
Quality of Groundwater, Proceedings of an International Symposium, Noordwijkerhout, 575 

The Netherlands, 23-27 March 1981, W. van Duijvenbooden, P. Clasbergen and H. van Lelyveld (Eds.), 
Studies in Environmental Science, Volume 17 
0 EleeVier Scientific Publishing Company - hinted in The Netherlands 

ORGANIC POLLUTION OF GROUND WATER: ITS PREVALENCE, IMPLICATION AND CONTROL 

W i l l i a m  J. Dunlap and D. C r a i g  Shew 

Robert  S. Ke r r  Environmental  Research Laboratory ,  Ada, Oklahoma 74820 

ABSTRACT 

It i s  becoming i n c r e a s i n g l y  apparent  t h a t  p o l l u t i o n  o f  ground water by s y n t h e t i c  

o r g a n i c  chemicals i s  p o t e n t i a l l y  a v e r y  se r ious  problem t h a t  must be addressed 

if t h e  q u a l i t y  of  ou r  ground-water resource i s  t o  be p ro tec ted .  

o n l y  a ve ry  l i m i t e d  e f f o r t  t o  assess t h e  e x t e n t  and probable impact o f  o rgan ic  

p o l l u t a n t s  on ground water  f rom such sources as s p i l l s ,  i n d u s t r i a l  waste d i sposa l ,  

mun ic ipa l  l a n d f i l l s ,  s e p t i c  systems, a r t i f i c i a l  recharge, and l a n d  a p p l i c a t i o n  of 

wastewater. 

been l i m i t e d  t o  those r e l a t i v e l y  i n t e n s e  p o l l u t i o n  events,  l ow- leve l  i n s i d i o u s  

p o l l u t i o n  o f  ground water  by o rgan ic  chemicals i s  j u s t  beginn ing t o  be recognized 

as an e q u a l l y  impor tan t  aspect  o f  t h e  o v e r a l l  problem. 

t o  e s t a b l i s h  c o n t r o l  c r i t e r i a  f o r  these as w e l l  as o t h e r  sources o f  o r g a n i c  

p o l l u t i o n  t h a t  w i l l  n o t  o n l y  p e r m i t  reasonable u t i l i z a t i o n  o f  t h e  subsur face as 

a p o l l u t i o n  r e c e p t o r  b u t  w i l l  a l s o  adequate ly  p r o t e c t  ground-water q u a l i t y .  

There has been 

Whi le  most r e p o r t e d  cases o f  o rgan ic  ground water  p o l l u t i o n  have 

There i s  a p ress ing  need 

INTRODUCTION 

I n  t h e  l a s t  30 yea rs  t h i s  coun t ry  has undergone a fa r - reach ing  chemical  

r e v o l u t i o n .  We have become chemical a d d i c t s  i n  t h e  sense t h a t  v i r t u a l l y  every 

f a c e t  o f  American S o c i e t y  i s  assoc ia ted  i n  some way w i t h  s y n t h e t i c  o rgan ic  

chemicals.  Many o f  these chemicals have brought  us tremendous b e n e f i t s  b u t  a t  

t h e  same t i m e  o the rs  pose a p o t e n t i a l l y  se r ious  t h r e a t  t o  t h e  q u a l i t y  o f  ou r  

environment, p a r t i c u l a r l y  w i t h  respec t  t o  t h e  de t r imen ta l  h e a l t h  e f f e c t s  r e s u l t i n g  

f r o m  long- term exposure t o  a seemingly i n f i n i t e  number o f  o r g a n i c  compounds. 

L i k e  many o f  t h e  o t h e r  aspects  o f  ground water  which have been igno red  i n  t h e  

past,  t h e r e  has been o n l y  a ve ry  l i m i t e d  e f f o r t  t o  assess t h e  probable impact on 

ground-water q u a l i t y  o f  these s y n t h e t i c  o rgan ic  p o l l u t a n t s .  T h i s  i nd i f f e rence  

has r e s u l t e d  because o f  f i r s t ,  a preoccupat ion w i t h  more r e a d i l y  apparent and 

p ress ing  problems o f  s u r f a c e  water  p o l l u t i o n ;  second, a genera l  l a c k  o f  knowledge 

concern ing ground water  and t h e  importance of t h i s  resource on t h e  p a r t  of t h e  

p u b l i c  and respons ib le  p o l i t i c a l  e n t i t i e s ;  and t h i r d ,  a f a l s e  sense of s e c u r i t y  

concern ing ground-water q u a l i t y  based on an i n f l a t e d  concept o f  t h e  degree o f  
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p r o t e c t i o n  a f f o r d e d  ground wa te r  by  t h e  o v e r l y i n g  s o i l  mant le .  

becoming i n c r e a s i n g l y  c l e a r  t h a t  s e r i o u s  and widespread p o l l u t i o n  o f  ground water  by 

o r g a n i c  chemica ls  i s  a v e r y  r e a l  p o s s i b i l i t y  t h a t  must be addressed i f  t h e  q u a l i t y  

o f  o u r  v a l u a b l e  ground-water resource  i s  t o  be p ro tec ted .  

The p o t e n t i a l  f o r  p o l l u t i o n  o f  ground wa te r  by o r g a n i c  chemica ls  i s  cons ide rab le  

i n  t h e  h i g h l y  i n d u s t r i a l i z e d  U.S. because many a c t i v i t i e s  o f  t h e  growing  and a f f l u e n t  

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

s o i l  p r o f i l e  where they  a r e  s u b j e c t  t o  t r a n s p o r t  by i n f i l t r a t i n g  wa te r  th rough  t h e  

unsa tu ra ted  zone and i n t o  u n d e r l y i n g  ground water.  

decrease p o l l u t i o n  o f  a i r  and s u r f a c e  wa te rs  a r e  a c t u a l l y  i n c r e a s i n g  t h e  p o t e n t i a l  

f o r  o rgan ic  ground wa te r  p o l l u t i o n  by  caus ing  a much more i n t e n s i v e  use of  t h e  s o i l  

p r o f i l e  as a r e c e p t o r  f o r  waste m a t e r i a l s .  

a r e  o f  p a r t i c u l a r  concern i n  r e g a r d  t o  t h e  p o t e n t i a l  p o l l u t i o n  o f  ground wa te r  

because many o f  t h e  s y n t h e t i c s  a r e  r e l a t i v e l y  i n t r a c t a b l e  t o  deg rada t ion  i n  t h e  

environment.  

deg rada t ion  process i n  t h e  s o i l  zone and be t r a n s p o r t e d  i n t a c t  t h rough  t h e  s o i l  

p r o f i l e  and i n t o  u n d e r l y i n g  ground water.  

some form o f  t o x i c i t y  t o  h i g h e r  animals,  b u t  more i m p o r t a n t  t h e r e  i s  s e r i o u s  concern 

about  t h e  long- te rm h e a l t h  e f f e c t s  from c o n t i n u a l  i n g e s t i o n  o f  wa te r  c o n t a i n i n g  even 

v e r y  low concen t ra t i ons  o f  such o r g a n i c  m a t e r i a l s .  

Now, however, i t  i s  

I r o n i c a l l y ,  t h e  e f f o r t s  t o  

I n  c o n t r a s t  t o  most n a t u r a l l y  o c c u r r i n g  o rgan ics ,  t h e  s y n t h e t i c  o r g a n i c  p o l l u t a n t s  

Hence, they  a r e  l i k e l y  t o  e f f e c t i v e l y  r e s i s t  t h e  i n t e n s e  b iochemica l  

A lso ,  many o f  t hese  compounds e x h i b i t  

DISCUSSION 

Sources o f  Contaminat ion  

Accord ing  t o  t h e  r e c e n t l y  completed i n v e n t o r y  mandated by t h e  T o x i c  Substances 

Con t ro l  Act ,  t h e r e  a r e  ove r  40,000 d i f f e r e n t  o r g a n i c  chemica ls  p r e s e n t l y  i n  commerce 

w i t h  hundreds o f  new compounds b e i n g  added each yea r .  Obv ious l y  n o t  a l l  o f  these 

compounds a r e  t o x i c  n o r  do a l l  have t h e  same p o t e n t i a l  f o r  ground-water contaminat ion.  

I n  t r y i n g  t o  assess t h i s  p o t e n t i a l ,  a number o f  a c t i v i t i e s  can be s i n g l e d  o u t  based 

on b o t h  documented r e p o r t s  and a consensus o f  those work ing  i n  t h e  f i e l d  as be ing  

t h e  most l i k e l y  sources o f  o r g a n i c  ground-water con tamina t ion .  Two such a c t i v i t i e s  

wh ich  have t h e  p o t e n t i a l  f o r  c r e a t i n g  r e l a t i v e l y  h i g h  l e v e l s  o f  o r g a n i c  p o l l u t i o n  

a r e  s p i l l s  and l e a k s  t h a t  occu r  d u r i n g  t h e  manu fac tu r ing  and t r a n s p o r t a t i o n  process 

and second, improper l y  opera ted  i n d u s t r i a l  waste d i sposa l  s i t e s .  Of  equal  importance 

a r e  those a c t i v i t i e s  wh ich  have t h e  p o t e n t i a l  f o r  g e n e r a t i n g  more widespread b u t  

lower  l e v e l  o rgan ic  p o l l u t i o n  such as mun ic ipa l  l a n d f i l l s ,  s e p t i c  systems, r e c y c l i n g  

of  wastewater by a r t i f i c i a l  recharge,  and l a n d  a p p l i c a t i o n  of  wastewater.  These s i x  

ma jo r  p o t e n t i a l  sources of  o r g a n i c  p o l l u t i o n  o f  ground wa te r  a r e  d iscussed b r i e f l y  

below; w h i l e  t h i s  i n f o r m a t i o n  i s  n o t  exhaus t i ve  i n  terms o f  i n c l u d i n g  a l l  p o s s i b l e  

sources o f  o r g a n i c  ground-water p o l l u t i o n ,  i t  does i l l u s t r a t e  some o f  t h e  d i f f i c u l -  

t i e s  encountered i n  t r y i n g  t o  assess t h i s  problem. 
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S p i l l s  and Leaks. One o f  t he  f i r s t  areas o f  concern are the  i n e v i t a b l e  s p i l l s  

and leaks which seem t o  be a na tu ra l  consequence of the tremendous q u a n t i t i e s  of 

organic  chemicals t h a t  are transported, stored, and u t i l i z e d  i n  var ious i n d u s t r i a l  

and commercial a c t i v i t i e s  throughout the  Nation. 

operations, i t  i s  i n e v i t a b l e  t h a t  leaks w i l l  occur i n  p ipe l i nes  and storage vessels, 

and s p i l l s  from accidents i n v o l v i n g  t r a n s p o r t  veh ic les  o r  simply improper handl ing 

w i l l  o f t e n  r e s u l t  i n  the  re lease o f  organic  compounds, sometimes i n  massive 

quan t i t i es ,  i n t o  the  so l1 p r o f i l e .  

l ead  a l l  o the r  sources i n  repor ted cases o f  organic  p o l l u t i o n  o f  ground water. Cases 

range from gross p o l l u t i o n ,  such as t h a t  which occurred when an estimated one m i l l i o n  

1. o f  gasol ine leaked from a p i p e l i n e  i n t o  an a q u i f e r  i n  Los Angeles, t o  much less  

i n t e n s i v e  p o l l u t i o n  i nc iden ts  such as t h e  increas ing number o f  repor ted leaks from 

underground gasol ine storage tanks. 

wastes which c o n s t i t u t e  one o f  t he  p o t e n t i a l l y  l a r g e s t  and most d i ve rse  sources of 

ground-water p o l l u t i o n .  

t r i l l i o n  1. o f  wastewater r e q u i r i n g  some type o f  treatment p r i o r  t o  discharge along 

w i t h  some 450 m i l l i o n  me t r i c  tons o f  s o l i d  wastes each year. 

waste undergoes o n s i t e  treatment and d isposal  and i s ,  therefore,  ou ts ide  o f  pub l i c  

sc ru t i ny .  Despite the f a c t  t h a t  the environmental impact o f  these wastes i s  almost 

impossible t o  assess, t he re  i s  a tremendous p o t e n t i a l  f o r  widespread ground-water 

p o l l u t i o n  by v i r t u e  o f  t h e  magnitude o f  t he  volumes involved. 

I n  p a r t i c u l a r ,  those processes which i n v o l v e  the  product ion o r  t ransformat ion o f  

organic  ma te r ia l s  may produce a concentrated waste stream t h a t  i s  o f t e n  h i g h l y  t o x i c  

and by i t s  very  nature d i f f i c u l t  t o  t r e a t .  These s o l i d  and l i q u i d  waste streams are 

of ten subjected t o  some type o f  treatment process which invo lves u l t i m a t e  disposal 

t o  the s o i l  p r o f i l e  through sur face impoundment, land f i l l i n g ,  o r  deep we l l  i n j e c t i o n .  

The treatment process can range from l i t t l e  o r  no treatment a t  a l l  t o  one o f  the more 

advanced methods, b u t  more o f t e n  than n o t  i t  involves whatever happens t o  be conven- 

i e n t  o r  economical ly p r a c t i c a l  a t  t he  time. Improper o r  inadequate treatment o f t e n  

becomes ev ident  through some s o r t  of environmental d i s a s t e r  years l a t e r  i n  which 

hazardous organic wastes move s lowly  through the subsurface r e s u l t i n g  i n  widespread 

ground-water p o l l u t i o n .  

I n  an attempt t o  assess the  ground-water p o l l u t i o n  p o t e n t i a l  from subsurface 

m ig ra t i on  of hazardous cons t i t uen ts  a t  i n d u s t r i a l  land-disposal s i t e s ,  a recent  

i n v e s t i g a t i o n  of a number o f  these f a c i l i t i e s  revealed t h a t  85% o f  the s i t e s  sampled 

showed the presence of organic  compounds above background leve ls ,  thus, i n d i c a t i n g  

t h a t  organic  wastes can migrate s i g n i f i c a n t  distances from t y p i c a l  l a n d f i l l s  and 

l iqu id-waste disposal lagoons. E s s e n t i a l l y  a l l  o f  the waste disposal f a c i l i t i e s  
inspected and rece iv ing  l a r g e  q u a n t i t i e s  o f  i n d u s t r i a l  wastes were s i t ed ,  designed, 

Because of t he  magnitude of these 

I n  actual  f a c t ,  leaks and s p i l l s ,  p a r t i c u l a r l y  o f  petroleum products, probably 

I n d u s t r i a l  Waste Disposal. A second area o f  h igh p r i o r i t y  concern are i n d u s t r i a l  

It has been estimated t h a t  i n d u s t r y  generates about 24 

Much o f  t h i s  i n d u s t r i a l  
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and managed i n  a manner s i m i l a r  t o  those where t h e  m i g r a t i o n  o f  hazardous substances 

was e s t a b l i s h e d  by sampling. 

i s  t h a t  o rgan ic  ground-water con tamina t ion  a t  i n d u s t r i a l  waste d i sposa l  s i t e s  i s  

widespread and t h a t  p resen t  l a n d  d i sposa l  p r a c t i c e s  pose a s e r i o u s  t h r e a t  t o  ground- 

water  qua1 i ty. 

Mun ic ipa l  L a n d f i l l s .  I t  i s  es t ima ted  t h a t  mun ic ipa l  l a n d f i l l s  r e c e i v e  approx i -  

ma te l y  200 m i l l i o n  m e t r i c  tons  o f  s o l i d  wastes each yea r  much o f  wh ich  i s  disposed i n  

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

pa r t s ,  mun ic ipa l  waste d i sposa l  s i t e s  produce huge volumes o f  l e a c h a t e  c o n t a i n i n g  a 

wide a r r a y  o f  o rgan ic  cmpounds, 

abandoned s i t e s ,  comprise a v e r y  s i g n i f i c a n t  p o t e n t i a l  source  o f  p o l l u t i o n  of  ground 

wa te r  by o rgan ic  chemica ls .  

t i o n s  o f  o rgan ic  m a t t e r  f rom f r e s h l y  depos i ted  re fuse .  However, t h e  i n i t i a l  leachate  

appears t o  be m o s t l y  comprised o f  r e l a t i v e l y  l a b i l e  o r g a n i c  substances wh ich  a r e  

r e a d i l y  a t tenua ted  by  b io -chemica l  and p h y s i c a l  processes i n  t h e  s o i l  p r o f i l e .  

However, t h e  l e s s  l a b i l e  o rgan ic  compounds wh ich  a r e  t h e  more p e r s i s t e n t  i n  t h e  

subsurface, and which a r e  more l i k e l y  t o  be leached s l o w l y  f rom t h e  r e f u s e  a f t e r  the  

i n i t i a l  s tage o f  ex tens i ve  l each ing ,  appear t o  be o f  more p r e s s i n g  concern i n  regard  

t o  ground-water p o l l u t i o n .  T h i s  i m p l i e s  t h e  p o t e n t i a l  f o r  l ong - te rm i n s i d i o u s  

p o l l u t i o n  o f  ground water  f rom s l o w l y  decay ing  domest ic and commercial p roduc ts  i n  

mun ic ipa l  l a n d f i l l s  which i n  t u r n  can serve  as r e s e r v o i r s  f e e d i n g  l ow  l e v e l s  o f  

p o t e n t i a l l y  harmfu l  o r g a n i c  p o l l u t a n t s  i n t o  a q u i f e r s  f o r  many years ,  even a f t e r  t he  

l a n d f i l l s  have been c losed  and f o r g o t t e n .  

S e p t i c  Systems. Another a rea  o f  p o t e n t i a l  concern a r e  t h e  17 m i l l i o n  s e p t i c  

systems c u r r e n t l y  i n  use i n  t h e  U.S., which  i t ' s  es t ima ted  r e l e a s e  about  t h r e e  

t r i l l i o n  1. of  wastewater pe r  yea r  t o  t h e  s o i l  p r o f i l e .  A l though t h e y  a r e  one o f  

t h e  most f r e q u e n t l y  r e p o r t e d  sources of  grcund-water p o l l u t i o n ,  t h e r e  a r e  c u r r e n t l y  

ve ry  few documented cases of  o rgan ic  ground-water con tamina t ion  f rom s e p t i c  systems, 

p a r t i c u l a r l y  f rom those which a r e  p r o p e r l y  des igned and operated. T h i s  undoubted ly  

r e f l e c t s  t h e  f a c t  t h a t  most of  t h e  o r g a n i c  m a t t e r  i n  t h e  s e p t i c  tank  e f f l u e n t  i s  

r e a d i l y  removed by s o r p t i o n  and degrada t ion  i n  t h e  ae rob ic  s o i l  env i ronment .  

S e p t i c  systems cannot,  however, be d ismissed as p o t e n t i a l  sources o f  o r g a n i c  

chemical  p o l l u t i o n  o f  ground water  as t h e i r  e f f l u e n t s  a r e  l i k e l y  t o  c o n t a i n  a v a r i e t y  

of  s y n t h e t i c  o rgan ic  chemicals o r i g i n a t i n g  f rom many household p roduc ts  such as 

pharmaceut ica ls ,  d i s i n f e c t a n t s ,  deodorants,  po l  i s h i n g  agents,  c l e a n i n g  m a t e r i a l s ,  

cosmet ics,  p a i n t ,  and p e s t i c i d e  produc ts .  I n  a d d i t i o n ,  l ow  mo lecu la r  we igh t  

c h l o r i n a t e d  hydrocarbons may be p resen t  as t h e  r e s u l t  o f  s e p t i c  t ank  c leaners  o r  

r e a c t i o n s  between b leach ing  agents and o rgan ic  m a t t e r  p r e s e n t  i n  household wastewater. 

A l though  t h e  concen t ra t i ons  o f  these compounds a r e  n o t  l i k e l y  t o  approach t h e  l e v e l s  

of  s y n t h e t i c  o rgan ics  from o t h e r  sources, t h e i r  p o t e n t i a l  i n t r a c t a b i l i t y  t o  m i c r o b i a l  

Based on t h i s  s tudy  as w e l l  as o the rs ,  t h e  conc lus ion  

L i k e  t h e i r  i n d u s t r i a l  counter-  

These a c t i v e  l a n d f i l l s ,  as w e l l  as numerous 

Water moving th rough mun ic ipa l  l a n d f i l l s  w i l l  u s u a l l y  l e a c h  v e r y  h i g h  concent ra -  
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degrada t ion  and p o s s i b l e  adverse h e a l t h  e f f e c t s  when inges ted ,  r e q u i r e  t h a t  a t t e n t i o n  

be  g i v e n  t o  t h e i r  presence and f a t e .  

A r t i f i c i a l  Recharge o f  Wastewater. I n c r e a s i n g  a t t e n t i o n  i s  now b e i n g  g i v e n  t o  t h e  

p o s s i b l e  use o f  rec la imed  wastewater f o r  d i r e c t  recharge o f  ground wa te r  r e s e r v o i r s  

i n  o r d e r  t o  meet f u t u r e  wa te r  supp ly  needs. 

p o t e n t i a l  i n t r o d u c t i o n  o f  r e s i d u a l  con taminants  d i r e c t l y  i n t o  ground water ,  t h e r e  

a r e  a number o f  i m p o r t a n t  p u b l i c  h e a l t h  aspec ts  o f  a r t i f i c i a l  recharge t h a t  must be 

c l a r i f i e d  b e f o r e  t h i s  method can be u n i v e r s a l l y  adopted. 

I n  an a t tempt  t o  address these ques t i ons ,  t h e r e  a r e  a number o f  p r o j e c t s  c u r r e n t l y  

i n  progress  t o  e v a l u a t e  t h e  movement and u l t i m a t e  f a t e  o f  r e s i d u a l  o rgan ics  i n t r o d u c e d  

w i t h  rec la imed  wastewater.  

t h a t  i n  some ins tances  t h e  subsur face  may p r o v i d e  a s u i t a b l e  r e c e p t o r  f o r  t h e  

a t t e n u a t i o n  o f  r e s i d u a l  o rgan ics .  

depends on a number o f  complex phys i ca l ,  chemical  and b i o l o g i c a l  i n t e r a c t i o n s  which 

need t o  be b e t t e r  d e f i n e d  i n  o r d e r  t o  more e f f e c t i v e l y  des ign  and opera te  these 

systems t o  p r o t e c t  ground-water q u a l i t y .  Be fo re  a r t i f i c i a l  recharge can become a 

v i a b l e  means o f  wa te r  reuse, a g r e a t  dea l  more research  i s  needed t o  o b t a i n  a b e t t e r  

unders tand ing  o f  t h e  movement and f a t e  o f  o rgan ics  i n  t h e  subsur face  environment.  

d i sposa l  o f  wastewater,  and t h e  number o f  such systems funded d u r i n g  t h e  n e x t  decade 

i s  expec ted  t o  i nc rease  d r a m a t i c a l l y  because o f  c u r r e n t  p o l i c y  f a v o r i n g  t h i s  t rea tmen t  

method. T h i s  p o l i c y  has been adopted p r i m a r i l y  because, based on a number o f  EPA 

s tud ies ,  p r o p e r l y  designed and opera ted  l a n d  a p p l i c a t i o n  systems appear capable o f  

p r o v i d i n g  a r e l a t i v e l y  h i g h  l e v e l  of  t rea tmen t  o f  domest ic wastewater, p rov ide  a 

r e d u c t i o n  i n  t h e  q u a n t i t y  of  wastewater d ischarged t o  su r face  waters,  and a r e  u s u a l l y  

l e s s  c o s t l y  and l e s s  energy i n t e n s i v e  than o t h e r  means o f  t rea tment .  Obviously,  

however, t h i s  t rea tmen t  method e n t a i l s  a h i g h e r  p o t e n t i a l  f o r  p o l l u t i o n  o f  ground 

wa te r  by  wastewater c o n s t i t u e n t s ,  i n c l u d i n g  o rgan ic  chemicals,  than do t h e  conven- 
t i o n a l  t rea tmen t  systems. 

o rgan ics  a r e  r a p i d  i n f i l t r a t i o n  systems which u t i l i z e  a p p l i c a t i o n  r a t e s  o f  up t o  

125 m. o f  wa te r  p e r  year ,  and those i r r i g a t i o n  systems where t h e  q u a n t i t y  o f  a p p l i e d  

wastewater i s  f a r  i n  excess o f  c rop  needs. 

systems c o n t a i n s  an i n d u s t r i a l  component comprised p a r t l y  o f  s y n t h e t i c  o rgan ics ,  t h e  

t rea tmen t  process i s  l i k e l y  t o  r e s u l t  i n  t h e  r e l e a s e  o f  s i g n i f i c a n t  q u a n t i t i e s  o f  

r e l a t i v e l y  i n t r a c t a b l e  o rgan ic  chemica ls  i n t o  t h e  s o i l  p r o f i l e  which, under c o n d i t i o n s  

of  h i g h  wa te r  f l u x ,  favors  t r a n s p o r t  o f  p o l l u t a n t s  d i r e c t l y  i n t o  t h e  u n d e r l y i n g  

ground water.  Once aga in ,  t h e r e  needs t o  be a b e t t e r  d e f i n i t i o n  o f  t h i s  p o l l u t i o n  

p o t e n t i a l  so t h a t  l a n d  a p p l i c a t i o n  systems can be more e f f e c t i v e l y  designed and 

opera ted  t o  p r o t e c t  ground-water q u a l i t y .  

S ince  t h i s  p r a c t i c e  i n v o l v e s  t h e  

The e a r l y  d a t a  r e s u l t i n g  f rom these p r o j e c t s  i n d i c a t e  

I n  o t h e r  cases, however, t h e  degree o f  a t t e n u a t i o n  

Land A p p l i c a t i o n  o f  Wastewater. Land a p p l i c a t i o n  i s  a r a p i d l y  g rowing  method of  

Of  g r e a t e s t  concern i n  r e g a r d  t o  t h e  p o t e n t i a l  p o l l u t i o n  o f  ground water  by 

I f  t h e  wastewater be ing  t r e a t e d  by such 



5 80 

CONCLUSIONS 
Documented repo r t s  o f  organic  ground-water p o l l u t i o n  from these and o the r  

sources a re  becoming more numerous, due n o t  o n l y  t o  an i nc reas ing  frequency of such 

inc idents ,  b u t  a l so  t o  the a v a i l a b i l i t y  o f  improved a n a l y t i c a l  techniques as we l l  

as an increas ing awareness o f  t h i s  problem by the  s c i e n t i f i c  and techn ica l  comun i t y .  

Nevertheless, t he  c u r r e n t l y  a v a i l a b l e  i n fo rma t ion  i s  f a r  from t h a t  needed t o  

accurate ly  assess e i t h e r  the  present ex ten t  o r  f u t u r e  p o t e n t i a l  o f  t h i s  p o l l u t i o n  

problem. Most repor ted cases o f  organic  ground-water p o l l u t i o n  t o  date have been 

l i m i t e d  t o  those r a t h e r  i n tense  p o l l u t i o n  events i n  which the  presence of p o l l u t a n t s  

was detected because o f  a l t e r a t i o n  o f  some phys ica l  property, such as taste,  odor, 

o r  c o l o r  o f  the a f f e c t e d  water. Low-level, i n s i d i o u s  p o l l u t i o n  o f  ground water by 

organic chemicals i s  j u s t  beginning t o  come under the  s c r u t i n y  o f  ground-water 

research because, i n  a d d i t i o n  t o  being a r e c e n t l y  recognized problem, i t  requ i res  

e s p e c i a l l y  d i f f i c u l t  experimental techniques and soph is t i ca ted  a n a l y t i c a l  procedures. 

Obviously, t he  prudent course o f  a c t i o n  i s  i n s t i g a t i n g  c o n t r o l  o f  these p o t e n t i a l  

sources of organic  p o l l u t i o n ,  r a t h e r  than at tempt ing t o  c lean up a q u i f e r s  a f t e r  

organic p o l l u t i o n  has occurred. 

c r i t e r i a  t h a t  w i l l  adequately p r o t e c t  ground-water q u a l i t y  and y e t  permi t  reasonable 

u t i l i z a t i o n  of the subsurface as a p o l l u t a n t  receptor .  

i s  needed t o  develop d e f i n i t i v e  i n fo rma t ion  concerning the t r a n s p o r t  and transforma- 

t i o n  of organic  p o l l u t a n t s  i n  the subsurface i n  order  t o  prov ide a f i r m  bas is  on 

which t o  e s t a b l i s h  such c o n t r o l  c r i t e r i a .  

There i s  a press ing need t o  e s t a b l i s h  c o n t r o l  

A g rea t  deal more research 




