[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

93 oode (gaollad (Cons ) o 9 Cuodlw alxo

RTLR VE T RUAVI RVERN Fe 4|
DY L OYY Slowio VY35 s epylaz o lacd o 050

"

Available online: http://ijhe.tums.ac.ir

sevell ¢y
KA
s
(AEH) |

u&h}}: Jle

s
U,
o, o™

" Of Environ™

Syl s GLEL (5911355 9 comw Gogao 1O (S OIS o)
A0 Jlw o ol bl licalo g oyl

oanlh M 7 g ol o 5 T lase, (Sl wale Lo pedle e sole aams

Ol ol (ol (S pole oRisls ciilagy 0aSlisly daise Cliilagy (cwiige 0,5 )

Olnl oy ol (b pole olSails ( Sy oaSasls -¥

Ol Sl «5,9US g5 9 Ghigel Dlinios lojle o) il (xmbs lie 5 (5,9iS ojgel g Olisios 8 pe -V

0 dS> -l Fo ol M Ll

63l M g Wgs 132 5 g aiiles o 45 dlid sows polie 1 S I3l 1 B0 g A LY IR 200 ¢ b yo @.)L‘,‘
S lls clale ) Ban b ol aadllas 05l Sl oS e B pan |y 00dl slalis as A7 \Y iowlpg gyl
20,5 almil ogun B an 5,k 5 i DB L agalae e 3591 5 0gu 40 NN oy &,

YD) Wigas £+ olass solas (615, diges ol b sxlaie - simorgs aslllan () 5 fsmimyzt S8 PNYIF Dbl &6

0 Jlo 3 ltnle 5 5l slo s Sl ol J (115, opmo izad Y 5 s o30n digad
23,5 65503l wil iz ol s b s 5 (55, ool sy yolis CalE g o 4z
dpdy &9 SPSS 158 65 b 55 bl s g 452w
mg/kg wet weight) o, ;151005 5 4 laaiges ;o ,olic cobilé o (Sl :lpazdly
o~ 9 (V+/#Y mg/kg dry weight) s, «+/-0Y mg/kg wet weight) pessls (- NYY - Sins @lils ofls ) e 15 0alS 519
Y s 105 g 48 o 36 il WSl 090 (/29 mg/kg dry weight) b
9310 59, /+ Y mg/kg wet weight 4 +/- A pgsls o+ 0V mg/kg wet weight
oy YAIY ol cwsas 0/AY mg/kg dry weight 4 F/F ..\ Y/Y mg/kg dry weight
Wilo (69, 4 (SOl o3 YIY 5 pgrasls 4 Sogll suo 0 VWY co o 45 (So9J] ladigas ;|
g pliamle Sl i ol e 5o polie Sl ot onys slre v | oy (s 4 (o]
g2 s 3l iy 911955 50 (s 5595 9 10,5 51 SV s 030 )0 poeaslS g oy ile
ola 5 a5 LI slagl o Blaia (slatigas ;o LE (s I3 oy (Fogll 16 S
St eisbe 3l 1o 0wl &l b Bilao lboges () o b s b 0o (83, 5 oy i gne 0t 98 (Sorig 1SN oy
23,05 3929 Glb s paé (slacs o 4 Ml Ngkh.858@gmail.com

Please cite this article as: Dehghani MH, Jahed Khaniki GR, Fallah R, Khodamoradi Vatan N, Tabande L. Determination of heavy metals in apples
and apricots in Zanjan and Mahneshan gardens in 2016. Iranian Journal of Health and Environment. 2018;10(4):523-34.



https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

s gu (s e ;o o OI31E Bl L(R) Wis )5
Wilgs g0 a3 Jaime (pizrad sl Sy laoe ;o Wl
Lbdj ale sLbu.uS uﬁ—‘ 56))3LM5 (0 goww )‘ ool J..J\) Le)
b aes Lo a alils plogl eogdl &lils 4 LasgS 4
argi b Ngd oo (208 00235 3515 5 Wyl arme )3 (505
oo ()l ol a4 5o e Sl ol sl aSy T @
Slge B pan sk 5l Gl oy 4 (S I3l 59,5 Lo
O 0) Sl sl Slas

Lgl.%&l.u o as MOLSA QLM.) 03 r:l.?u‘ Sgdse (-gl'bkr“"))"
Ol oy Gll 59 5 2 05158 slaals IS S
5 S 2 0 peedlS 5 59, o oo Ko pobie clale
elad (Slxe jo (gouwin oSy § 09l c0 090 ogas
4el55 o 4 Waogen (Sogll  laals 5 cnl il oy (e
e Sbagl SLE )3 (55, 5 oy sloails )5 slaailony
lhows walllas (pl 5l Bu 0,5 & g0 o)L cpl jo el
e (Sloogae ;0 (S Dll8 0929 i 5| (S g 4,
PV eS8 s s 4 gl sadsi 51055 5
oge0 £98 93 (l 5l Comer LI Bpan g (o 0590 Bble
9750 Copxds 5l 65385 3551 p el e (g B
@ by o OIS o 28, Boa b ) ooy | Slidss LaoossV]
o,Lal oiide lalu glaanlis g6 4 deoan¥T g polic oyl
oy 38 5l cdale mSTas aS Cul (5,900 4S5 pl A
olel o lasbiwl b gl as ol ul Lo o laibl jo pguesls
Lo 5,518 5 s loslms o i i La g o
O (51—‘O))) )‘QM ‘_gl.ho?.:.n 9 (M) )‘\)4.;‘& 6&03.:.0 ‘_g‘);
Sl 9 (V) /-0 mg/kg wet weight g /) 5 5
aieS Lawgi oals pdlel o lilil 1o e 5 (59, jlxe clale
Olosle g aoie Jlo (63,585 5 )l)le> (lejlw S i
f- mg/kg dry weight 57+ 55 4 Shs cslag
Y AY) el

oY¢

v ER0gm0 43 (pSow OIS oy

doddio
b o il Glea jo st SIS S 13 lge ]
4 i« o8 olae el ST Lo ]38l aidS ans v >
@i olye Brac b las o ylas e o it Olidos
() sl 00 pgam b g S I3l o 1S 4 oyl
13¢5 lg algs co a5 B s polis 5 S 1310
OS oo B pan |y 009l slalie aS gol 3l oDl g Wigis
S Wnogea 31 (2 i 2y S IS 5oty () J3S i
Pga) (Sne dlge donn 9355 & aeling 5l 0% il
o yied 5 Lol (51 51 (alisrs lsil 5 (el 5 oo
Sl plp o ea S edallne Al s (55Y)

$955 B s Lo g bl aiile 951550 9 e
e 9 (59— Sl sol> LSl Lol (1) 0l
Sl 3590 50 artus Sl 5l (rg ik 0 oo I3
ol (5 Gl (s 5o e 5 Cote sla A (S
ot oVl o> 5 oy pgaedlS aiile (S il
bumme (gl JStie 0 yoge Sansl (San g iiad 0138 0l
ool aile Koo (S oS J o aigh 4 S L5 50 e
W (65978 (loortion STy plml Sl e 5 535
oy 4Ll Sdgilie oo S laiedy L o 51— ()
(D5 el (K iy b Coganne gle (S ool
= A B) Sl (G935 g (oSb hiS sla Sl )L
() sty W yolie ;5 o dgie Sl L (Kt 3l
58w ge loil g Sllgaz (o 50 (e jlade (Al
Sydon (S97 Olyble 4 e 45 0dd Ghe g 4SS
0, Slos jo PLET el Wil so i Ol318 8L ;o (V)
33,5 Sl slaplail plw g oS oS 4 ol ¢ rae
asle oladl jo (o 4 99,5 5 e (e 138 L.(A)
&o 9055 Do Jolie g laplgiiul (Mae
oo (B)lse g Lacs)low jon Sl ol () &5 0 bl oo
S 5 dagd el wiilgi oo DL (pl 005 e o o
Oezed s (7B 5 (b Sk g g slacisie
O 3L 3590 (Same Slg—e 5 Ml plow (3l wiils o

o %ﬁ yﬂy
1195 Glisoj /po,lg2 o)lads /mas oy | ¢
i -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

Ol)Se 9 by (31 50lad (S 55

Sz o Jolore g ol oailw, O+ eroyod.:)_]a.ug_jJ
OF) o eobe] e polie clale (6,5 0;ludl

Soge 13 @y 9 p9redlS (59 e S polie cdile
Jow) aleds eil Giz oo jloslaiwl b caslllas cox
ot (Wl 925 cslw GBC Sles 5l Avanta P
TS A o g peeedlS S come S S ojlalal
035 YAV M 5 YYAIA VYA XYY clazse Jsbo 4o
poeedls 5V o 0 /0 (595 9 o sl SL (B2 5
u,uL,.u‘).’ ).»al.».c cdale '3)51)9 )9.’4..@44 W) fb—'-,“-'-’ [0 nm
u.a‘d.s.))jj Cwddn ‘) 09...‘3&54).&55_“}00[.0 "\"L‘)"U)ﬁ
O 9 AR50 2 (e S5 a3 03B oge g8 o 5l sl
o anildS Y h o 010 °C les 4o gl )0 opie5 5]
el Cavoas Sias ooke g
Mﬁoom‘o)ysd‘yi? ol.iﬁ_wém»
S A oy g poredlS (55 e polie gl mg/L
S eomimad b dplos [+ F g o ferA [ VE o] LYY
2y 9 p9andlS 159y me polic (sl a5 wd e (oo
ol Cewd 4 2o, VF g AL YT AT L plp s S a
b leogeo (ml Bras )b 5l ailaie p3 50 aglge ()lie
10,5 dwlxe Vg ) Yoles 3l oolaul

Sl3l8 (g lolyy i (e gy oo ails; b e
1O0)) 005 o ooliul py A S

QD)
Jyaze o glp (5o 518 (5)loly; i

mg/kg wet weight cos .S 58 5 )loly, aci

el Kg/day oy Jgame Lo sl
aligy $Bye Joodi JB Sras jlade | (ess alil
(Provisional Tolerable Daily Intake (PTDI))
Slas il (Y sl Gae 50 (i 58) a5 5550 caiY]

: 1195 Gliws /olg2 6 loss /> 6,95
. J /g2 0 lous /o3 0 9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

oYo

o 59, g 3lge
a5 TV Jlw ols 3 5l adaie — hogs anlllas
oy polie cdale ol Job 4 A0 ole (g0 )b Lo
e ) (mg/kg wet weight) v s pgo0lS
duslio )3 Sgp Cuz 4) (mg/kg dry weight) o
5l g diges 03,5 A wlxe (FAO/WHO s jlastul b
I o bdigai ol atils y cutS pyoses mhaw b obél
A ab A )S Ojgo (pl a4 (Solal ypo g gl P
aliee Slpz> o cs 0 5o 5l g EL o e o
@QL&J mw&ﬁbjbuw_mbbow‘m w‘bfog_uo
by 0gme ciliBie slaond | v o8 _iolesl jo ol 4
5 s2olay MalS diges S g bglseo po Lo iy g 0 03]
2 e slas 5 )l paiges bl olass Sl Cands oSy
OO YL o 4 b ad 5 L )5 595 e slaogee S
Sl ul.?u) B 5]1)))’ A G 090 u....,S).') c.]a_..u
$110,5 iS5 s (g VL e a5 iy s digad

S i 65-”0))' dges olawi vl 10 cow 4 S

Bgod TO) o digad YO 0lowd a5 & e (pl b ol a8 S
D903 10) 15,5 4503 YO g (Hloinle diges V¢ g Lo
S nS 050 355 )5l e (Ul wiged 1+ g plicale
Ll el Lo 5 o9 JalS' (Sms; (loj 4 o Lpoges
85 Syge sbog g ogee ik il Wl g ol el Lo
(s ogae Smgby (58, yun 5l (6 S el> e lareds
2 0% 3 o 9 0n> (S slagshl U5l s Lyl
L ladiges colKiule;l jo . os0s Jae ol —iole;] a4 cous
S $0°C JIFe gloo b sl o g gty , baie ]
o900 Sraigad 5| 18 g WS p35y (B bl L
VOML g assg, Ve e ML Gy, b 51 diome oy
o pd Ve ogls az o b Sy o) sl 4 byl |
(200 Ve Sy 9algs Sl 5 o0 PO G 500,15 5w
A PC sloo jo ladoglies o i a8l V)V :d Co s @
oolil Uy g ael Csay 3lad Jsls aSiyl b aiinds g


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

.))‘é )‘)3 U’A‘ 00g9dzwe O @Lb).w).».c ‘SLQL;)LQ.».) 3 — s_J‘)J‘
b by et )l il Jletal 098 S 5l i ST
losls (5 bl 5JGT.(V0) sl o il 3 HQ Jlade zol38l
o9 oy lanl (28,5 & y00 SPSS 181 6 5 5l eola il b
03051 5] s A8, » (Kolmogorov-Smirnov)
31 6|)|o Laosls a5 U s 6‘)‘.’ (t—test) Sl
!» (Man-whithny) 5 e 05051 51 5 95— Jloe s
“.\.;\55.:5 JLA).' é’)}' L.s‘)b aools as 59y 9 r:a...mbls 9 2y

90,5 oolaw!

bassl
lodiges S o ol aS ol slssl & g0 ol 4 losls 3 JUI
30 56T o 285 plowil BT o aSges e b plpa S
R85 50 e g limme O jge 4 (L 0l 50 sladiged
oga0 £93 93 ;o aosld JHINEEIV IR plol ogre £ e
plosl Gl e patiie (133,57 545 50 (g 9 liome 0 j90 4
0300 £55 2 9 Ol g it o Lools T o Loled 5w
Jaaz j0 ead ol gladiges dlasy plplo 8,5 18 aioe

w‘ww‘owr.‘biwb‘of&‘ﬂb

v ER0gm0 43 (pSow OIS oy

039 el he ailigy 28l liee (g5 Aty s
3y Hlyieas 5 05 g0 dmsloms £+ KE Wb Loz
(S H8) Jlai 3 )90 00V wilyg) (SBge Joous hB jlade
e ol jo ooy el PTDI 5l asls as oo o)L
Jhizl 65 slrogan (glp das dl> 0 0 .00,5 SYL ol ]
L (Hazard quotient) s Lows Lo e 5 s o

0l Aoy dolre 5l ool

HQ=Intake/RfD M
QT 3o as

4 ks Jlasl :HQ (Hazard quotient)
St slogslon

sl (5195 olKtws 4y S polie 09,9 ,lais (Intake
mg/kg bw/day cu>

yaie 3 abale , sSTas RED (Oral reference dose)
Gl o] e 5 S b slmyl S o el (gl 45
YR RPRY R o Lgﬁ‘ﬁ ol P A (o 9 (89 4P9¢n¢l5sa7:)_w
.l +/- ¥ mg/kg bw/day 4 - /¥

3loaisS B yae dwl Cwods S5 51 e HQ Jlois 51

(ME/Kkg)ogro £95 g ped SUSL 4 polie clile (12Skwo - Jgu

e ke ol o920 R S
VA nd VY Y YO o )
ol
e nd deAENE ) Jis,;
<\ nd JeNEE L \. s o
e / / olazals P
‘/\; Ild o/.fi ./.a \a 5-”0))
VYA nd AV EYE 5. b iges IS
nd * 2z o [EPOw) 3
YA NY 1 Py YO o
A nd ofe eV E /N \. Jis;
o nd ofee¥E ¢ [EPPEW) .
oY [Vl ‘ Sl O
nd nd i Vo PURSS
YA nd <[+ OY £ < YAY 5. o siges IS

oy

o %g yﬂy
1195 Glisoj /po,lg2 o)lads /mas oy | ¢
i -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

OlSed g by (§3150lu8 S

(ME/KG)ogro &5 9 e SuS& & polie cdile (11Kilo —) Jguar anlol

cdale gozeny || edale oy 2eS OSlee st | g A b
B o)
YV/Y Vg RIA=NAY Ve 1oy
. +v/. . (oW o S
SIA I A=A TR ) oleaals %
v. /0 VR YA VO 1oy
SN/ J 0 Ve EY YT £ b aiges JS
- . + L s
VI8 IA F/AY £ Y/IAF Yo ol
Va/0 \IY 0/4 % BIVA 0 LAY
N . + . [EPPUN) 5.
¥ 10 Y/- 4 Y0V ) Slecals o
- {2 BIAE Y] VO o))
Vo 10 FAa LYYy 2z b aiges JS

G P A e 9 89y Sdale (1Sl g 0 o ) o
aly Hlade (i das by solls ) g ldsale solls); 50

ol plais] s

L] 6)30)‘J4‘ JJb )_..c 9 ).._'>b Y- :nd

$9y 9 p3eolS g oy cdale (p i) Jyur waxgi b
by Golls ) 30 e cdale o yiion 9 () o 0900 50
gm0 ;0 pgradls g oy cdalé ( Slos (pooren Lol 00

(mg/Kg bw/day) o)y 3 90 Glaigei 33 polic ailjg) b yo sladie (il -F Jgur

B 89y pgrodls o »
. _ . _ _ - . .
b0 (il L0 (Sl RESEY RENEY e pb (kg/day)d pas 4l

9=
el b,

/ ya o/ AY ofeees) ofseesyY UML“

ARYA s

[+ Y [++¥) oo oYY cfee o EY ol

oo BV Jo 1Y nd deeeny Lasabe '

</+YYY PURYS

[o+¥A offo o o \F fooooc Y feeeef Sl

- 10 \ [e o) Jeevs e 390"

elaisl og 3 a1, jlade ) yiaS pa—eols 18 8l 0

el 00l

éé é Jﬂ’ﬂ: o o, 30,95
: 1195 Glismoj /,lg2 0 loss /> 09
= /elaze /

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

oyYv

&b sl sy B by Sl ¥V Jgoo 4 a5 Lo

U"‘i’l’“’ﬁu")“'-““" 6_».:)).3&«_760915.4 6943& d)_«a.a


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

C e GSle IS (s ;0 2350 55 Sre 00,0 O el
OSSles (raizmen 092 I3 e aalllan 990 Gl ol g3 5
5 Ol Sladiges £g0mme) G 050 )3 o (B RS
aolie ;o wg yYL Lo ojlaibinl 5l asiol 5 egdle ((licals
g9 ploxl o 0500 (595 12 Qlnt] )0 &5 (slaalllas L
Cwds o[+ YA mg/kg wet weight o, 15 . Sle
s 585 Sl oagll LU (o L (1) 050 3V 5 il
Skl lagl 4y b e 00yl sladiges a5 wisls flis gl
CS o s § (595 5 2y S 31 B Sl2elS S g Lol S
&3l A5 Co s o 51 S5 Jor slagile
Jolo Glaailony aSul @ azgi b ol ooy (59, 5 )
I3k elgl 51 sy ol 5 e D3l il 5|
O)ge a4 Al 4 Seap (bl 0 Vaens 5 Sl (5
plogas e g ol s SLs Sogll ciss so )Ll 5y g,
Sladlae jo .cues sl 5l oo gais slaails I8 G bl
s bl i s S s Bl S (g5, 5 45
Sl pgaoslS 5 oy 59, o4 Sogll dibaie slaSs
§) S it (lacSE 3 ey S JS ke
Tabandeh .(\A) el osgs polic ! Slo> e o>
695 9 poedlS ey yolie YL chile ke (S an g
S o polie Gl 539 Gmb 2929 Lo (BLS <L o)
9 0L 50,5 ) paads S b 4 Sy sl )
09 pomb ade asdlas pl 40 .(VA) siiils (g9 Slgus,
i 4y G Ll Gl e 5 s 51 (Sl
5 oo 3l 590 sl aAlold )3 ogee ouas Slagl (38,5 18

sl (535 5 5918 A
Sl YU S o b polie 5l pganlS S S8 0 (o
Jae gl slaplailay g oo i (LS Cis sl a S
> e slacl g 1ol 5 (V) sy e
poredls a5 ok Cenl s g ponadlS (g9l (ol !
289y 52 S5l oAl S iz DY a5l (S
S 5 i Sl VU cdile gz el bl o

DML Lassi g5l al S Fogll 51 (S g0 ) (sam

OYA

v ER0gm0 43 (pSow OIS oy

WWIE o oy cdale a5 ols lis b adlas o0l jo
sladiges oo 0 O (Liiale solls,; laaiges 5l oo o
A oy dlls )5 sladigai Slac )0 Yo g (o) oo
Sdises jlas,o Ve 0 pawesls clale 5 Lo o, laslil
1 AVL Gln) e ladiges jlao )3 YA 5 liadale o
ladigad oo o A o 50 (g9, dalé og Lo o sl

.59 FAO/WHO o lsstesl 51 YL ol o
s 33550 (551 8 GloolS S g eails IS 09z 4 az g L
Ol ooz 50 9, (aats S b adex 5l 55 9
O3 G5 5 Ol 5y 5 o slroo sl f e o5 5
25850 5w S8 WS 5 ame d52s (rizmen
Lol S5, 5 @ O dhex Sl lianle (b 0l
Sy e I 4 53,55 Yy Sogl JLaio
WS ol il 3, bl aslg e (Sl sl ol
oy 545 slanlllae 1o osdl 3. g 552 g o]
Pl Glesl lagbin o3 500 5 ol plianle glaS >
W5 IS &5 5 45 S diga aiz i b el o0
(s polie &y (Sogll Ll plos el 0351 59 5 <y
S350 S Ol )y 0 e (VF) wilaiils
Sl o 5 Jo3 e S plms e Slo slesiad ol
S Sl 009 459, > @y > pgedlS > g5 (JSB a4y
Sl ale (595 9 0y 2 dinly (olae § lio 052
G9) 5 P Pyat (i S8 4 onigd il )3
Om Vb (Siod o S (izren Sl oal 4Ll
o o Vb aS el lls 9525 (55, 9 o S8 50
Sl )15 cdlad) sw il aie S cdeay 18 90
Cool ooy atils sl )3 (53, 5 @ & diils mbio 5
Ol et slrogan )3 0y 58 (:Sileo anlllas cpl o .(VY)
5ol ST 5 05 5ol e e 8 bl 51 o Licake
aS 05 > o plog o gme s 0 B e jo 8l
5 ol ol asises 55 oy Sl o Sie
53 kel s shes lasbiwl 51T GBS Jg 05 o lailil o

o %ﬁ yﬂy
1195 Glisoj /po,lg2 o)lads /mas oy | ¢
i -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

Ol)Se 9 by (31 50lad (S 55

Sl S ) (o5 (Sogl) (s 5 (0L (SosID) s,
w‘gﬁw&auw‘u_b]uy)dﬁwul_mabow
meo\)}m}))ﬁ‘owsyujﬁog)Q)@b&
9 o 0G0 4O ‘59)).15 cdale u...i)L..A (Yf) Cls )‘)_9
S 59 o (lsinle 5 (55 slatises g500) 1o ;
IR CH] PR PR B 1SSV R N e e 3 VR B KO PO
e g a0 dS glaslas b awglie ;o 504 ol
P @S9y L el 9 0 plamil o 0500 (59, 2
3 5L sl cway VIYF mg/kg dry weight 4 -/- f0
L aslio ) olls )5 0500 5 (53, 318 (Sils (peizean (F )
20 (Y0) 3 SYL (VOFY pg/g) o, Sen ¢ Zahir axllas
390 90 ;2 45 &b 000 009 ] s 0gus diges ¥ oload reud
IS B (g, (Srie S el (SusF 0 9 ol 4 Blaie
aids glodiges ;o ol jate clale Rahmani o,y 0
).@L'.c ).)'L..J L;‘ﬁ 99g 0 AUl 6‘[!&4;9.0.: )‘ ).;Yl; [ —
ol Al (sladigad 1o S polic cale 6o laa yo
e 4 235 s 4 oLS (ol ol e g 51 e

(V) cadls (o] God Cars) sunY]
i 5 ek 45 05 ol Sy pol> addllas w2
Ol oed 99 52 ;3 g 0500 £95 90 58 ;0 e 3l o Lile
FAO/WHO 3, Jastiwl yo ous ﬁ)l.ﬁ‘ sbe a5l 5l
02 59y 5 2 LAl Seop slaaiges o (S 5 00y
B ez (im0 a5 (gladlllas jo .0k 00y o B 4 ‘;ojﬂ
oeladl Il ghle dime by e 6 cdale @5 S
00l s jare iS590 )0 oud dsd L8y o Ay Az
by e 31 Sy IS Qi e aS s F Gl g 0
G yeS alols o g aiiie S aS SISl xlég S
Wyl 1y 15090 5l g3 (Sllss aiiS co i 1S540
ey S la i iz Sl pae cle @y 5, I3 Jg
S 5,90 Aol jo diis S (193 g ol 7,5 1S 0g0

: 1195 Gliws /olg2 6 loss /> 6,95
. J /g2 0 lous /o3 0 9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

oyq

30 pgmedls 38 . Slee (VY V) cul als IS 29 >
50 0as pdlel jle a3l licale yliw 5o 6ol1s )5 9 s
CLle Sl a5 390 I 45l 05 Fomly sle o il
slame a5l VL (s Gl 0t o 0500 50 e pgiesls
o0l Cowdds s 4 axgi b ogs (o o lailiwl ;o oo plel
laoaiges 13 poasls 13 (:She (392 ol Se GloS o0
$95 4y Bl Gl e 4 S pliimle Gl o
Claails 5 5 yame 5l oliimle i g ogee SlEL 105
rolie olio o5 glasllas )3 ols Cumd (535 5 2w 551 2
dilaio b ooyl cirio dilaie 9o 0 olS 5 S 0 S
S5 3 4 peeols cdale ol 4 slas 0ogl] 18 (50
S e adlaie 5| jlioy (aio adlaie ;0 Obm i pla o
$110)5 5 o 0500 45 peedls 38 Al (1 Sle (YY) 05
g 1A e e (pliiabe 5 (s sladiged £ g—ooe)
poadls 1Sl a5 il /- - Y mg/kg wet weight
15 el YL Lo 3 il 51 Syl s 09de s 030 o
pLml s 0500 (555 2 Olimantd 5o a5 (Glaslllas b aslie
-/+ -2 mg/kg wet weight g eols ;18 .Sl 9 0
Slaws dadiges IS 50 fizmen (F) Conl 5YL 55 al Cows
Blaie diges ¥ a5 Cils 399 poradlS 4 09I ogu diges A
Jsisimn s el 551 L5 ol 5 032 ol i s &
003 s 000 ;3 039 digai A S aS el [S3 03 09
2 oy jlame sgus 1 VL (5950 e sllo )5 00 40 5 0
gl )T s g 01 5l sixe (bl ,L 51 bl f ol s
Jedo 4 (28,5 )8 (o Sogll (o yme p o Do g (S

Lol 05z £55 93 (nl Dgliie G Olej
3 bl 8 85 el e Yl (55972 polie 51 S0 s,
318 Lpean S )1 51 (65l ST gulie 9 So55) g 58 slacdled
2l o Bl sl g o (55, 4 Vb (Sogll s
Ol e 93 3 )0 9 0920 £95 99 12 13 (59, HeSle (VV)
FAO/WHO s jJastul jo oy pMel 5l o> 5l 500wl
L aS o sanl i o Koo s Rahmani 4 allas ;o .05

5 pguedlS Loz 5l K yolic (e 0 YL 0g—>y


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

e 505 56557 sl ol b s o 5 Vs oo
ol ;o BB cnl cnl b 005 oo )18 150 )0 39250
&S Yok loy Gue 4 Gl on | poaesls 5 o 3
ol 4009l )L 59,5 5 9z (Sogll (om0 10 s 0500
318 s IS s 6y sy e B 3l

2 9185 5w Bpan bl polic wil; cdl e lade
00,5 dlome 557+ KE 93 S (gl e 2 S8 1 99
AleS g o o lsliwl jo oo el PTDI 1 50l a5
Jlade aSul @ 4> 95 b puized 09 FAO/WHO & e
oral reference dose jluis jl yolie ol ailyg, b0
Sl Cawdds S5 5l yeS HQ Jlois asecs jo el 5ol
3 352y Gl 2é Slacs lon & sy b Jlexml
2l olge glgil )oK ol ailyy) 8l o (e (o) 2
Sbé e 135 9, 2 &5 Slaallhe mls ol a5 © )90
alyg; <8l 0 (i 5 CE5 D90 (s D S 0l ad e
3,5 dalons 0 035 B yan G5k ) K slis
oy )l S el L8 dilyg ) il o ol aS 0l lis
et (YA 331 i, Jaoms s il olipe 25T
Ol b adlaie 7 )3 Slm e (59, » &5 slasdllas o
Sl s 4ol )3 e 9 (S spgeedlS Shale 285 000
5 bl B s (gl jloxe 0090 owe 5 YL ca e o
oy g p3eedlS slp allyg) (Bge Jooi BB 2355 Gl
Ysb oolitul a5 0b s 5092 ol o o il 5l S
(+/-0hkg/day ;| pin) Slow e YL B pas g o
38 e 1 Sk e sl e ol ol s
e 4 Bogen cpl b pn b a5 ol Lt ol axlllas (1)
S 5t o )lom & gy el oas ;53
Bras b ol glas o )ls sgmg Jio!| cpl Jg 0,105 5929
EL 5y slboges 51 (6 lamil ool | g e il pus 31 s
Sl3lb g5 cleas uizen WS 1B s (5 yme 10 005 ]
o il il e 15 Slyn oL o 5] K
S 3 el oS Il CLE L A Slye 555
S oolawl ailjg, olde

oY

v ER0gm0 43 (pSow OIS oy

4 (Oliale 5 (o slaaigal g50e) 91195 5 o 0500
ol mols 05— 0/AY mg/kg dry weight, ¥/f s 5
S9) 2 yae g & 50 aS ladlas b awlic o adlae
e 5 e I Bl (5 S0le 5 0 plonil o 05
s 3L el e V/FY mg/kg dry weight 4 -/ - ¥
b sl ;0 gl )5 0500 50 o 58 ke (- Siloo (F )
VIEY - ng/g oJ1s,; om0 10 o] (uSilee 45 Zahir aalllas
axlllas b axlllas cl 30 o (casypr 5 (VD) 051 VL 385
) e 9 @] S| cdale a5 )l s Hong-yang
G rSoilail ame &yglxe (o (sldalaie S sladiges yo
Sgge o 8 clale a5 wisly ylias Ll o g aslie (50 ge
(YF) sl 0353 EPA 5 Jiliasl 51 5VL oS5 o

ol 4 ol e Bl (nSihe (o3 ool andllas (0l 5o
B9y > e > o >pguedlS 1] Cawsds O jge

oz I smio Gloograrl (59) 5 Slog, 5o 45 sladllas o
eSSl (Jo3 e 5 S5 D0 o105 g s 05
5 s g 63, (TY) 36y pilo anlllas atiles polic oo Lilé
bl ode clllB as cel oS 55 5550 5 (5500 polie
YU ol oyl 1, (s g 8Ly o csloplal 5 asy,
poadls 5 oy & S (o 9 S9) (el p3lie (392
e 4 i ol S sl 590008 5 (oo polis jlasS
Gazg b b ol ni el kil i 4 el bles
0351 Jloann slaoges iz ol Syl 5 (Sif slacglis
el e 5 59, 3R S)9r20 pols 658 SO s
8 oy S 51105 )3 (55555 polie olis (35 VL
Oy jlodiue slaogis 4 Cuud g 00g Llodils slroges
plosl adlllae ;oo ATl 51 90 018 (6,50l @iz
ogeasl 3 (595 9 e S 35 0seanl (55, 2 Slog, 4o 0
ol a0 Ll (YY) 0 s o5l 51 s ol )
FYL G 0900 ) paredlS 5 oy 38 CdAlE (5 Sle olie
Dz 50 (S5 slacslis sy ogdle 45 g 51 5
Al eI10 5 0500 ey oy a5yl 4y az g b ecalise ol

s 0500 Zemsl 552503 Bl5) s Gy (e g 01>

o %ﬁ yﬂy
1195 Glisoj /po,lg2 o)lads /mas oy | ¢
i -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

Ol)Se 9 by (31 50lad (S 55

5 ol lapbn il Slogl 590135 5 o lroges )
o | ‘SM;L;J,)[S é]a.ﬁ.c 40 "9 e yo ol sl lacals
Slods g Sop pole oBiils colox> L as el 40 Jlu o

S 00 ‘).?| u‘,e‘a L;SLc)o ‘w‘_&.@.’

O ol

slasl e ool €8 pas Jolis DS S als (Baiws g
Coley dlae ol ol g3lw ool g ooy Cay i d S g0
el ATITEYA. -V D oS asles,S

&lw

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

2. Mohammadpourfard I, Shariatifar N, Jahed-Khan-
iki GR, Ebadi-Fathabad E. Determination of heavy
metals in apricot (Prunus armeniaca) and almond
(Prunus amygdalus) oils. Iranian Journal of Health
Sciences. 2015;3(1):18-24.

3. Krejpcio Z, Sionkowski S, Bartela J. Safety of
fresh fruits and juices available on the Polish mar-
ket as determined by heavy metal residues. Polish
Journal of Environmental Studies. 2005;14(6):877.

4. Sobukola O, Adeniran O, Odedairo A, Kajihausa
O. Heavy metal levels of some fruits and leafy veg-
etables from selected markets in Lagos, Nigeria.
African Journal of Food Science. 2010;4(6):389-93.

5. Samarghandi M.R, KarimpourM, Sadri GH.H. A
studyof Hamadan,s vegetables heavy metalsirrigat-
ed with water polluted to these metals, Iran, 1996.
Journal of Sabzevar University of Medical Scienc-
es. 2000;7(1):45-53 (in Persian).

: 1195 Gliws /olg2 6 loss /> 6,95
. J /g2 0 lous /o3 0 9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

oY

G5 i
Sl & Glate ladiges ;o LI (S Sl3ls 4 Sogll
Oelpln ol 00ud (59, 5 o ol 5 LAl IS I, L
Sl 4y bogee  Sosll 5 oai:Songll Llis 136 4 sl oo
L Gillae Woges (ol Byan b (rizrod 0903 Gledl (S
s Lows 4 Ml Sy ¢ Lo s il s sus oMol il

235 092 (Silbyw yf

‘3‘&)45 9 ,S.w 3y

CeSis D3 (s Bl b bl ol alis oy

6. Coco FL, Monotti P, Cozzi F, Adami G. Determi-
nation of cadmium and lead in fruit juices by strip-
ping chronopotentiometry and comparison of two
sample pretreatment procedures. Food Control.
2006;17(12):966-70.

7. Zafarzadeh A, Rahimzadeh H. Concentration of
cadmium, lead, zinc and copper in the cucumber
and tomatoe in Northern Iran. Journal of Gorgan
University of Medical Sciences. 2015;17(1) (in
Persian).

8. Tang J, Huang Z, Pan X-D. Exposure assessment
of heavy metals (Cd, Hg, and Pb) by the intake of
local foods from Zhejiang, China. Environmental
Geochemistry and Health. 2014;36(4):765-71.

9. Dacera DDM, Babel S. Removal of heavy metals
from contaminated sewage sludge using Aspergillus
niger fermented raw liquid from pineapple wastes.
Bioresource Technology. 2008;99(6):1682-89.

10. Cherfi A, Abdoun S, Gaci O. Food survey: Levels
and potential health risks of chromium, lead, zinc

and copper content in fruits and vegetables con-


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

sumed in Algeria. Food and Chemical Toxicology.
2014;70:48-53.

11. Institute of Standards and Industrial Research of
Iran. Food & Feed — Maximum limit of heavy met-
als (Amendment No.1). Tehran: Institute of Stan-
dards and Industrial Research of Iran, Islamic Re-
public of Iran; 2012. Report No.: ISIRI 12968 (in
Persian).

12. FAO, WHO. Codex Alimentarius Commission:
Procedural Manual. 19th ed. Rome: Food and Ag-
riculture Organization of the United Nations, World
Health Organization; 2010.

13. FAO, WHO. Codex Alimentarius Commission:
Procedural Manual. 24th ed. Rome: Food and Ag-
riculture Organization of the United Nations, World
Health Organization; 2015.

14. Moore PD, Chapman SB. Methods in Plant Ecol-
ogy. 2nd ed. Oxford: Blackwell Scientific Publica-
tion; 1986.

15. USEPA. Integrated risk information system
(IRIS). Washington DC: United States Environ-
mental Protection Agency; 2006.

16. Tabande L, Taheri M. Evaluation of exposure
to heavy metals Cu, Zn, Cd and Pb in vegetables
grown in the olericultures of Zanjan Province’s
fields. Iranian Journal of Health and Environment.
2016;9(1):41-56 (in Persian).

17. Mehrasbi M, Sekhawatju M, Hasanalizadeh AS,
Ramezanzadeh Z. Study of heavy metals in the at-
mospheric deposition in Zanjan, Iran. Iranian Jour-
nal of Health and Environment. 2010;2(4):240-49
(in Persian).

18. Safari Y, Delavar MA, Esfandiarpour Borujeni I,
Salehi MH, Oliaie HR. Assessment of heavy metals
using pollution load index in Zanjan Zinc Industrial
Town Area. Electronical Journal of Soil Manage-
ment and Sustainable Production. 2016;6(2):119-33
(in Persian).

19. Tabande L, Taheri M. Assessment of pollution

and relationship between heavy metals concentra-

oYy

v ER0gm0 43 (pSow OIS oy

tion in soil and leafy vegetables in Zanjan Province.
Iranian Journal of Soil Research. 2016;30(1):49-60
(in Persian).

20. Yang J, Guo H, Ma Y, Wang L, Wei D, Hua L.
Genotypic variations in the accumulation of Cd ex-
hibited by different vegetables. Journal of Environ-
mental Sciences. 2010;22(8):1246-52.

21. Golchin A, Esmailee M, Tookasi M. Sources of
soil contaminants and heavy metals in crops and
garden Zanjan Province. Zanjan: Management and
Planning Organization of Zanjan; 2005 (in Persian).

22. Fytianos K, Katsianis G, Triantafyllou P, Zacha-
riadis G. Accumulation of heavy metals in vegeta-
bles grown in an industrial area in relation to soil.
Bulletin of Environmental Contamination and Tox-
icology. 2001;67(3):0423-30.

23. Soumya S, Nair BR. Assessment of heavy metals
in Averrhoa bilimbi and A. carambola fruit samples
at two developmental stages. Environmental Moni-
toring and Assessment. 2016;188(5):291. https://
doi.org/10.1007/s10661-016-5298-z.

24. Rahmani HR. Eflluent quality of Zob-Ahan Com-
pany and its effects on irrigated grape fields. Jour-
nal of Environmental Sciences. 2008;5(1):135-44
(in Persian).

25. Zahir E, Naqvi 11, Uddin SM. Market basket sur-
vey of selected metals in fruits from Karachi City
(Pakistan). Journal of Basic and Applied Sciences.
2009;5(2):47-52.

26. Hong-Yan R, Zhuang D-F, Singh A, Jian-Jun P,
Dong-Sheng Q, Run-He S. Estimation of As and Cu
contamination in agricultural soils around a mining
area by reflectance spectroscopy: A case study. Pe-
dosphere. 2009;19(6):719-26.

27. Dehelean A, Magdas DA. Analysis of mineral
and heavy metal content of some commercial fruit
juices by inductively coupled plasma mass spec-
trometry. The Scientific World Journal. 2013;2013.
http://dx.doi.org/10.1155/2013/215423.

28. Abbasi Ki S, Jahed Khaniki G, Shariatifar N, Naz-

o %ﬁ yﬂy
1195 Glisoj /po,lg2 o)lads /mas oy | ¢
i -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

Ol)Se 9 by (31 50lad (S 55

mara S, Akbarzadeh A. Contamination of chicken
eggs supplied in Tehran by heavy metals and calcu-
lation of their daily intake. Journal of Health in the
Field. 2017;2(4):44-51 (in Persian).

: 1195 Gliws /olg2 6 loss /> 6,95
. J /g2 0 lous /o3 0 9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

oYY


https://ijhe.tums.ac.ir/article-1-5933-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-21 ]

% &
" of Environ®™®

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2018, Vol. 10, No. 4

&

HERLTHAND ENVIRONIHENT

Original Article

Determination of heavy metals in apples and apricots in Zanjan and

Mahneshan gardens in 2016

MH Dehghani!, GR Jahed Khaniki', R Fallah?, N Khodamoradi Vatan'”, L Tabande*
1- Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences,

Tehran, Iran

2- Faculty of Medical Sciences, Zanjan University of Medical Sciences, Zanjan, Iran
3- Soil and Water Research Department, Fars Agricultural and Natural Resources Research Center, Shiraz, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 14 October 2017
Revised: 2 January 2018
Accepted: 9 January 2018
Published: 7 March 2018

Key words: Apple, Apricot,

Heavy metals, Zanjan

*Corresponding Author:
ngkh.858@gmail.com

Background and Objective: Heavy metals are toxic and can enter the food
and thus the health of people who consume these kinds of foods may be
affected. The aim of this study was to investigate the concentration of heavy
metals in fruits and to estimate the exposure level of heavy metals by fruit
consumption.

Materials and Methods: In this descriptive cross-sectional study, 60 samples
(35 samples of apple fruit and 25 apricot fruit samples) were randomly
collected from gardens around Zanjan and Mahneshan city in 2016. The
concentration of Pb, Cd, Zn, and Cu were determined by atomic absorption
spectrometer. Statistical analysis was done with SPSS software.

Results: The average concentration of the elements in the samples was as
follows: Pb (0.121 mg/kg wet weight), Cd (0.052 mg/kg wet weight), Zn
(10.63 mg/kg dry weight), and Cu (4.99 mg/kg dry weight). The average lead
concentration in apple and apricot was, respectively, 0.17 and 0.057 mg/kg
wet weight, cadmium 0.08 and 0.003 mg/kg wet weight, zinc 9.15 and 12.7
mg/kg dry weight, Copper 4.4 and 5.583 mg/kg dry weight. Furthermore, it
was found that 28.3% of the samples were contaminated with Pb, 13.3% with
Cd and 3.3% with Zn. Cu contamination was not detected above permitted
concentration. The concentrations of heavy metals in Zanjan were more than
Mahneshan and the concentrations of Pb and Cd in the apple samples were
higher than the apricot samples but the concentration of Zn and Cu in the
apricot samples were higher than the apple samples.

Conclusion: Heavy metals pollution was found in samples belonging to the
gardens around the factories and mines of lead and zinc. However, there is no
risk of non-cancerous diseases with the use of these fruits in accordance with
the national standard declared per capita.

Please cite this article as: Dehghani MH, Jahed Khaniki GR, Fallah R, Khodamoradi Vatan N, Tabande L. Determination of heavy metals in apples
and apricots in Zanjan and Mahneshan gardens in 2016. Iranian Journal of Health and Environment. 2018;10(4):523-34.
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