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Abstract

Drinking water is the fastest and most direct form of nitrate consumption by
the population. High concentrations of nitrate in drinking water can be hazardous
to health, especially for infants and pregnant women. Nitrate contamination of
drinking water is endogenously reduced to nitrite and subsequent nitrosation
reactions give rise to carcinogenic N-nitroso compounds. The objective of this
study was to determine the quantities of NO3 in the consuming drinking water in
Isfahan. In this study, 513 water samples were collected from different houses
from municipalities of three different zones of Isfahan. Each house was sampled
five times during July, August and September of 2004. The average Nitrate
concentration for the total samples was 22.8 + 10.4 mg/L. Nitrate concentrations
ranged from 6.6 to 63.5 mg/L. Nitrate concentrations exceeded the maximum
contaminant level of 45 mg/L in 19 water samples (3.7%), whereas 332 samples
(64.7%) had nitrate concentrations of less than 25 mg/L. There was a significant
difference between three zones for monitoring nitrate with averages 16.4 + 4.9,
18.7 £ 8.9 and 31.2 + 8.7 mg/L for zone 1, 2 and 3 respectively. Based on results
of this study, with one unremarkable exception, the nitrate levels found in the
water analyzed were optimum for human consumption and complied with WHO
and current European Legislation.
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nitrosamines [1,2]. Nitrate can be reduced to nitrite in

1. Introduction water and produce nitrosamines [3,4]. It has been

Human nitrate consumption is an issue of great reported that drinking water becomes contaminated with
toxicological concern, since nitrates are involved in the nitrates when rain and irrigation water wash through
origin of highly toxic compounds such as; nitrites and soils that have been treated excessively with nitrated
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fertilizers [5-7]. High concentrations of nitrate in
drinking water can be hazardous to health and may be
carcinogen, especially for infants and pregnant women
[8,9]. According to the FAO/WHO, standards
acceptable daily intake (ADI) for nitrate is less than 3.7
mg/kg/day. Because the effect of this anion increases
when the water is used in baby food, the FAO/WHO
recommended level for children under three months of
age is much lower than ADI for adults [10,11]. This is
to the fact that infants are highly susceptible to nitrate
induced methemoglobinemia [12,13]. Since the sanitary
condition of drinking water is clearly of vital concern
for public health this study was undertaken to determine
the quantities of NO; in the drinking water of the
different Isfahan's municipality divisions. This
quantities parameter would be necessary for the
assessment of nitrate ADI solely from drinking water.

2. Material and Methods

2.1. Samples

A total of 513 samples were analyzed and collected
from the 11 municipal areas of Isfahan city water
network in houses simultaneously in five times (July,
August, and September of 2004). The number of
samples taken in each borough, depended funda-
mentally on the number of inhabitants (Table 1) and
more samples was taken from the most crowded area.
Samples were kept in plastic containers and refrigerated
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until analyzed the day after collection. In order to
determine whether there were differences in
concentrations between the different geographic areas,
Isfahan was divided into three zones, 1, 2 and 3 for
south, center and north of Isfahan, respectively. The
areas are shaded differently and shown in Figure 1.

North

Figure 1. Municipal areas of Isfahan.

Numbers indicate the municipalities of Isfahan according to
map of Isfahan. The different shaded areas show the three
zones of the city.

Table 1. The number of samples taken in each municipal, average nitrate contents, daily intake and ADI percentage of the drinking

water for each municipality

Municipality Zone Number of Mean + S.D. Daily intake % of ADI from water
samples (mg/L) (mg/L) 65 kg 70 kg 75 kg
1 2 45 22.5+59 45.0 18.7 17.4 16.2
2 3 13 334+5.8 66.8 27.8 25.8 24.0
3 2 57 21.2+8.8 42.4 17.6 16.4 15.3
4 2 74 13.0+4.7 26.0 10.8 10.0 9.4
5 1 64 18.0+4.2 36.0 15.0 13.9 13.0
6 1 37 13.7+5.0 27.4 11.4 10.6 9.9
7 3 66 29.8+8.4 59.6 248 23.0 21.5
8 3 95 31.8+9.7 63.6 26.5 24.6 22.9
9 2 10 20.6 +4.5 41.2 17.1 159 14.8
10 2 38 21.2+12.8 424 17.6 16.4 15.3
11 3 14 322+39 64.4 26.8 24.9 23.2
Total 513 22.8+104 45.6 19.0 17.6 16.4
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Figure 3. Average nitrate concentrations for each zone.

2.2. Reagents and Standards

All chemicals used were of analytical reagent grade.
Standard stock solution containing 1000 mg/L NO;
was prepared by dissolving 1.6306 g of KNOs;, after
drying at 105°C for 6 h, in one liter deionized water.
Working standards, ranging from 1 to 10 mg/L NOj,
were prepared by dilution of the stock solution.

2.3. Method of Analysis

Selective ultra-violet Spectrophotometery was used
to determine nitrate level [14]. Rapid determination of
NO; carried out by measurement of UV absorption
(Spectrophotometer Bio-Tek Uvikon 922 with matched
silica cells of 1-cm light path) at 220 nm. As dissolved
organic matter can also absorb this wavelength, a
second measurement at 275 nm was done to correct the
NO; value. To prepare the standard curve, a standard
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nitrate solution of 100 mg/L was diluted to an inter-
mediate dissolution 10 mg/L of NO; . Finally the NO;3~
calibration standards in the range of 1-10 mg/L were
prepared. The samples were diluted 1 to 10 by double
distilled deionized free NO; water to take the samples
NO; content into the range of the standard curve.

Statistical analysis was done with the SPSS Inc.
statistics package, Version 9.0.

An ANOVA test was used to determine significant
differences between geographic zones.

3. Results and Discussion

Data analysis of each sample concentration was
performed, and daily intake and ADI percentages were
determined. Table 1 shows the number of samples taken
in each municipal, mean of NO; concentrations in
mg/L+S.D., and daily intakes. It also shows the
percentages of nitrate ADI provided by water for people
of three different weights: 65, 70 and 75 kg, respective-
ly. The percentage of nitrate ADI was calculated follow-
ing FAO/WHO recommendations of 3.7 mg NO; /kg/
day and an average water consumption of 2 L [15,16].

The average of nitrate concentration of the 513 of the
analyzed sample was 22.8 = 10.4 mg/L. The Nitrate
concentrations ranged from 6.6 to 63.5 mg/L. Nitrate
concentrations exceeded the maximum contaminant
level (MCL) of 45 mg/L [17,18] in 19 samples (3.7%).
These samples were collected from the four
municipalities 2, 7, 8 and 11 of zone 3 (see Fig. 2),
where the average nitrate concentration was notably
higher than the other zones. However, the nitrate
concentrations in 332 samples (about 65%) were less
than 25 mg/L.

The results can be seen in Figure 3, which shows that
there was a significant difference between three zones
for monitoring nitrate with averages 16.4 £ 4.9, 18.7 +
8.9 and 31.2 £ 8.7 mg/L for zone 1, 2 and 3 respectively
(p <0.05). With regard to the ADI of nitrate from the
drinking water for a person in all weights, this study
shows that ADI did not exceed the maximum acceptable
level of 45 mg/L. We should point out that only four
municipalities exceeded 20% ADI. These were muni-
cipalities, 2, 7, 8 and 11, all of which are in zone 3.

The results for zones are presented in Table 2. There
is a significant difference between three zones for
monitoring nitrate with mean£SD of 16.4+4.9, 18.7+8.9
and 31.2+£8.7 mg/L for zone 1, 2 and 3, respectively
(p <0.05). Concentrations in zones 1 and 2 were app-
roximately half of that recorded for the zone 3 (Fig. 3).

The lowest levels were detected in some of the
municipalities in the south of the Isfahan: municipal 4
and 6 with 13.0 and 13.7 mg/L, respectively.
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Table 2. Mean nitrate contents, daily intake and ADI percentage of houses drinking water for each zone of Isfahan

Zone Concentration Daily intake % ADI
65 kg 70 kg 75 kg

1 16.42+4.92 32.86+9.84 13.66+4.09 12.69+3.80 11.84+3.55
2 18.72+8.86 37.44+17.72 15.57+7.37 14.45+6.84 13.49+6.39
3 31.21+8.73 62.43+£17.47 25.96+7.26 17.64+8.03 22.50+6.30
F-ratio 157.613 157.613 157.613 157.613 157.613
p <0.001 <0.001 <0.001 <0.001 <0.001
DF 2,512 2,512 2,512 2,512 2,512
The differences with p < 0.001 are statistically significant as compared in three zones

4. Conclusion geographical  information  system. Environment

Based on the results, all the municipalities of Isfahan
comply with WHO and current European Legislation on
the quality of drinking water destined for human
consumption [15]. International Standards for drinking
water recommends a limit of 10 mg Nitrogen of NOs/L
(45 mg NO; /L) of nitrate in water to be consumed by
nursing infants. The highest concentrations found in the
drinking coincided with the north of Isfahan-municipal
areas 2, 7, 8 and 11 of the zone 3. However except 19
samples which exceeded the MCL, the contamination of
other samples recorded were less than the MCL. It is
probable that the drinking water in these four
municipalities of zone 3 is the mixture of water network
and water wells. The latter is the cause of high NO;
content in the mixture. This suggestion is consistent
with previous report [5-7].
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