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Method Cabbag:{a3 : Broccol'si :
Raw Boiled Juice Raw Boiled Juice
MEKC™ 0.9%+0.04 1.6%=0.09 0.2%£0.03 5.7%£0.11 1.9%0.04 0.9%+0.06
MEKC*? 0.9%0.02 1.9%=0.10 0.2%0.00 4.3%+0.04 1.9%0.09 0.7%0.00
HPLC 0.8%+0.02 1.7%0.06 0.2=+0.00 5.5%£0.07 1.9%+0.04 0.8%0.00

*1, Aqueous extract from vegetables.
*2, Ether extract from vegetables.
*3, sum of boiled vegetables and soup.

O oooom

10 Van Doorn RO Leijdekkers CPMJM O Henderson PT 0 Vanhoorne M and Vertin PGO Determination of Thio
Compounds in Urine of Workers Exposed to Carbon Disulfided Archives Environmental HealthTJ36 611289—
297019810

2000 000000DO000000000000000ODOO0DOO0ODODOODOO0O0O0O0ODOO0ODODODODOO0mMOOODOODOO
00000DOO00OO00000O33019900

30 Van Welie RTHOVan Duyn POLamme EKOJager POVan Baar BLM and Vermeulen NPEJ Determination of
tetrahydrophtalimide and 2-thiothiazolidine-4- carboxylic acidJurinary metabolites of the fungicide captan
in rats and humans0O International Archives of Occupational Environmental HealthU 6301811860 19910

40 Krieger RI and Thongsinthusak TO Captan metabolism in humans yields two biomarkers tetrahydroph-
thalimide 0 THPIO and thiazolidine-2-thione -4-carboxylic acid O TTCAD in urined Drug and Chemical
Tozicologyd 16 2[11207-2250 19930

50 Van Doorn ROLeijdekkers CPMJM ONossent SMUHenderson PT O Excretion of TTCA in human urine after
administration of disulfiram0 Tozicology Letters0 120 59-640 19820

60 Jian LO Alcohol and urinary 2-thiothiazolidine-4—carboxylic acidO Tozicology Lettersd01340277-2831020020

70 Jian L and Cao WJO Cigarette Smoking and Urinary Organic SulfidesO Biomedical and Environmental Sci-
encesd130 7-11020000

80 Simon PNicot T and Dieudonne M Dietary habits[h non- negligible source of 2-thiothiazolidine-4-carboxylic
acid and possible overestimation of carbon disulfide exposureO International Archives of Occupational Envi-
ronmental HealthO 660 85-900 19940

90 Kivisto HO TTCA measurements in biomonitoring of low-level exposure to carbon disulphided International
Archives of Occupational Environmental HealthO 730 263—-2690 20000

100 Kikuchi Y @emura T OYamauchi T Takebayashi T [Nishiwaki Y [IYamada K[Sakurai H and Omae KOUrinary
Excretion of TTCA after Intake of brassica VegetablesO Journal of Occupational HealthU440151-155020020



00000000 TTCAOOO 143

110 Van Doorn ROLeijdekkers CPMJM OHenderson PTOVanhoorne M and Vertin PGO Determination of Thio
Compounds in Urine of Workers Exposed to Carbon Disulfide Archives Environmental HealthO36 611289—
297019810

120 Van Doorn RO Delbressine LPCO Leijdekkers CPMJMO Vertin PG and Henderson PTO Identification and
Determination of 2-Thiothiazolidine -4-Carboxylic Acid in Urine of Workers Exposed to Carbon DisulfideO
Archives of Toxicologyd 470 51-58019810

130 Rosier JO Vanhoorne MO Grosjean RO Van De Walle EO Billemont G and Van Peteghem CO Preliminary
Evaluation of Urinary 2-Thio-Thiazolidine-4- Carboxylic-Acidd TTCAO Levels As a Test for Exposure to
Carbon DisulfideO International Archives of Occupational Environmental HealthO 510 159-1670 19820

140 Campbell L0 Jones AH and Wilson HKO Evaluation of Occupational Exposure to Carbon Disulphide by
BloodO Exhaled Air0and Urine AnalysisO American Journal of Industrial MedicineO 8 0143-1530 19850

150 Ogata M and Taguchi TO Determination of Urinary 2-Thiothiazolidine-4-carboxylic Acid by Automated
High Performance Liquid Chromatographyas an Index of Carbon Disulfide Exposurel Industrial HealthO
27031-35019890

160 Riithimaki VOKivisto HOPeltonen KOHelpio E and Aitio A0 Assessment of Exposure to Carbon Disulfide in
Viscose Production Workers From Urinary 2-Thiothiazolidine-4-Carboxylic Acid DeterminationsO American
Journal of Industrial Medicine( 2208597019920

170 Simon P and Nicot TO Automated column-switching high-performance liquid chromatography for the deter-
mination of 2-thiothiazolidine-4-carboxylic acid in urined Journal of ChromatographyU 620047-530 19930

180 Lee BLOYang XF[New AL and Ong CNOLiquid chromatographic determination of urinary 2-thiothiazolidine-
4-carboxylic acid Oa biomarker of carbon disulphide exposurel Journal of Chromatography BO668 112652720
19950

190 Cox COShane SO Que H and Tolos WPO Biological Monitoring of Workers Exposed to Carbon Disulfide
American Journal of Industrial Medicined 330 48-54019980

2000 000000000000 TTCAOUDOOOOOOO1999

210 Amarnath VOAmarnath KOGraham DGOQi QOValentaine HOZhang J and Valentaine WMO Identification
of a New Urinary Metabolite of Carbon Disulfide Using an Improved Method for the Determination of
2-Thiothiazolidine-4-carboxylic AcidO Chemical Research Tozicologyd 140 1277-12830 20010

220 Li SFYO Capillary ElectrophoresisQ PrinciplesO Practice and ApplicationsO 2nd0Elsevier Science Publishers
B.V.0O Amsterdam[01-300 19930

2300000000000 000oooooOoo0oOoOoOO0oOoODOoDOOOOOODODODOODODOOODOODOOO3380O
1-9019970

2400 0 0 0 0O 2-Thiothiazolidine-4-carboxylic acid 0 0 0 0000000000150 000000000000000
O00000O0O0ODODODODODODOOOO19020040

ooog1e0e60 500000



144 gobooboobooboo

Determination of 2-Thiothiazolidine-4-carboxylic Acid in Brassica Vegetables
using High-performance Capillary Electrophoresisl] Comparison with
High-performance Liquid Chromatography

Rie YANAI, Satoko KAWABE and Toshiko FUJII
(Accepted Jun. 5, 2004)

Key words : 2-thiothiazolidine-4-carboxylic acid (TTCA), Brassica vegetables,
capillary zone electrophoresisd CZEQ,
micellar electrokinetic capillary chromatographyld MEKCO,
high-performance liquid chromatographyll HPLCO

Abstract

A simple and rapid method is described using capillary zone electrophoresisd] CZEO and micellar
electrokinetic capillary chromatographyll MEKCUO for the qualitative and quantitative analysis of 2-
thiothiazolidine-4-carboxylic acid 0 TTCAOin Brassica vegetables. Buffers used were a 20 mM sodium
tetraborate buffer with 15 mM B -cyclodextrin for CZE and the same buffer containing 50 mM sodium
dodecyl sulfate as an ionic surfactant for MEKC.

Analytical conditions were as follows: A fused-silica capillary 75 p m I.D.x 50 cm length was used.
The temperature was set at 25 0 and a constant voltage of 15 kV was applied. The injection volume was
ca. 24 nL and the UV detector was set at a wavelength of 273 nm [ Mean migration times in minutes
were 6.1 and 7.1 using CZE and MEKC, respectively. The detection limits of TTCA were about 4 p g/L
in both methods. Linear relationships were found between peak areas and TTCA concentrations from
0.25 to 10.0 mg/L.

The present method was applied to the analysis of TTCA in Brassica vegetables(cabbage and broccoli).
The MEKC method showed a good correlation with the high-performance liquid chromatographjl HPLCO
method for the quantitative analysis of TTCA concentrations in cabbage and broccoli, whereas the CZE
method was useful as a qualitative measure. A comparison of the two methods showed that MEKC was
superior to HPLC because total analysis time was shorter, and the ether extraction procedure of TTCA

in the vegetables could be saved.
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