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CONCLUSIONS 

1. Leacha t e  g e n e r a t i o n  i n  s a n i t a r y  l a n d f i l l s  (SLFrs)  and 
t r a n s p o r t  t h r o u g h  t h e  s u b s u r f a c e  i s  a  complex combinat ion o f  
p h y s i c a l ,  chemica l  and b i o l o g i c a l  p r o c e s s e s .  A wide v a r i e t y  o f  
t o x i c  o r g a n i c  and i n o r g a n i c  p o l l u t a n t s  a r e  p r e s e n t  i n  l e a c h a t e  
which have t h e  p o t e n t i a l  t o  r e n d e r  l a r g e  volumes o f  ground and 
s u r f a c e  w a t e r  u n f i t  f o r  u s e  a s  a w a t e r  s u p p l y  w i t h o u t  a d d i t i o n a l  
t r e a t m e n t .  The a c t u a l  e x t e n t  o f  ground and s u r f a c e  w a t e r  
con t amina t i on  due  t o  a  s a n i t a r y  l a n d f i l l  w i l l  depend on t h e  was t e  
s o u r c e ,  age ,  o p e r a t i n g  c h a r a c t e r i s t i c s ,  and s i t e  hydrogeology.  
C u r r e n t  r e s e a r c h  i n d i c a t e s  t h a t  l a n d f i l l s  c an  be managed t o  
r educe  t h e  p r o d u c t i o n  o f  l e a c h a t e  and enhance  t h e  a t t e n u a t i o n  o f  
p o l l u t a n t s  d u r i n g  t r a n s p o r t  t h r o u g h  t h e  s u b s u r f a c e .  The c u r r e n t  
s t a t e  o f  t h e  a r t  i s  n o t  adequa t e  t o  p r e d i c t  t h e  e x t e n t  o f  
l e a c h a t e  a t t e n u a t i o n  p r i o r  t o  l a n d f i l l  c o n s t r u c t i o n ,  a l t h o u g h  
s i g n i f i c a n t  advances  a r e  o c c u r r i n g  i n  o u r  a b l i t y  t o  mon i to r  and 
d e s c r i b e  a t t e n u a t i o n  p r o c e s s e s  i n  t h e  f i e l d .  

2 .  Eng inee r i ng  measures ,  i n c l u d i n g  impermeable c aps ,  l i n e r s ,  and 
l e a c h a t e  c o l l e c t i o n  and t r e a t m e n t  sys tems ,  a r e  a v a i l a b l e  t o  
c o n t r o l  t h e  l o s s  o f  l e a c h a t e  from SLF's. There  h a s  been  v e r y  
l i t t l e  e x p e r i e n c e  w i t h  t h e  c o n s t r u c t i o n  and o p e r a t i o n  o f  t h e s e  
sys tems ,  and t h e i r  long- term r e l i a b l i t y  i s  unknown. 

3 .  R e g u l a t i o n s  gove rn ing  s o l i d  was t e  management i n  Nor th  C a r o l i n a  
a r e  i n  a t r a n s i t i o n  phase .  The p a s t  r e g u l a t o r y  approach depended 
h e a v i l y  on q u a l i t a t i v e  s i t e - s p e c i f i c  e v a l u a t i o n s .  T h i s  approach 
p r o v i d e d  t h e  maximum f l e x i b i l i t y  i n  h a n d l i n g  unusua l  c o n d i t i o n s  
b u t  a l s o  p l a c e d  t h e  g r e a t e s t  burden  on s t a t e  r e g u l a t o r y  
p e r s o n n e l .  The s t a t e  i s  now moving t owards  c o n s t r u c t i o n  o f  
e n g i n e e r e d  b a r r i e r s  t o  p r e v e n t  t h e  o f f s i t e  m i g r a t i o n  o f  l e a c h a t e .  

4 .  The dominant method o f  s o l i d  w a s t e  d i s p o s a l  i n  Nor th  C a r o l i n a  
i s  b u r i a l  i n  u n l i n e d  m u n i c i p a l l y  owned s a n i t a r y  l a n d f i l l s .  These 
l a n d f i l l s  t y p i c a l l y  r ange  i n  s i z e  from 50 t o  250 a c r e s  and  
r e c e i v e  from 100 t o  500 t o n s  p e r  day o f  s o l i d  was te .  
I n s t a l l a t i o n  of impermeable c aps ,  l i n e r s  and  l e a c h a t e  c o l l e c t i o n  
and t r e a t m e n t  sys tems  a t  a l l  new SLF's i s  e x p e c t e d  t o  
app rox ima te ly  doub l e  t h e  o v e r a l l  c o s t  o f  s o l i d  was t e  d i s p o s a l .  
The g r e a t e s t  i n c r e a s e  i n  c o s t s  w i l l  o ccu r  d u r i n g  t h e  i n i t i a l  s i t e  
development s t a g e .  The c o s t  o f  s t a r t i n g  up  a  new s a n i t a r y  
l a n d f i l l  i s  e x p e c t e d  t o  i n c r e a s e  by rough ly  a f a c t o r  o f  t e n .  

5. Water q u a l i t y  a n a l y s e s  f o r  i n o r g a n i c  p o l l u t a n t s  and heavy 
m e t a l s  were per fo rmed  on 97% o f  s u r f a c e  w a t e r  samples  and 69% of 
ground w a t e r  samples  from s a n i t a r y  l a n d f i l l s  i n c l u d e d  i n  t h i s  
s t u d y .  Ana lyses  f o r  t o x i c  o r g a n i c  p o l l u t a n t s  were per fo rmed  a t  
l e a s t  once  on ground w a t e r  samples  from 52% o f  t h e  l a n d f i l l s  
examined. 





6. V i o l a t i o n s  o f  ground w a t e r  q u a l i t y  s t a n d a r d s  f o r  o r g a n i c  
and /o r  i n o r g a n i c  p o l l u t a n t s  were d e t e c t e d  a t  53% o f  t h e  l a n d f i l l  
sites examined f o r  which adequa t e  mon i to r i ng  d a t a  e x i s t s .  These 
r e s u l t s  s u g g e s t  t h a t  (1) most l a n d f i l l s  do  con t amina t e  ground 
wate r ;  and  (2 )  t h e  e x i s t i n g  mon i to r i ng  program i s  r e a s o n a b l y  
e f f e c t i v e  a t  d e t e c t i n g  widespread  t r e n d s .  The c u r r e n t  l e v e l  o f  
m o n i t o r i n g  i s  n o t  adequa t e  t o  d e f i n e  t h e  n a t u r e ,  e x t e n t  o r  
s e v e r i t y  o f  con t amina t i on  a t  i n d i v i d u a l  s i tes .  

7 .  P o l l u t a n t  c o n c e n t r a t i o n s  i n  ground w a t e r  d i r e c t l y  impac ted  by 
N.C. SLFts  a r e  t y p i c a l l y  o r d e r s  o f  magnitude lower  t h a n  
c o n c e n t r a t i o n s  commonly r e p o r t e d  n a t i o n a l l y  f o r  l a n d f i l l  
l e a c h a t e .  T h i s  d i f f e r e n c e  s u g g e s t s  t h a t  s i g n i f i c a n t  p o l l u t a n t  
a t t e n u a t i o n  a n d / o r  d i l u t i o n  i s  o c c u r r i n g  d u r i n g  p a s s a g e  t h r o u g h  
t h e  s u b s u r f a c e .  

8 .  The s e v e r i t y  o f  ground w a t e r  con t amina t i on  i n  N.C. SLFt s  
a p p e a r s  t o  be h i g h l y  v a r i a b l e .  A t  most o f  t h e  l a n d f i l l s  w i t h  
ground w a t e r  q u a l i t y  problems,  a  50% r e d u c t i o n  i n  p o l l u t a n t  
c o n c e n t r a t i o n s  would e l i m i n a t e  a l l  v i o l a t i o n s .  A t  a f e w  i s o l a t e d  
l a n d f i l l s ,  ex t r eme ly  h i g h  c o n c e n t r a t i o n s  o f  o r g a n i c  and i n o r g a n i c  
p o l l u t a n t s  have  been d e t e c t e d .  A t  t h e s e  l a n d f i l l s ,  p o l l u t a n t  
c o n c e n t r a t i o n s  may exceed  t h e  e x i s t i n g  w a t e r  q u a l i t y  s t a n d a r d s  by 
a f a c t o r  of  10,000 o r  more. 





RECOMMENDATIONS 

1. P a s t  ground and s u r f a c e  wa te r  moni tor ing  h a s  shown t h a t  
con tamina t ion  by s a n i t a r y  l a n d f i l l  l e a c h a t e  i s  a  p o t e n t i a l  
problem. These moni tor ing  programs should  be expanded t o  
(1) q u a n t i f y  t h e  s e v e r i t y  and e x t e n t  o f  e x i s t i n g  problems; and 
(2)  i d e n t i f y  a r e a s  o f  contaminated ground w a t e r  b e f o r e  p u b l i c  and 

p r i v a t e  w a t e r  s u p p l i e s  a r e  a f f e c t e d .  

2. The p r o c e s s e s  which c o n t r o l  t h e  g e n e r a t i o n  and n a t u r a l  
a t t e n u a t i o n  o f  l e a c h a t e  d u r i n g  passage  th rough  t h e  subsu r f ace  a r e  
s t i l l  p o o r l y  unders tood .  If t h i s  a t t e n u a t i o n  c a p a c i t y  i s  t o  be  
used i n  t h e  combined management o f  s o l i d  was te  and wa te r  q u a l i t y ,  
improved methods w i l l  b e  needed t o  p r e d i c t  t h e  e x t e n t  o f  
i n d i v i d u a l  a t t e n u a t i o n  p r o c e s s e s  based on s i t e - s p e c i f i c  
c o n d i t i o n s .  A d d i t i o n a l  r e s e a r c h  i s  needed on t h e  n a t u r a l  
a t t e n u a t i o n  o f  l a n d f i l l  l e a c h a t e  w i th  p a r t i c u l a r  emphasis on 
hydrogeolog ic  c o n d i t i o n s  common t o  t h e  C o a s t a l  P l a i n ,  Piedmont 
and Mountain r e g i o n s  o f  North Ca ro l ina .  Emphasis should  a l s o  be  
p l a c e d  on deve lop ing  methods t o  maximize t h e  chemical  and 
b i o l o g i c a l  a t t e n u a t i o n  o f  l e a c h a t e  w i t h i n  a l a n d f i l l  b e f o r e  it 
e n t e r s  s u r f a c e  and ground wa te r  s u p p l i e s .  





INTRODUCTION 

Envi ronmenta l ly  s a f e  and economically e f f i c i e n t  s o l i d  waste  
d i s p o s a l  i s  becoming i n c r e a s i n g l y  d i f f i c u l t .  A s  o f  1986, t h e r e  
w e r e  1 7 3  p e r m i t t e d  s a n i t a r y  l a n d f i l l s  o p e r a t i n g  i n  North Ca ro l ina  
(N.C. DHR 1981) .  Th i s  number i s  expec t ed  t o  grow a s  our  

p o p u l a t i o n  i n c r e a s e s  r e s u l t i n g  i n  i n c r e a s e d  p o t e n t i a l  f o r  
con tamina t ion  o f  s u r f a c e  and ground water .  A t  t h e  same t i m e ,  
r e c e n t  p u b l i c i t y  ove r  h e a l t h  r i s k s  a s s o c i a t e d  w i t h  t r a c e  l e v e l s  
of  o r g a n i c  contaminants  has  r e s u l t e d  i n  g r e a t e r  p r e s s u r e  t o  
p r o t e c t  o u r  ground and s u r f a c e  wa te r  r e s o u r c e s .  This  
combinat ion i s  r e s u l t i n g  i n  new c h a l l e n g e s  f o r  t h e  s a f e  and 
e f f i c i e n t  management o f  ground and s u r f a c e  wate r  r e s o u r c e s  and 
s o l i d  was te  d i s p o s a l .  

The most wide ly  u sed  method f o r  d i s p o s a l  of  s o l i d  was te  i s  
b u r i a l  i n  s a n i t a r y  l a n d f i l l s  (SLFts)  . The dominance of  t h i s  
p r a c t i c e  i s  due t o  two reasons .  S a n i t a r y  l a n d f i l l s  have been 
r e l a t i v e l y  i nexpens ive  t o  own and o p e r a t e ,  and u n t i l  r e c e n t l y ,  
SLFts were t hough t  t o  p r e s e n t  minimal hazard  t o  t h e  environment.  
P r i o r  t o  t h e  1 9 7 0 t s ,  open dumps were common. However, i n c r e a s e d  
awareness o f  t h e  environmental  problems a s s o c i a t e d  w i t h  dumps, 
i n c l u d i n g  a i r  p o l l u t i o n  from burn ing  r e f u s e ,  wate r  p o l l u t i o n  from 
l e a c h a t e ,  h e a l t h  r i s k s  posed by vermin, and odor problems,  l e d  t o  
s t r i c t e r  r e g u l a t i o n s  governing s o l i d  was te  d i s p o s a l .  The 
s a n i t a r y  l a n d f i l l  o f f e r e d  a  r e l a t i v e l y  s a f e  and economical 
a l t e r n a t i v e  t o  open dumps. Waste i n  a  s a n i t a r y  l a n d f i l l  i s  
p l a c e d  i n  t r e n c h e s  o r  ce l ls  and is  covered by s o i l  a t  t h e  end of  
each day.  L i m i t i n g  t h e  amount of  was te  exposed a t  any g iven  
t i m e ,  g r e a t l y  r educes  problems a s s o c i a t e d  w i t h  vermin,  odors  and 
bu rn ing  t r a s h .  Unfor tuna te ly ,  b u r i a l  of  s o l i d  was t e  h a s  t h e  
p o t e n t i a l  t o  i n c r e a s e  s u r f a c e  and ground water  con tamina t ion .  
A f t e r  b u r i a l ,  s o l i d  waste  g r a d u a l l y  decomposes, g e n e r a t i n g  
leacha te - -a  noxious  l i q u i d  c o n t a i n i n g  h i g h  c o n c e n t r a t i o n s  of  
d i s s o l v e d  o r g a n i c s  and me ta l s  and, f r e q u e n t l y  t o x i c  o r g a n i c  
chemica ls .  If t h e  g e n e r a t i o n  and movement o f  l e a c h a t e  i s  n o t  
p r o p e r l y  managed, t h e r e  i s  a potential for contamination of 
s u r f a c e  and ground w a t e r  r e sou rces .  

S l i g h t l y  ove r  h a l f  of  t h e  e x i s t i n g  16,416 a c t i v e  l a n d f i l l s  
i n  t h e  Uni ted  S t a t e s  a r e  owned by l o c a l  governments. These 
l a n d f i l l s  can  be d i v i d e d  i n t o  t h e  fo l lowing  was t e  c l a s s e s :  
munic ipa l  (9,284), i n d u s t r i a l  (3,511) , demol i t i on  debris (2 ,591) ,  
and " o t h e r "  ( 1 , 0 3 0 )  ( U . S .  EPA 1986a) . Recent s t u d i e s  have shown 
t h a t  a t  some l a n d f i l l s ,  ground and s u r f a c e  wa te r  h a s  become 
contamina ted  by was t e  l e a c h a t e .  

P u b l i c i t y  ove r  t h e  hazards  o f  heavy m e t a l s  and  o r g a n i c  
compounds i n  d r i n k i n g  wate r  h a s  l e d  t o  p u b l i c  h o s t i l i t y  toward 
l a n d f i l l s .  I t  i s  becoming i n c r e a s i n g l y  d i f f i c u l t  t o  l o c a t e  and 



permit solid waste facilities. The problem is magnified by 
increasing population and per capita waste generation rates and 
the absence of economical disposal alternatives. The purposes of 
this report are to (1) briefly describe how leachate is 
generated; (2) describe the technologies currently available for 
minimizing adverse impacts of SLF leachate; (3) provide an 
overview of the relevant regulations governing SLFrs; (4) 
summarize the results of a survey of current solid waste disposal 
practices in North Carolina; and (5) describe the results of a 
statistical analysis of existing surface and ground water 
monitoring data. 



SANITARY LANDFILL LEACHATE 

The pr imary  t h r e a t  t o  s u r f a c e  and ground wa te r  q u a l i t y  from 
SLFfs i s  contamina t ion  by l e a c h a t e .  Leacha te  i s  formed when 
wa te r  comes i n  c o n t a c t  w i th  d e p o s i t e d  was te .  Water may be 
p r e s e n t  i n  was te  when it is depos i t ed ,  o r  it may be g e n e r a t e d  a s  
a p roduc t  o f  decomposit ion.  P e r c o l a t i n g  r a i n f a l l ,  r uno f f  from 
adjacent areas, or  ground water may also contribute to leachate 
format ion .  As wate r  comes i n  c o n t a c t  w i t h  decomposing r e f u s e ,  
t h e  more s o l u b l e  components can be t r a n s p o r t e d  o f f s i t e  and pose  
an envi ronmenta l  hazard .  The g r e a t e s t  concern  h a s  been over  
t o x i c  components such a s  heavy m e t a l s  and s y n t h e t i c  o r g a n i c  
compounds. Table  1 l is ts  observed c o n c e n t r a t i o n  r anges  f o r  
commonly measured parameters .  The lower  v a l u e s  t y p i c a l l y  
cor respond  t o  o l d e r  l a n d f i l l s  which a r e  i n  t h e  methane 
f e r m e n t a t i o n  s t a g e  o f  anae rob ic  decomposit ion,  wh i l e  t h e  h i g h e r  
v a l u e s  a r e  t y p i c a l  o f  younger l a n d f i l l s  i n  t h e  a c i d  f e rmen ta t ion  
s t a g e  o f  a n a e r o b i c  decomposit ion.  

Leachate  composi t ion i s  h i g h l y  v a r i a b l e  and dependent on t h e  
r e f u s e  composi t ion and p roces s ing ,  l a n d f i l l  age,  r a t e  o f  wate r  
a p p l i c a t i o n ,  d e p t h  o f  l eached  bed and l a n d f i l l  t empera tu re  (Lu e t  
a l .  1985) .  Typ ica l  l a n d f i l l  l e a c h a t e  c o n t a i n s  h i g h  
c o n c e n t r a t i o n s  o f  d i s s o l v e d  i o n s ,  ammonia n i t r o g e n ,  phosphorus,  
d i s s o l v e d  s o l i d s  and v a r i o u s  me ta l s .  Biochemical  oxygen demand 
(BOD) r equ i r emen t s  40  t o  85 times h i g h e r  t h a n  most raw domes t ic  
sewage have been r e p o r t e d  (Qasim and Burch ina l  1970) .  T y p i c a l l y  
l e a c h a t e  h a s  a  mean pH of 5.5. Organic  compounds found i n  
l e a c h a t e  i n c l u d e  ke tones ,  a lkanes ,  e t h e r s ,  s h o r t  c h a i n  a l c o h o l s  
and s h o r t  c h a i n  a c i d s  among o t h e r s  (Lu e t  a l .  1985) .  

Chemistrv and Microbiolosv of  Leachate  P roduc t ion  

The p r o c e s s e s  t a k i n g  p l a c e  w i t h i n  a s a n i t a r y  l a n d f i l l  which 
r e s u l t  i n  l e a c h a t e  format ion a r e  h i g h l y  dependent on s i te -  
s p e c i f i c  env i ronmenta l  c o n d i t i o n s  such  a s  mo i s tu re  c o n t e n t ,  was te  
composi t ion,  p H ,  t empera ture ,  p a r t i c l e  s i z e ,  deg ree  o f  mixing, 
oxygen and n u t r i e n t  c o n c e n t r a t i o n s  and s t a g e  o f  decomposi t ion.  Lu 
e t  a l e  (1985) i d e n t i f y  s e v e r a l  p r o c e s s e s  which i n f l u e n c e  l e a c h a t e  
c h a r a c t e r i s t i c s ,  p roduc t ion  and t r a n s p o r t  i n  a  s a n i t a r y  l a n d f i l l .  
These i nc lude :  

1. B i o l o g i c a l  t r a n s f o r m a t i o n  o f  o r g a n i c  p u t r i f i a b l e  m a t e r i a l ,  
e i t h e r  a e r o b i c  o r  anae rob ic  i n  c h a r a c t e r ,  and conve r s ion  t o  
s o l u b l e  and gaseous  forms. 

2. Chemical o x i d a t i o n  o r  r e d u c t i o n  o f  o r g a n i c  and i n o r g a n i c  
m a t e r i a l .  

3 .  D i s s o l u t i o n  of o r g a n i c  and i n o r g a n i c  m a t e r i a l s  by wa te r  
moving th rough  t h e  f i l l .  



Table  1 

Observed Ranges of C o n s t i t u e n t  C o n c e n t r a t i o n s  i n  Leacha t e  from 
Munic ipa l  Waste L a n d f i l l s  

mg/L u n l e s s  n o t e d )  (in 

Concentrat ion 

range Constituent Constituent range 

COD Hardness 

(as C,C03) 
Total Phosphorous 

Organic Fhosphorous 

BOD 

Total Organic 

carbon (TOC) 

Total solids (TS) 

TDS 

Tot a1 Suspended 

Solids (TSS) 

Volatile Suspended 

Solids (VSS) 

Total Volatile 

Solids (TVS) 

Fixed Solids (FS) 

Alkalinity 

Total coliforms 

(CFU/lOO ml) 

Fe 
Zn 

Sulfate 

Ni 
Total volatile 

acids (TVA) 

Mn 
Fecal coliform 
(CFU/l, 000ml) 

Specific Conduct 

-ance (mho/cm) 

Nitrate nitrogen 

Phosphate (inorganic) 

Amonia Nitrogen (h'H3-N) 

Organic Nitrogen 

Total Kjeldahl Nitrogen 

Acidity 

Turbidity (jackson units) 

Cl 

pH (dimensionless) 
Ma 

Cu 
Pb 

M g 

Source: U.S. EPA, 1986 



4 . Movement o f  d i s s o l v e d  m a t e r i a l s  due t o  c o n c e n t r a t i o n  
g r a d i e n t s  and osmosis.  

5. ~ n t r a i n m e n t  o f  p a r t i c u l a t e  m a t t e r  i n  f lowing  wa te r .  

Lu e t  a l .  (1985) i d e n t i f y  t h r e e  s t a g e s  of  s o l i d  was te  
decomposit ion:  a e r o b i c  decay,  a c i d  f e rmen ta t ion  and 
methanogenesis  w h i l e  Farquhar and Rovers (1 973) s e p a r a t e  t h e  
methanogenic s t a g e  i n t o  unsteady and s t e a d y  s t a t e  phases .  The 
g a s  p roduc t ion  p a t t e r n  from a  " t y p i c a l "  l a n d f i l l  i s  shown i n  
F i g u r e  1. The a e r o b i c  decomposit ion phase  i s  g e n e r a l l y  s h o r t  i n  

F igu re  1 

S a n i t a r y  L a n d f i l l  Gas Produc t ion  P a t t e r n  

0 T I M E  

Source:  Farquhar and Rovers, 1973.  

d u r a t i o n  due t o  t h e  h igh  biochemical oxygen demand (BOD) ,  l imi ted 
- oxygen supply  and r a p i d  deg rada t ion  of e a s i l y  d i g e s t e d  food used  

by t h e  a e r o b i c  microbes .  Leachate  d u r i n g  t h e  i n i t i a l  a e r o b i c  
s t a g e  is  c h a r a c t e r i z e d  by t h e  en t ra inment  o f  p a r t i c u l a t e  m a t t e r ,  
t h e  d i s s o l u t i o n  o f  h i g h l y  s o l u b l e  s a l t s  and g e n e r a l l y  a low 
c o n c e n t r a t i o n  o f  o r g a n i c  compounds. Leachate  formed d u r i n g  t h i s  
s t a g e  is  p r i m a r i l y  a r e s u l t  of  mois ture  squeezed o u t  o f  t h e  f i l l  
d u r i n g  placement and compaction o f  r e f u s e .  

The i n i t i a l  a n a e r o b i c  decomposit ion s t a g e  is  dominated by 
a c i d  f e rmen ta t ion .  The l e a c h a t e  formed h a s  a low p H  and a h i g h  
v o l a t i l e  a c i d s  c o n c e n t r a t i o n .  Complex o r g a n i c  compounds a r e  
conve r t ed  i n t o  s o l u b l e  o r g a n i c  a c i d s  ( v o l a t i l e  f a t t y  a c i d s ) ,  
amino a c i d s  and o t h e r  low molecu la r  weight compounds and g a s e s  



(Hz and  C 0 2 )  t h rough  anae rob ic  ferment a t  ion .  Johansen and 
Car l son  (1 976) have i d e n t i f i e d  a c e t i c ,  p r o p i o n i c  and b u t y r i c  
a c i d s  a s  t h e  dominant components a t  t h i s  s t a g e ,  account ing  f o r  
approximate ly  90% of t h e  t o t a l  o r g a n i c s  p r e s e n t .  The 
accompanying d e c r e a s e  i n  pH w i l l  i n f l u e n c e  chemical  p r o c e s s e s  
such  a s  p r e c i p i t a t i o n ,  d i s s o l u t i o n ,  redox r e a c t i o n s  and s o r p t i o n .  
Acid c o n d i t i o n s  g e n e r a l l y  i n c r e a s e  t h e  s o l u b i l i z a t i o n  o f  chemical  
c o n s t i t u e n t s ,  d e c r e a s e  t h e  s o r p t i v e  c a p a c i t y  of  t h e  r e f u s e  and 
i n c r e a s e  i o n  exchange between t h e  l e a c h a t e  and o r g a n i c  ma t t e r .  
I n o r g a n i c  i o n  c o n c e n t r a t i o n s  i n c r e a s e  due t o  b iodeg rada t ion  o f  
o r g a n i c  m a t t e r  and d i s s o l u t i o n  o f  p a r t i c u l a t e  m a t t e r  due t o  t h e  
low p H .  

The a c i d  f e rmen ta t ion  s t a g e  i s  fo l lowed b y  methane 
f e r m e n t a t i o n .  F r e e  v o l a t i l e  a c i d s  a r e  fermented by m e t h a o g e n i c  
b a c t e r i a  y i e l d i n g  CH4 (methane) and C02. Harmsen (1983)  found a 
c o n s i d e r a b l e  p o r t i o n  of t h e  o r g a n i c  carbon p r e s e n t  du r ing  t h i s  
s t a g e  (32%) t o  be i n  t h e  form of  h i g h  molecular  weight  compounds 
(molecu la r  weight > 1 0 0 0 )  whi le  a c i d s .  amines and a l c o h o l s .  were 
n o t  detected, These  c o n d i t i o n s  indicate t h a t  t h e  organic 

 compound^ p r e s e n t  were end p r o d u c t s  o f  t h e  deg rada t ion  p roces s .  ' 

Lu e t .  a 1  (1985)  n o t e  t h a t  methane f e rmen ta t ion  g e n e r a l l y  occu r s  
w i t h i n  a y e a r  of r e f u s e  placement, b u t  t h i s  i s  h i g h l y  dependent 
on c o n d i t i o n s  w i t h i n  t h e  f i l l .  Harmsen (1 983) s t u d i e d  l e a c h a t e  
from a n ine-year -o ld  p a r t  of  a l e n d f i l l  and found t h i s  p o r t i o n  of  
t h e  f i l l  t o  s t i l l  be i n  t h e  a c i d i f i c a t i o n  s t e g e .  I n  o r d e r  f o r  a 
f i l l  t o  conve r t  t o  t h e  methane f e rmen ta t ion  phase,  t h e  
environment-  must b e  s u i t a b l e  f o r  methanogenic b a c t e r i a .  Oxygen 
must be a b s e n t  and t h e  pH mus t  b e . b e t u e e n  6 . 6  and 7 . 4 .  S u i t a b l e  
n u t r i e n t s  must a l s o  be a v a i l a b l e  i n  r e a d i l y  a s s i m i l a b l e  form. 
The a v a i l a b i l i t y  of  n u t r i e n t s  is  r e l a t e d  t o  t h e  redox p o t e n t i a l  
of t h e  r e f u s e  system, which a l s o  a f f e c t s  t h e  s o l u b i l i t y  of  
m e t a l l i c  s o l i d s .  Heavy meta l s  i n  s o l u t i o n  a r e  i n h i b i t o r y  t o  
methanogenic b a c t e r i a .  Cond i t i ons  f a v o r i n g  h i g h  methane 
p r o d u c t i o n  t y p i c a l l y  a r e  found i n  older l a n d f i l l s  which have 
a l r e a d y  undergone c o n s i d e r a b l e  s t a b i l i z a t i o n  o f  t h e  r e a d i l y  
a v a i l a b l e  o r g a n i c s .  

Heavv Metal  Mob i l i t v  i n  Leachate  

Impor tan t  p r o c e s s e s  a f f e c t i n g  t h e  movement o f  t r a c e  m e t a l s  
a r e  a d s o r p t i o n  and complexation.  Under o x i d i z i n g  c o n d i t i o n s ,  
a d s o r p t i o n  can e f f e c t i v e l y  remove many o f  t h e  t r a c e  me ta l s  i n  
l e a c h a t e .  The m e t a l s  can be adsorbed  o n t o  t h e  l i g n i n - t y p e  
a r o m a t i c  compounds common i n  s a n i t a r y  l a n d f i l l s ,  c e r t a i n  m e t a l  
o x i d e s  and c l a y  m i n e r a l s  which may be p r e s e n t  i n  t h e  d a i l y  cover  
l a y e r s  w i t h i n  t h e  fill. Complexation i n v o l v e s  t h e  combining of 
me ta l  i o n s  w i th .non-me ta l l i c  compounds such a s  c h l o r i d e ,  amnonia, 
phosphate ,  s u l f a t e  and many o r g a n i c  compounds by means of 
coo rd ina t e -cova len t  bonds. Complexation can i n c r e a s e  t h e  
c o n c e n t r a t i o n s  o f  m e t a l s  i n  l e a c h a t e  f a r  beyond t h e i r  normal 



s o l u b i l i t i e s .  S u l f i d e s  produced d u r i n g  t h e  anae rob ic  
decomposi t ion p r o c e s s  can e f f e c t i v e l y  compete w i t h  complexing 
a g e n t s ,  c aus ing  many heavy m e t a l s  t o  p r e c i p i t a t e  o u t  of  s o l u t i o n .  
Harmsen (1983) n o t e s  t h a t  m e t a l s  a r e  more s o l u b l e  d u r i n g  the 
a c i d i f i c a t i o n  s t a g e  of  b iodeg rada t ion  due t o  t h e  lower pH and 
complexat ion w i t h  v o l a t i l e  f a t t y  a c i d s .  The c o n c e n t r a t i o n  of 
m e t a l s  f a l l s  d r a s t i c a l l y  once methane f e r m e n t a t i o n  reduces  t h e  
v o l a t i l e  f a t t y  a c i d  c o n c e n t r a t i o n .  

Johansen and Car lson (1 976) de te rmined  heavy me ta l  
c o n c e n t r a t i o n s  i n  l e a c h a t e  were a  f u n c t i o n  o f  complex format ion  
w i t h  o r g a n i c s ,  t h e  pH and t h e  ca rbona te  s p e c i e s  p r e s e n t .  I r o n  i n  
t h e  f e r r o u s  form comprised t h e  bu lk  of  t h e  heavy me ta l s  i n  t h e  
l e a c h a t e  samples analyzed.  The h igh  i r o n  c o n t e n t  i n  l a n d f i l l  
l e a c h a t e s  h a s  been a t t r i b u t e d  t o  t h e  low pH and s t r o n g  r educ ing  
c o n d i t i o n s  (Qasim and Burch ina l  1970) . I r o n  and manganese 
c o n c e n t r a t i o n s  i n  l e a c h a t e  o b t a i n e d  from exper imenta l  was te  
columns by Raveh and Avnimelech (1979) were v e r y  h i g h  d u r i n g  t h e  
f i r s t  y e a r  of  o p e r a t i o n  b u t  decayed a f t e r  t h a t .  I r o n  
c o n c e n t r a t i o n s  were found t o  exceed what c o u l d  be e x p l a i n e d  by 
s o l u b i l i t y  a l o n e  f o r  i r o n  i n  i o n i c  forms. The a u t h o r s  sugges t  
t h a t  t h i s  i s  an i n d i c a t i o n  o f  l a r g e  amounts o f  c h e l a t i n g  a g e n t s  
which l e a d  t o  t h e  d i s s o l u t i o n  and s t a b i l i z a t i o n  i n  s o l u t i o n  o f  
heavy me ta l s .  C h e l a t i n g  a g e n t s  c o n t a i n  nonmetal i o n s  which can 
combine w i t h  me ta l  i o n s  th rough  c o o r d i n a t e  bonds t o  form r i n g  
compounds. Houle e t  a l .  (1972) found t h e  c o n c e n t r a t i o n s  o f  heavy 
m e t a l s  i n  l e a c h a t e  were between 100 t o  3000 t i m e s  t h e  s o l u b i l i t y  
o f  t h e  m e t a l s  i n  p u r e  water .  

A comparison o f  l e a c h a t e s  ob ta ined  from l a n d f i l l s  i n  t h e  
a c i d i f i c a t i o n  s t a g e  and methane f e rmen ta t ion  s t a g e  was conducted 
by Harmsen (1983) .  Heavy me ta l  c o n c e n t r a t i o n s  were g e n e r a l l y  
much g r e a t e r  f o r  t h e  l e a c h a t e  o b t a i n e d  d u r i n g  a c i d i f i c a t i o n  due 
t o  g r e a t e r  s o l u b i l i t y  a t  a  lower pH and t o  complexat ion w i t h  free 
v o l a t i l e  a c i d s .  However, l e a d  a l s o  formed v e r y  s t a b l e  complexes 
w i t h  humic a c i d s  p r e s e n t  i n  t h e  l e a c h a t e  o b t a i n e d  d u r i n g  methane 
f e rmen ta t ion .  Leachate i n  t h e  a c i d i f i c a t i o n  s t a g e  was composed 
p r i m a r i l y  o f  free v o l a t i l e  a c i d s  (over  95%), v o l a t i l e  amines 
(0 .8%) ,  and e t h a n o l  (0.7%) w i t h  h igh  molecu la r  weigh t  compounds 
compris ing on ly  a  sma l l  f r a c t i o n .  Leachate  o b t a i n e d  d u r i n g  t h e  
methane f e r m e n t a t i o n  s t a g e  had a  much lower  o r g a n i c  l oad ,  b u t  
about  32% o f  t h e  TOC was i n  t h e  form o f  compounds w i t h  a 
molecu la r  weight  ove r  1000. A c i d s ,  amines and a l c o h o l s  w e r e  n o t  
d e t e c t e d  i n  t h i s  l e a c h a t e  because t h e  o r g a n i c s  p r e s e n t  
r e p r e s e n t e d  end p r o d u c t s  of  deg rada t ion  p r o c e s s e s .  COD and BOD 
v a l u e s  were a l s o  much lower f o r  l e a c h a t e  o b t a i n e d  d u r i n g  t h e  
methane f e rmen ta t  i o n  s t a g e .  

The e f f e c t  o f  i n d u s t r i a l  was t e s  on l e a c h a t e  composi t ion is  
h e a v i l y  dependent on t h e  s p e c i f i c  t y p e  and n a t u r e  o f  t h e  waste .  
Of most concern a r e  t h o s e  was t e s  which c o n t a i n  p o t e n t i a l l y  t o x i c  



components such a s  heavy m e t a l s  o r  o rgan ic s .  Apparent ly ,  few 
s t u d i e s  have been i n i t i a t e d  t o  examine t h i s  problem. Houle e t  
a l .  (1977) s t u d i e d  t h e  e f f e c t  o f  l a n d f i l l  l e a c h a t e  on t h e  
s o l u b i l i t y  o f  heavy m e t a l s  con ta ined  i n  e l e c t r o p l a t i n g  waste,  
i n o r g a n i c  pigment was te  and nickel-cadmium b a t t e r y  p roduc t ion  
waste.  R e s u l t s  showed cadmium, copper  and n i c k e l  c o n c e n t r a t i o n s  
i n  l e a c h a t e  ranging  from 100 t o  3000 t i m e s  h i g h e r  t h a n  t h e  
s o l u b i l i t i e s  of  t h e s e  me ta l s  i n  p u r e  wate r  would a l low.  
Chromium, however, showed no e l e v a t e d  concen t r a t i on .  The 
s o l u b i l i t y  o f  a  p a r t i c u l a r  meta l  i n  t h e  l e a c h a t e  was found t o  be 
h i g h l y  dependent on t h e  t y p e  o f  was te  p r e s e n t .  These r e s u l t s  
demons t ra te  t h a t  t h e  h a r s h  e.nvironment w i t h i n  a l a n d f i l l  can 
r e s u l t  i n  h igh  c o n c e n t r a t i o n s  o f  m e t a l s  and o t h e r  t o x i c s  i n  t h e  
l e a c h a t e .  

Toxic Orsan ic  Compounds i n  Leachate  

A wide array of organic compounds' has been found i n  
s a n i t a r y  l a n d f i l l  l e a c h a t e .  Some o f  t h e s e  compounds r e s u l t  from 
t h e  n a t u r a l  decay o f  o r g a n i c  m a t t e r .  O f  more concern a r e  t h e  
manufactured o r g a n i c  compounds, many o f  which a r e  h i g h l y  t o x i c  t o  
humans o r  a r e  ca rc inogens .  These compounds may be in t roduced  
i n t o  s a n i t a r y  l a n d f i l l s  a s  i n d u s t r i a l  o r  a g r i c u l t u r a l  was tes  o r  
may o r i g i n a t e  a s  household hazardous was t e s  p r e s e n t  i n  r e g u l a r  
household garbage.  Household hazardous was tes  i n c l u d e  a wide 
v a r i e t y  o f  home p r o d u c t s  i n c l u d i n g  c l e a n e r s  and d i s i n f e c t a n t s ,  
and .automotive, home maintenance,  and lawn and garden p roduc t s  
(SCS Engr. 1 9 8 6 ) .  Waste s o r t i n g  s t u d i e s  have e s t i m a t e d  t h a t  

between 0.0015 and 0.2% by weight o f  municipal  s o l i d  was te  could  
be c l a s s i f i e d  a s  hazardous (LA County S a n i t .  D i s t .  1979, 1984) . 
The decomposit ion o f  f i n i s h e d  p r o d u c t s  can a l s o  r e l e a s e  
manufactured o rgan ic  compounds. Leaching o f  t h e s e  compounds can 
con t inue  l o n g  a f t e r  t h e  l a n d f i l l  appea r s  t o  have s t a b i l i z e d .  
Table 2 l i s t s  o rgan ic  compounds detected i n  municipal  s o l i d  waste  
l a n d f i l l  l e a c h a t e  and g i v e s  the minimum, maximum and median 
c o n c e n t r a t i o n s  observed ( U . S .  EPA 1986a) .  

F i e l d  s t u d i e s  have shown t h a t  s a n i t a r y  l a n d f i l l s  may l e a c h  
low l e v e l s  o f  t o x i c  o r g a n i c  compounds even though t h e  f i l l  may 
n o t  d i r e c t l y  r e c e i v e  i n d u s t r i a l  was t e s  (Dunlap e t  a l .  1976; 
Robertson e t  a l .  1977) .  The s o u r c e  o f  t h e  compounds is  
a p p a r e n t l y  f i n i s h e d  p r o d u c t s  d i sposed  o f  i n  t h e  l a n d f i l l .  
Leaching o f  t h e  o r g a n i c  compounds appea r s  t o  con t inue  f o r  l ong  
p e r i o d s  o f  time, even a f t e r  t h e  bu lk  o f  t h e  waste  h a s  s t a b i l i z e d .  
The danger  i n  t h i s  t y p e  of p o l l u t i o n  i s  t h a t  t h e  low q u a n t i t i e s  
o f  p o l l u t a n t s  do n o t  n o t i c e a b l y  a f f e c t  t h e  d r i n k i n g  wa te r  q u a l i t y  
b u t  can accumulate o v e r  time within a n  organism. The types and 
c o n c e n t r a t i o n s  o f  o r g a n i c  compounds found i n  l e a c h a t e  a r e  a l s o  
dependent on t h e  s t a g e  o f  decomposi t ion w i t h i n  t h e  l a n d f i l l .  
Harmsen (1983) r a n  o r g a n i c  a n a l y s e s  of l e a c h a t e s  from two Dutch 



CONSTITUENT 

Acetone 

Benzene 

Bromomethane 

1-But an01 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

bis (2-Chloroethoxy) methane 

Chloroform 

Chloromethane 

Delta BHC 

Dibromomethane 

1,4-Dichlorobenzene 

Cichlorodifluoromethane 

1,l-Dichloroethane 

1,2-Dichloroethane 

cis 1,2-Dichloroethene 

trans 1,2-Dichloroethene 

Dichloromethane 

1,2-Dichloropropane 

Diethyl 'phthalate 

Dimethyl phthalate 

Di-n-Sutyl phthalate 

Endrin 

Ethyl acetate 

Ethyl Senzene 

bis (2-Ethylhexyl) phthalate 

Isophorene 

Methyl ethyl ketone 

Methyl isobutyl ketone 

Naphthalene 

Nitrobezene 

4-Nitrophenol 

Fentachlorophenol 

Phenol 

2-Propanol 

1,1,2,2,-Tetrachloroethane 

Tetrachloroethene 

Tetrahydrofuran 

Toluene 

Toxaphane 

1, 1,l-Trichloroethane 

1,1,2-Trichloroethane 

Trichloroethane 

Trichlorofluoromethane 

Vinyl chloride 

m-Xylene 

p-Xylene - o-Xylene 
Source: EPA, 1986a (units in ppb) 

Table 2 
Organic Compounds Detected in Kunicipal Solid 

Waste Landfill Leachate 

MINIMUM MAXIMUM E D I A N  

14 0 11,000 7,500 

2 410 17 

10 17 0 55 

50 3 60 220 

2 3 98 10 

2 237 10 

5 170 7.5 

2 14 10 

2 1,300 10 

10 17 0 55 

0 5 0 

5 25 10 

2 20 7.7 

10 369 9 5 

2 6,300 65.5 

0 11,000 7.5 

4 190 9 7 

4 1,300 10 

2 3,300 230 

2 10 0 10 

2 45 31.5 

4 55 ' 15 

4 12 10 

0 1 0.1 

5 50 42 

5 5 8 0 38 

6 110 22 

10 85 10 

110 28,800 8,300 

10 660 270 

4 19 8 

2 40 15 

17 40 25 

3 2 5 3 

10 28,800 257 

9 4 10,000 6,900 

7 210 20 

2 100 40 

5 260 18 

2 1,600 166 

0 5 1 

0 2,400 10 

2 500 10 

1 43 3.5 

4 100 12.5 

0 100 10 

21 79 26 

12 50 18 



l a n d f i l l s ,  one which was i n  t h e  a c i d i f i c a t i o n  s t a g e  o f  
decomposi t ion and t h e  o t h e r  i n  t h e  methane f e r m e n t a t i o n  s t a g e .  
The former  s t a g e  e x h i b i t e d  much h i g h e r  o r g a n i c  compound 
c o n c e n t r a t i o n s  wh i l e  c o n c e n t r a t i o n s  of  most of  t h e  same o r g a n i c  
compounds were below d e t e c t i o n  l e v e l  i n  l e a c h a t e  from t h e  l a t t e r  
s t a g e .  

A lba iges  e t  a l .  (1986) analyzed l e a c h a t e  from t h e  Barcelona,  
Spain,  s a n i t a r y  l a n d f i l l  f o r  o rgan ic  compounds. Ca rboxy l i c  a c i d s  
r e p r e s e n t e d  about  70 t o  90% of  t h e  t o t a l  o r g a n i c  e x t r a c t  and 
inc luded  f a t t y  a c i d s ,  p r o t e i n s  and l i g n i n s .  The a c i d  e x t r a c t a b l e  
f r a c t i o n  had p - c r e s o l  a s  i t s  primary component. The n e u t r a l  and 
b a s i c  e x t r a c t a b l e  f r a c t i o n  was t h e  l e a s t  abundant b u t  i n d i c a t e d  
t h e  p r e s e n c e  o f  many compounds; l i ndane  and PCB's  were t h e  major 
components. A l toge the r ,  1 7  c a r b o x y l i c  a c i d s ,  5 pheno l s  and 28 
n e u t r a l s  and b a s e s  were d e t e c t e d .  

The l e a c h a t e  from f i v e  Danish s a n i t a r y  l a n d f i l l s  was 
ana lyzed  f o r  o r g a n i c  compounds by Schu l t z  and Kje ldsen  (1986) . 
Organic compounds detected i n  some l a n d f i l l  l e a c h a t e s  were absen t  
from o t h e r s .  This  was appa ren t ly  due t o  d i f f e r i n g  a g e s  o f  t h e  
l a n d f i l l s  and i n  p a r t  t o  t h e  exper imenta l  p rocedures  employed. 
A l i p h a t i c  c a r b o x y l i c  a c i d s  and a romat ic  c a r b o x y l i c  a c i d s  such  a s  
benzoic  a c i d ,  methylbenzoic  a c i d s ,  p h e n y l a c e t i c  a c i d  and 
pheny lp rop ion ic  a c i d  were i d e n t i f i e d  i n  a l l  f i v e  l e a c h a t e s .  
Alkylbenzenes i n  p a r t i c u l a r  w e r e  recognized a s  b e i n g  p o t e n t i a l  
ground w a t e r  contaminants  because o f  t h e i r  h igh  s o l u b i l i t y  i n  
wate r .  

Ground Water Contamination by SLFts 

An e a r l y  s t u d y  o f  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  was conducted by Hughes, Landon and Farvolden  (1971) . 
The m a j o r i t y  o f  t h e  moni tor ing  d a t a  was c o l l e c t e d  a t  t h e  DuPage 
County L a n d f i l l ,  a l t hough  some a d d i t i o n a l  mon i to r ing  was 
performed a t  f o u r  o t h e r  sites. The DuPage l a n d f i l l  i s  l o c a t e d  on 
10- to-21-foot- thick sands  ove r ly ing  a s i l t y  c l a y  till. A number 
o f  mon i to r ing  w e l l s  p e n e t r a t e d  t h e  l a n d f i l l  b u t  on ly  t h r e e  w e l l s  
were i n s t a l l e d  down g r a d i e n t  from t h e  f i l l .  Moni tor ing  data 
sugges t ed  t h a t  b i o t r a n s f o r m a t i o n  and d i l u t i o n  were s i g n i f i c a n t  i n  
reduc ing  t h e  c o n c e n t r a t i o n  of contaminants  i n  t h e  groundwater.  
The c h l o r i d e  c o n c e n t r a t i o n  decreased  by approximately  75% from 
30 f t  t o  650 f t  down g r a d i e n t  from t h e  l a n d f i l l  wh i l e  t h e  20-day 
BOD and t h e  COD b o t h  decreased  by approximately  99%. T o t a l  
manganese and  i r o n  a l s o  dec reased  wi th  d i s t a n c e  from t h e  l a n d f i l l  
b u t  t o  a lesser e x t e n t .  

Sykes e t  a l .  (1982) modeled t h e  anae rob ic  d e g r a d a t i o n  o f  a 
l a n d f i l l  l e a c h a t e  plume i n  a uniform sand  a q u i f e r  a t  t h e  Canadian 
Forces  Base i n  Borden, Ontar io .  Microbia l  growth, decay and 
s u b s t r a t e  u t i l i z a t i o n  were s imu la t ed  u s i n g  Monod k i n e t i c s .  The 



non l inea r  equa t ions  were genera ted  us ing  a  Galerk in  f i n i t e  
element approximation and so lved  us ing  a  Newton Ralphson 
i t e r a t i o n  procedure.  Model s imula t ions  i n d i c a t e d  t h a t  t h e  
ma jo r i ty  of t h e  degradable  o rgan ics  would be removed w i t h i n  a  few 
meters  of t h e  l a n d f i l l  pe r ime te r .  This f i n d i n g  was confirmed by 
f i e l d  s t u d i e s  a t  t h e  s i t e .  The COD of t h e  ground water  r a p i d l y  
dropped from a  maximum of  approximately 2,000 mg/l a t  t h e  edge of 
t h e  f i l l  t o  a  nondegradable r e s i d u a l  of  150 t o  175 mg/l 
approximately 2  m away from t h e  f i l l .  Some f u r t h e r  r educ t ion  was 
noted down g r a d i e n t ,  presumably due t o  d i l u t i o n  by uncontaminated 
ground water  

Reinhard e t  a l .  (1984) and Barker e t  a l .  ( 1986 )  s t u d i e d  t h e  
movement of  two l a n d f i l l  l e a c h a t e  plumes nea r  Toronto, Canada. 
The m a j o r i t y  of  o r g a n i c  compounds de tec ted  appeared t o  r e s u l t  
from t h e  n a t u r a l  decomposition of  p l a n t  m a t e r i a l  and inc luded  
a l i p h a t i c  and aromat ic  a c i d s ,  phenols and t e rpene  compounds. 
Other compounds were of i n d u s t r i a l  and commercial o r i g i n  and 
inc luded  c h l o r i n a t e d  and non-chlor inated hydrocarbons, n i t r o g e n  
compounds, a lkylphenol  polye thoxyla tes  and a l k y l  phosphates .  
While a comprehensive l i s t  of s p e c i f i c  organics  was no t  provided, 
molecular weight d i s t r i b u t i o n s  of t h e  o rgan ic  m a t t e r  were 
included.  Compounds wi th  molecular  weights <2000 were found t o  
make up approximately 70% of  t h e  d i s so lved  o rgan ic  carbon (DOC), 
i n d i c a t i n g  t h e  l a n d f i l l  was s t i l l  i n  t h e  a c i d i f i c a t i o n  phase.  
This f r a c t i o n  was a l s o  thought  t o  be t h e  most biodegradable .  The 
TOC c o n c e n t r a t i o n  decreased  more r a p i d l y  than  c h l o r i d e  wi th  
d i s t a n c e  from t h e  f i l l ,  sugges t ing  some t y p e  of b io t r ans fo rmat ion  
process .  b 

DeWalle and Chian (1981) and Baedecker and Apgar (1984) 
s t u d i e d  t h e  geochemistry of  t h e  Army Creek l a n d f i l l  nea r  
Wilmington, Delaware. Samples were taken from monitor ing w e l l s  
l o c a t e d  w i t h i n  t h e  f i l l  and nearby t o  determine t h e  e x t e n t  o f  
o rgan ic  contaminat ion from t h e  l a n d f i l l .  Thei r  r e s u l t s  showed a  
decrease  i n  l e a c h a t e  concen t ra t ion  with t ime and d i s t a n c e  from 
t h e  l a n d f i l l .  Total organ ic  carbon concen t ra t ions  decreased  from 
3700 mg/L t o  260 mg/L i n  f o u r  y e a r s .  Toluene, d ich loroe thane ,  
butanol  and ace tone  were p r e s e n t  i n  t h e  l e a c h a t e  a t  t h e  h i g h e s t  
concen t ra t ions .  The observed decrease  was i n  p a r t  due t o  t h e  
i n s t a l l a t i o n  o f  s e v e r a l  recovery w e l l s  n e a r  t h e  l a n d f i l l .  A 
r e g u l a r  spac ing  of w e l l s  from approximately 100  m t o  950 m from 
t h e  f i l l  showed a marked dec rease  i n  DOC and t o t a l  v o l a t i l e  
o rgan ic  carbon (VOC) concen t ra t ion .  DOC v a l u e s  f e l l  from 13 mg/l 
t o  1.0 mg/l and t o t a l  VOC v a l u e s  decreased from 242.2 mg/l t o  
1 5 . 4  mg/l w i th  i n c r e a s i n g  d i s t a n c e  from t h e  l a n d f i l l .  The number 
of p r i o r i t y  p o l l u t a n t s  observed i n  t h e  ground water  a l s o  
decreased  from 2 1  t o  11. O f  a l l  t h e  v o l a t i l e  c o n s t i t u e n t s ,  
benzene was t h e  most c o n s i s t e n t l y  repor ted ,  wi th  a concen t ra t ion  
of 6.9 p g / l  nea r  t h e  l a n d f i l l  and 0.4  p g / l  950 m away. 



ENGINEERING METHODS FOR CONTROLLING LEACHATE PRODUCTION 
AND MOVEMENT 

The design and construction of sanitary landfills has 
advanced a great deal since the early 1960's when most solid 
waste was disposed of in open dumps. Newer landfills frequently 
incorporate special features to minimize the potential for ground 
and surface water contamination. These features can reduce the 
quantity and control the movement of leachate within a landfill. 
The most common features are improved grading and construct ion of 
an engineered cap to promote runoff and limit leachate 
production. The best cap designs are layered systems which 
include a top layer of uncompacted soil capable of supporting 
vegetation, a relatively impermeable layer of compacted clay 
and/or a geomembrane, and possibly a porous drainage layer above 
the impermeable layer to channel water away from the landfill. A 
healthy vegetative growth on the cap can reduce infiltration by 
promoting evapotranspiration. Liners function as nearly 
impermeable barriers which limit the amount of leachate leaving 
the landfill site. Liners can also be constructed of compacted 
clays and/or a wide variety of synthetic membranes. The relative 
impermeability of liners necessitates the inclusion of a leachate 
collection system in the landfill design to remove the leachate 
for treatment and disposal and to reduce the hydraulic head 
.acting on the liner. The inaccessibility of the leachate 
collection system after construction means that considerable 
effort is required to insure it will not be damaged during 
landfill construction and operation. Leachate usually must be 
treated prior to discharge. Leachate recirculation and various 
traditional biological and physical/chemical processes have been 
shown to be effective treatment methods. The suitability of a 
particular process depends on the chemical composition of the 
leachate which in turn, depends largely on the age of the 
landfill. A leachate treatment system therefore must be flexible - 
enough to effectively treat a range 
compositions. 

Cappins Svstems 

There are s i x  major classes of capping 
These are multilayer systems, asphaltics, 

of . expected l eachate  

systems (Thorsen 1982). 
concrete, synthetics, 

natural soils and soil admixtures. The multilayer cappikg systems 
show the best overall performance and consist of a top layer of 
non-compacted soil which will support vegetation, a middle layer 
of gravel or crushed rock to serve as a drain layer and a bottom 
layer to serve as a relatively impermeable boundary. 

The top uncompacted layer should be erosion resistant but 
should also promote runoff and the establishment of appropriate 
vegetative growth to increase moisture loss through 
evapotranspiration. Deep rooted plants should be avoided because 



they may pierce the cap and actually be conducive to water flow. 
Increased thickness of this layer can result in more moisture 
being removed and less percolation. 

The drainage layer should have a relatively high 
permeability (0.1 cm/s) and should be constructed of uniform sand 
or gravel. The required thickness of this layer is a function of 
the annual percolation rate, drain length, permeability and drain 
slope. The drain slope should be high enough to prevent standing 
water which could permeate the underlying clay. 

Where native soils are not adequate for cover material it 
may be economical to blend imported materials with the on-site 
soil. Permeability can be significantly reduced by broadening 
the grain size distribution. For example, it was found that the 
addition of 20 to 65% gravel to a sand decreased the permeability 
to about one seventh of that for the sand alone (Lutton et al. 
1979). The addition of sand and silt likewise can reduce the 
permeability of a soil by altering the grain size distribution. 
This procedure may have the added benefits of increasing 
strength, facilitating compact ion and spreading, and helping to 
establish vegetative cover. Clay addition can also greatly 
reduce permeability but there can often be problems with mixing 
unless clay is in a processed form, such as sacked bentonite. 

Synthetic materials may be added to soils to alter certain 
properties. Addition of about 8% of dry cement to granular soil 
can increase strength, and durability and decrease permeability. 
Likewise, 4 to 8% bitumen may be added to the soil. Both 
additions, however, can deteriorate over time due to contact with 
wastes or from settling of solid waste. Thus layers which 
contain these materials require periodic maintenance. Addition 
of as little as 1% of Portland cement can help stabilize granular 
soils, or a mixture of fly ash and lime can be used. Lime added 
to a cohesive soil can increase its strength. Dispersants in the 
form of soluble salts may be added to clay to increase its 
'compactibility. Sodium chloride applied at 0.20 to 0.33 lb/ft 
or sodium polyphosphate at 0.05 lb/ft2 have been recommended. 
Such treatments, however, can increase susceptibility to erosion, 
shrinkage and swelling. If a clay exhibits excessive swell 
potential, lime may be added to reduce this potential. 

Few quantitative analyses of cover performance appear in the 
literature. One study, however, was conducted by Emrich and Beck 
(1981) for the U.S. EPA involving a 25-acre sanitary landfill in 
Windham, Connecticut. Leachate from the site was threatening a 
municipal water supply. Contributing to the problem were the sands 
and gravels at the site which offered little resistance to leachate 
flow and provided poor cover material. Remedial actions recom- 
mended included regrading the landfill to maximize runoff and mini- 
mize infiltration, placement of a 20-mil Polyvinyl chloride (PVC) 



membrane, cove r ing  t h e  membrane w i t h  approximately  18 inches  o f  
s o i l  and e s t a b l i s h i n g  p r o t e c t i v e  v e g e t a t i o n .  A y e a r  a f t e r  t h e  
cover  placement,  p i t s  were excavated t o  t e s t  t h e  i n t e g r i t y  o f  t h e  
membrane. No ev idence  of  punc ture  was e v i d e n t  b u t  numerous 
i n d e n t a t i o n s  up t o  1-1/2 inches  deep ( r e s u l t i n g  from placement o f  
t h e  s o i l  cove r )  were found. L a t e r ,  membrane samples were t a k e n  
from a f e w  t e s t  p i t s  l o c a t e d  where s u b s t a n t i a l  t r u c k  t r a f f i c  had 
pas sed  d u r i n g  c o n s t r u c t i o n .  S e v e r a l  b r e a k s  were found, t h e  
l a r g e s t  b e i n g  about  one-quar ter  i n c h  i n  l e n g t h  and a l l  o c c u r r i n g  
from t h e  t o p  down. These b reaks  were judged t o  have l i t t l e  
i n f l u e n c e  on t h e  e f f e c t i v e n e s s  o f  t h e  b a r r i e r .  Ex tens ive  ground 
water  mon i to r ing  a t  t h e  s i t e  had shown s i g n i f i c a n t  w a t e r  q u a l i t y  
improvement s i n c e  cover  placement. The l e a c h a t e  plume was shown 
t o  be r e t r e a t i n g  approximately  one y e a r  a f t e r  c o n s t r u c t i o n  of  t h e  
cover  was completed.  

L i n e r  Svstems 

L i n e r s  a r e  o f t e n  employed a t  s a n i t a r y  l a n d f i l l s  t o  a c t  a s  
b a r r i e r s  t o  t h e  m i g r a t i o n  of l e a c h a t e  t o  ground wa te r .  L i n e r s  
may be c o n s t r u c t e d  of  n a t u r a l  s o i l s ,  p roces sed  c l a y s ,  
geomembranes, s o i l  a d d i t i v e s  and combinat ions  o f  t h e s e  m a t e r i a l s .  
Where n a t u r a l  s o i l s  o f  s u f f i c i e n t l y  low p e r m e a b i l i t y  e x i s t  a t  a  
si te,  t h e  l i n e r  must s t i l l  be c a r e f u l l y  c o n s t r u c t e d  t o  e l i m i n a t e  
d i s c o n t i n u i t i e s  which may e x i s t  i n  t h e  s o i l  and which cou ld  a c t  
a s  l e a c h a t e  c o n d u i t s .  Cons t ruc t ion  o f  t h e  l a n d f i l l  and 
subsequent  o p e r a t i o n s  should  be planned t o  ma in t a in  t h e  i n t e g r i t y  
o f  t h e  l i n e r .  The r e l a t i v e  impermeabi l i ty  o f  t h e  l i n e r  w i l l  
r e s u l t  i n  l e a c h a t e  ponding u n l e s s  an o u t l e t  i s  provided .  Without 
a  means o f  d ra inage ,  t h e  water  t a b l e  w i t h i n  t h e  l a n d f i l l  cou ld  
rise u n t i l  it meets  t h e  l and  s u r f a c e  producing l e a c h a t e  s eeps .  
This  i s  known a s  t h e  "ba th tub  ef fectw.  Large wa te r  p r e s s u r e s  can 
a l s o  l e a d  t o  f a i l u r e  o f  t h e  l i n e r .  

S y n t h e t i c  l i n e r s  are manufactured membranes made from 
p l a s t i c  o r  rubbe r  based m a t e r i a l s  ( s e e  Yanoschak 1988) .  
Po lyv iny l  c h l o r i d e  i s  one of  t h e  most commonly used  l i n e r  
m a t e r i a l s .  Unfor tuna te ly ,  t h e  p l a s t i c i z e r s  o f t e n  used  w i t h  t h i s  
m a t e r i a l  d e t e r i o r a t e  due t o  b iodeg rada t ion  and wea ther ing  
e s p e c i a l l y  i f  exposed t o  u l t r a v i o l e t  r a d i a t i o n  o r  a tmospher ic  
ozone. Therefore ,  t h i s  m a t e r i a l  must always be covered.  
Ch lo rosu l fona t ed  po lye thy lene  is  a l s o  a wide ly  u sed  l i n e r  
m a t e r i a l .  I t  h a s  good punc ture  r e s i s t a n c e ;  i s  e a s y  t o  seam w i t h  
cement, s o l v e n t s  o r  h e a t ;  and is  r e s i s t a n t  t o  wea ther ing ,  aging,  
o i l  and b a c t e r i a .  Ch lo r ina t ed  po lye thy lene  (CPE) i s  w e l l  s u i t e d  
f o r  was te  a p p l i c a t i o n s .  I t  can w i t h s t a n d  ozone, wea ther ing  and 
u l t r a - v i o l e t  rays.  I t  a l s o  resists many c o r r o s i v e  chemicals ,  
hydrocarbons,  m i c r o b i o l o g i c a l  a t t a c k  and burn ing .  CPE h a s  a wide 
t empera tu re  range  and  is  s p l i c e d  by s o l v e n t  welding.  Buty l  
rubber ,  a l t hough  s u i t a b l e  f o r  c l e a n  wa te r  a p p l i c a t i o n s ,  h a s  poor  
r e s i s t a n c e  t o  hydrocarbons and i s  d i f f i c u l t  t o  s p l i c e .  Ethylene-  



propy lene  rubbe r  (EPDM) i s  r e s i s t a n t  t o  ozone, many chemicals ,  
w a t e r  a d s o r p t i o n  and permeat ion.  Some hydrocarbons have an 
a d v e r s e  effect on it and s p l i c e s  a r e  d i f f i c u l t  t o  ach ieve .  
A s p h a l t i c  compos i t ions  can be used  a s  l i n e r  m a t e r i a l s .  These 
i n c l u d e  a s p h a l t  c o n c r e t e ,  h y d r a u l i c  a s p h a l t  conc re t e ,  preformed 
a s p h a l t  p a n e l s ,  sp rayed  e m u l s i f i e d  a s p h a l t ,  s o i l  a s p h a l t  and 
a s p h a l t i c  s e a l s .  The p re sence  o f  some t y p e s  of  s o l v e n t s ,  
however, can  have an  adve r se  impact on t h e s e  m a t e r i a l s .  

Concerns have been r a i s e d  ove r  t h e  a b i l i t y  o f  s o i l  l i n e r s  t o  
w i t h s t a n d  t h e  a t t a c k s  o f  l e a c h a t e  over  l ong  p e r i o d s .  The Army 
Corps o f  Engineers  Waterways Exper imental  S t a t i o n  (1978)  examined 
t h e  ef fects  o f  p e r c o l a t i n g  l a n d f i l l  l e a c h a t e  on s o i l  p r o p e r t i e s .  
No changes  i n  d r y  d e n s i t y ,  wa te r  con ten t ,  p e r m e a b i l i t y  and 
p e r c e n t  f i n e s  were e v i d e n t  i n  s o i l  benea th  t h e  l a n d f i l l  s t u d i e d .  
I n  g e n e r a l ,  wa te r  e x t r a c t s  showed i n c r e a s e d  l e v e l s  of  l e a c h a b l e  
s u l f a t e ,  c h l o r i d e ,  o r g a n i c  carbon,  n i t r a t e  and t r a c e  me ta l s  i n  
t h e  s o i l  benea th  t h e  l a n d f i l l .  Calcium, i r o n  and z i n c  were t h e  
on ly  m e t a l s  t o  show a dec rease ,  p robably  due t o  t h e  format ion  o f  
s o l u b l e  compounds o r  l e a c h i n g  by o r g a n i c  a c i d s .  

F inno  and Schuber t  (1986)  t e s t e d  c l a y  l i n e r  c o m p a t i b i l i t y  
w i t h  v a r i o u s  p o l l u t a n t s  i n c l u d i n g  l a n d f i l l  l e a c h a t e .  Clay h a s  
been found t o  be  a f f e c t e d  by h i g h  c o n c e n t r a t i o n s  o f  c a t i o n s .  Ion 
exchange o f  t h e  c a t i o n s  causes  t h e  s o i l  f a b r i c  t o  expand, 
i n c r e a s i n g  t h e  p o r o s i t y  and f l u i d  c o n d u c t i v i t y .  High mul t i -  
v a l e n t  s a l t  c o n c e n t r a t i o n s  were found t o  s i g n i f i c a n t l y  i n c r e a s e  
t h e  c o n d u c t i v i t y  o f  s and -ben ton i t e  mix tu re s .  Acids  and b a s e s  can 
i n c r e a s e  t h e  s o l u b i l i t y  of  c e r t a i n  s o i l  c o n s t i t u e n t s  t h u s  
i n c r e a s i n g  f l u i d  conduc t iv i ty . .  The. e f f e c t s  o f  o r g a n i c  s o l v e n t s  
on clay permeab ' i l i ty  have been s t u d i e d ,  b u t  t h e  r e s u l t s  of ' 

d i f f e r e n t  s t u d i e s  a r e  c o n t k a d i c t o r y  . Some s t u d i e s  show i n c r e a s e s  
w h i l e  o t h e r s  show d e c r e a s e s  i n  p e r m e a b i l i t y .  Finno and Schuber t  
performed l a b o r a t o r y  t e s t s  on a Wadsworth till used  a s  a l i n e r  
f o r  a l a n d f i l l .  Exposure o f  samples t o  l e a c h a t e  d i d  n o t  
a d v e r s e l y  a f f e c t  f l u i d  c o n d u c t i v i t y ,  even though t h e  sample had 
been exposed t o  t h e  l e a c h a t e  for t h r e e  y e a r s  i n  t h e  f i e l d  w i t h  
h y d r a u l i c  g r a d i e n t s  o f  up  t o  300:l .  Exper imental  ev idence  
i n d i c a t e s  t h a t  ca l c ium s u l f a t e s  p r e c i p i t a t e d  w i t h i n  t h e  po re  
s p a c e s  o f  t h e  c l a y  and c o n t r i b u t e d  t o  a  sma l l  d e c r e a s e  i n  f l u i d  
c o n d u c t i v i t y .  A s i l t  was s i m i l a r l y  t e s t e d .  R e s u l t s  showed t h a t  
f l u i d  c o n d u c t i v i t y  i n c r e a s e d  by up  t o  a  f a c t o r  o f  f i v e  b e f o r e  
f a l l i n g  t o  a v a l u e  below what had been i n i t i a l l y  observed f o r  
p u r e  wa te r .  Clay samples  from a s u r f a c e  impoundment were nex t  
ana lyzed  t o  see i f  exposure  t o  a c i d i c  i n d u s t r i a l  was t e s  (pH<1.0) 
had a l t e r e d  t h e i r  p r o p e r t i e s .  The c l a y  samples had been exposed 
f o r  up t o  e i g h t  y e a r s  i n  t h e  f i e l d  and were compared t o  
s t o c k p i l e d  c l a y  which had n o t  been exposed. Index p r o p e r t i e s  
showed no s i g n i f i c a n t  changes,  b u t  a s m a l l  d e c l i n e  i n  pH was 
observed .  Meta l s  p r e s e n t  i n  t h e  a c i d i c  was t e s  were found t o  have 
been removed from s o l u t i o n  by chemical  p r e c i p i t a t i o n  o r  c a t i o n  



exchange on t h e  l i n e r .  A brownish-red zone was observed i n  t h e  
s o i l ,  presumably caused by meta l  d e p o s i t i o n .  I n o r g a n i c  s a l t  
c o n c e n t r a t i o n s  were h i g h e r  i n  t h e  exposed samples, b u t  a  s m a l l  
d e c r e a s e  i n  f l u i d  c o n d u c t i v i t y  was observed.  Apparent ly ,  t h e  
tendency o f  s a l t s  t o  produce a  more f l o c c u l a t e d  and porous  s o i l  
s t r u c t u r e  was o f f s e t  by t h e  d e p o s i t i o n  o f  heavy m e t a l s  which 
blocked t h e  p o r e  spaces  and caused t h e  dec rease  i n  p e r m e a b i l i t y .  

Leachate  C o l l e c t i o n  Svs tems 

A conven t iona l  l e a c h a t e  c o l l e c t i o n  system t y p i c a l l y  c o n s i s t s  
o f  a  t i l e  unde rd ra in  covered w i t h  c rushed  s t o n e  and p l a c e d  a t  t h e  
bottom o f  t h e  excava t ion  bu t  on t o p  of  t h e  c l a y  l i n e r  w i t h  a  
v e r t i c a l  moni tor ing  s t andp ipe  p l a c e d  a t  each end o f  t h e  t i l e  
d r a i n  (Rakoczynski 1982) .  The s t a n d p i p e s  a r e  t y p i c a l l y  2-to-3- 
f o o t  d i ame te r  c o n c r e t e  sewer p i p e s  w i t h  b e l l  ends  p l a c e d  one on 
t o p  o f  t h e  o t h e r  and ' a r e  extended a s  t h e  dep th  o f  t h e  f i l l  
i n c r e a s e s .  The bottom segment i s  p e r f o r a t e d  and surrounded by 
c rushed  s t o n e  t o  s e r v e  a s  a  f i l t e r .  The l e a c h a t e  can be removed 
from t h e  s t a n d p i p e s  by e i t h e r  pump o r  vacuum t r u c k .  Numerous 
v a r i a t i o n s  o f  t h i s  b a s i c  c o l l e c t i o n  system des ign  a r e  p o s s i b l e .  
Scharch (1 981) i l l u s t r a t e d  t h e  importance o f  i n c l u d i n g  a  
r e l a t i v e l y  permeable d ra inage  l a y e r  above t h e  l i n e r  t o  e a s e  
l e a c h a t e  f low t o  t h e  c o l l e c t i o n  system. A l i n e r  des ign  u t i l i z i n g  
a  c l a y  l a y e r  5 f e e t  t h i c k  was found t o  have a  c o l l e c t i o n  
e f f i c i e n c y  t h a t  was h i g h l y  dependent on r e f u s e  d e n s i t y .  A 
dense ly  compacted l a n d f i l l  (1,200 l b / C Y )  was e s t i m a t e d  t o  have an 
e f f i c i e n c y  a s  low a s  17% whi le  a  low d e n s i t y  f i l l  (800  lb/CY) was 
found t o  have an e f f i c i e n c y  of  49%.  The e x p l a n a t i o n  f o r  t h e s e  
d i f f e r e n c e s  involved  t h e  a b i l i t y  o f  wate r  t o  f low f r e e l y  th rough  
t h e  waste .  As w a t e r  p e r c o l a t e s  th rough  t h e  waste  and comes i n t o  
c o n t a c t  w i t h  t h e  s l o p e d  c lay /was te  i n t e r f a c e ,  t h e  dense  r e f u s e  
i n h i b i t s  f low t o  t h e  l e a c h a t e  c o l l e c t i o n  p i p e  and t h u s  c r e a t e s  a 
head a c t i n g  on t h e  l i n e r  caus ing  an i n c r e a s e  i n  l eakage .  A less 
dense ly  d e p o s i t e d  refuse a l lows  b e t t e r  d ra inage  a t  t h e  i n t e r f a c e  
s o  less o f  a head is formed. Var ious  l i n e r  d e s i g n s  u t i l i z i n g  a 
sand b l a n k e t  p l a c e d  ove r  t h e  c l a y  l i n e r  t o  a l l o w  free d r a i n a g e  
above t h e  c l a y  were found t o  have c a l c u l a t e d  e f f i c i e n c i e s  o f  
between 89 and 94%. The i n c l u s i o n  o f  such a  sand b l a n k e t  makes 
l eakage  independent  o f  was te  d e n s i t y .  

Leachate  Treatment 

The d e s i g n  o f  l e a c h a t e  t r e a t m e n t  systems is  compl ica ted  by 
t h e  v a r i a b i l i t y  o f  l e a c h a t e  composi t ion among l a n d f i l l s  and t h e  
changes i n  l e a c h a t e  s t r e n g t h  w i t h  r e s p e c t  t o  t i m e  a t  a g iven  
si te.  Yanoshak (1988) p rov ides  a d e t a i l e d  summary o f  l e a c h a t e  
t r e a t m e n t  o p t i o n s  and p a s t  o p e r a t i o n a l  expe r i ence .  Normally, 
s e v e r a l  p r o c e s s e s  w i l l  have t o  be i n c o r p o r a t e d  i n  a  system t o  
t r e a t  d i f f e r e n t  c a t e g o r i e s  o f  c o n s t i t u e n t s  and t o  reduce  
p o l l u t a n t  l e v e l s  t o  an a c c e p t a b l e  l e v e l  f o r  s u r f a c e  d i s c h a r g e .  



Leachate r e c i r c u l a t i o n  wi th  r e s i d u a l  t rea tment  appears  t o  hold  
promise. R e c i r c u l a t i o n  g r e a t l y  reduces t h e  t ime r e q u i r e d  f o r  
waste s t a b i l i z a t i o n  by promoting t h e  growth of b a c t e r i a l  
popu la t ions .  R e c i r c u l a t i o n  acconpanied by n u t r i e n t  a d d i t i o n  and 
pH adjustment  can be used t o  promote methane genera t ion  f o r  
h a r v e s t i n g .  Res idual  organics  and ino rgan ics  can be removed by 
carbon a d s o r p t i o n ,  i o n  exchange o r  o t h e r  processes .  

There i s  a v a r i e t y  of  t r a d i t i o n a l  waste t r ea tmen t  processes  
which p o t e n t i a l l y  cou ld  be incorpora ted  i n t o  an i n t e g r a t e d  
l e a c h a t e  t r ea tmen t  system. B io log ica l  t rea tment  p rocesses  such 
a s  a c t i v a t e d  s ludge  systems, anaerobic  f i l t r a t i o n  and anaerobic  
lagoons could  be used f o r  l e a c h a t e  t r ea tmen t .  However, t h e  
r e l e a s e  o f  v o l a t i l e  o rgan ics  i n t o  t h e  atmosphere, t h e  i n a b i l i t y  
of some microorganisms t o  acc l imate  themselves t o  t h e  l eacha te ,  
and t h e  need t o  co 'ntrol  t h e  p H  and n u t r i e n t  a d d i t i o n  complicate  
m a t t e r s .  Chemical o x i d a t i o n  provides  r e l a t i v e l y  poor removal of 
o r g a n i c  compounds b u t  could be used t o  f a c i l i t a t e  o t h e r  
p rocesses ,  p r i n c i p a l l y  t h e  removal of heavy meta ls  and c e r t a i n  
a n i o n i c  s p e c i e s .  Ion exchange can remove d i s s o l v e d  s a l t s  and 
o t h e r  i n o r g a n i c s  from aqueous s o l u t i o n s ,  bu t  l i m i t  a t  i o n s  i n  
c a p a b i l i t y  and p re t r ea tmen t  requirements prevent  i t s  widespread 
use. A i r  s t r i p p i n g  might be used t o  remove ammonia and v o l a t i l e  
o r g a n i c s  from l e a c h a t e .  

Age-related v a r i a t i o n  i n  s a n i t a r y  l a n d f i l l  l e a c h a t e  
composit ion was found by Chian and DeWalle (1976)  t o  in f luence  
t h e  e f f e c t i v e n e s s  o f  c e r t a i n  t rea tment  processes .  The au thors  
concluded t h a t  l e a c h a t e s  generated from young f i l l s  which a r e  
c h a r a c t e r i z e d  by t h e  presence  of f r e e  v o l a t i l e  f a t t y  a c i d s  were 
we l l  s u i t e d  f o r  b i o l o g i c a l  t rea tment  while  l e a c h a t e s  from o l d  
l a n d f i l l s  which c o n s i s t s  mainly of poor ly  biodegradable  humic and 
f u l v i c  subs tances  were more amenable t o  phys ica l /chemica l  
t r ea tmen t .  The r e p o r t e d  COD removal f o r  o p e r a t i n g  t rea tment  
systems ranged between 58 and 99% f o r  a e r a t e d  lagoon o r  a c t i v a t e d  
s ludge  systems where t h e  B O D R O D  r a t i o  v a r i e d  from 0.45 t o  0.81 
f o r  t h e  l e a c h a t e  t r e a t e d .  Anaerobic d i g e s t e r s  and anaerobic  
f i l t e r s  had COD removals between 87 and 99% f o r  l e a c h a t e s  whose 
BOD/COD r a t i o s  a l s o  ranged between 0.45 t o  0.81. The l e a c h a t e s  
used i n  t h e s e  s t u d i e s  came from r e c e n t l y  i n s t a l l e d  l a n d f i l l s  and 
exper imenta l  l y s i m e t e r s  and may no t  be r e p r e s e n t a t i v e  o f  o l d e r  
l a n d f i l l s .  Leachate from a 6-year-old l a n d f i l l  w i th  r a t i o s  of 
COD/TOC and BOD/COD of 2.1  and 0.03, r e s p e c t i v e l y ,  was no t  
e f f e c t i v e l y  t r e a t e d  by b i o l o g i c a l  processes .  The a u t h o r s  found 
t h e  pe rcen tage  of COD removal i n  a n  anaerobic  f i l t e r  decreased 
wi th  d e c r e a s i n g  BOD/COD r a t i o s .  Aerobic b i o l o g i c a l  p rocesses  
were found t o  be i n e f f e c t i v e  a t  reducing t h e  COD of  l e a c h a t e  
p r e v i o u s l y  t r e a t e d  anae rob ica l ly .  

Chemical p r e c i p i t a t i o n  processes  showed poor COD r educ t ions  
(between 0 and 40% f o r  l e a c h a t e s  having BOD/COD r a t i o s  of  0.04 t o  



0.75), but they were effective in removing color and iron from 
the leachate (Chain and DeWalle 1976) . Chemical precipitation 
was found to be effective primarily on organic matter with 
molecular weights larger than 50,000. This fraction is typically 
a small component of the organic matter found in young landfill 
leachates. Activated carbon treatment. was found to be much more 
effective than chemical precipitation, with COD removals between 
34% and 85%. The effectiveness of carbon adsorption is largely 
dependent on the type of acids present and, therefore, the age of 
the landfill. Leachates from old, stabilized landfills with low 
volatile fatty acid fractions have higher adsorption affinities. 
The use of oxidants to remove organic matter from leachates 
resulted in COD removals varying between 0 and 4 8 % ,  with calcium 
hypochlorite showing better results than chlorine, potassium 
permanganate and ozone. 

Recirculation has been suggested as a means of treating 
leachate and increasing the rate at which solid waste is 
stabilized within a landfill. Recirculation consists of 
collecting and reapplying leachate to the fill through spray 
systems, surface trenches or perforated pipes. The potential of 
leachate recirculation was demonstrated by Tittlebaum (1 982) . 
Several landfill simulators were set up and all but one, a 
control, had recirculation. Analysis of volatile acids 
concentration, BOD., COD and TOC showed that concentrations 
remained roughly the same when compared with the control during 
the first 100 days of the test. but after that, the simulators 
with recirculation exhibited sharp decreases in these parameters. 
The average reduction after 500 days of operation for all four 
parameters was approximately 95%. These dramatic decreases 
demonstrate the e f f e c t i v e n e s s  of l e a c h a t e  recycling a s  a means of 
biological stabilization. Throughout the test period, leachate 
was maintained at near neutral pH by .the eddition of sodium 
hydroxide as required. Neutralization enhanced stabilization by 
creating a suitable environment for pH sensitive methanogenic 
bacteria which break down short chained volatile fatty acids 
formed during the acidification phase of decomposition. 

Robinson and Maris (1985) performed one of the f e w  la ige-  
scale demonstrations of leachate recirculation at a landfill in 
Great Britain. The chemical oxygen demand (COD) of the leachate 

. was reduced from approximately 60,000 to 30,000 mg/l by 
recirculation. This is a significant reduction, but additional 
treatment would still be required before discharge. 

A problem which arises with leachate recirculation is the 
need to reduce the ammonia content of the leachate prior to 
disposal. Younger leachates with relatively high BOD values 
usually have low ammonia levels due to incorporation in % iomass. 
Older stabilized leachates, however, have ammonia concentrations 
which cannot be removed by uptake in new cells. In such cases, 



t r ea tmen t  w i l l  have t o  provide  some degree of n i t r i f i c a t i o n .  
Knox (1985) examined t h e  a b i l i t i e s  of a c t i v a t e d  s ludge  and 
b i o l o g i c a l  f i l t e r  p i l o t  p l a n t s  t o  provide  n i t r i f i c a t i o n  of 
ammonia. Sodium b ica rbona te  ( f o r  p H  c o n t r o l )  and sodium 
dihydrogen phosphate ( a s  a n u t r i e n t )  were added t o  bo th  p l a n t s  i n  
s l u r r y  form. The pH was kept  a t  o r  above 7 .5  dur ing  ope ra t ion .  
Both p l a n t s  showed good n i t r i f i c a t i o n  c a p a b i l i t i e s ,  b u t  fewer 
problems developed wi th  t h e  b i o l o g i c a l  f i l t e r  p l a n t  which was 
o p e r a t i o n a l l y  s imple r .  The a c t i v a t e d  s ludge  p l a n t  e f f l u e n t  was 
of poore r  q u a l i t y  w i t h  r ega rd  t o  BOD5 v a l u e s  and suspended 
s o l i d s .  The l o s s  o f  s o l i d s  i n  t h e  e f f l u e n t  of  t h i s  p l a n t  was 
cons idered  a s e r i o u s  problem. Temperature had l e s s  e f f e c t  on 
ammonia removal f o r  t h e  b i o l o g i c a l  f i l t e r  p l a n t  b u t  t h e  
tempera ture  was l e s s  v a r i a b l e  f o r  t h e  a c t i v a t e d  s ludge  p l a n t .  By 
pure ly  vo lumet r i c  terms,  t h e  a c t i v a t e d  s ludge  p l a n t  was t h e  more 
e f f i c i e n t  system. 

Cons t ruc t ion  and Operat ion Experience 

Opera t iona l  exper ience  wi th  l i n e r s  and l e a c h a t e  c o l l e c t i o n  
systems, e s p e c i a l l y  t h o s e  used f o r  municipal s o l i d  waste 
l a n d f i l l s ,  i s  l i m i t e d .  The f i r s t  systems were i n s t a l l e d  i n  t h e  
e a r l y  l97Ofs ,  and des ign  and ope ra t ing  p r a c t i c e s  have changed 
s i g n i f i c a n t l y  over  t h e  years .  The c o s t s  a s s o c i a t e d  wi th  
i n s t a l l i n g  systems a r e  h igh ly  v a r i a b l e  and most a r e  d i r e c t l y  
r e l a t e d  t o  t h e  s i z e  of t h e  l a n d f i l l .  P o l c z i n s k i  and Romano 
(1982)  e s t i m a t e d  t h e  1981 c o s t s  of c o n s t r u c t i n g  l e a c h a t e  
c o l l e c t i o n  systems i n  Wisconsin. They determined t h e  i n s t a l l e d  
c o s t s  a t  t h a t  t i m e  f o r  p ipes ,  i nc lud ing  f i t t i n g s  and va lves ,  
ranged between $7.00 and $9.00 p e r  l i n e a r  f o o t  wi th  t h e  average 
c o s t  be ing  $7.60 p e r  l i n e a r  f o o t .  

Leachate c o l l e c t i o n  systems can f a i l  f o r  a number of 
reasons .  Even though systems cons t ruc ted  a t  s a n i t a r y  l a n d f i l l s  
have been implemented r a t h e r  r e c e n t l y ,  a g r i c u l t u r a l  dra inage  
systems have been i n  use  f o r  a  much longer  t ime and provide  a  
means o f  p r e d i c t i n g  t h e  performance of l e a c h a t e  collection 
systems. Bass (1986) has  shown t h a t  many of  t h e  c o n d i t i o n s  which 
l e a d  t o  f a i l u r e  o f  a g r i c u l t u r a l  d r a i n s  are j u s t  a s  l i k e l y  t o  
develop a t  s a n i t a r y  l a n d f i l l s .  The major causes  o f  f a i l u r e  a r e  
c logging  due t o  p h y s i c a l ,  chemical, b i o l o g i c a l ,  and biochemical 
p rocesses  and non-clogging mechanisms such a s  d i f f e r e n t i a l  
s e t t l i n g  and d e t e r i o r a t i o n  of  c o l l e c t i o n  p ipe .  Sedimentat ion is  
probably t h e  s i n g l e  most common f a i l u r e  mechanism. 

Maintenance o f  l e a c h a t e  c o l l e c t i o n  systems is  r e q u i r e d  t o  
ensure  removal of  t h e  l e a c h a t e  t h a t  b u i l d s  up over  t h e  l i n e r .  
Bass (1986) n o t e s  t h e r e  h a s  been l i t t l e  exper i ence  wi th  
maintenance of l e a c h a t e  c o l l e c t i o n  systems because t y p i c a l l y  t h e y  
a r e  on ly  s e r v i c e d  when problems occur.  The methods used t o  
main ta in  l e a c h a t e  c o l l e c t i o n  systems a r e  g e n e r a l l y  t h e  same a s  



those used for sewers. Maintenance, however, is more complicated 
because of fewer manholes and the use of plastic pipe at 
landfills. Rodding and cable machines can be used in runs up to 
1000 ft and require access at only one end of the line being 
serviced. The primary disadvantage of these machines is that 
dislodged materials may not be removed from the line, and 
flushing is required afterward. 



REGULATION OF SANITARY LANDFILL DESIGN AND OPERATION 

Federa l  Requlat ion of  S o l i d  Waste Disposal 

Over t h e  p a s t  20  y e a r s  t h e r e  has been a  s teady i n c r e a s e  i n  
t h e  f e d e r a l  government's r o l e  i n  s o l i d  waste d i s p o s a l .  P r i o r  t o  
1976, t h e  f e d e r a l  government was r e s t r i c t e d  t o  a  support  r o l e  
whi le  t h e  s t a t e s  and u l t i m a t e l y  l o c a l  governments were 
r e s p o n s i b l e  f o r  management of  s o l i d  waste. Passage- of t h e  S o l i d  
Waste Disposal  A c t  o f  1965 e s t a b l i s h e d  g r a n t  programs t o  support  
t h e  a p p l i c a t i o n  of  improved d i s p o s a l  methods and t h e  development 
of s o l i d  waste  d i s p o s a l  p l a n s  b y  s t a t e s  ( U . S .  EPA l986b) . The 
Resource Conservat ion and Recovery Act (RCRA) inc reased  t h e  
f e d e r a l  r o l e  by r e q u i r i n g  t h e  development of  minimum t e c h n i c a l  

c r i t e r i a  f o r  s o l i d  waste d i s p o s a l  f a c i l i t i e s  ( U . S .  EPA 1986b).  A 
g r a n t s  program was a l s o  e s t a b l i s h e d  t o  a i d  s t a t e s  i n  t h e  
development of S o l i d  Waste Management P lans  and t o  i d e n t i f y  "open 
dumps1'. S t a t e s  were r e q u i r e d  t o  adopt t h e s e  minimum t e c h n i c a l  
c r i t e r i a  o r  develop more s t r i n g e n t  s tandards  of t h e i r  own. The 
t e c h n i c a l  s t a n d a r d s  cover a r e a s  such a s  ground and s u r f a c e  water  
p o l l u t i o n ,  d i s e a s e  t ransmiss ion ,  s a f e t y  and f loodp la in  management 
among o t h e r s  (U.S. EPA 1986b) . 

I n  1984, t h e  Hazardous and S o l i d  Waste Act (HSWA) was passed 
which f u r t h e r  i n c r e a s e d  f e d e r a l  involvement i n  s o l i d  waste 
d i s p o s a l  ( U . S .  EPA 1986b). HSWA s p e c i f i e d  t h a t  r ev i sed  c r i t e r i a  
must be developed f o r  s a n i t a r y  l a n d f i l l s  t h a t  may r e c e i v e  
household hazardous waste o r  sma l l  quan t i ty  gene ra to r  hazardous 
waste.  The U.S. EPA has  assumed t h a t  e s s e n t i a l l y  a l l  municipal 
SLF's w i l l  r e c e i v e  some hazardous waste. The o b j e c t i v e  of t h e  
c r i t e r i a  i s  t o  p r o t e c t  human h e a l t h  and t h e  environment. A t  a  
minimum, t h e  new c r i t e r i a  r e q u i r e  more ex tens ive  ground water  
monitoring,  f a c i l i t y  s i t i n g  s t andards ,  and provide  f o r  c o r r e c t i v e  
a c t i o n  a s  necessary .  I n  May 1987, U.S. EPA i s s u e d  d r a f t  
r e g u l a t i o n s  under HSWA which would r equ i re  low pe rmeab i l i ty  caps,  
l i n e r s  and l e a c h a t e  c o l l e c t i o n  systems f o r  most s i t e s  i n  North 
Carol ina .  The draft r e g u l a t i o n s  also i n c l u d e  r e q u i r e m e n t s  for 
ground water  monitor ing t o  d e t e c t  leakage, and some form of  
insu rance  o r  bonding t o  i n s u r e  t h a t  f i n a n c i a l  r e sources  a r e  
a v a i l a b l e  f o r  c leanup i f  ground water  contamination i s  de tec ted .  
F i n a l  v e r s i o n s  of  t h e s e  r e g u l a t i o n s  a r e  expected i n  mid 1989. 

S o l i d  Waste Disposa l  i n  t h e  Southeastern United S t a t e s  

R e s p o n s i b i l i t y  f o r  s o l i d  waste  d i s p o s a l  has  h i s t o r i c a l l y  
rested a t  t h e  l o c a l  l e v e l .  This  w i l l  cont inue,  a l though most 
s t a t e s  a r e  s i g n i f i c a n t l y  i n c r e a s i n g  t h e i r  requirements  f o r  t h e  
des ign  and o p e r a t i o n  of  s a n i t a r y  l a n d f i l l s .  Capels (1986) has  
performed a d e t a i l e d  survey of  p a s t  s a n i t a r y  l a n d f i l l  s i t i n g  and 
des ign  requirements  i n  s i x  sou theas te rn  s t a t e s :  F lo r ida ,  Georgia, 



Maryland, North Carol ina,  South Carolina,  and V i r g i n i a .  The 
genera l  r e s u l t s  of  h e r  survey a r e  summarized below. 

I n  t h e  p a s t ,  most s t a t e s  have employed a  q u a l i t a t i v e  
approach t o  l a n d f i l l  r egu la t ion .  I n  each of t h e  s i x  s t a t e s  
surveyed, t h e r e  a r e  gene ra l  provis ions  p r o h i b i t i n g  any a c t i v i t y  
which w i l l  r e s u l t  i n  a i r  o r  water p o l l u t i o n ,  a  p u b l i c  h e a l t h  
hazard o r  gene ra l  nuisance.  General ope ra t ing  g u i d e l i n e s  a r e  
a l s o  provided  t o  minimize f i r e  hazards, s o i l  e ros ion ,  and l i t t e r .  
The only  s p e c i f i c  requirements have t y p i c a l l y  been f o r  waste 
compaction, f i n a l  and d a i l y  cover, and runoff  c o n t r o l .  Each of 
t h e  s i x  s t a t e s  employed a  m u l t i s t e p  pe rmi t t ing  p rocess  which 
inc luded  b o t h  an i n i t i a l  s i t e  i n v e s t i g a t i o n  s t e p  and a  d e t a i l e d  
des ign  and p e r m i t t i n g  s t ep .  The o b j e c t i v e s  of t h i s  m u l t i s t e p  
procedure have been t o  reduce c o s t s  by e l i m i n a t i n g  u n s u i t a b l e  
s i t e s  du r ing  t h e  s i t e  i n v e s t i g a t i o n  s t e p  and t o  develop c r i t e r i a  
f o r  d e t a i l e d  des igns .  Some s t a t e s  have a l s o  r e q u i r e d  a  p u b l i c  
p a r t i c i p a t i o n  s t e p .  

The r e g u l a t o r y  approach i n  more urbanized s t a t e s  of t h e  
Southeast  i s  moving r a p i d l y  towards d e t a i l e d  p r e s c r i p t i v e  
r e g u l a t i o n s  on s a n i t a r y  l a n d f i l l  s i t i n g ,  des ign ,  and ope ra t ion .  
F l o r i d a  has  r e c e n t l y  enacted and Maryland and V i r g i n i a  a r e  
c u r r e n t l y  cons ide r ing  ex tens ive  r egu la t ions  governing engineered  
measures f o r  t h e  management of s o l i d  waste i n  s a n i t a r y  l a n d f i l l s .  
Each of  t h e s e  s t a t e s  r e q u i r e s  a l l  new l a n d f i l l s  t o  c o n s t r u c t  an 
impermeable f i n a l  cover, impermeable l i n e r  and l e a c h a t e  
c o l l e c t i o n  and t r ea tmen t  system. Deta i led  c r i t e r i a  a r e  provided 
on t h e  des ign  and cons t ruc t ion  of t h e s e  f a c i l i t i e s .  P rov i s ions  
a r e  a l s o  made f o r  gas  c o n t r o l  systems and e x t e n s i v e  s u r f a c e  and 
ground water  monitoring.  F l o r i d a  has  p laced  a d d i t i o n a l  
r e s t r i c t i o n s  on a r e a s  where l a n d f i l l s  can be l o c a t e d ,  exc luding  
l a n d f i l l s  from f loodp la ins ,  c e r t a i n  geologic  formations,  a r e a s  
open t o  p u b l i c  view, and immediately ad jo in ing  water  bodies  o r  
water  supply we l l s .  Maryland and Vi rg in ia  do no t  have s p e c i f i c  
s i t i n g  c r i t e r i a  a l though a l a n d f i l l  on a  poor s i t e  may be 
r e q u i r e d  t o  have more ex tens ive  c o n t r o l  measures (Capels 1 9 8 6 ) .  

Other s o u t h e a s t e r n  s t a t e s  such a s  Georgia and South Carol ina  
a r e  moving more s lowly i n  r e g u l a t i n g  s a n i t a r y  l a n d f i l l s .  General  
requirements  have been developed f o r  ground water  monitoring,  
depth  t o  water  t a b l e ,  and b u f f e r  a r e a s  surrounding l a n d f i l l s .  
The approach i n  t h e s e  s t a t e s  has  been t o  l o c a t e  l a n d f i l l s  where 
t h e y  w i l l  have a  lower impact. Less a t t e n t i o n  has  been focused 
on s p e c i f i c  engineer ing  c o n t r o l s .  I n  only a few c a s e s  have 
impermeable l i n e r s  and l e a c h a t e  c o l l e c t i o n  systems been r e q u i r e d  
(Capels 1986). 

Regula t ion  o f  s a n i t a r y  l a n d f i l l s  i n  North Caro l ina  is  i n  
t r a n s i t i o n  from a p o l i c y  focused p r i m a r i l y  on s i te  s e l e c t i o n  t o  a  
p o l i c y  w i t h  a  g r e a t e r  emphasis on c o n s t r u c t i o n  of engineered 



barriers to control leachate generation and transport. The past 
practice was to locate sanitary landfills near rivers whenever 
possible. The assumption behind this practice was that the 
regions adjacent to rivers are ground water discharge areas and 
the probability of major ground water contamination in these 
locations would be minimal. Also, any leachate that did enter 
the river from a landfill would be attenuated by natural dilution 
and biotransformation processes. In September of 1987, the State 
of North Carolina adopted a policy requiring the construction of 
impermeable covers, impermeable liners, and leachate collection 
and treatment systems at all new sanitary landfills (KC. DHR 
1987). Greater emphasis will also be placed on development and 
implementation of detailed ground water monitoring programs. 

Overview of Solid Waste Resulation in North Carolina 

The North Carolina Department of Human Resources (DHR) is 
designated by the state's Solid and Hazardous Waste Management 
Act as "the single State agency to promote the proper management 
of solid waste". The Commission for Health Services is 
authorized by the North Carolina Solid and Hazardous Waste 
Management Act to adopt and the DHR, to enforce rules for the 
establishment, location, operation, use, maintenance, and 
discontinuance of solid waste management sites and facilities. 
The rules are to be no less stringent than those most recently 
adopted under the federal act (RCRA) and are to be based on 
recognized public health practices and procedures, sanitary 
engineering research and studies, and current technological 
development in equipment and methods. Therefore, the DHR adopted 
EPA guidelines in 1982 with the establishment of the North 
Carolina Solid Waste Manaaement Rules (10 NCAC 10G). 

Current sanitary landfill design standards are listed in 
section of 10 of the North Carolina Administrative Code (10 NCAC 
IOG). Provisions are made for the protection of groundwater, but 
specific design standards are not established. Unless specified 
otherwise in the permit, a minimum distance of 4 feet is required 
between t h e  bottom elevation of the solid waste and t h e  seasonal 
high water table. The regulations establish a 50-foot minimum 
buffer requirement between all property lines and disposal areas; 
a 500-foot minimum buffer between private dwellings and wells and 
disposal areas; and a 50-foot minimum buffer between streams and 
rivers and disposal areas. Within this area "solid waste shall 
be restricted into the smallest area feasible" and "compacted as 
densely as practical into cells" (N.C. DHR 1985) . "Solid waste 
shall be covered after each day of operation, with a compacted 
layer of at least six inches of suitable cover or as specified by 
the division. Areas which will not have additional wastes placed 
on them for 12 months or more shall be covered with a minimum of 
one foot of intermediate cover. After final termination of 
disposal operations at the site or a major part thereof or upon 



r e v o c a t i o n  o f  a  pe rmi t ,  t h e  a r e a  s h a l l  be covered w i t h  a t  l e a s t  
two feet o f  s u i t a b l e  compacted e a r t h w  (N.C. DHR 1985) .  The 
l a n d f i l l  must a l s o  have c o n t r o l s  f o r  d ra inage  o f  s u r f a c e  wa te r ,  
e r o s i o n ,  g a s  c o n c e n t r a t i o n s ,  and l e a c h a t e s .  I n  most c a s e s  t h e  
s t a t e  d e s i g n  s t a n d a r d s  c l o s e l y  p a r a l l e l  t h e  f e d e r a l  t e c h n i c a l  
c r i t e r i a .  For  example, t h e  s t a t e  r e g u l a t i o n s  e s t a b l i s h  s p e c i f i c  
b u f f e r  requi rements  and measures; whereas t h e  Code o f  F e d e r a l  
Regu la t ions  recommends a b u f f e r  s t r i p  o r  berm a s  n e c e s s a r y  t o  
s c r e e n  l a n d f i l l  a c t i v i t i e s  (40  CFR 257) .  

North  C a r o l i n a ' s  s o l i d  waste  r e g u l a t i o n s  r e q u i r e  t h a t  t h e  
p roposed  s i t e  " s h a l l  n o t  con t ravene  groundwater s t a n d a r d s  a s  
e s t a b l i s h e d  under 15 NCAC 2L., a s  amended th rough  January  1, 
198SaV1 These groundwater s t a n d a r d s  a r e  p a r t  o f  t h e  s t a t e  
groundwater c l a s s i f i c a t i o n  system which i s  an a d a p t a t i o n  o f  t h e  
t r a d i t i o n a l  s u r f a c e  wate r  c l a s s i f i c a t i o n  system. N.C.  
groundwater q u a l i t y  s t a n d a r d s  a r e  c u r r e n t l y  (January,  1989) b e i n g  
r e v i s e d .  

The c u r r e n t  s t a n d a r d s  e s t a b l i s h  a  p e r i m e t e r  o f  compliance 
f o r  e x i s t i n g  and new f a c i l i t i e s  (N.C.  EMC 1985) .  Exceedances o f  
a p p l i c a b l e  groundwater q u a l i t y  s t a n d a r d s  w i t h i n  t h e  p e r i m e t e r  o f  
compliance o f  p e r m i t t e d  waste  d i s p o s a l  a c t i v i t i e s  s h a l l  n o t  be 
s u b j e c t  t o  t h e  p e n a l t y  p r o v i s i o n s  under t h e  North  C a r o l i n a  
Admin i s t r a t i ve  Code. For  new f a c i l i t i e s ,  c o n t r a v e n t i o n  o f  
groundwater s t a n d a r d s  is  p r o h i b i t e d  beyond a  d i s t a n c e  o f  250 feet  
from t h e  sou rce  o f  contaminat ion o r  w i t h i n  50 feet  o f  t h e  
p r o p e r t y  boundar ies ,  whichever i s  t h e  n e a r e r .  Fo r  e x i s t i n g  
f a c i l i t i e s ,  t h e  compliance p e r i m e t e r  i s  e s t a b l i s h e d  a t  t h e  
p r o p e r t y  boundary o r  t h e  p o i n t  o f  contaminat ion,  which e v e r  i s  
n e a r e r ,  

Cur ren t  groundwater q u a l i t y  r e g u l a t i o n  i s  aimed a t  
p r o t e c t i n g  a l l  underground wa te r s  w i t h i n  t h e  s a t u r a t e d  zone "to a 
l e v e l  o f  q u a l i t y  a t  l e a s t  a s  h i g h  a s  t h a t  r e q u i r e d  under  the  
s t a n d a r d s  e s t a b l i s h e d  i n  Rule ,202," (N.C. EMC 1985) .  Th i s  would 
a l l ow t h e  u n s a t u r a t e d  zone o f  t h e  subsu r f ace  t o  p r o v i d e  n a t u r a l  
t r e a t m e n t  and a t t e n u a t i o n  o f  p o l l u t a n t s  e n r o u t e  t o  t h e  w a t e r s  
below. 

P r i o r  t o  c o n s t r u c t i o n  of a new l a n d f i l l ,  o p e r a t o r s  are 
r e q u i r e d  t o  complete a two p a r t  a p p l i c a t i o n  p roces s .  The f irst  
s t e p  i n  t h e  p r o c e s s  i s  submiss ion o f  a  s i te  p l a n  a p p l i c a t i o n  
which must i n c l u d e  a e r i a l  photographs  o f  t h e  s i t e  and a p p r o p r i a t e  
s c a l e  maps showing nearby s t r u c t u r e s ,  - roads ,  u t i l i t i e s ,  l a n d  u s e  
and zoning,  w e l l s  and o t h e r  p o t e n t i a l l y  a f f e c t e d  w a t e r  r e s o u r c e s .  
A concep tua l  s i t e  d e s i g n  and hydrogeo log ica l  s t u d y  i s  a l s o  
r e q u i r e d .  Th i s  d e s i g n  must demons t ra te  t h a t  o p e r a t i o n  of t h e  SLF 
w i l l  n o t  con t ravene  groundwater s t a n d a r d s  a t  t h e  p e r i m e t e r  of 
compliance. Once t h e  s i t e  p l a n  i s  approved, a d e t a i l e d  
c o n s t r u c t i o n  p l a n  must b e  submi t ted  which i n c l u d e s  c o n s t r u c t i o n  



details, grading and soil erosion control plans. Ground and 
surface w a t e r  monitoring requirements are established for each 
site by DHR and are dependent on the specific geological and 
hydrological characteristics of the site. Current policy 
requires that liners and leachate collection systems be 
constructed at all new landfills, although detailed guidance on 
the design and construction of these facilities has not yet been 
formulated. 

The current regulations typically lack specific standards for 
the design of a proposed sanitary landfill. This lack of specific 
standards allows the permit applicant maximum discretion in the 
actual design of the facility. All other applicable state 
regulations must be complied with, however, before a permit will 
be issued. Permit applications must be supported with sufficient, 
site-specific data which demonstrate that, due to the site's 
natural conditions or through design feature, the probability of 
groundwater contamination will be slight. North Carolina has gone 
beyond the requirements imposed by most other states and has 
required an extensive system of buffer zones surrounding landfills. 
These buffers provide a safety factor in the design of a landfill 
and may allow for greater natural attenuation of leachate. 



SOLID WASTE DISPOSAL IN NORTH CAROLINA 

S o l i d  was t e  d i s p o s a l  i n  North Ca ro l ina  i s  a growing problem. 
E x i s t i n g  s a n i t a r y  l a n d f i l l s  a r e  r a p i d l y  f i l l i n g  up w h i l e  p u b l i c  
concern o v e r  t h e  p o t e n t i a l  f o r  ground water  con tamina t ion  i s  
making s i t i n g  o f  new l a n d f i l l s  more d i f f i c u l t .  I n fo rma t ion  is  
needed on c u r r e n t  s o l i d  was te  d i s p o s a l  p r a c t i c e s  i n  o r d e r  t o  p l a n  
f o r  t h e  f u t u r e .  A s  p a r t  of t h i s  r e sea rch ,  a  survey was ma i l ed  t o  
each o f  t h e  e x i s t i n g  mun ic ipa l ly  ope ra t ed  s a n i t a r y  l a n d f i l l s  i n  
North C a r o l i n a .  Data were c o l l e c t e d  on s i te ,  o p e r a t i o n a l ,  and 
envi ronmenta l  c h a r a c t e r i s t i c s  a s  w e l l  a s  eng inee r ing  d e s i g n  d a t a .  
Completed q u e s t i o n n a i r e s  were r ece ived  from approximately  36% o f  
t h e  mun ic ipa l  s a n i t a r y  l a n d f i l l s  o p e r a t i n g  i n  North C a r o l i n a  a s  
of  1986. A copy o f  t h e  survey form i s  shown i n  ~ p p e n d i x  A. 
Values shown i n  t h e  appendix a r e  t h e  averages  o f  a l l  r e sponses .  
A complete  l i s t i n g  o f  a l l  survey responses  can be o b t a i n e d  from 
t h e  a u t h o r .  

The r e s u l t s  o f  o u r  s u r v e y  i n d i c a t e  t h a t  t h e  average  
munic ipa l  s a n i t a r y  l a n d f i l l  i n  North Ca ro l ina  covers  a  t o t a l  a r e a  
o f  approximate ly  119 a c r e s ,  r e c e i v e s  approximately  325 t o n s  p e r  
day o f  s o l i d  waste ,  was s t a r t e d  i n  t h e  l a t e  1970r s ,  i s  s l i g h t l y  
over  h a l f  f u l l ,  and h a s  an expected f u t u r e  l i f e  o f  13 yrs. 
While t h e s e  s t a t i s t i c s  may a c c u r a t e l y  d e s c r i b e  t h e  average  
l a n d f i l l ,  16% of  c u r r e n t l y  o p e r a t i n g  l a n d f i l l s  a r e  e s s e n t i a l l y  
f u l l ,  w i t h  less  t h a n  2 y e a r s  c a p a c i t y  remaining.  

Approximately h a l f  o f  a l l  s o l i d  waste  o r i g i n a t e s  i n  t owns  
and c i t i e s  wh i l e  h a l f  o r i g i n a t e s  i n  r u r a l  a r e a s .  The a e r a g e  
h a u l  d i s t a n c e  t o  t h e  l a n d f i l l  i s  13 miles. Only one l s n d f i l l  was 
i d e n t i f i e d  which h a s  a l i n e r - l e a c h a t e  c o l l e c t i o n  s y s t e m  which 
would meet proposed EPA r e g u l a t i o n s  f o r  new SLFfs a l though  30% o f  
t h e  su rvey  r e sponses  i n d i c a t e d  t h e y  had some form o f  l i n e r ,  
u s u a l l y  4 t o  6 i n c h e s  of low permesbility soil. T h i r t y  % of t h e  
responses  a l s o  i n d i c a t e d  some form of l e a c h a t e  c o l l e c t i o n  system, 
a l t hough  o n l y  one t i l e  d ra inage  system i s  known t o  be i n  
o p e r a t i o n  i n  t h e  s t a t e .  Leachate  which i s  c o l l e c t e d  is  t y p i c a l l y  
t r e a t e d  i n  f a c u l t a t i v e  lagoons p r i o r  t o  s u r f a c e  d i s c h a r g e .  
Na t iona l  P o l l u t a n t  Discharge E l imina t ion  Systems (NPDES) p e r m i t s  
have n o t  t y p i c a l l y  been r e q u i r e d  f o r  SLF1s. Seventeen p e r c e n t  of  
a l l  l a n d f i l l s  a r e  upst ream of a s u r f a c e  wa te r  supply.  The ave rage  
d i s t a n c e  t o  a p r i v a t e  home is 1800 f t .  ~ i g h t y - f i v e  p e r c e n t  o f  
SLF's have  a ground w a t e r  moni tor ing system, u s u a l l y  c o n s i s t i n g  o f  
t h r e e  t o  four w e l l s .  These w e l l s  are t y p i c a l l y  sampled once  or  
twice a y e a r ,  wh i l e  a f e w  SLF's a r e  sampled monthly. The r e s u l t s  
of t h i s  s u r v e y  i n d i c a t e  t h a t  t h e r e  has been l i t t l e  change i n  
l a n d f i l l  o p e r a t i n g  practices since t h e  l a s t  survey was performed 
as p a r t  of t h e  p r e p a r a t i o n  of t h e  North ~ a r o l i n a  S t a t e  s o l i d  Waste 
Management P l a n  i n  1981. (W.C. DHR 1981).  



The c u r r e n t  p o l i c y  o f  t h e  N.C.  S o l i d  & Hazardous Waste 
Management Branch i s  t o  r e q u i r e  a l l  new l a n d f i l l s  t o  i n s t a l l  
"engineered  d e v i c e s ,  such a s  l i n e r s  and l e a c h a t e  c o l l e c t i o n  
systemsw o r  o b t a i n  a  v a r i a n c e  from t h e  N.C.  Ground Water 
S t anda rds  (N.C.  S&HWMB, 1987) .  These a d d i t i o n a l  requi rements  a r e  
expec t ed  t o  r a i s e  t h e  c o s t  o f  deve lop ing  a new l a n d f i l l  from 
$5,000 t o  $10,000 p e r  a c r e  t o  about $125,000 p e r  a c r e .  

I n  o r d e r  t o  e v a l u a t e  t h e  o v e r a l l  e f f e c t  o f  t h e s e  new 
requ i r emen t s  on s o l i d  was te  d i s p o s a l  c o s t s ,  a  s imple  a n a l y s i s  o f  
t h e  t o t a l  c o s t  o f  s o l i d  was te  c o l l e c t i o n ,  t r a n s p o r t a t i o n  and 
f i n a l  d i s p o s a l  was performed f o r  an average  North  Ca ro l ina  
l a n d f i l l .  L a n d f i l l i n g  c o s t s  were o b t a i n e d  from an a n a l y s i s  
p repa red  by Glebs (1988) on t h e  expec ted  impact t h e s e  new 
requ i r emen t s  w i l l  have f o r  s a n i t a r y  l a n d f i l l s .  T r a n s p o r t a t i o n  
c o s t s  were e s t i m a t e d  from a  s t a t i s t i c a l  a n a l y s i s  completed by 
Hudson e t  a l .  (1981) assuming an average  l o a d  o f  4 t o n s / t r i p  and 
approximate ly  15% o f  t h e  day s p e n t  hau l ing .  A l l  c o s t s  were 
updated t o  1988 u s i n g  t h e  Engineer ing News Record Cons t ruc t ion  
Cost  Index.  Table  3 compares o v e r a l l  s o l i d  waste d i s p o s a l  c o s t s  
f o r  f i n a l  d i s p o s a l  i n  an e x i s t i n g  u n l i n e d  l a n d f i l l  o r  i n  a new 

Table 3 

Comparison o f  S o l i d  Waste Disposa l  Cos ts  u s i n g  E x i s t i n g  Unlined 
L a n d f i l l  o r  a New S t a t e  o f  t h e  A r t  L a n d f i l l  

Cost I t e m  

1. Predevelopment C o s t s  
2. C o n s t r u c t i o n  C o s t s  
3 .  Opera t ion  Cos t s  
4 .  Closu re  C o s t s  

5. C o l l e c t i o n  
and T r a n s p o r t a t i o n  

E x i s t i n g  S t a t e  o f  t h e  
Unlined L a n d f i l l  A r t  L a n d f i l l  
$ / t on  % $ / t o n  % 

T o t a l  S o l i d  Waste 
D i sposa l  Cost  12.54 

Items 1 t o  4 t a k e n  from Glebs,  1988. 

Item 5 e s t i m a t e  from r e g r e s s i o n  e q u a t i o n s  by Hudson e t  a l . ,  1981. 



s t a t e - o f - t h e - a r t ,  double - l ined  l a n d f i l l  w i th  l e a c h a t e  c o l l e c t i o n  
and t r e a t m e n t .  

I t  i s  appa ren t  from t h i s  a n a l y s i s  t h a t  t h e  c o s t  o f  s o l i d  
was te  d i s p o s a l  by s a n i t a r y  l a n d f i l l i n g  is  going  t o  i n c r e a s e  
s i g n i f i c a n t l y .  The o v e r a l l  c o s t  of  s o l i d  was te  d i s p o s a l  i s  
expec t ed  t o  i n c r e a s e  by roughly 90% from approximately  $12.50 t o  
$23.50 p e r  t o n .  The p o r t i o n  of  t h e  d i s p o s a l  c o s t s  which w i l l  
i n c r e a s e  t h e  most i s  t h e  c o s t  i n c u r r e d  p r i o r  t o  any s o l i d  was te  
d i s p o s a l .  Predevelopment and c o n s t r u c t i o n  c o s t s  a r e  p r o j e c t e d  t o  
i n c r e a s e  by a  f a c t o r  o f  t e n  from $0 .8 l / t on  t o  $8.2O/ton. The 
u p f r o n t  c o s t s  w i l l  be t h e  most d i f f i c u l t  f o r  sma l l  c o u n t i e s  and 
m u n i c i p a l i t i e s  t o  absorb .  A t y p i c a l  sma l l  l a n d f i l l  ( 2 5  a c r e s )  
cou ld  c o s t  two t o  t h r e e  m i l l i o n  d o l l a r s  t o  develop.  Th i s  s i t e  
could  l a s t  20  o r  30 y e a r s  b u t  would have t o  be  p a i d  f o r  u p f r o n t .  
Phas ing  t h e  c o n s t r u c t i o n  of  l i n e r s  and l e a c h a t e  c o l l e c t i o n  
systems i s  g e n e r a l l y  t h e  most economical method b u t  may n o t  be 
f e a s i b l e  f o r  sma l l  s i tes because o f  economies o f  s c a l e .  



STATISTICAL ANALYSIS OF WATER QUALITY DATA 

The o b j e c t i v e s  o f  t h i s  p o r t i o n  o f  o u r  r e s e a r c h  were t o  
de te rmine  t h e  n a t u r e  and e x t e n t  o f  c u r r e n t  con tamina t ion  problems 
a t  North C a r o l i n a  munic ipa l  s a n i t a r y  l a n d f i l l s  and t o  i d e n t i f y  
any common c h a r a c t e r i s t i c s  ~ s s o c i a t e d  w i t h  t h i s  contaminat ion.  
T h i s  work invo lved  t h e  s t a t i s t i c a l  a n a l y s i s  o f  moni tor ing  d a t a  
p r e v i o u s l y  c o l l e c t e d  by t h e  K C .  D i v i s i o n  o f  S o l i d  and Hazardous 
Waste . 
Data C o l l e c t i o n  and Inpu t  

Only t h o s e  a c t i v e  o r  r e c e n t l y  c l o s e d  ( a f t e r  1 9 8 4 )  s a n i t a r y  
l a n d f i l l s  owned and ope ra t ed  by c o u n t i e s  o r  m u n i c i p a l i t i e s  i n  
North  C a r o l i n a  were examined i n  t h i s  s t u d y .  To i n s u r e  a  
r e p r e s e n t a t i v e  d i s t r i b u t i o n  of l a n d f i l l s  a c r o s s  t h e  s t a t e ,  a  
minimum o f  two c o u n t i e s  were chosen from e a c h  o f  t h e  17 mul t i -  
county p l a n n i n g  r eg ions .  Every e f f o r t  was made t o  s e l e c t  
c o u n t i e s  r e p r e s e n t i n g  t h e  wide range  o f  p o p u l a t i o n s  w i t h i n  t h e  
s t a t e ;  however, a l l  c o u n t i e s  w i t h  e x c e p t i o n a l l y  l a r g e  p o p u l a t i o n s  
( g r e a t e r  t h a n  2 0 0 , 0 0 0  i n  l i i 7 9 )  were i n c l u d e d  because o f  t h e  

p o t e n t i a l  impact  l a r g e  s o l i d  was te  g e n e r a t o r s  can have on l o c a l  
wa te r  r e s o u r c e s .  The s a n i t a r y  l a n d f i l l s  examined i n  t h i s  s t u d y  
a r e  l i s t ed  i n  Table  4 .  The approximate l o c a t i o n  of each l a n d f i l l  
i s  shown i n  F i g u r e  2.  

The d a t a  u sed  i n  t h i s  r e p o r t  came from o r g a n i c  and i n o r g a n i c  
wa te r  q u a l i t y  a n a l y s e s  o b t a i n e d  from t h e  S o l i d  & Hazardous Waste 
Management Branch of  t h e  North C a r o l i n a  Department of  Human 
Resources.  The v a s t  m a j o r i t y  o f  t h e  a n a l y s e s  was performed by 
t h e  s t a t e  l a b o r a t o r y  between 1980 and 1987. Occasional  d a t a  from 
a, far back as 1975 were i nc luded  if more r e c e n t  d a t a  were n o t  
a v a i l a b l e .  A t o t a l  of  322 s i l r f ace  and 4 1 1  ground water  q u a l i t y  
a n a l y s e s  from 7 1  d i f f e r e n t  l a n d f i l l s  were used .  Th i s  sampling 
r e p r e s e n t s  57% o f  t h e  p e r m i t t e d  county o r  mun ic ipa l ly  owned 
s a n i t a r y  l a n d f i l l s  i n  t h e  North Ca ro l ina .  O f  t h e  7 1  l a n d f i l l s ,  
69 (97%)  i n c l u d e d  i n o r g a n i c  s u r f a c e  wa te r  q u a l i t y  d a t a ,  49 (69%)  
inc luded  i n o r g a n i c  ground w a t e r  q u a l i t y  d a t a ,  and 37 (52%) 
inc luded  t r a c e  o r g a n i c s  a r a l y s e s  o f  ground wa te r  samples.  
Whenever p o s s i b l e ,  upst ream and downstream s u r f a c e  wate r  samples 
were c o l l e c t e d  a s  g r a b  samples  from t h e  l a r g e s t  wate r  b o d i e s  
a d j o i n i n g  each  l a n d f i l l .  I n  c a s e s  when a s i g n i f i c a n t  s u r f a c e  
w a t e r  body was n o t  p r e s e n t ,  samples were c o l l e c t e d  from sma l l  
r i v l e t s  d i s c h a r g i n g  d i r e c t l y  from t h e  l a n d f i l l  p rope r ty .  The 
ground w a t e r  samples were o b t a i n e d  from two o r  f o u r  i n c h  PVC 
mon i to r ing  w e l l s  l o c a t e d  on t h e  l a n d f i l l  p rope r ty .  I t  was 
f r e q u e n t l y  imposs ib l e  t o  c l e ~ r l y  d i s t i n g u i s h  between upgrad ien t  
v e r s u s  downgradient  mon i to r ing  wells i n  t h e  sampling r e p o r t s .  
Because o f  t h i s ,  a l l  ground we te r  d a t a  was ana lyzed  a s  one group.  
Also,  t h e  r e a d e r  should  be c a u t i o n e d  t h a t  t h e  ground wa te r  
samples o b t a i n e d  from some c f  t h e  mon i to r ing  w e l l s  may n o t  be 





Alarnance Co. 

Alexander Co. 

Alleghany Co. 

Anson Co. 

Ashe Co. 

Avery Co. 

Beaufort Co. 

Bertie Co. 

Bladen Co. 

Southport 

Holden Beach 

Brunswick Co. 

Buncorrbe Co. 

Burke Co. -Morganton 

Burke Co. -Rhodhiss 

Cabarrus Co. 

Carteret Co. 

Cherokee Co. 

Cleveland Co. 

Cumberland Co. 

Dare Co. 

Davidson Co. 

Lexington 

Thonasville 

Edgecombe Co. 

Winston-Saf em 

- Eanes Rd. 
Winston-Salem 

- S. Dale St, 
Kernersville 

Graham Co. 

Granville Co. 

- S.R. 1459 

Granville Co. 

- S.R. 1004 

High Point 

Greensboro 

Halifax Co.-S.R. 1103 

Halifax Co.-S.R. 1417 

Haywood Co. 

Definition of Region: P - Piedmont 
C - Coastal 
M - Mountain 



Table 4 (continued) 

Permit No. No. GW No. SW 

Facility Name No. Region Wells Analyses 

Canton 44-04 

Henderson Co. 45-01 

Western Carolina Univ. 50-01 

Jackson Co. 

Lee Co. 

Lenoir Co. 

Mecklenburg Co. 

- Harris 
Mecklenburg Co. 

- Holbrook 
Mecklenburg Co. 

- York Rd. 
Moore Co. 

New Hanover Co. 

Onslow Co. 

Pasquotank Co. 

Perquimans/Chowan Co. 

Person Co. 

Pitt Co. 

Richmond Co. 

Robeson Co.-S.R. 1143 

Robeson Co.-S.R. 1752 

Robeson Co.-U.S. 74 

Rowan Co. 

Rutherford Co. 

- S.R. 1815 

Rutherford Co.-U.S. 74 

Sanson Co 

Surry Co.-S.R. 1815 

Surry Co. 

Raleigh 

Wake Co.-U.S. 64 

Wake Co.-N.C. 55 

Wake Forest 

Wake Co. S.R. 2006 

Watauga Co. 

Wayne Co.-S.R. 1203 

Wayne Co.-S.R. 1320 

Wilson Co. 

Definition of Region: P - Piedmont 
C - Coastal 
M - Mountain 



r e p r e s e n t a t i v e  due t o  p a s t  problems w i t h  w e l l  c o n s t r u c t i o n  and 
maintenance.  F i e l d  i n s p e c t i o n s  have shown some w e l l s  t o  be 
den ted ,  c racked ,  p o o r l y  g rou ted  o r  miss ing  l o c k i n g  w e l l  cove r s .  
Because o f  t h e s e  l i m i t a t i o n s ,  t h e  a n a l y s e s  performed i n  t h i s  
s t u d y  have focused  on i d e n t i f y i n g  g e n e r a l  t r e n d s .  U s e  o f  t h i s  
d a t a  se t  f o r  i d e n t i f y i n g  s i t e  s p e c i f i c  v i o l a t i o n s  w i l l  p robably  
i b t  be v a l i d .  

The a n a l y t i c a l  d e t e c t i o n  l i m i t s  and w a t e r  q u a l i t y  s t a n d a r d s  
adop ted  f o r  i n o r g a n i c  parameters  examined i n  t h i s  s t u d y  a r e  
l i s t e d  i n  Table  5. The U.S. EPA primary and secondary d r i n k i n g  
w a t e r  s t a n d a r d s  were adopted f o r  u s e  i n  t h i s  s t u d y  t o  p r o v i d e  a  
r e f e r e n c e  which c o u l d  be used  t o  e v a l u a t e  t h e  s e v e r i t y  of  
con tamina t ion  from s a n i t a r y  l a n d f i l l s .  I n  most c a s e s  t h e s e  
s t a n d a r d s  a r e  i d e n t i c a l  t o  t h e  North C a r o l i n a  Ground Water 
Q u a l i t y  S t anda rds  f o r  C l a s s  GA Waters a s  of  1987 .  The 1987 North 
C a r o l i n a  ground w a t e r  s t a n d a r d  f o r  s y n t h e t i c ,  man-made o r g a n i c s  
i s  the a n a l y t i c a l  d e t e c t i o n  l i m i t .  The r e a d e r  shou ld  be aware 
t h a t  t h e  N.C. D i v i s i o n  of  Environmental  Management r e c e n t l y  

Table  5  

Water Q u a l i t y  S tandards  and D e t e c t i o n  L i m i t s  

Parameter  

Ch lo r ide  ( C 1 )  
I r o n  (Fe) 
N i t r a t e  ( N I T )  
S u l f a t e  (SUL) 
pH 
c o n d u c t i v i t y  (CON 

A r s e n i c  ( A s )  
Ba r ium (Ba) 
Cadmium (Cd) 
Chromium ( C r )  
Copper (Cu) 
F l u o r i d e  (F) 
Lead (Pb)  
Manganese (m) 
Mercury (Hg) 
Selenium (Se) 
S i l v e r  (Ag) 
Zinc  (Zn) 

S tandard  
(mg/l) 

k i d s  (TDS) 500. 
0.05 

D e t e c t i o n  
L i m i t  

INA = n o t  a p p l i c a b l e  



proposed r e v i s e d  ground water  s t a n d a r d s  f o r  b o t h  o r g a n i c  and 
i n o r g a n i c  compounds. Chemical a n a l y s e s  r e p o r t e d  t o  be below t h e  
d e t e c t i o n  l i m i t  were assumed t o  be equa l  t o  t h e  d e t e c t i o n  l i m i t  
i n  a l l  s t a t i s t i c a l  c a l c u l a t i o n s .  The S t a t i s t i c a l  A n a l y s i s  System 
(SAS 1985) was used t o  ana lyze  t h i s  ex t remely  l a r g e  and 
cumbersome data set.  A n a l y t i c a l  test r e s u l t s  were f irst  e n t e r e d  
i n t o  a microcomputer by a sp readshee t  program and t h e n  uploaded 
t o  a mainframe computer f o r  p roces s ing .  

I n o r s a n i c  Water O u a l i t v  Data 

A summary o f  t h e  ground water,  upst ream s u r f a c e  and 
downstream s u r f a c e  wate r  q u a l i t y  d a t a  was prepa red  by c a l c u l a t i n g  
t h e  mean f o r  each  l a n d f i l l  and t h e n  f i n d i n g  t h e  mean, s t a n d a r d  
d e v i a t i o n ,  and maximum va lue  of  t h e  d a t a  set c o n t a i n i n g  a l l  of 
t h e  i n d i v i d u a l  l a n d f i l l  means. These d a t a  a r e  summarized i n  
Table  6. Th i s  p rocedure  e l i m i n a t e s  b i a s e s  toward l a n d f i l l s  w i t h  
more o b s e r v a t i o n s .  The e r r o r  i n t roduced  by s imply  summing 
o b s e r v a t i o n s  would have been s u b s t a n t i a l  f o r  some parameter  means 
( e . g .  +38% f o r  i r o n ) .  

Examination o f  t h e  s u r f a c e  wate r  s t a t i s t i c s  i n  Table  6  
y i e l d s  s e v e r a l  i n t e r e s t i n g  obse rva t ions .  Many i n o r g a n i c  
parameter  means showed s u b s t a n t i a l l y  h ighe r  v a l u e s  f o r  downstream 
samples when compared wi th  t h e  upstream samples,  a l t hough  t h e  
downstream c o n c e n t r a t i o n s  never approached t h e  v a l u e s  r e p o r t e d  i n  
t h e  p u b l i s h e d  l i t e r a t u r e  ( s ee  U S .  EPA 1986a) f o r  s a n i t a r y  
l a n d f i l l  l e a c h a t e .  The g r e a t e s t  i n c r e a s e  i n  t h e  average  
c o n c e n t r a t i o n  was observed f o r  z i n c  which i n c r e a s e d  from 0.053 t o  
0 . 3 4 1  mg/l w i t h  a  maximum concen t r a t i on  i n  any i n d i v i d u a l  sample 
o f  3 . 4 5  mg/l.  Th i s  i s  a s i g n i f i c a n t  i n c r e a s e  b u t  does  n o t  
approach t h e  c o n c e n t r a t i o n s  t y p i c a l l y  r e p o r t e d  f o r  l a n d f i l l  
l e a c h a t e  (0 .6  t o  220 mg/l z i n c  r e p o r t e d  by Pohland and Harper  
1986) .  T h i s  d i f f e r e n c e  may be due t o  d i l u t i o n  by o t h e r  s u r f a c e  
wa te r  o r  a t t e n u a t i o n  p roces ses  w i t h i n  the l a n d f i l l .  S i g n i f i c a n t  
i n c r e a s e s  i n  t h e  average  c o n c e n t r a t i o n s  of  manganese, t u r b i d i t y  
and i r o n  were a l s o  observed.  These i n c r e a s e s  cou ld  be due t o  
l a n d f i l l  l e a c h a t e  and/or  s o i l  e r o s i o n .  I n c r e a s e s  w e r e  a l s o  
observed  i n  t h e  downstream means f o r  t h e  conven t iona l  d i s s o l v e d  
p o l l u t a n t s  such a s  c h l o r i d e ,  t o t a l  o r g a n i c  carbon,  c o n d u c t i v i t y ,  
a l k a l i n i t y ,  t o t a l  d i s s o l v e d  s o l i d s  and f l u o r i d e ,  a l t hough  t h e  
s l i g h t  i n c r e a s e s  i n  a r s e n i c ,  chromium, and l e a d  may have a 
g r e a t e r  env i ronmenta l  impact.  I t  should  be no ted  t h a t  t h e  v a s t  
m a j o r i t y  of  t h e  heavy meta l  ana lyses  were below t h e  a n a l y t i c a l  
d e t e c t i o n  l i m i t .  Consequently, it may n o t  be a p p r o p r i a t e  t o  
c o n s i d e r  pe rcen tage  i n c r e a s e s  i n  t h e s e  parameters .  

The g e n e r a l  t r e n d s  observed i n  t h e  s u r f a c e  w a t e r  d a t a  were 
a l s o  observed  i n  t h e  ground water  q u a l i t y  d a t a .  If t h e  upst ream 
s u r f a c e  wa te r  q u a l i t y  i s  viewed a s  a  c o n t r o l ,  z i n c  i n c r e a s e d  by 
2600% w h i l e  s i g n i f i c a n t  i n c r e a s e s  were a l s o  observed  i n  



T a b l e  6 

S i m p l e  S t a t i s t i c s  o f  Wa te r  Q u a l i t y  D a t a  
1  

UPSTREAM 
SURFACE WATER 

DOWNSTREAM 
SURFACE WATER GROUNDWATER 

P a r a m e t e r  Mean S t d  Max Mean S t d  Max Mean S t d  Max 

C1 
Fe 
NIT 
SUL 
pH 
ALK 
CON 
TDS 
TUR 
TOC 
At3 

N o t e s  

' ~ 1 1  u n i t s  i n  mg/l e x c e p t  pH ( p ~  u n i t s ) ,  TUR ( ~ a c k s o n  T u r b i d i t y  U n i t s ,  JTU)  a n d  C O N  (mmhos) 
* t h e s e  s t a t i s t i c s  b a s e d  on d a t a  f r o m  lest3 t h a n  t e n  l a n d f i l l s  
N A  = n o t  a p p l i o a b l e ,  less  t h a n  two l a n d f i l l s  had d a t a  f o r  t h i s  p a r a m e t e r  
S t d  = S t a n d a r d  d e v i a t i o n  
Max = Maximum a v e r a g e  c o n c e n t r a t i o n  f o r  a n  i n d i v i d u a l  l a n d f i l l  



c o n d u c t i v i t y ,  t o t a l  d i s s o l v e d  s o l i d s ,  and t o t a l  o r g a n i c  carbon.  
The heavy m e t a l s  barium, cadmium, chromium and l e a d  a l s o  showed 
s i g n i f i c a n t  i n c r e a s e s .  F i e l d  checks performed a t  s e v e r a l  
l a n d f i l l s  i n d i c a t e  t h a t  many o f  t h e  h igh  i r o n  and manganese 
c o n c e n t r a t i o n s  r e p o r t e d  a r e  due t o  c o l l e c t i o n  o f  suspended c l a y  
w i t h  t h e  ground water  sample. The h igh  c o n c e n t r a t i o n s  o f  z i n c ,  
cadmium, chromium and l e a d  i n  b o t h  ground and s u r f a c e  wa te r  cou ld  
be due t o  s o l u b i l i z a t i o n  under a c i d i c  anae rob ic  c o n d i t i o n s  o r  t o  
complex format ion  wi th  t h e  o r g a n i c s  p r e s e n t  i n  l e a c h a t e .  F r a n c i s  
and Dodge (1988) found t h a t  Cd, Cut Pb, and Zn cou ld  be 
s o l u b i l i z e d  th rough  t h e  p roduc t ion  of mic rob ia l  m e t a b o l i t e s  under 
reduc ing  c o n d i t i o n s  s i m i l a r  t o  t h e  environment o f  a  s a n i t a r y  
l a n d f i l l  d u r i n g  t h e  a c i d  f e rmen ta t ion  s t a g e .  

C o r r e l a t i o n  Ana lvs i s  

S t a t i s t i c a l  a n a l y s e s  were performed on t h e  upst ream and 
downstream s u r f a c e  wate r  d a t a  and t h e  ground wa te r  d a t a  t o  
determine i f  i n d i v i d u a l  wate r  q u a l i t y  parameters  were h i g h l y  
c o r r e l a t e d .  For each case ,  t h e  a n a l y s i s  was performed on t h e  
t o t a l  d a t a  s e t  c o n s i s t i n g  o f  in format ion  from a l l  o f  t h e  
l a n d f i l l s  t o  d e t e c t  widespread c o r r e l a t i o n  o f  parameters  a s  w e l l  
a s  by l a n d f i l l  t o  i n d i c a t e  i f  c e r t a i n  parameters  might c o r r e l a t e  
a t  i s o l a t e d  l a n d f i l l s .  I t  was neces sa ry  t o  t r e a t  t h o s e  
o b s e r v a t i o n s  which were a t  o r  below t h e  d e t e c t i o n  l i m i t  a s  
mi s s ing  v a l u e s  t o  avoid  f a l s e  c o r r e l a t i o n ,  e s p e c i a l l y  among t h e  
heavy me ta l s ,  caused by t h e  grouping of  l a r g e  numbers o f  p o i n t s  
a t  t h e  d e t e c t i o n  l i m i t .  The c o r r e l a t i o n s  p r e s e n t e d  i n  t h i s  
s e c t i o n  t h e r e f o r e  a r e  based  on ly  on o b s e r v a t i o n s  f o r  which b o t h  
parameters  were p r e s e n t  a t  l e v e l s  above t h e  d e t e c t i o n  l i m i t s .  
Only c o r r e l a t i o n s  which had a  c o r r e l a t i o n  c o e f f i c i e n t  ( r)  g r e a t e r  
t h a n  0.80 and were s i g n i f i c a n t  a t  t h e  99% l e v e l  (based on F 
s t a t i s t i c )  a r e  r e p o r t e d .  The c a l c u l a t e d  c o r r e l a t i o n  c o e f f i c i e n t  
i s  t h e  non-weighted Pearson product-moment c o r r e l a t i o n  (SAS 
1982)  . A minimum o f  t h r e e  o b s e r v a t i o n s  c o n t a i n i n g  b o t h  
parameters  were r e q u i r e d  i n  o r d e r  f o r  t h e  c o r r e l a t i o n  t o  be 
c a l c u l a b l e .  

Table  7 summarizes t h e  r e s u l t s  o f  t h e  s u r f a c e  wa te r  and 
ground wa te r  a n a l y s e s  which were run on t h e  t o t a l  d a t a  set  t o  
i n d i c a t e  widespread c o r r e l a t i o n .  No c o r r e l a t i o n  o f  a  s i g n i f i c a n t  
magnitude was found t o  e x i s t  f o r  t h e  upstream s u r f a c e  wa te r  d a t a .  
Once aga in ,  t h e  r e s u l t s  from t h i s  ca t ego ry  o f  sample were 
probably  a d v e r s e l y  a f f e c t e d  by t h e  l a c k  o f  d a t a .  Only 13 
parameter  p a i r s  o u t  o f  a maximum p o s s i b l e  o f  1 7 1  t e s t e d  had more 
t h a n  t h r e e  o b s e r v a t i o n s  c o n t a i n i n g  b o t h  parameters  above t h e  
d e t e c t i o n  l i m i t s .  The downstream s u r f a c e  wate r  d a t a  had many 
more o b s e r v a t i o n s  and e x h i b i t e d  s i g n i f i c a n t  c o r r e l a t i o n  between 
s i x  parameter  p a i r s .  Most o f  t h e s e  c o r r e l a t i o n s  are n o t  
s u r p r i s i n g .  Ch lo r ide  i s  shown t o  have c o n s i d e r a b l e  i n f  h e n c e  on 
c o n d u c t i v i t y  and t o t a l  d i s s o l v e d  s o l i d s .  Conduc t iv i ty  and i r o n  



Table  7 

Summary o f  C o r r e l a t i o n  A n a l y s i s  f o r  T o t a l  Data S e t  

DOWNSTREAM SURFACE WATER 

Parameters  r n  ------------ --------- --------- 
C 1  :CON 0.932 49 
C 1 :  TDS 0.932 4 9  
Fe:NIT 0.826 32 
Fe : TDS 0.812 6 1  
Fe : Ba 0.835 19  
CON : TDS 0.916 61  

GROUNDWATER 

Parameters  r n  ------------ --------- --------- 
C 1 :  CON 0.861 345 
C 1 :  TDS 0.808 342 
SUL : C d  0.934 9  
CON : TDS 0.894 381 
C r  : Cu 0.865 25 
C r : P b  0.893 35 

r = Pearson product-moment c o r r e l a t i o n  c o e f f i c i e n t  

n  = number o f  o b s e r v a t i o n s  

a r e  a l s o  shown t o  be c o r r e l a t e d  w i t h  t o t a l  d i s s o l v e d  s o l i d s .  
More s u r p r i s i n g  a r e  t h e  r e l a t i o n s h i p s  e x h i b i t e d  between i r o n  and 
n i t r a t e  and i r o n  and barium. Note t h a t  on ly  1 9  o b s e r v a t i o n s  
c o n t a i n e d  b o t h  i r o n  and barium above t h e  d e t e c t i o n  l i m i t ;  
t h e r e f o r e ,  t h e  p re sence  of barium might i n d i c a t e  t h e  p re sence  of  
i r o n  b u t  t h e  converse  would n o t  h o l d  t r u e .  The ground wa te r  d a t a  
y i e l d e d  s i x  s i g n i f i c a n t  c o r r e l a t i o n s .  A s  f o r  t h e  downstream 
s u r f a c e  wate r ,  c o r r e l a t i o n s  between c h l o r i d e  and c o n d u c t i v i t y ,  
c h l o r i d e  and t o t a l  d i s s o l v e d  s o l i d s ,  and c o n d u c t i v i t y  and t o t a l  
d i s s o l v e d  s o l i d s  e x i s t e d .  More unusua l  c o r r e l a t i o n s  e x i s t e d  
between s u l f a t e  and cadmium, chromium and copper ,  and chromium 
and l e a d .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  u n l i k e  t h e  s u r f a c e  
w a t e r  d a t a  set,  no s i g n i f i c a n t  c o r r e l a t i o n s  e x i s t e d  f o r  i r o n  i n  
t h e  ground wa te r .  

Table  8 c o n t a i n s  a summary o f  t h e  c o r r e l a t i o n  a n a l y s e s  which 
were run  on i n d i v i d u a l  l a n d f i l l s  f o r  b o t h  s u r f a c e  and ground 



Summary o f  C o r r e l a t i o n  

DOWNSTREAM SURFACE WATER 

Parameters  
---------- 

CON: TDS 
Fe : pH 
Fe : CON 
Fe : TDS 
C 1 :  CON 
Fe:Mn 
pH:Mn 

GROUNDWATER 

Parameters  
---------- 

C 1 :  CON 
C1:Fe 
C 1 :  TDS 
C 1 : N I T  
Fe : SUL 
Fe:Mn 
Fe : Zn 
Fe : CON 
N1T:M.n 
pH : CON 
pH : TDS 
CON : TDS 
C r  : Zn 
Cu:Pb 
F:Mn 

# Observa t ions  

# Observa t ions  
-------------- 

4 1 
39 
4 0 
20 
12 
35 
24 
4 0 
16 
43 
42 
42 

8 
2 

14 

Table 8 

Analys i s  f o r  I n d i v i d u a l  L a n d f i l l s  

# C o r r e l a t i o n s  

% C o r r e l a t i o n s  
-------------- 

29  
20  
25  
1 4  
25 
4 0 
25  

% c o r r e l a t i o n s  

wa te r  d a t a .  There was an inadequa te  amount of d a t a  t o  run  
c o r r e l a t i o n s  f o r  t h e  upstream s u r f a c e  wa te r  d a t a  s o  on ly  t h e  
downstream r e s u l t s  are p re sen ted .  A s  f o r  t h e  t o t a l  downstream 
d a t a  set  (Table 7 ) ,  c o r r e l a t i o n s  e x i s t  f o r  some l a n d f i l l s  between 
c o n d u c t i v i t y  and t o t a l  d i s s o l v e d  s o l i d s ,  i r o n  and t o t a l  d i s s o l v e d  
s o l i d s ,  and c h l o r i d e  and c o n d u c t i v i t y  b u t  t h e s e  t h r e e  
c o r r e l a t i o n s  were p r e s e n t  i n  less t h a n  30% of  t h e  l a n d f i l l s  f o r  
which t h e r e  was adequa te  downstream d a t a .  I r o n  and manganese 
were found t o  c o r r e l a t e  n e g a t i v e l y  w i t h  pH f o r  downstream s u r f a c e  
wa te r  i n  20.0 and 25.0 p e r c e n t ,  r e s p e c t i v e l y ,  o f  t h e  s a n i t a r y  
l a n d f i l l s .  Th i s  n e g a t i v e  c o r r e l a t i o n  is expec ted  s i n c e  m e t a l s  
g e n e r a l l y  e x h i b i t  a  h i g h e r  s o l u b i l i t y  i n  a c i d i c  ( lower  p H )  
environments .  What i s  somewhat s u r p r i s i n g  i s  t h a t  no s i g n i f i c a n t  
c o r r e l a t i o n s  between me ta l s  and pH were found t o  e x i s t  f o r  e i t h e r  



t h e  t o t a l  s u r f a c e  o r  t o t a l  ground water  d a t a  s e t s  and t h a t  l e s s  
t h a n  30% of t h e  i n d i v i d u a l  l a n d f i l l s  showed such c o r r e l a t i o n s  f o r  
t h e  downstream s u r f a c e  wate r  d a t a  se t .  The most s i g n i f i c a n t  
c o r r e l a t i o n  f o r  s u r f a c e  wate r  was between i r o n  and manganese 
which appeared  a t  40% of  t h e  l a n d f i l l s .  Th i s  c o r r e l a t i o n ,  
however, was n o t  p r e s e n t  f o r  e i t h e r  o f  t h e  t o t a l  d a t a  s e t  
a n a l y s e s .  

The second p a r t  o f  Table 8 l i s t s  c o r r e l a t i o n s  found f o r  t h e  
ground wa te r  d a t a  from i n d i v i d u a l  l a n d f i l l s .  Only c o r r e l a t i o n s  
which were found t o  e x i s t  a t  more t h a n  one l a n d f i l l  a r e  l i s t e d .  
Twenty s i x  r e l a t i o n s h i p s  found t o  e x i s t  a t  on ly  one l a n d f i l l ,  
most i n v o l v i n g  heavy meta l s ,  were n o t  i n c l u d e d  because of  
a p p a r e n t  i n s i g n i f i c a n c e .  S e v e r a l  of  t h e  most f r e q u e n t l y  
o c c u r r i n g  ground w a t e r  c o r r e l a t i o n s  a t  i n d i v i d u a l  l a n d f i l l s  were 
a l s o  observed  f o r  t h e  a n a l y s e s  o f  t h e  t o t a l  d a t a  sets.  The 
e x c e p t i o n s  were t h e  r e l a t i o n s h i p s  between chromium and z inc ,  and 
copper  and l e a d .  For  t h e  two t i m e s  t h a t  copper  and l e a d  appeared 
a t  a  l a n d f i l l  above t h e  d e t e c t i o n  l i m i t s ,  t h e y  c o r r e l a t e d  we l l .  
Apparent  c o r r e l a t i o n s  a l s o  e x i s t e d  between pH and c o n d u c t i v i t y ,  
and pH and t o t a l  d i s s o l v e d  s o l i d s  f o r  approximately  10% o f  t h e  
l a n d f i l l s  b u t  f u r t h e r  examinat ion of  t h e  SAS ou tpu t  showed t h a t  
some o f  t h e  c o r r e l a t i o n s  were p o s i t i v e  wh i l e  o t h e r s  were 
n e g a t i v e ,  t h e r e f o r e  r ende r ing  t h e s e  r e l a t i o n s h i p s  meaningless .  

The c o r r e l a t i o n  ana lyses ,  i n  summary, d i d  n o t  appear  t o  
y i e l d  any unexpected parameter  dependencies .  The most n o t a b l e  
r e l a t i o n s h i p s  were between c h l o r i d e  and c o n d u c t i v i t y ,  c h l o r i d e  
and t o t a l  d i s s o l v e d  s o l i d s ,  and c o n d u c t i v i t y  and t o t  a 1  d i s s o l v e d  
s o l i d s .  Other  r e l a t i o n s h i p s  e x i s t  b u t  appear  t o  be h i g h l y  
dependent on s p e c i f i c  c o n d i t i o n s  a t  i n d i v i d u a l  s a n i t a r y  
l a n d f i l l s .  

Ground Water O u a l i t v  V i o l a t i o n s  - I n o r s a n i c s  

The p r e v i o u s  a n a l y s e s  have shown t h a t  s a n i t a r y  l a n d f i l l s  a r e  
hav ing  a measurable  impact  on s u r f a c e  and ground wa te r  q u a l i t y .  
u n f o r t u n a t e l y ,  by ave rag ing  ove r  t h e  e n t i r e  s t a t e  it is  
imposs ib l e  t o  i d e n t i f y  c r i t i c a l  a r e a s  o r  de te rmine  t h e  magnitude 
of ground wa te r  con tamina t ion  problems a t  i n d i v i d u a l  l a n d f i l l s .  
One o b j e c t i v e  o f  o u r  s t u d y  was t o  i d e n t i f y  moni tor ing  w e l l s  where 
wa te r  q u a l i t y  s t a n d a r d s  were v i o l a t e d .  Th i s  d a t a  c o u l d  t h e n  be 
used  t o  a s s e s s  t h e  r e l a t i v e  importance of ground water  
con tamina t ion  from s a n i t a r y  l a n d f i l l s  i n  North Ca ro l ina .  

Ground w a t e r  q u a l i t y  v i o l a t i o n s  were assumed t o  occu r  when 
t h e  r a t i o  o f  t h e  observed c o n c e n t r a t i o n  t o  t h e  wa te r  q u a l i t y  
s t a n d a r d  was g r e a t e r  t h a n  1 .0 .  A Studen t ' s  t test was performed 
on t h e  l o g  t r a n s f o r m  of  t h i s  r a t i o  t o  de te rmine  i f  t h e  mean v a l u e  
a t  a g i v e n  sampling p o i n t  was s t a t i s t i c a l l y  g r e a t e r  t h a n  t h e  
s t a n d a r d  a t  a 90% conf idence  l e v e l .  The l o g  t r a n s f o r m  was used  



because a p r e l i m i n a r y  a n a l y s i s  of  t h e  sample skewness i n d i c a t e d  
t h a t  t h e  sample was n o t  normally d i s t r i b u t e d  a t  t h e  90% l e v e l  
(Snedecor and Cochran 1967) .  S ince  a  minimum of  two r e a d i n g s  f o r  
each  parameter  p e r  sampling l o c a t i o n  a r e  r e q u i r e d  t o  c a l c u l a t e  
t h e  t s t a t i s t i c ,  t h o s e  parameters  w i t h  fewer t h a n  two were n o t  
ana lyzed .  The r e a d e r  should  a l s o  r e a l i z e  t h a t  t h e  c a l c u l a t i o n  of  
t h e  t s t a t i s t i c  was based  on a  maximum o f  only  s i x  r e a d i n g s .  

Table  9 summarizes t h e  r e s u l t s  o f  ou r  a n a l y s i s  o f  t h e  ground 
water  mon i to r ing  d a t a .  I ron ,  manganese and pH were t h e  
parameters  which most commonly v i o l a t e d  s t anda rds .  The h igh  
f requency o f  v i o l a t i o n s  f o r  i r o n  and manganese i s  probably  due t o  
t h e  c o l l e c t i o n  of  suspended c l a y  p a r t i c l e s  w i th  t h e  samples and 
i s  n o t  n e c e s s a r i l y  i n d i c a t i v e  o f  contaminat ion from t h e  
l a n d f i l l s .  E l eva t ed  l e v e l s  of  c h l o r i d e ,  s u l f a t e ,  t o t a l  d i s s o l v e d  

Table 9 

Summary o f  Monitoring Wells Exceeding Water Q u a l i t y  s tandards1  

Parameter  Wells  Exceedina Wells S t a t i c a l l  L a n d f i l l s  Exceedinq 
S tandard  Exceedins S t  andxrd2 st andard3 
No. - - % - No . - % - No. - % 

C 1  
Fe 
M n  
N I T  
SUL 
PH 
TDS 
A s  
B a  
C d  
C r  
Cu 
F 
P b  
Hg 
S e  
Ag 
Zn 

Only moni tor ing  wells w i t h  two o r  more o b s e r v a t i o n s  were 
cons ide red .  

Wells s t a t i s t i c a l l y  g r e a t e r  t h a n  t h e  wa te r  q u a l i t y  
s t a n d a r d  a t  t h e  90% conf idence  l e v e l .  

L a n d f i l l  i s  assumed t o  be i n  v i o l a t i o n  when t h e  ave rage  
c o n c e n t r a t i o n  on any moni tor ing  w e l l  exceeds  s t a n d a r d s .  



s o l i d s ,  a r s e n i c ,  cadmium, chromium, l e a d  and z i n c  were d e t e c t e d  
i n  ground wa te r  n e a r  a v a r i e t y  o f  l a n d f i l l s .  For  t h e  heavy 
me ta l s ,  on ly  l e a d  and z i n c  a r e  shown t o  have a t  l e a s t  a  90% 
p r o b a b i l i t y  o f  hav ing  a  p o p u l a t i o n  mean g r e a t e r  t h a n  t h e  s t a n d a r d  
a t  c e r t a i n  moni tor ing  wells. The low frequency w i t h  which heavy 
m e t a l s  were shown t o  s t a t i s t i c a l l y  v i o l a t e  s t a n d a r d s  was due t o  
two f a c t o r s :  (1) t h e  sma l l  number. o f  samples; and ( 2 )  t h e  h igh  
v a r i a b i l i t y  i n  measured c o n c e n t r a t i o n s  between samples.  

Ove ra l l ,  approximately  30% o f  t h e  l a n d f i l l s  examined w i t h  
adequa te  ground wa te r  d a t a  had heavy me ta l  c o n c e n t r a t i o n s  
( exc lud ing  i r o n  and manganese) exceeding t h e  wa te r  q u a l i t y  
s t a n d a r d  a t  one o r  more moni tor ing  w e l l s .  I n  o r d e r  t o  judge t h e  
s e v e r i t y  o f  con tamina t ion  a t  t h e s e  l a n d f i l l s ,  average  
c o n c e n t r a t i o n s  f o r  i n d i v i d u a l  p o l l u t a n t s  a t  moni tor ing  w e l l s  
which v i o l a t e d  t h e  s t a n d a r d  were averaged and t h e n  d i v i d e d  by t h e  
wa te r  q u a l i t y  s t a n d a r d .  The f requency d i s t r i b u t i o n  f o r  t h i s  
r a t i o  i s  shown i n  F i g u r e  3 .  I n  most ca ses ,  t h e  wa te r  q u a l i t y  

F i g u r e  3 

INORGANIC GROUND WATER QUALITY 

VIOLATIONS 

Frquency (percent) 

v i o l a t i o n s  a r e  n o t  s e v e r e  and t h e  average  c o n c e n t r a t i o n s  exceed 
t h e  s t a n d a r d s  by a f a c t o r  o f  less t h a n  2.5. I n  a  f e w  i n s t a n c e s ,  
t h e  w a t e r  q u a l i t y  v i o l a t i o n s  a r e  a major concern.  Fo r  example, 
i n  one mon i to r ing  w e l l  t h e  average  c o n c e n t r a t i o n  o f  l e a d  was 4 .24 
mg/l, a f a c t o r  o f  85 i n c r e a s e  ove r  t h e  wate r  q u a l i t y  s t a n d a r d .  



Ground Water O u a l i t v  V i o l a t i o n s  - Orsanics  

The wa te r  q u a l i t y  r eco rds  of  t h e  N.C.  S o l i d  & Hazardous 
Waste Management Branch were reviewed f o r  i n fo rma t ion  on t h e  
d e t e c t i o n  o f  hazardous o rgan ic  contaminants  i n  t h e  ground wa te r  
n e a r  t h e  s a n i t a r y  l a n d f i l l s  i nc luded  i n  t h i s  s tudy .  The o r g a n i c  
a n a l y s e s  performed by t h e  s t a t e  l a b o r a t o r y  i n  Rale igh  c o n s i s t e d  
o f  a  g a s  chromatography/mass spec t roscopy  (GC/MS) scan  f o r  106 
o r g a n i c  p r i o r i t y  p o l l u t a n t s .  Occas iona l ly  t h i s  l i s t  was 
supplemented by o t h e r  compounds when d e t e c t e d  i n  h i g h  
c o n c e n t r a t i o n s .  The minimum d e t e c t i o n  l i m i t s  o f  t h e  equipment 
used  ranged between 5 and 50 ppb f o r  t h e  v a r i o u s  o r g a n i c  
compounds. Only 36 o u t  of  71 l a n d f i l l s  (52%) inc luded  i n  t h i s  
s t u d y  had o r g a n i c  ana lyses .  Typ ica l ly ,  samples from a l l  o f  t h e  
moni tor ing  w e l l s  a t  a  s i t e  were analyzed.  Su r face  wate r  samples 
were r a r e l y  ana lyzed  f o r  o rgan ics .  

S ince  most l a n d f i l l s  were monitored on ly  once f o r  o r g a n i c s ,  
no a t t empt  was made t o  perform a  d e t a i l e d  s t a t i s t i c a l  a n a l y s i s .  
I n s t e a d ,  w e  have a t tempted  t o  i d e n t i f y  t h o s e  compounds most 
commonly d e t e c t e d  i n  ground water  n e a r  s a n i t a r y  l a n d f i l l s  (Table  
1 0 ) .  The North Ca ro l ina  Admin i s t r a t i ve  Code (1985) s t a t e s  t h a t  
s y n t h e t i c ,  man-made organics ,  o r  o t h e r  subs t ances  t h a t  do n o t  
n a t u r a l l y  occur  a r e  p r o h i b i t e d  from e n t e r i n g  ground wa te r .  Those 
compounds l i s t e d  i n  Table 10 t h e r e f o r e  r e p r e s e n t  v i o l a t i o n s  o f  
t h e  code. A t o t a l  o f  1 4  o u t ,  o f  36 (39%) o f  t h e  s a n i t a r y  
l a n d f i l l s  w i t h  o r g a n i c  a n a l y s i s  d a t a  had o r g a n i c  p r i o r i t y  
p o l l u t a n t s  detected i n  ground water  samples.  The compounds 
methyl e t h y l  ke tone  (MEK) , t e t r a h y d r o f u r a n ,  and capro lac tam were 
d e t e c t e d  a t  some l a n d f i l l s  b u t  a r e  n o t  r e p o r t e d  i n  Table  10 
because  o f  u n c e r t a i n t y  over  t h e  sou rce  of  con tamina t ion .  MEK and 
t e t r a h y d r o f u r a n  a r e  PVC s o l v e n t s  which may have been i n t r o d u c e d  
i n t o  t h e  ground wa te r  du r ing  c o n s t r u c t i o n  of  o l d e r  PVC moni tor ing  
wells. Caprolactam is  used i n  t h e  manufacture o f  nylon ropes  and 
cou ld  have been in t roduced  du r ing  b a i l i n g .  Recent ly  r e v i s e d  w e l l  
i n s t a l l a t i o n  and sampling procedures  should  e l i m i n a t e  f u t u r e  
moni tor ing  problems. 

The o r g a n i c  compounds which were most commonly d e t e c t e d  i n  
ground wa te r  were t h e  c h l o r i n a t e d  s o l v e n t s  ( t h r e e  l a n d f i l l s ) ,  
pe t ro leum d e r i v e d  hydrocarbons ( t h r e e  l a n d f i l l s ) ,  and p e s t i c i d e s  
(two l a n d f i l l s ) .  A t  two l a n d f i l l s  t h e r e  appeared t o  be e x t e n s i v e  
contamina t ion  from a  wide v a r i e t y  o f  o r g a n i c  compounds. Two 
l a n d f i l l s  a l s o  showed h igh  l e v e l s  o f  anae rob ic  deg rada t ion  
p r o d u c t s  such  a s  propanoic ,  b u t a n o i c  and p e n t a n o i c  f a t t y  a c i d s ,  
a l t hough  s y n t h e t i c  o r g a n i c s  were n o t  d e t e c t e d  a t  t h e s e  two sites. 
These a n a e r o b i c  deg rada t ion  p r o d u c t s  a r e  n o t  t o x i c  b u t  due t o  
t h e i r  o f f e n s i v e  odor, would r ende r  wa te r  s u p p l i e s  u n f i t  f o r  
o t h e r  u ses .  The h i g h  f requency o f  o r g a n i c s  d e t e c t e d  i n  ground 
wa te r  from l a n d f i l l s  examined i n  t h i s  s t u d y  s u g g e s t s  t h a t  
s a n i t a r y  l a n d f i l l s  do pose a  s i g n i f i c a n t  s t a t e w i d e  t h r e a t  t o  



Table 10 

Organic Compounds Detected in Ground water1 

Detection 
Compound Limit (pcr/l) 

Benzene 5 
2,4-D 1 
Decane 1 
1,l-Dichloroethane 5 
Ethylbenzene 5 
Hept ane 1 
Hexane 1 
Total Hydrocarbons NA 
MIBK 2 
Octane 1 
Phenols 1 
~etrachloroethylene 5 
Toluene 5 
TOX 1 
1,2-Trans- 
dichloroethene 5 

Trichloroethylene 5 
Xylene 5 

% of Landfills 
Where ~etected~ 

Organics list excludes caprolactam, MEK,  and 
tetrahydrofuran which may have been introduced during well 
construction or sampling. 

Based on a total of 37 landfills with organic analyses. 

the severity of 
concentration of 

ground water qu'ality. In order to judge 
contamination by organic chemicals, the total 
all organics detected in each monitoring well was summed and then 

. separated into the following categories: (1) zero organics 
detected; (2) total organics less than 10 1 ;  (3) total 
organics between 10 and 100 pg/l; (4) total organics between 100 
and 1000 pg/l; (5) total organics greater than 1000 pg/l; and (6) 
high levels of volatile fatty acids (VFArs) but zero synthetic 
organic chemicals. The results of this classification are 
presented in Figure 4. 1 t  is ' apparent from these data that the 
concentration distribution of organic chemicals in this study is 
strongly asymmetrical with observations of several thousand 
micrograms per liter made at a few sites and no detectable 
contamination at the majority of sites. 



F i g u r e  4 
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GLOSSARY 

Ag 
ALK 
As 
avg . 
Ba 
BOD 
Cd 
C1 
COD 
CON 
conc. 
CPE 
Cu 
CY 
Ds 
DOC 
EPDM 
F 
Fe 
FS 
GC/MS 

H g 
JTU 
If. 
max . 
MLVS S 
Mn 
n 
NA 
NIT 
NPDES 
obs . 
O W  
P 
Pb 
P P ~  
PVC 
r 
Se 
SLF 
stat. 
SUL 
TDS 
TOC 
TOX 
TUR 
US 
VOC 
vs 
Zn 

- silver 
- alkalinity as CaC03 
- arsenic 
- average 
- barium 
- five day biochemical oxygen demand 
- cadium 
- chloride 
- chemical oxygen demand 
- condictivity 
- concentration 
- chlorinated polyethylene 
copper 
cubic yards 
downstream 
dissolved organic carbon 
ethylene-propylene rubber 
fluoride 
iron 
fixed solids 
gas chromatography/mass spectrometer 
mercury 
Jackson turbidity units 
landfill (s) 
maximum 
mixed liquor volatile suspended solids 
manganese 
number of observations 
not applicable 
nitrate 
National Pollutant Discharge Elimination System 
observation (s) 
oxidation reduction potential 
phosphorous 
lead 
parts per billion 
polyvinyl chloride 
correlation coefficient 
selenium 
sanitary landfill 
statistically 
sulfate 
total dissolved solids 
total organic carbon 
total organic halides 
turbidity 
upstream 
volatile acids concentration 
volatile solids 
zinc 
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APPENDIX 
L a n d f i l l  Survey ~ o r m *  

L a n d f i l l  Owner 
County 
L a n d f i l l  N a m e  
L a n d f i l l  Number 

S a n i t a r y  L a n d f i l l  S tudy  
P l e a s e  f i l l  i n  e ach  q u e s t i o n  w i t h  t h e  answer t h a t  best 

s t a t e s  t h e  a c t u a l  c o n d i t i o n  a t  your  l a n d f i l l .  If you o p e r a t e  
more t h a n  one  l a n d f i l l ,  p l e a s e  check t h e  L a n d f i l l  Name and  Number 
i n  t h e  u p p e r  l e f t - h a n d  c o r n e r  o f  t h i s  page  t o  b e  s u r e  t h a t  you 
a r e  an swer ing  t h e  q u e s t i o n s  f o r  t h e  c o r r e c t  l a n d f i l l .  If a n  
answer i s  n o t  known, w r i t e  UNKNOWN i n  t h e  b l a n k  s p a c e .  A l l  
i n f o r m a t i o n  c o l l e c t e d  by t h i s  su rvey  i s  f o r  s t u d y  p u r p o s e s  on ly .  

I OPERATIONS 
When d id  t h e  l a n d f i l l  f i rs t  s t a r t  o p e r a t i o n ?  1976.6 . - - - - - - 

How much o f  t h e  l a n d f i l l ,  a s  a p e r c e n t a g e ,  
h a s  a l r e a d y  been  used?  52% 
What i s  t h e  approximate  s i z e  o f  t h e  t o t a l  
l a n d f i l l ,  i n  a c r e s  ( t h e  sum o f  t h e  u s e d  and  
unused p o r t i o n s )  ? 118 .6  
What i s  t h e  e x p e c t e d  f u t u r e  l i f e  o f  t h e  
l a n d f i l l ,  i n  y e a r s ?  12.7  
What i s  t h e  approx imate  r a t e ,  i n  t o n s  p e r  
day,  which r e f u s e  i s  brought  t o  t h e  l a n d f i l l ?  326.1 
How many a c r e s  o f  t h e  l a n d f i l l  a r e  u s e d  
p e r  y e a r  t o  d i s p o s e  o f  t h e  r e f u s e ?  5 .6  
What p e r c e n t a g e  o f  t h e  s o l i d  was t e  i s  
b r o u g h t  from towns,  c i t i es ,  and o t h e r  
m u n i c i p a l  s o u r c e s ?  53.4% 
What p e r c e n t a g e  o f  t h e  r e f u s e  i s  b rough t  
by p r i v a t e  h a u l e r s  o r  p r i v a t e  i n d i v i d u a l s ?  33.1% 
What i s  t h e  a v e r a g e  h a u l  d i s t a n c e ?  12 .8  m i .  
What is  t h e  f i n a l  depth o f  t h e  refuse? 4 2  F T  
How i s  t h e  r e f u s e  compacted? 

What i s  t h e  approx imate  a c r e a g e  o f  
uncovered  r e f u s e  a t  any g i v e n  t i m e ?  0 . 4  AC 
What i s  t h e  d e p t h  o f  t h e  i n t e r m e d i a t e  o r  
d a i l y  c o v e r ?  0.8 FT 
Does t h e  l a n d f i l l  a c c e p t  l i q u i d  mun ic ipa l  - - - -  

w a s t e s  ( such  as  s l u d g e  from sewage 
t r e a t m e n t  p l a n t s )  ? 20% v e s  

* T a b u l a t e d  v a l u e s  a r e  ave r age  o f  a l l  s u r v e y  r e s p o n s e s .  

51 



15)  Does t h e  l a n d f i l l  accept  l i q u i d  i n d u s t r i a l  
was tes?  0% ves  

16) Does t h e  l a n d f i l l  accept  s e p t i c  t ank  
pumpings ( septage)  ? 5% ves 
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17 )  Is t h e  t r e n c h  o r  a r e a  method used? 36% a r e a ,  24% t r e n c h  

1 0 %  both.  18% o t h e r  
18)  What i s  t h e  depth  t o  t h e  water t a b l e  below 

t h e  lowest  p o i n t  where wastes a r e  p laced?  16.6 FT 
19) What i s  t h e  depth  t o  bedrock from t h e  - - -  - 

lowest  p o i n t  where wastes a r e  placed? 41.5 FT 
20) Is a  low pe rmeab i l i ty  s o i l ' o r  s y n t h e t i c  

l i n e r  c u r r e n t l y  p laced  underneath 
a l l  wastes? 29% ves 

21) Is a  double l i n e r  system used? 3% ves 
If no s o i l  l i n e r  i s  used go t o  ques t ion  24. 

22) If a s o i l  l i n e r  i s  used, p l e a s e  g ive  t h e  SCS c l a s s i f i c a t i o n  
o r  o t h e r  a p p r o p r i a t e  d e s c r i p t i o n  f o r  t h e  l i n e  m a t e r i a l .  

23) How t h i c k ,  i n  inches,  i s  t h e  s o i l  l i n e r ?  i n s u f f i c i e n t  d a t a  
If no s y n t h e t i c  l i n e r  i s  used go t o  ques t ion  26. 

24) If a  s y n t h e t i c  l i n e r  i s  used, what i s  t h e  
brand name o r  chemical name of t h e  l i n e r  - - 

m a t e r i a l ?  i n s u f f i c i e n t  d a t a  
25) B r i e f l y  d e s c r i b e  t h e  bedding o r  o t h e r  p r a c t i c e  used t o  

p r o t e c t  t h e  l i n e r  from damage dur ing  ope ra t ion  o f  t h e  
l a n d f i l l .  i n s u f f i c i e n t  d a t a  

Does t h e  l a n d f i l l  have a  l e a c h a t e  c o l l e c t i o n  - - - - - - - 

system? 26% y e s  
If l e a c h a t e  i s  not  c o l l e c t e d ,  go t o  ques t ion  31. 

27) B r i e f l y  d e s c r i b e  t h e  method used t o  t r e a t  t h e  l e a c h a t e  p r i o r  
t o  f i n a l  d i s p o s a l  ( f a c u l t a t i v e  lagoon, t r i c k l i n g  f i l t e r ,  
e t c )  . p r i m a r i l v  f a c u l t a t i v e  lagoons 

28) Is t h e  l e a c h a t e  t r e a t e d  a t  t h e  l a n d f i l l ,  o r  
i s  it t r a n s p o r t e d  t o  another  s i te  f o r  
t r e a t m e n t ?  1 0 0 %  o n s i t e  

28a) I f  t r e a t e d  o f f s i t e ,  how f a r  must t h e  l e a c h a t e  be moved and 
what t r a n s p o r t a t i o n  method i s  used? 

29) How i s  t h e  l e a c h a t e  f i n a l l y  disposed? 
30) I f  l e a c h a t e  i s  discharged t o  s u r f a c e  water,  

has  an NPDES permit  been i ssued?  5% yes 
30a) What i s  t h e  NPDES number? NA 
30b) What is  t h e  permi t ted  d ischarge  r a t e  i n  

g a l l o n s  p e r  day? 62,500 s / d  



31) What i s  t h e  SCS c l a s s i f i c a t i o n  o r  o t h e r  
a p p r o p r i a t e  d e s c r i p t i o n  of t h e  cover m a t e r i a l ?  

32)  What i s  t h e  d e p t h  of  t h e  f i n a l  cover m a t e r i a l ?  2 .3  FT  
33) How is  t h e  cove r  m a t e r i a l  compacted? 

34) Do you u s e  temporary seed ing  on t h e  cover  
m a t e r i a l ?  33% ves  

34a) I f  temporary seed ing  i s  used,  what t y p e  o f  p l a n t s  do you 
seed?  

35) What t y p e  o f  p l a n t s  a r e  used i n  f i n a l  s eed ing  o f  t h e  cover  
m a t e r i a l ?  

36) What is  t h e  s l o p e  of  t h e  l a n d f i l l  cover?  1 .7% 

I11 ENVIRONMENTAL CHARACTERISTICS 
37) How f a r  i s  t h e  n e a r e s t  s t ream from t h e  

edge o f  t h e  f i l l  ( i n  f e e t ) ?  r anse  4 t o  5 m i l e s ,  1150 F T  
38) What i s  t h e  d r a i n a g e  a r e a  of  t h e  s t ream 

a t  t h e  p o i n t  n e a r e s t  t o  t h e  l a n d f i l l  i n  s q u a r e  
m i l e s ?  GEOMETRIC MEAN = 4 - 5  m i 2  

39)  Is t h e  s t r eam used  f o r  a wate r  supply 
downstream o f  t h e  l a n d f i l l  s i t e ?  yes  17% 

40) How f a r  a r e  t h e  n e a r e s t  homes from t h e  
l a n d f i l l  ( i n  fee t )  ? 2000 FT  

4 1 )  What was t h e  n a t u r a l  topography of t h e  l a n d f i l l  s i t e (  was it 
o r i g i n a l l y  a r a v i n e ,  a  v a l l e y ,  a  h i l l s i d e ,  e t c . )  ? 

42) What i s  t h e  n a t u r a l  s o i l  t y p e  a t  t h e  s i t e  based  on t h e  most 
r e c e n t  county s o i l  survey? 

43) What i s  t h e  g e o l o g i c  c l a s s i f i c a t i o n  of  t h e  s i t e  (example: 
T r i a s s i c  Basin ,  S t o n e v i l l e  fo rma t ion )?  

4 4 )  What would be a t y p i c a l  y i e l d  i n  g a l l o n s  p e r  
minute  f o r  domes t ic  w e l l s  i n  t h i s  a r e a ?  4 7  s p m  

45) How many ground wa te r  moni tor ing  w e l l s  a r e  
a t  t h e  l a n d f i l l  s i t e ?  3 .8  

46) How many times p e r  y e a r  a r e  t h e s e  w e l l s  
sampled? 2 . 1  




