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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 4. Results of Different Scour Models
Jda Jbs slagasss RMSE(m) cc NSE RSR PBIAS (%)
SF, 5 Fr?%% 0.594 0.6435 0.6241 0.6131 -2.0834
SF, o, Fr g% 0.527 0.7103 0.7038 0.5443 8.508
SF, 6,F‘r,§,§ 0.728 0.5231 0.4343 0.7521 -4.7496
SF, o,pr,%,g 0.691 0.5123 0.4911 0.7133 -8.418
SFs 65%5 0.683 0.5468 0.5027 0.7052 -3.8862
SFs Frgd%g 0.590 0.6523 0.6284 0.6096 -2.8789
SF G,Fr,g 0.626 0.6068 0.5822 0.6464 43190
SF o Fr,% 0.666 05912 0.5266 0.6880 20.6509
SF, o Fr,% 0.825 0.3409 0.2748 0.8516 -11.1568
SF1o o,g % 0.633 0.5831 05726 0.6538 11.0561
SFy, c% 0.734 0.5119 0.4256 0.7579 -4.9210
SF1 F;; 0.727 0.5287 0.4359 0.7510 -5.0064
SFus Fr,g,dyﬁ 0.504 0.7339 0.7291 0.5205 7.7300
SFi g d% 5 0.688 0.5463 0.4946 0.7109 -5.2023

VAV



YO)LD.;J ‘Q.SJ" 0y99 s\f’vuw)

SF14 BSFy sladde 55 sddambons (Kol lis 55 oid (5 8051l Kinnial polis ¥ Ko

SF, Model

A

6

AA

8 1
SF, Model

dsc (m)

A

dsc(m)

dsc(m)

dsc(m)




cer Gilwding s 555! S 3l eolisiwl b s gloasly (Sl (2dg0 G0 Lo i

et 9 (o

SF14 GSFy sladde 55 sddambone (Sl Jolio 53 otd (5 8031l (Kol polis .Y K3 asls!

SF,; Model

8 1
SF,, Model
6 -
’I
-
B 52"
\64 E ,’/
AN AAA AR
3 4 ,'AKA M “a
pray -’ AT A
2 27 A
PN N

dsc(m)

SF,, Model

Fig 2. Measured Scour Values Versus Calculated Scour Values in SF; to SF;4, models

RV PR JAPR R PR PR SO RPN JSTRY I IR (PO T Tt

ds (m)

o P N W b O O N 0© ©

dsO

200 300
Number of data

Fig 3. Comparison of Measured Scour and Calculated Scour for the Best Model

VA4



Foplod «Ss 0y38 P ybouse ol cailols 4o 6 slbs ol y aloe

s s el Sl Gas arlos (V) o 55 o8 Sla b, o l eslinad b SF1g Je i U5l sl
ol 53 oLl gla e la 5 Ciles oo alyy s oLl e (S50l gla o La ) ealinad L 1) asloes
Sl b s, b awglis > (Sharafi etal., 2016) s, o e SASelul Gl axls wlul el sl &1l (1) 5 (0)
alin (0) Jyr 53 SFi3 Joe L (Sharafi etal, 2016) > sla 55,5 50 Jde OLL s .ol gesln oo inz

MJ&QLL: \)SF13 J“\"L.Sj:)’ uﬁ:j‘)jbww LA

sl o s (51 25 By s 0 Jg

Table 5. Results of Empirical Relationships for Calculating Scour Depth
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Table 6. Error Evaluation Indices for Model SF,5 Using Sharafi et al. (2016) Method
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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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Table 2. The number of pixels and the percentage of slope classes in the studied area
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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

YA


mailto:s.faeghi@khuisf.ac.ir

dT sabln jo S8 sbao ol alxo
https://sanad.iau.ir/journal/tsws
YAA-VFFA : Sdg sl L LS

Yo A-TIA Fo Lo (55 0,90 IF+Y yliueo;

T
“laso https://doi.org/10.30486/TSWS.2024.783479
@0 e

—

:&3)0..\.;.3])’ «55““" 9 ‘;do) M u.a.n.aS
Sl ol 3l (PSldol (5luig e (dims § oyl (6 puannds oid

PP

‘59.’19 D
Ol leal ((Buly953) letol axly oMl ol3T olKitils ¢ Sl oS 0aSitils «iy o 09,5 o Kid b ulidsanel> Lol

s.faeghi@khuisf.ac.ir : Jsiue saius g Jool

© The Author(s) 2024
AR AR AR R E™ VF Y ANA Sl VEY/ANE sl o
oS>

@l o8 O 53 ladamecinn ) - seloiz] (Fuis S 2odeS Sl Sledol GMigsed G o)l el 14 (g 3 9300 Al
g5 3l wedan (655 diged p (e (S AgeS (50975 5 Syl (LBl E9 5] (ST RRgR Ghe) el 039 Sgj0uily (SiS g
il 5L aas Boos drlan Jsb o 5 Sl Vb & Jlo ¥o i adgamn ;s lehol 550 5 0 ol 5l 58 TV Loy uibeial
5 Oy Julo g, 5l ledol Julos g 4o 30 w008 (e JolS jobo a0 1) 99500005 JLuSlas 5 SInS 4 al) 095 (st 4,
B o Ghaghy nl sleamily ol eslinul (ribigie b cdilhe 5 laebl CollB liel Sl lo )l Sl loasdly el (el oz
5 gt sl pae 8 5 ol il - elai] (555 A s J55 5 i el ) ol 51 s ¥
5 2l Sl (il )35 0950 5 £98 )3 et CIB 4o HLASW) St )3 et 5l g et (Lo )b Y Glres — (b (i o2 pus
5 IS 45 el o Sl LTl game 15 Wkd (siaios lamacns) b Sogll Gl 5| oliged s b - 5 Glacle,i
23k Gl g QS eS Lie ogdledy el 00ls 1) JO{CRORER Ol e (g j o = ololzl ( Fui) S S5 009 00l (i

S ooyl L S5y S oS sl jo 1y e 85 0l ol o ol yaic a5 Koy

T oy e yosiyly Al o dlapmmacin s 5 S s stloiz] T S ¢ S5 S oS 1 glS” olads

Y.q


mailto:s.faeghi@khuisf.ac.ir

e (3139 s (G § 3T (G gl kD 109 300 (S g (SN ) S St L

aedie -\

«Sonp sl 53 oS Lol b e sl OLKEA s S ol el DLl U3 Sl bl ST s 5 e
3 S Oy S ey S 03 Gy 05 S 258 0 a3 Sl 2,5 o0 LosiS G O e 2 LS
WVl 5 anl all ol (s arddS Jle o b ol G as (Shiva, 2016) g el O gl K 03
CAE a1y e ST & 4l Slgme 5 ($35sLES (o 5 (UN, 2020) A dalpst o338l OF 4 doys G55
o BB sl 5Ty 5 Slad b Klg e o Sl 5 opl 4 ste Sldg L(UN, 2021) sls dsl s 15 56 cou
95 1 &Trs L 31 50 Bles wax 5 oo S ks Sl (i Lal 3 el Sl il ot 0335 ol e Oladisd
Al o Ol

ool oS 5 S S et A0 gans 1 Ll ol ot Sluallis Ol B 51 (il 3 05S1 O 35S 4 S
VB 5 Gleol Ol 08 5 48 (o8 5 G Oloslis lacdled Ly, » Olgaol Ol H3 Jlo Jgb )3 5y el
- 3 e e el SUS 53 4 a3 eduls sl 4l 53 ol el el wiliS (sl o U S
L3y bl 5l oise b Ol el a5 4 5 &y po sladlinl 5 b yarass b Olgiol Ol Cmis 5 (63,5058 sla
5 s oy gl is 53 OF e s s 4 st gladle s sls 13 wlel a3 ol edgs
Sl g B8 0> o gastas Olnl 5550 S 53 O 35S als (e sla LS 5 (Koot Loy 5 35058
“ il U s Gl el 03 13 el 4 L3 S OF (18 5T 63 sdee 4 les s Olgiosl
Bl S s pde 5 b me G151 Yy el (G5B, 5 alulia )8 e Olaweal ( Jsol 8 54y 0 sla
o 0dd faS J s oSk sad e pblar Gl s ke b Do Do Sl e Lo
s ool dalgs Sl |y aaio 5 (65aLS laes g 53 ek OLRES 5 Olaiis Sl 5t e 4 ool L2
aalr O slp Gl 4 Bl e s Jasmecen S cgalaBh elarl ((Saa b 0 plas L 0T 03,55 0 5 W
Bl op 5 ombad 103 Bl ol 5 olonrl (S b aeecn s OMSae 5385 Ol 4 2338 Lo
,y;w‘dumpaww\,w,@w);mﬁewlﬁ@upgi&wju,e,uyuww
D3, pah s Sacb s S S8 0 0l s Bls Gl el e b lalas  slasl glac b
Faeghi & ) el 4 § 513 zin le b 5 o al 5 a5 b Lo sla 5550 5 jallae 5 ol e 551 Ll 5
ch.w P Sl e slexl 5 Sl M 5 Ll 03 s b sbaadls 5l ollis e s (Navabakhsh, 2017
5 Smith L 3L .(Faeghi & Navabakhsh, 2016) <ol 4l 5400 (U5 g wsiloes — sla=| SWj CoiS
“lisws 5 h K S Sl O W e s Jaes 5 (6 e lidansls (g0 O K ss Slidss =5 Levermore
pobe el oS ol e 53 03,8 S5 e 4SS Ll s (S5 el il b le
b b - K Sl s 0l 4 (Smith & Levermore, 2008)ail s ojlsl <35 L O Jaswecons
Olos 53 ot e QL iy Lo bl oS sl (5558 a b slawdlr 5 Kon b (Oded Sl iy s SOl
53,5 S5 o yemn 5 b oo blie 5 omes b Lases Sl e oS Conl 0dd ol s 230Nl 5 olae
5 b B = Sn 3 Sl ol s Ln) (st S > b sl Ol e L Ses S b

o o 3 45 ekt ol b e = Son b e s Ol Sl 5 Gl bl RIS s g

.



¥ oo (S 0593 NP ylins) o cailols ;o 6 slas ol aloe

;&)\Wﬁ@j&jﬁdﬂﬂ@glhvﬁ'b(SOltanletal,zozs)C,w:lcJJJTJf-j‘bL;]@_\J 5};;-):
JS_}LSJ@.ZWLS\}?\ﬂLNﬂQT)bCJU-bdﬁJA&ljb f:)l:ﬁjww\ﬂt&ﬁbjdﬁiwﬁh&
SJSS Jly pe s il Shololoy o 6,8 IS 5o bl 58 e ool o Olaid 5 O SiS S5 kS
S 3 Gible adble 5 S5 lases 4 a8 55000 51 sl Ll (S0 CudS SUiS pnd 5 S5 S skias
J= e > .(Smith & Levermore, 2008)s 15 Ol s ,gd S5 CukS 35 55 oo ol (S Oleyaal 5 5 Ol s
B L;“L‘*-:?'lj sslasl g@;—lﬁ.&w Lgu)j‘fb )‘M‘)Wﬁ b @ 5l Gl J»Lw;-‘j oLl Qq}g.w Jos
(e 5 slaslis wile Calihe Lol se 31 Ol g8 &f,\;jg,ﬁjﬁsczlj 53 .(Ng, 2005) ol e (31 S5 CukS
Eusuf, ) )ﬂv\iw J.:F‘U 9 LAL;L&L} ‘LALSJ['S gLAJ.:..« 3RS g&‘jﬁ) v.j (_;thfbjﬂ cuT CLA =2 S e r.,\&

.(2018
wbjﬁél&‘fh;w'g.).]&ws&:wl GMMNM &;Jli f)b-jk-é}-l.} &:)u.:.lt?r-.;)\ yl?- GLU uuLw\f

(Faeghi & 0 smean I Kimys Slidss EB patie jsba sty (il . S8 50 Ol e Sy s
Navabakhsh, 2017; Ghalehnoee & Hosseingholipoor, 2016; Mohammadi DehCheshmeh et al., 2015; Aklannoglu
a3l b glaliad O g0l (6,6 glaliad & Seeds Ol o5 el OF 51 S> et al,, 2012; Fasli et al., 2007)

laalts gy (i e ol poman sl (281 4 55 OLE 10S b s Lot 51 3 L amlin s (5,65 slaails,
ohan 5 laarl 5 S b il A 5l Saadds ulad cpl il S8 31 a0l fpl axl o sl 31 Lles s
ol saasoLzs (Daneshpour etal., 2015) axdlas glaanl ol ab p 3 Glss s, (Sis 511, e 80 0 mi (o),
S kS 22 1S e (58 IS 5 il 4 et (Stels Olgiol g 53 (S5 CodS o] oS sl Ll
sbul 53 (Saales 5135 53 03Y G558 S5 5 Sliged a3l LI cnl 30ls (56 Soaeb b SIS, 513 3
Soltani et al., ) sé>s el Sl Gt Sl s 53 SHBLs, 5 plsee Glaaia 5 s Gl la
gl DSl S5 S sl o sgoedily Blts sy b Jases Sl la il &5 ol OF 51 Sl 55 (2023
5 (sle ‘J(,Jaje (b bl (STpsl e a4 el of S sla il &S sl gl j:,b“
SIS (olemml (s ,b (sslasil e 5 o dad L5 ol 55 0T OLSL 03 oS 5 ((Lamn,S) (53,5080

el s
4 oarg ede ol S e L dne s .,\,.J)_e 03 e 23S VJLN S o LA Al Wl 8 kil s
ol o3l el by 5 (s ed Glaas o o sdate G0l G50 comse i oasl o et ) Sl
4 a5 Ok 5 0Ll dew sl 5101 (655 50 i 5o (F0b e Slased Sl (S5 Ol 4 DLl 03008 Ol
5ol Sl oeduly (Ko 5 l6S wole Jasmacns 5 a5 Blae b 5 siled i Gl dnm
(b bl 53 O Cilises sladaly S50 5 Olghol gd p albtag, OF 0L polle olad 5 1S (st o als
sl G pdicanl 5 SaSe can Cand pl il LSS s Sl asl JRle s Jb - gslasl (el

U,A-LMJ\J: uT Q‘j>u (_;le\)fw»de.Slx}Um Q(M}M&Lﬁﬂj}; GLZ.:MA})SL: ] °‘J““:’_}'é“;'gj'i‘ o )

Y\



e (3139 s (G § 3T (G gl kD 109 300 (S g (SN ) S St L

&jjxj%ﬁ;y&@wj&|f&wj&m Ol s, s 3 lames — olaz| jx)wacaw
baes — oloir] S05 S iS bl s Olgiol e 53 O Ol sbins (3lasl jbl iassy G bialy ppen
—pleir] (S5 S iS5 0I5 sl 45 Sl o3 gy dIges opl 4 05l LS @ 5 O 4d em3

Sl ol 4.;}>=.3' 4.3}<>; J‘)Jév\:\ilj @L}:j)é:}j&%i Q\ﬁ‘): Qu&ﬁ)@w

8 ey Y

035 pilmiel g g 5l diadiln CrSasal 5 S (S, hsad oo 5 (S s ol )l g 3 oS addllas s,
WWL\A& djla);)ulz:;\YL:«_:JLﬂY* wﬂbbﬁhﬂ)bdw‘JJ.AJQ)Q\J.:)J@AZ)‘JL:YV U‘“’L’”’\ u{‘f RGN
0S5 SOl 53 e shme — olai] (S5 iS5l Olisdnnlo s 4 prly 355 st 4o il bl and
Slasl el g 5 Do Lot gy 5l Sl Lo 5 4 5o s S 0Ly S sk w4 agsealy JLSUS

B S el b blse b llae 5 Ol bl lzel LB (cla las Sl Lol

oy s Y
mhe - wlerrl S5 S Sk 0L tanls s i gt OG5l gt 42 Sl edd ol elias
RCIH WP S PR G 5 PP

tidamn = oloirl (S5 S iS5 Ol Aenls) (s DM 0 St S A3 O adllas ol )
353 53kl o Ol 5

o] (S5 S kS 51 0I5 68 (staal; pde 53 SIS alse daalan Sl sdel oy slaasily il
pde) eyt ol pde =V el IS e a3 3 gseduls e85 JSCir sl 53 Ol s slaes
e sladoly 5 ey s sla So T Y 5 0l 68 (S5 Sew 53 i =Y (Sl — ulorl s sa
LS gdhoats Ll 5 ol )

S kS (Glon = il s o o 228 4 b loS 5 JLSCis 55 OB s eS lie DUl b
Shotale mlol 5 ks 5 e Bl 4 Cond Ol 40 Sl SIS 5 o il 528 4y ol cpl 5 o oie O3 S5
Sl 5 b 5 Silee s s s Shes b 3l b e calpr 5 Ol Gl ST Il pde dher

NG| aJwar...a ‘5_;.@..:: LSLALMJ CF’L )‘ "'.’.L"’)

Y\Y



¥ oo (S 0593 NP ylins) o cailols ;o 6 slas ol aloe

SOl 53 0L e 3 hamms = bzl (S5 Sowr Sk 51 D5 b (sl ol bl palian ) Ui
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water crisis situation
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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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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 4. Time series of the total discharge of the Sarcheshmeh springs (2008-2019)
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Fig 5. The average monthly water inflow into the Khansar traditional streams within the period 2008-2019
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Table 3. The SPI index for drought monitoring
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Fig 6. Average monthly precipitation recorded at the Khansar station
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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

b asls Graskeo) o1 dle dgl asle 23 250 (CnSe 2o O gekee) SULL IS at
s ;
ST o P o Pran Qui Qs Quean
St T -y <y <AMANQ
St Sl =10 ~-1/24 Voo Vo VY AATA Ve /0AS VY
boge Six ) ~-V/84 V80 14\ VA \+/0As VYA VWA
J s s C~ 14) YA Y VYT WY Vo/Y4Y
Jb 5 . Al Yl YA\ Vo/YaY Yi/vaY YA/OYY
Jb 5 ;i;_:j +) ~ . YAN vy AN \v/ay Yo/01Y AAVAAN
boge osb e +) ~+)/84 VY £V vag Yo/61Y Ye/8a8 YA/SYA
Csbie sl #)/0~41/44 £VY £y AL Ye/8a8 FUrVY YY/ivo
sb e s +Y >y SYUrVY

Sl et ol b pss aale 25 IS AT b oF Jlo Jgl aale 25 556 5 SPT (el bls i a4 il (St am s 7V Jsir

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 (I1) 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 per-
formed in discontinuous systems as a function of contact time, lead ion concentration, and biomass dose.
Bioaccumulation 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.

Keywords: Aquatic environments, Bioaccumulation, Biosorption, Lead, Rhodococcus erythropolis

Yy


mailto:soroorsadeghi@iauksh.ac.ir

& Bl yo (58 o bl alxo
https://sanad.iau.ir/journal/tsws

YAAN-IFFA @ g sl L L

YYF-YFY Fo Lo (5 099 P oliuno)
https://doi.org/10.30486/TSWS.2024.783136

“ s o8

“hutmo | g Bl 50 il 92950 ) weS 593, (LS L S (Ul (2L
(S § QoSG § (s j e Wly8 slawnlie 5,855, b o (s

) Y . #Y . \ .
&0 [l & (Bolo yg g ¢ (b yuus adla
ol eliileS o oodbal olT olStils colitile,S arly ¢ uiign 5 28 20SES ¢ ard saoikigs 03,5 )
ol elzile S oSl olT olS.ails coliile,S sl casly pole ouSLiils ¢ sandds 05,5 ¥

Ol colzile S o oDl o1 IS wolizilo S aly sy pole 0aSails ¢l s ) 09,5 ¥

soroorsadeghi@iauksh.ac.if : Jstus osics g Joos!
© The Author(s) 2024

VELYNYNA Ol VESYL AN Gy VELY/ 0N E sl

oS>

g g (s o ilize <> 90 ;0 Rhodococcus erythropolis ;i eolicel b T sladase 51 (1) Gy slanslio Bis
DB oy 050 FT-IR 9 SEM buog ey @ rbhw ol sloog,S g sy @l (659099590 285 13 sy 8)90 (S
ety oS 5 plal 005ty 590 5 oy slags SAlE (eled Gloj il oml lsie @ aegl e 55 Sliglejl a8 S
33 Jols 5 09 @y () @i wilpal plil ons) s g Jd e Glashe bawgi (i) @32 5 5SL o) slaske Lawgs
b 4 oo Jlade g 3B adgl clale el Cuvsay aids £ o Sy g5 50 Jolay aSIl> o del Cewody 4By V0
N lesliial b sty @l pledly piSTas i3S g0k )""L’ Sy @ g ol Gl g Sy 23 3 Sdee p (2 LB
L g ook Jubyed oo 055 51 55 b3l 4l & a5 b 05: a0 AVIBO oled o aBiBo VD 51 oy Jlab e 655 5
o) POl Glgie 4y 0 nd 0098 g 5l eolatwl ggaze 1o 1wl Sl 8 50 (55T Ll e 5 el SYL G ey

ol iazgr BB s sal )l

&l lalarzme v sy )l (955550, sy B0 () iz 1 glS ol

YYo



e 2l o 1 G BA> 50 alsr gl (WeT95 90, b AL sl Ulg b3, ohes g ol o>

dodle —
dr g g Jameian; G So gl Copde W 4 o Glacl Sl S S Glaly whal ) ans L
ol el Sl Vb e s anl ) S D S G T GO Slep s STl 815 e 28
TRV SVIPIES B VIS (RCHSTER IR APV SRR T IS IR ES JE I (RGN R AV A R R P
4 e ol 5l plend Gacla b ki e mio wlis b s s Gk 5L 2bss 5 et ST Glagian 5]
Jds ol gbable s ol b 53 e 5 oK DL la0 s (Rezaei et al., 2022) L5i 0 3515 ol (sbalass
ST s w5 ASle ola s, . (Al-Juboury 2009; Nasrabadi et al., 2010).aues XSOl S ol
S eslizad w5l mbee ghls Lol el anc s Ol 5l K Sl Gl gl plie glaan] b 5 Sa Jols (SO I
SFUE T s S e 2l il e 0 b 5 e o A LS e S ae b aupa (LG RG22 sl
ags SU sl plaeeslEls oo 51 oalinal ol Jslate opl (10 4,0 4 O ke o S0l (55 am slse 5 eslinad ol
2V e e ol s w0 K Sl USG5 Bl sl e slacilr Olgea Lz B 5 e e Sl
g g b pss ple banlis 530S slaag a4 5L (absorption/desorption) ) ol o S (U535 o yosd
Lo g slge Bl 5l el Cole s wds ((Mahmoud et al., 2023; Rezaei et al., 2022) ol a3 S 13 (gl
Jo 5 (K55 a5 oo DS 55 60 Glaln o bt sd JSen n Jds 4 058 5 Jle 8 00 By
Il s sl 5o 0sll 1S 5 (a5 osmy 5 haw O eSS G ol mlan i b e
Sl 55 a5 s Jule glaos S a5 ol ol yaseis .(Lawrence et al., 2010; Mahmoud et al., 2023) 1.l
slel Ll Gl gl VU oS 5 oo 5 S oo &)l (550 Lol lp 1) ol ol glag s cdisls 32 05 ke
131 1 0T Ol o 45 udyodond 5 Ol meb e 3150 S ealisinl 51 A ke s ol T o5l bl S e
oS S5l 3L 5L 5 B 5IVL (gl bl e St W 0 OGSl (90l 5 e whal U5 oS A
52 PPD Sl S s bladl S5l EalS Vo oS5 e bl Dl 5 S S i g ple GULS ol
ik 3 3 Shes VU (slsb w3 5 ey 53 SRl L ol o SO a3 08 Lo pme & 58 55 3l e 1 (Sl
S 23k 08 Slbes aupa 5 oS lnd NSl e a0yl 355 3 PH o o 1 o 50508 sl 51 ms
ol ATl Ul 5l el 5 SU e slaalls o Sl 28 5 63 S 51 aate (Ko I3 a5l 3 g
Glp Il 05 (o Il gla Joes slins a5 bgs o aS 5,05 3505 (55U cilies sls w8 o 55 ol oSl
5 Dlind (JouS 1S (peal 05,8 a5 dmes 4L laaY s Lol ol Ll slaeeilSe 5 il slal s
G Zws gd 5o 53 052038 5 0 5 o e (KiNOsShita et al., 2013) S o ol 3 e (U500 o sl 0 1) Sl s
e Sy Sl okt 53 i Aen S Tama s 0T aae B s 4 S DI il a0 Ol 53
(Adelaja et 3515 53 5 3LedelS 5 (3lais 5L« omrdin i Aul b (5o 0ke dnl B Odae (S5 5 Sl M55 (T ile
et sen 5o dial 3 s ol plad Sl 5 das e LS8 1) ol oSS Lag 3T 53 OX0 slaes S b oy al, 2011)
(o 42 ] L8l W5 o 5 ol e (S hlodie 5 S (FhIUST b o 50 o B (6 5 e i 5
S ol 5 o 57 (s Cind (1S o S o 353l 2 S Jil e (e 3 5d SS e eae
, Staphylococcus, Enterobacter cloacae, Geobacillus themodenitrificans L :SU slaa S.(Fu & Wang, 2011) .l .
Ll leds eslatwl o w ol 4w, 4 <l Micrococcus 5 Geobacillus themocatenulatus, Bacillus, Pseudomonas

ol Colee s o3l s oL e 5 5B Al Clle S S esgdeee ( GV b uled Oley de (sl Olel

¥y



Y‘O)LM:'J ‘& 099 A\‘ngm) @T ‘SLbSULOLw 3° ‘:03 6&0)&‘) M

5oy sladshe bug 56 i .(Babak et al., 2013; Mahmoud et al., 2023; Rani et al., 2010; Rezaei et al., 2022)
Sl 45 el sk e ple 4 anly clis ol 53 05 sbad ke o 5l G sl Ko (il slite 0 8
Sles S 5 538 S0 o SESen sk i Sl Sl ol ol iy mes b Jlab Sl sk 053
Jsbor ST plie SIlad 51 Jirs Jsho o (595 Slind 5 gal 05,8 ol Sl g ¢ oS 5k (NS5 S A5le Jlile
Sl slaes 8 5 515 e SESan 2 L 55 (sla0s el il e 5 Jol 03 sk 31 eslind b 5 Sl
gt o 305 5035 358 Job lid @ G Gal g w5 Kt 2 Ladshu mhan o)l s o 53 3 4 50
Sl 3 5w sk S b 6 Gl il 5B g 5 JUl 4 by s el 4 il 035 Al s
3 n UL (Snd e (ol eSS il S 5 (5l Ll Gl el Lo 5 e plie 51 Jis oS ol e 8

Sy e plil o o
e e sladsl B 5l zag Bl53 03 b 03 5y 3l e3linul b Sop el 53 slas I8 sl (a0l Slalllas
BY (Y WIPCRUWNER EPR PRIy LAMK)U)&,« b s ls 3,508 S e eslinad o3 durm;lf,lb&f 5 aS
Jolse e 5 2013 51 Jolo o sl slaed VT s L5 40 4 1503 5l Il (5 Sn Comar 51 (651655 5 o
Sgdos o liy slad e 53 55 5500 L ol LL L (Romera et al. 2006) <ol Hlsis Jsloes PH 5 Los dile cosloll Jaoes
“Jshe 03 5 izl it Ol a5 ol Sl 53 ol pby s Juate S 1 ol (S L oo
(Dhanwal et al., 2018; Romera et al., 2006; Rezaei et al., 2022; —oul ol S jae tow ) 3l Olge 4 odij 8 sla
Llokile 3L ol eslizal zxis slas )8 53 o3 LSLAML;)UJ;\:A sl S5 3l ol (J= ol L Rosca et al., 2023)
el Ll g3 bos 5 PH e ame Ll 15 5 Jsbo 235 sk 3 alood sle 35 ) S Ul 3 a5 ) 5s 2l &S
S eslizad b ol sladshme 51 oo Gl andllas cpl 31 Gas 30K 56 Gl Ol o5 655 Jle e | Jshe
Sl Al o fs) e 5 ey ol e Sl gs 3 sl a3 K Ol 4 e ol eSS0,
St Dlalllas 5 ey o slap Sl ramen L] a3 S 3 adlas 540w Slles Ll o da Sy, ol anslie

el 48 S 13 ey 2550
Usd:&jjj.ﬂy—"
é}l« w;r@@)‘;& -“-:‘;"‘J;;:W .\bﬂ—\—"

oslizul 350 (6 S 4 s A (ol 2 (OLIT) Merck | by Slid 5 03550 IS (s IS 5 oden (1D e S 3
PTCC (Persian Type Culture 5l 5 el o35 ol i 4 031 SLjl ok (g3laldr s sl S S 93,5 el o
Loy 551 51 O g0 (e SV 538 5l 05t 1 esls iS55 S 5 L Sl Lse 020 5 53 Wdshe .S 45 Collection)
A e Ve 53 (e S Y/0) i O3k el (63 (¢S 0) e LIS (¢ S V/0) Sl pdeasise SIS (H)D (p ST
Al ol akds V0 e oS sl a3 1YY (les 5 S SIL CiS bas 35 VLl Sl PH 5ol o 50 s O
Sl s s Wiln B ad el b b g e (g8 o (ol (sme Glakasee s Al o3l L SU Glad e«

(Fatahi & Sadeghi, 2017) 55 ) ;3 ¢S ke 00 s Jhome ke 550 p5lie (S
53553 Y0e 53 Ol OIS Losl Sl w53 ¥ (glos 55 Jasme 1) s 00 (g5l () koo YOO (Sacidls s 23S (5
Loy S eIl sl b 5l (ghldie (S oy Jsb s . as 4SSl (IKA KS-130 Basic) el 41 e 40 4ids

YYv



e 2l o 1 G BA> 50 alsr gl (WeT95 90, b AL sl Ulg b3, ohes g ol o>

UV-Visible (Spectro scan s sz 5 il Lo 53 20 U N0 e g0 Jsb 5o omis 05508 255 L odd S slad gl Jle
OD: Optical ) Lad g Sl o, 5L 53 sl cilbs o L ocol izl Jb= o3 glad e s (551 == 60 DV)
g Vs ) by Sl BL L sized L ss 5 (Froilabo SW14) aids Ye s o ¢j§i~~~ 5 54 5l L (Density
ALs pasiieom T fres BEer 5 (Gad 0ssle 4y L) FTIR (o il U Jshor o (55 Jule (slaoy S i
MIRA ) Loy s, oSy Son Jam s (S50 58 5 50 Slalllas . 4 Bruker- ALPHA o&ews g5, » FTIR Cib

W ft?u.‘ (TESCAN SEM

oty o 3 Py i sl R a3 Y-

sgam 53 S Jl b glad gl by o wd glaanl g s Rerythropolis o) slad b baw sy s S Aol
OIS 51 4i35 10 e w35l x5 100 (las 53 oS 0 sladshe 5 Lo el Jb e (1) Sl 3 sld Knpnilsy
oS ) 5 i Jskeme wsed I e 00 sl lap il 55 e e s e o laghll s el cus
Jslee 5 lad b (Jalas 31 Olaabl (sl ploil (s ma) o5 Slad s b (s der)ad 8 5 0 8 slad sk
lad s o zabesl plad 53 sy wled 3 38 Ble a3 ¥ (sles 3 (ulh 033en o led s gladley 53 (53
Sabd e wde Ul gl LA @jcv, Ly e Olea 3 Sadls Olaa Sl 5 Kol sty 23S K51 s
ol CLlB ) sl s BAE IS S8l S Sl a3 VY (gles 3 aids V0 e w0 oL L slad s o3 e (slad s
PH .tz 8513 (1) (0.5 M) ool b bl S0y 2 o 00 L ol s ol 8L sladsher Jled e sladsher (S35 505
il Sl 53 (Sl ae a1 5SSl a3 YO 5V L Ll s bl S A ol g sles
) o O ke 00 ol St s S (S N =1/0) ol SL slad e il slie Sl eslial b o i
Sed 53 318 Bl s T Gles 53 g Jlos 5 68l eles i plnil LS esls D13 (R 55 08 e A L Y

A el B33 1Y B0 e 4 ak35 53 553 Vo e b 25 2
Sl dsbe 5 0l s Glas o5 Gy Gl (gl lo Lol8 51 eslanal Lo i § Ciles Jlos Jeolsd 53 laddgad
Varian (USA) ()5 g ik b 5 UV-Vis (558 Cldor (683100 iy, b ol s clale s ST eiledly 5L clale
A ey e 3] Sl gl Sl eslizal 35kl povie A S 2 56 YAV - 5e J g s (Cary 100 Bio) Jus

el s 4y 5 bl Sl eslinal Les s s p S 58 55 sdddr 5k slal s i

(€O - Ce)V
= M

O cble Ce .ol IMY/L) Jdes 53 0w O ad ol Chale Co Lol (MP/Y) 03 55 s 3 (S 0d Lol s ,ldde O oS
| T;MJZ.SU .léle)J ol ealarul 03 ¢ T ) )‘J@M}(L)h;;wv»vcﬁw‘ (mg/L) J_,Jou: BE vj.)l.au“ nglﬁ

A rbu\ J‘}ZA )lj§_',' dw 3 Ladi:ob)"
C«:u}@\:.a A

d‘ﬁceﬁjc@j%db‘)ﬂweﬁﬁhb M)uéb- u_iijjjjﬁ)y»}6)‘“;-@6&;}”};&)1,\?&»):3[3;))“&&

YYA



‘VO)L&;A 5&&‘ 099 “f’ruw) &T ‘SLb‘\JLoLw 3° G’é ‘slbé)a&‘) ‘\-1&0

e $38 550 5 Sl plulis—\-Y
O U8 ws sl a5 38 O e LR erythropolis Jlss e 565 0 slad shu Ch.ﬂ S5 58 e

Wb 2 sbd g SISEM 1 pas (0) JW g0l 58 559255 2l S s g 5ISEM 5 @) - S
A-L\.)'ﬂ..ﬁ duJ}LA j‘ SEM ﬁ_’-és ©)

'

MRSRAS TESCAN SN BV 30000 WO B e MIRAT TESCAN  SERE HV: 380 W
Wiew fbebd 127 pm Deic 36 T View flekd: 3.0
Worzatan Univeray SEM MAG: 713 kx  Duteimidryk SIS K dintan Uity SEM MAG 29.3 kx_ Date{midiyl. ORTIT

(a) (b} (<)

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
concentration of metal was 20 (mg/L), contact time for bioaccumulation 60 min, contact time for biosorp-
tion 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
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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 3. Examples of test containers
O i Jghos g —£-Y

S e pde 3 s G Sy L Sl o Ol i Ol Sl g s Sl e S L
g S il 58 5,500 Ol s Dl e el Al a5 L e 5 125 Il 5l 0550 Ll
bl 5 el S 515 s se Sl Sptal Jsloms 3 S a3 08 G CBIE Ll m sl ialesl 235
Joloms 4ty tonl Jlaz=| 1 Gl 5hae 4 (Rice et al,, 2012) 15 8w Ol 5 ol a3l 5 1kl (glbs fandl) 52

..u_;ﬁmz;:v 63 340 ;3 PH =

L les g5lw eslal —0-¥

358 3l Cales S s S Wlal Bl Jale Jdes Sy sl b b 4 @l Jsleee Silweslal 3l o
33 e b sl S mle s YO Jl b gles 53 g b s A e3ls s bl IS 1 gl sl sla LaltL
Gy b adS O ks Of s 5l Comiles jshie 40 LS ol Aol 5 jqu\)):qb@uji Saands ;3 oa LS

Lles 31 615 piges 1Y

Gy b oads il Farh 3 oy 33580 ST T N0 0 0 XY slajsy s lus 4 dajles Gslwosbel 31
bl oslad 55 5 3o S5 b s A 4 Bk a ga) el ann Sla et Gaib Sl e e Vs s GhalesT 355
sl o (8 ISaas 5,15 r§>v.ﬂ e b s Sy S8 b s s OOl Ol (6,831l Ole

A g Aals Sl Olse @ s S0 sad (Bl IS 1l 1 U gloes QLIS 51 s 5 isles]

véa



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

[ d)‘éﬁ 4.3_,03 J}l’w‘_;)‘-\.qga' JJ)B}‘ dum,«; f,JSofv

o 03,

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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