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Analysis of cocaine, tetrahydrocannabinol, and their
metabolites by on-line sample concentration techniques in

capillary electrophoresis

Student : Lan-Ing Feng Advisor : You-Zung Hsieh*

Department of Applied Chemistry, National Chiao Tung University

Abstract

Cocaine and tetrahydrocannabinol are usually used abuse drugs recently, so we have
developed a simple and convenient method to determine of cocaine, tetrahydrocannabinol, and
their metabolites. Capillary electrophoresis is an important separation technique in these years.
However, the limit of detection with UV detector is poor owing to the short optical path-length.
Using the good separation efficiency of capillary electrophoresis and on-line sample
concentration technique, it can provide higher sensitivity and improve the detection limit
without changing any instruments.

In case of cocaine and its metabolites, we have used CSEI-sweeping-MEKC technique.
The procedure combines two on-line concentration techniques, namely, sample stacking with
electrophoresis injection (field-enhanced sample injection, FESI) and sweeping, afforded the
detection of positively chargeable analytes. The optimal condition was determined on 100 mM
phosphoric acid buffer containing 10 % IPA and 10 % THF with 75 mM SDS and 150 mM
phosphoric acid as the high conductivity buffer; electrokinetic injection 15 kV, 900 s; -20 kV
separation voltage, which was remained good separation efficiency and sweeping sensitivity
enhanced. The detection limits of cocaine and its metabolites were down to ppt level.
Comparing MEKC method, the result of CSEI-sweeping-MEKC investigated could increase

sensitivity about 30,000-fold for cocaine. After solid-phase extraction, this method can be
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successfully applied to quantitative and qualitative analysis of cocaine and its metabolites in
urine samples.

In the case of tetrahydrocannabinol and its metabolites, we have used sweeping-MEKC
technique. The optimal condition for separation were achieved at pH 2.6 using a 25 mM citric
acid/disodium hydrogen phosphate buffer, 75 mM SDS, 40 % (v/v) methanol, a 300 s
hydrodynamic injection time and -20 kV separation voltage. Using sweeping-MEKC, the
detection limits that we obtained were in the range of 3.87~15.2 ppb, and the sweeping
efficiency were between 77- and 199-fold. The calibration curves showed a linear relationship
with the * between 0.9977 and 0.9989, and the value of the RSD for migration time was <
0.39 %. After solid-phase extraction, this method can also be successfully applied to analysis of

tetrahydrocannabinol and its metabolites in urine samples.
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Figure 1.1 Schematic diagram of a capillary electrophoresis system.
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FER Rl IR R kAR T R Y 2 R AR 5 B R G Ao
AR UT%—IK%?‘W S AR e fé_le‘rf%/} 5 oo

22.1 18+ o B AlaF g 2 M k45 (sweeping with anionic
micelles ) [40]

IEdg s B oo 5 A (4e sodium dodecyl sulfate, SDS) & & 5 44 & *
O R aE i ) X SRR H 4 4e Figure 2.4 #7771 » gt 3¢ » &
Bt g LR 7R SRS R G BRI T R E AR R E
R 2 PRI B RS I - s B R WA

WA RAPITR D § A B SRR RS RL mE A ‘:%%'_*v:“’z"ﬁ P 4

7 b E 0 EAE B PSR SRR ERF RS FE 3 ks
P e s L A R FlA A4 A g JIP M A F R



¢ ple # FfF (trans-resveratrol) 17 £ o e % MUR ¥ R &K B
% (low-temperature fluorescence spectroscopy ) » ¥ & % MEKC " & >
@ RIS RS R AR T S 1500 B o MRHEIL L R
AT RE D AW PHRIL R NM[4]] o F o TRRS 24§ - ﬂfﬁﬁfﬁ? »
Pl g e A2 - BEE R A %“ﬁ}% (corticosterone ) > 1&_i¢ #o¥% &
5 @ dg(dopamine)fr it F_F ’91}"\;% (norepinephrine) e I} » & 4 1~ 4 TR
BB 22 3 REKIPE 7 AL B8 RRY LT
kR BR R 0 g %4 MEKC 550 T eh i RHEL S T ppm v @
sweeping-MEKC 18 jp|#&*2 5 3 ppb [42] °

222 B &= 6 F b AlaE g M )k (sweeping with cationic
micelles ) [43]

PR R TIEAE S R B AR R RN 0 B A g
ZAK pH EXkFrf|T B> B AR B Fo BB E R TR
Fo s BT 5% v R BR R APFPFPET ZOBE > wipk o
#414c Figure 2.5 #7770 A= fmi ¥ L% 3§ BEET Koo SR e o
FPEBEWRAR BFL -7 7HESF ho 2EHOKEZ R &S
Lm0 7 BES e A h T R AR X%
- BE R L og P RS G B R FIE T RT A
TR H S e BT RIARE o F R T AT R T e > T8
Mrrelpbis» ¢ RRIEALVEBEREHR > )23 (4 Figure 2.5
(B 2ts~at4 ¢ 23T Ko B Rae - A2 RIES v f
#5 > 11 MEKC 4 34 4132 (7 A & Terabe #7 7 B £ 9] * TTAB 4= CTAC
& ﬁaf% oo FIEH AR AR o DB+ 150 B i F[44]

— N _

CIEER T }E&:}F, 1[21, 45] » * % &_satcking & sweeping » ¥r] T % i v
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=

F~
=H

TR @IS kR o F1 Terabe A7 Y IR ¥ ik i R

[7 % fiei% (polyacrylamide ) i Jm g Fr| 7% it 0 e 1k 4 7 48 F 3 [46] -
He2n gt MEKC 2 83c 4 737 370 & o

223 ¢ MR 5 BRI R kg (sweeping with nonionic micelles )
PR e SRR k‘fﬁ/z& B 2F s AL m
BOORORT BE B S R R 0 L - BRI
Do RRE S BFE S e d TG (1R ¢ BB 5 E B
BERERTFoAAR D f R A FIT P 4 <Ol 28§ B EE
RS E R G ) T A BRI o RS 28
HERBE AL D AR PR IEY o NI AR R A
Ay RER o B A AT § B - AL LRI E e H6 1 F  MEKC
B4e (74 3 X B A 4e Figure 2.6 #1777 o P (R 6 jE R e F 5
PAT R RBERTALEBRINE FIL AR EEART €3 B A
BE O RMT A3 Mo BERERMFAERSE DI Y - AL TRRET &
Ft o U Brij35 s P R e HEH 0 B /%‘FF‘['% 5 54-100 & - 1R
{10 R) & 19-28 ppb i FI[47] -

224 3 R ORNEE 2 kMg~ 3 21]

R G SRRk Sg¢ MA 4 & B4 2 5 o Figure 2.7 532
F TR > BRRARFRE S DR 5 leep 7 P

lsweep = d(ac) — d(me) (2-1)
a B a, &~ W R & A f &3 (cathodicend) ¥ I #&## (anodic end) =4
TP ER&EAREZEEARL G L7 o me 22 me, B & B R & 23§

B 8 B b w5 A o Figure 2.7 (A-C) 9 R 4 77 a. v me, e
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e E o § a3 I me oo me A B0 chiEdE (d(mey)) & a frA E

PEEAE (d(ag)) ¥ it (2-2) fea st (2-3) &7

d(mcc) = Vmctsweep; Ve = Vep(mc) + Veof ( 2-2 )
d(ac) = Va(MEKC)tgyeep; Va(MEKC) = Ve, *(a) + Veor (2-3)

Vi Mo (il FS 3 5

L3

VJ(MEKC) : a. & jig¥e & & {5 8 4% 3¢

%

VeP(mC) Pre El £ mﬂ_, v \i?
Vep*(a) = & 174~ _'rﬁﬁﬁ ST A

tweep © & @0 %/ T mc, T PP R

Vep(IMC) = 4ep(MC)E (2-4)
Vep*(@) = [ K/(11K) ) paep(me)E (2-5)
toweep = lini/(Veof = Vine) (2-6)

Veof = HeofE (2-7)

/uep(mc) D MR e oA R
E:28% R
k: %% %5 (retention factor) 3 A 474 A ff 30 fce 4p 2233 % 4p ¥

kL 7

B bty AN EFEE S F U E T
lsweep = linj(1/(14K)) (2-8)
N3 (2-8) 2 TR NF LA od 258 (2-8) A s
A (hy) AP S THOF T FF KA e e § R F AR 2
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R AR R AR 5 Ly B e P R T B ARE 0 SRR S e
BT R AR R LA -

2.3 % Ie fadk @ % B3 7 4% £ Jk 45 (dynamic pH junction )

T TR TSP S EYS S e Y
Mod ¥R F g T ingiig T T hm s it
FELLI D ARB IR ERE (dod P8~ 38 o oefps)o
FP o Lo iEndl Rk E e RS F - 2

£
g€ A4 R[48] > @ * |- fhik B3 B3 7 ﬁ@&%éﬁiﬂﬁé%@
w5,

S

HEBRERERFI PR EEFLIRES D
Hend 4 b i A 57 R EATRE Y AL BRI NRFAES
/}ﬁé{ﬁ o P& 1T Bl4r Figure 2.8 #7177 » £ mg p LB g pH Bh% B ¥ i
B FEFA - KM pH Bk &3 R AP d EBRESTR
FHrpiEp  BRE AT BPMRELSFETE ol e R
PP FRRErZE SR ISR R FT T RERT EEF S
A

Figure29 (A) > g p L pH45® 75 B3+ i o ## (CTAC)

S R E R o E - B BRI 0 e RS R R
it F 7 o Figure2.9 (B) ¥ 54— f = TR > _'ﬂ;%;;‘]&é\: CTAC &
S BT FIN v LT AT EL D] N T R

o MIT Bz id  REFP I HABEFIEIRE AT ET 2
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iﬂﬂ@ﬂﬁﬁ$pHﬁﬁ?§§@@ﬁ’ﬁﬂ2$ﬁ9ﬁ#€4é

=
il
(¢!
&
T
T
<
TE
3
R
e
o
_\\T
.;\.\
(;,+
>
—h
i}
d
9
\\n&r

S R RO R

Brif b el § A3 A 4 ,}a‘ﬁ*x}'@ o % & f Figure 2.9 (C) 2 MEKC

243 £ AF R RS

&3 S R ERRAELY B a2 A RS P

R R AR R REHNT LET LR IRGGE RS2 2 -
¥EA B % F.d Terabe #c323t 2000 & #7133+ EH M 2L 2 B 8
Frdw 74 S kR E B 4e[23] 0 ME1S 3T 2002 # Hian Kee Lee 14 48 7678
ZRNEHETERM 2 B EFRART RGFER6] 0 7 EA i
& B AR AR RSE P MR > B UV BRI EBET R
AEP Y Limd BAZE A XG> Ficx 2335

3

4

BHEILME pptenE e by 5 A R Rk EFE I REEEEFRS

=

MEPRMgETCHBRSIAF R EFEIRTY RiF2 o UT gE- 45

i%lf—gq"f; kﬂﬂ}%’/—

241 B @+ ER R 21 B EFR R kY (cation-selective
exhaustive injection-sweeping-micellar electrokinetic chromatography,
CSEl-sweeping-MEKC )

DR R kAR AP 0 R R R BRI AL
AL - B EB AT A8 FHA 5T $01 ~ (field-enhanced
sample injection, FESI) 3k 8 » ¥ 37 4 74 2 Hikdg o REE
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VIR AR T G AR £ TR AR - B RN R LA L s 4P
2 7% © )k Fde Figure 2.10 #7577 » & Figure 2.10 (A) @ L3 7

P B IE B i % S o UL — % B AT R LIS
Brip % 0 WAL R AP e cnp et flid F LT KT Bakat o

%
R < B R B AT R L - BBk B P BRBK
1P F B EE I RS R L S BT A~ S
fng o Figure 2.10 (B) ¢ » #pe @l 3T HR A TP ol g ~ 474
MERTRLEI S R TSR T E R G i

FHEBLHH LR D FTRTHEZLBEETFLIRY R % -

-

EN ,k‘{ﬁ 34r Figure 2.10 (C) -~ {4 F 42 5 ﬁ‘u{é T e (T ehpE | o o
fR

Figure 2.10 (D) 5 T # & f T M7 i » £ 'mg PP 1| 3 % inahrsg

R

An R BEEERRE SHT B

34

?N

A4 - TARR Z gl ier 3 o K7
FRRMEEERE NS mE g TSR v TR Tk
(CREE RS e PERURTL £ SR UL B ) e S
e MEKC 4 85418 7 4 o fd Seha 45 b o & %) & FGR [50]42 5 %
[S1]# 355 < ol * 4% Rk & 7 A% 246 @ (methamphetamine ) **
Fite @ e RIHB'LE Sppb o A F E SLEEE P BT (I F] 50 pg Y

AE e b o

24218+ ER R 21 > B EF RN kY (anion-selective
exhaustive injection-sweeping-micellar electrokinetic chromatography,
ASEI-sweeping-MEKC )

B > Hian Kee Lee *T4& ez + EH M 273 » B EF R R RS
iz » B P24 £ 0 CSEl-sweeping-MEKC & § & » b Bt 4e 13 &30
Fif * A A 474 o 44 Figure 2.11 #75F » Figure 2.11 (A) £ ¢
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AR 0 RIL R F B SRR R R 0 RIS - A Rk
U@iémﬁﬁ%ﬁEQ%Eﬁ’ﬁﬁﬁéﬁﬁiﬁixﬁﬁéﬁﬁ

PoFERF2AP EPRULBRTLH NS LEF A FT e
e % 7% % ) (Figure 2.11 (B) (C)) > o *N &85 2475 Afeld
e d g dlfEgEa AP e F o A E D MEF T PP o
Gl A e A U

* o Figure 2.11 (D) (E) (F) % = ¥ - S k&zw » & Figamd b >
AR Hor Row BEARAD B iR S ER R A

>‘\-

LA AR BB R R EIRR R IT

T,\JK

A By - kg EE LR REER S o (2 ik MEKC #1554 &
7 A 3t o

243 7 PRk EEGARBELEZEEFRIAAR L RS 5 ( dynamic pH
junction-sweeping )

B R B e flde B B3 iR 4% £ )k 45 (dynamic pH junction) 4@
o RE 4 Fwm BEA o Ak A A Tk - fﬁ;}i,{{tr’ Gl A e
FUALE RS HEk A ik Bh o fk F42 K 4c Figure 2.12 #73% » 7 A #-L fw
FhmF pH B3 F ha 2HH (4oSDS) end B E gk it » - £
BE2ere 2 MpHao ik B3R BE S - T TR A r ¥ F
WA RGBTt Ko BEHOEY > RZFTHRERS
B FEERRDT e FA @IRGILE - F ALY C = 2R
6 £ % MEKC #8274 3 - g2 fiin @ v2x % (Flavins) 0

AT [52] B i peE L RIKR T E I pM i PR o

=

CfSx 3 AHEARES TR R =87 kY2 (dynamic pH

junction, sweeping and dynamic pH junction-sweeping ) %= 3 [53, 54] -
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244 A MR SH T S F M kY (LVSS-sweeping-MEKC)
AR SR EEFRSAAL k ‘{ﬁ,é"— ¢z L 7 CSEI-sweeping-
MEKC ™ & Bt » FRT A st r L mg @ kR 7 - Dl

o RS A AR FHTHRESICE S A F I BRERRTER

NS

[y E
R

Hopt 32 A A HMFHRSAFARERLITHF T L oy >

v R R SR RN R TR S o S g N 2% M pH eh
P AR E R R R URA I - LB S e

79

TR LS IV P S

+
EEARFAF DR G F T INE AR T

3N

PP BT RIS AN T BB
?

e
w
A

F_k
P

e 95-99%pF > B-L fmp A R o~ 73 IR g F R (i

,A,,i?‘:l 77 '5‘:?@’;5@’ M3 e S ’?J*F*f'}kéﬁpzf;%'fﬁm-’ ARG

7= =k Sgeng i€ o

WA ARSI Gk BHS R EET MBER Rk

SRTLFRARDLE ~pH Bl R 6 B A 2 TS

=H

&

e

N

¥

\3;

i
'm\:gi’— g

THRRDLEETF]Z AT DEB R R E TR DT AL 0 B

R RBENT IR E o o TR RAR S 2 0 T AR 0 AT Bt

AR TS R RS - R PR E - B
g ] =N

BLiOf) ¥ 3@ )if{"\‘° %ﬁd AFLRF DT HER
AP B K bl L mg W B

PR M ERORERRN TR ERARY PR X
PIOTHFRS T EERREAERSFF A - BARTERS
Sharite  ABEBRRERYE > R DA EAL > hhiy
%’%*ﬁﬁﬁﬁﬁ@°

EIPN

a3k

¥
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A4 Bl S Rt H b pH B @BRR R Y o AT e fr diey 7
o R BBE R TR o pArfr gt £ 3 pH Bz Y A §
i @ LM pH PR BER S BPF o EEE I R R F A
¥ited MpHBERRE 3 pHEBRRPF > €F2FF L0 &
MrHPf TP O REBEBRARRNR B A AL WD
R LRIV A R - Rk ¥

oo mdBpre g R b o g HE PR E2LE 0 €
PR 2 BHE R BV R RAF RS AU ORGERAS A e
PSR RE D Y B T A 74 o

i d T R E TR T BRAFSFEBER )T
/"’ml??)r*’f“uriﬂfﬁ«}; e A VTR R A f e TR

FRTERTHma i flamE o d 3 f LA F TSR RR
5ﬁﬁ*5@§%%’ﬁﬁﬁﬁﬁiéﬁﬁ’Qﬁﬁﬁgﬁﬂ?ﬁﬁ
Booxl b w BEL S A2 R R A N RIL > R RGFHE L FR]
LA U iﬂi%ﬁ%iiﬁzﬂi@f‘éﬁ%on‘vﬁﬁ;‘féé{ﬁ:}ijﬁiﬁﬂ e
A0 Fe > gy Figure 2.13 #r IR oo 5 241 E 3 £ DR RMEH

=

o4

i

A4

.
|

) 3;
ﬁ.\\

o

o

%
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EOF m— > dﬂE'l:ll:l‘

- >
A inlet @ —B § B BGS © outlet
H—e —O
(low-conductvity) shigh-conductmaty)
defaclon
EOF —> v
4—% : =
B @ BGS <&@ B>  BGS ©
slaclﬁng i.:ohndaw
EOF = detactor

Figure 2.1 Schematic diagrams of the FASS model [28].

(A) The capillary is conditioned with a BGS (a high conductivity buffer), the
sample, prepared in a low-conductivity matrix, is then injected to a certain
length, and a high positive voltage is applied; (B) focusing of the analytes occurs
near the boundaries between the sample zone and the BGS; (C) stacked analytes

are separated by the CZE mode.
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detector
EOF <— v
— o—
A O —8 S B BGS @
> —O
(law-conduciivily) [Frigh-comduciivity)
-—3 e
B © == B+ BGS @
-— O
::\ swilching the slacking boundary
’ electrode polarily
- detector
ECF 7IL—T‘:.‘- ; ‘;,
-
c @ +8 ©
«©
-
stacking boundary
— detector
EQF => v
D @ BGS —E s 4D e

|

following separated by CZE mode.

23

CZE =

Figure 2.2 Schematic diagrams of the LVSS model [28].

(A) The capillary is conditioned with a BGS (a high conductivity buffer), the
sample, prepared in a low-conductivity matrix, is then injected to a certain
length, and then a high negative voltage is applied; (B) the anionic analytes
move toward the detection end (outlet) and stack at one side of the boundary,
whereas the cations and neutral species move and exit the capillary at the
injection end (inlet); (C) when the electrophoresis current reaches 95-99% of its

original value, and the polarity is quickly switched to positive polarity; (D) the



A. x
bRt aiEa s, e -
E\
B. x

+ | Acd S 'DE - -

RN

EOF

Figure 2.3 Schematic diagrams of the pH-mediate stacking model [19].

(A)The analytes dissolved in a high-conductivity matrix are electrokinetic
injected into the capillary; (B) a plug of strong acid is also injected, and a
positive separation voltage is applied; (C) the strong acid titrates the sample
zone to neutral, creating a high resistance zone; (D) causing the ions to migrate
faster and become stacked; (E) the electrophoretic separation proceeds through

the remainder of the capillary.
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mce mc, to detector

mce mc,

(c)

Figure 2.4 Schematic diagrams of sweeping with anionic micelles model [40].
(a) Injection of sample (S) prepared in a matrix having a conductivity similar to
that of the BGS; (b) application of voltage at negative polarity, micelles
emanating from the cathodic side sweeping analyte molecules; (c) the injected

analyte zone is assumed completely swept.
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A. Sample injection

ldetector :

Figure 2.5 Schematic diagrams of sweeping with cationic micelles model [43].
(A) The capillary is initially filled with BGS; (B) A sample zone containing
nonmicellar sample matrix or water is injected for a period much longer than
usual. By application of voltage at negative polarity the electroosmotic flow is
directed toward the anode (as cationic micelles is adsorbed on the capillary wall)
and the micelles migrate toward the cathode; (C) The separation is then achieved

by MEKC.
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BGS
nSC
a', ',
ns, ns,
L =
=i - >
a
ne = —b
Lf detector
D

Figure 2.6 Sweeping of a charged analyte in electrokinetic chromatography with

a neutral pseudostationary phase [47].
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T mc <—mc to detector —>

a c
A S BGS
L EOF ——
. inj .
a |
a - T‘c
!
mca I mcc
aa : ac
mca | m(:c
[ aa aC
I damey
RS C I T

Figure 2.7 Evolution of micelles and neutral analyte molecules during sweeping
in the presence of high EOF [21].

(A) Starting situation, injection of S prepared in a matrix having a conductivity
similar to that of the BGS; (B) application of voltage at positive polarity,
micelles emanating from the cathodic side sweeping analyte molecules; (C) the

injection analyte zone is assumed completely swept.
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pH Junclion detector

= @ ®
A ® ®s B8 BGS
® B @
(e.g. phosphale, low pH) (&.0. borate, high pH)
d mic pH junction
EOFa—=> -~
H
&« 0OH
B @ ses @ o
® € B{OH, )
unfocusad zone detector
EOF m=—=—3> e 1y v

EOF m—> ———

Figure 2.8 Schematic diagrams of a dynamic pH junction model [28].

(A) The capillary is filled with a high pH-BGS and a section of low pH-sample
solution; (B) a high positive voltage is applied; (C) the anionic analytes are
focused on the boundary of the pH junction; (D) separation occurs by the CZE

mode.
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Large volume injection Detector

e D e '
—_— °, o BGE (pH4.5)  (CTAC)
(A) Sample matrix (pH 2.0)
Focusing Reversed EOF 1vn (-
D ‘
& | BeE B - BGE =
(B) Focused zone

e BGE BGE e 9

F 3
(C) Focused zone

Figure 2.9 Schematic diagrams of a reversed dynamic pH junction model [27].
(A) Capillary is conditioned with a BGS (pH 4.5), then the analyte prepared in
sample matrix (pH 2.0) is injected; (B) focusing of the analyte occurs because of
its mobility changes in two zones; (C) focusing analyte zone migrates

independently of the sample matrix.
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water plug detector

A il —

high conductivity nonmicellar solution
solution (low pH)

stacked cations

. + = hon-
cation EOF - micellar
in water solution
C stacked cations |
§
N
N N :-‘\
micellar <~ EOF micellar
solution solution
E swept cations

— el +
micellar micellar
solution solution

cation ——p

Figure 2.10 Evolution of analyte zones in CSEI-sweep-MEKC [23]:

(A) Starting situation, conditioning of the capillary with a nonmicellar
background buffer, injection of a high-conductivity buffer void of organic
solvent, and injection of a short water plug; (B) electrokinetic injection at
positive polarity (FESI) of cationic analytes prepared in a low-conductivity
matrix or water, then cationic analytes focus or stack at the interface between the
water zone and high-conductivity buffer; (C) injection is stopped and the
micellar background solutions are placed at both ends of the capillary; (D)
application of voltage at negative polarity that will permit entry of micelles from
the cathodic and sweep the stacked and introduced analytes to narrower bands;

(E) separation of zones based on MEKC.
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Nonmicellar

a BGE
Anionic }
sample in Nonmicellar Nonmicellar
h water f BGE BGE
_ sz 4+
c Nonmicellar Nonmicellar
BGE RGE
_’_
d
e Micellar Micellar
BGE HGE
- +

Micellar Mi?ellar
f BGE BGE
- +

Figure 2.11 Schematic illustration of the ASEI-sweep-MEKC model [26].

(a) After filling the capillary with low-pH nonmicellar electrolyte, a water plug
1s injected into the capillary; (b) negative voltage is applied, and the sample is
electrokinetically injected into the capillary. Due to the high electric field, the
anions move rapidly toward the outlet. At the same time, the water plug is
moving out of the inlet of the capillary; (c) when the sample anions enter the
boundary of water and low-pH BGS, they are neutralized and cease moving. A
focused sample zone is formed (shaded area A); (d) injection is halted and both
vials at inlet and outlet are changed to low-pH micellar BGE; (e) negative
potential is applied and sweep the focused sample zone as a narrow band; (f)

subsequent separation is achieved under MEKC mode.
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pH junction detector
+* v

m ® ® % %

A $ &s ©H BGS
@ " @ % %
(nan-micellar solution, low pH) (micaliar sclution, high pH)
dynamic pH junction deteciar

EOF m—>

EOF o—> —c

MEKC =

Figure 2.12 Schematic diagrams of dynamic pH junction-sweeping model [28].
(A) The micellar (such as SDS) BGS and the sample solution (a nonmicellar
buffer) are injected into the capillary, respectively; (B) a positive polarity is
applied to power the CE separation; (C) the neutral analytes are converted to
anions and are swept by the SDS micelles; (D) separation occurs by the MEKC

mode.
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Analyte

no charge have charge

hydrophilic hydrophobic

Y

Sweeping or

H\AE |

FASS LVSS pH Junction

The compound is The compound is compound is anion compound compound is compound is
anion in water, but anion in water, but cation in basicity buffer neutral or cation neutral or anion
it is neutral in low it is neutral in low

pH buffer pH buffer

l l

LVSS-sweeping- ASEl-sweeping- CSEl-sweeping- Sweeping with Sweeping with  Sweeping with

MEKC MEKC MEKC nonionic micelles  anion micelles cationic micelles

Figure 2.13 The choice of on-line concentration techniques [55].
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ERNERFUET 3 ¥ IRy

+ ik (cocaine) >t H 41% & LIE 67§ B N E &
PR R R 2 L B A B s Al R g @B AT o o
FECLBAFTRTRESD B AR T M R BT

F]~ ¥ ¥ > crack frcoke ¥ o FH H R ¥ 3 A H R~ o gk

b

Biegismr HIEF 2 F R A o AL e B F

E R i ﬁ‘T‘“ b7 d 3o RE ST (S AT ik i iR Pel
FEO S H ER T WA BT MEARE T 0 EY PR 2 FE R

FRE LG P RS BAR RT T B - nF HER (4

v 1w 2 (R g B i

THER A R Rhl R RRE CIRY S FEEE AL RE 0 TR
Ko A 0 AN B R AR fk WAL AT B el o PR A
EREN AR HIF L B ETEY RA L O BRFALIEE -
BosowpeiE B R TIEASE S 5~10% kBRI T
R RS A o o AR (Y B AR ¢ ORI ¢ 9ldeig ]2 8 F T
g B EL A AR 0 202 Pl PRI e it KBRS T e
(dopamine ) > ® g2 581 §+ ’bj"\;% fre F Al VP A2 F 2R
PR RA SRR S R A LB L
B 5lde & PR~ BRI & B A G }}% v i B Sl A et e frd] o 1B B2 Rk
ARG E L R s dEHA RF  GRE R TR C RY
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3.2 7 i AR P e T R
¢ﬁ%ﬂgi§ﬁﬁﬁ%,ﬁaﬁﬂ$ﬁ&’ﬁ%%& v i 2
Bl FRARREFIEFREESI T FF AR R S
I Reoo W~ TP dG 1S € R B d iR BE B TR B AR chik B
% /% 4c Figure 3.1[56]> 4 & 1% f& X Fd & benzoylecgonine {- ecgonine
methyl ester’ ik # che frde 5 35~54% 854 p # 12-K f2(spontaneous
hydrolysis ) & "5 ® ez L s (carboxyesterase ) 3= 1 & X 4
benzoylecgonine ; + #7424 ¥ JL i £ # = norcocaine ; &L FPH — Az i#
oo WAk TR BARR ¢ € 3 B Jk & 9 cocaethylene > @ F )+ ¥ dk

T PR TR o RGBT R QR FIT 1-9% 2 4 .

3.3 & {7 dw 2 4P B & R A
Py ~ 17w 7dk 2 2 380 a0 2 5 4 & L (immunoassays )

[57,58] ~ & »xic % 4p & +7 (high-performance liquid chromatography,
HPLC) [59-62] ~ # 48 % 17 (gas chromatography ) [63, 64] ~ /% 45 & 47 &
## &% (high-performance liquid chromatography/mass spectrometry,
LC/MS) [65]4r # 48 & 47 7 +# & ( gas chromatography/ mass spectrometry,
GC/MS) [66-70] « 11} ¢h 2 ¢ » GC/MS £ 5 ¥ it * »+ 4 54 45 thig

BIFHT LT St TR GTA oom AT TR R o TR G AN
B 45 0 7 S g R B A HORE B A g
o F T S E ¥ & 1 B (laser-induced fluorescence detector )[71]
FEREREL LR REREE D ANMS s 5 Fk
AR FTRATE PFRFF A REFER 50 ORI B
f%ﬂﬁi%%%ﬁﬁﬁ”*%ﬁﬁﬁ%iﬁ%’%“ﬁﬁﬁ%ﬁﬁﬁ

’:‘;Q/]%’é_;ﬁém'g?;ﬂ‘\»ﬂf%’i"’?ﬁ?ﬁﬁ‘)UVf}iiEl]%# ;;»}; TP PR o
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—~CHs p-Hydroxybenzoylecgonine
I\ COOH (PHOBE)
F~Loco)
OH
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OH OH
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Figure 3.1 The general metabolic pathways of cocaine [56].
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oI RS ERE 2 B ARG SR R
AT R B

418 kSE 2
ARHRAVERFIERME IR EFE ML iﬁéﬁ‘ﬁ:‘é/’a\%‘r'ﬁ?‘

i A H R e g AN FHCPAROT R EBARRSL w0 FiSL
- B® iﬁ'?@iﬁ‘%@ﬁ%f&’ﬁ-?” waRBREEE S NE PR e
WEMETRAFT OB L4550 R 2475 Bt 4o T 55k
2T o ¢ FHBERETRARY AR FLMETRERET RS R
BRI R A F - ke 2 S v DRI EL 5oy
ENE GBI Ao s AOETRRE P OLFEHRRES AFFFIT S
Bl e p iR (Ao BE o d j Rt R g ArE (D
CE) BE o AP ORI ¢ XM T R R
AEfE> e Hd o B % - kg 581 MEKC $41i& 7 & 4t -

42 REALE
2B 5o 2 @ (Beckman Instrument, Fullerton, CA, USA ) #7%]:% &0

L mE R4k 0 PPACEMDQ &7 7 B » % °h k-7 Lk & - {4 L5
(UV-VIS diode array ) i P % > % % £ & 47#cd; ¢ Beckman Coulter
MDQ 32 Karat software 37 #] 87 ed2 5 & * 2. = § it ## £ ¢ (fused-silica
capillary » Polymicro Technologies Inc., Phoenix » AZ > USA) & p & 50
pum > “HiE 360 um v A& 60 24 (7 2Tk }250’\9)05‘3\37%’?4/%1@
i 2_ BRI = (polyimide) 14 X548 0.2 4 > £ 10 ¢ FRiE i
Nhe 3G RRRE RIS GRIT v o P AT 825 C - HRlA &
EAILFT B < Bk & 230 nm
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4.3 & 5.2 25 H|
Cocaine (CC, 1000 ppm in acetonitrile ) ~ benzoylecgonine ( BE, 1000
ppm in methanol ) ~ norcocaine-HCl (NC, 1000 ppm in acetonitrile )

cocaethylene ( CE, 1000 ppm in acetonitrile ) ‘¢ B p Cerilliant Corporation

(Round Rock, TX, USA) - ? iz (Methanol » 99.9% ) FLp Echo = &
( Miaoli, Taiwan ) - # % ( Hydrochloric Acid > 37% )~ & % {* 4 (Sodium
Hydroxide ) ~ % -k ( Ammonium Hydroxide » 33% ) ¥ £ p Riedel-deHaén
(Seelze, Germany ) =~ & - 8 & % (Isopropyl Alcohol ) P i Mallinckrodt
7 (Phillipsburgh, Nj) > = & rxvm ( Tetrahydrofurn » 99.7% )~ = % ¢

a

Y2 (Dichloromethane ) £ p BDH (Poole, Dorset, England) = &

o

Iy

Yz A Fr a4 (Sodium dodecyl sulfate » SDS ) ~ #fic ( Phosphoric Acid »
85.5%) ' pp J. T. Baker (Phillipsburgh, Nj) 2 & o #74 2% 5 & 4
B0 F P A 2 4 S ok E d Milli-Q -k % 2t (Millipore, Miltord, MA,
USA) #rH i -

4.4 Fip H B~

Foechp 8K A FPoh AR ST § S A e
fodka E I SORSE e A HIE PG 2 15 AR 5 B2 (solid phase
extraction, SPE ) i 4p 5 B~;2 (liquid-liquid extraction, LLE ) « # § %
T et PRl G AR F P LA FAREBE R p E B2 Ap
oo Higmg (1) UG R A S (2) SFER ST ARIEER
(3) A+ 1 (4) PRI ATFRAE PIF - FREPE R
R L AR LR AT R E K (copolymerize phase )& # ¥ 5% £ (silica
gel) - f*e*%"%i?eﬂ?%&w:vk»tiéi’%&; LHZF A A o BE B
BEDERROPAGR B R R AT O RN R AT BRI
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BN g B Ao A B g o 2 18000 B g AR R AT
B2 BRI o U TIRARR B RS2 AL i

ANF BT P hE AR B ? % Qasis® MCX solid phase extraction
cartridges (3 cc/60 mg) FEp Waters = 7 (Milford, MA, USA ) » I e
Supelco = 7 (Bellefonte, PA, USA ) #t4 & 2_ 12 port Vacuum Manifold

FARE AR UE A T N E B o

4.5.1 F Bw ~ 1L g e
ALl ik AT AR IR 10 A4 HF Y 1LOM BARK

B 10 A4 3 g okih 5 2 4 é??ﬁ%ﬁ%;;ﬁﬁ;
PR P A T E R L 10M2 & F A oRB IR

“%@HOQﬁv&@uéfiﬁﬁ%SQﬁf
F o e T B AR A B g et F R 5 A4 F

NEBETREFARVELCAIACBREAREFLA IR AT ALY

¢

—\

fe}?””ﬁ%/ﬂ’ %1}13/,7\ J}‘Q—‘“ll-i,g}‘li—}- A SLEENIAY" TR R
BERD G EEA s B RS m R TIRGF L T b A
FRREATCIPRAE T AR 20 A4S E 3 G R 20 A4 K

kS MBS AR 4

~;

452 iz il

cocaine * benzoylecgonine ~ norcocaine = cocaethylene % &5 5 2
Aol & ™ AR ¢ a3k o & 5 1000 ppm - 20 -4CHvk P 0 B
Bl4- Figure 4.1 - A 7 A7 @ kP » AB-n R B3 3 -LAR 2
I 10ppm A7 PE R =97 F kR 3 B KR -
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i TR R e § PR BN ] RPS AT

Tice TR A ) ERBLAFFORBEET a4 F T il ¢

-

PEEERF T o BRI RS otk B0 BBRET o Y

fﬁ“/p R mpH 1B ,{Jr\pH 1.8, 2.8,

(U]
%)
()
I
%)
B
ey
)
=5
¥
o
bei
=

i 2 B S ek g s 2 A e

4.53.2 3 I ot b e 808 A 2 B R
Fied BIRR GRS IS Rl AR R AR DA Fe R B

10% 2 73 (IPA) 5 £ o sc%w & vdvd (THF) d 0% 4c T 10% >
B3 bt G2 § B A B A R oA Boc sk R e 2 A
PiEE s FREFIRER (100mMBif: s pH1.8) 3 ET A ¥ #73
% (150 mM #ifs s pH1.8) B4 3psiii»a Adh > A3* 5 B3 7%
(100 mM #4f& ; SDS 100 mM > pH 1.8) > & 5k B % 50ppb > 15kV &
B3~ 900 ) » A BT R20KkV -

4533 » 3 ¥Rk 2 4 IR SDS 2 458

;ﬁr’ B EEARY AR Ko SR ER MR T
P kG R BT FRFASHT FHTRIR HSDS kAR S0
mM I 125mM - H e gpise > £ B g3 % kA (100 mM Zpt
10% IPA & 10% THF ; pH 1.8) > & ¥ T & ¥ #5532 (150 mM #ips ; pH
1.8) m/&4 3psiid »a A4k & 474 kR % cocaine, norcocaine, *
cocaethylene 25 ppb > benzoylecgonine 50 ppb » & &L » & & 15kV, 900
sec » A HEw R-20kV
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45343 T REWRIL LR

REWBZREH &R EH H/ifsﬁﬁ*x**’l}* *i*’%ﬁr’vﬁ»@
(e St o~ PR 0L BLRR SEon 5 en v 51 B4R 31 150 mM
fea it 3psi A A e > d 30451 180 F) 0 HRB

e o~ £ R A B E_90.65mm 3 543.9 mm e H &L HEiE

<
4k
@H ‘&b\
%\

®
P T
TR Y
TR

<k
ek
&H

E S
Fiipks

&
=
\%{m

1:»

o me A g sk R (100mM &8 5 10% IPA & 10% THF ; pH
1.8) s A #¥ % =3 % (100 mM B4 : 10% IPA & 10% THF ; pH 1.8)
z 3 75mMSDS- 2474 JE B % cocaine, norcocaine, % cocaethylene 10
ppb ’ benzoylecgonine 50 ppb » t& &L » T & 15kV, 900 sec » 4 T B

20kV o

4.53.5 it » pER
HEEANERT LRk S8 L g nE o 2 SRR AL
F &L ;‘iéfﬁwﬁ EEgRERERTETRZREGE A VAR

LY T BN REE PTG T LL?—&féfi&iiﬁﬁoéi%%i%ii
R - B R R SRS RS L B BN B E Rk
B (100 mM B ; 10% IPA & 10% THF ; pH 1.8) > % £ % & % B3 %

(150 mM &ips s pH 1.8 )14 B 4 3 psijZ » & & 45> & L+ % 5% % (100
mM #ifik 5 10% [PA & 10% THF ; pH 1.8) % 3 75mM SDS » 4 474 ik
/& & cocaine, norcocaine, % cocacthylene 10 ppb > benzoylecgonine 50
ppb > T & 15KV R > chpE R, d 300 45 3] 1200 §) 0 A BT
BR-20kV o

4536 A LML 37% T ERE G M
# % cocaine, norcocaine, % cocaethylene & & % 0.2-10 ppb °

benzoylecgonine & & % 1-50 ppb i& {7 7 A & B P B o 11w ik AT B 2
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BRMFAHLIE BT EFRL 2T 0 B EFG W RNEE AT
S o Re ALY ARG FERR TR FIRE R Y M §
FEHA TR ABERT LRSS Ffrd REFE R RS T
BERuz piEE Gk L E (RSD%)» 3-8 ¢ Wik 2 2 S 8td 2 )
B o ARl R TR R AT o RERAFR G
0.2-5ppm> W iIFEBFER DT & &> T3 B v AL 475 il PR i &
B R 200 0 B g A R R

\

4.5.3.7 Fjre 1k 52 FlAp 5 B 3R

P~2mlL 3 v ik Fr r"-”mfj‘ “v 10 ppm 7 cocaine, norcocaine,
cocaethylene % 4 uL % 10 ppm = benzoylecgonine 20 uL » & £ * 2 mL
TEfr2mL 2 SRR RITDFMEE R e el H2mL
Frigethde o 26 £ % 2mLO.1 M snB AR % 2 3 mL 9 fR ik 5 B
FoOEEPEPMNRIRR2EERL 0 M 3mL = & U R/E /LR
R T78/20/2 eR £ R R R 0 B fS R 3R B 40°C T M F F REEC 0 §E

o TR AmL L g3 kw0 mp TS A

4.53.8 F4p F B~2_ w yz % (Recovery)
E’\szq_Wff\”QP\?'a|lx+7 FARE B BEE P RBEUE fﬁrvkgé’
4v o~ R B 10 ppm €77 cocaine, norcocaine, cocacthylene % 4 ul %2 10
ppm £ benzoylecgonine 20 pL {8 % ;3 T 4 mL (blank urine ) » i& » £ ‘m
B B R R g 30 Pew b~ 4R 5. (sample urine ) 2_ A4 7.8
Sl P E AR AT A FE DN 4T
Peak Area

Recovery = sampleurine e 100% _
y Peak Area blank urine ’ ( 4 1 )
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Figure 4.2 ¥ % 10% IPA 15 £ > #c% THF 5 £ 0%« 1 10%
TR DA ,;‘]‘ 4v THF P > norcocaine = cocaine 4_~ # B =r7> % ¥ THF /7’]‘
So B B e o VB IR AP B HTYE AR SR K AR AR B 0 P A AT 1R G R R AR
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PE AR E 0 A ik s ARG R E L A WA THF 8 > € 84
R EE > FL R ERFTG B4R S 10%IPA fo 10% THF »
EREERES oo Bk R BT S A gEE .

4.63 K apr EER R F F kR SDS 2 #458

ARSI AT 2 T eniey 2] 4%ﬁ’”ﬁﬁ¢ﬁ
P i o A3 Foo S A (SDS) 2 g R MM > A4k
Q@ﬁﬁWT’Mﬁgamr%(ﬁ§ﬁ>%éﬁ%’ﬁ%%mg&»
v (fRiR) e fd o Bl MpH Eipdlh 1.8 ¥ IR B
FE 4 o ATt €2 SDS RS- Al v B4 E o d Figure43 ¥
B jas f R tpcre SDSIERASAFE » B 1 T 2 2 de B enie s 4 4%
5 0 & ik F F]F (k) 4&= o sweep)j* § % EARE kT g {4

LAY aAR G il TR E R
{ﬂ’ﬁ%%mﬁaf{*’ﬁ%wﬁmﬁﬁfag;@ﬁ&%%&
SDS i & T > A 45 ek aond € 4 0 e L% SDS kR A pE
AdehTins x> ERAEL mF P KRRt o LD oy AR
B BORO R R o Tl ARERSF B fRT R TG iE B
SDS JER & 75mM T F i i o

\-'-r\

IERCE BNy ST

464 BETREWRL LR

Er-EBL¥RY (Lt SR AR SR ’ﬁ F¥HL R {?i‘a
o d Figure44 IR > "EF B EFLREBZ R~ & RH

dvoo MBS RAR X & T kA Sperc kAR > R A RT R TR F1L K

FAPHCB/Z» € 194 %Al AT Frd S04t @ o

LB S E R 3psiRA LA FETREFFR2 AL B GG

Bt B RSB 2 UL~ o BOR TR 0§ S 2 Ry
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B crFT 7 [72-74]0 2 ¢ Chien & A dg 1A » - (] BOKT &L g mihdk

E-BBETHFFRE wFHRSEH R B P ERK REEH
A B RENETFBRAETE R > A AFTHRY L~ Bk

Frafe e FL M pH EHBE2ZT 0 L g ponR B 0] 3
FRER AN METRBREARTTHRES TH KR ESE ’P P
e AR RS M R P - Lk e
IR T HR R 23] -

4.6.5 4 501~ R

-~ L AR R L FREE I RER
TRE O CAGLOfIITARZ A RLFRL A AR KD H R EL
SRR R RS RE > T kMg e R R R R 00
M RR e R B AR BRI R RO B2 B MR
ladrd b i+ EH/ M 20~ 8eg 0 RN kR § Bk
EARE D RGFEO LRI BFRLA R R 0 R D gfé i3
FAGAER 0 B RATH BRI Ge  WRAEE R 21T A R A Hoek
$4 o d Figured. 51 » BFRF 2 474 3 B TR B 7 08 600 £
3] 900 3 ELB A& Ayl 3 B 4 o @ £ 900 F) F| 1200 4 #73 4o ety & B
AR T g FI Y Rk R RN BT R
R L 900 4 (T B iE T o

4.6.6 h &R STk B
d Figure 4.6 (A) #7517 » 7. CSEl-sweeping-MEKC #7457 3¢ e & 4 3t
RapiE e (P B g5 % 5 pH 1.8~ 100 mMEEA: ¢ F 10%E 3 3 1e10%
wivkva > BREREER R LpH LS, 150 mMEERL » A 54113 3T

-k ﬁr% 15 kVE &L~ 9004 > & &k & cocaine, norcocaine, cocaethylene
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% 10 ppb » benzoylecgonine % 50 ppb » 4 #* % =% % pH 1.8 ~ 100 mM
Bt 5 5 75 mM SDSHr10%E f A fr10%e & wtwd > %5 4020 KV A 327
B) 2. » 2% 5uMEKC (Figure 4.6 (B) 100 ppm » 0.5 psi/& # /& » 3
) A YLiE 2 5 pH 1.8 ~ 100 mMESf 7 F 75 mM SDS{-10% 8 [5 fif fr
10%2 & r4vm > & 3T R-20kV ) % sweeping-MEKCH-5¢ (Figure 4.6 (C)
5ppm > 0.5 psi/& 4 1 » 1204 - » #rix it 5 pH 1.8 ~ 100 mMAEEfL 2 F 75
mM SDS{r10% 2 7 fE4r10% 2 & vxvm > A 3T R-20kV) > 7 U
7 4 CESl-sweeping-MEKC it § »23 Jk %5 M0k & ik &3 7
YA B R B2 38 ff o2 5 (stacking efficiency in term of peak

hieght, SEheign) R 335 2x =+ 3 5 o

11;tack C ( 4-92 )
el h Cm

Dy © 5 & % S RGPS AT 4T b R R

h PR - BEWEATE oS R R R

Costack -+ = & * J I /}a‘ﬁ”ﬁ#ﬁﬁ?ﬂ* » AT E s R R

C B A EATZ TR Y e P R R
£33 5 2 {88 _Table 4.1 17 ¥ cocaine, norcocaine ¥ cocaethylene **
CSEI-sweeping-MEKC i3 e« 2 & 27 18 32 MEKC $ic;8 v 35 A
20,600 2 b > @ 4% £ b 0 benzoylecgonine 7 1,750 B =+ @

+ Wik 2 H N3P & CSEl-sweeping-MEKC -3¢ e3c + 2 3 27 sweeping
WY oo 537 1,000 B e gl s o

467 L RPEAITE TR R M
BEREARFET LA AR HR > e fA I OBBER
A FAICNELE R ITERE > 4o Table 4.2 #75% o v fA 4 74 8 f5 pr

P AR $HE 28 i £ (RSD%) 3512 4.71% : 4% 4 o fEAp $H1E 28 1% £ g7 88
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BRABHEE G L @R DM %7 & %5 CSEl-sweeping-MEKC £_
Fi* RRERFOTEI 23,243 2 R &0 B A DRLEE V- A&
B % MEKC 58 R4 2 r enih £ 8 kenk » F @ % pRE R v Y
For G BBERE  fio G fi{r g AL RILL DAL -

Hew fE A AT B KRR R R A A PR RS 0 B A diE
o> &0 QIEH Ao FHERORDT & AB o RDE W R AP R
4 Table 4.2 #7577 » A i4p M fadic (1) 43 0.9958~0.9994 2 fF » 4 77
HHRE T L 4F o 7 sweeping-MEKC ' i » BEAREB PR 3 B 0l I
ML o R R % E 2 B A RS P D0 R
(S/IN=3) % 29.71 ~236.2 ppt 2_ & » +* sweeping-MEKC 2_ i jp]4#& 2 i1
BT = Bk e
4.6.8 Figth s Rl E T F 23t 8

i Figure 4.7 ¥ SRz 6 IR E P12 Gde g e 2 B P A0
R45 B2 SR P AT R A T RSB HAR ﬁﬁxé‘.’:@&b%%
FAFTFRE LR EBARFEFE A TG AR REE 0 T g
F I AT AL e i dp ke nE Ph B (BB 4537 &) £AFT K
WI 276 ik (blank urine) £ 4k & ki (sample urine) vt & o
~ 7 (4-1) 3+ 8w o cocaine 2 H X B4~ norcocaine, cocaethylene,

benzoylecgonine % fT 5 & W 5 74.9%, 77.5%, 75.5%,7 87.6% -
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4.7 %

e

“3\\-

AR BRTERS 2 AR RiEE

(CSEI-sweeping-MEKC) » 4%+ {7 i 2 H % e 8 17 80 k356907
%dﬂw*%mw@ﬂ ¢ﬂ%+@ﬂé?ﬂiiﬁﬁ%£ﬁ

R g o B R RNE B B A E 0 A IR g A
FRARETFICBHEF S (I 2l F AT R T EROBRE
TREALTHRADLE A FSMF o EFF - Bk KL N
E3E+ B o EAE £ A TR 2 6 i de SN R HE B 18 £k MEKC
AN i R A RUAN S VAN

BigigEt s o FRFEEER S pHIB~100mMBifE 7 7 10%3
B fe 10%z & vxvy > 3 T A F 05k 5 pH 1.8, 150 mM gifk - 4 47
Pord 2 Hr oK AR o 1SkV TR~ 900 F) 0 - Hrh i B3 Jk pH 1.8
100 mM &kt 7 3 75 mM SDS v 10% 2 3 5 - 10% 2 & vkrs 5 3 4c-20
kV & 3 R 7RG 8 WRHE A 29.71 ~236.2 ppt 2 & > + 7w
Hre X B 5 s 530,000 B oo i iA T G0 Frd FIAR S P L
AT GRS BARRAT Y 5 Il ik 2 R BB L v oS Rl
i3 74.9~87.6% 2 -
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Figure 4.1 The structures of cocaine and its metabolites.
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Figure 4.2 Effect of the percentage of THF on CSEI-sweeping-MEKC.
Condition, BGS: 100 mM phosphoric acid, pH 1.8; HCB: 150 mM phosphoric
acid; SB: 100 mM phosphoric acid, 100 mM SDS; electrokinetic injection 15 kV,
900 sec; separation voltage: -20 kV. Analyte: CE 50 ppb; NC 50 ppb; CC 50 ppb;
BE 50 ppb.
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Figure 4.3 Effect of the concentration of SDS in separation buffer.

Condition, BGS: 100 mM phosphoric acid, 10% IPA&10% THEF, pH 1.8 ; HCB:
150 mM phosphoric acid; SB: 100 mM phosphoric acid, 10% [PA&10% THF;
electrokinetic injection 15 kV, 900 sec; separation voltage: -20 kV. Analyte: CE
25 ppb; NC 25 ppb; CC 25 ppb; BE 50 ppb.
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Figure 4.4 Effect of hydrodynamic injection length of high conductivity buffer.

(A) 90.65mm; (B) 181.3 mm; (C) 362.6 mm; (D) 543.9 mm.
Condition, BGS: 100 mM phosphoric acid, 10% IPA&10% THF, pH 1.8; HCB:
150 mM phosphoric acid; SB: 100 mM phosphoric acid, 10% [PA&10% THF,
75 mM SDS; electrokinetic injection 15 kV, 900 sec; separation voltage: -20 kV;
Analyte: peak 1, CE 10 ppb; peak 2, NC 10 ppb; peak 3, CC 10 ppb; peak 4, BE
50 ppb.
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Figure 4.5 Effect of electrokinetic injection time.

Condition, BGS: 100 mM phosphoric acid, 10% [PA&10% THF, pH 1.8; HCB:
150 mM phosphoric acid; SB: 100 mM phosphoric acid, 10% [PA&10% THEF,
75 mM SDS; electrokinetic injection 15 kV; separation voltage: -20 kV. Analyte:
CE 10 ppb; NC 10 ppb; CC 10 ppb; BE 50 ppb.
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(A) CSEl-sweeping-MEKC (B) Normal MEKC (C) Sweeping-MEKC
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Figure 4.6 A comparison between CSEI-sweeping-MEKC, sweeping-MEKC

and normal MEKC. (A) CSEl-sweeping-MEKC. Condition, BGS: 100 mM
phosphoric acid, 10% [PA&10% THEF, pH 1.8; HCB: 150 mM phosphoric acid;
SB: 100 mM phosphoric acid, 10% IPA&10% THEF, 75 mM SDS; electrokinetic
injection 15 kV, 900 sec; separation voltage: -20 kV. Analyte: peak 1, CE 10 ppb
peak 2, NC 10 ppb; peak 3, CC 10 ppb; peak 4, BE 50 ppb. (B) Normal MEKC.
Sample concentration: 100 ppm; hydrodynamic inject: 0.5 psi, 3s. Separation
condition: 100 mM phosphoric acid, 10% [PA&10% THF, 75 mM SDS;
separation voltage : -20 kV. (C) Sweeping-MEKC. Sample concentration: 5 ppm,;

hydrodynamic inject: 0.5 psi, 120s. The separation condition was the same as

normal MEKC.
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Figure 4.7 CSEl-sweeping-MEKC eletropherogram of extraction urine.
(A) blank urine, (B) sample urine. Analyte: peak 1, CE 10 ppb; peak 2, NC 10
ppb; peak 3, CC 10 ppb; peak 4, BE 50 ppb; *, unknown.
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Table 4.1 Stacking efficiency in term of peak height

Compound SEpcicht SEneicht
cocaethylene 20,600 1,030
norcocaine 39,600 1,390
cocaine 30,000 1,740
benzoylecgonine 1,750 81

* peak height(CSEI-sweeping-MEKC)/ peak height(normal MEK C)xdilution factor
® peak height(CSEI-sweeping-MEKC)/ peak height(sweeping-MEK C)xdilution factor
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Table 4.2 Regression equation, Coefficient of variation (r%), limits of quantization (LOQ), limits of detection (LOD), and
values of RSD for cocaine, benzoylecgonine, norcocaine, and cocaethylene during separation using sweeping-MEKC and
CSEI-sweeping-MEKC technique, respectively.

cocaethylene norcocaine cocaine benzoylecgonine

sweeping-MEKC
Regression equation ?y =568.56x +58.08 %y =829.65x +79.33 “y =709.39% + 46.29 y=1113x+111.77
Coefficient of variation r’ =0.9989 r’ =0.9992 r’ =0.9994 r’ =0.9992
LOD(S/N = 3, ppb; n = 5) 52.78 39.74 50.33 33.45
LOQ(S/N = 10, ppb; n = 5) 175.9 132.5 167.8 111.5
RSD(%; n =35)

(a) Migration time (min) 1.76 2.09 2.14 2.43

(b) Peak area 6.85 6.42 8.57 4.66

(c) Peak height 7.47 6.52 6.55 2.18
CSEIl-sweeping-MEKC
Regression equation by =2891.99x—417.7  °y=4323.52x-590.05 °y=3164.89x—444.18  °y =164.01x +48.46
Coefficient of variation r? =0.9989 r? =0.9994 r’ =0.9980 r? =0.9958
LOD(S/N =3, ppt; n = 3) 42.21 29.71 36.71 236.2
LOQ(S/N = 10, ppt; n = 3) 140.7 99.04 122.4 787.2
RSD(%; n =3)

(a) Migration time (min) 3.37 3.96 4.06 4.71

(b) Peak area 10.7 8.38 11.1 4.06

(c) Peak height 15.9 11.9 15.9 9.98

# Calibration line (0.2 — 5 ppm): peak area (arbitrary units) = slope x concentration (ppm) + y-intercept
® Calibration line (0.2 — 10 ppb): peak area (arbitrary units) = slope x concentration (ppb) + y-intercept
¢ Calibration line (1 — 50 ppb): peak area (arbitrary units) = slope x concentration (ppb) + y-intercept
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Figure 5.1 The general metabolic pathways of THC.
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capillary > Polymicro Technologies Inc., Phoenix* AZ > USA) = p /£ 50 um >
*HIZ 360 um > JLE 60 A (G ok R S0 A ) o L omp v RO T 2 R
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Figure 6.1 The structures of THC and its metabolites.
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Figure 6.2 Effect of proportion of methanol in running buffer.

(A) 30 % methanol; (B) 40 % methanol; (C) 50 % methanol.
Separation buffer, 75mM SDS in 25 mM citric acid/disodium hydrogen
phosphate buffer at pH 2.6; injection pressure, 0.5 psi; injection time, 120 sec;
separation voltage: -20 kV; Analyte 5 ppm: peak 1, THC; peak 2, THC-COOH;
peak 3, THC-OH.
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Figure 6.3 Effect of the concentration of SDS in running buffer.

(A) 50mMSDS; (B) 75mMSDS; (C) 100 mM SDS.
Separation buffer, 40 % methanol in 25 mM citric acid/disodium hydrogen
phosphate buffer at pH 2.6; injection pressure, 0.5 psi; injection time, 120 sec;
separation voltage: -20 kV; Analyte 5 ppm: peak 1, THC; peak 2, THC-COOH;
peak 3, THC-OH.
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Figure 6.4 Effect of the pH of running buffer.

(A) pH26; (B) pH3.6; (C) pHA4.6.
Separation buffer, 75mM SDS, 40% methanol in 25 mM citric acid/disodium
hydrogen phosphate buffer; injection pressure, 0.5 psi; injection time, 120 sec;
separation voltage: -20 kV; Analyte 5 ppm: peak 1, THC; peak 2, THC-COOH;
peak 3, THC-OH.
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Figure 6.5 Effect of the injection time.

(A) 180s; (B) 300s; (C) 420s.
Separation buffer, 7SmM SDS, 40% methanol in 25 mM citric acid/disodium
hydrogen phosphate buffer at pH 2.6; injection pressure, 0.5 psi; separation
voltage: -20 kV; Analyte 1 ppm: peak 1, THC; peak 2, THC-COOH; peak 3,
THC-OH.
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Figure 6.6 A comparison between sweeping-MEKC and normal MEKC.

(A) Normal MEKC. Sample concentration: 80 ppm; hydrodynamic inject: 0.5
psi, 3s. Separation condition: 75mM SDS, 40% methanol in 25 mM citric
acid/disodium hydrogen phosphate buffer at pH 2.6; separation voltage: -20 kV;
(B) Sweeping-MEKC. Sample concentration: 1 ppm; hydrodynamic inject: 0.5
psi, 300s. The separation condition was the same as normal MEKC. Analyte:

peak 1, THC; peak 2, THC-COOH; peak 3, THC-OH.
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Figure 6.7 Sweeping-MEKC eletropherogram of extraction urine.
(A) blank urine, (B) sample urine. Analyte 5 ppm: peak 1, THC ; peak 2,
THC-COOH; peak 3, THC-OH; *, unknown.
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Table 6.1 Regression equation, Coefficient of variation (r°), limits of quantization (LOQ), limits of detection (LOD),
the values of RSD for THC, THC-COOH, and THC-OH, and sensitivity enhancement during separation using

sweeping-MEKC.

THC THC-COOH THC-OH

sweeping-MEKC
Regression equation Ty =37369x—6736.5  "y=48914x+1618.9  *y=56058x +4003.2
Coefficient of variation r’=0.9977 r’=0.9979 r’ =0.9989
LOD(S/N = 3, ppb; n=5) 15.2 5.64 3.87
LOQ(S/N = 10, ppb; n=5) 50.6 18.8 12.9
RSD(%; n =5)

(a) Migration time 0.26 0.34 0.39

(b) Peak area 8.07 3.96 4.57

(c) Peak height 10.4 4.01 4.01
® sensitivity enhancement 77 139 199

* Calibration line (0.1 — 5 ppm): peak area (arbitrary units) = slope x concentration (ppm) + y-intercept
® peak height(sweeping-MEKC)/ peak height(normal MEKC)xdilution factor
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