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Gre enpe a c e is a g loba l c a mpa ign ing 
organ isation that a cts to change a ttitudes 
and behaviour, to prote ct and conserve the 
environm ent and to promote pe a c e by:

 to address the 
number one thre at fa c ing our p lanet: c lim ate 
change .

 by cha lleng ing w astefu l and 
destructive fish ing , and cre ating a g loba l netw ork of 
m arine reserves .

 and 
the an im a l, p lants and peop le that depend on the m . 

 by reduc ing 
dependenc e on fin ite resourc es and c a lling for the 
e lim ination of a ll nuc le ar w e apons . 

 w ith safer a lternatives to 
ha z ardous che m ic a ls in today's products and 
m anufa cturing . 

 by encourag ing 
soc ia lly and e co log ic a lly respons ib le farm ing 
pra ctic es . 

Gre enpe a c e ex ists be c ause th is frag ile 
e arth deserves a vo ic e . It ne eds so lutions . 
It ne eds change . It ne eds a ction . 
Gre enpe a c e's goa l is to ensure the ab ility 
of the e arth to nurture life in a ll its d ivers ity. 
At Gre enpe a c e , w e be lieve in the po w er of 
the m any. The future of the environm ent 
rests w ith the m illions of peop le around the 
w orld who share our be liefs . Together w e 
c an ta c k le environm enta l prob le ms and 
promote so lutions .

C ata lys ing an energy revo lution

D efend ing our oc e ans

Prote cting the w orld's re m a in ing anc ient forests

Work ing for d isarm a m ent and pe a c e

Cre ating a tox ic fre e future

Supporting susta inab le agricu lture

We c a mpa ign for cre ating a parad igm sh ift in 
agricu ltura l production- to transform ho w 
po litic ians , industry, m ed ia and the pub lic se e 
agricu lture and to rep la c e the industria l agricu lture 
of corporate contro l, monocu lture , genetic a lly 
eng ine ered crops , and synthetic agroche m ic a l 
inputs w ith susta inab le farm ing that has lo w 
externa l inputs , enhanc es agro-d ivers ity, prote cts 
b iod ivers ity and he lps m e et loc a l food and 
e mp loym ent ne eds .
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A chemica l intensive mode l of agriculture 
was introduced in Ind ia in the 1960s as 
part of the Green Revolution. This mode l 
and the supporting government polic ies, 
such as the chemica l fertiliser subsidy 
policy, provoked ind iscriminate use of 
chemica ls. This has not only led to 
deterioration of the environment but a lso 
degraded and contaminated the natura l 
resources base , and is now posing a 
threat to human hea lth.  

A recent Greenpeace Research 
Laboratories investigation on the effects of 
synthetic nitrogen fertiliser on groundwater 
pollution in intensive agriculture areas in 
three d istricts of Punjab shows that 

 This nitrate pollution 
is c learly linked w ith the usage of synthetic 
nitrogen fertilisers as 

 
N itrate pollution in drinking water can have 
serious hea lth impact on humans, 
espec ia lly for bab ies and children. The 
most significant potentia l hea lth effects of 
drinking water contaminated w ith nitrate 
are the b lue-baby syndrome 
(methemoglob inemia) and cancer.

Ironica lly, this intensive farming practice is 
a lso not living up to its promise of 
susta ined increase in food production. As 
a consequence , food production is now 
affected by d iminishing returns and fa lling 
d ividends in agriculture intensive areas. 
App lication of nitrogen fertilisers 
compromises future food production by 
degrad ing soil fertility, and compromises 
the hea lth of the farmers and the ir families 
by polluting the drinking water they 
depend on. The situation is a larming as 
the intensive mode l of farming has a lready 
dep leted the groundwater. This region 
might be suffering from w idespread nitrate 
pollution on its d iminishing sources of 
drinking water.  

There is an urgent need to shift to an eco-
friend ly agricultura l mode l, and identify 

20 
percent of a ll samp led we lls have nitrate 
leve ls above the sa fety lim it of 50 mg of 

-nitrate per litre (50mg/L N O   for drink ing 3

water estab lished by the World Hea lth 
Organisation (WH O).

higher the 
app lication of nitrogen (urea) in the 
ad jo ining fie ld , the higher the nitrate 
po llution found in the drink ing water from 
the same farm .

Introduction

agro-ecologica l practices that ensure 
future food security. It is necessary now to 
acknow ledge the  pattern of the hazards 
that is becoming a trend , and address 
them w ith research, politica l w ill, re levant 
policy and practices. 

Image: F ertiliser industry in Bhatinda , Punjab . 
Greenpeace’s recorded data on agronom ic practices 
shows an average app lication rate of 322 kg N per 
hectare in 2008-09 in the three d istricts of Bhatinda , 
Ludhiana and Muktsar. It is higher than the averages 
reported by the F ertiliser Assoc iation of Ind ia for 
Punjab (210 kg N per hectare for 2006-07)
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Image: A lgae b loom covers the entire pond mak ing 
the water look green. The b loom is caused by nitrogen 
loads in the environment. In urban areas it is 
assoc iated w ith sewage and in agriculture areas, 
w ith livestock sources and nitrogen fertiliser inputs.



This study is an initia l Greenpeace 
Research Laboratories investigation into 
the effects of synthetic nitrogen fertiliser 
on groundwater pollution in intensive 
agriculture areas in Punjab . We tested the 
leve l of nitrate in drinking water from 
groundwater artesian we lls located w ithin 
farms and surrounded by crops (mostly 
rice and wheat rotations). 

N itrate pollution in groundwater is 
assoc iated w ith nitrogen loads in the 
environment. In urban areas, it is 
assoc iated w ith sewage and in agriculture 
areas, w ith livestock sources and nitrogen 
fertiliser inputs. 

We tested groundwater from 
artesian we lls located in farms away 
from other potentia l sources of 
nitrate contamination (anima ls, 
human sewage), in order to focus on 
the impact of fertiliser app lication. 
We samp led farms located in three 
d istricts in Punjab where fertiliser 
consumption is highest. D istricts:

, 18 farms samp led , 
average we ll depth 160 feet.                      

, 18 farms samp led ,
average we ll depth 51 feet.

, 14 farms samp led , 
average we ll depth 157 feet.

F ifty groundwater we lls were 
samp led in farms (w ith samp les 
dup licated for higher accuracy)              
and 50 farmers were interviewed for 
data record ing on agronomic 
practices. When samp ling 
groundwater, we let the water outlet 
(i.e ., a hand or e lectric pump) run for 
approximate ly three minutes before 
collecting the samp le in a sterile 
p lastic bottle . Measurements of pH 
and e lectric conductivity (E C ) were 
taken on site at the time of samp ling 
(Hanna Instruments, UK).

Sa mp ling and testing 
m ethodo logy

 

- Ludhiana

- Muktsar

- Bhatinda

 

!

!

The study - process and find ings

- N itrate concentration (mg/L N O ) in 3

water samp les was tested 
colorimetrica lly w ith the 
chromotrop ic ac id method (Method 
10020, Test ‘N Tube™ Via ls, Hach 
Lange , UK), using a portab le 
spectrophotometer (DR2400, Hach 
Lange , UK). The va lue given for each 
samp le is the average of testing two 
or three sub-samp les for improved 
accuracy. Samp les were kept in a 
cool box after collection and were 
tested w ith a portab le Hatch 
Spectrophotometer w ithin ten hours 
maximum on the same day.  

 A ll the water tested is used for 
drinking by farmers and families and 
farm workers.

 As control points, we samp led two 
we lls that are a lso monitored by the 
C entra l Groundwater Control 
Board (C GWB). These we lls are 
located w ithin the villages, w ith high 
pollution probab ly coming from 
concentration of human sewage and 
cattle . The comparab le va lues from 
our tests and from the reported 
va lues by C GWB point to the 
agreement between our 
methodologies.

!

!
!
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Image: A farmer washes rad ish from his farm in the 
water pumped from the we ll. A Greenpeace 
investigation shows that 22 percent of a ll samp led 
we lls have nitrate leve ls above the sa fety lim it of 

 -50mg/L N O for drink ing water estab lished by the 3

World Hea lth Organisation (WH O).

Tab le 1. Results of contro l tests in two we lls monitored by the C entra l Groundwater C ontro l Board and samp led 
by our team in 2009. (C G W B va lues provided by the office of the D irector of C G W B in Chand igarh, March 2009)

D istrict, B lock , Village

Muktsar, Muktsar, Muktsar
Muktsar, G idderbaha , Doda

C G W B we ll ID

C GWB 44J-3C1
C GWB 44J-3C8

We ll
location

In village
In village

N itrate
(mg/L

-N O )3

110.7
601.6

Reported C GWB 
N itrate va lue in 

same we ll
175
578



Drinking water extracted from artesian 
we lls in agricultura l areas Punjab shows 
high pollution w ith nitrates, and this 
pollution corre lates w ith intensive farming 
practices where nitrogen fertilisers are 
app lied in excess (F igures 1 and 2).

Ten of 50 samp led we lls, i.e ., 20 percent of 
a ll samp led we lls, have nitrate leve ls 

-above the safety limit of 50 mg/L N O  for 3

drinking water estab lished by the World 
Hea lth Organisation (WH O) (see Tab le A1 
in Append ix and F igure 1). 

The three samp led d istricts show 
groundwater we lls that are highly polluted 
w ith nitrates, and 44 percent of the 
farming villages samp led (8 of 18 villages), 
have we lls w ith pollution higher than the 
safety limit for drinking water.

F ind ings

This nitrate pollution is c learly linked w ith 
excess use of synthetic nitrogen fertilisers 
(F igure 2). F igure 2 shows the corre lation 
between app lication of nitrogen in the farm 
(mostly urea) and the nitrate pollution 
found in the groundwater we ll on the same 
farm: 

The data we recorded on agronomic 
practices show that nitrogen app lication is 

the higher the app lication of 
nitrogen (urea), the higher the nitrate 
po llution found in the drink ing water from 
the same farm .
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F igure 1. N itrate concentration in each b locks (or tehsils) in Punjab where 50 groundwater we lls were samp led 
in rice and wheat farms. We samp led farms located in three d istricts, Bhatinda , Ludhiana and Muktsar, 
covering nine b locks and 18 villages. 
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A ll thre e d istricts sa mp led w ith in the sta te of Punjab
have farm w e lls po lluted w ith n itra tes from fertilisers

higher than the averages reported by the 
Fertiliser Assoc iation of Ind ia for Punjab 
(210 kg N per hectare for 2006-07), while 
the data we recorded from 50 farmer 
interviews show an average app lication 
rate of . 
The  nutrient demand of the crops is only 
about 100 Kg N per hectare , and sc ientific 
stud ies show that the best option is to add 
this nitrogen through organic fertilisers 
(legumes, manure , etc .) to ensure soil 
fertility (Mader et al., 2002).

The nitrate pollution found in this study is 
remarkab ly high given that the 
groundwater in this area is quite deep , and 
it is genera lly assumed that deep 
groundwater would be c leaner and less 
polluted than sha llow water. This 
represents a worrisome fact, given the 
serious status of groundwater dep letion in 
this region. In add ition to dep leted 

322 kg N per hectare in 2008-09

groundwater linked to intensive 
agriculture , the region might be suffering 
from w idespread nitrate pollution in its 
d iminishing sources of drinking water. 

Excess app lication of nitrogen fertilisers 
not only compromises future food 
production by degrad ing soil fertility (as 
recently highlighted in our report 
Subsid ising Food Crisis (Roy et al., 2009)), 
but a lso compromises the hea lth of the 
farmers and the ir families by polluting the 
drinking water they depend on.
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F igure 2. Re lationship between nitrogen app lication rate in a farm and nitrogen concentration in the 
groundwater we ll in the same farm . This ana lysis inc lude the data po ints that fa ll w ithin the med ian range 
of we ll depth (50-150 m), to exc lude extreme samp les in both ends.
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Image: A farmer carrying a sack of chem ica l fertiliser to the fie ld in Bhatinda , Punjab . App lication of nitrogen 
fertilisers comprom ises future food production by degrad ing so il fertility; and comprom ises the hea lth of the 
farmers and the ir fam ilies by po lluting the drink ing water they depend on.



N itrate pollution in drinking water in 
agriculture areas come ma inly from 
nitrogen fertilisers app lied to farm soils 
(Ga lloway et al., 2003). 

A large part of the nitrogen app lied to soils 
is not taken up by the p lant and ends up in 
the soil (Vitousek et al., 2009), from where 
it moves to the atmosphere and to water 
bod ies (groundwater, lakes, river, and 
coasta l areas) where it contaminates 
drinking water and the environment 
(Ga lloway et al., 2003).

The most significant potentia l hea lth 
effects of drinking water contaminated 
w ith nitrate are b lue-baby syndrome 
(methemoglob inemia) and cancer.

Bab ies and infants living around 
agricultura l areas and who are fed water 
from we lls are the most vulnerab le to 
hea lth risks from nitrates. Add itiona lly, 
anyone drinking from a contaminated we ll 
or eating vegetab les w ith high leve ls of 
nitrate could be vulnerab le to the long 
term effects of nitrates, like various types 
of cancer (Ward et al., 2005).

The greatest risk of nitrate poisoning 
(methemoglob inemia) occurs in infants fed 
w ith we ll water contaminated w ith nitrates, 
and affects particularly bab ies who are 
four months old or younger (Greer et al., 
2005).

B lue-baby syndrome (or methemoglob in-
emia) occurs when the haemoglob in in the 
b lood loses its capac ity to carry oxygen, 
and this can ultimate ly cause asphyxia 
and death. This occurs because nitrites 
(resulting from the reduction of the nitrate 
in the anaerob ic cond itions of the 
d igestive tract) b lock haemoglob in in the 
b lood (Greer et al., 2005).

B lue-baby syndrome can provoke 
cyanosis, headache , stupor, fatigue , 
tachycard ia , coma , convulsions, asphyxia 
and ultimate ly death (C amargo and 
A lonso, 2006, Greer et al., 2005).

S ince 1945, more than 3,000 cases of 
b lue-baby syndrome have been reported 
worldw ide , most of which were assoc iated 
w ith private we lls in farming areas w ith 
high nitrate concentrations (concentrations 

-> 50 mg/l N O ). Some hea lth professiona ls 3

be lieve that the b lue-baby syndrome is 

B lue-baby syndrome 

Potentia l hea lth impact of drinking 
water contaminated w ith nitrates

often under- or misd iagnosed (Townsend 
et al., 2003).

Drinking water contaminated w ith nitrates 
or eating food similarly affected has a 
potentia l role in deve lop ing cancers of the 
d igestive tract, and has a lso been 
assoc iated w ith other types of cancer 
(non-Hodgkin's lymphoma and b ladder 
and ovarian cancers) (Townsend et al., 
2003, Ward et al., 2005). 

The link between nitrates and cancer 
comes from the contribution of nitrates to 
the bacteria l formation of N-nitroso 
compounds (like nitrosamines) in the 
d igestive tract, particularly in the stomach. 
These nitrosamines are among the most 
potent of the known carc inogens in 
mamma ls (C amargo and A lonso, 2006, 
Ward et al., 2005).

Some stud ies have shown that long-term 
consumption of drinking water w ith nitrate 
concentrations even be low the maximum 

-safety leve l of 50 mg/l N O  may stimulate 3

the formation of these nitrate-re lated 
carc inogens (nitrosamines) in the d igestive 
system (Ward et al., 2005).

For examp le , in Iowa (USA), the leve ls of 
nitrate in drinking water be low the 
recommended WH O concentration 
standard have been linked w ith an 
increased risk of b ladder and ovarian 
cancers in women drinking water from 
munic ipa l and private farm we lls (Weyer et 
al., 2001). 

A recent study in Ta iwan showed that 
drinking water w ith high leve ls of nitrates 
was assoc iated w ith increased risk of 
cancer of the b ladder (Chiu and Tsa i, 
2007).

C ancer
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Image: This tra in that trave ls through Bhatinda to 
B ikaner, Ra jastan is a lso known as the cancer tra in. 
It routine ly carries cancer patients from Bhatinda who 
trave l to B ikaner for treatment at the government's 
reg iona l cancer center.



Image: A child washes her hands in the cana l that provides ground water to the rad ish fie lds in Punjab . B ab ies
and infants living around agricultura l areas who are fed water from we lls and pumps are the most vulnerab le to 
hea lth risks from nitrates. 
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As synthetic chem ica l fertiliser 

usage , resulting in threat to our 

food security and sa fety of drink ing 

water, has increased because of 

government subsid ies to them , 

Greenpeace demands that  

1.   The Government needs to 

create an a lternate subsidy system 

that promotes eco log ica l farm ing 

and use of organic so il 

amendments.

2.   The Government needs to shift 

the irrationa l subsidy po licy for 

synthetic fertilisers to susta inab le 

eco log ica l practices in agriculture .

3.   Sc ientific research needs to 

re focus on eco log ica l a lternatives, 

to identify agro-eco log ica l practices 

that ensure c lean drink ing water 

and future food security under a 

chang ing c limate .  



D istrict

Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar

B loc k or
Tehs il

Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda
Bhatinda

Phul
Phul
Phul
Phul

Jagraon
Jagraon
Jagraon

Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana
Ludhiana

Paya l
Paya l

Ra ikot
G idderbaha
G idderbaha
G idderbaha

Ma lout
Ma lout
Ma lout
Ma lout
Ma lout

Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar
Muktsar

Village

Pathra la
Pathra la
Pathra la

Ra ikeka lam
Ra ikeka lam
Ra ikeka lam
Ra ikeka lam
Ra ikeka lam
Ra ikeka lam
Ra ikeka lam

Bha irupa
Bha irupa
D ia lpura
D ia lpura
Manuke
Manuke
Manuke

Bha iro Munna
Bha iro Munna
Bha iro Munna
Bha iro Munna
Bha iro Munna

Bhutahari
Bhutahari
Bhutahari
Bhutahari
Bhutahari

Bhutta
Bhutta
S iahar
S iahar

Jhoorda
Bha la ina

Doda
Doda

Abul Khurana
Abul Khurana

Kutianwa li/Sherawa li
Lamb i
Lamb i

Muktsar
Muktsar

Sakhanwa li
Sangrana
Seerwa li
Seerwa li
Seerwa li

Vanga l
Vanga l
Vanga l

Sa mp le
ID

BH12
BH13
BH14

BH5
BH6
BH7
BH8
BH9

BH10
BH11

BH1
BH2
BH3
BH4
LU1
LU2
LU3
LU6
LU7
LU8
LU9

LU11
LU12
LU13
LU14
LU15
LU18
LU19
LU20
LU16
LU17

LU4
MU8
MU4
MU5
MU9

MU10
MU14
MU11
MU12

MU2
MU3

MU21
MU22
MU15
MU16
MU17
MU18
MU19
MU20

pH

7.3
7.1
7.2
7.2
7.4
7.4
7.5
7.1
7.3
7.9
7.3
7.7
7.6
7.1
7.3
7.4
7.5
7.3
7.4
7.2
7.3
7.0
7.9
7.0
7.6
7.3
6.9
7.1
6.9
7.3
6.9
7.2
7.6
6.9
7.5
7.1
7.5
7.4
6.9
7.7
7.3
7.5
6.9
7.3
7.2
7.0
7.0
7.1
7.2
7.4

E C mS

3.6
6.3
3.6
2.2
2.2
2.4
0.7
1.7
1.2
1.7
1.5
1.3
1.2
1.8
1.0
1.1
1.3
1.0
0.9
0.8
1.0
0.8
0.3
0.7
0.3
0.5
0.7
1.0
1.1
0.7
0.7
1.2
2.0
3.3
3.2
1.4
1.4
2.4
1.6
2.3
1.3
1.8
3.8
2.6
1.8
1.5
4.2
6.5
5.2
1.6

D epth
of w e ll

(m)
80
85
40

110
140
100

50
90

105
45

300
450
350
250
300

80
90

100
150
150
100
100
305
100
270
180
160

65
70

200
115
350

50
80
50
60
40
40
80
25
90
20
45
35
50
25
50
50
50
70

N itrogen
app lic ation 

(N/ha)
276
430
272
272
385
398
272
272
385
340
272
302
306
272
315
335
385
263
320
335
335
331
372
341
306
306
284
306
249
311
306
442
306
272
335
385

261
346

431
374
278
278
335
324
267
312
306
335

N itra te
(mg/

-L N O )3

45.6

27.0

5.0
6.9

25.9
20.5

0.5
12.5

7.6
15.2
19.1

21.5
28.1

7.6
13.7

0.7
12.3

3.2
15.4

21.0
27.0

7.8
9.5

27.9
20.9

27.6
9.8

12.8
22.2
23.2

7.4
27.1
27.5
40.8
29.1
38.0
21.6
29.9
35.5
29.8

64.3

55.1

53.2
61.0

59.6

53.0

52.0

50.6

72.8
94.3

APPENDIX 
Tab le A1. Results for every farm and water we ll samp led in Punjab in 2009. In red are va lues that are above the WH O sa fety 
lim it for drink ing water of 50 mg/L. 
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Image: Intensive mode l of farm ing has a lready dep leted the groundwater and this reg ion in Punjab m ight be 
suffering from w idespread nitrate po llution on its d im inishing sources of drink ing water. There is an urgent need 
to shift to an eco-friend ly agricultura l mode l, and identify agro-eco log ica l practices that ensure future food security.
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