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Abstract The study focuses on the estimation of health risk
from nitrate present in the drinking water and vegetables in
Nagpur and Bhandara districts in the state of Maharashtra,
India. Drinking water samples from 77 locations from the
rural as well as urban areas and 22 varieties of vegetable were
collected and analyzed for the presence of nitrate for a period
of 1 year (two seasons). The daily intake of nitrate from these
water and vegetable samples was then computed and com-
pared with standard acceptable intake levels to assess the as-
sociated health risk. The mean nitrate concentration of 59
drinking water samples exceeded the Bureau of Indian
Standards limit of 45 mg/L in drinking water. The rural and
urban areas were found to have mean nitrate concentration in
drinking water as 45.69 + 2.08 and 22.53 + 1.97 mg/L, re-
spectively. The estimated daily intake of drinking water sam-
ples from 55 study sites had nitrate concentration far below the
safety margin indicating serious health risk. The sanitation
survey conducted in 12 households reported contaminated
source with positive E. coli count in 20 samples as the major
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factor of health risk. The average nitrate concentration was
maximum in beetroot (1349.38 mg/kg) followed by spinach
(1288.75 mg/kg) and amaranthus (1007.64 mg/kg). Among
the samples, four varieties of the vegetables exceeded the ac-
ceptable daily intake (ADI) with an assumption of 0.5 kg con-
sumption of vegetables for an average of a 60-kg individual.
Therefore, irrigation of these locally grown vegetables should
be monitored periodically for nitrogen accumulation by the
crop above the ADI limit. The application of nitrogenous fer-
tilizers should also be minimized in the rural areas to help
protect the nitrate contamination in groundwater sources.

Keywords Nitrate - Sanitary survey - Agricultural fertilizers -
Drinking water - Estimated daily intake - Health risk
assessment - Vegetables

Introduction

Depletion of water sources with increasing demands for drink-
ing, agriculture, and other purposes has led to water stress in
India (Kumar et al. 2005). Groundwater as a primary drinking
water source serves about 85% of the rural population of India
for their daily water needs (Singh and Khan 2014). Water
pollution is a widespread problem due to the presence of in-
organic contaminants with nitrate being the most prevalent
contaminant (Ravikanth et al. 2015). In many countries, the
significantly growing nitrate contamination, deteriorating the
groundwater quality, has been of concern presently.

Nitrate, a form of nitrogen, enters the environment natural-
ly by nitrogen fixation. The excess nitrate in soil not used by
plant roots (Kundu et al. 2009) due to weaker soil retention
and higher solubility easily finds its way to the groundwater
sources (Almasri 2007). Several anthropogenic activities—the
application of nitrogenous fertilizers, municipal wastewater,
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Table 1 Nitrate in drinking water
in India Nitrate range Study area Reference
1.1-112 mg/L Mahabubnagar district, Telangana Ravikanth et al. 2015
0.27-212.1 mg/L Anantapur district, Andhra Pradesh Ganesh et al. 2015
10-415 mg/L Dharampuram, Tamil Nadu Kumar et al. 2014
0.33-320 mg/L Vellore district, Tamil Nadu Kumar et al. 2013
5-56 mg/L Sagar, M.P. Jhariya et al. 2012
5-105 mg/L Rewa district, M.P. Tiwari 2011
0-8.93 mg/L Kamrup district, Assam Chakrabarty and Sarma 2011

Below detection
limit—879.65 mg/L
7.10-162 mg/L

32-91 mg/L (summer),
30-57 mg/L (winter)

Nalgonda district, Andhra Pradesh

Sri Ganganagar, Rajasthan

Sopore town, Kashmir

Brindha et al. 2010

Suthar et al. 2009
Dar et al. 2009

septic system leakage, urban drainage reject, refuse dumps,
sewage discharge, industrial discharge, contaminated land,
unhygienic sanitation practices, landfills, animal waste, and
soluble nitrogen compounds contained by geologic mate-
rials—aggravate the nitrate contamination (Chigor et al.
2012; CGWB 2014). The urine and excreta of farm animals
such as cows and buffaloes (Wakida and Lerner 2005) and
poor casings (Vough et al. 2006) have also been linked to
nitrate contamination in shallow groundwater.

Maharashtra is the third largest fertilizer consumer in the
country with 64.81 kg of nitrogen fertilizer consumption per
hectare during 2009-2010 (Indian fertilizer scenario 2010).
The rise in consumption of fertilizers from 2000 t in 1974-75
to 18,000 t in 2010-11 (Mandanna 2011) in India has subse-
quently increased the threat of nitrate contamination due to
agricultural runoff. Due to the increasing levels of nitrate, gov-
ernmental organizations have prescribed permissible limits for
nitrate in drinking water as 45 mg/L NO; (Bureau of Indian
Standards 2012) and have a guideline value of 50 mg/L (WHO
2011) above which it can pose serious health hazards.

In India, the occurrence of excessive nitrate (>50 mg/
L as NOjz, the maximum permissible limit recommended
by WHO) in groundwater has been found in one third of
the total Indian states (NEERI 1991). An alarming con-
centration of nitrate up to 879.65 mg/L has been reported
in the Nalgonda district of Andhra Pradesh. The concen-
tration of nitrate in groundwater sources of different
states reported by several researchers is listed in
Table 1. This table clearly shows that nitrate contamina-
tion has affected southern and northeastern India and
states in central India also.

Vegetables contributing to 80% of the individual’s daily
diet are the leading source of average nitrate intake (Ziarati
2012). Depending on the method of cultivation, light intensity,
rate and timing of fertilizer application, soil characteristics,
and daytime temperature, variable amounts of nitrates may

be found in vegetables (Thomson 2004). Several vegetables
including spinach, beetroot, cabbage, celery, radish, broccoli,
and lettuce have been found having nitrate concentrations
greater than 1000 mg/kg. Green leafy vegetables have been
reported to contain higher nitrate concentrations (Thomson
et al. 2007). The consumption of fennels has also been found
to be associated with fatal nitrate toxicosis in cattle
(Costagliola et al. 2014).

Nutritional, environmental, and physiological factors all
contribute to the accumulation of nitrates in plants (Anjana
et al. 2007). Accumulation of nitrates in high concentration
by leafy vegetables such as lettuce, spinach, and some of the
root crops like beetroot can be attributed to the tendency of
accumulation of high concentration of nitrates in the leaves,
roots, petioles, and/or stems of certain plants (Food standards
Australia New Zealand 2013).

Nitrates also added as food additives in processed foods
serve as preservatives and antimicrobial agents (Abdulrazak
et al. 2014). In meat products and cheese, nitrate has been
permitted for use as an additive (Thomson 2004).

Consumption of water and vegetables having excessive
levels of nitrate can pose serious health hazards particularly
in infants. Toxicity of nitrates causes methemoglobinemia,
carcinogenicity, goiter, birth defects, abortions, histopatholog-
ical changes in cardiac muscles, diabetes mellitus, and live-
stock poisoning (Gupta et al. 2008). Nitrate ingestion may
lead to oxygen deprivation in infants of below 6 months of
age causing methemoglobinemia or blue baby syndrome
(Shrimali and Singh 2001). Approximately 20% of the nitrate
secreted in saliva is converted to nitrite by the microorganisms
present in the oral cavity in individuals (Cortesi et al. 2015)
with high rate of conversion in contrast to normal individuals
with 5% (Costagliola et al. 2014) conversion (Thomson et al.
2007). The radical conversion of nitrate to nitrite post inges-
tion forming carcinogenic N-nitrosamines on reaction with
amines and amides can lead to potential cancer risk (Raczuk
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etal. 2014). Nitrates can also cause interference to the normal
iodine metabolism of the thyroid gland (Ward et al. 2010).

In view of the current health concerns from the consump-
tion of nitrates in foods, governmental agencies have stipulat-
ed a minimum acceptable level of consumption for dietary
nitrates referred to as acceptable daily intake (ADI). The
European Commission’s (EC) Scientific Committee for
Food (SCF) established the ADI of nitrate as 3.7 mg/kg body
weight (ECETOC 1988). This ADI limit was then
reconfirmed by the Joint FAO/WHO Expert Committee on
Food Additives (JECFA) in 2002 (EFSA Panel on
Contaminants in the Food Chain 2008).

The rural population comprises approximately 32% of the
total population in Nagpur and 81% in the Bhandara district
(Census 2011). These rural areas depend mostly on ground-
water as their potable water source. The current status of ni-
trate in various locations of Nagpur and Bhandara district
remains unexplored with very few studies giving way to con-
duct further studies on the aspect. In the pretext of the above-
mentioned health hazards and distinct water supply sources,
this study aims at determining nitrate concentrations in the
drinking water and vegetable sources in rural and urban areas

of the Nagpur and Bhandara districts to identify the risk asso-
ciated with the dietary nitrate intake and daily nitrate intake.

Methodology
Study area selection

Figure 1 the study sites are located in the rural and urban
settings of Nagpur (21.1458° N, 79.0882° E) and Bhandara
(21.0736° N, 79.8297° E) districts. The sampling sites located
in various rural and urban settings of Nagpur and Bhandara
districts were selected on the basis of preliminary screening
based on the nitrate concentrations found in different villages
of the districts. With the Bhandara district being an agricultur-
al center for the farmers and the Nagpur district facing issues
with treatment of wastewater, their vulnerability towards ni-
trate contamination is increased. The Nagpur district is divid-
ed into 14 sub-divisions (CGWB 2009). The total area of the
Nagpur district is 9892 km? with an urban area of 364.66 km?>
(47.9% of the district) and a rural area of 9657.93 km? (52.1%
of the district) (MSME, Government of India 2012). The total
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Fig. 1 Location map of the study area in India
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population of the district is 4,653,570 (Census 2011). The
urban areas are the places with a municipality, corporation,
cantonment board or notified town area committee, etc., com-
prising a population density of at least 5000 people per
400 km?, while all of the areas not categorized as urban comes
in the periphery of rural areas comprising about 68.84% per-
sons out of the total population. It is situated at the geograph-
ical center of India surrounding the region being an undulating
plateau drained by the Kanhan and Pench rivers in the center,
the Wardha River in the west, and the Wainganga River in the
east. Except the monsoon season from June to September, hot
summer and dryness persist in the district throughout the year.
The rural area of Bhandara is inhabited by 80.52% of the
population (Census 2011).

Sampling

Drinking water samples from 77 households of rural as well as
urban settings of the Nagpur district were collected (Table 2).
In total, 231 samples were collected from Savner, Bhandara,
Parseoni, Kuhi, Katol, Mahadula, Hingna, Umred, and
Kamptee Tehsil and urban colonies of the Nagpur and
Bhandara districts (Fig. 2) for post-monsoon and pre-
monsoon seasons. The water samples for nitrate analysis were
collected in 1-L polyethylene bottles, and the water samples
for microbiological testing were collected in 500-mL
autoclaved plastic bottles. One milliliter of sodium thiosulfate
was added in autoclaved bottles for the removal of any resid-
ual chlorine or other halogen from the samples as per method
9060A (APHA 2012). The collected sample bottles were
stored at 0—4 °C. All samples were transported to the labora-
tory within 5 h and tested for the presence of coliform and
nitrates within 12 h.

A total of 234 samples of fresh vegetables were also col-
lected from the Nagpur and Bhandara districts in ziplock bags
for both the pre- and post-monsoon seasons. Test samples
were homogenized and used for nitrate determination.

Determination of nitrates
Chemicals
All the standard chemicals and reagents used were of AR

grade. Sodium nitrate (99.0%) was purchased from Alfa
Aesar. HCI (38—40%), zinc sulfate (ZnSO,4-7H,0), and acetic

Table 2 Number of

sampling locations Location Rural Urban
Nagpur 24 18
Bhandara 18 17

acid were purchased from Fischer Scientific. Sodium
tetraborate, zinc metal, sulfanilic acid, and N-(1-napthyl)-eth-
ylene-diammonium dichloride were purchased from Sigma-
Aldrich. Cadmium sulfate and ammonium hydroxide were
purchased from Merck.

Nitrate was determined in drinking water samples by a
Perkin-Elmer (EL-2373) UV/VIS spectrophotometer by
the APHA Method 4500-NOs; B at the 220-nm wave-
length (APHA 2012), and in vegetable samples, it was
determined using the Association Official Analytical
Chemists method (AOAC) official method 993.03
(AOAC 1994).

Determination of total and fecal coliform and turbidity

In order to account for the sanitation risks involved in
maintaining the adequate quality of water for drinking
purposes, additional parameters as testing of coliform
and turbidity were also included in the study. The mem-
brane filter (MF) technique was used for the detection
and estimation of total coliforms and fecal coliforms as
per APHA (2012) (9222 D/B method). All the values of
fecal coliforms were reported as colony-forming units per
100 mL. Turbidity was measured using a nephelometer
by Eutech by method 2130 (APHA 2012) and reported
in NTU.

Sanitation and health survey

The sanitation and health survey of the population was
carried out in some of the areas to explore the variability
of nitrate concentration from source to household level.
The structured survey was designed based on the water
quality, storage, and handling practices. An observational
survey was also part of the sanitation survey including
identification of potential sources of contamination due
to the unhealthy surrounding. In total, a survey of 12
individuals residing in 6 different areas (R16, R17, R19,
U13, U20, and U29) was completed. A detailed question-
naire was prepared on seven aspects: general, source, sed-
imentation tank, storage tank, pipelines, and household
storage. The source information was collected for the
groundwater well from rural areas while information on
sedimentation tank, storage tank, and pipeline leakage
was collected from urban areas. A hazard level was then
predicted on the basis of the survey comprehending the
situation of the area.

Health risk estimation
The acceptable daily intake (ADI) for dietary nitrates is

3.7 mg/kg body weight according to JECFA which accounts
to 432 mg/kg maximum nitrate level in vegetables for the
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daily consumption of 0.5 kg vegetables per person. The esti-
mated daily intake was calculated as

EDI = Average daily vegetable consumption (0.5 kg person”! dayfl)

x Concentration of nitrate in vegetable (mg/kg)

Similarly, for drinking water, estimated daily intake was
calculated as

EDI = Average daily water consumption (2L person ! dayfl)

x Concentration of nitrate in water (mg/L)

The calculated EDI was then compared with the ADI for
the assessment of health hazards associated with the consump-
tion of nitrate-containing vegetables.

Results and discussion
Concentration of nitrate in drinking water samples

The nitrate concentration range in rural and urban areas is
presented in Fig. 3. In order to identify the possible sources
of nitrate in water, sampling was performed for two different
seasons. Nitrate concentration ranged from 1.89 to 134.08 mg/
L in rural areas during pre-monsoon and 2.05 to 223 mg/L
during post-monsoon (Fig. 4). The average nitrate concentra-
tion in urban areas varied from 0.58 to 108.89 mg/L during
pre-monsoon and 126.31 to 0.92 mg/L during the post-
monsoon season (Fig. 5). Seasonal studies on nitrate pollution
have reported nitrate contamination higher in either post- or
pre-monsoon season depending on different factors such as
non-point source pollution, agricultural practices, and down-
ward flow of nitrate-rich water during heavy pumping. The
nitrate pollution in the Suvarnamukhi river basin, Karnataka,

@ Springer

increased during the post-monsoon season (October) with
non-point sources of pollution being the major factor
(Radhika et al. 2011). In our study also, there was a slight
difference in nitrate concentration measured during the pre-
monsoon season and the post-monsoon season. The average
nitrate concentration was higher during the post-monsoon sea-
son in both rural and urban areas which can be possibly attrib-
uted to the seepage of fertilizers from soil applied by farmers
during the rainy season.

The average nitrate concentration of 18 rural study sites
was above the permissible limit of 45 mg/L as NO; with
maximum concentration as 189.32 mg/L while only four of
the urban locations had average nitrate concentrations above
45 mg/L as NO; with maximum concentration as 166.48 mg/
L. The average mean nitrate concentrations in rural areas were
45.69 +2.08 mg/L during pre-monsoon and 53.3 £ 1.07 mg/L
during post-monsoon while those in urban areas were
18.51 # 1.31 mg/L during pre-monsoon and
21.49 + 1.74 mg/L during the post-monsoon season. The
highest average nitrate concentration recorded was 223 mg/
L in sample R 13 of rural areas and 126.3 mg/L in sample U
18 of urban areas during the post-monsoon season. The higher
concentration of nitrate reported in the various parts of Nagpur
is in accordance with the earlier studies conducted in the re-
gion. According to Marghade et al. (2011), 75% of shallow
aquifer groundwater samples were found to have high concen-
trations of nitrate above 45 mg/L. The variability of nitrate
contamination in shallow aquifers of Nagpur has also been
reported by Marghade and Malpe (2014). The groundwater
samples from both shallow and deep aquifers were found to
contain high nitrate concentration thereby degrading the water
quality. The nitrate contamination in various parts of eastern
and southern Nagpur city was observed to be contaminated
with nitrate affecting the groundwater quality of the region
(Afaque 2013).
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Fig. 3 Nitrate concentration (mg/L) in different sampling locations of Nagpur and Bhandara districts

Comparison of nitrate concentration in drinking water
from rural and urban study sites

Figure 4 represents the mean nitrate concentration in the urban
and rural areas with 22.53 and 45.69 mg/L nitrate in drinking

water. The average nitrate levels of drinking water of rural areas
were higher in comparison to urban areas indicating higher level
of contamination of drinking water sources in the rural areas.
This suggests that the groundwater contributes much of the ni-
trate contamination as compared to the tap water supply/storage
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in urban areas. Application of fertilizers in the field and exten-
sive agricultural practices, animal waste dumping, and improper
storage and sanitation practices observed in rural areas could be
the main causes of higher nitrate concentration. The urban areas
fed by a well-maintained water distribution network in contrast
to open wells and shallow tube wells in rural areas were sub-
jected to lesser contamination risk indicated by the presence of
nitrate within the prescribed limit in the urban areas.

Sanitation survey in the study sites

Studies by different authors have found numerous causes for
nitrate contamination in groundwater. Shen et al. (2011) studied
nitrate contamination in the Yellow River in China and have
reported that high hydraulic conductivity of the thick sandy-
loam soil composed of yellow river sediments and anthropogenic
waste resulted in contamination of the groundwater. Due to this,
the groundwater near the irrigated area was under higher risk of
nitrate contamination. Similar studies in India have found that
anthropogenic activities like increase in the use of synthetic N
fertilizers such as urea, calcium ammonium nitrate, ammonium
phosphate, and ammonium sulfate in the agricultural sector have
been major contributors to nitrates in the groundwater (Ravikanth
et al. 2015). On-site sanitation systems practiced frequently in
India for the instant disposal of human waste increase the vulner-
ability of groundwater contamination with nitrates (Pujari et al.
2007). Changes in cropping pattern, agricultural runoff, intensive
livestock farming, excessive use of nitrogenous fertilizers, refuse
dump runoff, and contaminated human and animal wastes
amount to high nitrate concentration in the groundwater
(Reddy et al. 2011; Sahoo et al. 2016; Kumar et al. 2014).

In view of the above studies, possible nitrate contamination
sources in the present study areas were identified by conducting
the sanitation and health survey. The questionnaire explored the
contamination of the source due to the interference of animals;
open defecation practices; laundry washing; bathing; effluent
entering from poultry, livestock, schools, or houses; condition
of the pipe from source to tank; or the garbage left by animals.
Further, the questionnaire dealt with identification of the con-
tamination of sedimentation tank, storage tank, pipeline and
household storages noticing their condition, use of proper lid
and filter media in tank, and maintenance and cleaning of tank.
The condition of the pipe, leaking joints or valves, animal fecal
matter, and garbage near pipeline in urban areas were observed.
The household storage practices that could lead to contamina-
tion including poor wash practices such as not washing one’s
hands with soap, using unclean storage containers and ladles,
and not using an electro-chlorinator were also recorded.

The improper sanitation practices, open wells without fenc-
ing to safeguard from animals, open defecation practices, and
improper storage practices were frequently noticed in the rural
areas of study. Leaked pipelines, sewage discharge, wastewa-
ter discharge, and inappropriate waste dumping sites were

m Source
Sedimentation tank

m Storage tank

m Pipeline

Household storage

Fig. 6 Percent score of nitrate contamination sources according to a
sanitary survey

identified as the possible reasons for contamination of nitrate
in the urban study areas.

According to a sanitary survey completed in the following
areas, sanitation practices were improper. Handling stored wa-
ter with dirty ladle or unwashed hands was the major cause.
The area nearby groundwater wells was unhealthy in 70% of
the studied sites. The storage tank cleaning was not performed
at regular intervals. The household practices of storing water
were improper, and the vessel used for storing water was not
cleaned every alternative day. The household storage practices
contributed to 37% of the nitrate contamination followed by
source, storage tank, pipeline, and sedimentation tank (Fig. 6).

Table 3  Characteristic of drinking water in different study areas
Sr. no.  Drinking water source  FC (cfu/100 mL)  Turbidity (NTU)
R17 Borewell TNTC 0.018
TNTC 0.18
41 0.07
ND 0.52
R19 Tank supply 21 16.06
10 0.64
6 0.65
ND 0.94
U20 Borewell 5 0.12
11 0.55
2 1.33
8 0.79
U29 Groundwater 29 0.25
68 0.15
ND 0.42
2 0.49
uUl3 Piped water 86 0.76
13 0.86
74 0.44
3 0.29
R16 Borewell 16 0.31
ND 0.18
1 0.22
ND 0.04
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Table 4  Concentration of nitrate in vegetables

NO; mg/kg fresh weight

Vegetable Sampling Average  Std Max. Min.
season dev.
Cabbage Pre 62.9 0.96 57.8 229
Post 41.14 0.48 39.2 11.4
Ladyfinger Pre 2974 4.41 238.4 88.5
Post 368.71 5.26 196.4 147.1
Pumpkin Pre 121.5 3.92 10043 627
Post 230.48 8.67 229.9 89.46
Bottlegourd ~ Pre 48.41 0.6 48 39.95
Post 63.15 0.89 58.37 40
Beans Pre 110.3 2.29 102 32
Post 117.14 43 1133 72.47
Spinach Pre 522.05 24 490.06 212
Post 766.7 7.96 688 400.37
Applegourd  Pre 71.7 0.85 63.7 47.57
Post 35.85 0.41 26.82 12.54
Onion Pre 67.22 3.02 45 16.6
Post 81.11 4.71 80.13 10.4
Tomato Pre 36.29 1.8 32.94 23.11
Post 33.79 0.99 25.71 20.6
Fenugreek Pre 357.1 7.28 338 97
Post 525.25 9.51 5152 130
Carrot Pre 294 0.3 28 25
Post 21.27 0.71 19.77 11
Cauliflower  Pre 136 2.71 122.03  78.99
Post 248.7 5.35 2279 1334
Bittergourd Pre 43 0.88 31 22.68
Post 32.95 0.84 29.52 12.03
Potato Pre 28.6 0.47 26.49 9.8
Post 78.98 0.26 66.15 54
Amaranthus ~ Pre 470.9 4.2 329 157.5
Post 536.74 6.93 483.1 219.3
Beetroot Pre 501.44 7.28 325 129.7
Post 847.94 8.49 831.4 440.2
Brinjal Pre 218.6 4.55 210 167.28
Post 259.32 1.7 178.2 166
Ridgegourd  Pre 67.39 1.41 67.2 53
Post 76.53 0.63 69.11 60.5
Capsicum Pre 219 0.52 18 12.48
Post 35.42 0.3 32.7 30.06
Peas Pre 28.88 0.37 23.51 14.5
Post 49.95 0.68 40.7 31.82
Broccoli Pre 583 0.29 57 54.1
Post 11.03 0.14 7.2 6.75
Coriander Pre 13.2 0.77 9.6 4.24
Post 24.07 1.4 21 15.05
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The improper sanitation practices, open wells without fenc-
ing to safeguard from animals, open defecation practices, and
improper storage practices were frequently noticed in the rural
areas of study. Leaked pipelines, sewage discharge, wastewa-
ter discharge, and inappropriate waste dumping sites were
identified as the possible reasons for contamination of nitrate
in the urban study areas.

Tests of coliform and turbidity were also examined in the
above samples to distinguish the gap between sanitation prac-
tices followed by the people. The presence of total coliform in
the drinking water sample indicates the non-portability as a
100-mL sample should have 0 total coliform count according
to the Indian standards.

The presence of coliform in 20 samples (Table 3) indicated the
bacterial contamination and potential health risk in the drinking
water of the area according to the regulations (Bureau of Indian
Standards 2012).

Nitrate concentration in sampled vegetables

Average nitrate concentrations of different vegetables are
summarized in Table 4. Nitrate was found in at least one
sample of each vegetable. These results were found to be in

Table 5 Estimated daily intake for the vegetable consumption per
person

Vegetable EDI (mg NO5 pers.”' day ")
Cabbage 52.02
Ladyfinger 333.055
Pumpkin 175.99
Bottlegourd 55.78
Beans 113.72
Spinach 644.375
Applegourd 53.775
Onion 74.165
Tomato 35.04
Fenugreek 441.175
Carrot 25.335
Cauliflower 192.35
Bittergourd 37.975
Potato 53.79
Amaranthus 503.82
Beetroot 674.69
Brinjal 238.96
Ridgegourd 71.96
Capsicum 28.66
Peas 39.415
Broccoli 34.665
Coriander 18.635

The italicized text depicts the estimated daily intake of vegetables that
have exceeded the acceptable daily intake limit of nitrate of 432 mg/kg
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Fig. 7 The ADI-EDI representation

accordance with the ability of the vegetables to accumulate
nitrate. The smallest amount of nitrate was accumulated by
carrot and capsicum. Beetroot, spinach, and amaranthus were
found to have a maximum average concentration of nitrates
(1349.38, 1288.75, and 1007.64 mg/kg).

Calculation of EDI and its comparison with ADI

According to Raczuk et al. (2014), if a daily consumption of
0.5 kg fresh vegetables per person is assumed, maximum ni-
trate levels in vegetables are 432 mg/kg. Using this as bench-
mark, beetroot, spinach, amaranthus, and fenugreek all
exceeded this threshold ADI limit (Table 5) indicating risk
from nitrates. In a study by Qiu et al. (2014) on the relation-
ship of water and nitrate accumulation of vegetables, it has
been concluded that there is a positive linear correlation be-
tween nitrate and water content in the plants. Higher content
of water in tissue, petiole, and shoot sap was associated with
higher nitrate accumulation indicating that differences in wa-
ter content could influence genotypic variation of nitrates in
vegetables. The presence of a nitrate reductase enzyme also
influences nitrate as, in lettuce (high in nitrate), it has lower
activity compared to higher activity in peas (low nitrate level)
(Cortesi et al. 2015). These contributing factors may enhance
the nitrate content of vegetables thereby exceeding the stan-
dard ADI limits. Therefore, much attention is required to min-
imize the accumulation of nitrates by these vegetables and
their consumption at a higher rate.

The calculation of EDI for drinking water samples also
confirmed the threat to human health due to excessive nitrate
contamination. Nitrate intake with low safety margin was
depicted by 22 study sites. The daily water consumption from
the rest of the areas were far below the safety margin (ADI:
EDI <1) depicting the highest hazard level due to excessive
nitrate contamination (Fig. 7). The nitrate contamination level
was higher in rural areas as compared to urban settings as the
hazard from ingested drinking water in rural areas; according
to above results, these areas were more prone to nitrate con-
tamination. This leads to a significant conclusion that ground-
water contaminated by nitrate in rural areas has to be moni-
tored and regulated to help mitigate the nitrate contamination
in the subsequent areas. Also, none of the water sources which
had nitrate concentration from the studied sites were reported
to lie within the range of the medium (10-20) or high (20-30)
and very high (>30) safety margin, which is noteworthy.

There could be many factors that are responsible for the
increasing concentration of nitrates in vegetables. As reported
by Abdulrazak et al. (2014), soil type and even agricultural
practices could affect the variability in nitrate concentrations
in crops. Differences in species, strain, environmental pollu-
tion, and light conditions and differing degrees of nitrate ab-
sorption result in differing amounts of nitrate concentration in
various vegetables (Kharsyntiew et al. 2014).

Thus, our study is in agreement with the studies carried out
so far indicating green leafy and highly rooted vegetables to
contain a greater concentration of nitrates.
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The present study thus affirmed that the drinking water
consumed by inhabitants from piped water supply was much
safer in comparison to the one from shallow wells and the
estimated daily intake of nitrate from drinking water and veg-
etables in maximum cases was below the safety margin.
Therefore, the major contamination sources that may include
extensive application of fertilizers in agricultural areas
(Almasri and Kaluarachchi 2004) and leachate from waste
disposal sites (Vasanthi et al. 2008) should be monitored to
minimize the risk of nitrates.

Conclusion

Nitrate pollution of drinking water is widespread, globally affect-
ing the ecosystems and inherent human health. The high amount
of nitrates in some of the leafy vegetables also has the potential to
increase the health disease burden of humans. The unhygienic
sanitation and health practices followed in rural study sites could
also amount to greater risk of nitrate contamination which was
confirmed by the sanitation survey indicating the higher percent-
age of area near groundwater being polluted along with un-
healthy household water storage practices as the major contrib-
uting factors. This article provides an aid to understand the se-
verity of nitrate pollution and the consequent risks associated
with planning and control measures to deal with them.

The current study focused on the identification of the extent
of nitrate pollution in rural and urban areas of Nagpur and
Bhandara regions with risk assessment. The comparison of ni-
trate profiles in the groundwater and surface water of rural and
urban areas depicted significant groundwater contamination of
nitrate in rural areas. Among the vegetables, four varieties
exceeded the acceptable daily intake level for nitrate. Further,
the risk associated with nitrate contamination assessed by a
sanitation survey and the EDI-ADI comparison was found to
be higher indicating the dire need for preventive measures.
Thus, control measures to restrict the entry of nitrates at a larger
extent to the humans are necessitated. These preventive mea-
sures may include minimizing the application of nitrogenous
fertilizers in the agricultural areas, pre-treatment of nitrate-rich
water originating from industries and waste dumping sites,
practicing healthy water handling and storage and hygienic
conditions, promoting growth of crop cover on soil to reduce
leaching during the monsoon season, and evolving stringent
laws to help protect the nitrate contamination in such areas.
The government along with public participation should focus
on nitrate-prone areas depicted in the article to help mitigate the
nitrate pollution thereby maintaining better sanitation practices.
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