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DETERMINATION OF CAPTAN, FOLPET, AND 
CAPTAFOL IN WATER, APPLES, AND LETTUCE 

CHROMATOGRAPHY 
BY QUANTITATIVE THIN-LAYER 

Joseph Sherma and Steven Stellmacher 
Department of Chemistry 

Layfayette College 
Easton, Pennsylvania I8042 

ABSTRACT 

Captan, folpet, and captafol were determined in water, 
lettuce, and apples by TLC of extracts on preadsorbent silica gel 
layers, detection with silver nitrate reagent, and densitometric 
scanning. The fungicides were extracted from water on Chromosorb 
102 microcolumns. Cleanup on a Florisil column was required for 
the food extracts. Recoveries from distilled and tap water ranged 
from 76-98% at 0.02 ppm and 81-942 at 0.007 ppm. Recoveries from 
lettuce ranged from 88-94% and from apples 84-90%, both at 0.25 
ppm. The selectivity, sensitivity, and precision of the method are 
adequate f o r  routine residue analysis. 

INTRODUCTION 

The phthalimide compounds captan [N-(trichloromethylthio)-4- 

cyclohexene-1,2-dicarboximide], folpet [I-(trichloromethy1thio)- 
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2950 SHERMA AND STELLMACHER 

phthalimide], and captafol [~-(1,1,2,2-tetrachloroethylthio)-4- 

cyclohexene-1,2-dicarboximide] are widely used, singly or in com- 

bination, as broad-spectrum protective fungicides for the control 

of diseases on various fruit and vegetable crops, such as apples, 

lettuce, tomatoes, strawberries, potatoes, and grapes, and in 

wheat. Tolerance levels specified by the U. S .  Environmental 

Protection Agency range from 0.25 ppm of captafol in apples to 100 

ppm of captan in lettuce and are generally in the range of 15 to 50 

ppm for most fruits and vegetables. Analyzed samples typically 

contain less than 1-5 ppm, however (1). (The U. S .  EPA has now 

proposed a ban on the use of captan on foods). 

Gas chromatography (GC) is the most widely used procedure for 

determination of captan, folpet, and captafol residues. A compara- 

tive study ( 2 )  indicated that a 5 %  SP-2401 packed column was most 

suitable, and the Mills and Luke et al. multiresidue methods can be 

used f o r  sample preparation prior to GC (1). Column HPLC has been 

used for the separation and determination of the three fungicides 

in plant material using photoconductivity detection and a cyano 

bonded column ( 3 ) ,  and photoconductivity detection in tandem with 

ultraviolet detection has also been reported (4). 

-- 

Thin layer chromatography (TLC) utilizes an "open" system that 

involves multiple application of samples and standards that are 

developed concurrently and detected statically. This leads to 

recognized advantages compared to "closed" column methods (GC and 

HPLC) in which single, sequential samples are eluted and detected 

dynamically. These advantages include high sample throughput; the 
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DETERMINATION OF CAPTAN, FOLPET, AND CAPTAFOL 295 1 

flexibility to optimize separation, detection, and quantification 

f o r  the particular analyte(s1 of  interest; simplicity; and good 

accuracy and precision (because samples and standards are processed 

together under essentially identical conditions) ( 5 - 7 ) .  In 

addition, samples may require less cleanup because each layer is 

used only once and then discarded. TLC with densitometry has been 

applied to a wide variety of analyses including pesticides, the 

most recent example being the determination of chlorpyrifos 

insecticide residues (8). 

Captan and captafol were determined simultaneously in apples 

and potatoes at 0.2 ppm by TLC of cleaned-up extracts on homemade 

layers prepared from silica gel H plus 0.1 M aluminum chloride. 

Spraying the developed plate with 0.1 M sodium chlorate and heating 

produced fluorescent zones that were scanned with a densitometer 

(9). Attempts by us to reproduce these results and extend the 

method to folpet residues were unsuccessful using commercial pre- 

coated T L C  and HPTLC plates impregnated with A1Cl3 by spraying or 

dipping. Therefore, we developed a quantitative TLC method for the 

three fungicides based on detection of the chlorine atoms with 

silver nitrate chromogenic reagent on preadsorbent silica gel G 

layers. With preadsorbent plates, sample application can be 

carried out rapidly, and the spotting area automatically produces 

sharp, narrow bar- or streak-shaped zones of constant size, even 

though different sample volumes are used. Accurate, precise, and 

sensitive densitometry requires that initial zones of samples and 

standards have small, uniform dimensions (10). The method and its 
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2952 SHERMA AND STELLMACHER 

successful application to determinations of residues in fortified 

water (0.02 and 0.007 ppm) and apples and lettuce (0.25 ppm), the 

latter chosen as representative fruit and vegetable samples 

containing pesticides at the lowest tolerance level, are described 

below. 

EXPERIMENTAL 

Analytical standards of captan, folpet, and captafol were 

obtained from Ortho (Chevron Chemical Co.). Stock standard 

solutions were prepared in toluene at a concentration of 1.00 mg/ml 

and TLC standards by quantitative 10.0 to 100 and 1.00 to 100 

dilutions to give 100 ng/pl and 10.0 ng/pl solutions, respectively. 

Analyses were performed on 20x20 cm Analtech silica gel GF 

plates that contained a preadsorbent spotting area and 19 channels 

0.9 cm in width. Plates were prewashed with methylene chloride- 

methanol ( 1 : l )  and dried in a hood before use. Fungicides were 

applied at 50-2000 ng levels by spotting 4.00 to 20.0 p1 of the 

appropriate TLC standard vertically down the center of the pre- 

adsorbent areas of the lanes using a 25 p1 DruAond Dialamatic 

dispenser. Water and food samples were applied in the same manner 

from acetone or toluene solvent to plates containing standard zones 

for comparison. 

Plates were developed for a distance of 10 cm beyond the layer 

junction in a paper lined, saturated rectangular glass TLC chamber 

with methylene chloride-hexane ( 9 : l ) .  Plates were air dried, and 

fungicides were detected by dipping into silver nitrate reagent and 
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DETERMINATION OF CAPTAN, FOLPET, AND CAPTAFOL 2953 

exposure  t o  UV l i g h t  as p r e v i o u s l y  d e s c r i b e d  (8 ) .  Zones were 

scanned w i t h  a Kontes Model 800 f i b e r  o p t i c s  s c a n n e r  i n  t h e  s i n g l e  

beam t r a n s m i s s i o n  mode u s i n g  t h e  8 nun l i g h t  beam and w h i t e  phosphor  

(440 nm peak wave leng th ) .  Chromatograms were drawn and peak areas 

r e p o r t e d  by a Hewlet t -Packard Model 390A r e c o r d e r / i n t e g r a t o r  

coup led  t o  t h e  s c a n n e r .  A l l  zones were scanned t w i c e ,  and  C a l i -  

b r a t i o n  c u r v e s  were c a l c u l a t e d  by a l i n e a r  r e g r e s s i o n  program r u n  

on a Commodore 64 minicomputer .  

Ac tua l  a n a l y s e s  were demons t r a t ed  u s i n g  f o r t i f i e d  p e s t i c i d e -  

f r e e  d i s t i l l e d  and t a p  water and l e t t u c e  and a p p l e  samples  

pu rchased  i n  a l o c a l  marke t .  S p i k i n g  s o l u t i o n s  a t  t h e  4.00 ug/ml 

l e v e l  were p r e p a r e d  by d i l u t  on of  2.00 m l  of t h e  100 pg/ml 

s t a n d a r d  s o l u t i o n  of  each  f u n g i c i d e  t o  50 .0  m l  w i t h  a c e t o n e .  

F o r t i f i e d  water samples  were p r e p a r e d  i n  Erlenmeyer  f l a s k s  by 

a d d i n g  0.25 m l  of  t h e  s p i k i n g  s o l u t i o n  t o  60.0 m l  o f  d i s t i l l e d  or 

t a p  water and s h a k i n g  v i g o r o u s l y  f o r  s e v e r a l  m i n u t e s .  The 

r e s u l t a n t  sample c o n t a i n e d  0.0167 ppm of  each  p e s t i c i d e  added.  

E x t r a c t i o n  columns c o n t a i n i n g  0.2g of  Chromosorb 102 were p r e p a r e d  

i n  " l a r g e  volume" P a s t e u r  p i p e t s  by a d d i t i o n  of  1 m l  o f  water 

s l u r r y  a s  d e s c r i b e d  ear l ie r  ( 1 1 ) .  A f t e r  pre-washing w i t h  a c e t o n e  

and d i s t i l l e d  wa te r  ( a l l  t h e  a c e t o n e  must be removed) ,  t h e  

f o r t i f i e d  w a t e r  and an u n f o r t i f i e d  b l ank  were passed  th rough  

s e p a r a t e  columns. The f l a s k ,  f u n n e l  on t o p  of  t h e  column, and t h e  

i n n e r  column walls were washed wel l  w i t h  d i s t i l l e d  water,  t h e  

column was blown d r y  w i t h  a g e n t l e  s t r e a m  o f  n i t r o g e n  g a s  ( c a .  20 

m i n u t e s ) ,  and t h e  t r a p p e d  f u n g i c i d e ( s 1  e l u t e d  w i t h  2 m l  o f  a c e t o n e  
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2954 SHERMA AND STELLMACHER 

into a 4 ml vial. A rubber bulb was used to force all of the eluent 

out of the column into the vial. The solution was concentrated to 

ca. 10-20 U1 and the entire sample was spotted for TLC, including 

two 20 U1 acetone rinses of the vial. Stdndards were applied to 

adjacent lanes of the same plate. After chromatography, detection, 

and scanning, the amount of pesticide(s1 in the sample was calcu- 

lated by comparison of the sample and standard peak areas (1000 ng 

theoretical for 100% recovery). 

Fresh lettuce and apple samples (1OOg) were homogenized by 

blending and fortified by adding 1.00 ml of 25 pg/ml spiking 

solutions of the pesticides in acetone (0.25 ppn). The samples 

were processed by the Luke et al. procedure with optional Florisil 

cleanup using the modified elution system (15% and 50% ethyl ether 

in petroleum ether eluents) (1). The procedures followed are 

published in the FDA Pesticide Analytical Manual, volume I, 

sections 232.4 and 212.24. In smary, the sample was blended with 

acetone and filtered, pesticides were extracted from the aqueous 

filtrate with petroleum ether-methylene chloride (l:l), the extract 

was concentrated and diluted with acetone and petroleum ether, and 

the extract solution was chromatographed on a fully-activated 

Florisil column with elution by 200 ml of 15% ethyl ether in 

petroleum ether and 200 ml of 50% ethyl ether in petroleum ether. 

The combined eluates were evaporated to a final volume of 500 pl, 

measured in a small graduated centrifuge tube. Twenty p1 of sample 

was spotted in duplicate along with duplicate comparative standards 

(1000 ng theoretical for 100% recovery). 
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DETERMINATION OF CAPTAN, FOLPET, AND CAPTAFOL 2955 

S t a n d a r d s  f o r  a n a l y s e s  of s amples  f o r t i f i e d  w i t h  more t h a n  one  

f u n g i c i d e  were a p p l i e d  t o  t h e  l a y e r  by a s i n g l e  a p p l i c a t i o n  o f  a 

mixed s o l u t i o n ,  o r  i n d i v i d u a l  s o l u t i o n s  c o u l d  be a p p l i e d  i n  a 

v e r t i c a l  row t o  t h e  p r e a d s o r b e n t  a r e a  of a s i n g l e  l a n e .  

RESULTS AND DISCUSSION 

Cap tan ,  c a p t a f o l ,  and f o l p e t  had r e s p e c t i v e  RF v a l u e s  o f  

0.36, 0 .42 ,  and 0.57 on t h e  p r e a d s o r b e n t  s i l i c a  g e l  l a y e r  deve loped  

w i t h  me thy lene  ch lo r ide -hexane  ( 9 :  1 ) .  A l l  o f  t h e s e  v a l u e s  were 

w i t h i n  t h e  optimum range  of 0 .3  t o  0.7 f o r  a c c u r a t e  and p r e c i s e  

q u a n t i f i c a t i o n .  The zones a p p e a r e d  as s h a r p ,  na r row d a r k  brown 

s t r e a k s  on a w h i t e  background.  F i g u r e  1 i l l u s t r a t e s  t h e  s e p a r a t i o n  

o f  t h e  t h r e e  compounds. The optimum W i r r a d i a t i o n  t i m e  was 30 

m i n u t e s  f o r  maximum c o n t r a s t  between t h e  zones  and background .  

Zones were  scanned  immedia t e ly  a f t e r  t h e  i r r a d i a t i o n  p e r i o d  bu t  

c o u l d  be s t o r e d  f o r  a t  least  one  hour  i n  t h e  d a r k  w i t h o u t  s i g n i f i -  

c a n t  d a r k e n i n g  of t h e  background.  S i l i c a  g e l  G l a y e r s  must be used  

because  polymer-bound, h a r d  l a y e r s  g i v e  a d a r k  background w i t h  

s i l v e r  n i t r a t e  d e t e c t i o n  r e a g e n t  (8). 

C a l i b r a t i o n  c u r v e s  f o r  a l l  t h r e e  f u n g i c i d e s  t y p i c a l l y  had 

l i n e a r i t y  (R) v a l u e s  o f  0.98 o r  g r e a t e r  i n  t h e  100-2000 ng  r a n g e .  

The v i s u a l  d e t e c t i o n  l i m i t  was a b o u t  50 n g ,  bu t  100 ng  was t h e  

lowes t  amount t h a t  c o u l d  be scanned  c o n s i s t e n t l y  w i t h  p r e c i s i o n .  

The c a l i b r a t i o n  c u r v e s  f o r  t h e  t h r e e  compounds had s imi la r  s l o p e s  

and i n t e r c e p t s ,  b u t  t h e  e x a c t  v a l u e s  of t h e s e  p a r a m e t e r s  d i f f e r e d  
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2956 SHERMA AND STELLMACHER 

2 3 

Figure 1. Densitometer scan with attenuation X6 of a standard 
mixture containing 1500 ng each of captan (11, captafol ( 2 1 ,  and 
folpet ( 3 )  after development on preadsorbent silica gel and 
detection with AgNO reagent. 3 

from plate to plate. To correct for these variations, standards 

and samples were always run together on the same plate. Figure 2 

shows typicsl peaks and areas for a series of captan standards. 

The calibration curve calculated from the area data of these scans 

had an R value of 0 . 9 9 9 .  
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2958 SHERMA AND STELLMACHER 

Four samples of d i s t i l l e d  water  were f o r t i f i e d  s e p a r a t e l y  wi th  

0.0167 ppm of the  t h r e e  fungic ides .  Recoveries using t h e  

Chromosorb column procedure descr ibed  above were 80.7, 83.4, 78.5, 

and 74.2% f o r  captan ;  98.4, 97.8, 93.1, and 90.1% f o r  f o l p e t ;  and 

85.0, 84.7, 77.9, and 94.8% f o r  c a p t a f o l .  Blank samples analyzed 

with each set of f o r t i f i e d  samples showed no TLC s p o t s .  These 

r e s u l t s  prove t h a t  the  fungic ides  a r e  adequate ly  t rapped  by t h e  

Chromosorb column and e l u t e d  with ace tone .  The procedure should 

al low recovery of t h e  compounds a t  lower c o n c e n t r a t i o n  l e v e l s  

because water w i l l  not e l u t e  them from t h e  column. This was t e s t e d  

by ana lyz ing  d u p l i c a t e  150 m l  d i s t i l l e d  water  samples f o r t i f i e d  

s e p a r a t e l y  with 1.00 ug of each f u n g i c i d e  (0.0067 ppm). Recoveries 

were 88.8 and 80.7% f o r  captan ,  90.2 and 93.3% f o r  f o l p e t ,  and 83.8 

and 84.4% f o r  c a p t a f o l .  

Duplicate  Easton t a p  water  samples were f o r t i f i e d  with a l l  

t h r e e  of the  fungic ides  a t  the  0.0167 ppm l e v e l .  The compounds 

were t rapped ,  e l u t e d ,  and analyzed toge ther  a long with a blank t a p  

water sample. Recoveries were comparable t o  those  obta ined  f o r  

samples f o r t i f i e d  s i n g l y  wi th  t h e  fungic ides :  89.2 and 89.2% f o r  

captan ,  88.4 and 89.4% f o r  f o l p e t ,  and 76.7 and 83.9% f o r  c a p t a f o l .  

No o t h e r  i n t e r f e r i n g  zones were d e t e c t e d  i n  t h e  sample lane  o r  i n  

t h e  blank.  Presumably t h e  only l i m i t  t o  t h e  s e n s i t i v i t y  of t h e  

method is t h e  p a t i e n c e  one has i n  pass ing  l a r g e  volumes of water  

through the  column and p o s s i b l e  e x t r a c t i o n  of i m p u r i t i e s  on t h e  

column from contaminated water ,  which might be e l u t e d  and could 

i n t e r f e r e  wi th  t h e  densi tometry of t h e  a n a l y t e s .  
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DETERMINATION OF CAPTAN, FOLPET, AND CAFTAFOL 2959 

Blank l e t t u c e  and apple  samples (1OOg) were f o r t i f i e d  a t  0.25 

ppm and processed by the  Luke e t  a l .  procedure with supplemental  

F l o r i s i l  column cleanup.  The F l o r i s i l  column s t e p  was necessary  t o  

a l low GC determina t ion  with an e l e c t r o n  c a p t u r e  d e t e c t o r  (l), and 

it  was a l s o  requi red  i n  t h i s  s tudy  t o  provide a c l e a n  TL chromato- 

gram with no zones t h a t  i n t e r f e r e d  with fungic ide  q u a n t i f i c a t i o n .  

Duplicate  l e t t u c e  samples were f o r t i f i e d  with both captan and 

f o l p e t ,  and recover ies  were 88.3 and 87.8% f o r  captan  and 90.3 and 

93.7% f o r  f o l p e t .  Duplicate  a p p l e  samples were f o r t i f i e d  wi th  

captan and c a p t a f o l ,  and r e c o v e r i e s  were 84.3 and 89.6% f o r  captan  

and 90.0 and 89.4% f o r  c a p t a f o l .  Blank sample chromatograms had no 

zones a t  the  p o s i t i o n s  of t h e  p e s t i c i d e s ,  and included s e v e r a l  

o t h e r  n o n - i n t e r f e r i n g  zones t h a t  were a l s o  p r e s e n t  i n  t h e  sample 

chromatograms. The recovery va lues  c i t e d  a r e  t h e  average of  t h e  

d u p l i c a t e  sample a l i q u o t s  t h a t  were s p o t t e d .  Agreement of  

d u p l i c a t e s  was almost always w i t h i n  5% and u s u a l l y  w i t h i n  2-3%. 

The above r e s u l t s  f o r  r e p r e s e n t a t i v e  f o r t i f i e d  samples of 

water and crops demonstrate  the  acceptab le  p r e c i s i o n  and accuracy 

( recovery)  of the  q u a n t i t a t i v e  TLC procedure f o r  de te rmining  

captan ,  f o l p e t ,  and c a p t a f o l .  The use of a Chromosorb polymer 

column f o r  e x t r a c t i n g  the compounds from water  is much more 

convenient  than s o l v e n t  e x t r a c t i o n  i n  a s e p a r a t o r y  f u n n e l .  The 

method is a p p l i c a b l e  t o  any food sample t h a t  can be adequate ly  

e x t r a c t e d  and cleaned-up p r i o r  t o  TLC. 
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