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Capillary Gas Chromatographic Determination of Captafol in 
Vegetables, Fruits, and Grains 
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Captafol is a fungicide that has been used because of its low acute mammalian toxicity. Recently it 
was found that the pesticide causes several kinds of cancer. To control the levels in foods, it is necessary 
to establish a reliable, efficient, and sensitive method for monitoring captafol in domestic and imported 
products consumed in Japan. The method presented describes the determination of captafol in citrus 
fruits, vegetables, soybeans, and wheat. The captafol is extracted with acetonitrile or acetone, and, if 
necessary, partitioned with hexane. The residual pesticide is purified by Florisil column chromatog- 
raphy and by optional charcoal column chromatography. The eluate is concentrated and injected into 
a gas chromatograph equipped with a fused silica capillary column and an electron capture detector. 
Recoveries of captafol from market samples fortified a t  levels of 0.005 and 0.01 ppm ranged from 64 
to 88%. 

INTRODUCTION 
Captafol (Figure 1) has been widely used as a fungicide 

because it inhibits mycelial growth of germinating fungal 
spores. Early studies indicated that this compound was 
not mutagenic in the mouse dominant lethal mutageni- 
city study in mice and in the host mediate assay in rata 
(Bridges, 1975; Kennedy et al., 1975; FAO/WHO, 1977). 
However, captafol has been found to increase the incidence 
of neoplastic lesions in the kidneys of rats of both sexes 
and the incidence of neoplastic nodules in the liver of 
female rats (FAO/WHO, 1985). A 2-year carcinogenicity 
study with B6C3F1 mice revealed that captafol induced 
hemangioendothelioma, papillomas, sequamous cell car- 
cinomas, hyperplastic nodules, and hepatocellular carci- 
noma (It0 et al., 1988). These studies suggest a broad 
spectrum of carcinogenicity. Recently, the carcinogenicity 
of captafol was confirmed by a 2-year test in the F344 rat 
(Tamano et al., 1990). In light of these studies, the 
Committee on Scientific and Regulatory Issues Under- 
laying Pesticide Use Patterns and Agricultural Innovation 
(Thornton et  al., 1987) warned that the estimated dietary 
oncogenic risk was 5.94 X 

The analysis of captafol in foods is a very challenging 
problem. I t  is unstable in foods because it reacts with 
thiol groups in cysteine and glutathione and degrades into 
thiophosgen or phthalimide derivatives. I t  disappears 
rapidly in homogenates of cucumber or radish (Nutahara 
et al., 1978). Also, the standard procedure, which utilizes 
a packed column for gas chromatography, does not 
eliminate interference peaks that have been identified as 
organochlorine pesticides and phthalates (FDA, 1978). 
Those problems have led to difficulties in obtaining reliable 
and reproducible analytical results. 

Many analytical methods for captafol have been re- 
ported. Since captafol had been thought to be one of safest 
pesticides (FAO/WHO, 1977) in the world, quantitative 
levels of the standard analytical methods range from 0.1 
to 2 ppm (FDA) and from 1 to 5 ppm (JEPA). To monitor 
lower levels of captafol contamination in foods, it was 
necessary to establish a new method. Initial efforts led 
to those methods that employ packed columns for gas 
chromatographic separation and electron capture detector 
(ECD) for detection (Gilvydis and Walters, 1983, 1984). 
This combination is not satisfactory because chlorinated 
pesticides, PCBs, phthalates, and many other electron 

Figure 1. Structure of captafol. 

captive materials interfere with the identification and de- 
termination. Multiresidue methods utilize a minimal 
cleanup with a selective detection system (Hall detector) 
(Luke et al., 1975,1981,1988; Luke and Doose, 19831, gel 
chromatography with a electron capture detector (Stein- 
wandter, 19881, and a standard cleanup with AED (Miya- 
hara et al., 1992). Those methods yield analyses of many 
pesticides rapidly (Steinwandter, 1989). However, these 
procedures provide solutions for gas chromatographic 
detection that contain coextractives, electron captive 
materials, and nonvolatile materials along with polar 
pesticides such as organophosphorus compounds. These 
extracts caused contamination of the gas chromatograph; 
therefore, reproducible results are difficult to obtain 
(Szelewski, 1989; FDA, 1991; OVR, 1988; Miyahara et  al., 
1991). These methods are not adequate for low-level 
analysis with a capillary gas chromatograph equipped with 
an electron capture detector. This paper describes a 
sensitive and reliable procedure that uses capillary gas 
chromatography and electron capture detection for captafol 
in fruits, vegetables, and grains. 

EXPERIMENTAL PROCEDURES 

Apparatus. ( a )  Gas Chromatograph with Electron Capture 
Detector (GC-ECD). AShimadzuGCSAwithanelectroncapture 
detector in combination with a Shimadzu CR4A data processor 
was used for measurement of peak areas. Injector, detector, and 
oven temperatures, as well as oven programs, and columns are 
listed in Table I. 

( b )  Mill. The mill used was a Shibata Laboratory minimill. 
(c )  Blender. The blender used was a Nisseiki blender. 
Reagents. (a)  All organic solvents used were of pesticide grade 

(Wako Pure Chemical Co., Osaka). Mutually satura,ted hexane 
and acetonitrile were used in acetonitrile and hexane partition. 

(6)  The capatafol standard was of analytical grade (97-100%, 
Wako). 

( c )  Stock standard solution was prepared as follows: 100 mg 
of captafol was dissolved in 10 mL of acetone and diluted to 
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Table I. Gas Chromatographic Operating Conditions 
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Table 11. Recovery of Captafol from Fortified Crops 
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fortification level column 
i.d., length, film temp," "C 

liquidphase mm m thickness,pm C I D 
0.005 rg/g 0.01 Hg/g  

recovery,' % CV% recovery? % CV% crop 
5% SE30 3 1.5b 0.0 200 250 250 
CBPlO 0.53 10 lf 200 250 250 
CBPl 0.53 12 If 180 250 250 
MSP5 0.53 15 5f 240 280 280 
DB-1 0.32 30 0.25d 230 280 280 
DB-5 0.25 30 0.25O 210 270 280 
HP-1 0.20 12 0.33' g 270 280 

a C, I, and D denote column temperature, injection temperature, 
and detector temperature, respectively. Chromosorb W (AW- 
DMCS, 80-100 mesh). Gas flow: carrier gas (Nz), 40 mL/min. Gas 
flow: carrier gas (He), 16 mL/min; makeup gas (Nz), 40 mL/min. 

Gas flow: carrier gas (He), 9 mL/min; makeup gas (Nz), 50 mL/ 
min. e Gas flow: carrier gas (He), 2 mL/min; makeup gas (Nz), 60 
mL/min. f These are the conditions for GC-mass. Splitless: waiting 
time (valve time), 1 min. Gas flow: carrier gas, 2 mL/min. 8 Oven 
temperature was programmed as follows: isothermal at 50 "C for 1 
min and then programmed to 200 "C at the rate of 20 OC/min. 

volume with hexane. Working standard solutions were prepared 
by diluting the stock standard solution with hexane. 

(d )  Samples (wheat, soybeans, cucumber, Hassaku, apple, 
radish, radish leaf, and potato) were purchased from retail markets 
in Tokyo. 

(e) Florisil PR (Floridin Co., Pittsburgh, PA) was activated at 
130 "C for 12 h. 

cf, Charcoal was of pesticide grade (Darco G60, manufactured 
by Atlas Powder Co.). 

(s) Microcrystalline cellulose powder was supplied by Asahi 
Kasei with particle size of 100-200 pm for chromatography. 

Extraction Procedure for Fruits and Vegetables. Edible 
portions (100g) of sample were homogenized for 5 min by blender. 
For the recovery studies, captafol in acetone was added at  this 
step to the sample (20 g) at  the levels of 0.005 and 0.01 pg/g. (The 
solution was sprinkled onto the homogenate, and the mixture 
was stirred.) Acetone (100 mL) was added to a 20-g test portion 
of the homogenate, and the mixture was shaken vigorously for 
10 min and then filtered with the aid of vacuum through a suction 
funnel packed with a 5-mm layer of Celite 545. To the filtrate 
was added 300 mL of 2 5% sodium chloride aqueous solution. The 
mixture was extracted with two 100-mL portions of methylene 
chloride, and the aqueous layer was discarded. The extract was 
dried by passage through a layer of anhydrous sodium sulfate 
held in a filter funnel with fiiter paper. After filtration, the sodium 
sulfate was washed with a small portion of methylene chloride. 
The organic solution was evaporatedto near dryness, and a stream 
of nitrogen was used to complete the evaporation. Hexane (5 
mL) was added to dissolve the residue, and the solution was 
subjected to Florisil column chromatography. 

Extraction Procedure and  Partition for Soybeans and 
Wheat. The edible portion (100 g) of sample was ground 
sufficiently to pass a 0.5-mm mesh sieve by minimill. (Caution: 
keep from overheating the sample by slowly feeding the sample 
into mill.) For the recovery studies, captafolin acetone was added 
at  this step to the sample (20 g) at levels of 0.005 and 0.01 pg/g. 
(The solution was sprinkled onto the ground sample.) To a 20-g 
test portion of the ground and sieved sample was added 100 mL 
of acetonitrile, and the mixture was shaken vigorously for 10 
min. The mixture was filtered with the aid of vacuum through 
a 5-mm layer of Celite 545 in a funnel. The organic solvent was 
evaporated to near dryness, and a stream of nitrogen was used 
to complete the evaporation. The residue was dissolved in 15 
mL of hexane and extracted with three portions of 30 mL of 
acetonitrile. The combined acetonitrile extracts were evaporated 
to dryness under reduced pressure. The residue was dissolved 
in 5 mL of hexane, and the solution was subjected to Florisil 
column chromatography. 

Florisil Column Chromatography. A slurry of 20 g of Flo- 
risil in hexane was poured into a glass column for chromatog- 
raphy (21 mm i.d. X 300 mm). Sodium sulfate (5 g) was added 
on top of the column. The extract in hexane was applied to the 
top of the column. The column was then eluted with 200 mL of 

cucumber 
Haesaku 
apple 
radish 
radish leaf 
potato 
wheat 
soybean 

64 
74 
70 
79 
64 
72 
71 
83 

7.8 
4.7 
5.5 
5.9 
8.2 
5.2 
4.6 
3.9 

66 
80 
76 
84 
68 
75 
79 
88 

~ 

9.0 
4.0 
4.1 
6.4 
9.3 
5.8 
4.4 
3.5 

The values are means of triplicate examinations. 

6 % ether in hexane and the eluate discarded. Captafol was then 
eluted with 150 mL of 50% ethyl acetate in hexane. After removal 
of the solvent under reduced pressure, the residue was dissolved 
in 5 mL of hexane for charcoal column chromatography. 

Charcoal Column Chromatography. Adsorbent mixture 
was prepared as follows: 0.5 g of charcoal was mixed with 4.5 g 
of microcrystalline cellulose. The charcoal column (10 mm i.d. 
x 300 mm) was packed with 5 g of adsorbent mixture slurried 
in 20 mL of ether. Sodium sulfate (5 g) was placed on top of the 
column. The extract in hexane was applied to the top of the 
column. The column was then eluted with 200 mL of ether. 
After removal of the solvent, the residue was dissolved in 5 mL 
of hexane for gas chromatographic determination. 

RESULTS AND DISCUSSION 

To evaluate the method described, recovery studies were 
carried out with several types of samples spiked at levels 
of 0.005 and 0.01 ppm. The recoveries thus obtained are 
shown in Table 11. Overall recoveries averaged 6448%. 
All CV % ranged from 3.5 to 9.3. Control extracts did not 
contain detectable levels of captafol. From these results, 
the  limit of quantitation (LOQ) is estimated to be 0.01 
ppm (ACS Committee on Environmental Improvement, 
1980). 

The limit of detection (LOD) is defined as a response 
that is 3 times greater than the width of the baseline. The 
LOD for captafol was found to be 0.005 ng for all samples. 
Consequently, the same subsample weight and solution 
volume were satisfactory for all matrixes. For the most 
part, the chromatograms of samples tested were free of 
interfering peaks unless the sample contained a high level 
of bis(2-ethylhexyl) phthalate or other phthalates. Several 
samples of each commodity were analyzed, but no sig- 
nificant differences were noticed in the chromatograms. 
Chromatograms for a standard solution (Figure 2a), 
extracts from the control (Figure 2b,c; Figure 3a-0, and 
spiked (Figure 2d,e; Figure 3g-1) samples (wheat, soybeans, 
fruits, and vegetables) are shown in Figures 2 and 3. 

The  elution profiles of captafol and related organochlo- 
rine pesticides from Florisil column and gas chromato- 
graphic column are illustrated in Figure 4. A mixture of 
captafol and several organochlorine pesticides was de- 
posited on the Florisil column according to the procedure 
described under Florisil Column Chromatography. To 
establish the procedure, 50-mL fractions were collected. 
The  first eluent was 7 5% ether in hexane (fractions 1-6). 
The second eluent was 50% ethyl acetate in hexane 
(fractions 7-9). From these results, the elution volumes 
for the  procedure were established (first fraction, 200 mL; 
second fraction, 150 mL). Captafol was separated from 
organochlorine pesticides (BHCs, dieldrin, aldrin, DDE, 
DDD, DDT, captan) that were found in the extracts by 
the chromatographic procedure. Those pesticides were 
selected because retention times indicated the  potential 
for overlap or interference with captafol. 
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Figure 2. Chromatograms obtained with DB-1 column: a, 
captafol standard (0.01 ng); band c, control wheat and soybeans; 
d and e, 0.01 ppm spiked wheat and soybeans, respectively. Arrow 
indicates captafol peak. 

Figure 3. Chromatograms obtained with DB-1 column: a-f, 
control cucumber, Hassaku, apple, radieh, radish leaf, and potato, 
respectively; g-1, 0.01 ppm spiked cucumber, H d u ,  apple, 
radish, radish leaf, and potato, respectively. Arrow indicates 
captafol peak. 

Several types of gas chromatographic columns were 
tested for the determination of captafol. Table I11 shows 
the effects of column liquid phase on the calibration curves 
of captafol. Relative sensitivities may be compared by 
examining the slopes (a) of calibration curves. The 
sensitivity for captafol depended on the polarity of the 
column used. Nonpolar columns (DB-1 and CBP-1) gave 
good responses, whereas polar columns (CBP-10 and MSP- 
5) yielded poor responses. 

The calibration curve determined for the detection 
system appeared to be linear from 0.012 to 0.1 ng with a 
DB-1 column. For several kinds of capillary columns, r2, 
a, and the intercepts (b)  of calibration curves are shown 
in Table 111. The data illustrate that the zero-response 
level for DB-1 is only 7 X 10-3 ng of captafol, whereas the 
equivalent of 1.2 ng is irreversibly adsorbed on the CBP- 
10 column. 

For confirmation, gas chromatography with a mass 
spectrometric detector was utilized. As shown in Table 
111, the calibration curve was linear in the range 0.1-100 
ng with HP-1 (Table I). The mass spectrum and total ion 
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Figure 4. DB-1 chromatograms of 50-mL fractions taken from 
a Florisil column with captafol(100 ng) and several organochlo- 
rine pesticides. The solvents consisted of 7% ether in hexane 
(fractions 1-6) and 50% ethyl acetate in hexane (fractions 7-9). 
See text for identities of organochlorine pesticides. 
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Figure 5. GC-mass results of captafol: a, total ion chromato- 
gram of captafol standard (1 ng); b, mass spectrum of the peak 
at 3.9 min. 

Table 111. Effect of Gas Chromatographic Column on 
Calibration Curve 

calibration curveb 
slope 

columna range, ng (x10-r) intercept rZ 
DB-1' 0.012-0.1 111 -8100 0.98 
CBP-10 0.5-5.0 10 -117500 0.90 
CBP- 1 0.01-1.0 44 11600 0.98 
MSP-5 0.1-1.0 21 -9Ooo 0.98 
HP-l'md 0.1-100 2 2300 0.99 
a Operating conditions are listed in Table I. Y = aX + b; a, slope; 

b, intercept. Splitleea mode. Peak height of total ion mass chro- 
matogram at 3.9 min was meamred. 

chromatogram are shown in Figure 5. The captafol peak 
is readily identified by the spectrum. 

The efficiencies of various steps in the procedure were 
studied. Extraction of captafol from homogenates with 
acetone or acetonitrile provided good recoveries (98- 
100% 1, and partitioning between acetonitrile and hexane 
yielded 95% of the captafol in the acetonitrile. A recovery 
of 98% (CV% 4.8) from the Florisil column was realized 
when the column was eluted with 200 mL of 50% ethyl 
acetate in hexane, but no detectable captafol was found 
when 7 % ethyl ether in hexane was used (200 mL). From 
the charcoal column, 89 and 98% (CV% 5.7 and 6.0, 
respectively) of the captafol was eluted with 50% ethyl 
ether in hexane and ethyl ether, respectively. From the 
results described above, these solvents may be substituted 
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for the more toxic benzene, which is used as a eluting 
solvent in the standard charcoal column chromatographic 
procedure. 

It has been reported that captafol disappeared rapidly 
in homogenates of cucumber and radish and could not be 
recovered, although this loss could be prevented by 
addition of organic solvents (Nutahara and Yamamoto, 
1978). However, as shown in Table 11, recoveries from 
cucumbers and radish leaves, which were in the range 63- 
68 % , were poor, but recoveries from radish were adequate 
(79 and 84% at 0.005 and 0.01 ppm, respectively). The 
CV % values for cucumbers, radish leaves, and radishes 
were in the range 6 9 . 5  at 0.005 and 0.01 ppm. The 
deviations are greater than those of other samples. These 
results suggest that captafol decomposes in these homoge- 
nates even in the presence of organic solvents. This 
procedure is adequate for analysis of captafol, and CV % 
values are comparable with those of other methods (Miya- 
hara et al., 1991). During our sampling period, no captafol 
was found in vegetables, fruits, and grains that were 
ex amine d . 

In summary, a sensitive and reliable GC-ECD method 
has been developed for the separation and quantification 
of captafol in various crops. Recoveries, reproducibilities, 
and sensitivities are adequate for the determination of 
captafol in several vegetables, fruits, and grains. 

ACKNOWLEDGMENT 

We are grateful to Dr. Charles R. Warner, US. Food 
and Drug Administration, for reviewing the manuscript. 

LITERATURE CITED 

ACS Committee on Environmental Improvement. Guidelines 
for Data Acquisition and Data Quality Evaluation in Envi- 
ronmental Chemistry. Anal. Chem. 1980,52,2242-2249. 

Bridges, B. A. The Mutagenecity of Captan and Related 
Fungicides. Mutat. Res. 1976, 32, 3-34. 

FAO/WHO. Pesticide Residues in Food Evaluations 1977, 
Captafol; FA0 Plant Production and Protective Paper; Food 
and Agriculture Organization of the United Nations: Rome, 
1977. 

FAO/WHO. Pesticide Residues in Food Evaluations 1985, 
Captafol; FA0 Plant Production and Protective Paper; Food 
and Agriculture Organization of the United Nations: Rome, 
1985. 

FDA. Captafol. Pesticide Analytical Manual; FDA Wash- 
ington, DC, 1978; Vol. 11. 

FDA. General methods for nonfatty foods, 232, Luke method. 
Pesticide Analytical Manual; FDA Washington, DC, 1991; 
VOl. I. 

Gilvydis, D. M.; Walters, S. M. Gas Chromatographic Determi- 
nation of Mixtures of Captan, Folpet, and Captafol. J .  Assoc. 
Off. Anal. Chem. 1983,66, 1365-1370. 

Gilvydis, D. M.; Walters, S. M. Determination of Captan, Folpet, 
and Captafol in Fruits and Vegetables, Using Two Multi- 
residue Methods. J .  Assoc. Off .  Anal. Chem. 1984,67, 909- 
912. 

Ito, N.; Tsuda, H.; Tatematsu, M.; Inoue, T.; Tagawa, Y.; Aoki, 
T.; Uwagawa, S.; Kagawa, M.; Ogiso, T.; Matsui, T.; Imaida, 
K.; Fukushima, S.; Asamoto, M. Enhancing Effect of Various 

J. Agric. Food Chem., Vol. 40, No. 7, 1992 1159 

Hepatocarcinogens on Induction of Preneoplaetic Glutathione 
S-Transferase Placental Form Positive Foci Rats-An Ap- 
proach for a New Medium-Term Bioassy system. Carcino- 
genesis 1988,9,387-394. 

Kennedy, G. L.; Arnold, W. D.; Keplinger, M. L. Mutagenicity 
Studiea with Captan, Captafol, Folpet, and Thalidomide. Food 
Cosmet. Toxicol. 1975, 13, 55-61. 

Luke, M. A.; Doose, G. M. A Modification of the Luke Multi- 
residue Procedure for Low Moisture, Nonfatty Products. Bull. 
Environ. Contam. Toxicol. 1983,30, 110-116. 

Luke, M. A.; Froberg, J. E.; Matsumoto, H. T. Extraction and 
Cleanup of Organochlorine, Organophosphate, Organonitro- 
Ben, and Hydrocarbon Pesticides in Produce for Determina- 
tion by Gas-Liquid Chromatography. J .  Assoc. Off. Anal. 
Chem. 1976,58, 1020-1026. 

Luke, M. A.; Froberg, J. E.; Doose, G. M.; Matsumoto, H. T. 
Improved Multiresidue Gas Chromatographic Determination 
of Organophosphorus, Organonitrogen, and Organohalogen 
Pesticides in Produce, Using Flame Photometric and Elec- 
trolytic Conductivity Detectors. J .  Assoc. Off .  Anal. Chem. 

Luke, M. A,; Mateumoto, H. T.; Cairns, T.; Hundley, H. Levels 
and Incidences of Pesticide Residues in Various Foods and 
Animal Feeds Analyzed by the Luke Multireaidue Methodology 
for Fiscal Years 1982-1986. J .  Assoc. Off. Anal. Chem. 1988, 
71, 415-433. 

Miyahara, M.; Sasaki, K.; Suzuki, T.; Saito, Y. Expanded 
Coagulating Cleanup Procedurea for Simultaneous Gas Chro- 
matographic Determination of Organophosphorus Pesticides 
in Crops and Fruits. Chem. Pharm. Bull 1991,39,1055-1058. 

Miyahara, M.; Suzuki, T.; Saito, Y. Multiresidue Method for 
Some Pesticides in Lanolin by Capillary Gas Chromatogra- 
phy with Detection by Electron Capture, Flame Photometric, 
Mess Spectrometric, and Atomic Emission Techniques. J .  
Agric. Food Chem. 1992,40,64-69. 

Nutahara, M.; Yamamoto, M. Decomposition of Residual Captafol 
in Homogenized Preparations of Fruits and Vegetables. J .  
Pestic. Sci. Jpn. 1978,3, 101-107. 

OVR. Electron-captive compound; Part 1 Multi-residue methods. 
In Analytical Methods forResidues ofpesticides inFoodstuffs; 
Ministry of Welfare, Health and Cultural Affaires: The Hague, 
The Netherlands, 1988; pp 1-23. 

Steinwandter, H. Contributions to the Application of Gel Chro- 
matography in Residue Analysis. Fresenius' Anal. Chem. 1988, 
331,499-502. 

Steinwandter, H. Universal Extraction and Cleanup Methods. 
In Analytical Methods for Pesticides and Plant Growth 
Regulators; Sherma, J., Ed.; Academic Press: San Diego, 1989; 
Vol! XVIII, Chapter 2. 

Szelewski, H. "Optimization of Splitless Parameters Using the 
HP 7673 Automatic Injector", HP Application Note 228-62; 
Hewlett-Packard, Avondale, PA, 1989. 

Tamano, S.; Kurata, Y.; Kawabe, M.; Yamamoto, A.; Hagiwara, 
A.; Cabral, R.; Ito, N. Carcinogenicity of Capatafol in F344/ 
DuCrj Rats. Jpn. J .  Cancer Res. 1990,81,1222-1231. 

Thomton, R. Estimates of Dietary Oncogenic Risk. InRegulating 
Pesticides in Food; National Research Council; National 
Academy Press: Washington, DC, 1987; Chapter 3, p 68. 

1981,64,1187-1195. 

Received for review June 18,1991. Revised manuscript received 
December 26, 1991. Accepted April 7, 1992. 

Registry No. Captafol, 2425-06-1. 


