" -0.34 
C103'+ H20 + 2e' -> CI02' + 20H" 0.35 CI02' + 20H" -> CI03' + H20 + 2e' -0.35 
2H20 + 02 + 4e" -> 40H' 0.40 40H' -+ 2H20 + 02 + 4e' -0.40 
Cu + e' -> Cu 0.52 Cu -+ Cu +e 

, 

-0.52 
12 + 2e' -> 21' 0.54 21' -> 12 + 2e" -0.54 
02+2H + 2e" -> H202 0.68 H202 -> 02+ 2H + 2e" -0.68 
Fe->- + e' -> Fe'" 0.77 Fe'" -> Fe'" + e' -0.77 
N03" + 2H + e' -> N02+ H2O 0.78 N02 + H20 -> N03' + 2H'" + e" -0.78 
Hg'" + 2e' -> Hg 0.78 Hg -+ Hg'" + 2e' -0.78 
Ag- + e' -> Ag 0.80 Ag -+ Ag'" + e' -0.80 
N03' + 4H +3 e' -+ NO + 2H20 0.96 NO + 2H20 -> N03' + 4H +3 e 

, 

-0.96 
Br2 + 2e' -> 2S( 1.06 2S( -> Br2 + 2e" -1.06 
02+4H + 4e' -> 2H20 1.23 2H20 -+ 02 + 4H +4e' -1.23 
Mn02 + 4H'" + 2e' -> Mn'" + 2H2O 1.28 Mn'" + 2H20 -> Mn02 + 4H + 2e' -1.28 
Cr20/'" + 14H + 6e" -> 2Crol' + 7H20 1.33 2C(" + 7H20 -+ Cr20l' + 14H +6e' -1.33 
CI2 + 2e' -> 2Cr 1.36 2Cr -> CI2 + 2e" -1.36 
Ce'" + e' -> Ceol' 1.44 Ce.J-t- -> Ce"'" + e' -1.44 
Au'" + 3e' -> Au 1.50 Au -> AUolT + 3e' -1.50 
Mn04' + 8H + 5e' -> Mn"+ + 4H20 1.52 Mn'" + 4H20 -> Mn04' + 8H + Se' -1.52 
H202 + 2H + 2e' -> 2H20 1.78 2H20 -+ H202 + 2H + 2e' -1.78 
Co'" + e" -> Co"" 1.82 Co'" -> Co.:>T + e" -1.82 
S208"" + 2e' -> 2804'" 2.01 280/" -> 8208"" + 2e' -2.01 
03 + 2H'" + 2e' -> 02 + H2O 2.07 02 + H20 -+ 03 + 2H + 2e' -2.07 
F2 + 2e" -> 2F 2.87 2F -> F2 + 2e' -2.87 
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