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January 23, 2022 drinking and industry, and investigating its quality changes is very important in
Available online: planning and sustainable management of water resources. The aim of this study
August 23, 2023 is to investigate the changes in groundwater quality of 23 selected wells in Haraz
plain using non-parametric Mann-Kendall method. For this purpose, the statistics
of 20 years (1996-2016), 23 measurement wells in Haraz plain, located in the
north of Iran, were used. The investigated water quality and salinity parameters
include TDS, Mg, Ca, K, HCO3, S04, Cl, Na, SAR, EC, total anion and cation
Keywords: variables. The results showed that the trend of changes in most of the groundwater
Groundwater, quality, quality variables in this plain is decreasing. Considering the negative trend of
Plain Haraz, Man- most of the quality variables in Haraz plain, it can be said that the quality of
Kendal, zoning groundwater has increased in this plain. EC in 22.65% of the wells has a
decreasing trend, which shows the quality improvement in the studied area. The
most negative trend is related to the variable Mg and the most positive trend is
related to Ca. According to the EC zoning maps in the entire investigated period,
it was found that most of the plain has increased in quality, which is better in
spring than in autumn.

1.  Introduction

In recent years, due to the decrease in rainfall in the country, underground water is of particular
importance as one of the sources that are less affected by drought than surface water. These resources
are considered as one of the most important factors of economic and social development. Groundwater
is one of the most important natural resources in the world, and in the current situation, a significant
part of Iran's water consumption, especially in the drinking and agricultural sectors, is provided by
underground water (Khodai et al., 1384). Indiscriminate and excessive extraction of underground water
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resources causes disturbance of the balance of underground water tables, drop of water level and
emptying of aquifers (Dogan et al., 2008), changes in the quality of underground water, subsidence the
land, the destruction of the region's ecosystem and the drying of gardens (Abbas-Nejad and Shahidasht,
2012), the reduction of water resources and pollution due to the intrusion of sea water (Krishna et al.,
2008), land subsidence (Chatterjee et al., 2006; Finn Wej et al., 2006) and groundwater salinity (Van-
Camp et al., 2014; Wallravens et al., 2015). Saltwater intrusion into coastal aquifers is a global problem
that increases with the increase of freshwater extraction in coastal areas (Priyanka and Mahisha, 2015;
Singh, 2015). Mahmoudizadeh and Esmaili (1400) carried out the spatial changes of groundwater
quality in central and Kanarak parts of Chabahar using GIS and Wilcox model. Their results showed
that Kriging interpolation method with Gaussian variogram model was determined as the most suitable
method for SAR parameter interpolation and Kriging interpolation method with spherical variogram
model as the most suitable method for EC parameter interpolation in the region. The purpose of this
study is to investigate the quality of underground water using statistical techniques and geographic
information system in Plain Haraz in Mazandaran province.

2. Materials and Methods

Haraz Plain is bounded by the Caspian Sea from the north and the Alborz mountain range from the
south, and includes the cities of Amol, Mahmood Abad, Sarkhrood and parts of Babil and Noor cities.
This area is located at latitude”5 36 " to”"40 "39 ° North and longitude”5 "19 °52 to”9 "35 ° East, and
Haraz River is the main river of this area. The area of Haraz watershed is 328,527.2 hectares. Haraz
watershed is divided into plains and mountains. Among the important cities in this basin are Amol,
Mahmoud Abad and Babol. The most important rivers in the basin are Noor, Afnesar, Shirklarud, Ziyar
and Nemarstag. The minimum altitude of the region is -26.6, adjacent to the shore of Caspian Lake, and
the maximum altitude is about 5671 meters (Damavand peak) in the south of the study area. In this
study, the qualitative data of 23 wells were used, which had appropriate statistics in terms of the length
of the statistical period. Figure 2 shows the location of exploitation wells in the studied area. In this
research, to check the homogeneity and normality of the data, the Run-test and the non-parametric
Kolmogorov-Smirnov test were used in SPSS software. Also, the Mann-Kendall test was used to check
the trend of the data.

3. Results

The results of Mann-Kendall test for salinity (EC) and salinity factors (sodium absorption ratio, sodium,
chlorine, calcium, magnesium, sulfate, bicarbonate, total dry solutes, cation and anion) in the 20-year
statistical period for the studied wells. The Mann-Kendall statistic was calculated and is shown in Table
1. The linear slope of the EC trend, 65.2% of the wells in both harvesting seasons (spring and autumn)
has a decreasing trend. In the wells of Marzango, Sarkhroud and Eskandeh, the spring harvests have an
increasing trend, which includes 6.5% of the harvests, and in the wells of Kolode and Kala Safa, there
is a linear increasing trend, which is 4.4%. It is % of the total withdrawals. In Karun well, both harvests
are decreasing, Sharm Kola both are increasing, Eskandeh well is increasing spring harvest and the
opposite in autumn, Klodeh well is increasing in autumn and decreasing in spring.

4.  Discussion and Conclusion

In this research, the measured variables of the underground water of Haraz plain include TDS, EC, Cl-
, K, Na+, Ca+2, Mg2+, HCO3-, SO4-2, SAR, anion and cation based on the Chlomograph test. Smirnov,
their normality was checked and after taking the logarithm of them, they had a normal distribution and
due to the higher accuracy of work in logarithmic data, the logarithm of the quality data was used in the
subsequent analyzes and for interpolation based on the index RMSE and ME were the best methods for
zoning in the desired years and for each parameter. Then, the results obtained from the cross-validation
method were determined by considering the evaluation indicators of the best interpolation method for
all qualitative variables of the underground water of Haraz Plain. EC has a decreasing trend in 65.2%
of the wells in both harvesting seasons (spring and autumn), in Form, Karun and Bala Ahmadkola wells,
it has a significant decreasing trend in both spring and autumn seasons. In Marzango, Serkhrood and
Eskandeh wells, the spring harvests have an increasing trend (only in the spring harvest of the Serkhrood
well, there is a significant increasing trend at the 95% level), which includes 6.5% of the harvests. And
in the wells of Kolodeh and Kalasafa in the autumn season, there is an increasing trend, which is 4.4%
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of the total harvests. In total, most of the investigated wells in Plain Haraz showed a decreasing trend
in terms of EC according to the Mann-Kendall test, and it can be said that the quality of underground
water has improved, which is consistent with the results of Afzali and Shahdi (2013), Rahmani (1389)
and does not match with Khanamani et al. (2013), Abarshi et al. (2014). In Haraz Plain in the study
area, most of it is used for agriculture and the smaller part of it is made up of other uses, so a large part
of the rainfall can have a chance to infiltrate and less of it is formed into runoff, which is the lack of to
compensate for excessive extraction (which increases the concentration of soluble salts in underground
water) to a certain extent, which can be one of the reasons for improving the quality of underground
water resources. Among the investigated variables in Plain Haraz, the most frequency is related to SO4,
which has 6 measurements at the 95% level (1.13% of the measurements have 95% significance) and
31 measurements at the 99% significance level (4. 67% of the harvests are significant at the 99% level)
which is a total of 37 harvests with a significant level, which is 80.43% of the total harvest, and HCO3
has the lowest frequency, which is 2 harvests at the 95% level. % (4.4% of the harvest has a significance
of 95%) and 3 harvests at the 99% level (56.6% of the harvest is significant at the 99% level) and a total
of 5 harvests show a significant trend. gives that it is 9.10%. Among the studied wells, Karun well with
19 significant harvests and Ghiyath-Kola with 3 significant harvests have the highest and lowest
frequency in terms of the number of significant variables, so that in Karun well, apart from HCO3, Ca,
K, and in Ghiyath well, except for Cl, HCO3, Ca and K (in autumn), the rest of the variables show a
decreasing trend. In this study, the results of zoning each of the groundwater quality variables in the
IDW method were evaluated using the mutual evaluation approach of RMSE and MSE indices.
According to the results of cross-validation, the result of this research is consistent with the results of
Estwari et al. (2014), Naseri et al. And it does not match with the results of Adib and Zamani (2014)
and Momeni Demeneh et al. (2015).
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