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Nitrate is among major anions in drinking water. Therefore, it is crucial to investigate its
concentration in water resources. Modeling is a management strategy to predict the behavior of nitrate

22 Sep 2018 © inwater resources.
13 Feb 2019 ¢ [TEIE The current study aimed to predict nitrate concentration in the aquifer of Qazvin plain, using
01 Aug 2019  Groundwater Modeling System (GMS).
[VETELEE The GMS7.1 software was used to prepare the groundwater flow model. MODFLOW pattern
was used to investigate the three-dimensional flow. MT3D pattern was used to assess the changes ni-
trate concentration in the aquifer. Additionally, several scenarios were designed to evaluate the process
of nitrate changes in the aquifer by altering in the aquifer feed and nitrate input rates.
[T There was no anomaly concentration in the aquifer. The scenarios of rainfall reduction sug-
gested that nitrate feed was ineffective in changing nitrate concentration in the aquifer. Moreover, with
entry 100, 200, and 300 mg/L of nitrate into the aquifer, the average of nitrate concentration after the
end of the two-year periods would increase to 31, 55, and 100mg/L, respectively.
¢ [TETEE The obtained results indicated that in a wide area of the saturated aquifer nitrate concentra-
Groundwater Model- tion was below than national standards. Furthermore, high nitrate concentrations were due to the pen-
ing System (GMS), : etrating of the sewage into the aquifer. The outputs of the GMS model suggestd that these conditions
Nitrate, Groundwater °  could lead to more contamination in central parts of the aquifer.
verse effects on health. Furthermore, it is used as an indica-
tor in evaluating groundwater quality [5-8]. Nitrate causes
1. Introduction methemoglobinemia in infants and gastric cancer in adults
[9, 10]. The World Health Organization (WHO) and Iran
ncreasing water demand causes stress on the national water standard (no.1053) have set a maximum al-
quality and quantity of groundwater resources, lowable concentration for the nitrate of 50mg/L [11, 12].
especially in arid and semi-arid regions; where
groundwater is the primary source of drinking Modeling the behavior of groundwater aquifers is a wa-
water [1-4]. Nitrate is among the frequent ions in ter resource management strategy. Modeling is a process
wastewater as well as an underground pollutant with ad- by which the capabilities of a complex system is simulat-
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ed [13]. MODFLOW code for quantitative modeling and
MT3DMS code for qualitative modeling in Groundwater
Modeling System (GMS) software are the most common
models of groundwater system simulation in the world
[14]. In these models, the governing equations in ground-
water systems are solved by finite difference methods [15].
Zamzam and Rahnama used the MT3DMS model to evalu-
ate the groundwater quality of Rafsanjan plain in Iran. They
concluded that the number of different parameters in the
groundwater had an increasing trend [16].

In a study on Nile Valley aquifer, the effect of chemi-
cal fertilizers on groundwater quality was assessed by the
GMS [17]. Other similar studies were conducted in Sher-
wood Sandstone aquifer (England), an agricultural region
in Thessaly (Greece), the Kervidy catchment in Cambria
(France), and an alluvial aquifer of Zagreb (Croatia) [18-
21]. Among similar studies in Iran, we can highlight the
prediction of nitrate in underground water sources of Mash-
had and Birjand plains [22, 23]. The present study aimed to
simulate the nitrate concentration in Qazvin plain aquifer,
using GMS, and MODFLOW and MT3DMS codes.

2. Materials and Methods

This descriptive-analytical study was conducted during
2016-2018 in an area of 9546 km? in Qazvin Province,
Iran, with an average rainfall of 230mm [24]. Nitrate con-
centration was predicted using MODFLOW code in GMS
software with finite difference method. To simulate the ni-
trate concentration in the aquifer, the geometrical proper-
ties of the aquifer were used and interpolated by kriging
method [25]. The quantitative scenarios of five and 35%
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reductions in precipitation rate and the qualitative scenario
of 5% reduction in precipitation rate were analyzed by the
MODFLOW model. Moreover, the 100, 200, and 300mg/L
nitrate discharge scenarios were analyzed using the data
presented by Kazemi et al. [25].

3. Results

The mean nitrate concentration in the aquifer was 23.6
mg/L, and no nitrate concentration anomaly was observed
in the aquifer. The prediction of nitrate qualitative changes
assuming five and 35% reduction in precipitation rate sug-
gested no considerable water stress applied to the initial
model. In addition, there was a decrease of two and five
mg/L of the nitrate concentration, respectively. In the sce-
nario of entering 100, 200, and 300mg/L nitrate into the
aquifer, the mean nitrate concentration after the end of the
two years reached 31, 55, and 100 mg/L, respectively (Fig-
ure 1).

4. Conclusion

Modeling of nitrate concentration revealed no anomalies
in the aquifer; however, in the northern region, the aquifer
indicated an increased concentration due to the existence
of livestock farms. Identifying the behavior of an under-
ground water system using mathematical models is an in-
direct and low-cost method, used in this study [27]. In a
transport modeling of groundwater nitrate contaminant in
Bahar plain (Hamedan, Iran) using GMS, the reason for the
pollution of the aquifer was the use of agricultural fertilizers
[28]. This data is inconsistent with our results, due to the
high water level in Bahar plain.
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Figure 1. Qualitative changes in nitrate concentration (mg/L) observed in Qazvin plain aquifer at the end of the two years in the

300-mg/L nitrate discharge scenario
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Evaluating rainfall scenarios suggested that rainfall reduc-
tion did not affect nitrate changes. The reason was the shal-
low hydraulic gradient and low aquifer effect from feed-
ing by ground surface (precipitation). Thus, direct feeding
from the ground surface will not significantly affect the
nitrate concentration in the Qazvin plain; unless leaching
causes nitrate transfer through short-circuit pathways to the
groundwater [29, 30]. The results of the qualitative scenario
analysis indicated that the aquifer in the region was highly
susceptible to the penetration of sewage, which is consistent
with the findings of other studies on Shahrood Aquifer and
the San Angelo landfill site in the United States [31, 32].
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