[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
OVF L FAQ Slao AV Fe v 50l pow o)lod co0,lez 090

&

Available online: https://ijhe.tums.ac.ir

(@

7
3

¥

&F
7

el gy
A
(AEH) |

‘,f‘f‘“Jj’:’, Jle

2

%, 2
" Of Enyiron®™®

O i 51 (g uSale (5l )l g Lo (gLl Of gr395 bghas 30 Qg y sl Je oany y
Tomdy deze ol (6 e Sle Lk

OInl i el s (S pole oDl olﬂ olZsls ol SVl oladss S e -)
Ol e pd c (s S Sy pale olBails ¢ clenl 5 cudlags caSlidls clasre Cudilagy (owaiges 05,5 <Y

W s> -aJl fo ol =M b

S () 2 e Sl Ls ador 5 5,35y 5 (Soj5F 1 BB g4l Ll )y, el o g,
Ol et Sl 2595 Al )0 ()05 y e (y pp Saa Ly 0l i ol yglLuq)y. ol ye LU
W8S Sygo \Fes[44YY O ELb

(p)9s a5 a i ¥ g0, 033 (5loee a i V) ahadi O 5l jg late oyt oy 09y VFee/sq/Ye Ll &,

I 5T 5,50 i S 58 Lo slb] Cr 5 0y ,5 Eil Al S 5 0
‘J’“"” (IC) (5—’9" 59‘;9.:[.05; Ko Ja_.w}: G") 6Lmu51.1l5 9 Lmuy..:\ o lale U_S)f
kol polie g sl adllas gm0 Ol auje8 ASD j0 ad LSl gy a0 S
u_.\.lo 9 (XRF) dﬁj—)‘ 65_11.: u..;LM;)jls ‘SZA_AM&I-IQ oo Ja_..u}: U—‘ 00D J..L.Ma
6);\.’[; LSL(’bua.’>l_w )‘ g.,é)f )‘)3 ) 0)5.4: (ICP) k5)[.;'3.!‘ 03—y g.,&.‘> LSLO—W)L W
= . . . . . . . .. ¢ . ¢ uL.g : JJJ;{ 'L?&‘
9 SNy Sy (2 Sk S Sl S Coy Jeily 9 5L Y ol "u L V—‘“ls/ )5 S "‘.,u 3l
wo)f oolaiul u] 6)1;\1!9_.») SBoa= ‘LS)J = ‘d)h}gﬁ_ﬂ)
Ll 5loos cils p sladiges 55T aS sosl Comwdds moull an a5 Lilaaidly <l
olid Glizres zoliojls )13 1 L1V -0 o sl jlom oogame 1o oloadr (658
O B 5l S 50 5 Sl 5 ey i 2dale ol YL s aalaie Ol aes oo
5 (ComdS) oS Ol ST gy ol JLS L izen gl Cwl 009 3l 0
ous ool ULM.; )‘J.i:j_w) u] M@j AAJJ.:Y ua}Lw uﬁlLﬁA}‘)) ol ULM.) QAMJ-A_AA’ A..\_MS|
S o wl.'l'wgw)sgy‘)b&mLﬂﬁQOyyl_gJ_Ab4_3L‘)_3.2.?:r.4.®ﬁ¢)_~u|
398 Do 0 |y Ol cauadS Slo S Ggy Juailis (oL 5l o] cowoas =l el
olis Ol (SelS g (Sew! ol 3T .aies co s pudS by, blsd 51 elsl 1 Gt 6 S 99 S 9 35S Camny
oS olie )8 g p e g peedS LS (o Ojgods SBge (Sw jea> cdiwd mLjahangiri@iautmu.ac.ir
yeam g ol oYU Ul S e o a it gl as a g L 1 g S Al
WM‘)S)‘eol'M‘QH)J‘LW)‘6)—5513‘APUQ—“))°“AHJ55(}*“L‘—“
9w olS 5 Joloee ki g CondS lojed Bi> g V¢ dg0 pH o SoTL 6,5
59,5 pn ity

Please cite this article as: Jahangiri-rad M, Rafiee M. Factors affecting scale formation in water distribution networks of Semnan city and
preventive measures. Iranian Journal of Health and Environment. 2021;14(3):499-516.

Copyright © 2021 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@ @ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

S 590,5 Jo Slol 4y sazme il oo el iy S 5
sl 2 (5 ek 4 led gy dame alSe Layl)l
4 ke Wl oo a8 il |y pondS Sl S (o C > oS
Sl 33 Sl & lacse) iz Alisdgs 09 g,
el b PH lolas b s jle iy o 5 wiis Jole
S a5 3ged ool (lgiee L5 (B) Wisdh oo J5ST (pad
5 ot ol S 5 a5 o, e )
e S ) Eoglite s polie sl crmbs slo] plas
a3 5l (BU o9z se SV gaza b g paeil b O Wlod (g 5
ol 00,8 0 8)ls Ol () ST (60 55 S5 o
S Hlg F o Ol gy 5 pedS SluyS LS5 Ll
oo 53 pedS Slo S gy il oo il s Ll
ol pliel s odle 4ol 8,55 1 slofg Coenl
olie (Sol> Ws S oo SuBly p ((Sey ey @lie) Wroly 5l aS
@) oS S 0 5l (YL slac il g s I gol;
(F) aieed (YU oo JLid 0929 Lo

S sk pler gl sladslre ;5 pelS SlyyS (ad
spa> bog pasw ()5 anlST g8 Sz Hlad 50 cos
Loakaly jo ol cosal Lo @ ojls 13 Koo lacses
Ol gmy oyl 5 Lo Glacshs ;0 gm, JoSis S
09> oS 09,95 o8 n 9 (GoelSiiendS) Lag el 5o
(V) cwl 380 Olalllas ol S5l b (Glopinmns jo
039 oS S DS Gane S5 el Sl
Lyls cos . cel VIV o] ogase (599 Ve o) 1 (JsSUse
T oS w5 J3le o los S Sl o
03,5 odalie CudS Cgu) I aliSe G SS, des
JOCA! i Wl G b 508 e ity S5 508 (2T 005) el
Ot s S35 & el Sl S a5 2 0
Cyy S Iy wil LSl (o e jea> Jds 4 ol
L 50 550 jga ol Cond SIS @ Gl 1) (Soge
08 ColS S (0 50,8 S55aS i pg0 |y O] Ky S
568 e 5 2l Sy 5 98l ol 0 @l jpa e 4y Wl o
(M) 35l gyp 2T 5 S8 ol 5l 5L il e

5 0l JSis Oliga,y (pyiodes a3 oo Gl b g,y

ooy JuSis e o)y 0

doddio

lyyS S @ by po e Glopl slapis )3 o)
i 5 peeelS ol S iz 5l T S e b
el 5eie 5 S sl S o gl gla]
B olea g jlad Sl des IRl opre o &S
31 03 (Jolsd 0wt (g0 plai b g (chdy 035 o0
S e g9y Jslorel Dl ST Do 4 g dims 0 S
Dl K & ole 4 LS o gy il YL 5 laal)
(S cdile g PH oo Lid ol azj0 40 Ol o Lol
a5l il Sl ) oS aeST 50 5575 b g 30
9l a1y 9 pedS Sl Sad wiile Ml Mool ey
wilgise w8 I gloaeul aile JTdlse j5h rizen
555 Jelge SLSL @l s (V) s iul38l ) O e
& Az 0 g ood ol o Jebxe dlge cul> ralS el
Jsboee pedS aie (n ) 09d o0 Jol> Do) 9 (St
bsgi el g5l (ol (e sl ylis b Plosil T o
@ Glos S b @ peedS Sl ) el b slao]
2 (edSmmjeie Sy Conglys 5 Sal S S
b ey pedie la S 5l )l 1)l 9929 Cuanis
Slis,S gmsy oy bl (V) iyl Sal glacSin Lide
aibie SSn5 S Thy 5 e ool o peelS
o5l & (1) Cesl oals Cpogs 5 pliime 5l golaad Loy
dazme ol Lasgi Wl o oS Sl )T ey 435S 0 S
Sl )S a2 50 ()8 aeST 60 518 bLI |l jo 058 >
g b oles 5o Ol el Jloy55 5 Sloig Canl I pnds
coslin Ly 43 45 5.5 walss wis 1, CO, 5 bl &
Crpnd Sol (ol 09l co ha rd SGl S el SG
OGS o 1y S s ,S aiile Same Slge Slel s wilgs o
(F) w8 S5, Jobon polS iy 6

335 o S lS Sl S B 53,5 e o 5Ty
Olye a4 0)lgs (rhaie 3ol alyd 05005 o >
31, CO, wlgs oo ol az ST uled Ggmy pendS Sl S
CO, oaes (ion a5 355 o0 58 Ll oS ez Iso b ulos
20,5 sloul S 40 eas 435 lge b ol wles 51 T o

g{fﬁ yﬂy
1Fo0 jad /mga oslois /oasslez 09> L S

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

e 53], (6 Sl Lo

GhalS 4 i oy (pl Akt g, Ladlg) el S0l
adgl loladl s (a4 5 005 g0 (g 4 Gl ] e
Sz el 48,5 O 90 ladlgd (65LShy 5 g ) (S S
J8 (IS oleladl g gy JoSLas saome Wy Sl (g Ry
He ooy Baa b pol> anlllae qjei 4t 4 ol 294 5|
Ol OF g5 4 ) bglas- 51 (50 50 Cogu; JoSis
plil Slogion Jelge Bd b g (J S sl Sal; 5 (o

el 0050,5

Lo 09, 9 Olgo

defllo 5,90 dibaio_

Ol e Sl Gl )9S slagliwl (5 glitg 5l Gl
bl ol caluce .l Hlisl ) ol SCaraz 1 g 35 o
Ol bl Cpetin Comlus 435 5l g 009 AYFAN kM L il
(o lul > glaglinl 4 Jleds Gl 5l ol () ool
w5 ol slagbnl & osx Sl haile 5 s
@ oy s 9oy Gl ol 4 Grie 5l oledal
5 Shsby wad (ale B Cesl dgamme o8 5 (5 slap bl
S dass g S >y osbul el oy (w515 slaaals
L¢’>|y )J w‘ oaio)f ul...o...u QLH.AJ‘ 9 U‘)"‘ 6;).0 u)b )o
5 ohwisle bl b glazman o a4 ylions il Jlos
Sz Lo sl )33 byo Sush) Sl (a5 Ll
Oy @lo 5 el 05 s 9929 Lol sl gl o (slsm 5 T L
Sl a azgi by 005 oo Gl ol sl 4 Cagh,
‘UL..Q....J )La‘j)...?uhb‘))...o.era 50; sul.v.olé Maéjﬂb )5§_v‘
Ol 008 o @ Lol ol e &yps gl Jlae )5 005
3aeyd 93 Lo g 09 i CedS” Gl geas 5l (ormsg i
390> 30,5 o0 (peli 9250 (sladeiz jlodes job 4y L
Gl 4339, doitz 5l lien (Sl O el o ys 0
05)1-9 el V4- L/s |ojq> Aol U”‘ gj ‘5‘>5).’> Q‘)"’A aS
Ol &5 oy, S5 Of aeiiz 5l 0yt O 5l pas ol

® gﬁ/
yégg J 1E 00 by /pgun 0 jlois /s lg2 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

\

e Sl S Sl S bty OF @355 slapacs
e 0 455 ek el mie LIS g endS Sladg
Sl oads JyuS Ojge 4 Sl 58 Jelse g @lse
Sl 51 gl 0 00 loane ol 5 ealg) sluudl
L s ,e golaidl Pl pol> Jb 0 005 o Sluyl
alys aalyo )z BB sy 5)l3u5m; 5 (S
0] 0 aa o plais] o5 a4 |, Galizee sla,gis
WVl (5,185, 5 (S5 S50 00l Jeexd sloan o
O-F 5l i a5 Canl oo 39l Yo o lle Yoo 5l i
5o Slawle () Cwl jauiS QT e AL MT)o KWESR
D953 53 68y 5 (995 Sl | (hds el )]
23 o0 GL (6 e o il Ol Sl () (g s
sloaly) (53,55 5l alols (sla Fursy e & VL o
22 gy sol wops Yol G O mje 5 Jlas!
Sl odd By sladuie poodle b cnl 45 99,0
§dsie Slado .l 000 o] (lodlg) puo ) g Larga
2 (5955 5 6%y ol )l Cunsg b BLS)| o
oo plal ool ks slap o Ol ase A
Cordy owyp 4 o Sea o Fazlzadeh Davil .col
@l sy Gl b 0 ol 6)l3sm, b g (S,
G35 ASeD o d9zse ol (5955 Jedly sanmoplis Ll
3 lasbinl ssgame ;o o el )b 508 bl 5l Ol cuinS 5 8
&S 5,500 anlllas o (Vo) cwls Y3 ol Salal O
L bLs,l oYY Jlo o o 5es g Shahmohammadi
S i S w3l plomil LT g s e o ST (el Coms
Soyphy osel Cawsns adi¥ 5 lnl, ety el
0 y55 o lSe [0 5 ligm, Gblie 5l (S O plais
s Mirzaheygi Ly a5 _adss 0 (V) sl cuvsa
2ol @il Caxdy oyp Sz YOIV Jlo o ol Sen
Ol oy ol Cndy dpdy Sge ol (B gblie
S bl g Slgw ¢ Jolowe Slawl> JS polae g 0u0 )3 oo
S ypo e gl syl ek (1Y) 02 5YL o Juibiasl o
A5 Ol mis bslas abgype Sli IS rizmen 5 b S
Gl g wad ogwy b (o (2P 0 pgata Glew


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

- |
Y: 3945299 4229 mN

YO0 oy ]

v gy JuSis e oy 0

O g) ol g0 md yilro s bar o ¥ g Y oV (sl lo) (ylioww yLiwl (5,10 0 digod gl )0 ComBgo -) ST

(a2 o0 LA 1y 29595 Al 31 ool Culold o (gWdaigod

5 Jslore lasle S S LB ¢S il Slad sy il o
PSogey by (Sip> Slasuine (o Gy jekaie 4 G
oSl 428y (a9 3l okl adY Loy O
aJi¥ b 5 eloS Ol clasein LT jelaie ar I slaJoloxe
ooy sl JUT 5l ooy dslee PH. s B 5,5 slgis
<l Candy et S e oad 55 o)l PH o
30,5 s ) dlolas Jloslarull ezl -l (V) dges oolazn

LSI = pH, — pH; M

=l Ll > ST pH s 4 pH 5 pH, YL dolas
il s )8 5 el &S ol o Of pH 5 lae
20,5 oo dloee ¥ ddoleo 5,k 5l g 0l o

pHy = (93+A+B) - (C+D) ™

aid8 Sldlas WD CBA Lolie dlses 096 YU dlolas yo
°°)5] \ J5A> 5 LQ.:T M 9 LSI ﬂah“u (\f) Gl 00 00)9]

Sl e

Al ¥ 5T 0,50 oo Al V) alai B T )yl aalllne o
3 diged olo yd g Cudgd) ola g0 10 (g5 4y o
8 S il Ly 3 5o () ) 0,5
9 PH (65 ojlail s 5 o olfislesl 40 ¥ °C sles o 4
5 mp St Ladigad 35 plonil (5l diged Joro o Led
oltalesl 5 U5 bl fin S S Colsm Jsloms ol
wliyyS o dale (505 ol (F Jguz) iz 3 118 o) 2090
g i g 5 el s cillog el IS sl g8l S
O ols Ly ladiged mareie 9 el ioliy i
OF) 28,5 plox 8 S s5leg S

g o odls 5 glased 8L o 55 g 13 95290 gy Aiged
od i (glowsdly (s o Laogi ) eaies JSLts polie
il 5l il Lanugs ] L (gl i L 5 ACP) Ll
12855 18 (s 3050 KRE) Sl 595 2

Jleslial b (59,55 b 5 (S gmsy el Goeend ) —

Lo a5l
LD a3y a3y

% 9 y ﬂ&
1Fo0 jad /mga oslois /oasslez 09> L S

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

a5 o, 6 e Lo

adBY il polio i =) Jou

(s, 52) CaCOs il & Lilas

LSI<.

I ) CaCO3 e 5 4 files

LSI>.

peedS Sl S g V5l Soml polie jo S g
Vodsez 50 (0F) 25 wales JSo dy) e s,
03y5l U, aFls @ azg b Ol Condy s o0

RI = 2pH; — pH )

RD) by, o>l
W35 glal JB,y wg VAFY Lo jo a5 uSanl cpl o
S5 Sab (225 sladgeyd l eslial L (1 alslee)
S B sy 050 S0 Slepl sladyd o O
Sy V3l SV pals Sl U, ki Gk »
OV osae 5l ax,e g 005 o LSiS Ayl 9, (29w,

Uy gl polie i -V Jouo

L SRl ¥ glad s oDl (S 50

Ulylh..aou.wlsg.uunlcuu.-l um.og).u\,ol.:anhlms
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

el 0058 5 @11 F alolee jo
CCPP = 50000 x ([ALK;] — [ALK,]) ®

2 35250 Cenldd lade saims lis ALK F alsles o
Jobs Lulps 5o Cnleld Gliee onims olas ALK 5 o
(AYA) Sl 5 o Lot ALK, aals 555 .o
Sl p ol Cardg ¥ ooz ;0 .(00) el o 5 ol

el 00l 03,91 (CCPP) LasLi

v gy JuSis e oy 0

(CCPP) pooel5” iy sy il (2L
05 el S Sl e soims lid aSlE ol
J= b5 o, 25l CaCO, L Jolss & (o
Jade 5005 gLl CaCO, L ol Jolws s j5.0 )1y o
BB osbits O g0 4 a3ls ). (1Y) cl oo CCPP
ool clile (Las PH yolie a5l 055 dp s
Sy g 4l GLis hladie o ol cenli LS
AL Gl arule o9 00 5 o oLy mg/L CaCoO,

poandS’ 055 Cguny il (L olie i =Y Jou

S o gy S DS e ar a3 e 0L CCPP e jslin 5 L3l G5 Cns

+<CCPP

.Mﬁtlf,bldbqbaj.bd}%l{m“ls;)\;{;)lmqM:&QLL'CCPP e a5 Ll Londs

CCPP<:

P dsozr 5o ol Gledise alard 5 (S5 5Ll mls
S PH 05 5 0 alasde a5 jghailan .ol ouls ools lis
Sl I VIV B VIV cogame ;o ool cdlo y sladises
Sl @bl bl (o 5 (5 (S eaies plas oS
Ol olprig wgllae o> odgame ;o PH polie o)ls
Jolze dalz olge JSTL bL3,I o0 ls 1 SA/D-FI0 o o
V0« ME/L e polie gSlos 5l laaiges 51 plaSoun
ol Voojleds (35 diged ;o Wiz pa Cewl 03,85 55l
Ll ool cblep ladiges Koo 5l 5YL L TDS

o-¥

IS ol lopyg oy 5 ol (9 g Joles

oLV
@loled slagssls y boss] Jlail o (o) S
3O S92 ge gt shol g5 uimen g badiged [0 ool
oolizwl water balance analyzer 131 o5 5l laaiges

(P w8

basily
ol oloni= S8 IGT

Foo july /pguw 6 )lods /s lg2 )95 g gé S ﬂ
1 2 /1 o /23 g2 09, )

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

e 53], (6 Sl Lo

S e e el ol eols lis Jeam O o aS
o e & dzr g b bl ady sl hie asls jolie
dS Bl S Bl mad 4 esls @Y olie
(PHs) bl pH 0 Jsor 1 (g 50 ol iS5,
35,8 oo alaxde a5 johiles iwl 0008 dwlxe
el YIE glsl pH (e o S

gy jIUT

ICP-OES Lug s, 10 09250 yolie g3z 5Ll
o3l Hlas 7 Jgaz o ol b 5 <85 J18 ) 9550
XRF Lug sasl cavsas sla sl pJUT Lol oo
abhmde a5 jshilen el oads ool Hlis VO SE o
preede doy YYIOY  S5g doyo b opedS 005
L ojolie ] 5l o .l 009 g,y 4o oo adliss = >
el 039) 515 5 A Qg )OSl (Fhg So 0 polie
5 osel cawsas XRFE JUT b 4> g5 L .Mg>Si>Fe> Al
oanlive Jl Cgw; yo (ol Sl 90V S350 ©gm)
bgye 0)ls Fsgd 5 ja glasy o5 il 51 (S, el
Lty 6505 ol (o) plS iS5
Cawddy donild . Cawl diged ;0 udiws aST Ll s
s o)l Slgbed 50 ICP mls b isu cpl j0 ool
rolie (S35 2oy Gufider 0,5 evalie a5 jshiles
sl 005 walS 4y gy o 00y 5L

odiao JoSii ol logg (o

ol sbos 5 G5 5 Sl Sl ey n e
20,5 solaisl water balance 1331 ¢ 5 5l soums LSCis
Ga)) jloges o F LY oled sladige 4 g e mmls g
50 03,5 oo alaxdo a5 jshilen ol 0als ools ol «d
SlarS e 5| s BB 5 ¥ 5T 5 slasisa
O 5 x5 ol eSSl S (o S8 (S Oy
JSS &S e IS g et Slalg cpendS” Slal g
G sy 305 o a3 wies e @il e
909 b ade & pimen g cuwl NaCl oo Slolis
lodigas 10 o mow SIS Gg oSS ol ol

| 00l s line

® gﬁ/
yégg J 1E 00 by /pgun 0 jlois /s lg2 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

IARIA

0+ - mg/L CaCO, jl 55 baises 3l plaSoma JS o5
SAYL Y ohleds diged o cdle cpl ool a8 g 108
eladl 0g5 4 1) (FA- mE/L ss0>) 5w ol
ouds dmog gbao lslinl 51 polae pl ws e ol sols
sbrgl s a5 Yoo ME/L iSTas Sl cudlage obosle
S CAE L LS| 5o sl 5153l 50,5 oo 3,
V-OF sylaitiol I YL o polie aiges 5l plaSme
o e cdale b bLs ) o Laslanslas (Ve - mg/L) )l !
Yo mg/L o laibisl o> 5l 5YL g polie ¥ 55 diges
5 e O O Sl 4 Az b Bkl andls
aadle jlez 55 US| Sl 5 abs e S5 51 Sl
e ke oS byl )0 5 00l 5les,ls sezg (Dol
it il Olges Jaie el ous iy Yo mg/L )
polie yol> adlas ,o a5 >0 .ok YO+ mg/L ;|
50 el a8y 513 YA mg/L 1Y wiged jo Olagw
AV L Y ot S5ei 5 ik 5 e b Bl
oals LT sladiges Koo camd o ylas Yoo
olis @l Wil o @YU polie Ll 5l ISis

mg/L

polie oad clloy slodiges 5l plaSone o wes
axsl ailos ;S5 gl o lasbiw] vgas 5l o s g ol s
alysls polie a5 cunl opl ol 6'5‘9 J1VOWeR S PREIN
olpiy oluliunl youl jhs bases sl o
V) el <A -+ /¥ mg/L

log il (o) o —

VEee Jle ol Jln, g adiY (a3l e F o
ol sl p 1y adllae 8550 sladiged (A5 Cundg g
o & Glanlie polie wlalpy caes o lis asls
ST adpy asls wlely g Cwl ool ools lis Jgux
i (6, & Bleie Jolaie Lylys ol o]
ol Dglate oS oy Voo lads igad b L1 o ail
b5, pasls Bld jlsls (Sajes a4 bl o5 Ol g
3 e pl g adls (S 4 bl ladiges S
L bL3)l )o 0, 65V Comal Voojled (55 b bLS )
sobiles (CCPP) alS 0l g rsliy a5l


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

gy hSis e gy

Yoo
Sasdg jy sole ooliliad

N

€S

1S

[achalsS
e

ARV

CAA

VA

(289
LSV

ARV

€IS
LSV

=
251

A/ A3/ \e/e> vi/ov 0r/e> ALA A3/AL LV/A LATAVY \%/3% Y/ALO AV0AL RANY .

1F oo jaly /pgas o)lass /a3 )lg2 093

Ol bamo Cuilsgs ole ¢

ijhe.tums.ac.ir

i/ ISZAXEN \o/e> JNVARRY 0v/e> v3/3 JRZANNY \3/4 *Y/AA ANy LA INBOL AL .

b-#

LA/ VAR Vo> RAVAN'S 0r/e> VAL LL/VL YV/\ YA/ZA ALY V/300 V3/A4L oV .

1-00¢€T1 [-00€CI  1-00€Cl  1-00€TT  1-00€TI 1-00¢€TI 0¥981  0¥981 01981 01981 LTIy 9CI1 ILYL €IS
TAIST TAIST TdISI TdISI TAIST TdISI TdIST TAIST TAIST TAIST WISV LSV TAIST LSV

b 4- s qferl S ¢ g R jerfo KD oro o rbr S | q Q (1S-09)

[ 50-20-920¢ uo Jrdeswnyseunol wouy pspeojumoq ]


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

o 59, (655l Luen

ol Aty sl 1 liow bl OT Cordy Gy ol -0 Jguz

’

@ bl bt
Pl 55 Y\/Y SLot AL ) AR YYY/io \
IR S

\ 41

|

M gl 3 YOV Sy VA ' A T vty ¥

SN 5y S

« Jles B
vie pldl 3 Yo S, V4 J) M YTo/y o
S S

Cgmy Aiged 33 39290 polic (puai 9 ICP LT -7 Jguo

® ﬂ%
_/,%g t—_//f 1Foo july /pgun o Lo /a3 lg2 )93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

by


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

ooy JuSis e o)y 0

L A o,
' VI | SN

Silicon dioxide
10000

2500 4

10 20 30 40 50 a0 70
(Copper (Cu))

ol s, le w}ﬁ&wgw)XRF}.:JUT-T J

" Lageng

Care

Mg
Has
Hr

i

Baigos 13 39290 (S92 SBWgn 9 S9uilS- Sl Joli (sl ylogei-) Hloges

g{fﬁ yﬂy
1Fo0 jad /mga oslois /oasslez 09> L S

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir

OeA


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

e 53], (6 Sl Lo

Lagmnc*s
Caws —
il
Ha+
K I
Mo ]
S04--  E—
e
O3~
Has
Tl
Lagmnd®s
Eass L___1&
g
Hms
He |
HCO3. 1
=28 I
S
N33
fz.36 ]
7.20
AR
000 rma
g Has
-
O e
B2
hass |
hi.90 |
Legend®=*
Cave |
Mges
Has
K —
nooa I
SO |
ci-
HO3-
Has
(=8
FXT )

® gﬂ%
J/%g ‘J 1F o0 jals /gas o losis /pad lg2 0,93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad

Laiges 13 39590 S99 BNgw § Feu 5~ Sl Jolai Gl ,ylog05 =) Hloges dolsl

AR

ijhe.tums.ac.ir



https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

ey S ol Kea g Dianati Tilaki Y- \A Jlo o
ot slapes Of wlie (6,ld8K05m, 5 (S9,95 Condy
slaws (28 pdy Syee oldlpe Oledbl pingw oS @
2B WS Gl dsed ol g 4l I alai VAY
bl ol lesls ST B o sy enie
JLs yo ol 5 Taghipour (Y1) s)ls (,li& g,
S Seg) Comdy Ol oy Saz 1) dgei Ae VY
@l wols I3 )y S50 S D )0 SN s
S9>ge ol (SK 95 sauad lis o asls 5l osel Cawsa
Hadi a5 ol adlae jo (YY) 0 aje8 4l o
Shsdloy ladisas g5, 0 VVA Jlo jo o Kes
aibaie Of mlie wols el GLEI 50l ©f qjei 4
O bl &5 e 4 al ool askid iKg,
Tro % (S & ke (n e Sl e S 4 6,180,
5 Aol (Gres Ao Slooly (Gres looly nog (RS
VWAV Jlo 5l CCPP asls Jlade ol 5 odle ool
arg L (VYY) ol lis pwgeime LRl VYAY Lo b
S ol sz baisel S5 5 Sl ol )z 4
55 &5 Gl S Sl S 4 Bgrye 0l 50 09750
@ Baiges (S 0 (nl poedle ams 0 S350 (S
S0 A Sge (B LA 50 a5 G e Sl
GRS 9 ke Ollsw ladiged )3 1005 oe sualie
il (Fw odims lis oS aib S S o e )l
oains Hlis ol adllas o wgmy ol HbSle ol
ool Cewody gl Lol uodew 08T 5 collS jpa>
2 021 5 s cpeelS i saies olis 5 ICP
o A5 ek Lol olie Koo o YL polie
2,08 35zg V-V e PP polis o (e sl o
HSIO, opa o] ooy o oebew Ll UK
b s b 5l OTpH Swil a8 o S ypo o 5 ol
Al jgas (YO YF) 00,5 oo 430 Co iy 4 (Gl
S oo sloasslS LS o O o Sl b
oS s PH o (Sl gl b g aes (s sle pH
335 oo S Ol sloyyg ol Il cwn a

Oy

ooy JuSis e o)y 0

Z -
as QL;-Q-MJ QL';....J‘ g] RER QL.M.' J..al_‘> T C"L"’
W&é;@wbuuﬁjw&)lomjib
G j e cbla> Luil5] slpiin 3l 5oyl oYL
CSew Go9> G u_;‘ YO--YO ).’QLD.A o u_if.w u_;‘ S|
)L...M.: Yo mg/L )‘ ).,Yl., 9 Coew YOV )JQLM O
Yl a0 B edimo lid a5 canl Ve 5l
ol sles Jaibiwl &las QT cslhe SSlas s e
olazdl Ly alass 5l el B¢ o] jlre iSlas g Yoo
S e a4 4z 51 ol O cilS ciS lg s
g w—*—w-ls Ul—*—')s }‘ G’YL )-.'.‘>L5-" J‘J‘-” 6’5 S ) (o5
oS oas il yols addllas 3l ol bl cans pdy
Lg L)J‘ ¥ 05)1.9 R =L.JJ.;Y ua.?-Lw d,»..‘o » UT dj‘di.!}m)
oSl JJo a4 ST TDS 5 5w ol o9 Vb @) ax g5
Cowy booad Jo el Ol Sl CCPP ol
Oly S olend Llgy sliw 5 g (o5 Ojge |y aidl
Ol G IKgmy 5 (SN 9> Coxdy Gk Sl 6 FGSS
a5y el 5l ole oo gy»)}tju]d.gd.?-gsbj(\q)w‘
o0 i og alin sogu> b JLJs & CCPP L5 o
i8S Oldllae 5l gl ;0 Ggwy bl ISin s
5o as L':’Q'“'m 3O L] w)f )‘).9 SR Oy Q‘)"‘ B
ol 285 Ohge o, Ken g Momeni lawg Yo VA JLo
S055 9 $HlAgm, bl 51 me aSh ;0 S92 g0
L o85S 13 sein ouse Ol 3 Seiny ol
Slllas oogazs 31 (6,5 diged alids aladi Vo axlllas
5 @bt 5 Sopd olnlejl @l (oS akie
Mgy 5 (59,85 Golub slagasls jl eslansl L
ol @l g adF I3 cw)p 0j90 aihie Ol Gog
olzed s 0l 6,13 gm, Canls Sul ST ol
@M%Q.BBMTDSO&L&QBL&}!SYB
oS ol dsllas ;o (V0) 09 golpring slas lailisl

g{fﬁ yﬂy
1Fo0 jad /mga oslois /oasslez 09> L S

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

e 53], (6 Sl Lo

w5 olisil g ogeml Il a8 4 (g e e
Iy omedew 3l o0 QoA logas aS 0ges o,lil (g3le
Sy JSE LT elr Sa V(T wileiee B3>
L ST PH Ul mpm S0l S plsie 4 g conls
wilo, bdl PH 51 a8 4 g8 aSeds @ 0955 51 L3
MO G210 osgame ;o owelis] caslie pH a5 ST 5
5 Sy l5 sl (Sl sl 1 esliul b oojls 8
FIV-0 osgumme ;0 PH als 4 pladl G 5afgu o]
Sal ) oolitul plfin 455 &jg0 Slllae Gb 0gas
peedS Sl yS Sjge 4 S 605 (S wml e
leior Dgw) e SS9 s Djgo 4 miie
SFS 5 LS me weSg 0 Cow, S 5o
03503 i 1) Ol ;0 35350 BlCdiw 45 w20 o LSS
Olsise oalaln mleige oal® 5 |y Wl Bds (Gl
sl s S o] adgl Bas a5 Sl 5l eolitul S
Py 65 bg Jobe Sj90 4 ax e Bd> 0
3,50 Slalllas 5l gl p3 ol @B 5 wleiee Jos
iz Sz PH oy (F) ¥ el a5 )13 o)
e Mg (OH), clossh 55 2 e slos:
dilyd s 50 aS Sl osd )8 0,9l o VY-V s Sal g,
20,5 o ppld Gan ol e Bi> Cgs Gy Sal
VOS50 vgzge Jely fnye Sled wlal Gl
Cawddy gy bl @ axgr bl ool sl ioles
aS] g oS sl il e oims Lis 4 eual
w55 90 (nl plojen Bd> Cux og ladiged jo ki
039950 ;5 (655 o PH el 5 Sl O 5l plgs oo
ez a ol S5y 5l am e 3500 pldl V-
3ls ol smy dlpo o008y &0 PH ity 5 g,
25355 Gilular Sols i, Gl b s S Slo
ol G 0 5 psku 0 nds Dype N5 55 el

5 Loy 30 b ST g LS jpa > 4 az gl
a3 5l os 5 e slpiin S5 o9 YU e
O3l it ol (o 50 s Sl L 68

NuSvwe g 0 0

® gﬁ/
yégg J 1E 00 by /pgun 0 jlois /s lg2 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

OV

ool cpriie azer Ol jo bapsslS jea> b g
S5 el Sl 5 o8ls 55Ty 0ol 5 S
clale a4 o)ls Conl Hlawy adal) cpl jo (V) 00,5 oo
S G ogd aslagss «/+0 ppm 5l xS Ol jo el
Sy Vgoro 005 $pSsla (0,65 Ly oo sl
gy 35S e JSE MO 31 S PH s il
g LT L2l o g o)l ilie claSs Sl
Sz goanie oy, (YY) Sl sgie (5318 slagysn
Cewl o0 5 olpris Ollaw § CadS Slgw, i
Gy~ ged o)Ll 5 0 )lse 4 plgie ez o 5l a8
Sz Solsm sl azren Cgm) S5 slaonsls sl
PH (]3] caz sl 5o 05w 093381 b s PH alS
ol Al a8 (V) G gy JoSas pals g
L oiels Lo s‘“ﬂ"‘u’] <l 258 sldd o by,
Caxiwo Judu ,0 ks g oyl o8 pH was a0l
-y > o

ool s ol 5l ol —e

)
7 <

Y N A

S Lo & o10) 5l

&S (ol ks o o 50 3 (Hot-lime softening)
2 G b ized g (S Jelse O] b o
la> g 0oLl plo 4 MgC12 L 3 Mg (OH)2 Cga
ks 525 gl loil 5l eoliul ¥ LS e
5 el Sy M ST (L e Hozmen aslS
Sallade o3l ead bl Slallas sk 3,lsS
o Qo0 e 1 s Bl cas boas o5l )
Sl Al 4 azg bl osd e V410 50> pH o
olprin bows,losl sl eolaiul o)ls oyl o055 Lol
oo STy 5l mile a5 EDTA 04380 -F 00,5 o3
Sl sl b ol gl 5 0T 5o 2575
sladale I 5 oogdle 00,5 oo Canl SBrw Cgu, aF
S 5 b 255 Jglne s EDTA (1l
P & s 0 (TA) 005 0 ()T sloasls S
S 9 S O pags by Bde 4 0B ganlS
w2l 0 09zge T olge bS5 (g 50 S i
Bl lacl) Koo 517 (V) 905 oo s () KBS


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

ooy JuSis e o)y 0

A

A

(55 4D pH (las

—Sall &S S

M‘J_; ;';,ll;)_,.

b oy I

Q59 a5 4 0 8953 51 ud Cguy JuSid Jolge Bl g (g0loiiin gLyl Sl Y S

iy sl mle )3 Jolre bg gunsls &5
& 9 LS jpax 5l e ohy dxg wiels &5 ol
balg I3 Com, 5l 6T sl Cuz el sloole s
5 9 S T L (6,l00gm; anlp s 1A el
@ 0sdge Caeie (S)5p0 Sl oaims JSas ol
o OlF e st oy, slanl g cnl S sl
SyS sl el g5y aelin Sl 03Y 5,00l 5l Ce
xSl ol sl pas Jl o solaidl glacew 51 L
&S sl SThs et 5 ol loluly col a5
2 oo Jele s sleaSis 4 Ol ag)s 5l L O
S 0dgr (5,5, 5 (S5 ax 5 B aNam s JAS
L .ogd plxl ol el Slpis ;o cwlie g0 4 Wb
Baly e w3y 5 2l A (o sl 4 g
ks ST 5 g G plojen Bl gz ogzge
o Cbls p sdiges .ol pH=YV jo Sal 51 oslanw!

Jad a0 by e oigp Hloj G 4 azgi b pol> asllhe )0

OVY

=

Sloarls a5 b (asis adlhs ol sloatdl 4 azg L
bl 251 0l o bossl 5 lossls «aleasd 5 (s
P yelyly dadd g ool ably Collas w50 (6510 5 digel
Y oylads wigas ol ogdle eVl bolKiay! ST o
Jslore Slasls> 5 5 puows cOlgus e juie 2dale bl
5 ool Jolw LT el eog o o laslisl 51,8
& Doze & Sge (S jphx eaias Glid Ol JsslS
RS s Slalgu oS polie )5 g muiie 5 peedS OLu S

el @ld (G Djg0 ke
550 olSiyl 5)lss 5T ;5 CCPP _asls b
YU o1 Jele ot 5 aid 13805, ol Gl (o)
Bl LSS gy Slinle)] el ppndS Sl S os
ComdS 4y bogyje caims iy Lol jlsle ool olis
s 5 ol anllis mli ool Gugbs 0puST

G b SLS 5 jas s ol s Slalas

g{fﬁ yﬂy
1Fo0 jad /mga oslois /oasslez 09> L S

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

e 53], (6 Sl Lo

NS AN

Jlail ¢ ol 8y pae Jols IS SIS 4l o
ilos S ol allas ol jo 1) (g5lwosls g laosls Cay o cailS g0
ool IRIAU.PS.REC.1400.414 allie 1 oS

S1oyud g S
Sl Sy Cgan Sl ook 5l a5, ol ki
Erve AUV IOVY ojlad 4 olioms liwl LG
PR XA N OVSPW LS PYIRRNRRCRR | SRV 77
ion plnl glaaiie (el Cq gl pliud HLSL
ST g B 5y diged 3 SeS 5 4l oledlbl Jl)|

=

.»)Q;Lsn

References

1. Muryanto S, Bayuseno A, Ma’Mun H, Usamah M.
Calcium carbonate scale formation in pipes: effect of
flow rates, temperature, and malic acid as additives
on the mass and morphology of the scale. Procedia
Chemistry. 2014;9:69-76.

2. Richards CS, Wang F, Becker WC, Edwards MA.
A 2lst-century perspective on calcium carbonate
formation in potable water systems. Environmental
Engineering Science. 2018;35(3):143-58.

3. Teng K, Kazi S, Amiri A, Habali A, Bakar M, Chew
B, et al. Calcium carbonate fouling on double-pipe
heat exchanger with different heat exchanging
surfaces. Powder Technology. 2017;315:216-26.

4. Raharjo S, Bayuseno A, Muryanto S. Calcium
carbonate scale formation in copper pipes on laminar
flow. 3rd Bali International Seminar on Science &
Technology; 2015 October 15-17; Bali, Indonesia.

5. MacAdam J, Parsons SA. Calcium carbonate scale
formation and control. Re/Views in Environmental
Science & Bio/Technology. 2004;3(2):159-69.

® gﬁ/
yégg J 1E 00 by /pgun 0 jlois /s lg2 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

OVY

Jad s of e iy adlles 1 cal Gl 5 g
o Sl wasg b .QQ;GA olprinn e 5 5wl
Sl i ey el G 9081 & Lo o5 |
b 5 SL) ST )5 05250 ki glgl Ll
sl Bi> oo, Sy, 1nj 0050 aos (GamolS
o 05 o WA i 5 pseiesl] (el (YL
N J@bui 5! .oo)fsa olpin fawjﬂ 3 Q.ﬂ cdale
Gk 55k 3sse 5l pa5e (Qll) Jlo o5 S5l

5 pS 0 Dy dilaie )3 o i slaolx I T sl

olz O ;5 (ules ;0> 5 (S5m0 YU o &

6. Kim D-H, Cha J-H, Hong S-H, Kim D-Y, Kim
C-W. Control of corrosive water in advanced water
treatment plant by manipulating calcium carbonate
precipitation potential. Korean Journal of Chemical
Engineering. 2009;26(1):90-101.

7. Cozzolino M, Dusso AS, Liapis H, Finch J,
Lu Y, Burke SK, et al. The effects of sevelamer
hydrochloride and calcium carbonate on kidney
calcification in uremic rats. Journal of the American
Society of Nephrology. 2002;13(9):2299-308.

8. Heberling F, Trainor TP, Liitzenkirchen J, Eng P,
Denecke MA, Bosbach D. Structure and reactivity
of the calcite—water interface. Journal of Colloid and
Interface Science. 2011;354(2):843-57.

9. Makris KC, Andra SS, Botsaris G. Pipe scales and
biofilms in drinking-water distribution systems:
undermining finished water quality. Critical
Reviews in Environmental Science and Technology.
2014;44(13):1477-523.

10. Davil MF, Mahvi AH, Norouzi M, Mazloomi S,
Amarluie A, Tardast A, Karamitabar Y. Survey of

corrosion and scaling potential produced water from


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

Ilam water treatment plant. World Applied Sciences
Journal. 2009;7(11):11-24.

11. Shahmohammadi S, Noori A, Karami S, Amini
A, Shahmoradi B, Sobhan Ardakani S, Lee SM,
Pawar R. A study on corrosion and scaling potential
of drinking water supply resources in rural areas
of Sarvabad, West of Iran. Journal of Advances in
Environmental Health Research. 2018;6(1):52-60.

12. Mirzabeygi M, Yousefi N, Abbasnia A, Youzi H,
Alikhani M, Mahvi AH. Evaluation of groundwater
quality and assessment of scaling potential and
corrosiveness of water supply networks, Iran. Journal
of Water Supply: Research and Technology—
AQUA. 2017;66(6):416-25.

13. APHA, AWWA, WPCF, WEF. Standard Methods
for the Examination of Water and Wastewater.
Washington DC: Public  Health
Association; 1912.

American

14. Langelier WF. The analytical control of anti-
corrosion water treatment. Journal- American Water

Works Association. 1936;28(10):1500-21.

15. Merrill DT, Sanks RL. Corrosion control by
deposition of CaCO3 films: Part 3, A practical
approach for plant operators. Journal- American
Water Works Association. 1978;70(1):12-18.

16. Nabizadeh R. Water balance analyzer software.
Tehran: Tehran University of Medical Sciences;
2005 [cited 2021 Jul 19]. Available from: http://
tums.ac.ir/ajaxplorer/data/public/454e8cc45872500
530e01£3d2946e455.php?lang=en.

17.WHO. Hardness in drinking-water: Background
document for development of WHO guidelines
for drinking-water quality. Geneva: World Health
Organization; 2010.

18. Cotruvo JA, Bartram J. Calcium and Magnesium
in Drinking-Water: Public Health Significance.
Geneva: World Health Organization; 2009.

19. Mesdaghinia A, Nabizadeh Nodehi R, Nasseri S,
Imran SA, Samadi MT, Hadi M. Potential for iron

release in drinking water distribution system: a case

oY

ooy JuSis e o)y 0

study of Hamedan city, Iran. Desalination and Water
Treatment. 2016;57(31):14461-72.

20. Momeni H, Nekounam H, Salmani ER. Corrosion
and scaling potential of drinking water resources
of Sarayan County, Iran. Iranian Journal of Health
Sciences. 2018;6(3):36-44.

21. Dianati Tilaki A, Mahmoudi M. Investigation of
Sedimentation and Corrosion Indices of Drinking
Water Resources in the Cities of Mazandaran
Province. Journal of Health Research in Community.
2018;4(2):57-67 (in Persian)

22. Taghipour H, Shakerkhatibi M, Pourakbar M,
Belvasi M. Corrosion and scaling potential in
drinking water distribution system of Tabriz,
northwestern Iran. Health Promotion Perspectives.
2012;2(1):103-11.

23. Hadi M, Aboosaedi Z, Pasalari H. Corrosion or
scaling tendency and trend for water resources in
rural areas of Kashan. Iranian Journal of Health and
Environment. 2019, 10;12(1):113-28 (in Persian).

24. Mokhtaria Z, Yousefzadehb S, Safaria M,
Brahmandd MB, Soleimania H, Yaghmaeiana K.
Assessment of the drinking water quality of a rural
distribution network in the north of Iran by corrosion
and scaling indices. Desalination Water Treatment.
2020;206:27-33.

25. Andhika M, Castaneda MCH, Regenspurg S.
Characterization of silica precipitation at geothermal
conditions. World Geothermal Congress; 2015;
Melbourne.

26. Brown K. Thermodynamics and kinetics of silica
scaling. International Workshop on Mineral Scaling;
2011; Manila, Philippines.

27. Mohamed AMO, Paleologos EK, Howari FM.
Pollution Assessment for Sustainable Practices in
Applied Sciences and Engineering. The Netherlands:
Elsevier; 2021.

28. Temiz E. Silica scale inhibition in mechanical
pulping.
Technology; 2014.

Sweden:  Chalmers University of

g{fﬁ yﬂy
1Fo0 jad /mga oslois /oasslez 09> L S

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

e 53], (6 Sl Lo

29. Baca ED. Comprehensive Silica Removal with
Ferric Compounds for Industrial Wastewater Reuse
[dissertation]. New Mexico: The University of New
Mexico Albuquerque; 2017.

30. Al-Mutaz IS, Al-Anezi IA. Silica reduction in
reverse osmosis desalting plants. The 6th Saudi
Engineering Conference; 2002 Dec 14; King Fahd
University of Petroleum and Minerals, Dhahran,
Saudi Arabia.

31. Bradley R. Design considerations for reverse
osmosis systems. In: Amjad Z, editor. Reverse
osmosis: Membrane technology, water chemistry,
and industrial applications. New York: Springer;
1993. p. 104-138.

® gﬁ/
yégg J 1E 00 by /pgun 0 jlois /s lg2 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

IARIA


https://journals.tums.ac.ir/ijhe/article-1-6579-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-05 ]

£
£

AN
@ ;
\ £

m|
PR
7
%,
R &
gy \@

%, &
" of Environ®™®

Available online: https://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2021, Vol. 14, No.3

0

&b

HETH AND EXVIRONMENT

Orginal Article

Factors affecting scale formation in water distribution networks of Semnan city and

preventive measures

Mahsa Jahangiri-rad"”, Mohammad Rafiee?

1- Water Purification Research Center (WPRC), Islamic Azad University, Tehran Medical Sciences, Tehran, Iran
2- Department of Environmental Health Engineering, School of Public Health and Safety, Shahid Beheshti University of Medical

Sciences, Tehran, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 2 October 2021

Revised: 11 December 2021
Accepted: 13 December 2021
Published: 21 December 2021

Keywords: Calcium carbonate,
Silica, Water scaling, Softening,
Water scaling indices

*Corresponding Author:
m.jahangiri@iautmu.ac.ir

Background and Objective: Corrosion and precipitation are important indicators
of water quality assessment. The aim of this study was to analyze water stability
water in Semnan distribution networks.

Materials and Methods: To achieve the purpose, samples were taken from 5
points (3 points of storage tanks and 2 distribution network points) and analyzed
for physical-chemical analysis. The concentration of common anions and cations
was determined by ion chromatography (IC). The sediment formed in the water
distribution network was also investigated for studying its structure and main
elements by using X-ray fluorescence spectroscopy (XRF) and induced coupling
plasma spectroscopy (ICP). The corrosion and scaling indices, including the
Ryznar stability index (RSI), Langelier index (LI), and calcium carbonate
precipitation potential (CCPP) were also studied.

Results: According to the obtained results, the quality (physically-chemically)
of most of the taken samples lies within the permissible limits of Iran's national
standard (1053). However, in terms of total harness all sampling point showed
values beyond WHO guidelines for drinking water. Magnesium and sulfate
concentrations were also exceeded in one of the reservoirs. The results also
showed the main sediment structures were calcium carbonate (calcite) and silica
oxide. Moreover, According to the results, the average values of LSI and CCPP
represented the scaling due to carbonate calcium nature of water. Water stability
analysis indicated major roles of calcium and magnesium bicarbonate formation
as temporary hardness and minor roles of magnesium sulfate and chloride as
permanent hardness.

Conclusion: According to the results, to prevent water scaling in pipes it is
recommended to use lime softening at pH=10 which not only removes temporary
hardness but enhances silicate ions removal by co-precipitation with Mg(OH),
formed followed by filtration.

Please cite this article as: Jahangiri-rad M, Rafiee M. Factors affecting scale formation in water distribution networks of Semnan city and
preventive measures. Iranian Journal of Health and Environment. 2021;14(3):499-516.
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