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L a n d f i l l i n g  i s  one o f  t h e  commonly used  methods  o f  d i s p o s a l  o f  
s o l i d  w a s t e s  in  s m a l l  and medium s i z e  m u n i c i p a l i t i e s .  L e a c h a t e  
( w a t e r  t h a t  p e r c o l a t e s  t h r o u g h  s o l i d  w a s t e  and e n r o u t e  p i c k s  up 
d i s s o l v e d  a n d / o r  p a r t i c u l a t e  m a t e r i a l )  p r o d u c e d  i n  t he  l a n d f i l l s  
can  c o n t a m i n a t e  u n d e r g r o u n d  s o u r c e s  o f  w a t e r  (Schomaker  1977;  
D e m e t r a c o p o u l o s  e t a]~. 1 9 8 4 ) .  Though p r e c a u t i o n a r y  m e a s u r e s  t o  
r e d u c e  t h e  r i s k  o f  l e a c h a t e  m i g r a t i o n  i n t o  u n d e r g r o u n d  s o u r c e s  o f  
w a t e r  a r e  i n c l u d e d  i n  t h e  s e l e c t i o n  o f  s i t e s  f o r  l a n d f i l l i n g  and 
i n  t h e i r  d e s i g n  and c o n s t r u c t i o n ,  t h e  r i s k  o f  c o n t a m i n a t i o n  i s  
n o t  c o m p l e t e l y  e l i m i n a t e d  ( D e m e t r a c o p o u l o s  e t  a l .  1984;  Moore 
1 9 8 0 ) .  Such a r i s k  depends  t o  a g r e a t  d e g r e e  on t h e  n a t u r e  and 
c o n c e n t r a t i o n  o f  c o n t a m i n a n t s  p r e s e n t  i n  t he  l e ~ c b ~ t e  a t  t he  
p l a c e  o f  o r i g i n .  

The p r o d u c t i o n ,  q u a l i t y  ~nd movement o f  l e a c h a t e  have  b e e n  
s t u d i e d  by many i n v e s t i g a t o r s  t o  o b s e r v e  t h e  p o l l u t i o n  p o t e n t i a l  
o f  l a n d  f i l l s  (Moore 1980;  Wigh 1984;  Brown e t  a l ~  1982;  L e e k i e  
and P a r e y  1979;  Anderson  and Dornbush  1967;  Apgar  and Langmui r  
1971;  F u n g a r o l i  1971;  USEPA 1976 and 1 9 8 0 ) .  These  s t u d i e s  a r e  
l i m i t e d  t o  m o n i t o r i n g  the  q u a l i t y  and movement o f  l e a c h a t e  by 
r o u t i n e  c h e m i c a l  a n a l y s e s  and i n  v i t r o  m u t a g e n i c i t y  and a q u a t i c  
t o x i c i t y  t e s t s .  More r e c e n t l y ,  c h e m i s t r y  and a q u a t i c  t o x i c i t y  o f  
raw o i l  s h a l e  l e a c h a t e s  have  b e e n  r e p o r t e d  by  Meyer  e t  a l .  
( 1 9 8 5 ) .  These  s t u d i e s  r e v e a l  t h a t  l e a c h a t e  c o n t a i n s  f a i r l y  h i g h  
amounts  o f  h e a v y  m e t a l s ,  e . g , ,  a r s e n i c ,  b a r i u m ,  cadmium, 
chromium,  c o p p e r ,  i r o n  and l e a d ,  as some o f  i t s  c o n s t i t u e n t s  
(Brown e t  a l .  1982;  USEPA 1976 and 1980;  Meyer e t  a l .  1 9 8 5 ) .  
These  m e t a l s  can cause  n e u r o - ,  n e p h r o - ,  h e p a t o - ,  o r  
i m m u n e - t o x i c i t y  (Hammond and B e l i l e s  1980;  G o s s e l  and B r i c k e r  
1984;  L u s t e r  e t  a l .  1 9 8 2 ) .  Though c h e m i c a l  and Jn v i t r o  t o x i c i t y  
t e s t s  on l e a c h a t e s  have  b e e n  c o n d u c t e d ,  n o t  many s t u d i e s  a r e  
r e l a t e d  to  l o n g - t e r m  t o x i c i t y  o f  l e a c h a t e  i n  a n i m a l  m o d e l s .  
T h e r e f o r e ,  t o x i c o l o g i c a l  e v a l u a t i o n  o f  l e a c h a t e s  i s  needed  i n  
o r d e r  t o  p r e d i c t  p o s s i b l e  u n d e s i r a b l e  e f f e c t s  o f  c o n s u m p t i o n  o f  
l e a c h a t e - c o n t a m i n a t e d  w a t e r  on human p o p u l a t i o h s .  In  t h i s  s t u d y ,  
l e a c h a t e  o b t a i n e d  f rom a c l o s e d  l a n d f i l l ,  wh ich  s e r v e d  a c i t y  
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population of about 60,000, was evaluated for its toxicity to 
mice. Animals were given leachate as drinking water for 65 days, 
and g e n e r a l  t o x i c i t y  to  s e l e c t e d  end p o i n t s  was o b s e r v e d .  

MA~RYALSAND]I~THODS 

L e a c h a t e  was o b t a i n e d  f rom a l a n d f i l l  l o c a t e d  on a 1 5 7 - a c r e  t r a c t  
of land near Fargo, North Dakota. Details of the location, 
g e o l o g i c  d e s c r i p t i o n  and method o f  o p e r a t i o n  o f  t h e  l a n d f i l l  a r e  
g i v e n  e l s e w h e r e  ( B e r r e t h  and G r i f f i n  1983;  Nor th  Dakota  S t a t e  
Wate r  Commiss ion 1 9 8 2 ) .  The s i t e  was a c t i v e  b e t w e e n  1950 t o  
1981.  The l e a c h a t e  was c o l l e c t e d  in Angust 1983 from one o f  
s e v e r a l  6 ' '  ( 1 5 . 2  cm) d i a m e t e r  d r i l l e d  b o l e s  l o c a t e d  on the  
l a n d f i l l  u s i n g  p o l y v i n y l  c h l o r i d e  p i p e s .  These  w e l l s  had b e e n  
u s e d  t o  o b t a i n  s amples  o f  l e a c h a t e  and g r o u n d w a t e r  i n  t he  
v i c i n i t y  f o r  c h e m i c a l  a n a l y s e s  ( B e r r e t h  and G r i f f i n  1 9 8 3 ) .  The 
l e a c h a t e  was s t o r e d  i n  a r e f r i g e r a t o r  u n t i l  t he  p r e s e n t  s t u d y  
s t a r t e d  in  December ,  1983.  Chemica l  a n a l y s e s  o f  t he  l e a c h a t e  
sample  used  i n  t he  p r e s e n t  s t u d y  a re  g i v e n  i n  T a b l e  1.  The 
a n a l y s e s  were  p e r f o r m e d  by t h e  N o r t h  Dakota  S t a t e  D e p a r t m e n t  o f  
~ e a ! t h ,  P u b l i c  ~ e a l t h  L a b o r a t o r y ,  B i s m a r c k ,  ND ( B e r r e t h  and 
G r i f f i n  1 9 8 3 ) ,  u t i l i z i n g  the  methods  recommended by the  U.S .  
E n v i r o n m e n t a l  P r o t e c t i o n  Agency  (USF~A) (USEPA 1979,  1980 and 
1 9 8 2 ) .  Atomic  a b s o r p t i o n  s p e c t r o p h o t o m e t r y  was u s e d  i n  t h e  
determination of inorganic ions, while gas chromatographic 
techniques were used for the detection of various pesticides. 

Sodium p e n t o b a r b i t a l  and p h e n c y c l i d i n e  (PCP) h y d r o c h l o r i d e  were  
s u p p l i e d  by A b b o t t  L a b o r a t o r i e s ,  Nor th  C h i c a g o ,  IL and t h e  
N a t i o n a l  I n s t i t u t e  on Drug Abuse ,  R o c k v i l l e ,  biD, r e s p e c t i v e l y .  
R e a g e n t  k i t  f o r  t he  d e t e r m i n a t i o n  o f  serum g l u t a ~ i c - p y r u v i c  
t r a n s a m i n a s e  (SGPT) was s u p p l i e d  by Sigma Chemica l  Co . ,  S t .  
L o u i s ,  M0. B e f o r e  u s e ,  f r e s h  drug  s o l u t i o n s  were  p r e p a r e d  i n  
s a l i n e  (0.9% ~aC1) .  S o l u t i o n s  f o r  SGPT a s s a y  were  p r e p a r e d  i n  
d e i o n i z e d  w a t e r .  

Male ICR mice  (21 t o  24 g ) ,  o b t a i n e d  from H a r l a n  Sprague  Dawley  
I n c . ,  I n d i a n a p o l i s ,  IN, were  housed  in  p l a s t i c  c a g e s  (29 .2  x 19 x 
12 .7  cm),  in  g roups  o f  5, i n  a c e n t r a l i z e d  an ima l  c a r e  f a c i l i t y  
i n  t h e  C o l l e g e  o f  Pharmacy o f  Nor th  Dakota  S t a t e  U n i v e r s i t y .  The 
f a c i l i t y  m a i n t a i n e d  a t  24 to  25 ~ C w i t h  t he  r e l a t i v e  h u m i d i t y  o f  
40-60% was k e p t  in  a l i g h t  c y c l e  f o r  12 h d a r k n e s s  (7 PM to  7 AM) 
and 12 h l i g h t  (7Ab! t o  7 PM) f rom f l u o r e s c e n t  l i g h t s .  An imal s  
were  p r o v i d e d  t a p  w a t e r  ( o r  l e a c h a t e )  and mouse chow ( R a l s t o n  
P u r i n a  Co . ,  S t .  L o u i s ,  MO) a__dd l i b i t u m .  

Twenty mice  were  exposed  to  the  l e a c h a t e ,  w h i l e  20 c o n t r o l  mice  
were  p r o v i d e d  t ap  w a t e r  i n  250 ml p l a s t i c  b o t t l e s  ( E v e n f l o  
P r o d u c t s ,  Ravenna ,  OH), d a i l y  f o r  65 d a y s .  The l e a c h a t e  was 
n e i t h e r  f i l t e r e d  n o r  a n a l y z e d  f o r  m i c r o b e s  b e f o r e  a d m i n i s t e r i n g  
t o  a n i m a l s .  One mouse i n  t he  e x p e r i m e n t a l  g roup  d i e d  on Day 7.  
P o s t m o r t e m  e x a m i n a t i o n  c o u l d  n o t  e s t a b l i s h  t h e  c a u s e  o f  d e a t h .  
The t a p  w a t e r  was f rom t h e  c i t y  w a t e r  s u p p l y  f o r  d r i n k i n g ,  and 
i t s  c h e m i c a l  a n a l y s e s  o b t a i n e d  f rom Nor th  Dakota  S t a t e  D e p a r t m e n t  
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o f  H e a l t h ,  P u b l i c  H e a l t h  L a b o r a t o r y ,  B i s m a r c k ,  ND i s  g i v e n  in  
T a b l e  1.  The c h e m i c a l  a n a l y s e s  o f  the  t ap  w a t e r  were  p e r f o r m e d  
i n  a c c o r d a v c e  w i t h  USEPA-recommevded methods  (USEPA 1 9 8 0 ) .  

Body w e i g h t  and f e e d  and w a t e r  ( o r  l e v c h a t e )  c o n s u m p t i o n  were  
r e c o r d e d  be twee~  8 AM to  1 PM on d e s i g n a t e d  d a y s .  The a v e r a g e  
body w e i g h t  p e r  mouse was c a l c u l a t e d  by w e i g h i n g  a l l  a n i m a l s  o f  
e a c h  cage  t o  o b t a i n  t h e  m e w  • SE from 4 c a g e s .  The f e e d  and 
w a t e r  c o n s u m p t i o n  d a t a  were  o b t a i n e d  as cage  g roup  means ( n = 4 ) .  

On Day 65, 11 r andomly  s e l e c t e d  mice  f rom e a c h  g r o u p ,  c o n t r o l  and 
e x p e r i m e n t a l ,  were  used  f o r  t h e  measu remen t  o f  b a s a l  l o c o m o t o r  
a c t i v i t y  by a d m i n i s t e r i n g  s a l i n e  (10 m l / k g ,  i . p . ) .  F u r t h e r ,  6 o r  
7 a d d i t i o n a l  a n i m a l s  f rom e a c h  group  were  c h a l l e n g e d  w i t h  PCP to  
e v a l u a t e  t h e  e f f e c t  o f  l e a c h a t e  e x p o s u r e  on the  P C P - i n d u c e d  
l o c o m o t i o n .  S ix  m i c e ,  p r e t r e a t e d  w i t h  t he  s a ! J n e ,  were  u t i l i z e d  
f o r  t h e  p e n t o b a r b i t a l - i n d u c e d  s l e e p  e x p e r i m e n t .  Seven  a n i m a l s ,  
n o t  t r e a t e d  w i t h  p e n t o b a r b i t a l  o r  PCP, were  f i r s t  w e ighed  and 
t h e n  k i l l e d  u s i n g  d i e t h y l  e t h e r  f o r  b l o o d  and t i s s u e  c o l l e c t i o n .  
B lood  s a m p l e s ,  t a k e n  f rom the  h e a r t  by o p e n i n g  t h e  c h e s t  c a v i t y ,  
were  p o o l e d  t o  o b t a i n  s u f f i c i e n t  amount o f  serum f o r  t be  SGPT 
a s s a y  (Re i tman  and F r a ~ k e l  1 9 5 7 ) .  O rgans ,  e . g . ,  b r a i n ,  l i v e r ,  
s p l e e n ,  and k i d n e y s ,  were  r emoved ,  b l o t t e d  d ry  and w e ighed  (n=7) .  
T i s s u e s  were  p r e p a r e d  f o r  h i s t o l o g i c  e v a l u a t i o n  by f i x a t i o n  in  
10% n e u t r a l  b u f f e r e d  f o r m a l i n  a~d embedded in  p a r a f f i n .  
~ i s t o l o g i c  s e c t i o n s  were  c u t  a t  6 ~m and s t a i n e d  w i t h  h e m o t o x y l i n  
and e o s i n  ( P r e e c e  1 9 7 2 ) .  Changes i n  t h e s e  t i s s u e s  a t  
u l t r a s t r u c t u r a l  l e v e l  were  a l s o  e v a l u a t e d  a c c o r d i n g  t o  t h e  method 
o f  Dawes ( 1 9 7 1 ) .  

The i n f l u e n c e  o f  l e a c b a t e  on p e n t o b a r b i t a l  (60 mg/kg ,  i . p . ,  in  
s a l i n e ) - i n d u c e d  s l e e p  was d e t e r m i n e d  by t h e  d u r a t i o n  o f  the  l o s s  
o f  r i g h t i n g  r e f l e x  i n  mice  a f t e r  65 days  o f  t r e a t m e n t  ( C h a t u r v e d i  
e t  a l .  1 9 8 1 ) .  The e x p e r i m e n t  was p e r f o r m e d  b e t w e e n  1 t o  4 PM. 

The e f f e c t  o f  65 d a y s - i n t a k e  o f  l e a c h a t e  on the  PCP ( 1 6 . 4  
~ m o l / k g ,  i . p . ~  in  s a l i n e ) - i n d u c e d  l o c o m o t i o n  in  mice  was measu red  
u s i n g  11 a n i m a l  a c t i v i t y  c a g e s  ( C h a t u r v e d i  1 9 8 4 ) .  To the  
i n t e r i o r  o f  e a c h  c a g e ,  s i x  p h o t o c e l l  beams were  c r o s s e d ,  
i n t e r r u p t i o n  o f  wh ich  were  a d d i t i v e l y  r e c o r d e d  by c o u n t e r s .  The 
change  in  t h e  a c t i v i t y  as measu red  by t h e  c o u n t s  r e g i s t e r e d  by 
t h e  c o u n t e r s  i s  c o n s i d e r e d  as a c r i t e r i o n  f o r  t h e  e f f e c t  o f  
l e a c h a t e  on t h e  b r a i n  f u n c t i o n ,  s i n c e  t h e  a l t e r e d  p h a r m a c o l o g i c a l  
r e s p o n s e  r e f l e c t s  t h e  a l t e r e d  n e u r a l  s u b s t r a t e s ,  e . g . ,  r e c e p t o r s ,  
n e u r o t r a n s m i t t e r s  e t c .  ( Z e n i c k  1983;  MacPha i l  e t  a l .  1 9 8 3 ) .  
A d m i n i s t e r i n g  p h a r m a c o l o g i c a l  c h a l l e n g e s  t o  o r g a n i s m s  exposed  t o  
t o x i c  s u b s t a n c e s  i s  an i m p o r t a n t  s t r a t e g y  i n  b e h a v i o r a l  
t o x i c o l o g y  ( Z e n i c k  1 9 8 3 ) .  The b a s a l  and P C P - i n d u c e d  l o c o m o t i o n  
o f  t h e  c o n t r o l  and e x p e r i m e n t a l  g roups  were  measu red  ( T a b l e  2 ) .  
I t  has  b e e n  e s t a b l i s h e d  t h a t  1 6 . 4  ~ m o l / k g ,  i . p . ,  dose  o f  PCP, a 
c e n t r a l  n e r v o u s  s y s t e m  s t i m u l a n t ,  p r o d u c e s  a submaximal  
s t i m u l a t i o n  i n  mice  ( C h a t u r v e d i  1984;  Chen e t  a l .  1959;  Hu e t  a l .  
1 9 8 4 ) ,  w i t h  t h e  e f f e c t  b e i n g  o v e r  i n  60 min .  The a c t i v i t y  
( c o u n t s / m o u s e / 6 0  m i n . )  was measu red  b e t w e e n  1 t o  5 PM. 
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V a l u e s  o f  v a r i o u s  p a r a m e t e r s  o f  t o x i c i t y  a r e  p r e s e n t e d  as  mean 
+ gE of  4-11 determinations. The d i f f e r e n c e  between 2 means was 
t e s t e d  at 0 .05  s i g n i f i c a n c e  l e v e l .  S i g n i f i c a n c e  o f  d i f f e r e n c e  
b e t w e e n  means o f  a l l  o b s e r v a t i o n s  i n c l u d i n g  body  w e i g h t ,  f e e d  
i n t a k e ,  w a t e r  c o n s u m p t i o n ,  o rgan  w e i g h t ,  l o c o m o t o r  a c t i v i t y ,  
e t c . ,  was checked  by  S t u d e n t ' s  t t e s t  ( G o l d s t e i n  1 9 6 4 ) .  

]~$ULTS AM) DISCUSSION 

The d a i l y  c o n s u m p t i o n  o f  l e a c h a t e  f o r  65 days  a f f e c t e d  s p l e e n  
w e i g h t  and n e u r o b e h a v i o r  o f  m i c e .  R e l a t i v e  t o  t he  c o n t r o l s ,  
t h e r e  was no s i g n i f i c a n t  (p > 0 . 0 5 )  d i f f e r e n c e  in  f e e d  i n t a k e ,  
w a t e r  ( o r  l e a c h a t e )  c o n s u m p t i o n ,  o r  body w e i g h t  g a i n .  The r a t i o  
of liver or kidney weight to body weight also did not change 
( T a b l e  2 ) .  No s i g n i f i c a n t  d i f f e r e n c e  was e v i d e n t  in  t h e  
p e n t o b a r b i t a l - i n d n c e d  s l e e p  t ime  o r  SGPT l e v e l  o f  b o t h  g r o u p s .  
No s i g n i f i c a n t  t i s s u e  changes  a t  l i g h t  m i c r o s c o p i c  o r  
u l t r a s t r u c t u r a l  l e v e l s  were  o b s e r v e d  in  b r a i n ,  l i v e r ,  k i d n e y s ,  o r  
s p l e e n  o f  t he  l e a c h a t e  m i c e .  However ,  t h e  w e i g h t  o f  t h e  s p l e e n  
o f  t he  e x p e r i m e n t a l  mice  was 74% l e s s  t h a n  the  c o n t r o l s  ( T a b l e  
2 ) .  The b a s a l  l o c o m o t o r  a c t i v i t y  i n  b o t h  g r o u p s  was t h e  same, 
b u t  t he  P C P - i n d u c e d  l o c o m o t i o n  i n  the  l e a c h a t e  g roup  i n c r e a s e d  by 
43% (p < 0 . 0 5 )  r e l a t i v e  t o  c o n t r o l s .  

L e a c h a t e s  a r e  composed o f  s e v e r a l  i n o r g a n i c  i o n s  and o r g a n i c  
m a t t e r  (Brown e t  a l .  1982;  USEPA 1976 and 1980;  Meyer e t  a l .  
1985). The concentration of these constituents varies with the 
s o u r c e  o f  l e a c h a t e .  E f f e c t s  o f  t h e  e x p o s u r e  t o  l e a c h a t e  w i l l  
depend on the amount and nature of these constituents and their 
i n t e r a c t i o n s .  R e l a t i v e  t o  t h e  c o n t r o l  t a p  w a t e r ,  t he  l e a c h a t e  
investigated in the present study contains fairly high amounts of 
metals, e.g., magnesium, arsenic, barium, chromium, lead, iron, 
cadmium, e t c .  In  t h e  l e a c h a t e  o r g a n i c  p e s t i c i d e s ,  e . g . ,  e n d r i n ,  
l i n d a n e ,  m e t h o x y c h l o r ,  t o x a p h e n e ,  2 , 4 - D  e t c . ,  were  n o t  d e t e c t e d  
( B e r r e t h  and G r i f f i n  1983;  T a b l e  1 ) .  A p p r o v a l  l i m i t s  o f  h e a v y  
m e t a l s  and a g r i c u l t u r a l  c h e m i c a l s  f o r  h e a l t h  p r e s c r i b e d  by the  
USEPA's Interim Primary Drinking Water Standards are also given 
i n  T a b l e  1 (USEPA 1 9 7 6 ) .  L e v e l s  o f  t h e s e  m e t a l s  a r e  s e v e r a l  
t i m e s  h i g h e r  in  t h e  l e a c h a t e  t h a n  the  s a f e  l e v e l  f o r  d r i n k i n g  
w a t e r  e s t a b l i s h e d  by  t h e  USEPA (1976) and U.S .  P u b l i c  B e a l t h  
S e r v i c e  ( 1 9 7 0 ) .  Some o f  t h e s e  m e t a l s  have  t h e  p o t e n t i a l  t o  
p r o d u c e  u n d e s i r a b l e  e f f e c t s  on t h e  n e r v o u s  s y s t e m ,  k i d n e y ,  l i v e r ,  
and immune s y s t e m  (~ammond and B e l i l e s  1980;  GosseJ  and B r i c k e r  
1984;  L u s t e r  e t  a l .  1 9 8 2 ) .  I n  t he  p r e s e n t  s t u d y ,  t he  e x p o s u r e  t o  
the  l e a c h a t e  f o r  65 days  a f f e c t e d  n e u r o b e h a v i o r ,  measu red  as 
change  i n  P C P - i n d u c e d  l o c o m o t i o n ,  and s p l e e n  w e i g h t  o f  m i c e .  
The o b s e r v e d  enhancemen t  i n  t he  l o c o m o t i o n  may be due t o  t he  
i n t e r a c t i o n  among the  c o n s t i t u e n t s  o f  t h e  l e a c h a t e ,  p a r t i c u l a r l y  
m e t a l s ,  r e s u l t i n g  i n  a l t e r e d  n e u r a l  s u b s t r a t e s  ( Z e n i c k  1983;  
MacPha i l  e t  a l .  1983) .  The p o s s i b i l i t y  o f  such  t r e a t m e n t  on t h e  
m e t a b o l i s m  o f  PCP, t h e r e b y  on i t s  i n f l u e n c e ,  e x i s t s .  However ,  i t  
i s  l e s s  l i k e l y  as l e a c h a t e  t r e a t m e n t  d i d  n o t  a l t e r  t h e  p a t h o l o g y  
of liver and the pentobarbital-induced sleep. Hypoplastic 
s p l e e n s  have  b e e n  r e p o r t e d  t o  o c c u r  f o l l o w i n g  e x p o s u r e  t o  
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T a b l e  1 .  C h e m i � 9  q u a l i t y  o f  t h e  l e a � 9  a n d  c o n t r o l  w a t e r  u s e d  
i n  t h e  s t u d y  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  a . . . . . . . . . . .  

P a r a m e t e r  C o n c e n t r a t i o n  

L e a c h a t e  Tap w a t e r  

Conduct  i v  i t y  10130 / 8 4 4 4  213  
T o t a l  d i s s o l v e d  s o l i d s  7030 114 
pH 7 . 8  8 .8  
T o t a l  a l k a l i n i t y  (as  CaCO~) 5930 59 
T o t a l  h a r d n e s s  (as  CaC03)-  1890 80 
F l o u r i d e  0 . 1  1 . 0  
C h l o r i d e  1050 14 
N i t r a t e  (as  N) 0 .029  0 .  2 
T o t a l  K j e l d a h l  n i t r o g e n  156 - 

u 

S u l p h a t e  39 24 b 
T o t a l  and o r t h o  p h o s p h a t e  1 . 1 8 ,  1 . 0  - 
HCO_ 7240 54 .0  
CO_ 3 0.0 9.0 

Ca~ c ium 69 .5  1 7 . 0  
Magnesium 418.0 9 . 0  
blang a~e se 0 .132  0.  004 
P o t a s s i u m  301 .0  3 . 9 5  
Sod ium 1580 1 0 . 0  
Sodium a d s o r p t i o n  r a t i o  1 5 . 8  0 . 4 9  
Iron 15.5 0.04 
A r s e n i c  16.3 0 . 0  ( 0 . 0 5 )  ~ 
Bar ium 820 .0  0 . 0  ( 1 . 0 0 )  
Cada~ium 2.38 0.001 (0.01) 
Chromium 2 3 . 4  0 . 0  (0.05) 
Copper  16.0 0.011 
Lead 4 5 . 8  0 . 0  ( 0 . 0 5 )  
S e l e n i u m  0 .03  0 . 0  ( 0 . 0 1 )  
Z i n c  326 0 . 2 0 4  

u 

Chemica l  oxygen  demand 1030 - 
b 

E n d r i n  None d e t e c t e d  - (0.0002) 
b 

L i n d v n e  None d e t e c t e d  - ( 0 . 0 0 4 )  
b 

S e t h o x y c h l o r  None d e t e c t e d  -b  ( 0 . 1 0 0 )  
Toxaphene  None d e t e c t e d  -b  ( 0 . 0 0 5 )  
2 , 4  - D i c h l o r o p h e n o x y a o e t i c  None d e t e c t e d  - ( 0 . 1 0 0 )  

a c i d  ( 2 , 4 - D )  b 
2 - ( 2 , 4 , 5  - T r i c h l o r o p h e n o x y ) -  None d e t e c t e d  - ( 0 . 0 1 0 )  

p r o p i o n i c  a c i d  ( 2 , 4 , 5 - T P )  

C o n c e n t r a t i o n s  in  mg/L e x c e p t  f o r  c o n d u c t i v i t y  (mic romhos /cm)  
b 

Not d e t e r m i n e d  
C 

V a l u e s  i~ p a r e n t h e s e s  a r e  a v a i l a b l e  EPA Approved  L i m i t s  (USEPA, 
1976) 
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T a b l e  2 .  E f f e c t s  o f  d a i l y  l e a c h a t e  c o n s u s p t i o n  f o r  65 d a y s  on 
v a r i o u s  p a r a m e t e r s  o f  t o x i c i t y  i n  m i c e  

P a r a m e t e r  C o n t r o l  E x p e r i m e n t a l  
( t a p  w a t e r )  ( l e a c h a t e )  
Mean 4- SE Mean 4- SE 

Body we igh t  ( g ; n  = 7) 
L i v e r  w e i g h t  (g) 
L i v e r / b o d y  we igh t  r a t i o  

(x 100) 
K i d n e y  we igh t  (g) 
K i d n e y / b o d y  w e i g h t  r a t i o  

(x i00) 

S p l e e n  w e i g h t  (g) 
S p l e e n / b o d y  w e i g h t  r a t i o  

(x 100) 

3 5 . 3 + 1 . 5  3 3 . 5 + 0 . 9  
1 .79  + 0 .14  1 .67  + 0 .07  
5.1 5.0 

0.554 + 0.02 0.524 + 0.01 
1 .57  1.56 

0.181 4- 0 .029  0 .104  4- 0 .001  
0 .51  0 .31  

SGPT a ( u n i t s / m l )  67,3 + 0.6 53.8 + 1.7 

P e n t o b a r b i t a l - i n d u c e d  s l e e p  (min)  83 .9  • 10 .9  
(n=6) 

g2.5 + 5.7 

Locomotor  a c t i v i t y  ( c o u n t s / m o u s e / h )  
B a s a l - s a l i n e  (n = 11) 2789 + 193 
PCP- induced  4767 + 667 

(n  = 7) 

2 9 7 5 , •  126 
6799 + 526 

(n = 6)  

a 1 unit = 4.82 x 10 -4 ~mol glutamate/min at pH 7.5 and 25~ 

Blood samples  from 7 a n i m a l s  were p o o l e d  to  o b t a i n  s u f f i c i e n t  
amount of  s e r u ~  sample .  The a s s a y  was r un  in  t r i p l i c a t e .  . 
p < 0.05 

e n v i r o n m e n t a l  c h e m i c a l s  ( L u s t e r  e t  a l .  1 9 8 2 ) .  M e t a l s  l i k e  l e a d ,  
cadmium and a r s e n i c  p roduce  i m m u n o s u p p r e s s i v e  e f f e c t s  ( L u s t e r  e tt 
a_!. 1982) .  T h e r e f o r e ,  the  d e c r e a s e  i n  the  s p l e e n  we igh t  i n  the  
a b s e n c e  o f  d e t e c t a b l e  p a t h o l o g y  migh t  be a s s o c i a t e d  w i th  the  
m e t a l - c a u s e d  i m m u n o t o x i c i t y .  Thymic o r ga n  w e i g h t  d e t e r m i n a t i o n  
migh t  have b e e n  f u r t h e r  h e l p f u l  i n  r e l a t i n g  the  s p l e e n  we igh t  
d e c r e a s e  to  p r o b a b l e  i m m u n o t o x i c i t y .  

T h i s  s t u d y  i s  s i g n i f i c a n t  b e c a u s e  of  the  r e a l  p o s s i b i l i t y  of  
p o l l u t i o n  o f  g r o u n d w a t e r  b o d i e s  by l e a c h a t e s .  However,  the  
c o n t a m i n a n t s  o f  l e a c h a t e  may n o t  r e a c h  the  g round  w a t e r  b o d i e s  i n  
t he  same c o n c e n t r a t i o n  as a t  t he  p l a c e  o f  o r i g i n  due to  
f i l t r a t i o n ,  d i s p e r s i o n  and a t t e n u a t i o n  w i t h i n  the  s o i l  m a t r i x .  
The a t t e n u a t i o n  or  m a g n i f i c a t i o n  of  the  p o t e n t i a l  o f  l e a c h a t e  to  
p roduce  t o x i c i t y  as i t  moves t h r o u g h  the  s o i l  medium and 
c o n t a m i n a t e s  g round  w a t e r  i s  n o t  w e l l  u n d e r s t o o d  a t  p r e s e n t .  
N e v e r t h e l e s s ,  such  s t u d i e s  on t o x i c i t y  o f  l e a c h a t e s  from 
l a n d f i l l s  u s i n g  a n i m a l  models  w i l l  be n e c e s s a r y  to  p r e d i c t  t he  
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toxicological co~sequences of contamination of groundwater by 
leachates. Although leachability of many individual organic 
chemicals are fairly well understood and predictable, the 
combined  p r e s e n c e  of  t h e s e  c h e m i c a l s  makes i t  d i f f i c u l t  t o  
p r e d i c t  t o x i c i t y  of  l e a c h a t e s  a t  l o c a t i o n s  a l o n g  the  p a t h  o f  
m i g r a t i o n .  D e f i n i t e  c a u s a l  r e l a t i o n s h i p  b e t w e e n  t o x i c  e f f e c t s  
and t he  c o n s t i t u e n t s  o f  l e a c h s t e  can  be e s t a b l i s h e d  o n l y  t h r o u g h  
f u r t h e r  i n v e s t i g a t i o ~  u s i n g  s y n t h e t i c  m i x t u r e s .  F u r t h e r  s t u d i e s  
u s i n g  a n i m a l  models  a re  a l s o  needed  on l e a c h a t e s  a t  t he  s o u r c e  
as w e l l  as o t h e r  l o c a t i o n s  a l o n g  the  p a t h  of  m i g r a t i o n  to  improve 
the  u n d e r s t a n d i n g  o f  the  v a r i a t i o n  of  t o x i c i t y  as l e a c h a t e s  
m i g r a t e  toward  w a t e r  b o d i e s .  
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