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Introduction

Water pollution, is considered one of the most important challenges of human societies, has
increased in importance day by day due to the limitation of fresh water resources in the world.
The expansion of urbanization, the development of industries, and the expansion of agriculture,
especially inorganic cultivation, are important factors that cause pollution in water sources, and
the increase of these factors has caused changes in the quality of river water (Enrique et al.,
2007). These changes have become a serious threat to humans and natural ecosystems in recent
decades, and therefore the investigation of water quality changes has become one of the most
important subjects in studies (Faryadi et al. 2012) and researches. Due to the direct impact on the
existing ecosystem in the water area and its surrounding environment, the investigation of river
water quality is a sensitive and vital issue that depends on the knowledge of the changes in water
guality along with the identification of the main factors of its pollution (Tahmasebi et al. 2011).
Over the years, modeling has been considered as a useful tool for optimizing water quality, which
is used to check the appropriateness of pollution control policies (Bui et al., 2019) and this issue
has progressed in such a way that today water quality models they are increasingly used to obtain
valuable and effective information for optimal water quality management (Fan et al., 2009).

Study area

Tajan River is one of the most important rivers of Mazandaran province, which originates
from the Alborz mountain and flows from the southwest to the northeast direction and finally
reachs to the Caspian Sea (Figure 1).
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Fig. 1- Research area and location of the hydrometry stations and the sari synoptic station

Methodology

In this research the water quality of Tajan River was evaluated in term of nitrate along with
about 50 km from the upstream (Rigcheshmeh hydrometry station) to the Kordkheyl hydrometry
station in the down stream. Quantitative and qualitative data of the flow path were collected from
the Regional coucil of Water management of Mazandaran and the General Department of
Environmental Protection of Mazandaran. Required meteorological data for qualitative modeling
were also obtained from Sari synoptic station. The statistical summary of quantitative and
qualitative data of hydrometry stations is presented in table (1). The maps of the geometric
sections of the Tajan River (prepared by the Mazandaran Regional Water Company and with a
scale of 1:2000) were transferred to the Arc-GIS 10.8 software and according to the latitudinal
conditions, the changes in the river slope and the vegetation cover of the area were divided into
14 intervals and were transferred to the HEC-RAS software using the HEC-GeoRAS.

The HEC-RAS model was calibrated under steady state condition and according to the
information of hydrometry stations the optimal value of Manning's coefficient of flow path in
Tajan river was determined and the model was validated in the period of 2017-2018. Then, the
final model is extracted in the fourteen executed intervals in order to evaluate the hyrodynamic
characteristics of the river including the depth and flow speed in each of 14 intervals. Then the
Leopold and Maddock (1953) equations (equation 1 and 2) are fitted to the found out
characteristics along with Tajan river and the equations coefficients are determined for the
gualitative modeling of water flow in the QUAL2Kw model.

U=aQ’ 1)
H = cQ¢ 2

Table 1- Average quantitative and qualitative parameters of hydrometry stations

STATION Mean Daily Discharge (m3/s) Mean Density of Nitrate (mg/lit)
Rigcheshm 92 51
eh
Korkheil 3.8 55

Findings
The graph of the qualitative values measured and simulated by the Kval model in the
calibration phase (cultivation season), is shown in Figure (2) and the validation phase (non-
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cultivation season) in Figure (3). In these graphs, measured data with square points and simulated
results are displayed by a continuous graph, which shows the desired calibration and validation of
the model. The results of the statistical comparison of the output values of the QUAL2Kw model
and the corresponding measured data are also presented in Table (2). As can be seen, the values
of NRMSE and (R"2) show a good agreement between the observed data and the simulated
model and also indicate an acceptable degree of accuracy and ability of the qualitative model.
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Fig. 2- Nitrate calibrated model results and corresponding measured values in flow path during
cultivation season.
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Fig. 3- Nitrate calibrated model results and corresponding measured values in flow path during
non-cultivation season.

Table 2- Accuracy indices of QUAL2Kw model during calibration and verification

Factor NRMSE R
Calibration (Agricultural season) 0.11 0.971
Verification (Non-agricultural season) 0.053 0.970

Conclusion

1- Combining the output of the HEC-RAS hydraulic model with the QUAL2Kw model leads
to favorable results in the qualitative analysis of the river.

2- Investigating the quality condition of Tajan River showed that in the cultivation season, the
nitrate concentration has increased about 2.8 times more than non-cultivation season, which is
caused by non-point polluting sources.

3- The concentration of nitrate in the river during the growing season in the mouth of the
Caspian sea tends to 50 mg/liter, which is higher than the permissible level for drinking water
and aquatic life’s. Therefore determining a framework to reduce the nitrate load entering to Tajan
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river, focusing on non-point sources of pollution, are necessary in the water ecosystem
management policies of Tajan River.
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Table 1- Average quantitative and qualitative parameters of hydrometric stations

STATION Mean Daily Discharge (m®/s) Mean Density of Nitrate (mg/lit)
Rigcheshmeh 9.2 51
Korkheil 3.8 55

S b T g OlCUs 1 wlidlgd (S glyl fawgio -V Jgu>
Table 2- Average meteorological parameters of Sari synoptic station

Wind

Min Temperature Max Temperature Precipitation Relative
STATION C) °C) (mm) S(&e/‘;j Humidity (%)
Sari 8.8 21.2 792.1 0.55 60.6
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Table 3- Accuracy indices of HEC-RAS model results

STATION NRMSE R?

Rigcheshmeh hydrometry station 1.09 0.972
Korkheil hydrometry station 0.59 0.975
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STATION NRMSE R?
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