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The pr imary  use of pentachloroni t robenzene (PCNB) (1) as a 
soil fungicide to control  Rhizoctonia in cotton (Gossypium 
h i rsutum) and Sclerotium in peanut (Arachis hypogaea) has been 
widespread for  some time (EPA. 1976). Use as a fol iar  fungic ide 
on cer ta in vegetable crops has also been previ~lent. Extensive 
metabol ic  studies of PCNB in the peanut have been repor ted by 
LAMOUREU• and RUSNESS (1980). Three competing reactions were 
sugges ted  for  PCNB metabolism: ary l  n i t ro  reduct ion,  nucleophi l ic 
displacement of a n i t ro  group, and nucleophi l ic displacement of a 
chloro group. In an additional study (RUSNESS g LAMOUREUX, 1980) 
of the chloroform soluble metabolites produced in v ivo 
(hydroponically grown peanuts) by PCNB, the major product via aryl 
n i t r o  reduction was ident i f ied as pentachloroani l ine (PCA) (2) 
with pentachlorothioanisole (PCTA) (3) also being ident i f ied as a 
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minor product  th rough  catabolic reaction via S- (pentach loro-  
pheny l ) cys te ine .  On the issue of translocat ion of PCNB and its 
metabol i tes from the roots to the fol iar t issue, these authors 
conc luded that  such processes were ve r y  rest r ic ted (about 39 on 
the ave rage) .  In a s tudy  of PCNB translocation in the bean 
(Phaseolus vulgaris),  BRISTOW et al. (1973) concluded that no PCNB 
could be detected in the leaves while it was determined to be in 
the cotyledons. 

While residues of PCNB, PCA, and PCTA in below ground plants 
grown in PCNB treated soil are quite common (HEIKES, 1980), it has 
been unclear as to the extent and incidence of PCNB and its meta- 
b o l i t e s  in the f o l i a r  t i ssue  of  ed ib le  legumes.  T h i s  paper  
descr ibes the ident i f icat ion procedure for PCNB and its metabol- 
ites by methane chemical ionization (CI)  mass spectrometry  in 
spinach leaves. The quantitation of PCNB by GCMS was performed 
at the ppm level. Speculation and arguments are advanced as to 
the or ig in of the residue levels found.  
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MATERIALS AND METHODS 

Mass Spectral Data. All spectra were obtained on a Finnigan 
Model 3300 quadrupole mass spectrometer equipped with a CI source 
and INCOS Data System; operat ing condi t ions:  90 cm x 2 mm i .d .  
g lass column packed with 2% DEGS on 80/100 mesh Chromosorb W; 
c a r r i e r  gas and reagent gas, 30 mL methane/rain; column inlet,  o o 250 C; column temperature,  180 C, isothermal. 

Sample Preparat ion .  A 100 g por t ion of the sample was 
extracted by sec 212.13a of the PESTICIDE ANALYTICAL  MANUAL 
(VOLUME 1, 1982), and eluted through Florisil using the 6% eluate 
of sec. 211.14d of the PESTICIDE ANALYTICAL MANUAL (Volume 1, 
1982) and then concentrated to 0.1 mL for  d i rect  inject ion into 
the GCMS system. 

RESULTS AND DISCUSSION 

Prel iminary analysis of the spinach ex t rac t  by gas chromato- 
g r a p h y  equipped with a Hall e lec t ro ly t ic  conduc t i v i t y  detector 
(HECD)  (LUKE et al. 1975, 1981) revealed the presence of three 
ch lo r ina ted  compounds. From extens ive correlat ion tables on 
re ten t ion  data of pesticides and indust r ia l  chemicals, the major 
response was thought to be PCNB. The case was referred to gas 
chromatography mass spectrometry (GCMS) for  conf irmation and 
s t ruc tu ra l  ident i t y  of the remaining two unident i f ied analyt ical 
responses (UARs). Since PCNB was suspected to be present, the 
choice of chemical ionization (CI) GCMS was made to re ly  heavi ly  
on the production of protonated molecular ions and hence providing 
a convenient method of conf irmation. Previous analysis by  elect-  
ron impact MS (HEIKES 1980) had produced a complex fragmentation 
w i th  certain features shared by its metabolites. Add i t iona l ly ,  
t h e  p r e s e n c e  of  two UARs in the  sample cou ld  p o s s i b l y  be 
at t r ibuted to the known metabolites of PCNB (i.e. PCA and PCTA)o 
Using the GCMS-CI approach, the spectra of PCNB (1), PCA (2) and 
PCTA (3) were obtained (Fig. 1). The dominant spectral feature 
of  t h ree  s p e c t r a  was the s i n g u l a r  appearance  of  p r o t o n a t e d  
molecular  ion c lus ters .  Such c lusters  could prov ide a solid base 
for  facile ident i f icat ion as i l lus t ra ted in Figure 2. Clear ly ,  
the  presence of a f ive chlor ine contain ing en t i t y  was establ ished. 
By employing a 2% DEGS column the retention time of PCNB and its 
metabo l i tes  were s u f f i c i e n t l y  s e p a r a t e d .  Se lec t ing  the  mass 
ranges expected for  the three molecular weights,  m/z 294-299 for  
PCNB,  m / z  299-300 for  PCTA (to avoid mass range over lap with 
PCNB),  and m/z 264-269 for PCA, mass chromatograms from the total 
ion cu r ren t  can be considered def in i t ive  for  conf irmation 
purposes.  The spinach ex t rac t  was then examined under  exact ly  
s im i la r  c o n d i t i o n s  and the r e s u l t s  are d i sp l ayed  in F i g u r e  3. 
C lear ly  the presence of PCNB and i ts two metabolites have been 
es tab l ished in the sample. Quant i tat ion of the PCNB level found 
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F i g u r e  1. Methane chemical ionization mass spectra of (A) penta- 
chloronitrobenzene (PCNB), (B) pentachloroaniline, and 
(C) pentechlorothioanisole (PCTA) recorded under GCMS 
cond i t ions .  

was accomplished by  comparision o f  area measurements for  the 
s ing le ion moni tor ing of m/z 296. A s tandard  inject ion of PCNB 
was adjusted unt i l  i ts recorded area matched the sample response.  
The resu l tant  level found by  th is  techn ique  was 0.13 ppm which 
agreed well w i th  the value of 0.14 ppm calculated by  HECD. 

The foliar occurrence of the PCNB and its metabolites PCA and 
PCTA deserves speculative comment. Previous studies by LAMOUREUX 
and RUSNESS (1981) have a l ready dec lared that  t rans locat ion from 
the  roots to the fo l ia r  t issue ( in peanuts)  is ve r y  r e s t r i c t i v e .  
I t  c o u l d  be a r g u e d  t ha t  t he  l e v e l s  f o u n d  are  f rom (a) a 
r e s t r i c t i v e  t rans locat ion from a soil v e r y  h igh in PCNB and its 
metabol i tes,  (b) d i rec t  contact  contaminat ion from the soil 
i t s e l f ,  and (c) fo l ia r  metabolism a f te r  aeriel sp ray ing  of PCNB 
d i r e c t l y  on to  t h e  sp i nach  l eaves .  While t he  most s t u d i e d  
so lu t i on  seems to be t r a n s l o c a t i o n ,  i t  is d i f f i c u l t  to v i s u a l i z e  
t he  necessary h igh concent ra t ions o f  PCNB in the soil at crop 
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F i g u r e  2. Total ion current  chromatogram of a standard mixture of 
PCNB, PCA and PCTA with three mass chromatograms: __m/z 
294-299 for PCNB, m/z 299-300 for PCTA and m/z 264-269 
fo r  PCA.  

h a r v e s t i n g  time to account for  the 0.13 ppm level found  in the 
spinach leaves. Th is  mechanism must be cons idered even less 
l i k e l y  since the model s tudy  was a hyd ropon i c  one and the  normal 
ag r i cu l tu ra l  s i tuat ion should resu l t  in a more r e s t r i c t i v e  
t r a n s l o c a t i o n .  On the o ther  hand,  contact  t ransmission from the 
so i l  does seem h i g h l y  i m p r o b a b l e .  The  las t  o p t i o n  o f  f o l i a r  
metabolism might well be the opera t i ve  mechanism to exp la in  the 
resu l ts  obta ined.  However ,  the clata base for  such a conclus ion 
is i nsu f f i c ien t .  Perhaps f u r t h e r  inc idences of PCNB and its 
metabol i tes  in spinach leaves and o the r  legumes would assist  in 
es tab l ish ing such residues as a resu l t  of  d i rec t  crop s p r a y i n g  
ra the r  than the major p roper  use as a soil f unc ig ide .  
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F i g u r e  3. Total ion current chromatogram of spinach extract with 
resultant mass chromatograms to detect PCNB, PCA and 
PCTA. 
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