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Abstract

Project Code: TRG5780174

Project Title:  Simple On-line Preconcentration and Determination of Nephrolithiasis Markers Using

Capillary Electrophoresis

Investigator: Dr. Mionpichar Srisa-Art

E-mail Address: monpichar.s@chula.ac.th

Project Period: 2™ June 2014-1% June 2017

Abstract:

Online preconcentration and determination of oxalate and citrate using capillary
electrophoresis (CE) were presented. A preconcentration technique exploiting large volume sample
injection together with matrix removal using an electro-osmotic flow (EOF) pump was employed to
improve the sensitivity of the CE method. The migration of analytes was achieved using an uncoated
fused silica capillary column of 40.2 cm (30 cm to detector) x 50 um i.d. and an applied voltage of
-15 kV. A background electrolyte (BGE) was 200 mM phosphate buffer (pH 8.0) with injection times
of 10-90 s. Results showed that when using an injection time of 90 s, limits of detection (LODs) were
0.003 ppm and 0.013 ppm and limits of quantification (LOQs) were 0.013 ppm and 0.033 ppm for
oxalate and citrate, respectively. When compared with a normal injection time of 10 s, 90 s injection
time could improve the sensitivity of the CE method for approximately 200 times. Recoveries of the
method were in the range of 98-108% for oxalate and citrate with the relative standard deviation
(%RSD) values<5% for corrected peak area and %RSD<5 for migration time. Inter-day and intra-day
precisions evaluated using %RSD were found to be less than 5% for both corrected peak area and
migration time. The CE method was further applied to quantitatively determine the amounts of
oxalate and citrate in urine samples. Results obtained from the CE method were compared with
those from the standard method (enzymatic assays) using the student t-test. It was found that no
significant difference between the results obtained from both methods. This confirmed the accuracy
and reliability of the proposed CE method for determination of oxalate and citrate in urine of patients

with kidney stones.

Keywords: capillary electrophoresis, on-line preconcentration, oxalate, citrate
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Reiilaussendldimalinagiaa1sdianinsisda (Capillary electrophoresis, CE) d1msunisiiiy

USunauveaulatiarnisnsivinUsunueenganuasdiunse wadanisiivansiegisuveoulatayly

a 4

Aen15UsTRasiredslulsinaunnieuiun1si daumindeanianueide electro-osmotic flow (EOF)

a =i

\Wioraefinanwliveanaia CE lunmsvaaesilinzinasdaniivsaanmsiedeunely vunduriy
audnananiely 50 lulasiums 817 40.2 iwufiams (30 wufiums fanieansiadn) anusedndliiihildly
Msweniriu -15 Alalad tngldneamnsimlosanududu 200 fadluans @ pH 8.0 wazsvavnanfildly
N15UT59a13708191UT23 10-90 Fundl wansiiaszvnuindeldinanlunisussgansdiedis 90 Tuni

[

S o v v A A a o o w
YAANNAVDINTITHNTIVINAIYLATIDIND VDIDDAYILARNLLATULNTH 1NNV 0.003 kag 0.013 ppm ATNAINU bae

=)}

AIAANITILATIZMTIUTUIUABLAT DD d1nTUBNYILanLarTINIALINAY 0.013 Lag 0.033 ppm
AUAIRU T ULTBURUNITUTIRENSAIRE 19N EEaUng (10 3u19) nudianansaiuusednsam
M TRReNTIaALaTNIALATY 200 Wi NsRTrvdeuAUlElaveITIATIEAlAENITIAFDUA LI

wuindifevarveanisaunduegluyie 98-108% dmiueenylanuazdinn uazil %RSD<5% drmnsunily

=
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1. Executive Summary

miAFeillunmstaumaiangiaar3ddninsmesda (CE) dmfunmaivanudidusaznmsnsaineons,
nnardmsadaduasidnmainis lnensiuUSnaesesldmadamsifivarsuuuesulad 1AeviNTUTIeENT
Tulimandeanuiundeutumdnumsndeannmendsingend electroosmotic flow (EOF) iiieteifisanim
Tweaweila CE lngvinisfinmnnigane 9 veaweia CE Wisldlunsifiuaududunasusnosneianuazdinse
WU eadiduLazAn pH vestilmesld nauazausuiildlunisusseansiedns dndliihildlunisuenans
deldnmeiimunzand wiuldlunsifvanududusaznisuenars Wandunisasiaasuauldlivesdsd
Wannau Inemandnsiiaveinisnsiaiadieinieddle (LOD) Tasrinvasnsiszmdaiuna (LOQ) Anuuiy
(accuracy) uazAILTiEs (precision) 10335 ATILY LavanTneUsEyndsTRAT U MSUM I USnaan sy
fautnmsinislusetndaane

PNNaMTITenUiannefiuugndnsuiesnsinuiinaeenyianuazdinselaemadna CE fo 1neia
assanfusmannisiadeuniely suaduriugudnataniely 50 lulasiuns Auen 40.2 lwudiuns (30
wuRuns fuedemsatn) anusisdnslndildlunisuenwingu -15 Alalad Tngldneamntvinesanududu
200 fiadluaf 7 pH 8.0 uazsrozgaildlunisussgansmegndlutag 10-90 Juft wansimeginuinilelding
Tun15u359a13878E19 90 FUN9l A LOD v83angantasdingm windu 0.003 kag 0.013 ppm Aua1au kazdl
LOQ dmsunmsiiaszieonglanuazdnsayiniu 0.013 wag 0.033 ppm muaiu n1snsaadeunullylaaesis
AasgilagnsnaaeuauuiunuiInfifosazveinsAunduagluYie 98-108% a WiusenYLanLarTIMIALaYH
9%RSD<5% dnmsusialanstulng (t,) waziuilldfaudly (4., dlowssudisumnnitssssnineunazaneluiu
WenfunuIng %RSD<5% dwsutia t. way Acor BTy sansad U lunsmusinaeenyanuayd
wiseluilaany wazilowSeudfisufunamsnnaneensanuasdimsaildanisivauwtuiuisunsgulagld

o w '

wiallannateuley (enzymatic method) lnan1snadounuy t-test wudliiinnuuanssedniitedAgyseninma
N153ATIENVDMIABITT uonINdiaunsaduduninuindeiioveIsniauduiiaugndes lnetnanis
Anszinniaedisinainsiiiemanuduiusseningsdds nuidianuduiusidudunsuasian intraclass
correlation coefficient agluinanfidundmivesngianwazingg Aewiniu 0.977 uag 0.970 AuEIRY Ay
Tnwutudaninenazildussendldlunsnsaiadiinuesnynantardinsaludaanizvesilielsaiale e
I co W aa o @ 9 a N

Juusgleddmiumsitady nsshw uwaznislestunsifialsaiialalusuian

naanaATeillailumeunslunisussyadvinmsineimanswazmalulaguisssmelng a3 40 wazay

FATRELNTHANUIFNBALANUN LI TE S U RRa LU
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2. IngUszaenvalasanis
W welanziaalssianinsnesdalunsmusuiaasidulstinisindl (A 9enalanwasdwsn) way

Uszendisiimudulunsmuiunnaasidudd@insieinluiiegalaans
ad o a a v
3. W/ANUUIUIRY

3.1 \n3esdiauazgunsnl

—_

. 1P30niina3Bidnlnnle3da (CE) vesuTen Beckman coulter Ju MDQ

. @383 LV visible spectrophotometer 283u3ev Agilent U 8453

. P393 sonication YBsU3EW ultrasonic steri-cleaner

. w3nsiiienfivies (pH meter) 183U3EW Mettler Toledo U SevenCompact ™

. ipSesdsansdiumis ¥eaUTE Mettler Toledo Ju PB 403-S

lulastiusauna 100-1000 pL, 9119 10-100 pLiazvun 1-10 pl w83usem Eppendorf

. nkdans (vial) vune 2 mL wiausn U

o N o U B~AWLWN

L WINRUAUSUINTIUIA 5, 10, 25 wag 50 mL
9. UnLnasuum 50 way 100 mL
10. AR (cuvettes) uA 1 mL ag 3 mL

11. Syringe filter 9U1M 0.2 um VBIUIEWN Vertical chromatography Co., Ltd

3.2 d15.08

—_

Potassium dihydrogen phosphate (KH,PO,)
di-Sodium hydrogen phosphate (Na,HPO,)
Phosphoric acid (H;PO,)

Methanol

Sodium hydroxide (NaOH)

Sodium oxalate (Na,C,0O,)

Citric acid monohydrate (C4HgO7.H,0)

Milli Q water

0 o N o kRN

gannaevoanynaniagldioulyl (oxalate kit)

10. Yaneaevdnsnlagldioulesd (citrate kit)



3.3 Msmnsiwinnzaulunisuenaanaantasdinsnalemaiia CE
3.3.1 AN luvaawnaIae CE NlFlun1siasnei

A15199 1 AeTlUve9AIae CE MGLUNTIATITNNT LaNLAL TN

sUwuu/naznld gazden

\A309 CE U3¥N Beckman coulter 1 MDQ

Uncoated fused silica capillary vwiadusugugnasaigly 50 um A

Azfiaans o y

40.2 cm (30 cm D9LATOINTINIA)
NSUIIIANS Tgmnusulunisussgansitegamiiiu 0.5 psi
n3n5793m UV-Vis %34 200-400 nm L{enns133nil 195 nm

19 rinse AZAANIADALY | NOUNITNABDILAAZ U rinse AIY
- 0.1 M H;PO, 15 Wi
- Uvlilos 15wl
ssramalieneiluisiasadinounisussqansiedndluasfiaals Rinse fe
- 0.1 M HsPO, 1 w1l
- Ullas 2 unil
ndannimeaeslulsiaziu rinse Alg
- 0.1 M HsPO, 20 w1

v
°

- 11 20 Wil

3.3.2 #av99 pH vasaaaininesNliNafaN1SLENVDIDDNYNAALASTNTA

Anwlugae pH 6.0-8.0 vinlagldnloamlniniesiinanududu 200 mM andudsu pH Wagjsl,mmﬁ
Aoen1sAnwIAe pH 6.0, 6.5, 7.0, 7.5 uaz 8.0 Ingldarsazais 0.1 M NaOH nthlUiieseisieelaany
voufthelsaiila Ineltineda CE iilem pH vomleamndrle sz auiign ieazausausnooneianuazd
wsnoenanansey 9 lullaangly waruonanilunddeiesdnmnsifivaududuiuuesulatfemeain CE
Tnel#3BnsussganssogaUinamndemnuiuudaiinumindeannielidvswaes EOF filsigunnin dedu

WNABaN1s EOF Nligeunnazdadly pH a1 (pH teendt 4) uslumuidedlidaunsald pH iald lesineensn



nkaznsadian pK, aglutie 1-7 duludadndunivedosdinu pH munzaulunisuensensianuasBnsnuay

pH Mmnngaulunisiiuaududuvesalsuuussulatlngly CE
3.3.3 NAYBIANNINTUVD B ANAUNINESNANARBNISLENVDIDBNTILAALASTINTA

Tuns@nvmavesarududuressmesifnenisuenseneianuazdingm aeldasiognaiiludaans
maqﬁﬂwkﬂﬁﬂmﬁﬁamqaaqwhLLasﬂwmmaqé’w Syringe filter 1w 0.2 pm ilesndregsliaanzlundas
fegaiiimailinn dafudsldansaldfmogafotulumesnanmefiomnsadldlugnmvaaes usoehdls
munuiuamindfiegluuiaziogidliuandeiumntn fdullaanzildlusiasnimaaesdsanusadusaum
yasogaiLe Sntuiniesesigemaia CE lngldmnudiduromloamntvimlassne q Tudiemududi
40-200 mM iilemanududuresasaraneneamindimlesiivinzauiiaunsaueneensnanuazdimsneanain

a138u  Aeglulaanizle
3.3.4 uavaspnuANARAnglninldlunisuenasneanuazdingn

Tnefnwlugiernusnedng -10 81 -30 kV Wilemanuasdndimunzauigalun1sueneangianuiasd

wIneenaNasdy q Mlleglutaanivuarliszozialunisuenlium

3.4 MINEIMUNZaNTUNSINNAMALUNTY (On-line preconcentration) Y8988NYLAALAZTLNTARIY

waila CE
3.4.1 Lanllunsussyansiaegng

ildlagdinsgvisiegrslaanizvesiUislsaille lngldmetdia CE lnenmsivdsuaanildlunisussgeans
fegradu 10, 20, 30, 40, 50, 60, 70, 80 wag 90 3wl mwua1dU uildmumulunisussyasviniu 0.5 psi v
NIAINITUITIIATeg eI gauNasaiinadudulaunigalaeildagidenisien waviiewiy

ANHAINTIVRININTIVInUSINARaNY IAnAsTmIIUSINRY 9 Tulaansldgndeuasiiussdvsnm
3.4.2 ANUAUNLIFIUN1TUTIYENIADENN

lnsfinwiauduildlunisussgaisdlogrelaei3uain 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 wag 4.0 psi
muau Tngldatlumsussgansiiegne 10 Fudl iemanuiulunisussyansiregeiianunsansainysunm

sanyankavdmsnusiaes q Tulaanglignieuazadli@ass@vsnmnisuen



ada o X . .
3.5 N15A529daUANUTTAVRIITNNAILNTY (Method validation)

3.5.1 YAINAVBINITATIVIAKALVAINANTTAATILINTIUSUUAELATRND (Limit of detection, LOD, and

limit of quantitation, LOQ)

v
o o

lAlagn3eNa3azansNInsFIUeONYLAARASTNIAANDLTY 10 ppm I1NUUVINNITEBAN wagtly

v
@ = o o

Anseisemaila CE mudsalanmuidu Jndnsidiuvesdyyinniuguesinfedyayissuniu (signal to

LA

v
o o

noise ratio, S/N) uUnsERalaA1RsIEIW S/N TnatAs 3 @19SU LOD wag 10 dmsu LOQ antiutinun@iuiad LOD

way LOQ saauniseeluil

3
LOD = ,:_ X Cdiluted
uf'.'r"J'
10
LOQ = ,:_ X l’:::Iilute::l
i

S = AdyeuveEIsTIIATIEAle
N = &gy aisuniu

Caiuted = AIUNTUYBIATALAHUINTFIUNYINNTABAN

3.5.2 n3munsgu (Calibration curve)

N859I IMLINTFIUELTOIALAENITATENEN T ANENINTFIUODNYNAALALTVMINALTLTY 1,000

= vy v Aw

ppm MAUULILNTDINMUANUITNTUTFDINTTUTIAUSUUTIIRSIWIN 10 ML A2eun Milli-Q fuandlunisnei

v v '
=< o o 1 a

5 waztlUAmszimewaida CE ausnlaimundy antduiiAiadsvesiuiilgiiawily (corrected area, A.,,)
Famraniuilafia (peak area, A) misarsarluinstulval (migration time, t,) AuAuLTNdUVDIANTALANY

1INTFIU (ppm) ATNTNUIATFIY fﬂ’]ﬂﬂi’]WiJ’lG]ig”luﬁﬂ%N%ufﬂﬂﬁﬁmﬂ’]iLﬁUMiﬁ
y=mx+cC
y = fuldfiaudla (corrected peak, Ay
m = ANUTUYRINTIN

ANLTUTUVDIET (ppm)

x
1l

@]
1l

ALY y YBINTIN



M19199 2 MISWTELASAZaNENINTTIUBRNTLaALAETMIADlTd S UN1Ta N R ST

Y. Ysunsansazaneaunnsgiuanududu

ANAULVUVUVDIETALABUINTFIU (ppm) ;
IS 54 a

1,000 ppm Neastiun (uL)

a15970il
29NYNAN FnIn 29NYNAN FnIn
1 5 10 50 100
2 20 50 200 500
3 50 100 500 800
4 80 300 800 3,000
5 100 500 1,000 5,000

3.5.3 A2UkIU (Accuracy)

sgldmsifvansazateunsgiuatiudiedgns i lvimsgivsinamamaia CE iieAILINMIAN

SovasnisfuvesasazateInsgIuinadly TunsunIsn3sNaITazaLasNITIIAIANLILYINLAGE

3.5.3.1 w3gumegulaaniziionns 2 win vlalaenisnsestlaanizene Syringe filter 4um 0.2 um 970
Tutau 500 pL wagiumin Milli-Q 500 pL waulimduiiloneniulunasa eppendorf vunm 1.5 mL aglé

Yaendeiiieatawas 2 uh
3.5.3.2 W3euo819laaiie919 2 WiniivansavaneunsgIueenyanLasdinge Mlanwmisned 3

A13197 3 MIETEUAIREUAAIEIDN 2 WnTIANENTALaN8UINTFIUORNTLANRAL BNTATIANUTLTUA 9

. . YTunsansasate 1000
y AUV UVDIFNTALANY 4. Milli-Q
IeloM ppm N1Ad3 Uaanaz (uL)
1193374 (ppm) - (uL)
dudn (uL)
0NYLAR 5 5
1 500 485
FNH 10 10
0NYLAR 50 50
2 500 350
FNe 100 100
0NYLAN 80 80
3 500 120
FNTH 300 300




3.5.3.3 M1USUIUDDNIUNAALALTLNTANINUA LALILATILNDDNYNAALALTLNTANLMS8UTUANTIN 6 f9e
wada CE WngldnegMununaulngyinn1siesigranutuduay 10 as9 wenandlavinniswseuiisuaininuuwiy

dmsun1susTanswuuUnAiunisusseansiudsunaenndne

3.5.3.0 AMnuvn¥esazuaInIsAUNGU (%Recovery) U94aNTALANBNNTTIUBONTLAALABINIATIALAS
U Tngtherdnsdmssrisiuiléfausloifinmeildunsumamanududuresesneianuasfinsnanns
wnspuiiidluiate 3.5.2 aldUSamnuduturesesnsianuazdmsniiinsedlalufodistlaaneill
WitlanTara1euInIgIueanYankardvse (Anansaratsluiite 3.5.3.1) karAduiduiureeeng LanLasgmse
avuaddldanoensianuazlmaniifiegudaluiegstlaanynufumsarasuinsgueensianuasBmsa iy
avlt (@nansazanglushde 3.5.3.2) nduisnfmunmesas Msfundu (%Recovery) YasansayaBaIATEIU

paNYLAnWALTNIATANaIlU feaunssalull

1 1 :Ju:l 17
ALY R ﬂﬁﬂi"lﬁ]‘;’ﬁ"lﬂﬂ’ﬂﬂ?ﬁéﬁlﬂ

%Recovery = . . .. =100
H’J"ILH.IL%‘.IU%‘.IEQH"I?E’IZ:ﬂ"lEll"lﬁl‘fﬁ"luﬂLﬁ]Lﬁdlﬂ

3.5.4 ﬂ')'l&lLﬁEN (Precision)

AINAADUAUNEITIUTZNOUAY AMUTIssneluTufeaiu (intra-day precision) LagALTIBS

Vo

5¥WI9TU (inter-day precision) ¥ilansdl

3.5.4.1 M3w3eumeg1alaaniziiadns 2 WiiinansasaeuInsgIueangtanwasBsnaAuuTdy 50

Wwaz 100 pprm FeensIed 4

A15197 4 NM9LATEUAIRE1UAR1ILI0979 2 WNTIANAITALAIELIAIFILOBNTNANKAL BVTAEINTUMAIAILLTES

v . Yunsansasane
4 AU YUETALADNINTFIU iy -
U209 1,000 ppm #6asU  Jaanz (uL)  Mili-Q (uL)
(ppm)
1wa (L)
NI 50 50
1 500 350
0NYLAN 100 100

3.5.4.2 Wdhdiegaiwsenlunisne 4 Jmsieienameila CE Tngldan1iznlanmuidu Inawseuiiaunis
UIPEIRUVUNARNUNITUTIRENSIUUTINNN s iasgvanuiissnigluiubeliudiununsinsen 10 a3
dnsumnuiiesseninsiuasinnisinsziiduian 3 Yuindaiu Tnes1uun1sies1en 10 ASuienIANuLes

Y89A509LBLAITNNTIATIEN



3.5.4.3 Tas1zainan 3.5.4.2 lnsmituildiaudle wagdnsgimanududuresasiaaiiousunsl
wmsgilute 3.5.2 alduunneensianuazdmsaitiasedls andusiuman %RSD vesriuildfaudily lu
instulng wagUnmeensanuardmseiiiasedld lilemanuiisaneluiufedtu waranunissssnizeiu
Mnaunssasteluil
5D

9%RSD = _ x 100
X

RSD = dudeauuannsgudusivg

SD = @y auunnggiu

X = Apdgvasiunlanawd lvviseradglunstulng

P
o

3.6 Uszanddsdasziniaundulunisinssidsnnaesneianuasdmsnluaegislaanaz

3.6.1 IsziidSuaesnananlutdanizlneds CE NWaIuITu

o

v ' A o a ¢ o [ ! [ 74 T ! = &
fegelaaneiiuniessiiuwuadu 3 Yrenududuveteangan AeYs 0-20 ppm Fadunis
Al uduingUnsaliaziniasliosinivanisiiautuaiunsansiaindsinaeensuanludsuutes 9 ¢
1 v ! = & [l 2 = a ! ¥ Y
9E9NABY Y39 20-40 ppm FaudugrUTinaueensnaninululaanizvesauund uazdisnnududurateans

wwafinInndi 40 ppm FadudrsUSnuesneianinulutaanzaesaullelsaiale

rdaangresUislsainlafiiiun1snsesiae syringe filter ¥uA 0.2 um UEINNTDANN 2 i1 AINUY
PJramsiainmemeila CE Tngltn1ieivianeauflanmuidusanaiuikas antutnafuileinwnly (corected

peak, A.y,) HIAWINMANUTNTUTBIBNTLaNLALTNInAINNI MR SFIUALavinTulude 3.5.2



3.6.2 Javsuueanyuaningliyansiaineanyian (oxalate kit)

v

1. w3syasaza1slumiiInuun 1 mb fan15199 5 3nduihansazangfainanlunvungungiivie siui

U

Wwan 5 undl

M19197 5 NsiesSedansavaneiemUSinaeentianingldyansiaineensianiag

Uunasfdu (uL)

dsazanefidoudia N ] ] ]
Blank std 1 std 2 std 3
Uaanez
Reagent A 500 500 500 500 500
Milli-Q 25 - - - -
fegetaaniy - 25 - - -
29nwtan 10 ppm - - 25 - -
29NYLaHN 50 ppm - - - 25 -
2an91Lan 100 ppm - - - - 25
Reagent B 50 50 50 50 50

std” ansaraneunsgIudms Ui NIInsgIudmsunMeseilaeld oxalate kit

2.1 blank Areg1alaanty wazasazatvunsgiune 3 anududuluindinisganiunasyd

(absorbance) # 590 Wluwns

3. @3NINUINTTIUIINANAANTENINAINIAANTULAIYBIATALANLUINTTIUOBNYUAALAE Blank AU

@

ANULTUTBIENTAZANBNINTFIUBBNT AN (ppm) NNTINIATT NS TURL lFaun S unTIAsLl
y=mx+c

y = maGi’mizm"1aﬂ'wmigﬂﬂﬁmmwaamﬁazmammgmaaﬂmLamLaz Blank

m = AYNTUVDINTIN

X = AMULTNTUVDIDONY AR (ppm)

FAUAU Y VBINTIN

(@)
1l



4. manuutuveteenganiuiegndaanylaginanisganausasvesiiegrslaaizanauiu blank

ntuANlsuAnamaNutursseenyanlagldaunisidunslaainnsinunsgu

3.6.3 JaUsuadnnlagldyansiaiadingn (citrate kit)

1. wSgyansaza1glufnUSns v 3 mL MmN 6 navansaraeliliniy wasUungaumnivies

Fuiduan 5 wi

M15°99 6 NSwEANTATAIEAIRENkATATATAENIN T I InUS IR WsslaglHoulud

USanasfdy (uL)

ansazanefigofiu

Blank finadnelaany std” 1 std” 2 std” 3
Milli-Q water 2,000 1,800 1,800 1,800 1,800
Aregrellaanie - 200 } B} )
FNIM 50 ppm - - 200 - -
FN3M 100 ppm - - - 200 -
FN3M 200 ppm - - - - 200
mm‘ﬁ 1 (buffer) 500 500 500 500 500
mm‘ﬁ 2 (NADH/PVP) 200 200 200 200 200
mm‘ﬁ 3 (L-MDH/D-LDH) 20 20 20 20 20

std” ansazaneuInsgIuEnTuTInTesINEmsuNTeseilaeld citrate kit

2. 9nUuINE1sAZanY blank ansazanediiegn waza1sazateunsgIuiieglufn lUinAnisgandy

wag (absorbance) 1 340 unlumses Jufinnanisvaasadumnisgandunasnsad 1 (A)

a

3. andudnaIsaratsvInd 4 (CL) N madliarsazanafuilodeniunasiunvaiigumgivies

Fuiduan 5 wi

vy
o

q. mnﬁfuﬁwawazmaﬁwm’luﬁanmmi’mmmi@mﬂﬁuuaaq%ﬁﬂmw 340 WULUAS TUNNNANISNAaDY

JuAnisganiiuuasnssn 2 (A)

5. MAWAANVTOAINITAANTURAITIANAT AA (A, - A,) Y84 blank #15778819 UALAITAZANENINTI Y
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6. A3NTIMUINTFIUINANAANVDI AA (A, - A)) U89 Blank uaz AA (A, - A,) VBdTaLa8UINTFIUD

WA AUANUTNTUYRIENTaTA18IATFINEWIA (ppm) 2NN INNNTFIUAETITUIElRaUNTEUATIRIENNS

y=mx+cC

y = A1 AA U84 blank aUsI8 AA 9998158 AENINTFIUNIRATHIDEN

m = AYNTUVDINTIN

x
11

AMUTUTUYDITLNTH (ppm)

@

ARALNU Y VBINIIN

(@}
1l

7. MIANUIUTUYDITN A U889 Uda1ILlngEAY NaF19v8d AA blank fU AA vBasBg19taa1Izan

MAMUTUTUYBITNTHIINAUNITAURN TIVDINTINUINTFIY

deldnansnmaiauiinuvesoonsnanuazdmsalagliinada CE wagnan1snsIainUiinuueioons)
wauarBsalaglfieulssd SsnmanesiiaesiBlimedstlaaneduietuhluiudentu [Wasessueens
wauazdsnivdoilugaifioriu Mnduimamslieseivinadindnuiiouisuauaniieesisiaes
namAewaniaiunismnainvinaeensianasimsalaowmeaia CE WanmgiivanuuasSneaniaduns
patnUimnaeensianuardmsalaeliyansatndaiuituesgu anduieuiisunaisaesisihiany

o o

upnAsiuegsitudAgIsll Inen1svaaaukuuyl (the student test, t) InglunsiuSeuiisuasadldansingie
NvuATILIU 41 fega Tnewdady 3 seiuaunnududuveseeneian Ineansiedsiileenyanluyisnii
LTUTU 0-20 ppm & 13 #219819 AUTNTUDNLUAR UL 20-40 ppm HTI1UIU 11 A998 LAZAMLTUTUTDS

pongLan >40 ppm 31U 17 foens

g I U v

wanniFalansiraaunanisiasizinleania 2 35 danuduiusidudunsaiseli Inenisasiansm
fldanuanisiasiziarnmeda CE waznan1sinsziiilaainisuinsgiu tiedunisBuduanuldldvedisn

WAILITUDNARE
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q, Nams‘mamu,aﬁLﬂiﬂzﬁwamiwﬂam
4.1 ﬂ’]".1317;Wiﬁ.ﬂ383.11‘1Jﬂ’15LLEJﬂE]E]ﬂEU’]LaGILLaSEIQJWISGW?]”JEJL‘Vlﬂ‘ljﬂ CE

4.1.1 Wavas pH fBAMNAINNTATUNNSHINDBNYUAALAZBLNTA

denlundseiasAnviniafiunududuiuueeuladdemeaiin CE Tngld38n1sussgansinedis
Uinasnndneenuduidindnumindoannelidvinaves EOF Aliganniin (low EOF) Feifdagmansiunis
duarudiduresasfioguiilulssgauity sonsuaniar@msn esnidlelidndlniuuundudslunisuen
asngazedeufiaunaiu EOF nieufummindgnirdneenludedvinaves EOF fedumnsoanis EOF 7
laigaunnagdiodld pH Alunmaass Tneunalunsldnsifisanundudulaeizitnesld pH feend 4 (1] wily
aASeildannsald pH sl iesenesnsnanduandiunannsnesnenan fiilen pk, 2 A 1.23 uaz 4.28

AUNITNTHANFIVBINTABBNIANLENI IR LUT
H,C,0,4 + H,O = H,O" + HC,0O, pK, = 1.23
HCZOA— + Hzo : H30+ + C2042- pKaZ = 428

UATTNIATILANAINIINATATNIN TR pK, 3 A1 i 3.13 4.76 Lag 6.40 NILANFIUBINIATNINLERIA IR LUT

CeHgO7 + H,O = H,0" + CH,0; pK,, = 3.13
C6H7O7—+ H2 : H30+ + C6H6072- pKaZ = 476
CeHO+ H,O = H0" + CHO; pK,, = 6.40

MuumnAsenslinIneangantazaninuandlanuasedld pH 1u1nnd 7.0 Tuld wagainnisveass

WUOY pH<7.0 Miponganuazdnsnazltiaiuiuuinnii 30 w9 lun1siedeuiuifinionsain 1Hesin

'
a1 o

i pH fseanedntazdvsnuandlates vinliauausalunisiadeunniliindiaimn Jaedeunlati el

v '
= =

nsindsnauuvesulatvesesnyianuasdmsnialianunsald pH Aiduin e idieainisfng pH

v
o

WL ALFINSUNINSHENDBNTARAKAL T IALar NSINUS Ik uUeaulal udteddadenleneainadnasyn

v
s o a

pH 7.21 uagagAnwivaedn pH vesiwmesnsilde pH 6.0, 6.5, 7.0, 7.5 uay 8.0 Fudutisfieanyianuasdingm

wandaldiiiou 100% wanisveaeafilinuandluguil 1 mnguaziiuldindeiiuan pH aasivinesain 6.0-8.0 &

¥ v
=

navilvansesnudamiue pH Miiutu siduraiiosnandedn pH iuduasinld EOF wnTumalddae
Jufnussusznindleseuauteseenyanuardinsaiu EOF fiflianisnsindeuiininsaudruiy fufudle pH
\induIdwalfansiedeuiioonundnag LLazuaﬂmﬂﬁmﬂgU%ﬁﬂmmiﬁmﬁam pH it ufirveseansnanuasd
WITALENINTIAYBAVSNTEY 9 WInTu dofimsanamsuendauandusuil 2 wuindle pH Wit Ansuen (R)
AuuTusduiioatu e pH=8.0 t8uA1 pH Tﬁﬂ'wmmaﬂﬁuaqﬂﬂaaﬂmLamag%mimmﬂﬁqm (R=2.4 Wag 3.3

AuERy) fauidnd pH 7.5 azaunsanensanyanuavdmsalaegsanysal (R21.5) udiinveteanyianuasd

12



wisneglnanuiinveaumningdu q luansiegedaanzuinndif pH 8.0 Fafindu q onuadifinveteanyLanuway

Funsale astulunisneassilduden pH 8.0 dmsunisueneensanuasdinsaluaisiegislaaiy

-0.08

AU

0 2 4 6 8 10 12 14 16 18
Minutes

Ul 1 idninsilelsunsunansweanaves pH sennuannsalumsuensensianwazdmsaludiaany auidudu
yowleamatnmesivindu 200 mM wazusu pH 18u (n) 6.0 (1) 6.5 (A) 7.0 (1) 7.5 Uay () 8.0 fin 1 fiv soneILan
uag fin 2 Aednsn @an1dvuea CE Ml¥Ae uncoated fused silica capillary wuaLdusuAudnatan1ely 50 um
812 40.2 cm (30 cm GaiA3eans293n) Andladi -15 kv ussansienil 0.5 psi lWuan 10 3unil uaznsaain

'
1% N a a a

pegI-IalanANNENIAAU 195 nm

Y

300 4

250 4

200 4

1.50 e ST Tk

Resolution, R,

1.00 ——FN98

g & |

0.50

0.00

6.0 6.5 7.0 75 3.0

pH

JUN 2 n9muansnsileuliigue R, 1A pH #ing 9

13



4.1.2 Hav2IANUTNTUVaanUasHanNE T lUNSHENDINYUANKAZTLNTH

Wedidenlilumiddoideneamatilies (oK, 7.21) 7 pH 8.0 Fsazshlinsaeensndnuazdninuan
duduszgléifiou 100% warluanmziaed EOF firoudhsguduiu udegslsfinuaauaunsolumaindoudi
mslwihveseonsanuazdimsniimgmedazamnsadunisindeuiives EOF inluginiensiadnld lunns
nnassEnTAIT e e TlesTiradlunsuenesntanuaBinn Tnefnuiitasmnandudy
40-200 mM HansAABILARIIFUT 3 aziiulFhnmsiiuaduduvemeamndiirledviliasiadouiioonsn
Jumdemsintadatu Insundnisiiuaududuresiiesavildanuamsalunsindouiinslilihanas
lossnannuusdlesiinluasaranefifdmniu ilfasiegredvuelvgtuiiosanlossuiiundeuseud
Srnunntu shlfanadeufioonulédras wilumsmeaesiidernududuresirlesifiutuamsindeufioonsn
130w sidunaiifownanmsiiuanududuresimefasililuasazareiviunalosouunu Fenavi
TAneuseunmelunziiaaisvienin joule heating Ssanudouiiiintuazdmarilvmumisvesesararvanas
fnavilansindeuiesnuniiaty mﬂgﬂé’ammiﬁﬂwﬁmmL%m%umaaWaaLWmﬂ’WLWQﬂmm 40-120 mM (gﬂﬁ 3 (n-
) SilaianansoueniinresdinsnoonanuySngle e IATeeeNYLANLALBNIAILENNTORENEBNINTABY 9
I#ognsanysaiflonnududuromoamntvilesfiafous 120 mM Tuly (U 3 (a-an) Aeududutiosn 140

mM gansaueniineenynanlawanuirinvesiinsndisiuegivasau

0.05 0.05

AU

Minutes

g‘U‘l‘/’i 3 BdnlnanelsunsuuaninavasnudutureoamatiesAanIswenveIsaNs LanKAZT VIR LUAI0E1S
Jaany anuuduresdviivasde (n) 40 mM (¥) 60 mM (A) 80 mM (4) 100 mM (3) 120 mM (a) 140 mM (%)

14



160 mM (%) 180 mM uag (1) 200 mM Taefia 1 Ao eon¥ian war fin 2 Aedmsn dmsuaniizdu 1 ves CE

wanslugui 1

ierSsuLiisuen RSmaaaammamaz%mwLLazmmvﬁwﬁwaMamWWﬁwLWas‘é’w’aLLamﬂug‘uﬁ 4 wuindenny
Wuduvesleamlntmlediiin Ansuonvetesnyananaslurasfidinsuenves@nsaiiuiy frve@msnos
wonldogsanysal (R>1.5) lemnuiduduvosmeamntvimesiiadaud 160 mM wufy 91N smnaeanyind
anududureseaatiives 160 mM Auilesweiiozueniinveseenyianuazdinsnliod1sauysal Inode R,
WU 1.94 wag 1.58 dusuiinvesesnvanuazBimsnauaisu eglsinusildnnududuresivivesinnnin
160 MM finvesdinsnazdansnasnianiineu q ldundu uaz imnududugs q nanfildlunisuendsanasdn
e dahlunsneassiizadonmnududureseamatnesi 200 mM msizannsausnTENYLARLALTINSA
Iapgradivsednsnn lagliainisuen 1.67 way 3.78 muaisu ArluinstdulndveseeneanuazBimsaviniu 4.45

LAY 8.16 ANAIAU

3

e ST Tk

Resolution,R

——FN98

a0 a0 30 100 120 140 160 180 200

Buffer Concentration (mM)

3UN 4 nemuansnisidSeuiioudn R, vasaamninimlasnaududusing 1

¢ 1

4.1.3 HAYBIAUANANGADANNEINITAIUNITUINDDNYUAALAZTLNTA

nasanlaanududuraza pH veseaiairinesAmuraud s UNISLINNYLaALAL BLNT LAY

saulaaneravaInusednglwihildluniswendiialiainiswenNananvesassaasvie Inausuafnglniig

q
v

18w -10, -15, 20, -25 uag -30 kV aud1diu nan1sneaewandluzun 5 asuldiniionnusisdndlningsu

lrasiedauneanunlasitu wssannisiiuanusedng i duvinlmananuduvesauutii (F) Auinau

v v
= o

wazdsnalileosuresasiafouiiluduaiaansiainlaiiivu Meliileanin p vesastuegiuanuiduvesauuliii

v
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0.2 - ~0.2
, : - 5
. i L <
01 0.1
] | I i
0.0 - , 00
] : : L
0 5 10 15

Minutes

31J1'7i 5 SLannsnalsknsukanInavasnusefnglnirenuausaluniIsheneaneanwasdmsaludaaniy
Tagusumanua1efnglnindu (n) -10 kV (@) -15 kV (A) 20 kV () -25 kV wag (3) -30 kV A 1 Aa 00nw1an wag

#in 2 AoTingm dmuan1dzdu q ves CE uanslugun 1

'
=

Feazuiulaiiyndndliinesnsanuazdmsanensenainiinsesuningdy o ldegrsinau wians
neassnuIdlaanadndlniiasdu -10 kv v linisiedeuiivesansunduniewsiaindias dewabidenailunis
IATILRA1TF0E19 wanuinANUA1EnS ATy -20 83 -30 kV a159ziAdaufieanu S unuAIEng W7

WU a1l lun1shenanaar A998 N L anwas I SA NI TANULINTY Y919 LANAYDLUNSNTU

o
o o '

1 UnTIATIUNIUNTHENYEIERNT anLaEBMIALE Snvedanuimsdindndlniildlunisuendaus 20 kv Tu
ufinavhlinszualninlussuumniuenadeslensvgavhausenaiodasdnludd iesmnnsudlnifigenn
AUl (5200 pA) Fadumsvaassiisadenldanusedngludi 15 kv dmsunmsuenesnsianuazdmnsn 35l R,
YOINABDNYNANRAZIVNITAWINGY 2.80 waz 5.46 Aud1du Bidninswlelsunsunansmsueniild@ndluiiviniu -

15 kv wansluguil 6
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0.10 -0.10

) 0.05 - ‘ ) -0.05 o
. | | 1 ‘“\ | <

| | A | ,

| |
0.00 - ~0.00
Inmmm T T TrTrTrTTTT TrTrTrTTTT T T el
0 2 4 6 8 10
Minutes

U7 6 Bdnlysinelsunsuuaninisuenvesiineenyian (fin 1) uazdnsn (fin 2) Welddndlnilunisuenviriu

-15 kV dmfuannzdu 9 ves CE uandluguil 1

4.2 nMsmnziunzangmsunsiiaautudusuusulal (on-line preconcentration) vasaangLan

wazdmsalagwmaiia CE

v
o =

AusunsiaTsiuinussnyanLasdimsnaeweia CE uaznsiainaeyi-ddilatu wuindilyni

Y

=< 1

induillernesnganiardmsninnuausatunisganaugilan Jedemaliliaunsansiaiaianududusi

'
a '

laegagndas AatunsiauIsnisiinanududuvessensianwardmsadsdinud Ay dielinalia CE
amsansirineengantasdinialuliuunilaegrsdusednsnin Tunuideilaldisnisiiuansiegslu
redutwuvesulallngldnisussyansidilivluasiiaanslulsnaundennudu Welvdndlniinluniswen a1s

1 o

feesazindeuiiaaumaiu EOF wioufuiumindgnidaeenlag EOF Fuililauasiediauauasuasiaang
tugetu mnannefnganlaglinnududuveslaamativines 200 mM pH 8.0 wazarasedngluih -15
kv fananudluiade 4.1 Funsudesshnsinwnsmangivnsadlunafiumumduduuosulatvesosn
guanlazdingg iioansansrniaUiinueensnantasdimsaluliunades 4 lfeg1sgndeauazusiugy lag

nsAnudaduang o sreludl
4.2.1 53829IUIYENIHI0E

Tunsneaedlidentditnisiiuaiududuvesansiegidlupsiiaaniiagldnisussgansdegidudiunm
WNFwAuNsIInnsngeananszuulaglyd EOF [1] Amlussawianlunisussgansiegdelianudfndmsu

ANSHNNAMUTUTULAEITH
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Tuguit 7 WunmsliiBnmaiuanududuvesasuuvesulatdnanunyssgndldlunisiiuanududuves

panganuardmsaluaziiaans nuindeldsveziianlunisussgansiiegauuduasyliiaveseonganasd

v
o '

wsngey uenanifmuiniefiusrernarlunisussyasiegaunuiuiiliasiedouiioonuld $r3udnde
\lesunanmaifinszegailunsussaasiegaihlilauasiegudauenunuazeadouiinluluazfiaats
IHnnTunuszezailumsussyasiedwiiiutu dwalivdosssemduasiina3fasazfenadouiifaaios
neavinduas Ssduavhliansldnateslumandoufioonunfuniomaataviomandoufioonunlditutues
nanAensussgasluimasnnyilfleuvesasiifiuszgauliiiadeuiidouludsiuussgarsunnidnidesann
sample plug JUSuuIA 5&‘1/711‘12’@aﬂﬂé’l,ﬂ%‘aﬂmaf«]%Mﬂﬂdw Fatuszezmlunisindeudiduniewmsia g iy
nh Fafunsfinszernarlunisussgasiedidsdmaliansiadoufioonsanasfiaaslditutues 91nns
vnasanUIeeNTLARLArEmsAlTAIN1sueneganysaideldsza znatlunisussgansiiegie 10-70 3und mn
UsTEIeE19INN T 70 Juniaerlifiavesansfiogagatuuiwuiliinisuenilaiaysal egrslsfiniuann
N5MAABINUIINTUTIIANIHIBESA 30 Fundidifisaneudrdmiunisnsiiaansesnsnanuazdmsaluliuia
tioy  Tngannsaifiumnugewesfinesnsianuazdinsnliuszana 2 v waglirnisuendmivesneianuasd
WsANAU 2.9 wag 1.65 auddy fafinsifinszeznailunsussgasiegnefiinnndt 30 Juiflazause
diuarugeesfinoensianuasnanldibelu uinmannasswuherahlifiaveuminddy 4 dhanedlndda

fufiavesesnynantar@insnunniiuly Fallenmavinligadenisuenla

18



AU

T T T T T T T L T T T T T T T T T T T T T T
0 2 4 6 8 10 12
Minutes

5URI 7 Bidninswlelsunsunanmavesanfildlunisussgansdegaiunsiiuanududu veseanynanuazd
wisstulaaniz Wneusunafldlunisussgansiiegraiu (n) 10 waz (v) 30 Fundl fim 1 Aesenaianuas fin 2 A
e dmsuan1neues CE Aewodnatninesianududu 200 mM pH 8.0 Andluihdlalunisuen -15 kv way

4n713gBu 9 ves CE uansluguil 1

4.2.2 pnusunmnizanlun1sussyansitegn

wanINTEEaMTlunNITUITIaTieg Rz diatiaUsunuasieg1 s uTIgwal Anuduldlung
UsIgansiegeifinareUiavesasiegnutuiy faudaihnsinmeanuduiivuganlunisussyansdiegie

dmsunsiinanududuwuvesulal nanmeaekandluun 8 nuinlaiuanudulunisusiansiiegidag

¥
=

Haveznailunisussaansdogind (10 3uif) fnvesasiogsasniedu Sadusaunannisléamudufigey
vilvisuntheesleumsidnuasunuumnslvauaziinnsnszangvedlouas Ssazadieiumsiadeuiivesans
dewnanmsldtialu HPLC Swdwalifinansniranndu asdiildinsldemmusid 0.5 psi Wurnusuiivanzan
Tun15us19an3f087 wagynifiuanuduuinnd 0.5 psi invoseeneianuasdinsmaziidnwauenia 1una
\osnananuiuiinnntunarlunisussgansiegeiiliAnmsnszneesiinansiedns Suilfedsnumslsl
aunns feduddlimsldanudugdunsussymsiedaiofivuinuasluasiaad winsfiudimalaens
WinnaluN1TUTI9a 5 8UNY LagINIUTIgaNTTinIiY 05 psi uaﬂmﬂﬁmsi%’mmé’uqa%u%ﬁﬂﬁms

wdsuisenunliiduaueivagydonisuenls vislmszdieldrnuduasdu leuansdiegnsaseniiu vilinde

seegndlunisimdeunludiniemsiainduas Bsndreiunsainisussyansiegaliunuiuiuies
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~1.0

) I o)

. 8 <
~0.5
0.0

T T T T T T T T T T T T
0 2 4 6 8 10
Minutes

U7 8 Bianivswlelsunsunaninavesnnuduiildlunisussgansfegaiumaiiuanududuvetesneanuaz §
wisnludaaniz lneusuanuduiildlunisussaansdegiadu (n) 0.5 () 1.0 (A) 1.5 (1) 2.0 (3) 2.5 () 3.0 (1) 3.5
way (%) 4.0 psi fin 1 AoangLanuaziin 2 Aofinsn lagldszeviialunsussasiiegs 10 Tl wasaniie

B 9 ves CE uansluguil 1

JUT 9 uanansiUSeuLfisunsusseansdaeded 0.5, 1.5, 3.0 wag 4.0 psi aswiudinisldmnudulunis

U339a15M0819% 0.5 psi (FUN 9 (1)) inveseanyanutaBimsnidnuazuaularas Jalansiennuiuimga

o

lunsussgansiegnsluasiiaais WetuanuiuannIulun1sussgansiegne (FUN 9 (v-9) Aragiidnuazning

3

\nn1snszanevesinsulisunandnvaglguasmdunuumsluad wagymniiuausuuniunan 2.0 psi

v
o

YOUUNINGDU 9 AziAdUTILTaLarUATIinYesBmsavilrlldansatenalsasnaale aetuluauideias

Wannsussyansiegsluasiaa1saienuay 0.5 psi Amsunisuenoengantasdmsnludaany
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0.10

0.10

(n)

10.05

0.00

04

0.2

0.0

= a

A 005 ﬂ
n
U\Jl_RJJLL_JéMJm_
0 2 4 6 10
Minutes
041
(m)
A 021
/,UJM
00+ 1 2
0 S R 10
Minutes

All

All

All

All

034

0.2

0.1

(1)

o

03

0.2

F0.1

0.0

Minutes

04

0.2+

F0.4

0.2

" /JL M“EA_

4 6 8

Minutes

3U7 9 Bianlnsielsunsuuaninaveravesnudunldlunisussgansiegsiunmsiiuanuiduduveseanyian

wagdwseludlaany Tasusuanuduildlunisussgansioiadu (n) 0.5 psi (W) 1.5 psi (A) 3.0 psi wag (1) 4.0

psi 7iA 1 Aia sanwLanuas fin 2 Aednsn aegldssaziianlun1sussgansiiedne 10 Junfiuasan1isdu q ves CE

wainalugui 1

4.3 n15n5298auAN Y AvaIITAN

Ju (Method validation)

INNTNAGBIUINTD 4.1 wag 4.2 Ylaanneiwanzaulunisientazaneimunzanlunisiian 1y

Wntuvesasiegtlnewmaila CE Fslaun woamnivinasnaududu 200 mM pH 8.0 Andlaalalunisuen

-15 kV sze21a1lun15usIyansinegd1e 30 TJunfidmsuniseniainmedisesnianuasiinsnluuTinutey 9 us

sgldszesiianlunisussgansdiegne 10 Jundidmsunisasiaineanyianuasdinsaluusunaunieiedie

ansaiaseilaninigaiisaedmiunisinseiig

o

faURSIERUANULTLAVB I SRR

£%

AeISNsRaralUl

RS HS

Tgauaulun1sussgansied1s 0.5 psi Tunau
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4.3.1 YAINNAVBINITATIIALAZIAIINANITIATIZITIUTUUA8LAT9ND (Limit of detection (LOD) and

limit of quantitation (LOQ))

ﬁﬂéﬂmamsm%'a:umia3mamm§maaﬂmLaml,as?umm fﬂmﬁuﬁwmiﬁamﬂmiazmammgm ey

v
[ ' 3

TR eisemaia CE mudaiildianniuedieden 3 91 wastasasduvesdyaasodyansuniu (signal
to noise ratio, S/N) aunseiialdrmdaalndifies 3 d11Su LOD way 10 #w5U LOQ NaN1TVAABILAAIRINIT1
7 7 wuhnadiinszeznanlunisussgansiegadunm 90 Juniilden LOD dmiueenenanuagdinsamiity
0.003 4ag 0.013 ppm ANLUAIPU kagA LOQ diuaangtantkasdinsnivianu 0.013 wag 0.033 ppm ANUa6U
Fawunanunsauiia LOD uay LOQ ileisuiisufunisussaasiegismuszazinatund (10 Jun) Tidsuina
200 Wihvseeneiankazdmn WeFeudivufuauidenouniindiou Tl a.a. 2010 Muroz uazamyldiau
wazmnnmnzatlunsasinoonean Snse nsngin uazatiefitu luilaans Tagldweamatimnes A

LUU 50 mM pH 6.5 uagldmatia CZE Tun1saas1zias wuan LOD 199n15as1inansfina1iviniu 0.46, 2.6,

' v
vas a o < a1

3.8 uay 1.3 ppm Auaeu [2] agwiulaintasisiwaunduien LOD dwmsuseneianuasdmsatosniteuide
Aanan wstidlusnAdedamnsaviladeiazaunsaiiuanududuasuuvesuladdmiunsmusuaesngn

wadflogludaaneluuiunne q legeiiuseansam

A15197 7 PAINTRYINITATIVIALALTIAINNANITIATIEITIUTUUAILATDIID

J2821281lUN1TUIIPEIHI0EN 29NY AN BN
(i) LOD (ppm) LOQ (ppm) LOD (ppm) LOQ (ppm)
10 0.657 3.285 2.628 6.571
20 0.526 1.314 1.971 5.257
30 0.329 0.657 1.314 3.943
40 0.197 0.329 0.657 2.628
50 0.131 0.197 0.329 1.314
60 0.066 0.131 0.197 0.657
70 0.033 0.066 0.053 0.329
80 0.007 0.033 0.033 0.066
90 0.003 0.013 0.013 0.033
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4.3.2 n3mMunsgTu (Calibration curve)

TumsliesgvsensianiazBnsalundag uazvinisaiiansnunsgIuaun1sed 2 gntutily
Ainssimemaia CE lngldanmsivnrauiildianuntulnerhnsiessiesnsianuazdinsaanududuas 3
ads niumAedsves A, Lﬁaa%amemmgmﬁqLLamﬂugUﬁ 10 wazldaunsidunssdanandunisied 8
91ANAN15NAADIIZLAULAIIAUFUTUSTEWINT A, hazAududuresaIsuInsgIueangLanwaz§nsnd

anuduiusludnuaziBudunsegs sumiuldand 7 veseonyianuwasBinsauiniu 0.9987 wag 0.9997 Aua1au

18000 ':ﬂ:'ﬂ y= 10442 446,72 I0000 {'ﬁ‘_l}!] y = 4T 206 + 44,997
B = 099ET B2 = 09997
14000 ) 1 o0
" b y . b
33 12000 E > <
§ 10000 | g g 20000
= # X
E_ 2000 // E 15000
7 o /// 3§ 10000
5 4000 S 5
L) v 1
2000{ M o
~
o +¥ 0
0 20 40 &0 80 100 0 100 200 300 400 500
Concentration (ppm) Concentration (pprn)
1

3UN 10 N9 MINTFIUTREBNE AR (N) b axBing (1) dmnsumsinsivieengantasdinsaludaaizlay

Y
waila CE @n11zv09 CE Apmanadudurosnaandwinosy 200 mM pH 8.0 axfiaarsaoduiiilu uncoated
fused silica vunaLduRuAUENa1918lY 50 um 813 40.2 cm (30 cm faA3aenTIadn) Andludh -15 kv ussqans

a a

feAudy 0.5 psi 1ua110 il warnsanindeyi-dadanianuenindu 195 nm

A15199 8 AUNTITLAUATIVOINTINUIATZIUVRIDBNYUANKALTNIAEMTUNITIATIEIRONT LALLM TN LY

Jaanlaawaiia CE

, v o AUNITUFUNTS
NINUINTZIY YANTNTY (ppm)
AU AAAUAU y R
2ONYLAR 5-100 114.42 446.72 0.9987
NI 10-500 47.206 44.997 0.9997
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4.3.3 a3nUuiU (Accuracy)

nMamanLsiuaansildnuiade 3.5.3 lnawisuaudududmned 3 anduihluiesneise
wadia CE Tagldannsfunsanildiautuanududuay 10 edufiomanuuiugivomisinsegideis
fianTu warthe A, TnRamasesiilduUiuesesns Lz Bmsaifisutunsmaasgulugud 10
ndutheildindunmissazuainsiundu (%recovery) kamsvaaotuandlumsnsd 9 nHANINIAREIN
AukuTaINTlinTsieansuanuarBinsaludlaanglasisiiauntusasldnsussansiegauuutnd (10
Fuil) nuirfesazvesnsAundueglutig 98-108% dmusenvuanuas 103-106% dwiudinsn ssegluried
gousulalutiedosazuninsAunau 80-110% d1m5unuidudulugag 0.1-10 ppm wag 90-107% d1msuaanu
Wudulugae 10-100 ppm [3] wenaniflginismiesazvesnisunduiitennassauusiureinsiasizioonsn
anazdmsaluiaanz dmsunisussganssegndlutiinaann (30 Jufl) ansmaassiandunaed 10 wud
Yovazuoin1sAunduLYnAY 98.95% dmiuseneilanuay 102.66% dmiudinsa deegluinusifseusuld
Wuigafiunisuageuaukdudniun1sussIasieguuUnd uwandiiulrnugnieuazudugives

A0 BLAL TN NAUNTUAUSUNSRLANUTLTULAE NS WEND DAY AR AL NTH Luldaniy

M19199 9 ANukiuYBIMATIzieengaakarBnslulaany Weldnsussgansdegiauuudnd (10 Jun)

(F1UIUNTIATIZY N=10)

. aanduduitalé (+SD) Recoveries (%)
GUEIPRIAN ALAUTUTILALN (ppm)
(+SD)
DONYLEAE 5 5.42+0.13 108.37+2.53
50 49.43+1.27 98.86+2.53
80 78.81+0.73 98.51+0.91
FLNTH 10 10.36+0.65 103.57+6.52
100 104.95+4.13 104.95+4.13
300 318.87+1.86 106.29+3.95

= I a '3 a & g v o ! a a =~
M1319% 10 ﬂ']']uLL@JU?JENﬂ']i']Lﬂi']%M@E]ﬂslﬂLa(5]LLaS%LﬂiﬁluﬁjaaqagLllEﬂ‘Uﬂ'ﬁ‘U'ﬁﬁﬁ!a’]im?aEJ’]\TU'ﬁlnmll']ﬂ (30 )

(FNUIUNFATIER N=10)

‘ Aandududiale
A15A29819 AULTUTUTILEN (ppm) Recoveries (%) (+SD)
(+SD)
BONYILEG 50 49.48+0.42 98.95+0.83
FLNH 100 102.66+4.61 102.66+4.61
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4.3.4 auiies (Precision)

MlAlaensIATIEINGINNSIAaRlUIYe 4.3.3 TnaA1uin A, VBIEISHALIATIEMIMNANUTUTUTDS
anslagifisuiunsmanasgnilusy 10 azlduunmeeneanuazdmsaidegluasdione uazauiduduves
asaraNeNIRIgIuEENTEALArBInIATiALasly 9nduamnsaduan %RSD ilevnaranisanislutuieaty
Tagifisunisussgansuuuund (10 3unh) Aunsussgansluvinasnn (30 3unf) nanismeaosdauandlumisad
11 ‘wudwﬁﬂ'wmmLﬁaqqqﬁﬂmimiﬁgmséﬁaEJ'NLLUUUﬂaLLa:mimif\gmséﬁashﬂuﬂ'%mmmn (30 Fu#i) ndafe
Tunsvnasléen %RSD<d% dmsuialannsdulnd t,) uaz A, waz %RSD<5 dmsuvsinaiinsaiald uanai
FBitwwutuiienufesguuareglurisiivensuld (3] uarisnisussgansesidluriinaannliauiieaiias
Wufeiunsussgasfegnauuulnd WerFeuiflsuanuiiissszwineiulagvindndeiu 3 Ju nan1smaassda
wandluns1edl 12 wuin 96RSD<5 dmsusislaunsulg (tm) uag Acorr Bsdwmalst %RSD<5 dwsuaudutud
as1adalseglusasitsensulfsuderiumsmaasuanuneluiuifioadu duansinaiesdiouarisins e

o

WanTuiiuseansnmgaiissmedmiunsinseinaasiefunane Ju

A15197 11 anuiigenelutuRedturensiesigieengantasdmsalulaanemewmeiia CE Nlanaundulag

N15UI9RENTEI0E79 10 Uag 30 W7 (31WIUN153AT18% n=10)

AU %RSD %RSD %RSD
LTUTY D4 D4 L4 v o
o (ALRRYYUBA t,) (ALRR8UBY Ay (ALRARLVDIANULIUYU)
A19929814 .

TG

( 103w 30 3w 10 3u¥ 30 ¥l 10 3w 30 ¥l

ppm)
2.27 0.39 3.75 0.77 2.56 0.84

2Ny Las 50

(5.45) (5.23) (5514.84) (17431.50) (49.43) (49.48)
3.27 2.06 2.88 1.09 3.93 4.48

FLNTH 100
(13.77) (11.68) (5746.83) (17396.45) (104.95) (102.66)
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AN51991 12 ANUAB9SEUINaTUYRINTIAS ITeang kA dwsalutlaanememaln  CE Avaundulagly

S282LA1MUNTUTIIATAIDLINTY 10 Tl (F1Iunnsiasesi n=10)

AU FUN
o ' v v oo %RSD
A19979819  LIUIUN
W il 9%RSD (ALaAYDs
1 2 3 ..
ANULYUVU)
(ppm)
DONYLAR tm 5.48 5.56 5.43 1.45 4.86
50
Ao 6060.25 5770.20 5734.80 4.86 (49.88)
FLNTH tm 12.53 12.67 12.43 4.54 4.35
100
Ao, 5929.30 5949.72 6037.64 4.35 (102.98)

P ' v
s o

4.3.5 n1suszanddsnnawnulunismdsuiaeengaauasdnsalulaasuaznisiieuiisudisnnmunau

uTU1M55U (Enzymatic method)

dialdunsBuduinisnisiessivinaesnyianuasdmsa iimudutuiianuiidededewSouiiou
Aulsumspunlasunseeusy Juhnisseufisunsinseilaenismivnaeeneianuas Bmsnaielavsaes
nanfawanidudunisnsiaiavinueensianwazdmsalaemnaiia CE imuduiasdnwaniaiunisnsiais

YSurueenynansazdimsalagldisunsgiulagldyanaaeu n1snaaeunsaesisaslddegnstaaizdiogig

= Y - -

Wiy asazansuaspiuiiwienlugaieniu vinsiwsgdluiudestu weidunisananuianainiiens

ARTUlUTEMI19N1T1A5189 USunaeanaanlutlaanieiiiundmsizituianududuwuady 3 seiu nanife

1%

Fremnududuresesnsuanludaanzvesrudniifie 1-20 ppm Fudunisasiaiieuduiigunsaiuaziaiasie

v
o

FdsanngntauTuasansvinUsinuasiulsuiutdes q ldeg1igneies ¥aedauife 20-40 ppm wazya
anududuvesseneaniiuinnit 40 ppm Fududrsiinaesnsnaninuluaannzvesautielsaiale (4]
dmsulsunavesdmsalupuUnfdulnganudutuve@msalulaanizazuinndi 200 ppm warlugUieusunm
1033 salaeadeazannnil 100 ppm (5] 3ekiitemilunsnsaindmse Foulumadeitwdsansinogadu
3 nauauadudureteensan Rnduarsiegeiaaaluiinslinssidiemeda CE lagldanei

WNEANAUARUMTIATIEiABYavadeUeaNYLanLALBMIRn N ITnaedluide 3.6.2 uag 3.6.3
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0.04 - -0.04
i | | 2 :,
b A L
| / ‘ I /ALJ\JU._,/LJ i
1 -
,‘} :
0.00 +— S S S - - 0.00
0.0 2.5 5.0 75 10.0
Minutes

AU

U 111 Bdnlnselsunsuresnisnsinvinmesnsanwasdnselulaansiinnududui  (11.81 uay

44.97 ppm aUAIRU) d@n1dzved CE Aildfeussgansimenuiu 0.5 psi {uian10 Jundiuavan1izdu 9 ves CE

wamslugud 10

0.04 { }0.04

1 \ 2 1

i | T

! | | \‘“\ »‘(\ ’ﬁ\ \j \W\_J/\ ;

: | L I L JU NI i
0.02 - SN -0.02

iy i
0.00 7’\ LI L ‘ L L ‘ L L ‘ L L ‘ L L ‘ L i 0.00

0 2 4 6 8 10
Minutes

AU

sUf 12 dnTnsinelsensuveanisnsiatnusunueeneantardmsalutlaanie innududusgsunans (30.58

v

Waz 240 ppm MINEIAU) dn13zed CE TildRoUssgansiienuiu 0.5 psi lluia10 Junfiuazaninzdu 9 veq

CE wandluzudi 10
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0.04 - | -0.04
] | ‘ 1 2
. / | | [
i / “ ﬂ Nt
! ] / u | v T 2
) i _‘_M__,‘_.A_J‘ |G N |
0.02 - B -0.02
0.00 | ‘ ‘ ‘ ‘ 0.00
0.0 25 5.0 7.5 10.0
Minutes

3U#l 13 Bidninslelsunsuvesnisanaindinueenyianwasinsaluldaanefianududugs (108.19 uay
315.57 ppm Aud1div) an1azves CE NldRaussyanssenusiu 0.5 psi {unal0 dundiuavan1izdu  ves CE

wamslugudt 10

ideldnanisnaantlneldioulsings andutunuisudisufunanisasiatn senenanlneldinaia CE
MRl TY YinansTnseinideitiniouiiouiy nanfewaniadunisasiatadiinaesnsian
wasdmsalneweaia CE Wan1e CE fivamuntuardnwandadunisasiaiausuaesnsianuasdmnsalaglens
sy Mntwdieufisunaresiaesislaensnaaeuuuuil (the student test, ) nanisiUSeuifisuuansly
A58 13 WuieAunn t veseenetanuazdmsaldvingu 0.32 uay 1.43 suddu WewSsudieuitiasdi
SYAUTLAMUETIYINGY 40 ($11UAATIE N = 41) A1 ¢ RafneLEesiu 95% Winu 2.00 FafiAnunnnine ¢ @

Anald dauisasulanlifinnuuanasegadited Ay senianan I eiveansaedis (6]

' v
v ada o |

wanaNdluguN 14 Seanansadudunnuindefievedlsiiauduinfianugnees nandrensiATIEYn
YsurweenganuazdimsalaedsnvaurdulinuduiusidudunssiiduinduiSuinsgiu Iaed intraclass
correlation coefficient d1%5UsoNYLaNLATTLNIALVIAU 0.977 waz 0.970 MUAIFU (A1ULNNIIAT intraclass

correlation coefficient agﬂuﬁlhﬂ 0.81-0.98 NANULTBIUSDEAY 95)
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M1999 13 anududureseensiantavdmsniiinseilalagldnalia CE auanngildnmudu Ingldnsuss

a139788199 10 IWATUTBUINIFIU (enzymatic method) " (F1UIWATIEN n=41)

28NY AN (ppm)

n3n (ppm)

ZeloliAN:
CE (+SD) enzymatic assay CE (+SD) enzymatic assay
1 14.17+0.10 9.27 15.35+0.50 36.25
2 9.65+0.29 10.27 40.25+3.44 22.84
3 15.87+0.54 11.27 21.92+0.67 41.20
a 16.80+0.11 12.27 40.91+0.96 41.73
5 14.64+0.09 11.73 22.71+1.08 19.26
6 18.10+0.63 16.21 32.56+0.23 20.04
7 11.81+1.02 18.01 44.97+1.34 23.84
8 12.12+0.90 26.76 129.76+3.87 103.39
9 12.52+0.51 14.27 78.58+2.05 124.08
10 8.53+0.05 9.07 63.61+0.41 162.16
11 13.42+0.04 13.63 155.43+2.82 178.48
12 13.96+0.12 11.07 259.42+1.62 240.82
13 14.11+0.09 16.81 370.27+1.59 353.86
14 20.77+0.27 13.27 227.18+2.46 255.78
15 22.53+0.05 22.58 234.45+1.82 231.02
16 24.09+0.10 21.35 318.64+1.26 294.44
17 22.62+0.33 28.48 275.14+1.63 238.64
18 21.17+0.54 21.66 233.52+2.61 229.98
20 30.58+1.13 18.60 240.98+0.45 228.38
21 20.28+0.24 0.24 266.12+1.76 281.02
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A157199 13 navenuiuduveteangankazdinsalaginalin CE aruanelaimuiu lnen15ussgans

Mae 199 10 IUAAUTBUINIEIU (enzymatic assay)” (FWIWIATIZY N=41) (s0)

29N Lan (ppm)

930 (ppm)

TPLIIAN
CE (£SD) enzymatic assay CE (£SD) enzymatic assay

22 25.80+0.42 23.09 15.35+0.50 36.25

23 24.55+0.56 21.44 69.46+1.65 82.48

24 108.19+0.37 103.85 315.57+1.38 283.64
25 104.40+0.22 109.42 178.96+3.10 199.42
26 102.19+0.44 105.31 125.59+1.63 144.00
27 99.24+0.35 110.68 182.56+0.73 192.09
28 93.98+0.26 94.80 144.15+0.33 168.52
29 131.59+0.65 132.43 178.58+0.96 176.10
30 124.21+0.12 123.93 142.98+2.15 151.59
31 93.64+0.58 116.03 151.81+6.39 163.07
32 125.23+0.40 125.38 164.34+0.94 179.67
33 94.50+0.12 118.20 111.50+0.99 127.05
34 171.06+0.39 142.87 167.32+1.20 169.33
35 121.65+0.09 150.59 123.30+1.16 153.16
36 132.11+0.77 128.82 151.70+1.46 147.07
37 92.08+0.50 114.85 122.17+1.56 143.13
38 150.61+0.45 121.94 46.13+0.92 43.89

39 126.79+1.12 124.51 93.49+0.68 90.57

40 133.97+0.08 131.84 125.05+1.46 131.01
41 21.45+1.25 2597 131.01+£1.29 134.14

"Paired t-test: 99NYUNAR, t, = 0.60, tape (95%) =2.00 LALTNTH t = 1.89, tipe (95%) =2.00
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5o y = 09926 + 09218 a0 = 0915x4 18.691

- () = () - -

E 160 F2 = 09541 ‘i 50

= * . = -

i . g

5 g o0

= E

g 2

< _E 150

E' 2 100

H Z o

& =
: : : S o i : i

0 50 100 150 200 1] 100 a0 200 400

Enzymatic assay (ppm) Enzymatic assay {(ppm)

JUN 14 AnuduiusseninadSinaeensan (n) wasdvsn (0) Mnsadalalaeldvein CE AldwmwTuivis
1M331U (enzymatic method) Iaedl intraclass correlation coefficient dususanganLasdinsawiniu 0.977

ez 0.970

[

wenanidslaSeuiisunismuinnaesnsanuasBmsalaswmeia CE Nldaanlunisussgansdeg

10 AW USeuisunu 30 U9 NaN1TNABBIRILAAIIUAISIN 14 WUIAT ¢ ALAIINAITAIUIN VDIDBNY AN

v
[ Y

LATTNTHLAWINAU 0.42 wag 2.13 MUaU LiBSeuisuitnaansnseAuTUANILESLYINAY 9 (F1UIWIATIEH N

=10) A1 t AN t NANAANUIBIU 95% LVINAU 2.26 FIRAUINAINAT t NAIUIN [6] TILAAIINNANITILATIENIED
Flaanuuwansnaueg el dedAyn19@di HUADITINAILITUTANUULTDND @NU1T M UNITIATIEURIUSU

17

a a

EJEJﬂ"’U']Lﬁ@LLa%%LWiﬁiéj@‘c’j’NQﬂéfﬂﬁ wiue wagdiusednsnin
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M13197 14 YSuavetesnganiasdinsaiinseilalaemaia CE auaneilaiaundu lnen1sussgans

A9E199 30 IUMAUTBUINTEIU (enzymatic assay)” (I1WIWIATIZY N=10)

an¥1an (ppm) Fnsn (ppm)
#9819
CE (£SD) enzymatic assay CE (£SD) enzymatic assay
1 10.23+0.09 9.50 44.94+0.61 40.97
2 3.68+0.04 4.18 7.13+0.11 4.20
3 3.64+0.09 5.84 14.92+0.64 13.42
a 5.04+0.18 6.14 7.92+0.01 8.98
5 5.34+0.19 6.16 65.79+2.12 42.89
6 4.43+0.12 6.93 54.25+0.82 45.39
7 5.61+£0.04 7.28 43.32+0.64 35.76
8 0.62+0.02 0.56 48.80+1.48 46.39
9 7.57+0.06 8.13 43.40+1.06 30.09
10 5.83+0.03 7.58 124.89+2.94 131.65

"Paired t-test: 9ONYUARN, toy = 0.42, tiape (95%) =2.26 WASTINTA t = 2.13, tipe (95%) =2.26

5. d@3Unan1innaag

mMsfnwamefiranvesnsueneensLankardmsasiemadia CE lnaisuduannnsmietuazaiy
Wuduvemeamatrilesiivanzailunsuensenenanuaz@ings nuiiinnududuremeamatnimesivintu
200 mM pH 8.0 uagld@ngluiinlunsuenuindu -15 kv saufuaniiedu 9 ves CE fie uncoated fused silica
capillary YWALEURNIUANENA1 50 um AXE17 40.2 cm (30 cm fuateiniatn) mmé’uﬁlﬂumimﬁ@mi
19819 0.5 psi tuLan 10 il LLazm’Jﬁﬂéf’mg‘i-’iﬁlﬁaﬁmmmmﬁu 195 nm WaN1SNAABIIINNIT TN
Fananlunsuenesneianiasdimsanuindildninsilsunsuveseensnanuardmsauenaniinvesumsngay 4 16

aganysal nanfeA1N1suen (R) dvsussnanuasiingaiviniu 2.80 uag 5.46 aua16U

v
o

FumeusionvinnsAnwmsmangimnzadlumsiiuanududuuuuesuladveseonenanuasdimsm
WieanusansrainuTuaeeneanuasdmsaludiinum o Idedrsgniesazusiug: suisnsiiiuanududy
vasansiegluaviaa1staglinisussgansiegslulsunamnsmeanuay saiunsidaumindeanainssuy
Tagld EOF Tnsfnwiszaziailunisussgansiegiauazanusuiinganlunisussansiogmuin fan sy
0.5 psi iuANuFuTIvIzandmIUNNTUITIANTHIeEN InsevnifiumufuIINndn 0.5 invetesneianuasd

wisnvzdidnvauznMadunailleunainanuduiininifululunisussansdegiwiliiianisnszaievesiinans
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meagradnhlrfialnnuninaazagdenisien LLaxLﬁIEJSL%JixEJ%L’Jaﬂuﬂ’]ivﬁ‘\;ﬁ’liﬁ’laﬁhﬂLﬁuﬁuﬁﬂﬁﬁﬂ%ma@ﬂ?ﬂ
WnuazBIngety egndlsinuannnisvanomuiinisussgansfiogadl 30 Suiififisanedmiunansiataoen
guanuazdmsaUinas o dlinarlunsussgasieiannndt 30 Jurfazanansaiiuanugevesiinesne
nuarBinsaldfitedy winuhinvesaminddu q oraduneglndfuiinveseansianiasiimsniniduluuas
p1untafiavesansiiaasld femaiinisussgasfiosnanm 30 Tuniifiismedarinseimmuinaeensias
wazdimsaluszdusldediagnies uaglidnnsuendmivesnsianuasdinsaviniu 2.49 wag 1.65 AUy us
iiivmnaeensanuazdmsalinauAuly (>20ppm) MIussgasFegisuundina 10 Junfififiesmedios

ansalaszvivTInaldegegndes

doldannzfuneauiinsusnooneianuazimsanas maiuamududunuuseulatifeitnisus
ansogslutiinasnndeanudusufunstdaumindoenanszuulagld EOF nanafe annefivanzauvos
CE Aornududuvasoamstumas 200 mM pH 8.0 Tngld@ndluiinlunisuenvinfu -15 kv Saufuannedu 9
84 CE A uncoated fused silica capillary YuaLdusiTugudnas 50 pm AI11812 40.2 cm (30 cm FalATos
n29¥m) anuduilflunisusseansiedne 0.5 psi e 10 Iuniidwiuiedsifianuituiuvesesnsian
wazBnsnuiunaaiaas (=20ppm) wagldszagiianlunsussgansdietne 30 Juniidmsusetalaaneiidey

a A

WU dUveeanNYNARLaTTNTAA1 9 (<20ppm) WaznTIainmegl-daldanAue1IAaY 195 nm MNUUATIVELY

v
o

auldldvedsifmuntunuiinaiiussesnalunisussgansdaegadunan 90 Juiilde LOD dmiueene
LAAKAETLMIALYINAY 0.003 kag 0.013 AUaIAU wazA1 LOQ dmsusengiantasdmsawiinu 0.013 wag 0.033
mudy FadleiFouiisuiumsussgansietnemuszeznatund (10 Junil) nuhannsaiiuanugsosinesn
ganuardmInldfeszann 200 wh uenaninansnasmadaUAT ML LKA ATILTIBsT s TR T U e Ty
Fudeaifu (hnsvngey 10 47 uazssviefudunat 3 Yufiaderdu (inisvagou 10 91) namsvagoUNUD
anuwiunslutufeifuresnisinsegiesnsnaniazdimsnlulaansifieldnisussgansdegrawuuund (10
) wudrfesarveimsaunduaglutig 98-108% dmsusenvuanuar 103-106% @nSUTNTA UAZNITUTTY

a15819luUSUIuLN (30 FU9) WULNSPEATVBINISAUNSULYINAU 98.95% dnSusane1anway 102.66%

dwiudnsn dseglunaiieausule

N1INAADUAIUTEINUIINAIAIUNLIFININ1TUTIIA AR08 1MUUUNRLAZN1TUTIYATFRE 9l
USurmun A1 %RSD<A d1usunalutnsdulng (t,) uag Ay, wag %RSD<5 d1usuUsuuns1ainle ile
Wiguiguaunessyringiulaevdnneniuy 3 Tu #an15naaeanui1 %RSD<5 dwmsunaluinstulng (t,) uag
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ON-LINE PRECONCENTRATION AND DETERMINATION OF OXAIATE AND
CITRATE USING CAPILLARY ELECTROPHORESIS
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Program of Biotechnology, Faculty of Seience, Chulalongkorn University
2 Department of Chemustry, Faculty of Science, Chulalongkorn University
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Abstract: In this work, online preconcentration and determination of oxalate and citrate
using capillary electrophoresis (CE) was presented. A preconcentration technique exploiting
large volume sample stacking using an electro-osmotic flow (EOF) pump was employed to
improve the sensitivity of the CE method.. The migration of analytes was achieved using an
uncoated fused silica capillary column of 40.2 cm (30 cm to detector) x 30 um 1.d. and an
applied voltage of -15 kV. A background electrolyte (BGE) was 200 mM phosphate buffer
(pH 8.0) with injection times of 10-90 seconds. Results showed that when using an injection
time of 90 s, limit of detections (LODs) were 0.003 ppm and 0.013 ppm and limat of
quantifications (LOQs) were 0.013 ppm and 0.033 ppm for oxalate and citrate, respectively.
Recoveries of the method were in the range of 98.51-108.37% with the relative standard
deviation (%RSD) values = 3.94% for peak area and <4.29% for migration time (ty). Interday
precisions evaluated using %RSD were found to be less than 3.33% for both peak area and
mugration time. This CE approach has been successfully applied for quantitative analysis of
oxalate and citrate in human urine samples with high accuracy and precision.

Introduction: Kidney stone 1s a disease which 1s found 1n all age-groups and the number of
patients increases steadily. This disease i1s a longstanding medical illness and affects a
common public health problem of the general population worldwide * Super saturation of
urinary promoters (such as calcium, oxalate, phosphate and uric acid) 1s considered as the nisk
factor of renal stone formation. On the other hand, decreasing in urinal stone mhibators (such
as citrate, potassium and magnesium) 1s also a critical risk. People with low levels of urmary
citrate are more risky to encounter the renal stone disease because calcium oxalate can form
easily in the absence of citrate. Therefore, measurement of urmmary oxalate and citrate are
crucial for diagnosis, protection and inhibition of the kidney stone disease. Analytical
methods for determining urinary oxalate and citrate are normally enzymatic method, high-
performance ligmd chromatography (HPLC) and capillary electrophoresis (CE). Since the
enzymatic method is comparatively expensive and the HPLC method requires a complicated
sample preparation step, these techniques are not suitable for daily use.

Capillary electrophoresis (CE) 1s a promising technique for analysis of oxalate and
citrate in human urine. Advantages of CE are easy to use, short analysis time, sufficient
sensitivity and low cost. However. CE analysis encounters a low sensitivity problem
associated with low UV absorption of oxalate and citrate > Therefore, 1t 15 interested in
developing a preconcentration method which increases the concentrations of oxalate and
citrate prior to CE analysis. In this work, an on-line preconcentration method employmg
large-volume sample stacking using an electro-osmotic flow (EOF) pump was exploited for
determination of oxalate and citrate. This preconcentration techmique emploved long injection
time using hydrodynamic injection Once a separation voltage was applied. the EOF
immediately removed matrnx from the sample zone and simultanecusly preconcentrated the
sample p].ug4. This simple and effective preconcentration method enhanced the efficiency of
CE analysis for determination of oxalate and citrate at low concentrations. Finally, thus CE
approach was applied for quantitative determination of oxalate and citrate 1n urine samples.
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Methodology: Chemicals and reagents: A background electrolyte (BGE) consists of
potassium dihydrogen phosphate (KH,POyg and di-sodium hydrogen phosphate (Na,HPOu)
which were purchased from Sigma-Aldrich (Steinheim., Germany). Methanol, phosphoric
acid and hydrochloric acid were obtained from Merck (Darmstadt, Germany) and sodium
hydroxide was purchased from Labscan Asia (Thailand) Co, LTD.

CE Conditions: All CE experiments were performed on an MDQ Beckman CE instrument
(Beckman Coulter, Inc., CA). The temperature was maintained at 25 °C and the following
conditions were used for CE analysis; voltage of -15 kV, injection time of 10-90 s, an
uncoated fused silica capillary column (50 pm 1.d. x 40.2 cm (30 cm to detector)) and UV
detection at 195 nm. Prior to analysis for each day, the capillary was rinsed with 0.1 M
phosphoric acid for 15 min followed by the running buffer for 15 min. Between each
injection, the capillary was rinsed with 0.1 M phosphoric acid and the running bufter for 3
min. The capillary was rinsed with 0.1M phosphoric acid for 20 min and water for 20 min
after use at the end of the day.

Solution Preparations: Oxalate and citrate stock standard solutions at a concentration of
1,000 ppm were prepared in Milli-Q water. Five concentrations of working standard solutions
including 5, 20, 50, 80 and 100 ppm of oxalate and 10, 50, 100, 300 and 500 ppm of citrate
were prepared by diluting the stock solutions with Milli-Q water. Urine samples were diluted
and filtered through filter discs with a pore size of 0.2 um before CE analysis.

Optimization of CE condition: Phosphate buffer solutions at the concentration range of 40-
200 mM prepared from KH,PO, and Na;HPOs were used to optunize CE seperation of
oxalate and citrate. Effects of pH (6.0-8.0) and injection time (10-90s) were also studied.
Validation of the Method:

LOD and LOQ: Various levels of diluted concentration of oxalate and citrate were prepared
and the ratios of signal-to-noise (S/N) were determined in order to find limit of detection
(LOD) and limit of quantitation (LOQ) of the method for determination of oxalate and citrate.
LOD and LOQ concentrations were obtained from the S/NV equal to 3 and 10 times,
respectively. The dynamic ranges were studied using concentrations in the ranges of 5-100
ppm and 10-500 ppm for oxalate and citrate, respectively.

Accuracy and precision: Accuracy and precision of the method for quantitative analysis were
assessed by spiking three levels of oxalate (50 ppm) and citrate (100 ppm) in a real urine
sample. Intraday precision was evaluated from 10 repetitive runs while interday precision
was determined from three consecutive days with 10 repetitive runs for each day.

Application to real samples: Urine samples of patients with renal stone were 2-fold diluted
and then quantitatively determined using the optimized CE conditions. Concentrations of
oxalate and citrate were calculated from the equations of calibration curves.

Results and Discussion: Optimization of CE conditions:

Effect of BGE concentrations: Phosphate was used as a preliminary buffer for
separation of oxalate and citrate. The concentrations of phosphate buffer were prepared at 40,
60, 80, 100, 120, 140, 160, 180 and 200 mM. When increasing concentration of phosphate
buffer, results showed that retention times of oxalate and citrate were decreased, as show in
Figure 1. This was due to the fact that the EOF of the system was reduced, resulting in faster
migration of oxalate and citrate anions.
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Figure 1. Effect of phosphate buffer concentration on separation of oxalate and citrate
in a urine sample. The buffer concentration was (a) 40, (b) 60, (¢) 80, (d)
100, (e) 120, (f) 140, (g) 160, (h) 180 and (1) 200 mM. Peak 1 is oxalate and
peak 2 is citrate. CE conditions: uncoated fused silica capillary 50 pm 1.d.x
40.2 em (30 cm to detector), temperature 25 °C, voltage -15 kV, 0.5 psi
pressure injection for 10 s and UV detection at 195 nm.

It was found that oxalate and citrate can be separated completely from the matrix when using
the buffer concentration of 160 mM (Figure 1(g)) onwards. However, 200 mM of phosphate
buffer (Figure 1(j)) was selected in this work because clearly separated and far apart peaks of
oxalate, citrate and matrix were obtained at this buffer concentration (200 mM).

Effect of pH: pH is one of the most critical parameters which alters the selectivity
between solutes in a CE separation. Since one of the pK, values of phosphate is 7.2, oxalate
(pKa = 1.27 and 4.28) and citrate (pK, = 3.13, 4.28 and 4.76) become negatively charged in
the pH range of 6.2-8.2. Accordingly, the pH of buffer determines the extent of ionization of
each analyst. Effect of pH on separation of oxalate and citrate is shown in Figure 2. At the
pH range of 6.0-7.5, oxalate and citrate were appeared in overlapped peaks with the matrix
(Figures 2(a)-(d)). When increasing pH up to 8.0, better resolution among peaks of matrix,
oxalate and citrate was obtained. Thus, pH 8.0 was selected as the optimum pH for
determination of oxalate and citrate in this work. In addition. the results showed that when
mcreasing pH, longer migration time of oxalate and citrate were observed. This is because
higher pH resulted in stronger EOF, which retarded the movement of oxalate and citrate.
These separations were achieved using an applied voltage of -15 kV. However, it was found
that lower applied voltages did not improve the resolution of this system.
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Figure 2. Effect of pH on separation of oxalate and citrate. The phosphate buffer at a
concentration of 200 mM was adjusted to pH (a) 6.0, (b) 6.5, (c) 7.0, (d) 7.5
and (e) 8.0. Peak 1 1s oxalate and peak 2 is citrate. Other CE conditions are
shown in Figure 1.

To study effect of injection tune on the preconcentration method, large volume
sample mjection was performed to increase the concentration of the analytes. Figure 3 shows
a comparison between electorpherograms of oxalate and citrate under a normal injection (10
s) (Figure 3 (a)) and a large volume sample injection (50 s) (Figure 3 (b)). As seen in Figure
3. the 50-s injection time enhanced the peak heights of both oxalate and citrate approximately
50 times. Therefore, this preconcentration method effectively preconcentrated the sample
zones, thus improving the sensitivity of the CE analysis. An injection time of 30 s was
selected in this work because longer injection time leaded to shorter analysis time, resulting
in high possibility to obtain incomplete separation among peaks of analysts and matrix.
Compared with the normal 10-s injection time, the higher sensitivity of approximately 2
times for detecting oxalate and citrate was obtained when using an injection time of 30 s.

0.15 4 Fo.15
0.10 L0.10
B 2
<
1 L
0.05 3 L0.05
U.UD-/-—f_—gj/L} F0.00
0 2 4 6 8 10 12

Minutes

Figure 3. Effect of mjection time on separation of oxalate and citrate in a urine
sample. (a) normal mjection time (10 s) and (b) large volume injection (50
s). The separation was performed using 200 mM phosphate buffer (pH
8.0). Other CE conditions are shown in Figurel.
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Validation of the Method: As shown in Table 1, increasing in injection time improved LOD
and LOQ effectively. Compared with the normal 10-s mjection time, significantly higher
sensitivity of approximately 200 times for detecting oxalate and citrate was obtained with the
90-s injection time. L.ODs of oxalate and citrate obtained in the developed technique when
using 90-s injection time were found to be as low as to 0.003 ppm and 0.013 ppm,
respectively.

Table 1. Limit of detection and limit of quantitation.

.. . Oxalate Citrate

injection time (s) —— e r LOQ (ppm)  LOD (ppm) _ LOQ (ppm)
10 0.657 3.285 2.628 6.571
20 0.526 1.314 1.971 5.257
30 0.329 0.657 1314 3.943
40 0.197 0.329 0.657 2.628
50 0.131 0.197 0.329 1314
60 0.066 0.131 0.033 0.657
70 0.033 0.066 0.007 0.329
80 0.007 0.033 0.033 0.066
90 0.003 0.013 0.013 0.033

Calibration curves were constructed from concentration levels of mixed standards of
oxalate and citrate. Each concentration was determined for 3 repetitive runs and then the
concentration was plotted as a function of corrected peak area (A.,,), which 1s the ratio of
peak area and migration time (t,,). From the calibration plots in Figure 4, the values of slope,
intercept and correlation coefficient (R?) are summarized in Table 2. Good linear
relationships were obtained with R? values equal to 0.9987 and 0.9997 for oxalate and citrate,
respectively.
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Figure 4. Calibration curves of oxalate (a) and citrate (b). CE conditions: 200 mM
phosphate buffer (pH 8.0), uncoated fused silica capillary 50 pm i.d.x 40.2
cm (30 cm to detector), temperature 25 °C, voltage -15 kV, injection time
10 s and UV detection at 195 nm.
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Table 2. Calibration curves of oxalate and citrate.

Concentration Linear equation
Analyte
range (ppm) Slope Intercept R’
oxalate 5-100 114.42 446.72 0.9987
citrate 10-500 47.206 44.997 0.9997

In this work, intraday and interday measurements were investigated at a concentration
of 50 ppm for oxalate and 100 ppm for citrate. The intraday precision was obtained from 10
repetitive runs while the interday precision was determined from three consecutive days (10
runs/day). %RSD values of A, and t, for intraday precision are shown in Table 3. High
mntraday precision was obtained with %RSD of <4.29% for migration time (t,) and <3.94%
for Ay The results obtained were excellent because values of %RSD were whitmm the
acceptable range.!

Table 3. Intraday precision obtamed from 10 repetitive runs (n=10).

Added %RSD
Analyte parameter — ——
(ppm) 10 s injection 30 s injection
Acor 2.56 0.39
oxalate 50
tm 0.48 0.77
. Acor 3.94 2.06
citrate 100
tm 429 1.13

Table 4. Interday precision obtained from 3 consecutive day (n= 3).

_ ) Added %RSD
Analyte (ppm) parameter Day1 Day 2 Day 3 Overall
oxalate 50 Acor 3.01 1.10 3.15 4.15
tm 1.66 0.33 0.47 1.45
citrate 100 Acor 2.18 3.33 2.04 435
tw 2.62 2.35 2.22 4.55

The %RSD values of A .y and t,, for oxalate and citrate for mnferday precision were shown in
Table 4. Results show high interday precision because the %RSD was <2.62% for migration
time (t,) and <3.33% for A..,, which are in the acceptable ranges.“ This confirm high
reliability of the method.

Accuracy refers to the closeness between a measured value and a true value. From
Table 5, the obtained results were excellent because the percent recoveries ranged between
98-108% for oxalate and 103-106% for citrate, which were in the acceptable ranges of 80-
110% for the concentration range of 0.1-10 ppm and 90-107% for the concentration range of
100 ppm.ll
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Table 5. Recovery at three concentration levels of oxalate and citrate.

Analytes Added (ppm) Recoveries (%) (£SD)
Oxalate 5 108.37+2.53
50 98.86+2.53
80 98.51+0.91
Citrate 10 103.57+6.52
100 104.95+4.13
300 106.29+£3.95

Application to Real Samples: The developed CE method was applied for analysis of oxalate
and citrate in human urine. From Table 6, results show that the amounts of the oxalate and
citrate were in the ranges of 92.08-171.06 ppm and 123.30-164.34 ppm, respectively.
Moreover, these results show the analyzed samples herein are the urine samples of patients
with renal stones because the concentrations of oxalate and citrate in normal human urne are
approximately 40 ppm’ and more than 200 ppm®, respectively.

Table 6. The amounts of oxalate and citrate in real urine samples.

concentration (ppm) (=SD)

urine

oxalate citrate
1 171.06+0.40 151.81+6.39
2 121.65+0.10 164.34+0.91
3 132.11+0.77 111.50+0.99
4 92.08+0.51 167.32+1.20
5 150.61+£0.45 123.30+1.16
6 126.79+1.12 151.70+1.46
7 133.97+0.08 122.17+1.56

Conclusion: In this work, a CE analysis with a simple and powerful preconcentration
method by means of large volume sample stacking using an EOF pump for determination of
oxalate and citrate in urine was reported. Increasing of injection time to 90 s leveled up the
sensitivity of CE analysis by approximately 200 times compared to the normal injection time
of 10 s, resulting in limits of detection for oxalate and citrate to be as low as 0.003 and 0.013
ppm, respectively. The CE method was successfully applied to determine the amounts of
oxalate and citrate in human urine with high accuracy and precision.
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