[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

alnl 2188 galue g 41d8 pole aloo

09y 3l eoliiwl b (ylandj ped Sl ybl £ 150 (STya5 (SLoS jw 1 (B 3 30 (uiiow Wl 3 (g S 031051
Sy (e b ol ool i slowwdly oy g5
3 ol Mot £ alite 50 LI cyaima gt L e

Ol et a5 ol Ml ooy il olio 5 psle i) sl 1S gyl -1
mlabbafi@ut.ac.ir g;""ﬁ)“g'” vy u‘)ﬂ ‘C/S ‘ub.e) olKsls xwla éILA.A 9 6))9L..S B “5\‘.\; énl.«_.a (eWIHe l’?‘Lc 09; )L._....n‘.) J?':"“'“ odi 5 -2
el 15 sl oSl e pgliS 0aSeicls o gl grlis 5 pole 0, uolinl -3

95/1/23 : 5 o3y b 9419117 b yo o,

oUuS>

4

iz slaadly gy 4 by e o ooliiul 0j00 il 5y Slasie 10 i SIS ek die) j0 (oS (5iSh (DA g diile
5 SIS p3rodlS o 5, S SIS lsnn mess Sl 3 51 s ol o 455 ol 585 ot il il e
S ol il 5168 5l e Byl o3l s 5m (ol 5 5t i 05 wr3) gl 5 Slois e et 0 USG5

sl g2 00 edld p (5595 3 YU Z 0 ynlol)

0,55 bawgi Cobre 6,5 1aS13) baaiges pan b jlesi iy cilise slaghg, 5l 338 @S ool caws 4 lp (g y g Sgo
clom Sl oas iz glawdly (5,803l g, g Al ool (u_uypl).é 5 liie gloawl b pap (gbye (65 S L (S sl
0,8 Gl i Sl3ld Jade s jebaie 4y o el id oot

@ et Sl nl (e o5 0l (asiiie odle 4y il ladigad Sl Gy (280 wabye 65 S 45 O olis b el
Lawg 0l et lme 9o 5l ladiges plad 40 o lime a5 ols liS S cizmen oyl (Sis oyl cutS dilaio 4 pb g (S £
£ 55 koo 9128% 1195) wyps lacsim 53 i &1 38 oo Jl0e (0 20 5 i 05 SV (0,5 5S 2 5 o 215-118) o st
O ey 4 dgel ;0 SIS 5 pgnedls (S5 cble (Sl b saaline (p55LS S ke 235£3133) o 5 (p55kS
5t aiges pled 50 w59, 550 50 ol jaS coddh Crannd b a5l a5 04 (p,55LS 5 0,5 Lo 1/08-0/5 4 0/2-0/1 .3/93-0/44

92 50wl (p55kS 2 05 ke 50) slome 0> 5l oss (s polie ol

S Gliee ety 9l g0 SuiS aBlaie 5 (S5 £55 (S5 Sbraizad Jlosi i (9, 4 S5 i Ol e SIS ssba [T kb
WyS 13 s ae b Jelse ol ccilies (65,5laS Y guame jo DSl polie e sl cp Dl anil Al sege GBS (S

ol ‘L;J:’ LY SRS A e S wla-Ls’LaJl ol Caaz (glowdly oK l3l8 :,,5.\,1: Qlfj"

plosl i 41 o3l 31 gl 5,5 Yl (sl s dos
slool cglandas W3 (L) aS gems oy 50 g 0l
ogdle a5 LT 51.(2-4) arib oo bl s 5 uSiw I3l
4 o A ily e S SIS () e (SoglT
‘S.A)L..: 6‘)—? &= M e Sl 9 @L)..c o|9.e ‘;09J>|
29 SIS Gl e (o 188 )3 0590l 0 S 5 L]
@b_c o‘j_.a O o el 00gs Loy 3,90 )L..m.: @‘A.C 0‘9.0

dodio ©

uL.u‘ 9 M) Ja.».?ua w)l.w s‘:w LgLﬁo.)..;B” o}g,c‘
Laoan V] ool a5l X Slls el as sl Jlas a |
il A uils g YU —eil (y39 dlo Judo 4y a8 ailil oo
.la.wy ‘cS” LgLﬁo.)..;B” prven; ) Es » U"i"‘“’ ubls Ldsloalds
slaceS 5 Loyl iy 5 digd oo 45525 003 Slog>ge
Ol3d8 ol eoren @ o LSS G 0 1 (g5l
o an g g 0usy sl 8l Ll wud 4 wiles e


https://nsft.sbmu.ac.ir/article-1-2042-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

O )Sar g g Loyle [ uSiw Sld (6 puSojls]

108

65-70 LLos s3game 10 g gl 10 o0y Aty (sladiges
aoyd 8 b cosh) Glie 4 o, b o 425
A0 5 Cld plaS e (g9, rdlged Slascie

T Slgo i Liliko sla gy (o)

093y o=l 50 1039 a5 9 Sl gl i
Sapsilys 5 St Lln sl S b JT olpo o
29SS p g Soppdlg (S del aw bolie ol
12855 plol (59,0 denSTy g del S i bolie ol
S yid Lo 6 latsgas 51 0,5 02 Glsl oS s 5 ol @
ﬁL?u‘ LﬁLg).a_M: W_A.Q Juo.c B ol ool UL") O 9 aslsl
42,350 &yly 5l 55 elS 5 g i 10 (9) 058
i jatli  26,0 S5, oloul g 0y )T colaiw! Lugpdes
Sy 250wl e 0l 428 )T L5 0 badigad JulS
50,5 Blo 42 paily Slo JIS L

3 Ledigas 5o o hsy onl )0 igb e (6 S s
Lol oy gw 5l Jeol> 050 L5 o eols &)ly> o a5y
0,55 ;o Celw dw o dn Ladgel e 00,5 )l
S b a F 13 egedes a0 450-500 S, iUl
rdstee 30 asgy ;o s gilSss 53 (9,5 55w 5l o
Ly o JolS s > 5l o g 0 adlol Ldé sl 5,5
(10) wo 5 Blo42 (sl Slo dels

G098l 5o o) (nl o 1wl 8 Zlgel S 4 puds
qad Jos 4 SIS jshate 4 dadigel 4 lade sl S S
(Dr. hielscher Gmbh, UP 200 H, 200W, &sol,8 zlgal 5l
a>,065-70 lws ;o 5,09 LS 24 -l o 4y 24kHz)
ax,0 10 OF ol o G 5 oo ol sl s1p) g
o ooliiwl 4835 5 ey e (gl (o oolitul  wgula
8 b p5liss i 3] sl gy Bass Sgol gyl
09° 5 BB YL 3l staihee 1 elis )| 0 a5 o Lo 617
L oo pan sladigel (Al Jae il 18 diges
(11.9) o8 Bl 42 esly Blo delS lawgs 4

Slls e (diged jo pdouw OIS 50 (5 0 310
i slawdl ol wd laugl (6w ladiged jo S
(Spectero Genesis «,LaT) (5 pis  omimw il = oLl ol
() g 00l S8 byl i g Silicon drift ,gxSSo b ol e
W Lg);o)‘b}‘

o S Dl Sl g glasdss 1 s 4 6 e i
S o ol ol oLl b i seled o ¢ edls
Slls 4y Loy ] (Sosl Al 3 cla Lo o 45 ol
S 7 Lo 528 Galizie (slo o jo 5 Lo )o (e
) oml ) ji (S Dlidod 5 0ad S0l o
(2 5-8) conl a3 F & 50

e (sl K Sl 45 555 SIS s
Oliwe 330 ynd (I58 ) luliss  ogdle iy Ll
O0y) Cwady g Galiee Sl Blge jo oyl laonsledl
5 55 | (sl aniy 51 LS el
s

e S8 5 ess ol G 5| B ol
Sys= gl Gl 10 LIS g peeedls (IS 159 e
9 PLD csrhax (gd o Jold oy 0l )3 Bpae
5 oolely Vb £3:8) (s shol cuiS dibate s 8 jiuS
ot i sla oy g, 5l esla ol L (oSS
2 50 a8 bl sl Ll el eogs (50 o il — S|
gy B 5o dladbgas adgl g5lwoskal (g mSoslusl g,
lie slabsy onlple sl Consl Sl s Ja5 5550
sl U s 5o 150 0,55 L ) loigas s Leslel
o 2530 «5aoS ol 50 5 (gl eslinl 5 bt
gl Bl g5lwoslel gy e Cales o b d S I8
Bigy golge @
S G0 ymaiged 9 i S Shol Gl (i
39S Sl plojlo 4 siam 2t (Lol blie s
9 YL gm0 (oSS dihaie g ud anxpe ol bl
&8s oLy et s yeskS 20 gl o a5 ol ail>
Joliis oolail 850 zuly (6w diged gy (uizeed cilods
DLl jelate cnl slp iS5 g (BLE (5hnx gd 0
sloced jl dolai s bay bagiew 5l g8 o 5 wiad
S0 aiged codls S5 adlaie a1 (65,5laS (e caliSee
3 S diged y2 il Bolal )0 piged S 285 plox]
sbaie 4y g o Sl (65)sliS ey Sl g Loy dusul
Lo wad bols po b ailfloz 65w £95 50 05 < 1pS
5O S diabnie d g alitrey jow £o5 gy Sl 4y ax g
Sl o S8 e Cpnd G 490515 slows IS
J51s 50 eas bl slaaiges Ladiges g 3lweslel
Ly alolidly 5 wind Jiiie olKiglojl 4y (Semodly (slodnS
s 30 (S aie ST L clyd o 5 s O


https://nsft.sbmu.ac.ir/article-1-2042-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

1395 s & oylod quadil Jlo el (oI wlio 5 2355 pole oo

109
()
7 - Hop  Bepals
X a
D6
=], + b
5, ] !
2l
\% 3 i a a
kS
\ZL 2 b
:,“1: b a b
LA b
a b
0 : : .
TR ) oSS
(<)
70 - a

le"“) S9) A8 oo
3

40 4
v, 30 4
%
gi 20 4
N
< 10 4
0 .
Tre ool el

5 bl o 5 s e (5,b] 3L Sl daloged YU Gilie oISl g >

RN IRV

5 pomools LS (IS0 Slilh lpme p atS ailare 1.1 S
anlllas 350 los s ;5 () 59y 58 5 () o pms

ety g 100 g0, uilS 5 ooyl gl olSis olss
oS Gl ey aids o 2 12 Ll 8 oL
23¥5ms b oaitly 55 by ey 5 4iBs o 1 0/8
Sl3ds i eand sl 0 eeass akdo 0 2 08 5
Jsb 3l i 5 4y USG5 5 CLS cp5eadlS e s 055y nSis
esils 32417 4 24007 22615 220 21319 U ags
0,5 colazul
Cwd d sloools Lo g 4y [dosls Judoxi g a4y poxi
3l alwsan (olsail aisai 15 ) 5l oal
o-lly Sl 5 4y o951 625, 4 b 5 Minitab 16
58 3 Jrols lapSile anlia .28 5 )50 (ANOVA)
S plimebl gl po 5 (o5 sasl jloslinal b 1S5 L
IR EIRWSR
badl e
Sl3d glyscnl 5o JT olge man iliso glagis, 5
(2hS GV L Gog) Gty s Sl LS
cilizie Some glaaswl 5l oolitwl) as i sla g,
o 38 93 lie s 50 (Ko iS58 5 Digol b sl
s Glae 285 515 b)) 9500 (oalS (S )3 5509
S e aS as et i d Jgas 50 sasel s
doe 3 aod amS Ty (eizren 9 iliSe laol
Gillas rizman 0 0 0925 (5l sme 5 ybel DS (o2
Sy Dgeld g (SoSle)sS gy (Jeve onl s
obis (Al olso gan Joe ;0 1) QL 0 aS 5 0 i
Lasols
Lo O3 Cde Hlade 2 (S CulS adlio
iz ade ;o Sime S dilate Sl oy W) 1 S
Gl was oo (Las it slag i jo 1) e SIS
Sate Sl 51 (g coiS aliBie 3ble codel Caws 4y gl
a4 (p<0/05) o5 )l (s ls me (5Ll DS 1S 3l
5 oplely ailaie jo Sl lE ol lie it oS g5
b esalive (5565 9 g0 Gl 50 (e

OS5 ailate (8l e 53 o 5 S5 B Oliee e 50 (I g e) (siloslal g, 511 Jgur

a2 h9)
e Se s ol 2l 5 Seyslom Koy PRSSP 9 Sl S8 l3ls (e
(Gsb e 55 ys15) 4 Sl SIS Sl S5l 5e0 Oisried ST el Sy (p55kS » 05 k)
137/0+2/83 * 66/5+2/12 ¢ 77/00+1/41° 775 +0[71° 78/5+2/12 © 78/3+1/15° $9
4/75+0/21 * 4/00+0/14 © 4/00+0/28 © 3/90+0/14 © 3/95+0/21° 3/90+0/25 © O

el 30305 il mlaws (o o ime (gylo] S Sl laws 2 50 besls (Vb calie puedST g,


https://nsft.sbmu.ac.ir/article-1-2042-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

O )Sar g g Loyle [ uSiw Sld (6 puSojls]

110

()

180 -
ERT
2140 - _
1120 - %%

Flsg, Oy

(<)

a

W ools Oolls 8 S

o

) s I ol
w
o
(on

ab.

QD
(@]
TS

R
N e R

g o5 S Sy oL

S P

Sl 5 () (53, 5w DI i 2 S0 g5 5112 S
arlllas 3,50 Glasi o () poresls 5 S5 LS

- e
Stz wsbye S S gyl g s Gillae
Sl e 6,eSoi il o 1y Ll GVl e JT olse e
dds an el ol o900 Jloiml a5 0l (lis w5, 5
2SI 0555 53 s § s aled b JT olge (il
Slime S oisl 5o 6 ,5b ooliiul 390 it sladn!

Sylas 15 0 ys e sla g o dslllas 5,00 S l3L8

s5bolen (S Ol Cda Hlado y1 £ 5]
8 Jlaie (Laasges pled o ol oawl 2 Ko yo a8
sl iyl aslllae 590 SllE Ak 4 o (s,
Slocie o i (p,59S o 0,5 oo 135/71 £ 39/68)
2 B ol Qi lade (neS g ol (LS ) (g5, i
S cdmlie (ﬁ/j# > fa)ft}‘“' 24172 + 7/61) ).M,.»f
ot GLaG i ;3 9, Ol 45 Sl JLo o (1
olas ol |, 6)“)@:""" Lg)L_.cn" Ao, g (5 e
Lo (it 58 (SIS (ol Gillas (rizeen (p>0/05)
Ol S 0y 5 (555 2 05 e 9128 £1/95)
2 gecals | (p,5e kS o o, 5 L 2/35 £ 3/33) L
|) 6)‘%5—'*’“' L;)L.cn] N es O pw )in.e 26 ju Ay 3,90
(p>0/05) sl oLzs

Sylol M3 Ladiges pled ;0 cpguaslS jlade 5,50 5
et jlzme o 3l 3 ] jloEe g s cvmlive (5,00 e
033 p5 5L o 0,5 Lell5 = 0/9) o lasliw] Lawgs ooy
(o2 JS2) cl oo 5YL (Szs

S 22> (G “T,—Z Lo ol Cows 4y =l Gilas
W8l ) 392 g0 SILS jlade (n eS 05 g Glime o i
s £ L2 0/55 + 0/63 4 1/08 + 0/21 s 5 o)
Pl 5 568 Slasiems o IS ke adl (p S5k
asely olid g,ae> L ) 6)|o64u L;)L.cn] LS I
A 5 58 g ald g (Shw 4w eizeen (p>0/05)
S G (ol jlade Sl 5l i 05 g (LS wgd (e
(p>0/05) axalss o b (s ,ls e (5]

)Lxﬁ.o S )| Alizes o6 jm ‘@L.) el Bollas ogdle &y
dslie g ool Lis 1) gl e o )lel B S
Oty 2L 50 S5 508 as ol lid booly (1l
OtreS s yhaz 50 5 (0,5 5kS 2 o5 Lo 3193 £ 1/05)
el aalo 1y (p 55 LS p,5 e 0/44 £ 0/72) Jlaie
s9a2) 1, LSS l—*’)‘u J5 Ol )50 (S A
(o2 JSa) wols oyl (p,56lS 5 p,5 Lo 0127-0/23


https://nsft.sbmu.ac.ir/article-1-2042-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

111

1395 s o ol comdjly Jlo syl i molio g 44335 psls aloxo

S uilS ) Sgol zlgel Jloel Ll i (ojloaige b
(12) 2,25 plowl (11 5 9 Candya 5 €55 Oloj elsal Jlosl
o plomil L3 Sliiow 4 4S5 L a5 sloieshy b s
il a5 sl e 5l ol gl b anglie L

(35 ol 0 codal Cwd 4 S @ 4z L S jsbas
Sly—s min lp colin (o3, Olgre 4 (S 58 0)5S L,
23,5 Sl (g slodiges JI

12 550wy Ol g S alis 3blie i b
L-) sui.sz 9 C)._)o d.!OLA Bl U’Q>|°|) aslais ‘LQA.)W
Opmzed MBS |y s Sl (0 eST g 0yl S
ool BT o 318 e 15 51 i 5 55 obis
ol ptee Wlie Lol (0 1= JSCa) wolas oylias 1 (s lo i
et Jlome e 3l ddlaie du o 0 iy lade a5 el
033 0555k st 05 sheo 25-1U8) (Ml 5 (Lo oas
b a5l oalel) ailaie 3 JSo gllae ogr sYL (i
5 Glomes ool 5 5= 0las Olasil (s (59sy5)
yabome (Al oy Loy oo ools) B, b S 5l o SieS
T dathaie g dlwd iy b 005 5 g ol slacol>
Slsols; Lise as ol 5oyl alols Lol sol> 51 YL
MelS il 5z o ooel Cewd 4 ol il o i
G yoS e yloly ailate GBI, bl o oib o sl LG
S0yl 8 el oSl g 5 5= oyl ol yolT ¢ ogi
Ll S aaime 45 (55, 5 0 5 e gl gz
65‘;9_)9.)J_!a))| A Cowl 00l éﬁle ‘;).3)‘..) )‘J.B U" 3G9y
6ol polae Sppd ol joo)ls 18 asb ool 51 5L
9 5 poeadls (59, vy i SIS (ol LS SIS
Slade a0 (13) 3, 0gzg ous Lili &g 4y LS
el am g ol ool dilaie jo puKiw SIS i
95 5 odlely ailaie cosel Cuws 4 s 3ub a5 jeblen
Iy posodlS o IS5 «cdLS &lld 5l 6 i Jlade S0 ddlaio
(o g AFL JS2) ols olas

S8 o2 5l I o 5l 4l ol Iy ]
Slgo Jlo (gly ail glae ccalizee o138 slge jo K
b g SbgS wilen Vb (g n 9 (207 Glge b ol
U_J)))loola,_uwwb‘fﬂab_ﬁww_mm)b
g9 S5l s bl T olge man jo calises slaowl
lize sl vz oS5 4 G Vb e n 5 22
Y @b ssbie Gl sl (ol 4 sl S g s
aS od Lasine A Jeoz @l Gl puises ol |,
‘gé—ﬂ b|9_.4 p_la.ﬁ ‘-‘LA& ) )_..) 0)9)“\*"‘ «.\.»...‘5‘).1 )‘ oolaw!
3 ohESes g Manutsewee aice; ol ,o .l s0gs il o
RV 3 (VR S N/ SO S U IPRUE RS S SN 3 KV g Y %
o9y Jbeel (Jguz onl gli @las odle 4 .(9) conl ails
e (el 3590 50 (ng (S gy S Ol 4 gl
alidee slaveul L pode sla by, d Comad o 5l
5 59y 8 9550 50 5 0l L 1) (g la e (5Ll BV
S cul Jlo o aliaab ]y SIS oS
&= izs 40 2003 Jls yo o Sea 4 Ruiz-Jiménez
e 5 poeedls gl o Dsold g, 2L (o) 2
wbie (SaST g, Ggolyd zlaal a5 wols lis (LS
o=l eiren L‘“Q] el S Ol sl 6l
sa995ele g 5 a8 Jln b Sl 1 b,
2004 Lo o ol LSen g Aleixo 3,k 51.(12) sl
S Bla> Soe au 35,80 LS 4743 615 5 5l b Jlas
g Socd Jleel a5 bl 5l e (12) dg oolaiul adds
g ool g5 4y al cldale QLS g gl B al 8 b

Loz olig oole ,o gl ol pl coged soliwl ol3é olge


https://nsft.sbmu.ac.ir/article-1-2042-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

OSan g g Loyle [ pSiw il (650310l

112

addllae 5,50 3blis GILI slaosl> asis .3 JSi

s 131 a8 ol cnl 3l LT 51 ol cnl ol 03925
035 S 3 90 s G5 D 50 59, 9 o A
Ll
b bt it Glagiw )3 e 5 oo L
s 23 Oliee Gyiier s oS aes e Lt il - 2
Ol (S 0,5 5 (0,5 5LS 2 0,5 ke 9128 £1/95)
pgasl |, (o5 LS 1 e, 5 L 2/35 £ 3/33) Lis
) sloisine )lal DS o pr 2 e (g hm
ool Cawss 4 s b baasly ol (p<O/05) el o3l oLt
Jles o (oeB 51380 Jlo 5o (55l 5 pliwaSs by
31y oK 58 51 5 oln iy 5 1389
9508 (o2 39,8l Gl el 5 ledel liul slacs
Slaowy 2 45 6y5ba )l il s359> b (1 16)
3oy Glodiges ;o Cyw ke a5 Wl (astine o plol
B s Ll sl 00gs yieS anlllae 550 (lags joos dsis
258 ol Gl o] slaaidly jo ol Bekos axs
Sisie )bl DS (s 5 (5 rhaz 5tS Slo s
gl s |y i polbe ol ud 5 4y g axdls
51y S Sl ke a5 ol Sos 5 Slias, 2011 Lo
53,5 (g S ojlail Glwie b 50 wgd g Sl S 90
Los i ool 5o w518 (e 45 W) axel Gl 4 58
Gl iy WSaS o skl lawgi 0alds s jlxe 0>

Lsgs oas] Cs 4y il b ols i b Ll (17)

A S (G 6Lb4.i5.a.i PLQS JENEYS) )l.é OO0 )JYLa

o sos 55 bl b (wdl-2 Jsis) olls 4k
Sl 5 S ol 2009 JL yo a5 1, Ken 9 Sharma
2 Olosl = slaollig B 5l (So s ;o 1) S
O mls b opaioen (8) ol cuillas (58,5 ) p i
4_31:5-.35) L oo 6)L..|T dbd}?‘*‘ 2 u-*i*-“’ C_’)‘l.ls Q‘)‘fa
|) g Srio sl sl 4 oo,ﬂ 4S5y A obiﬁﬁs
cclale 2012 Jlo jo a5 oL ((5) wols 13 axdllas 5,90
dg,mld b i calitee Glog i o 1) S ol
2012 Jlw jo 45 LS g Bempah (1) o,5
L 5928 sl 5l (B p 5o ) e S5 (e
2009 Jlw o 45 ol ,LSen g Hao (14) sss,S ) p
O 0955 53 S iged 2z [y 1) e SIS clale
20 S9y 3B jlaie 45wl Lasie ¢ (15) Ws S (6 uSolul
‘;&Lw ol 600G yilew C_’)blﬁ Ay )‘ S SBdig0s
GBS i &5 0 o ylid yolo> udod Al yuizren )l
ol mls b as wijls Gglain (g9, wd i calize
asels s 452013 Jlw o o Ken ¢ Yadav iagh
Sl 5l Sglaie polas Ly alys oo calizee slo g jm
o) 5 et 4SS Lel s ylo caillas o(4) wigd ool (S
) ladigas plas 50 (59, 58 (lae pol> (G )0 oS sl
YL 055 LS 055 (e 50 slns e 51 (Lo 3>


https://nsft.sbmu.ac.ir/article-1-2042-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

113

1395 s o ol comdjly Jlo syl i molio g 44335 psls aloxo

aS ol 5l immen wl 005 LS g 4o
yo—i slaSLa o g o,ls ol IS 4y gasals filed powasls
3 S Vil (21) 2,25 o )18 ol o pins j oy
o9t i) Loiisad 3 p3anslS il Sliee Y
il axdllas 0 50 3ble S 055 e Wilgh oo

Griaz Gy oo 2 S 50 odal Caws 4 gl Gollas
) asols L 1) LS 518 Jlade ( 2eS 05 5 (e
(p,55LS 5 p,5 Lo 055+ 0/63 4 1/08 + 0/21 5 5
Gy SIS 5l matiio Jome o> ccilize Y Lia o
Ol =) (g Cowl oid (astin oud S g6
G5 55k g2 05 oo UT8-012 Sz looges s
CALS ke (ylime ol 58,5 Ll o b as (22) ol oas
ol 33 B ol i o cilizes gladiged 4

Ot (2D )0 S s sl 5 de o
eSS yhaz 50 5 (0 5kS 2 05 e 3193 £ 1/05)
Sl las 1y (p 59 kS o5 e 0144 £ 0/72) Jlaia
S 2 S o 1) B 5l Gliee lnl (e 3l
S5 Lo ;3 U5 B e Lol zanl 00 55 3155
by ool Gt jlre 9o 5l eSSl Badon o aslllas
PS5k 5 oS ke UB) i)l 5 (Madlores sloa st
(422 23) wsb o (S 34

s gl S Sl 45 gaz e o @
widzis mlis ;5 Slil ol lulid s odle iyl oyl
4 5395 Yl 55 o] (sloonilaiBl l5ae 330 es
it (6l cemlie o8 31 esliial y; odle sty o i
S oIl Gl dbges (gjlweslel by, «lpld cpl oo
2 s ol o Bl e e Sl J2 e 5l (S g
L T olss pan (35, (e sin Sl o2l 3ok
Lo (T olse o Jols cilises sloig, (2,5 cn YL
o Logln el S5l 5 5 gl el 5,
Lyl oyl 3 5 S5 5 Sy oS 5
glosl 535 plowl 5900 a1 g apl S0 %
oolitl o T olge i 5 (oS glsel lsie @y 55 gl B
)5 15 Dbyl 0550 (Sl oysS Ghgy s AT el
) e oS oysS gy codal s 4y s ke
4 L o Gl o (JT olge mde

e Sl e a5 1390 Lo s ol Sen 5 3,0l sS
o0l ZAS 05 g gl el Slag i 13 1) i g poeaslS
Ol a5 950 S Sl Gl o Gl L o
walizee slodsged oy D550 10 AT Mo, AoeS
cillas (18) sl saits saslive (5,0 sxe (5 ,lel B!
oles oss alie Jds an Ylaas! ol cpl andlis s
ol 45550 i 2l 3o aalllas 950 (slossem
o e b ples o 4 canl ol azgs LG a5 Ll
205) Mol 5 (o sloo Jailbin] lawgs oo cpns o> |
b a8 el 5L s (S5 (35 05565 2 05 S8~
20l e b ohs 4 g Gl 2 e e BT 4 a2
loimg Soal Sl sl (il (GLS 055 (6,58 5 (comr 03
5 Skt yolo anlllas glaaidly b genon conl Jls,55 5
oS leme a5l pien G yate Ol 5 )
O § (58 o 4 e )3 (raizeen (19) wiles S
s (S Sl e (s (1 1379 Sl o
Pl laes el dng> Sl 13 9,5 5 S ipseesls
a3l Oy lade add (lils L j0 4F Wl astie wisb
bwgi oo plosl iz ,0.(20) cl 00gm SYL jlxe
o slagiwas2014 Ju o o ,LSea g Huang
SO 525 ol 1,8 andllas 0550 1) ez 555 (gl s S
oad )35 slome a5l i G fiin 50 0 &
(21) e
w)o‘wlcmwgiﬁ)odﬁbom
00yt Lo A 3l paedlS o de Lad iged 31 S
o355 SV (i (jg 0 5 5kS 05 Le1/5 - 0/9)
Gy e gloaslllae claassly b amis oyl a5 ol
L oeioen (19 18) o)l Sialon i) opl 5o ol
JLw ;o oL 5 Chizzola Lowg sasl cows 4 gl
oL £95 4 yidus ponedlS e wis,S yLs 45 (6) 2003
Sl ol cdsllas jo o] b, ddbie 4 B ojls S
L) Lo 55lnl cainnj ol 50 o0 plol Gilise
Olye 4 el DML (2 Sl eslannl (s b sladlals
Jole 1y oly) slo e 4 ailand glaogS™ 50,5 55l 5 255
51(5 19 20) aslo o pyaeslS @ s SoglT Lol
dw ;0,0 By as 3,90 sl ol G o aS Ll
$lp dles cplpls (og wlansd g4 5l asdlac 5,50 ddlais


https://nsft.sbmu.ac.ir/article-1-2042-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

O )Sar g g Loyle [ uSiw Sld (6 puSojls]

114

s glesl I (Salate G &508 (6l i slag
DAz A dnis SBGjm S Calply s (S
D 23z Ol b g Jro bl ay S Sl
9 e DS i YL @i L alh (e s YL
ol 3 7S iz Gl b by Lol o5 (nsSilr

e References

1. Nazemi S. Concentration of heavy metal in edible
vegetables widely consumed in Shahroud, the North East
of Iran. J. of Applied Envir. and Biolog. Sci. 2012; 2:
386-391.

2. Maleki A, Alasvand Zarasvand M. Heavy metals in
selected edible vegetables and estimation of their daily
intake in sanandaj, iran. The Southeast Asian J. of
Tropical Med. and Pub. Health 2008; 39: 335-340.

3. Mohajeri E, Moatar F, Mahmudi M. Effect of cadmium in
kidney diseases. Enviromental Sci. & Tech. 2007; 9(4):
112-115 [In Persian].

4. Yadav A, Yadav PK, Shukla DN. Investigation of heavy
metal status in soil and vegetables grown in urbanarea of
Allahabad, Uttar Pradesh, India. Inter. J. of Scientific and
Reser. Publications 2013; 3(9): 1-7.

5. Bigdeli M, Seilsepour M. Investigation of metals
accumulation in some vegetables irrigated with waste
water in Shahre Rey-Iran and toxicological implications.
American—eurasian J. of Agri. and Envir. Sci. 2008; 4:
86-92.

6. Chizzola R,-Michitsch H, Franz C. Monitoring of metallic
micronutrients and heavy metals in herbs, spices and
medicinal plants from Austria. Euro. Food Rese. & Tech.
2003; 216: 407-411.

7. Huang Z, Pan X, Wu P, Han J, Chen Q. Heavy metals in
vegetables and the health risk to population in Zhejiang,
China. Food Control 2014; 36: 248-252.

8. Sharma R, Agrawa M, Marshall F. Heavy metals in
vegetables collected from production and market sites of
a tropical urban area of India. Food and Chem. Toxico.
2009; 47: 583-591.

9. Manutsewee N, Aeungmaitrepirom W, Varanusupakul P,
Imyim A. Determination of Cd, Cu, and Zn in fish and
mussel by AAS after ultrasound-assisted acid leaching
extraction. Food Chem. 2007; 101: 817-824.

10. Krejpcio Z, Krol E, Sionkowski S. Evaluation of heavy
metals contents in spices and herbs available on the
polish market. Polish J. of Envir. Studies 2007; 16: 97—
100.

11. Aleixo PC, Janior DS, Tomazelli AC, Rufini IA, Berndt
H, Kruga FJ. Cadmium and lead determination in foods
by beam injection flame furnace atomic absorption
spectrometry after ultrasound-assisted sample

Sl lade (5 puSeslail gl ol Caws a5 uls ogdle &

Ol 2 O] et dilate 5 (S g5 45 Ol LA (St
solome 3blie a5 (b il plimm 3l i 3l
sgbome a8 bl ojug a5 (55, 5 w0 SloasElS
Ol 3l g yin polde (ol ciiud (5 005 5 slaool>
390 b (STt slag i cllS aoe joaiie oI5l
e 095 Ll 4l hlog 005 5 5 035)] bl

preparation. Analytica Chimica Acta 2004; 51(2): 329-
337.

12. Ruiz-Jiménez J, Luque-Garc'1a JL, Luque de Castro MD.
Dynamic ultrasound assisted extraction of cadmium and
lead from plants prior to electro thermal atomic
absorption spectrometry. Analytica Chimica Acta 2003;
480: 231-237.

13. Farhmand Kia Z, Mehrashi MR, Sekhavatjoo MS,
Hasanalizadeh Mazhar Ash, Ramezan Zadeh Z. Study of
heavy metals in the atmospheric deposition in Zanjan,
Iran. Iran. J. of Health & Envir. 2010; 2(4): 240-248 [In
Persian].

14. Bempah CK, Boateng J, Asomaning J, Asabere SB.
Heavy metals contamination in herbal plants from some
Ghanaian markets. J. of Micr., Biotech. & Food Sci.
2012; 2(3): 886-896.

15. Hao XZ, Zhou DMei, Huang DQ, Canj L, Zhang
HL,Wang H. Heavy Metal Transfer from Soil to
Vegetable in  Southern Jiangsu Province, China.
Pedosphere 2009; 19(3): 305-311.

16. Takdastan A, Shahryari T. Evaluation of heavy metals in
edible vegetables in Isfahan. Fourth national conference
on environmental health; 2001; Nov 8; Yazd, Iran [In
Persian].

17. Ramezani Z, Aghel N, Shiralipour R, Zadeh Dabbagh R.
Determination of lead and cadmium content of dill
(Anethum graveolens) and onion (Allium Cepa L.)
cultivated in Khozestan/Iran. Iranian J. of Pharma. Sci.
2011; 7: 197-203.

18. Givianrad MH, Sadeghi T, Larijani K, Hosseini SE.
Determination of Cadmium and Lead in Lettuce, Mint
and Leek Cultivated in Different Sites of Southern
Tehran. Food Tech. & Nutr. 2011; 8(2): 38-44 [In
Persian].

19. Shabankhani B, Azadbakht M, Shokrzadeh M, Bahrami
Ghane Sh. Measuring the amount of lead and cadmium in
spinach and radish city of Sari in the fall of 1378. J. of
Mazandaran University of Med. Sci. 2001; 11(30): 27-30
[In Persian].

20. Samarghandi MR, Karimpoor M, Sadri GhM. A study of
hamadan's vegetables' heavy metals irrigated with water
polluted to these metals, Iran, 1996. J. of Sabzevar
University of Med. Sci. 2000; 7(1): 45-53 [In Persian].


https://nsft.sbmu.ac.ir/article-1-2042-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

115

1395 s o ol comdjly Jlo eslytl bié olio g 44335 psls aloxo

21.

22.

Mohajer R, Salehi MH, Mohamadi J, Tumanian N,
Emami MH. The impact of fertilizers containing heavy
metals on human health and the pathways of these metals
in the food chain. First congress challenges of fertilizers
in Iran; 2010; March 10-12; Tehran, Iran [In Persian].

Altundag H, Tuzen M. Comparison of dry, wet and
microwave digestion methods for the multi element

determination in some dried fruit samples by ICP-OES.
Food Chem Toxicol. 2011; 49: 2800-2807.

23. Amin N, Hussain A, Alamzeb S, Begum S. Accumulation
of heavy metals in edible parts of vegetables irrigated
with waste water and their daily intake to adults and
children, District Mardan, Pakistan. Food Chem. 2013;
136: 1515-1523.


https://nsft.sbmu.ac.ir/article-1-2042-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-11-03 ]

Iranian Journal of Nutrition Sciences & Food Technology 116
Vol. 11, No. 4, Winter 2017

Heavy Metals’ Measurement in Some Edible Vegetables of Farms around Zanjan City
Using Novel Inductively Coupled Plasma Spectrophotometer Technique

Fotovat A.R', Labbafi M*?, Zarringhalami S*

1- M.Sc of Food Science and Technology, Aras International Campus, University of Tehran, Iran

2- *Corresponding author: Associated Prof, Dept. of Food Science and Technology, Aras International Campus, University of
Tehran, Iran. Email: mlabbafi@ut.ac.ir

3- Assistant Prof, Dept. of Food Science and Technology, Faculty of agriculture, University of Zanjan, Zanjan, Iran

Received 8 Dec, 2015 Accepted 11 Apr, 2016

Background and Objectives: Seemingly no research has investigated so far to heavy metals
determination in leafy vegetables widely consumed in Zanjan city using inductively coupled plasma
(ICP) spectrometer. Therefore, the objective of present research was determine heavy metals
contents (Zn, Pb, Cd, Co, Ni) in some selected leafy vegetables widely consumed in Zanjan city
(Dill, leek, Coriander, Parsley and Cress) from three major cultivation areas (Rah Ahan, Dizaj Bala
and Kushkan).

Materials and Methods: For more accurate results four pre-treatment methods (wet ashing with
electrical furnace, acid leaching method and ultrasound-assisted acid leaching) and inductively
coupled plasma (ICP) spectrometry were evaluated.

Results: Obtained results show that wet ashing is the effective method among other pre-treatment
procedures. According to the obtained results about heavy metals measurement the level of these
metals depended on the type of vegetable and different cultivation areas, so Rah Ahan region
showed the highest contamination. Among evaluated heavy metals only the level of the Pb in all
samples was higher than permissible levels recommended by standards (1.8-2.5 mg/Kg). The
maximum and minimum concentrations of Pb were exhibited by Dill (9.28+1.95 mg/Kg), and leek
(2.35£3.33 mg/Kg), respectively. The mean Ni, Cd and Co concentrations in vegetable samples
varied from 0.44-3.93 mg/Kg, 0.1-0.2 mg/Kg and 0.5-1.08 mg/Kg, respectively, which were lower
than the recommended safe limits. In the case of Zn, all of samples except Cress showed the
concentration levels below the acceptable tolerance level (50 mg/Kg).

Conclusion: In general it can be concluded that pretreatment methods, both vegetable and
cultivated area could be helpful in determining the amount of heavy metals pollution. Considering
the importance of accurate determination of these metals, these factors should be considered.
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