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I INTRODUCTION

The e f f e c t  o f  s o l i d  w a s t e s  on g r o u n d w a te r  q u a l i t y  h a s  b e e n  

t h e  s u b j e c t  o f  num erous i n v e s t i g a t i o n s .  The e v a l u a t i o n  o f  t h e  

r e s u l t i n g  w a t e r  q u a l i t y  im p a ir m e n t  h a d  b e e n  b a s e d  on  s u c h  p a r a ­

m e t e r s  a s  c h l o r i d e  c o n c e n t r a t i o n ,  m i n e r a l  c o n t e n t ,  b i o c h e m i c a l  

o x y g e n  demand, t o t a l  o r g a n i c  ca rb o n  an d  t o t a l  o r g a n i c  n i t r o g e n .  

The r e s u l t s  o b t a i n e d  from  s t u d i e s  o f  s i m u l a t e d  and a c t u a l  l a n d ­

f i l l s  show t h e  p r e s e n c e  o f  a h ig h  c o n c e n t r a t i o n  o f  o r g a n i c  

com pounds i n  t h e  l e a c h a t e  from  t h e s e  l a n d f i l l s .

L e a c h a t e  i s  t h e  a q u e o u s  s o l u t i o n  form ed  when s u r f a c e  o r  

s u b s u r f a c e  w a t e r  comes i n  c o n t a c t  w i t h  d e p o s i t e d  r e f u s e .  T h is  

s o l u t i o n  i s  r i c h  i n  m i n e r a l s ,  g a s e s  an d  o t h e r  w a s t e  d e c o m p o s i ­

t i o n  p r o d u c t s  c a p a b le  o f  b e i n g  l e a c h e d  o u t  o f  t h e  f i l l .  L e a c h ­

i n g  can  o c c u r  i n  s e v e r a l  w a y s ,  t h e  m o s t  s i g n i f i c a n t  o f  w h ic h  

a r e  d i r e c t  h o r i z o n t a l  l e a c h i n g  by g r o u n d w a te r  and v e r t i c a l  

l e a c h i n g  by  p e r c o l a t i n g  w a t e r  from  r a i n f a l l  o r  r u n o f f .  Con­

t a m i n a t i o n  o f  t h e  g r o u n d w a te r  w i t h  t h e  l e a c h a t e  o c c u r s  u n d er  

t h e  f o l l o w i n g  c o n d i t i o n s :  t h e  l a n d f i l l  s i t e  m ust b e  a d j a c e n t

t o  o r  i n  an a q u i f e r ,  t h e r e  m u st  b e  s a t u r a t i o n  w i t h i n  t h e  f i l l ,  

l e a c h e d  f l u i d s  m ust b e  p r o d u c e d ,  and t h e  l e a c h a t e  m u st b e  c a p a ­

b l e  o f  e n t e r i n g  t h e  a q u i f e r . ^

P r e v i o u s  s t u d i e s  i n d i c a t e d  t h a t  t h e s e  c o n d i t i o n s  e x i s t  i n  

t h e  Norman S a n i t a r y  L a n d f i l l  and i t  w as  t h e r e f o r e  c h o s e n  a s  t h e  

s i t e  f o r  t h i s  s t u d y .  T h is  s t u d y  w as u n d e r ta k e n  t o  d e t e r m in e



t h e  e x t e n t  and n a t u r e  o f  o r g a n i c  p o l l u t i o n  o c c u r r i n g  i n  t h e  

g ro u n d w a te r  u n d e r l y i n g  t h e  l a n d f i l l .  The s p e c i f i c  o b j e c t i v e s  

w ere  t o  f i n d  e v i d e n c e  o f  g ro u n d w a te r  c o n t a m i n a t i o n  w i t h  p o l y ­

c h l o r i n a t e d  b i p h e n y l s  and o t h e r  c h l o r i n a t e d  h y d r o c a r b o n s  and  

t o  d e t e r m in e  t h e  m a jo r  o r g a n i c  compounds p o l l u t i n g  t h e  g r o u n d ­

w a t e r .

The Norman l a n d f i l l  i s  l o c a t e d  a p p r o x im a t e l y  o n e  m i l e  s o u t h  

o f  t h e  c i t y  o f  Norman, Oklahoma on t h e  e a s t  b e n d  o f  t h e  S o u th  

C anadian  R iv e r  on s e c t i o n  18-T-8W -R 2N, C l e v e l a n d  C o u n ty ,  O k la ­

homa. The l a n d f i l l  c o v e r s  an a r e a  o f  180 a c r e s .  I t  was o r i g i ­

n a l l y  o p e r a t e d  by  t h e  c i t y  a s  a r u b b i s h  dump f o r  a p e r i o d  o f  38 

y e a r s .  T h ere  w as no r e s t r i c t i o n  c o n c e r n i n g  t h e  t y p e  o f  m a t e r i a l  

t h a t  c o u ld  be  d e p o s i t e d  and open  b u r n in g  was a l s o  p r a c t i c e d .  A 

l a r g e  amount o f  r e f u s e  w as d e p o s i t e d  w i t h i n  t h e  g r o u n d w a te r  

t a b l e  w h ich  i s  o n l y  2 . 5  f e e t  b e lo w  g ro u n d  l e v e l .  D u r in g  f l o o d  

p e r i o d s ,  t h e  f i l l  was c o m p l e t e l y  i n u n d a t e d  w i t h  f l o o d  w a t e r s .  

L a t e r ,  t h e  d e p o s i t e d  w a s t e  was c o v e r e d  w i t h  a c o v e r  m a t e r i a l  

c o n s i s t i n g  o f  q u a r t e r n a r y  r e c e n t  a l l u v i u m ,  com posed  o f  s i l t ,  

c l a y ,  g r a v e l  and  dune s a n d .  A l l  o f  t h i s  m a t e r i a l  i s  m o d e r a t e l y  

t o  h i g h l y  p e r m e a b le .

D ur in g  t h e  p a s t  t h r e e  y e a r s , t h e  l a n d f i l l  h a s  b e e n  o p e r a t e d  

p r i v a t e l y  w i t h  t h e  f o l l o w i n g  m o d i f i c a t i o n s .  The r e f u s e  i s  now 

b e i n g  d e p o s i t e d  on  t o p  o f  an o l d  r e f u s e  c e l l ,  c o m p a cted  and  

c o v e r e d  w i t h  r i v e r  s a n d .  Some o f  t h e  e x i s t i n g  r e f u s e  c e l l s  a r e  

a s  d eep  a s  15 f e e t  and a s  much a s  e i g h t  f e e t  i n t o  t h e  w a t e r  t a b l e  

i n  some s e c t i o n s .

One o f  t h e  s t u d i e s  u n d e r ta k e n  on  t h e  Norman l a n d f i l l  was



c o n c e r n e d  w i t h  t h e  d e t e r m i n a t i o n  o f  t h e  d i r e c t i o n  and r a t e  o f  

g r o u n d w a te r  f l o w ,  and t h e  p e r m e a b i l i t y  o f  t h e  s o i l  u n d e r n e a th  

t h e  f i l l . 2

The d i r e c t i o n  o f  g r o u n d w a te r  f l o w  was d e te r m in e d  a s  f o l l o w s :  

F iv e  e i g h t h  i n c h  d ia m e t e r  h o l e s  w e r e  d r i l l e d  arou n d  t h e  l a n d ­

f i l l  t o  a d e p th  o f  tw o f e e t  b e lo w  t h e  d e p th  o f  two f e e t  b e lo w  

t h e  t o p  o f  t h e  w a t e r  t a b l e .  A s u r v e y  was t h e n  c o n d u c t e d  t o  d e t e r ­

m ine t h e  e l e v a t i o n  o f  t h e  t o p  o f  t h e  w a t e r  t a b l e  f o r  e a c h  w e l l  

p l u s  t h e  s u r f a c e  o f  t h e  r i v e r  w a t e r .  T h is  s u r v e y  a l s o  i n c l u d e d  

t h r e e  a l r e a d y  e x i s t i n g  w e l l s .  The d a t a  from  t h i s  s t u d y  a r e  

shown b e lo w :

w e l l  c h a r a c t e r  o f  m a t e r i a l  c a s i n g  w a t e r
n o .  t o p  t a b l e

e l e v .  e l e v .

1 5 ' c o a r s e  t o  f i n e  sa n d  1 0 8 8 .2 2  1 0 8 2 .0 2

2 6 '  c o a r s e  t o  f i n e  s a n d  1 0 8 7 .8 9  1 0 2 8 .5 1

3 E x i s t i n g  w e l l  a t  a s p h a l t
p l a n t  , 1 0 9 3 .9 1  1 0 8 2 .8 9

4 2 '  c o a r s e  s a n d ,  1 ' c l a y ,
5 '  f i n e  sa n d  1 0 9 2 .3 7  1 0 8 4 .7 0

5 1 '  c o a r s e  s a n d ,  1 ’ c l a y ,
5 ' f i n e  sa n d  1 0 9 1 .4 7  1 0 8 4 .4 7

6 1^5 ' c o a r s e  s a n d ,  1 '  c l a y ,
4 '  f i n e  sa n d  1 0 9 1 .7 7  1 0 8 4 .7 3

7 E x i s t i n g  w e l l  a t  n a t u r i z e r  1 0 9 4 .7 0  1 0 8 4 .1 0

8 E x i s t i n g  w e l l  a t  s e w a g e
p l a n t  1 0 9 8 .4 9  1 0 8 9 .0 0

C o n to u r s  r e p r e s e n t i n g  t h e  w a t e r  t a b l e  e l e v a t i o n  w ere  drawn and  

a r e  shown i n  F ig u r e  1 .  The d i r e c t i o n  o f  f lo w  o f  t h e  g r o u n d ­

w a t e r  was c o n s i d e r e d  n orm al t o  t h e s e  c o n t o u r s  and d e t e r m i n e d  t o
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Figure 1. Well Locations at Norman Landfill



be 7 °  w e s t  o f  s o u t h .

S t u d i e s  r e g a r d i n g  t h e  r a t e  o f  f l o w  o f  t h e  g r o u n d w a te r  w ere  

ham pered by t h e  l o s s  o f  t h e  d y e  u s e d  a s  a t r a c e r .  U r a m in e ,  u s e d  

a s  t h e  d ye  t r a c e r  was a d s o r b e d  on c l a y  p a r t i c l e s  an d  t h e  amount 

o f  t h e  d y e  t r a v e l i n g  w i t h  t h e  d o w n strea m  f l o w  o f  g r o u n d w a te r  was 

c o n t i n u o u s l y  d e c r e a s i n g .  The a v a i l a b l e  d a t a ,  n e v e r t h e l e s s ,  g a v e  

r a t e s  o f  0 . 1 3  -  0 . 1 8  f e e t  p e r  d a y .

S o i l  s a m p le s  from  s e v e r a l  w e l l s  w e r e  a l s o  a n a l y z e d  f o r  

d e n s i t y  and m o i s t u r e  c o n t e n t .  T h e s e  s a m p le s  w e r e  a l s o  s u b ­

j e c t e d  t o  s i e v e  and h y d r o m e te r  a n a l y s e s  and  t h e  d a t a  w e r e  u s e d  

t o  c a l c u l a t e  t h e  s o i l  p e r m e a b i l i t y  w h ic h  w as o b t a i n e d  t o  b e  

6 . 3  -  9 . 9 9  f e e t / d a y .

In a l a n d f i l l  s i t u a t e d  a s  i n  t h i s  c a s e ,  w h e re  t h e  g ro u n d ­

w a te r  t a b l e  i s  c l o s e  t o  t h e  s u r f a c e  and i n  a g e o l o g i c  f o r m a t io n  

o f  c o n s i d e r a b l e  p e r m e a b i l i t y ,  an a p p r e c i a b l e  amount o f  l e a c h i n g  

can  b e  e x p e c t e d  t o  o c c u r .  P r e c i p i t a t i o n  w h ic h  a v e r a g e s  32 

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

c e s s ,  p e r c o l a t i n g  th r o u g h  t h e  r e f u s e  and i n c r e a s i n g  t h e  p o t e n ­

t i a l  o f  g r o u n d w a te r  c o n t a m i n a t i o n  i n  t h e  a r e a .



I I  LITERATURE SURVEY 

L e a c h a t e s

S o l i d  w a s t e s  c o n t a i n  m in e r a l  and o r g a n i c  s u b s t a n c e s  c a p a ­

b l e  o f  c a u s i n g  p o l l u t i o n  o f  u n d e r g r o u n d  w a t e r .  The d e c o m p o s i ­

t i o n  o f  o r g a n i c  m a t t e r  by b a c t e r i a  e i t h e r  a e r o b i c a l l y  o r  a n a e r o ­

b i c a l l y  r e s u l t s  i n  a v a r i e t y  o f  c h e m i c a l  and b i o c h e m i c a l  p r o ­

d u c t s  c a p a b l e  o f  p o t e n t i a l  d i s t r i b u t i o n  i n  grou n d  o r  s u r f a c e  

w a t e r s .  When c o n t a m i n a t i o n  o f  g ro u n d  w a t e r  from  l e a c h i n g  o c c u r s  

i n  t h e  v i c i n i t y  o f  t h e  s o l i d  w a s t e  d i s p o s a l  s i t e ,  w a t e r  a s  f a r  

a s  one  th o u s a n d  f e e t  d o w n strea m  c a n  b ecom e p o l l u t e d  and r e n ­

d e r e d  u n f i t  f o r  human o r  a n im a l  c o n s u m p t io n .^  O r g a n ic  m a t t e r  

c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h i s  d e t e r i o r a t i o n  o f  w a t e r  q u a l ­

i t y .

O r g a n ic  m a t t e r  i s  b r o k e n  down b y  b a c t e r i a  t o  s u b s t a n c e s  

w h ich  w i l l  no l o n g e r  d eco m p o se  e v e n  i f  a l l o w e d  som e more t i m e .  

The c o r r p le t e  breakdow n o f  o r g a n i c  s u b s t a n c e s  i s  r e p r e s e n t e d  by  

t h e  f o l l o w i n g  e q u a t i o n s  :

o r g a n i c  compound + Og— >  CO  ̂ + H^O + n i t r a t e s  + s u l f a t e s

(A e r o b ic  breakdow n)

o r g a n i c  compound ( n i t r o g e n o u s ,  c a r b o n a c e o u s ,  s u l f u r o u s )

+ H2 O  ^ CO2  + CH  ̂ + Ng + s u l f i d e s

( A n a e r o b ic  breakdow n)



The above e q u a t io n s  are  o b v io u s ly  s i m p l i f i e d .  The i n i t i a l  

p roducts  o f  d ecom p osit ion  are o r g a n ic  a c i d s ,  a c id  c a r b o n a te s ,  

humic components and o t h e r s .  The o r g a n ic  c o n s t i t u e n t s  o f  

s o l i d  w aste  g iv in g  r i s e  t o  t h e s e  d ecom p osit ion  p rod u cts  come 

m o stly  from food w a s t e s . Food w a s te s  c o n ta in  carb oh yd rates  

such as sugars  and s ta r c h e s  which a r e  r a p id ly  d ig e s t e d  by bac­

t e r i a .  The f a t s  and p r o t e in s  in  garbage are a l s o  r e a d i ly  

a t ta c k e d  by b a c t e r ia .  However, in  a n a ero b ic  c o n d i t io n s ,  th e  

breakdown o f  f a t s  can go on fo r  y e a r s .^  M oisture and tempera­

tu r e  a f f e c t  d eg ra d a tio n  r a t e .  T h is  r a te  can be re ta r d e d  or  

in c r e a s e d  by a l lo w in g  more o r  l e s s  w ater  t o  p a ss  through th e  

f i l l . l

The o r g a n ic  m atter  in  com b u stib le  rubbish  such as th e  

c e l l u l o s e  o f  wood and paper decomposes very s lo w ly .  T h e r e fo r e ,  

in  a l a n d f i l l  which c o n ta in s  t h e s e  w a s t e s ,  th e  e a r ly  decom posi­

t io n  p rod u cts  w i l l  o n ly  be th o se  a s s o c ia t e d  w ith  th e  breakdown 

o f  c a rb o h y d ra tes ,  p r o t e in s  and f a t s .  I f  l e a c h in g  occu rs  a t  th e  

e a r ly  s t a g e s ,  th e  i n i t i a l  d ecom p osit ion  p rod u cts  w i l l  be found  

in  th e  underground w a te r s .  In a d d i t io n ,  a p o r t io n  o f  th e  

o r g a n ic  m a tter  found in  th e  r e f u s e  can be le a c h e d  ou t  and e x ­

t r a c t e d  p r i o r  t o  d eco m p o sit io n .

The form ation  o f  th e  le a c h a te  depends e n t i r e l y  on th e  p r e s ­

ence and movement o f  w a ter  through and w ith in  th e  f i l l .  ^

S tu d ie s  in  B r i t a in  and in  R iv e r s id e ,  C a l i f o r n ia  ^ ^  in v o lv in g  

wet p lacem ent o f  r e f u s e  showed t h a t  t h i s  p r o c e s s  r e p r e s e n ts  th e  

most s e r io u s  c o n d it io n  w ith  r e s p e c t  t o  ground w ater  p o l l u t i o n .  

D ep o s ited  r e f u s e  was c o m p le te ly  submerged and h o r iz o n t a l  f low



o f  w a t e r  t h r o u g h  t h e  r e f u s e  r e s u l t e d  i n  t h e  maximum amount o f  

l e a c h i n g .  H igh  v a l u e s  o f  BOD, o r g a n i c  c a r b o n  and o r g a n i c  

n i t r o g e n  o c c u r r e d  s h o r t l y  a f t e r  e a c h  new a d d i t i o n  o f  r e f u s e .

These wet c e l l s  a l s o  gave h ig h e r  amounts o f  c h lo r id e ,  s u l f a t e  

and m in e r a ls .  The absence  o f  a p p r e c ia b le  amounts o f  n i t r a t e  

and s u l f a t e  o b se rv ed  in d i c a t e s  th a t  th e  d ecom p osit ion  was pro­

c e e d in g  a n a e r o b ic a l ly .  In  a s e p a r a te  s tu d y ,  r e f u s e  was depos­

i t e d  in  an i n a c t i v e  m ining area  where th e  p i t s  p e n e tr a te d  the  

high w ater t a b l e .  The d i s s o lv e d  m in era ls  were found to  be

t h r e e  t i m e s  g r e a t e r  th a n  i n  a r e a s  n o t  e x p o s e d  t o  t h e  l a n d f i l l  

6o p e r a t i o n s .

S t u d i e s  run on t h e  S c h o l l  Canyon l a n d f i l l  i n  Los A n g e le s  

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

f o r  BOD and COD. The COD v a l u e s  w ere  h i g h e r  th a n  BOD by 4500 ppm, 

i n d i c a t i n g  t h a t  a l a r g e  p o r t i o n  o f  t h e  o r g a n i c  c a r b o n  i n  t h e  

l e a c h a t e  i s  s u b j e c t  t o  c h e m ic a l  b u t  n o t  b i o l o g i c a l  o x i d a t i o n . ^  

T h is  i s  c o n t r a r y  t o  t h e  r e s u l t  o b t a i n e d  from  i n v e s t i g a t i o n s  i n ­

v o l v i n g  s a n i t a r y  l a n d f i l l s  i n  N o r t h e a s t e r n  I l l i n o i s  w h ere  BOD 

was h i g h e r  th a n  COD.^

A n o th e r  e x a m p le  o f  t h e  d e l e t e r i o u s  e f f e c t  o f  o r g a n i c s  i n  

w a t e r  i s  t h e  d i s c o v e r y  o f  t a s t e  and  o d o r s  i n  a  w e l l  d ow n stream  

from t h e  M a y f lo w e r  l a n d f i l l  i n  S o u th e r n  C a l i f o r n i a . ^  F. M. 

M id d le to n  a l s o  r e p o r t s  t h a t  s e r i o u s  t a s t e  and o d o r s  i n  d r i n k ­

in g  w a t e r s  a r e  u s u a l l y  a s s o c i a t e d  w i t h  h i g h  r e c o v e r i e s  o f
O

c h lo r o f o r m  e x t r a c t a b l e s  i n  t h e  w a t e r  s o u r c e .

O r g a n ic s  i n  w a t e r  a r e  n o t  o n l y  o b j e c t i o n a b l e  from  t h e  

s t a n d p o i n t  o f  t a s t e  and o d o r s  b u t  t h e y  can  c a u s e  d e t e r i o r a t i o n



o f  anion exchange r e s in s  used  in  d e m in e r a l iz a t io n  o f  some w ater  

s u p p l i e s .  T h e r e fo r e ,  th e  e v e r  in c r e a s in g  number o f  s y n t h e t i c  

p rod u cts  th a t  e v e n t u a l ly  wind up in  a l a n d f i l l  m u l t i p l i e s  th e  

p r o s p e c t  o f  groundwater p o l l u t i o n  w ith  unknown, l o n g - l i v e d  and. 

p o s s i b l y  t o x i c  o r g a n ic  s u b s ta n c e s .
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P o l y c h l o r i n a t e d  b i p h e n y l s

Some o f  t h e  o r g a n i c  compounds t h a t  h a v e  b e e n  fo u n d  i n  n a t ­

u r a l  w a t e r s  a r e  num erous h y d r o c a r b o n s ,  c h l o r i n a t e d  p e s t i c i d e s ,  

and a r e c e n t l y  d i s c o v e r e d  c h l o r i n a t e d  h y d r o c a r b o n  c a l l e d  p o l y ­

c h l o r i n a t e d  b i p h e n y l s  o r  P C B 's .  The PC B's s t a r t e d  t o  r e c e i v e  

c o n s i d e r a b l e  a t t e n t i o n  i n  1966 when t h e y  w e r e  fo u n d  i n  f i s h  by
9

J e n s e n .  In  a d d i t i o n  t o  t h e i r  w i d e s p r e a d  u s e ,  a s o u r c e  o f  c o n ­

c e r n  a b o u t  t h e  PC B's h a v e  b een  t h e i r  u n u s u a l  s t a b i l i t y  and  

t h e i r  s t r u c t u r a l  s i m i l a r i t y  t o  t h e  DDT f a m i l y .  The PCB's h a v e ,  

i n  f a c t ,  b e e n  fo u n d  t o  i n t e r f e r e  w i t h  t h e  a n a l y s i s  o f  t h e s e  

w e l l -k n o w n  p e s t i c i d e  r e s id u e s ^ ®  and may h a v e  b e e n  f a l s e l y  

i d e n t i f i e d  a s  s u c h .

PCB's a r e  m a n u fa c tu r e d  i n  t h e  U . S . A . ,  F r a n c e ,  Germany, 

G r e a t  B r i t a i n ,  I t a l y ,  Jap an  and R u s s i a .  The s o l e  m a n u fa c tu r e r  

o f  PCB's i n  t h e  U . S . A.  i s  M onsanto  and t h e s e  a r e  m a r k e te d  u n d er  

t h e  t r a d e  name A r o c l o r .  The A r o c l o r s  a r e  p r o d u c e d  by c h l o r i ­

n a t i o n  o f  b i p h e n y l  t o  a g i v e n  c h l o r i n e  c o n t e n t . T h e  m o s t  

commonly u s e d  o n e s  a r e  2 1 ,  3 2 ,  4 2 ,  4 8 ,  5 4 ,  and 60 p e r c e n t  c h l o ­

r i n e  by w e i g h t  and a r e  c a l l e d  A r o c l o r  1 2 2 1 ,  1 2 3 2 ,  1 2 4 2 ,  1 2 4 8 ,  

1254 and 1260 r e s p e c t i v e l y .  I t  i s  o b v i o u s  t h a t  e a c h  o f  t h e s e  

c o m m e r c ia l  p r o d u c t s  a r e  m ix t u r e s  o f  s e v e r a l  com pounds s i n c e  

t h e r e  a r e  t e n  p o s s i b l e  s i t e s  o f  c h l o r i n a t i o n  i n  t h e  b i p h e n y l  

m o ie t y  ( F i g u r e  2) and a l t o g e t h e r  210 d i f f e r e n t  t h e o r e t i c a l l y
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F i g u r e  2 .  B ip h e n y l

p o s s i b l e  c h l o r i n a t e d  b i p h e n y l  s t r u c t u r e s .  The p r e s e n c e  o f  

s e v e r a l  co m p o n en ts  i n  an A r o c lo r  sa m p le  i s  f u r t h e r  i n d i c a t e d  

by t h e  g a s  ch rom atogram s o f  some s t a n d a r d  c o m m e r c ia l  p r e p a r a ­

t i o n s  ( F ig u r e  3 ) .

I t  s h o u l d  b e  n o t e d  t h a t  th e  m a jo r  p e a k s  i n  A r o c lo r  1232  

h a v e  l o n g e r  r e t e n t i o n  t im e s  th a n  t h o s e  o f  A r o c l o r  1 2 2 1 ,  b e c a u s e  

t h i s  s u g g e s t s  t h a t  t h e  h i g h e r  num bered A r o c l o r s  c o n t a i n  a

g r e a t e r  number o f  more h i g h l y  s u b s t i t u t e d  c o m p o n e n ts .  T h i s  i s

12i n  f a c t  shown by r e s u l t s  o b t a i n e d  by W i l l i s  and  A d d is o n ,

S i s s o n s  and W e l t i , a n d  Tas and DeVos^^ on t h e  c o m p o s i t i o n s  o f  

1 2 2 1 ,  1 2 5 4 ,  and  1260 r e s p e c t i v e l y .

A r o c lo r  122 1  was fou n d  t o  c o n t a i n  92 p e r c e n t  by w e i g h t  

o f  b i p h e n y l ,  m o n o c h lo r o  b i p h e n y l s  and d i c h l o r o  b i p h e n y l s .  The 

m ajor c o m p o n en ts  o f  A r o c lo r  1254 a s  r e p o r t e d  by  S i s s o n s  and  

W e l t i  c o n t a i n e d  m o s t l y  t e t r a c h l o r o  b i p h e n y l s ,  p e n t a c h l o r o  b i ­

p h e n y l s  and h e x a c h l o r o  b i p h e n y l s  w i t h  t h e  p e n t a c h l o r o  b i p h e n y l s  

p r e d o m i n a t i n g .

O nly  f o u r  o f  t h e  m ajor p e a k s  o f  A r o c l o r  1260 w ere  i d e n t i -
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f i e d  by Tas and DeVos and th ey  in c lu d e  two h exa ch lo ro  and two 

h ep ta ch lo ro  b i p h e n y l s . H o w e v e r ,  Koeman e t  a l .^ ^  showed th e  

p resen ce  o f  s i x  p en ta ch lo ro  b ip h e n y ls ,  f i v e  h ex a ch lo ro  b ip h e n y ls  

and one o c ta c h lo r o  b ip h en y l  in  th e  same PCB m ix tu re .

PCB's a r e  c h e m i c a l l y  i n e r t ,  a r e  n o t  h y d r o l y z e d  by  w a t e r  

and r e s i s t  a l k a l i e s ,  a c i d s  and c o r r o s i v e  a l k a l i e s .  They h a v e  

lo w  v o l a t i l i t y  r a n g in g  from  2 7 8 °  f o r  A r o c h lo r  1221  t o  4 1 5 °  

f o r  A r o c h lo r  126 8 . A l l  a r e  s t cible t o  p r o l o n g e d  h e a t i n g  a t  

150°C  and t h e  l o w e r  A r o c h lo r s  can  b e  d i s t i l l e d  a t  a t m o s p h e r ic  

p r e s s u r e  w i t h o u t  a p p r e c i a b l e  d e c o m p o s i t i o n .  PC B's a r e  i n ­

s o l u b l e  i n  w a t e r  b u t  v e r y  s o l u b l e  i n  h y d r o c a r b o n  s o l v e n t s .

These p r o p e r t i e s  would i n d i c a t e  t h a t  PCB's cou ld  p e r s i s t  and 

accum ulate up th e  food chain^^ e s p e c i a l l y  th e  h ig h e r  numbered 

com ponents.

The p r e se n c e  o f  PCB's in  many env ironm enta l sam ples have

b e e n  d e t e r m in e d .  Among t h e s e  s a m p le s  a r e  f i s h , ~ ^ ' ^ ^  b i r d s ,

18 19 . . 20 21  22f o o d ,  m a r in e  a n i m a l s ,  human a d i p o s e  t i s s u e ,  ' ' and

num erous w a t e r  s a m p l e s . ^ ^

The a n a l y t i c a l  m ethodology used in  t h e s e  i n v e s t i g a t i o n s  

and o th e r s  in v o lv in g  th e  d e t e c t io n  and i d e n t i f i c a t i o n  o f  o r ­

g a n ic  compounds w i l l  be d i s c u s s e d  on su c c e e d in g  p a g e s .  The
6

g
10 , 27

26
te c h n iq u e s  in v o lv e d  range from t h in  la y e r  chromatography gas

chromatography, and gas chromatography-mass sp ectro m etry .

Gas chromatograph-mass sp ectro m etry  d eve lo p ed  as a very u s e f u l  

t o o l  in  th e  i d e n t i f i c a t i o n  o f  PCB's in  th e  p r e se n c e  o f  i n t e r ­

fe r e n c e s  from compounds h av in g  very  s im i l a r  r e t e n t io n  volumes  

e . g .  p e s t i c i d e  r e s i d u e s .  The removal o f  i n t e r f e r e n c e s  o f  o th e r
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c h l o r i n a t e d  h y d r o c a r b o n s  i n  t h e  a n a l y s i s  and i d e n t i f i c a t i o n  

o f  PCB's h a s  b e e n  t h e  s u b j e c t  o f  e x t e n s i v e  c l e a n u p  p r o c e d u r e s

i n v o l v i n g  co lum n c h r o m a to g ra p h y  on f l o r i s i l  a c c o r d i n g  t o  t h e

2 8m ethod  o f  R e y n o ld s  o r  on S i l i c i c  a c i d / c e l l i t e  a c c o r d i n g  t o

29Armour and  B u r k e .  O th er  g . c .  d e t e c t o r s  a s i d e  from  f la m e  

i o n i z a t i o n  and e l e c t r o n  c a p t u r e  had a l s o  b e e n  u s e d  f o r  t h e  

s e l e c t i v e  d e t e c t i o n  o f  c h l o r i n a t e d  i n s e c t i c i d e s  i n  t h e  p r e s e n c e  

o f  PC B's l i k e  t h e  C o u lso n  e l e c t r o l y t i c  c o n d u c t i v i t y  d e t e c t i o n  

u s e d  by D olan  e t  a l .

A t e c h n i q u e  t h a t  w o u ld  n o t  n e c e s s i t a t e  t h e  c a r e f u l  s e p a ­

r a t i o n  o f  PCB's from  p e s t i c i d e  r e s i d u e s  i n  o r d e r  t o  be  i d e n t i ­

f i e d  i n v o l v e s  a g a s  c h r o m a to g r a p h -m a ss  s p e c t r o m e t e r  t e c h n i q u e  

c a l l e d  p ea k  m o n i t o r i n g  and i n v o l v e s  t h e  s e l e c t i v e  m o n i t o r i n g  

o f  s e l e c t e d  m ass i o n  p e a k s  i n  a g a s  ch ro m a to g ra m . I d e n t i f i c a ­

t i o n  o f  a compound i s  a c h i e v e d  by co m p a r in g  i t s  r e t e n t i o n  t im e  

t o  t h e  p r e s e n c e  o f  up t o  e i g h t  o f  i t s  c h a r a c t e r i s t i c  mass p e a k s  

a t  t h a t  r e t e n t i o n  t i m e .  Q u a n t i t a t i o n  i s  a c h i e v e d  b y  com p arin g  

t h e  a r e a  u n d er  o n e  o r  more o f  t h e  e i g h t  p e a k s  t o  t h e  a r e a  o f  a 

known amount o f  a s t a n d a r d .

A number o f  s t u d i e s  on t h e  t o x i c i t y  o f  PC B's h a v e  b een

c o n d u c t e d  and a summary o f  som e f i n d i n g s  i s  g i v e n  b y  V e i t h  and
21  22 

L ee and J .  G. V o s .

The f o l l o w i n g  t a b l e s  g i v e  a go o d  i n d i c a t i o n  o f  t h e  e f f e c t  

o f  d i f f e r e n t  PCB p r e p a r a t i o n s  on some t e s t  a n i m a l s .

T a b le  1 sh ow s t h a t  t h e  a c u t e  and s u b a c u t e  t o x i c i t y  v a l u e  

f o r  PCB's a r e  h i g h ;  b u t  t h e  s e m i c h r o n i c  o r a l  t o x i c i t y  and d e r ­

mal and i n h a l a t i o n  t o x i c i t y  a r e  q u i t e  s i g n i f i c a n t .



T a b l e  1 .  A c u t e  a n d  S u b a c u t e  O r a l  T o x i c i t y  S t u d i e s  o f  PCB P r e p a r a t i o n s '2 2

P r e p a r a t i o n A n im a l T r e a t m e n t M o r t a l i t y L i v e r  E f f e c t s

Unknown M ouse s i n g l e  d o s e  o f  
a p p r o x .  2 0 0 0  m g /k g LD5 0

A r o c l o r  54% R at s i n g l e  d o s e  o f  
500  m g /k g

0% I n c r e a s e  o f  
w e i g h t  and l i p i d ;  
p o t e n t i a t i o n  o f  
CCl^ t o x i c i t y

A r o c l o r  4 2 ,  5 4 ,  
6 0 ,  an d  68% C l

M a l la r d s i n g l e  d o s e  o f  
2 0 0 0  m g /k g

0%

4 2% C l R at 20 d a i l y  d o s e s  o f  
1 3 8  mg

0% i n  3 
m o n th s

H y a l i n  b o d i e s  i n  
l i v e r  c e l l s

42% C l G u in e a  p i g 2 d o s e s  o f  69 mg 
1 w e e k  a p a r t

100% b e t w e e n  
1 1  an d  29 
d a y s

F a t t y  m eta m o rp h o ­
s i s  ; c e n t r a l  
a t r o p h y

65% C l Rat 6 d a i l y  d o s e s  o f  
300 mg

70% i n  14 
d a y s

I n c r e a s e  o f  
w e i g h t ;  c e l l  
s w e l l i n g ;  
h y a l i n  g r a n u l e s



T a b le  2 .  Seir.i,c h r o n i c  O ra l T o x i c i t y  S t u d i e s  o f  PCB P r e p a r a t io n s . '
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P r e p a r a t i o n Animal T rea tm en t M o r t a l i t y L i v e r  e f f e c t s O th er  e f f e c t s

65% Cl Rat D o ses  o f  50 mg 
e v e r y  s e c o n d  
day

60% i n  5 w eeks 33% w e ig h t  i n c r e a s e  
c e l l  s w e l l i n g ;  
h y a l i n  g l o b u l e s

48% Cl Cynomolgus
monkey

From 641 mg i n  
40 days  t o  34 8 
mg i n  2 39 d ays

n o t  g iv e n E n la r g e m e n t;  SER 
p r o l i  f e r a t i o n

Main c a u s e  o f  
d e a t h :  p n eu ­
m onia o r  
d ia r r h e a

48% Cl S q u i r r e l
monkey

From 320 mg i n  
46 d a y s  t o  6 7 
mg i n  48 days

n o t  g iv e n E n la r g em en t;  SER 
p r o l i f e r a t i o n  
SER p r o l i f e r a t i o n

Main c a u s e  o f  
d e a th  : p n eu ­
monia o r  d i a r ­
rh e a ;  p a l p e b r a l  
edema i n  1 a n i ­
mal

48% Cl Mouse D a i l y  d o s e s  o f  
0 . 0 0 1  ml f o r  13 
t o  26 w eeks

0% E n la r g em en t;  SER 
p r o l i  f e r a t i o n  
RER r e d u c t io n ;  
m y e l in  f i g u r e s  ; 
i n c r e a s e  o f  m ic r o ­
b o d i e s ,  l y s o s o m e s  
and l i p i d

S k in :  l o s s  o f  
h a i r ,  e r o s i o n  
and u l c e r a t i o n  
a f t e r  3 months

A r o c lo r  
42% Cl

C hicken 1 0 0 ,  2 0 0 ,  4 0 0 ,  
and 1000 ppm i n  
d i e t  f o r  4 w eek s

0 ,  0 ,  5 0 ,  9 0 ,  
and 90% r e s p e c ­
t i v e l y

E n la rg em en t ; 
damage a t  th e  
h i g h e r  l e v e l s

Edema form a­
t i o n  from 200 
ppm; a t  h ig h  
l e v e l s  i n t e r n a l  
haem orrhage and  
t u b u l a r  d i l a t a ­
t i o n  i n  k id n e y s



T a b le 2 .  C o n t in u e d

P r e p a r a t i o n Animal T rea tm en t M o r t a l i t y  L i v e r  e f f e c t s O th er  e f f e c t p

A r o c lo r  
42% Cl

C hicken 200 and 400 ppm 
i n  d i e t  f o r  3 
w eeks

C and 12% 
r e s p e c t i v e l y

P ron ou nced  
edema a t  400 
ppm; e n l a r g e d  
k id n e y s ;  s m a l l  
s p l e e n ;  de f e a t h ­
e r i n g  and d e r ­
m a t i t i s

4 8% Cl C h ick en 1 ,  5 ,  1 0 ,  2 5 ,  5 0 ,  
1 0 0 ,  3 0 0 ,  6 0 0 ,  
1 2 0 0 ,  2 4 0 0 ,  and  
4800 ppm i n  d i e t  
f o r  2 0 days

0% from 1 t o  100 
ppm; 100% from  
t h e  100 ppm l e v e l

Edema fo r m a t io n  
100 ppm l e v e l

A r o c lo r  
48% Cl

C hicken 1 0 ,  2 0 ,  3 0 ,  5 0 ,  
1 0 0 ,  and 150 ppm 
in  d i e t  f o r  4 . 5 - 5  
w eeks

A f t e r  3 w eek s  : E n la r g em en t  
0 ,  0 ,  3 0 ,  3 0 ,  
and 20%; a t  t h e  
end 0 ,  0 ,  8 0 ,
6 0 ,  and 80% 
r e s p e c t i v e l y

G e n e r a l  edema 
and d e p r e s s i o n  
o f  th e  s e c o n ­
d ary  s e x u a l  
c h a r a c t e r i s t i c s  
from t h e  30 
ppm l e v e l

A r o c lo r
54%

C hicken 250 and 150 ppm 
i n  d i e t  f o r  6 t o  
13 w eek s

250 ppm 100% 
b e tw e e n  3 and 10 
w e e k s;  500 ppm 
some m o r t a l i t y  
a t  t h e  end

500 ppm a t  end:  
comb w e i g h t s  
2 0 - f o l d  and  
t e s t e s  w e ig h t s  
2 - f o l d  lo w e r  
th a n  c o n t r o l s

A r o c lo r  
54% Cl

B e n g a l e s e
f i n c h

E s t im a t e d  d o s e  
r a t e  a t  56 d a y s  
o f  254 m g /k g /d a y

50% H y d r o p e r ica r d iu m  
i n  some b i r d s

P h e n o c lo r  
60% Cl

J a p a n e s e
q u a i l

2000 ppm i n  d i e t 100% b e tw e en  
6 and 55 d a y s

H y d r o p e r ica r d iu m
00
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P r e p a r a t io n Anim al T rea tm en t M o r t a l i t y L i v e r  e f f e c t s S k in  e f f e c t s

42% Cl G uin ea  p i g . 11  d a i l y  s k i n  
a p p l i c a t i o n s  o f  
3 4 .5  mg

100% b e tw e en  11  
and 21 days

F a t ;  c e n t r a l  a t r o ­
phy; p e r i n u c l e a r  
b a s o p h i l i c  g ra n u ­
l a t i o n ;  f o c a l  
n e c r o s i s  in  a few  
a n im a ls

O c c a s io n a l  
t h i c k e n i n g  o f  
t h e  e p id e r m is

42% Cl R a b b it S k in  a p p l i c a t i o n  
a t  a l t e r n a t e  d a y s ,  
t o t a l  d o s e  from  
946 t o  19 80 mg

100% b etw een  
17 and 9 8 days

F a t t y  d e g e n e r a t i o n ;  
c e n t r a l  a tr o p h y

T h in n in g  o f  
p r i c k l e  c e l l  
l a y e r  and t h i c k ­
e n in g  o f  O uter  
c o r n i f i e d  
l a y e r s

A r o c lo r R a b b it D a i l y  s k in  a p p l i ­
c a t i o n s  o f  0 . 3 ,  
0 . 6 ,  and 0 . 9  g

High d o s e  d i e d  
b e f o r e  l i v e r  
n e c r o s i s  d e v e ­
lo p e d

M od erate  d o s e s  : 
m o t t l e d  l i v e r ,  
s u b a c u t e  y e l l o w  
a t r o p h y ,  f a t t y  
d e g e n e r a t i o n ,  and  
marked n e c r o s i s

R edden ing;  
fo r m a t io n  o f  
s m a l l  p a p u le s  
and b l i s t e r s ;  
f i n a l l y  d esq u a ­
m a tio n  o f  
e x t e r n a l  e p i ­
derm al l a y e r s

A r o c lo r  
65% Cl

Rat I n h a l a t i o n  o f  
0 . 5 7  m g /c u b ic  
m e te r  f o r  16 
h o u r s  f o r  37 t o  
134 d a y s

0% P a l e  and y e l l o w ;  
c e l l  s w e l l i n g ;  
h y a l i n  d e g e n e r a ­
t i o n ;  p o t e n t i a ­
t i o n  o f  CCl^ and
CgH^OH t o x i c i t y

M
VO



2 0

The c h l o r i n a t e d  b i p h e n y l s  h a v e  tw o  d i s t i n c t  a c t i o n s  on man: 

an a c n e - l i k e  s k i n  d i s e a s e  and a t o x i c  a c t i o n  on t h e  l i v e r .  The 

l e s i o n  p r o d u c e d  i n  t h e  l i v e r  i s  an a c u t e  y e l l o w  a t r o p h y .  T h is  

h e p a t o t o x i c  a c t i o n  a p p e a r s  t o  i n c r e a s e  i f  t h e r e  i s  e x p o s u r e  t o  

CCl^. At t h e  same t i m e  t h e  h i g h e r  t h e  c h l o r i n e  c o n t e n t ,  t h e  

more t o x i c  i t  i s  l i a b l e  t o  b e .  An e p i d e m i o l o g i c  i n v e s t i g a t i o n  

o f  e p i d e m i c  i n  W estern  Jap an  sh ow ed  t h e  c a u s e  t o  b e  t h e  i n g e s -  

t i o n  o f  a b ra n d  o f  r i c e  o i l  c o n t a m in a t e d  w i t h  PCB's t o  t h e  

e x t e n t  o f  2 0 0 0 - 3 0 0 0  ppm K a n e c h lo r  400 (4 8 p e r c e n t  C l ) . The 

a v e r a g e  amount o f  K a n e c h lo r  400 i n g e s t e d  b y  a p a t i e n t  was e s t i ­

m ated  t o  b e  2 g and t h e  minimum d o s e  consum ed w as e s t i m a t e d  t o  

be 0 . 5  g .  The symptoms o f  t h e  d i s e a s e  i n c l u d e  e y e  d i s c h a r g e ,  

s w e l l i n g  o f  t h e  e y e l i d s  f o l l o w e d  b y  a c n e - l i k e  e r u p t i o n s ,  e d e -  

m a t i c  s w e l l i n g  o f  t h e  l i m b s ,  p i g m e n t a t i o n  o f  s k i n  membranes and  

o t h e r  n e u r o l o g i c a l  sym p tom s. To d a t e  50 p e r c e n t  o f  t h e  a f f e c t e d  

p a t i e n t s  a r e  s t i l l  s u f f e r i n g  from  t h e s e  sym ptom s. I t  s h o u l d  b e  

n o t e d  h o w e v e r ,  t h a t  t h e  PCB p r e p a r a t i o n s  i n v o l v e d  i n  t h e  a b o v e  

t o x i c i t y  s t u d i e s  may c o n t a i n  o t h e r  i m p u r i t i e s  w h ic h  may o r  may 

n o t  b e  r e s p o n s i b l e  f o r  some o f  t h e  o b s e r v e d  r e s u l t s .

P C B 's  h a v e  a w id e  v a r i e t y  o f  u s e s  and a r e  t h e r e f o r e  a c a u s e  

o f  m a jo r  c o n c e r n  b e c a u s e  o f  t h e  g r e a t  number o f  w ays i n  w h ic h  

t h e y  c o u l d  b e  i n t r o d u c e d  i n t o  e n v i r o n m e n t a l  s a m p l e s .

A summary o f  t h e  p r e s e n t  k n o w le d g e  a b o u t  p r o d u c t i o n ,  u s e s  

and l o s s e s  o f  PCB's i s  g i v e n  by N i s b e t  and S a r o f im .^ *

The breakdow n b y  g r a d e  o f  t h e  c u r r e n t  u s e s  o f  PCB i s  a s  

f o l l o w s  :
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c u r r e n t  u s e :  A r o c l o r  1016 -  e l e c t r i c a l  c a p a c i t o r s

A r o c l o r  1 2 4 2 ,  1 2 5 4 ,  and 1260 -  e l e c t r i c a l  

t r a n s f o r m e r s  

A r o c l o r  124 8  and 1254 -  vacuum pumps

A r o c l o r  1221  and 1242 -  g a s  t r a n s m i s s i o n  t u r b i n e

fo r m e r  u s e :  A r o c l o r  12 3 2 ,  124 2 ,  124 8 , 1254 and 1260 -  f o r

h y d r a u l i c  f l u i d s  

A r o c l o r  1242 -  f o r  h e a t  t r a n s f e r  s y s t e m s

A r o c l o r  1 2 4 8 ,  1 2 5 4 ,  1 2 6 0 ,  1 2 6 2 ,  and 1268  -  f o r

p l a s t i c i z e r s  -  s y n t h e t i c  r e s i n s  

A r o c l o r  1 2 2 1 ,  1 2 3 2 ,  1 2 4 2 ,  1 2 4 8 ,  and 1254  -  f o r  

a d h e s i v e s

A r o c l o r  1 2 2 1 ,  1 2 3 2 ,  1 2 4 2 ,  1 2 4 8 ,  1 2 5 4 ,  and  1268 -  

f o r  p l a s t i c i z e r s  and  r u b b e r s  

A r o c l o r  1 2 4 2 ,  1 2 5 4 ,  and 1268 -  f o r  p e s t i c i d e  

e x t e n d e r s

A r o c l o r  1254 and 1260 -  f o r  d e d u s t i n g  a g e n t  

A r o c l o r  12 54 f o r  p e s t i c i d e  e x t e n d e r ,  i n k s ,  

l u b r i c a n t s  and c u t t i n g  o i l  

A r o c l o r  1242  -  f o r  c a r b o n l e s s  r e p r o d u c i n g  p a p e r

An in d e p t h  d i s c u s s i o n  o f  s e v e r a l  s p e c i f i c  u s e s  o f  P C B 's ,  

t h e  r e q u i r e d  p h y s i c a l  p r o p e r t i e s  f o r  e a c h  a p p l i c a t i o n  and t h e

35a d v a n t a g e s  and d i s a d v a n t a g e s  o f  PC B's i s  g i v e n  b y  B r o a d h u r s t .  

More i m p o r t a n t l y ,  t h e  p o s s i b i l i t y  o f  r e p l a c i n g  PC B's w i t h  o t h e r  

m a t e r i a l s  f o r  u s e  i n  t h e  f o l l o w i n g  i s  c o n s i d e r e d :

1 ) d i e l e c t r i c  f l u i d s  f o r  c a p a c i t o r s  and t r a n s f o r m e r s

2 ) i n d u s t r i a l  f l u i d  f o r  h y d r a u l i c ,  g a s  and vacuum pumps
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3) h e a t  t r a n s f e r  u s e s

4) p l a s t i c i z e r  and m i s c e l l a n e o u s  u s e s

T h e r e  a r e  a l o t  o f  w ays  by w h ic h  PC B's a r e  d i s c h a r g e d  i n t o

t h e  e n v ir o n m e n t .  P o s s i b l e  r o u t e s  i n t o  t h e  e n v ir o n m e n t  i n c l u d e

l e a k s ,  s p i l l s ,  m a n u f a c t u r in g  l o s s e s ,  l e a c h i n g  and w a s t e  d i s p o s a l

34o p e r a t i o n s .  T h e se  a r e  i l l u s t r a t e d  by t h e  f o l l o w i n g  f i g u r e .

I t  s h o u l d  b e  n o t e d  t h a t  m ost  o f  t h e s e  r o u t e s  e v e n t u a l l y  end  

a t  w a s t e  d i s p o s a l  o p e r a t i o n s  i n v o l v i n g  a s a n i t a r y  l a n d f i l l .
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T O R M U L  A T lO N ^  
O F  D IE L E C T R IC  

~ FL U ID S ^

D U M P S

R oute i n t o  t h e  a i r  (A ) ,  
w a te r  (W), o r  t e r r e s t r i a l  
(T) e n v ir o n m e n t

F i g u r e  6 . R o u tes  o f  PCB's t o  E n v iro n m en t



2 4

P h t h a l a t e s

I n  some o f  t h e  s a m p le s  e x a m in e d  f o r  P C B 's ,  p e a k s  w i t h  

l o n g e r  r e t e n t i o n  t i m e s  w e r e  o b s e r v e d  and e v e n t u a l l y  i d e n t i f i e d

a s  p h t h a l a t e  e s t e r s .  P h t h a l a t e  e s t e r s  h a v e  b e e n  fo u n d  in  s u r -

^ 6  37 38f a c e  w aters '"  and a i r  s a m p le s  a s  w e l l  a s  i n  hum ans.

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

a n h y d r id e  and t h e  a p p r o p r i a t e  a l c o h o l  ( F ig u r e  7 ) .

+ 2R-0H
H

F ig u r e  7 .  R e a c t io n  o f  p h t h a l i c  a n h y d r id e  and a l c o h o l .

The y i e l d  o f  t h e  e s t e r  i s  q u a n t i t a t i v e  and w i t h  a p u r i t y  

g r e a t e r  t h a n  99 p e r c e n t .  Some o f  t h e  more common e s t e r s  a r e  t h e

f o l l o w i n g  ;

*1  =  *2 C H , -  C H ,

= CHg- CHg- CHg- CHg

=  CH -  C H g -  CHg 

CH3

d i e t h y l  p h t h a l a t e

d i - n - b u t y l  p h t h a l a t e  

d i - i s o b u t y l  p h t h a l a t e

= CHj- (CHg) -  CH3  d i - n - o c t y l  p h t h a l a t e  (OOP) 
6

= CH -  CH -  C H g -  C H g -  C H g -  CH3 

C H , -  C H ,

d i - 2 - e t h y l h e x y l  
p h t h a l a t e  (DEHP)
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= CHg- CHg- CHg- CH^

^ 2  = R
CHg- C- 0 -  CHg- CHg- CHg- CĤ

butylglycolbutyl phthalate (BGBP)

About 850 m i l l i o n  p ou nd s  o f  p h t h a l a t e  e s t e r s  w e r e  p r o d u c e d  i n  

19 70^^ and  a n n u a l  p r o d u c t i o n  s t i l l  e x c e e d s  900  m i l l i o n  p o u n d s  

a y e a r .  G r e a t e r  th a n  9 5 p e r c e n t  o f  a l l  p h t h a l a t e  e s t e r s  p r o ­

d u ced  e n d  up i n  p l a s t i c i z e r  u s e s  a s  o u t l i n e d  b e lo w :

B u i l d i n g  and c o n s t r u c t i o n ;  w i r e  and c a b l e ,  f l o o r i n g ,  

swim m ing p o o l  l i n e r s  

Home f u r n i s h i n g s  ; f u r n i t u r e  u p h o l s t e r y  and w a l l  c o v e r i n g s  

A u to m o b i le  u p h o l s t e r y ;  s e a t c o v e r s ,  m ats  and  t o p s  

A p p a r e l ;  f o o t w e a r  an d  o u t e r w e a r

Food surfaces and medical products such as food wrap,
f i l m ,  m e d i c a l  t u b i n g  and i n t r a v e n o u s  b a g s

Estimates of the amount of plasticizer being used in each of
40t h e s e  p r o d u c t s  a r e  g i v e n  by Graham.

A p p r o x im a t e ly  75 p e r c e n t  o f  a l l  p h t h a l a t e  e s t e r s  u s e d  a s  

p l a s t i c i z e r s  en d  up i n  v i n y l  p r o d u c t s  w h i l e  15 p e r c e n t  g o e s  i n t o  

s y n t h e t i c  r u b b e r  c e l l u l o s e  r e s i n s  and o t h e r  p l a s t i c s . T h e  

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

t i v e s ,  s y n t h e t i c  l u b r i c a n t ,  p e s t i c i d e  c a r r i e r s ,  c o s m e t i c s ,  f r a ­

g r a n c e s  an d  i n s e c t  r e p e l l a n t s .  Among t h e  c o m p a n ie s  t h a t  manu­

f a c t u r e  p h t h a l a t e  i n  t h e  U .S .  a r e  E n jay  C h e m ic a l ,  M onsanto  and  

U nion C a r b id e .

The p o p u l a r i t y  o f  p h t h a l a t e  e s t e r s  a s  p l a s t i c i z e r s  i s  due  

t o  t h e i r  a b i l i t y  t o  im p a r t  a g o o d  b a l a n c e  o f  f l e x i b i l i t y  and
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permanence to a polymer such as polyvinyl chloride (PVC). 
Diethyl-hexyl phthalate (DEHP), diisooctyl phthalate (DIOP) 
and diisodecyl phthalate (DIDP); all impart a good overall balance 

of properties. Diethyl-hexyl phthalate in particular has long 
been the industry's standard for general purpose uses.^^

The environmental problems arising from the tremendous 
amount of phthalate esters used in all sorts of products are now 

a subject of considerable interest to investigators. The health 
and environmental implications of phthalate esters in particular 
was brought into focus by the discovery that blood stored in PVC 
plastic bags is capable of leaching the plasticizers into the 

blood. Since that time, other investigations into the amount 
and effect of plasticizers in the environment have multiplied.
The presence of significant quantities of these esters in water 

samples have been reported by Hites^^ and C o r c o r a n . I t  is 
perhaps noteworthy that the production of phthalate esters is 
much larger than both DDT and PCB's which have been established 
as definite threats to the environment.

Among the phthalate plasticizers, DEHP is the most widely 
used. It is not therefore surprising to find that more toxi- 
cological studies on phthalate esters have been done on DEHP.

In general, the acute toxicity of phthalate esters is low. 
For example, a study involving oral administration of DEHP indi­
cated an LDgg of approximately 30 g/kg in rats and rabbits, 
given a single dose.^^' Ninety-day and two-year feeding
studies in guinea pigs and dogs also indicated a low order of 
toxicity. These data resulted in the FDA approving DEHP for
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use in plastic wrapping for food intended for human consumption.
Summaries of the results of some acute toxicity studies in-

43 44volving several esters are given by Kraunshopf and Gesler 
and in a more recent review by Autian^^ from which the following 
acute toxicity data for butyl phthalate and octyl phthalate 
were taken.

T a b le  4 .  Sum m aries  o f  A c u te  T o x i c i t y  S t u d i e s

45

d i - n - b u t y l  p h t h a l a t e

A nim al R oute LD^q g / k g

m ouse
r a t
r a b b i t
r a b b i t

IP
IP
IP
d erm al

4 . 0  
3 .0 5
8 . 0  

2 0 . 0

d i i s o b u t y l  p h t h a l a t e m ouse o r a l 1 2 . 8

m ouse IP 4 . 5
r a t IP 3 .7 5
g u i n e a  p i g d erm a l 1 0 . 0

d i o c t y l  p h t h a l a t e m ouse o r a l 1 3 .0
r a t IP 5 0 .0
g u i n e a  p i g d erm al 5 . 0

DEHP m ouse IP 1 4 . 2
r a t o r a l 2 6 .0
r a t IP 3 4 .0
g u i n e a  p i g d erm a l 1 0 . 0

Rubin and J a e g e r * ^  c o n d u c t e d  e x t e n s i v e  s t u d i e s  on t h e  

e x t r a c t i o n ,  l o c a l i z a t i o n  and m e t a b o l i s m  o f  DEHP from  p l a s t i c  

m e d ic a l  d e v i c e s .  I t  i s  r e p o r t e d  t h a t  t h e  amount o f  DEHP e x t r a c t e d  

by b lo o d  from  PVC p l a s t i c  s t o r a g e  b a g s  i n c r e a s e d  l i n e a r l y  w i t h  

t i m e .  When DEHP i s  i n t r o d u c e d  i n t r a v e n o u s l y  i n t o  r a t s ,  7 9 . 1  

p e r c e n t  o f  t h e  t o t a l  i n j e c t e d  d o s e  i s  r e c o v e r e d  a f t e r  24 h o u r s ,  

w i t h  t h e  l i v e r  and lu n g  c o n t a i n i n g  t h e  l a r g e s t  t o t a l  amount 

o f  t h e  r e c e i v e d  d o s e .  T h is  s t u d y  a l s o  i n d i c a t e s  t h a t  r a t s  do 

n o t  m e t a b o l i z e  DEHP o r  t h a t  i t  i s  m e t a b o l i z e d  t o  s o m e t h in g  o t h e r
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th a n  p h t h a l i c  a c i d .  The same i n v e s t i g a t o r s  fo u n d ,  h o w e v e r ,  t h a t

a n o t h e r  p h t h a l a t e  e s t e r ,  b u t y l  g l y c o l y l  b u t y l  p h t h a l a t e  (BGBP)

4 8i s  m e t a b o l i z e d  t o  g l y c o l y l  p h t h a l a t e  (G P ).

49M e t c a l f  e t  a l .  s t u d y i n g  t h e  u p ta k e  and f a t e  o f  DEHP i n  

a q u a t i c  o r g a n is m s  u s i n g  (C^^) c a r b o x y l  l a b e l l e d  DEHP fo u n d  t h a t  

i t  i s  b io d e g r a d e d  s l o w l y  by a l g a e ,  d a p h n e a ,  m o s q u i to  l a r v a e ,  

s n a i l s  and c la m s  and more r a p i d l y  i n  f i s h  by h y d r o l y s i s  a t  t h e  

e s t e r  l i n k a g e  t o  form  m o n o e th y l  h e x y l  p h t h a l a t e ,  p h t h a l i c  a c i d ,  

p h t h a l i c  a n h y d r id e  and a v a r i e t y  o f  p o l a r  m e t a b o l i t e s  and c o n ­

j u g a t e s .  DEHP c l o s e l y  r e s e m b le s  DDT i n  r a t e  o f  u p ta k e  and s t o r ­

age  and i t  i s  p a r t i t i o n e d  s t r o n g l y  i n  t h e  l i p i d s  o f  p l a n t s  and  

a n im a ls  and i s  t h e r e f o r e  c o n c e n t r a t e d  th r o u g h  fo o d  c h a i n s .

A lth o u g h  t h e  a c u t e  t o x i c i t y  d a t a  on DEHP and o t h e r  p h t h a l a t e s  

a r e  lo w  a s  m e n t io n e d  e a r l i e r ,  c h r o n i c  t o x i c i t y  s t u d i e s  i n d i c a t e  

s e v e r a l  e f f e c t s .  For e x a m p le ,  r a t s  f e d  d i e t s  c o n t a i n i n g  0 . 0 1 ,

0 . 0 5 ,  and 0 . 2 5  p e r c e n t  d i b u t y l  p h t h a l a t e  show ed no r e a c t i o n  a f t e r  

one y e a r .  H ow ever , o f  t h o s e  f e d  1 . 2 5  p e r c e n t ,  h a l f  d i e d  d u r in g  

t h e  f i r s t  w eek .  R ats  a d m i n i s t e r e d  DEHP i n  t h e i r  d i e t  a t  0 . 3 7 5 ,

0 . 7 5 ,  1 . 5  and 3 .0  p e r c e n t  f o r  10 d a y s  show ed  a s l i g h t  d e c r e a s e  

i n  g ro w th  a t  t h e  h i g h e s t  t h r e e  d o s e  l e v e l s . M i c e  e x p o s e d  t o  

DEHP v a p o r s  f o r  on e  h ou r  t h r e e  t im e s  a week f o r  t w e l v e  w eek s  

show ed  s i g n s  o f  d i f f u s e  c h r o n i c  in f la m m a t io n  i n  t h e i r  l u n g s  

s i m i l a r  t o  a burn r e a c t i o n .

R e p e a te d  a d m i n i s t r a t i o n  o f  DEHP sh ow ed  a l s o  a c u m u l a t i v e  

t o x i c  e f f e c t .  S e v e r a l  d o s e  l e v e l s  w e r e  a d m i n i s t e r e d  i n t r a -  

p e r i t o n e a l l y  t o  m ic e  5 d a y s /w e e k  f o r  e l e v e n  w e e k s .  A t t h e  en d  

o f  t h e  f i r s t  week t h e  LD^g f o r  DEHP w as 2 5 . 4 1  m l / k g .  T h i s
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d e c r e a s e d  t o  3 .0 6  m l /k g  a t  t h e  en d  o f  t e n  w e e k s ,  a f a c t o r  o f  8 . 3 1 .

More s u b t l e  e f f e c t s  s u c h  a s  embryo t o x i c i t y  and t e r a t o g e n i c  

e f f e c t s  o f  p h t h a l a t e  e s t e r s  a r e  a l s o  s i g n i f i c a n t .  A l l  t h e  e s t e r s  

s t u d ie d ^ ^  t o  some d e g r e e  p r o d u c e d  g r o s s  o r  s k e l e i ' l  d e f o r m i t i e s  

w h ich  a r e  d o s e  r e l a t e d .  Rubin and J a e g e r  s u g g e s t  uUat t h e s e  

e f f e c t s  p l u s  b e h a v i o r a l  e f f e c t s  and e f f e c t  on t h e  r e s p o n s e  t o  

d ru g s  m ig h t  be  a more r e a l i s t i c  i n d i c a t i o n  o f  t h e  t h r e a t  w h ic h  

p h t h a l a t e  e s t e r s  p o s e  t o  a n im a l  o r  human l i f e .
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I I I .  ANALYTICAL TECHNIQUES

I t  i s  a lw a y s  d i f f i c u l t  t o  c l a s s i f y  o r  i d e n t i f y  a c o m p le x  

m ix t u r e  o f  o r g a n i c  com pounds. I n v e s t i g a t i o n s  i n v o l v i n g  w a t e r  

s a m p le s  a r e  f u r t h e r  c o m p l i c a t e d  by t h e  in a d e q u a c y  o f  s a m p le s  

o b t a i n a b l e  from  d i l u t e  a q u e o u s  s o l u t i o n s .  The a p p r o a c h  t o  t h e  

s o l u t i o n  o f  t h i s  p r o b le m  i n v o l v e s  t h e  a p p l i c a t i o n  o f  s y s t e m a t i c  

and e f f e c t i v e  s e p a r a t o r y  and  a n a l y t i c a l  t e c h n i q u e s .  F o r t u n a t e l y ,  

t h e s e  t e c h n i q u e s  a r e  a v a i l a b l e  and h a v e  b e e n  u t i l i z e d  t o  some 

d e g r e e  o f  s u c c e s s  i n  o t h e r  i n v e s t i g a t i o n s  o f  t h i s  n a t u r e .

F o r  t h e  i s o l a t i o n  and r e c o v e r y  o f  o r g a n i c  com pounds i n  

w a t e r  s e v e r a l  t e c h n i q u e s  h a v e  b e e n  u t i l i z e d .  Among t h e s e  m eth o d s  

a r e  s o l v e n t  e x t r a c t i o n ,  s t e a m  d i s t i l l a t i o n ,  f r e e z e  c o n c e n t r a t i o n  

and a d s o r p t i o n  on a s u i t a b l e  a d s o r b e n t  f o l l o w e d  b y  d e s o r p t i o n .

S o l v e n t  e x t r a c t i o n  m akes u s e  o f  a v o l a t i l e  o r g a n i c  s o l v e n t  

t o  t a k e  up t h e  o r g a n i c  s u b s t a n c e s  from  a q u e o u s  s o l u t i o n s .  T h is  

i s  b a s e d  on p r e f e r e n t i a l  p a r t i t i o n i n g  o f  t h e  o r g a n i c  s o l u t e  i n  

t h e  o r g a n i c  s o l v e n t .  H o w ev er ,  s o l v e n t  e x t r a c t i o n  i s  o n l y  e f f e c ­

t i v e  f o r  f a i r l y  c o n c e n t r a t e d  s o l u t i o n s .  S i n c e  t h e  s o l u b i l i t y  o f  

o r g a n i c  com pounds i n  w a t e r  i s  v e r y  lo w ,  t h e  o p e r a t i o n  w o u ld  

r e q u i r e  l a r g e  v o lu m es  o f  s o l v e n t  t o  rem ove m in u te  am ounts  o f  

s o l u t e s  from  l a r g e  v o lu m es  o f  w a t e r .  The l a r g e  q u a n t i t y  o f  

o r g a n i c  s o l v e n t  i s  d i f f i c u l t  t o  e v a p o r a t e  and may l e a v e  a r e s i ­

due o f  i m p u r i t i e s .  S team  d i s t i l l a t i o n  i s  a l s o  l i m i t e d  t o  s m a l l
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v o lu m e s  o f  w a t e r  and t h i s  r e s t r i c t s  i t s  u s e f u l n e s s  i n  w a t e r  

r e l a t e d  s t u d i e s .

F r e e z i n g  a s  a t e c h n i q u e  f o r  c o n c e n t r a t i n g  o r g a n i c  compounds  

in  w a t e r  was i n v e s t i g a t e d  by Shapiro^^  and B ak er  i n  1961  

and 196 7 .  The a d v a n t a g e s  o f  t h e  m ethod  w e r e  found  t o  b e  t h e  

f o l l o w i n g ;  c h e m ic a l  s t r u c t u r e  was n o t  a l t e r e d ,  b a c t e r i a l  d e g r a ­

d a t i o n  i s  i n h i b i t e d  and l o s s  o f  v o l a t i l e  compounds w as r e d u c e d .

The m ost  w i d e l y  u s e d  m ethod o f  r e c o v e r i n g  o r g a n i c  compounds  

from  w a t e r  s o l u t i o n s  i s  a d s o r p t i o n  on  a c t i v a t e d  c a r b o n .  The 

m eth o d ,  c a l l e d  t h e  c a r b o n  a d s o r p t i o n  m ethod (CAM), h a s  b e e n  u se d  

i n  t h e  m easu rem en t o f  g r o s s  c o n t a m in a t io n  i n  t h e  n a t i o n ' s  r i v e r s ,  

r e c o v e r i n g  p h e n o l i c  compounds from  p o l l u t e d  w a t e r s ,  and c o n c e n t r a ­

t i n g  o r g a n i c  compounds r e s p o n s i b l e  f o r  c a u s i n g  t a s t e  and o d o r s

i n  d r i n k i n g  w a t e r s .  R e p o r t s  on i t s  u s e  abound i n  t h e  l i t e r a -

, 8 , 5 2  th r o u g h  59t u r e .  ^

The CAM i n v o l v e s  t h e  c o n t r o l l e d  f lo w  o f  t h e  w a t e r  sa m p le  

th r o u g h  a g l a s s  co lum n f i l l e d  w i t h  a c t i v a t e d  c a r b o n ,  f o l l o w e d  by  

d r y i n g  o f  t h e  a d s o r b e n t  t h e n  d e s o r p t i o n  w i t h  a n o n - p o l a r  s o l v e n t  

l i k e  c h lo r o f o r m  and a p o l a r  s o l v e n t  l i k e  e t h a n o l .  B o th  o f  t h e  

d e s o r p t i o n  p r o c e s s e s  a r e  d o n e  under r e f l u x .

The c h lo r o f o r m  e x t r a c t  (CCE) c o n t a i n s  m o s t ly  n o n - p o l a r  

o r g a n i c  compounds w h i l e  t h e  a l c o h o l  e x t r a c t  c o n t a i n s  t h e  p o l a r  

f r a c t i o n  (CAE). The r a t i o  o f  t h e  q u a n t i t i e s  o f  t h e s e  e x t r a c t s  

c o u l d  s e r v e  a s  an i n d i c a t i o n  o f  t h e  t y p e s  o f  o r g a n i c  compounds  

p r e d o m in a t in g  i n  t h e  w a t e r  s a m p le .  In  m ost  i n s t a n c e s ,  h o w e v e r ,  

t h e s e  e x t r a c t s  a r e  s u b j e c t e d  t o  f u r t h e r  s e p a r a t i o n s .  Some s p e ­

c i f i c  c h e m ic a l  p o l l u t a n t s  t h a t  h a v e  b e e n  i s o l a t e d  from  t h e
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c h lo r o f o r m  e x t r a c t  a r e  c h l o r i n a t e d  i n s e c t i c i d e s  and o t h e r  i n d u s ­

t r i a l  c h e m i c a l s .  The a l c o h o l  e x t r a c t a b l e s  h a v e  b e e n  s y n t h e t i c  

d e t e r g e n t s ,  c a r b o x y l i c  a c i d s  and h u m ic  m a t e r i a l s  w h ic h  o r i g i n a t e  

n a t u r a l l y  o r  from  t h e  o x i d i z e d  p r o d u c t  o f  d o m e s t i c  o r  i n d u s t r i a l

w a s t e s .

The e f f i c i e n c y  o f  t h e  CAM m eth od  h a s  b een  e v a l u a t e d  by

s e v e r a l  a u t h o r s .  Booth^^ w r o t e  t h a t  t h e  r e p r o d u c i b i l i t y  o f  t h e

CAM is +10 percent and that the rate of adsorption varies in-
52

v e r s e l y  w i t h  f lo w  r a t e .  Hoak r e p o r t e d  t h a t  q u a n t i t a t i v e  a d s o r p ­

t i o n  y i e l d e d  o n l y  7 0 -8 0  p e r c e n t  r e c o v e r y .  A bout t h e  same  

d e s o r p t i o n  e f f i c i e n c y  7 2 . 7  p e r c e n t  w as fou n d  f o r  p h e n o l  by a n o t h e r  

a u t h o r , u s i n g  l a b e l l e d  (C^^) p h e n o l  a s  s t a n d a r d .  The work o f  

Baker^^ i n v o l v i n g  a m i x t u r e  o f  n - b u t a n o l  and n - a r a y l a c e t a t e  show ed  

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

co m p o u n d s .

A summary o f  o t h e r  f i n d i n g s  a b o u t  t h e  CAM a p p e a r s  b e lo w :

1 .  A d s o r p t io n  e f f i c i e n c y  d r o p p e d  r a p i d l y  when l a r g e r  v o l ­

umes o f  s o l u t i o n  w e r e  p a s s e d  t h r o u g h  t h e  co lu m n .

2 .  T u r b i d i t y  a t  n a t u r a l  pH d i d  n o t  a f f e c t  q u a l i t a t i v e  

r e s u l t s  b u t  rem o v a l o f  t u r b i d i t y  w i t h  p r e f i l t e r s  im p r o v e d  t h e  

r e p r o d u c i b i l i t y  o f  t h e  r e s u l t s

3. O r g a n ic  s o l u t e s  a r e  a d s o r b e d  a s  a m u l t i m o l e c u l a r  l a y e r
64

on t h e  s u r f a c e  o f  t h e  c a r b o n .

4 .  A t w o - s t a g e  c o u n t e r c u r r e n t  a d s o r p t i o n  p r o c e s s  i s  m o st  

u s e f u l .

5 .  A f lo w  r a t e  o f  n o t  more t h a n  120 m l/m in  and a  t o t a l
60

vo lu m e o f  n o t  more th a n  400  g a l l o n s  i s  recom m ended.
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A n o th e r  a d s o r b e n t  w h ic h  h a s  shown p r o m i s i n g  r e s u l t s  i n  t h e  

a d s o r p t i o n  p r o c e s s  i s  a new n o n - i o n i c  p o l y a c r y l a t e  r e s i n  c a l l e d  

XAD. U s in g  XAD-7 a s  a d s o r b e n t ,  o r g a n i c  com pounds o f  t h e  o r d e r  

o f  1 ppb h a v e  b een  d e t e c t e d  from w a t e r  s a m p l e s .  C a r b o x y l i c  

a c i d s ,  k e t o n e s ,  e t h e r s  and a l c o h o l s  in  t h e  m o l e c u l a r  ra n g e  

o f  2 0 0 -3 0 0  h a v e  b een  i s o l a t e d .  The r e p o r t e d  a d v a n t a g e s  a r e :

The d r y in g  p r o c e s s  i s  e l i m i n a t e d  th e r e b y  r e m o v in g  t h e  p o s s i b i ­

l i t y  o f  l o s s  o f  v o l a t i l e  com pounds, t h e  d e s o r p t i o n  p r o c e s s  i s

more c o m p l e t e ,  s t r u c t u r a l  c h a n g e s  do n o t  o c c u r  on  t h e  a d s o r b e n t
66

and t h e  a d s o r b e n t  can  b e  r e g e n e r a t e d .  The u s e  o f  o t h e r

a m b e r l i t e  r e s i n s  l i k e  XAD-2 f o r  t h e  r e m o v a l  o f  o r g a n i c  s u b s t a n c e s
6  7

from  a q u e o u s  s o l u t i o n s  h a v e  b e e n  r e p o r t e d  a s  s a t i s f a c t o r y .

In  s p i t e  o f  t h e s e  a d v a n t a g e s ,  t h e  u s e  o f  t h e  r e s i n  i n

w a te r  q u a l i t y  i n v e s t i g a t i o n s  a r e  s t i l l  l i m i t e d .  The CAM i s  s t i l l

t h e  m ethod u s e d  e x t e n s i v e l y .  M o re o v er ,  o n e  o f  t h e  l i m i t a t i o n s  o f

t h e  CAM, t h a t  o f  p o s s i b l e  l o s s  o f  v o l a t i l e  compounds can  be

e l i m i n a t e d  by r em o v in g  t h e  d r y in g  p r o c e s s .

The CAE and CCE o b t a i n e d  from  t h e  CAM a r e  co m p lex  m ix t u r e s

w h ich  r e q u i r e  e x t e n s i v e  s e p a r a t i o n s  i f  c h a r a c t e r i z a t i o n  o f  t h e

com p on en ts  i s  a t t e m p t e d .  C l a s s i c a l  s o l u b i l i t y  s e p a r a t i o n s  a r e

o f t e n  u s e d  a s  a p r e l i m i n a r y  s t e p  t o  s e p a r a t e  t h e  a c i d i c  and
6 8

n e u t r a l  f r a c t i o n s .  F u r t h e r  s e p a r a t i o n s  o f  t h e s e  f r a c t i o n s  may 

be a c c o m p l i s h e d  by t h i c k  l a y e r  c h r o m a to g r a p h y ,  column ch r o m a to ­

g r a p h y ,  and g a s - l i q u i d  c h r o m a to g r a p h y .  T h e s e  t e c h n i q u e s  c o u ld  

be u s e d  i n d e p e n d e n t l y  o r  i n  c o n j u n c t i o n  w i t h  e a c h  o t h e r .  In  

m ost c a s e s ,  t h e y  a r e  u s e d  i n  s u c c e s s i o n .

T h in  o r  t h i c k  l a y e r  ch ro m a to g ra p h y  i n v o l v e s  d e p o s i t i o n  o f
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a s m a l l  amount o f  t h e  s a m p le  on a l a y e r  o f  a d s o r b e n t  l i k e  

s i l i c a  g e l  s u p p o r t e d  on a c l e a n  g l a s s  p l a t e  f o l l o w e d  by e l u t i o n  

o f  t h e  sa m p le  w i t h  a s u i t a b l e  s o l v e n t  by m eans o f  c a p i l l a r y  

a c t i o n .  The p r o c e s s  c o u l d  b e  on e  o r  t w o - d i r e c t i o n a l .  The 

c o m p o n en ts  o f  t h e  sa m p le  w i l l  move up t h e  p l a t e  d e p e n d in g  on t h e  

r e l a t i v e  d e g r e e s  by w h ich  e a c h  i s  a d s o r b e d  by  t h e  a d s o r b e n t .  The 

p o s i t i o n  o f  e a c h  com ponent can  th e n  b e  d e t e r m in e d  by s e v e r a l  

w a y s ,  on e  o f  w h ic h  i s  t h e  u s e  o f  u l t r a v i o l e t  l i g h t .  Once t h e  

i n d i v i d u a l  s p o t s  a r e  d e t e r m i n e d ,  t h e y  c o u l d  b e  rem oved and  

e x t r a c t e d  w i t h  a s u i t a b l e  s o l v e n t .

Column c h r o m a to g ra p h y  u s e s  t h e  same p r i n c i p l e  a s  t h i n  

l a y e r  c h r o m a to g r a p h y ,  t h a t  i s ,  d i f f e r e n t i a l  a d s o r p t i o n .  The  

more commonly u s e d  a d s o r b e n t s  a r e  s i l i c a  g e l  and a lu m in a .  The 

sa m p le  i s  in t r o d u c e d  on  t o p  o f  t h e  co lum n t h e n  e l u t e d  s u c c e s ­

s i v e l y  w i t h  s o l v e n t s  o f  i n c r e a s i n g  p o l a r i t y  and f r a c t i o n s  o f  

a p r e d e t e r m i n e d  volum e a r e  c o l l e c t e d .  Each o f  t h e  f r a c t i o n s  i s  

th e n  e v a p o r a t e d  and t h e  w e i g h t  d e te r m in e d  t o  a w a i t  f u r t h e r  

a n a l y s i s .

The b a s i s  o f  s e p a r a t i o n  o f  t h e  co m p o n en ts  o f  a m ix t u r e  by g a s  

l i q u i d  ch ro m a to g ra p h y  (GLC) i s  t h e  d i s t r i b u t i o n  o f  a s a m p le  

b e tw e e n  tw o p h a s e s .  One o f  t h e s e  p h a s e s  i s  a s t a t i o n a r y  p h a s e  

o f  l a r g e  s u r f a c e  a r e a  and t h e  o t h e r  p h a s e  i s  a g a s  w h ic h  p e r ­

c o l a t e s  th r o u g h  t h e  s t a t i o n a r y  b e d .  The s t a t i o n a r y  p h a s e  i s  

a l i q u i d  s p r e a d  a s  t h i n  f i l m  o v e r  an i n e r t  s u p p o r t  and t h e  

sa m p le  i s  p a r t i t i o n e d  i n  and o u t  o f  t h e  l i q u i d  f i l m .  The w id e ,  

r a n g e  o f  l i q u i d  p h a s e s  w i t h  u s a b l e  t e m p e r a t u r e s  up t o  400°C  

make g a s  l i q u i d  c h r o m a to g r a p h y  t h e  m o st  v e r s a t i l e  and s e l e c t i v e
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form  o f  g a s  c h r o m a to g r a p h y .  I t s  u s e  a s  a s e p a r a t o r y  t o o l  i n ­

v o l v e s  c o l l e c t i o n  o f  e a c h  com ponent a s  i t  e m e r g e s  a t  t h e  end  o f  

t h e  co lu m n .

B e s i d e s  t h e i r  u s e  i n  s e p a r a t i n g  a m ix t u r e  o f  o r g a n i c  com pounds, 

TLC, co lum n  c h r o m a to g r a p h y  and GLC a r e  more v a l u a b l e  a s  a n a l y t i ­

c a l  t e c h n i q u e s  f o r  i d e n t i f i c a t i o n  and q u a n t i t a t i o n  o f  t h e  com­

p o n e n t s  o f  t h e  m i x t u r e .  H ow ever , co lum n c h r o m a to g r a p h y  h a s  l e s s  

a p p l i c a t i o n s  i n  q u a l i t a t i v e  s t u d i e s  t h a n  GLC o r  TLC.

The i d e n t i f i c a t i o n  o f  a compound by TLC i s  b a s e d  on c o m p a r is o n  

o f  i t s  Rj v a l u e  w i t h  t h a t  o f  a s t a n d a r d .  In  some c a s e s ,  s p e c i f i c  

c o l o r  r e a c t i o n s  w i t h  a w e l l  c h o se n  r e a g e n t  a r e  u t i l i z e d .

The l a t t e r  t e c h n i q u e  was u s e d  i n  t h e  d e t e r m i n a t i o n  o f  p h e n o l s
59

i n  s u r f a c e  w a t e r s  by  S m ith  and L i c h t e n b e r g .

Gas L iq u id  C h ro m a to g ra p h y , b e i n g  a more r e f i n e d  t e c h n i q u e  

a f f o r d s  b e t t e r  r e s o l u t i o n  and r e p r o d u c i b i l i t y .  F or  t h i s  r e a s o n  

i t  fo u n d  w id e r  a p p l i c a t i o n  a s  a q u a l i t a t i v e  t o o l .  I t  h a s  b e e n  

u s e d  t o  i d e n t i f y  v o l a t i l e  o r g a n i c  com pounds w h ic h  c a u s e  m a l-  

f l a v o r s  i n  d r i n k i n g  w a t e r s .  The r e t e n t i o n  t i m e s  o f  e a c h  compo­

n e n t  was u s e d  a s  t h e  c h a r a c t e r i z i n g  p r o p e r t y .  Many o r g a n i c  

compounds h a v e  b e e n  i d e n t i f i e d  by GLC i n  C h e sa p e a k e  B a y .  Among 

t h e s e  w e r e  e t h a n e ,  e t h y l e n e ,  p r o p a n e  and p r o p y l e n e ,  i s o b u t a n e ,  

n - b u t a n e ,  i s o p e n t a n e  and n orm al p e n t a n e .^ *  GLC h a s  a l s o  b e e n  

a p p l i e d  i n  s t u d i e s  i n v o l v i n g  p e t r o c h e m i c a l  w a s t e s , a n d  c h l o r i ­

n a t e d  h y d r o c a r b o n  p e s t i c i d e s

A b s o r p t io n  s p e c t r o s c o p y  i s  a n o t h e r  v a l u a b l e  t e c h n i q u e  i n  

s t r u c t u r a l  s t u d i e s .  U l t r a v i o l e t ,  i n f r a r e d  and n u c l e a r  m a g n e t ic  

s p e c t r o s c o p y  a r e  among t h e  im p o r ta n t  t e c h n i q u e s  t h a t  t h e  o r g a n i c
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c h e m i s t  now u s e s  r o u t i n e l y  t o  g a i n  i n f o r m a t i o n  a b o u t  a p a r t i -
72

c u l a r  s u b s t a n c e .  The t h e o r e t i c a l  a s p e c t s  and i n s t r u m e n t a t i o n  

i n v o l v e d  i n  t h e s e  t e c h n i q u e s  a r e  d i s c u s s e d  i n  many t e x t s  and  

w i l l  n o t  b e  d i s c u s s e d  h e r e  i n  any d e t a i l .

I n t e r p r e t a t i o n s  o f  m o l e c u l a r  s p e c t r a  a r e  b a s e d  l a r g e l y  on  

e m p i r i c a l  c o r r e l a t i o n s  w i t h  e x t e n s i v e  c o m p i l a t i o n s  o f  d a t a .  A 

g i v e n  a b s o r p t i o n  can u s u a l l y  b e  a t t r i b u t e d  w i t h  r e a s o n a b l e  a s s u r ­

a n ce  t o  a p a r t i c u l a r  grou p  o r  a r r a n g e m e n t  o f  atom s w i t h i n  a 

m o l e c u l e .  When u s e d  i n  c o n j u n c t i o n  w i t h  c l a s s i c a l  m e th o d s ,  i t  

can  h e l p  e l u c i d a t e  m o le c u l a r  s t r u c t u r e .

A b s o r p t io n  o f  u l t r a v i o l e t  l i g h t  (2 2 0 -8 0 0  mu) i s  c a u s e d  c h i e f l y  

by e l e c t r o n i c  e x c i t a t i o n .  The s p e c t r u m  p r o v i d e s  i n f o r m a t i o n  

a b o u t  t h e  t y p e  o f  b o n d in g  e l e c t r o n s  p r e s e n t  i n  t h e  m o l e c u l e .

A b s o r p t io n  i n  t h e  i n f r a r e d  r e g i o n  ( 0 . 8 - 2 . 5  u n e a r  IR) ( 1 5 -  

200 u f a r  IR) i s  due t o  m o l e c u l a r  v i b r a t i o n  o f  o n e  k i n d  o r  a n o t h e r .  

The s p e c tr u m  i s  g e n e r a l l y  v e r y  c o m p l i c a t e d .  Many o f  t h e  a b s o r p ­

t i o n  b a n d s  c a n n o t  b e  a s s i g n e d  a c c u r a t e l y ,  t h o s e  t h a t  can  h o w e v e r ,  

p r o v i d e  a w e a l t h  o f  s t r u c t u r a l  i n f o r m a t i o n  a b o u t  t h e  m o l e c u l e .  

A lth o u g h  t h e  s p e c tr u m  c a n n o t  d i s t i n g u i s h  b e tw e e n  a p u r e  and im ­

p u r e  s a m p le ,  i n  g e n e r a l ,  t h e  s p e c t r u m  o f  a p u r e  compound w i l l  

h a v e  f a i r l y  s h a r p  and w e l l  r e s o l v e d  a b s o r p t i o n  b a n d s  w h i l e  t h e  

s p e c tr u m  o f  a c r u d e  sa m p le  w i l l  d i s p l a y  b r o a d  and p o o r l y  r e s o l v e d  

b an d s  b e c a u s e  o f  t h e  many a b s o r p t i o n s  p r e s e n t .

The e x a m in a t i o n  o f  t h e  s p e c tr u m  i s  u s e f u l  i n  f o l l o w i n g  t h e  

p r o g r e s s  o f  c h r o m a t o g r a p h ic  f r a c t i o n a t i o n .  C o m p i la t io n s  o f  

c h a r a c t e r i s t i c  grou p  a b s o r p t i o n s  a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e  

and a r e  v e r y  h e l p f u l  i n  t h e  i n t e r p r e t a t i o n  o f  s p e c t r a .  A nsw ers
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t o  s t r u c t u r a l  q u e s t i o n s  a s , d o e s  t h e  sa m p le  c o n t a i n  a c a r b o n y l  

g r o u p ,  a c i d  o r  a ld e h y d e  can  o f t e n  b e  o b t a i n e d .

The N u c l e a r  M a g n e t ic  r e s o n a n c e  (NMR) s p e c t r u m  o f  a conpound  

can  u s u a l l y  b e  c o m p l e t e l y  i n t e r p r e t e d  and p r o v i d e s  i n f o r m a t i o n  

a b o u t  t h e  num ber, n a t u r e  and c h e m ic a l  e n v ir o n m e n t  o f  t h e  p r o ­

t o n s  i n  t h e  m o l e c u l e .  B e c a u s e  o f  t h i s  r e a s o n ,  NMR i s  a more 

p o w e r f u l  a n a l y t i c a l  t o o l  th a n  e i t h e r  UV o r  IR . The i n t e r p r e t a ­

t i o n  o f  t h e  NMR s p e c tr u m  i s  a id e d  by p r o p e r  c h o i c e  o f  s o l v e n t ,  

good  r e s o l u t i o n ,  and s p i n  d e c o u p l i n g  t e c h n i q u e s .

A g r e a t  d e a l  o f  i n f o r m a t i o n  c o n c e r n i n g  t h e  s t r u c t u r a l  fo r m u la

o f  o r g a n i c  compounds and t h e  c o m p o s i t i o n  o f  m i x t u r e s  o f  o r g a n i c
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compounds ca n  b e  o b t a i n e d  by m ass  s p e c t r o m e t r y .  I t  i s  u s e d  by  

t h e  p e t r o l e u m  i n d u s t r y  t o  d e t e r m i n e  t h e  amount o f  v a r i o u s  com­

p ounds p r e s e n t  i n  v o l a t i l e  s a m p le s  r a p i d l y ;  g e o c h e m i s t s  u s e  

i t  t o  d i s t i n g u i s h  t h e  p l a c e  o f  o r i g i n  o f  m i n e r a l s  by  m easurem en t  

o f  i s o t o p i c  ab u n d an ce  r a t i o s ;  and  by  o t h e r  i n d u s t r i e s  i n  t h e  

d e t e c t i o n  o f  an u n s a t i s f a c t o r y  p r o d u c t  and by o r g a n i c  c h e m is t s  

i n  s t r u c t u r a l  d e t e r m i n a t i o n  o f  o r g a n i c  com p ou n ds.  C o r r e l a t i o n s  

o f  s p e c t r a  and s t r u c t u r e  c o u ld  b e  fou n d  i n  t h e  l i t e r a t u r e .

The m ass  s p e c tr u m  p r o v i d e s  t h r e e  d i f f e r e n t  k in d s  o f  in f o r m a ­

t i o n  a b o u t  any p o s i t i v e  i o n  :

1 .  The m ass t o  c h a r g e  r a t i o  can  b e  m e a su r e d  r e l a t i v e  t o

t h a t  o f  i o n s  o f  known m ass t o  c h a r g e  r a t i o s .

2 .  The ab u nd an ce  o f  t h e  i o n  can  b e  m e a su r e d  r e l a t i v e  t o

t h a t  o f  o t h e r  i o n s  i n  t h e  s p e c t r u m .

3 . D e t a i l e d  i n f o r m a t i o n  r e g a r d i n g  t h e  mode o f  f o r m a t io n  o f  

t h e  i o n  from  t h e  sa m p le  can  b e  o b t a i n e d .
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I f  t h e  i n v e s t i g a t o r  i s  p r e p a r e d  t o  t h o r o u g h l y  s t u d y  t h e  

e f f e c t s  o f  v a r y i n g  p a r a m e te r s  u n d e r  h i s  c o n t r o l ,  s u c h  a s  t h e  

e n e r g y  o f  t h e  bom bard in g  e l e c t r o n s ,  t h e  amount o f  s a m p l e ,  t h e  

s p e e d  o f  e x a m i n a t i o n ,  s e n s i t i v i t y  and o t h e r s ,  t h e  m ass s p e c tr u m  

can  b e  v e r y  v a l u a b l e  i n  t h e  s o l u t i o n  o f  a s t r u c t u r a l  p r o b le m .

I t  i s  t h e  s i n g l e  m o st  im p o r t a n t  s o u r c e  o f  a c c u r a t e  i n f o r m a t i o n  

a b o u t  t h e  s a m p le .  In  c o n j u n c t i o n  w i t h  t h e  g a s  c h r o m a to g r a p h ,  

i t  i s  f i n d i n g  w id e  a p p l i c a t i o n  i n  t h e  a n a l y s i s  o f  a m ix t u r e  o f  

t r a c e  o r g a n i c  compounds o b t a i n e d  from  w a t e r  s a m p l e s .

The g a s  ch ro m a to g r a p h y -m a ss  s p e c t r o m e t e r  s y s t e m  i s  a 

v a l u a b l e  t o o l  w h ich  e n a b l e s  a n a l y s t s  t o  o b t a i n  t h e  m ass s p e c t r a  

o f  i n d i v i d u a l  co m p o n en ts  o f  a c o m p le x  m i x t u r e ,  a s  t h e y  a r e  

e l u t e d  o f f  a g a s  c h r o m a t o g r a p h ic  co lum n . The r e c o r d i n g  o f  

t h i s  v a s t  amount o f  d a t a  i s  f a c i l i t a t e d  by t h e  d e v e lo p m e n t  o f  

a m a s s - s p e c t r o m e t e r - c o m p u t e r  s y s t e m  d e v e lo p e d  by H i t e s  and  

Biem an Some o f  t h e  f e a t u r e s  o f  t h i s  s y s t e m  a r e  t h a t  s p e c t r a  

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

c h r o m a t o g r a p h ic  f r a c t i o n s ,  peak  c e n t e r s  and i n t e n s i t y .  C a l c u l a ­

t i o n s  p r o c e e d  w h i l e  t h e  s p e c t r u m  i s  b e i n g  s c a n n e d ,  s e c o n d a r y  

s t o r a g e  on  m a g n e t ic  d i s k s  a l l o w s  s p a c e  f o r  p r a c t i c a l l y  an un­

l i m i t e d  number o f  s p e c t r a ;  t h e  s p e c t r a  a r e  c o r r e l a t e d  w i t h  t h e  

ch rom atogram  by a p l o t  o f  t o t a l  i n t e n s i t y  v e r s u s  s p e c t r a  

i n d e x  number and a l l  s p e c t r a  a r e  p r e s e n t e d  i n  d i g i t a l  form  

(m ass i n t e n s i t y  t a b l e  a n d / o r  p l o t s )  s u i t a b l e  f o r  f u r t h e r  a n a l y ­

s i s  .

The i n t e r p r e t a t i o n  o f  t h e  l a r g e  am ounts o f  d a t a  t h u s  

c o l l e c t e d  p r e s e n t s  a tr e m e n d o u s  c h a l l e n g e  t o  t h e  i n v e s t i g a t o r s .
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H ow ever , i n  m o st  c o m p le x  m i x t u r e s ,  s e v e r a l  o f  t h e  co m p o n en ts

a r e  known and t h e y  c o u l d  b e  i d e n t i f i e d  by co m p a r in g  t h e  s p e c tr u m

w it h  t h a t  o f  t h e  a u t h e n t i c  s a m p l e .  R e c e n t  d e v e lo p m e n t s  e n a b l e

one t o  make t h e  c o m p a r iso n  o f  t h e  s p e c t r a  o f  an unknown sa m p le

t o  a l a r g e  f i l e  o f  r e f e r e n c e  s p e c t r a .  D e t a i l s  o f  t h e  p r o c e s s
7 ̂  76

a r e  d i s c u s s e d  by H i t e s  e t  a l .  ' and a r e  w e lco m e d  by a l l  i n v e s ­

t i g a t o r s  f a c e d  w i t h  t h e  d i f f i c u l t  t a s k  o f  d e c i p h e r i n g  t h e  com­

p o s i t i o n  o f  some unknown s a m p le .
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IV . EXPERIMENTAL PROCEDURES

A l l  s o l v e n t s  w e r e  d i s t i l l e d  p r i o r  t o  u s e .  A l l  g l a s s w a r e  

was w a sh ed  w i t h  d e t e r g e n t  and c h r o m ic  a c i d ,  and  r i n s e d  w i t h  w a t e r  

and a c e t o n e .

I n f r a r e d  s p e c t r a  w e r e  o b t a i n e d  a s  f i l m  on NaCl o r  NaBr d i s k s  

u s i n g  a Beckman PR- 8  s p e c t r o p h o t o m e t e r .  NMR s p e c t r a  w e r e  

o b t a i n e d  on a V a r ia n  A -60  i n s t r u m e n t .  The Gas c h r o m a to g r a p h  

u s e d  w as a V a r ia n  A ero g ra p h  204 e q u ip p e d  w i t h  f la m e  i o n i z a t i o n  

and e l e c t r o n  c a p t u r e  ( T r i t i u m ,  250 me) d e t e c t o r s .  M ass s p e c t r a  

w ere  o b t a i n e d  on  a F i n n i g a n  m ass s p e c t r o m e t e r  h o o k ed  up t o  a 

V a r ia n  A ero g ra p h  and a c o m p u te r .

TOC's w e r e  o b t a i n e d  from  a Beckman TOC a n a l y z e r  on w e l l  

s a m p le s  f i l t e r e d  th r o u g h  a g l a s s  f i b e r  f i l t e r ,  a c i d i f i e d  t o  

pH 2 w i t h  c o n c e n t r a t e d  H^SO^ and p u r g e d  w i t h  N^ g a s  f o r  5 -1 0  

m i n u t e s .

S a m p l in g . A l l  s a m p le s  w e r e  o b t a i n e d  by t h e  CAM w i t h  t h e  

e x c e p t i o n  o f  o n e  s a m p le  w h ic h  w as t a k e n  w i t h  XAD-2 f o r  compa­

r i s o n  o f  a d s o r p t i o n  e f f i c i e n c y  and s e l e c t i v i t y .

The c a r b o n  colum n u s e d  c o n s i s t e d  o f  a  3" i . d .  x  18" g l a s s  

colum n ( F i g u r e  8 ) p a c k e d  w i t h  a c t i v a t e d  c a r b o n  ( s u p p l i e r  ; H er­

b e r t  C h e m ic a l  C o .)  and p lu g g e d  a t  b o t h  e n d s  w i t h  g l a s s  w o o l .

The co lum n  w as a t t a c h e d  t o  a t e f l o n  l i n e  t h a t  e x t e n d e d  i n t o  t h e  

w a t e r  t a b l e  and g r o u n d w a te r  w as pumped t h r o u g h  a t  a c e r t a i n  r a t e
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w h ic h  was m ea su r e d  p e r i o d i c a l l y .  The pumps u s e d  w e r e  o f  t h e  

r u b b e r  i m p e l l e r  t y p e  t h a t  c o u ld  b e  o p e r a t e d  by a 1 2  v o l t  b a t t e r y  

o r  a 1 1 0  v o l t  p ow er s o u r c e .

A f t e r  t h e  d e s i r e d  vo lu m e o f  w a t e r  had  p a s s e d  th r o u g h  t h e  

co lu m n , t h e  co lum n was d r a in e d  and d r i e d  b y  p a s s i n g  d r y  g a s  

a t  a low  r a t e  w i t h  h e a t i n g  t o  a  t e m p e r a tu r e  n o t  e x c e e d i n g  6 5 °C .  

I n v a r i a b l y  t h e  d r y in g  p r o c e s s  t o o k  a t  l e a s t  24 h o u r s  and a 

c y l i n d e r  o f  N2  g a s  ( 2 ,3 0 0  p s i ) .

The a m b e r l i t e  colum n u s e d  m e a su r e s  30 cm x  3 cm i . d .  

and was p a c k e d  l o o s e l y  w i t h  XAD-2 w h ich  had b e e n  p r e t r e a t e d  a s  

f o l l o w s .  The r e s i n  (150  ml) was w ash ed  w i t h  s e v e r a l  b e d  v o lu m es  

o f  d i s t i l l e d  w a t e r  t h e n  e x t r a c t e d  w i t h  a c e t o n i t r i t e  ( 2  l i t e r s )  

f o r  18 h o u r s . The e x t r a c t i o n  w as  r e p e a t e d  w i t h  f r e s h  a c e t o n i -  

t r i t e  f o r  a n o t h e r  18 h o u r s .  The a c e t o n i t r i t e  was w a sh e d  o f f  w i t h  

d i s t i l l e d  w a t e r  and was p a c k e d  i n t o  t h e  colum n w h ic h  w as p lu g g e d  

w i t h  g l a s s  w o o l  a t  on e  e n d .  Some g l a s s  w o o l  was p l a c e d  a t  t h e  

i n l e t  end  t o  a c t  a s  a p r e f i l t e r .

D e s o r p t i o n  o f  o r g a n i c s  from  t h e  a d s o r b e n t . The d r i e d  

ca r b o n  was t r a n s f e r r e d  t o  a m o d i f i e d  S o x h l e t  e x t r a c t o r  ( c a p a c i t y ,

3 l i t e r s )  and e x t r a c t e d  w i t h  c h lo r o f o r m  f o r  a p e r i o d  o f  a t  l e a s t  

36 h o u r s .  The CHClg s o l u t i o n  w as d r i e d  by p a s s i n g  i t  t h r o u g h  an 

a n h y d r o u s  NagSO^ colum n and c o n c e n t r a t e d  o r  e v a p o r a t e d  t o  d r y ­

n e s s  w i t h  t h e  u s e  o f  a r o t a r y  e v a p o r a t o r .

The XAD-2 co lum n w as d r a i n e d ,  and t h e  g l a s s  w o o l  u s e d  a s  

a p r e f i l t e r  w as rem oved . Hot e t h a n o l  (200 ml) w as p a s s e d  th r o u g h  

t h e  co lum n a t  f u l l  g r a v i t y  f l o w  f o l l o w e d  by  500 ml o f  d i s t i l l e d  

w a t e r .  The com b in ed  a q u eo u s  s o l u t i o n  was t h e n  e x t r a c t e d  w i t h  t h r e e
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50 ml p o r t i o n s  o f  h e x a n e .  The h e x a n e  e x t r a c t  w as d r i e d  and 

c o n c e n t r a t e d  t o  a vo lu m e o f  5 m l.

A n a l y s i s  o f  t h e  e x t r a c t s . T h in  l a y e r  c h ro m a to g ra p h y  was  

p e r fo r m e d  on  a l l  CCE cr u d e  e x t r a c t s  t o  d e t e r m i n e  t h e  s e p a r a t i o n  

o f  c o m p o n en ts  on s i l i c a  g e l  G. ( s u p p l i e r :  A p p l ie d  S c i e n c e  L abo­

r a t o r y )  . The d e v e l o p i n g  s o l v e n t s  u s e d  w e r e  h e x a n e ,  b e n z e n e ,

CHClg and d i f f e r e n t  m ix t u r e s  o f  CHCl^ and m e t h a n o l .  The p o s i ­

t i o n  o f  TLC s p o t s  w e r e  d e te r m in e d  w i t h  v a p o r  o r  w i t h  c h r o m ic  

a c i d  s p r a y  r e a g e n t  ( s u p p l i e r :  j ^ p l i e d  S c i e n c e  L a b o r a t o r i e s ) .

Column c h ro m a to g ra p h y  w as a c c o m p l i s h e d  on a d ry  colum n  

o f  s i l i c a r  ( 6 0 - 1 0 0  mesh) o f  a b o u t  12 cm x  15 cm and to p p e d  w i t h  

a n h y d r o u s  NajSO ^. E l u t i o n  was u s u a l l y  i n  2 - 1 0 0  ml p o r t i o n s  o f  

t h e  f o l l o w i n g  s o l v e n t s :  h e x a n e ,  b e n z e n e ,  c h l o r o f o r m  and  1 : 1

CHClg-MeOH.

Gas c h r o m a to g r a p h y  o f  i n d i v i d u a l  f r a c t i o n s  o b t a i n e d  from  

t h e  co lum n c h r o m a to g r a p h ic  s e p a r a t i o n  w e r e  d o n e  on t h e  

f o l l o w i n g  c o lu m n s :  5 . 3  p e r c e n t  DC-200 Gas Chrom Q, 1 p e r c e n t

OV-1 on Gas Chrom Q, and 10 p e r c e n t  QF-1 on Gas Chrom Q.

A l l  c h a r t  s p e e d s  a r e  0 . 5  i n c h e s  p e r  m i n u t e ,  u n l e s s  o t h e r ­

w i s e  s p e c i f i e d .

Q u a n t i t a t i v e  E s t i m a t i o n  o f  P h t h a l a t e s . P l o t s  o f  p eak  

a r e a s  v e r s u s  am ounts o f  some s t a n d a r d  p h t h a l a t e s  s u c h  a s  

d i i s o b u t y l  p h t h a l a t e ,  o c t y l  a d i p a t e ,  d i - 2 - e t h y l h e x y l  p h t h a l a t e ,  

and n - o c t y l  p h t h a l a t e  w ere  c o n s t r u c t e d  and  fo u n d  t o  b e  l i n e a r  

( F i g u r e  5 3 ) .

The am ounts  o f  s e l e c t e d  compounds w e r e  e s t i m a t e d  by  

c a l c u l a t i n g  t h e  p e a k  a r e a s  from  t h e  g a s  ch rom atogram  and r e a d i n g
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t h e  c o r r e s p o n d i n g  c o n c e n t r a t i o n s  from t h e  s t a n d a r d  p l o t s .

The CAM b l a n k . A c o l u m n - f u l l  (18 3 gram s) o f  a c t i v a t e d  

c h a r c o a l  u s e d  a s  a d s o r b e n t  was e x t r a c t e d  w i t h  t h r e e  l i t e r s  o f  

c h lo r o f o r m ,  d r i e d  o v e r  a n h y d r o u s  NagSO^ and e v a p o r a t e d  t o  d r y ­

ness w i t h  t h e  u s e  o f  a r o t a r y  e v a p o r a t o r .

The c r u d e  c h lo r o f o r m  e x t r a c t  o b t a i n e d  w as a n a l y z e d  by 

g a s  ch ro m a to g r a p h y -m a ss  s p e c t r o m e t r y  t h e n  s u b j e c t e d  t o  colum n  

c h r o m a to g r a p h ic  s e p a r a t i o n  on s i l i c a r  (10  cm x  1 . 5  c m ) .  Each  

o f  t h e  s i x  1 0 0  ml f r a c t i o n s  w ere  c o n c e n t r a t e d  t o  a v o lu m e  o f  

^ 1  ml and a n a l y z e d  by g a s  ch ro m a to g r a p h y .
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V. RESULTS AND DISCUSSION

As a r e s u l t  o f  p r e v i o u s  s t u d i e s  on  t h e  Norman S a n i t a r y  

L a n d f i l l ,  a number o f  w e l l s  w e r e  a l r e a d y  e x i s t i n g  when t h i s  

p r o j e c t  b e g a n .  Fou r o f  t h e s e  e x i s t i n g  w e l l s  w e r e  c h o s e n  t o  

b e  u s e d  a s  s a m p l in g  w e l l s  f o r  d e t e r m i n a t i o n  o f  t h e  g r o s s  o r ­

g a n i c  c o n c e n t r a t i o n  i n  t h e  g r o u n d w a te r .  T h ese  w e l l s  w e r e  

o r i g i n a l l y  d e s i g n a t e d  numbers 6 , 1 2 ,  1 3 ,  and 3 in  F i g u r e  1 by 

a n o t h e r  i n v e s t i g a t o r .  In  a d d i t i o n  t o  t h e s e  w e l l s ,  a d eep  

w e l l  (30 f e e t )  was d r i l l e d  a t  t h e  s o u t h  end  o f  th e  l a n d f i l l ,  

(number 1 4 ,  F i g u r e  1 ) w h ic h  i s  p a r t  o f  t h e  new l a n d f i l l .  A pp rox­

i m a t e l y  f i f t e e n  f e e t  o f  r e f u s e  an d  e i g h t e e n  f e e t  o f  w a t e r  was  

p r e s e n t  i n  t h e  w e l l ,  and t h e  b o t t o m  t h r e e  f e e t  o f  r e f u s e  a p p e a r e d  

t o  b e  i n  t h e  w a t e r  t a b l e .  T h e s e  w e l l s  h a v e  b e e n  renum bered  

l a ,  l b ,  2 ,  4 ,  and 3 r e s p e c t i v e l y .

The g r o s s  o r g a n i c  c o n t e n t  o f  t h e s e  w e l l s  w e r e  d e t e r m in e d  

from  m easu rem en t o f  COD and TOC and a p p e a r e d  t o  b e  lo w e r  th a n  

e x p e c t e d  ( T a b le  5 ) .  The CCD's o b t a i n e d  i n d i c a t e  t h a t  t h e  g r o s s  

c o n c e n t r a t i o n  o f  o r g a n i c  m a t t e r  i s  h i g h e s t  i n  t h e  g r o u n d w a te r  

from  w e l l  number 3 . The g r o u n d w a te r  from  w e l l  number 4 show s  

a much lo w e r  COD, w h ic h  i n d i c a t e s  t h a t  s t a b i l i z a t i o n  o f  t h e  

o r g a n i c s  i n  t h i s  l o c a t i o n  p r o c e e d e d  t o  a g r e a t e r  e x t e n t .  The 

COD d a t a  a l s o  sh o w s a r e m a r k a b le  a t t e n u a t i o n  o f  t h e  o r g a n i c  c o n ­

c e n t r a t i o n s  a s  t h e  g r o u n d w a te r  m oves d o w n strea m . The TOC's 

o b t a i n e d  on 6 / 6 / 7 3  show t h e  h i g h e s t  v a l u e  f o r  w e l l  number 3 .



Table 5. COD and TOC Data (mg/ml)

W e l l L o c a t i o n  w i t h D ep th  ( f t . ) P e r f o r a t i o n s COD* TOC ( f i l t e r e d )
N o . r e s p e c t  t o  

l a n d f i l l
( a v e r a g e )
1 1 / 2 8 / 7 2

5 / 1 6 / 7 2 6 / 6 / 7 3 8 / 1 0 / 7 3

l a u p s t r e a m 1 0  ( s a n d -  
p o i n t )

b o t t o m  3 f t . 1 1 . 5 1 5 . 0

l b u p s t r e a m 40  ( c a s e d ) b o t t o m  1 0  f t . 8 7 . 6 3 1 4 . 0

2 50 f e e t  
d o w n s tr e a m

40 ( c a s e d ) b o t t o m  1 0  f t . 9 1 . 5 8 9 .0 5 . 5 2 3 . 0

3 i n  t h e  new  
l a n d f i l l

30 ( c a s e d ) b o t t o m  1 0  f t . 3 4 6 , 7 1 3 4 . 2 1 3 . 0

4 i n  t h e  o l d  
l a n d f i l l

35 ( c a s e d ) 8 0 . 0 1 1 3 . 0 8 . 0 2 8 . 0

* A v e r a g e  o f  d u p l i c a t e  s a m p l e s .

<T>
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T h e s e  d a t a  i n d i c a t e  t h a t  i n  g e n e r a l ,  t h e  o r g a n i c  c o n t e n t  

o f  t h e  g r o u n d w a te r  i n c r e a s e d  i n  s a m p le s  l o c a t e d  w i t h i n  t h e  l a n d ­

f i l l  , and d e c r e a s e d  a g a i n  a s  i t  moved away from  t h e  l a n d f i l l .

The TOC d a t a  o b t a i n e d  on A u g u s t  1 0 ,  19 7 3 ,  h o w e v e r ,  d o e s  n o t  a g r e e  

w i t h  t h i s  t r e n d .  The low  TOC o b s e r v e d  i n  w e l l  number t h r e e  c a n  

be p a r t l y  e x p l a i n e d ,  h o w e v e r ,  by t h e  f a c t  t h a t  d u r in g  t h e  d ry  

s e a s o n ,  a minimum am ount o f  l e a c h i n g  o c c u r s  a s  p r e c i p i t a t i o n  

s t o p s  and t h e  w a t e r  t a b l e  g o e s  down. The i n c r e a s e d  o r g a n i c  

c o n c e n t r a t i o n  i n  w e l l  number tw o ,  d ow n stream  from  w e l l  number  

t h r e e  c o u ld  b e  d ue t o  t h e  f a c t  t h a t  i t  i s  l o c a t e d  a t  a much 

l o w e r  e l e v a t i o n  th a n  w e l l  number t h r e e  and a n ea rb y  pond t h a t  f e e d s  

i t  s t i l l  c o n t a i n s  w a t e r  b u t  h a s  b een  c o n c e n t r a t e d  by  e v a p o r a t i o n .  

T h is  was b o r n e  o u t  by t h e  f o l l o w i n g  e x p e r i m e n t .  A s h a l l o w  

s a n d p o in t  ( s i x  f e e t )  was p u t  i n  p l a c e  b e s i d e  w e l l  number tw o .

The d e p th  w as c h o s e n  s u c h  t h a t  o n l y  t h e  p e r f o r a t e d  s e c t i o n  o f  

t h e  p i p e  was i n  t h e  w a t e r  t a b l e .  TOC o b t a i n e d  from  t h i s  s a n d ­

p o i n t  was a l m o s t  i d e n t i c a l  t o  t h a t  o f  t h e  n e a r b y  p on d  w h ic h  was  

28 m g /1 ,  o n l y  5 m g/1  a b o v e  t h e  sa m p le  o b t a i n e d  from  w e l l  number  

tw o a t  a d e p th  o f  f o r t y  f e e t .

F or  t h e  d e t e r m i n a t i o n  o f  s p e c i f i c  o r g a n i c  compounds i n  

g r o u n d w a te r ,  e s p e c i a l l y  t h e  P C B 's ,  i t  w as d e c i d e d  t o  u t i l i z e  

w e l l s  num bers tw o  and  t h r e e ,  b e c a u s e  t h e s e  w e l l s  a r e  l o c a t e d  

w i t h i n  t h e  f i l l  o r  i n  c l o s e  p r o x i m i t y  t o  i t  and w o u ld  t h e r e ­

f o r e  be  r i c h e r  i n  o r g a n i c  p o l l u t a n t s .  M o r e o v e r ,  t h e  o r g a n i c  

compounds p r e s e n t  i n  t h e s e  l o c a t i o n s  w o u ld  r e f l e c t  t h e  b i o ­

c h e m ic a l  p r o c e s s e s  t a k i n g  p l a c e  i n  t h e s e  e n v ir o n m e n t s ,

CAM s a m p le s  w e r e  o b t a i n e d  from  w e l l s  numbers l b ,  2 ,  3 ,
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and 4 ,  b u t  o n l y  s a m p le s  from  w e l l s  num bers 2 and 3 w e r e  s u b j e c t e d  

t o  e x t e n s i v e  a n a l y s i s .  F u r th e r m o r e ,  s i n c e  t h e  d e t e r m i n a t i o n  o f  

t h e  PC B's was an im p o r t a n t  o b j e c t i v e ,  t h e  CCE w as t o  b e  exam in ed  

more c l o s e l y .  The s a m p le s  i s o l a t e d  from  t h e  a b o v e  s a m p l in g  

w e l l s  and t h e  c o n d i t i o n s  u n d e r  w h ic h  t h e y  w e r e  o b t a i n e d  a r e  

l i s t e d  i n  T a b le  6 .

T a b le  6 . G rou n d w ater  S a m p les

W e l l  number 1 2 3 4

L o c a t i o n n a t u r i z e r 300 f e e t  
d ow n stream  
from  la n d ­
f i l l  e d g e

i n
r e f u s e
c e l l

a t
a s p h a l t
p l a n t

S a m p lin g
c o n d i t i o n s
ca rb o n
a d s o r p t i o n
m ethod

2  1 / m i n .  
374 g a l .

a) 2  1 /m i n .
187 g a l .

b) 400 m l /m in .  
9 9 . 6 8  g a l .

175
m l / m in . 

42 g a l .

300
m l/m in .  

85 g a l .

w e i g h t  
(mg) o f  
ca rb o n  
c h lo r o f o r m  
e x t r a c t

4 3 . 4
( . 1 1 6
m g /1 )

a) 5 5 . 7  
( 0 . 0 7 7  m g/1)

b) 1 5 7 . 5  
( 0 . 4 1  m g/1)

75
( 0 . 4 6
m g /1 )

5 5 .3
( 0 .6 5
m g /1 )

w e i g h t  
(mg) o f  
h e x a n e  f r a c ­
t i o n  a f t e r  
colum n  
c h r o m a to ­
g ra p h y  o v e r  
S i l i c a r

a) 1 .9

b) 1 2 . 6

5 .9 2 . 7

f i r s t
b e n z e n e
f r a c t i o n

a) 3 .9

b) 3 5 .2

9 . 7 1 . 2 1

XAD-2 (mg) 
e x t r a c t  
(5  g a l .  HjO)

9 . 0

As can  b e  s e e n  from  t h e  a b o v e  t a b l e ,  t h e  amount o f  o r g a n i c s  

a d s o r b e d  by c a r b o n  i s  d e p e n d e n t  on f l o w  r a t e  and t h e  t o t a l  volumie
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o f  w a t e r  p a s s e d  a s  p r e v i o u s l y  o b s e r v e d  by B o o t h . T h e  v a r i a b l e  

f lo w  r a t e s  o b t a i n e d  w i t h  e a c h  s a m p l in g  run w e r e  due t o  t h e  d i f ­

f e r e n c e s  i n  t h e  e l e v a t i o n  o f  t h e  w a t e r  t a b l e  a t  e a c h  w e l l  and  

a l s o  due t o  t h e  c h a n g e s  i n  t h e  c a p a c i t y  o f  t h e  pumps u s e d .

The u s e  o f  XAD-2 a m b e r l i t e  r e s i n  a s  an a d s o r b e n t  w as t r i e d  

on w e l l  number 3 .  As w i t h  t h e  CAM sa m p le  o b t a i n e d  from  t h e  w e l l ,  

s a m p l in g  c o u l d  n o t  b e  a c c o m p l i s h e d  by  d i r e c t  f l o w  o f  g r o u n d w a te r  

up t h e  t e f l o n  l i n e  t o  t h e  colum n w i t h  t h e  u s e  o f  a r u b b e r  i m p e l l e r  

pump. S a m p lin g  had t o  b e  done by d r a w in g  g r o u n d w a te r  i n t o  a  3 .5  

g a l l o n  g l a s s  c a r b o y  w i t h  t h e  u s e  o f  a vacuum pump and t h i s  

w a t e r  w as a l l o w e d  t o  f l o w  i n t o  t h e  colum n by g r a v i t y .  F low  

t h r o u g h  t h e  c a r b o n  co lu m n s was m a in t a in e d  w i t h o u t  any d i f f i c u l t y .  

The XAD co lum n on t h e  o t h e r  hand p lu g g e d  a f t e r  I h  g a l l o n s  o f  

w a t e r  had  p a s s e d  t h r o u g h .  The s a m p l in g  p r o c e s s  had  t o  b e  com­

p l e t e d  i n  t h e  l a b o r a t o r y  by  f i r s t  f i l t e r i n g  t h e  g r o u n d w a te r  

th r o u g h  a g l a s s  f i b e r  f i l t e r ,  t h e n  l e t t i n g  i t  p a s s  t h r o u g h  t h e  

a m b e r l i t e  a t  f u l l  g r a v i t y  f l o w .  Even a f t e r  t h e  f i l t e r i n g  

o p e r a t i o n  w h ic h  rem oves  p r a c t i c a l l y  a l l  t h e  t u r b i d i t y  from  t h e  

g r o u n d w a te r ,  t h e  f l o w  r a t e  drop p ed  from  an  i n i t i a l  1 0 0  m l /m in .  

t o  60 m l / m i n . ,  a t  t h e  e n d  o f  a 5 - g a l l o n  s a m p le .  In  s p i t e  o f  

t h e  d i f f i c u l t y ,  h o w e v e r ,  t h e  q u a n t i t y  o f  sa m p le  o b t a i n e d  w i t h  t h e  

r e s i n  com p ares  f a v o r a b l y  w i t h  t h e  CAM. F u r th e r m o r e ,  s i n c e  t h e  

d r y i n g  p r o c e s s  w as e l i m i n a t e d ,  t h e  l o s s  o f  v o l a t i l e  compounds  

s h o u l d  be  m in im iz e d .  The g a s  ch rom atogram  o f  t h e  c r u d e  XAD-2 

h e x a n e  e x t r a c t  from  w e l l  number 3 i s  shown i n  F i g u r e  9 .
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XU.

F ig u r e  9 .  Gas C hrom atogram  f o r  XAD-2 S a i t p l e ,  W e l l  number 3.

Sam ple A n a l y s e s . T h in  l a y e r  ch ro m a to g ra p h y  o f  t h e  CCE 

e x t r a c t s  from  w e l l  number 3 on  s i l i c a  g e l  p l a t e s  sh ow ed  t h e  p r e s ­

e n c e  o f  s e v e r a l  c o m p o n e n t s .  One o f  t h e  m a jo r  c o m p o n en ts  moved  

v e r y  c l o s e  t o  t h e  s o l v e n t  f r o n t  (R^ v a l u e  = 0 . 9 6  w i t h  b e n z e n e  

a s  t h e  d e v e l o p i n g  s o l v e n t )  and w as l a t e r  i s o l a t e d  a s  a s i n g l e  

s p o t  by co lum n c h r o m a to g r a p h y  on s i l i c a r  u s i n g  1 0 0  ml o f  h e x a n e  

a s  t h e  e l u e n t .

The same com p on en t w as a l s o  o b t a i n e d  from  t h e  h e x a n e  f r a c t i o n  

o f  t h e  co lum n c h r o m a t o g r a p h ic  s e p a r a t i o n  o f  t h e  CCE from w e l l  

number 2 .  The co lu m n  c h r o m a to g r a p h ic  s e p a r a t i o n  o f  b o t h  CCE 

s a m p le s  was p e r fo r m e d  w i t h o u t  p r i o r  s o l u b i l i t y  s e p a r a t i o n  b e c a u s e  

i t  was d e s i r e d  t o  s e p a r a t e  t h e  a r o m a t ic  f r a c t i o n  r a p i d l y  a s  t h i s
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w o u ld  p r e s u m a b ly  c o n t a i n  m o s t  PC B's a n d / o r  c h l o r i n a t e d  HC p e s t i ­

c i d e s  . The p r o c e d u r e  f o l l o w e d  t h e  g e n e r a l  s e p a r a t i o n  schem e f o r

t h e  i d e n t i f i c a t i o n  and  m ea su rem en t  o f  c h l o r i n a t e d  h y d r o c a r b o n

7 7p e s t i c i d e s  i n  s u r f a c e  w a t e r s ,  a l t h o u g h  t h e  v o lu m e  and number

o f  f r a c t i o n s  v a r i e d  s l i g h t l y .

A l i p h a t i c  F r a c t i o n s . The h e x a n e  f r a c t i o n s  from  b o t h  w e l l s

g a v e  i d e n t i c a l  g a s  c h r o m a to g r a m s .  The g a s  ch ro m a to g ra m  o f  t h e

h e x a n e  f r a c t i o n  from  w e l l  number 2 (ICCE2 h e x a n e )  can  be  s e e n

i n  F i g u r e  1 0 a .  Some o f  t h e  p e a k s  i n  t h e  ch rom atogram  c o i n c i d e

w i t h  p e a k s  i n  A r o c lo r  12 32 ( F i g u r e  10b) and w as t h o u g h t  t o

c o n t a i n  some o f  t h e  PCS m i x t u r e  i n  a d d i t i o n  t o  t h e  o t h e r  m a jo r
2 8c o m p o n e n ts .  T h is  t h i n k i n g  w as e n c o u r a g e d  b y  R e y n o ld s '  r e p o r t  

t h a t  PCB's t e n d e d  t o  run t o w a r d  t h e  s o l v e n t  f r o n t  and t h a t  t h e s e  

coxrpounds a r e  e l u t e d  from  f l o r i s i l  by  200 ml o f  h e x a n e .  Gas 

c h r o m a to g r a p h y -m a ss  s p e c t r o m e t r i c  a n a l y s i s  o f  t h e  h e x a n e  f r a c t i o n  

from  w e l l  number 3 (ICCE3 h e x a n e ) ( F i g u r e  11) g a v e  m o s t ly  t h e  

t y p i c a l  s p e c t r a  o f  a l i p h a t i c  h y d r o c a r b o n s .  The s p e c t r a  a r e  n o t  

p r e s e n t e d  h e r e ,  h o w e v e r ,  b e c a u s e  a s  can  b e  s e e n  from  t h e  g a s  

ch rom atogram  t h e  s e p a r a t i o n  o f  co m p o n en ts  i s  n o t  a d e q u a t e .  N e v e r ­

t h e l e s s ,  t h e  p r e s e n c e  o f  t h e  f o l l o w i n g  com pounds i n  t h e  m i x t u r e  

i s  i n d i c a t e d  (T a b le  7 ) .
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F i g u r e  1 0 .  (a) Gas ch rom atogram  o f  h e x a n e
f r a c t i o n  from  w e l l  number 2 (ICCE2 h e x a n e ) . 
(b) A r o c l o r  1 2 3 2 .  ( c h a r t  s p e e d  0 . 5  i n / m i n . )
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1 CCE ^  HEX. 1

8_

s.

i l | m H i H f | i i i l | i n i [ i i i n i M n n M | i m | i i i i | i M |^ l W H l w r p i y i |» M I |1 l H | i m | t n i | n » i p m |» H y |i» » M » M |i i m m f | i n T| i m y T » r T |n f T | i i i i f i f H | i i n f u i i [ i i i n i t n | Tn n i i i fy n n f i t i f y T

a 10 20 30 -le so CO 70 eo 90 100 n o  120 130 1S3 iso 170 180 190 2
SPECTRII NUCER

F i g u r e  1 1 .  Gas ch rom atogram  p l o t  o r  h e x a n e  f r a c t i o n  o f  CCr; 3 .  
Column: 5.3% DC-200^ T e m p e r a tu r e  1 2 5 °  -  2 5 0 ° ,  1 0 ° / m i n .
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Table 7. ICCE-3 Hexane

S p ectru m  number m'*’ M o l e c u la r  fo r m u la

48 226 ^16^34

55 2 1 2 ^15^32

69 240 ^17^36

76 226 ^16^34

87 254 ^18^38

137 268 ^19^40

137 256
" 8

T h ere  a r e  tw o i s o m e r i c  h e x a d e c a n e s  i n  t h e  m ix t u r e  ( s p e c t r a  

numbers 48  and 76) and more compounds and t h e i r  i s o m e r s  c o u l d  

be p o s s i b l y  d i s c e r n e d  i f  t h e  s e p a r a t i o n  o f  t h e  co m p o n en t  p e a k s  

was b e t t e r .  S p e c tr u m  num ber 137 ( F i g u r e  12) a l s o  sh ow s t h e  

p r e s e n c e  o f  two d i s t i n g u i s h a b l e  c o m p o n e n ts ,  a  h y d r o c a r b o n  w i t h  

= 268 (C^gH^g) and s u l f u r  i n  t h e  form  o f  S g ,  t h e  s p e c tr u m  

o f  w h ich  d o m in a te s  t h e  m i x t u r e .

w

30 40M/ E

S,
5f
44

M"

F ig u r e  1 2 .  Mass s p e c t r u m  o f  H exane f r a c t i o n ,  CCE-3.
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The p r e s e n c e  o f  s u l f u r  i n  t h e  sa m p le  i n d i c a t e s  t h e  f a c t  

t h a t  i t  i s  f a i r l y  s o l u b l e  i n  c h lo r o f o r m  and i s  t h e r e f o r e  e x t r a c t e d  

t o g e t h e r  w i t h  t h e  o r g a n i c s  t h a t  had  b e e n  a d s o r b e d  o n t o  t h e  

c a r b o n  co lu m n . I t  a l s o  c o n f i r m s  t h a t  t h e  c o n d i t i o n s  e x i s t i n g  

u n d e r  t h e  f i l l  a r e  in d e e d  a n a e r o b i c  and t h a t  b a c t e r i a l  r e d u c t i o n  

o f  s u l f a t e s  t o  e l e m e n t a l  s u l f u r  t a k e s  p l a c e .

A r o m a tic  F r a c t i o n ;  S e a r c h  f o r  P C B 's . The i d e n t i f i c a t i o n  

o f  t h e  co m p o n en ts  o f  t h e  h e x a n e  f r a c t i o n  w as n o t  t a k e n  b e y o n d  

t h i s  p o i n t  b e c a u s e  t h e  a r o m a t i c  f r a c t i o n  w as o f  m ore i n t e r e s t  

t o  u s .  The b e n z e n e  f r a c t i o n  w as t h e  n e x t  f r a c t i o n  o b t a i n e d  

from  t h e  co lum n c h r o m a t o g r a p h ic  s e p a r a t i o n  o f  t h e  CCE. T h is  

f r a c t i o n  c o n t a i n e d  a l a r g e  num ber o f  c o m p o n e n ts  w h ic h  w ere  

a d e q u a t e l y  s e p a r a t e d  on  a 5 f t .  x  1 / 8  i n .  DC-200 co lum n ( F i g u r e  

1 3 ) .  The n e x t  f r a c t i o n  (CHCl^ e l u a t e )  s t i l l  c o n t a i n e d  compounds  

p r e s e n t  i n  t h e  b e n z e n e  f r a c t i o n  ( F i g u r e  14) b u t  t h e  s e c o n d  CHClg 

e l u a t e  show s a p r e d o m in a n c e  o f  t h e  com pounds w i t h  lo w e r  r e t e n t i o n  

t i m e s  ( F i g u r e  15) w h ic h  w e r e  p r e s e n t  i n  s m a l l e r  am ounts  i n  t h e  

b e n z e n e  f r a c t i o n .

F i g u r e  16 i s  t h e  g a s  ch rom atogram  o f  t h e  b e n z e n e  f r a c t i o n  

p l o t t e d  d u r in g  t h e  g a s  c h r o m a to g r a p h y -m a ss  s p e c t r o m e t r y  (g c -m s )  

run on t h i s  s a m p le .  The m a jo r  c o m p o n en ts  o f  t h i s  m ix t u r e  h a v e  

l o n g e r  r e t e n t i o n  t i m e s  and s t a r t  c o m in g  o f f  t h e  co lum n a t  a 

t e m p e r a t u r e  o f  2 50°C and f i f t e e n  m in u t e s  a f t e r  i n j e c t i o n  a t  a  

t e m p e r a t u r e  o f  110°C .

The u s e  o f  T r i t i u m  a s  e l e c t r o n  c a p t u r e  d e t e c t o r  w i t h  a 

maximum o p e r a t i n g  t e m p e r a t u r e  o f  225°C  w o u ld  t h e r e f o r e  n o t  b e  

a d v i s a b l e .  H ow ever , i f  t h e  co lum n  w as c h a n g e d  t o  Q F -1 ,  t h e
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F i g u r e  1 3 .  Gas ch rom atogram  o f  b e n z e n e  f r a c t i o n ,  CCE-3 
Column: 5.3% DC-200 on  Gas Chrom Q
T e m p e r a tu r e  -  1 2 5 °  -  2 5 0 ° ,  1 0 ° / m i n .
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F i g u r e  1 4 .  Gas ch rom atogram  o f  CHCl. f r a c t i o n  o f  CCE-3 
Column: 5.3% DC-200 on  Gas Chrom Q,
T em p era tu re  -  1 5 0 °  -  2 6 0 ° ,  1 0 ° / m i n .
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F i g u r e  1 5 .  Gas chrom atogram  o f  CHClg f r a c t i o n  CCE-3

Column: 5.3% DC-200 on  Gas Chrom Q,
T e m p e r a tu r e  -  1 0 0 °  -  2 6 0 ° ,  1 0 ° /m i n .
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F i g u r e  1 6 .  Gas ch rom atogram  -  m ass  s p e c t r o s c o p y  
o f  CCE-3
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r e t e n t i o n  o f  t h e s e  com pounds and  t h e  o p e r a t i n g  t e m p e r a t u r e  c o u ld

b e  lo w e r e d  c o n s i d e r a b l y .

This f r a c t io n  b e in g  th e  arom atic  f r a c t i o n  was search ed  fo r

t h e  p r e s e n c e  o f  P C B 's .  The g a s  chrom atogram s h a v e  com p on en ts

e m e r g in g  o f f  t h e  DC-200 co lu m n  a t  t h e  same r e l a t i v e  t im e  and

t e m p e r a t u r e  a t  w h ic h  t h e  PC B's ( F i g u r e s  1 7 ,  1 8 ,  1 9 ,  and 20) come

o f f  a lth o u g h  th e  q u a n t i t a t i v e  s i m i l a r i t y  i s  n o t  a p p aren t .  A

s u b s e t  s c a n  ( F i g u r e  21) was t h e r e f o r e  run o n  t h e  r e c o r d i n g  g c - m s .

This sca n n in g  te c h n iq u e  i s  s im i l a r  in  p r i n c i p l e  t o  B o n e l l i ' s ^ ^

d i s c u s s e d  e a r l i e r  b u t  i s  m o s t l y  t h a t  d e v e l o p e d  by E i c h e l b e r g e r  

7 8e t  a l .  w h ic h  i n v o l v e s  p rogram  c o n t r o l l e d  s c a n s  w i t h  s e v e r a l

s p e c i f i c  i o n s  o f  known s i g n i f i c a n c e  t o  t h e  compound o f  i n t e r e s t .

The a p p l i c a t i o n  o f  s u b s e t  s c a n n in g  t e c h n i q u e s  t o  t h e  a n a l y s e s

o f  PC B's e n h a n c e s  t h e  s e n s i t i v i t y  and y e t  d o e s  n o t  s a c r i f i c e  t o o

much o f  t h e  q u a l i t a t i v e  i n f o r m a t i o n  i n h e r e n t  i n  a c o m p le t e  m ass

s p e c t r u m .  D e t a i l s  o f  th e  a p p l i c a t io n  o f  th e  te c h n iq u e  and
78r a t i o n a l e  b e h in d  i t  a r e  d i s c u s s e d  by E i c h e l b e r g e r  e t  a l .

The g a s  ch rom atogram  i n  F i g u r e  21 w as o b t a i n e d  by r e p e t i t i v e  

s c a n  o f  t h e  PCB s u b s e t  m a s s e s  1 9 0 ,  2 2 4 ,  2 6 0 ,  2 9 4 ,  3 3 0 ,  3 6 2 ,  and  

394 w i t h  t h e  i n t e g r a t i o n  t im e  a d j u s t e d  s u c h  t h a t  e a c h  p eak  i n  

t h e  s u b s e t  s c a n  a p p e a r s  a p p r o x i m a t e l y  a t  t h e  same p l a c e  on t h e  

s p e c t r u m  number a x i s  o f  t h e  c o m p le t e  m ass ch ro m a to g ra m  s c a n ,

0 -3 5 0  a t o m ic  m ass u n i t s  ( F i g u r e  1 6 ) .

The s e l e c t e d  s u b s e t  i o n s  a r e  t h e  M^+2 i o n s  o f  m o n o ch lo ro  

b i p h e n y l ,  d i c h l o r o  b i p h e n y l ,  t r i c h l o r o  b i p h e n y l ,  t e t r a c h l o r o  b i ­

p h e n y l ,  p e n t a c h l o r o  b i p h e n y l ,  h e x a c h l o r o b i p h e n y 1  and  h e p t a c h l o r o  

b i p h e n y l  r e s p e c t i v e l y .  I t  i s  o b v io u s  from  F i g u r e  21 t h a t
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F i g u r e  1 7 .  A r o c l o r  1232  on 5.3% DC-200 S' x  1 /8 "
T e m p era tu re  -  1 2 0 °  -  2 5 0 ° ,  1 0 ° / m i n .  

f l o w  -  2 0  m l /m in .
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F i g u r e  1 8 .  A r o c l o r  1 2 4 2  ( l u i )  
C olum n: 5.3% DC-200 on  Cas Chrom Q
T e m p e r a tu r e  -  1 2 0 °  -  2 5 0 ° ,  1 0 ° / m i n .  
Ng f l o w  2 0  m l / m i n .

F i g u r e  1 9 .  A r o c l o r  1 2 4 8  
C olum n: 5.3% DC-200 on  Cas Chrom Q
T e m p e r a t u r e  -  1 2 0 °  -  2 5 0 ° ,  1 0 ° / m i n .  
Ng f l o w  2 0  m l / m i n .

a\K>



2 L

iS3n7ï6t$"**îr

F i g u r e  2 0 .  A r o c l o r  1 2 4 2  (a )  a n d  1 2 4 8  (b ) Column 3% OV-1 on  
Gas Chrom Q, 6 ' x  1 /8 "  T e m p e r a t u r e  -  1 5 0 °  -  2 5 0 ° ,  IQ O /m in .
Ng f l o w  ^ 2 5  m l / m i n .

en
w
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■I I I   I .^240259260290289290 3im no m  iso iio iso i n  i n  i n  in

F i g u r e  2 1 .  gc-m s P l o t  o f  B e n z e n e  F r a c t i o n  CCE-3 
S u b s e t  S c a n ,  C o lu m n .5.3% DC-200 on Gas Chrom Q,
T em p era tu re  -  1 1 0 °  -  2 5 0 ° ,  10 /m i n .

t h e r e  i s  in d e e d  a g a in  i n  s e n s i t i v i t y  from  p e a k s  w h ic h  c o n t a i n  

t h e  s e l e c t e d  s u b s e t  m a s s e s .  The p r e s e n c e  o f  a PCB m ix t u r e  i n  

t h e  s a m p le  w o u ld  be  i n d i c a t e d  b v  t h e  a p p e a r a n c e  o f  t h e  s u b s e t  

g a s  ch rom atogram  and c o n f ir m e d  b y  o b t a i n i n g  t h e  c o m p le t e  

mass s p e c tr u m  on com ponent p e a k s .  The c o m p le t e  m ass s p e c tr u m  

o f  t h e  m a jo r  com p on en ts  o f  t h i s  sa m p le  w e r e  o b t a i n e d  and a r e  

shown i n  F i g u r e s  22 th r o u g h  3 5 .  None o f  t h e s e  r e s e m b le  t h e  

c h a r a c t e r i s t i c  m ass s p e c t r a  o f  t h e  p o l y c h l o r i n a t e d  b i p h e n y l s ,  

some o f  w h ich  a r e  shown i n  F i g u r e  3 6 .

P h t h a l a t e s ;  W e l l  number 3 . The m a j o r i t y  o f  t h e s e  s p e c t r a ,  

on t h e  o t h e r  h a n d ,  h a v e  b a s e  p e a k s  a t  m /e  149 w h ic h  a r e  v e r y  

c h a r a c t e r i s t i c  o f  a n o t h e r  g r o u p  o f  e n v ir o n m e n t a l  c o n ta m in a n t s  

known a s  d i a l k y l  p h t h a l a t e s .  PC B's a r e  known f o r  t h e i r  s t a b i l i t y  

and a l s o  e x h i b i t  t h e  same s t a b i l i t y  upon e l e c t r o n  im p a c t  a s  

e v i d e n c e d  by t h e  p r e s e n c e  o f  l a r g e  m o l e c u l a r  i o n  p e a k s .  O f t e n ,  

t h e  p r e s e n c e  o f  a PCB m ix tu r e  i n  an e n v ir o n m e n t a l  sa m p le  i s  

s u f f i c i e n t l y  i n d i c a t e d  by t h e  p r e s e n c e  o f  t h o s e  m o l e c u l a r  i o n
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Figure 24. Spectrum number 81 - 78
ICCE3 Benzene 3
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Figure 26. Spectrum number 138 - 135
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Figure 32. Spectrum number 244 - 241
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b ip h e n y l  c o n ta in e d  in  standard  A ro c lo r  1232
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p e a k s  i n  t h e  g c -m s a n a l y s i s  o f  s u c h  s a m p l e s .  T h i s  was d on e by

Koeman e t  a l . ^ ^  i n  h i s  work on m a r in e  a n i m a l s .  The d i a l k y l

p h t h a l a t e s ,  h o w e v e r ,  e x h i b i t  v e r y  weak m o l e c u l a r  i o n  p e a k s ,  i f

a t  a l l ,  and t h e i r  m ass s p e c t r a  a r e  d o m in a te d  by t h e  m /e  149

p eak  c o r r e s p o n d i n g  t o  t h e  v e r y  s t a b l e  p r o t o n a t e d  a n h y d r id e  i o n ,

The o r i g i n  o f  t h i s  i o n  h a s  b e e n  p o s t u l a t e d  a s  i n v o l v i n g  a

p r o t o n  t r a n s f e r  from  t h e  B -C arbon  o f  t h e  a l k y l  g ro u p  as  

79f o l l o w s  :

H -R

C— O— R

0

OH + G H ,=G H —

T h is  m echan ism  e x p l a i n s  why t h e  m ass s p e c t r a  o f  d im e t h y l  p h t h l a t e  

d o e s  n o t  g i v e  t h i s  b a s e  p e a k .

S t e p w i s e  m ech an ism s to w a r d  t h e  f o r m a t io n  o f  t h i s  fr a g m e n t  

i o n  a r e  a l s o  g i v e n  by o t h e r s ^ ^ '  and o n e  o f  t h e  p o s s i b l e  p a t h ­

w ays i s  shown i n  F i g u r e  3 7 .  F o r  t h e  s m a l l e r  i o n s  r e s u l t i n g  from

t h e  s u b s e q u e n t  f r a g m e n t a t i o n  o f  t h e  p r o t o n a t e d  p h t h a l i c  a n h y d r id e ,

80t h e  f o l l o w i n g  s t r u c t u r e s  a r e  a l s o  s u g g e s t e d .
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C - 0 - C „ H

C - 0 - C „ H

-O H

r>“ 6,7,8. . .

CSO*

IV, I

OH

m /e  167

m / r 119

F i g u r e  3 7 .  P a r t i a l  f r a g m e n t a t io n  p a th w a y s  
f o r  p h t h a l a t e  e s t e r s .
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m /e S t r u c t u r e

93 A r-0
104 -A r-C = 0
105 Ar-C=0
1 2 1 Ar-COO
1 2 2 Ar-COOH

I t  can  b e  s e e n  from  t h e  a b o v e  t h a t  i r r e s p e c t i v e  o f  th e  

n a tu r e  o f  t h e  a l k y l  g r o u p ,  a number o f  p e a k s  w i l l  b e  common 

t o  a l l  d i a l k y l  p h t h a l a t e s  s o  t h a t  t h e  i d e n t i t y  o f  t h e  a l k y l  

c h a in  w o u ld  b e  d e te r m in e d  from  t h e  c h a r a c t e r i s t i c  a l i p h a t i c  

fra g m en t  a t  14 amu i n t e r v a l s  u s u a l l y  p r e d o m in a n t  i n  t h e  lo w e r  

p a r t  o f  t h e  s p e c t r u m .  The m ass s p e c t r a  o f  some s t a n d a r d  d i a l k y l  

e s t e r s  a r e  shown i n  F i g u r e s  38 t h r o u g h  4 2 .  Mass s p e c t r a l  d a t a  

on t h e s e  s t a n d a r d  p h t h a l a t e s , i n c l u d i n g  a r e l a t e d  a l i p h a t i c  d i e s t e r ,  

d i - o c t y l  a d i p a t e ,  a r e  su m m arized  i n  t h e  f o l l o w i n g  t a b l e .

T a b le  8 . Mass S p e c t r a l  D a ta  o f  S ta n d a r d  D i e s t e r s

D i e s t e r MW B a s e  p eak
E t h y l  p h t h a l a t e 2 2 2 149
D i i s o b u t y l  p h t h a l a t e 278 149
D i - n - b u t y l  p h t h a l a t e 278 149
D i - 2 - e t h y l h e x y l  p h t h a l a t e 390 149
D i - n - o c t y l  p h t h a l a t e 390 149
D i - 2 - e t h y l h e x y l  a d i p a t e 370 129

The b a s e  p ea k  o f  129 p r o d u c e d  by  t h e  f r a g m e n t a t i o n  o f  

d i - o c t y l  a d i p a t e  i s  t h e  a n a lo g o u s  p r o t o n a t e d  a n h y d r id e  o f  

a d i p i c  a c i d  and t h e  mode o f  f o r m a t io n  o f  t h i s  i o n  w o u ld  b e  

s i m i l a r  t o  t h e  c o r r e s p o n d i n g  p r o t o n a t e d  p h t h a l i c  a n h y d r id e  

(m /e 149) .
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p r o t o n a t e d  a d i p i c  a c i d  a n h y d r id e  m /e  129

The r e t e n t i o n  t i m e s  o f  t h e  d i a l k y l  p h t h a l a t e s  o f f  a DC-20O 

colum n i n  g e n e r a l ,  v a r y  d i r e c t l y  w i t h  m o l e c u l a r  w e i g h t .  I s o ­

m e r ic  p h t h a l a t e s ,  h o w e v e r ,  s o m e t im e s  do n o t  h a v e  t h e  same r e t e n ­

t i o n  t im e  a s  can  b e  s e e n  from  t h e  d a t a  on t h e  tw o i s o m e r i c  

d i b u t y l  p h t h a l a t e s  i n  T a b le  9 ,  b e l o w .  (S ee  a l s o  F ig u r e  4 3 . )

T a b le  9 .  G. C.  D ata  on  S ta n d a r d  D i e s t e r s ,  Column; 5.3% 
DC-200 (5  f t .  X 1 / 8  i n . )  o n  Gas Chrom Q, T em p era tu re  
l lQ o  -  2 7 0 °  a t  lO O /m in . Ng f lo w  1 8 m l/m in .

D i e s t e r R e t e n t i o n  Time ( mi n . )

E t h y l  p h t h a l a t e 7
D i - i s o b u t y l  p h t h a l a t e 9 . 5
D i - n - b u t y l  p h t h a l a t e 1 0 . 5
D i - 2 - e t h y l h e x y l  a d i p a t e 1 3 . 8
D i - 2 - e t h y l h e x y l  p h t h a l a t e 1 4 . 8
D i - n - o c t y l  p h t h a l a t e 1 4 . 8

The tw o i s o m e r i c  d i o c t y l  p h t h a l a t e s ,  d i - 2 e t h y l h e x y l  and  

d i - n - o c t y l  p h t h a l a t e ,  a r e  n o t  s e p a r a t e d  u n d er  t h e  c o n d i t i o n s  a t  

w h ic h  t h i s  ch rom atogram  ( F ig u r e  4 3) was r u n ,  b u t  w e r e  p a r t i a l l y  

s e p a r a t e d  i n  t h e  ch rom atogram  o f  t h e  ICCE-3 b e n z e n e  sam ple  

( F ig u r e  16) d u e  t o  a lo w e r  c a r r i e r  g a s  f lo w  r a t e .

On t h e  b a s i s  o f  t h e  a b o v e  g c -m s  d a t a ,  and  a l s o  a  s e a r c h  

o f  t h e  s p e c t r a l  r e f e r e n c e  f i l e  a v a i l a b l e  t o  u s e r s  o f  m ost  gc-m s  

s y s t e m s ,  t h e  f o l l o w i n g  d i e s t e r s  h a v e  b e e n  i d e n t i f i e d  from t h e
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F ig u r e  4 3 .  Gas chrom atogram  o f  s t a n d a r d  p h t h a l a t e s :  e t h y l ,
d i i s o b u t y l ,  d i - n - b u t y l ,  d i o c t y l  a d i p a t e ,  d i - 2 - e t h y l h e x y l  p h t h a l a t e ,  
and n - o c t y l  p h t h a la t - e .  5.3% DC-200 , T e m p e r a tu r e  1 1 0 °  -  2 7 0 ° ,  
1 0 ° /m i n .  F low  18 m l /m in .
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a r o m a t ic  f r a c t i o n  o f  a CAM sa m p le  o b t a in e d  from  w e l l  num ber 3 

(T a b le  1 0 ) .

T a b le  1 0 . I d e n t i f i c a t i o n  o f  D i e s t e r s  
From A ro m a tic  F r a c t io n  o f  a CAM Sam ple  
From W ell Number 3 .

S p ectru m  num ber I d e n t i t y

1 0 1 E t h y l  p h t h a l a t e
156 d i i s o b u t y l  p h t h a l a t e
172 d i - n - b u t y l  p h t h a la t e
228 b u t y l  g l y c o l y l b u t y l  p h t h a l a t e
244 d i - 2 - e t h y l h e x y l  a d ip a t e
272 d i - 2 - e t h y l h e x y l  p h t h a la t e
282 d i - o c t y l  p h t h a la t e
29 7 D i - o c t y l  p h t h a la t e

The s p e c t r a  o f  t h e  l a s t  fo u r  co itp ou n d s (num bers 244  th r o u g h  

29 7) w e r e  o b t a in e d  from  a s e p a r a t e  g c-m s run u s in g  a l e s s  c o n c e n ­

t r a t e d  sa m p le .

The c h a r a c t e r i s t i c  p e a k s  in  e a c h  o f  t h e  a b o v e  com pounds and  

t h e  fra g m en t s p e c i e s  r e s p o n s i b l e  f o r  th em  a r e  r e a d i l y  s e e n  from  

co m p a r iso n  o f  t h e i r  s p e c t r a  w i t h  t h o s e  o f  s ta n d a r d s  and in  

d i s c u s s i o n s  by many a u t h o r s .

E th y l  p h t h a l a t e  (s p e c tr u m  101) i s  t h e  o n ly  d i e s t e r  among 

t h o s e  p r e s e n t  in  t h e  sa m p le  t h a t  h a s  a d i s c e r n a b l e  m o le c u la r  io n  

(m /e  22 2 ) .  The o t h e r  s i g n i f i c a n t  p e a k s  o c c u r  a t  m /e  177  and  

m /e 1 4 9 . m /e  149 i s  t h e  p r o t o n a t e d  p h t h a l i c  a n h y d r id e  and  

m /e 177 i s  t h e  io n  fr a g m e n t:
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For a sunmary o f  th e  s i g n i f i c a n t  peaks ap p earin g  in  th e  s p e c tr a  

o f  e s t e r s  found in  th e  sa m p les ,  s e e  th e  f o l lo w in g  t a b le  

(Table 11) .

As e x p e c t e d ,  t h e  m ass s p e c t r a  o f  th e  i s o m e r i c  e s t e r s  a r e  

s i m i l a r  e x c e p t  w it h  a v a r i a t i o n  o f  t h e  a b u n d an ce  o f  fr a g m e n t io n s  

a r i s i n g  from  t h e  a l k y l  c h a in .  F or  e x a m p le , t h e  sp e c tr u m  o f  

s ta n d a r d  d i - n - b u t y l  p h t h a l a t e  (F ig u r e  39) sh ow s a lo w e r  i n t e n s i t y  

o f  th e  fr a g m e n t a t  m /e 57 th a n  t h e  s p e c tr u m  o f  d i i s o b u t y l  

p h t h a l a t e .  T h is  i s  due t o  t h e  r e l a t i v e  s t a b i l i t y  o f  i s o b u t y l  

carb o n iu m  io n  com pared  t o  t h e  n - b u t y l  ca rb o n iu m . The same 

r e l a t i o n s h i p  i s  a l s o  e v i d e n t  from  t h e  s p e c t r a  o f  d i - 2 - e t h y l h e x y l  

p h t h a la t e  and n - o c t y l  p h t h a l a t e .  On t h i s  b a s i s  and a l s o  on  th e  

r e t e n t i o n  t im e s  o f  t h e s e  com p ou n d s, i t  w as d e te r m in e d  t h a t  s p e c ­

trum  number 156 i s  d i i s o b u t y l  p h t h a l a t e ,  s p e c tr u m  number 172  

i s  n - b u t y l  p h t h a l a t e  and sp e c tr u m  num ber 272  i s  d i - 2 - e t h y l h e x y l  

p h t h a l a t e .  Due t o  th e  u n a v a i l a b i l i t y  o f  t h e  o t h e r  i s o m e r i c  

p h t h a l a t e ,  d i i s o o c t y l  p h t h a l a t e ,  h o w e v e r , sp e c tr u m  282 and 299  

c o u ld  n o t  b e  d i f f e r e n t i a t e d  and a r e  t h e r e f o r e  b o th  d e s ig n a t e d  

a s  d i - o c t y l  p h t h a l a t e .

P h t h a la t e s  w ere  a l s o  fo u n d  from  CCE sa m p le s  o b t a in e d  from  

w e l l  number 2 . A lth o u g h  p r e s e n t  in  s m a l le r  a m o u n ts , r e l a t i v e  t o  

t h o s e  fo u n d  in  w e l l  num ber 3 , t h e s e  com pounds a l s o  make up t h e  

m ajor p o r t io n  o f  t h e  a r o m a t ic  f r a c t i o n  from  t h i s  w e l l .  The  

g a s  ch rom atogram  o f  t h i s  f r a c t i o n  (ICC E-2 b e n z e n e  2) on DC-200  

i s  shown in  F ig u r e  44 and t h e  g c  p l o t  o f  t h e  s u b s e q u e n t  gc-m s  

run i s  in  F ig u r e  4 5 .

This f r a c t io n  was a l s o  sea rch ed  fo r  th e  p r e se n c e  o f  PCB's



T ab le  l i e  S i g n i f i c a n t  Peaks A ppearing  in  
S p e c tr a  o f  E s t e r s  Found in  S a m p les .

S p e c tr u m
num ber

^ ^ ë - O - R

C X ^ '

r

1 0 1 2 2 2  ( 2 %) 1 7 7 ( 3 0 )

156 2 7 8 ( 0 ) 2 2 3 ( 4 ) 2 0 5 ( 2 ) 1 6 7 ( 3 )

172 2 7 8 ( 0 ) 2 2 3 ( 9 ) 2 0 5 ( 9 ) 1 6 7 ( 2 )

2 2 8 3 3 6 (0 ) 2 6 3 ( 2 0 )

244 3 7 0 (0 ) 1 4 7 ( 2 5 )

2 7 2 3 9 0 (0 ) 279  (3 ) 1 6 7 ( 4 5 )

282 390 (0 ) 279  (3 ) 1 6 7 ( 2 )

2 9 7 3 9 0 (0 ) 2 7 9 ( 3 ) 1 6 7 ( 2 )

00
w
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F ig u r e  4 5 . ICCE2 B e n z e n e  2

Figure 46. ICCE2 Benzene 2: Subset scan.
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by t h e  s u b s e t  s c a n n in g  t e c h n iq u e  p r e v i o u s ly  d i s c u s s e d .  The 

r e s u l t i n g  s u b s e t  s c a n  p l o t  i s  in  F ig u r e  4 6 . As w it h  t h e  a r o m a tic  

f r a c t i o n  from  w e l l  num ber 3 ,  th e  r e s u l t s  w ere  n e g a t i v e  and th e  

i d e n t i f i c a t i o n  o f  t h e  m a jo r  com p on en ts o f  t h i s  f r a c t i o n  w as 

u n d e r ta k e n  i n s t e a d .  The c o m p le te  m ass s p e c t r a  o f  t h e  m a jo r  p ea k s  

w ere  ta k e n  and a f t e r  an a n a l y s i s  o f  th e  s p e c t r a  and a s e a r c h  

o f  a v a i l a b l e  r e f e r e n c e  f i l e s ,  th e  i d e n t i t y  o f  t h e s e  p e a k s  w ere  

d e te r m in e d  a s  f o l l o w s  (T a b le  1 2 ) .

T a b le  1 2 .  P h t h a la t e s  Found i n  W e ll Number 2

S p ec tru m  num ber P h t h a la t e _________________________

173 d i - n - b u t y l  p h t h a l a t e
229 b u t y l g l y c o l y l b u t y l  p h t h a l a t e
24 8  d i o c t y l  a d ip a t e
276  d i - 2 - e t h y l h e x y l  p h t h a l a t e
286  d i - o c t y l  p h t h a l a t e

  ______ 301  d i - o c t y l  p h t h a l a t e

The s i g n i f i c a n t  p e a k s  in  t h e  m ass s p e c t r a  o f  t h e  a b o v e  

p h t h a l a t e s  h a v e  b e e n  d i s c u s s e d  e a r l i e r .  E t h y l  p h t h a l a t e  

and d i i s o b u t y l  p h t h a l a t e  w h ic h  w ere  fo u n d  i n  w e l l  num ber 3 a r e  

o n ly  p r e s e n t  h e r e  in  s m a l l  q u a n t i t i e s  a s  c o u ld  b e  d i s c e r n e d  

from  t h e  g a s  ch rom atogram  (F ig u r e  4 5) a t  s p e c tr u m  num bers 10 3 

and 158 r e s p e c t i v e l y .

B la n k  CCE. In  t h e  la b o r a t o r y ,  t h e r e  a r e  s e v e r a l  w ays in  

w h ich  p h t h a l a t e s  c o u ld  c o n ta m in a te  e n v ir o n m e n ta l  s a m p le s ,  th e  

m ost common o f  w h ic h  i s  t h e  in a d v e r t e n t  u s e  o f  t y g o n  o r  r u b b e r  

t u b in g  i n  s a m p lin g  o r  o t h e r  o p e r a t i o n s .  As w as d i s c u s s e d  p r e v i ­

o u s l y  p h t h a l a t e  e s t e r s  a r e  u se d  in  a w id e  v a r i e t y  o f  p l a s t i c  and  

p a p e r  p r o d u c t s .  T h e r e f o r e  f in d in g  p h t h a l a t e  e s t e r s  in  t h e s e
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sa m p le s  i s  n o t  a t  a l l  u n e x p e c te d .

A t t h e  o u t s e t  o f  t h i s  i n v e s t i g a t i o n ,  i t  w as d e c id e d  t o  

t a k e  a l l  p r e c a u t io n a r y  m e a su r e s  t o  m in im iz e  c o n ta m in a t io n  w ith  

p l a s t i c i z e r  com pounds l i k e  P C B 's and P A E 's . T h is  i s  why an 

a l l - g l a s s  a l l - t e f l o n  s a m p lin g  s y s t e m  w as d e v i s e d .  F u r th e r m o r e ,  

t o  in s u r e  t h a t  t h e  p h t h a l a t e  e s t e r s  fo u n d  in  t h e  s a m p le s  w ere  

n o t  co m in g  from  e l s e w h e r e ,  a  b la n k  run  was ta k e n  as f o l l o w s .

1 8 2 .9  g o f  a c t i v a t e d  c h a r c o a l  w as e x t r a c t e d  w ith  3 l i t e r s  o f  

d i s t i l l e d  c h lo r o fo r m , d r i e d ,  an d  e v a p o r a te d  in  t h e  sam e m anner  

a s  t h e  CCE from  t h e  s a m p lin g  w e l l s . The b la n k  CCE w e ig h e d  1 .8  mg 

and i t s  g a s  ch rom atogram  on a  3 p e r c e n t  OV-1 colum n on  Gas Chrom 

Q (F ig u r e  4 7 ) ,  sh ow ed  t h e  p r e s e n c e  o f  o n e  m ajor p eak  and tw o

s m a l le r  p e a k s .  T h ese  w ere  i d e n t i f i e d  by m ass s p e c t r o m e t r y  a s

d i i s o b u t y l  p h t h a l a t e ,  d i c y c l o h e x y l  p h t h a l a t e  and d i - n - o c t y l  

p h t h a l a t e  ( F ig u r e s  4 8 , 49 and 5 0 ) .

The b la n k  CCE w as th e n  s u b j e c t e d  t o  colum n ch ro m a to g ra p h y

on s i l i c a r  and s u b s e q u e n t  g a s  c h r o m a to g r a p h ic  a n a l y s i s  show ed  

t h a t  t h e  p h t h a l a t e s  w ere  e l u t e d  w it h  b e n z e n e .  F ig u r e  51 i s  

t h e  ch ro m atogram  o f  a 1  u l  sa m p le  from  a 1  m l s o l u t i o n  o f  th e  

b e n z e n e  f r a c t i o n  in  C H C l P e a k  en h a n cem en t (F ig u r e  52) w ith  

a m ix tu r e  o f  s i x  s ta n d a r d  p h t h a l a t e  e s t e r s  c o n f ir m  t h e  i d e n t i t y  

o f  d i i s o b u t y l  p h t h a l a t e  (S p e c tr u m  num ber 1 0 3 , F ig u r e  4 8 ) 

and n - o c t y l  p h t h a l a t e  (S p e c tr u m  number 2 5 1 , F ig u r e  5 0 ) .

Q u a n t i t a t i v e  E s t im a t io n  o f  Some P h t h a l a t e s . S ta n d a r d  

s o l u t i o n s  o f  e t h y l  p h t h a l a t e ,  d i i s o b u t y l  p h t h a l a t e ,  d i - 2 - e t h y l -  

h e x y l  a d i p a t e ,  d i - 2 - e t h y l h e x y l  p h t h a l a t e  and n - o c t y l  p h t h a l a t e  

w e r e  p r e p a r e d  and known c o n c e n t r a t i o n s  w ere  i n j e c t e d  i n t o  t h e
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F ig u r e  4 7 . B la n k  c a r b o n -c h lo r o fo r m  e x t r a c t  
Column; 3% OV-1 on Gas Chrom Q
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F ig u r e  4 8 .  S p ectru m  number 103 from  b la n k  
CCE e x t r a c t  Column: 3% OV-1 on Gas Chrom Q
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F ig u r e  4 9 . S p ectru m  num ber 241  
CCE B lan k
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Figure 50. Spectrum number 256
CCE Blank
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F ig u r e  5 2 . C arbon B lan k  number 2 b e n z e n e  
f r a c t i o n  + m ix tu r e  o f  5 s ta n d a r d  p h t h a l a t e s ,

F ig u r e  5 1 . B la n k  CCE b e n z e n e  f r a c t i o n  
Column: 5.3% DC-200 on Gas Chrom Q.
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g a s  c h r o m a to g r a p h . The p ea k  a r e a s  w e r e  c a l c u l a t e d  and a p l o t  o f  

th e  p ea k  a r e a s  v e r s u s  t h e  c o n c e n t r a t io n  i n  ug w ere  drawn (F ig u r e  

5 3 ) .  Peak a r e a s  o f  known v o lu m es o f  t h e  b e n z e n e  f r a c t i o n s  from  

t h e  b la n k  CCE, CCE-2 an d  CCE-3 w e r e  th e n  c a l c u l a t e d  and  t h e  

c o r r e s p o n d in g  c o n c e n t r a t i o n s  r e a d  from  t h e  g r a p h . The r e s u l t s  

a r e  l i s t e d  b e lo w  (T a b le  1 3 ) .

T a b le  1 3 . Q u a n t i t a t i v e  E s t im a t e s  o f  Some P h t h a la t e s  
Found in  t h e  A r o m a tic  F r a c t io n  C o n c e n t r a t io n s  in  u g /u l .

P h t h a la t e B lan k I CCE 3 ICCE2

D i i s o b u t y l  p h t h a l a t e 0 .2 0 .1 0 .4
E t h y l  p h t h a l a t e 0 .0 5 t r a c e
O c ty l  a d ip a t e 0 .0 1 5 .2 8 .8
O c ty l  p h t h a l a t e  (DEHP) 0 .1 5 8 .8 2 .0

I t  i s  e v i d e n t  from  t h e  a b o v e  f i g u r e s  t h a t  t h e  p h t h a l a t e  

e s t e r s  fo u n d  in  t h e  s a m p le s  o b t a in e d  from  th e  g ro u n d w a ter  

e x c e e d s  t h a t  w h ic h  m ig h t  h a v e  b een  p ic k e d  up from  t h e  c a r b o n ,  

s i l i c a  g e l ,  s o l v e n t s  and  o t h e r  s o u r c e s  e n c o u n te r e d  in  t h e  c o u r s e  

o f  r o u t in e  a n a l y t i c a l  p r o d e c u r e s .

Compounds O th er  Than P h t h a la t e s  P r e s e n t  in  t h e  G r o u n d w a ter . 

T h ere  a r e  a num ber o f  c o n fo u n d s  a s i d e  from  p h t h a l a t e s  p r e s e n t  in  

t h e  g r o u n d w a te r  w h ich  h a v e  a l s o  b een  i d e n t i f i e d .  S e v e r a l  h a v e  

n o t  b e e n  i d e n t i f i e d  d u e t o  c o m p le x i ty  o f  t h e  m ass s p e c t r a  and  

t h e  la c k  o f  o t h e r  s u p p o r t in g  d a t a .  To d e te r m in e  t h e  s t r u c t u r e s  

o f  a l l  t h e s e  com pounds w o u ld  i n v o l v e  m ore s o p h i s t i c a t e d  s e p a ­

r a t i n g  t e c h n iq u e s  ( e . g .  p r e p a r a t o r y  g a s  ch ro m a to g ra p h y ) w h ic h  

t h i s  la b o r a t o r y  i s  n o t  e q u ip p e d  t o  d o . H ow ever , s e v e r a l  o f  t h e s e  

com pounds a r e  d e f i n i t e l y  c h l o r i n a t e d  and  s h o u ld  r e c e i v e  f u r t h e r
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s t u d y .  One o f  t h e s e  com pounds h a s  t h e  m ass s p e c t r a  show n in

F ig u r e  5 4 . T h is  com pound c o r r e s p o n d s  t o  sp e c tr u m  num ber 6 o f

th e  a r o m a t ic  f r a c t i o n  o f  w e l l  num ber 2 .  The m ass s p e c tr u m

i n d i c a t e s  t h a t  t h e  com pound c o n t a in s  o n e  c h l o r i n e  a to m . The

i s o t o p i c  r a t i o  o f  and M+2 a t  m /e  1 5 1 , 1 2 3 , 1 0 7 , and 9 5 ,  i s

r i g h t  f o r  t h e  p r e s e n c e  o f  o n e  c h l o r i n e  in  t h e s e  f r a g m e n ts .

M o re o v er , t h e r e  i s  a p ea k  a t  49 w h ich  i s  u n d o u b te d ly  d u e t o  a

CH2 -C I fr a g m e n t . The a b s e n c e  o f  a m o le c u la r  i o n ,  h o w e v e r , makes

t h e  i d e n t i f i c a t i o n  o f  t h i s  com pound d i f f i c u l t .  The a p p l i c a t i o n

82o f  c h e m ic a l i o n i z a t i o n  m ass s p e c t r o m e t r y  t o  t h i s  p r o b le m  

w o u ld  b e  v e r y  h e l p f u l .

W h ile  t h e  m in or p e a k s  in  t h e  a r o m a t ic  f r a c t i o n  o f  w e l l  num­

b e r  2 a r e  c h l o r i n a t e d  com p o u n d s, t h o s e  fo u n d  in  w e l l  num ber 3  

w e r e  o x y g e n a te d .  Two o f  t h e s e  com pounds come o f f  t h e  g a s  

c h r o m a to g r a p h ic  colum n f i r s t  a s  sp e c tr u m  num bers 6 and 20 

( F ig u r e  1 6 ) .  The m ass s p e c t r a  o f  t h e s e  s u b s t a n c e s  a r e  show n in  

F ig u r e s  22 and 2 3 . S p e c tr u m  number 6 w as i d e n t i f i e d  a s  c r e s o l  

o r  m e th y l-p h e n o l  b u t  t h e  p o s i t i o n s  o f  s u b s t i t u t i o n  c a n n o t  b e  

a s c e r t a i n e d .  The m o le c u la r  io n  i s  p r e s e n t  (m /e  10 8) b u t  t h e  

b a s e  p ea k  i s  a t  m /e 107 o r  M^-1 w h ic h  i s  due t o  t h e  fo r m a t io n  

o f  h y d r o x y  t r o p y l iu m  i o n .  S p ectru m  num ber 20 i s  a p p a r e n t ly  

a l s o  a c r e s o l  a lth o u g h  t h e  m ass s p e c t r a  show s i t  t o  b e  i n  a 

m ix tu r e  w it h  a n o th e r  com pound w i t h  o f  1 5 2 . The m o le c u la r  

io n  o f  122 c o r r e s p o n d s  t o  c r e s o l  p lu s  a m e th y l g r o u p , and  i s  

t h e r e f o r e  d e s ig n a t e d  a s  m e th y l c r e s o l  o r  d im e th y l  p h e n o l .  T h is  

io n  w o u ld  l o s e  a m e th y l grou p  t o  g i v e  t h e  p ea k  a t  m /e  10 7 (M -15) .

T he f i n d i n g  o f  t h e s e  p h e n o l i c  t y p e  com pounds i s  n o t  s u r -
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p r i s i n g  s i n c e  m e th y la te d  p h e n o ls  l i k e  t h e  c r e s o l s  and t h e  

more h i g h l y  s u b s t i t u t e d  o n e s  l i k e  d i t e r t i a r y  b u t y l e t h y l  p h e n o l  

a r e  com m only u se d  a s  i n d u s t r i a l  p r e s e r v a t i v e s .  In  a d d i t i o n ,  

t h e s e  p h e n o l i c  com pounds may a l s o  b e  o f  n a t u r a l  o r i g i n  s i n c e  t h e  

s k e l e t a l  c o n f i g u r a t i o n  o f h u m ic  com p on en ts c o n t a in  t h e s e  

f u n c t i o n a l  g ro u p s  and a r e  l i k e l y  p ro d u ced  d u r in g  t h e i r  b i o ­

l o g i c a l  d e g r a d a t io n .

T he h e x a n e  f r a c t i o n  from  b o th  w e l l  num bers 2 and 3 c o n t a in e d  

a l a r g e  num ber o f  u n r e s o lv e d  p e a k s  and p r o b a b ly  p ea k s  h id d e n  

u n d e r n e a th  o t h e r s  (F ig u r e  1 1 ) .  When t h e  s e c o n d  sa m p le  from  

w e l l  num ber 2 (IICCE2) w as o b t a in e d  t h e  h e x a n e  f r a c t i o n  w as 

d iv id e d  i n t o  tw o f r a c t i o n s  t o  d e te r m in e  i f  th e  s e p a r a t io n  o f  

t h e  co m p o n en ts  im p ro v ed . The g a s  ch rom atogram  o f  t h e  s e c o n d  

h e x a n e  f r a c t i o n  i s  shown i n  F ig u r e  5 5 . T h is  f r a c t i o n  w as a g a in  

s e a r c h e d  f o r  t h e  p r e s e n c e  o f  PC B 's by s u b s e t  s c a n n in g  ( F ig u r e  56) 

and t h e  r e s u l t  was n e g a t i v e .  The p r e s e n c e  o f  som e p h t h a l a t e s  

w as e v i d e n t  from  th e  m ass s p e c t r a .  A n o th er  compound w as a l s o  

i d e n t i f i e d  and i t s  m ass s p e c tr u m  a p p e a r s  in  F ig u r e  5 7 . The 

com pound i s  b e n z o t h i a z o l e .  The m ass s p e c tr u m  o f  b e n z o t h i a z o l e  

h as t h e  m o le c u la r  io n  (m /e  135 ) a s  t h e  b a s e  p eak  and h a s  a 

fra g m en t io n  a t  m /e 108 w h ich  i s  form ed  by c l e a v a g e  o f  t h e  C-N 

and C-S bond  a s  f o l l o w s  :

r e s u l t i n g  i n  t h e  e j e c t i o n  o f  a n e u t r a l  HCN m o le c u le .  The m ass
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sp e c tr u m  o f  s ta n d a r d  b e n z o t h ia z o l e  o b ta in e d , from  t h e  r e f e r e n c e  

f i l e  o f  s t a n d a r d  s p e c t r a  m a tc h e s  t h a t  o f  t h i s  sa m p le .
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V I. SUMMARY AND CONCLUSIONS

The p r e s e n c e  o f  o r g a n ic  com pounds in  n a t u r a l  w a te r s  i s  a 

p ro b lem  o f  g r e a t  i n t e r e s t  in  w a te r  q u a l i t y  i n v e s t i g a t i o n s  e s p e ­

c i a l l y  w it h  r e s p e c t  t o  p e r s i s t e n t  o r g a n ic  com pounds w h ich  a l s o  

h a v e  d e l e t e r i o u s  p h y s i o l o g i c a l  e f f e c t s  on  l i v i n g  o r g a n is m s .  

G roun d w ater g e t s  i t s  s h a r e  o f  o r g a n ic  p o l l u t i o n  from  t h e  l e a c h in g  

o f  o r g a n ic  s u b s t a n c e s  p r e s e n t  in  s o l i d  w a s t e s .  T h is  s t u d y  vias 

c o n c e r n e d  w ith  t h e  c h e m ic a l  d e t e r m in a t io n  o f  t h e  e x t e n t  and n a ­

t u r e  o f  o r g a n ic  p o l l u t i o n  o c c u r r in g  in  th e  g ro u n d w a ter  u n d e r ­

l y i n g  t h e  Norman S a n i t a r y  L a n d f i l l .  The s p e c i f i c  o b j e c t i v e s  o f  

t h i s  s t u d y  w ere  t o  f in d  e v id e n c e  o f  c o n ta m in a t io n  w it h  p o l y ­

c h l o r i n a t e d  b ip h e n y ls  and  c h lo r i n a t e d  p e s t i c i d e s ,  and t o  d e t e r ­

m ine t h e  m ajor o r g a n ic  com pounds p r e s e n t  i n  t h e  g r o u n d w a te r .

F iv e  s a m p lin g  w e l l s  w e r e  s e l e c t e d ;  tw o u p str e a m  from  t h e  

l a n d f i l l  ( l a ,  l b ) ,  tw o w i t h in  t h e  l a n d f i l l  ( 3 ,  4) and o n e  

50 f e e t  d o w n strea m (2 ) . I n i t i a l  m easu rem en t o f  COD and TOC from  

t h e s e  w e l l s  i n d i c a t e d  t h e  p r e s e n c e  o f  an a p p r e c ia b le  am ount o f  

o r g a n ic  m a tte r  p r e s e n t  in  t h e  g r o u n d w a te r . The c o n c e n t r a t io n  

o f  t h e s e  o r g a n ic  s u b s t a n c e s  w as a c c o m p lis h e d  w ith  a m o d if ie d  

ca rb o n  a d s o r p t io n  colum n u s in g  an a l l - g l a s s ,  a l l  t e f l o n  s y s te m  

t o  p r e c lu d e  c o n ta m in a t io n  a n d /o r  i n t e r a c t i o n  w it h  p l a s t i c  o r  

ru b b er  m a t e r i a l s .  C arbon c h lo r o fo r m  e x t r a c t s  (CCE) o b t a in e d  from  

fo u r  d e e p  w e l l s  ( l a ,  2 ,  3 ,  4) ra n g e d  from  0 .0 7 7  m g/1 u p str e a m
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t o  0 .4 6  m g/1  in  g r o u n d w a te r  l o c a t e d  d i r e c t l y  u n d er  a r e f u s e  

c e l l ,  t o  0 .4 0  m g/1 40 f e e t  d o w n strea m . T h e se  o r g a n ic  c o n c e n ­

t r a t i o n s  a r e  lo w e r  th a n  w hat w as i n d i c a t e d  by t h e  COD and TOC 

d a t a .  H ow ever t h e  CCE v a lu e s  do n o t  in c l u d e  t h e  am ount o f  l e a k ­

a g e  th r o u g h  t h e  c a rb o n  colum n w h ich  i s  c o n s i d e r a b l e  d u e t o  t h e  

h ig h  r a t e s  o f  f lo w  and low  r e t e n t i o n  t i m e s , and t h e  a l c o h o l  

e x t r a c t a b l e s  w h ich  w o u ld  c o n s i s t  o f  t h e  m ore p o la r  com pounds l i k e  

t h e  f a t t y  a c i d s .

C arbon c h lo r o fo r m  e x t r a c t s  from  w e l l s  2 and 3 w e r e  s u b j e c t e d  

t o  a m ore e x t e n s i v e  q u a l i t a t i v e  a n a l y s i s  s i n c e  t h e y  w e r e  fou n d  

t o  c o n t a in  h ig h e r  g r o s s  o r g a n ic  c o n t a m in a t io n .  M oreo v er  s in c e  

th e y  a r e  l o c a t e d  u n d er  a r e f u s e  c e l l  ( w e l l  3) o r  in  c l o s e  p r o x im it y  

t o  i t  ( w e l l  2 ) ,  t h e  o r g a n ic  com pounds p r e s e n t  w o u ld  r e f l e c t  t h e  

b io c h e m ic a l  p r o c e s s  t a k in g  p la c e  in  t h e s e  e n v ir o n m e n ts .

The s e p a r a t io n  o f  t h e  CCE's i n t o  an a l i p h a t i c  f r a c t i o n ,  a r o ­

m a t ic  f r a c t i o n  and o x y g e n a te d  f r a c t i o n  w as a c c o m p lis h e d  by c».xumn 

ch ro m a to g ra p h y  o r  a s i l i c a  g e l  co lu m n . E ach o f  t h e s e  f r a c t i o n s  

w as a n a ly z e d  by g a s  ch ro m a to g ra p h y  on 3% O V -1, 5.3% DC-200 and  

10% Q F -1 . The DC-200 co lum n a f f o r d e d  t h e  b e s t  s e p a r a t io n  o f  

com p on en t p e a k s  and w as t h e r e f o r e  u s e d  m ore e x t e n s i v e l y .  IR  and  

NMR s p e c t r a  o f  t h e s e  f r a c t i o n s  w e r e  o b t a in e d  and p r o v id e d  some 

q u a l i t a t i v e  in f o r m a t io n  e . g .  t h e  p r e s e n c e  o f  OH , -COOR, C-H, 

and a r o m a t ic  a b s o r p t i o n s .  The i d e n t i f i c a t i o n  o f  t h e  com p on en ts  

o f  t h e  a l i p h a t i c  and  a r o m a t ic  f r a c t i o n s  w as b a s e d  m o s t ly  on g a s  

c h r o m a to g r a p h ic  d a ta  and  t h e  m ass sp e c tr u m  o f  e a c h  com ponent p eak  

o b t a in e d  by a c o n t in u o u s ly  s c a n n in g  g c -m s  i n t e r f a c e d  w it h  a 

c o m p u te r . The s e a r c h  f o r  PC B's w as im m e d ia te ly  u n d e r ta k e n . Each



1 0 1

o f  t h e  f r a c t i o n s  w h o se  g a s  chrom atogram s c o n t a in e d  p e a k s  em er g in g

b e tw e e n  1 5 0 °  and 2 5 0 °  C on  DC-200 co lu m n s a t  a p rogram  r a t e  o f

1 0 ° /m in .  was p resu m ed  t o  c o n t a in  P C B 's and c o n f ir m a t o r y  e v id e n c e

w as s o u g h t  by t h e  PCB s u b s e t  s c a n n in g  t e c h n iq u e  d e v e lo p e d  by

7 8E ic h e lb e r g e r  e t  a l .  The r e s u l t s  w ere  n e g a t i v e ,  w h ic h  m eans

t h a t  PC B 's a r e  e i t h e r  t o t a l l y  a b s e n t  in  g r o u n d w a te r  o r  m ore l i k e l y

t h a t  t h e y  a r e  p r e s e n t  in  q u a n t i t i e s  b e lo w  th e  c o n c e n t r a t i o n  l i m i t

o f  t h e  CAM and t h e  d e t e c t i o n  l i m i t  o f  t h e  gc-m s s u b s e t  s c a n n in g

7 8t e c h n iq u e .  The l a t t e r  w as e s t im a t e d  by E ic h e lb e r g e r  e t  a l .  

t o  b e  e q u iv a le n t  t o  =: 5 n g  o f  an a r o c l o r  m ix tu r e .

The m ajor o r g a n ic  com pounds e x t r a c t e d  by c h lo r o fo r m  from  th e  

g r o u n d w a te r  w ere  p h t h a l i c  a c i d  e s t e r s  (P A E 's ) . T h e s e  com pounds 

a r e  w id e ly  u se d  a s  p l a s t i c i z e r s  and t h e i r  p r e s e n c e  i n  g r o u n d w a te r s  

u n d e r ly in g  a l a n d f i l l  s t r o n g l y  s u g g e s t s  t h a t  t h e s e  com pounds  

r e a c h  t h e  g r o u n d w a te r  by l e a c h i n g  from  t h e  many i n d u s t r i a l  p r o ­

d u c t s  b u r ie d  t h e r e ,  a lth o u g h  PA E 's may a l s o  b e  p r o d u c e d  b i o -  

s y n t h e t i c a l l y . T he a l k y l  p h t h a l a t e s  a r e  n o t  v e r y  w a t e r  s o l u b l e  

b u t  hum ic s u b s t a n c e s  l i k e  t h e  f u l v i c  a c i d s  w h ich  a r e  p r e s e n t  in

t h e  s o i l  ca n  i n t e r a c t  w i t h  t h e  p h t h a l a t e  fo rm in g  w a t e r  s o l u b l e  

8 3c o m p le x e s .  T h is  w o u ld  e x p la in  why t h e s e  p l a s t i c i z e r s  and n o t  

t h e  PC B 's w ere  fo u n d  t o  p r e d o m in a te  i n  t h e  g r o u n d w a te r . A n o th er  

e x p la n a t io n  a r i s e s  from  th e  f a c t  t h a t  PA E's h a v e  a h ig h e r  v o l a ­

t i l i t y  th a n  PC B 's an d  a r e  more a p t  t o  b e r e l e a s e d  i n t o  t h e  

s u r r o u n d in g  e n v ir o n m e n t .  N i s b e t t  and  S aro fim ^ ^  o f f e r  t h e  f o l l o w i n g  

a s s e s s m e n t  o f  t h e  o c c u r r e n c e  o f  P C B 's in  g r o u n d w a te r . The low  

w a t e r  s o l u b i l i t y  and  h ig h  s p e c i f i c  g r a v i t y  o f  t h e  P C B 's w o u ld  make 

t h e i r  t r a n s p o r t  th r o u g h  s o i l  s y s te m s  and i n t o  g r o u n d w a te r  n e g l i -
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g i b l e .  PC B 's w i l l  b e  m o s t ly  a d so r b e d  on  w a te r b o r n e  p a r t i c l e s  

and t h e  c o n c e n t r a t i o n  o f  PCB's w i l l  b e  g o v e r n e d  by s o l u t i o n  and  

r e a d s o r p t io n  in  t h e  s e d im e n t  and i t s  p a r t i t i o n  c o e f f i c i e n t  

b e tw e e n  w a te r  and t h e  s e d im e n t .  The p a r t i t i o n  c o e f f i c i e n t  i s  

o b v io u s ly  v e r y  lo w .

The e s t e r s  i d e n t i f i e d  in  t h e  sa m p le s  w e r e ;  e t h y l  p h t h a l a t e ,  

d i i s o b u t y l  p h t h a l a t e ,  b u t y l  g l y c o l y l  b u t y l  p h t h a l a t e ,  d i - 2 - e t h y l -  

h e x y l  p h t h a l a t e ,  n - o c t y l  p h t h a l a t e  and  d i - 2 - e t h y l h e x y l  a d ip a t e .

The b la n k  c o n t a in e d  p r im a r i ly  d i i s o b u t y l  p h t h a l a t e ,  and  t r a c e s  

o f  d i - 2 - e t h y l h e x y l  p h t h a l a t e  and d i c y c l o h e x y l  p h t h a l a t e .  The 

m ass s p e c t r a  o f  t h e s e  com pounds a r e  c h a r a c t e r i z e d  by t h e  p r e s e n c e  

o f  m /e  149  a s  t h e  b a s e  p eak  c o r r e s p o n d in g  t o  a p r o t o n a t e d  p h t h a l i c  

a n h y d r id e  fr a g m e n t .

In  a d d i t i o n  t o  t h e  P A E 's , t h e  f o l l o w i n g  s u b s t a n c e s  a l s o  o c c u r  

i n  t h e  g r o u n d w a te r  s a m p le s  : a l i p h a t i c  h y d r o c a r b o n s ,

^ 1 6 ^ 3 4 ' ^ 1 7 ^ 3 6 ' *"18^38' *"19^40' P h en o lic  com poxm ds, c r e s o l

and m e th y l c r e s o l ,  b e n z o t h i a z o l e  and s e v e r a l  c h l o r i n a t e d  h y d r o ­

c a r b o n s  s t i l l  u n i d e n t i f i e d .  S u l f u r  w as a l s o  i d e n t i f i e d  i n  t h e  

a l i p h a t i c  f r a c t i o n  w h ic h  i n d i c a t e s  t h a t  a c t i v e  a n a e r o b ic  decom ­

p o s i t i o n  o f  S - c o n t a in in g  com pounds o r  b a c t e r i a l  r e d u c t io n  o f  

s u l f a t e  i s  t a k in g  p l a c e .

In  c o n c l u s i o n ,  t h e  r e s u l t s  o f  t h i s  s tu d y  show  t h a t :

1 .  G rou n d w aters u n d e r ly in g  o r  i n  c l o s e  p r o x im it y  t o  l a n d f i l l s  

a r e  c o n ta m in a te d  w it h  a s i g n i f i c a n t  v a r i e t y  o f  o r g a n ic  com pounds, 

th e  m o st p r e d o m in a n t o f  w h ic h  a r e  PAE^s.

2 .  G roun d w ater s a m p lin g  i s  made d i f f i c u l t  by t h e  v a r i a t i o n  

i n  d e p th  o f  t h e  w a te r  t a b l e  a t  d i f f e r e n t  s a m p lin g  s i t e s  and th e
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l i m i t e d  c a p a c i t y  o f  r u b b e r  im p e l l e r  pum ps. T h e se  f a c t o r s  c a u s e  

v a r i a t i o n  in  f lo w  r a t e s  and c o n s e q u e n t ly  t h e  q u a n t i t y  an d  t o  

some e x t e n t  t h e  n a t u r e  o f  o r g a n ic  com pounds i s o l a t e d .

3 . A c t iv a t e d  c h a r c o a l  s u p p l i e d  b y  som e c h e m ic a l  co m p a n ie s  

f o r  u s e  in  t h e  CAM c o n t a in  t r a c e s  o f  o r g a n i c s ,  m o s t ly  P A E 's .

4 .  The p o s s i b i l i t y  o f  c o n ta m in a t io n  o f  sa m p le s  w i t h  PA E's

i s  g r e a t  and e x t r a  p r e c a u t io n  s h o u ld  b e  ta k e n  t o  e l i m i n a t e  a n d /o r  

d e te r m in e  t h e s e  s o u r c e s .  T h is  a l s o  n e c e s s i t a t e s  a b la n k  d e t e r ­

m in a t io n  .

5 .  G roundw ater h a s  an enorm ous c a p a c i t y  o f  a t t e n u a t i n g  th e  

c o n c e n t r a t i o n  o f  o r g a n ic  c o n ta m in a n ts  th r o u g h  t h e  com b in ed  

e f f e c t s  o f  d i l u t i o n ,  s o i l  a d s o r p t io n  and a n a e r o b ic  s t a b i l i z a t i o n  

o f  t h e s e  com pounds. T h e se  p r o c e s s e s  h o w e v e r , d ep en d  on t h e  q u an ­

t i t y  o f  l e a c h a t e  p r o d u c e d  and in t r o d u c e d  i n t o  t h e  g r o u n d w a ter  

and i s  e x p e c t e d  t o  v a r y  w it h  t im e .  T he a d s o r p t i v e  c a p a c i t y  o f

t h e  s o i l  w i l l  a l s o  d e c r e a s e  w it h  t im e  and t h e  d e g r e e  o f  s a t u r a t i o n .

6 . PCB's in  s a n i t a r y  l a n d f i l l s  a r e  r e l e a s e d  v e r y  s lo w ly  and  

r e a c h  t h e  g r o u n d w a te r  in  n e g l i g i b l e  am ounts b e c a u s e  o f  t h e  c o n ­

ta in m e n t  o f f e r e d  b y  s l o w l y  d eco m p o sin g  c o n t a in e r s  and b in d e r s  

and t h e  s u r r o u n d in g  s o i l .

7 . G roundw ater i s  n o t  a r e n e w a b le  r e s o u r c e  and l a n d f i l l s  

w h ich  a r e  s i t u a t e d  s u c h  t h a t  c o n s id e r a b le  l e a c h in g  o c c u r s  

r e n d e r  t h e  g ro u n d w a ter  s o  a f f e c t e d  u n f i t  a s  a s o u r c e  o f  s u p p ly .  

O r g a n ic  com pounds c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h i s  d e t e r i o r a t i o n  

o f  w a t e r  q u a l i t y  and s h o u ld  b e c o n s id e r e d  i n  m ak in g  w a te r  q u a l i t y  

e v a l u a t i o n s .

8 .  In  t h e  Norman l a n d f i l l ,  v e r t i c a l  l e a c h i n g  s h o u ld  b e
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m in im iz e d  by t h e  u se  o f  p r o p e r  c o v e r  m a t e r i a l  and t h e  m a in te n a n c e  

o f  p r o p e r  g r a d in g ,  and h o r i z o n t a l  l e a c h in g  s h o u ld  be e l i m i n a t e d  

by k e e p in g  r e f u s e  c e l l s  s u f f i c i e n t l y  a b o v e  t h e  g ro u n d w a ter  t a b l e ,  

F or f u t u r e  c o n s i d e r a t i o n ,  t h e  l a n d f i l l  s i t e  s h o u ld  n o t  b e  l o c a t e d  

in  a f l o o d  p l a i n .
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