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Abstract

Construction of bridge piers is expensive, and scouring near them can lead to instability. Without a
suitable solution, it can ultimately result in the structure’s destruction. Therefore, a detailed study is
required to understand this phenomenon and the factors affecting it. This research entails utilizing exten-
sive field data to measure the local scour depth around bridge piers. It proposes an equation comprising
scour-affecting parameters and defines an optimization model to establish this relationship. The decision
variables of this model were determined using a meta-heuristic algorithm called the hybrid gray wolf-
particle swarm (HPSGWO). For this purpose, various relationships were established to ascertain scour
depth, and subsequently, the local scour depth of the bridge piers was calculated, based on these equa-
tions. Root Mean Square Error (RMSE), Relative Square Root (RSR), Nash-Sutcliffe Efficiency (NSE),
Percent Bias (PBIAS), and Correlation Coefficient (CC) were employed as error measurement indices to
evaluate the relationships. Upon comparison of the error measurement indices for the obtained relation-
ships, the best input parameter combination and mathematical relationship for calculating scour depth
were determined. These indices for the superior model are equal to 0.504 m, 0.52, 0.73, 7.7%, and 0.734
for RMSE, RSR, NSE, PBIAS, and CC, respectively. These values show that the equation presented in
this research is suitable for calculating scour depth and is more reliable than the presented experimental
methods. In the proposed relationship, scour depth is directly proportional to the Froude number and the
ratio of base width to water depth while inversely proportional to the average size of bed particles to

water depth.
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Table 3. HPSGWO algorithm setting parameters and minimum and maximum values of variables
e el
o sl Sopmanr
Yoee LSS sl
[VBY] 03l s il 5 s ooy pmy A
Ysv Cy, C2
A Whin
/4 Wmax
1 s uiie sl
[-1,1] s ke 3 50l
Sty ies slads s Fd
Table 4. Results of Different Scour Models
dua die lagsos,s RMSE(m) cc NSE RSR PBIAS (%)
SF1 G,Fr,g,dyﬂ.; 0.594 0.6435 0.6241 0.6131 -2.0834
SF, s Fr,g,% 0.527 0.7103 0.7038 0.5443 8.508
SFs G,Fr,g,g 0.728 0.5231 0.4343 0.7521 -4.7496
SF4 G,Fr,%,g 0.691 05123 0.4911 0.7133 -8.418
SFs ag%g 0.683 0.5468 0.5027 0.7052 -3.8862
SFs Frg%g 0.590 0.6523 0.6284 0.6096 -2.8789
SF7 5 Fr,g 0.626 0.6068 0.5822 0.6464 4.3190
SFs 5 Fr,% 0.666 05912 0.5266 0.6880 20.6509
SFs 5 Fr,)% 0.825 0.3409 0.2748 0.8516 -11.1568
SF10 g‘% 0.633 0.5831 05726 0.6538 11.0561
SFu 535 0.734 0.5119 0.4256 0.7579 -4.9210
SF1 F?; 0.727 0.5287 0.4359 0.7510 -5.0064
SF13 Fr,g,d% 0.504 0.7339 0.7291 0.5205 7.7300
SFu g%; 0.688 0.5463 0.4946 0.7109 -5.2023
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Table 5. Results of Empirical Relationships for Calculating Scour Depth

i, b w2l RMSE(m)  CC(m) NSE RSR PBIAS (%)
d D 0.65
(Mohamed et al., 2005)-HEC-18 == 2.1(_) Fro43 23189 04018  -504 24579  212.7919
y y
i i d D 0.65
(Richardson & Davis, 2001) & _ 2 opros3 (_) 2.465 04018  -583 2613 227.69
y y
d, dso D L
(Azamathulla et al., 2010) S =fE =2l 2.862 03304 -8.205  3.034 204.55
) dg o DL
(Sharafi et al., 2016) v = f(o, Fr,—,;,;) 0.5074 0.7151 0.7107 0.5378 3.5245

(Sharafi et al., 2016) %4, 5 SF13 Jde (gl Las ob 5,0 sl jasls £J g0
Table 6. Error Evaluation Indices for Model SF13 Using Sharafi et al. (2016) Method

Uas g,dl?.j)‘ ‘_;UAJA"-L&

Jde
RMSE(m) cc NSE RSR PBIAS (%)
(Sharafi et al., 2016) 0.5074 0.7151 0.7107 0.5378 3.5245
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Abstract

The purpose of building surface water collection networks is to enhance the resilience of cities against
unexpected events such as floods and to improve overall urban health. Recent rainfalls in Bandar Imam
Khomeini have exposed vulnerabilities, leading to severe flooding in roads and streets due to the absence
of canals and surface drainage systems. The problem has caused significant damage to the infrastructure
of the region. The research aims to implement a runoff management system using the Geographic
Information System in Bandar Imam Khomeini. For this purpose, digital layers of the area, including
elevation, slope, direction of slope, and drainage network of the city were prepared using the Geographic
Information System. The fuzzy logic method was then employed to identify areas with the potential for
runoff accumulation in the region. The research findings indicate that these areas are concentrated in the
east, center, northeast, and southeast of the region. Then, using the RiverTools technique and according
to the map of the city's drainage network, the best routes for constructing proposed canals were deter-
mined. These canals include sub-canals, second-order main canals, and third-order main canals. The

first-order canal is the main conduit that collects the water of the second and third order canals.

Keyword: Flooding, Bandar Imam Khomeini, Fuzzy Method, Geographic Information System, Run off Manage-
ment
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Abstract

In recent years, Iran has grappled with escalating environmental crises, especially concerning water-related
issues. This study aims to comprehensively understand the lived experiences of Isfahan citizens amid the
city's water crisis. The methodology employed for this study was qualitative research, utilizing thematic
analysis for data interpretation. A total of 27 Interviews were conducted with Isfahan citizens, focusing on
their subjective experiences regarding the water crisis in the Zayande-Rood river. Data collection utilized a
non-homogeneous sampling method. Predetermined criteria concerning credibility, reliability, and objec-
tivity were applied to validate the findings. Data coding and theory-based analysis were performed simul-
taneously during interviews. The data interpretation comprised basic, organizing, and inclusive coding
stages. Analyzing the data revealed key categories, notably the impact on citizens’ quality of life under
socio-environmental conditions, considered as an inclusive category. The subjective feeling of happiness
derived from environmental conditions (the sense of citizens' happiness and satisfaction through the envi-
ronment) and changes in the lifestyle of citizens were reconstructed as organizing categories. The main
sub-organizing categories reconstructed in this study include changes in citizens’ lifestyle, alterations in
leisure activities, social interactions, extending citizens' environmental concerns, Citizens' dissatisfaction
with government performance, changes in sense of emotional well-being of citizens, Citizens' dissatisfac-
tion with weather conditions, and decreasing satisfaction with Urbanization. Primarily, citizens consider
drought and water shortage to be the main reasons for the reduced quality of (socio-environmental) life-
style in Isfahan.

Keywords: Quality of Lifestyle, Social Lifestyle, Environmental Lifestyle, River of Zayande-Rood, Water Crisis
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Abstract

Planning the cultivation pattern and water rights allocation in the irrigated lands by the Khansar Sarcheshmeh
springs requires knowledge of the discharge of the springs, estimated based on the Standard Precipitation
Index (SPI) in this research. The relationship between the SPI index, precipitation, and discharges of Khansar
Sarchesmeh springs has been evaluated over three different periods to estimate the groundwater resources and
inflow to the streams. In a year with normal or near-normal climatic conditions and average annual rainfall
between 295 to 494 mm, the average annual discharge of Sarcheshmeh springs is expected to be between 12.8
and 24.3 million cubic meters (average of 18.1 million cubic meters) with 67.5% probability and a frequency
of 1.5 years based on the extreme value distribution. For a year with average dry climatic conditions (270 mm
average annual rainfall), the predicted average annual discharge of Sarcheshmeh springs is 11.9 million cubic
meters with a 9% probability and a frequency of 11 years. In extremely dry climatic years (with an occurrence
frequency of 28 years), the discharge of Sarcheshmeh springs is expected to decrease to less than 10.1 million
cubic meters per year. In normal and close to normal conditions, with average rainfall in the range of 236 to
326 mm in the first six months, the average annual (water year) discharge of Sarcheshmeh springs is expected
to be 18.5 million cubic meters (ranging from 15.3 to 21.8 million cubic meters with a 67.5% probability
based on the extreme value distribution). According to the results of this research, rainfall of less than 168
mm occurred in the first half of the water year is a warning of the occurrence of a moderate to extremely dry
drought with an annual discharge of less than 11.6 million cubic meters that can be distributed in the streams.
Precipitations of more than 394 mm during the first half of the water year also indicate the likelihood of a
moderate to extremely wet year, with an annual rainfall of more than 28 million cubic meters. Results of the
research indicate that less than 168 mm of rainfall in the first half of the water year signals the potential for a
moderate to extremely dry drought, with an annual discharge of less than 11.6 million cubic meters that can
be distributed in the streams, while more than 394 mm of precipitation during the same period suggests the
possibility of a moderate to extremely wet year with an annual rainfall of more than 28 million cubic meters.

Keywords: Drought, Spring, SPI, Khansar city
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Fig 1. Location of the studied area in the Namak lake watershed and location of meteorological stations in the stud-
ied area
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Table 1. List of selected meteorological stations in the studied area
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Fig 2. Map illustrating the traditional channels of Khansar and the location of discharge measurement stations
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Fig 6. Average monthly precipitation recorded at the Khansar station

S Sl eslizal L asle A 5 Y8 OA Y @& A0 Sl slasl s JeSis o S SPLsjliliad s ls aloes il
Slaess a8 s e 0LV S sl ol esls 0LV s 5o WAVEIYY Sl o3l b s Hludlss St g oS! 550
3T Sk b S Sley sla e 5o das o DL (6 i o 5 plpn JLSUS o550 5 Lol plie S0 b e s SUS
53 SUl Sk g esy ele Sl sby Ll b 4 Se ob S SPE 5 el (3L 5 bl slyls SPI asls (anls
kS 3 53 5 55 e bl s VU 4 SPI luis (il St ks ST s e 0L el oS e e wilale 350
S Olgen . 50k a8 S35 ol lgtal aale 15T S omte . 800e sl elidio pl il o 281 Sio 5 40 SPI (e
Bl N5 Y S e 1 Sle o o 36 am g LB ol b slasle sl dalgs 0l 1) JLSlas Lasls sl g5 o35 L
S PSP ST NI P VRSP PUY O S PR Y JUCO N SN < P [ PPV PR R R
s @aale VY SPL bl g e 0Ll B ) osb 4 osb e 5 S Glae, sy e 4y aale VY Slssal 5l ssd e
VY obged bl dies a8 B b ooy 8 5 i 0590 £ canle YE s el jo il WAT L & by 0 JLSSE
s 5y4e ik a5 b 3 g e atld ol gladle Ol 4 \WAOSIYAL 5 ATVYATYE OFATIE sladl canle
(el 635 alge JLSit LTAT 5 ATVASIFVE O ladla s

o0be L ol anglie ol 4 e 0 5 ¥ S e pS0le 5 AVl 3L Slley 5l JLSas 5 ol slae, s andlas (sl
adaie ;3 ATAO-IYAL S AYVY-ATVe AV WYL sladle V(IS8 Gb ol ol eslinal asdllas 5550 adkaie 55 550 odel)s
lods glalid OT oS laey s Olgpe a4 \TAIZITAG 5 VTVASNTVY YT slaeyss 5 ol sladle Olpe 4 asllas 3550
el b Yl sl st Sl el S b el ped ol il

YR W g5 Jlaz| cilises g5l du@;}; Sheslixal 5 4v=41 Jio-1¢ ‘_;J JLe sl alle 5oL laesls Jdos bl
S Jlis w55 48 das s 0L Kolmogorov-Smirnoy RISt o w8 13 w3y (ol Jl) ol JLSix
b mis dsesls w55 035 by pde ey 5 il Jbp m55 4 S VL s sk cpl (sl (Extreme Value)
Ul gleadls (sl JLSis glacis iS5 0y 5 g5y ol (V| Glamss (25ln el o)l (6 28 &3s
o3l Jle i s s Jle s sladle g3 Jlamd Jsdr ol ol o 03,51 ¥ Jsdr 5 5 odus S b Ll
Lol i bl JL VY e ccpmoman 3l oo Jl VA OT G850 a5n 5 ol W0 (5) B 4) o 2L et ld o3 5umw)
g s Sl 3 (VA g3 dlaisl) b e b el 2 (bl b U a5 (VA g 485 lazs)) o gme 2
3 esb o s sladle g iy Jlasml 5 (Jlo WV 28 0 )5) TNV St Tyt 5 it Sl sladls 6435 Jlol o e

el QL YEIY 28 0 93) 18/Y 35 osb e T

YYA



Hwiles dodir p grdciir Bl Jowily 5 Jlslis sl g bl Juloxs Ol)%es g goudl !

3D Wl gy 5 e S e 5 SV 5L ke (OFAA BTV Jlo 5D asle $A B aale ¥ Sl sbaesl 53 SPL jaxls ol s jlasel v IS

Sladlg ol 53 (e BATE Jl

dale T ile; gulaie 73 SPT ALl O pouki iy 5 wle 1A Lile s ool 10 511 LaSLa Gl pudd ay \
35 ‘ ‘ . (] :
i LA AR A }I L i l !. {1 '_-"..’ e |-|' I I o Lol 80 .“II”“ Bl .ll,l“-n.’llu o UL | 'i
7 o MY T[f My oy Il-g n ]T"w‘ljl I 1
. 5 "™ | ‘
o Bl P o olis 53 SPLaSLE Ol pudi My 2y Bl TF Lile) obake 13 SP1 ol o ki iy y

it II

| ) A
TN W T
SO Bl S

S

" .ll.uh Tlh‘[..‘_,fl.ln 1 A rH;!Ei}Hln -
T R

o f o ' i
w 4 " s i |
e o) | i e FA e bt 33 SI'T AL ki gy
= or | b LA Motk b o b Ml e l]l“il “'H T
I.} " IHT - TI‘ l”m W Ty | 57 s 1|'”“! e ]I'wl‘!:-'u” p—
ud | 4
Al 1Y i) oleis 13 SP1 Ladli ol yuki iy y 1% ) -l

o b |1<||ll_ LM kil & Ll “Nl‘ _:‘:.I] : A
A AL e Aamidl M

e ity oS e g T s 3l

SPl

e o s () e 0 s e - ..
s (prarid

Fig 7. The graph demonstrating SPI index changes in the time periods of 3 months to 48 months (from 1988 to 2019),
alongside the annual mean precipitation and moving averages of precipitation over three-year and five-year intervals
(from 1985 to 2021) at the Khansar station
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Table 3. Probabilities and return periods of the various drought intensities according to the annual rainfall data (water
year) and different statistical distributions
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Table 4. The aridity level according to relationship between the SPI index and precipitation of the entire water year
with annual water discharge of the Khansar spring
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Table 5. The aridity level according to relationship between the SPI index and rainfall of first six months of the wa-
ter year with the total annual water discharge recorded at the Khansar spring
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Table 6. The aridity level according to relationship between the SPI index and precipitation of first six months of the wa-
ter year with the total water discharge of second six months of the water year of the Khansar spring
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Abstract

The comparative removal of lead (Il) from water environments was investigated using Rhodococcus
erythropolis in two modes of biosorption and bioaccumulation. The morphology of the biosorbent and its
surface functional groups was investigated by SEM and FT-IR, respectively. Experiments were performed
in discontinuous systems as a function of contact time, lead ion concentration, and biomass dose. Bioaccu-
mulation by living bacterial cells and biosorption by inactive and non-living cells, were done. Biosorption
was rapid, and equilibrium was reached in 15 min, while equilibrium in bioaccumulation was reached in
60 min. Initial metal concentration and amount of biomass significantly affected biosorption performance
and contact time on bioaccumulation. The maximum biosorption efficiency using 0.1 g of inactive biomass
after 15 minutes of contact time was 97.55%. Since metal recovery from inactive cell biomass is easier and
can be performed with a higher absorption rate with a lower amount of biosorbent, the use of non-living

biomass as a biological adsorbent is more efficient and significant.
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Fig 1. (a) SEM image of active bacterial cells of Rodococcus erythropolis, (b) SEM image of inactive cells,
(c) SEM image of nonliving cell
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Fig 2. (a) FT-IR spectrum of active bacterial cells of Rodococcus erythropolis,
(b) FT-IR spectrum of inactive cells
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Table 1. Effect of initial concentration on lead biosorption and bioaccumulation by R.erythropolis, contact time
was 60 min, by 0.1 g of biomass, Temperature was 35°C and pH=7.
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Table 2. Effect of contact time on lead biosorption and bioaccumulation by R. erythropolis, initial con-
centration of metal was 20 (mg/L), by 0.1 g of biomass, Temperature was 35°C and pH=7.
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Table 3. Effect of adsorbent dosage on lead biosorption and bioaccumulation by R. erythropolis, initial con-
centration of metal was 20 (mg/L), contact time for bioaccumulation 60 min, contact time for biosorption
was 15 min, Temperature was 35°C and pH=7.
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Abstract

The surge in population and imprudent consumption of water resources have created many challenges in
securing sufficient water for sustaining human life. To supply part of the water demand for agriculture, the
reuse of gray water is recommended. However, many decontamination methods are cost-prohibitive and pose
challenges in sludge disposal after purification. The purpose of this research is to evaluate the feasibility of
nitrate absorption by a mineral pumice adsorbent from nitrate solutions. The present study was conducted as
a two-factor factorial experiment and complete randomized design with three replications. The study
involved sampling mineral pumice with diameters of 1 cm, and 5 cm and gradation ranging from 1 to 5 cm
over 45 days. The samples were calibrated by spectrophotometric method at a wavelength of 470 nm. Results
showed that mineral pumice influenced nitrate absorption from the solution. The amount of nitrate in the
control treatment was 0.88 grams per liter on the first day. The highest absorption occurred on the 20th day
for the 1 cm soil gradation, resulting in a decrease to 0.62 grams per liter, which indicated 0.36 grams per
liter of nitrate absorption. Larger gradations, however, showed the highest absorption on the 30th day. The 5
cm treatments and 1-5 cm gradation showed a reduction (absorption) of 0.19 and 0.27 grams per liter of
nitrate, respectively, compared to the control treatment. According to the results, mineral pumice, an
economical resource, can be used to absorb nitrate from nitrate solutions. Moreover, the used mineral pumice

could find applications as a soil texture modifier or fertilizer in various fields beyond nitrate absorption.

Keywords: Surface absorption, Water pollution, Pumice, Nitrate solution

\§23



@T sbailbole jo 25 o ol alxo
https://sanad.iau.ir/journal/tsws
YAM-IFFA o g sl Lo

YFE-YOF Fo,los (s 0,98 NF+Y ylino

3 451,55 Jolome 1 Sore aS g bawgd Wil s Sddaw Ods  Seius o5l
Foade (ylEaiiiks o1 58 ¢ > bt 31
Ol s el olStils 53,5l 0uSals vl puiiges 5 psle 09,5

farzadbakhshandeghan@yahoo.com':*:gj [LINPRCIWPY

© The Author(s) 2024
VECYNAYIY - ol VEYN /Y bl VEY/-ANY il o
oS>

03505 ol (6 i Bl aslol Cgz m3Y Ol el liwly o 1) (6l OIS (o] mbie 5l Jgol e Bpae Lilydl g Camex il
Jedo 4y (Sogll 28, sla g, el 0gd 0 drogs (S lac] 5l saze solatwl «(g5,5lasS 5L 3550 o 5l cide el S 1l
ol (e Gl gy Gl Sl Bas alind dBr0 4 (9)ke (sl arhal ALl 5l an a8l pead slagd @do DML 5 VL ase
ok S 2 B 5o e 55 56 legl S s ol gy ol 1555 e e 455y Sl s 515 mban
b diges .ol plodl 59, FO 0 yie Olu O U Y o ails 5 yie ol O e cile V (glo,had L Jows aSg 5l (6,10 paiges b )15 aw jo g
5 Jatows ) St i 55 e 453 o8 95 s ol s s b5 0 iy gl TV e s 1o 6 tasidy Sl o,
A odaline yie gile v gandils (gl et jo, 50 @z i 09 sl 59y 50 S 40 0,8 JAA wals L Ol s e el ails
Sy 03 Sl e il s o8 IV Sl e cal o S8 S 5 0 0,5 <P & Sl i it g, 0kl 5 45 €55
(Ld2) 1als i @ e (Bl 0 -1 a5 e ile B slajles ol Glad 1) Qi (n i pliow j9) 55,5 slaganails ol
Sz gl cad )] ate onl 5l Glgse edel Cewd @ @S @ az i L aisls lad wald Jled @ o |y @l 1 e )5 VY 5 oA
518 oolaiul 090 £)l50 e jo Wilgi o 055 b S il caisS Pl (lgin codd B pan Gome a5 g 0,5 solaiwl &l s Jeloee 51 i

=

S8



P lo3T uladie ;0 4l Jolmo 5l (Fure aS'gy gl Oy b ey i (ol OB wlidn 9 (S

aadde —)

2 Gladle 53 ool 35 4 ol GOLsw & x5 L2 g (6100 Sl walsl gl b cn 58054 5SS
St b 53 s en sl Ol 4 g0l S e SO O il e 5 s ol Of mle Sl ass e glacls
slacl il o s s slacl cp s Of el ge =t 31 S (Hooshmand & Khorrampanah 2021) a5 ol
G V50 L St (65558 Ol 6 15 S e Iy (6 mis Copet] (0l dile S i 5 S 3bla 3 e )
O sl 6V (S o in b o Slos A0 3505) e 08 a2 6V S0 5:0le 165 (555b 40 il oSl
g e e B e R e o UREP - ARG A W § TR PV PR N
s Ll 1y g ize Sloy 5 S 555 e SUsL ool faman 5 ol

A 35 SIS Slp s ShS U s e Ol b o e 0355 a0l e 3 gdome e 51 (615 e R s @
50 e 4o 3 G Slaolr 1 b 3l s ) el 4, o il Xy, L(Eslamian & Okhravi 2015) <ol ials
A Slole Coaal 4 OIS 0 G5 30l 4 a5 L (Rezaei 2022) ol odd o b O glae i 3 550 O (55 0
S SR 3 e S SiSas )

S 5 atilany dales daily 45 el el ul A3l o ol 55 O G bsdos 5 5b oy (65,5158 slac s
oYL Ol 5l sVl b (g ST 8S S5 50 52 .(Noorisepehr et al., 2014; Arrigo et al., 2023). 35 ANl
Lacelyy 81 55 655 ! (Damavandi et al., 2023) 53,5 o Ol o slors taowe G 3 olsd 25 5 5 55,5 555 b
Slge il o Las S ool 31 ede 5 o 51 S ealinl 5 55 e 03lind peamee A5 Gl g pland glas S
Mahdavi mazdeh ) s, sled @ e 03 ol 0as o1 Lol Lelse 51 S ol opl 45 odd LS 3 352 50 plians
(etal., 2011

s 5 35 e O S 355 Wi e S 0l 338 Slme 51 S SaelaT OTos Sl as il S b
Sl 0L 53 Sl 45 s e Ol gl Sl OS5y 4w 4 4! (Dindarlou et al., 2021)s5150 o ot 4 |5 Ol
s OF s 5 1S ol (slas S Ly ahws 0 OF (slol a3 0Ll 53 Sl s s (25050 bl 555 g0 035 01 51
Ly 05 s dS gon 1015 e ST Ul 5 )ls el s 93 4 o 2d il (Shahveh et al., 2020) das o (555 o 2
an Lo i Sl s 5 A e e 1 O Glas O3S Jas 03le ol 45 ST LS (5l e 40 5 03 S 0 S]
Deganello et al., 2000; Sedghi ) s s oo sl 5l 1o (Glosle 45 sl 35,20 (il Eol 5 ol asews] O (sladisl 5 Lapual
WOLS3,8 Cls 4 Ol e Aol oo 3925 4 0L @ o3)ly Sl VU glackile S5 &S Llagslen 0o 5 (et al,, 2023
Turan et al., 2014; ) 5,5 o )Lil o JlSS pds 5 5la0L sbanils SESU e b il 5 oS oKaws glaols
3 man O s Ol Oy cale Canby 35 3 350 sl 158 addlas 5 ., (Tabandeh & Zaarei 2018
S YL Sl 35050 smi 3 Sl zs Clale oS das e 0L (Olghosl 5 STl cOldan o5l iy cdeie 01, Ol sl e
.(Solgi & Arouji 2017) ool 5 lkul o>

Colis 5 3l 53, (Avatefinejat & Asrari 2017) VU oLS s 0155 o Claw 3 Ol zo e als s g )l
Lacils by Ol nd B> 5 w3 Sse jowl (Kaboodvand et al., 2014) S Jsls «(Shirdel et al., 2017) G =3I
(Neshatn et al., 2016) iS4 o> (Ganjizadeh & Ashrafizadeh 2017) ;U5 I 5 L& (Azizkhani et al., 2023)
Slagad wbs OASia (o3l slads oS e hle G 55 1L L ayps s 4 edd S5 sl oy el s S Ll
el Slallas ;b (Kalaruban et al., 2018) ivs 4,0 43 05 e crows oobide 53 (S3lo e Ayl 3 51 day a8l e

UMW§LAUL~)\WL§LA5MYTQM9 &ﬁgwuu;ﬁjdfuj“”)\éf&“u»%‘ﬂ°“

vél



Foplod Sy 038 P yboune) o baibols o 5 syl y aloxe

Lo oS 5 Cead Ol D3l G woslizal 5550 O3l S1e% 5 45 .(Bakhshandegan Moghaddam & Hoseini 2022) 5 .
b 03 el sl Sl (oS Al e s 4 mdan Gl 1B LASL @I bl d e a3l 5 LS
Al S i AT e St slge LSS pde 5 e Lot VT L (6 2y 1S 15 oo fas S (Slkes
4S5y 4 Ol oo Caad Ol 5w im oS Gladlr ( Sage o Sl ol SL501 e sy S ol ias sla i)

(Kalantaryan & Arzumanyan 2021) s S o ,Lal ( e s2) Sdse
Slie w0 gdme slpe ple 53l e 40 e SLS 5 ST oS ol Slis (35T glacKin SIS 5 5l (Lt ) Sids &S 5
SleaisT gledls I s il § s ol = il e 318 mle a3 WY OF Lo dhais 5 sl ol S35 (g S
et g S (SIS Ol Wy 4 e 5 0l il S 050 8 us;u.u_v;uw(\wwoum;ﬂuﬁ@L_swﬁ
5 Jeate o LaOT 51 5 5 oS ol ot S085 (ool S (6 S0 Sl bl Bl 4 ey 33 8 0 058 g0 0kl
s Al Dl Al e e e e SAS e JI 00 e Sy S Bl e b a5 5 S
Sl 0313 0L 0t plowil Sladlas (Rashad 2019) das o 15 prhawe 0 ilsis (slad ST 50 5 ol 003 Sl 5 &S > o5l
03 g (ST L a8 ol (G 4y Kyl S8 5 S n 5ol Ky (558 S0 b ey peba ki bl oS
b Lot VT Gl i 5 05 (S Sl st 35t 53 S5 ) el M O e 51 S el
G b S s Gl Sl (S5 bl 8 s s Sl St 4 ey 055330 (Hadadi et al., 2013) 555 oo o3lital
oS 5 Shas 5 ddy Shalyilan somie ol ) oS 558 oa (S e 3w |5 51 (68 ke 5 S s O eSS
Sl Cpm s S e, o, Jld diles JSliea S bl (Il s 01 5l s (Zare haghi et al., 2015) 55 S

Ao o OLES 1 e sy 31l ges ) JSKS l Sl 55 5 ol esldl B8 a3 5l 5 atils 3 gy Sdae

Fig 1. Pumice

b e A3l el 3 125 Jalows 31l 25 Codr 5 s S 0 el 30 ey 2 ek ool 5l e
e gy 9 3190 =Y
b3l slajles 5 alesl & b Slasuie -\ -Y

e lS b B s el 55 oSBT (65,5l slaclay 3l Ol Sl 3 Sdas S 36 e S
Sslia clals o3I b Sl i Sl Dok idne oS 5 Sl il s s sla ol d ploil ST 3
15 4ge Olaj ke L5333 (o 5l 0 B Y oy Sty 3101 U ewn gy st 5 2 5l 0 2o 5l ) Sakils) o sy

Aell U sb 4 555 80 b3l 550 byl Sl

Yeiv



P lo3T uladie ;0 4l Jolmo 5l (Fure aS'gy gl Oy b ey i (ol OB wlidn 9 (S

ot g (S5 o3bel —Y-Y

Jsdor L3 s O3 e (52 5hS VAY s a3l Oliials Ol g ST e s 51 ans s opl o3 ealizad 3540 e 45y
W b3l o ags dme (sladS 5 JU! 31 e s o 0L 1y ialasl o3 eslinal 5550 s 5y Sos ol SIS @ 5205 )
50058 W el 3,5 la s g 3kl (G 1 eslitul b e S 55 aaS 5 sl)] @ o 2 Sl ealizad L
5l 3 3 ge ezl sl Gl jskite 4 (Y JSE) A T i 31 me Ble 0 5 8 XY ) oL sy bkl
e O 5l esli ol L ol (giuails (gl s g 4lS (gl 5 05,8 s 31 o 0l G &ils o0 s oS5y ol

L S St ol S il 55100 los Lol 3 sl Y Sode w5 0 axes

(‘éj} .\.p):) uﬁ.g\n}i BL) ealaal 3988 e s A_<.'..w wudts QJ',".J A d‘,.\?
Table 1. Mineralogical analysis of pumice stone used in the experiment (weight percentage)
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Fig 2. Samples of pumice stone with 1 and 5 cm layering
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Fig 4. Examples of solution storage containers after sampling
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Table 2. The results of mean square variance analysis of the effect of evaluated traits on nitrate
absorption from solution
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Fig 5. The effect of pumice granulation treatment on nitrate absorption
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Fig 6. Changes in nitrate content on different days in different pumice size treatments
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