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. INTRODUCT JON 

The city on foannina, an old and historical c i t y  of 
Greece, is the cultural, comercial and industrial center 
of Epirus the  northwestern p a r t  of Greece, The current 
population of Ioannina is 6 5 , 0 0 0  people w i t h  sone addi-  
t i o n a l  40,OO-0 leaving in t h e  surrounding villages and 
small-towns. 

In t h e  process of decentralization, the GreekGovern- 
ment has g i v e n  i n c e n t i v e s  for the development of the 
greater Ioannina area and therefore more intensive acti- 
vities b o t h  civic and industrial are anticipaled for  the 
near f u t u r e .  Potential sectors of development exist in 
agriculture, animal raising, fisheries, hand-crafts and 
tourism. A s  a basic infra-structure works, the  sewarage 
of t h e  city of Ioannfna is almost co~pleted. 

The area includes two important and scenic surface 
water bodies  the lake Fa~votis and the river Kalarnas 
which support a wide variety of p l a n t  and anfnal l i f e  
and whose conservation is of parament important. It is 
well recognized that very often unprogrammed and quick 
development can cause serious and sometimes irreversible* 
damage to t h e  quality of t h e  environment. The quality 
of t h e  surface waters becomes therefore a critical para- 
meter in t h e  process of development of the area and which 
will enable t h e  decision maker to establish priorities 
and fields of action. 

This paper which is intended to be of informative 
rather than of a highly t echnica l  nature identifies the 
problems and outlines the methodology of cstablishinq 
water q u a l i t y  criteria and controlling wastewater effluent 
in an integrated matter. 



It presents the preliminary results of a research 
programme currently carried out by the Departnent of 
Water Resources of the National Technical University of 
Athens on behalf of the Ministry of the Environment. 

Fig. 1 The study area. 
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2. PHYSICAL AND TECHNICAL BACKGROUND 

The study area comprises two major catchments-the 
cathment of the Lake "Pamvotis" and the catchment of the 
Kalamas river (Figure 1) . 

ThB lake Pamvotis or lake IoannLna is the largest 
lake of the Epirus area having a surface area of 22 km 2 

and a maximum length and width of 8.5 and 3.5 km respe- 
ctively. The total capacity of the lake is estimated 
around 95x1o6rn3. The lake lies at the lowest point of a 
closed drainage basin of 475 km2 in a region of predoni- 
nantly limestone geology with strong carstic character. 
Thus a big amount of the water falling in this area is 
lost to neighbor basins i.e. to the Kalamas and Arachthos 
basins. 

The lake originally extended mostly to the northwest 
and also to the south-east forming shallow marshy areas 
of some 45 km2. In the 1950's @ series of major works 
were built in order to drain the area and reclaim it for 
aqriculture. These works comprised the Lapsista canal 
which extends 42 km to the north-east of the lake and 
drains the Lapsista area to the Kalamas river. The canal 
is connected by a gravity flow tunnel to the "Veltistikos" 
a tributary that joins the Kalamas near the village "Sou- 
lopoulo". The outflow from the lake to the canal is con- 
trolled by headworks. Water is drawn directly from the 
lake for irrigation of the south-east area, appr. 1000 
ha in 1983 and also to supplement. Water needed for the 
irrigation of Lapsista area and which is taken mainly by 
springs. (2.109 ha). 

The Kalamas river is classified among the most im- 
portant rivers of Greece with an average flow of 57 m3/sec 
near its mouth to the sea. The river flows through a na- 
tural cathment area of 1722 km2, which lies alnost enti- 
vely within the Greek territory. The annual precipita- 
tion of the basin is 1360 mm and the surface run-off 
coefficient was estimated at 0.76. The total length of 
the river is 120 km, with 80 km downstream the Soulopoulo 
confluence. It is a swift flowing river with velocities 
ranging from 2.31e/sec near its spring to , 0 . 5  m/sec. 
The time of flow below Soulopoulo is estimated at 1 day. 

Water is drawn from the Kalamas river to irrigate an 
area of 2,000 ha at the Kioteki plain . Small amounts 
of water are also drawn for water supply and fisheries. 

3 .  HYDROLOGICAL BALANCE OF THE LAKE PAMVOTIS-TIME OF 
RESIDENCE 

Very little is known about the flow into and out of 
the lake due to the large amount of subterranean flows. 



However in the basis of available flow records, irriga- 
tion practices etc. an attesp was made to estimate the 
average time of residence in the lake. 

The equation for the water balance sheet for the 
lake can be written in the following way. 

P + Q + G l - E + Y + A + G o  where 

inlet Outlet 

I? = annual precipitation on the lake 
surface 

Q - surface runoff 
GI = ground-water inflows 
E = evaporation 
Y = overflow to the Lapsista canal 
A = irrigation 
Go - sub-terranean losses 

Each one of these terms was assessed se-rrtely 
based on long rainfall records and evapotranspiration ana- 
lysis. Thus the average annual inflow to the lake was 
estimated around 140x106 m3. The averaqe renewal time 
for the lake is therefore 0.79 years or 1.27 times/year. 
For dry and wet conditions respectively with a return 
period of 5 years the residence time is estimated as 
1.14 and 0.60 years. 

4. MINIMUM FLOWS OF THE KALAMAS RIVER 

Data from three flow-gauging stations in the Kalamas 
river for which records exist for period longer than 10 
years were analysed and processed statistically in order 
to draw the flow-duration curves. Ten-day average values 
were used in the calculations as these are known to re- 
present pollution transport phenomena better Min values 
for 6 characteristic sites of the Kalamas (including the 
exit of Lapsista tunnel) are shown in table 1. 

Table 1. Min flows (10-day average) 

Return period-years 

Site - 2 5 10 20 50 

Lapsista 0.02 0 0 0 0 
Soulopoulo 8.22 7.02 6.32 5.72 5.02 
Vrossina 11.45 10.16 9.42 8.78 3.03 
Minina 14.13 12.78 12.00 11.33 10.53 
Irrigation dam 15.29 13.91 13.11 12.42 11.61 
Near outfall 17.34 15.94 15.11 14.39 13.55 



5. BENEFICIAL USES 

The present uses of the lake are fishing for carp 
and crayfish, eel culture in cages, the supply of irri- 
gation water and recreational boating. Swimming in the 
lake is also observed occasionaly. 

The Lapsista canal serves primarily as a drainage 
canal for irrigated areas but it also receives the ef- 
fluent from a number of industries and farms. 

Finally the Kalamas river offers to the people of 
the area a number of beneficial uses which include 
fisheries of trout and carp, irrigation, water supply 
and recreational fishing and swiming. It must be noted 
here that abstraction for water supply is carried out in 
the summer months, not directly from the river but from 
vellslyinq close to the river bed. ' A total number of 
3.000 inhabitants are served in this way. Finally the 
esthetic and cultural value of the river can not be over- 
e~phasized. 

6. CURRENT WATER QUALITY ASSESSMEPJT 

Existing data on the quality of the surface waters 
were scarce and sporadic. For the purposes of this study 
a systematic sampling program has been organized. The 
program will be completed at the end of July 1984. 

La_&e_-Emyotii. The sampling program for the lake includes 
sampling from 7 characteristic points in the lake and 3 
points in the Lapsista canal. Parameters measured in- 
clude BOD, COD, SS, temperature mineral nitrogen, phos- 
phates, dissolved oxygen, transparency and chlorophyl. 

Table 2 shows the evolution of some characteristics 
parameters in the lake from measurements taken in the 
period 1976-1983 by various oroanizations. 

Table 2. Quality of lake Pamvotis (1) 

Date - source 

77-73 PERPP. 
77-74 IOKAb 
June 1981-University 

of Ioannina 
NOV. 1982-PERPA (3) 

Parameter 

9.0 

- 
8.4-10.8 - 
9.0-10.2 
10.2-10.8 

30D 
p.p.n! 

5-7.0 - 
3.05 

3-6 
0.50 

MHd. 
r.p.0 

- 
14-40 - 
12-56 

PO4 -P 
r.?.b 

- 
16-40 - 
30-80 

(:OO 60-17 Nov. 1983-This study 



~ l t h o u q l i  some l o c a l i z e d  p o l l u t i o n  o c c u r s  s e a s o n a l l y  
a t  t h e  Lakc marg in ,  t h e  l a k e  as  a whole  i s  s t i l l  b a s i c a l -  
l y  f r e e  of p o l l u t i o n .  I ts water i s  clear w i t h  a g r e e n i s h  
tilt, due  to  a l i g h t  p l a n k t o n  growth.  The  major e c o l o g i -  
c a l  .1*.sturbance which c a u s e s  c o n s i d e r a b l e  c o n c e r n  t o  t h e  
peop l e  o f  I o a n n i n a  i s  a s u b s t a n t i a l  r e d u c t i o n  i n  t o t a l  
f i s h e r y  c a t c h  i n  t h e  l a s t  t w o  d e c a d e s ,  a s e r i o u s  reduc-  
t i o n  i n  t h e  p r o p o r t i o n  o f  c a r p  and a t o t a l  d i s a p p e a r a n c e  
o f  t h e  eels from t h e  l a k e .  I t  i s  almost s u e  however ( 2 )  
t h a t  t h e  r e d u c t i o n  i n  c a r p  p r o d u c t i o n  i s  a r e s u l t  o f  t h e  
p h y s i c a l  changes  b rough t  a b o u t  t o  t h e  l a k e  by t h e  recla- 
mat ion  w 6 r L s  which have r educed  t h e  s h a l l o w  marg in s  o f  
t h e  l a k e  ( s u i t a b l e  b r e e d i n g  g rounds  f o r  c a r p )  and have 
c u t  o f f  t h e  n a t u r a l  communication between t h e  l a k e  and 
t h e  r i v e r  Kalamas. 

Kahgas ,~~y~r -~nd_ -La~ f i - ig$g -gg~g&.  The r i v e r  q u a l i t y  mo- 
n i t o r i n g  program f o r  t h e  Kalamas river w a s  c a r r i e d  o u t  
between J u l y  and December 1984.  Samples  were t a k e n  from 
4 p o i n t s  i n  t h e  r i ve r  and  a t  t h e  o u t l e t  o f  t h e  L a p s i s t a  
t u n n e l  a t  ) -hour ly  i n t e r v a l s .  Water q u a l i t y  p a r a m e t e r s  
r e c o r d e d  on  9.8.83 were s l i g h t l y  h i g h e r  t h a n  o n  o t h e r  
o c c a s i o n  and a r e  shown i n  t a b l e  3. 

Four  samples  t a k e n  f rom t h e  c a n a l  i n  J u n e  1978 by 
P.E.R.P.A (1) g a v e  BOD v a l u e s  from 5-7 mg/l COD,15-33 
mg/l  and E . c o l i  c o u n t s  f rom 2400-240000/100 m l .  Also two 
sample s  f r a n  t h e  Kalamas r i v e r  t a k e n  a t  Sou lopou lo  and 
V r o s s i n a  gave  BOD o f  5 mg/l,COD o f  1 7  and  22 mg/l  and 
E - c o l i  c o u n t s  o f  1100 and  2400/100 m l .  

6. WASTEWATER LOADS 

Waste l o a d s  a p p l i e d  t o  t h e  s u r f a c e  waters o r i g i n a t e  
f rom two s o u r c e s :  p i n t  or d i s c r e t e  s o u r c e s  l i k e  sewer 
o u t f a l l s ,  i n d u s t r i a l  d i s c h a r g e s  etc.,  and  non-po in t  or 
d i f f u s e  s o u r c e s  such  as  u r b a n  storm water r u n - o f f ,  ~ r e c i -  
p i t a t i o n  and run-of f  from a g r i c u l t u r a l  l a n d .  P r e c i p i t a -  
t i o n  run-of f  f rom undeveloped larlds w i l l  have  c e r t a i n  

T a b l e  3.  Average water q u a l i t y  parameters o n  9.8.83 

Sampl ing l o c a t i o n  

Pa rame te r  

PH 
temp. OC 
C o n d u c t i v i t y  
D . 0  p.p.m. 
BOD p.p.m. 
COD p.p.m. 
KO2--N p.p.b. 
NH4 -N p.p.m. 

L a p s i s t a  

7 .3  
20.0 

364 
85% - 

24.0 
5 6 
1.1 

Sou lopou lo  

7.3 
16.5 

703 
100% 

0.50 
7.0 

2 
0.1 

K i o t e k i  

8.1 
19.0 

483 
112% 

0.60 
14.2 

3.0 
0.5 



p h y s i c a l ,  c h e q i c a l  and b i o l o g i c a l  c h a r a c t e r i s t i c s  which 
w i l l  a f f e c t  water q u a l i t y  i n  t h e  r i v e r  and l a k e , y e t  t h i s  
n a t u r a l  l o a d  c a n n o t  c o n s i d e r e d  a s  a  was te .  

T a b l e  4 .  P o l l u t i o n  l o a d s  from d o m e s t i c  s o u r c e  . 2 

6 . 1  P o i n t  s o u r c e s  

I 

y e a r  

1905 
201 1  

L 

Domestic w a s t e w a t e r s :  P r e s e n t  and f u t u r e  domestic .................... 
was tewa te r  f l o w s  and p o l l u t i o n  l o a d s  a r e  shown i n  t a b l e  
4 .  

I n  t h e  c a l c u l a t i o n  o f  t h e s e  f i g u r e s ,  t h e  p a s t  
r e c o r d s  o f  i n c r e a s e  i n  water consumption,  i n  t h e  l a s t  
20 y e a r s  were c o n s i d e r e d .  P o p u l a t i o n  p r o j e c t i o n s  were 
made on t h e  b a s i s  o f  t h e  a n t i c i p a t e d  d e v e l o p n e n t  oZ t h e  
a r e a .  

p o p 1  . 
e c u i v  . 

6 3 , 0 0 0  
81 ,000  

I n d u s t r i a l  e f f l u e n t s .  The main i n d u s t r i a l  e f f l u e n t  .................... 
p o i n t - s o u r c e s  are l o c a l e d  on  t h e  n o r t h  s i d e  o f  t h e  l a k e  
and a l o n g  t h e  L a p s i s t a  c a n a l .  They r e p r e s e n t  e f f l u e n t s  
ma in ly  from f o o d - p r o c e s s i n g  i n d u s t r i e s  and s l a u g h t e r  
houses .  E f f l u e n t s  from f i s h  f a r m s  were a l s o  i n c l u d e d  i n  
t h e  s u r v e y  a s  sometimes t h e y  c a n  a f f e c t  t h e  q u a l i t y  o f  
t h e  r e c e i v i n g  waters m a i n l y  due  t o  unused f o o d ,  f i s h  
w a s t e s  and d i s e a s e  i n f e c t i o n .  The re  is e v i d e n c e  ( 4 )  t h a t  
e f f l u e n t  q u a l i t y  v a r y  c o n s i d e r a b l y  throughout .  t h e  y e a r  
depending  on  t h e  r i v e r  f l o w  and t e m p e r a t u r e .  

Fo r  t h e  a s s e s s v e n t  o f  p o l l u t i o n  l o a d s  from i n d u s t r i a l  
s o u r c e s ,  24-h compsite samples  were t a k e n  and a n a l y s e d .  
These r e s u l t s  were v e r i f i e d  w i t h  d a t a  t a k e n  from t h e  li- 
t e r a t u r e .  

Waste 
f low 

3 
m /d 

13 ,000  
20 ,000  

T a b l e  5 shows t h e  t o t a l  amount o f  p o l l u t i o n  c o n t r i b u -  
ted by i n d u s t r y .  F u t u r e  p r o j e c t f o n  a s s u x e  a 3C% i n c r e a s e  
i n  a l l  l o a d s .  

BOD 

k ~ / d  

4095 
6480 

ss 

kg/d 

4410 
6885 

~ o t a & - ~ "  
.d 

8 
' ku/d 

756 
1215 

~ o t a l - P  

kg/d 

190 
324 



T a b l e  5. P o l l u t i o n  l o a d s  - I n d u s t r i a l  s o u r c e s  

6 . 2  Non-point s o u r c e s  

Year 

1985 

1985 (fish- 
farms) 

Non-point  s o u r c e s  o f  o r q a n i c  - m l l u t i o n  and n u t r i e n t s  
a r e  a  r e s u l t  o f  a g x i c u l t u r a l  a c t i   ties ( i r r i g a t i o n ,  a n i -  
mal r a i s i n g ) , n a t u r a l  a c t i v i t i e s  od tmosy?her ic  p r e c i p i t a t i -  
o r ? ) , r u n - o f f  f rom paved a r e a s ,  s u b s u r f a c e  d i s p o s a l  of  
w.1stewaters etc. 

Khereunphospha tes  a r e  r e t a i n e d  t o  a g r e a t  e x t e n t  by 
a d s o r p t i o n  and p r e c i p i t a t i o n  i n  t h e  g round ,  n i t r a t e s  a r e  
v e r y  m o b i l e  and  c a n  e a s i l y  be  t r a n s f e r r e d  t h r o u g h  ground 
w a t e r  t o  t h e  l a k e s  and r i v e r s .  

Flow 

m3/d 

1.440 

1 1  0000 

Annual a r e a l  c o n t r i b u t i o n s  o f  n i t r o g e n  and  P t o  t h e  
s u r f a c e  waters a r e  shown i n  t a b l e  6 .  

T a b l e  6 .  

BOD 

580 

77 

S o u r c e  

J r b a n  run-of  f  
[ r r i g a t i o n  

I, 

SS 

243 

3 30  

- 

Precipi ta t ion 

: -? '  l w t  l o a d s  - Non-point  s o u r c e s  

Tota l -N 

W r l u  

470 

4 4 

D r a i n a g e  
a r e a  U n i t  km2 r a t e  

4 r / m Z / y  
(6) (7) 

T o t a l - ?  

* 

- 
4 . 4  

U n i t  
ra te  

nr/m2/: 
[ 6 1  (71 

0.50 
0.50 
0 .50  
0 . 5 0  
0.30 
0 .30  
0.30 
2 .0  

Water 

Laps .. 
Kal- 
l a k e  
Laps. 
K a l m s  
l a k e  



Run-off ------------------ from the spreading ------ ---- of p&ggegy-wasgps In the 
study area there exists a great number of pig-farms. 
For the purposes of this study the most important, from 
a point of view of size and potential pollution, were 
singled out and investigated. !Jith the exception of 
two farms lying near the Lapsista tunnel which treat 
their effluent in anaerobic laggons prior to land dis- 
posal, all other units spread their wastes directly 
on farm land. Because of this fact the pollution caused 
by piggery wastes is considered as a diffuse source. 
In order to be able to estimate the mount of pollutants 
leached out to the lake the criteria for land disposal 
of wastewaters and sludges put forward by EPA (9) were 
used. Data for the amount of wasteflows produced were 
obtained from the farmers from a national survey carried 
out by the Ministry of Hygiene and were correlated with 
published'infornation(l0). Pollution loads were estima- 
ted using data aquired in our laboratory from analyses 
of similar wastes as well as literature sources. Two 
different soil types were recognized: soils with very 
slow infiltration rates in low areas lying very close 
to the lake, with max annual application rates of 0.25 
m/year and soils which can support application rates of 
the order of 1.0 m/year. 

Given that the max. BOD rate which can be supported 
by a fallow soil rich in organics cannot exceed 30 t/ha 
( 9 )  it is obvious that leaching of BOD to the drainage 
water will occur. Assuming an average drainage run-off 
coefficient over this part of the area of 0.30, the loss 
of BOD to the surface waters is estimated as 20% of the 
total. This result is in excellent aqreement with work 
done in Ireland (11). For N and P the reconmended values 
for crop production should not exeed 500 kg N/ha and 
26 kg P/ha (11). Based on expericents done in Ireland 
and an extensive survey of the literature done by Kolen- 
brander the corresponding losses of N and P to the sur- 
face waters is estimated at 40% and 20% respectively. 
The later will be almost entirely in the mineral from 
(11). Pollution loads from piggery wastes are shown 
in table 7. 

Table 7. Piggery wastes - pollution loads to 
surf ace water 

Sows 

1250 

475 

Total-N 

t/year 

60,O 

40,O . 

Flow 

m3/y 

33200 

11170 

BOD 

t/y 

130.11 
- 

Total-PI h'ater body 

t/year 

7.0 

2.4 

lake 

Lapsista 



7. WATER QUALITY CLASSIFICATION 

Whilts rivers and lakes are legitimately used for 
the disposal of effluents, the control of the quality 
of such discharges is necessitated by other uses which 
are made of the waters and the need to protect these 
uses. It is also important to recognize the dilution 
and self-purification afforded by the river or lake in 
order to ninimize the treatment required. 

In determining the quality requirements for the 
river it is necessary both to recognize the uses which 
require to be protected and the c;.lality necessary for 
their protection. The latter is ssually described as 
"criteria". The concept of wat.?r quality criteria is 
been currently adopted by most iuropean countries the 
U.S.A. and the U.S.S.R who have published quality crite- 
ria and prepared directives pr scribing the qualities 
judcjed necessary to support varir,is water uses. 

In order to put into practice the principles out- 
lined above, the major steps required to derive quality 
conditions for discharges are: 

- lndentification of a classification systen of water 
uses 

- formulation of water quality criteria in the form of 
maximum desirable and max. permissible concentrations 
for these various uses 

- selection of flow and quality conditions to be 
adopted in the desih - calculation of the required effluent qualities by 
mass balances and mathematical modelinq. 

The svstem of classification of uses The system of 
classification of water uses proposed for the area is 
shown in table 8. 

Table 8. Classification of surface water uses 

Prinary use Uses for which criteria have 
been described 

I Potable water supplies 1. Categorie 
ll 

A 1 
2. " A2 
3.' A 3 

I1 Fisheries 1. Trout 
2. Carp 

111 Bathing waters 1. Bathing waters 

IV Irrigation 

V Amenity and conservation 



F i g .  2. A l l o c a t e d  w a t e r  u s e s  f o r  t h e  s u r f a c e  waters 

Water ------ g u a l i t y  ----- --------- c r i t e r i a .  Water q ~ a l i t y  c r i t e r i a ,  f o r  u s e s  
I , I I , I I I  i n  t a b l e  8 have been t a k e n  from t h e  r e s p e c t i v e  
EEC d i r e c t i v e s .  For  ~ r r i g a t i o n , q u a l i t y  r e ~ u i r e m e n t s  
depend upon crop t y p e ,  s o i l  t y p e  and w a t e r  a p p l i e d .  For  
t h e  pu rposes  o f  t h i s  s t u d y  w e  have adopted t h e  c r i t e r i a  
proposed by t h e  k n g l i i n  Water A u t h o r i t y  ( 1 2 ) .  ! I n a l l y  
ameni ty  i s  u s u a l l y  n o t  s t a t e d  a s  a river u s e  i n  as much 
a s , r i v e r s a n d  l a k e s  fo rming  a  f e a t u r e  a f  t h e  i a n l s c a y ,  
c o n t r i b u t e  t o  t h e  g e n e r a l  ameni ty  o f  t h e  a r e a .  I t  i s  
d e s i r a b l e  t h a t  r i v e r s  w i t h  h i g h  ameni ty  v a l u e  shou ld  n o t  
have a  BOD p-eater t b m  5 mg/l .  . 

Based on t h e  a b o v .  c l a s s i f i c a t i o n  sys tem,  and t a k i n g  
i n t o  c o n s i d e r a t i o n  t h e  c u r r e n t  u s e s  o f  t h e  s u r f a c e  waters 
and t h e i r  p r e s e n t  q u a l i t y ,  t h e  d e s i r e d  w a t e r  u s e  alloca- 
ted t o  e a c h  s t e t c h  o f  r i v e r  or: l a k e  is shown i n  f i g u r e  2 .  
Having d e f i h e d  t h e  d e s i r e d  u s e s  t h e  most s t i n g e n d  v a l u e  
f o r  e a c h  de te rminand  is t h e n  s e l e c t e d  among t h e  v a r i o u s  
u s e s  and  t h i s  v a l u e  c o n s t i t u t e  a r i v e r  q u a l i t y  c r i t e r i o n  
t h e  de te rminand .  



Calculation of effluent standards by mass-balance. Ef- 
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f l u e n t  discharge loads can easily be calculated using 
simple mathematical models. For the  Kalamas river a 
mathematical model based on t h e  Streeter-Phelps equa- 
tion and prepared by SOGREAH for t h e  P i n i o s  river is 
being used (Prooramme CARIMA) . In addition t h e  model 
makes use of the Saint-Venant equations of the unstrea- 
dy flow. The adjus tment  of the model fo r  the Kalamas 
river and its s o l u t i o n  for a series of typical situa- 
tions is o u t s i d e  t h e  scope of this paper. 

For t h e  lake,a eutrophication model proposed by 
Jones ( 8 )  is being  used. To model is used to predict 
t h e  long-term concentration of phosphates in the lake, 
since POq-P fs known to be the limiting factor. 

8 ,  CONCLUSIONS 

Tk.zs paper has outlined a con:prehensive approach 
to t h e  prob1t.m of controllfnq water pollution in an im- 
portant catchment. This method is currently be ing  used 
by a ?umber c ~ f  water authorities i n  Europe and the U.S. 
Despite t h e  h i g h  amount of time and effort  required it 
o f f e r s  the opportunity to tackle  water pollution problems 
in a rational way and to promote, co-operation within 
a g i v e n  catchment especially in cases such as t h i s  where 
administrative j u r i s d i c t i o n  over the waters is exercised 
by d i f f e x e n t  authorities. It a l s o  offers a unique way 
to establish priorities and make cost-benefit assess- 
ments. 

F i n a l l y  it is a means fo r  the publ ic  to be involved 
in t h e  problem of preserving the environmental quality, 
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