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Abstract 


In this work, the use of on-line solid phase extraction (SPE) coupled with sequential 

injection analysis for the separation and determination of sulfonamides has been 

developed. A homemade microcolumn SPE system coupled with sequential injection 

analysis (SIA) was automated to perform sample clean-up and extraction. ASIA 

consisting of a syringe pump and multi-position valve was constructed. The method can 

continuously extract sulfonamides from aqueous samples, followed by separation using 

HPLC coupled with electrochemical detection. The conditions for on-line SPE, including 

eluent, flow rate of sample loading and elution and zone of eluate were investigated. An 

eluent composition of 100% methanol was selected. The optimal flow rate of sample 

loading and elution was found to be 10 fJLls and optimal elution time was 20-24 s. Under 

optimal conditions, a linear relationship between peak height and sulfonamide 

concentration was obtained in the range of 0.01 - 8 ppm. The results show that this 

method is simple, rapid and highly sensitive for the determination of sulfonamides. 
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1.1 	1J'Vl,l-1 

nlnI?l1t1'-l ~'J-eH.h-3 ri'fl'Wn1~';j Ll"ln:;t.f~htl LYlI"lUI"l1e:l LY1'flfyJ'fl fWl't'!"ll~ I"l';j c;) LM'-l1LYl n~1Y1 
~ , 	 do"" ",,/ 1 ..

(high-performance liqu id chromatography) ~1~1?l'J'fltl1-3Yl~1'-l1nl 'W1 '-l111C;)L"lI1\'j ~:;'lJ'lJ mY1'fl~ 

yJ'flfm'Weffil"l';jl?lLI"l~'-l1LYl m1Y1~'fl-3'fltJl'Wn1'J:;~m'-l1:;~l-J~'fl LtI'W~1~~ :;~ntll~ 13-in~-3 L~'fltl'W 
" 

~'fl-3 ~l-J~'W'"l1n n1 n1?l1t1 '-l~1~~'J'fltJ1'1~n '"J run1Y1 ri'fl'WnI~~1?l L-if1~~:;'lJ'lJ 1'Wu"l'1J'W~mfil-J1 n 

'-l1t11'WnlnI?l1t1l-J~ 1~~'J'fltJ1-3 L-rl'W n1~~ n I?l ~'JtI ~'JYh~ :;~1t1 n 1~m'fl-3 nI~.yhtllimtl1 nI~ 
, 

I?lnl?l:;n'fl'WLL~:;n1~~nl?l~'JmyJ~'lI'fl'lLL~-3 (Solid Phase Extraction: SPE) dj'W~'W ~-3LLI1I~:;';jfin 

1"l'J1'-l~1 LY11:;LL~:;m1l-J LVll-J1:;~l-Jn'lJ~'J'fltJ1-31111-3 1 n'W ";jfi~Y1utl'flmll'W";jfin1~~ n c;) ~'JtI ~'J 

yj1~:;~1t1 LL~uryVl1~Y1'lJl'W%~~'fln1nnl?l~~~-n'W"lI'fl-3~'J'fltJ1'1 yj11~t-J~~1~3-i\Jn~'fl-3L~'flyj1 
ll'-l1ru";j LI"l~1:;t.f 

nI~~ n I?l ~'JtI LyJ ~"lJ'fl-3 LL ~-31~f'lJI"l'J1'-lUtI'-l1'WnlnI?l1t1'-l ~'J'EltJ1'1~1V1f'lJLYlI"lUI"l1e:l L Y1'ElfyJ'flf 

l-J1'Wof~I"l";j1?lLI"l~'-l1LYl m1Y1LtI'W%~1.jfVl~nn1~m:;'"l1t1~'J (Partition) mij'El'Wn'lJ';jfinl~~nl?l~'JtI 

~'Jyj1~:;~1t1 ul1l 111 1-3 n'W~H'IJ'El·m~-3 LtI'W~'J~'lJ~1~~ L~1~'W1'"l Ll?ltl"lJ'El-3 LL ~-3'"l:;f:1 n'lJ~~'"l'fltJ1'WY1'fl~
" 	 ." 

L'-l'flf L1t1n~1 nI~~nl?l~'JmyJ~'lI'fl-3LL~-3 VI'h Sep-Pak -if'fl~"lJ'fl-3n1~1.jfn1~~nC;)~'JmyJ~"lI'fl-3LL~'11'W 

n1nI?l1tJ'-l~1~r;l'J'EltJ1-3~1V1f'lJLY1f'1UI"l1e:l LY1'flfyJ'Elf'-l1'Wi~ I"l';jl?lLMl-J1 L Yl nnYl1~LLri tl~:;VI~c;) 

rhH~1tJ Lti'El-3'"l1 n1.jf~1~~:;~1tm~:;'fltlnHUUmJ l~rhn1m~'lJ~'W~-3 LY1~1:;n n1Hl1mYl~1~. 	 " 
~ 	 ~ 

u-eltJ rlf-3 tl~:;VI~1?l L'J~1 LY1n:;n-r'WI?l'fl'Wn1nI?l1t1'-lu'fltJ nm1'-ltl~'ElI?l.ntl~-3 hlLnc;)tlliffitl1~'WLLN 

hlvhl~Ln c;)i1ryVf1~~~-n'WLL~:;~1~~~ n I?lH,l3-i Ltl~t1'Wn1'J:;~1'-l1~f:1U1l-J1";j Lrl~1:;Vl1~11'WYl 

nI~H~:;'lJ'lJ~LI"l~'WL~t1~~'WL~n-n'W (sequential injection analysis; SIA) i'J'-ln'lJn1~~nc;) 

0

direction discontinuous flow) n1~H~:;U'lJ~LI"l~'WL~t1~:S'WL~n-n'W6Jl'Jtl1~nI~tlli~-31'W~1t1~'W 

LY1n:;Vi1-31'WLtI'W~:;'lJUeiI?lL 'Wmil"l'J'lJrl'-l ~'JtI r1'fl'-l~'J LI?l'flf ~-3 LVI '-l 1 :;~1V1f'lJ nI~"lI'Wr;i1t1 ~'J'EltJ 1-3~• 

~'fl-3Vi1V1~1t1.rr'WI?l'El'W-if'El ~"lJ'El-3';jfi~:;'lJ'lJ~ Lrl~'WL~t1~:S'WL~n-n'W ~'fl n r1 'J1'-lLL3-i'Wih yj1-31'W1~~:;I?l'J n 

~'Jlm~'J LL~:;~ I?l I'll1.jf~1t1 hj~'fl-3H LL~-3-31'W1'Wn1 nI?l1t1'-l r;l'J'fl tJ 1-3 tl~:;VI~C;) n1~1.jf~1nr1nLL~:; 

LI"l1'fl'l~'fliJ"lJ'W1 c;) L~ n Vi11 ~n nI~H~:;'lJ'lJ~ Lr1~'WL~t1~:S'WL~n-n'WLLY1 iVi ~1t1'-l1 n~'W 
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-n~Lyh,n1).J~ (sulfonamides) LU'W~I~!1l1'W'"l~~~~L91n AI'll'WiL91rfLL~:;I:J~L91.nr;lJ"y]~).JI'"l1 n. 
iL91rf ~1~"llU(;)nUtmHil'WnI~fn~L~rt~(;)L~'e)'VlI'1L~'WU~~I,):;L(;)m'U~I:;'"llnL~'e)~Lrt1~ fm~1 
m nI~Yf'e)'11,)'1l'W\-l).J t),)LL~:;~' fm~nmnl~~(;)L~'e)l'Wfl'lLL~:;1ri 'W'e) n'"l 1 nn-n~Lyj'W11).J~tJ'IUI).J1

~ . 
I:J~ L91LtJ'Wmfm~n).J'W'rttl L(;)tJH'fn'rtlmnl~~nL~lJ L~rt1-(;)~ (;),)'1L911 nI)Jhrt ~')).J~'1l-n~:;.rlJL~'e)1'W• 
'Vl1'1 L~'Wm\-ll~ [1] LLI?1'e)til'1hnL9l1).J -n~Lyj'W11).J~d:l'W~I~~ri'e)10XLn (;)).J:;L~'1 LL~:;LU'W~'WL91~ltJl?1'e)1L91 

':lI'e)'1).J~'rttT (;)'1'!'W~Wl1~tJLnJ (European Union, EU) 1~nl\-l'W(;)tfhJ1ru~I~Yl'rtl1lnAI'1~'1~(;) 
(maximum residue limits) ':lI'e)'1-n~Lyj'W11).J(;)L~~ 100 'WIL'Wnf).Jl?1'e)nf).J ':lI'e)'1m\-lI)'~1~).JI'"lln 

il1lrf L'll'W Ld'e) 'W).J LL~:;1"1l [2] '"lln~'WmltJ~~lJ'"llnnl)'H'~I)'-n~Lyj'W11).J!?f.yhloX~'1f11rtf~LL~:;
J.9 

"I '" "1"1 "" ... r;: % ~•• I ~ ...,I "'"I J' % .. "" '" ..L'e) n"ll'W ~\-l ml).J~'W ~'"l ~'WnI~,) Lrt),I:;\-l\-lllJ~).JlruUJJ~ m'Wl ~).J (;)'Vl 111 n rtl'1 ~'WL 'W'e)'C1!11') LL~ :;1:J~I1ImwYl 

'"l1 niI1Irf L(;)tJn).J1 L91),nI~1'Wni ),rt,)lJ rt).J rt ruf11~~W91~'1f11tJ1m.h:; L'Vl Pl LL~:;1?11'1th:;L'Vl PlL~'e) 

~fi 1~LLri L'VlrtUrt'e):;I1I'e)~ijnLL'e)lJ"ll'e)f~-n'W~LtlnL'Vl~~LntJ Yi'WL~LtJ'e)flrt)').J1L'Vlml~ L'VlrtUrt1m~'e)f 

yj'e)f).Jl'Wi~rt~(;)Lrt),~1 L'Vl mlYJ L'VlrtUrt1m~'e)fyj'e)f).JI'W"1!~rt~(;)Lrt)').J1L'Vl nn~-LL).J~~LtlnL'Vl)'l).J 1111

L'VlrtUrtLLfi~Lrt~).J1L'Vlml~ L'VlrtUrtLLn~Lrt)').J1L'Vl ml~-LL).J~~LtlnL'Vl)'l:l-.I I1I1-LL~:;L'VlrtUrtrt:;Yl~~I1-

~L~nL'Vl~yj'e)1-~~ ~:;lJlJ~l-n1'WnI),~Lrt),l:;vf~I)'-n~Lyj'W11).J (;)~')'Wl",'k! ~'e) L'VlrtUrt1m~'e)f 

yj'e)f).Jl'Wi~rt~(;)Lrt)').J1L'Vl nn~ 

(;)'1,!'W1'W'II'W~ r.rtJn~'11~L~ 'W'e)~fi nI),~(;J,J'W1~finI nl1l1-tJ).J (;]')'e) ti, 'I LL lJ'J~111 L'W~l'W nI ~ 

I1I~,)'"lt)(;)~I)'-n~Lyj'W11).J ~~'1 7 "llU(;) (sulfadiazine, sulfamethazine, sulfamethoxazole, 

sulfadimethoxine, sulfaquinoxaline, sulfaguanidine and sulfamonomethoxine) L(;)tJH' 

L'VlrtUrt1m~'e)m'e)f).Jl'Wof~ rt~ (;) Lrt)').J1L'Vlml~1')).J rilJ nI),I1I),,)'"lt)(;)'VlI'1 LrtnLyjyh L(;)tJH-r') 1 yjvh 

LlJ),'e) 'WL(;) 111(;)).J 'e) 'W (;) 

... , '" "" (NH2) L"ll'e)).JnlJ,)'1 LlJ'W"1!'W 

~I1I~LrtN~~''1-n~Lyj'W11).J!?f~'1 7 "llU(;)~UtJ).Jl-n1'Wil1lrfn(;)'1n 
~ 

-n~yj,1~m:n'W (sulfadiazine, SDZ) -n~yj'L).Jfl1:n'W (sulfamethazine, SMZ) 

http:Lrt)').J1
http:Lrt)').J1
http:L'VlrtUrtLLn~Lrt)').J1
http:L'VlrtUrtLLfi~Lrt~).J1
http:Lrt)').J1
http:Yi'WL~LtJ'e)flrt)').J1
http:L(;)tJn).J1
http:Lyj'W11).J~tJ'IUI).J1
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i'tlyhLl-Jbn'lllb'll'tl (sulfamethoxazole, SMX) 

(sulfamonomethoxine, SMM) 

i'tlYhn'JU~h..l (sulfaguanidine, SG) i'tlYh1"'Ll-JDlbD~'W sulfadimethoxine (SDM) 

~1~fU'Il'W';){t.J~ L~t.J 'J-n'el'l nu n1~';)Lfl~I::,r~1 ~i'tlbyj'Wl1l-J ",b",t.J ~'J'W1~ qj'"l ::1.n-L'Vlr1Uflbfl~ 

l-Jlb'Vlml~ [3,4] '11'W';){tJ~L~m-n'el'l1~\Lri Kishida LL'tl::flCU:: [5] (1l~'J'"l';)Lfl~I::,rVl1iflmCUn1~ 

(1l n ~h'l"JJ'el'li'tlbyj'Wl1l-J ",1.'WL~'el1rib"'tJ1.jfrjfi~ n "'LLUU LLl-J'Vlfn'llb'll~ '" Lyj~ ~~L'I"l'el-n'W (Matrix Solid 

Phase Dispersion, MSPD) 1-nfl'el~l-Jt! C18 LL'tl::!?l'J(1l~'J9t)",dJ'Wbyjb(1l1"'b'el(1)mL~tJ (photodiode 

array detector) HL'J'tll1'Wnl~(1l~'J'"lt)(1) 1.5 -B''Jbl-J'I Fuh LL'tl::flCU:: [6] Vhn1~~Iill-l-J1CUi'tlbyj 

'Wl1l-J ~ 8 "l1U(1)1'WL~'el~(1l1 b(1)tJ1.jfrjfin1~~n(1)(~l'Jmyj~"1I!l'l LL~'1i'Jl-JnUL'Vl flUflfl::~'tl'tll1~L'~ n b 'Vl~ 

yj!lf~~ 'I"lU~I~(1)fl'Jll-J~Il-J 1~C1~I~'"1'Wn1~(1l~'J9t)(1)'elrJ1'W-D'J'I 5-10 1l-Jbmnfl-JI11!lnfl-JLL'tl::!?l'J. ~ 

(1l~'J9t)(1)LU'Wbyjb(1l1", b!l(1)'ellL~tJ ~'1';)fin1~';)Lml::,r~1~mll-J1'J1'Wn1~(1l~'J'"lt)(1) 1~~ LLI111-n~:;t.J:;L'J'tl1 

LLtJn~I~Ci'l 17 'W1V1 Cubarsi LL'tl:;r1CU:: [2] .yhnlnmtJULVltJUfl'el~l-Jt! C12 nu C18 L~'el~m~n 

fl'Jll-JL~l-Jl::~l-J~I~funlnLtJnsD'tltyj'Wl1l-J~ 3 "l1U(1) (SDZ, SMR, SMZ) e..J'tl~1~'I"lU~Ir1!l~l-Jt! C12 

ml-Jl:;~l-J~I~funlnLtJ nsD'tl b'Vl'Wl1l-J~vY'I 3 "l1U(1) 1l1tJ~~'1ijn1~~(;J..J'Wl';)~Lfl~I:;~b(1)tJ'W1L'VlflUfl 

bfl~l-Jlt'Vln~I~l-J1Hi'Jl-J nUL'VlflUfl~'W 1~LLri L'Vl flUflLLl-J~~Ltlnb'Vlnl-J(1l1 [7 ,8] ~'1nCJ'tl.yh1~ 

~(1) fl'Jll-J~Il-Jl~C1~I~ (1)1 t..lnl ~(1l~'J9t)(1)1Jfij ~1 ~1l-Jl n L ti!l'l'"llnL'Vl flUfl LLl-J~ ~ Ltl n b 'Vlnl-J(1l1n fl'Jll-J, 

1'J1'Wn1~(1l~'J9t)"'~'1 '11'W';){tJ~ L~m.jJ!l'l1JfLLri Li LL'tl:;flCU:: [9] ';)Lfl~I:;,r~I~I~(1ln~h'lsD'tlb'Vl 

'Wl1l-J(1)1.'WL~!ln'l 'I"lU~I~ (1) fl'Jll-J~Il-Jl~n~I~(1)1'Wnl~(1l~'J'"lt)(1)!lrJ~ 20 t..ll t 'Wnfl-J l11!lnfl-J 111!ll-Jln , '" 

http:1nCJ'tl.yh
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m5'-W1LVlr'li'lr'lVll'1Lr'lmvHhl-,111-if~5',)'"l.r!?l,\.nsn~LYh,nhJ~ L"ll'W Preechaworapun LL~:::r'lru::: [1] 

" ';)Lr'ln:::-J~l-n~L"/'J'\.J11l-J~~htJ LVl r'li'lr'lLL'ell-J LVi'elL5'Ll-J ~1Hi')1 "/'Jvh LU5''el'WL!?ltll!?ll-J'el'W~ L!?ltJHr'I!l~l-J,r 

C4 ';)Lr'l5'1:::-J-n~L"/'J'Wl1l-J~ 4 6Jli'l!?l (SOZ, SMM, SMZ, SOM) ~'11-ifL,)~11'Wm5'~5',)'"l.r!?l~'1 18 'W1Vi 
" , , 

LL~:::'W'eln'"llntl~'1nLVlr'li'lr'l~'WVi~1l-Jln-lm,)'"l.r!?l-n~L"/'J'Wl1l-J~ L"ll'W Wang LL~:::r'lru::: [10] ~~,)'"l~l 

-n~L"/'J'Wl1l-J!?l1'WL~'ellriLL~:::l'Jl ~,)tJ';)ii~l-J~L'WLr'l5'l-JlLVl n5'lYlL!?ltJ!l1 ~tJ n15'Ln!?ltl5mtJ1~~lLVil::: 

Vl5',)'"lt)!?lLLUULL'ell-J LVi!lL5'Ll-J ~1 

" " ~'1,r'W1'W'Il'W';)~tJtl~'11~ 

';)Lr'ln:::-J~1~15'1'Wml-Jlru~11~ 


.., 
Vi ¥!ll-Jr1'1v'h m5'~5',)'"lt)!?l~15'-n~L"/'J'Wl1l-J ~ 7 6Jli'l!?l L!?ltJ1-if LVl r'li'lr'llenVi'elf"/'J!l fl-J 1 'Woffi r'I';)!?l Lr'I 5'l-J 1 L Vl 

, 

~ll-Jl5'f:l';) Lr'l5'l:::-J~l5'l'Wml-Jl ru~l 

2. tl5':::tJn 1?lL Vlr'lilr'l~~~'Wl LL~,) ~l~fUn1~';) Lr'l5'l :::-J~lml-Jl ru~l5'-n~L"/'J'Wl1l-J ~~Vln ~1'1 
q 

1.3 "lJ'fl'U b"lJ ~ nl~1~tI 

P1mj'l11l,) :::~L~l-Jl:::~ l-J~ 1~fun1n~1tJl-J~,)!l~1'1'"l1 n n15'~n!?l~,)tJ L"/'J~'n'el'l LL-n'l LLUU 
.., , 

'el~L'WmiL!?ltJH5':::uU~Lr'I~'WL~LJ~~'WL~ni'WLL~:::1 Lr'l5'l:::-J~l5'S]~ L"/'J'Wl1l-J~r1'1 7 "JIi'l!?l Vi~n~1'11'W 

!ll~l5'tl5':::LllVl L~!l~~rJ L!?lLJ1-if LVl r'li'lr'llenVi!lf"/'J!lfl-Jl'Wi~r'I';)!?lLr'l5'l-JlLVl n5'lYl1,)l-J flU n15'Vl5',)'"lt)!?l 

, " " 
Yll'1 Lr'lnl"/'JWl LLUULL'ell-J LVi'el hLl-J ~1:n'l1-ifi') 1 "/'JyhLU5''el'WL!?ltll!?ll-J'el'W~dJ'Wi')1"/'JW l1-if'l 1'W 

", .., 
~15'-n~L"/'J'Wl1l-J~r1'1 7 "JIil!?l Vi ~n ~1'11'W'ell~l5'tl5':::LllVl LU'el~~rJ 



5 

" ,
mn"i~m-J ~()'flth.:J ri'flU~(9) b-n1~~'IJ'lJ1eHW'flfvJ'flf~lU"1f~rl~ (9) brl~~l b'VI nnYl d:Juiul?l'flu'Vi 

~lri'Y~ln bti'fl'l~ln~'1~mhn1u~'J'flth'l~1~1~Cl.yh1~rl'fl~~Ubb~~~~'IJ'IJ~(9)~u1cJl ~lrl'fl~~U 
"lJ'fl'l ~~'IJ'IJ bbn~brl~~lb'VI nnYl~ (9) ~U bn~l~l ~Cl~l'1 cJl'JtJ ~'JVI1 ~~~ltJ bb~'JVl11~tJ~~~'VIfifl1W"lJ'fl'l 

" " " rl'fl~~u1!un~'IJ~~u1cJl ~'JUrl'fl~~U"lJ'fl'l~~'IJ'IJ1e] bW'flfvJ'fl f~lU"1f~ rl~(9)brl~~l b'VI n ~lYl11uVl11cJl 

m nn~l ~'1~'fl'li:l m~tJ'fl'l nuhJ1~~'1~ntJ~m-n11tJ~~~~1U~~'IJ'IJ'll~'flrl'fl~~u1cJl ~'1V11b(9)tJm~ 
, 

q ~ I qq ~ " , 
bl?l~tJ~I?l'J'flm'l'VI(9) bb~~~n I?l'fl'l m nl?l~tJ~ ~'J'flth'l djuiUI?l'flu'Vi ~'fl'l1.jf b'J~l~l ntJ~~~l ru1cJlbrJU 

" , , 
60-80 btJ'flfbeDU!?l"lJ'fl'l b'J~lvi'l~~ (9) 'Vi 1!n brlm-ifttJ n'IJm ~~ brln~t.f U'fl n b WW'fl~l n b 'J~1'Vi ~'fl'l b~tJ1tJ 

I I iI I I 

-n'fl b~tJ I?lN'Vi'fl1~ bn (9)~~~iun ~ru1-ifn'IJ ~'J'fltJ1'1Vl brJUb~'fl b~'flbb~~~'el'l1.jfbrl1'el'l bbn'J~l n~ltJ Vl11~ 

brJumn~~~'1~ntJmI?11'1 1 ~~~~1~'lJn'Jum~~brln~~1~~ln~u Vl11~tJ~m~~brln~t.f'el1~hj 
," " 

~ n ~'el'l ~'JU~'JVl1~~~ltJ'Vi1-ifn'IJb'VI rlUrli1i:l n rl1 bbW'I bb~~1-if1um~lru~l n ~'111Ubn rl'J~~ (9) 

" " m~l rum ~1-if~'1 bb~~rl'J ~~l'W'l~'1 m ~Yl'l ~'JVI l~~~ltJ b~~h11U~~'1~l n m~1.jf'llU~1~~i:l tJ~ 1?1'el 

~'1 bb'J (9)~'el~'eltJ1'1hcJl'JtJ m ~~ n (9) cJl'JtJ bvJ~"lJ'el'l bb~'1 brJUb'VI rlUrl mnl?l~tJ~ ~'J'eltJ1'1~ ~1~1~Cl"LJ1~1 
" 1-ifbb'VIUm~~ n (9) cJlrWrJ{)fl1 rl"lJ'el'l b~~'J1cJlb(9)tJhi ~'fl'l~UbtJ~'fl'l ri11-ifr.l1tJ~1 n 

bvJ~"lJ'el'l bb~'1i:l~~n m ~rl~ltJn'IJ n1 ~~ n (9) cJl'JtJrJ{)fl1 fl"lJ'el'l b~~'J ~'el 1.jf~~n mm~~~ltJ ~'J mi'j'elunu 

bbl?1 mm~~~ltJ ~'JhJ1cJl bn (9)~~~~1'1"lJ'el'l b~~'J n'IJ"lJ'el'l b~~'J b~i'j'elun'IJ"lJ'el'l n 1 ~~ n (9) cJl'JtJrJ{)fl1 rl"lJ'el'l 

Frits, 20~m pores 
(usually polyethylene, 
sometimes Teflon 
or stainless steel) 

19?~r SPE Packing 

Syringe barrel-like body 
(usually polypropylene, 
sometimes glass) 

~ 

http:b~'flbb~~~'el'l1.jf
http:fl'l1.jf
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2.1.1 -n'fl~hJ'fl,:m1'i~nl'l~'U.ILvJ~"l.I'fl.:JLL:n.:J 

1. ~ Vlm:W1ru(;]'.lVi1~:;~1tJ~~1 Lth'!~'e1~H~~ 

2. tJ~:;'MjVlL'.l~1 
~ ~ 

3. ~Vli'l.!l'l'e1'l.!n1n(;l~tJ:W(;]'.l'e1th~1~u'e1tJ~~~1'e1L~~'e1i'l.!I1l'e1'l.!L~tJ'.l 

4. ~1:W1~ClL-nnu~:;uun1~LI1l~tJ:W(;]'.l'e1t.h~LLUu~l1lt'l.!~lJl 

5. L~'e1nH1Jlrlu(;]'.lVi1~:;~1tJ~~1tJ"l!ilVl 

~ 

';) Lm1:;'lf'e1'e1nLv11,r'l.! LL(;jti"HU'l.!n1~·ll'.ltJU In'e11tJ n1~L-n.:n 'l.!"lJ'e1~ fI'e1~:w-WJl'.ltJ• 

2.1 .2 .ff''W(;J'fl'Wn1'i''lin1'i~n(;J~'uWrJ~"l.I'fl.:JLL;'j.:J iJ 4 i'l.!I1l'e1'l.!11l1:W/,h~U~'l~ 

1. n1~tJfUJl1'.l:; (Condition) dJ'l.!n1nl1l~tJ:wt)~lnVlVlsnu (sorbent) ~U~~'"l'e1tJ1'l.!fI'e1~:W-W 
q " q ~ 

SPE 1~'V'l~mn'e1'lfu(;]'.l'e1th~ 

2. n1~1~~1~ (Load) dJ'l.!n1~1~~1~(;]'.l'e1tJ1'l~'lltJL~'e11~~unut)~Vl~lnsnu 

3. n1~"l!:;~1'l (Rinse) dJ'l.!n1~"lJ~lnL'e11~1nun'.l'l.!~llJ~'e1~n1~~~unut)~lnVllnsnU'e1'e1n
q 'lJ 

4. n1~~'l'e1'e1n (Elution) dJ'l.!n1~~'lL'e11~1~~L~1~'l.!1'"l~Ln1:;rlUt)~lnlnlnsnU'e1'e1n L~'e1-W11tJ 
q 'lJ 

~LfI~1:;'lf~'e11tJ 

~, , 
(;]'.l'e1tJ1'l\J'"l:;1.if~~ Vl'!1 Vl-nULU'l.!(;]'.l LL~ n L tJ~tJ'l.!tJ~:;'1 (ion exc hanger) tlntJL-n~'.l LL~ n L tJ~tJ'l.!1.h:;'1 

~u~1~fu~1~~iJtJ~:;"'l~ULL~ ~~'.l LL~ n L U~tJ'l.!tJ~:;'"lU'.l n~1~fu~1 ~~iJtJ~:;'"lU'.l n 
, q q 

2.2 'i::'U'U:.il Ll;;11'WL:a~~~'W L~ n-a''U 

~~UU~ LfI~'l.!L~m'l;a'l.!L~ni'l.!LU'l.!~fin1~1~lJ L~'e11.if LtI'l.!Lfli'e1'l~'e1~1~fU"lJ'l.!r;11tJ (;]'.l'e1tJ1'l 

LL\:-l :;LI1l~tJ:w (;]'.l'e1tJ1'li'l.!~uri'e1'l.!n1~~ Lfln~'lfLLUU'e1'e1'l.!1\:-l-W (Economou 2005) LU'l.!L'Vlflilfl~ 
L~tJ'.l-ir'e1'1 rlU m~LL~1~~ tlntJ~~uu~ LfI~'l.!L~tJ\:-l~'l.!L~ n-n'l.!'"l~iJ ~n~ru:;L~'l.!~';(;J.J'l.!1 L~:W L~:W:W1"'l1n 

,~ ~ 

~~UUtvl\:-l~'l.!L~ n-n'l.! LY4'e1tJfutJN~~uu1~~~'l.!LL~~~1:W 1~Cl1.if'l1'l.!lJl'e1tJ1'liJtJ ~~~'VlfiJl1'V'l:W1n~'l.!• 

1.if~:;UU~ LfI~'l.!L~tJ~~'l.!L~ n-n'l.!·ll'l tJ1~n 1 ~tJljllii'l1'l.!~1tJ~ 
~ 

'l.! 

http:i::'U'U:.il
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, ., 
iI ..o::::!it. tr ~ 0 IV I CV I .0::::1 'l.t 0 Q.oo" 

~,)'lJ ~~ (?l')tJ ~'B~'W,) bl?l'B~ '"l~ b'VIWI ~~'l'VIm n 'l~"lJ'Wtl'ltJ 1?l,)'Bm~VlI?l'B~VI'l'VI~'ltJ"lJ'WI?l'B'W (Katari na, 

Lenghor bb~~ Motomizu 2007) -n'B~"lJ'B~~~'lJ'lJ~b~~'Wb~tJ~:S'Wb~ni'W~'B ii ~,)'l~bb~'Wih 

b~~'B~ij'Bii"lJ'W'l (?lb~ n ';h~'l'W1rJ1~~(?l')n~')(?lb~,)bb~~~ (?lfh1onr.l'ltJ l1~~'VIiJ(?ln'l~H~'ln~ii hi~'B~H 

bbN~'l'W1'Wn'lnl?l1-tJ~ t?i,)'Brh~ b'VI~ 'l~~~ n'lJn'l~10nbbtJ n~'l ~ bb~~n'l~Yl'l1~~'l ~~~~'ltJ ii ~,)'l~ b-n~-n'W 

r - -------r-
I 
I 


Valve DetectorPump 


1m'W'BfyJ'Bf~'l'Wi~ ~~(?lb~~~'lbVlm'lYj btl'WbVl ~il~n'lnbtJn~'l~l1~~n'B'lJ b(?ltJ'B'l ~tJ'VI~n 

n'l~~,)'l~ bbl?l nLVh~"lJ'B~'ei'I?l~'l n'ln~~'B'W~"lJ'B~~'l~11~~n'B'lJ1'WbyJ~'B~ n'lJ~"lJ'B~ ~'B~~,r b(?ltJii byJ~ 

b~~'B'W~ btl'Wt?i,)'W'l111 b~'B lVI'B b-n'l n'lJ b~~'B~ I?l~,)'"ltj(?l'"l~~'l~'l~tll?ln'"ltj(?l~'l~~'B'B n~'l'"l'l n ~'B~~'W1rJ1 
, ., 

'B£h~ lVI'B bU'B~~'l~'l~tll?l~,)'"ltj(?l11~ b~~ ~ ruJl'lmb~~b~~m~'l ru 
, " 

l1~~n'B'lJVl~~b'VItJm n'VI1'Biiu'l'VI.,rnb~ b~ fJ~~~ 

Le1 b'W'BfyJ'Bf~'l'Wi~ ~~ (?l b~~~'lbVI n~'lYj~'l~'l~tl~ b~~'l~if~'l~1rJ1'V1~'ltJ"1Itl(?l b-rl'W ~'l~:S'WVl1-6 

~'l~l1~:;n'B'lJVI'l~~,)Jl'l'W b'W ~ b~'Bf ~:Sbb'W'W~b'B b~'Bf ~'l ~l1~:;n'B'lJ~ b~tJ ~Jl'l'W1rJ1~'ltJ ~'l~l1~:;n'B'lJ 

~~:;b'VItJm n 1'B'B'B'W"lJ'W'l i?1 b~n 1~b~~b~ b~ fJ~ t?i')'B£.h~~U'l~'l~ b~~'l~if~'B~ btl'W~J'B~ bb~~'VI1'B 

"lJ'B~b'VI~,) ~'B~~~~'ltJ1rJ1 100 bll'Bfb~'WL9l (~'l'Wn'lm~'B~) n'lnm n~'l~'"l~l1~~~'lJ~,)'l~~'lbN1~n 
I • I' I " " 

lVI'B bij'B ~'l ~ii'ei'I?l ~'l n'ln~~'B'WVlVl bbl?l n lVI'l~ n'WJl'ltJ 1 'W~'B~~,r ~'l~11 ~:;n'B'lJVl 'J n bm n.,r'W'"l~ b~~'B'WVl 
" ,

Llll?l'l~ ~,)'l~m')l1"~'VI~ (?l"lJ'B~ ~'B~~,r b(?ltJii byJ~ ~~Vl btl 'W t?i') 'W 'l111 
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(Distribution 

coefficient) ~r?i1'1n'W L"ll'W ~1~,J:j'::n'el1J X i:J n1m~::~1t1'elEh::'VI~1'1 Lyj~~'elt1n1J~LL'tl::Lyj~ L~~'el'W~ 
" '" 

L~'elc.h'WhJI1l1~~'el-K~.J'\r c;1'1~2-Jn1~ 

, , 

[X ] = ~'J1~L-if~.jf'W"ll~N~1~ X l'WLyj~L~~'el'WV1m

r.nnUtl1~"lI'el'lr11i2-JU~::~'Vltn1m~::"l1t1(K,) ~'el m~t)~~1c;11J"lI'el'l~1~ X ~"l::~~'VI1'elYi1 

1,xL~~'el'W~l~·if1'tl'l 1'W'Vl1'1U~~ LL~'J r11 m12-J~12-J1nl1'Wn1~~::~~~1~~"l::';j L~n ::'VIL'W~'el-K2-JtJ 
.!"I ,d d. "I'" d '1 !:"i'

(capacity factor: k') "l:;Lu'W~1'VlL'VI~1::~~'Vl'"l::'W12-J1 b"1!~1nm1LL'tl:;~1~1~f:l'Vl"l::'VI1 b~ b~tll1l~'1 

"l1nl~~2-J1l'VlLLn~~ ~'1~~n1~"lI'el'lrhm1~~1~1~f:ll'Wm~~:;~~~1~~"l:;';jL~n:;'VIL'W~'el-K~tJ LtI'W 

" , 
k' = r.l1'W'J'Wl2-J'tl'l'1'1'V1~~~J!l'l~1~ X 1'WLyj~!lt1n1JV1

'II 

" , , 
r.l1'W'J'Wl~~'I'1'1'V12-J~"lI!l'l~1~ X l'WLyj~L~~!l'WV1 

k' = = 
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k' = 

tr = b'J~I'11'El'l~I~ (retention time) 

= b'J 'e-ll'11'El'l ~'Jv'il'e-l :;~ltJ~hJ \l nvn,b'l11.!fl'El~)JU 

(void time) 

2.3.2 'fl..:! ~u'a~n'fl'lJ'lI'fl..:! LIi\~'fl..:!l21L~'fl*yJ'fl*3J"lJ'11~ FI~ VIbFl'a3J'b'VIn'rlVJ 

Mobile phas!: 


Reservoir 


Pressure Gauge 

Guard 

Column 

column 

Analytical 

~'---_.,.--_-' 

\Va~te 

Collector' 

Data.8ystemReconter 
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.d _.I.d.d
Jl1"Zl'lJ:::'VltJ-a--a-~Ll1'6'nR~'el'lJ'Vl (Mobile Phase reservoir) • 

~H"h..ln1~1~'f.l1n1,",~~:::~1tJ!lrJ" 9.(;l1.J~:;~~ ~"lI!l~n1~1~!l1n1 '"' ~!l ~!l~n1~ri1{(;llLn~!l!ln~l9'W 
~~'f.l199 :;vh1.J~mm nu Lyj~ lrJ~!l'W~U1~"llU(;l1~ll~:;iJ e.J~ 11l!l fl1 L')m"1l!l~~1 ~~')tJ 

-a-:::tJtJ'l.I'el.:J,j),l (Pumping System) 

"ll'W1 (;ll~ rJ,)1 ~ ~1'WYl1'Wn1~1~~~t)1~9:::~1 n l~!l1.jf!l~Jl1 rJ l~ n1nU~~'1!l~ 
l~ n~ n ~')tJ ~~~1 LlI'W~!l~1.jfm1~ c;)'W~~~ C;)'Wlyj~ lrJ~!l'W~1w.~~ 

'II 

'" 
i1~llU~!l!lmtl'W 2 "llU(;l 

1. 	 ~~lL~rJrJ1UrJ!l~ (mechanical pump) lll'W~~~mu~~1~~j;J~1n1~1~~"ll!l~Lyj~LrJ~!l'W~iJ 
, 	 .J 

rJ1rJ~Yl 

.,. " 

i1~1.J~:;lJlYll1llU~ L1I'W 2 "llU(;l ~!l 


(1) 	~~"llU(;l16J!1~~ (syringe pump) ~~"llil(;l~iJ~mj'ru:::LlI'Wn~:;U!ln~u (cylinder) ;~ 
U~~'1~,)vl1~:;~1tJHll'~,) iJn1'W~U (plunger) ~~9:::LrJ~!l'W~ltl'WLlUU~Q~ (screw) 

eh'Wn~!l~ LntJf (gear box) t(;ltJiJ~!lWI!lf (stepping motor) LtI'Wc;)')mu~~~m1 

n1~1~~"ll!l~ Lyj ~ lrJ~!l'W~t(;ltJ9:;11.Jvl11~n1'W~UlrJ~!l'W~ l~')~1!l.jf1~~
'II 

'" 	 '" " 
(2) 	i1~"llU(;lm:;U!ln~u (reciprocating pumps) i1~"llil(;ll1iltJ~1.jfn'W~1n n1'W~U"1I!l~ 

(reservoir) L-if1~~n~tle.J1'W,)1~,) (check valve) n1~rJ,)Ufl~~j;J~1n1~1~~"1l!l~lyj~
ill qJ 	 <U q 

Lfl~!l'W~ n~:::vl11~(;ltJ1.Jfu~j;J~1l~,)"1l!l~ n1~-nn~n~ue.J1'W~!llj;J!lf 
'lI 	 " 

, 	 .J 
rJ1fl~Yl 

or ..... or 
n1-a-~R'el~),I'lJ (Guard column) 

lll'Wfl!l~~'l1~vl1~,J1~c;)n~1~~hj~!l~n1~~1!l!l~Jl1fll~n 1l"1l'W ~'W ~1!l~~l~!l1.J'W~~!l~ 
1'Wlyj ~ lfl~!l'W~ ll~:;~1~~,)!lrJ1'1!l!ln l~!lU (;l'f.l1tJ n1~H''11'W"ll!l'l fl!l~~'l1. 
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1"l'El~l.J,rLLUUL~l.J~HfdJ'WLL'JULLYH'I (packed column) LLU\l(W'1l.Jn~1nnrnLtln 

1 . 	 n~:;u')'Wnr~~!?l-ru m Pi'm'l~nn'mnWer'Wl?l~mtl1~ LLl?ln(;]1\ln'W~:;'M~1\lvl')'Jn~:;~')tJnu 

~1 LLWW\l~'El\l1,)U'W~,)'1J'El\lt)~!?l !?l!?l-ru~H'dJ'Wb~ ~'ElU nu~ 
• OJ 	 qJ 

>

~,)l.J LtI'WLil'ElL~m n'W 

l.J1 n 1 


L~~'El~nU~ ~iJ.r,)LL~:;1·jfL~~LI"l~'El'W~ ~hjiJ.r') iStJn~1 'W'Elfl.J'El~ (Normal phase) 


L~~'El~nU~ ~hjiJ.r') LL~:;H'L~~LI"l~'El'W~ ~iJ.r,)L1tJn~11L:Sf~L~~ (Reverse phase) 


3 . 	 nrm~mu~tJ'W1.h:;'"l 'El1Pi'tI'M~nn1nn!?l~'Wl?l~mtJ1'1J'El\lU~:;'"l'1J'El\lvl,)bln~:;~1tJnuu~:;'"l
lit 	 q 'U q 

~ iJU1:;'"ll?l~\l n'W-n1l.J~\l'EltJU'W~'W~,)"lJ'El\l L~~'EltJ nu~ 
, qJ 	 qJ 

4. 	 n1mtJn~1~l?l1l.J'1J'W1!?l mPi'tJ'M~nn1~~ vl')Yi1~:::~1tJ'"l:::blm~'El n1'IXLL'Y'l1~1'W1'Y'l~'W"lJ'El\l 
'II 	 'IJ • 

>

tf'"l'"lU'WI"l'El~l.J,r"lJ'El'l1m'Y'l'Elf~'Elfl.J1'W"ll~I"l71!?l tl"l~l.J1 t 'Vlm1YJiJnr1~1?J.J'W1l.J1n:ill'W 1"l'El~l.J,r, 

>

n~1 LL'Y'lI"lI"l'El~l.J,rLLUU~'IL~l.J [5J -n'El~"lJ!l\lI"l'El~~,rl.J!l'W'El~l?l ~'El ~1l.J1~bl-:S LI"l11:::vf~1~vl,)'Elth\l1~ 

L~,)~'W tl?ltJ~1m~blufu~m1rl1~1'M~"lJ'El\lL~~LI"l~'El'W~1~~\lLL(;] 1-9 5J~~~l?l~(;]'El'W1.yJ 'll')tJtJ~'El1t1, 
n1~H''I1'W~l.JLL~:::bI"l1'El\l71 LI"l ~1:::vf~')tI~l.JU~~ bU'W ~'Y'l~'Wl.J1 nn~1 80 LU'Elfb~'W~ ~\l'll,)tJ1~~:::uu 

'IJ • 

klb~tI\l~1~vl,)'EltJ1\liJU~:;~'VlfiJl1'Y'l 1"l,)1~~'Wi?l1'Wn~u~1 (iI'EltJn~1 150 u1f) ~\lLU'WI"l!l~l.J,r~ 

L'Ml.J1 :::~l.J~\l nU\l1'W~1'WLJli"l! m~l.J 

~')j'71'VltJ1 

I 	 I IJ I 

nr~1~Pi'ntJ1~Yh.yJ (O)\l.yJ LLrii') 1 ~Vhvl1\l1'W.yJ LYitl'l'Y'l!l1'Wn1~Yi11~Ln !?lu~mtJ1"lJ'El\l~11 

r;i',)'EltJ1\l~~,)'Mil1"lJ'El'l.r') 1 ~Yh LL~:::t)~ rl1 m:;LL~ ~ (0)') 1l.J L-nl.J-n'W(;]1\l 1 "lJ'El\l~1~vl,)!ltJ1\l~ 
", 	 >

i?l'El\ln1~71LM1:;vf [11 J i')1~Vhvl1\l1'W.yJ1~fu(o),)1l.JUtJl.J1'WU'"l'1u'W~'El i')1~vhtU~!l'W 

t!?lU1~l.J'El'W~ Ltl'El'l'"l1 niJ~l.JU~Yi LI"!')j''M ~1t.J u~:::nr~1~LLri iJ'll')\l Pi'nt.J1~vhH'\l1'W 

http:Vhvl1\l1'W.yJ
http:1~Pi'ntJ1~Yh.yJ
http:Y'l~'Wl.J1
http:5J~~~l?l~(;]'El'W1.yJ
http:tl"l~l.J1
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" (electrochemical window) n~I'l Ln(;)n1:i'~(;)snU~I:i'U'WCj,)"'-Wli')lyHhVil'lI'W-W'flmL'Cl:; 

1s.. ~ IV ~ 
VIn:i'::;LL~'Yi'W"''Cl'l (background current) [;)1 [12J 

E 

~--------------~ t 
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3.1.2 

3.1.3 

3.1.4 

3.1.5 

3.1.6 

3.1.7 

3.1.8 

3.1.9 

3.1.10 

3.1.11 

3.1.12 

3.1.13 

3.1.14 

3.1.15 

3.1.16 

3.1 .17 

"" 3.2 ~1'.1tFl3J 

3.2 .1 

3.2.2 

3.3.3 

3.2.4 

3.2.5 

3.2.6 

3.2.7 

3.2.8 

3.2.9 

, " .. 
Lfi~'el'HJ~(;\~1U~~Ylfi~'l (Milli-Q water system) 


, , 

C/ <V 

Lf1~'el'l"ll'l1;'l1'j 

.d , ( . )
Lf1~'el'l L"lJmI;'l1~ sonicator 

LLtJtm~'el'lL~~L1J~t.!lW~'elt.!"lJt.!1Vl 0.45 l~tf1n~Vl~ (Nylon membrane syringe 

filter with polypropylene (PP) housing) 

Lfi~''el'l t YlLYlt.!~t'ell;'l LLVl'Vl (Potentiostat, PG-100) 

l~Lf1~tlL't.I(;\t;j' (micropipette) 

'J1r)~~1'\.~fu~VlI;'l1~"lJt.!1Vl 20 l~tl'l~~[;)~ (injection valve, 20 JlL) 

LI'l1'el'l L"l!t.![;)~Yh4' (centrifuge) 

i'J1YlYl1I;'lLL[;)t.!L~1;'l (stainless steel electrode) 


-n-'J1yJYl1~~L'J'elf(O]~ L'J'elfl'l~'elhvi' (silver/silver chloride electrode) 

... 
-n'J1YlYl1LU~'elt.!tVlulVl~'tlt.!vi' Boron-doped diamond electrode (BOD) 


LYl~r)L"l!~~ (flow cell) 


LLtJt.!LYlU~'elt.! (teflon cell gasket) 

"lI 
q 
Vlm~1;'l n Vl~l'Jmyjl;'l~J'el'l LL~'l 

1'l'el~l-.J't1l-.J'elt.!'el~Vl (monolithic column) 

i~yj11Vl'el1~t.! (sulfadiazine) 


i~Yl1Ll-.Jfi1~t.! (sulfamethazine) 


i~yj1L~Lfi"ll1L"l!~ (sulfamethoxazole) 


i~yj11VlL~fi1LfiSJit.! (sulfadimethoxine) 


en~Yl11'l1tt.!"l!1~t.! (sulfaquinoxaline) 


i~yhn'Ju~t.! (sulfaguanidine) 


en~Yl1L~Lt.!L~YlYl'eln6Jit.! (Sulfamonomethoxine) 


'el::;~tVlLt.!L(;\nf (acetonitrile) 


L'el'Vl1t.!'tl~ (ethanol) 
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3.2.1 0 b~'VlI'W!l~ (methanol) 


3.2.11 bUbbl?l~b~tJ~1~1e]b~:i'b~'W~!l~b~1?l (potassium dihydrogen phosphate) 


3.3.12 1~b"1!b~tJ~1e]b~:i'b~'W~!l~b~1?l (disodium hydrogen phosphate) 


3.3.13 m'~~1?l1n (citric acid) 


oJ.l!l~JlI~"lJ!l-.:Jbb~-.:J"1!U~ Oasis HLE ~lnn1~~n~rJ\')m~~"lJ!l-.:Jbb~-.:J ~1'W,)'W 0.048 nf~ 

'U~:i'~~-.:J1'Wvl'el b~!lbI?l1tJ~vi1 n1~~ n ~ i?l,)'elth-.:Jbb'U'U~1?lb'W~ ~-.:JJlI~ 
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• • 

• • 
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3.3.3 ~n'I:!Jl'V1llll';)~.y1L'VIa..!1~~ a..!"ll'fl~ nl~~n~ ~';)tI L-n~"ll'fl~ LL1i~LLtJ1JLaJ~[;lLlJ~ 
"I.lJnl~~LA~l~~-n~L-nlJ1La..! ~1~tI"I.i~~tJ1J:n LFI~lJL~tI~~'tJ L~n-l'tJ 

" ,
~~1J1J~LfD1~'WL~tJ~~'WL~ n-n'W ~~'l'"l1 mr'W'IlI~I~Yl~ n ~lJlvil n1~,) LfD1n~tfVI11.na..!1 ruJl'JtJ LYl fD1t!fD1 

tyJ~~'WL~n-n'WJl'JtJ')finl~~~L;ht'i~~1J1J t~tJiJ fD1'el~l-JUl-J'el'W'el~ 11l~l't~f1JLLtJ n~lrvT'l 7 "Jjt!~ vii., 

, " 
3.3.3. 1 ~m;-ltij;J~L~'J1'Wn1~"Jj~LyJ~"lJ'el'lLLii'lYlLVll-JI~~l-J"lJ'el'l~lri~tyJ'W11l-Jv1~'l 7 

"JjU~t~tJviln1~~m~n~tij;)~IL~ 7, 8, 9, 10 LL~~ 11 ll-JtfD1~~I1l~!?l'el,)'WIYl t~tJ1t'i~I~l-Jll1l~~I'W 
J!I 

i~tyJ'W11l-Jv1~~~~1J mll-J L-nl-J.u'W 1 0 YH~dil-J ~'l'Yl'el~1J~~'"l'el'WlllfD1"lJ'el'lLL~'l'"llnn1~~n~ Jl'JmyJ~ 

';'! ~ nI ...I , •• 1 d ...I"" •• 1 ••1
3.3.3.2 f4 mnfll1l~I'''l'J'WYl L~l-JI~~l-J~~VI'JI'l LY'i 111 LfD1~'el'WYl fD1'el ~1~~~~ltJ Y'i'el~ LY'i~ 

uyJLyJ'elf!?l'el'el~~tl1l'Wl'Wll1l~v1!?l'elL~Yl1'W'el~n1J~I~i~tyJ'W11l-Jv1~'l 7 "Jjt!~~r;ln"Jj~Jl'Jml-JYll'W'el~ 1'W 
" 

timl~'J'W 95:5,75:25,50:50, 25:75 LL~~ 10:90 t~tJ1~~I~l-JII1l~~1'Wi~tyJ'W11l-J!?l~~::;~1Jmll-J
J!I 

i.I i.I .q cl Q' l.d Q' cv '-' .. J a 
L"lJl-J"lJ'W 5 'Y,/,~'1 L'ell-J~'lYl'elYl1J~~'"l'el'\J111 fD1"lJ'el'l LL"lJ'l'"l1 nn1~~n~ ~'JmY'i ~"lJ'el'l LL"lJ'l 

3.3.3.3 Pln'l!t1L'J~I~L~l-JI~~l-J~IV1~1Jn1~"Jj~~I~i~tyJ'W11l-Jv1~'l 7 "Jjt!~ Jl'JtJ 

Ll-JYlI'Wm'lt~tJ1~ ~l~l-JII1l~~I'Wi~tyJ'W11l-J !?l~~~~1J fD1'JIl-J L-nl-J-if'W 10 YlYl L~l-J ~'l'Yl'el~1J~~'"l'el'Wll1fD1 
J!I • • 

3.3.4 ~n'I:!Jl'V1llll';)~viL'VIa..!I~~ a..!'61l'V1r1Jnl~~ n~ ~';)tI byJ~"ll'fl~ LL;j~LL1J1J~[;lLlJ~ 

"I. 'W n1~1bA~1~~-n~LyJlJ1L~~L~tI"I.i~~1J1J:nbA1lJL~tI~~lJb~ni'wha.J111JL'VI A-WFi bb'fla..! L'Yl'flL~ 

ba..! [;l~ 

~ ~'ell-J~'l1 LfD1~1 ::;tf~1 ml-J1 ru~'Jm~1J1J~ LA~'WL~tJ~~'WL~ n-n'W ~'l ~1 ~~~ n ~lJl"~~I'WL']1 ~ fD1'el~l-JU 
" 

" l-J'el'W'el~I1lLL1J1Jti111t 'W~ t~tJ~rlfl~l-JUl-J'el'W'el~ 11l~IV1f1JLLtJn~I~~'l 7 "JjU~ y'hn1~I1l~'J'"lrj~cn'JtJ 

LYlfD1UfD1LL'ell-JL~'eltnl-J 1111

3.3.4.1 Plm;-ltil1l~1 L~'J1'Wn1~"Jj~LyJ~'JJ'el'lLL'ii'l~ LV\l-JI~~l-J"lJ'el'l~I~~tyJ'W11l-Jc;l~'l 7 

"JjU~t~tJviln1~~n1!l'1~til1l~ILf'J 8, 9, 10 LL~~ 11 ll-JtfD1~~m!?l'el,)'WIYl t~tJ1~~1~l-JII1l~I~I'W 
J!I 

http:LfD1n~tfVI11.na


• • 
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~ cv.J I 0,.00 .cS.J.c9 
3.3.4.2 ~m~n'fl(;lJ'1~'J'W'VlL'\nJ1:;~l-JJ':;'w:n.m"/'Vl1'W'fl~nUL~~LfI~'fl'W'Vl fI'fl ~1J' 

~:;~1t1Yl'fl~LYl~uvh~'flf!?l'fl'fl:;~b(;l'WL'WL(;lJ'~!?l'flL'fl'Vl1'W'fl~ 1'W~(;lJ'1~'J'W 100:0, 90: 10, 80:20, 

UJ'J'IDl'fl'WJ11 fI"II'fl'l Wn'l1Dl1 n n1J'~n~ ~'JmYl~"II'fl'l LL ~'l 

-:3 .J • '" '" 'i' •• 1 L .. :::. '" >
3.3.4 .3 ~m~1L'J~1'Vlml-J1:;~l-J~1·M'Un1J''l!:;~1J'6J!~ m'W1 l-J~'Vl'l 7 'l!'W~ ~'JtI 

Ll-J'Vl1'W'fl~b~tl1~~1J'l-J1 (;lJ'1 ~1'W-n~tYl'W1L3../ ~~ J':;~'U fl'J1l-J L -nl-J-n'W 10 Vivh~l-J ~'lv1'fl~'UJ'J'1Dl'fl'WJ11 fI"" . . 
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4 .1 flin 'H1V11Jl1'J~vi bVl3-I1~"UJ"lI'fI·:m1-:1~ n[;l ~'J~ bvJ~"lI'fI~ bb~ ~ bb 'U'U'1.3.i'flIPlL'UiWi1.'U n1-:1 

1b~-:l1~~-r~LcyJ'U1'1.3-1 [;l1[;l~"L';-:I~'U'U~bA1'Ub:n~~~'U b~ ni''U 

4.1.1 ~m~n!ll?ln L~,)'lI'e)'l n1~"ll:;L~~'lI!l,m;n'l~ m~1:;~~'lI!l":l'~1~-n~bvhnhJ(;l-vT'l 7 "llU~ 

!l1?l~'1L~,)'lI!l'ln1~"ll:;~m~1:;~~'lI!l'l~1~-n~bVh,!11~r;l-vT'l 7 "llU~ ~!l 8 1~br1~~I?l~j;J!l~'U1~ 

::~~-\:==;:===;~~~~::;::=!"-:::=;::::!~::::;ir=r=,==;===;=,===;:==r,==;=;~.--==....:::;::=;:..1_0::;:1l==;L1S I 
j 

1 2 3 4 5 6 7 8 9 10 

~:~ A. A f\ 1--11 IlLlsl 
_ 0.0 ~_.."..L.~..:,.t.~.L;:.=--r-,L'N\....;::::.....,.t-....;:>-_,r--.,........,...,--r--r,-,.----i~:--.::;=-T---'::r-,


i :~i~==r~~~~~~2~~~3~~4~~i==5F,=r=T:==;====;:~==r~~~i~~-r-~9~9~IlTu~~! 

B 1 2 3 4 5 6 7 8 9 10i 

1.0 A A A f\ ~I 
~:~ -t==r==;i~~~~~=f~===r=L.,,;::=r=,==;===;=,==;="'9',===;=;~,:::;==r-::;::::::::,i 

i 
1 2 3 4 5 6 7 8 9 10 

1.0 ~ 1-- 7IlLls l0.5 ~ 
0.0 -\:==r==;,r='~~::='-~==4"::::;::!""''';:::=r=,=:r===;=,==;===j',===;==;'P==::::~:'-:::;===:::;::::::::;j 

o 2 3 4 5 6 7 8 9 10 

Time (Min) 
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4.1 .2 ~m~~[;)n~')'W~ L'\tll-JI:;~l-J:i':;VI~I'1 Ly.j~ LI"1~'el'W~ ~'el ~1:i'~:;~ntJy.j'el~ Ly.j~u'Yhy.j'elf 

~'el'el~~b[;)'W1'W1[;):i'~~'elL'el'VlI'W'el~ nU~I:i'-n~byJ'W11l-J~~'1 7 -nU[;)~ (In-n:;~')ml-J'VlI'W'el~ b[;)tJ
OJ 

~[;):i'I~,)'W~ LVll-JI:;~l-J:i':;VI~I'1 Ly.j~ L~~'el'W~LL~:;~I:i'-n~by.j'W11l-J ~~'1 7 -nU[;)~ (l
'IJ 
n-n~~')ml-J'VlIU'el~ 

dI 

I"1'el95: 5 

1--10: 901
0.04 .j ~ 1\ 

0.02 -r, ~~':;:_........:-,----"-----'~ 

f ' 

0.15~ ~-25: 7510.10 
0.05 
0.00 I 

1--50: 5010.14~ 
~ 0.07 

:1. 0.00 1 p, 
r ' 

2 3 4 5 6 7 8 9 10 

Time (min) 

I I , '1f I 

Ltl~tJ'WLLU~'1~[;):i'I~,)'W"lJ'el'l Ly.j~ LI"1 ~'el'WVI LL~:;~I:i'-n~by.j'W11l-J ~vl'l 7 -nU[;)V1 (l n-n :;~')tJ Ll-J'VlIU'el~ 
OJ 
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. ~ 

4.1.3 ~mi1 L,)~1ViL'VI~1::~~~1'V1ftJnr~"ll::~1~S]~ t Yh,nl~ r;lv1-1 7 "llilvH~htJL~'Vl1\J'a~ 

t~ltJl~~1~~1 !?I~11ii1\JS]~t~\J11~vl~~::c;)tJl"l,)1~L-if~-n\.l 10 .w.w L~~ ~-1v1'a~tJ~~fOl'fl\Jfl11"l"lJ'a-1LL~-1 
~ . . 

fOl1n n1~~nVl,~htJLyJ~"lJ'fl-1LL~-1 

L,)~1~L'VI~1::~~~1'V1ftJn1~"ll::~1~s]~t~\J11~vl~-1 7 "llilVl ~'fl ~\J1Vi~ 20-40 ~\J1Vi 

0.10 

0.05 

0.6 
;;t 

::1. 0.4-
t: -
Q) 
~ 0.2 
:l 
~ 

U 0.0 

0.4 

0.2 

0.0 

1--61-80 sl 

3 4 5 6 7 8 9 10 11
2 

1--41-60 sl 

1 2 3 4 5 6 7 
 8 9 10 


1--20-40 sl 


0 1 2 3 4 5 6 7 8 9 10 


Time (min) 
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4.2 f;tm~1'V111l1'J:;.;h'VIJ.l1:;'GI3-J~1'V1 i''lJ n1 'i'GI n~ ~'nJ b~ 'GI'lI'el.:J bb-n.:J bb'lJ'lJ~(PIL '\J ~ 1.'\J n1'i 

1LFI'i1:;~.n'ClL~'\J113-J ~L(PIrJti'i:;'lJ'lJ:nbFl~'\J L:nrJ'Cl~'\JL~ni''\J<j'J3-J n'lJ b'VI F1-UFi bL'el3-J L~'elL'iL3-J (PI~ 

~ ~, 
L'\un::~lJ"lJ'el-:J~1J'i~1~'t.nllJ~V1-:J 7 'llU~ ~111J'1 L~'J"lI'el-:Jm~'ll::vh~lJ1::~lJ"lI'el-:J~1J'i~l~'t.nllJ~V1-:J 

7 "llU(1) fl'el 10 llJlflJ'~(;l~t;\'el'l'W1Vi Lti'el-:J'"l1n~1J'i~1~'W11lJl?fvY-:J 7 'llU~l1mnLtJn~~LL~::1~ 

1.0 

0.5 

0.0 

1.5 

1.0 

...--. 0.5 
~ 
=L 

"-" 0.0 ...... 
t:: 1.5
(].) 

t: 
;:::3 
u 1.0 

0.5 

0.0 

1.0 

0.5 

0.0 

0 

2 4 5 

8 flLls 
3 

10 j.t.L/s 

5 10 

Time (min) 



22 

~ _.d I I d.J~ 
4 .2.2 I4m~1'el [;ln~'l'W'Vl L'VIlJ1:;~lJ~:;'VI'l1'l LlJ'Vl1'W'el'tlI1l'el LYl~ Lfl'tl'el'W'Vl fl'el~1~'tI:;'tI1U 

Yl'el ~ LYl ~UYlLYl'elf[7J'el'el:;~b[;l'W1'W1111~v1[7J'el L'el'Vl1'W 'el 'tI 

~m1~'l'W~ L'VIlJ1:;~lJ~:;'VI~1'l LlJ'Vl1'W'el'tl[7J'elLYl~ Lfl~'tl'W~ ~'el LlJ'Vl1'W'tl'tl 100 Lll'elfLsD'Wr;l 

Lti'el'l'"l1n1~;C1dqJ1ru[;l'tlU~'W!l'l~~'l~~V1 LL'tI:;lcJl;qJ '1!1ru"ll'tl'l~1~i'tl bYl'W11lJc;lfl~Ui'l 7 'llUV1 

2 

f 
0 

2 

e 

0 

2 

~ 1 d-<
::l 

'-" 0...... c 
(1) 

!:: 
2 

;:::I 
1 CU 

0 

2 

b 
0 

2 

a 

0 

0 5 10 15 20 

Time (min) 

., , 

..'iu.v14.5 bmlJ1b'VlLLmlJ"lI'el'l~1~i'tlbYl'W11lJv1i'l 7 'llUlnVh:;vi'Ufl'l1lJLilJ-n'W 10 ~Yh~lJ bV1U 

.d 4-' I ~.J
Lll'tl£J'WLLll'tl'l'elm1~'l'W"lI!l'l LlJ'Vl1'W!l'tl[;l!lLYl~Lfl'tl'el'W'Vl (a) 100:0, (b) 90:10, (c) 80:20, (d) 

70:30, (e) 60:40, (f) 50:50 
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';!! .J 0 '" '" ~• .1 'I .. ::. ~" ~ 
4.2.3 I"1n'1:":t1L,)fl1'1'l LVll-J1:;~l-J~1~~Un1~"l!:;~1~"l!~ m'W1 bl-J~'I'l'l 7 "l!'W~~')ml-J'I'l1'W'EI~ b~tJ 

1~~1~l-J11?1~1~1'Wi~ tYl'W11l-J ~~~:;~1Jrl,)1l-JL-ifl-J.jJ'W 10 Ylvh~l-J fl'lvl'El~1JnfGj'ElW11rl'lJ'EI'lLLii'lfGj1 n 
~ . . 

0.6 

c 
0.4 

0.2 

0.0 

0.6 

,-., 

1 0.4 b 
'-"' ..... 
t= 
(1) 0.2 t: 
;:::l 
U 

0.0 

0.6 

a 
0.4 

0.2 

0.0 
0 2 4 6 8 10 

Time (min) 

':Iuv1 4.6 trl~l-J1t'l'lLLml-J'lJ'EI'l~1~i~tYl'W11l-J~vY'l 7 "l!U~~~:;~um1l-JL-ifl-J.jJ'W 10 YlYlL~l-J t~tJ.. 
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..c.I ~.l' Q 0 ~ k !'1'" ~ 0 cv ~ ~cvI tV 

IW1'.11-3'Y1 4.1 LL'&Il(;)..:Jfl'lfl'd'llJLu'l..H'Ci"Wm..:J, 'iJm'ln(;)~'l'&ll(;)'Vl'dLfln~lH(;) LL~~'ll(;)'"l'ln(;)m'&ll(;)'Vl'd(;). . 
tJhJ'lru1~ 

col..,. of' 

~1'.1'Y1'J ~!Ol'.l1~'" 

'lI'l.:lWJ1~ 

LUU 

'" L~UI?l'1.:1 

(1J9 mL-') 

R'l13.J-a'U 

(peak area 

units I ppm) 

.... 
"ll?ll?ll?l. 
(IJA) R2 

.. . .... 
"Il1?l"l1nl?l 

~ .,j 

1?l1~ 1?l'VI. 
.. n'"'lLR'11::::'VI I?l 

(1J9 mL
1 

) 

.. . .... 
'111?l"l1nl?l 
, d", 
1?l1~ 1?l'VI'l1?l 

m3.J1tlAlrPi 
(1J9 mL-') 

i~yhn'dU~"W 0.01-8 0.0101 0.014 0.9972 1.75 5.85 

i~Yh1(;)~'l~"W 0.01-8 0.0348 0.0152 0.9981 0.27 0.88 

i~YhUJn'l~"W 0.01-8 0.0244 0.0117 0.9998 0.34 1.13 

i~vhLlJL"wUJ'Vl'Vl~n~"W 0.01-8 0.0186 0.0104 0.9993 0.42 1.42 

i~YhLlJLn 6n L"ll~ 0.01-8 0.0165 0.0114 0.9997 0.44 1.47 

i~Vh1(;)LlJn'lLn~"W 0.1-8 0.006 0.0088 0.9972 1.23 4.1 

i~Yh fl~L"W"ll 'l~"W 0.1-8 0.0035 0.0082 0.9941 1.85 6.18 
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L\nn:::~l-J ~l~fu n1~m'J"'l~Lm1:::'If-n~bvh.n1l-J(1)1(1)tlH~:;uu~ Lf"1~'WL~tI~~'WL~ n-n'Wi'J l-J riULVlf"1i'lf"1 

LL'ell-JL'Y'I'elbnl-J'?in~~-le 'ei1?l~lL~'J"1I'el-ln1n:;~L~l-J1:::~l-J"1I'el-l~1~-n~b~'W11l-J1?1~-l 7 'lfi'l(1) ~'el 8 

1l-Jbf"1~~I?l~I?i'el";)'W1Vl 'ei1?l~1~'J'W~L~l-J1:;~l-J~:;~~1-lL~~ Lf"1~'el'W~riU~l~-n~b~'W11l-J 1?1~-l 7 'lfi'l(1)~Cln
'lJ 

"l!:;/~bml-JVl1'W'el~~'el 95:5 LL~::: L'Jm~ml-J1:::~l-J~1~fUn1~'lf:::~1~-n~b~'W11l-J1?1~-l 7 'lfil(1) ~'el 

";)'W1Vl~ 20-40 ";)'W1Vl LL~:::1~;aim~1J11'J:::~ LVll-J1:::~l-J~1~fULI?l~tll-JI?l'J'elth-lb(1)tI n1~~ ri(1)cX'Jm~~ 

"1I'el-lW]-lLLUU'eiI?l b'W~ i'Jl-J riU~:::UU~Lf"1~'WL1t1~~'WL~n-n'WLL~::: LVl f"1ilf"1LL'ell-J L'Y'I'elhLl-J L91~~-le 'ei1?l~1 
0

n1~1V1~"1I'el-l~1~L'W-n'WL91'el'Wn1~1:J1'W~1~1?l'J'el~1-lLL~:;n1~'lf:;~1~1?l'J'el~1-l ~'el 10 ll-Jbf"1~~I?l~I?i'el 
Co .cJ cv.d , ,.J d~ .J 
'J'W1Vl 'ell?ln~'J'WVl LVll-J1:::~l-J~:::VI'J1-l Ll-JVl1'W'el~ I?l'el L~~ Lf"1~'el'WVl f"1'el 100:0 LL~::: L'J~lVl LVll-J1:;~l-J 

~1V1fun1~'lf:;~1~-n~b~'W11l-J1?1~-l 7 'lfil(1) ~'el ";)'W1.y)~ 20-24 ";)'W1Vl "'llnJ11'J:::~L~l-J1:::~l-JL'Wn1~ 

LL911-tll-J 1?l'J'el~1-lb(1)tI n1~~ri(1) cX'JtI L~ ~"1I'el-lLL~-l LLUU'eiL91 L'W~ yhL,x~1l-J1~C'l1?l~'J"'l~(1)~1 ~-n~L~'W11l-J1?1 

7 'lfil(1) L(1)tlL-nLVl f"1i'lf"11m'Y'I'elf~'elfl-J1'W"1I~f"1";)(1)Lf"1~l-J1LVl nnyH'Jl-Jriun1~I?l~'J"'l~(1) LLUULL'ell-J L'Y'I'elh 

Ll-JI?l~l~i'lJ 'lJ1 t1Jn1~I?l'elU~'W'el-l~~ LL~:::~ (1) L'J~lL'Wn1nL91~tll-J(;]'J'el~l-l~-l 
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