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Ab s t r a c t

Me d i t e r r a n e a n  reg i o n ,  es p e c i a l l y  th e  so u t h e r n  an d  eas t e r n  co u n t r i e s  are  fac i n g  ma j o r  ch a l l e n g e s  

re l a t e d  to  wa t e r  res o u r c e s  sc a r c i t y ,  ac c e s s i b i l i t y ,  an d  en v i r o n m e n t a l  de g r a d a t i o n .  Tr e a t e d  an d  re-

us e d  sew a g e  wa t e r  is  be c o m i n g  a  com m o n  so u r c e  for  ad d i t i o n a l  wa t e r  in  som e  wa t e r  sc a r c e  

re g i o n s  an d  ma n y  co u n t r i e s  ha v e  inc l u d e d  wa s t e w a t e r  re-us e  in  the i r  wa t e r  pl a n n i n g .  Ag r i c u l t u r a l  

re u s e  of  wa s t e w a t e r  ha v e  to  be  int e g r a t e d  in t o  co m p r e h e n s i v e  lan d ,  an d  wa t e r  ma n a g e m e n t  pl a n s  

tak i n g  int o  ac c o u n t  wa t e r  su p p l y ,  wa s t e w a t e r  co l l e c t i o n ,  rec l a m a t i o n ,  an d  reu s e .  Po l i c i e s  ha v e  

be e n  for m u l a t e d  bu t  few  hav e  ha d  th e  ca p a c i t y  to  imp l e m e n t  the m  in  th e i r  wa t e r  ma n a g e m e n t  

pr a c t i c e s  in  ter m s  of  ac t i o n s  to  de a l  wi t h  wa t e r  po l l u t i o n  co n t r o l  an d  wa s t e  dis p o s a l .  In  ar i d  an d  

se m i- ar i d  co u n t r i e s ,  pa r t i c u l a r l y  the  de v e l o p i n g  on e s ,  the  ful l  ut i l i z a t i o n  an d  re-us e  of  se w a g e  wa t e r  

is  st i l l  fa r  fro m  ou r  fin a l  go a l ,  i.e.  to  be  us e d  as  a  wa t e r  so u r c e ,  in  sp i t e  of  th e  vi t a l  rol e  it  co u l d  pl a y  

in  re d u c i n g  th e  hi g h  pr e s s u r e  imp o s e d  on  the  lim i t e d  av a i l a b l e  fre s h w a t e r .  He a l t h  an d  

en v i r o n m e n t a l  pr o b l e m s  ar e  the  ma j o r  ob s t a c l e s  res t r i c t i n g  the  su s t a i n a b l e  an d  sa f e  re-us e  an d  

re c y c l e  of  wa s t e w a t e r  wh i c h  re q u i r e  con c e r t e d  ef f o r t s  su p p o r t e d  by  reg i o n a l  an d  int e r n a t i o n a l  

or g a n i z a t i o n s ,  if  rea l  ch a n g e  an d  be n e f i c i a l  res u l t s  ar e  to  be  rea l i z e d  in  th e  ne a r  fu t u r e .

In t r o d u c t i o n

Me d i t e r r a n e a n  reg i o n s  are  cha r a c t e r i z e d  by  se v e r e  wa t e r  imb a l a n c e  un e v e n  ra i n f a l l ,  an d  
at  the  sam e  tim e ,  inc r e a s e d  de m a n d s  fo r  irr i g a t i o n  an d  do m e s t i c  wa t e r  su p p l y  ha v e  be e n  
oc c u r r e d  in  re c e n t  de c a d e s  as  res u l t s  of  ex p e n d i n g  ur b a n  po p u l a t i o n  an d  tou r i s t y  ind u s t r y .  
Al t h o u g h  wa t e r  is  re c y c l e d  in  the  glo b a l  hy d r o l o g i c  cy c l e  fo r  mi l l e n n i u m s ;  mu c h  sm a l l e r-
sca l e  pla n n e d  loc a l  wa t e r  re c y c l i n g  an d  re u s e  ha v e  be c o m e  inc r e a s i n g l y  imp o r t a n t  for  tw o  
rea s o n s  in  the  Me d i t e r r a n e a n  re g i o n s .  Fi r s t l y ,  pr o p e r l y  tre a t e d  mu n i c i p a l  wa s t e w a t e r  of t e n  
is  a  sig n i f i c a n t  wa t e r  res o u r c e  tha t  ca n  be  us e d  fo r  a  nu m b e r  of  be n e f i c i a l  pu r p o s e s ;  su c h  
as  ag r i c u l t u r a l  an d  lan d s c a p e  irr i g a t i o n .  Se c o n d l y ,  di s c h a r g e  of  se w a g e  ef f l u e n t  int o  
su r f a c e  ef f l u e n t  in t o  su r f a c e  wa t e r  is  be c o m i n g  inc r e a s i n g l y  di f f i c u l t  an d  ex p e n s i v e  as  
tre a t m e n t  req u i r e m e n t s  be c o m e  mo r e  st r i n g e n t  to  pr o t e c t  re c e i v i n g  wa t e r s  su c h  as  riv e r s ,  
es t u a r i e s ,  an d  be a c h e s .

Ex p a n s i o n  of  ur b a n  po p u l a t i o n  an d  inc r e a s e d  co v e r a g e  of  do m e s t i c  wa t e r  su p p l i e s  an d  
se w a g e  ne t w o r k  wi l l  gi v e  ris e  to  gr e a t e r  qu a n t i t i e s  of  mu n i c i p a l  wa s t e w a t e r  wh i c h  can  
be c o m e  a  new  wa t e r  so u r c e ,  pa r t i c u l a r l y  fo r  irri g a t i o n .  Th e  wa t e r  re c y c l i n g  an d  re-us e  
pr o v i d e  a  un i q u e  an d  a  via b l e  op p o r t u n i t y  to  inc r e a s e  tra d i t i o n a l  wa t e r  sup p l y .  Wa t e r  reu s e  
ca n  he l p  to  clo s e  the  loo p  be t w e e n  wa t e r  sup p l y  an d  wa s t e w a t e r  di s p o s a l .  Th e  su c c e s s f u l  
de v e l o p m e n t  of  thi s  re l i a b l e  wa t e r  res o u r c e  de p e n d s  up o n  clo s e  ex a m i n a t i o n  an d  
syn t h e s i s  of  ele m e n t s  fro m  inf r a s t r u c t u r e  an d  fac i l i t i e s  pl a n n i n g ,  wa s t e w a t e r  tre a t m e n t  
pla n t  si t t i n g ,  tre a t m e n t  pr o c e s s  re l i a b i l i t y ,  ec o n o m i c  an d  fin a n c i a l  an a l y s i s ,  wa t e r  ut i l i t y  
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ma n a g e m e n t ,  an d  pu b l i c  ac c e p t a n c e .

Co n s e q u e n t l y ,  the  re-us e  of  mu n i c i p a l  wa s t e w a t e r  wi l l  req u i r e  mo r e  co m p l e x  ma n a g e m e n t  
pr a c t i c e s  an d  st r i n g e n t  mo n i t o r i n g  pr o c e d u r e s  tha n  wh e n  go o d- qu a l i t y  wa t e r  is  us e d .  
Tr e a t m e n t  an d  re-us e  of  sew a g e  wa t e r s  is  be c o m i n g  a  co m m o n  sou r c e  fo r  ad d i t i o n a l  
wa t e r  in  som e  wa t e r  sc a r c e  re g i o n s .  Re- us e  of  se w a g e  wa t e r s ,  wh e n  pr o p e r l y  ma n a g e d ,  
ha s  the  be n e f i t  of  red u c i n g  en v i r o n m e n t a l  de g r a d a t i o n .

Fo r  ma n y  of  tho s e  ar i d  an d  sem i- ar i d  cou n t r i e s ,  re-us e  of  wa s t e w a t e r  ma y  con t r i b u t e  mo r e  
fut u r e  wa t e r  av a i l a b i l i t y  tha n  an y  ot h e r  tec h n o l o g i c a l  me a n s  of  inc r e a s i n g  wa t e r  sup p l i e s .  
Tr e a t e d  wa s t e w a t e r  ca n  be  us e d  ef f e c t i v e l y  fo r  irr i g a t i o n ,  ind u s t r i a l  pu r p o s e s  an d  
gr o u n d w a t e r  re c h a r g e  an d  for  pro t e c t i o n  ag a i n s t  sa l t  in t r u s i o n  in  gr o u n d w a t e r  aq u i f e r s .  
Fu r t h e r m o r e ,  the  wa s t e w a t e r  tre a t m e n t  an d  po s s i b l e  us e  of  se w a g e  ef f l u e n t s  is  a  he a l t h  
an d  en v i r o n m e n t a l  ne c e s s i t y  to  th e  ci v i l  so c i e t y ,  sp e c i a l l y  in  ur b a n  ar e a s .  Th e r e f o r e ,  fo r  
tho s e  co u n t r i e s ,  the  us e  of  ap p r o p r i a t e  te c h n o l o g i e s  fo r  the  de v e l o p m e n t  of  al t e r n a t i v e  
so u r c e s  of  wa t e r  is,  pr o b a b l y ,  the  sin g l e  mo s t  ad e q u a t e  ap p r o a c h  fo r  so l v i n g  th e  pr o b l e m  
of  wa t e r  sho r t a g e ,  tog e t h e r  wi t h  the  im p r o v e m e n t s  in  ef f i c i e n c y  of  wa t e r  us e  an d  ad e q u a t e  
co n t r o l  to  re d u c e  wa t e r  co n s u m p t i o n .  Ou r  wa t e r  ma n a g e m e n t  po l i c y  sh o u l d  be  
fun d a m e n t a l l y  di r e c t e d  to  su p p o r t  tha t  “no  hig h e r  qu a l i t y ,  un l e s s  the r e  is  a  su r p l u s  of  it,  
sh o u l d  be  us e d  for  a  pu r p o s e  tha t  ca n  to l e r a t e  a  low e r  gr a d e”.  Th i s  is  wh a t  we  ar e  
ch a l l e n g i n g  fo r  an d  we  ha v e  to  fin d  the  ke y- rec o m m e n d a t i o n s  an d  so l u t i o n s  for  ac t i o n .

Po t e n t i a l  of  Sa v i n g  by  Us i n g  Tr e a t e d  Wa s t e w a t e r

Gl o b a l l y ,  de m a n d s  on  fre s h w a t e r  re s o u r c e s  are  inc r e a s i n g  du e  to  po p u l a t i o n  gr o w t h ,  
inc r e a s e d  pe r  cap i t a  co n s u m p t i o n ,  an d  the  de m a n d s  of  the  ind u s t r i a l  an d  ag r i c u l t u r a l  
se c t o r s .  Gr e a t e r  wa t e r  con s u m p t i o n  is  di r e c t l y  as s o c i a t e d  wi t h  inc r e a s e d  wa s t e w a t e r  
ge n e r a t i o n  tha t  req u i r e s  ad e q u a t e  tre a t m e n t  to  pre v e n t  he a l t h  ris k s  an d  en v i r o n m e n t a l  
de g r a d a t i o n .  Re c e n t l y ,  the  de v e l o p m e n t  of  rec l a i m e d  do m e s t i c  wa s t e w a t e r  reu s e  pr o j e c t s  
ha s  em e r g e d  as  a  po t e n t i a l  no n- co n v e n t i o n a l  re s o u r c e  to  sa t i s f y  the  co n t i n u o u s l y  
inc r e a s i n g  de m a n d  fo r  wa t e r . S i n c e  se v e r a l  ac t i v i t i e s  do  no t  req u i r e  wa t e r  of  po t a b l e  
qu a l i t y ,  re c l a i m e d  wa t e r  ma y  be  su b s t i t u t e d  fo r  co n v e n t i o n a l  re s o u r c e s .  Tr e a t e d  
wa s t e w a t e r  ef f l u e n t s  ma y  be  re u s e d  for  pu r p o s e s  su c h  as  no n- ag r i c u l t u r a l  irr i g a t i o n  
(par k s ,  gr e e n  ar e a s ,  go l f  co u r s e s ,  et c.), ind u s t r i a l  rec y c l i n g  an d  re u s e  (cool i n g  wa t e r ,  bo i l e r  
fee d ,  pr o c e s s  wa t e r),  fir e  fig h t i n g ,  an d  gro u n d w a t e r  rec h a r g e .

W a s t e w a t e r  tre a t m e n t s  pr o v i d e s  op p o r t u n i t i e s  to  inc r e a s e  the  us e  of  wa s t e w a t e r  in  
ag r i c u l t u r e  (GWP/M e d ,  2000). Th e  pe r c e n t a g e  of  po p u l a t i o n  se r v e d  wi t h  wa t e r  sup p l y  an d  
sa n i t a t i o n  va r i e s  fro m  on e  co u n t r y  to  an o t h e r .  Th e  tab l e  1  be l o w  ind i c a t e  tha t  the  an n u a l  
wa t e r  us e  in  do m e s t i c  an d  ind u s t r i a l  se c t o r s  cou l d  re a c h  83  BM C .  As s u m i n g  80 %  of  
wa s t e w a t e r  wi l l  be  co l l e c t e d  an d  tre a t e d ,  the  an n u a l  co l l e c t e d  wa s t e w a t e r  cou l d  re a c h  66.7  
BM C .  Th e  ex i s t i n g  wa s t e w a t e r  re u s e  is  es t i m a t e d  at  0.75  BM C  in  the  Me d i t e r r a n e a n  
co u n t r i e s  (FAO,  199 7).  Th e  po t e n t i a l  tre a t e d  wa s t e w a t e r  fo r  re u s e  can  the r e f o r e  be  
es t i m a t e d  at  66  BM C/y e a r  in  the  Me d i t e r r a n e a n  reg i o n .

Ba s e d  on  the  wa t e r  de m a n d  of  yea r  2025,  an d  as s u m i n g  tha t  thi s  wa t e r  co u l d  be  sa t i s f i e d ,  
the  sa v i n g  us i n g  tre a t e d  wa s t e w a t e r  co u l d  rea c h  70  BM C  / yea r .  Th e  co s t  to  ac h i e v e  th i s  
sa v i n g  is  es t i m a t e d  to  55  bi l l i o n s  eu r o s  wh i c h  inc l u d e  the  ne e d  to  fill  the  ga p  in  wa t e r  
su p p l y  an d  sa n i t a t i o n  co v e r a g e  for  25  mi l l i o n  pe o p l e  wi t h o u t  ac c e s s  to  wa t e r  an d  to  tre a t  
the  wa s t e w a t e r  ef f l u e n t s .

Ta b l e  1.  An n u a l  do m e s t i c  an d  ind u s t r i a l  wa t e r  us e  an d  po t e n t i a l  tre a t e d  wa s t e w a t e r  fo r  re u s e  (M 
m 3/year)



Potential Total 
Irrigation 
Savings

Potential Total 
Domestic 
Savings

Potential Total 
industrial/

Commercial 
Savings

Potential Treated 
Wastewater for 

use

Total Potential 
Water Savings

Sy r i a 1,360.0 174. 1 3.5 135.9 1,673. 5
Le b a n o n 95.0 99.7 1.9 286.3 482.9
Jo r d a n 73.8 7 1.0 0.4 89.7 234.9
Eg y p t e 4,773.0 1,079. 4 55.5 5,108. 1 1 1 , 0 1 6 . 0
Lib y a 400.2 16 1 . 9 1.2 248.0 8 1 1 . 2
Tun i s i a 270.6 9 1..5 1.2 20 1 . 1 564.3
Al g e r i a 270.0 368.3 8.4 1, 1 3 8 . 6 1,785. 4
Mo r o c c o 1,0 1 6 . 1 186. 5 4.1 553.9 1,760.6
Al b a n i a 99.4 129. 3 0.0 22 1 . 4 450. 1
Cr o a t i a 0.0 12 1 . 7 4.8 506.9 633.3
Cy p r u s 15.6 16. 1 0. 1 20. 1 5 1.8
Fr a n c e 488.0 1,947. 9 371 . 1 26,776.5 29,583.5
G r e e c e 569.4 359.0 2.6 779.2 1,7 1 0 . 3
It a l y 2,537.6 2,13 6. 9 197. 5 16, 1 3 5 . 3 2 1,007. 4
Ma l t a 0.7 15.5 0.0 25.3 4 1.4
Sp a i n 2,4 1 5 . 4 1,472. 1 79.9 7,567.3 1 1 , 5 3 4. 7
Tu r k e y 259 1 . 5 1,8 1 8 . 8 48.8 6,17 3. 9 10,63 3. 0

Total 16,976 10,250 781 65,968 93,974

Wa s t e w a t e r  as  an  Ad d i t i o n a l  Wa t e r  Re s o u r c e

Be n e f i t s

Tr e a t e d  wa s t e w a t e r  ma y  be  con s i d e r e d  as  a  ‘new’  wa t e r  re s o u r c e ,  wh i c h  can  be  ad d e d  to  
the  ge n e r a l  wa t e r  ba l a n c e  of  a  reg i o n .  Th i s  ‘ne w’  so u r c e  ca n  su b s t i t u t e  co n v e n t i o n a l  wa t e r  
(pota b l e  wa t e r)  us e d  for  irri g a t i o n  or  fo r  ot h e r  pu r p o s e s  tha t  do  no t  re q u i r e  wa t e r  of  
dr i n k i n g  qu a l i t y ,  wh i l e  re l e a s i n g  som e  of  the  pr e s s u r e  on  the  con v e n t i o n a l  wa t e r  re s o u r c e s .

Th e r e  are  se v e r a l  be n e f i t s  of  tre a t e d  wa s t e w a t e r  reu s e .  Fi r s t ,  it  pr e s e r v e s  the  hig h  qu a l i t y ,  
ex p e n s i v e  fre s h  wa t e r  fo r  the  hig h e s t  va l u e  pu r p o s e s – p r i m a r i l y  fo r  dr i n k i n g .  Th e  co s t  of  
se c o n d a r y- lev e l  tre a t m e n t  fo r  do m e s t i c  wa s t e w a t e r  in  the  Me d i t e r r a n e a n  reg i o n s ,  av e r a g e  
$U S  0.5/m 3 , is  ch e a p e r ,  in  mo s t  ca s e s ,  tha n  de v e l o p i n g  ne w  su p p l i e s  in  the  reg i o n  (WB,  
2000).  Se c o n d ,  co l l e c t i n g  an d  tre a t i n g  wa s t e w a t e r  pr o t e c t s  ex i s t i n g  sou r c e s  of  va l u a b l e  
fre s h  wa t e r ,  the  en v i r o n m e n t  in  ge n e r a l ,  an d  pu b l i c  he a l t h .  In  fac t,  wa s t e w a t e r  tre a t m e n t  
an d  re u s e  (WWT R),  no t  on l y  pr o t e c t s  va l u a b l e  fre s h  wa t e r  re s o u r c e s ,  bu t  it  ca n  
su p p l e m e n t  the m ,  th r o u g h  aq u i f e r  re c h a r g e .  If  the  tru e ,  en o r m o u s ,  be n e f i t s  of  
en v i r o n m e n t a l  an d  pu b l i c  he a l t h  pr o t e c t i o n  we r e  co r r e c t l y  fac t o r e d  int o  ec o n o m i c  an a l y s e s ,  
wa s t e w a t e r  co l l e c t i o n ,  tre a t m e n t  an d  re u s e  wo u l d  be  on e  of  the  hi g h e s t  pr i o r i t i e s  for  
sca r c e  pu b l i c  an d  de v e l o p m e n t  fun d s .  Th i r d ,  if  ma n a g e d  pr o p e r l y ,  tre a t e d  wa s t e w a t e r  ca n  
so m e t i m e s  be  a  sup e r i o r  so u r c e  for  ag r i c u l t u r e ,  tha n  som e  fre s h  wa t e r  sou r c e s .  It  is  a  
co n s t a n t  wa t e r  sou r c e ,  an d  ni t r o g e n  an d  ph o s p h o r u s  in  the  wa s t e w a t e r  ma y  res u l t  in  
hig h e r  yie l d s  tha n  fre s h w a t e r  irr i g a t i o n ,  wi t h o u t  ad d i t i o n a l  fe r t i l i z e r  ap p l i c a t i o n  
(Pap a d o p o u l o s ,  2000).  Re s e a r c h  pro j e c t s  in  Tu n i s i a  ha v e  de m o n s t r a t e d  tha t  tre a t e d  
ef f l u e n t  ha d  su p e r i o r  no n- mi c r o b i o l o g i c a l  ch e m i c a l  ch a r a c t e r i s t i c s  tha n  gr o u n d w a t e r ,  for  
irr i g a t i o n .  Ma i n l y ,  the  tre a t e d  wa s t e w a t e r  ha s  low e r  sa l i n i t y  lev e l s  (WB,  2000,  pg.8). 

On e  of  the  ec o n o m i c  be n e f i t s  of  wa s t e w a t e r  re u s e  in  ar i d  an d  se m i- ar i d  ar e a s  is  the  
bo o s t i n g  of  ag r i c u l t u r e  de v e l o p m e n t  tha t  wo u l d  no t  be  po s s i b l e  wi t h o u t  a  co n s t a n t  an d  
re l i a b l e  su p p l y  of  wa t e r .  Th i s  co m p o n e n t  (agri c u l t u r e  de v e l o p m e n t)  is  ge n e r a l l y  ne g l e c t e d  
in  the  co s t – b e n e f i t  si n c e  the  an a l y s i s  is  ge n e r a l l y  lim i t e d  to  inv e s t m e n t  an d  op e r a t i o n a l  
co s t s  on  the  on e  ha n d  an d  po t e n t i a l  re v e n u e s  fro m  se l l i n g  the  tre a t e d  wa s t e w a t e r  on  the  
ot h e r .  Ot h e r  iss u e s ,  wh i c h  ar e  ge n e r a l l y  ov e r l o o k e d ,  ar e  the  res u l t i n g  en v i r o n m e n t a l  an d  
pu b l i c  he a l t h  pr o t e c t i o n  ev e n  if  the y  ar e  con s p i c u o u s ,  du e  to  the  di f f i c u l t i e s  to  as s i g n  
ec o n o m i c  va l u e s  to  the s e  pa r a m e t e r s .  Th e  co s t – b e n e f i t  an a l y s i s  us u a l l y  is  pe r f o r m e d  for  a  
20  ye a r s  pe r i o d ,  wh i l e  the  life t i m e  of  wa s t e w a t e r  sto r a g e  res e r v o i r s  an d  sim i l a r  un i t s  is  at  
lea s t  40  yea r s  (and  ma y  be  mu c h  mo r e .



Th u s ,  the  an n u a l  rep a y m e n t  for  ca p i t a l  re c o v e r y  is  in  pr a c t i c e  low e r  tha n  the  on e  us u a l l y  
ca l c u l a t e d .

Ca s e- stu d i e s

Co u n t r i e s  in  th e  re g i o n  wh i c h  pr a c t i c e  wa s t e w a t e r  tre a t m e n t  an d  re u s e  in c l u d e  Sp a i n ,  
Fr a n c e ,  Cy p r u s ,  Ma l t a ,  Tu n i s i a ,  Isr a e l ,  Ita l y,  Gr e e c e ,  Po r t u g a l ,  an d  Eg y p t .  Ho w e v e r ,  on l y  
Is r a e l ,  Cy p r u s  an d  Tu n i s i a ,  an d  to  a  ce r t a i n  ex t e n t ,  Jo r d a n ,  al r e a d y  pr a c t i c e  wa s t e w a t e r  
tre a t m e n t  an d  reu s e  as  an  int e g r a l  com p o n e n t  of  the i r  wa t e r  ma n a g e m e n t  an d  
en v i r o n m e n t a l  pr o t e c t i o n  st r a t e g i e s .  

In  Tu n i s i a ,  tre a t e d  ef f l u e n t  wi t h  a  tot a l  flo w  of  250  m 3/d is  us e d  to  irr i g a t e  ab o u t  4500  ha  of  
or c h a r d s  (citr u s ,  gr a p e s ,  ol i v e s ,  pe a c h e s ,  pe a r s ,  ap p l e s ,  po m e g r a n a t e),  fod d e r ,  co t t o n ,  
ce r e a l s ,  go l f  co u r s e s  an d  law n s  (Abu- Ze i d ,  199 8).T h e  ag r i c u l t u r a l  se c t o r  is  the  ma i n  us e r  
of  tre a t e d  wa s t e w a t e r .  Mo b i l i z a t i o n  of  tre a t e d  wa s t e w a t e r ,  an d  tra n s f e r  or  di s c h a r g e  ar e  an  
int e g r a l  pa r t  of  the  na t i o n a l  hy d r a u l i c  eq u i p m e n t  pr o g r a m  an d  ar e  the  res p o n s i b i l i t y  of  the  
St a t e ,  lik e  al l  re l a t e d  pr o j e c t s .  Th e  ad v a n t a g e  of  th i s  wa t e r  re s o u r c e  is  tha t  it  is  alw a y s  
av a i l a b l e  an d  can  me e t  pr e s s i n g  ne e d s  for  irri g a t i o n  wa t e r .  Ind e e d  us e  of  wa s t e w a t e r  
sa v e d  ci t r u s  fru i t  wh e n  the  res o u r c e s  dr i e d  up  (over- ex p l o i t e d  gr o u n d w a t e r)  in  the  re g i o n s  
of  So u k r a  (600  inh a b i t a n t s)  an d  Ou e d  So u h i l  (360  inh a b i t a n t s)  sin c e  1960  an d  con t r i b u t e d  
am o n g  ot h e r  th i n g s  to  the  im p r o v e m e n t  of  st r a t e g i c  cr o p  pro d u c t i o n  (fodd e r  an d  ce r e a l s)  in  
ne w  ar e a s .

Te c h n i c a l  an d  ec o n o m i c  cri t e r i a  en a b l e d  the  irr i g a t i o n  of  mo r e  tha n  6600  ha  mo b i l i z i n g  
30 %  of  di s c h a r g e d  ef f l u e n t .  Th e  av e r a g e  ef f e c t i v e  ut i l i z a t i o n  ra t e  of  tre a t e d  wa s t e w a t e r  is  
20 % .  Th e  vo l u m e  co n s u m e d  di f f e r s  gr e a t l y  fro m  on e  are a  to  an o t h e r ,  ac c o r d i n g  to  cl i m a t i c  
co n d i t i o n s  (11  to  21  Mi l l i o n  m 3 pe r  ye a r .)  At  pr e s e n t ,  tre a t e d  wa s t e w a t e r  is  an  av a i l a b l e  
so u r c e  of  wa t e r  for  fa r m e r s ,  bu t  on  the  on e  ha n d ,  it  is  no t  su i t a b l e  fo r  cr o p s  th a t  ar e  
ec o n o m i c a l l y  pr o f i t a b l e ,  an d  on  the  ot h e r  ha n d  it  po s e s  som e  he a l t h  ris k s .  Th e  be s t  lev e l s  
of  ut i l i z a t i o n  ar e  fou n d  in  ar b o r i c u l t u r a l  ar e a s ,  in  ar e a s  wi t h  a  tra d i t i o n  of  irr i g a t i o n  an d  in  
se m i  ar i d  ar e a s .

W i t h  a  pr o j e c t e d  vo l u m e  of  2 15  mi l l i o n  m 3 by  th e  ye a r  2006,  the  ut i l i z a t i o n  po t e n t i a l  of  thi s  
wa t e r  wi l l  be  ab o u t  20,000  he c t a r e s ,  th a t  is  5%  of  the  ar e a s  tha t  can  be  irr i g a t e d ,  if  we  
ass u m e  int e n s i v e  int e r- se a s o n a l  st o r a g e  an d  a  ma s s i v e  int r o d u c t i o n  of  wa t e r  sa v i n g  
sy s t e m s  th a t  wo u l d  inc r e a s e  the  mo b i l i z a t i o n  rat e  to  45 % .  It  is  ex p e c t e d  tha t  ad d i t i o n a l  
tre a t m e n t  of  tre a t e d  wa s t e w a t e r  wi l l  im p r o v e  the  ra t e  of  us e  in  irr i g a t e d  ar e a s  (ONA S  
200 1).

Ag r i c u l t u r a l  re u s e  ho w e v e r  wi l l  no t  se e  ma r k e d  imp r o v e m e n t ,  un l e s s  re s t r i c t i o n s  ar e  lif t e d  
on  pi l o t  wa s t e w a t e r  tre a t m e n t  pla n t s  wi t h  com p l e m e n t a r y  tre a t m e n t  pro c e s s e s .  Th i s  can  
on l y  be  de c i d e d  wh e n  the  sta t i o n s  ar e  fun c t i o n i n g  wi t h  ac c e p t a b l e  re l i a b i l i t y .  Th i s  wi l l  tak e  
a  few  ye a r s  of  ex p e r i e n c e .  No n e t h e l e s s ,  in  al l  ca s e s ,  an d  reg a r d l e s s  of  the  tre a t m e n t  
me t h o d ,  te c h n i c a l  an d  or g a n i z a t i o n a l  me a s u r e s  sho u l d  be  int r o d u c e d  in  or d e r  to  
sy s t e m a t i c a l l y  wa r n  tho s e  ma n a g i n g  the  re u s e  of  an y  bre a k d o w n s  tha t  ma y  oc c u r  in  the  
wa s t e w a t e r  tre a t m e n t  pl a n t s  an d  to  av o i d  the  flo w  of  tre a t e d  wa s t e w a t e r  int o  the  
di s t r i b u t i o n  ne t w o r k .

In  Jo r d a n ,  Tr e a t e d  wa s t e w a t e r  ge n e r a t e d  at  ni n e t e e n  ex i s t i n g  wa s t e w a t e r  tre a t m e n t  pl a n t s  
is  an  imp o r t a n t  wa t e r  res o u r c e s  co m p o n e n t .  Ab o u t  72  MC M  pe r  ye a r  (2000) of  tre a t e d  
wa s t e w a t e r  ar e  ef f e c t i v e l y  di s c h a r g e d  int o  the  wa t e r c o u r s e s  or  us e d  for  irri g a t i o n ,  76 %  is  
ge n e r a t e d  fro m  the  bi g g e s t  wa s t e  st a b i l i z a t i o n  po n d  Al-Sa m r a  tre a t m e n t  pl a n t  se r v i n g  a  
po p u l a t i o n  of  2  mi l l i o n  (app r o x i m a t e l y  70 %  the  tot a l  se r v e d  po p u l a t i o n)  in  2000.  By  the  



ye a r  2020,  wh e n  the  po p u l a t i o n  is  pr o j e c t e d  to  be  ab o u t  9.9  mi l l i o n ,  ab o u t  240  MC M  pe r  
ye a r  of  wa s t e w a t e r  ar e  ex p e c t e d  to  be  ge n e r a t e d .  Al l  of  the  tre a t e d  wa s t e w a t e r  co l l e c t e d  
fro m  th e  As- Sa m r a  wa s t e w a t e r  tre a t e d  pl a n t  is  ble n d e d  wi t h  fre s h  wa t e r  fro m  the  Ki n g  
Ta l a l  re s e r v o i r  an d  us e d  for  un r e s t r i c t e d  irr i g a t i o n  do w n s t r e a m  in  the  Jo r d a n  Va l l e y .  

In  Isr a e l  reu s e  up  to  1982  am o u n t e d  to  ab o u t  25 %  of  the  wa s t e w a t e r  ge n e r a t e d .  Si n c e  tha t  
tim e  se v e r a l  lar g e  pr o j e c t s  lea d  to  a  lar g e  inc r e a s e  in  wa t e r  re u s e .  In  198 7  som e  230  
rec l a i m e d  wa t e r  pr o j e c t s  pr o d u c e d  ab o u t  0.27  x  106  m 3/day  of  re c l a i m e d  wa t e r  fro m  a  
po p u l a t i o n  of  ov e r  4  mi l l i o n  pe o p l e  (Arg a r n a n ,  1989).  Ab o u t  92 %  of  the  wa s t e w a t e r  wa s  
co l l e c t e d  by  mu n i c i p a l  se w e r s  an d  of  th i s  72  %  wa s  reu s e d  fo r  irr i g a t i o n  42 %)  or  
gr o u n d w a t e r  re c h a r g e  (30%).  Re u s e  co n s t i t u t e s  ap p r o x i m a t e l y  10  %  of  the  wa t e r  in  Isr a e l  
bu t  by  20 1 0  it  is  pro j e c t e d  tha t  reu s e  wi l l  ac c o u n t  ab o u t  20 % ,  wi t h  ab o u t  33 %  of  the  tot a l  
wa t e r  res o u r c e  al l o c a t e d  to  ag r i c u l t u r a l  irr i g a t i o n .  

In  Isr a e l  of  the  va r i o u s  ad v a n c e d  tre a t m e n t  op t i o n s  us e d  in  Isr a e l ,  se w a g e  tre a t m e n t  
sy s t e m s ,  em p l o y i n g  con v e n t i o n a l  bio l o g i c a l  tre a t m e n t ,  fo l l o w e d  by  a  lon g  de t e n t i o n  
re s e r v o i r ,  as  a  sy s t e m  of  cho i c e ,  pr o v i d e s  in  the  me a n  tim e  a  su p e r i o r  co n v e n t i o n a l  
me t h o d  of  tre a t m e n t  for  wa s t e w a t e r  an d  re u s e  for  ar i d  an d  se m i- ar i d  re g i o n s .  Th i s  pr a c t i c e  
is  ge n e r a l l y  re c o g n i z e d  at  the  mo m e n t  as  an  ec o n o m i c a l l y  fea s i b l e  st r a t e g y  for  de v e l o p i n g  
a  cru c i a l  wa t e r  sou r c e  fo r  irr i g a t i o n  rep l a c i n g  fre s h w a t e r  to  be  rea l l o c a t e d  for  
ur b a n/d o m e s t i c  us e ,  wh i l e  al s o  ha v i n g  pu b l i c  he a l t h  ad v a n t a g e s .  Ab o u t  ei g h t y  pe r c e n t  of  
Is r a e l ’ s  tre a t e d  wa s t e w a t e r  is  re u s e d  in  irr i g a t i o n .  

De s p i t e  al l  ef f o r t s  in  pr a c t i c e  an d  res e a r c h  ho w e v e r ,  the  as s o c i a t e d  he a l t h  an d  
en v i r o n m e n t a l  ris k s  an d  the  imp l i c a t i o n s  of  th e  in c r e a s e  in  the  qu a n t i t i e s  of  wa s t e w a t e r  
ef f l u e n t s  in  th e  hu m a n  en v i r o n m e n t  ar e  no t  ful l y  un d e r s t o o d .  Fu r t h e r m o r e ,  the  in c l u s i o n  of  
se w a g e  ef f l u e n t s  as  pa r t  of  “wa t e r  irr i g a t i o n  rig h t s”  an d  the  as s o c i a t e d  ins t i t u t i o n a l  an d  
pr i c i n g  ad j u s t m e n t s  ne e d  to  be  an a l y z e d  as  we l l  as  the  mo d i f i c a t i o n s  in  the  ag r i c u l t u r a l  
pr o d u c t i o n  sy s t e m s .  Ex t e n s i v e  en g i n e e r i n g  an d  ac a d e m i c  re s e a r c h  is  be i n g  con d u c t e d  in  
an  at t e m p t  to  el a b o r a t e  the  con s e q u e n c e s  an d  ef f e c t s  of  lar g e  sc a l e  an d  ex p a n d e d  us e  of  
tre a t e d  ef f l u e n t s  of  va r y i n g  de g r e e  of  qu a l i t y  on  the  hu m a n  an d  na t u r a l  en v i r o n m e n t ,  in  
ge n e r a l ,  an d  th e  so i l/wa t e r/c r o p  re l a t i o n s h i p ,  in  pa r t i c u l a r .  Su b s u r f a c e  tri c k l e  irr i g a t i o n  in  
lar g e  fie l d  sca l e  wa s  tri e d  an d  no  yie l d  be n e f i t s  or  de f i c i t s  we r e  fou n d  as  com p a r e d  to  
su r f a c e  tri c k l e  irr i g a t i o n .  Ho w e v e r  the  E.c o l i  pa t h o g e n s  in  the  su r f a c e  so i l  w a s  the  sa m e  as  
ba c k g r o u n d  sa m p l e s  su g g e s t i n g  a  sa f e r  me t h o d  of  irr i g a t i o n  th o u g h  no t  alw a y s  the  
ma x i m u m  yi e l d s  ar e  ob t a i n e d .

In  Cy p r u s  wa s t e w a t e r  ge n e r a t e d  fro m  the  ma i n  ci t i e s  is  co l l e c t e d  an d  fo l l o w i n g  ter t i a r y  
tre a t m e n t  is  us e d  fo r  irr i g a t i o n .  It  is  ex p e c t e d  th a t  the  irr i g a t e d  ag r i c u l t u r e  wi l l  be  ex p e n d e d  
by  8-10 %  an d  an  eq u i v a l e n t  am o u n t  of  wa t e r  wi l l  be  co n s e r v e d  fo r  ot h e r  se c t o r s  
(Pap a d o p o u l o s .  1995).

In  Ita l y ,  in  the  ar e a s  ne a r  the  tre a t m e n t  pla n t s  of  the  tow n s  Ca s t i g l i o n e ,  Ce s e n a ,  
Ce s e n a t i c o ,  Ce r v i a  an d  Ga t t e o  an  int e n s i v e  pro g r a m m e  of  reu s e  of  tre a t e d  wa s t e w a t e r s  
ha s  be e n  ca r r i e d  ou t.  Wa s t e w a t e r  irr i g a t i o n  no w  co v e r s  an  ar e a  of  ov e r  4000  ha  an d  a  
ve r y  int e r e s t i n g  re s u l t s  bo t h  in  te r m s  of  the  ef f e c t s  on  the  so i l  an d  on  the  irr i g a t e d  cro p s  
ar e  sho w n .  Th e  fir s t  su r v e y  of  Ita l i a n  tre a t m e n t  pl a n t s  es t i m a t e d  the  tot a l  tre a t e d  ef f l u e n t  
flo w  at  2  400  Mm 3 /yr  of  us a b l e  wa t e r .  Th i s  gi v e s  an  es t i m a t e  of  the  po t e n t i a l  re s o u r c e  
av a i l a b l e  for  re u s e .

Th e  re u s e  of  tre a t e d  wa s t e w a t e r  in  Sp a i n  is  al r e a d y  a  re a l i t y  in  se v e r a l  re g i o n s  of  the  
co u n t r y  fo r  fou r  ma i n  ap p l i c a t i o n s :  go l f  co u r s e  irr i g a t i o n ,  ag r i c u l t u r e  irr i g a t i o n ,  gr o u n d w a t e r  
re c h a r g e  an d  riv e r  flo w  au g m e n t a t i o n .  In  Te n e r i f e ,  the  tre a t e d  wa t e r  re u s e d  in  irr i g a t i o n  



am o u n t  to  17  00  m 3/day.  Th e s e  wa t e r s  ar e  st o r e d  in  two  res e r v o i r s  of  a  ca p a c i t y  of  250  00  
m 3 an d  50  000  m 3 res p e c t i v e l y  in  Sa n  Lo r e n z o  an d  Se n  Is i d r o .  Th e  ma i n  cro p s  irri g a t e d  
ar e  ba n a n a ,  vin e y a r d s ,  tom a t o e s ,  an d  cu t  flo w e r s .

In  Po r t u g a l ,  tre a t e d  wa s t e w a t e r  is  a  va l u a b l e  po t e n t i a l  re s o u r c e  fo r  irr i g a t i o n  an d  sh o u l d  
so o n  re a c h  580  Mm 3/yr,  wh i c h  is  ap p r o x i m a t e l y  tw i c e  as  mu c h  as  to d a y .  Ev e n  wi t h o u t  
sto r a g e ,  th i s  am o u n t  co u l d  be  en o u g h  to  co v e r  ab o u t  10 %  of  the  wa t e r  ne e d s  for  irr i g a t i o n  
in  a  dr y  yea r .  Ro u g h l y ,  be t w e e n  35  000  an d  100  000  ha,  de p e n d i n g  on  sto r a g e  ca p a c i t y  
co u l d  be  irr i g a t e d  wi t h  rec y c l e d  wa t e r .

In  Mo r o c c o ,  the  re u s e  of  raw  wa s t e w a t e r s  ha s  be c o m e  a  cu r r e n t  an d  ol d  pr a c t i c e .  Th e y  
ar e  reu s e d  in  ag r i c u l t u r e  in  se v e r a l  pa r t s  the  co u n t r y .  Th e s e  pr a c t i c e s  are  ma i n l y  loc a l i z e d  
to  the  pe r i p h e r y  of  so m e  bi g  co n t i n e n t a l  ci t i e s  wh e r e  ag r i c u l t u r a l  lan d s  ar e  loc a t e  in  the  
do w n s t r e a m  of  ef f l u e n t  di s c h a r g e ,  an d  al s o  in  sm a l l  pa r t s  ar o u n d  the  wa s t e s  of  the  
tre a t m e n t  ne t w o r k s .  Th e  cl i m a t i c  co n s t r a i n t s  ha d  pu s h e d  fa r m e r s  to  irr i g a t e  the i r  cr o p s  wi t h  
raw  wa s t e w a t e r  wh e n  wa t e r  re s o u r c e s  are  no t  av a i l a b l e .

Du r i n g  the  las t  ye a r s ,  the  re u s e  of  wa s t e w a t e r s  ha s  al s o  de v e l o p e d  ar o u n d  so m e  su b u r b s  
re c e n t l y  pr o v i d e d  wi t h  a  tre a t m e n t  ne t w o r k .  A  tot a l  of  7000  ha  is  di r e c t l y  irr i g a t e d  wi t h  raw  
wa s t e w a t e r s  di s c h a r g e d  by  tow n s ,  i.e.  ab o u t  70  mi l l i o n  m 3 of  wa s t e w a t e r  is  us e d  ev e r y  
ye a r  in  ag r i c u l t u r e  wi t h  no  ap p l i c a t i o n  of  the  sa n i t a r y  pre c a u t i o n  (HWO  st a n d a r d s  for  
ex a m p l e).  Th i s  se c o n d  us e  con c e r n s  a  di v e r s i t y  of  cu l t i v a t i o n  typ e s  (fodd e r ,  ce r e a l s ,  fru i t  
thr e e s  …).

Th e  irr i g a t i o n  of  veg e t a b l e  cr o p s  wi t h  raw  wa s t e w a t e r s  is  fo r b i d d e n  in  Mo r o c c o ,  bu t  thi s  
ba n n i n g  is  no t  re s p e c t e d ,  wh i c h  ma k e s  the  con s u m e r  of  ag r i c u l t u r a l  pr o d u c t s  an d  the  
far m e r  fac e  ris k s  of  ba c t e r i a  or  pa r a s i t e  co n t a m i n a t i o n s .  In  ge n e r a l ,  the  vo l u m e  of  
wa s t e w a t e r s  tha t  ha v e  be e n  rec y c l e d  do e s  no t  re p r e s e n t  mo r e  tha n  0.5 %  of  the  wa t e r  
us e d  in  Ag r i c u l t u r e .

Th i s  si t u a t i o n  ten d s  to  be  ge n e r a l i z e d  in  al l  the  sub u r b s  tha t  ar e  pr o v i d e d  wi t h  a  tre a t m e n t  
sy s t e m  wh e r e  wa s t e w a t e r s  ar e  di s c h a r g e d .  Fo l l o w i n g  an  inv e s t i g a t i o n  ca r r i e d  ou t  wi t h i n  
the  fra m e w o r k  of  NS L C  (1998), a  tot a l  of  70  ar e a s  us i n g  wa s t e w a t e r s  ar e  sp r e a d  ou t  in  the  
ter r i t o r y .  Th i s  pr a c t i c e  is  no t  fre e  of  da n g e r o u s  con s e q u e n c e s  on  hu m a n  he a l t h  an d  on  
en v i r o n m e n t .  Fo r  ex a m p l e :

1. S p r e a d  of  wa t e r  di s e a s e s  (mor e  tha n  4000  ca s e s  of  Ty p h o i d ,  an d  mo r e  tha n  200  
ca s e  of  ma l a r i a  ha v e  be e n  no t e d  in  1994 ,  som e  cho l e r a  sou r c e s  in  the  Se b o u  
ba s i n).

2. D i f f i c u l t y  an d  hig h  co s t  of  pr o c e s s i n g  fo r  the  pro d u c t i o n  of  po t a b l e  wa t e r .

3. Ma n y  se c t i o n  of  wa t e r  co u r s e s  in  the  cou n t r y  pr e s e n t  a  lar g e l y  we a k  qu a n t i t y  of  
dis s o l v e d  ox y g e n ,  an d  ev e n  a  de f i c i t  in  ox y g e n  wh e n  the s e  di s c h a r g e s  are  
imp o r t a n t ,  wh i c h  cau s e s  ma s s i v e  fish  mo r t a l i t y ,  an d

4. Ma n y  da m  vo l u m e s  pr e s e n t  ma r k s  of  eu t r o p h i c a t i o n ,  as  a  co n s e q u e n c e  of  the  
imp o r t a n t  ph o s p h o r  an d  nit r o g e n  wa s t e s .

Si n c e  ea r l y  nin e t i e s ,  ma n y  mu l t i d i s c i p l i n a r y  pr o j e c t s  co n c e r n i n g  the  tre a t m e n t  an d  re u s e  of  
wa s t e w a t e r  in  irr i g a t i o n  ha v e  be e n  lau n c h e d  in  Mo r o c c o .  Th e  aim  wa s  to  an s w e r  the  ma j o r  
ag r o n o m i c ,  he a l t h ,  an d  en v i r o n m e n t a l  co n c e r n s .  Th e  res u l t s  of  the s e  res e a r c h e s  ha v e  
ma d e  the  loc a l  co l l e c t i v i t i e s  an d  the  reg i o n a l  ag r i c u l t u r e  se r v i c e s  be n e f i t  fro m  re l i a b l e  da t a  
ne c e s s a r y  to  co n c e i v e  an d  to  si z e  the  tre a t m e n t  pla n t s  of  wa s t e w a t e r s  ad a p t e d  to  the  loc a l  



co n t e x t s  an d  to  di s s e m i n a t e  the  be s t  pr a c t i c e s  fo r  re u s i n g  tre a t e d  wa s t e w a t e r s  in  
ag r i c u l t u r e .

In  Eg y p t  an  am b i t i o u s  pr o g r a m m e  is  ru n n i n g  fo r  mu n i c i p a l  wa s t e w a t e r  tre a t m e n t  tha t  wi l l  
pr o v i d e  by  the  yea r  20 1 0  ne a r l y  3  bi l l i o n s  m 3 /yr  of  tre a t e d  wa s t e w a t e r  as  an  ad d i t i o n a l  
wa t e r  so u r c e  to  be  us e d  in  ag r i c u l t u r e  (Abu- Ze i d  , 1992).

Mo s t  na t i o n s  in  the  re g i o n  ar e  al r e a d y  im p o r t i n g  vi r t u a l  wa t e r ,  in  the  for m  of  foo d ,  an d  wi l l  
lik e l y  ha v e  to  inc r e a s e  sp e c i f i c  im p o r t s ,  su c h  as  ce r e a l  cr o p s .  De s p i t e  thi s ,  ma n y  co u n t r i e s  
wi s h  to  inc r e a s e  fre s h  wa t e r  sup p l i e s  to  do m e s t i c ,  an d  ind u s t r i a l  us a g e s ,  an d  at  the  sa m e  
tim e ,  ex p a n d  irr i g a t e d  ag r i c u l t u r e .  Fo r  ex a m p l e ,  Tu n i s i a  wi s h e s  to  inc r e a s e  the  ar e a  of  
irr i g a t e d  ag r i c u l t u r e  by  at  lea s t  30,000  he c t a r e s  (ha), an d  Eg y p t ,  by  880,000  ha.  Ho w  can  
the s e  se e m i n g l y  con t r a d i c t o r y  ob j e c t i v e s  be  rec o n c i l e d ?  Th e  an s w e r  is  wa t e r  de m a n d  
ma n a g e m e n t  mo r e  ef f i c i e n t  wa t e r  us e  wi t h i n  al l  se c t o r s .  On e  sp e c i f i c  co m p o n e n t  is  to  
inc r e a s i n g l y  re u s e  do m e s t i c  wa s t e w a t e r ,  for  ind u s t r y ,  fo r  so m e  mu n i c i p a l  pu r p o s e s ,  su c h  
as  flu s h i n g  toi l e t s  an d  irr i g a t i n g  gr e e n  spa c e s ,  bu t  ab o v e  al l,  fo r  ag r i c u l t u r e ,  to  of f s e t  the  
fre s h  wa t e r  be i n g  tak e n  ou t  of  th i s  se c t o r .

Wa s t e w a t e r  Re u s e  Co n s i d e r a t i o n s

Wa s t e w a t e r  re u s e  ap p l i c a t i o n s

In  the  pl a n n i n g  an d  imp l e m e n t a t i o n  of  wa s t e w a t e r  re c l a m a t i o n  an d  re u s e ,  the  reu s e  
ap p l i c a t i o n  (see  Ta b l e  2) wi l l  us u a l l y  go v e r n  the  wa s t e w a t e r  tre a t m e n t  ne e d e d ,  an d  the  
de g r e e  of  re l i a b i l i t y  req u i r e d  fo r  the  tre a t m e n t  pr o c e s s e s  an d  op e r a t i o n s .  Be c a u s e  
wa s t e w a t e r  re c l a m a t i o n  en t a i l s  the  pro v i s i o n  of  a  con t i n u o u s  su p p l y  of  wa t e r  of  con s i s t e n t  
qu a l i t y ,  the  re l i a b i l i t y  of  the  ex i s t i n g  or  pr o p o s e d  tre a t m e n t  pr o c e s s e s  an d  op e r a t i o n s  mu s t  
be  ev a l u a t e d  in  the  pla n n i n g  sta g e  (Tch o b a n o g l o u s  an d  Bu r t o n ,  199 1).  Sp e c i f i c  re u s e  
ca t e g o r i e s  an d  tre a t m e n t  te c h n o l o g i e s  tha t  ma y  be  ap p l i c a b l e  wi l l  de p e n d  on  the  loc a t i o n  
an d  typ e  of  wa s t e w a t e r  ma n a g e m e n t  em p l o y e d  (e.g.,  cen t r a l i z e d  ve r s u s  de c e n t r a l i z e d ,  as  
di s c u s s e d  sub s e q u e n t l y).   Wo r l d w i d e ,  the  mo s t  co m m o n  us e  of  re c l a i m e d  wa s t e w a t e r  ha s  
be e n  fo r  ag r i c u l t u r a l  irri g a t i o n .  Re c e n t l y ,  gr o u n d w a t e r  re c h a r g e  an d  po t a b l e  re u s e  ha v e  
rec e i v e d  co n s i d e r a b l e  at t e n t i o n  in  the  Un i t e d  St a t e s .  Th e  re p u r i f i c a t i o n  pr o j e c t  in  Sa n  
Di e g o ,  CA,  in  wh i c h  it  is  pr o p o s e d  to  bl e n d  rep u r i f i e d  wa s t e w a t e r  wi t h  loc a l  ru n o f f  an d  
imp o r t e d  wa t e r  in  a  loc a l  wa t e r  su p p l y  sto r a g e  res e r v o i r ,  is  an  ex a m p l e  of  su c h  a  pr o j e c t  
(Mon t g o m e r y/W a t s o n  an d  NB S  Lo w r y ,  1994 .)

Ta b l e  2.  Ca t e g o r i e s  of  mu n i c i p a l  wa s t e w a t e r  re u s e  an d  po t e n t i a l  iss u e s/c o n s t r a i n t s

Wastewater reuse 
categories Issues/constraints

Ag r i c u l t u r a l  ir ri g a t i o n
Cr o p  irr i g a t i o n
Co m m e r c i a l  nu r s e r i e s

LANDSCAPE  IRRIGATION  
Pa r k s
S ch o o l  ya r d s
Fre e w a y  me d i a n s
Go l f  co u r s e s
Ce m e t e r i e s
G r e e n b e l t s
R e s i d e n t i a l

(1) Su r f a c e  an d  gro u n d w a t e r  Po l l u t i o n  if  no t  m a n a g e d  pr o p e r l y ,  
(2) ma r k e t a b i l i t y  of  cro p s  and  pu b l i c  ac c e p t a n c e ,  (3) ef f e c t  of  wa t e r  qu a l i t y ,  
pa r t i c u l a r l y  sa l t s ,  on  so i l s  and  cro p s ,  (4) pub l i c  he a l t h  con c e r n s  rel a t e d  to  
pa t h o g e n s  (bac t e r i a ,  vi r u s e s ,  an d  pa r a s i t e s),  (5) use  fo r  co n t r o l  of  are a  inc l u d i n g  
bu f f e r  zon e ,  (6) ma y  res u l t  in  hig h  us e r  co s t s .

In d u s t r i a l  rec y c l i n g  an d  
reu s e

(1) Co n s t i t u e n t s  in  re c l a i m e d  wa s t e w a t e r  re l a t e d  to  sc a l i n g ,  co r r o s i o n ,  bi o l o g i c a l  
gro w t h ,  an d  fou l i n g ,  (2) pu b l i c  he a l t h  con c e r n s ,  



Wastewater reuse 
categories Issues/constraints

Co o l i n g  wa t e r
B o i l e r  fee d
Pr o c e s s  wa t e r
H e a v y  co n s t r u c t i o n

pa r t i c u l a r l y  ae r o s o l  tra n s m i s s i o n  of  pa t h o g e n s  in  co o l i n g  wa t e r .

G r o u n d w a t e r  rec h a r g e
G r o u n d w a t e r  
rep l e n i s h m e n t
S a l t  wa t e r  int r u s i o n  
con t r o l
S u b s i d e n c e  co n t r o l

(1) Or g a n i c  ch e m i c a l s  in  rec l a i m e d  wa s t e w a t e r  an d  th e i r  tox i c o l o g i c a l  eff e c t s ,  (2) 
to t a l  di s s o l v e d  so l i d s ,  ni t r a t e s ,  an d  pa t h o g e n s  in  rec l a i m e d  wa s t e w a t e r .

R e c r e a t i o n a l/e n v i r o n m e n t a l  
us e s

La k e s  an d  po n d s
Ma r s h  en h a n c e m e n t
S t r e a m f l o w  
aug m e n t a t i o n
Fis h e r i e s  
Sno w m a k i n g

(1) He a l t h  co n c e r n s  of  ba c t e r i a  and  vi r u s e s ,  (2) eu t r o p h i c a t i o n  du e  to  ni t r o g e n  
(N) and  ph o s p h o r u s  (P) in  rec e i v i n g  wa t e r ,  (3) tox i c i t y  to  aqu a t i c  lif e.

N o n p o t a b l e  ur b a n  use s
Fi r e  pr o t e c t i o n
Ai r  co n d i t i o n i n g
Toi l e t  flu s h i n g

(1) Pu b l i c  he a l t h  con c e r n s  on  pa t h o g e n s  tra n s m i t t e d  by  ae r o s o l s ,  (2) eff e c t s  of  
wa t e r  qu a l i t y  on  sc a l i n g ,  co r r o s i o n ,  bio l o g i c a l  gr o w t h ,  an d  fou l i n g ,  (3) cro s s-
con n e c t i o n .

P o t a b l e  re u s e
Bl e n d i n g  in  wa t e r  
sup p l y
Pi p e  to  pip e  wa t e r  
sup p l y

(1) Co n s t i t u e n t s  in  re c l a i m e d  wa s t e w a t e r ,  es p e c i a l l y  tr a c e  res e r v o i r  org a n i c  
che m i c a l s  an d  the i r  tox i c o l o g i c a l  eff e c t s ,  (2) ae s t h e t i c s  an d  pu b l i c  ac c e p t a n c e ,  
(3) he a l t h  co n c e r n s  ab o u t  pa t h o g e n  tra n s m i s s i o n ,  pa r t i c u l a r l y  vi r u s e s

So u r c e :  Tc h o b n o g l o u s  and  Bu r t o n ,  199 1

Wa s t e w a t e r  tre a t m e n t  tec h n o l o g y  

Te c h n o l o g y ,  pa r t i c u l a r l y  in  ter m s  of  pe r f o r m a n c e  an d  av a i l a b l e  wa s t e w a t e r  tre a t m e n t  
op t i o n s ,  can n o t  be  ex p e c t e d  to  fin d  a  so l u t i o n  to  ea c h  pro b l e m .  Wa s t e w a t e r  sy s t e m s  ar e  
ge n e r a l l y  ca p i t a l- int e n s i v e  an d  req u i r e  ex p e n s i v e ,  sp e c i a l i z e d  op e r a t o r s .  Th e r e f o r e ,  be f o r e  
se l e c t i n g  an d  inv e s t i n g  in  wa s t e w a t e r  tre a t m e n t  tec h n o l o g y ,  an  an a l y s i s  of  co s t  
ef f e c t i v e n e s s  ne e d s  to  be  ma d e  an d  com p a r e d  wi t h  al l  co n c e i v a b l e  al t e r n a t i v e s .

Th e  se l e c t i o n  of  tec h n o l o g i e s  sh o u l d  be  en v i r o n m e n t a l l y  su s t a i n a b l e ,  ap p r o p r i a t e  to  the  
loc a l  co n d i t i o n s ,  ac c e p t a b l e  to  the  us e r s ,  an d  af f o r d a b l e  to  tho s e  wh o  ha v e  to  pa y  fo r  
the m .  In  de v e l o p i n g  cou n t r i e s ,  we s t e r n  te c h n o l o g y  ca n  be  a  mo r e  ex p e n s i v e  an d  les s  
re l i a b l e  wa y  to  co n t r o l  po l l u t i o n  fro m  hu m a n  do m e s t i c  an d  ind u s t r i a l  wa s t e s .  Si m p l e  
so l u t i o n s  tha t  ar e  ea s i l y  re p l i c a t e d ,  th a t  al l o w  fu r t h e r  up- gra d i n g  wi t h  su b s e q u e n t  
de v e l o p m e n t  an d  tha t  ca n  be  op e r a t e d  an d  ma i n t a i n e d  by  the  loc a l  com m u n i t y ,  are  of t e n  
co n s i d e r e d  the  mo s t  ap p r o p r i a t e  an d  co s t  ef f e c t i v e .  Th e  cho i c e  of  a  te c h n o l o g y  wi l l  
de p e n d  to  the  typ e  of  re u s e .  Th e  se l e c t i o n  of  reu s e  op t i o n  sh o u l d  be  ma d e  on  a  rat i o n a l  
ba s i s .  Re c l a i m e d  wa t e r  is  a  va l u a b l e  bu t  a  lim i t e d  wa t e r  res o u r c e ;  so  in v e s t m e n t  co s t s  
sh o u l d  be  pro p o r t i o n a l  to  the  va l u e  of  the  res o u r c e .  Al s o ,  re u s e  si t e  mu s t  be  loc a t e d  as  
clo s e  as  po s s i b l e  to  the  wa s t e w a t e r  tre a t m e n t  an d  sto r a g e  fac i l i t i e s .

In  the  de v e l o p i n g  co u n t r i e s  us u a l l y  cha r a c t e r i z e d  by  hig h  po p u l a t i o n  de n s i t y  an d  no t a b l e  
sh o r t f a l l  in  av a i l a b l e  wa t e r  re s o u r c e s ,  the  pr o p e r  wa s t e  wa t e r  tec h n o l o g y  to  be  ad o p t e d  
un d e r  the  pr e v a i l i n g  loc a l  co n d i t i o n s  is  on e  of  the  cr i t i c a l  is s u e s  wh i c h  sh o u l d  be  we l l  
de f i n e d .  Te c h n o l o g i e s  av a i l a b l e  ar e  ma n y  an d  we l l  kn o w n ,  bu t  an y  ch o i c e  sho u l d  re l y  on  
tho s e  no t  en t a i l i n g  ex c e s s i v e  co s t s  an d  pr o v i d i n g  the  be s t  en v i r o n m e n t a l  pr a c t i c e  an d  
op t i o n .

Ind e e d ,  the  se l e c t i o n  of  the  be s t  av a i l a b l e  te c h n o l o g y  is  no t  an  ea s y  pr o c e s s :  it  re q u i r e s  
co m p a r a t i v e  te c h n i c a l  as s e s s m e n t  of  the  dif f e r e n t  tre a t m e n t  pr o c e s s e s  wh i c h  ha v e  be e n  
rec e n t l y  an d  su c c e s s f u l l y  ap p l i e d  for  pro l o n g e d  pe r i o d s  of  tim e ,  at  ful l  sc a l e .  Ho w e v e r ,  th i s  
is  no t  su f f i c i e n t ,  the  se l e c t i o n  sh o u l d  be  ca r r i e d  ou t  in  vie w  of  we l l- es t a b l i s h e d  cr i t e r i a  
co m p r i s i n g :  av e r a g e ,  or  ty p i c a l  ef f i c i e n c y  an d  pe r f o r m a n c e  of  th e  tec h n o l o g y ;  re l i a b i l i t y  of  



th e  te c h n o l o g y ;  ins t i t u t i o n a l  ma n a g e a b i l i t y ,  fin a n c i a l  su s t a i n a b i l i t y ;  ap p l i c a t i o n  in  re-us e  
sch e m e  an d  reg u l a t i o n  de t e r m i n a n t s .  Fu r t h e r m o r e ,  fo r  te c h n o l o g y  se l e c t i o n ,  oth e r  
pa r a m e t e r s  ha v e  to  be  ca r e f u l l y  co n s i d e r e d :  wa s t e w a t e r  cha r a c t e r i s t i c s ,  the  tre a t m e n t  
ob j e c t i v e s  as  tra n s l a t e d  int o  de s i r e d  ef f l u e n t  qu a l i t y  wh i c h  is  ma i n l y  re l a t e d  to  the  ex p e c t e d  
us e  of  the  rec e i v i n g  wa t e r- bo d i e s .

Wa s t e w a t e r  qu a l i t y  an d  he a l t h  iss u e s  

Ir r i g a t i n g  wi t h  un t r e a t e d  wa s t e w a t e r  po s e s  se r i o u s  pu b l i c  he a l t h  ris k s ,  as  sew a g e  is  a  
ma j o r  sou r c e  of  ex c r e t e d  pa t h o g e n s  - the  ba c t e r i a ,  vi r u s e s ,  pr o t o z o a-  an d  the  he l m i n t h s  
(worm s)  tha t  cau s e  ga s t r o- int e s t i n a l  inf e c t i o n s  in  hu m a n  be i n g s .

W a s t e w a t e r  ma y  al s o  con t a i n  hi g h l y  po i s o n o u s  che m i c a l  tox i n s  fro m  ind u s t r i a l  so u r c e s  as  
we l l  as  ha z a r d o u s  ma t e r i a l  fro m  ho s p i t a l  wa s t e .  Re l e v a n t  gr o u p s  of  che m i c a l  co n t a m i n a n t s  
ar e  he a v y  me t a l s ,  ho r m o n e  ac t i v e  sub s t a n c e s  (HAS)  an d  an t i b i o t i c s .  Th e  ris k s  as s o c i a t e d  
wi t h  the s e  su b s t a n c e s  ma y ,  in  the  lon g  run,  tur n  ou t  to  co n s t i t u t e  a  gr e a t e r  th r e a t  to  pu b l i c  
he a l t h  an d  be  mo r e  di f f i c u l t  to  de a l  wi t h  tha n  the  ris k s  fro m  ex c r e t e d  pa t h o g e n s .  
Un r e g u l a t e d  an d  co n t i n u o u s  irri g a t i o n  wi t h  sew a g e  wa t e r  ma y  al s o  lea d  to  pr o b l e m s  su c h  
as  so i l  st r u c t u r e  de t e r i o r a t i o n  (soi l  cl o g g i n g),  sa l i n i z a t i o n  an d  ph y t o t o x i c i t y .

Th e s e  ris k s  ar e  no t  lim i t e d  to  ‘of f i c i a l ’  wa s t e w a t e r  bu t  of t e n  al s o  ap p l y  to  riv e r s  an d  ot h e r  
op e n  wa t e r  so u r c e s ,  as  ind i c a t e d  by  fig u r e s  ga t h e r e d  by  We s t c o t t :  45 %  of  1 1 0  riv e r s  
tes t e d  ca r r i e d  fae c a l  co l i f o r m  le v e l s  hi g h e r  tha n  the  WH O  sta n d a r d  fo r  un r e s t r i c t e d  
irr i g a t i o n  (FAO,  un p u b l i s h e d ,  ci t e d  in  Bi r l e y).

Th e  ide a l  so l u t i o n  is  to  en s u r e  ful l  tre a t m e n t  of  the  wa s t e w a t e r  to  me e t  WH O  gu i d e l i n e s  
pr i o r  to  us e,  ev e n  th o u g h  the  ap p r o p r i a t e n e s s  of  the s e  gu i d e l i n e s  ar e  st i l l  un d e r  
di s c u s s i o n .  Ho w e v e r ,  in  pr a c t i c e  mo s t  ci t i e s  in  low  inc o m e  cou n t r i e s  ar e  no t  ab l e  to  tre a t  
mo r e  tha n  a  mo d e s t  pe r c e n t a g e  of  the  wa s t e w a t e r  pr o d u c e d  in  the  ci t y,  du e  to  low  
fin a n c i a l ,  te c h n i c a l  an d/o r  ma n a g e r i a l  ca p a c i t y .  Th e  rap i d  an d  un p l a n n e d  gr o w t h  of  ci t i e s  
wi t h  mu l t i p l e  an d  di s p e r s e d  wa s t e w a t e r  so u r c e s  ma k e s  the  ma n a g e m e n t  mo r e  co m p l e x .  
In  ma n y  ci t i e s  a  lar g e  pa r t  of  the  wa s t e w a t e r  is  di s p o s e d  of  un t r e a t e d  to  riv e r s  an d  se a s ,  
wi t h  al l  re l a t e d  en v i r o n m e n t a l  co n s e q u e n c e s  an d  he a l t h  ris k s .  Th e  pe r s p e c t i v e s  re g a r d i n g  
the  inc r e a s e  in  wa s t e w a t e r  tre a t m e n t  ca p a c i t y  in  the s e  ci t i e s  ar e  bl e a k .  It  ma y  sa f e l y  be  
as s u m e d  tha t  urb a n  an d  pe r i- ur b a n  fa r m e r s  inc r e a s i n g l y  wi l l  us e  wa s t e w a t e r  fo r  irr i g a t i o n ,  
irr e s p e c t i v e  of  the  mu n i c i p a l  re g u l a t i o n s  an d  qu a l i t y  sta n d a r d s  fo r  irr i g a t i o n  wa t e r .

On l y  a  few  lar g e  ci t i e s  in  de v e l o p i n g  co u n t r i e s  an d  ne w l y  ind u s t r i a l i z i n g  cou n t r i e s  ha v e  
ad e q u a t e  sew e r  sy s t e m s  an d  tre a t m e n t  pl a n t s ,  wh i c h  is  no t  the  ca s e  fo r  the  ma j o r i t y  of  
de v e l o p i n g  co u n t r i e s .  In  an y  ca s e ,  us u a l l y ,  on l y  a  sm a l l  po r t i o n  of  the  wa s t e w a t e r  is  
tre a t e d  an d  pu r i f i e d  ev e n  wh e n  it  is  cha n n e l e d  thr o u g h  a  sew e r  sy s t e m .  Ex i s t i n g  se w a g e  
tre a t m e n t  pla n t s  ra r e l y  op e r a t e  sa t i s f a c t o r i l y  an d ,  in  mo s t  ca s e s ,  wa s t e w a t e r  di s c h a r g e s  
ex c e e d  leg a l  an d/o r  hy g i e n i c a l l y  ac c e p t a b l e  ma x i m a .  

Th i s  do e s  no t  ne c e s s a r i l y  lie  in  the  tre a t m e n t  pl a n t s  the m s e l v e s ,  bu t  in  the  fre q u e n t  lac k  of  
ad e q u a t e l y  tra i n e d  tec h n i c i a n s  ca p a b l e  of  tec h n i c a l l y  op e r a t i n g  su c h  tre a t m e n t  pl a n t s .

Th e  di s c h a r g e  of  un t r e a t e d  wa s t e w a t e r  an d/o r  m i n i m a l l y  tre a t e d  mu n i c i p a l  on e s  in  wa t e r  
so u r c e s  ha s  res u l t e d  in  a  su b s t a n t i a l  ec o n o m i c  da m a g e  an d  ha s  po s e d  se r i o u s  he a l t h  
ha z a r d s  to  the  inh a b i t a n t s ,  pa r t i c u l a r l y  in  the  de v e l o p i n g  cou n t r i e s .  In  ma n y  co u n t r i e s ,  
va r i o u s  di s e a s e s  ar e  pa r t i c u l a r l y  pr e v a l e n t  an d  the  co n s e q u e n t i a l  co s t s  fo r  the  he a l t h  ca r e  
sy s t e m  ar e  con s i d e r a b l e .



Co n s i d e r a b l e  su m s  ha v e  be e n  spe n t  on  wa t e r  an d  wa s t e w a t e r  tre a t m e n t  in  bo t h  the  
de v e l o p i n g  an d  de v e l o p e d  re g i o n s  of  the  wo r l d  to  su b s t a n t i a l l y  red u c e  wa t e r b o r n e  
di s e a s e s  an d  me e t  com m o n l y  ac c e p t e d  en v i r o n m e n t a l  an d  ec o l o g i c a l  ob j e c t i v e s .  Ye t ,  
sta t i s t i c s  ind i c a t e  tha t  in  sp i t e  of  su c h  en o r m o u s  inv e s t m e n t s  in  wa t e r  qu a l i t y  im p r o v e m e n t  
an d  pr o t e c t i o n ,  in  the  les s  de v e l o p e d  co u n t r i e s ,  ne a r l y  2  bi l l i o n  pe o p l e  ar e  su f f e r i n g  fro m  
the  lac k  of  cle a n  dr i n k i n g  wa t e r  an d  sa n i t a t i o n  fac i l i t i e s .

Th i s  is  no w  the  ca s e  in  ma n y  me g a- ci t i e s  wh e r e  the  dr i n k i n g  wa t e r  su p p l i e s  fro m  riv e r s  or  
loc a l  gro u n d w a t e r  so u r c e s  ar e  no  lon g e r  su f f i c i e n t ,  mo s t l y  be c a u s e  of  the i r  po o r  qu a l i t y .

As  a  ma t t e r  of  fac t,  wa t e r  qu a l i t y  pr o b l e m s  ar e  ce r t a i n l y  no t  re s t r i c t e d  to  ur b a n  ar e a s .  Th e  
lac k  of  sa n i t a t i o n  fa c i l i t i e s  an d  the  too  of t e n  as s o c i a t e d  un s a f e  dr i n k i n g  wa t e r s  rem a i n  
am o n g  the  pr i n c i p a l  ca u s e s  of  di s e a s e  an d  de a t h ,  es p e c i a l l y  in  ru r a l  ar e a s .  Sp e c i f i c  
me a s u r e s  to  co u n t e r a c t  wa t e r- re l a t e d  th r e a t s  are  of t e n  ne e d e d ,  bu t ,  lac k  of  inv e s t m e n t s  
an d  ina d e q u a t e  loc a l  ma n a g e m e n t  of t e n  low e r  the i r  ef f e c t i v e n e s s .  

In s t i t u t i o n a l  ma n a g e a b i l i t y

Wa s t e w a t e r  re u s e  is  ch a r a c t e r i z e d  by  the  inv o l v e m e n t  of  se v e r a l  de p a r t m e n t s  an d  
ag e n c i e s ,  ei t h e r  go v e r n m e n t a l  or  pr i v a t e  or  bo t h .  In  the  sou t h e r n  pa r t  of  the  Me d i t e r r a n e a n  
co u n t r i e s ,  few  go v e r n m e n t a l  ag e n c i e s  ar e  ad e q u a t e l y  eq u i p p e d  fo r  wa s t e w a t e r  
ma n a g e m e n t .  In  ord e r  to  pl a n ,  de s i g n ,  con s t r u c t ,  op e r a t e  an d  ma i n t a i n  tre a t m e n t  pl a n t s ,  
ap p r o p r i a t e  tec h n i c a l  an d  ma n a g e r i a l  ex p e r t i s e  mu s t  be  pr e s e n t .  Th i s  co u l d  re q u i r e  the  
av a i l a b i l i t y  of  a  sub s t a n t i a l  nu m b e r  of  en g i n e e r s ,  ac c e s s  to  a  loc a l  ne t w o r k  of  re s e a r c h  for  
sc i e n t i f i c  su p p o r t  an d  pr o b l e m  so l v i n g ,  ac c e s s  to  go o d  qu a l i t y  lab o r a t o r i e s  an d  mo n i t o r i n g  
sy s t e m  an d  ex p e r i e n c e  in  ma n a g e m e n t  an d  co s t  re c o v e r y .  In  ad d i t i o n ,  al l  te c h n o l o g i e s ,  
inc l u d e d  the  sim p l e  on e s ,  re q u i r e  de v o t e d  an d  ex p e r i e n c e d  op e r a t o r s  an d  tec h n i c i a n s  wh o  
mu s t  be  ge n e r a t e d  thr o u g h  ex t e n s i v e  ed u c a t i o n  an d  tra i n i n g .

Fo r  ad e q u a t e  op e r a t i o n  an d  mi n i m i z a t i o n  of  ad m i n i s t r a t i v e  con f l i c t s ,  a  tig h t  co o r d i n a t i o n  
sh o u l d  be  we l l  de f i n e d  am o n g  the  Mi n i s t r i e s  inv o l v e d  su c h  as  tho s e  of  Ag r i c u l t u r e ,  He a l t h ,  
Wa t e r  Re s o u r c e s ,  Fi n a n c e ,  Ec o n o m y ,  Pl a n n i n g ,  En v i r o n m e n t a l  Pr o t e c t i o n  an d  Ru r a l  
De v e l o p m e n t .  Th e  ba s i c  re s p o n s i b i l i t i e s  of  su c h  int e r- m i n i s t e r i a l  co m m i t t e e s  cou l d  be  
ou t l i n e d  in:  

• de v e l o p i n g  a  coh e r e n t  na t i o n a l  po l i c y  for  wa s t e w a t e r  us e  an d  mo n i t o r i n g  of  its  
imp l e m e n t a t i o n ;

• de f i n i n g  the  di v i s i o n  of  re s p o n s i b i l i t i e s  be t w e e n  the  res p e c t i v e  Mi n i s t r i e s  an d  
ag e n c i e s  inv o l v e d  an d  the  ar r a n g e m e n t s  fo r  co l l a b o r a t i o n  be t w e e n  the m ;

• ap p r a i s i n g  pr o p o s e d  re-us e  sc h e m e s ,  pa r t i c u l a r l y  fro m  th e  po i n t  of  vie w  of  pu b l i c  
he a l t h  an d  en v i r o n m e n t a l  pr o t e c t i o n ;

• ove r s e e i n g  the  pr o m o t i o n  an d  en f o r c e m e n t  of  na t i o n a l  leg i s l a t i o n  an d  cod e s  of  
pr a c t i c e ;  

• de v e l o p i n g  a  na t i o n a l  sta f f  de v e l o p m e n t  po l i c y  for  the  se c t o r ;  

Fi n a n c i a l  co n s i d e r a t i o n s

Th e  low e r  the  fin a n c i a l  co s t s ,  the  mo r e  at t r a c t i v e  the  te c h n o l o g y  is.  Ho w e v e r ,  ev e n  a  low  



co s t  op t i o n  ma y  no t  be  fin a n c i a l l y  su s t a i n a b l e  be c a u s e  thi s  is  de t e r m i n e d  by  the  tru e  
av a i l a b i l i t y  of  fun d s  pr o v i d e d  by  th e  po l l u t e r .  In  the  ca s e  of  do m e s t i c  san i t a t i o n ,  th e  pe o p l e  
mu s t  be  wi l l i n g  an d  ab l e  to  co v e r  at  lea s t  the  op e r a t i o n  an d  ma i n t e n a n c e  co s t  of  the  tot a l  
ex p e n s e s .  Th e  ul t i m a t e  go a l  sh o u l d  be  fu l l  co s t  rec o v e r y  al t h o u g h ,  ini t i a l l y ,  thi s  ma y  ne e d  
sp e c i a l  fin a n c i n g  sc h e m e s ,  su c h  as  cr o s s  sub s i d i z a t i o n ,  re v o l v i n g  fun d s  an d  ph a s e d  
inv e s t m e n t  pr o g r a m m e s .

In  th i s  re g a r d ,  ad o p t i n g  an  ad e q u a t e  po l i c y  for  the  pr i c i n g  of  wa t e r  is  of  fu n d a m e n t a l  
imp o r t a n c e  in  the  su s t a i n a b i l i t y  of  wa s t e w a t e r  re-us e  sy s t e m s .

Th e  inc r e m e n t a l  co s t  ba s i s ,  wh i c h  al l o c a t e s  on l y  the  ma r g i n a l  co s t s  as s o c i a t e d  wi t h  re-
us e,  se e m s  to  be  a  fa i r  cr i t e r i a  for  ad o p t i o n  in  de v e l o p i n g  co u n t r i e s .

S u b s i d i z i n g  re-us e  sy s t e m  ma y  be  ne c e s s a r y  at  the  ea r l y  st a g e s  of  sy s t e m  
imp l e m e n t a t i o n ,  pa r t i c u l a r l y  wh e n  the  as s o c i a t e d  co s t s  ar e  ve r y  lar g e .  Th i s  wo u l d  av o i d  
an y  di s c o u r a g e m e n t  to  us e r s  ar i s i n g  fro m  the  pe r m i t t e d  us e  of  the  tre a t e d  wa s t e w a t e r .

Ho w e v e r ,  se t t i n g  an  ap p r o p r i a t e  me c h a n i s m  for  wa s t e w a t e r  tar i f f  is  a  ve r y  com p l e x  iss u e .  
Di r e c t  be n e f i t s  of  wa s t e w a t e r  us e  ar e  re l a t i v e l y  ea s y  to  ev a l u a t e ,  wh e r e a s ,  the  ind i r e c t  
ef f e c t s  ar e  “non  mo n e t a r y  iss u e s”  an d,  un f o r t u n a t e l y ,  the y  ar e  no t  tak e n  int o  ac c o u n t  wh e n  
pe r f o r m i n g  ec o n o m i c  ap p r a i s a l s  of  pr o j e c t s  inv o l v i n g  wa s t e w a t e r  us e .  Ho w e v e r ,  the  
en v i r o n m e n t a l  en h a n c e m e n t  pr o v i d e d  by  wa s t e w a t e r  us e ,  pa r t i c u l a r l y  in  te r m s  of  
pr e s e r v a t i o n  of  wa t e r  re s o u r c e s ,  imp r o v e m e n t  of  the  he a l t h  st a t u s  of  po o r  po p u l a t i o n s  in  
de v e l o p i n g  co u n t r i e s ,  the  po s s i b i l i t i e s  of  pr o v i d i n g  a  su b s t i t u t e  fo r  fre s h w a t e r  in  wa t e r  
sca r c e  ar e a s ,  an d  the  inc e n t i v e s  pr o v i d e d  fo r  the  con s t r u c t i o n  of  ur b a n  se w a g e  wo r k s ,  are  
ex t r e m e l y  re l e v a n t .  Th e y  are  al s o  su f f i c i e n t l y  im p o r t a n t  to  ma k e  the  co s t  be n e f i t  an a l y s i s  
pu r e l y  sub s i d i a r y  wh e n  tak i n g  a  de c i s i o n  on  the  imp l e m e n t a t i o n  of  wa s t e w a t e r  re-us e  
sy s t e m s ,  pa r t i c u l a r l y  in  de v e l o p i n g  an d  ra p i d l y  ind u s t r i a l i z i n g  cou n t r i e s .

Mo n i t o r i n g  an d  Ev a l u a t i o n

Mo n i t o r i n g  an d  ev a l u a t i o n  of  wa s t e w a t e r  us e  pr o g r a m m e s  an d  pr o j e c t s  is  a  ve r y  cr i t i c a l  
iss u e ,  he n c e ,  bo t h  ar e  the  fun d a m e n t a l  ba s e s  for  se t t i n g  the  pr o p e r  wa s t e w a t e r  us e  an d  
ma n a g e m e n t  st r a t e g i e s .  Ign o r i n g  mo n i t o r i n g  ev a l u a t i o n  pa r a m e t e r s  an d/o r  pe r f o r m i n g  
mo n i t o r i n g  no t  reg u l a r l y  an d  co r r e c t l y  co u l d  re s u l t  in  se r i o u s  ne g a t i v e  imp a c t s  on  he a l t h ,  
wa t e r  qu a l i t y  an d  en v i r o n m e n t a l  an d  ec o l o g i c a l  su s t a i n a b i l i t y .

Un f o r t u n a t e l y ,  in  ma n y  co u n t r i e s  tha t  ar e  al r e a d y  us i n g  or  sta r t  us i n g  tre a t e d  wa s t e w a t e r  
as  an  ad d i t i o n a l  wa t e r  so u r c e ,  the  mo n i t o r i n g  an d  ev a l u a t i o n  pr o g r a m m e  as p e c t s  ar e  no t  
we l l  de v e l o p e d ,  are  loo s e  an d  irre g u l a r .  Th i s  is  ma i n l y  du e  to  the  we a k  ins t i t u t i o n s ,  the  
sh o r t a g e  of  tra i n e d  pe r s o n n e l  ca p a b l e  of  ca r r y i n g  the  job,  lac k  of  mo n i t o r i n g  eq u i p m e n t  
an d  the  rel a t i v e l y  hig h  co s t  req u i r e d  fo r  mo n i t o r i n g  pr o c e s s e s .

In  the  de v e l o p i n g  co u n t r i e s ,  tw o  typ e s  of  mo n i t o r i n g  ar e  ne e d e d :  the  fi rs t ,  pr o c e s s  co n t r o l  
mo n i t o r i n g  to  pr o v i d e  da t a  to  su p p o r t  the  op e r a t i o n  an d  op t i m i z a t i o n  of  the  sy s t e m  in  ord e r  
to  ac h i e v e  su c c e s s f u l  pro j e c t  pe r f o r m a n c e ;  the  se c o n d ,  co m p l i a n c e  mo n i t o r i n g  to  me e t  
reg u l a t o r y  req u i r e m e n t s  an d  no t  to  be  pe r f o r m e d  by  the  sam e  ag e n c y  in  ch a r g e  of  pr o c e s s  
co n t r o l  mo n i t o r i n g .

In  the  de v e l o p i n g  cou n t r i e s ,  to  av o i d  fai l u r e  in  wa s t e w a t e r  us e  an d  at t a i n  the  de s i r e d  
su c c e s s ,  the  mo n i t o r i n g  pr o g r a m m e  sh o u l d  be  co s t  ef f e c t i v e ,  an d  sh o u l d  pr o v i d e  ad e q u a t e  
co v e r a g e  of  the  sy s t e m .  Eq u a l l y  so,  it  mu s t  be  re l i a b l e  an d  tim e l y  in  or d e r  to  pr o v i d e  
op e r a t o r s  an d  de c i s i o n  ma k i n g  of f i c i a l s  wi t h  co r r e c t  an d  up- to-da t e  inf o r m a t i o n  tha t  al l o w s  



th e  ap p l i c a t i o n  of  pr o m p t  rem e d i a l  me a s u r e s  du r i n g  cr i t i c a l  si t u a t i o n s .

Pu b l i c  aw a r e n e s s  an d  pa r t i c i p a t i o n

Th i s  is  the  bo t t l e n e c k  go v e r n i n g  the  wa s t e w a t e r  us e  an d  its  pe r s p e c t i v e  pr o g r e s s .  To  
ac h i e v e  ge n e r a l  ac c e p t a n c e  of  re-us e  sc h e m e s ,  it  is  of  fu n d a m e n t a l  im p o r t a n c e  to  ha v e  
ac t i v e  pu b l i c  inv o l v e m e n t  fro m  the  pla n n i n g  ph a s e  th r o u g h  the  ful l  imp l e m e n t a t i o n  pr o c e s s .

S o m e  ob s e r v a t i o n s  re g a r d i n g  so c i a l  ac c e p t a n c e  ar e  pe r t i n e n t .  Fo r  ins t a n c e ,  the r e  ma y  be  
de e p- roo t e d  so c i o- cu l t u r a l  ba r r i e r s  to  wa s t e w a t e r  re-us e.  Ho w e v e r ,  to  ov e r c o m e  su c h  an  
ob s t a c l e ,  ma j o r  ef f o r t s  ar e  to  be  ca r r i e d  ou t  by  the  res p o n s i b l e  ag e n c i e s .  

Re s p o n s i b l e  ag e n c i e s  ha v e  an  imp o r t a n t  ro l e  to  pl a y  in  pr o v i d i n g  the  con c e r n e d  pu b l i c  
wi t h  a  cle a r  un d e r s t a n d i n g  of  th e  qu a l i t y  of  th e  tre a t e d  wa s t e w a t e r  an d  ho w  it  is  to  be  
us e d ;  co n f i d e n c e  in  the  loc a l  ma n a g e m e n t  of  the  pu b l i c  ut i l i t i e s  an d  in  the  ap p l i c a t i o n  of  
loc a l l y  ac c e p t e d  te c h n o l o g y ,  as s u r a n c e  tha t  the  re-us e  ap p l i c a t i o n  be i n g  co n s i d e r e d  wi l l  
inv o l v e  mi n i m a l  he a l t h  ris k s  an d  mi n i m a l  de t r i m e n t a l  ef f e c t s  on  the  en v i r o n m e n t .

In  th i s  re g a r d ,  the  co n t i n u o u s  ex c h a n g e  of  in f o r m a t i o n  be t w e e n  au t h o r i t i e s  an d  pu b l i c  
rep r e s e n t a t i v e s  en s u r e s  tha t  the  ad o p t i o n  of  sp e c i f i c  wa t e r  re-us e  pro g r a m m e  wi l l  fu l f i l l  
rea l  us e r  ne e d s  an d  ge n e r a l l y  re c o g n i z e d  co m m u n i t y  go a l s  for  he a l t h ,  sa f e t y ,  ec o l o g i c a l  
co n c e r n s  pr o g r a m m e ,  co s t ,  et c.

In  thi s  wa y ,  ini t i a l  res e r v a t i o n s  ar e  lik e l y  to  be  ov e r c o m e  ov e r  a  sh o r t  pe r i o d .  
Si m u l t a n e o u s l y ,  so m e  pr o g r e s s i v e  us e r s  cou l d  be  pe r s u a d e d  to  re-us e  wa s t e w a t e r  as  
su p p l e m e n t a r y  so u r c e  for  irr i g a t i o n .  Th e i r  su c c e s s  wo u l d  go  a  lon g  wa y  in  pe r s u a d i n g  the  
ini t i a l  do u b t e r s  to  re-us e  the  wa s t e w a t e r  av a i l a b l e .  

Ma j o r  Ne e d s  fo r  Re c y c l i n g  an d  Re u s e  of  Wa s t e w a t e r

Wa s t e w a t e r  re u s e  fo r  ag r i c u l t u r a l  irr i g a t i o n  is  be c o m i n g  a  co m m o n  an d  ra p i d l y  inc r e a s i n g  
pr a c t i c e  in  ar i d  an d  sem i- ar i d  re g i o n s  ar o u n d  the  wo r l d ,  wh e r e  tre a t e d  wa s t e w a t e r  se r v e s  
as  an  ex t r a  sou r c e  of  wa t e r  av a i l a b l e  for  the  rur a l  se c t o r .  Ne w  pr o j e c t s  fo r  re c l a m a t i o n  an d  
reu s e  of  wa s t e w a t e r  ar e  re p o r t e d  alm o s t  ev e r y  ye a r  in  co u n t r i e s  al l  ov e r  the  Me d i t e r r a n e a n  
reg i o n .

Ap p l y i n g  re a l i s t i c  st a n d a r d s  an d  reg u l a t i o n s

An  imp o r t a n t  el e m e n t  in  the  su s t a i n a b l e  us e  of  wa s t e w a t e r  is  the  for m u l a t i o n  of  rea l i s t i c  
sta n d a r d s  an d  reg u l a t i o n s .  Ho w e v e r ,  the  sta n d a r d s  mu s t  be  ac h i e v a b l e  an d  the  
reg u l a t i o n s  en f o r c e a b l e .

Un r e a l i s t i c  st a n d a r d s  an d  no n- en f o r c e a b l e  reg u l a t i o n s  ma y  do  mo r e  ha r m  tha n  ha v i n g  no  
sta n d a r d s  an d  reg u l a t i o n s  be c a u s e  the y  cre a t e  an  at t i t u d e  of  ind i f f e r e n c e  tow a r d s  ru l e s  
an d  reg u l a t i o n s  in  ge n e r a l ,  bo t h  am o n g  po l l u t e r s  an d  ad m i n i s t r a t o r s .  In  ar i d  an d  se m i- ar i d  
co u n t r i e s  wh e r e  wa s t e w a t e r  is  rec o g n i z e d  ad d i t i o n a l  wa t e r  so u r c e  sta n d a r d s ,  gu i d e l i n e s  
an d  re g u l a t i o n s  in  the  ma j o r i t y  of  de v e l o p i n g  co u n t r i e s  do  no t  co n s i d e r  the  re-us e  as p e c t  
as  an  int e g r a t e d  pa r t  of  the  tre a t m e n t  pr o c e s s ;  the y  ar e  on l y  in t e n d e d  to  co n t r o l  an d  
pr o t e c t  the  qu a l i t y  of  wa t e r  bo d i e s  wh e r e  the  rec l a i m e d  wa t e r  is  di s c h a r g e d .  In  rea l i t y ,  in  
the  ar i d  reg i o n s  of  th e  Ne a r- Ea s t ,  No r t h- Af r i c a  an d  So u t h e r n- Eu r o p e ,  no t  al l  co u n t r i e s  
ha v e  de v e l o p e d  gu i d e l i n e s  an d  re g u l a t i o n s  for  re c l a i m e d  wa t e r  us e .  Fo r  tho s e  co u n t r i e s ,  
sta n d a r d s  an d  reg u l a t i o n s  for  th e  re-us e  sh o u l d  be  ta i l o r e d  to  ma t c h  the  lev e l  of  ec o n o m i c  



an d  ad m i n i s t r a t i v e  cap a c i t y  an d  cap a b i l i t y  sta n d a r d s  sho u l d  co p e  wi t h  the  loc a l  pr e v a i l i n g  
co n d i t i o n s  an d  sho u l d  be  gra d u a l l y  tig h t e n e d  as  pr o g r e s s  is  ac h i e v e d  in  ge n e r a l  
de v e l o p m e n t  an d  in  the  ec o n o m i c  an d  te c h n i c a l  ca p a b i l i t y  of  the  inv o l v e d  ins t i t u t i o n s  an d  
of  the  pr i v a t e  se c t o r  as  we l l .  

Cy p r u s ,  Fr a n c e ,  Isr a e l ,  Ita l y ,  Jo r d a n  an d  Tu n i s i a  ar e  the  on l y  Me d i t e r r a n e a n  cou n t r i e s  to  
ha v e  es t a b l i s h e d  na t i o n a l  gu i d e l i n e s  fo r  the  us e  of  re c l a i m e d  wa s t e w a t e r .  Re g i o n a l  
gu i d e l i n e s  ex i s t  in  Sp a i n .  Th e  ex i s t e n c e  of  gu i d e l i n e s  is  ne c e s s a r y  fo r  the  pla n n i n g  an d  
sa f e  imp l e m e n t a t i o n  of  wa s t e w a t e r  re u s e  fo r  irr i g a t i o n .  It  al s o  con t r i b u t e s  to  a  su s t a i n a b l e  
de v e l o p m e n t  of  lan d s c a p e  an d  ag r i c u l t u r a l  irr i g a t i o n .  Gu i d e l i n e s  mu s t  al s o  cle a r l y  pr o m o t e  
the  de v e l o p m e n t  of  be s t  pra c t i c e s .  Th i s  do e s  no t  ne e d  to  be  de f i n e d  in  gr e a t  de t a i l  bu t  
mu s t  tak e  int o  ac c o u n t  im p o r t a n t  sp e c i f i c  loc a l  co n d i t i o n s ,  su c h  as  the  qu a l i t y  of  re c l a i m e d  
wa s t e w a t e r ,  the  typ e  of  so i l,  the  cl i m a t e ,  the  re l e v a n t  cr o p s  an d  the  loc a l  ag r i c u l t u r a l  
pr a c t i c e s .  Ho w e v e r ,  the  ne e d  fo r  sha r i n g  a  co m m o n  ra t i o n a l e  for  de v e l o p i n g  wa s t e w a t e r  
re c l a m a t i o n  an d  reu s e  sta n d a r d s  on  bo t h  sid e s  of  the  Me d i t e r r a n e a n  is  ob v i o u s .

Fo r m u l a t i o n  of  na t i o n a l  po l i c i e s  an d  st r a t e g i e s

It  is  now  wid e l y  re c o g n i z e d  tha t  wa s t e w a t e r  re-us e  co n s t i t u t e s  an  imp o r t a n t  an d  int e g r a l  
co m p o n e n t  of  the  co m p r e h e n s i v e  wa t e r  ma n a g e m e n t  pr o g r a m s  of  the  ma j o r i t y  of  
co u n t r i e s ,  mo r e  so  in  the  wa t e r  sca r c e  on e s .

Th i s  im p l i e s  th a t  the s e  co u n t r i e s  sh o u l d  ha v e  na t i o n a l  po l i c i e s  an d  st r a t e g i e s  re l a t i n g  to  
wa s t e w a t e r  ma n a g e m e n t  in  ge n e r a l  an d  wa s t e w a t e r  re-us e  fo r  ag r i c u l t u r e ,  in  pa r t i c u l a r ,  in  
or d e r  to  gu i d e  pr o g r a m m e s ,  pr o j e c t s  an d  inv e s t m e n t s  rel a t i n g  to  wa s t e w a t e r  co l l e c t i o n ,  
tre a t m e n t ,  re-us e  an d  di s p o s a l  in  a  su s t a i n a b l e  ma n n e r .

Th i s  req u i r e s  the  es t a b l i s h m e n t  of  a  cle a r  po l i c y  wi t h  re g a r d  to  wa s t e w a t e r  ma n a g e m e n t .

Th i s  po l i c y  sh o u l d  be  co m p a t i b l e  wi t h  a  nu m b e r  of  re l a t e d  se c t o r i a l  or  su b- se c t o r a l  po l i c i e s  
su c h  as  na t i o n a l  wa t e r  ma n a g e m e n t  an d  irr i g a t i o n  po l i c y ,  na t i o n a l  he a l t h ,  san i t a t i o n  an d  
se w a g e  po l i c y ,  na t i o n a l  ag r i c u l t u r a l  po l i c y  an d  na t i o n a l  en v i r o n m e n t a l  pr o t e c t i o n  po l i c y .

S u c h  po l i c y  sh o u l d  gi v e  gu i d a n c e  on  the  fo l l o w i n g  iss u e s :

• the  cu r r e n t  an d  fu t u r e  con t r i b u t i o n  of  tre a t e d  wa s t e w a t e r  to  the  tot a l  na t i o n a l  wa t e r  
bu d g e t ;

• cr i t e r i a  re q u i r e d  to  ac h i e v e  ma x i m u m  be n e f i t  of  wa s t e w a t e r- reu s e  fo r  the  di f f e r e n t  
wa t e r  se c t o r a l  us e s ;

• mo d a l i t i e s  for  st r e n g t h e n i n g  the  na t i o n a l  ca p a c i t y  bu i l d i n g  in  th i s  se c t o r .

S u c h  po l i c y  sh o u l d  be  ac c o m p a n i e d  by  an  ap p r o p r i a t e  na t i o n a l  st r a t e g y  fo r  wa s t e w a t e r  
reu s e  cha r a c t e r i z e d  by  the  fo l l o w i n g  fea t u r e s :

• sp e l l i n g  ou t  wa y s  an d  me a n s  of  im p l e m e n t i n g  po l i c y  di r e c t i v e s ;

• de f i n i n g  the  na t u r e  an d  me c h a n i s m s  of  int e r- in s t i t u t i o n a l  co l l a b o r a t i o n ,  al l o c a t i o n  of  
fun d s ,  es t a b l i s h m e n t  of  pi l o t  wa s t e w a t e r  re u s e  de m o n s t r a t i o n  si t e s  of  go o d  
ma n a g e m e n t  pr a c t i c e s  an d  ph a s i n g  the  im p l e m e n t a t i o n  of  wa s t e w a t e r  
pr o g r a m m e s ;



• fo s t e r i n g  the  sha r e  of  res p o n s i b i l i t i e s  be t w e e n  inv o l v e d  mi n i s t r i e s ,  ag e n c i e s  an d  
au t h o r i t i e s ,  an d  the  wa y  to  lin k  an d  int e g r a t e  the  ac t i v i t i e s  am o n g  the m ,  ind i v i d u a l l y  
an d  in  co m b i n a t i o n ;

• ide n t i f y i n g  an  ec o n o m i c a l l y  fea s i b l e ,  sa f e  an d  so c i a l l y  ac c e p t a b l e  se t  of  sta n d a r d s ,  
reg u l a t i o n s  an d  cod e s  of  pr a c t i c e s  for  su s t a i n a b l e  us e .  

Ide a l l y ,  po l i c i e s  of  wa s t e w a t e r  reu s e  an d  st r a t e g i e s  fo r  its  imp l e m e n t a t i o n  sho u l d  be  pa r t  of  
wa t e r  re s o u r c e s  pla n n i n g  at  th e  na t i o n a l  lev e l .  At  the  loc a l  lev e l ,  ind i v i d u a l  re u s e  pr o j e c t s  
sh o u l d  be  pa r t  of  the  ov e r a l l  riv e r  ba s i n  pl a n n i n g  ef f o r t .

In s t i t u t i o n a l ,  leg a l  an d  po l i t i c a l  as p e c t s  of  wa s t e w a t e r  re u s e

Sa f e  wa t e r  tre a t m e n t ,  di s p o s a l  an d  re u s e  ar e  the  res p o n s i b i l i t y  of  di f f e r e n t  or g a n i z a t i o n s  
su c h  as  au t h o r i t i e s ,  coo p e r a t i v e s  an d  co m m u n i t i e s  op e r a t i n g  un d e r  the  jur i s d i c t i o n  of  the  
mi n i s t r i e s  of  ag r i c u l t u r e ,  wa t e r  re s o u r c e s  an d  ot h e r s .  Th e  res p o n s i b i l i t i e s  of  the s e  
or g a n i z a t i o n s  mu s t  be  con s i d e r e d  an d  rec o n c i l e d .

To  ta c k l e  the  ra n g e  of  ins t i t u t i o n a l  lev e l s  inv o l v e d  an d  to  al l o c a t e  res p o n s i b i l i t i e s  in  bo t h  
tre a t m e n t  an d  reu s e  st a g e s ,  se v e r a l  ac t i o n s  ar e  ne e d e d ,  inc l u d i n g :

1. A  we l l- de f i n e d  po l i c y  an d  st r a t e g y  for  the  com p r e h e n s i v e  ma n a g e m e n t  an d  reu s e  of  
tre a t e d  wa s t e w a t e r  is  a  pr e c o n d i t i o n  to  su c c e s s .

2. Ma n y  dif f e r e n t  sta k e h o l d e r s  ar e  inv o l v e d ,  so  ro l e s  an d  res p o n s i b i l i t i e s  (who  do e s  
wh a t)  ne e d  to  be  cle a r l y  de f i n e d ,  al o n g  wi t h  me c h a n i s m  to  en s u r e  the  ac t i v e  co-
or d i n a t i o n  of  the  va r i o u s  ins t i t u t i o n s .

3. Ina d e q u a t e  leg i s l a t i o n  of t e n  hi n d e r s  the  ef f e c t i v e  reu s e  of  tre a t e d  wa s t e w a t e r .  
Int e g r a t e d  leg a l  ar r a n g e m e n t s  ca n  be  of  gr e a t  va l u e ,  al o n g  wi t h  pr o v i s i o n s  fo r  ac t i v e  
en f o r c e m e n t  of  al l  law s  an d  reg u l a t i o n s ,  wi t h o u t  ex c e p t i o n .

4. A  co m p r e h e n s i v e  pl a n  of  ac t i o n  fo r  re u s i n g  tre a t e d  wa s t e w a t e r ,  wi t h  cle a r l y  
as s i g n e d  rol e s ,  ne e d s  to  be  co m p l e m e n t e d  by  pe r i o d i c  re v i e w s  an d  fol l o w- up.  
Ad e q u a t e  fun d i n g  is  es s e n t i a l .

5. Ca p a c i t y  bu i l d i n g  is  re q u i r e d  to  an a l y z e  sta f f  ne e d s  an d  pr o v i d e  su i t a b l e  tra i n i n g .

6. Mo r e  pa r t i c i p a t o r y  ap p r o a c h e s  ar e  ne e d e d ,  inc l u d i n g  ra i s i n g  the  aw a r e n e s s  of  the  
ge n e r a l  pu b l i c  (who s e  cu l t u r a l  an d  rel i g i o u s  pe r c e p t i o n s  so m e t i m e s  reg a r d  tre a t e d  
wa s t e w a t e r  as  imp u r e).  Irr i g a t o r s  al s o  ne e d  to  be  inv o l v e d  in  th e  pl a n n i n g  an d  
ut i l i z a t i o n  of  th i s  re s o u r c e .

7. Mo r e  co- or d i n a t i o n  is  ne e d e d  be t w e e n  do n o r s  an d  na t i o n a l  ins t i t u t i o n s  in v o l v e d  in  
wa s t e w a t e r  re u s e .

To  re i n f o r c e  an d  he l p  con s o l i d a t e  imp r o v e d  ar r a n g e m e n t s  in  co u n t r i e s  wi t h  ma n y  
mi n i s t r i e s  inv o l v e d ,  the  po s s i b l e  for m a t i o n  of  a  «  hig h e r  cou n c i l  »  to  cre a t e  po l i c y  an d  



st r a t e g i e s  sho u l d  be  co n s i d e r e d .  Th i s  bo d y  co u l d  ov e r s e e  imp l e m e n t a t i o n  an d  ob t a i n  
ne c e s s a r y  fun d i n g .

W h e r e  ma n y  di f f e r e n t  law s  co m p l i c a t e  wa s t e w a t e r  re u s e ,  co n s i d e r a t i o n  cou l d  be  gi v e n  to  
co n s o l i d a t e d  leg i s l a t i o n  tha t  wo u l d  co v e r  al l  as p e c t s  of  wa t e r  re s o u r c e s  pl a n n i n g ,  
ma n a g e m e n t  an d  ut i l i z a t i o n .

Aw a r e n e s s  ra i s i n g ,  ed u c a t i o n ,  an d  be s t  pr a c t i c e s

Ta r g e t e d  he a l t h  ed u c a t i o n  is  the  mo s t  rea l i s t i c ,  pr a c t i c a l  an d  co s t  ef f e c t i v e  me a s u r e  to  
red u c e  he a l t h  ris k s  as s o c i a t e d  wi t h  wa s t e w a t e r  us e  in  ag r i c u l t u r e .  Th e  fo l l o w i n g  ca t e g o r i e s  
sh o u l d  be  ad d r e s s e d :

• Po l i c y m a k e r s :  con v i n c e  th e m  tha t  the  us e  of  wa s t e w a t e r  is  a  re a l i t y  tha t  ha s  to  be  
ac c e p t e d ;  pr o v i d e  the m  wi t h  da t a  on  the  foo d  se c u r i t y ,  inc o m e  ge n e r a t i n g  ca p a c i t y ,  
he a l t h  an d  nu t r i e n t s  as p e c t s  of  wa s t e w a t e r  us e  in  ag r i c u l t u r e ;  sh o w  tra d e- of f s  of  
co s t s  an d  be n e f i t s  of  wa s t e w a t e r  tre a t m e n t  an d  re u s e  in  ag r i c u l t u r e ,  co-
ma n a g e m e n t  of  wa t e r  pr o v i s i o n ,  san i t a t i o n ,  tre a t m e n t  an d  re u s e ,  an d  st r a t e g i e s  for  
ha n d l i n g  wa s t e w a t e r  fro m  the  sou r c e  to  the  us e r s .

• Fa r m e r s :  pro v i d e  inf o r m a t i o n  thr o u g h  int e r a c t i v e  lea r n i n g  me t h o d s  on  he a l t h  ris k s  
as s o c i a t e d  wi t h  wa s t e w a t e r  us e ,  inf o r m a t i o n  an d  te c h n i c a l  as s i s t a n c e  on  pr o p e r  
cr o p  se l e c t i o n  in  re l a t i o n  to  wa s t e w a t e r  qu a l i t y ,  irr i g a t i o n  tec h n i q u e s ,  pr o t e c t i v e  
clo t h i n g  (boo t s),  pe r s o n a l  hy g i e n e ,  wa s h i n g  cr o p s  be f o r e  ma r k e t i n g ,  gr o u p  
or g a n i z a t i o n  for  on  fie l d  sa n i t a t i o n  an d  wa s h i n g  fac i l i t i e s ;  pr e v e n t i n g  da m a g e  to  
so i l s  an d  gr o u n d  wa t e r  

• Co n s u m e r s :  Inf o r m  the m  on  pr o p e r  wa s h i n g ;  co o k i n g  or  bl a n c h i n g  of  veg e t a b l e s ;  
an d  su f f i c i e n t  co o k i n g  tim e  for  fis h  ra i s e d  wi t h  wa s t e w a t e r ;  ne c e s s i t y  of  pa y i n g  fo r  
tre a t m e n t  of  ho u s e h o l d  wa s t e w a t e r  as  the y  ar e  the  ge n e r a t o r s .  

• Tr a d e s m a n :  us e  of  cle a n  wa t e r  fo r  fre s h e n i n g  pr o d u c t s  (vege t a b l e s)  on  the  ma r k e t ;  
wa y s  fo r  mi n i m i z i n g  co n t a m i n a t i o n  ri s k s  du r i n g  tra n s p o r t  an d  pr o c e s s i n g .

• Lo c a l  au t h o r i t i e s :  to  he l p  the m  un d e r s t a n d  the  imp l i c a t i o n s  of  wa s t e w a t e r  us e  an d  
the  ro l e  the y  can  pla y  in  mi n i m i z i n g  th e  ris k s .   

• Th e  NG O ’ s  an d  me d i a  ma y  ha v e  to  pl a y  a  vi t a l  rol e  in  th i s  ex e r c i s e ,  if  au t h o r i t i e s  
ar e  slo w  to  tak e  the  lea d .  

Be s t  pra c t i c e s  sh o u l d  inc l u d e :

Cr o p  se l e c t i o n  an d  ce r t i f i c a t i o n  of  pr o d u c e  (lab e l i n g )

Va r i a t i o n s  in  ab s o r p t i o n  of  ce r t a i n  che m i c a l s  by  cro p s ,  ma k e s  cro p  se l e c t i o n  a  su i t a b l e  
st r a t e g y ,  in  the  ab s e n c e  of  ma r k e t  for c e s ,  wh i c h  di s c o u r a g e  cro p  re s t r i c t i o n .  Of f e r i n g  
fin a n c i a l  inc e n t i v e s  i.e.  lab e l i n g  cle a n  pr o d u c t s ,  wh i c h  wi l l  fe t c h  hi g h e r  pr i c e s ,  is  al s o  a  
po s s i b i l i t y  pr o v i d e d  cu s t o m e r s  ar e  wi l l i n g  to  pa y  mo r e  an d  ce r t i f i c a t i o n  pr o g r a m s ,  wh i c h  
ar e  co s t l y  pr o c e s s e s ,  can  be  se t  up.



Im p r o v i n g  irr i g a t i o n  pr a c t i c e s

Ir r i g a t i o n  te c h n i q u e s ,  wh i c h  we t  on l y  the  roo t s  an d  no t  the  lea f y  pa r t  of  veg e t a b l e s ,  we r e  
su g g e s t e d  as  go o d  pr a c t i c e  for  mi n i m i z i n g  ris k  of  con t a m i n a t i o n .  Be d  an d  fu r r o w  irr i g a t i o n ,  
dr i p  sy s t e m s  an d  an y  ot h e r  tec h n i q u e  ap p l y i n g  wa t e r  cl o s e  to  the  roo t  sy s t e m s  wa s  
su g g e s t e d .  Th e r e  is  a  fu r t h e r  ad v a n t a g e  in  tha t  the r e  wi l l  be  les s  inf i l t r a t i o n  int o  
gr o u n d w a t e r .  Ro t a t i n g  wa s t e w a t e r  ap p l i c a t i o n  ov e r  fie l d s  if  th i s  is  po s s i b l e  is  an o t h e r  
me a n s  to  lim i t  ov e r- fer t i l i z a t i o n  an d  po l l u t i o n  of  gr o u n d w a t e r .  Av o i d i n g  irr i g a t i o n  wi t h  
wa s t e w a t e r  in  the  two  we e k s  be f o r e  ha r v e s t  can  mi n i m i z e  the  ris k  fro m  pa t h o g e n  
co n t a m i n a t i o n  of  lea f y  ve g e t a b l e s ,  bu t  thi s  ne c e s s i t a t e s  a  fre s h  wa t e r  sou r c e  ac c e s s i b l e  to  
far m e r s ,  wh i c h  is  ra r e l y  po s s i b l e  in  the s e  pe r i- urb a n  si t u a t i o n s .

Co n c l u d i n g  Re m a r k s  an d  Re c o m m e n d a t i o n s

Do m e s t i c  WW T R  is  on e  too l  to  ad d r e s s  the  foo d  an d  wa t e r  ins e c u r i t y  fac i n g  ma n y  
co u n t r i e s  in  the  Me d i t e r r a n e a n .  In  co m i n g  yea r s ,  in  mo s t  Me d i t e r r a n e a n  cou n t r i e s ,  
va l u a b l e  fre s h  wa t e r  wi l l  ha v e  to  be  pr e s e r v e d  so l e l y  fo r  dr i n k i n g ,  ve r y  hi g h  va l u e  ind u s t r i a l  
pu r p o s e s ,  an d  for  hig h  va l u e  fre s h  ve g e t a b l e s  an d  sa l a d  cro p s  co n s u m e d  raw.  Wh e r e  
fea s i b l e ,  mo s t  ot h e r  cr o p s  in  ar i d  co u n t r i e s  wi l l  ha v e  to  be  gr o w n  inc r e a s i n g l y  an d  
ev e n t u a l l y  so l e l y  wi t h  tre a t e d  wa s t e w a t e r .  Th e  ec o n o m i c ,  so c i a l  an d  en v i r o n m e n t a l  
be n e f i t s  of  su c h  an  ap p r o a c h  are  cle a r .  To  he l p  the  gr a d u a l  an d  coh e r e n t  int r o d u c t i o n  of  
su c h  a  po l i c y ,  wh i c h  pr o t e c t s  the  en v i r o n m e n t  an d  pu b l i c  he a l t h ,  go v e r n m e n t s  sh a l l  ha v e  
to  ad a p t  an  Int e g r a t e d  Wa t e r  Ma n a g e m e n t  ap p r o a c h ,  fac i l i t a t e  pu b l i c  pa r t i c i p a t i o n ,  
di s s e m i n a t e  ex i s t i n g  kn o w l e d g e ,  an d  ge n e r a t e  ne w  kno w l e d g e ,  an d  mo n i t o r  an d  en f o r c e  
sta n d a r d s .  

• On e  of  the  pr e r e q u i s i t e s  fo r  an y  cu r e  is  an  ad e q u a t e  inf o r m a t i o n  ba s e .  Th i s  inc l u d e s  
inv e n t o r y i n g  wa t e r  sto c k s ,  on  on e  ha n d ,  an d  as c e r t a i n i n g  the  de m a n d  at  loc a l  an d  
reg i o n a l  lev e l ,  in  qu a n t i t a t i v e  an d  qu a l i t a t i v e  ter m s  wi t h i n  the  fra m e w o r k  of  na t i o n a l  
wa t e r  st r a t e g y ,  on  the  ot h e r  on e.  Ec o n o m i c ,  so c i a l  an d  en v i r o n m e n t a l  co n c e r n s  
mu s t  al l  be  ta k e n  int o  ac c o u n t  in  ac c o r d a n c e  wi t h  the  go a l  of  su s t a i n a b i l i t y .

• It  is  im p o r t a n t  to  st r e n g t h e n  th e  ca p a c i t y  of  na t i o n a l  an d  loc a l  hy d r o l o g i c a l  re s e a r c h  
ins t i t u t e s  to  imp r o v e  th e i r  lin k s  to  en v i r o n m e n t a l  re s e a r c h  as  we l l  as  to  ins t i t u t e s  in  
the  fie l d  of  ec o n o m i c  an d  so c i a l  sc i e n c e ,  pa r t i c u l a r l y  in  the  fie l d  of  ur b a n  stu d i e s  
an d  pla n n i n g .  Th e  tra n s f e r  of  kno w l e d g e  to  loc a l  go v e r n m e n t  de c i s i o n- ma k e r s  mu s t  
be  imp r o v e d .

• Lo c a l  go v e r n m e n t s  mu s t  fo c u s  the i r  po l i c i e s  on  tre a t i n g  mu n i c i p a l  wa s t e w a t e r  to  
el i m i n a t e  the  ra p i d  de g r a d a t i o n  in  bo t h  su r f a c e  an d  gr o u n d w a t e r  qu a l i t y .  In  thi s  
reg a r d ,  sim p l e  me t h o d s  of  wa s t e w a t e r  tre a t m e n t  are  to  be  rec o m m e n d e d  as  
rea l i s t i c  so l u t i o n s ;  eq u a l l y  so,  go v e r n m e n t s  ha v e  to  op e r a t e  as  we l l  to  st r e n g t h e n  
the  ca p a c i t y  of  bo t h  ins t i t u t i o n s  an d  us e r s .  Ef f o r t s  co n c e r n i n g  do m e s t i c  se w a g e  
mu s t  ce n t e r  on  pro m o t i n g  an d  fu r t h e r  de v e l o p i n g  low  co s t ,  ea s y- to-ha n d l e  an d ,  in  
ge n e r a l ,  reg i o n a l l y  de v e l o p e d  te c h n o l o g i e s  wi t h  a  low  de g r e e  of  com p l e x i t y .  Sp e c i a l  
we i g h t  mu s t  be  pl a c e d  on  mi n i m i z i n g  the  en e r g y  ne e d s  fo r  the s e  tec h n o l o g i e s .

• Th e  fa i l u r e  of  go v e r n a n c e  at  loc a l  go v e r n m e n t  lev e l  sh o u l d  be  co u n t e r a c t e d  by  
imp r o v i n g  the  ef f i c i e n c y  of  pu b l i c  ad m i n i s t r a t i o n  at  the  loc a l  lev e l .  Th e  me a s u r e s  
req u i r e d  inc l u d e  the  bu i l d i n g  of  re s p o n s i b i l i t i e s ,  co m b i n i n g  ma n a g e m e n t  an d  
fin a n c i n g  fun c t i o n s ,  imp r o v i n g  en v i r o n m e n t a l  leg i s l a t i o n  an d  mo n i t o r i n g ,  
di s m o u n t i n g  bu r e a u c r a t i c i s m ,  de c e n t r a l i z i n g  ta s k s  to  the  low e s t  lev e l s  po s s i b l e ,  



in c r e a s i n g  the  tra n s p a r e n c y  of  go v e r n m e n t  ac t i v i t i e s  as  we l l  as  en h a n c i n g  the  sk i l l s  
of  the  pu b l i c  ad m i n i s t r a t i o n  em p l o y e e s .

• En h a n c i n g  an d  imp r o v i n g  co o p e r a t i o n  be t w e e n  lo c a l  go v e r n m e n t s  an d  the  inf o r m a l  
se c t o r  wh i c h  is  far  be l o w  the  lev e l  re q u i r e d .  Th e  inf o r m a l  se c t o r  sh o u l d  be  ex p l o i t e d  
to  a  gr e a t e r  ex t e n t  an d  int e g r a t e d  wi t h  de c e n t r a l i z e d  pu b l i c  ad m i n i s t r a t i o n  to  fin d  
mo r e  rap i d ,  ap p r o p r i a t e  an d  fle x i b l e  so l u t i o n s  to  the  ex i s t i n g  an d  ra i s i n g  pro b l e m s .  
In  th i s  re g a r d ,  the  in v o l v e m e n t  of  the  NG O s  ha s  to  be  st r e n g t h e n e d  in  the  
ma n a g e m e n t  of  inf r a s t r u c t u r a l  ins t i t u t i o n s  an d  th e  mo b i l i z a t i o n  of  pu b l i c  pa r t i c i p a t i o n  
an d  ind i v i d u a l  re s p o n s i b i l i t y  wi t h i n  the  fra m e w o r k  of  ur b a n  su p p l y  an d  wa s t e w a t e r  
tre a t m e n t  an d  us e  pr o j e c t s .

• Ex i s t i n g  wa t e r  cha r g e s  mu s t  be  ch a n g e d  so  th a t  the y  re f l e c t  sc a r c i t i e s  an d  inc r e a s e  
the  re l i a b i l i t y  of  su p p l y .  Mo s t  of  the  wa t e r  ta r i f f  sy s t e m s  in  bo t h  de v e l o p e d  an d  
de v e l o p i n g  co u n t r i e s  do  no t  re f l e c t  the  ec o n o m i c  an d  en v i r o n m e n t a l  sc a r c i t y  of  
wa t e r .  To  be  en v i r o n m e n t a l l y  an d  ec o n o m i c a l l y  via b l e ,  wa t e r  ta r i f f  sy s t e m s  sh o u l d  
en s u r e  tha t  the  co s t s  of  co l l e c t i n g ,  tre a t i n g  an d  us i n g  wa t e r  ar e  re c o v e r e d .  Lo w  
inc o m e  us e r s  sh o u l d  be  ab l e  to  re d u c e  th e  am o u n t  th e y  ha v e  to  pa y  thr o u g h  ac t i v e  
pa r t i c i p a t i o n  in  sy s t e m s  of  wa t e r  co l l e c t i o n ,  wa t e r  sup p l y  an d  wa s t e w a t e r  di s p o s a l  
an d  tre a t m e n t .  

Th e  de m a n d  of  ma j o r  po l l u t e r s  or  lar g e  co n s u m e r s  sh o u l d  be  con t r o l l e d  us i n g  th e  
ins t r u m e n t  of  ma r g i n a l  co s t  tar i f f s .  Ta x i n g  co n s u m p t i o n  in  th i s  wa y  is  a  fin a n c i a l  inc e n t i v e  
to  wa t e r  su s t a i n a b i l i t y .  

Wh e r e  ma n y  di f f e r e n t  law s  co m p l i c a t e  wa s t e w a t e r  re u s e ,  co n s i d e r a t i o n  cou l d  be  gi v e n  to  
co n s o l i d a t e d  leg i s l a t i o n  tha t  wo u l d  co v e r  al l  as p e c t s  of  wa t e r  re s o u r c e s  pl a n n i n g ,  
ma n a g e m e n t  an d  ut i l i z a t i o n .
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