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ABSTRACT 

With t h e  e s t ab l i shmen t  of  d i r e c t  r e l a t i o n s h i p s  between c o n c e n t r a t i o n  of  n i t r a t e  

i n  d r i n k i n g  water wi th  inc idence  o f  mathemoglobinemia, which may prove f a t a l  f o r  i n -  

f a n t s ,  s tudy  o f  d i s t r i b u t i o n  of  n i t r a t e  i n  domest ic  suDply h a s  become v i t a l l y  essen-  

t i a l .  I n  sou the rn  and south-western Haryana, n i t r a t e  l e v e l s  exceedinq 500 mq/l a t  

shal low d e p t h s  have been observed a t  s e v e r a l  p l a c e s .  

I n  absence of  any known q e o l o q i c a l  sou rce  of n i t r a t e  i n  t h e  area and non-uniform 

p a t t e r n  of  d i s t r i b u t i o n  of  n i t r a t e  a long  t h e  d i r e c t i o n  of  groundwater movement, n i t r a -  

t e  p o l l u t i o n  i s  l i k e l y  t o  be caused by sewage and a g r i c u l t u r a l  wastes .  While some 

n i t r a t e  i n  water may o r g i n a t e  from f e r t i l i s e r s ,  major n i t r a t e  p o l l u t i o n  i s  l i k e l y  t o  

be from sewage. Confinment of l a r g e  number o f  c a t t l e  near  w e l l s  p a r t i c u l a r l y  i n  ho t  

seasons and uncon t ro l l ed  d i s c h a r g e  of animal w a s t e s  i s  a common p r a c t i c e  i n  t h e  a r e a  

under s tudy .  Concentrat ion of c a t t l e  i n  s m a l l  a r e a s ,  coupled with t h e  f a c t  t h a t  rumi- 

nan t  animals  produce cons ide rab le  amounts of  n i t rogeneous  o r g a n i c  w a s t e  i n  t he  a r e a ,  

i s  damaginq m a n i f e s t a t i o n  of  n i t r o q e n  n o l l u t i o n  from farm animals .  Since coa r se  t ex -  

t u red  soi ls  p r e v e l a n t  i n  t h e  a r e a ,  have l o w  r e t e n t i o n  c a p a c i t y ,  r e l a t i v e l y  small 

amount o f  r a i n f a l l  o r  i r r i q a t i o n  water r e a d i l v  moves t h e  l e a c h a t e  from sewaqe below 

t h e  root zone. 

S t a t i s t i c a l  a n a l y s i s  r e v e a l s  t h a t  t h e r e  a r e  s t r o n q  p o s i t i v e  c o r r e l a t i o n s  between 

n i t r a t e  and c h l o r i d e  a t  s e v e r a l  p l a c e s  where n i t r a t e  c o n c e n t r a t i o n s  a r e  high i n  ground 

water. S i m i l a r i t y  i n  t h e  geo-chemical c h a r a c t e r i s t i c s  of  n i t r a t e  and c h l o r i d e  i o n s  

and s t r o n g  p o s i t i v e  c o r r e l a t i o n s  between t h e s e  i o n s  i n d i c a t e  t h e  p o s s i b i l i t y  of n i -  

t r a t e  from sewage which i s  a l s o  evidenced by o t h e r  f a c t o r s .  High concen t r a t ions  of  

n i t r a t e  i n  groundwater are h e a l t h  hazard and p o l l u t i o n  abatement measures a r e  necessi-  

t a t e d  t o  p reven t  f u r t h e r  deg rada t ion  of qroundwater q u a l i t y .  

INTRODUCTION 

Man i s  h i s  endeavour t o  i n c r e a s e  a q r i c u l t u r a l  Droduction and t o  improve h i s  l i v i n g  

c o n d i t i o n s  has  a f f e c t e d  t h e  n a t u r a l  environment which has  f a r  reaching consequences. 

D i s W s a l  o f  a g r i c u l t u r a l  wastes  and sewaqe becomes source of  groundwater p o l l u t i o n .  

Extensive use  of f e r t i l i s e r s  and confinement o f  farm animals  o f t e n  adve r s ly  e f f e c t s  
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qroundwater q u a l i t y  i n  r u r a l  areas. The presence of  h igh  n i t r a t e s  i n  n a t u r a l  waters 

a t  s e v e r a l  p l a c e s  i n d i c a t e s  t h e  impairement o f  groundwater q u a l i t y  as a r e s u l t  such 

a c t i v i t i e s  of man. 

Nitrate  i n  d r ink ing  w a t e r  i s  a s s o s i a t e d  with mathemoqlobinemia which can prove f a t a l  

f o r  i n f a n t s .  I n  t h e  p r e s e n t  s tudy ,  n i t r a t e  d i s t r i b u t i o n  and i t s  sources  i n  shal low 

groundwaters have been s t u d i e d  i n  sou the rn  and south-western p a r t s  of  Haryana com- 

p r i s i n g  d i s t r i c t s  of  Furgaon, Mahendragarh and Bhiwani. 

GEOLOGY OF THE AREA 

I n  Haryana, Quaternary fo rma t ions  comnris ins  f l u v i a t i l e  and a e o l i n  d e p o s i t s  o f  

cons ide rab le  t h i c k n e s s  occur  i n  most of t h e  area. Older rocks  such a s  S iwa l ik  groun 

and those  belong t o  Delhi  system are exnosed i n  some areas and u n d e r l i n e  t h e  Ouater- 

nary d e p o s i t s .  The area i n  Gurgaon d i s t r i c t  comprises  e x t e n s i v e ,  almost f l a t  p l a i n s  

un in t e r rup ted  by a lonq rocky r i d g e ,  i s o l a t e d  b u t t e s  and c l u s t e r s  of  sand dunes.  

S t r i k e  r i d g e s  of  rocks  belonginq t o  Delhi  system o v e r l a i n  by Quaternary d e p o s i t s  

comprising al luvium, blown sands and t a l u s  a r e  found i n  a r e a  under Mahendraqarh d i s -  

t r i c .  The a r e a  i n  Bhiwani d i s t r i c t  i s  u n d e r l a i n  by al luvium compris ing s i l t ,  sands ,  

sandy c l a y s  and c l a y s  i n  a s s o c i a t i o n  with va ry ing  amount of  kankar.  Arid brown and 

d e s e r t  s o i l s  are e x t e n s i v e l y  found i n  t h e  area. 

EXPERIMENTAL 

Water samples were c o l l e c t e d  and analysed by methods d e t a i l e d  i n  l i t e r a t u r e  (Brown 

e t  a l .  1972, APHA 1971, Handa 1976) .  N i t r a t e  was'determined by Phenol-disulphonic  ac id  

method and high c o n c e n t r a t i o n s  of n i t r a t e  w e r e  checked by r educ t ion  method. Samples 

were c o l l e c t e d  i n  1978 and 1979 for t h i s  s tudy .  

DISCUSSION 

In  t h e  c h a r t  a t t a c h e d ,  n i t r o q e n  c y c l e ,  a q r i c u l t u r a l  c y c l e ,  d i f f e r e n t  valency s t a t e s  

of  n i t r o q e q ,  some of  l o c a t i o n s  wi th  high n i t r a t e  l e v e l s  i n  qroundwater,  changes i n  

n i t r a t e  c o n c e n t r a t i o n s  i n  1978 - 1979 and v a l u e s  of c o r r e l a t i o n  c o e f f i c i e n t s  a r e  

shown. 

Hiqh concen t r a t ions  of n i t r a t e  i n  groundwater have been observed a t  s e v e r a l  n l a c e s .  

A t  Firozpur  z i r k a  i n  Gurqaon d i s t r i c t ,  n i t r a t e  c o n c e n t r a t i o n  of  1038 mg/l h a s  been re- 

corded.  A t  Faruk Nagar, J a t a u l i  and Gurgaon, n i t r a t e  l e v e l s  of  856, 200 and 127 mg/l 

r e s p e c t i v e l y  have been observed.  A t  Narnaul i n  Nahendragarh d i s t r i c t ,  n i t r a t e  concen- 

t r a t i o n  of 1920 m q / l  i n  qroundwater has  been found. A t  s e v e r a l  o t h e r  p l a c e s  l e v e l s  as  

high a s  6 4 1 ,  544, 330 mg/l have been recorded.  I n  Bhiwani d i s t r i c t  also,  h igh  n i t r a t e  

c o n c e n t r a t i o n s  of 700 and 626 mq/l have been recorded.  

N o  d i s c e r n a b l e  p a t t e r n  about  d i s t r i b u t i o n  of  n i t r a t e  i n  qroundwater i n  t h e  area 

under s tudy  could be e s t a b l i s h e d .  A t  Faruk Nagar, n i t r a t e  l e v e l  i s  856 mg/l whereas 
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at Gurgaon which is near Faruk Nagar, nitrate concentration i s . 1 2 7  mg/l. In district 

Mahendragarh, nitrate concentration in groundwater at Budhwal is 320  mg/l which shows 

decrease to a level of 51 mq/l at Lujata and sharp increase to 1920 mg/l at Narnaul 

which is situated along the direction of groundwater movement. At Khudana in Bhiwani 

district nitrate level is 700 mg/l which decreases to 188 mg!l at Hanswas Khurd and 

decreases further to 43 mg/l at Singhani alonq direction of groundwater movement. 

Sudden steep changes during traversinq of qroundwater both on positive and nega- 

tive sides in nitrate levels and also during lapse of one year (as shown in chart) 

indicate that there is no regular pattern of nitrate distribution and wllution appears 

to be localised. 

SOURCES OF NITRATE IN GROUNDWATER 

Some of important sources which may contribute nitrate in groundwater through 

direct or indirect processes are: 

i) Atmosphere and precipitation 

Abundance of ammonium bearing oarticles in atmospheric aerosols have been reported 

by Junge & Manson (1961) and for nitrate and ammonia by Junge (1958) .  In India, Handa 

(1968, 1969) has carried out extensive studies about chemical composition of rainfall 

over different parts of country and has reported concentration of ammonium and nitra- 

te ions in rainwater less than 1 mg/l which indicates that contribution by rainwater 

for high nitrate concentrations in groundwater is very less. 

ii) Geological deposits 

In absence of any major reported occurrence of nitrate deposits in the area under 

study, chances of nitrate in qroundwater beina leached from qeoloqical deposits are 

not significant. 

iii)Industrial sources 

In the effluents of industries like fertiliser, distillery, butchery, meat packing 

etc. high concentrations of nitrogeneous compounds are often present which may enter 

into groundwater body as a result of infilteration. In absence of any of these indus- 

tries on large scale in the area, chances of nitrate pollution from industrial efflu- 

ents are very little. 

iv) Sewage and animal sources 

Raw or inadequately treated sewage discharged on land surface is often the cause 

of groundwater pollution. In the rural areas, farm animals produce larqe amounts of 

nitrogeneous waste. The nitrate concent as Nitrogen (N) of animal manure slurries has 

been indicated to range from 0.13 to 0.42% for cattle, 0.3 to 0.9% for hogs, 0.41 to 

1.7% for poultry (Morris 1966) .  The total nitroqen content for farm waste has been 

shown to contain from 100 to 4200 mq/l for cowsheds and milkinq Darlors and 1175 mq/l 

for farrowing house (Loehr 1 9 7 0 ) .  During bacterial deqradation, nitroqen is converted 

into ammonia or ammonium ions which on oxidation yield nitrite and eventually nitrate. 
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m o n i u m  ions (NHI) being positively charged get attached with clay uarticles and 

clay humus which are negatively charged. Nitrate ions are free to move and are leached 

and enter into groundwater body. 

In the area under study, in rural areas cattle are confined in relatively small 

places. In summer months, large number of cattle sit near village pond or wells as 

these places are comparatively cool. Excreta gets accumulated near wells and is 

leached by rainfall. In some of dug wells, pigeons make holes in the sides of wells 

and often large number of pigeons live in wells. Handa (1974) has reported high ni- 

trates due to excreta of pigeons in certain areas in Rajasthan. 

Schmidt (1972) has reported high concentrations of chloride where high nitrate has 

been found in groundwater as a result of pollution from excreta. Computation of corre- 

lations between nitrate and chloride ions in groundwaters shows that values of coeffi- 

cient of correlation (r) iwdistricts Gurgaon and Mahendragarh are +0 .53  and 0.72 

respectively. These values indicate the possibility of nitrate being derived from 

excreta to an appreciable extent. Corresnonding value of correlation coefficient in 

groundwater in Bhiwani district was found to be +0 .05 .  Poor correlation in this area 

indicates the possibility of nitrate sources other than excreta. 

v) Agricultural sources 

Some of sources of nitrate connected with agriculture include fertilisers, barn 

yars, silo waste, disposal of crop residue and application of herbicides and insecti- 

cides. Though fertilisers play a vital role in increasing agricultural Droduction, 

indiscriminate use of fertilisers is not only harmful but also unutilised nitrogen 

causes high concentration of nitrate in groundwater. 

In the area under study, the fertilisers like N.P.K. (Nitrogen, Phosphate and Po- 

tassium) and are extensively used. High concentration of potassium to the level of 

496, 230, 194 mg/l have been observed in groundwater at some places. Correlation 

coefficient value between nitrate and potassium in groundwater in district Mahendra- 

garh has been found to -e +0.85. As hiqh concentrations of Dotassium have been detec- 

ted only at a few places, correlations between potassium and nitrate will not repre- 

sent true conditions about origin of these ions. While farm excreta is likely to be 

major source of nitrate in ground water, hiqh concentrations of potassium at some 

places suggest the possibility of fertilisers also contributing nitrate to some extent. 
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CONCLUSION 

In parts of southern and south-western Haryana, high concentrations of nitrate in 
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groundwater have been observed which can be deleterious to the health of infants. 

Occurrence of high nitrates in natural waters at shallow levels is likely to be caused 

by local pollution as no conspicious Dattern regarding areal distribution of nitrate 

has been observed alonq direction of qroundwater movement. Ameliorative measures are 

necessitated to prevent hiqh concentrations of nitrate in groundwater to safe guard 

public health. 
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