[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

VE-AY NF¥ oy I5Y o)loss /pnain Jlu gl asly ool 351 lKils VB g5slmsS] 4 i

SRS g (ST 30 ) s O IS oo (S ) T (w3 2
OO OYG i 51 48 (Coptodon zillii) E yw S S (s §

2SS

. ol 3 3909 J> 4 olpl (8 cg OB (e S (S plyier OOLS (Mol VU
S S ySwws Jadly)! Sl 5 s e b 65)sliS slably, 5 o sl (s UM
"’ . - [ = .
25k soiS> LS, oM g prawsS] Glp e g & Cul dalpe Sl g o dlor ]l e 36

Gyunyy g p2lae 1655 ogieas (Coptodon zillii) § punSes (bods .b] o sled 4 oges
oM Bl oo )b ol 51 g 31 Wodus VT oyl wnj @es sl (VU Jamsly OV o) 5

e Mol Bl31 oKzl Glgal anlg con; oo 05,5 ) 2 yolie opl geos maw (b5l cplply e )8 b e e 03505 yaane I 50 1) ol
oln! sl 9 oy G @075 e e B b adlllas (pl 3> (VL el e ol (S5 L,

csloal oMl 31 oBuiily cjlgal ssly «oMuss 09,5 .Y sasls b LG{" Ll L5 oyt 9 GBS GV e (sl M alias il 3 S )i
O e oSl 3 5 g0 Y 510 VRO g b 53 gl gl sl ol S s 5 0

aso ol 531 oKzl ¢lgnl soly oMo aisgol yiils ¥ .
(T SRR O S e o bakde cl 3 opfin cljlh Clile (otacan) claoasls o pu 5 @slees Vb

Gy Syl g G Sl Sl 3 (L @ 035 S el il la oo
oS o ¥ i o oo 35 5 YL oy e &S ol (PPD) s 2 VES/-Y 5 OOV/EY
o lJeepll 35180 o bl 4 1) BuiS' G pae codl 15 o o) B pan 5 0392 p,55kS 5
@ blixe (sl blo)l ale o35 5 Jsb slopadls b Sl g oo ) goS ol
Cudly dgg 18 g3 ol cdale le (598 jbline 5 oo (Siumer Ll (P>0.05) s sanlin
ol sl GV pasaosS] & oY S ke 395 (glo s by Lo ,Sily 45 (P<0.001)
055 Codlo Cumdg S8 5 3L OVB )3 01V glie jostans S e 5 (ol 90 @l
Wy a0 St 1) adbate (olie Ao | (2 bl iSu & £ pueSid S w2le

Y| PR

Ol lal
QL’S&Q J £ 5 . “53 #*
behbash@iau.ac.ir

VEE AV - sl s go b
A FARVA RIS O I

Ll gy gyl 3l 48,5y Ao oyl - : _
O] oM (535 VB LM oS )] ey ¢ gt § g0 150 (5519

dodie

)] U_wl.s oS 0dg 4>‘yo ubw) 9 Sk cL.J] » ‘)«io_ué Ql)b )l L;P?"J’b uj')?ﬂ l) u‘);l LF’)‘C S>> ) ulf.)l_w L;UAJIO..; u\fl.s
&y J5ke u.s‘)lﬁ PLERHI uLm.s Slalas Lol d))SL‘“g dL&’ubb) 9 (Sxwo dLD:uLw; 68 Yot oM usle u.sl.u.u‘ slaclas
s ity 9 I8l g (25 b8 (je 4 QYU (el Sy 53 (V) pseably 5 (AS) Sl Ni) IS5 {Z) 5, (PD)
Ashayeri and Keshavarzi, 2019; Sabbagh et al., 2024; Alhashemi e al., ) cwl Sl glio 5l 3L (Sag)l
opl g At 1 U Lawgie [ Sogll (chyls gblio (B 13 YL Slguy a8 wimd o olis g s g (5391 (laasls (2012
Ashayeri and Keshavarzi, 2019; Sabbagh ef ) ol sl o055 Glbgsge cuoMus g piammwsS] (lyp (sh85 Sl oo (Sl
3l g Al zeos lale o HEX, asle SYB lygils slacdl j> pW S Sl ¢ pien L(al., 2024; Mortazavi et al., 2017
seiume il (Birgani et al., 2023; Nasirian ef al., 2015) x5l p cuwl 35 bl coodls & 16lg5 o (o138 0505 325k
Sabbagh et al., 2024; ) cosl (s)gpo o) Ol jalS g 45ols OV pamwsST coMas bis (gl (Sdgll plio oo g
.(Nasirian et al., 2016

w3 Sl oo 5 Olgis 4 (Yl oS b slagiion 9 =16l (5y900 @2 sladel) 398 (VL (238 (5551 s 4 alo
e pSi yolaiedy 1y atan ;odeg YUY BBlis Joleo ¢ ol plaie B pne jlaastie jl (o)l g)cplil 558 0 Commme Wl olic

Y¥


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

OB g ile [ e I3 il e () (Siaaed (o)

(83y9uiS Jio lusl slaculed 56 cou ailawlie (Nishida ef al., 2004) LS 0 4o o136 w5 b s e peje slacs)lon
bale) bl amsyy conl 4Bl ol o pSede jobar ol piuawsS] )3 1) S Sl polie (gglS ane 5 Calite luo
.(European Commission, 2006) 1uS" cuslil 595 )3 sow 05dlly (slacdale U1y ol3ls cpl ailes o (v 5 Gliwscou ey
T pfw; s e oalhe 465 joa o ;:J;ls ] 05 quu'l @b sl yimgy OV Oﬂ] §>9ﬂ Cundg b blsyl
S 033 38 3 1y e (gloay VT Wl o ddlaie (Ll 505 (igmen o 0dle 5 995 0 g (Siiglse (S35
ol 00 plodl plaadlbe ] jeis cladoly g o (oxiwcun; WS Ciliseo (ladigS (D pSiw Gl ) zeso b bLS,l )
Llodges (5 pSojlul syl YU s (Oreochromis niloticus) Lds 3 1y 5w Sl Sy idgh 1 8lisS ¢ 00l5 oYy
SbpitusS] ) WS w2lee (o3 bl Cundg (ohlSen 5 SBJy rizmen (W ()0 5 )51 (nid)) Blodged (o)
(WY ) Kam g B Jg) 8350 oy ]y Glisjsd il

Cpyidg &dS g A8 D lilE ol aS wmd e L (Coptodon zillii) § yweSs oM 5> Siiws] 5 0y oS 1318 zoso
lisee glaailiag, 5 il ) Oldlles Mol o gt jieS cuwl lo STyes iy &8 wMlac Y?‘“" 5 Byl 1y zexs yl5ee
sid 3 Ll 39y 0 pld  ilag laglojl jlxe s I 2B ale opl (JBIs (clacdl j3 Sl g g cdale a5 Silod S 5,155
85 o Sl sl oDl sl (a5 S5 (ke Ll 13 o] By g ol s 3 5 ol ald 13 SISl o 3lge
.(Alkareem, and Abdallah, 2023; Obayemi et al., 2023; Adjei et al., 2025)

5 aly Ll Lale bl )y Sl 5 oy gazs dgll cloailsng, b i 55 wle 10 (Sogll b iblio 5 Jlooyll
osMe .(Davies et al., 2024; Adjei et al., 2025) 555 BaiSG pao ly oliolb e (5 g Sl e Slyas cel Ml o
G S e 18l 455 pnSd S b5 5 s Slaell 1 (e S Hlgise i i (a9l
L)JI uo):w ) u..\nu.:\,}lo d)j)l)ﬁ as" Wileald uLw) L;\.\JL.M:M Olalllas (Aly and Abouelfadl, 2020) 6)9)L uu.tblf 9 (g
g yoimo il ¢ oplply (Allison and Ogoun, 2025) 355 b _ale )3 yuescS po iulidl g Ldy 5 Lials el Sy o 3l
ol (5998 S (oo (S5 ] 3 EpopSd oM & o] laptnssST oo g ol el b gl (Sogll wble S
GE s D e 9 ,S0d sladieS LI3E 0,50 0 465 ol &Souljl (Obayemi et al., 2023; Davies et al., 2024)

;,‘B)f)l).‘) dx)llao J)yM&dly ‘u] 2 Mjsuw)lﬁ5béo.’>um5 ‘o.))f‘.\u)w uLu»)‘

LS9, 9 dlge

Hejlgalar Jlod 5l awils j8 lwjob Gl (g Gise 3 9 (Pl Abog) g (A5u (ol > GBS el VB
Ot sy b VB () 500 3900 (ugo 8 41 (555 3l g )6 gl g pitege 4839 4 gtz Sl bl 4 jlsal ool 4 o8
(YA g priSial 5 (oubla) Conl yunal) (i5uiliiS” gte 5 (Il GYB (2 gy LS OYVY -+ ]

Coptodon ) ¢ yueSeis s ai9e3 ¥+l (o5l TL) IS Jobo (p)5) 0ig @ borpe Susiose slaodls aallla (4] 5
oSt Ol3lh I o (gl Alie b ) e 35 (gyslgan LS VB e oKl 95 31 WAQ Sl b > (zillii
Perkin Elmer 4100 Juo o3l Gls olSiwd Lawgi 9 50359 5 (6505185 5 00 03le] ndiges (Jolye (o .cd)S plosl o)l paiges
(YA (e 5 gyl 5y L5 plox]

b oyitodiz g )5y Joo 5 (SAS 9.1) JI58le 5 | eslisil b oyl g oo (s (15005 ) 5 1oyt irogs (5ol @l
5 plosl (Minitab 20) Jj3lp 5 31 eslius!

Yo


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

VE=AY IVFF oo /5Y o )ladds [ pprisn Jlo slonl anlg oMl 55T olutils [V (59 gm6ST s yui

=W

Joe sl oael V Jgdn 5 FpaonSai clods Bl 55 oiid (65050l i SIS 3lie g (St sodly (glol mls
5 Y 9V JSs 50 jg 9 IS Jsb b Sl g oy S iy jeo (e g Sy SVolas (29,5 @l g o piiediz (Sge )
s alaly 3,105 393 g S )] g Gy daw ) o5 g by (563 o I size bl a5 dmd e L5 Jde ol .l sal ¥ Jgas
38 oo ygaw)Sy ¥ US55 ol (P<0.001) ls cme abasly 93y g 0 o3l (Lis ¥ S5 )3 Syl 5 Gopur (s j2en0 oy
ol oadl 5y 3 o K555 4 L5 ale il 3 (AS) St 5 (Pb) o 55

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

(Coptodon zillii) § pwaSwi G alas CEL 45 pSiww OI38 CAIE § (Bt Coms j S miio Suogi (5 bl Ao 1Y Jous

e ole Ghre ol aile b ubinl glhd  wle  AieS A il
(Pb) © 00B/FY INTRYY OAD VF/AA OAD/ND YRE/E SYE/A YVA
(AS) Sw)]  V¥E[oY Y+/AY V5 Y/A VFO/A VA5 VANY Yols
(W) &9 ov/vY Va/ra OF/A Y/of OF/YA  YY/YS \-MSO YSIY
(TL) JS Jsb  \Y/$Y V/sa \/g s WEOWY WE sy
Casl p)5 5 o sl o> 2 539 5 Jsb PPD oy Sl 5 oo o
Pareto Chart of the Standardized Effects Residual Plots for As
(response is As, o = 0.05) Normal Probability Plot Versus Fits
Term 2082 “ /./:./ 40 . .
Predictor  Name @ =1 o ® . * t .
A w E s g .
g, E 4 LR - .
5w J_,.r"' N
. o :: : I
© Resl'ndual B * * “:I“ed Value *
Histogram Versus Order

Standardized Effect

m xw w0 W x W 4

Residual

Residual
B o

-
—
.

LAY ] u

?
’J\ \r Thoa
A AT

|
¢ -

204 6 B D1 WIETE M 224 % B W

Observation Order

0399 Jsb p3lie L M (lo €L 43 (AS) S )] (3o 8 025 (o5 5 Wdloe (29,5 1) S0

Pareto Chart of the Standardized Effects

Residual Plots for Pb

{response is Pb, a = 0.05) Normal Probability Plot Versus Fits
o) =
Term 2052 . - .
' Predictor  Name i T _ . " . ". . *
I " % LI . .
: B s i = ; g . -'
i . & " .
1 10, d'_.ﬁ./ 100 = .
8 | = . .
| - .
: ! 100 o o 20 00 525 550 TS o
H Residual Fitted Walus
I
| Histogram Versus Order
: p
) : o L PR P

i B YA / 3
: £ s nf SN Y,
1 g E \ f \ i P
| £ L [ FONY
1 L - -
! 2 io ‘Lf J 4 J‘

00 0s 10 15 20 ol L]

Standardized Effect

A D B 40 0 40 B0 1@

Residual

24 6 B D12 W6 1B D22 MHB D

Observation Order

039 9 Jsb p3le b WIS (dlo S 13 (P) 0 pw (psKiw 318 o2 (ygmwr )5 ) Alao (2958 1 Y JSUS

\ld


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

As (ppb)

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

OB g ile [ e I3 il e () (Siaaed (o)

039 9 Job 23l b Lot oalo 8l 3 (AS) Syiww ) 9 (Pb) & paw (psSiw 1318 2o (ygam )5 5 SYDLao 1Y Joua

bl sl (As) Syims,f (Pb) <y

g5 ) ddles As=1268.6+1.000 W—13.09 TL Pb=999 +3.06 W—-45.0 TL
ol gy YEAIS a3q
(W) 0 curs +\ /-2
p-value (W) ANYS <IYVY
(TL) Jsb oy —\Y/a N
p-value (TL) <IV¥Y NALYS
R? N2 TN A
(m&h,) R? VAYAN] JATAR
(woie) R Jees Jeee
(S) 5 )ssbil (gllas Y/5) AMNA
(5" J2e) p-value <IYa¥ ALY

5 Jsbo sl it ol 2 (plo 28l 33 )] 5 sy 3550 SIS a2 331 a0 45 315 S g o ol

onl il Sl ) (Sl a5 4 o el o] Sl o) Q935 (RP) (e ey o 5)13)55 0 (hens 3310 31 039

S s i 5 (P> 0.05) Wloagss Jolins o 55 1 s Jso 5| S ol s BB 35 5 Job sl et Loy i

&S amd o LS 0 (S el s b lade cpl p egde il la Jde (dund Reis Whe 8 dod ¥ dgds )3 0l uisS

35S 5 e e Lo (S = 81.19) s sl Jaa )ikl ellas aii ]y s (slooshs s (s puenss g5 b Jos

Sinsod 939 e 93 52 13 galy— e o)lal pdlis ( pimed .ol P claodly sYL (SuS1y 5l (S oS ol S
o o ol 1y alls o cute

As (ppb) vs. Pb (ppb)

Y =43.55 + 0.1838*X
RMSE: 14.59
R% 0525
180 F(1,28)=30.99, PValue=<.0001

160

140

120

100

400 500 600 700
Pb (ppb)

S )] 9 &g (Sann jRo oy (s ably 1 ¥ S

\a4


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

VE-AY NF¥ oy I5Y o)loss /pnain Jlu gl asly ool 351 lKils VB g5slmsS] 4 i

Y = 596.6 - 0.7289*W (gr) N Y =7073-11.12°X
RMSE: 82.26 RMSE: 81.28
650
R 0.030 . R 0.053
F(1,28)0.86, PValue=0.3627 S . . F(1,28)=1.56, PValue=0.2222
. . . .
600 . . . . . .
S ° . ° U ° . *
B .
2 550 . .
=3
o . .
o . .
500
. .
450
400
Y = 151.6 - 0.1033*W (gr) Y = 173.4 - 2035°X
180-| RMSE:21.08 RMSE: 20.89
R* 0.009 . R% 0027
170- F(1.28)50.26, Pyalue=06127 F(1,28)=0.72, PValue=0.3817
160 . .
. .
) . . . .
a 150 L3 .
5 ‘..\\ . (] o .
140 . . °
. . . . .
. .
130
120
110
40 60 80 100 1 12 13 14 15 16 17 18
W (gn TL (cm)

039 9 Job SSE 4 s (o €U 43 (AS) Syl 9 (Ph) o jur ufiw I3 g0 (ygamwr 5, 1 F IS

S5 4 g Sy

@ o3l bl ;> ofgt a5 cunl (bluw aesjl (Coptodon zillii) § oS oM (alo (clacdl y S s zess
s B 5 o lio 53 (ST (59,08 S 41 (oo 655 ) sl 00 o (3l 5 (lamacins; (S5 6 4 o e
Slosls L5 Slalllas bl o (HE) o9 9 (AS) S )] (Cd) pgnadls” (PD) s di5lo oS @l 6 Ll 4 3B codgll (slac] )
opod ol b S3gll > 4 \j?‘“" o5 ol Al o xeos Mae g lbads (S 3 ojgd ale calise glacdl > cljls ol as
Davies and ) wb o )3l col zly (ohows lodgS g o iScdl Grme byl o a5 (5,5liS bl g xSy 5
.(Ekperusi, 2021; Obayemi et al., 2023

o stlio 13 Loate L1 bl ] &5 g oo osnlie aayls 5 48 il o ale 515 (clacdly ;5 sl gazs (oo i
g ammle ol 5 e g3yl sl plo a4 cuns 1y S )] Hlade o ks S a8 wlols L5 Slalllas 5,15 1uKiw @ljls 0,085 4
Olise comimen (Liao et al., 2025; Varol et al., 2020; Onishchenko et al., 2025) 3,5 o )18 (can (slods, )3 0dg,
Sl jbre 2ol lawigS (S 50 g b GRIENOT ) Sl 4 03l 3blia 13 wlgi o axale asle (STyss bl 3 Sl
da ale > olerdan lanl,s (Hernandez-Dominguez et al., 2025; Raman et al., 2021) 55, 51,5 Sl Gyne
ol )3 oyl 5 25, 38 ol Cupmns (T )3 cage (B (lizgius] A8L) (oo yioS” Sl 4 o St i siile
oS g9 Aile (odaate Jolge ¢yl p ogMe (Liao et al., 2025; Cui et al., 2021; Tang et al., 2024) cuwl cglite alisee
(6 gand s B8 5 (530S (slo ale o8 ooty 35 5T S e f3nn 1 (shle o 5 Sy o ol
OSee (Sl slacdl 3 Sl gox a3 )31 «oles > (Hernandez-Dominguez et al., 2025; Varol et al., 2021) )l
o alo 5 4l gazs Satus] pmo 3150 51 (6 slinns 1 45 Wlodls Ui Sy sloalysy) S Syl ld] oMo (glyy Sl s
Raman ef al., ) 5,5 5555 oliolb pw jlad (old bl g s (S 50 bl ol Sl s Jlas ot o Jaud b 635050
.(2021; Almafrachi et al., 2024; Ouattara et al., 2021

ol Cilis cladisS go) clills 395 o oanlio it g 1S 3 Bias bl LB15 el 5 Gy zoxs e oy

S Iy o |y o a8 (3o oyt Fho 5 4lS s g ] WSl ey & ooy 5 iz 5 s il oS e

YA


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

OB g ile [ e I3 il e () (Siaaed (o)

225 e (Habib ez al., 2024; Latif et al., 2025; Abdel-Warith et al., 2020) 5,15 1 o)5e (3208 Yoons ©Mas
Sigglen CYMNST el Kl oo goas (5 Whiisn GBI o (om0 53 358 (loj e g e IEIL aedl 3 oy
1 oy ga35 &S Slosly i wllles (Zhao ef al., 2020; Abdel-Warith et al., 2020) 545 b ol ;> oledsn 4
4 55 5 45 3yl ladl codl el s Casl (Sas 039 Gblio 3 bl il Slme s 51 4205 Ysans o ale Shyss (slacsl
Joe olgieas b il oopl p 0gMe ((EI-Mabrok et al., 2025; Demir et al., 2025; Naz et al., 2025) 5 )5 yoims (il
3% b Lale IS codw p Klgi o a5 15,5 o J1B 60,Sdes 5 (Soieledyse o] pil cov ol jl oy wls Lol
(Curcio et al., 2022)
ol 28 Ang Sawy)] Slpesi Al lgie |y g clale @l i doyd OV/D dgas oSl o 5 Sk 55 (R2=0.525) (yoms
‘5:1 dhw;l » LQH] u.u;}umb L;lm.\.\j)s l) ‘]a.\m LY Lmo.).u\n .)9)9 J)MMA dl.m)a..w.n lJ LMAA o.)u.l'b.)ul“u ’Y?‘o.:u: Yl) u.imm
S yndio 2138 03565 b 039l by ¢65y9liS b xio (slailuy 395 ybas dliie wlio G2 )b 5l pSiuw I8 a8 Sloj 039 Canl
plo olale 3 As 9 Pb olils cbale oy bls,l alie s (Al ef al., 2019; Afzaal et al., 2020) %545 0 b3l o3 3l
Caenl Jasacn ) o8 | Syl g Cpw clale jle Jblize  Siwwen (Rahman ef al., 2012) ol ors (b))55 55 >y
Bles S8 B0LE LYB o S @lild ) o) 2e55 5 39)9 S e (laeSl gy Syd & Wlgi o alaly cpl e Dyl YL
o Stusod g5 ol oy A5k L5 GYB )3 e 9 0l oz b 399 (slosS Canless oimd yLis Wiy o Stuusod oyl 4512
S98e (Al o polic & lojen (Sl I B jlae s byl g JUES) (slappna Lite b3 (lp s2aylS 13
39y9 LualS o JyuS Gleladl Sl cps (o lin ot Y] ol cdale (bl lesen ololis ien (Islam et al., 2015)
(Ali et al., 2019) 59 snlgs lopgrcons ; 4 010Vl

b 5Ysb o b (sladiges o] 13 48 2,5 oo Ltk i) ez ol Sl JS' Jsb 9 (139 9 (i SI3IE (Gt (sl Stusar
S snls )3 oy siilo (59088 SI3B (el Jgame ysboar s ) S o cullil o Joo )3 1y gyt oY1 L 555 0l
(Sim] g o poo) o s clale b  Stasen b)) 3503 (cow 3l (Al-Yousuf ef al., 2000) cosl onis 5,135 oy pws
9 r[<0.2 I) Cuxd Hluw 30 (Siued )18 o (P>005) 39 d)l.ai S ez 386 oo g (y59 alasl plo (slojlul sla Ll 4
SSaslsl a8 cal ol sams i yui ale 9 9 Job (asls g i)l 9 G i o daly 2939 pas s )55 (R2<0.06
ljlae 5 Sitao)] o (Staman pie sl 03,5 ke |y 0sd (50 905 (slogaple (Sofglgrsed Cundg joim Sl oyl (am
(crisgias ) w3Lo) oo yza8 I Siy] (el JS5 I el b ST o0 @5 b (st jpoms 00555 St sl (yS00 oS5l
.(Frankenberger, 2001; Cullen and Reimer, 1989) xas o L s j obeS 5 0jlil b &S sl

sl dlezel B oaiiS o Oy 38lg e lale (1 Job 9 (g (S «STslg g0 (slaypST oS s e (Lt Bl ()
g das b c8lgiss & ygods iliste lale o p3 loss VT 00505 15 L9 48,5 a5 13 bl )3 polic ol 2es (e cyunnd
3)5 %L OI?:;L;Q e .(Burger etal., 2002) J.Sgu Jyven) L;P?"J’b JS.» 4 4, J>‘).o L m)'bsl O ).ul.» Lo g 03
o1 g5 de (slayiie e oliae b3yl w565y (0 ST L oy glo (65 D905 ol (o o | (3L (5)lol slacudgiom oS
@ oo 3 Sogll e a8 cul e Sl xess p Sloj Baes ol 03l gy 518 aS Wilaily Glo ldles (S .l
(Chi, 2007) sles (5 pSojlil LB jolize yoboas |y tdlil st 4y 45" 2L YU (glojll

oS Sl ol e oy i o A e L (Oreochromis) Luis Cilisee (cladisS 1> Syl 5 Gy (Sw ) @os

Chan et al., ) 5,51y go35 e e S ysbds ©Mae ¢ L9 o el b il 5 039y S wlo 515 slacily 3 Yoons
Ya


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

VE-AY NF¥ oy I5Y o)loss /pnain Jlu gl asly ool 351 lKils VB g5slmsS] 4 i

350 Cos Gasia WS 53 Gy § Sty @eds olime ((2021; Njinga ef al., 2023; Balamanikandan et al., 2025
ORI33 )3 o S STy g gy A6 ygboas )0 113 485 lio g ot g5 ligsy 9 Sl (Sogll il e Jolse
&5 &S wiloshy L ©lllls (Ahsan et al., 2022; Rahman ef al., 2025) si)ls (5,95 0)95 Jobo 13 Sls oyl zess
Sial B ol 48 2985 o (g )| Ao ous a8 (gl IS5 4y Wl o g Censl Bl s ) iy LS U5 g 039 50 St
(Song et al., 2022) 54 o Juteuss 039y sUgwg,Sso lawgs

Chan ) 555 lacdly cpl ) (Sajglssign 5 abomign Sl el 25 g Hbio oo ol 5 28 )3 Baos 5 0w
2 Lol canl jlre a5 LM STy slacdl o @lls ol e 3)lge i j5 4> )51 (et al., 2021; Suleman et al., 2025
295 45 3loml sl s gl 098l Slilas &S dsyy (pslais 4y Wl oo s g Syl ppolio aigad (B2 50 g 039l 3blie
alw ool ) 465 ol gl a8l zesd Gy Hlie o olgicas (Munyeshury et al., 2021; Khellaf ez al., 2023)
G55 2He gl Lrin (sl (Sogll bl 1S g setins il Ll el o (2l p 5 (Gl Slylas «Brime Jgane
o el by sl ) Sl 4 bgsye o, jie (Munyeshury ef al., 2021; Balamanikandan et al., 2025) .l
2le) ot Il o8 4 2> SIS 13 35290 Siias) odos i & lolil Wigd o BB Sales Gane Sl 5 JS St
o e 2 gl clolié 3 S Sutas ] el (FSANZ) g (EU) (CODEX) asslo o skl 1 (6lias easl (yigies]
s i 6 39 oy il o S 3 (st il ol 5 o o JTnt S o Jln ol 428 o
2> (Copat et al., 2013; Dogruyol et al., 2025; Donets and Tsygankov, 2019) xas_es Lide |y o JolS jobas
(ISIRL, 2010) el (0.3 mg/kg) oyl Lo 5,15l g (Codex, 2025) S35 1kl bl p oo o

SB s adlae olul &S &5l 3)90 5 (155UsS (slaasir Sl (g yide sradlas cunl (g)550 (S CVE Cuponl 4y a2 g Ly
5039l (slabaome 4 655l (VL ()3l & s b 2,8 plosl 0rd Las GV (pSeale do (n 50lel5 4 (WYAF) 1S
5 5% (paasS g 3510 S5PeS) il g ol Jooo sl L sladisS (sl byl bl gogll Lo 4z o cgtie 2l )
duglio )3 o3l lalams )3 Seol) jeis QU5 930 ik og GaAS b ) > ad 3850 5 455 cnl (sl Lab Sy
2 855 ol GVl ypan 9 Els Y 5 ol s Sl s Bl 5l g By Sl ame slaoan YT Gl g haisS Son L
15 oS bl dvgs 1l oy b sl 4Bl (s s e SRS G pme e s )3 LT &S WS o e |y sy il eblos 455

Sy idlS ]y eg sadisS g arlee 455 pl e 15U Wlg e (B0l GYU o lae dl.mo.\:.:Y] osals b Bl gl B

S5l Fwlps
Sl wlio (B ol B BB 4y (gg e 3o usine GBI 5 ladiges 4 ol o Jloa SBT 5 Kn ]

P
WM (Acanthopagrus latus) dl 5,5 Sils lale dhie G pas caa i clils Sy s b5, YA T 3LGeS 9.0 wal; Cu¥y
pole olRKiily ceodls g (65,9LiS Lo Lyislon (s pob YU (Hemiramphus marginatus) oxas (als )i vs o (Oreochromis niloticus)
YRR il Ve iy Sy
3L g e 9m ople dlde )3 pssodlS g oy o i Sl3lh Cale o VYA o yw ¢ 6w 3135 g 1y (DD il (y99 o2,
YA Sl cJol 5ylasd quzei 8y9 [ lasee Cudliagy )3 kg doliliad (i pn )l o


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

OB g ile [ e I3 il e () (Siaaed (o)

w2l (o508 lple Cundg (owyp Aras .© 4‘59).m$~ 9 @ o ébb ) o8 Wl o ‘@Lzs bb‘} Cypms> ! ‘uJM ¥ “:’.&«5’9

Y. i) F oylas o235l o390 e ane
(o) ol dlome) (x5l slagsimgly oo (lisjss sl 15 LS QYU (e 155 5 0p85 5l IFAY L& (g )8l g o ¢ ol
¥ oyles V5 Als
wtle (18 5 il aliae) Glises slacdly j> (HE,N1,Pb,Cd) o Siw <l e I YAR L0 g0 g e 0S¢ g )l (5, ws
AYAL i Fojloss (om3jp oV o)lows Y8 als o Jlo (ol pl ©Ms cole dlmo 4,18 61539, (Barbus xanthopterus) ks

Saied, H. 2021. “Micro — Nutrients of Red — Billy Tilapia (coptodon Zillii) Among Different Egyptian Water
Masses”. GLOBAL RESEARCH REVIEW 1 (02):60-62.

Al-Yousuf, M. H., EI-Shahawi, M. S., & Al-Ghais, S. M. 2000. Trace metals in liver, skin and muscle of
Lethrinus lentjan fish species in relation to body length and sex. Science of the total environment, 256(2-3), 87-
94.

Frankenberger Jr, W. T. (Ed.). 2001. Environmental chemistry of arsenic. CRC Press.

Cullen, W. R., & Reimer, K. J. 1989. Arsenic speciation in the environment. Chemical reviews, 89(4), 713-
764.

Nishida, C., Uauy, R., Kumanyika, S., & Shetty, P. 2004. The joint WHO/FAO expert consultation on diet,
nutrition and the prevention of chronic diseases: process, product and policy implications. Public health nutrition,
7(1a), 245-250.

Codex. 2025. General standard for contaminants and toxins in food and feed (CXS 193-1995). FAO/WHO.

European Commission. 2006. Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting
maximum levels for certain contaminants in foodstuffs. Official Journal of the European Union, L364, 5-24.
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32006R 1881

Ali, H., Khan, E., & Ilahi, I. 2019. Environmental chemistry and ecotoxicology of hazardous heavy metals:
environmental persistence, toxicity, and bioaccumulation. Journal of chemistry, 2019(1), 6730305.

Afzaal, M., Hameed, S., Liaqat, 1., Ali Khan, A. A., abdul Manan, H., Shahid, R., & Altaf, M. 2022.
Heavy metals contamination in water, sediments and fish of freshwater ecosystems in Pakistan. Water Practice &
Technology, 17(5), 1253-1272.

Burger, J., Gaines, K. F., Boring, C. S., Stephens, W. L., Snodgrass, J., Dixon, C., and Gochfeld, M. 2002.
Metal levels in fish from the Savannah River: potential hazards to fish and other receptors. Environmental
research, 89(1), 85-97.

Rahman, M. S., Molla, A. H., Saha, N., & Rahman, A. 2012. Study on heavy metals levels and its risk
assessment in some edible fishes from Bangshi River, Savar, Dhaka, Bangladesh. Food chemistry, 134(4), 1847-
1854.

Chi, Q. Q., Zhu, G. W., & Langdon, A. 2007. Bioaccumulation of heavy metals in fishes from Taihu Lake,
China. Journal of Environmental Sciences, 19(12), 1500-1504.

Islam, M. S., Ahmed, M. K., Habibullah-Al-Mamun, M., & Hoque, M. F. 2015. Preliminary assessment of
heavy metal contamination in surface sediments from a river in Bangladesh. Environmental earth sciences, 73(4),
1837-1848.

Allison, T., & Ogoun, T. 2025. Gross anatomical based sub-chronic toxicity testing of target heavy metals
using growth morphometrics of Coptodon zillii. International Journal of Science and Research Archive.

Aly, W., & Abouelfadl, K. 2020. Impact of low-level water pollution on some biological aspects of redbelly
tilapia (Coptodon zillii) in River Nile, Egypt. The Egyptian Journal of Aquatic Research, 46, 273-279.

Davies, 1., Amaewhule, E., & Nkeeh, D. 2024. Hazard Identification and Potential Risk Analysis of Toxic
Metals in Redbelly Tilapia (Coptodon =zillii) Consumed and Surface Water from the Niger Delta
Estuary. International Journal of Environment and Geoinformatics.

Obayemi, O., Ayoade, M., & Komolafe, O. 2023. Health risk assessment of heavy metals in Coptodon zillii
and Parachanna obscura from a tropical reservoir. Heliyon, 9.

Adjei, P., Kusi, 1., Obirikorang, K., Edziyie, R., Adjei-Boateng, D., & Frimpong, P. 2025. Heavy Metals
in Raw and Treated Water, Sediment, and Fish at the Barekese Reservoir Headworks. Aquaculture Research.

Alkareem, O., & Abdallah, R. 2023. Bioaccumulation of some heavy metals in some organs of Coptodon
zilli fish in Old Aswan Reservoirs and Aswan River Nile. Aswan University Journal of Environmental Studies.

Chan, W., Routh, J., Luo, C., Dario, M., Miao, Y., Luo, D., & Wei, L. 2021. Metal accumulations in aquatic
organisms and health risks in an acid mine-affected site in South China. Environmental Geochemistry and Health,
43,4415 - 4440.

AN


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

VE-AY NF¥ oy I5Y o)loss /pnain Jlu gl asly ool 351 lKils VB g5slmsS] 4 i

Njinga, R., Adebayo, A., & Olufemi, A. 2023. Bioaccumulation of heavy metals in water and organs of
Tilapia brevimanus and Euthynnus alletteratus from a coaster water in southwestern Nigeria. Environmental
Sciences Europe, 35, 1-10.

Balamanikandan, V., Shalini, R., Arisekar, U., Shakila, R., Padmavathy, P., Sivaraman, B., Devanesan,
S., Sundhar, S., Alsalhi, M., Mythili, R., & Kim, W. 2024. Bioaccumulation and health risk assessment of trace
elements in Tilapia (Oreochromis mossambicus) from selected inland water bodies. Environmental Geochemistry
and Health, 46.

Rahman, M., Alshaya, D., Ramadan, H., Attia, K., Sultana, N., Rohani, M., Wijaya, A., & Hossain, M.
2025. Tracing Sources and Stage-Specific Impacts of Heavy Metal Contamination in Farmed Tilapia (Oreochromis
niloticus): Implications for Human Health Risk. Veterinary Medicine and Science, 11.

Ahsan, M., Islam, S., Razzak, M., Ali, M., & Haque, M. 2022. Assessment of heavy metals from pangasius
and tilapia aquaculture in Bangladesh and human consumption risk. Aquaculture International, 30, 1407 - 1434.

Song, D., Chen, L., Zhu, S., & Zhang, L. 2022. Gut microbiota promote biotransformation and
bioaccumulation of arsenic in tilapia. Environmental pollution, 119321.

Suleman, R., Zahoor, M., Qarni, M., Saleh, 1., Rao, W., Hussain, M., Ismail, T., Akhtar, S., Okla, M.,
Alaraidh, 1., AbdElgayed, G., Saud, S., Hassan, S., Nawaz, T., & Fahad, S. 2025. Assessment of heavy metals
and microbial loads in Nile tilapia (Oreochromis niloticus) from different farms and rivers. Scientific Reports, 15.

Munyeshury, V., Chatique, E., Gulamussen, N., Mandlate, J., Richards, H., & Adelodun, A. 2021.
Potential health risks of trace metals in muscle tissue of tilapia and catfish from Mozambican markets. Archives
of Agriculture and Environmental Science.

Khellaf, B., Bouayad, L., Benouadah, A., Hamdi, T., Chekri, R., & Jitaru, P. 2023. Arsenic, mercury,
cadmium and lead contents in Algerian continental and marine farming fish and human health risk assessment due
to their consumption. Regional Studies in Marine Science.

Davies, 1. C. and Ekperusi, A. O. 2021. Evaluation of heavy metal concentrations in water, sediment and
fishes of New Calabar River in Southern Nigeria. Journal of Limnology and Freshwater Fisheries Research 7(3):
207-218.

Liao, Z., Chen, B., Yeh, H., Huang, H., Yuan, S., Lee, P., Nguyen, H., Hu, Y., & Nan, F. 2025.
Toxicological ~ assessment of inorganic  arsenic: Bioaccumulation and  immunotoxicity in
Acanthopagrusschlegelii. Chemosphere, 385, 14456.

Varol, M., Kagar, E., & Akin, H. 2020. Accumulation of trace elements in muscle, gill and liver of fish
species (Capoeta umbla and Luciobarbus mystaceus) in the Tigris River (Turkey), and health risk
assessment. Environmental research, 186, 109570.

Onishchenko, G., Rakitskiy, V., Bondareva, L., & Fedorova, N. 2025. Hygienic aspects of accumulation of
arsenic in fish grown in natural and artificial conditions. HEALTH CARE OF THE RUSSIAN FEDERATION.

Hernandez-Dominguez, C., Bjedov, D., Buelvas-Soto, J., Cérdoba-Tovar, L., Bernal-Alviz, J., &
Marrugo-Negrete, J. 2025. Factors Affecting Arsenic and Mercury Accumulation in Fish from the Colombian
Caribbean: A Multifactorial Approach Using Machine Learning. Environmental research, 120761.

Raman, R., Talukder, A., Mahanty, A., Sarkar, D., Das, B., Bhowmick, S., Samanta, S., Manna, S., &
Mohanty, B. 2021. Arsenic Bioaccumulation and Identification of Low-Arsenic-Accumulating Food Fishes for
Aquaculture in Arsenic-Contaminated Ponds and Associated Aquatic Ecosystems. Biological Trace Element
Research, 200, 2923 - 2936.

Tang, S., Gao, L., Qin, D., Wang, H., Huang, L., Wu, S., Bai, S., Du, N., Sun, Y., Wang, P., & Chen, Z.
2024. Toxic Effects of Arsenic on Four Freshwater Aquatic Species and Its Transformation Metabolism in Crucian
Carp (Carassius auratus). Toxics, 12.

Cui, D., Zhang, P., Li, H., Zhang, Z., Song, Y., & Yang, Z. 2021. The dynamic changes of arsenic
biotransformation and bioaccumulation in muscle of freshwater food fish crucian carp during chronic dietborne
exposure. Journal of environmental sciences, 100, 74-81.

Almafrachi, H., Giimiis, N., & Ocal, C. 2024. Heavy metal bioaccumulation in fish: implications for human
health risk assessment in ten commercial fish species from Konya, Tiirkiye. International Journal of
Environmental Science and Technology, 22, 4065 - 4074.

Ouattara, A., Yao, K., Kinimo, K., & Trokourey, A. 2020. Assessment and bioaccumulation of arsenic and
trace metals in two commercial fish species collected from three rivers of Cote d'Ivoire and health
risks. Microchemical Journal, 154, 104604.

Habib, S., Maqaddas, S., Fazio, F., Amouri, R., Shaikh, G., Rahim, A., Khan, K., Ullah, J., Mohany, M.,
Parrino, V., & Al-Eman, A. (2024). Evaluation of lead exposure effects on tissue accumulation, behavior,
morphological and hemato-biochemical changes in common carp, Cyprinus carpio. Journal of trace elements in
medicine and biology: organ of the Society for Minerals and Trace Elements, 86, 127523,

AY


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

OB g ile [ e I3 il e () (Siaaed (o)

Latif, F., Ujan, J., Rind, K., Habib, S., Naz, S., & Al-Emam, A. 2025. Effects of Lead Concentration and
Exposure Time on Accumulation, Antioxidant Defense, and Genotoxicity in Indian Major Carps. Biological trace
element research.

Abdel-Warith, A., Younis, E., Al-Asgah, N., Rady, A., & Allam, H. 2020. Bioaccumulation of lead nitrate
in tissues and its effects on hematological and biochemical parameters of Clarias gariepinus. Saudi Journal of
Biological Sciences, 27, 840 - 845.

Zhao, L., Zheng, Y., Feng, Y., Li, M., Wang, G., &, Y. 2020. Toxic effects of waterborne lead (Pb) on
bioaccumulation, serum biochemistry, oxidative stress and heat shock protein-related genes expression in Channa
argus. Chemosphere, 261, 127714.

Naz, S., Ullah, Q., Fouad, D., Qadeer, A., Lateef, M., Hassan, M., & Chatha, A. 2025. Trace elements in
fish species from the Punjnad headworks: Bioaccumulation and human health risk assessment. PLOS ONE, 20.

Demir, T., Tutun, S., & Karapmar, B. 2025. A Systematic Review and Meta-Analysis of Lead
Concentrations in Fish: Implications for Dietary Exposure and Risk Assessment. MEMBA Su Bilimleri Dergisi.

El-Mabrok, M., Alfergani, E., Mohammed, N., Mohammed, Y., Muhammad, A., & Majeed, M. 2025.
Evaluation of Lead and Cadmium Concentrations in The Muscles of Four Fish Species from Ain Al-Ghazala
Lagoon, Libya. ILMU KELAUTAN: Indonesian Journal of Marine Sciences.

Curcio, V., Macirella, R., Sesti, S., Ahmed, A., Talarico, F., Tagarelli, A., Mezzasalma, M., & Brunelli,
E. 2022. Morphological and Functional Alterations Induced by Two Ecologically Relevant Concentrations of Lead
on Danio rerio Gills. International Journal of Molecular Sciences, 23.

Ashayeri, N., & Keshavarzi, B. 2019. Geochemical characteristics, partitioning, quantitative source
apportionment, and ecological and health risk of heavy metals in sediments and water: A case study in Shadegan
Wetland, Iran. Marine pollution bulletin, 149, 110495.

Sabbagh, K., Haghnazar, H., Somma, R., Johannesson, K., Pourakbar, M., & Aghayani, E. 2024. Human
Footprints on Sediment Quality in the Shadegan International Wetland, Northwest of the Persian Gulf. Water, Air,
& Soil Pollution, 235.

Alhashemi, A., Roozbahani, M., & Maktabi, P. 2012. Investigation on anthropogenic and natural share of
heavy metals in surface sediments of shadegan wetland. The international journal of marine science, 2, 189-196.

Mortazavi, S., Tizhoosh, M., & Cheraghi, Z. 2017. Quality Evaluation and Study of Ecological Toxicity of
Heavy Metals in Shadegan Wetland., 1, 66-7.

Birgani, S., Rouzbahani, M., Behbash, R., & Sabzalipour, S. 2023. Bioaccumulation of Heavy Elements in
the Organs of Red-Wattled Lapwing in Shadegan Wetland. Archives of Hygiene Sciences.

Nasirian, H., Nazmara, S., Mahvi, A., Hosseini, M., Shiri, L., & Vazirianzadeh, B. 2015. Assessment of
Some Heavy Metals in the Shadegan and Hawr Al Hawizea Wetland Waters from Iran. Indian journal of science
and technology, 8, 1-9.

Nasirian, H., Irvine, K., Sadeghi, S., Mahvi, A., & Nazmara, S. 2016. Assessment of bed sediment metal
contamination in the Shadegan and Hawr Al Azim wetlands, Iran. Environmental Monitoring and Assessment,
188, 1-15.

ISIRI (Institute of Standards and Industrial Research of Iran). 2010. Food & Feed-Maximum limit of
heavy metals, 1st. Edition, NO 12968. 2010.

Copat, C., Arena, G., Fiore, M., Ledda, C., Fallico, R., Sciacca, S., & Ferrante, M. 2013. Heavy metals
concentrations in fish and shellfish from eastern Mediterranean Sea: consumption advisories. Food and chemical
toxicology: an international journal published for the British Industrial Biological Research Association, 53, 33-
7.

Dogruyol, H., Tungelli, i., Ozden, O., Erkan, N., & Karakulak, F. 2025. Bioaccumulation of Mercury,
Cadmium, Lead, and Arsenic in Whiting and Tub Gurnard from the Sea of Marmara: Implications for Human
Health. Food Science & Nutrition, 13.

Donets, M., & Tsygankov, V. 2019. Trace elements in commercial marine organisms from the Russian part
of the Northwest Pacific (2010-2018). Environmental Chemistry Letters, 17, 1727 - 1740.

AY


https://jweb.ahvaz.iau.ir/article-1-1123-fa.html

[ Downloaded from jweb.ahvaz.iau.ir on 2026-07-11 ]

VE-AY NF¥ oy I5Y o)loss /pnain Jlu

Sloal asly oMl 331 ol&isly /OB (g59lgmaST 4y puis

Biological Correlation between Heavy Metal Concentrations (Lead and
Arsenic) and Biometrics of Redbelly Tilapia (Coptodon zillii) in the
Shadegan Wetland Ecosystem

Roshana Behbash '*
Abolfazl Askari Sari 2
Reza Hakimimofrad 3

1.Department of environment, Ahv.C.,
Islamic Azad University, Ahvaz, Iran.
2.Department of Fisheries, Ahv.C.,
Islamic Azad University, Ahvaz, Iran.
3.Department of Fisheries, Ahv.C.,
Islamic Azad University, Ahvaz, Iran.

*Corresponding author:
behbash@iau.ac.ir

Received date: November/01/2025
Accepted date: January/10/2026

Abstract

The international Shadegan Wetland, as one of the most
important wetlands in southwestern Iran, is exposed to
considerable contamination by heavy metals, including lead and
arsenic, due to the inflow of urban wastewater, industrial
effluents, and agricultural runoff. This pollution poses a serious
threat to the ecosystem and public health. Redbelly tilapia
(Coptodon zillii), as an invasive and widely consumed species in
this wetland, has a high potential for bioaccumulation of these
contaminants and may consequently affect human health through
the food chain. Therefore, assessing the accumulation levels of
these elements in the edible tissues of this fish is of great
importance. The present study aimed to determine the
bioaccumulation levels of lead and arsenic in the muscle tissue
of redbelly tilapia from the Shadegan Wetland and to examine
their relationships with biometric indices, including total length
and weight. For this purpose, 30 specimens were collected from
two mid-wetland stations during the spring of 1395 (2016). After
recording biometric characteristics, heavy metal concentrations
in muscle tissue were measured using atomic absorption
spectrometry. The results indicated that the mean concentrations
of lead and arsenic were 557.42 and 146.03 ppb, respectively.
The lead concentration exceeded the national permissible limit of
0.3 mg kg™, suggesting that consumption of this fish may pose
potential health risks to consumers. However, no statistically
significant relationships were observed between the
bioaccumulation levels of lead and arsenic and fish length or
weight (P > 0.05). In contrast, a strong and significant positive
correlation was found between the concentrations of these two
metals (P < 0.001), indicating a common source or similar
pathways of contaminant input into the wetland ecosystem.
These findings underscore the necessity of continuous
monitoring and management of pollution sources in the
Shadegan Wetland, as well as controlling the health status of the
invasive redbelly tilapia, which constitutes a substantial portion
of the local diet.

Keywords: Bioaccumulation; Lead; Arsenic; Tilapia;
Shadegan Wetland; Human Health.

AY


mailto:behbash@iau.ac.ir
https://jweb.ahvaz.iau.ir/article-1-1123-fa.html
http://www.tcpdf.org

