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Fig. 1- Study area and soil and leaf sampling points of plant species in Bandar Abbas
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Table 1. Normality tests of heavy metal concentrations in the soil of tree species in Bandar Abbas
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Azadirachta indica
0.165* 0.136 0.163* 0.949 0.469 0.68 2.09 el
Conocarpus
0.071* 0.206 0.076* 0.937 0.458 0.676 1.73 ”"’;_
Prosopis
Mn
0.051* 0.198 0.066* 0.935 6721 81.98 186 “’“’P .
Azadirachta indica
0.055* 0.202 0.068* 0.935 6692 81.80 193.8 ded
Conocarpus
0.171* 0.135 0.079* 0.938 5861 76.56 146 ’RS_
Prosopis
Zn
0.200* 0.107 0.167* 0.950 9206 95.94 220 “‘“’” .
Azadirachta indica
0.200* 0.103 0.241* 0.956 9754 98.76 243 Seded
Conocarpus
0.2009 0.101 0.194* 0.952 8294 91.07 188.5 ’MS_
Prosopis
Pb
0.200* 0.114 0.303* 0.930 427 20.68 51.3 “’“”} .
Azadirachta indica
0.200* 0.081 0.447* 0.933 504 22.45 55.46 S ded
Conocarpus
0.200* 0.103 0.369* 0.963 406 20.16 45.83 ’“;_
Prosopis
Ao cdale iKie Gl8 e a5 Cawl ol S0l Sy)SsalsS 9 Shy - 9mls bl el
Cool Jboy 98 slhls 5,0 sloasss jo ol3ls e 5l SO e cdale fog by gl p Bgi el
(Y Jgo=) ool oeh (S50 slais S S

VEY 5l ¥ ojlads ¢ 055 5 ot 050 e sbamea pole anlilad
Yvy



u')l-i&—“'s‘.s*“"

ol s e 50 (3530 GBS Sy y0 (i Sl CIE (09 Jlo i an (8l 5ol (slaige3l Y Jgar

Table 2. Normality tests of heavy metal concentrations in the leaves of tree species in Bandar Abbas
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Table 3. Statistical analysis of heavy metal concentrations in the soil of tree species in Bandar
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Table 3. Cont. Statistical analysis of heavy metal concentrations in the soil of tree species in Bandar
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Azadirachta
81.98 186a 42 314 indica
0.000™ 8.61 81.80 393a 51 323 15 - 100 200 - 3000 REILL
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Table 4. Statistical analysis of heavy metal concentrations in the leaves of tree species in Bandar Abbas
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Table 4. Cont. Statistical analysis of heavy metal concentrations in the leaves of tree species in Bandar Abbas

e Sln BB yol> adlbas (p5ohS 50 o5 o) ol
Average difference Current study Standard (mg/kg)
st ol Josls! S LS sais5
. 3, )lastiwl sga 3, lastius) gus P ¢
e ghaw o it " 5 0 il .
o SASlas oS o ; - Jola> sTos oS o ) ; N Species
P-V)alue Max  standard in 2 Min Max  standard in
plant Standard plant Standard
in soil in soil
Mn
oz
Azadirachta indica
57.7 109 29 215 1S 55
0.158 ns 1.88 58.9 114 33 223 15-100 200 - 3000 OFIm S
54.6 88 14 117 Conocarpus
IR
Prosopis
Zn
oz
Azadirachta indica
62.3 134 21 224 1S 355
0.115ns 2.21 62.8 145 29 239 100 - 400 400 - 600 il
62.3 111 13 217 Conocarpus
RS
Prosopis
Pb
oz
Azadirachta indica
16.5 325 5.9 61.2 1S 355
0.196 ns 1.66 17.2 35.7 5.9 66.3 0.1-10 02-1 ORI S
15.4 28 4 54 Conocarpus
ORS
Prosopis
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Fig. 2 - Concentration of Cd in the leaves of tree species in 30 stations of Bandar Abbas city (green zone: standard - red zone:
higher than standard)
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Fig. 3 - Concentration of Mn in the leaves of tree species 30 in stations of Bandar Abbas city (green zone: standard - red zone:
higher than standard)
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Fig. 4 - Concentration of Pb in the leaves of tree species 30 in stations of Bandar Abbas city (green zone: standard - red zone:

higher than standard)
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Fig. 5 - Concentration of Zn in the leaves of tree species 30 in stations of Bandar Abbas city (green zone: standard - red zone:
higher than standard)
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Table 5. Statistical difference in Cd and Mn concentrations between soil and leaves by student’s T-test

(Mn) 55 (Cd) p%.nols
PS5 &S
Lg)‘d‘si.m zs]au a)Ln] J)g S Lg)‘o‘si.gn cla..: a)Ln] Jﬁ Sk SpeCieS
P-value t Leave Soil P-value t Leave Soil
0.000™ 4.209 109 186 0.000™ 6.422 1.09 2.02 s
Azadirachta indica
0.000™ 4.299 114 393 0.000" 7.001 1.09 2.08 el
Conocarpus
0.001™ 3.408 88 120 0.000™ 6.095 0.85 1.73 )’e;_
Prosopis
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Table 6. Statistical difference in Zn and Pb concentrations between soil and leaves by student’s T-test

(Pb) & (Zn)
Sl S99 @L; &8
&losine mhaw o ! Sy Sk &lssine o oLl Sy Sk Species
P-value t Leave Soil P-value t Leave Soil
0.000™ 3.954 325 51.3 0.000™ 4.135 134 220 . “’“’” .
Azadirachta indica
0.000™ 3.817 35.7 55.4 0.000™ 4.151 145 234 el
Conocarpus
0.000™ 3.833 28 40.1 0.000™ 3.802 111 188 ”4‘5_
Prosopis
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Table 7. Statistical difference in Cd concentration between urban and non-urban field by student’s T-test

Sy Sl
Leaves Soil walf sf
gl . . . e . . Species
_ . L SAdes b S e _ . L] SRt b S Jaue
(Caast °J e )
t Non-urban Urban t Non-urban Urban
sl environment environment sl environment environment
P-value P-value
0.010" 3.364 0.20 1.09 0.000™  8.275 0.23 2.02 Azadirachta
indica
S
0.009*  3.415 0.22 1.09 0.001*  6.702 0.32 2.08 ke
Conocarpus
0.006™  3.696 0.10 0.85 0.003™  4.267 0.31 1.73 ’*;_
Prosopis
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Table 8. Statistical difference in Mn concentration between urban and non-urban field by student’s T-test

(Mn) . .i.
Sy Sk
Leaves Soil
s s 2bS 4
. . Species
e ] bR b SAS busme R A b S Lz
&M t Non-urban Urban & t Non-urban Urban
p. environment environment p. environment environment
value value
oz
0.042" 2416 418 109 0.035"  2.485 126.4 186 Azadirachta
indica
0025°  2.748 36.4 114 0184 1 458 152.4 393 o555
ns Conocarpus
0.098 1.871 25.6 88 0.042" 2414 65.4 120 o .
ns Prosopis
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Table 9. Statistical difference in Pb concentration between urban and non-urban field by student’s T-test
(PD) < s
g Sk
Leaves Soil
s PS4
. glaw . Species
S ] St b S Jama . L ot e S Jaume
g} [l )
Sl t Non-urban Urban | t Non-urban Urban
P. environment environment o environment environment
P-value
value
oMz
0.024  2.765 2.52 325 0.008™  3.488 434 51.3 Azadirachta
indica
. . oS 955
0.013 3.197 3.56 35.7 0.018 2.955 6.98 55.4
Conocarpus
0.028  2.688 4.02 28 0.006™  3.687 3.68 40.1 o .
Prosopis
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Table 10. Statistical difference in Zn concentration between urban and non-urban field by student’s T-test
@n) s,
Sy S
Leaves Soil .
AL agf
gl g Species
e L el bl mgiee g sdpd e e b
sl t Non-urban Urban S t Non-urban Urban
p. environment environment p. environment environment
value value
0.024"  2.790 35.2 134 0.044" 2389 88.8 220 Azadirachta
indica
0.024" 2770 498 145 0.139 1.643 141.6 234 ke
ns Conocarpus
0.073 2.061 24.2 111 0473 0.753 1394 188 5 .
ns ns Prosopis

VEY 5l ¥ ojlads ¢ 055 5 ot 050 e sbamea pole anlilad

YYA



u‘)lms‘sﬁ-ﬁd}

Lgrye o)1 (GaaS g o 18 4 bogy o bl (g
Ot GLIS 99)553sS (eizmed Sgr ponesls 316 4
&S (oS 9 009 (e I (S e 2SS
3 e Sl ez Sglds Al g 5505 40
M 5 039y 0l S 4y Ly 85 s SgisS 5 i,z

(F JS8) oz evmlie Ll s o2ms
cd

0.8 1 BN zn

BCF index

Azadirachta indica

BN mn

Conocarpus

(BCF) (g gozd >l
S ol ol ) e oSl b ) ol ol
Ll w0sgr s S 5l 2eS lalS (o S Ol3l8 oz
Oz sbaiss 5 Dhld saan o S zezs el
ol dls las as g /0 5 iy slllaes yg0 (5 0
Ldg S Slls lawgte Feilil s o dslllas 590

Hl pb r0.8

Xapui 4049

Prosopis juliflora

) 2o el b by b (55 ST 10 (S il pea bl -F S0

Fig. 6- Evaluation of heavy metal accumulation in tree species in Bandar Abbas with BCF index

O plol g (o plal (g5 5002 slojlsh 5o 05 )]
Sl il oo byt 4 0050 ples 5l a8
2 03,0 g esg ol s Sl I sV
5 95, oo ¥T G )0 oo s lools 0 8
OS5 )0 poeedls 3l read S ole 35 nj sasd
@S (S jobar (¥ JS2) conl lag bl cpl 60
S Ol pseedls gl a5 cul Gl S ole
slael ez Wit lawgie S llil glylo ulie,om

YU/ O (o) éo.’?u ua;-L.u 6‘)" 0 ML’?LA

il Sy | ey ey e 2PE ke 5]
VB Y e ST el Sealsl i gesms il
st sl 1) ) e g Sl bt Sols asl
Ll 5lyy gt oz Gl 33y sl Sl
dline S8 GG o sl ole jan el il
3 pgedlS gz gdiiiy a5 ol ol mls al
ok «Sostez e plol lajlsly (5508 LS50
g wlee i (Syd Jol jo pad sl g (e oLl
R e
Flod sojlsk 5 635 10 (H g 5l e el joi e

WAUE &
P
LN
.
- {
- o A\ [ 3
» . A
- \ -
= o 40
. .o .'

WvE 3
=
Bl N
¥
-
D o
4 BCF inden
= | -
T ',".
& 2 B
o *
e S
.. ol S
S~ e
)
e
L.
~ t

ool )i (S D (Sakg 0 poeadlS (Sl (S o a3LB -V JSB
Fig. 7- BCF index for cadmium in Bandar Abbas urban area
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Fig. 8- BCF index for manganese in Bandar Abbas urban area
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Fig. 9- BCF index for zinc in Bandar Abbas urban area
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Introduction: Emissions of particulate matter from car exhaust, tire wear, engine lubricants and street fence wear contain
heavy metals, which are dangerous for the urban ecosystem. However, most of the particles are deposited on the canopy
and soil of plants, which are absorbed by them. Pollution-resistant species with a high capacity to absorb suspended particles
can be used to remove suspended particles from the urban environment. For this reason, in this study, concentrations of
heavy metals in the leaves and soil of tree species in Bandar Abbas were measured and evaluated. Also, species with the
highest potential for adsorption of heavy metals were identified.

Material and methods: First, three tree species including Azadirachta indica, Conocarpus and Prosopis juliflora were
selected as the dominant plants in Bandar Abbas and in 30 points of the fields with 5 points of the non-polluted environment
outside the city (control), and sampled from the surface soil and leaves of these species. After preparing and digesting the
samples, the concentration of heavy metals (cadmium, manganese, zinc and lead) emitted from urban traffic was measured
using atomic absorption spectrometry in soil and tree leaf samples. Next, the difference in heavy metal concentrations
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between tree species was analyzed by ANOVA and between soil and leaves and between urban and control environments
was analyzed by t-student test. Then, to determine the tree species with high accumulation of heavy metals, two indices of

heavy metal accumulation (BCF) and bioaccumulation index (MAI) were used.

Results and discussion: The results showed that the pattern of heavy metals in soil and leaves of tree species was Mn>
Zn> Pb> Cd. The maximum concentrations of heavy metals in the soil and leaves were detected in Conocarpus,
Azadirachta indica and Prosopis juliflora, respectively. Spatially, the highest concentration of heavy metals in the sampling
points was related to Imam Hossein Street. However, the minimum concentration of heavy metals was observed in the
Persian Gulf Street. The concentrations of Mn and Pb in the soil of plant species were different and their differences were
significant at 95% level, but the concentration of Cd and Zn was not different in the soil of tree species. Pb, Mn and Zn
concentrations were not different in the shoots of the studied tree species and their differences were not significant at the
95% level. However, the concentration of Cd in the shoots of the species was different and the difference between the
species was significant at the 95% level. There was a significant difference in the concentration of heavy metals between
soil and leaves at 95 and 99%. Also, the concentration of heavy metals in soil and leaves between urban and control fields
was significantly different at 95%. The pattern of the BCF index in all species was Zn>Pb> Mn> Cd and heavy metals had
moderate accumulation for tree species. Bioaccumulation index (MAI) showed that Conocarpus had the highest adsorption
potential of heavy metals and the lowest adsorption potential was observed in Prosopis juliflora.

Conclusion: Conocarpus, by absorbing pollutants from urban traffic, purifies the polluted air of Bandar Abbas;
However, Prosopis juliflora, which is one of the migratory trees in the city of Bandar Abbas, with strong and
deep roots, dries up the surface and groundwater of the region. On the other hand, its potential to absorb urban
air pollutants is weak. Therefore, despite their resistance to drought and heat, Conocarpus trees have a high
potential to purify urban pollution and can replace Prosopis juliflora.

Keywords: Conocarpus erectus, Bandar Abbas, Cadmium, MAI index, BCF index.
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