[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

AKE-QV 1RV jul /oBws)S ¢Sib) eole alEibils /955l (Sibiy eolc alas

O30k g 90 © g g P90l (090> (o w0 (w5 93

Ol g it (s ST (S sle o8l (s drn 55 liiond s 0 s lilgy Dlidiond 5 50 (55573 (5 gl -
Ol bt (s S (S p sle oS5 (st g Dl s o ¢ lammn by liiond S bl -

E-mail: pegah_bahmani@yah00.com, «Av—¥¥15: e 1l oyled 1 st ooy 5
https://orcid.org/0000-0003-0911-5376

( s

Ol u.N}lo 4.@:-‘}.5 MW&MJTJC‘H:K 0 > 41&})‘ U’f-i‘w C)\;b :&.éu\k’ 4&&)‘

Sl 4l e o e ol b e STl el g 3 1) e3l) S OT L) s g e

0523 o g Ol e el addllan () 51 o 3Ly s DB L agr g e Ll o Lol el 011 5
Ul rmer 5 OT LS 5y b )l (plm 1 gy 5 il g Olpole o s ST
-’ﬁb‘b‘}}sﬁjﬁw@‘ﬁ&:{g{:‘“.‘“

LS)}TC".' So1,b 3 da sle 93 55 sl Ve SRS e Yo¥) b cladses 1yl 9y § Slg0
Goks iz Slawdly a6 9 Soml olaws I o3lizul b &S )T p50n3lS copr Chile s
35 oo Sl CBlE o LU ek (5l pa el (Stad o 5 s LT (ICP-MS) Wl
A o3litl ol (s a (gla e 5 o8

63 9o 43 Syl (}:ﬁ:\; chle sy 2l s (;LS:A YIEA o5 Lol u:ivl:.a sl
le{ox?M&ud}gw)sfﬁ)b.bﬁ(ﬁjaff}&~/Y)~/\ %;q)g@m;u@:&d;
Sein o 8a 3 (53 055 Sa VEAY) ler bl Ol sk slgiiny ikl i
533055 033 0 S AS 2 I3l 4 085S /Y 5 /AN XIF 4 ST 5 penslS g
S35 e s3 9 L8 0)) Olsly g sla, STl },;uﬁ)saﬁw&ﬁsgbow@u g an
Jio sla byl 5 yole i 53 0 g Chile o (P>4/00) 5,10 3 s gl5 gne bLil (Sale ¥ s
(P</00) Csls s 5 6 yls gme LU, Ol ysle Jad 5 Ale 3,00

Gl g ok slgihn 5,10kl do 3 i 3l b Gladiged 53 s Chile (o Sile 1S o
ol BT Slroys S aler &1, Sy Sl Olysle b 55 o Sl Ol jpe talS”
Sl (23 5 0lss 5 6olauk Olss (b 53 Olysle agarlse Oljn L5V 55kt 4 355 ol
.CMlrj‘)l;f)ﬁd)bTnglq-):)abxi)awal}éolkw)uiili

Ol s cyale S ceS )T c(‘,:.a:lf €0 ga>= "54515"5&03!3

\ /

09 o
(Originalpaper)



mailto:pegah_bahmani@yahoo.com
https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

AO JAV.VE} b(S.;

Sl GIE 5 e ey b s
o5 St 10 Slewdly 49,5 51 ey 9355 00
(10) Lgd o i O SZSL 3,05 5 Al oo

Sogr doys 00 Gl Lt oleT la i
s IS5 (09) S (0 A 5 15 Ol (0 502
O35 )8 oSaws Jls 4 (m ol sen o)
Ll eosd 0 OLisae 3505 Culg 5o 5 258 o0 ol
3355 b 305 0 e K& I aS Ao
R C}:.ulf (W) 555 e e 549 Ok
4 ol Lol oS Sl O Gl o 5 G052
&jéﬁﬁﬁ&woywljoﬁglf
oLe b Gl (San riman 5 S o ol b
Sple SVl 5 o Ok 53 s 5 (515,
dylad ol D] dST e lia 5 5 ASL il
S376 s 3 e p2i6 65 55 S )T L(N-IA)
6313 Ol (o) L;La(,.wglf,\ 33 0T s &S ol
(VYY) 5505 Olsl oDl 5 pae 5 3l Dl 1 o7
4 ST 5 68 s 61 OT JMae J 287 ol ity
Ol OSer 5 5l (655,08 5 0¥ ST
e 3 (}:.n;lf 5 oy hle bugs S Wl
A 020 S5 Sa NF 58 F S e Olole
(V) 5

4 53l O Sl (o DI (a5 b Olhss s
P Dae Oblig bwyg g oedd fame b 5
CreS 350 33 Ol pl 53 oS Sladllas (YF VY)W s
SIS 56 gla, 6 5 yale b s e Sl Ol e
Jlo 53 0L 5 oy 3,05 3525 LOT Hldds
o3y Oy f’ﬁ”“{ cble u:i*tr‘ AERR)
S emen 5 L3S adllls e 55 Ok
LS gad owy g g D8 CLIE (g9, 1y e el L
5 G5 FF 53 e g sl e KL
O B T N S - IR LV LU VA

.

Ao
ST 5 paeodls o g abor 1 K A3l

Sl ¥T oy jege Olge 4 Vo Coar e o
SYsb 4zl & Lok O ame o
s 23 1 @b Sl T L) Sl o ge Soke
@))dﬁ&@\#b}%}j@'.@‘)u\k\?
Lo VT ol sl Com g 1sm 5 ST (T alas )|
4 @M sl lply spd e GMHE Ge i) @
o) Sl gzmsn Ok |y (oo DI Ll o (2,
(S35 ¢ b Guols pan (Y L) Wl Jase
2 Ul s 65,0 5 p3Y O sl 5K 5 LIS
5 e O gl Sl (S d Sl i ode
505035 ogm Ll (5,8 s pols AL e
s3lie &5 A cew 05 ) Dol g g0 (6l S, T
o s 5l S LB 30 0T 1 WS
S 5 adS” olesl o LT Lagarlse 5 3505 O
T 5 bl 05l Cows 1O 3 S 5 sl o
Gl peer (0-Y) 35500 55 e DLl gt
Ar 50 5 (2l P ety sl ol
e Sl ) S s S I Sl i
ol i (A-F) asl wsly Fass ol el
el D358 S5 sl Jol o 53 4 did mte p 00
b it BLI 5ol o8 Bl (10 8)
Olejla a)ls anelr ol T i 5 O35 Cudl
2085 S g..k.;fu.a slgiy (WHO) S Sl
2 L) WS i b L 5l S5 sl ole #
o D5 L gl go mte Sl (S 53le k5 g
Codl 3 wdss 5 (G e OIS Wiy o &5 AL
VAL Jle 53 WHO (WY 1Y) il aals 075 S
Slp s ol e oS Sl Chl b s
AT AR YA N O g R PWE g

o S iy ((VF) 350 (Sl 2 0 5 S

AKE-QV 1RV jul /oBws)S ¢S} eole alEibils /9551 (Sbiy eole alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

e § 0000305 s pljns )y AY

AN faazme 3 5 b Ve Silg S e s
03 s sl Juld LT amls s Obl
@cBJAJJ@b):j@LIAQ;ianMwlf
55 Sas e o Ol g Ol
2 S iy Vg s S o S o
(V1) s by s 4 3d8 Sllas b
JooSS Olyale Lo 55 457 550 (g e Sl (g5l
oS als e (glay 56 03 o Sl yshaie 4 s S
bzl Shyale ¢ SKip 0k 4 anl o b candllas o
S eSe sla by 5 T o8 e 4 & LS
Olasl3 51 dey 5 oIl o 03 68N sl
03 Oyl O u:"}l?}“"cl"““\"’;u“ oslaul
old Cod Oledbl bl Olealy Sl A sl sl
2 e Ol Slasie i S T eliy s o
2565558 w593 08 05 Jols T oy bl
adlan cpl s 8 0 Ol 5l dm ole 93 s Uy b
L Ok S (S, p ke oBiils I3 0S5
Coldal 0T 3 o7 Culs, o e b AY/FP S
b 5 4l Oysle Lo 5 5 55 okt o3l = 45 anlllas
Y
35 55 das Gl (e Vo) o slagised
P Ao 5 i sl mer il s b o
j‘&‘&gﬁ}.-\i);&&b‘;éb@)ﬁ—Y'
059525 DT oo 5 )3 Vo 6 il L g S
S e 0 ged (g5l esleT (gl LS azud
s PO Gles 3 g b a ) Jly S b 4 s
BERPWIPIRVRC S-FICIv WAL | RGN VPR g
03l H1 3 Sl YF oo @y 4 53 V00 glos j3 0,58
Wgad ¢ JolS Os Sdae 9 OS H3 g Hsble 4 5 A
Alesly I3 Lol VY e 4 4y FO (sles s
035098 48|y Al e ¥ L odaT Gy ST
‘5u;)>\34,_wju\,_>f¢§;>'w)mm

503 b 93 e Ol st 5 BB (S
5 puedlS Bl (Sle o cpmes 5 ol
OLen 5y i (Y0) b odalie K s pan
215 psS 5 paedls Chle Sle Y00 Lo s
S g oSSl y3 & 0 diS hal o ple Vo L
clle Sl 3ls Ol mls s S adllan el
Ak 530555 50 5 w55 5 e
SR SL5 e o Gol3ne BL s 3
meoﬁj.woxal.&epjfjr}:ﬁalfcb)
G ran 5 S13)ls i Span s b K
L3S S ls ae BL s ST dae T
Y9)
(BB 355 Jlil 5 50 dal gl 4 a5 L
T s ple o gleed e s Sl
3y Sy dame & (Zoi g onio 5 42)
55 e VT C‘f‘ ] Cel Llg o & 550
0y 5 Sl 9 e SLOT Galme S
S 5 i 5 0Ll 0 3)ls Sulgs 53 5355 e
Llsd Osbe ol a)ls a5 Olyes Hs ol
05 o D5 e e il (Soan 4 4 5
sole b5 Oy 3 b 5 6T Jist Jlat 5 sle
g Ol ond Oda b 5l Gled (2
5z s Ol b 3 ST s paeeslS
O 5 T Chle (g5, bl (plm Bl )
OIsli5 diy 5 oo DI e (Soear b5l

L plos!

O 95 9390
5388 Jle Okl 3 hdoui= i 55 aslllae oy
Cose 4 S S ased gy oAb plil i b
(g g el Sl S e VY Sl glad

A=V /1RQV jul /oBws)S ¢Sib eole alEibils /455l (b)) eolc alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

AY [AV.VIRILT)

V Jsde 53 (Sl Y 5 A5 o 55 Ol 5w o
el 0l 0l OLES

adllae 390 Curor Olasuin ) Jgu>

03 3uloee Shas Ol ol lasia

¢ oKl

Aoy

oysle
yY-rv YV/o¥ (W) o
FA/Y-AAY PE/YES/) (p 5 5hS) 55135k 035
Aoy VY S"L’ 25 NS C!M
013l 5 i
NN o
Ao,y Y S
YV/o-F. YAYEN/Y (dn) oo o
Y/Y-¥/f ¥V FA (¢ 5) U5 553055 055
YY-oF FAAFEY/E (oo Sl) g ysslje 08
FY-oY FO/\OEY/BF L) W5 5350555 g3
(e
¥/\-5 /OAEY/S (r,?> Kb g3 535035 053
£4/0V-54/5Y SAFVEY/A L) (Sl 53 5350545 8
(e
VE/O5-05/\F FANEY/O8 Sals 33 533055 w535

(e S

‘_;uaﬁ;.xﬁp);w,“ﬁcbubou o]
) mKews Lasis e 1YL sl s
s (i ges o y3 ¥R 3 55 (2 53 p 55 S
VE-\V) WHO syl a1 5YL ose
Chle o Kbe paeme 55 3 (A 3 055 S
205 3 St AN107) ) 5308 5 SaWIFA 6y
ﬁtﬂgtf,aiz;wﬂcbﬁuaﬁw,;.;ﬁ(;:}
35 (LOD) (alans jadets do 05 udoms
Olpsle Calises (gla byl 53 0 g Chile Sl
CIM dbe e Wl ol ols Ol Y Jgd> ys
Aoy oo 33 5 (6oL (b 55 028 8w 5 35 e
bl g S e g i 650 ulaLL
Olpsle 53 ogr chile o Kle o S5 5 Y Jsu
10 (P<e/00) 5y Jela Olysle I mis Hlsals

S 4 gad b els Hl 3 el VY e 4 4 55 FO
4 god ks G5 )Y g0 K 5 el > ST
e 00 e B egns OT Lodd cla s
b ST 5 ppedls o chle wis 3,
S Slowdly oo o (55705 7Sl o8 S osliz
A= oS s BT (ICP-MS) LWl ol
5 3l g gl oKies '(LOD) asis
PABTY Y FY WA P RVARTA R T
s
AL Oblg 5 g S Ol Sl
LS o e s adn 53 2d F/0 Ol S|

) w5 8 anlous o5 dgnjp 3l eslinal

.~ IRxC
ol Sl

(p kS 3155 0 055 =BW (2 55 p 55 Sa) o s

(YY" 0355) SPSS ljle 5 51 eslizal b Laosls
ol Ose3T 5 Laesls ©is Sl lp s 56T
Sl s 4t eslizal O3 panl (o5 8 el S
2esor 0331 Sl Azl Jlg wis Wesls
salizul aosls (gL T Julows 5 4 2 (gl &S5 20l 5L0
5 s 03 ol ChlE oy DL e Gl S
) Sat ) el sl s
g ga 3T CLJ 03 Sols gme cb,u .v\.lbjf oslazul
A :céjfjb.;).s /0D

B4l
5 Ol Slasine sl Ol 5 Sl
Q‘}:ﬂ cbb.}‘.o Q‘)) ‘O‘)JL‘ L}w) axlae Sy QK);

948 (Ohg e o e B ) W

1- Limit of Detection

AKE-QV 1RV jul /oBws)S ¢S} eole alEibils /9551 (Sbiy eole alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

e § 0000305 s lins )y AA

r5=-0.025, ) i edalie 0 g c}a.w 9 QL«;‘) BYS)
b 03 el s Ss oS 3l el co 3D (p=0.71
o s e (595 SolaLL Sl A ole ¥ s L (5ls5L

(P>0.05) calws 5

Sl Sl s ole Y5 (oolanl Ol s Ol
S A U S o5, 1 olite
ogr DM S5y S JB SO ) G !
¥ Jsd (r=-0.030, p=0.93) il sl i s

);w}@}wcbw@@ﬁcﬁsgow

Oloke Dlasin wlel p sok el 18 0gu Sl iY Jou>

(YO-Y0 P) o g il - Kl NER; Slasiie
(53 0.5 5,50)
Y (YY) o YO 5 S ()
VY (VY-AIY) Vo YO Sl
A (V/Y-0/%) e RS Mz
V/E (Vo =Y/F) ov dow 520
¥\ (\V/O-Y/Y) At A&l
Y/E (V2 =V/0) 4 La,8 Jlasl Cars
#V/Y (V/0-+/8) q) Sls al=
-t ole 53 5 6,13,k 53 S K
Y (V/F-Y/¥) Voo g Olasl A
Yo (=\/0) a b 25 el sl oS U5 e
¥V (V/A-V/$) ) s Slask
Y10 (+/A=0/Y) £ Y 3353 el g (o JoSe U9 ez
/8 (\/Y-F/¥) 00 s Olea 1 day ole
AVARCERV/)) vy \ NFINEY;
VA GLA=AN) YA il Y
YA (V/Y-Y/V) ¥ b 55 5 6ok 53 50 &5 Sl eslizul
AVARQVACEVAD! 7 > Olast 51 A ole
Y/Y (VA=V/V) \$ 1< 53593 05 S gen e
ol
¥/EO (1/0-Y/VY) AF >\Y
YIA (¥/+=1/0) Y b 5615,k Olyss 3 Ol 05 5
VY (\/$-107) A > Olesl 51 A
Y/e (FA-V/Y) \p olo 43 ooy &S S2L Olyss 53 ale o e
Y18 (\A=Y/Y) o ol 53 ods 5 V=Y
#/9V (VA=Y/A) 00 ole 43 ode s ¥=F
"P<0.05

Fodods ey o Ol 1 (wzils Al O e
415 ST 5 psedls o (Sain o o Sile
SOla as e 0L 3135 Oy O35 0,8 kST sl

saan s i 2P0 O pae el Sis Ol

)-’QSM@L‘JW“{@‘)-’L“)-’°}:?CE“
e Olysle ple 31 mé cadls (gyla,b Ofys
05 S p30gm ke o Sle Y 5 s (P<0.05)

S Shysle 5 sl 5 Jela Olysle) s sae sla

A=V /1RQV jul /oBws)S ¢Sib eole alEibils /455l (b)) eolc alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

A9 [AV-NERIGT)

Olsl 5 Olaseie ulul 5 yole 18 53 040 S0k
Ol & Jade 3 oSy shilen .Sl odd osls DL
o 093 9 48 Oy o Gl s LUl edd esls
A odalin oo rbaw b Ay 5l dn ole ¥ 5 0158

(p>0.05)

B) cx*-"f we Sl ¢Jf,L§ F/9 355 dow s
C R SR RV RVILVN /) S PR S |
U’“’Kﬁ“%i’.'-’ﬁmﬁdjﬁpf;l_fﬁ
TWD Joos J65 Saie oo 51 a8 62T

O dyd= 55 e TWI I mis os Gl 5 58

Ok Olaskin 9 10k w53 0gu> Cdald (o (Shwod o 90 T Jou>

;’L.«»Ag_ﬁiﬁ Sl Olesin
Fs=+/\F
o YO 5l S
P=+/9A
(JW)
Fs=+/\+Y
Vo YO 5l i
p=+/¥Y-
Fs=+/Y\¥
Y¥ f!
L
p=+/1YY
Fs=—+/\YF
ov 4.]a.~):.a CJ)\.:&J
p=+/1\¥
Fs=—+/+9A _
Yy 6@\1&5\:
p=+/Y¥
Fs=+/)YV
q .,\;.Ulf
P=:/'V4
Jsl Cns - ')
Fg=+/0F
Q) S wls
*P=+/0 00
& =
35 5.601a0b 53 OuiST S
Fs=+/V+F
Voo = Oles) A ol
p=+/v#\
Fs=+/V\V
0 By
p=:/f0: 23 ol s Sl JoSa 5 e
Fs=+/V\) sola,b
o s
P=+/11Y
Fs=+/+F4
o By
p=+/YbY 33 ol s gla JoSa 5 e
Fs=+/1+) Olasl 51 day ole g3
oo =
P=+/\A\
Fs=+/+1
\Al \
p=+/\¥
EYRREIEINTS
Fs=+/1Y4
YA i Y
p=:/5¥Y
Fg=—+ /2%
F. L}J =
P=./qv. ERrSIE)Y ):y&)j\ eslatul
Fs=+/VVA Olas 51 das ole g5
Z s
p=1/#vA

AKE-QV 1RV jul /oBws)S ¢S} eole alEibils /9551 (Sbiy eole alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

- § 0020305 0gus plips ) 9o

Fs=—+/2Y0 53593 055 S gen e
\i4 <\Y
P=«v- Olet
Fs=+/V4
AF >\Y
P=+/y+
[g=—2/\ Y
Y *
P=+/¥AY Olyss 53 Ol 055 5
Fs=—+/+4) Ol 5l 5 5,la,b
A ==
P=+/Y¥0
[s=+/\+¥
Y. obs 43 a-\;)é&i
P=+/+AY
Fs=+/14
Yo ole y3 ode s VY Sk Ol95 55 Al e
P=+/-4%
[g=+/+Y0
oo ALA): a-:\.ﬁj“—?
*P=+/0 0¥

3395 O 039 £ oS B (813 4 3T § Paaedls” 0gu (i DU (uSlo i S

TWI(pg/kg.wk) (Hg/kg.WK) Keis Sl Sl ORI
v/#JECFA, 2003) /¥ o5
#/v(FAO/WHO) +/+9A p3edlS
'0(WHO/IAEA, 1989) Y S, T

Olele Olasin (wlo! g 30l il 30 0gu> (Sl 0 Jgu>

7V0p) o g cble u.:idl.:ﬁ
_ sl Olesin
A0 8 s S YD
Y/A (\A=Y/Y) v <fios _
U’XALA}J 030)9
YIY (\/9-5/F) ov >Fes
Y7 (\/F-0/Y) ¥4 <. _
(o l) Kabe 55 55 8
\VARCVARR VA 9] o) >6.
YV (\/F-2/Y) YA <fb _
(o le) (RKabs 55 55 w590
Y/Y (\/F-4/0) Y >¥o

Olalg Olaskin g 30l wd 33 ogua Sl g (Swod Co yo 1 J9u>

Sad 5 Slkss Slabia
Fe=+/¥\F r ST Sabess 53 055
P=1/VA
Fe=+/ 4 v >
P=./v0
Fs=+/YYF ¥4 <s (o L) Sk 3 55 88
P=./11¢
Fo=+/FY o >5.

P=1/VA

A=V /1RQV jul /oBws)S ¢Sib eole alEibils /455l (b)) eolc alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

q\ [AV.VIRILT)

Fs=+/1+0 YA <fo (o ) (SKale 93 )3 o 53
P=/15.
Fe=+/V) 5y >f0
P=+/-4¥
A 7.1
\4
1
33
\‘1), 0
% ¢ 3.4
! ¥
g Y
\
518 4 Je

IS Ll g JELS 0ok Slerg 7 50 ogrr Sl (pSke 1) S

3.67

2.6

1
3

v
4
i
I:% Y
o

\

ok yoousg )

ol yoousg ¥-1 ol ydousy ¢V

b oS I pan Sled g 5 0 0gu> CAlE (1Sl iY IS

VE-AY 1y sle b s ese Cble syl
ol 538 Jl 53 (0F) 58 odlel 2 550 55 S
O SYL eser Chle kg Loy FA s andls
03 g g o Kol 4 a5 b Il
Osle Jad men 5 Al Dyee 5 Oyl
035 Y dP<e/e0) Lsls 3 gy Sls e (Sices

S5 domi § Com
2 o bl Sl adlllas 30 Ganele 3
S Jo 55 op 1) 5s 55 Se VR psle
Go3gdous 53 ke b 53 ST 5 ppeeslS il
Y s N s ) A et
WHO A% Jle s s (03 085 S

AKE-QV 1RV jul /oBws)S ¢S} eole alEibils /9551 (Sbiy eole alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

e § 0000305 g pljps oy 9P

ChlE syl LSS e CBlE (50
S i (Do YO 51 2aS) 500 Olysle 3 o g
- e M| Lel s (DL YO (VL) 555 0lpsbe
poman (P=0.918 1=0.104,) 4z edalin (s
L35 0SS Shls Oysle e 3 e s hile KL
o &S oy N i ol L go L Olyale I i
pph b 8l s s 586 K Olye 4 Ly
L odalie (LT 4y LB Ml 4 S
o wsdS Sk s .(r,=0.011,P=0.130)
chle (o SKle 5 0I5 5 31w o g leT Codles|
adlas cpl 5 (0 YA) Sl ol odalie oy
35 5 So05L e 53 50 Ky 5 O3k 1 (oS sl
i Sran U i sl 515l 5 o b
i odalie 5o 65 5 b 53 0 ke o 6l
550 55 o Sl el OLKes 5 (S S
e ((FY) W gad sdaline jsle S 53 O pw Ol
AT 3508 o (Smar 38 218 Slolllas
23 LMY YY) 505 s s DLl 53 o o
Wi om s S8 DL mr adlas
s S odalie o g i 5 O sl sen
2 g Ll gh) e LB S el oS
Fan 53 ok plonil andllas alie b oyl LB
LB Saan Wizl 05,05 Olysle 53 .(VY) s
el s JaSe 5 OLdl o 53 05 CBIE o g 5
olkd anlllae b CLale (YF) (P<+/+0) b odalice
S 3 Ll 08 S b bl e s o
LU paeslS & s S Sl sl s gl S
candllas ol 55 TV ,8) 3 b S OiS U eins
5 Golal b ysedd , OIs 0L I oS slaw
Tl Om @b me LU, &S dzils Olals I e
OG5 oS o3le 53 3 ge pEILT Slkie 5 0 g

g_.}J».eﬁ b’ O‘).}LAJ::')J a}:? C,.EL'G .-LM:'».; oMu»A

6 Ylom| Wl o W gas doys FA 3 0 g e
So120b Olyss 53 Olhske 53 (ale (YL O pme Lo
Oblsals Olsbe 5Ly eslazwl fpioman 9 23 0
03 o g bl u:i*\:” A2l Jle 5y ey gd sl ge
NO-FNE iy s Ol o il Sl
FROSYYY iy 3 Ola) 03 s 2 s Df,;,.
landllas 3 (YA IV N7 NF) 54 2d s r,f,;:ﬁ
el Lilal Wy pole g 03,8 jola Ver (g5, oS
A g 8 s S O ey ke L
O Sl s Ll sls Olis anlllas El e
Ol; 2 sldas 9 ysbe w9 y3be L s oj:.?-c]e.~
Sl Olysle 5 s Olpsle 53 &S 5405 s
V) s 518 65 omb ose Chle i 0l
Oladlas 5 adlles pl 3 o5 Chle H5 oM
35 sl dle ¢ gilises Lo, gSb 4 S a2 S
Sol2 i oy 5 (G b md) (6510 54503 O
S50 s s e STl (e b e
el K 0 s 05 OS 03T 5 lads s JUT
23 0L 5 o il wdls S0 ol =5 s
gl o Ao ys Q/FA4/5 oS W55 e (glandllae
Sl O Sl sle 3 5 b 510156 5 0 s
5 Sl 0131355 (6 0 agrl 5o (ol o p3le s
Slosdlly Jlast Ll 5 oo Ol g dhow g0 jole 3 o e
OIS 5 ae Sl dhe 51 sl
cadlas opl 53 L(VF) Aal adls ol e 4 1y sl
d'zjlf LOD o5 guoms 55 ¢S,y T r}:ﬁ)lf)‘u\.z.ﬂ
ol @,Tj(.ﬁ;tf;m;‘d&,}bg.u
LOD | ziy 4338 Oladlas 5 Olysle 18 55 ol
33 oS S L Oyl LWV A) Sl ok 51 S
s L3S o SU5 b >y s adlas ol
Ldss agrlse Jad 5 o oSU L gla, 556
PRNUSPPINN LG (PICH W gl ¢yole oy

A=V /1RQV jul /oBws)S ¢Sib eole alEibils /455l (b)) eolc alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

qp [AV-NERIGT)

Lle sl g Sleasine 5 jobe b 55 o5 Cble
S dnsole ¥ 53 3155w 595 9 A8 Oy ¢ ¢
SIS Ll o ol (8 Jsde) 3,00 355 (4l5 00
Fdmob ¥ g g o 53 Obslig ank Asy LY
AV dsd) dll e Hss 5 B8 0 L I g
3,8 I Y Jl s LS 5 pels) S
233 3l 5 O O o e (St
S S5 s e 05 T (S Sa Ohsls 5
Lyl (See 0T s &S 505 55y aS
(FF) Aal (S5 gla, ST 5 aaate 53 (Sl (5
Slaris o s JB DL 35 05l coroen
e300 gl b (Guizr 5 e A5 059) Ol s
V) 5 S5 otalis

33 oo Db lie wa S Sldlas bl
PU s adss Ol G (g9, Lilg e Ol b
S W38 Gl E pSKssals 5 Uy Al wsls
Ohss b > ok 4 o OB alsl mlaw
G S rose ) S Abe Rl an
Olalllas umean 3yl jobe b 55 Ol adyl ke
e &K 51ty o D58 e dias o OLES
adgl Hlie I i Gl oSes 230 e Ol
S & (St ol ST AEL p3le b 55 e S5l
(A V) 3505 sle b 5 e D56 ad

(omerr IS sl (oo DI L aglse RS
S5 sl sl S oly e 03Iy 5 Olssle o s
G5!l Sl o O3 H5TOLS SIS
23 O3l enlin 4435 5 585 SOl ol 6, Key
Iy o S50 L agalge o Ll 5 0 (s45,L Oy 9
das u;",.ALf

Slr o SIB L agrlse mie L5 o0 3L o
Sk ols Ol asdlla 2 sl Ol 5 ol ke

de Sl e ol b Gl 5o s b

35 0183 31 i 1ok Olyss (b 3 i Al
osor 35 s 4 Ll e S (1,0.035,P=0.014)
23 0L 5 o andlls alin 45 AL ale 5L >
() 55 Y008 L

2 s ol Obile s WHO )l bl
Sain il 555k (FAO) dmze e (65,508
NP 5 ST 5 p g3l w5 (51, (TWD)
Sl azin 30 8 MS a slil 4 p S5 Sa V0 5 IV
oSole s e Ol P Jads I L))
31N G e ST eslS Sais e
S oy win g3 p SAS p glil 4 p 8 S /Y
TWI 5 kel 51 28" Ao y3 VY 5 V/F7 olas ol
S5l 055 Sa VIF o et i (Kol s
S A s BV & sy win 3 SAS »
5 o aadlas b awlie s Ll sy TWI 5 ikl
4 S 0 5 ldis 039 YU L(OVF) 590 28 01, K0n
93 oAl VL o a3 4 15 o TWI 5 Il
Ll s d® Ollas s &8 wil gyls,b Ol s
Pl b 53 g o 03 Y L b B2
2B bl oreman (OF) Sl sy S 4
Ohsle il Comdy 5 g HlEe (o F Jgdar
(r=0.504,P=0.001) cils 5 g5 (5,13 sine b3
Yozl ls 6l Olysle 18 5 05 Hldie 054 YL
e 3 oy g 3laa 1 Olysle ol sl 5 eslizal s &
ms 8T Ol 4 Ll (83 5 01555 5 55120k
b

Cadlr 08l 55k 4 0 g dlaxr 51 o D6
L Sl ed 031355 5 1oL 05 Cwdlw o5 50 Ol
opF3 Ok g 03 Ml (e S e Ly
st Jie 335 4 o b 0> b s 5 05
L Oblis agrlsn ol mie & ool b pl il
o Bl 6ls 0l sl asdlae (V) Conl o g

AKE-QV 1RV jul /oBws)S ¢S} eole alEibils /9551 (Sbiy eole alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

e § 000035 gun plps )y qI€

Jos (e @y ) e Jelse ple o) p
Sy 32T 53 ot oslid sy g5 oS
el mle olals 5 (S oble L (S
et ol S 3 se S Ol L i 5 ol
3 e DI ple CBle 0ud e slgiy
7 s eI g S (e e 0o ) Dok

335 s

6<:Ju= od 5 36 (WHO) sus sl 5,1kl
o o3 e TWI syt 51 2i Olsl g )3 o0 g
Fo gl bl 5 5ol b 53 0 s Chle oy cadlllan
sy Soldgme bl Ol Jad 5 ale O ne
5 5L Olsle W8T gl I sl ol
S 33 e OIS Ol 2alS 5 63 b Olsle
Soyss )15 Ao Sl il , Koy SISl Ol ysle

L @bl o5k & e 55 el fl (G35 5eT
EILSECR It o)

o she o ils Sl ey Jlo Culom | el
bsls 065 31 ot 5 s plosl Obws S (S5
Az Rl andlas 55 S5 ol

Olss 5 6otk Olhss (b ys Olysle agrlse Ol e
o DI Ol i 5 Al slaael (2 0
U'.'-‘ @b wLw\J.v Ol 6)3,@ 9 (:)‘Y )JLA J.;.& BE

Cgr S Olidog by Sla ) 5 addlas

References

1- Liu K-s, Hao J-h, Xu Y-g, Gu X-q, Shi J, Dai C-f, et al. Breast milk lead and
cadmium levels in suburban areas of Nanjing, China. Chinese Medical Sciences Journal.
2013;28(1):7-15.

2- Gundacker C, Z6dl B. Heavy metals in breast milk: implications for toxicity. Reviews
in Food and Nutrition Toxicity. 2005;4:1-28.

3- Vahter M, Berglund M, Akesson A, Liden C. Metals and women's health.
Environmental research. 2002;88(3):145-55.

4- Bentum J, Sackitey O, Tuffuor J, Essumang D, Koranteng-Addo E, Owusu-Ansah E.
Lead, cadmium and arsenic in breast milk of lactating mothers in Odumanse-Atua
community in Manya Krobo district of eastern region of Ghana. Journal of chemical and
pharmaceutical research. 2010;2(5):16-20.

5- Koka J, Koranteng-Addo J, Bentum J, Koka D ,Kamoah G. Analysis of lead and
cadmium in human milk in the greater Accra region of Ghana. Der Chemica Sinica.
2011;2(2):240-6.

6- Chao H-H, Guo C-H, Huang C-B, Chen P-C, Li H-C, Hsiung D-Y, et al. Arsenic,
cadmium, lead, and aluminium concentrations in human milk at early stages of lactation.
Pediatrics & Neonatology. 2014;55(2):127-34.

7- Zazouli MA, Bandpei AM, Maleki A, Saberian M, lzanloo H. Determination of
cadmium and lead contents in black tea and tea liquor from Iran. Asian Journal of Chemistry .
AYAY(Y)YY;Y ).

8- Brender JD, Suarez L, Felkner M, Gilani Z, Stinchcomb D, Moody K, et al. Maternal
exposure to arsenic, cadmium, lead, and mercury and neural tube defects in offspring.
Environmental research. 2006;101(1):132-9.

9- Winiarska-Mieczan A .Cadmium, lead, copper and zinc in breast milk in Poland.
Biological trace element research. 2014;157(1):36-44.

10-  Vieira SM, de Almeida R, Holanda IB, Mussy MH, Galvdo RC, Crispim PT, et al.
Total and methyl-mercury in hair and milk of mothers living in the city of Porto Velho and in
villages along the Rio Madeira, Amazon, Brazil. International journal of hygiene and
environmental health. 2013;216(6):682-9.

A=V /1RQV jul /oBws)S ¢Sib eole alEibils /455l (b)) eolc alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

90 [AV.VIRILT)

11-  Organization WH. Indicators for assessing infant and young child feeding practices
part 3: country profiles. 2010.

12-  Leotsinidis M, Alexopoulos A, Kostopoulou-Farri E. Toxic and essential trace
elements in human milk from Greek lactating women: association with dietary habits and
other factors. Chemosphere. 2005;61(2):238-47.

13-  Chien L-C, Han B-C, Hsu C-S, Jiang C-B, You H-J, Shieh M-J, et al. Analysis of the
health risk of exposure to breast milk mercury in infants in Taiwan. Chemosphere.
2006;64(1):79-85.

14-  Organization WH. Minor and trace elements in breast milk: report of a joint WH.
1.9A4

15-  Iran Environmental Protection Agency, ST-04/00.

16-  Okati N, Sari A, Ghasempouri S. Evaluation of mercury pollution in breast milk and
Iranian infants’ hair. International Research Journal of Applied and Basic Sciences.
2013;4(9):2857-64.

17-  Garcia-Esquinas E, Pérez-Gomez B, Fernandez MA, Pérez-Meixeira AM, Gil E, de
Paz C, et al. Mercury, lead and cadmium in human milk in relation to diet, lifestyle habits and
sociodemographic variables in Madrid (Spain). Chemosphere. 2011;85(2):268-76.

18-  Sinha M, Manna P, Sil PC. Cadmium-induced neurological disorders: prophylactic
role of taurine. Journal of Applied Toxicology. 2008;28(8):974-86.

19-  Wang X, Yang Y, Wang X, Xu S. The effect of occupational exposure to metals on
the nervous system function in welders. Journal of occupational health. 2006;48(2):100-6.

20-  Matés JM, Segura JA, Alonso FJ, Marquez J. Roles of dioxins and heavy metals in
cancer and neurological diseases using ROS-mediated mechanisms. Free Radical Biology
and Medicine. 2010;49(9.£)-YYYA:(

21-  Kosanovic M, Jokanovic M, Jevremovic M, Dobric S, Bokonjic D. Maternal and fetal
cadmium and selenium status in normotensive and hypertensive pregnancy. Biological trace
element research. 2002;89(2):97-103.

22-  Ebrahimi R, Maleki A, Shahmoradi B, Daraei H, Mahvi AH, Barati AH, et al.
Elimination of arsenic contamination from water using chemically modified wheat straw.
Desalination and Water Treatment. 2013;51(10-12):2306-16.

23-  Cava-Montesinos P, Cervera ML, Pastor A, de la Guardia M. Determination of
arsenic and antimony in milk by hydride generation atomic fluorescence spectrometry.
Talanta. 2003;60(4):787-99.

24-  Gundacker C, Pietschnig B, Wittmann KJ, Lischka A, Salzer H, Hohenauer L, et al.
Lead and mercury in breast milk. Pediatrics. A-AYY: ()Y Y ;Yoo Y |

25-  Rahimi E, Hashemi M, Baghbadorani ZT. Determination of cadmium and lead in
human milk. International Journal of Environmental Science & Technology. 2009;6(4):671-6.
26- NAZARPOUR S, TEIMOORI L, TEIMOORI S. Cadmium and Chrome
Concentrations in Human Milk. 2014.

27- Oriin E, Yal¢in SS, Aykut O, Orhan G, Morgil GK, Yurdakok K, et al. Breast milk
lead and cadmium levels from suburban areas of Ankara. Science of the Total Environment.
2011;409(13):2467-72.

28- Bose-O’Reilly S, Lettmeier B ,Roider G, Siebert U, Drasch G. Mercury in breast
milk—A health hazard for infants in gold mining areas? International journal of hygiene and
environmental health. 2008;211(5-6):615-23.

29-  Ettinger AS, Téllez-Rojo MM, Amarasiriwardena C, Gonzélez-Cossio T, Peterson
KE, Aro A, et al. Levels of lead in breast milk and their relation to maternal blood and bone
lead levels at one month postpartum. Environmental health perspectives. 2004;112(8):926.

AKE-QV 1RV jul /oBws)S ¢S} eole alEibils /9551 (Sbiy eole alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

e 0 0030305 o ol ) 99

30-  Frkovi¢ A, Kra§ M, Alebi¢-Jureti¢ A. Lead and cadmium content in human milk from
the Northern Adriatic area of Croatia. Bulletin of environmental contamination and
toxicology. 1997;58(1):16-21.

31-  Koyashiki GAK, Paoliello MMB, Matsuo T, de Oliveira MMB, Mezzaroba L, de
Fatima Carvalho M, et al. Lead levels in milk and blood from donors to the Breast Milk Bank
in Southern Brazil. Environmental research. 2010;110(3):265-71.

32-  Bradman A, Eskenazi B, Sutton P, Athanasoulis M, Goldman LR. Iron deficiency
associated with higher blood lead in children living in contaminated environments.
Environmental Health Perspectives. 2001;109(10):1079.

33-  Wright RO, Tsaih S-W, Schwartz J, Wright RJ, Hu H. Association between iron
deficiency and blood lead level in a longitudinal analysis of children followed in an urban
primary care clinic. The Journal of pediatrics. 2003;142(1):9-14.

34-  JECFA, Sixty-first meeting of the joint FAO/WHO Expert Committee on Food
Additive (JECFA). Summary and conclusions. . 2003.(Annex 4. Rome, 10-19th June.(

35-  Joint FAO/WHO Expert Committee on Food Additive, Technical Report Series
2000.(No. 901, Geneva.(

36-  Kordas K, Lopez P, Rosado JL, Garcia Vargas G, Alatorre Rico J, Ronquillo D, et al.
Blood lead, anemia, and short stature are independently associated with cognitive
performance in Mexican school children. The Journal of nutrition. 2004;134(2):363-71.

37- Turan S, Saygi $, Kili¢ Z, Acar O. Determination of heavy metal contents in human
colostrum samples by electrothermal atomic absorption spectrophotometry. Journal of
tropical pediatrics. 2001;47(2):81-5.

38-  Wasowicz W, Gromadzinska J, Szram K, Rydzynski K, Cieslak J, Pietrzak Z.
Selenium, zinc, and copper concentrations in the blood and milk of lactating women.
Biological trace element research. 2001;79(3): 221-33.

A=V /1RQV jul /oBws)S ¢Sib eole alEibils /455l (b)) eolc alas


https://zanko.muk.ac.ir/article-1-399-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-02-06 ]

qv [AV-NERIGT)

[Original paper ]

Investigation of Mercury, Cadmium and Arsenic Levels in Breast Milk and
Their Relationship with the Studied Parameters in Sanandaj, Iran

Pegah Bahmani *?, Afshin Maleki 2

1. Student Research Committee, Kurdistan University of Medical Sciences, Sanandaj, Iran.

2.Environmental Health Research Center, Research Institute for Health Development, Kurdistan University of
Medical Sciences, Sanandaj, Iran.

*Corresponding author, pegah_bahmani@yahoo.com, Tell: +98-87-33160100

Abstract

Background and Aim: Heavy metals including mercury (Hg), cadmium (Cd), and arsenic
(As) are toxic. long-term exposure of living organisms to them will have many risks.
Although breast milk is the best nutrition for infants, it can be a source of exposure to toxic
metals. The objective of this study was to determine the levels of mercury (Hg), cadmium
(Cd), and arsenic (As) in the breast milk and to investigate the effect of some parameters on
their concentration as well as to evaluate the correlation between toxic metals and infant
growth.

Material and Method: Breast milk samples (20-30 ml) were collected from 100 mothers at
around 2nd month postpartum. Concentrations of Hg, Cd, and As were analyzed using
Inductively Coupled Plasma Mass Spectroscopy (ICP-MS). The Spearman correlation
coefficient was used to determine the relationship between the concentration of the toxic
metals in milk and the defined variables.

Results: Mean Hg concentration was 3.48 pg/L. concentration of Cd and As was in the range
of Limit of Detection (0.1 and 0.2 pg/L, respectively). In 49% of samples, the concentration
of Hg was higher than the limit recommended by World Health Organization (WHO) (1.4-1.7
pa/l). Mean weekly intake of Hg, Cd and As was 3.4, 0.098, and 0.2 pg/kg per week,
respectively. The results showed that there was no significant relationship between Hg
concentration in breast milk and infant factors (weight, length, and head circumference of
infants at 2nd month of age) (p>0.05). There was a significant relationship between the
concentration of mercury in breast milk and parameters such as fish consumption and
mother's occupation (p<0.05).

Conclusion: Mean concentration of mercury in breast milk samples is higher than the
recommended limit. To reduce the amount of toxic metals in breast milk, preventive practice,
including the holding of an educational course, should be carried out. In order to evaluate the
exposure of mothers during pregnancy and lactation, monitoring programs and measuring the
levels of toxic metal in breast milk are needed in a larger statistical population.

Keywords: Mercury, Cadmium, Arsenic, Breast milk, Infants.
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