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Determination of thiram in wheat flour and flour improvers by
high performance liquid chromatography-diode array detection

WANG Xuxin, ZHOU Shukun, LI Xiaomin®* , ZHANG Qinghe
(Division of Chemical Metrology and Analytical Science, National Institute of Metrology, Beijing 100029, China)

Abstract: Thiram is an important dithiocarbamate (DTC) fungicide. In the United States and
the European Union, the limit range of thiram is 0. 1-15 mg/kg in fruits and vegetables, but
there is no specific limit for grains. The maximum residue limit ( MRL) for wheat is 1 mg/kg
( calculated as carbon disulfide, CS,) in the National Food Safety Standard ( GB 2763-2019). At
present, the relevant regulation methods in China are targeted at the detection of dithiocarbam-
ates and are incapable of detecting thiram specifically. CS, is produced by the reaction of dithio-
carbamate and acid, and it is then determined by spectrophotometry or GC; this renders the
quantification of dithiocarbamate indirect. HPLC and HPLC-MS/MS methods are also reported
for the detection of thiram. Most of the literature focuses on the determination of thiram in veg-
etables, fruits, soil, etc. In these methods, thiram is converted into dimethyldithiocarbamate
(DMD) anions in an alkaline buffer solution, and DMD can be determined by HPLC-UV or LC-
MS. However, ziram can also be converted into the DMD anion under alkaline conditions.
Therefore, thiram cannot be distinguished from ziram, and this may produce false-positive
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results. Research has shown that in the presence of sulfite, thiram is converted into a DMD-sul-
fite adduct, which can be a marker for the selective determination of thiram. Furthermore, thi-
ram can be directly detected by HPLC and HPLC-MS/MS after extraction with dichloromethane,
chloroform, hexane, cyclohexane, ethyl acetate, or methanol and clean-up by solid phase
extraction in vegetables and fruits. However, until now, few studies have reported the determi-
nation of thiram in wheat flour and flour improvers. Therefore, it is of great importance to
develop a method for thiram in wheat flour. In this study, an analytical method based on HPLC-
DAD was developed for the determination of thiram in wheat flour and flour improvers. The
wheat flour and flour improver samples were extracted using acetonitrile. After shaking for 15
min, the samples were ultrasonicated for 10 min in an ice-water bath. The supernatant was fil-
tered before separation on a ZORBAX plus-C18 column (150 mmx4. 6 mm, 5 pm). The samples
were eluted with a water-acetonitrile solvent system and detected at 280 nm. In this research,
the extraction solvent, extraction solvent volume, ultrasonic conditions, chromatographic col-
umn, determination wavelength, and mobile phase were optimized. The retention times and UV
spectra were used for qualitative analysis, and the external standard method was used to quan-
tify thiram. Stability tests of standard stock solutions, a series of standard solutions, and
extraction solutions were also performed. The standard stock solutions could be stored for at
least 21 d, and the series of standard solutions could be stored for 14 d under refrigeration at 4
°C. The standard solution was either exposed to light at room temperature for 4 h or kept in
dark at room temperature for 48 h, and no obvious degradation was observed. This revealed
that thiram was stable in acetonitrile solution during our investigation. It was suggested that the
extraction solution should be analyzed as soon as possible. The linear range was 0.30-30.0
wg/mL. The peak area of the analyte showed a good linear relationship with its corresponding
concentration, and the correlation coefficient (77) was 0. 999 99. When the spiked levels were
1.5, 3.0, and 15 mg/kg, the spiked recoveries of thiram were 89. 6% —98. 3%, with relative
standard deviations of 1.6%—-3.9% (n=6). The limits of determination and quantification for
thiram were 0.5 mg/kg and 1.5 mg/kg, respectively. The results revealed that this method is
simple, rapid, and specific, in addition to having high precision, good repeatability, and a low
limit of detection. The method is thus suitable for the daily routine analysis of thiram in wheat
flour and flour improvers.

Key words: high performance liquid chromatography-diode array detection (HPLC-DAD) ; thi-
ram; wheat flour; flour improvers
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( 3E[E Millipore 23 ] ) 5 (e W I 45K (LERG W5 AT BR
o)) s R (GHP) A HLIERR (FL42 0. 22 pm)
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2L 6 000 r/min 754 &0 2 min) B EIEW, 5 0. 22
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{634 . ZORBAX plus-C18 8,34 (150 mmx
4.6mm, 5 pm); HiR.25 C;HshHd. (A) KF
(B) ZW ;34 1. 5 mL/min, #BEREEVEEARF.0. 1~
5.0 min, 50% B; 5.0~ 5.5 min, 50% B~ 90% B;
5.5~6.5 min, 90%B; 6.5~7.0 min, 90% B ~ 50%
B; 7.0~10.0 min, 50% B, Jii#:1.5 mL/min, i
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AR SE XU BTSSR R 76% ~99% ., [R5 ALK 4
WA 5 SR B R A S B X /N2 B B Ty
LR, R NGV IO
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Fig. 1 Effects of different extraction solvents on the
recoveries of thiram (n=3)
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XU [R5 R 85% ~95% , Hi%3% 25 min i, [ i %
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Fig. 3 Chromatograms of thiram (3.0 mg/kg) spiked in
(a) wheat flour and (b) flour improvers
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T AP EAR R, Zhou %Y R C18 @ikt i
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IR SEEFFIAR SE AU, 45 38 B TSGR 92% ~95%
ULRAAE LR A AN THRAR SRR I
242 HFwM
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AT A B I AR A 38 A T MV R RN 2 L G VS TR )
WA 22 5%, 25 SR 7N, o I i %A 25 5, UE B 3
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RAF (W 1), #5552 SR il 7o 4R B, 8
ARCVROR 23k - E IR B 93 2k DN /DN 22 o i S WUBR P
R ISR S 70, 52% ~ 85. 20% , AH X bk 14 f 22
8. 74% ~9. 42% , A5 IR AW T A A BRI
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Fig. 4 Chromatograms of the blank and spiked samples by different mobile phases and gradient elution programs
a. mobile phases: (A) water and ( B) methanol; gradient elution program: 0—0. I min, 40% B, 0. 1-6. 5 min, 40% B-90% B, 6.5-7.5
min, 90% B, 7.5-8.5 min, 90% B-40% B, 8.5-10 min, 40% B; b. mobile phases: (A) water and (B) acetonitrile; gradient elution pro-
gram; 0-0.1 min, 25% B, 0. 1-6.5 min, 25% B-80%B, 6.5-7.5 min, 80% B-95% B, 7.5-8.5 min, 95% B-25%B, 8.5-10 min, 25% B;
c. mobile phases: (A) water and (B) acetonitrile; 0-5 min, 50%B; 5-5.5 min, 50% B-90% B; 5.5-6.5 min, 90% B; 6.5-7.0 min,

90% B-50% B; 7. 0-10 min, 50% B.

2.5 TREM
2.5.1 AR AR E
W54 55 AUbR MEAi% & W (1.0 mg/mL) 78 4 T 4%
TR FR IR E R AE, SR 5 500 AE 1.2.14 .21 d R
BRI 0.3.1.0.10. 0 wg/mL AR HEZ IR, IF
H I 55 & bR HEAE A R LB, S5 R R A
F 1 INEHREHE R RIEE AR E B 0
BEE(n=6)

Table 1 Recoveries and precisions of thiram spiked in
wheat flour and flour improvers (n=6)

Sample Added/(mg/kg) Recovery/%  RSD/%
Wheat flour 1.5 93.3 3.9
3.0 95.0 3.2
15 96.9 1.9
Flour improver-1 1.5 89.6 3.1
3.0 94.4 2.5
15 98.3 1.6
Flour improver-2 1.5 93.5 2.4
3.0 90.6 2.3
15 97.7 1.7

T4 CHUE 21 d, 45832 0L I T AR e ] %) TG
EVEEESE, P AT 4 CCRE 21 d FasE itk BAE
252 RIFERER

F LI Lr 1) R AP HER I (0.3,1.0,3.0,10. 0
F130.0 pwg/mL) 7E 4 T &M MR 2 B 78
—EREJE (2 d F 14 d) BUbie . 4581 2,0,
2,14 d W R GIbRAE S G T BUEA —8, Ik, &
FIRE eSS AR 4 C ¥ Ik T 2 /0] LUK E A7
14 d,
253 FEARMESBE S

B3 pg/mL A 6 RUbRAEVS WS T AR e, 43
MFEEEE I 4 h FE RO 48 h AR I8 DU TR
VIR AR 1, A 5 U 1o 1) AH X5 A o e 22 43 591 0
1.5% 0. 7%, 1 WLARSEXUEE NGB ERGE .
2.5.4 REE IR FE M

FE—Fi/ N R 3 /N By el R SR b v 4y
AN 10 mg/kg H 93, F 4b BRAF AUHE S E 5,12
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