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ABSTRACT 

TITLE : DEVELOPMENT OF SAMPLE STACKING PRECONCENTRATION 

TECHNIQUE IN CAPILLARY ELECTROPHORESIS FOR THE 

DETERMINATION OF CHLORINATED ACIDS HERBICIDE 

BY : SURATDASRISUWAN 

DEGREE : MASTER OF SCIENCE 

MAJOR :ENVIRONMENTAL TECHNOLOGY 

CHAIR : ASST.PROF. JANPEN INTHARAPHASERT, Ph.D. 

KEYWORDS : CAPILLARY ELECTROPHORESIS I SAMPLE STACKING I 

SAMPLE PRECONCENTRA TION I CHLORINATED ACIDS HERBICIDE 

This research has development of sample stacking preconcentration 2 methods were 

Normal Stacking Mode (NSM) and Field Amplified Sample Stacking (FASS) for improve 

detection sensitivity using capillary electrophoresis ( CE) for determination of chlorinated acids 

herbicide such as 2,4-dichlorophenoxyacetic acid (2,4-D), 2,4,5-trichlorophenoxyacetic acid 

(2,4,5-T), 4-chloro-2-methyphenoxyacetic acid (MCPA) and 2-(2,4-dichlorophenoxy)-propionic 
I 

acid (dichloroprop) were studied. The optimum analytical conditions were involved type ofbuffe~ 

solution, concentration of buffer solution, pH, surfactant, separation voltage, sample injection time 

and water injection time. The experiment results indicated that the method and optimum condition 

were fused-silica capillary 50 )lm i.d. x 64.5 em (56 em effective length), 50 mM phosphate buffer 

solution and 100 mM sodium lauryl sulfate, pH 7.0, sample injection times 40 sec., water injection 

times 10 sec., separation voltage +30 kV, temperature at 25 °C, UV-Visible detector, signal 

wavelength at 214 nm. The detection limits for these could be 0.05 mg/1 
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" . " 
ffl'i tfliiV'i~t.n'YIIPil.:.t'1'1lfl.:.ttfllll?l'im m~hil 1~1~fmh~&u:::'llTYi\]fl~fl.:.t t'liu nn 1 ~ffn tfliim~il\l 

I I I I 'JI 

i 'UV~ll1Wfilllfltfl'U'rlflt~flfi1l:::d .:.t i'l1'1~~~~ill?lfi~ ii~W.fll'rl u~~ij~l'U 1'Ulllfl tfllll?l'im 1~1~Vi.:J 
QJ 1 'J) "'1 'j/ I "' d 0 I 1 'J)'j/ ""i 0 1 'J) 4S 

'i:::V:::n~lM~.:.Jfll'i '.lfffl'itfllJ M'Ul'U'rlflflfl'Ufll'itfl'UtflV1 U~:::~lM'UlV m_;i'U'i .flfl 'Yll Mffl'itfllJ 

" " m~hill?lfl~l.:.tfl'liu~~~il\91 iu~u u~:::'Ul.:.t~huon"lf:::~.:.~dumi.:.t'lll tn~~~m~'Yl'UIPim~'Unmut~t qJ 'U cu ~ . " " 
ff.:.tU 1~"' flll ~ .:.tU'U flUI?I'i 11lfffl'UM1V~ll lW fll'il?lfl~H'Il fl.:.tffn til ~~i'lf~"lf -n.:.~ 1 'U ~~ ~ili?I'YIH 

fll'i tnlll?l'i u~~ ~ .:.~u 1~ "'flll~.:.ttilu ~ .:.~ ~lt iJ u flVl.:.t g.:.t fll'i 1?1 'i 1~ Mlv~mw ffn ti1~~ i"lf~'.lf~l?lfl~l.:.t 1 u 

~~ ~ili?I'Yll.:.Jfll'i tflll\91 'i M~fl 1 'U ~ .:.JU 1~"' fllJ ~iifl1lllt<U'lJ;j''U 1 'U 'i~~'UM ~ .:.1 1 'U "'l'U ff1'U (ppm) tr 'U 

fflllnmh1~i~v1~tfl~fl.:.t11fl High Performance Liquid Chromatography (HPLC) U~~ Gas 
I I lfl d d.g/ 0 Ql g) g) G.l I ~ 

Chromatography (GC) U\PIVfll'l tlfi\PIUJ HPLC Uri::: GC lJ'Ilfl'illfl~M~lV~l'U~1Vfl'U t"lf'U t'Yifi'Utll 

<Q f!'j) ~ gJ 1"'QI a ~ e:.ta'1 .q .d ~ a'1'J) 
fll'i1tfl'il~l1~1V HPLC 'U'U l?lfl.:.t "lfi?ITVll~:::~lVfl'U'Yl'iV 'UV'ilJlW'YllJlfl fll'i1tml:::M "lftd~l'Ul'W 

4 ..... .,g.,. '"lliJI 1'j/ "" 1 ' 
U~~fll'itffflllff.fll'rl'llfl.:.t HPLC flfl~lJ'IJ 9f.:.tlJ'ilfllff.:.t 'i1lJtl.:.t tllffllll'itl "lft'Yifi'Ufl HPLC 'Ufllt 

"' ' 

~ tl ' .dtq ld .c:!t ~ lJ) 'j} 0 Ql 1 'j/ 1 
1tml:::MfflH.JlUlJ~.:.t'YlllJlJ chromophore M'ifl fluorophore 'Ul.:.t"lf'U~ ~~ fflM'i'Ufll'i '1f GC 'Ufll1 

" " . 1tml:::l1'fflnhull~'ltt~:::ffl':itil.Ow'J"lf~"lfuu ii<U'ul?lfl'Ufll':i tl?llVlJ~1flVl.:.tfid.:.~mn fifl mnh 1 'li'tn~ • 
ffl':ifl'Uiun (derivatization) t~flt~lJf11llJffllJl'itl 1 umn~mV'Ilfl.:.tffl'i~1flVl.:.t 't11 1 '11'1 ~nm 1 u • 
m11tm1:::l1'u1u u~:::ffn'lmt'ilu~~1~vh1lBn~m "huimyiillfll~.:.ttm:::tilu~ll 

fll':ii~u 1initfl ':il:::lfMlV~ lJ lW ffl':i CJJ lUlJ~.:.ttt ~ ~ ffl':i ti 1 tO~ i'lf~"lf~1vt 'Yl flu fl Capillary 

Electrophoresis ( CE) ~.:.ttil'Ut'YlfiUfl~ 1~l'Ufll'i~~'U llJlflVl.:.tiPimrt fl.:.! ~fflJ ~ffl'U~flllW:::t~'U'Ilfl.:.t 
.c::u::IQ d'~ 9J fJ/ Ql 1 d 0 1 Q 

11i1tml~Mfl'Ut'lll~1Vfl'U 1:::1111'1 Gel Electrophoresis (GE), HPLC u~::: GC 91-:.J'Ullllffi'Ylfi'Ufl CE 
"' ' 

~.:.ttilut'YlfiUfi~VfllJl'UflVl.:.tfl~l.:.t'll1l.:.t 1utl'il~,ju M~flfll'i'llfl.:.t CE fifl tilum':itWflffl'i i~vmf1~ 
I 1 4 d 1 'j/ liJ • .I-~ 4 1 'J) I QJ .. 

fl1llJU\?Ifl~l.:.t'llfl.:.tf11llJffllJl'itl'llfl.:.tffl'i 'Ufll'itfl~fl'U'Yl.fllV l?lff'UllJ rrrrn tllfl Mfl1llJ\?Il.:.tffflV11~ 



liifttnn~ 1 vHh~uuntiYllll,;nt~il••••n~ouiitllovn11~1~1 1~1Yhfi'u 1 llV•~o 1 yj,ll,~.,.~ 1~ fit 
11~~ ~'UtJ,:jff1~ i'1111H~1 l 'Ufll~ ~i'l~tl'U~'UtJ,:jff1)~'UtJ~titJ1'1111Jff11J1HH11 'Vn~\9)1 i 'Ufll~~i'l~ti'U~ 
mrJi~ff'U11l il'lvhu~~fl111l~1-:jfffl61~rJfl111lff11l1HH11 vn~l911 1 um~~fl~t~u~mrJl~ff'U 111 il'l~~ 

1 ~.clllqtiQIJQI Ql.t:::::t. I 0 ,..I Qll 
'\JtJ,:jff1~ U~~~"ll''U~lli'll ~1J~'¥11fl'U'U'U fltlfJW ff1JtJ~'UtJ,:jff1~ ~"ll''U 'U'U 1~1H'I~'il1'U 1'U'UtJ,:jlJ~~ ~ ~~~ V 

SJ I 
1

1 

'li'um~U~fl~1'UtJ,:jffn (degree of dissociation) u~~il'il~rJ~'U mVi i'l111ll1'11~ ~W'Vi.QiJ u~~fl1fl,:j~ 
1/) C> d C> "'n.l n.l ./ <!I C> d ,. 1/) ./ .J i " ~ " I 
~~tl!~fl'YI~fl (dielectric constant) 'UtJ,:jtJn~ntl~ 'Vi~tlffn~~~1rJtl~~fl ~ 'YI~ ~~~'YI '11 ~lJ'U~'IJ 

• • I 

(~W1 'tf'U'YI~'tf'U, 2550) CE ii.u't~~~ijt~t11lfJtJ~nfJtJtilJ HPLC fltl CE ~~uinfiii11~~ff'Yinm'V'Ifl1~ 

~Wfl~,:jfl';h HPLC (Yu et al., 2005) i'*ff1~~flii ff1~~~mfJU~~\9lTvh~~~1fJl'U11~mru~UtlfJ1J1~ 

~~~tJill 1mti~~ (,ul) -.hiM'11~mru'UtJ,:j~ffrJ'il1nM't~,:j11fi,j~nnut~rJ CE ~~uin~ff~~1n 1'*~1~ 

n~1~i '*1 unn i~m1~11'iu ~'U 'YI'U m~ 1~m1~li'l'it~'VI'lhfJ~1 CE 11~~ fltltJ~1fJ"Il'U~'UtJ,:jfln UfJ~ • I 

(separation mode) mnrJ"Il'U~ ~'li'U Capillary zone electrophoresis (CZE) ~,:j~~uin~~1rJ~'tf~ 
~'Vi 1J 1 ~ ff 1 'Vi flJ fl1 ~ U fJ fl U ~ ~ 1! i'l ~ 1 ~ 11' ff 1 ~ ~ ii 11 ~ ~ 'il 'U 'U 1 ~ ~ ~ fl Micellar Electrokinetic . ' "' . 
Chromatography (MEKC) ff11J1~tl i'*~Wflff1~ i~n,:jfiij11~~ ,U~~~~'U fl~N'YIN il'l~1 i~ 

1 C> <!/ C> , CV n.l " ..!\ , " C> ~ (Zhu et al., 2002) ~fJfl1~!1911Jff1~~~UH~,:j~-l1 (surfactant) ~,:j 'Uff1~~~mrJ1J'V'I!nti~!'V'Itl 'Vitfl~~lJ':J 

\r) o' ?I 'j/ I .c:::::t. QIQ'j/oGIGJ .Q ct'.l!!( .c:ll 

~1J~C)f~~ (micelle) ~lJ'U~'U U~t'Yii'l'Ui'l CE fJ,:j1J'Utl'il1fl~ t'Ufl1~1~m1~'Vi i'ltl 111'11 limit of detection 

(LOD) ~~,:jn·:h HPLC ~{jtJ,:j'il1flfl1~i'*uflil~m1flt~"'1JU ~ii~~'U~1tr'U6nm,:jUtJfJ1nfl (50-75 J.un) 

u~~11~111ru 'UtJ,:jffn~1t~th,:j~~~ iuul'i~~i'lf ,:j'\JtJ,:jflni~m1~11'i '*iu ~~~lJ i11 1 mti~~ (,ul) ~-ll 
I sJ I i/ 

ff,:j~mlM' CE iiri1 LOD fi~,:jfl'h HPLC ~,:jU'UUfli~rJ~,:ji~'V'IfJ1fJ11l'W~'U1in\9i1-:j"l ~Ylt!U~ilty'VI1il 

1~rJ i~vhnn~ ~ff1~ 1 u 11~mw ~mn~uu~~ 1 '*n~ i n~vh i M'ff1~19l'1t~~1-:j~ii~m~nri1ltiu~~u 1 C)f'U • 
G} .:::t a..rJ.ci.e~ .QJ, 'j/.cl 0: 

Ufltl"l t'UUflil~~1~flti~1J'U C)f,:j~~fJm'Yifi'Ufi'U11 on-column concentration 'Uti~'UtJ,:jfll~'¥11 on: 

column concentration i 'U CE fltl hi~1~~'U~tJ,:jii~fl~tJ,:jljtJ i~"l ~~1J~'U tllfffJfll~,j',:jtitJm~~i'l~ti'U~ 
(electromigration) 'UtJ,:jff1~ 1 'UUflil~~1li'lti"'1JUl M'iivm1~~1~U~fll'i1-:j i 11'il1fl11fl~~WfJ,:jtJ~1-:j~~fJ1 
~1t1~1-:j~'Jiu t'Yii'lUfl Sample Stacking i~utl Normal Stacking Mode (NSM) u~~ Field-Amplified 

Sample Injection (FASI) ~1fJ,:j1'U~11~~~fl~l~~'YifiUfi.Q'titJffnti1~~l"ll'Vl"ll'11~~ul'YI Chlorinated 
"' "' . d 'JI .el .Q Ql Ql d.~ ~ Ql .Q .o=!t i ,.. " 

acid 'il~1J'UtlfJ1Jlfl fl1HI'flEl11'ilfJi'lH'U'il,:j~lJ'Ufl1~'V'I~'U1t'Yifi'Ufl CE ~'V'Itl "ll'1~m1~'Vi'Vi1ff11 

ti 1 ~ ~ l '11Yl '1111 ~ ~ ~fl 'YI Chlorinated acid i ~ U fi 2 ,4-dichlorophenoxyacetic acid (2,4-D), 

2,4,5-trichlorophenoxyacetic acid (2,4,5-T), 4-chloro-2-methyphenoxyacetic acid (MCPA) U~~ 

2-(2,4-dichlorophenoxy) propionic acid (Dichlorprop) 



VI11H~ 1.1 'li't~lH'IVIl-ilt~i:hnN 2,4-Dichlorophenoxy acetic acid (2,4-D) .. 

1. 2,4-Dichlorophenoxy acetic acid Cl 

(2,4-D) 

/"--... ~0 
0 c 

I 
Cl OH 

..-
tJOUJ1J1.JV111HHUJill'W 

: Ql ,. 

'Ul'H'Ufl &lHClfJCl : 221.04 g/mol 
' ' Qld ~0 I J!!i 

ffl'J ffCllfl~ 1VI~W '11 tJll~lfl11~~H~V~ ~~'11Clelllt'11Cl1 : 140 oc 

ti1 pKa = 3.30 fll'JCl~mml1 (g/100 ml ~ 25 °C) 0.031 

I Ql Ql r/ : 
~1llJ'I1'UlH'U'UfflJ~VI1i ('Ul=l) : 0.7-0.8 (Cl~Cllfl i~uvf!mn) 

'tJOlU~fiHHUJill'W ~H'UW~ : t~'UH~fl ilJijiy '11~flt~'UH-ilff'1111 

ouV~1UJ11HA~ii : uuffCllfll91'1trlv i~i'1J~11llfvuvh t,rtn~~1u~t~uvho~nlli1.:J ifl 1~1Hm 

~Clt~ i 'J~ Vil'llfin~f!ln1Jffl'J vvncJ1i~CJf'v~l.:JH'J .:J Vi1lM'tn~ij'u~'J lfl'illfl i 'Vli m!tm:::mn:::tfi~ 
" .d 0 .oil:!( ..r:::. ,.. 

ffl'J'U mmflffl'J t~ Clt~1J1Jl.:J'If'U~tm::: , Cl'l1::: 

' I o v .c::l ~ Slu v , V o 3 
fllti1H~11f.l81J &'11'tf1JN'tf ~mnm111H1U : TL V : 10 mg/m as TWA; A4 (not classifiable as a 

human carcinogen) ; (ACGIH 2005) MAK : (Inhalable fraction) 1 mg/m
3 

; skin absorption 

(H) ; Peak limitation category : 11(8) ; Pregnancy risk group : C ; (DFG 2005) 

..,...,. , VOJ OJ OJ .c!l V ' ' "J V'i GJ V 
1011H,.8~n11 ~11.J'tf1JNU: ffllll'Jfl~~G)flJt'lll'Q;'Jl-ilfllfl L~ &~flfll'J'I11fl &'iHVlCl:VV-ilffl'Jt'lll 

itJ t'li'lVIl.:J~bm!.:JHCl::: 1~flfll'Jfl~'Ufl'U 

3 

j 



fi11H~ 1.1 ~'fllq!~'Y11~tflii'll'fl~ 2,4-Dichlorophenoxy acetic acid (2,4-D) (~'fl) 

,SICVCVCV, i'J 0"'"'"'1 I N~'Utl~fl11 ~11.HJ'IJND'D'11 'U'i:l:U:l:£111 : 2,4-D t 'l..lft1'Jf11'0~1"1f.,'lf 'l..lfHJl.l chlorophenoxy 

.k "' I 1 ' .,,.q dGJ' rl 
, 

(1987) 
' 91 d, Q.l 

C)f~flfl'O~fl~ll ~fl IARC 11'fll'llfl'fl 'Htfl~ll~tHfl'Ull'lfi:W u~ 'U'fllq! ~ 'll v ~ ft1 'J '1..1 tl~ .. . 
1l,jff11ll'Jflff'J1.11~ ~Tvh~:::mtJ•JhtJ (carrier solvents) ~1"*1u~hi''U~'ll1tJ1'1..1Vl'fl~~m~m'lltn~ • 
m'J t1.1~fl'l..l fltu ff1lU~'Yil~flltJtn'rltt~:::fl111lti'luw'l:l 1~ • 

! 

I I 

" I "" " 'Utl1J~Nttfl1::'fltJfltlD'~ttl~tttl'IJ 

ffniftrluvu~'J1tJ~'fl~~ii~1~ 1 uJ1 
;: I~ y ,y 19} 19} 

ff1'J'I..Iff11.J1'Jfl'fl'flflffff~H1~~'fl1.J ~flltl ~fll'J 'lf .. 
~11l11fl~ ~~fi1'Jtm 1'11 1rimh~1l1fl 'fleh~ h~~11l fiT:mnm~tJ~11i~ti'lu nn t~llm'J , 
1.J~~1.JrivtJ 

I 
fll'Jfh~~Vi~vci1~ 11,jm1l1:::ff1l t'lf'l..l 

fll'iH~ 1.2 il''fllq!~'Yl1~!flii'll'fl~ 2-(2,4-Dichlorophenoxy) propionic acid (Dichloroprop) 

4 "" lfl1~trfH 'If tl D'11 Ul 'IJ 

2. 2-(2,4-Dichlorophenoxy) propionic acid Cl 
~ 

I 
CH 

(Dichloroprop) 

X~o # 
0 c 

I 
Cl OH 

...... I, flt:U D'lltJ fl 'fl H fllUfllft 
I 

"J~'J LtU~fJ~ C9H8Clp3 
: "' i '1..11'H'I..Ifl llmfJ~ = 235.06 g/mol 

I 
, , 

fl1 pKa = 3.00 fll'J~:::~1tJ1uih : 11i~:::mt~ih 
~ 

, 
~~'H~'fl1.Jtl1~1: 117-118oC ff1l1.J'J:::ff'Ylifll'JU1hff1'1..1 Octanol/U1 ~11.1 

' Ql Q,l rl : 
fi111.Jl1'1..11U'I..I'I..Iff1.J'ri'Yl1i ('1..11=1): 1.42 log Pow: 5.91 

" 0 cv 
'U tl1Jtt truuy 

D'ill'U:l:'fiHfllUfllft 

u tJ .:::9 , tt::::~.d.c!i t::::~ a i td. d 
ttfl'Mt:U:: : ! 'I..IN~fl 1.J1.Jfffl~fft'H~'fl~ 1.J1.Jfl~'l..l 



5 

ftl":iH~ 1.2 .u't:~lq!"'Y11~tflij'Ut:l~ 2-(2,4-Dichlorophenoxy) propionic acid (Dichloroprop) (~>it:~) 

~ ' ~ ' ~ 

V!uj:l-:rvHmJ .Yh i M'tnfln1CJfvhm"~tifln~t:~u fi1"1miTt:~tVt:~'i':nJ11nJt:~-.:r~u ocscooo7) u"~ 
~ ' 

1~ 1fl'it11'Ufl"t:~ 1 'i~ (lese Ol63)ff1'i"~"1£Jiuihttlumflvt:~u fi1"1£J 1m1~'11"1eJ'Ifiifltjjt:~ij 
~ 

0 I 'J/ 
'U1'i1tlfl1fl 

th;hn~~uoll1fla'IJN'tr1~il,nm,.,hnu : hi1~ihMuflth TL v 

I I 
.:( ~ Q ~ 0 9J I \IJ d 

flllllltrtl~illflfll":i't'iltl&il : 'YI'f,JW'115Jtl 20 C fll'i'i~t'Hfl'Ut:l~ffU\l~'U~Wtllf1 ~W1~ l'if11911tl 1 

_I<> GJ ..;. .l "J'll ~ ., 1 ~ 1 'J/ 
IJ'itl1W 'UtNff1'i m mmfl'ff1tll'ifltV.tl'U'U lfl 11u tl~ ~flt:J'U\91'i1flt:J£11~'i1191t'i1'i~'l111~fll'i'U'Um£J ' 

Nt'1'Utl~fll":i,~1'lJHl!Ntrtrl":i1u":i~tl~tlll : m\ltflflf1U11utnt:~u ti'Uff1'J11'i ~f1t:l'Ug'U ~~ll1 '1M' 

ttlu ff1'int:~t~~t ~ ~ Ju f'it:~fl1'i~tmttlufitfl'llt~t:J'I1~m~£J~fl1'i 1~i'mY't~ Hffff1'i ~~m"t:~t1m"1 

g'U : 114° C (technical grade) fl'U\91'i1fl~'Ut:J~ti'Ufl11t11'UUH'Ut:l~f1U 1~i'mYtJHffff1'J fl1'i 111 

Q.l a' ~ il ct 61 " ~G) 0 Q.l ' Q.l Q.l 0 ...:!\ 
'i'Ufll'i\91'i111111mtv.'Yim1Ju 'i~tl~ mt~m'i & 'lfff1'i'U & 'U"J:191'i1911'i1J'i1tlf11J\911'V11"~ meJt:~Wl fl1'i 

~ ' ' 
fff1ll1 card (s) (ICSC)'Ut:l~~1ll1"~"1m!u ~1ll1"~"1£J'li1rl (carrier solvents) Vii~ iu9hi''lJVi 

'\11£1 i u ~ t:~~\91 mflm \ltnfl m'i t 11~ eJ'U fJ w fftJ,j'~ m~m £Jmv.tm~ fl11tlt tlu fill 1 ~ tl11u u:: u 1'\J t:~~ 
.! i 'J/ I ... ./ • "''J/ .f.,.,j 'J/ "'' 

Card 'U ff1tl1'itl 'lf'i1tlf11J tt:lfft191t:l'i'Ut:l~ dtchlorprop lfl ffU'Utl'lft:lfll'ifll fit:! Comox RK., 
'JI 'JI I I 

Hedonal DP card ui~~mv.1~timi1ff1'it'Vhiru 11-ii~iumwVittlu ff191'i9hi''U tiTt:~~111f1'111f1 ... 

tilu "J:191 'i ~1i''U m 1ltilu 'flu 191'i1eJ~t:~fi ~u 1fl~t:Jtl 1 ~mmr:h 1 u l11ff1'i 'U~ "!'VIi 



~11H~ 1.3 .flDl.JCl'Yil~t~ij't.ID~ 2,4,5-Trichlorophenoxy acetic acid (2,4,5-T) 

' .!I ... 
'lftltf111tUJ 1tl1~tJ.fH 

I 

1. 

Cl 
I 

Cl 
~ 

I I 

I 

# ~ -:;::::::-o 
0 c 

3. 2,4,5-Trichlorophenoxy acetic acid 

(2,4,5-T) 

I 
Cl OH 

~----------------------------~------------------------------~ 

1 : ~~ 
'Q;\91) 111ClflCl : C8H5Clp3 'W1'H'Wfl !1llt'lflCl : 255.48 g/mol 

" . 
fi1 pKa: 2.88 fl1HI~Cl1t.Jl'W'I.J1 (g/100 ml Vi 25"C): 0.03 

ffmt.J~1~~W'H1Jii~1fl11~~&~u~ ~1111~u1u, Pa ~ 25"c: UDt.J111fl 

~~'HClD11t'HCl1: 153-158"c ff'mhd1'Yifnuu.U~-ff1'W Octano111l1 \91111 

~1111'H'W1UU'W : 1.80 g/cm3 log Pow : 4 

!II 0 .., 

'Utlll't1tflfltlJ 
.. v 

QJ ='I .c2 .et 

tftllU~'tlHOltlill'W 't1fl1:1W~ : !lllHNHClflff't.lld 

8u~11tJ'tlH&tlii : n-uffCl1t.J~1 1~&rlmrwln-n11~1111!uu'H~mdutH11 mj' trlun-mt.J~11l~ 
I J/ I Jl 

urimnr'Ju'fhrh.rrhnm~ti~fllD'WVhmmuute'iu )111Vl~~Dff\l'W (~ ICSC0007) tm~ 1eJ 1~)!1l'W .. 
" " ~ClD 1)~ (~ ICSC0163)ff11Cl~Cllt.J't.ID~ff1)Ulu'll1t1j'Wfl1~VD'W . 

' 0 Q.l JCI ~ ,.,QJ Q.l ~" 0 3 
tl1111flflfltltlll &'HtflJNtf &f!111fl011fiH1U : TLV: 10 mg/m as TWA; A4 (not classifiable as a 

human carcinogen); (ACGIH 2005) MAK: (Inhalable fraction) 10 mg/m
3

; Peak limitation 

category: 11(2); skin absorption (H); Pregnancy risk group: C; (DFG 2004) 

"""' ,!II..,..,.., !II'' llJ!II~ 1 !llllJ_I 
1tlfiH'Utl~011 fi11.Jtfl1Ntf: ff11J1)fll't.I1'Q;)1~fl1f.J ~~ !~t.lfl1)'H1t.J 1HD1Cl~DD~'t.ID~ff1)1't.l1 !U 

ue1~ 1~t.Jmmilufiu 

tl11lll;t1~111flfl11'Hlt11'il : tdD\lflW'Wt1j'WCl~DD~ 'Hlflijfl1l~~fl1~111t.J't.ID~~'Wff11 flll .. . . 
-~ ~ I ~ ~ ~ .l 
u 'W! U fl 'W 't.l fl~ ff11 'Q;D1 fl1fl'1l 'W \1 ~ ~ ~ D'W \9111 fJ 11 ~!) 1't.l 'W 111 fl 

'· 



:.7 

VI11H~ 1.3 .rlm.JrJ'm~tflii'tlv~ 2,4,5-Trichlorophenoxy acetic acid (2,4,5-T) (19iv) 
"' 

" , ,..., ..., ..., , 
: '11tltl n 'Y1 ~r~ v ~ h.uf;r5''t'lu-:h ff11U m ~u rh.J oW'l:l\91 v Nil'lltl.:Jn11 ~11.J«'l1Ntr«11 tn:u:un 

a .... <I <I a .... 
1 ~1J1Jff1J't'I'W ~'\Jtl~l.J'4 1:1 fJl11 t~tl11't'I\PJJ'W 1tl11'\Jti~'YI n n 

' Sl I "' Sl 
'Utl\JilNilfl'l:fi1.JVItlD' .:JUl~iltl'll 

.: ~ "' I I ..; QQ... , : .: I..; 91 , 91 , 91 , 91 
ffl'i'Ut 'U't'l'l:ltlfJNl.J1tlVItlff~l.J'lf1VI 1..11..11 ffH'Uff11.JHtltltltl~ff~U1~r!tll.J ~fllfJ Vltll'i 'lf 

' 

V~11.Jt1n~ \l~fl11tt~1 1 '1 1 riu~1~1.11n u~1~ 1 'inV~11.Jfl111l1~m~tJ~11i~t~unntvil.Jm1tJ-n~tJrlutJ 
" t'lfu m1ti1~~n~u~1~11im1.J1~ffl.J 

VI11H~ 1.4 .rlvlq!r!'YI1~tflii'tlv~ 4-Chloro-2-methyl-phenoxy acetic acid (MCPA) 

... "" lfl1-:JD"fH '1Stl0'11&fl'll 

Cl 
~ 

I 4. 4-Chloro-2-methyl-phenoxy acetic acid 

(MCPA) # ~~0 
0 c 

I 
CH OH 

3 

...... 
fJWtl'li1.JVIfiHnl£1illft 

~VI'i ll.Jt-nfJ'ft : C9H9Cl03 
: .... 1 

'Ull1'Utl l.Jl'ftfJrl : 200.62 g/mol 

" " I 

tl11-n:mtJluih : hir~~mt:nll fl1 pKa: 3.10 

" " ~~l1'fttll.Jtl1'01: 118-ll9°C ffl.Jt11~ ff'Yintl11 uthff1'U Octanol/'W 1 V111.J 

' QJ Q.l tl : 
fl11l.Jl11..11U'U'Uffl.J't'I'YI1i (1..11=1) : 1.6 log Pow: 3.3 

" 0 ..., 

'\.18\jilfl'lflty 

..., IS Q 

O'OlU~fiHnlUillft ilfllJW: : J:HH'fltlff'\.111 

..., "" Gl91 91 ,91.,,d~.,. o J.!J. IS 
tlUVI11UfiH!fl'll : ff11ff'ft1fJVI1~ 1fJfl111.J 'itl'U l1 fl1'U 'Yit 1..1 't'l'l:IU'ft~'YI1rl1fJt'U t!Wtl111.Jtl~ 

" 
1er l~'it'l'Wfl'fttl h~ff11Ut~um~fltl'W 

,h;hn~~ue'll11\'tT''lJN'u1~mnm-a'fiHlu = 1li1~ti1l1'U~fh TLv H 



ftl'aH~ 1.4 ~~\I"'VIl~tflii'll~~ 4-Chloro-2-methyl-phenoxy acetic acid (MCPA) (~~) 

' ' " ""' ~ ""' .,. o o , 31 .I ~ <9 
flll'IJUJf.l~'\llfltll'a't'IU.U;J : 'VI'f2Wl'YfJ1J 20 C fll'J'J:::tlfl'J'IJ~~ffl'Hl:::'VIl lffllfllrlu'\.JtlJ~tHl'\.Jtl~ 

~'Utr!'Ufl''Umll'Jmh~~1'1 mh~ 1 'J~\91111~1\Jfl~'\.Jtr!'\.J ":::~~~ lflmrlmn~m'J~~m:::'il1l'J'Il~~ 
~'\.Jffl'J fll'Jl1'\.Jtn~'\.J'IJ~~"'1'Jffijlfllff'il:::t~1~'\.J . ~ .. " 
No'Uo~m11~1uii'IJN'««111u1:::u:::ilu: ffwu'ii:::.Yhl..¥~1~\911 ~bm:r~ u":::m~t~'\.Jlfll'Jl'il tn~ 

<!I 
fll'J'J:::flll'Jtfl~~ 

.. " 
ND'Utl~tn11~1uii'IJND'i:rl'i 1u'a:::u:::un't'l1o 1~1'uc:U19 : fll'J'VI~" ~~ 1 '\.J ffl9rftm~~ 11 ff1'JU m 'il 

0 ,9}~ ~ .c::::! I 4!!!1 Ql "1 .. <!I <V 

fl~ lf tfl~'n1:Hm:::1J H"\91V'J:::'U'Uff'U'n'\.J 1i '\.J1Jtj1:1l'Jlf'J ~fll'J'nWJ'\.J lfll'J'IJ~~'VIl'J fl 

't'i'IJlf.ll't'IP.) : MCPA ~d1'Unq1lff1'Jfh~~i'lf~'lf'lfii~ chlorophenoxy ~~ffl'Jflq1lifm'iltri'\.Jff1'J 
1 ol , o' "' .J "' 1IJ 31cv "' "' 1IJ .I 

fl~1J:::t'J~ '\.J1Jtj1:1l'J fi111J~'\.JUH~'\.J\91'J1l'J'IJ'\.Jfl'Ufi111J~'\.JUH'IJ~~fll'J ~~'J'Uff1JHffff1'J fi1'J ~lJ 

i''Ufll'J\9l'J1'il'illflU'n'VIVtr!'U'J:::l'J::: ~Tth":::ml'JoM1l'J (carrier solvents) ~1~l'U~hi''U~'IJ1l'Jl'\.J 
il~N\91" 1~m'ilfi 11 M'tfi~m'J ttJ~l'J'\.J fJW ffJJ'IJ'~'V11'lflll'Jm-ntm:::fl 1111tri'\.J~EJ 1~ 

~ 

' 
I 

t:::lo Ql Ql 4 I ~ ~ d ~ ! I 

ffl'Jtfi1Jfll'iiWJ'lf'n'lffl'J1l Chlorophenoxyacetate CJf'l'Ul~fiHt'Jl'Jfl'lf~ff'\.J '1 11 Phenoxy 

" lfl~ Chlorophenoxy ff1'Jl'\.Jflq1JU toM'\.J 2,4-D, MCPA, mecoprop (MCPP) , dichlorprop (DCPP) 
.,.. fS' .d.OQIQI,:!I 1.J'4 i/OQIGiol!!f j) lt)l I 

tm::: 2,4,5-T tJ"J::: W'lf'\.J'Il~~ff1'Jtfi1Jfl1'il~1'lf"n'lffl"1J'\.J fl~ l'lfm'il~1'lf"n'lfl'Ufl11'll'\.J ~'J'\.J1 l'U'VI~ • • 
31 11J 31 "' «~ d.J "" .I ~ 31 ""' 

l'Y\\11 ff1'\.Jff11i1'Jtu::: ff1W·m ~11 1'lf"n'lf'VI'Il'\.J\9111J'Il~'Uff'J::: 'J1Jfl"~~'lf"IJ'J:::'V11'\.J tiJ'\.J\91'\.J ffntflll 

' 0 Ql Ql 4 I .:!f Ql Ql ~ .C:::. Ql jl.ci 4 'j} 'j) .... 1 d 
fll'il~1'lf'n'lffl'J1l Chlorophenoxy t1J~\jflff1JHff'U'JtdtuH1lf'\.J~ 'il:::~ffm:::flll'Jtfl~~ tllt'IJ1IJ1fl'il:::t'ii'U 

1 
... 1 ... 1 ... 1 gJ 1 0 0 191..::. 0 'jl ~ 

'\.JIJ1fliJ1~Uff'UIJ1~'J~'\.J '\.Jmfl~ u":::lf"~~~1lfn 'VI1 mn~uHmm~'l u":::'VI1ml'Jfl"11Jt'\.J~ • 
" " t ff'\.J tJ 'J::: ff1 'VI U "::: ff1J ~ 'l ff1'J t fl iin 1 ~ ~ i'lf~'lf'U N 'lfii ~ ~ 1 'il i:i ff1'\.J Hff1J 'II ~'l tJ11J' '\.J n 1 ~U ":::tl11J' '\.J 

' " " 
t'U'\.Jclf'\.J tij~ni1'U n'\.Jt~1 1 tJ~1'iJ 'ii:::Yi1 1 M'tn~mm'J m1:::tJ~~'U111tl1 1 '\.J.flll'Jlf~~;i'\.J 1~ ~tl1l'Jff1'\.J 

~ 



9 
! 

w I 

rlf11!JW~fllfll'i i 

<!I ... ... AI AI 91 'l AI "' 'l w I AI 'l I 91 I 
fll'if1ri'I.Jf1'1.Jff1'i~lJ 'il~IJ'Jf1Uff1JIJ'Jfl'iti'I.J 'I.JIJ1f1 ttll11£1 'il'llfl ~f) U'I.J'I.JIJ'Jfl 'I.J~ti~'Vltl~ 

' .eiliJ91~ ~ ~ gJ .: , ~ I ... I.J' I 

tlr.JH 1 'I.JU Hl.J ~'II~ 111'] fl'i ~ 1\J fl'i ~ 11£1fl11l.Jflflff1J ff'I.J 1.J lfl f1rl1l.Jt'I.J tJf) r11l.Jt 'I.J tltlti'I.Jt 1J rl£1 Urtt: 

'J} ,: Go' ,. -=:. ; 'l d .c:. Q,l .::s : ~ Q,l or:::! or::l.c::rt. '11 
nml.ltuvm~~flfl11l.lfltJ ~rtl1~~1l11£J 'ilt'i1Urt~Hll1'W~t'll£11flml1l.lflff~~mm~m'iltffr.J~1~mv i.J . ' 

I 1 JJ ' 

2-3 -M'1 tl.l~~1H'il1£J'itlfl~1mhu~u11.Ju~1 2-3 -M'1 tl.l~ 'il~i1mmHn1~1.Jvf!1Jll.l'lhmv'liJ .. 
' , Jl '11 

12-24 oM'J ll.J~ l11flffl'i~~flri11i1'111ir'W n1fll1 ~mhir'Wt1J'I.J 91ut~'I.J ~hu ,j 'i~flt11Jil ffff11~iji1m1h 

rdv~'il1flijfllfll'i'lltl~ 1~umhmv ijmnnv1£11~~1Jumhrt1£1 mwH'illr.Jfl~'I.J fl'I.J ffl'i~lJ 'l m1J'I1'1 .. .. .. 

~ .c::r. Ql .e:t. Q.l ~ 'J} .c:::t. .::::. Ql ='I .c::rt. 'J} 

ff1'i~lJ\}f1Hdl1'1.J ~ Hl'H'I.J ~ 'il~Ufl ~ U rl~'i~fl1 r.Jtfltl~mffl'i~lJ Q flH1l1 'I.J ~ t 1J 'I.J 1J'i t 1W fl11~ 

" " " " .cS A I 'J/ <!I 'J/ <!I I -1"'" 'J/ <!I ... 'J/ 'l ... 'J/ I 

'il ~ lJ mm 'i IJ 1fl n rt1l.lt u v flrt1ll t u v v vu t IJ r~ v u r~ ~ n r1111 t u v m ~ 19.1 fl'Hll fl ff~ m m v 'il t m '1:1'1 'i ~ lJ t 'II 1 "Q; 

" " " " I ... l.c::r. d. ... 1 fJJ 4 iJ 4 I ... l.d 9J 4 A 
11~ fllr.JIJ'i mwmn 'il~l.ltllfll'i IJ1flf1rt1l.lttJ v flrt1llt u vvvutiJ rt£1 urt~flrt1l.lt'W vm~~fl 'Hllflff~ • 

" . " 
fll'i tJ! l.l~ £J11J 1 rt t .U v~ ~ u ~ 1'1:1'1-:i~lJ Q n fhm! ~ t tJ ~ vut fft~H'1vv nfi'u fiu rt ~Vi 1fl11l.l ff~ tl1fi1J ~ t 1tu 

.e:t. Ql d .q 'J} : ... .I 91 ' : d ... l.c::rt. ~ ' 'j) 
H1l1 'I.J ~'VI Q f1ff1'iWI::l fl1£l'I.J 1 ff~ til flU rl~ntl flfl1£1ff'IJUrl~ 'I.J 1W'I.J IJ'i lllW lJ 1fl<l'] t lJ'I.Jt 1r11ti£1H 'I.J tl£1 

" " 
15 'W1fi fl1'i~fl~1£1'1h1l1rtUH toH'I.J 'lhtJ-:i~tJ1 tiJtJ~'I.J 

<>'J/ .cS <!I ,:'J/'J/ <>'J/ 
ff1'i~1!Jt'IJ1~1 'il~l.Jfllfll'i~1Ufl~ Url~'i~fllr.Jtfltl~ fll'ilJjll~£111J1rlt1Jti~~'Wmff1'i~lJt'll1 

'J/ 'J/ : I 'J/ .cS W o' <> 
~1rl1~~1fi1£1'1.J1ff~fllflti£11~'1.Jtl£1 15 'I.J1'Vl (tJ'i~~'I.J1i t~fl'lf~1ll, 2549 ; Henry, 1997) 

d 4 .c::::. t1 o cv Q.l .a ... I 
1.4.1 '111fffi11~'Vlll1ll1~ffllt~tl1tfl11~'11'111ffl'.ifll'ilfl1'lfW'lf IJ'J~tfl'Vl Chlorinated Acids 

~1vin Micellar Electrokinetic Chromatography (MEKC) 
dta~ .c:::t..d d CJ)iJ 

1.4.2 t~ti~WJ'I.J111ifll'it~llfl11llt'llll'll'I.J (On-line concentration) U1J1J Sample Stacking 

, 'J/ I 'l 
f'IUfl Normal Stacking Mode (NSM) !Hl~ Field-Amplified Sample Injection (FASI) 'I.Jfll'i 



. 
_I';' old. I )4V~ 

1.5 'U1~&ti'V'Urlf'll~ll1l~ &~1'U I 

Ql "" ~ 'jl 'jl ...\ ..,. ... I 

1.5.1 ~12Jl'jfi'VH\I'Uln'lfl'Uflfll'H'VUJfl11llt'tllJ'ti'U tt'lJ'lJ Sample Stacking t'VW1tml~'H'Hr 

~l'jfll~~l'll'fJ'lf l~w1oHtfl~t:l~ CE • . i 

91 Gl .c::t. o' 0 Ql Ql .!I 4 ~ ~.:! .d. ' ~ 
1.5.2 i:I~~'U'Yl'U t'Ufll'j1tml~'H'H1~1'jfll'il~1'll'~'ll' tmH'illfl CE tlJ'U11i'Yl~ltl ~~~1fl 

q I 

'jlfll hitt~~ 1 '*ni:ll 1 u nu1tfl'jl~li'Ju tJ~mw ~u~1'*1 'Ufll'j1tml~li'U'-ew ilit~'U ilty1111Pi~ 
I 



2.1 '!1-.l'nm-a'\JeH Capillary Electrophoresis 

2.1.1 Electrophoresis 

' ""' 1J'YI'YI 2 

f11'HWfHllj hw electrophoresis 1i''l1~f1f11j!~V1fl'U ~'fl 'fll~Vfl11lJU~f1~N1'W 

f11j !fl~'fl'U~fllV 1~ ~'U 1lJ tvJvh'IJ 'fl.:l ~1 j U~ ~~ 'lftJ~ f1 ri 11~ 'fl~1j ~ij 'IJ'U 1~U~~ ~ 1'U 1'U th ~ \JU~ f)~ N • 
I I jl I I 

n'U 1:1~iim1mnm~ 1 'lJf11j!flilv'WYimv1~~'U1lJ ivHh ilirvhn'U IPl'.:lu'U ~.:liim1ll!~ 11 'U nn!flilv'WYi 

mv1~~'U 1ll i vHhu~n~ 1-:ln'U fl11llcrm~''W1h~'l111-:l~'U 1ll i vl~1 fl11ll~1lJlj~ u~~fl11ll!~ 11 'U . . ., 
f11j!fli1v'WYimvl~~'W1ll 1vlvh u~~.:liPl'.:l~lJmj~'fl1 '!JiJ 

Ve =!leE (1) 

v 
lle= i (2) 

F 
Jl a ___I_ (3) 

e F F 

FE =qE (4) 

FF = 67tYJrV (5) 

.d 
FE= FF 'Yifl11~~lJ~~ (6) . 



ve 
E 

q 

r 

qE = 6n11rV 

(electrophoretic mobility, cm
2
Ns) 

fll1:JJt~l1 h!f11 'Hfl~t1h!~mv11Pi't1h!1:JJ !vHh 

t1hll:JJiW~1 (electric field , V/cm) 

HHiW~1 (electric force , N) 

m .:aihJ~'Vllh! (frictional force , N) 

~11-.!lhl'l.h::;~ (ion charge) 

fll1:JJ'I1i1~ (viscosity, Ns/m
2

) 

frdJ'IJ'eJ~ itJtJtlh! (ion radius, em) 

12 

(7) 

(8) 

~ ~ 'l ~ 0 ' 0 'l dt d 'l ~ IIJ • .I -~ "' "' " 
t1:JJf11':i'IJ1~1'lh!Ht1~~ mmh!l1m1:JJt':illh!f11':itfl~tJh!'VlmtJ 11'1t1'h!l:JJ nn·nt1:JJ'V'Ih!li 

l~vm ~tl'l.Jfll1:JJt11:JJl':it1 1hlm':itfl~tlh!~mv119i't1m:JJ ivJ~1 (1) m1:JJt11:JJl':it1 1 h!f11':itfl~tlh!~mv11'i' 
., ' ' 

t1h! 1:JJ i W~ 1;jh! tl'l.H! ':i ~'Vl N i W~ 1H~::;H H! i"Yt'J~'Vl1h! t~ t'Jfll1:JJ t11:1Jl':i t1 1 Wl1'HfliiVhlfimt'J119i' 

'ffm:JJivJvhtilhi'!JBmfll~vl'l':i~n'l.JttHi'VJ~1 tt~tilhi'!JBmm,lfl~h!n'l.Jtt':i~ti"Yv~mh! (3) ~t1nn::; 
~ I I V 

'ff:JJ~~t1t1~m ~i1ii'llm~rvhnhl (6) m1:JJ'ff1:JJ1':it1 1 h!m':itfli)tJhli1mv11'i''ffhl 1:JJ i vJvh~-!!;jhl n'l.J~1hl 11-.1 
q 

u ':i::; 1l 'IJ 1-.1 1~'11~V f rdJ'IJ t1 ~ i VtJtJh!tt~::;fll1 :JJ'I1U ~'IJ t1~ D'.WtvJ 'eJ{ '11~ t1t11':i ~::; ~ 1t'JUt~n1 'Vl ':i i "1'1 
q 

(8) flrill~tlt1n~ii ~ 11-.1 lh!'I.J':i::; ~:JJ lflH"::;ii'IJh! 1~!~ fl1)::; !fl ~ tlh! ~ i~Pi't ~ lfl11t11':i~ii ~ 11-.111-.1 'I.J 'j::; ~u 'e)t'J 

tt"::;lJ'IJh! 1~ 1 my tt"::; 1 h!DWtWt1{'11~tJt11':i"::; mvut~flt 'Vl':i i"l'l~iifll1:JJ'I1U~~1t11':i 1J::;tfl~t1h!~ i~ 

' ., 
ti'!tJ~ 1l1fl111l ~vmri1i1ii vm~t1m1:JJ'I1u ~'IJ'eJ~D'.Wt.WtJ{'\1 ~t1t1n "::; mvut~nl 'Vl':i i"l'l 

(~on t1h!'Vl':it1'1J, 2550) 
q q 
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"' 2.1.2 Capillary Electrophoresis 'Yi'Hl CE 

CE !~'U!'Vlfl'Wflflllilm 1~'li~ii1ll ~il'Vl~ m'I'HY-!! 1flfJellfffJf111lJU\91f1~1-!!1 'Uf11l ., 
1 I iJ iJ f 

tfl~eJ'UYimv 1~ff'U 1ll 1 vlvhueJ-:~ ff1'j u~ CJ~'lfiJf! <U''U ~ eJ'U fll'j twnff1'j tfifi~'U 1 'UUflu"" 1~ 'U'U 1fll~ nYi 

"' 'j} I o' 9 - I 9 'j} "' .. I _,I o' "' "' <l 'i 
lJ!ff'U~1t!'UfJf1Cl1-:J.f)lfJ t'\.J1J'j~lJ1U! 25-75 Jlffi .f)lfJ t'\.J'lJ'j'j~fi'JfJ'lJl"'!l"'eJ'j'\1'jeJff1'jCJ~CllfJel!Clf) t'Vll 

II) o' "' .J ... 'I 'j} I <V <fdi 0 'I 'j} "' II) "' <j 'i 'i "' 
tMl f1U!Wf1ffl'Hf1fi'U'U!lJel t'\1f111lJ~Hfl'f1fJCJI-!I'il~'V11 t'\1!f1flf11'j t'\1Clel!Clf1 t'Vllelelff tlJ~f) 

"'-·1 _.I <I "" "' <l 'i IIJ <I 9 :;'I "' 'i (electroosmotic flow, EOF) 'Uel-!l'lJl"'ll"'ell'l1lelff1'jCJ~CllfJel!Clf1 t'Vll tel~fllfJ t'U!!fluelelU tflfJ 
v ' 

ill 1f) fl fll'j ur U!flfl 'il1f1fll'j!!~f)\9l 'J'U eJ-:JmJ, CJICll'U elel (silanol, SiOH) Yi ml'lJ'U ~-w -!!~ 1'\.J 1 'U!!flU" m~ 
~ ., ., 

dt o 9 3)~ ~ .c:l.c:::S d oer d •at , 
!llel\jf1ffllel~CllfJ pH >2 'V11 t'l1m'UeJ-!!UflUClelllll1ll~~~1J'UCJ'lJ t~W pH 'V1!'11lJ1~fflJ'il~el~ t'U'lf'J-!1 pH 

v 

2-12 ~,:j{YlJfl1'jl9ieJ 111\1 

0 'j}"' .J 'j}d 'j} "'<l 
'il~'V111 mm-1 ffllfJCl'UeJ-:Jil'j~ ~'U'U lf!!tl'U double layer fi'JfJ counter ions (cations) 'il1f1ff1'jCJ~CllfJel!Clf1 

1'Vl'jlCJI'i'~-:~m'Vl~ 2.1 

\It \II \II \II \II \I/ \It \I/ 
Si ~i Si Si Si Si Si Si 
o· o· o· o· o· o· o· o· 
0 0 ® 0 0 0 0 ® 
® ® ® ® (!) (!) ® 0 

8 Electroosmotic Flow [] 
Anode C'athooe 

® ® ® ® (f) ® ® 0 Mobil<> Layer 
(!) (!) (!) (!) (f) (!) (!) ® Fixed Uiyer 
o· o· o· o· o· o· o· o· 
Si Si Si Si Si Si Si Si 
II\ II\ fJ\ 'I' II ' II\ ,, \ II'\ 

.d 1l'j~~~~1'Uel-!!Uf1UC1Cll~ (Wikipedia, 2012) ill'W'fl 2.1 

" 'j} "' o'IIJ -~ 'j} II) 'I "' "' 0 'j} ~ di ~Cl'il1f1fll'j t'11fl'f1fJ tvll"'1!'U1 t1lmv t'UUflUCJCll'j 'il~'V111'11'lf'U'Uel-!l double layer CJI'l 

ii1l'j~ 'il'lJ1f1'Uel-!!ff1'jCJ~ mv~t~n 1 'VJ'j hl'i' (IPl'TVl1Cl~Cl1fJ) tm~ml'lJ'U ~1'Uel'l!!f1UCJC11~ ~WU1'111~1 . ., 

Uf11 'Vlfl~'l!~'U ~1Cl'lJ UCJ~!~el'l 'il1f1'U'U 1fl~!~f1'Uel'l!!f1UC1Cll~ !!Cl~flll !flfloW'Uli~ l~ 1fl'j !'il'Ul~'I11N 
1mCJ ne1 'U eJ-!1 ffn "~ mv ~ ~~ n 1 'V1 'j 1" 1'1 'il ~ '1'111 '11' tfifl m 'j !fl ~ eJ'U ~ 'U eJ-:~11 'j ~ 'il 'lJ 1f1'U eJ-!1 ~ ~~n 1 'V1 'j h 191 

• q 

0 'i ... .di!J_I 'j} ~ "' ?I II) "' <l 'i II) o' I ... 'j} 

'Ul'Vll tlJ!ClfJCl!flelel'U'Vl t1Jf!'JfJ 'il'l!f1f!!1J'Ufll'j t'\1Cl'Uel'lff1'jCJ~CllfJel!Clf1 t'Vll W~!!'lJ'lJ~el!'Uel'l!!Cl~fi'JV 

<j .dd I .J 
fl11lltllfi~'Vl t'H.Inll EOF 'U'U 
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" ' ' 
n11 itfl) 1~11 ~~'t! hit hi 'Vl1~1.Ju'l1'~~-:j~ t!-:Jfl1hl 'Jill fl11lJ tl1lJ 1) 11 t hi n11 tfl ~tlhl ll.fl1tl t~tYhl 1lJ, ~V11 

'\Jtl-:J EOF ttfl~fi11JfllJ EOF t,rii~1fi-:J~ttfl~iiVlfl''Vl1-:J\911lJ~~t!-:Jn111PH'ltJ~nuitm1~11' 

fl11lJtl1lJ11 111 hi fil'i tfl~tlhl~.fllV1~tYh!llJ t ~Vl1'1Jtl~ EOF 'IJtJ-:J'JJ~t~tJ{ '11~tltl1H'l~mv~t~n 1 'Vl'i 

' " ifl~Vi'li1J1 1 ~tJ~1 hlttflilf11~1'11hl 'Jill 'il1ntllJ m1~t1 1 ui1 

E 

v 

L 

V = £~E 
eof 

11 

- £~ 
lleof - -

11 

1 
lla = t E 

m 

lL 
lla = t V 

m 

d 
fl11lJ!11'1JtJ-:J EOF (electroosmotic flow velocity, cm/s) 

fl11lJtl1lJ1) 11 'l hi fil) tfl~tlhl~.flltl 1~tlhl 1lJ !~Vl11.J) 1fi{] 

(apparent mobility, cm
2 
Ns) 

fl11lJtl1lJ1) 111 hi fil) tfl~tlhl~.flltl 'l~ tlh!llJ, ~Vl1 

(electrophoretic mobility, cm
2
Ns) 

fl11lJtl1lJ11111'Wm'i tfl~tll.J~.fllV1~tl'l.J1lJ t~Vl1'1Jtl~ EOF 

(electroosmotic flow mobility, cm
2
Ns) 

fl''W 1lJ !~Vl1 (applied electric field, V /em) 

I <V <J' 
fl11lJ~1-:Jfl'fitl (voltage, V) 

... "'"" fl'fltJC}f~1 (zeta potential, V) 

I dlr} C:. d ~ 2 
fllfi-:J'Vl !~tl!flfi'Vl'ifi (dielectric constant, C /Jm) 

" fl11lJV11'l1~'11lJ~'IJtJ-:Jttfltlflm~ (capillary total length, em) 

(capillary effective,cm) 

(9) 

(10) 

(11) 

(12) 

(13) 
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tm 

'fl11:U'I1U\91 (viscosity, Ns/m
2
) 

\l1f1~:Uf11'j (lO) m1:u~1mtthJm'j1fl~t~'W~mv119i'~'W1:u1'Ylvh'llt~~ EOF 'Uti~ 

1J'VJ1'Ylt~f'l1~tl~1nt~mvfl1~nlm 1 r~l'lhl~'W ntJ~'Wl:u 1 'Ylvh u~~'WntJ~1fl~~ 119lfl1~m1~f1 ffmJCHIP11 

"' "" ~ 1 liJ " .,; "' ""' 0 '1 !ll '1 ur~ ~ fi11:U'I1'W\91'\Jtl~~1'jfl~mvmr~n '\'l'j ~rtl'l f11'j1Vwur~~rt\9lfl'f1VCJ11'11'Vl1 ~'11fi11:U~1:UUtl ~'Wf11'j 

1fl~ti'W~mv119i'~'W1:U1'VJ~1'\Jtl~ EOF 1~:UUrt~rt\9lrt~IP11:U~1~1J tl\l~v~iJr:-mffmJCHIP11 11'i'w-i (1) pH 

!ll !ll "' liJ "" ~ 1 liJ .. 0 "I I 
(2) 'fl11:U1'\J:U'\J'W'I1'jtlfi11:U!!H ~tltlti'W (ionic strength) '\Jtl~~1'jtJtflf1 '\'l'j W\91 (3) \l1'W1'\.JlJ'j~~\9ltl 

~ d ~ 0 ~~~ d 
'V-l'W'\'1~1 Ufl~ (4) \l1'W1'W!Jtfi'WCJ1tl1flf1mti'W 

1 'W 'Vl1~1J 511~ f11 'j fl1'W 1tu fl 11:U ~1:U 1 'j tit 'W f11'j 1fl~ ti'W ~.f11f.J 119i' ~'W 1:U 1 yj~ 1'\J tl~ 

EOF vh 1191 f.Jf11'j ~ \91~1'j ~JJfltu ~:UlJ~1~'W f1fll~'Vl1~ 1 'Yl~1 (neutral marker) 1 'W 'lh~Vltt~'lf~f1~1~ 
q 

" r~~mv'l11 1JJ t1 f119119lci11J 1 \91V~'l1 ~~Pi' 1'W 1 W1f1Urtm1 ur~~~1:un tl\91\91 nil'W f ~iY-eJ'r~~>n1 1'VJ 1 t11r~ l'l11'i'~ ~1'j 
~ ~ ~ 

~'11 v:u H' 11'i'w-i 1:U'Vll'W tift 1 1J'W~f!Utlrtf1tl ~tltl~ 1 'j 1tJ'VJm1'W 1 :U~Ylrttlt~f119f~ ti~~11Pl'W 1W~11J'W 

CH'W 1~'WI9i''W ~1'j mci1tf1JJ~n~191nil'W 119lv~1Ufl1 'Vl\91'11~tl!1t~1 'W\911~tl~\l1m~'W nm~'Vll~ 1 'Yl~1 ttrt~ \!~ 
I I I iJ 

1fl il ti'W Vi'V-l f ti:U tl1J EOF ~Pi' 1f.Jfl 11:U 1 ~ 1'\Jtl~ EOF 1J 'j 1f1{]1~'W VlfiVi t1 ~'j ~'11l1~Vlfl 'Uti ~~1'j \l1f1'i! 'W tJ1 

nmf11'j1fl~ti'W~'\Jtl~ EOF 11Ju'Vl'W~1t'W~:JJf11'j (12) '11~tl (13) 1~tlfl1'W1tufi11:U~1:JJ1'jtlt'Wf11'j 

1fl~ti'W~mv119i'~'Wl:Ul'Yl~1'\Jtl~ EOF 
I 1 I iJ 

EOF '\Jtl~~wYiiJtJ'j~\lmv1 'Wttf1Urtm11191 V~1'jViiJtJ'j~\l1J1f1\l~1flilt~'W 1 1J~~'IJ1 
q q 

I I iJ I 

ttfi1'Vll91 ri1'W~1'jViiJtJ'j~~rt1J\l~ 1flilt~'W11J~~'IJ1ttt11'WI91 ~~m'V-lVi 2.2 

l T T T r T 
Sl 0 51 0 Sl 0 Sl 

I I I 

o - g o - g o- Q o-

anodo 
(+) 

eleetrooamotic 
flow 

.m.,. 
T r l T 
OSl OSI 0 

Q 0- g o- Q 

® 

T T T r 
Sl 0 Sl 0 

0- Q <>- Q 
net 

migration 

T T 
Sl 0 
I 

o- Q 

o- Q o- Q o- Gl o- Q o- ~ o- Q o- Q o- Q o- Q 
I I I I I I 

SI - O---s! - O - Si - O---s; - O - Si - O---si - 0 - Sl - 0 - SI - 0 - SI - 0 -
t I I I I I I I I I I I I 

alllc11 

Key: Q hydrated catk>na 

(a) 

' " 

lime 
(b) 

~f11Jtu~1~'W'\Jtl~ EOF Vi1fl\9l~'Wt'W CE ~tl~f1'lJtu~f11'jl'11fl\l~1lJ'W'j1Jm!11'1191 (flat 
~ 

flow profile) ~~m'V-l~ 2.3 ~~1fl\91\l1f11lliJuH~'W1fl\9l~'W1'W'lh~nm~iJm'j1'11rt '1'111111ll1n\9lf11'j 

m~\l1f.J'\Jtl~~1'j Vlfl~ 11'i'~~iJ~f1'lJtu~U'I1fi:U (sharp) ri ~~r~1111J'j~-ff'Vlli m'V-l 1 'W f11'j 1Wf1~f1l1f11mf.Jf1 

liubu
Rectangle
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a ) ) 
l .nnt imar F o~· 

b.) 

J 
El~ci e·oosmo·tic Flow 

Q ~ C\ t! 
2.1.3 'Vil'jUJAVJfl'j &'l!fll'j1!fl'jl~'H 

'Wl) 1 iJt~t1 1~1 ~1 'W mnh~tiJ'W'lh ~il'Yl n m'W 1 'W tll) itfl) 1~tf '11 ~ tlfl1) twn ~1) 1 ~w 

CE 'lh~f1tJ'UJl-;wth~il'YlTifll'W'IJti.:!UfliJ"m~ (capillary efficiency) tll)f))~'il1!'.1'1Jt!.:J'Vifl (peak 

dispersion) !W~tll)!Wf1oJf\Pl (resolution) fl.:Jfll'W-vi 2.4 U~\91.:1 electropherogram U'fl~at1Jt1Jl~f1EJW 

1'11-:J'l ~1 ~1 'W tll)fll'W 1U.! 'Wl)liJt~ t~11 'W tll) itfl) 1~t1' 

fl11lJ V111J 1 n ~TU '\J1L iJ 1tl ~ Lfl t eJ ~ ~ ':i 111111 

1 
y + 0 __ ... _. ----­

y + 

y· 

0 net ---
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d d "" , 1 d "" d <r <r .. I"" 
Vcor= fld11J!'j1 '1Hl'l EOF, V-net = fld11Jt'j1-q'Vl1i'IJ~NL1'1'jlJ'j~~fl1J , V- = fl111J!'j1~Hflfl !'Vl'j !-n'j 

~fl'IJtJ'lLl1'jD'j ~ 'i)fl1J , + = Ll1'j"D'j ~ 'il1J1fl , - = Ll1'j"D'j~'i)fl1J , N = 1;1'1'j~tll'Wflfll'l'Vl1'lt~~1 
q q q 

ffl'i 1 
I 
I 
I 
l 

• 

EOF marker 

2.1.3.1 th:di't1Hill'Y'l'\Jel.:JUflililill~ (capillary efficiency) 

Migration time 

tJ 'j ~ iY 'Vl TI flll'j 'IJ tJ 'l U fl iJ fl fl1 ~ fll 'W 1 W 'ill fl ~ 1 'W 1 'W! l'j fl 'Vl (number of 

theoretical plate, N) Uflilflm~~~fld'j~ ~l'W 1'Wtl'jfl'VJ~ 'l fleJEmr '111mtflilflm~ U~fl~'lfil ~~ ~l'W 1'W 

tl'jfl'Vlttl'lfl~l'ln'W t'lf'W flvEmr HPLC ~~1'W1'Wtl'jfl'VJD'j~mw 10
3 ~eHlJI'l'j flt~EmrtJmmiJ~ (open 

tube) ~~1'W1'Wtl'jfl'VJD'j~mw 10
6 ~mlJI'l'j flt~Emr~mtJt'W1J'jH¢11m'ilfl~~1'W1'Wtl'jfl'Vl 3 x 10

7 ~v 
q 

tlJI'l'j btl 'VI~ 1J Ufl iJ fl m ~ 1 ~ IJ~ 1 t D~ ~l'W 1'Wt yj fl'Vl lJlflflll 10
5 ~ tl!lJ\91 'j ~ l'W 1'Wtyj fl'Vlfll'W 1W 'ill fl 

(15) 

(16) 



N 

w 

D 

fie 

fleof 

L 

v 

E 

= fleE 

2D 

fie VI 

2DL 

~l'W11-.H'VHl'Yl (number of theoretical plate) 

!Ttll 'l'Wf11'H'fl~~'W~'U~~'(;Yl) (s) 

'J) "' 'fl11lJf111-:J'U~.:J'W'fl (s) 

'J) "' d ~ dl dl 
'fl11lJf111-:J'U~~'W'fl'Yl'fl11lJ -r;y ~t'U'W m ~'H'W ~ (s) ., 

fl1fflJi.h~ir'Ylif11'Ht'W1 (cm
2
/s) 

'fl11lJ'(;1'1lJ1Hl 1'W f11)t'fl~tl'W~fllV1191'-r;ymlJ !vh~h (cm
2
/s) 

'fl11lJmlJ1)tl 1'Wmml~tl'l...!~fllVLI91''(;1''W1lJLYJVhutJ~ EOF (cm
2
Ns) 

" 'fl11lJV11Vl.:J'HlJfi'UtJ.:JU'flilmn~ (em) 

'fl11lJt~1 'l'W fll'H'fl~tl'W~'UtJ.:J'(;1'1) (cmls) 

'(;Y'WllJt'Vh~1 (V/cm) 

18 

(17) 

(18) 

Ll...!fl 'Hii~Vl'flt:l.J-r;ylJlJl\91) t'!fl...! fronting peak 'H~tl tailing peak '(;YlJf11) (17) u~~ (18) 1~mW~'YlHU 

'fl11lJ'(;YllJ1)t1 'l'Wf11)t'fl~~'W~mv1191'-r;y'Wll.l hHhu~~'fl11l.lt~1 1 'W f11) t'fl~~'W~'U~~-r;yl) ~l'W1'Wt'W~'Yl 

ii'fl11lJ ff'm~'l...! ntl'lJ'fl11lJ'(;1'1lJ 1) tl 1'W fll) t'fl ~ tll...! ~fll V 1\9)' '(;Yl.J 1lJ '1 vJVJ1'UtJ.:J '(;1'1) t fl V'lh~ ir'Yln fll'W'U tl~ 

tt'flil~m~ ~~~~lJ~'W 'Hlf1'(;1'1) t'fl~tJ'W ~ !~~~ 1.n1v 1\9)'-r;y'W llJ! vJVl1 

"' 2.1.3.2 m-am~'ill£J'Ufi.:!'Vf'fl (Peak dispersion) 

'l "' "'1 C1 "' I 0 'l 'J)"' 'J) 
!'Wf11)1!'fl)l~'H f'IV CE 'Hlf1f11)fl)~~lV'U~.:J'W'fllJ'fll'(;Y.:!~~'Yll 'H'W'flf111~ ., 

u~~ t:l.J'(;YlJlJl\91) f11) it'fl) 1~M~iitb~ir'Yln fll'W'(;Y .:J'fl1)iif11) m~ ~1V'UtJ.:JVi'fl~1 f11)m~~lV'UtJ.:JVi'fl ., 
' " 

fl1'W 10! ~ 1fl'fl11lJfl~l.:J'UtJ.:JVl'fl'Yij 1'W fl.:J'(;YlJ f11)~tl, 1.Ji1 

(19) 

(20) 



(}" 

D 

L 

v 

2DlL 
0"2 = 2Dtm - --

fllllJfrh:!'tleJ ·.'.J'Wfl~il'U (peak dispersion) 

I d 9) d 

m~'lJti.:J~'lJ'Ul..Jl\Pl'jj.l'U 'ti'D.:Jfllllltlll.:J'ti'D·rvm (s) 

~l~mh~-cr'Vlfmmvd (cm
2
/s) 

" mllltllli1'.:J'l1lJIPI'tleJ.:Jt!flilflm~ (em) 

fllllJ till~ 1 flU fll tit! fl iJ fl fll ~ ~ l'U 'til~ 'li' 1 ~ 'U ~ .:J~ fl ~ 'D.:J \0111 ~'111 (em) 

nm1'Ufl11~fl~eJ'U~'tleJ.:J~11 (s) 

' ., "' flllll\Pll.:Jfl'fltl (V) 

mlll~1JJ11111 'Utl11~fl~'D'U~fllt11~~'\.Jlll !vHh (cm
2 
Ns) 

~1'\.Jl'\.J~'Vlfi'Vl (number of theoretical plate) 

2.1.3.3 fll'Ht£lfloUYI (Resolution) 

19 

(21) 

m1 Htlfli'fl ~1'l'W'Vl111 ii~~P~ u { ~ 1 ~1 ~ 1J -;h ~11 ~'D.:J 'ln1 fl~ u~1 nfl tl'W lllfl~ ~fl 
" 11nut~neJeJfl~1nn'U ~~~rwt~.:J I 1 mmt~ni'fll'll'U 1ru ~lfl~llm1 ~.:J.W 

"" 

f.leof 

v 

tl11Utlfli'f1 (resolution) 

nm'l'Wfl11~fl~'D'U~'tleJ.:J~11~ 1 Hfl~ 2 (s) 

I .d. 3) d 

m~'lJti.:J~'lJ'Ul..Jl\011 il'U 'tlti.:Jfllllltlll.:J'tlti.:J'Vlfl (s) 

fll1ll~1ll11111'Wm1~fl~t~'U~fllt11~~'W1ll lvl.Yh<t~-a.:J EOF (cm
2 
Ns) 

' ., "' flllll\Pll.:Jfl'fltl (V) 

(22) 

(23) 

(24) 



N ~1'W1 '\.H'Y'l"'V1 (number of theoretical plate) 

flJLe f111:1JU\91f1~V.I'J~r·l'h!lm1:1J{1'1l-Jl'H11'Wm'Hfl~tl'W~'Utl-!l{l'1'J~ 1 U"~ 2 

mv11'i'{l''W1:1Jl'VlVh (cm
2
Ns) 

fle 
d 2 

{1'1'J'V1 1 u"~ 2 (em Ns) 

20 

flU!~ :1J f11'J Uti f1 oM~ '¥11 l \Pl'1 ~ tlf11'J !~ :1J f111:1J U\91 f1 ~ 1-!l 'J ~ '11 i 1-!l f\11 :IJ{1'1:1JU t11 'W 

m'J tfl~tll.! ~'U t:J-!l {1'1'J m v11'i' {l'tJ 11l! ~Vl1'U t:J-!l {1':1Jf11'J (23) u"~'111nl'i' tl-!l f11'J t~:IJ mmvnoM'~tll'W {l't:J-!l 

rvi1\l~l'i'a-!lt~:I.Jf1111l~ 1-!lffnv~ -!l ~t 'Vi 1~-!l {1':1Jf11'J (24) m'J itfl 'J 1~'1-1 ~ihJ 'J ~ ff'Vl 1l.n1'V'l~ -!lf11'J iim'J uvn 

i~{l'-!l 1~v-vt1tl1f11'Jiifi1mnn·;h 1.5 (~on {l'tJ'Vl'J{l''U, 2550) .. . . 
~ ~ 

2.1.4 !fl'Hl .. :Jl.nl CE 

' .c:::t d 0 lr1 g) ~d ~ d 

2.1.4.1 il1'U'UYI!ll'J (sample injection) f11'Jl!~{1'1'J{1'1l-Jl'Jt1'V11 ~~ 2 Tli fltl f11'Jl!~ 

{1'1'J U 'lJ'lJ l~ 1~ 'J l~'W 1ilf1(Hydrodynamic injection) tll'W f11'J~ ~{l'l'J 1~tltllfftl'fl''J1:1J!!\9lf1~N'Utl-!l 
C1 I ~ g) .:::::. d d ~d .:::::t. 

'fll1 :IJ ~ 'W 'J ~ '1111 -!l tJ "1 t1 'Vl-!l {1' a -!l 'U 1-!l 'U a -!l u 'fl tJ"" 1 'J u" ~ n1 'J l! ~ {1' 1 'J u 'lJ 'lJ at" n1 'V1 'J ! 'fl t 'W \91 n 

d d ")" 9 g) I CLI f3' .:::::t. ~ d ~ 
(Electrokinetic injection) ! 1J 'W f11'J l! ~ {1'1'J ~~ t1 ~ '11 'fl111l\911-!lfl'f1 mh mw \911 ! 1J'W 'J ~ t1~!1"1{1''W '1 

tY1'11 i' 'lJ {1'1 'J ~ ii'fll11l t ~:IJ ~ 'W ~1m \1 ~ ~ {1'1 'J i ~ v'¥111 11't ~:IJ ~ 'W 'lJ'WU 'fltl" m ~ 1 ~ vili! a i 9fU 'V1 n i 'fl1 'Y'l~ 
d ~ .:::::. 0 

9f{l''\1'Jtl!'Vlfl'W'fl sample stackmg 

2.1.4.2 tf1'U'U~~<ll'\Je'J .. :mnn (liquid handling component) tll'WtY1'W~tY1flty 

tY1'11 i' 'lJt'fl ~ t:J-!l CE 1 'W m 'J ~ 1!~ tl-!l {1'1'J "~mtl~t~ n1 'V1 'J h~Pl' {1'1 'J I011a ~1-!l u"~ 'U tl-!lt~tltltlfl \11fl!'fl~ tl-!l 

~ -:j tJ 'J ~ f1 tJ'lJ IPl' 1 tl tl1 'W ~ 1! ~ tl-!l -e) 1911 'W 11~ tl1 'W tn'lJ {1'1 'J 191'1 tJ ~ 1-!l '11 ~ -:j m 'J it m 1~ r1 d 1'W! {1~ :IJ'lf~! 'lftl 

u~t~a{ u"~tl1tJ1.Ji''lJ'J~~'lJu~u~a{ 

2.1.4.3 H fl iJ t1 t11 ~ (capillary) ! 1J 'W 'lJ ~! 1 W ~ ii f11 'J u tl f1 {1' l'J! fl ~ ~ 'W ~ -!l! 1J 'W 

tll'Wl1'J~fltJ'lJ~tY1fl'tumn u'fltl"m~1~v-vt1! 11'Yl1\11fll{l'~t~tltl !ll~~ni1'W i' -!l~-el'"\911! 1 im"\91 u"~ " . .. 
' " ' 

'J 1m !ll u 'Y'l-!l ! IPl' uri ~~ m rwa -!l \11 nii 'J 1m \1 n ~'W ~1m ti'W a fl'U a -!l u 'fl tJ" m ~Vi '¥11 \11 n~~ ml! n \1~ 
' ' " 

t'fli1 t~'lJIPl' 1ti{1'1'J'Y'ltl~~l:IJI91' (polyimide) t~ mVi1l'fl11:1J'fl-!l'Vl'W 'U tJ-!lU'fliJ"m~ ~-!l'!! 'W nti'W ihu'fliJ" m~ 

'll'U~ d! tJ 1 '* -!l 1'W \l~l'i' t~-!l" a f1{1'1 'J'Y'l a~~ t1lfi'~ t~~'lJ ~ t 1w 191 'J 1\1 maam ~ a'Vl1t~ u wu 1~1-!lt9i"~ (cell 

window) 
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2.1.4.4 &fl~eJ'i1't\'r~1UJ~N~fl~ (voltage power supply) !lh.Ju'\1ci-:jiMfffHilvJVh 

Ll~mtu ff -:jflltJi 'Uuf11Jmn~ m'i i Mf11UJ~1-:jffflVff-:j'l11 i Mff1'i !fl ~U'W~~-;wf111JJ!~1ff-:j i ~n~n i 'W 
~ ~ ~ 

jl I I i/ 

m'i1!m 1~llff'W u~m~'l11 i Mm~irVim'V'I i 'U m'i !WflMH'I-:j!ilU-:j~1mn\Plf11 1lJf u'U ~m~lJ~'W f111lJ 
~ 

1'11-:jffflv~iJtJlJt~t'Wf11'iWJflff1'i 1Cflt~ CE iif111h~mtu 25-30 kV ~-:j'l11tM!fl\Plm~!!fftvJvhu~~ 

fn1lJftJ'W~~~ iliff -:j!fl'U i 11 
~ ~ 

2.1.4.5 .fr11rJ~1 (electrodes) 'I11:JJ1~1fl1~'11~!dUtJ l'lf'W ~1\Pl!'V'I~~h!lJ (platinum) 

1Cflt~ri1u11mt~~-:jfftJ-:j~1-:j'lJtJ-:j~1 ivHh~~~lJ~-:j 1 'Wff1'i~~mv~!~fl1 'Vl'i 1~191' ~~u'l11 tM!fl\Plf11'itJ1'lJtJ-:j 

m~uffiYHh 
. ' ' a r:v o i/.::s. Q,IQ.I a 

2.1.4.6 lfi':Hl~YI~111'11ll.ftytyltu (detector) 'Vl1'\1'U 1 'Vl\Pl 'j 1~ 1\Pl fftlJ t1]1 ill 'lJtJ-:j ff1 Hl 

"' 'I I ~I ~ 
~Cflfl~'UUff-:j !'U'lf1-:j UV-Visible light !1J'W\Pl'W 

' ' ' Q..l Q..l ~ cv 0 3) d .... I d. Q..l d. \I] 91 
2.1.4.7 YI1'U'U't1fl'Uellli;'l (recorder) 'Vll'YI'W1'Vl!1J~tl'Wfftutu1tu'Vl !Cfl~1fl detector 

.. u u 

~ ~ i .I I I "" ., di .ld ... ~ ... ..1 ~I 
umuffCfl-:j'lJtJ~~ 'W1,1JU1JU\Pl1-:j"l !'lf'U fiUlJ'V'I1!1Plm C)f-:j~~~1J~tl'Wfft1Jt1J1tu!lJ'U \Pl1!~'lJ u~~flnn !1J'W 

Capillary 
(10-10C)j.Lm i.d. and 
20-100 em kmgth) 

ANODE 

+ 

. ' 

Detector 
(190-600 nm} 

(!--- --~ 
Light 

(D2-W) 

Electrolyte container 
(5-150mM) 

Higt1 Voltage Source 
(0-30 kV) 

CATHODE 

q , .I "' 
ill'Yi't1 2.6 ff1'W1J'i~fltl1J'lJtJ-:j!mU'I CE (Doping, 2012) 
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Vd cu ' 
2.1.5 'lJijvH!'tl~'tlfnHlA~!VI'U'lJij~ CE 

CE t~tH 'Vlfl U fl~tJlfl'lff\91 { ~ l'W f11':i l!fl ':i l~lll1 ~ lrH! '\J'W ~ll l':i 1ll n'W tJ ':i ~ll ti'U~ 1tl 

llUtJlthCJ1'9/~ lllUfliJ~~ 1~'\Jtl~ GC mtJ':i~tlll~1 '* llUtJltflt~NI'I':i1'ill1l~lJfffil~ t 1ff~ . ~ 

(sensitivity) 'Uti~ HPLC lll~CfltttJ~~h1ff1ll1Hll'l':i1'il'Y111CfltJI'I':i~'U'WUfliJ~~1~t~ U~~lll':itJ1 
" t 'il~Bt~n1 'Vl':i 1 vJ~;ffm'WI9lJm1 r1' ff1m':i trvh~1u 1Cflm ~uu ul'l1 u iT~ m':i r1ffll r1ff1'W .u't~~'U t~~'l1 ~ff1ll 

t'VlfliJmlh i t1'tnCflt'VlfiUflf11':i itfl':i 1~lft mJ~iitJ':i ~ iY'Vlli m~u~~ ffm~ 1 1ff ~ ~1lll':i t:l1 ~nu~ 1mh~~ ... 
" . . 

lJfl11lll1mll'YlmtJ t~mn~u tm~ii~mJ w~m~1~Yittl'lll~1~'il1m'Vlf1Ufi~'W mil ii~1u 1'Wt~~'Vl"l ~ 

lll1 HPLC 1Cflt1~1tt1t'Vlf1Ufl HPLC 'il~1'*~hvh~~mr.Jll11llll1 CE ~~ 1,000 rvh t~rh~t':ifll'l1llmw 

~l'l':i1'ill111Cflvm':iCf'ICfln~u i'~~u~m1 111m~~'~ ~m~ 111 u m':il'l':i1'ill11'\Jtl~t'Vlflufl cE 'il~~1ni1i1i 
~ 

... 1 I dt .<:::S iJ I d 1 

GC tt~~ HPLC IJ':i~lllW 1,000 l'Vll !'Wtl~'il11llll1'W11'1Nill':il'l';i1'ill1l!~llll11 (detection window) 

lll':ilCfllll':i !~ti~Uff ~vJ~tlell':iffl9f'W~~tl1~t11tJ11Cfi£H~!9fel{ 'lfdt11 f1'ffm~ t 11 'Will':il'l':i1'ill11'\Jel~ CE 

. " " 
tfill~'W 1~Wff1lll':it:ll'l';i1'ill111'W':i~~'U 10-

23 
molar l'l~tl 6 molar 'Wtlll'il11lUUfliJ~~1~V~lJ':i1fl1(lfl ... 

(2) ff1llnt:li~fl11ll~1~~nvff~~~ soo 11~~~tlt9f'W~tlll'l':i 1ummvnff1':i hw ... 
" 1~tnCflm1llr t~u "! ~ .Yh t '11'1 '*nm 1 u m':i itm 1~l1' i:Yu 

(3) ~1lll':i t:ll'l n'il 111 ff1':i ~~ u uuflil ~ ~ 1~ 1~1Cfl tJI'I H tt~ ~ fflll n t:l1 '*tfl ttl~ 
l'l':i 1'ill11~iitJ 'j~E'Vlli m~~ ~HI t'liu tfltt~~ 1Cflm':iCf'ICfln~u i' ~~u~\91 'j 1111 m~\91 tfltt~~1nCfl1'j t~t~~ 

~ ... 
• .1 " .I 1 "' " ~I 9.1 Uff~TI~tltlt':iff!CJf'WCJftm~ff!IJil 'Vl':illtl'lmll1~ (mass spectrometer, MS) !IJ'WI'I'W 

(4) iitJ':i~E'Vllim~1 'Wf11':i !Wilff~ 1CfltJfi'il1':iW1'il11l~l~1'W1'W!~~'V11CfltJ~1 ttJii~1 ... 

~1'W1'W!~~'Vlff~lll1 10,000 ... 

(5) i ~tJ~mw ff1':i 191'1t~ ci1~ 1 u tJ1mw .W tJtJ':i ~~uu 11 u ~l'l':i u~~ 1 '*1J'vJtvJt~1'Yl~tl 

ff1':i~~mtJBt~n1 'Vl':i ~~~t utJ1mw UtJr.J':i~~uiJ~~~m~t~1u 

(6) i1inn1'*tfltt~~uflil~m~Bt~n1'Vl':i 1vJ~;ff~1tJ t~cM'u~tJ'W 

lll':i tWilffn 1 Cfl vu fliJ ~ ~ 1~ Bt~ n1 'V1 ':i 1 vJ~ ;ffff1ll n t:1Yh t~l1 mvin u~ ~~in ii 

n~ 1nm':i twn~1':i~ul'ln~1~ fiu~~ff1m':i t:lt~t~n1 '*1 r1'mm~ fflln'll'lfUCflff1':il91'1t~ci1~ 
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-'! 
2.2 Capillary Zone Electrophoresis 't'i'Hl CZE 

't'iilflfll~Hil~flll,flfll~Hf.JfHll~ 

CZE ti:J'Ulnf11'H!EJfHYl':i hw CE ~~1VUC!~lJf11':itJll1hh~vtl\91'i~mtl~~~ ~llJl':itHWtl • • 
~l':il~'11mv1J':i~Lfl'Yl t'lf'W ~l':iV'W'Yl~v ~lHl'iht'Yl~V m~-eJ~illhl rw11t'Yl~ 111':i~h! t-eJ-eJh!~Vl"l UCJ~ 

"''i <1 ~ 31 dl o liJ.I'l 31& .1"' <> <I 
~l'H-eJU'Uh!'Yl t'el!:IJ'el':i Lllhll'l'U CJf~~llJl':itl'Ul tu t'lffl'tlEllfJtl!fll'VH!Cl~u':ilJltu'JLml~'l1 l'l':i'J'il'l11fi'Jl:IJ 

'U! ~'YltUCl~fttlEJ ll m ~':iiJ'IJ-eJ~ ~l':i tlel l tlf11':i !Wtl~l':i 'ellffVfi'Jl:IJU\91 tl~l~'IJ'el~f11':i !fl~'elh!~fllV il'i' . ~ 

~hi lll !vJvhmvi 'UufltlCJm~~'lJ'j 'j 'il~ ·;w1JvJrvJ-eJ1'11~-eJ~l':iCJ~mvvt~ n1 'Yl':i h\91' ~l':i~iJlJ':i~ 'il'U'Jtl . . 
1J ':i~ 'il Cl'U UCJ~ 'ffl':i ~! i:JtJ tlell~'Yll~ l vJVl1 'il~Lfl ~'elh! 'el'eltl 'il ltl UfiD Cl m~ ~ 'Wfl 1l:IJL ~ 'J~U\91 tl~ l~tlh! • 
l~V~l':ilJ':i~'il'lJ'Jtl'il~!fl~'elh!~IOi''JVfi'Jl:IJ!~'J~~~~~tJtJ'~~'JUfll'Yl~ hw EOF UCl~UH~~~~'illtl~'J 

q cu q 'U 

1 1 I I i/ 

!!fll 'Yl~ ~nlJ':i ~ 'iJCl'lJ 'il~tflil-eJ'W -vi~ 'JVfl 'Jl:IJ!~ 'Jill~l'lt\1-eJ~ 'iJ ltllJ!! H ~~\91\91 'illtl<U' 'JU'el l hll'li h!llfl' . . ~ 

...... 
~~!!!!, ,, .... 

EOF 
Injection .. Detection 

~-=--=--=-~--=-=--=-=--=-=--=-=--=-=--=-=--=--=-=--=-=--=-=--=-=--=-=--=-=--=-~--
++++++++++++++++++++++++++++++++++++++++++ 

+ 
[ill 

1.":1 CATHODE 

800~8®9 
ANODE 

lliJ 
++++++++++++++++++++++++++++++++++++++++++ 
-------------------------------------------------

~Capillary 
CATIONS 

EOF +~ EM 

NEUTRALS 
EOF EM --

ANIONS 
EOF +~ EM • --

ill'V'I~ 2.7 tlClltlf11':iUtltl~l':iU'lJ'lJCZE (Doping, 2012) 
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"' 2.3 Micellar Electrokinetic Chromatography 't'i'Hl MEKC 

" 
MEKC trl'W1~~H,.m~'YY-h:l electrophoresis!!"~ chromatography ~f1IJW~!~'W'Utl'l1~i1 

fie 'ffl:Wl'HlWJnm'J 1¢1~-:l'ffl'J~~'l.J'J~'ilu~~'ffl'J~trl'W nm'I'Vll-:l 1 vHh 1~t~f11'Jt~:W'ffl'J ~~u 'J -:l~-:l Nl~ • 
" ~ fl 11 :IJ! .u' :IJ .u' 'W'i~ -:l f1 11 l:IJ! CJf~ ~i f1 q \91 (critical micelle) 'U tl-:l l:IJ!CJf ~ ~ '11 'W''] ~ -:l 1 'WiJ -w! -w tl { 'YY ~ tl 

'ffl'J~~mt~Bt~n 1 'I'll" 1~1'lr~e1 r1'tn~trl'W 1:wt9f~~ ~-:l 1:wt9f~~~~niJtu~'VlHn~:w ri1'Wl1'1trJmJ~ nw~ 
d, c:=' ~ J IQ.I -=:to ,c9 ~ I Q.l lJ] r/ QJ g) 

:w'l.J'J~ 'ilm 'lltll'W tJ 'J~ 'il1Jlf1'Y! 'J t1~1J'U'W tltlf11J'lf'W ~'Utl-:l'ffl'J ~~u 'J -:l\91-:l ~n 'ffl'W 'YY l'U tl-:l t:W!CJf~ ~ 'il ~'Y! 'Wt 'U 1 
• • <u 

ri11-wt-we{'Y!~t1'ffl'J~~mt~Bt~n 1 'I'll" !~191' ril'W'Y!l-:l'Utl-:l 1:wt9f~~trJ'W ri1'W~ hJ~~l'il~;t.u'lrifl''Wvn~N 
<u <u<u 

'Utl-:ll:IJ!CJf~~ fl-:lfll'l"l~ 2.8 

Hydrophilic head 

Hydrophobic lail 

I I I g./ 

1:wt9f~ ~Vi~tJ 'J ~ 'ilm'iltflile'W Vii 'WYlfl''Vll-:l!~tlln'W 'Y!~ eYifl'\91 'J -:j 'll' 1:w n1J EoF ~'W e~n1J'lfu ~ 
• <u 

'Ue-:l'l.J'J~ 'il'Utl-:l'ffl'J ~~u H~-:lNl~nel'lltrl'W 1:wt9f~~ 'ffl'J~~u H~-:l Nl'lfiJ~'l.J'J~ 'il"1J t'lf'W 19ft~tl:w 1~ . . . " 
t~clf~~~t-w\91 (sodium dodecyl sulphate, SDS) 'il~tflile'W1'l.Jv-:l~lUt11'W~\9l'J-:l.u'l:wn1JYlfl''Vll-:l EOF 1'W 

'ffl'J~~mtl~trJ'W nm-:l'YY~mrJ'W ~1-:l EOF 'il~!fl~eJ'W~t~ln11m'J tfl~eJ'W~'UeJ'I l:wtCJf~~ fl''ltT'W 'ffl'J ~'I 
!fl ~tl 'W ~ 1 'W Yl fl''Vll-:l !~ t1 l fi 1J EOF 1 'W 'U W~ !fl ~ eJ 'W ~ 'ffl H ~~e) 'W \91 'J fl~ til n1J 1:wt9f~ ~!! 1J 1J 

" " chromatography ~-:l~~-:lel'W\9l'Jfl~ til L:iJ'lfeJ1JtJ 1U~~el'W\9l'Jfl~ til 1-w~l'ffG\91 (electrostatic interaction) 
'j) d 'j) 

! 'U l:IJl!f) tll'U el-:l 

f1~ lf1f11'J!!tlf1'ffl'J 1~t1 MEKC U'ff~-:lfl-:lfll'V'l~ 2.9 f11'J !Wf1'ffl'J ~trJ'W f1m'I'Vll-:l 1 -w~l!fl~ 
" ' . 

'\) 1 n el'W \91 'J n~ til 'J ~ 'YY 11-:l 'ffl 'J n1J 1m9f~ ~ u~ ~ ~'W el~ n1J m'J! f) il el'W! .u 1u ~ ~ elel n '\) 1n 1:wt9f~ ~ 'ffl 'J Vi~ 
I I '3J I iJ 1 I 

el'W \9l'J n~ tnn1J 1:wt9f~~mn'il~!fl il e'W Vi~1 fl'-:l u 'W 'ffl 'J Vi~rJw 'ff:w11~1:iJ'lfeJ1J t1 1~ -:j '\) ~!fl ileJ'W Vi eJ C) f)'\) 1n 

' " 
UfllJ~~ 1~ ~lf111'ffl'J.yj~~ l 
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A 
l\ 

A 

~ p A 

.I A Catho-de 

Electroosmotic Flow ------l~ 

ill'Yi~ 2.9 n~if1fll'HWf1b1'1'Ht'lJ'lJ MEKC (Kealey and eta!., 2012) 

2.4 Sample Stacking 

~I "" .,;. 'loi 'loi & ?t 
Sample stacking tu'U!VIfl'Uflfll'H'Wllfl11llt'Ull'IJ'U'UeJ'Ibfn~~mtiU'lJ'lJ On-line 91'1tlJ'U 

iTifll'.i tvillfl 11llt,rll,r'U 'Uel'l bfl'j ~ ~mti~Vh i~~ 1tiU~~ bY~~ 1f1fllt11 'U U fl1J ~1'1 f1~ i f1fll'.i tfl~ sample 

stacking b1'1lll'.itlelll'Ultli~~'lfll'W~ 2.10 trleJiifll'.iQ~ (inject) b1'1'.i~~mvl91'1eJEh'lt,r1i'l.J1'Uufl1l~m 
C1 oG)3J~ I .::'1 of!!t Q.l I &d 

'.i 'il~'Vl1 t'Y!tf1~fll'.iU'U'Ielelf1!u'UbfeJ'It'IJI'l (zone) fltl t'IJI'l'Utl'lbY1'.i~~mtll'l1eltl1'1 (sample region) 91'1ll 

I 0 "1 • .1.~ ~ C> Q 1 "1 o' & d I 

fllfll'.i'U1 !l"fri11'11 U~~t'IJI'l'UeJ'IbY1'.i~~mtltlt~f1 'Vl'.i t~\91 (background electrolyte region) 91'1llfllfll'.i 

il 1 i l'lVl1bY '~ trle1ii f11'.i H1'U fin vi l'lVl1t ,r 1 i 'l.Ji 'Uttfltl~~1'1 'il~'Yl1i M'ieJeJel'U 1 'U ri1'U 'Uel'l b1'1'.i ~~~1v 
"' . . " 

191 J tl v 1 'Iii f11 'j! fl il tl 'U .yj eJ v 1 'I '.i J ~! ~ J, 'l.J! f11 ~ n 'U 'lJ ~! J w '.i tl tl ~ tl 'IJ tl 'I! 'IJ 1'111 'I bY eJ 'I (concentration 
j/ I I I 

boundary) 'il1f1tJ'U ~'!linn tflileJ'W'Yit,r1 i'l.J1'Wt'IJI'lb1'1'.i~~mtl~t~f11 'Vl'.i i~\91' U~!'WeJ'I 'il1f1!'\JI'l~'lf1ri11ii 

f11 m'.i 'W 1 i l'lVl1~ bY'~ n-J1 ~'~'Vl1i M'i e1 e1 e-J'U ~t,r 1 i 'l.Jii nn tfl ~ e-J'U ~ ~1 ~'~ ri '~ ~~ 'Yl1i M'ii ~ 1 'W 1'U 'llel'~ 
"' 

, elelel'U ~llltfll~ '.i 1ll n'U lj ~ 1 'U 1'U lJ 1f1 t'1 tlf111fll'.i tfl~ stacking Vl11 M' 'lJ ~ nw '.i eltl~ eJiifl 111] t,r ll,r 'U 

"1 .J c\"1 "'1 c\ do "'ioG]'lJI 
'Uel'l !elelel'Ull1f1'\J'U tllel !tltlel'U~'If1m1tfl~tl'U'Vl~1'U detector 'il'I'Vl1 !'Yifll sensitivity 'Uel'lfll'.i detect 

" 
b1'1'.i ljf) 1bf 'I~ 'U lJ1 f1f111'l.J f)~ 

"' 
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Concentration boundary 

background background 

sample region 

8 - 8 -
8- 8- 8-

8- 8-
-

-

.d liJ 
ill'f'ffl 2.10 f1'fl !f1f1l'Hfl~ sample stacking (Quirino P. J. , 2000) 

" h.!~1'Wi>U'erw!tl~mnm'j'Yh sample stacking 2 ~'Vlfli.!fl ~e:J 

2.4.1 Normal Stacking Mode (NSM) 

NSM ~tl'W~'Vlfli.!flmn-11 stacking ~~1tJ~-q~ 1~tJf1l'j'fl:;;mtJ~1'jl'l1e:J~1~1w~' .. n11 

'fl:;;mtJ~ii~m-wnwt.'h!vHh~~1 ~'lf'W J1'11~m1'l'j'fl:;;mtJi!~~n 1'Vl'jt'fll'l~iifi111J~.u'1J.u''W~1"l u~1~~ 
" inject ~1'j ~.u'1~UfiD'flm11 'WD~1JltiUJlf1f1l1Df1~tl1m~ Hl9l''W (hydrodynamic injection) 111f1lJ'W 1'11' 

~n vi~~ 1~.u' 1 duflll 'fl m1 ~~'¥111 '11'! e:Je:Je:J'W 'lle:J~ ~1 'j'fl :;;'fl1 t~l'l1e:J ~1~ ~~ ii~ 1 ~m-w'l11! ~~1~ ~ 1 
"' 

~fl~e:J'W~t:J~1~'j1~~~1~.u'1d~'UI'l'Ut:J~~1'j'fl:;;mtJi!~~n 1 'Vl'j 1 'fll'l~~ii~1~m-w'l11 1 ~~1~~ ~n11 1 'W~'UI'lif 
"' "' 

I I I I 

.<:::::!. I ..:::! ~ ..:::! 'J) I ..::!t 0 Q.l I lrJ...I 'jl 0 QJ 

1nnt1.1 concentration boundary f1t:l'W'V11J:;;~fl'flt:l'W'Vl~'U1~ detector ~'Wt:l'V11f1l'j\91'j11J1~\91t:l !lJ 'Ut:l111f1~ 

' ' " 
'Ut:l~~'Vlfli.!fl NSM ~t:lf1111Jti11'Ut:J~'lf1~'Ut:l~~1'j'fl:;;'fllti'Viiim'j inject ~.u'1 1111 'WUfi1J'flm1ii'lf1~llff'W 

t1'1 inject ~1'j1'W'lf1~~ti111Jlf1"]1!:;;'¥111'11'~1Dn: iY'Vl~fll'W'Ut:l~f11'j~Wf1 (separation efficiency '11~{) 

~1 Rs) ii~1'fl~'fl~ 

2.4.2 Field Amplified Sample Stacking (FASS) 

..::!t ~~ ~ ~ 
FASS 'J1'jt:J Field Enhanced Sample Injection (F ASI) ~1J'W~'Vlfi'Wflf11'j~'W1Jfi111J 

9) 9) Q.l I£:! .<::::!. & .& I .0::::::. Q.le% ~ .d. 

~'U1J'U'W'Ut:l~TI1'j'fl~'flltl\911e:Jtll~e:Jm'Vlfi'Wfi'I1'W~ CJl'~U\91f1\911~ 111m'Vlfi'Wfl NSM ~~'W ~'Vlfi'Wfl F ASS 11:;;1-J 
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~ ~ 

m':i~ ~tl lt 'l1'1 1 tJ! 'Wttf11lmn~ ne:Ju 'ill flU u ~-:J ~ ~ ~l'J(l~mvl?i' ·:mvl-:Jt.u'Tdttflil(l m~~ lflfl nul'il-:Jffnv 
"' 

& d 1 : 0 G} <j) Q.l t d 1 0 l'l -~ ~ 
(voltage) CJf-:Jt'Jflfldl electrokinetic injection 'Wl'il:;;'Vll !'H~l'J(l:;;mtJ\9lle:Jtll-:J:Uf11~fll~'Wl !yjl"'l\911 

trle:J ~ilu ffnv1 yjfllt'll'l 1 tJ1 uttflil(lm~ 'il:;;vh 1 '11'1 e:Je:Je:J'W 'Ue:J-:J ~l'J(l~mvl?i' le:JVl-:Jtfl~e:Ju ~e:JVl-:J'J l~t ~l 

1 1Jtm:;;1J~ t 1ru 'J e:JtJI'i e:J'U e:J-:J~l'J "':;;"' ltJI?i'lt~ v1-:Jn1J ~l'Jt'l:;;mvBt~ n1 'Vl'J 1"191'~-:JiJ~l~m~tl 11 yjfll~ -:J 
"' 

I 0 <j)~ Q.l I ~ ..J .0. .0. d 
'ff-:J~,m'Vlllt!tfl\Oifll'J stacking '\Jtl-:J'ffl':it'l:::mtJI'11e:Jtll-:J'\J'W CJf'lfll'J!fl\01 stacking '\Jtl'lt'Vlf1'Wf1 FASS 'W'il::: 

vht11'iJ sensitivity ~~'ln ·;htJn~ flt'llflfll'Jtfl~ stacking H'ff\01-:J~'lfll~~ 2.11 

Hydrodynamic injection 

Water plug Buffer solution + 
Electrokinetic injection EOF 

0 + 0 0 --+ 
Buffer solution 

Sample in water 

0 --+ 0 --+ 
Buffer solution I+ --+ 

Buffer solution I+ 
Applied Voltage 

--+ Buffer solution I+ 
ill't'f~ 2.11 flt'l1flfll'Jtfl~ sample stacking tt1J1J FASS (Zhu and et al., 2001) 
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Chatterjee and et al. (1982) t~ftf11:Jlfll'HltltibHnti'Yil'l~'Ji11'Vl'UtN 2,4,5-T h..!~'W hw 
Gt9J.c::::), del~ d' OGI9Ja:. I A Q<) 
!'l5~fi'W'YI~tl'lJ~bJ;'YI'Ii Pseudomonas cepacia ACllO 'il~'Yil !'Yilfl~fll~tltltlffflltiUfl~fll~!'il~ty!~'lJ !~ 

'Utl'l~il'W'YI~v~~tltlffmtl 2,4,5-T 1'W~'W ~ffml~mm~ffll~tl ~tu'V!flii~mm~ffll (30 °C) Ufl~ 
'fnlll~'W (15-50%) ffllll~tl~tltlffflltll~lllf1G'l 95% ~'flllllt'li'mi''W (1 mg/g 'Utl'l~'W) mt11'W 

1 '!:l'll~1M' 

Cugat and et al. (1997) t~ftf11:J1Ufl~!'l.l~tl'lJ!'Vitl'lJ!'YI'fliJ'fl CZE Ufl~ MEKC i'Wflll!!tlf1 

bYl~'ll~~f1tl'lJ aromatic sulphonate 12 'l5iJ~ 1~uri 1-amino-2-hydroxy-4-naphthalenesulphonic acid 

(1-NHa-2 -OH -4-NS; 1 ), naphthalene-2-sulphonic acid(2-NS; 2 ), 8-amino-2 -naphthalenesulphonic 

acid (8-NHa-2-NS; 3), 2-amino-1-naphthalenesulphonic acid (2-NH2-1-NS; 4), naphthalene+ 

sulphonic acid (1-NS; 5), 5-amino-2-naphthalenesulphonic acid (5-NH2-2-NS; 6), 6-amino-1-

hydroxy-3-naphthalenesulphonic acid (6-NHa-l-OH-3-NS; 7), 6-amino-4-hydroxy-2-

naphthalenesulphonic acid (6-NHa-4-0H-2-NS; 8), 4-amino-1-naphthalenesulphonic acid 

(4-NHa-I-NS; 9), 1-amino-5-naphthalenesulphonic acid (1-NHa-5-NS; 10), 1-hydroxy-

4-naphthalenesulphonic acid (1-0H-4-NS; 11) and benzene sulphonic acid (BZS; 12) 'Vi'lJll !'Yl'fliJ'fl 

" CZE U'W pH 'il~JJ~fl~tlm~itml~Mmn !!fl~ 1~ffllll~tl!Wf1ffl'j'lJl\l'l5iJ~ 1~ !'YI'fliA'fl MEKC 'i!dh 

fll~!~llbYl~fl~!!~'l~'lp:jl!~tl!'l.l~tl'lJ!-Yitl'lJ 2 'l5iJ~ ~tl SDS !!fl~ Brij35 'Vi'lJll Brij35ffllll~ti!Wf1ffl'j 

l~tl~l\lbYlJ'lJ'jWfllt11'Wnm 18 'Wl-Yi bYTW SDS t~ffllll~tl!Wf1ffl'j'lJN'l5iJ~ 1~ 
"' 
Reddy and et al. (1997) 1Ji'~mllfl11VVti{H1lti'\JV'l 14C ring !!~::;side-chain-labelled 

" 2,4,5-trichlorophenoxyacetic acid 1~t~1offt~tl~l Dichomitus squalens !!(;!~ Phanerochaete 

& 1 2+ d. I I I ,1 ~ i ~ J 
chrysosporium CJf'l'Vi'lJll Mn ll~flm~'YI'lJ~tlfll~tltltlbYflltlbYl';i!l'ifll'W!lltl 'l5!'15tl~l D.squalens 

1\1] d. I I J d'9Jd1J ~ 
!!fl~ 'Vi'lJll ! 'W L~'H'il'Wll ~(;1\91 tlfll~ tltltlbYflltlffl'j "tltl\l!'l5m 1 P.chrysosporium '151 '11!'11'W ll!'l5tl~ l'YI\l 

bYtl'l'l5iJ~ 'il~!~til'li'tl'ltl'lJfll'j !fl~fll'j !!l'lf1tltlf1"tltl\l side-chain ~\l 'il~JJ~lrJ 'l'll{ln~ tllt~tlf1(;1 tf1BbY~~ 
' " 

"tltl\l~~'lJ'lJfll~ ~tltlbYflltiilniJ'W 1 'W "tltud1fll'j ~tltlff(;lltl"tJtl\l aromatic ring 'il~~'W tl~tl'lJ nmJfll'j Vtltl 

"'"' I '\' ']~ 'J~d I 

bY m t1 f1 f1 'W 'W f1 U t1 tl t1 bY m t1 chlorophenoxyacetic acid ! ~ t1 ! '15 D.squalens U bY~ \l ! '11! '11 'W 11 
d ~ Ql t/Q.J d A J ) G) 

chlorophenol !DW-m~fltl..!CV1~l!!';if1'YI!f1~'U'W !~tl chlorophenol 'il~\]f1 xylosylated !'W'l'l.l"tltl\l 

chlorophenolxy los ide 1 'W 'Yil \l f1 ~ 'lJ tl 'W chlorophenolxy los ide 'il ~ \] f1 ~ tl t1 bY m tiL~ t1 intracellular 

~ o G) 3/l.r] 'j} ..J ~~ a:. QJ d' ... I A AA 

,8-xylosidase ! 'Vi tl 'Yil ! '11 ! ~ chlorophenol CJf \l chlorophenol ! lJ 'W ~ (;! l'l.fl tu CV1 "tJ t1 \l lJ t) f1 'j til "tJ t1 \l 

xylosidase ~\l!fl~ dechlorinated oxidatively 1'W'l'l.l"tltl\l 2-chloro-p-benzoquinon ~\l!fl~'illf1'll~n~tll 
"tltl'l dechlorination!!(;!~ ring-opening reaction 
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Farran and et al. (1999) ~~~flfl1fll'HWfHYl'jfhil~1<Jf~'lHl~lJ phenoxyalkal acid ~V 

1 'I ~ ~ "'> .J IIJ ~«< • • 
2,4-D Uri~ MCPA ~e.J 1<Jf CE WWt'Vlfl'Ufl CZE Uri~ MEKC C}f~ ~~fl'fl'hl1Nri'\JV~ orgamc modtfier 

0 
~ I ~ Q 

(acetonitrile), micellar system (sodium cholate) Uri~ t\91lJff1'j cyclodextrins 'WU11 tm:H\91lJffU 

cyclodextrins 'il~Yh 111'ih.h~iY'VliflTV'lfll'jtWfl~~~fl'.h1~~'U Url~ff1lJ1HltWflff1'j t~me.J1'W 5 'U1Yi 

Gregus and et al. (1999) ~~~md1Nri'\Jel~ff1'jfl1~~1<Jf~<Jf fl~lJ chlorophenoxyacetic 

" acid ~el 2,4-D Uri~ 2,4,5-T U'U glycine conjugation 'Uti~ benzoic acid 1~e.JYJ1fll'j~~ff1'jl1'~ 2 <JftJ~ 

r~~!1.J1u benzoate 'il1fl!~el~U'fl~'j~1JU~UUffff11~1'W'I1~ ~'lel~1'W~U'\Jel'l benzoylglycine 'WU':h~ 
" " l'lrlfll~'Vl1J~'IU1) 'j)~'j1Jfll'U fll'j"Yi1~1'U 'j~1J1J'U'Wri '1'\Jel~ l\91 2) tfl~flU V1JV'lfll'j~1Jci1e.J'\Jel'l l191'il1fl 

<lJ,t IQ.I d I 9)9) 

benzoylglycine 3) e.J1Je.J'lfll'jfleJ191l'\Jel~ benzoylglycine 'il1fl benzoic acid 4) lJNIJ\91elfll1lJt'\JlJ'\J'U 

" " '\Jel'l ATP, CoA 1u~u 5)rl~fl'iJfll'jlJ'\Jel'l synthetase benzoyl-CoA 1ul'iu 'il1flNrlm~'Vl1Jl1''1'11lJ~oW 
" ']~Q I "'> 'I 1 "'"' 

Uff~'lll1!'11'Ul1 2,4-D Uri~ 2,4,5-T 'fl~fll'j!fl~ benzoyglycine 1'1...1'11~ ~e.Jfll'je.J1Je.J'l'\Jel'l synthetase 

benzoyl-CoA 

Kim and et al. (2001) ~~~mJl!'VlfltJ'flfll'jt~lJ'f111lJt.u'mJ'u 2 t'Vl'fltJ'fl l~Uil sample 

stacking U'fl~ sweeping 1~e.J1~ff1'jri~UH~'l~l1.J'j~~Ulfl 1u1~ micellar electrokinetic 

<'I "'> n I "'" ~ "f chromatography ff1'j'fl~UHI91'll'!'hJ'j~~1J1fl'Vli<Jf flel tetradecyltrimethyl ammonium bromide Uri~ 

.,; d IIJ 'I "'> "1 'I~ cetyltrimethyl ammonium chloride t'Wel!'WlJfffll'W n I'Ufll'j1tm1~'11 ~e.J I<Jf naphthalene sulfonic 

.I"'>"'> 'I "'> .-.J I IIJ~ 
acids 'Vl~{l'ti1JIJ'j~{l''Vl1ifll'W I'Ufll'j1tm1~'11 C}f'l{l'1lJ1'jt1'11l'f11 detection limits !~'il1fl 0.96-0.47 ppb 

lJl 914:9 ..:::::. it oQ ~ ... I.Q 
Zhu and et al. (2002) !\91f!'flfl1!'1'1'fl'U'fl on-line preconcentration t'Wel1t'fl'j1~'11'111IJ'jlJ1W, 

'\Jel'l ff1'j acidic compound 1191mllJffel'lt'Vl'fltJ'fl'\Jel~ on-line concentration ~el field-amplified 

sample injection (FASI) Uri~ sweeping-MEKC 1~ff1'j'fl~'flle.JoU'Wtvlv{~~ pH ~1 (2.5) t~el'lfle.Jfl\91 

electroosmotic flow (EOF) Url~'lhe.JYi1111'{1'1'jl'i"JeJd1~tfl\91fllm\91fll'ilt~'U lelelel'U ~'l~'fll1lJ l 11 'U 

fll'j1t'fl'j1~'111~~'~ 100000 rvh ~1'11i'Uff1'jfl1~\91l<Jf~<JfU'j~t.tl'Vl phenoxy acidic trlmYivun'Ufll'j~\91 

{1'1'jU1J1J ~~ 1~'j l\91'W1fi'fl 

lr} 9)-=!J d Gt 0 Q.l Q.l ~ I 

Komarava and et al. (2002) !\91f!'flEJ1{l'fl11~'Vlt'l1lJl~{l'lJ !'Ufll'jtWfl{l'1'jfll'iJ\911<Jf'W<Jf flrllJ • 
chlorophenoxycarboxylic 

2,4-dichlorophenoxypropionic 

acid 
"'> IIJ ~ 0 

6 GJf 'U \91 ! \91 u fl 2,4-dichlorophenoxybutyric 

(2,4-DP) 2,4,5-trichlorophenoxyacetic acid 

(2,4-DB) 

(2,4,5-T) 

2,4-dichlorophenoxy acetic acid (2,4-D) Phenoxyacetic acids (PA) Uri~ 2,4-dichlorophenol 

" " 
(2,4-DCP) 1wmrinl1\91llJ1i'j'jlJ<Jf1~ ttrl~thrl111i'uu~i.fl'fl 1~e.Jfftl~ff1'jU1JU solid-phase 

"'> "~ "'> 'I ~ d 'I "'> <ld "'! 'I ~ 
extraction 1 t 'f1 'j 1 ~ '11 \911 eJt '1'1 'f1 'U 'f1 CZE .fl1 tl 1191 {1' .fl11 ~ '1'1 m lJ 1 ~ {1' lJ 1 'U flU 1 t f1 'j 1 ~ '11 fl 'f1 el flu 1 'lf 

• .::ll "'"'1 IIJ" "'>"' sodtum tetra borate pH 9.2 tiJ'U{l'l"aiJ::;mvm~n 'Vl'a !~191 Sample injection 30 mbar 30 1'1-11'1'1 
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.J 11)91 1 d ""' applied voltage +20 kV Clf ·HlllJl'HlWJfHll'J t~flltl 'W 12 'W1'YI urt::;lJm LOD 'Uti~ 2,4-DB 2,4-DP 

I Q.l I ..:::1 I I Q.l 

2,4,5-T ur~::; 2,4-D !'YilfliJ 0.005 mg/1 bY1'W PA ur~::; 2,4-DCP lJfll LOD !'YI1fliJ 0.001 mg/1 

Komarova and et aL (2003) i~~fl'l:ll'H1'lHmtu'IJtl~bY1'Jfl1~W1'lf.W'lf'lh::;Ul'YI 
~ ~ ' 

chlorophenoxy caboxylic acid 1w1WlllJ1i'J'JlJ'lf1~ ur~::;ih$ilJ i~un 2,4-dichlorophenoxyoleic 

(2,4-DO), 2,4-dichlorophenoxypropionic (2,4-DP), 2,4,5-trichlorophenoxyacetic (2,4,5-T), 

2,4-dichlorophenoxyacetic (2,4-D), 2-methyl-4-chlorophenoxyacetic (2M-4C), and phenoxyacetic 

(PAA) acids hw1oH'mrl'W'fl CZE 1~m~m_hdY'YI~m~1'Wfll'J!Wfl~1tlfll'J!~lJ ~-cyclodextrin r~~1'W 

bY1'Jrt::;mtJ~!~fl1'YI'Jirt~ (il.i!n'W 2 mM r~~l'W 10 mM borat buffer 9.2) ~~bY1lJl'Jtl'H1~1 LOD 'Uti~ 
~ ' 

2,4-DM, 2,4-DP, 2,4,5-T ur~::; 2,4-D rvhiliJ o.ooos mg/1 'Wt~mnn.W CE V~!rl'W!'YI'fltJ'flfimm::;-crlJ 

1 'W n1 'j u tl n u" ::; 1! 'fl 'j 1::; ,r"' 1 'j ~ tl v 1 'W 'j tl 'IJ tl ~ 1 tl tl tl 'W" iJ 'IJ tl ~ "'1 'j n 1 ~ ~ 1 'lf .w 'lf 1 'W n ri jJ 
"' "' . 

chlorophenoxycaboxylic acid 

Kartsova and et aL (2006) ~~~mllfll'JUtlflbY1'J tea flavanoids !~uri (+)-catechin and 

(-)-epicatechin 1~t~1oH'm'fltJ'fl CZE ur~::; MEKC ~~l'W!'YI'fltJ'fl CZE 'i!::;!~lJtl'J::;-ff'YI~fl1~1'Wfll'JUtlfl 
91 "' 9 "'d 1 II) o' ' "' 191o "' ~1tlfll'J!\PllJ p-cyclodextrin rl~ t'WbY1'Jrt::;rt1tltl!rlfl 'YI'J tr\1'1 bY1'W!'YI'fi'W'fl MEKC 'i)::; 'lfbY1'H'JiJfll'J 

!Wfl bY1'J tl 'J::; n tliJ'H mtl'lftJ ~~ ~bYlJ fl'W ~ ~ EOF ur~::;tl'J::; -ff'YI im~ 1 'W m mtln LY1H::; ~'W t1 VfliJ'fl11lJ 
"' 

!'li'lJ'li''W'Iltl'l micelle-forming agent (SDS) ur~::; organic modifier (Urea) 

Fu and et aL (2009) ~~~mJlfll'JVtltlbYmtl!!rt::;mtl~mW'IJtl~ 2,4-dichlorophenoxyacetic 

acid (2,4-D) ur~::; 2-methy-4-chloro-phenoxyacetic sodium (MCPA sodium) 1'W~'W1i'J'JlJ'lf1~'il1fl 

1 & .d ci 1 911 "' o' 1 91 "' fl1 'J !flEI \Pl'J ~ tlfl'flEI1 bY fl11::;'Yim m::; bY:JJ! ~ tl 'lf 'W fl1 'J 1!'fi'J 1::; 'H !!'"::; 'lf!'Vl 'fi'W 'fl capillary zone 

electrophoresis (CZE) ~1 detection limits ~fl1'W1W ~~fit~ 0.25 j-lg/g (MCPA sodium) ur~::; 0.15 

j-lg/g (2,4-D) 

Zykova and et aL (2010) ~~~flEllfll'J'H1tl~lJ1W'IJtl~bY1'J ascorbic acid (AA) 1'W 
~ ~ 

medicinal preparations 1~t~1oH'm'fltJ'fl CZE ur~::; MEKC ~iJ -:hYi'~bYtl~lTIU~'fl11lJtlfl~tl~Urt::; 
"' 

mi'WV11'Wfll'Jl!'fi'J1::;,!ur~::;mtl~lJ1WbYn !-dt~~'il1fl1'W medicinal preparations~ AA tl~ 50 mg !rlt~ 
"' o'91 & + 
1!'fi'J1::;'H~1tl CE 'i!::;\Pl'J1'il~iJm 49.99 _ 0.24 mg/1 
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.. OJ ' 2.6 fll'Ht1'UI'ITe!tiH (Sampling) 

m 'j tfh.J ~ 1 tJ ~1~'1'11 tJ n1 'j ri:wt ~ tJn~ ltl ~1~ tvi m11:w ll! fl 'j 1~ r1 ! ~'W ~ ~ ~ fflf1'ru:w 1 f1'Vll~ tfl iJ 
q u 

l!fl 'j 1~rfrw 'j 1 ~! ~ 'W f11 'j !~ tl f1~ lU 'Vl 'W 'U tl~ ~ ltl ~1~ tvi tl'lJllJ Tl'll f11 'j l! fl 'j 1~rf ti' l!n1J ~ ltl ~1~ 1-J~ rodh 

h1~H'lm'j1tml~rf~f1vwlf1rolnflll:Wt~'Wro~~mn f11'jtn1l~ltJ~l~ilvnnel1~ t'lf'W ~ltJ~l~~t~'W 
~ Q.l I I 0 I 9_ ~ a'd ll') 3J 

heterogeneous 'ffl:Wnfl!fl1J'rll:llel\9lltlell~U'U1J~:W (random) Ur:'l~1l~'Wl'ffl'W tfllJ11!fl)l~'Hf1 tfl .. 
d Q.l' ' 0 

2.6.1 fll'Ht1'UI'I16t1Hl!l 

: CV I d d 3) d Q.J -: d 9) & ~ 
'W 1 I'll tJ el 1 ~ 'Vl ! f11J lJ 11) ~ \9) tJ ~ ! 11 'W I'll u 'Vl 'W 'U tl ~ 'W 1 'Vl \9) tl ~ f11 'j 1) ~ ff f1 fj 1 'rl 'j tJ 

~ tl dt 9 'j) e:!i 9 d 'j) 0 & & "',~ : d d ~ 
ltm1~'11 !'WtJ t'11'V1)11Jfl~flrum'W t'Wf11)'WI'ltJ~fll'W~fi~1J'J:wltu'UtJ~'Wl'Vl1l~!fl1J nm 'lf'Wfl t!r:'l~ 

q 

I : d d I d : al ~ 't d .t:fi ~.CS d Q.l I I d dt 
u 'rl" ~ 'U tJ ~ 'W l'Vlf() ~ !fl1J ll! 11 'W 'W 1 fl '11 'j tJ 'W 1! 'ffel f)1 'j 1J 'j 'jell elfl ~ l1i f)l'j !fl1J \9) 'Jtl rJ1 ~ tJ rJ1 ~" ~! tJ el fl ! 'W tJ 

' "' 
l-11 1111 ~fill ~ltJ ~1~ 'Vl f1'lfUf1 !W ~ 'Vl nilitT 'W! ~'W 1 Ll 1 ~ell n t 'W 'J l~flll:W Ul'l n~ 1~ tl'W 'U tJ~ll'l t~Ll 'j ~ 'ff ~f)' 

q q q 

Ur:'l~l~~1~1 'Wf11'Jltfi'Jl~rf ~~'UtJf1rill~~ 1f1el~l1 1 LJ !'l'lltY'W 

"' OJ ' 2.6.1.1 'lf't..!~'U6~1'116l'.Jl~ 

OJ ' 1) 1'11eltiHHtlt1 (Grab or Catch Samples) 

1f1el~11LlM:wlel~~~ltJ~l~~tn1J ru nmur:'l~'ffm'W~'~'~d~ u~1l-11m 
~ tid Q.l I \J] Q.l I ef d Q.l I : ~ d d 
ltm 1~ m 11 'W I'll tl m ~ 1 ! Ll l'lltl el 1~ !Wf1'W ro ~! 11mnu 'Vl 'W 'U tl~ u 'rl" ~ 'W l'W 'W m 'W 1~ nr:'l 1u "~ ~ f1'Vl!f1'U 

S} ,., 'j) I I 

tvhlT'W tJ~N1'jn~ ti'1Ll'jlf1{) ';htmri~l-11'l1'WilfJtum'WVi~tJ'W.Ul~ro~mili ru nmur:'l~~f1~1~1 t'Jln 

"' "' di "' 
mro ro~nri11 1~11~ltl~NlT'Wt~ 'W~lu 'Vl'W'Utl~u 11 ri~l-111~ Clf~ 1 'W mill i1 ~ltl~l~Uelnt~el~~ltl~l~ 

"' "' "' "' !~ell mro 1~t~'W~lU'Vl'W'Utl~tmri~l-11m~uti~ 1~mel t'lf'W l-11Ll'j~Ll1 l-11~1~'W tt~~\.JlutJ~n 
"' "' i.l'1tmri~thu'W lifltu.fll'W~ltt'il'J~'Wm:wnm f11'Jtfl1J~lmh~twn1'W 

q 

I d 0 ~ d' I 'j) & d t.dd 
'lf1~nm'Vl m m~ 'ff:W :w l'Vllf11'J l!fl 'J 1~ 11ro~ 'lflel 1 'r!'VJ'j 111 fl ~ 'U tl1Jt 'U l'l flll:W fl u~~'lfl~'Vlt Ll ~ el'WU Ll ~~ 

,., I I ,., 

1~ 'lfl~nm 1 'Wf11) tn1J~TeJeh~~'Wtl~tl1JfllllJ~'Utl~f11'j tL!~el'WULJ~~ f1~t1'W ~~tl11l1l~ULI) ~'W 1~ 
iJ I iJ I 'j) 

~~u~ 5 'Wlili ~~ 1 'ih 1:w~ 'rl1tJ'Wl'Wf1lltJ '1'Wmruiliflrum'W'Utl~tmri~thuLl'JH'Wm:W'j~el~'Vll~ 
q 

.d " I "' 'I 9) ~ "' I .d 'l '1 9).:! 
U'Vl'W'Vl'll~U1JHl'W\9lllJ!ll:ll fll'J t'lf'lf~Hf11J (Set) 'Utl~\9lTeJell~'lllf11lfl'Vl!'l1lJl~'fflJ tflel t'I1:Wf11'Jt1l1~1l~ q q 

"' 
~lU 'Vl 'W 'U tl ~ ~ l tl ~1~ l1 ~ 'H:W f1 

OJ ' 
2) 1'116l'.Jl~''nlJH'U'U Composite (Composite Samples) 

. 
• 

dl I Q.l I do d d Q.l It 

'rl lJ1 elfl~ 'ff1'W ~'ff:W'Utl~\91 Tel ell~ !Wf1 'Vl'Vll f11 'J !fl1J W. 'llfl !fl ellf1'WU\9l\9ll~ 
q 

"' ' 
nm 1JNfli'~'t~l'llll Time Composite Samples iJLl'j~ 1el'lfUffl'Hi'1l'1~nml'Wi'il'i'tJ~f11)'Vl)l'Uflll:W 

I I j} I 

t.U:w.U'Wm ~ el t'lf'W '1 'W f11'jfll'W 1ru flll:W 'ffllJl'j t~Vi ro~ ih ~fll-11! ilel 111 tJL! 'j ~ iY'Vlil fll'W'Utl~tfl1 tl~ ~m 1 'W 



. 
• 

32 

b.:J.:J1'Wtl1~mf1tiltl U'Vl'W~'il~'V'i1f11'Jltm1~-H'\Pl-reJ~1-:J !Wf1'Vlf11'11'eJ~1-:J U~1'Wllllfl1'W1Wl'l1~1!l~~tl • 
"' "' 

'U 'eJ.:J ~~ 'eJ1 'il 'il~'V'i11'11'eJ~1-:J) 1lJ'U 'eJ.:J~ 1'eJ ~1-:J tWntl'l ~1.W u~ 1'V'i 1f11) ltfl) 1~-H'fl i' .:Jt~ tl1 t~'W nu 

tJ) ~ l'l v~t 1~ 1 u~ ~ ~ 11 '*~ 1 t1 !c$1 'eJ ~1-:J lJ 1 n ff1l'l i' 1J f11) 1tfl) 1~ -H~ 1 I tJ l1 n1 '*1'11 'eJ ~1-:J) 1lJ 1 'W 
I I g/ 'j/ 

'li1-:Jn~1 24 'lfd 1l-l.:Jttl'WlJHl)l1'W tt~tl'wi''eJ.:Jf11)~~m'V'I1~f11)tU~ti'WUU~.:JfJWfll'V'I'W1-Yi.:J 'eJ1'il 
1 I 'j/ 'j/ iJ I 

~'eJ.:J m) 1'11 'eJ ~1-:J) 1lJ'Vit 1J 'W 1'11u 'Vl 'W 'U 'eJ .:J l'11'eJ ~1-:J 1 'W '151-:J-Yiii mnJ ~ 'eJ v'W 1-n .:JtJ 'W l'11'eJ ~1-:J) 1lJ -vi I c$1{) 'eJ 

tlJ'WI'l1'eJ~N!Q ~tlfllt11~ fffi11~\Pl.:J f1~ 11 'il~\Pl~1Jtul'l1t~t11tl1J!1mtlnt~1J (Detention Time) l u!c$1 
tJ 

I 'j/ I 'j/ 'j/ 

1~v-Yiu~~~l'l1'eJ~1-:J'W1-vit~1J~'W'eJ~n1Ju~m~Vl'eJ{t~tl1 ;i'eJ B\Vl)1f11)ll'l~ w nmt!'W (;i'eJNfflJtl'WIV11lJ 
"' 

B\Vl)1ff1'WU~lJ1Wf11), l'l~) 
"' . "' 

1'Wm) 1tfl)1~-H'ri1'WU)~n'eJ1J1Jl.:J'eJ~1-:J'U'eJ.:J'W1 t'li'W n19f-Yi~~mv1 'W'W1 
'j/ I I iJ 

fl~'eJ~'WIVlf11'i'1-:J 'eJW l'l nilu~~Vit'eJ'lf ~ 1!l'l~1.Utu~ti'WU U~.:J !c$1~1tltllmn1J~ mnl'l1'eJ~1-:J H ~.:JtJ'W ~ .:j . "' 

!llmm~~ 'il~ 1 '*1P11'eJ~1-:J) 1lJ l'l1'eJ~1-:J) 1lJU 1J1J Composite 1 '*m 'V'I1~ f11) '111~ 1ff1'W U) ~ f1'eJ1J~'Vl) 11J 
. "' 

l~!!'l.l'W 'eJ'W i1 tiJiJ f11)! U~ ti'WU U ~ .:Jf11t11~ fff) 11~'U 'eJ.:J f11) !~1J U~~f f1'1:J 11'11'eJ~1-:Jt 'VhtJ 'W 1 ,1' 'W 1U~~~ 

I 'j) d I I I d ~ d & ~ <r ~ ,:::! 

tlti1-:J'W'eJtl 120 mm !f11JU\Vl~~ff1'W!l'lm'W'Vlf1'lf11lJ.:J 1Jl.:Jf))W'eJl'il'il~'Ylf1flH'lf1 tlJ.:J l'!)'eJ'Ylf1 5 'W1'Vl . . . . "' 
u~~'W1mNffl-ln'W 1 'W 'U1~ i 11 i m.u'U1~t~tl1 tll'eJ~'W ff~nmm) tn1JI'l1'eJ~1-:Ju~1 t1'1~'eJ.:J i '*ff1)'li1v 

tJ • 

~ f1'1:l 1 (Preservatives) 1 11't~lJ ~.:J 1 'W 'U 1~ t~lJ~ 'W 'Vlf1'U 1~ n 'eJ'W 'V'i 1 f11) t~1J U f1 ~lJ' n'V'i 1 flU) 1lJ U~ ~~ . 
f I 'j/ 'J} , 

l'l1'eJ~1-:J i 'W U~lJl~Vl)'Vittlm1~ri1'Wtl1JU~lJ11Vl)-vi l l'l~ rlm ~1J'W 11 ff 1mn (Sewage) 'W 1-n.:J'il1m~1J1J 
"' "' tl1~~'W1tiltl (Effluent) u~~'W1tiltl (Wastewater)U~1 U~lJ1\Vl)~~'11'1t1 2-3 il~Vl) tJ1Ji1'V'I'eJtViti.:J tl'1'il~ 

i '*tfl~'eJ.:Jllmn1JI'l1'eJ~1-:J'lfiA~B'IV11 'W l!~ fl1) t~lJ ff1) '151tl~ f1'1:J 1~ .:j, tJ n'eJ'W 'V'i 1fl11lJff~ m~tfl~ 'eJ.:Jll'eJ~ 
"' ' 

i'*1 'W nu t~1JI'l1'eJ~N) 1l-ll1'-:J'U1~ 1 'WU~~~1'W tVl'eJtl1:0'~m) t'il~ tyt~1J 11Vl'Vll.:J~1~u~~m) tm~'U'eJ.:J 

.... ' 3) l'l'Jelf.Jl.:i'a';J'i.JUU'U Integrated (Integrated Samples) 

l'llJltiO.:Jff1'WNfflJ'U'eJ.:J\Pl1'eJ~NUtlf1 ~tfl1J'il1f1~~~N~ tl'W 1'Wnm 

!~tl1tl'Wl'l~'eJ 1'Wnm~1n~n'W~ff~ 1'11mh~~~1tll'W~'eJ.:J!~1J 1~v11iiflc$1uri ullJ1 ti11i1) ~.:~fltum'V'I • • 
' "' 

UU) N'W IV11lJfl11lJf111-:JU~~ ~n1 'W f11)U) ~ til'W~1ff1'W u) ~ f1'eJ1J! 'U ~til'!~ 'eJU~lJ 1W ffU l1-:Jl'llJ~ (Total 

Loading) ~~'eJ.:J1'*'U'eJ.:JNfflJ'U'eJ.:!I'l1'eJ~1-:J ~tll'W1'11!t'Yl'W'U'eJ.:J~~~1-:J~ 1'Wff1'WI'l~ (Cross Section) 'U'eJ.:J 

I : Ji ?I CLJ I Q.l \fl 
u l'l~.:J'W 195-:JtlJ'W ff~ff1'W f11Jm) m~ 

"' ' 
f11)! \VI~ tllJ 1'11 'eJ ~ 1-:J) 1lJ U 1J 1J Integrated .W ~ 'eJ .:J f11)! fl ~ 'eJ .:J iJ 'eJ Yi !fl''I:J 1 'W 

m1 !~1JI'l1'eJ~1.:! 'il1f1~~~'Yl111Jfl11lJ~ n1~v!lliim111~11'W 'il1f1J1t d 'eJ.:J1J'Wt~ t1 'W 'eJf1'il1niffl11'Yl111J 
I I 'j/ 1 

d Q.l ... lol:::it. ~ \fJ I - I I 0 d 0 d I 'j) d ll) 'j) 

!f1tl1f11JlJ 'W11'11' f111'tfl~V'W rt11Ui:'l:::1:'1'1'WlJ1':::nV1JYI1\I"J '1Hl\I'W1 'Vl'O~'Vl1f111tn1Jf1~'WWJtl 'il~!l'l'W t~ 
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"' "' ' 
11fll'j !~'U~ 1mhn 1lJU'U'UU~ ·:UJ1fUW:dh'J'W1915'U~!fl'fl n11U 'U'Ufl'W (~YTW tll~ t1 ~~'W1Ui:l~ ~'Vl tl 

"' 1'VltJ1 mlJ'Vli'Vw1m'lh 2555) 

c:l Q.l ' .c:::::t, 

2.6.2 fll'Hfl'UYI1e:Jtll~~'W 

"' ~H'l 'U 5'1 fll'j l!m 1 ~rr~'W'il dj fl11lJ tl nl'i5'1 Ui:l~U tJ 'W 5'W !Vi tl'l 'l \91 ~'W 5 cin'U ~ 15 ci1'1 
~ ~ 

~'W~!~'UlJl lJ1!~'U~15ci1'1~'U ~~~ U&'l~ l~tltll'i5'1 u~11'11~~1fll'j l!fl'j1~rfi:l~!~tl\91~fUVjtl'l 'l191~\911lJ 
~ 

.e:, d' d lf} j/ ~ \/} I d .d 'l ~ ~ d'<r I ,. d' Q.l ~ d Q.l I ~ d 
J:-J&'Jfll'j1!m1~'11'Vl !\9155tlm n !lJ!llhi'Vl 'lf 1!fl'j1~'11 !191ti!l1m'lh~ 1t1'lf'W \91'1'W'Wfll'j!tl'lJ\9115tJ1'1\91hi'Vl 

"' 
tinl'i5'1fl1'j'l1~1hw'l~'l il'l1~tl~1'1 "l fl'l~5!tJ.W 
~ 

(1) 'lf1'1!1m~mm~~lJ fll'j!~'U~15ci1'1~'W~1lJl'jtl~1 tl'i\91&151911! U\91'lf1'1nm~ 
d "' "' ~ d "' IIJ, I 'JJ "' "I • I 

mm~~lJ'Vl~\91fl5flltJ'I11:l'l '111 tl!tl'U!tlt11'V-l'lfr:-l&'l 1 uU&11'11 'j 5\915'W umtJq~u ~tl 

"' ' "' 
(2) fl11lJ~'W 'l 'W ~'W ~~fl1'j !~'U~15ci1'1~'U 'l 'W'UU!~Yi~'W EJ'I!ll tltllJltl '11 ~5iiih<U''I5~ 

"' ' I 'JJ"'>'l'j}'j)QJ\1}3/~ ~d I 'j}~'l'j}'j} 
!'Y-ll1~'11~tlltlUtlfll'jfi&'Jtl!fl&'ll\91'U '11!'U1tlh! !\91~'U'Vl fl11lJ'lf'U'Vl!'l1lJl~~lJ Utltll'jfli:ltl!fl&'ll\91'U '11!'U1 • • 

"' ' "' 
n'W tl'i~iJ'Vl fl11lJ~'WYimm~~lJUtltll'j !~'U ~15cil'I~'W tll'll~'l!tl\91 ~~ fi5 !tll~'W't!'Wm1ium~n1 h1 
uti u !rim! 'Uij555n ~u '11~ ~~~191ij5 fl'l ~'lJn'W!~ 'Wn5uu&'l~Lrl51l19155tl'l1~ i 1u 

(3) ~m'W~!~'lJ~15ci1'1~'W t~fl1'j!~'lJ~15ci1'1~'W'l'W'U'1nlli~!~'W U1'W!tl1 fl5tl 

~191l'ui1 11 ~ tJ'lJ 1 nlli ~ii~ tJ\91 nl'i'1'1 v~ !'V-l 'J 1~'11~~1 '111!~ ~ 1vci1'1~ !~m.J u vu 

(4) !rt~5'1ij5~'l~!~'lJ~15ci1'1~'U !~'U!rt~5'1ijv~m!~~1t11 \911lJU1'W!~5u !'!f'U 

'V-l~1 '115'lJ Ui:l~ !fftJlJ 11~v !\91~tJ'Iijm1mi''lJ!'I11~!~'lJ ~15ci1'1~h! 1191m'Q'V-l1~ L'lf'W ~11'W!'I11~ '11&15\91 

Q.l I ~ .d I I d ~ Q 

'jJ'lJ'j 1lJ\9115tJN\91'W 'Vl'1J\91!!\91 &1~'11~lJU&'l~tl&'l tl'l m~\911'l:JU 'U 'I '11 'J 5Q'I'V-l&'ll~\91tl bl1'11 f'lJ 'lJ'j'j ~~15ci1'1 

~u !~mi'lltJ 'l11'11lJ5~'W '11~vl15'111i)il'~m'j1!m1~ri~u 
~ ~ .d'l 'j) .:::::t. .::::::t. 'j) ll) l.c:i.:::::t. ,.+I I 

!fl'jtJ'IlJtJ'Vl 'lf'U\91\91'W U&'l~fll'lf'W~'lJ'j'j'I1\91'W '11~\915'1~~51\91 !lJlJ\91'W Uti t11CJJ1UlJ&'l'l • • • 
• I "' "' "' "' "' .I ,j "" I 'j) 'j) IIJ.I.I .I d 'j) "" ~ 

ti1Ul11Jfl'\91~'V-l'lf Ui:l~1'lf'V-l'lf '11'j5J:-l'l~tlU'jtltJ'U "l \91\915~ UlJ'I1~!'U1 !UU~U'W!'V-lti'I'W5ti'W\91tl\911lJ 

(5) 'UlJ1\91'UtJ'Iu t11:l'l~ 'll~!~'U~ 1vci1'1~'W ~~ ~1n\91'Uh!l\91~ u tiu vu ~u~~iifl11lJ 
f iJ I I 

&11\91!'VlU\91tl~1'1 nu ~~ ~ 1n\91'U'W 1\91 Yiutiu 5'U oW'WlHiiirt11lJ&11\91!'VlU\91tl~1'1 n'W 1.J1:ltloW'lf~1'1'lfiJ\91n'U 
~ 

' "' ' 
!rW 'l ri~tJ'\1~5 M'W~'W ~1'1 n'W ('11 ~ 5tllW Yiiirw5Yimn) 1'15'1!~'lJ!Wtln'W!~'W fi'Wi:l~~15ci1'1 1191 tJU U'l 

"' ' oW'WYi!~'WU1.J&'l'!U1.J1:l'l&'l~ 10-20 ti 

1fiflTHflml15ciN~'W 191 5'1 t11'1'11W1'11~ 5tl11\91!fl'floW'lfU&'l~ 'l 'lJ ~~~ fl&'llJ~'W 5ci " . ~ 

"' ' "' 
tltltlYl'l!fftltltl'W !!~1 'l~'l15'lJ!fftllJ '11~5'V-l~1'U\91'11&1lJ!~'W'j11~1 v ~tltJ'j~lJlU! 6 i11vJ\91 '111tl~1~'U 

q q cu q 

o Q..l ,.I ~ ..::::. Q.l ~ 31 e:9 Q 9) 3) di 
(~1'11'j'lJtll'jU&'Jtl'V-l'lf'Vltl'lf'W\91) '11&1'1'111tl'W'W U&11'11'1Wll~!tll\91lJ'U1'1\911'W'I1'W'I'I1'W11.J'j~lJ1U! 2-3 em '111tl 

~ . 
... I lfl .. l 'j) Q .d I!! i-1& & 'j) 9) Q.l e1 Q .d 'j) d Q 

ultl'H~lJ 'Uh!lh!M !U\91llJ'I1h!lfllJ'Vl '\!fl !1~tltl'ltllJ'I1~lJ U~1'lfi'Uh! IO!lJ'Vl\91tl'ltlUtl'\J~ \91101\91llJJJllJlJ 
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• y y 

'Y'l~1 1Je-J1J'11~e-Jt~v11 Wl~'Wil1rit1-:j '11~eJ m~mH vhe-JV1-:jil1J'Wm1J'Vlfl'l1~11 i~w1hn~mJ~-:j 'IJ'Wlfl q q q 

'JJ I I I 

rwe-JVi 10-20 1i fl1'j'1Jfl'l.h~mtu 10-20 '11~11 1'WVi~l-:j "1 n'W 1~m~111V~1UD~-:j '11~-:j1Jlfl'1Jfl~'U 

fl'j1Jl'Jfl'l1~11\91111~1'1' eJ-:jfll'j U~1 vh~'Wt'\1 rilih ~t~'W OeJ'Wt~fl "1 fl~fl!fl~l 1 ~~1ff~ltff11eJU~1mh 
~'WeJeJflD'j~lJltu 1 fii~n'f11 1rinrie-J-:jm~fl1EIU~-:j '11~e-JtN'Y'lmff~fl'Y'lreJ11fl1Jt~rJ'U'jlrJ~~tflVfl~l-:j "1 

q 

1riH .u'l-:j1t.Ju~~tlfl.u'l-:jt.Je-Jnnrie-J-:j '11~eJ()-:j'f'lmff~fl~1v (ffmilYl'IPll'Wl~~t.JYr-:j-:jl , 2555) 
q 

~ Q.,l 11 Q..l Q..l ~ 

2. 7 nlfll!flfll'HffiYIY11tiVI1~Yietf'U'IJfl~H'IJ~ (Solid Phase Extraction, SPE) 

!'VlfllJ fl nn ffnfl~ 1VI9i'1flfl~1J'IJeJ-:jU ~-:j mff'v'l1~ nnn u U-:jffn~~ mv'IJe-J-:j ffn~ff'W 111 
"' 

I d d IG) 1 Ql .ef dGj g)~~ QJ & 
'j~'\111-:j'IJeJ-:jU'IJ-:j (absorbent 'VleJ~ !'WU'Vl-:j SPE) fl1J'IJeJ-:jt'\1m'\1'jeJ sovent 'V1 ! •JHlJ'U\911'15~ (Eluting) CJ1-:j 

Ufffl-:jfll'f'lfll'jffflfl1~~-:jfll'f'l~ 2.12 

0 

Condttton Load Sample 

• y 
q "' fiWI'YI2.12 'IJ'W\PleJ'W'IJeJ-:j SPE (Abacus-lab, 2012) 

t Contamtnants 

0 Compounds of Interest 

••• ... 
Rtnse 

o.o 
0 

Oi) 

Elute 

'J} 'J} 'J} I 

'll'W191eJ'WflU1~ SPE ii'll'W191eJ'U~-:jij (eyt.J6tfl~eJ-:j:IJeJl'V1VlfT'lff\91{ 11'111~rJff-:j'IJm'Ufl~'W'Vl{ 

2555) 

2.7.1 condition t~'Ufll'j!\91~V11 sorbent '11~eJ packing ~1J'j'j~eJ~1'Wtt'vl-:j SPE i~'Y'lreJ11 

'jeJ-:jof1JI9i'1eJV1-:j tflrJfll'jiri solvent ~mm~ff11~-:j1'l.Ji'U SPE trle-J1~nm~mm~ff:I.J 1~'l.lritw 
~ t i 3/d "' II] 3-'iiJ ,1 - I , solvent 'Vl-:j flV '1111 solvent t'\1~eJ n !'W sorbent "J-:j'U'U1llfl sorbent 'IJeJ-:j SPE lJ'j~lJll.U 0.5 em fleJ'W 

1 '11~fll9i'1mh-:j 1 'W~'WI'W'Wt1fl1 'l.J 
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' " " ~ 'l'"" I IIJ,I"~'l~ ...... 'l ... "'~ 'l~ 
2.7.2 Load !lJ'Wfll) !~~1eHJ1'1(1'1 !lJ!'VHl !lH11Jfl1J sorbent !f!f.J'U'W~eJ'W'W'il~~eJ'Iload !'H 

2.7.4 Elution !1J'Wm1~'1!51~11~~'W1'ili!ml~tY~!f11~tl1J sorbent eJeJfl !~eJ'l.J1itJ 

1!ml~tY~eJitJ tfle.J1i' solvent 'll"~~mm~~lJ 'll"~~l)~~'W1'ileJeJfllJl 



' <=I 

1J'tl'tl 3 

,j tJ <! 
,j ' .d .,. ,j .,.v 'll .,. 

'lfem fl'IW 'lfell'l.!fi~HIVI 'lfel'U'I'l:lflfj~HIVI .. 
Capillary Electrophoresis 

3° Capillary Agilent Technologies, 

Instrument Electrophoresis Instrument Deutshland, Gennany 

Fused silica capillary 50 )lm i.d. X 64 em Polymicro Technologies 

(Arizona, USA) 

pH meter Cyber Scan 500 
pH 

Eutech 

Cybematics,Singapore 

0.45 )lm Nylon Filter NY 504700 Lida manufacturing 

membrane coporation 

Top coporation Tokyo. 
Hyperclean Syringe Filter Top Syringe 

Japan 

Filter paper No. Ashless Whatman international 

Ltd.,England 

Jenway Ltd. Fesited, 
Hot plate & Stirrer Jenway 1000 

England 

CREST ULTRASONICS 
Ultrasonic cleaner 575HT 

CORP, USA 

3.1.2 ~tJn,.w 

3.1.2.1 Volumetric flask 'IJ'Wl~ 5, 10, 20, 25, 100 m'l~ 250 ml 



3.1.2.2 Beaker '\J'UWl 25, 50, 100 H~~ 250 ml 

3.1.2.3 Pipette '\J'Ul\Pl 1, 2, 5, 10,20 !!~~ 25 ml 

3.1.2.4 Micropipette '\J'UWl 0.5-1,000 I-ll 

3 .1.2.5 Sterring rod 

3.1.2.6 Cylinder '\J'Ul~ 10, 25 H~~ 50 ml 

3.1.2.7 Waterbottle 

3.1.2.8 Spectular 

3 .1.2.9 Pipette pump 

3.1.2.1 0 Label paper 

<:1 

3.1.3 tl'l'Hflll 

~ <:1 
tl'vl':i 1llm tm 'lHltll'l!flll .. • 

2,4-Dichlophenoxyacetic acid,~ 95% C8H6Clp3 

2,4,5-Trichlorophenoxyacetic acid, 97% C8H5Clp3 

4-Chloro-2-methylphenoxyacetic acid, 95-97% C9H9Cl03 

2-(2,4-Dichlophenoxy)-propionic acid, 95% C9H8Clp3 

Acetic acid glacial CH3COOH 

Sodium acetate CH3COONa 

Boric acid H3B03 

Sodium tetraborate N~Bp7 

Sodium dihydrogen phosphate NaHl04 

Di-sodium hydrogen phosphate anhydrous N~HP04 

Sodium Iaury! sulfate CH3(CH2) 110S03Na 

Sodium hydroxide anhydrous pellets NaOH 

Methanol CHpH 

Orthophosphoric acid 85% H3P04 

37 

!fl'lVI 

Laboratory 

Laboratory 

Laboratory 

Laboratory 

ACS for analysis 

ACS ISO for analysis 

ACS for analysis 

ACS ISO for analysis 

ACS for analysis 

ACS for analysis 

ACS for analysis 

ACS ISO for analysis 

Plus for HPLC 

ACS ISO for analysis 
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.1:::1 oClJQJ~ ...:::. 9191 
3.2.1.1 fll'HIPI'HJlJ'ff11fl~b11tllJ11911~1'U~Hl-:Jftl'H11~WJ'lf'W'lf 4 'lf'UIPI fldllJ!~lJ~'U 

1,000 ppm 1'U methanol1.l~ll11911 100 ml 

l) ft11fl~b11tl 2,4-Dichlophenoxyacetic acid (2,4-D; MW = 221.04 g/mol) 

~ 1' 1"' <I 5I 'lf~ 2,4-D 0.1 g ftfl~ 'U'UfHf1tn~'U1\PI 50 ml fl~b11ti\Piltl methanol 

" ~1f1U'Ut'l'lft11fl~mtJ1ri1'U volumetric flask ~'UWI 100 ml ttf1~1lf'U1.l~lll\PI1~1tl methanol ~'Uf11'U 

111m~P~1 

" 

2) 'ff11fl~b11tl 2,4,5-Trichlophenoxyacetic acid (2,4,5-T; MW = 256.54 g/mol) 

4~ 2,4,5-T 0.1 g 1ri1'UiJmntJ{~'Ulf1 50 ml fl~mtl~1tl methanol 

~1flU'Ut'l'lft11fl~mtJ1ri1'U volumetric flask ~'Ulfl 100 ml ttf1~1lf'U1.l~lJ11911~1tl methanol ~'Uf111J 

1.l~ll11911 

" 

3) ft11fl~mtl 4-chloro-2-methylphenoxyacetic acid (MCPA; MW=200.60 g/mol) 

4~ MCPA 0.1 g iri1'UiJmntJ{~'Ulf1 50 ml fl~mtl~ltl methanol 

~1f1U'U!'I'lff11fl~mtJ1ri1'U volumetric flask ~'Ulfl 100 ml tt~~1lf'U1l~miPI1~1tl methanol ~'Um'U 

4) ftl)fl~mtl 2-(2,4-Dichlophenoxy)propionic acid (2,4-P; MW=221.04 g/mol) 

~ i' d. tl 91 'lf~ MCPA 0.1 g 'ff1'U'UfHfltn~'Ulfl 50 ml ~~bntlflltl methanol 

" '\llf1'11lH'I'll:Y111:1~mvtrit'U volumetric flask 'lJ'Ulfl 100 ml tti:1~llfmJ~miPI1~';W methanol '\l'Um'U 

"' ""' c:l 'l liJ <I 5I 5I - I""' 3.2.1.2 fl11tiPI1tllJ'ff11fl~mvmi:1f1 ~'1'11 ~fl\PifllllJt'lllJ'lJ'U 200 mM u1ll11911 250 ml 

1) ft11fl~b11tl stock acetate buffer !tfl~ ff11fl~b11tl acetate buffer 

"' t\PI1tllJ~lf1 sodium acetate (CH3COONa·3Hp,Mw=l36.08 g/mol) 

!!1:1~ acetic acid (CH3COOH 99%, Mw=60 g/mol, D=l.0499 g/cm
3

) 1f1v4~ Sodium acetate 3.4020 

1 1 i d fl ~ 91 
g !tfl~\Pil~ acetic acid lJ1 1.43 ml 'fffl~ 'U'UfHf1tl1~'Ulf1 250 ml fl~b11tl'ff11'1'l~fttl~f11tl deionized 

" " 
water ~1f1U'Ut'l'lft11fl~mtJi1'~fttl~l:1~i'U volumetric flask 'lJ'Ulfl 250 ml 'lllfl!~tl1tl'U 1.lf'U1.l~lJ11911 

111'1~ 250 ml ~1tl deionized water ~'Uf11'U1.l~lJ11911 
"' 5I 5I -I""' 

t\PI1tllJ'ff11fl~mv acetate buffer f111lJ!'lJlJ~'U 50 mM u11J11911 50 ml 

!~tli~1'Ufl11'1'lflfltl~ 1f1tJth1.l~P~~lflff111:1~mtJ stock acetate buffer lJl 12.5 ml f1~1'UiJfHfltJ{~'Ulf1 
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,., 
100 ml !~lJ deionized water ~'llU Uf'IJ pH (4.5) ~1tJ acetic acid 'illm!'W!'Vl't'l'l'j~~mtJ~'l'l'W 

Volumetric flask 'IJ'Wlfl 50 ml Uf'IJU~lJl\Pl'j~'JV deionized water 'il'\.Jfl'j'IJU~lJlm 

2) 't'l'l'j~~mtJ stock borate buffer u~~'t'l'l'j~~mtJ borate buffer 

!l'l~tJlJ'illf1 boric acid (H3B03,Mw=61.81 g/mol) !!~~ sodium 

tetraborate (N~Bp7 ·1 0Hp,Mw=381.3 7 g/mol) 1'fwi''l boric acid 1.5453 g u~~ sodium 

' d tl ~ 91 ~ 
tetraborate 9.5343 g 'l't'1'~'l'l'W'Uf1!f1tn'IJ'Wl'fl 250 ml ~~mtJ't'l'l'j'Vl'l't'l'~'l'f11tJ deionized water 'illf1'W'W 

,., 
!'Vl't'l'l'j~~mtJll'l't'l'~'l~N'l'W volumetric flask 'IJ'Wl'fl 250 ml 'IJ1'fl!~tJ1tl'W Uf'IJU~lJ11'1'j'1M'!~ 250 mL 

~1tJ deionize water 'il'Wm'IJU~lJ1\91'j 'il~l~'t'l'l'j~~mtJ stock borate buffer fl11lJ!.u'lJ.u''W 200 mM 

!l'l~tJlJ't'l'l'j~~mtJ buffer borate fl11lJ!.u'lJ.u''W 50 mM tl~lJ1\91'j 50 ml 

1'fltJthUI'l'illf1't'l'l'j~~mtJ stock borate buffer ~iimllJ!.u'lJ.u''W 200 mM lJ1 12.5 mL ~'l'1'W1imn~{ 
,., 

'IJ'Wl'fl 100 mL !~lJ deionized water ~'llUU'j~lJlW 40 mL tlf'IJ pH (9.30) ~1tJ 3% NaOH 'illf1'1T'W 

!'Vl't'l'l'j~~mtJM'l'W volumetric flask 'IJ'Wl'fl 50 mL Uf'IJU~lJWn~1tJ deionized water 'iJ'Wfl)'IJ 

3) 't'l'l'j~~mtJ stock phosphate buffer !!~~'t'l'l'j~~mv phosphate buffer 

"' !\911tJlJ'illf1 di-sodium hydrogen phosphate anhydrous (N~HP04, Mw 
0 

= 141.96 g/mol) 1m~ sodium di-hydrogen phosphate(NaH2P04 • Hp, Mw = 137.99g/mol) ~'l di-

sodium hydrogen phosphate anhydrous 3.5491 g U~~ sodium di-hydrogen phosphate 3.4499 g hi 
d tl ~ 91 ~ ~ 

'l'W'Uf1!f1~'j'IJ'\.Jl'fl 250 ml ~~~1V't'l'n'Vl'l't'l'e:J'l'f11tJ deionized water 'illf1'W'W!'Vl't'l'l'j~~mtJm't'l'eJ'l~'l'1'W 

Volumetric flask 'IJ'Wl'fl 250 ml 'IJ1'fl!~tJ1tl'W Uf'IJU~mm'l'f1'!~ 250 ml ~1tJ deinized water 'il'W 

.I"' II]~ ~ ~ 
f'l)'IJlJ'jlJl\911 'il~ ~'fl't'l'l'j~~mtJ stock phosphate buffer fl11lJ!'UlJ'IJ'W 200 mM 

"' ~ ~ .I"' 
!\91'jtJlJ't'l'l'j~~mtJ phosphate buffer fl11lJ!'UlJ'IJ'W 50 mM lJ'jlJ1\91'j 50 

ml 1'fltJtl!UI'lW1't'l'l)~~mtJ stock phosphate buffer ~iifl11lJ!.u'lJ.u''W 200 mM lJ1 12.5 ml ~'l'1'W1if1 

!f1e:J{'IJ'Wl'fl 100 ml !~lJ deionized water ~'lttltl'j~lJlW 40 ml tlf'IJ pH (7.0) ~1tJ phosphoric acid 
,., 

'illf1'1T'W!'Vl't'l'l'j~~mtJ~'l'l'W volumetric flask 'IJ'Wl'fl 50 ml Uf'IJU~lJ1\91'j~1tJ deionized water 

4) 't'l'l'j~~mv stock surfactant fl11lJ!.u'lJ.u''W 200 mM U~lJ1\91'j 100 ml 

!l'l~tJlJ'illf1 sodium Iaury! sulfate (SDS) (CH
3
(CH2),pS0

3
Na, 

.:, 'l "' ol ~ 
Mw=288.49 g/mol) 'lf..:j SDS lJ1 5.7698 g ~..:j ~'W'Uf1!f1tn'IJ'Wl'fl 100 ml ~~mtJ'f11tJ deionized water 

!'Vl't'l'l'jM'1'W volumetric flask 'IJ'Wl'fl 100 ml !!'r;t~Uf'IJtl~m\91'j~1tJ deionized water 'il'\.Jfl'j'IJU~lJ1\91'j 

5) 't'l'l'j~~mtJ 50 mM Phosphate buffer+ 100 mM Sodium Iaury! sulfate 

(SDS), pH 7.00 UllJl\911 50 ml 
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~ ~ ~ 

!\9llt'J1J'illf1 stock phosphate buffer fl'JllJ!'UlJ'U'W 200 mM U~~ SDS 

mll.Jt'li'l.J'li''W 200 mM hwlln.J\9lttllb1'1'H'l~mtl 200 mM Phosphate buffer lJl 12.5 ml !L~~ 

bl'l':i~~mf.l 200 mM SDS lJl 25 ml ~'11'WDf1Lf1tJ{'U'WWI 100 ml !~l.J deionized water tH''l.J pH 111'!~ 
'J) 

7.00 ~1tJ 1 M NaOH 'illf1U'W!'Ylb1'1':i~~mf.l~'I1'W volumetric flask 'U'WWI 50 ml1H'm.J~l.Jll91-:i1M'!~ 

100 ml ~1f.J deionized water 'il'Wfl-:i'l.Jt.l~l..Jl\91-:i 
"'~ ,y ..! 

3.2.2 11ifll':i 'lHfl':iel~ CE 

~ 0 "' 

3.2.2.1 f11':il\9l':if.Jl.J capillary window bl'l'\1-:i'l.J optical cell detection 
'J) 'J) 

191~ fused-silica capillary mll.JtJ1Jl1'1'11lJ~ 64.5 em 'illf1U'W 1mnnt.JmtJ 

outlet t'li'll.Jlt.l':i~l.JlW 8.5 em 'il~ !~uflll~m~~~ effective length rvhn'l.J 56 em tJll.Jl~'W !vhr·n . 
di/ I I ... I 0 3) ll]il 

polyimide 'Yl'!1l.Jtl~elelf1'151'1fl1ll.Jf.Jl11J':i~l.J1W 0.5 em 'Yllfl11l.Jb1'~tl1~~1f.J Isopropanol 'il'W tfl 

d'l O O :;'I ~~~~nl'l "1 di 0> 

window 'Yl tb1'!L~~b1'~tll~ f1el'W'il~'Wll!fl1J't'll':i !1J tbl' t'W cassette CJf'lf11':i\91~ fused-silica capillary 
!J) 0 & & ~ dd QJ lr) 91 & Q.l ~ 

'il~\9lel'lfll'W 'ltl'lfl11l.Jf.Jl1'Uel'l !LflU~m':i'Yl b1'1l.Jl':i tl'il~'W'W ':i el'l.J cassette t~ CJf'lb1'1l.Jl':itl\9l~flJll.Jf.l11'U'W 
~ll]il Q.l ll]'31 &o q Q.l J IQ.I 

1911 t~ 40.5 em bl'll.Jl':itl'W'W':iel'l.J cassette t~ 1 ':iel'l.J CJf'l'ill'W1'W t'Wf11':i'W'W':iel'l.J'il~'U'Welf.Jf1'l.JflJllJ 
" 

~ 'I ~ d ., " ~ "'' d ., Ill ~ ' "' 'IIi 
19lel'lf11':i t '11 bl'l':i'Yl 'il~ 1lfl ':i 1~'11 elelf1l.J1'151'11 ':i ell ':i 1 U~~ b1'1l.J1':itllf1~f11':i !Wf1 !~ elf.Jl'l'l5~! 'il'W!Lfl !'11'W 

3.2.2.2 f11-:il'11 preconditioning capillary flel'Wf11':i'Yl~~el'I!L~~'I1i:l"'lf11':i'Yl~~el'l 

~ :;'I ~'I ' ~ ?1 ~ <!\ ?1 
'tn'lllfl1J~m':i t'\1l.J~1f.lb1'1':i~~mf.l 1.0 M NaOH !1J'W!Jm 5 'Wl'Yl !'Well1J'W 

f11':i regenerate SiO- groups 'l.J'W~1fllf.J1'W'Uel'IL!flll~m~ tv1eJ1li'!~ EOF mobility ~fl'l~fllf.J'!1i:l"'l 
~ ~ ~ ~ ~ : d ~.,; '1~.:, '1' 

f11':i'tn'l~1f.lb1'1':i~~mf.l 1.0 M NaOH u~1m'l~1f.l'W1 DI ti'J'Wnm 5'W1'Yl t'Wel t'l1l.J'W t'il11t'l.Jb1'tlf1'15~ 
" 'J) 

~ 9.1 "' o :;>1 ~'I ' 9.1 "" d '1 Ill "?1 
m'leJelf1'11lJ~!L~1 'illf1'W'W'Yllf11':i equilibrate Ufl1J't'll':i t'\1l.J~1f.lb1'1':i~~mf.lm~n t\91-:i t~\91!1J'W!Jm 5 

'Wlfi tv1eJ 1li'~b1'1':i~~mtJflt~n1 'Yl':i hl91'eJ~1'Wuflll~m~ u~~ttl'Wm':i tn~b1'lJ~~'l.J'W~1mtJ1 'WLLflll~m 
" q 

d ~ d di G} 3/ll] 3) .d d Q.l 0::::. rl ~ j) I Q.l 3/ IJ} 

':i Lf1fHD'W double layer l'Wel t'\1 t~ EOF 'Ylfl'I'Yl '11~'1f11':i1lfl':i1~'11flHb1'~'Yllf.l1'Wu\91~~1'W m'l~1tJ 1.0 
q 

'J) 

M NaOH 5 'Wlfi 19lllJ~1f.ltJ1 DI ttl'Wnm 5 'Wlfi u~~~l'Wtnmm'li'l!t.l1'Wuflll~m~ttl'Wnm 5 'Wlfi 

tv1mtl 'W m-:i'li1tJ 1M'ttfl1l~m~ ~tlltJf11':i 1 '*'~l'Wf.l11'W l'W 
q . 

.c::l ~ ~ G ovcva ~ 

3.2.3 fll':i'Yil!J fi11~'YI!'I1lll~IJ'J.J t'l..lfll':i1lfl':il~'tHJl':ifll'\IVI1'1fl''l'lf 4 'If '!..lVI 

~ rl 3l a. d~ Q.l~ 
3.2.3.1 f11':i1tm1~'11b1'1':i~1f.JL'Ylfl'Wfl MEKC l.J'U'W\9lel'Wf11':i'Yl~~el'I~'I'W 

1) '15tJ~'UeJ'Ib1'1':i~~mf.lflt~n1 'Yl':i !~191' 

ffmm-l~'UeJ'I'15lJ~'UeJ'Ib1'1':i~~mf.lfll~f11'Yl':iL~I91' 3 '15lJ~ ¥fe1 acetate 

"I~ ~ <!\ ""~ 'I 9.1 
buffer borate buffer !L~~ phosphate buffer !1J':if.J'l.Jl'Ylf.J'l.J electropherogram 'Uel'lb1'1':il'Well~elf1 !'15 

b1'1':i~~mf.lflt~n119l':i !~191'1 'Wf11':i'Yl~~eJ'I~eJ! tJ 
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""d ') IIJ .. 
2) pH 'UeJ'lffl'Hl::;mvm~n !'Yl1 ~Ml 

& ""d ') IIJ .. "i "" 
f!'tl'l:llY.J~'UeJ\1 pH 'UeJ'lff11~::;mveJmn !'Yl1 ~~~ meJtl'b''W~'UeJ'l 

ff11~::;mv~t~n1'Yl1l~~~1,rY.J~tll1'Yl~~eJ\l~~bl~1'W~eJ 1) 'illmT'W'Yl~~eJ\1~1 pH t'W'lh'l~l~'W 
good buffering capacity !!~1!1I~VU!YiV'lJ electropherogram ~1~tvimllt111~1'Wtll1'Yl~~D\l~elt11 

91 91 ""d ') IIJ <I 
3) mllll'Ull'U'W'UeJ'lff11~::;mveJt~n ~'Yl1 ~~~ 

f1mnY.J~'UeJ'lfl11lll ~:JJ~'W 'U eJ'lff11 ~::;mv~t~n1 'Yl1 1~~ tileJn'b'U~'UeJ\1 

ff11~::;mv ~~~n1'Yl1t~~l!~::;~l pH ~1,rY.J~tl11'Yl~~eJ'l~~~bl~1'W~eJ 1) !!~::; 2) ~l:JJihfi'u 
0 & 91 91 ""d ') IIJ ""' 91 91 
'Ylltl11f!'tl1:11Y.J~'UeJ'lml:JJ!'U:JJ'U'W'UeJ'lff11~::;mveJ!~tl !~1 !~~'Ylfl1l:JJ!'U:JJ'U'W 25 50 !!~::; 75 mM 

!1I~EJU!YiE.Ju electropherograms ~ i~ t.vitJtJl i 111~1 'Wtl11'Yl~~el\l~tl 111 

& 91 91 & "" 91 91 
f!'tl'l:llY-I~'Uel\lfldllll'Ull'U'W'Uel\lff11~~~~H~\lY-11 (SDS) fl11lll'U:JJ'U'W 25 

50 75 1m::; 100 mM ~~~llt'Wff11~::;mEJ~l~tl1'Yl1l~~ !1I~EJU!YiE.Ju electropherograms ~1~ 

5) fl11ll~NftmflvJvh (Applied voltage) 

f1n1:11Y-I~'Utl\lfl1llJ~l'~ftmflvJvh~1~ ~tl +1o +2o !!~~ +3o kv 1~EJ1~ 
I I I I 

-=!9 ~ .ddd. ... J.d. ad dlJl 'J) 

fffl11~'Yl !'YYY-I~tl11'Yl~~el\l'Yl~'Ylbl~lll'Yl~~D\l !LJ1E.IU!'YlVU electropherograms 'VI~~ 

6) nmt'Wtl11Q~ffl11'11eJ~l'~ 

fttl'l:llY-I~'Uel\l!d(llt'Wtl11Q~ff111'11eJ~l\l ~el 5 10 !!~::; 20 1'W1Yi 

.I"' "' d11J 91 
lLJ1VU!'YlCJU electropherograms 'VI !~ 

7) tl111::;1.J (identify) ~lll'YYU\l~fl'Uel\lffl11'11el~l\l 

1 ~vm1t~:JJffl1" ~::;~ lEJ:JJWl 1 ~l'Wll~~::;'b'u ~~'~ 1111 'W ffn~::;mvl'l1eJ~N 

~ 9) 9) Q.l I 

3.2.3 .2 tl11 l'Vlllfldllll'Ull'U'W 'UD\lffl1~ 1eltll\l 

tl11l~llfi11:JJ!~ll~'W'UeJ\lffl11'11eJ~l\l 1~vnwvh sample stacking 2 !'YlflUfl 
"i v 
flU Normal Stacking Mode (NSM) !!~::; Field Amplified Sample Stacking (FASS) 1hi'W~el'Wtl11 

1) Normal Stacking Mode (NSM) 

" " !!iJ'ltll1'Yl~~eJ\l~1CJ!'YlflUfl NSM !~'W 3 <U''WI'lel'W fl\l~el i 11il 

" ~::;mCJff111'11eJ~l'l~1CJtJl 'YY~eJff11~::;mv~t~n1 'Yl1 i~~~~~D'ill\1 

llltl~ 1~EJ,~JJff11~~!! H~\1 f:beJ~ 
"' 
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" ~fl'I:J 1 vH1'\J t!~! 1m 1 'W f11) ~ fltJ1ntJ'W ~ fiff1) 1'11t!VHn1 f11)'Ylfl~tl~ H~ 
" 0 

'\Jtl<Jf111~fltJTVinm 5 10 20 40 !W~ 60 imVi 1mJt~f111~f!TI'11U'U'U hydrodynamic Otl'Wf111~~ 

n111'11t~d1<J 
& .d Q,l ' 0 

fl'f)fj 1 f-1~ 'IJ tJ ~! 1~ 1'\J tl~ f) 1 'j 'Q ~ ff11 \911 tJ til ~'Yllfl 1 'j 'Yl f)~ tl~ f-1~ 'IJ tJ ~t 1~ 1 

'\Jtl<Jf111~flff111'11mh~ Vinm 5 10 20 40 !!~~ 60 imVi tfltl'l~m1~flff11U'U'U hydrodynamic 

j) "' 
fl1tiUH~'U 50 mbar 

2) Field Amplified Sample Stacking (FASS) 

" " uu~m1'Ylfl~t~~~1m'Yl'fltJ'fl FASS t~t~mll'W 3 '11'WI'lt~'W ~~~t~i11i1 

- m1 t~t~n 1 ~rrmflvJ.Yh 1 'Wm1~f!n111'11mh~ 1flv1 ~rrmflvJ.Yh~ +5 

+8 !!~~ +10 kV 

I 'J} 'JI I 

'lltl~f111tfl~ stacking H'U'U FASS u~~1~tJ~nmVimm~nlJ1'Wm1~~t11 1~v'l~m1~~t11 Vinm 5 

10 20 40 u"~ 60 imVi 1~m1~~U'U'U hydrodynamic Otl'Wf111~~ff111'11t~V1~ 

- ftf1£J11~tJ~nmVimlJ1~fflJ1'Wm1Qflff111'11mh~ YJ1f111'Yl~"tJ~ 1~v 
Gtj} ..::::i ~ I Q.l c/ .d Qr, .c:i 

t'lff111'Q~{1'1lU'U'U electrokinetic ~1tl'fl11lJI'll~fl'fltl (voltage) 'Ylnm 5 10 20 40 !W~ 60 1'Wl'Yl 

3.2.4 m-a1tfloal~<thnu~llltlnn-an111'~1'1ffJ'If1u~-ul~H~tm~~~l 

3.2.4.1 f111"!1'l~tllJI'l1mh~~'U (Fu and eta!., 2009) 

" 1) tn'U~mnn'U~numlJ"~~n 1llnir'Wr11m)t~tJmfl'£Ji~ 'lm1ru1 )lni~ 
u 

m1'i'l11'W t~tJfl1)1fl~'WIP1TmjN 

2) tJ1~'WI'l1t~Vl~i1.Jt~'U~mtnwiJ 60 °C tllunm 24 i1t1J<J 
q '" 

'IJ'Ul'i'l 300 llm 
0 " 

4) i'~~'W:IJl 2.5 ni'lJ 'lri'lmmt~f!'Ylfl"tl~ 1Jlf1U'Wt~lJ methanol5 ml 'fi'Whi 

t'li'ltl'W 1llmf'Wulil1t'li'lt'fl~tl~ Ultrasonic cleaner tll'Wnm 1 i11lJ~ 
5) tJ1'11~tl~'Ylfl"tl~~~~~IJ'lri'l'Wt'fl~tl~ Centrifuge (2600 rpm/min) 3 mVi 

0 " 0 

!'Yl{1'11 ~~mv 1 nVit~~~l'W'U'W 'l Lll'i ~tJfl'Yl~"tJ~ 1Jlf1U 'W l11 i 11 blow N2 tVit~ iril'l1Yl1~~~ 1tl u~~Yl1 'l 11' 
0 " ~ g) d .<::::::t. 0 

m~tlff11'Wtlti'Yl{l'fi tl'llJ'Wl DI 1 ml 
q 

0 " 

6) tJ1{1'1)1'11tJV1~Vim~t~tJV lJi'tnJ~:IJll'l) tflt.i'l~t11 DI 1 ml 
'" 
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"' 
3.2.4.2 fll'Jt~'11'nJI'i'·;mvvn111~u1~i~ Solid phase extraction (SPE) 

(Aleksandra and eta!., 2008) 

2) t~'1u:u Cartridge 1~u~l'U methanol 10 ml, DI water 10 ml 

.d "' 
ill'W'YI3.2 'll'W~'el'Ufll'JL~'1u:u cartridge 
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" 3) ~l'WtJWlltlth-1 'll1ml'l':i 500 ml 

"" "' 4) dried cartridge 30 'J'Wl'Yl 

" 5) <ir'WI'le:l'Wfll':i'l1~~1':il911mh~ hw'l~ acetonitrile: methanol (l:l ,v/v) 

4 ml \9ll:JJ~1V methanol: ammonia (4:l ,v/v) 50 J . .tl 
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water 1 ml 

d " 
ill'ffYI 3.5 '1i'W191e:J'Wf11~ blow nitrogen gas 

; 



I 
<:t 

'l.J'YI'YI 4 

f111'YI~ !;1B~'\11-r;lfl11~~ml-l 1~ '(;1'1-J 'l 'U m 1 1t f1 1 1~..1 '111'\J~mw -r;r11 n1~~ 1'lfV1 'If ¢11ti!'Yif1Uf1 

CE ,_f'U 11~¢1B~~fnlli111~V~~~];l~Bfl11l!f111~tl t'li'U 'lfU~ f1111-l!.,Jmj''U pH 'UB~-r;l11!;1~mV~!~fl 
t'YI1i!;1191' r'lmfhHh nm'l'Wm1~~-r;r11 !!!;1~f1111-lt.,j'l-l.,j''U'UB~-r;rn!;1~!!H~~~b (SDS) 1~v'l.ffmi'n'l'U 

f111 !~Bfl~B f111 ~'!J1 ~ff'YITI fll'V'l 'l 'U f111 !Wfl f111 m ~111VI'i'1B'UB~Vlf1 f111 !WflBV1~~~!11'U ~nm~ 
~ ~ 

-r;l11!fl~B'U~BBf1111f1!!f1D!;1m~ J:1nEJW~'UB~Vlf1 !~'U\9l''U 

"" "" a ~ Ill .! 4.1.1 'l$'J.WI'UeJ'itfl'Hl~'tlU.IeJ!tltH't1'l &'tl\>1 

f111 !~Bfl-r;l11 !;1~mV~!~fl 1 'YI1 i !;1191't~'U ~~~bl1flt1JBV1~t~~ Bf111 ltm1~tY¢11V 
"" 0 <; 3) "" dl 3) 3) <!! I!] 

!'Yifl'Ufl capillary electrophoresis t~V11~\VIB~'V'l'il11W1tn pH f1111J!'UlJ'U'U'\11Bf1111-lm~ !BBB'U'UB~ 

<>d<; I!]"' dl<>d<>'l <>d<; I!],,;, 
-r;lU!;1~];11rJBWfl !'VI) !~\VI !!!;1~-r;l1)!;1~!!H\Vl~Y-I'J'YI!\VllJ 'U-r;l1)!;1~!;11VB!];'lfl t'YI) t!;1\Vl !'UBH1fl 

"' B~fl'!J1~flB1J!'Ylril'W~Y-1!;1t~V\VIH~B'!J1~ ff'Yillfll'V'lf111 !Wfl-r;l11 !W~f1111J!Q 'V'l1~~B-r;l11 (selectivity) 

"'> d "; I!] o' d"' 'l 3J d"' I!] I "' "' •• 1 •• I o' 
-r;l1)!;1~];11rJB!];'lfl t'YI1 !!;1\Vl'YI~fl'J) '11Y-1!;1f111!Wfl'YI~!!!;1~ !1J)1Jfl'J'Uf111!Wfl'(;1'1) 1Jf1111J'il1Jl"'!l"'B)-r;l~ . ~ 

(buffer capacity) lw1h~ pH ~n11~ 1l.JnJ~V'U!!U!;1~ pH trlB~W'11JJiJ!U~V'U!!U!;1~ 1l.J11Jfl'J'Uf111 

~V~n11m ~f1111-l-r;l1m1t~ 'l 'Wm1 tfi~B'U~mv'l\9l'-r;r'U11J ivlvh 'lm~'t~v~n1J'(;1'1) u!;1~-r;r1m1t~!;1~mv-r;r1) 

l'i''JBVNi¢1~ (~W1 -r;l'U'YI1-r;l'U, 2550) • • 
'l'WflU'YI~!;1B~1¢il11fl11'YI~!;1B~ 1~v'l.ff-r;r11!;1~mV~!~flt'YI1hl91' 3 'lfU~ 1¢iun 

I ,;, 'l3) 
Phosphate buffer, Borate buffer !W~ Acetate buffer ~];lf111'YI~!;1B~'V'l1J11!1JB 'If Acetate buffer 

"' 
-r;l11J11tl!Wfl-r;l11 1191'-n~'\11-l~ ~f111 m~ 'il1V'UB~Vlf1-r;r ~-.11 'l ,r.y;flfl~1~ 'l offnm 'l 'Uf111!Wfl'U 1'U Borate 

~ 

"' 
bY'J'U Phosphate buffer -r;l11J11tl!Wfl'(;Yn-n~ 4 'lfU~ 1¢1 u~Vlfi'UB~ 2,4-D (3) !!!;1~ 2,4,5-T (4) V~ 

~B'U-n1Jn'U tdB~111n~1m~-r;r~1~~'lm1t~v~n'U~~~wn1¢1mn !!~~ migration time ~i'U !!!;1~f111 
m~'il1VI'i''J'UB~Vlf1~1l11'l,rVlflt!f11J !!-r;l~~~~fll'V'l~ 4.1 ~~J'U~~~~Bfl phosphate buffer !~'U 
'(;Yl)];l~mV~!~flt 'YI1 i!;1\9l' ~'il~ 'l.ff'l 'Uf111'YI~!;1B~~B 1 '!J 
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" 
II) "'"' "' nwrn~ 3 'lf'UCfl Condition: buffer composition: (a) 50 mM acetate buffer, pH 4.5 (b) 50 mM 

borate buffer, pH 9.0 (c) 50 mM phosphate buffer, pH 7.0, separation voltage +30 kV, 

temperature 25 °C, sample injection time (50 mbar) 5 sec, capillary length 64.5 em x 50 11m 

i.d., effective length 56 em, Peak identification: (1) = Dichloroprop (2) = MCPA 

(3) = 2,4-D (4) = 2,4,5-T 

4.1.2 pH 'Uel·UYl':ill~lll£J~hitnln':i11l~ 

pH 'UeFlbYTH'l~mV51~f1 tm t~\9l'ij~.H;J~eJf11'H!Cflf119l'11-rJ'U lelelel'U'Uel'lbll'J ~~el ·Hllf1bll'J 



::~ 
2 

MJ (d) 
~ I 

::~ 
2 10 

5 ML[ ~ (c) 
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! ::~ 
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~ ; 
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0 10 20 30 

Migration time (min) 

.fll'Y'I~ 4.2 Electropherograms mY~.:'If1l'HWfl'IJ~ ·HY11"~mtJlJ1~1l'l'Wi'Wb1'11"~mtJ phosphate 

buffer Yi pH ~1.:'1"'] Condition: buffer composition: (a) 50 mM phosphate buffer, pH 

(a) 2.5 (b) 6.0 (c) 7.0 (d) 8.0, separation voltage +30 kV, temperature 25 °C, sample 

48 

injection time (50 mbar) 5 sec, capillary length 64.5 em x 50 )lm i.d., effective length 56 em, 

Peak identification: (l) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 

. . 
d I d d ~ I Q.l 

1llflflWI'Vl 4.2 Vl1J'Jl 'Vl pH 6.0 Vlfi'IJ~.:'Ib1'lllf1~f111tWfl~tll.:'l'lf~t1l'U f111f11~1lltJ'IJ~.:'I 

d 0 G) 9/.::1 9/ I .d ~ .d 9/ Q.l 

Vlfl~-:'1 'Vll t'\1Vlflf111.:'1Um~ migration time 'IJ~.:'Ib1'11'Ul'U ft'J'U'Vl pH 7.0 u"~ 8.0 'il~tf1~f111WJf1'Vlflt'ntJfl'U 

d .d9 j)d Q.l ld g) Q.l Q.l ~ d. 

tt"~l.l migration time 'Vl mmfltJ.:'Ifl'U U~Vlfl 2,4-D (3) u"~ 2,4,5-T (4) 1l~CJ!"~'U'Vl1Jfl'UU"~11l.lt1J'U'Vlfl 

" . 
'Vl~"~.:'l1u<\Ju~~11lrwm'h1litn~m1twnmlw~~~'il'W 

4.1.3 fi1UJtoU'll'U\m~f:lrnl'lltt~~1f:lf:lf:I'W'IJf:l~trl~tl~tlltiB!~fll'YI~1tl~ 

fi'Jll.IU 1.:'1 i~~~'W'IJ~.:'IbYn"~mtJVt~fl 1 'Vl1im1ii v-m~~111~ir'VlnmV-~'lummtJncrn 

m1twni~ tm~crmV-~1 1'1l~.:'l1n1tml~l1' m1t1l~ tJ'Wmll.lm-:'1 i~~~'W'Il~.:'lftl1"~mtJVt~n 1 'Vl1i"l'i'Yll 
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II] !li'r "I d 5I 5I "" "' "' d 1' II] " ~ "" I 

~fl ~f1Vfll~!u~V'Wf1111J!'\J1J'\J'Wl1'Hl'lf'Wf1'\JV ·Hn~~~mvmm1 ~'Vl~ ~~\91 95~1J~~\91V EOF !!~~ 

f1111Jffl1Jl~ \1 i'Wf11~!fl~ el'W~fllV t~ ff'W 11J lvlVh\9111-lillflU 

30 

20 4 

10 

0 

30 _o 15 
4 

5' 
~ 20- I 3 
..._, 

1A 10-c: 
8. 
~ 0-

2 
(b) 

u~ L I _j 

I 

30 0 10 

4 
20 

I 3 

10 
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0 

0 10 

Migration time (min) 

.fll'Yi~ 4.3 Electropherograms !!fffl~f11~!Wf1'\JV~ffn~~mVm\9l~jl'Wi'Wffl~~~mv phosphate 

buffer ~f1111J!.U1J.U'W~l~"l Condition: buffer composition: phosphate buffer (a) 25 

mM (b) 50 mM (c) 75 mM, pH 7.0, separation voltage +30 kV, temperature 25 °C, 

sample injection time (50 mbar) 5 sec, capillary length 64.5 em x 50 11m i.d., effective 

length 56 em, Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D 

(4) = 2,4,5-T 

d dli] !)161 5I 5I 
m'V'l 'V1 4.3 u fffl ~ ~~ m ~ 'Vlfl ~ v~ 'V1 ~fl f1'f1'l:ll ~ ~ '\J v ~fl&lll! '\J ll '\J 'W '\J v~ ffl HI~ m v 

Phosphate buffer ~f1111J!.U1J.U'W 25 50!!~~ 75 mM 'V'lUllfilmlll!.U1J.U'W~!l11Jl~fflJ;)el 50 mM 111'~~ 
. . "' 

m~'Vlfl~v~Yi~Yi fffl ;Jvfflm~mwn 1~ vv1~ifl!~'W Vlfluf!u u~~ i'*nm t 'Wfll~l!fl~l~rl~'Wl1~V~ • 
dtq f Cl 111 ... 1 ~ d Q,l fj) gJ d ~ ~ 31 31 d 

migration time 'V1 ~ll'Wl'W!fl'W ~u !1Jel!'VlVUf1Ufl'JllJ!'\JlJ'\J'W'Vl 25 U~~ 75 mM 95~'Vl~ffel~f11llJ!'\JlJ'\J'Wf1 
"' . . 

ff11Jnmwnffn1~l1~ 4 'lftJfl!GJf'Wtl'W u~Yim1u.U1J.U'W 25 mM VlfiYi 2,3 !nf1m~~v'Wl1un'Wm~riTu 



50 

~ ~ dl ""' 
4.1.4 mnJ&'\Jli'\Jl!'\Jel~tll'Hl~&&'a~VI·U·n (Surfactants (Sodium lauryl sulfate; SDS)) 

fHi!~hJ SDS fl'l'l'W{1'11'fl~mv phosphate buffer &~tl'fn'lJf.Jll EOF &~mh~il'Vlnm'Vl 
uf!~mlll!'i!'Vll~~ mn1' "~ V'WI?nfi~ V11'~vrh~{1'11' &m~vn! '!#ll'W 'l 'Wttflil flm~ 'li1m~llfl11" f!~mv'Ut~'l 
{1'11'\911mil'IHfl~!.yillfll'HWfli'~ ~1flfl11''Vl~fltl'l~~l'Ull1'Vl'lJ'Jl 2,4-D (3) n'lJ MCPA (2) ~~lWfl~lflnlJ 

1#1 v1n ~'~J 'W ~'l~tl'lt~ll {1'11'fl~m '~~'~ ~1fl'l 1 '!J'l 'W {1'11' fl~mv~h~ n1 'Vl1' 1 fl~t~t~'li'm 'l 11'tfi~m1'tWfl 1#1 

' ' " Q.l d. I 'j) 'j) d Q.l I Q.l Q 

Hfl~ 125 mM ~'ltll'Vl'Vl 4.4 'Vl'lJ11'fn11l!'Ull'U'U'Utl'l SDS 'Vl 100 mM {1'11J11'tHWfl{1'11'\911tiV1'1'Vl'l 4 'lflJ~ 

lf) jJ I Q.l d. d ~ 0 'l ~d i ~ i Q o' ~ 
!~t!Vl'l'lf~l~lJ llfl11'm~~1V'Uti'I'Vlfl\911'Vl1 'Y!'VlflUfl'lJ tm~ 'lf!1fll lJfl11'1lfll1~'!1{1''U 

:;~ 1
2 3 4 

~ A (e) 

-y=· 
I I 

:;~ 
5 10 4 15 

J./1 WJI (d) 
' 

,......_ I 
::::::> 

:;~ 
5 10 

~ 4 
'-' 

~ Q) 
rn 
Cl ,JI 
0 I 0. 
rn 

:;~ 
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P:::: 
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::L 5 10 
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. 
~ 'i "" 

fll'Vftl 4.4 Electropherograms U{l'~'lfl11'1Wfl'Utl'l{1'11'fl~mvll11'11'jl'W !~Vl\9111{1'11' buffer additive 

i d 'j) jJ I 

(SDS) fl'l 'U{l'l)fl~mv phosphate buffer 'Vlfl111l!'Ull'U'U\911'1"'] Condition: buffer 

composition: 50 mM phosphate buffer+ SDS (a) 25 mM (b) 50 mM (c) 75 mM (d) 100 

mM and (e) 125 mM, pH 7.0, separation voltage +30 kV, temperature 25 °C, sample 

injection time (50 mbar) 5 sec, capillary length 64.5 em x 50 J.lm i.d., effective length 

56 em, Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 
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0 ' (IJ ' 

4.1.5 fll~~:;:~ (identify) Yll!!'t'iU'i'UB'ii;Tl~YI1Bm'i 

fll)):;:'l.J~ 1u'Mtl ~'Utl~bl111Vi're:J~l'rvh !~ 21~ ~t1m1 1m ti1J!Yiv1Jnm'UtJ~m1!fl~m.~~ 
di " ' 

'Utl~bl11 (migration time) !!l;'l:;:nwnl spiking C}f~1'Wfi11'Vlf11;'ltJ~i1!~1~iJ~--m1~ nwvh spiking !'Wt1~~1n 
0 I d I 

bl11Jl)tl):;:1J~ l!!l'I'W ~'Vl!! 'W 'W tl'W 
q 

' ' ~d. 0 Q./1 j} C:. I 

!fll;'ltl'W'Vl'Utl~bl11 fi11'Vll spiking bl11~1tltll~Nbl1J f11tlfi11!~1J stock standard solution 'Utl~bl11!!~1;'l~ 

'lfiAfll;'l~ 1 'W bll)l;'l:;:mv1Vi'1tl~l~Nbl1J 11~1'111 11Ji!ml:;:rl'~1tl!fl~ tl~ capillary electrophoresis 

'U'Wlfl 'l m1)~'W~~l11JltJ~~'lJ~mw bll1~1Jlf1~'W u~ 1llii Nl;'l~ tJ~fl~l!mtl~g'W ~1nnwvh spiking 

" ' ' 
bl11J11flm11J~l!!l1tl~'Utl~bl11l1'~ 4 'lfiAfl ~tl ~fl~l!mtl~Vi (1) Dichloroprop ~fl~l!!m.l~Vi (2) MCPA 

' ' ' do ld do 1.::::! OQ.I <l.l d. 

'l'lfl~l!!l'I'W~'Vl (3) 2,4-D !W:;:'I'lfl~l!!'M'W~'Vl (4) 2,4,5-T ~11Jmf11J !!blfl~fl~fll'l'l'Vl4.5 

' 

-~-· · ' "- "__._..,.,......,.,...I.,..''~Hioo----• ~~-,. ... ,;~o,l"""""""""'.;..(ei.,.) ..., __ ·v ~ I'Hh't ' ';' 
I 

30 ° 5 l:l 
I 
5 10 ~ 30 ° 

'-' 15l ----------~~-~,.__<_c)­~ ol~~~~~··~=:=:=:;=ji~-~Av~::~:::::::::::::::,~------~~::·~~~::-::::: ~ 1 I 
{/) 

~ ::l1~~~"~====;=====~~£~~5~~~~~~~~~~~~~~~~~~~~~~~~:2~==~4~(=b=)= 
0 5 10 

100~ ~======~====~~~====~~~~~======~(a~) ~~-------~----~-~ ~ 
0 5 10 

Migration time (min) 

Q 0 I I .at. 

ill'Wrl4.5 Electropherograms !!blfl~fi11!Wf1'Utl~bl151;'l:;:l;'llti1Jlmll'W1~1J~l!!l1'W~'Utl~bll1!!~1;'l~'lf'Wfl 

Condition: Spiking Sample (a) no spiking (b) spiking 2,4-D (c) spiking 2,4,5-T (d) spiking 

MCP A (e) spiking Dichloroprop , buffer composition : 50 mM phosphate buffer + 100 mM 

SDS, pH 7.0, separation voltage +30 kV, temperature 25 °C, sample injection time 

(50mbar) 5 sec, capillary length 64.5 em x 50 l!m i.d. , effective length 56 em, 

Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 
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4.1.6 rnnlunnu~tfl'a (Injection time) 

Hri'\Jfl-.l!Tm i 'U f111.Q 191bll1 iJ Hrl~ flf111m::;1llV'\Jfl-.lTI'fl !W::;th::;iYt1!TI.flW'I'\Jfl-.lf111 

"" " "" ,;. ,% ,% "" "" i i 1!ml::;l1 mnnm i 'U f111'i1 191'1:ll1 !i"lli'\J'U 11::;m::; 1l1Vl.llfl'IJ ww::;th::;ff'V11i mi"l 'U mmvnr~\91r~-.l 'Wf111 
"' . . 

'Vl\91rlfl-.lUL~i'YmnHr~'IJV·mn.QIPlbl11Yinm 5 10 20 40 !m::; 60 imYi i"l'lr;hYinm 5l'W1Yi bl111'i'1mh-.l 
I I iJ I 

1J::;UVfltl'UL~fl~N.-J11P1!1l'U !ijfl!~llnmm1.Q\Pibll1'Ul'U~'U 11::;l'11i,r MCPA (2) !m::; 2,4-D (3) !~11 
. "' 

~fl'U~'lJtl'W !m::;1l::;~v'W ~'lJtl'U !~v~1~.-J11P1!1l'U!ij v.Q IPI'i:ll1mflw.h 20 imYi 1'1 ~'I! 'U ~ ~!~ vm1mm1.Q \PI 
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fll'W~ 4.6 Electropherograms Ubl\91~fl11!Wfl'\Jfl~ffl1r!::;mvmi'I1~1'U ~i~nmi'Wm1.Q\91bll11'11fl~l~ 
~l~tl'U Condition: sample injection time (50mbar) : (a) 5 sec (b) 10 sec and (c) 20 sec, 

buffer composition: 50 mM phosphate buffer+ 100 mM SDS, pH 7.0, separation voltage 

+30 kV, temperature 25 °C, capillary length 64.5 em x 50 11m i.d., effective length 56 em, 

Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 
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4.1.7 fl11l.Jvh:ul'nu"'t'Y'I~l (Applied Voltage) 

fl11 :JJ ~ 1-:J i1 n61 vl ~ 1 ii ~ 1:1 ~ tJ u d ~ iY 'Vl ~ .n1 'Y'I 'l 'W n1 d ! ! v fll:l' 1 d ! rl tJ ! ~ :JJ fl11 :JJ ~ 1-:J 

" 1 'VJj 1 vJ1~m~'W ufimfl1flfl\9ld.:Jrl1Jfl11:JJU d.:J'UeJ.:JJ:l''Wl:JJ t vJ~1 j1J-ll1-:Jvl1 ilXmm'Y'I-i'U-eJ.:J J:l'1jJ:lfll:l.:J 

" ' " i'*nmi'Wflljl!fld1~11'b1'W 'il1flflljffflEJ1~1:l'U-eJ.:Jftfl61vl~TVii'*~.:JU~ + 10 +20 Ul:l~+30 kV Ul:l'fl.:J~.:J 
' " ' 

m'Y'IYi 4.7 'Y'I1Jl1l1'-:J1:1'1:JJfl11:JJ~1-:Jftfl61vl~11:1'1:JJl:ittuvnl:l'T~1~mh.:Jifl!'il'W u~Yi+30 kV 'il~i'*nm 
I I ,.. I 

i'Wfll:i!fl~-eJ'WYi'U-eJ.:JJ:l'1jUflflfll1 UJ:l~ViflUfllJ ~.:J'I!'W~.:J!~tlflfl11:JJ~l.:Jftfl61vl~1Yi +30 kV 
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.fll'n~ 4.7 Electropherograms Ul:l'fl.:Jfll:i!Wfl'U-el.:Jl:l'1:il:l~me.J:JJ1\91jj1'W ~fi1fl11:JJ~1-:Jftfl61vl~1 

~1-:J"lCondition: separation voltage (a) +10 kV (b) +20 kV (c) +30 kV; buffer 

composition: 50 mM phosphate buffer+ 100 mM SDS, pH 7.0, sample injection time 

(50mbar) 5 sec, temperature 25 °C, capillary length 64.5 em x 50 Jlm i.d., effective 

length 56 em, Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D 

(4) = 2,4,5-T 
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' 4.1.8 fll~'t'ilfll Limit of detection (LOD) 

f11'j'!11~1 Limit of detection (LOD) '111\llfH1'f111~f11l'Vl~H'ltl'l~~~"!IPl 11Plrrvhml 

~\Plf111lH '1i'll'1i'hl '\J tl'l ffll ;( 1t!UH ~'I!~ -elV"l tvimn~\91 ~ltl\91~1"!\Pl~!fl ~tl'l ffllJll tll!fl l l~Ml~ Yl~ 
. " ' 

f11'j~f1'1:11lil~\Jlf)f111'Vl\Pl~tl'IU ;it) 0.5 mg/1 ~'ll'lllHli 4.1 Uff\91'1~1 migration time U~~~l peak 

area '\Jtl'lffllil1tJU1'l!rlt~~\Plf111lJ!'1i'lJ'1i'hl~'l l tlt~ tlV"l \lh!!fl~tl'l lllffllJl'j tl\91'j1\Jfftl'IJ l~ 

. 
<'t I I 

Yll~H'YI 4.1 f11 migration time !!~~ f11 peak area '\Jtl'lffl'j 

Migration time (min) Peak area (mAU*s) 

.... ' tfl~YI1fltll~ (ppm) Dichloroprop MCPA 2,4-D 2,4,5-T Dichloroprop MCPA 2,4-D 2,4,5-T 

20 8.284 8.518 8.638 9.320 31.933 24.978 34.492 58.889 

5 9.561 9.780 9.942 11.023 11.457 10.996 15.776 16.110 

2.5 8.984 9.219 9.357 10.170 3.971 2.991 4.528 7.467 

1 8.873 9.099 9.244 9.998 2.420 2.059 2.341 4.438 

0.5 8.892 9.132 9.265 10.041 1.210 1.017 1.432 1.975 

. 
.Q, il il cv ' • 

4.2 fll~!'fUJf111'lJ!'IJ'lJ'IJU'Ufl~tfl~YI1fltll~ (Sample preconcentration) 

~I "" d. :1.1 :1.1 
Sample stacking !IJh!!'Vlflh!flf11'j!'WlJmllJ!'\JlJ'\Jhi'\Jtl'lffll~~mvu'IJ'IJ On-line concentration 

& ?I """' d. :1.1 :1.1 .d 0 II] :1.1 I 'l :;"! "' & 9 
9f'lt1J'Wlllm1t'VllJ'i'llllJt'UlJ'U'W'UV'Im1"~mv'Vl'Vll t\Pl'llV tm~cr~\Pl&nmv th!UfllJm'j 91'1 t'-Jf11'j'Vl\Pl~tl'l 

" Ul~ Vilf11'j'Vl\Pl~tl'l 2 t'VlfltJfl ;it) !'VlfltJfl Nonnal Stacking Mode (NSM) u~~!'VlfltJfl Field Amplified 

Sample Stacking (F ASS) 

4.2.1 Normal Stacking Mode (NSM) 

d <v I 

4.2.1.1 ~~'\Jt~'lnm'\Jt~'lnWQ \Plffl'j1'11t~Vl'l 

\llf1f11'j~f11:11~"'\Jt~'lnmihlm'jQ\PlJ;Yl'jl'l1mh'l ~nm 5,10,20,40 u~~ 

I I I I 

~ d. 0 I ~ d Ql Ql ld 0 ~ d I 

ffl'j !lJtl~\Plfflll'llf111 40 1Ul'Vl ffl'j\J~!Wf1tltlf1\Jlf)f)'-J'lf\Pl!\lh! Ul'llJ peak area I'll !lJ-el~\PlfflllJlf1f111 

40 1mli ~fl'\Jt~'l MCPA (2) tm~ 2,4-D (3) t~lJ~t~hl'l1'1Jnh! Vil'h1'ti'it~m&m~mm~fflJ'lh!m'jQ\Plffn 

1'11t~Ul'l;jtl40 1m-vi ~'lJ;'I'l'jl'i'':WU1'lffllJ1HHWf1tl'tlf1\llf1tlh! l~t!Ul'li'IPlt\lhl u~~ii~1 peak area ~'I ~'I 
.d 

l'llll'l'Vl 4.2 
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.fll't'l~ 4.8 Electropherograms !!~~~~H'l'U'EI~nm'1:wm':iQ~Hn':i\9l';HJ~l~ Condition: sample injection 

(a) 5 sec (b) 10 sec (c) 20 sec (d) 40 sec and (e) 60 sec; buffer composition: 50 mM 

phosphate buffer+ 100 mM SDS, pH 7.0, temperature 25 °C, capillary length 64.5 em x 50 

1-1m i.d., effective length 56 em, Peak identification: (1) = Dichloroprop (2) = MCPA 

(3) = 2,4-D (4) = 2,4,5-T 

. 
<=f I ' Gj d/ '] c1 

~l'WI'YI 4.2 m migration time!!~~ m peak area 'U'EI~~l':i !'Wfll':ifYf11:JlVI~'U'EI~nm !'Wfll':il!~~l':i 

191-;m~l~ 

<=i 
A1t11'UMfll'Hl~ Migration time (min) Peak area (mAU*s) 

..... ' il"l':i~1el£JVI (sec) Dichloroprop MCPA 2,4-D 2,4,5-T Dichloroprop MCPA 2,4-D 2,4,5-T 

5 8.693 8.949 9.075 9.785 17.882 15.396 16.008 21.334 

10 8.527 8.775 8.899 9.585 17.426 11.624 16.602 24.541 

20 8.066 8.301 8.417 9.058 40.543 31.141 40.985 60.496 

40 7.383 7.597 7.702 8.272 90.123 63.053 91.291 131.012 

60 6.985 7.184 7.280 7.798 136.924 97.471 137.174 215.619 
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" . 
'illflfll':iftflfll~~'\Je~~nm'lunl'~~~\Jlne~u~~{ll-:il'llmh~ -vinm 5 10 20 

. . " -C::it. d. QJ d. I~ d 0 I ~ dd IV I .d.l 

40 U~~ 60 l'Ul'Vl U{l~~~~.fll'V'fVl 4.9 'W'Ull !l.HJQ~'UllJlflfnl 10 l'Ul'Vl 'Wfi'\JeJ~{ll'J\9ldtWl~'il~lJfll 

" . 
peak area ~~~'UI'lllJ!l~l'l'Ufll':i~~{ll':i u~~oWfi'\JeJ~ MCPA (2) u~~ 2,4-D (3) 'il~!~lJ~e~u'l1unu 
. . " ~ .d. 3) I ..::::. ..::::1 d QJ I I Q..l l.d. I 0 Q.l Q.l t:!l 

!lJtlQ~{ll':i'Ue!Vfnl 10 l'Ul'Vl 'Wfi'\JeJ~{ll':il'lle!Vl~'il~!WfleJVN'lf~!'il'U Ul'llJfll peak area I'll ~~'U'U'il~ 

!~e~nnm 'l 'Ufll':i~~{ll-:il'lle~~l~~ 1 o i'Wl-vi !~eJ~'illfloWfi'\JeJ~{ln\Vlle~~l~!n~m':i !Wfl !~e~~Ni~!'il'U . 
u~dj peak area~~ ~~1'1111~114.3 

s 
-< s 
0 

"' c:: 
0 
0. 

~ 

::1~============~~========~======~~~2+~3~4~===========(e~)l 
0 10 

::~~============~~====~==~==~====~~~~2~+~3~4~========(~d)l 
solo 4 IO 

~ 2: ~======~====~==~====~=;====~====~~~~~· ========(~c) 

s2o:l~==========~====~~====~====~====~~~======~IO f- '' .M---) ilil 
I 

:;~F============~==~~~====~==========~~~z~3==~4=======<~~~ 
0 10 

Migration time (min) 

. " 
fll'Vffl4.9 Electropherograms U{l~~~~'\Jtl~nm 'l'Ufll':iQ ~\J lfltl'UQ ~{lnl'i--w~l~ 

Condition: water injection time (a) 5 sec (b) 10 sec (c) 20 sec (d) 40 sec and (e) 60 sec, 

sample injection 40 sec, buffer composition: 50 mM phosphate buffer+ 100 mM SDS, 

pH 7.0, temperature 25 °C, capillary length 64.5 em x 50 ~m i.d., effective length 56 em, 

Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 
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0 v 

V~l'al.:jfl 4.3 fll migration time u~~ fll peak area 'tle:J~'ffl'j i'Wf11'jfff1'l:m·H'l'tle:J~nmi'Wm'jii~ihne:J'W 

n~l'Ue:J~ Migration time (min) Peak area (mAU*s) 
.. 

<:t 0 

tn'Hl~'Wl (sec) Dichloroprop MCPA 2,4-D 2,4,5-T Dichloroprop MCPA 2,4-D 2,4,5-T 

5 7.401 7.625 7.730 8.302 90.289 63.538 89.965 135.189 

10 7.360 7.583 7.687 8.255 91.760 67.526 92.605 136.209 

20 7.205 7.422 7.522 8.067 110.109 81.878 106.175 174.755 

40 6.937 7.143 7.235 7.748 109.924 75.126 106.384 164.491 

60 6.487 6.753 7.215 120.584 187.804 178.998 

4.2.2 Field Amplified Sample Stacking (F ASS) 

4.2.2.1 f11'jttie:Jn i'*ftmflvJvh i'Wm'jii~'ffl'j~"Jmh~ 

~ 1 n n1 'j ff n £~1 n1 'j t ti tJ n t '* ft n61 vJ Vl1 t 'W n1 'j ii ~ 'ff 1 'j ~ 1 tJ v1 ~ 1 ~ v t '* 
ftnv1vJVl111~mw~1 ~e:J +5,+8 u~~ + 10 kV t~'W'j~fJ~nmi'W'l i'Wm'j'¥h~e:J~if~~t'*nmi'Wm'j 
ii~'ffll'W1'W 5 i'W1fi ~~.tll'W~ 4.10 1J~lllW'ff1'j~~flii~~'W11J~'WeJ~tl'Ufl11:1J'ff1ll1Hli'WflU 
!fl ~ e:J'W ~.tllfJ i~ 'ff'W 1:1J 1 vJVJ1 fl 11:1J 'ff1lll l f:1 i 'W f11 l! fl~ e:J'W ~.tllfJ i~ 'ff'W 1:1J 1 vJVl1't1 e:J~ EOF U" ~fl 11:1J 

1 'li':w 'li''W 'tl e:J~ 'ff1 'j ~ 1e:J v1 ~ 'W '1J 11m 'j ii ~ 'ff1 'j ~ 1e:JV N ~ 1fJftnv1 VlVl1 'ffn 'ff1:1J n f:1 twn e:J e:J n ~ 1tl tl'W 1 ~ 
I QJ .c=t ~ ~ dt .c=t ~ Q..l d'll] -~ G} d e! L!i 

'ElfJ1~'b'\PI!~'W u"~:IJ peak area !'W:IJ'IJ'W t:IJ'El:IJf11'j!fl:IJfl'tlfJ !vJl"l1 !'Wf11'jQ~'ffn i'Wf11'j'VI~"fl~'Wm'Eltl 

ftn6ivJVl1~ + 10 kV !~e:J~~1fl'ff1lll'jf:1UfJfl'ffn1~e:JV1~i'~!~'WU"~~ peak area~~ ~~\911'j1~~ 4.4 



58 

2 
4 

2 

0 

-2 

2 0 10 15 

s 
~ 

5 0 
0 

"' r:: 
0 
0.. 

"' 0 -2 ~ 
10 15 

0 5 10 15 

Migration time (min) 

. 
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ill'V'ffl 4.10 Electropherograms UL1'fl~l!f~'IJV~f11'H!f'IL1'1'J1911Vtll~U1J1J Voltage 

Condition: sample injection by voltage (a) +5 kV (b) +8 kV and (c)+ 10 kV, buffer 

composition: 50 mM phosphate buffer+ 100 mM SDS, p H 7 .0, temperature 25 o C, 

capillary length 64.5 em x 50 11m i.d., effective length 56 em, sample injection time 5 sec 

Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 

• y 
e:t 1 T G} .t:!i G} d 0 I d 

Yll'H:.I'fl 4.4 fl1 migration time u~:;; fl1 peak area 'IJV~LYl'J !'Uf11'HT"f1EJ1N~'IJV~nm !'Uf11'J'i!fi'Ulf1V'U'i!fl 

L1'1'J~1VEh~ 

Voltage Migration time (min) Peak area (mAU*s) 

(kV) Dichloroprop MCPA 2,4-D 2,4,5-T Dichloroprop MCPA 2,4-D 2,4,5-T 

+5 12.642 13.193 13.424 14.886 6.048 3.680 4.391 6.0433 

+8 11.317 11.740 11.946 13.055 8.545 4.965 7.100 10.257 

+10 10.596 10.963 11.138 12.107 9.996 6.042 9.414 11.852 
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" ' ' d. 0 d C). d Q.J .c:1 I 

f·H'l'l.le:J\If11'H!\Pl'Ul'VHl(ll 5 10 20 40 U(l~ 60 TUl'Vl Cfl\lflll"''Vl 4.11 mrum~ 
' ' " 

:ilCflffl~IPi'lmh\1 +10 kV t~unm 10 l'UlYi l"'1Jlltije:~rvhJnmlum~\lmlllllnn11 10 l'UlYi ffl~'il~ 
' " ' d. d .111:9 Q,l Q,l lt::i c:1 C), 'j) Q,l 

lJ peak area 'Vl~\l'l.l'U ff11W.Ifi'illfifi'U'll'Cfl!'il'U Ul'llJl"'l'l'l.ltl\1 MCPA (2) U(l~ 2,4-D (3) 'il~!~lJCJftl'U'Vl1J 
' " ' 

fl'U !ijtl\lCfltJlti'eWfill 10 l'UlYi ffl~ffllJl~tlUtlfi'illfifl'Ut~tl~l\loMCfl!'il'U U~lj peak area ~ll'Um~ 

'VlCfl(l e:~\lii't~t~t~nnm l u m~:\1 Cfltllne:~u :\1 Cfl ffl~ IPi'lt~~l\1 ~ 1 o 1u 1Yi ~ \lffllJlj tltwnffu t~t~~l\1 
Q.l d I Q.1 .:::1 

'll'Cfl!'il'UU(l~lJm peak area ~\I Cfl\ll'lljl\I'Vl4.5 

1:+ 
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~ i,l (d) 
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fll'W'YI 4.11 
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~ <J ill: \rr= 
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fi;r= ~ 
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I 
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Migration time (min) 

" Electropherograms U ffCfl\1 rJ(l'IJtl\l!dm l 'U f11j:il Cflil lfle:J'U:\1 Cfl fflj IPi'ltl~l\1 

Condition: water injection time (50 mbar) (a) 5 sec (b) 10 sec (c) 20 sec and 

(d) 40 sec buffer composition: 50 mM phosphate buffer+ 100 mM SDS, pH 7.0, 

temperature 25 °C, capillary length 64.5 em x 50 ~-tm i.d., effective length 56 em, 

sample injection time ( + 10 kV) 10 sec Peak identification: (1) = Dichloroprop 

(2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 
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' " 
VlnHn 4.5 fll migration time Ur;'l::; ~1 peak area '\Hl·HYlj i'unnftf1'1:Jlv.lr;'J'\Jtl'I!'Hni'Wf11j~~tJlntl'W~~ 

fflj\91-;rmjl'l 

rJ(;ll'IJM Migration time (min) Peak area (mAU*s) 

" 
"" 0 fll'HlYI'Wl (sec) Dichloroprop MCPA 2,4-D 2,4,5-T Dichloroprop MCPA 2,4-D 2,4,5-T 

5 14.383 15.225 15.569 17.198 25.704 11.506 17.226 23.939 

10 13.644 14.268 14.571 16.364 28.120 19.236 27.897 46.670 

20 13.158 13.746 14.034 15.706 34.090 23.463 33.863 46.337 

40 12.129 12.658 12.909 14.393 56.697 41.657 65.457 78.950 

0 ' 0 
.c::! ~ .c::! Q.I .d ' d d. ' <C), .c::! 

kV 'Vlnm 5, 10, 20, 40 Ur;'l::; 60 'J'Wl'Vl ~'lfll'W'Vl 4.12 'W'U1lf11jQ~fflj'V1!1mmnn'Jl 10 'J'Wl'Vl 'iJ::; 

'1'11 1 MVifl'\Jtl'l MCPA (2) Ur;'l::; 2,4-D (3) tfl~f11j~tJ'Wl'l'Utl'W'I'll i Mtl.JffllJljtlUf.lf1fflj l~ trlu~~fflj 
I I 1 g,/ 

Vinml''hfr:h 10 i'Wl-vi 'f:Ylj'f:YllJljtlW'Jfl'illfltl'Wl~tl~l'li'~t'il'W U~lJ~l peak area 1'11 fl·HJ'Wi'Wfllj 

'Vl~r;'!V'Iif~'~tilunnm i 'W fllj~ ~ffnl'i'1v~l'l~nm 1 o i'Wl-vi ~ 'lffllJlj tlUtJfl'f:Ylj !~v~Ni'~t'il'WUr;'l::; 
lJ~l peak area ~'I fl'l\?lljl'l~ 4.6 Uff~'l peak area '\Jtl'lffljl'i''JVVl'l trlm~l.lnmi'Wfllj~~fflj 
191 ·;m d 1 'I 
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ftl'W~ 4.12 Electropherograms !!ff\PI~vH'l'IJtl~nmh.J~\Piffl'jl'i':HHh:! Condition: sample injection 

(a) 5 sec (b) 10 sec (c) 20 sec and (d) 40 sec, buffer composition: 50 mM phosphate 

buffer+ 100 mM SDS, pH 7.0, temperature 25 °C, capillary length 64.5 em x 50 11m 

i.d., effective length 56 em Peak identification: (1) = Dichloroprop (2) = MCPA 

(3) = 2,4-D (4) = 2,4,5-T 

"" rJt'll'lJtl..:.ttn'HWI Migration time (min) Peak area (mAU*s) 

"" ' t'ITaYI1tl£JH (sec) Dichloroprop MCPA 2,4-D 2,4,5-T Dichloroprop MCPA 2,4-D 2,4,5-T 

5 10.596 10.964 11.138 12.104 9.330 5.780 9.047 10.779 

10 10.255 10.589 10.758 11.724 21.878 14.473 20.050 26.452 

20 9.637 9.936 10.087 10.942 42.584 27.802 38.614 51.381 

40 - - - - - - - -
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4.3 fll'j&m£J'U!'n£J'lJ'j~'trhunf'I'Ufl Normal stacking mode (NSM) ml~ Field amplified sample 

stacking (F ASS) 

~ ' 
l'U'll'Ui1l'viJ!~~fl1llt'VlflUflf11'HVl:IJfl11:1Jt'li:u'li'U 2 t'VlflUfl fit~ Normal stacking mode 

~ 

(NSM) Ufl~ Field amplified sample stacking (FASS) hwi&ml~ll'~lfl electropherograms '\Jt~'ll1''l 

fft!'lt'VlflUfl ~'lfll'W~ 4.13 'V-11111 t'VlfiUfl NSM ~~l~Nflf11';iltfl';i1~,1~~ni1 t'VlfiUfl FASS ffl';i~ 

tWfll~~lfH'VlfiUfl NSM ~~ij peak area ~'lflil FASS 1h~:1J1tu 10 rvh ttfl~ffl';iW.lfll~t!~l.:JoM~H~'U 

~'lff1:1Jl';im~'UI911Ul1U.:J'\Jt!'lffUL~t!~l'loM~t~'Uttfi~UllW'hni1 ';i1:1J~'l NSM lJ~l LOD ~t! 0.05 • 
d ~ ' ~ & d.c:!d Q.l d 

ppm 'Vll'llfnl FASS fit! 0.5 ppm CJf'lfffl11~f11';i'Vl~fltl'l'Vl~'Vl~~Uff~'l~'l l'll';iN'\11 4.7 

5-
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·-l 1\,......,.,. _j~_ J (b) 

s I r 
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c. 
Vl 
Cl) 4 ~ 

I 3 
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(a) 

J 
0 

I I 

0 5 10 

Migration time (min) 

.:i 
ill't'f'YI 4.13 Electropherograms !!ff~'lYlfi'\Jtl'l sample stacking (a) NSM (b) FASS 

Condition: buffer composition: 50 mM phosphate buffer+ 100 mM SDS, pH 7.0, 

temperature 25 °C, capillary length 64.5 em x 50 Jlm i.d., effective length 56 em 

Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 
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Parameters Condition used 

Fused-silica capillary 50!J.m x 64.5 em 

Effective length 56 em 

Electrolyte 50 mM Phosphate buffer + 100 mM SDS 

pH 7.0 

Injection pressure 50 mbar 

Sample injection time 40 sec 

Water injection time 10 sec 

Applied voltage +30kV 

Temperature 25 °C 

Detector UV-Visible detector 

Signal wavelength 214nm 

LOD 0.05 ppm 

'J} I J} I 

acid 1 'W \91-;weh~~ 'UU€1~ihVi!fhJ m 'illtlVi'W .vim 'Htl'l:l l'l'J 'U eJ~ Til'W tl'fl!U ~ Bl!f1eJ11~ 'W'lh'J 11J ~~ 'VIl'fl • 

'J} I 'J/ I 

19l'1mh~~'Wml~'l11-vi!~mn 'illnViu .vim'J !tl'l:l l'l'J 'U eJ~ .U l'W tll'l!U~ Bl!f1eJ11~'W'Ifl'J 1u • 
~~'11l'flel1J€1';il'lf1ilil ~~!ll'W~'U~:I-Jltltlll 10 ,~ ~~f)l'Vj~ 4.14 lJtll'JiJ€1tlVi'lf~tllJ1V11'Ul'Utlll 50 . ~ 

v v 

u U€1~iim'J 1 ~Lrnih ~'flftl'l'JVi'lfl1~ Lll'J ih~'flU:U€1~ Lll'Jnl ~'fll''lfVi'lf 'J1lll1'~iinn 1 ~ii£Hflii1 ud ~ 
~ . 

tll'J!'il~tu!~'lJ 11'l'UeJ~Vi'lf~tl Lrnnl~'flftl'l'JVi'lf~tJtJ:u1~ !'!fu nfmJeJtl19fu eJ~'lJl!~tl~'W eJ1!9fULY 
u ~ 

hJC1h~tJ:U400 tll'Jll'lfl~ll~'W !llul>i'u iJty'l11~l~'illtlm'JLYeJ1Jtnll!tl'l:ll'l'Jm 'Vj'lJll !rleJ1~LYl'Jmrild' 
1 iJu l'W "l 'il ~l11111'fJ wm'Vj~'U!~eJ:u lm :u ~'W!ll'W m 'fl U€1~iiw1mn'fl ~u l11111'Vi'lf~tl 1liLYlll n t1 

!'il~ty!~'lJ 11'1 1~ Lll'Jfll~l'll'lfVi'lfu~€1~'lfiJ'fl'il~ii1:1'1'J!fllJ~!llmhuiJ'J~tleJ1J'I1~tl ~~l'll'Jl~~ 4.8 
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'Vj111fl"t~\91 L\91flmJ 1 1~ !.,j'11.,j''W CJJ mtY'1~ 'lJ l:1/fh .ij~r1'lfYi'lf l t!1:l'W 

(paraquat dichloride) !Jl11~!~l 1~V~11"e~~~'Wa'W !liii 111~~1l'W 

..::::! ")" .ct ~ 

2,4-~ ~ctl!~t:J11ctlel"\91 

(2,4-D sodium salt) 

q'Vli191mh:~l'W~'W 11"e~~nvl?ie~Yi'lf 
111~'Iil'W11f1Yi'lf '111V"~f111 

ih.ij'~1'lfYi'lfl'Un~l-:J!!"~nn l'W'Wl 

.,Y11 !~.,YT"J 1'Vj~ ve~v !'li'W 
Ql QJ 3) d d 

rlf1\91'l.J'lf11 Hf1'l.J-:J '\Jl!'IW~ !'Vlt:J'W'Wl 
q 

nn'U'Wln nn'V111t:J 'H'W1~11m~n 
q 

e~~m!~n~'W l tl 'Wfl11 f11.ij~u11"-:~ff'l9llYi'lfl?il-:~"l 
" 

(abamectin 1.8% w/v) \Pl-:~iJ 'H'Wei'W~l'Wl'U 'H'Wt~'Wlm1n 

'H'W t~'W m ~~'Ht~11 'H'W t~Wlft~'W 1 'lJ 
<u 

" " ff'11 !'Vj~m1e~'W !'Vj~vhl t11:1u11 !1 

( chlorpyrifos) 

' "" f)" 11 ffl 1! fl11 
q 

organophosphorus 

( o,o-diethyl 0-3.5,6-

trichloro-2 -pyridy 1 

phosphorethioate) 

MCPA !!"~ 2,4-D 

' t:Jl'iiJl 

!!11"-:~~lt 
111~~1 

' Vl'iiJl 

!!11"-:~~lt 
111~~1 
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lu .nu1~erd'~'lt~Yilm1!~mi1mh!l~l'WTW 5 'ilfl tu~u~tl11!fll:J\911 ~'l!!D'll'i1 
q 

"' ' ' 
eJ~l'leHJfl!lJu l'i1eJ~1nh 3 'il~ ml~l'i1eJ~l'l~u 2 'il~ uf1'~'119i'lm'WVi 4.15-4.19 t.WeJ'il~thm 

q q 

"" <I • I"" o "' "' '"'~ 9J "i 'l 9J "" 'l "" <1 di o 
1!'fl11~'11'1111J1JJ1Wf1'11tll'il~fl'\91H'l'lf\9lflfll'l !~tl !'lf!'Yl'flU'fl NSM !Utll';i1!'fl11~'11f1'1';i 9f'l'il~'Ylltll';i 

<u 
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ci d QJ I : d 
.flll"fYI4.15 'il~!f1'lJ\'l'HJtll\I'Wl'il~'Vl 1 

q q 

d dQJ ,: d 
.fll'VfYI 4.16 'il~!f1'lJ~1tltll\I'Wl'il~'Vl 2 

q q 



67 

d d Q.l I 't d 
ill'fft1 4.17 'iJ\Pl!f)'U\'l':ltH.Jl-:J'Wl'il\Pl'Vl 3 

q q 

d dQJ ~~ d 
ill'Yft1 4.18 'il\Pl!f)'U~'Jtltll-:J\Pl'W'il\Pl'Vl 1 

q q 
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d d Q.J I C. d 
fll 'W 't1 4.19 'iWll f1 'lJ \'l'HJ CJ1 \l ~ 'U ~ 191'Vl 2 

q q 
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.. 
Q dv r o 

4.4.1 tn'j1&ml~'t'ii'I1Hm.:Jul 

~----- (\ (b) 05t=- I 3 4 
--------.~ _) \_ 

6 8 10 

:~--------------------------(a~J)t t::= 1 

'1 6 8 --·- ~ .... - .. --(~\:...)10 
0~ 

6 8 10 

:k-:: --r-------~,.~ 
6 10 

Migration time (min) 

..J Q.- I ~ ..d ~ _,; ~ d 
.fll'Vffl 4.20 Electropherograms 'Utl'l\'l'Jtlf.Jl'I'Wl~~'Vl 1 (a1 ,~,a) 1&ml~'l1'flH'Vl1,2, 3 (b) spiking 

standard Condition: buffer composition: 50 mM phosphate buffer+ 100 mM SDS, 

pH 7.0, temperature 25 °C, capillary length 64.5 em x 50 J..Lm i.d., effective length 56 em 

Peak identification: (l) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 
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,J QJ I: d ~ o'~d. 
fll'fft'l 4.21 Electropherograms 'U'eFJ~ 1tltll'I'W l~~'Yl 2 (a1 ,~ ,ii:J) 1tm1~'11flH'Yl 1 ,2, 3 (b) spiking 

standard Condition: buffer composition: 50 mM phosphate buffer+ 100 mM SDS, 

pH 7.0, temperature 25 °C, capillary length 64.5 em x 50 J..Lm i.d., effective length 56 em 

Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 
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1:~---------~--------------~-----(b_)_ -b:= I 
10 

(a) 
3 :'WitP-

10 5 

5 

5 

Migration time (min) 

I iJ I )/ I 

d QJ I 0 d ~ f/QJ.::! 

ill'Vfn 4.22 Electropherograms 'Ufl~\911fl(Jl~'Ul~fl'Vl 3 (a1 ,~,a) 1tml::;'Hf!H'Vl 1, 2, 3 (b) spiking 

standard Condition: buffer composition: 50 mM phosphate buffer+ 100 mM SDS, 

pH 7.0, temperature 25 °C, capillary length 64.5 em x 50 J..tm i.d., effective length 56 em 

Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 

. . " 
~lflflll'l'Vi 4.20-4.22 tiim11fll';iltfl'n::;l1'Ml'ffl';ifll~f11'll'~'ll'l1~ 4 'll''l1f1 i'U 

" " & " " l'i1mh~thl1~ 3 ~fl ~'Jti!'VlfliJfl NSM CJI~~::;'l11fll';i'Vlflrlfl~ 3 flf~ l'l1Jlltli1hlflt)Yifl'llfl~'ffl';i'l1~ 
. " . 

4 'll''l1 f) t i1 fl ~ ~ 1 fl t 'U ~'U 'Vi t~ 1J 1'1 'Jfl v1~ ~ fi'Jlll 11 rllfl 11 r11 v t 'U fln t ~'i;ll ';j t fl ~ tt r1::; 'ffl ';j n 1 ~f) ff\91 ';j ~ 'll' .. 
'U fl fl ~ lfl if 'i;ll ';i fl1 ~ t:l fl eJfl tl 'ffrll tl~ 1 tl ~ ~ 'U 'Vl~ V~ fl vi 'U ~'U H r1::; H 'i;l ~ ~ ~ 'l11tflfl flU nJ ~ ti'UH U r1 ~ .. . .. 

" 
1m ~ff~l~'Ufl~ffl';j 'l11 i 11'1li'ffllll';it:l\91 ';j 1~l'l1J'ffl';i mri loW 1~ 
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' " " dhrvhm-:i;hm1~li'l11'ff11nl'ow!'lfVI'lf'Vi''l 4 'lfU~ iu~-;nHh'l~tJ'Vi''l 2 ~~ 
' ' " 

'YlUl1itJ~~!nU~'Hl~1\l~tJ~~.yj 1 (m'Yl-vi 4.23) Lth.h1fl~Vif1'\Hl\l'ffUVJ\l 4 'lfU~ LlltJitJ~~!nU 
I I I I 

QJ t.a .d. d. 1~ ddlo 

l'ntH.Il\l~tJ~~'Vl 2 (i11'Yl'Vl 4.24) 'YlU dichloroprop Url~ 2,4-D UI'I!\Jtl\l'il1flfll1ll"'.!'l'lltl\l'Ylflllfl11'11 

" 
fll11:Y'tyty1W. ':iUflltJVi 11 ri'tli'ff1lll':i tll1tl\l1\Jv.lrlfll':il!fl 1 1~li1J~ ll1W. 'IJ tl\l 'ffU L~ tJ tlfl 'il1fli1 'ff11 tl1 'iJ 

1 9) .a .:::sc(.dHi).a ..dio.a .. ld ,.I 1 9J oG}'j) 
tlfltltltl'ffrlltJ~ltl'ilrltJ'VlHI'Vltltl !\J~tJ Url~U'ff\l GJf\l'Vl1!fl~fll':i!1JrltltJUlJM flH'ff11\l'IJtl\l'ff11 'Vl1 !l1 
"' . "' 

50~"-~ ~~-------------~~-----------
5 6 8 

0 1..... . .. ''--;"'""'" ,.,._.., ~ •-I 'IMil ·~·p·rtJL :
1 

,..,....,.~,;.,,.,.., 

8 5 6 

0 ~- ... -:-..... ..... ~ ........ . 
I 
8 6 

. .. I;" 
6 8 

Migration time (min) 

•• I • I 

t I i/ I 

10 

(a) 
I .. ~~ .. -~ 

I 

10 

.ct. Q.l I .a d. .a c( Q.l d. 

fll'rfYI 4.23 Electropherograms '1Jtl\ll'lltltl1\l~tJ~~'Vl 1 (a1 ,~,a,) l!fll1~l1f1H'Vl 1,2, 3 (b) spiking 

standard Condition: buffer composition: 50 mM phosphate buffer+ 100 mM SDS, 

pH 7.0, temperature 25 °C, capillary length 64.5 em X 50 Jlm i.d., effective length 56 em 

Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 
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6 8 10 

Migration time (min) 

,J Q.l ·~ .d 0::::. r~rt.d 
fll'Vffl 4.24 Electropherograms 'Utl~\'l'"Jtlf.Jl~~'W~~'Vl 2 (a1 ,~,a,) 'd!'fl'.il~Yif!H'Vl 1 ,2, 3 (b) spiking 

standard Condition: buffer composition: 50 mM phosphate buffer+ 100 mM SDS, 

pH 7.0, temperature 25 °C, capillary length 64.5 em x 50 J.lm i.d., effective length 56 em 

Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 2,4-D (4) = 2,4,5-T 



74 

""' 0 Q.l Q.J ~ 

'lf'l!VI'U~.:Jtfl'Hll'\IVI1'1f'Vi'lf 
""' 

.., I .. .., I 

'lf'l!VI'U~.:JVI1~tiN ~VIHl'UVI1~tiN 

Dichloroprop MCPA 2,4-D 2,4,5-T 

.d 
'il~'Vl 1 ND ND ND ND • ., 

.d 0 

'Wl 'il~'Vl 2 ND ND ND ND • 
.d 

'il~'Vl 3 ND ND ND ND • 
.d 

'il~'Vl I ND ND ND ND 
'"' • 
~'W 

.d 
'il~'Vl 2 ND • ND ND ND 

ND = no detect 



' ""' ll'rl'rl 5 

ff1U~H'I U't'l~eUtl!ffUtlUU~ 

.et. fl 0 ~ Q.l ..:!f. I 9J ~ 

fl1'J1tfl11~l1l11ff11fl1'il~1'11''rl'll' mp.J Chlorinated Acid ~1V!'Yifl'l..lfl Sample Stacking 

1~v1~tfi~V~ Capillary Electrophoresis t~Vl11fffl11~~tl1111~ff111'Wnn1tml::afffl'Jtl1~~1'11'~'11' 4 

'II'U~ 1~mi 2,4-dichlorophenoxyacetic acid (2,4-D), 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), 

4-chloro-2-methyphenoxyacetic acid (MCPA) tnl ~ 2-(2,4-dichlorophenoxy )propionic add 

(Dichloroprop) 'ri'I.J';hil'il~fl~ih·m~Vfll'Jitml~M ~v 'II'U~'UV~ff1Hl~~lflVt~fl1'YI'J1~~ r11111 

v v C>d 1 liJ .. C>d 1 liJ .. v v 
t'Ul.J'U'l..I'UV~ff11~~mtlvt~tl 'YI'J t~~ pH 'UV~ffl'i~:::mtiVt~tl 'YI'J t~~ r1111lt'Ul.J'U'l..I'UV~ffl'i~~UH 

~~fh (SDS) r11111~1~ffnuhJVh~1~ u~:::mr~iJr~~1~1'Wnntwn ~~1'W~l'Wi~el'if1~1~mr~ufl 
MEKC 1'Wm'J1tml:::Mffl'Jt~Vl11fffl11:::~mm~ff111'l..lnn1tml:::M'u~:::1~tri'Wfffl11:::1'l..lm'it~l.l 

91 fj} Q.l .d. 
fl111lt'Ul.J'IJ'l..IU'I.J'I.J sample stacking ~~~l'il~'YI 5.1 

Parameters Condition used 

Fused-silica capillary 50Jlm x 64.5 em 

Effective length 56 em 

Electrolyte 50 mM Phosphate buffer + 100 mM SDS 

pH 7.0 

Injection pressure 50mbar 

Sample injection time 5 sec 

Applied Voltage +30kV 

Temperature 25 °C 

Detector UV-Visible detector 

Signal wavelength 214nm 

LOD 0.5 ppm 
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i . 
.c::.. " " Q.l , v .c::::t. .o=t. a 1 

fll'H'VUJfl11lJ!'IJlJ'IJ'W'IJV,:jff1'j\Pl"JVm,:j\Pl"Jtn'Yifi'Wfl Sample Stacking 2 !'Yifi'Wfl fiV Normal 
,I ... i Cl ~ Ql Q~ 

Stacking Mode (NSM) U"~ !'Yifi'Wfl Field Amplified Sample Stacking (FASS) IPlflflfl141IJ'iHif.l'YI!IJ 
II II i • 

~·m~vmmflfl ~,:jil n"1i'WflnU~P~ffn~1V~1,:j n"1i'Wfl1'jU\Pl'l.hnvuu~P~ffn~1V~1,:j ff'mf'lvlvh~ 
• • I 

i ~iuflnU~P~ffl'j (m'V'Il~!'YifiUfl (F ASS) 'illflfll'j'YI\Pl"V,:j'V'I'lrhffm1~fi~fi"t~P~ i 'W fll'j 1tm1~lfuff~,:j . . 
~,:j\Pl1)1,:jfi 5.2 (NSM) tm~IP11)1,:jfi 5.3 (FASS) 

Parameters Condition used 

Fused-silica capillary 50jJ.m x 64.5 em 

Effective length 56cm 

Electrolyte 50 mM Phosphate buffer + 100 mM SDS 

pH 7.0 

Injection pressure 50 mbar 

Sample injection time 40 sec 

Water injection time 10 sec 

Applied voltage +30kV 

Temperature 25 °C 

Detector UV-Visible detector 

Signal wavelength 214nm 

LOD 0.05 ppm 



Parameters Condition used 

Fused-silica capillary SOf.lm x 64.5 em 

Effective length 56cm 

Electrolyte 50 mM Phosphate buffer + 100 mM SDS 

pH 7.0 

Injected voltage +10kV 

Sample injection time 10 sec 

Water injection time 10 sec 

Applied Voltage +30kV 

Temperature 25 °C 

Detector UV-Visible detector 

Signal wavelength 214nm 

LOD 0.5 ppm 

trl·en11 n1 'i t11~ tl'l.H fi till P-H1 fl1 'i'Yl ~" fl.:J 'Vllli1t 'Yl flU tl~ t '1111 1~ ff1l i 'W fll'i Utlfl ff1'i ih ~ ~ 

1'lffJ'lf~fir~ NSM ~.:Jffnth~~1'lffJ'lfff11ll'itlUtlflflflfl\l1fln'W t~flV1.:Jff1l\j'iW iirh peak area ~'Q;.:J 
.Q rl ll) 91GJ ... 1-Q .J ~ .cb ~Q.I J'111 j) o ~::::u=s.J'lfl 

UCI~ff1111'itl1tm1~'11ffl'i t~ t'WIJ'i1J1W'Yl\911 (LOD = 0.05 ppm) 9f.:Ji'W.:J1'W"J\lti'W t~'W111i'W ttJ 

itfl 'i 1~M'111ff1'i tl1~~1'lffJ'lf\91 nti'1.:J i 'W~"JflVH~'WUet~af1 ~.:J Hetfll'i 1tm 1~ ..1 ~ !~ ff'itJ~.:J\911'i1.:J~ s .4 • 
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... 0 Q,l Q,l' .4 

... QJ I .. QJ I 
'lf'Ufi'Utl~tl11fll\WI1'11"t't'lf 

'lf'Ufi'UtJ~g)'JtJDH ~fl&fl'lJg)16DH 

Dichloroprop MCPA 2,4-D 2,4,5-T 

d 
'il~'YI 1 ND • ND ND ND 

" ' 0 "' 'Ul 'il~'YI 2 ND ND ND ND • 
' 

"' ~~'YI 3 ND ND ND ND 
d 

~~'YI 1 ND ... ND ND ND 
~'U 

d 
'il~'YI 2 ND • ND ND ND 

ND = no detect 

5 .2.1 fl11 fftl 1>11fl11 ~ \PlJ 'U 1! 'YI flU flfll 'l! ~lJ fl11lH ~ lJ~ 'U 1 'U U 'lJ 'lJ 9i H "1 ! ~ m.h 1J1 

.I "'1!1/" <> o' O<V<V<!I 
lJ'l~Qtl~ 'If t'Utll'l1!fl'll~'IHY1'ltll'il~1'lf~'lf 

5 .2.2 fl1'lfftl'l>!ltll'l tlJ~ rJ'UUiJ~~ t fiHff! l~'IJV~ffl'l fll ~~ -J''!f~'lf U ~~ ij tl1 ':i ~\Pli'U lt'YI flU fl 

.:9 t::!to .c:!i t::!to ct. ~ I d 

5.2.3 fl1'lfl'tl'l>ll'lf'U~'IJV~ffn electrolyte additive (ffl'l~~U':i~~~~1) 'lf'U~V'U"l111J~~ 

9i Vtll'l!!rltlffl':i fll~~ 1'lf~'lf'H1fl ,~ 
,.j , !iJ "' I 0 .1 .ld <> Q 1IJ ,J, I 

5.2.4 !~fl 'Htl11'YI~~V~1Jfi111JU1J'Url11Jltl'IJ'U fl1':i!lJ~rJ'Uffl':i~~~lrJVmtlt'YI'l t~~1'H1J 





8Q 

"" <Herbicide). http://prapanc.tripod.com. ll'W1flll, 2555. 

~W1 "!'W'¥1~"!'\1. ~1~1Uflii"H'11~Vt~fl1'¥1~ 1m9hY. fll:U'¥1V'lll'V!1'Wfl':i : fiW~tflff'lfff1ffiPlf 

ll'VI11m.n~t.Jll-H~nl, 2550. 

" .a ol!!l .et. o' .c:.. Ql oC.\ r:l oC.\ Ql fJ) Q.l Ql d 
ft''Wt.Jtfl Hl~lJV1'¥1t.l1ff1ffiPI~ ll'V111'¥1t.J1m.lff ~'\1~1'U fi~'W '¥1~. "tflfi'Wflfll~fffl~~ 1tJIP11~'UCJf'U'\IV~U '\1~ ... ... 

oC.\ Ql " Ql Ql d . 
Solid phase Extraction (SPE)", t'¥1fi'Uflfl1~ffflfl~1tJIP11r)'UCJf'U'\IV~U'\l~Sohd phase 

Extraction (SPE). http://share.psu.ac.thlblog/sci-discus/16587. V'lq'l:lfllflll, 2555. 

..... 1 ' e:t.j) .c:S " tJ'WtJV'IWI'W1'U tJ'U1f.ltt'V!~'lf11Pl~1'Wff1~tfllJ. "Chemical safety academy", j1'W'\IV1.;!~ ICSC 

fl1'1:11 1 '¥ltJ. http://ipcs.fda.moph.go.th/csnetnew/icsc.php. llm1flll, 2555. 

2555. 

·1hw fl~1'Wtff~'l:l"' fl1l m~ tfl'I:IIPI ~. "'iJ~ lllWU~~lJ~ fi 1fl1~U1t'li'1ff1~ tl1 ~flffiPI~~'lfiJ 2545-2552", ."II ... ... 

~ Ql 0 il 
1J111ltJfl1~'W1t'\11. http://www.oae.go.th. llm1flll, 2554. 

I 

' 

0 Ql Q.QI Ql Q Ql : d Ql Ql ' : d d 
ff1'W fl11l tJ V'IWI'W 1U~~~'Yifl1'¥1 tJ1 mll'¥1~V'lt.l1m'W 1. "fll~ tfl'UU~~m'I:I11011VtJ1~'W 1", '¥1\)'l:lt)fll~ tfl'lJ 

Ql I .a oC.\ fl : d 

IP11VtJ1~tV'IVfl1~1tfi~1~'VIfiWfi1V'l'U1. http://www.waterlabdwr.com. lJ'W1fllJ, 2555. 

Abacus. "Solid Phase Extraction (SPE)", Solid Phase Extraction (SPE). http://www.abacus-

lab.com/analitycal-chemistry/extraction/solid-phase-extraction-(spe).aspx. May, 

2012. 

Aleksandra, N .K. and et al. "Determination of dimethoate,2,4- dichlorophenoxy acetic acid, 

mecoprop and linuron pesticides in environmental wathers in republic of Macedonia 

by high performance liquid chromatography", Macedonian Journal of Chemistry and 

Chemical Engineering. 27:25-33,2008. 

Answers. "Capillary electrophoresis", Electrophoresis. http://www.answers.com/topic/ 

electrophoresis. March, 2012. 



81 

Chattetjee, O.K., and et al. "Biodegradation of2,4,5-trichlorophenoxy acetic acid in soil by a pure 

culture of Pseudomonas cepacia", Applied and Environmental Microbiology. 

44: 514-516, 1982. 

Cugat, M. J. and et al. "Comparative Study of Capillary Zone Electrophoresis and Micellar 

Electrokinetic Chromatography for the Separation of Twelve Aromatic Sulphonate 

Compounds", Chromatographia. 46: 204-208, 1997. 

Dinelli, G. and et al. "Detection and quantitation of sulfonylurea herbicides in soil at the ppb 

level by capillary electrophoresis", Journal of Chromatography A. 700: 201-207, 

1955. 

Farran, A. and et al. "Three different approaches for the separation ofMCPA and 2,4-D by 

capillary electrophoresis", Journal of Chromatography A. 835: 209-215, 1999. 

Fu, F. and et al. "Study on the Degradation of2,4-dichlorophenoxyacetic acid (2,4-D) and 2-

methyl-4-chloro-phenoxyacetic sodium (MCPA -sodium) in natural agriculture-soils 

ofFuzhou, China using capillary electrophoresis", Science of the Total Environment. 

407:1998-2003,2009. 

Gregus, Z. and et al. "Effect of chlorophenoxyacetic acid herbicides on glycine conjugation 

ofbenzoic acid", Xenobiotica. 29: 547-559, 1999. 

Henry, J. and et al. "Management of poisoning", WHO: Geneva. 123-126, 1997. 

Kartsova, L.A. and et al. "Electrophoretic Separation of Tea Flavanoids in the Modes of 

Capillary (Zone) Electrophoresis and Micellar Electrokinetic Chromatography", 

Russian Journal of Applied Chemistry. 79: 1110-1114, 2006. 

Kim, J.B. and et al. "On-line sample concentration in micellar electrokinetic chromatography 

using cationic surfactants", Journal of Chromatography A. 916: 123-130, 2001. 



82 

Komarova, N.Y. and et al. "Optimizing Separation Conditions for Chlorophenoxycarboxylic 

Acid Herbicides in Natural and Potable Water Using Capillary Zone Electrophoresis", 
I 

Journal of Analytical chemistry. 57: 644-650, 2002. 

Komarova, N. V. and et al. "Determination of Herbicides of the Chlorophenoxycarboxylic Acid: 

Type in Natural and Drinking Water by Capillary Zone Electrophoresis", Russian 

Journal of Applied Chemistry. 76: 238-243, 2003. 

Mechref, Y. and et al. "Capillary electrophoresis of herbicides II. Evaluation of alkyl glucoside 

chiral surfactants in the enatiomeric separation of phenoxy acid herbicides", Journal 

of Chromatography A. 757: 263-273, 1997. 

Reddy, G.V.B. and et al. "Degradation of chlorophenoxyacetic acids by the lignin-degrading 

fungus Dichomitus squalens", Microbiology. 143: 2353-2360, 1997. 

Silva, C.L.D. and et al. "Investigation ofPreconcentration strategies for the trace analysis of 

multi-residue pesticides in real by capillary electrophoresis", Journal of 

Chromatography A. 1014: 109-116,2003. 

The Swiss Laboratory for Doping Analyses (LAD). "Capillary electrophoresis", 

Instrumentation. http://www .doping.chuv.chlen/lad _ home/lad-prestations-

laboratoire/lad-prestations-laboratoire-appareils/lad-prestations-laboratoire-appareils-

ec.htm. March, 2012. 

Wikipedia. "Capillary electrophoresis", Capillary electrophoresis. 

http:/ /en. wikipedia.org/wiki/Capillary _electrophoresis. March, 2012. 

"Miceli", Miceli. http://en.wikipedia.org/wiki/Micelle. March, 2012. 

"Micellar electrokinetic chromatography", Micellar electrokinetic 

chromatography. http:/ I en. wikipedia.org/wiki/Micellar electrokinetic - -

chromatography._May, 2012. 



83 

Yu, L. and et al. "Ionic liquids as additives for separation of benzoic acid and chlorophenoxy 

acid herbicides by capillary electrophoresis", Analytical Chimica Acta. 547: 165-

171,2005. 

Zerbinati, 0. and et al. "Optimization of the cyclodextrin-assisted capillary electrophoresis 

separation of the enantiomers of phenoxy acid herbicide", Journal of 

Chromatography A. 875: 423-430, 2000. 

Zhu,L. and et al. "On-Line Concentration of Acidic Compounds by Anion-selective Exhaustive 

Injection- Sweeping- Micellar Electrokinetic Chromatography", Analytical 

Chemistry. 74: 5820-5825, 2002. 

Zykova, E. V. and et al. "Determinaing ascorbic acid in medicinal preparations by capillary zone 

electrophoresis and micellar electrokinetic chromatography", Pharmaceutical 

Chemistry Journal. 44: 50-52,2010. 



.fllflNUlfl 



85 

.fllflNU1fl fl 



86 

.. 
0 q 0 Q.l Q.l 4 cv Q. il ": 

1. 011fl11flWnl'Hfl1£lll Stock standard solution 'U8\ID'1101il~l1frt'lf'fl\l 4 'lf'U~ fllllll'Uli'UlA 

1,000 ppm (mg!L) 

il il 
1.1 D'11il~ill£1 2,4-Dichlophenoxyacetic acid (2,4-D ; MW = 221.04 glmol) fllllll'Uli'U'U 

1,000 ppm mlllfl1 100 mL ., 
Methanol tJ~m~'i 1,000 mL ikw~HYl'i 2,4-D 1,000 mg 

.. .l 100mLX(l OOOX10- 3g) 
~1 Methanol tJ~111~'i 100 mL 'ii~1Jt'I.Hlff1'i 2,4-D = ' = 0.1 g 

1,000mL 

Jufifl ~~ 2,4-D 0.1000 g 'lri"~'luihmHJ{'\JU1~ 50 mL "~"1£l~';ltl methanol 'il1mfut'YI 

ffn":;"1£l'lri"~'lu volumetric flask '\J'U1~ 100 mL tm:;tJi''UtJ~m~'i~'W methanol 'iiUflltJ 

tJ~lJl~'j 

1.2 D'11il~ill£1 2,4,5-Trichlorophenoxyacetic acid (2,4,5-T ; MW = 256.54 glmol) fll1ll 

il il -~ l'Uli'U'U 1,000 ppm 'U1ll1fl1 100 mL ., 
Methanol tJ~111m 1,000 mL ihuflff1'i 2,4,5-T I ,000 mg 

'J) "" .. ,: 100mLX(lOOOX10- 3g) 
m Methanol tJ'ilJl~'i 100 mL 'iJ:;1JlUflff1'i 2,4,5-T = ' = 0.1g 

1,000mL 

Jufifl ~~ 2,4,5-T 0.1000 g 'lri"~'luihHflfl{'\JU1~ 50 mL "~m£l~1£l methanol 'il1mfut'Yl 

ff1'J":;"1£l'lri"~'lu volumetric flask '\JU1~ 100 mL u":;tJi''UtJ~m~'i~'J[J methanol 'iiU~HJ 

tJ~111~'i 

1.3 D'11il~ill£14-Chloro-2-methylphenoxyacetic acid (MCPA; MW = 200.60 g/mol) fll13J 

t'tYll'tYU 1,000 ppm mll1fl1100 mL ., 
Methanol tJ~111~'i 1,000 mL ihuflff1'i MCPA 1,000 mg 

~1 Methanol tJ~111m 100 mL 'il~ijrif'flff1'i MCPA = 
100 mL X (l,OOO X 10-

3 
g) = 0.1 

1,000mL g 

Jufifl ~~ MCPA 0.1000 g 'lri"~'lu.Umflfl{'\J'Ul~ 50 mL ":;"1£l~1£l methanol 'il1mfut'YI 

ff1'J":;"1£l'lri"~'lu volumetric flask '\JU1~ 100 mL tm~tJi''Ut1~111~'i~1£l methanol 'ii'Ufll'U 

tJ~1JlV11 
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1.4 trl'H1~intl 2-(2,4-Dichlophenoxy)-propionic acid (Dichloroprop MW 221.0~ 

Sl Sl -1'2 
glmol) fi1UJA'll1J'UU 1,000 ppm u11J1VI1 100 mL ., 

Methanol 1111Jlm 1,000 mL iirut:~ffn Dichloroprop 1,000 mg 

91 -1"' "' .l . hl 100 mL X (1 ,000 X 10-
3 

g) 
m Methanol IJ'i111~'i 100 mL ~~11!'\.Hlffl'i Dtc oroprop = ___ __:_:....._ __ ___::::.. 

1,000mL 

= 0.1 g 

J'WfiV ~~ Dichloroprop 0.1000 g irir~~i'Wtjmnv{'ti'Ul~ 50 mL 'fl~i:lltl~1tl methanol 
., 

~lfl'I!'Wt'Yiffl'i'fl~'flltJiffr~~i'W volumetric flask 'ti'Ul~ 100 mL 1m~iJi''l.J11~1ll~'i~1tl methanol ~U 

m'UiJ~111~1 

2. tn1tl1U1Wfl111VI~ti1J mixture standard solution: 2,4-D, 2,4,5-T, MCPA m1~ Dichloroprop 

Sl Sl 
fi111J1'll1J'UU 50 ppm 

d dd ~ v ~ AI~ 
1~'itl11~1flffl'i'fl~i:lltl stock standard 'YI111'111111'tl11'ti'U 1,000 ppm t'UIJ'ilJl~'i 50 mL 

., 
QJQI gJ d fJJ'j/ 

~~'W'W m~~1mtJ11ffl':i'fl~i:lltl 2,4-D, 2,4,5-T, MCPA 111:1~ Dichloroprop 1'111111'\llJ'ti'U 50 ppm 

~~~v~ i ~iJ~111~1 

. 

clvl c2v2 
'JI 'JI 

1'11llJ1'tl11'ti'U'tiV~ffn'fl~i:lltl stock standard (1 ,000 ppm) 

'JI 'JI • d'JI 
1'111111'tl11'ti'W'tiV~ffl'i'fl~'flltl mtxture standard 'YI~V~fll'i (200 ppm) 

_JoC::l d tJJ 0 .::!:1 
IJ'ilJl~'i'tiV.:Jffl'i'fl~i:lltJ stock standard 'YI~V~'W11111~V~l.:J 

-F d'JI 
V2 IJ'i111~1'tlt:l~ffl'i'fl~i:lltl mixture standard 'YI~V'lfll'i (100 mL) 

11'YI'Ufll'fl~, 'Uff11fll'j 

(1,000 ppm)V1 (50 ppm)(50 mL) 

(50 ppm)(50 mL) 

1,000mL 

2.5mL 

"' ... "' 'W'WI'IV ff1111':if:ll~'itl1Jff11'fl~'flltl mixture standard 'tiV~ 2,4-D, 2,4,5-T, MCPA 111:1~ 

Dichloroprop i~tJ pipette Wlffl'i'fl~i:lltl stock standard ~iif111111~11~'U 1,000 ppm 'tiV~11~'fl~'lflJ~ ., 
111 2.5 mL r~~i'W volumetric flask 'ti'Ul~ 50 mL ~1flU'Wtli''l.Jtll111~1~1tl methanol ~'Ufl'J'l.J 

iJ~lJl~'j 
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3. fl11tll'J.flWfll'UV1'1U'll working solution : 2,4-D, 2,4,5-T, MCPA U11~ Dichloroprop flll'IJ 

, , 
A'U'li'U'U 20 ppm 

... .d... gJ gJ 1 .1"' 
t~'HJ1HllflffT:in::::mf.l mixture standard 'Ylllfl1lllt'llll'll'\.J 50 ppm '\.JIJ'jlJl~'j 5 mL , 

~ I 

~~ir'W ~l~::::t~lf.lllffl'jn::::nlf.l 2,4-D, 2,4,5-T, MCPA un:::: Dichloroprop. fl111lt'li'll'li''W 2b 

gJ 1 gJ .I"' ppm ~::::~t~~ 'JfiJ'jlJlm 

~lflfflJfll'j c.v. C2V2 

trtt~ C1 fl1lllt'li'll'li''U'Iltl~ffl'jn::::nlf.l mixture standard (200 ppm) 

Cz 

v. 
vz 

U'Yl'Wfhn~ 1t.~fflJfll'j 

gJ gJ • • .d gJ 

fl1lllt'llll'll'\.J'Iltl~ working solutwn 'Yl~tl~fll'j (50 ppm) 

tJllJl~'j'IJtJ~ffl'jn::::nlf.l mixture standard ~~ti~Ullllt~tl~l~ 

tJllll~'j'IJtJ~ffl'jn::::nltJ working solution ~~tl~fll'j (5 mL) 

(50ppm)V1 (20 ppm)(5 mL) 

(20 ppm)(S mL) 

50mL 

VI 2mL 

tTt.~fit~ ffllJT:if:H~lf.lll working solution 'Uti~ 2,4-D, 2,4,5-T, MCPA un:::: Dichloroprop. 

l~f.J pipette tVlffl'jn::::nlf.l mixture standard ~~fl1lllt'li'll'li''W 50 ppm lJl 2 mL n~1'U volumetric 
~ ' 

flask '11'\.Jl~ 5 mL ~lflirt.~tJi'utJllJl~'jffl'jn::::mf.JU~t'vJt~{n1~~'\.Jfl'j1JtJlll1~'j 

o <:1 """'i' ,daov.Jd 
4. fl11fll'UlWfl11AVI1U'llil"1111::::111UtlAilfl&'t11 ilVI't'i1tl'IJ'VUntl1 

4.1 il"l1il::::illU stock acetate buffer flll'liA'I1'li'I1U 200 mM m'lllVI1100 mL 

t~lf.lll~lfl sodium acetate (CH3COONa·3Hp, Mw = 136.08 g/mol) un:::: acetic acid 

(CH3COOH 99%, Mw = 60 g/mol, D = 1.0499 g/cm
3
) 

(1) 100 mM sodium acetate m'lllVI1100 mL 

g cv 
~lflfflJfll'j 

m 1000 
,j 

iJllJlW.'Iltl~ffl'j (g) tlltl g 
gJ gJ 

c fl1lllt'llll'll'U'Iltl~ffn (M) 

m 111n llltnfJn'llt~~ffn (g/mol) 

v t1llJ119l'j'IJtJ~ff1'j (mL) 



g 

g 

(100 X 10- 3 g)(lOO mL)(136.08 g I mol) 

1000 

1.3608 g 

(2) 100 mM acetic acid m1J1VI1100 mL 

c 

c 

10%D 

Mw 

fl'Jll.lt.u'l.l.u'tJ'Uij.:jffn (M) 

D fl11l.J11'U1tt'l.l'U'Uij.:jff1'j (g/mL) 

Mw l.J'J" illmfJ"'\Jij.:jff1'j (g/mol) 

U'Yl'Wfh".:j 1'Wffl.Jf11'j 

c 

c 

10(99.9%)(1.0499 g/mol) 

60 g/mol 

17.48 M 

clvl c2v2 

fl'J1l.Jt.u'l.l.u''U'Uij.:j acetic acid (17 .48 M) 

'JI 'JI • • d'JI 
fl'J1l.Jt'Ul.J'U'U'Uij.:j acetic actd 'YJ~ij.:jf11'j (100 mM) 

... I~ .d 'J} 
V

2 
IJ'jl.Jl~'j'\Jij.:j acetic acid 'YJ~ij.:jf11'j (250 mL) 

U'Ylmh".:j1tJ'ffl.Jf11'j 

(17.48 M)V1 
(100 X 10.3 M)(lOO mL) 

(100 X 10- 3 g)(lOO mL) 

17.48 M 

0.57 mL 

89 

.:, "' 1' 1 .. <I 
,'. ')1'-:j Sodium acetate 1.3608 ml.l tm~~'J.:j acetic acid lJ1 0.57 mL ff".:j 'U'UfHflm 

y y y 

'U 'U 1~ 100 mL "~" 1 tlffn Vi' .:j ffij.:j ¢1' 'Jtl deionized water 'il1fl U 'U t 'Yl ff1Hl~ mtiVl.:j ffij.:j" .:j 1 'U 

volumetric flask 'U'U1~ 100 mL 'U'J~t~ti'Jfl'U tJi''Ut11ll1m1,r1¢1' 100 mL ¢l''Jtl deionized water 'il'U 

fl'j'IJtJ1m~'j 'il~i¢l'ff1'j"~"1tl stock acetate buffer fl11llt.u'l.l.u''U 200 mM 
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v v .I':! 
4.2 i:l'l'rt1~i:1U.I acetate buffer pH 4.50 tllUU'U'IJ'U'U 50 mM 1J'l'IJ1\fl'l100 mL 

.. 'JI 'JI 
1\9l':il:.l1.1'il1f1 stock acetate buffer tl111.11'U1.1'1J'U 200 mM 

'il1f1ff:Um':i C 1V 1 C2V 2 

~ 'JI 'JI 
11.1fl C 1 tl111.11'U1.1'1J'U'IJV.:Jff1Hl~t'l11:.1 stock acetate buffer (200 mM) 

'JI 'JI .,; 'JI 
tl111.11'U1.1'1J'U'Ufi.:Jff1':it'l~t'!11:.1 acetate buffer 'YI\9lfi.:Jf11':i (50 mM) 

VI 

v2 
U'YI'Ufht't.:J i'Uff1.1f11':i 

(200mM)V1 

... I~ d CJ) 0 ~ 
IJ':i1.11\9l':i'Ufi.:Jff1':it'l~t'l11:.1 stock acetate buffer 'YI\9lfi.:J\J11.111'ilfl'il1~ 

.F .d'JI 
IJ':i1.11\9l':i'Ufi.:Jff1':it'l~ml:.l acetate buffer 'YI\9lfi.:Jf11':i (100 mL) 

(50 mM)(lOO mL) 

(50 mM)(1 00 ml) 

200mM 

VI 25mL 

Jutiv ff11.11Hl1\91~1:.11.1ffl':it't~ml:.l acetate buffer lfll:.l pipette lfllffl':it't~t'lll:.l stock acetate 

buffer ~ijtl111.1t.u'lJ.u''W 200 mM 1.11 25 mL t't.:Ji'WiJmnv{'ll'Wlfl 100 mL 1~1.1 deionized water t't.:Jitl 

" lJ':i~lJlW 80 mL 1Ji''U pH 1M'i~ 4.50 ~11:.1 acetic acid 'il1f1ir'Ul'Yiffl':it'l~ml:.lt't.:Ji'U volumetric flask 

.1"' .1"" 'JI .1"" 
'IJ'Ulfl 100 mL IJ':i'UIJ':i1.11\9l':ifl11:.1 deionized water 'ii'Utl':i'UIJ':ilJl\Ol':i 

4.3 i:l'l'li:1~i:11U stock borate buffer tlll'IJA..Y'IJ'.Yu 200 mM tM'IJl\fl'l 100 mL 

1\9lll:.l1.1'illf1 boric acid (H3B03,Mw = 61.81 g/mol) Ut'l~ Sodium tetraborate 

(N~B407·10Hp, Mw = 381.37 g/mol) 

(1) 100 mM boric acid tM'IJl\fl'l 250 mL 

'illf1ff1.1f11':i 
g cv 

m 1000 

l~fl g 1J~1.11W'Ufi.:Jffl':i (g) 

'JI 'JI 
c tl111.11'1J1.1'1J'U'IJV.:Jffl':i (M) 

m lJ1t'lllJmfJt'I'UV.:Jffl':i (g/mol) 

v 11~1.11\0l':i'Ufi.:Jffl':i (mL) 

U'YI'Ufilt't.:J i'WfflJf11':i 

g 
(100 X 10- 3 g)(IOO mL)(61.81 g I mol) 

1000 



g 0.618 g 

(2) 100 mM sodium tetraborate m1JlVI1100 mL 

mmn.JilT:i 
g cv 

m 1000 

'JI 'JI 
c fl111Jt'U'l.J'U'U'\Hl·HY1':i (M) 

m 1J1~ 11lmfJ~'IJij~ff1':i (g/mol) 

v 11~1l1\9l'J'IJij~ff1':i (mL) 

U'VI'U~1~~ 1 'Uff'l.Jil1':i 

g 

g 

(100 X 10- 3 g)(IOO mL)(381.37 g I mol) 

1000 

3.813 g 

91 

:. ~~boric acid 0.618 ni''l.J tt~~ Sodium tetraborate 3.813 fli''l.J h1~~1'Uiifltflij{'IJ'U1fl 
~ ~ ~ 

100 mL ~~mtJffnl1'~ffij~~i'1tJ deionized water 111flU'Ut'VIff1':i~~mtJl1'~ffij~~~i'U volumetric flask 

'U'U1fl 100 mL 'U1flt~tJ1ti'U 1li''UU~'l.J1191':iiM'1~ 100 mL ~1t.l deionized water 'ii'Ufl':i'I.JU~'l.J1\9l':i 'il~ 

i~ffl':i~~mtJ stock borate buffer fl111Jt,r'l.J,r'U 200 mM 

Sl Sl -~ 
4.4 trl1l1~11U.I borate buffer pH 9.30 fi111Jt'U1J'U'J..I 50 mM u11J1V11100 mL 

t\9llt.l'l.J111fl stock borate buffer fl111lt'li'1l'li''U 200 mM 

'il1flff1lm':i C 1V 1 C2V2 

... 'JI 'JI 
t'l.Jij cl fl111Jt'U'l.J'U'U'IJij~ffl':i~~~ltJ stock borate buffer (200 mM) 

VI 

v2 
U'VI'U~1~~ i 'Uff'l.Jil1':i 

(200mM)V1 

'JI 'JI d. 'JI 
fl111Jt'U'lJ'U'U'IHHff1':i~~~1t.l borate buffer 'VI\9lij~il1':i (50 mM) 

... I.e:. d fJI o 4 
1J':i'l.J1\9l':i'Uij~ff1':i~~~1t.l stock borate buffer 'VI\9lij.:J'U11J1t'ilij'iJ1.:J 

-~ d.'JI 
1J':i'lJ1\9l':i'IJij~ff1':i~~mtJ borate buffer 'VI\9lij~il1':i (100 mL) 

(50 mM)(lOO mL) 

(50mM)(lOOmL) 

200mM 

25mL 
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Jufifl ff11JllfH~lt11Jffl'H'l~mtl borate buffer 1~w pipette tmff1H'l~1'11tl stock borat~ 

buffer ~flf1111Jt.u'1l.u''U 200 mM 111 25 mL 1'1~1uiimnfl{'\J'U1~ 100 mL t~'lJ deionized water 11~i~ 
" 1.h~1JlW 80 mL 1H'1J pH llfi~ 9.30 ~1tl 3% NaOH solution 'illtlU'Ut'Vlff111'1~mm:Hl'W 

I 

volumetric flask '\J'Ul~ 1oo mL ui'uu1m~l~1v deionized water 'ilumtJu1m~l 

v v -1'2 
4.5 tJl'U1~inH stock phosphate buffer f11U.U'Uli'U'U 200 mM u'illl~'i 250 mL 

t~lti1J'illtl di-sodium hydrogen phosphate anhydrous (N~HP04, Mw = 141.96 g/mol) 

U1'1~ sodium di-hydrogen phosphate (NaH2P04·Hp, Mw = 137.99 g/mol) 

(1) 100 mM di-sodium hydrogen phosphate anhydrous mlll~1100 mL 

g cv 

m 1000 

'J) 'J) 

c f1111Jt'\11J'\J'U'\Jfl~ff17 (M) 

m 1J11'1 11J!11fl11'\Jfl~ff11 (g/mol) 

v 1111Jl~l'\JD~ff11 (mL) 

U'Vl'U~11'1~ lu~~1 

g 
(100 X 10- 3 g)(lOO mL)(141.96 g I mol) 

1000 

g 1.4196 g 

(2) 100 mM sodium di-hydrogen phosphate mlll~1100 mL 

g cv 

m 1000 

trlfl g Ul1J1W'\Jfl~ff11 (g) 

c f1111J!~1J~'U'\Jfl~ffl1 (M) 

m 1J11'1 11Jt1'1fl11'\Jfl~ffl'j (g/mol) 

v 111m~1'\JD~ff11 (mL) 

U'Vl'U~11'1~ lu~~1 

g 
(100 X 10- 3 g)(lOO mL)(137.99 g I mol) 

1000 

g 1.3799 g 
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. 
:. i~ di-sodium hydrogen phosphate anhydrous 1.4196 ni'11 UCI~ Sodium di-hydrogett ., 

phosphate 1.3799 ni'11 1riCI~1tJflmnt~1'1l'IJ1~ 100 mL CI~CI1tlffl':il1~fffl~~1tl deionized water ., ., 
~1m!'Utl1ff1'JCI~CilU't1~CI'fl~CI~1'1J volumetric flask 'IJ'IJ1~ 100 mL 'IJ1~t~U1ti'IJ tli'm.Jj111~1h1i~ 

100 mL ~1U deionized water ~'Umu1.Jj111~':i ~~1~ffl':iCI~Ciltl stock phasphate buffer fl11ll 

il il 
!'1111'\J'IJ 200 mM 

v v _!':! 
4.6 il"l'iil~tlltl phosphate buffer pH 7.00 flll'IJl'IJ'IJ'IJU 50 mM u11JllJI1100 mL 

~1~ 

.. il il 
!~':itl11~1fl stock phosphate buffer fi1111!'1J11'1J'IJ 200 mM 

. 

~1flff11fll':i c,v, C2V2 

il il 
fl1111t'IJ11'1J'IJ'IJfl~ff1':iCI~CI1tl stock phosphate buffer (200 mM) 

V2 1.Jj111~':i'IJfl~ff1':iCI~CI1U phosphate buffer ~~fl~fll':i (100 mL) 

U'VI'Uti1CI~ 1 'U''J~':i 

(200mM)V1 (50 mM)(lOO mL) 

(50 mM)(lOO mL) 

200mM 

25mL 
Ql ~ d ,. 

'IJ'Uflfl ff1111':itH~':it111ff1':iCI~Ciltl phosphate buffer t~tl pipette !Vlff1':iCI~CI1tl stock 

d.. il il , .. .. "" 
phosphate buffer 'VI11fi1111!'1J11'1J'IJ 200 mM 111 25 mL Cl~ 'Utlfllflfl':i'IJ'IJ1~ 100 mL !~11 deionized 

., 
water CI~1111.J':i~111W 80 mL 1.Ji'u pH 1,.r1~ 7.00 ~1tl phosphoric acid ~1fl'!!'Ut'VIffl':iCI~CI1mH1'1J 

volumetric flask 'IJ'IJ1~ 100 mL 1.Ji'u1.Jj111~':i~1tl deionized water ~'Umu11l1ll~':i 

v v _!':! 
4.7 il"11tl~illtl stock 'Utl~ Surfactant flll'IJ!'U'IJ'U'U 200 mM u11JWI1100 mL .. 

!~':itl11~1fl sodium lauryl sulfate (SDS) (CH3(CH2) 110S0
3
Na, Mw = 288.49/mol) 

~1flff11fll':i 
9 cv 

m 1000 

tdt~ g 1.Jl111W'Ilfl~ff1':i (g) 



m li'H'I1llmfJ~'tltHff11 (glmol) 

v 'll~li1~1'Ufl·HYl'i (mL) 

U'YI'Wtlll'l~ 1u~~'i 

g 

g 

(200 X 10- 3 g)( 100 mL)(288.49 g I mol) 

1000 

5.7698 g 
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~~sodium lauryl sulfate ll1 5.7698 g l'l~1uflmnD{'ti'Wl~ 100 mL ~~~ltl~';w deionized 

water tlflt1'1 ~~~lm'Yiffl'i~~~lt11ffl'l~1'W volumetric flask 'ti'Wl~ 100 mL Ul'l~'lli''U'll~lll~'i~1V 

deionized water ~'Wm'U'll~lll~'i 

4.8 tfl"Hl~tlUJ 50 mM Phosphate buffer+ 100 mM Sodium 1auryl sulfate (SDS), pH 7.00 

m'JJlVI"i 100 mL 

t~~tlll~lfl stock phosphate buffer fl11ll!~li~'W 200 mM m't~ sodium lauryl sulfate (SDS) 

fl11llt~li~'W 200 mM i~r.~ pipette tfllffl'il'l~mv 200 mM Phosphate buffer ll1 25 mL u~~ 

ffl'il'l~mu 200 mM SDS lll 50 mL (fil'W1W~lflffllfll'i C 1V 1 = C2V2) 1d~~1uflmnD{'ti'Wl~ 100 

mL t~ll deionized water ~~1-Ht~'ll'i~lllW 80 mL 'lli''U pH 1-H1~ 7.00 ~1V 1M NaOH solution 

" "' 1 . I "' • I"' 1 ~Ill ~ ~ ~lfl'W'Wt'Yiffl'i~~~ltl~~ 'W volumetric flask 'ti'Wl~ 100 mL lJ1'UlJ'ill1~1 '11 t~ 100 mL WJV 

deionized water ~'Wtl'i'U'll~lll~'i 
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.fllflN'U1fl eu 

Calibration curve SUel~ il'l~~10rh~1Jlfl~!l'U 



Calibration curve 'l.lfl~ Standard solution 

y = 29.203x + 10.78 

0 ~---------,----------,---------~---------,--------~ 

0 2 3 

Concentration ( mg/1) 

. 
.:t 

.fll'W'tl 'U.l Calibration curve 'U'fl.:J dichloroprop 

4 

100 ..----------------------------, 

y = 16.264x + 21.464 • 

0 +---------,---------,--------,r--------,---------4 

0 2 3 4 5 

Concentration (mg/1) 

.:t 
.fll'W'tl 'U.2 Calibration curve 'U'fl.:J MCPA 

5 
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150 .-------------------------------------------------~ 
y = 31.3x + 3.0182 

0 +---------~--------~----------~--------~--------~ 

0 2 3 4 5 

Concentration (mg/1) 

ill'rt~ 'll.3 Calibration curve 'Ufl~ 2,4-D 

----------~-----~--- -----------~ 

250 

200 y = 42.084x + 23.193 

,...... 
;:J 
Ejtso -
'-" 
~ 
~ 

a wo 
~ 
~ 
~ 

50 

0 

0 2 3 4 5 

Concentration (mg/1) 

ill'rt~ 'll.4 Calibration curve 'Ufl~ 2,4,5-T 
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