JSir s 5 gy (ool dolilad
(YAA) DO-VY daxias o) o)leds b Al

S Ghla gz Ga S by R DI () SR (RO

*Gb 60 Loy 5 Y BT el sla 3 ¥ g gl o sl

Ol e e o8l e slas 5 2 e oSSl e e 058 sk )
(mortazavi.s@gmail.com)

Dl pde e ol (s shaen 5 b mbie 0 a2 (sola ol 5 5 0 0 Glslenl Y
(ghasemifarhad@yahoo.com)

Ol e ¢ pBhe ol (i lams 5 abs lie 0aSiSls (K g Ll i 1S i gl 2515 =Y

(naderi.reza20@yahoo.com)

QV/'Y/'Y&JLJJ"@)U Q-\/\\/'T;JL}JJ@)U

oS>

oot 3 g8 5 SEmS0ls Ol s b S Vb U5 s 4 SRask o)
S 3l S ol izl Sl ey 23la s Olhes e S 2 s (K5 pseenls I3
5 St Il b ged tass d5e Oy 5 SHL VY 53 S 5 oy 5 3550 a8 edlisand
ChlE s A (Sl el o ol Jam s Dl CBle AT s 5 ek (ol ah
O e IS 5 eSSl Sl 5 s ey 3 s sl Sl Gl IS5 s e Sl
Sl chle e o jtin 503 Gaw Sl el Const s gd S s Sl clile Sl o Sle
SIS DIl sy SaaSOL S s JS6 pais s sl S 00 SN B 5 e S
Code Stmen Loly cpl 53 ds SLol eddaned WS 5l i annis S, s ol cble
g bl s S s ol ke b okt gy Joee SIE 55 DI e s (sl e
St Glr Grcmle ) parli b 65 G Ol e e Bl 5850 Rl 4
Al a5 a3 Jeols s 4 a5 b Culg L3 oSl paeaslS o partay S SISlE S
A e (5 e SOk s 5o Selll glaa S

PANTTOT A 1l 5yl J s 0k 55 *

00



Voo led o Al (Ko drngi g iRl sede dolilad

Sl 51 ense e Soill Dl 5
ol Sy O (ST 01 sy 5 oK 3k
sor Sl el s asy buly ol 5o
S ST G 5 S sl S Ul
U5 e LOT 4 Cl 0l plondl K 305 )
oS s, 2 (2012) O, Ken 5 Askari Liasih «
DS 48 55 0,81 (5350 Ol Olomie 3 53 L3
53 Sl K Olsea Ol e 1y BBI s ys sl
L OF sday o s 3 53,5 ol 2 S5 )
38 Dbl e keIl glasl VLS (sl
» o235 L Shabanian and Cheraghi (2013)
S0 st (B by A e S s
23 gl sgd b 8 5 Gl e 5w (SKinS
(il 48 Wsls oL e T 8 B oes JT bl
a;jﬂ dae LS i S, (:):,c.skfj S5
S i Ao 40 g 5y (ol e Dl L
Slde cp i eadl Al 3 sy dals Ak
23 S SlopeF s 55 pseS 5 e S
gl o edalie 0oL s 3K 5 a0l
LS Jsl=e (2016) O, Ken 5 Hashemi L,
b s e Sbe b0 e e o glachle Lo,
Populus ) pyeo <5 Ulo 55 sbdlg o, 5
Oy Sl 0L C’L“ L3S ey (deltoids
Sbt 5wy gl bl 53 s 6 Bl i
VY/0rY 5 A0/AE DEYAN S Sa pgee 45
S P hle ke aS 5 0SS e S ke
S e 45 S adys (ol el o
el p IS e S e YL 5 YV/Te £8/T)
Ol 5 Tomasevic Jass o5iS 5l oo
Aesculus )  sxa bsleli 5, » (2008)
Corylus ) 45 5 53X 5,5 5 (hippocastanum

ols Ol 5L s es Gble s (colurna L.

[

dndle
SRS 3 QS Smes g s gd cCamerr A5
5 Sleoladl Glaed VT b 4 e 5 gla
S (Papazoglou and Fernando, 2017) ol Jae
mhaee 4 e DL ol lge 3555 el
Sarwar et al., ) col atle s Lol ) Cay
-y S 03 g agr Slaed VT I K 13l (2017
oA et b ekl Bl bae 3 goluL s
D3 OLLS o mes 55 Ll C D 5 plend
bUls 3 b 3l .(Abdus Salam er al., 2016) 5 .S
SlLS 5 s el bl Qs s eSS
GeSL 3 OlS i eslited Ol odiSes T
Gosh and ) ool 655 4l b |, 031 (glalame
5 A 3l S IS, sbe (Singh, 2005
Coslae (So 1 2alS la iy on 500
(Phytoremediation) _VLolS XL sl sl
.(Majidi et al., 2016 Burken et al., 2011) .|
3 A 4 S S s O3l &Sl
30 35905 ol Ao 6 S Yk oL a sy
Tl s o S sla ST 2V s 5
L;uotfjuw Olw ,> (Sarwar et al., 2017) ol
oS den glalase 15 e slasSLl (IS
woslie sl LB L o=y i S & Jds
ol e G ST VG s e
Sa 3l LS Olpeas Oldas e (Elik, 2003) ds
5 Camer w4 508 e Sla el
5 Jsder Cxo shisn il mlo an
Ol 5 Clds bime ) g glasls S
Sty SIS L gd cpl ols D13 g sl
Sk S ol 5 b o (88 R
2 (S pllioe laopls L IS8 slepls 4)



St Gble (297 ladiss Lawgi (S S sty (Rl (e

(83 v ) u*-<~" o8 @YQC«M-:) sl s
5315 5 o Ol (5 g bl (p3eso8 JSS

by g ol
ST ESY R
Oldor g3 53 ) IS0 Gillee o)y 3550 ddlaie
VL% E0T 5 3 a Jsb (AT YOT B EAT YV Lsbus
el 0l WLy Ol ol Jlak 5,2 TE OV b

ORils e 53 5 S Gla e 4 a5 L
0 bolin g 5 LSHL Cany 5 sl Sl
WVoOMen (g el adlie Sler 5o (SIS, Gbls
S b sl L8 an s el phe > SUL
Fraxinus ) O gos SiaeS0L5 (Pinus eldarica)
(Platanus orienrtalis) O\ ,& C\S 5 (excelsiore
A Okt s Sl Gl phges gl s ol
Sl a5l Bl e s B85 6l SO
S 0o 5 Ol s aw Il Pl 51 sl
S o ol paises LSOL adl- s OLLs 4 )
2 e sbal p5 5l Gl S s js Al
L85 Ly S Sl i sed 455

Sk sladigai 5 S sladiped oSl o
2 Grasle Yo U jio Gos) 655 5m b mbam
Sl s axils AR 35 53 9 ck.w S
o Pl oSl a5 Gl S e (gl ged
Sl S glbans sy obssl s LL
A 6 oKl 4 Jles!

ov

NS IS T~ R Nk T Q]
bolels a8, 3 oles @l cble il 58l
Gd w58 3 b glackle Ll spd e gka
e Sy 03,55 S mss (C.ocolurna L.) 45 5
5 S s (2010) O,Kes 5 Wuytack s
33 01 31 S Ukl dled & oy addaie OaLS
Gl S Gl o5 peld LS &
oS s (ALE ladisel immes s
Cs S oS Jl s S o il | b St
Small o2l sl SOLLS S 05 sm
OLKes 5 Ghori oy, Laly ol s dlzes
Ol Ol Sl bt e 5 OblS sy, (2016)
sl (LY w Sl 5 edle s OlS ol
e s easel SaS oK Sl 4 el
2l d Sy Kb Sl LS|
s a5 gl Slakae 6l 2 VLelS de
2 apmae G DG g8 Ol s
Cll & LbaS) KUl obls 5 s
3 il O3 K DISlE (Sataspens 5 oYL
3,0 la ool saasdl )l Wl g e (Wsls 1, 555
S S shams ol o e 5 (3Ll Sl
5 Lol wil s e S & L
25 s Y Sl (oo sl e sdle Ladlin
KNP N ESVRPIRE PR CIECHTE SRV s
Al s S Sl 5 S S Sl s 5 O3S
ol VT 2alS s Ot s oF 5 s i Ceal
Shle 53 K Sl onsn sl b
et 8 OMes gl Oszman Sxo 5 (45

WQKA\ TR gL O‘i| Lol Oﬂ‘ 33 sl



268000

3858000
3858000

e =
H H
2 2
3 3
i 6
& %
< -

3854000
3554000

3852000
3852000

3850000
3850000

278000

Sol2p 4 sed BLE Coad ga

Sample points location

Sz g0 ‘(C) Oldas Olial s Sldes i Cund s () Ol Slewl () Ol ) 55 sy 1 3550 didaie Coad 4o =) JS.&
(5) Ol el 53 (515 s gl sl

Figure 1. Study area position in Iran (a), Hamedan province (b), location of Hamedan city in Hamedan
province (¢), Location of sampling stations in Hamedan (d)

Olden e CEM): 13 4 sad bl Cundge =\ Jgd
Table 1- Location of sampling areas in the city of Hamedan
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Aspect Latitude Longitude  Name of sampling site
Lo Cole >l a4l
s 3852204 274404 S
North Haj Enayat Hill
(Y 5 oS e Ol S
< 3853278 276581 A S5 S
North Central City Cemetery
(Y IS,
S 3852084 270369 £ =%
North Eram Park
() S ot SOk
S 3852084 273462 S =I5
North Shir Sangi Park
5 5 S
& 3852612 271557 SE S
East Shakarye Park
Sl Gl SHL
3852612 271437 :
North Saidiah Park
¢ Jleds WLL ool T
@ 3854642 272019 ST R
North West Tomb of Baba Taher
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Continued table 1.
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Aspect Latitude Longitude  Name of sampling site
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.. <
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. LA-‘-: . /. N LJ
o 3857041 273247 s SOk
North West Farhagin Park
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Table 2. Descriptive statistics of heavy metals and soil characteristics in studied regions

Sl Sl e oSk ol €S
Standard deviation Middle  Average Maximum  Minimum
& el
0.31 6.57 6.67 7.8 6.21 T
pH
S eolas
0.49 0.47 0.6 2.65 0.23 s
Electrical conductivity
T sl
0.12 0.28 0.31 0.81 0.12 “’J =
Organic materials
Y
1.59 3.83 5.54 18 0.30 f2
Cadmium
3.29 53.62 46.93 115.05 1.38 J’{u
Nickel
8.67 17.57 18.38 41.68 5.59 e
Lead
10.32 59.75 70.75 161.63 1.25 &0
Zinc
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Figure 2. Concentration of heavy metals in the soil and leaves of the studied plants
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Table 3. Spearman correlation test between mean concentration of heavy metals in soil and its

characteristics
, Tl sl Sl s la
R R - Tt - ” N S = H
Organic soil Electrical p

Zinc Lead Nickel Cadmium . ha
materials texture  conductivity

1 R
pH
0.0 Sig
-0.168 R s A s
1 0.359 Si ; S
: 18 Electrical conductivity
. 0.456 014 R S ik
0.009 0466 Sig Soil texture
X 0.206 0.528 0.182 R Slsls
0.25 0.002 0328  Sig Organic materials

W
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Continued table 3.

ST alse il S SIelas

S e IS g 5o . . leotrical pH
Zinc Lead Nickel Cadmium Orgarpc SOt E ectrl'c a
materials texture  conductivity
| -0.281 0.069 0.314 0.224 R p:">l5
0.0131" 0.017 0.04" 0.24 Sig Cadmium
| 0.028 0.205 0.483 0.437 0.117 R 5
0.04" 0.026" 0.005 0.014" 0.53 Sig Nickel
1 0.018 0.204 0.136 0.1 0.205 0.037 R <
0.02* 0.027" 0.45 0.003 0.026" 0.84 Sig Lead
1 0.303 0.192 0.005 0.13 -0.095 0.2 0.045 R S0
0.015" 0.36 0.008" 0.044" 0.65 0.007" 0.84 Sig Zinc

CG)MC)({).‘)%M}"J"‘:’Mﬁﬁjéujzw)jJJ}”Q‘}u&:{M'i J_}Js?-

Table 4- Correlation between studied metals in soil, washed and unwashed leaves of Plane, ash and

pine
ozl S8 0L St
Pinus eldarica Fraxinus excelsior Platanus orientlis
MSJ{ wﬁﬂ w;ff A ‘fﬂ w;f,: wSﬂ
Unwashed Washed Unwashed Unwashed Washed
Washed leaves
leaves leaves leaves leaves leaves
. gﬂ
1 0.36 1 0.45" 1 0.45" Unwashed v g
leaves 3 E
83
. . . . . S O
0.19 0.067 0.11 0.03 0.647 0.818
Soil
w e gﬂ
1 0.311 1 0.23 1 0.67" Unwashed =
leaves % f)
* * * * LS[}. Z
-0.34 0.24 0.23 0.09 0.53 0.77
Soil
e ij.!
1 0.71" 1 0.34" 1 0.467" Unwashed
S Q
leaves 3 E
* * * * Jl?.-
0.14 0.22 0.34 0.68 0.52 0.628
Soil
. ae gﬂ
1 0.23 1 0.332 1 0.76" Unwashed -
leaves ;‘ §
* X . Sk
0.29 0.067 0.02 0.03 0.17 0.82
Soil

sl esls 0L 0 Jsdx s e clle Sl 23 oSN ol cbhle (Sl anlis =

Y
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(Dimitrijevi¢ et al., 2016)

Table 5. Maximum allowable concentration of heavy elements in non-agricultural soils (mg / kg), such
as urban parks (Dimitrijevi€ et al., 2016)

6)"@*"@“ S s skl Sy 668 ols
Significance level Soil standards Trees species Elements
e
0.009 0.8 :
Platanus orientlis
i B .g/ . Lv . ls
0.028 0.8 =R £
Fraxinus excelsior Cadmium
I e S
0.00 0.8 e
Pinus eldarica
Db
0.00 35 )
Platanus orientlis
§ B .g/ . Lv . .
0.00 35 =R g5
Fraxinus excelsior Nickel
O e S
0.00 35 e
Pinus eldarica
Ol
0.00 85 )
Platanus orientlis
§ B .g/- L N
0.00 85 T 0% <
Fraxinus excelsior Lead
O e~ S
0.00 85 e
Pinus eldarica
Ol
0.00 140 :
Platanus orientlis
§ - .g/ . L; .
0.00 140 = 0D S0
Fraxinus excelsior Zinc
I e ~ S
0.00 140 g

Pinus eldarica

Sl ey a5 86 lde selsn =
A Ly Soson o s 0SSl S e
S s SS9 sl s SERSOL 5 2 Gl
SOk s Lby g Rl Wy Sosen oSS

s e Ol |y S

\a

LS ol clle Sk wnlis m
S cble e ol LS N Jads siles (1992)

Kabata and Pendias
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Ll Gl 3 sl
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Pendias (1992)
Table 6 - Comparison of the concentration of metals (mg / kg) in the leaves of the specimens studied
by the standard range provided by Kabata and Pendias (1992)

g}"‘)’” 03 gl s 3 gdwe dlj@'? C[s MQL:) )Lo;
Critical range  Allowed limit  Pinus eldarica Fraxinus excelsior Platanus orientlis
Y
530 0.1-1 4 22 5.07 £3s2
Cadmium
10-100 0.1-5 1.28 2.47 1.22 g5
Nickel
30-300 0.2-20 1.05 1.05 1.73
Lead
30-300 1-400 38.5 28.5 22.13 ©2
Zinc

Table 7- Comparison of Bio Concentration Factors (BCF) of Heavy Metals from Soil to Leaves in

Plant Species
. ot S}' . gfj.:
Unwashed leaves Washed leaves
S o S5 £33 S o S5 p 38
Zinc Lead Nickel Cadmium Zinc Lead Nickel Cadmium
b
0.88 0.1 0.86 2.73 0.42 0.16 0.51 1.54 )
Platanus orientalis
SiaS0L3
1.06 0.08 0.05 0.39 0.84 0.41 0.1 0.38 ’
Fraxinus excelsior
GlS
0.42 0.088 0.026 0.78 0.41 0.075 0.018 0.75

Pine eldarica

Pl s b Ol il bl (s et S 3 (kS 8 ) i DI aylis A Jp
Table 8. Comparison of Heavy Metals (mg / kg) in soils of different regions of the world with the

present study
& S < S5 g3l SESER S
Reference Zinc Lead  Nickel Cadmium City and Country
(Amini and Forghani 2015) - 86.62 - 0.6 o ?
Iran, Rasht
(Chen et al., 2005) 87.6 66.2 222 - ,
Beijing.China
4 bl
(Ejidike and Onianwa, 2015) 30.96 3.67 9.12 0.1 L
IbadanNigeria
(Chen et al., 1991) 74.2 26 26.9 0.097 o
China
4-5 5 3 W ‘
(Malkoc et al., 2010) 1478 927 - 2.32 D

Turkey, Eskisher

¢
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Continued table 8.

& S e S5 p 3038 DS 5
Reference Zinc Lead  Nickel Cadmium City and Country
MRt
(Darivasi et al., 2015) - 8456 5834 0.36 o
Iran, Neka
Ol sl 5l gl
(Pournia ef al., 2016) 7754 3682 127.98 - SR
Iran, Ahvaz
5 S
(Mason, 1999) 75 14 80 Sl s
World soils
Lt an ol
(Bowen, 1979) 127 16 49 S

Average Earth Crust
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Abstract

The present study aims to investigate the potential of biodegradation of cadmium, nickel, lead and zinc
metals by Plane, Ash and Pine wood species in Hamedan parks. After composed sampling of the
unwashed leaves and soil in the 11 parks, the samples were dried, acidified, and finally, the
concentration of metals were measured by atomic absorption spectrometry. The results of
concentration of lead and nickel metals were higher than those in the earth's crust and the
concentration of cadmium and nickel metals more than the global mean concentration of metals in
urban soils. On the other hand, the highest concentrations of cadmium, lead and zinc were found in
Plane leaf and nickel element in Ash leaf. In general, the concentration of metals from unwashed
leaves were more than washed ones. In this regard, there was a positive and significant correlation
between the amounts of metals in the soil at the site of tree growth with their concentration in leaves.
According to the results of bioconcentration factors, it can be said that the Plane species is more
suitable for biodegradation of heavy metal contamination, especially cadmium. Finally, due to the
results, it is necessary to pay attention to the establishment of cumulative species in urban gardens.

Keywords: Ash, Heavy Metals, Monitoring, Pine, Plane.
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