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analysis of physical and chemical parameters of water resources is done with the
help of indicators and statistical methods. In this research, the quality of urban
water resources of Nahavand was investigated and zoned with the help of nitrate
parameter interpolation methods. For this purpose, 48 samples of drinking water
from 16 districts and neighborhoods of Nahavand city were taken randomly and

Keywords: pH, EC and No3 parameters were measured in them. Wilcox, WQI and NPI
Drinking water, indices were used to determine the quality of water sources. The comparison of
Nhavand, Nitrate, the values of the studied parameters with the WHO standard and the national
Kriging, NPI index, standard of Iran was done by a one-sample t-test. Nitrate zoning map and WQI
WQI index index in Nahavand urban water sources were also prepared by using Krijink

method. Based on the obtained results, there was a statistically significant
difference between the values of the investigated parameters with the national
standards of Iran and WHO (p<0.05). So that the average pH and No3 were lower
than the standard limits and the average EC was higher than the standard limit
and according to the Wilcox classification, 44% of Nahavand city water samples
were in medium salinity condition and 56% of the remaining samples were in
medium salinity condition. The salinity was high. Water quality based on WQI
and NPI index was estimated as excellent and without pollution. According to the
zoning maps of WQI index and nitrate in Nahavand city, the southeast part has a
lower quality than other parts and the concentration of nitrate in the water sources
of these areas was higher. Therefore, monitoring of drinking water in Nahavand
city, especially in the southeast areas, is suggested. In addition, in connection with
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Ethe high EC of water, the necessary measures for purification and health
i recommendations for water consumption for the people of the region should be put on the
i agenda.

1. Introduction

Water is essential for life and all human activities, as well as for preserving the environment and its
resources (Nurohman et al., 2021). Healthy drinking water should have appropriate quality indicators
(such as physical and chemical properties) (Eslami et al., 2018). Along with statistical methods, the use
of indicators to evaluate water quality can provide appropriate information to the researcher. By
simplifying and reducing primary raw information, indicators can show the process of water quality
changes in space and time in addition to expressing water quality (Abbasi, 2000). Hardness, pH, EC,
anions such as sulfate and nitrate, cations such as sodium, potassium, calcium, etc., are among the most
important parameters investigated in water quality. Long-term exposure to water with high levels of
nitrates brings a variety of complications to human health (Zhang et al., 2019). Therefore, in this study,
while checking the quality of drinking water in Nahavand city based on the WQI index, nitrate
concentration zoning in urban water sources of the region was done.

2. Materials and Methods

In order to check the quality of Nahavand urban water sources, 16 districts and neighborhoods were sampled and
at least three water samples were randomly taken from each district (48 samples in total). pH, EC and
NO3 parameters were measured for each of the collected samples. To compare the parameters measured
for water sources with different standards (WHO standard and the national standard of Iran), one-sample
t-test was used and one-way analysis of variance was used to compare different regions in terms of pH,
EC and NO3. Dunnett's T3 test was performed to compare two regions.

In order to zone nitrate for urban water sources in the present study, kerging method was used. The
quality of water resources was determined using the WQI and Wilcoxon index and the water quality in
terms of nitrate pollution caused by human activities was determined using the NPI index. The relations
of these indicators are given in the equation 1 to 5.

Wi=—2L 1)
=1 Wt
Qi=% @)
@)
Sli=WIxQi
WQi=x1, SIi 4

Where, WI is the relative weight, Wi stands for weight of each parameter, n represents number of
parameters, Qi is quality rate scale, Ci denotes concentration of each parameter, Si is standard of each
chemical parameter, Sli represents sub-water quality index and WQi denotes water quality index. When
the WQI indices are less than 50, between 50-100, 100-200, 200-300 and more than 300, the water
quality is evaluated as excellent, good, poor, very poor and unsuitable for drinking purposes,
respectively. The weight and standard used for the studied parameters are presented in table 1.

Table 1- Weight and the standard used for the studied parameters (Taloor et al., 2020)

Parameter unit Weight
pH - 4
EC pS/cm 4
Na 2

K mg/L 2
NO3 4

NPI is a water quality index to measure nitrate pollution caused by human activities. This is a single-
parameter index (The equation 5) and nitrate is the only parameter used in its calculation (Bahrami et
al., 2020).
where Cs is the concentration of nitrate in the sample, HAV is the threshold value of the human source,
which is considered to be 20 mg/l. The classification of WQI index and NPI index are presented in
Tables 2 and 3, respectively.
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NPI = Cs — HAV (5)
HAV
Table 2- Classification of WQI index
WQI index value Quality
50> Excellent
50-100 Good
100-200 weak
200-300 very weak
300< Unsuitable for drinking purposes
Table 3- Classification of NP1 (Almasi et al., 2016)
NPI class NPI value Interpretation of NPI
1 0> clean
2 0-1 Low pollution
3 1-2 Moderate pollution
4 2-3 Significant contamination
5 >3 Very significant pollution
3. Results

Based on the results of one-way analysis of variance, there was a statistically significant difference
between different regions in terms of pH, EC and NO3 (P<0.05). Also, the results of the One-Sample
Test showed that the average pH, EC and NO3 in Nahavand urban water has a statistically significant
difference with the WHO standards and the national standard of Iran (p<0.05) and the average of these
parameters in urban water is lower than the standard values.

The results of water quality index (WQI) for the drinking water of Nahavand city showed that its value
in Nahavand city water was less than one and the water quality was estimated to be excellent. Figure 1
shows the zoning map of Nahavand urban water quality based on the WQI index and the kriging
method. According to this map, the southeast part of Nahavand city has lower quality than other parts.
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Figure 1: Nahavand city water quality zoning based on WQI index

Figure 2 shows the zoning of nitrate concentration in Nahavand urban water using kriging method.
Based on these results, the concentration of nitrate in all investigated water sources is lower than the
WHO standard. However, parts of the southeast have higher nitrate concentration than other parts.
Therefore, probably a polluting source in the southeast part of Nahavand has caused an increase in the
concentration of nitrates in this part, which should be identified while controlling its entry into water

sources.
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Also, based on the results of the NPI index, all the examined samples were in the 1st class of this index
and are free of pollution.
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Figure 2: Nitrate concentration zoning of Nahavand municipal water by kriging method

4.  Discussion and Conclusion

The average nitrate in Nahavand city water is 6.81 mg/liter, which is lower than the standard in drinking
water which is 50 mg/liter as per the study of Cheraghi and Astani. (2012) which was done on the
drinking water of Nahavand city is consistent. Nahavand urban drinking water was found to be free of
pollution based on the NPI index, which evaluates nitrate pollution. Nitrate concentration being lower
than the standard in the results of Shaibur et al. (2019); Solgi and Nasiri. (2019); Rahmani et al. (2013)
and Rasolevandi et al. (2018) was also obtained.

The condition of the examined samples based on Wilcox's classification for electrical conductivity
showed that 44% of Nahavand city water samples are in medium salinity and 56% of the remaining
samples are in high salinity. Therefore, in the samples examined in this study, the number of dissolved
solids was high, which is mainly caused by the high amount of sodium dissolved in water (Shammi et
al., 2019). The salinity of drinking water is one of the factors affecting blood pressure, which itself is
the main cause of cardiovascular diseases (Shammi et al., 2019; Talukder et al., 2016; Khan et al.,
2014). In addition, water salinity is one of the important and effective parameters in water purification,
so that the removal efficiency of metals, including iron, decreases with increasing water salinity
(Podgorni, 2014 and Rzasa).

Based on the results obtained in Nahavand city water, electrical conductivity is higher than the WHO
standard, so according to the Wilcoxon index, it is in two classes of medium and high salinity. Also,
nitrate zoning and WQI index showed that the quality of drinking water in the southeastern regions is
lower. Therefore, periodic monitoring of drinking water in Nahavand city, especially in the southeast
areas, is suggested. In addition, in connection with the high EC of water, necessary measures should be
taken for purification and health recommendations to the people of the regio
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