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Determination of Carbendazim,Thiophanate-methyl

and Benomyl in Agricultural Products by HPLC

Naoko SAKAI*, Ichiro TAKANO®*, Maki KOBAYASHI*, Yasuhiro TAMURA®*,

Sanae TOMIZAWA™, Yukinari TATEISHI*, Kyoko KAMIJO*,

A determination method of carbendazim (MBC), thiophanate-methyl (TM), and benomyl (BM) in agricultural

products by using HPLC was investigated.

MBC, TM and BM were extracted with methanol from homogenates of agricultural products. The methanol
extract was evaporated down to ca. 70 mL, and 100 mL of 10% sodium chloride solution added, and defatted by
n-hexane partitioning. The three compounds were extracted with ethyl acetate- n-hexane (1:1) from the aqueous
layer and adjusted to pH 6~7. BM was hydrolyzed to MBC while being extracted with methanol. TM in the ethyl
acetate- n-hexane (1:1) extract was converted to MBC by refluxing at 120°C, for 30 min with copper acetate in

50% acetic acid. For tea samples, the three compounds were cleaned up using Bond Elut® PSA after refluxing with

copper acetate. Total concentration of BM, TM and MBC were measured as that of MBC by HPLC.

Recoveries at the 0.10 pg/g level were more than 70% from agricultural products except for some crops. The

detection limits were 0.01 pg/g in all samples, except for tea where the limit was 0.05 pg/g.

Keywords : 51 /L 2 % 5 carbendazim, 47 7 x— h A F /L thiophanate-methyl, ~X./ X /L benomyl,
JE#EY) agricultural products, mdiRiAZ v~ K27 Z 7 ¢ — HPLC
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Fig. 1. Structures of Compounds
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Sample 20 g
— methanol 200 mL

homogenize
filter
evaporate to ca. 70 mL
— 10 % NaCl soln. 100 mL
(— n-hexane S0 mL x 2
shake
Aqueous layer
— 1 mol/L NaOH soln. (adjust pH 6~~7)
l— efliy] acetate — n-hexane (1:1) 100 mL % 2
shake
Ethyl acetate — n-hexane layer
anh. Na,80, dehydrate
—. acetic acid 0.5 mL
evaporate to ca. 1 mL
dry up with N, stream
— acetone 1mL
— 50% acetic acid 10 mL
— copper acetate 0.1 g
heat (120 C, 30min )
cool
— 1 mol/L HCl goln. 50 mL
|— ethyl acetate — n-hexane (1:1) 20 mL % 2
Aqueous layer
— 5 mol/L NaOH soln. { adjust pH 67 )
— ethyl acetate — ri-hexane (1:1) 50 mL % 2
shake
Ethyl acetate — n-hexane layer
anh. Na,80, dehydrate

Filtrate

evaporate to dryness
— methanol 2 mL (Tea)
Test solution for HPLC — acetone — i-hexane (3:17) 2 mL
0.5 mL Ialiquot
Bond Elut® PSA
— wash with acefone — n-hexane (3:17)
10 mL
— elute with acetone — n-hexane (3:7)
20 mL
evaporate to dryness
[— methanol 0.5 mL
Test solution for HPLC

Fig. 2. Analytical Method for MBC,TM and BM
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Fig. 3. Effects of Temperature and Time on the Ring Closure
Reaction of TM
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Fig. 4. HPLC Chromatograms of Standard and Spinach Extract
(A) : standard of MBC (1 pg/mL), (B) : unspiked sample,
(C) : spiked with 3mix standards (0.10 pg/g)
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Fig. 5. Mass Spectra of MBC by LC/MS
(A) : 1 pg/mL MBC standard solution , (B) : extract solution of
spinach spiked with 3mix standard (0.10 pg/g)
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pg/g) ThoT-.

Table 1. Recoveries of 3mix Standard from Agricultural

Products Spiked at the Level of 0.1 ug/g

Sample Recovery V) (%)
Brown rice 706%+6.1
Soy bean 54.4+8.4
Orange 88.81+9.0
Apple 756120
Grape 83.9£45
Tomato 88.0%E72
Potato 545+23
Onion 88.3£3.0
Spinach 78643
Tea 97.6+10.1

1) Average £ Standard Deviation (#n=3)
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T HBRGAEES 5 2 L TMBCIZZEH#: L=, BBRUGL
HIX120C, 3053 TiTo72. 3RHEE, HPLCIEIZ L Y #MBC
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