[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

ﬂ}k&ﬁduw‘hﬁm‘gu»@

Ol Jame Clildg ke el
Ve B Sl NTAY g 3 o led s o0

$303LS DY pazms 53 09038 5 Ol pu)
Olgao! Sl (i 5 5l (@lS palS)

Y&Mbﬁ\.@e;'ﬂuwm;‘ﬁ\.@»uj

EAVARVAC RN -JeRT AV /2 A/YA sl s

s S

Ol ol 5SS s sl sk Lan 5 ST s La ST ol 50 1 AU oS S 0 (5512 Y emmen S T i 5 ine
u}'ﬁjar’jsﬁ.’&j uﬂu/j:w;wlﬁnuﬁ/J/s_ﬁMub/aJ/JuLbJFJ/wbulbﬂ Q/Jf/j)jb ‘Hj—‘”j"’j:”JL{*-’JJL;‘JL*—"j@ Qij
o SIS (SUI Balai s sb 4 (dsed o Upeamme o8 1) Jpeazme ¢ 50 F Sl aipai Ar Olesl s Sl o 50 5B o ipms 0 Ao
LS L,’:.‘."‘JJ"‘"—/ u.,l> aL{L.M.) _E.guj;fj:ﬂ.)gj e u//.:.o :‘5)Lwa.:ld/’j/u.«:’ Jj)j_(wJ/Jf ‘J[g—w/ul_;.«/‘j}lﬁ»)/

uﬂwwué\ﬂ QM:}/J&JJL@JJJQ_}MJ@& [J"‘—":’L;J/"f""j‘”&ij‘})r’ﬂ)gj e CAM.G‘J_.{'LA.'LA‘(:J‘Q
dacldo (P>/00) 34 JI pne a5 L syt y5 o pw CBLE Olo D (p<'/'0).$ﬂ)/)&_:&ar,15jjlﬂ Lo iz o
JJ/JJL«L.@LD..(})<'/"’)J_)/J 3 s e M Lo Ljuuxg-j[.ﬁ@),uig-fﬂsﬁg;ﬁléglg Lg.;"d)ﬁw//,_iilﬁ Lawfly
jl:.ﬁjj,ui?‘rg‘}z&&/ﬁgﬂcgja/j) %)Q/j:'/.b.ﬂf“aﬂQD/JJ/HUL/J}JNJ/MLJYWJK/)Jﬁ}:AJL{}%)HJ/M
s(C sl /00 50 /00 /00 /) mg/Kg dry weight ./ i padS s s /) 5 /oY mg/Kg dry weight s oo
el FAO-WHO

=l e p a8 e i 35 53 ()l i ol 53 sl (6515 i gad oY pemmes CAE] A3 0 JL.L‘L;:@”&/@L&':J;@
&YWJ:'L.« 385 3 e a4 OD ‘JLMJJW (EDI)WJA ol ;‘;J?L;;,@“JLL& ;Jl}d.!/@ b 3yl bl 4 les
Sl iz colls 35158 Ol 3 )bl as o b 145 (PTDID) 540 il o ol S8l 5 Olseo 40 o (5 205 EDI (511
wibio ol slé 53,8 5 TSl 3 Lo slio a5 Ko joolie Lo anlllas iy (S50 51 (6 S ol 5 aige Co e 5 g

Y ]

Olgana! Ol (65, 5LaS SV guames ¢ i il 8 1 gdS 0851

d‘)’l‘_ Q\;@J 4)).; (l.ﬁ QK.\.\.J‘J gé))jwo)ﬁjgéuw‘jtﬁkulﬁﬁw—\
mehsalehi@yahoo.com > S ¢ oils (g5, 5LaS euiils (S {’J’L" 05,5 0L 1(J gt 8k 93) =Y


https://ijhe.tums.ac.ir/article-1-5272-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

SN prames 1 45 gl L o 5 4325 4 K ol |
Sl o 3l (glaes 5o 2 Sl (S5 p 5 Jold (5,508
3 e300 2 55 035 0w s x5 L Ll dstls
e oy 53 Lol U 3 e 5 (S5 0358 ke 5
3505 (S eIl |y el S5 N pame 53 2 sl
Jod 31 S Sl o o8 303 05 LT aallae il 4 S
Olee 53 p 238 5 2 e SMee o 2o GLls Ll 5 5alS
Gl ol e s b gl S s 0 &Y pams ol
e b e ialasl 35 5m (65558 slaes sl 3 55 olie
AenssSWHO 3 FAO 55158 51 s |

05050 5 QLS alewes w0301 LSl 51 S S5l Clr
Ol 2s0s slorely  Sge 5 (S0 $305iS Y 5
YAverton ssu>- UL .O0F) codl olie o v 4 ole
WLl Ol S 4y e 5 ek S L 5 g 500l
S g ke 4 b e LT Sl o35 sl oS5535 0
by po O oS Glacale 5 ol (6,68 Slals 5 o oS
10) el NS o 5 sloosd oz oS Gz

i 53 O3 4 p 503l 5 e S B 530S T
ol bl iyl 68 o5 sa Olb gl bl 55 50
cble (1V8) o, s Amini E= ol 5 (ASY)
Olgpol o8 oy 5 o8 GlasS s snedlS 5 o
ol plosit 51 G 1 el Bl glacand sl 5l 2ty
TR0 e s B s Bl R
At sl (S 53 el CS (65 55LiS SV s |
Sl I8 b 5,5iS Lol ol S35 .ol Ol
5 Olgho! Olons Dlaliow Do (0] 33 O ppad ixis

N e el

L s, 9 3lpe

iy 5 00 @Bl GioslS ol addlas s g i
el i e Bl 51 a8 ol Olghol Ol ei O 8
YY" OV Y OV Ll s slad b sl
GYYO Yo FYM Llslar gla o e 5 B, VO YO
(O K8 wlas S 515 Il YYO XY ov/oY”

) ,awblf5h,a)mc’.‘]él.éw)ﬂ

-

4o le
sl a5 Ly s e e Sl el
Sl Olgz 53 e Dl b 5l (SGa gt 2k
SLa 5o M ol s e Sl S s 55 e
ok ol 31 05 Olpa 6Vl s preb sl (glalak 2
S bl 510D Wpd o S i 315 Sler eldo 3
S Sl i D15 L 65,558 Y s A o3 )]
bl $5slas SV pame kS el 4 e G b
Sl 51U sl DLl Cadls gl 5 (g (s dg [S0s
S D3I e s Sl Bl e Jae
Ll 5 o dast 03 gis 4 Ol 5 T Clale ill
3550 15 b Sl Ol Slde e s 0 5555 G b
Ol 51 5 2 oS 31 3 (1) s 13 g
Sy Sl il olie 55 IS 5 e (S35 O sed
(3t (555, Ol o 51 (S5 5 (Slb i
edlS aber 5l S Sl 51 s S as J s
ot Sl DLl 5 Sl OlaLS (61 S 5
sl 53 o0 v esle S Ol e p5o3lS (F50) Ln
Ay a5 (AY) el ol 4l ol L2
Al g s 5 W sbagles sl 5o LIS S ile
(SIS 5 S e 0313 13 0 CT L s e ()
S — e a5 (S ple gl beal Esl
dilir 6 ol ol 1SS (raman 35 o0 O35S 3
Olsale 0 3505 e alazr 31 S0 I35 51 (g3l 5 L
Ldd gad Sl e 5 0l Ol U s sl

OV ) cils dal g ¢ Kadia il l Olsly g

635 palis A glsds Sl sl Ll 5 o OLaLS
S el bl v) Alloway S ez 355 53 15 ppeelS
Shsm Gl 53 Ll e pseslS 545 b slaclale
oS 53 (NS 50 5 (sle Do aSST 05k bl oS oS
o il L5 o DS 3 p graslS oo 35 Il
S o3 ol ol s das Gl Ol b s e )
Ol e o 55m OLLS ) 6 5,5 o &5
S sl —aBT g (V) 0K es s Radwan

SoosliS SV g L5l bt 4 jeas 530S 55 e ses

{id_a %ﬁ tmﬂfﬁy
119 jl—gz /U9l 6 jlo—sib /s 6595

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5272-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

O)Ked g (Sdlo s doxo

ol 5, g0 it l,l 1) K3

NECHIVEN IV NP JRTST S T- T 11 SRS P BN PP
(Atomic Absorption —) ,_JI .S, Jte a3l Sl
3 el (oS Sl Ll Perkin Elmer 3030
S eslil b esls (bl o 55 (V)3 S end o s
dslis pioman (23S O 50 7w Statistica e

A bl LSD 05a5T L b S

Lozl

S gz 53 ppadlS 5 o Sl (g Sl s
Al Bl il o Sle ) go & 0l (5515 40 g0
e 2 V) ladsdr o 5 e sl Sl
(mg/Kg dry weight) i 055 0 Shs 0 S s
el ol )

e Ol 53 i S0k V gl S 4 5 L
s o e Ol OBl 555 sline J paes
(P /0) A ls e IS L s e 5 5Ly L
e SBE e a8 5 i o cpl Gl
oder 3 S 5sbolen 55 5l 5 sl 4 b e o e
L R AE N SN SN PN IO K E) YT
cble S sl s (7 mg/Kg dry weight)

@
%ﬁ dﬂy 191 g /5l 6 jlaibs /i 0,495

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

5wl Weve ha s (g ls 0 pad aibaie G
SOk e (55,58 Sl 51 DY guame (5515 140 500
5 S lowil B y5 s Sblciam i peest Ol 5O
4{6\4}}4}cdjmjﬁd_s|)jﬁ-c‘.u\)"4sg>)‘}~poi‘4_g
O3 GAels slaans 3 5 s S el p VK s a0
S303LS DY pams 3 S Jie o8 2slesT 4y 5 A 03l
B35 5k 5 e (@IS Al Jold sl S (g5l 4 pa
55 5 AE Al ST Ol 4 gad T suams o 5l aS
03 Sl e sad A3 S Jie ol ulejl 4 45503 A €
S0 35 Sl S5 BB .23 S plol Ol 5 Sl b
Sl eslal ol t S5 Y pame 45 03 S plonil 23 50

S g
L oo 3T 4 JWEEH 1 day sl (6,54 505 &Y gommms
OB s 051 55 Ladd gl s 5 A it Jlale
Sl s 5 Sex A OC glos AR s 5o S
A g B bl Uk gas 0l 53 bk gai 05 5 Si
00+ °C (glas ;5 S sS0lo, 58 jo el jop 4ses 510 8
SWARES | 1| DIFUCI RTINS PSR § | RGP
Jsboes s 5 63l 45380 )l s YN S IS
ol o slae 5 adosls e Lo JES 5l edd ags


https://ijhe.tums.ac.ir/article-1-5272-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

e yd ,05.34355&,4”%@0”{

Obe 53 pyeslS 5 o ke S0ls 2y s O3l oils |, (10 mg/kg dry weight) o sesls
R R WS L i el S Ole L S sl 0L (g L]
AP<t/e0)) il sy Hls e M L L e

(mg/Kg dry weight) Jgams § 5 com 5 oS 55l (s)lsls) dindn 5 @ Shile 5:800be Vgt

s RO ols »5 g
VY o/f Y/¥ \Al NPT < W)

. \/¥ Y/s \/s JERS
\TAN $IA /¥ v/ JEc{ReS
Y/# Y/0 \/) Y/ Sl Jb:’d‘

1
. ' ' . p-value
UL EP
/) /) i A
G Sl ooy

Yis iy Vs s

(FAO-WHO)

<l FAO-WHO 4 51 s ol Jaie b yaie Sl awslio 5 Jol> p-value polis’

(mg/Kg dry weight)  gams ¢ 5 o 5 s 5 cpl (51305, dirdey 5 pgoeolS Clale ke 1Y g

Sk PRt s » :
AL o/ Y ALY 38 Kl
poeedlS sl
0 o/ . Vi Jﬁlb
/Y0 /¥4 AN A% Sl
VOV v /09 /oA /Y Jt:MJ‘fE;I
VO /¥ Y /04 p-value'
NG </0) </AY /04 p-value®
paedlS (Solslyy dtey
) /a0 /oD v/
(Ol ) 3,1 %kwl)
poeeslS Slows aniyy
/N /N /A /A

(FAO-WHO)

2wl FAO-WHO 4 )1 o lasbew! Jlade b pate Sl awslis 5 Jol> p-value polio cus g 4 ™y

% 9 y@/
1P g2 /gl 0 jlo—ib /pié 0,95

¥ Ol bz Cail gy ol ozl gy ale swlibad


https://ijhe.tums.ac.ir/article-1-5272-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

o) Ko 5 (Sl s o

$liss S pae Ol CONS 0SS 0 S o o
035 B, 5 (cd o (55158 55kl s g Ll Ll
Jyame 2 $ln e SAS 5o S Joe o REDL O

el ol 43‘)‘} Ml}:ﬁ

A 6‘}.‘ S r_,:.u\f ol}u EDI (mg/Kg) ﬁéuﬂ ZT'J}J?

J gz
c‘”a.:ls o d g &9"
Ve Y$ v/ee¥ »E
VERRS & SEEERVIRRS 7N oS
Veernd e AY Sk
ey Y0 Skser
VAL /A Y gz ¢ gans

e Dlidn 5 o5kl d o 0 25 1S el
o 93 gulalsy iy (V) VYARA ol Ol ]
Sadsdr 55 Jsams o Gl SSE @ 5008 5 e
Rt N PRI P PG PRS- PYSPIR R
BLasl S 53 3 50 g0 Ko I35 51 (5ol o 2
o k3153 b Dok 6B S 53 OF B jeme oS el gl
s J a8 520 Ol ot (gl e s 4 le sl
el 53550 5 (S g8 sl e 53 S Sl (bl
a s s ke sl OB UES G ae s B (sl &S
ool sl S S a5 )5 b olE el
48 Ol O 53 S Sl e s 3l L0
Lpd o suail 50l U e ot 5 )
Ok 53 7 5b 50l Lol 5 Sl Bod i Cor 5o

L04) s s
S Jpamn Sl O s ml ol i e -

QY)M)JuﬂLSJ‘:\jJWJ‘M@M;LS\)b

®
%ﬁ Jﬂ[/ 191 g /5l 6 jlaibs /i 0,495

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

2 p5eedlS 5w s bl o Sle g yame ¥ SS s
PO Y BTN W S B U P PP UG LR RO
L 05003l 5 S S 3 g same Bl Sl S
RIS By e

Sl <l <palS i

6 - 571

4.47

2.57

1.45

(Mg/kg) pgrodls g &y £ gomo
w

LS A B Sk
Jyazo g4

tjwﬁj!omwb:)ydwtjjlﬁ-w&ﬂp
p 538 5 o S 3 e

Q‘Aﬁb})}d\ﬂd\)}&ou]ca_w.b@b4;4;-_95@
3o el b 3 S (6 So3ll DLl 8 0w |y K
Jos B 3L 53 Ol jae (Ol pl st Sl 5 3 ikl
A S 58 5 e D6 (PTDD) 550 41555
&l .ol 0amg/Kg body weight +/++\ 5 /20 Y7
i el Cder e e sl e sk ]
s 31 2eS s ol STe il S5 LB s S e e
Jf}gJWuTngdwd\fdjb-MLPTDI
SU ks 2o (gl Jgames O Sy po ol b 3 3,10

(OA) LT o Ces 5 alail, 51 EDI el
C X Cons

EDI =
By


https://ijhe.tums.ac.ir/article-1-5272-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

Yo/8 mg/kg 1, Olgasl Ol S5l 53 IS o e (S0l
S 4 o 3555 et jegn LOT 35T
S St g8 Olgiosl Olial lalli ol 53 15 (5 5,5L0S
adls Sl slas S 5l eslinal

SIS G o2l 534S (V) 0 Ken s Nazemi axllas o
23 Dl o i 25 S planil s Al Leg S wilaie
O (S 5 (047 mg/kg dry weight) sl s« yos
et (VY mg/kg dry weight) a5 S £ 5es 3
G S 305 53 oy Ol 31 5V ol ol 8
S ol

N jobe chle w4 (Y0) 0L, Kes s Sharma
Sl o S 5 LT Sl 5 1am 5l (g iy 351 5L
ol 058 ol b el stls s bl ailes s
gl pole plchlale oad g baeS )l g 5l Ol o
s Gl 0 5easlS 5 s s 93 o84S Lk
Wl SU st Sl e 75l a0 3) 50 S
Brassica oIS IS sl — s cpl 45 s S Oly izmen
Ll ssls 35 58 0T 43 o =25 b= « (Oleracea)
ol Bl Ll e S 3248 Lol Ol iy
Ll o o sm )5 Al S50 QLS 53 i ol
oS G e s 3 e (sl oYU bt LSl gl
23 e Sl e il il Sl s £ 58
CLE oS aas e 0L LT s b sl axdlas oY s

Ll e OF s &8 il o35 T aadllas 5550 Ol
B § e el i 5 1 ity (ST Bl o

Zlﬁﬂjb)ygﬂujb))y QY}M
)‘.\}J 4.\.:\.\..:4 w\ ol J")\Jf Q‘J{‘ h;LA ))\J\JL’Z—.&‘ W_;.A
‘FAO-WHO Wﬁé&d)}}w u‘yjﬁm BE r_x.n.}ls

o ld ao i e b S Shd o (VY 5 )l /)

) ,awblf5h,a)mc’.‘]él.éw)ﬂ

22 Sl s s (oIS Al oS Gl S S
Solols, apta Slame A 51 il a5 0 VY 50T AT S0
))yﬂj‘mw.x‘aéﬁaﬁ};}J?)JgH}_b
CBLE Olge b glaglie ponl s ST bl gl 2 (YA 57)
AMWJSJLMJMAL:JJB@MQYW)JUJ_M
o Slme Al ) il a5 e Y A A DY S S
%Jﬂ)‘u\jﬁgJWJL@;;JA)} \.,U ..,\.Sln.»;eﬁébsj;'-‘)s
)EJ'-JJ)AJJ.W‘ bv\_.;;JJJ‘JJm\jJJAJ})\M
J)}TJ.:EDI)\J\_E.AMWL@%&))):QYWU{‘
,-umw&@u ol g S am g sl el
5l i OTEDT jluis 5al8 Jyams g, bais i ol
aJ)J}uﬂ )J )\J\_E.A w\ ).,\..\.x}: (5‘)‘)‘)‘“J g:,..w.,\g PTDI )\J\_EA
S bl 5l EY sl gl copimmen ol ot e
wr 520 5 ot 110 | PTDI i 5 25 EDI i
c@L”.S O‘i\ wlis .(\/\)MQYW&J QK.,\,\,SQJ..N
4 S glaallas 5 (YY) Seilsepour ; Bigdeli L. 55
6)*26))‘5%&@‘)\)3‘4,:{‘_.»@)‘],\3)‘ij14
)l.,\uAS:b QLZ..: LAQT GLL v\ﬂT g:,‘_...c.l; Jj.: Y8 S 4:.7‘));
a5l i gl andlas 5 g0 Y yams dan 3 oy ke
)‘v\.ﬂﬁ u.ij';.;.:.) J}J FAO'WHO L_.Aj.: o 4.:&}; )L>:ﬁ
))Uﬂ)‘ﬂﬁwj:mg}wﬁ;)}u;)]wb)buﬂx

el s als
Osrad Sl )8 a4 ol il (65,58 ol (Sos 5
JW\AJQ-}WJQHQJM)QW‘QAT%JJS
S5l )8 gy e bl (pl glen 53 3l o e
addae pl LI 5L s s piomen cadl flugss 3 5o

2 lsa 5l s SRR S Il
Y oz 3 o sdos V5 5l il 5 e OLALS
S bl 350 slews bassS leslinad () K8) st
AL ) pos s sk 4 plands S gvij'\:sf" L
350355 o Sl St o S e /AT B /00 A
adlate SN g 53 ey V2 51 s (S IS e
Sldie 3 g5t aalllas 3 (V8) O, s Amini (YY) asb

{id_a %ﬁ tmﬂfﬁy
119 jl—gz /U9l 6 jlo—sib /s 6595

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5272-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

o) Ko 5 (Sl s o

Sy Gl 53 s a pae pl SBLE £ 03l (6l 5 55—
S S adlaie ) iy g adee 3 Ol e o
R Sl Al (G nl )3 sdel ey S Lt
S f},».alSc,.E.L&

pyedlS Chale a8 51y 0L (Y0) 01Ses 5 Sharma o
310kl d 51z LT (aalesT 5 g0 Sl 5w 21 s
2 (S 055 p S kS e S e 1/0) da S
YA gl andllas 3 oIS J gramen s ppeslS hale :Sle
VY 5 sio 3 S el oy St 035 0 S kS 2 e S ke
Sl a3 nl (oIS dpeame 3 0 ppeslS CBBlE
& S 0T Y gamms 3345 pseeslS 35 Y5 S
0300308 g5 Wl 1 G Gl ol Y eanes o yelS
el (37 S b G S 5 it O jieall
(Y0) 01\Ses s Sharma b b ol aalllas s 4 lis
e ol DY pams dan 55 002l L2l 48 a1 OLES
b g S Cilos g GV sams 53 p gedlS CBIE I kS
sy ol a5 515 gl sy, e oK as 5 Sharma
(Y4) 0L, Sen 5 Samarghandi L 5 sds el axlllas
Ao o Dl e 53 e S 5 p eSSl
=S S w518 S g M mglkg
s ol p a3l le ol ol G Sl ekl ey
5S35 ge pseedlS S Sltie 4 (S OLS Lo
2 el g5 () 2l Sb s e ol Gl LB
() 5 Kes s Davis syls gy b6 5t s Ol
oo s bles IS 5 8 S plial pals 4 sl Ol
(e e 45 (b 3 Wl 55 53 e seeslS (605 alia
o 357 03 el paS e L sy s 5 L) end
e S L S ol (M) s, Kes s Torabian s
P S e i adu) 5o 1y ppeslS iy e OaLS
LS &5 LS 5 s sals il s

oS Sl Cur s w03 (YY) 0L Kes 5 Nazemi
rl a5 Al s (6 s S DS 5 o (S s
S 3 053 S e SLE Ol e oS i) e
o Tl 0T J g lde 515V Sl e gl 531 53
ailaie )3 gmieo 5 Sk Sacly 352y Jsa 1, So T

®
%ﬁ Jﬂﬂ/ 191 g /5l 6 jlaibs /i 0,495

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

sl oLS s p S 53,8 alie FAO-WHO L. 5
olS 55 p 03l Cale Lol o sl 51 VL s Sy
bogel das e pln Y sl s skias 5 58l
EDI ,slis s bl 5l Sz s FAO - WHO
PTDI}!%@J;)HQYWW§\ﬁ¢HJL§
Y gaes ol QB LIS G pze Cuds 4 g0 (5 ot 1) !
PESIgt p o3l &S sl (55,0 4SS ) S5 4l e
S ol sl Lo oo BL O 3 mead Dy g0 4 &S
eolie il pall bl oo e Ul ;NW,;U:‘;LS
& S Gzl 53 Y g | EDI okel Sl
S Ay o b4 g i OA) OLs 5 Bo o
i osliul bl 4 Y g opl (ST Lol LN
WL lid sz S o g 4 sl b slas S 3100 )
357 53 06 e/ 0mEKE A8 LS 55l &S |
St 3505 e sl o Al sl s 4 p g eslS
orl 52 (1) 25,5 OlS Clr Oles 550 40 Ll 5o 5 0
3 e B e 31 (S s (sl Ol siS 3 el calas
SAMING 53 8 oo 5 (S g T e 5555 0510
SuLES Bl 3 pppelS IS S0l lie (19) O ISCen
slas S Ll L s 2158 VYA mE/kg | Ol Ol
SoalES Slaes ap5aslS 905 s Fege | 02
Ol (78) Laoen s Jalali cadls andlas s ) 4o ailais s
Ol e O 28 5 sl o r}:.e.sls Sldde aS Assls
53 Cﬂ)SC_?LAL@JT g ol gl 5l iy Oldes o
Lol glacdles 511 Slom o CoiS 5 oot sSIE
o LB ppeeslS e Lol andlas s e odls Lol )
33 el Gy S /0 FY L o0y mg/kg SULs s
5o Sla laie (YY) 0L, 5 Givianrad aslas
dry 5« 06 csor @30S (Sl s 58l o sals
plie plaS sl ey V8 5 oV mg/kg weight
oL 5 Fytianos .ol ol s Tl Sl S
5 S 53 K obe w5 alie 5 s s (YA)
s o T 5 et el L os T s el oL
OSB3 o e ke S sl 0L T addlls s

6#@)1%@ﬁﬁﬁ-qwdﬁﬁgbﬁﬂ


https://ijhe.tums.ac.ir/article-1-5272-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

cadkaie cpl 53 SLe Ol ed Cwdl 5 lAE Sl 4 S
Sl pramen 5 O eame w5l (6 S melr Ga s
Gzl 38 S Al 35 K Sl3E Sl Ol e
las S 5L 550 Slde 4 e oslewl 53 Ol slis

Mo S L e S 655l 038 5 Kol 5 pload
Al (6,8 sl wibas QLS 5 St g 631 5l Ll 5

L;;‘:)Jjj ’Smd:..

ol e s el (gl 3 S e o8 Eils Sl Ak

JJ;L;AL;‘JJJJJJ.{,;L&:}}J

dl.:.c

1. Tiller KG, Mclaughlin MJ, Roberts AHC. Environ-
mental impacts of heavy metals in agro ecosystems
and amelioration strategies in Oceana. In: Huang
PM, Iskander IK, editors. Soils and groundwater pol-
lution and remediation. Boca Raton, Florida: CRC
Press; 1999. p. 1-35.

2. Cui Y, Zhu Y-G, Zhai R, Huang Y, Qin Y, Liang J.
Exposure to metal mixtures and human health im-
pacts in a contaminated area in Nanning, China. En-
vironment International. 2005;31(6):784-90.

3. Nielsen FH. Nutrition, trace elements. In: Dulbecco
R, editor. Encyclopedia of human biology. San Di-
ego: Academic Press; 1997. p. 373-83.

4. Adriano DC. Trace Elements in Terrestrial Environ-
ments: Biogeochemistry, Bioavailability and Risks
of Metals. 2nd ed. New York: Springer; 2001.

5. Kabata-Pendias A. Trace Elements in Soils and
Plants. 4th ed. Boca Raton, Florida: CRC Press;
2011.

6. Li X, Lee SL, Wong SC, Shi W, Thornton I. The
study of metal contamination in urban soils of Hong
Kong using a GIS-based approach. Environmental
Pollution. 2004;129(1):113-24.

7. Waalkes M.P. Review cadmium carcinogenesis.
Mutation Research. 2003;533:107-20.

8. Tiurkdogan MK, Kilicel F, Kara K, Tuncer I, Uygan

) ,awblf5h,a)mc’.‘]él.éw)ﬂ

Sl s 2 s L (YY) 0K 5 Givianrad .azusls
0 ek TS Sy Gl 53 o 5 S S0
Ot 48 Ny 4 ol 4 0,8 oy i LS
e e 13 g e 0 0 5 (S 53 0 5edlS 5 e I
5+ mg/kg dry weight s sa o 5 el pgeedlS
a5l i 5 oslime palie s g s T el i +/10
e Jolse o by o b o 1) s 5o e
3 Ol (5555LES 53 e 1 O e I il

Wl oo (Aen |V OLLS s (Ko DI D 5 o
p&}gaww@g\j&ww;w;usm. il
W3 pl g i el gby 5 ey (S sl
il s OlalS ) s e 5 S 3 Sl e
clle il as il (1Y) MeBride .(Y0) 5 yes oLl
Sl al i (Rl e S s S 3l
Sl () 0L s s Voutsa sy i o 0alS b u g
035 5 s 53l i D3l (VL Ble a5 s S
Sl 53 SISl et B e (S Sl 3
35 gn LS s Sl ) ol sl S

S5 aoms
anlllas 5 50 bl (65,5LiS Sl (S5 A o B w
500 Odrn 5 Olops ] L33 O e Sl 1S 4,
30LLS 55 2 1sm 5l pseedlS 5 Sy B pizan
515 53 ol e ol Vs 31 pliant (slas S 3l oslin
G{Lﬁpae-jl.g.ub.fbbéﬁj;do\?w):wf;_w
o 030 30 N e o S el
St 5endl 5 i 5 Gl G
OTEDI Jlids 5,51 5 b K dieen 516kl 5 5loee d
OELS G a4 gia st 588 55 o sl B J pams
303505 st 5 e s jdiae 43 e ldie 4SGT s S
w338 Lol (6 i Blaxl b gl G jae ol oS
e Gb 5L ) 6 bl Sl el e gty
EDICMNJ&)—JJOJ{JJJL;?Q@VAQYW
di e ol oS 5y, S PTDI i 5l el S 56 ,a
o 35 e Sl 11 el S et e sl 55

{id_a %ﬁ tmﬂfﬁy
119 jl—gz /U9l 6 jlo—sib /s 6595

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5272-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

o) Ko 5 (Sl s o

I. Heavy metals in soil, vegetables and fruits in the
endemic upper gastrointestinal cancer region of Tur-
key. Environmental Toxicology and Pharmacology.
2003;13(3):175-79.

9. Edmunds WM, Smedley PL. Environmental Geo-
chemistry and Health. London: Geological Society;
1996.

10. World Health Organization (WHO). Guidelines
for Drinking Water Quality. 3rd ed. Geneva: World
Health Organization; 2003.

11. Zagrodzki P, Zamorska L, Borowski P. Metal
(Cu, Zn, Fe, Pb) concentrations in human placen-
tas. Central European Journal of Public Health.
2003;11(4):11-18.

12. Alloway BJ. Heavy Metals in Soils. 2nd ed.
Glasgow: Blackie Academic and Professional; 1995.

13. Radwan MA, Salama AK. Market basket survey for
some heavy metals in Egyptian fruits and vegetables.
Food and Chemical Toxicology. 2006;44(8):1273-78.

14. Fu J, Zhou Q, Liu J, Liu W, Wang T, Zhang Q, et
al. High levels of heavy metals in rice (Oryza sativa
L.) from a typical E-waste recycling area in southeast
China and its potential risk to human health. Chemo-
sphere. 2008;71(7):1269-75.

15. Nriagu JO, Pacyna JM. Quantitative assessment of
worldwide contamination of air, water and soils by
trace metals. Nature.1988;333:134-39.

16. Amini M, Afyuni M, Khademi H, Abbaspour KC,
Schulin R. Mapping risk of cadmium and lead con-
tamination to human health in soils of Central Iran.
Science of the Total Environment. 2005;347(1-3):64-
77.

17. Westerman RL. Soil testing and plant analysis.
Wisconsin: Soil Science Society of America; 1990.
18. Song B, Lei M, ChenT,ZhengY,Xie Y, Li X, et al.
Assessing the health risk of heavy metals in vegeta-
bles to the general population in Beijing, China. Jour-
nal of Environmental Sciences. 2009;21(12):1702-

09.

19. Institute of Standards and Industrial Research of
Iran. Food and feed-maximum limit of heavy metals.
Standard No. 12968. Tehran: Institute of Standards
and Industrial Research of Iran; 2010 (in Persian).

20. Codex Alimentarius Commission. Position paper
on cadmium. Geneva: FAO/WHO; 1995.

21. Codex Alimentarius Commission (FAO/WHO).
Food additives and contaminants. Geneva: Joint
FAO/WHO Food Standards Program; 2001.

22. Bigdeli M, Seilsepour M. Investigation of met-

®
%ﬁ Jﬂﬂ/ 191 g /5l 6 jlaibs /i 0,495

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

als accumulation in some vegetables irrigated with
waste water in Shahre Rey-Iran and toxicological
implications. American-Eurasian Journal of Agricul-
tural and Environmental Science. 2008;4(1):86-92.

23. Wang QC, Ma ZW. Heavy metals in chemical fer-
tilizer and environmental risks. Rural Eco-Environ-
ment. 2004;20(2):62—64 (in Chineese).

24. Nazemi S, Asgari AR, Raei M. Survey the amount
of heavy metals in cultural vegetables in suburbs of
Shahroud. Iranian Journal of Health and Environ-
ment. 2010;3(2):195-202 (in Persian).

25. Sharma RK, Agrawal M, Marshall FM. Heavy
metal (Cu, Zn, Cd and Pb) contamination of vege-
tables in urban India: a case study in Varanasi. Envi-
ronmental Pollution. 2008;154(2):254-63.

26. Jalali M, Khanlari ZV. Cadmium availability in
calcareous soils of agricultural lands in Hamadan,
western Iran. Soil and Sediment Contamination: an
International Journal.2008;17(3):256—68.

27. Givianrad MH, Sadeghi T, Larijani K, Hosseini
SE. Determination of cadmium and lead in lettuce,
mint and leek ultivated in different sites of Southern
Tehran. Journal of Food Technology and Nutrition.
2011;8(2):38-43 (in Persian).

28. Fytianos K, Katsianis G, Triantafyllou P, Zacharia-
dis G. Accumulation of heavy metals in vegetables
grown in an industrial area in relation to soil. Bulle-
tin of Environmental Contamination and Toxicology.
2001;67(3):423-30.

29. Samarghandi MR, Karimpour M, Sadri Gh. A
study of Hamadan vegetables heavy metals irrigated
with water polluted to this metals, Iran 1996. Journal
of Asrar, Sabzevar University of Medical Sciences.
1999;1:45-53 (in Persian).

30. Davis RD, Smith C. Crops as indicators of the sig-
nificance of contamination of soil by heavy metals.
UK: Water Research Centre Stevenage; 1980.

31. Torabian A, Mahjoori M. Heavy metals uptake by
vegetable crops irrigated with wastewater in south
Tehran. Soil and Water Journal. 2003;16(2):188-96
(in Persian).

32. McBride MB. Toxic metals in sewage sludge-
amended soils: has promotion of beneficial use dis-
counted the risks? Advances in Environment Re-
search. 2003;8(1):5-19.

33. Voutsa D, Grimanis A, Samara C. Trace elements
in vegetables grown in an industrial area in relation
to soil and air particulate matter. Environmental Pol-
lution. 1996;94(3):325-35.


http://www.ncbi.nlm.nih.gov/pubmed?term=Jiang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18289635
http://www.researchgate.net/researcher/36277791_Bo_Song/
http://www.researchgate.net/researcher/39748153_Mei_Lei/
http://www.researchgate.net/researcher/38483224_Tongbin_Chen/
http://www.researchgate.net/researcher/51338579_Yuanming_Zheng/
http://www.researchgate.net/researcher/35702010_Yunfeng_Xie/
http://www.researchgate.net/researcher/69037775_Xiaoyan_Li/
http://libra.msra.cn/Journal/6096/j-environ-sci-china-journal-of-environmental-sciences-china
http://libra.msra.cn/Journal/6096/j-environ-sci-china-journal-of-environmental-sciences-china
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CE4QFjAA&url=http%3A%2F%2Fwww.springerlink.com%2Flink.asp%3Fid%3D101156&ei=7J4GUMSaD7H64QTWreiHCQ&usg=AFQjCNHsbR4IOxdobkR62beOY4kq5bcVBA&sig2=5JiP7ZJ-Tev18fPCkW6pdQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CE4QFjAA&url=http%3A%2F%2Fwww.springerlink.com%2Flink.asp%3Fid%3D101156&ei=7J4GUMSaD7H64QTWreiHCQ&usg=AFQjCNHsbR4IOxdobkR62beOY4kq5bcVBA&sig2=5JiP7ZJ-Tev18fPCkW6pdQ
https://ijhe.tums.ac.ir/article-1-5272-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-27 |

Iran. J. Health & Environ., 2014, Vol. 7, No. 1

Lead and Cadmium Concentration in Agricultural Crops (Lettuce,
Cabbage, Beetroot, and Onion) of Isfahan Province, Iran

Reza Mohajer', Mohammad Hassan Salehi*, Jahangard Mohammadi?
! Assistant Prof., Department of Agriculture, Payame Noor University,

2 Associate Profs., Soil Science Dept., College of Agriculture, Shahrekord University, Shahrekord, Iran,

Received: 18 December 2012 ; Accepted: 16 March 2013

ABSTRACT

Background and Objective: The contamination of agricultural crops with heavy metals due to soil
and atmospheric contamination is a potential threat for their quality and their safety. Heavy metals
such as Cd and Pb have been reported for their carcinogenic effects. The aim of this study was to
investigate the lead and cadmium concentration in some of crops grown in Isfahan province, Iran.
Materials and Methods: During two seasons (spring and summer), 80 samples of four different
crops (20 samples from each crop) were randomly harvested from some of the agricultural lands of
Isfahan province. After sample preparation, lead and cadmium contents were determined by atomic
absorption spectrometry.

Results: The average concentration of Pb and Cd were different in different crops. A significant
difference (p<0.05) was observed between mean concentration of lead in beetroot with onion and
also cabbage whereas no significant difference was observed for lead between beetroot and lettuce
(p>0.05). Means comparison showed a significant difference for cadmium between beetroot and
cabbage and also beetroot and onion (p<0.001). Results showed that the concentration of Pb and Cd
in most of the samples was higher than the standard limits reported by Iran (maximum tolerance of
heavy metal in lettuce, cabbage, rootbeet and onion is 0.2, 0.3, 0.1, and 0.1 for lead and 0.1, 0.05,
0.05 and 0.05 UNIT for cadmium respectively) and FAO-WHO.

Conclusion: The findings of this study indicated that although most of the sampling plants were
contaminated with lead and cadmium, the estimated daily intake of each metal (EDI) showed that
except lead in lettuce, other crops have EDI below the provisional tolerable daily intake (PTDI)
recommended by the Institute of Standards and Industrial Research of Iran. In order to better
management, preventing pollution and also finding the origin of elements, analyzing heavy metals
content in soil, water, and dust of this region is recommended.
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