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1. Dissolved oxygen
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3. Nitrate nitrogen

4. Ammonia nitrogen
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1. Introduction

Dez River, as the third largest river of Iran, plays a major role in the economic, social, and environmental
life of the north part of Khuzestan Province. The urban, industrial, and agricultural wastewater along with the
sugar cane project have confronted the river life with challenges, especially in critical sections. The population
growth, the reduction in river discharge, and inter-basin water transfer projects have a direct effect on the
escalation of river pollution. Considering the recent investments conducted by the government in order to
construct treatment plants in the region, the aim of this study was to investigate the trend of qualitative changes
and then to evaluate the effects of implementing municipal, agricultural, and industrial wastewater treatment
plants on the quality and contamination of the river, especially in sensitive sections.

2. Methodology
2.1. Study area

Dez River consists of two main branches called Cezar and Bakhtiari, which enter the plain of Khuzestan after
leaving the mountainous area in the north of Andimeshk and Dezful. After passing through the city of Dezful,
the river flows southward and joins Shtuta and Gorgar rivers at a place called Band-e-Ghir to form the large
Karoon River. The studied area is the Dez River between Dezful diversion dam and Band-e-Ghir station.

2.2. Qualitative simulation of Dez River

Investigating the effect of treatment plants, whether agricultural, urban, or industrial, on the qualitative
trend of rivers requires the study of the effects of contaminants on river water. To simulate the quality trend
of the river, the QUAL2K model was used. This model can solve river equations in both permanent and quasi-
dynamic conditions (Chapra et al., 2006). Throughout the river, for each element, the flow equilibrium was
carried out for steady state in according to equation (1) (Pelletier and Chapra, 2008):

Q=Q 1 +Qyi"Qupy "

Where Qi is the output flow from the ith interval, Qi-1 is the output flow from the i-1th interval, Qin,i is the
input flow from all point and non-point sources to the ith interval, and Qab,i is the output flow from all point
and non-point sources existing from the ith interval. For all variables excluding algae, the equilibrium mass
equation in the water column is calculated using the following equation (Pelletier and Chapra, 2008)
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Where Qi is the discharge (m3/d), Qab (m3/d), Vi is the volume (m3), Ei is the diffusion coefficient between
the ith and the i+1th branches (m3/d). Wi is the load by contaminant to the branch (g/d), Si is the input and
output sources of contaminants (g/m3/d), and c2,i is the concentration of the quality component in the
hyporheic sediment zone.

Regarding the hydraulic conditions of the Dez River, the distance between the diversion dam and Bande-
Ghir dick was divided into 133 intervals. At each interval, the geometric attributes and point sources of input
and output were considered into Dez River. In general, contaminants discharged into the river include the
drainage water of Dezful plain and the sewage of sugar cane of Haft Tape, Miyanab, Imam Khomeini, and part
of Karun sugar cane, which involve a large part of the lands in the region, discharge into the river by 15 drains
as point outlets. In addition, the cities of Dezful, Safi Abad, Hor, and Miyanrud, which are located at the banks
of Dez River, drain their sewage to the river without treating. The exiting water from Hayat fish farming ponds
and sewage system of Haft Tape Sugar Cane Complex and Pars Paper Factory are also directly entering into the
river. Considering the flow conditions and input contaminant sources, as well as the capabilities and abilities
of treatment plants to refine specific parameters, the trends of parameters including dissolved oxygen (DO),
biological oxygen demand (BOD), nitrogen nitrate (N-NO3), and electric conductivity (EC) were simulated
along the river. Then the model was calibrated and validated.

2.3. Simulation scenarios and locating the refineries

Three scenarios were implemented separately. The first scenario is the simulation of river quality with
regard to actual conditions and the evacuation of contaminants, through which critical intervals were also
identified. In the second scenario, in the most critical intervals of contaminant intensity, for contaminant
sources with the highest contamination, refineries were considered to determine the impact of these on
reducing the river contaminant. In the third scenario, the parameters at all point sources were corrected
according to the standard of sewage discharge into surface water and then were drained into the river.

3. Results and discussion

In the first scenario with the aim of assessing the quality of the Dez River, the model was implemented under
the current conditions. First, all the hydraulic, meteorological, and qualitative data were entered into the model
and the model coefficients were calibrated in accordance with Table 1.

Table 1. Results of calibration (model coefficients)

Parameter Value  Symbol  Unit Lower limit Higher limit
Fast CBOD Oxidation rate 0.706 Kdc /d 0 5
Ammonium Nitrification 0.425 kna /d 0 10
Denitrification 1.23 kdn m/d 0 2
Nitrate
Sed Denitrification 0.5 Vdi m/d 0 1

Then, in the validation step, the values of r and NRMSE statistics were obtained to be between 0.89 and 0.99,
and between 09.09 and 0.17, respectively. Due to the frequent discharge of urban and industrial wastewater
with high BOD and, on the other hand, a significant decrease in river discharge due to water withdrawal in the
first half of the route, the river is in a critical condition in terms of BOD, which also has reduced dissolved
oxygen. The results of the second scenario showed that despite the fact that the construction of refineries
caused a relative improvement in the amount of the considered parameters, it further reduced the amount of
BOD and had a small effect on electrical conductivity induced by the evacuation of agricultural contaminants.

The results of the third scenario showed that discharging contaminants in accordance with the relevant
standards would improve the acceptability of all the simulated parameters. In addition, the amount of EC
resulting from this scenario is suitable for irrigating all plants and in light and medium texture soils. In the case
of nitrate, in any of the contaminants discharged into the river, the dose does not exceed 50 milligrams per
liter, so there is no need to decrease in the third scenario.

4. Conclusions

The present study aims at studying the quality trend of Dez River due to the discharge of urban, industrial,
and agricultural contaminants, determining the critical intervals for the contaminants intensity of DO, BOD, N-
NO3, and EC, and finally, investigating the effect of the refinery plants and reducing the point sources along the
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river. In this research, it was found that the river is in a critical condition in terms of BOD and EC by applying
various managerial scenarios. Constructing a refinery for all sources of contamination seems to be an extremely
costly and impossible solution. Therefore, it is suggested to first refine all sewage of Dezful, fish farming
wastewaters, Haft Tape Complex, and Pars Paper Factory and discharge them. However, in the case of
agricultural drains, corrective measures must be taken such as revising the type of irrigation systems,
consuming fertilizers, modifying crop pattern of the region and so on.
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