Environ. Water Eng., 2022, 8(1), 177-191

DOI: 10.22034/JEWE.2021.284624.1563

[

EWE

Environment and Water Engineering

Homepage: www.jewe.ir ==

ISSN: 2476-3683

Research Paper

Investigation of the Movement of Biodegradable and Non-
Biodegradable Pollutants in Sediments Adjacent to the Jajroud River

by Practical Experiment

Seyed Mohammadamin Banaei!, Amirhossein Javid?* and Amirhessam Hassani®

PhD Scholar, Department of Environmental Engineering, Faculty of Environment and Natural
Resources, Science and Research Branch, Islamic Azad University, Tehran, Iran

2Professor, Department of Environmental Engineering, Faculty of Environment and Natural
Resources, Science and Research Branch, Islamic Azad University, Tehran, Iran

3Assoc. Professor, Department of Environmental Engineering, Faculty of Environment and Natural
Resources, Science and Research Branch, Islamic Azad University, Tehran, Iran

Article information

Received: May 10, 2021
Revised: July 10, 2021
Accepted: July 10, 2021

Keywords:

Degradable Pollution
Non-degradable Pollution
Porous Saturated Medium
Qualitative Boundary
River

*Corresponding author:
a.javid@srbiau.ac.ir

Abstract

In this study, by conducting experiments in the alluvium adjacent to the river,
the effect of various biodegradable and non-biodegradable pollutants was
investigated on soil pollution around the river and also river water pollution
under its influence. A part of Jajroud River, between Latian and Mamlu Dam
reservoirs, was selected as the research site and the wells were drilled at
distances of 200, 100, and 50 m and adjacent to the river. Rhodanine tracer was
used as a hon-degradable pollutant and powdered milk was used as a degradable
pollutant to increase the organic charge parameter (COD parameter). Uranine
test was performed by measuring curve using spectrofluorescence device and
COD was measured by DR6000 device according to 1SO 15705 standard. The
CTRAN module was also compared to evaluate the accuracy of the results from
the numerical model based on the finite difference method and the commercial
software GeoStudio 2007. The results showed that the travel time from the first
well to the fourth well was about 14 days for both types of pollutants and the
ratio of pollution concentrations in the first moment to the last moment was
about 0.4 for non-degradable pollutants and about 0.55 for degradable pollutants.
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Introduction

Rivers are known in many areas as the main
source of drinking water directly and indirectly
(after treatment). They are also used for
agriculture, livestock, fish and other aquatic life.
The dependence of industries on water has made
it the best place to create these industries in many
areas around the river. Limited water resources
and the dominance of hot and semi-arid climates
over a large area of the country, and the role of
groundwater in the supply of water for drinking,
industry and agriculture are very important. Over
time and the expansion of societies and
consequently the increase in the use of water
resources, abnormal intrusion and occupation
and change in the quality of water resources has
increased. Moreover, due to the discharge of
sewage and waste materials of various industries
into rivers, the harmful effects of water pollution
have gradually become apparent and in many
industrial societies of the world, the issue of river
water pollution has become more serious.
Therefore, it is necessary to study the movement
of pollutants in sediments adjacent to the river
due to the limited surface water in the country
and the importance and various uses of water in
these rivers and the existence of various point
pollutants around water sources and also the
direct impact of surface water on groundwater
sources.

Materials and Methods

Considering the advantages of using numerical
methods over numerical models and analytical
methods, as well as to more accurately
investigate the transmission of soil contamination
through groundwater, numerical method was
used. The numerical model used to solve the
equations of flow and pollution transfer has been
developed based on the finite difference method.
The basin under study in this study is around the
Jajrud River upstream of the Mamlu Dam
reservoir in the area of Khojir National Park,
Khojir village and Sanjarion village. Mamlu
Dam is located near Mamlu village and is located
in the east of Tehran. In order to carry out
experiments related to the transfer of pollution
from the soil of the region in a row of borehole
wells including four wells at different transverse
distances from the river from the first ring near
the river bank, the second well at a distance of 50
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meters, the third well at 100 m and the fourth
well at a maximum distance of 200 m from the
reputation channel at a distance of 16.4 km above
the dam were investigated. In the study
catchment, there are two boundary conditions for
the exchange of pollutant mass between the study
area and the surrounding area. In this model,
boundary conditions were assumed to be
boundary conditions with constant concentration
and boundary conditions with constant flux. The
degradable pollutant used in this experiment was
rhodamine, also known as sodium fluorescein.
The nan-degradable pollutant used was powdered
milk, which was exposed to sulphuric acid. To
perform the tests, the amount of non-degradable
pollutant with a certain concentration (100 mg/l)
was injected in the first well and the
concentration in other wells was measured. To
measure the concentration of sodium fluorescein,
the measurement curve method was used. The
wavelength value in each step was measured
using the HACH spectrometer model DR6000. A
spectrometer is a tool used to measure the basis
properties of electromagnetic spectrum analysis.
To measure the concentration of Rhodamine, a
spectrofluorescence device was used (Perkin
Elmer FL 6500 model, Finland). Standard
Rhodamine solutions were then made with the
amount of PP and PPB concentrations. The
wavelength of each sample was then measured
and recorded using a spectrofluorescence device,
and then the samples obtained from the
observation wells were inserted into the device
and its wavelength was recorded. SEEP software
was used to validate the experiments and
modelling.

Results

Simulation of the amount of pollutant
concentration following the transfer phenomenon
in the aquatic environment showed that the
amount of tracer concentration changes in both
degradable and non-degradable pollutants was
similar to each other; because the effect of
chemical reaction terms has diminished. In
addition, in general, the amount of decrease in
the concentration of pollutants in the aquatic
environment is relatively less than in soil
environments, the reason is that in the aquatic
environment the phenomenon of concentration
reduction is only due to the diffusion
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phenomenon and the amount of diffusion
coefficient in this case is less than soil
environments. As a result, less pollutant was
emitted and its concentration did not decrease
significantly. In the water environment, due to
the high velocity of flow in this environment,
compared with soil environments, the
phenomenon of displacement occurs much faster.
The simulation results of the transfer of
degradable contaminants in the soil environment
also showed that the concentration of this
pollutant decreases by a higher percentage
compared with non-degradable pollutants, which
is due to chemical reactions in the soil that
reduce the concentration.

Conclusion

In the present study, the flow of water in the soil
environment and the spread of pollution in this
environment was investigated. The results of the
present numerical model were compared with
commercial models based on finite element
method and field results. Numerical developed
using the finite difference method has a good
capability in predicting water flow and pollution
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transfer and propagation in surface and
subsurface environments. Thus, comparing the
results of the proposed numerical model with the
commercial model showed that the mean square
error is 0.062. Comparing the results of the
proposed numerical model with the finite
difference model shows the mean square error of
0.08. The superiority of the finite difference
method over other methods is in the simplicity of
the equations and achieving a higher degree of
accuracy. The ratio of length to width of
contamination  increased  with increasing
permeability at each time point, and this
indicated that with increasing permeability and
soil particle size, the soil tends to move forward
more than moving up and down.

Data Availability
The data used in this research are presented in
the paper.
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Parameter Value Unit
Degradable molecular )
diffusion coefficient 0.00005 melyr
Non-Degradable molecular 0.000036 melyr
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Decay factor
Contaminant hydrodynamic
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2
dispersion coefficient 0.01 melyr
Longitudinal scattering 123 m
coefficient of dispersion '

Scattering transverse
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Delay factor 1 _
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distribution in porous media a) First, b) Second, c)
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