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Analysis drug and pesticides with
capillary electrophoresis

Tsai Yu-Hsien
Abstract

PART 1IIn this study, we developed an analytical method for the
enantioseperation of ofloxacin, using capillary electrophoresis with
fluorescence detector. The optimum separation conditions were obtained
with 60 mM hydroxylpropyl-p-cyclodextrin (HP-B-CD) dissolved in 50
mM phosphate buffer at pH 2.30. Under these conditions, the (+) and (-)
forms could be. completely separated and the detection limit of
levofloxacin in distilled water was 1 x 10°M. The linear ranges of
levofloxacin were 1x107 to 5x10° M with R’=0.9989 and 5x10° to
5x10” M with R*=0.9943 in DI water and untreated urine, respectively.
We also applied this method to investigate the purity of the commercial
drug. The results revealed that the ratio between R(+)-ofloxacin and
S(-)-ofloxacin (levofloxacin) was 0.1: 99.9, and there is about 93mg
levofloxacin per tablet (100mg). The concentration of levofloxacin in
patient’s urine was founded to be 7.9x10*M, and the ratio between the
two optical isomers was 99.3: 0.7.

PART IIIn this study, we developed an analytical method for five
pesticides (CAR, NAD, TBZ, NAA and CAB) by using micellar
electrokinetic capillary chromatography (MEKC). The optimum
separation conditions for MEKC were 15 mM phosphate buffer (pH 6.47),

il



15 mM hexadecyltrimethylammonium bromide (CTAB) and excitation
wavelength is 280 nm, emission wavelength is 336 nm by fluorescence
detector. We also found that 10 mM HP-B-CD added in running buffer
and 5 mM HP- -CD added in sample solution could increase
fluorescence signal from 8 to 38 %. Under this condition, these pesticides

were separated for less than 13 min and the detection limits in distilled
water were 3x107 M(NAD, CAR, NAA ),5x107 M (TBA) and 5x10° M

(CAB) respectively. The linear ranges of five pesticides were 5x107 M to
1x10* M (NAD, CAR, NAA), 1x10°M to 1x10* M (TBZ) and 5x10°
M to 7x10° M (CAB) with-R* all larger than 0.995. This method was
applied to not only the analysis of the residual pesticides in nature water
without pretreatment but also the analysis of commercial insecticide
(carbaryl). The results revealed that the recovery ranged from 93.5 to
118.4 % for different nature water samples and the carbaryl contains in

commercial insect ides was about 85.8 %.

Keywords: levofloxacin, capillary electrophoresis, fluorescence,
pesticides, cationic surfactant.
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Fig. 15. Electrograms of (a) urine from a healthy person; (b) urine from a patient

Fig. 16. The Standard addition method used to determinate the concentration of
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Fig

5 mM HP-B-CD , 5107 (w/v) chitosan and various metal ions.

. 14. Electropherograms of the commercial drug.

diluted 10 times; (c¢) urine from a patient diluted 10 times and spiked

with  5%10° M ofloxacin .

levofloxacin in patient’s urine.
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17. Structure of carbaryl.

18. The metabolism pathway of carbaryl.

19. Structure of carbendazim.

20. Structure of thiabendazole.

21. The metabolism pathway of thiabendazole.

22. Structure of 1-naphthylacetamide

23. Structure of 1-naphthylacetic acid

24. The EOF of MEKC

25. Structure of cationic surfactants

26. Electropherograms of the four pesticides in 15 mM phosphate buffer
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(pH 6.47) with different surfactant and 10 % n-propanol.

Fig. 29. Electropherograms of the four pesticides in 15 mM phosphate buftfer
(pH 6.47) with different concentrations of CTAB and 10 %
n-propanol.

Fig. 30. Electropherograms of the four pesticides in (a)5 mM; (b)15 mM; (¢)20
mM; (d)30 mM; (e)45 mM phosphate buffer (pH 6.47) containing 15
mM CTAB and 10 % n-propanol.

Fig. 31. Electropherograms of the four pesticides in 15mM phosphate buffer
(pH 6.47) with 15 mM CTAB and 10 % (a) methanol ; (b) ethanol ; (c)
n-propanol ; (d) iso-propanol ; (e) ACN.

Fig. 32. Electropherograms of the four pesticides in 15 mM phosphate buffer
(pH 6.47) with 15 mM CTAB and (a) 0 %; (b) 2 % ; (¢) 6 % ; (d) 10
% ; (e)12 % n-propanol.

Fig. 33. Electropherograms of the four pesticides in 15 mM phosphate buffer
(pH 6.47) with 15 mM CTAB and 10 % n-propanol.

Fig. 34. Electropherograms of the five pesticides in 15 mM phosphate buffer
(pH 6.47) with 15 mM CTAB, 10 % n-propanol, and (a) no HP-B-CD
in sample and buffer; (b) 5 mM HP-B-CD in sample and no HP-3-CD
in buffer; (c) 10 mM HP-B-CD in buffer and no HP-B-CD in sample;
(d) 5 mM HP-B-CD in sample and 10 mM HP-B-CD in buffer.

Fig. 35. Electropherograms of the five pesticides in 15 mM phosphate buffer
(pH 6.47) with 15 mM CTAB and 10 % n-propanol, addition (a) 0
mM; (b) 5 mM; (c) 10 mM; (d) 15 mM; (e) 20 mM HP-B-CD.

Fig. 36. Electropherograms of the five pesticides in 15 mM phosphate buffer
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(pH 6.47) with 15 mM CTAB, 10 mM HP-B-CD and 10 % n-propanol,
(a) 0 mM; (b)S mM; (¢)10 mM; (d) 15mM HP-B-CD in sample.

Fig. 37. Electropherograms of the (a) blank; (b) five pesticides spiked in tap 102
water.

Fig. 38. Electropherograms of the (a) blank; (b) five pesticides spiked in water 103
sample 1.

Fig. 39. Electropherograms of the (a) blank; (b) five pesticides spiked in water 104
sample 2.

Fig. 40. Electropherograms of the (a) blank; (b) five pesticides spiked in water 105
sample 3.

Fig. 41. Electropherograms of the (a) blank; (b) five pesticides spiked in water 106
sample 4.

Fig. 42. Electropherograms of the (a) blank; (b) five pesticides spiked in water 107
sample 5.

Fig. 43. The commercial sample of carbaryl. 108

Fig. 44. Electropherograms of the commercial smple dissolved in (a) distilled 109

water (b) methanol.
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ACN acetonitrile

BAL bronchoalveolar lavage

CAB carbendazim

CAR carbaryl

CD cyclodextrin

CE capillary electrophoresis

CEKC capillary electrokinetic chromatography
CTAB hexadecyltrimethylammonium bromide
CZE capillary zone electrophoresis

DAD diode array detector

DNA deoxyribonucleic acid

DTAB dodecyltrimethylammonium bromide
ELISA enzyme-linked immunosorbent assays
EOF electroosmotic flow

ESI electronspray ionization

FI flow injection

FL fluorescence

GC gas chromatography

HP-B-CD hydroxylpropyl-B-cyclodextrin

HPLC high performance liquid chromatography
HPTLC high performance thin layer chromatography

IT ion trap
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IUPAC International Union of Pure and Applied Chemistry

LDsg lethal dose, 50 percent kill

LLE liquid-liquid extraction

LOD limited of detection

LOQ limited of quantification

MAE microwave-assisted extraction

MEKC micellar electrokinetic chromatography
MS mass spectroscopy

MS/MS tandem MS

NAA 1-naphthylacetic acid

NAD I-naphthylacetamide

PAD photodiode array detector

Ref. reference

SFE supercritical fluid extraction

SDS sodium dodecyl sulfate

SPE solid phase extraction

TBAA tetrabutylammonium acetate

TBZ thiabendazole

TEA triethylamine

TTAB trimethyl(tetradecyl)ammonium bromide

uv ultraviolet
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Ofloxacin #_ 4 i % +k fit 3§ . COOH

( fluoroquinolones ) 7 - & - |

M
IUPAC ( The International Union:of O‘l \)\
]

M

Pure and Applied Chemistry) ¢ % ot
Fiz 1. Structure of ofloxacin .

v

9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7
H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid
hemihydrate » % #4cFig. 1> § £ F R H#H 5 &7 *7 ki 8
CR RS AR R S R TR R T
#] & #r 4] o 7 cPDNA gyrase 2 type IV topoisomerase > i ‘o fF] #£ /2
€ FDNASHE &2 il B R ¢ 465 TXBREL BEH -
ofloxacin¥ * **ipfp e if ~ R - A K2 2L PR L - FTH
7 ofloxacinz = *g & {f # levofloxacin & 7 #& § hinFF it » £+
wen8-128 My pae § A ET R0 L”hD G - d 0 LFig.

2o



Fig. 2. Cravit that we used in this study is the pastille type. The
diameter is about 0.81cm and each tablet contains 100 mg

levofloxacin.

ofloxacini§ d © PR /B-3F e A B v T » A R8¢ TR N iR

|
Il

v g chofloxacin s = ¥ 5 87 %R » iR w48/ PN £ 4R 2 R
foen A N AR PR 0 DA % B f T2 PR K P
B TG S5 % E S ¢ N B desmethyl{r N-oxide 34

B 2 izl
:~¢%?@

> )I% ® 1 Bl levofloxacin 4 & »z it /& 49 & 7 > i ( high
performance liquid chromatography, HPLC) & % - Wong % 4 #%
Horr B - 95 3% 4p 5 P~ (liquid-liquid extraction, LLE) * #f k%
I‘ # ¢ ehlevofloxacin » £ 12 Inertsil Cgg 4% * i 4p HPLC-UV
i i) 2 T & levofloxacin # 1% # [ (linear range ) # %] 5 0.08~5.18

png/mL ( = J‘f( )2 23~1464 ng/mL ( Fiik )o & ¥ @& * ligand-exchange



e (TH05S M dw ez 2 @ ofloxacineh B 4+ A 40 o Wright® 4 @ *

# 48 HPLC-UV ¥ & 4 £ A F (growth media) ® @ B3] #

Ny

ofloxacin &7 = & % +h fik #F 42 2 % > &2 # B 3 0.0625~20
ng/mL™ o Bottcherd 2 B Fj B 4] * 1% 4p HPLC-FL A 45 @ 2 #% &
o~ F gpfea 5 ¢ enlevofloxacin > Stk g [ 5 0.1~40 pg/mL -
Pl 4% *2 (limited of detection, LOD ) % 1 ng/mL ( = FerE ) B

Tsai % < @ * #ri5 45 fw HPLC 8 ] % & & 7 4 "8 &+ ¢ i
levofloxacin > s {% & ] = 0.1~5 ug/mL - i RIH&*T 5 50 ng/mL!"!
Stewart§ = B [} # 1) & * F]4p 5 B~ (solid phase extraction, SPE )
5 HPLC e = 2 23 X 4 jﬂ"{ & 7 levofloxacinen & 1+ % +kfp
% » levofloxacini& i+ # [l 5 51.2~5069 ng/mL » 1 R]1& ' 3 25
ng/mL > Z_# & * ( limited of quantification, LOQ ) % 51.2
ng/mL!"! > Sowinski# @& * HPLC# &£ UV A& £ if 2l § » 42 % 7

e ¢ 7 levofloxaciner= f& 4 i % +Kfk #F > levofloxacin fx = 313; ¢
St g A %] 5 50~10000 ng/mL (UV)»> 20~5000 ng/mL (FL) ¥

Mayer® & % #& 1 12 i 4p HPLCid 3% % 6 2] B  p] & l‘ P oA
v % R Pr &7 0 3 R0 4T 5 B2 2 0t o levofloxacin e A 1§ [
A %) % 0.0156~5 pg/mL (#i5 47) > 0.02~12.5 pg/mL (s 3 ) if ]
1814 5 50.01 pg/mL (Hcig 17)r0.0125 pg/mL (& 5 ) 1o Breilh
FORAE S R B~ ¥ BLR e e P hlevofloxacin i

HPLC-UV = 2 » @t Fl A & 2 0.25~25 pg/mL (& th )~ 1~6



pg/mL (% &% ) {r0.5~10 pg/g (F FF o) R A 5 5
0.050 pg/mL ( x ”ff:) ~ 0.10 pg/mL(# %£/%)§-0.20 pg/g (* 2 e
%\« ) 196 Greelet§ =% B 1# ¢ * column-switching HPLC-% 3k i ip]
P Z A& 1Y R ARAF 2 0 levofloxacin s 2 & [ & 125~4000
ng/mL > @ B & *T % 60 ng/mL!"" o Santoro ¥ % B F} B @& *
HPLC-UVZ 2 #4& @ che f& & * % R0 47 - levofloxacins £
Bl % 4.0~24.0 pg/mL > B RIH&*T 5 0.15 ng/mL > T & #&*X 5 0.46
ng/mL!?

Mochond &) ¥ — J& 1 B % &~ fRig 2 & i ¢ levofloxacineh
F ok bz o hpH 4fprp g @R pF 0 W R $/20~3000 ng/mL
shlevofloxacin v - pH 5enfip ik & 03 it v 7 e 6 mM SDS¥ 3 %%
§ ko (L RHETA B A5 pg/mL (s ) #2420 pg/mL (i ) Mo
Dug % zH NI * 23 EBA 8 &5 m 42 g £ P
levofloxacin -~ ofloxacin ¥ = #& % K ik %7 > @‘31]“3‘_# B A W %£.0.02~1.0
ug/mL(ofloxacin) ~ 0.04~1.2 ng/mL (levofloxacin) > 1 jP| & 'L & %
% 0.006 pg/mL (ofloxacin) ~ 0.012 pg/mL (levofloxacin) > ¥ J& * #
Fae s Mg~ e g0 [14) . El-Sherif$ #% 1% * B3 T &
r gk k% 2 i pllevofloxacin > A1 45 B 5 6x107 M~5x107 M >
WORETE 107 Mo ® st AR e 4 iR (R P e Radi

& A 4] * DNAZ levofloxacinen x Jig o ™ L33 Bl 7 &= i@ * (E AR

N

/

R AIEEF 553107 M~5x10° M > BB 5 1107 M



T G ARk Rl Y o WORIHER ST 25 ng/mL!" Y o Sursh g =% | 1y
# Al * 3 2xi & K 4 47 ( high-performance thin layer
chromatography, HPTLC) - &+ & ] % 0.8~3.0 ug/mL » i B 4& "2

2008ug> T E®ETL 0.3 pg'o

.,-

£ g T4 (capillary electrophoresis, CE) =

B8 >t & 3¢ ofloxacin £ 1‘# P o= )I?c o Horimai''en @ 1 38 &) & #
y-CD-Zn(11)-p-phenyl -alanine 45 & 4= ~ ##icfd 4 1 % kv 55 &
Foen B AR s o 117 Zn(I) ey phenyl ¥ & i 4k 4 £ 4 2
ligand-exchange - y-CD £ 4 it % % fk #¢ 4 host-guest
interaction » & H % 4 = 4 3 o Boer' e @ 2 B 1y B E4k £ #
T # & 7 (capillary electrokinetic chromatography, CEKC) % %t
@ EUVHE B E 450 mM phosphate buffer (pH 2.5) ¥ 75 e 10.35
mM sulfated B-cyclodextrin > ¥ &7 4~ 48} 4 #ofloxacin® 4 -
oA S W I R ¢ ¥ R-(+)-ofloxacin & M P 4R T 5 2
pg/mL  (5.5x10° M) - OuyangfrBaeyens!'¥ e @ 1 3% 41 = #
L@ RUVE R ER Y70 mM phosphate bufferi 4 40 mM
HP-B-CD i# * 2 Ik epH & ~ 3t lomefloxacin - gatifloxacin ~
pazufloxacin % ofloxacin » ¥t #75 h & £ ¥ & |4 & [ i % 71~105
pg/mL > F i PR 5 7 ug/mL (9 1.94x10° M) b v

@Bk iE %2 2% A0 4 Table | -



Table 1. The analysis conditions collected from reference papers

1. High performance liquid chromatography (HPLC)

Sample Matrix Preparat- Condition Detector | Linear range LOD Ref.
ion
ofloxacin plasma, Single- Ligand-exchange mode (OAY/ plasma: - [3]
urine step LLE Mobile phase: 5 mM copper (II) | (330 nm) | 0.08~5.18 ug/mL
sulfate pentahydrate urine:
containing L-isoleucine (10 6.36x10° M ~4x10° M
mM)/methanol (87.5:12.5,v/v)
Flow rate: 1.0 mL/min
Ciprofloxacin, | Muelle- - Mobile phase: pH 3.0, phosphate | UV 0.0625~20 pg/mL - [4]
ofloxacin, Hinton buffer with SDS and (280 nm)
sparfloxacin broth TEA —ACN (65 %: 35 %)
Flow rate: 1.75 mL/min
levofloxacin serum, - Mobile phase: pH 3.0, phosphate | FL 0.1~40 pg/mL 1 ng/mL (serum | [5]
soft tissue, buffer/methanol/triethylamine | (295 nm/ and bile)
bone, (750:250:4, v/v/v) 490 nm)
bile Flow rate: 1.5 mL/min
levofloxacin serum, - Mobile phase: ACN/1 mM FL 0.1~5 pug/mL 50 ng/mL [6]




bile 1-octanesulfonic acid (40:60) | (292 nm/
Flow rate: 1 mL/min 494 nm)
zidovudine, plasma SPE Mobile phase: 25 mM phosphate | UV 51.2~5069 ng/mL 25 ng/mL [7]
levofloxacin buffer, 0.1% trifluoroacetic (266 nm)
acid (pH 2.4)/ACN (86:14,v/v)
Flow rate: 1.5 mL/min
levofloxacin, plasma - Mobile phase: 10 mM SDS, 10 uv UV: 50~10000 ng/mL - [8]
ciprofloxacin, mM TBAA, 25 mM citric acid | (293 nm) | FL: 20~10000 ng/mL
gatifloxacin, and 43% ACN at pH 3.5. FL
moxifloxacin, Flow rate: 1 mL/min (280 nm/
trovafloxacin, 450 nm)
cinoxacin
levofloxacin, plasma - Mobile phase: 0.11% 1L, microdialysates: microdialysates: [9]
ciprofloxacin orthophosphoric acid and 1.5% | (310 nm/ | 0.0156 ~5 pg/mL 0.01 pg/mL
ACN (pH 3.0) 467 nm) | plasma: plasma:
Flow rate: 0.4 mL/min 0.02~12.5 pg/mL 0.0125 pg/mL
levofloxacin plasma, liquid- Mobile phase: 0.4 % uv plasma: plasma: [10]
bronchoal- | solid triethylamine (pH 3.0) /ACN (299 nm) | 0.25~25 pg/mL 0.050 pg/mL
veolar extraction (83:17, v/v). BAL: BAL:
lavage, Flow rate: 1.2 mL/min 1~6 ng/mL 0.10 pg/mL




bone

bone tissues:

bone tissues:

tissues 0.5~10 pg/g 0.20 pg/g
levofloxacin, serum column- Mobile phase: 2 mM FL 125~4000 ng/mL 60 ng/mL [11]
gatifloxacin, switching tetrabutylammonium bromide, | (296 nm/
moxifloxacin 10 mM phosphate buffer (pH 504 nm)
2.5), 12 % ACN
Flow rate: 1. mL/min
gatifloxacin, tablets - Mobile phase: water/ ACN uv 4~24 pg/mL LOD: [12]
levofloxacin, (80:20, v/v) with 0.3 % of (279 to 0.15 pg/mL
lomefloxacin, triethylamine (pH 3.3) 295 nm) LOQ:
pefloxacin Flow rate: 1 mL/min 0.46 pg/mL
2. Capillary electrophoresis ( CE)
Sample Matrix | Condition Detector Linear range LOD Ref.
quinolone drug - 10 mM y-CD, 10 mM ZnSOy4, 10 mM uv - - [17]
D-phenylalanine, 10 mM ammonium (295 nm,
acetate (pH 6.5) 300 nm)
ofloxacin urine 50 mM phosphate buffer (pH 2.5), 0.35 | UV 2~12 pg/mL 2 pg/mL [1]
mM sulfated B-cyclodextrin (291 nm)
lomefloxacin, gatifloxacin, | urine 70 mM phosphate buffer (pH 2.16), 40 | UV 7~105 pg/mL 7 pg/mL [18]




pazufloxacin, ofloxacin

mM HP-B-cyclodextrin

(254 nm)

3. Other methods

Sample Matrix Condition Linear range LOD Ref.
ofloxacin, tablet, charge transfer complexes formation ofloxacin: ofloxacin: [14]
levofloxacin, plasma, 7,7,8,8-tetracynaoquinodimethane 0.02~1.0 pg/mL 0.006 pg/mL
lomefloxacin, urine levofloxacin: Levofloxacin:
pipemidic acid 0.04~1.2 pg/mL 0.012 pg/mL
levofloxacin patient’s | cyclic and square-wave voltammetry at glassy 6x10° M~5x10"7 M 10° M [2]
urine carbon electrode
DNA and urine cyclic voltammetry at glassy carbon electrode 5107 M~5x10° M 1x107 M [15]
levofloxacin urine:
25 pg/mL

levofloxacin - high-performance thin layer chromatography 0.8~3.0 pg/mL 0.08 pg [16]

Mobile phase: water/methanol/n-butanol/ammonia LOQ:

solution (25 %) (5:5:5:0.4, v/v) 0.3 pg
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Fig. 3. Development of the electroosmotic flow:

(a) negatively charged fused silica surfance.

(b) hydrated cations accumulating near surfance.

(c) bulk flow towards the cathode upon application of electric field.
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Fig. 4. Separation mechanism of capillary zone electrophoresis.
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#C-1,C4 ftm X R B L > 7 Tt 3D A A

/”\ﬁ‘a‘B‘Y—:—f;é‘”Ti%ﬁw”ﬁfﬁ‘iﬂ ) L e 200

a-CD B-CD v-CD
Number of glucose unit 6 7 8
Molecular mass 972 1135 1297
Internal cavity diameter (nm) 0.47~0.52 0.60~0.64 0.75~0.83
External cavity diameter (nm) 1.46+0.05 1.54+0.04 1.75+0.04
Cravity height (nm) 0.79~0.80 0.79~0.80 0.79~0.80
Solubility in water at 25 °C

14.5 1.85 23.20

(g/100 mL)
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Fig. 5. (a) two-dimensional (b) three-dimensional structure of HP-3-CD

15



-,
N4

$o % ppee

5‘397%?‘}"\'?];%5?'”J#ﬁgf"t’]ﬁﬁ‘/w\%ﬁ—}'}‘ \ﬁ,ﬁgi- m
TAERR LR c FREPIELF B RFAA - MoK
Benipohe st AR ST 2 wF RAREY LU REYE A, G
ofloxacin 4 7= & o f % i3 % @ % 4 HP-B-CD 1% 5 $+ ¥ i
BA o RIFEI R pH &~ ER DEBRR ~ 3 F kA 9 HP-B-CD
Ho g Lo o f R Ak R BT K pE (chitosan) fr &

B3I W Eidrand o PEEHA PR h B R B bt

3]

7

it e R % iE i # levofloxacin F L & chA M H 2 " LRBFEE

P B R EPRE R A kP levofloxacin thg £ - HHE &

o A IR E R B R SR - A R A e e
— "5235

B R S B s £ en i kIR 5 Hitachi F-4500 0 =+ ‘w
FRARBREFZOFE MR E A5 Jasco FP-1520 K 2 #
(excitation) 292 nm > *x ¥k £ (emission) 493 nm- %7 &
FoHRIVE ECrRBEFT > A5 5 Model prince 4-tray CE
System i€ * WPrince 32 bits #t %8 /A_7 iy #] > SISC322.0 ° =

iR kR Pddy > P E W E A 4R o pH 312 * Horiba

16



pH/ion meter D-23 o #77

-k 7% % % 2 Barnstead ¢ ehih ok fie
W T mEY <

= 18 MQ/eme #ri * hy L mp pfS G 75 pm o
’7l~f{§‘_ 375 pm > s E

ME RS B80 A 0 FARER G S4 A o

N

i

—_—
—

R RL

wm

f-
NEs

# 4p % % ;& (running buffer) e § £8

£ 7 ot b
e ~ Fafa - 1 40 % Erpia - 4 > T9pl T H pH & o hydroxypropyl
B-cyclodextrin (Aldrich) #* ;% (stock solution) ek & 5 200 mM >
% Bk P o levofloxacin (Fluka) ~ ofloxacin (Sigma) "’

S

il
v

» 2 Rk B AW A 10°M 2 107 Mo 3% ik § 7

Z B & H o F Bk PE ﬁj‘ﬁﬂ"ﬁi b

(low-viscosity chitosan, Fluka)

P ¥ EF )
Bk R o MR DS

ﬁ’x F'J' e l'+ I«—

BN
TR R R A o
0.01 % % f# & 0.05 M HCI > CuCl, (Aldrich)
ZnCl, (Riedel-de Haén)%2 CoCls (J.T.Baker)e# /& 5 107 M i3

AR 4

TR A

-

~

fok

E

VAR St m%;{;]’b X

C &

¥ 5

P px & e levofloxacin = % & 5 4z 2 ZEH » A X F %97

fé’}fmﬂ; ﬁ”}ﬁﬂi‘»\j\qwé’\]ﬁ’][rgﬂﬁ,jaqﬁ
D 723 - %

B £ 200 T i ¢ ELEP RS 100 F 2 ih

2 d e

17



levofloxacin o % 4z #% &-fie ®{ & 0 T # it 7 L XS0 A
Rk ERRS R G R AP hE R % 10mL 07 FRip R 004
SLERF IS A4 1 6000 rpm A 1 B b K EF R 0 B 3

P 3 0 £ 1022 pm Wi R o I 25mL > B

Wk IES AR FRFEFE LS RFRS TR RRRT -

%\
E.:m.
=k

B % qifi=7 o levofloxacin end # & 5 7 & 48 FF >
PRZ (5 1 3 2 ) FRQ g_@i’“]ﬂ; PERBIER MR kAN /{kfjﬂwli’
AP [ O AV &PR%’E’?’TEP& A PR ¥ ® &% B3 levofloxacin o
PR A TR R SRR LS A REL G400 FE oA FIRE
s A T B RJRELS 34 ) AR 0 Rtk Y o

?%Eﬁ*&‘; BER LS J\ﬁ%’]‘%lﬁ/?
2 S A =3
m~é@g%w?$mﬁ

Fremz £ g A2 0.5 NNaOH e o Fp e f6 %R+ 10
A ts o BB R TR LS 4 fj-cf’ B4 o 4R &2 100
psi ¥R 0.1 A4ix » Lmg? > 015 kVEFR A TARE
g R 1000 psi dE D FlAS T oRBRFUEBTRRPEZ AL

s TR AT - @ sk o LA is > 12 0.5 N NaOH i+ i%

1544 E B -KFE 10424877 B -

18



@@%WW&kﬁu&ﬁﬁﬁﬁﬁéﬁ%ﬁbﬁﬁﬁﬁ’

P ARED v bR RRPAC 4 R BEPRE - 4 o R
#F 7 e pH B4 ofloxacin e % %8 & 2 & # B o4 Fig. 7>
& % & 292 nm jEH o B pH EPF > ofloxacin s + 3 &bk
A 450nm = L o F pH ES Mo sk £ A4 7 28
(redshift) > & <2k £ 7] 7 % 507 nm> & ¥ k3 & % EF R
33 » %] 5 ofloxacin 77 pKa 5 6.0 §= 8.0 » Fig. 7 (¢c)spH 5 6.47
edFiaries B pH E2Z F o HRE)DBA 5D Bkt gl £
g AL o AF %R AL T A # ofloxacin B 0 A Z R
EOF & #i ] » % 5% K47 chps @ 22 HP-B-CD & JuopH 4% 3 >
A AL g A p %iﬁﬂfﬁﬁsii‘ﬁﬁﬁf@_ v » 8 17 ofloxacin &

HEERME BAPER 2 HEL o BRAOPCERL T3

)
i

S EOF» & & B F g P @ERE » i JpddpdH & 3

)

EWART P WAF WS o HAFHREY L 1] mﬁ;&ﬁ’;'fr@’;
B i HpREMRANEFIR FEEFRIREFTTEE L 50mM

L ¥ R e (pH2.30) 0 st pFen EOF & A 1730 00 & & 1 i

19



R R LR 292 nm o stk £ K RS 493 nm 7 G

3
by
f\'
3‘:'733

g
B
)
T+

o

I

* HP-B-CD Jk & ¥t = H & 0@ ¥

HEEHFPLZEN R EFEnA R A3 2t T2
AR o R HE S CZE g2 A8 R HELERH - 4
3 iE$# HP-B-CD % 5 ¥ EH M > 4% HP-B-CD ik &
AR x4 ofloxacin k3 B e W > A 50 mM FEfL ¥ W
% (pH 2.30) 7 i 4 7k & 0 HP-B-CD h§ &% ' * % Fig. 8-
d B¢ VAo HP-B-CD R R AZ R > &~ Hondk A& > R B H
B4 g2 ML > HP-B-CD k& 5 40 mM p¥ > & 3B o7 13t
PI2.00 RARHAS A SEE TR Fig. 9 2 4 Fig. 8 4 R 4
% Ik & 9 HP-B-CD 1 > ofloxacin eh# § % & f# 7 % + i % -

%7 %% HP-B-CD £_%F ¥ 2 3 53 ofloxacin ey ki & > &
2 5k 7 7_ofloxacin 1k & 7 ‘v 3 ok B e HP-B-CD p|:E H ¥ &
RS Y Z s A S %% B R Fig. 100 % 3 HP-B-CD
Sk R0 mM B 4e Bl 40 mM PF o ¥ R R F UK 4 8 20 %
e F) 7 40 mM 1258 o ¥ kK 5 ﬁﬂ*ﬁ)ﬁ%iﬁf%&ﬁ% B R Fig. 11
HP-B-CD ik & % 60 mM = 80 mM F¥ > & sk & w3 3% 22 %Avr 27
%> 7 F 7 b HP-B-CD “ i fim3 i @ 2 & ¥ 10 1% % ¥4 5 48 %

4 3 ofloxacin » ¥ 1% 5 F kW 3 & > < )]%m]ﬂ # 3 4 HP-B-CD

20



How B k&R R L g T4 A ofloxacin i
ooy %\% I %g m?}?c o J& PV & ®_%] 5 ofloxacin & » 7
HP-B-CD & » 272 7 - B ki » ERE F L p R H
fv o w7 40 mM {8 > HP-B-CD Fr ofloxacin %% & & IR 4&F fo ik
o ERYLEBREMBOGTRLYE R B kAR S HP-B-CDV
e AgAEZEIREDY LR AE > 2B kAR HP-B-CD T S/N
g R EPHEIFF T AT B kRS HP-B-CD $# ¥
Sk

%R g7 LTI BEAMR (baseline) TR o AKX
=)

B mERESFE LR ERMIEE S FI 4R H
FoORREFARAES TN FTE L AU BB FE o E A/ 60

mM HP-B-CD 175 i £ chf S5 i > ¥ N EF A A X R
27 %i g £ o @ % 50 mM ERfe ¥ % % (pH 2.30) 75 *v 60 mM
HP-B-CD e iE 15 2 $:% 2 &% -k ¢ hlevofloxacin & i 1§ B &

'LE i 10°M o

|

S AT RS EBRST HA BB

S

B
i _HO
HO
(0]
B EpE® HP-B-CD 455 ool o
OH
TEEAFIRE LA A K FHO o \H,
2 g 4 N 2 A H] 41 OH - NH, — n<15
B C2 53 4 - Bomsk o B
NH,

Fig. 6. Structure of chitosan.
21



-4
B

Y

F4rFig. 6> A& 4 4o HP-B-CD - & B $ A F B &4 > o

MARE - FH A7 RpEL HP-B-CD e HE R34+ 4p 00> s R
REIRAB T REHEHYHE RIS LT RELS G ARk o
PREAOHEERHN L E RSB RER L EFERRY
B3R A 3 ofloxacin £.F § 22 HP-B-CD #p Fr ehid & o F] 5 &~
AR el 27 A4 3 REDFREE > Fh 2 2B 7 K
gREpHEFTES > 70 A& 50 mM ¥ ®3% (pH 2.30) #

ﬂiﬁmMMWCD%E’ﬁ%*ﬁﬁﬁﬂ%%’ﬂﬁﬁéﬁa

RS
=g
o

[‘.\‘5

i
3=
e
e
Erm

A
-
2!

aQ
[—
[\O)

)

——1".1)%;&;/,-]3 Sy %}\ﬁ%i‘« .
ABEFRL > B G - BREDRER S TR LT LT

AEFL BT KEH B Ric®g pHiE > J B
VEHERAMAE Y ERETTH > F A ,fJ‘%tm/}E)i,}\—‘ LN AR AR
£ o 23R 2 pH % 12 & Table 2 o

T AT s EEMAGEES 0 g2 8 ofloxacin A & = FF b
BEF FIP B e BRI BT R LA RERE
Bl m 3 f13t & ofloxacin B & ° #7141 » HZ 5 mM 5 HP-B-CD
aﬁﬂﬁ%ésmmWwwW$¢ﬁ1k%§ﬁ%kﬁ§%$4
WE AR o PlFEE S L Fig 130 & 3R 12 4 Table 3 o
“érf T Cu?t e ’i,l dv Zn* 2 Co’TH A A BRiZF & o enfless ko

/’v\rﬁ}ﬁ-fﬁ%i 1‘4\2/(43,'(1 mCu2+§rj-A,\’ ’)5 *;’—ﬁ%}'gé,f&;f&z%ﬂ

g Ry B R F L AT RBEE AR T S EERGEPHEL 6

22



BT AL pH EERB T REBAL LSRRI FABLEF R

REBLF AR FIPEZTL Gk B EREH L TN
_ofloxacin #37 REE A BRI V3 E Ly 2 86 0 &
REFAPERILG AR od PRBRFET 0 BT FEYH

& Hde ofloxacin 2 #eh R f 4 il 5 4 ehet § oo

N

d R sk E E A RIER S S0mM BERE S
A (pH 2.30) # *v. 60 mM HP-B-CD o sz j* T %k Ik
levofloxacin Z_& ° #;3 &% -k ¢ & levofloxacin 1% # % 5 » & {4
gja B ¥ 5 1x107 M~5x107 M » R>=0.9989 - levofloxacin /,’"J‘ 4r ér_ﬁjl
R T BB 53100 M~ 5%107 M > R*=0.9943 © . i 1§ ip]
B A SN L &3 3k i T A W E ] 1x10° M 4 1x107 M >
BN BEU(ERETEFF DR KER) A Y5 1x107 M Ar
5x10°M o 4 #1® 2 Table 4

18 it Ouyang fr Baeyens! en@ ff 4% 1 £ '8 T ik @ & UV
MRl BenAe 4722 > % 70 mM phosphate buffer (pH 2.16) 7
4t 40 mM HP-B-CD % § 5 if i » 4 ofloxacin 2 # & § #¥ 2 4
$ e # 4 o $t ofloxacin & B 5 7~105 pg/mL (1.94x107
M~2.91x10* M) » # i< 5 p[4&*T 5 7 pg/mL (6 1.94x10° M) -

Flo AR R F R E o Fl rR 0 RE T g

23



2

Fed i RIEIUE £ 4 2000 B 0 R AU RS R o 2 gk
P Aok e iR m AR R R kY R R
Rt BRIEE R ES R RY EHR L DR Y
* HP-B-CD ehik & 5 F i 4 40 mM 3 &35 » & & FF § 4r B]0 §
42 60mMy 4 i it Rz R RS A4S R R
P oo

T~ R

(-) Ed 1 a HE

levofloxacin P = & &_@ % F? NI L VA
(cravit) eni = & > Bt A 7 T E 2 L7 0E 2P E
e R > ZF E 08 7 3 levofloxacin 2 - 3f # 4z ¢
levofloxacin hE § 2 £ 5 % > »F % % % 5 Fig. 14-Fig. 14
(a) s ¥R Sh @ kKHFE 0B RBEFTHTTLES
O IR B kR 0 levofloxacin % 5 - B ] o] e A o
Fig. 14 (b) 3 # 4 7 5x10° M ofloxacin ** & & ¢ » & § &
Bl dis ¥ R AF kR 9 levofloxacin % i 3 A F i &
R RS o 5d G it B T E 4 ¢ R(+)-ofloxacin

¥ S(-)-ofloxacin (levofloxacin)&v F % 5 0.1 99.9 - # 4

(Ud\
i
)~
=
>
[—
(@]
()

mg/4z_1 levofloxacin » 5 d F % B {F 0

levofloxacin 7 £ 9 % 93 mg -

24



(=) it i Brd
Fig. 15 (a) e o MR * 2 A 35 % % hiF & 4k 7l i

‘v levofloxacin *t R JR* & » 25 it B~ PLanfiin » ¥ JL

Bl I AT ERY &;ﬁj&ﬁjfﬁjﬁljja%fﬁii;] gé
ARAT R TN RRBEET LB RO R T

FREEEEY &2 TR

Fig. 15 (b) & A 5% &I2 » F ¥ K 10 § hp;
AR EREFRREI AT AR T A FE R AL
SRR AT P ETFIZ B A REA L B RGA A L

Woeht g 4 o R Y ¥ g P A levofloxacin * if ik ¥ 3

-

- W) g f 0 B4 Figo 15 (¢) it 5x10° M
ofloxacin 1" {8 » ¥ M AEFRM % 5 R R Y 0 FI bk
A B ? 4 ¥ Mg R(+)-ofloxacin » ¥ # levofloxacin
G % R 9935 1 0.65 0 L L NE P et % fo B et
“E AR o dn R o AN A e o g 8 2
PARERL T RS R EF DR HE ST R ERER
St G AR o Y R ek AR 100 B a4
Feige @ 4wl 4e ~ 72 Fe A ff 0 levofloxacin % 5 @ (7 & {2
ek R G0 1x10° M~ 2x107 M 5x107 M &

levofloxacin® 14 & f# ¥f i 4 ¢ levofloxacin ik & 17 B> L Fig.

\

16 > 7 3] y=257226x+147579 > R*=0.9996 » ip] %_ LR P D

25



T3
a\
B
S
o
<
o

SRR e 2 By Bl G R AR R R R P R
B&FIG - AR F R AT E R RET G R
- A Ep R E N IS5 L kRE S 0 B
R ARY hES A SRR LR 80% 0 TioF R
5 4.40x10" M~2.96x10" M » 9 2k etk 5 2 4 R & 15 h
3~4 [ P B o R EOERAGR N TOERE B LR
WE RS FP PR ER LR A R
levofloxacin ¢z & & 3 7x® &£ $ & #31;}};3 A HIPR 2§

FEPBELONBHR IR E- BHT Do

26



g
Sl
el
3

AR % w50 mM Bipk & % % (pH 2.30) ¥ 74 60 mM
HP-B-CD + @ F| b 2 ch A 3L & 2 ¥ k35 B B 5% »c & > %
levofloxacin % i BT ¥ iF 1x10°M » 3 -k ® ehiL 8 2z
BB 1X107 M~5x107 M 2 [ § 245 cndilfh o i e R
LI B R 5%107° M~5x102 "My R® ¥ 4wl 7] 0.9989 v
0.9943 o & * 4 E b A R K w B o T OF v E ¢
R(+)-ofloxacin ¥ S(-)-ofloxacin (levofloxacin)ertt & 5 5 0.1 :
99.9 > - ¥ E4x ) 7 7 93 mg 7 levofloxacin e & * A PR * %#?'7?3
Ak iR B 7 £ 0 ¥ 3 B R(+)-ofloxacin ¥t S(-)-ofloxacin
(levofloxacin) et & % 5 0.65 : 99.35 - i * & & /f’]‘ be i P F
levofloxacin 77z & X & 57107 Mo pt ¢b > @ 2% ¢ & 4% 41 4 buffer
TR ST RPER RS RGN FRGFRER 5x107
(W) BEEE 5x10° M e Cu®'pF > A ek B B R 5
HP-B-CD pFug it > SR ¥ §f v 4 7 b b & B+ & s 8 073

R pDHAE T 3 €3 { EaAhgns o

27



\\\Xr

B4
. De Boer, T.; Mol, R.; De Zeeuw, R. A.; De Jong, G. J.; Ensing, K.
Electrophoresis 2001, 22, 1413.

. Radi, A.; El-Sherif, Z. Talanta 2002, 58, 319

. .Wong, F. A.; Juzwin, S. J.; Flor, S. C. J. Pharm. Biomed. Anal.
1997, 15, 765.

. Wright, D. H.; Herman, V. K.; Konstantinides, F. N.; Rotschafer,
J. C. J. Chromatogr. B 1998, 709, 97.

. Bottcher, S.; Baum, H.v.; Hoppe-Tichy, T.; Benz, C.; Sonntag, H.
G. J. Pharm. Biomed. Anal. 2001, 25, 197.

. Cheng, F. C.; Tsai, T. R.; Chen, Y. F.; Hung, L.C.; Tsai, T. H. J.
Chromatogr. A 2002, 961, 131.

. Caufield, W. V.; Stewart, J. T. J. Lig. Chromatogr. Related
Technol. 2002, 25, 1791.

. Liang, H.; Kays, M. B.; Sowinski, K. M. J. Chromatogr. B 2002,
772, 53.

. Neckel, U,; Joukhadar, C.; Frossard, M,; Jiger, W.; Miiller, M.;

Mayer, B. X. Anal. Chim. Acta 2002, 463, 199.

10. Djabarouti, S.; Boselli, E.; Allaouchiche, B.; Ba, B.; Nguyen, A.

28



T. Gordien, J. B.; Bernadou J. M.; Saux M. C.; Breilh D. J.
Chromatogr. B 2004, 799, 165.

11. Nguyen, H. A.; Grellet, J.; Ba, B. B.; Quentin, C.; Saux, M. C. J.
Chromatogr. B 2004, 810, 77.

12. Santoro, M. I. R. M.; Kassab, N. M.; Singh, A. K
Kedor-Hackmam, E. R.M. J. Pharm. Biomed. Anal. 2006, 40,
179.

13. Ocafia Gonzalez, J. A.; Callejon Mochon, M.; Barragan de la
Rosa, F.J. Talanta 2000, 52, 1149.

14. Du, L. M.; Yang, Y. Q.; Wang, Q. M. Anal. Chim. Acta 2004,
516, 237.

15. Radi, A.; El Ries, M.A.; Kandil, S. Anal. Chim. Acta 2003, 495,
61.

16. Meyyanathan, S.N.; Ramasarma, G. V. S.; Suresh, B. J. Sep. Sci.
2004, 27, 1698

17. Horimai, T.; Ohara, M.; Ichinose, M. J. Chromatogr. A 1997,
760, 235.

18. Zhou, S.; Ouyang, J.; Baeyens, W. R. G.; Zhao, H.; Yang, Y. J.
chromatogr. A 2006, 1130, 296.

19. D. N. Heiger, High performance capillary electrophoresis-An

introduction, Hewleet-Packard Company, 1992.

29



20. Luong, J. H. T.; Nguyen, A. L. J. Chromatogr. A 1997, 792,
431.

21. Verleysen, K.; Sandra, P. Electrophoresis 1998, 19, 2798.

22.de Boer, T.; de Zeeuw, R. A.; de Jong, G. J.; Ensing, K.
Electrophoresis 2000, 21, 3220.

23. Pacioni, N. L.; Veglia, A. V. Anal. Chem. Acta 2003, 488, 193.

30



Table 2. The pH value and the resolution of ofloxacin at different

. . . . -6
concentrations of chitosan. The concentration of ofloxacin is 5x10

M.
chitosan (w/v) 0 5x107  2.5x10° 5x10°  5x107
pH 2.26 2.25 2.22 2.08 1.65

Resolution 0.63 0.64 0.62 0.62 0.46
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Table 3. Effect of various metal ions at different concentrations on
resolution of racemic ofloxacin. The concentration of chitosan is

5x1077 (w/v)

metal ion(M) 5x107° 2.5x107  5x107 5x107°
Cu*” 0.65 N 0.58 0.56
Zn*" 0.60 0.61 0.55 0.57
Co™” 0.63 0.55 N N
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Table 4. Analytical parameters of the proposed method

Levofloxacin in o .
o Levofloxacin in urine
distilled water

Linear ; 3 . ;
1107 M-5x107> M 5x10° M~5x10> M

range

LOD* 1x10%M 1x107 M

LOQ® 1x107M 5x10°M

R? 0.9989 0.9943

a: LOD, limit of detection
b: LOQ, limit of quantification
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Fig. 7. Fluorescence intensity of ofloxacin at various pH value of
the phosphate buffer. (a) pH 2.30; (b) pH 3.00; (c) pH 6.47; (d) pH
7.00. The concentration of ofloxacin was 10 M and the excitation

wavelength was 292 nm.
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Fig. 8. Enantioseparation of ofloxacin in various concentration of HP-B-CD and phosphate buffer (50 mM ) at pH 2.30. (a) 5 mM; (b) 10
mM; (c) 20 mM; (d) 30 mM; (e) 40 mM; (f) 50 mM; (g) 60 mM;(h) 70 mM; (i) 80 mM. Peak 1: S(-)-ofloxacin (levofloxacin) ; peak 2:
R(+)-ofloxacin. Sample injection : 0.1 min at 100 psi; separation at 15 kV; fluorescence detection at Aex =292 nm and Aem =493nm.
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Fig. 9. Effect of HP-B-CD at different concentrations on resolution of
racemic ofloxacin.
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Fig. 10. Fluorescence intensity of ofloxacin at different concentration of
HP-B-CD. (a) 0 mM; (b)20 mM; (c¢) 40 mM; (d) 60 mM; (e) 80 mM. The
concentration of ofloxacin was 5x10” M in phosphate buffer (50 mM, pH
2.3 ) and the excitation wavelength was 292 nm
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Fig. 11. Fluorescence intensity of ofloxacin at different concentration of
HP-B-CD. The concentration of ofloxacin was 5x10° M in phosphate
buffer (50 mM, pH 2.3) , the excitation wavelength was 292 nm and

emission wavelength was 509 nm.
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Fig. 12. Electropherograms of racemic ofloxacin in 50 mM phosphate with
different concentration of chitosan. (a) 0 ; (b) 5x107; (c)2.5x10°; (d)
5x10° and (e) 510 (w/v). The HP-B-CD concentration was 5 mM. Other
condition as described in Fig. 11.
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Fig. 13. Electropherograms of racemic ofloaxacin 50 mM phosphate buffer
with 5 mM HP-B-CD , 5x107 (w/v) chitosan and various metal ions. (a)
blank ; (b) 5x10® M Co™" ; (¢) 5x10° M Zn*" ; (d) 5x10® M Cu*" ion in
running buffer. Other condition as described in Fig. 11.
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R-(+)-of]oxacin

20

(b)

20

10 20 30 40
Time (min)
Fig. 14. Electropherograms of the commercial drug. (a) The stock solution
diluted with distilled water ten times; (b) Drugs diluted with distilled water

and spiked with 5x10 M ofloxacin. running buffer: phosphate buffer (pH
2.30) with 60 mM HP-B-CD. Other condition as described in Fig. 11.
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Fig. 15. Electrograms of (a) urine from a healthy person; (b) urine from a
patient diluted 10 times; (c) urine from a patient diluted 10 times and
spiked with  5x10” M ofloxacin . Other condition as described in Fig. 14.
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y =257226x + 147579
R® =0.9996

Levofloxacin concentration spiked (10° M)

Fig. 16. The Standard addition method used to determinate the
concentration of levofloxacin in patient’s urine.
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s WGk R W pl® (flame photometric detector, FPD) fr 3 + 4
& ] B (electron capture detector, ECD ) % ¥ k 1§ jp| ®
( fluorescence detector) > ¥ 4v H & K& B £ 5 0.1 ppm -~ fF2
FEHRHIFOTLERAIIRIRTREEFTFE > R A

0.1~2.0 ppmz. & » B %3 %.0.1~4.0 ppm > K % %0.1~10.0 ppm °

N7

R4 4 A 8 2, —- 72 s — / Ol
o mELEFwE o de il Ra e £4 0

GREFT LA BN LAt o R H R A ¥ R L

(http://www.afa.gov.tw/index.asp) ¥ §{ + ¢ 2 ¢ A I AT £

i

1.0ppm > % ¢ fe’%% 0.1 ppm °
YR MY R MRS F S 2 BB oA A K

» Pawlowski % %1998 & 3 11 * 50+ 5 M3 BREA-KFBE s H

&

Pl SF R G R Y RAp—ikAp k& 0 4 ion-pairing HPLC
AR R PIEE FRBPELER o PFETAE - RF
as;%£,a;»¢:r;a;}nﬂ'rs H v e F Y o Abad® 1 H - £

shenzyme-linked immunosorbent assays ( ELISA) fri¢ * NaOH
frOPA#-45 & 472 1 (8% HPLC— 4 £ ¥ o] B A f > 2 1§ Bk %
feFEEY b B % L % > ELISAT B * AW L i R 5BV
#3100 %iow Jo 5% o Horned s M Ff £.20034% 7' /& * HPLC %

SRR EEE AN L R TR IR SR

ik
e

f

o §ATLPFEE Y RFERP ST PFETE LY

54
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»8 %ACNZ F #1384 # e e X T Crof 110k 55 3 B % ¢ * MEKC
e P ELEPF T E e Bl MR S 1~5 pg/mL > LOD :

0.24 pg/mL » LOQ 3 0.79 pg/mL ; & * Cpy ¥ ik % ¥ 5 4 & B
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SUPR B oo A ESI-MSHrig * T rF EAR R L R E
AR FACRDTEREY T /2 N3 PR AR E #(pH
5) T énPF-MEKC ( partial filling-MEKC ) v fp& 4 i% ¢ (pH 5)
T @ * z 9 ¢ 4 1 RMMs-MEKC ( Reverse migrating
micelles-MEKC ) % f i & (pH 9) T # * poly(sodium
2-actylamide-2-methylpropane-sulfonate) i3 4&F ¥ 7 £ 'w ¢ & {7

RMMs-MEKC ° 3 i3 i & fip fk &5 4 SDST® 5 & iE 2 > 4e i
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1 £HLOD &gt = f i % T 4 %] 5 0.08 ~ 0.04% 0.1 pg/mLP* -
Travares B [§ B #_4- 4t e £ 04 53 10 7 MEKC ik 45 g e § 4
FFlend fA R = f8 > 2 ¢ sweeping ( SW) ~ stacking with
reverse migration of micelles (SRMM ) % A 4§ &3 » @0 L3 » —
Bk o MEKCif i pH 2.5, 0.02 ME: & ¥ B3 7 /,"‘J‘ 4v 0.025 MSDS
%10 % MeOH » i p] ® : DAD (diode array detector) 220 nm o
e T e BRI A B 5 5.6 53% 2.7 ug/L 0 B {8 #ip a2 R
B* BE R RS (F RR2 T BY Z PR ) 87 LR I3 &
& %o Carretero® 4+ 4 # 9 @ * MEKC-DAD f | ¢ 5 NAD ~
CAR~TBZ-CAB% 7 fa & &> =/ if * 5 30 mM NH4CI/NH; ( pH
9) /7’]‘ v 15 mM SDS - ﬁb‘_g&v Bl 4~ % % 2.4~10~0.7~10 ~ 2.7~10 ~
0.7~10 pg/mL > LODA %] £.0.7 ~0.2 > 0.8 ~ 0.2 ug/mL > LOQ#4 %]
224~07~27~07ug/mL- B&* AEFHES T LA LT R
RSO R ) B R

Picos @ Ff 22003 % £ £ m*g TOARY AR E LT 2 )]?e
VAR £ T e o LB AR e PR S R e s S PR 2
FiEE T - BREFE K1t #IGC-LC~CEE p chigd
BE > F3 g2 a4 P)e Rodriguez-Delgadosh B ff + 22004 & 3
2L m P AR E QR D g i ST E ki gk w
S PEB s R RN 2 R B BEEPT g2 e

G0 IR s s MRS N E (Pl % % (F— B AFIL > 4oTable S o

58



R R A Ak o F P e R AR Fh L E
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Table 5. The analysis conditions collected from reference papers

1. High performance liquid chromatography ( HPLC )

Sample Matrix Preparation | Condition Detector binear LOD Ref.
range
thiabendazole, | banana, water 50 Mobile phase : DAD - - [9]
carbendazim lemons, atm buffer :1 g 1-decanesulfonate,sodium (280nm)
orange, extraction | galt, 10 mL ‘triethylamine and 7 mL FL
mush- LLE : ethyl | H;PO, diluted tol L - CAB:
rooms, acetate buffer/methanol (55 : 45, v/v) (280 nm/310 nm)
rice Flow rate: 1.5 mL/min b
(305 nm/380 nm
carbaryl, cucumbers, | SPE ELISA FL - - [10]
carbofuran, straw- Antibody (339 nm/445 nm)
methiocarb berries carbaryl:LIB-CNH45
Tracer
carbaryl:HRP-CPNU
HPLC
Mobile phase: water-methanol-ACN
Flow rate: 1.5 mL/min
NaOH and OPA as derivatization
agents
thiabendazole livers, ethyl Mobile phase: CH;CN/0.05 M NH,CO; | PAD - - [11]
hepatocyte | acetate (1:4,v/v)
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extraction Flow rate: | mL/min
thiamethoxam, | cabbage MAE: 60 Mobile phase: ACN/water (containing UV (270 nm) 0.1~2.0 cabbage:0.048 | [12]
imidacloprid, tomato, Hz, 1100 W | 0.01% orthophosphoric acid) (1:1, v/v) pg/mL tomato:0.045
carbendazim chilies, Flow rate: 1.0 mL/min. chilies:0.032
peppers, peppers: 0.041
potatoes potatoes:0.043
(ng/mL):
aldicarb apple-base | SPE Mobile phases: ESI-MS/MS CAB : carbendazim: [13]
sulfoxide, d infant solvent A: ACN, 1.1~54.0 0.08
aldicarb foods solvent B: 0.1 M ammonium acetate TBZ: thiabendazole:
sulfone, with 20 % ACN in water 1.1~549 0.1
oxamyl, solvent C: water carbaryl: carbaryl :
methomyl, gradient 1.1~55.2 0.09
formetanate, Flow rates: 0-13 min, 0.2 mL/min; (pg/kg) (ng/kg)
3-hydroxy- 13-19 min, 0.3 mL/min; and 19-20
carbofuran, min, 0.2 mL/min.
carbendazim,
thiabendazole,
aldicarb,
propoxur,
carbofuran,
carbaryl,
methiocarb
organochlorin | tobacco Pressurized | Mobile phase: water/methanol gradient | FL(330 nm/ 465 carbaryl [14]
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e compounds, liquid Post-column derivatization nm) 0.01 ppm
organo- extraction LOQ:0.035
phosphorus, (PLE) , ppm
N-methyl- SPE
carbamates
2. Mass spectrometric method (MS)
Sample Matrix Preparation Condition Linear range LOD Ref.
carbaryl, urine enzymic GC-MS/MS 1~2000 ng/mL | 0.1 ng/mL [4]
carbofurm hydrolysis, SPE capillary column (30mx0.25mm [.D., 0.25 um
using Oasis HLB film thickness). The capillary column was
sorbent cartridges. | connected with a universal connector to a 1
trifluoroacetic acid | m-deactivated silica pre-column (0.25 mm).
anhydride (TFAA) | Helium (purity 99,999 %) was used as a carrier
as derivatization gas at a constant flow of 1.0 mL/min.
agent
carbendazim pepper SFE LD-REMPI-TOF-MS 0.3~6 ppm [15]
300 atm, 50 C, 15 | Nd-YAG laser:532 nm(desorption), 281.1 nm
mL CO, (ionization)
thiabendazole, citrus LLE FI/ESI-MS/MS 0.4~10 pg/kg 1 mg/kg [16]
Imazalil, fruit carrier liquid : methanol-water (90:10, v/v)
o-Phenylphenol Flow rate : 200 pL/min.
3. Other methods
Sample Matrix Preparation Condition Linear range LOD Ref.
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carbaryl - - boron doped diamond electrode 2.5~30.0 x 10°° 8.2 mg /L [17]
square-wave voltammetry in 0.1 mol /L mol /L
Na,SOy, pH 6.0 ©
carbaryl cucumber LLE photodecomposition and 0.026~0.65 pg/mL | 0.009 pg/mL | [18]
ethyl acetate | peroxyoxalate chemiluminescent detection LOQ
MA and OPA as.derivatization agents 0.026 pg/mL
carbaryl, fruit, tap The best result is added HP-B-CD in sample | 0.8~13 uM 14.5 ng/cm3 [19]
carbofuran water and.used n-propanol as organic modifier.
4. Capillary electrophoresis ( CE )
Sample Matrix Preparation Condition Detector | Linear range LOD Ref.
fenuron, carbaryl, river SPE MEKC DAD 0.05~0.025 0.01~0.03 [20]
atrazine, simazine, water 60 mM SDS, 10 mM Na,HPOy, 8 % | (226 nm) | ug/L pg/L
prometryn, ACN, pH 9.5
terbutrin, ametryn
carbendazim, grape, LLE MEKC DAD 1~100 pg/mL 0.2~1.0 [21]
imazalil, methyl- lettuce, SPE 4 mM borate with, 75 mM sodium (210 nm) mg/kg
thiophanate, orange, cholate (pH 9.2)
O-phenylphenol, tomato
prochloraz,
procimidone,
thiabendazole
triadimefon
oxamyl, methomyl, | - - MEKC IT-ESI- 0.04~2.0 mg/L | - [22]
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aldicarb, propoxur, PF: 20 mM NH4Ac (pH 9.0), MS
carbofuran, micellar solution: 10 mM NH,Ac,
aminocarb, 20 mM SDS (pH 9.0)
carbaryl, RMMs: 10 mM NH4Ac, 10 mM SDS
pirimicarb (pH 5 and 8.5)

sheath liquid +*150 pL/h,

water/methanol (1:1 v/v)
carbendazim, carrot sweeping and MEKC DAD 2~46 ng/L 2.5 ng/L [23]
simazine, atrazine, extracts, | stacking 20 mM phosphate (pH 2.5), 25 mM | (220 nm) ( carrots),
propazine, ametryn, | drinking | (SRMM) SDS,10 % methanol 0.1 pg/L
diuron, linuron, water SPE (drinking
carbaryl, propoxur water, SPE)
naphthalene- cucum- liquid-liquid MEKC DAD CAB:2.4~10 CAR:0.2 [24]
acetamide, carbaryl, | ber extraction 30 mM NH,CIl /NH; buffer(pH 9.0), | (228nm) | TBZ:0.7~10 CAB:0.7
I-naphthanol, 15 mM SDS, 10 % methanol. CAR:0.7~10 TBZ:0.2
thiabendazole, NAD:2.7~10 NAD:0.8
carbendazime (ng/mL) (pg/mL)
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vy

2

Pz 7 B & 7 (micellar electrokinetic

chromatography, MEKC )

(=) Mese T K45 4

M R b kAT AL mE T A R R N
- o @.&g{xf A B ek - RS NN S PR S A s e
?fr/w\%'ﬁ.:". X e MEKC en4d g ¥ 8 A8 @A %P 4 x o %
A R BB IR ¥ - Y LR R4S
i Y e 7 e R AR RREE B e ER
( critical micellar concentration, cmc ) 2_ {& » B & /= &
€ Mg oRHB IR E S e o I AT B e 2 B
iE* 4 2> I LY PP F DD o
(=) R o B H

Frwm BEAGF XA AT AFELY EERTF T
e m B H o SDSEF L TR wm EHEA 0 Y s
BPFE MNfrR B F 2 e o B F LT B DER
W m AR R RAEE AR e T A LT
AR FCR o T BBk o Tt B SDSeniE * 4 AR5
ﬁﬁ%‘r%fﬁgiﬁ'&:ﬂ koo

I5WAFRREAREFLERES RS BAEAT 2
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AHTER S R P AP T RFFEELB T e B A2
LmE RAS A, T BT G S H 4 CTAB
g AREEER TR TS RSP RAES R
i eFf Rxil- K CTAB> CTABeh Y — =5 £ 48 5 g1 oK
Mo g Fiamkim® gkl L@y - &
CTAB » MR g b, - F 0 R ehiz Haqp » &3l §
Tehapd A ER ,g@f%aff*<£%§£gﬂ W R o

$0 R APEE R LR R 7R AFig 2477

gfémﬂmémm;mmmm

Fig. 24. The EOF of MEKC.
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» hexadecyltrimethylammonium bromide
( CTAB ) - trimethyl(tetradecyl)ammonium bromide

( TTAB) » dodecyltrimethylammonium bromide ( DTAB) >
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e R ow % # sodium dodecyl sulfate (SDS)

R R TR ATE

DTAB TTAB CTAB SDS
48 12 14 16 14
cmc(mM ) 16.2 3.9 0.95 8.2
i e SR 1‘#;\‘- 2L Fig. 25 »
Br Br
CHy GHy
f'|2 I.rr f'|2 L
SR TR G
Gy CHy
DTAB TTAB
Br
CHa

“xﬂ{—gh')rf%"-*“a
CHg

CTAB

Fig. 25. Structure of cationic surfactants.
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Fox MEES

2/,

TAHRFF R WP E BN HEEGET S
FRE KBTS ERR AR o B L REURE 2 B L]
FEHEPhE R B ¥R RELT 3
TR RE Dok hi B Sl A
kPR E SR BNt > 2 oY i 7 B & 17 (micellar
electrokinetic chromatography, MEKC ) i\ 2 37 & B & »
B B 6 E LA (e 3 A dsE Al £ 4o HP-B-CD (7 5 ¥ % 3

g A o

WOR] B A st £ ey kiR 5 Hitachi F-4500 0 £ mfg T
Atk B g ki B ie * Jasco FP-1520 0 % T d ok £
(excitation) 280nm - *t 48 £ (emission) 336 nm > & %] L
SR SRR FAORATEFOAEL SF SRR E S 309
nme & * X L ik BT L AF % A 5L 5 Model prince 4-tray

CE System> & * WPrince 32 bits #it ¥ & 7 "o 34| F % i #42.°SISC

3220 7 2 gkl kAR Bldp o TP E SR 2 9 ff o pH R
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* Horiba pH/ion meter D-23 « F] & § i » P ¥ R EH
2P BRDEF TV ERY FRLE LEXFRR
® > FBRT 5 Glassman = @ 4 # =1 high voltage power supply -
A1 5L 5 series EH o #75 /% /& ¥ 1 Barnstead @i % ke @ -

THEY <3 18 MQ/ecm e 7 £ g pJjL i 75 pm» 2 5 375

umo KR 82 A4 o FokE R B 54 DA

¥ 4p % 7% ;% (running buffer) /8 & % & " Gl e = &
2k d 4 o Rl 2 pH & - hydroxypropyl B-cyclodextrin
(Aldrich) # j& (stock solution) ¢k & 2 200mM » ;3 A%k ¢ o
1-naphthaleneacetic acid (97 % > Sigma ) > carbaryl (99.5 % > Chem
Service) ~ carbendazim (97 % > Aldrich) ~ thiabendazole ( Sigma ) -
1-naphthalencacetamide ( 98 % » Aldrich ) i % methanol ¢ » #
RERAE L 107M~ 107 M 2 2x10°M > B ki ® o ¥ iR
TN BRI F LB # ¥ - hexadecyltrimethylammonium
bromide ( CTAB, minimum 99 % - Sigma ) -
trimethyl(tetradecyl)ammonium bromide ( TTAB, 99 % » Sigma) *
dodecyltrimethylammonium bromide( DTAB, 99 %> Sigma )’ sodium
dodecyl sulfate (SDS, Sigma) > %3 &% -k¥? > * % ER 5 100

mMe ? fE~@E ke -2 a2 Am2E § 7 % (Riedel-de Haén)

69



(-) k&

MIBok BBegr ARG 10 2 At KR B i
L0 00022 um B B 0 B kY > § 3B
FieRapeF T AT & -

e

¢ 55 e S mM HP-B-CD> # @ & 5% R ¥
T 22 5 mM HP-B-CD -k k@ o
() FERREEERAD

PG R E e 249 0.00g0 AWz 25mL
kR R RIFLAARAE URFABRT 15 2418
* 022 pm A AR 0 FFEL S0mL o ok fok e iFE
FR e FRPEPGER R4 HP-B-CD {4 Sk fFHR

FRBF95 22508 &7 R k-

-~

v
~

- ~ L L’m? ey /’j\'? e - AR

She

T dag L2 0.5 N NaOH “uis 0 Fg & {8 10 kv ik 10
g R ERRRRF R LS A FURREETR R o &

g 14

100psi> 0.1 46t » L mE ¥ » ZFRNTREFR A F =X
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— ~pH 44 % P R

FoRGA RN FREE LG AR P ERT S0 #
it DA 7B KT % ik (electroosmotic flow, EOF) @

bo Al bk eniE 2T (pH 9002 F ) € deid R fE S AU R G E

ETINS
P

PG 0 2 f RRAEY SR F A (I pH T 2 1

y

BESF I RNEEFT T AR R RS AR T

.

T I ER ) M ERTpH TR GAREEFTT %R 0 BB
Atk 4o o Fig. 26 BT 2 B 4 I eh pH B4 A e 8
d Bl? 7 4vpH EAX S > & PR G X G 4 0 T Bl (o)A B pE
FAcB(b)Z # 5 o7 1203 WA B 4> & b 5% (peak 1)frz o
fi "% (peak 2)2. B el 4 (baseline) ¥ Fdi i 2 £ € F L & F
(peak 1)e4& 2, % % ~ %4> % @k jxij,%% Rl e TF i
MRl e ¥ AMERSGRL > §FLARDT AL FTH 0 ER
B Z B AL o 2 H (a) B (b) fo (o) S T R
de iRl (peak 4)enF K B R R Mo kB E Y 7 pH 6.47 chERL ¥
Brp R 1T 5 B i A Brenip i oo

gt pH B A s £ 5 280 nm FFAS & R &k < itk
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£ SR Fig 27 ¥ kR pH & ~ 34 2 A 2 0 & 4 ini
B M- a3 § B RS FEERIEDL ST L BER
SR ¥ kB R EME R4 EFLBFNAT B BEY ke
W o T A A Bl B0 fRMER Ao fhenin sl £ 4
«&3%nmqﬁ,waﬂﬁfuﬁﬁ Feoofiig o r ¥ ku A

PR o Bk K Tkt B4 a 360 nm = % ﬂ1ﬂ$f§

&

\-.n

R - B FH o ¥ RB AR T RS > A 336 nm Py

\4L

MR YVEL o B RF oy ke R B3 o Bt A= 309 nm

.
<
P

+ 0 & 336nm PFFey ke 0 R AR Y peak 7 P oA 0 e G

Ao fe BE RIS DA RE  FI o PSR R IE A BRI 230

-

280 nm k£ B 0 2 336 nm 5k ELE o TR S e B4R
el B RARE L R R o TR T RIERTE

BPE R FEH3090mie 7R N EIREDFAR

SN R oG EPEA R R R R A SR

g4 8
&

FlethS 2 FahsF 2T & * Loy %4 DA
(capillary zone electrophoresis, CZE) & /2 % > &~ 3 &% > &
SRR R Y R R A ARAL &R S 2 A 4o Fig. 28 3

FOER A R BEPR G SRR SA BRSPS T 5 SDS
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B Re A A Y DR REFT AT % - d Fig 28

ETIRS

il

=3 ",/TT 7 DTAB 2 % » H&aqm i 6 F & & 15 mM ﬁ’:;‘}é)ii—‘;.’fi

il

MR SR AN 2T A ATl i DTAB iR ft e kR R
Bt ERARAENERAMERR c WS K G BEEE K
7 CTAB chfp it ficre R B » A R R 2T H AR Z &
o SDSHEET s BHPEF AL ¥ BHRE - LHESEG BT
B EREVERE P FE s ¢ fipte(peak 2 4r peak 3)eE B
Z B EHBLIERELXPL o A CTAB i ¢ N = Sl LI RN )
B PR R ¥ A L TR (e Bk o] 3 SDS hiE i o
VAEEB R Foe SHEET LR EFLBERRE S ART L
F I pRILEE M o A TTAB ehig 2 7 > B pF i &2 CTAB
A7 %5 LR F 2 G FKt CTAB %355 8% > $RA 4
B34 CTAB - 4 B4 F e S BLiE % > 4 7 CTAB it % & & ¢
Boo ERAG RN E GRS

Fig. 29 % B3 7 F kB ¢ CTAB %4 3 & 13 5 CTAB
ke RARF k5 CTAB 2 B ehi® FeAR g o B F AR -
& ®B(b) 10 mM CTAB FF > &2 3tk =~ 3t 20 S F R R 3 4 > A 8
B4 > w3 e fpi= (peak 3) frde %] (peak 4) ¥ £ w &
SRR EM G P HAAS NI e e LT AEE A B R Z Y kR
B E R4 15mMCTAB &8 3 i ¥ iP5 i it g o

MEKC et 5 A 8 Fla e e pH &3+ % B 3 #5 #
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B GRS R R Y kR 2

7] 4 @;F#J%USJ:J BIITMEE DL AR M G e R h ¥ kg
Bt BRI BRAMOBAEEERRY LRREDEE A

TERMEI IR RAN VB BA

W
ey

? Uz 2% 8 Fig. 310 v 5B (a)F B (d) > S % 5 ol
AL > BB PEFRF L RABOBBET LB LT
o B SR ANMB AR DL ALEPEOEET > 2 fpiR (peak
3) fode %] (peak4) chMi s B L % - BBERF LT Ag
PURRiE T > RAHLRE Y S 20 F R R H 4 o R § T
A BRBNBA U EFERLER X BT
ﬁﬁé’ﬁﬁﬁﬂﬁﬁﬁ;&&ﬁjﬁgﬁwo

Fig. 32 ZRRFLEAHBaOZ EH AR 2 § LB R OPE
Bl @z AFH2pBATAR REERTERFER 0
fis"=(peak 2 frpeak 3)~ B A R L P MEFL [P Z & H 4 0 R
S L 4 ¥R R 2 M ABAEY RE
Flimm% ] BPEFS 4 P AIABETESL 12 %P
ARRERLAIE EBEPL 5 (peak 1) hifipl » g r = 3
M 10 % BRI BB R Y OIT R B i 4B 4R i
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I~ LR R F
R kR B h G ARER L 15 mM B e

%% (pH 6.47) i 4 15 mM CTAB 2 & #3#H > &k & aa g

B A3 2 B4R L 10% I G 7Hw¥ LB -

B LREBs M- BERFEORBEIROTREASBAE 2 B

BEROPRE &% L Fig.33 % RA%) > BFFFAXL > £-20

kKVEL I 18 A4+ 4 ¢ =2 2mg > a-28 kV & 114 10 4 48

&

PREAH R RERD S RIBERDOKE -E ¢ %
(peak 2 v peak 3) gt ot R RE 7 F K PF € £ x> 4 M FiE
BI-25kVEEFTARTRBFOERETRR T ALl A4p =2

TSR R

3]

A~ 4 HP-B-CD $ 4 £ 5 3 g 4

Q‘/Fﬁ%“g]:* hOORZE G BBART U F kB R LD G
4t HP-B-CD » ¥ 14 Hi 55 4¢ %] ch % » ]t ¥ 323 HP-B-CD 4t
g B i L g E o PIEHE B o L RE HP-B-CD % A
A e v s e A AN PEB??“};’J&ﬁ R EEEERARY HY kR
BB 8 2% 0 Fig. 34 v Bl(a)~ (b)) ¥ W3R At 5"
F &4 HP-B-CD R AWl 3 P A E 3 L RO G o2 ¢ fph=

(peak 2 = peak 3) i F%JF’KT o 4 % Jl4o 3 ¢ pi (peak 4
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frpeak 5) #r3iy B F R 4 BB ERF E RS2 B afp it
LG PR g e gt 4 HP-B-CD A e 2 ? - &7
® F e HP-B-CD avt fie > g § g /A P B ensc 8 0 A (c)fw(d)

F§ % e fk (peak 5) ¥ B § AT F H{ 4e o - # HP-B-CD i #r &

g Wi ¢ BT LR ()frc) T UFRE B S Y LE A

I s e A PR EP o LS B o i

BB AT %5 4 o Bt (a)fe(d) T 15 T4 % F( peak
4) 4v% o fpi= (peak3) A 5k 5 B P » 2 ¢ it (peak 5)
RS RGP RN R T i LF] 5 HP-B-CD 7 e i % #7932

g2 CTAB A 235 % RS CTABen2 £ %% - & # 4

KA BEE ,?%t‘o,lénHPBCD LY
REASREVSAREI AN #4885 > v @ ¥ LB S o

123 (8 dr s HP-B-CD i 4ot A B A A1 i 0 g
By k2 B¢ R E Tk wiE & 4 HP-B-CD & (733 2 2
Beos P TE GO ko A

£F3tig e Pk R HP-B-CD &3t ¥ o 3 8
% 4 Fig. 35 % ¢ fk (peak 5) 2 *ehfkmm 5 > 4o chik &
WF o F R RARG LR o i (peak 5) AT 0 F
PR RAZE 10 mM (5o LB E o A X RAARS 0 &
T B A 8.5 A ks B Y chiFA, 0§ F i 2.7 5 HP-B-CD 7R

g e pr g &2 CTAB 22 3% > k52 CTAB thig & % >
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BHEFAED R T UHFESFOPER > L FPERFE

(peak 2) frz ¢ fis*= (peak 3) A JAPELT « 4 g 11~
BEZALEDFELEBRIT)ZE T EF LEBFZRY
10 mM HP-B-CD 1% % B i ey 3 5% &k B o
Fig. 36 5 R3¢ 7 I 0k & 0 HP-B-CD 5 4v tdk & ¢ p54f 3 %
W R DK Gk o d BT 4 &R &% fif 40 5 mM HP-B-CD pF o
i FHF ORFEFHPP-CDEARARS » ¥ LF A T% 2 24k
FARRS SR HE L o A Ao (peak 5) B e AZiE 10 mM
HP-B-CD & > % 2 g 5702 B4 R RE o Flut - EHiF 4 SmM
HP-B-CD =+t 4 & ¥ % o 3 i & o
Flp > AR F HP-B-CD v 5 & %3 53 & > ¥ 434 4
ERMARE ¥R PP RS F P B Gy ke iE g
g AR A4 10 mM HP-B-CD %2 At 57 % 4 5 mM

HP-B-CD » % 35 cit % A w5 130 % (B 5% )~108% (5 )~

120% (% 2 figre)~ 114 % (4 m9]) 40 138 % (2 2 ft) -

— N 5

c ~ B
B

#ers bR g0 b A B IE £ 520 Table 60 5 *

A
I

TA I3 AN RS ERLE o B iy

e

%ﬂ-grf' ?"rﬂ ﬂﬁgz;t] 4’13’1'/}&»?\?336 nmﬂi‘;‘%gff

RS0 i 1 R R L enip] A 309 nm F sk K 0 % % 4o Table



7o %2 IR 1x10° M~1x10*M > LOD 3 5x107 M (0.1
pg/mL) > LOQ 4 1x10° M« % ¢ fighie ~ 4 ]2 2 ¢ feh& |
#EF 5 5%x107 M~1x10"* M-LOD 3 3x107 M(0.056 pg/L~0.060
ug/mL~0.056pg/mL)>LOQ 5 5x107 Mo o b 4 412 4 F 5x10°
M~7x10° M> LOD % 1x10°M(0.191 pg/mL)>LOQ % 5x10° Mo

BB ANELE By kaaht gt £ A 4 336 nm> 2 57 5 b pF

@Rl o Arrr B E % 336 nm TEAE P 0 F]p LOD & MR e i ] 0.1

bt Koo it 2 P LODe @ B SR F S kS ¥ kg
B B e Sibt HE i endkstgl £ SRl ® 97 (¥ 5 LOD
L ESE NS TS LR TN LY L

12 22 ¥ a2 0.06 ppm 4T e id B o

(- ) p BRERE PR

RORBSL G AERIFRE DT T ERG
AEREAAFTFHE  wHEETFHRT O Ak 5K &
SEP KT E- ) BRSO FRP R RS )
SFIpE TR (FREZ D) SRR RERAR (RS2 ) e
SR Ak (BT ) Sk PSS 50 L F SRR

Dk EPATHE  Z R UAKRSFRZET F &

F_&

* e i

80



e 10 % RS  FRE A LR RAD P RSO
B F AR Beas BEI 10%: b5k TS 38
Wﬁsmo%4ﬁ%ﬂ\§aﬁw\ﬁﬁ~ébﬁﬁIMW
M B 57§ %k o T B4 Fig. 37~Fig. 42 ¢ ¥ &k

ﬁg%@ﬁ¢?ﬁ&d%iﬁéﬂ%%%%ﬁ%%’ﬁﬁ

B

3
N
(e
=
beic
—)-\-

S E PRI R AR S AT

BEREE v A B FE g kW R sk £
309 nm 1 P> % % 4 Table 8.0 % I w YT F €. 93.5 %% 118.4

%2 B v d FiiiRERUFEAZT 10% "2 A

ﬂé—&%%éﬁ%ﬁ*“@”*ﬁéﬁﬁwEmﬁip‘ﬁ

T
WUk Ae T BT AH o BREEET ELR cTARAL

Fig. 44 - M ¥ (a)3s -k 23 A AT AR 2 (b)Y fi 5B
FlAp o BB S 0 T @ AAT Y b (iR

AREEER DRI A RFRTT R AT AR
PRI S A

BH R YRR BT R LKL AR B

3

81



kR S 6.26x10° Mo £ B F A5 56.7 % 0 147 iR G

"=

B A BBk B S 1.09<10° M- £ £ F 4 5 85.8 % o

PSS E T N IR RPEFE S
T 0 BT R SAHET MR 2RSS P BB
Mo VEIFOE RS A F IR o TG H P
EEERE KA RHSD 1S5 B 2T R
BENS 22508 e RPOFRBIFERHBEALT DR

2&420’\’8500 T%LFE',&'%’K"‘F y b’l—i—J‘/‘ 5 %s\é"—f%%l}l‘%;ﬁf&’

82



AFETRE AR E Y T AL EAE S E o L
WmERARBY LSRR 0 S ARTE o @I # e

iF# % 15mM Bipk s ®% % (pH 6.47) i 4c 15 mM CTAB % 5

AR G EEA 10 % TAMEFWBAA X2 10 mM

3?
>\&

HP-B-CD ** & i3 % # 2 5 mMHP-B-CD * 5 5 ¢ (7 5 & % 3 5
AR F R e R P %I 38 % @ * 25 kV i TR A

B mh 13 AP R A Al e $IT AR Ee PR

B v i 0.06 ppm (4 %) & F 5 0.191 ppm (B ¥F ) &
FAABARR AR T RES D BB AD RENFE T AETH
R AT o MRS R 2 e Rt R R E A E D 10°M

BN E LT iR F] 5x10°M > 2w de F ¥ /5.93.5%% 118.4% o

Bt P e B E (2B BRLF 7 asadpli g

i

SRl F LR P R A @ E b B 5 R T Ao Y
BAPE S ST R BAl L R kB R RS B

BN S ECE SR SR S P

B TR - B ook fed e Rl



Sl
\\\?{}

3R

CF R (295267 5p ) - 220058 AFEFERE FAR
FXFHEE o X96E5223p » B p
http://e-info.org.tw/node/8874

. 4v %=1 ( carbaryl )(1999,August 4) Retrieved May 30,2007, from
the World Wide Web:
http://www.dfmg.com.tw/member/chemical/safe/7427.html
Kl (RPpH ) REZXRX2RBE o 9652 25p 5 B f
http://www.tdais.gov.tw/science/good food/safemdc.htm

. Petropoulou, S-S E.; Gikas, E.; Tsarbopoulos, A.; Siskos, P. A. J.
Chromatogr. A 2006, 1108, 99.

LR (RTS) - REALE (Ef#F) oo TR
-

. Thiabendazole. (2007, May 5). In Wikipedia, The Free
Encyclopedia. Retrieved June 7, 2007, from
http://en.wikipedia.org/w/index.php?title=Thiabendazole&oldid=
128385454

FRBREALIEHBREIPARAL-LEET IR E - LB %

4% o R 96&5125p > B

84



http://pesticide.baphiq.gov.tw/standard 1.aspx

8. st R anFTap A LEFFE? 2 - R96£57 11
poBp
http://food.doh.gov.tw/chinese/ruler/% # P # % ¥ & ¢ < .doc

9. Pawlowski, T. M.; Poole, C. F. J. Agric. Food Chem. 1998, 46,
3124.

10. Abad , A.; Moreno, M. J.; Pelegry, R.; Martynez, M. I.; Saez,
A.; Gamon, M.; Montoya, A. J. Chromatogr. A 1999, 833 3.

11. Horne, E.; Coyle, T.; O’keeffe, M.; Alvinerie, M.; Galtier, P.;
Brandon, D. L. J. Agric. Food Chem. 2003, 51, 5552.

12. Singh, S. B.; Foster, G. D; Khan, S. U. J. Agric. Food Chem.
2004, 52, 105.

13. Wang, J.; Cheung, W.; Grant, D. J. Agric. Food Chem. 2005, 53,
528.

14. Haib, J.; Hofer, I.; Renaud, J-M J. Chromatogr. A 2003, 1020,
173.

15. Codognoto, L.; Tanimoto, S. T.; Pedrosa, V. A.; Suffredini, H.
B.; Machado, S. A. S.; Avaca, L. A. Electroanalysis 2006, 18,
253.

16. Orea, J. M.; Besco’s, B.; Montero, C.; Gonzalez Urena, A. Anal.

Chem.1998, 70,491

85



17. Ito, Y.; Goto, T.; Oka, H.; Matsumoto, H.; Miyazaki, Y. J.
Agric. Food Chem. 2003, 51, 861

18. Soto-Chinchilla, J. J.; Garcia-Campafia, A. M.; Gamiz-Gracia,
L.; Cuadros-Rodriguez, L.; Vidal,J. L. M. Analytica Chimica
Acta 524 (2004) 235.

19. Pacioni, N. L.; Veglia, A. V. Anal. Chem. Acta 2003, 488, 193.

20. Hinsmann, P.; Arce, L.; Rios, A.; Valcarcel, M.; J. Chromatogr
A 2000, 866, 137.

21. Rodriguez, R.; Picd, Y.; Font, G.; Manfes, J. J. Chromatogr A
2001, 924, 387.

22. Molina, M.; Wiedmer, S.K.; Jussila, M.; Silva, M.; Riekkola,
M.-L. J. Chromatogr. A 2001, 927, 191.

23.da Silva, C. L.; de Lima, E. C. ; Tavares, M. F.M. J.
Chromatogr. A 2003, 1014, 109.

24. Carretero, A. S.; Cruces-Blanco, C.; Ramirez, S. C.; Pancorbo,
A. C.; GUTIE RREZ, A. F. J. Agric. Food Chem. 2004, 52,
5791.

25. Pico, Y.; Rodriguez, R.; Manifes, J. Trends Anal. Chem. 2003,
22, 133.

26. Hernandez-Borges J.; Frias-Garcia, S.; Cifuentes, A.;

Rodriguez-Delgado, M.A. J. Sep. Sci. 2004, 27, 947 -

86



27. D. N. Heiger, High performance capillary electrophoresis-An

introduction, Hewleet-Packard Company, 1992.

87



Table 6. Optimum

conditions for capillary electrophoresis

experiment
buffer 15 mM phosphate buffer(pH 6.47)
surfactant 15 mM CTAB

Organic modifier
The concentration of
HP-B-CD

Applied voltage

Sample preparation

10 % n-propanol
10 mM

-25 kV
10 % methanol, 5 mM HP-B-CD
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Table 7. The linear range, LOD, LOQ and linear range of the

proposed method

TBZ NAD CAR NAA CAB
Linear
110~  5x107~ 5x107~ 5x107~ 5x10°~
range 4 4 4 4 5
1x10° 1x10° 1x10° 1x10° 7x10°
(M)
R? 0.9977 0.9997 0:9979 0.9959 0.9977

LOD(M) 5x107’ 3%1077 3x1077 3x1077 1x107¢

LOQ(M) 1x10° 5x107 5x107 5%107 5x10°
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Table 8. Recovery values of pesticides in different water sample

Sample Recovery (%)
Ta
analytes watir ! 2 . ) :
TBZ 99.0 94.8 96.6 97.9 104.2 98.7
NAD 100.1 103.5 96.3 99.9 108.7 101.6
CAR 102.5 93.5 100.5 103.8 108.0 99.9
NAA 116.3 96.1 104:7 118.4 117.4 99.6

CAB 99.0 114.7 99.5 100.7 104.3 108.2

90



(a)
y 1
' 23
"1 o
] 1
23 4
4 (0
1
I g I U I U I . I ' I}
0 2 4 6 8 10 12
Time (min)

Fig. 26. Electropherograms of the four pesticides in 15 mM
phosphate buffer with 15 mM TTAB and 10 % n-propanol at
various pH value. (a) pH 6.47; (b) pH 7.00; (c¢) pH 7.61, Operating
condition: -28 kV, 100 psi, 10 s injection. Peaks: (1)CAB; (2)TBZ;
(3)NAD; (4)CAR.
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Fig. 27. The fluorescence intensity of pesticides in 15 mM
phosphate buffer (pH 6.47) .The concentration of samples are 5 X
10°M. Aex=280 nm.
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Fig. 28. Electropherograms of the four pesticides in 15 mM
phosphate buffer (pH 6.47) with different surfactant and 10 %
n-propanol. (a) DTAB; (b) TTAB; (¢) CTAB; (d) SDS Operating
condition: (a)(b)(c)-25 kV, (d)25 kV; 100 psi, 10 s injection. Peaks
as Fig. 26.
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Fig. 29. Electropherograms of the four pesticides in 15 mM
phosphate buffer (pH 6.47) with different concentration of CTAB
and 10 % n-propanol. (a) 5 mM ; (b) 10 mM ; (¢)15 mM ; (d) 30
mM ; (e) 40 mM Operating condition: -25 kV, 100 psi, 10 s
injection. Peaks as Fig. 26.
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Fig. 30. Electropherograms of the four pesticides in various
concentration of phosphate buffer (pH 6.47) containing 15 mM
CTAB and 10 % n-propanol. (a)5 mM; (b)15 mM; (¢)20 mM; (d)30
mM; (e)45 mM. Operating condition: -25 kV, 100 psi, 10 s injection.
Peaks as Fig. 26.
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Fig. 31. Electropherograms of the four pesticides in 15mM
phosphate buffer (pH 6.47) with 15 mM CTAB and 10 % organic

; (d)
iso-propanol ; (e) ACN. Operating condition: -25 kV, 100 psi, 10 s

solvent. (a) methanol ; (b) ethanol ; (¢) n-propanol

injection. Peaks as Fig. 26.
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Fig. 32. Electropherograms of the four pesticides in 15 mM
phosphate buffer (pH 6.47) with 15 mM CTAB and (a) 0 %; (b) 2
% ; (¢) 6 % ; (d) 10 % ; (e)12 % n-propanol. Operating condition:
-25 kV, 100 psi, 10 s injection. Peaks as Fig 26.
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Fig. 33. Electropherograms of the four pesticides in 15 mM
phosphate buffer (pH 6.47) with 15 mM CTAB and 10 %
n-propanol. Operating condition: (a) -28 kV; (b) -25 kV; (¢) -20 kV,
100 psi, 10 s injection. Peaks as Fig. 26.
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Fig. 34. Electropherograms of the five pesticides in 15 mM
phosphate buffer (pH 6.47) with 15 mM CTAB, 10 % n-propanol,
and (a) no HP-B-CD in sample and buffer; (b) 5 mM HP-B-CD in
sample and no HP-B-CD in buffer; (¢) 10 mM HP-B-CD in buffer
and no HP-B-CD in sample; (d) 5 mM HP-B-CD in sample and 10
mM HP-B-CD in buffer. Operating condition: -25kV, 22 cm high, 20
s injection. Peaks: (1)CAB; (2)TBZ; (3)NAD; (4)CAR; (5)NAA.
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Fig. 35. Electropherograms of the five pesticides in 15 mM
phosphate buffer (pH 6.47) with 15 mM CTAB and 10 %
n-propanol, addition (a) 0 mM; (b) 5 mM; (c¢) 10 mM; (d) 15 mM;
(e) 20 mM HP-B-CD. Other condiction as Fig. 34.
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Fig. 36. Electropherograms of the five pesticides in 15 mM
phosphate buffer (pH 6.47) with 15 mM CTAB, 10 mM HP-B-CD
and 10 % n-propanol, (a) 0 mM; (b)5 mM; (c)10 mM; (d) 15mM
HP-B-CD in sample. Other condiction as Fig. 34.
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Fig. 37. Electropherograms of the (a) blank; (b) five pesticides
spiked in tap water. Analytical parameters of the electrophoresis
experiment are as Table 6. Peaks: (1)CAB spiked 5x10°M; (2)TBZ;
(3)NAD; (4)CAR; (5)NAA spiked 10°M.
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Fig. 38. Electropherograms of the (a) blank; (b) five pesticides
spiked in water sample 1. Analytical parameters of the
electrophoresis experiment are as Table 6. Peaks: (1)CAB spiked
10° M; (2)TBZ; (3)NAD; (4)CAR; (5)NAA spiked 10°M.
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Fig. 39. Electropherograms of the (a) blank; (b) five pesticides

spiked in water sample 2. Other conditions as Fig. 38.
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Fig. 40. Electropherograms of the (a) blank; (b) five pesticides

spiked in water sample 3. Other conditions as Fig. 38.
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Fig. 41. Electropherograms of the (a) blank; (b) five pesticides

spiked in water sample 4. Other conditions as Fig. 38.
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Fig. 42. Electropherograms of the (a) blank; (b) five pesticides

spiked in water sample 5. Other conditions as Fig. 38.
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Fig. 43. The commercial sample of carbaryl.
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Fig. 44. Electropherograms of the commercial smple dissolved in (a)
distilled water (b) methanol. Other condition as Fig. 37.
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