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ABSTRACT 

A l a r g e  v a r i a t i o n  i n  q u a l i t y  o f  groundwater i n  t h e  semia r id  region OP 
Haryana state l o c a t e d  i n  n o r t h e r n  I n d i a  has been s tudied.  Three hydrogaochemi- 
cs l  zaws of Lou,  madium and high groundwater m i n e r a l i z a t i o n  have been 

deciphered. Croundvlater q u a l i t y  changes occur through man's i n t r o d u c t i o n  of 

e x t r a n c e m a  material i n t o  the subsu r face  environrmnt  and through i n t e r f e r e n c s  
u i t h  groundwater flow p a t t e r n s  by ope ra t ion  o f  c a n a l s  and wells. lhe i n d u s t r i a l  
development is  l i m i t e d  bu t  t h e  non-point  a g r i c u l t u r e  p o l l u t i o n  due t o  con t inu ing  
increase i n  uee o f  fe r t i l i zers  and  p e s t i c i d e s  over  e x t e n s i v e  a l l u v i e l  l a n d s  may 
be p e r c e p t i b l e  i n  mar fu tu re .  The i n d i s c r e t e  i n s t a l l a t i o n  o f  groundwater 
s t r u c t u r e s  by improper deeign poses  mom s e r i o u s  t h r e s t  t o  groundwater contami- 
ncrtich from saline to f r e s h  aqu i f e r s .  Since a e u b s t a n t i a l  amount o f  i n d u s t r i a l  
development is foreseen,  some areas w i l l  be l o s t  f o r  a g r i c u l t u r a l  p r a c t i c e s  and 
t ransformed i n t o  urban and i n d u s t r i a l  a r eas .  Groundwater p o l l u t i o n  problem w i l l  

be more i n t e n s e  i n  absence of s u i t a b l e  p r a c t i c e s  o f  p o l l u t i o n  con t ro l .  P r o t e c t i o n  
of  groundwater q u a l i t y  is of v i t a l  importance i n  the  management o f  t h e  n a t u r a l  
msource .  

INTRODUCTION 
2 I n  4.4 m i l l i o n  ha area o f  Haryana mom than 290 persons l i v e  p e r  km . 67 $ 

per sons  occupy primary sector o f  a g r i c u l t u r e ,  12$ a s  i n d u s t r i a l  workers i n  
secondary aector end 21% s t a y  i n  t e r t i a r y  sector o f  trade, comnerce and o t h e r  
s e r v i c e s .  L ives tocks  am 160 p e r  krrj?. The r u r e l  populat ion i s  82% whereas only 
l B $  is i n  mdium ca tegory  o f  urban c e n t r e s .  There are abou t  2800 f a c t o r i e s  
i n c h d i n g  P e r t i l i z e r  p l a n t ,  thermal power s t a t i o n s ,  suga r  mills, text i les ,  paper 
m i l l s ,  chemice le  and rice m i l l s  etc. 
10 t o  12 towns. 

used f o r  dr ink ing ,  municipal  s u p p l i e s  and a g r i c u l t u r a l  p r o h c t i o n .  Well dep ths  
ex tend  t o  10-300 m. h r e  than 4@ water s u p p l i e s  a a  r@t w i t h  from subsur face  

Sewage fac i l i t i es  are ha rd ly  provided i n  

Groundwater occur s  i n  low t o  high q u a l i t y  a q u i f e r s  ( ref. 1)  and is widely 
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msmrvoirs. Although the adequate a n a l y t i c a l  data on a l t e r a t i o n  i n  q u a l i t y  o f  

groundwater due t o  p o l l u t i o n  or var ious types o f  human a c t i v i t i e s  are n o t  a v a i l -  

ab le  , an at tempt  has been made i n  t h i s  paper t o  determine q u a l i t a t i v e  characte- 

r i s t i c s  and changes through su rve i l l ance  of a network o f  moni tor ing s t a t i o n s  each 
" 

cover ing about 15-20 kmL aree. Groundwater q u a l i t y  p o l l u t i o n  .wurcas and approa- 

ches t a  p o l l u t i o n  c o n t r o l  have been discussed. 

RESULTS 

Crounchater q u a l i t y  
2 

Density of groundwater s t ruc tu res  va r ies  bet rsen 1 and 16 per k m  . A number 

o f  groundwater samples have been chemical ly  analysed which r e v e a l  E L  f r o m  0.25 

t o  70.0 mmhos/cm. Table 1 shows a genera l ised range o f  m ine ra l  contents i n  

TABLE 1 

Ceneral ised range o f  m ine ra l  contents  i n  groundwaters 

Region ECw (mmhos/cm) N i l l i e q u i v a l e n t  per l i t r e  m i l l i g r a m  Per l i t r e  
D i s t r i c t  Shallow b e p  c 1  

N03 
Ca Ng Cu F 

s'4 (0-50m) (50-300m) 

E aste m 
Ambala 

Kuruk she t r a  

Karnal  

Sonepat 

F a r i  da ba d 

Centra l  
J i n d  

Rohtak 

Cur gaon 

Liestern 
Si rsa 

l l i 5sa r  

Ehiwani 

0.25 
3.20 

0.25 
6.00 

0.25 
0 .00 

0.25 
12.50 

0.50 
0 .oo 

0.40 
1u.00 

0.50 
20.00 

0.40 
7G.00 

0.25 
8.00 

0.25 
15.00 

20.00 
0.50 

flahendragarh 0.60 
15.00 

0.35 
1-50 

0.35 
10.50 

0.35 
12.00 

0.50 
60.0C 

1 .o 
20.00 

0.35 
20.00 

7.50 
45.00 

0.W 
22.00 

0.50 
15.00 

0.50 
35.00 

0.70 
50.09 

0.7U 
3C.00 

~ ~ 

0.4 0.2 0.7 0.9 0 0.4 5 
14.0 10.0 8.0 10.0 0.05 1.0 10 

0.5 0.2 0.8 0.9 0 0.6 5 
48.00 4 2 0 0  16 ;0019.00 0.05 1.2 10 

0.5 0.2 0.7 0.9 0 0.6 5 
62 ' ~ 0  60 -00 20 .0024 0.05 1.5 20 

0.5 0.2 
560.0 120.0 

0.8 0.2 
184.0 26.0 

0.5 0.4 
180.0 25.0 

0.6 0.5 
390.0 68.0 

0.9 0.3 
720.0 153.0 

0.5 0.4 
92.0 49.0 

0.5 0.4 
218.0 58.0 

1.n 0.5 
430.0 95.0 

1.7 C.5 
260.0 45.0 

1.0 i .~ G 0.6 5 
132.0 146.0 0.05 1.5 30 

1.2 1.5 0 1.0 5 
58.0 65.u 0.05 2.0 60 

0.8 0.9 0 0.6 5 
60.0 64.0 0.05 1.5 40 

1.0 1.0 0 1.0 5 

0.6 2.8 0 1.9 5 
140.0 250.0 0.05 2.L: 60 

115.0 122.0 0.05 2.0 5L; 

0.4 0.6 0 1.5 5 
32.0 35.0 0.05 3.5 50 

0.4 0.1 0 .  1.5 5 
85.0 92.0 0.05 3.5 50 

1.0 1.0 0 1.0 5 
110.0 130.0 0.10 2.0 53 

1.1 1.1 0 1.0 5 
75.C SO.0 0.lli 4.0 60  
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g r o u n d w a t e r s .  Low m i n e r a l i z a t i o n  w a t e r  is r a t e d  t o  h o l d  ECw u p t o  2.0 mmhos/ cm, 
medium ECw 2.0 t o  8.0 mmhos/crn,and h i g h  m i n e r a l i z a t i o n  w a t e r  h a s  fCw g r e a t e r  

t h a n  1 mmhos/cm ( Fig .1 ) .  Table 2 p r o v i d e s  t h e  i n f o r m a t i o n  on a l t e r a t i o n  i n  
w a t e r  q u a l i t y  o f  s h a l l o w  a q u i f e r s  a t  s e l e c t e d  i n d u e t r i a l  f o c a l  p o i n t s  over a 

p e r i o d  o f  4 yeera .  The change  is r e f l e c t e d  on a c c u m r l a t i o n  o f  s a l t s  a n d  raduc-  

t i o n  as  well. 

T A B U  2 

Change o f  ECw i n  dug wells a t  few i n d u s t r i a l  p l a c e s  

P l a c e  ECw d u r i n g  A p r i l  ( mmhos/cm) 
1975 1976 1977 1978 

Pan chk u l a  0.67 0.52 0.38 0.81 
Ambala 
K a i t h a l  
Hissar 
Rohtak 
Dadr i  
Rewari 
Dharuhe ra 
Curgaon 
f a r i d a b a d  
E a l l a b g a r h  
Mur tha l  

2.59 
2.21 
2.10 
1.61 
5.62 
1.95 
2.68 
1.47 
3.80 
4.20 
NR 

0.97 
2.06 
NR 
1.52 
6.17 
2.09 
2.47 
1.52 
1.43 
3.86 
NR 

2.42 
N R ~  
2.06 
1.65 
3.20 
2.44 
5.00 
NR 

4.40 
NR 

1.41 

1.37 
2.59 
5.79 
2.07 
5.59 
3.88 
3 .lo 
1.75 
NR 
5.00 
3.38 

aNR =I n o t  r e p o r t e d  

P o l l u t i o n  s o u r c e s  

Sewage and  i n d u s t r i a l  e f f l u e n t s  a r e  p o i n t  s o u r c e s  a n d  t h e  a g r i c u l t u r e  non- 

p o i n t  p o l l u t i o n  is  i n  e x t e n s i v e  c u l t i v a t e d  l a n d  b u t  is of very  less magnitude.  

I n  p a s t  12 y e a r s  t h e  f e r t i l i z e r  consumpt ion  i n  NPK h a s  i n c r e a s e d  f r o m  4 t o  57 kg 

p e r  h e c t a r e .  The s a l i n i t y  h a z a r d s  i n  groundwater  i n  desert r e g i o n  (ref.2) are 
p r o m i n e n t  due t o  n a t u r a l  p r o c e s s e s .  A 1 1  t h e  t h r e e  c a t e g o r i e s  of g r o u n d w a t e r  

p o l l u t i o n  v i r  p o i n t  s o u r c e ,  n o n - p o i n t  s o u r c a  and n a t u r a l  p r o c e s s e s  of  m i n e r a l i -  

z a t i o n (  ref .5)  a r e  r e p r e s e n t e d  i n  t h e  s t a t e .  

Approach t o  p o l l u t i o n  c o n t r o l  

dater ~ 1 1  & s i g n s  i n  a complcx s u b s u r f a c e  e n v i r o n m n t  o f  m a r g i n a l  a n d  s a l i n e  

a q u i f e r :  n e e d  t o  be c a r e f u l l y  euolued t o  a v o i d  i n t r u s i o n .  The Sewage d i s c h a r g e  

s h o u l d  be t rea ted  s u i t a b l y  wtricl is p r n n e n t l y  n o t  per formed.  L n d u s t r i a l  e f f l u e n t  

i s  a l s o  l @ f t  u r c o n t r o l l e d .  T h e e  s h o u l d  tm a f f e c t i v e  a c t i o n s  t o  make t h e  i n d u s t r i -  

. 3 l i - t , .  r o a l i s e d  and f J l l o w  t l w  p o l l u t i o n  rnessures. P e r h a p s  poor  economy a n 6  apa- 

t l i y  touar l Js  a n t i c i p a t i n g  s e r i o u s  problemr; o f  groundwater  p o l l u t i o n  do n o t  enccur-  

a* t l i t :  peop le  t c r ,  a31Jpt c t r i n 3 t i r . t  measures. 



I 
fI0. I. Hydrogoochrmicol zonra in Horyono. 

post  monsoon p e r i o d  every year end s e l e c t i v e  water sampling is done. But f rom 

the view p o i n t  o f  p o l l u t i o n  study adequate groundwater q u a l i t y  moni tor ing i s  

requ i red  ( r e f  .4). A proper  education t o  the concermd people may he lp  adopt ion 

of the programme o f  p o l l u t i o n  con t ro l .  
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