[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
OYF B OV Slrao VFF 500 (pgw o )lads ¢ puzxs 050

&

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

(@

d.f.hj}_ag Jle

O 332515 (b3 9 595 roes DL Als aniudis 1> (g (p2dd (19,50m § (ool (L ol )y w2
&9l 5o

\”)_5_?[3 SRV ‘*‘Yd)iw.c bl sl s\ddw e ool s\o|jjl§T deto
Olplisss c 59> éw).a P}Lﬁ: oaSiiils clae cliloge (eI 05; -\

u‘f' sul:u) ‘ubu) u’.iw).o P?l'c olKisls ‘wL.\.Q; 0u5isls oo w“"'@ﬁ RNV 05; -y
Olpligss 95 S 4 ol S b (g9 L il aaas oli.ig.La)'T -y

ol fo el M bl

b bl (65,9LaS slas jlailinl b o aslie g SBR anT3) (695 ML PR

. . . o - . ERLANDA toml g &b

Jol) EPA o jllial gla g, b5 s slanz dilale o) sladiges dalllae cpl 5o 1qmyy b9 VEE[A/TE by g
(0w I3k 61y sl ] il § o ISl 055 (512 gmmslight g S (g1 (lalg) VO S RS )

e Sl (gl (ol gl il g ey Sl 025 (6l (y5emlisld e 1215 (61 (sleds) IR - Lo o6

gyt i (5ol sLm 03] § YO ase 3 SPSS 158ls 5L L_mosls .asas 5 JUT
%8 Julow (Pearson correlation test)
YU (5,945 Lol eogs (0o, YY) YU JT 00,5 o (VIVE) caslio PH (G110 casy 0 8,90 oy (&Sl
s by Cgiime 5 (6 MLl eazas o Lis FIFA Ly C/N ol cors s QAN pS/m)
S9y 3 OYFIAF ME/KE) oo () +/YY ME/KE) ST K Sl ol (65,0laS yo )
(o ey oline bl ceatuan o wings 515 ol e 5 )ilil §l s OF-/AY mglkg) 285 e Sl (2 CodsS guals (Sl
5 698 Sl (o wiile GDal g o2 SdE 35 st 0,8 w1, 802 5 Gl ooliial (65)5LaS” )3 315 ¢ Jlgte atwgl
Oy ood deogs ] pktivns ool dayigily Bl S 0gug0 300
S5 IS 5 b oy wile o 3z BB sdie SlaS S o9z b1 peS
dnad 29,5 (Soe I C/N bl e s b (6558 s 4 (65,5La8 )0 (] s
oyoal oolainl .l axlgs (o Cusgase b cjlome sgam 3l S Dl S 5ol g (ogiled o59)
O Sl ol 5 (s iSesd (Satens LS il (Sl slavu] B planil saesls o2
S b Bllae g canlio apdad I 0SS Sjgoh 2 Bras 3580 dneg by Sl
2y el Jyarme g9 5 SL-

1] ghnno 0 donns 93 (S g SN oty

asgari.esrafil@zums.ac.ir

Please cite this article as: Aqanaghad M, Sheikhmohammadi A, Asgari E, Tajfar H. Investigation of the chemical and microbial parameters of
sludge produced at the Khoy city municipal wastewater treatment plant and assessment of its agricultural application. Iranian Journal of Health
and Environment. 2025;18(3):519-34.

Copyright © 2025 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://
A= creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted« provided the original work is properly cited.


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

S97g pac Ogboe 23 Joe y0 a5 wboe 8l (Sugb,
YL e aile O el clin (S SUS piaon
S B,k el oads Ol s i g g laiil oy
Gpan g Jolge ,88 Lo a0 (00F+ km?) ddlate ;,5la8
Slge 31651050 2 61y (VU Jomiliy c(ploond (sloogS 0L
Pk 055 o 4y sl eolanul Lol Ladsle o (gdse
(ot OlaS 5 bels (&S sl 3l (b))
hmecan s slaslaslinl b gy 5 05,500 slvoss]
| Y I COM S ol Ollllas 090 4y a>g bbb 0
Ol 3l eoliial el 5 ilsanias o) CudS dina 50 o258
9 @950 CohsS oy p B0 b ragh (nls)slaS 50
el 0als plxil (695 ol ONSB AilBaaas o olends
Slrly Glos s sole oyl Wil oo aslllas ol mls
g ool ail)l e (;T 355 S5 Glaieas oy 5l sl olaiul
5 Sjle Dbl a5 slp oY slafosdlygiws
S5 ol i gl e 4.0 i, iblagy
(EPA) K 0! o jlamms cbilis lojle slao ikl b
5 &59taS o ol 5l eoliiwl w5l b sods dulie

285 asie S ol

59 9 olge
Ol B leasl) oo 4 b ddow- o asllas oyl
9> Abaaal oo 950 5 plerd CoaS (OF-Y
hs Jol) o lasbiwl sla oy, L adiges 55 (ow)n |,
56T BC 5 oS Sl3ls and (592« JT slse pH
055 5 bl Slpsad) (S slagges] wias
mls s bl Lo 5 EPA glas uibin] Gillae (oSS!
s awglie EPA 5 oyl o5,5liS cslas it
3951 5 YO a5 SPSS LT 138l 5 51 onlicial b baosls
Jud=s (Pearson correlation test) :ygm m  (Siwon
loyiie (b Ll ooy Sazr 093] (nl ad
P @95 g (K OBl olend (olondisSy s

IR

o g et glo el )l oy

Ao o
» R dyame S plpear (oL allbasaar 2
5 gdie dlge o JI SleS 5 (g5l DL aha an] b
gemee S pde (1) Sl 55 bow 9 duite Slapansl g S
Pl goladl g (st jhasmme ( ilage laaiz 5lesls
Sout 5 x> S (ad ddal Bue (V) cwl cownl
Sy, el peul 280 L sasme colaiul glp colS
Sl (65,9LiS 05 g (SLblage (99 (iligm ol Jslae
(ol g sobasl sbilze Jodo & s5,5la8 ,o oolitul a5
wbaaar (o 65,80 () o)l )18 azrgi 090 jlinn
osle iulidl aas 51 goaie bl Wlgi oo (55,5laS o
oS 4y Sily ol (S sl sgug oS T
s ol pon a1 (6 408 (Slasilonny dinge o oo 5 (lerd
Had (39 wile (o2 50 9290 (Gdhe Slge (7 D) Wb
DY garme adg (Rl S s pidals s 4 ey
SapaslE )5S Hoa> (b (nl oS 0SS (55,5L88
a3 2SI (o e S Sl g s len
03,5 sloul Gllg 5 Hlas! Cadls 3 o jlame Syl
p3Y es3,staS o o sl esliul Sl iy ccnl b (V) ol
or 280 4 ol (09,5 5 bt lagelly & cond
(A 2085 aglie el 5 e slas laslinl b g ous
1 sl condlos 5 4Bl gazs S o oy (i il
CodsS S5 WS 0w 2l 0py Gayb
2972 138 sbo Jolge JUES 51 (6 oSty sl 02 (2295
oz ols lis (Vo) o, Kes s Ghoreishi axlas (1) el
A 5l 5 05 SBas (K I3 sl B, o9
aieils ol 5 o5,0liS solitul 1) o yls B wMS 009,500
ool 55T, b gon ool dildahn cul Llas]
«l35, (Sequencing Batch Reactor (SBR)) Jlye
oobyo 2 YV - o K g aiS o ashay OB Y-+ - m?
Al g Lelis 5l G ileioe adgs (Cusby ws)s 4-AD)
Qoo YeuV0) i o VA kg o jlade cpl iy

g{fﬁ yﬂy
TEOF jad /mguoslois /paszm 09y S

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


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

o) Sen o .:l'J".SL'éT dosto

o oolazwl EPA3050B o lailiw! Joadlygiws bl 5
Vo0 °C sles b oygl 5o Tl badiges ¢ 4oy, cpl 4o (1Y)
D9A5 s 50D 0310 jeue ¥ MM o b SN 5l 5 St
ol )30l AP ) Sy pie )0 9 (g el 0 51 8
a2 ly g 00538l badigas 4y Laple S5 wel V- mL
Sub 5y, ¥ min Plas Soe 4 0 °C sles jo ayl
ol HOO, 51y mL ol s, 5l ey 085 108
cdalol jo.0gs JolS 2iSTy b o sols &)l > b.\m 5 a8l
A 03938 pan anld eSS ¢l Lade HCL 5 0 mL
> B onings ol a5l ey (2l byl
oals B et Y o)Lo.:) U’°"|5 C}.‘BL& )| o 9 L9’“3) O mL
Jaie oKiws 4 @l3ls (5 505l gl euisblo Jelowe .o
3 Cu.Cd (Pb (As alex ;) oljls clale 6 ,.505lul .o
Sl b o3l i sl oBiws jl soliul L (Zn
pll Agilent-5100 Joo (ICP-OES) Wl sosscaix
O,lge did ) Sas gy Como g &0 ) luedsl gl .28 5
Sylailinl s ey il Cole) omwlael o
V-V mg/L) sble axie sleojl o jaie o olp
oyl pll gl o lailbnl slaJele 5l oolaul b
» &l (LOQ) (o5 fpets 9> 4 (LOD) auseis o>
aoim 29 plp o g plp e JWSw ol jae
3,5 4 LOQ s LOD polas diges 5lp.000,5 dcwlxe
a Ban polic jI sasin polie 004580 L (Recovery)
2bsy) 36T 1SS 4 (spiked samples) aals slaaiges
VY oaldig pmSoslail Gl ol oLl ey 0 Kle o
S g, JeB bl osgae 10 a5 cawl Cuvdas a0 4F £
PRkl 1SS 4w o laaiges pled Lol J1E glayjo
23,5 5155 slene SBlzl £ (:Slee 5 ol (5 o1l
5 otlasit 58 ST

lalr cCugb; Jols o2 olentsSosd sl S

® gﬁ/
yégg J VE ok july /pgan o losh /psan 095

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

oY)

Gele loged) Jlos (pl po .28, ) a4 AL 2
Ot S o3e3l 5L (Python L esiiens )
ot |y shie g Cdie Glo Ko a5 ol ol ool
Olid (o3 S, LT > +fY) (698 Cude (Ko .S 0
S Jlo s iy o Sl RS b il 55 4 was
samslis (o K, L T > -0 /Y) (98 e Siaod

Sl g

oot e 5l el lated Bg b L (s )ls paged
VK ages jo 05 plxil Gy V0 o L Y) ailals & g0
ladiged .ol (5,0 Jbsu 0 g Sis ale jo a5 oy
ine sloolfisle;l 4 ol bgle 5l L (7 k) wlabs
S pale oKilojl po (09)Se ladlT e Lo
28,5 aboul 5l sasasl olKagle;l jo oliewds § 55
lodigas L;/}L.uo&[.of_

g5 Ve gV ojleds e b olacSUl 3l oy (sladigas colStylol o
L Sz digas Ve 8 0,5 bolses dy azgi b oy .30l 00ls
hie o 4 g NaCl/L ggl>) (S pys Joloeo YV+ mL
tlos <Y GML L s L5 sl oy genilinsgns il
32 (5 jkws Jailinl g 8y Slawlre 1o Clgps jelateds 008
S e Sis eole oV g Jolae guilwgan ol 5 2 e
) (25,5 @bl anule GGl 9,Sus, ol ol wd S
Sit sl ooke o5 0ty sl s (o5ild o35y FC.TC
(F) WS o anld

liglej] pleil

s e T

cbcd, sl 10 MPN) EPA1680 s, U lapils
i Oymiliss b S o385 (1)) Wi (o peSojluil
Y 08,5 bl yaacSeo oY b o )T 3 et g 00 o
OeKis D38 S JGT

Cob e sl pan ) e DIl g 5ol 6l


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

v g el gl el o)

OD O Jsaz) wias (g bl slahg) b oIS g Slddsa ety

o 41 3 G Jeol gy 3L o (2l 8 sla S g g mSe Il sy I slaeds -) Joua
Lol pasitio geamd g 9 8l

MW}M}MQA;&&:- . . ))‘JéaJSCJL\Al;_-cCﬁuJG)
3,00 (Gravimetric) 03 s .
0o a8 Ny

O gl ST L S35 e
lawd 2ST5 L 31 2l
P e PR NS e -
S ey Sl s 2l S el 5 olerd e
- s (Walkley-Black L LOI) oS

B el 505 e
.>)|JJ _ U}:.wlj‘.; + d‘.ﬂ;& (U}jj':-') JS CJ)‘
el b s S

‘)_,3 (&SR WY ‘5;5)‘&‘

3408 el oy sl o.,\.ideb LSJ:”}:’;"‘L’ (v-:-'-"l:i (et
P e Jsb

M}AgNO:;L'uﬁva
))‘JJ oﬁd)‘ﬁ;bg}w‘ﬂ; J;_JlS
a5 e L

SB lontisose slo S 4 bgye ledlbl daools dibio SB 52 935 il g
oo Ol 5 L 655 (5),sLiS slex ool 5l adlace sla S » DL 2 0 )5 Sl STadsl b)) jslarea
PH sl slozally o Jls! Sl sy slolid 4 adyl SSL gl paiges (595 dihaie (55)laS oS>
GoSB s T dlse 5 oeSi yolic (S Sl Colas b o aibie i) 595 DL albashas sl

3,5 S ailaie JeoSS pslaedy Gizmes b ploxl (02 Grae Jloxo]

1EOF july /pges o jla /mad 52 6,95 2 é é e ﬂj
=l /1 Jlads /32 09 -

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

oYY


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

o) o o\};lﬂ dosto

e oo i |y Jleil Jlade 5 Ggmp (Saen cupd sl
) slejloged) (o) o Jelow jlogei (izeed sloyel bl Lol iy g0 a4 adlas glo al
obas |y o it lasally ( (Swea (liae oV S I (0 oY Jgo2) (2lié jolie 5 oliontisSy 58
adllae 990 adlaie (65)0laS S jouki O Joor o050 Jouzr el oads i (V7 J502) (29,500 oLl 5

e e plad 1) (o b anslie (5l p) 5 eolital b 1, oo calize slo ol b o s Laslg, ¥

EPA 51wl b dus Lo g axlllan 590 (o2 (2108 polic g (o2 Lol o8 38 gl oyl -Y Jgur

< shko -Ve \ZAR VAN pH

OLLS (sl el 5 5005) Slme A 51 2l

Yoo \FUAL £ VY08 Ca (mg/kg)
(Al azdls Pl 4 5l ol (S

(OLLS |y mdes S 5 ()5 Sl

DU o Yeoo £Y0r+ £ YAYY/0 T-N (mg/kg)

oy Yoo YV/PY £ /a8 (hoy) T on S

Heatmap of Sludge Quality Parameters
o
<. I R N —
v I N T ]
N e e
@
T

Nos

w
Ho3 703444 2 j 1000
™S

40000

35000

30000

- 25000

Parameters

vs
Fs
5000

organ Carbon [ N
on

Mean Std Dev EPA Standard
Metrics

EPA 3,l0ibiwl b duns llo g anlllan 3 )50 (32 (2108 puolic g (02 LaouniogSo 38 (Lo sl ; (heatmap) (g ey Jodoxi - lo g0

® ﬂﬂ%
//%9 J VE ok jusly /pga o jlads /pasan 695

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


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

w9 2lowd o el oy

o ylaibiw! b s lio g axfllan 990 (y2x) (29,50 b a3 Lh g (pSouw OI38 Y Jou

EPAL- 5l =il Yeeoon VYA £ )V 8450 TC (MPN/g)

Nematode e
(s O3y el LG 2) Slons dm s 1V \ \ WYY £ £/AV g8

(Number/g)

e a1l Yo AL VAFY £ 0/ Pb (merke)
Ol a5 5V Vou Voo WA £ 1V/AY Cu (me/ke)

Heatmap of Sludge Quality Parameters le6, oo

1.75
1.50

5.07 |147.08|753.79 4 -1.25

Std Dev

-1.00

Categories

84.00 [200.0 -0.75

0.50

39.00 [1500.00420.00£800.007000.0¢7500.001500.04 0.25

EPA StandardIran Standard

Parameters

S0 yailiw! b dunns Lo g anlllae 390 (x2d (529 550 LA Lo 9 (S OIS (5o o)y (g puay Judoni - 10905
EPA gl

Eol ég é Jﬂﬁ;
1Eok jly /ogaw 6 )loss /52 )93 D
s/ /P32 0 )

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


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

o) o o\}sl's’T dosto

O3 03031 bl o2 gl el (Sowon -F Jgus

spi e PH 25l Com e (558 (2l = 658l oo Saias /oY /MG

o
==t
es]
a

%)
o
les]
a

Sl e Soph 3 g SMlpe — 58 Saaeen /e </AYA

‘

Sos

~

Mr’:"’bﬁé'ﬁw.}’@"“uﬂﬂ)‘ f/eet C/ALO

Qs e S 1 Tl YU (58— e (Sisad oY AL Sosd s

Il xS e Lo 2Ry “/A0Y U s

NESRPETTERECRNS o <A B =

S ke o w1 Yoz ey “IA0% - P35

Jelse plo 5l Jas e chale QAXIA INY - e

Heatmap of Pearson Correlation for Sludge Parameters

1.00
0.75

Pb - 85

Hg 0.50

CIN - 0 -0.25

K- ) -0.00
-0.25
Salinity - . .
-0.50
HEO3 - -0.75

AR S O -

asdllao 5590 3l aniual’ oy (o3 looad (U oyl (o (Sotwnod (30 (5 puay Judxd Y 0900

2’% ‘( — ﬂ 1Eok ks /oguw 6 )lods /52 693
- 2 /1 o /o320 69

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad oy

ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

v g el gl el o)

(o b s lin (gl ) andllan 0 )90 ddbiio (55,9l S juundi -0 Jgu>

({,-?J 4—.'U~°) QA,L:B Lrs

VA pH

el b b e ) = o i Sl ol Sl

V/Y ppm b

Sl a0 ) a8 e b sla el 5 (JS i 5 S
a2 SIS sobts (mieie 5 peadS <0395 4 ()5 Cand)
3 el OIS Lol ezl oYU gl dss Juily glyls o)
Jolsi) jolic S 095 9 /N Jolatel s YU (5,50
el (65,0LaS 50 B pan i SlMol i)l (pulS
@950 S aFld (ow)n ¥ jlogei 5 ¥ Joar b Billas
olas g9 ML wlbbabay o o S alils
Olosle jlxe 9 Sl pieST JS 0,85 Jlade 4z ST a5 0l
039z ;o Ll pl 5l g el 16 0] sy Jaume clolas
VU B 3 b pielS ofen Ul cols 5 58 13
sl a5l YL L basgiles @35 Slass ogasa 5 009
<l (\ Number/g ;isla>) EPA § 151 Glas st
e 5 azg bl IS (Sogll snimoglis g909e
e el el caslin Jsteas yas o (yog eolaiul
Loy oog oyl slre a5l 5YL S| il ¢S
30 j9id K 2 (g yomie oldE 0 pony g S 0 Syl
Pl peedlS g oy S5 sl 1,8 EPA jloee 0905
sl (pols (SIS 5 wivgr (Hellin 5 (o jlxe sgu
st F BB jobar 59, 5 e e (Jl (nl b oS (oo
Obzren ax 31 cilazd, 51,8 olu1 (Lo o laslinl sl o
E3o50 opl 35l )18 EPA slas laslil jlxe odgame jo
s oolaul &jge 0 Sy Dl mess il Sl
obis asdly cnl (IS jebar .ol o2 51 7S e
cbal glaos s alol ygas aslllas 5,90 o) 45 Sl o

oY#s

oyl amlie N loges 5 ¥ Joax b Gillas
EPA (clas bl b oy lié yolic 5 oliandssSs b
Lse g o)l 1,8 Ggllas oogase 4o o) pH as ols jlis
20 Sl cslie (55,5laS gloo )5 el (ol ]
a5l YLl VIO s SO pSl colan jlase (lis
St g YU (5,0d saaslis aS eog ol o laskin jle
e el GalE Lawg (gike olge 5 ] wis e OS]
4 5l Wl o g 039 oadiog v 5l Smb sl pedS
WS bl 1y Sel clbensiS ol by lseels glasss
53,15 51 Slowe 4 45 K585 5 sl L s 8 el
polae e blie jo.auS Lyl (lalS o) o (65350 L Wilgs o
Sga> 5l VL plp YIA 5 7 d90> i & 9IS 5 oo
S 6)9d Gl Bl cage Wi ge 45 Wlond (515 jlone
lagdas i 5100)5 eles (lalS a4 ol 5 (Sn oo
slaslabial 51 VL jlews J5 5008 5 IS 03950 nolie
Slp 2l polie el a5 5 1) o2 nl 5 Wid a2 o
OSee 950 SBras Oype )y Ll s e (lis o8 S
s oud 5 Sl ohisa) o] mle (Sogll el ool
S (Jy )l 8 slhas oogaze j3 (T (S 09
ax 50 9 o5 oS Lok ojeys 5l S C/N ol
o7 bl 5 sl 55 Jloio g T olse g
Ll alols 5 2l jolie 5 luardisSjd (sl ol )y ool
Sl el )b ] pands BB 5 ains g0 4 oo st

0397 A (o SUl cglaa) e a5l iy polie b

%ﬁ yﬂy
1FoF july /pgaw 6 jlads /pds2s 0,95 -,/'

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


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

o) Sen o .:l'J".SL'éT dosto

WY sl o oms e ol |y gy ologls St
odslis a5 el 1,8 blge dus s AY/Y L Slals sy
BV bl T olgs .l o5 ()lasl 5 YU JT (glszme
3l o s oo el ) i Py (a3
o Wl el S lyy e JT )5 auoys YYIYY
Csl (359,505 43 Cammd (2,5 SgaaS oo ylis ol C/N
WS (oo Sbml garlasl 55 g Sguzme |; (Suiodom S oS
(M

role adlhs gl S Sl 5 29 See (Sogll (F
a5l omb o2 9 eedae 9 U5 S Gl olo lis
b zals s SBR g il a5 ool EPA e
(lop y2alS) (o295 S5 51 2 S oo a0l 1) (09,50
loogiles olaxs Lol el conlin (g3,5LaS (slos )5 gl
Number/g) s Justewl o> 31 Liw (VY/YY Number/g)
Sy p Eige (pl .l IS L;%ﬂ oaipd Ll g 6ogs (A
wasee ol ) (65alaS eslinal Sl iy o2 (Sgdens
FC 5 TC Vb Jhxe Byl 5 lpsis Wiy, anglivo (V1)
Cilisee sladiges 10 29,50 (Sogll lade a5 sas oo ylis
(Y loges o ¥ Jouz) sl 00y o ol 4y dilsaaas
Sl ol 2
3,1l 5l (S 45 (Gt 5 (555« e pms Sy ) VLo

ME.I.CL))@LJ(\ w‘oa;jé)d

“ay.,oelf GOP) u.ula cdale l; J.oL& (Y 9 ..\J‘:LJ) )J‘)B U‘)J‘
S| caiiad e 00g0mme 10 45 (pgaineg)] § pg,S
Sl o lailinl 4 cos Lol el 5l EPA o> 5l a5
opl S olel s e gl il s Wilgs co g 00g YL
s 4y o GBS 35 5 b Yiazxl Sl
3 Somb Je 518 olpl o 5leg> (YY) cenl dilba s
s lastesl 51 3L 9 EPA 5l o> 51 jieS & pw .ol EPA
S8 o llisl g0 o jlre oogame [0 pgredlS Ll ol
oo Sl e A 50 09,5 A0S el Sl (g S g 0l
IS o)y g Lae Jizl g 00 lpl o 4y Soo g

oS s, 513 ol o laibil 5l gy, bl el e o 4o

Afg me VE ot jusly /pgan o lasi /pd 52 695

ul_}.:l hazo Cudlagy ole o2l Gladg jy sole solibad
ijhe.tums.ac.ir

IR

S3u9taS 9 )8 (sl eSim Sl polae a5 (Sgdens
ol (S s (sl (s Col (S g G slie
D9h Cgme Gl g

D9d o0 Eom dsldl jo Jade ol 4y 558

2 (YN o= pH (EC) sl colaa 3 pH ()
G5 0ai23 L YL EC Lol eoyls 1,3 LIS~ 05 oogase
395w |y (65,5LaS 0 )15 aS Cwl (Glome o> ol YIB) wuols
e Sl C > 22l cge (5 PH oS
Y game (590,40 R0 Hlas YU (6,50 Sl 50 090 o0
ol Hlean (SO SU colan o L(V0) wes o ali8l
OeSs Sl318 g Jaloxe Ml o5 cdale saimsjlis as” o ls
(VP) el

il ogamme ;0 4o juie 5 puandS (gdke polie clale (Y
Ll Lzals Lol el o2 ()b 5 O (cBew 51y co0g
O ot S JSe |y S (gdse dlge Joles el (Sow
399 50 YU el Ll el (6,98 ailis o laslinl a>
Ll cdale (VY) abl sbe S (gl wilgs co o S
g
OA) a2 oo i3l ) S lapuslE lg oo codled o
SloosS (ol Wlgioe a5 Ceul YU (558 sl o
YL ke aes ol ) S gradols g oo oleonds

S ‘5)9..» )Ja.‘> aS ol $)|..\.ala.w| S>> ).3‘).3 Y

@ alie (Sogll 51 b ogd Copae cBs 4wl 3es%
30 Lol ccnl sl eogasme jo Gl (V) 09l (6 S ol
S @ e Wl (deiny sl 4 ci 050
G ol a5 Ll Vb jls jaud (ol ol Logls il
O3elSdyigl S Ll wans oo il |, S5

ools (g Il g jlas SBlyul cwy p L.(Ye) o)ls o 0],

<! el

5 S Ad 5 39 wile ala el )y a5 s 5 et
ool lase wes oo liad aS castiie YL Sllug slyls w18

losgy (g0l y Dl s glyls axdllas Job yo o el )b
2 ol S iond Gl g JI alaS s gy (F
Jlim! b clidsw aSlos wyls b oo cslds


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

59015 51 3L Baee (6555 . (VA) 0,35 o 1 o s
oaisyLis Wilgh co  (Swad 1l (VF) 3,10 3529 Dldlgus o
Lo 53y oMo 5 525 0 wlilgw LS5 3l
- [ SUINPE SO COVON-SURV: PP CU ER VIR SOMGA [T
e..\.;)‘é w}S.sLA Ab‘) 0gw>> g u,m—l )L\M .o)b b?s 0g>> g
Gl oy rals el el (Sen ool ialdl oo
Cdin  Sinod s (V) 000 oy 0 S0 0l =l
Sl 5as ol lid 58 b e S 9 S5 L
il aiils sgzg UK 5 oy sl e S i Lide
oo (Shamrad oo by 095 9 Cudio (Sanad S5 L (5,
Jliml oS o)y ol b die  Stwsed 550 0l olas |
oo T [ S e Koo wlils g i e D i,
Doz & Ol (o0 (Sher olol p ) oS I3l oS
Szl L) Pb-Ni-Cr-Cu -l 5,5 games 5 55
Pb L Mn -z 5 (olase ,ls,) Zn-Fe-Mn-o «( caio
So3o b b olga (S j0 2ulB)) ols wgSas alail, Fe g
o (Kot Sligas g el b JT 2,5 000 als
g0 b (g ed ol las ) e (Sier (550 L L
sasslis bl g JT olge Jlade Lzals ocil swwly
Ailany Co e oo lasliul jo oS canl iz g cols
(V) 34l Coenl

aihio SB L 2 CodS dglio

5 O J3az) (55,5La8 SB p albashas ol 136 o)
1wl 00 Cou py 0 GLA C;‘Lm).ln‘)lg: Mlﬁ.@

o2 50938l plply sl Soop (VF) S g (VYY)

(YO) a2s oS | by gdsany, wix

OYA

o g et glo el )l oy

a5l ol (YY) ail oo eio slacled 51 a6 Yls|
loalg (53,55 5l (AU Cesl (Koo &5 a3, 513 Gl sloe
3 Ml s 51 a8l poeiesll il 5308 slaalls b
ol 2 5 518 51 o5b Sosll pas sazaslis a5 coul
Sl am 5l yieS 5iEie (YY) S e olon] IS
sdaliv (nSKw Sl s slocdale awslio b.cwol EPA
@ bgye Clle G i (S Ol ae8 S jlas ol
.2l Fe>Zn>Cu>Mn>Pb>Cr>As>Ni>Cd>Hg

Ol 93y earmo i Cul (Sas e 5 555 2] (RT3
oy e (VF) il a5 5 3l mlio 5 ole
wiylo 18 bao lasbinl & Cod (50wl w0 p9)5 5
Sl ypustd Wy, daslie il Ohlls cov Wb lisen Ll
OUES e g 59y coml Wil polie (S slre Sll
slediga ;o goby Sllug sl b el pl a5 aas o
Sl Lyt & cd (Ko o watien o) e
il L e il anhas Sgliie

Ot O895] ol ) sl el b (Sran

2 0% Gl (Sen F Joax sla ools (o) b
5 o9l Oliee O Jlogai b Bllas 5 (gmym 3051 ol
9> Mol Albaial (2d (09,500 9 lerd sla Sy
sdalin ol oo |y EPA ¢ 1ol slas lailiwl b aslis (o
Sl Kinad 050 o a3y ] Gou as aslsl o as oS
G988 Cudn (Simad 10wl ) Sjgo 4y 00l odalive o
San o 555 o oaslin S5 s 5 PH. o
il boly,S ale LB clbcSa jpix s 4 ol
Jolee (g Jlbe )0 esd @ omie lsios PH o381
Eaoge cpl (VF) 09l SO sl colan ioli8l ascs jo g
b oz 50 Jalore game dlge ioli8l saiaslis wilgs oo
SIS G g S Calae g IS G Cte (St
el oz 0w lS YL cbale ol csslin Gldgw o
oid L (S (ol 05 0 (S0 S Colan a8l
oS 45 ol ariaghas ) 55 Jgloe U

g{fﬁ yﬂy
TEOF jad /mguoslois /paszm 09y S

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


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

o) Sen o .:l'J".SL'éT dosto

S 9 0 iz a5l 5 g 05 o0 (ALl
Qoo Yom00) wsllas 03 40 doys YYFY Jluie Ly JT
o 5L saamslis oles & e (ul g o)l 18
ol el il 525 03955 b ol o 4 5l 7
slogasls lul g pelitas e S0t 020 )b
L Cndg 5 033 il b5 (T 00,5 5 ON) (o5 5
Sl o9

(Saturation) >/ Sasglosl

Slge b o2 w5l G NSl Comdg 4 (Sadelll
3350 Ol oyt 315 0L (CyeSies S8 Loguaso) sV
SB agl Sogll 4 oo Wl o ez 0,00 oYL Cosnl
0594 ¢y 4 S S8 olie cadlllas () b yo 08
OIS YL plnl o laibial jloe 9> 5l 5 (e ¢S]
Sty p2 -l 306 sl 51 oy s gLl Sy 4 i
SRl 2l Olsie 4 55 g5 Albaias SlbI S oy
2l oS ol Lol cons alowil glaibate uliie )3 nezs
el 55570 il (Sogll o) b ol 6l S

o2 sl odze colac] o Lls b,/

i o 5l oslial a5 ams s bt axlllas ol s
S 3 dalg> pd Bl Gy ;0 i 65laS o s>
Slls clale g wlb GalS Hge jsba ogles @55 (e
o 5l S ere @lp ailer (Bl e e3gazme yo S
chle g8 Ju8 (S caSPlal ole S lgrea
gz 5B cl 9,0 e 5 Sy 0] Wil Il
SBLS s bl 5 S s olis cpl
oolwl el a5 Jalyl o oren 090 (5,55l
b ool S jlaee 53 () (35 Bl 4Bl S92 5 (55 y0laS
Al ol yon logiles 055 5 S| (e az g BB rals
aloz 51.(V8) 955 (6 5eSay (s 2l @l (So9ll 51U
S lyme o5 4 Olgis o2 oal 5 eolinsl o5ally bl
hol @l pobie (lidl 5 b 5l gpilol> (il S

Sord LSle g 55 5 el g HRw (5905 Wil

® gﬁ/
yégg J VE ok july /pgan o losh /psan 095

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

oYAQ

o S (S sl S vsee 5 ST 0SSl Y
T 6, e g (a3 YYIFY) WL T 00,8 (o5l
pnilols gl 45 35 o ke Olgs iz 5 S LSl
(Y8 Y0 sl dio s S5 3blie o S

Sl o2 1SS (elalo ol Sl 5 JS sk Y
595 Syae als 5 GlalS i 0B, carge Yo 394
pac 5 ST 4 (e glacl (Sogll s Lol gl e
AYV8) aoo oo ial¥l 1) plae Jolss

Sl Vi jand sl o 10l (rez Shilas gy ¥
S slil jas Ll wss uals 1) 055 4 5Ls Wlgi oo a5
oo il 1, ol Sogll 5 polie iz o Szl
(YA YY)

ey e s(s3ie Slge Jolas o1 Sl 5 panlty -0
28 Slp ey Sl el Sl ae o e
P czrge g oo o Joles pue Lol ol (55,0 QoS
(Ol 09d ke g pedS wiile polie ple Dl o
V) Sl (5598 (2 B pan Glime gz o e
Sl calan 550 l Bl g (S Sl colas -7
o9 o Sl YLl adlaie S L aslie jo 2
b 65,9l SYgame o Shee oS 5 S (5)90 Jla>
o 5l 58 eslaiwl caaeasds Ho (VYD) aes e il
s ol ol a8 058 S ud 158 g Sl (Sos
2092 aly> lelo 5

(Stability) =/ s lul

St 59,00 0 )Lil o JTolge (Sadianiod oliee )bl
el (55,588 )0 BT )l (sl (sl s lS slaas L S
Cowl 005 gy s Doty (5)ll cadlllas ol jo
SOUR L AT4 asle iy b (kS (y305] e (o)
o 4 45 el FIFA L plyy C/N s Lol (ot ploxl
5 lion (V+-1) CusgpaS Jlosl ol 51 1S (a2s8 LB
J 50 o T olge iy a8 cunl )l sasmolis sae

1 el a8l 20lS g Se e g o 4325 ol


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

039 SVl —oldis (gl g 009 (sl
ol (03Y mg/kg) , a5 (FYO- - mg/kg)
Jolie oplog (ao, YYIYY) JT cp S 3 0V 2Y mg/kg)
oeolS g S ol ulbl o cege i Wulgr co
iianne 3 )5 Jl> el oS ) olards slodgS 8 pas
Sz JB Glaasgame b g5,0liS (Lol o o2 ol
QAN PS/m) YU jles (S 58Tl Eolas s Canng g
QD (6 g 0aumd LS (WIS g pydww oL cdale b ol en
Ol sl Coad 09l Saeaidy o S LSl (o 55
ool Bran 5l Gy o St po3) 5 o2 (s LU
L ilocmgees il alaanT)d plnil & )5,0 £5050
Slge Coli g (929,50 lacdld palS 6l ilsa o o
bl ax 31 salage sl s 5lasS e ates 1) JI
Lol ezasls 518 EPA o jlailiwl jlre odgame o S p,a8
S (VY Number/g .Sile) ogles o35 YU e
aS oy Jedlw g ol las laslisl jlxe w51 51,8
51 sl eoliiul ¢ ol plis .l (o (S5 SoglTeasmoylis
RO plord b ()l Sgaeas wnl b e o 0!
aile yole o cbale (S Slls sy o cas
o 9 (OY-/aY mg/kg) 5, () +/YY mg/kg) o)l
Ss olpl e o jlasbinl jlxe 390> 51 (VYF/AS mg/kg)
S8 EPA o jlaibiul jlre oogamme o lied ax 5108,
[ETEC JS-*-‘ 9 ‘95,..4\315 (O ).Jaa ;.)‘)J.‘i )JLA.AJ aasle
b (Sl sl ol cpl .aiog olailiwl g0 ,o jlxe
[y dbaial phuww 4 o sogog,e b sxie mls )
Olis i albasar Slbl sbS w05 o zikae
g0 g 00y )L)f))‘ S g_Al..\..o}.a}- ‘5>): » u?v..' as ol
J ol bl oo T o0 )S 5 puliv ¢ piad (cond L33
O 8% B rae Ojge 0 Sl g Sl 5l S gl s

Oyl 992y b cfgazme jo Cawl axgi LB Slbdal e

IR

o g et glo el )l oy

ol L0 5,5 o)Ll T g lags b b ilél o S
e O dieils a5 o400 8925 3 Sl b (>
2,5 o,Lil 3 oslae 4y g3 co Dl blre cpl dlex 5lais
Sy e Cel (S A5 Jind g (g i 0l A e
5 i e b alieee ol 095 o aolio 45 yolie ol
0 S )5 il il S B 2 G pae b
SainS olge b oy LS b a5 oz EC cpogVl Lo
L EC ol (obS bl b o5 aiile) Sloom,S b
soa Yl PRRROS CWRLA T 6?3917 Sz (Fe) ol alS
S5l 5y | G ) oS 580 4l L 45 o
ol pmels Gl (V) Wl e (melS vl s Bras
g o0 drogs nj (Mol slas pal) Gl ol bl
cgdie yolie 5 gyss PH L 51 S slojss (il
5 29SS b el jelae 4 ) 05 CungieS
Sly adsl @3S b o sadsands g Il Gl
Sl ofasa (i Sl jeres (1l s58 SRalS
Wyle 13 le v 4 Sy polie 0 a5 Oy g 0gu
Jelse (ol 5 bogiles o35 B> sl ) (Sgasas
SIS (sn )9 o Sl 4 azg L (V) T b
sl g Sl aslg o a5 sl g3, 9 oo YL clale
2 e 2 g sladis ea) asl adly lalS ws,
b isles Slas o 2 cpl Sl eslitul ((pexs & )j50
el Oyl Cod g et il S8 LI
Sl 5 lame gl 5l Ll B oS plol
(XY YY) 0sd o0l 8 Q]

@leodsSo 1 (99,50 CedS (2l Baa b aslllas ()l
ol babai sody o (S SlE) ol 5
Cebls oy 5 (SBR) Jlse aiwgl anl L o5
as ol olis bl ol plxl g5,5aS o ol 5l eslana

S She sl Gluds oluS 5 ksl adlas 5,50 oy

g{fﬁ yﬂy
TEOF jad /mguoslois /paszm 09y S

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


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

o) Sen o .:l'J".SL'éT dosto

S & lisdo
Slasl o ool Cd iy pas ol IS GG 4l HBain g
ilos ST coley dllas ol o1, g5lwosls g laosls Cay o cailS g0
IRKHOY. o,loi jomx o ol ysaa o oy ol
alolos o a5 593 (Sbjp ple oasizils REC.1402.014
Wiy Solis (Shy Sy sbagiagy > BB e

ol 85 g0 00 b (S b0l 5 ey

F1oyu8 g ,SLS
wor Olpe b Glisdew ikl pasu Jol> dlie ol
LMol abai (280 2 loard 5 (29,500 CodS
S35 355 sln Ol 05 Sy (2l 5 SBR il
oS5 e (555 Sl WS 4k (53,50 dnlllas)
LAFY Jlo o gloys ((ilag Slaas 5 Sy pole
5 Kb pole ey Clas L aS sl Fe Yoo n e ¥ s
3ol sy casl ol 12l go5 Sloyo  abilags Sleas
plril yo Saslus 5 Culox bl 95 ML 5 Ol 25,0

gl oo Jom S5 g Sloy08 degh ik ol

References

1. Ansari M, Farzadkia M. Feasibility of treating the
produced sludge in municipal wastewater treatment
plant using ozonation method. Iranian Journal of
Health and Environment. 2021;14(2):351-62 (in
Persian).

2. Mtshali JS, Tiruneh AT, Fadiran AO.

Characterization of sewage sludge generated from

wastewater treatment plants in Swaziland in relation

® gﬁ/
yégg J VE ok july /pgan o losh /psan 095

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

oY)

598 30 o erdns ool (o2 ul Y glapdss
b g plerd (Sl slacusgaze Jds 4
(lo5Ses Jals (Mol slaan T3 plxl ogd oo dnogs
Che e Ol et (2l 5 (Sgieas (gilutinsieS
O Brae 35d 0 drogi Grizes Ll 55,0 Bras
S9h L e ol Lulyl 5 Jyame (S g5 b enliie
Cadls § Sy dame ] Sdwail 5 (crezs SIS0 G

238 68 el Ll
Lo ey bl ST ol o 05 e Sleniny
55i b, 38 ,ebay SOUR 3 AT4 wisle olacyge;!
3 xS Sl3E (6 iy e en s (S5 CllE podle
ool p 5t adlllas 00,5 vy 5 S Cilisee Layl i
b el sl g pan b glucuseS aiile o
Brae e SIS Rl oo oS dee 5 (295
o ylarzme goladl o)l g eolS s S ad Dl
sl (§y950 b S0 sla g, b aslie jo Q—l 3 eolazwl
adlate ;3 2 Brae Gl (sos Joadl)giws (ngS rizren
S oS (Hlols o L 5T S 55 (g 5 595
oy SIS sloa sl 09— 5 G 9—0 S

D9 g0

to agricultural uses. Resources and Environment.
2014;4(4):190-99.

3. Latosinska J. Risk assessment of soil contamination
with heavy metals from sewage sludge and ash after
its incineration. Desalination and Water Treatment.
2020;199:297-306.

4. Aghanaghad M, Asgari E, Sheikhmohammadi
A, Tajfar H. Health risk assessment of heavy
metals/metalloid caused by using sewage sludge

in agriculture. Desalination and Water Treatment.


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

2025;321:100977.

5. Assefa S, Tadesse S. The principal role of organic
fertilizer on soil properties and agricultural
productivity-a review. Agricultural Research &
Technology. 2019;22(2):1-5.

6. Barati Rashvanlou R, Farzadkia M, Moserzadeh AA.
Evaluation of pre-treatment efficiency of fats, oils
and greases using low frequency ultrasonic waves to
accelerate the process of anaerobic digestion. Iranian
Journal of Health and Environment. 2021;14(1):115-
28 (in Persian).

7. Vaziri AS, Mahmoudabadi HZ. Feasibility of
using dried sudge from wastewater treatment
plant in Yazd for agricultural purposes based
on environmental protection agency standards.
Journal of Environmental Health and Sustainable
Development. 2016;1(2):100-08.

8. Yakamercan E, Ari A, Aygiin A. Land application
of municipal sewage sludge: Human health risk
assessment of heavy metals. Journal of Cleaner
Production. 2021;319:128568.

9. Farzadkia M, Mirzaiee R, Ghaffarkhani M, Bagheri
F. Microbial quality assessment of disposal effluent
and sludge from four decentralized wastewater.
Journal of Health in the Field. 2013;1(3):24-30 (in
Persian).

10. Ghoreishi B, Aslani H, Khatibi MS, Mansur SN,
Mosaferi M. 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 (in Persian).

I1. Fiello M, Mikell A, Moore M, Cooper C.
Variability in the characterization of total coliforms,
fecal coliforms and Escherichia coli in recreational

water supplies of north Mississippi, USA. Bulletin

oYY

o g et glo el )l oy

of Environmental Contamination and Toxicology.
2014;93:133-37.

12. Yousefi Z, Hezarjaribi HZ, Mousavinasab N,
Soltani A. Identifying parasites in the outlet sludge
of industrial wastewater treatment plant: a case
study in Babolsar, Iran 2015. Journal of Mazandaran
University of Medical Sciences. 2018;27(156):177-
86 (in Persian).

13. Silva YJABd, Nascimento CWAd, Biondi CM,
Preston W. Comparison of digestion methods
to determine heavy metals in fertilizers. Revista
Brasileira de Ciéncia do Solo. 2014;38:650-55.

14. Kanteraki A, Isari E, Zafeiropoulos I, Cangemi
S, Bountla A, Kalavrouziotis I. Structural analysis
and characterization of biosolids. A case study
of biosolids from wastewater treatment plants in
Western Greece. Science of The Total Environment.
2024;908:168425.

15. Krol A, Mizerna K, Bozym M. An assessment of
pH-dependent release and mobility of heavy metals
from metallurgical slag. Journal of Hazardous
Materials. 2020;384:121502.

16. Dong B, Liu X, Dai L, Dai X. Changes of heavy
metal speciation during high-solid anaerobic
digestion of sewage sludge. Bioresource Technology.
2013;131:152-58.

17. Baloch MY]J, Zhang W, Sultana T, Akram M, Al
Shoumik BA, Khan MZ, et al. Utilization of sewage
sludge to manage saline—alkali soil and increase
crop production: Is it safe or not? Environmental
Technology & Innovation. 2023;32:103266.

18. Di Costanzo N, Cesaro A, Di Capua F, Esposito
G. Exploiting the nutrient potential of anaerobically
digested sewage sludge: A review. Energies.

2021;14(23):8149.

ﬁfg yﬂy
TEOF jad /mguoslois /paszm 09y S

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


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

o) Sen o .:l'J".SL'éT dosto

19. Delibacak S, Voronina L, Morachevskaya E.
Use of sewage sludge in agricultural soils: Useful
or harmful. Eurasian Journal of Soil Science.
2020;9(2):126-39.

20. Kumar V, Chopra A, Kumar A. A review
on sewage sludge (Biosolids) a resource for
sustainable agriculture. Archives of Agriculture and
Environmental Science. 2017;2(4):340-47.

21. Fijalkowski K, Rorat A, Grobelak A, Kacprzak MJ.
The presence of contaminations in sewage sludge—
The current situation. Journal of Environmental
Management. 2017;203:1126-36.

22. Afolalu SA, Ikumapayi OM, Ogedengbe TS,
Kazeem RA, Ogundipe AT. Waste pollution,
wastewater and effluent treatment methods—

an overview. Materials

2022;62:3282-88.

Today: Proceedings.

23. Tansel B, Zhang K. Effects of saltwater intrusion
and sea level rise on aging and corrosion rates of iron
pipes in water distribution and wastewater collection
systems in coastal areas. Journal of Environmental
Management. 2022;315:115153.

24. Nunes N, Ragonezi C, Gouveia CS, Pinheiro
de Carvalho MA. Review of sewage sludge as a
soil amendment in relation to current international
guidelines: A heavy metal perspective. Sustainability.
2021;13(4):2317.

25. Mabrouk O, Hamdi H, Sayadi S, Al Ghouti MA,
Abu Dieyeh MH, Zouari N. Reuse of sludge as
organic soil amendment: Insights into the current
situation and potential challenges. Sustainability.
2023;15(8):6773.

26. Melo W, Delarica D, Guedes A, Lavezzo L, Donha
R, de Aratlijo A, et al. Ten years of application of

sewage sludge on tropical soil. A balance sheet on

® gﬁ/
yégg J VE ok july /pgan o losh /psan 095

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

oYY

agricultural crops and environmental quality. Science
of The Total Environment. 2018;643:1493-501.

27. Kidd PS, Dominguez Rodriguez MIJ, Diez J,
Monterroso C. Bioavailability and plant accumulation
of heavy metals and phosphorus in agricultural soils
amended by long-term application of sewage sludge.
Chemosphere. 2007;66(8):1458-67.

28. Bhatt MK, Labanya R, Joshi HC. Influence of long-
term chemical fertilizers and organic manures on soil
fertility-A review. Universal Journal of Agricultural
Research. 2019;7(5):177-88.

29. Kariab H, Emamjomeh MM, Zakariaie S. Risk
assessment of exposure to heavy metals (Pb, Cd, Cr,
and Ni) in the hazardous solid wastes identified in the
wastewater treatment plant of industrial city. Iranian
Journal of Health and Environment. 2023;15(4):601-
16 (in Persian).

30. Seleiman MF, Santanen A, Mikeld PS. Recycling
sludge on cropland as fertilizer—Advantages and
risks.

2020;155:104647.

Resources, Conservation and Recycling.

31. Lamastra L, Suciu NA, Trevisan M. Sewage
sludge for sustainable agriculture: contaminants’
contents and potential use as fertilizer. Chemical and
Biological Technologies in Agriculture. 2018;5(1):1-
6.

32. Hudcovd H, Vymazal J, RozkoSny M. Present
restrictions of sewage sludge application in

agriculture within the European Union. Soil & Water

Research. 2019;14(2):104-20.


https://ijhe.tums.ac.ir/article-1-7058-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

Iran. J. Health & Environ., 2025, Vol. 18, No.3

£
£

AN
@ ;
\ £

m|
PR
7

oy ' o
gy \@

HETH AND EXVIRONMENT

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

Orginal Article

o, o
" of Environ™

Investigation of the chemical and microbial parameters of sludge produced at the
Khoy city municipal wastewater treatment plant and assessment of its agricultural
application

Mohammad Aganaghad', Amir Sheikhmohammadi', Esrafil Asgari>", Hamidreza Tajfar®

1- Department of Environmental Health Engineering, School of Health, Khoy University of Medical Sciences, Khoy, Iran
2- Department of Environmental Health Engineering, School of Public Health, Zanjan University of Medical Sciences, Zanjan, Iran
3- Laboratory of Khoy Wastewater Treatment Plant, Khoy Water and Wastewater Company, Khoy, Iran

ARTICLE INFORMATION: ABSTRACT

Received: 20 August 2025 Background and Objective: This study aimed to assess the chemical and microbial
Revised: 09 November 2025 quality of sludge generated at the Khoy wastewater treatment plant using an SBR process,
Accepted: 15 November 2025 and to compare the results with established agricultural standards.

Published: 14 December 2025 Materials a.nd Methods: In this study,. mothly sludge samples \fvere collectf:d and
analyzed using standard EPA methods, including the 15-tube technique for coliforms,
flotation for Ascaris eggs, and acid digestion for heavy metals. Data were analyzed using
SPSS v.25 and statistical analyses included Pearson correlation tests.

Results: The analyzed sludge exhibited an acceptable pH (7.14) and a high organic carbon
content (27.32%). However, its elevated salinity (9891 uS/m) and low C/N ratio (6.38)
indicated biological instability and limitations for direct agricultural application. The

Keywords: Sewage sludge
y Wag uae concentrations of heavy metals—including arsenic (10.27 mg/kg), copper (134.86 mg/

quality, Sequencing batch reactor, kg), and zinc (530.93 mg/kg)— exceeded Iran’s national standards. Heat-map analysis

Agricultural application, Reuse, confirmed a significant correlation between salinity, and the levels of chloride (Cl-), and

Soil improvement sulfate (SO,*). Despite its nutritional value, the sludge is not recommended for direct
agricultural use without prior treatments such as stabilization, salinity reduction, and
pathogen removal.

Conclusion: Despite the substantial nutrient content of the sludge, including nitrogen,
phosphorus, and organic carbon, its direct application in agriculture faces serious
limitations due to high salinity, an imbalanced C/N ratio, severe microbial contamination
(e.g., nematode eggs), and the exceedance of permissible levels for several heavy
*Corresponding Author: metals. Safe utilization of this sludge requires corrective treatments such as stabilization,

asgari.esrafil@zums.ac.ir disinfection, desalination, and regular monitoring of heavy metal concentrations.
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