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ABSTRACT 

A l i t e r a t u r e  search was conducted t o  de termine t h e  impacts o f  subsurface sewage 

s ludge d i sposa l  upon groundwater q u a l i t y  i n  t h e  U n i t e d  S ta tes .  O f  t h e  wa te r  q u a l i t y  

parameters s tud ied ,  n i t r a t e ,  c h l o r i d e ,  and s e l e c t e d  t r a c e  me ta l s ,  (e.g. ,  cadmium, 

i r o n ,  mercury,  and l e a d )  appear t o  rep resen t  t h e  g r e a t e s t  p o t e n t i a l  hazard. 

M i c r o b i a l  s u r v i v a l  r a t e s  i n  sewage s ludge were found t o  be p r o p o r t i o n a l  t o  t h e i r  

d e t e c t i o n  i n  u n d e r l y i n g  a q u i f e r s .  Time and d i s t a n c e  were a l s o  i n f l u e n t i a l  v a r i a b l e s  

i n  m i c r o b i a l  s u r v i v a l  r a t e s .  Trench and co -d i sposa l  l eacha tes  rep resen t  a a r e a t e r  

hazard t o  ind igenous wa te r  q u a l i t y  than o t h e r  d i sposa l  methods. 

INTRODUCTION 

The p o t e n t i a l  h e a l t h  impacts f rom subsur face  mun ic ipa l  sewage s ludge d i sposa l  and 

co-d isposa l  p r a c t i c e s  a r e  d i r e c t l y  r e l a t e d  t o  ( 1 )  t h e  a v a i l a b l e  pathways f o r  d isease 

t ransmiss ion ,  ( 2 )  t h e  n a t u r e  o f  t h e  contaminants,  and ( 3 )  d i sposa l  s i t e  design. 

D e t a i l e d  pathway c h a r t s  were developed f o r  t h e  f o l l o w i n g  p o t e n t i a l  p o l l u t a n t s :  

o genera l  wa te r  q u a l i t y  contaminants;  

o e lementa l  contaminants;  

o b i o c i d a l  contaminants;  

o s y n t h e t i c  o rgan ic  contaminants;  and 

o b i o l o g i c a l  contaminants.  

Sludge d i sposa l  o p t i o n s  examined i n  terms o f  t h e i r  c o n t r i b u t i o n  t o  groundwater 

deg rada t ion  i nc luded :  

s ludge o n l y  a rea  fill (e.g., a rea  f i l l  mound, l a y e r  fill, and d i k e d  contaminant ) ,  

and co-d isposa l  (e.a., r e f u s e  o r  s o i l ) .  

(1 )  s ludge  o n l y  t r e n c h i n g  (e.g., nar row and w ide) ,  ( 2 )  

RESULTS 

General wa te r  q u a l i t y  pathway c h a r t s  developed from t h e  a v a i l a b l e  l i t e r a t u r e  

i n d i c a t e d  t h a t  n i t r a t e  represented  t h e  g r e a t e s t  t h r e a t  t o  groundwater degradat ion .  
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Phosphorus was found t o  be readi ly  leached, although i t  is  not considered a major 
hazard. Soi l  adsorpt ion,  followed by f i x a t i o n  by i ron and aluminum oxides f o r  ac id ic  
s o i l s  and prec ip i ta t ion  by calcium phosphate f o r  base s o i l s  e f f e c t i v e l y  immobilized 
the phosphorus i n  most inves t iga t ions .  
leached from the  sludge; ch lor ide  concentrat ions a s  high a s  3000 ppm have been 
a t t r i b u t e d  t o  sludge leaching. TOC ( t o t a l  organic carbon) and s u l f a t e  appears t o  
pose a poten t ia l  t h r e a t  although the data  i s  highly c o n f l i c t i n g  a s  t o  the  extent. 

Elemental contaminant migration i n t o  groundwater was found t o  be minimized with 
lime addi t ion t o  the bottom of the  disposal s i t e .  
be bound i n  the  s o i l  column imnediately underlying a s i t e ,  cadmium, i r o n ,  mercury, 
and lead were reported t o  have migrated i n t o  groundwaters in  several s tud ies  ( 1 ) .  

of sludge have included DDT, d i e l d r i n ,  2,4-D, and parathion ( 2 ) .  
pathways have been i d e n t i f i e d ,  t h e i r  concentrat ions appear t o  represent  no heal th  
impact. 
chloroform. 

Of the  major ions,  ch lor ide  was readi ly  

While most elements were found t o  

Ident i f ied  biocidal contaminants which have been t raced t o  the subsurface disposal 
While biocidal 

Synthet ic  organic pathways which have been s tudied include PCB and 
Confl ic t ing data  e x i s t s  a s  t o  their impacts upon groundwaters. 

Pathogen survival  from subsurface sludge disposal has received l i t t l e  s t u d v  i n  the 
United S ta tes .  
d e n s i t i e s  decrease logari thmical ly  with time and d is tance  from t h e  disposal s i t e  ( 3 ) .  
The majority of bac te r ia  were removed in  the f i r s t  meter of s o i l  although a study of 
e ight  s i t e s  which used fecal  coliform and fecal  streptococcus a s  ind ica tors  a t t r i -  
buted increased bac ter ia  populations i n  the groundwater 91.4 m (300 f t . )  downgradient 
a t  one s i t e  (1). 

the  standard p l a t e  count cor re la ted  well w i t h  maximum pH values ( 4 ) .  

groundwater de te r iora t ion .  
groundwater degradation pr imari ly  due t o  i t s  g r e a t e r  proximity t o  groundwater 
resources than area f i l l  methods. 
inherent with area f i l l  methods provide increased surface water i n f i l t r a t i o n  i n t o  
groundwater downgradient from the s i t e .  Co-disposal prac t ices  were found t o  provide 
the  grea tes t  po ten t ia l  f o r  groundwater pol lut ion resu l t ing  pr imari ly  from the  mixing 
process. Co-disposal leacha te  a l s o  exhib i t s  a lower pH (24.5), a higher maximum COD 
(chemical oxygen demand) concentrat ion (-90,000 ppm) and higher l e v e l s  of iron (-8000 
ppm) and zinc (-250 ppm) than f o r  s ludae only leachates .  
contain only sludge were found t o  generate  g r e a t e r  leachate  volumes than co-disposal 
approaches. 

Existing research ind ica tes  t h a t  bac te r ia  a s  measured by coliform 

Quasim, e t  a l .  found t h a t  t h e  highest bac te r ia l  populations using 

Sludge disposal designs have a pronounced e f f e c t  upon the pathways ava i lab le  f o r  
A trench operation provides a conducive pathway f o r  

Slumping, mound erosion,  and surface runoff 

Disposal methods which 

SUMMARY 

Subsurface disposal of municipal sewage sludge appears t o  a f f e c t  groundwater 
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q u a l i t y  from increased concentrat ions o f  n i t r a t e ,  ch lo r i de ,  and se lected t race  

metals (cadmium, i ron ,  mercury, and lead ) .  Increased b a c t e r i a l  populat ions i n  

groundwaters were a l s o  found t o  increase. 

and s y n t h e t i c  organic contaminants upon groundwaters i s  lack ing.  

and co-disposal p rac t i ces  prov ide a g rea te r  t h r e a t  t o  groundwater contamination than 

area f i l l  methods. 

Data addressing the impact o f  b ioc ides 

Trench disposal 
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