S SPELs S a3 55 s sWpss Sa T Olie sz

-

oS SIS L3 S b 5s g Whss S

Tolakay e T g ol o ol o

Ol s S s ol&zils o S saals 0aSiils ¢ olie 5l gn CukS J 28 5 Codlilgs 0,8 Ayl ol IS anst ol 203 =)
Ol s S g oy (S sels o aSEils ( olde 3l 50 oS J 58 5 g o S Lisls Y
Olpl e (S pske Rl pls e 5 a0l (glE 3l e kS B8 5 St 0 8 Ll -
Ol S el ol8SNs (Kb ppals 0aSiils ¢ o108 510 Sk J 28 5 il 0,8 skl =¥
mabbasvali@sums.ac.ir : L3l J st ol 5°
(/ER-Y G0l /il o @JU)

s LS

Olse S e3lanl Gual VYAV Ol 5 VTP Olies 53 andllas ool (OISO peme Coodls 53 Ko 3l s gr Sl s a5 L
L oS cidie glaasln )l 3 edddd 5 55 S 6 53 i s e 538 e e Gble jo sl 5 s slag s Sl
oslil o fos a5 e ¥o 5 5 Ol mis fas el Fr Sl Galows al plal g oy plonil s 5 ‘rﬂﬂs‘&:@j
i 03501 (Ao 3 V/Y0) g S Jals A eslinul (550 i il — il 0l 755 (slawsdly ST 51 jolie LT gl
Sl s ot 03 0 S Sea Fr o /BT Olse 4 penslS 03T (U )3 V/Y0) w0l ST 5 ) 53 p S5 See VIEVY Sl 4 e
eSS Vo 3 e (Sl i pas wisad A s o B 5a3 VY 3 ) 3 0 85 Sen BIYO R NYIY e Lasisal S 5 0 g e
Ol 53 s VAT ENTYNVE S Y/FN 8700 (5w Ol 5o 2w 5 mio slaf o 53 o5 Jlie Sl s o g 4 2 s
Al e B e 3 pole CBlE 3 s pe Gl (p/00) s 2 3 p 85 S VEVE S/ES 5 AT/PA V404 LS 5w
(sl s M il e s 5 B SlaMals 3 pls 0 0A5 § 5 Ol 5 Oltenl 53 pls 45 g 53 alaslis s &

A s lals 3 B sme ST (S0 0l 5 oWl ar alises bl 53 Jases S501 Oljee

u;_w\ o Cj‘) (_gkwﬁ)\.: ¢u.:§.m~ C)“Aﬁ ‘}JSJG_JJ ;tj} ‘5.&?&5 6\#05“5


mailto:mabbasvali@sums.ac.ir

PRV

e JalSS 5 Dl Ay 3 oS s DLl b ez 3550 ol 3lsn o S 5SS O Glaes 513 5 ot
il o s el 3 el gl (VS s 51 Sl oz OF 5l Jool (gbaes sl 3 5 s d0s0s (b5 Cen
Fas il So3 2 S (Se3 s 5 bt (S (ST 658 58 51 055 sole 5 Ol Cadl [ an 4
5 =SS Ol (Vesal et al., 2013) 5,1 5 slaws sloell il Ghle 53 5 Cl G mess o) SAis sy
f 53 Olx) 5124 (Foroghinia et al., 2008) ol Olgx 3 f 53 OB IS pms pizen 5 OELSUS 5 o 5555
5 Sbo sl slay i8S (5 58 Hle 4 5 a4 5 (Ble Olia )l Ol 3T Oldlidl il Ly g8 Sos 5o
Ceole (3L, Sl &S S osle Sle S agd by Jgeams fo3 (i A5 Jhs) 53 058 00 G s Ll 55 50
Wi )3 3y e A ls P Sk oS o pase o S S 53 Ol L 035 pr w5 2l Loz
Fahim ) > S s plnil 5lne (slaodinsenbs 5 (S1o5 Kb 035530 ¢ gunals] OT b le (335 L §s3 W5
(etal., 2012

i a3, Sl e g s e o mlie s e 3505 O U3 By oS ol ) S0 Sl Lol [SCie
s Jolie 5 Ol (g o il 53) Aol e mea e laphil 53 5 s S e wby
o S Dl 555 mlie 38 0 Slinsge Sdee slse 5 2Ol e Sl Al e Sl ) (S e
(St Bl slas S (sl slas S (s slacdls) Sl gl b can 5o
(Tahsini and Gavilian, 2016) xews b <5 (s 2SCs] 5 Ca gnaS

53 SN D il Sl elie 52 S b GRS S SIS asay e (S5
slaoa N Ko ol3ke (Temiz and Soylu, 2012) ol SLusl cudls (gl (il Ly S ole slaes 51 3
Sl Kgd e gast 505 O Jlis w5 S es T 1 S sl da w5 oo 45 At S s lams L
o3 0053 s yor go o (S plie s Shoe baio gl 3500 5 555 IS (o cal Wile S 38
"o Al Slome a1 i STl g e (S5 5 e JS 5 D ol WOl 1 G 8 308 5 s
“ st 3 B35 Sl 5 5038 o Wile S S S 5l B S sl s s Ll
.(Abdulkhalig et al., 2012) .55 o0& Cos gane Eoly 5 LEL o 0 li3 Do s 50 (6l Al 5

o Al gm0 SLESL 303 spz s St s atl sl VT S Ol b 5 b sbar b g b
53 Ladle Wl 5 358 o0 S-S jaad] w35 Glaas o 3505 45 350 el o Jldie o5 Sl 53 4
o S amipe a8 Gl g DS S b esr (o me 53 B8 I8 e g b e pens Liley 52 S
o D Sl 0 s (Sa OT L 85 513 (5 me 53 s 5 (pliend 3 4 4SS o 3ol il
Rice et al, ) ool i 5 el d s 3k (s il (S (S s e S ek
(2014



b ssban el als blsse DUl 5 0Ll et (gl 45 ool o (5575 8 6 G (C) g gslS
B 53 78S 13 s sy S s hae 53 e s 4 x5 (6555LES e 1 aS (gledi VT Ol e
Sl S 028 5 Bltinad 5o b 51 g 5 LB A B 5 0301 Ol 5 108 5 pmn 5o b 51 sl a3 3 p sl
lsesls ol o ez JLu ¥ Y0 550> 55 Vs b eraad b Sl 5 OLalS 3 pmesls bl o
O s adoor 5l O s s sl b ool (Soe p g003lS (5520 3 (35 513 4 das e OLAS S5 ) ek
Jole Sl S Ucﬁglj‘xsg:wl sddionls LS imman ASL Lag e adS 5l SL (Ol oy e
(Genchi et al., 2020) wizes ulo sl p503lS e S aadS 5 A8 3L Ol il S sl b
Sl dya Ll n o ol o 6 o Smls 5 Sl Jil braan 53 o Sl e 55 G (PD)
b op (53,5 5 (e i Mt 55 G b S e 2 me 53 58S 513 S 03 )T 15 e 6
5 o, OWsl(hpm e g alS (GseS O Lnd Gl ealds s Sae P Sl S e Jie
.(Boudebbouz et al., 2021) 5,5 . folie cins 5 ae o los

- e o3lital ige S e 5 (63slES Gla iSe i (s iScsl 0o 45 12 (AS) Syl LS 5 51 42338 s
G (5551 A 5 SlapandilSe 53 & la 5T 058 b o L 1) (2055 s gans O 3> Sitn)] sl 0
ST L sl Cn gos oo s o 0Ltz 3 S RNA G DNA e 5 5 5 3 e 5 Al
g Ol s Ml ol Sl 5 me 5> ke SYob 2l 15 5 el gl 5 518 o 553 5568
Slagmes 5o el 6l g @ .(Malakutian and Golpaygani, 2012) 555 . S 5 €lis (s 5! (5l i
5 omd) Sl Line b olice sles o K S5l 5 oYU laie dl e BLisl Lacil 55 45 a5 0341
.(Shahbazi et al., 2016) ol ol 5,15 (Coi S

Ojme s B b G () (OB G pme LoDl 53 Ko D3 555 5l ool Dl blses el s &

‘)‘ibﬁ d}‘J‘b DJSJ.@J:)“)LJ)J Jj}'jﬁw‘j&.wélﬁ@b)b fj,«.AJLSJ &.:M)Tcufﬂ 0 ga>- Ov\Jlﬂ(-;;L!

LSy 9 3ls
Shlis s ety i sLagss (S Olie (6, Se3l0 Guta LAYV Slcls 5 W45 Dbty > anllins o
podlS (Sl Lo S g3 3 eddms s 5 5siS il Glaals S 55 sdddd 5 axio 5 3 S b il
oaliul i § 93 4 5ed ¥ 538 05l s Foo sed ¥ Sl Gais cnl plol gz 2y el o g 5 o e
sl 3 e ld A 5 (Ol 53 w503 Yo 5 Olies 55 503 Yo ) odos LS 5 518 Dy s §an w50 Fr A
23 25 ge (U3 A i pas G b A5 5l 5 S 5l aS (g 5ba) A5 osline a0l 5 osline sl
e S e 53 g pe e Sl oS o Glaell s b 5l e fas Gk ped 3 8 (ol 2 38 ed 1L

Md)‘%ﬁdmu‘jQM)‘)JOKJJJBOJ‘M}NOMﬁ)‘jm&'w‘fM;@,&)jbw‘(.s‘f.L.:l



Glags o 53 bt sad 35 (Ol 3 €503 Vo 5 Oliaay 53 €503 Vo Jold) w503 ¥ ¢ iw £33 (gladi 500 ¢ sacrs
iy 53 Silesl 0las L Laaisad 3 5d (68 sl (65138 i 355 L el 5116 il (501060 el (sl
L 6,

L ges 5IGT-

o S b = Gl el S (slensdly ot Sl oslizal b (S Sl 4 §a5 glad sl (S Ol
Ultima 2) (Inductively coupled plasma optical emission spectroscopy or ICP — OES, Horiba Jobin-Yvon)
SIGT (g sdeslizal Sz sadsb s oS> ol (Bakircioglu et al., 2018) 4 5,561 (CE, Germany
el sz 5 (V) sles Jdr 3 ICP —OES olSaus sy

.C}: éuM}M BE J&L& sz:§°)"’\"‘ 61]! s ldoslaial LSLAC}AJ)b 9 ICP -OES cKL&J QL&.:L..» —(\ >J}_,\>

Sns L pize
AARN (D) 55155 0l
YVAY (5,80 5155 s
/A (4> 5 ) o3 ¥sw 05,1 5508
W (&35 2 ) Lewdly 055,158 0L >
A (i35 1) SaS 05,1568 0k~
Vo (4> 5 p S ) €503 Gy Ol
e SS o3Il sl
3 LSS LSS ik o Sl o il e 0l
YEVEAA (resil) paie o godsb
YYAMY Sy
VAE/YYY oy

42) o3 YO w5t O 5 a3 PO G s ol boslsne il o Ve isald a5l e SN0k ladgal e gl
Sl 433 V0 Dds 4y g a3 Ve Glas b Fls dmis (555 e A LS (Lo S
L g 453 100 (slos 3 oo 5 Ll OF 4y o3 Ve SGIS sl 1) oo ¥ i 1y A ol
ik L 035 A Sl e 5 el sl e Vor s osns ST L sl on e i plnil gl 0 Blid
.(Bakircioglu et al., 2018) ui 5,5 olKaws 4 ey Koo +/F0 K, o

Sl ko g4y 2ni-

23 5 S5l e Sl aglie (sl A plonil YY a5 SPSS 13l 5 3l eslizal b (solel ko ey 5
acslis gl s eslinul 5 043l L (One way ANOVA) @ biSe bl 5JUT Lo, 5l cilises (glaes S

A oslizal i 0050 5l Sa T Slsls



Laadl

-

Fas laaisad 31 Sged 53 w33 5 35 olfius asils A 1 5ol eyl Syl Ol e andllas s
LS el Syl w0 Sa

S peealS 1) 53 S5 Sea Yoo PY w3 T (Ao y3 1/Y0) mis 93 i sad G dah candllan 5 50 4 gad Ar |
2 53 0 S s S VIENY 01 Ul 555 o 0 301 (43 1/TO) tmies 53 i g0 S Jas 5m5 Ar ()
53 2S5 S VVEE 5 /0¥ s So 40l Olpe 5 s o g 40 0301 (Aoy3 YV/O) £33 TV 5lal pimen 55
2

B 530S S PO ENT/Y e LS gas S 3 0 g pebans Sole ) 13 ged 43 eddiesls olES =W Gl
bl Sl S s 1) 53 p S5 Koo VIOA £ NO/FY Olinal 53 5 ONY VYN Ol 53 05 ebawr (s
NSO ENO/E e axio b3 53 5 FPO T NN i fss 55 05 e ke (P >4/00) Lzl (gl e
) 15 503) (p>/00) Al (51 sme (bl M S 3 2 s p S5 S

S| ol aS s ) 3 p S5 S WP ENA/08 Dliee L3 5 V/EY E 8/00 Ol 3 amio lag s
SVIAY EANYVE Ol 3 (o lagss 53 g Jlie (:Ska () 1o 5ad) (0<2/00) 55 Sl pme 5ol i)
) 1 503) (P<2/40) dxdls (5ls e (5Ll Mt oS 551 1) 53 0 S5 Koo VIV £ 2/¥F Olie 3

Gl 03 epar Jlie e g 2 03 S5 S ONY 1 /TY 0Ly )3 Ladi ol 4ad 3 0 g Slie S0l
GOl aS s 1) s rj_@;:ﬁ YEVE /00 Ol 5o g slafsn 53 5 VAT ENTYVY Ol s Lz
03 ¢S 58 VION /P Slis 53 Laas ol dad 3 0 g ltie (S0ks L(P>2/00) Jadls (gl gme &bl
S s ) 53 p S5 S \WIPAE VDY s a5 5 VYV R B/FF o glagss 53 e ol s 2

() s 5e3) (P<e/00) dxils (gols gme (g bl bl



OLLM}}OMUJJW}GM‘CJJJJaHJ@

16 13.69

14
12

10 7.83 8.05
4.65
1.47 2.41
— L]

Ol g Ol gtiw § 3o (g Ol geis Sl gmio §aaoms S

(J::'JJbr/'q ”)L:a-hlj

O N B O

SRR LN

W}Gmtﬁb)daﬂ‘)‘&\i

3 7.58
) 6.35
% 6 5.12
il
“?S,
52
3z
0
{_}LL.,.:U Olis =
Jnad

(p> +/20) QWU}QM} d".\aj):dw;dﬁmijé 6\.&43‘,&5)3 (}‘.'._J B r;};.:ﬁ) e‘”’.)‘.\iﬁ &:{5\:&—(\));\,&

Sl Ol imman Sl olds fpnd OF Gloos 513 5 1ol 55 05 (6l (ilaes = 01l o sl o
Bonyadian et al., ) Jles SO pnd 1) ol 53 050 Sbme d 55 (FAO) Sl Lol Olsle s WHO) Jle
YY b aSped Ar Sl dims o O o 5 i slapss 53 15 0 g S Slsls as s oY) Jls s (2022
o 33 i pad 5l 5 (Ao saVYI0) igad & i §53 wisad Fr 51l g 4y (S5 T (Ao ,3TVID) 45
(P=2/¥0) 35 s e oLl 5l e s e slagss 53 Sl cnl il ST (Ao ,2Y/0) & Y

izils S5 01 ()3 YO) ged V0 (Ol o Fas iy Fr 5l Osa3l



S (o3 10) 4 pad ¥ s §33 4503 0 515 (Ao 3 YO) i sad V Ol 3 i fos gal Yo )
4550 VY Olin 53 fs i pad ¥ 5128 383 D031 PEITY) 3585 Sls me (golol a3l ool opl il
A gad Vo o fa3 el Vo 515 (Aoy3)0) 6303 ¥ e a3 wisad Yo Sl o 4y (ST (A3 )
Ogas Yo 5Y Sl gad) (b 003l P=0/0VE) 54 Sls ome golel a3l sl cpl dils Ss 01 (do s O4)
Sl sl ol il ST (o ys) o) @ges ¥ Lgs Olienn 53 5 (deoys YO) K303V Ol 3 o 33
10) i gad ¥ (Ol 3 s §53 4 sad Yo 51T Llsped) (tid 583 O3l =0T 550 Ll pne L]
Ogma3l P=/0E) 35 Jls e (golel a3l sl ol izils (ST (Ao 00) €ged V0 Oltnsy 43 5 (Ao

(¥ Jls5e) (i s

50

35
30 1 22.5
20 |
10
L. l
0

() () (3] e () (e (] ) (g 5) St

(2a ) g2

S Aigal Juat 5 Esi g s

ol:..ul}'jul:...oj Jﬂjbdal.é}&nt}é ‘51.&45_,.45J> 6‘9:’.4{“;)_’]] ébbﬁ—(")ﬂ.\}a}

S S eom 9 Lou

ol |3 diles sy 533550 O35S (Sl 05000 (Shin 5l ge ge wlio Olgios 3> 51 o slaesysl 3 5 ot
9 Laglgseal ul Lp}v OLil Ay gl aS e o5 9 or sladal 5 Lol 5 dagdis oy 5 (gdae iy
.(Boudebbouz et al., 2021) wus (5,5 ,5 sl . 5 Shes

e O JE 1z a0 Plas JE 5 VU Sl O35 glls oS At b ols S ol
(el 5 o8 cp S 55) 5o g e o 5 (535 5 SIS (paD) s (§55,20 Sio 3150 (Ko 36 S
(e oI5 L (Tchounwou et al., 2012) il ow ol JKEIL sl pslie 53 A8l 5 e bl clizus
=S S glacBle 3 o (HY) o 5 (PD) s «(C) p0eslS (AS) ST (5555 b jolis Lo
o=l el 4S oL (Varol and Stnbil, 2020) wib axils va (S5 e ;ﬁw’j OO PN U



5 B 8 il Lacs AT VL 0558 0l e ¢ Gl VBl ( (S5 oWt s
Sl Gl sl 53 3 g pe i S (2 me 3 85 13 el (Blas - S e ey
YL s i S5 L i pde (85 13 (5 me 55 GVb Oles s a Laeut VTl el DL Sl
.(Nkwunonwo et al., 2020) Lz.a jLM Lo S50 g1l b 51 gl o i Job s macs

el ly g 5 p el o ezl K DL 503 S fee S Al SO sl S8 O oS S s
Sl Lel (Karim et al., 2020) 1S o o 53 Ol gl ol s das Jlisl el 05, 40 4SSl gla 1 O
Cole 5 ot o esdle pad (3l aie b Bl s ilesls 0L 1 K Sl w plt s (S5 )T il
Bl e WS e 5 osl B BB s e ST OIS Gl e

i S350 5550 55 Js el s plml 4 fo 0o e Dk s kile 3L b alasly 53 (93 5dome Dladllae O ST
DA i plowil 38 1o adlaie 3 VYAY Ul 3 oS ol 53 ol 39 g0 (6 20 Sladllas 2 laes 513 s
Olsme L 2> YYAO JLe s .(Emamian, 2005) L slee A>3l s 030038 Sl b S ladsad oo
315 0Lt 0T gl i plowil 38 g adlate 53 oddad 5 655 gy 5 ol (Sla b 55 5203l 5 s Oln (oo
Wl Sloe A ) S el S s U (Sl 5 SlesT 355 ek sl ged aled 53 ST Ol
et gz ) i gols e s pban sl o 55 0 50elS 5 e 0 ledl Olss oS 5 S sdaline pizan
oS el ol (S (s anls 3 8) o saly b 8 ps Cilie ol e Snsleas ol o35 50l
S r s et ST YAY JLa s . (Bonyadian et al., 2008) 53,5 0T 53 pseeslS 5 o p3lie Sator
A e Ol e d 53 0,55 L adl Sl (6 e s Sl s) 4 pseedlS 5 e 4 O slaes sl 3
Qo s AT s Ll s g Sl A Sl 2aS Jaalesl 5 50 (Lot gad adS 3 o laes sl b 5 e e (Sl
(Shakerian and Karim, 2004) > jlre 51kl do- 5l iy p3003lS 3lie S0l ol s (glads ys

Sygme it ot A T s et nd ST 5 peeslS e s Ol S iS WWAA L s (slandllas s
Sist oy 53 e o s 5 503l s S S Sl 51> OLAS alllae gl 28 S IS e
.(Bonyadian et al., 2022) .l iy SUS e d= 5l eddd) 6

~Olsl e S 213 35 S0 S SlE L aolie 53 55 o e dilel 3550 53 (63 5o DD
el (5 e SLACHILS 5 (535U sl g0 (Bl Oslae ald G 3hame 53 0 g (S Ly
Lt o3 (S5l 4S 2 S7 LS ppe Sl esliul sl S Saes s S S 5 e 3 S e g
NS Lapls e an ol 5o 05, S0LSl Al o g Loas 50 UL Sl slaely 51 Sl s
(Bellinger, 2005) <ol ¢ g 43 0T (ST wbio o 5oge

S e Gl g sba Ol s s SB35 o g ;bjﬂ SR s 5 Sl Sl (oS 5

.Qm\f.\i.:.gc}:e- 6‘5[} fj’“"""‘i’”)ﬂe}l&ﬁ“.)T“—éf’a"} é‘f}: C\J LS‘J" Jlex=| Ql.:.m..l."s)b‘ﬁ) S Ql.‘.'m.o)


https://www.sid.ir/search/paper/%20%D8%B3%D8%B1%D8%A8/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%DA%A9%D8%A7%D8%AF%D9%85%DB%8C%D9%88%D9%85/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%B4%DB%8C%D8%B1%20%D8%AE%D8%A7%D9%85/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%B4%DB%8C%D8%B1%20%D8%AE%D8%A7%D9%85/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D8%B4%DB%8C%D8%B1%20%D9%BE%D8%A7%D8%B3%D8%AA%D9%88%D8%B1%DB%8C%D8%B2%D9%87/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D8%B4%DB%8C%D8%B1%20%D9%BE%D8%A7%D8%B3%D8%AA%D9%88%D8%B1%DB%8C%D8%B2%D9%87/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D8%B4%DB%8C%D8%B1%20%D9%BE%D8%A7%D8%B3%D8%AA%D9%88%D8%B1%DB%8C%D8%B2%D9%87/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D8%B3%D8%B1%D8%A8/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%DA%A9%D8%A7%D8%AF%D9%85%DB%8C%D9%88%D9%85/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

S i Ul e ssbay e lafss o OF Sl roman 5o gr Sldie (S0ke Oliene 3 casdlln ol )
A Olll Ay S inio LA Mals 3 Ol 3 53 4 A3l ol Wil e Il s s e slagss
13 s s a1 ale 3 (sol ols STy Sl i eslinal Jleiml oy n pls G me 4 5 03l abyle
s Lol ol ool o g 4 ot (Sl anel 3 (g35dome Slidios el 3 oS Ay a (b s p 2
boger a s S350 3 Wlis an gls A 3L AL eddebnil o g 4 Cle b 5 £ 0 S sy5m 5588
S Loy a0 Olgiol Ol slacg,lss8 1o Sl Olps 5550 53 VAT Jlu 55 &5 s 55 g 3 A
23 Qavadi etal., 2009) 55 2 53 o S5 Sea /00 3l 28 WOT (S0 Ol5e A plowil 3 e b b o3l
a3 Ol Sl lssl8 Oy ot (slaaigad (ST Ol ooy o sien VF) Tl 3 S (5 o3 o
0535 T e 4 baaisad (S 1 Ol (S0le ol sl ) (lenSly oo b s Lo
Ol glag,lasl8 s Sadl opas ;3 \¥ev Jlu 4SS _idss s (Eftekhari et al., 2020) 55 2 ;o
oS Jab 53 s plt b (S5 0T Olps A bl ICP ol&is U (S I3 5 4 55k 5 lomesler
Ol 55 e Sl ol i 4wslis L .(Bonyadian et al., 2022) 55 z) 55 p 85 e 19/0 5 s fuad 53 5 VTS
el s Sl 53 5l i Sl S5k 5 sl Ol 53 5 0 Sasll 45 28 S 4

355 e 3L Fad g Sl e ST 5 Sl weslinalsyge o 1l e Fs 4 S SIS 5555 e
5 o (S b SLaASL L ettes Il slacl il o3 T slsm 5 St O 51 il o e a0 S 3l
Sygme e e b sbay Ladl b gulie (ol Goob 3L s e pls G pomn a4y dites 5 oo (53,5108
ols STyp s Jame diple a1y (So gl ol (S (63,58 L3 b me 3550 o smn Auled 03401 1 pls B
“ e e e 53 pole SIS 53 s e sl Ll o 0T sl e e oS S0 4 03 ]
(o 5 e Sl 53 pls adi g o ‘ij S dgad 53 el 485 5 53 placsles s 4 Ll s
53 e U (SN 05 5 oLl g Cilee bl 53 aoms (S3501 Ol 55513 5 A5 il |1
.(Zwierzchowski and Ametaj, 2018; Ziarati et al., 2018; Oliveira Filho et al., 2023) b la s ldls

o Yz 53 (ol 5 st padlS o) i S Sl Sy Sl e e R
31 sl b e gos A ool YT Ul Ol 5 Oltemn 3 (45305 YOU) Ol sl inis ailae gy 51 ok sTpor
Sl S Ble 55l alas s T i sls OLES s il LT Ssline o515 5 55T la Ll b (s el ST
S 3oy Ol 53 Sl 5 et G me ol gl (S 5 e Mali s o3 5 S
.(Shahbazi et al., 2016)

PSP U pee3lS 5 o a3l L5 adlaie gy 6150 GlaslS ot asad do SGITAY JL o
& 53 ks 55 (Moalem Bandani et al., 2014) s, Jler 3 lld d 51 2 p graslS 5 o o g

)sau%jl_fja_jj|‘_}dpl>'@;}J?é_wj_:;i‘wucﬁleﬁ‘m)f@@¢blﬂi&uaﬁ\u



AL ) 2 p3ee3lS 5 e slile SL S L;),T@? Olter Oleal lagku ed 31 o SV guame L 55 S)
.(Pajohi-Alamoti et al., 2017) Lol s 4 SIS Sloes A 51 50l bk e 53 anlllas 3550 ole Sl
At el il SIS F S mls 3 eslinals g mios S b 3 paeslS 5 e e (slasdlla
Sered 5l VL gl o3 PA 55 50038 & ;sjﬂ; 3,1kl Ol e 51 1S Lt gad (Ghan 53 o lie
.(Mollaei Parvary et al., 2013) . sdaliv ol s 5 kel

3y 0dS| 5S35 Ol (ol 35 Gladil S &S 5 jms o 4 5es OF o ST AYAS Jli o
e Lle (Baseri et al., 2017) 35 YL .SUS eddas 5 Sles do 31 OT o e Ol e 5l OLES b s el
o35 3 el b gy 05T men Olpl iliss bl 51 (haslS 5 tiden S IS ok 53 pgeeslS 5 o
S s MY 3 o Bl s Ol s (8 S 13 ol s 5 55 50 (201 S 08 il D il
Bl Sl 55 g paeeslS Chle (. SSla 35 SUS 3 lleul 1 SVL 5 o 5l a5 V/A 5 ki S
Pl s 4503 V04 AYAQ JLu s (Rahimi, 2013) 55 5ol Jlo ¥ 51 5V Wl Sl a0 s (L Y 25
3ygm0 058 (ool o (5 s 2l s ) eslinud b (65l menr Ol e LU 51t (s slmer 5550 0Y )
SIS S S 5 VL W gl 5l o ;3 VY 3 paeeslS Clale sl 0L anlllae il 23 S 13 oialas
¥ o Lo gl osls LS il gla e o 1 (ol sinn (soled 8Bt s 3T (sla o 3 pgeeslS il s
.(Rahimi and Derakhshesh, 2011) wsls oL 15 N0 e dale o3 5 5lsal Olghol Ol Jold 01 ) 51 adlaie
33 o Sllas 5l ol b8 Lasl el Grie 5w Sl gl Sadl 5y 5 slardlas YHVY JLe o
o=l 09l el (ICP-MS) Ly o 2 ot o5, 5l osliial L aS 5 5 (SamSUN) O sl Tekkekoy
L alio 53 Ol 53 i sl manr bt ot (slai pod 5ls OLIS el 8 oslizul ol o5 45503 VYY1 anlllae
Gl U glaadllas YoV Y Jlu 53 (Temiz and Soylu, 2012) pils ¢ 5L £33 5 s e e Olis
Olul s il O omd,j@? 38 i 53 (s 5 o] v (s 0 5e3lS) 50 ekile S L)
Shdeny 5 ol 6l Sle o iy s S eslinal (e 58 V0 5l aadllae cpl s A3 plnil e EL-Qaliubiya
A ols QL gl s (2155 sl 5 e Sl i 0T S0l s S J0s s e s s O
bgas coul b gl eddas 5 polie 5l SYL GBS L aadllae 550 DL plad (g5l ot sladpel i
(Malhat et al., 2012) ol sdiiaro g (SUS 5 o S0 gamly b all s (slas Il

Sl 3l 650 5 S S 5l aslizal By, Y @ sddiag 2l SIS €50 VY (5, p laddlas VYA JLs s
it Laagad 53 oIS 5 o paslS o Sl s (al (e S Olise A el 03 52l
o Sse S sl slad 55 ol 5 e Sl6 Ol sls OLES b Sl sl S (5 e b 5 S
S i S SES Sl sddag SES 55 O e 5 Ol ke 3kl (g g 3l ol Sloms d 3l 2
33 oyl Coule 5lediag SES s Lles g i slaesysl b (gl WSUS Sloslu (g 3l oldpans Sloe >

JAT‘}&}) ‘ch&:}.«wjiﬂhuﬂ)b &.9)&1?—\ de)l.hﬂ.l})‘ﬁlfdfﬁ?:ﬁjbjﬁ)b LS:M.GJI Q‘ﬁﬂ Jj.:)l.>:ﬂ.l>-



@—"‘u.CM.—--3&—:0"&JSJ'“JJ%GV&?SJJJJBWLSJMLWQéﬁ&bﬁ@d@ﬂ“
o b S SUS Sl gl SUS W5 S S (6 S et Sl OIS e o R e sl Cle Sl eddag
Mohammad sani et ) s,ls 0T ;K Sl 253l s 3l 5l (S Lal b ossa 5 W ] b dal 3 o
(l., 2009

Sl S D55 I3 S et Sl el e 5 ixio Slags 45 3 UL Sl adlllas gl
ol At sdalite adlaie B me glags 53 osr 4 (Sl bl i 3 e St (5l (A peeslS 5
b Ol 53 amies 53 5 Ol 3 e £33 53 53 e SlaE 3 3l mie amio slag s s3 So
Bl r e AL s sy (ME Slge 3 LIS e S Sl b (3 aie G oser 2 At Ul
S 5 e SO 5 (53,5LS 3 eslinals s po sl ge O3las | sl (o slamms 53 0 g So 4T SL|
Al 53 055550 (el 4550 Dbl gl 0sr b S e 51 (S e sl a7l L Sleys o
(Gonzélez-Montafia et al., 2019) el ol sl 2 650 (S5 Jool e 1 JoSo Ol sty 650 4 03

ol Fsloms

e ol Gk ol Mo slacules bl w3 S ek oKl st Cislas 511 50 S5 dlie O8N
e lge AS U S 5 g sl o e b2 Jlrsl e (65 Al BT xS e
23,5 n G250 ICP ol L adi gl ooy 52 S80S g w025 e o8l (S el 0L

Bl ool
I el (gl bl 5l &S s OB 5

@L:.a

e Abdulkhalig, A., Swaileh, K., Hussein, R. M. and Matani, M., (2012). Levels of metals (Cd, Pb, Cu and
Fe) in cow’s milk, dairy products and hen’s eggs from the West Bank, Palestine. International Food
Research Journal 13(3):1089-1094.

e Bakircioglu, D., Topraksever, N., Yurtsever, S., Kizildere, M., and Kurtulus, Y. B. (2018). Investigation
of macro, micro and toxic element concentrations of milk and fermented milks products by using an
inductively coupled plasma optical emission spectrometer, to improve food safety in Turkey.
Microchemical Journal, 136, 133-138.

e Baseri, E., Mohammadi, M.A., Nabizadeh Nodehi, R., Nazm Ara, Sh., Jahed Khaniki G.R. and
Mahmoudi, B. (2017). Estimation of weekly human intake of heavy metals (lead, cadmium,
chromium, copper, iron, tin, zinc, and nickel) through cheese consumption in Iran. Journal of
Health, 8(2): 160-169. [In Persian]

¢ Bellinger, D. C. (2005). Teratogen update: lead and pregnancy. Birth Defects Research Part A: Clinical
and Molecular Teratology, 73(6), 409-420.


https://www.researchgate.net/journal/International-Food-Research-Journal-1985-4668?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/International-Food-Research-Journal-1985-4668?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

¢ Bonyadian, M., Fallahi, H. , Abasvalli, M. (2022).Assessment of changes in levels of Mercury, Lead,
Cadmium, and Arsenic in raw milks during milk powder production. Iranian Journal of Nutrition
Sciences & Food Technology, 16 (4), 77-84. [In Persian]

e Bonyadian, M., Moshtaghi, H. and Soltani, Z. (2006). Determination of lead and cadmium in raw and
pasteurized milk in Shahre Kord areas. Iran Journal of Veterinary Medicine, 13, 50-9. [In Persian]

¢ Boudebbouz, A., Boudalia, S., Bousbia, A., Habila, S., Boussadia, M. I. and Gueroui, Y. (2021). Heavy
metals levels in raw cow milk and health risk assessment across the globe: A systematic review.
Science of the total Environment, 751, 141830.

o Eftekhari, M., Shahrami, E., Hadi Tavatori, M. H., Atlasbaf, M. (2020). Assessment of milk
contamination by some heavy metals (lead, cadmium, chromium, nickel and mercury) of dairy cattle
herd in Qazvin province and its effects on human health. Veterinary Researches and Biological
Products, 134, 131-137. [In Persian]

e Emamian , S.A. (2005). Detemination of lead and cadmium in milk and dairy products in Share Kord
using potentiometric stripping analyzer. Thesis, Faculty of Veterinary Medicine, Share Kord Islamic
Azad University. No 273. [In Persian]

¢ Fahim, N.K,, Beheshti, H.R., Feizy, J. and Janati, S.S.F. (2012). LC determination of natamycin in doogh
with UV detection. Gida, 37(3), 127-132.

¢ Foroghinia, S., Abbasi, S. and Hamidi Esfahani, Z. (2008). The effect of single and combined addition of
Katira, Thaalab and Guar gums in buttermilk stabilization. Journal of Nutritional Sciences and Food
Industries of Iran, 2(2): 15-25. [In Persian]

e Genchi, G., Sinicropi, M.S., Lauria, G., Carocci, A. and Catalano, A. (2020). The effects of cadmium
toxicity. International journal of environmental research and public health, 17(11): 3782.

¢ Gonzélez-Montafa, J.R., Senis, E., Alonso, A.J., Alonso, M.E., Alonso, M.P. and Dominguez, J.C.
(2019). Some toxic metals (Al, As, Mo, Hg) from cow’s milk raised in a possibly contaminated area
by different sources. Environmental Science and Pollution Research, 26:.28909-28918.

¢ Javadi, I., Haghighi, B., Abdolahi, A. and Nejat, H. (2009). Evaluation and determination of toxic metals
(mercury, lead, cadmiun, and chromium) in cow milk. Isfahan University Research Journal (Basic
Sciences) 22 (2): 57-70. [In Persian]

e Karim, G., Kiae, S.M.M.,Rokni, N., Razavi Rouhani, S.M. and Motalebi, A. A. (2012). Status of heavy
metal contamination of foods with animal and aquatic animal origin in Iran. JFST, 34 (9): 25-35. [In
Persian]

e Malhat, F., Hagag, M., Saber, A. and Fayz, A. E. (2012). Contamination of cows milk by heavy metal in
Egypt. Bulletin of environmental contamination and toxicology, 88: 611-613.

e Malakutian, M. and Golpaygani, A.A. (2012). Determining the amount of toxic metals lead, cadmium,
aluminum and calcium and zinc inhibitors in milk powder and baby food supplied in Iran. Journal of
Nutritional Sciences and Food Industry of Iran, 8(3): 251-259. [In Persian]

¢ Moalem Bandani, H., Rajabian, M., Ali Malairi, F., Mohammadi, V., Arefi, D. Dehmardeh, S.,
Mohammadi. S. and Shahrouzian, A. (2014). Determination of lead and cadmium levels in cow's
milk by furnace atomic absorption spectroscopy in Zabul city. Scientific Journal of llam University
of Medical Sciences, 23(3): 178-185. [In Persian]

o Mollaei Parvary, M., Karim, G. and Ahmadi, M. (2013). Determining the amount of lead and cadmium
contamination in industrial powdered milk used in food industry in Tehran. Food Hygiene, 4 (16):
69-74. [In Persian]

¢ Mohammad-Sani A., Nik-Pouyan H. and Moshiri Rudsari R. (2009). Determination of the amount of
heavy metals in liquid and dry curd produced in the factories of Razavi Khorasan province.
Quarterly Journal of Food Science and Technology. 1 (3):17-22. [In Persian]

o Nkwunonwo, U.C., Odika, P.O. and Onyia, N.l. (2020). A review of the health implications of heavy
metals in food chain in Nigeria. The Scientific World Journal: 65941009.

¢ Oliveira Filho, E.F.D., Lopez-Alonso, M., Vieira Marcolino, G., Castro Soares, P., Herrero-Latorre, C.,
Lopes de Mendonca, C., de Azevedo Costa, N. and Miranda, M. (2023). Factors affecting toxic and



essential trace element concentrations in cow’s milk produced in the state of Pernambuco, Brazil.
Animals, 13(15): 2465.

¢ Pajohi-Alamoti, M., Mahmoudi, R., Sari, A., Valizadeh, S. and Kiani, R. (2017). Lead and cadmium
contamination in raw milk and some of the dairy products of Hamadan province in 2013-2014.
Journal of Health and Hygiene, 8 (1): 27-34. [In Persian]

e Rahimi, E. (2013). Lead and cadmium concentrations in goat, cow, sheep, and buffalo milks from
different regions of Iran. Food Chemistry, 136(2): 389-391.

e Rahimi, E. and Derakhshesh, S.M. (2011). Examining the amount of cadmium in raw cow's milk using
atomic absorption spectrometry in different regions of Iran. Veterinary Laboratory Research, 2 (1):
65-73. [In Persian]

¢ Rice, K.M., Walker Jr, E.M., Wu, M., Gillette, C. and Blough, E.R. (2014). Environmental mercury and
its toxic effects. Journal of preventive medicine and public health, 47(2): 74.

e Shahbazi, Y., Ahmadi, F., and Fakhari, F. (2016). Voltammetric determination of Pb, Cd, Zn, Cu and Se
in milk and dairy products collected from Iran: An emphasis on permissible limits and risk
assessment of exposure to heavy metals. Food Chemistry, 192, 1060-1067.

e Shakerian, A. and Karim, G. (2004). Study on the contamination of milk and some milk products with
lead and cadmium in Esfahan and the effect of fat separation using atomic absorption
spectrophotometry. Journal of Iran Veterinary Sciences, 2: 29-35. [In Persian]

e Tahsini, H., and Gavilian, H. (2016). Assessment risk food of heavy metals (cadmium, lead, zinc, and
copper) from the consumed crops have been distributed in Sanandaj. Zanko Journal of Medical
Sciences, 17(54), 62-72. [In Persian]

e Tchounwou, P.B., Yedjou, C.G., Patlolla, A.K. and Sutton, D.J. (2012). Heavy metal toxicity and the
environment. Molecular, Clinical and Environmental Toxicology, 3:.133-164.

e Temiz, H., and Soylu, A. (2012). Heavy metal concentrations in raw milk collected from different
regions of Samsun, Turkey. International Journal of Dairy Technology, 65(4): 516-522.

¢ Varol, M. and Siinbil, M.R. (2020). Macroelements and toxic trace elements in muscle and liver of fish
species from the largest three reservoirs in Turkey and human risk assessment based on the worst-
case scenarios. Environmental Research, 184: 109298.

e Vesal, H., Mortazavian, A., Mohammadi, A. and Esmaeili, S. (2013). Potassium sorbate and sodium
benzoate levels in doogh samples consumed by the Tehran market measured using high
performance liquid chromatography. Iranian Journal of Nutrition Science and Food Technology, 8
(2):181-190. [In Persian]

e Ziarati, P., Shirkhan, F., Mostafidi, M. and Zahedi, M.T. (2018). An overview of the heavy metal
contamination in milk and dairy products. Acta scientific pharmaceutical sciences, 2(7):.1-14.

e Zwierzchowski, G. and Ametaj, B.N. (2018). Minerals and heavy metals in the whole raw milk of dairy
cows from different management systems and countries of origin: A meta-analytical study. Journal
of Agricultural and Food Chemistry, 66:.6877-6888.



Investigation of heavy metal contamination in doogh distributed in
Shahrekord

Heavy metal contamination of consumed Doogh in Shahrekord

Baharlou, H.t, Abbasvali, M.?3", Bonyadian, M.*

1- M.Sc. graduate of Food Hygiene and Quality Control, Faculty of Veterinary Medicine, Shahrekord University,
Shahrekord-Iran.
2- Corresponding author; Associate professor, Department of Food Hygiene and Quality Control, Faculty of
Veterinary Medicine, Shahrekord University, Shahrekord-Iran.
3- Corresponding author: Associate professor, Department of Food Hygiene and Quality Control, School of
Nutrition and Food Sciences, Shiraz University of Medical Sciences, Shiraz —Iran.
4- Professor, Department of Food Hygiene and Quality Control, Faculty of Veterinary Medicine, Shahrekord
University, Shahrekord-Iran.
*Corresponding author: mabbasvali@sums.ac.ir

(Received: //Accepted: //)

Abstract

Considering the adverse effects of heavy metals on the health of consumers, this study aimed to quantify
the contamination level of traditional and industrial Doogh consumed in Shahrekord with arsenic,
cadmium, lead, and mercury. Inductively coupled plasma optical emission spectrometry (ICP-OES) was
used to measure the concentration of the aforementioned metals in 80 Doogh samples (40 industrial and
40 traditional samples), purchased from Shahrekord stores. Arsenic levels in the samples were below the
device's detection limit, but two samples were contaminated—one (1.25%) with 400.63 pg/L of
cadmium and one (1.25%) with 144.72 ug/L of lead. The average mercury level in all samples was 6.35
+ 13.20 ug/L. A total of 12 samples of industrial Doogh and 8 samples of traditional Doogh were
contaminated with more than 10 pg/L of mercury. The average amount of mercury in industrial and
traditional Doogh was 2.41 + 6.00 pg/L and 7.83 £ 12.74 pg/L in summer, respectively, and 13.69 +
19.59 pg/L and 1.47 + 6.46 ug/L in winter, respectively (p<0.05). Milk, salt, and water could be the
source of heavy metals in Doogh. Differences in the type of feed provided to animals during cold and
warm seasons, the type of animals feeding in traditional and industrial livestock properties, different
stages of production and processing, environmental pollution in various geographic locations, and the
degree of contamination of drinking water in animal husbandry facilities can all contribute to variations
in the concentration of elements in milk.
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