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In this research, the biological adsorption process of lead heavy metal was
investigated using brown algae Nizimuddinia zanardini and green algae Ulva
rigida. Optimum adsorption conditions by measuring pH, the amount of
adsorbent, time, and the concentration of lead ion were investigated.
Langmuir, Freundlich, and Temkin isotherms were used to investigate surface
adsorption. Adsorption kinetics were investigated according to pseudo-first
and second-order kinetic equations. Examining the pH results, it was found
that brown algae at pH = 5 and green algae at pH = 6 could reach the maximum
adsorption of lead. It was found that the best adsorption time for both algae
was 60 min. The results of the adsorbent dosage showed that the two
bioadsorbents of brown and green algae have the highest amount of adsorption
in the amounts of 0.5 and 0.7 g, respectively, and in the initial concentration
of metal ions, the highest efficiency was obtained in the dosage of 2 mg/1. The
results of the isotherm model showed that lead adsorption by brown algae
corresponds to the Langmuir isotherm and green algae to the Freundlich
isotherm. In addition, according to the kinetic results, both adsorptions follow
second-order kinetics.
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EXTENDED ABSTRACT

Introduction

The main problem with heavy metals is that they
are not metabolized in the body, and after entering
the body, they are stored in the tissues and are not
eliminated from the body. Metal ions such as lead
and cadmium are mainly found in industrial
wastewater and are considered dangerous
environmental pollutants. Biosorption is the
ability of biomass to collect heavy metals from
wastewater through indirect metabolic activities
or physical and chemical adsorption methods. The
complex structure of microorganisms enables
them to absorb metals in different ways. One of
the most significant microorganisms in
biosorption processes is algae. Therefore, in this
study, the biological adsorption of lead metal from
aqueous solutions was carried out using
Nizimuddinia zanardini and Ulva rigida species.

Material and Methods

This research was conducted in the Faculty of
Marine Sciences of Chabahar University of
Maritime and Marine Sciences. The materials
used in the present study are the brown algae
Nizimuddinia zanardini collected from the coasts
of the Oman Sea; the green algae Ulva rigida
collected from the shores of the Oman Sea. To
remove heavy metals, lead (II) nitrate and
cadmium (II) nitrate salts were used. To determine
the optimum pH for lead and cadmium adsorption
by green and brown algae, the adsorption rate was
investigated at pH values of 3, 4, 5, 6, 7, 8, and 9.
In the same way, the optimal value of the
adsorbent in values 0f 0.2, 0.5, 0.7, and 1 g of the
two adsorbents and the amount of adsorption time
in the amounts of 10, 20, 30, 40, 50, 60, 70, 80, 90
and 100 min was measured. Langmuir,
Freundlich, and Temkin isotherms were used to
investigate surface adsorption and describe the
behavior of the adsorbent. The pseudo-first and
second-order Kkinetic equations were used to
determine the control mechanism of the surface
adsorption processes.

Results

To check the surface property, structure, and size
of the particles obtained from the used algae, a
scanning electron microscope was used, and the
results showed that all the particles in the
produced bio-adsorbent have dimensions of about
50 nm and the size distribution of the particles on
the surface The nanostructures are uniform. In
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measuring the pH, the obtained results showed
that the minimum efficiency of lead adsorption for
the brown algae Nizimuddinia zanardini was
obtained at a pH = 3 with a value of 28.9%, while
this value at the same pH for the green algae Ulva
rigida was equal to 23.9% was obtained. With the
increase in pH, the process of lead adsorption by
two algae has taken on an upward trend. On the
other hand, for brown algae Nizimuddinia
zanardini at pH = 5, the highest adsorption rate
was 88.6%, and for green algae Ulva rigida at pH
equal to 6, the highest adsorption rate is It was
obtained with a value of 81.4%. In the comparison
between the amounts of adsorption, the results
showed that brown algae have a high percentage
of adsorption compared with green algae.
Moreover, in measuring the adsorption time, the
obtained results showed that the minimum
efficiency of lead adsorption for the brown algae
Nizimuddinia zanardini was obtained at a contact
time of 10 min with a value of 35.6%, while this
value was equal to the green algae Ulva rigida at
the same time. It has been obtained with 30.3%.
With the increase of contact time, the process of
lead adsorption by two algae has taken an upward
state, and for the brown algae Nizimuddinia
zanardini and the green algae Ulva rigida, the
highest adsorption rate was obtained at 60 min
time equal to 94.5% and 85.3%, respectively. In
the comparison between the amounts of
adsorption, the results showed that brown algae
have a high percentage of adsorption compared
with green algae. In measuring the amount of
adsorbent used, the minimum efficiency of lead
adsorption for the brown algae Nizimuddinia
zanardini using 0.2 g of the adsorbent, removal
was 54.3%, while the dosage of the adsorbant
used for the green alga Ulva rigida was 2.0 g and
the removal efficiency was 43%. With the
increasing amount of adsorbent, the process of
lead adsorption by two algae has taken an upward
trend; for the brown algae Nizimuddinia
zanardini, at the amount of 0.5 g of adsorbent, the
highest adsorption efficiency was 92.7%, while
for the green algae Ulva rigida, the highest
adsorption efficiency was 79.6% using 0.7 g of the
adsorbent. In the comparison between the
amounts of adsorption, the results showed that
brown algae have a high percentage of adsorption
compared with green algae. The results obtained
regarding the initial concentration showed that the
minimum efficiency of lead adsorption for the
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brown algae Nizimuddinia zanardini at a
concentration of 40 mg/l was 18%, while this
value for the green algae Ulva rigida was 21.2%.
With the increase of the initial metal ion
concentration, the process of lead adsorption by
two algae has taken a decreasing state. The highest
adsorption rate for the brown algae Nizimuddinia
zanardini at the initial concentration of 2 mg/l was
98.3%, while for the green algae Ulva rigida the
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highest adsorption rate was 88.1%. In the
comparison between the amounts of adsorbents,
the results showed that brown algae have a high
percentage of adsorption compared to green algae.
Fig. 1 shows the results of the influence of
solution optimization indicators on the amount of
lead ion biosorption by brown algae Nizimuddinia
zanardini and green algae Ulva rigida.
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Fig. 1 Effect of operational parameters on the bioadsorption of lead ion

Conclusions

Examining the results of pH related to biological
adsorption, it was found that brown algae at pH 5
and green algae at pH 6 were able to reach the
maximum adsorption of lead. Furthermore, when
examining the results related to time, it was found
that the best adsorption time for both algae was 60
min. The results of the amount of adsorbent dose
showed that the two bioadsorbents of brown algae
Nizimuddinia zanardini and green algae Ulva
rigida were able to have the highest amount of
lead adsorption at 0.5 and 0.7 g, respectively. In
the investigation of metal ion concentration, the
highest value was obtained using 2 mg/l of the
adsorbent. Moreover, the results of the adsorption
isotherm model showed that the adsorption of this

Environment and Water Engineering

heavy metal by the adsorbents used is a favorable.
Adsorption of lead by the brown algae
Nizimuddinia zanardini followed the Langmuir
isotherm, whereas by the green algae Ulva rigida
the Freundlich isotherm fits. According to the
kinetic results, both adsorptions followed second-
order kinetics.

Data Availability
The data used or generated in this research are

presented in the text of the article.
Conflicts of interest

The authors of this paper declared no conflict of
interest regarding the authorship or publication of
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Phosphorus (P) is considered the leading cause of eutrophication in natural
water and has received considerable attention recently from the scientific
community. In this study, P removal from aqueous solutions was investigated
using bentonite, kaolinite, calcite, and zeolite mineral adsorbents modified
with extract of walnut shell and wheat straw, chitosan, sodium carboxymethyl
cellulose (CMC), and malic acid. Phosphorus sorption was evaluated using
adsorption isotherms equations. Modified adsorbents with chitosan obtained
the maximum sorption capacity of P. The results showed that P sorption
capacity by Chitosan-adsorbents including bentonite (0.35 mg/g), calcite (2.09
mg/g), kaolinite (0.41 mg/g) and zeolite (0.43 mg/g) was improved by ~ 129,
102, 128 and 119%, respectively compared with unmodified adsorbents
(bentonite (0.27mg/g), calcite (2.04 mg/g), kaolinite (0.32 mg/g) and zeolite
(0.36 mg/g). Langmuir and Freundlich models were used to simulate the
sorption of P on modified adsorbents. The double layer model (DLM) could
predict P adsorption by modified adsorbents over a wide pH range and varying
ionic strength. Thermodynamic parameters showed that the nature of P
adsorption by these adsorbents was non-spontaneity nature.
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\4 Effect of pH and lonic Strength on Removal of Phosphorus Efficiency

EXTENDED ABSTRACT

Introduction

Phosphorus (P) is a naturally occurring element
found in the earth’s crust, water, and all living
organisms. The benefits of adsorption technology
are its high efficiency, easy handling, availability
of different adsorbents, and cost-effectiveness.
Various types of adsorbent, such as zeolite, fly
ash, blast furnace slag, steel furnace slag,
aluminum, and iron oxides have been widely
investigated in recent years. Numerous
researchers have modified the surface of
adsorbents to achieve better P removal from
wastewater. Previous studies have indicated that P
adsorption is dependent on ionic strength and pH.
Surface complexation models (SCMs) have been
highly successful in describing the sorption of P
onto adsorbents under varying pH and ionic
strength. Of the most commonly used SCMs, the
double-layer model (DLM) is the best option for
modeling metal adsorption due to the small
number of required parameters compared to other
SCMs. To our knowledge, there are limited
reports of the application of SCMs to describe P
sorption as a function of pH and ionic strength on
modified adsorbents. The objective of this study
was to examine the feasibility of using modified
adsorbents for P removal from aqueous solution.
Effects of pH and ionic strength on P adsorption
capability were also investigated using DLM.

Material and Methods

The tested adsorbents in the present investigation
were minerals (i.e., bentonite, calcite, kaolinite,
and zeolite). Extract of walnut shell and wheat
straw, chitosan, sodium carboxymethyl cellulose
(CMC), and malic acid were used to modify
mineral adsorbents. The P solutions were prepared
by diluting the stock solution of 1000 mg/l
(calculated as P, prepared by dissolving KH>PO4
in de-ionized water) to desired concentrations.
The adsorption isotherms of the P with modified
minerals were determined based on batch
analysis. Modified adsorbents were allowed to
equilibrate with solutions at different initial P
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concentrations as 0, 5, 50, 100, 150, 200, and 250
mg/l. Langmuir and Freundlich isotherm models
were used to fit the experimental data using the
nonlinear procedure with SigmaPlot statistical
software package version 11.0.

Desorption  experiments  were  performed
immediately following the completion of sorption
experiments. Desorbed P was calculated at the
desorption stage, and the amount of P still sorbed
on the clays at the desorption stage was calculated
as the difference between the initial sorbed
amount and the desorbed amount and called
retention. To investigate the influence of pH and
ionic strength on the P adsorption, experiments
were carried out by adding 1 g of the modified
mineral adsorbents into 50 ml centrifuge tubes
containing 10 ml of 50 mg P/ I solution. The ionic
strength of the solutions varied from 0.001 to 0.1
M by adding NaCl. The pH of the solutions was
adjusted with dilute HCI or/and NaOH solution in
the range of 2—10 for modified minerals. Then, the
P concentration in the supernatant solutions was
determined. For the sake of simplicity, the DLM
was applied to predict P adsorption over a wide
range of pH and varying ionic strength.
Adsorption edges for P on 100 g/l of modified
adsorbents were analyzed for a concentration of
50 mg/l of P. The change in free energy (AG),
enthalpy (AH), and entropy (AS) associated with
the adsorption process were calculated.

Results

Results of simulations of experimental data for P
sorption onto modified adsorbents using DLM are
shown in Fig. 1. The results indicated that the pH
was a significant parameter controlling the
process of adsorption, while the ionic strength had
little influence. All parameters needed for the
modeling (surface area, sorption site density and
surface complexation constants) were obtained by
fitting to the experimental data (Table 1). In the
case of modified minerals, results show that the
free energy of the process at all temperatures is
positive thus the sorption process is not
spontaneous.
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Fig. 1 Effect of pH and ion strength on P sorption onto (a) Chitosan-bentonite, (b) Chitosan-calcite, (c)
Chitosan-kaolinite and (d) Chitosan-zeolite. Filled and unfielled symbols represent experimental data and
modeling results, respectively

Table 1 Summary of the main parameters needed for modeling: (a) Properties of modified adsorbents and (b)

model parameters used to simulate P adsorption

Main parameters needed for modeling

Specific surface area (m?/g)

@) Site density (mmol/l)
Termodynamic equilibrium constant (log k)
1>SOH%*+ H" + PO43 «<>>SOP052°+ H,0
®) 2>SOH? + 2H' + PO43¢>>S0,P0O, 2+ 2H,0

2>SOH3 + 3H" + PO43<>>SO,POOH"!+ 2H,0O

C-B C-C C-K C-Z
85.3* 1.0 3.6 13.8
0.53 8.65 1.13 0.53
17.5 -0.8 20.8 20.5
22.7 -5.1 25.5 30.0
30.2 -6.2 32.6 35.5

* All of the data were obtained from fitting. C-B: Chitosan-bentonite; C-C Chitosan-calcite; C-K: Chitosan-

kaolinite; C-Z: Chitosan-zeolite

Conclusions

In this study, batch studies showed that Langmuir
and Freundlich models were well-described
sorption models of P onto modified mineral
adsorbents. Our results showed that Chitosan-
adsorbents had higher P sorption capacity among
investigated modified adsorbents. Mean adsorbed
P by Chitosan-adsorbents and unmodified
adsorbents had not significantly different. In
addition, the results of this study demonstrated
that at different pH, ionic strength had little effect
on the adsorption. We used the DLM model to
simulate the sorption of P onto Chitosan
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adsorbents. Overall, our simulations adequately
match the measured data over a wide range of pH
and varying ionic strength. Thermodynamic
parameters confirmed the endothermic and not
spontaneity nature of the P adsorption.

Data Availability
The data can be sent by the correspounding

author via email.
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Table 1Chemical composition of solution phase of adsorbents

Absorbent pH EC Na" K' Ca?* Mg> CI HCO; COs;> POs NO; SO
(ds/ Solution ions* (mg/l)
m)
Bentonite 9.27 1.58 361.7 3.24 2091 0.01 318 21 430 062 183 81.7
Calcite 790 2.66 0.04 0.16 523 1.60 0.04 - 796  0.01 0.01 0.24
Kaolinit 897 0.15 31.1 4.88 1.34 0.07 385 0.00 0.00 042 212 112
Zeolite 796 1.82 312 12.3 735 144 452 121 0.00 0.63 9.81 182
* measured in 1:5 solid, liquid solution
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Fig. 1 N, adsorption-desorption isotherms of unmodified adsorbents: a) Bentonite, b) Calcite, ¢) Kaolinite, and
d) Zeolite

leodl> BET ghuw colus 3JUT-Y Jgax
Table 2 BET surface area analysis of adsorbents

Adsorbent Surface Area Mean Pore Diameter Pore Volume
(m*/g) (nm) (m*/g)
Bentonite 84.98 13.91 0.29
Calcite 0.98 19.17 0.04
Kaolinite 3.66 25.14 0.02
Zeolite 13.83 18.84 0.06
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Table 3 Comparison of mean P adsorption (mg/kg) by unmodified and modified adsorbents

Adsorbents Unmodified Modified Modified Modified Modified Modified

with with with CMC with with malic
walnut wheat chitosan acid

shell straw

Bentonite 143.56* 153.61 175.44 179.79 188.39 159.73

Calcite 843.90 849.50 856.80 877.83 888.90 855.10

Kaolinite 165.03 175.16 189.36 213.63 221.60 181.64

Zeolite 173.74 192.57 196.38 211.60 216.35 196.91

* Mean adsorbed P (mg/kg) calculated from all isotherm data points
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Table 5 Parameters needed for modeling the characteritics of modified mineral adsorbents

Main parameters needed for modeling Chitosan- Chitosan- Chitosan- Chitosan-
bentonite calcite kaolinite zeolite
Characteritics of modified adsorbents
Specific surface area (m? g'!) 85.3* 1.0 3.6 13.8
Site density (mmol 1) 0.53 8.65 1.13 0.53
model parameters used to simulate P adsorption

Termodynamic equilibrium constant (log k)

1>SOHS+ H + PO43 <> >SOPO; >+ H,O 17.5 -0.8 20.8 20.5
2>SOH + 2H" + PO4><>>S0,P0,»2+ 2H,0 22.7 -5.1 25.5 30.0
2>SOH’ + 3H* + PO43<>>S0,POOH '+ 30.2 -6.2 32.6 35.5

2H,0

* All of the data were obtained from fitting
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Table 6 The goodness-of-fit parameters for P adsorption onto modifiedadsorbents

Adsorbents =0 1=0.001 1=0.01 1=0.1
Chitosan- bentonite RMSE 0.028 0.025 0.0018 0.020
MRE 0.022 0.020 0.015 0.019
Chitosan- calcite RMSE 0.115 0.107 0.134 0.098
MRE 0.114 0.106 0.132 0.095
Chitosan- kaolinite RMSE 0.066 0.093 0.048 0.015
MRE 0.049 0.068 -0.022 -0.007
Chitosan-zeolite RMSE 0.019 0.016 0.022 0.018
MRE -0.001 -0.003 0.018 -0.005
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Table 7 Thermodynamic parameters for the sorption of P onto modified adsorbents with chitosan

Adsorbent Temp (K) Thermodynamic parameters
AG® (kJ/mol) AH° (kJ/mol) AS° (J/mol k)
Chitosan-bentonite 298 13.53 13.81 1.04
308 13.11
318 12.76
Chitosan-calcite 298 7.15 28.64 72.11
308 6.27
318 4.82
Chitosan-Kaolinite 298 11.88 62.59 170.16
308 11.29
318 10.69
Chitosan-zeolite 298 13.07 89.88 257.75
308 10.34
318 10.00
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The temperature difference between the pure and impure water on the two
sides of a membrane can lead to water purification. The asymmetry of
molecular kinetic energy on both sides of the membrane causes pure water to
move from the hot side to the cold one. In this research, a carbon nanotube-
membrane filtration system based on the temperature difference between
water sources was investigated by the molecular dynamics simulation method.
The effect of various factors was investigated. The simulation results confirm
the possibility of using a thermal driving force for water purification with
carbon nanotubes. The results show that by increasing the hot source
temperature, the water passage and the purification speed increase. Such that
increasing the temperature difference between sources from 15 to 60 K
increases the water purification rate by 30%. Simultaneously, the possibility
of impurities passing through the nanotube also increases. Increasing the
impurity concentration slows down the purification process. Increasing the
diameter of the nanotube up to 15 A increases the water purification rate. In
nanotubes with a diameter of less than 15 A, 100% of impurities are removed.
Among the examined nanotubes, the best performance was obtained for the
armchair carbon nanotube.
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EXTENDED ABSTRACT

Introduction

Seawater desalination has been proposed as one of
the main ways of supplying water in the future. In
recent years, researchers have introduced
membranes composed of carbon nanotubes as
high potential systems for improving the
efficiency of desalination. On the other hand, it
has been found that creating a temperature
difference (thermal driving force) between the
two sides of a membrane that contains impure
water on one side and pure water on the other side
can lead to water purification.

The review of research about water purification by
carbon nanotubes using thermal driving force
shows that the investigation of the factors and
conditions affecting the amount of purified water
has been given less attention. Therefore, in this
research, the water flow passing through the
nanotubes in different conditions has been
investigated by using the thermal driving force
caused by the application of the temperature
gradient on an array of carbon nanotubes. The
results can be used in the design of efficient
membranes for water purification.

Material and Methods

In this research, using molecular dynamics
simulation, a purification system consisting of a
membrane with a row of six carbon nanotubes has
been studied (Fig. 1).
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Fig. 1 a) Overview of the simulation geometry.
Nanotubes (gray in the middle) separate the solution
of water (oxygen in red and hydrogen in white) and

salt (in purple) from pure water. b) Nanotubes row
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On both sides of this membrane, water and salt
solution and pure water are placed. The simulation
boundaries are periodic. The length of the
nanotubes is 1.6 nm. The dimensions of the
simulation box vary from 12 x 58 x 117 to 26 %
157 x117 A3 in different simulations in x, y and z
directions. Nose-Hoover thermostat has been used
to create areas with constant temperature. The hot
and the cold region extend from -15 to -5 A and
from 21 to 31 A in the z-direction respectively.
The concentration of ions in water is 10000 ppm.
Ions are placed only in the left tank. Carbon-
carbon interactions are modeled using the Tersouf
potential and interactions between carbon,
oxygen, hydrogen, sodium, and chlorine atoms are
modeled using Lennard-Jones potential function.
The effect of the electric charge of the ions is also
taken into account using the Coulomb force.
TIP4P/2005 model was used for water. The
direction of the flow is always from the impure
side toward the pure water. The simulation time
step is 0.0001 fs. The simulation process has
progressed to reach an equilibrium and stability of
1 ns. After that, the simulation runs for 10 ns. In
this step, time averaging of the output quantities
has been performed. The simulations were done
using Lammps software.

Results

Fig. 2 shows the number of water molecules
passing through nanotubes with different
diameters over time. The temperature difference
between the cold and hot sources -causes
asymmetry in the kinetic energy of the water
molecules. This asymmetry causes the high-
energy water molecules move toward low-energy
molecules. It can also be seen from Fig. 2 that as
the diameter of the nanotube increases, the
number of water molecules passing through the
nanotubes increases too.
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Fig. 2 The number of passing water atoms during the
simulation time in different nanotube diameters
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Fig. 3 shows water atom passage through different
nanotube types overtime. The armchair nanotube
has the maximum flow rate and the zigzag and
chiral nanotubes are in the next rank respectively.
The change in friction in different types of
nanotubes is attributed to the change in potential
energy experienced by water molecules passing
through each of the nanotubes.
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Fig. 3 The number of water atoms passing through
different nanotubes according to the time step

Fig.4 shows the effect of salt concentration of the
hot tank on the amount of purified water for
Armchair nanotubes. It is observed that the
number of water molecules passing through the
nanotube decreases with increasing molarity. By
increasing the concentration difference between
the cold and hot sources, the potential difference
caused by the concentration difference between
the two reservoirs increases, therefore, the flow
rate decreases.
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Fig. 4 The number of water atoms passing through the
armchair nanotube over time at different salt
concentrations in the hot source

The effect of the temperature difference between
the reservoirs on water purifying was done by
increasing the hot source temperature while
keeping the cold source temperature constant at
293 K. When the temperature of the hot source
increases, the average molecular movement of

Environment and Water Engineering

water molecules increases and as a result, more
molecules are capable to overcome the potential
difference between the two reservoirs. Therefore,
more molecules have a chance to pass through the
nanotubes and as Fig. 5 shows, the purified water
flow rate increases. If we consider the number of
salt ions passing through the nanotube, it can be
seen that the probability of ions passing through
the nanotube increases with the increase in the hot
source temperature. The reason is the increase in
the movement of particles due to the increase in
temperature and, as a result, the increase in the
chance of ions passing through the cavity of the

nanotube. This issue is undesirable in the
purification process.
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Fig. 5 The number of water atoms passing through the
armchair nanotube over time

Conclusions

The molecular dynamics simulation showed that
the temperature difference between the tank of
pure water (cold side) and the impure solution (hot
side) in a system consisting of a membrane
containing nanotubes causes the water molecules
transfer from the impure solution to the pure
water. The results showed that the use of armchair
carbon nanotubes leads to higher water
purification rates compared to chiral and zigzag
nanotubes. Increasing the temperature of the hot
source and increasing the diameter of the
nanotubes improves the performance of the water
purification process until it leads to the passage of
impurities.

Data Availability

The data obtained in this study are presented in the
paper.
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EXTENDED ABSTRACT

Introduction

Quinoa (Chenopodium quinoa Willd.) is a crop
classified within the Chenopodiaceae subfamily
of the Amaranthaceae family. Indigenous to the
Andes region spanning Bolivia, Peru, and Chile,
this ancient crop boasts a history exceeding 5000
years. Characterized by roots with extensive
penetration capabilities and wide, alternate leaves
giving rise to diverse inflorescences, quinoa plants
exhibit variable heights ranging from 20 to 300
cm. The duration of their growth phase spans 95
to 125 days contingent upon cultivar selection and
prevailing climatic conditions. In the context of
contemporary challenges, burgeoning population
dynamics and diminishing water resources,
particularly in arid and semi-arid regions, have
introduced complexities associated with water
allocation across various consumption sectors. As
the largest consumer of water, the agricultural
sector contends with escalating demands from the
industrial and urban domains. Strategic alterations
to crop patterns, emphasizing the adoption of
crops with lower water requirements, present a
viable avenue for mitigating water consumption
within the agricultural sector. Vermicompost, a
composite of vermi (earthworms) and compost
(organic fertilizer), is derived through the
collaborative activity of earthworms and
microorganisms (bacteria, fungi, and
actinomycetes). This process unfolds during a
non-thermal and aerobic decomposition of
industrial, wurban, and agricultural waste.
Vermicompost serves to enhance the physical,
chemical, and biological attributes of soil,
mitigating adverse effects associated with water
stress and consequently fostering crop growth.
This research endeavors to systematically explore
the influence of varied irrigation water levels and
vermicompost application on crop water
productivity within the Dehgolan Plain, situated in
the Kurdistan province of Iran.

Material and Methods

In 2021, this study was conducted at the research
farm of Kurdistan University situated in the
Dehgolan Plain. The geographic area experiences
an average annual rainfall of 350 mm, with
average annual maximum and minimum
temperatures of 23 and 6.6 degrees, respectively.
Soil samples were procured from diverse depths
of the field before quinoa seed sowing and

Environment and Water Engineering

subjected to comprehensive and

chemical analyses.

physical

Employing a split-plot design within a completely
randomized block configuration, the primary and
secondary experimental factors encompassed four
levels of irrigation water (50%, 75%, 100%, and
125% of water requirement) and four
vermicompost levels (0, 5, 10, and 15 tons per
hectare), each replicated thrice. Sub-plot
dimensions were standardized at 3 x 4 meters,
with a spacing of 0.5 and 1 meter between main
and secondary plots, respectively, to mitigate
marginal effects.

Utilizing a drip-tape irrigation system, the
vermicompost was meticulously weighed and
incorporated into the field soil before quinoa
planting. Irrigation tapes were spaced at 50 cm
intervals within each plot. Irrigation water
quantities were accurately measured using a
volumetric meter on the main pipe, where the
main, water supply, and irrigation tape diameters
were set at 56, 32, and 15 mm, respectively. The
irrigation interval was consistent at 7 days, and the
soil moisture balance method determined the
depth of irrigation water.

Upon conclusion of the growing
comprehensive  assessments ~ were  made,
encompassing grain yield, biological yield,
harvest index, water productivity, and water use
efficiency. These parameters were systematically
evaluated to provide insights into the impact of
varied irrigation and vermicompost levels on
quinoa cultivation in the specified agricultural
setting.

season,

Results
Table 1 reveals statistically significant effects of

irrigation and vermicompost fertilizer levels on
seed yield, biological yield, water productivity,
and irrigation water use efficiency, with a
significance level of 1%. Additionally, irrigation
levels demonstrated a statistically significant
impact on the harvest index at the 5% probability
level. The interaction between irrigation levels
and vermicompost fertilizer exerted a significant
effect on seed yield and biological yield at the 1%
probability level, specifically when the irrigation
depth was set at 75% of the crop water
requirement.
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Table 1 Analysis of Variance Results for the Impact of Irrigation Levels and Vermicompost Fertilizer on Grain
Yield, Biological Yield, Water Productivity, Irrigation Water Efficiency, and Harvest Index.

Water Irrigation

Seed yield Biological yield .. Water Use Harvest

ANOVA bf (kg/ha) (kg/ha) Pr?liiu/crg}v)lty Efficiency  Index (%)
£ (kg/m?)

Replication 2 8924.86™ 206634.36" 0.0025" 0.0025" 11.24
Irrigation (T) 3 3019995.32"" 1643836.52™ 0.03™ 0.02927" 29.05"
Error I 6 9602.69 58546.68 0.001 0.0013 11.09
Xf)rmwompo“ 3 22349228 1046225.31** 0.035™ 0.0357" 11.14
IxV 9 20561.08" 12945531 0.002" 0.0017" 33.42"
Error 2 24 7954.74 24170.77 24166.8 0.0018 8.35
CV% 541 3.85 9.34 9.32 7.07

ns: non-significant, *: significant at P<0.05, **: significant at P<0.01, respectively

Figure 1 illustrates that the disparity in harvest
index between 12 and I3 irrigation treatments
(equivalent to 75% and 100% of water
requirement) did not exhibit  statistical
significance. However, the treatment with a 50%
water requirement yielded the lowest harvest
index, while the highest harvest index was
observed in the irrigation treatment set at 125% of
the water requirement for quinoa.

50 -

":ﬂ

ab b

40 4 b .

X

Harwast val (%)

T T T
25 80 18 100 125

Irrigation Level (%)

Fig. 1 Average Comparison of the Effect of Different
Irrigation Levels on Harvest Index.

Results indicate that the optimal conditions for
seed yield (2357.5 kg/ha) and biological yield
(5415.9 kg/ha) were achieved with an irrigation
water depth equal to 100% of the crop water
requirement and a vermicompost fertilizer rate of
15 tons/ha. Furthermore, the highest water
productivity (0.53 kg/m3) and water use

Environment and Water Engineering

efficiency (0.53 kg/m3) were attained at varying
irrigation water levels. These findings contribute
valuable insights into the intricate interplay
between irrigation practices, vermicompost
application, and their collective impact on quinoa
productivity metrics.

Conclusions

The findings from this study reveal that the
optimal conditions for maximizing seed yield
(2374.5 kg/ha) and biological yield (5415.9 kg/ha)
were achieved through the application of a 100%
crop water requirement and vermicompost
fertilizer at a rate of 15 tons/ha. In light of these
results, it is recommended that, for lands situated
in the Dehgolan plain of Kurdistan province, Iran,
the judicious utilization of irrigation water depth
set at 100% of the water requirement, coupled
with vermicompost fertilizer at the rate of 15
tons/ha, is conducive to achieving a commendable
yield (2132 kg/ha) and concurrently ensuring high
water consumption productivity (0.53 kg/ha).
These findings offer practical insights into
agronomic strategies tailored to optimize
productivity and resource utilization in the
specified agricultural context.

Data Availability
The data used in this research can be sent by the
corresponding author via email.
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Table 1 Physicochemical properties of field soil and vermicompost used in this research

Soil depth

Properties Unit (0-30 cm) 30-60 cm Vermicompost
Texture - clay loam clay -
Sand % 42.84 27.55 -
Clay % 41.28 32.24 -
Silt % 15.88 40.21 -
Field Capacity % 34 34 -
Electrical Conductivity dS/m 0.49 0.52 1.12
Acidity - 7.62 7.83 7.95
Nitrogen % 0.08 0.05 0.9
Available Potassium mg/kg 320 309 1.52
Available Iron mg/kg 212 24 0.55
Available Phosphorus mg/kg 13.5 15.5 0.76
Organic Carbon % 0.76 0.74 16.99
Lime % 0.98 1.16 -
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Fig 1 Schematic of the experimental design and locations of treatments and its replications
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Table 3 Depth of effective irrigation water and depth
of consumed water at the end of the Quinoa growing

season
Irrigation Deep Water
Treatment water Percolation consumed
(mm) (%) (mm)
LiF, 220 11 209
I,F, 216 20 196
I,Fs 209 16 193
IF,4 198 8 190
LLF; 317 22 295
LLF» 313 17 296
ILF3 300 15 285
ILF4 292 10 282
I:F; 417 35 382
I:F, 408 27 381
I:F; 403 25 378
I3F4 401 28 373
14F, 518 42 476
I4F> 512 35 477
I4F5 506 33 473
14F,4 491 26 465
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Table 4 Variance analysis of the effect of irrigation levels and vermicompost fertilizer on grain yield, biological
yield, water efficiency index, irrigation water efficiency and harvest index

. . . Water Irrigation Water
ANOVA df Seii \/(lllzl)d ?{lig%g%fa/lha) Productivity  Use Efficiency Irllfiaer):/?‘i[ )
: : (kg/m’) (kg/m’) i
Replication 2 8924.86" 206634.36" 0.0025" 0.0025" 11.24"
Irrigation (1) 3 3019995.32"*  1643836.52™ 0.03™ 0.02927* 29.05"
Error 1 6 9602.69 58546.68 0.001 0.0013 11.09
X?)rmlcomp"“ 3 22349228 104622531 0.035" 0.0357" 11.14
IxV 9 20561.08" 129455.31* 0.002" 0.0017"s 33.42m
Error 2 24 7954.74 24170.77 24166.8 0.0018 8.35
CV% 5.41 3.85 9.34 9.32 7.07
,ML:\GAM‘)A\chw;\c.jau‘)b‘sl’.at._\eijq**j*a‘)\del’&ﬁéns
ns: non-significant, *: significant at P<0.05, **: significant at P<0.01, respectively
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CanrgeaS (859 395 325 5l (A6 Sujelae o Shae ol
aS wbl e el cploaims lis ol s slyls slajles o
b S 0 axg LG Gﬂ oole 0939 (s Lol o Ll o
olge 1y wled oo S5 1 Gﬂ JECE I I RS e QRPN E
5 MiSu o Sgun 1) S o ol s loas eyl ‘Gﬂ
a2 ge Gl 1) LS (sl (sdie dlge g ol 4w ytwd
355 cawlin e 05,5 13 (Wesseling et al. 2019)
a4z 50 Fhe 6] wlgiee lal o5 Lulyd e JI
5 olelpS lals 0 YL (g0, 5 o ,Shee Jpa>

7000 -
®O0 ton

[ 6000 1 W5 ton
=
S0 5000 - @10 ton
&
9 W15 ton
‘o 4000 - g foef
=
= g g 8
S 3000 {1 h
)
2
o
& 2000 A

1000 -

%50

%75

S2iglgm 0 S dos -Y-Y
5 okl ol calize ol blite 5l 5 Sile dunlio b
Ot 300 LS 1925 Sfelgn o Shas jy CawgeaS 0059
Vo tonha oS5 Jles o 1S Soiglem o Slee
ol (F JS2) 0l Jols ol 5L TV e g G 09
s BB Gl egas o cAegh mll b gaed 4l
CewgeaS o0y9 955 Olyee GRl8l b Suelem o, Sdas adss
5ol T3l TN e Jolae Sl (gl gk o0 60,8
(Hirich et al. 2014) ol o oL ST 5L 70 o Lo

c be

%100 %125

Irrigation levels

1555 Seslser 3 5Los 1 Lol blite ST (eSils dglie gl -F S
Fig. 4 Results of mean comparison related to the interaction of treatments on the Quinoa biological yield

Environment and Water Engineering

Vol. 10, No. 1, 2024

[

EWE

V.Y )LQ). A D)Lo..f; AK 0)93


SAMSUNG
Typewritten text
58


AR}

l9S olS 5 ComvgaS o059 5 5okal O 31

Gl b 4 S e lo |y a5 ol (-0) S5 snalis
DIl 6 olel Ol (69000 Olime CamsgeaS say5 955 lie
ol b ol Gras ol Gl Koo Glo 4 b
b Wlg oo ame ol sl oo a3l oS g355 5 s
b S s 5 liord (S5 Gl S v
Sl Ths &S 5 o5 Gl ol a5 CusspeS )
Coxdy g SB ok S b &S [z ol olS sud,
g Sy olS Jlgoady ) g oy e oS slaydss
595 ol el sl S 5l 6 i w4 oLS 5 o
oS Fingtd ol e 3 b (b 5l (s
I3l T 5550 0 3o T 05, 0590 s il o5

.(Khosravi Shakib et al. 2019) sas

a a
()
iOS _ b F) I l
_ 0 5 10 15

Vermicompost levels (ton/ha)

y 3)
(=) (=) ()
w N

S O
—_ N

water productvity (

(=)

B0 ST (559040~ Y=Y

ol Gae al5 L oS ol e onl Silo (l-0) JS5
ol e Gl 1558 Jpame 55500 Olies 5]
sleleas Jl e o g BB aS wes o plis mls
3975155 Jpame ol ()90, 2 21 5L TVO 50+ (k]
TAYD 5 Ve v bl oyl e LS 4T > ol
Lo b Kol o adl ol Cus b g o 5L
ol sl e Topak et al. 2016) Lwg sonl cows
Oliee elel 2f Bas SRl L wisged (3138 ol Sy
Cagby GRelS 28l Gl 1S Jyame Ol g0
Ol 0gd so Sy aije ) Colun als el S5 0 04290
Ol Gras 59000 LaFli Sgup a5 a2 o olis alius
Pantani et al. ) wil o Sy ajs, ol aiwy 5l 20
2017

a
b
c c
0.2 _ I I I l
0
50 75 100 125

Irrigation levels (%)

water productvity (kg .m3 )
o
i

‘Séfa.n ui $190 5 ua>LM:J.: W%&S@”—gj G)l‘)—‘ C5""‘“ —al alise ija.w ).:‘ u.:f.»L:.‘o MLM—Q Jiw
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EXTENDED ABSTRACT

Introduction

Over the decades, humans have caused the
pollution of beaches and waters by disposing of
plastic litter in the sea and rivers. At present,
plastic pollution has been identified as an
emerging environmental problem that may affect
human health and biodiversity in the near to
medium term. Plastics enter aquatic systems from
several sources such as sanitary sewage
overflows, coastal tourism, inadequate waste
disposal and management, industrial activities,
construction, and illegal dumping, and cause
harmful ecological effects on living organisms at
all trophic levels. Plastics are classified according
to size into macroplastics (diameter larger than
2.50 cm), mesoplastics (diameter: 2.50-0.500
cm), and microplastics (diameter smaller than 5
mm). Widespread effects of beach litter have been
reported around the world. Wastes are considered
important as one of the damaging factors of
beaches with adverse impacts on the economy and
ecosystems. Therefore, indices have been
developed to measure marine debris pollution in
coastal environments, such as the Clean-Coast
Index. This index provides the possibility to grade
the pollution of the beaches. Since there is no
published study on plastic pollution in coastal
sediments of Iranian rivers, this study was
conducted to investigate the spatial distribution of
microplastics and mesoplastics, determine the
composition of plastic waste and evaluate the
cleanliness of the beaches in Zayandeh-Rud
River.

Material and Methods

From the upstream to the downstream of
Zayandeh-Rud River, 21 stations were sampled
during the summer season of 2020 based on land
use, the degree of industrialization and
urbanization around the river, distance and
proximity to various sources of pollutants, the
presence of the tourism industry, and ease of
access to the river. To investigate plastic litter at
each sampling station, a plot of 2 x 2 m? was
selected (the plot size was selected according to
field observations and regional conditions). All
visible plastic litter on the surface of each plot was
collected and photographed. Finally, to classify
the plastic into meso or macroplastic, the diameter
of each particle was measured. Then all these
particles were weighed and classified according
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to the type of plastic (line, film, hard, and foam).
In this study, the CCI index was used to show the
cleanliness of the studied beaches. CCI for
beaches was calculated according to Eq. 1. In this
index, the density of plastic litter is determined
based on the number per m* by applying a fixed
value (K=20). According to the CCI scale,
beaches are classified from "clean" to "very
dirty", 0-2 is very clean, 2-5 is clean, 5-10 is fairly
clean, 10-20 is dirty, and more than 20 is very
dirty.

Y. Plastic Litter

¢Cr= Length(m)xWidth(m)

(M

Results

The average abundance of plastic litter 2.8
macroplastics and 1.4 mesoplastics (item/m?)
collected from the beaches of Zayandeh-Rud is
more than the Caribbean beaches (0.910 + 0.500
items /m?), the beaches of Alicante, Spain (0.120
items /m?) and the Silveria coast. Brazil (2 items
/m?) was obtained. The results of the abundance
of plastic litter for all the studied stations are also
considerably higher than the global average (1
item /m2). Based on the comparison with the
studies, it can be concluded that the beaches of the
Zayandeh-Rud River are considerably polluted
with plastics. The evaluation of macro and
mesoplastics identified in this study showed that
land resources such as waste disposal and tourism
in the region are essential and the main factors of
plastic litter in the region. Based on the results of
the mean comparison test, the highest and lowest
number of macroplastics were identified in
stations 13 (22 particles) and stations 4 and 18 (4
particles), respectively. The low pollution of these
stations can be related to the low population
density and the presence of agriculture and
gardening around them. Considering that Station
13 (Bagh Bahadoran) has historical and
recreational attractions, the high amount of large
plastic litter in this area is not far from expected.
The highest number of mesoplastics in the
samples was observed at station 15 (26 particles).
Station 15 is close to the residential area, which is
therefore exposed to a lot of litter due to the
concentration of the population. On average, 11.1
+ 6.04 macroplastics and 5.54 & 7.30 mesoplastics
were identified with an average weight of 65.8
and 0.462 grams, respectively. The highest macro
and meso weight were related to station 6 (222 g)
and 20 (3.06 g), respectively, and the lowest
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macro (1.33 g) was related to station 21 (Shakh
Kenar). On the edge of Zayandeh-Rud dam Lake
(station 6), Chadegan tourist village is located,
which can be attributed to the high mass of
plastics in this area due to tourism activities, while
the low amount of plastic litter in Shakh Kenar
station can be attributed to factors such as long
distance from population centers and tourism
activities. The abundance of macro and
mesoplastics in the region was classified into
different types of film, line, hard, and foam in
terms of shape (Table 1). As shown in Table 1,
hard and film had higher repetition and foam had
the lowest repetition. Leaving litter such as drink
bottles, food packaging, bags, and disposable

containers by tourists into the water and the
shores of the Zaindeh-Rud River can be the origin
of the high presence of macro and mesoplastics,
hard and films. Among all registered polymers,
bags (polyethylene) were more than other
polymers. On the other hand, bottles (PET) were
the heaviest group of plastics (Table 1). Based on
the CCI scale, 52.4% were classified as clean,
28.6% as very clean, and 14.3% as fairly clean,
and only station 15 was placed in the dirty class.
Although the abundance of plastic litter on the
beaches of Zayandeh-Rud is considerably higher
than the world average based on the CCI, they are
not classified as dirty.

Table 2 Characteristics of found plastics on the coast of Zayandeh-Rud river based on type, number, weight and

polymer

Plastic Debris Type Number of Items Weight (g) Polymer

Bags Film 109 181 PE

Packing Film 76 235 PP, PS

Hard Food Container Hard 70 258 PS, PET

Foam Food Containers Foam 7 12.5 EPS

Drink Bottles Hard 15 419 PET

Fish Lines Line 10 17.4 Nylon

Others Others 18 266 PVC, SAN

Total 305 1389 8
Conclusions activities are necessary to prevent or reduce

Collected plastics were determined as 58.25%
macroplastics and 18% as mesoplastics. The
presence of plastic items, such as food packaging,
bottles, and bags, indicates the predominance of
household waste over industrial waste. According
to the CCl index, all the beaches except station 15
were classified in the clean range. Despite the
cleanness of the beaches, improving solid waste
management, supporting public awareness
programs, and carrying out beach cleaning

Environment and Water Engineering

plastic litter pollution.
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Table 1 Abundance of macro and mesoplastic in sediments

Macroplastics Mesoplastics
Stations Number  Size range (cm) weight (g) Number  Size range (cm) weight (g)

1 5 53-6.30 71.5 - - -

2 6 48-3.10 15.2 - - -
3 9 38.5-4.50 48.8 1 2 0.010

4 4 32-14.4 12.9 - - -

5 15 59.5-3.30 129 - - -

6 13 32.7-3 222 - - -
7 21 106-3 94.4 1 0.500 2.04

8 20 44-5 112 - - -
9 8 98-3 383 1 1.80 0.001

10 11 43-3 69.14 - - -
11 7 11-8 24.62 12 1.50-0.500 0.012
12 10 150-3 44.77 1 0.600 0.001
13 22 41-3 184 3 2.50-2 2.51
14 19 52-3 4 2.50-0.500 0.029
15 18 35-3 25.5 26 2.50-0.500 0.091
16 13 44-3 40.9 2 2.50-0.800 0.013
17 12 150-3 66.1 6 2.50-0.800 0.038

18 4 20-3.50 9.47 - - -
19 7 31-8 54.6 12 1.90-0.500 0.042
20 5 26.5-4.50 13.2 2 2.50-2 3.06
21 11-6.50 1.33 1 2.50 1.85
Sum 233 - 1380 72 - 9.70
Min 4 - 1.33 1 - 0.001
Max 22 - 222 26 - 3.06
Mean 11.1 - 65.8 5.54 - 0.462
Std.Deviation 6.04 - 58.2 7.30 - 0.969
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Table 3 Test of homogeneity of variances

Levene P-
Statistic dfl df2 value
Size 3.003 20 284 .000
weight 3.111 20 284 .000
Welch
Statistic dfl df2 Sig.
Size 5.215 20 60.959 .000
Weight 2.573 20 62.892 .002

ColSiny] aen oy Sl cleally s wbs
Sz oaln 31 s oz 5B sy 30 anlaes s
Galgani et ) ool oads (5,155 ol M? )5 axkad G a5
aonS Olsi s ys5 e Slalllas b anulie Lol s (al. 2015
O AP B Fodl sgjeanly Jolgw &5 88
lsl,8 Sarafraz et al. (2016) «)l,] ;o .o,k LoeSowdly
9035 (owyp |y lisyan o oo sleall; S5
sloally 18 Gl G Joree ) X805 slacollas
o dndllae (pl 0505 eMlel dalllas o, g0 dilaie )0 ouiiadgs
30 G00,5 g Al ads wiile ey mbe a5 oy ol
5 Saidly sloally 535 (Lol 5 e Jelse 51 ailaso
Jeyasanta et (2020) asllas ;o gaog0 (pl sl ddlaie

Cowlodds _x,..b 3 Blaskovic et al. 2017) 4al.

Elgla JS bl 5l ddlate ;0 SLiwdly 950 99,50 Slol 3

Environment and Water Engineering

oK o svmlice axlad Y7 L VO o] 59 LCML»}M 59
Jdo g ames o a5 cnl SeSuns dihaie 4 SGoy VO
255 50 8 63k el (b yme 5o (lumaz 35 03

loosls adley () yolaie 4 Shgmgymld (9031 -V Jga
Table 2 Shapiro-Wilk test for normality

Stations  P-value based on P-value based on
size weight
1 0.263 0.049
2 0.355 0.240
3 0.003 0.000
4 0.525 0.134
5 0.045 0.002
6 0.038 0.010
7 0.000 0.000
8 0.000 0.000
9 0.004 0.000
10 0.329 0.001
11 0.000 0.000
12 0.000 0.000
13 0.000 0.000
14 0.099 0.000
15 0.000 0.000
16 0.000 0.000
17 0.000 0.000
18 0.473 0.992
19 0.000 0.000
20 0.356 0.753
21 0.833 0.043
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Table 4 Characteristics of plastics on the coast of Zayandeh-Rud river based on type, number, weight and

polymer
Plastic debris Type Number of items Weight (g) Polymer
Bags Film 109 181 PE
packing Film 76 235 PP, PS
Hard food container Hard 70 258 PS, PET
Foam food containers Foam 7 12.5 EPS
Drink bottles Hard 15 419 PET
Fish lines Line 10 17.4 Nylon
Others Others 18 266 PVC, SAN
Total 305 1389 8
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Fig. 2 Abundance of macro and mesoplastic in the sediment samples of the study area based on color
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Table 5 Clean-coast index for each station

Stations CCI Classification
1 1.25 cv
2 1.50 cv
3 2.50 C
4 cv
5 3.75 C
6 3.25 C
7 5.50 MC
8 C
9 2.25 C
10 2.75 C
11 4.75 C
12 2.75 C
13 6.25 MC
14 5.75 MC
15 11 D
16 3.75 C
17 4.50 C
18 [0\
19 4.75 C
20 1.75 CVv
21 1.25 (A

very clean (VC), clean (C), moderately clean (MC), dirty (D), extremely dirty (ED)

Environment and Water Engineering

Ol owdige 5 S jlanme

Vol. 10, No. 1, 2024

[

EWE

VEY L o) ojlads o)

0,99


SAMSUNG
Typewritten text
73


\A

VEF e g e

Wl gandinb 228 LS g jaed odgaze ;0 CCT ulie
oy alize gla iagh mlo (Sajorne et al. 2021)
dnlie g Conl atnly (5)l0 paigas (gl ooliiuls g0 by, 4
ol 5o (Filella 2015) wis’ o s bis |, Slallas
5e3 bt 03905 ;3 CCT ulide (olusl p Jolges Shme3y
28 15 S Al )5 V0 oSl S 5 e L
@ 99,000y Jolow (Sl sladlly Slols a5 wix 2
bl Jg e Gl eSiles 51 VL 2 BB 5k

5 b B S i 5 S ol asl

CCI psLls gl -y-v
5o Lo g TVEIY 5 508 Sl J>lg 7 YAIP
Sldlas b iaghy ol mls (0 Jsiz) ob gonail
wlie 0l anglie (7) Jouzr ;o S0 Jolsw )0 oadplox]
s Loizi et al. (2021) oldlas J>low o ipgy oyl
sk 5 jeed aib o 55 4 Nachite et al. (2019)
ool el S g a5 (G500 i8S I8 e

ol b plo Jolgw jo Sb Jobo (a3ld (e dmlie -7 Jguo
Table 6 Comparison of the Clean-Coast Index in the beaches of other parts of the world

Area — beach name Country CCI CCI description Reference
San Manuel Philippines 16.7 D
San Miguel Philippines 45.8 ED .
Bacungan Philippines 5 C Sajorne et al. (2021)
Inagawan Philippines 111 ED
El Salvador City Philippines 2.27 C Kalnasa et al. (2019)
Bulua Philippines 333 ED .
Macabalan Philippines 933 ED Esquinas et al. (2020)
Talsari India 14.8 D Mugilarasan et al
New Digha India 32.1 ED P 051) :
Sankarpur India 7.70 MC
Paralimni Cyprus 0.900-2.60 C Loizia et al. (2021)
Centro Brazil 12.6 D
Meia Praia Brazil 34.8 ED
Silveria Brazil 1 VC Marin et al. (2019)
Taquarinhas Brazil 4 C
Vermelha Brazil 71.8 ED
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EXTENDED ABSTRACT

Introduction

Flood is a major natural phenomenon, prevalent
with an extremely large impact on social-
ecological systems due to human interventions in
nature. Flood is a common phenomenon not only
to low-lying or adjacent to rivers areas, but also to
mountainous  plateaus. Worldwide floods
especially during the last decades has been
extremely severe, and record significant high rates
which means the intensity of flood are increasing
due to extreme weather events and climate
change. Consequently, this kind of natural
phenomenon is critical to be controlled through
proper management. According to climate
change, the mean precipitation is projected to
become more severe in the future which causes
river floods, flash floods, urban floods, coastal and
sewer flooding, hence findings and assessing of
utmost rainfall events could be beneficial in terms
of flood management. Floods have affected the
geo-environment through the transportation of
chemicals wastes, which have this ability to
contaminate surface and subsurface waters as well
as agricultural lands. The current understanding is
that floods are naturally occurring incidents and
hence cannot be entirely prevented. Many Asian
countries including Iran are heavily affected by
floods in recent decades and were the site of the
life-threatening natural disaster. In recent years,
extreme rainfall events and as a result of ongoing
urbanization and accelerated climate change as
particular concern which may lead to more
frequent and severe rainfall events, urban areas
around the world have experienced several floods
especially in the Kurdistan province, Iran. Thus,
the identification and developing reliable and
efficient tools to identify flood-vulnerable areas is
vital for  comprehensive flood  zoning
management. Due to the importance of this issue,
the main aim of this study was to identify the
flood-prone zones in Kurdistan province, Iran.

Material and Methods

The present work introduces a local scale flood
potential zonation assessment methodology, using
multi-criteria analysis and analytical hierarchy
process (AHP) techniques in a GIS environment,
which mainly focuses on flood-prone zones in
Kurdistan province. Many studies have been
conducted to identify the main factors
contributing to the severity of floods. A variety of

Environment and Water Engineering

techniques can be used to incorporate different
criteria into an integrated tool for both flood
prediction and mitigation, depending on the
availability of data. Fig.1 illustrates the stage of
the current research. In this study, the geological
and hydrological features of the province were
evaluated. In order of the most prone flooding
areas to be identified, six factors, which are
directly related to flood occurrence and
generation, were combined in a GIS environment.
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Fig. 1 Flowchart of the stages of research

These conditioning factors involved in the present
study are: rainfall, slope, distance from rivers,
drainage density, land cover and topographic
wetness index. It is notable that for all kinds of
flood potential mapping, the digital elevation
model (DEM) is one of the principal parameters
to derive most of the conditioning factors (Fig. 2).
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Fig. 2 Digital elevation model of Kurdistan province

ol (owdige 5 S jlan

Vol. 10, No. 1, 2024

[

EWE

VFeY )Léd A o)Lo..i) AR 0,9


SAMSUNG
Typewritten text
80


A Flood Potential Zonation Using Analytic Hierarchy Process

By integrating these parameters, flood-prone
areas in the study region were mapped. The
analytical hierarchy process was used to
determine and weight each factor of flood
parameter and flood occurrences based on their
greater influence towards flooding. By overlaying
these six parameters, the final flood hazard map in
geographical information system (GIS) was
determined. All factors were resampled into a
pixel size of 30x30 m and were reclassified
through the natural break method and the final
flood-zoning map was prepared and reclassified
into five categories: Very high, High, Medium,
Low and Very low.

Results

According to the results of this study, rainfall,
slope and distance from the river have the most
important impact in the flood proneness of the
province with weights of 0.409, 0.295 and 0.134
respectively. In addition, drainage density, land
use and topographic wetness index were the next
significant criteria, respectively. Moreover, the
results show that almost most of the western areas
(northwest and west) and south of the province

were the most vulnerable and flood-prone regions
in Kurdistan province due to higher rainfall, lower
slope, and proximity to rivers. These areas were
Sagez city in Urmia basin, Divandarreh city in
Karkheh basin and parts of Sanandaj city while
the eastern parts of the province were the least
flood-prone zones mainly due to lower amount of
annual rain.
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Fig. 3 Flood potential map for Kurdistan Province,
Iran

As shown in Fig. 3, it demonstrates that historical
flood events have occurred in moderate to very
high flood hazard areas, which was consistent
with historical floods data. The percentage of
different areas prone to flooding were very low
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(0.1%), low (1.9%), medium (43%), high (52%),
and very high (3%). In addition, it is worth noting
that areas with rich vegetation such as forests are
far less likely to flood than urban areas and
agricultural lands. In addition to the mentioned
cases, most of the western and central regions that
had a higher flood potential were located in the
outlet of the watersheds limited to areas with a low
slope and close to the large and main rivers, where
rainfall was also significant in these areas.

The highest harvest index was obtained in the
irrigation treatment equal to 125% of the water
requirement of quinoa. The results showed that
the maximum seed yield (2357.5 kg/ha) and
biological yield (5415.9 kg/ha) were obtained in
the treatment with irrigation water depth equal to
100% of crop water requirement and
vermicompost fertilizer at the rate of 15 Ton/ha.
The highest water productivity (53 kg/m3) and
water use efficiency (527/527 kg/m3) were
observed at irrigation water levels.

Conclusions

The method analyzed six parameters combining
the information in rainfall, slope, distance from
river, Land use, drainage density and topographic
wetness index which rainfall and slope where the
most effective criteria, respectively and by
combining these six criteria, Urmia and Karkheh
basins were the most flood-prone areas which
were severely affected by flood in past decades.
Moreover, about 3% of highly affected areas were
located in western and central parts of the
province. Therefore, the findings of this study can
play a key role in flood potential management in
the target region; the local disaster management
authority, researchers, planners of local
government, and line agencies dealing with flood
risk management can use them. In addition,
models such as decision tress, random forest and
HEC-RAS can be used to improve the final zoning
map, basin management, development of flood
prevention and mitigation plans that may lead to a
reduction of flood impact or damage caused by
extensive precipitation.
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Table 1 Pairwise comparison scale for preferences

Importance Definition Description

9 Extremely Preferred Extremely high preference

7 Very Strongly Preferred Too much preference

5 Strongly Preferred High preference

3 Moderately Preferred Relative preference

1 Equally Preferred The two elements are equally important
2,4,6,8 Intermediate values in judgments
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Table 2 Weight calculation and pairwise comparisons of criteria

Distance

Drainage

LU/LC . Slope TWI . Rainfall
to river density

Rainfall 8.5 5.5 1 6 5 2
Drainage density 4 1 0.18 3 0.5 0.2
TWI 1 0.25 0.117 0.25 0.16 0.125
Slope 8 5 0.5 5 4 1
Distance to river 6 2 0.2 5 1 0.25
LU/LC 4 0.33 0.16 1 0.2 0.2

3Randomness Index
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Table 3 Categorization of the factors affecting flood potential

Sub-criteria

Criteria Relation Criteria weight Sub-criteria .
weight
223.2-363.6 0.040
363.6-500.6 0.068
Rainfall Direct 0.409 500.6-651.09 0.164
651.09-808.2 0.269
808.2-1075.6 0.460
0-6.3 0.515
6.3-13 0.274
Slope Indirect 0.295 13-20.7 0.115
20.7-30.1 0.060
30.1-77.6 0.037
0-2.7 0.478
Distance to . 2.7-5.9 0.288
river Indirect 0.134 5.9-9.2 0.119
9.2-13.1 0.072
13.1-22 0.043
0-0.095 0.052
Drainage . 0.095-0.231 0.076
density Direct 0.084 0.231-0.396 0.144
0.396-0.588 0.289
0.588-1.112 0.440
P res an
Fo
0.072
. Forest
Land use Direct 0.052 . 0.153
Dryland farming 0286
agricultural land O. 438
urban settlements ’
1.92-5.65 0.067
5.65-7.37 0.094
TWI Direct 0.026 7.37-9.95 0.165
9.95-13.77 0.255
13.77-26.29 0.418
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In this research work, two machine learning models including Least Squares
Support Vector Machines (LS-SVR) and Adaptive Neuro-Fuzzy Inference
System (ANFIS) were used to predict the scour depth around the bridge piers.
For this purpose, 240 data series including pier geometry, flow condition,
sediment characteristics, and some dimensional parameters were used.
Dimensional and no dimensional parameters were considered. The
performance of the models was evaluated using root mean square error
(RMSE), mean absolute percentage error (MAPE), and Nash—Sutcliffe
efficiency (NSE) criteria. The results showed that in both models, the use of
dimensional parameters for prediction leads to high prediction accuracy. The
comparison between the models also showed that the LS-SVR algorithm with
the criteria RMSE=46.84, MAPE=38.03, NSE=0.62 for the test data of the
first model and RMSE=28.62, MAPE=38.97, NSE=0.67 for the test data
results of the second pattern are more accurate than the ANFIS algorithm. This
research indicates that machine-learning models are a suitable alternative to
empirical models in predicting scour depth of bridge piers.
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10 Bioadsorption of Lead from Aqueous Media Using Algae

EXTENDED ABSTRACT

Introduction

The existence of structures with inappropriate
dimensions inevitably increases the rate of the
scouring process around the bridge piers and the
flow area. The scour depth around the bridge pier
plays a crucial role in the safety and operation of
bridges as one of the transportation
infrastructures. The construction of a bridge over
a river changes the flow pattern. So far, several
methods have been proposed to predict scour
depth. The application of empirical methods is the
most common method of calculating the scour
depth. Empirical methods are not accurate enough
to predict the dimensions of the scour hole.
Because these methods do not take into account
the effect of all effective parameters on the scour
phenomenon. Therefore, the main objective of
this research is to predict scour depth using the
LS-SVR model, which can be used as an
alternative to empirical methods. For this purpose,
laboratory data were used. Since a wide range of
dimensional and dimensionless parameters are
effective in estimating scour depth, in this
research, two methods were considered in
different input patterns. In the first input pattern,
dimensionless parameters and in the second
pattern, dimensional parameters were used and the
results were compared.

Material and Methods

To predict the scour depth around the bridge piers
using machine-learning models, the data used by
previous researchers were used. The statistical
analysis of the applied data set is given in Table 1.
In Table 1, D is the diameter of the bridge pier, U
is the flow velocity, Uc is the sediment critical
velocity, L is the length of the pier, Y is the depth
of the flow, and d50 is the sediment grain size, of
which 50% of the bed material is finer by weight.
According to Table 1, the maximum and
minimum equivalent scour depths are 440 and 10
mm, respectively.

Table 1 Statistical characteristics of the used

parameters

Parameters Max Min Average St.D
dse (mm) 440 10 127.09 75.3
dso (mm) 7.8 0.24 1.6 1.42

D (m) 1000 10 148.46 160.77
U (m/s) 12.546  0.17 0.53 0.86
Uc (m/s) 1.88 0.194 0.59 0.413
Y (mm) 600 0.15 173.9 127.75

Environment and Water Engineering

According to the materials and methods, first, the
data were analyzed for homogeneity. Then the
data were used for modeling through two different
patterns. In the first pattern, dimensionless
parameters including shields number, critical
shields number, the ratio of flow depth to average
particle size, the ratio of washing water depth to
average depth, and the ratio of flow velocity to
critical flow velocity were considered. In the
second pattern, dimensional parameters including
bridge pier diameter, flow velocity, sediment
critical velocity, flow depth, and average particle
size were considered. In both cases, the output
parameter of scouring depth is in mm. About 70%
of the data was considered for training the models,
and 30% of the data was considered for testing the
models. Both patterns were implemented by two
machine learning models, LS-SVR and ANFIS.
At first, the models were validated using the
training data. Statistical tests were used to check
the accuracy of the models. The process of
training and testing the models continued until the
desired results were achieved. The estimation of
the scour depth was achieved while the results of
both sets of data (training and test) were
acceptable using error evaluation criteria.

Results

The primary results by two machine-learning
models, LS-SVR and ANFIS were evaluated
using error evaluation criteria for both cases. The
results are presented in Table 2. According to this
table, it is clear that the performance of the second
pattern in estimating scour depth is better than the
first pattern. In addition, the results show that the
performance of the LSSVR model is better than
ANFIS. Moreover, for the dimensionless pattern
using the LSSVR model, the error evaluation
criteria of MAPE, RMSE, and NSE in the test data
are 38.03 mm, 46.84 mm, and 0.62 mm,
respectively. While these values for the ANFIS
model are 50.38 mm, 61.89 mm, and 0.29 mm,
respectively. For dimensional pattern using the
LSSVR model, the error evaluation criteria of
MAPE, RMSE, and NSE in the test data are 38.97
mm, 28.62 mm, and 0.67 mm, respectively, which
is more accurate than the first pattern. Therefore,
it can be concluded that the dimensional pattern
has Dbetter estimation accuracy than the
dimensionless pattern. Moreover, the
performance of the LS-SVR model has better
estimation accuracy than the ANFIS model.
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Table 2 Error evaluation criteria for training and test data

Input Pattern ~ Model MAPE RMSE NSE
Parameters Training Test Training Test Training Test
Dimensionless LS-SVR 25.71 38.03 34.65 46.84 0.79 0.62
ANFIS 36.9 50.38 52.38 61.89 0.52 0.29
Dimensional LS-SVR 20.21 38.97 32.65 28.62 0.81 0.67
ANFIS 32.13 38.72 43.44 49.45 0.66 0.47

The comparison of the performance of two models
was done using Taylor's diagram (Fig. 1). For both
applied models, the correlation coefficient
between all the data is between 0.8 - 0.9. This
value is slightly higher for the LS-SVR model
than the ANFIS model. Therefore, in this pattern,
the LS-SVR model is more accurate than the
ANFIS model in estimating the scour depth. In
Fig.1b for the dimensionless parameters, the
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Fig. 1 Taylor diagram for input patterns:

Conclusions

In the present research, the scour depth around the
bridge piers was predicted using two smart
models, ANFIS and LS-SVR. For this purpose,
the parameter values affecting the scour depth
including flow velocity, critical velocity, flow
depth, the average diameter of grain, and the
diameter of the bridge pier, were extracted from
previous experimental research. Two input
patterns including dimensionless and dimensional
parameters were compiled. The total number of
data used was 240 samples, 70% of which were
used for training and the remaining data were
considered as test data. The most important results
of this research can be expressed as follows:

1. In the ANFIS model, Gaussian membership
function and first-order linear function were
elected as the most appropriate fuzzy

Environment and Water Engineering

correlation coefficient for the LS-SVR model is
around 0.85, but this value is around 0.65 for the
ANFIS model. In addition, the RMSD value for
LS-SVR and ANFIS models are 40 and 60 mm,
respectively. Despite the lower accuracy of the
two models in this dimensionless pattern, the
accuracy of the LS-SVR model is higher than the
ANFIS model in estimating the scour depth.
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a) dimensional and b) dimensionless

membership function and the best type of
output function, respectively.

2. The results of this research showed that the
accuracy of both models in estimating the
scour depth around the bridge piers increases
using the dimensional parameters.

3. The LS-SVR model is more accurate than the
ANFIS model in predicting the scour depth
around the bridge piers for the used data.
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Table 1 Statistical characteristics of the used

parameters

Parameters Max Min Average St.D

dse (mm) 440 10 127.09 753

dso (mm) 7.8 0.24 1.6 1.42

D (m) 1000 10 148.46 160.77
U (m/s) 12.546  0.17 0.53 0.86

Uc (m/s) 1.88 0.194  0.59 0.413

Y (mm) 600 0.15 173.9 127.75
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Initial FIS for training Genlfis3
The type of Gaussian
membership functions

ANFIS The membership Linear
function of output
Optimization method Hybrid

Number of fuzzy rules 10
The maximum number 2000
of epochs

oo ool gl g b Juo duslio —Y-Y

ln e 35kat gy sl 5 55 b ity o5 jsbles
sne byl Jol o8 b ool (5395 595! 9o
jabed Galed sae el ler Jold 57 ad o Jul |,
Gos Cumd D oaly S8 4 by Bes o oSl
S @boyiall Jold pgd oSl gy aply ylad ey (S|
s Sl Gos ez gl wm il ol 5l oS
Wbz Goe sl 5l hegs (ol yo 45 ab eslil
el b eslaiul s S13 S g aly S b ey
9 bawgi 5 Xl 5o o s b)) slo)bre g0 oy
«5 as by, ANFIS 5 LS-SVR oile (6 ,usl oo
Gl azie Jguz cpl Gillae .l ool &3L,1 () Jgao )0
3 e Sl Gos (a3 50 p 658| 0)Shes &5
o, les a5 20 oo i s yuioren .l 0350 Jol (593!
3 4S5, 5bas (il 054 oy ANFIS & ¢ LSSVR
s RMSE MAPE lbs b)) sbojbre amsr 555
2lp ey 4 LSSVR Jas 0 5 o905 slaesls ;o NSE
ol a5 Il o ool s3gy +/PY MM 5 £/ AY YA/-Y
AN D IYA ol o5 5 & ANFIS lacols sl polie

Environment and Water Engineering

=k

K(x, ) =exp(— - ) @)

B 2l J sl el aly 55 a5l Gl ol o
adoslaiwl (A) aasly S Jas 8 e )5

s 31 sl lame —F-

5 oSl i gl 2l Glo)lre LagSIl Sb551 sl
Syge 4 (RMSE) oads Jbo i Slaspe (55l jd (sllas
&y3e 4 (MAPE) s lhae (oSl aops o()+) day,
alayl, &30 4 (NSE) Sl — i i 5 (1)) b,
Jio 4 MAPE s RMSE lsis iz o .adoolicl (1Y)
S sl 505 Ko 4 NSE cupb 5 azily 5y
.Mobayen et al. 2023) cel yigo s s 100 Jow

" (x,-x, !
RMSE=,’%M )

n |Yo=p
MAPE = = 1y 700 o)
n 2
NSE:l—M an
n —\2
2 %)
5 8ly ooy Jlade sy a4 Xp g Xo oS

S 00 jlds

s g asdly Y

30 O § Cannl 00 oo)ji o Jow gl laml jisa ol jo
Lol 4185 50 0] Caws 0 S (59, Eou asldl
LS-SVR s Juwo o oo oslasuw! sl yol yly —V-¥
ANFIS 4

FroeebS a5l eslituly e sladus 5l o e
&lgyd oo (ol (ooelais polie aril oo 395 slayielil
2 bdae e 3 Sles cage 5 JooSS 1) S Sl
solie g ANFIS Jowo coslie [Lole aisd oo (sominm
Ol 08 e Jae Gajgel g T sl sl )y sl anee
&b gz Gillae abl o ovalin LB (V) Joaz jo polie
bl 5l cogae @b el (owsS Cuglae
5 oat oolitul 585w 556 g5 51 ANFIS 5 o5 bl

'Radial basis kernel function
Ol owdige 5 S jlanee

Vol. 10, No. 1, 2024

1

EWE

V.Y )LQJ. A O)LQ..':: AK 0,99


SAMSUNG
Typewritten text
102


VoY

L] Goe (yods ;0 LS-SVR Jow o Shes

O ,las fuizmen ol a0 6N A Gl (55 eSS
ANFIS & cocs (5 540 opmess <80 6lls LS-SVR . Jaw
Al oo

bl sl loe oo b 6ol o el 00gy < /YA mm 4
13 3 o3yl seesls ;o NSE g RMSE MAPE (slls
SISV mm 5 YAPY YARY il s 4 LSSVR Jas
AL s Gyl Jol (6651 4 s a5 sl o] s @

opeil 5 Uhisel leosls sl Uas bl sla b =Y Jouxr

Table 3 Error evaluation criteria for training and test data

Input Pattern ~ Model MAPE RMSE NSE
Parameters Training Test Training Test Training Test
Dimensionless LS-SVR 25.71 38.03 34.65 46.84 0.79 0.62
ANFIS 36.9 50.38 52.38 61.89 0.52 0.29
With LS-SVR 20.21 38.97 32.65 28.62 0.81 0.67
Dimension ANFIS 32.13 38.72 43.44 49.45 0.66 0.47
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This research was conducted to investigate the effect of planting densities on
some morphophysiological characteristics of sports turfgrass under low water
stress conditions. The experiment was carried out in the form of split plots,
based on a randomized complete block design with three replications.
Treatments included low water stress at three levels of 90 (control), 60 and
30% of field capacity (FC), and planting density of 20, 30, and 40 g seed/m>.
Seeds were planted according to the desired densities in plots measuring 2x3
m?. Two months after planting, low water stress was applied for three weeks.
The results showed that the treatments had a significant effect on the evaluated
traits. The highest fresh and dry weight of the aerial part, leaf length, and total
chlorophyll content was observed in 90% FC and the density of 20 g seed/m?
treatment. The highest root fresh and dry weight, root volume, and total
carbohydrates were obtained in 30% FC and density of 20 g seed/m? treatment.
Moreover, the highest proline content was in 30% FC and density of 40 g
seed/m? treatment. According to the results, the planting density of 20 g
seed/m? and 90% FC had a more favorable effect on the vegetative and
physiological indicators of sport turfgrass.
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EXTENDED ABSTRACT

Introduction

The grass is one of the primary and necessary
elements of green cover in most gardens and parks
and the field of green space designs. In the current
situation, one of the main problems in maintaining
lawns and developing green space is the need for
more available water sources and the workforce
cost for daily irrigation. Low water stress reduces
the photosynthetic capacity by decreasing the
synthesis of ribulose biphosphate enzyme,
reducing the activity of Rubisco, and preventing
plant growth by closing the stomata. It also causes
an increase in reactive oxygen species and as a
result, the occurrence of oxidative stress in the
plant, which leads to the damage of proteins,
lipids, carbohydrates, and nucleic acids. Plant
density is a critical factor affecting the quantity
and quality of plants. The optimal seed planting
density per unit area is essential to balance plant
and soil moisture. Increasing the plant density too
much causes the soil moisture to be drained and as
a result, the plant faces a lack of water and its
performance decreases. As a result, the desired
density per unit area in addition to the optimal use
of environmental resources such as air, light, and
soil to the extent, can also reduce the harmful
effects of drought stress. This research was carried
out to determine the appropriate planting density
to improve sports turfgrass's growth indicators
and physiological characteristics under water
stress conditions.

Material and Methods
To investigate the effect of planting density (20,
30 and 40 g Seed/m?) and low water stress (90

(control), 30 and 60% field capacity) on growth
indicators and physiological characteristics of
sport turfgrass. The split plots experiment was
carried out as a randomized complete block design
with three replications. The seeds were sown in
April in plots measuring 3x2 m?, and irrigation
was done regularly until they were fully
established. After about two months, the stress
treatments were applied for three weeks by weight
method. To determine field capacity, first, some
of the pots were randomly selected, saturated with
water, and left for the water to drain out from the
bottom. The weight of each pot was measured
regularly until a stable value was reached. Then,
the soil samples were removed to record their
fresh weight (WW) and dry weight (DW) after
placing them in an oven at 72°C for 24 hours.
Thus, the FC value was obtained: FC= (WW-
DW/DW) x 100. The traits include the fresh and
dry weight of the aerial part and root, root volume,
leaf length, total chlorophyll, total carbohydrate
and proline were measured.

Results

The results showed that the highest fresh and dry
weight of the aerial parts in the treatment of 90%
field capacity (control) and the density of 20 g
Seed/m? (3.75-4.6 g) and the lowest fresh and dry
weight of the aerial parts was obtained in 30%
field capacity and density g Seed/m* 40 (2.8-2.18
g) treatment. The highest fresh and dry weight of
the root was also in the treatment of 30% field
capacity and density of 20 g Seed/m? (1.70-1/86
g) and the lowest fresh and dry weight of the root
was in 90% field capacity and density of 40 g
Seed/m? (0.76-0.70 g) treatment.

Table 1 The effect of low water stress and planting density on growth indicators of sport turfgrass

. Root Leaf
Field Capacity (%) Plagt dg‘/‘sﬁy (g SEW SDW RFW RDW Volume Length
eed /m?) (g (8) (g (8) (ml) (mm)
20 4.6* 3.75% 0.93f 0.84f 7.94 7.7%
90 (Control) 30 4.3b 3.58P 0.90f 0.82f 7.94 7.5%
40 4.2¢ 3.42¢ 0.76¢ 0.70¢ 7.7¢ 6.9°
20 4.1¢ 3.214 1.63% 1.52° 8.6° 6.8%¢
60 30 3.84 3.15¢ 1.36¢ 1.23¢ 8.3¢ 6.3¢
40 3.4¢ 3.11¢ 0.96¢ 0.87¢ 7.94 6.7%
20 3.4¢ 2.85° 1.86% 1.70? 8.8% 6.5¢
30 30 3.1f 2.52g 1.43% 1.30¢ 8.4b¢ 6.1¢
40 2.8¢ 2.18" 1.06¢ 0.90¢ 8.04 5.6°

The same letters indicate no significant difference at the level of P<0.05; SFW: Shoot fresh weigth, SDW: Shoot dry weight,

RFW: Root fresh weight; RDW: Root dry weight
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The maximum leaf length was also (7.7 mm) in
the treatment of 90% field capacity and density of
20 g Seed/m? which was not significantly
different from the treatment of 90% field capacity
and density of 30 g Seed/m?, and the lowest leaf
length (5.6 mm) was in 30% field capacity and
40g seed/m? treatment (Table 1). The highest total
chlorophyll with 18.8 mg/g FW was in the
treatment of 90% field capacity and density of 20
g Seed/m? and the lowest with 16.5 mg/g FW was
in the treatment of 30% field capacity and density
of 20 g Seed/m?, the treatment of 30% field
capacity and density of 30 g Seed/m? had no
significant difference. In addition, the highest
total carbohydrate (1.2 mg/g FW) was in the
treatment of 30% field capacity and density of 20
g Seed/m? and the lowest (0.75 mg/g FW) was
obtained in the treatment 90% field capacity and
the density of 40 g seed/m?. The highest and
lowest proline content was obtained with 0.76 and
0.52 mg/g FW, respectively, in the treatment of
30% field capacity and 40 g Seed/m?* density and
90% field capacity treatment and 20 g Seed/m?
density (Fig. 1).

—_
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Fig. 1 The effect of low water stress and planting
density on: a) total chlorophyll, b) carbohydrate and
c)proline content of sport turfgrass

Conclusions

According to the importance of the issue of
dehydration and the selection of appropriate
planting density, increasing the low water stress
and planting density caused a decrease in
morphophysiological and biochemical traits in
sports grass. Thus, the planting density of 20 g
Seed/m? and irrigation at the level of 90% field
capacity had a favorable effect on the vegetative
and physiological indicators of sports turfgrass.

Data Availability
The data obtained from the experiments in this
study are presented in the paper.
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Table 2 The effect of low water stress and planting density on growth indicators of sport turfgrass

Shoot

Shoot Root Root

. Root Leaf
Field capacity (%) (g Plant de? sity fre':sh d'ry fr?Sh d.ry volume  length
Seed /m*) weight weight weight weight (ml) (mm)

(2 (2 €3] (2

20 4.6* 3.75% 0.93f 0.84f 7.9¢4 7.7%

90 (Control) 30 4.3b 3.58P 0.90f 0.82f 7.9¢4 7.5%

40 4.2¢ 3.42¢ 0.76¢ 0.70¢ 7.7¢ 6.9°

20 4.1¢ 3.21¢ 1.63° 1.52% 8.6 6.8%

60 30 3.8¢ 3.15¢ 1.36¢ 1.234 8.3¢ 6.34

40 3.4¢ 3.11¢ 0.96¢ 0.87¢ 7.94 6.7%

20 3.4¢ 2.85f 1.86* 1.70? 8.82 6.5¢

30 30 3.1f 2.52¢g 1.43b 1.30¢ 8.4 6.14

40 2.8¢ 2.18" 1.064 0.90¢ 8.0¢ 5.6°
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Table 3 Physicochemical characteristics of research soil

Soil Clay Silt Sand O;grizf Nitrogen phosphorus  Potassium  pH EC
Texture (%) (%)  (0) %) %) (ppm) (ppm) (1:1) (dS/m)

Loam 16 40 44 0.75 0.1 14.4 198.4 7.36 1.33
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Fig. 2 The effect of low water stress and planting
density on total carbohydrate content of sport
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Fig. 1 The effect of low water stress and planting
density on total chlorophyll content of sport turfgrass
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One of the significant issues in hydraulic engineering is reducing erosion in
rivers by using groynes to preserve soil. The purpose of this study is to
investigate numerically the groynes' presence on the sedimentary flow
parameters using FLOW-3D software. For this purpose, groynes were
examined at angles 30°, 60°, and 90° under 10 scenarios in various discharge
and hydraulic conditions. Here, the mesh block with dimensions of 5 mm was
chosen as the optimal mesh block for simulating models. In addition, Large
Eddy Simulation (LES) turbulence model was used for simulations. In the
scenarios where two blades are used scouring is observed in the first blade,
while the sedimentation phenomenon was observed in the groyne after the first
groyne in the direction of the flow. In the two blades with a distance of 0.60
m from each other, 48 mm erosion occurred. The highest amount of scour is
related to the arched groyne (LLeft-Q285) with 45 mm. Discharges have an
increased effect on scouring, so by comparing the scenarios with one groyne
(I-Q285, 1-Q200, and 1-Q350), the lowest amount is with the value of 5.5mm
corresponding to 1-Q200. The insufficient erosion in the angled groynes
corresponds to the smaller angle scenario.
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EXTENDED ABSTRACT

Introduction

The spreading of the river water to the sides of the
river and the washing of the walls inward causes
the water to expand on the river's surface. It
destroys the walls and wastes of river water. In
addition, the depth of the river decreases. This
issue leads to problems such as the loss of aquatic
life and disturbance in the movement of floating
vehicles on the river and causing damage to
devices such as turbines. This issue is especially
significant in low-water seasons and dry areas.
This problem can be compensated and prevented
by some structures. The groynes structures are
used to deepen rivers and prevent the destruction
of riverbanks, which is sometimes dangerous in
sensitive  areas. Groynes are structures
perpendicular to the river wall that reduce the flow
velocity depending on their type and placement
angle. On the other hand, these structures direct
the flow to the inside of the river. Since the lands
around the rivers have special agricultural
importance, the restoration of these lands by
preventing water from advancing to the sides due
to the destruction of the walls is another reason for
using groynes. In the current research, the factors
affecting scouring around the groyne structure in
submerged conditions were investigated so that
the performance of different types of groynes
according to various geometric and hydraulic
conditions would be discussed and examined
more closely. For this purpose, in this research,
using the FLOW-3D numerical model, various
types of blade groynes have been modeled under
different scenarios in single and double modes at
different angles and positions in the flow path

with var hydraulic and geometric characteristics
in order to improve the efficiency of groynes.

Material and Methods

To select the optimal mesh, simulations were first
performed with large mesh dimensions; then in
the next steps, simulations were performed with
smaller mesh dimensions than the previous step in
order to obtain acceptable results. Here, the
optimal mesh was selected by performing
simulation in 5 modes, with different mesh
dimensions. Since in the mesh with the
dimensions of 4.5 and 5 mm, the simulation
results were very close to each other and had
similar results in the wvelocity contours and
sedimentation rate; therefore, the mesh with the
dimensions of 5 mm was chosen for the
simulation of other models. In selecting the
boundary conditions, the volume flow rate has
been used for the inlet and the outflow condition
has been selected at the end of the channel. Also,
for the walls and bottom, and upper surface, wall
and symmetry boundary conditions are chosen,
respectively. In this research, the LES turbulence
model was chosen for the simulations. Among the
reasons for choosing this model, we can mention
things such as reliability in answering various
problems, accurate solution of equations, and high
accuracy in showing details of the flow and
review of previous studies. In the definition of the
initial conditions, the pressure distribution is
defined as hydrostatic. A duration of 500 s was
considered for the simulation. The research was
investigated in the discharges of 20, 28.5 and 35
I/s with 10 scenarios. In addition, the sediment
properties of sand were with a diameter of 0.001
m, density of 2650 kg/m3 and thicknesses of 0.06
m (Table 1).

Table 1 The examined scenarios

No. Scenario Name Geometric Conditions Q (I/s)
1 T-Q285 1 T-shaped groyne 28.5
2 1-Q285 1 I-shaped groyne 28.5
3 LRight-Q285 1 L-shaped groyne 28.5
4 LLeft-Q285 1 L-shaped groyne 28.5
5 130-Q285 1 I-shaped groyne with an angle of 30° 28.5
6 160-Q285 1 I-shaped groyne with an angle of 60° 28.5
7 DI80-Q285 it}ll-esraped groynes with a distance of 0.80 m from each 28.5
3 DI60-Q285 2 I-shaped groynes with a distance of 0.60 m from each 28.5
other

9 1-Q200 1 I-shaped groyne 20
10 1-Q350 1 I-shaped groyne 35
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Results

In Table (2) by examining the results obtained
from the modeled scenarios, the highest scouring
is related to the single scenario with arc mode
(LLeft-Q285) by 45 mm. It shows the effect of the
operation of opposite blades in the flow direction.
In other words, if the shape of the blade is not in
accordance with the direction of the flow, more
erosion will occur in its vicinity. By comparing I-
Q285, DI60-Q285, and DIS0-Q285 scenarios, we
can see the highest scour rate for DI60-Q285 and
then the DI80-Q285 scenarios. Discharge changes
have a high effect on scouring, so by comparing
the single mode scenarios such as [-Q285, 1-Q200,
and 1-Q350, the lowest amount with the value of
5.5 mm is related to the I-Q200 scenario.
Therefore, with the increase in the discharge, the
scouring rate increases. In addition to the local

scouring that occurred in the vicinity of the blade,
knowing the amount of sediment removed from
the channel also provides valuable information.
For this purpose, the changes in the volume of
sediment on the bottom of the channel after the
completion of the simulation have been
calculated. Among the 10 mentioned scenarios,
the highest amount of sediment removed is related
to the DIS0-Q285 scenario, in this scenario due to
the presence of two blades in the channel, the
eddies between them lead to high erosion of the
bed. So that in the two blades with distance of 0.60
m from each other, 48 mm erosion has been
occurred. In contrast, 130-Q285 and [-Q200
scenarios have the lowest amount of erosion,
which for the first case is due to the direction of
the blade flow. In addition, for the second case,
the root is in the reduction of the inlet discharge.

Table 2 General results of the examined scenarios

Erosion of the

Scenario No. Scenario Name

Channel Bottom

Maximum Dune Maximum Scouring

(cm?) Height (mm) Depth (mm)
1 T-Q285 5780 14 36
2 1-Q285 1320 13 11
3 LRight-Q285 2340 22 20
4 LLeft-Q285 5670 45 45
5 130-Q285 1010 14 12
6 160-Q285 1260 26 16
7 DIS0-Q285 6210 22 24
8 DI60-Q285 5750 12 48
9 1-Q200 810 6 5.5
10 1-Q350 2520 6 23
Conclusions addition to the mentioned case, the maximum

The range of scours generally occurred near the
blade. The eddy current in the area of the blades
has created dunes with a height proportional to the
scour depth in its vicinity. In the scenarios where
the angular mode of the blade is used, in the upper
wall, repeated scours and dunes can be seen,
which is the reason for the change of the flow
gradient towards the upper wall. In the scenarios
where two blades are used, severe scouring occurs
in the first blade, while sedimentation
phenomenon is observed in the second groyne. By
comparing the first to the fourth scenario, it can be
seen that the lowest amount of erosion is for the I-
shaped groyne, while the highest amount of
erosion is related to the T-shaped groyne. In

Environment and Water Engineering

scour depth is related to the L-shaped groyne.
Among the scenarios in which the two groynes are
used, the amount of erosion for the case where the
distance between the two groynes is 0.60 m has
been assigned a lower value.

Data Availability
The data can be sent by the correspounding author
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Table 2 Results of the examined scenarios

Erosion of the

Scenario No. Scenario Name

Channel Bottom

Maximum Dune Maximum Scouring

(cm?) Height (mm) Depth (mm)
1 T-Q285 5780 14 36
2 1-Q285 1320 13 11
3 LRight-Q285 2340 22 20
4 LLeft-Q285 5670 45 45
5 130-Q285 1010 14 12
6 160-Q285 1260 26 16
7 DI80-Q285 6210 22 24
8 DI60-Q285 5750 12 48
9 1-Q200 810 6 5.5
10 1-Q350 2520 6 23
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Constant and proper mixing of water in fish farms is essential for creating
maximum uniformity, minimizing stagnant areas, properly distributing
oxygen, and removing solid waste from the bottom of the ponds. The effect
of the inflow installation mode and inflow momentum force in octagonal
ponds was examined on the hydrodynamic flow mixing by laboratory
modeling. For this purpose, the inflow was analyzed in three modes with
angles of 90, 60, and 30° and the inflowing force at four levels with values
0f 0.004, 0.009, 0.013, and 0.018 N by the residence time distribution curve
and hydraulic efficiency of octagonal ponds. The laboratory modeling
results revealed that the inflow at the 90° mode for all four-momentum
forces does not form an eddy current and short circuit in the pond's flow, as
the result of which the hydraulic efficiency of the pond falls in the weak
range. To improve the hydraulic efficiency of the pond, the inflow was
installed at 60 and 30° modes; the results demonstrated 2.68 and 3.26 times
higher efficiency than the 90° mode. Moreover, for all three inflow
installation modes, the hydraulic efficiency had an inverse relationship with
the inflow momentum force.
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EXTENDED ABSTRACT

Introduction

Various methods are used for breeding aquatic
animals, and recirculating aquaculture systems
(RAS) are expanding since they reduce the need
for healthy water resources. Usually, circular and
octagonal fish breeding ponds are used in these
systems due to suitable hydrodynamic mixing.
Researchers have stated that the flow
hydrodynamic behavior in octagonal and circular
ponds depends on the geometric and hydraulic
design of the pond, which includes the inlet and
outlet systems. Hydraulic efficiency is an
indicator used for evaluating the geometric
design and hydraulic performance of the ponds.
The residence time distribution (RTD) category
was used to calculate hydraulic efficiency. The
RTD curve expresses the flow hydrodynamic and
indicates the formation or non-formation of the
stagnant regions in the pond. Considering that
each plug of the flow injected into the breeding
pond has its own hydraulic retention time, which
depends on the momentum of the inlet and outlet
flow and the internal design of the pond
(including the installation location and design of
inlet and outlet systems), the combined effect of
the direct inlet installation mode with the inlet
flow momentum force in the octagonal fish
breeding pond was investigated in the present
study. The findings of this research are presented
in the form of hydraulic efficiency, curve RTD,
and the percentage of stagnant regions.

Material and Methods

The present research was based on a Froude
number similarity model from an octagonal fish
breeding pond with a 1:10 scale. The built model
has dimensions of 100x100x50 cm and is filled
with water to a depth of 20 cm. In addition, the
changing time of the pond water volume was
taken into account on an hourly basis. Therefore,
the flow discharge of the inlet to the pond was
adjusted to 3.4 /min. This research examines two
important inlet flow characteristics: the flow inlet
installation mode and the inlet flow momentum
force. For this purpose, the inlet flow installation
mode and the inlet flow momentum force are
tested by changing the inlet flow angle in the
direction of the z-axis at three levels as 90°, 60°,
and 30°, and the inlet flow velocity at four levels
as 0.004 N, 0.009 N, 0.013 N, and 0.018 N,
respectively. The design of the present study’s
experiments is shown in Table 1.

Environment and Water Engineering

Table 1 Laboratory settings

Installation Inlet flow The velocity
angle of momentum of the inlet Test
flow inlet forces (Fn) flow (cm/s)
(o) (N)
0.004 10 Tal
0.009 20 Ta2
90°
0.013 30 Ta3
0.018 40 Tad
0.004 10 Tbhl
0.009 20 Th2
60°
0.013 30 Th3
0.018 40 Tba
0.004 10 Tcl
0.009 20 Tc2
30°
0.013 30 Tc3
0.018 40 Tca

Moreover, tracer sodium chloride is used for the
RTD curve and the hydraulic efficiency related to
each test. The tracer contains 3 L of sodium
chloride solution with a concentration of 50 g/l.
To make the inlet flow and flow movement
visible, 5 g of potassium permanganate is added
to the tracer solution. After setting the inlet flow
installation angle, the inlet flow momentum force
for each test, and the flow discharge stability of
the inlet flow, the tracer solution is injected into
the inlet flow with a sudden pulse test and the
test begins. The tracer concentration in the outlet
flow is measured every 60 s for 60 min using the
TDS meter device.

Results

The TDS-time diagram shows the combined
examination of the inlet current installation mode
and the inlet flow momentum force (Fig. 1).
According to laboratory observations and RTD
curves in the TDS-time diagram, installing the
flow inlet in 90° leads to the non-formation of
the eddy current and creates a short circuit
between the inlet and outlet flows. The
occurrence of short-circuiting in ponds causes
the formation of stagnant regions. If there is a
partial flow between the stagnant regions and the
main flow, the tracer trapped in the stagnant
regions will cause a tail on the right arm of the
RTD curve (Fig. 1a). In the 60° and 30° degrees
of inlet flow installation, the RTD curve peak
shifts to the right side of the graph, indicating an
increase in the average hydraulic retention time.
In these cases, the inlet flow follows a circular
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path in the pond, moving from all parts of the
pond volume.

Changes in hydraulic efficiency as a result of
modifying the studied parameters are presented
in Fig. 2. Installing the flow inlet in 90° mode for
every Fn results in weak hydraulic efficiency.
Thus, changing the inlet flow installation mode
from 90° to 60° and 30° increases hydraulic
efficiency by 2.68 and 3.26 times, respectively.
The hydraulic efficiency in mode 30° and all four
inlet flow momentum forces is in the high range,
and the pond exhibits desirable hydrodynamic
behavior. In addition, the inlet flow in mode 60°
for Fn; and Fn, shows a hydraulic efficiency of
less than 75%. Only by reducing the momentum
force to the same level as 0.013 N and 0.018 N
and in the same operating conditions, the
hydraulic efficiency becomes more than 75%.
Therefore, under the same operating conditions
and inlet flow discharge, the hydraulic efficiency
of the pond increases only by reducing the
momentum force.
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Fig. 1 The TDS-time diagram is the result of the
combined investigation of the inlet flow mode
and the momentum force of the inlet flow at
different angels: a) 90, b) 60, and ¢) 30°
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Fig. 2 Changes in the hydraulic efficiency due to
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Conclusions

This study investigated the influence of the
parameters of the flow inlet installation angle in
three modes and the inlet flow force at four
levels on the hydrodynamic behavior of a RAS
octagonal pond. The most important results of
this laboratory study are summarized below:

1. Setting the inlet flow angle to 90° at the lowest
momentum force of the inlet flow results in more
than 75% stagnant regions, with an increase in
the inlet flow momentum force causing an
increase in the stagnant regions.

2. Reducing the inlet flow momentum force
improves the hydrodynamic performance of the
pond for all three inlet flow installation angles.

3. Installing the inlet flow in the 90° mode for all
four inlet flow momentum forces causes a short
circuit flow in the pond.

Data Availability

The data collected during the research
experiments are presented in the form of a TDS-
time graph. The data can be sent via email by the
corresponding author upon request.
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Table 3 The laboratory modeling results regarding the estimation of the hydraulic efficiency of octagonal ponds

in recirculating aquaculture systems under the influence of the inlet flow system and the momentum force of the
inlet flow

Hydraulic residence time
Test

Hydraulic efficiency (%) Stagnant region

(tm) (min) (dimensionless)
Tal 7 12 0.88
Ta2 10 17 0.83
Ta3 13 22 0.78
Tad 15 25 0.75
Thl 36 60 0.40
Th2 41 68 0.32
Tb3 45 75 0.25
Th4 46 77 0.23
Tcl 46 77 0.23
Tc2 47 78 0.22
Tc3 50 83 0.17
Tca 52 86 0.13
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