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ABSTRACT

TITLE : DEVELOPMENT OF SAMPLE STACKING PRECONCENTRATION \
TECHNIQUE IN CAPILLARY ELECTROPHORESIS FOR THE }

DETERMINATION OF CHLORINATED ACIDS HERBICIDE

BY . SURATDA SRISUWAN
DEGREE  : MASTER OF SCIENCE |
MAJOR . ENVIRONMENTAL TECHNOLOGY

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

KEYWORDS : CAPILLARY ELECTROPHORESIS / SAMPLE STACKING/
SAMPLE PRECONCENTRATION / CHLORINATED ACIDS HERBICIDE

This research has development of sample stacking preconcentration 2 methods were
Normal Stacking Mode (NSM) and Field Amplified Sample Stacking (FASS) for improve
detection sensitivity using capillary electrophoresis (CE) for determination of chlorinated acids
herbicide such as 2,4-dichlorophenoxyacetic acid (2,4-D), 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T), 4-chloro-2-methyphenoxyacetic acid (MCPA) and 2-(2,4-dichlorophenoxy)-propioni?
acid (dichloroprop) were studied. The optimum analytical conditions were involved type of buffe:‘r
solution, concentration of buffer solution, pH, surfactant, separation voltage, sample injection time:\1
and water injection time. The experiment results indicated that the method and optimum condition
were fused-silica capillary 50 pm i.d. x 64.5 cm (56 cm effective length), 50 mM phosphate buffer
solution and 100 mM sodium lauryl sulfate, pH 7.0, sample injection times 40 sec., water injectioﬂ

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

wavelength at 214 nm. The detection limits for these could be 0.05 mg/1
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M3 1.1 ﬂ’f’agamamﬁmm 2,4-Dichlorophenoxy acetic acid (2,4-D) (919)
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A13197 1.2 i’fagamqmﬁmm 2-(2,4-Dichlorophenoxy) propionic acid (Dichloroprop)
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A15199 1.3 i’fay,amqmﬁmm 2,4,5-Trichlorophenoxy acetic acid (2,4,5-T)
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M5190 1.3 Joyan1uniived 2,4,5-Trichlorophenoxy acetic acid (2,4,5-T) (#18)
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M3190 1.4 i’fagamamﬁﬂlm 4-Chloro-2-methyl-phenoxy acetic acid (MCPA)
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M3197 1.4 Toyanuniiveq 4-Chloro-2-methyl-phenoxy acetic acid (MCPA) (#i®)
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2.1.2 Capillary Electrophoresis 198 CE
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= 3y Y ' o g U = aa J )
deuly 1Aun e iwuFausanessod 15 1uva1Iu wENaoen loa axd 1o LaziUu

=h.

4 14 [
Fu fudu asmari lignaanaulaedun Tnansoue Tuailosnndlunarems v uazee

A Ay @ 9 < I~{ o A 1 1 = 3 o
whouindeudy EOF A1on1ui1v0d EOF Usingiilufinodszninsfinvesais siniiuih
P d’ ¥ A A o
namsndeuived EOF lunuailuauns (12) wie (13) weduimanuaiuisnlunis
mdouiinmolaauim vdwes EOF
v i ¥ ¥
EOF wosmsnilszanielunailaars lasansniidszyuinezinaonlaldedn

; Ao A g e o . o
uaIna dauensnlsyyavezadon gt ue Tua dsniwi 2.2

o- ~.* o /. * o .°* o
-

-
L S ete »t

alactroarmntic net

~or.y ) g MIUIEEY LatT ume

(a) b)

Mnn 2.2 mswasuivesasnielunailaas (Answers, 2012)

@ ' A a d%' A w <3 Y @
anvugANYeY EOF Mifadulu CE Aednyuznis navsilugdnihda (fat
- @ ~ & - (=) Y a dgj 1 R o Y 1A
flow profile) #3n1wh 2.3 Fanavn Liflussawiaiuluyiwnarninms lva vl lidanis

A Ap YR Ao ) ¥ A a o
NILANBYDITG Wﬂ"ﬂ”lmmaﬂummmau (Shal’p) ﬁﬂNﬁi‘ﬂﬂﬁ%ﬁﬂﬁﬂWWiuﬂWﬁLlﬂﬂﬂﬂ'ﬂfﬂﬁlwﬂ


liubu
Rectangle
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' B ] . o oo -
upulasunInnsw Aleduus  sfluasazaisiiuaoduil¥in 1¥ins luauny parabolic flow

i
=4 =4

#9392 1A NANTaNH LN 14 (broad band) 11NN

a) “\
_/

taminar Flow

NN 2.3 BT IMavesans luuatlaai3 (Wikipedia. 2012)

o d
2.1.3 WI513003 M IIAT1zH

=N P Y =N aoa = Fa=!
W3R N 1F lumMsUszulssansanlun1s a1y 9n1Tuen s 1ag
CE 15znoudislszantiamuosuallaas (capillary efficiency) A150523189099A (peak
Qs 4

dispersion) LAYMISUINTA (resolution) AININA 2.4 LAAS electropherogram LLﬁ%ﬁﬂJﬂJWaﬂHm

1 ~ Y o a o a s
a1 NFlumMsAuumniwes lumsinsIew

y
AN Ivuavedunlaal’

: Y L] 4
TANNEIVNINATUUNUINUATIINTIIN

IN593A3I0M1

3

¢

e Th 1 Tna

4 4 ~ g a A
MuA 2.4 Mapdounvosmslizauin au uazasidlunarema i laodnswaves EOF
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f [~ =N - S A g ==
V' = anusagnivedasdszguin. v = anusadian ns IWsanveamsilizauon,

< =1 = g ag =
V. = A71W152004 EOF, V-net = ANWEgnivesasiszyan. v- = anuiioan Ing 13

msdszgan. N = msiidunatame i

anvpaasszgan, + = msdszquan. -

ms i M3 2

Response (mAU)

—

Migration time

ar @

~ g1 AHq ¥ o = o = '3
MAUN 2.5 UANHUAN ’ﬂi“ﬁiuﬂWﬁﬂTu’JmWW'511“@@511‘!1’]153!,?]31351’?

2.1.3.1 Usz@nsmnusaunilaad (capillary efficiency)
YszanimwuowatlaaTAMuUINIINTIUIUWNWAN (number  of
theoretical plate. N) unflami3idnashisuumangs aeduinsounilaaiuaazaiafisiuom
WaNnuANA1eiY 1Y ALY HPLC Tiuiumani)szana 10° dewas asduiitatedla (open
wbe) H8ammantdszina 10° dowas aeduifineluussidisnadsawmwan 3 x 10 fo

wag @msuuataats laen 1 100510 1wanuInnI1 100 @40Was IUIUNANAIUINIIN
¥
aumsae il

“

“

N = 16 (1 /w) (15)

2
~ 554 (tm/wl/: ) (16)
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I r
= 17
2D
Vi
_H (18)
2DL

IUIUWAN (number of theoretical plate)
A4 4

DA USRI UNYDIES (s)

3/ ~
AMUNINIVDINA (5)

3 oA <! & 4
anunevesianANugaunT N s)
1 (%] £~ QJ L} ol
ANAUYTEANTNITUNT (cm/s)
anuasalumandeunneldanny Wi (ecm’s)
anvmusalumandeunmeldaunWihues EOF (cm’/vs)

¥
ANUEININUAVDILATAANS (cm)
o oy ) =2 A

ANBEINYaoLAdaas LN IIUD AR5 DINIID (cm)
anuisalunmsinfounuosas (cmss)

e Wi (viem)

aums (15) ldMuradruwan lunsainfiaeuuias auns (16) 14

Tunsainia laauuias 154 fronting peak ¥150 tailing peak au3 (17) uag (18) 1¥nsdinnsv
A ~ 9 < A A o
anvansalumsmisuiaeldauinlddwazanusilumsadounvesess S1uwmwan
=~ @ @ < @ A d' 9/ a a
fanuduiussuanuesalumsindouinieldauiuldihvesans Taslsz@ninmues

v v v
uataa3 e RuTUMIN A5, . ouf 18152010 18z W

~ 1.3.2 NM303Z018YBINA (Peak dispersion)

a o T o
lunsiu ¥ 1ae CE vinmsnsznevpanalmgesziildiania

' a P a a = PR =
nghlllﬁmﬂﬁi A1TUAIIEN Nﬂi%ﬁ‘ﬂ‘ﬁﬂWW’q\iﬂ’JﬁJﬂﬁﬂi%ﬁ]WﬂJ@QWﬂWW NITINITINYVBDINA

° 3/ A [ 1 qy
ﬂTLl'JiL!i]Wﬂﬂ’ﬂllﬂ’ﬂﬂ“ll@QWﬂV]%WNﬂQﬁﬂJﬂﬁ@@qﬂu

a3

wb=40' (19)

N = (1/‘0’) (20)



— = ) q O?
Il

) 2DIL
.= 2Dtm

HeV

1
=1

¥ = . .
ANUNINYDIWANGIU ( k dispersion)

VoA 9 ="y
ANDoUDUNIATFIUYDINNUATIIVBINA (5)
AMFNUTLAY. L TUNS (cmTs)

¥
ANUEIINIMVAVB AN AR5 (cm)

&\ oy Y =2 &
ANueNYaentaals @ 1uv19NIUD UAS 09N 1IN (cm)
narlunisasunveIas (s)

1 o d
ANMUANANG (V)
anuasalumamdounaeldauny i cm’/vs)

IUIUWAN (number of theoretical plate)

2.1.3.3 MSUENTA (Resolution)

[ =)
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2D

o o =y saq P 1 Y o ~
msugnFaunisnimes nldszyhasasssianaglnanuuiniga

3
gnuenoenviniulddiiosls matendeduimannaumsded

)ty

Wi Wo =

lueof

(’1'1\) =
o Ae) uoy

S
Witwy 40

AL
LV
4 He
1/2
1 \Y
p =| — (Ay) B
4\/2 D/ue +/ueof

NNSUENTA (resolution)

A P ~
narlumsadeunvesasn 1 uag 2 (s)
mmn%’wwmgmﬁﬂmmmiﬁ 1 uag 2 (s)

ANDeUUUNINTFIUYDIANUATIIVBITA (s)

anvmusalumandeunmeldauny lWives EOF (cm/vs)

ANNAIIFNG (V)

(22)

(23)

(24)
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4
AFUIZANTMITUNS (cm’/s)

D =

N = UIUWAN (number of theoretical plate)

Ap, = AuAnsssEn IR nsa lumsnAeufivesmsi 1 uag 2
moldaunu Wi em'/vs)

pe = smarvesnmamsnlumandouiineldmnu lifhsgnig

@159 1 1ag 2 (cm’/Vs)

nstiiunsendai 18 lasnisdinanuuanaisszniteanuainnsaly
msndeufivosmsmoldauulihvesaums 23) uazmndosmamiunsundaidiuans
wzdeaiiuanuaafndsduidaauns 24 metinsziifilszAninmaeaisiinisuen
Fagalaviialasemnnd 15 Gen qunsae, 2550)

2.1.4 (1304w CE

e

A s o & o o 2L oo o
1303 CE H09AUsznouiug uuaaidinIni 2.6 daudiuisenouail
2.1.4.1 83URAT5 (sample injection) N1IAATITENITANIA 27 _ fio nsaa

= . . . o) = @ ]
a1suvylalas launiin(Hydrodynamic injection) HuN15AAT15 1aso /oA 1UANA19UD
¥

@ T @ =N =1 = a o =N
AMuausEra1sdatensansdvvesunaais uaznisRaaisuuudanIns latuan

. . . . o = Y] ' v ¢ 1o N o &
(Electrokinetic injection) tJunmsdaeslagldanuandnddiuima uszeznardun
o @ = 3/ kY o' =1 ° Y v ¥ a =3 as =1
Smsumsnanudutudiondaas lasi ldiduduuunatlanis lee33 lo Tounn 1a Tns

FAvIoNALA sample stacking

o

2.1.4.2 dauussf‘gmmmm (liquid handling component) 1aundfw

o

° @ 4 o a ad o o ! 4
Fmsunsos CE Tunmsaudesmsazatodan Ing lad a158798619 uazuo uTe00n1nNA5 09
A ] o o wa =1 o v [ =y d a
#9152noVAAINA U000 TUNA AN UA1TAI0619NEINITIUATIZH A IULASUBALYY

Pvhivlos uazdmdSuseautwues

¥
a 2

a o3| a o~
2.1.43 uadaai3 (eapillary) tJuvSudinisusnaisnifaiu 5aiu

asgneundidguin uadaald laenaluiinnTaqos liganauseddanillema uaz

a

t 9/ o d' = dy = =) dd’ ° aa %
ﬁﬂWuliJLL‘WQ ulﬂl!,ﬂ FANT IHDIVTINUTIAYN WUHINBUenvouataaIsnNIINgan 1Ny
A Y aa d . A A = A o 3 ' o o =
Lﬂﬁ@ﬂﬂ?ﬂﬁﬁwaﬁ@‘iwﬂ (polyimide) WaluANUAIUYoLAtaas asdunewiiataais

= dyul Y Y Qaul o oA A o o Y 4
FUAU ‘1.]6161)'\31‘14 ATADINDNTITNOAD mmgmnmmawmamwamgﬂuwmmﬂwaa (cell

window)
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2.1.5 Vv l0s ANHULIAUYDS CE
3 a o <y a e o ¥
C. Wumataniimnaasaums i iznnaeusuInsunulsgnoudy
0 o ==Y =Y o o 4 Ao
asthigdaniallaaiives G wiszgnald mstuniesasiamnfianinlags
e g ¥ = Ay ¢ o
(s ‘tivity) 99 HPLC indaudasldainsonsiavilasassuuunilonts 14 uaznisi
a g == @ 9 o @ v = 3
waodn Ins IWSFauvianvamisomaulagszuuoe Tulia MsHaNHIIUIDAYDINIAY
= o 9 a =Y a L vd‘d a a 9/ o/ % ] d'
masini ldifamatians sz lminddssdnsamuazanimlage aansaldfodiedian
' v ¥
finnunannaie 1duniiu uazlidnyuzmmiziuana0IMnATAdY 019 JIwwanga
1 o a ) 1 1 ' < ~
A4 HPLC lagnaldimatia HPLC v l¥dsiazanoninnin CE 83 1,000 11 8019 lsnaunsdl
asvmlagmsganaussdsansi hloas anmlrlunisasivmveunaiia CE 912d1nd35
GC uag HPLC 152a7nd 1,000 111 (19991011 TA19A15A39911.. 301 (detection window)
@ A o ~ o gt Y
msiamsiBowasdgoasaauanmisah lavamos soldaniwlalunisasianives CE
A 2 @ 23 2 & o Ao a
wuan Tageu150as39m luszdn 107 molar 30 6 molar wenaINULATaaI3deNsIAIYN
< <
uazinauaais iudu

Y @ ' . . Y o dw
YDALAZDNHUSIAUUDY Capillary Electrophoresis ﬁ'u;ﬂllﬂmu

9/ '
2 = 1

a dg’ o = 3 & Ao [ 1 )
(1) mavenastiadulunatanidyuiandeiidasdiusznisiuiiiaee
Ysunasgeilimsszoieanudeudivszdntnings

-~

9/ i v o ) =N
(2) usaldnnuaedndgada 800 Tnadaomudmas lunsuenas lay
" a Y] o yq ¥ a c’g
Tunaanudeuge laldna lumsnszddu
(3) @W1509529M 115 ldvuuaiaals 14 lasase uazaiursoldinsoq
:id a = 3 ] A’ s @ A a d' % r=s
asremndUszanimingeld wu nsesTanmsqar  usiddansilaleian infesineisises
o =N o
uﬁwlqaazimmummzmﬂﬂiwmm@ima (mass spectrometer, MS) Wudu
@ Dszansnmlumsuengelasiiarsansinaisiuawmwanlaeia luiia
UIWANFINI 10,000
Y (a % [} = s = o
5) 1wd5umansaredsludsuindesssauur Tudas uazldiwimesnio
a g o = Y v a aa (Y
Msazawdan Ing lad lulSnaiissszauiiadansaoTu
ad 9 4 =y a o : 1 o
(6) 35M3 1HaTeauatlaarsomn Ing 1wl » xae Tududon
Py a o Py a 1 ad
Asueneals lasuataaridan ins IWsaaaiusonilavareds uaas 359

aa lnmsuenasiuanandudseaunsaden ¥tz ausurinasa10819
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2.2 Capillary Zone Electrophoresis #50 CZE

nanmsuaznalamsuenas
3 a Ay ~ ° o ~
czt WuiEmsuenans Iy CE Mdwuazimsti hdszendldmniige ansanen
' a o = ad = o I T
a3 Idvanedszinm @ asdunsd aseiiunid nsaevii Ty widInd Tusau lesusisq uay
- - T - 0 Ve a a ¢
asteuuud lowes Wudu Feammnsoh T 1d@nuiguamuazdsnadingngd asramany
¢ v q d'
UaniuazAnuilassgivesms nalamswenaisefonnuuanaaveanisindouiinield
af ~ @ J ad J o
aww'lWihnelunatlaaihossgdstivilesviomsazarsdianing lad asiiidszquan
& g = a g T @
Uszyav uazensfdunatamia iz . ousenvinuaaaisdrunnud muanieny
P d' Y < [ 3 = 3
Tavensdlszquanvzindounalennuiigega ldstun Inalay EOF uazisihigaanis
A dy g ¢ 4 A oa 2 -
unlna msdszgaveziafounaleanuiimgaiiosniniiussfsgaaindane Tualuna
v ' A g 4 Ay < '
n9a593w dammsidunaremalwihezndoundiennuiiszniten i, swesaslsey

wnuaysiszyaulagazniousonainualaaisniouiy EOF danni 2.7

o4 a [
uid u'm _\%
Al
Injectinn Detection
++ +++++++++
Innl
ANS)DE P DN o . . CATHODE
Capillary
[ =gl =
CATIONS > o » — >
=hA
NEUTRALS >
= [ ¥ ]
ANIONS — 4 -

MA 2.7 na lnn1suen@ 15U UCZE (Doping, 2012)
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2.3 Micellar Electrokinetic Chromat -aphy %39 MEKC

HanmsuaznalnmMsuenas

A3

add

G A 1 . @ '
MEKC (TSR ausenIg clectrophoresis LAY chromatography ANHUZLIAUVDIITU

h.

=

c?/l e { o ) =
Ao sunsausnans Idnsanshfidszquazensiilunarana i Taoms@uarsaaus @i
- v . v . . A o s A
Tanudutugandlusadinge (critical  micelle)  vod luaaue asludileinsoe
ag d A qya g s & et ! v g a =
amsazarvdan Ing ladmo ldhAaiu luwad & luweatidnyagnsnay drniudunioui
=} o3 24 dgl Y = SR [ w hl < w 3
filszaoadudszquannSoauiivegiuriavetmsanusiai dIunIves luwadsziud
1 o

1 | a g g d o i ~ (=) 3 :ly Y
diloswiomsazaedmnng loa druvsvesluwaddudiun luliveeasdigaudnais

¢ a
voa'luwan g3 1wy 8

Hydrophilic head

Hydrophobic tail

a ' e 1
M 2.8 31)519v08 luwad (Wikipedia, 2012)

Jd‘d z d' =y =3 ) 1= a ¥ T =Y
luaaniidszaornaounlufienufeanuniefian s uny EOF Yuegiurila
R a d’ [ PV~ 4 =< a =Y v a
votlszauesdsaaussasiannedninluwaa arsaaus s@aiarialszgan wu Tadoule
1 ¥

Ingagama (sodium dodecyl sulphate, SDS) aztadau lildat e Tuanssthuduiianie EOF Tu

g A g A Aa . A 4 ! ¢ O =
msazaentunanavseua1d EOF 32maouiits 1n1015:A a0 UNU09 Llran adtiuaisg

d’{ a‘ = =y v d’ d’ oo e ] 4
wasunluianiufeddy  EOF luvaizipasunaisazisuninserdulmsaduyy
F2 ¥
chromatography 3aiiviseunsnsen liyeuihuazounsnsen IWvhada (clectrostatic interaction)
9 A ¥
WUV
1 [ d‘ d‘ I~ 1=y
AA M ILENE1s 1ng MEKC LaaadanIni 2.9 msusnaisitlunarania ly#una
@ an i s 4 -1 [ 4 4 PR

MNOUATAs s sny luwad uagiuediumsamaswudiuayesnain luwad a13hil
@ PN @ 4 A d‘ﬂ} [ 3 o wes ' :’ tﬁ ~
ouasnsony lumaduinazmdoundn asiuasniguauia liyourhgeezniounosnain

k4

uatlaa1sHIn eI Ny
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Arode A Cathade

Electroosmotic Flow

MNAN 2.9 nalnNIsuenaIsIuY MEKC (Kealey and et al., 2012)

2.4 Sample Stac” " g

3 = 2 b g

Sample stacking (HUMALANITIIRLANUTUTIUYDIENTALABUVY On-line F1Tu
A Q' 9/ 9/ d' o Y1 ) = a
Fmsnuanududuvesarsazareith ldhsuazazainniolunailats nalnnisiia sample
stacking 81313005118 1AR9N NN 2.10 WeTNT. A (inject) 13azatedotnadn 1) uuatlaa
= o Y o T I~ A Y 1 . -
5 sz liinansusiseenludouua (zone) Ao LUAYDIAITAZ AR IDH1Y (sample region) F45)
v o ° ad o . 2L A
Mn1sth IWdé vazvavesansazanedianing lad (background electrolyte region) WINAINT
) 4 1 o J 9 = o '
i lihge dedinsriudnd Iddud 1dlunaaars ez i i leoeuludinvesasazas
Y] 1 4 - ' < [ = 1 g
Are819iin1sinfeuNed19sa5 2 1ineAuuS nuspUAR YD UYAT A0 (concentration

o & a Y] a d o VoA o VoA
boundary) 310U 5. oudn T lwvamsazaredianIns lad udilesnnadenaii
' o { ' o L4 4 4 : ' o °
amsi lwihiganiveildlesouind luimsindouidias damaiilfiduauves
Toopunuun1zswAuTIINIULIN Beni1N5ina stacking 1 17VSVIREABIA NN
I 4 1 v i

¥04 lopounIndu ile losoudsnalnadouiiniy detector 39911 1WA sensitivity 939013 detect

a4 -
MIUMPAUNINANYNA
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Conccentration boundary

background background

. . ! camnla ragian P

! i v 1

A+

NN 2.10 nalnmsiAna sample stacking (Quirino P. J., 2000)

v
aw Al YR o . -
Tuau3dedl lddan1ns samplc stacking 2 INAUA Ao

2.4.1 Normal Stacking Mode (NSM)

v
=4 o

NSM 1ilumaiian139 stacking M1enge Taomsazatsesalosisludim
e o O SIS = g o Yy oo y A
azanonemnmai il nd wu dwmdemsazaredian Ing laddlianudududin uda3a

v
L. 9 Y =4 - J = g/ @ . .. . <
inject M5guataats lulsuuninna1ln@deis9au (hydrodynamic injection) 3101 1R

1 1 v

S A

[ 1 = ) ° ¥V @ 1 1 o A o
dnd Idudrguatlantd Feii i loosuvosmsazarodiadradedimraninia v i
A A Sy a g | gk a o = ' &
indeunedIAs IgavesasazmeaanIng laageimeanimir idhngeni luwail
g A ~A 9 a 3| . @ 1
anuisrlunismaeufiveslesoudraufailu sacking ¥oelooouvesaisazarvdindis

o o

a . T { 4 - Y 1 5 ° @ |
V5198 concentration boundary NOUNIZATOUNNY detector INDHINTATITAAD 1) Fod17A
=% = ] d‘d . 9/ = A d' 3
VOUNAUAN NSM ADANHYIIUDITIIUDIATATDINUNIT inject L"’Uflﬂiliﬂﬂﬂﬁﬁ?ﬁll%?ﬁﬂﬁu
¥ . [ ~ o ¥ ENEPEN . . A
£ inject mﬂumwanmm e liailse@nsnmvesmsuen (separation cfficiency %150
A1 Rs) UA1ANA9
2.4.2 Field Amplified Sample Stacking (FASS)
: . g - 2
FASS N30 Ficld Enhanced Sample Injection (FASI) WNALANTIANA

o 1 A ~ 4 & . - o ~ i -
LEISJ}WISJ}H“U’ENETWﬁ%ﬁWEJG]"JEJFJNEJﬂL‘VIﬂuﬂﬂuQ HILANANIINUNAUAN NSM adU INAUA FASS 931
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= :I 9 =y = ;I _ = @ 1 Y = -y v v J

msaaiwin 1l lunaaaineuaintiuie Aamsazarearediudiguailaaizniennusaafng
A m 1 . . .. R 21 ] Y Y ' =0 o o

(voltage) UIUNIN electrokinetic injection m%zwﬂwfmﬁazmsmmmmmamwuﬂﬂﬁm
4 ' @ = - o Y @ 1 4 { 1 =~
Weeudnd Idudh 1 lunatlaas ez 19 leoouvssmsazaroaiod1anaoun e 19510157

= v ] 1 @ ad Sk A Q

Tlimgusnusesdovesmsazarediodisiumazatodian Ins ladgdedaraniwi Iudhgs
9 1 ¥

aaram 1¥iiaNT5 stacking YoIa13a2a18830871991 FIN5IAA stacking VOUNALA FASS Hag

W19 sensitivity Agana11Un@ nalnmsiAe stacking HEAAIAINIY L 2.11

Hvdrodvnamiciniection

Apbplied Voltage

AN 2.11 ﬂﬁulﬂm‘i!ﬁﬂ sample stacking 111U FASS (Zhu and ¢t al., 2001)
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& d‘ d' 9
2.5 1. _NNeIYUey

Chatterjee and et al. (1982) 1dfn®1n1sgesaalenmedaninees 2,4,5-T luau lag
1¥98unseuSans Pseudomonas cepacia AC110 vzl iAamstosaatsuazmaniyfula
mawﬁuw‘%‘éﬁdmﬁmﬂ 245 TN 4 fignzmngauie Qmwﬂﬁﬁmmzau (30 °C) uay
AR (15-50%) unsageuaas’lduinie 5% fenududu (1 mee veadw) awlu
1 dlanyd

Cugat and et al. (1997) ladnwwazifSoufovinatin CZE waz MEKC lumsuen
15152n®U aromatic sulphonate 12 wila TAuA 1-amino-2-hydroxy-4-naphthalenesulphonic acid
(1-NHa-2-OH-4-NS; 1), naphthalene-2-sulphonic acid(2-NS; 2), 8-amino-2-naphthalenesulphonic
acid (8-NHa-2-NS; 3), 2-amino-l-naphthalenesulphonic acid (2-NH2-1-NS; 4), naphthalene-l-
sulphonic acid (1-NS; 5), 5-amino-2-naphthalenesulphonic acid (5-NH2-2-NS; 6), 6-amino-I-
hydroxy-3-naphthalenesulphonic acid (6-NHa-I-OH-3-NS; 7), 6-amino-4-hydroxy-2-
naphthalenesulphonic  acid  (6-NHa-4-OH-2-NS; 8), 4-amino-1-naphthalenesulphonic  acid
(4-NHa-I-NS;  9), l-amino-S-naphthalenesulphonic acid (1-NHa-5-NS; 10), 1-hydroxy-
4-naphthalenesulphonic acid (1-OH-4-NS; 11) and benzene sulphonic acid (BZS; 12) WU AR
CZE pH Aziinasamsinazyunn uaz luemnsauonasuiariiald maila MEKC agi
msinasaaus R aiiewSouiioy 2 ¥ila fie SDS uaz Brij35 WU Brij35a 1013 04enans
1&pensauysainialuian 18 wid dau sps ldawnsausnasunswiiald

Reddy and et al. (1997) I@fnuInsgeveaaisues c ring 0¥ side-chain-labelled
2,4,5-trichlorophenoxyacetic  acid 1@81%!,%@51 Dichomitus  squalens 0% Phanerochaete
chrysosporium “%Q‘W‘U”h Mn"’ flNaﬂﬁ$VI‘UGl"ﬁ']ﬂ”liEJ'E]EJﬁmEJETﬁmﬁWfILﬁEJGl%L%@ﬂ D.squalens
waz Wy lu Tasuiinadonisdesanioaisvosdon P.chrysosporium AT TR SORE-
doariinazifurdestunsifinnisuaneenves side-chain Fanefigusal§Ase laonalndase
yosszUUNIsanaaeaniy luvmefin1sgoudases aromatic ring %zﬁuagﬁmzwmsdaﬂ
A0198N1UU N15600AA1Y chlorophenoxyacetic  acid 1A 1% D.squalens ue 11U
chlorophenol Lﬂuwﬁmﬁmcﬁﬁmaﬂﬁgﬁﬂeﬁu g chlorophenol 3£ 9N xylosylated 1ugﬂmaa

chlorophenolxyloside Tuniendudu chlorophenolxyloside 3cgnNUdDYADY a8 intracellular

, ylosidase o 1918 chlorophenol 9 chlorophenol Wundaduaives o ﬁfaﬁﬂ 1UD3
. £ a . . . . £ a aaa

xylosidase %3NA dechlorinated oxidatively Tu 3 LG 2-chloro-p-benzoquinon ¥UNAYT nil AL

Y94 dechlorination L8 ring-opening reaction
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A 1

Farran and et al. (1999) wﬁﬂymﬁL!,fJﬂﬁﬁﬂoﬁlﬂi’%W‘]fﬂqn phenoxyalkal acid . )
24-D uaz MCPA Tav1d CE drumaiin CZE uay MEKC ¢14AnH1wavea organic modifier
(acetonitrile), micellar system (sodium cholate) LDE ANENS cyclodextrins WU Lf}’e]!,allm’i
cyclodextrins 3z 1A TseAnEnmmsneniqen3 1 uazansouonas 1dnelu 5 11
Gregus and et al. (1999) 1¢Anymaveer 1S Iva Ty Y ﬂEjiJ chlorophenoxyacetic
acid 70 2,4-D LAy 2,4,5-T UU glycine conjugation ¥4 benzoic acid Iﬂﬂﬁmﬁaﬂﬁﬁﬁ’;ﬁ 2 A
a¢14 benzoate MnidoanazszuuTuTamazluny Feoglugdues benzoylglycine Wil
NANTINUF AT 1) 95UNIUNTHINUTLVUIUAIYDS 1A 2) Aamsfudamsduaioveslaan
benzoylglycine 3) E'J'qum‘sﬁ@ﬁwm benzoylglycine 917 benzoic acid 4) finadenuIuIY
Y99 A...", CoA UMY 5)anRINTTUVDY synthetase benzoyl-CoA 1A DHANIEND AT
waae1¥ifiudn 2.4-D uaz 24,5 . aAN15IAA benzoyglycine Tumny Tasmadudsves synthetase
benzoyl-CoA
Kim and et al. 2001) BFnyunaiamsiivanududu 2 madia 18ud sample
stacking LAY sweeping Iﬂﬂcl%}’dﬁaml’iﬂﬁﬂﬁ?ﬂizﬁgUJﬂ 119% micellar  electrokinetic
chromatography @13 AT IR ﬁ%ﬂ‘sz@ﬂﬁﬂﬁi% Ao tetradecyltrimethyl ammonium bromide 101
cetyltrimethyl ammonium chloride ieufnann12luns3ns12 Taol4 naphthalene sulfonic
acids naaovszANTamlumsHnzd F9a1171301181 detection limits 16970 0.96-0.... ppb
Zhu and et al. (2002) 1édnuunaiia on-line preconcentration Lﬁ@%Lﬂﬂ%ﬁﬁ 15010
Y99 @17 acidic compound TagsIMADUNATAYDS on-line concentration 7D field-amplified
sample injection (FASI) 1L8% sweeping-MEKC “l%msazmaﬁwmla{ﬁﬁ pH @%1 (2.3) Lﬁ@‘ﬁ?ﬂﬂﬂ
electroosmotic flow (EOF) uazaioildasdotraunamsuanduiulessy afinnulilu
M33n91EA 1889 100000 W1 dmiumssIsasiasEinn phenoxy acidic iiofsuiumssa
asuyy lolas launiin
Komarava and et al. (2002) I8Anman ez anlumsuonasiisa iy nqu
chlorophenoxycarboxylic acid 6 viia laun 2 4-dichlorophenoxybutyric (2,4-DB)
2 4-dichlorophenoxypropionic ~ (2,4-DP)  2.4,5-trichlorophenoxyacetic ~ acid ~ (2,4,5-T)
2,4-dichlorophenoxy acetic acid (2,4-D) Phenoxyacetic acids (PA) tag 2,4-dichlorophenol
)CP)“luLmdaﬁymm*ﬁﬁmma nagidmiuuilan Tavafamsuuy solid- e
extraction 1R 1zRAmaiia Co. noldanizimuzanlunisdinsiziaaenis 19

. [~ a g o L. . a o
sodium tetra boratc pH 9.2 1Jua1588a1001an 113 1aA Sample injection 30 mbar 30 WA
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applied voltage +20 kV @ae1u1souonas 14n10lu 12 w17t waziif1 LOD 93 2,4-DB 2,4-DP
2,4,5-T uag 2,4-D AU 0.005 mg/l §7U PA 11ag 2,4-DCP 1Al LOD M1y 0.001 mg/l

Komarova and et al. (2003) ladnuividSuiavesasdidaisinsdszinn
chlorophenoxy caboxylic acid 11&151@\1%555%%13 mefﬁ‘u Taun 2,4-dichlorophenoxyoleic
(2,4-DO), 2,4-dichlorophenoxypropionic  (2,4-DP), 2.4,5-trichlorophenoxyacetic  (2,4,5-T),
2,4-dichlorophenoxyacetic (2,4-D), 2-methyl-4-chlorophenoxyacetic (2M-4C), and phenoxyacetic
(PAA) acidsTolFimatia ¢ Taaiudss@namlunsiondenisidiu B-cyclodextrin aaly
asazarosianinglad (lalifin 2 mM a9y 10 mM borat buffer 9.2) §3e1113011A71 LOD 04
2,4-DM, 2,4-DP, 2.4,5-T uag 2,4-D 11111 0.0005 mg/l wonnd CE Suiumaiafimuizay
TumsusnuasTiasizvasnoglugdveslooouavvesmisdifairfalungy
chlorophenoxycaboxylic acid

Kartsova and et al. (2006) 1AANHINISUENTIT tea flavanoids @A (+)-catechin and
(-»-epicatechinlnslFimaiia CZE waz MEKC dvlumadia ¢~ 2. tdsz@nsmnlumsuen
F1wn1318u B-cyclodextrin avlumisazarwdidninglad diumaila MEKC vz lddmsunis
wsnasUsznounateriafinauiu &1 EOF uazﬂizﬁw%mwiumﬁu,tmfm%zﬂﬁuag}ﬁumm
Wuduues micelle-forming agent (SDS) Ll organic modifier (Urea)

Fu and et al. (2009) 1@ANYINS00EA10LALHIUT N2V 2,4-dichlorophenoxyacetic
acid (2,4-D) U9 2-methy-4-chloro-phenoxyacetic sodium (MCPA sodium) lHAUTITUIIAN
nsinyas lagAnyannemnzauieldlunisiinsied uazldimaiia capillary zone
electrophoresis (CZE) f1 detection " ts ﬁ'ﬁmm"lﬁ A9 0.25 pg/g (MCPA sodium) ttag 0.15
ug/g (2,4-D)

Zykova and et al. (2010) qﬁﬁﬂmmimﬁmmmmmﬁ ascorbic acid (AA) T4

I 4
addadd 3

14
. . 9/ = 1w
medicinal preparations Tagldmatia CZE uag MEKC HWUNYRABIITUUANUYNADILAY
[} Q a < a 4 v 4
wiud lumsAnsigriuasniysunams (o990 14 medicinal preparations il AA 8¢ 50 mg 1i/8

=y Y =
MATIZHIAY CE 3xATIINDDL 49.99 T 0.24 mg/l
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2.6 MINUAIDENS (Sampling)
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Y 1 ' LY 1 § o a g a 4o
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2.7 MARAMSARAAILAIGATUVBINUL (Solid Phase Extraction, SPE)
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as
3.2 I5MINAang

3.2.1 mawsenmsazmeRlilumanaaea
3.2.1.1 MIMTENENIaTasNINIgIUYeIEIAea ¥Ry 4 vila anududu
1,000 ppm 114 methanol 1/511@15 100 ml
1) en3azay 2,4-Dichlophenoxyacetic acid (2,4-D ; MW = 221.04 g/mol)

%1 24D 0.1 g ldaslufinnesyung 50 ml aza1w&0 methanol
numasaza1elalis volumetric flask 4171 100 ml 1021513379058 methanol ¥14A3Y
Usunsg

2) 1302018 2,4,5-Trichlophenoxyacetic acid (2,4,5-T ; MW = 256.54 g/mol)

$1 245T 0.1 g ldludnnefvung 50 ml aza1082 methanol
nntunaIsazateldy volumetric flask 199 100 ml 1Az 31133105878 methanol 9uAT1
Usuas

3)M3oeme 4-ChloroZ thylphenoxyacetic acid (MCPA; MW=200.60 g/mol)

F1 McPA 0.1 g ldlufinnesyuin 50 ml a¥a19@8 methanol
pnttumansaza1wldl volumetric flask Y118 100 ml 1azU3UUS1I9I89 methanol 9LATY
U513

4) 308018 2-(24-Dichlophenoxy)propionic acid (2,4-P; MW=221.04 g/mol)

F1 MCPA 0.1 ¢ ldlufimnesvuna 50 ml a: 19828 methanol
miumensazaldly volumetric flask ¥R 100 ml a1 1153109820 methanol 1UATY
U513

3.2.1.2 mamsouensazarwdidnIns ladanududu 200 mM 151105 250 ml
1) @390 stock acetate buffer 118Y &1502019 acetate buffer

IM56UDN sodium acetate (CH,COONa*3H,0,Mw=136.08 g/mol)
uay acetic acid (CH,COOH 99%, Mw=60 g/mol, D=1.0499 g/cms) Iﬂﬁl‘f;’d Sodium acetate 3.4~
g UAZAIA acetic acid 11 1.43 ml laasludninesvua 250 mi LA A0IR deionized
water MINITUMANIAzAIETTasadlY volumetric flask V41 250 ml ¥wALINY Y5ud5uns
1918 250 ml A28 deionized water IUATULTHAS

INOUEITALAY acetate buffer ANWTUIU 50 mM USas ) ml

4' 9 =Y =% o
Wolwlunsnaana Tasdlulnanaisazaie stock acetate buffer 11 12.5 ml asludng  jvuia
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100 ml 1AW deioni | water @311 U5U pH (4.5) @28 acetic acid sniumansazaioasly
Volumetric flask Y118 50 ml Y5U531105828 deionized water 3UATULTUIAS
2) 919502018 stock borate buffer LA W1302 A1 borate buffer
30NN boric acid (HBO,Mw=61.81 g/mol) 1Az sodium
tetraborate (Na,B,0,-10H,0,Mw=381.37 g/mol) Iﬂﬁl“fLN boric acid 1.5453 g 0¥ sodium
tetraborate 9.5343 g laaaludnnesvuia 250 ml AzaEIHaa0IR20 deionized water 11N
mensazatoneaoanslu vol  tric flask 41478 250 ml VIAEEITH U55195 1918 250 mL
#18 deionize water 9UATUUTUIAT 92 1dd15a2a70 stock borate buffer AUHUTY 200 mM
M3UUA582a18 buffer borate ANVTUTU 50 mM Y511A5 50 ml
Tastlalaninansazas stock borate buffer HiALE LY 200 mM 11 12.5 mL asluiinined
YA 100 mL 1A% deionized water a9 1015019 40 mL YTV pH (9.30) 418 3% NaOH Nty
mansaza1waaly volumetric flask YU 50 mL U5UYTUIATAIY deionized water IUATU
51193
3) #1902018 stock phosphate buffer LLaE 1502 A8 phosphate buffer
W3OUIN di-sodium hydrogen phosphate anhydrous (Na,HPO,, Mw
= 141.96 g/mol) 118 sodium di-hydrogen phosphate(NaH,PO,* H,O, Mw  137.99g/mol) ‘%'JQ di-
sodium hydrogen phosphate anhydrous 3.5491 g L1A® sodium di-hydrogen phosphate 3.4499 ¢ et
Tufunesuun 250 ml axaFIHIA0IR deionized water 1INTTLMA Az ITDIA Y
Volumetric flask U118 250 ml watdeiu Ysutsuias1i'ld 250 ml #3 deinized water U
asulsuns a¢ 1de5aane stock phosphate buffer ANUTNTY 200 mM
IM3BUE19AZA10 phosphate buffer AMUAINTIU 50 mM USuas 50
ml Taeflaie1ensazaie stock phosphate buffer NIAMLENTL 200~ 137 12.5 ml asludn
(MBSUUIA 100 ml Y deionized water a4l 5za18 40 ml Y3 pH (7.0) Ao phosphoric acid
nfumansazaadly volumetric flask vi@ 50 ml YualSinasdas deionized water
4) t1582010 stock surfactant AMUITVAY 200 mM 151195 100 ml
581N sodium lauryl sulfate (SDS) (CH,(CH,),0SO,Na,
Mw=288.49 g/mol) ¥4 SDS 11 5.7698 ¢ aslufininesuria 100 ml axa10890 deionized water
Ma15a91u volumetric flask Y11 100 ml 1azU51US11AIAY deionized water IUATVLTNINT

5) @130¥07% 50 mM Phosphate buffer + 100 mM Sodium lauryl sulfate
(SDS), pH 7.00 171107 50 ml
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K 14910 stock phosphate buffer ANUTNYE 200 mM LAy SDS
anududu 200 mM Tpediaie1a@15aza1e 200 mM Phosphate buffer 41 12.5 ml uag
= 4 = . R @ Y ¥
a13aga1e 200 mM SDS 11 25 ml aslufianesuuia 100 ml AN deionized water U5 pH 14 14
P 3 . [ = YN ¥
7.00 978 1 M NaOH ntiumensazatwadly volumetric flask 3118 50 ml Usuusumaslla
100 ml 78 deionized water IUATVUTNIAT
3.2.2 33mslin3es CE
3.2.2.1 M5ATOU capillary window AR optical cell detection
14 £
@ fused-silica capillary AUIIINIHUA 64.5 cm 1NN IAINU AW
outlet 91115z118 8.5 em 22 1dualaanshi effective length (1A 56 cm Wwnau Iven
polyimide NHN0gANTIIANWENIUTZIW 0.5 cm WIAWaze1AdIe Tsopropanol 1114
H 1 o =y 1 é Qs oy e .
window Nlavazazein Aeuvzsiwalans lUldly cassette ¥aM13Aa fused-silica capillary
3/ o & & o ad o Y &£ @ A’f
92 d09A1T1989A NIV LATAAS NANTDITHUIIY cassette 19 FITINITOAANNLIIVY
' 1 k4
A8 40.5 om ANTORUTOY cassette 10 1 50U Fedwamlunsiusevazivegiuay
1Y vy = = S v A g = Y @ |
#oan1s I ensnazmazieanninus oS 1 wazenunsafamsuen ldegeranuua luu
3.2.2.2 M3 preconditioning capillary ADHA1INAADULIAZHAINTNATD
9 = = Ty =~ A A g
Aauataati nidleasazate 1.0 M NaOH Wt 5 wih ey
. a = =1 A Yy ¥ . A = @
13 regenerate SiO- groups vurAameluvewntaats welw ld EOF mobility NAINNYNAY
oy <] ~ y o '
M3 19AWAITAZAW 1.0 M NaOH udrdredaeni bI flunar sund wieldiulainwagnae
9/ 1Y 3 o . = = vy a g o o
A19eennuALdl AHURING equilibrate uatars lnudemsazaedianlas ladidunm s
oA Y = g 1 = =) 3 = a a
wid e ldiensagmed...n1ns ladeglunatlaas wazndumsimaaugavuiinieluuailam
= =/ y ~ 4 Qo = -4 ;’f J w
3 i double layer iia1# Id EOF inah ndsmsansigrinsagaie luudaz Ju 419420 1.0
Y
o [ ' o) 2 o
M NaOH 5 W% eudaeth DI dunan 5 wifi uazrueimend 1 lunaaasitunar s wif
A & T Y o =p=1 %
modumsgaeliuaanistergms g

°o_w o

3.2.3 ﬂ]i?i1i;Tﬂ1’38ﬁ!‘r‘i%ﬂzﬁNiuﬂ]i%lﬂi]xﬁﬁ]iﬂ] ﬂ'J'Uﬁ‘]f 4 'U‘ﬁﬂ
= 4 = 3 7 dy
3.2.3.1 ﬂﬁ’JLﬂ‘iW‘l’Tf’fﬁﬁ’JﬂMﬂuﬂ MEKC ﬁwmumimammu
= =g o
1) %ummﬁwaazmsamﬂiwﬂaw
= a a g o =Y =)
ﬁﬂ‘kl1Nﬁ‘llf]\‘l%uﬂﬂl@ﬂﬁﬁﬁgﬁ1ﬂ@mﬂiﬂﬁqﬁﬂ 3 YUA AD acetate
buffer borate buffer iae phosphate buffer WSouiou electropherogram yosensiioaonly

asazamwdidnlas ladlunisnaaosso 1
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a g '
2) pH ¥o9e5aza1edianIng lan
-~ a g o = a
Arvwaves pH  wesasazaiwddninilad  Henwilaves
a a o oA Y ;’f v [] a g
msazarvdan Ing laanldwansnanesdngalude 1) niuneaesa pH Tugieiu
=t =1 4:' ¥ o By [
good buffering capacity LAY oUIRYY electropherogram N Idie1i1 U 1% lunmsnanssrely
ad 4
3) anududuspIasazaedaning lagd
= Yy g a o 4 A =Y
AnyINaYRINNNTUTHY AT Az AEDEaN NS 1ad  1AeNYHAYDI
a o 4 1 P Y PR Y o @
msazate oanInslaAuaza1 pH Nlveamsneassndigalude 1) war 2) awdey

o ad S
MMIANE MV UTUTHYIaTaza1edian Tas lagnanududy 25 50 way 75 mM

9 A

1. JU#BY electropherc  ms 7 1@ o1 1U 19 lunsnaasssely
Yy v =R a
4) ANUANTUVDITITAALLTIAIRD
P Yy v KX a Yy v
ANYINAYDIN UV UTUYDIA1TAALTIAIAT (SDS) ANUTUTY 25
s a = (4 -~ =1 ~
50 75 wag 100 mM Nduluasaza1ed . 1 Tnglad W3euifey electropherograms #1 18
5) anuaading 1ldh (Applied voltage)
Anywaveannuaaing i nld de +10 +20 uaz 0 kv Taeld
annzhldwansnaneshianganinaaos euiiou electropherograms 714
6) 1A IUMIRATITAIDYN
Anvwaveanarlumsiaaisdiedne A 5 10 waz 20 IuA
I = g Y
wSeuiou electropherograms Tt
7) M35 (identify) AWMUINAYOIATAI089
Tasmsiavd  zaeasgiuuaazyiaas I luasazarodiedna
= Q/
Haufiaza
a vy @
3.2.3.2 MINUANUTUIUYDIT 1A 0814
MIALANUTNTUVDIT5820813 1R854 sample stacking 2 AN
¥
79 Normal Stacking Mode (NSM) itag Field Amplified Sample Stacking (FASS) NAUABDUAS
b
NANDIAIY
1) Normal Stacking Mode (NSM)

] Y = [~ z Y dy
HUINIINADDIAWWNAUA NSM L‘IJ‘LJ 3UUADU mma"lﬂu

Y oy J 2 adg s A
- AYAYTITINIDYNAIYUN ﬁi@ﬁﬁa%’,ﬁWU@mﬂI‘Vﬁ'lﬁﬂ‘ﬂ!,"l]ﬂi]ﬁ

119 Taelifasaausefisineg
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kY
- fAawwaveanarlumsiaiineuiamsfiegaiinisnaaeena
a o4 a a v = .o a
¥9IMIRNANINIAT 5 10 20 40 uaz 60 UM lavlFn13RAEISHUDY hydrodynamic AOUNITRA
A15AIDH
- ANYINATEINAIVDINITRATITAIDE1ININITNABDINAVD LI
YBINIIAAFIIAIDE1Y Adan 5 10 20 40 waz 60 IuU1H Tasl¥nsRaaisiuuy hydrody  ic
AL AU 50 mbar
2) Field Amplified Sample Stacking (FASS)
' Y P= ) 3 Y dy
HUINISNARRIAILMANA FASS oonitlu 3 Yunou deae 1UT
- msdenlddnd i lunsiaesdesns Taslddnd i +5
+8 1y +10 kv
= = cy ' = L7 ] d’l ‘Qv ) o
- ANEIWATOINSAATINDURATITAI001S NS aNT N
i v 14 [
YOIMINA stacking UV FASS uagseeziaiwuzanlunisdai Teeldnsaaiih fina s
10 20 40 Lag 60 UM 1¥M13RALVY hydrodynamic ABUAITRAAITHIDGI
- fnwszeznatiwinzanlumsdaesdliegns Kimsnaaodles
1 v o { =
1¥n15AAA15UVY electrokinetic AIBAINAIANG (voltage) WA 5 10 20 40 1ag 60 T
= d = o w w A (¥ 1 o 2'
3.2.4 maasnizvmdsnamsman Ty nyluieadumazii
3.2.4.1 NIATINAIDE19AY (Fu and et al., 2009)
g a =y Y g ) = 3/ Y 9/
1) nuaunnuInalain ntuiinsdenay 13 Tuvah 9109

A5 N1 DONINANAID819

o = Y T =Y

2) Mhaudege leuigungi 60 °C iunan 24 ¥ Tus
o a t 9 ° 9 = ' [} Yy Y
3) 118t UMseULA s H1wualvazidua uazsouniuazusald 1a
YUIA 300 um
0 v
4) ¥9auu 2.5 nsu laluvasanaaes 9101 UAY methanol 5 ml auld
@ 3 o 4 ) @
W1nu 9101511 1 1n5 949 Ultrasonic cleaner 1Wunan 1 32144
5) iriaeanaassh a1 lalwnses Centrifuge (2600 rpm/min) 3 W1#
= vy T g o A "o o o Y/
mansazaslanegiuunlavasanaass 11niuih 1l blow N, tieladwhazais uazils

Rl

H ¥
wideenstiosiga 1An DI 1 ml
v v
6) Masdiedsiimaney USuUsuas Tael9ii DI 1 ml

7) NTB4ANTOZAIOAIDEAIY 0.45 pm nylon filter membrane 1d Vial

° = o
ldSmingvidaen. . )9 CE









45

y 'a o 0 Y Y { =
6) blow N, tieladiiazate uazildmdemsiosiga 1By DI

q

water | ml

] Y
NN 3.5 TUADUMT blow nitrogen gas

7) AT994ATAZANWAIDE1IAY 0.45 um nylon filter membrane la vial

o = 4 ¥
i lSe5idenses CE
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Nﬂﬂ1§ﬂﬂﬂ®ﬁ!!ﬂ$3%1§ﬂiﬂﬂ

{ a o a o w =Y
msnaseaaazimnzaylumsimszimdimamsiivadsiy dremaila
3 9 = % d’d ] a o 1 =Y 9 9 a d
CE u azdvsnyilateninananisnsey wuy siia aAnududu pH vosansazaiedian
s a 9 ar
Tnslaa dndg Wi narlumsiaas uaganuuduvesaisaaussasii (sps) Taeldmdnlu
mstdenae Meguszansmunlunisuen N13nI2a18610v09HA NTLENDEIITAIN §IaIN

A A =) A W ~ < Y
msmaaumaﬂmmmﬂamﬁ AnymzvaIng 1Wuau

4 d 0o W
4.1 fni?‘ni’l’ﬂ1'J%iﬁ!ﬁ%ﬂ3ﬁiﬂuﬂ153!ﬂ51$ﬁﬁ1iﬂ1"l]ﬂ?l‘])"ﬁ‘]i

=) a J
4.1.1 wumlmmsaxmﬂmﬁﬂim"lnﬂ

3
[N [} o

- a g s A 4o ' a <y
madendisazatedian Ins lamdudind1dgeo190eaon1s3nT1vyiale
INALA capillary electrophoresis 1A8AZABDINITMINT pH ANNTUTUNTOANULI I ToDDUYDI
a g o A a A a a d ¢ A
d1savarvdianing lad wazersaausspsaifduluarsazaredidaning lad tidesain
b
4 == 1 a a T
pentsznoumia iina laons 4ol szANTnIwmMsLondIs LaZAMURNITADAT (selectivity)
ad o 9 PR ' = @ o
msazawsian Ing laananis Iwanisueniduaz ldsunaunisueneans Tanugtiwivesas
(buffer capacity) 14939 pH Aind1e Tuildasuudas pH Wogungin/asuudas ldsuniunis
= P = v Y a o
a5 Aanuensalumsmaeuiineldaun i lndiRosdums wazausoazmeas
v ' Y A
A0819'148 (Ao quNnTgY, 2550)
o a d a []
lunmisneassldaninisnaaeslasldarsazardianing lad 3 ¥iia 1dud
Phosphate buffer, ~ rrate buffer 1101 Acetate buffer HAN1SNAAEINUINID 1Y Acetate buffer
9}3 = = o = 9 9y
MmInuenms ldianua Inmsnszaevesiiagei liianiie [narlunmsuenuiu Borate

buffer 1115008015 19 3 A LazdnYMYBINAvEFouTUAY Juamisauen ldasradaoy

@71 Phosphate buffer @131150UsnE15N3 4 ¥ilald uAATDI 24-D (3) waz 2.4,5-T (4) 84

9 =

) o W A a Y a o 2 ¥ 1o . 3 . 49

YOUNUNU Lu@ﬂﬂ?ﬂuiﬂﬁQﬁi%‘i‘ﬂiﬂﬁLﬂUQﬂu"!N!,LfJﬂllﬂfﬂﬂ a1y migration time MU LLATNIT
@ 2 o o g Ya o = v o 2 A o

ﬂﬁ3@]18@3%@3Wﬂ@1ﬂ11ﬁWﬂLLﬂU HAAIAINTINN 4.1 @a3UUIUADN phosphate buffer Ll]u

asazaudianInglas negldlunsnaassse 1
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3+4
|

0 5 10
—_ 20 "
™~
E 121 13+4
o 10 (b)
w
5
a 0 -
5 10
20
10 | 2 (a)
l b . e
0—|
0 10 20 30 40 50 60

Migration time (min)

MW 4.1 Electropherograms LEASMIsHANLEAYOsA T Az 1A U luasaza1dian Ing
ulﬁﬁ‘ﬁ& 3 1@ Condition: buffer composition: (a) 50 mM acetate buffer, pH 4.5 (b) 50 mM
borate bufter, pH 9.0 (¢) 50 mM phosphate buffer, pH 7.0, separation voltage +30 kV,
temperature 25 “C, sample injection time (50 mbar) 5 sec, capillary length 64.5 cm x 50 pm
id., effective length 56 cm, Peak identification: (1) = Dichloroprop (2) = MCPA
(3)=24D@)=245T

a g d
4.1.2 pH vo3msazmeoianing lan
ag o ] Y~ A
pH v03130a 108100 03 ladlinanenisuand uiu leseuvesans issnnas
Y 9 ror d‘ T Y £ o Y 1 s d' v d! =1
vuana 2 195z lumiui pH uand e 39 ldwasmueslszguandsduiiusas pH H4il
[} 2 = 9 = a g d o Y
nanennuensalumandounneldauin Iidwesas My pH vesansdidnIns ladsi 1w
2 4 o =g o <

EOF tinau Tunisassduduminan pH wssensazaisdianlnslad EOF nuzaaad 210013

a g = a @ =
ﬂﬁﬁ@\?ﬁ'ﬁaga'w@mﬂiﬂﬁulaﬁﬂ pH 2.5 6.0 7.0 118 8.0 9T LNUHNANITNAADIAINTNN 4.2
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2
] R
104 ﬂn A ()

(mAU)
=
L I 1
= .
—_—,
S

(c)

10
g. 20 S
E‘Z ] 1 2
. 4
10 , i b ®
0.
20_0 10 20 30
10 < [\
| (a)

0 10 20 30

Migration time (min)

mw’?'l 4.2 Electropherograms uamﬂmwﬂmmmiazmammgmiumiazma phosphate
buffer 171 pH #19%) Condition: buffer composition: (a) 50 mM phosphate buffer, pH
(a) 2.5(b)6.0(c)7.0(d) 8.0, separation voltage +30 kV, temperature 25 °C, sample
injection time (50 mbar) 5 sec, capillary length 64.5 cm x 50 pm i.d., effective length 56 cm,

Peak identification: (1) = Dichloroprop (2) = MCPA (3)=24-D (4)=24,5-T

NN 42 WU R pH 6.0 RATDIENSIHANSLENDEFAIL NMITNILILUDI

#inge Mldfianaioz migration time ¥03eN5 WM A3U7 pH 7.0 uay 8.0 IxRAMsHENTAAd iy
~ . . . ~ Y a @ 1 9 v w [T

wagll ' ation time 7 1NAIAYINU LARA 24-D 3) 8L 2,4,5-T (4) deFouiuiuuazsauiuia

v
Qs 1 =

(-7 -7 é o
Sl U MNFOUR VAU FI9z R0

a o A o o e 2 =4 Sl A a = . .
@I uR pH 8.0 AWIUTARONAIS0ZAILL:AN INT laanT pH 7.0 1ilesnTAALAY T migration
. EUN a = Y o 3 = ]
time 9 101wou 1 tazfamsuen ¥ IRiuni 4 An uad
3 v d' o Y a ] a/
naasluduae liiei 1dinanmsuenegasau
v v A a g ¢
4.1.3 ANNUNUHHS 07211059 lovouvRIM SazawtanIng lag
o =1 T a a
AMULLS e lPRRUYRITITALa18D... TN ladnnanolszansanlunisuenais

@ asa 4 4 ad < o
NITLLYNTA LLﬂ%ﬁﬂWWll'J‘UfN'J‘E'JLﬂfﬂzﬂ ﬂﬁ!,llaUuﬂ'ﬂmlﬁﬂﬁaﬂu‘lﬁﬂ@fﬂﬁﬁ%fﬂﬁlﬁ)mﬂ}l’l{lﬁﬂﬂW
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d‘ = a d 4 & o 1
1@ Tasmsidasuanududunsosiavosaisazatodaninilaq  Felinade EOF uay

2 ~ Y o w
anugsalumandounneldaunldihauddu

20 | 4
i .
10 131 @
ot
R 30 0 . 15
:) .
20 1 3
S - 2
£ ﬁ Mﬂ v
—_t
‘ﬁ 0

il

Migration time (min)

mwﬁ 4.3 Electropherograms uﬁmﬂmwﬂﬂjmmsazmammgmiumsazaw phosphate
buffer ﬁmmﬁ?’w%’wﬁm Condition: buffer composition: phosphate buffer (a) 25
mM (b) 50 mM (c) 75 mM, pH 7.0, separation voltage +30 kV, temperature 25 °C,
sample injection time (50 mbar) 5 sec, capillary length 64.5 cm x 50 um i.d., effective
length 56 cm, Peak identification: (1) = Dichloroprop (2) = MCPA (3) = 24-D
(4)=24,5T

ANN 4.3 UTAINANITNAADIN LIAANHINAVOIA WD NI UVDIAITAZ A

Phosphate buffer AU 25 50 1AL 75 mM WUNAIA NV LTUAMIEauAD 50 mM 1¥Ha

Aaa A ~

9
v @ o d @
MInanesiaige Aoawisauen lded1edany fAauay waylnar lumseszdduns ol
. . . EU = A o @ Yy @ 4 4 & Y v o
migration time N 1101Pu 1 Wasuduanudutun 25 tag 75 mM Fansasen NN uA
9 v v
AMNIOUINENT 1A 4 FHABUAY uANANUE LT 25 mM AT 2.3 BamsFounuduuIeau

-~ YY) 9 a P = [
HazNANUANTY 75 mM 1Fnanlumsimse iy uaginning
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4.1.4 ANNANTHUDINTAAUITIN NI (Surfactants (Sodium lauryl sulfate; SDS))

M3tAn SDS aslua15azay phosphate buffer tNoAIUAY EOF 1wu1lsz@nsnin
HAZAIURWIZADTS aRsuUAINse1TerIemsuazniisd1u luuatlaals Frumunsazaieves
15H1981LAZNUNITLNTA INATNABDINFIULINUIN 2,4-D (3) 11 MCPA (2) 92LENNNAU

[ 5 a = a g & A ' =
18enn satiudsdounuaisaausansriadliluaisazaievdnIng lasesie 1 nansuen 14
Vo 4 A v R A ~ Yy
p913% AU F9lun13naaodnl 1AANYINATDIANTAALTIAIAT AD SDS NANUVUTU 25 50 75 100
v v ¥

(AL 125 mM S9N 4.4 WUIANUDUTUVDE SDS 91 100 mM 1313 0LENA1TAIDE19N 4 BiA

Y Y = =} c; o Y =1 Y = a;’,’
1doensFanu Insnszaneveaindinldnauay ez ldna lumsims iz au

30 —

T 1
15 23 4
fad f (e)
0
300 5 10 4 15
1 123
15 4
i M (A
0
—
% 309 5 10
§ 4
~ 15 H I 3
2 i f 2A/\ A (c)
=
0
£
1 1
15
] | (b)
0
0 5 10
30 )
4 1A3+4
15 4
5 a)
] | (
( =
0 5 10

Migration time (min)

mwﬁ 4.4 Electropherograms LEAINITLINUDITITASDILUIATFIU TaeAnaIs buffer additive
(SDS) adlumisazate phosphate  buffer ﬁmmwﬁu%’uﬁhm Condition: buffer
composition: 50 mM phosphate buffer + SDS (a) 25 mM (b) 50 mM (c) 75 mM (d) 100
mM and (e) 125 mM, pH 7.0, separation voltage +30 kV, temperature 25 °C, sample
injection time (50 mbar) 5 sec, capillary length 64.5 cm x 50 um id., effective le h

56 cm, Peak identification: (1) = Dichloroprop 2) = MCPA (3’ 24-D (4)=24.,5-T
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4.1.5 M35%Y (identify) R WKL IUBINI6IBES
3 ' o 1 o Y as A A a
M3seyfwriweIaIdleneih 1a 2 35 AemsulSen..sunawesmsmaeui
. . . 3 . ] dy ¥ v o . A

Y043 (' ation time) tazmMIths " zFelumananesil Idszyae .. MINT spiking 11199910
aunsnszydwmisiuduey  uezianuuiudwesdeyannninanfFoumeunaivens
NABUNVDIAT M5 spiking S1TAIDEIINEN AIWN5AL stock standard solution VBIETUARY
= @ ' o a o g . . =) =t
ginaslumsazasdienaney 1di lnseaonTes capillary electrophoresis AR i

2L 4 = o E Mo A VA o o
vinalngliudgann.  wSinamsfinniu e lilimadefiadumiou 9nmsi spiking

14 v T

ANNSONTIUAUHUIVDIETTNG 4 % 0 1D AAAWHUIN (1) Dichloroprop WARMWGN (2) MCPA

AARWNUIA (3) 2.4-D LazNARIMUIT (4) 2,4,5-T MUA IR LAAIAINTNN 4.5

— W
w (el
=
=
—_—
~

{a}

o

309 5 10
|
3

‘SEI T (d)

0
— 0 5 10
é 301 4
E - A
8 15 | i} Af (c)
5 ¢
3 .
wl
a3

(b)

0
10
23 ¢ (a)

Migration time (min)

—_ W
w (]
JE T PN
=
L)
=¥
—

MR 4.5 Electropherograms LEAINMIUINVDINTAZDBNIANTTIUIL YA WNUIWDIANSUA AL TilA
Condition: Spiking Sample (a) no spiking (b) spiking 2,4-D (c) spiking 2,4,5-T (d) spiking
MCPA (e) spiking Dichloroprop , buffer composition : 50 mM phosphate buffer + 100 mM
SDS, pH 7.0, separation voltage +30 kV, temperature 25 °C, sample injection time
(50mbar) 5 sec, capillary length 64.5 cm x 50 pm i.d., effective length 56 cm,

Peak identification: (1) = Dichloroprop (2) = MCPA (3)=24-D (4)=24,5-T
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¥
4.2.1.2 HAYDAUIAUBDINITRNANINOURAAITAI0H19
¥ ]
MmNy IHavena lunIanineudaIAI9E19 Hna1 5 10 20
-]

v ' ¥
40 182 60 N UAAIAININD 4.9 WU WoRMi 1A 10 3N ARvDIa1sAID8190ETM

o ]
peak area gavuAIAluNISAAT uazfinves MCPA (2) uaz 2,4-D (3) szisudouriniiu

14
v @

Wodamsilasndn 10 3119 AAL0IANTAIDE19LLENDEINTALIU LANAT peak area A1 AL . 4
Q@ ) . a = 4 r=% % [} = g ] w
@enna1lumsanasdiodnsh 10 Jud Wiesnniinvesasdlediaunanisuen lao19dany

uazd peak area g3 F9M131991 4.3

50

25 _- 2+3 4
e Ji (@
0 —
5 5 10
] 1243 4
25
] pa A @
= 04 -
p 0 5 10
E 504 4
5 ] 243
»n 25 i (\
5 Aol (©)
& 0 -
2 z
o
50 5 10
1 12
25 n3 A
A A (b)

50
25

[ T P
[
o
b'\ﬂ
g
~

=

2

0 5 10

Migration time (min)

v b4
MNN 4.9 Electropherograms Landravaaiam lumsamineuiaesdiota

Condition: water injection time (a) 5 sec (b) 10 sec (c) 20 sec (d) 40 sec and (e) 60 sec

s

sample injection 40 sec, buffer composition: 50 mM phosphate buffer + 100 mM SDS,
pH 7.0, temperature 25 °C, capillary length 64.5 cm x 50 pm i.d., effective length 56 cm

el

Peak identification: (1) = Dichloroprop (2) = MCPA (3) =24-D (4) =2.4,5-T
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4.3 M3fSoumouszHI1uNnnin Normal stac©  mode (NSM) tag Field  lified sample

stacking (FASS)

Tua33ei dnmumadanisimuaiiuduty 2 madin Ao Normal stacking mode
(NSM) 118 Field amplified sample stacking (FASS) TagAns1eHian electropherograms ﬂJfNﬁS:Q
aounailn §90wd 4.13 Wy madia NsM azlikan insediani madia FASS @15
uon‘ldarnmatin NSM 9zl peak area 901 FASS 1szuia 10 1 sagasuen lded1adaay
Feemnsaszyfunavosans |dedsFanunazusiuding 53 NSM f#1 LOD 9 0.05

P ' & Ao o =
ppm NR1N31 FASS A19 0.5 ppm BIANIZNITNAADINANGAUAAIRY A15197 4.7

[

_ U [ 4 (b)

400 5 10 15

ssponse (

20 <

-/

0 5 10

Migration time (min)

NN 4.13 Electropherograms LUAINAYDI sample stacking (a) NSM (b) FASS
Condition: buffer composition: 50 mM phosphate buffer + 100 mM SDS, pH 7.0,
temperature 25 “C, ca; " ry length 64.5 cm x 50 um i.d., effective lengtt ) cm

Peak identification: (1) = Dichloroprop (2) = MCPA (3) =2,4-D (4)=2,4,5-T
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(a)

mse (mAU)

(a’)

s P N L - J,._‘._.mmmwn.lmmm
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MNWM‘J FIEFR thau Jm ( )
I

5

Migration time (min)

MW 4.22 Electropherograms ¥93@1061911901 3 (a, 2, ) TATIZHATIA 1,2,3 (b)s " 3
standard Condition: buffer composition: 50 mM phosphate buffer + 100 mM SDS,
pH 7.0, temperature 25 °C, capillary length 64.5 em x 50 pm i.d., effective length 56 cm

Peak identification: (1) = Dichloroprop (2, MCPA (3) =2,4-D (4)=2,4,5-T

i 4 o a 4 o @ @ 3 =y
NNINA 4.20 - 4.22 1HDRMNITAATIEHMIAITAIT A N Y79 4 wiia Tu
¥ ¥ v ¥ ¥
§10013711914 3 A AremAtia NSM F9aziinsnaaed 3 aTe wud lulsingiavesansia
=y P ,ﬁ’ A g Y 1 =1 Y =Y 0o @ =)
4 wilo esninlunuiiiudresslianurainvatslumsldmsnll uazarsivadag iy
Ada

14 [ ]
uonaINila1servgniesaaloaloyaunsdnedluau tazuas ¥eiufanisdsunilas

¥
Taseardevesas Mld luey asewumsmaiille
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4.4.2 M3 AN I08N9AY
4 o 4 o w q’J’ = ] 1 =Y 3
Woitin. .asizdmasiidaiynyiie 4 yie ludred13aune 2 g0

' =] @ T a = = ] = 3 = ' g
wu Tugaudlediesaugai 1 (mwi 4.23) ldusingiavesasis 4 stia daulugainy
A10E19AUYATN 2 (N TNH 4.24) W dichloroprop 118 2,4-D UAIIDININANNIVOINANAIA

¥

v W ° ' a Jd 1A
nhdyarasuniuh Iy ldenunsaseauramsimsizidSinavesas 1d wenninilaisers

ada '

[} 9 a a é o a d‘ 9} o E%
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Migration time (min)

M7 4.23 Electropherograms ¥9910613U07 1 (2, ,2,,2,) INT1ZHATIN 1,2, 3 (b) spiking
standard Condition: buffer composition: 50 mM phosphate buffer + 100 mM SDS,
pH 7.0, temperature 25 °C, capillary length 64.5 cm X 50 pm i.d., effective length 56 cm

Peak iden "~ ation: (1) = Dichloroprop (2) = MCPA (3)=2,4-D (4  2,4,5-T
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R LT MMMW wie
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Migration time (min)

[ 14 i
Mi... 4.24 Electropherograms "'UEJWT’JEJfJ'NaWQ@ﬁ 2(a,,2,,3,) "3m31$ﬁﬂ§'m 1,2,3(b)s "7 2
standard Condition: buffer composition: 50 mM phosphate buffer + 100 mM SDS,
pH 7.0, temperature 25 °C, capillary length 64.5 cm x 50 pm i.d., effective length 56 cm

Peak identification: (1) = Dichloroprop (2) = MCPA (3) =2,4-D (4) =2,4,5-T
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5.1 agwa uazeniienamside

A o o a @ J . N a .
mrunzivasfidadsfis ngu Chlorinated Acid AIumAiln Sample Stacking
4 i { = o o0 o o
Tae141nT09 Capillary Electrophoresis iNovan1isimangaulumsinsiznarsiisaisny 4
¥ila laun 2,4-dichlorophenoxyacetic acid (2,4-D), 2,4,5-trichlorophenoxyacetic acid (2,4,5-T),
4-chloro-2-methyphenoxyacetic acid (MCPA) Ua¥ 2-(2,4-dichlorophenoxy)propionic acid
1 @ e ] = s =N ad o
(Dichloroprop) Wuiladefilinaden1sinsiz fe siinvesarsazarwdraning laq A
Yy g ad o ad 4 Y 9
Wuduvesarsazaeddninslad pH vesasazaudan Ins lad anududuvesasaniss
a [] @ o d' a d' ¢§ aw dy o
fefa (SDS) anuarednd IWA N 1F uazmadianldlunsuen Faluaudtei1dldmaiin
= s 2 A = s 3 Q'
MEKC lumsiasiziansorianieimuizanlumsimsiziuaz 1ddluaniiz lunsiiy

ANULUIUUVY sample stacking AIR15199 5.1

4 - = o 0o @ a a
M99 5.1 anmzimuzanlumsinigiamsmsadyiey drumaiia MEKC

Parameters Condition used
Fused-silica capillary 50pm x 64.5 cm
Effective length 56 cm
Electrolyte 50 mM Phosphate buffer + 100 mM SDS
pH 7.0
Injection pressure 50 mbar
Sample injection time 5 sec
Applied Voltage +30kV
Temperature 25°C
Detector UV-Visible detector
Signal wavelength 214 nm
LOD 0.5 ppm
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i
MIANANUTUIUVBIA15AIDE19AI0NATIA Sample Stacking 2 NATA Ao Normé;ll
Stacking Mode (NSM) 11az (WAtlf Field Amplified Sample Stacking (FASS) Tagfinuniledond

¥ ¥ i
HaRBN1sUen Al Na1lumsladsalods nalumsaathinsuRaaIs@I8019 ﬁné?'l%lﬁm

's

=3 o ] Al A = !
15 lumsfiads (awzimaila (FASS) ninmisnaassnuhdnzianga lunmsiinsizvudes

A9915199 5.2 (NSM) 1azA15199 5.3 (FASS)

M5199 5.2 anreiminzanlumsinsziamssisaisnydomaiin NSM

Parameters Condition used
Fused-silica capillary 50um x 64.5 cm
Effective length 56 cm
Electrolyte 50 mM Phosphate buffer + 100 mM SDS
pH 7.0
Injection pressure 50 mbar
Sample injection time 40 sec
Water injection time 10 sec
Applied voltage +30kV
Temperature 25°C
Detector UV-Visible detector
Signal wavelength 214 nm
LOD 0.05 ppm




d' a a o o w w M =
AN 5.3 ﬁﬂ’]')gﬂlﬁil']gﬁﬂiuﬂ'ﬁ'Jlﬂ513ﬁﬁ’]5ﬂ’mﬂ')‘ﬁﬂ‘ﬂﬂ')ﬂl'ﬂﬂu€l FASS

Parameters

Condition used

Fused-silica capillary

50um x 64.5 cm

Effective length 56 cm
Electrolyte 50 mM Phosphate buffer + 100 mM SDS
pH 7.0
Injected voltage +10kV
Sample injection time 10 sec

Water injection time 10 sec
Applied Voltage +30kV
Temperature 25°C
Detector UV-Visible detector
Signal wavelength 214 nm

LOD 0.5 ppm
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399 3 ND ND | ND | ND
- 999 1 ND ND | ND { ND
au y

99 2 ND ND | ND | ND

ND = no detect
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1. MIATUIUMIATEN Stock standard solution wamsﬁﬁfﬂ%ﬁsﬁﬁ;’a 4 yiia Ananduii
1,000 ppm (mg/L)

1.1 @13aza® 2,4-Dichlophenoxyacetic acid (2,4-D ; MW = 221.04 g/mol) A213093UM
1,000 ppm Y311015 100 mL

1 4
Methanol 151795 1,000 mL iiilea1s 2,4-D 1,000 mg

100 mL X (1,000 X 10" 3 g)
1,000 mL

v v b
WUAB %9 2,4-D 0.1000 g ldaslufinnesvua 50 mL aza 18878 methanol 1NN

b 4
1 Methanol 1131195 100 mL veiiiloss 2,4-D= =0lg

msazarwlaasly volumetric flask Y119 100 mL uazlSu5u193838 methanol UATY

15103

1.2 @5azae 2,4,5-Trichlorophenoxyacetic acid (2,4,5-T ; MW = 256.54 g/mol) A1y
WY 1,000 ppm Y3H1AS 100 mL
Methanol U331015 1,000 mL Siflems 2,4,5-T 1,000 mg
100 mL X (1,000X 10”3 g)

1,000 mL
WuAD 49 2,4,5-T 0.1000 g Taaaludininesuura 50 mL aza 18838 methanol 91MiUM

1 Methanol U311@5 100 mL 9ziliiipans 2,4,5-T =

=0.1g

msazarwlaasly volumetric flask Y119 100 mL uazUSulSu19n5820 methanol IUASY

151103

1.3 a13a2a18 4-Chloro-2-methylphenoxyacetic acid (MCPA ; MW = 200.60 g/mol) 171}
IUuYM 1,000 ppm U331A5 100 mL

1 4
Methanol 1/531%5 1,000 mL  fii{ea1s MCPA 1,000 mg

’ -3
- - X X
&1 Methanol YS11A1s 100 mL aefiiiiomns Mcpa = S0 ML X (1,000X10 “g) =0.1g

1,000 mL
wufe 3 MCPA 0.1000 g laaslufinmesvuia 50 mL aza19@e methanol 910U

msazarwldaslu volumetric flask ¥R 100 mL wazUSUUSHI1ATAI8 methanol IUASL

USunsg
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1.4 @130¥218 2-(2,4-Dichlophenoxy)-propionic acid (Dichloroprop ; MW = 221.04
g/mol) ANUVYY 1,000 ppm U33NAT 100 mL

Methanol 1/311@5 1,000 mL NiH9a15 Dichloroprop 1,000 mg

100 mL X (1,000 X 10" 3 g)
1,000 mL

14
#1 Methanol Y311@5 100 mL 9ziitiloas Dichloroprop =

= 0lg
1ufe %9 Dichloroprop 0.1000 g laasluiininesyuia 50 mL aza18@2y methanol
v
nnumasazateldasly volumetric flask Y@ 100 mL tazU5u1/33173428 methanol 91

asulsuias

2. MIRIHIUNIIAIL mixture standard solution: 2,4-D, 2,4,5-T, MCPA uaz Dichloroprap

ANMAYNTY 50 ppm

W3 UUINAITALAY stock standard NUANUTIY 1,000 ppm w5195 50 mL
E4
LYY 14

fatiu SrezmsouaIsazaln 2,4-D, 2,4,5-T, MCPA uay Dichloroprop ANuduIY 50 ppm

wheldSuas
NAAUAS cV, = GV,
it C, = AMuINIUYBIAIIazAI0 stock standard (1,000 ppm)
c, = anududuvesasazale mixture standard iA89M3 (200 ppm)
v, = 1SuAsuesasazas stock standard HAeainuens
V, = 1311A3403013a2a10 mixture standard R84S (100 mL)
unusasluaums
(1,000 ppm)V, = (50 ppm)(50 mL)
v, - (50 ppm)(50 mL)
1,000 mL
v, = 2.5mL

T
Y

TUAD AIWISNATIVAITALAY mixture standard VYOI 2,4-D, 24,5-T, MCPA laY
Dichloroprop 18 pipette 19181582818 stock standard HiiA1dueU 1,000 ppm VOUABLHTIA

v
11 2.5mL a3 volumetric flask ¥4 50 mL 9101 UUSUUSUI95A28 methanol IUATY
U51105
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3. miﬁm)mm‘im“sﬂu working solution : 2,4-D, 2,4,5-T, MCPA uag Dichloroprop aANU
WU 20 ppm
(#3039 INA1 5028 mixture standard A NMGUTY 50 ppm T1501RS 5 mL |

v |
sy eI ouaisazale 2,4-D, 2,4,5-T, MCPA 1ag Dichloroprop. A0 20

ppm 3zA0aldSu1ms

NNAUNT CV, = CV,
o C, = AN IUYDIA1582A10 mixture standard (200 ppm)
C, = anududuves working solution doams (50 ppm)
= . oy ° -}
v, = 151asvesmiaza1y mixture standard HA09111310919
v, = 131a599381582810 working solution NABINS (5 mL)
unumasluagums
(50 ppm)V, = (20 ppm)(5 mL)
v (20 ppm)(S mL)
‘ 50 mL
VvV, = 2mL

Tufe auTmI oY working solution Y93 2,4-D, 2,4,5-T, MCPA 1laig Dichloroprop.
1Ag pipette 1910139218 mixture standard AVAWANYY 50 ppm 31 2 mL 891U volumetric

1 4 [
flask Y479 5 mL 1inviudSudSinasasazaetividesnldaunsuilSuias

4. MImIaMsIsumsazmeddning lannsetivmes
4.1 138218 stock acetate buffer ANWANYU 200 mM 131175 100 mL
IM3UU91A sodium acetate (CH,COONa‘3H,0, Mw = 136.08 g/mol) W2 acetic acid
(CH,COOH 99%, Mw = 60 g/mol, D = 1.0499 g/cm’)

(1) 100 mM sodium acetate U351105 100 mL

VINAUNTS £ - =
m 1000
4 -
1o g = Ynuuesas (g)
¢ = anududuvesas (M)
m = 970 WaNavesas (g/mol)

v = 15uasvesa1s (mL)



unuaad luaums
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(100X 10”3 g)(100 mL)(136.08 g / mol)
1000

1.3608 g

(2) 100 mM acetic acid 33103 100 mL

nooums  C = %D
Mw
die c = anududuvesms (M)
ANURHUUYOINS (g/mL)
Mw 170 TueNAYLIM3 (g/mol)
unumaaluaums
c - 10(99.9%)(1.0499 g/mol)
60 g/mol
c = 17.48 M
nNEFUMS GV, = GV,
de ¢, = anududuvos acetic acid (17.48 M)
c, - arududuves acetic acid ifeams (100 mM)
V, = vSumasves acetic acid fidoninniionts
v, = 1515904 acetic acid AiRBINS (250 mL)
unuaaluaums
(1748 M)V, = (100x 10° M)(100 mL)
v, - (100 X 10'3g)(100 mL)
17.48 M
vV, = 0.57 mL

.. %9 Sodium acetate 1.3608 NS LAZAI acetic acid ¥10.57 mL laasluinnes

4 4 14
YUIA 100 mL ﬁz’ﬁ']tl’d']i‘n\‘lﬁﬂﬁﬁ,ﬁﬂdeionized water NN UIMAITAZAIBTITDIng 1Y

volumetric flask 4119 100 mL ¥2a1R830U USu151u1a5 19714 100 mL &8 deionized water 3

AsuYSuag a2 ldasazany stock acetate buffer AMLUIU 200 mM
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4.2 @1Iarand acetate buffer pH 4.50 ANV 50 mM U3311A3 100 mL !

WS 8UIN stock acetate buffer AUITUTY 200 mM

VINAUNS cV, = CV,
dioc, = amududuresmsazme stock acetate buffer (200 mM)
c, = awduduvesmsazaw acetate buffer TAOINTT (50 mM)
Vv, = 1U51a599901592018 stock acetate buffer figoniwfeons
V, = 1USnasuesssnzae acetate buffer 1ABIMN3 (100 mL)
unuaaaluaunms
(200 mM)V, = (50 mM)(100 mL)
v, (50 mM)(100mL)
200 mM
v, = 25 mL

HUAB AIWTOATUNTITALAY acetate buffer 1AY pipette (B1X1TATAY stock acetate

buffer nRAMUdutU 200 mM 11 25 mL asluiininesvuIa 100 mL @Y deionized water a9’/
14

523 80 mL U5y pH 1114 4.50 A0 acetic acid Mniumensazawaslu volumetric flask

U9 100 mL YSU151165828 deionized water WAL RS

4.3 asazand stock borate buffer AMVUTY 200 mM 133105 100 mL
381N boric  acid (H,BO,Mw = 61.81 g/mol) 0% Sodium tetraborate
(Na,B,0,-10H,0, Mw = 381.37 g/mol)

(1) 100 mM boric acid 131105 250 mL

Ccv
INAUNTS £ _
m 1000
A a
Weg =  YSumvesas (g)
¢ =  ANULNTUYBIAT (M)
m = 470 laRavedas (g/mol)
v = 15u1a5909a15 (mL)
unuaasluaums

(100X 10”3 g)(100 mL)(61.81 g / mol)
1000
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g = 0618¢g

(2) 100 mM sodium tetraborate 153105 100 mL

g cv
NTUNS = =
m 1000
4 -
Wog =  YSumvesds (g)
c =  AMUYNTUUBIMS (M)
m = ¥30]uANaveIms (g/mol)
v = 1U5uasvesss (mL)
unusasluaums
(100X 10”3 g)(100 mL)(381.37 g / mol)
8 1000
g = 3813g

o . . [y . [y [} o
*. %3 boric acid 0.618 N3U LAY Sodium tetraborate 3.813 N3N laasluiinnesvua
¥ 14 ¥
100 mL a2 0aNINIADIA deionized water INUUNAITALA1UNITD909 11 volumetric flask
Y119 100 mL ¥aedeiu Usudsuias19'1& 100 mL &2 deionized water 3UATUUTUIAT 92

1Aa15azae stock borate buffer mmn’fwi’fu 200 mM

4.4 @13582278 borate buffer pH 9.30 ANMYNUH 50 mM 133105 100 mL

M3 82910 stock borate buffer AU 200 mM

VINAUMS cV, = GV,
dec, = anududuvesasazae stock borate buffer (200 mM)
c, - anududuvesdsazme borate buffer AN (50 mM)
VvV, = 15110 590981502010 stock borate buffer ﬁé’fmﬁmu%me
V, = 151a3uesansnzas borate buffer 1R8N (100 mL)
unualuauns
(200 mM)V, = (50mM)(100 mL)
v, (50 mM)(100mL)
200 mM
v, = 25 mL
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o A

WUAD TUISOIASBUE1TALAY borate buffer 1A pipette 18101502 AY stock borate

buffer NIAMUITUTU 200 mM 171 25 mL a3luiinnoasvuIa 100 mL 1Y deionized water a4l
} 4

Uszam 80 mL USupH 1#1A 9.30 470 3% NaOH solution  vinrfumensazawasly

volumetric flask Y1419 100 mL USDUS11@5A28 deionized water IUATUITIAS

4.5 @1592@18 stock phosphate buffer ANV 200 mM 1311715 250 mL
(31910 di-sodium hydrogen phosphate anhydrous (Na,HPO,, Mw = 141.96 g/mol)
1ag sodium di-hydrogen phosphate (NaH,PO,-H,0, Mw = 137.99 g/mol)

(1) 100 mM di-sodium hydrogen phosphate anhydrous 153105 100 mL

vnaums & = 2
m 1000
A a
Wog = YSumvesds (g
c =  aNutuTHYesEs (M)
m = U790 1aNaveIes (g/mol)
v = Y5uasvesms (mL)
unuaaslugas
g - (100x10'3g)(100mL)(141.96 g/ mol)
1000
g = 141%¢g

(2) 100 mM sodium di-hydrogen phosphate 1331735 100 mL

nnaums & = 2
m 1000
A a
fog = UTuawesdns (g)
¢ = anududuvsims (M)
m = ¥70luafavea1s (g/mol)
v = 1Y5uasvesms (mL)

unumaslugas

(100 X 1073 2)(100 mL)(137.99 g/ mol)
1000

13799 g

i1}
Il
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‘i%»i di-sodium hydrogen phosphate anhydrous 1.4196 N5 1A% Sodium di—hydrogep
phosphate 1.3799 a3y ldasluiininesyuia 100 mL AzaIUAIHITIRIY deionized water
UM azmonaaosadli volumetric flask Y41A 100 mL VIAGITY USudSuasIn i@
100 mL. 9728 deionized water WASVUTHIAT 92 1Aa 1508010 stock phasphate buffer A
(W91 200 mM

4.6 1322218 phosphate buffer pH 7.00 ANMWNYH 50 mM U31105 100 mL

A58 stock phosphate buffer ANUWNYY 200 mM

INAUMNS CV, = CV,
Lﬁ'e) C, = ANUANTUYDIETAL AW stock phosphate buffer (200 mM)
c, = aududuvesasazatw phosphate buffer iRBINIS (50 mM)
V, = 151105483e502010 stock phosphate buffer idearinnige
M
v, = 1311A3909e502010 phosphate buffer 7iA04N15 (100 mL)
unuaadlugas
(200 mM)V, = (50 mM)(100 mL)
v, - (50 mM)(100 mL)
200 mM
v, = 25 mL

Hufo susamssuaIsazay phosphate buffer Tay pipette 19191380 stock

phosphate buffer NiUA1GUIU 200 mM 11 25 mL aaludnnesvuia 100 mL Ry deionized
} 4

water 89 11/5z0191 80 mL 150 pH 15714 7.00 &2 phosphoric acid Mniumarsazataslu

volumetric flask ¥119 100 mL 1J5U1S1105A¢ deionized water IUATUUSNIAS

4.7 @13502218 stock Y9I Surfactant ANMYNVY 200 mM US31a5 100 mL

M3 UUIN sodium lauryl sulfate (SDS) (CH,(CH,),,0SO,Na, Mw = 288.49/mol)

g cv
nnauNs = =
m 1000
4 -
Weg = USumvesas (g)

y ¥
¢ =  ANUYUIUUDITIT (M)
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m = ¥ luaNAvedas (g/mol)
v = 15195983015 (mL)
unuaaslugns
(200X 10”3 2)(100 mL)(288.49 g / mol)
& - 1000
g = 57698 g

3 ot < .
%9 sodium lauryl sulfate U1 5.7698 g asludninesvuia 100 mL a2a18#70 deionized
water fingq] azaomamsazawladadly volumetric flask YA 100 mL azlSvUSunsdae

deionized water 3UASULSUA5

4.8 ?13aza18l 50 mM Phosphate buffer + 100 mM Sodium lauryl sulfate (SDS), pH 7.00
13311015 100 mL
301910 stock phosphate buffer AMUTUUU 200 mM 1AL sodium lauryl sulfate (SDS)
ANUANYY 200 mM  Taw pipette 18191589070 200 mM Phosphate buffer 4125 mL uag
1382070 200 mM SDS 41 50 mL (Auasnnaums C,V, = C,V,) ldasluiininesvuia 100
mL 1A% deionized water 891% I91/5zanes 80 mL 15V pH 1#'14 7.00 A28 1 M NaOH solution
nntiumasazawasly volumetric flask Y419 100 mL 51151151718 100 mL &0

deionized water WUATV/51105
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Calibration curve 484 ﬁ]iﬁ]ﬂﬂ"hW]ﬂ‘i U
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Calibration curve 994 Standard solution |

150 -

100

50

Peak area (mAU)

y=29.203x + 10.78

R’ =0.9988

T l

1 2 3 4 5

Concentration ( mg/1)

WA 2.1 Calibration curve Y89 dichloroprop

100

50

Peak area (mAU)

y = 16.264x + 21.464

R’ =0.9695

T T
1 2 3 4 5

Concentration (mg/1)

2NN 9.2 Calibration curve ¥93 MCPA



150
y=31.3x +3.0182
R =0.9929
100
2
=
g
N 50 ]
<
(5]
[
0 T T
0 1 2 3 4
Concentration (mg/1)
NN 2.3 Calibration curve Y94 2,4-D
250
200 y = 42.084x + 23.193
2
=) R” =0.995
5 150
E
<100 |
B
[
50 -
0 ;
0 1 2 3 4
Concentration (mg/1)

MNA V.4 Calibration curve Y94 24.5-T

o7
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