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1. Introduction

Nitrate is one of the main indicators of groundwater pollution,
specifically in urban arecas (Wakida and Lerner, 2005),
because it is released from domestic sewage, fertilizers

applied to soils of urban green spaces as well as sub-urban

ABSTRACT

Considering nitrate is one of the most useful indicators of water pollution, this paper deals with nitrate
pollution in the surficial and deep aquifers underlying Kerman city and its health risk assessment.
This matter is of importance from the point of management and using groundwater. For this purpose,
32 samples were taken from water wells in the city and suburbs, two cases of them were duplicates.
Sample taking and delivery to the lab was performed considering all necessary regulations. In this
study, in addition to nitrate, levels of pH, electrical conductivity (EC), and water temperature were
determined, and the relevant maps were prepared using Arc GIS software. In the scatter plot of NO,-EC,
two separate trends were observed for surficial and deep aquifers. These trends were interpreted as the
level of nitrate in these separate aquifers. Accordingly, the surficial aquifer is polluted with respect to
nitrate, mainly as a result of recharge from sewage disposal wells. Its maximum NO,- level reaches
101.5 mg/L, but the deep aquifer, which is isolated from the surficial one by a thicker than 50m
compact clay-marl layer, is almost not polluted in the city environment, and nitrate concentration in
it is rather constantly around 10 mg/L. The health risk assessment identified that three wells within
the shallow aquifer exhibited health risks surpassing acceptable limits, with children experiencing
a higher degree of vulnerability than adults. It is recommended that for drinking purposes only the
deep aquifer is extracted, and for green space irrigation only the shallow aquifer be extracted. It is
recommended that completion of water wells be undertaken so that mixing between the two aquifers

is prevented.

industries and feedlots. There is much evidence of nitrate
level rise in groundwater resources. Human exposure to high
nitrate levels is thus becoming a global problem (Adelana,

2005). Nitrate pollution is a major concern to water quality
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in Iran (Jalali, 2011). Actually, there are a number of point
and diffuse sources of nitrate which give rise to big levels of
it in groundwaters (Wakida and Lener, 2005). Any person
produces about 5 Kg of nitrogen as sewage per year (Lewis
et al.,, 1980). This amount of nitrogen is of the organic
type which is transformed into about 22 Kg of nitrate by
the nitrification process. Thus, urban areas, with high
concentrations of population, have a high capacity for nitrate
pollution. In another word, domestic sewages which contain
high amounts of organic matter and urine urea are a major
source of groundwater nitrate pollution. However, due to
such factors as lacking sewerage system and concentration in
an arid climate, the nitrate level in most Iranian urban areas
is high. As an example, according to Moghadasi (2006), the
maximum levels of nitrate in Mashhad, Zanjan, Qazvin,
Arak, and Kermanshah cities of Iran are 486, 69, 96, 171,
and 84 mg/L respectively.

The purpose of this study is to determine nitrate levels
in aquifers under Kerman city. This city lies at southeast Iran
and its population is about 800,000. There is a shallow fine-
grained and at least one deep conglomeratic aquifer under
this city which are separated by compact clay and marl
layers. Groundwaters of Kerman city have been studied by
Hassanzadeh et al. (2011), Hassanpour (2010), Haj-Malek
(2007), Abbasnejad (2006), and Hassanzadeh (20006).
However, no study has been undertaken on nitrate health risk
resulting from consumption of ground waters underlying
Kerman city. Therefore, in this study, nitrate concentration
in each aquifer is assessed indirectly based on nitrate- EC
correlations and health risk assessment of waters extracted

from these aquifers is undertaken.

2. Research methodology

In this study, 32 samples were taken from pumping
wells across the city and its suburbs, two cases of which
were duplicates. Locations of samples are shown in
Fig.1. The sample analyses are presented in Table 1.
Samples were taken in 1- liter polyethylene bottles and
covered by black plastics. Temperatures, pHs, and ECs
were measured in the field. Nitrate determinations were
conducted in the Kerman Molecule laboratory using the
spectrophotometric method. Relative Percent Differences
(RPDs) of duplicates were 3.77 and 3.54, meaning
acceptable precision. Statistical attributes were calculated

using SPSS software. The nitrate concentration map was

prepared using ARC GIS software. Health risk assessment
was carried out using WHO (2011) method through

ingestion exposure.

3. Results

ECs of samples (Fig. 3) ranged from 562 to 8060 umhos/cm,
with an average of 2936. Dissolution of evaporitic cement of
red conglomerates is supposed to be the main cause of high
ECs. Temperatures (Fig. 5) ranged from 22 to 27 C, with an
average of 25 C, and pHs (Fig. 4) ranged from 6.5 to 8.5,
with an average of 7.5.

Nitrate levels range from 1.5 to 101.5 mg/L, with an
average of 16.25 mg/L. The concentration map (Fig. 6)
represents high nitrate levels in the central part of the city
which contains the highest population density. Nitrate
concentration at a point in the north of the city is 53.2 mg/L
which is attributed to leaching from a former feedlot in this
area.

Analysis of health risks across different demographic
groups established an order of susceptibility: children >
women > men (Figs.7 and 8). The mean calculated risks
were 0.52 for children, 0.45 for women, and 0.38 for men,

underscoring the elevated health risk for children.

4. Discussions

Considering the pumping wells in Kerman may take water
from one of the aquifers or both of them, it is necessary
to determine nitrate levels in the aquifers separately for
assessing their pollution level. For this purpose, NO,- versus
EC scatter plot was drowned (Fig. 9). This plot reveals
two trends. In the first one, EC and nitrate levels reveal a
direct relationship, but in the second one, the nitrate level
is almost constant despite increases in EC. The first trend is
interpreted as polluted groundwaters in the shallow aquifer,
while the second one assumably represents the non- polluted
groundwater in the deep aquifer, because pollution by
sewage raises both EC and NO,- amounts. Water wells of the
first trend are mainly shallower and have lower discharges
(Fig. 10).

5. Conclusion

There are two aquifers under Kerman city, the shallower one
which is comprised of fine material is polluted with respect
to nitrate, and the deeper one which is separated by thick

clay and marl layers from the surficial one is almost not
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polluted in the city environment. The amount of nitrate in
the shallower aquifer is mostly 20- 100 mg/L, but its level in
the deeper aquifer is about 10 mg/L. In the shallower aquifer,

EC increases with nitrate while in the deeper one nitrate is
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almost constant, despite a wide range of variations in ECs.
Health risk assessment revealed that three samples exhibited
health risks exceeding permissible limits, necessitating the

implementation of drinking restrictions for these sources.
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Table 1. Results of electrical conductivity, nitrate, pH, and

temperature measurements in the samples.

Sample No. pH NOs™ (mg/L) EC (uS/ecm) | T (°C)
1 7.91 5.53 3420 23
2 7.61 11.74 4060 25
3 7.83 3.32 647 24
4 7.85 11.96 2950 25
5 7.96 3.54 567 25
6 7.41 10.5 5480 27
7 7.95 3.77 562 25
8 7.62 3.1 2550 25
9 7.82 16.6 5990 26
10 7.97 5.76 571 26
11 7.99 10.63 3620 26
12 8.15 10.41 2860 27
13 7.93 4.87 675 25
14 7.71 5.98 3490 25
15 7.73 28.13 2760 26
16 7.26 1.55 2520 22
17 7.24 24.37 2510 25
18 7.34 8.86 1335 25
19 7.18 9.08 5720 25

20 7.64 6.2 959 23
21 7.29 12.9 3270 24
22 7.28 23.5 2880 26
23 6.51 4.21 7260 25
24 6.61 5.76 8060 26
25 7.43 14.62 2170 25
26 7.67 9.3 951 25
27 7.75 9.75 1338 23
28 7.23 8.86 3900 24
29 7.63 19.1 1488 25
30 7.77 13.96 1491 24
31 7.41 53.16 2140 26
32 791 55.38 3410 27
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Figure 2. Geological column of the Taherabad well (A), located in

the western part of Kerman city, and Shahid Bahonar University

well (B), located in the eastern part of Kerman city.
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Figure 4. Spatial distribution map of pH values in the samples.
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Figure 6. Spatial distribution map of nitrate concentrations in the

samples.
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Figure 5. Spatial distribution map of temperature values in the

samples.
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Figure 10. Location of the wells recharged by the shallow aquifer
(red) and the deep aquifer (blue).
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Figure 9. Correlation diagram between EC and nitrate concentrations

in the samples.
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Table 2. Comparison of population and minimum, maximum and average nitrate levels in groundwater of Kerman with several

other cities.

No. City Population Min Max Mean No. of samples Source
1 Kerman 800,000 1.5 101.5 16.3 32 This study
2 Shiraz 1,700,000 3 149 37.5 30 Jahandari (2014)
3 Bandar Abbas 527,000 5 112 45 20 Hasanzadeh (2019)
4 Birjand 203,000 3.03 86 27.2 23 Ahmadi (2015)
5 Jiroft 130,000 154 543 23.5 20 Heydari (2011)
6 Jahrom 70,000 33 50.2 16.9 20 Zekavatbakhsh (2013)
7 Nourabad 57,000 18 112.7 42 30 Hassani (2014)
8 Shahr-e Babak 51,000 8.8 68 24 25 Normandi (2014)
9 Estahban 36,000 9 44 20.5 22 Safarinezhad (2015)
10 Bardsir 30,000 0.9 94.9 22.4 27 Shoaee (2013)
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