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Abstract: A simple and rapid capillary electrophoresis ( CE) method was developed for the

determination of trace thiophanate-methyl, carbendazim and benomyl in fruits and vegetables.
Herein, bacterial cellulose (BC) was used as additive in running buffer to improve the separa-
tion efficiency. CE experimental parameters such as detection wavelength, concentration and
pH of the running buffer, separation voltage as well as the contents of BC in running buffer
were systematically investigated. Under the optimized conditions, three benzimidazole fungicides
could be accurate quantified in 8 min using H,BO,/Na,B,0, (4 mmol/L, pH 9.0) containing
0.3% (mass fraction) BC for background electrolyte, 15 kV for the separation voltage, 25 C
for the column temperature and 275 nm for detection wavelength. Good linearities for the three
benzimidazole fungicides were obtained with correlation coefficients (7*) =0. 997. The limits of
detection (LODs) of the three benzimidazole fungicides were between 5.0 and 10. 0 pg/L. The
relative standard deviations (RSDs, n=35) of inter-day were 0.82%—-1. 0% for retention times
and 2.4%-2. 9% for peak areas. The proposed method was further applied to determine the res-
idues of the three benzimidazole fungicides in fruits and vegetables. The recoveries were in the
range of 93.5% - 103.0% with RSDs no more than 8.0%. These results indicated that the
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proposed method can serve as an efficient tool for the simultaneous determination of the three

benzimidazole fungicides in fruits and vegetables.

Key words: capillary electrophoresis ( CE); bacterial cellulose (BC); benzimidazole fungi-

cides; thiophanate-methyl; carbendazim; benomyl; fruits and vegetables
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Fig. 1 Effects of pH values of running buffer on
separation of the three benzimidazole
fungicides
Running buffer: 4 mmol/L borate buffer (H,;BO;-Na,B,0,)

containing 0.3% ( mass fraction) bacterial cellulose ( BC);
separation voltage. 15 kV; pressure injection: 3. 45 kPa for 10
s; detection wavelength: 275 nm.

Peak identifications: 1. thiophanate-methyl; 2. carbendazim;
3. benomyl.
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Fig. 2 Effects of concentrations of running buffer on
separation of the three benzimidazole fungi-
cides

Running buffer; borate buffer (pH 9.0) containing 0.3%

(mass fraction) BC. Other CE conditions were the same as that
in Fig.1.

Peak identifications: 1. thiophanate-methyl; 2. carbendazim;

3. benomyl.
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conditions were the same as that in Fig.1.
Peak identifications: 1. thiophanate-methyl; 2. carbendazim;
3. benomyl.
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Table 1 Regression equations, correlation coefficients

(r*), linear ranges and limits of detection
(LODs) of the three benzimidazole fungicides

Regression Linear LOD/
Analyte equation r? range/ (pe/L)
(ng/L)
Thiophanate-methyl Y=1201X+576.6 0.997 25-5000 5.0
Carbendazim Y=1397X+480.9 0.999 20-5000 5.0
Benomyl Y=1283X+460.5 0.998 25-5000 10.0

Y. peak area; X: mass concentration, ng/L.



- 1310 - L&)

i 5535 %

0.997 , K R <10. 0 pg/L,
262 HEHE

Bedil 0.1 mg/L By ELGR A R 2 W R FKH
REFMEAW, 71— H N 322008 11 TR 3 Fpog
FF RIS % T 7] e T REURIT R B B ] P AR 0T A 7 Al 2
(RSD) , 732 H S B2 ; BiC il 0. 1 mg/L A4 H EAR
WA ZWHRARE RIRERI, S50 E 5 K, it
BAL 3 TP 2 T K e 25 % TR R0 06g T BR R OR B ] 1
RSD, 1533 H [BPKG % JE  THA 45 R W3R 2, 3 FhoRdf
IR A A 275 T 70 e T AR B R 19 H PR H T) RS 25
FEXEOIN  UEWZ 5 € e E AR PR
2.6.3 FF G E B Am AR E

SIS I 1) SRR i (L A L B 0
H YT, AT i, B2 Bk

F2 IMEFKMEREFWBE BB NBEEE
Table 2 Intra-day and inter-day precisions of the
there benzimidazole fungicides

Intra-day RSDs
(n=11)/%

Inter-day RSDs
(n=5)/%

Analyte
Retention Peak Retention Peak
time area time area
Thiophanate-methyl 0.66 1.8 0.82 2.9
Carbendazim 0.52 1.9 1.00 2.4
Benomyl 0.54 2.1 0.94 2.5

A3 FREUES R B RS 5.0 g, 7 1,10 A1 50
mg/L 3 N[ROSR FR R TR 100 wL (A1 24 F k¢
SRS 20,200 F11 000 pg/kg) o fNFREE S
SRR AL I s AR L3R 3, 3 FhORIE
IR M 21 % B 70 %) I A (] Y 6 45 = 93. 5%, RSD )
<8.0%,

®3 RFEAT 3 FHEIFREEREFNMIREKE (n=3)

Table 3 Recoveries of the three benzimidazole fungicides spiked in fruit and vegetable samples (n=3)

Sample Analyte Added/(pg/kg) Found (mean+SD)/(pg/kg) Recovery (mean+SD)/% RSD/%

Grapes thiophanate-methyl 20 19.1+0.4 95.5+£2.2 2.3
200 195.0£5.3 97.5£2.6 2.7

1000 953.3+44.8 95.3+4.5 4.7

carbendazim 20 20.6+0.9 103.0+4.6 4.4

200 193.7+2.0 96.9+1.0 1.1

1000 996.7+8.1 99.7+0.8 0.8

benomyl 20 20.1+£0.5 100.4+2.3 2.2

200 197.4+4.6 98.7+2.3 2.3

1000 980.0£66.5 98.0+6.7 6.8

Tomatoes thiophanate-methyl 20 19.5+£0.6 97.7+2.8 2.8
200 199.7+4.0 99.8+2.0 2.0

1000 1000.3+73.6 100.0+7.4 7.4

carbendazim 20 19.7+0.7 98.5+3.3 3.3

200 192.4£7.3 96.2+£3.7 3.8

1000 1026.7+57.5 102.7+5.8 5.6

benomyl 20 19.0+£0.6 95.2+3.0 3.2

200 199.1+7.2 99.6+3.6 3.6

1000 970.0+21.3 97.0+2.1 2.2

Cucumbers thiophanate-methyl 20 19.7+0.3 98.6+1.7 1.7
200 190.7+5.7 95.3+£2.8 3.0

1000 942.3+53.5 94.2+5.3 5.7

carbendazim 20 18.7+0.6 93.5+2.8 3.0

200 197.3+1.5 98.7+0.8 0.8

1000 995.7+54.0 99.6+5.4 5.4

benomyl 20 18.7+1.5 93.5+7.5 8.0

200 189.0+12.9 94.5+6.4 6.8

1000 1009.2+58.4 100.9+5.8 5.8
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