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Abstract

Since wastewater treatment is a primary and vital goal for
environmental protection, this study compares the
wastewater treatment of Faraman industrial parks located
in Kermanshah province in two bioreactors operated
under identical conditions. The studied bioreactors
included a Moving Bed Biofilm Reactor (MBBR) and an
Integrated Fixed-film Activated Sludge (IFAS) reactor.
The performance of these two systems was compared by
examining three operational parameters, including
Hydraulic Retention Time (HRT), Aeration Flow Rate
(AFR), and Filling Ratio (FR), for the removal of carbon
and nitrogen content from the wastewater. Using Design
Expert 20 software, various experimental conditions were
designed, and seven responses were studied, including the
population of microorganisms attached to the carriers,
carbon content removal, effluent turbidity, and nitrogen
removal, which itself included nitrite and nitrate removal.
According to the results obtained, although the growth of
attached microorganisms was higher in the MBBR
system, the IFAS system demonstrated a higher ability to
remove carbon and nitrogen content under all operating
conditions. The turbidity of the IFAS system was also
reported to be lower than that of the MBBR. In fact, the
obtained results indicate the positive effect of integrating
suspended and attached microorganisms on the treatment
efficiency of biological systems.

Keywords: Moving Bed Biofilm Reactor, Integrated
Fixed-film Activated Sludge, Industrial Wastewater,
Hydraulic Retention Time, Air Flow Rate.
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Abstract

Dairy industries are high consumers of water, most
of which is discharged as wastewater. This study was
conducted by constructing a pilot system and
performing a laboratory-scale investigation on the
removal of organic matter based on carbon in ice
cream manufacturing industries over one month
using the electrocoagulation process. The reference
samples tested were taken from the effluent of the
equalization unit of the Mehr ice cream factory
located in the Isfahan Jay Industrial Town. In this
research, the variables COD, TSS, and BOD
concentrations were respectively 8700, 2900, and
6200 mg/L at reaction times of 15, 30, 45, and 60
minutes and pH values of 3, 5, 7, and 9 with current
intensities of 0.75, 1.5, 2.25, and 3 amperes. These
were evaluated in four electrode arrangements: iron,
aluminum, iron and aluminum with equal ratios, and
iron to aluminum in a 1:2 ratio as the anode
electrode. The results showed that the highest
removal efficiencies for COD, BOD, and TSS were
at pH 3, with a reaction time of 60 minutes, using a
combined iron and aluminum electrode with equal
numbers, and a current intensity of 2.25 amperes,
achieving removal rates of 89.3%, 95.1%, and
82.5%, respectively.

Keywords: Chemical Oxidation, Dairy Industry,
Electrocoagulation Process, Wastewater Treatment.

by Al

Slixsl Wiyl y8 awgs JT Slge Bi> oy y
CS 30 168 y90 axdlln) Jud obo o (S s
(ool o (s

Toyai le 9 Ligo ! o]
oRils ¢ gwdige g (8 0aSLlS ()l jes cwdige 05,5 ¢ Loliwl )
Olrl ool (Sledol (750 o
5 2l GRS woles peate wB) (ulS IS s gel mils Y

Olploleral ( Slaol (Bl s oKl o g ame sloosle
elham.izadinia@gmail.com : e, ¢ Jgiue odiusgisk

VECE[ VYO il s g b
VECF/ 0N ool s
VECE/ OV b pdy ol
Il ol 5 T el ©

. o>

4

G oS wies OF 5l W e eaiS S pa (o glio
Sl by p (l 09dion @0 DL Ojg00 ol placl
aly p Jlolse B3 BT adlhs & g0 5 sl
Al ool b ole G Diedy (i 0y mlio )0 ()8
7o Shlejl 9,50 @z e ised adplnil (S 2SIl sla]
7 e S 50 @Bly s (e A1 Le Jolate 92l
BOD ;TSS COD cllalé i guios ol )0 dbangs g
Oleoy Dy yid o e S Je Y g VA AV o ey
oy Sas LA gV B X LpH g aids Fo 5 ¥0 X 00
2] 205 slosaz laz o seel Yo YIVO /D VO
& poairagdl 5 ool g ply i b pouinngll 5 50T cpgaiegl]
355 Sl oy Wl oSl plprear ¥4 ) s
LY LlpupH ,0TSS s BOD (LCOD Gd> lenily 5 st
L pseinsll 5 ool (oS 09Ul 5 aids £0 STy e
Aoy boply el YIVO Lo Sal jo 5 plp olaws Cons

el Cawdas AYID A0/Y AQJY

(Sl mlio (BB abal  gleond gawlimnST: oS Olols
s S olassl a1,


http://www.jwwse.ir/article_233327.html

Grai e g Ligon!l pld!
I

9 e o JI oS dhnie dlge (439381 5,k 5l Jglaie & ygoa
o o9y opdye plml MOl 5 OT e 4y 0y
Ml 5 Of aias jo SYsb b aile o, de ol
O s s lpese YL ane Sl el Gl
ooy Al 05 sl 0 50 cuslin sla, 1S5l
Gly S olstea 1) (Soasll gileyglis 5 (S0l
Spei oo o sleable abal Cais o axg LB
Oz sl eslaiwl b gy ol 50 . (VF Y (], 5 dgasray90)
o2l pguinagll i | ot oo xSl s g (SO S
‘5\.\.».‘:5.15 A_J‘)Q sAMSGa J.o.c Kvily 9 ..\.:T O ygody as o).».C 9
A5l (S SIl Code slal wdg Bk 51 OLSB )0 Sege
p3Y 0 5 pociesll s ol g amtiyo 5 ond (s (S 2l
Lo g ladl il oed o eald gileasd anlE e
yay

l, astas sloos] b opl o Jgol >b Lol 53 oL
S il sl ogas s 0y e (v 5 (e
Gy 5l oo ¥T T o a5 col ol 0,5 ol ol oo
695 2t 2l 52 jloasiadss (55,08 5 5SSl
Yuliani etal., ) oS oo of51 5081 55 Lol g 459,000 5
(2017

Fm by S oSS oli B e o psbslas
oS galipnST lawgs Joee ;o odiiSadnie Jole a5 ol
Jolis (S Sl olamsl (VE+ F paas 9 Bg5)) 99 oo a5 il
Sy Plowl awgs Jolowe jo caisSadsie oole ags
5 powiosll Sloog 1SU 5l s sy ol b paainadd] slapy
@ Mo Oiaer B b by W0 (g0
WS S8 Ol Gl e ln Gless @b (gle sl
o Sl olaasl a1, o ,Slas 042 (Ghazouani et al., 2019)
el 00 00ls Hlas ) S 50 pgwivaglT 09 xSUI 51 solainl b

el ol uBige al> o aus ol s3SIl ola!

OS] by caiSaasie ool JSid )
(51) 0398 pan 39 1S oliowisg Sl

doddo —

o el Gt plio 5 lals )5 Lol Slegile 51 (S Ol
WS oo oolatul Sl mle cpl 5log> ladgy @ daz g b i
S OB 09d oo (AL LS plgreay oolitul 5oy
JE1o g 090 ahal b (Sogll cusle 4y azgi b Cio jo 0
cbli> Gljle pogascnl j3 0l aldss enindy ale
D9 03g)] s jlazme B o)l J S aabsy oo jlae
Sl pgar o b 10,5 pike (ylojl (pl Gloladl alox |
ol o mlio (ST 5l ams o ol BB ailsaaas
Db sbdilaaas 5l 650,00 9 Slaxl Jb [0 (ool
Mol slaailsaaar Cdel cul S5 ey s Saio
Dt b Jpolut 5 sl olb Joa it
ez b ailiwlie a5 wites axlse loasl, 285 5 (5,15 0 40

.Q)LXS ‘jjl]a.a @‘)‘.{ A!Ls 6)‘..5).:01.@‘4 9 oolw 6llbd.u)b

ML 1 dume oolasiw! (4o 55 -1

S S g Sia sl ,eaS o Ol mlie Cudgaze
el (65)3LiS 5 St iy ) 9gzge DMare (et )|
aloz ;) B ,leiel o molie 51 oolazl 50l 51OV FHY ( SLs))
SF o Sl 5l 59055, 1y5lS (nl o (Laibabal Oluy
2ol ool e S lsiear Slay 9 )5 9o 0,55
ol @l slsls 5l st el pegdle w55 p5lsS 5 cnio
980 3 d57ge ol mlie plsd 5 (pszabie crse (i
5 Caro 5o Ol 685,54 (WYY K 5 (5,k)
Os ol nl ST (Jg el ol jon (ol 5 wilsd b az ST g5 slas
O pdy plnil o Ol 5 Cu pae Jlasl 5 385 (55 a0l
(Venzke et al.,, 2017) ol Jlisa, oy jlews Slas
ol )z p0a olay ookl el sla g, (S ebas
£6, 3,0 g e glad oloul =Y ¢ 5laS gs“.’b‘ 6)L.h’—‘ -\
Eomas i -0 (5 Blas -F ¢ laie O jlas -V
Losay, mbe gbol & alss -# ¢ iejp; slee,hiw
Yipetal,) opé g byl Loygp -V toailssy, oYhogs
(2018

s Lo Sl Glaus T ,6 —¥-)
5O 0isS diaie dlge o ol el & jle Y S Sl olanl
L pgeirogll sloog oIl (S Sl a3 5l oolicial b a5 e
Oiaoen 35 5 &l o (g3l slagyg adg S e el sl
059 y0l dilaslio (g 3luwaizd g olasil 01,8 0,5 o ploxil WIS o

VEoF cylinno oF 0 ylods s Jluo

M g O (oo 5 pole 4 piid



(3! ptpo (sidmns &5 o 169 550 alllan) (siod @alioo 50 Ko Il Slinil wigl 6 bawgs T Slgo Bi> w2

8H* + 8e~ o 4H, oy

IVTIA st e S5l B gyl sblze 5 )
Sy b 2bil QB s 1A S A ©5908 B g N -
Geraldino et al., ) <ol sodaaar ol 5l some eoliiwl 4

(2015

Gloud asluo ML -Y-)

oolo Hlgreas 1y oo lay] yo a8 siwn b od mlo
Y guama 4 o a1 )8 (b e g 03,5 b0 adyl
gl e ofgd Cusle Joud ) alize laoo gl g
o @l ML o9d 0 ho oy g 05 alS (i
3979 Lol Jolowo 9 Jolone (252 0L sl (e 1l
GAmee 5l 0Fan 9 s dadlaeg Sl VL lade
Pl ST Gl Sl (S gl DL sla Sy
5 035 Y Sl o1 TBOD) (Sjglses 5 "(COD) (oloores
o 0 Glgise (S sk ls gl s T(TSS) Glas sl il
55 5 cle s aile Sy b o alio als )l
Sy JhE Ol albbasar b SO |,V o
(Melchiors et al., 2016)

Sled OHSB 10 25290 JT Slgo yolia ) Jour

(i 2 )5 (o) Hlado byl
YO o—Vooo COD
YoeooolY.. BOD
5. TSS
Yo.-Y-- Oil and Grease
V.-V pH

Sladg g9 g Caale & 4z g5 b ) @l OB s
bsgs ol aloyo 3o (5 gty g5 tesle s iile )]
Sy, bawsi pod al>pe 15 9 aleerd (Suid sba s,
Ol )3 ML a5 wlie (S j5bos 955 (o0 Oj50 (SuSolen
2 O Sedgiands ol Jisu g9 j0 ol e ]y Slxils I8
Sy ) VIS Gadptend 5 ed S8l e
Dy AN Sl

Bhiond Aol —F-)
Olod mlie gmio O aaas Benazzi et al. (2016)

byl 0ee (S SU slawl gy ©sbl 5l eslanul L,
aS YLl Gﬂ by o mlie OB LzQT adols 1,8

Az Sas g 0ad,labl 5B aess -Y

DC Voltage Source
il
X /LS Sabelocf /0 S SN,
L Pollutantrisestoo ° ©, © = - 0
o . 8O 2
E |- s o~ T il B
= o % 0.8 L J
£ N ‘0 o o ""% 5 °
g > AR o e onousonoo ) ok
= Pollutanf) o g;io Yy B
|sot e )
S chemisry \“*% %0 S C Hyl9) § ad ®
Anode SN g prstion J Caithode
ey (AP e e ™/ treducon)
Miydemed canon ‘: -R_;\ bovsiane OH ~ & @
v & Pollutant 0; 7 =
Precipitate settles Water pll
B Sludge ——
—

PouimnglT 09 ySUI by S Sl Slinil il 8 0 ySlos 0g20s - S
il (1) ably 508 goseiesll Wl (sl Lol (2STy
AL — AL?* + 3e~ )

& (M) 5 (M Ly, Gllae il 5 wl5 o 55 O 55 250l

.Mb‘sc
2H,0 + 2e™ = Hyg) + 20H™ 49)
2H,0 +4H™ - 0,4 + 4e” D!

slgs 5 Wl 0 cadady 8 sbge edlea
Slay Jslme 5o loog Sl a0 eadadsl oSy 0

JSL g sladaSgye g ateo e las STy
() sloakal)) wilo o) (55 GloaSeds azt o 5 wns oo

() 5
AL?* + 30H™ > AL(OH)3 (5 )
nAl(OH)3(S) - Aln(OH)3n (A)

St glooaiSadais iy Jb o parteedll slagys
<l poiragll Glogg wies DS oS sixie ¢y 555
slaisn 51 Syp cals aulyg e calcdls
lmoaiy VT wislgs oo 45 waims oSz |, AL — O — (AL — OH)
(Ghazouani et al., 2019) oS Cdo  olaand O j50n |,

Sl xSl 55 i S Ll g GgrmlonnST 2S Ty iz en
Ll 0ol Hlo (M) JHE) Laslg, yo 15 g 3T al

4Fet & 4Fe?t + 8e™ *)
4Fe* + 10H,0 + 0, & 4Fe(OH); + 8H* )

VFoF lawn o o los (s Jlw

Ml g O (i 9 pole 4 5



Grai e g Ligon!l pld!
I

3555 S 5 0 (sl ol kS iz sla il )l LS
loled (Soe oS 5 e 9 8,518 Jelod g 4525 3590
ashad gl ACL0 bl @31 sloog Sl (oo 4o s
ASISE £ ¥IY) o ity COD B 5 & y908 b el lay
4235 OF Sgame 5iSTy ylos b oy QAYR £ /AT g 0oy
5555 hpno ainte ST pieas 1 35,2501 5301 o

aaal JSllee sl o)l Asaithambi et al. (2023)
Sse |y SuySIl slasil anTps ) ool by oo LG
slassl anTyd as ol i laiales] auls .asolo,l8 cw)yp
Jdoly a5 ajls 1 Jeily cpl aome (205 L (S Sl
Play 5 olay 5l oan VT Bl [Ste (6l (5 50atiS lgal
Olg o 1y oabanal OB iy Loyl 18 Cood 5wl Sxio
Bl gy onl 50 0,5 bl el Ol lsiea JelS jsboa,
FelFe slasg St oS 5 L 733/3+ COD Gl )+ + 55,
ol Cavods 4B VAL olej 5o

slawsl ol 8, pe> Boinpally et al. (2023)
Sl 3 % €C) (S slinl wis S ol oSS
5 Sbeael bl w00l a5 cwl plags,sl
b 0 ¥T Bis o]y Glyls izt ol 48 10009 450
S o0 Sl RS o LSSl b asglie po 5 el
O I (slos 1S il aial 61y Hie j5bas ol pegdle
S pH asle Sllee ilize Jolge 5 04 o ooliil
e 2 LS Ll 18 5 09 28l lge ¢ Jolome (Ulo) 3l >
slixs! TriGueros et al. (2023) .5,a8 o 756 S Sl oliasl
3o Sl plio abai anl B SO Glgied aig (S xS
S SLlie 31 5 03,5 pma | (loontyth (sl i
UL S Coew 9 (S0 S (6551 S pan Jlao g,
isgas o Ll Sl

S g, olauVL 5l sudes LS Saeed etal. (2023)
9 Sy olanil an Ty oS5 5l eslaul L 1) 3l 5588 50
Geios Gl gl S1aisls 13 bl e ge 438 iy GgrnlannS]
2,5 o,Lal BB 5o 59290 COD 78A Bdo> &y g5 oo
5 SopSdl olaml anld oI5 abame ol Ll e
Sty LML wigfenl slp 1) Jlsie gemslagnsTy xS
2o,S

bug cadplxl ldllae Ankoliyam et al. (2023)
abal (o (S S oolasil wnld  paas o i ddone
rsas ol 3o glalis § 6 yslaex 1) Slid mlio OOLL
PH g 2SI Gloj by Dud @dos (nl )3 Woges )|
Gl p Jlolse Bio jsliiens 1) 092Ul iz oo wiylan

LIl oS U5 5 S5y eoppas Bdo (Slgyaem wile oo
Sle Hloj el Cowsds ubizs (ol sloasdl 5l .aisges o)y
W5y Sde ey Llyn cpl o g e gile S ol
KW Cewddy Juo 0 70 9 v Aaf o P Gﬂ u.:;s C))gds

55,0 00 sloas e rals s L Ates et al. (2017)
22l el 3 el glio 36 Gy cisS 5o,
L ol Xagh cpl aioged oolaiwl (SO asl olasl 5 olad
55 5 Gl oS Bi pstaadll 5 ol (sloog xSl )
9 B DS falS slp mizee aisls o)l ASL ST,
ol laasdly Slainisn sgu |y bl (lid (gl 23
AYIA Gliem s posiosll 05 2SIl 3o (g yy B 003 o
2,0 APIE e s cyal 59 x5Sl jo JT )8 Bd> g 0o y0
IRV K0

5 olad mbo sl aaas Reilly et al. (2019)
eyt Sy9e oSSl olimil by, 5l eolizal U 1, ol s
LVoas 1) o5, laS 5 wlad Mol ahas o] aisls)l 3
9 ke dlge 3,5 4 5l (gl OB GV g alex |
Syl 5l cbli> glp Yo s J1 025 5 sdie,
sl 6)9)@

sleslenl bl oo mlis OO Gerson et al. (2020)
S gl (nl 5o 308 513 g 0550 (S SN Slanil g,
We s Voo XOV0 ambo obal b s alowl _sdly oliie ,o
]MTAY W UL’J‘> )I cdlju.w‘s aao ¥ olejm‘_,’lm
WSS eSS |y achas anl,d aiBo Ve lejciae o autudlys
asls plo b iolesl ol 5o 7A4/A sgu

5 (s jlaxe Sl TriGueros et al. (2022)
Slixil g oygridend anl B b Sl mlio Clay abal goladl
OlFise G5 onl @l hasls )8 ) 050 1) (S0 Sl
(sl Jlael L 45 55 0 01,3 58 5 e ol 4
Slge Ba> U 0gd g0 00ld Gl cpl 90 ;o 4y dgy (510 o 0
sy 510 &y Slkae atyje Sl 5 555l 5000 b ]

5T sloog 2SIl 5,0, 4 anwgs Krishna et al. (2022)
o135l eslial b Slod OIS anias (61 e = painasl]
el Wble (o orl )3 50,8 ey p 1) (S SISl
ns 31 5l oS oSS slanil 5, 51 Sl oMol
abal Hledly cpizan el jepb b )0 G pway a5

VFeF bawo) o oylos (oo Jlw

Mo g O (oo 5 pole 4 piid



(Oltrd] o (s &S s 16 y90 axllan) (S abo 50 (Ko yiSIN olinil iyl bauwgi (JT lgo Bl (s
I

Slasi 2ol Coge LSd (SU gy awo)l B pw)p
sloizse LalS 4 el yd jsboay Sb g oo Sliols]
SLU S oo 6ol S5 Slies anje 5 (e Sl I S
> et Sl ol gobs a5 J5uS LB (slaygise
ol slagilel yb ¥ sz ool (ialesl (ohb i,

Do e lid i Zolaw o ) cw)

St S ol T3 s o ialo3T 25k Y Jgar

o Cilizes glacdl> Ay ol
INERYARRIAA 0D mg/L | COD/BOD/TSS
7. fo Y- V0 min ol
q Y 0 ¥ - pH

Fe- Fe- T
oal | AN oA | PR 9525

Y YIYO A AN gy

Ol Sad

achai slily 50 (Ko SUl olinl wl ) jsliten,
5 7l 00 s o b (2R3 Wiged o) mlio LG
e L ) anllas ol 4o b asle ahaiie anlp
bl 55 Sleiol (o2 (siaie S s 3 Bl e sy S 1
yobieds ol ol glaca VI L als ] Bow g ol colatl
15 oy St o] 55 e Ak & oy 4SS
5 o Suleds oends Ssbl ol cadazsle wigel Y S
ol wsliinl 3,50 (S Sl Gl > 43S ate iz
) alols 4y ami Fe g1l Slomias Sl cdigas ) 9o o]
S3lye bz b e il Ve 50 Ve 8 ptie olal b 6 o Hlo
T & Ol 0 g0 LS 5 lawl ol jay a1k
owgs 0l et QB Dokl cnl jo ad Jate 485
s gy stal 5 aseiasll Snio olie la

(<)
5 S Sl gyt 43085 i 3 4lllan 3,90 Sl 31 (ol (0 3131 Slod (1Y S

5318513 Julox 3590 ()18 0 st slo by Glgreds ()5
il gwyp Bas L sladlas Faraj et al. (2024)
e b S 6oy 2ix b (S slasl oS 5
iz egascpl jo sl sl ol mlbio OB 4 by
FO-10) STy le «(A-0) atsl pH alax3l o Slles ool b
ol 858 sy 0550 (Gid e j0 2,5 VO/AY - 4/
COD B3> 7AY) JT slge Bi> jglaieds digy Loyl (pubidmme
YA lyr oo baids Yo ooy o 1, (&)9a8 Bd /A

233,51 oty il oo 05 VAT Cgi 550 5 sl
olbie 0 b olol s o plas asds Sldlas
Bed )0 Sl 00l ﬁbal;ya}l;psw)%@li@uj
Oygods ] olag abar jo (SO S slasl gy ool
adlas jo .08 bl Gebly wliae o 5 (ciun Gt (6950
oz o 23STs oy PH (b, s sl 5b ol
55 S rSIslasl g, plealy o Qlesez 09 5 32l

2 (bl Dbl lide

L gy 9 dlge Y

Tk lebel (> (rro oS 4l 0 35 peie slaailbasiad
Ol oy ol 5o ooliiwl 550 bl Glasin 5 b sl

ey 3 elilel (b sl Gaiss al o 3900
S 65lel by, G a5 (Taguchi, 1986) i soliul 255

Sliales] o ;3 a8 el ol aalaie slaty] T 51 s e b

)90 |y plamms p 50 la el )l 50 g ay ol il (5 58

L_-J-H
N
AV

(&)

L ¢ OM} ¥ o)l.wia o JL&

UL g o cwiigee 3 pole 4 ol



Grai e g Ligon!l pld!
I

A eolaiwl

Sin—S
Efficiency = mS—Out X

in

100 Q)

> adgl cdale Sin s ) e  leaily Efficiency a5

e MO sy 23535 2dalé Sy g M/

S bl 05T 3 el 51 ol gl @)« i ol o
Ot il glio DB 1L Bis pgas s
sobed 755U gy ptalesl 2rb plosez 4 azgi Lo oo
G el 5 28,8 sl o] b b alhe byl
COD/BOD o sz op TSS 5 BOD (COD (sl sl s

Aol Cawday

TSS 9 BOD .COD Gis ylosily -)-¥

Pyt (T ) phlesl b b Gilbs (Jol s
sl 5l TSS 4 BOD L£OD sla ol )b i lenily
A ol i ol o b ey s adel el ealiags
Syl yly B leily by el by 51650 i s jslaien
5 sy S50 Dbl 4o by yiulesl eles TSS  BOD .COD
Tk b Glae STy bl plosoae b ol Ll o
Gilwloz jalateds (glaids Yoo i by g Slisles]
Gl plesl 5ham Colesys g adplnl ol LSAS slaasdols
g.,\.‘B)f S0 6)16)3439@.3 ).'a.: 3,90 ua.>Lw govey) 6‘;» ‘J>‘fe
R PR
O G &S 0l lis SO Sl sliwsl Sally o ,Sles 5 04,25
F plppH Jols ag bl il 0 (ZAYY) COD Gl as )y
)‘ oalazwl 9 ).uo—‘ YIYO Ub)} W) ‘cu.._eo 7 J‘-’S‘j ul.A)
(Jlie yo 0l Jol> (Fe-2Al) poegl-yal oS 5 g8l
oley & ply pH Luli o (A0+/9) Bdo lenily o 565
u.....‘u pH ‘OMQSM)J" 6LQW ul...a 3o L0 ouwlie ‘_5\)5)5.”
A 0 ol oud oy Sly pley 4 Ced 6555
clloze 0 a5 GlaigSa 0,5 Wyl ewlasT gl STy
ssbar S STy (T Ll PHO s ohsa) Ssae!
Bl ymlidl Bas leaily g 0ol F) (655,50

b s S 4 ginin LSS anlss Ly )Y
sleosls g wledbol w)p jelaieds iogh cpl o
OB alss glas Jaibiwl b pol> Gabos s 5l eowliamsa
Wbaaal 5 Saio Spd syleer S8 4 Sxe
a adss o lailin] polas F Jaaz 10 888 O jse (slawolio
LSLQJ}‘a ol 00 QL"' e ;..v....a " J}'ﬁ”“’ abw Qs 9 45.......»
5P ol ol o laskewl ol 51 3L JT 5L slls a8 o
Sl g aled solatul achal i 5l s slaes 4 4 adss

Dg oo yolo gaio OB adss jeme JT L Lzals

S0 aly OB sowis¥T jlxe pSTas wolio -V Jguo
aldddal 4y apdsd gly

o>l slade ol
mg/L Yoo COD
mg/L Voo BODs
- TSN pH
mg/L o O£y 9 s
mg/L f oclal g
mg/L Yoo TSS
mg/L Y TDS
mg/L 4 CI
mg/L JESIRCE lbcas 5o

S Slislol g 8 03105l olws — Y-
SolKiws 5l o cwyp 3550 Sliulej] (6 uFeslail jelateds
ez ol oaisle o laslinl 5 ae o lasbwl b gillae s
03,51 olKiws opl S Slasin f Jsoz jo .ol solatul

plxil jabiods coliwl 090 ws Wlasin -F Jous

wlivb)!

Oleused 0w (o]
obedT SlesT o5 s ALBOB Joe « BOD
obedT SlesT ws n AL250 Jow « COD

ST S loST iy iy g5 olSiis MultiDirect
ST SeJlgsT 05, AL20pH  Jos & PH
ST SedlgsT ws,y AL20coN Jow = EC

(5].‘_ Slgo Bi> olewsly acwlxo -Y-Y
Oledily (owyp (Bl (ol Bas &Sl @ 4zl
Sleynae o g cud mlbes pls OB 5ICOD § S5, Bis>
Q) ala, 5 G pleasl, S slayall ibejl plo

VEoF cylinno oF 0 ylods s Jluo

Y.

Ml g O (i 9 pole 4 5



(Oltrd] o (s &S s 16 y90 axllan) (S abo 50 (Ko yiSIN olinil iyl bauwgi (JT lgo Bl (s
I

= SU Gubojl 25b ploauz b oo (S b piol)l Bi> woyd 5l ol gl -0 Jgue

ol
d.\;o-\; 3 d-\:g\sw 3 o.sac-;’oé;)a oy o 59558 i Ja-‘:flg pH s
(min)
FAN Y10 INNAY AN Fe Vo Y \
AY/A AY/A AY1D YIYO Fe-2Al Vo A Y
vy YYN YA/D Y Fe-Al Vo 4 Y
a¥/A AYIY INAA AT Al Vo a f
lAlld 2OIY AR Vo Fe-Al Y. IA A
AV/A AV/¥ Al Y Al Y- Y i
Y&IX AOIY 2Y1N YIYO Fe Y. a \d
AAVIN \idld AAIA AN Fe-2Al Y. Y A
v/ YA oY/t YIYO Al o Y a
\ATAY \ATAY Y£14 <IVO Fe-Al o a \e
RANAY Ae/q AZ1D Vo Fe-2Al o Y B
a¥/o Y&IXY Yo/ Y Fe to A \Y
Al 70/ AYIF Y Fe-2Al 7 a \Y
Y/ YY/A £aNv Vo Fe 7o Y \f
AYIY INdld AN <IVO Al 7o A 'O
A0/ AY/O AQJY YIYO Fe-Al 7o Y \#
100
90
80
70
= 60
3
N 50
= 40
30
20
10
0
T-1 T4 T5 T-6 T-7 T8

T9 T-10 T-11 T-12 T-13 T-14 T-15 T-16

owlojl olass

g olyen pleily o pes il Bis b Gl Sl
» COD Gl oI5 o5 yo Jelse (0 5 50 (2STy (SIS
Lo anl g oyl

256 Glo3l £5b plases b e COD G oy yfogai =¥ JS

5 Fe2Al oS 5 slaog mSUl wls lis bl oz

o Slae dmlpt 51 s ol Bpo slaglenz b awlis
ool > Sud g olisS slagle o oRgd wiitdls (g e
el 4 e 3l jobots ol o gl az 51 Giliee
(Fe-2Al L) blos Sp 0 bl wss Bis lall,

L ¢ OM} ¥ O)M o JL&

\g

o 5 f (cwtigeo 3 pole 4 5t



Srad She g o nl pled!
I

100
90

(1) olowsly
o O O o o o

o

80
7
6
5
4
3
2
1
0
T1 T2 T4 T5 T-6 T7 T8

T9 T-10 T-11 T-12 T-13 T-14 T-15 T-16

onlojT oluses

=L Galoil 2,k plodus b i TSS Bdo wsys Hloges -F JsCis

3 Sl Loz udls (6 YL leaily YU sla b > coas o

omb PH jo pgasa dal b5l g b jo s Fe-2Al S 5
s ol 55 5 s ol ke U ol

sy slacles 85 i aiie o255y g oy

iz, iy (6 e wls beoS 5 51 6 ewn ;o (a2 8o Y4)

b loag xSl (B0 0 ,8hee 35u0 0l GIEN 3l (B0 o
wain 093> U by Gal ioli8l amee adls JLisay
PH 55 s & 4t S5 51 Ll e oo ol 21331 sl
Alar bl (o YL Glyr I g ess Sl
A8 a5 285 am (lgiee M pobar o0 S IBSS
Olyz Dol 0plats 599,580l 8 aige I LS o pH (580
B> o 1) (S ST sliml a3 o Sles wilgs g0 wilo )b g
Sl dige ol I TSS
100
9

o

8

o

7

o

6

o

5

(1) plowily
o

4

o

3

o

2

o

1

o O

JITSS Qi gSlles sl e Jlate Ol o)y
Ak o8 Sl Glas (Sl sliadl okl baws Ol
Sley oVl pH Jels aigs Ll jo (JAVIY) B lendl
53 5 (LOFIF) Hledily (eSS Cawl sals Jol> parivagl]
s oddlive 0938l les

2lo & Cond (6550 R PH o5 el ] I S b
Sl a3 55 5 85,550 g5 5 ol el il Lol
LY L uln pH o o5sa) ol sbalaxe o)l (G Sl
i) oty s 5 g b Sl
sl plas glee Olyd Bas o 1y SIS o 5 s

o9 o ladz plo & S pgrivagll 09 28Ul iz o

o el VO lor Sad s Fe oy

T- T-10 T-11 T-12 T-13 T-14 T-15 T-16

u’qhﬂ Slasy
=5 Galel 256 gl b Guiio BOD Gl o jlagei -0 JSi
EEEEEEEEEEEESSSS_____———

L ¢ ow} ¥ O)Louza S JL&

Yy

Ml g O (i 9 pole 4 5



(3! ptpo (sidmns &5 o 169 550 alllan) (siod @alioo 50 Ko Il Slinil wigl 6 bawgs T Slgo Bi> w2
N

i i85 wols las 0s3 Sl bl (5 G 9150 e
Sl e il e ledd]) Sgugs 4 Lnj).' ol el
Oley 0 4z ST aS ol (las GuaSly oy g Ol Dol (oS 5
o9k 5 plessly eley SRl BIL Lol szl by Lol colisS
YU aboe oyl Gal ;0 050 il oo D9 dig
g5 5 obyz ol PH slayiell siludints ggome o
974 BOD GBdo leaily piShas ap oliws sl 05,
cslie (b a5 wias o plid ol ol K8 Ggus el
5,15 5 e B Wi on ket Il S 5 g

les Wl (S xSl slaasl o180 ,Slee

s yuiio cyt (55 Lo] alasly (uwy o —Y-Y

e G OS5 abaily e addllae Sl Cend (o
Ol 50 Al yeite sl oads Gl Jitse (glo yie 5 Aty
€COD > p adgl clale g ST olge B3> lossl,y g3
Olsieds Jolome PH 5 (2515 wile oloj w058l (o)l 2 s
Syge opriediz bt (5w S, by Jiee loaie
)5 15 el

obes PH Jolts Sldes slayal )l Jlie SISl o) 2
; BOD Qi leaily 5 09Il 65 5 b, Sals o 2iSTy
ol Bl g Ll a5 o plas SO aSl olaasl a8
Feodile loy Y d9u>) (gauwl PH [0 55150 el o suY]
ool 09 5SS 5 5l oolawl g el YIVO oyl > o aido
Jolae glowily 4 olitws a2 a5 Sol 05z ga pauiiegl
30 (2,0 2VIE) ledily cp S« blie jo ol duo,e A0/
Sads g 4z 8o Ve wile yloy o ol pH Jolds ags e Loyl i
Al sadline ol VIO oL >

O e gl 03 )0 ohi9a daee PH a5 sly lis ol
At Oy ,lo BOD Gds leaily jiolidl jo galds
0,5 los Sgnpy go (aiBo £) 5 SYeb Wil yloj a5 al
el )0 (ad3o Y0 ) JiolisS slaylo; aS Jl> )0 e oo sl
W9 pSIl iz Sl el Sl pledly 4 9)lse
o Slae SV sl 2 55 ot o8] 5 pataasl] ooz
Slosez (5 5 Sl IS5 a4 a5 50
2l i g peslesy o Sles i ke poriens]

33 Gael YIVO) wiles slogyl > ool 2 Sads (ogas s

2 Ol 30 0 piiodier (yguw Sy Judexd —F Jguer

Ol ded &8lg 0 amo o lid | e pxie Ll L COD s

D93 (S Olgee VA S o po L) b ypste

S G dya i cailB oy -Y-Y
<8 ol COD 4 BOD oo Qa”] Cewdds b
plo g Jbé o anle BB asar Jglaie sbbasl,s
B3 Ay Sl (pl 4z 18 000 0 aiin (Sielen slaasl)
ol og wolhe saaslis Wil Sy S
oL LoSS atal glp canlio a5 lorear (So5g0sm
30 Zomd ol F SS9 A Jga s dzgi b sy ol 5o el
0ui2d 5L (g dald (pl aST 28 T 13V L - /AF oogame

T odls o )luiliw! B X <o p) B guesy
Y/ - I8Y -[-¥Y X1y adyl cdale
\IARE <169 AR X2) yb,m s
AR <[+ fY -1+ YA (X3) 54,551
<10 “IA AN XY X4y Sy ole;
- IVOA -+ IYY —el Y -\ (X5) Jgl=e pH
oo o Vs \A - <17+ 0F lawe 5l Bye
RO I o SIS YRS EP R SN ST XA WA

alal)) Bio el Golul 1 0 pitieniz (g, dlsles
«O+)

Y=-1.3X5+0.33X4+0.029X3

+0.039X2+0.032X1+60.54 A

59 Ol Dol e g 05 Sl i F Jouz 4 4z L
OLQJU‘ ..\.u‘)ﬁ lJ uwlwl U“"‘Slj )& OQA-MSM JALC
wera> ol yo Oldlas plo bl pl a5 acas (S5,

S, casllas

Jiiann g atusly (G jukiin (yud o b 9 (Simod -V Jgur

(R2) ¢y o 36 (R) (Sswusnd gy
-Iva -IAQ

VEoF cylinno oF 0 ylods s Jluo

M g O (oo 5 pole 4 piid



Grai e g Ligo ! plell
I

ol 213 oS5 (sl Sl csloaz] b 51 oSS anli o j5bplan iuud Saslser loaalf canlio Lo
slaldsai Cow 4|y abal g, 5l ol Clas b g 0g C8,5 Ao lg e g aiiied SO dga )0 blaws 15T ol
Dged Colaa Jslaie slawsl o T,8 51 om ites oy slo s Bis> gl as

COD 4 BOD o (K1 53b2t 5 k342 755 Sl A Joor

BOD/COD halos! BOD/COD halbos! BOD/COD halbos! BOD/COD Shalbos!
< IANF T-13 A T-9 Ve T-5 /- T-1
A\ T-14 “IAD T-10 <) T-6 “JAA T-2
- IN¥ T-15 Sa\ T-11 V¥ T-7 AT T-3
kY4 T-16 A T-12 IV¥ T-8 <1qY T-4

—4—COD/BOD o
1.6

14
12

COD/BOD
[

0.8
0.6
0.4
0.2

T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8 T-9 T-10 T-11 T-12 T-13 T-14 T-15 T-16
olojT olases
COD & BOD o logai -5 JSoi

(sl Amalin jsliiets iy 0l 53 ol sla ] g 4l 3 )90 35 ol CardsS dung i —F-F
Al &l dlaaas 4 adss g laibinl b el coals ied oS b aKd 4 aulso ol 4 axgr b
lsaniai 4 adsd b Hluiliwl b ©ably Codns dunlio -4 Jguo
e sulinl | @b e | mboSbe | @il | sl alyly s,
ANF-0/0 Syl anasnl bass 4 5l eisas 5lae sl pH \
Yoo FYVY I ary mg/L COD Y
Voo YYA VeAY Yot mg/L BOD ¥
Y. 1Y yYy 122 mg/L TSS f
==l 5 audsi 5 ylaibow!
4500 ol >9,> Ao 3 )l
:1;, 4000
T a0
2500 /\
k! A - A\
5 2000 ‘, S
Q 1500 \,/ \/ \/ \/ \/
1000
500
0

T-12 T-2 T-3 T-4 T-5 T-6 T-7 T-8 T-9 T-10 T-11 T-12 T-13 T-14 T-15 T-16
owlojl Sluss

Wl aial & adss oo laibiwl b ©ably (29,5 COD i duny lin Hlogei -V o

VEoF ylinno oF 0 lah o Jluw 147 ML g T wiigen 5 pole 4 pid




(3! ptpo (sidmns &5 o 169 550 alllan) (siod @alioo 50 Ko Il Slinil wigl 6 bawgs T Slgo Bi> w2

=gl 29,5 FREC R
2500
3‘; 2000
R
% 1500 /\ /\
O 1000
O
s
500
0
T-1 T-2 T7-3 T-4 T-5 T-6 T-7 T-8 T-9 T-10 T-11 T-12 T-13 T-14 T-15 T-16
olosT olass
Al anhual 4y 4 (o lailiw! b wsbly (29,5 BOD cods o jlogei —A JSi
i U P PRSP SPY PIES RV
1400 & ’
1200
fi; 1000
\
‘2: 800
kS
3‘ 600
2]
wn
= 400
200
0
T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8 T-9 T-10 T-11 T-12 T-13 T-14 T-15 T-16
owlojT olass

S ka4 agl 5ol b Sgbl (o795 TSS Cohe dnylin 13905 -4 JSCb

Cgee bt Slinil glaanl B 0 S5 g guulS Sl
GBS (nl Ghol slaatdl (VF ) (Lo 5 (002 )5) 99500
il 25 b
PH o0 45 T-16 kel ,o COD (i e ¢y 5 oo
5 0ol oSy 09yl g aids Fe 2STy lej LY Ll
sl el VIO by Dol 10 gl slaws e b pgaisgl]
Sinlesl 3 el el i e S 5 AT woys b
59yl g addo Ve STy Loy b b plp PH (e &5 T-5
Olz Dol 50 gl Slasd o b pgeieagll 5 2] oS
PH Llite 31 g ) el oot 70+ 13 b b el /0
st sanlie (el cpl i ey STy wile oo 5

slepH o oyl STy ey a4 Cand (65 i ),..>L. FUIRV

T LE RPN P g

@lp oSl olinl anl @ giloaigy Ban b Gheghy ol
AL ) addllas cnl jo 0l plnil (o] glio Gl wias
Oledel (> (Faio S b 50 @ly e (S S5 b (Sailo
oy cpl gooan VI L mals ol Bas g al solazul &gl o
@l 05 S ol (635 o Al ahal 4 Sl 455 (o) 29
ol b als o) hgy ol YL oL kasad saslaassa
56 @B oo b aSl wiS o aul TSS 3 BOD .COD
Gy ol Jao S ogolS Sl layial)l i
ogas (nl ;5 5 ams o dillanl b el pds 5 (5luatge
S Gilejl jo PH S oS sgai 4zl oo 4S5 cpl 4 Wb

VFeF lann o o los ceos Jlw

Yo

Ml g O (it 9 pole 4 pii



Grai e g Ligon!l pld!
I

5 o2 oS5 09Ul g amds Yo 1iSly Gl b bl
Lol sl VO b ol j0 g il olasd o b p gl
by @ad g pH bla j1 pgas s el cassas 12V
A1 BOD2al5” (sl JemaS g 00 (y32 b 0131 S lg5 o0
Syl sslhs

PH as ol plis zgogar mls PH (5,970 (A 390 o
S S alamsl w18 ol )0 oSy § Sl Jale S5
YU ol ! PH jo JT 0lge Bd yleasly (5 s ol
Crms shol puasilSo 90 4 lg3 oo |y 0say ol el sy
PH o :lrouisS ddeie oudgs 5 loog wSUI Mol o158l (l wols
Sgdise Jo &5k Sy b paaieagll 5 ol (51 Wil ol
APT L Fe?™ 5 Fe™™ slagyg yiier Sods e 9,50 00
o Los (8, 5l ot (55,5 Slisil gl oS 050 o0
S5 L 45 IS e SaS (5305 slbipanS s o 0lsi s 5 oo
(0 10,5 (o0 Oype Dy (pl (it g Wigd oo S 5 (Blae
iosllael Slgw, S als g basd 585 JSis
s ook leagsls (garl PH o (6518 sloonSs 00
sleaz) ¢ Ol)d S aSI g )lubl el 5 wuS o Sus
aile shal slaais JoSas VL PH o dighioe Soay
ssde olinl LIS zals el Fe(OH); o Al(OH);
olessly 2Slas 4y pletws lp PH 35 S5 nlnle
el (55952

155 oo FE2AL (oS 5 39 2SIl 38l a5 b (3
5 S o (Frlaw 03z el dhulsa lasy xSl wiS
sliail e g o0t I )5 25l plody czgn b (g youls
aS aied (pl e AL cw) o) 0 aies el |
S oty ppstaagl] 5 oAl oS5 99,550 aslizd
Biz sl pleadly (e iSn e Sente |y w18 0 Sas
S saimaylis g dwl Cawsds oS 5 opl ,0 BOD 4 COD
o 95 o sblye 5l aS g 9980 g (o Cute (2l Blee
ls> Jdoar pseiedll oSS 5 gy w555 e
Slael> g (gadelS slge Ba> )5 ohgas (e SaSaass
2iSlgs o i sl pedle ol slaryg 5 diiwd 5o ¢ Blre
3 oS g0 sla sl wile) (a8 slaaiss JoSis b
GeSS g s GgemlinnST 4 (Jole ()5aST gl
99 nl eSS SeS sz JI sladsSge sleo 2
5 ApShie (b Sl b plaasd aly Ceb pusilee
W5 50 g oau ¥l slail ploay oS a5 04l o 5l
il oo S las a1y Bas Lol

Oley 3 0l ok aS ols Hlis Gubod (ol bl (i e

49009 Jote 2l bae S5 g cllad QL8 5 sa
3,50 (el 485 S50 g gemlannST (2351 Gl s
Flie 513550 50 ls plas | @l cn e Y L 2l PH s
02129550 ploaz caisls (L gl 09 iUl iz b Ay
Fe-2Al pladz 5305 505 b laglonz plo & o
sl ples )0 lagleser plo & Cod g Fainge Gl
a5 PH blite I ogas s el azils pH il
SU5)) crge gyl bz Sl Gl S olgiee bz
Obyz & Coms PH 3l 5 098 a5 Osbly cnl o plewd
WS oo JS e 1) OglaeaST Elad s e

PH 500 a5 T-16 iolojl ;o0 TSS B> do )0 (5 i
5 o2 oS5 09 pSUl g aids £o STy ey LYl
o el VYD oz S 45 g il olotas o L pgains
T- Gmlesl 5o jel)ly ol oo o ipS ael Cavsas 7AYIO L
598Ul g addo 7o auSly Loy b pln PH Glie 4515
Gty IOFI Uy iy ol < IVD e S o 5 pgaipes]
OLes bt g 2SI iz b atyansl Blite S1 joguas 5 el
et (gl Sl 5 (6 iy yloas], FE-2A1 Hlossz wisls
lyz b o pH lite 510 aba, 1o 0,15 bz ol
G 23 1l Gl SS9 002 5 o o5 S g e
Ol CiS lei o Hlaged camlive b iz e 5 ls ollas
39 md Dbl nl 53 ety 5| g gyl ol s
Fe ) OsmmlinaST Ellad 590 Ol & Coni PH LT
2ol VYD o> ad oamlie Jloged ol ,o S o JyS
o alas o Js b b dglie 10 6 mslio load]
Oley & azgi Lol (3190 Jlaged Loyl 5 andls anal
2l 09 Sl lasez gai ol Ol o0 995U iz g GRS
A laglodz plo & Cus ol slagle; 58 porinesl] 5
SLels” )8 09 5501 el &2 5 5010 ol b g o0l (5508
Oz a3 e (LaS 093 Sl aglesnz plo 4 S (uSe
SR S ol sad g STy oley egas s
Yoowle gloy o oSSl olinil Sshl 5l TSS i e
Cawdds TAVIE Jloie b el ¥/o v (6 000 )b, o g aido
Ol Dol g ands £ loy S 40 lake (p )5S g dal
s oanlie 1OF18 Jaie b el /YO (s gee

Jladie (p 5 s aS ol Las BOD iolesl 5l ol =l
Ol b Rl PH (see o5 T-16 Gialesl o el ol B3
S b pgripagll 5 ol (oS5 0528 5 aks £ STy
Cawdds LBV Ll el YIVO b, a0 g ol olass
PH e a5 T-5 iolesl ;0 BOD Bd> lade SRS Al

VEoF yliane) oF 0lods s Jluo

Ml g O (i 9 pole 4 5



(3! ptpo (sidmns &5 o 169 550 alllan) (siod @alioo 50 Ko Il Slinil wigl 6 bawgs T Slgo Bi> w2
I

S s abadiar byl sl g Gl G Joa
DS oo So,08 inged )L ) Ll cpl o a5 > seio

&=l -V

c(\f’\) e.& Ao 9 «f ‘“‘:‘.&”’w P u)}.o.’?bo)%
Gkl Calo 0 juw Sygly 5 diedge (slacs,gls”

sl g &S0 Gylul mbe iE O

NE-Fo (W XSl 5 o puwige 5 pale sl
https://doi.org/ 10.22112/jwwse.2022.289711.1277.

5 pole Nslanzl aligo Ol " OF ) e o)

AP (B sl O pedige
https://doi.org/10.22112/jwwse.2022.330611.1311.

d o 0 Skee Qb5 OV FF) o e g ey B,

JSA-FY ‘(\)\‘ “_J}Lo@j uiwda.e,a 9 /A}Zﬁ ‘")5...:{.\
https://doi.org/10.22112/jwwse.2024.469397.1410.

‘(\f‘ \) 5.&[..\5 ‘L:.;ob}:.u: 9 0 ‘QSHAL..cl ‘:.LAA) [ 5‘50.4;
oole 51 aslial b sl T 5l ST i o) "

“_J)Lolﬁj u/—‘fwd.‘.e,oj ro}lc "';i;/.%blf oww
FY-00 (V)Y

https://doi.org/10.22112/jwwse.2021.284006.1271.

Ankoliyam, D., Mudgal, A., Sinha, M.K., Patel, V., and
Patel, J., (2023), "Application of electrocoagulation
process for the treatment of dairy wastewater: A mini
review", Materials Research Proceedings, 77(1), 117-
124, https://doi.org/10.1016/j.matpr.2022.10.254.

Asaithambi, P., Yesuf, M.B., Govindarajan, R.,
Selvakumar, P., Niju, S., Pandiyarajan, T.,
Abudukeremu Kadier, D., Nguyen, D., and
Alemayehu, S., (2023), "Industrial wastewater
treatment using batch recirculation electrocoagulation
(BRE) process: Studies on operating parameters”,
Sustainable Chemistry for the Environment, 2,
100014, https://doi.org/10.1016/j.scenv.2023.100014.

Ates, H., Ozay, Y., and Dizge, N., (2017), "Treatment of
dairy industry cleaning-in-place wastewater by
electrocoagulation  supported  with  immersed
membrane process”, CLEAN Soil Air Water, 45(11),
1-9, https://doi.org/10.1002/clen.201600654.

Bazrafshan, E., Moein, H., Kord Mostafapour, F., and
Nakhaie, Sh., (2013), "Application of
electrocoagulation process for dairy wastewater
treatment™, Journal of Chemistry, Hindawi Puplishing
Corporation, 640139, 1-8,
https://doi.org/10.1155/2013/640139.

Benazzi, T.L., Luccio, M.D., Dallago, R.M., Steffens, J.,
Mores, R., Nascimento, M.S., Krebs, J., and Ceni. G.,
(2016), "Continuous flow electrocoagulation in the
treatment of wastewater from dairy industries", Water
Science and Technology, 73(6), 1418-1425,
https://doi.org/10.2166/wst.2015.620.

bodigd oebas PH L plojen 5 ainge Sjgots Wb 25Ty
Sl lags sy 5 &l Pl e pu s Sad Gl
L @bl gatie o> SO U aal) ol Lol wgdgo S
YIYO 5 50 Se) bz o 5l i Gialdl o oo il
gloasd JSas wile gleossy aze Wlsioe (ol
G2l g oy xSl (69, 6 IS ey b Il 5 S Sz
ans o Sl 1) anTd LIS oS s5d Sl ofyg gl
walp oSS gl (4o £0 1) T STy by (bl
los ol 30 sl Sl o] s 5 b o, ol
SFSn sbas y ey SuSH 4 SaS glawsd
el Jolal eyl poisas a8 aues oo oSS

sl anT 3 556 alllae ol sloaidly o et 5
GRIPl e Sl Gpdcn Sl Sl (S S
3om V4 ooy polie 4 BOD/ICOD s o5 it
5 polie JT clron¥T anld ol &5 sms o bt cdpics
LioeSs aly clag gosS Bdo |y (Sojglom o5 BB
Gl a8l ol S e s VU (Sodolam s coble
ey ol boesdadal Ol il page (Sxie 08
oty 4 conlie CouiS b Slgs Ky lsieds Wiy
sl gl 35 0 glaalbaiar wil) (Sjdsn aia
sladze fall coge LSa ol (al 0pd Culae (e
b s (IS QL) 4L 098 oo gan S0 50 b
i oo )] (st BB Gl 4,

5 b slr Ghes sleal, S Gl aled s
S S oliail (55l b Gl asbas slaailoles 51 (515 po e
b JyuS a5 wiS o asST g ams e il ) wlio jo
% lST 25 (09351 g8 9 PH o294) (Slles sla el il
O Sea Sl has s @bl Sl 4 plees

Loy o -0
1- Electrocoagulation
2- Biochemical Oxygen Demand
3- Chemical Oxygen Demand
4- Total Suspended Solid
5- Orthogonal Arrays
ISR R4

BUP RS LN S IR CH P VT PV S\ WP CEP Y YLt P

VFeF lann o o los ceos Jlw

M g O (oo 5 pole 4 piid


https://www.sciencedirect.com/journal/materials-today-proceedings/vol/77/part/P1
https://www.sciencedirect.com/journal/materials-today-proceedings/vol/77/part/P1
https://doi.org/10.1016/j.scenv.2023.100014
https://doi.org/10.1155/2013/640139

Grai e g Ligon!l pld!
I

wastewater by photo-Fenton and electrocoagulation
process: Multicriteria optimization by desirability
function”, Journal of Photochemistry and
Photobiology ~ A:  Chemistry, 427, 11382,
https://doi.org/10.1016/j.jphotochem.2022.113820.

TriGueros, D.E., Daniela E.G., Braunm, L., and
Hinterholz, C.L., (2023), "Optimal electrocoagulation
as a post-treatment to photochemical oxidation:
Minimal electrical energy consumption and lower
acute toxicity of dairy wastewater”, Journal of
Photochemistry and Photobiology A: Chemistry, 437,
114496, https://doi.org/10.2139/ssrn.4182784.

Valente, G.D.F.S., Mendon¢ca, R.C.S., and Pereira,
J.A.M., (2015), "The efficiency of electrocoagulation
using aluminum electrodes in treating wastewater
from a dairy industry"”, Ciéncia Rural, Santa Maria,
45(9), 1713-1719, https://doi.org/10.1590/0103-
8478cr20141172.

Venzke, C.D., Rodrigues, M.A.S., Giacobbo, A, Bacher,
L.E., Lemmertz, I.S., Viegas, Ch, Striving, J., and
Pozzebon, Sh., (2017), "Application of reverse
osmosis to petrochemical industry wastewater
treatment aimed at water reuse”, Management of
Environmental Quality An International Journal,
28(1), 70-77, https://doi.org/10.1108/MEQ-07-2015-
0149.

Yip, J., Cheng, L., Meng, N.C., Phaik, P.E., Vieritz, A.,
Talei, A., and Chow, M.F., (2018), "Quantification of
mains water savings from decentralised rainwater,
greywater, and hybrid rainwater-greywater systems in
tropical climatic conditions”, Journal of Cleaner
Production, 176(1), 946-958,
https://doi.org/10.1016/j.jclepro.2017.12.020.

Yuliani, G., Mitasari, K., and Setiabudi, A., (2017), "The
use of electrocoagulation technique for paper mill
wastewater treatment”, Materials Science Forum,
901, 149-153,
https://doi.org/10.4028/www.scientific.net/MSF.901.
149, 2017.

This article is an open-access

@ article distributed under the
@ terms and conditions of the
Creative Commons Attribution

(CC-BY) license.

Boinpally, S., Kolla, A., Kainthola, J., Kodali, R., and
Vemuri, J., (2023), "A state-of-the-art review of the
electrocoagulation  technology for  wastewater
treatment", Water Cycle, 4, 26-36,
https://doi.org/10.1016/j.watcyc.2023.01.001.

Faraj, H., Jamrah, A., Al-Omari, S., and Al-Zghoul, T.M.,
(2024), "Optimization of an electrocoagulation-
assisted adsorption treatment system for dairy
wastewater”, Case Studies in Chemical and
Environmental Engineering, 9, 100574,
https://doi.org/10.1016/j.cscee.2023.100574.

Geraldino, H.C.L., Simionato, J.1., Souza Freitas, T.K.F.,
Garcia, J.C., Jinior, O.C., and Correr, C.J., (2015),
"Efficiency and operating cost of electrocoagulation
system applied to the treatment of dairy industry
wastewater”, Acta Scientiarum Technology, 37(3),
401-408,
https://doi.org/10.4025/actascitechnol.v37i3.26452.

Gerson D.F., Valente, S., Mendonca, R.C.S., and Felix,
L.B., (2020), “Electrocoagulation using zinc
electrodes for dairy industry wastewater treatment”,
Desalination and Water Treatment, 206, 58-65,
https://doi.org/10.5004/dwt.2020.26294.

Ghazouani, M., Akrout, H., Jellali, S., and Bousselmi, L.,
(2019a), "Comparative study of electrochemical
hybrid systems for the treatment of real wastewaters
from agri-food activities”, Science of The Total
Environment, 647(10), 1651-1664,
https://doi.org/10.1016/j.scitotenv.2018.08.023.

Melchiors, M.S., Piovesan. M., Becegato, V.R., Becegato,
V.A., Tambourgi, E.B., and Paulino, A.T., (2016),
"Treatment of wastewater from the dairy industry
using electroflocculation and solid whey recovery",
Journal of Environmental Management, 182(1), 574-
580, https://doi,org10.1016/j.jenvman.2016.08.022.

Nazari, R., Eslamian, S., and Khanbilvardi, R., (2012),
"Water reuse and sustainability", Ecological Water
Quality-Water Treatment and Reuse, 241-254,
https://doi.org/10.5772/34428.

Rahul Krishna, B., Bhuvaneshwari, S., Majeed, F., and
Aravind, S.P., (2022), "Development and applicability
of Aluminium - Copper alloy electrodes for dairy
wastewater treatment”, Journal of Water Process
Engineering, 48, 102915,
https://doi.org/10.2139/ssrn.4065596.

Reilly, M., Cooley, AP., Tito, D., Tassou, S.A., and
Theodorou, M.K., (2019), "Electrocoagulation
treatment of dairy processing and slaughterhouse
wastewaters”, Energy Procedia, 161, 343-351,
https://doi.org/10.1016/j.eqypro.2019.02.106.

Saeed, O.F., Hameed, K.W., and Abbar, A.H., (2023),
"Treatment of vegetable oil refinery wastewater by
sequential electrocoagulation-electrooxidation
process”, Journal of Environmental Management,
342, 118362,
https://doi.org/10.1016/j.jenvman.2023.118362.

Taguchi, G., (1986), Introduction to quality engineering:
Designing quality into products and processes, Asian
Productivity Organizatin.

TriGueros, D.E., Daniela E.G., Braunm, L., and
Hinterholz, C.L., (2022), "Environmental and
economic feasibility of the treatment of dairy industry

VEoF yliane) oF 0lods s Jluo

Mol g O (oo 3 pole 4 piid


https://doi.org/10.1016/j.watcyc.2023.01.001
https://doi.org/10.1016/j.watcyc.2023.01.001
https://doi.org/10.1016/j.cscee.2023.100574
http://www.sciencedirect.com/science/article/pii/S0301479716305606#!
http://www.sciencedirect.com/science/article/pii/S0301479716305606#!
http://www.sciencedirect.com/science/article/pii/S0301479716305606#!
http://www.sciencedirect.com/science/article/pii/S0301479716305606#!
http://www.sciencedirect.com/science/article/pii/S0301479716305606#!
http://www.sciencedirect.com/science/article/pii/S0301479716305606#!
http://www.sciencedirect.com/science/article/pii/S0301479716305606#!
http://www.sciencedirect.com/science/journal/03014797
http://www.sciencedirect.com/science/journal/03014797/182/supp/C
http://dx.doi.org/10.5772/34428
https://www.sciencedirect.com/science/article/pii/S1876610219311889#!
https://www.sciencedirect.com/science/article/pii/S1876610219311889#!
https://www.sciencedirect.com/science/article/pii/S1876610219311889#!
https://www.sciencedirect.com/science/article/pii/S1876610219311889#!
https://www.sciencedirect.com/science/article/pii/S1876610219311889#!
https://doi.org/10.1016/j.egypro.2019.02.106
https://www.sciencedirect.com/journal/journal-of-environmental-management
https://www.sciencedirect.com/journal/journal-of-photochemistry-and-photobiology-a-chemistry
https://www.sciencedirect.com/journal/journal-of-photochemistry-and-photobiology-a-chemistry
file:///V:/%20427
https://doi.org/10.1016/j.jphotochem.2022.113820
https://www.sciencedirect.com/journal/journal-of-photochemistry-and-photobiology-a-chemistry
https://www.sciencedirect.com/journal/journal-of-photochemistry-and-photobiology-a-chemistry
file:///V:/%20437
https://doi.org/10.2139/ssrn.4182784
https://doi.org/10.1590/0103-%208478cr20141172
https://doi.org/10.1590/0103-%208478cr20141172
https://doi.org/10.1108/MEQ-07-2015-0149
https://doi.org/10.1108/MEQ-07-2015-0149
https://creativecommons.org/licenses/by/4.0/

Journal of Water and Wastewater
Science and Engineering (JWWSE)
Vol. 10, No. 4, PP. 29-40, Winter 2025
DOI: 10.22112/jwwse.2023.390328.1358

Research Paper

Leakage Detection and Localization in
Water Distribution Networks Using SMA

Maryam Nasiri Dahaj', Mohammadreza Jalili
Ghazizadeh?, Ebrahim Jabbari® and Reza
Moasheri*

1- M.Sc. Student, Water and Hydraulic Structures
Engineering Department, School of Civil Engineering,
University of Science and Technology, Tehran, Iran.

2- Associate Professor, Water and Environmental
Engineering Department, School of Civil Engineering,
Shahid Beheshti University, Tehran, Iran.

3- Professor, Water and Hydraulic Structures
Engineering Department, School of Civil Engineering,
University of Science and Technology, Tehran, Iran.
4-Ph.D. Student, Water and Environmental Engineering
Department, School of Civil Engineering, Shahid
Beheshti University, Tehran, Iran.

*Corresponding Author, Email: m_jalili@sbu.ac.ir

Received: 08/04/2023
Revised: 25/10/2023
Accepted: 28/10/2023
© IWWA

Abstract

The occurrence of leakage in water supply systems, in
addition to water loss, increases the costs of operation as
well as pollution entering the network. Therefore, finding
leaks is a crucial challenge for water utilities. In most of
the conventional methods, leak detection is costly and
time consuming. In this paper, a calibration-optimization
method is presented using a new meta-heuristic algorithm
(SMA). The proposed method is based on comparing
simulated and field data of pressure and flow. This
method was implemented for 15 different scenarios of
single leak in three water distribution networks. The
amount and location of leakage in all scenarios were
defined automatically. The results showed that the
presented method is able to estimate the location and
amount of leakage in the networks with high accuracy and
independent of the dimensions and specifications of the
networks and also without dependence on the amount and
location of the leakage. In the studied networks, the
algorithm has reached convergence in less than 90
iterations fast and the leak detection has been performed
accurately. Based on the obtained results, leak location in
water networks can be found with very high accuracy
using the proposed powerful algorithm.

Keywords: Leak Detection, Optimization, Metaheuristic
Algorithms, Water Distribution Network, Calibration.

ke 4 s
OMalé g UT (W0 g |°9‘Lc'
VP F oliweoy Fo-TQ Wlxiuo F olos 20 Jlw

by Al

b T @395 (Al )0 culd Hlado 5 Jomo cidly
SMA s 565! 31 o0lasw!

#Y . o . \ .
M.N).gl ‘ oél)swls g;1...1.'> Lo)..\.o:u: TR (G e o
\ - . Y
Srileo Loy 97 55k
susisly ‘éﬁjﬁ)“\?‘b C’,‘LDO)L..J 9 u_‘ °9)§ “\‘:J)l G.»l......;)lf 69M|J -\
Ol el (ars g ple olBiils oyl jas
o)) yoe 00SLENS e jhanme g ol 09,5 ¢ i duges olKitls Lozils Y
Ol el s SR ER W oKy
0aSilo ¢ g0 slaosle g Ol 05,5 ario § ple olKiils sliw! -
Ol el (ars g ple olBiils o) o
“_M)JQJM 9 g_j 05; ‘M A.:.e(.u oKty 6‘;»53 éwb -f
Ol el st dupels oKl oyl pas 0aSiiils
m_jalili@sbu.ac.ir : Jes! « Jgtae oding gt

VESYNA s g
VESYI ALY oSl s
VEY/o A8 2y G5
Ol 3L 5 O (el ©

.. o>

Sl el ol cd)hue pedle Slo,ol glaailels o cuis go8g
300! 3l ogb oo &b & (Sogll 09,9 raized 9 5 00 e slaan o
OBL lp Vb ana g loy Bro pilivs (Dbt powye slagts,
sheslatnl b obaig oiwly g, G ol dllds o aiiis oS
U,JL.J‘].\ 6°Le:“““ L)JB) el 00 4.§|)l SMA Qs> 6)Liu‘ |).9 p.u)gij'
sosls 5 Jow jo cadgiloacs oo b jlad sloosls anslis
A\ 5 025) k.J"‘ Jas‘_s.a 6)911.3 ‘) Sl J?bc ‘Lj.aldu.o owd)jo)lwl
Al (glwosly bfl &9 A A 0 Cld ST 092y kit (99 5l
aSils ;0 Sg g0 Culd ok 5 Jore Cawl HolB oulsdsl | g, ol lis
Sly D9 iz e § 45l Dlaseiie g olal I Jats s YL 8o LT,
yobay adlllas 5,90 SlodSl o Wi pedt (uld Jore g jlade @
Jos g 0apm; (ol Kod b e sty o oS QST A5l 5051 (Sile
Sloslainl b calol> gl 4 sbuwl b .cwlasd 3 alosil cdoay pbows
GlaSlls ) dezge Cold cied 08 (solpiiog &, lls p;i”i” ol

L;LAAS.,..:L ‘6)KIgl\)§ L;Lkp;i)}i” s‘s\bw ‘@bwgs..\..b' Olols
ly ol @59


http://www.jwwse.ir/article_184656.html
mailto:m_jalili@sbu.ac.ir
mailto:m_jalili@sbu.ac.ir

Oy od g ZBS (6 yuad v po
|

Iy 095 by, i S97ge Sloue slaosls b Jle g5 0 Loyl
ol I8 oo 990

Glio,y a5 wisly &l cimgh (VWA+) Ko 5 oyie
zily Sl ool b aSis (gloo 3 50 i CoaBse 5 jlada o]
plnl az oo (G5 5 Sy p sl bawgs (Sog e
slasi b a5 el o ,oX a5 slopjlis bl 0ed oo
S5 i el ey o0 Az 4 5 FRT ey Li8 Sl
Doygods 9 WS o0 IS 1) o yed ol &lse (S 0
2,05 A S (6 e 0 Shes bax 90 SolS v ;65 IS
Oyl aSll glaciid sl o S

e s, OTAY) (LSen 5 o0 (6,500 Gobod )0
Eras gmac baSly jleslatul b cutd Jore g jlake (poes
Sls ol by Tzl adols slgain olas i )31 b azdlogags
(s 4 (55l )0 (6 e e o e o581 5l eslid
Sl Loy ;oSN ol 4y s

o ol gl ly ooy, Sousa et al. (2015)
5 2 Sileaned wiysS Sl eslend b o gy sleass
Egazmo kgl ol jo Ban b assls slpiny BIF o ks
soig il slaylid 5 lage sl Lis B lla o3
B9 P9y (rl Oo el 5l (S (IS s g ol

et (6l (65 smas by, S5 5| Wachlaetal. (2015)
Syzrge a5l Ghgy (nl 5o 0 S eslatl aSl slaciis Joe
Fdoaalipg olass @ s b el a2l aiz 4
o ot bl ey cras )b lboaSanailb
ALl b Jome el (o gy ol il coliwl 4l
ool (29,5 @l 5 ab 00y 5 i o Sy
el Gy cnl 5 eals,

Sy Olee b s, OVAR) s g a2l
Sl @95 GlaaSd 1o Cuts i jglaieds (5 Lid (suiailate
Asls &l adsanis B e SolS w5l eolaial b
B S E ey Sy50 45 g3 50 (solekiny gy 2
solicial b et (8l (gl (s (VTAA) ol San 5 4iSis
blash (oo, cnl 5o isls &l (pras aSil 5 SIS (6565
e ol 50 a4y (008 500 4l (S5 (5,555 5l ool
Sl o i )Lid Ll 5 rac (soaSil Lawgl g 00l s
D9 (o0 03) (eSS dx>l y2 )

=y sln (o9, OYAA) ool 26 Ll 5 (50l
slaasd (Sdgpue Joo slacais 5 bl 5p) Glejen
Sran Hlyeds il ol by o sk il Ol gje8

doddlo -

At (645 phe GBSl alazl O w95 gloass
colio CoiS g S5 Lad b o el o |y owlul 2 oS
@lannst 5b,5iS 5 Ol augs sloasd 25108 o Ly
Cwdd podle ol o g wiloads asle LS sleans o
pas sl Blge ol CodsS Gezee LYoar @Sl i
Slapals (53,95 pglin 15boar (650055 5 amad sloo g plox
Capelo et) aitus axlge ol 2é) 00 b abebs YL Lid 4
£58s e Sl yol boaSes ;s O cd,,un Lol cle @l., 2021
oolas sgs 4|, ST cd a5 517V Lo i a5 ol cais
byl 2l wcuss lose (El-Zahab and Zayed, 2019) awo oo
JLA 6‘;: ‘ML! asls J.;bs‘so ‘) ‘j;b; J:JLG.A 9099 alises
Gl ol 5,158 LY LAY o cis lade aile jelS jo
O jlade cpl drng J o gloyglS 5l Sy a5 o
(Puust et al., 2010) oy so 35 70+ 31 i
halS Crge o @555 (slaaSlls jo Cuti 0525 S j5boay
Glad alS ‘u_faﬂ 39,9 Jleixl Sials8l fdoas o cuas
Bgots Al g)0nl 5l 0980 laany jo il 5 (65 31 S
Sleos sbes s Lol 2l o] a8, sly pldl g cots
09,5 99 4 (2buts Slaghy, cpgm e Gaialib o oS o)l
Nighge e " Ghpemgiluana” g "S5 Lol
Srort 5 Syo Slaihy) aws 93 4 953 (b pbets
wile alagty, ol (Sye slagls, wsdo e
Sl oo g cuid saima bl JKiws 5 (g loid slaal.
5 eslitul asile plahy, Jold 55 (Foo s slahs,
(Wanetal., 2022) el 31,540,5 5 Sbs,
B b (g slahs) T8 4L lgiee b
Sl ) oolitul pikivce yol ol Lol g plowl ooaslio Lnns
20k O97ed $3 Jlse eizen Sl abyiy 5 Pl
S979 3 OO pARP aate Gy & LS (ow
slaghy, ezl (Sopdne slaghy, 4 2
Sty alexjl gd Glony azg Slaemileand
ookl g (obaige il ol ploul 4 glage o5l
Dged 0, Q\ﬁsso SEFean omas ey 5l
sobteas 1) Ol aSs sy Wu and Sage (2008)
wiols plomil (K5 o)l 5l ol b o] slaes glolis

VEoF cylinno oF 0 ylods s Jluo

Y’o

Mol g O (oo 5 pole 4 o



SMA 55,5651 51 eolisw! b o &9595 GdASd 50 Cold Hlado g Joxo (3L
I

ool 51 eolawl L Chakraborty and Ray (2023)

GRS Ndged (ileaineS |y Al n, Sy an e SMA
mas aSih sl ¢l Bardhan and Asteris (2023) ¢ ,50
ol 5l (S a5 wioys eslil 0258l ez 5l (esran
Farhat et al. (2023) lawgs a5 glasllas .59 SMA 2 ,65!
3l eolawl b oasplil wlagon 51 (6,550 diged b ol plel
oo, o3l el Coil 50 Lol gadss jo sl SMA 2,6l

Dyl g0 gy (2biedd 09> Jilue yo

L gy 9 dlge Y

3 asdllae 5550 laaSds (Sdgyaee Joe ol Gedios cal o
9 o yed Slasin e 0dd g3l oo EPANET |l33le 3
loaSs Jodos 05 oo 00ls plaisl oyl sl 4 (S5 aue
ey 3 Pl ol egdiee el il JlBle s elid
50 S e ool Sle,ol sleaSn Jdsw gl Lol S
S cll blols ¢ ,lid 5 e dbows Gols adlas
PR A Lo oy aloads oy ya5 jS0g5 ¢ Solal O g0
30 G polie b Cli ST 0529 (593,Le0 O ALl 2 50 9 g0
3925 Bolai glao,5 ;0 g4l 4y (639,9 207V LD dg0>
25 5l e 098 e dlie (V) alaly 4 axgil i o ls
loasis 1 calizee bla jo Sl 2 )0 Culd 9925 slogy )l
g 4dF plnl (i g0 5 (ew)lad Jae (o3 (69555 5
P O Ngd oo Sl Slae slaosls lgicds aosls

e S o laitinl Les

Q = KP“ M

e P 5 clis oo Hlaie Kocis o0 jlaie Q oS
Gl Hlid led @ g i 0929 Sl j0 a5l ;0 D9z g0 LS
03,51 (V) alaly jo a5 Buw xl iy 5 L SMA o2, oS

sl ol g ol cusgias Cline l58le 5 Lases jo el ool
Slp o 0D (el Sl Jalo5 ploxil o ,651
& llnl o b sslal g cdie Sl g0 o BLS)
oolaiwl i 8 ,xe Eliades et al. (2016) lawgs b oyt
b 5 LaSs (Slg o Jos (inly o1 6l5 0 0l
St ke 5 o Colesys g el eadiy s Gas gb

O yskaieds gl (Ganeg S jlam g oad (AL 005 SL2
o) silwange ieNl 5l solaial b ) 095 2 (5
0 Jasdnns 5 (6 peS0 3l (gl oo 5,1t IS o g Lo
Wigdh oo dineS

el obews ¢y s by, Hu et al. (2021)
Log Ol asis ol g, ol 5o ol slain Slu,o!
el 426 iz 4 (JB (e sanadgS w65l
Sl oS (cizmy (mae loaSls aliwgay aslol )0 058 o
Ohgy Mg oo 8l i sl sosguse (wlide v
Syge bty oy oedle Joud 5l alagts; b ooleiing
Al S Ol i 5l S @l 5 28518 anlis
P9y o9l oadelxl laragn s Il ey,
5 liwg dLijuan etal. (2012) & 4lg5 oo sl (giloas
Marzola ) 5 Pérez-Pérez et al. (2021) (\Y¥A¥) _wlislos
g0 0,Lil et al. (2022

SRS Egd9e (el ondelnil slatags Sl s ke
B So Sgyp Sl iludd by, Sl eslitul b
3y ,5kas 3 laabl gl a5 Jo s il (gjluesly
g osliiul coti Oglie yolie 5 alize gloaSos 5wl
Slsieas Cut s T g0 ligiss ST s a8 sl 53 LLs
G55 s @dly s anl oaland I Hlaiys 05 55 (LSl pae
St Hlade Conl fie 5 Cond gime Sl gl il (20 S
sl jled e any Lo a8 spias S L slaisSa,
2 il ostan oas slaaSid ) 5l esliiul (e
Lol omas aSD (jsal sl lghs sleesls ogr s
Wiild BB o o leosls cds g jlade (90l Al ye 4o ST
s algr Calhael az ool e

5 blusgame (o U Canl ool g pol> gl o
SN by g 39 ools ibgy Gden Slided SMSie
ST s laaSed jo cotd 385 Jomo g 5o Gl s 2
p2 9 )Lad 5l (ol & jgods Cuti ondoleiing By 50 090
A3 Lol g 65l eV gy By yro A A )3 (85 et
Slime SRS oSl 5l colainl b aslol jo 09l oo aid )T
alanlsdy 5 Cewl 00l 0315 dsss 1,05 45 Mould Algorithm
s,Slas b e allie jo o] (6l saiplnl sla oomiw Lic]
ly s hae oz Pl Jo )3 (295 Sl
wiysSll (L etal., 2020) 5115 co & g0 a8l 5 450D
g 0adaid 5 54 pwdige g pole alidee gladine) )3 )95 de
sl 0 g 2 Egie S0 0 ol 0 Slae

VFoF lann o o los (s Jlw

A

Mol g O (oo 5 pole 4 pid



Ol ed g ZoS (i o po
|

NH oSl slogn, lod S5 led mh (Gaa &b of (x) a5
s o 5l cHsimy, @Sl sbgiw,lis IS slass
eh zw les glyls 0,5 o 58l lawgy oadgjluans
e lid glils 0,8 o Slaslin SJgjo.e 515 :Hobsy,
B slaws NF Sl glogmw oo K3k mf  slnh
by cad gl b, o0 Fsimy s oSl slogiw oo
Fobspy onf miw oo lls g o JI8le s
i plnf ziw oo glls Ay jo Slaws cad g .Sl

LSPQ

0L 45‘)‘ \ ’.iw )«) LSOLQ,"*‘“-’ u*’ﬁ) 6[.04&3) »)9...\:‘59 ,aM

e )
Sdsies Joo csls f——P

_ J

( )

e 58l e 5 90 Ly JLas] <
<ilal

\_ l J

4 )
i eimsly w13 ploxl q
<k g

\_ _J

fG0) = |
v [Hsimyy — Hobsuy| | gr Fsimny — Fobsyy
Minimi nh=1 Hobs,, nf=1 Fobs,,
inimize( NH T NF
)
( ) 4 )
520 b et slags )l ol > e o ools cuils
Solas Joee Sl 992y Sl o
\_ J . l _J
( ) ( )
il P s MAR )3 (6,5
ripsSdl slo el Sae wls iy
\_ Y, \ J
] )
REULLY SRS TR
8ol cuis oo g lade
S
\_ _J

i 8l (gl (golesiony Sgy lodnigy =Y S

S (59 W g wiloads Sl blee S5l olas & g0

() alal, 5l 55 W 5 0) 5 (F) Lalg, 510b 5 p.cenl ol

p = tanh|S(i) — DF| s
vb = [—a,a] » a = arctanh(— ( :x ) +1) N
¢ ®)

sdweliawsdy Saijly o e ,S5le DF X Sl S a5
Lol SIS mSlas max, ¢ b, S5 4l o

W(Smelllndex(z))
1+r.l0g<bF_—S(i)+ 1) Lyl
_ bF — wF ro )
ll—r.log (bF_—S(l) 1> S0
bF — wF T

SMA 3 ;951 (B 20 —)-Y
bl S5 Slag ), (bl o080 cnl (Lol o]
Ol passs 5,18, Goee wio8 ol oyl &dly s .ol Caonds o
Silwderd 1) adgle (o2 gian )d (ble SIS (Sujslsd 90
Silotnd lp el slagje 51 SMA 2,80l oS oo
e S5 Ll gge shie 5 Sute 9555k wdy
Sl do e B S (oo oolitin] (Sojglsm oo 2 (e
WIS ool 055 VU 55z Ul LT, Slié olge Ll
S0 18 4l )3 S92 50 (g2 a4 az i b wly e (blre SIS
Sz Ly, (b, Sjgenr L8, cul Ole ln 09t

ol 00

X, (6) + vb. (W. X, (©) — X5(0) , 7 <p
ve.X(t),r=p

X(t+1) = { D)
b 5bas TE 5 el [, 8] sdgae ;5 sl o Wh a5

Xy S5 oyleds it pimpd 0yl talS Wy, yio b S )
X 5 ool ooty il St a5 g cbale o 5o b olSe

I
Y

VEoF cylinno oF 0 ylods s Jluo

Mol g O (owsigen 5 pole 4 pid



SMA 55,5651 51 eolisw! b o &9595 GdASd 50 Cold Hlado g Joxo (3L
I

(S ¥5ln e Sleyyorn -F
(%) aasly ollp (W) ble S (59 dmlns -0
i Sloedgs wlalp Vb g ve P sla )y (Slejje,4 -7

Y-V
S5 Sadse Gloyia,a) woz ()5 utd (ol pd g Y

(V) adaly 4 azg5 b (ol
9 a8 L Y Al o 4 gy oyl yaii Lol &g (o -A

hai «Sygoinle 50 wsdoe S el Rl W,

.)3.«.4‘59 c\jb‘ aoMu&b u‘? U")"‘ef 9 c\..ﬁl.uulala

Soyp ;o (V) ally) Goe b lhaige 5 oly a1y
Canoz lade b0 b je5de o, oXl aiwgas bogs L )
4 oo b e a5 500 5d e £555 00 bl 4]
plmil Glbots 5 samsy bl 4 anld wsd 1Ses jho
ol 3590 90 o )sS aeils Lalyd 00 Sl 005 o
el =Y g (1S5 00 +) 1S5 2STa jlade 4y g, -)
SIS, STcwl sabaid 3 ks (Bas 2l sl e Hlads
O 5 ond Bgle o ysSll Wg; wias ) asils Ll
Al dales Il ol> Ule

QT 6&0; o‘mbf‘f&wﬁ)émksbw Slows
coyd e 2SSl b jho ojl &g v )5Sl )0 o psie
Flawe Slasin I glaods wigh oo iy o5 &5 il
s 00 43‘)‘ \ J5"\> 09 Wy R Oy90 @bm

(ool 5l el lagal conS il jslatea
9 (Explore) oé).’i.wf EF 9> o..\a.»Sp.Ja...a ‘_ng).Lo‘)lg:
el cow SMA - 12,6310 (EXploit) e (592 g
L le).uabb u.:‘ alis ))ol.n.c sloads oolo)\)é Cowlo
&3, o oLietal (2020) lawgs golpiinn dgum 28,5 )lai o
ojlail Jols el aw ol p (L) ey 51 SO
o Sbee S5 Jolse oliear Z bl 5 )15 olast iapnar
9 O N l)).s‘).: Cozo> ).n)L&Lo JJMM; ).L':J)o w..J)?i”
5’/’\ l)ﬁ‘fZ)‘J.iABO’ M 9\” M ‘\’ M L}f‘ﬁ)|)xé‘n.\uc\”
53 b o) 2 Lol Al Jlws 5 (S 595 52 0/ B g +/0 T
Gy S Cd 8 S o il )b 5 calisee oS 5 VY Lyl o0l
O, as e lboglis bl adplxl al Lz plas e
J..ol} R lJ).:‘).:Z 9 AR )‘)SJ AR S>> 4O p.:.s)ﬂ‘
oolaiul pol> 3udod o p i lp polae ol 51 I 00 oo

Comaz g das 55 S(0) a3, 85 el o] Sy "a)ya" a5
e DE el N g 0 o Bolas lade S ooyl I8
Sade cppyn wF gl IS 50 sdelciisa jlade
owmalis Smellindex 5 )= ,I,S5 ,0 odwliwwoa
oy sl ol odelcussas sla S5l 5l sogmo slalss
Gl oo 51,1 (V) alasl,y 55 bl S ConBse Sl e,

rand. (UB — LB) + LB,rand < z
X = {X,,(t)+%’. W.X,(t) —Xg(t),r<p V)
TX(0),r > p

YL sga> LB g UB « ble S aaz Cosdye Sl X* a5
50 O olal Jlaie 7 gTand g gz glens 0353t ol g
Aewd )

Lo 002 slap oSl plo asilea 55 05,651
o S oo S 9,0 LSS S las g adgl Comen Lo
alS (Saijln ashl o 5 (bl S adsl codse (O] S
Sl Swiln (gan o8 53 098 o0 e (bl slaSS
SWiln AN 5 G 5 o il e el Ceon,
dlre (3b; Laly) wlolyy Gig e S5 o0 Sloie %
wondss (ne 9 SVl G 3 AT A se 0 058 e
(Lietal, 2020) o p Fewls (e 4 b oals Sl yjg e
Glie Bl 5 o0, goitn oy Jolb alteus YV o
S 0 See Silo (b a8 ol ouls (miw Lol cwaigs
Al yo aliBes Jiluo digy Hlade 0,51 Cawoas ;o )] (5350
Sly i, pl 5l 5 ol ey o 1 el L) L
D9 o oaliinl Bas b Sbaige

SMA (5 595! 3l eolisiwl b obccis -Y-Y

OFT) oo el bawgd 55 6,500 hate slosbs,
O 53 SMA o, oS0l ol (Lt gl g a8 )5 )18 (w2 990
G e O S dae LoaSlils 10 092 g0 Culd ST i3l 0 by g, ;S0
RO PRV S0 BV PR O S SN B CEI B AV
gy et il el o SMA oy )5Sl IS 5boay
3518 5 J>le b Billas
£699,9 Olgeas 1,0 olass jiSlas 5 adgl Cores il 0 -
abaly o k) (Bolas (085 Cods cupd e (335 1050 Y

f(addgl (Bolad (b yesie wdgi) o5 o gl (V)

(oo o (Saisly acubre) (V) akal,y 3,k 5l Bas U

VFoF lann o o los (s Jlw

Yy

Mol g O (oo 5 pole 4 o



Ol ed g ZoS (i o po
|

) 090 dbw ‘JSM Olasine )' ,_5‘4..03{."» -\ Jsu\q

Sud &b [FYELPRINEY; )R Oyg0 A Sl gy S T0> o ko
\RVARS \
ARIARN Y
Y SV $1-A v
Uy ¥
ZIVS O
VVISY 4
ARYAvd \4
(¥) aba, FEY Lol V- /F0 A
VOIFA a
V7Y \
AN AR
INZAN \Y
AR RTHEY 2100 'Y
FaIVY V¥
OY/FA \0

A o s gl 1) e Ky 5 ) B w05 T il
Al ol sloo )5 als o Brae hawgio (o0 .l (o Ve
oS Vg A5 )3 sl oiazd F ks 4l 2 YO il
69959 50 5 = )Li8 VA 9 VO NY sloo )5 jo conl oals 5,8
3,18 3925 griw o0 A
Oliwl 5o a5 Cenl Lol oSl g anllas 590 a2
Loy oo Lol oS 313,05 (L 5925) 1yl
Sl sl oSl pl .ol &Ll Reca and Martinez (2006)
AVl Lsgie ol dils A 5 alg) FOF 0,5 FEY (T 35
399> 395 53 I Ogebes YOIV plp aSid ol Srae (9
AFO sloo )5 50 50 aSis (ol o el (4l p e 2 VYO
b g Sl lacssgyg 50 5 @i L8 TAY 5 YOV VA~
Sl 50 A g A5 ) 43555 oS il B
Fujiwaraand ) 54 oo solie z-Y JS& 50 ol IS slei &S
5 dil> Y gl ¥F 0,5 YY) ols a5 oyl .(Khang, 1990
Aol g il pg8, b o35 Sl
3 ele Al 3 Sl Wl ladlgd salihy (e o
B sloo,S )o Cunl oad (5,8 Sl yo JLad g (oo b sln

wl).a.a\”

D, g i 00 Al (699,940 5 g LIS Ve 5 VY

oole sl )82 Gl oSl aS il 4 az gl
w55 sl LSS 5l ol 2ol & Ygone 5 ates S0l
SMA 2 o501 o () 5o 009 o LS aliecs G (53, 2
L el ool Lzl JLeSG Lol i 0929 (590, 52 (55
G35 58k ) o)l (ul (Ul o (Baiows (5l Baa
Gl el (Gloj 5 (Slaslons 4 so 0 S b s S5 e
g Sog b 595 2 iyl 2l Sk ol Jol s
Oz N8 T 18 090 ASD s 50 CAIST 392
Ll paiz plnl g e aline YV (o p b cdls 425 il
Shne Gyl slyls SMA (2 1651 a5 sas bl dagT s, 5
ol o U ol xS gl 1 g 00g bl ;o (S>eS
(Lietal., 2020) ol slazsl LG

axlllae 390 slaaSids — ¥

ooliinl (goleiin (B9) (o2 S p 4ot an sl aslllas (ol 5o
2ol B sle a5 cul SV @Sid sl el ool
ol o (Poulakis et al., 2003) ol oo 03,91 WY JSi
Vorr o) pln e gosee 5 (Bl ladlg) Job s
Vo sl goop VW ply dgl po eldiggin cupd e

VFoF lann o o los ceos Jlw

Y¥f

Ml g O (it 9 pole 4 5



SMA (v 5551 31 ooliiwl b O @395 (sraSuds 3 ol ylado 9 Jomo (L

50
600 mm

Loyl 4y (@)

oS Y gy &Sl ()

+12
M3 s ﬁfm:f-'n
QAT 3500 m &
-|E
)z
11 @ Bodwdh
e
bl
s ? =
210mHh J1a
431 P33 ::\2 o JES poa J;?ﬁ B J-_z.r P28 o pas A5 par e O a9 40
105mam [ A mum B80m 00 m T som s0m S0m 0 BGm Hobm S
By 17om3h  S00mam I S -
ZBOMNh G1BmEh S2hm3h
2 E
a :E‘ ﬁ
o ] i
: =17
d |8 38
i +& § ssomam
E
o
P 24 g B2OMIK J-18 i =
MHOmNh 2
=2
g JT g 1, 250w
5 w 1
g ; b E 418
F 3 % ?
& 3
120 =
4 J23 P23 1.2imun 48 A
- . B . ® . pae . o .1;5 B ot
PmEn AU m 150 1m 2650 m 2,200 m 1a0mam  1E0m TASDIm 100G
250mih 1045 b ale £ TS
Iy L3}
=0 a g
E] -
221 g FMmIE 32 & EDOmIh
3 E
1|8
22
J
ABSmEn

sPbd &Sl ()
axdllae 5590 Al los —F JSi
BT

VFoF lano oF ojylos o Jlw Yo ML g of (W 9 pole 4 il



Oy od g ZBS (6 yuad v po
|

&b e 0g jae Col ooy ao 4 2L Hlej yo Bus
9ol (58l 5 2beeds 0 SMA (2 oSl oS Sl So
olass Sl sloo 3 slawy olidl L el cuid 38> e
ol .l onds Foauomy i g aidl iyl alive sl yuxie
5 ke 1y i o 4ty 65 S s b S
Oboy Byo bloyll aSls ;5 a8ly)0 sy a0 4y Boo & e
alis digy lade (Baw al 5o bl slaws g YL Slelxs
Gl g SV slbaSlils (o aS Jb o .l 00 55] Cuwoay |,
LSS ol o ol Kes s 5505 oo ,S o Cilye 4 a5

el 8,5 5550 S Shndns o By 5 il

Cx g mle -F

Oyt gy liw 51 Soy0 0 s S g e ol gy )
SB35 Sl VO (b ooleia s, 5 men Sola
L SMA 12,5501 (55, 32 925k 2 al (3lwosly Al s )
YIA ooy kg b did it gl b Sy ) solit
sl 3l el mls wl 12l )by o) K5V 5 508
oo 03,1 ¥ Jgaz 10 Ol a98 a8 s 0 calisee (slogs liw
o Logy i ulS 5 w395 co sanlie &5 jsbolen

SMA 9501 51 ool b (b cads gl =¥ Jaar

L w595 wlasi oo Olaseine
1yl oo jsow U lade Sy By Sl Cld 9 b 4ladio shls oS | ojleds 4:;
() RV S | Wy | come (] 4] yie™) OrY 12! '
YA . ARIAR Yo O \RVAR: Y- \
N . AR Y O ARIARA a Y
SA . Yeoo s, & £l A Y Y oSV
AR . ¥ A O any 7 ¥
Yy . VFe- YA O ZIVE Y b
INvd . RIS Y¥Y O VYIEY Al \
\la) . oY~ - W F O ARVAvd Yo Y
YA . Y& \OY O ARVARA WY Y L ,Jb
YyYv IAATARS AR O VO/IPA f.v ¥
ova . VAL Yy O VV/EN YA N
A Y \'F A YYIOY Y \
'Y . ARRES Yy O AFINY \l Y
A AR \ A 210 Yo Y syl
4 70 V'Y I FAIVY AR ¥
4 4 'Y A OY/IFA Y N

Sl Gado ol o soleiis g, 5l cola!
Gh9y Silwesky 5l ol @l 4y sl b S sbay
Olpiee wolitte Ll b alise aSl a5, 2 oleiay
oo aSel Lyl o 5 slaws 1 Jiese 5530 () el ;o
OHb a B byl je cod g WS e Jes Cid e
Iy Sl Je3 Sl S b g 583 jobay cotd Jora g 0k
slass bl b ayofl Slobee e Cudls axgs Wl
O3l 3l et alols ol 3l L 5 s alal; 4l sloo S

syt S50 GBASLL ;0 aS wed oo (LIS Y Jgu il

shlo oS (Gledr godg 5,90 (350l eiti glls 0 5 4z 52
o Sl Lot sl 505 oSt sl 4 cats
s g 0a plamil Sy (2liedd o ems Jsbo 5l (56
Slade ogglaie aulo 1) cuid jlade 5 Jore Cl aiiles o
OBL 5o ol oSl 3890 0 Shes 5 lags s 5 Soym yo i
S)pl g Sz a5 cul ol Kby dagy )l ads o i

VEoF cylinno oF 0 ylods s Jluo

Ys

Ml g O (it 9 pole 4 5



SMA 55,5651 51 eolisw! b o &9595 GdASd 50 Cold Hlado g Joxo (3L
I

o, 8 ol 5 olawd g 4l Carwg ey Lo b aSls jo a5 b o
oabplil w8l &gy 5l i LSS Slaws (b ol Kes
it ily Sldas a0l d 5o 30 (IS 5k Lol .
cwslio Db, olaxi b g 3.8 jebbas SMA 2 oSl 5l ool L

el oalplxl

Syl WSe alayl,
dw )0 gl VO ol See logai B JIY slo IS o
Ol o gmlis nl 4 sleiwl b sl oals ool oyl saboly aSils
ey (sle A (53, ool slagy )lw 4S5 2l

Ll €85 O a0 S pudy o] Sad Sl olayl 09y S>o8

OuSY 93 A4Sl 595 2 SMA () St Jla g

0.05 -
— .3:!JL:""‘
L —— D g s
_ooa- & 3 e
\i’: -— 4l
3003} — 5 1
4
i
— 0.02 |-
3
“,
001 ¢} "I
iietitivlenisteiebusisiivbvietusisburieien |
‘ | | | .'| ‘ | |
0 2
0 30 40 50 60 70 80
s
oSV gy S (595 3 90 b & (b SMA 15,9801 1 S0 jlog05 - ¥ IS
0.07 Lol 45d 695 SMA 2 5%as lagal
— .3:!Ju"‘
0.06 —---2_;__:)_‘-_,
. [ T— 3 e
ﬂ;} 0.05 - 4
R — 5
4 0.04 e
-
S [
__? 0.03 !
0.01 e | b
: p P 3 | L ] ;
0 "“r» --------- " ! ! " T —
0 50 100 150 200 250 300 350

JsS
Loyl asi (595 3 923Lw & (b SMA oy )5S0 31,50 10 g0 —F IS0

S A5l 59 o SMA 2 Saa i gal

0.08
52l
52 )l
}: 0.06 [~ 52l
! S
3 S
A
~y 0.04 -
o
N
\{;L
- 0.02 -
D |
0 25

N SS
GHW Sl (595 5 91 baw & (b SMA 15,9501 (o1 Ke o505 —0 o
|

\Fo¥ QL‘"‘*‘“) ¥ o los RO Ju Yy OMald 4 uT (W0 9§ pole 4yl



Ol ed g ZoS (i o po
I

s g pol> g )0 eadalll bs,y lawg obouis
CATS Sl g 0l 5,105 50 Cutd Jome g el a8 S O j90
Losiies Gohaie S00Sy » sdleiiny by bawsi oadesls
oolal b boaSs ;5 sgzrge Cuiis (8l 5l Jol> mls a4y azgs
sloing  pbcnid Jluws 1o 0,68l ol 285 g SMA 2y ;631 5
GoaSes ;o 0yl nl 0Sles ST Slagizs y0 09

3558 2yl 0 )9e s et Sl i Tl Sile o

Y
Y
Y
Y
¥

A J
A
k J
L J

> r > >
A 4
: ¢ A\ J \ 4 A 4 A 4
A 4

Y

Y

Y

«
=

A 4
Y
A 4
L J

Y Y A J Y A J

3ol @l 5l aled daaSed 51 Sy sl JSs )

gad Olyear gl SO glp 8% gy b
9 Ll (a4l o e fa 0 5 ) O o)led slag i)
dore Kl (e olad o IS cpl jo conl oals 005! (sl
S5y s o8 Gl 000 (gl (b oadans Filaiys s
slao,8 5 53leitey g, brogd oa5dly S o Sy 3
sl Lo 4 s S S92 pae Sk e K5 gl
Jos 05d o odalice a5 jgbjlen ol 0dl ooly asis

> > —
oY gy 4ol () Lo Jb sl (©)
1 I:l [N J?(.a
t t 1 o et glyls o 5
[T 1] . ORARE L o)f

— L

SPL &Sl ()

Gy 9y gl (Dbl (g gl oy Lod -7 Sl

yyei Bolal Ojgon Sl vz slagy Ll sdge Sl
Al oolaiwl Bas b obaiws sl SMA 0,631 5l oals
Sglite olayl b O w5 aSeds a0 @olerin by, 28
@S E53 (o) p )90 SAIST S925 Syl 1O (b
0 Slos daaSlils ;0 gz g0 Culd ST 8l yo yhg, ol dloglis

S5 Az -0

E89 Je g Jlaie utd (gl o By, SO Gulizd (pl jo
‘om‘\ﬂ)l Oy 5 ok olgaday g.)—l &9 wleaslls o s

cs’bw_(s"“*"g ooy, ol eolaiwl b P slacis Joe

L ¢ QM} ¥ O)M O JL&

BB g Of (wsign 9 pole 4 5



SMA 55,5651 51 eolisw! b o &9595 GdASd 50 Cold Hlado g Joxo (3L
I

water distribution systems using Artificial Neural
Networks", Water, 13(13), 1841,
https://doi.org/10.3390/w13131841.

Chakraborty, A., and Ray, S., (2023), "Operational cost
minimization of a microgrid with optimum battery
energy storage system and plug-in-hybrid electric
vehicle charging impact using slime mould
algorithm", Energy, 278, 127842,
https://doi.org/10.1016/j.energy.2023.127842.

Eliades, D.G., Kyriakou, M., Vrachimis, S., and
Polycarpou, M.M., (2016), "EPANET-MATLAB
toolkit: An open-source software for interfacing

EPANET with MATLAB", Proceedings of 14th
International Conference on Computing and
Control for the Water Industry (CCWI2016),
Amsterdam, The Netherlandss (pp. 7-9)

El-zahab, S., and Zayed, T., (2019), "Leak detection in
water distribution networks: An introductory
overview", Smart Water, 4(2), 1-23,
https://doi.org/10.1186/s40713-019-0017-x.

Farhat, M., Kamel, S., Atallah, A.M., Abdelaziz, A.Y.,
and Tostado-Veliz, M., (2023), "Developing a strategy
based on weighted mean of vectors (INFO) optimizer
for optimal power flow considering uncertainty of
renewable energy generation”, Neural Computing and
Applications, 35(19), 13955-13981,
https://doi.org/10.1007/s00521-023-08427-x.

Fujiwara, O., and Khang, D.B., (1990), "A two-phase
decomposition method for optimal design of looped
water distribution networks”, Water Resources
Research, 26(4), 539-549,
https://doi.org/10.1029/wr026i004p00539.

Hajibandeh, E., and Nazif, S., (2018), "Pressure zoning
approach for leak detection in water distribution
systems based on a multi objective ant colony
optimization", Water Resources Management, 32(7),
2287-2300, https://doi.org/10.1007/s11269-018-
1929-1.

Hu, X., Han, Y., Yu, B., Geng, Z., and Fan, J., (2021),
"Novel leakage detection and water loss management
of urban water supply network using multiscale neural
networks", Cleaner Production, 278, 123611,
https://doi.org/10.1016/j.jclepro.2020.123611.

Li, S., Chen, H., Wang, M., Heidari, A.A., and Mirjalili,
S., (2020), "Slime mould algorithm: A new method for
stochastic ~ optimization",  Future  Generation
Computer Systems, 111, 300-323,
https://doi.org/10.1016/j.future.2020.03.055.

Lijuan, W., Hongwei, Z., and Hui, J., (2012), "A leak
detection method based on EPANET and genetic
algorithm in water distribution systems", In: Software
Engineering and Knowledge Engineering: Theory and
Practice, 1, 459-465, https://doi.org/10.1007/978-3-
642-03718-4 57.

Maghrebi, M.F., Aghaebrahimi, M.R., Taherian, H., and
Attari, M., (2014), "Determining the amount and
location of leakage in water supply networks using a
neural network improved by the Bat optimization
algorithm”, Civil Engineering and Urbanism, 4(3),
322-327.

by St Jlade g Jore (8L 4 3B 5 ol (pelio Sl
S0 9 5N (b (eSle jsba Lol asids yo el 3289
o Jos 5 o0pm) (2Sen 4 o )sSl ol asl P
OO S>oS Cdedy goile 4l yo oS b ozl 43 5 plxl
VF b il sk aa S sl g jieS 5 45 ol
Sloy Sl 485 )90 2l Ken oy 4B Y Byo 5 1S5
AarPS (Bl A (6399 5 5599 (SeaBge ;0 udd e oS
s o 1 50 ol T3l o 550 s ot
ollas does a4 0 935 (5 S ST sl b g 00 yosle
5 ol e 55 g, ) osliil b ot s e
e Gl o o sy 5 e 5 i S8 Sl
B9 0 0310 A gwlie S8 L 3gzge CiIST e g
ol eed b sl eslanl b Jols ol 4y slwl b S jgloay
B bl asil )0 dgzge Sl wied a8 (6,8l 3 oSl
ol &5 6ly 5 28l Glsiies loj peeS By bg YU e

O g0 ,ol..\sl

&=y -F

o"’l'i“"";"; wj) (5“,))"’" c(\YQf) c.w 6&L§.~)L\>’ 9 “—‘ KS;L;.MJ}}

aS @) cotie lid alal, gl Lideos Ol aSis o

—Aﬁ s(\ )\ M s)/ulz'b Wj.l'j G'_)/""(h:;w.a.; ks"l.ié)li& @l{w
£5

S5 d(WYRR) ez «g0j 5 ep w0y B > p carasls
SlaaSid (5ilne slizme (g )3 St o3gaone plulid
Sliing ! ogian ras a5l eslinul b Ol e
FYFY (NF oolnl o olia

QW‘,ﬁJLY" NQL A B PRV K VIPRRY-RrA [HUWE PR PIYE o)
Sttt (b 5l ool b g e ol e a5 sl Joe
AV N OOYE oMol 5 o Mpar g0 SslS

‘_;Lﬁdi’_;.y )‘) Mﬂ J?bc k');jl.i" c(\f’\‘) [ 5@0 ‘5)..“42.;
aslio bl Mlad slaosls s ) eolawl b ol &8

‘(_';i"'lj)m (SLmo)LM-’—u‘)A.C QSMW \.\.....:)l SWLW)[S

.Q\ﬁ‘ ;Q‘)QS ‘Q‘)‘-’.‘ Cxio g plc oKl

Bardhan, A., and Asteris, P.G., (2023), "Application of
hybrid ANN paradigms built with nature inspired
meta-heuristics for modelling soil compaction
parameters”, Journal of Transportation Geotechnics,
41, 100995,
https://doi.org/10.1016/j.trge0.2023.100995.

Capelo, M., Brentan, B., Monteiro, L., and Covas, D.,
(2021), "Near-real time burst location and sizing in

VEoF cylinno oF 0 ylods s Jluo

Ya

BB 5 T g 3 pole &y


https://doi.org/10.1016/j.trgeo.2023.100995. 

Ol ed g ZoS (i o po

This article is an open-access

@ article distributed under the
@ terms and conditions of the
Creative Commons Attribution

(CC-BY) license.

Marzola, 1., Mazzoni, F., Alvisi, S., and Franchini, M.,
(2022), "Leakage detection and localization in a water
distribution network through comparison of observed
and simulated pressure data”, Water Resources
Planning and Management, 148(1), 04021096,
https://doi.org/10.1061/(asce)wr.1943-5452.0001503.

Moasheri, R., and Jalili-Ghazizadeh, M., (2020),
"Locating of probabilistic leakage areas in water
distribution networks by a calibration method using
the imperialist competitive algorithm", Water
Resources Management, 34(1), 35-49,
https://doi.org/10.1007/s11269-019-02388-4.

Perez-Perez, E., Lopez-Estrada, F.R., Valencia-Palomo,
G., Torres, L., Puig, V., and Mina-Antonio, J., (2021),
"Leak diagnosis in pipelines using a combined
artificial neural network approach”, Control
Engineering Practice, 107,
104677, https://doi.org/10.1016/j.conengprac.2020.1
04677.

Poulakis, Z., Valougeorgis, D., and Papadimitriou, C.,
(2003), "Leakage detection in water pipe networks
using a Bayesian probabilistic framework",
Probabilistic Engineering Mechanics, 18(4), 315-327,
https://doi.org/10.1016/s0266-8920(03)00045-6.

Puust, R., Kapelan, Z., Savic, D., and Koppel, T., (2010),
"A review of methods for leakage management in pipe
networks", Urban Water Journal, 7(1), 25-45,
https://doi.org/10.1080/15730621003610878.

Reca, J., and Martinez, J., (2006), "Genetic algorithms for
the design of looped irrigation water distribution
networks", Water Resources Research, 42(5), 1-9,
https://doi.org/10.1029/2005\WWR004383.

Sousa, J., Ribeiro, L., Muranho, J., and Marques, A.S.,
(2015). "Locating leaks in water distribution networks
with simulated annealing and graph theory", Journal
of Procedia Engineering, 119, 63-71,
https://doi.org/10.1016/j.proeng.2015.08.854.

Wachla, D., Przystalka, P., and Moczulski, W., (2015), "A
method of leakage location in water distribution
networks using artificial neuro-fuzzy system", IFAC-
PapersOnLine, 48, 1216-1223,
https://doi.org/10.1016/j.ifacol.2015.09.692.

Wan, X., Kuhanestani, P.K., Farmani, R., and Keedwell,
E., (2022), "Literature review of data analytics for leak
detection in water distribution networks: A focus on
pressure and flow smart sensors”, Water Resources
Planning and Management, 148(10), 03122002,
https://doi.org/10.1061/(asce)wr.1943-
5452.0001597.

Wu, Z.Y., and Sage, P., (2008), "Water loss detection via
genetic  algorithm  optimization-based = model
calibration”, Water Distribution Systems Analysis
Symposium 2006, pp. 1-11, Cincinnati, Ohio, USA,
August 27-30,
https://doi.org/10.1061/40941(247)180.

VFoF lann o o los (oo Jlw

fo

Mol g O (owsigpn 5 pole 4 pid


https://creativecommons.org/licenses/by/4.0/

Journal of Water and Wastewater
Science and Engineering (JWWSE)
Vol. 10, No. 1, PP. 41-50, Winter 2025
DOI: 10.22112/jwwse.2025.493962.1423

Research Paper

Study on the Ability of Scenedesmus
Obliquus in the Bio-Removal of
Polyethylene Microplastics from Aquatic
Environments and Optimization of the
Bio-removal Effective Parameters

Seyyed Hesam  Sharif Vaghefi', Roya
Mafigholami’*, Omid Tavakoli’® and Hamid
Moghimi*

1- PhD Student, Department of Environmental
Engineering, Faculty of Engineering, West Tehran Branch,
Islamic Azad University, Tehran, Iran.

2- Associate Professor, Department of Environmental
Engineering, Faculty of Engineering, West Tehran Branch,
Islamic Azad University, Tehran, Iran.

3- Assistant Professor, School of Chemical Engineering,
College of Engineering, University of Tehran, Tehran, Iran.
4- Associate Professor, Department of Microbiology,
School of Biology, University of Tehran, Tehran, Iran.

*Corresponding Author, Email:
r.mafigholami@wtiau.ac.ir

Received: 14/12/2024
Revised: 06/03/2025
Accepted: 13/07/2025
Accepted: 26/05/2025
© IWWA

Abstract

Microplastics refer to plastic particles with a diameter of
less than 5 mm, which create significant environmental
problems due to their small size, the lack of sufficient
technology for removal, and the potential to cause side
effects. The microalga scenedesmus obliquus has the
ability to secrete ligninolytic  enzymes and
exopolysaccharides, enabling it to degrade microplastics
and utilize them as a carbon source. In the present study, by
optimizing the cultivation conditions of scenedesmus
obliquus, the growth rate of the microalgae was enhanced,
and subsequently, the feasibility of polyethylene
microplastics bioremoval and the effects of various
parameters on this process were investigated. According to
the results obtained, the highest percentage of polyethylene
microplastic removal was achieved at an optical density of
1 for scenedesmus, a stirring speed of 150 rpm, and a
microplastic size of 45 um. Gel chromatography analysis
showed that the molecular weight of the microplastic
decreased by approximately 14% after bioremoval process.
Additionally, FTIR analysis indicated that the removal of
the carbonyl functional group in the wavelength range of
1400-1600 nm could be considered as a factor confirming
the bioremoval of polyethylene microplastics.

Keywords: Bioremoval, Design Expert, Microalgae,
Microplastic, Polyethylene.
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Abstract

Rainwater harvesting systems have been recognized
as one of the fundamental strategies in water
resource management. Considering climate change
and the growing demand for water, many regions are
facing water scarcity. These systems can be utilized
as a sustainable and cost-effective approach to
address these issues. This study aims to identify and
rank suitable areas for rainwater harvesting. Using
the Generative Artificial Intelligence, Analytical
Hierarchy Process (AHP) and geographic data
analysis in GIS software, potential areas in
Mazandaran province have been identified for this
purpose. ChatGPT-4 artificial intelligence was
employed to simulate expert opinions in pairwise
comparisons. The results of this research, in addition
to aiding the development of rainwater harvesting
systems, can also evaluate the use of Al in the water
resources management and engineering. Among the
obtained results, slope had the highest weight with a
final value of 0.2412, while geomorphology had the
lowest weight with a final value of 0.0372. The
findings indicate that the use of Al can facilitate
decision-making under uncertainty and challenges in
water resource engineering and management.

Keywords: Rainwater Harvesting, Artificial
Intelligence, Multi-Criteria Decision Making,
Prioritization.
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Abstract

Water leakage in distribution networks is one of the main
challenges in urban water resource management, which leads
to financial loss, water waste, and reduced system efficiency.
This study aims to analyze the economic and technical
leakage in the water distribution network of Zone D of
Birjand city and provide practical solutions for leakage
management. In this study, hydraulic modeling with
WaterGEMS software was used to simulate the network and
analyze hydraulic parameters; flow rate, pressure, and
geographical map data were collected and the network model
was calibrated. The assessment showed an ILI index of 12,
which reflects the serious leakage situation in the existing
network, and for this reason, five different pressure
management scenarios were examined to reduce leakage.
The results showed that excessive pressure was the main
cause of leakage in Zone D, and targeted pressure reduction
in the S4 scenario resulted in a reduction of 14.90 lit/sec of
leakage, equivalent to a daily volume reduction of 1287.360
m? and economic savings of 1.241 billion rials per year. The
findings indicate that investing in smart pressure
management and renovation of worn-out infrastructure, in
addition to improving economic efficiency, also reduces
environmental damage caused by water waste.

Keywords:  Water Waste, Modeling, Pressure
Management, WaterGEMS, ILI.
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