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3 PDMS i,3J1~1~~~1,n'U,nl1''Yl~~a" (Channel ij~ll3Jnil"LL~:;~ll3J~n 50 10 

i,3J1~1L3J~1, Separation channel ij~113JrJl1 5 L6Jf1,l,~L3J~1, Double-T injection 

channel ij~113JrJl1 250 i,3Jl~1'L3J~1', Working electrode ~1i ~a ~l~'Yla" an1,l,l~ 
25 i,3J1~1L3J~1, lJ1L1rn~a" reservoir ~1" G) ij~1,l,l~Li1,l,~l1,l,~'U,rJn~l" 5 

'U 

L6Jf1,l,~ L3J (fi1) 

4 aL~nl'Yl11v.n1'LLn13Jana"~113Jl~1;)1'U, dopamine LL~:; catecholl~rJijIl11:;~1,n1,l,
"" 

A 

nl1''Yl~~a''~eJ 250 I-lM dopamine and catechol; running buffer, MES (pH 7.0); 

11 

• separation voltage 1300 V; detection potential 0.8 V; pinched injection time 20 

s; working electrode; 25 I-lm Au wire. 

5 Hydrodynamic voltamogram ~a" ~11'i,e11~1L"il'U,LtlafEl ani,6Jf~ 1~ rJijIl11:;~1,n 'U, 12 

nl1'Yl~~a" ~a 500 I-lM hydrogen peroxide, running buffer; 10mM PB (pH 

7.4), separation voltage; 1300V, injection time; 20 s, working electrode; 25 

I-lm Au wire. 

6 

7 

11.1 LLlJlJnl11G1'~111'U,nl1'~1'1"il1~~ aL~~L~ a1a~~ a"i,3J1~1~~~1,n1,l,"l1,l,i~rJ 
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u~ffirJl~a"LEl1,l,i,6Jf3J1'U, separation channel LL~:; t1~n1rJlnl1'(fi1'1"ill~~Ln~:B'U,~ 
II 

,JTnl"l1,l, 

13 

13 
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I-lm Au wire, LL~:; ChOx; 0.034 U.mL 
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ijIl11:;~1,n1,l,nl1'Yl~~a" ~a 1 mM cholesterol, running buffer; 10mM PB (pH 

7.0), separation voltage; 1300 V, injection time; 20 5, 

I-lm Au wire, LL~:; ChOx; 0.034 U.mL 
-1 

working electrode; 25 

10 ~~~a~~TYh~:;~lrJ~aL~~L~a1a~Lrla1i running buffer ~ll3JL,y3J,y'U,~"LL~ 5­

50rnM 1~rJijIl11:;~1,n1,l,nl1'Yl~~a" ~a 1 mM cholesterol, running buffer; 
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10mM PB (pH 7.0), separation voltage; 1300 V, injection time; 20 s, 

-1 
electrode; 25 !-1m Au wire, LL~~ ChOx; 0.034 U.mL 

working 
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'Yl~~El\l ~El 1 mM cholesterol, running buffer; 40mM PB (pH 7.0), injection 
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13 l!-J~"lJEl\l injection time ~ El~1n1~LLff"lJ El\lfl El L~ffL 'Yl El1El~t~ £..Jij1l11~~1"ll'1UnTl'Yl~~ El\l 18 

?1El 1 mM cholesterol, running buffer; 40mM PB (pH 7.0), separation voltage; 

1300 V, working electrode; 25 !-1m Au wire, LL~~ ChOx; 0.68 U"mL 
-1 

• 14 Calibration curve LL~~ linear range "lJEl\lflElL~ffL~El1El~ t~£..Jij1l11~~1"ll'1un11 19 

'Yl~~El\l ?1El 1 mM cholesterol, running buffer; 40mM PB (pH 7.0), separation 

voltage; 1300 V, working electrode; 25 
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!-1m Au wire, LL~~ ChOx; 0.68 U"mL 
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LL~~n1~Le1t~1f1~El1n (HCI) 
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34 
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tJ1El'Yl 50 ppb luff11~~~1£..JaL~nt'Yl1L~<il"l5it~~1\16) 

t 1 ~ LL 'YlaJtaJ LLn1~J"il1nn111 Lfl11~~ff11~~~1 £..J :lJ1~1!1UtJ1El'Yl 50 ppb Lrl ElLi 35 

ff11~~~1£..Jn1~LU'Yl1nfll1:IJL,J:IJ,JU~1\16) LiJUff11~~~1£..JaL~nt 'Yl1L~<il 

20 l!-J~"lJ El\lfll1aJ L ,J;U,JU"lJ El\l ffl1~~~1 r.Jn1~LU'Yl1n ~ El~l ~ru rul rnn1~ LLffLyJY:h~l~L~ 
cal cal 

35 

21 t 1~ LL'Yl:IJtaJ LLn1:IJ"illnn111 Lfl11~~ ff11~~~1 £..JaJl~1;SlUtJ1El'Yl 50 ppb LUffl1~~~1£..J 
oIlI 

n1~LU'Yl1n 1 M ~~1~nmyJY:hlunl1Lnl~~~~l\16) LL~~1~£..J~L1~lnl1Lnl~~~ 180 
"'" .,.
lU1'Yl 

36 
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cal cal 

36 
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nd~"u,'Yl1n 1 M l~rJli~ld~~~lrJaJl~d;)lU,'YlEl"'L,jaJ,jU, 1, 
'" 

2, 3, 4 LL~~ 5 ppm 

maJ1~d 900 JlL 
26 ~ ~"lJ El"'fl11aJ L,jaJanu,"lJ El'" ~ld~~~l rJ aJ1 ~d;)lU, 'Yl El'" ~ El~h iru ru1 rnnd~LL~"vJY:h~l~"~ 

'" v v 
38 

27 11fHL'YlaJ1aJLLndaJ~lnn1d1Lfld1~,{~ld~~~l rJaJ1~d~1U,lhEl'Yl 50 ppb 1U,~ld~~~l rJ 39 

nd~"u,'Yl1n 1 M LrlEllier~d1nld"'V\~1u,,yu,~Elu,n1dLn1~~~~1'" Ii) 
28 ~~"lJEl",5~d1n1d"V\~"lJEl"'~ld~~~lrJ~El~hiruru1rnnd~LL~LvJYh~1~L~v v 

39 

29 11~LL 'YlaJ1aJ LLndaJ~lnn1d1 Lfld1~,{~ld~~~1 rJaJl~d!lU,lhEl'Yl 50 ppb 1U,~ld~~~l rJ 40 

nd~"u,'Yl1n 1 M LrlEllid~rJ~L1~11u,n1dLn1~~~~h'" Ii) 
30 ~~"lJ El"'d~ rJ~L1~ln1dLn1~~~~ El~hiruru1rnnd~LL~LvJY:h~1~L~ 40 

v v 

31 41 
, 

<=l 

1111~n1d'Yl~~ El"''Yl LV\aJ1~~aJ 

32 nd1vJ L Yi rJUaJ1~d;)1u,~1V\-run1d1Lfld1~,{tJ1aJ1rntJdEl'YllU,~1"'fl11aJL,jaJ,ju, 4 - 50 41 
'" 

ppb 

33 11~LL 'YlaJ1aJLLndaJ~lnn1d1Lfldl~,{~ld~~~1 rJaJ1~d;)1U,tJdEl'Yl L,jaJ,jU, 3 - 10 ppb ~ 42 
'" 

1111~n1d'Yl~~El"'~LV\aJ1~~aJ 1~rJlid~rJ~L1~ln1dLn1~~~ 300 1U,lYi 

34 nd1vJLYi rJU1J1~d;)1u,~1v\1un1d1 Lfld1~~tJ1aJlrntJdEl'YllU,~1"'fl11aJL,jaJ,jU, 3 - 10 42 
'" 

ppb 

35 11~LL 'YlaJ1aJLLndaJ"lJEl"'LLU~"'n~lnnld~d1~1~Jl 1a flf", 43 

36 11~LL'YlaJ1aJLLndaJ~lnn1d1Lfld1~,{~ld~~~lrJaJ1~d~1U,tJdEl'Yl 50 ppb Jl 10 flf", 44 

37 11 ~ LL 'YlaJ 1aJ LL nd aJ ~1 n n1 d1 Lfl d1~,{tJd El 'YllU,i1 El ci1'" J 1 ~ aJ ~1 rJ1TIn1 dL ~ aJ ~ld 45 

aJ1~d~1U, (standard addition method) 

38 nd1vJn1dL~aJ~ldaJ1~d~1U,tJdEl'YllU,i1El ci1",J1~aJ (standard addition curve) 45 

39 L6Jffl~n11~ LL 'YlaJ1aJundaJ"lJ El"'n1dLn~V.JffaJ~ El~LaJ Elf"lJ El'" ~ldlh~n ElU L~",iElU,LLaJ1fld 54 

"6Jffl~nUu,,y1 GC 
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Limit of quantitative 
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Cyclic voltammetry 
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Millimeter (~,"ltlrlll:utlll :U~~L:U~ld L'YllnU 10 L:U~ld) 

Micrometer (~"btlrlll:U till l:U1rl1L:U<?11 L 'Yhnu 10-
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L:U<?11) 

Nanometer (~"b tlrlll:U till ,"11,"L:U<?11 Lrhnu 10-
9 

L:U<?11) 
... 

gram (~Ultll~"b~irn n1':u) 
I Q"...II~ Q.;A~Q...I ,Q...I -3 a...­

Milligram (~,"ltll~,"l~,"n :u~~n1:U L'YllnU 10 n1:U) 

Microgram (~Ultlrlll:utllll:u1rl1n1':u L'Yhnu 10-
6 

ni':u) 

Liter (~Ultll~m:Ul~1 ~<?11) 

Milliliter (~Ultll~m:Ul<?11 ij~~~<?11 L'Yhnu 10-
3 ~~1) 

Microliter (~Ul tlrlll:U till l:U1rl1~~1 L 'Yhnu 1 0-
6 ~~1) 

Part per billion (~UltJrlll:ULaiJ:u,J," ~it'~l,"l,"~,"~l,"~TU,) 
Weight per volume (~Ultlrlll:UL,J:U,J," 1~tlJ1V1irn~Elm:Ul<?11) 
Volume per volume(VlUl tlf1l1:ULaiJ:u,J,"1~ tlU1:Ul~1~Elm:Ul<?11) 
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Micromolar (VIU1 tlrlll:U till l:U1rl11:U~lf L 'Yhnu 1 0-61:U~lf) 

Nanomolar (VlUltlrlll:utJll ,"11,"1:U~lf L'Yhnu 10-91:U~lf) 

VlU1 tI bLff~"rlll:U dJ,"n1~LUff 
• Q.; A A 
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Hour (VlUltJLl~l il1:u,,) 
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I "'" <:::t
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I .d I ~ A 

Hertz (VlU,1tJf1113Jt:1 jel1J~el1U,TYl) 
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6 

LLel:IJLLUf) 


Megaohm per centrometer (VlU1tJf111:IJ~1U,'Yl1U,Ly.JYh L:lJnn:; 

Coefficient of regression (~1'Yl1~1;iii~LL~~~n~f1rnI11~"lJel~
q 

Standard deviation 

Relative standard deviation 
II,.­

~1U,1U,~1elci1~ (6!11) 
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\llU,1-;1tJu,Luu,nTl'W~u,1 L'W f1en1T~1 Lfl11:;Yl fl fI L,H~L 'Yl f11f1 ~ LLlJlJ11 en L11 en tJ "1H'YlflUfl L1I fl1-n'W 

• .. 


fl:;~ ~ ~11a L~ n 1 'Yl1W f1'i:.fi ~'i1 11 fllJ nl11 Lfl11:; Yl1 en tJ1i'L fI ULSU 3JLL ~:;<;]1 en1T'il'r<il'Yl1\1 Lfl iiLWvh 1:;lJ lJ 

~lYl-rlJn111 Lfl11:;Yl1en tJ en 1\1 LLlJ lJ LLfi 11 L'W f1l1L1I'Yl11U L1I lfl1~'Wfl:;~ ~ ~11a L~n 1 'Yl1W f1'i:.fi~fI nUl1111itU 
'U 

1 Lfl11:;~Yl1u'i1l1mfl fI L~ ~L 'Yl f11f1~L~d~JUflci1\1 ~ a'Yln-'W ~"lI f1\1 fll1 11 L,J1I,JULL~:;~ LfI-n"ll f1\1UW L~ f1f. fl1111 

L"lY1I,JU,"lI f1\1 LflULSU3Jfl f1L~ ~L 'Yl f11f1 ~ fI fI n:.fiL<il~, inmwyh~1'ifllJ1:;lJlJ, L1~1~1,nUn11U<il ~11<;]1 fI ci1\1 

LL~:;~nmwvh1 un11en11-;11<il ~1-n1un111 Lfl11:;~~ f1~1 n11en f1lJ ~UfI\I"lI f1\1<;]1en11-;11<il~\lL~.yhn11 
en11-;1 ~f1lJ LL~:;Yl1 ~l~.yh1'idi <ilU1:;~'Yln-fl1'W ~\I ~<il ~lYl1lJ n11en11-;11<il -;11 fI t:-I~ n11'Ylen ~ f1\1'WlJ11 ~11 

'lJ ~ 

Lnl<il1L-;1uLU rrffl fI nLSU~~ Li1ut:-I~ t:-I~en ~11111f1en11-;11<ilL~un ~l,zfl tJn11 100 1U1Yi Lrl f11i'w f1~Lwen 


UWLW f1ffll111L "lY1I"lYu 40 n~~111~lf~~ LfI-n 7.0, fl1111 L,J1I,JU"lI f1\1 LflULSU3Jfl fI L~~L 'Yl f11f1~ fI f1n6fiL<il~~ 


0.68 tJU'Yl~f1n~~~en1, ~nmwY111un11LLtJn~ +1600 11~~, n~1~1mun11U<il~11~1f1ci1"~ 20 
'lJ 

1U1Yi LL~:;~ntJ1wY111un11en11-;11<il~ +0.5 11~~ l<iltJ'WlJ':h~~L511LfI~L1Ilfl1~'Wfl:;~~~11aL~n1'Yl1~ 
f1'i:.fi~~1 1I11f11 Lfl11:;~Yl1U'i1l1mfl fI L~ ~L 'Yl f11f1~L~U-rl1 \I fl11 11 L ,J1I"lYu 1:;Yl11\1 38.7 L1Ilfl1n-r1l~ fI 

Lens]~en1 ( 1 L1Ilfl1l11~1'i) n\l 270.6 n~~n-r1l~f1L<ils]~en1 ( 7 n~~111~lf) l<iltJii;j<il~lfl<il~1~<il"llfl\ln11
~ 

en11-;11<ilLUU 38.7 u1lun-r1l~fILens]~en11U\l1U1,rtJdLL~<il\l1'iL~Un\l1:;lJlJ"lIfI\lL1Ilfl1~'Wfl:;~~~11aL~n 
1'Yl1W f1'iS] ~~ ~1 1I11f1U1LU U 1:; tJ n en1"1f1 U n111 Lfl11:;~Yl1 U'i1l1 mfl fI L~ ~L 'Yl fI 1 fI ~1U<;]1 tl ci1 \I ~-r1l 

'I 

LUtlfLSUU~n11~uniu f1ci1u-rl1\1 98.9 LUflfLSUU~ n\l 101.8 LUflfLSUU~ ~~L511LfI~L1Ilfl1~'Wfl:;~~~11a
'lJ 

L~n1'Yl1vJ f1'i6fi~fl1lJ~ flU n111 Lfl11:;Yl1<il tJ1i'L tlULSU3J'i1 1IfllJ <;]1 en11-;11<il'Yl1\1 Lfl iiLwvh LU UL'YlflUfl~ ij
'U 

fl111111<ilL11 LL~:;L1~lYl-rlJn111 Lfl11:;~fl fI L~ ~L 'Yl f11f1 ~ 
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Abstract 

• 


. 

• 

' 

In this work, the rapid detection of cholesterol using poly(dimethylsiloxane) microchip 

capillary electrophoresis, based on the coupling of enzymatic assays and electrochemical 

detection, was developed. Direct amperometric detection for poly(dimethylsiloxane) (PDMS) 

microchip capillary electrophoresis was successfully applied to quantify cholesterol levels. 

Factors influencing the performance of the method (such as the concentration and pH value of 

buffer electrolyte, concentration of cholesterol oxidase enzyme, separation voltage, injection 

time, and detection potential) were carefully investigated and optimized. The migration time of 

hydrogen peroxide, product of the reaction, was less than 100 s when using 40 mM phosphate 
1 

buffer at pH 7.0 as the running buffer, a concentration of 0.68 U.mL- of the cholesterol oxidase 

enzyme, a separation voltage of +1600 V, an injection time of 20 s, and a detection potential of 
-1 

+0.5 V. PDMS microchip capillary electrophoresis showed linearity between 38.7 J..lgodL (1 

-1 
J..lM) and 270.6 mgodL (7 mM) for the cholesterol standard; the detection limit was determined 

-1 
as 38.7 ng.dL . To demonstrate the potential of this assay, the proposed method was applied 

to quantify cholesterol in serum samples. The percentages of recoveries were assessed over 

the range of 98.9 % to 101.8 %. Therefore, PDMS microchip capillary electrophoresis, based 

on the coupling of enzymatic assays and electrochemical detection, is very rapid and sensitive 

method for the determination of cholesterol levels . 
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1.1 fld13Jd1~'YU~tri3J1cn£h'if'Y\o'i1 
Q... ::1 6' "" d..l 1 Q... 6' .¥ A 1 I

fl ElL~ GfL 'Yl EI'HIGH) Iil LlJUGfl'H~'LIil a'HH.lIil"lfUIil'V\ U\I'Yl'V'UJ U~U\I L6JJ~ ~az.! EI\I LUEI LtJ EI U11\1 nl tJ 

~\I fl n;\I Lfl11:: 'V\'~';)1 n ~U LL~ ::,;)1 n Ell'V\ 11~ n UL,rlLU fl EI L~ GfL 'YI El1 EI ~ ~U 'YIUl 'YI1U n 1::U1Unl1'Yll \I 

... 
'U 

... 1 ~ VI '" '" t... VI I Q... .t A II ..1::1 Q...

-n1Lfl:lJ~nn flElL~GfL'YIEl1E1~~::~ltJ UUl LIilUEltJ:lJlnL~11:: :lJL~n~:lJGf1U'YlLlJU Laz.!:lJUEltJ:lJln Iil\lUUL:lJElEltJ 
• 'U 'U 

111 tJ1Uil\1nl tJ';):: Lfl~ ElU~Lu1Un1:: LLGfL~ Ellil tlil tJiullu L~tUtU1~U (lipoprotein) LL~1~\I Lfl ~ ElULU 5\1 

~1 U~l \I 'Jaz.! EI \I il\1 nl tJ tlil tJ fl EI L~ GfL 'Yl El1 EI ~ ';):: Gf:: Gf:lJ EI ci1 u~,r\l 'V\ ~ Ellil L~ Ellil LLIil\l i\l JUL~ a~ U~:lJl rn 
'U 

fl ElL~ GfLIil El1E1 ~ Gf\l~\I ~\I ~~1i'V\ ~ Ellil L~ ElIil~U~ULL~::.yh1iLnlilt 1fl'i11';) LL~::'V\ ~ ElIilL~Ellillill:lJ:lJl 
'U 

HO 
w 

,-tlri 1 GfIil1tfl1\1Gfi'1\1flElL~GfL'YlEl1a~ 
cu 'U 

,n n:lJ ~ L'V\1il~n~11:lJl nl1.w~ul1n-1 Lfl11::~fl EI L~ GfLIil El1E1~1i~ fl11 :lJ111il L11 {1 niEI\I LLa-iUth 
'U • 'U 

11fllfln ~\I~fl11:lJ~1~ru:lJln ~U';h1n-rt1Ltl~1,nunl11 Lfl11::~ ~a nl1rllU 1in~tJl1::'V\11\1fl ElL~GfL 'YIE1 
'U ~ ~ 

1E1 ~LL~:: LEI :lJL6JJ3Jfl ElL~ GfL 'Yl El1E1 ~ EI a n'fiLIil Gfi1 :lJllU L 'Ylfl'U,fl ~1\1 'J 1 U nl11il11';)11il L~LLri L 'YIflitfl'Yll\1 GfLU n 

t 'Yl1Gftnu ~\I iifl11:lJ ~\I tJl n L itEl \I ';)1 niEI\lYiluD n~tJl GfEl\liUIil EluYil1'V\1iL1 ~11unl11 Lfl11::~U1U 1i 
• I"" ... 6' ....t A A 1 "" "'VI ••1.':1 A 1'" I ~Q....... I


lJ1:lJlrn1LElL';)UIil:lJln Eln'YI\lLfl1E1\1:lJEltJ\I:lJ11fllLL~\I LL~::az.!Ullil 'V\ty L'YIflUfl'Yll\1Lfl:lJ LYH'41L:lJEI -n11:lJnU 

1::UUL:lJtfl1:n~fl::W ~ ~11fl L~ n t 'Yl1y.J EI~'fiGf~Ul1 ii,rEI L~LU1tJU 'V\ ~1 tJtl1:: nl1 L,)'U atl n1n!~1,nunl1• 
1 Lfl11::~~az.!Ullil L~n ~n~lLu1iuEI n Gf{11U~L~ ~liltl~:lJlrnGfl1J\l1LElL,;)U~LL~::~1 Elcil\1 Yil1iLnlilaz.!EI\I 

L~tJ,;)l n n1::u1unl11 Lfl11::~UEI tJ iifl11 :lJ111il L 11 fl n~EI\I LLlJUrh 1unl11il11';)1~ LL~::11fll {1 n 
'U 'U 

11 tJ\llUnl11il11';)1Iilfl EI L~ GfLIil El1E1~t~ tJ1..a1u tEl L6JJUL6JJElf~11,;)1~ ~1 tJ L 'YIflitfl'YI1\1 spectrophotometry 

1,2,3 ~Ul1 iitl1::a-'YI~111~~ LL~~,rEI L~tJul\1U1::nl1 L,)'U i EI\lYil nl1LU~ tJUGfl11i EI ci1U1U Elu.wWrf~ 
'U 'U • 

~1:lJl1fl~11,;)1IilL~ ~\l1itl~:lJlrnGfl1:lJln ~ULtl~EI\I 

Cholesterol oxidase 
Cholesterol + 02 ~ cholest-4-ert-3-one + H202 

peroxidase 
2Hz +4-aminophenazone +phenol to 4-(p-benzoquinone-monoimino)-phenazone +4 HzOOz 

~ 
ml'1"l~61~1~ lYlA\lAYl1~~HtJFllYll'lIlFlU 

ltlri 2 UDn~tJl1::'V\11\1fl ElL~ GfL'YI El1E1 ~ llU LElUL6JJ:lJLIil tJ1iL'YIflitfl'YI1\1 GfLUnt 'Yl1Gft nu 

1unl1~11,;)1~fl EI L~ GfL'YI El1E1~ 

http:ElIil~U~ULL~::.yh


7 

.... ~ ~ ~ ..... 
1.2 \l1"'J1iltl'YItntl'J1Jf)\I 

"illn11 thnUnl1Ci111"illCi1fl ElLtH~'L 'Yl El1El~1Ci1 tll,rtu1El L'lfUL'lfElfi13JnUnl1Ci111,;)1~~1 tI 
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L'YlflUfI'Yll\1Lfl3J Ll"nn ~U113Ju1::~'YI1i1l1~CilLLCilLUEl\l"illn1::UU'Yl ~LuU1::UU batch 'If''3J~ElL~tlUl\1 

U1::nl1 L~U liU~3Jl ru:1LflL"ilU~LL~::i1 flth\l3Jln rh1iii~ fl\l L;tlLnCil;1u3Jln ~ fl3J1L~iicrvi~Ul1::UU 
'IJ 

L3J 1fl1~~a L~ n 1 'Yl1vJ fl L 16fi~5-12 ~l'V\i'U Cil11,;)lCi1 ~11tl\l:fi'Yll\1:n11l1~'V\ ~1 tI~itCii L~u n ~1fl ~ n1~ 
'IJ 

LLfl~flElffln n1~tI~n fl1~U fl1~itu L~1u1u1~U 1tr13J6fi~LCiI~U n~'YI1L'Yl1Elu dju~u ~Uiliifl113J 
'IJ 'IJ 

".... I 0 1 ... tr'.... to..... A A 1......... " 

11~L11 nnCilEl\l LL~::LL3JUtll unl11Lfl11::'V\~\I fln'Yl\ltl\l~13Jl1nflElnLLUULfl1El"3JEl 'V\3J~U1Ci1L~n 

'IJ 'IJ 

• I ..... .... tr' ..... I ...11 t!I .... tr' 1 .... 1 .... tr'to........ 

u1::'V\tI~1Lm,;)WilLL~::~11Ci11 fltll\1'Yl ~ Lunl11 Lfl11::'V\ ~L1~1 unl11 Lfl11::'V\ ~UElnCil1 tI 

l~CiI~ittl3J'YhL3J 1fl1~~ ;) El LLn1 
5

-
8 

Lrtfl\l,;)lniiu1::~'YI~1l1~1Unl1LLtln ~11~" ii~lnl1L'V\ ~ 
~ 'IJ 

.... " 1 1 .... to toI ......... I


LLuum~n 'Yl1ElEl~ 3J'lf~ (electroosmotic flow) 3Jln LLCilLLn13J11fllLL~\I UEln"illnUU~UCilflU1::'V\11\1nld 

r11 LUUL3J1f1d~~ci1fl\lli~11Lfliilunl1nCilliLLn1ii~1Ci1 ~1 tlCill3JciIEl\lnld~\I'YllLitlln~El\l Ellitlfl113J 

Litl1~lru~\I r111iLnCilan El'iijl nCil,;)lnnl11il~Cillh::Lll'Yld 1Ci1 tI LU~1::nuu1::L'YI~nl~\lvi~Ul~iicilu'Ylu 
QI 'IJ ~ ~ 

nld1itl~1 ~\liinldL~Elnlil~CiI~u3Jl'YllLuuciluLLUUL3J1fl1~~LL'YlU ~\ll~CiI~iifl113Jittl3J3Jln L~LLri ~El 
~ ~ 

~L3JElf~l\1 ') L rtEl\l,;)ln~l3Jldn'YllLUUL3J1fl1~~Li~1t1nilLLn1 El ElnLLUU11hLUuL~'V\~ln'V\~1t1n';h LL~:: 
'IJ 

t 

ii d 1 fll n n nil ~ El ~ L3J El f ~ it tI 3J U,1 3J 1 L U 1,1, 1 ~ CiI 'Yll L il 1,1,L 3J 1 fl d ~~ L iLL ri ~ El ~ L3J Yi ~ L3J 'YIl fl ~ L~ 'YI 
'IJ q 

9 .... VI "'" VI 10-13
(polymethylmethaacrylate; PMMA) LL~::~El~ L~IL3J'Yl~ L'lf~ElnLsnu (polydimethylsiloxane; PDMS) 

1Ci1 tI~ fl ~LCiI L3JYi~L'lf~ El n LsnUL 111,1, ~ El ~ L3J Elf~ittl3JU,l3Jl'Yl'Hil 1,1,L3J 1fl1~~ 3Jl n~ ~CiI L rtEl\l ';)1 n iifl113J 
q 

~CiI'V\ tiu ii~3JtT~Lll~ElUJl (hydrophobic) 1U1\1LL~" tI El3JliLLn~6J13Jt,hUL~ ~\I fl Eln"illn LLll LLUUL~~l tI 
q 

Llliifl113JLilwyh~ LL~::rJ\I~l3Jldnud::nu~tl,,;5u1i~CilnuL~LLuuLll;)UdU Ld tlU,l LU ~,hu air plasma 
'IJ 

Utln,;)ln~tl~LCilL3JYi~Lsn~ tl nL'lfULL~1 iJ';)';)tTUL'lf~~1~~ (cellulose) Lilu~ tl~ L3Jtlf~n~itCil'V\'ct\l~ 
~ 'IJ 

'\.b~ul';)u,11nlitltlnLLuuLL~::~i'l"L3J1fl1~~ antl~~tl\l Lsn~~1~~~1Ci1Ci1L~U~ tl nl1Lilu6JTU~LCil1'Y1~iid~dU 
'IJ 'IJ q 

dlf11nn li\llU~l tI ~nJ'''~l3Jldn~i'l''LL~::tl tln LLuuciluLLUU (mold) L~~l tI~1t11n-nld~~13JldnrhLi 
'IJ 

luitl\lu~u"inld 

1::uunldCil11"illCi1~u,13Jl1inud::UUL3J1fld~~ii'V\~1t1LLUUL~U laser induced fluorescence 

• (LIFt LL~Lrttl\l3Jl"illni1Ci111,;)lCi1~itCildiidlfllLL~\I i1 Elundrnii~ulCi11 'V\ruLllL'V\3Jl::~3JnU tlUndrn~~ 
q QI q 

• LL~::iifl113J ti\l tlln~fl\l,TuCiI ElUnldLCil1t13J tluviuf nldCild1,;)lCi1'Yll\1 LfliiLyJ~15-7,9-13 ~uiliiantlLiLU1t1U 
q ~ 

3Jln L rtEl\l"illn Lllciltl\lii,TuCii tlUnldLCil1t13J~ldlitl til 1,1,dU tluviuf LL~::Lfl~tl\l ii tl rJ\I ~13Jl1n tl tlnLLUU 1 iii 
'IJ 'IJ q 

~ulCi1L~n ~n~lLi ii11fllnn li\llU~lt1 LL~::li~1l1~L11unldCild1,;)lCi1~~\I
'IJ 'IJ 

"ill nantl~~ tl\ld::UUL3J1fld~~ fl::~ ~ ~11a L~ n 1 'YldyJ tl L d6fi~LL~:: L 'YlflU,fl'Yll" Lfl iiLyJ ~1 i\l n~113Jlanl\1 cilu 

\llU1itld~\lL~1l" L,zunl1vi~Ul1n-nldCild1"illCi1U~3Jl rnfl~ tl L~ ~L 'Yl tldtl~~" Lilu~ldtl,,:fi:n1111~~~1~ruq QI 

liiifl113J11Ci1L11 nnciltl\l LLllUth li\llU~lt1 LL~::11fllnn 1Ci1t11i~tl~L3Jtlf~u,CiI~1\1 ') L~U ~tl~LCilL3JYi~ 
'IJ 'IJ 

Lsn~ElnLsnuL3J1fld~~ LL~::L'lf~~1~~l3J1fl1~~ ~~13JldnLCil1t13JLCil1uitl"Unu'1lnld dJUElUn1rn"1i1t1L1,1,
'IJ ~ ~ 

nldLLtlnfl tl L~~L 'YI tl1tl ~ fl tl n,;)l n ~lddun1U 113JnUnldCild1,;)lCi1'Yll" Lfl iiLvJ~l ~\I,;)lnuDn~tlld::'V\il\1 
VI tr' I.... VI 1 .1 tr' VI IS' .... .J'.J.¥ ..... 

LflU Lsn3JLL~::flm~~L'YItldfl~~U113J~ld Ltr CildL,;)ULu tldtltln b'lfCil (H20 2) LnCil~U sn\l~ldU~13JldnCild1,;)1Ci1 

1Ci1t1Ci1d"L~~1 tI L 'YlflU,fl'Yll\1 LfliiLvJ~l ~\1 Lilunl1~CiI,TuCii tlUnl1'YllU ~n~tll~tl\l ~ld1i iU~\lr111iL1~1~ 
1,nunl11 Lfl11::~~ CiI ~\I 1i~11i1 tl til \lU~3Jl rn,zEl tI LL~::Lil 1,1,1n-~LtluijCil1nU~\I LL1 CiI ~tl3J 
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1.3 1~fltl,)~~\lfi'ua~l.Iil1JLl.I~nTl~~tI
q 

\11 'U,iilJ it'~\lll\l L,"'U,nl"J1i~113J1"ill n nl1~11"ill~ ~ f) L~ ~L 'Yl f)1f)~ ~1lJ L'Yl Wn~'Yll \I 
q ~ 

L~~lrHh3Jlu1ru,lnl1nU;jl'U,~113J1'Yl1\1 L'Yl~1 'U,1~ ~1:;iU"il~111~ L~LLn 1:;UUL3J1~1~~~:;~~~liil L~n 
~ ... ~ q 

1'Yl1yJ m1~~ (MCE) L~ f)h"i.~L~~f)\I ~ f)onii,~1V\ 1l~~13Jl1rl'l.t13Jl1iU1:;1lJ"lf'U,L'U,nl1"lh lJ~11"iliii,"il,rlJ1'U, 

•• 1 A .... 11 ~ ~.¥ nl 1 6'. .!1 .... 1 d
LL\I~3J~l\1 ,)"lIf)\I 1~v\~f)~L~f)~LL~:;v\1 "il 'U,~'U, L'YllJ L~f)Lf)f)lJ1: lJ"lf'U,<ilf)1:;UUlJf)\ln'U, 1~'Yl~13Jl1rl 

lJn1:;iu~113J LiJ'U,f) ci"ll f)\I i\l~ 3J"lI f)\lU1:;"1f1"lf'U, 1 'U,~1'U,~"lI111~ tl'U,l3JlJ El'U,~\I ~~~\lnl1~11\111lJL~U~~~ 
~ q , 

LL~:; ~ ~ ~~ <il3J1 ~113J"lI f)\I U1:; L'Yl ~onl ~ 1~ lJ\ll 'U,iifJ it'L~'Yll nl1<il11"ill~ ~ f) L~ ~L 'Yl f)1 f) ~ 1~ fJ 1iL'Yl ~ii,~ 
MCE -i13J nu nl"<il11"ill~~1 fJ L'Yl~ii,~'Yll\1 L~ nLyJvh sB\I"ill nu fjn1fJl1:;v\11\1 Lf)'U,L6J1aJLL~:;~ f) L~~L 'Yl f)1f) 

.... ~ 1 nl 6' ~ 6' .". .J'.d A' ..... 1 ~........ .". 
~~U113J~11 Ltl' ~1L"il'U,LlJf)1f)f)n L6J1~ (H20 2) Ln~"lI'U, 6J1\1~11'U,~13Jl1rl<il"1"il1~ ~fJ<il1\1 L~~1fJL'Yl~'U,~ 

'Yll\1 L~~LyJV:h ~\I dj'U,nl1~~.ff'U,<il f)'U,nl1'Yllufjn1fJl"l1 f)\I~111~i'U,~\lCY)11~L1~1~lon1 'U,nl11 L~11:;~~~~\I 
~1fJ 

1 ~ fJ 1'U, \11 'U,1 i fJ it'L~ 3J "ill n n 1 1 f) f) n LL U U L 3J 1 ~ 1 ~ ~, ~11 \I ~'U, LL U U L 3J 1 ~ 1 ~~ LL ~ :; 'Yl ~ ~ f) U 

n I A ~ 1 A d~ .... 1 ~ 1 .". d1!!1 ."...... A' .... .J' .". 6' .". .".~A A 

lJ1:;~'Yl1)111~"lIf)\I L3J ~1on~'Yl L~ ~fJ L3J ~1on~'Yl "lfL'U,\l1'U,1"ilfJ'U,~11\1"l1'U,"il1n~f)~L3Jf)1 ~f) ~f)~ L~IL3J'Yl~ 

L6J1~f)nL6J1'U, (polydimethylsiloxane; PDMS) Liif)\I"illn PDMS dJ'U,~f)~L3Jf)f~ii,fJ3J'l.t13J1'Yl1 L3J1~1~~ 

3Jln~~~ Liif)\I"il1n ~~113J~~V\ci'U, ~~3JU~Lll"lff)U,r1 (hydrophobic) 1u-i\lLL~\I fJf)3Jl~LLn~~3Jt:,h'U,L~
q q 

~\I f)f)n"illnLLllLLuuL~Jl fJ Llln~113JLtJ'U,~1Y LL~:;£T\I~13Jl1rlU1:;nu ~f)\I:E'U,1~~~n'U,L~LLuuLll~'U,1U L~ f) 
~ 

ibLUt:·h'U, air plasma 

• 
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nTl'Yl (PHUl \J ,. ' 

• 


.,,; ~ tJ ff2.1 tf)·H)\J3Jau~::a n"l'm 
'I 

1. CH 11232a (CH-instrument, USA) 

2. Analytical balance ( Mettler AT 200, Mettler, Swizerland) 

3. pH meter (Metrohm 744 pH meter, Metrohm, Switzerland) 

4. Homemade high-voltage power supply 

5. Air plasma cleaner (PDG-32G, Harrick plasma 

6. Microscope (SZ-PT, Olympus, Japan) 

7. Auto pipette and tips (Eppendrof, Germany) 

8. G3P-8 Spincoat series from Specialty Coating Systems (USA) 

9. Milli Q Water System (Millipore, USA, R ~ 18.2 MO.cm) 

• 


10. Hot plate stirrer C-MAG HS 10 (IKA, Germany) 
• 

11. Vacuum Pump (Gast, USA) 

12. Magnetic stirring bars (SCS ICS, Switzerland) 

13. Dedicator (CSN, Simax, USA) 
,::II ~ ~ AA 

14. UnLnEl1' ~U1~ 10,25, 50 3J,H~~~1' 

15. Volumetric flask "1JU1~ 10, 100, 250 ii~~~~1' 

2.2 g{1"l'tf)3j 

1. Sylgard 184 silicone elastomer LL~:: curing agent ,nnU1M'YI Dow Corning 

2. ~11'3J1~1'!lUflElL~~L'YIEl1'El~ ~ 99 % ,nnU1M'YI Sigma 

3. LElUi,6J1~flElL~~L'YIEl1'El~ ElEln6BL~~,;)ln Streptomyces sp. ,;)lnU1M'YI Sigma 

4. 2-Morpholinoethanesulfonic acid monohydrate (MES) ,;)lnU1M'YI Sigma 

5 . ~11'3J1~1'!lU Dopamine hydrochloride ,;)lnU1M'YI Sigma
• 

6. ~11'3J1~1'!lU Pyrocatechol ,;)lnU1M'YI Fluka 

7 . Potassium dihydrogen phosphate ';)1 nU1M'YI Merk... 
8. Dipotassium hydrogen phosphate ,;)lnU1M'YI Merk 

9. Lipid cholesterol rich from adult bovine serum ,;)lnU1M'YI Sigma 

10. Methanol ';)1 nU1M'YI Merk 

11. Sodium hydroxide ,;)lnU1M'YI Merk 

12. Hydrochloric acid ,;)lnU1M'YI Merk 

13. L(+)-Ascorbic acid ,;)lnU1M'YI Wako Pure Chemical Industries 

14. Triton X-100 for molecular biology ,;)lnU1M'YI Sigma 

15. ~1~'YIEl" (Au) 99.99% "1JU1~Liut:,hu~urJn~1" 25 i,3Jtfl1'L3J~1' ,;)lnU1M'YI Goodfellow 
'II 

16. ~1~LLW~'YI'Y;,r3J (Pt)99.99% "1JU1~Liut:,hu~urJn~1" 50 i,3Jtfl1'L3J~1' ,;)lnU1M'YI Goodfellow 
'II 

http:Pt)99.99


10 

17. LL~U,sn~n au, ';)1 n U1~'Yl UniversityWafer 

18. SU-8 3025 LL~:: SU-8 Developer ,;)lnU1~'Yl Microchem 

19. 2-Propanol ,;)lnU1M'Yl Merk 

20. Acetone ,;)In'U1~'Yl Merk 

2.3 nTn~~tl3J13JTfl,-if'n~nn PDMS 

1. n1,.i'\I PDMS prepolymer : curing agent 1U,el~"1a-1U,10: 1 

2. ~u,1~'L,y1nu,,;)lnJwt.t1LuLllU, vacuum pump L~aL~~a\la1n1~aan 
3. L'Yl~l"~~3J~\lUu, mold LL~T\:itILuau~arn'V\llij 60 a\l~lL6ll'~L6fitl~ LiJu,n~l 2 i'113J\I 

~ 	 '\I 

4. ';baan3J1,;)ln~aui\lLll~L~U, LL~1~an PDMS ~i.~aan,;)ln mold LL~1'\.bLL~U,~~~ltl
'\I 

channel LUL';)l::,. 

old 
'\I 

.... 'I A~ 1 1 1 .... dlj 	 •
5. 	 U,lLL~U, PDMS 'YlL,;)1::"LL~13J111\1an1'Yla\l (Au electrode) ~\I Lu,on'a\lm~n 'Yl"~ ~tI on'L~,.a\l

'\I 

microscope ,r1tl1u,n1"11\1aL~n1'Yl"~ 
o 

6. 	 tt1LL~U, PDMS .J\I 2 LL~U, (LL~U,~~~ltl channel LL~:: LL~U, blank) i,UL,y1L~1a\l Plasma 
.... 0 DI IV IV ... d d

cleaner LL~1u,laan3J1u,.::nUnu,'Ylu,'Yl 6ll'\lL~,.a\l Plasma cleaner 
• 

7. 	 .yhn1"L~a3J~aoff1'Yla\lYi1\11u,L,y1nU~ltli,~ 1~tl1i silver paint d~lu,i1L;a3J rr\l1iLL~\lLL~1iJ~ 
IV .... lji.n ........ i,.... IVd 	 Did 
'YlU~1tl silicone glue ~\I 1 'V\LL'V\\I ';)\1 ~ PDMS microchip ~\I"u'Yl 3 

'\I 

Waste (Ground) 

Separation channel 

, 
Sample waste Sample 

Double-T injection 

channel 
Buffer 

,-t.lfi 3 LL~U,1l1~ PDMS i,3J1~,.-n~~1on'1u,n1"'Yl~~a\l (Channel ~~113Jn11\1LL~::~113J~n 50 
ou 

i.3J1~"L3J~", Separation channel ij~113J£J11 5 L6}f"~L3J~", Double-T injection channel ij~113Jtl11 

250 i.3Jl~"L3J~", Working electrode ~1i ~a ~1~'Yla\l anu,l~ 25 i,3Jl~"L3J~", U1nrnana\l reservoir 

" 
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VI 

2.4 n1"'Y1~tH)1JtJ,.~i'Y1fi1l1"'1I2h113JT~,.ii.., 

rie:JU'YhnTW1~fHh1 microchip channel 'iil::{)n"lf::~ltlffTH'l::~1t11snL~t111LlJ~1e:JnL"lf~LiJuLl~1
'\I 

e:Jci1\1,ze:JtI 30 U1Yi L~e:Jvh1..K~l'v\,z1ane:J\I channel 'iil1nL~lLiJu -OH ihrnMrn::LiJutJ1::'iil~U (-0-) 'iil1nJu, 
U11'iilff11~::~1t1~L~n1'Yl1L~1il LL~::ff11111<il1~1U ~\l1u buffer reservoir, waste reservoir, detection, ~ 

reservoir LL~:: sample reservoir <il111~1~U ~TV\'run11Lwnff11 vh1~t1n111..Kintl1wYh~de:J1I1::'Vr:l1\1 

buffer reservoir LL~:; ground electrode 1u detection reservoir 

n11'Yl~ffe:JUtJ1::~'Yln-111~ane:J\I PDMS microchip vh1~t1n11lt1LtJ1i1.un11Lwnff11111<il1!1U,1~ 
• I ...... .... d ... .J' .... VI "'.... I '" 

lJ111U,LL~:;LLfI'Ylfl e:J ~ e:J e:Jn'iil1nnULu,e:J\I'iil1nff11ffe:J\I"lfU,~U,ff11111{) Lwn e:J e:J n'iil1nnu, b~~ LL~::\11 t1~1 t11:;UU b1l 

1"1~ow"::~~~11~ L~n1'Yl1We:J L 16fiff Ue:J n'iil1nUtT\I ff11111{)<il11'iil1~L~~l t1ilLwyh1i\l1urYlLtJ 1~ t1n11 

L~1t1 11 ff11~:: ~1 £.I ~ ff1lan e:J\I ff11111 ~1~1 U,1~tJ1 iiU,LL~:: LL"Yi" e:J ~ ~f11111 Lan1Ianu 250 L1I 1,,1111 ~1'f LLtrl 
~ 

U11'iil~\l1u,re:J\lane:J\I sample reservoir GilU,re:J\I~U61U11'iil~ltlff11~:;~1t1 MES UWLwe:Jf 'iil1nJwyhV\11, J , 

LLtin ff11111 <il1~1 U1~ l.h iiULL~:; LL"Yi" e:J ~1~ tI n111..K~nmwY:h ,,'ie:J 1I1:;v\ 11 \I buffer reservoir LL~:; 
~ 

ground electrode 1 U detection reservoir n11Lwne:J e:Jn'iil1fi nuan e:J\I ff11cyf\l ffe:J\I LLff~\l1U~ L~n 1 'Yl11w11LLn 

111~\l1tJ~ 4 ~\I'iil1 n ~~ n11'Yl~~ e:J\I~L~OWU11 ff11111~1~1U1~tJ1 iiULL~:: LL"Yifl e:J~ LLtin e:J e:Jn'iil1 nnu~ 35 
'\I ~ 

iU1YiLL~:: 55 iU1Yi<il111~1~U 'iil1 n ~~n11'Yl~~ e:J\I~\I n~11 LLff~\l1iLV;U11'~~ L511 Le:JffL1I1fl1~~~L<il1t111 
VI II ~ ..... I ...... .... d 0 VI. 1'1 II d VI • I 
L~UU1I lJ1::ff'Yl1l111 OW LOW £.1\1 OW e:J'Yl'iil:;U1 blJ L"lfLLti n ff1 1e:J U ') <il 

I 

e:J LlJ 

250 

200 

150 

10 20 30 40 50 

time (5) 

60 70 60 90 100 

-50 

-100 

... 
"e:J 250 IJM dopamine and catechol; running buffer, MES (pH 7.0); separation voltage 1300 V; 

detection potential 0.8 V; pinched injection time 20 s; working electrode; 25 IJm Au wire. 

2.5 n1,.~nl*11l1d~.yfL'Vi3J1~~3J~1'Vii1Jn1"@I"d~-l~lelT~"L~lutJ21f2121n1'1f~ 

2.5. 1 fi1n1l1wyh~hnunI1~1'J~i~ LeJT~1l~Ultf€)'f€)€)nL6Jf; 

fi1~n mwv:l1~ Lv\1I1::ff1l~~e:J\l1"lfLUfi11<il11'iil1<ilff11LlJ 1<il1L'iilULti e:Jfe:J e:JnLsn~L~ e:J1V\1~n1::LLff 
0 '1"' .... ~ ..I.':1d~o ~ I 1 If"d 1 If"VI'" ..... I d 

ff\lff~ 1<iltl'Yl1n11LV\~ntl LrO''iTYlanl'Yl1\11U<il\lLL<il 0.2 l~<il {)\I 0.9 l~<il L<il~~~\l1lJ'Yl 5 
'\I , '\I 

mailto:n1,.~nl*11l1d~.yfL'Vi3J1~~3J~1'Vii1Jn1"@I"d~-l
http:n1"'Y1~tH)1JtJ,.~i'Y1fi1l1"'1I2h113JT~,.ii
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• 

160 
Ie 

I~ 
<1-1 	 120 

~ 	 / 
e 

:: 80 
I:l 

~ 	 I 
u /_.

40 

0 e-e-e 

0.2 	 0.4 0.6 0.8 1.0 

Detection potential (V) 

,-tJri 5 Hydrodynamic voltamogram "1JEI.Ja'11LeJ1~1L'ii)ULUt)'fEltJnL6Jl'~ 1~£J~fll1::~lan1unl1'Yl~~E1.J 
cu 
A 

~E1 500 IJM hydrogen peroxide, running buffer; 10mM PB (pH 7.4), separation voltage; 1300V, 

injection time; 20 s, working electrode; 25 IJm Au wire. 

G l.d.... G l.d ~ ••1.':1 .t 1I..... 0Hydrodynamic voltamogram 'ii)ln1lJ'Yl 5 a'1l.J'ii)lnnl1LlJ~£JU~lf'1n£J Ll"H'il"1JEI.J"1JTYll.J1U ~£J 
'U 

I I VI 1 G I (f' VI (f'.d .d" 1 (f' d 1 (f' .t d I 

'WtJ1l~ln1::LLa'''1JEI.Ja'11 Lel ~1L'ii)ULlJEl11E1n Lsn~L'W~"1JU'ii)ln 0.4 1~~ rl.J 0.8 1~~'ii)lnUU'ii).J~~~.J LL~ 

lU.J1U1i£JdL~E1n1,r~nmvJ~1~1~ntJ.ffTrll.J1U~ 0.5 11~~ LrtEl.J'ii)lndJu~nmvJvh~~1~a'1~11rl 
1i111'ii)1~a'11L~ L~mUunl1~~~~"1JEI.Ja'111tJn1U~U ')~~luCil1E1cil.J L"lfU n1Ii1LLEla'~E1fijn LL~:: n1~£J1n 

'U 

'ii)ln~~nl11i111'ii)1~a'11LeJ1~1L'ii)ULUElfElElnLsn~"1JEI.J PDMS microchip ~.Jvr~ul1,nunl111i1 

~ EI L~ a'L'Yl E11E1 ~~ EI LU1iii £J Ell ~£JV\~n nl1't11l.Jljn1£Jl1::V\ll.J LElULsn3JLL~::~ EI L~ a'L'Yl E11E1 ~ n ~l £J LUUa'11 

Lel11i11L'ii)ULU E1fElElnL6Jl'~ (H20 2) ~.Ja'11da'1~11rlIil11'ii)1~1~£J1iI1.JL~~1£JL'Yl~ii,~'Yll.JL~~LvJ~1 1~£J'ii):: 
un PDMS microchip ~11,r1il11'ii)1~~m~a'LIiIEl1E1~1~£Jnl1~a'~LElULsn3J~m~a'L'YlEl1E1~E1E1n6fiLIila'ntJa'11 

~::~l£JaL~n1'Yl1L~~ (Phosphate buffer) 1U"lfEl.JUvJL vJElf~1ulu"lfEl.J sample 1~a'11~11i11!lU~m~a' L'Yl 

E11E1~V\1E1a'11Cil1E1cil.J ~1ulu"lfEl.J sample waste LL~:: waste 1~a'1"J~::~1£JaL~n1'Yl1L~~~.J1U~ 6 
'U 

'ii)lntfwYhnl11i111'ii)1~ 'WtJlla'1~11rl<il11'ii)11i1a'11Lel1~1L'ii)ULUElfElElnLsn~1~ 

• 
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13 

PB buffer 

Separation channel 

Cholesterol 
~--1. PB buffer 

PB buffer + ChOx 

.. 

2.6 n1"i~n1t1n1d~ri L'Vi 3J1~~3J d1'Vi-rU n1"i(A"id1)-l~ ~ f) L~ ~L 'Y1 f)"if) ~ 

1u,nl"~"J1'11~~~1"JflEl L~~L'YlEl"JEl~t~ tl1iL'YlflUfI'Yll\1 LfI~Lv-Jvh1u,nl"J~"J1';)1~ rhL~1~tlnl"J\t1 

flm~~LYlEl"JEl~3J1'Yhtliin~tlln1J LElUL6Jf3JfI El L~~LYI El"El~ El Eln6fiL~ ~n ~1 tI LtJU,~l"JLel't~"JL'iilU,LtI ElfEl ElnL6Jf~ 
...ItlA...... ..... VI IS' ... A.¥ 1 

t ~ tlYI !ln"Jtll"lJ El\l fI El L~ ~L 'Yl El"J El ~ n 1J LEl U, L6Jf3J fI El L~ ~L 'Yl El"JEl ~ El El n6JfL~ ~Ln ~"lJu, U, separation channel 
~ 0 ..... VI ttlIS' VI IS'...I A .¥ ...I.t tI .....

LL~1Y11nl"J~"J1'iil1~~1"J Lel' ~"L'iilU,L El"JElEln L6Jf~YILn~"lJu,YI"lJ1'YlEl\l~"J\I ~lt1"lJEl\l separation channel ~\I 

"JtI~ 7 
'II 

t.Jiln~tl1t'" separation channel: 

ChOx 

Cholesterol + O2 Cholestenone + HOOH 

HOOH + 2H+ + 2e­

2.6.1 wt€J'1fan€J"ffTH~~fnlJ~tNn rnji.~; 

~1.w LElan""lJ El\l~l"J~:;~l tI~t:-J~~ Elnl"JLn~LEl El El LU,~L6Jf,tU,LL~:; electrophoretic mobility "lJ El\l~l"J ~1 

.wLElan""lJEl\l~l"J~:;~l tI~L~n t YI~~L'V\3Jl:;~:JJ1u,nl"J~"J1'iil1~~1"JLel't~"JL'iilU,LtI ElfEl ElnL6]}"~'iill nfl m~~LYI El-"JEl~ 
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.) 

120 

100 

i 80 
C 
Q) 

t:: 
::I 
U 

60 

40 

• -.- pWmigralion lime 
-..- pWcurrenl 

~ 

160 

3120 ~. 
o· 
::I 

§. 
80 

(1) 

'-' '" 

40 
6 7 8 

pH of running buffer 

'jtlfi 8 ~~aneh1 pH ~1'l~::~1t1aL~nlYl'lL~~~fln'l::LL~LL~:: migration time anfl\lflm~~L'Ylfl'lfl~1~ltIn.n1'1:: 
'U 

~1,nun1'l'Yl~~fl\l ~fl 1 mM cholesterol, running buffer; 10mM PS, separation voltage; 1300 V, 
-1 

injection time; 20 s, working electrode; 25 \-1m Au wire, LL~:: ChOx; 0.034 U.mL 

,)1 n'luY!u';i1 ~~anfl\l.w Lfl~~fl n'l::LL~~L~n~1 L~1J;rU,)1 n.w Lfl~ 6.5 ~\l .wLfl~ 7.0 ,nn,xu 

I ... I 

'U 

A.d d ... I 1...11 .... ... 
fl1 n'l::LL~1Jfl1 ~~ ~\l LL~:: Ln flU fl\l'Yl LL~:: L1J fl ~ ~~an fl\ly! L fl~Cil fl migration time Y!U'11 L '1 ~1'Yl ~~~ ~\l"il1 nY! 

'II 

'" ... ~.dl '!1 ..... ... I ..,;..¥ A ...I d ofl ....... 

Lfl~ 6.5 fI\l Y! Lfl~ 7.0 "il1nUUL'1 ~1'Yl ~ b Un1'lCil'l'1"il'1Cil1Jfl1 L Y! 1J"lJULL~::Ln flUfl\l'Yl 6!f\l LuU~~"lJ fl\l~ Lfl~1J 

.... ..... ~ I 1 ...........t'" A 1.... .... <:t 1 VI ... ...1
I 

fl'111J~fl~fl~eHnU'Yl\lCilflfl1n'l::LL~LL~:: migration time U\llU'1"iltlU"il\lL~fln ~~l'l~::~lt1flL~n 'Yl'l b~~'Yl 

... d ~I"'.d 0 1.... ..... VI .... ...I 1 ...1.......1....... ..t 
Y!Lfl~ 7.0 LUfl\l"illnLuUY!Lfl~'Yl'Yll YtCil'l'1"il'1~~l'l bCiln'l::LL~~\l'Yl~Cil UL'1~l'YlUfltl'Yl~~fln~'1t1 Ufln"illnU 

'U ~ ~ 

.~h.w Lfl~£T\l n~~~ fl nl'l'Yll\llU"lJ fl\lfl fl L~ ~L 'Yl fl'lfl~ fl fln6frL~ ~LflUL6!fl1El n ~'1 t1tA\l Y!u':i1 tilli.w Lfl~~\l'V\~fl~l 
'U 

LnuLU LflUL6!f3f"il::L~fl1JU'l::~'Ylillly!~\l'Yll1i~l n'l::LL~1Unl'lCil'l'1"ill~~l'ln~l~l~\l 

.. 2.6.2 fI'Jl1Jt 111J11U,"1J€J"ffl"ifl!fll11BtNn ry/"ilfll 

~lfl'111J L"lJ1J"lJU"lJ fl\l ~1'l~::~1 t1a L~ n 1 'Yl~~ LYt 1Jl::~1J~~fl\ll,nunl'lCil'l'1"ill~~1'lLtll~'lL"iluLU flf ­

fl fl n Lsn~"ill n fl fl L~ ~L 'Yl fl'lfl ~ L~ fll'V\1~n'l::LL~~ \l ~~ lCil t1'Yll nl'lfl varies ~1 fl'111J L"lJ1J"lJU"lJ fl\l ~1'l~:: ~1 £.I 
'II ~ 

aL~n1'Yl'lL~~'l::Yt11\l 5 ii~~l1J~lf ~\l 50 ii~~l1J~lf L~~~i\l bb~~\llU'lU~ 9 
'II 

.. f 
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4000 

f' 
~ 3000 
c 

~ 2000 

1000 

0 .-. / 

0 \0 20 30 40 50 

concentration of buffer (ruM) 

1'UnT'J'Yl~L'Hh1 ~El 1 mM cholesterol, running buffer; 10mM PB (pH 7.0), separation voltage; 
-1 

1300 V, injection time; 20 s, working electrode; 25 IJm Au wire, LL~:; ChOx; 0.034 U.mL 

• ';)1 n'lU~ 9 ~Ul1 ~1 n'l:; LL~1'Unl'l~'l1,;)1~ ~l'lfl El L~ ~L~ El'lEl ~ L~ 3j~'UL~ Elfl113j L ,)3j,)'U"lJ El~ 
'II 

~l'l~::~l£1ih~n1'Yl'l'~!ilL ~3j~'U,;)ln 5 ii~~l3j~Tf';)'U~~ 40 ii~~13j~Tf,;)ln ~ln'l::LL~l'Unl'l~'l1,;)1~~1'l
'n1~'lL ';) 'UL U Elf El El n '6]1~,;)1 n fl El L~ ~L 'Yl El'l El ~,;)1 n nl'l~'l1,;)1~ ~\I ~ ~ ~1 ~ ~ ';)1 n nl 'l'Yl ~ ~ fl~ ~Ul1 L~ El 

~l'l~::~l£1aL~n1'Yl'l'~!iliifl113jL,)3j,)'U 40 ii~~13j~lfrll1'V\1~n'l::LL~,;)lnnl'l~'l1,;)1~~~~~~ ~~,f'U1 'U 
'II , 

\ll'U1i£J'd~~ L~ Eln1,r~1'l~::~1 £1~ L~ n 1 'Yl'li.~!il~fl113j L"l13j,)'U 40 ii~ ~13j~lf~1'V\1unl'l~'l1,;)1~~1'lfl m~ 

..... 0 &11 ..,..... &1 0 .... ~ ~ VI b I 1'" .... r;:;: 1 i. f( &1 ~I
~1'Yll~::~l£1'Yl ~nU~1'l'Yl'Yllnl'l1LfI'l1::'V\L~£1'Yl1 LlJ';):: ~~l'l~::~l£1ElL~n 'Yl'l ~~'YlLlJ'U running 

buffer LU'U!il1'rll~:: ~1 £1 LL~~l 'U1~£1 flf~ d1~~ El~ LU1£1U LYi £1U !il1rll ~::~1 £1~1'V\1Ufl El L~ ~L 'Yl El'lEl ~ ~ El ,Il, 

10 mM PB LL~::~l'l~::~l£1a~nl'r1'l'~!il~fl113jL,)3j')'UL~£11nU running buffer Lu'U!il1'y'h~::~l£1 ,~~~ 
..... b I &1 
~~'llJ'Yl 10 

'II 
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3.5...,...------------------, 

3.0 

2.5 

1.0 

0.5 

water 10 mM PB 40 mM PB 

Solvent of cholesterol 

~ ..... .d 1'" '" '" t. 't ....0l tI,,10 ~~'·lH)\l1iI1'Yl1~::~1t1flElLi.'Hnlila·H)~L:lH) ~ running buffer fl11:IJL"lI:IJ"lIUIiI\lLLIiI 5-50mM IiIt1:IJ 

1l11::~1,nun1"'Yl~~a\l ~a 1 mM cholesterol, running buffer; 10mM PB (pH 7.0), separation 

voltage; 1300 V, injection time; 20 s, working electrode; 25 IJm Au wire, LL~:: ChOx; 0.034 
-1 

U.mL 

"inn,.tJ~ 1 0 'W1J':h L~a1,rJ1LiJu~l'n1~::~1 tln,.::LL~~L~"innn1,.1iI,.1"il1~iifl1~\ln111,r1 OmM 
~ ~ .... ~ t '" cs" d '" '" .... ..... ~I ..... .d .d0PBS LL~::~1"~::~1t1a~n 'Yl" b~IiI'Ylfl11:IJL"lI:IJ"lIUL~tl1n1J running buffer LlJUIil1'Yl1~::~1t1 LUa\l"il1nL:lJa 

~1"~::~1t1~la ci1\1iifl11:IJLon:IJonW"atln11~1d~::~1 tla L~nt 'Yl"L~~~1,r"il::.yh1';;L11~ sample stacking ~ a 

..... I .d d d A "'tJ..... d '" '" II ......

aU1l1fl"ll a\llil1 a tl1 \I "il:: Lfl~au'Yl"il1 n ~1d~::~1 tI'Yl L"il a"il1 \I n11 b tI\I~1d~::~1 tlYIL"lI:IJ"lIUn11 aU1l1fllil1 a tl1\1, , 
d .d d"'tJ .t .d dVltJ '" ..... 1 "'.... ..... 1 "'..... d..... VI '" I tJ .... ..... t. 1 .........
0 

'YlLfl~aWYl L UU"il::Lfl~aU'Yl b 'Wda:IJ ')nu n~~liInurn V.~tyty1ru,'Yl1~ b~~\ln11 nlil IiI\1UU U\l1U1"iltl 

d~\lL~an1,rJ1 LiJu~l'yh ~::~1 tlflElL~~L 'Yl ada~ 

2.6.4 fl'J1:JJL 1iirilu"11 €1JUJU ~6J1Jffl mfUfL @1€1~€1fW €1 n~L@1w 

~1 fl11:IJ Lon:IJ,jU"lI a\l L auL6)j:IJfl a L~ ~L 'Yl ada ~ a an6fiL~ ~ii ~ ~~ a n1dlild1"il1~ ~1dfl a L~ ~L 'Yl ada ~ 

L rta\l"il1n 1,nun1d.yhtJ~n1t11n1Jfl ElL~~L 'Yl a,.a~ L~ a LtJ~ tlUdJU~1dLeltlildL"ilULtJ afa anL6Jf~LL~l'yhn1" 

IiId1"il1~ t~tI.yhn1d~n'1Y1~~"lIa\lfl11:IJ Lon:IJ,jU"lI a\l LauL6)j:IJfl a L~~L 'Yl ada~ a n6fiL~~1U,)'l \ld::V. 11\1 0.034 

tliblil~aii~~~IiI" ~\I 0.85 tliblil~aii~~~liId L~~~~\I,.tJ~ 11 
~ ~ ~ 

http:L~~~~\I,.tJ
http:Yl"L~~~1,r"il::.yh
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8015 

::l /
. ~ 	 U 

~ 

40 ( 
0 

0.0 	 0.2 0.4 0.6 0.8 1.0 

Concentration ofChOx (U.mL- 1) 

~t.lYi 11 ~~an Eh1 fl1111 Lsnll,j\l,an EhHelUL6!f~~HlL~ i.~TYl el"Jel ~ el eln;L~ti~ el~h n"J:LLtian el\l fI m~ tiL 'Yl el"Jel~t~ tlij
'U 

1l11:~1iLu,n1"J'Yl~~el\l ~el 1 mM cholesterol, running buffer; 40mM PB (pH 7.0), separation 

voltage; 1300 V, injection time; 20 s, working electrode; 25 IJm Au wire 

LelU,L6!f3JfI el L~ tiL 'Yl el"Jel ~ el eln;L~ tiL ~1I~U,~\I LL~ 0.034 tlU~ <i\ el ij ~ ~~~"J i1\1 0.68 tlU~<i\ el ij~ ~~~"J 
~ 	 ~•• 	 t. I .... ~ d ~..r~ ~1"" ........ VI IS' ...
,n nu,U,fI elu,an1\1 ~ ~~1 ~\I 'Yl ~ ~ ~1 ~\I U,L U,el\l ';)1 fI LlI el "1ffl1111 Lan lIanu,an el\l LelU L6!fll fI el L~ tiL 'Yl el"Jel ~ el el n6!f L~ 

titi\lyh1iL11~n"J:LLti"J1Jn1u,LL~: LelU,L6!f3J£J\I Ln~ n1"J~~'li'1J1Ju,~1an el\l~~h511 LeltiLlItfl"J:nwan~1 tI ~\I~u, 
~ 	 ~ 

2.6.5 ffnlJi:wyhlunl1Ulln 

~hin £flyJyh~1iLu,n1"JLLtlnij ~~t~ tI~"J\I~ m 1~11u,n1"J~"J1,;)1~an el\lti1"JLlJt~"JL';)U,LUelf 

el elnL6!f'1i,;)1nfl m~tiL'Ylel"Jel~ t~tlYi1n1"J~ncl!n1u,an1\1 1100 t 1~'1i i1\1 1800 t 1~~ L~~~~\I"JU~ 12 
~ 

! -	 t100 
~f----., 

80 ~. 
'-' '" 

C!) \g 60. .-e- e 
c 
0 

.~ 
40 

OIl 

'6 
20 


0 

1000 1200 1400 1600 1800 

separation voltage (V) 

mM cholesterol, running buffer; 40mM PB (pH 7.0), injection time; 20 s, working electrode; 25 

-1 
IJm Au wire, LL~: ChOx; 0.68 U °mL 
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.f 
2.6.6 LJfnlun'1"ia~ffT'i 

L1~1~lmunldQ~~ld (injection time) ih.J~@ie:lnld~11J~~tJ1~lru~ld~1e:Jcil~ :B~ijt:.J~~e:J, 
tJd::~'YlRln~1 UnldLLtI n LL~::~d1,;)1~an e:J~ ~ld 1~ t1t:.J ~an e:J~ L 1 ~11unld5.~~ld~nMl1U,r1~d::'V\';h~ 5 

lUl'Yl ~~ 25 lUlri i.it:.J~~~dtJ~ 13 
'U 

~t__! 
2000 

/
~ 1500 
... 

I i:: 
~ 
::l 

U 1000 

500 

5 10 15 20 25 
injection time (s) 

cholesterol, running buffer; 40mM PB (pH 7.0), separation voltage; 1300 V, working electrode; 
-1 

25 /-1m Au wire, LL~:: ChOx; 0.68 UomL 

. .. 2.6.7 Calibration curve, linear range LL~:: detection limit 

'L' ..... .d.., ..,:::. I 11 trd
Calibration curve 'V\1i.~,;)lnnld~d1,;)1~~m~~L'Yle:Jde:J~'Yl~11~Lan~anU~~LL~ 1 Ul U ~~ld r\~ 

10 ii~~l~~lf ~~dtJ~ 14 
'U 

I · 

I • 

mailto:ih.J~@ie:lnld~11J~~tJ1~lru~ld~1e:Jcil
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.,., 
4 

•3 

~ 5 
2- 4.5 

'E 2 <" 4., 
Q) CD 3.5 
L.. 
L.. 
:J " 3E 2.5 t.> c: 2 

~.• ::l 1.5 
t.)• 1 , 0.5 


• 

• 
0
• 

0 

y= 537.34x+0.4703 
R2 = 0.9984 

0 0 .002 0.004 0 .006 0.008 

concentration of cholesterol (M) 

0.000 0.002 0.004 0.006 0.008 0.010 

Cholesterol concentration (M) 

'itJri 14 Calibration curve LL~:: linear range "lJth'~H:lL~~L~B'H)~ 1~tJ~[nl::~1,nunl'J'Y1~~B~ ~B 1 
'lI 

mM cholesterol, running buffer; 40mM PB (pH 7.0), separation voltage; 1300 V, working 

-1
electrode; 25 IJm Au wire, LL~:: ChOx; 0.68 UomL 

,nn'Ju~ 14 VUJ':h L~ B~11:lJ Lan:lJanU"lJ B~~ BL~ ~L 'Yl B'JB~ L~ :lJ;fu~hn'J::LL~~~'JT;)1~Lin~~h 
'U 

L~:lJ;fU~l:lJLUiltJ 1~tJ,;)1nn'J1y.J Calibration curve ~U':h~l~~d~luLiu~'J~ (linear range) "lJB~ 
I I VI 1 1 G"d "" ""1 G" d I .d""1 G" A 1

flm~~L'Y1B'JEl~BtJ1U"1fl~'J::'Vn1~ 1 L:lJ fI'J :lJ~1'JfI~ 7 :lJ~~ :lJ~1'J sn~~'JBU~~:lJ"1fl~'Y1:lJ U:lJUMtJ ~B U
'U , , 

~utln~U~:lJ1rn~BL~~L~B'JB~';)::,zBtJn11 200 ij~~n-r:lJ~B L~6fi~~'J (5.17 rnM) rl'1~U1:lJ1rn 200-239 

ij~~n:lJ~m~6fi~~'J (5.17 mM - 6.18 mM) ~B".hdJu'J::iurl1~~ LL~:::lJ1nn11 240 ij~~n-r:lJ~m~6fi~~'J 
(8.21 mM) LtJu'J::iu~~ ~~'J::iu~m~~L~B'JB~iil'V\U~1~tJ The National Cholesterol Education 

'U 

Program (NCEP) uBn,nnd'£T~~ufi1~11:lJLan:lJanU~1~~~~~1:lJ1'JfI~'Jl,;)1~Li (detection limit) ~ 1, 
u11U1:lJ~lf ~~~B11~1:lJln ~~ LL~~~1iLV;U11~~L5:lJLB~L:lJ1~'J~~1un1'JiitJd~1:lJl'Jfl1,r~'JT;rr~ 
fI m~~L 'Y1 B'JB~Li';)i'~ 
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1u"1uii£J'tfliy'hnTn~~~u1 L~~El" ~ El ~1i'un11~11~1~~ El L~ ~L 'Yl El1El~1 u6fii'1I t~£J1iL'Yl~ii,~L1I 

t~1~W~:~~~11a L~nt 'Yl1'V'J El L1~~~1n~~ L5 11 LEl~~1U~nun11i L~11:'V\1~ £11iLElUL6Jl3JLL~:n11~11~1~ 
'II 

~1 £1 LYl~ii,~Yl1" L~ijL 'V'Jyhi1 rJ LYl~ii,~ LLEl1l L Welt 1L1IYl1 ~"n11~11~1~ i1 £1 LYl~ii,~'Yl1" L~ijL'V'JYh~1U ~ 
'II 

nu LYl~ii,~L1I1~1~w~:-w~~11a L~ n 1 'Yl1'V'J ElL1~~wu';hij~1111-;)1 LW1:LL~:1 El"L11un11~"1~1~~11~ 
Ln~ufjii'i£11Yl1" L~ijL'V'JcW1Li UEln~1nUL'Yl~ii,~L1It~1~W~:~~~11aL~nt 'Yl1'V'JElL1~~iJ"LlJULYl~ii,~~~ 
~El li"1uJ1 £1, liu'i1l1m~11i1 El ci1" LL~:~11L~ijitEl £1 LL~:i L~11'V\Li11~ L11 t~ £1 L'Yl~ii,~L1It~1~W 

~:~~Gn1aL~nt Yl1'V'JElL16fi~UEl1~£1LL1"aL~n1Yl1ElEl~t1l6fi~1 un11w11 i~11i1 El ci1" LL~:LElUL6Jl3JL,J111TYi1 

ufj ii'i£11nUln £11 U separation channel t~ £1~n1: LL~lun11~11~1~~1111L,JlI,JU"lJ El" ~ El L~ ~LYl El1El~~: 
..f ft ,.... VI 6'dl ~ d d 	 0 ft,............ .... VI 6' "" VI "" ........ 6'
I....

"lJUEl ~nuu1111m"lJ El" LElU L6Jlll'Yl an 6Jl" LlI El ~ El L~ ~L 'Yl El1El ~'Yl1u!I n1£11nU L ElU L6Jlll LL~1~: L~~11~~~1lm'Y) 

LtiULilt~1L~ULU ElfEl El nL6Jl~~~11111{l~11~1~~affTYl El" i1 £1 LYl~ii,~Yl1" L~ijL 'V'JcW1Li t~£1~1l11:~lmU 

n11Yl~~El"~El 40 ii~~tll~1f (pH 7.0) "lJEl,,'V'JEl~L'V'J~U'V'JL'V'JEl{ ~nm'V'Jyh~lmun11~11~1~ ~El +0.5 

t1~~, ~nm'V'Jyh~lan1un11LL£Jn~El +1600 11~~, L1~1~1'V\i'ua~~11i1Elci1" ~El 20 iU1fi LL~: ~1111 
L,JlI,JU"lJ El" LElUL6Jl3J~El L~ ~L'YlEl1El~ El Eln6fiL~~ ~ El 0.68 £1ii,~~Elii ~~~~1 t~rJ1u"1uii£1UWU11 ~11111{l

'II 

iL~11:~~tlL~~L'YlEl1El~lu,r1""lJEl"~1111L,J1I,JU1:'V\11" 1 LlIt~1tll~1f ~"7 ii~~111~1f t~£1ij~1 

~lIu1:~Ylf"lJEl"n11i~~ul~~ 0.9984 LL~:ij~1~1~~~~11111{l~11~1~LiLL~:fh~1~~~~11111{l'V\1
q 	 q 

u'i1l1mLi ~El 38.7U11uni'1I~m~6fi~~1 (1 U1tUtll~1f) LL~: 38.7U11un111~ElL~~~~1 (1 LlIt~1tll 

~1f) ~111~1~U t~£1~1111~11111{llun11Yi1J1"lJEl"~~L511LEl~LlIt~1iwdJU~£1El1l1ULi ~"~~L511LEl~ 
LlIl~1~W Ln Elli-hllnun11i L~11:'V\1~ £1liLEluL6Jl3JLL~:n11~11~1~i1 £1 L'Yl~ii,~'Yl1" L~ ijL'V'JcW1 LlJui~~ij 
~111111~L11LL~:1El"L11un11~11~1~u'i1l1m~m~~L'YlEl1El~t~w~11111{l1~Liln£1lUL1~1 100 iU1fi 

1iEl L~~HIU	"~afi~r:Hl1Jn1~~~tit"i"GlEllti 
'Yi1n11ii£1L~lIL~1I t~£1n11"t1ElUn1nr~~L511LEl~LlIt~1iw Lulan1un11'V\1~m~~LYlEl1El~lu 
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"1U,1itJd'L~n1~-W1UJu,11n-1 Lf1~l::~1l~a'Yl1l1:JJ1 ru,xa tJ:JJ1 n~1 tJ L'Ylf1ii,f16lfLf1i U,L:ntJ~au,L~niu, 

f11lJ ~n lJ LL a t u, ~ n ti''Yl11l 11" t 1 ~ LL'Yl :JJ L:JJ <1l1t ~ tJ 1i~1 L W Yl1 f11 f lJ au, ~ :JJ vrti' n 1 u,YJ ~ :JJ 'Yl a " 1u,~U, LL ~n 
'lI 

ti'1~~::~1 tlll~a'Yl(II) LL~::ti'l~~::~l tl'Yl a"(III) ,;)::rln~~ L"lll~ holding coil <1l1:JJ,h~lJ LL~::t:-ItrnL"lll~tw~1 
'lI 'lI 'lI 'lI 

Lsn~~~tJ~::lJlJ6lfLf1iu,L:ntJ~au,L~niu, lw'llru::~1i~nmwYl1 -0.5 t1~~ LiJU,L1~1 3 U,lri Laaau,"lIa" 

'Yla"LL~::1l~a'Yl,;)::Ln~n1~Ln1::~~~~1Ly.JY:hf11flJ au,~:JJvrti'n1u, V\ tr",;)lnll ~ atlli ti'1~~::~1 tlii" LiJU,L1~1 
15 1U,lri uwnnt 1~LL'Yl:JJt:JJLLn~:JJ,;)ln~nmy.JYl1 0.15 - 0.9 t 1~~ t~tl1i~nmy.JYl11U,~llLLlJlJti'LLf11f

'lI 

L1W ,;)lnn1~'Yl~~a"~lJl11111::n1~'Yl~~a"~LV\:JJ1::ti':JJ~a liti'1~~::~ltJn~~Lu,'Yl1n L"ll:JJ"llU, 1 M dJu, 

ti'l~~::~ltJaL~nt'Yl~L~~ ~nmy.JYh~1V\i'1Jn1~Ln1::~~ -0.5 t1~~ liti'1~~::~ltl:JJ1~~;)1u,'Yla" 3 ppm..., 

1l1:JJ1~~ 900 J.lL ~1V\1lJn1~Lf1~alJYJ~:JJ'Yla"lJu,~1Ly.JYl1f11flJau,~:JJvrti'n1U 5~~ln1~LV\~ 15 J.lLls 

~::tl::L1~ln1~Ln1::~~ 180 1U,lri 111 tll~1111::~LV\:JJ1::ti':JJct\Jn~11 ~lJl1f111 :JJi:JJ-wu,f~::v\11" ityty1ru 

"lIa\Jn~::LLti'Ly.JYh~<1l~T;)1~L~nlJf111:JJL"ll:JJ"llu,"lIa\J1l~a'YlLUu,L~u,<1l~\J1u,,r1\J 4 ti\J 50 ppb ~~~ln~ 
~1ti'~"lIa\Jn1~~~1,;)1~ (SIN = 3) ii~lLUU, 0.84 ppb ~~~ln~n1~1Lf1~1::~t11:JJ1ru (SIN = 10) dJu,, 

I ..I ..... ..... ..,..1 ..... ..... .cI d O,Q.cI ..II 

1.08 ppb f11LlJtl\JLlJU,:JJ1~~~1U,ti':JJ~'Yl1l'Ylf111:JJL"lI:JJ"lIU, 50 ppb (n = 10) :JJf11 1.2 % L:JJau,111l'Yl 

~IUJ U,1;U,Ltl1 Lf1~l::~v\1 t11:JJ1 rull ~ a'Yll u,ct 1 a ci1\J,r 1 ~:JJ ~1 tJ1n-n1 ~ L~:JJ ti'1~:JJ1 ~~;)1 U, ~ lJl1 n1~L~..., 
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Abstract 

A new method for the determination of trace mercury by the sequential injection (SIA) 

coupled with anodic stripping voltammetry (SWASV) using gold film screen-printed carbon 

electrode (Au-SPCE) was developed. At first the sample and the Au(lIl) plating solution were 

sequentially aspirated into holding coil and dispensed into a flow cell which the Hg(lI) and Au(lIl) 

were deposited on screen-printed carbon electrode (SPCE) at -0.5 V for 180 s. After 15 s 

equilibration time at stopped-flow, the voltammogram was recorded from 0.15 to 0.9 V by 

applying a potential in a square-wave form. The optimum experimental conditions were found to 

be electrolyte, 1 M nitric acid; deposition potential of -0.5 V, 900 J.1L of 3 ppm Au(lIl) plating 

solution; flow rate of 15 J.1L1s and 180 s deposition time. Under the optimum conditions, the 

linear range was found between 4 to 50 ppb. A detection limit (SIN =3) of 0.84 ppb, a limit of 

quantitation (SIN = 10) of 1.08 ppb and RSD (n = 10, at 50 ppb) of 1.2 % were obtained. The 

proposed method was applied to the determination of mercury in water sample by standard 

addition method. The recoveries were in the range of 99.25-100.9 %. Consequently, this 

developed method can offer reliable results for the determination of trace mercury in real 

samples. 

. ­



25 

1.1 	f1113Jd1AtyUa~.yf3J11JEl\Ji1ty\li1 

U1::L'Yl~~ 111 ~".w~U,1 3.1" L,ru,nl1.w~u,ltillU,EI~ ~1'V\ n113J 1 u,"lJnL:: L~ £.11 rlU,Uru'V\l~" LL 1~~El3J, 	 , ~ 

n~lJ'Yl1fl113J1U,LL1"3Jl nifu, dj U,L 'V\ ~1i3JU,lY~,jl, L1jU,c;lEI"1al;)1 U,fl ,nL111 ~:nl ~ 1~ £.I LQ vn::uru'V\l nl1, 	 , ~ 

U~EI £.I"lJEI" Li£.l,;)ln 1 1""1u,EI~~1'V\n113J~"u1::n EllJ~1 £.I 1~'V\::'V\,:rn L~LLn U1E1'Yl ~1 EI rh"11""1U,~U~ EI £.I, 
.... .d ..... I ofl 11". I VI.... 1 "'" no .... 1 VI ••1 1 "'" d 

"lJEI"L~£.Isn"3JlJ1E1YILlJU,EI"fllJ1::nEllJ L~LLn 
I 

1""1u,~~~nlsnfl~El1U,LL~:: sn~l Ll"l 1""1u,~~~WEln1::~llY 

11""1U,~~~~~1~~n 11""1U,'V\~ El3J 1~'V\:: 11""1U,~~~ LI1 ionnnLsrl dju,~u, U1E1'Yl~EI ~1U,,rl~",;)ln
'1/ 

11""1u,';)::t:l n LLlJ flfh'i£J1u,~u,'V\1E11 u,~::n EI u,nu,'Yl:: L~ LU ~ £.I U,1idjU,L n ~ EI au,'Yl'1~ L,rU, U1 ElYI L3J,y; ~ 'V\1 EI 
'1/ 

U1tl'YlL~L3JYl~ Lrl EliiLL~~"n~Elu,3Jlnu,LLlJflfh'1£.1,ru, U1E1'Yl,;)::t:ln!h £.I'Yl EI~LU rT" i~'hrl~nu,LL~~"n~Elu 
'1/ 

L'V\ ~1 itLU U, Ell'V\l 1 LL~::1u,~ ~~U1E1'Yl fi';) ::LU~:: ~3J1UL3J ~ L~ EI ~ LL~" L~ LL~:: ~3J EI""lJ EI" 3J UlY~~" LU U, 	 , 
~lJ1111fl~1~lJ~~'Yil £.I ri El1iLn~11fl'V\1E1fl113"~~un~~1" 61 ~1 L'V\~~"n~11~" LiJu,u';)i£.l~l~ru~'Yh1i 
'II' J, ~ 

II" .... d..., ..., 1 .<>t • I ~ "'" 1 .K .<>t..., 0 ..., 

3JUlYmn~fl113J~U,~1 LL~::~1::'V\u,n U,uru'V\l"lJ EI" nl1lJ U,LlJ ElU"lJ EI" ~11~lY U,Ell'V'l113Jl n"lJu, u';)';) £.I~l fl ru 
~, ~ 

~nu1::nl1~ EI 1U,LL~~::t1u1:: L'YlflL'Yl £.I~" EI EI n Ell'V\11'Yl:: L~ LLU11UV,1E1 Ell V,11'Yl::L~ LL,rLLiJ" Luw;ii1u, 1U3Jl n 
'1/ 

1~ EJLQ rn::1u,u';)~uu,iil n!l~iL~1lY!n,;)Ln~ifu, U1::L'Yl~~1" 6) fin" L,y3J"1~ LL~::ii3Jl~1nl1n~ rlU,'Yll" 

nl1~1';h til1 £.I L~EI"~"lJ ElU,l iT£.I fl113J~:: Ell ~ fl113JU ~ EI ~n£.I ~ EI trlJ1111 fl3Jl nifu L~11::~EI" nl1~~nl1 
, 	 'II 

Ul L,]l LL~::U n iJ EI" EI, ~ ~1 'V\ n113J 111 £.I 1UU1:: L'Yl ~ nl1~" EI EI n ~U~lU 1:: LI1 'Yl Ell 'V\11'Yl:: L~LU rT" U1:: L 'Yl ~ 
I to.d "'" .<>t • I .J'..., .... • I"'" • I "'" 1

LV, ~lUU,;)" Ln~u ru'V\l LL~:: EllJ ~11fl UEI n,;)l nu£.I" 3J nl1~11,;)~lJlJ13Jl nLlJ1E1'Yl Lnu,3Jl~1;jlU, U,Ell'V\11 
~ , 	 .u 

'Yl:: L~Ul L,]1'V\1E1 Ell V, 11'Yl:: L~ 111 £.11 UU1:: L'Yl~ Lrl EI LUUL,rU,it ~"iifl113J..()1 LU U,EI ~1" n,,~';)::~EI".w~U,11i 

"'" 	 11". I • I"'" .... d .....<>t
~d1,;)1 Lfl11::'V\ lJ1t1'YllJ13Jl nLu,tI £J 3Jl n (trace mercury) L~ tl11 \l3Jl ~1nl1 LLn u Il}'V\11:: £.I:: £.I11"lJ tI" 

~\I Ltd ~ ~tl3J1U,L~tI" nl1i~ nl1~11W lY"lJ EI"11\1 \llUtI, ~ ~1'V\ n113J ~ ~ fl113J L; £.I \I ';)1 nw lYU1€l'Yl~:: ~3J1u, 

~lJ1111 fl LL~:: L~ 3J fl113J ~U,1';)1 u,nl1~ \I tI tI n ~~ ~ 11nLsrltil 'V\11'Yl:: L ~ LL~:: nl1lJ1111 fl €ll'V\11'Yl:: L ~ 
'II 

111£.11u,Ud::L'Yl~ 

1uu,;),;)uulinl1~11';)1~U13JlnL1~v,::'V\,:rnii'V\~l£.11i L,rU inductively coupled plasma-mass , 
spectrometry (ICP-MS), inductively coupled plasma-atomic emission spectroscopy (ICP-AES), 

atomic absorption spectroscopy (AAS), anodic stripping voltammetry (ASV) L'YlflU,fl ASV L~i'lJ 

fl113J~u1,;)LL~::u,£.I3J1i ditl",;)lnii detection limit ~1 linear concentration range n11\1 ~13Jl1t:l 
~d1,;)1~1~V,::'V\~1 £.Ionu,~L~lUfl111 L~ £.I1rlU Uti n,;)lnitrr" Luuli~ii,]tI~n11 ICP-MS, ICP-AES LL~:: 

,AAS ~mfl~tI\I~tlii"lJU1~L~n 1i\llULtil~1£.1 11fllL3JLL~\I 1inl~"LvJ.y.h,rtl£.l nl1Ul1\1fnlYl'YllL~J1£.1 

.. '" 
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nT'jL,rL'Yl~ii,~ ASV 1"n.l11u1::uunl1L'V\~ (flow system) ij,Jtl~'V\~lEJU1::nl1 L~LLri nl1 

.... II' 0 1 .... 1........" I ~,:¥ 'I
.J .J 
1L~11::'V\'YI1~lU ~W1::UU tl~ U1I~ 11'"L 11 ~1111LL1IULL~::~1111 L'YI EJ~ L'W1I"lJU ~"'~1111 L~EJ~ Lunl1 

tl udi tl U"lJ tl~ <i11 tl cil ~ "1 Uli£.I dL~,"11::U U nl11 L~11::~LLU u:fi L~1UL:g £.I ~ ~UL~niu (sequential 
'I .....d 'I.... ft I.... ......... ,,:¥ ~I .... 1 ....... ....I

injection analysis, SIA) 111 Lon'L'W tlon'1 £.I L'V\ nl1lJilU~"lU"1 EJ"lJUL'W11::LlJU1::UU tl~ U1I~ ~1U~1I"'1 £.I 

~u1l~1 L~tlf ~~L 'V\ 111::Ltl'V\1U nT'j'Yl'" ~tlU~~nl1{h £.I1tlU<i11 Ucil~~~tl~Yil'V\~l EJaffu~ tlU ,Ju~"lJ tl~ln 
SIA ~tll'il~lUL~11"'L11 ~::"'1n ~~1111L~EJ~ ~"'1111::~hl,r-;ilEJ U1::'V\rT"'LL1~~lULunldL~1EJ1I<i11ucil" 

Aa.- .d.d ~ 
1.2 \J1,"'HUJ'YlLntl'lilel\J 

Lun ~.~. 2009 Hocevar LL~::~ru,:: 1 dlEJ~lU~~nldvr~ul1nlL~dl::'V\1~'V\::'V\,rnU1111ru,,ztlEJ 

1Iln ~d1~1~~1EJ square-wave anodic stripping voltammetry 1~tlL,r antimony film carbon paste 

electrode (SbF-CPE) ~lnnl1'Yl~~tl~lL~dl::~~::k1LL~::LL~~L~tl1I1"'tlL,r~ld~::~1t1 HCI 0.01 M L1JU 

supporting electrolyte li~nmyJY:hlu.ffunldLnl::@1~ (deposition step) -1.2 V L1jUL1~l 120 lU1Yl 

ori1~L1~1l'ilLiL,Jl~~1I~~ (equilibration time) 151U1Y1 iunl1Yil1i'V\~~tltln (stripping step) ~LLnU 
'II ~ ~ 

~nrJtyJY:hi~LL~ -1.2 V ~~ 0.2 V ~~nld'YI"'~ u~'WU":h~1111L,J1I"lJtl~i'lJ'lJlru,~L~~~1111i1lvrWlhuu 
L~u,~d~nU~1111L,J1I,JU"lJtl"LL~~L~tl1ILL~::~::k11uGJi1~~1111L,J1I,JU 5 - 50 ~g/L ~;j~-;)ln~nld 
~d1~1~ (detection limit) 0.8 LL~:: 0.2 ~g/L ~111~liu ~~111'Wl'i161hL~ (reproducibility) ~~u~~h 

.J .... .... II' 0.... .... 
LUtI~LUU,1Il~1~lU~1I'W'Yl1i (relative standard deviation, RSD) 3.8 % ~1'V\dULL~"'L1Itl1I LL~:: 1.2 % 

Ltl'V\1U~::k1 (l,r~ld~::~lEJ 30 ~g/L, n = 10) nldlL~dl::'V\1~tll,r SbF-CPE dli~~~n":hnl11,r 
bismuth film carbon paste electrode (BiF-CPE) LL~:: mercury film carbon paste electrode (MF­

CPE) Lrtu"~ln SbF-CPE Ln~Lv1~dL~u,,zutlni1 liirurulru,"lJtl"LL~"'Lijtl1lLL~::~::k1~"ni1LL~::LL~U
~ ~ 'II 

nil BiF-CPE LL~:: MF-CPE 

LUn ~.~. 2009 Hu 
2 LL~::~ru,:: dl tI"lU~~nld'Yl~~th'l L~11::~~::k1U1111ru,,ztl EJ1IlnLU,,i'1 

<i11ucil"~1t1L'YI~ii,~ sequential injection lab-on-valve (SI-LOV) 1111nu differential pulse anodic 

stripping voltammetry (DPASV) ~"d::uudLUUd::UU 5~1U:u@)LL~::~"'nld1,r~ld<i11tl cil" LL~::1Lm~u~ 
l,r mercury film (MF) carbon paste electrode ~~L~1EJ1I1~tlL,r~ld~::~1t1 mercury(lI) L,J1I,JU 500 

mg/L ,nu,litldL~~nlYl1111::~L 'V\ 1Il::~1ILtl'V\1U DPASV L~LLri ~nmyJVhLtl'V\1unldLnl::@1'" 

(deposition potential) d::EJ::L1~llUnldLnl::@1'" (deposition time) lnnldl'il1i~vru~~hl'V\1i"lJu" 

mercury electrode LL~::U1111~d"lJtl"~ld~::~1t1 LL~::1111::~L'V\1Il::~1ILtl'V\1U SI-LOV L~LLri 5~dlnld 
L'V\~"lJ tl~~11~::~1m·hu1W~{Lan~~ ~lnnld'YI~~ tl~~d1~1~1~'V\::~::k11u,,i'li1 tl cil~L~~~ dju~li,l'Wtll~ 
LL~ tl [h~L1n~111 ~,Jtl L;tI~lnnld1,ri1LWW1W~1Ithtl'Yl~"ri tlliLn"'~1111 LUU~lY~ tl;" LL1~~tl1lLL~::~ 

'II 

'YI"'~tl~ 

'I ~I 3.., .... ................11'G I.... G 1 :::.
LUlJ ~.~. 2008 Okcu LL~::~ru,:: L"'dlt1~1u,~~nld'W~Ul11i1L~dl::'V\lJd1l1ru,lJ1tl'YI'YI"'V\1I'" u, 

Ln~uu1111~<i11tlcil~~1t11~ differential pulse anodic stripping voltammetry (DPASV) 1~EJ1,r gold 

film electrode 1~ EJ,r1LULn~tlU1111~~::~1.htl'YItl1111ru,,:ttl £.1111 n LL~~~~ tlLd",1tl tl tlUU1111 ru,1Il n ~~~:: 
1un1unldlL~dl::'V\1uaffunld'V\~"'tltJn (stripping step) Liltll,r gold LUu,i1LyJY:hLtl'V\1unld1"'~1t1 

1 

mailto:li~nmyJY:hlu.ffunldLnl::@1
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voltammetry nT'j~un1'Ud'LLril"lJLl(~t1nT'j~~~1l3JL,y3J,y'U"lJEh'l~fH)L~~1rH)tl'UllKtlcih,t~::~U 3 x 10-
3 

'IJ 

d "' ... ...1 IV.¥ 0 IV 0 'I ... IV IV IV tI...I .....
mol/l sn\l11)'Yl~~'Ul"lJ'UL 'V\ 3Jl::~3J~l'V\~U nl~'Yll L'V\'V\ ~~ tl tl n LL~::~~1';j)1~ ~rurul ru,'V\ ~\I';j)ln L ~ t1'U!il1 , '" '" 
n~l\1 LLUU El tl'UL~t! (on-line) -n'UYi~ L~1';j)~'Ui'Unl~Lnl::~~ In-nl~~ tlU~~';j)~l~~::~l t1i1 tl cil\11'UL6J5~t&', 
llK~nmyJwl +0.2 V dJ'UL1~l 60 l'U1Yi L~tl1lKLil~nl~Lnl::~~ ';j)lntf'U~~~1~~::~1t1i1tlcil\1tltln';j)ln

'IJ 

Lsn~LfLL~::~~~1~~::~1t1aL~nt'Yl~L~!il1'V\:u ~tl HCI04 0.1 molll LilLtlLL'Yl'U~ LL~1~\I~LLn'U~nmyJWl
'IJ 

L~tlllKLil~nl~'V\~~tltln t-J~nl~'Yl~~tl\l3j;j~-;)ln~nl~!iI~1';j)1~ 0.17 ~g/l ~lL~t1\1LU'U3Jl!i1~;)l'U~iJ~Yl'rf, ~ 

V!... IV 4 "' ... ...1 IV .¥ ~'1 ~ ...... , ...IIV.... 

(RSD) 1.2 % (SIN = 3) LL~::nl~ L~n~u~'U (recovery = 94.6 %) 11)'Yl~~'Ul"lJ'U'UbGjf b~~nU!il1EH.n\l'Yl 

3jLn~tl~\I (saline samples)
'IJ 

'I ~I 4.d A"1 ...I... , tI' ...
L'UU ~. ~. 2008 Abollino LL~::~ru,:: ~l t1\1l'Ut-J~ nl~~n~lu';j)';j) 

IV 

t1'Yl3Jt-J~!iI tl~ ~1\1 LL~::~1l3J L"lJ3J 
'IJ 

"lJtl\l~ntl~tl'Yll'Unl~lL~~1::,{tl13Jlrntl~tl'Yl~1t11n- anodic stripping voltammetry (ASV) t~t11i 

i1LyJW1'Yltl\l (gold electrode) L~LLri Jl.lLLUU"lJtl\liCYCYlru,~nmyJYh (linear sweep, differential 

pulse, square wave) ~l~lijL!iltlfl'Unl~~LLn'UinmyJWl ~ntlLyJvh~l'V\-runl~Lnl::~~ ~::t1::L1~11'U 

nl~Ln1::~~ In-nl~.yh~1l3J~::tll~~'U~1i1LyJWl \ll'Ulitld'L~'Yl~~tl\llisupporting electrolyte 5 

"1f'U~ L~LLri HN03 70 mM, HCI 60 mM, HCI04 50 mM, HN03 5 mM I NaCI 5 mM LL~:: HCI04 40 
,IV ...IV!.........I A 'I'" 


mM I NaCI 0.6 mM lEOTA 0.2 mM t-J~nl~'Yl~~tl\l l.l~lniJ1l ~CYCYlrn'Yl L~';j)::~'Yl~~L3Jtl L~ square 

wave LL~::li HCI L~tl';j)l\1LtJ'UaL~nt 'Yl~L~~"1f1t1 nl~.yh~1l3J~::tll~~'U~1i1LyJ~lL~tlrhi~l.l~tl'Yl~~~ 
,...I ~ 0 'I ... ~ ... ...I... ~, 'I'" tI'" tI t ...

tltl'Yl"lJ1';j)::'Yll L'V\"lJ13J~3J~~!l'U::'Yl~ 'Utln';j)ln'U~U1l gold electrode ~l3Jl~!l L~'V\l ~3Jlru, ~tl'Yl ~t13J 
'IJ 

~TlTrfYh~lL~ (reproducibility) ~Tll~L1 (sensitivity) LL~::~1l3JLL:U'U (accuracy) ~ 
l'Ui! ~.~. 2008 Jin LL~::~rn::5 L~~lt1\1l'Ut-J~nl~i\lL~~l::,{ gold nanopatrticlesl carbon 

nanotubes (Au-NPs/CNTs) composites t~ t11i~~'UL3J1~~L1yJ LL~::tI~::t1n!il1iLtJ'U~f\l LL~n1'Unl~, 
lL~~1::'V\1~'V\::1.l~tl'Yl1.l13JlrnUtltl3Jln~1t1L'Yl~ii,~ differential pulse anodic stripping voltammetry 

(DPAVS) 1~ tI t-J ~ nl~'Yl ~ ~tlU llK~1l3J i3J~'Uf~::'V\ll\1 icy CYl ru,nu ~1l3J Li3Ji'UdJ'ULi'U!iI~\I (linear 
10 6 

range) l'U"1f1\1n1l\1 5 x 10- - 1.25 X 10- molll RSD LYhnu 1.84 % ;j~-;)ln~nl~!iI~1';j)1~LtJ'U 

3 x 10-
10 

molll (0.06 ~g/l) djtlli~::t1::L1~11unl~Lnl::~~ 2 Ull1 ~\I!ill3J3Jl!i1~!l'U~ril'V\U~Ln~t1 
tl\l~nl~tl'UliJtl1~n luJ1~3J3jtl13Jlru,tI~tl'YlL~i.:UL1iu 1 ~g/l LL~~\lll1n-~~~Ul:fiU~13Jl~!lli 
1 L~~l::,{tl13Jl ru,l.l~tl'YlL~~ 

'I ... 6.... 6" + 
LUU ~.~. 2008 Korolczuk LL~::~rn:: ~1t1\11Ut-J~nl~1L~~1::'V\ methylmercury (CH3Hg) 

3tl13JlrnUtltl3Jln~1t1L'Yl~ii,~ anodic stripping voltammetry t~t11i gold film electrode (llK Au + Ln~ 

~~niuLtlL~~tlU~~1"lJtl\l glassy carbon ~~nmyJ~l -0.6 V LtJ'UL1~l 30 lUll1) i13Jnu~::uunl~ 
'" 6" V! 'I ... ofl '1'" 2+1L~~1::'V\LLUUnl~ L'V\~ (flow analysis) LGjf EDTA LuU supporting electrolyte LL~ Unl~'Yl~~tl\l3J Hg 

.... 6" + A'! ... IV ...I, ~ ••1.':1 'I ...... IV ~.d... 2+IV IV 0.... 

~un1'Unl~1L~~1::'V\ CH3Hg L Utl\l';j)ln L'V\~CYfMlru,'Yl~l~ntl LYHn Ln~L~t1\1n'U ~\I'U'U';j)\I!iltl\lnl';j)~ Hg 

1~t11~ Hg2+ Ln~~l~l.l~::ntlUL:n\l&JYtlUnu DTPA Ln~LUU Hg-DTPA ~\lLaJt1n~~h6Jf~~nmyJW1~
'IJ 

methylmercury Ln~~iniuLtldJu1~'V\:: Hg t-J~nl~'Yl~~El\lL~n~lyJLl1t1U3Jl!i1~!lULUULiU!iI~\l1U"1f1\1 

5 x 10-
9 

- 1 X 10-
7 

molll LdEl1i~::t1::L1~11unl~Lnl::~~ 600 lUll1 ;j~-;)ln~nl~~~1';j)1~LU'U 2.3 

x 10-
9 

molll nl~~~1';j)~ElU~1l3J1,n~"1Jtl\lln-~~~Ul:fiWYh1~t1nl~lL~~1::,{t-J3J"1JEl\l3Ju~m~t11il~~ 
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7 d VJ ""1'UU~.~. 2008 Compton LL~~~rn~ ,''It''n'U~~n1,.~nM1n~ Lnn1"Ln1~~~LL~~n1"'V\~~HH)n 

"".., 3+.J ::: VJ ••1.':1 3+ "'" 
GJltJ"lJ~lI'Yl (Bi ) 'YlGJI'l Lf'ff'f1 Au (111) ,nn~l"~~ltl Bi 1 mM / HCI04 0.1 M L'UtJ",nn bismuth film 

1t; ::: VJ ••I.':1.1 0'" .., 1 .., d ofl'" ,2+ 2+ 1 .... 
~1111,.rr anLL'Yl'UGJl1 Lf'ff'f1lJ"tJ'Yl~1'V\"lJn1"~"1'i\J1~ ~'V\~'V\'Un'1f"LlJ't-I,~M Lan'U Pb LL~~ Cd ~tlL'Yl~'U~ 

anodic stripping voltammetry 1'U"l't-1,iitldL~~nM1i1'i\Jitl~ii~~~ tJn1"Ln1~~~~'l tlL vJW1 

(electrodeposition) GJlB"YJ~lIij~aT'Yl L~LLri anii~GJltJ,,<il'l'Yh~~~ltl~l,r ~nmvJW1 pH anii~GJltJ" 
"" F: 1 VJ 6'.Jl t; "" 3+::: VJ •• I.':1 .1 t; ::: 4::: ..I 

~l"~~~ltltJL~n 'Yl" L~~'Yl an n1"Ln1~~~GJltJ" Bi lJ't-I,GJl1 Lf'ff'f1'YltJ"'i\J~lJ,.~ntJlJ~1tl 2 GJI't-I,~tJ'U~tJ GJI't-I,'Yl 

.., ~ ••I.':1 ~ ,'" ~ •• I.':1.d "" "" ::: ..I.., ~ •• I.':1 ,.., ~ •• I.':1 ..I "" .... 
~n [J Lf'ff'f1~1 n'll~n £.I Lf'ff'f1'Yl'i\J~ Ln ~ n1"Ln1~~~ LL~~GJI't-I, 'Yl ~n £.I Lfi f'f1 ~\I n11~n £.I Lf'ff'f1'Yl Ln~n1"Ln1~~ ~ 

'lI 

t; 1 ' VJ::: ... 3+ ofl ofl • I "" """" ..,.., d 1
LL~1 'Un1"'Yl~~tJ"~lJ11n~ LnGJItJ"GJI't-I,n1"Ln1~~~GJltJ" Bi Lu'U Bi(s) Lu't-l,ulJn,.tl1tJ'U~lJ'V\'U" ~tl 

• I "" """" .¥ ...... t; 3+t; 

lJlJn,.tl1GJ1't-1,nlJ~'l111LGJllIGJI't-I,GJltJ\I Bi 

I8 d "" 6'. I"" ~1'UU~.~. 2008 Kang LL~::~rn:: "ltl\ll'U~~n1,.~nM1'Yl~~tJ"'lL~"1~'V\u"1I1rn ~'V\::~~n1 

LL~~Liitlll LL~~~\ln~a-U~1I1rnUBtl1l1n~1 tlL 'Yl~ii~ square-wave anodic stripping voltammetry 

(SWASV) l~tll,r bismuth-modified carbon nanotube electrode (Bi-CNT electrode) ~nmvJW1 
0'" "" 1 "" "".... t; "" ~1'V\"lJn1"Ln1~~~ -1.4 V ,.~tl::L1~1 'Un1"Ln1~~~ 300 1'U1'Yl LL~~~1111LGJllIGJI'UGJltJ"~1"~~~ltl Bi3+ 

1000 ~g/L ~~n1"'Yl~~B"~lJ11,f'lLvJW1 Bi-CNT ~1111,.rrl,r"l't-1,L~~n11 glassy carbon, activated 

carbon LL~:: graphite ~l,rn'Ul~tl~'lLU ~1111~lIoW't-I,lh::'V\11\1~1111L-nllGJIB\I~'ll'lllrnnlJ~1111L"lY1I"lY'U 
GJltJ" 1~'V\~LtJ'UL~'t-I,~,."llt~1" 2 - 1 00 ~g/L ;j~~ln~n1"~"1'i\Jl~ (S/N =3) ii~h 1.3, 0.7 LL~~ 12 ~g/L 

o Lot A ft rL, .dI Q,..I A oQ...o 

~l'V\"lJ n1,.1 L~"1::'V\~::n1 LL~~ Lli £.Ill LL~~~\ln::~~ll1~l~lJ 

1'UU ~. ~. 2008 Jin LL~::~rn::9 
,.1 tl\ll'U~~ n1"'Yl~~ tJ"i L~"1~lhn1l1rnl~'V\~'V\,rn~U'ULtf tJ't-I,1'U 

...... "" "" 1 .., ::: VJ •• I.':1
~n~1tlL'Yl~'t-I,~ differential pulse anodic stripping voltammetry ~tl~~lt1GJ1'l Lf'ff'f1 Nafion-coated 

ofl.... d 4..1 1""::: VJ ••1.':1 • I 0'"bismuth film electrode (NCBFE) LulttJn'V\'U\I'Yl1\1L~tJn'Yl'Yl~LL'Yl'Un1" anGJI1 Lf'ff'f1u"tJ'Yl ~1'V\"lJn1" 

.rd ...... ~ .... .......... t; .., 1 .dVJ 'VJ t; 0 .... 

'Yl~~tJ\I'U~nM1n1"~"1'i\J'l~~::n1 LL~~LlItlll LL~~~\ln~~ ~"tJlIn'U lt~l"~::~ltl'Yl Lli L~n1'i\J~tJ1n1~ 

(non-deaerated solution) l~tl differential pulse anodic stripping voltammetry (DPASV) ~1tl 
.... 0 .... ...... .... , , .... ..I 

NCBFE GJI~'i\J1n~n1"~"1'i\J1~1I~1 0.30, 0.17, 0.17 ~g/L LL~:: RSD L'Yl1nlJ 3.4 %,2.4 %, 2.0 % 'Yl 
cv fJ.oIllI 0 Q.".t Q",IIQ".,I A JCI cv oQ.".ol 

"::~lJ~1111LGJllIGJI't-I, 15 ~g/L (n = 15) ~1'V\"lJn1"~11'i\J1~~\ln::~ LL~~LlItlllLL~::~::n1 ~ll1~l~lJ 

NCBFE ~11111rrU1::tln~,r'V\ltJ~1I1rn~::k1LL~~LL~~Liitlllllt<il1 tJci1\1irnL~~~ L~ltL~ tl1nlJn111L~11::~, 
~1[J graphite furnace atomic absorption spectrometry (GFAAS) 

10 ""::: 'JI •• I.':1 A ,411'UU~.~. 2008 Ogorevc LL~::~rn:: 11tl\l1'U~~n11~'U~lJGJI'l Lf'ff'f1anlt~ 'V\lI~tJ carbon black 

nanoparticle film electrode (CBFE) ~\lU1~ntJlJ~1tl carbon black nanoparticle Ln1::~~lJ'U gelatin­
::: "" .r...., F: VJ ' .1 .... ,

covered indium tin oxide/glass support GJl1anlt~UL~1tlll\lltl 1'l~L11 11~1 LlILL~\I u~tJ~l1[J~tJ 

~"LL1~~tJlILL~~ L'V\1I1~~1I~1'V\-rlJn11~~~~llt1U1I1n ,f1L vJWl'Ul"1Y\l1lt L~~~nmvJw11'U~1\1n11\1~ tJ 
d .¥ .... ,"" ,"" d .... 

+1.0 rr\l -1.3 V (GJlunlJ pH GJltJ"~l"~~~ltl) an1" pH n11\1 (Btl1"UtJtl 2 rr\l 12) 11 voltammetric 

background ~1 «5 f.lA cm-2) 1'lK~'ll'lllrn~ii~'l111~lIoW'UfLtJULi't-l,~1\1 (r2 > 0.99) nlJ~1111L"lY1I"lY'U 
GJltJ\I~11~~tJ"n11i L~11~~'V\~ltlanii~rf\l1'UL 'Yl~ii~ voltammetry LL~:: amperometry ~111~'Yh~lL~ 
(reproducibility) ~\I L~~tl1LL~~1'lK~'ll'lllrnn1~LL~LvJW1tJci1\111~L~h 

11 IV ""........ ~ ...... 2+ 2+1'UU~.~. 2008 Kadar LL~::~rn~ 11tl\llUn11~~U111l'lL~11::'V\ L~'V\::'V\ltn (Zn ,Cd LL~~ 
2 

Pb +) U~1I1rnUtJtl1l1n~'ltlL'Yl~ii~ anodic stripping voltammetry 1~[Jn11~~LLU1 glassy carbon 
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electrode (GCEs) 1~LUU Nafion/2,2' -bipyridyl-modified bismuth film electrode (NC(Bpy)BiFE) 

~.... t. "' •. I.':1..tA 0 1~ .., 1 IV ...: .r .d, U ... ... 
"lItl~"lItl""lI1 b¥'O'nU~H)'Y11 'V\~1l1~ b1 un11Ci111'iil1~L~~"lIULUtl"'iil1n 2,2 -bipyridyl (Bpy) L U~L~CiI"LEl 

--. 1...1 1 ~ ... . ... .r...l0L'iilUCii (chelatmg agent) u"lIrn::'Y1 Nafion film 'Yl1 'V\L~'Hn1l1~"lIEl" bismuth film ~"lIU 'Yl1111::n11 

.d 1-- 1 ... ...1........, ~.,I ~;:1
'Yl~~El"L'V\~1::~~ L~El ~1::£.I::L1~1 un11Ln1::CiI~ 2 U1'Yl ~£.I~ElEln6JfL'iilU b~n11¥'f~1Ci11;;1ULuUL~UCil1"

oLt 

1u,r1"~11~L,y~,yun11" (1l1::~1rn 2 - 0.001 ~M) LL~::ii;j~')1nCiln11Ci111'iil1~ 8.6 nM (0.56 ~g/L), 
o .... 2+ 2+ 2+ 0 I ...IIV 

1.1 nM (0.12 ~g/L) LL~:: 0.37 nM (0.077 ~g/L) ~1'V\11J Zn , Cd LL~:: Pb Cil1~~1~1J ~1L1J £.I" LUU 
... I .d 2+ 2+ 2+ """ ... ..t... A1~ 

~1Ci11!1U~~1 3 - 5 % L~El ~ 1.2 ~M Zn LL~:: 0.3 - 0.3 ~M Pb LL~:: Cd 11lU~~111~n11L~ Eln 
.d ... .., 1.d 1 a I'" .... ..t.., !-'1 ""'" ... ...1 IV .r a I....IV

(selectivity) ~"L~El~ bEltltlU"lItl" ~'V\::tlU'J Uu1~1rn~1n "1U1'iil£.lU b~ b~1lf'Yl~~U1"l1U'V\1u1~1rn 

l~'V\::wlrn1u~1 tlci1"'iil~"U1,,~ii,~LL~::Cil11'iil~tlU~11~1"lfl.~"lI tl"i~~1 £.I L'Yl~ii,~ ICP-MS 

1 ~I 12.... !i IV ~ .... 

Uu ~.~. 2007 Economou LL~::~rn:: 11£.1"1U1::uun111L~11::'V\ b~'V\::'V\un~1£.1L'Y1~U~ 

stripping voltammetry 11~nu hybrid flow-injection/sequential-injection analysis (FIAISIA) ~"dJU 
1::uUelCil1Uml rh1~n11iL~11::~rhi,~~1£.1 ~h1,r,hr.nXtl£.I 11~ L11LL~::1l1::'V\iJ~~11 .ff11y.JY111,r"1u~ tl 
t. .., .,1.':1 ~I -- .... IV 0 ...... ..t. I ~ t!I ... -- ... IV ~...I. I !i iJ

"lI1 b n ¥'f 1 n ~ ~U~~ 'Yl ~1 ~11fl U 11lfU u 1:: £.I n CiI b~ bun111 L~11:: 'V\ LL ~ ~ L~ £.I ~ n U CiI :: n 1 'Y1 u U L u tl U £.I, , 
y.Jtl~L'WCiI~1£.1 anodic stripping voltammetry (ASV) LL~::iL~11::~ii,nLn~nu1~Utl~~~1£.1 adsorptive 

o IV A. ~ d Q",;o d 0 Q.,I Q",oI .c:t I 

stripping voltammetry (AdSV) ~1'V\11Jn111L~11::'V\ LL~~ L~ £.I~ LL~::CiI::n1 "lI~'iil1n~n11Ci111'iil1~~~1 2 

LL~::1 ~g/L Cil1~~1~U LL~:: RSD LUU 5.3 % LL~:: 4.7 % Cil1~~1~U 'iil1nn11'Yl~~tl"~1111~i1.ff11y.JY11, 
lAJGf~u ~3T'Y1~1 ~11fl1-tl~~nu flow-through detector ~1'V\1un11i L~11::~~1 £.I L'Yl~ii,~ stripping 

;:1 ... A...I1 ~ .t. i,•. I.':1 • I d... ;:1 ....
voltammetry LL~::LuUtln'Yl1" L~ tln'Y1 ~LL'YlU"lI1 n¥'f1 u1tl'Y16Jf" ~~11~LuU~~ 

1 ~I 13 .., ... .:S... ~...I..... ..... ....... 
Uu ~.~. 2007 Martinez LL~::~rn:: b~11U11~t:-J~"1un11~n~1~U~11Ln£.l1nUn11~~U111l 

iL~11::~'Yl1"L~ii1yJY111~£.I1,r.ff1i,y.JY11'~~yf~n1u (screen-printed electrodes, SPEs) ~ii,~1,rLL~T~'''~ 
13J1~~~ LL1l1 ~CiI LL1l1~1 £.IlAJ i ~"lI tl"1~~~1" 'J ~~ LL1l1~1 £.I Ltl U16Jf~ LL~::~~ LL1l1~1 £.I LLtlU~ L'iil UILLtlU~U tl ~ , 
~".ff11yJY11 LL~~::~ii,~L'V\~1::nun11i L~11::'V\1~'V\::'V\un~LLCiln~1"nu111 L,rU Bi-coated SPCEs L'V\~1:: 
~1'V\1uiL~11::~ Pb(II) LL~:: Cd(II) Gold-coated SPCEs 1iiL~11::~1l1tl'Yl (Hg) 1u1::~u~11~L,y~,yu 
~ 0 Q.; A f!(' A .c:t f!(' ct '1.1 ,d .., Q 0 

Cil1'J Ni-coated SPCEs L'V\~1::~1'V\1U1L~11:;'V\~11tlU'Yl1£.1 11~'Y1"LL~CiI""lItl~ "lItlL~£.1 LL~:;n11U1 

.ff11y.JY11 LL~~:;~ii,~1111,r,,1U 

1uu ~.~. 2006 Economou LL~:;~rn:;14 11£.1"1ut:-J~n11vr~u1i~iL~11::'V\1~'V\:;'V\unll~~1rn 

tXtl£.l~1n 1~LLri CiI:;k1 LL~~Lii£.l~ LL~:;i"n:;~ ~1£.1L'Yl~ii,~ square-wave anodic stripping voltammetry 

(SWASV) i1~nu sequential injection analYSis (SIA) 1~£.I~~LL1l1.ff11yJY11 glassy carbon 1~LUU 
polymer-coated bismuth film electrode n11'Y1~~tl"LUU1:;uUelCil1u3T~ L~tl1,r~11~:;~1£.1~1tlci1" 
U~~1Ci11 1.2 mL ~U,..h;jCil,)1n~n11Ci111'iil1Ci1 (~ SIN =3) ii~h 2, 2, 6 ~g/L ~1'V\1un11Ci111'iil1~CiI::k1 
LL~~Lii£.l~ LL~:;i"n:;~ Cil1~~1~U i~1l1:;~'Ylt~11~LL1l11111u~ 20 ~g/L LUU 5.1 %, 5.9 % LL~:: 6.2 

% ~1'V\1un11Ci111'iil1Ci1Ci1:;k1 LL~CilLiitJ~ LL~:;i"n:;~Cil1~~1~U LL~~""h~1~11fl1,r.ff11y.JY11~~ LL1l1~ii,~d' 
11~nu SIA ~1'V\1un11iL~11:;'V\1~'V\:;u~~1rn,ztltJ~1n~1£.1L'Yl~ii,~ ASV ~ii~111~11~" rhi,~11~L11

'II 

,h1,r~1 £.I~1 LL~:;i,3Jrh~1 £.I~" LLd ~~tl ~ • 
1 ~I 15..... ""' ... "'" --. I.... ~ 
Uu ~.~. 2003 Liawruangrath LL~:;~rn:; 11£.1"1Ut:-J~n11~~U11lf1L~11:;'V\u1~1rnCil:;n1 

~1£.1L'Yl~ii,~ anodic stripping voltammetry .ff1Ly.JY11~1,r~ El.ff1i,y.JY11~Tfu tlW~~yf~n1uL~~ tlU~1£.1 
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I ..... .... tt 1..1 .; ..... 	 .d 1~ 1 Att....
'YHh1 d'UJntJnTf1Lfld1::VHLtJtJ l"i~'H)u,L"ilnonu, (flow injection analysis) LlIEI ond::tI::L1~l u,n1dLn1::1il~ 

,Q aD oQ..II Q",.II~I

120 1U,1'Yl azJ~,nn~n1dlild1"il1~1If11 0.8 J.lg/L 

1.3 1GlfltJ~::i:f\l ~rtta::iI fl'lJ t'lJ(pl n1~~~tI 
'i 

i1~ i'tJ\l1 U,1~tid' 11\1 v:r~u,11n-1 Lfld1::~UdEl'YlU1111 rn,rEl tl1I1 n ~1 tI L 'YlflitflrJ1Lfl1U,L -itl ~ ~U,L~ n, 
iu,/LLEllu,~n Ll'Yl11.ltJ\I11 ~ LL 'YlllLlIlil1 1~ til	iaff1L ~YJ11i\llU,fll'ftJ ElW~ lIvfLln1u,~Gfll'Yl EI\I (gold film 

.J ...t VI ~ 0 ~ VI •• I.~ tt .... tt ...t d :'1
screen-printed electrode, Au-SPCE) 'Yl L Iild till b~"il1 n n1dU,1azJ 1 b l"i Yi1 fl1 dtJ EI U,V'l1l V'l Llndu, 'If \I LU U, 

i1L~YJ1~ LIil1t111~1 tI Lll ~EI \Ii~ ri EI U,1i\llU, LL~ ::d1 fl1Lll LL V'l \I 111 Lf) ~ EltJ ~1 tI ~ Gf11 'Yl EI\I1 u, d::~11 \I n1d 

1Lfldl::~ (in situ plating) 1~tln1d1~~nm~YJ1~~niu,L~Ell~'EIEI ElU,azJ EI\I'YlEl\l"illnLlld~::~1t1Ln~1~niu, 
VltJ :'1 .J ~ VI ..I.~ ~.f.d";' VI 1 ...... I.... .1 .t:. 4 ."1 .....A 

L LuWnEl\lLnl::Iil~'YlazJ1 bl"iYi1 'Yl\lU,LV'lElLV'lllLl111V'l b1 u,n1dlild1"il1Iilud1l1rnudEl'Yl "il1nu,u,i'lnlYlu"il"iltl 

~1\1 6) ~ih.J ~ ~ EI n1d1 Lfld1::~l.hEl'Yl U1111 rn,rEl tl1I1 n L~LLri onit~ LL~ ::fl1111 L ,jll,jU,azJ EI\I ~ L~ n 1 'YldL~~ 
~nm~YJ1 LL~::d::tI::L1~11u,n1dL n1::~~ U1111 !ildLL~::fl1111 L,jlI,jU,azJ EI\I Ll1d~::~1 tI'Yl EI\I LL~:: ellild1 n1dL~ ~ 

'f" e'~ I 1\LI~1.4 tJ~::LtI~c",n~1lPldTi):: lPl~'lJ 

1. L~n-1 Lf)dl::~U1~J1 rnUdEl'Yl~1 tI L 'YlflitflrJ1Lfl1U,L -itl ~BU,L~niU,/LLEllu,~n ~'Yl1UtJ\I11~ LL'Yl1l LlI 

!il ~~ ii ~111 V'l L 1 ~ \I ;j ~ ~ih n ~ n 1 d!il d 1 "il1~ ~ 1 Ll :: ~ 1 n LL ~ :: illL ~~ tI 5!il 1 u, iJ~ U d:: ~ « ~ ~1 d LL ~ :: 
'II 

l.ld::~«IilL1~l 

2. "t11n-1 Lfld1 ::~~v:r~ u,1:ffu,LUUd:: tI n ~ntJ nld'Yl ~ ~EI tJ ~1 EI cil\1"il1\1 L"lfU, ,r1 Ell~ld~1 EI, 
..... c.d d.J I .I?! 	 .1 VI~ 
!ill EI £.11\1 ElU, 6) 'Yl LLltl\l1il EI n1duu,Lu ElU,azJ EI\I ~ldudEl'Yl L~ 

• 
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~~~ 

fl11't'H?HHl \J 

1. Potentiostat (eOAQ V.2.0.13, Australia) ~llJ~:IJ~ltJh.hlln:l3.J Echem v2.0.13 
'I 

software® eOAQ 

2. Thin-layer flow cell (Bioanalytical System, USA) lh:;nf)1J~ltJ 

2.1 ,Tli,V'J~1~TflJf)u~:lJvf~n1U (Screen-printed carbon electrode) 

2.2 ,Tli,V'J~1 e)1'1~'16fi~ b1 f)f-6fi~ b1 f)f~~ f) i,1~ (Ag/AgCI electrode) 

2.3 ,Tli,V'J~lariltJ~l<?lUl~~~~~ (stainless steel tube) 

3. Faraday cage 

4. Sequential injection system (MGC Auto-Pret IVIP-014S, JAPAN) 1.h:;nf)1J~ltJ 

4.1 3-way syringe pump 

4.2 8-port selection valve 

4.3 PTFE tubing 


f)llJf):IJ~ltJ11.J1lln1:IJ Labview® software ver 7.1, National Instrument 

'I 

r - - - - - - - -1- ­

1 
Selection1 

Potentiostat 

HN03 Thin-layer flow cell 

Water Syringe 
pump 

Working electrode: Au-SPCE, Reference electrode: Ag/AgCI , Counter electrode: Stainless steel 

Waste 

Waste 1 M Au(III) Hg 

'l"uri 15 LL~Ufl1~LL~~h1nTJi<ilLfl~t),,1i titun1jiLflj1::~'V\11.l1aJ1 rnl.ljtl'Yl~l rJ L'Ylflitfl6lfLflluL.;grJ ~ ~UL~n-nU/LLtI
CIJ 

tU~n~'Yl11.ltl"t1~ LL'YlaJ LaJ<il1 

http:V.2.0.13


32 

1. Nitric acid, 650/0 w/w (Merck, Germany) 

2. Perchloric acid, 70-720/0 w/w (Merck, Germany) 

3. Hydrochloric acid, fuming 37% w/w (Merck, Germany) 

4. Gold standard solution, 1002 mg/L ± 4 mg/L (Fluka, Trace CERT®; Switzerland) 

5. Mercury standard solution, 1000 mg/L ± 4 mg/L (Fluka, Trace CERT®; Switzerland) 
v .: 

6. lbLJ1~'YlTI f)11~~1'U,'YllU 2:: 18.3 M Q cm-1 'i\lln Milli-Q Ultrapure Water Purification 
'I 

System: Millipore, USA 

2.3 	 nTj1~An E.l1 vJcW1 ua::n1":i-J~H~''Y'Y1mn":i::u~1vJ.w1t~ E.l1iLYI~"~6ih~~uLiiE.la 5'l-U~niu, 

~U~'lfL'lvJUf)tu~n~YI~t.ltI\It'laLLYliJJ UJ@l~ 

1. btJ~bf)~El" potentiostat (eOAQ V.2.0.13) bf)~El"f)El~~lb~Elfbbt'l~lu1bbn1~f)11Jf)~
'I 

2. b~El~~El~lrJLy.Jrl1J,T1Ly.J~lrJl"~" Ag/AgCI ,T1Ly.J~lanlrJ (stainless steel tube) bbt'l~ 
,Tl L y.J~lf)lfLJ ElU~~vr~n1U1J1b1 rnU(1U"lJ El"'VIiin6fit'l b1 Elf~" b~El~ ~ElrlU'VIiinf)lfu ElU i"1U~ 16 

'lII . 


3. ~"fil'V'l111ih~Elf~1" 6J "lJEl" bf)~El" potentiostat lUnl1ibf)11~~'VI1U1~lrn1J1El'Yl~lrJb 'Ylf)Uf) 

6jhf)iUb~rJt'l~ub~niu/bbEllu~n~'Yl11JiJ"l1t'lLL'Yl~L~~1 i"~111"~ 1 

Gl1~1\J.yf 1 fil'V'l111ih~ e:r!~l~ 6J 1u,nl11 Lfl11::::~'V\lU1:JJlrnlhel'Y1~1 rJ L'Y1f1ii,f16fiLfllU,L:nrJ~ ~ht,L~niu,ILLellu, 

~n~'Y11utl~11~LL'Y1:JJ L:JJ~1 
....... 
"lJu,~elu, 

... 
nl1~~fil 

Pretreatment 

- deposition potential -0.5 V 

- deposition time 180 s 

- rest time 15 s 

Measurement 

http:Gl1~1\J.yf
http:V.2.0.13
http:E.l1iLYI~"~6ih~~uLiiE.la
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ct 
~U<1H)U 

<II 

nl1i"~1 

- frequency 50 Hz 

Stripping Step 

- initial potential 0.15 V 

- final potential 0.90 V 

- amplitude 0.05 V 

{?l1'j1\1ri 2 ,hiu,Tu (step sequence) 1unl1~1':r~1~U~3Jlrnlbfl'Yl~ltlL'Ylf)Uf)~L~1'iuL~tl~~UL~niwLLfItu 

~n~'Yl~utI"tl~LL'Yl3JL3J~1 

• 


Step Sequence SV 
Volume 

illL) 

Flow rate 

(~Lls) 

Time 

(s) 

Electrode 

Potential (V) 

Electrode 

activation 

Aspirate 1 M Hel into holding coil 4 500 100 5 1.0 

Dispense 1 M Hel into flow cell 3 500 50 10 1.0 

Deposition 

Aspirate Hg(lI) into holding coil 1 1800 200 9 1.0 

Aspirate Au(llI) into holding coil 2 900 200 4.5 1.0 

Dispense Au(lIl) and Hg(lI) into 

flow cell 
3 2700 15 180 -0.5 

Stripping Equilibration 3 - 0 15 -0.5 

Stripping and recording data 3 - 0 15 
Scan 

0.15-0.9 

Electrode 

cleaning 

Aspirate 1 M Hel into holding coil 4 1000 200 5 
1.2 

Dispense 1 M Hel into flow cell 3 1000 50 20 

~1~u,Tunl1'Yh\llu,b~3J"illn~~ ~11~::~1 tJ3Jl ~1~1U,the:)'Yl bb~::~11~::~1 tJ3Jl ~1~1U, 'Yl fl\l b,)l Ltl iJ\I 
'IJ <>IS <>IS 

holding coil ~l3J~l~U "illn,ru,~~n~11~::~ltJ"illn holding coil b')lLtliJ\l1lAJ~{L6J1~~1u,"1Jm::~1,x 
intJi.lAJ~l~ -0.5 V dJU,Ll~l 180 iU,lYl LYlfl1'V\'flflflU,"1Jfl\l'Ylfl\l"illn~11~::~ltJ3Jl~1~1U,'Ylfl\l~\I~1U,L')1

<>IS 

Ltl iJ\l1lAJ~{L6J1~~dJu,5u,~u LL1n L11~1~niu,Lb~::Lnl::~~nu,T1LlAJ~lf)Tfu flU, ~3Jvf~n1u, till,xb 11~ dJu, 

,T1Ly.J ~1 f)1 fu fl U, ~ 3J vf~n1u,W~3J 'Yl fl\l 'V\ ~\I"ill n,ru,Lfl fl fl U"1J fl\llJ1 fl 'Yl "il:: L11 ~1~niu,LL~:: Lnl:: ~ ~ n u 

,T1LlAJ~lf)lfu flU, ~ 3Jvf~n1u,W~3J'Yl fl\l lJ~ fl tJ1,x~11~::~1 tJ'V\ tJ~U\l L1JU,L1~l 15 iu,lYl LYl fl l,xL,)l ~~3J ~ ~ 
q 'IJ q 

(equilibration time) ~bbnu,in tJi.y.J~l"illn 0.15 - 0.9 V 1~ tJli~GJGJl mn1::~ULbUU~Lbf)lfLly.J~ii 
f)113J~ (frequency) 50 Hz LLfl3J~~"il~ (amplitude) 50 mV thfl'Yl LL~::'Yl fl\l"il::'V\~~ fl fln"illn,T1 L y.J~1

'IJ q 

L ttfl \I "ill n b 11 ~ fl fl n6fi L~iu,1'V\lfl fl fl U,bb~::ab~ n ~1flU, 'Yll1,x~13Jl1bl ~11"ill~ ~ru rul mn1:: LL~LlAJ ~1L~~ 
<II <II 

in mlAJ ~1~\I tl1fl 'Yl LL~::'Yl fl\l L~3J L11 ~ fl fl n6fi b~iu,1~ tJ LL ~~ \I ~ ~ fl fl n 3Jl1 u,1t1"1J fl\l11 ~ Lb 'Yl3J 13J bb n13J b~ fl 
'IJ 

iu,~~,Tu,~ flu,~bbnu,in tJi.lAJvh cyf\l1.hfl'Yl bb~::'Yl fl\l"il::'V\ ~~"illn,T1Ly.J~1 fnfu flU, ~ 3Jvf~n1u, LL~ fll"il iiw ~3J 
q q 

'Yl eJ \lUl \I ~1U'V\ ~ \I L'V\ ~ fl fl ci ~\I,rU, ~ \I ii,Tu, ~ fl U, 'Yll f) 113J~:: fll ~,T1 f) 1 fu fl U, ~ 3J vf~n1u, 1~ tJ nl 1~ ~ 
'IJ 'IJ 

~11~::~ltJn1~Le11~1f)~fl1nL')3J')u, 1 M b,)lLtliJ\I holding coil bbGfl~~nb')l~llAJ~iL6J1~~ lu,"1Jm::~1,x
'IJ 

in rJi.y.JY:h 1.2 V bYl fl1,x'Yl fl\lb11~ fl fln6fiL~iu,LL~::'V\ ~~ fl fln"illn,Tl LlAJ~l fl cil\1~3JU1rn 
q 'IJ 
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.d ~.Qo tttl 'i-' ~ ~ ~ .Qo ~ <l-' 'l.Qo

2.4 n1 "iVi11111 :::'Y1 LVi 3J1::: t'f 3J ~'"n1"i1 L~"i1:::Vi "itl 'YI ~1 tI L'YI ~ ,"~oD L~1 '" L~ tI a tl'" L~ n~,"/u tl ~'" 

~n t'f't'l1uil\J L 1 aLL't'l3J L3J Gl~ 

2.4.1 ~a~tl\J~"~~tl\Jt'f1"ia:::a1 tl5L~nL't'l"ilaelmtli'Y'Y1mn"i:::LLalvJ.w1 

cYhn11'Yl~~ El~i lfl11~~tl1:JJ1 mlhEl'Yl~l til 'YlflUfl6Jllfl;hu iirJ~ ~ul~niu/LlEl1u~n ~'Yl1tltl~11 

~ lL 'Yl:JJL:JJ~11~ rJl,r~11~~~1 rJ:JJ1~1~lUtl1El'Yl 50 ppb LL~~~11~~~1 rJ:JJ1~1~lU 'Yl El~ 3 ppm ~ L~1t1:JJlu 
~ ~ 

~11~~~1t1~l~n1'Yl1l~~ 3 "LYU~ ~El ~11~~~1t1n1~lU'Yl1n (HN03) n1~LtlElffl~El1n (HCI04) LL~~n1~ 

le)'1~1fl~El1n (HCI) L'"1l:JJ'"1lU 1 M 1~ til,rilly.J~ll ,r~lUfl1f'IJElu ~:JJyf~n1u l~lfl1:JJ11 'Yl LLn1:JJ~~ ll~~~ 
1U1tl~ 17 ll~~n11y.JU~~~fll1:JJi:JJcWwIT"lJ El~"LYU~~11~~~1 tI~ l~n1'Yl1l~~nlJfll1:JJ~~"lJ El~~n~l~l~dJU 

~ ~ 

~~1tl~ 18 
~ 

-0 .50 -,-----------------------, 

-0.70 

-0.90 

• <C -1 .10 
:::1.=- -1 .30 

-1 .50 


-1 .70 


-1.90 +-------r-------.----_----..,......----~ 

0.20 0.30 0.40 0.50 0.60 0.70 
E (V) 

- HN03 - HCI04 . HCI 

~u.yi 17 t ':HHL'Yl:IJt:IJUn11Pil1 nnTil Lfl11::;~11~::~1 LI:IJ1~1~1UtJ1el'Yl 50 ppb ht~11~::~1 £.111 L~ n t 'Yl1L~c; 
~ a 

L-n:IJ-nU 1 M 3 ~ii,~ ~eln1~LU'Yl1n (HN03) n1~LtJelffl~el1n (HCI04) LL~~n1~Lnt~1fl~el1n (HCI) 

9 


8 


7 

6 


5 

I (J.lA) 4 

3 

2 


1 


O~---------~--------~----------~ 

HN03 HCI04 HCI 

"il1n1tl~ 18 ll~~~11n11~11"ill~ ~11~~~1 tI:JJ1 ~1~lutl1El'YllU~11~~~1 rJn1~1U'Yl1n l,x 
~ ~ 

irufil1mn1~ll~ly.Jv:h~~~~~ ~~,fu~~ l~ Eln1,rn1~1U'Yl1nliJu~11~~~1 tI~ l~n1'Yl1l~~ 
<II <II ~ ~ 

http:laelmtli'Y'Y1mn"i:::LLalvJ.w1
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2.4.2 ~H~CjJ il\l~113J t,J3J,J,"1J il\l~TH~::a1 tJ 5t~nl'Yl";lla<Pi'Gl ili~~1mn";l::u~1cWcW1 

'Yl~ ~ fl~l bf111~lfU1:IJ1 rnU1fl'Yl~1 tJ6J1bf11Ub ~ tJ ~ ~ub~niulbbfl1u~n ~'Yl1UiJ~11 ~ bb'Yl:IJ b:IJ ~1 

t~ tJ1i~11~~~1 tJ:lJl~1~lUlhfl'Yl 50 ppb bb~~~11~~~1 tJ:lJl~1~lU 'Yl fl~ 3 ppm ~b~1tJ:lJ1U~11~~~1 tJ 

n1~lU'Yl1n f111:IJbaiJ:lJaiJu 0.1, 0.5, 1.0 bb~~ 2.0 M l~1f11:IJ1t 'Yl bbn1:IJi~ bb~~~1U1U~ 19 bb~~n11~ 
'U 

bb~~~f111:IJ~:lJvru1f1~'VI11~f111:IJ baiJ:lJaiJU"lJ fl~ ~11~~~1 tJ~ b~nt'Yl1l~~n1J~h~qJqJlrnn1~bb~l~vh~1~l~ 
dJui~1U~ 20 

'U 

s ~----------------------------------------------~ 

4 
3 

-2 
~1 
- 0 

-1 
-2 
-3 +---------~------~--------~--------~--------~ 

0.00 0.20 0.40 0.60 0.80 1.00 

E (V) 

• " -BG -- ­ 0.1 MHN03 -- ­ 0.SMHN03 ~1 MHN03 ~2MHN03 

,-t.Jri 19 l-HHL'Yl:IJ1:IJ LLn1:IJ\llnn11~hfl11::~~11~::~1 tI:lJl~·Hi1Ul.hEl'Yl 50 ppb LdEl1i~11~::~1t1n11i1LU'Yl1n 
~ 	 ~ 

f111:IJL,r:IJ,ru~h\l GJ dju~11~::~1t1aL~n1'Yl1L~~ 

60 


50 


<" 
2: 40 
~ -
.~ 30 
J: 

~ 20 
CD 

Q. 

10 


0 


0 	 0.5 1.5 

Concentration of HN03 (M) 

2 2.5 

,nn1U~ 20 LL~~~1iL~u';hnl1~11';)1~~11~~~1 tJ:lJl~1~lUU1fl'Yl1U~11~~~ltJn1~lU'Yl1 
'U 	 ~ 

n LaiJ:IJ,)U 1 M 1 Vi'~rurulrnn1~bL~l~vh~~~ ~~ i~,fu~~ I.~ fln 1 i~T'H~::~l tJn1~ l U 'Yl1n LaiJ:IJ,)U 1 M dJU 
'" '" 'U 	 q 

A~I l6' 
~11~~~1 tJflL~n b'Yl1 ~~ 

2.4.3 n1";l'Vi1A'n tJ1cWcW11,"n1";ltn1::Gi~rit'Vf3J1::~3J 

.yhnl1'Yl~~ fl~lLf111~lfm:IJlrnU1fl'Yl1U~11~~~1 tJ:lJl~1~lUU1f)'Yl 50 ppb 1U~11~~~1 tJn1~ 

l U'Yl1n 1 M ~1 tJ L'YlflUf16J1Lf11UI.~tJ~ ~UI.~niU/bLfl1u~n ~'Yl1UiJ~11~ bb 'Yl:IJ L:IJ ~11~ tJ1i,T1l~~11i~lU 
f11fuflU~:lJvf~n1ulAJ&f:IJ'Ylfl~ 1~tJ~b1~11unl1Lnl~~~ (deposition time) 180 lUl.y; ~~nm~~l 
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~1V11lJnTnnl~~~ (deposition potential) -0.6, -0.5, -0.4, -0.3, -0.2 bb~~ -0.1 V bb~~~1trnJ~ 21 bb~~ 
'lJ 

njl'V'J bb~~~flll1Ji1Jcv~\nfj~'VI"h~fhinm'V'J~11Unljbnl~~~nufhiqF:Ylrnnj~bb~L'V'J~1~1~L~dJU~~ 
jt1~ 22 
'lJ 

<C 
2: 0 

-1 


-2 


0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 

-3 r---~----~--~--~----~--~----~--~----~--~ 

E (V) 

I -+- BG -- -0 .60 V -0 .50 V -- -0.40 V -- -0.30 V -- -0.20 V -+- -0 .1 0 V I 

~tlri 21 L1GHb'Yl:JJ L:JJbbnj:JJ"illnnlj~h~jl::~~lj~::Gnr.J:JJ1~j~1U,thf)'Yl 50 ppb lU,~lj~::~1r.Jnj~Lu,'Yl1n 1 M 

~fil~nr.Jl\AJYll1u,nljbnl::~~<1h~ G) bb~::j::r.J::bl~lnljbnl::~~ 180 iU,l.n 

40,---------------------------------------------~ 

30 

~ 
:E 
.~ 20 
J: 
.;,,:. 
ca 
Q) 

D.. 
10 

O r-----~----~------~----~------~----~----~ 

-0 .70 -0.60 -0.50 -0.40 -0 .30 -0 .20 -0 .10 0 .00 

Deposition potential (V) 

-;Ul n nlj'Yl ~ ~ El~~Ul1 b~ El1 'lXin fJl 'V'J~11Unlj bnl~~ ~ buu~u 1Jln.;ffu iqJ qJl rn"lJ El~ 
nj~bb~L'V'J~1~1~L~ijfil~~.;ffU El cil~Ljn~ nlj1'lXin m'V'J~1~ dJU~lJ1Jln Ell-;ucy'h1'lXdi~nljd·tlnlUnlj

'lJ 

i bfljl~~b.nEl~-;ulnnljbnl~~~"lJ El~LEl El ElU"lJ El~1~'VI~~u 6) ~ Ell-;uij El ci1U~lj~::~l fJ~lEl cil~L~1Jln;]u 1 U 
'lJ 

~lUi~fJd~~b~Eln1ifilintlL'V'J~1~1'V11Unljbnl~~~~ -0.5 V 

2.4.4 ~a1J e:J\JtI~aJ1 (;l"j«tJ e:J\J a1"ja~a1 UYI e:J\Jm e:JiIYIY1mn"j~LLa1vJYJ1 
cy'hnlj'Yl~~ El~ibfljl~~t111JlrntbEl'Yl1U~lj~~~l fJ1Jl~j~lUt1jEl'Yl 50 ppb 1U~lj~::~lfJnj~ 

LU'Yl1n 1 M ~1 tlb 'YlflUfl6llbfllUb~fJ~ aUb~n,rUlbbEl1u~n ~'Yl11JlJ~11~ bb'Yl1J b1J~1 1~ fJ1i,Tl L 'V'Jv~h1,r~lU 
flTflJElw~1Jvr~n1ulAJ~1J'YlEl~~b~1fJ1J1~fJ1,r~lj~::~1r.J1Jl~j~lU'YlEl~ 3 ppm 1J11Jl~j~h~ 6) ~El 450, 

900, 1350, 1800 bb~~ 2250 ~L j::tI~b1~11unljbnl::~~'YlEl~ bb~~t1jEl'Yl 180 iUTYi ~in fJL 'V'J~1~1'V11lJ 
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nTHnl:;~~ -0.5 V L~t-J~~.Jdtl~ 23 LL~:;ndl'Wll~~.Jf)11:IJi:IJ~UTId:;'Vdl.Jtl1:IJ1~d~el.J~ld~:;~lfJ
'tI 

:lJl~d~lU'Ylel.Jnufilirurulru,nd:;Ll~L'WY:h~l~L~dju~.Jdtl~ 24 
~ ~ ~ 'tI 

~tnnnld'Yl~~el.JVUJ11 tl1:IJ1~d~ el.J ~ld~:;~l fJ:lJl~d!lU 'Yl el.J~ b'V\:lJl:;~:IJ~ el 900 J.lL l~el.J~ln1i 
irurulru,nd:;bb~L'WY:h~.J~~~ 

~ ~ 'tI q 

6 

5 

4 

3 

;; 2 

~ 1 

0 

-1 

-2 

-30.00 0.20 OAO 0.60 0.80 1.00 

E(V) 

1- - • Au450uL Au900uL ----*- Au1350uL -+- Au1800uL ---­ Au2250uL 1 

~u.yf 23 t1~LL'Yl3Jt3JLLn13J"C\IlnnT'~'~h"11::lK~11~::~lL13J1~1~lUtJ1f1'Yl 50 ppb 1U~11~::~1~Jn1~i.U'Y{1n 1 M 
~ ~ 

t~w1i~11~::~ltl3Jl~1~lU'Ylfl~ 3 ppm t113Jl~1~1~ GJ 1::L1::L1~11unl1Lnl::~~ 180 1U1Yi ~v1nLllYh~h~~'V"rtJ 
nl1Lnl::~~ -0.5 V 

45 

40 
_ 35 

~ 30 

l: 25 en 

~ 20 
~ 
CQ 15(I) 
0.. 

10 

5 

0 

0 450 900 1350 1800 2250 

volume of Au 3000 ppb (IJL) 

2.4.5 ~~iI D\J~'l13J ti3Ji"iI D\J6l{T'ia::a1 tI't1 D\J<?i Diruru1mn"l::U6l{1rJ,"1
CI.I CI.I 

rb nl1'Yl ~ ~ tl.Jl b f)dl:;~tl1:IJ1 ru,tldtl 'Yl1U ~ld~l d~:; ~1 fJ:lJl ~1~1ulh tl 'Yl 50 ppb 1U~ld~:: ~1 LI 

nd~LU'Yl1n 1 M ~lfJb'Ylf)itf)~bf)iUb~fJ~~ub~niulbbtllu~n~'Yl1tltl.J11~LL'Yl:IJL:IJ~11~fJ1iafflL'W°~h1i 
.Jlufnf1Jt1u~:lJvr~n1u~Gf:IJ'Ylel.J~L~1fJ:IJ1~fJ1i~ld~:;~lfJ:lJl~d~lU'Yltl.Jfll1:IJb,y:IJ,yU~1.J 6) nU~el 1, 2, 

3, 4 bb~:; 5 ppm tl1:IJ1~d 900 IJL d:: fJ:;n~11unldbnl:;~~'Yl tl.J Lb~::lhtl'Yl 180 lUTYl ~in fJl 'Wvh 

~1'V\1unldLnl:;~~ -0.5 V L~~~~.Jdtl~ 25 ndl'Wbb~~.Jfll1:IJi:IJ~uTI"lJtl.Jtl1:IJ1~d"lJtl.J~ld~::~lfJ 
'tI 

:lJl~d~lU'Yltl.Jn1Jfilirurulru,n~:;LL~L'WW1~1~L~dju~.Jdtl~ 26 
~ QI ~ 'tI 
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5~---------------------------------------------. 

4 

3 

2 

1 1 

o 
-1 

-2 

-3 +-------~--------~--------~--------~------~ 

0.00 0.20 0.40 0.60 0.80 1.00 
E (V) 

1- - - BG - ­ 1 ppm Au - ­ - - 2 ppm Au - ­ 3 ppm Au - 4 ppm Au --- ­ 5 ppm Au 1 

"n.Jri 25 1':li;~bb'Yl1J 11Jbbnd1J'iil1nnl'J~h~d1:;~~1d~:;~1tJ1J1~d~1U1.bel'Yl 50 ppb 1U~1d~:;~1tJnd~i.WYl1n 1 M 
~ 	 ~ 

1~tJ1,r~1d~:;~1tJ1J1~d~1U'Ylel"b-iJ1J-iJU 1, 2, 3, 4 bb~:; 5 ppm tJ11J1~d 900 JlL d:;tJ:;bl~11un1dbn1:;~~ 180 

lU1t1 ~in tJ'y.JYh~TV'lf1Jn1dbn1:;~~ -0.5 V 

70 ~--------------------------------------------~ 

60 

<" 50 
2: 
l: 40
.21 
41 

:; 30 
m 
Il. 20 

10 

o +-------~------~------~------~------~----~ 
o 	 2 3 4 5 6 

Concentration of Au3+(ppm) 

2.4.6 	n1"lJi15Gl"1n1,.llJi~rhlJi3J1~a3J 
'Y11nlj'Yl~~ Eh'l~:hf)jl:;~U1~1ru,lhf)'YllU~lj~lj~:;~l rJ~l~j~lUlhf)'Yl 50 ppb 1U~lj~:;~l rJ 

"'"' 
nj~LU'Yl1n 1 M ~lrJL'Ylf)itf)6fiLf)iuL<]rJ~~UL~niu/LI,f)lu~n~'Yl1utl~11~I,L'Yl~L~~'i 1~rJliafflLyJ~11,r 
~lUf)Tf1Jf)u~~cyf~n'iu~ff~'Ylf)~~L~'irJ~l~rJli~lj~:;~lrJ~l~j~lU'Ylf)~ 3 ppm U1~1~j 900 JlL 

j:;rJ:;I,l~~llUnljl,nl:;~~'Ylf)~ 1,1,~:;lhf)'Yl 180 iUTYl ~in rJLy.JYh~lv\'l1Jnljl,nl:;~~ -0.5 V L~ f)1ieJ~jl 
nljL~ ~"lIf)~~lj~:;~1 rJ~l~j~lU 'Yl f)~ I,L~:;~lj~:;~l rJ~l~j~lUlhf)'Ylluaffunljl,nl:;~~~h~ 6) ~ f) 5, 10, 

15, 20, 25 JlLls ~1~~1~1J L~~~~~~U~ 27 1,1,~:;njly.JI,L~~~f)11~~~~UTI"lIf)~eJ~jlnljL~~"lIf)~ 

~lj~:;~lrJn1Jfh~rurulru,nj:;I,L~LyJ~l~l~L~dJU~~jU~ 28 
~ v 	 ~ 
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7 ~--------------------------------------------~ 

6 

5 

<4 
a 
- 3 

2 

Or-------~--------~--------~--------~------~ 

0 .00 0.20 0.40 0.60 0.80 1.00 

E (V) 

- 5 !JUs ~ 10 !JUs 15 !JUs -- 20 !JUs -- 25 !JUs 

'juri 27 t'nHb'YllltllLLn11l'illnnl1ib"11::,.(~11~::~ltJ1l1~1~lUlhe)'Yl 50 ppb 1U~11~::~ltJn1~LU'Yl1n 1 M 
~ 	 ~ 

bdEl1irr~11nl1LV\~1u,fu~ElUnl1bnl::~~~l\16) (1i~11~::~ltJ1l1~1~lU'YlEl\l 3 ppm U11l1~1 900 J.lL 

1::tJ::L1~11unl1Lnl::~~ 180 iUll1 ~indi.yJY:hGhwr1Jnl1Lnl::~~ -0.5 V) 

60 

50 

~ 40 

1: 
.~ 30 
.r:. 
~ 
IV 
Q) 20 a.. 

10 

0 

0 5 10 15 20 25 30 

Flow rate (~L1s) 

-;Ulnn11'Yl~tHh'l'VfIJ11 5(j]11n11lvH~ 15 J.lLls 1i ~qJqJ1 fibn1::bb~i.'VH;~l ~\I~~~ bbaJl1~ 5(j]11 

i. 'VI ~ 25 J.lLl s -;u:: 1 i ~'11 qJ 1 fib n 1 :: bb ~ i. y.hAJ 1 i'i eJ U"111 \I ~ \I bb ~ i'i 1 b 11 tJ \I bU U:lJ 1 (j] 1!1 U an eJ \I i'i 1 ~qJ '111 fib 

n1::bb~i.~~1~1~i.~~fi1:lJ1n UeJn-;U1ntt n111i5(j]11n11i. 'VI ~ ~\I ~\I'Yl11i~eJ\l1i~11~::~1 tJ~l eJ ~1\1 
'IJ 

b~:lJ;ju~n~ltJ ~\I,xU \l1Ul'<iltJtt~\lb~eJn1i5~11n11i.'VI~aneJ\I~11~::~ltJdJU 15 J.lLls bYleJ1in11 

lbr111::cJU1eJ'Yl~~1l1~i.l (sensitivity) bb~::r111:lJb~tJ\I (precision) ~\I 
'IJ 

. 
2.4.7 	n1-:i-:i::U::L1~1 n1-:iLn1::Gl~YiLViaJ1::tOJ 

'Yl1n11'Yl~~ eJ\ll br111::cJ1.J1:lJ1fiblheJ'Yl1U~11~::~1 tJ:lJ1(j]1~lUU1eJ'Yl 50 ppb 1U~11~::~1 tJn1~ 
~ 

i.U'Yl1n 1 M ~1 tJ b'Ylr1Ur1tnbr1iUb~tJ ~ ~ub~niu/bbeJ1u~n ~'Yl11.JtJ\ll1 ~ bb'Yl:lJ b:lJ (j]11~ tJ1iili.~~11i\llU 

r1Tf1JeJ'U,'~hJ'w~n1ulAJGf:lJ'YleJ\I~b(j]1tJ:lJ1~tJ1i~11~::~ltJ:lJ1(j]1!lU'YleJ\I 3 ppm U1:lJ1(j]1 900 J.lL 5(j]11 

n11i.'VI~ 15 J.lLls ~f1ntJl~~1~1'V111Jn11bn1::~~ -0.5 V 1~tJ1i1::tJ::bl~11un11bn1::~~ (deposition 

time) 'YleJ\lbb~::U1eJ'Yl ~1\16) ~eJ 90, 120, 150, 180 bb~:: 210 lU1fi (j]l:lJ~li1J ~~~i.~bb~~\l1u~U~ 29 

bb~::n11~bb~~\lr111:lJ~:lJ~UTIaneJ\l1::tJ::bl~ln11bn1::~~n1J~ruru1fibn1::bb~i.~~1~1~i.~biJui\l1U~ 30 
~ ~ 	 'IJ 
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2.5 
2 

1.5 
1 

<" 
0.5 

2: 0 
- -0.5 

-1 
-1.5 

-2 
-2.5 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 

E(V) 

1-- BG -- 90s 120s -- 150s --- 180s -- 210s 1 

"nJri 29 tlj;HL'Yl:JJ t:JJLLn·nJ"illnnl1iLfl11::~~11~::~1t1:JJ1~·Hi1Ulhe)'Yl 50 ppb 1U~11~::~1t1n1~LU'Yl1n 1 M 
~ ~ 

bdtl1,r1::t1::bl~11unl1bnl::~~~h" ') (1i~11~::~1t1:JJ1~1!lU'Yltl" 3 ppm U1:JJ1~1 900 !lL 5~11nl1LV\~ 15 

!lLls inm'Wyh~1v\11Jnl1bnl::~~ -0.5 V) 

45 

40 

35 

1 30 

1: 25
.2' 
Q) 

20..c::: 
~ 
IV 15Q) 
0.. 

10 

5 

0 
50 70 90 110 130 150 170 190 210 230 

Deposition time (s) 

I &:l A. A A.,:::::I,Q"...II 

"innnl1'Yl~HHh'lYfUl1 l:IJEll'V'aJ1::tJ::llGnn11lnl::~~r'inn 90 210 lUl'Yl ffqJqJ1Ub 

n1::llffL~(i!(h~l~L~lyj:IJ;JU~l:IJ ~l~U 1U~lUlitJdl~ Eln1i1::tJ::n~llUnl1lnl::~~ 180 lUl't1 l~ Ell~ 
nl11lf111::~U1El'Ylii ff1l1~L1 ff~ ll~::YllL~El cil~11~ l11 

'1..1 

'iLo' ft.l ... I i1~ 'iLo'
2.5.1 n1"H~~1\J n~1l't 1 't'HJlJ 3J1 <Pl~!1," (Calibration curve) lla ::Vi1~'l\J ~'l13H ,"1i:f,"<Pl~\J 

(Linear range) 

Yll nl1'Yl ~ ~ El ~IIf111::~D1:IJ1 UbU1 El 'YllUffl1ffl1~:: ~1 tJ:lJl ~1~1U U 1 El 'Yl f111:IJ l,J:IJ,Ju~h~ "J nu 

lUffl1~::~ltJn1~LU'Yl1n 1 M ~ltJl'Ylf1itf1611lf1;hu~tJ~aul~niuhlEltu~nff'Yl1ulJ~tl~ll'Yl:IJl:IJ~1 t~tJli 

,TlL~~lli~lUf1Tf1J ElU~:lJyfffn1ulAJ~:IJ'YlEl~~ l~1tJ:IJt~ tJliffl1~::~1 tJ:lJl~1~lU'YlEl~ 3 ppm U1:IJ1~1 
~ 

900!lL 5~11nl1LVI~ 15 !lLls ~intJ'~~1~1V111Jnl1bnl::~~ -0.5 V 1::tJ::n~llunTHnl::~~'YlEl~ 
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Lb~~lhe)'Yl 180 lUTYI L~~~nT~)'Yl~~fh'li\lLL~~h'llu·nJ~ 31 LL~~n1TV\hYi~TlJaJl~1~lU1~'Vdl\1flllaJ 
~ ~ 

L,JaJ,JU"lJ eJ\I ~11~~~1 rJaJl ~1~lUlheJ'Ylnuirurul Ubn1~LL~Ly.J~1~1~L~dJUi\l1U~ 32 
~ QI QI ~ 

7 

6 

5 

4 

~3 -
2 

0 

-1 

0.20 0.30 0.40 0.50 0 .60 0.70 0.80 0.90 1.00 

E(V) 

--4 ppb Hg --6 ppb Hg 8 ppb Hg -- 10 ppb Hg -- 20 ppb Hg -- 30 ppb Hg -+- 40 ppb Hg - 50 ppb Hg - BG 

~t.lrfi 31 11~LL'Y1:JJ1:JJLLnd:JJ"illnnldiLfldl::~Gild~::~1t1:JJ1<ild!lU1.htl'YIL,y:JJ,yU 4 - 50 ppb ~Jll1::nld'Y1~~tl"~ 
LVI:JJ1::Gi:JJ 

35 

30 

25 ~ 
......r::: 20 
.~ 
cu..r::: 15 

.::J:. 
nJ 
cu 10Q. 

5 

0 

.. 

"n.Jrfi 32 ndl'rh.y;tl1J:JJ1<ildqjlUGh'V\"r1JnldiLfldl::~tl1:JJlrntldtl'Y11u-ri1"fl11:JJL,y:JJ,yU 4 - 50 ppb 
~ ~ 

Ld eJ~"ill1Ubln1ly.J LYi rJ 1J aJl ~1~lU"lJ eJ\lnl11 Lfl1l~iu1aJl UbU1eJ'Yl ~Ullij,sl\1 flll aJ L UU 
~ 

biU~1\1 (linear range) Lu,sl\1f11laJb,JaJ,JU 4 - 50 ppb f1l R2 L'Yi1nu 0.9994 LL~~f11laJ,rU"lJeJ\ln1ly.J 

LiU~1\1ijf1l LUU 0.6595 J.lAlppb 

UeJn"illn.nL~'Yl~~eJ\lL~aJ1~rJ~Ll~lnl1Lnl~~~"illn 180 lulfi LUU 300 lulfi L~eJL~aJ 
~1l1~L1"lJ eJ\lnl11 Lf111~i 1~ rJ'Yl ~ ~ eJ\lVI1 n11y.J L fi rJU aJl ~1~lU~1'V111Jnl11 Lf11l ~iU1aJl UbU1eJ 'Y1 ~ 

"-' 

lll1~nl1'Yl~~eJ\I~L'VIaJl~~aJ LL~li1~rJ~Ll~lnl1Lnl~~~HUU 300 lulfi L~~~i\l1U~ 33 LL~~n1ly.J
~ 

LfirJuaJl~1~lU~L~LL~~\llU1U~ 34 
~ ~ 

1 

~ 
1 

~ - -­ -­ - . ­ -

0 10 20 30 40 50 60 
Concentration of Hg (ppb) 
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1.5 

l 
0.5 

0 

-0.5 

-1 

-1.5 

0.20 0 .30 0.40 0 .50 0.60 0 .70 0.80 0 .90 

E(V) 

~3 ppb Hg ~4 ppb Hg - 6 ppb Hg - 8 ppb Hg - 10 ppb Hg - BG I 

~tJ~ 33 tlGUb'Yl1Jt1Jbbnd1J-;)lnnld~h~dl::,{~ld~::~lrJ1Jl~d~lUtJ·H)'Ylb,r1J,rU 3 - 10 ppb ~fll1::nld'Yl~~e:h'l~ 
LVl1Jl::~1J t~rJlid::rJ::bl~lnldLnl::~~ 3001uTn 

20.0.-------- - --- - ------- - - ---- -_ 

-1 15 0 - . 

.s::: 
C)

'Q) 10.0 
.s::: 
..:a.:: 

: 5.0 
a.. 

y = 1.7623x - 1.7404 
R2 = 0.9994 

0.0 -1-----...,....-----...,....-----...,....-----...,....-----...,....------\ 

o 2 4 6 8 10 12 

Concentration of Hg (ppb) 

';j)lnt!-J~nlj'Yl~~e:hH~:lJj::fJ::b1fnnTnn1::~~bUU, 300 lu,TYl 'Yhli~l:IJ1jn~jl';j)1~~qJqJ1m 

nj::bb~lvJlAhl~';j)u,ii\lfll1:IJb,J:IJ,JU, 3 ppb nj1vJl'YlfJ'lJ:lJ1~j!1U,~l~dJU,biu,~j\llu,,rl\1fll1:IJb,J:IJ,JU, 3 ­

1 0 ppb ~fi1 R2 b'Yhnu 0.9994 bb~::fll1:IJiu,"lJ El\lnj1vJ biu,~j\l~fi1bUU, 1.7623 ~Alppb 

2.5.2 	n1'i'Vi1ij(;l')1n(;l~e:h'jnT'j<Pl'i''l~-r(;l (Limit of detection, LOD) 

\11 u,li fJit~~'Yl~~ El\l'VI1ii~~ln~~1 ~~"lJ El\ln1j~jl';j)1~ 2 lTI lTIbbjn'VI1ii~~ln~ ~1 ~~"lJ El\ln1j
q 	 q 

~jl';j)l~l~';j)lnn1j~jl';j)1~1JjEl'Yl~fll1:IJ b,J:IJ,JU,~l ~~~1i ~runnm"lJ El\ll~'VI:: 1~ fJn1j~~fll1:IJ b,J:IJ,Ju, 
q '" '" 

"lJ El\ll~'VI::lhEl'Yl~\I~El fJ 6J ';j)u,nj::rr\l bfl~El\l5j Ell~~1:IJ1jnYl1n1j~jl~1~L~ ~'lJ,.h~1:IJ1jn~jl';j)1~lhEl'Yl 

L~~fll1:IJL,J:IJ,JU,~1~~ 4 ppb 
q 

lTI~ ~El\l 'VI1ii~~ln~~1 ~~"lJ El\ln1j~jl~1~"il1nfll1:IJ L,J:IJ,Ju,"lJ El\l ~lj~::~l fJ:lJ1 ~j~lU,1JjEl'Yl~ 
q 	 "" 

1i~qJqJ1mnj::LL~lv·Jv:h bUU, 3 b 'Yi1"lJ El\lfi1 bfl fJ\I L'lJU,:lJl~j!lU, (standard deviation; SO) "lJ eJ\I ~qJry1m 
nj:: LL~LyJ V:h"lJ El \I LL 'lJ ~ \I n1~ fJl Lfl j1 ::iLL'lJ ~\I n~1 fJ L'Yl fl Ufl6tl L fl1 U,L ~ fJ ~ ~ U,b ~ fliu,/LL eJ 1u,~ n ~'Yl1UtJ \111 

GHL'Yl:IJL:IJ~1 ~1l11::L'VI:lJ1::~:lJ61h 10 flf\l 11~LL'Yl:IJ1:IJLLnj:IJ~L~LL~~\llu,j1J~ 35 1~fi1nj::LL~lyJv:J1~
'1.1 

~1 LL'VIU\Iin mvJv:J1"lJ El\l~n1JjeJ'Yl LL~::f11u,lmfi1 Lfl fJ\I L'lJU,:lJ1~j;)1U, L~t!-J ~~\I~lj1\1~ 3 
"" 
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3 

2 

:;1 
2:0 

-1 

-2 

4 ~------------------------------------------~ 

-3 r---~--~----~--~--~--~----~--~--~--~ 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 

E (V) 

--BG1 --BG2 · ••• BG3 ~ BG4 ____ BG5 --BG6 ---+- BG7 --BG8 --BG9 --BG1 

.t d 
i'J1\1'Yl 1 2 3 4 5 6 7 8 9 10 

n1:;bL~L\AJyh (J.lA) -1.388 -1.386 -1.374 -1.379 -1.365 -1.328 -1.394 -1.396 -1.397 -1.408 

SD 0.023 

3SD 0.069 

10SD 0.226 

• 


dJ'Ufilfll1:JJ l,J:JJ,JU~,;ltJ ~:JJnld"lJ Eh'lndTV,h Yi rJtJ:JJ1~d21U (~U~ 2.18) 

~dT<i)l~Udf)'Yl"lJEh'llTIllfldl:;~ddJU 0.84 ppb 

2.5.3 	n1";)Vf1ii~')1nlVl'2J2hlnTj!jLfl";)1::1fu~3J1m (Limit of Quantitative, LOQ) 

~~'iihn~~l ~~"lJ f)~nldllfldl:;~U1:JJl ru,vnL~"illnfll1:JJ l,J:JJ,JU"lJ f)~ ~ld~:;~l rJ:JJl ~d~l'UUdf)'Yl
q 	 ~ 

~1i irurul ru,nd:;ll~L'V\h~l dJu~'IJ lY]1"lJ f)~fil Lri rJ~ L 'lJU:JJl ~d~lU"lJ f)~ lltJ~~n t~ rJnld~dl"ill~ ll'IJ ~~n~l rJ 
OJ OJ 	 ~ 

nd:;lU~LlAJY:h~ ~lllV\ U~ in rJLlAJ ~1"lJ f)~~nlhf)'Yl ll~:;f11U1 ru,fi~ll ri rJ~ ltJU:JJl ~d~lU "bfil 10 "lJ f)~fil
~ 

b~ rJ~ L'lJU:JJ1~d21U~f11U1 ru,L~ (V\U1 rJ dJUL:JJ tfldllf):JJ lltlf) :JJl LYi rJ1Huufil flll:JJ L,J:JJ,JU~l rJ ~:JJnld"lJ f)~ 

ndllAJ l Vi rJtJ:JJ1~d21U (~t1~ 32) Vflyh~~,hn~"lJ f)~nldllfldl:;~U1:JJl ru,Udf)'Yl~l rJ1TIllfldl:;~ddJ'U 
1.08 ppb 

2.5.4 	n1";)Vf1fl'l13J Lvi tJ\J1I e:l\J n1";)!jLfl";)1::1f (Reproducibility) 

cYhnld'Yl~~f)~llfldl:;~t11:JJlru,Udf)'Yl1'U~ld~:;~l rJ:JJ1~d~lutldf)'Yl 50 ppb 1U~ld~:;Gn rJnd~ 
• 	

~ 

i.'U'Yl1n 1 M ~1 rJ l'YlflufltnlfllUl~w)~ ~Ul~n,rU/llf)1u~n ~'Yl1utl~11 ~ ll'Yl:JJ l~J ~11~ rJ1,rilLlAJ~lfllf'lJ f)'U 

~:JJvr~n1u~Gf:JJ'Ylf)~~Jll1:;lV\:JJ1:;~:JJ6Ih 10 flf~ 11~ II 'Yl:JJ1:JJ llnd:JJ~L~ll~~~1U dtl~ 36 l~flll:JJ~~"lJ f)~
~ 	 ~ 

~n ll~lf1l'U1 ru,fillri rJ~ ltJU:JJ1~d21Ui:JJvr'YlTI (relative standard deviation, RSD) "lJ f)~ iqJ~l ru, 

nd:;LL~i.lAJ~l i.~~~~~~ldl~~ 4 
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6 

5 

4 

~ 3 

2 

o 

-1 ~----~----~----~----~----~----~----~----~ 

0.20 0.30 0.40 0.50 0.60 0 .70 0.80 0 .90 1.00 

E(V) 

~ d 
fl'J\I'YJ 1 2 3 4 5 6 7 8 9 10 

fll11J~\I"lJtl\lVln (J.lA) 55.0 56.0 57.0 56.0 55.0 56.0 55.0 55.0 56.0 56.0 

RSD(%) 1.2 

"illnnTrYl~~ eh'l'Y'UJ';i1 ~1 bd th'l bUU:JJ1~d~lUi:JJ~'Yl1I"lJ Eh'l irurul rnnd~bb~L~v:ll"lJ eh'lUdE1'Yl~ 
~ ~ ~ 

~dl"ill~offl 10 flf\l ~~1 1.2 % bb~~\ll~b~W-hlTIl bfldl~~~~~Ul,rUd~fll1:JJ b~ tJ\I ~\I ~l:JJld1.ltt1LtJ 
'lJ 

2.6 nTi1L~"i1~~tI~3J1mtl"if)'YI6h..,m"HHh\J,r1~3J 
1U\llUl-ciltJ'n~~Ul1TI~~~Ul,r'l-bLUl bfldl~~U1:JJl rnudE1'Yll U~l E1 cil\1.Jl~:JJ~l tJ1TInldb~:JJ 

~ld:JJ1~d!lU (standard addition method) ~ E1 L~)tJ:JJ~ld~~~l tJ~l E1 cil\11~ tJ L~:JJ ~ld~~~l tJ:JJ1~d21U 

UdE1'Yl~'YldlUfll1:JJL,J:JJ,JULLUUE1U~\llU.Jl~:JJil E1 cil\1 'Vh1~~ld~~~l tJil E1 cil\1~fll1:JJ b,J:JJ,JU"lJ E1\1UdE1'Yl 

~L~:JJdJU 20, 24, 28, 32, 36 Lb~~ 40 ppb bdE1U1LtJlbfldl~'VI1~vh~bb'Yl:JJl:JJLbnd:JJ~\ldtJ~ 37 
'lJ 

• 
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0.30 OAO 0.50 0.60 0.70 0.80 0.90 

E (V) 


••• 20ppbHg -- 24ppbHg - - 28ppbHg -- 32ppbHg -- 36ppbHg .. ... . 40ppbHg • -. BG 


~tlr137 1 '"HHL 'YIaJ 1!J LLn1aJ~lnnl1~hfrn::~tJ1tl'Yl1Uil tl ~l\l,rl~aJ~l L1in-nT'H~!J~11aJl~1~lU (standard 

addition method) 

Ld Err~f)11:IJ~~GJJ Eh'l~n"il1n11~ LL'Yl:IJ 1:IJLLn1:IJll~::L'~ihJun11rJnTH~:IJ~11:IJ1~':ij·1U (standard 

addition curve) GJJEl~lhEl'Yll~~~1U~ 3.8 
'IJ 

45 ~------------------------------------------~ 

- 40
< 
2:
:= 35 
.21 
Q) 

y =0.4829x + 22.414 

-= 30 R2 =0.9994 
.lI: 
ca 
Q) 

Q. 25 

20~------------~--------------~------------~ 

20 30 40 50 

Concentration of Hg (ppb) 

~n lu~ ~ Ll'YlU~11U~:lJn11liu~1~ "il::l~~1f)11:IJ l ,y:IJ~UGJJ El~U1El'Yl1U~11~::~1 ~ lL~::f11U1 m ~ln11l~ 

ntu~u (recovery) l~ 99.25 - 100.9 % (~111~~ 5) LL~::~lL~~~l1JU:IJ1~1!lUti:IJ~'Yl:rf (RSD) 0­

1.4 % LL ~~~1i LV;U11i ni l f) 11::v{U 1 El 'Yl ~~~U1~Utt~1:IJ111.11"111l f) 11::v{U1:IJ1 m U1 El 'Yl1U ~1 El ci1 ~ "il1~1~ 
1~ ~iif)11:IJ LL1iUll~::f)11:IJ L~ ~~ ~~ 

'IJ 

• 

• 
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.J 
"lIl~'Yl 

.... .... tl .J A

f1113J L"lI3J"lI'U. 'Hl'Yl'Yl L<il3J 

(ppb) 

.... .... tl .J
f1113JL"lI3J"lIU, 'Hl'Yl'Yl 

lLf111::'V\'~ (ppb) 

%recovery %RSO 

1 NO - - -
2 20 19.85 99.25 0.0 

3 24 23.99 99.96 0.0 

4 28 28.13 100.5 0.0 

5 32 32.28 100.9 0.0 

6 36 35.80 99.44 1.5 

7 40 39.94 99.85 1.4 

, 


• 
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• 

"1 U,1 i £1 if1.~~~u,11n-n111 L~11::~U1 tl 'Y11 u,u"1:JJ1 m ,rtl £1 :JJ1 n ~1 £1 L'Yl ~ it~~L~1u, L:n £1 ~ Ei u, L~niu,1 

LLtll u,~n~'Yl"1utJ"11~LL 'Yl:JJ L:JJ~~1~£11ii1i.YHh~l'fu tlu,~:JJw~n~u,YJ~:JJ'Yl tl" LL~U,111W"lJ tl"1::uu~1i 
LL~~"1U,1U~ 2.1 ~il1nn11'Yl~~tl"v\11111::~LV\:JJ1::~:JJ1u,n111L~11::~ i.~~~n11'Yl~~tl"~"~111"~ 3.1 

'U 

CA1'l1"rj 6 fl11::~Lv\:JJ1:Gi:JJ1un1"~·~h~·n::~tl1fl·Ynn:JJ1 m~1m'Yliilitiil6fiL~l'lUL~m~fluL~ni'wLLfllu~nwyi~tltl" 

l'l~u'Yl:JJL:JJ<il11~£J1ii'li. y.JYhiil1fu tluVi:JJvfGin1UYJtf:JJ'Ylfl" 
.d<:t 

fl1'l::'Yl~n'lY1 
.d .d 

fl1'l:'YlL 'V\:JJ1:Gi:JJ'YlGi~ 
q 

1. "1fil~"lIfl"Gi11~::~1£JflL~n1'Yl1i.~c; HN03 

2. iil'l1:JJL,J:JJ,JU"lI fl"Gi11~:~1 £Jfl L~nt'Yl1i.~c; 1 M 

3. ~nmvJ.y:hti1w~'un11Ln1:~~ -0.5 V 

4. U1:JJ1<il1"l1fl"Gi11~:~l£J:JJ1<il1~lU'Ylfl" 
<IJ 

900 ~LL 

5. iil'l1:JJL,J:JJ,JU"lItl"Gi11~:~l£J:JJ1<il1~lU'Ylfl"
<IJ 

3 ppm 

6 . 5<il11n11i.v\~"lIfl"Gi11~:~l£J 15 JlLls 

7. 1:£J:L'l~1n11Ln1:~~'Ylfl" LL~:tl1fl'Yl 180 s 
• 


~1U~1~uiu (step sequence) Lilv\1un111 L~11::~u"1:JJlmU1tl'Yl~1 VL 'Yl~ii,~~L~luL:nv~Eiu, 
.:: <V 

,
1.... .... a I!"I 1 .... i. ........ .d .t- a I .... .... ........... cr".d

L"n"15u,ILLtl U~n~'Yl1uu" 1~LL'Yl:JJL:JJ~1 ~~"~111"'Yl 2.1 "lnu,u,'Yl~~tlUu1::~'Yl1)111W"lJtl"11i1L~11::v\'Yl 

1111:: nl1'Yl ~ ~ tl" ~ LV\:JJ1::~:JJ WU111'lK~11:JJ i:JJ~U,TIL:g" LiU~1"1::v\ 11"~11:JJ L-n:JJ-nu,"lJ tl" U1tl'Y111U 

irMrMlmn1::LL~i.y.JYh 1U"1i1"~11:JJL-n:JJ-nU 4 - 50 ppb 1~v~~,chn~~1~~"lJtl"nl1~11"1~ (SIN =3) 

n~hdJu, 0.84 ppb ~~~ln~~1~~"lJtl"nl11L~11::~u"1:JJlm, (SIN = 10) L'Yhnu 1.08 ppb LL~::fh 
Lfl £1" LUU,:JJ1~1;jlU,i:JJ~'YlTI"lJ tl" iru rul mn1:: LL~i.y.J~1"1 n nl1~11"1~ ~11~::~1 V:JJl~1;jlUU1tl'Yl L-n:JJ-nu,a ~ ~ u 

50 ppb (n =10) nfhi'tlV~:: 1.2 LL~~"111n-1L~11::~~vr~Ul;1un~111~i.1~" ~~~ln~~1~~"lJtl"nl1
'U , 

~11"1~ LL~::~~~l n~ ~1 ~~"lJ tl" nl11 L~11::~U"1:JJl m~l LL~::n ~11:JJ L~ V"~" Utl n"lnd' til L~:JJ 
q 'U 

1:: tI:: L1~1 nl1Lnl::~~LiJu, 300 1U,lYl ,,:: 1 'lK~11:JJi:JJ~U,lh:g" Liu~1"1::v\11"~11:JJL-n:JJ-nU"lJ tl"U1tl'YlnU 

itytylmn1::LL~i.y.JYh 1U"1i1"~11:JJL-n:JJ-nU, 3 - 10 ppb 
............ cr"a I.... a 1 .d ......¥ a I ~ .... cr"a I.... a 1 1..... ,
11)1 L~11::v\ u1:JJl mu1tl'Yl'Yl~~U,1"lJU,~1 :JJ11f.lu1::Vn~ tu,n111 L~11::v\u1:JJlmu1tl'Yl U,~1 tl til", 

,rl~:JJ~1£11n-nl1L~:JJ~11:JJ1~1~lU (standard addition method) 1~wnn11i.~n~u~u,1u"1i1" 99.25 ­
• .d ..... ..... cr" • ............ cr"a I .d ..... .¥..r 


100.9% LL~::~lLUV"LUU:JJ1~1;jlU~:JJ~'Yl1) 0 - 1.4 % LL~~"1111)1L~11::v\u1tl'Yl'Yl~~U,1"lJU,U,~1:JJ11f.l
.u 

1mL~11::~U"1:JJl mU1 tl'Yl1U~1 tl cil",r1 ~:JJi.~1~Vn ~11:JJ LL:UULL~::~11:JJ L~V" ~" 
'U 

~t)ti;f"'UHt"~trl~dnlJn1"i~~~t"i"~illti 
1. U1UU1\11'lK~1:JJ11f.l1L~11:;~U1tl'Yli.~Ud:;~U~ln11 1 ppb 1~vnldU1ULU~tlU,~ldliiL~tlf, 

.d 1....... 1 ......¥ . .... ..... ~a.I.':1 1 · .t­• tlu,') 'V\:JJ~11:JJLV\:JJ1::~:JJ u,nld~11"1~:JJln"lJu, L"15U LLtl:JJ~~"~ (amplitude) ~n£1 t~~l ULL~~::"lJU 
'U 

(step potential) ~11:JJrl (frequency) 

, 
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... 5'GIG I....... 1 ......... 	 ..... "" ...
.d 	 ~ 
2. 1un1d1Lfld1::'V\u'Hl'YIud3J1rnUfltI:J.nn L~f1 'V\ L~t:-J~"lJfI~1:iqJqJ1rn"lJfI~n1d<ild1'<il1~'Yl~ f11'<il 

~f1~ ~1iL~ ~fl113J L,y~,yU"lJ f1~Udfl'Yl nf1U~'<il~1 Lfld1~~~1 tI L YlflUfl6lfLfl1UL;itl ~aUL~n,yU/LLfl1U~ n1:i'Yl1 

uu~11~ LL'Yl~L~<iI'i 'V\1f1n1dtl11Jd~tI~L1~1n1dLn1~~~ n1dtl11Jtl1~1<i1d"lJfI~ 1:i1d~::~1 tI~'Yl1n1d1 Lfld1~~ 
.J' 

~1n"lJU 

3. ~<iI LLUd,T1 i.yJ~1f1Tf1J f1U-W~vf1:in'iuLyj f11 ~~1:i!l1~vh1Un1d<ild1'<il1<i1~1n;rU L,rU n1dt:-J1:i3J 

1:i1d1J1~"1fU~~~1u'V\~nflTf1J flU 

lJ'l'HlL1t-tn'llJ (Bibliography) 

1. 	 Tesarova, E.; Baldrianova, L.; Hocevar, S. B.; Svancara, I.; Vytras, K.; Ogorevc, B. Anodic 

stripping voltammetric measurement of trace heavy metals at antimony film carbon paste 

electrode. Electrochim. Acta. 2009, 54, 1506-1510 

2 . 	 Hu, X.; Wang, Y.; Liu, l.; Cao, J.; Wang, F.; Xu, Q.; Yang, C. On-line coupling of 

• 	 sequential injection lab-on-valve to differential pulse anodic stripping voltammetry for 

determination of Pb in water samples. Talanta. 2009, 77, 1203-1207. 

3. 	 Okcu, F.; Ertas, H.; Ertas, F. N. Determination of mercury in table salt samples by on-line 

medium exchange anodic stripping voltammetry. Talanta. 2008, 75, 442-446. 

4. 	 Abollino, 0.; Giacomono, A.; Malandrino, M.; Mentasti, E. Parameters affecting the 

determination of mercury by anodic stripping voltammetry using a gold electrode. Talanta. 

2008, 75, 266-273. 

5. 	 Jin, L.; Xian, Y.; Shi, G.; Xing, S.; leng, L.; Xu, H. Microwave-radiated synthesis of gold 

nanoparticles/carbon nanotubes composites and its application to voltammetric detection of 

trace mercury(II). Electrochem. Commun. 2008, 10, 1839-1843. 

6. 	 Korolczuk, M.; Rutyna, I. New methodology for anodic stripping voltammetric determination 

of methylmercury. Electrochem. Commun. 2008, 10, 1024-1026. 

7. 	 Compton, R. G.; Ward Jones, S. E. W.; Zheng, S. H.; Jeffrey, C. A.; Seretis, S.; Morin, S. 

Stripping voltammetry of bismuth at Au(111): Mathematical modelling and numerical 

simulation. J. Electroanal. Chem. 2008, 616, 38-44. 

8. 	 Kang, S. G.; Hwang, G. H.; Han, W. K.; Park, J. S. Determination of trace metals by anodic 

stripping voltammetry using a bitmuth-modified carbon nanotube electrode. Talanta. 2008, 

76,301-308. 

9. 	 Xu, H.; leng, L.; Huang, D.; Xian, Y.; Jin , L. A Nafion-coated bismuth film electrode for the 

determination of heavy metals in vegetable using differential pulse anodic stripping 

voltammetry: An alternative to mercury-based electrodes. Food Chem. 2008, 109, 834-839. 

http:un1d1Lfld1::'V\u'Hl'YIud3J1rnUfltI:J.nn


49 

10. 	 Svegl, I. G.; Bele, M.; Ogorevc, B. Carbon black nanoparticles film electrode prepared by 

using substrate-induced deposition approach. Anal. Chim. Acta. 2008, 628, 173-180. 

11. 	 Kadar, M.; Torma, F.; Tatar, A.; Toth, K. Nafion/2,2 bipyridyl-modified bismuth film electrode 

for anodic stripping voltammetry. Anal. Chim. Acta. 2008, 619, 173-182. 

12. 	 Economou, A.; Voulgaropoulos, A. Online stripping voltammetry of trace metals at a flow­

through bismuth-film electrode by means of a hybrid flow-injection/sequential-injection 

system. Talanta. 2008, 71, 758-765. 

13. 	 Arcos Martinez, M. J.; Alonso-Lomillo, M. A.; Renedo, D. O. Recent developments in the 

field of screen-printed electrodes and their related applications. Talanta. 2007, 73, 202-219. 

14. 	 Economou, A.; Kefala, G. Polymer-coated bismuth film electrodes for the determination of 

trace metals by sequential-injection analysis/anodic stripping voltammetry. Anal. Chim. Acta. 

2006, 576, 283-289. 

15. 	 Liawruangrath, S.; Masawat, P.; Slater, J. M. Flow injection measurement of lead using 

mercury-free disposable gold-sputtered screen-printed carbon electrodes (SPCE). Sens. , 
Actuator B. 2003, 91, 52-59. 



50 

Development of Electrochemical Catalysts for Analytical Application) 

1~1~n111~£J 


n11WCUJU1~1 Li~tJ~ n~£JTYl1~ L~ ~':y.JYh ~TV\"r1Jn11tJ1:;~ n <il1~1UL:n~1 L~11:;~ 
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\lIU1itJ'd'U1::1.1'Ufll1~~1 L1,;)Lunl1vr~ulafflL~V:h~~ LLU1~1 tJVJ ~~~ a~ L~af"ll a\l1.1'11U1::n au 

LL~lfl1L'1ffl~n~Ln~,;)1n n1::Ulunl18 L~n 1 'Yl1~ a~ L~ a L 1L'1fiU~IV\-rU n11Li\lu li n1tJ1 a a n6fiL~iuL:n\l 
L~vh"lla\lLLa~~LeJ~ LL~~~nI1'Yl~~a\ll~tJL 'YlfliiflL'1ffl~n11~LL'Yl~L~'Yl1LL1.1'~\lLiLi~U11 afflL~yh~\ln&hl 
L1i~ au 1.1'ua\l ~ aulin1tJ1 a a n6fiL~iuL:n\lL~'WI"l1 a\l LLa ~~LeJlif ~\lL~'Yl~ ~ a\lLudfa\l~U~I~;ra~~nI1 
iU~UL~~L~~~U11<ilTYh~::~1 tJ LL~::1111::"lI a\l nI1'Yl~ ~ a\l~u ') ~\I ~~~ a~ rn1.1'~u'"inI1Li"ulin1tJl"l1 a\l 
:':1 IS" all VI .... ..... ~ 0.... d 1 "':':1 IS" 
Y'i~~1.1'11lJ1::naULL~ fl1 b'1ffl~n ~\lUU ,;)::~ILuunI1v\11111::'YlLv\~I::1.1'~ unI1L~1t1~-n~~LL~::nI1 

aan6fiL~iuL:n\lL~'WI"l1 a\l LLa~~LeJlif~ €ILU 
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Abstract 

This research has successfully developed the electrodes modified with 

electropolymerized macrocyclic complex-based films. Unfortunately, cyclic voltammetric results 

demonstrated that the electrodes modified with macrocyclic complex-based films did not 

respond to aldehyde electrooxidation. Supported by additional literature reviews, preliminary 

work revealed that solvent and other conditions can affect the electrocatalytic properties of 

macrocyclic complex-based films. Hence, optimizing the conditions for preparing the films as 

well as conditions for the electrooxidation of aldehyes will be further investigated . 

• 
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0 

1.1 ~113Ja1AtyU~~.yf3J11H)\lUtyVn 
_"1 ....... ... ... fl' ~ d ~I fl'U d ~I"" 	 fl' ....., fl' 

u,;),;)UU3J~TH1U'Yl"HJ"lJU1~ L~n'Yl LuUel'l fI 1:: n elU LL~::'Yl LuWYf!y L"lfU LLel ~ n el riel ~ LL~:: LLel~ ~ LrI~ 

1 

~I ~ U!J A ~ 'l ... ..., fl', .., , '~I .d .d A .d 0 

LuU~U ULuelULL~::/'V\1el~nfll'l LU~~~llrn'l1~l'l G) L3J'11,;)::LuUell'V\11 Lfl1el'l~3J 'V\1elLfl1el'l~lell'l 'Yll 

1~nl1~1'1,;)1	~ ~11flU 'Yl16dij fI'11:JJ ~1 i ~ el cil'l fl'l nl1~1'1,;)1~ ~11flU 'Yl1rJi'l n ~1'1 iTnliL'Ylflitfl'Yll'l 

~I d ~ 'l ~.d A 'I' ... t. .... fl' , ..., t. '" .., ~tfl1:JJlt 'Yl1n11l"f 'U'l~ el'l b"lf Lfl1el'l3J el"lJU1 ~ L'V\ ru 
~ 

11 fll LL W'l LL~::3J"lJU~ el Unl1'1 Lfl11::'V\ £.I'l, tn n ~'l UU,;)'l b~ 

ij n ~ ,:JJ1i£.I ~1 'l G) W£.11 £.I13J ~CUJ Ul1TInl11 Lfl11::~~11 fl U'Yl1 rJ"lJ U 1 ~ L~ n ~'1 £.I L'Yl fI itfl'Yll'l L fI ijLv.J~1;1U 
.d 'I ~ ............ fl'd, 0 .; U .... 'l ~.d A .;,.., .; .... 

L~elL'V\ L~'1li'1Lfl11::'V\'YHL3JU£.Il 1'1~L1'1 1::'V\£.I~ LL~::L"lfLfl1el'l3Jel"lJU1~L~n eltJl'l L1n~13J nl1~1'1,;)'1~ 

~11flU'Yl16~'1 tJ1TI'Yll'l Lfl ijLyJ~l,ruiTnrln,Chn~~'1 £.Inl1LL~ n LU~ tJUfl L~n~1elU~L11~L~ilUU.ff'1LyJ~l
'U 

U '."1.... d ... ~t.1d'l c ~..¥..,~ '1~';,
L ~lLL~::u~'V\lnl1Ln~ electrode fouling 'Yl~'1'V\Ul"lJ'1 'U'l LU11£.1'llUnelU'V\U1U L~LL~~'l L'V\L'V\U'11 

t. .., ••1.':1 d....... U ~ U ~ t.., A , 	 ~
A ~I
"lJ'1 Ll"il"fl'Yl3J~~LL 1~'1tJ~11 1::nelUL"lf'l'UelULL3J fl1 L'UfI~n L"lfU eyelam porphyrin LuU~U ~13Jl1f1 

U1lJtJ1'ltJ1::~'Yl~1l1~1unl1L1'lU~n1tJl el eln6fiL~iu"lJel'l~11flU'Yl16"lfit~~l'l G)L~ ,;)lnnl1~n~1dJel'l~U 
~Ul1 .ff'1~i~ LLU1~'1 tJ VJ Gf3J ~ el ~ L3J elf"lJ el 'l ~11U1::n elU L~'l sUelULL3Jtfl1L'Ufi ~ n ijtJ 1::~'Yl~1l1~1unl1L1'l 

tJfjn1tJl el el n6fiL~iu"lJ el'l LLel ~ n el riel ~LL~:: LLel ~~LrI~ LL~ £J'l ij11 £.I'll u,tel £.I 3Jl fI L~ tJ1 n U nl1lii'1LyJ~li~ 
,..¥ ..., ....., fl'.... t. .........¥'" 'I d '" U............ .... ......., ....., fl' 

LL tJ 1n~:JJunu LLel ~ ~ LrI~ ~'lUU 'llU'1,;) £.IU,;)'l ~u L,;)'Yl';)::~n~l !ln1tJl nl1L n~ el el n'UL~"lfU"lJ el'l LLel ~~ LrI~ 

t~ tJ~ ~3J~ el~L3J el{"lJ el'l ~11U1::n elU L~'lsUelULL3Jtfl1L'UfI~n L~ elU1::t£.l"lf,"~lunl11 Lfl11::~nelU~,;):: 

~n~lVJGf:JJU1::LIl'Yldnu ~11flU'Yl1rJn ~ ,3J~U G) ~ elLU 

http:L~'1li'1Lfl11::'V\'YHL3JU�.Il
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n1"'Y1~r.H)\J 

2.1 n1"LGl~~3JYhf3J'VHl aUJ elf,. el\J a1"1.h~n elULif\J~ellUL3Jr~"l'1$~ ~ n 

,,'bi1LvJY11 n ~1GiSU"Tfu elU (glassy carbon 'VI~el GC) 111 GiLLnU1UGi1d~::~1 £J"lJ el\l Gi1dUd::n elU 

LLl1l"dL6Jf"~ n1~ £J L'Yl"U"L6Jf"~ n11 ~ LL 'Yl11 Ll1Cil1 (cyclic voltammetry 'VI~el CV) L.yj el1lKL n~YJGf!lVi el~-
If' U A .... 1 VI A ~ 

Ll1eld"lJel\lGi1d d::nelULGJf\l6JfelULL!I "d L6Jf"~nUU"lJ1 GC 

dU~ 1 LLGi~\IL6Jf" ~ n11 ~ LL 'Yl!ll!1 LLnd!l"lJ el\l n1dL n ~ Vi el~ L!I elf"lJ el\l Gi1dUd:: n elU L~\li'eluLL!l1"d-
'IJ 

L6Jf"~n~lund::u1un1d~ L~n 1 'YldVi el~ Ll1elldL6Jf,fu (electropolymerization) Viu';hCildT;)1~nd::LLGiLvJY11 
d ... .r ...., I VI .... d VI •• ,.'i;1 ~.r..l ~ .r0 

tIL n~"lJW;)l n nd::U1Un1d~\I n ~11 L~ 6Jf\l nd:: LLGi L1"n'~1'iil:: LVi !I"lJ ULl1 el'iil1U 1UdelU n1dGiLLnUL ~ !I"lJU LLGi~\I 

~\I n1dLn~YJ ~!IVi el~ L!I elf"lJ el\l Gi1dUd::n elU L~\li'eluLL!l1"dL6Jf"~nuu.ff1LvJY11 GC 

500 

300 

~ 
100:::1.--c 

Q)... 
-100... 

= 0 

-300 

-500 
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 

Potential (V vs. Ag/Ag+) 

"t.Jrf 39 16Jf"~ n11LHL'Yl!ll!1 LLnd!l"lJ el\l n1dLn~YJGf!lVi el ~ Ll1 elf"lJ el\l Gi1dlh::n elU L~\li'elU 
'U 

LL!l1"dl6Jf"~ nuu.ff1 GC 

• 
2.2 n1"Ln~eleln~L~iluif\J1'VH'11'i1el\Juela~111~~"~~1\J ') 

L~m.t1.ff1L vJY11 GC ~~~ LLUd~1 £JYJ~!IVi el~ L!I elf"lJ el\lGi1dUd::n elU L~\li'elULL!l1"dL6Jf"~n!ll'Yl~ 
GielUUd::~'YlR1l1Vi1un1dd\lu:Dn1£J1 el el n:nL~,fU"lJ el\lGi1d~WYl1rJ"lJU1~ L~ n L "lfU LUU6J1~~Ln~ (benzal­

dehyde) LL~:: LvJel1~~ln~ (furaldehyde) d~lu~u l~[JL'Yl"U" CV Viu'"h .ff1i.vJY11 GC ~~~LLUdYJGf!l 
Vi el~ L!I elf"lJ el\l Gi1dUd::n elU L~\li'elULL!ll"dL6Jf"~n £J\I"lJ1 ~ud::~'YlR1l1Vi1un1dL1\1 u:D n1£J1 el el n:nL~iu"lJ el\l 

LLel~~leJ~~\ln~11 
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~~ nl1'Yl ~ ~ el" bb~~"1~b~ '1,1,11 ~13Jl1t)~fl" YJ Gf3J~ el ~ b3J elf1! el" ~11U1:: n el U L :n"ielULL3J Lfl1 

, 	 L6J1fl~nuu,T1LvH'h GC ~lun1::U1unl1~ L~ n t 'Yl1~ el ~L3J el L1L6J1,fU LL~WGf3J~~ bbU1d~hiiiu1::~'Yl~ln~ 
1unl1L1" U D n1[Jl el el nsn L~,fUL:n"i.yJ YJl1! el" ~11~ '1,1,'Yl~rj'1!U1 <11 L~ nU1:: LIl'Yl bLel ~ ~Ln~1~ ;A" ell"il Ln ~"ill n 

~n1Yrn:;1! el"YJGf3JLL~::1l11:;1unl1L1"uDn1[Jl~L!lb 'V\ 3Jl::~3J 

A 	 .... ......,:. .... .:l "-' 
"illnnl1~Uf)ULL~:;11U113J1! el 3J~ L~ 3J L~ 3J b n [J1 nu 

'U 

.:l 1 A ~I ft .... ft ~ VI ••1.":1 d • I .... ....... ... "-'
I

(1) 	1l11::'Yl L'V\ 3Jl:; ~3J '1,1, nl1 L~1[J 3J -n ~ 3J ~ el ~ L3J el1U U1!1 L-n -nl b~ el nl1b1" u!l n1 [Jl el el n6J1b~"lfU 

b:n"LrJYJ11! el" ~11~U'Yl~£J"lJU1~ b~ n 

(2) 	1l11::~ b'V\ 3Jl::~3J1unl1L1"Uii n1"[Jl el el nsnb~,fU"lJ el" ~11~U'Yl~£J1!Ul ~ b~ n t~ [J,T1LyJYJ1~~ 
LbU1~1 [JYJ~3J~ el~ L3J elf"lJ el" ~11U1::n elU b :n"ielUbL3J tfl1L6J1fl~n 

~U11 1111:; 1 unl1b~~[J3JYJ~3J bb&:l::1l11:;nl1d"u Dn1[Jl el el nsn L~,fU1! el" ~11~U'Yl~£J"lJUl <11 b~ n b';-U "lfii,<iI 

"ll el" ~11U1:: n elU L3J Lfl1L6J1f) ~ n ~1'Yll &:l:: &:l1 [J dJ u~u Gi" ~ ~ ~1 ~qJ ~ el U1:;~'Yl~III ~ nl1L1" 11 Dn1 [Jl 
... "-' ... Aft ~ "-' ~ ... ,,-,..t I .... "" .:l I A 

el eln6J1b<il"lfU1! el"~11elU'Yl1[J1!Ul <iI b~ n <iI"UU "1'1,1,1"il [JU"il ::3J" b '1,1, U~n1Yl'V\11l11:;'Yl L'V\ 3Jl::~3J~ el nl1b~1[J3J, 
YJ ~3J"ll el" ~11U1:;n elU bb3JLfl1L6J1f) ~n~~ elU ~Uel" ~ elU Dn1[Jl el el nsnb<il,fUb:n"LyJYJ1"lJ el\l bLel ~~Ln~ 

"illnnl1~n1Yldfel\l~Ub~el\l ~~1! el\l~1'Yll~:;~1 [J~ Elnl1b1\1U Dn1[Jl el elnsnL<iI,fUb:n\lLyJY:h"ll el" bbel~ 
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