[ Downloaded from nsft.sbmu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17357756.1400.16.4.4.3 ]

oln! 2188 giluo g 4085 pole aloxo
VV—/\& QLZ&M Af" ob’.m.o)‘ cf o)l.o.& ‘ﬂ,.b.b}iw JLM)

Wa 1y 50 Pl s Sdow)yl g pgu0dlS (o yuw 09 Zokaw Ol puds b5 !
S WESSUR W P}

Tl ol oo e 02 (2 e sl e
boniadian@sku.ac.ir : g xSl s -l l 00,5 50 00,5 s oKzl o S jaals 0aSils ¢ 3€ Slge (a:S S 5 ublags 0,5 dliwl 1 Jgtue 0ot gi -

Ol 0,5 500 00,8 s olKzils ¢ (S jals 0aSLisls ¢ olae vlge 2S5 S 5 cudlags 05,5 ¢ uilacd (593 (ggmils =Y

Ol 0,5 s )5 s olRils ¢ S juals 0aSLiils ¢ 5lae Slge 2.5 S g Clilags 09,8 Jlusls Y

VEe 10 i bl b AN/ el s gl
oS>

2 0gdise QS ogasty pludl Cuadls yy sgus 5236 5 Cunganns 95 crge i 3 4y ] (gl 00518 5 s (Sogll 3B g Al

i ol 5 b Ki5 b oy anl b g pl e 8 i lilh 5 S e ek o) e b 5l anlllae ol )
S0g8 gl Sid b Al )15 SO d j0g Ay calisee Jole I AVYAA e 9 liwal Jad g0 0 5,5 Cug O o tldigy g dge
€0 gu> s.)‘lJB u‘ﬁwd‘fﬁ)bysowmrwsdﬁl? e ujwﬁ‘édj)j rﬁbf.w)‘ ws.v).b)bhbé\.:}o.v R 6;5 4;5.04

s ko il 0sd g5 slowdly ST g osboye i by 3l eslinl b g y9l,8 w50 el Dl g Skl 5 pgeeols e
A (5 S 03l ICP olKiwss lawgs «(5,95 pits

Wl 3 50 il e g ogez atile S I (S oS (5550 4y 009 jeite chlies sl 00518 10 e DI3lS swileBl e bABY
330 e Sl dnn onilandly (e reizpen (P01 0) WS 00 Iy @0 (a7 Os D )0 Siier St 5 poresls DI g
ol e 5, 5 (Codex) Lol s sl lono bl 2 (P<-1+D) 551 otz o5k yocds 3 Aals 51 ey ilye 4y o 1000 5 dalllas
g Oy Jhad 0 LS oz 9l el )0 paedlS jlade pizres .0g: (20 PPb) ojlailiul a5l SYL s 03 5l )3 de j0 o Jlade Kl

g1 e (10 PPD) jlome w51 Jad g9 p2 )0 5edh jogy 5 0ud Ly 1ol

Slre a5l oads adel Sid Gl yed (0 g ogaty 5 pseedlS g S SIS i Lol addllae gl 4 azgr b 35 g5 AR
o5l golie ol 55305 ol iy by 08,50, ) oS o IS5 (51,2 (slosily ot Wlsi o 45 el Sy S AS LS o0ih (ypar
S pdy Oyge p3Y Sleladl Ll pals @ Cons 9 48,5 )13 Slulid 5 (w2 8590 <O ye yob oy slo 00913 g a5 s Sl

‘-,’JLG.” 03 z9) LgLM)/L: S )»....: ‘f}b]”‘*‘ “_i».“*v)‘ “nwéw €0ga> ¢y :6..“ QE;‘,

lge gl SYg—azo g b By Ll o8 e
Codlad 4z 0 Y game ol el slo o9l 51 (sl
e slolay jlesliial g caie slaoan ¥l ;,gles
S50 3 S cnl plo cal Gl a ) 65,588 )9
Sl 03,8 il 095 a1 (g0l 5 4z i DY gaze opl Cdls
M)

PYRV-P )

21 w5y o L szl 5l (S (ol Ysa e 5
38l g 5058 wiile pdy o (sloeg S (sl o309 4 4l
Gysre sdie Slga ol b Wil o 0 Lo el
..\.L.JLA LS;"\""’ 0‘9.0 9 LQ g.)‘)..\....m}v; ‘QS’)} 50,&.:5)4 ).Ja.»
W e 9 08 oS polie 13 5 (S5 e id r S
) al o s sl (gl ol Ly 6l Sy olgie


mailto:boniadian@sku.ac.ir
https://dor.isc.ac/dor/20.1001.1.17357756.1400.16.4.4.3
https://nsft.sbmu.ac.ir/article-1-3217-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17357756.1400.16.4.4.3 ]

u‘)L{AJb 9 UL.)L» e /.. P%AJK €y (OG> C}h.w u])u:} u?’b))l

YA

wo gy SB g ol mlio 5151 s g saze g, (2l
5o le Canyy Jase oS o¢9.ﬂ o mle (R ) )
st o g S Jloj Cs g daolKi Y jo 58 sls
Sy gl dn o og 0 s il e o8 g, 4o
L i | s.i..._w)‘ €0 gu> ‘[ag.z.m)ls (\\ c\Y) 6)l_...4 Aels
O% 3)ly (2188 Slge Byl 5wl oo (S IS e
Sl 5 o3g0d pad o 55 (Sogll pglii 050 o 5 s
30 Oy je d> WSAS o luilwl g WHO slo a0y
odd pdlel p)SolS )3 059,800 Vo () SV ga e g
Ygazo g il H paedlS jlne do pizmen (VYY) Cow |
Oloslb LOF) Cwlond el p)S6lS )0 0 59 See) + (2
VO ol 6,9l2S 9 ka)le> lejlow 5 Sl cSlage
Ol 2SI Oleie 4 1) oo 0j9 @5 5kS 5o £S5
s b ol cpl il 00,5 sy S )l (S 28l o
2 e g5 Vel yo Jolao g 00y JT e S )l
St (10) ool @l shdlo 55 o558 sl 3,00
FAO) ez b5 5> plojl 5 WHO) iler ot g,
03,55 Gea 1) o )3 09 (B 3 (585 18 e v
Olysd 59y p (Sode axllas eSG aASl 4y 4> L
o a5 sl ol (6 sld B 3 S 3
i S8 lade Dl sy e B ol Sl Sl
e J.Jy J..u—|).9 9 r=L>-).;.__M: O 0ga> g &M_m)‘ ‘PWQU
Ligs golge o
YO g0, Jad )0 Cugs YO addlas opl j0 15 S digod
Voo Gig e aiged Vlug 2 00 g Jlw 05 b o Cog
2 als (o Oed B pls bl (Bolal ol o S
Selsi sl Al )5 51 (o )0 g el o5 g0t Ll
250 Jease o 5l diged YO ggeme jo wlje St S 0l
W Lg),:fo)'bd‘ 09>
oy 3l ooliiw 1L (sladiges (BAiges puad 9 jlw oolol
Lo il ookl g paa (Wet Digestion) wgbs o i 2
p) “3-'5‘1’.))—4:*:“5:’.)‘3435""‘)4):?](51:1-“\' )3"‘.";"’@‘(5‘)'-‘
W ST 0T g 2o 30 PO S5 s S | bglses o) Lo V-
Glod b Els amio (ggy s il adlo | ] 4 s 50 YO

5 DleaS ) CwdsS b alsi Rl g ssnte S

S W T 8 ea T Haile ) JBlas 4 g i s lag
P (2138 oole (p S6300 5 (n S rb & (o S s Cux
by az 51 6590955 (9 38lh9) 8ty Cul 03
aliwlie Jg canl 03,51 bl 4y 595 L 1) (5 b o
.b)lg.n 6)9..4.)05;;‘“\ osls o‘)o.bp.(bb (5.01_’> u)'{xm.‘o
$)lge (r e 5 Sy aledoo i | L - il (Dl
LS‘LXC 0‘9.41 Q;ojﬂ ] 00l leoj"j C\.‘>9.' QT a o)jfol as
S e = o238 Slge a8l e S SIS 4
g.,_...)‘c\_zﬁjf)‘)_ﬁé_>9.’ Sy9— o L_‘>—_'«’~|;\'é $|5.A).’L~J)|
Sl glo collad Cle 4 Gy dae (Sl oy i
5 B Ol jo olils GlS 5 g ol 5l s o
oud i o ools Lo g 4 i (YY) el (5,5lnS
I WEHIWH ICH PR CEIRGH (1t IV gON | IPU SRV B
baes o &) (srmb yob 4 05 5 0 g5 cpgedls
Sl sz BB sk 4 Gl o el >
alox 3l ll jo cblags allacl Ol 31 slu! gl y 0us
WS i,y sl g lxinls (29,5 o8 sl s lom
«Ssielsigenl 5 o> OIS leds Jals ol ( qeac
30 ol sl oly aiS oo Slul 1) s o il glsil o
S obed g Bl e Lo y93 el 38,5 )18 (5 5me
by sodh o Ol3ls Cgllasl ol jl as el
399 4 dmdly Oloj 2 g (pleerd S5 (S S gs
o G50 Jelge 3l g s lo yo (F D) wil oo QT
50,10 SllE o e 40 (uldS il oy 0 SISyl
Fos e 13 ojlasl sl Julge 130 cow Sals @
g ol Slplaz STojls jI3 olerb )8 5 55909555
PR 9r s SelS (Sloial (555 0 clasl gt
ol )l ey S colll s cew yolic byl
A Sl (S como polie plaS Wil 00,5 oLl aya> sla
5 oo oIS (2] e (55950 Sl L (Sdplie & y50
B (Soyn Bk 5l Wlgise oy e (Sogll

Sl 5 638 slds 5l S Gl B ez Slg,


https://dor.isc.ac/dor/20.1001.1.17357756.1400.16.4.4.3
https://nsft.sbmu.ac.ir/article-1-3217-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17357756.1400.16.4.4.3 ]

va VEe e s oF olasd oma 3l Jl ol 211 wlio 5 435 pole aloxa

FYv] )
Oliee 50 o ools Judow g 4 550 5l e ] ey i
&Asjé)é&wu)‘jf}méls‘u}w cowu&w u_)‘).l.@
V21O Sy J..AB)\) ‘bl})...w 0gu> u..il.uo )‘desdﬁésa
B9yl 30595 WIT 05 Jad )0 9 i )0 055,50
£55 9,5 MFY 0 5 Jad )0 oSl 1ol 0 (2 S0ks e
e g 2 g S See VYT o5 Lad o g i e
30 yid 130,59, VOID 0y Jad (o aals 0g> (1Sl
Sl 3 595 VWAL plp (n50les jlade cpl @57 Jad
Sy 9,5 had gy oad Ll i (0 0g> Jlade 09
o 3 51 2 3 05550 VIR 5 VWIF i 4y JL
FEIY polie 4y g adly olidl & jogs o 318 pl Jlade a5
J—a8 20 S9Se VYV g 05 Jmad ;o i )3 059,500
ksl.tboé)j‘)s))l...u Léj‘os.m G)L‘J db‘JM)Jﬂ
O Sloges) d(p<e /o 0) cosls L3

RUTRRV Y LI JESPT-I- RIS FARGIR VI TR S g S PSSR
Wlol glayao 1o Ve Sl s | i (oo ¥ g
S D sl ol il a0 V0 sles [0 g g 0
Ay 0 L | Cwd @ Blad Jgle b o plil el
A sl am g a oaile ) e Vet e 4 0gigns O
(VF) 285 )8 eolitul 390 903 el g o5
TSI MY P ON SN [ P2 JUE UK S-SRI [V LIPS S R
ICP — (5,95 (655 e b — Sl oo i (slowsdly
s (Inductivity Coupled Plasma- Spectrometer ) OES
A .0 oolaw | (Spectrogenesis-Germany) ICP oK o
0502 «* IFF poeadls FIOY i sl (hs; (nl 5o parsis
Ol 6l e (PPD) sk 53 Caand <Y S ) g #0Y
YYMANY co i sl 5ol YY - IYOY zgo Job 51 jslaie
5 o3> 1y el VATIYYY (Sl 6l yiegils
V) 0 osliiul pgeeslS sl yiagili YYA/A-Y

53l a sl ugi La ools g plowil 1S5 4w 5 o yges]
oibyls 5Bl g T student slayg051 o Sigma stat 4 ¢ L!
5 4570 O 00 Ao, 10 lebl o> L (ANOVA) a8 S,

UL JE P M R WES
&:L..;)l P%AQ‘S D 09
Sy Jab pS Jab Sy Jab pS Jab Sy Joad pS Jab Sy Juab £S5 Jab Wy
FIELE/ VB YR FAY pAEN /SRR NgEf/ph A+ 1DEO/AB? VYAJAZY/OA2 \FIOEY/FA2 WERYAR Ll s
ARIAEA VAR VAT SV RN Vi & -SVA B RV =< A T Yv/aa/68 VeV VEANAR Ay £ VEEONAT Sl
(VZS-270 Y7 * 27 S VAC -V S VA € /N AF/VEQ/AR IYY/AEa/pR VO/BEY AR AR P ES
YAIVEY YR VEPAR O YRIVEQRB VFEREAT ) RETEA Fr/ad Yy A " VIE RN A s o ilas
VW/AED/Y
OFEOPIYES  \pVEAPAT  AprEas/aft AEYAONC  BYY/ORALFAT 0) O/FHAN/AAP " FENEYY/FAD oSl [0
v YY/YEYY/E
P12 0) adl e Ho gire g5lel BB o s (5w 0 40 e uf xS By,
O<-/+0) aib o paie 12 slp Jad 90 o dine (g Lol BB tmo s Jlaws jo 0 wlies 108 55 By, st
80 -
70 A
60 -
50 A
g a0
o 7 .
oo
30 - >
20 - me X Jabd
o B om BE Bm
0 n T T T
REQRT Sl i Ll

03,98

‘).._\Jaﬂ\.ul\s ﬁ&u\)d)ﬁ

(ppb) Sz s adgi Aig, 40 ogum Jlade Sl pas L) Hlog0d


https://dor.isc.ac/dor/20.1001.1.17357756.1400.16.4.4.3
https://nsft.sbmu.ac.ir/article-1-3217-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17357756.1400.16.4.4.3 ]

u‘)KAA 9 ul;.)L.u e /.. P?“-"JK €y <0G C}L:.w u‘M u’.sl;))l

Sl i b 00918l 5l (g0 gixe Hghay a7 2Ly
A sgad) (p<-1+0)

FIFS s Jmad jo o i Sl o (Sl
g il e Se S YN o5 Jbad j0 5 5l 25550
2895w VIV o Jad )0 Sl 1l S )| (eSSl
o aals 55 5 5 0 S Sen VY o5 b 5 2
b plp e cnl )8 Jad )3 9 2 52 e 59,500 VA 8
ol e ol Laglis 0 B 50 09 2 2 055 ,Set A
7l 55 S5 e TV 54 polie a5 iy Siall o
P9 S Skl e a5 05w g 08 Jad 90 )3 S
30 0,59,50 OF g VAIY olie a4y g ools s olidl i
bl S 58S sy s )5 Jad 50 0 a4 )
(P<+/+0) el b 00,90, b (5)lo g B
(F o)

solie a5 09yl Sl le T o905l @mlts rizmen
Ao b Jlw o g 08 b 93 3 pls 1l 0 e
3 e Jlo 2,85 Jad o g ansly g)lo e (g Lol BB
St )| sy S ol (< 0) 09 Jlo 0 uad
380y g S Jad 99 )0 ph g g ot Ll 2
P bosygld plo ;o (Jg () Jgoz) «(p</+0) ol ovnlice
2 Sl silel DS 503l 3550 (S DI e
(>+1+ D) o oanlie b g0

600 -
500 -

400 -

ppb

300 -+

200 -

" ol ol ol
0' T T

P95 A BB 8y Jad o pls 1l 0y (2Sls
Slade g i g )89 See IAAY )5 Jad p0 9 d
2595w VWA s Jad o oSl 1ol o (5ls
OSles i g 5 g e 89 See Ve VY 05 Jad po g 12
Jad )3 id 2 eSS ARV Sy Jad 3 asls 55 o
e g g S S VYA L ol jlade cnl )8
S S g p)S Jadge poad Ll 0l 0oy
8 cpl Jlase Jg o d 10 0,855,500 VY /T 5 VEY/D
13 P S aSee DVVID g VOIF 4y 5 ails Lialdl b oe
o5k &5 da; 3 g 05 fab 90 50 oS 4
Soged) (P[4 0) ol iy 8 sla 00yl 3 5l 5,0 se
X4
DIAS s S 1o o5 o pgradlS e (ySilee
g e S e See MF o5 Jad 5o 9 fud p e S5 5e
NY 3y Jd )3 Sl 5 pgrodlS (2S0le jluie
95 ppSeSee Velb S Jad y3 9 1 e85 S
P95V A 0 Jad )3 asls )5 pgasls (:Sile laie
P eSS WY L pln Jlade el 08 Jad o g 2 5
YEIV 5 V1P 4 306 ol e oo Lanlis 5 o o9
2 ey 3w 905 had 9o 0 eSS A S 50 055 e
AVIY 5 Ve /A a4y pogaodls polie o B 09 0 a5 Jb>
oRIRl S g 0 )5 b 99 50 B i )0 0 595

W Jad
.e)gdﬂ-éé

Sl

Pl

03,98

i o_iiliS ﬁ&m‘)d}:}

(Ppb) S i adgs Wigy 40 Ly Hlode Sl ks Y Hloged


https://dor.isc.ac/dor/20.1001.1.17357756.1400.16.4.4.3
https://nsft.sbmu.ac.ir/article-1-3217-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17357756.1400.16.4.4.3 ]

AN VEe o o) F oylad emopld Sl il lié mbio 5 45 pole abre

120

100

80

ppb

60 .
B 2 Jesd

40 R

20

o el NN @ __ |
REQEW. Sl s

23,9 4

oyl ?:5‘“\){5.?

(ppb) e i adgs Wiy, )0 paeslS Jlade Ol poss Y Hl0g0d

60

50

40

ppb

30

20

10

03,98

.J)udmé
.e)gd-taé

‘):\ﬂo‘)ﬁLAlS ?55““’\)'3-92

(Ppb) Sz s ooy Wig) 4o S| lade Ol poss B 4l0 900

“AL& e 40 ogus w.i)l.&.ﬁ )|J.E.n J_,ab- axJlao )0 loga>
S A oy als o polie cnl &S 09 i e85 e
4 Qi3 oo 45 O S | 5 13 ol 50 T saile Bb polie
i) oger S S8 5 oy gz 3 o5 ol Lo
QYD) o)lo <z )LQ )0 Hpax> A Sl JaLujui 5o (09.._‘>
s 50 sy o) )0 059,500 VOIO 5 VAN 4y ] luie
S sk a8l Gl 53 cpl jlade yoB j00 g oad Llws
Jedo g aS oy it 00 55 e VY a5y 4o
o)‘J.:L..w‘ 0 M)@)bsbwlaﬁobyr_quW
ol sl 03518 5 e 55 050z lp ilme 9> Gl o
(WHO) Sl culag plole pizmen Cowl oniis s
b 5 o3 jlome s 55 (FAO) e )b s )l olejlo s
e a> SYlis 5l (gogasme slaws jo Jg Wil 00,55 e |
JECK SRR A S P S-S SR

() il

- e

i 25, o | Sl 1 5o st SNy ma g i
95 0B35S gzmed pdicawl sloog S sy ohg 4 4l
So5lT 45 ams e bt Sledl (1) b s wialles S8
s ool «Saias )] aiile (S Sils 4y ol ol
Sl slo collad 5 wad o0 £ (b jsb @ 0ger 5
OBl Sl epl a4 ae (Sogll gz g LB b o
(V) a2 o

Pl o A5 O (59, &5 addllas ol 5l ol ls
S el i 5 o Ll Sl o ol oSl o
@B s 8L o 5l )y S 2 0 b &g
8,5 s g5l SiS g LBlis (655 aels (gl sy
Y gase 10 dalllas 550 l3ls clale a5 ols lis cu
aelol )3 45 WS o yerk S e adgs gy 4o cilisea

S o0 58 oy 3550 Al lar jslay


https://dor.isc.ac/dor/20.1001.1.17357756.1400.16.4.4.3
https://nsft.sbmu.ac.ir/article-1-3217-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17357756.1400.16.4.4.3 ]

u‘)L{AJb 9 UL.)L» e /.. P%AJK €y (OG> C}h.w u])u:} u?’b))l

AY

Gy SS1as ol lis 50 YWAA Jle jo jpeol,y asdllae
2598w YV ol SLbI lags, g8 b )0 9250
OSles Gizme g 390 il 3 0,598 Ve e PBlas g 1]
S 0g il )20 89S VAT plp pls ok 0 oy cdile
oaidd L VooV LuSaS 10 Gy ojlailin o> & azxgily
391 oy 4 s gl aigad plad slme a> I G (Sl
STl e LaLes 5 L gaumg aalllas g (V)
ol 5o 0dd g als el e e aS ol (li hes
et a4 51 7S 45 531 5 3 0,55, Sen FIAY i
OLan 5 glan plae asdllas (YO) Cow | 518 ) (gl oas
oy 8 oaile Sbas ols la 5 Bl e YYAY Jle o
(Y9) 59 0 llewl o> 31 xS

s Sl Fogll 5oy 58 4 3 Slallas
28 gk Wil e, LIS e aiile (i SIS
(YA gz 058 (TA) 0l (YY) 0l aiile o5 tS
5| a8 s e 45 Cans o0l L5 Slalllan (F+) 45 5
oM wile bayg S S 0 aS Jl 0 00y sl v
Jlade Silas ola 155 «(FF) SWT (XY XY) jan (YY)
ol T sla 03 yl,8 g 50y jlome a5l s
2 )3 oy ge a5 3l LS Sl dalllae @l Grizren
b SYgpaze plo g pls pd gl i by S22
e B2 Gl g s O e ] Jdo a5 e
cdile ol axdllae 4l (ol axdllae )5 .l 08,508 ol
@S 5 85 )18 ()2 )90 iy adgi anlB 0 o
@ Cod Gl Voo ol s 30 Gy lade a5 0l lis
(F0) cils ol s
s |l 50 pgredls a5 cew | ol Sl s ipguosls
s Sl ] s aS 8l aels s 6 5YL clale
s ol adale aSs ek cwl s ST 56 e pgesls
Sake (pSile 0525 onl b el dals pl ez 90> oSl
OmenS jlme 039950 45 dals g Sl 1l el il pgesls
ool ey ;i 0 Jg e (Ve ppb) LSS law g5 ous
Slome w5l G g axdly Gl 5l Gl Jlade B 00
9 e Laelss ey (p S 9kS 0 0,579,500 0) 00d (s
ol ol cdale Gl e 9o Wl oo O O s
Gl 10 paedls sle a1 YL e ol e oo gl 48
30 (YY) Casloads 0,155 50 pan ;0 SoeS glie Suz
ke s plol 45 5 )0 45 5ol dsllas 4l s axllias

955855 )13 2l o)9e s iy adgi a8 ) panesls

Fadyd 0 Sl ke adlllas cpl @ls (bl i yw
3 it 4l 0 (T jlie 5 g 0,8 a5l a8 55
o] g amd o s ol 45 | eS| s 5 plS
WHO (555 (ool sl (5651 it (02 56 0 518
5 s S oy e 4> 45 YooY uSaS o il il
Sl 00,5 el p S ol 1 55,80 Vo (] Y gae
3l e 0oygl,8 Ao ;o oy polie aS sl s b (YY)
YU slocde 51 (SO Yl ogr i odds (o loee 0>
ol byl i aS Gl inllapd al 0 0 (092
it il Ky 5 ledol ool gl g losls 5l Gls IS
ol S o5l ol o o (Sogll Glie 5 o
Vb g 3] g aiile xio lomls IS g 0sgr Vb kil
Ol il (ol (285 518 (nl Ol o Vb yo o5 jls
1345 amd o i 55 lal s Slalllase sl (VA) 35 o
B e R e e S e
SOTAY Jlo o ohl5es 5 oSl anllae b 2o | YL
5 e 50 oy lade a5 Cewl opl oS al ledo | g
08 yol 4S5 yolay e YL lero | o ad [ S00 slo 00 4l )3
PSS VIO o 1ol )5 o p clile (S0l jlade
VAV 1) aels g 5d 50 059,80 VIV (202 o e 5]
wllan rizen (V) 555 IS 5 5 o
Oblaiz o by elgil jol (59, VoY Jlo )3 (oo
39 pguadlS g oy S SIS e aS ol s ol
5 olial anle trio slonliul 5l ea s 351 la wiges
(V) 092 500 slagbial 5l it Cilye 4 liwo>
) et £k 6o\ YVY Jlo po ol Ben 5 )1 (o
ol adlllas (ole ol Stz 1ol w0fygtwly d el
b poeodls 5 o vy (S o S L (ol
o1 i sy ol gl 45 sl plowl wdl o b,
9> 5l i Gy 4 (Sl b diges 5l oo 0 AFIY 0 a8
(YY) 09 00l Cyus o lasli!
Olis (o o Se 0 5 WWAR Jlo ol )Sen 5 olsks
3 S tegen ity (225 gy BT ) 5l eslitn TL ) e
S50 355 e 53 0dd adgi jeiwl b g pls lo
3 oy Sdale Sk a8 ols L gl ssls J18 oLl
o yginl b 339 i S See FoIVY L plp pls d
b alio ;0 a5 (V1) 092 yid o p)59,Se VWOV Ll
il g 5eS AE 1t 5 oy e ol anlllas gl
bYo lwilyg oo ooy b o ler g duome slo oo,V

a8l 5 i 55 oy e el


https://dor.isc.ac/dor/20.1001.1.17357756.1400.16.4.4.3
https://nsft.sbmu.ac.ir/article-1-3217-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17357756.1400.16.4.4.3 ]

AY

Jpame ;0 S )l Jlaie a5 ol lis ol adlllas ailen
Jlw ;0 a5 (gl andllas yo .l oo plosl o] slas ol 3
iy B b il Kan g Nagem Khan La_wgs YV F
)LMLA W) r:bu‘ e 0)5)\5 WLAB)M)O uL..aS;..oL..C
d}.a.,o WBL.: oJ.;.IS J)J.e‘agd.u w)‘)fps)l.....ma s.i....w)‘
(YQ) 090 oS

0g i Ol Jlaae pols adlas bl 4 axgi b
S oad oy S slopd )0 0y pgasy g pgesls
G ax jlcan | SogS sliae Sz b ades delal
Slp Slgs o a5 (YF) ol jiin (WS0S Lawgh ouls (poes
b O)JOL?!ALJO‘IQ.E ob)g‘Jé u;‘ IRVELY dJ_AA ulfb}f
03,90,8 9 a5 i Sogll ogll wlio cun ! (55,0 cplplo
5485 )18 b LS 5 o s 3590 wpe ysb T sl
&l oolain] 0,90 pl> slo,uls U ogd eal,d ol i cowl
b aid )3 )18 adgl o) o,90 S5 glie Stz i 0y
sl Ll 1) S @lis sgg i 5 o3 slao sl

e References

1. Park YW, Haenlein GF. Milk and Dairy Products in Human
Nutrition: Production, Composition and Health. John
Wiley & Sons 2013. p. 65-90.

2. Kira CS, and Maihara VA. Determination of major and
minor elements in dairy products through inductively
coupled plasma optical emission spectrometry after wet
partial digestion and neutronactivation analysis. Food
Chem 2007; 100(1): 390-395.

3. He ZL, Yang XE, Stoffella PJ. Trace elements in agro
ecosystems and impacts on the environment. J Trace Elem
Med Biol 2005; 19(2-3):125-140.

4. Heshmati A, Ghadimi S, Ranjbar A, Mousavi Khaneghah
A. The influence of processing and clarifier agents on the
concentrations of potentially toxic elements (PTEs) in
pekmez (a grape molasses-like syrup). Envi Sci Pollu Res
2020; 27: 10342-10350.

5. Heshmati A, Mehri F, Karami-momtaz F,
Mousaviekhanigah A. Concentration and Risk Assessment
of Potentially Toxic Elements, Lead and Cadmium, in
Vegetables and Cereals Consumed in Western Iran. J Food
Prot 2020; 83(1): 101-107.

6. Arif TJ, Mudsser A, Kehkashan S, Arif A, Inho C, Qazi M.
et al. Heavy Metals and Human Health: Mechanistic
Insight into Toxicity and Counter Defense System of
Antioxidants. Int. J. Mol. Sci 2015; 16: 29592-29630.

el i o VAY ng/ml 5l 508 ) o oS ol (lis gl
(YO) 0,8 o (al33l s ;o YY/AY nglg 4
Slalllas o s (slo 03,518 5 s ;0 psresls a4y (Sl
2 OLen 5,5 o ol oas )18 Gl e Ko
el e 3 sl 2 Sl ol VYV L
5 )5 e 0 PVIF 1) ol pd g SCiis s o 50l
2569y 2 WAYJL (o) 50 oLl 5 lolsy (YY)
5 poeesls bale (S0l 0l plnilond jgtwly 108 g pl>

o ygwly ;e )3 9 il )3 059 See YIAY L ol o5 o
(YY) Wl oogad @dlel jid 50 0,579,500 V=Y L ol

5 bl o WAV s o o) Ken 5 Slats plas axlllas
i sl digad dan o aS ol lis j laes o LS sy
09 il | a5l jaS paaadls Sogll aejl 390 pls
(O ¥%)
5 Sl e a5 ol lis ol asdlas guls 1 Sduw )

A ol e o ls dals a4y s (6 5in mez eS| s
8L 8l 0F ppb s lade o ios 4 S b (o
3 oges] 0550 OV ga e Ao 0 Seiw | Jlade 0929 (ol b

Sl e SeSee Ver) SOS b gi el (s jlone v
b oy e auder ail B o Sha )l Jlade g S (
s g eS8 objyl o e o Ken g Demirozu-Erdinc

7. Abdulla M, Chmielnicka J. New aspects on the distribution
and metabolism of essential trace elements after dietary
exposure to toxic metals. Biol Trace Elem Res 1990; 23:
25-53.

8. Lopez Alonso M, Prieto Montafia F, Miranda M, Castillo C,
Hernandez J, Luis Benedito J. Interactions between toxic
(As, Cd, Hg and Pb) and nutritional essential (Ca, Co, Cr,
Cu, Fe, Mn, Mo, Ni, Se, Zn) elements in the tissues of
cattle from NW Spain. Biometals 2004; 17(4): 389-97.

9. Heshmati A, Sadati S, Ghavami M, Mousavi Khaneghah A.
The concentration of potentially toxic elements (PTES) in
muscle tissue of farmed Iranian rainbow trout
(Oncorhynchus mykiss), feed, and water samples collected
from the west of Iran: a risk assessment study. Envi Sci
Pollu Res 2019; 26: 34584-34593.

10. Heshmati A, Mehri F, Karami-momtaz F,
Mousaviekhanigah A. The concentration and health risk of
potentially toxic elements (PTEs) in bagged and leaf black
and green tea. Quality Assur Safe Crops & Foods 2020;
12(3): 756-761.

11. Arruti A, Fernandez-Olmo |, Irabien A. Evaluation of the
contribution of local sources to trace metals levels in urban
PM2.5 and PM10 in the Cantabria region (Northern
Spain). J Environ Monit 2010; 12: 1451-1458.

12. Nriagu JO. A global assessment of natural sources of
atmospheric trace metals. Nature 1989; 338: 47-49.


https://www.researchgate.net/profile/Ali-Heshmati-2?_sg%5B0%5D=kjF7Ibh5hDOnc64xMFZs4RumjoMqp3oOWatOLbhN-mrlDkTQrmH3EDpsMOyOAprAWS9HQ7E.k4lun75X5GfqkfhpeP-2Y0M1_epCgx9442Wl1vxqpvambo92_qmK7VkQ4Cc2n9K_fypYikBScEgWK6nI4GhWNg&_sg%5B1%5D=YMcZKfySjgZlTuNCvE4I2oPXqjH-lysctXOCikeX9s-ygUDEHPyJw9C-Ukau1M3_F49R_Z0.v5QvhTNlFZT6-LarVlagZ3l2sFCSFgvTytYP7O2Cwwnc4mW-xIw9y87q2l0TqoctwOh9x-fQO5jHb7S7DrhauQ
https://www.researchgate.net/profile/Sabah-Ghadimi?_sg%5B0%5D=kjF7Ibh5hDOnc64xMFZs4RumjoMqp3oOWatOLbhN-mrlDkTQrmH3EDpsMOyOAprAWS9HQ7E.k4lun75X5GfqkfhpeP-2Y0M1_epCgx9442Wl1vxqpvambo92_qmK7VkQ4Cc2n9K_fypYikBScEgWK6nI4GhWNg&_sg%5B1%5D=YMcZKfySjgZlTuNCvE4I2oPXqjH-lysctXOCikeX9s-ygUDEHPyJw9C-Ukau1M3_F49R_Z0.v5QvhTNlFZT6-LarVlagZ3l2sFCSFgvTytYP7O2Cwwnc4mW-xIw9y87q2l0TqoctwOh9x-fQO5jHb7S7DrhauQ
https://www.researchgate.net/profile/Akram-Ranjbar?_sg%5B0%5D=kjF7Ibh5hDOnc64xMFZs4RumjoMqp3oOWatOLbhN-mrlDkTQrmH3EDpsMOyOAprAWS9HQ7E.k4lun75X5GfqkfhpeP-2Y0M1_epCgx9442Wl1vxqpvambo92_qmK7VkQ4Cc2n9K_fypYikBScEgWK6nI4GhWNg&_sg%5B1%5D=YMcZKfySjgZlTuNCvE4I2oPXqjH-lysctXOCikeX9s-ygUDEHPyJw9C-Ukau1M3_F49R_Z0.v5QvhTNlFZT6-LarVlagZ3l2sFCSFgvTytYP7O2Cwwnc4mW-xIw9y87q2l0TqoctwOh9x-fQO5jHb7S7DrhauQ
https://www.researchgate.net/profile/Amin_Mousavi_Khaneghah?_sg%5B0%5D=kjF7Ibh5hDOnc64xMFZs4RumjoMqp3oOWatOLbhN-mrlDkTQrmH3EDpsMOyOAprAWS9HQ7E.k4lun75X5GfqkfhpeP-2Y0M1_epCgx9442Wl1vxqpvambo92_qmK7VkQ4Cc2n9K_fypYikBScEgWK6nI4GhWNg&_sg%5B1%5D=YMcZKfySjgZlTuNCvE4I2oPXqjH-lysctXOCikeX9s-ygUDEHPyJw9C-Ukau1M3_F49R_Z0.v5QvhTNlFZT6-LarVlagZ3l2sFCSFgvTytYP7O2Cwwnc4mW-xIw9y87q2l0TqoctwOh9x-fQO5jHb7S7DrhauQ
https://www.researchgate.net/journal/Environmental-Science-and-Pollution-Research-1614-7499?_sg=aw3gRKf0V7WEo2ptkIjJ9E2b2xpyytCNjHJrObEh-9zOJ38fnkfzFq4iWWF1UnNwJXMMWJulArOi5antElA26Wtb_fsvK3M.rKpMVWTvWWataAqqx-l0R8Rq4YOAGH_e082l2Q_CC4XESy304mtimlq8siddgP7bcVYVZcbXmSC5lzRZgRV_nQ
https://www.researchgate.net/journal/Environmental-Science-and-Pollution-Research-1614-7499?_sg=aw3gRKf0V7WEo2ptkIjJ9E2b2xpyytCNjHJrObEh-9zOJ38fnkfzFq4iWWF1UnNwJXMMWJulArOi5antElA26Wtb_fsvK3M.rKpMVWTvWWataAqqx-l0R8Rq4YOAGH_e082l2Q_CC4XESy304mtimlq8siddgP7bcVYVZcbXmSC5lzRZgRV_nQ
https://www.researchgate.net/journal/Environmental-Science-and-Pollution-Research-1614-7499?_sg=aw3gRKf0V7WEo2ptkIjJ9E2b2xpyytCNjHJrObEh-9zOJ38fnkfzFq4iWWF1UnNwJXMMWJulArOi5antElA26Wtb_fsvK3M.rKpMVWTvWWataAqqx-l0R8Rq4YOAGH_e082l2Q_CC4XESy304mtimlq8siddgP7bcVYVZcbXmSC5lzRZgRV_nQ
https://dor.isc.ac/dor/20.1001.1.17357756.1400.16.4.4.3
https://nsft.sbmu.ac.ir/article-1-3217-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17357756.1400.16.4.4.3 ]

u‘)m 9 UL'}L“" (o /... [A:%.A.)K € g <OGu> 59144» t.)‘).au.x) u;b))l

AY

13. Jelinek CF. Levels of lead in the United States food supply.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

J Asso Offic Analy Chemis 1982; 65(4): 942-946.

Wang Z, Rossman TG. In: Cheng, L.W. The Toxicology
of Metals. Vol. 1. CRC Press 1996; p. 221-243.

Satarug S, Baker JR, Urbenjapol S, Haswell-Elkins M,
Reilly PE, Williams DJ, et al. A global perspective on
cadmium pollution and toxicity in non-occupationally
exposed population. Topical Lett 2003; 137:65-83.

Bakircioglu D, Topraksever N, Yurtsever S. 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. Microchemi J 2018; 136: 133-138.

Ataro,A. McCrindle R I, Botha B M, McCrindle C M E.
Quantification of trace elements in raw cow’s milk by
inductively coupled plasma mass spectrometry (ICP-MS).
Food Chem 2008; 111: 243-248.

Assari MJ. A guide to dealing with mercury in the
workplace. Envi Res Insti 1396; 7-9. [In Persian].

Gotaszewski J, Zatuski D, Stawiana-Kosiorek A, Sulima
P. Study on a content of mercury in hair, milk and blood
of cows housed in an urbanized area. Vet Med 2009; 12(2):
20-28.

Shakerian A, Karim G. Study on the Lead and Cadmium
levels of raw milk in Isfahan area. Iranian Med Sci J 1383;
2: 74-81. [In Persian]

Ebrahim Rahimi. Lead and Cadmium concentrations in
goat, cow, sheep, and buffalo milks from different regions
of Iran. Food Chemi 2013; 136 (2): 389-391.

Chinikar S, Amirkhani A, Asma M. A survey on heavy
metals of consumed milk using atomic absorption. 4%
Biochemistry Congress, Babol, Iran 1376; 19-22. [In
Persian]

Bonyadian M, Moshtaghi HA, Soltani Z. A survey on Lead
and Cadmium levels in raw and pasteurized milk in
Shahrekord area. Iranian Vet J 1385; 2: 74-80. [In Persian]

Radmehr B, Nematparvar M, Farhodimoghadam M. Study
on the relation between Lead in raw milk and potable
water in cattle farms in Tehran area. Vet Clinic Res J 1388;
56: 39-51. [In Persian]

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Vahidinia A, Salehi A, Beiginajad H. Study on the Lead
and Cadmium levels in raw milk producing in Hamedan
province. J. Food. Hygi 1392; 3: 86-93. [In Persian]

Moalembandani H, Rajabian M, Malayeri F.
Determination of Lead and Cadmium in cow milk using
atomic absorption spectrometry in Zabol. J llam Med Sci
Uni 1394; 3: 178-185. [In Persian]

YangH F, Luo XY, Shan W, ZhouZ F,JinCY, Yu F,
et al. National food contamination monitoring programs
levels of Mercury, Lead and Cadmium in Chinese foods.
Biomed Environ Sci 1994; 7: 362-368.

Zwierzchowski G, Burim N. Mineral elements in the raw
milk of several dairy farms in the province of Alberta.
Foods 2019; 8 (345): 1-17.

Naeem Khan A, In Seon Jeong A, In Min Hwang A.
Analysis of minor and trace elements in milk and yogurts
by inductively coupled plasma-mass spectrometry (ICP-
MS). Food Chem 2014; 147: 220-224.

Erdinc BD, Saldamli I. Variation of white in some heavy
metals during the production cheese. Int J Dairy Tech
2000; 5: 471-472.

Shahriar S, Akther F, Akter S, Morshed MK, Alam |, Saha
MA, et al. Concentration of Copper and Lead in market
milk and milk products of Bangladesh. Int Lett Chem Phys
Astron 2014; 27: 56-63.

Malhat F, Hagag M, Saberand A, Fayz AE. Contamination
of cow’s milk by heavy metal in Egypt. Bull Environ
Contam Toxicol 2012; 88:611-613.

Abdelkhalek A, Elsherbini M, Gunbaej E.E. Assessment
of Heavy Metals Residues in Milk Powder and Infant Milk
Formula Sold in Mansoura City, Egypt. AJVS 2015;
47(1): 71-77.

Bahtir H., Alush M. Heavy metals in the raw milk in
Mitrovica. Albanian j Agric Sci 2014; (Special edition):
495-498.

Demirozu-Rdinc B., Saldamli I. Variation in some heavy
metals during the production of white cheese. Int J Dairy
Technol 2000; 56(3): 96-99.

Alejandro D, Soraya P, Carmen R, Angel G, Dailos G,
Consuelo R, et al. Essential and Toxic Metals in Infant
Formula from the European Community. Open Acc J
Toxicol 2017; 2(2): 1-8.


https://www.sciencedirect.com/science/article/pii/S0308814612014185?casa_token=G8ntWOrTe6wAAAAA:-WxwFA2704BodeoYTuVsbCh9Rw8lsPy-YH4aX7vX-AeAG4eEAquMnFb6VpUN8-1q9AxMLqelVA#!
https://www.bibliomed.org/?jtt=1110-2047
https://dor.isc.ac/dor/20.1001.1.17357756.1400.16.4.4.3
https://nsft.sbmu.ac.ir/article-1-3217-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17357756.1400.16.4.4.3 ]

Iranian Journal of Nutrition Sciences & Food Technology 85
Vol. 16, No. 4, Winter 2022

Assessment of Changes in Levels of Mercury, Lead, Cadmium, and Arsenic in Raw
Milks during Milk Powder Production

Bonyadian M™, Fallahi H?, Abasvalli M?

1- Corresponding author: Professor, Department of Health and Food Quality Control, Shahrekord University, Shahrekord, Iran.
Email: boniadian@sku.ac.ir

2- Ms student, Department of Health and Food Quality Control, Shahrekord University, Shahrekord, Iran.
3- Associated professor, Department of Health and Food Quality Control, Shahrekord University, Shahrekord, Iran

Received 19 Feb, 2021 Accepted 26 Jun, 2021

Background and Objectives: Contamination of milk and its products with heavy metals cause toxic and adverse effects
on human health, especially in children. Therefore, the assessment of milk and its other products for the presence of these
metals should be highly considered. Therefore, the present study was carried out to assess changes in the levels of mercury,
lead, cadmium, and arsenic in raw milk samples during processes of milk powder production.

Materials & Methods: A total of 50 raw milk, skim milk, and cream samples from a dairy plant in Chaharmahal and
Bakhtiari Province, Iran, were assessed. These samples were collected in summers and winters, 2019-2020. Samples
were analyzed to investigate their lead, mercury, cadmium, and arsenic using the elemental coupled plasma-optical
emission spectroscopy method.

Results: Results showed that the residual quantities of heavy metals in various samples varied; hence, metals such as
mercury and lead were more concentrated in the cream phase but cadmium and arsenic metals were more concentrated in
skim milk (p < 0.05). Furthermore, residual quantities of all heavy metals in milk powder were much higher than those
in cream and skim milk (p < 0.05). Based on the results of this study, international standards (Codex), and Iranian national
standards, the average quantities of lead in all products were higher than those of standard levels (20 ppb). Quantities of
cadmium in skim milk in the cold season and in condensed milk and milk powder in the two seasons were higher than
the standard limits (10 ppb).

Conclusion: Based on the results of the present study, quantities of mercury, cadmium, and especially lead in dry milk
are higher than the limit set by the Codex, which can be a potential risk for children consuming milk. Therefore, it is
necessary to regularly monitor potential sources of contamination in raw milk and its products.
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