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ABSTRACT: Phosphorus is one of the vital nutrients for plants and algae growth. The low solubility =~ Review History:

of phosphorus compared to other nutrients has caused phosphorus to play a key role in algae growth and  Received: Jul. 18, 2020

its often limiting nutrient in most freshwater. So that excessive phosphorus level in water can produce  Revised: Aug. 24, 2020

more algae that cannot be consumed by water body creatures and can cause eutrophication, water quality ~ Accepted: Dec. 14,2020
reduction and harmful condition for the aquatic ecosystem. Therefore, it is important to identify the Available Online: Dec. 26, 2020
main sources of entering into rivers, recognizing the mechanism of transport and its distribution as well

as the conditions created in rivers due to the advection and diffusion of phosphorus. For this purpose, Keywords:

in this research, after identifying the main sources of phosphorus entry into the river, it investigates osphorus
and simulates the advection and dispersion of phosphorus in the Qezel-Ozan, Shahrood and Sefidrood Sefidrood River
Rivers based on field measuring data and using HEC-RAS software. Five scenarios were designed based HEC-RAS

on statistics and engineering studies to predict the phosphorus concentration of rivers due to rising
temperatures, changes in river discharge due to drought and wet season, human population growth —Numerical Simulation
and development of irrigation networks in the region for the future. Then, by numerical simulating Eutrophication
using HEC-RAS software, the impacts of phosphorus dispersion have been investigated in the region

research area. The result presented that controlling human activities that entering phosphorus to Qezel-

Ozan and Shahrood rivers can reduce total phosphorus concentration of Sefidrood river, but the mass of

algae has been increased only by increasing air temperature and discharge of rivers and decreasing by

reduced river discharge. Besides, the results showed that the maximum total phosphorus concentration

of Sefidrood River (downstream river) predicted by the numerical simulation related to the developed

scenarios was higher than the maximum desired total phosphorus concentration for warm and cold-water

fish. For this reason, paying more attention to limit entering phosphorus sources have to be considered

for development program in the upstream rivers (Shahroood and Qezel-Ozan) in the region.

1- Introduction

Rivers are one of the main sources of drinking,
agricultural and industrial water supply in the present
century due to factors such as; Overgrowth of population,
human intervention in the environment, increase in demand
for food, development of industries and agricultural
products have undergone changes water quality [1]. The
excessive entry of pollutants into rivers has adverse effects
on aquatic ecosystems and river water quality. Today, one
of the most water quality issues in the river environment is
eutrophication [2].

Phosphorus is a key nutrient in the growth of aquatic
plants, algac and many microorganisms and is a vital
element in producing energy from sunlight that can be used
by plants [3]. The uncontrolled increase in the concentration
of phosphorus compounds is directly related to the
occurrence of eutrophication in rivers. Many researchers
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involve to study of advection and diffusion of nutrients,
phosphorus compounds in rivers and their accumulation
in dam reservoirs by measuring, analytical and numerical
modeling [4-7].

The present study investigates the advection and diffusion
phenomena of phosphorus in the Sefidrood River and its
upper tributaries (Qezel-Ozan and Shahroud) in existing
conditions and future development using numerical
tools. Besides, environmental issues of excessive entry
of phosphorus on alga and other biological indicators are
discussed.

2- The attitudes of the study area

Sefidrood Bozorg catchment in the general hydrological
division of Iran is part of the Caspian Sea catchment and is
located at the confluence of the Alborz, Zagros and Markazi
mountains ranges. The area of this basin is equal to 59196
square kilometers, of which 75.4% are mountainous areas
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and 24.6% are plains and foothills. Parts of 11 provinces
of the country are located within the Sefidrood Bozorg
catchment.

According to studies conducted in 2005-2006, the main
sources of phosphorus production in this basin contain
wastewater from aquaculture, agriculture (rainfed and
irrigated), wastes from urban and rural population centers,
livestock activities and industrial slaughterhouses leachate.
The studies determine the proportion of activities on entry
phosphorous load to Sefidrood, Qezel-Ozan and Shahroud
River, 37% for pasture, 22% for livestock and 14% for
agriculture and population, respectively.

3- Governing Equations

The one-dimensional (1D) HEC-RAS water quality
modeling capabilities have been used to support this
research. Four water quality modules, including the water
temperature  simulation module, general constituent
simulation module (GCSM), and nutrient simulation
modules (NSMI and NSMII), have been integrated into
HEC-RAS. NSMI simulates aquatic algae, nutrient cycles,
DO, CBOD with simplified processes and minimum state
variables. The constituent transport model included in 1-D
HEC-RAS is based on an advection and dispersion equation
with additional terms to account for inflow boundary and
kinetics [8]:

OUh)_ 9Qh o S irp P ipx s (1)
oSt Ox ox ox

where

v = volume of the water quality cell (m3)
@ = concentration of a constituent (kg/m3)
I" =dispersion coefficient (m2/s)

S= sink or source (kg/s)

For reasons of accuracy, efficiency, and stability, the
QUICKEST-ULTIMATE explicit numerical scheme has
been implemented for solving Equation 1. The selection of
the time step within the transport model must satisfy Courant
and Peclet constraints.

4- Results and Discussion

First, simulation of phosphorus advection and diffusion
in these three rivers (Qezel-Ozan, Shahroud and Sefidrood)
in a 30-day period from 12 July 2005 to 12 August 2005
was carried out by the numerical model and the results
were compared with field measuring at the same time. The
results of the mathematical model had good accuracy. Then,
the scenario development process was designed based on
statistics and engineering studies to predict the phosphorus
concentration of rivers due to rising temperatures, changes
in river discharge due to drought and wet season, human
population growth and development of irrigation networks
for the future in 2040.
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Results show that the increase of 1°C average temperature
of Sefidrood catchment in the scenario has caused a slight
decrease in the average orthophosphate concentration of
Sefidrood River compared to its average orthophosphate
concentration in the base scenario (12 July to 12 August
2005). Besides, the average orthophosphate concentration of
the Sefidrood River is significantly affected by the amount of
phosphorus entering its upstream rivers, especially the Qezel-
Ozan River.

Also, numerical results present that the increase and
decrease of discharge of Qezel Ozan and Shahroud rivers;
are directly related to the concentration of algae mass in
the Sefidrood River. According to the results obtained from
development scenarios of phosphorus advection and diffusion
in the Sefidrood River for the future (in the year 2040), the
most effective way to control the concentration of phosphorus
in the Sefidrood River is the reduction of phosphorus
entry sources from the upstream rivers (Qezel-Ozan and
Shahroud). Then, a scenario called ideal scenario has been
designed based on decreasing the amount of phosphorus into
upper tributaries (Qezel-Ozan -58%, and Shahroud, -16%)
via implementing more wastewater treatment plant in urban
and rural area, reducing chemical fertilizers and control
aquaculture in catchments. Figure 1 shows the result belongs
to the ideal scenario.

As can be seen from figure 1, by controlling the amount
of phosphorus entering the Qezel-Ozan and Shahroud
rivers considered in the ideal scenario of this research,
the orthophosphate concentration of the Sefidrood river
will be reduced by 18% compared to the orthophosphate
concentration of the witness scenario (condition in the year
2005).

5- Conclusion

Sefidrood River and upstream tributaries (Qezel-Ozan
and Shahroud Rivers) are one of the main sources of water
supply for human communities and fauna in the Sefidrood
watershed and also the habitat of various aquatic species,
but the influx of nutrients, especially phosphorus, into these
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S1: PO4 in Sefidrood River for 2040-Ideal Scenario
S2: PO4 in Sefidrood River for 2005-Witness Scenario

Fig. 1. An example of a figure
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rivers can reduce the quality of the river. The purpose of this
research is to investigate the direct and indirect effects of
phosphorus inflow from the Sefidrood River and tributaries
to the Sefidrood dam reservoir.

The results based on the different scenarios in - showed
that:

- With decreasing phosphorus entering rivers, increasing
air temperature and raising flow discharge by 30%, less
dissolved inorganic orthophosphate (mg/l) will remain in
rivers and Qezel-Ozan, Shahroud and Sefidrood rivers will
meet better quality.

- The maximum phosphorus concentration of Sefidrood
River obtained from the simulation results related to the
scenario of the year 2005 and the simulation results related
to future development was higher than the maximum desired
phosphorus concentration for warm and cold-water fish.

- The mitigation and control measures for reducing
phosphorus sources into rivers needed in the catchment
implementing new wastewater treatment plants in the
population area, decreasing consuming chemical fertilizer
and restricting excessive growth of aquaculture could be
considered for and development program in the area.

- The maximum calculated concentration of phosphorus
in the Sefidrood River was higher than the amount required
creating nutritional conditions in all scenarios.
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Fig. 4. The 11 Study Areas of the Great Sefidrood Catchment
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Table 1. Discharge (m?/s) of Qezel Ozan and Shahroud Rivers in the Months of 2005
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Fig. 6. Map of Sampling Stations Implementing by Water Research Institute
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Table 2. Results of Calibration Scenario by HEC-RAS Water Quality Model
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Table 3. Attitudes of Future Scenarios with the Approach of Changes in Natural Factors Affecting Phospho-
rus Advection-Diffusion
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Table 4. Results of Calibration Scenario by HEC-RAS Water Quality Model
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Table 5. Phosphorus to Qezel Ozan and Shahroud Rivers due to Human Activities in the Base Year (2005) and the

Futre Year (2040)
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Table 6. Mean Orthophosphate Concentration uUpstream of Qezel Ozan and Shahroud Rivers in Witness Sce-
nario and Scenarios Related to the Futre Year (2040)
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Table 7. Characteristics in the Diagrams
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Fig. 7. Series of Diagrams of Orthophosphate Concentration (mg /1) for the Station (GSW?7) of Sefidrood River
for Scenarios One to Five (Year 2040) and Comparison with Witness Scenario (Year 2005)
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Simulation Results of Scenario One, Two and Witness
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Table 8. Amount of Phosphorus Entering Qezel Ozan and Shahroud Rivers in the Year 2005 and the Year 2040
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Table 9. Comparison of Average Orthophosphate Concentration of Qezel Ozan and Shahroud Rivers, Witness
Scenario and Ideal Scenario
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Fig. 11. Comparison of Orthophosphate Concentration Results and Maximum Phosphorus Concentration
of the Station (GSW?7) of Sefidrood River for Scenarios Ideal (Year 2040) and Witness (Year 2005)
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