Sprig 2023. Vol 16. Issue 56

Research Paper

Assessment of Status, Processes, and Geochemical Sources
of Aquifer Using Water Quality Index, Graphical
Approaches, and Multivariate Statistical Analyses- A Case
Study: Shabestar Plain

Mohammadreza Pashaeifar 1, Reza Dehghanzadeh 2, Mohammad Ebrahim Ramazani3*, Omid
Rafieyans3, Arezoo Nejaei3

1. Ph.D. Student, Department of Environmental Engineering, Islamic Azad University, Tabriz Branch,
Iran.

2. Ph.D., Professor, Health and Environment Research Center, Tabriz University of Medical Sciences,
Tabriz, Iran

3. Ph.D,, Assistant Professor, Department of Environmental Engineering, Islamic Azad University, Tabriz
Branch, Iran.

Received: 2021/05/11 Abstract
Revised: 2022/01/06 Introduction: Proper knowledge of groundwater geochemistry and
Accepted: 2022/01/13 identification of the risk factors for the aquifer system is very

important to control and improve the management of groundwater
Use your device to scanand readthe  resources in arid and semi-arid regions.
article online Methods: Sampled data during six years from 2014 to 2019 were
used to assess the temporal variation of geochemical parameters of
the wells in the study area. Water quality index (WQI), Piper
diagram, Wilcox Diagram, and Gibbs Diagram were employed for
evaluating the status of groundwater using sampled data in 2019.
Results: The results showed that the total hardness (TH) exceeded
the standard value proposed by WHO for six years. The study area
is categorized in a moderate range in terms of drinking water
quality. Calcic-bicarbonate and temporary hardness (Ca-Mg-HCO3)
were obtained as the hydrochemical factor and type of the
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Conclusion: The results of this study indicated that anthropogenic
activities, geology structures, and the effects of Urmia lake are the
most important factors to the concentration of physicochemical
parameters in the groundwater.
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Introduction

Due to the arid and semi-arid climate, Iran is
one of the most critical countries in the
world in terms of water supply. In recent
decades, mainly due to an increased water
consumption, over-withdrawal of water
resources, and the lack of optimal use of
available water, the phenomenon of water
shortage has appeared. Groundwater is an
importantresource in the supply of drinking,
agricultural and industrial water and its
monitoring is important in terms of water
quality. The importance of groundwater as
an alternative source has dramatically
increased due to surface water pollution.
Population growth, unplanned urban
development, rivers mining, accumulation of
polluted water in unsuitable areas, and use
of chemical fertilizers in agriculture and
industry increase harmful compounds and
change in the number of physicochemical
parameters in groundwater. Therefore,
Proper knowledge of groundwater
geochemistry and identification of the risk
factors for the aquifer system is very
important to control and improve the
management of groundwater resources.

Methods:

In the present study, in order to evaluate the
quality of groundwater in Shabestar plain,
38 groundwater wells were selected.
Sampling was performed in 2019 and the
values of hydrochemical water parameters
from 2014 to 2018 were obtained from the
regional water organization of East
Azerbaijan province to evaluate the
temporal changes of the parameters.
Sampling of wells was performed at least
half an hour after pumping and the samples
were collected in 250 ml polyethylene
container and stored at 4 ° C and then
transferred to the laboratory for chemical
analysis. The values of pH, electrical
conductivity (EC), total dissolved solid
(TDS), sulfate (SO42-), nitrate (NOs-), chloride
(CI) bicarbonate (HCO3'), fluoride (F-), total
hardness (TH), potassium (K*), sodium
(Na*), magnesium (Mg?+) and calcium (Ca2+)
were measured. Drinking Water Quality
Index (WQI) was used to assess the quality

of groundwater for drinking. Wilcox analysis
was employed to evaluate the water quality
of the study area in terms of agricultural
purposes. Piper diagram was applied to
determine the type and chemical type of
water. In this classification, groundwater
divided into three facies based on cations
including magnesium, calcium and sodium.
According to anions groundwater was
classified into three types including
bicarbonate, sulfate and chloride. Gibbs
diagrams based on Na / (Na + Ca) and Cl / (CI
+ HCO3) versus TDS ratios were used to
identify =~ water chemistry inhibitory
processes. For statistical analysis, Pearson
correlation matrix and principal component
analysis (PCA) method for stations were
calculated and presented by SPSS software.
In order to perform statistical analysis, the
normality of the data is required and
according to the Kolmogorov-Smerinov
method, the normality of the data was
confirmed.

Results:

According to the results, from 2014 to 2019,
the values of all measured parameters
except for TH are within the allowable range
provided by the WHO standard. In addition,
the average levels of NO3- and Cl- in the last
three years have increased compared to the
first three years. The value of groundwater
quality index (WQI) from 2014 to 2019 has
changed in the range of 68.12 to 49.95, with
an average of 57.65, which indicates medium
quality during six years. The variation in the
water quality index from 2014 to 2019 has
decreased. It changed from the medium to
the good quality in 2016. However, the value
of the water quality index has increased in
2019. According to the regression of the
results, which is in descending line, it can be
seen that the groundwater quality for
drinking purposes in Shabestar plain is
improving. According to the Wilcox diagram,
the majority of stations are in the C2S1 and
C2S2 classes, with low salinity and almost
suitable for agriculture. A number of stations
were classified as C3S2, C3S3, and C2S3,
indicating saline but usable water for
agriculture. Seven stations were placed in
classes C3S4 and C4S4, which indicate high
sodium in the region as well as high EC, and
indicate very salty and harmful water for
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agriculture. The results of the cation type are
chloride-bicarbonate, but the anion type is
calcium-sodium. Anion and cation types are
predominant in some stations without type.
Due to the accumulation of stations on the
left side of the diagram, the main type is
temporary hardness (Ca-Mg-HCO3), but in
some stations there is a saline type (Na-Cl-
SO4) and in others without the dominant
type. The results showed that groundwater
quality is affected by the water-rock
interaction. It can also be found that anions
also show a slight tendency to evaporate and
this can be due to the shallow depth of
groundwater water table in the region. On
the other hand, increasing the water level of
groundwater that occurs due to irrigation
can lead to the effect of evaporation in
controlling the water chemistry of the
region. The results of multivariate statistical
analysis show that the use of chemical
fertilizers, agricultural effluents, municipal
wastewater, and geological structures are
major sources of parameters. Spatial
distribution maps of the parameters confirm
the results of the correlation matrix and
principal component analysis.

Conclusion:

Total hardness (TH) values over 6 years are
higher than the permissible value
recommended by WHO. The temporal
assessment of WQI over six years indicated
that the drinking water quality is improving.
The drinking water quality was also in the
medium range. Regarding the suitability of
groundwater for agricultural purposes, it
can be concluded that the status of water for
irrigation is in an unsuitable condition and
most stations were specified by low salinity
or salinity water. The chemical type of water
was obtained as temporary hardness (Ca-
Mg-HCO3) and the chemistry of groundwater
in this area is affected by erosion and
weathering of geological formations
together with evaporation. The results of
this study indicated that anthropogenic
activities, geology structures, and the effects
of Urmia lake are the most important factors
to the concentration of physiochemical
parameters in the groundwater.
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