[ Downloaded from journals.tums.ac.ir on 2024-11-10]

B9 oode gaollad (Cons ) o 9 Cuodlw alxo
RTLR VE T RUAVI RVERN Fe 4|

VoY BAY Slrio A TRA Ly e sl 0,lod 1as jums 0,90

0,
" agn) |

Available online: http://ijhe.tums.ac.ir \\/
u)—.’:’.& ‘,}; Jlas \ / &

B 5
o o«
Of Environ™

By

29 (Ol 38 S 5ol eST Sy 9 (S0 Jomniliy
St OMSL sladils antuai oy

T Bl oo T ygate (iani o pad SLE dazme (Dol e B 0
Olnl e ured (Shgy pole oAl cidlagy 0aSLails dlamme Cudilagy (puoiges 09,5 )
Ol e G (S pele oRidls ciilagy caSliils o gmasls wlidsd aieS -Y
Ol e G (Kb pole oRls (i lare g Cedls Sliasy (S 6 -V

ol il do ol N L

4 Sl a0 40 g i Sl sladils aiha | Jol> o) idud gatuo)  A4/Y/eF edl o &b
oz o S Slidd (Su3glsS] Sy 5 (Sogll s (i Gty ol Sae AALTITY oy @b
el B ol 3T il g s Lol asls aans VYY) yLasl g6

A aial (5 Sas o Sle e oS e O 9oty (o el Aty 2 09
S 5ol Ll (S il clile 5 (g5l oz (B3 (lmle )3T sl (5505 LS
Llg, ool b (So3elsST Sy (ol 5 (Sogll (aslis e oz (a3l
03,5 dmaloee OB (ol 5o S I (Su5elsST S ) e g aboge o
Sygody ol s clble oSy, Ol 45 ob las mols leamdl S S ol i goads (519
5 (MPS) s uitiul jlos ,55Tus ulalyy 052 Zn>Cu>Pb>CroNi>AsSHE>Cd  lnl o1 oSS Sogll oy oo Sa55lsST
s 3 S )T chasgio (55 ey s 9 p3e0lS (So9l o Muller ol S
500558 S5 (Sogll asls MPS bl 05500 o)l aaads (s ogez 5 2o
L;.>5J'| pas oo lid aS el /Y g ) vae ] S Cud e Siiw u’_fosfl ol
(e gy slacdale L aglie j0 .l (65,5008 50 (10,5 (o5 (el 5 o2
5 pooolS g Sl 050 30 0Ly 5 Sy s 9 )90 50 (SuSelsST Az gy Sl Sy
Ol i (o ()0 e Dglds 095 o caaliiie 05 350 j0 Sy (e S 1] g 0 i g3 (S g yiSI! Cmny
P<+1+0) 005 ,5 osalive MPS 550> L (.S mosaferim@tbzmed.ac.ir
USEPA L g oot asl ) MPS 5 5w ol s slacdalé 4> 51: 6 S dzeis
0d2d LS ey Ay Jawgie cdale b dainlin jo ad ladises Lo ol L
O CohS (gloyg0 il aiis Lae (gl 058l (S055IsST S 5 (YL a0
Dy oo drog Ly

Please cite this article as: Ghoreishi B, Aslani H, Shaker Khatibi M, Nemati Mansur S, M Mosaferi. Pollution potential and ecological risk of heavy
metals in municipal wastewater treatment plants sludge. Iranian Journal of Health and Environment. 2020;13(1):87-102.



https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

gl sl 1y ol 15 51 ol o SoselssT 5 i slgy
L) &yliee 51 aBT jglae 0 (3) ailw p JBlas an baxe
S5a0eST Sy e 5 i Sl3ls 4y Sogll (o
3 Jeols oo a o sl ol 5l eolan il 5 o0god fos
b jasli ol adles ol a8l oo s MWTP
(Enrichment Factor So_s ¢ ;556 4 olg5 o
(Degree of contamination _Ss41 a5 (EF))
(Modified degree oo_s 2ol Sogll az,5 (C)))
=) &—25 a>Ls of contamination (mC)))
Soll )b paxLs (Geoaccumulation Index (I, )
Scws, o>l 4 (Pollution load index (PLI))
(Ecological risk potential indeXogall 354551
g.,\.ls‘-‘ l&ua.‘>L~J U”‘ Ml?u (5‘)4 (\ ‘) 05_94 o)l_w‘(RI))
Sligasy oS o aFias Sl3l5 00 (6505 o3l clale 5|
ol ol glae cdale f Sheo L aislie o oy g
slaolaitul 5l s olgn S5 509 o091 e slaylSe
O y9—2 Sldlas 2y de_wd ool )L7u Sgd>
Sy, 9 S o (S Ol3ls Sogll ogas 0 a3
ol ke b e (SelsSTy (bl Sy 9 (e
AV oS 2o j0 mb (goaie Sladss aS cowl el
ul;ﬁ_m)s Sl oﬁ_n)au_l..ngLm”_MS)Q Hs(\v
Il ol L 05 0 ) e saal Jras 4y mbas
wl) gri.:)}'}ﬂ Sy P> ;0 0 'AL>u| Slaasy
S Sl3ls gl a5 LSk claails aias oy ||
S92 O ShanXI g 03—l lal?o‘ &JJU )0 Jl_uo 0‘9_..(:
s a dS olie (g 4—d OLSB cladils abai )
)M&)mw)‘wowdﬂfo)‘@|wi_w
O YL aS 000 S )5S (65,0laS Silas gl e
5 poedls (Fogll 505 psrasls ay by e IgEO ke
23,8 S YL a0 bl asai §l S 0 g9,

AA

e (S95895T Suny 9 (S0 Ul

doddio
S AL sladils abai > Jyame
(Municipal
ol pdb ol gl ol odgs a5 el (MWTP))
el 5 Ayl s e 5l ol (slagd Yyl
A olgo ol o a ST 51 YL 0l Ve ame LB
ol a4 |, Linos¥T plow 5 5 ol g Secn gl 5
5 Sy bame (gl 5l (6 Sty jeate 4 a S il
Liales 5428 plomil Ll (g5 e od Stz 5 =50
Slgo Jlaie ;i 5l cwlin sla Shg cpmdls Jdo 4o
s Al 51 o3l g gy 5 i o ]
O L (V) Wg o a8 5 )10 (65,008 DY gmame
3 5 53l i s MWTP 51 ol () L
Sl3ds (F ) aiil St Sl aler 5l o polic
Sl 4 i il el Yy ane (oS
Sl oy (6,50 slaasly Mis) (o sladlols

Wastewater Treatment Plant

Gk 3 izen 5 LS (55l &b (g
&8 5 Jibie yo (S Slils (gole DY gmazme 6,51
s glaol olsy Gasb 5L g Lag ool 4 Lyl
4 5L oy e 5 00 (6,08 S b 2 35 009
il a8 595 cale S 4 el slaals 4 i
el oo )3 it polie (SOjglgm an o 1l n 50
() wigts Lanlis g azily pazs LSl s cLaosy],
RN EEX TSN BT SO ST I JUN BT
Wilgs o0 (55,9LiS 0 SLE oS Zwl by 055 lgie 4y
(5598 DY game 5 S 0) bome (Sogll s i

() aes Giolidlas e oaus | Lyl ecdalé g oo
Sl oLyl o opdle lame 1o e Sy lé aazs
" SlsST S Gl el (V) cedls 5 (bl
oz 5l Jyimo lagleslow gyl 51(A) 205 aales 55
29 L asS oo (o Sy bae Bla> (lojl
Syl od SeS Gl a3 slatusgaze 5 o lait]

% 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

OS2 g (o 55 0,k

Ol 10 0t S )3 (3 g wmSoe 8 Aty
alex 51.(V8) coul YAYOF- M L ol Loasls aams
slo )8 elwly g 0090 (g0d ML slaails
LS)L))" 0 2 Ao aS el Ge;do Cewl el JL))O
4o a5 g aalgd o o dg iolidl LeEMWTP
& Lyl gogs eg Il y50 WMWTP (o 280 4 S|
o S s ol G Uy sl aalllae ays S
3 s b3 il s e LSl Lot 4 b
0gu> ‘|°5)—§ "n%.calf “_iz.l_w)‘i Q),».i._w Q‘)J.Q G]a_w )_Im
Sy 5 S5l Gl Jdod 5 oo 559 ey (SIS
oo a5 gla st 5l ool ol L abogs o o 35)sS]

Sy 2L 5 (Sl e ls e o 3L

5 ol (o S35lsS]

[ eter
0 28505,700 11,400 17,100 22,800

o1 Ll 45 Wb Gol5 5 5o o o
(Single-factor Pollution Index (PI))o,s51 S
ol Yo Sogll oo sy oSl 51 S
Slr s (Sl bnsgie s 00l 5 (555 e Sl 5
Sy 5 510000 ,5 e YU 5 S o3l
B 50 00l (o) p SLolSs] 10550 1 53 S5 5lsST
50 000) asls YL (L S, R a3l wlly
e S8 il 4 Loy o ligios el 55 515
ooyliS a0 6md sl ladils abal o) o
S o 9 oaSlenSly (il g ool MalS gy L
) ST S sl LS o ki SVl
il aSulan 4z b Sl a8 55 B anr g )50
Wlgs oo |y gamaz sBans (S35l Sy slaazli
Al S il 4 o (Sodll Canl ogas o
Ol il ol dlas o i woles &l lases cn

RO PUER SN SR PRI
I N U R JO- S W A e
il 4 b o33l sl 8 yyein T3 5| iy ne
o |y, w VEOF e+ TS el Lulioly 05250

0 155310

— Kilometers
820 930 1,240

=
L ‘?lfb Er 38 Ll ey s '_E
(4=l 52 e 26) et =y o ;
J
[ s o 5
e ] s 1 5
15883  gnalge -
R g PV -ive ol ¥ am__\_//
TR U O -1ve K- » u/y\’;“lﬂ
on s mal 3 ®
3= ™ "’ -I-YA tals £ LR iy
O gl AT a5 (—\..A-—’ >
08 S (gl pie -rrev . s R E F q
- Y% 4 ® 9
4zt STIR SI-AA ALT Sl 1 8 &t & i i
a3 s ganiss . il v Lazaly o 5 rf‘i/ —
Ay SER -iree A& 50 A - T 37 e
08 fat il gl - fevr P a (23 Olim g 03 gudma Kilometers

01530 60 90 120

B ol )3T (bl Al (g9 1 00 gy ISL SLBAIL arhal ConBige ) IS

@ ﬂﬁ/
y%ﬁ J 1199 Jlgr /Ul & lauts /[oad jams 093

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

A4


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

SBw aisS e 45 Jley L (ade SO s ol 04580
s ol aS sgad loy dalol i adei S5y (Slosd
Q..S)L‘!) J—A—C ] 4.:5.0.: J_alf uj_\_w‘m‘ o.\.\.Q:.)uLM.u
03, 0 ML & Joloee pox> 45 0503 g aalsl Sley s
50 il 00,5 o aslsl Y h e 0 o ig> Jae Lo g
sobate s g adilol oo, ¥ 3,0 oSy, 5IYmL
3 ovm Ladiged Ioaome 459,00 auSTy (iSTy £9,-5
Jos asa i ools J1 3 e (gg, el aiand olo )8
G ymL olie as oo ¥ ckale LH O, o554
S9y) Sy JBla> 4y o Dg> Jos a5 o3l aelsl e
alol yig,0me anSTp Ve mL Gl e anliass, oo
e A Sduewy Lol —a ) e fee (09
plesl Y h o au 20 °C J1a- sles o 0 mL
PO ESIN P GPRVIN CORVIBM R RS 1 | DRSNS U ORI 1
» Celw d_m...».u ub‘.b )‘)J )‘ o= 9 005_,03 a8l LQ:U}AJ
Gae 40 °C (1 slos ;0 dbgel qeole B, 15 o
Agas ¢y S 5l dw b ools ), 8 s 6, VO MIN
ol 3odss jo ol el Ve mL x> 4 0595
ICP—OES oKwo )‘ Ja.i»_w u‘)_lﬁ o lale u_».a.!.i ‘_g‘)_:
(Inductively coupled plasma-optical emission
6,90, 9o ,0 a5 ael Jes 4 eolaxwl Spectrometry)
dal Gt AFENY Ll g,y o=l 50 S ol s
5T SPSS 1581 0,5 CJB jo S ol s muls . (VY)
~9ml g3l 50 Liools o9y Sl yi e ay azgs Ly g udy
o951 5l eslawl b (p< +/+0) (Shapiro-Wilk) <L
EPA L ,iSlas> sga> L ( Wilcoxon) g w515L
J.n))f d_....uLa.a (MPS) 6))5l_w5 Sl B oolaz_ul 6‘)—'

589951 Semsy 9 SO G as i dwlxo gy -

e (S95895T Suny 9 (S0 Ul

L sigy 9 olge

Aa!Ua.o 0)}0 aslo -

b g o plomil (3, Lol bl yo ol aalllas
ool Jeli it (6 i OB 4l abay as o ]

2 Ll (e CaBge 4 S B S LB ) 055 ailio
el ool ool las Y Sl

AT 56T 3510 3o
88 el e = oo 55§ ol s
Ahal ;o odd adgl ad o S olpls elale ]
axlllas 5,50 Cumaz ol ie a (g0 OILSL slaails
o2 5l pliie Jolgd 50 S pe (6519 diged W3S (o
S lwbsl gy elowly 9 DILSL sloals abar ol
ged by ol plonl LS slosy an sl Sl jo
SiS p it Glaciod jlasses i )l
L LS| oy 5 5] g 4015 bt 2 )
b By ks J51s o, (1K 4 ,9) o1l st S,
Pl Caz S o (n 50lsS )0 g oud aiSny; (]
zlmesl oy eols Jlasl Biule;l 4 som sla Ul
bl gy 3l eolaiwl L pSiw 158 6l o Ladigas
Ladiges (g, oyl 50 .(VY) 0,5 oLl B3050 EPA
Vool e b slacSIl o8 ool an JLas! 5l s
515 a5 o OF 5118 Jlacie g b el j5e Ve g
CCIRVEV A | 1| DERWI U GV PR ) PR PO
LM 5 ey 5 00 a8l diges gole B, bas L e
S oo Jols by le el ainl fols ), 34
sals 51,880 °C 1A+ sles o9 ,ip (55,,- YO MIN
aBlop yos 9, 5l pmsle By ad>pe ol jl ey 0
PV W VIV A o 1 ) D ARV U P D
aalol Yo MIN Gas a SO, Jos g om0 ,5 ablol )]
oy lid glogpd Olylou odgy ald> e 0l jo .8l
al>ye ol s cew HNO, alvsy asges fgalanS)

% 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

Ol Re g (ouiiy )3 0,

V Jsoz 5o s o aib ((VA) ol ool as

w00 o\))BT

S A3l Sl s -
(Single-factor Pollution o,5 <516 5  Sogll ozl
Nemerow Siw Sogl jasls 4 Index (PI))
(Nemerow’s Synthetic Pollution Index (PN))
byl 99y Bygods K SlS 5 a> bl
50 SLaals ahai 0 ¥ adoles &g oty ol o

13,5 iy el o) 2

PI=Ci/Si M

oS 318 0,935 5 Sogll Las L PLiadslas ol )
3 i 8 o Jasbnl Sig ol S 318 e bale Ci
PT polie polwl ool (65,0LaS j0 8,018 gz (2
o sl gollae 4w O 4 Kicw s Sodll sy

el oo Gy dids el ool LiS Y Jaa

Ol g Comdy ool i gl g ol SoselsST
sleals bar od o w5l ol s
Al 0956 .8 ,5 1,8 oolaiwl 8,50 o6 s LS
N0 Ve A) Cl oals ool musgr aclsl jo o sl )

0% AA

(Ige0) (Juwoj o (Ll -
B sleclile (Sas o8 050 ) sasls (Igeo)
Sosllaz e by, ol il o) b sy el 51 5V
6o olae by Sod e WIS can jol) 3 18
Sl 25 )18 a0 patLd (ol dalne ) 0S o0 Gl

() doleo)

Igeo=log>[Cn/(1.5% Bn)] QD)

Bn g odl SE digal ;O jaic ;;_uéCn adolee il o
J8las a4 6l V0 jeus ccwl SO L ane) ekl
oolawl dwy glacdale o sl ol sy ail,
By Gaisgy Sl I sl (o 45 355
cble aoubs Muller slpics oluly 0gi o6

oy goz 2Ll gl Jao gudy allb ) Jou

oyl o -
009l s 4 >0

ooyl ot 4 b LgB o-¥
oogll L g3 f-v

0391 L8 U lawgie  Sogll Y-Y
b Sog Y-\
Lgie Sogdl G ooyl e \--
oogll <.

® ﬂﬂ/
.'/,21)?99 J} 1199 Jlgr /Ul 6ot /[0 juww )93

Ol umo il gy pole ozl Liiag Ju ole oolilad )
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

o S95895T Sy 9 (S0 Janniliy

PI jpolio bl g oo 38 (Sogll cansg -Y Jguo

LTS ROV PI ,lado
Sl g PI<y
el (Sog)T \<PI<Y
Lsgie Sl Y<PI<Y
KPRV | Y<PI<o
Sad L Soll PI>
PN (s (gosy ai -Y Jgue
;égﬂ Q:AM’ PN )LXB.A
oyl s s +/Y <PN< )
iz 5ol V<PN<Y
Lsgte 53,11 Y<PN<Y
G Sogl PN>Y
, yoba 5 Nemerow oo Sogl aslo
. Cl B
Cr =i ® bzs cieS 5 (Sogll gl GulSnl s (sloo s
(F adolao) 09-bgo iy ymd 105 200
Ef =T}jx Cf ®)
' PN= ’Pi",ave+P{,max »)
ERi= YL, Ey *) '

Cowd 5z a SYolre (1l 50 0ald soliiul sla sl )l
PSR SBNRILIORRER'o RN NGHL PR S{FTINE s
caallln 3 )50 ailaie ) o Sinns 8 i3 e iCF caiged
23S Tf (oo 318 S35l Sy oty < B
S )T S D3 (gl oS oS 51 e ly
T A e 9 89 s oSS 09 pg S pgedlS
(Risk Index) .ol d gV B b Fo ¥ ¥ Ve L ol

Sy sleme (¥e A8 gl Sglss) s ERi
P Jsizr 5 baeome (ol i Sl 03 Al i3]

el 00 ool lis

P, ave S Sogll asls PN tadsles o0l o
el S 380,051 S5 Sogll asls aie (- uSles
80,5516 S5 ol ua_&l_.;‘;)l_x_&o)_’o’l»Pi, max
35 yeie Ol L8 L wgh o ool Sogll S cnsy 54,
0,55 S5 Sogll asls Sk s edle g ol
o=l o el 0, 8 o a0 s i sSTas i olae
O0) vl oo GLI Y Jgaz o alis

o5lly (5 55051 S 5 5L -

5leslawl U a3l ool Hakanson i, wlwl,

ggjﬁg yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

Ol Re g (ouiiy )3 0,

el st 35l bl sl oa s L (CA) (e
als (Wilcoxon signed-rank test) suSKSL;

MPS | olio U aglio o okl 5 1 5l Ko ol; 16

(P +1+0 Z= -VISY) s (5 5 o gliss (sl

sl
O Sl ls ebale ) 5l Jol gl 0 Jgor 5o
(oSilee yolie oy 0550 sladils abal ol o
LiSTas) MPS aslés ool ol Jslas 5 , Sl
Oimad § (65,9 S 0 eolawl gl EPA 5L
13 00 (65 o3l paSiw lle ale o Silos aylie

(V) 058l (558981 Sy (3l 30 9 slmo —F Jgu

M lp SIS Sy Hlre

TR O3 T U RSOV P T

ijhe.tums.ac.ir

EL ) ERi
El<¥. ol S, ERi<40 ol S
¥-<El<A- Pt Ko 10<ERi<)4- Voo Ko
A-<El<\g- g B S, V4-<ERi<YA- g W S,
\§ . <EL<YY. sl S ERi>YA - obj ks S,
El>vy- by L S,
NS sLails antual 2 1o o (g mSo 3wl (MEG/KE) usoow &l3ls Clilé dogs Hlof -0 Jguo
Cu Zn Pb Ni Hg Cr Cd As .
ML & avdas oS
YYAIYD YAVIY ARVARY YVt A\WA%d YY/F¥ VAR A7 WTP1
VYAV ZYYIY YAIY V#[-Q YIY# VAP ¥ +/F) OIS WTP2
VEYIAD MY/ YAIYA YV 0 ¥/ 0 Ya/6 - 17Y YY/IVY WTP3
VY O/FY YYAA Ya/fy AFATRIA AVINAS VVIVY AR Y/IAA WTP4
Y2 Yoo Ye/¥ \YIVO VIYS \YY/ay AR fIvy WTPS
VoY Yvy/a \#IPY AIY O \IY V4 <IYY V¥ WTP6
V¥ ARATAY FOIY YE/YY Va4 ARTAN <IYA YY/VY WTP7
AV/AY YY?/f Y2 ARVAR Y/+A \YIAD Y ZINY WTPS8
Ya¥Y/ao YOV/P VEIYY VYIA YIEAA YY/I#Y -/f ARZARA WTP9
\YY¥/7 FYAA YAIA VO YN \AIF AR ZIN aleo
\ATAL Yys AR7A AIYO \IYY ARTAN <IYY \/-f S
Ya¥/ad MY Y¥f# ARVEIA ¥/ 0 Ya/a0 VAR YYNY Wiy
V- YA-- Y. Y. N Ve ¥4 ) *MPS
NN v VYO Vo [+ A Voo -I¥ VA o s
(mg/kg) GiyaliS S sl sl o lailinl iSTas*
.‘Aégg yﬂﬂ/ 1199 lgr /Ul 00 /003 s 693
Ol umo il gy pole ozl Liiag Ju ole oolilad QY


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

] 00 4_3‘)‘ A sz\._’> o
S 318 (sl (BRI) Lo o5 8l o S435)551 - las
aslllas (6 d OMBL sladils dbal o 505 >40
5 (CA) oy iy cbale - Siloo line o 00y
SiyaliS 0 eoliwl Cge oo 0 e Jlaie L iSToas

el 00 4.3‘)‘ \ )‘09_.0.; )Q (MPS)

e S5 Sty 5 (S amadliy

2 () 0 Sl (in) oz (a3 Ls 7 Sy 50
] OA:{Q; Aj‘)‘ 0l ) L)JJ ‘5u4.39.44
iz g (PI) 0,551 ST _Sogll a3ls ¥ Joo
oles |, Nemerow (PN) S w Sogll asli
.d_botso

dbai (o )3 S 3B (SSU3eleST Sy il
CAﬁMPS )lAJABQJ_QJoL?JL_:OA_w g_s—""’))"LgL—m‘\"l}

) Wowgy Cdile (0 Sleo Loy ool anllan (5 el SOLSL AL andad () 5o (SCaw OIS (L) (Sono) 2o (3L -F Jgu
(MPS) 5559Lis 35 solim! cuz ot 50 jlxe slude yiSTas g (CA)

Cu Zn Pb Ni Hg Cr Cd As e
CA MPS CA MPS CA MPS CA MPS CA MPS CA MPS CA MPS CA MPS Gl abai oS
Vo -YIY YA =Y 4 -v/a -y -fio I -YIA -y -0/F VA -0y Y/¥ -YN WTP1
<Y -\ \ii4 -Y/A Oi4 -f -Y/A AR TAS =Y/ -Y did <10 -YIY Al =Y/¥ WTP2
\ =YIA Y -Y/f 4 -f VA AN =YIV VA =00 \IY -#If Yy =YY WTP3
<10 -ty Y SVAR <Y VAN 74 -0/f Iy -f YN -7V -/ =YIY <10 -t WTP4
Q4 -y A -Y/A A -f/0 -y -0/ YIf -fIf =YD =Y\ <Y -vIf <Y -Y/A WTP5
Iy -fio V/f VAR ¢ -fIN -YIA -#IY  YIA -v/4 =Y -#lg --If VARV ¢ -0/4 WTP6
A -f/a \IY avid VA =Y/A -y =010 I =YY =YY =VIY O =N -YIY \nid -/ WTP7
I SRTA AR VA -+ =Y/ R AN A =Yg =Y =Y\ . -Vig VY =AY WTPS8
VA -Y/a YN EAVARERIA ¢ -0 YV -0/\ \AN -YIf =YV -#IY A =YIY Y/¥ =Y/ WTP9

OB LAl anhual o 4o puSiow o3l (PN) Seciiuw (Sooll jasli g (PI) 0,gi51 &G Sogll (aslis -V Jgus

PN PI PHESPOV WY IR S
Cu Zn Pb Ni Hg Cr Cd As

<IYEO ATAN <Y OF «[-qY o[+ 20 <IYYN [+Y) «[+YA <IYYY WTP1

SANA <[+ <IYYY «/-Q¥f «[+YA AR [+\F [+ 1Y) AR T WTP2

<IYYF AR AR «[+aF RN AY <IYYA [-YY [+\Y <Y WTP3

<\Y <[+YY AT\ S «[+aA o[- YF o[+ Q) [+\O [+ <[+20 WTP4

<[+ AY <[+ AY AR <[ 7Y <[+ YY AN [\ of+-9Q AR WTP5

A o[+ FA «[+QY LRI <[+Y </ o[ \F SRRy <[+ YO WTP6

< [OAY o[+ 0 <I\YY <IY\Y <[+ Y¥ AR [+ ofeeY «IA<A WTP7

< [OAY <[+ 00 o[+ AN «[AY (Y0 <\YY o[\ ofe e A <[\FY WTPS

<IYFY AR AV <[+ ¥V </« ¥FY <IVFY «[+39 [+ AN WTP9

<IYY </ <[\Y <[\YA <[+ ¥ AR <Y [+ <IY# Oeiles

Al SN <Y AN o/+Y R4 [+ [+ <IY¥ Hlxe Bl il

R Je By

af Ol bz bl s wole ozl wiagdy wale baliliad

ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

5o,k

Olse g (ol B 0y

9 (CA) () gy Sl (aSilon glise y1 o0t aslllao (6 e S SIS dpiead ) 13 (EL ) crafm 313 (oS 599951 Smm 5 Jermiliy ~A Jgor

\ Yy . \e. . \'Y . Y q YAA- . \ \ \PY A YA WTP1

\ VO . 'Y . 'Y . Y \e Y-Y0 . \ \ Ve Y ZA WTP3

. ' . ¥ . A . ) ¥ 5Y- . . . 5 ) Yf WTP5
e A A S A L

. \ . 0 \ A\t 4 . \ 0 140 . . . fy A VAY WTP7
Y Y e R e Y TA WP

\ Yv . 4 . 4 . \ 4 \Y-4 . . . I A A WTP9

A

a9 Jo pole owoliliad

@ w
k’ ¥ J 1999 lar 7l ostast /s ja 095

2

Ol gl buzo il sgs pele (pazl

-

ijhe.tums.ac.ir

[OT-TT-t720g uo J41Je'swnysfeulnol wo.y papeojumo( ]


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

20 -

= =
o (%]
. N

(6]
1

(ER) Lopms o580 S350

e S35 Sy 9 (539 el

Jllllll”

WTP1 WTP2 WTP3 WTP4

WTP5

WTP6 WTP7 WTP8 WTP9

PHEP IS aNLY

2,500 -

2,000

1,500

1,000

(ERI) opms 50 S5 51

211

WTP1 WTP2 WTP3 WTP4

WTP5

WTP6 WTP7 WTP8 WTP9

THEPIEIRS INLY

10 (glino 1 () ok axllno GBS 4phucs () 15 39758 (oo 135 Lausgs (ERI) Saymo 12 09y (oK 53091 s ) jlog00
(CA) (o diwgy cdile (1 Sko U dus o jo () 9 (MPS) (55,5l jo oolaiw! s o 5o jlxo ylado

Ol laiwg Sl b clél (K w ol 16 clale o S
OB sladils aaal o 8550 50wl ool dnlin
959> «(55,9LiS yo Jlexiwl by lasws ;o 85 Sy (5,00
J=lo yo Lol oo 229 L;?)L‘} byl Loy gilmxe
I8 Slome a0 550 4 (60,5 o lailiwl jai oS
PG L ol adlhas jo 0 oS sgzg o jo i

15

Z .
S (G Ml slaasls aaas 50 0d dd gl gl
S9zg e 5 (V) (V) (29,80 cisS 15 51500 00 )
48,5 1,8 5 dsd gazgi 0,50 (VY V) (fw &l 8
4.3[5Q-?d&jjjﬁ‘kim{)éjsﬁ)égjbw‘l_?l_a‘.w‘
g_;l.a...u:u L SR 9 63—s rnl:u‘ )9_,.“5" o Ls‘:UJLLu ) JL‘>

éf ) 2 ﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

01502 g (ol )5 5,0

USEPA (United States Environment Protec-
33 A0l lesmg axgi sl g el tiOon Agency)
3 0ad (6 pSoslal S ol cllale Sl 4 lin
gy 5 s DS Sl Sl Ly o) (sLaigas
4S 54 oo sanlie (Crustal Average (CA)) o;
i S8 S Lle 8y o i o US55, 3 ek
(p3adlS Sl jlaie 4 g5k Cnsl ity o)
FIV DAY s 5 e 5489, o (SIS 0922 4095
meSlos i lale 1 VISA 5818 FIVE - /YY YA /T
oR9d i DI Jlaie g VL el ey gy
S e O35 Sl eaina Lt cogez 9 )5 40

] (6 s NS L > as eole sl 04,9 9
[geo ,olie 5 (Sod 28 iy ¥ Jpuz Golhe
e 38,5 15,5 L s MPS (i 05 4l
o390 As>Zn>Hg>Pb>Cu>Ni>Cr>Cd =, o 4
Dt e g yho ) S 18E0 olis adS 4 SST ol
Muller o aib Uy gllas a5 col ] tns g o
8 o2 ladiges alS (dnn) e Gl sl
dwlme ploil jo a S Sloy Jls oml L o o091
WelS Curdg 39 48,5 , L5 10 CA Jlocie MPS slso
Igeo olie > ol jo a5 5,5k 04 anles Sglate
Olye dm i Cote 5 S5 (s3lael ()3 e ok
(ool o« Siw;1 0550 ;0 [8CO jolie (2555 JLie

052> ;g0 asli Lelly s a0 el VA 5
Lo o g S| ‘b_?aeJ]w“.\_.zkrl?@a_wdl)b
5o bgie s 6Ll (59, ((Fogl o g
Sl ol (S0 ol o LIS e 5 p5edlS
59 i (hie lie o Sl (il yo S g p9 S
Igeo 55 (V0) o> Shanxi o cois slosl asllas
20,5 5,55 Cd>Zn>Cu>As>Cr>Ni>Pb i 4
iy ol asllas ;5 sl ol aalllas j Erglite 45

Igeolwsio 28,5 1o 0 U Laals abas Sodl

@ gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

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

ay

S o b yeiS Ol sladls abal oo o S w
Jacie 35 g EPA 4 by o MPS Jloie g0 y 0 oy 8 5
258 B )l g dloe )50 Bili 0 j5 0 4 CA
))l—h.h} )L.S )\) JJ‘?)LSA 00— ..LJ}' g.)LC)LlaI 45 u_w‘ (fef"\"
258 1S eolaiwl 050 Slasly ol

clale wLw‘)g ol 00 4\3‘)‘ 03— ).Jlj o sladiged yo
O ygeody S Slls clale (oS 5 Jeas ) Sk
2wl (Zn>Cu>Pb>Cr>Ni>As>Hg>Cd) _zals
romb 9 69y B 4 g cad esalin cbale o SYL
@L..: U_" | ﬁ}aﬁd& a4 d_]a}:).n 0l L)‘M clale
OV 0) el y9-iS j0 00y plowl anlllas b aslco Ly a5
Zn>Cr>Cu>Ni>Pb>As>Cd) wljls e as
Sy9—0 4O ‘F)I.QA_J5LD.’ Jl_‘> u_:‘ l_i ! o.\_}.é)f w)‘)j
aS Cl Q—I 0l )'_.,Jlﬂ slaod pasg L ol sl
=z J=B jebay (a8l ) Vo alls abay o K|
o e S0y Loyl g Laals aia plw 5l 5V
Vb abal ;0 4SSl Gy ewd sl Hlacie G 3YL (glls
oo slie asidl g oogy Lal b sl Ly 5 yolie (5= 5)
Sladie (o] liio) A asls aial ;o g oo (6,45 o3la]
Loails abai plow 5l Vb (o295 2B joba o
aloz goyT ! alin i G a S el
w)).:é_a)l_u suj);W‘sLmolf)lSul_Mu A_Jyu
Gzt )3 398 o0 ulwal (ogas ol )0 (Shawe it
S5 ool ez (e jlme sga 51 VL S5 sleals
9 s_iu_wj 09— ) u».iun u|)J5 O )0 (/\) KW
S5 Lgsl Jade S Tas aS axid 6518 5 )50 90
S lailsl ol S @l 18 5loee Jlade a5l 4


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

a2 i s Sy S Sagll s 155 5| Laals 4 i
e j ol aalllas ;o PN asls U ollas (M) 0
WTP8> el svaline |08 Ladls abai s, ge )0 0
WT7>WTPI>WTP9>WTP3>WTP2>WTP4
>WTP5>WTP6

s ol 5 S 18 S SaleS] S ol
Slde 93 ;o LI Lo F Jgao j0 00l (o) slaails
Slro bl el s @3l Slwlxe 0 CA g MPS
Sy 92b ¥+ o0 5l 25 B amiliz o Su5elsST S,
P bsboe atd)S A s ol S 58 (SSU5dlsS]
395 s oaalive MPS il s alol> sluel oy 5, L
Gl oy ) 0 (5 ySo il (et l3 s A5 aS
eSilon 45 ey el s s S5l S
050 3 350 )y Dlimlme 3 CA (e aigy
W sk 39,5 o0 Sgliie MlS Sy (S 3 L8 )
e 9 0507 ool «Siw) 9550 50 polie (1 255
oot Lt 4 30 A8 YO NPV IAF s
b Sy e )5 50 (SSSelsS Ay B S,
3550 3 05 (e Sy g pyadlS g Sty 0550 50
S9I1 ogmasys ol oY sy o ;L 4 Esl g
wsir s Lawls o o 5 g slacdlols
Dygmo A Az H5iS 0 Opa g Seiw)l pgaalS
oo 0y S 6 ) 33 e e 5 488
208 JS g lulis

gy Sl 85 55 0 LERT asls s j5s 50
oolie ghls dadils abal 4 JS lwlxe o o)
oarli elalp a5 () logd) s YA+ YU ERi
ol L kS o SesleS] Ses, ik Hakanson
Sl p3¥ go0g o 4y 89,9 ;0,550 sladils 4_bay
DS S Az o 5e Sl an ggSse

Slass )05 dgaome ol> Godod gl SwlS ales
S Sledlbl 055 e g ood Ul sladiges
Sl LS 45 (K Sls Bl ¢y Sila g

aA

e (S95895T Suny 9 (S0 Ul

WTPI>WTP3>WTPO>WTP7> s aias o
<ol WTP2>WTP8>WTP4>WTP5>WTP6
Ao (gl oud solaiwl gl a5 cils a g aob
Zewl BEPA & bg o MPS 3 Jlo> CA Igeo a3l
S5 ol el ol pml o ko bl sl JL> 4o
3,0 S92y (65,5188 55 0,8 sl o e e
S 50 i il Sils (pgaz 0 4 Sl (s
Mas syl 8 Lol claals dbas 45 bl
Josz mli a4 cul oy Cns S92 90 (g DLl
gladlae slacdile (35 59250 O )jgo ;5 Wl o ¥
s il 3l ooliil Cypizmad 5 y5iS ) CyeKiw i3l
il oo 4l slael 5l cglice oo Lo

oot 3 (PD) 0,551 S5 Sogll sloasli awlxe
sbiw ,» Nemerow (PN) Cusw Sogll jaslo
Wl 00 03,51 ¥ Jga ,0 a5 s ylen .ol MPS
il 8 ol an Lajls s 5 PT (0 Sl el
L ey ool As>Zn>Hg>Cu>Pb>Ni>Cd=Cr
Zn>Cu>Ni>Cr>As>Cd>Pb |, lSea sDuan als
Olsise 00) 9yl (Hlgrar i) )50 5 o3ge
s Sl sladils aaal 1048 5,5 (g Saxs
Sl (e 558 b eSis SI3LE (Sl ali ca s
Sl 0 58 i ) 5y S| oy
ol "ol s 5l esliul Yiaia yo Sie Sl
i 9 3ion sl adlas el ples o Seis)]
5 o 3 S| (Hoiol sl o5z o (6 i
ooliiwl 0590 cdllas slo,0g0 40 S, ;uolie oy ien
rolie S Sl dod bl o)ls 3529 505 0
Y soce 5l S 55 PN slie ) sae 51 S PI
ool 35 5 (Sogdl pae saims lid o 5 an aS el
el Gl cul bl 65,5088 )0 o 918 o
o0 PN Jlacie (o Sea 5 Sheng aalllas ;o
e I8 51 gogame dlass sl m Ladils abar

o=l o o=l L ase 8 aulxe <Y 5l iy a5

}gf 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

01502 g (ol )5 5,0

= aS ol s mols o] o J,uS Cosd g ead
quglg)é] Ol 5o (g OB a4l 4 bal 4 (g4,
ax ST S Olpds as aes oo plis ol pladl B0
Lol ol 5Lome o> ;0 EPA & Jasb ol MPS U acislis o
‘S_JYL: ‘é_l.\} 05_0.][) ‘é_i.,)s.lﬁfl si.w.)) 6|)‘0 ) oo
3529 3l il 0594y f9-bg0 ) s bae (gl
| S 9 5‘05,;.9»)[5 u_i;.l_w)] €0 gu> (_;Yl_: b.a_m.: HOLD.Q
s p 2 slag jo 1) (Vb () ged (el 4
Ao Lo o jlaslil (ygas LS jo cl p3¥ il las
ML slaails abal o o S SIS jlxe ,o0lie
Slr 039 clie Sl Sl e ol CudeS ol (s 00
20 5 =85S aldls JBlas (65,5L88 slao )8
oz 5l abgiyo slaglojlw IS Hgiws 13 «(55liS (L)
Sl waige S b g Sy bae Cbla> ylejls
SleMbl 095 a4z gi Ly pol> Jlo j0 0,05 )18 (o0
He g oy o alild pl il o Aad Ol s g ol
Laools pdaie adgi LiaS coul cgpau 0,5 —w)pl) ol
2y o2 Gl o Sl cnl Slss 0y, 4 OlsSiee
sl 4y Comad Gl p3Y 00l )y o oA aaad (o
Sy 05258 e D38 3959 alin (bt 5 (b
Lo sl Jos 4y 3Y pladlabgy o o Sogll 08 5052 5
6))5L~J ‘5.0‘)‘ 3 u_‘x] JLQ.L._M:‘ ‘bli_ub B Sl 6)9)_.0
Ol Gy laore (o 1y (SO5edeST Sy 9 ailwy walss
S @Yl molie ols o J-3 5l SLs ST aes ol aalgs>
Cud b byl ed g aales a3 alil S ol 18

25 518 Sl 99 oo

S lade
(o C8pw pae Jold NS OSS aIS By

@ gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

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

13

s 5 aglie g (b (lsedy 508 Gl
azgi Lo Conl (So3elssT Sy 4 by o sl el
e Glagloslw awg ol 03 gg-S50 Conl 4y
255 1855 g o dosUl ol plate ploil LU

G pto OBl sladls abar o 5l ool wl 0)g,l
L ccl ol slis Jlaiwl 0,50 oo as (65,5048 0
g Ol ydas (65,5liS 4 bg e adle LS 0 Jls o]
slals abar oo )15 5 b sl sla Sogll
aral j ol oz o S Slls vgmg 5l b 1S
Y gaze yo LQ,:T &5 Jloixl 5 (6 i S slaail>
a5 Sl o050 D38 1l b oLl agzlse 5 (55,5la8
drwgi sl iS g,00 5landS Solwa o LS 5lasls
aAldlw pbaie 1ol o3 oo lasliwl sy oo adly
Gl 5o ool Jlosiwl slacyd o) (S ol 1
o ol e o ailesls |, 8055 IS g ws jo (g),0liS
Lg)sTJ_éLQ,:.? y9—iS (6 oo BB sladils aaar CLél
g adsl abai 5l ol pls o (g9 485 D90
LogssY o o ol il St g 6 Sl a T8 any sl
ol 4 ceul s a5 i ad sl U
Seis sl sl ails walgs ol o o s
3 g0ad g lan > eSS lawgs <l)y Jead o oad
Jloxiwl S 0020090 5 995 Glgieas (65,0lis o)
&.JYB_M B "\_"“5"(5" LA.AA) ) oo Sl b)‘s UJLI
Q35 0gll 1) (e 5 slao] b 4l aams (g5,5l8
ﬁ}lewjdu)o}\%L;M&L@Ulu
Gt 2 30 S Sl3l8 s Lo oy ‘_r?aﬂ;l_m.owl
S5l as ool sl aiws (199,28 )8 (0,50


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

oLzl 3T il csj bame JS 0l Cgme " (3,
Colos L o8 el AFN 548 o8 LAYAY Lo o 3,5
o |zl (B, )3l il Gy Lame JS 0,10
ol ol o3 (Hloyad g St cle G g
Fols uoige LT 5l Lias asyls oo pdlel JS o0
S5 adigas 3T 5 Selne 5 (6 5an s 1T o i

55,5

References

1. Balanica CMD, Simionescu AG, Birsan IG, Bi-
chescu CI, Muntenita C. The assessment of using the
sewage sludge in agriculture in Romania. Materiale
Plastice. 2018;55(4):700-703.

2. Ghoreishi B, Aslani H, Dolatkhah A, Abdoli Seilabi
A, Mosaferi M. Evaluation of Microbial Quality in
Biosolids Generated from Municipal Wastewater
Treatment Plants. Iranian Journal of Health and En-
vironment. 2016;9(1):81-90 (in Persian).

3. Alvarez EA, Mochon MC, Sanchez JJ, Rodriguez
MT. Heavy metal extractable forms in sludge
from wastewater treatment plants. Chemosphere.
2002;47(7):765-75.

4. Lamastra L, Suciu NA, Trevisan M. Sewage sludge
for sustainable agriculture: contaminants’ contents
and potential use as fertilizer. Chemical and Biologi-
cal Technologies in Agriculture. 2018;5(1):10.

5. Kendir E, Kentel E, Sanin FD. Evaluation of heavy
metals and associated health risks in a metropolitan
wastewater treatment Plant’s sludge for its land ap-
plication. Human and Ecological Risk Assessment:
An International Journal. 2015;21(6):1631-43.

6. Duan B, Zhang W, Zheng H, Wu C, Zhang Q, Bu Y.
Comparison of health risk assessments of heavy met-
als and as in sewage sludge from wastewater treat-
ment plants (WWTPs) for adults and children in the
urban district of Taiyuan, China. International Jour-
nal of Environmental Research and Public Health.
2017;14(10):1194.

7. Aghili SM, Mehrdadi N, Zazouli MA, Aminzadeh
B. Heavy metal concentrations in dewatered sludge
of wastewater treatment plant in Sari, Iran. Journal
of Mazandaran University of Medical Sciences.

e (S95895T Suny 9 (S0 Ul

o=l g 1y slwesls g Lassls oy o aslE g Ll
Ales S cole, adlio

Sl yud g S
lamie Ly slisios o, b () i) Jol> alis ool
Sloailoy 5 Ll o glgil luliss 5 o)
Soa b 55)5liS sl § Sy oo by e

O3l bl (Sogll S, 5 S5l 0526 (g8

2019;28(170):152-59 (in Persian).

8. Sheng Q, Zhang H, Wang C, Lang C, Guo Y, Dong
J, et al., editors. Pollution and potential ecologi-
cal risk assessment of heavy metal of the sludge in
treatment plants in Beijing. IOP Conference Series:
Earth and Environmental Science; 2018. IOP Con-
ference Series Earth and Environmental Science.
2018;186(3):012070.

9. USEPA. A guide to the biosolids risk assessments
for the EPA Part 503 rule. Washington DC: United
States Environmental Protection Agency; 1995.

10. Maanan M, Saddik M, Maanan M, Chaibi M, As-
sobhei O, Zourarah B. Environmental and ecologi-
cal risk assessment of heavy metals in sediments
of Nador lagoon, Morocco. Ecological Indicators.
2015;48:616-26.

11. Nazarpour A, Ghanavati N, Babaenejad T. Evalua-
tion of the level of pollution and potential ecological
risk of some heavy metals in surface soils in the Ah-
vaz oil-field. Iranian Journal of Health and Environ-
ment. 2017;10(3):391-400 (in Persian).

12. Malvandi H, Hassanzadeh N. Environmental and
ecological risk evaluation of heavy metals in sur-
face sediments of the CheshmeKile River, Mazan-
daran. Iranian Journal of Health and Environment.
2018;11(3):419-32 (in Persian).

13. Vu CT, Lin C, Nguyen KA, Shern C-C, Kuo Y-M.
Ecological risk assessment of heavy metals sampled
in sediments and water of the Houjing River, Taiwan.
Environmental Earth Sciences. 2018;77(10):388.

14. Zahra A, Hashmi MZ, Malik RN, Ahmed Z. En-
richment and geo-accumulation of heavy metals
and risk assessment of sediments of the Kurang

}gf 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

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


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

01502 g (ol )5 5,0

Nallah—feeding tributary of the Rawal Lake Res-
ervoir, Pakistan. Science of the Total Environment.
2014;470:925-33.

15. Duan B, Zhang W, Zheng H, Wu C, Zhang Q, Bu
Y. Disposal situation of sewage sludge from mu-
nicipal wastewater treatment plants (WWTPs) and
assessment of the ecological risk of heavy metals
for its land use in Shanxi, China. International Jour-
nal of Environmental Research and Public Health.
2017;14(7):823.

16. Water and Wastewater Company of East Azarbai-
jan Province. Performance report of Water and
Wastewater Company of East Azarbaijan Province
during 2018. Tabriz: Water and Wastewater Com-
pany of East Azarbaijan; 2019 (in Persian).

17. USEPA. Method 3050B: Acid digestion of sedi-
ments, sludges, and soils. Washington DC: United
States Environmental Protection Agency; 1996.

18. Christophoridis C, Dedepsidis D, Fytianos K. Oc-
currence and distribution of selected heavy metals
in the surface sediments of Thermaikos Gulf, N.
Greece. Assessment using pollution indicators. Jour-
nal of Hazardous Materials. 2009;168(2-3):1082-91.

19. Effendi H, Kawaroe M, Mursalin, Lestari DF. Eco-
logical Risk Assessment of Heavy Metal Pollution in
Surface Sediment of Mahakam Delta, East Kaliman-
tan. Procedia Environmental Sciences. 2016;33:574-
82.

20. Hakanson L. An ecological risk index for aquatic
pollution control. a sedimentological approach. Wa-
ter Research. 1980;14(8):975-1001.

21. Ghoreishi B, Shaker Khatibi M, Aslani H, Dola-
tkhah A, Abdoli Seilabi A, Mosaferi M. Evaluation
of microbial quality in biosolids generated from mu-
nicipal wastewater treatment plants. Iranian Journal
of Health and Environment. 2016;9(1):81-90 (in Per-
sian).

22. Aghili Seyed S, Mehrdadi N, Zazouli M, Aminza-
deh B. Heavy metal concentrations in dewatered
sludge of wastewater treatment plant in Sari, Iran.
Journal of Mazandaran University of Medical Sci-
ences. 2019;28(170):152-159.

@ gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

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


https://journals.tums.ac.ir/ijhe/article-1-6417-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

Iran. J. Health & Environ., 2020, Vol. 13, No. 1

o

3
‘

HERLTH AND ENVIRONMENT

,K
6 3
&d‘j

uel|
q\x¢ </
%\
X o i
K (lAE) \©

Y,

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

Original Article

% @
0, SN
" of Environ®™®

Pollution potential and ecological risk of heavy metals in municipal
wastewater treatment plants sludge
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ARTICLE INFORMATION: ABSTRACT

Received: 25 April 2020 Background and Objective: Application of sewage sludge contaminated with
Revised: 14 June 2020 heavy metals may cause health and ecological concern. Ecological risk and
Accepted: 16 June 2020 heavy metals content of sewage sludge from wastewater treatment plants of East
Published: 20 June 2020 Azerbaijan province were evaluated in the present study.

Materials and Methods: Nine composite samples were taken and analyzed for
heavy metals. The geo-accumulation index (Igeo), contamination factor(CF) ,
and potential ecological risk index were calculated.

Results: Variation of the heavy metals concentrations were in the following order:
Zn>Cu>Pb>Cr>Ni>As>Hg>Cd. The contents of some heavy metals were several
order of magnitude higher than the crustal average (CA) values. Considering the
Maximum Permissible Standards (MPS) and the Muller’s index, the Cd, Cu,
and Zn pollution were found to be in the moderate range, whereas As and Pb

Keywords: Heavy metals, Eco-
logical risk, Sludge, Soil pollu-

tion, East Azerbaijan ) )
were in strongly polluted category; and Hg was in extremely polluted category.

Considering MPS, the single-factor pollution index (PI) and the Nemerow’s
synthetic pollution index (PN) were lower than 1 and 0.7 respectively. This
indicated that the sludges were unpolluted with most heavy metals and could be
safely applied for agricultural uses. However, a high potential ecological risk for
As and Cd; very high risk for Pb; and extremely high risk for Hg were calculated
when considering the CA values. There were significant differences between the
levels of heavy metals and MPS (p <0.05).

*Corresponding Author: Conclusion: Although the metal concentrations were below the MPS according

mosaferim@tbzmed.ac.ir to the US EPA regulations, sludge samples showed a high degree of potential
ecological risk for the environment in comparision with the CA values,. Periodic
monitoring of sludge quality are strongly recommended.

Please cite this article as: Ghoreishi B, Aslani H, Shaker Khatibi M, Nemati Mansur S, M Mosaferi. Pollution potential and ecological risk of heavy
metals in municipal wastewater treatment plants sludge. Iranian Journal of Health and Environment. 2020;13(1):87-102.
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