Original Article I

Journal of T 8
Aquifer and Qanat &
Spring and Summer 2025, Vol. 6, No. 1, pp 107-130

d 10.22077/jaaq.2025.9864.1120

Trend Analysis of Groundwater Quality Changes Using Groundwater
Quality Index (Study Area: Ghazvin Aquifer)

Mohammad Mofidi' | Farhad Hooshyaripor!> ™ |Hamid Kardan Moghadam? | Roohollah

Noori®

1. Department of Civil Engineering, SRC, Islamic Azad University, Tehran, Iran.

2. Water Research Institute, Ministry of Energy, Tehran, Iran.
3. Graduate Faculty of Environment, University of Tehran, Tehran, Iran

*Corresponding Author: Hooshyarypor@srbiau.ac.ir

Received: Extended abstract
30 July 2025 Introduction

The challenge of groundwater quantity on the one hand and the issue of
Accepted: groundwater pollution risk are considered as a serious threat to exploitation.

02 September 2025

Published:
22 September 2025

One of the simple methods that can express the quality conditions of
groundwater resources is the use of the groundwater quality index, which is
one of the most reliable indicators for assessing the quality of groundwater
resources. The GWQI index is one of the most widely used indicators in
examining spatial changes in groundwater quality from the point of view of
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various uses, especially drinking. Many studies have been conducted in the
Groundwater, field of groundwater quality index. Studies conducted on the effectiveness of
Ghazvin Aquifer, . . .
Water Quality the GWQI index show that the studies and analyses were conducted in a
Trend An alysi:v short-term period, and ultimately for 5 years. Selection and analysis for a
GWOL. ' short-term period is a challenge considering the time conditions of

qualitative changes in aquifers, and the behavior assessment of aquifers
should be reviewed based on various factors. One of the most important
factors in qualitative assessment is the analysis of the qualitative changes of
the aquifer for a long-term period, which, in addition to the impact of
different perceptions of the aquifer, also reflects the behavior of climatic
fluctuations. Accordingly, the primary objective of this study is to examine
the qualitative behavior of the Qazvin aquifer over a long-term period,
enabling the analysis of the aquifer's dynamic behavior from a qualitative
perspective using the GWQI index.
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Investigating the long-term behavior from a qualitative point of view makes the issue of water resource
management in this aquifer very important. A large part of the water supply sources in this aquifer are
from wells in this aquifer, where qualitative changes and increased salt concentration directly affect
consumption in the drinking sector and the performance of the agricultural sector. Long-term analysis,
based on a qualitative index that encompasses a set of qualitative parameters, can provide trustees with a
framework for sustainable exploitation planning.

Materials and Methods

Study Area: The study area is the Qazvin Plain, which encompasses part of Qazvin Province in the
country's administrative divisions and is situated approximately 150 kilometers northwest of Tehran. The
study area of Qazvin is located between the eastern longitudes of 10 minutes and 49 degrees and 40
minutes and 50 degrees and the northern latitudes of 20 minutes and 35 degrees and 20 minutes and 36
degrees geographically, and its maximum altitude is 2971 meters and a minimum of 1100 meters, and the
average altitude of the region is about 1250 meters above sea level. Changes in the depth of the aquifer
bedrock fluctuate from less than 70 meters to more than 370 meters.

Methodology: To calculate the Groundwater Quality Index (GWQI), the following steps are performed:

a) Determine the weight of each groundwater quality component. The weight range of each quality
component varies between 1 and 5. A weight of 1 is for the component that has the least
importance, and a weight of 5 is for the component that has the most importance in groundwater
quality. The relative weight is calculated from the following equation (Ostovari et al., 2014):

Wi
Wi (D
where RW; is the relative weight of each quality component, Wi is the weight of each element,

and the sum of the component weights
b) The relative quality (Q;) for each component is calculated from the following equation: (Ostovari et

RWi =

al., 2014):
- (L
Qi _(Si) )

where C; is the concentration or amount of each component in each water sample, and Si is the
World Health Organization standard for that component.
¢) The QW value is calculated for each component (Ostovari et al, 2014):

OWi =Qi *RWi 3)
d) Finally, the GWQI index is calculated from the following equation (Ostovari et al, 2014):
GWOI =) QWi )

Results and Discussion

To better compare changes and more accurately identify the trend of changes, four statistics of the
minimum, maximum, average, and standard deviation of the GWQI index in the years under study have
been calculated and shown in Fig 1. According to the results, the maximum values of the index are
increasing with a high slope from 1385 to 1400. This increase indicates a high injection of pollution into
the aquifer in recent years. The results showed that the highest value of the index is related to 1399, when
the index value reached 205. The continuation of this trend for the next 10 years can increase the
maximum index to 235. On the other hand, the minimum value of the index has a decreasing trend with a
small slope, which could be due to the depletion of the aquifer in the upper levels of the aquifer and the
decrease in human and agricultural activities in the northern areas of the study area. According to the
results, a GWQI index of less than 100 indicates suitable water quality for use in the drinking sector.
Figure 1b shows the average values and standard deviations of the GWQI index from 1385 to 1400. As
can be seen, the average value of the index, similar to the maximum values, has an upward trend. This
figure was about 51 in 1385 and reached more than 55 in 1400. This increase indicates that the quality
situation of the Qazvin Plain is deteriorating, and measures should be taken to control pollution of the
aquifer. If the current trend continues, 3.4 units will be added to the GWQI index every 10 years.
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Fig 1. Temporal Changes in Main Statistical Indices of GWQI From 2006 To 2021, a) Minimum and
Maximum Values, b) Average and Standard Deviation

The findings of this study highlight the importance of water quality monitoring in areas with high water
resource use, such as the Qazvin aquifer. Given the observed trends, the need for strategies to improve
water resource management is more than ever felt. These strategies should include continuous monitoring
and preventive measures to control pollution. These measures include better management of agricultural
runoff, improved waste management, and the use of sustainable water practices. As mentioned in the study
by Fazelifard (2022), the combination of geochemical insights and indicators such as the GWQI provides
valuable information for decision-makers to predict future water quality trends and take appropriate
measures to protect this vital resource. In addition, the development of early warning systems based on
climate data, as proposed in Zhou et al. (2024), can help predict major changes in water quality due to
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climate change.

Conclusion

In this study, the GWQI quality index in the Qazvin aquifer was investigated. For this purpose,
groundwater quality data of the plain from 2006 to 2011 were used. This study aimed to investigate the
trend of changes in the groundwater quality index in the Qazvin plain and to investigate the critical points
in this trend of changes. For this purpose, various statistics of maximum, minimum, average, and standard
deviation were used, and finally, the Mann-Kendall method was used to test the breaking point of the time
series. The results of the study showed that the minimum range of the GWQI quality index in the Qazvin
plain changed from 18.6 in 2010 to 24.2 in 2019. Also, the range of changes in the average index was from
49.9 in 2014 to 55.7 in 2019, and the maximum value of the index in the Qazvin plain changed from 118.1
in 2013 to 205.2 in 2019. The results showed that the areas with the minimum GWQI mainly spread from
the north to the southwest, and the areas with the maximum index were located in the eastern part, inclined
toward the center. The study of the 20-year trend showed that the maximum and average GWQI values in
the Qazvin plain area had an upward trend and the slope of the increase in the maximum values was very
high, so that an average of 30 units were added to the GWQI index every 10 years, and if this trend

continues, this value is expected to increase to 325 units by 1410.
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Table 2. Groundwater Quality Classification According to GWQI
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(Type of water) (Type of water)
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(Unsuitable for drinking) (Good)
> 100-200

(Poor)

SO xelyb slaygo;! (Barani and Karami, 2019)
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TH EC TDS pH HCO3 Cl
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(Weight)

0.05 005 005 0.09 = 039

(Relative weight)

1385 1387 1389 1391

1393 1395 1397 1399
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Fig 4. Temporal Change in GWQI Calculated By The Mean Values of Water Chemistry Data in The
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