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The insecticide Kepone (A) (decachloropentacyclo - 
( 5 . 3 . 0 . 0 2 , 6 . 0 3 , 9 . 0 4 , 8 ) d e c a n - 5 - o n e )  has been the subJect of 
intensive residue analyses followlng recent env�8 
contamination fromKepone production in Hopewell, VA (MURRAY 
1976). 
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Many environmental problems bave arisen as a result of 
Kepone's high deEree of stabil�8 (EATON et al. 1960; GRIFFIN and 
PRICE 1964; MCBEE et al. 1956). The f�8 of Kepone homologs 
in soi1 and fish (mullet) reported here may suggest a possible 
pathway for the envlronmental degradatlon of thls h�8 
p e r s i s t e n t  p e s t � 8  and may i n d i c a t e  the  presence  o f  r e s i d u e  
components in a d d i t i o n  to Kepone per  se t h a t  should be cons ide red  
f o r  i u c l u s i o n  in  a n a l y s e s .  

EXPERXME}~AL 

Procedure  

Soi1 was c o l l e c t e d  in the  v i c i n i t y  of the Kepone 
manufac tur ing  s i t e  a t  Hopewe11, VA. Th i r t y  mu l l e t  were ob t a �8  
from the  James R/ver  souch of  Hopewell.  The mul le t  were f i l l e t e d  
and t-he fillets were 8round to produce a homogeneous composiCe. 
A 200 E portion of the soil and a 25 g portion of the Eround 
mullet were extracted and prepared for gas-llquld chromatoEraphy 
(GLC) by an adaptation (CARRER 1976) of the procedure for Kepone 
in bananas g iven in  the  Food and Drue A d m i n i s t r a t i o n ' s  P e s t � 8  
A n a l y t i c a l  Manual (PAM) (1974).  

0007-4861/78/0020-0241 $01.40 
�9 1978 Springer-Verlag New York Inc. 



Using this method, the mullet was extracted by blending with 
isopropanol-banzene, and the extract was transferred fo hexane. 
The hexane was treated with oleum (0% sulfur trioxide in 
concentrated sulfuric acid). Kepone was extracted from the 
hexane into aqueous sod~~ hydroxlde; the alkall layer was 
neutrallzed and extracted with ethyl ether-petroleum ether. The 
mlxed ether solution was exchanged with benzene. The benzene was 
reduced in volume and the final solution was adjusted fo contain 
benzene-2% methanol for GLC determlnation of Kepone. 

The soil was Soxhlet-extracted overnight with acetonitrile-water; 
the extract was diluted with water and then partitioned with 
ethyl ether-petroleum ether. The mixed ether solution was 
exchanged with hexane, and the treatment continued as for mullet, 
beginnlng with "The hexane was..." 

�99 d Chromatography 

The sample extracts were analyzed using a gas-liquid 
chromatograph equipped with a tritium electron capture detector. 
Two columns were used: 6' x 4 mm id silan�8 glass packed wlth 
10% OV-101, and equal parts of 10% 0V-I01/15% OV-210, 
respectively, on 80-100 mesh Chromosorb ~{P. The column 
temperature was mmlntalned at 200~ with a nitrogen carrier gas 
flow of 120 ml/mln (PAM 1975). Both samples and Kepone standard 
solutions were prepared in benzene-2% methanol for GLC and GLC- 
mass spectrometry (MS). 

Mass SpectrometrY 

Mass spectra were obtalned on a Finnlgan Model 3300 twln 
stackmass spectrometer, in both electron impact and chemlcal 
ionization modes. A 5' x 2 ~m id silanized glass column packed 
with 3% OV-IOI on 60-100 mesh dlmethylchlorosilane-treated 
Chromosorb W was Interfaced with the mass spectrometer. Helium 
carrier gas flow of 25 ml/min was maintalned for electron impact, 
and methane carrier gas ai 10-15 ml/m�8 glving a source pressure 
of 850-950 ~m, was used for chemlcal ion�8238 

RESULTS AND DISCUSSION 

GLC of the sample extracts (Fig. I) indicated the presence of 
Kepone in both the soil and flsh ai levels of 60 and 0.56 ppm, 
respect�8 In addition, 2 other peaks were detected in the 
chromatogram from soil; one of these peaks also appeared in the 
chromatogram from mullet extracts. The identlties of the 
compounds causlng these GLC peaks were of interest because they 
had survlved the strlngent treatment with fuming sulfurlc acid 
and sodium hydroxide used to isolate Kepone from the sample 
matrix. MS analysis of these addltional peaks indlcated that 

they were caused by 9-chloro and 8-chloro homologs of Kepone 
(Fig. 2). The chromatographic characteristics of these compounds 
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FIG. I. Kepone standard and sample chromatograms obtained using 
10Z Or-101 on 80-100 mesh Chromosorb WHP. 
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FIG. 2. ~ s s  s p e c t r a  of  Kepon~ and ~t~ 9 - r  anti 8 - c h l o r o  
homologs ob ta ined  u~tng CLC/~~ ( c h e n t c a i  I o n i z a t i o n  mode). 
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TABLE I 

GLC characteristics of Kepone and Kepone homologs 

b 
Compound ng �89 FSD a RR A 

10% OV-101 c 10% 0V-I01/15% OV-210 d 

8-Chloro homolog ND e 1.31 1.55 

9-Chloro homolog ND 1.90 2.03 

Kepone 5 2.70 2.68 

aFSD = full scale deflection. 

bRR A = retention rime relative to aldrin. 

CRRA for ~,~'-DDT = 3.03. 

dRR A for ~,~'-DDT = 3.25. 

eND =not determined. No reference compound available. 

were de te rmined  uslng GLC parameters for organochlorine 
pest�8 and an electron capture detector as described in PAM 
(1975). These data are presented in Table I. 

F u r t h e r  i n t e r p r e t a t i o n  of  t he  MS f r a g m e n t a t i o n  p a t t e r n  o f  t h e  
9 - c h l o r o  homolog i n d i c a t e d  t h a t  t he  p r o t o n  t s  i n  1 of  4 
e q u � 8  p o s i t i o n s  b e t a  fo t he  c a r b o n y l .  This c o n c l u s l o n  was 
based  on t h e  o b s e r v a t � 8  of  major  f r a g m e n t a t i o n  c o r r e s p o n d i n g  fo  
C5C15 +, C5C15 H+, C5C140+, and C5C13H0 + ions. Of t he  4 possible 
monohydro Isomers of Kepone, only a proposed structure such as B 
cou ld  g l v e  t h e  obse rved  ions  on f r a g m e n t a t i o n .  

~o�9 ~~ j '~ 
H = 2 , 3 , 7 o r  8 
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Similar reasoning has been used by other investigators in 
ident�8 this compound (ALLEY et al. 1974; IVIE et al. 1974). 
Analysis of the MS fragmentation for the 8-chloro homolog dld hot 
provide a clear structural ass�8 Major fragments 
correspond�8 to C5Cl3HO+and C5C15 H+ ions, however, strongly 
suggest a symmetrically substituted compound. 

Analysis of the mullet sample �8 the presence of the 
same 9-chloro homolog, although no 8-chloro homolog was detected. 
Since suitable reference compounds were not available, the amount 
of the 2 homologs was approximated, based on response of the 
elctron capture detector to Kepone. Assum�8 a GLC response 
similar fo that of the homologs, the approximate levels of the 9- 
chloro and 8-chloro homologs in the soil would be 1.0 and 0.01 
ppm, respectively. Approxlmately 0.04 ppm 9-chloro homolog was 
estlmated in the mullet. 

The results of prevlously reported experiments on the 
photolysis of Kepone suggest that the homologs round in these 
samples were produced by photodegradation of the Kepone 
contaminating the Hopewell, VA, location. ALLEY et al. (1974) 
and HARDIN (1976) reported th• photolysls of Kepone under 
laboratory cond�8 produced the same 9-chloro and similar 8- 
chloro homologs to those identified here. IVIE et al. (1974) 
have shown that, under photolytic conditions, the pesticide Mirex 
(CIOCI12) , whlch possesses the same basic structure as Kepone and 
is also a persistent compound, Is converted to Kepone and to the 
9-chloro homolog reported here. Of more direct importance Mirex 
has recently been shy to degrade to Kepone under environmental 
conditions (CARLSON et al. 1976), a findlng whlch emphasizes the 
need to determine the rate of Kepone. However, it remalns tobe 
shown whether a photolytic reaction actually plays an important 
role in the environmental degradation of Kepone. Until this is 
proven, other possible sources of the homologs must include some 
metabol�8 pathway or simply some impurity in the plant production 
of Kepone. 
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