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Methods involving chemical reactions have been used frequently 

for the confirmation of organochlorine pesticide residues. De- 

hydrochlorination or dechlorination in alkaline solution is one 

such method. KLEIN et al. (1963), HAMMENCE et al. (1965), 

SANS (1967), and HOLDEN and MARSDEN (1967) used alcoholic 
alkali to convert DDT and similar compounds to their corres- 

ponding olefins. YOUNG and BURKE (197Z) and KRAUSE (1972) 

found that treatment of DDT and DDD with alcoholic KOH con- 
verted the DDT and DDD to olefinic derivatives. The authors 

reported that the hexachlorocyclohexane (HCH) isomers (~(,~,$,[) 

were transformed into unidentified compounds. The former 

authors also noted that dieldrin and polychlorinated biphenyls 

(PCBs) were unchanged by this treatment. MENDOZA et al. 

(1968) treated residues from plant extracts with sodium methy- 

late followed by gas-liquid chromatography (GLC) and thin layer 

chromatography (TLC) to confirm the presence of certain pes- 

ticides. TAYLOR and KEENAN (1970) detected unchanged hexa- 
chlorobenzene (HCB) and one unidentified product in samples 

containing HCB that had been treated with alcoholic KOH or 
sodium methoxide. COLLINS et al. (197Z) found that HCB pro- 

duced pentachlorophenyl propyl ether when it was treated with 
KOH in 1 - propanol. The derivative was found to have a longer 

retention time (GLC) than HCB. HOLDRINET (1974) refluxed 

HCB with 0.ZN KOH in ethylene glycol, to produce pentachloro- 

phenol (PCP). The PCP was esterified with diazomethane to 
give the methyl ether derivative. BAKER (1973) demonstrated 

that HCB was converted to a monoethoxypentachlorobenzene 

(MEPCB) derivative when it was refluxedwith sodium ethoxide. 
The present study deals with the confirmation of HCB and other 
organochlorine residues in wildlife samples by reactions invol- 

ving the use of sodium ethoxide. 
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EXPERIMEN TA L 

Conversion of HCB to MEPCB in the Presence of Certain 
Other Organochlorine Compounds 

A solution (6 nal) containing HUH isomers ((fj~,~), p, p'-DDT, 
o,p'-DDT, p,p'-DDD, o,p'-DDD, p,p'-DDE, DDMU and HCB 
was placed in a flask (~) along with 34 nal of freshly prepared 
sodium ethoxide (5 g Na/100 ml absolute ethanol). The reaction 
mixture was allowed to stand for i0 nain (room temperature) 
with occasional mixing and then a sample (l nal) was removed. 
The reaction mixture was heated under reflux and samples 
(i nal) were taken after 3 and 6 hr of heating. Each sample was 
placed in a separatory funnel along with hexane (30 nal). The 
mixture was cooled, mixed thoroughly, and then extracted with 

30 nal portions of glass-distilled water until the aqueous wash- 
ings were free (litmus) of alkali. The hexane extracts were 
passed through pre-washed (5 nal acetone plus 5 nal hexane) 
cotton plugs and their volume was adjusted to give concentra- 
tions suitable for gas chromatographic (Varian 600D) analysis. 
The instrument was operated under the following conditions: 
1.68 nax 3 mm O.D. Pyrex tube packed with 6~0 QF - 1 + 4% 
OV - l(l. 38 na) and 6~ - ZZ5 + 3%OV - l (0.3rn) on Chronao- 
sorb W- HP; Nz, 30 ml/nain; oven, ZI0~ detector, ZZ5~ 
The results of this experiment are shown in Figure I. The 
sodium ethoxide treatment (10 rain; no heat) eliminated all of 
the GLC peaks except those corresponding to HCB, DDMU and 
p,p'-DDE. The two latter peaks increased in height because 
of the dechlorination of DDT and DDID to give their respective 
olefin derivatives, DDE and DDIVfU. After 3-hr heating, the 
HCB peak was virtually eliminated and a new peak, whose re- 
tention time corresponded to that of MEPCB, was observed. 
No change was observed, however, in connection with the rela- 
tive heights of the DDE and DDMU peaks after the 3-hr period. 
Heating for 6 hr produced major GLC peaks that corresponded 
to DOE, DDMU and MEPCB. An unidentified peak (Peak No. 14, 
Figure I) that emerged after MEPCB, was also observed. 
Further heating of the reaction mixture resulted in a decrease in 
the MEPCB peak height and a concurrent increase in the height 
of the unknown peak. 

Similar experiments with PCBs (Z5.8 nag of Aroclor 1260) were 
also performed. No substantial change in the number of GLC 
peaks or their relative peak heights were observed even after a 
6-hr treatment with sodium ethoxide. 

Identification of Die thoxytetr achlorob enz ene 

An experiment was performed to identify the unknown substance 
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o b t a i n e d  in the  p r e v i o u s  e x p e r i m e n t .  H C B  ( 0 . 5  g) w a s  p l a c e d  
in a f l a s k  (500 m l )  f i t t e d  w i t h  a r e f l u x  c o n d e n s e r ,  a l o n g  w i t h  75 
m l  of  ho t  a b s o l u t e  e t h a n o l .  F r e s h l y  p r e p a r e d  s o d i u m  e t h o x i d e  
(1Z5 m l ;  5 g s o d i u m / 1 0 0  m l  a b s o l u t e  e thano l )  w a s  a d d e d  to t he  
H C B  s o l u t i o n  and  the  m i x t u r e  w a s  h e a t e d  u n d e r  r e f l u x .  

I 

8 2 

. .ill 
0 HRS 
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8 1B hl 
8 13 

7 

3 HRS 6 HRS 

-Jl 
PURE MEPCB 

F i g .  1. C h r o m a t o g r a m s  i l l u s t r a t i n g  the c o n v e r s i o n  of HCB to 
M E P C B  in the p r e s e n c e  of c e r t a i n  o t h e r  o r g a n o c h l o r i n e  c o m -  
p o u n d s .  P e a k  1, H C B ;  P e a k  Z, ~ - H C H ;  P e a k  3, h e p t a c h l o r o -  
c y c l o h e x a n e  i s o m e r s ;  P e a k  4, 5 " - H C H ;  P e a k  5, ~ - H C H ;  P e a k  
6, ~ - H C H ;  P e a k  7, DDMU; P e a k  8, p , p ' - D D E ;  P e a k  9, p , p ' -  
DDD; P e a k  10, o , p ' - D D T ;  P e a k  11, p , p ' - D D D ;  P e a k  1Z, p , p ' -  
D D T ;  P e a k  13, M E P C B ;  P e a k  14, unknown .  

S a m p l e s  (1 re_l) w e r e  r e m o v e d  a f t e r  1, 6, Z 1 a n d  41 h r .  E a c h  
s a m p l e  w a s  p l a c e d  in a 1 Z 5 - m l  s e p a r a t o r y  funne l  c o n t a i n i n g  
g l a s s - d i s t i l l e d  w a t e r  (Z5 m l ) .  The  s a m p l e s  w e r e  s h a k e n ,  n e u -  
t r a l i z e d  w i t h  HC1 (6 N) and  then  e x t r a c t e d  w i t h  t h r e e  Z5 m l  
p o r t i o n s  of h e x a n e .  T h e  c o m b i n e d  h e x a n e  e x t r a c t s  w e r e  t h e n  
p a s s e d  t h r o u g h  a p r e - w a s h e d  c o t t o n  p lug .  The s a m p l e s  w e r e  
a n a l y z e d  b y  g a s  c h r o m a t o g r a p h y  ( V a r i a n  600D).  The  i n s t r u m e n t  
w a s  o p e r a t e d  u n d e r  the f o l l o w i n g  c o n d i t i o n s :  1 .38  m x 3 m m  O . D .  
P y r e x  tube  p a c k e d  w i t h  5% QF - 1 on c h r o m o s o r b  W - H P ;  Nz, 
50 m l / m i n . ;  oven ,  150~ d e t e c t o r ,  175~ The  r e s u l t s  of this  
e x p e r i m e n t  i n d i c a t e d  t h a t  H C B  w a s  c o n v e r t e d  f i r s t  to M E P C B  
a n d  then  to an  u n i d e n t i f i e d  s u b s t a n c e  as  the h e a t i n g  c o n t i n u e d  
( F i g u r e  Z). To  c o n f i r m  the  i d e n t i t y  of the u n k n o w n  s u b s t a n c e ,  

472 



DETCB 

Z 
PURIFIED 
DETCB 

MEI :B 

MEPCB MEPCB 

41 HRS 21 HRS 6 HRS i HRS 

HC8 

0 HRS 

F i g .  Z. C h r o m a t o g r a m s  s h o w i n g  the c o n v e r s i o n  of HCB to  
M E P C B  a n d  d i e t h o x y t e t r a c h l o r o b e n  z e n e  ( D E T C B ) .  

the  r e m a i n i n g  r e a c t i o n  m i x t u r e  w a s  d i l u t e d  to a v o l u m e  of 200 
m l  w i t h  g l a s s - d i s t i l l e d  w a t e r ,  n e u t r a l i z e d  w i t h  HC1 {6N} a n d  
t h e n  e x t r a c t e d  s e v e r a l  t i m e s  w i t h  h e x a n e .  The  c o m b i n e d  e x -  
t r a c t s  w e r e  d r i e d  o v e r  s o d i u m  s u l f a t e  a n d  t hen  e v a p o r a t e d  to 
d r y n e s s  u s i n g  a r o t a r y  v a c u u m  e v a p o r a t o r  {no hea t} .  The  c r y -  
s t a l l i n e  p r o d u c t  t h a t  w a s  o b t a i n e d  w a s  r e c r y s t a l l i z e d  f r o m  
e t h a n o l .  The  r e s u l t a n t  r e c r y s t a l l i z e d  p r o d u c t  ( m . p .  5 3 - 5 5 ~  
w a s  a n a l y z e d  by  r n a s s ~ p e c t r o s c o p y  a n d  the r e s u l t s  w e r e  a s  
follows: m/e 302 [C6J~CId(OCzH5)z]; m/e 274 [i.e., 30Z-Z8, 
w h i c h  corresponds to C6CI4OCzH5OHby the loss of CzH. in z~ 
the parent ion]; m/e Z46 [i. e., 30Z-56, which corresponds to 

C6CId(OH)z by the loss of Z(CzHd) in the p~rent ion]. These 
results confirmed that the unknown substance was diethoxy- 
tetrachlorobenzene (DETCB). A chrornatogram of the purified 
DETCB is included in Figure Z. The pure DETCB gave two 
major chromatographic peaks, which might suggest that the 
DETCB consisted of a mixture of isomers. 

Confirmation of HCB and Other Organochlorine Compounds. 

Procedure:- The following method was developed for the con- 
firmation of organochlorines using sodium ethoxide for de- 
chlorination. Standard solutions (hexane) of HCB (0.01 to 0. I 
pg) were placed in screw-cap tubes (16 x 150ram). The solu- 
tions were concentrated at room temperature using nitrogen, 
to a volume of 0. 5 ml. Freshly prepared sodium ethoxide (2rnl; 
5 g Na/100 rnl absolute ethanol) was added to each solution. 
The tubes were tightly capped, shaken, and then heated in a 
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water bath (90-95~ for 15 rain. Each tube (capped)was cooled 
and the contents were mixed thoroughly with glass-distilled 
water (I0 ml). Hexane (5 ml) was added to each tube which was 
then shaken for about one rain. The lower aqueous phase was 
removed using a disposable pipette, and the hexane layer was 
washed with glass-distilled water ( i0 ml portions) until the 
aqueous layer was free (litmus) from alkali. The hexane ex- 
tract was then analyzed by gas chromatography (Varian 1400). 
The instrument was operated under the following conditions: 
1.83 mx 3 mmI.D. Pyrex tube packed with 4% SE-30+6% QF- 
l onChromosorb W-HP; N z, 60 ml/min; oven temperature, 
ZI5~ detector, Z40 ~ Hexane was treated with sodium 

ethoxide using the same conditions as are outlined above, in 
order to check possible artifacts. "The overall recovery of 
HCB ranged between 64 and 81% based on the MEPCB deriva- 
tive. 

Confirmation of Residues in Wildlife Samples:- Eight samples 
of Harp seal tissues that had been analyzed for organochlorine 
residues using hexane extraction, Florisil column cleanup, and 
charcoal column separation (HOLDRINET 1974), and that were 
presumed to contain HCB residues (toluene eluate), were sub- 
jected to dechlorination using sodium ethoxide. Reagent blanks 
were also treated with sodium ethoxide. Seven extracts (ace- 
tone-diethyl ether eluate) of Harp seal tissues (blubber, liver, 
brain) that were presumed to contain DDT, DDD, DDE and 
dieldrin residues, were subjected to the sodium ethoxide treat- 
ment (Z5~ 15 rain) along with reagent blanks and several 
standard solutions containing 0.08 to 0.8 ~ug of DDT, 0.0Z to 
0. Z Ng of DDD, 0. 15 to i. 5Dg of DDE, and 0.01 to 0. 1 ug of 
dieldrin. Seven extracts of Harp seal tissues (blubber, liver, 
brain) alongwith standard solutions of Aroclor IZ54 were trea- 
ted with sodium ethoxide for the confirmation of PCB residues. 
Reagent blanks were subjected to the same procedure. 

Analysis (GLC) of the treated eluates showed that p,p'-DDT and 
p, p'-DDD were dechlorinated to their corresponding olefin de- 
rivatives, p, p'-DDE and DDMU. Figure 3 illustrates the in~ 

crease in the peak height of the p,p'-DDE and DDMU peaks 
following the dechlorination (sodium ethoxide) procedure. It 
was possible to confirm the presence of p,p'-DDE by this pro- 
cedure since it was stable to sodium ethoxide treatment and its 
peak height actually increased as a result of the dechlorination 
of p, p'-DDT (Figure 3). It was also possible to confirm 
(McCULLY 1969) dieldrin because of its stability in the alkaline 
sodium ethoxide (Figure 3). The PCBs did not react with the 
sodium ethoxide. It will be noted from Figure 4 that the reten- 
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(A) (c) 

2 x ~ 

(B) ----a (D) 

F i g .  3. C h r o m a t o g r a m s  i l l u s t r a t i n g  the c o n f i r m a t i o n  of c e r -  
t a i n  o r g a n o c h i o r i n e  c o m p o u n d s  in s t a n d a r d  s o l u t i o n s  a n d  in  
s e a l  t i s s u e  e x t r a c t s  u s i n g  s o d i u m  e t h o x i d e .  (A} M i x t u r e  of  
p e s t i c i d e  s t a n d a r d s ,  (B) M i x t u r e  a f t e r  s o d i u m  e t h o x i d e  t r e a t -  
m e n t  (Z5~ 15 rain}.  (C) S e a l  l i v e r  e x t r a c t .  (D) S e a l  l i v e r  
e x t r a c t  a f t e r  s o d i u m  e t h o x i d e  t r e a t m e n t  (Z5~ 15 rain}.  P e a k  
1, DDMU; P e a k  Z, p , p ' - D D E ;  P e a k  3, d i e l d r i n ;  P e a k  4, p , p ' -  
DDD; P e a k  5, p , p ' - D D T .  

t ion  t i m e s  and  the  r e l a t i v e  peak h e i g h t s  of the  m a j o r  P C B  p e a k s  
r e m a i n e d  v i r t u a l l y  u n c h a n g e d  f o l l o w i n g  the  s o d i u m  e t h o x i d e  
t r e a t m e n t .  The  r e c o v e r i e s  of  u n r e a c t e d  P C B s  in s t a n d a r d  s o l u -  
t i ons  a n d  in s e a l  t i s s u e  e x t r a c t s  a v e r a g e d  102% (91 to 108%} and  
91% {74 to 111%}, r e s p e c t i v e l y .  HCB w a s  c o n f i r m e d  by  the  
f o r m a t i o n  of the M E P G B  d e r i v a t i v e  w i t h  s o d i u m  e t h o x i d e  
{BAKER 1973). The  l o n g e r  r e t e n t i o n  t i m e  of the M E P C B  d e r i -  
v a t i v e  a s  c o m p a r e d  to t ha t  of  HGB is  i l l u s t r a t e d  in  F i g u r e  5. 

It was concluded that this dechlorination procedure can be used 
for rapid, routine confirmation of certain organochlorine com- 

pounds in wildlife samples. 
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F i g .  4. C h r o m a t o g r a m s  i l l u s t r a t i n g  the c o n f i r m a t i o n  of P C B s  
in s t a n d a r d  s o l u t i o n s  and  in s e a l  t i s s u e  e x t r a c t s .  (A) A r o c l o r  
1Z54 so lu t i on .  (B) A r o c l o r  1Z54 s o l u t i o n  a f t e r  s o d i u m  e thox ide  
t r e a t m e n t  (Z5~ 15 rain) .  (C) Sea l  b l u b b e r  e x t r a c t .  (D) Sea l  
b l u b b e r  e x t r a c t  a f t e r  s o d i u m  e thox ide  t r e a t m e n t  Z5~ 15 rain).  

(A) (B) (C) (D) 

HCB 

Fig .  5. Chromatograms i l l u s t r a t i n g  the con f i rma t i on  of HCB in  
s t a n d a r d  s o l u t i o n s  and in s e a l  t i s s u e  e x t r a c t s .  (A) HCB s o l u t i o n .  
(B) HCB s o l u t i o n  a f t e r  s o d i u m  e thox ide  t r e a t m e n t  ( 9 0 - 9 5 ~  15 
m i n  ). (C) Sea l  b l u b b e r  e x t r a c t .  (D) Sea l  b l u b b e r  e x t r a c t  a f t e r  
s o d i u m  e thox ide  t r e a t m e n t  ( 9 0 - 9 5 ~  15 r a in ) .  P e a k A  has  a 
r e t e n t i o n  t ime  tha t  c o r r e s p o n d s  to tha t  of M E P C B .  
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