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PREFACE 

Regional water management aims a t  s a t i s f y i n g  d i f f e r e n t  supply 
i n t e r e s t s ,  where these  i n t e r e s t s  a r e  o f t e n  con f l i c t i ng .  In  par- 
t i c u l a r ,  t h e  competing i n t e r e s t s  of  a g r i c u l t u r e ,  t h e  environment, 
and municipal water supply,  a r e  becoming inc reas ing ly  important. 
In  t h i s  s e t t i n g  o f  reg iona l  water management, nonpoint n i t r a t e  
po l lu t ion  o f  municipal water supply sources is one of  the  most 
severe problems. A t  presen t ,  t h i s  problem is  p a r t i c u l a r l y  acu te  
i n  developed regions with high l e v e l s  of f e r t i l i z e r  app l i ca t ion ,  
bu t  undoubtedly i n  t h e  f u tu re ,  regions which a r e  now i n  a devel- 
oping s tage  w i l l  a l s o  face  t h e  same problem. 

So f a r ,  r e l a t e d  research a t  IIASA has been concentrated i n  
Task 3 of  the  Resources and Environment Area on "Environmental 
Problems of Agr icu l ture."  This work has d e a l t  i n  p a r t i c u l a r  
wi th agr icu l tura l -envi ronmenta l  processes a s  they a r e  r e l a t e d  t o  
crop product ion and thus  has a l s o  provided i n s i g h t  i n t o  t h e  im-  
por tan t  r o l e  o f  a g r i c u l t u r e  i n  t h e  n i t rogen cyc le.  

Yet another  s i d e  o f  t h e  problem remains t o  be considered,  
and t h i s  is r e l a t e d  t o  water supply and management. This paper 
the re fo re  proposes a study on management a l t e r n a t i v e s  f o r  con- 
t r o l  of  nonpoint po l l u t i on  of  municipal water supply sources. 
The study aims a t  i n t eg ra t i on  of  t h e  a l ready i n i t i a t e d  s t u d i e s  
on "Environmental Problems of Agr icu l tu re"  wi th IIASAts water 
management research.  A t  t h e  same t ime, due t o  t h e  r o l e  of  ag r i -  
c u l t u r e  i n  t h i s  s tudy,  t h e  study w i l l  be in teg ra ted  with IIASA's 
Food and Agr icu l tu re  Program inves t iga t ions .  Moreover, because 
of  t h e  need f o r  modell ing techniques i n  analyz ing t h e  problem i n  
quest ion,  t h e  s tudy w i l l  u t i l i z e  t h e  research r e s u l t s  of  IIASA's 
a c t i v i t i e s  on eco log ica l  and water q u a l i t y  modell ing and t he  re- 
search pursued by t h e  Systems and Decision Sciences Area a t  IIASA. 



Due t o  t h e  importance of  t he  problem f o r  t h e  major i ty  of  
IIASA ' s N a t k n a l  Member Organizat ions an i n t e r n a t i o n a l  study 
involv ing IIASA and seve ra l  i n s t i t u t i o n s  o f  d i f f e r e n t  NMO coun- 
tr ies i s  proposed. Therefore,  t he  paper has been w r i t t e n  i n  a 
s p e c i f i c  form and is  t o  be considered a t e n t a t i v e  p lan f o r  col-  
l abora t ion  w i th in  and ou t s i de  IIASA i n  o rde r  t o  achieve more 
comprehensive research r e s u l t s .  W e  would t he re fo re  l i k e  t o  ask 
our  readers  f o r  any comments, remarks, o r  suggest ions t h a t  could 
he lp  t o  improve t h e  course of  our  f u t u r e  a c t i v i t i e s .  



THE MANAGEMENT ALTERNATIVES FOR 
CQNTROL OF NONPOINT NITRATE POLLUTION 
O F  MUNICIPAL WATER SUPPLY SOURCES 

K,-H. Zwirnmann, J. Kindler ,  G. Golubev 

IDENTIFICATION O F  THE PROBLEM 

I n  many developed and developing regions throughout the  
world, a s t e a d i l y  i nc reas ing  demand f o r  water i s  confront ing 
municipal water supply agencies,  The w a t e r  resources ava i l ab le  
f o r  supply a r e  o f t e n  a l ready heav i ly  u t i l i z e d ,  bu t  a r e  a l s o  
genera l l y  l im i ted  e i t h e r  because of  i n s u f f i c i e n t  quan t i t y  o r  
qua l i t y  of  water.  

One of t h e  most severe problems concerning t h e  q u a l i t y  of  
water supply i s  t h a t  of  n i t r a t e  po l l u t i on ,  because it c r e a t e s  a 
hea l t h  hazard due t o  the t o x i c  e f f e c t s  of  n i t r a t e s  i n  dr ink ing 
w a t e r ,  For example, a high concent ra t ion  of  n i t r a t e  may cause 
methaemoglobinaemia, which can lead  t o  the death of  i n fan t s .  
Moreover, n i t r a t e  can be metabolized i n t o  nitrosaxnine, a po- 
t e n t i a l  carcinogen, These impl ica t ions  f o r  pub l ic  hea l t h  have 
l ed  t h e  World Health Organizat ion t o  set s tandards  f o r  n i t r a t e  
concent ra t ions  i n  d r ink ing  water, I n  its s tandards ,  t he  WHO rec- 
ommends t h a t  n i t r a t e  concent ra t ions  should be l e s s  than 50 mg 
NO /1, bu t  concent ra t ions  up t o  100 mg NO /1 a r e  descr ibed a s  
acJeptab le ,  providing t h a t  l o c a l  doc tors  a r e  informed and a r e  
the re fo re  aware of problems wi th i n f a n t s ,  Water w i th  n i t r a t e  
concent ra t ions  h igher  than 100 mg N 0 3 / 1  is not  recommended f o r  
d r ink ing water supply (WHO, 1970). 

Atmospheric sources ( inc lud ing r a i n f a l l  and b io l og i ca l  f i x -  
a t i o n ) ,  waste sources such a s  animal, human, and i n d u s t r i a l  act ivi t ies 
(mainly i n  t h e  form of manure o r  sewage e f f l u e n t ) ,  and chemical 
f e r t i l i z e r s  c o n s t i t u t e  t h e  major i npu ts  o f  n i t rogen t o  t he  water 
environment. The r e l a t i v e  importance o f  these  inpu ts  d i f f e r  from 
region t o  region,  Never theless,  many s t u d i e s  c a r r i e d  o u t  i n  sev- 
e r a l  coun t r ies ,  inc luding some pursued a t  IIASA, have shown t h a t  



chemical f e r t i l i z e r s  a r e  the  major cause of rapid increases i n  
n i t r a t e  concentrat ions i n  water resources within recent  years. 
Also taking i n t o  account t h e  dependence of manure a v a i l a b i l i t y ,  
b io log ica l  f i xa t ion ,  and even ra in fa l l - r e la ted  hydrological  
processes on ag r i cu l t u ra l  p rac t i ces ,  the  important r o l e  of 
ag r i cu l t u re  i n  t he  n i t rogen cyc le  becomes f u l l y  ev ident .  

F e r t i l i z e r  n i t r a t e  po l lu t ion  is a t yp i ca l  case of nonpoint 
source water po l lu t ion.  In  t he  past ,  point  source po l lu t ion  of 
i n d u s t r i a l  and municipal o r i g i n  has received most a t t e n t i o n  i n  
water management. While con t ro l  of  t h i s  kind of po l lu t ion  is 
general ly  character ized by known cos t  and has a l ready demonstrated 
i ts  ef fec t iveness,  t h i s  does not  hold t o  t h e  same ex ten t  f o r  the 
management of ag r i cu l t u ra l  nonpoint source po l lu t ion.  Due t o  t he  
many var iab les  involved i n  t h i s  process, it i s  not  a s t ra igh t fo r -  
ward problem t o  so lve and t h e  development o f  recommendations fo r  
management, including c o s t  est imates,  is  not  an easy one. Never- 
t he less ,  there  is no doubt t h a t  t he  regional  e f f e c t s  on water 
resources caused by nonpoint source po l lu t ion cannot be cont ro l led 
by technological  water t reatment measures alone. More emphasis 
must be placed on precaut ionary ac t ions  based on economic and 
i n s t i t u t i o n a l  measures than on res to ra t i on  of the water resources 
once they a r e  a l ready pol luted.  

The water supply sources of a region a r e  r i v e r s ,  lakes,  and 
s torage reservo i rs ,  as  w e l l  a s  groundwater aqu i fers .  A l l  of 
them a r e  more o r  less threatened by dep le t ion and pol lut ion.  
Consequently, t h e  re la t ionsh ips  between groundwater and sur face 
water,  a s  w e l l  as between water quant i ty  and qua l i t y ,  have t o  be 
considered i n  regional  water resources management planning. One 
of the quest ions t o  be answered is how water supply and manage- 
ment a r e  inf luenced by increasing n i t r a t e  concentrat ions i n  water 
resources and how a s a f e  dr ink ing water supply can be ensured. 

A l l  these f a c t s  demonstrate the  need f o r  regional  systems 
f o r  management and con t ro l  of  nonpoint n i t r a t e  po l lu t ion  of mu- 
n i c ipa l  water supply sources. Such systems must be capable o f  
considering the  dynamic re la t ionsh ips  between water supply, i ts 
management,and the  a g r i c u l t u r a l  sec to r .  

OBJECTIVES AND EXPECTED RESULTS OF THE STUDY 

The main ob jec t i ve  of the study is  t o  develop an approach 
t o  ana lys is  and evaluat ion of management a l t e r n a t i v e s  fo r  con- 
t r o l  of f e r t i l i z e r  n i t r a t e  po l lu t ion of municipal water supply 
sources. Since no s p e c i f i c  case study is planned fo r  t he  time 
being a t  I I A S A ,  t he  main concern is t o  explore ana ly t i c  approaches 
a l ready pursued i n  I I A S A ' s  NMO count r ies  and t o  generate a metho- 
dological  ou t l i ne  of an approach focusing on the  in tegra t ion  of 
a l l  t he  re levant  aspects  of t he  problem. The main def ic iency of 
ex is t ing  approaches is t h a t  usual ly  only s i n g l e  components of 
the ove ra l l  management system a r e  d e a l t  with. But i n  r e a l i t y ,  
the  system encompasses t h e  na tu ra l  water resources t o  be managed, 
t he  respect ive  management measures both f o r  ag r i cu l t u re  and water, 



and the economics of f eas ib le  management a l t e rna t i ves .  The study 
is therefore  t o  be based on the  concept of a decis ion making pro- 
cess encompassing the  whole system as shown i n  Figure 1.  

The major components t o  be considered a re :  
the munic ipa l i t ies  (as  representat ives of the  pub l ic  i n  
general ) ,  t o  be suppl ied with water and a g r i c u l t u r a l  com- 
modit ies, govern the whole system by s e t t i n g  the  manage- 
ment ob jec t ives t o  be achieved; a t  t he  same time they a l so  
con t r ibu te  t o  n i t r a t e  po l lu t ion  of municipal water supply 
sources by the d isposa l  of human and i ndus t r i a l  wastes: 
the ag r i cu l t u ra l  sec to r  causing n i t r a t e  po l lu t ion  of water 
resources a s  a s ide  e f f e c t  of i ts  a c t i v i t i e s  i n  achievinq 
production goals In agr icu l tu re ;  
the  system of municipal water supply sources such as  r i v e r s ,  
lakes,  s torage reservo i rs ,  and aqu i fe rs ,  and i ts  re la t i ons  
w i t h  t he  environment, which provides the  na tu ra l  background 
load of n i t rogen t o  water resources;  t h i s  subsystem is 
managed by agencies responsib le f o r  a s a f e  water supply 
t o  munic ipa l i t ies  ; 
the  management subsystem encompassing the  planning component 
(water qua l i t y  monitoring, including data  management, anal- 
y s i s  of water supply sources, and management a l t e r n a t i v e s )  
and the  implementation of management a l t e rna t i ves  by tech- 
nological ,  economic, and i n s t i t u t i o n a l  measures i n  the  
f i e l d  of water supply and management as  w e l l  a s  i n  the 
ag r i cu l t u ra l  sec to r .  

While the subsystems of environment, water supply sources, 
agr icu l tu re ,  and munic ipa l i t ies  a r e  l inked by mass flows (water, 
aq r i cu l t u ra l  commodities, n i t r a t e )  and cons t i t u te  the  bas i s  and 
t h e  t a r g e t  f o r  dec is ion making, ampnents of the planning subsystem 
a r e  l inked by the  flow of information. The l inkage between these 
two main pa r t s  of t h e  system is provided by the implementation 
of management a l t e r n a t i v e s  through the  respect ive  measures t o  
be taken. 

The expected r e s u l t s  of the study a r e  twofold. F i r s t  the  
methodological ou t l i ne  is t o  be developed as a bas is  f o r  applying 
appropr iate methods t o  a r e a l  case study which might be i n i t i a t e d  
a t  IIASA i n  1981. For the  time being, t he  methodological prob- 
lems associated with t he  management of n i t r a t e  po l lu t ion  of water 
resources should be demonstrated by b r i e f  case h i s t o r i e s  from 
d i f f e r e n t  regions. By approaching the  problem i n  t h i s  way, it 
is hoped t h a t  t imely ass is tance  can be given t o  dec is ion makers. 
Consequently, t he  study w i l l  provide r e s u l t s  of s c i e n t i f i c  and 
p rac t i ca l  importance t o  the  major i ty  of IIASA's National Member 
Organizations. 

SCOPE O F  THE STUDY 

The study w i l l  dea l  with the system shown i n  Figure 1 a s  f a r  
as i t s  components r e l a t e  t o  the  process of water q u a l i t y  management. 
According t o  Wilson e t  a l .  ( 1 9 7 6 ) ,  such a process encompasses the 



Figure 1. The system of management and control of fertilizer 
nitrate pollution of municipal water supply sources. 



fo l lowing s t e p s :  
es tab l i shment  of  water  quan t i t y  and q u a l i t y  ob jec t i ves ;  
ana l ys i s  o f  t h e  water quan t i t y  and q u a l i t y  f a c t o r s  p lay ing  
d e c i s i v e  r o l e s  i n  t h e  s p e c i f i c  reg ion ,  e.g. ,  ana l ys i s  o f  t he  
munic ipal  water  supply sources  and t h e  n i t rogen  sources i n  
t h e  environment; 
ana l ys i s  o f  t he  c a p a b i l i t y  o f  t h e  reg ion  t o  f u l f i l l  ob- 
j e c t i v e s  wi thout  any p lanning a c t i o n ,  e.g. ,  through water  
q u a l i t y  moni tor ing and environmental impact ana l ys i s ;  
formulat ion o f  f e a s i b l e  management a l t e r n a t i v e s  t o  achieve 
t h e  ob j e c t i v e s  ; 
a n a l y s i s  of  each management a l t e r n a t i v e ,  t oge the r  wi th  
eva lua t ion  of  i ts  environmental impacts and t h e  degree 
of  achievement o f  ob j ec t i ves ,  e .g . ,  through t h e  j o i n t  
use o f  environmental impact ana l ys i s  and economic a n a l y s i s  
of  management a l t e r n a t i v e s ;  
s e l e c t i o n  o f  t h e  management a l t e r n a t i v e  t h a t  ensures  t h e  
most s a t i s f a c t o r y  degree of  achievement o f  t h e  ob jec t i ves ;  
p lan  implementat ion, e.g. ,  i n  t h e  f i e l d  of  water  supply and 
management a s  w e l l  a s  i n  t h e  a g r i c u l t u r a l  s e c t o r .  

Taking i n t o  account t h e  major s t e p s  o f  t h i s  p rocess ,  a more 
d e t a i l e d  framework f o r  dea l i ng  wi th  t h e  system a s  shown i n  F igure  
1 is ou t l i ned  below. 

Management Ob jec t ives  

The management o b j e c t i v e s  t o  be achieved w i t h i n  t h e  frame- 
yo rk  of  t h e  system presented i n  F igure  1 r e l a t e  t o  t h e  supply o f  
water  i n  s u f f i c i e n t  quan t i t y  and q u a l i t y  a s  w e l l  a s  t o  t h e  achieve- 
ment o f  product ion goa ls  i n  a g r i c u l t u r e .  The mun i c i pa l i t i e s  a r e  
very s e n s i t i v e  t o  f a i l u r e s  i n  achiev ing t h e  above ob jec t i ves ;  
such f a i l u r e s  l ead  t o  pub l i c  hea l t h  hazards and/or r e s t r i c t i o n s  
i n  t h e  product ion o f  a g r i c u l t u r a l  commodities. There i s  no doubt 
however, t h a t  they have a s t r ong  i n t e r e s t  i n  f i nd i ng  so lu t i ons  t o  
t h e  emerging c o n f l i c t  between permanently d e t e r i o r a t i n g  q u a l i t y  
o f  munic ipal  water  supply sources  and a s imultaneous need f o r  
i n t e n s i f i c a t i o n  o f  a g r i c u l t u r a l  product ion.  Both t h e  munic ipa l i -  
t i e s  and t h e  pub l i c  can dec i s i ve l y  i n f l uence  t h e  s e t t i n g  o r  chang- 
ing o f  management ob jec t i ves .  

I t  is no t  t h e  i n t e n t i o n  he re  t o  cons ider  i n  depth t h e  debate  
on t h e  WHO n i t r a t e  s tandards ,  which determine t h e  upper l i m i t  of  
n i t r a t e  concen t ra t i on  i n  d r ink ing  water ,  e s p e c i a l l y  a s  d i f f e r e n t  
na t i ona l  r egu la t i ons  i n d i c a t e  a nonuniform a t t i t u d e  t o  t h i s  prob- 
lem. The s tudy w i l l ,  however, cons ide r  h e a l t h  impact aspec t s  o f  
n i t r a t e  po l l u t i on .  This  a l s o  inc ludes  t he  a n a l y s i s  of poss i b l e  
changes i n  s tandard  l i m i t s .  Moreover, v a r i a b l e s  having e f f e c t s  
on a g r i c u l t u r a l  product ion a s  w e l l  a s  changes i n  t h e  s tandards  
must be taken i n t o  account.  



Nitrogen Sources i n  t h e  Environment 

The s tudy  has t o  c l a r i f y  t h e  r e l a t i v e  importance o f  va r ious  
n i t r ogen  sources i n  t h e  environment. I n  p a r t i c u l a r ,  a g r i c u l t u r e ,  
a s  t h e  main cause f o r  n i t r a t e  p o l l u t i o n ,  w i l l  be d e a l t  w i th .  

Food supply t o  a s t e a d i l y  growing popu la t ion  r e q u i r e s  h igh 
y i e l d s  i n  a g r i c u l t u r e  and a h igh q u a l i t y  o f  a g r i c u l t u r a l  p roducts .  
These aims a r e  achieved by us ing  modern a g r i c u l t u r a l  techno log ies ,  
among which t h e  use o f  chemical  f e r t i l i z e r s  i s  very  important .  
About 50% o f  t h e  increments o f  c rop  y i e l d s  i n  r e c e n t  yea rs  a r e  
asc r i bed  t o  t h e  a p p l i c a t i o n  o f  f e r t i l i z e r s  ( I n t e r n a t i o n a l  Associ- 
a t i o n  o f  Hydrogeologis ts ,  1979) and t h e  world product ion  o f  f e r t i -  
l i z e r s  i s  s t e a d i l y  i nc reas ing ,  a s  shown i n  Tab le  1 .  

Table 1. Annual world product ion  o f  n i t r ogen  f e r t i l i z e r ,  1966- 
1976. 

1966- 1967- 1968- 1969- 1970- 1971- 1972- 1973- 1974- 1975- 1976- 
Year 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 

Product ion 22.4 25.5 28.4 30.2 33.0 35.0 37.8 40.4 42.5 43.8 45.9 
o f  Ni t ro-  
gen F e r t i l -  
i z e r s  
(m i l l i on  
tons  1 

Source: Annual F e r t i l i z e r s  Review, o f  FAO, 1976,1977, 1978. 

To feed  t h e  c u r r e n t  popu la t ion  o f  t h e  world w i th  p r o t e i n  a t  
t oday ' s  l e v e l  o f  p r o t e i n  consumption f o r  developed c o u n t r i e s ,  
would r e q u i r e  about  500 m i l l i o n  t o n s  o f  n i t r o g e n  f e r t i l i z e r s  
(White-Stevens, 1977).  P r o j e c t i o n s  i n d i c a t e  a r ise i n  f e r t i l i z e r  
product ion  i n  s p i t e  o f  t h e  growing c o s t  o f  energy. 

When app ly ing  f e r t i l i z e r s  t o  c rops ,  an i n i t i a l  p a r t  o f  t h e  
a p p l i c a t i o n  c o n t r i b u t e s  t o  a cons ide rab le  i n c r e a s e  i n  y i e l d s ,  
g e n e r a l l y  s e v e r a l  t e n s  o f  pe rcen t  i n  comparison wi th  u n f e r t i l i z e d  
c rops .  Above a c e r t a i n  va lue ,  however, t h e  increments i n  y i e l d  
become sma l l e r  and sma l l e r  and f i n a l l y  t h e r e  is no f u r t h e r  i nc rease  
i n  y i e l d  d e s p i t e  t h e  i n c r e a s i n g  a p p l i c a t i o n  o f  f e r t i l i z e r .  Ac- 
cord ing ly ,  t h e  excess amount o f  f e r t i l i z e r  is n o t  u t i l i z e d  by 
p l a n t s  and w i l l  even tua l l y ,  poss ib l y  i n  modif ied form, pass t o  
s u r f a c e  and groundwaters.  



Municipal Water Supply Sources 

The r e l a t i v e  importance o f  water  supply  sources  ( r i v e r s ,  
l a kes ,  r e s e r v o i r s ,  and  a q u i f e r s )  depends mainly on t h e  n a t u r a l  
c o n d i t i o n s i n  t h e  g iven reg ion.  Never the less,  groundwater re-  
sources p lay  a key r o l e  i n  d r ink ing  water  supply f o r  many coun- 
tries. Given t h e  dominant i n f l uence  of  nonpoint  n i t r a t e  sources  
on groundwater p o l l u t i o n ,  p a r t i c u l a r  a t t e n t i o n  i s  to be paid here to 
t hese  resources .  I n  doing so, w e  a l s o  keep i n  mind t h a t  t h e r e  
is an impor tant  d i f f e r e n c e  between groundwater and su r f ace  water  
po l l u t i on  and t h e i r  r espec t i ve  management s t r a t e g i e s .  While t h e  
dec is ion  t o  r e s t o r e  s u r f a c e  water is made wi th  t h e  knowledge t h a t  
su r f ace  water  q u a l i t y  can be res to red  r e l a t i v e l y  qu ick ly ,  t h e  same 
is  no t  t rue f o r  groundwater where p o l l u t a n t s  may be re ta i ned  f o r  
decades o r  even c e n t u r i e s .  Never the less,  w e  f u l l y  recognize t h e  
f a c t  t h a t  examination of  t h e  e f f e c t s  o f  f e r t i l i z e r  n i t r a t e  901- 
l u t i o n  on groundwaters r equ i r es  cons ide ra t ion  o f  t h e  r e l a t i on -  
sh i ps  between groundwater and su r f ace  water resources  o f  t h e  
reg ion.  

Planning o f   ate? Q u a l i t y  Management A l t e rna t i ves  

The management and c o n t r o l  o f  water  q u a l i t y  depends f i r s t  
of  a l l  on an app rop r i a t e  assessment o f  t h e  s t a t e  o f  water  q u a l i t y .  
For example, t h e  U . S .  Environmental P ro tec t i on  Agency has devel-  
oped a comprehensive c e f i n i t i o n  o f  t h i s  process f o r  moni tor ing 
i n  t h e  con tex t  o f  management and c o n t r o l  (Meyer, 1973) : 

Monitorinq of  w a t e r  q u a l i t y  might be de f ined a s  a 
s c i e n t i f i c a l l y  designed program o f  cont inu ing  sur -  
ve i l l ance ,  i nc lud ing  d i r e c t  sampling and remote 
q u a l i t y  measurements, inventory  o f  e x i s t i n g  and 
p o t e n t i a l  causes o f  change, and a n a l y s i s  o f  t h e  
cause o f  p a s t  q u a l i t y  changes and p red i c t i on  o f  
t h e  na tu re  of  f u t u r e  q u a l i t y  changes. 

Based on such a d e f i n i t i o n ,  water  q u a l i t y  moni tor ing w i th  
p a r t i c u l a r  r e fe rence  t o  t h e  po l l u t i on  o f  groundwater by n i t r a t e s  
w i l l  be cons ide red . '  Needs, o b j e c t i v e s ,  and c o n s t r a i n t s  o f  moni- 
t o r i ng ;  and purposes, des ign ,  and ope ra t i on  of  observa t ion  networks, 
a s  w e l l  a s  monitor ing methods, w i l l  be d e a l t  wi th .  The problem 
of  managing the d a t a  gained i n  t h e  process o f  moni tor ing must a l -  
so be taken i n t o  account because water  q u a l i t y  management and 
c o n t r o l  cannot be f u l l y  e f f e c t i v e  w i thout  e s t a b l i s h i n g  some 
kind o f  d a t a  management system, 

Environmental impact a n a l y s i s  and economic a n a l y s i s  o f  man- 
agement a l t e r n a t i v e s  c o n s t i t u t e  t h e  co re  o f  p lanning f o r  water  
po l l u t i on  con t ro l .  For opt imal  p lanning t h e  j o i n t  use o f  t hese  
two types o f  a n a l y s i s  is requ i red .  



With regard to environmental impact analysis two main ob-. 
jectives have to be achieved: 

identification of the problem in order to assessits magni- 
tude and timing; this requires macroscopic information on 
temporal and spatial variations of nitrate pollution; 
understanding of water quality changes as space and time 
dependent processes, including their mathematical descrip- 
tion, to be used for forecasting purposes. 

While the first objective relates primarily to the process 
of water quality monitoring and data management, the second con- 
tributes more to the analysis of management alternatives. 

In discussing the use of mathematical models, usually two 
classes of techniques, optimization and simulation, are distin- 
guished. Due to the complexity of water resources systems, the 
direct use of optimization techniques for determining the best 
alternati- is often not advisable. More often, simulation mod- 
els have to be used to test the alternatives. These models there- 
fore play, and will continue to play, a primary part in water 
quality management. Such models have to be assessed according 
to the scale of the problem (field, region) and according to the 
time scale (short-term and long-term) required for water quality 
management. As indicated above, this requires joint considera- 
tion of groundwater and surface water. 

Provisionally the simulation models to be used for environ- 
mental impact and economic analysis may be grouped .into agricul- 
tural nonpoint pollution models, grcundwater quality models, and 
water resource system models that are capable of integrating all 
the individual components of a catchment for overall planning 
purposes. The aim of the proposed study is not to develop new 
models but to assess the available models relating to the nitrate 
pollution problem and to prepare guidelines for their integration 
and practical use. Of particular interest is the conjunctive use 
of decision oriented models and process oriented models describing 
environmental impacts of man's activity, physical processes, etc. 
Special attention will be paid to elaborating a framework 
for multiobjective decision making in water quality management 
and control. 

Implementation of Management Alternatives 

The management objectives are usually achieved through an 
integrated implementation of technical, institutional, and eco- 
nomic measures. Two general alternatives for water quality man- 
agement can be distinguished: one is related to the concept of 
controlling potential pollution sources; the other relates to the 
treatment of polluted water and special measures to protect water 
supply 

Problems facing municipal water supply in the short run, for 
example, the need for alternative sources, new water treatment pro- 
cedures, or special supply measures, create additional costs. 
However, the most effective management of fertilizer nitrate pol- 
lution results from control of fertilizer application, irrigation, 



and o ther  a g r i c u l t u r a l  p rac t i ces  a s  we l l  a s  proper land use man- 
agement. The development and app l i ca t i on  of  new kinds of f e r t i l -  
i z e r s  and i n h i b i t o r s  f o r  con t ro l l i ng  f e r t i l i z e r  r e l ease  o r  t rans -  
formation a l s o  have t o  be taken i n t o  account. 

The study w i l l  examine d i f f e r e n t  p r a c t i c e s  f o r  t h e  con t ro l  
of f e r t i l i z e r  l o s s  from a g r i c u l t u r a l  app l i ca t ions .  In  par t icu-  
l a r ,  t he  e f f e c t s  of  r e s t r i c t i o n s  on t h e  use of  n i t rogen f e r t i l - -  
i z e r  and t h e i r  economic consequences w i l l  'be considered. Equal 
emphasis w i l l  be given t o  con t ro l  measures t o  be taken i n  t h e  
f i e l d  of water supply.  Feas ib le  counter measures w i l l  be ex- 
amined and assessed, inc lud ing c o s t  es t imates .  

In  add i t i on  t o  t he  measures mentioned so  f a r ,  o the r  i n s t i -  
t u t i o n a l ,  l e g a l ,  and economic measures f o r  i rq lement ing manage- 
ment a l t e r n a t i v e s  w i l l  be considered. Spec ia l  a t t e n t i o n  w i l l  be 
given t o  t h e  f a c t  t h a t  p r a c t i c a l  implementation of  po l l u t i on  con- 
t r o l  measures depends s t rong ly  on t h e  ex is tence  of  reg iona l  au- 
t h o r i t i e s  and t h e i r  c a p a b i l i t i e s .  

ORGANIZATION OF THE STUDY 

A methodological o u t l i n e  on "The Management A l te rna t i ves  f o r  
Control  of Nonpoint N i t r a t e  Po l lu t ion  of Municipal Water Supply 
Sources" w i l l  be wr i t t en .  This r epo r t  w i l l  t e n t a t i v e l y  c o n s i s t  
o f  four  major p a r t s  dea l ing  with t h e  fol lowing top ics :  

t he  problem: 
causes and consequences (e.g,  municipal water demand and 
supply,  t h e  hea l t h  hazard i ssue  of  n i t r a t e  po l l u t i on ,  n i -  
t rogen sources i n  t h e  environment, t h e  need f o r  water 
q u a l i t y  management) ; 
analyzing t h e  problem: 
methods o f  ana l ys i s  (e .g . ,  water q u a l i t y  monitoring and 
d a t a  management, environmental impact ana l ys i s ,  economic 
ana l ys i s  o f  management a l t e r n a t i v e s ,  s imulat ion tech- 
niques, and mu l t i ob jec t i ve  dec is ion  making); 
so lv ing  t h e  problem: 
planning and implementation of management a l t e r n a t i v e s  
(e .g . ,  techno log ica l  measures i n  water supply and manage- 
ment, con t ro l  o f  f e r t i l i z e r  l osses  from a g r i c u l t u r a l  app l i -  
ca t i ons ,  i n s t i t u t i o n a l ,  legal, and economic measures) ; 
case h i s t o r i e s .  

I n  c los ing ,  t h e  r e p o r t  w i l l  examine poss ib le  recommendations 
addressed p a r t i c u l a r l y  t o  those dea l ing  ope ra t i ona l l y  wi th  t h e  
problem i n  quest ion.  
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