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ABSTRACT

Background & objectives: Nowadays, according to membrane-based filtration processes; the use
of substances such as antiscalants that prevents the formation of deposits during the treatment
process, is very important from industrial point of view. This study aimed to synthesize styrene-
maleic anhydride copolymer (PSMA) using the radical polymerization method and to investigate
the factors and parameters affecting its use in reverse osmosis membrane for removal of TDS
from the Persian Gulf water sample.

Methods: The present study was performed in laboratory scale to investigate the efficiency of
synthetic antiscalants, in batch and fundamental-applied forms, as well as on a semi-industrial
scale using reverse osmosis (RO) membrane system. Then, to evaluate its performance on the
electrical conductivity (EC), total dissolved solids (TDS), flow flux, and membrane fouling in the
reverse osmosis system, the effect of parameters such as pH and antiscalant concentration on
increasing membrane efficiency and effectiveness were investigated.

Results: The results showed that by adding antiscalant to the reverse osmosis system, the EC and
TDS of the sample can be reduced in the range of 99.5-8.98% and 97.98-2.7%, respectively, so
that in the study period, which was 1 hour, less performance reduction was observed in reverse
osmosis membranes than in the absence of antiscalant. Also, the concentration of synthetic
antiscalant up to 5 mg/L increased the efficiency, but had a small effect in higher amounts.
Increasing the pH also had an adverse effect on efficiency of the reverse osmosis system and by
increasing the pH from 7 to 9, the system efficiency decreased and higher TDS scores of 265.5
mg/L and 382.5 mg/L were observed in the treated effluent output, respectively. According to
ANOVA statistical analysis and Prob> F values of 0.0004, the data were confirmed to be
consistent. Also, a good match between the actual results and the predicted results of the software
was confirmed and a logical relationship was obtained between the predicted and experimental
regression coefficients.

Conclusion: According to the results and by determining the optimal values of the studied
parameters with a concentration of 5 mg/L antiscalants and at a pH of 7, the use of synthetic
antiscalant increased the treatment efficiency using a reverse osmosis system. This material, by
increasing the life of the membrane and preventing the formation of deposits on the reverse
osmosis membrane, increased the time of use of this system and higher treatment efficiency was
achieved in the reverse osmosis system in the presence of this anti-fouling.

Keywords: Antiscalant; Radical Polymerization; Persian Gulf; Polystyrene-maleic Anhydride;
Reverse Osmosis


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

Y UKo 5 Jlgiwl Ly 48 sVl BT 586 o)

s )3 TDS B3 Ylodil) p3 (S poakigs Yl T JuSl (w59
UN9IRo ouwl
T30 s ags Sumw Lo ptole rdois * plpiul Uy x5

Ol e ) (B Sl ) boaxe 0S8R 9 5y Sole il SOL B3 Souid (58S )
Ol e ) (A1 Sl ) bouxo 035 9 5y (ele by s Dbl .Y

Ol ceds) (OMS s ER PPN} c;l.o.nT —Mols Auwgd 9 SISy 0 90 )}o| ) oMo A dgiial ) doue bl g dub)l Swliib )l ¥

Fariba_ostovar@yahoo.com :Juesl - \Y¥¥YFE-PA :Gufs - AVVPYOVAYE :(yals .Jskuno ol o5 *

-

oS>

M}IULQ;@N&»I@T Aisle (s3lgo Jl oslaiwl Live Aglg).,q.é..as@m_uﬁ)s«,«;,sl.,o»).ol :..‘u.m,cup)'
00333 ol I 330 bl e el 35la sl isivo s alais 313k e 58 sla auiias 3T 58 s ) Lo sws)
5 Joloe (5w 00 5 Pl ©gawl s posy Go) an (PSMA) syl Siille — o paliswl poly o8 a3Vl 5T jiiaw
Sor bl BT 5505 JITDS 83a s jusSae jouwnl slise 3 T Jl oslaiwl )3 HSg0 sla yiel)l

A 5 Alwonl @) g0 &y 5 i =Vl SBT DI Sw) pe B3 b Saliule )T Hulide )3 yols asllbe IS o9
S g 8 3 ell (RO) GusSoe jouwl (lie pius o g3 Sizio ey ulido )3 5 63 )l -l JSibs
i )3 Ui 55855 5 a9 58 ol (TDS) Uslmo wlsels J5 (EC) GSa0l cxlad oljse x0T 5 Sloe )
23,5 s i DU 5 oleasly a3l s VSl 1T wdsle 5 PH ausle ol sielly 58l . yo 5500 jousl

0 x5 5 4 ) a5 903 TDS 5 EC plgs 5 OP 9520 ol @i &) 3Vl BT 035911 sl Ylis mbs daidl
Do el K AT w) 2 3 ge plo) e 3 Al ehay WIS HEAL 203 AY/Y-AAN/Y 5 2uo)s AA/A-39/D 3930
w_i.?._CA.Q.A_ai:o..\.ml_ai\.c;».iylf_ndu_'i.'\T)'|oéLiLm”ox;dlAAgmunﬁfxa)m»';bhé)é&s)lofb)&Locui&lf
31 5w PH Gl 381 .coibls (508 sl s 9 03ub plessh) il 331w d ME/L wlale b (s jiins ¥l T walale
TDS Jladio 5 asisly GiaLS mims oloily A a3 ¥ JIPH Ginl 3914 5 aibls o sSoo jausl pissss DS » kool
L 3illaoe .23 )3 oaaliie odib duias ol 29,3 )3 YAY/d mg/L 5 Y#0/d mE/L 5ol 50 i 33 as (5 sy
o9 wmiloe (yuizred S bl & oIy wilao o/« =&l Prob> F yslie s ANOVA s)leT slaw) »
5 0ub i Ul a6 i Gabie 5 D9 L)L 5 b 3wl S D3I e )3 b i Gl s 5 8l s
it Jools (2 xS

PH )3 5 sl GiT d ME/L wblé b ) p0 3) 90 Sl o)l isg paslio pusi b 5 mlis &3 an g5 b 35 a5 Ay
ot aanl 03 o 5520 jausl s 1 o5latanl b asios loadily il 391 cousws o sikas ai¥lSanl 55T o3l ¥ ol
b s il 31 o3l Olo (yo5-S0 ol sLibé (55 gm0 Siml Il 5 05 ska 5 Uik o Job il 331 b o3l
Do 50 Juols (w9820 jounl s ) GV Al Yle i) o gm) 306 (il Vgds VS 9 o3l inl 33l

O 9550 sl 130 38l o — ) palisl ol (w18 zmald (L) O gaanl 32 pely eVl 5T 153wk (S 0319

~

VE- /YA b pedy VEAA/Y /) - Bl s


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

Ve Dl Jsl o plosis (PR jopas Jlw

wublage 9 wediw al=o 4E

(TDS®) Jgdmo wliwls JS <d3n )3 (yw9Sso sl
13 Sl 53 iz 5 (TOCT) ST slagye s Js
Silkoc JLis « T zie TDS any aiwy .cowl 390
\Y---\0- psie i wS 3RO PSS —

[VV] skl e (AY-) -Bar-g)
Jusis RO s )3 (5l ) Ses AT 8 Job )o
Lie mhaw 590 IT Slgo )53 5 e lisuw)
OBl 1) i RTOLS 5 3 )Slac Tauaub 2ilgs o0
CaCO;, sl Jodxo oS slaSes IPY-YY] aas
0B glblEss 3l )3 CaSOy, Cas(POy),, Mg(OH),
wbow) =l [YA] 35S 5o S5 9w T Vs
iiale )5 Sl et )3 )b Jlasl GRal o ge
S L 0abbsela Juads ades s b Hlals
o3l 9wl o) U3 p= = Il = Blwls
S sla Dshhindsy (pl mlis 25 5ub 50 Sley slaai 50
9 6 S 031301 (Mo oyl pslw)y J3laa & L s
- a8 (plagboy Jl SN sl o9 0 gy S
OIS 3 ) gy JuSiis JHaS sl 03 )i b
[¥+ ] asibss (YAS) sVl 5T I oslswl
TPV PN EOER OX SN IV g IR 35 T ST Lo Ay |
Ju5its il essilos aiwgig 1) )L ol LT oS 50
-t Sl a8 sl) G el Sl 555050 el
Pl ) ol sxdaws JSib puss b ol 5 (0 Dl
aely 35l55 0 b ZMol ool [¥)] 383 e
Sob Ly b Jl YL sops aib) pe L Hlals
oVl 5T Olgicds jus 6L Sl jeuly [V7XY]
T o SUslase a§ di s i >
AU 9 L (‘PAA)) syl Sy, ST
S panlSille 5o pesly awl [CH,CHCOOH],
SAa pob et 5 Los oT Sl Gals )Sai s
Solwlio My ks Y saze Jl 58,5 0
OTeR 9 VI 03 a3y Al 9S g K Vg

> Total Dissolved Solid
6 Total Organic Carbon
7 Antiscalant

¥ Poly Acrylic Acid

Ao ddio
o598 ulia pwwh s )3 swlwl JSie O T Gy
o8l L et o wlaswgs Js ) sla)-is s
Ol il e pw plad b jus jued T 4 jls wozea
Doy 4 LacaidT gleil & T (F36IT .aubse
BB 5 ) Sluwsl laeles alawly 4 b b
L ol asias 5 JpiiS oo SLa s il oslaiwl
Sh— 6ol slaaoh [V 1] ol 03 903 509 00
ST 8 aisle L )y BT Soes S Ja
PRERNENTIERNET [V QUL SO FARUTVIN EVI g DRERTRNT
bolas Jl b )3 [VP-P] el oo Sty line
82095 SIS Some e T @lie 038 jues s
3L USitio o sham T Jlaisl il oslaiul b wnT
wlhiues 4o K5 gblio o 0 Jla =l bl
Dot DT Il 5als ) Ses by 9 T asaias (sl aud iy
D o oplind 9wl piled [VE VW] 3 )ls
03 4 il Liie )y o Gilbawd 953 348 slaaiy T 53
SLaaia Jl 53 50 . 5ib 5o o3laiwl DT auias
5 Lo euslily yShe b3 Y o7med (Ll O guml yilis
ST G sawl il ey Al T Sl 3,8
LT 03 ilioid 55 348 (slaaiaT 58 Lol ol 2 pan
Lt 4y s )lwlas Gboy [10] sl gl slaasy
8,5 DB A 390 53Me 147 ads Vs aS
wmawl mio )3 e GO 3T x5 S0 el [17]
ol 9= J=bB lacd iy AibiS aas 93 Job s
DVAA(MF) @ sal yilud s xS0 3,0l asungs )3
Ol 31l 93 [V - - VAT ("UF) o guol pilusl yil sl
sl NYPYI(FRO) woSao sl 5 [¥V]("NF)
Slhm Gy V9bay, RO N
Jsindn; 0 e slawT 5 Labys oT (Ll ) Ses

! Microfiltration

2 Ultrafiltration

3 Nanofiltration

* Reverse Osmosis


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

L1 e 5 )l gl by 45

QT S 5o pns O paliw] 4 3 sl s
wpols Ol 8l )3 SS90 )5 Loy )T s
Ols—ic 4 9T Jl ples e a5 0als YT & Homw) b
3903 oslaiuwl Slibe SLa piuuw > Yl i T
Sl —9 bl jouly o 5 b HUALw JYa]

amawl ook ool plis Y Kb s aypaul

n
[£:1(PSMA) 333551 Sallo — ¢ palimwl (g (alaonds Jlid s ) JSuib

oy 5§ Ml T i 55y ol Sl 30
)2 5 FLedh wsrwl i penly sy & PSMA
sliie »s 9T Jl oslaiwl s PHoo s il 5 Jwlse
Olsie &y patlysS ol 3 0935 weasl osSas sl
ol oauis oslaiwl Slive g_sl.ﬁroim{.w PRRETINPREE
OlsS—e T ) IS 86 bl s ) Lo s
Ol 03 3503 LIV I b (s3Il ouT
S i Yl S BT V1SS 86 sl yiel )b (w2
03 5505 ol aigai JI TDS L8ia ploasl) s
5 ea8,5 )y aelllas 350 ywsS2e rewl sli
ooLd s DT () p 3) 50 528l dises lgicay

LIS 2%

Slgo

Shls L 5o o=l VS eslaiwl 3) g0 (plowds Slgo
0P 0> LS s 5 Galiule)T (o5 1a
(NaOH) apwS 9340 e Jolid Slgo opl 33399
e —9)T-Y oF (HCI) 5055 )05 50300 30—l
Jlio ol 98 Jito (5 (Jm i 5 045929 54)
Sdlle 5 o pliwl Sl je 9350 5 w0 giml 3l Jslss
S a OlalT S s o Silsal Jl as 35 gl

A3l Sille 4 slojay el sauaul Lo
G20 b S oums) v gawl o pesly Ol &5 A 50
Mu@h@bﬁwrﬁl)&wf)w'&lﬁ
PR .;JNlS_wlu_b'T Rl w36 ) ad aS slaglis
/ML e dale Ly 5 039 Y olig o5 asnlS Julio
q:-90 L5 Y- °C sL_»s spH =\-/ED )
Slrms 0l e pml SIS 5o a5l 355 Jl a0
o3 )l 9 e bls (5 —iaS o)l aLéJ,_wro._.__..uJ:
Vo ol oT VY mg/L edade )s eI wl T
Sow) 6 lgo £l 33055 Ol [YV] 353 w0
(5= Ul e T ST Gomad Slolsc 4 S DT
o Lk £ 55 T quie ot =8LJb ol jse PH dLos
Ve Js—ose Vsb a3l lalie LT os=s
7 ppm I\ o393 =0 3 LaeVwl 6T &) 35
Sl 3 s Shac Sl HLS Ly b sl
I 6 5 5n sl ('SHMP) liudliol 558 033
WPFe 9 I 5w) p wldl g eundS g k)
023 Slg3 50 035 1550 ¢yl J1 0 PpM Jlasie a5 8y 5
03 3l y350 sy el pun opuls” il il 53l
ilaaia 85U e ppm & T wbale (il 38l a5 s
2osly o 8 [VE] wblas Ko (5 mdgemalda inl 3381 )
Sroths 5 (PSMA) 3yl L ille - palil
Jldlie wlgmic 4 ol caliske paliso )3 5 pae
U195 Sos0 5 o8 BT ans )3 PSMA joilys8
[¥7] ofiow @l jdd Bia )s L3 (Y] esy @8
o550 Jobs ulsic & PSMA w3 9l I ol
ST .5 9t o o5laisl .3 [VA] SWISL (sl [¥V]
a5 ("SMA) 235l Sille o palical SLa youlysS
Ols—ie 4 ()l 303l Sillo 3o s YO I yieS
03 ) LS Gl slse olsd Ssue s G398
9 Silog)T slaos 5 399 Jus a 859 b 50
25 L saah a4 SMA JeSg0 Hlialis (539035l

' Sodium Hexametaphosphate
? Poly Styrene Maleic Anhydride
3 Styrene Maleic Anhydride


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/.health.13.1.92 ]

Ve Dl Jsl o plosis (PR jopas Jlw

bl 9 el alxe 47

otlize Lo i Jl pwsSee Sl =sbly ol
o—ilsd L yiogld Laziw)lis RO sluie Jolois
Ve 1S9 gen e «Shgd e Lo
o3t JuSids S Jalws 9 G0 bl sl i T
(Oized wowl 0ah o3ls Ylis ¥ JSb )s aS S

sl 0aub ALY JSb )s 63T )8 Sslash o guas

N-CIN B
kit

(RO) yogS20 joml Jols cuglaly .Y JSuio

5 O i awle 5 o Jl uizmed A5
ol )T (Soles Vo .aub oslaiml Led 93 geiunilgiSy
323 )5 oslaiml yukais )b 93 9 0 juiss T Jl jus

L ollund

Aiile S5l ues Il @ gaml jo rously _xiﬁ»_T)élol:,ulqe
U)'_mol)_ma_;o_rro)_fmm_\.m‘_mbg)w
i (slo 5 SHING SAENG) —uublss
05T (N2) 035,58 I JomsS Vo plan « suublice
S5 o)ll e el i so olfiws (Memmert)
elaa 5 (TDS) Jslxe wlswls J5 pH (sl piolpl
b oslaiwl Aqua Lytic Joa—e '(EC) -5 sl
S oL b S poT gk clisel slié Sl (yricrod
9 SW30HRLE-4040 Js»s L (DOW FILMTEC)
oslaiwl Jigio ulade )3 (e Sxe juo—wl P
oab ashl Like (518 wliasiie 1 Joaa o .30 ,F

oy Fan oe slid

waend ol 155
$%933 "‘“":“ s
Dk A
C_
e
oy
o Lalii
o3laiwl 3 g0 Glibre Hid baduine N Jyda
ol e Sl Hliss HisTas slos HiSlaa slie ,las dlssElo.m
3 Lis i o . 202 . pH
(m’/d) gpd 3985 (Bar) Jozs (°C) so8 (inch) (m”) ft° sl
V& (7)) .xé.oTolgﬁlg,éJ)'bq)ﬂ_.olf AY o 2 Ad (V/9) Y-\

e b el Saelep 98 Jaie (53 M S (o pis
alas aw 3,5 a5 b Jl gl ey 3T )8 plxl
I (53909 5 U (S M) ) gl S & jume
23 52398 5 adsl (=ls) JLS wn) pis i JE
e o oslaiwl (o sl 3y oy 3T )6 Jo b

Sunl Suillo — g pabinnl joakagS Yl i T jidans
L (amawl Saillo -0 plinwl) Sl sVl ST jotius

o859 s -9 T-Yo ¥ 5 LT Jjl oslaiwl

! Electrical Conductivity


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

Y e 5 )l gl by 45

3 g 5o Line (538,57 o 9 ool Pl & o sSee
S )y S 9 )b s T aises @oxa
U8 5520 juaul mius )3 TDS Saa gloasly w0
Som pid Ve v i peuly o8 VIl T Sl oslatul b
Olo) 3w )3 5 b (B2 35 ol & oy buwgs &S
pae 5 lod il s Jl 8 la wale & el )
IR 39— Lod (Al s SO Jdue 3935
Lisd SF58,5 » ol pil Los v 8,8 )l )3
JSe aid )5 olsuil a3y 03 &S T Jl s s)ls
23 L w) o fenablas d9a 9 s Ll s (Sl
lod ol s b 28,8 plomil el K ol e
Oloasily > 6534y 5 035 @Sla iy 505
Dsaie any (B9 5 =l VS L abl ablas 3T 8
Lol )3 il 3) 90 I wl BT 5 3o )
b g ooub uais Jlss shaiie T Jl SThsa o jke
SO ule) wao v Like a9 LG aslsl ) o
Shoa sUT)qug.m)f)l)éum))._:s)y el
3235 52055 )1 g oS Ghe YO -+l TDS L,
i like (sLowdale bine (5 gt Jl uy delsl ys
DL 0T b 5 b aslal STysa ay eVl uT
286 Gpized (28,5 DS LI S)ge Like (250
S w3Vl i T I oslaswl s e sl )il
el sially sl aisle yusSoe el pies )3
b ol pss (TDS) Mol JS eslale (EC) S i8I
PH jieb Liie (538,55 ) 0 (J) L Sl a5
90 ) oVl T (833 wdale H3l 9 (] 9 A-Y)
b IS pdisai V) calize slaple) s (V- mg/L
Ls GinlosT ol s 55 s (sonels
Expert) GinloT sy )58l o 55 Jl o3kt
(CCD') (555 r0 a0 Jo 43 5 Y 039 (Design
S50 i 3T 58 o IS 486 Jolge i )5 ol
o) )2 o=l Il Jols malss 5 wd )5 s (b))l
3l Ginle T Galpb 58l e s )s JuST 5 09Me
a8 Lol ANOVA oleT (sla ) s 5 b

' Central Composite Designs

03 32358l Sl o )5 +/EQ 9 @ puimwl Jgo + /- 1D
—90T =¥ 3s¥ wlio juslio ol pady 45 3,5 &5 Swdld
J—sie 63 5 (AIBN) (Y i 9 585529 33l) pu—s
OiSTy ST Vlgic 4 w35 & (DMF) ayele 59
Sl amaws Jl (tliko juolie o035 aslal JMa
oths S Js g0 wis IS sl DMF 5 AIBN
el 10 wae & © gawl o oudy L3l oslaiuwl (5 jiius
w88 el gyt LS enms ¥ C slos o
oRle w90 4 YLk VS Y sl 2 pedly J9—o=o
A e el sy Sela slods5 ol jad S luwa
)90 & Y gl (5 s A 905 pmx pal e 93 Ol jae
Silgslss ST 1 Gy 5 23,5 039381 0 4hnd o 4bnd
S oaliswl o gws ) JuSits Juole 5 JMadus olsic &
Ao A 9ol ) 5 il Aoy gy el s
s Il p S 93 b g ol dngd Il
wg)..\.@rogJ_m\"mLuTQ)uL)).}
BUI slos U3 welw ¥ wow 4y 9 aub adlsl )Y g0
Il s—wlio podl 8o yuu—w .3 b od oD
ALl (i o ¥'+) W o ¥ S I8 50300 30wl
‘[ol_iuz, o=l s e 6.\,.__;»I§LoUJo.g__zol34,g>)S’
Jsilie L as a el ey SS)auaw ) csm)
Blos ) welw EAN a0 a9 aib ool g b
—o polinl by Il ST 9 b Sk ¥-°C
Qb Ans S P39 W) & Ayl Sl
LEY-EN]

ugedT by

sl b Jod—o (3ixs pal 0> oslaiwl 3)g0 cline
o litnloT oLl Sl Jud 5 392 gk csliael S
Lo oIl ool b & gauw) Dobaie & wneln V s
Slaloc JLid 5 Los »s 5 e T jl oslaiwl
s 3 390 T aigas [EE] dub 0dlS g
Silize ZMel shls & aub azs 5 y)ls & sl
S )5 03 jpho (S p IS @ally 3y )5 @l Sislo
5 0l )S 5= e woland 959305 S pu—wliy


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

Ve Dl Jsl o plosis (PR jopas Jlw

wublaye 9 wedin al=xe AA

(nS/em) 5 us) oy

g9

(mg/L) Jslore wilaals

L 5 odol sy EC mlis &y sliswl b .ol wansy

wmanl 03ub 03l Yl ¥ Jls ges )3 Ginle)T ple)

1400 —— WSl uT gy
1200 = PSMA 5= s
1000

800

600

400 ‘-X//‘

200

0
0 20 40 60 80

(a883) wle)
23 ugSeo joml @i )3 Yl wamd j3 EC wilyuss A )lages
3293531 Sallo - palianl porkigS VISl ST Hguba e 9 sgadas

1000 —— ol uT ey
—k— PSMA g8 s
800
600
400
200
0
0 20 40 60 80

(a8:85) wles

23 9Se joml @immmw )3 Oloj s 33 TDS sl juss .Y Hlages
3293531 Sallo — g palianl porkigS VISl ST Hguba e 9 sguda

Lt 538, s

e s GalS lol Jole i & e 58,5
Ol o (Jol aiids & 0> bl oyl [EYT] Soub 50
Ol T Jl (s . dcw ) 5o o) PY & 58,8
o 5 3,8 5o Ui V3 B3 9=0 i SIS
oo b b 556 ,5 ooluais cnclio G plo e
SIS Ve S8 o)l ) shiie 4 ubise Gkl 3
S se oslatwl y) adauly I Line

o3l [CEWETIN €} C.\l_u uaiva}J.uur:l_w.d )|)S.'i )L_t

Db G (g A plgicas

yassl
— 0wl poalsg—S Sl oslaiwl )3 Hige Jelge 156
i )3 Yl T ylgie 43 33) 36l Sl
S e
EC lyuis il
Az i 9 T oSSl eglad wssiio 9o
Lo S 0 sLaoT s La)sTyby >
) 2 e [E0] 313 65l el oS ia
& T asees RO it )3 Yl i T 3
roxly oS )9—da 5 ) gmiba pa—c Lyl VS ol
8,5 DB Sw) e )90 sl Sille - el
=l 9 Gtid pH s codwl T jY mg/L wlale
03 o balml el yuss 9 A b 039 38l by =0 4 Y
23 Jools mlis 33,5 S el ) glojmse
sl 03 o3ls Ylis | I gos
Ol cowwa 33 TDS el udls
U o Jadmo S8 eulas a s LT
o= 13T )1 V8 T )3 3990 Slayes wilale
)90 & )75 Aol K Kl wulas 9 TDS
NTls S9ns )
Q

TDS=AXEC
angi L aS aibly 5o adoal) s 08 A (§99 bl >
PRR PGV RNEVEURN PR CRt. ¢ JEIV KW WA R P 3 W
G0 B [EF ] el 03 )8 85 B398 Jse 8
Sl piun )3 ploj Saly )3 TDS wl,uss
2othsS D98 5 Vsds e bl )b )S ugine
I eIl 5T plgicdn 3yl Sille - polinl
L 5 aub oslaiwl S ,580 wolady & b gy yo slaosls

/AL .l &bﬂ)ﬁ);é‘ECo.)}_\zo&gdqd.;}S


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

99 Ubled 5 Jlgiuwl by 43

Lt 4ol o astias slopimmw b 5 (wsSze jouwl
A Qe gl (5w 0 s [EY] S g0s oslasuwl
Sl — gyl 5l SV - ME/L 50 ) e bale
3o &Y phupH )s 5 o b Sl agpa— il
ol Jl Juols golis . 58 J13 o)y 390 nclas |
as 3b sw) p (TDS) Jglzo wilawls S 90 il

el 030k o3ls Hlis & )l g v

400
Yy
4
3 300
E]
g 200
)
&
E
100
—e— 1 mg/ PSMA
—8—5mg/ PSMA
0 —&— 10 mg/LL. PSMA
0 20 40 60 80

(amds) gle)
VGl 5T (1 mg/L 9 O ) iliko Sldundblé yil £ Hloges
23 Ule) wmawin 53 TDS lpuads s 399391 Sl — o paliawl joulsos

e e

o9 T &iges aulgl pH sl yuss y3l
an)d )3 b LT 3 buwss silwlaa wllec
AL ey aSiyl (B3 L) ey olail Gubwl s Jsl
Olise 2 &F (5,55 Jole Lol 3 8 o ) g0 (il
O A8l (59 8 SIS x93 JoB 86 silwlax
B9 g=Ted 5 o= wbd 5 Lie JIs) mbw
S L [EAT sl 033ST g 59 3 pus asdls
it oSl 53 AlS (59 58y SIS i b Lie
Sy)Sloc o slabiade Jl8 pobuy iss by o Lin
151505 Slg—o @95 Yljae 9 KT Ul jue iile Line
Olsic &y Lie S0 L 9 cyped Sl 3 I3E o il
oowzxe O ilwlaa Lo 3 e Il S0
Sl piums el )y aS bzl I [EA] 3o o
Jeolse oy piore I 55 PH codols 5 T ays o3
5 A Y pH aw ) adsl pH 3l caubl o VIS )8

A oslaiuwl (Siziuo Lo el )3 Usn b Sw) 2

Flux decline %:ﬂ

0
Slacul )3 (alla ST adsl (s M5 Jg als) eyl oo

OsIMS Sl s T eablise wgawl il ST )
Oilo)T )8l oy palls T adly Gbsl s ol
ms5ae sl sl )T o) 32 s [£F] ool
e Uil oalimwl )b 5o 1 g wsbinle) T b s
)@fuﬁ)paéé)éu»)uér.-lieTM
v 920 josnl wimn S| slodie Y I P YERAY [ Y |
0093 4w )3 (G 9—e YL Yl jae 5 3k 03ls Hgue
o3ib Sl wlpouss 4 Ax o3 b G 1303 5 w0
Lie 56,5 s ses bt 1 oaliiul Jb 8 I u
Ol ¥ )ld s0d )3 45 33,5 o) Ole) s

ol 03uh oosly

70

(%%)slie 59,5

0 10 20 30 40 50 60 70

(min)le s

23 (9520 juomnl @i )3 Olo) s 3 clie K85 ¥ )laged
KVPRV PRVITPENYR W BV I JERIIIVINES) PIV-EN

Yl i T Ayl edale ool yuuss H3l
2 b Sl e sVl 6T a sl e lale
Ol 3l L o) .3l auaas slaaisT 18 pleasly
9 by B3 2iT 8 sl 6T adsl edale
iy ©30bh JaSis Do) adsl A 938 50
T 590 wbgw) s Jl @le azuds ) o
o8l Lie joc Job o) guail )3 5910 50 sline
Sl piuw Jl lsS 5 5 pii vle) e 9 aisdly


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

VE Dl Jsl o plosis (RS jaan JLw

wblage 9 ol alxo ) - -

Sl —o pliwl jealy 95 Jl oslaiwl b (SSed Sl

wasl 0aub o3l Ylis ¥ Jsaa vs supaul

610

5075

405

TDS

302.5

200

10.00

8.50

5.50 8.00

Concentration 32° \/’750 pH

100 700

Vo3l y3 a3Vl T csdale 9 pH sl yuuss Jolitio pulls L& JSub
TDS pH= Y- A\ mg/L :ei¥aml 56T walade) TDS d3a
(Y'd++» mg/L :agl 393

52903 TDS dale 5 Slinlo)T Al gusile ¥ Jgaa

TDS walale :Z: BT N
) iVl 5 'p —3)
(mg/L) asa (me/L)

YAY/A > q \
dAY/S \ A v
EYV/d \ Y v
Fo¥/Y \ q £
YAA > A >
YEY/d V- A ¢
v-q/v V- Y Y
YEO/d Y A
YAA A q
var/s A Ve
iy V- q N

(mg/L)Jslore wilaels 5

03 ) » Lids (abb s wsw (s3uwl sLapH
Ay bl o plzsl sl Ly pis sLapH
235w e 0 S o) aul SLdle o pebiwl b
Ble )3 Gleasly oy islio 5 YL waliale
285 ) p Slise wlgic 44 taub osalie d mg/L
ole) w3 )3 o)l ¢yl 5 33,5 Ll zwlpH
8 w2 )90 gussee jewl piunus )3 el )
9 EC wlyuss caaline L pH il o) 0o 8,5
3 om0 22 ol Il Jols glis 5 3ib pLzl TDS

ol o3 03ls Hlis O IS ges

400
300
200
—e—pH=7
100 —a—pH=38
——pH=9
0
0 20 40 60 80

(aads) wles
Saillo —o pslianl yaslysS VISl ST (4 9 A V) pH 1310 Hlages

w,ﬁa}amlfimw)éola)'h_ma).gTDS s e 9wl

TDS Wbda ylodily 9 wlinle T Al ks silo
PH oy Joliie 85 s oloT Slaw) 2 o
35 (V=) mE/L) oV wl ouT wtale 5 (Y-3)
oab ool Yluis & JSb ps a5 8,5 )8 S e
ob9) am wliinle)T mlis (us ylo Joa ol
SHIY J9aa )3 CCD  Jao L Ginlo)T (alyb

sanl 030

ST B 2 9 Yuib)ly JILT Ebis

ANOVA jumlis

slaosls Guwloly 3T 5 o p Il Jools s

4 903 TDS i Ol o Jl o3l Swdy (P )FS


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

V) Oble 5 )lgiwl by 49

(Losls Guibyly Jgaa) % e &b @ Jw sl ANOVA ) ¥ Joaa

JER ooy o § yaze df  olmye oiSle  Folsse oo
Prob>F
Je \/ E€Y E+- .0 ) YAADY/YD 10\/Yd <ofee PIETYY
A=pH YZYEV /Y \ YZYEV /Y \YY/d7 <ofee
ADAYZ/EN \ ADAYZ/EN b-Y/¥A <ofee
] L (o
AB \Y1Y/74 \ \YY/74 7/91\ EX344
A? YAY/AD \ YAY/AD &N AR,V 4
B? \eFYENT \ \eFYENT AY/EN AREN ¢
osleusly AdY/AY ) \4-/V7
alis Gl AdY/AY Y Yiv/ae
wP=o slba ofe Y AR
JS Stused \/ £0F E+- -0 V-
)3l y3 Joungs 0 3uks &Sl J3w 95 ) sla yea b

Ost)5 ) b ) ) @lis 5 GoleT Jaw awda
L83l 9 0o b a5l Joae wa_islae 4§ (R?)
03,91 O Jsa )3 1383 5o wluis 1) oseTwmawss

sl oauh

B e S sl peals sw . Jl Joobs i)
oo 8 5l oalasel b VG (59 IS wlay JI TDS
u;l)bgaé,spw,&omlw)aksw
olis & Jsas 03 CCD Jaw &y ais ;5 plxl Olnle )T

ol 03uh oosly

(BT Gl 1) 03) 522 00 ol Elow J3o Figaw 5 ) lagedlb £ Jg3a

-/aavE R- Squared VWA IS TRET N PE
-/AA74 Sbuwsl=e R- Squared YEa/vy oSk
-/40\ - oub i Liw R- Squared a/v/a¢ (1) (C.V) el yuuss g 30
YY/YEF (o & JUiSaw wuws) w0 \ARRYLE 033LesSl slod Jladie & po Siw i
SoleT U duoda D Jgaa
i)l Slasbiasl 3yl R2 Slwle R? b sin yiw R \&A'l o uw
il po ) 9ize
[E=IN OY/YA </NE-Y 2 NEVN /740 EEYAQ/YY
2Fi bO/AY - /NERY - /YADY /EEFT A-XeY/7Y
P9 ax)d Y/ -/44YeE -/AA74 -/40\ - \ARRYLY Sy
Tl vy T/? +/44E&Y </AAYY -/YYYY AAY .-/ Sleial
"PRESS

L Ladase Jl oo sinoius slagwl s 3l
pealie JTool edls ) el S8l slagwl
4 b YT 28l palie b Lagwl osub Sin i

83 )5 00

RO 9 G ey wilbs Ylise Yiszxiaw

o3ub
2lie Jolie o Jaw osub Sniu sdlie JI>ges
o3b 03)9T O JSb s Layiulo T Jl Juols =8y
HSilis bl 68 Slmews boa I 8yl ax 58 il


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

VE Dl Jsl o plosis (RS jaan JLw

wublage 9 weduw alxe V- ¥

610,00 -
] 75
2 07 50 A4
a
3
Y p
d »
b 4046 00 .
"1 - sl edgdocn
N 02 50 - TDS
& 603.7
-
200,08 —| : 209.7
T T T
09 79 08 46 07 22 50598 604 T4
‘:131_5 ‘SLN:JJ

(5350 Qlin 13905 a3 b Gallowo ) TDS B3a gl jaso ilio Sl )) TDS (2dly elie 43 03uis GO »olie D Jsib

1355 0 Lt 590 p Slisuw) pluds gle Sy ol
B3 gleashy 5 cah yieS Lie S56 5 Az )
(1494) 355 SLalS ) 5 ewd . bse il 391
Do) 36 Slgs Jl oslaiwl )36 Sw) » 4 [OY O)]
@ggb,mls)ﬁwdl)b«@dksmw)s
ol wl wpg—o s Line —558),5 Hual §
) oMol auias gleash) (il 331 day sl i T
ol 03 &8 ol ;53 & @3 Akl .l 03,5 3wl
ole) inl 8l o )g0 )3 aF 0303 5 Py ju DS
w Ml 5T 3529 Ly Sline Sl e (S pudl)
E0 i Olo) e DS Sy Like S38),5 a8l
©Ab ageas a9 a S EC Ginlssl 5 als salsa
b alsd osaliv

Ole) a3 TDS zalis (w32

s daglas 63909 Shsx T a9 TDS ol jue
TDS Gbls tab ang uols T )3 Sea 50 ZMa
4905 TDS ¢l jso 390 Y0« - - mg/L s a sl
s 9T EC Jlacio b esdiue bLs)l Gw) » 3) 90
EC Jlade oVl 56T pguan )3 5 plo) b dS L

" Qasim

L wlinle 3T 093 Job )3 BEC wlyuzs \ Jlss s
T 153909 oML ylg—ic a3 > ;o Ylis
Sl olad LIS a5 39350 ZMel b o lbzls
Jlade 393 )5 oslawl 390 YA/A mS/cm 395 adsl
UM TSP PWIRPUR T PEPEINE U< ERRCS
0353 0 4y 4S5 sk 1adly LEAL oy 5Toe joul
T N Dldges 4 angs b .dgw) O+ - -\ )+ - uS/em
sosly 95l oslaiwl P )90 03 &S sl glis
23 g 30 Ylgie 4 a3l Sille -y poliwl
R SJU7 JERRVSTREI EES ISTORVIR SIS VR o
ale 4 glo) b3S b 5 wibls as3 s Lyhals
0] a—b 039338 EC 9l je oy sl 538 ,5
EVCEVL PR BN VSl BT sl 381 L a5 Js s
oadliie (55 38l wulad Hladoe S (G i Hals
03930 )3 SN mulady LS uslee 9 b
b A L oymimed 3o T wawds VAY -EVD puS/cm
Soas pae s & w5 ka8 EC il 38l oo
oo ol a8 b b 9 b 03B line iVl i T
a5 3,5 aun 93 a5 98l plgs 5 ) Y3l pal (8l Linl 38l
ws> RO PRINTIPRS Yl i T Jl odlaiwl wale 4y


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

VY oo 5 olgiwl by 49

JUws S 7ol 590 o 4l 1338 (5 a8 ol Jluwny )5
ORG99 BLIST b 9 3550 DI o JuSis
'S5 a5 S b oo w3 018l Yl & pmie oy o2
) e @ls 4 393 agllbae s jus PKes 5
L as 3,8 angi a6 oyl wlgs e b il oyl [V4]
Qb a3 S (weSo el sline Jl oslaiwl Jb (ppadis
5 23— by )s Huold il (s paiw T a5gas
b o) @yl e 4 (el 5T ) gaa P
PLIID )3 5 ooib pidy 58,5 Ldbe 3 sle )
Aqf)N.MlOMTMJq&Mui&;‘M
adsl Shox pH @ L 536 ,5 ol jae &5 cawl ,53
L aS ) ohay wmanl aiunly jus ¥l uT wlale 5
AN mg/L G - 3l Shsx )s PSMA wlale yinl 33l
PH )s 5 a8l Ghals Lie SS36,5 5 wpu) Jusis
5" pemnly w03 oalibe LR w5 Shsd
PR \L)JNLLM)ID_BT Ll s w0 b s oo
[00] 33w asline mlis & RO sline ploasly juss

a3Vl 5T awgl wcuddle ol yuuss 3l (w9
sz wlaels JS ol s a5 € Jlsges 4 axgs b
)qu_._gl)uu)l_é@__l';\?]'o_\_&«p_mjd._s}AJ)s
03 30355l Sl — ¢ bl sl 55 I o3l
wlale ol 3811383 50 Ol (oS sl s
Az )3 5 pis DI Ginl 8l Yl i T
o S 5o 30T 58 )3 TDS calale yiduy Lhals
2 sVl i T wadale 531 ow) 2 b ju obles o
v 9520 ol (Sl i )3 (529w )38 Ul j—ro
ol il b o) JuSis plo a5 isb s
i) T Jl s 9 30bgro Uinl )8l sV wl i T
) gas &5 (S )8 oIl JolB Yliae o b Pl )5
[07] 33,5 50 Jb 3 oib 50 osaline EC ) inl 53l
OBl o VSl BT wdbde il 33 g )

3 ) Sae Ginl jdl a=is )S 9 9wy b3 ojlal

' Gwak
2 Yasmine
3 Shaikh

I Jools mlis an angi by o wadly il 331 (5 pieS
TDS Jlasio cwle) Ginl j8l b qmlis Gk )3 ¥ )l gl
23 TDS o8l ol [0 €7 35 o il 33l jus
obe) Gl L (pliie asiias Slopimms 395
Sl QU 5 @ Al o8 S S s 5 u0l)
e Loyl ps )3 sl 03ub ol s [OF OY] (Y- -Y)
03930 )3 TDS Jlaie sVl 5T 3525
)50 )3 4S5 Jas el sy £6- 44 mg/L
ol sl Sille —o paliwl rasy 5§ 1 oalaiul
23 TDS Jlae 9 w8l (s pidn GidlS Jloa_io
ool )3 b 03l PV -EYD mE/L o593 =s
a3l Sille — o il roslsoF AT 333,5 osalie
5 LS mila a905 JITDS La3a Hs (VL plessly
i poc Job 9 vleash inl 8l T aub &
S)1S (9520 juounl

g 58,5 )

S5 STy plmil wle) il 381 b Jgese Vb 4y
b siianis Lol Gy 5 3o il 331 Lt
33,5 o Jliibl Liie 33lio w5 08 glo) o
Jabe an 0 a8 3,5 esabie plgs oo (ized
Lt sy (5 pidias 1553 135 7o pidias sl
5 e als jo ) s Libne K33 ,5 5 ax8 )5 ol
wbiis ¥ Dldg oi ay angi b ol yiduy Jud als 50
Line SS09,5 S 0 4 &5 ol sty )3 o3 ool
J9—83 ) tenwl ASALS 5y .;».':NLY_.\»ID_BT 29983 )
Sl Sille —0) palinnl ronlyoF (sl ISl i T
LT Al po &5 s gubiiaanid Jl Gy (b 539 ),8
E5] el aidly il 391w olosil) 5 035y ieS
«Shsd Jolmo 4y iVl ST (52055 vle) 0> [DE
48 (paSae b &y b iRy S peih Slaw T
sl caisS 5o $JL b (GBI wlass  SHoe yhas
able L s sloay Jl Ghslxe S )5 Jol=e
A )35 9 S jpdim gy 0581k Sl 5 pasuie
S8 5 Vg 033 )l Loy s bwgd Al

Al Ay JoSibis Jl 35l s Ls &8 eVl i T


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

VE Dl Jsl o plosis (RS jaan JLw

wsblage 9 ol alxo V- €

b ) Juis 5 Al GRals (s e sVl T
A w3 gaisl )3 9 39 b 5o pin slihs 590
i @ity Jl sVl 55T o o3 a5 slagdsl
oA ol 3 s ubw TDS lade azuis ) 9 osb
o=l [7E 7Y EQ EA] 59 5o caBlie caubasias
o3 a S 5,5 anes ploi g assKul b caay
(S pi819 sl adass Jl 35YL) )b PH LS sawsls
o 4=3ls (59 45 ol el 5 e el VL SIS
B3 9ab 0355 5 s e & I &F sl ol
9 [E7] anlos 5o 5 5 oda (53L) 3932 b sanmslS
D) 5o o Jlade (p VL A S K8 5 Suo)s
A a4 sladlie s s uhlSes 5 "olask
Oloasily s okools 6 PH il 381 &5 83350
o pSonly GLapH 5 abls i (sla piwaw
ole) Liulpsl azuis )3 5 a8 TDS liue Lials
laalive s axgi L [70] 5 g 50 Lk Jl oslaswl
TDS ials ) pH 31 w0 0o Ol 55 Sl
slaws— PH Lials U as aimsbys LT (oaga
= 5 B ge a3 wlo S (2 Blaug @ ol S
Ol 38l iy )5 o (sideme Slgo wxdila  ubsl ¢yl
PH 531 w0 b 55 0Sed 5 i S [77] 3obse
i DS b o) Jul s S a—lsb )s
Al mlis 4 eVl 55T ) gda )3 o 9820 jounl
=L pH Gl sl as aimdlys 5w LT .assuw)
9 03— JuS s 9w S ojlasl ) o gllaels
w3y tad pH i385 aiibls o5 asla b
b amlio Ly a i )3 [OA] couwl aidly Lol 331
w—ia pH plea a5 Y ol pH pH G s Jl Jools
=Ml 5T (sl dine PH wlsie & wal Shaxe 3
3,8 Dbl 33wl Siille —o) poliswl rouls o8
TDS Bda ylodily 9 wlinle )T Al (uks yilo
oub 0313 Ylits Jolaie »l ol 9 & JSib & axgs b

ol 53 50y okl pusls pH il 381 ¥ Jsaa s

3 Chauhan
4 Tong

ol (5w ol C.»Lu Db 5o (Sline ksLQ[o.mum
50 ME/L e ble (o s gmze il juss a5 sls
5 o [OA DV] 3 9—is 505 03Bl o \ - mg/L
S oy Yl 56T e ale wluss 05 olles
L Sl S pbawT Sl oaib 3idive Sosin S b
Wlols mls Ly gilhe 5 35318 )18 aslias 350
e o R s a4y eIl i T edale ol 33l
Olessh) Gl )8l umws ( 5Ses Lol )5 s
b 25,5 TDS (1als 5 (o 550 jol pigus
5 ULSet 5 S5 aslllas )3 eluie ol [04]
FO JSlie PRSP eV ol T Sl 5w o
e sl 5T edale il 381 5 aub o live
AphoS ol Hibp 03uh Aadiol (5390 & (pliws
=) 02 L 5w 0blSe 9 el [Y4] 5—b FO
oS anl oy Wl 55T Calize slawlale
Olo) wxiVwl s5T Hiibu slawdale Hs a5 sl s
wleash) =i ) 9 odly Hials ) Lie K8 ,5
5 st sorizead 7+ ] sl a8l Gl j 3l @l uuges
ol 33l a8 )5 =g wilelas w) » b phKes
bl LS 1) (6 p—ouly Lt wl o T e lale
o220 IS )3l 5 wade Hiebly plsic & (ol
uibl)s YHLSed 5" odis xS adl [FY F1] 258 g0
mg/L VL) iVl 55T 3b) sl slawble a5
Sow) ) wbhd b b s abls Saie »u36 (YD
Oleash 5 03 Lkt 590 LT wumy w00 &
A ) [OA] 3R 5w yals ) Slie PSS
sl Sille —o pliawl josls S 0 ME/L =alale
323,58 bl eVl T aine wlalé ylgicds
PH yiolyly 531 () 52

ool il PH el &5 32350 glis O IS ges
0o PH il 331 5 aiils TDS L83 s i1 58
Ot S o @5 ) Jsdme ilaols Jo5 B3
3 )Shac PH Giul381 b aF il e ¢pay wlaalive

"Yu
2 Greenlee


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

V-0 pble 5 )lgiwl b 43

Slidd plil slhm 30550 Jde oyl &F sl &iSs
L7 7Y] 5 o oslaiwl sl yb

)3l p3 loangs 0 3uis &SI J3w

L 50 Jsaa solol slaosls aoda 4y angi by
R? 93515590 5 gl 35 ol pi6 dumlio 5 038line
bl oo +/A4YE ol s &S P9 4> Jae 0>
9 Sb—wlxo Yor—wl )T ) o )b o e albs
A ) Jiso wislbe o3iadglis A3lg5 5o Syl
D=8l 055 1 oslaiwl b 03T wawds slaosls 5 93
9 == slaps—il )o R? 2lie ) 3 bl
ol (o S alal) 9 aubls wilbe (Siluwlxo
D53l s Sl oslaiuwl b julUT molis (prizzed 3)I1S 39a 9
P93 4 )3 Jae &S 3,5 iwyiwy Design Expert
wlze 5 bl o pimslio dyiias 3T )8 Hw) 2 sl
) =80 b S o_\_aTuhH Sloinl slalaa
J3e Prob>F ,,5lie a5 an o5 b aidl a0 5o ials
ol ey o/ - E aS Jlsle , p9> an s
USo .3 e Anls ) sl mhauw 035213 s
A lab $aldaig sl dsw plgic 43 &5 o> ax)s
(5mi550) Lzl Jae laid 03503l sl oaub
wxo 9 B3 L (Jawo o=l Sl oslaiwl L 5 wanas
SMaws 93 5 3wl b Laosls ylg3 5o (5 piiw
5o J3e Ay s 093 43S 3w )3 Ly g T
Siblie i fels

9 —)T sLosld s il Ylj—io Hhmiw

23lie B JSb )3 0ab oals plis mlis 4 Aaes b

@emmaw«;)lplfﬁm}somﬂﬂ
o> il 5035 0355 G8ly 5 TS Uk
a6 SIS Giule T s )3 . 3)1s Sea s @l u

S g3 Sloiel Gvb.: QG ulgise 9wl Vb U,._;_.w)f)

0d—ib (58 r2o =V wl BT (D9 Syl VS
Ob9) Il ealaiwl s (303wl Sdle - pbiwl Sb)

G5 oda U sVl 5T cndale il 381 5 anbls
2= b )l LiE )3 o) JSiS s i
03 L yielpl () po I3 TDS L83~ a7 58
Olesly ¢y pid Sl plis Design Expert i sl 5
dmg/L 1,0 PSMA wldale Y ol pH )s ia
Oleashy ¢y ieS 9 Y70/ mg/L 25,2 TDS L,
\ mg/L sVl T wdade 94 ol pH )y 83a
el 0ab osaliie #-¥/Y mg/L a5, TDS L
wble oY ol PH oliinbiug ool i s
&l b &5 b bl adgg plie olsic 4 d mg/L
D) GelS Slexed (52 )3

ST w2 9 Guib)ly JILT Ebis

ANOVA jumlis

\OV/ YO L sl e Joao F lado ¥ Joan s anss b
5 a5 Jolbb oamib Al Jos a5 383 50 plis
Lba Jloial 303 + /) Ligs 9 3ol 5o JIS sise
S F-Value Jlacse U cawliie 5 aiibls 3929
Sl ST 03 jags Sl s 4 Ale3 50 (JIw
o3-id3glis +/+0 Jl yieS Prob>F Jlsse puixed
oslaiwl 390 J3e Y392 x93 (JB 9 Y39l i
s ol 03 a8 cal 553 Y [FY] ol
anss Jobs wlaMh ol B® 5 AB B A sla el
i Jde

9w S) slayoalb

R* & Jsan 03 g3 —io wlcMbla s 4 ao5 Lo
80 4y 5055 - /A0 - lade b ooub Siw i
9 3bb e */AAFA ol 0 Slwl=xe R Squared
olai )3 R? 5yslie pmizmad .3 15 Sibaie waislbe
03830t 45 3ol waway + /40 YL wsluwlxeo
)1 535T 55 3185 Slaodls 5 ed Dl wilbs
DS o S8 01Nl jags 4 JUShw wus ' o
s Azt S el ogdbe & )l Gluo waws
YY/VES sl ps oS GomoiT oyl 05 oobosaloie
ol )5l 5 0393 wlio o 03RS bl oo

! Adeq Precision


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

VE Dl Jsl o plosis (RS jaan JLw

wblage 9 wwodw alxe V-7

5 =l E.)l_u oo wislbo ) wlil & Wesls
5 Sy bl an 58 VSl e )3 odb Sinpin s
O3t )5 ) 9 )b (i s—ihie 9 s bLs)
2oy 98 walid VS b Joola ()5 9 0 b S i
pH )3 s d mg/L e bale b 393581 Suillo - polinwl
9 33,5 bl dig woVSwl BT wlsic 4 Y .l 0
Ul (5 piw ¥l 56T & sls gl mlss
o) Jol5 5 axdls 1) oVl 5T olsic 4 ol
Tl eslaiwl 9 ol VL )3 39390 Sl ges b
i SV glosh 5 slie e Job Ginljél o
ol Jaa5 Sl 03 39 b o ywoSio joul
M»)éks}ﬁmmyL{m|uDTdS.)b)fuabL@hﬁ
adle 3in Ylo) wao VS 9 Ao (w95 jounl
.;».\_QJ.LI._»).\QT),._EUUA_E)T)I)BO;»)),‘.\),A
Olgdse (LR 9 3 el LIS 9a=e Jl .39l yaiie
g,lﬁg)sem_(_isws,é, pPI—c 4o
U903 AJoS s Juldds &S Sgas oplbl (w950 jounl
Oleash 9 at8) Vb piun Slod (Kes Sl 5503
i 3939 L a5 I taube Gials il ,8
2805 (s i ulbe) wae S YlgS 5o IS Sia

19033 9 HSuis

o) b xe 035 9 5y oliule )T ) ixd 959 ol
L ) uxe (wdiie 095 03 5 GBS sl
Jas cul o 5 28,8 pll YYFY_Y\ 7 b a5
S ) buzxo 03529 59 il ghue 5 ww pg paw
)90 Fl8)aB 5 ulw ol oS Sallisls
Kyviy

References

2oth oS o=l b S (oS ©gawl o pesdy Siine
OSLS 9 el Do) 36 )l (S33n Ages A
aid 355 )l )8 oslaiwl 3) 50 M wl BT Ylsicas
3090 e 9SRe jaml iniio dop plups ) toswl
L oold s T asgas Sl ;8 )15 oslaiwl
wlaels J5 5 ¥4/Y mS/em ol (Kl eulaa
63909 T wlg—ic an X0+ - - mg/L 1l Y=o
AS Lie w3 03 pSge syl 23,5 oslaiwl
J= obss (GO el Slhuss w2 Jols
2o pH ol it 555855 ol jeso (J shxo wlawls
S ule) dals )3 tadiowd eI wl T wdale
I3 9901 5 il 3990 03 ol eVl T
IS 586 (sl yio)l (o) 3o e 8,8
LagiuloT 5 sub oslauwl Design Expert )l sle 5
olaabie 4y an s by s )8 el LT L gillae
LS Gl sl Cuw e bale ol 38l sk T e s
&l )3 s Sl Sl 6 a8 sla )3 Yl s T
Do o TDS 5 EC jiu (hals axuws )s 5 e
03 o8 whyuss & ME/L wlsle il 381 31 yu asll
mg/L i ble azuis s 5 3ub Juols e 9le 33l
Aol Sdle - bl peuly 55 YISl 6T
G e 3,8 Olsil A wdalé ylgicay
2= PH slbels 586 ,Sle mlis 9 =8 )5 el pH
L aSsogls 590 oS juowl Pl obesl)
A5 S (5 i TDS Jla_so pH il 3
A3 ) 9 b ol die un)uéhlso_\_mw
OHTeR =dlh YAy eSe jewl eiuw plesl
23 ANOVA ooy jl soloeT Lo o oa
o aagi by 5 b ool Ginloe)T salib ael
wtiylbo 1359 +/#+ & &5 )l33l 5 Prob>F ,u5lie

1-Chalkesh Amiri M., Principles of water treatment: Ardakan Danesh; 2018.
2-Ranade V.V, Bhandari V.M. Industrial wastewater treatment, recycling and reuse, Butterworth-

Heinemann; 2014.


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

VY ol 5 Jlgiwl by s sVl BT 536w ) o

3-Howe K.J., Hand DW, Crittenden JC, Trussell RR, Tchobanoglous G. Principles of water treatment:
John Wiley & Sons; 2012.

4-Vince F, Aoustin E, Bréant P, Marechal F. LCA tool for the environmental evaluation of potable
water production. Desalination. 2008;220(1-3):37-56.

5-Prakash N, Sockan V, Jayakaran P. Waste water treatment by coagulation and flocculation.
International Journal of Engineering Science and Innovative Technology (IJESIT). 2014;3(2):479-84.
6- Crittenden JC, Trussell RR, Hand DW, Howe KJ, Tchobanoglous G. MWH's water treatment:
principles and design: John Wiley & Sons; 2012.

7- Benstoem F, Pinnekamp J. Characteristic numbers of granular activated carbon for the elimination
of micropollutants from effluents of municipal wastewater treatment plants. Water Science and
Technology. 2017;76(2):279-85.

8- Bhandari VM, Ko CH, Park JG, Han S-S, Cho S-H, Kim J-N. Desulfurization of diesel using ion-
exchanged zeolites. Chemical Engineering Science. 2006;61(8):2599-608.

9- Bhandari VM, Yonemoto T, Juvekar VA. Investigating the differences in acid separation behaviour
on weak base ion exchange resins. Chemical engineering science. 2000;55(24):6197-208.

10- Pérez M, Torrades F, Doménech X, Peral J. Fenton and photo-Fenton oxidation of textile
effluents. Water research. 2002;36(11):2703-10.

11- Bagheri Ardebilian P, Sadeghi H, Nabaii A, Bagheri Ardebilian M. Assessment of Wastewater
Treatment Plant Efficiency: a Case Study in Zanjan. Journal of health. 2010;1(3):67-75.

12-Takdastan A, Jaafarzadeh N, Hormozi Nejad M, AhmadiMogadam M, Mengeli Zadeh N.
Comparison of Lime and Bentonite Efficiency in Orthophosphate Removal from Influent of
Secondary Clarifier in West Wastewater Treatment Plant of Ahvaz. Journal of Health. 2013;4(1):68-
76.

13-Howe K.J, Hand D. W, Crittenden J. C, Trussell R. R, Tchobanoglous G. Principles of water
treatment: John Wiley & Sons; 2012.

14-M M, SN, MY, AM, M A. Investigation of Indirect Contact Freezing Process in Desalination of
Boshehr Beach's Saline Water. ijhe. 2011;4(3):363-74.

15-Hillis P. Membrane technology in water and wastewater treatment: Royal Society of Chemistry;
2007.

16-Hanway Jr JE. Water Quality and Treatment, A Handbook of Public Water Supplies, McGraw-Hill
Book Company, New York. 654 pages. $19.50. AIChE Journal. 1972; 462.

17-Basile A, Cassano A, Rastogi NK. Advances in membrane technologies for water treatment:
materials, processes and applications: Elsevier; 2015.

18- Cheryan M. Ultrafiltration and microfiltration handbook: CRC press; 1998.

19- Mulder M. Basic Principles of Membrane Technology, 2nd EdKluwer Academic Publishers.
Boston, MA. 1996.

20- Noble RD, Stern SA. Membrane separations technology: principles and applications: Elsevier;
1995.

21- Baker RW. Membrane Technology and Applications. Edition n, editor: John Wiley & Sons; 2004.
552 p.

22- Berry M, Kim JH, Repke JU. Membrane-based SWRO pretreatment: Knowledge discovery in
databases using principal component analysis regression. Desalination and Water Treatment.
2010;15(1-3):160-6.

23- Shi X, Tal G, Hankins NP, Gitis V. Fouling and cleaning of ultrafiltration membranes: a review.
Journal of Water Process Engineering. 2014;1:121-38.

24- Miller DJ, Kasemset S, Paul DR, Freeman BD. Comparison of membrane fouling at constant flux
and constant transmembrane pressure conditions. Journal of Membrane Science. 2014;454:505-15.
24- Salahi A, Abbasi M, Mohammadi T. Permeate flux decline during UF of oily wastewater:
Experimental 25 modeling. Desalination and Water Treatment. 2010;251(1-3):153-60.

26- Sablani SS ,Goosen MFA, Al-Belushi R, Wilf M. Concentration polarization in ultrafiltration and
reverse osmosis: a critical review. Desalination 2001;141(3):21.


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

\Z-\)hé‘dglc)uﬂ;[oﬁb)‘#»db» wublde 9 wediw alxo V- A

27- Hitsov I, Eykens L, De Schepper W, De Sitter K, Dotremont C, Nopens I. Full-scale direct contact
membrane distillation (DCMD) model including membrane compaction effects. Journal of membrane
science. 2017;524:245-56.

28- M H, Z A, H P. Corrosion or scaling tendency and trend for water resources in rural areas of
Kashan. ijhe. 2019;12(1):113-28.

29- Gwak G, Hong S. New approach for scaling control in forward osmosis (FO) by using an
antiscalant-blended draw solution. Journal of Membrane Science. 2017;530:95-103.

30- Li X, Hasson D, Shemer H. Flow conditions affecting the induction period of CaSO, scaling on
RO membranes. Desalination. 2018;431:119-25.

31- Hasson D, Shemer H, Sher A. State of the art of friendly “green” scale control inhibitors: a review
article. Industrial & Engineering Chemistry Research. 2011;50(12):7601-7.

32- Montgomery JM, Engineers C. Water treatment principles and design. New York: Wiley; 1985. p.
116-22.

33- Roomi YA, Hussein KF, Riazi MR. Inhibition efficiencies of synthesized anhydride based
polymers as scale control additives in petroleum production. Journal of Petroleum Science and
Engineering. 2012;81:151-60.

34- Amjad Z. Applications of antiscalants to control calcium sulfate scaling in reverse osmosis
systems. Desalination. 1985;54:263-76.

35- Luo S, Peng X-X, Zhang Y-F, Fu P, Du F-P. Oil-repellent and antifog coatings based on poly
(vinyl alcohol)/hydrolyzed poly (styrene-co-maleic anhydride)/fluorocarbon surfactant. Progress in
Organic Coatings. 2020;141:105560.

36- Ibrahim GS, Isloor AM, Asiri AM, Ismail A, Kumar R, Ahamed MI. Performance intensification
of the polysulfone ultrafiltration membrane by blending with copolymer encompassing novel
derivative of poly (styrene-co-maleic anhydride) for heavy metal removal from wastewater. Chemical
Engineering Journal. 2018;353:425-35.

37- Dellacasa E, Forouharshad M, Rolandi R, Pastorino L, Monticelli O. Poly (styrene-co-maleic
anhydride) nanoparticles as protein carriers. Materials Letters. 2018;220:241-4.

38- Ye J, Wang X, Chu J, Yao D, Zhang Y, Meng J. Electrospun poly (styrene-co-maleic anhydride)
nanofibrous membrane: A versatile platform for mixed mode membrane adsorbers. Applied Surface
Science. 2019;484:62-71.

39- Kaur I, Kumari V, Singh B. Synthesis and Characterization of Acrylic acid Grafted Styrene-
Maleic anhydride Copolymer. Pelagia Research Library, Der Chemica Sinica. 2012;3(2):343-58.

40- Henry SM, El-Sayed MEH, Pirie CM, Hoffman AS, Stayton PS. pH-Respons Poly (styrene-alt-
maleic anhydride) Alkylamide Copolymers for Intracellular Drug Delivery. Biomacromolecules.
2006;7:2407-14.

41- Devrim YG, Rzaev ZM, Piskin E. Synthesis and Characterization of Poly [((maleic
anhydride)-alt-styrene)-co-(2-acrylamido-2-methyl-1-propanesulfonic acid)]. Macromolecular
Chemistry and Physics. 2006;207(1):111-21.

42- Henry SM, El-Sayed ME, Pirie CM, Hoffman AS, Stayton PS. pH-responsive poly (styrene-alt-
maleic anhydride) alkylamide copolymers for intracellular drug delivery. Biomacromolecules.
2006;7(8):2407-14.

43- H M-R. Graphene of Edge the at Chains Polystyrene of Grafting Using Approach" Through
Grafting "by Nanolayers Transfer Chain Fragmentation-Addition Reversible Polymerization. Iranian
Journal of Polymer Science and Technology. 2017;30:351- 62.

44- Strathmann H, Giorno L, Drioli E. Introduction to membrane science and technology. Weinheim:
Wiley-VCH; 2011.

45- Bhandari VM, Juvekar VA, Patwardhan SR. Sorption studies on ion exchange resins. 1. Sorption
of strong acids on weak base resins. Industrial & engineering chemistry research. 1992;31(4):1060-73.
46- Mohammadi T, Esmaeelifar A. Wastewater treatment using ultrafiltration at a vegetable oil
factory. Desalination. 2004;166:329-37.

47- Chen J, Xu L, Han J, Su M, Wu Q. Synthesis of modified polyaspartic acid and evaluation of its
scale inhibition and dispersion capacity. Desalination. 2015;358:42-8.


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-05-09 ]

[ DOR: 20.1001.1.23829710.1401.13.1.6.4 ]

[ DOI: 10.52547/j.health.13.1.92 ]

V-4 ol 5 Jlgiwl by s sVl BT 536w ) o

48- Boussu K, Belpaire A, Volodin A, Van Haesendonck C, Van Der Meeren P, Vandecasteele C, et
al. Influence of membrane and colloid characteristics on fouling of nanofiltration membranes. Journal
of Membrane Science. 2007;289(1-2):220-30.

49- Ma Z, Wang M, Gao X, Gao C. Charge and separation characteristics of nanofiltration membrane
embracing dissociated functional groups. Frontiers of Environmental Science & Engineering.
2014;8(5):650-8.

50- Qasim SR. Wastewater treatment plants: planning, design, and operation. Routledge: CRC Press
2017. 1-1128 p.

51- Qasim SR, Zhu G. Wastewater treatment and reuse, theory and design examples, volume 1:
Principles and basic treatment: CRC Press; 2017.

52- Qasim SR, Zhu G. Wastewater Treatment and Reuse Theory and Design Examples, Volume ::¥
Post-Treatment, Reuse, and Disposal: CRC Press; 2017.

53- Amiri MC. Principles of water treatment. Isfahan, Iran: Arkan Isfahan Publications. 2010.

54- Sweity A, Zere TR, David I, Bason S, Oren Y, Ronen Z, et al. Side effects of antiscalants on
biofouling of reverse osmosis membranes in brackish water desalination. ournal of membrane science.
2015;481:172-87.

55- Maher YA, Ali MEA, Salama HE, Sabaa MW. Preparation, Characterization and Evaluation of
Chitosan Biguanidine Hydrochloride as a Novel Antiscalant during Membrane Desalination Process.
Arabian Journal of Chemistry. 2018;In Press, Corrected Proof.

56- Shaikh AA, Kazi IW, Rahman F. Synthesis and evaluation of phosphate-free antiscalants to
control CaSO42H,0O scale formation in reverse osmosis desalination plants. Desalination.
2015;357:36-44.

57- Freger V, Bottino A, Capannelli G, Perry M, Gitis V, Belfer S. Characterization of novel acid-
stable NF membranes before and after exposure to acid using ATR-FTIR, TEM and AFM. Journal of
membrane science. 2005;256(1-2):134-42.

58- Greenlee LF, Testa F, Lawler DF, Freeman BD, Moulin P. The effect of antiscalant addition on
calcium carbonate precipitation for a simplified synthetic brackish water reverse osmosis concentrate.
Water research. 2010;44(9):214,-40V

59- Ali SA, Kazi I, Rahman F. Synthesis and evaluation of phosphate-free antiscalants to control
CaSQ,- 2H,0 scale formation in reverse osmosis desalination plants. Desalination. 2015;357:36-44.
60- Maher YA, Ali ME, Salama HE, Sabaa MW. Preparation, characterization and evaluation of
chitosan biguanidine hydrochloride as a novel antiscalant during membrane desalination process.
Arabian Journal of Chemistry. 2020;13(1):2964-81.

61- Wang Y, Li A, Yang H. Effects of substitution degree and molecular weight of carboxymethyl
starch on its scale inhibition. Desalination. 2017;408:60-9.

62 Yu W, Song D, Chen W, Yang H. Antiscalants in RO membrane scaling control. Water Research.
2020:115985.

63- Zhou L, heng W, Ji Y, Zhang J, Zeng C, Zhang Y, et al. Ferrous-activated persulfate oxidation of
arsenic (III) and diuron in aquatic system. Journal of Hazardous Materials. 2013;263:422-30.

64- Polaczek J, Pielichowski J, Pielichowski K, Tylek E, Dziki E. A New Method of Poly (Aspartic
Acid) Synthesis Under Microwave Radiation. Polimery. 2005;50:812-20.

65- Chauhan K, Kumar R, Kumar M, Sharma P, Chauhan GS. Modified pectin-based polymers as
green antiscalants for calcium sulfate scale inhibition. Desalination. 2012;305:31-7.

66- Tong T, Wallace AF, Zhao S, Wang Z. Mineral scaling in membrane desalination: Mechanisms,
mitigation strategies, and feasibility of scaling-resistant membranes. Journal of Membrane Science.
2019;579:52-69.

67- Zarghi MH, Jaafarzadeh N, Roudbari A, Zahedi A. Application of surface response method (RSM)
to optimize ammonia nitrogen removal from fresh leachate using combination of ultrasound and
ultraviolet. Water Science and Technology. 2020;81(2):358-66.

68- Amr SSA, Aziz HA, Bashir MJ. Application of response surface methodology (RSM) for
optimization of semi-aerobic landfill leachate treatment using ozone. Applied Water Science.
2014;4(3):231-9.


http://dx.doi.org/10.52547/j.health.13.1.92
https://dorl.net/dor/20.1001.1.23829710.1401.13.1.6.4
https://healthjournal.arums.ac.ir/article-1-2527-fa.html
http://www.tcpdf.org

