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Introduction 4.aial) .1
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S 8 bl Do s A sl A el elially Bl oauall Ciyal
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slia 8 ALEN Cpaleall e 2SN ey (AZab,2012) L) dada) ) Jaai Al lilal)
OsS1 5Ll LalaY djg puall Al (lalgall oda e Alailaall Lowlud) clilaiall e lsaY)
Sleally Bsall) Gugiall Jla¥) anan 5 dall Gl olad dalu) clllial 2l o ol
LS e el T Thaan Tty ik g 205 Lila 130 Ly Anlne Jinty Srae disas ((slasslly
Ldalull Healall (e duall leall g (Wu ef al,2014;Hasab ef al.,2020) d.all
ddle Al b Ay hlia Jlal) ! Sl d0all duliag dage adlse s LeasS]
Adesy ALAN Calaall ja Lgd ol SlaV) e gnll daiin saiae 40108 DSk S5 Sl
Caraall (po A A51380 Abdad) b J5320 any (gganll adailly ATl Gy L Lay cllandl e
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AR Jedlud) ) Jaail 2l & cliglall 038 83L) M e))3lly e liall bl (ool
.(Khan ef al.,2015)

oS JSa ot B Algdall dpdal) AREY) (Slg Y) 588 duaula iligSa ALEN (aladl
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.(Singh et al.,2011) Y dall @lalklly Glal) e sl daa U
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el &l Cligiue (8 2y agand] lgiualuag 4l alill 3 aull) Loyl dais ALE)
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Lo @llily Ll Sl (mayaill ol aladal) eDlgiod PUa (e Ll dal) IS dasil 6 2SI 5l
Ll wligladl 585 5aby 9o Biomagnification (ggall ascaill ) (ggaall LSRN acdsy W
L8102l Slsicad) & dal) LAY e ALEN Galaal) Jlasl Gob oo A81aal) AL e
@l SNy (Akan ef al,2009) &) Alldl 4 Lk cbgied) ) Ll
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Bioaccumulation (ggall as)it 1.2.1

Ofinll) (e dibida laes daedl) 8 ALY ualiall Accumulation  oSIal Gl culestul
Jal b gl 35 Jane 05$ Ladie oSIN Giany Van Hook, (1974) (sl qawai
s b 8L el Laxie Gaany of saame L) 58 (PIA A3l 3 8 Lea el sl
Ol daagl oy Ll Baana duia) 8538 Dhag Eall 3 3S5 e Laliia dawad) S opaladl)
bl polaall candal) aludl el Y mlhadl #yal 28IS e @l ¥ Calal) o3

.(Waring et al., 2006; Hejna et al.,2018) <igza e Iy L ) A& Jals

Jaze dacd Juals (e juaill Concentration Factor .Sl Jalas llaias (sl bl
dass Ak Ay Al 8 Gl (i S5 Jaee ) oAl QSN Al 8 el S5
(1.0) SN Jole et LlS all 8 135 pn Lgilleg dnal b colaall 585 i
S dale (81 2l 8 35ase 58 Laa ol daial) 8 Qanall S S Jgeas e
Frangipane et al,2005;) &l & caleall 315 2Ly ae p=leady) ) dia

.(Birch,2023

gl JE 530 2] Al LA s b (Dlarin gonll aaailly (gall KI5
Lilasl) Slgall 35ag A Glysdng .(Boethling and Mackay, 2000) 413l Jadlad) Jals
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. (Gerber,2009; Maher ef al., 2016) sladl Pla (e g} daidiall 451321

Pollution &gliti].2.2
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o sl adailly oSl e 508l Lly il sand Wil St (Mkadmi ef al.,2018)
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e a5 LY aeadll Giany Giglall elaadly elall Jolos die s dusilly sluall gl ) 255 slall
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L L slgcdll Caillash (o maall e 8B U (535 e Logoall clelinll dile] Gaaas

-(Duruibe,2007; Al et al.,2019) >
Biological importance of heavy metals dL&l ;jleall 4 65ud) 400a¥11.2.4
V) a5 Y LaY) Gliledll alaea of G Laball ilileall 8 5,08 daaal Ll ALEN palaal
Essential heavy awldyl @l cpled) e ¥ (fcgane o audliy lasas
saclie JalsaS Jast g8 alec alatiy all S avn 5S5 8 3300 Aol ! metals
olail) Jadiig all S s o Tl 353 Lty Ly pum ladgng dang aniY) allail) 8
Zn padlly Nio J<ally Mno Gusidly Feo aaally Co wlilly Cr a9 Uiy Cu
Bagiae Sl Aabdall Lual) ailag alall all (S0 aws lealing SigsSladly
Ll e ALED oolaall e Aul) desesd)l L(Al-Edreesi et al,2002)
OsSay (Al AN dogaal) Cillasll & aall Lealisgy ¥ Non-—essential heavy metals
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.(Yiannikourides and Latunde_Dada ,2019) sl (Yl Sl Jiaillg
Sources of heavy metals 4Ll colaall jolas 1. 2.5

tdedn AL aleall Gaghill At )il jalial)

Natural sources dusuhl) jaladll].2.5.1

@y S Blailly jlally Heawall Ligats Al Ly e Aasll) AL (paleall Jads
doa)¥) il Jah ileSonll lilaally (ssall cliglly dagcaad) slgall Coussig Ll
8 ALED Galaal) e duaglyyuell cldaall gty .(Balabanova ef all,2021) Lsllly
BV blee il (o & aidie 4ibgd @l Ll ALED Coladd) Slias Luepdall il
&b —ailly Jailly JSBIL Loyl i) ) Lganys aiyng (PH) (g gl ¥y JImals

-

. (Negahban ef a/.,2021)4sLl daaiy!

Lazka §)50m Adlall Ll ) ALEN jualiall djenl) Glilee lgiag danslgadl Glleall 3l
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ducasall jUasY) axig . (Papagiannis ef al.,2004) AY o\Sa e m Ll ddalagy Jas 3



Introduction and Literature Review aaball alaialg dasial)
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.and lguisi,2013)
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slaadl il USE e dailll ALEN coleal e ABL) Adyiall acall Coyeall sl (s5ia

.(Bradl,2005) sleall illaiy due lial) ABLal) cblailly ALY cilatiallg
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-(Sultana et al.,2013) ey cbis&lly J<all Jie calaall (any e 3805 e

Lead _alaylil1.2.3.1

G359 A e 13 Aumaa hial 4l sy Q¥ s daling Yy Baulel) e yealiall (1
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5ycilly fdally eall e g .( Kumar ef al, 2013) Laad JUlaY) ol e iy il
e Ly gleall (8 Clac¥) dbaly dasd) bl ) (s35 of ety e el
.(Sanders ef al.,2009) (sl (e sl saslaill
o Agiad) Ayl Glaiall e deid) @B S Gllbal 4 Gene IS8 e 2
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Bady et S lan) Lol daakaY) (e daed) b Aliia Glae$s dagig abayl) o
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.(Velusamy ef al,2021) i) slas &gl
Chrome 981 1. 2.3.2

Al Jid ADle aly laiY) pan dee s 3 Glaidl Lwlal) paliall (e ag S
ZwiereHo ef) rasll Sleally Lgedd) dacs¥) (ol iy agyS) ol of cpi LS
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(Hessel ef al.,2021;Hossini et al.,2022; Mohanty ef al.,2023 )\l
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( Budi et a/,2022) Tas dlle i Tan AL o clS 13 ISl dpacs (il el

Zinc &i311.2.3.4

5O Sl JaleS g 50 4l AlaasSond) hlusally S JAG 8 calsd yaie @)
Cligaselly (CsSISlally udgundy ) CulpSall ligays elld & Loy ilisasell diulagl (5)9 30 s
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Lnglgod Caillag e @lisll sagal) SV oo el Zasladl coliahyall yedaly ggill (aleaYl
@hall slgay) Caaeas elld b Loy L3030 Sliasl) 8 LaSi jeaie€ 330 13) dabide Lo liag
.(Abd El-Hack ef a/.,2017)
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paliasly Ay el lgilly sl dlosy CUESY e St (G AY) Aiajall (alyeY s Fdl
Lyl el sasd il e 5S40 sl 25 (Dutta and Sarma,2015) gl
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385 ST ol Akl Ead) bl ol Lo Amiiie S sig 520V dlls 3 il 05805
as Tails T Bole @il aasy (mttiall Jmg yugl) ) <l ol 8 ()6 ) il
ded)ll jaladll.(Gonzalez_Macias ef al,2014 ) a5y (bl Uasype aags
axdl) Gy Jad ) B 205 Gllanes A0 Capeall sl o Al dil) 3 el
.(Denton et al., 2001) (ssall el &gl Al alaal) aoiaad ciblee

Iron Laa111.2.3.5

Dey cialiy (aN) S e 735 S g iy Y el iall e 2a sl
Llaal) b 4l 5aSi5 Lo dall Ll pes 3 dnglond) cllenl) 8 Lage
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.(Zamora et al.,2016;Petry et al.,2016;Georgieff, 2017)

oaisa (35S Sl (Georgieff ef al., 2019) JlikaYls dalsall slaall e g0 aaall i
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.(Georgieff, 2017;Dewey and Oaks, 2017)
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.(Beard,2001;Bastian ef al.,2016)
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[(Wieser ef al.,2013) dalulill 5¢a¥l5 alaal

Cobalt =.L11.2.3.6

2y (Banerjee and Bhattacharya ,2021) B12 (uelidl (gpall aSpll 4 asg
(Huang ef al,2021) oLyl dalay dall bl poead SN Jial) dilaal Lyg
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Introduction and Literature Review aaball alaialg dasial)

Copper «\aill1.2.3.7
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F VS dariiial) doala il cileaY) caalas

Cialadiy Caatill (Gemsag dpiall slas s (ojladll 8 dexdioall Gilialal) pues calee.

cCilye Basd Wl T

oo JB Y sad (%5) pSi cadall bl asla Ao (gring s 8 Qs Cinia.2

el 24

.(Oven) (dll dlaulsy b g gV (e JW jlaial slally il 5.3
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Collection of Samples <lisll pas 2.3

Water samples oludl cilie2.3.1

Bugall Jlsal e (1) Jsaally (1) ISl 3 duall 2N cillanall (e slaall e Cinas
S 8 el Cieagy mhad) it Ty 50 CMGansy 2022 lids 2021 cas Dla
fm B 5 g AL (palaal) il 5 Liaas () sl (0 esiman 2550
JalaS ellig clial) Gmmy (o 31 JSE2 Midalay Lo (ol 5S5al) bl (paals e clylad
Caslss (ol Al Ciliay ol AV Glandly 4d ALEY olaal) bl elal) 8 yealial) Jaial cuiie
Lo Jallazll ehal il I culiy Tsluaslly 18Ul <l 5gall ians el Gl
lgile

Birds samples gl clic2.3.2

Cining o5 (Adsd) a3 Alauly laalhaca) 5 . il daai o ygalall Cilise Canen
O sl G Jlaal By ikl I ledgeas Gual Gigonall Y e sy (Bgia b
owdlls  Anas platyrhynchos iwylls Anas crecca il Giall ag saleall sl
.(salim et al.,2009) caws ciiiag (lily H<) cpeinll DS ¢ Anas acuta

Kingdom: Animalia
Phylum: Chordata

Class: Aves

Order: Anseriformes
Family: Anatide

Genus: Anas

Species: A. Platyrhynchos
Species: A. crecca

Species: A. acuta
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Some physical and chemical 4l ety 4 il jaal) oy Gijall o 2.4
parameters

Water and air temperature clally ¢lsgll 5 4a,02.4.1

O ol galie V) jhaall Jlaxialiy Glisell 331 adlge (8 clally elogl) Sha Ay Gulid

Aagie dapy e (N i

PH g ned oY) 2.4.2

44zl (model pH7110) pH_meter jlgs Jlaaial slall g yngll V) (el
(4,7,9) Ll Jllaalls 45 5lxs 2 Germany

Electrical Conductivity 4ulig<!) 4duagit) 2.4.3

5| B  IPVIPEE. SV - S| MY VR S | S SO S| W N R
.Electrical conductivity meter, Satorius\China

Total Dissolved Salts 4.4l 453 7>y 2.4.4

HANNA \ i<, STDS\ Bench meter HI2300 jlga dda gy 2SI 23001 ~ DY) Cuiad
.Romania

Sample preparation cliall juaai2.5

Water samples oLl clie 2.5.1

e Ay Jleials el Slen Aaudss lead i 5 50a) U olaall Cilie Jymg a

Nganlad g (50MI)das dpans du8 3 =&l aeny Qualitative filter paper
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Birds samples gkl clic 2.5.2
crindag (hall ull aladial sl catia 5 jaall dilaie clae g 2SN Al Jlafiad
& oiad) 8 Drying oven (gl () b @A) By a2 3LeSl digallall plasi b
Oe degias Ao (B Cieing 5 (0.3mMM) wlasd Hlad Jaie calidy 58 sl & cuisla

Lol sl

Digestion of samples c.lial) aian 2.6

:Digestion of water samples sLull Glie a82.6.1

t b LS5 APHA (1998) U (e dagiall diplall e slaie Yl JolSIL slaall die Cracan
oasls 5o 5 Ml Ciraly 100 Ml das alsy S 3 oball e g 50 Ml iy 1
SN RER.A

alad &5 SL 2ed llall Jidg Hot Plate Lalud) dane all e alsjll jSall xuag .2
ol le 5% ks cita of ) lgale iy Al dagiall Y] sl

) ae Cpiaatl) alag 56al byl Gaala (e 2 Ml Glay dgad Olll maal 13) .3
cmag)) g o @l e JAD) eld) e 5 m

SV iy (0.5N) Carsall g€y sngll (asla o 3008 cilylad panl) lall ol .4
Al aad sl e JAl el JaST 525 Ml ds Lpans i

:Digestion of bird samples skl clic aia 2.6.2

alial) 5805 sl galal) e aiiagl ROPME (1982) 4 8;5Saall dayylal) cadicl

Pk LSy Led AL

&
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oaals e (0 3 Ml 8 e ang Lgadaally dabaall gdall die (0 0.5 9 O -1
(1:1) Gswsty 3$,al HNO; bl (malag HCLO, iyl pul
lgaias dey A gl Llee oLy Aol 16 — 12 500 S5 5 Tan Sl s 22
-Fume Hood ¢lsgll aoyss oha A
daph e I @lds 5 (e cady 30 82d 2°70 dapn Sle ples G GDSull i ay 4
i) geiell granamy s pngl) Bulee oLy sl
Gl Cliin @3 Gl e S haiall elalls Adlad) aad aaall JuSly x i)l aas .5
) A A€ i
Determination of heavy metals 4Ll (jalaall i3 2.7
s cag)S (bisS (S el ¢ Gairie asaadlS palia)) ALEN aliall 3815 0 2
Flame Atomic Absorption (ol gl jalaic¥) cih s dbadly (<l
324.7 ,279.5 ,288.8 ,217) duasall JIskYL Spectrometer (Al 1200 Aurora)
Gub oo Ll dallaal) shae] Jg ¢ Mgl e (213.9, 357.9,248.3 ,240.7 ,232
U e Aaatiaall Ayl s (3) Jsanl 8 Aissall Slsall dlgiadl Jslaal Gusbesiall Cagial
e 550l AL cpaleal) Lubid) (Ahmed,2021)
Statistical analysis duas¥) Jail) 2.8

el &)l i il 3 (SPSS) JAlaa alaills o cadiall maliyd) aaie
(LSD)ssine (35 il il aladi ol cilla wogiall G Augiaal) (39,4l yidly Lol aa)

(1980 «ltl Calsy g5hll) (0.05) siee st 2 Least Significant Difference test
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physical and chemical parameterd.iliesily 4l ciydiall 3.1

Water and air temperature ¢|sglly slall 5a da,2 3.1.1

ol Gun ldlly Cinal) lsd DIa clselly slall b 3hall cilay o8 (4) Jsaadl g
Aoy Llly GBS %5 20 ol ol b Lol %0 23 Gl Jmd b el slsgll 8yl day
3, % 15 ) culss ohall 4 W % 20 caall duad (& o) calS 2 sl 5))a
Badig #0dlly Canyall gl cilele (& DAY I Hlhall Glayy (8 daensall iyl
nen) BUL LedY) 8 (miatiy slall HeaY) P Shall dap ginh Cus Geadll g sl
(Ahipathi and Puttaiah augall e 5hall 45y 4 juall ey AN (2008 0530
o Gy slsell Bha dnp 8 O s um oW sla dap oy ,2006)
b ERY) I (g sl b phall il b daadgall DAY Ly (2013, soxnd)
sl Bl Ay b s Adle Anha e el oDlidl e Slmd L) Gend) (5
DAY ) (g elogd) (A Lt elall 2gae A Bl Gulad o e Al GLad) dejun
il s2a Sy, (Hassan ef al,2001; Wanders ef al.,2019)lulall 3a) cdy b
(2013¢ a3Y) ao dadlgia

Clig b agng are (1-8,0) Baldl 3 duall ghal) dajal JAlasV) ddaill mil oyl
Cligsh gl Jawd ol sl Bha daps XSy colsgll Bha dadl Jeaidlly allsal) (s digine

-(P<0.05) Jlaa) (ggina cad Jguadll cp digina Slig 8 llia Loty adlgall (u dagina
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(PH) Angsugd (¥ 3.1.2
Gilaes 3 Aabpall 53a DA Lawse Lls (4) Jsond) 8 el Jimg jugl) (V) ad <yl
(sl Ao Sl Jo¥y il adgal) 6 8.2205 8.140 8.020 bl Pla il e
Callilly Sy Js¥) adsall 8 7.3805 7.3105 7.140 cauall Dl abal cilas Loy
Ll HlaY) anly)y danda ) (sac @l slad¥l ild dadijall adll (ha3 Layy ¢ il e
sl (30 CO, Alljly ciligs Sl iy )Kull iligyl 889 caseas sl (Abdullah,2017) sl
OO HaadS allgian Cua ikl GbLA gy agsi Al Jgeall bl ddee s gl
et A Loy uagiugll L) mlias) (Jazza,2015;Toma,2011)  (geac DU
12002, ,SIl) CO; 83l (M (591 Lae disnn dndlaa (o olall ) 8ylie dljiall Dl
Mgall g Seall Jatll Dlae (yalids) Cuew 5L 508 DA Jingyagl) (Y gl
Aoygaad) cladl eV Laladll ) (e Hlall 5eiY) DS pestl) aualiasl Laiyy & gucasl
b Aaial) ducaalal) ol Jalaall slaihy Lina )i slbaall Judis dgeianll Ssall 52us) Lo Jans A
el cudl (gymg ((AL-Saad ef al,2008;2009,¢ ) lagana Caghill (s€ Alla
CO; 5 CO; 5 HCO; 355 (Lo lsills dasSae dilaall da (€ ) ddudal) dpaclall
Lain (Sl Jansgll Aac B (e 23 Alls ligySall 0685 () (5250 1385 Lilall ki) 25ms9
ad) Ll Lo pa (3 1385 (1 2009 <0585 Olals) 251 CO, Ganas 8 &bl bl o8
Conasudd) Oml S5 DS e e oSl i Suag pugll GY) b o Wetzel, (2001)
(Richardson and s Sall diai (e bl i€l asla b g0 U
LDl pH il Bl sgaall ale (Siss Hussein,2006; Al-Gousous et al.,2019)

Baga ole Ll haige Sl saill s yugll (V) 2035 8.2_6.5 (o La sl &) sl
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dddee (e gomn 2.8 e JB () daid pmliasl ) s Ll elal) 8 Caghll (5205 sl
Wi dail) cllase b dseal) ela¥ls oball il UGy Canlg sl oo ALY jualiall ) a3
Kumar ) olall &slall LSl gas jslS dullad (e Jliil) ) (5255 Loac @) slasly 4 50l
(et al.,2011

Cligyd asmy aie (2) Galdl b Al g gl (S sy Qi) gl gl
-(P<0.05) Juia) (gginse caal Jgaadll G Ligine lig 8 llin Laiy adlgall (4 digine
Total Dissolved Salts (TDS) 4. 454 ~>a) 3.1.3

Pla Wil culS (4) Jsaad) b Aid) slilly Coall Lad Pl L3130 LIS ~OLeY) 28
Iy (g sl e SElly Jo¥1s Gl adgal) 8 144 5 142 5133 (ppm) iyl
(Adamus 43I #3350 8l Ao eas bee A G sliddl ciligiias (alds)
Jeai ) Gely Mg Lo Laally Adiall cDLadll Jia (5891 Aoyl Aaial) e Slmd ,2001)
Pha cumisi) Ly (Maji ef a/,2020) ALl glaall ol Gob oo el e S
GRlia) (ghas ¢ sl e Sl Jo¥g AN adsall 8128 5126 5118 (ppm) sl
5 e iy Gy o G olndl) Jusd PR sbiall g g linly U] Jshaa 53l
Ll dasll a3 ol (Adam et al., 2007; Tahir ef al., 2008) 4513 ddall ~ Y
gl ae a8 b (gheng Ailal) ela) olas ALEN Cpolaall dpaws Ll 8 )90
Cadg )l 3 a3ShE Ge w58 4 o daxdy bgs e g peaiall daas () K0

1(2019,,)
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Clig i asag are (3) Gald) 8 Aigd) LI ZSAN LS Slean) Jubaill 5 Cauen
Juia) (ggie a3 TDS adl Jouadll (g dogine Dl llia Loty adlgall G digina
.(P<0.05)

Electrical Conductivity (EC)aulg<l dduagi 3.1.4

Pla el a2l ygS dliagill ad o (4) dsaall 8 dinall Alal) Al il gl
o A, astlly JV) clladl 83,735 3.625 2.42 (dsm)lall Pla el
N, S claadll (82.93 52,635 2.54 (dsm ) culS Caall b Ly ¢ sl
i yiSlly sl ga Jraagill daseall i) ol =Y plgil (5S¢ sl e dills
sy (Heydarieh ef al,2021). asmbislly agudKlly asaiaally agugeally ciligs Kl
0o Smd dalles (90 0 oot ) Aaelially Adjiall eDladl) 5345 () dabasil) ad ¢ i)
Potapova and ) sbull & A5V G u5 AU dehl V) e J3d ol
Ligie J G 3 oy Lluagll 28 (=l W .(Charles,2003; Mejia ef al.,2022
Chaudhry ) Z Y1 35 Cauias ol slaal) Casusia £ 1) ) (5350 Lae Ainlaall jUaaY)
.(and Sidhu,2022

Cligd asmg pae yelii (4) Galall 8 il 430)eSl) Lduagill 2l Slasy) Jidaill il

-(0.05) Jlis) (ggiun cad Jguaidlly adlgall cpm dagina
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Fuilaaslly Filosall) clipall pud Aandsally dbuadl) il (4) Jsan

aaldly Cu\

EC Watertemp | on| TDS i _

Airtemp (C°) PH dlgddl | Jgumdll
(dsm™) | (C)) (PPM)

2.54 20 23 142 7.140 |

2.93 19 20 144 7.310 2 A

2.63 20 23 133 7.380 3

2.42 15 21 126 8.140 |

3.62 16 22 128 8.220 s

3.73 15 20 118 8.020 3
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Concentration of heavy metals in waterclall & ALY Galaal) 385 3.2
Cadmium agnaalsl) 3.2.1

will o) Cilas ool b a5a0alSl) i S0 dgadsally dabeaill il G (2) JS)
Ssil) e Calilly By Jo¥) adsall 3 8.3665 8.3365 8.218 (ppm) caall Pla
) gmal Ssally opally pbally dlenal) Binliall HUaeY ] drghas ) 39ns Lasy V) Vang
lgian (ras Slbishal) JUl &5 cras Sl e Coeat g0 Lgnit Lag Al det ) (535
i) e Sl .(Begum ef al,2009; Rashmi ef a/.,2022) sbull I as0e2\S
Dl sl dap0 g lily L) olaa I el s duelicall Clial) (a ol Al Ayl
.(Al-Sabah,2007; Jarallah and Al asaal&ll 35 5Ly J g cual
2.61452.11151.916 (ppm) Lill DA cilaid Laal) 2l LI Husseini,2021)
03 (oa I sl 35a05 Ly zpmmnall 2g3adl gl oy Mgl e 5ty Gl 51 cdgal
e oabaaa¥) U leba o) &ala) ela) ol dlal) cililall & (gpaad) SSIE ) yalial)
& WS, (Orata and Sifuna,2023) dscanl) slsall ae Al Cilatea (sS5 ) gyl
sl Cagean ) 525 Lao olaal) Cagusia gl ) oD 8 asaenlSl) S5 (alisl
3gaal) agaeal&ll 315 cyyglan. (Al-Sabah,2007; Jarallah and Al Husseini,2021)
& Al (5 ppm) il ol 1QS (2001) whaldy) s CiuAll DA gy 7 garsall
(5) s

galsall (o Dogine Cligyh asag e gl (5-a,b) ald) b Ainall Slaa¥) sl il

-(P<0.05) Jlan) (g5in cnd Jguadl) G Digine ilig Sllia Loy SO
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2000 s 8.336 8.366

8.000 -

7.000 - 0 <Al

PARA(
6.000 - L

5.000 -

ppm

4.000 -

3.000 - 2.614
1.916

2.111
2.000 -
1.000 - l
0.000 T T T T T
2 2 3 3

1 1

Sites
slall (B agaadlsll pais 581l duad gally daduadl) eyl (2) IS

Lead Jalayll 3.2.2
Clas Cus slall (& Gala)ll juaie 3SIAT duadgally Lbeadl) ulpiil) (3) JSAN s
Pla Jsill e Jo¥lg il S8l adsall 80.31050.24050.230 (ppm) aidll el
e Slly SElg JoV) adsall 30.27950.266 5 0.248 (ppm)Loall adll Lo ¢ 1)
il lhlall Jaee galiad) ) (gha pabaal A8 5 cund) ofy ccanpdll P sl
Ll 4 oSn (B sy cuwd Al clilay) 4B N 605 L dwhall cilhase e
$ pabayll 55 ad Galiasl of (2006) Gaxdl wasls. (Siregar et al.,2020)4s)
35 e Jlsa¥) dihie 3 dlle dals CBES dsag e Sl e liall sl A8

oaba)l Hslats aly 03855 (pe iy Law dae Bl sy yllg blal) sl 3 palia)ll o815 )
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b Al (10ppmM) coyall sl 1QS (2001)dE (e 823aally Loy el 35aall

((5)dsaad

adlgall (m Ligina Dlig 58 gag a2 < yelal (5-a,b) Galall Ll SlasV) il w5k

0.350

0.300

0.250

0.200

ppm

0.150

0.100

0.050

0.000

(0.05) Jlaia) (s5ien cia Jyeailly ESG

0.310

1 0.279
0.266
0.248 0.240
1 0.230 O G
I I -;w‘

Sites

slall b paba) suaie 50 Luadsally dkuadl) i) (3) JSa
Nickle Jsaill 3.2.3

Cua (4) IS daiage sliall ilie & UKl puaie 3SHA dpaBgally biadll ol

Sl e

Callilly Sy Jo¥) algall 82.42151.8245 1.667 (PpmM)aill ol cula

Js¥ly Gl adsall & 1.4375 1.2815 0.490 (PPmM) Luall adll Lein ccinjdll Pla

Jax ) del 3llg Adyial) e lcailly aal) Ciyeall olus aa3y clidll s gl e sty

Soleimani ef al.,2023;) capall DA 2355 83l elall ) J<al) Jlaws) 33k (gaa] el
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Lea JUae) Johaa o gl Jad 202l 3 W), (Asim and Nageswara Rao,2021
Legl of LS .(Fatemeh ef a/,2012) caiall dale caw JSall 385 dals ) a5
A shall G ISl peaie S5 it b Laga g Ailaslly Al auailiads sbudll
Anglall daas Baliyg olbaall jodh (he At Loy Bhall Cula s (8 ¢ L)Y s (alias¥) o) 3] Gllalls
sl 4 dsall 5sln 8 55 dalse WlS Lyt dduaglly daglll ol juads (Beall 4l
(e Baally Lo mgawall apaall JSll jslaw Wl (Gbaruko and Friday,2007)

A(5) sl 8 dsnal (20ppm) oyl oLl 1QS (2001)J:s

.(0.05)
3.000 -
2.500 - 2.421
|:| . .
2.000 1.824 wﬁ'“
1.667 B sudd
1.437
1.500 - 1.281
£
Q.
Q.
1.000 -
0.490
0.500 -
0.000 T T T T T l
1 1 2 2 3 3

Sites

slall (b JSuil) puaie Sl Aandsally i) sl (4) JSA
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Copper il 3.2.4
0.718 (Ppm)casall PDha deiipe L (5) J<all 3 L) (uladll yeaie 3815 Cla
B il col€h bl 8 L e gl e calilly Sl JoY) adsall 308345 0.816
gliy) oy, sl e Jo¥ly iy U adsall 3 0.5205 0.4705 0.360 (ppm)
) () A 3 Apdall iy 53] il Waipe 058 o (Sar sl 35
Merian ef al., 2004; Abdel-Sattar ) 5)laall ild¥) dadlal ulasl) @b e dely )
aiall £gig |gliCy Qlladall Hen A clil e Slulys dlag .(@nd Hammad,2022
dalard ol bl o dase dinphy llabll eda g 4ty AL dewlay JE
slaal) (o LGN aliall Canang Laandl) 305 of ) g Wl cpdl(Althweni ef a/.,2016) g
YL Cingional) Qi jminl duc s Lubalal) LAY a2e 503 e e ST 8ala3p 5kl
ol paic ) & aleatind (52 Senedesmus Obliquus sl e ay)lss P (e
(2010) e slall 3 g gl 3g0al) (ulaill jumie slaiy aly o gmealSll g S5 2l
Gligd a9ag are Gan (5-a,0) Galdl (5) Jsanll (& mase WS (2000ppm) WHO
Siss i pealll O Lgie g e Ly Aegadl adlsdl o L

-(P<0.05)Jlas)
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0.900

0.800

0.700

0.600

0.500

Ppm

0.400

0.300

0.200

0.100

0.000

0.816 0.834
0.718

B U

0.520

0.470 W sL4

0.360 [
1 1 2 2 3 3
Sites

slall b (ulail) yuaie 300 Auadgally duluadl) i) (5) Jal

Cobalt cli<l) 3.2.5

Claee Gun slaall il 3 @l jeaie 5 Ladsally dbeaill il (6) JSA Cpn

Slo cdblly Bl Jo¥) adsall 6 1.4525 1.447 5 1.427 (ppm)<bdll & dad o)

S adsdll 8 0.61150.468 5 0.022 (PPM)alls sl il Canal) 8 L, gl

SISy elall Aiages dnyny il ol 8 coleall GLgd LG o, Jall e Jo¥lg Cullilly

e Gl Amiiie Aiages dayd die (laal) (e dwaall LY sg JIESYs 52SY) dlec

Cadl) Jead 8 Junguell GV OIS Sunguell ) (8 i (5) ae galaall ligd A3

e ) Ciall b el 385 (i) g Ly (4) dsaall 8 maage LS (misi

o3 (35S ew LA DA leloy) @bl yaie 585 dawg (Odum,2016)

rga 030 Ll gl Y ausall 138 Pa sl G adg )l e il duials ST peaial)
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zyemall 35080 LSl yeaie Gslats aly (2007 ) Al Adail) N cilislall sale) 8
[(5) saal & Zasall (50PPM) oyl oLl 1QS (2001)J5 e 52354l gy

O Aagine Clig i 3gag pae (5-3,D) Baldll b dsicagall SlasV) dalail) mil <jekid
-(P<0.05)Jlia) (ggine cant Jpeadll (y dagine Cilig b Alia Loty a8)all

1.600 -
1.427 1.447 1.452

1.400 -
"
1.200 - B
[ EAAY]
1.000 -
£ 0.800 -
o
0.611
0.600 1
0.468
0.400 1
0.200 1 0.022
0.000 . . . .
1 1 2 2

3 3

Sites

slall b cligsl) juaic Sl dundgally dabadl) @yl (6) JSid)
Zinc i) 3.2.6
Clas Con olaall @lise 3 il juaic 581l dudgally daliadll clysall cow (7) J<al)
Pha Mgl e dlly Jo¥ly SBI adlsall 3 1.49250.121 50.088 (ppm)asill e
S adsall 80.26050.3305 0.340 (PPM) (G pidll g 5 L) 3 Lty Cnyal)

Cipall slae Gyt 83l ) il 55 g i) cam s B, il e callilly bl

&
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et e ey el BN W et Joba e el g adiiad) cdladlly acal
il 815 (aledd) (S B s (A L(WHO, 2006) Sl pas K6 (g0 dnjall 4y
Gijll yaic gl Al .(Fosua ef a/,2023) jUadY) Jsha o caaill Jale )
Jsaall b el (3000pPM) oyl ol IQS (2001) U5 (e 5335allg gy gaceal) 35351
.(5)

O Augine Sl dgag pae (5-8,0) Galdl b dsiasd) lasV) aill il cuy
Jlaa) (e Cad digina Bgb g iyl Pla Gl adgall lacle Joadlly adlsall
.(P<0.05)

1.600 1 1.492
1.400 -
1.200 -
1.000 - sl

£ 0.800 -

0.600 -

0.400 - 0.340 0.330

0.200 { 0.121 I 0.088 I
0.000

slall b il jumic Sl Aundsally dladl) kil (7) S

&2
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Chromium a4 < 3.2.7
Cua (8) JSAN L dainse sbdll Gl (8 a9 SN juaic ST daadgally dobeadl) il
Gl JsY) gisall 3 5.479 5 5.478 5 5.382 (ppm) cisall Pla Lall ol il
0.02150.020 (PPM)iussune & (585 oIS o AL L1l 3 Laty, sl e S
dead 3 ag S 35 g i) (e 385, il e Sy Sy JsY) adsall 3 0.040
(Shah ef4dl HLal L 13y el (e I yiad) Copall olia gt ) Lasy il
A sl zoha o pabiasy) g sy slall 8 ALEN coledl ian a/,2005)
Ay 4ilaslly Aalill) pailadll A Cus S5 Jli (8 Candy Lae e ) g yllg
slall Dk 0 Llliils Leihsas (olaall 028 585 o i Lee (Slall auadl Jals dagead)
(Griscom et al., 2000; Hoang ef +iill Juad A ag KU 585 A8 Gl juay 138 Loy
il ol 1QS (2001)J8 (e s0anally Lgy oacall 3oaall a9 <IN Holary Alsal,2022)
((5) Jsal b daasall (50ppM)
On dagiee Clig i dgag pe (5-8,b) Galdl b Al Aleas) il mil Casia)

(P<0.05)Jlis) (sgina il Joumdll (u Ligina Caldg i cllia iy 2854l
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6.000 -
5.382 5.479 >.478

5.000 - 0] Al

4.000 - B sl

ppm

3.000 -
2.000

1.000 -
0.040 0.020 0.021

0.000 T . T T - T T -_\

Sites

sl b ag ) puaic 3L Luadsally dabuadl) cifypsl) (8) JSi

Iron Lasl) 3.2.8
O (9) JSal) (8 dacagall sl Glie (& aall aic S duadgally daliadl) il
Calilly SBlly Jo¥) adsall 3 2.2905 1.8205 1.550 (Ppm) bl s cilaes pail) (f
gisdl 3 0.24150.23750.190 (PPM)ciu il Pl cilas Lial) 28 Laiy ¢ il e
LAl Jond DA ALl jUaaY) £ 8yile 3Be 4l 1 ¢ il e Sy g J6Y)
oS gl e lee ) Gladacdlly Ll (I sl il JSE s 3
s 5 peainl) 138 aliacy) I e Wy alea) W L (Fatemeh ef a/,2012)
(Sheldon ef al., i awlS) & e duwy sl galall @liiad i) adally sl
(e B2aadlly L ol dgaall aaall jslay W1y 2003;Premarathna ef al.,2019)

(5-a,b) Galdl s +(5) Jsaad) o diasal) (300pPM) il slaal 1QS (2001)J3
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.(P<0.05)
2.500 - 2.290
2.000 - 1.820
Ay Al
1.550
(LAl
1.500 -+ - ’
£
o
Q.
1.000
0.500 -
0.000 T T
1 1 2
Sites

slall (& daal) juaie 58|l duad gally dabiadl) cypatl) (9) JSil)

Manganese jsaiall 3.2.9
Cus unidl jeaie S0 sbuall Glie 3 Zaadgally duladll i) (11) JSE maas
Callilly Jo¥) adgal) 3 3.7435 3.654 5 3.445 (ppm)cinall Pla sl el s
dsal 80.90050.1105 0.090 (Ppm)sbil) Pha aill ol Lay ¢ sl e sl
I cal P sl paie gl cue Gu ey (Jal) Je SBlly Glllly JoY)
o Slmb Lali) aliadly dall ClEl) e LA Cage ay digeaal) dsall Balyy LAl
(Park et al., 2008; Kibret ef al.,2023) aabaid dliye I 635 laa CpanSsY) (ads

G S B AN aBlsall B Auhl) Lad PA iaid) jeaaie S5 G cplal) aga O

&
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Jale Gasesy g Aygunall yuts Aypuinal) LSl (o ilisingg el (it i el
sla¥) Llasy seliay) 5ae & DY)y Ll cillladly cBal DA bl Cagiasl)
bVl e Wyt @lisaylly @llaally wbjddlly dalall cblally calladally 4 gaall
Aanyal) Bl ol ol daen¥ly dnad) il Ldil paial) (e dibide CleS i
el o151 (2013, sanadl) 55 ulis ) (535 Lew Sal) (AU £ 55 n Facenl Al )y
WHO (2010) Zeallall daall dalaia Coven (S00PPM) g zsaceall 3g0a Suiaiall jumic

(9) dsadl (A miage LS
285l (s digine iy B 3gag pae (5-a,D) Galall b diall Alas) Julanll il < el

4.000 - 3.743 3.654

3.500 - 3.445

2.500 - B sual

2.000 -

pPpm

1.500 -
1.000 - 0.900

0.500 + 0.090

Sites

slall b Saitiall ais Sl Ausdgally dabuadl) eyl (11) i



Result and discussion aaldly -c[...l\

Ul ol A L 7 gasall ALE Galaal) JuSh5 a (5) e

ainl) aud WHO (2010) ppm 1QS (2001) ppm
Cd — 5
Co - 50
Cu 2000 ——=
Cr — 50
Zn — 3000
Fe — 300
Ni - 20
Mg 50 E—
Mn 500 —
Pb ——= 10

Concentration of heavy metals in gl 4 B ALEN caleall 3815 3.3
bird tissues

Cadmium agwalsl) 3.3.1

Anas i dwgnadl gl dad] G agnealSll aie (S5 mean (6) Jsaad)
4 8.13957.579 (ppm)ciall DA 2l dal & 2l el cls platyrhynchos
&) 3 1.56751.003 (ppm) shall Pl culS bal law « Jsill e &by sS3)
8.0735 8.008 (PPM) iyl PUa adll el cilais cBlaall iy ¢ il Lo oSl
1.661 5 1.270 (PPM) ¢ canslis £ sl A Ll al) el il e Gy s<all b

AN da) b aidl) el cilaid A, crecea gall b iy . sl e sl W)

&
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LAl 8 by Lay ¢ gl e )5Sl &) 3 8.174 5 7.782 (Ppm) cusdll Pla
aidll el cilaid Ol 8 Ly (sl e &by S 31,44 5 0.73 (ppm)
(PPM)a N s Bl 4l il cladll ag sl e 7.905 5 7.869 (ppm) ciuyall Dha
o sl el claws AL gcuta gsl) L)L s e sSally YD 81,9395 1.671
1.221 (ppm) el b Ll aidl) Lein «8.07357.917 (Ppm)ciaall BDla 2l dal
(PPM) Caall s il o) cilavas Dl Ll ¢ sl e &ililly oS3 82,276
2.32152.074 (PPm) bl L il L ¢ Jsill e sSilly Y1 59,187 5 8.267

L e Sy S b
On A1) ol (sl ) Al sl n asedlSl yaie 3SIE A el (Gha
Obeal) Jeaal Lyl clylesal) aa sag aledall e andl iliasl i e Talaie) gall ¢l
G A5 psadlIL Bslel) Al bl DUy slall e Sbmd galal) anea ) AL
AL Lgedhi o) bl b cigla) ligie culS o) s galual (& sl 83l s
Lac)) 3 g@\jy\ e s Llal .(Beyer et al., 1998; Douterelo et al., 2004)
AWEN obeall bl Gy 82b) ) gk lee Claaly dughesl saenYl skl
sl alua dalall cliac¥) & clilall oSI5 o)y .(Degrnes, 2008; Alloway, 2012)
568 13g] agacdl A} (& 550 Al 2l O Lasy elally ladall (8 sl (ggias S U i
® <Oladdl Ly .(Burger and Gochfeld, 2016) xe¥) dish Sl (SIS
Olaall paliaial 23 .(Sun ef al, 2019) aseadl ALY adlse Caaly aSIlly Cssill adlse
& JBhy sl AV (anlly Gsall xa lgany deliing dageall By9al) JAX 5 (g aenl)

painlly anally (3ally Ll deglay AdAA) AawVL Bagasdl) ooleddl lms AT WS
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(Burger et al., 2003; Peakall and dzaall bl of 4503l paliall ae Jelalls
Clislall il a2 g0alSl) Jia ALEN Calaall aS) (e ysekall 3yma 2335 Burger, 2003)
) G aan vie AL (aladl) il Gaasag. (Durkalec ef al,2022) \eils oL
LUV e Gl i adl 56 AT G el oS8 005 (531 pumially sl e ST Y
o sl b asend) A1) dlae I (e Loy pseedl€ S5 (mlisd) L (2005 )
& 5 dandl 11k juaie 2508 L (2001 Jusdl2019,25Y) Saall pa) Ldee DA
Aoall LS a8 Al ol jidall A ol ually Zila¥) I (5350 Cm AL 51
(2007) s (e 8235ally Lgs gansal) dadll agaasl€ll 3815 <hjglasy . (Khushwaha,2016)

(6) Jsaall (s Al (0.2ppm) FAO
Bl A acuta g5 o) (6-a,b,c,d) Galdl 8 Al SleasV) dalail) &5 cjekil
ek ol Laig Al Jgmil) (1 Agina g b Cilacsy (351 e gl g Ligin 1SS

-(0.05) Jlas) (grime cond STy S (G digine Cillg
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soshal) Aol b aguadlsll juainl gy g gamall yganlly Ailadl) cpall (6) Jgia

(PPm) e ail) (PPM)cial) | zseail) gg3 | uiall
1.567 7.579 as s
1.661 8.008 D ocac A. p/az‘yrhynchos
1.003 8.139 As il
=
1.27 8.073 i lcac
0.73 8.174 a8 &
1.671 7.869 D lac A crecca
1.44 7.782 As 5
=
1.939 7.905 COlcac
1.221 7.917 a8 <
2.074 9.187 COliac A acuta
2.276 8.073 AS -
|
2.321 8.267 i lcac
0.2 FAO, (2007)

Lead _alayll 3.3.2
Sl Claw A platyrhynchos i dus nall gle¥) b paball 3815 (7) Jsaall oo
(PPM) il s ol Wiy ¢0.9225 0.113 (ppm)cinall Pla 28l dasl 3 pil
Sl (PIA al) Cangli cOlmall b e (sl e 5ol SV L3 0.077 5 0.076
Cingli Capal) L sl e @ilillg )5Sl edlime 8 0.2305 0.075 (PPM) o

sl e 5sSlly GYI eDlme 50.2050.199 (PPM)
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0.095 (ppm)ci,all Pla 2l Al S il Sl claw AL crecea g3l RN
0.15050.077 (PPM) ¢y i) Congl s sl ag ¢ gl e Y1y H<3 30.195
0.075 (PPM)cinall PDa adl) el Cilace O Lmal) by o sl e sSilly cibY)
S 4 0.0765 0.075 (PPM) o nghig bl P il Laal) adll e <0.202
sl e gl e S

Dl a€l) dal 8 Wlel cilaw las AL, Ajlie 0@l culS A gcula gsll b
Coaglp Pl Ly (sl e 5 &by s 0.3505 0.002 (ppm)cis Al
(PPM) (i Cinghi cBlaall g ¢ Mgl e &ili¥lg <A 80155 0.077 (PPm) s
0.140 (pPM) C Cnghiig ¢ dsill e Sy oS0 A& cawall DA 0.1855 0.035
sl e sl Sy b clal D 0.160 5

saiall 3] el gagieaddl p galiall Siglly sl e gl o Cagyeall e
Conmsiad) SIST = DUianlly A 8 035 A8 s ek Ly 138y (Starichenko et al., 1993)
Gy Ly gl A i) 8 Al Tan AL CulS adl) (Y Ll Canpdl) Lad Dls
Gty Ay llaall b Galioll 515 Ao Yo Cun bl aliall (Sl b dss )
Dsahll (SAY) Aaud) ae Ajlie abiad) ISl (B S OSE wShy el o s
Bolall Lpll mpall 30 aag (Burger et al,1992; Rutkowska et al,2019)
sehall I Galia)ll JEY Zegall jibaasll e dabeall ciluall dexiall & ¥y Gala
SV aledall e gade b ae by (S) Al Aslall sl e s3am LY lgaliad ua
(Best and Stafford ,2002; Hussain and Kecili,2019)axgll 4L Lglaal laas

sl sl sl edial) Chaall (3 ey 5 AL SLAL s olu eaie b))
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FAO (2007) U8 (s s23sally Loy zsansal) daidll paliayll j5lam oly (Kler ef al,2014)
(7) Jsaall 5 (Sppm)

Lgine Dlig 8 399 ade (i ala)ll (7-a,0,¢,d) Galall & Al Slaa¥) dulal) il
(P<0.5) Jlin) (gsiese Ciad Jsamilly dnasi¥ly (ulialy 1) O

skl Al B (aliayll yuaind gy 7 samall gaally dladll csdl) (7) Jsis

(Ppm) il | (ppm)iu Al gl &3 oaad)
0.077 0.922 s &
0.075 0.2 N A. p/atyrhynchos
0.076 0.113 AS Sl
‘f.i
0.23 0.199 O lcac
0.15 0.095 AS <
0.076 0.202 CDlac A crecca
0.077 0.195 AS l
‘;U
0.075 0.075 O lcac
0.077 0.35 28 &
0.16 0.035 D lac A acuta
0.15 0.002 AS 5
(5”
0.14 0.185 Clcac
5 FAO, (2007)
Nickle J<u) 3.3.3

On (8) Jsaall b Lundl A platyrhiynchos gl dawil 8 JS yuaie 3815 gl

€ 3 Cuall BUs 0.0555 0.316 (PPM) s colall P 1.1275 0711 (ppm)
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0.9865 0.717 (PPM) G adl) comgliy cDliaall & Laiy ¢ il e 56l &Ly
L sl (Je oSl SLYY A olisl A 0.16250.013 (PPM) g iyl s
DA Ll ccapdll PUa 1.5065 0.446 (Ppm) cm aill canglis Al crecea gsill b Lain
Claal) Lt ¢« sl e e€lly GY1 A 308925 0.294 (PPM) s sl il
adll Cinglpd il 4 Ll ccanall Pl 1.6095 0.537 (PPM) o asil) ol
LSl e GLYIs 5 8 1.5150.953 (pPm) o
1.731 (pPm) (e laall & JSull juaie 3815 aglp Al gcuta gl 6 Ly
Sle @byl <l 8 kil D 1.6765 0.541 (PPm) s «ciuall Dia 1.919
(PPM) sy cdd) P& 1.7705 1.737 (PPM) G0 il 2 vl b Laiy ¢ sl
sl e HeSilly Gl A 8 el P 0.55750.75
UG e (ge algl iy La e ) ulal) Aol 8 ISl 5805 8 CABIEAY) o3a (ghad
(CET, 1993; (il diphy il 58 e I GliSy skl elially eld) b
sl 8 JSall jeaie 3805 o Dauwe ef al. (2004) o Sy Suljevié et al.,,2023)
ate sand) dale o LS aldaal) 8 035 Sapng cdlcanlly SIS Bs3l) dawal) 8 ) (055
SS3 Ay, bl ae 43)le AR gl Al & ST aS) ISl jeaie o) dag G Tas
oAl ALl Aid) 3 JISE) Bay aag IS seaie o (2013) g50aTs Al-Salman
ot Al Glguall I daad sliall e g JUEY) (o (S Cag & (e (Gllals
GAY) lSlgiad) e hha (<5 L Ll 2SI jsalall lgiaca (pag A58130) Judlud)
sy (a9l ranadl (aly ) dallall 5815 (el (63515 plas yuaie dSll (Ll Lgad Loy

S e L) duhall sda il iy a8 (Pannu and Kler,2018)  aY) clagiay gyl
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sl (0.2ppm) (FAO,2007) J& (e s3anally dusgyaall gulall dawil & JSull yuaic

A(8) dsaall

) o Asine llg s 25as yelil (8-8,0,6,d) 3alall L dipall laa¥) il il

A1y 5 Cp Aginn s 3gmg By o (n b Upemill (y SIS y5ibal (0 DL

(0.05) Jlaial (s5ia cand J<all aial cDliaally 2SN daail g

ool Aawsl A (<) juaial gy 7 gacaal) agaally dabuadl) eyl (8) Jgan

(PPM) sl | (PPM)isdl) | gl g5 | uial
1.127 0.316 a< <
0.162 0.986 e s A. platyrhynchos
0.711 0.055 a<
Sl
0.013 0.717 D cac
0.294 0.446 2 <
1.51 0.537 D cac A
. crecca
0.892 1.506 a<
Sl
0.953 1.609 D cac
0.75 1.77 S <
0.541 1.731 D cac A
. acuta
0.557 1.737 A<
)
1.676 1.919 D cac
0.2 FAO, (2007)
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Copper il 3.3.4

A a3 (9) Jsaad) B Al peladll peaic 805 of Adlall Al il gl
S B Lbal Pa 4.6205 3.900 (ppm) cw <sslp Ao platyriynchos g sl
Slo lYly e & Canall s 0.8405 0.635 (PPM) gy ¢ Jsill e sSall
oms ol DA 1.5805 1.060 (PPM)om comglys cliaal) dal 3 Ly o sl
LSl e sl S b Canall Bl 0.966 5 0.788 (ppm)

On Gngli Al cBall Jead DA a8 dadl 8 L) il claas A.crecea gsill b
Capall Pla il Ll adll L ¢ sl e l¥ly S0 8 4.400 5 2.120(ppm)
Cangl cOlaall g, Mgl e sl LYY 3 1.36650.986 (PPM) Com gl
1.017 (Ppm) gy » sl (Ao sSAly SLYI 3 okl Pla 1,105 1.15 (ppm) o
& ol yeaie 3815 Cangli Adcuta gl s . Jsl e SBYYy S 50.643
1.81650.807 (pPmM) ¢ il 852.030 5 1.67 (PPM) G il DA 2l Ao
P 1.2925 1.166 (PPM) ¢m Cangli cBlasll g ¢« il e Gyl <Al
LGl e oSl S A il A 1.27 5 1.14(ppm) g ,iopal

Sl sl Bl ) e Laily 13 (€8 A Y Al dal) ) Gl )l Levie
zend Oy (Edward ef al,2013) jsadall e (6AY] Laall ity gyl Eilall bl
g b aSI) e Allal) andilal iy cdlcaal) e el 2SN 3 Galal) Sie ALED kel
Ol alaas Ui (e 4 Eum Ligadl) 850 ol Jaly raal) dadgal Coty 3 2SI
degally Metalothionine culisig » aaiad b oy50 (o Sad pll Byl e Aliiially Liaiaall

(Hamza- Chaffai ef al., auall ) Lgayh oSLI ) Ll Tagas Lgan gpolaall Layy 8
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& Aahall Lad DA adl) (DR (i Ly (1997; Cygan-Szcezegielniak,2021
Jeans Al bl e Sl pead) cilihs B ) Gisl) i ae3 Gac Bl g ) o
Cuew sl Jgeadll G dais Joany 3 (@hall aujsil) & COAY) Ao oLl Ja
Sligicn ) ealall Gy Malliy dalal) chlal) 58 Jads ) Alall cililgual) Lalssg A5a
.(Fukue et al., 2006;2019, »3) slilly canall Laad JUA palail) (e dalida
DY) @l Ll SN G pail) (S danplsnesdll ilalaall (e el B g yuaic sl
Abdullah ef) ;s pudly Casll e Sad ity estiilly caingl) Slgadly slacall 232l
(0.2ppm) (FAO,2007) J& (1o 823aally Ly zsansall 3gaall Lulaill 35laig (@4,2015
{(9) dsaall b dindl

L5 1Y) Lgine Cilg s dgag are elaill yeaial Slaa) Julatll gl ekl
Galdl 3 LS (0.05) Jlis) (ggise cund Jsaailly daas¥) (g Lisine il llia Laiy

.(9—a,b,d,c)
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sl Aol B Gulall juaind gy zsamal) ysially dabeadl) il (9) Jsaa

(PPm)<Lall | (ppM)canall | medll i | puial
4.62 0.635 A< S
1.58 0.966 Das A. platyrhynchos
3.9 0.84 A o
‘;\J
1.06 0.788 D lcac
2.12 1.366 A< <
115 0-643 e A. crecca
4.4 0.986 AS 1)
‘;\J
1.1 1.017 D lcac
1.67 0.807 a8 <
127 1.292 S A. acuta
2.03 1.816 as -
‘s.u
1.14 1.166 D lcac
0.2 FAO, (2007)

Cobalt «lst) 3.3.5

Sl claw A platyriynchos gsill dsul & GlsSll juaie 5805 mag (10) dsaal)

o L ¢ gl e Glyly 5oSl edliae 6 1.611 5 1.518 (ppm)etiall A auil

(sl e 5Kl S 30.17350.105 (PPM) o cansli 3 Gl b il il

sle Gl LKAl b eliall DIa 1.506 5 1.482 (PPM) G pil consls 2SH i L

(sl e 5sSally Y1 b Cisall s 0.717 5 0.436 (PPM) s ¢ Jlsil
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cslal) DA 1.4225 1.401 (ppm) <Blaall & aill el Jaus A, crecea g5l Ly
Cingli 2SI g ¢ il e SV s & Causall Pla 0.347 5 0.05 (PPM) o
b ciall Pla 0.428 5 0.046 (PPM) s ¢l Pla 1.3725 1.346 (ppm) ¢
Ol & bl jaie 5815 Gaglp Ao gcoufa gl W il e &Y sSA)
b il Pla 0.2315 0.157 (PPm)csss il Pl 1.4655 1.386 (ppm) ¢
& bl PA1.457 5 1.309 (PPM) o cangli 280 3 Laiy ¢ il e &yl 583
DsSlly Y1 8 Cansall (Pa 0.487 5 0.473 (pPM) gy ¢ sl e Glilly <A
L sl (e

e o 0o a2l ey QLN (e el Ganlaty oI5 ALE e jplal) s g s
b ikl (e Lgaliaal addas G ey 81 byl sSA (e IS dgilitie zAY) Gk
Oo Walal panlas ) GlY) Sk Al ddliay) bl o3 g5 8, Lgialy lecay
Uanll 5,88 3 5 cus (Burger,2007; Vizuete ef a/.,2019) J8 ligice ) <l sS
(Burger and bl 5815 b cligh Cigang Y Lo Sl be e Jliy 1
iy Cliie Cpeinl) DS 5 lisS (ggionn o Al 038 &3l jekils Gochfeld,2004)
Aail) o (g a2 I e a3 pUai) 8 Ll Casen i Galeaial) Jara oY
las Gals (gan) ASI Jae o8 Gl aay clislall (mpeill b)) jradl s Sl
o) &le 83 (Burger and Gochfeld,2000; Squadrone ef al., 2016) gbfﬁl,a
Oaleall D3l e 55 cpdally dally Goall e ie oo Blae Bgadl Ho caulyy 4y dala
dondand) daliaal) Cans gl Clis aaa Hia xe A3 W3SH O 3 algl) mlan o

555 o M s lashow o Gl seaid ST Sl poed Gl daus)
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Cipall DA opS5 A8ty Loy 1 Al sl (laped dad e i &5 ey el
GlaiVly Sl e 2l 3 Laga Dpaic @lisSll 2y (Bentivegna et al., 2004)
e dma Bl Candis i 4t A 8L 01 Y1 By e S 8 Jas saeLsdl
agaall &l glay W1y (Leyssens ef al, 2017) saaill wlually (55550 <Lyl Jia

(10) Jsaall & mage LS (2ppM)FAO (2007) U (e B22aally Lo - gannal
Al G dsien ligp @l o el o) Gl jeaie HSIEL Slas) dlatl) il

{(10-a,b,c,d) salal i LS (0.05) Jlia) (gsiuse Cn3 Jyemilly dnasiVly (elinYl

skl Aol b cligl) puainl Ly g gamall 3gaally duladl] i) (10) Jg>

(PPM)stl) | (PPM)isal) | moesll g3 | Luind
1.482 0.717 s <
1.518 0.173 e Miac A. platyrhynchos
1.506 0.436 S 1)
‘s.u
1.611 0.105 D lcac
1.346 0.046 a8 <
1401 0-05 e A. crecca
1.372 0.428 S )
L_;\.‘l
1.422 0.347 D lcac
1.309 0.487 s <
1386 0-157 e A. acuta
1.457 0.473 AS -
‘;\J
1.465 0.231 D lcac
2 FAO, (2007)
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Zinc &3l 3.3.6
aill el s AL platyrhynchos g5l dsud & Gl yaie €15 miag (11) dsaad)
4 0.89250.718 (PpPM) iyall Pa alial Ly ¢2.0005 1.630 (ppm)esll Dla
1.411 (ppm)ciall Pha aidl) el culS edlzaall 8y ¢ Jsll e GlYly 5eSall A
& 1.3605 0.800 (PPM) o cilS sl g ¢ il e Sy o< 6 1.420 5
P 2l danil b adll el cla A crecea gl b e - Jsill e sS3lly LY
(Ppm) il CaAll By« gl Je Sy <A 8 2.0005 1.310 (ppm)etuddl
(PPM) (s sl Cingli e Lanll b Loty ¢ sl e o<l Y1 3 1.628 5 0.806
0.9395 0.604 (ppm)cms ¢ Jsill Ao 56<Ally &y 4 <Lal) s 1.0005 0.93

Ll e llly 5 3 Caall Pl

<1.580 51.36 (Ppm)ebil) s 2 Ao b adll el cilaid A, gouta gl b L
Al b Ll sl e il o<l 8 1.281 5 0.402 (Ppm) cauall 8 lalial Lay
labial cilas Cayall g 1,415 1.10 (ppm) oball DA cilais 4l el el
LSl e ysSally &1 5 1.045 0.146 (ppm)

ple JSa aaad) 128 maend (8 Adgyea yglally Gl (Sl Cagllan ] yeaie el
Aol 8 i 55 A G (i Layy Sl (Deng ef a2007) il 35S Sl
Stout and Trust, 2002;) oanll 8)d8y Giully alaedl 3 aslp ) 2D sy
A cdgall cpianlly Jiat daludy 4Sske clddlia) gl elliag (Pandiyan ef al.,2020
bt e 8 Holall o Cus (GAY) Cililgaalls 43lie Ligos ClEhaS 5ol 8 gaball e

osahall S Y 38 S ey Geaall ae o Cia Ll il Lgiaa ey aleall 3S)5



Result and discussion aaldly -c[...l\

saally Guinll e AW Halall 3 sasasall CADUAYI e Slad ) Cughill Alsgas
ealiall Cltinn (3555 5 Laga 133 WilisSag gl yoa &5 duesi canliy (Burger,2007)
O 82 AaeS gan e 53l gl upally (udall (e dlle s e (g5iad dae bl Dl oY
gilse o lgilgad dllyg 2l Ll e Sh dayn Al GLSally il Jia ealiall
oo ey Ly 29 olaal) (& lislall jgalall (impat dap (g iy Las ) e ddads
raie il (Bradl,2004; Jawad,2021) duhall JLad DA lgaliasly  aal cdlaal
G paniill Caness Zlall SSIAN o V) a3 Dgnl Cllladl) (e aad) 8 iy aslid
(2007) J (s Baasally Ly mgamsall 3gaall clijll j5lany o1 (Kaur and Dhanju,2013)

(11) Jsaad) (s Al (2 ppm) FAO
g ot ol galall g Glipll Slaa¥) Jdaill ad o) (11-8,b,C,d) Galdl maasy
Ggina a3 Jyeadl) (o dugine Gligsh Cilan Lt AWy liaWly gl Gn digina

.(P<0.05) Jlaa)
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soehl) Al B A puaial gy zgamsall Sgaally Aladl) cfpl) (11) g2

(PPm)<ll | (PPM) il | gondll g |
1.63 0.718 s &
1.36 1.411 N A. platyrhynchos
2.00 0.892 AS
)
0.8 1.42 D lcac
1.31 1.628 s s
1-00 0-604 N A. crecca
2.00 0.806 AS i)
‘;\.\
0.93 0.939 SO lcac
1.36 0.402 S &
L4l 104 G A. acuta
1.58 1.281 S
)
1.10 0.146 D lcac
2 FAO, (2007)

Chromium a4 <1 3.3.7
Cilas s (12) dsand) & duse A, platyrhynchos gsl) dswil b ag SN yuaie 5805
(sl o Gl oSl eBlae 3 3.581 5 3.253 (ppm) caall b Sl e
G Wl sl e e€lly il 80.0450.021 (PPM) G consli $l3dl) PlA Laiy
e Gy 5eSall 82,9065 2.439 (Ppm) cisall DA 5815 e cal€s 2 A
e sSilly SV 8 0.425 0.41 (PPM) Ayliies JBl Sl culS ol g o Mgl

4.6554.388 (ppm) i ydll Pla 38l el s A crecea gl A e . JIsill

{2
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s o sl e Gl¥ly e eBlme 3 0.021 (ppm) Aileie adll culss cball b L
shall b Ly 4.1995 3.9075 (pPmM) cisall Pla 585l el el okl dal
LAl e &Yy 5eSal 30.0450.02 (PPM) o asil) sl

Sl i L 5.3045 5.171(ppm) cavall Pl aill o) cilas A, acuta gl g
Aol 8 L o Jgil) e &Yl oS cDle (3 0.021 (pPm) dbileie sl il
Pla culS Ll 2l L) 5.054 5 4.844 (ppm) canall Pla 81l el cuilks as))
sl e Gyl <Al 400235 0.022 (ppm) <l

Ghlie Gu Wina g KU e Aalite Gilbgied G psidal) G ) dulall ¢yl
plana ot salall plgil Gmns o () e Ly 1385 dadfine g SI ciligions calS s LIS
La3 o1y (Cooper ef al,2017) aLal caleall Ligle 3halia 8 lghins b & 2l
Ll ly) e Cag ) O e p )l (o ag S uShA Gl Cpuiall G liEAT 35as
Rimmer et al, 2005; Bera ef) jSll auge DA (andl & AL8) colaall 8
Burger «(2007) J& oo Jasll 1yie oIS () 8588 8 AL cpolaal aas oy (84,2022
Copl) 5 s 3B Galaal) e ol ligius el ple USa bl &l o ang (3
Holmes, 1986; Vizuete ef) (puwiall o o3l o Gl 4 ddbde chle e
S ggiad) i e ladlay Greial) IS o daindll (e sadall 8 oSl (21,2019
adll (=l (e g (Halkin and Linville,1999) dabaall 45030 4aa¥y) ae s
by eladl oo S 585 e iy Law 5Uael] Jhaa aey caidtl) dale I elaall DUs
dpal) Gl aabing oulid yaie a5 <)) (Olu ef @/,2019) johall Lo st be Jay

gindl ekl e 55 Cus dele 056 Al SN o) Y1 dgal) iy ol

&
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Lo zsamaall 29aall Ciyslas 38 a5 I yaie 3S)53 o) (Kertesz and Fancsi,2003) <l
(0.1ppm) FAO (2007) J (e 823nally ciaall i 8 Lalds dusg paall glal) dail
(12) dsaall & danall

Cilig b 3sng are oyl (12-3,0,6,d) Galal 8 Gl o SU SlasV) dulail) 3k
Jlaial (s5iunn s Jgaailly gloi¥) G gina Cillig 8 lin Lot Ay Calia¥) ( dagina
.(P<0.05)

okl Aawdl B ag Sl) eaind gy zgamual) aganlly dabeadl) eyl (12) Jgas

(PPM) sl | (PPM)idll | il gsi | il
0.42 2.439 as <
0.04 3.253 e A. platyrhynchos
0.41 2.906 as
<l
0.021 3.581 COlcac
0.02 3.907 as <
0.021 4.388 CDlcac A
. crecca
0.04 4.199 as
<l
0.021 4.65 CDlcac
0.022 4.844 a< <
0.021 5.171 D lcac A
. acula
0.023 5.054 S )
L_;\.‘l
0.021 5.304 CDlcac
0.1 FAO, (2007)
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Iron Laal) 3.3.8
sl danil & aaal) yaie S0 of (13) Jaad) 3 duall ddlall Al m8bs cjelid
255 ag 415.850 515.380 (ppm) sl S aall Sl el A. platyrhynchos
DSy ) 8 7.943 5 4.937 (ppm) caall Pla bl Law (sl e &byl
DS & Ca Al S 5.600 5 4.958 (PPM) G sl amgls Dlaal) g o sl e
sl Gle sSally LYY 8 el DA 5.54 5 4.000 (PPM) G ¢ sl e &l
7.12 (pPm)<all P oSl dawil & adll el clan AL crecca gsill b L
b Ciall Dla 6.3235 5.679 (PPM) s ¢ sl e SlYly LSl 3 14.220
cs sl DIA 4.68 54.39 (PPM) o skl il O Lanll g ¢ Jsill e sSally G|
A gl g gl e G <Al 6 Caall IS 4.267 5 2.619 (ppm) s
Cinglig ¢12.6205 11.950 (Ppm) bl Pla 2kl dasil b aidll o) cila acuta
D lanll b Lt ¢ il e Gy S 6 Casall DA 9.146 5 1.544 (ppm) cp
s sl e Hslly By 8 5.630 55.250 (ppm) fLidll A 58I el cla

LSl e LYy eS8 3.0937 5 3.029 (PPM) i asdll Canglii i Al
o el L) G ) 8 il ealial) ST assS ) (g sl 55 g i) o)
sba¥ly Clblally Clailell slual (& aSIEL juaiall 138 die (I 35n0 Lajd 23S 5 (i)
d8 e A (il (ash 0o Ji Lae gl e S5V dolee ) ALY L (9AY) A5
sl asl) b aclinl cun (g ey ((Al-Saad ,2000;2012¢ Jesally 5Si) skl

138 A Baane Loadat LT G 13 2aal) lgiaa (g AL (paladll ASIAT i)l guianll

Ol iy gt Al djeadll claY) Llled of (Okati and Rezaee, 2013) gl

&5p
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L0l Pl aaall Jie goleadl 5815 alap Jallby shall cilajy (medsn Laie J& 4Ll
) L) e ey Layy 138 53U Jsalll DA S G5S 2aall jgalall (ajes il
Onslesagll S B JAy age paie aaall (Al- saad ef al, 2011) oLl Pla
i aigall Y AN e dals gl danglsand il ) asladi o) sl 8alsy (5355
s e fsg duhalally LSally 48D dddagll Camay LLY) () (3509 2l (Al
Zsansal) 39l Cijglas 88 aall aie 3815 ol (Lozoff ef al,2006) & lal (sSis § Leal
(Sppm) FAO (2007) J& (e sassally slidll Pla dals dugynad) gkl dauil A Lo

(13) Jsandl 8 Al
) (G Lsina iy b agag aae dusgyaad) bl & aaall Slaa) sl mil <jeil
LS (P<0.05) Juis) (ggina cant Jgumilly dandl) o dugine ilig b lia Loty (ulially

-(13-a,b,c,d) sl <
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soehal) dadl (B aal) uainl Ly zgamall agaally dabeadl) i) (13) Jgas

(Ppm)<all | (pPM)candll | mill g5 | Guial
15.38 7.943 aS @
5.54 4.958 e A. platyrhynchos
15.85 4.937 A<
it
4 5.6 D lcac
7.12 6.323 aS s
4.39 2.619 Colcac A crecea
14.22 5.679 S
s
4.68 4.267 lcac
11.95 1.544 as S
5.63 3.029 clcac A acuta
12.62 0.146 S
it
5.25 3.937 Clcac
5 FAO, (2()07)

Manganese jsaiall 3.3.9
A. platyrhynchos i i ) glsi) dawsl 8 Suaidl yeaie 3815 (14) Jsaall con
Gy s 81,7165 1.349 (PPM) Caall Pla cDlianll daast] 3 pudl) o) cilas
e sSills &Y 3 0.1405 0.090 (PPM) o canslys olll Pl ey ¢ sl e
2SI 1,093 5 0.995 (ppm) casadl Bla <1l o) culss Al 8 L) o gl

sl e s<ally &Y 30.580.5 0.500 (ppm) culS sl g o sl e Y

b
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3.17 52.83 (pPmM) caydll P cliaall & il el cilss AL crecca gl Loy
260 Wil e Gy 5o 4 0.08 (ppm) dlilaie adll culSs sl 8 Ll
(PPM) (sl $B&N 4 Lain 1.5195 1.724 (ppm) caall PlA adl) el cilss
sl e byl <l a5 0.31 50.17

2.981 (ppm) ciall PUA cBliaall Al (& SIal el Jaw A acuta g5 L
b e sl e &l 5l 5 0.1050.09 (ppm) cball Pa byl ey 3.651
(sl e Syl 5o 82,47 52.371 (ppm) ciuall Dl 381l el el ag)
sl e 5sSally Y 5 0.165 0.12 (PPM) oo skl o) oladll b Ll

S il e Apla) pealiall e 1 ysalall 038 Al 3 Sikiall jemic oSI5 (S
disally andal) gaill duyg el laall (e LgisS Aabiaal) puenl) daasi) b 4l 131 il
Dhdhag gl g e iy Ailal) A3l Y Sussal) Jgia oy (Naccari ef al,2009) Sl
O uaall lag 0355 o)) (B o) cuw 5o Al e Gldlie (e ol adliis L
ililee lgia Gl Al 3 jeaiall 13 dalag JU e Sl ) &g sas Gibles]
Bgaaal) SLSal e il (35855 LAY lblacy blally caly ) sl e I
ey A1) Akl ehal Ay U ALEN coledl JES 138, (gpal) palaia¥) cililecs
(Kraemer and Hering, 2004; Abdulnabi, 2016; Morsy ef al.,2020) sl lgiaca
adiniy ylly L) Sluang JlsaY) G oball dils Jola o ST (shatiy jglal) e
Skl sUazll a2y AN (Bancroft ef al,2002) sl dujig (iall HLosY Jilgall o2a e
GhsYls Lsad) Jie I3l gl sy G Gilae¥) AT Ll ddld) gl davills age

cblal) (i (Ma ef al,2010) awsall e Slall slaall 585 adians eaally cilijallg
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Clledll N335 (20146 carailly ehall) LIS 8 lgmaads Ll (e iaiall Jie cpalaal
Al e Spiaiall yuaial (ggaall (alaial) dlag clling Ball Cilaps ¢ i) ae clball Lad)
sl e ALEN Galaall diandly SSIAN aaiay G i) Al Jady oS o Jig sl
gl peady 12y Blal) clilall o i i jslall ) Jan Ml daal alad)
(mohammed Irzoqy et al., 2022) 4wl i PIs dswall adll 4 SRV,
Baall gend gl Lalis Lajh fie plia BB ans analyy o) ailealt oy uled yeaie xidll
Ahmed ) de L) Chaua ) A8LaYL LAY 8 dogs Lk Shas ) (5250 NSy 48 ,01)
Basally mgasall 2aall juizidl a8 <ijslasig (and Abdrabo,2016; Islam ef al.,2019
Jsanll b mange LS Cisall s Dla Lals (0.2ppm) FAO (2007) Ui ce Lualle

(14)
Alia Loty dawai¥ly ulin¥) G dagine Dllg 8 359 pre ity kil Slas¥) Jilail) o
15-) Galdl i LS (P<0.05) Jlis) (g5ime cnd Jguailly lei¥] G dugina llg b

.(a,b,c,d
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sgehal) dadl B uiaiall el gy ggamall Sgantly Ailadl) cfpiil) (14) Jgsa

(PPm)<all | (pPM)candll | mill gsi | Guial
0.58 0.995 2 <
0.14 1.349 D ac A. platyrhynchos
0.5 1.093 A<
)
0.09 1.716 e
0.17 1.519 A< <
0.08 2.83 e A
. crecca
0.31 1.724 a<
)
0.08 3.17 e
0.12 2.47 2 <
0.09 2.981 s A
. acuta
0.16 2.371 as
)
0.1 3.651 e
0.2 FAO, (2007)
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Conclusions «laliiiuN) 4.1
dadiye Fongyhgll (V) al il Cun olaal) 3 380 Jalgall 08 8 Lbiad lyas dgag . ]
8Ll Aduagil) 28 Ll Cinpal) (DIA dadipe cul€ 400 A5 ~SLeY) Laiy sl Pla

Al Lead PlA dline il

aspedlSl) a8 ilS Cun slaall 8 A yadl) ALEN pledll S5 8 Alad iyt dgag 2
dadipe CilSh aaally ClsSll Ll Caad) DlA dadipe Juially ag Slly lijlly ulaally JSall
bl Lead DS 4l pil) <l Galiajll 8 Lay ol Dl

G Gpeiall AS 8 2D £losY) daanil 5 dsg el ALEN laall dibiab s Sllia .3
cliplly CligSlly alaill 28 ety canall PIA dadipe Suinially ag Sy aselSll 28 calS
sl DA dadipe cul€ sl

i) dagaal) gulall dnesl (& Siatally aaally g Sl Galailly JSally assealSH sl .4
e Hla abil G I gam Al del)lly 43 daliia J8 (e s335ally Ly mpansal)
L) Al B LgaSli e 3 B3V s3a Jols oY L) daa

o) 3aall Jasg 2 o Aals Lginess) 8 ALED (olad) AaShye e sl o3a 3,8 .5
LYy sSAl 8 el Dl 2 8 dad

Crs BN i) G aially ag Sy JSilly asaelSl S5 (A dugina ullg 4 cllia L6
cypally Galailly asa00lSl) 8 CDliaslly ASH s

he Lad ghal) b g ynall sealiall maaad Jseadll (y daaly Ligies lig llia .7
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sl o3a e (9al Al g youall e (AT gl 3 ALED Cpalaall (ggaal) oSV Audlyo.]
el leal)

Aslpe e layes aild) clally calilally el ydally Al (gAY a2l du)y .2
Bl lsal 8 ALEN aledl

GAY) gloi¥ly yglall (8 yealiall odgy skl o Aailill dumanailly Adhl clpual) 42,3
Al sl

osehll (8 Lacled¥ly Dgannl) Glbglally dadaiil) lisy)lS paglly Claall 3SI5 a4
1Y) AT elaYl

o3y Caghill ok andi (mjal Guladd) OIS (e pall Cilie (& (el oda 3815 paat L5
NN EON|

G ok o U gallaay daliially ducl)lls ducliall lgelyl 2K cligld) Joia aia .6
faaaly cpibalsall Cagia On il ol H& oo Sldad dgiall Ghall Jlsal (M lgias SledY)
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Summary

Summary:

This study was carried out in Al-Hawizeh marsh to determine the
bioaccumulation of nine heavy metals such as (cadmium, lead, nickel,
copper, cobalt, zinc, chromium, iron, and manganese) in liver and muscle
tissue of three bird species, Anas crecca, Anas platyrhynchos and Anas acuta
of Both sexes (males and females), as well as estimating the concentrations
of these metals and some environmental factors (air and water temperature,
pH, electrical conductivity, and total dissolved salts) in water for three
different sites during the period of month of study ( autumn 2021 to winter
2022).

The results of the current study showed that the values of the air temperature
ranged between (20-23 C°) and the water temperature ranged between
(15_20 C9), the pH ranged between (7.1 _8.2) in the first and second sites,
and the electrical conductivity ranged between (2.54 to 3.73) dsm-1 in the
first and third sites in autumn and winter, respectively, and the total dissolved
salts between mg/L (118 _ 144) in the third and second sites during winter

and autumn, respectively.

The results of the statistical analysis showed that there were no significant
differences between the stations between air, water temperature, pH, total
dissolved salts and electrical conductivity, and there were no significant
differences between seasons for electrical conductivity and air temperature,
while there were significant differences between seasons for pH, total

dissolved salts and water temperature under the probability level (0.05).

The concentrations Cadmium in water samples ranged between 1.916 and
8.366 ppm in winter and autumn, respectively, lead between 0.248 and 0.310
ppm in autumn and winter, respectively, nickel between 0.490 and 2.421
ppm, and copper between 0.360 and 0.834 ppm in winter and autumn,

respectively, cobalt between 0.022 and 1.452 ppm in autumn and winter

&
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respectively, zinc between 0.340 and 1.492 ppm, chromium between 0.020
and 5.479 ppm in winter and autumn respectively, iron between 0.190 and
2.290 ppm in autumn and winter respectively, and manganese between 0.090
and 3.743 ppm during winter and autumn, respectively. The results of the
statistical analysis showed that there were no significant differences between
the sites for all elements, while there were significant differences between
the seasons for all elements except for lead and nickel no significant
differences were recorded between the seasons under the probability level
(0.05).

In birds, the values of cadmium in the liver of A. platyrhynchos ranged
between 1.003 and 8.139 ppm in females, lead between 0.076 and 0.922 ppm
in females and males during winter and autumn, respectively, nickel between
0.316 and 1.127 ppm in females and males, and copper between 0.635 ppm.
and 4.620, cobalt between 0.436 and 1.506 ppm, zinc between 0.718 and
2.000 ppm during autumn and winter, respectively, chromium between 0.021
and 3.581 ppm during winter and autumn, respectively, iron between 4.937
and 15.850 ppm during autumn and winter, respectively, and manganese

between ppm 0.500 and 1.093 during winter and autumn, respectively.

In muscles, the values of cadmium ppm ranged between 1.270 and 8.073 in
females during winter and autumn, respectively, lead between 0.199 and
0.230 ppm in females, nickel between 0.013 and 0.986 ppm in females and
males, and copper between 0.788 and 1.580 ppm in females , cobalt between
0.105 and 1.611 ppm in females during autumn and winter respectively, zinc
between 0.800 and 1.420 ppm in females, chromium between 0.021 and
3.581 ppm in females, iron between 4.000 and 5.600 ppm in females, and
manganese between 0.090 ppm and 1.716 in females during winter and

autumn, respectively.
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As for A. crecca, the values of cadmium in liver tissues ranged between 0.73
and 8.174 ppm in females during winter and autumn, lead between 0.077 and
0.195 ppm in females in autumn and winter, nickel between 0.294 and 1.506
ppm in females and males, and copper between 0.986 and 4.400 ppm in
females, cobalt between 0.046 and 1.372 ppm in males, zinc between 0.806
and 2.000 ppm in females during winter and autumn, respectively, chromium
between 0.02 and 4.199 ppm in males and females during autumn and winter,
respectively, and iron between 5.679 and 14.220 ppm in females during
winter and autumn respectively, and manganese was between 0.17 and 1.519

ppm in males and females during autumn and winter.

In muscles, the values of cadmium ranged between 1.671 and 7.905 ppm,
lead between 0.075 and 0.202 ppm for females and males, nickel between
0.953 and 1.609 ppm in males and females during the autumn and winter,
respectively, and copper between 1.017 and 1.10 ppm in males, and cobalt
between ppm. 0.05 and 1.422 in males and females, zinc between 0.604 and
2.000 ppm in males during winter and autumn, respectively, chromium
between 0.021 and 4.65 ppm in males and females during autumn and winter,
respectively, and iron between 2.619 and 4.68 ppm in females and males
during Winter and autumn, and manganese between 0.08 and 3.17 ppm in

males and females during autumn and winter, respectively.

As for A. acuta, the values of cadmium in liver tissues ranged between 1.221
and 8.073 ppm in males and females, lead between 0.077 and 0.350 ppm in
males, nickel between 0.75 and 1.770 ppm in females and males during
autumn and winter, respectively, and copper between ppm 0.807 and 2.030
in males and females, cobalt between ppm 0.473 and 1.457 in females, zinc
between ppm 0.402 and 1.580 in males and females during winter and
autumn, respectively, and chromium between ppm 0.022 and 5.054 in males
and females during autumn and winter, respectively , and iron between 1.544

and 12.620 ppm in males and females during winter and autumn,

<
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respectively, and manganese between 0.12 and 2.47 ppm in females during

autumn and winter, respectively.

In muscles, the values of cadmium ranged between 2.074 and 9.187 ppm in
males, lead between 0.140 and 0.185 ppm in females, nickel between 0.541
and 1.919 ppm in males and females, copper between 1.14 and 1.292 ppm in
females and males, and cobalt between 0.157 and 1.465 ppm. in males during
autumn and winter, respectively, and zinc between 0.146 and 1.41 ppm in
males during winter and autumn, respectively, and chromium between 0.021
and 5.304 ppm in males and females during autumn and winter, respectively,
and iron between 3.029 and 5.630 ppm in males during winter and autumn
respectively, manganese was between 0.09 and 3.651 ppm in males and

females during autumn and winter.

Our current study showed that cadmium, nickel, copper, chromium, iron and
manganese exceeded the permissible limits described by the Food and
Agriculture Organization (FAO,2007).

The results of the statistical analysis showed that there were significant
differences between the seasons for all elements except for lead and cobalt,
while there were no significant differences between gender, where in
between species there were significant differences in cadmium, nickel,
chromium and manganese, while in tissue, there were significant differences

in cadmium, copper and iron under the level of probability (0.05).

The results showed that these birds have the ability to accumulate heavy
metals in their tissues, and therefore they can be used as a bioindicators for

heavy metal contamination.
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