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ABSTRACT 

In  India  one of  t h e  l a r g e s t  geohydrological province r i c h  i n  ground water i s  

t h e  Indo-Ganga t r a c t  comprising of a uniform l i t h o l o g i c  c h a r a c t e r i s t i c  v i z .  

Quaternary Al luvia l  sediments of var ied  thickness  spread through an area of 27.8 
mil l ion hec tares  of c u l t i v a b l e  land. Climatologically humid t r o p i c s ,  with average 

annual p r e c i p i t a t i o n  of about 90 cm with general ly  two crops a year ,  it i s  under 

inf luence of moderate t o  heavy u t i l i s a t i o n  of  f e r t i l i z e r ,  mainly ni t rogen based. 

Thoughthe problem of ni t rogen pol lu t ion  has not become alarming, t h e  poin te r  towards 

a d e t e r i o r a t i n g  s i t u a t i o n  i n  t h e  shallow aqui fe r  has been developed i n  t h e  paper. 

Inf luence of n a t u r a l  and man-made condi t ions on exis tance and movement of nitrogen 

pol lu tan ts  have been analysed and present  q u a l i t y  monitoring system reviewed f o r  t h e  

study area .  Numerous wel ls  t o t a l l i n g  near ly  a mi l l ion  per fora te  t h e  basin and a 

concept of "mixing zone" has been introduced t o  develop a predic t ion  model which can 

be simulated and per fec ted  by ascr ib ing  d i f f e r e n t  values t o  t h e  parameters. The 

model has been t r i e d  through ana lys i s  of one year da ta  i . e .  1978-79 f o r  d i f fe ren t  

parameters and amount of q u a l i t y  d e t e r i o r a t i o n  has been brought out. 

INTRODUCTION 

The Indo-Ganga a l l u v i a l  p l a i n  s t r e t c h e s  from Punjab i n  t h e  west t o  west Bengal i n  

Hydrogeologically t h e  b e l t  (average 1500 km long and 300 km t h e  e a s t  and southeast .  

width) i s  bounded by high land region of  t h e  Himalayas i n  t h e  north and t h e  penin- 

sular region comprising of Archaean Crys ta l l ines  i n  t h e  south (Fig.1). The p la in ,  

i s  under moderate t o  heavy u t i l i s a t i o n  of both i n d u s t r i a l  and n a t u r a l  f e r t i l i z e r  

mainly ni t rogen based. The basin i s  geohydrologically t h e  r i c h e s t  province which i s  

under moderate t o  heavy u t i l i s a t i o n  of ground water as w e l l .  Agricul tural  and f e r t i -  

l i z e r  s t a t i s t i c s  have been u t i l i s e d  t o  analyse t h e  magnitude of  t h e  problem of n i t ro-  

gen pol lu t ion .  The amount of  f e r t i l i z e r  expressed i n  t h i s  paper i s  a l w a y s  i n  terms 

of equivalent  of ni t rogen.  Because a l a r g e  area of t h e  states of U t t a r  Pradesh (U.P.) 



156 

and Bihar a r e  covered by consol idated and semiconsolidated fommtions,  any d a t a  

r e f e r r i n g  t o  t h e s e  two states exclude t h e  following d i s t r i c t s ;  Uttarkashi ,  Chamoli, 

Dehradun, Tehri Garwhal, Almora, Nain i ta l ,  Pi thoragarh,  Pauri  Garhwal, Jalaun,  H a m i r -  
pur ,  Band.%, Mirzapur, Jhans i ,  Lalitput- ( f o r  U.P.) and Chaibasa, Ranchi, Dhanbad, 

Hazaribag, Daltonganj , Santhalparganas and G a y a  ( f o r  Bihar) .  

i n  1978-79 i n  4 states i . e .  Punjab, Haryana, U.P. and Bihar are 4.175, 3.660, 14.440 

and 5.552 mi l l ion  hec tares  respec t ive ly ;  corresponding f igures  of i n d u s t r i a l  ni t rogen 

f e r t i l i z e r  appl ica t ions  are 410200, 161900, 724500 and 144100 t o m e s  (ref .10) .  

The ne t  area c u l t i v a t e d  

PRESENT SET UP FOR NITROGEN POLLUTION DETECTION AND OBSERVATION I N  GROUND WATER 

I n  India ,  t h e  Central  Ground Water Board (CGWB) i s  maintaining monitoring s t a t i o n s  

throughout t h e  country t o  measure t h e  condi t ions and t r e n d s  of ground w a t e r  q u a l i t y  

and quant i ty  i n  r e l a t i o n  t o  s tandards and guide l ines  and i s ,  t o  a grea t  e x t e n t ,  repre- 

sen t ing  t h e  t o t a l  s p a c i a l  s i t u a t i o n  p a r t i c u l a r l y  i n  Indo-Ganga Valley. Its main 

object ive i s  t o  c o l l e c t  ground 

ing(once a year )  f o r  pH, HC03, 

monitoring on a n a t i o n a l  s c a l e  

progressive increase  i n  number 

i s  as follows ( re f .2) .  

Pun j ab 

1969 1 
1978 15 4 

water l e v e l  da ta  ( 5  times a year )  and q u a l i t y  monitor- 

SOL, F, C 1 ,  N a ,  C a ,  Mg, K ,  t o t a l  hardness. Regular 

f o r  ground w a t e r  q u a l i t y  s t a r t e d  i n  1969 and with 

of  s t a t i o n s  t h e  s t a t u s  i n  Indo-Ganga Valley present ly  

Haryana u.P. ( P l a i n s )  Bihar(P1ains)  

4 39 30 
150 410 95 

The monitoring of ni t rogen l e v e l  i n  ground water on a regular  b a s i s  s t a r t e d  

r a t h e r  recently.. For monitoring t h e  diffused and continuous p o l l u t i o n  source l i k e  

ni t rogen,  t h e  frequency of observation (once a y e a r )  as wel l  as t h e  s p a c i a l  d i s t r i -  

but ions are wel l  s u i t e d  i n  Indo-Ganga p l a i n  s e t t i n g .  

Data of 276 samples f o r  1978 f o r  U.P. show t h a t  number of  wel ls  with NO3 concen- 

t r a t i o n  below 10,  20, 50 and 100 m g / l  are 53.62, 71.7%, 89.5% and 95.3% respec t ive ly  

( ref .9)  
The median value of 0-10 m g / l  group i s  2 . 1  mg/l N O 3  and t h i s  i s  taken as repre-  

s e n t a t i v e  average value i n  1978. 

i n  U.P. i n  1978 shows 1 4  mg/l NO3. 

S imi la r ly  average value of r i v e r  water (33 samples) 

H i s t o r i c a l  da ta  f 6 r  ni t rogen are lacking. Values of  some of t h e  o ld  CGWB w e l l s  

v iz .  wel l  nos. 147, 207, 52, 203, 218, 153, 184 i n  U.P. show progressive increase  i n  

ni t rogen concentrat ion ( r e f . 2 ,  8, 9 ) .  Also Handa reported i n  1975 following concen- 

t r a t i o n  i n  ground water ( r e f . 6 ) .  

S t a t e  No .  of samples Remarks 

Pun j ab 88% had l e s s  than 20 m g / l  NO3 
U.P. 193 99% had less than 20 mg/l NO3 
Bihar 179 88% had less than 12 mg/l NO3 

12 5 

Comparing t h i s  with 1978 U.P. values it i s  seen t h a t  percentage of w e l l  wi th  

2 O m g / l  NO3 has gone down by 27% within a span of minimum 4 years .  Adyelkar ( r e f . 1 )  
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Fig. 1. mdrogeologica l  map showing i n d u s t r i a l  f e r t i l i z e r  appl ica t ion  (1978-79). 

reported t h a t  87.5% out of t o t a l  104 samples had l e s s  than 20 m g / l  N O 3  i n  Bihar 

during 1978-80. 

t r a t i o n .  

This i s  l e s s  than what Handa reported even f o r  12 mg/l N O 3  concen- 

Though scanty,  t h e  above da ta  manifest progressive de te r iora t ion  i n  qBality. 

INFLUENCE OF NATURAL AND MAN-MADE CONDITIONS ON EXISTANCE AND MOVEMENT OF NITROGEN 

POLLUTANTS I N  GROUND WATER 

N i t r a t e  i s  a s t a b l e  end product of e n t i r e  n i t r i f i c a t i o n  process and c o n s t i t u t e  

almost a l l  t h e  ni t rogen i n  leached w a t e r .  

and ground water and a c t s  almost l i k e  a t r a c e r  i n  t h e  ground water reservoi rs  ( re f .5) .  

Pol lu t ion  of ni t rogen i n  ground water i s  pr imari ly  inf luenced by t h e  movement of 

percola t ing  water ,  i t s  i n i t i a l  concentrat ion and t h e  amount of ni t rogen ava i lab le  f o r  

leaching. The following f a c t o r s  a r e  important i n  present  a rea :  

Once formed t h i s  is  q u i t e  mobile i n  s o i l  

1. Natural condi t ions:  ( a )  Climate and p r e c i p i t a t i o n s ;  ( b )  Surface water; 
( c )  Geomorphology, land use and hydrogeology. 
c a t i o n  of  i n d u s t r i a l  and n a t u r a l  f e r t i l i z e r ;  ( e )  Type of  crops,  i ts n u t r i e n t  
removal capaci ty;  ( f )  I r r i g a t i o n  both from sur face  water and ground water. 

2. Man-made condi t ions:  ( d )  Appli- 

( a )  Inf luence of c l imate  and p r e c i p i t a t i o n  

The d is tance  t h a t  NO3 can move downward depends on amount of water enter ing t h e  

:o i l .  The more r a i n f a l l  t h a t  occurs t h e  deeper t h e  pol lu tan t  i s  expected t o  penetrate. 

lverage values of r a i n f a l l  (50 years  average, i n  mm) and p o t e n t i a l  evapotranspirat ion 
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( i n  mm) are Punjab 625 and 1500, Haryana 625 and 1550, U.P. 986 and 1495, Bihar 1203 

and 1480 respec t ive ly .  

(b)  Influence of sur face  water 

Nitrogen concentrat ion i n  r a i n  water i s  negl ig ib le .  Most of t h e  r i v e r s  and most 
p a r t  of  t h e  r i v e r s  i n  t h e  Indo-Ganga bas in  a r e  e f f l u a n t  i n  na ture  and are not cont r i -  

but ing,  i n  a general  way, t o  ground water po l lu t ion  through i n f l u e n t  seepage. However 

extensive canal  networks c r i ss -c ross  t h e  area and t h e s e  are cont r ibu t ing  t o  ground 

water. Amount of  ground water recharge due t o  canal  seepage are 0.5, 0.2, 1.2 and 

0.5  mil l ion  hectare-meter per  year f o r  Punjab, Haryana, U.P. ( t h e  e n t i r e  s ta te )  and 

Bihar ( t h e  e n t i r e  s t a t e )  respec t ive ly  (ref. 4 ) .  
( c )  Influence of geomorphology, land use and hydrogeology 

The Indo-Ganga p l a i n  occupies t h e  depressed zone between mountaneous region 

(Himalayas) i n  t h e  north and Peninsular Shield area i n  t h e  south. The area is cover- 

ed by a l l u v i a l  s o i l  and t h e  l i t h o  faces  forming t h e  alluvium i s  f l u v i a l  type  consis t -  

ing mainly of coarse t o  f i n e  sand al te-nat ing with some c lay  layers .  The geomorpho- 

l o g i c a l  configurat ion of t h e  bas in  i s  such t h a t  f o r  shallow ground water, t h e  flow i s  
inward i n t o  t h e  bas in  a l l  along t h e  high land f r i n g e  area i n  north and south. The 

average master slope of ground water is  about 16 cm/km and t h e  average v e l o c i t y  i n  

shallow unconfined aqui fe r  v a r i e s  from 0.5 t o  50 m per  year. This v e l o c i t y  i s  
s luggish and t h e  bas in  p r a c t i c a l l y  a c t s  as s ink  f o r  receiving ni t rogen p o l l u t a n t s .  

Both shallow unconfined aqui fe r  (less than 50 m )  and deeper confined/unconfined 

aqui fe rs  e x i s t  i n  t h e  basin.  The unconfined aqui fe r  which usua l ly  extend almost from 

below t h e  s o i l  l ayer  i s  extensively tapped for  dr inking water w e l l s  and shallow, 

low-duty, small diameter i r r i g a t i o n  tubewells (average y i e l d  20 t o  50 m3/hour). 

deeper aqui fe rs  a r e  extensively tapped by heavy-duty, large-diameter, i r r i g a t i o n  

tubewells (average y i e l d  100 t o  200 m3/hour). 

10 rn below ground l e v e l ,  average annual f l u c t u a t i o n  being about 4 m and average 

maximumdraw down of t h e  tubewells i s  of t h e  order  of 6 m. 
water flows from west t o  east ( f i g . 1 ) .  

7,50,000 number of  tubewells which makes t h e  ground water movement and a l s o  i n t e r -  

mixing i n  t h e  upper p a r t  of t h e  aqui fe r  more a r t i f i c i a l l y  cont ro l led  due t o  pumping 

e f f e c t .  

( a )  Influence of f e r t i l i z e r s  

The 

The water t a b l e  v a r i e s  between 2 t o  

In  major p a r t  ground 

The v a l l e y  i s  per fora ted  with more than 

Both i n d u s t r i a l  and n a t u r a l  f e r t i l i z e r  ( i n  t h e  form of rural and urban compost) 
a r e  appl ied i n  moderate t o  heavy amount i n  the present  a reas .  

i n d u s t r i a l  f e r t i l i z e r  manufactured aiid u t i l i s e d  i n  India  a r e ,  Urea ( 4 6 % ~ ) ,  Ammonium 

Sulphate (20.6%N), Ammonium Sulphate N i t r a t e  (26%N), Calcium Ammonium Nitrate (25%N), 

Awnonium Chloride (251N). From i n d u s t r i a l  f e r t i l i z e r  appl ica t ion  record and f u t u r e  

pro jec t ion  ( r e f . 1 0 )  it i s  estimated t h a t  a t o t a l  of 5127 mi l l ion  kg. of N has been 

appl ied between 1974-75 upto 1978-79 i n  an area of approximately 27.8 mi l l ion  hectares  

and t h i s  w i l l  be 26,235 mi l l ion  kg. of N i n  between 1974-75 and 1987-88. 

The main types  of  

Fig.1 
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gives  t h e  zones f o r  appl ica t ion  of  i n d u s t r i a l  f e r t i l i z e r  (1978-79 d a t a ) .  

n i t rogen  appl ica t ion  in t h e  bas in ,  both from i n d u s t r i a l  and n a t u r a l  f e r t i l i z e r ,  and 

ca lcu la ted  i n  terms of  kg. per  hec ta res  of c u l t i v a b l e  land f o r  1978-79 i s  given i n  

t a b l e  1. 

Total 

TABLE 1 

Amount of i n d u s t r i a l  and n a t u r a l  f e r t i l i z e r  appl ied ( i n  kg/h) and net  area i r r i g a t e d  
from sur face  and ground water sources ( i n  mi l l ion  h e c t a r e s )  

S t a t e  I n d u s t r i a l  Natural Tota l  Surface Percen- Ground Percen- 
F e r t i l i z e r  F e r t i l i z e r  w a t e r  source t a g e  water source tage  

~ ~ ~ ~~ ~~ - 

Punjab 96.3 304.1 402.4 1.426 44.3 1.792 56.7 

U.P. 50.2 356.7 406.9 2.732 37.9 4.484 62.0 
Bihar 25.9 121.7 147.6 0.897 46.1 1.050 53.9 

Haryana 44.2 106.2 150.4 1.126 59.3 0.774 40.7 

Average 54.6 222.2 276.8 1.545 43.0 2.025 57.0 

( e l  Inf luence of c roE 

Production of  f i e l d  crops occupy t h e  foremost place i n  t h e  a rea ,  wheat and r i c e  

being t h e  two leading crops i n  t h e  basin.  Among cash crops, ground nut ,  cotton and 

s u g a r  cane occupy t h e  leading pos i t ion .  Total  annual food grain production i s  of t h e  

order  of 40 mil l ion  t o m e s .  

ground w a t e r  through leaching. The average n u t r i e n t  removed by main crops (averaging 

both s m e r  and winter  demands) var ies  from 175 kg/h i n  high y ie ld ing  v a r i e t y  of wheat 

t o  92 kg/h i n  high y ie ld ing  v a r i e t y  of paddy ( r e f . 1 0 ) .  

The type and v a r i e t y  of crop e f f e c t s  ni t rogen losses  t o  

I n  p r a c t i c e  it i s  very d i f f i c u l t  t o  apply f e r t i l i z e r  i n  proper quant i ty  and proper 

time of t h e  p lan t  growth. Untimely appl ica t ion  of f e r t i l i z e r  when t h e  crop i s  not i n  

g r e a t e s t  need w i l l  l ead  t o  leaching of ni t rogen t o  s o i l  and then t o  ground water. It 

can be assumed t h a t  10 t o  30 percent of t h e  f e r t i l i z e r  ni t rogen appl ied would be 

leached out of t h e  root  zone as n i t r a t e  i n  deep percolat ion water ( r e f . 7 ) .  

( f )  Inf luence of  i r r i g a t i o n  

For i r r i g a t i o n  w a t e r  re turn ing  t o  ground water some degree of ni t rogen pol lu t ion  

has taken p lace  because i n  t h e  process  t h e  percola t ing  water picks up ni t rogen from 

appl ied  f e r t i l i z e r .  Present  area i s  i r r i g a t e d  from both surface water sources and 

from ground water sources almost a t  43:57 b a s i s  as per t a b l e  1. 

PREDICTION MODEL 

The objec t ive  of t h e  present  study i s  t o  determine q u a n t i t a t i v e l y ,  t h e  l e v e l  of 

ni t rogen pol lu t ion  t h a t  is  tak ing  p lace  i n  t h e  ground water system and t o  evaluate 

t h e  f u t u r e  t rend .  Since shallow aqui fe rs  i n  t h e  region a r e  predominantly used f o r  

dr inking water supply t o  teeming mil l ions and t h i s  i s  going t o  be much more extensive 

under rural water supply schemes i n  next two decades, t h e  study i s  highly s i g n i f i c a n t  

i n  monitoring hea l th  hazard. 

To achieve t h i s  ob jec t ive  a simple model is  v isua l i sed  assuming following 
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conditions ( a )  Total  recharged w a t e r  through ne t  c u l t i v a t e d  area comes from 3 d i f f e r -  

ent  sources having d i f fe ren t  ni t rogen concentrat ions v i z .  ( i )  i n f i l t r a t i o n  from rain-  

f a l l ;  (ii) i n f i l t r a t i o n  ( i . e .  r e t u r n  flow) from i r r i g a t i o n a l  sur face  w a t e r ;  

( i i i ) i n f i l t r a t i o n  ( i .e .  re turn  flow) from ground w a t e r  i r r i g a t i o n  ( b )  The ni t rogen 

appl ied through f e r t i l i z e r  cannot be f u l l y  u t i l i s e d  by t h e  crop-soi l  sub-system and 

some percentage (10%) of t h i s  i s  ava i lab le  f o r  leaching t o  ground water; ( c )  The model 

assumes no change i n  aqui fe r  s torage  after a s t i p u l a t e d  time per iod corresponding t o  

one year  cycle  of cropping r o t a t i o n ,  f e r t i l i z e r  appl ica t ion ,  n a t u r a l  and a r t i f i c i a l  

recharges and discharges e t c .  Though within t h i s  cycle t h e  aqui fe r  i s  subjected t o  

s torage f luc tua t ions  s h o r t e r  durat ion changes i n  ni t rogen concentrat ion as wel l  as 

s torage v a r i a b i l i t y  has not been considered; ( d )  Natural movement i . e .  ve loc i ty  of 

ground water flow i s  extremely slow. Numerous tubewells  p e r f o r a t e  t h e  bas in  and they 

crea te  an a r t i f i c i a l  condi t ion,  by mechanical d i spers ion ,  of intermixing of t h e  pol lu-  

tant  i n  t h e  uppermost p a r t  of t h e  aqui fe r .  

introduced i n  t h e  model. 

Thus a concept of mixing zone has been 

In  present  case t h e  zone of  mixing has been decided on an analogy from “design of 

housing pipe length f o r  tubewells”. This i s  taken as a zone (volume) of equivalent 

thickness  of aqui fe r  comprising of year ly  water l e v e l  f l u c t u a t i o n  range p lus  t h e  

m a x i m u m  l i m i t  of draw down shown by majori ty  of t h e  tubewells i n  t h e  area; t h e  combin- 

ed value being about 10 m. The f i n a l  ni t rogen concentrat ion ( C i + l )  i s  a product of 

mixing of t h e  percolated water with t h e  already e x i s t i n g  ground w a t e r  i n  t h e  mixing 

zone with average 30% aqui fer  poros i ty  ( t a b l e  2 ) ;  (e )  One year  cycle  has been taken 

i n  t h e  present  model i . e .  appl ica t ion  of f e r t i l i z e r ,  i r r i g a t i o n  water e t c .  f o r  

1978-79 (upto March, 79) w i l l  manifest i t s  e f f e c t  a f t e r  f i n a l  mixing i n  Apri l ,  1980. 

Fig.2 shows t h e  i n t e r a c t i o n  of t h e  system and explains  t h e  model. The system para- 

meters a r e  as follows ( l e t t e r  i n  brackets  i n d i c a t e  t h e  dimension of t h e  parameters) 

A=Net area c u l t i v a t e d  ($) ;  VR=AmOunt of p r e c i p i t a t i o n  ( L 3 ) ;  VS=Amount of Surface 
water f o r  i r r i g a t i o n  ( L 3 ) ;  Vg=Amount of ground water f o r  i r r i g a t i o n  ( L 3 ) ;  F=Amount of 
f e r t i l i z e r  i n  terms of ni t rogen ( M ) ;  a=Percentage of  f e r t i l i z e r  a v a i l a b l e  f o r  leaching 
( f r a c t i o n ) ;  n=Porosity of t h e  aqui fe r  ( f r a c t i o n ) ;  l=Mixing zone ( L 3 ) ;  11,12, and 
I T I n f i l t r a t i o n  from p r e c i p i t a t i o n ,  sur face  water and ground water respec t ive ly  
( f r a c t i o n s )  , C1=Concentration of ni t rogen i n  p r e c i p i t a t i o n  water (M/L3) ; C2=Concentra- 
t i o n  of ni t rogen i n  sur face  water (M/L3); C3=Concentration of ni t rogen i n  ground water 
appl ied f o r  i r r i g a t i o n  (M/L3); C i = I n i t i a l  concentrat ion of ni t rogen i n  ground water 
i n  mixing zone (M/L3); Ci+l=Predicted ( o r  opt imal)  concentrat ion of  ni t rogen i n  ground 
water a f t e r  a s t i p u l a t e d  t i m e  per iod  i n  mixing zone (M/L3); f l = I l V R ;  f2=12Vs; f3=13vg. 

Thus mathematically t h e  model i s  expressed as follows: 

A glance at  t a b l e  2 will revea l  t h a t  f o r  ni t rogen pol lu t ion  i n  t h e  present  area 

rows 9 and 11 are mostimportant. Row 11 assumes complete mixing of p o l l u t a n t  upto 

10 m t h i c k  zone i n  one year .  Table 2 gives 1978-79 da ta  ana lys i s  f o r  t h e  model. 
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TABIE 2 

1978-79 da ta  ana lys i s  f o r  t h e  model (per  hecthre  p e r  year )  

1. State Punjab Haryana U.P. Bihar 
~~~ ~~ 

2. Recharge from r a i n f a l l  i n  m3 1249.8 1250.0 1972.1 2405.9 
3. Recharge from surface water i n  m3 818.7 914.8 611.2 404.3 

5. Total  recharged water i n  m3 2527 2447 2944 3001 
6. Amount of N i n  r a i n  water i n  mg ----- N e g 1 i g i b 1 e ----- 
7. Amount of  N i n  sur face  water i n  mg 2 . 4 5 6 ~ 1 0 ~  2.744~106 1.834~106 1 . 2 1 3 ~ 1 0 ~  
8 .  Amount of N i n  ground w a t e r  i n  mg 0.229xl06 0.14lx106 0.180x106 0 . 0 9 6 ~ 1 0 ~  
9. Amount of  N through leaching 

@ 10% i n  mg 4 0 . 2 4 ~ 1 0 ~  15.04~106 40.69~106 1 4 . 7 6 ~ 1 0 ~  
1O.Proportionate amount of ground 

water in  10 m t h i c k  mixing zone 

11.Amount of N i n  t h i s  ground water  

12.Total amount of  N i n  mg, rows 

13.Final  concentrat ion of  NO3-N 

4. Recharge from ground water i n  m3 458.7 282.0 361.1 192.2 

with 30% poros i ty  value i n  m3 27473 27553 27056 26999 

(row 10) i n  mg (0 .5  mg/l NO3-N) 1 3 . 7 4 ~ 1 0 ~  1 3 . 7 8 ~ 1 0 ~  1 3 . 5 3 ~ 1 0 ~  1 3 . 4 9 ~ 1 0 ~  

6+7+8+9+11 5 6 . 6 7 ~ 1 0 ~  3 1 . 7 1 ~ 1 0 ~  5 6 . 2 3 ~ 1 0 ~  2 9 . 5 6 ~ 1 0 ~  

after one year ,  i n  mg/l 1.89 1.06 1.87 0.90 

Note:- Average 3 f o l d  increase  i n  concentrat ion.  

Recentdata of ground water d r a f t  has been u t i l i s e d  ( r e f . 3 )  where 90% amount has  been 
assumed t o  have been used i n  i r r i g a t i o n .  Surface water draft i s  ca lcu la ted  on 
proport ionate  b a s i s  of a rea  i r r i g a t e d .  A s  regards ,  r a t e s  of i n f i l t r a t i o n ,  average 
20% has been taken as r a i n f a l l  i n f i l t r a t i o n  ( r e f . 4 )  and same value i s  assumed f o r  
ground water r e t u r n  flow (with 0.5 m g / l  NO3-N). Average r a t e  of  402 has been taken 
f o r  sur face  water r e t u r n  f l o w  (with 3 m g / l  NO3-N). 

To prevent h e a l t h  hazard t h e  study manifests t h e  p o s s i b i l i t y  of management by 
c o n t r o l  on Vs, Vg and F. 
t o  prevent excessive pol lu t ion .  

Management on 11, 1 2 ,  13, C2 and C3 w i l l  a l so  be possible  
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I 

Fig. 2 In te rac t ion  and t h e  parameters i n  the  system and t h e  model. 
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