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MR. PRESIDENT, LADIES AND GENTLEMEN, 

During t h e  four  days of t h i s  symposium, a comprehensive t r a n s f e r  o f  knowledge on 

groundwater q u a l i t y  has taken place.  With t h e  he lp  of 120 papers and more than 

40 poster  sess ions ,  t h a t  i s  one event f o r  every two p a r t i c i p a n t s ,  we learned t h e  

fac ts  and f igures  of  groundwater po l lu t ion  and gained i n s i g h t  i n  new ideas  and 

theor ies .  I t  w i l l  take a l l  of us many months t o  absorb f u l l y  what we have seen 

and heard, implying a t  t h e  same time t h a t  my t a s k  t o  give conclusions and recommen- 

dations cannot be complete, but  I w i l l  do my b e s t .  

INTRODUCTION 

For a publ ic  water supply, groundwater has many a t t r a c t i o n s .  It does not contain 

the  pathogenic b a c t e r i a  and v i ruses  responsible  f o r  t h e  spread of water-borne 

diseases ,  it has a constant  q u a l i t y ,  i n  many cases it can be d i s t r i b u t e d  without 

any treatment and when treatment i s  required t o  remove impur i t ies  such as i r o n ,  

manganese or  ammonia, t h i s  treatment i s  simple, cheap and fool-proof. Groundwater 

moreover can be withdrawn a t  many p laces ,  s o  t h a t  with r u r a l  suppl ies  long 

pipel ines  f o r  t h e  t ranspor t  of  water a r e  no longer required.  Surface water from 

r i v e r s  and lakes  on t h e  o ther  hand always needs t reatment ,  i f  only t o  remove 

pathogenic organisms and t u r b i d i t y .  When t h e  suspended matter  content i s  high, 

t h i s  treatment i s  expensive and complicated, asking f o r  expert  supervis ion.  In 

case t h e  r i v e r  is  pol luted by municipal and i n d u s t r i a l  waste discharges,  s t i l l  

more e labora te  p u r i f i c a t i o n  systems a r e  required,  increasing again t h e  cost  of 

construct ion and operat ion.  

Notwithstanding t h e  appeal of  groundwater f o r  publ ic  suppl ies ,  sur face  water 

is used i n  many cases ,  because f r e s h  groundwater is not ava i lab le  i n  t h e  amounts 

required o r  i t s  withdrawal would lower t h e  groundwater t a b l e  too  much, i n  t h i s  

way damaging neighbouring i n t e r e s t s .  To f a c i l i t a t e  t h e  p u r i f i c a t i o n  of  pol luted 

r i v e r  water ,  many options a r e  open, but  t h e  major ingredien t  today i s  t h e  use 

of  s torage ,  not so much f o r  quant i ty  considerat ions but t o  improve water qua l i ty .  



In s torage r e s e r v o i r s ,  t h e  suspended matter  content goes down by sedimentation, 

contents of conservative substances l e v e l  out by mixing, while s e l f - p u r i f i c a t i o n  

lowers b a c t e r i a l  counts and t h e  contents  of  ammonia, organic mat ter  and 

micro-pollutants. In p a r t i c u l a r  when a s e l e c t i v e  intake i s  poss ib le ,  spec tacular  

results can be obtained i n  t h i s  way, producing a first c l a s s  water t h a t  could 

be t r e a t e d  by simple means, f o r  instance by rap id  and slow sand f i l t r a t i o n .  

Mostly, however, a much more e labora te  treatment i s  ava i lab le  t o  maintain t h e  

qua l i ty  of t h e  water going i n t o  t h e  supply when t h e  r a w  water i n  r i v e r  o r  r e s e r v o i r s  

i s  pol luted by accidents  such as mistaken i n d u s t r i a l  discharges,  c o l l i d i n g  sh ips ,  

crashed l o r r i e s  o r  aeroplanes. For unpolluted groundwater from protected 

catchment areas, such a s a f e t y  treatment i s  not  required,  but  does such water 

s t i l l  e x i s t ?  

GROUNDWATER POLLUTION 

Groundwater i s  born as rainwater or as water i n  r i v e r s  and lakes  with a water 

l e v e l  above t h e  groundwater t a b l e  i n  t h e  aqui fe r  below. This o r i g i n ,  however, 

has only l imi ted  inf luence on groundwater composition. Indeed, during t h e  f a l l  

through t h e  a i r ,  rainwater w i l l  pick up atmospheric po l lu t ion .  Due t o  t h e  use 

of  f o s s i l  f u e l s  and t h e  increase i n  CO 

a drop t o  a value of 5.6 at  t h e  moment, while t h e  discharge of  sulfur and 

ni t rogen oxides by industry and t r a f f i c  has caused t h e  pH l o c a l l y  t o  f a l l  t o  

values as low as 4 i n  Europe. Fortunately t h e  carbonate content of aqui fe rs  i s  

mostly adequate t o  n e u t r a l i s e  t h i s  a c i d i t y .  S t i l l  more l o c a l l y ,  o ther  s tack  

discharges may even be more important, such as f luor ine ,  a rsen ic  and o ther  

heavy metals from smelters .  In pol lu ted  r i v e r s  on t h e  o ther  hand, t h e  oxygen 

content may be low so t h a t  t h e  water en ter ing  t h e  aqui fe r  soon becomes anaerobic, 

r e s u l t i n g  i n  n i t r a t e  reduction and t h e  pick-up of i ron  and manganese, but again 

here only l o c a l  e f f e c t s  w i l l  occur. 

content of  atmospheric air ,  t h e  pH shows 
2 

For t h e  major p a r t ,  the  adverse e f f e c t s  on groundwater q u a l i t y  a r e  t h e  r e s u l t  

of man's a c t i v i t y  a t  ground sur face ,  un in ten t iona l ly  by a g r i c u l t u r e  and industry,  

unexpectedly by sub-surface disposal  of sewage and i n d u s t r i a l  waste water and 

by s o l i d  waste dumps, i l l e g a l l y  by s m a l l  workshops and unfortunately a l s o  by 

t h e  abs t rac t ion  of groundwater i t s e l f .  

After  t h e  second world w a r ,  t h e  a g r i c u l t u r a l  use of a r t i f i c i a l  f e r t i l i z e r s ,  

n i t r a t e s  and phosphates increased enormously. N i t r a t e s  a r e  only p a r t l y  used 

by t h e  crops,  sometimes f o r  only SO%, t h e  remaining amounts t o  be f lushed down 

by r a i n ,  increasing t h e  n i t r a t e  content of groundwater over l a r g e  areas t o  

values up t o  50 mg/l, t h a t  i s  above t h e  s a f e t y  l e v e l  i n  dr inking water. Unt i l  

now t h e  unused phosphates a r e  s t rongly  bound t o  t h e  s o i l  p a r t i c l e s  and only t h e  

accompanying heavy metals pose a danger, but t h i s  may change i n  fu ture .  I n  t h e  
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same pe r iod ,  t h e  a g r i c u l t u r a l  use o f  p e s t i c i d e s  a l s o  grew s t r o n g l y .  The i r  

break-down r a t e  i s  u s u a l l y  s m a l l  from which ano the r  groundwater p o l l u t i o n  

o r i g i n a t e s .  Nitrate and c h l o r i d e  levels are fur thermore inc reased  by i r r i g a t i o n  

with secondary sewage e f f l u e n t s ,  wh i l e  i r r i g a t i o n  wi thou t  adequate  d ra inage  

s t r o n g l y  i n c r e a s e s  t h e  sa l t  con ten t  o f  t h e  groundwater concerned. I n t e n s i v e  

l i v e s t o c k  farming f i n a l l y  produces enormous amounts o f  manure, which l o c a l l y  

cannot be  used t o  advantage.  It i s  more o r  less  dumped on a g r i c u l t u r a l  grounds,  

again p o l l u t i n g  t h e  unde r ly ing  a q u i f e r s .  I n d u s t r i a l  p o l l u t i o n  o f  groundwater is  
on t h e  one hand due t o  n e a r l y  unavoidable  l eakages  i n  t h e  premises and on t h e  o t h e r  

hand t o  a c c i d e n t s  such as crashed road  or  r a i l r o a d  t a n k e r s ,  b u r s t i n g  p i p e l i n e s  

ca r ry ing  o i l ,  e t c .  

In  many areas t h e  groundwater t a b l e  i s  at  a l a r g e  d i s t a n c e  below ground 

su r face ,  r i v e r s  are far away and, f o r  t h e  l i q u i d  wastes o f  t h e  va r ious  

communities sub-surface d i s p o s a l  i s  t h e  on ly  p o s s i b i l i t y .  Th i s  i n c r e a s e s  t h e  

sal t  con ten t  o f  t h e  groundwater,  i n  p a r t i c u l a r  w i th  n i t r a t e s  and c h l o r i d e s ,  

reduces t h e  oxygen con ten t  and so  mob i l i ze s  i r o n ,  manganese and heavy metals  

when p r e s e n t ,  while  t h e  i n t r o d u c t i o n  o f  pathogenic  b a c t e r i a  and v i r u s e s  has  

caused many ou tb reaks  o f  waterborne d i s e a s e s  i n  t h e  p a s t .  For a l a r g e  p a r t ,  

t h e s e  d e l e t e r i o u s  e f f e c t s  can be prevented by t r ea tmen t  o f  t h e  wastes p r i o r  

t o  d i s p o s a l ,  removing oxygen consuming o r g a n i c s ,  n i t r a t e s  and pathogenic  

organisms o r  by deep w e l l  i n j e c t i o n  i n  s a l i n e  a q u i f e r s ,  o v e r l a i n  by impervious 

d e p o s i t s  so t h a t  mig ra t ion  t o  t h e  f r e s h  groundwater above i s  nex t  t o  impossible .  

Before t h e  second world w a r ,  t h e  s o l i d  wastes o f  a community were r a t h e r  

innocuous and 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  an  accep tab le  s o l u t i o n .  Today t h e  

amount and p a r t i c u l a r l y  t h e  v a r i e t y  of chemicals used i n  our s o c i e t y  has  

inc reased  t remendously,  no t  on ly  i n  i n d u s t r y  bu t  a l s o  i n  everyday l i f e .  

I n d u s t r i a l  and municipal  wastes w i l l  nowadays c o n t a i n  many substances harmful 

t o  human h e a l t h ,  w i th  heavy m e t a l s ,  c h l o r i n a t e d  hydrocarbons and o rgan ic  

so lven t s  being most no to r ious .  The dumps formed by l and  d i s p o s a l  of  t h e s e  

wastes  are p e r c o l a t e d  by r a i n f a l l ,  d i s s o l v i n g  many chemicals which subsequent ly  

p o l l u t e  t h e  unde r ly ing  and downstream p a r t  o f  t h e  a q u i f e r s .  'The same holds  t r u e  

f o r  i l l e g a l  d i scha rges  by s m a l l  workshops, where t h e  damage done by d i s c a r d i n g ,  

f o r  i n s t a n c e ,  s p e n t  o rgan ic  s o l v e n t s  i n  t h i s  way i s  no t  r e a l i z e d .  After poss ib ly  

t e n s  o f  y e a r s ,  t h e  chemicals  w i l l  reach t h e  groundwater c o l l e c t o r s  o f  a p u b l i c  

water supply,  making t h e  water u n f i t  f o r  d i r e c t  u se ,  wh i l e  an a d d i t i o n a l  t r ea tmen t  

f a c i l i t y  t a k e s  y e a r s  t o  b u i l d .  
Abs t r ac t ion  o f  groundwater lowers p i ezomet r i c  l e v e l s  and changes flow p a t t e r n s ,  

i n  s eve re  c a s e s  even r e s u l t i n g  i n  flow r e v e r s a l s  by which lower q u a l i t y  water  

from neighbouring areas may be a t t r a c t e d .  Sea wa te r  i n t r u s i o n  i n  c o a s t a l  

a q u i f e r s  and upward mig ra t ion  o f  s a l t  water from under ly ing  formations are we l l  



known problems a l l  over t h e  world. The same holds t r u e  f o r  waters which i n  

t h e i r  n a t u r a l  s ta te -have  t o o  high contents  o f ,  f o r  ins tance ,  s u l f a t e ,  heavy metals 

o r  f luor ide ,  t o  which today must be added t h e  inf luence of groundwater p o l l u t i o n  

described above. Quality d e t e r i o r a t i o n  of t h e  water abs t rac ted  can be reduced by 

lowering t h e  r a t e  of  withdrawal and prevented by increas ing  t h e  n a t u r a l  recharge 

by an a r t i f i c i a l  one. When on ly  lower q u a l i t y  water i s  ava i lab le  f o r  t h i s  purpose, 

secondary sewage e f f l u e n t  f o r  ins tance ,  t h e  cure  may be worse than t h e  ailment 

and t h e  o v e r a l l  e f f e c t  on water q u a l i t y  should be evaluated caref'ully. 

Groundwater po l lu t ion  i s  always disadvantageous but  some cases a r e  more 

c r i t i c a l  than o thers ,  f o r  ins tance  when occurr ing i n  t h e  neighbourhood of 

groundwater recovery schemes f o r  publ ic  suppl ies .  It i s  now e s s e n t i a l  t o  know 

how much time w i l l  e lapse before  pol lu t ion  reaches t h e  c o l l e c t o r s  and i n  which 

concentrat ion it w i l l  appear, t ak ing  i n t o  account t h e  o r i g i n a l  values and t h e  

decrease by d i l u t i o n ,  mixing, dispers ion,  ad- and desorpt ion,  chemical and 

bac ter io logica l  break-down. The l a r g e s t  number of  papers a t  our congress were 

devoted t o  t h i s  subject  and it is  p leas ing  t o  note  how many advances have been 

made i n  t h e  mathematical descr ip t ion  of  t h e  simultaneous flow of  groundwater 

toge ther  with t h e  t ranspor t  of chemicals. Many mathematical techniques a r e  

ava i lab le  nowadays, but a l l  s u f f e r  from t h e  lack of  geo-hydrological d a t a  which 

a re  almost impossible t o  gather  i n  t h e  amount required.  

POLLUTION PREVENTION AND CONTROL 

When l i s t e n i n g  t o  the  papers of  t h i s  congress, I almost got t h e  impression 

t h a t  unpolluted groundwater i s  no longer  ava i lab le .  Fortunately it a l s o  became 

c l e a r  t o  me t h a t  t h e  major p a r t  of  t h i s  po l lu t ion  i s  due t o  ignorance, although 

i n  some cases  t h i s  may b e t t e r  be c a l l e d  s t u p i d i t y  o r  even cr iminal  negligence. 

The f i r s t  th ing  t o  do therefore  i s  educate t h e  publ ic ,  so t h a t  not O d Y  

government and indus t ry ,  but  a l s o  the  owner o f  a s m a l l  shop and t h e  man i n  

t h e  s t r e e t  knows what i s  a t  s take.  Using t h e  impact of  today mass media t h i s  

w i l l  not be d i f f i c u l t  nor expensive t o  achieve. 

Mopping up e x i s t i n g  cases of groundwater po l lu t ion  and stopping o thers  from 

a r i s i n g  is  a necess i ty ,  but it w i l l  prove t o  be an enormous t a s k ,  t ak ing  f o r  t h e  

Netherlands alone b i l l i o n s  of d o l l a r s  and t e n s  of years  t o  achieve. According 

t o  Roman philosophy, t h e  v i r t u e  of  Caesar's wife should be above a l l  suspicion 

and t h e  same holds t r u e  f o r  t h e  q u a l i t y  of  dr inking water. In t h e  present  

s i t u a t i o n  t h i s  can only be assured by e s t a b l i s h i n g  pro tec t ion  zones around 

groundwater catchment areas  and el iminat ing a l l  po l lu t ion  within these  zones. 

Accidental po l lu t ion ,  f o r  instance caused by leaking sewers o r  by corroding o i l  

tanks used f o r  domestic heat ing,  is  impossible t o  prevent e n t i r e l y  and t h e  
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protec t ion  zones must therefore  be  equipped with an extensive network of  t e s t -  

holes  t o  monitor groundwater q u a l i t y  a t  s h o r t  i n t e r v a l s ,  say once a month. The 

moment pol lu t ion  is  noted, t h e  poss ib le  e f f e c t s  on t h e  q u a l i t y  of  groundwater 

recovered some d is tance  away can be pred ic ted  using one o f  t h e  many mathematical 

models presented a t  t h i s  symposium. When not acceptable, t h e  pol lu t ion  should be 

removed using scavenger wel ls  o r  given another d i rec t ion  with t h e  help of  i n j e c t i o n  

wel ls .  

The present  po l lu t ion  of groundwater is c e r t a i n l y  not a reason t o  abandon 

groundwater abs t rac t ion  f o r  publ ic  suppl ies ,  but  t h e  ubiquitous nature  of groundwater 

contamination makes me look back t o  what I s a i d  i n  t h e  beginning about surface 

water suppl ies  having a very e labora te  t reatment  system as s a f e t y  precaution 

f o r  t h e  remote p o s s i b i l i t y  t h a t  a ser ious  pol lu t ion  takes  place.  Af te r  a t tending 

t h i s  symposium, I a m  inc l ined  t o  say t h a t  a similar emergency p u r i f i c a t i o n  i s  a l so  
required f o r  groundwater pumping s t a t i o n s  i n  t h e  western world. Again t h e  q u a l i t y  

of t h e  r a w  water should be c a r e f u l l y  measured, tak ing  weekly and preferably 

da i ly  samples. 

When I s t a r t e d  my career  i n  t h e  w a t e r  indus t ry ,  microbiologis ts  t o l d  me t h a t  

everything w a s  everywhere and t h a t  only a c lever  man w a s  needed t o  f i n d  t h e  

p a r t i c u l a r  bacterium at t h e  chosen spot .  A t  t h a t  time, long ago, chemists were 

not so c lever  and with water ana lys i s  t h e  p a r t  per  mi l l ion  gave them t rouble .  

Today t h e  p a r t  per  b i l l i o n  i s  commonplace and many of  you w i l l  l i v e  t o  see t h e  

day t h a t  t h e  par t  per t r i l l i o n  e n t e r s  t h e  f i e l d  of groundwater po l lu t ion .  When 

t h i s  occurs, everything i s  everywhere i n  chemistry a l s o , b u t  t h e r e  is no need t o  

bother. I of ten  wonder whether t h i s  i s  not a l ready t h e  case today, which br ings 

me t o  my fourth recommendation, t h a t  toxicologic  work i s  t o  be pursued with 

force,  t o  provide answers f o r  t h e  poor engineer i n  t h e  f i e l d ,  who today has t o  

take decis ions based on inadequate knowledge, i n  some cases  wasting mil l ions 

of d o l l a r s  t o  s t a y  on t h e  s a f e  s i d e .  

O u r  soc ie ty  whether we l i k e  it or not ,  i s  a wasteful  s o c i e t y  and our f i r s t  

duty therefore  i s  a reduction i n  t h e  amounts produced, by re -c i rcu la t ion  and 

re-use, by a change i n  our bad h a b i t s .  A s  a l ready not iced t e n s  of years  ago, 

but according t o  t h i s  symposium s t i l l  not understood, d i l u t i o n  i s  no so lu t ion  

for  po l lu t ion  and a l l  waste waters should therefore  be p u r i f i e d  before  discharge 

i n t o  our own environment, while s o l i d  waste dumps should be provided with a 

water t i g h t  bottom and a drainage system t o  car ry  away downward percola t ing  

rainwater. Unfortunately some wastes a r e  impossible o r  very dangerous t o  t r e a t  

and f o r  them a s a f e  s torage  must be found, i n  abandoned mines and sal t  domes, 

by deep-well i n j e c t i o n ,  e t c .  To study these  p o s s i b i l i t i e s  many years  are 

required and it i s  therefore  e s s e n t i a l  t h a t  t h e  governments concerned i n i t i a t e  

such s t u d i e s  at  shor t  no t ice .  
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My s i x t h  and l a s t  recommendation goes back t o  what I s a i d  at  t h e  very 

beginning about the-comprehensive t r a n s f e r  of knowledge i n  t h i s  r e l a t i v e l y  unexplored, 

f i e l d .  I would therefore  suggest t h a t  o ther  governments, i n t e r n a t i o n a l  agencies, 

learned s o c i e t i e s  and t h e  l i k e  keep t h e  flame burning and organize another 

congress about t h i s  s u b j e c t ,  o r  perhaps bet ter :meet ings of  s p e c i a l i s t s  on p a r t  

of t h e  subject  mat ter ,  i n  t h e  near fu ture .  Problems a r e  pressing,  and much work i s  

done a l l  over t h e  world, making me c e r t a i n  t h a t  f u r t h e r  information can be made 

ava i lab le  i n  t h i s  way. 
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