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Abstract

Overcrowded urban areas are exposed to quotidian loads of toxic metals and PAHs. Simultaneous analysis of mentioned
pollutants in surface soil samples of a crowded urban area in Tehran City is considered in this study. A total number of 112
samples were collected from pollution hotspots including gas stations, construction sites, bus terminal and waste recovery
centers in summer 2016. Total, anthropogenic and bioavailable concentrations of metals, cadmium, cobalt, chromium,
copper, manganese, nickel, lead and zinc, as well as ecological risk index (RI) values were calculated. Rather than Cd, the
concentration of other metals was not remarkably different from reference values. The descending order of anthropogenic and
bioavailable fractions in metals was proved to be as follows: Cd (87.87%) > Cr (40.14%) > Ni (38.64%) > Pb (37.40%) > Co
(8.42%) > Cu (7.98%) > Zn (5.57%) >Mn (3.94%) and Cu (6.84%) > Zn (6.47%) > Pb (3.98%) > Ni (3.97%) > Cr (1.99%) > Cd
(1.98%)>Mn (1.45%) > Co (1.39%), respectively. The results of the RI values also indicated that around 80% of total samples
lie within a considerable ecological risk level. The total concentration of 16 EPA-approved PAHs was detected to be within
the range of 0.62 and 3.51 mg/kg. The majority of PAHs detected in all samples was those with relatively higher molecular
weights (higher number of aromatic rings). Accordingly, the major source of PAHs in surface soils was determined to be
petroleum/gas combustion due to traffic loads and heating systems. The synergy observed in spatial distribution of toxic
metals and PAHs confirms relatively identical pollution sources and at the same time exacerbates the adverse effects on
human and ecological health.

Article Highlights
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(Pb, Zn, Cu and Cd) contents of soils in the Eastern dis-
trict of Moscow correlated with the growth of industrial
and vehicles’ emission over a time span of about 21 years
(Kosheleva and Nikiforova 2016). The elemental concentra-
tion in urban soil may have adverse health effects on children
and therefore it is proposed to find suitable playgrounds by
means of GIS (Delahaye et al. 1998). An investigation of the
hazardous metal contents of soil in 13 parks of urban areas
revealed that shaded areas within parks contained higher
concentrations than the open areas (Galuskova et al. 2011).
Furthermore, bioaccessibility and human health risk from
heavy metals in exposed lawn soils from 28 urban parks in
southern China’s largest city, Guangzhou, were evaluated in
a series of studies (Gu et al. 2016a, b; Gu and Gao 2018).
Many studies have shown that the metal contents of soils
within the urban area are higher in the vicinity of industrial
parks than at other sites; nevertheless, wind could disperse
the pollution within the whole area (Tume et al. 2008; Li
et al. 2013; Lii et al. 2018). Some studies have reported
the use of various methods including chemical stabiliza-
tion, phytoremediation and microbial techniques to control
pollution within soil columns (Saffari 2018; Usman et al.
2018; Adetitun et al. 2018; Abbaslou and Bakhtiari 2017).
Treatment of soil pollution should take into account various
aspects such as reducing health risk, furnishing cultivable
soil and so on. These in turn depend on the chemistry and
physical characteristics of soil (Wuana and Okieimen 2011).

In terms of organic pollutants, polycyclic aromatic hydro-
carbons (PAHs) are among the most notorious compounds
found in urban areas. Due to their hydrophobicity, PAHs
have a high tendency to get adsorbed by particles and conse-
quently be transported to remote distances from their source
of generation (Tu et al. 2018). Being persistent due to their
low biodegradation potential (Feng et al. 2016), a certain
number of PAHs are also proved as carcinogens/mutagens
(Kim et al. 2013). They may be easily exposed to humans
directly through dermal (dusts in urban areas, soils in play-
grounds, etc.) and inhalation routes. Indirect exposure is also
inevitable through the digestion route when considering the
entry of PAHs into the food chain (Li et al. 2015; Xia et al.
2015). Concerning concentration of PAHs have recently
been detected in urban areas due to oil/coal combustion,
traffic-related emissions, waste combustion and urban waste-
water drainage in Kaohsiung City, Taiwan (Tu et al. 2018);
Aracaju City, Brazil (Souza et al. 2018); Shanghai, China
(Liu et al. 2016; Huang et al. 2017) and Guangzhou, China
(Ke et al. 2017).

The main golas of this study are (1) to determine the
total, bioavailable and anthropogenic concentrations of toxic
metals, as well as 16 PAHs in surface soil samples collected
from hotspots of an intensified urban district in Tehran City
and (2) to find any probable coherence between the distribu-
tion pattern of toxic metals and PAHs.
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Study Area

District 6 of Tehran municipality covers some of the most
overcrowded areas in central to northern parts of the city.
More than 8% of total urban trips evolve in this district
whose surface area is around 3% of the total Tehran urban
areas. Intensive road networks as well as administrative
buildings, educational centers, commercial buildings,
hospital and military land use are considered as the main
reasons for such remarkable everyday commute demand
(Fazeli et al. 2018). To consider the worst scenario of
urban soil pollution due to traffic load, the sampling loca-
tions are selected in a way to have the maximal exposure.
Accordingly, 14 sampling stations were selected, namely
Valfajr CNG station (1), Yousefabad gas station (2), Bey-
haghi bus terminal (3), Beyhaghi municipal waste recov-
ery center (4), Beyhaghi CNG station (5), Valiasr St., Saee
Park gas station (6), Chamraan and Ale-ahmad highways
junction (7), Mirzaye Shirazi St., gas station (8), North
Karegar St. gas station (9), Valiasr, Zartosht St., gas sta-
tion (10), Valiasr Square, subway construction site (11),
vicinity of Imam Khomeini hospital (12), Enghelab St.,
gas station (13) and Gharani St., gas station (14). Loca-
tion details of sampling points as well as the location of
District 6 in Tehran City and Iran are shown in Fig. 1.

Materials and Methods
Sampling Campaign

A total number of 112 surface soil samples (56 samples
for detection of toxic metals and 56 samples for detection
of PAHs) were collected from 14 stations. Soil samples
were collected by a hand auger to a maximum depth of
50 cm. Four sub-samples (Z grid) from each station were
collected and mixed to generate 28 composite samples for
further analysis. Sampling campaign was performed in
summer 2016. All plant and anthropogenic leftovers were
removed before sampling was done by spiral auger. Sam-
ples for metal detection were kept in plastic bags, while
those for PAHs detection were wrapped in aluminum foils.

Toxic Metal Detection

Samples for detection of metals were dried at room tem-
perature and sieved through 63 pm mesh size for further
analysis. To detect the total concentration of metals, 0.5 g
of the sample was digested with a mixture of aqua regia
(HNOj; and HCI with a volumetric ration of 3:1) and
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Table 1 Total concentration Station e Co Cr Cu Mn Ni Pb Zn

of toxic metals in surface soil

samples (mg/kg) 1 33 11 69 35 1033 23 25 20
2 4 10 94 46 899 23 35 64
3 37 10 59 37 1067 27 30 120
4 3 17 71 45 1046 20 47 54
5 35 16 35 32 771 18 32 70
6 3.1 8 62 49 892 19 27 26
7 4.1 16 76 52 924 21 28 65
8 3 19 66 30 944 32 32 50
9 4.5 9 66 57 1026 22 22 160
10 43 10 71 60 1019 24 27 70
11 3 14 74 53 970 19 38 35
12 3.1 11 66 54 985 21 32 50
13 49 16 53 40 774 19 25 100
14 3 20 78 37 1044 31 49 85
Max 49 20 94 60 1067 32 49 160
Min 3 8 35 30 771 18 22 20
Mean 3.61 13.36 67.14 44.79 956.71 22.79 32.07 69.21
SD 0.65 3.95 13.38 9.71 96.02 441 7.98 37.72
Earth crust® 0.1 20 100 50 950 80 14 75
Shale® 0.22 19 39 39 850 68 23 120
Background values® 0.45 11 25 37 444 43 23 63
#Alloway (1995)

"Turekian and Wedepohl (1961) and Eghbal et al. (2019)
‘Fazeli et al. (2018)

Table 2 Anthropogenic concentration (in mg/kg) and share (percent of total concentration) of toxic metals in surface soil samples

Station Cd Mn Pb Cu Co Ni Cr Zn

mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg %

1 2.83 8576 40.05 3.88 822 32.88 2.64 7.54 0.81 736  8.16 3548 2660 38.55 1.10 5.50
2 3.70 9250 36.20 4.03 1510 43.14 3.78 822 095 950 851 37.00 38.10 40.53 4.90 7.66
3 3.21 86.76 4133 3.87 1021 34.03 249 6.73 0.83 830 10.19 37.74 2240 3797 8.32 6.93
4 2.60 86.67 40.54 3.88 1794 38.17 3.1 7.80 1.15 6.76 850 4250 27.60 38.87 294 5.44
5 3.11 88.86 28.40 3.68 11.11 3472 246 7.69 1.38 8.63 773 4294 1480 4229 342 4.89
6 2.61 84.19 3397 381 894 3311 3.72 7.59 0.69 8.63 831 4374 2520 40.65 1.04 4.00
7 3.78 9220 37.84 410 10.63 37.96 4.84 931 1.17 731 733 3490 31.80 41.84 3.90 6.00
8 2.50 83.33 3629 3.84 1293 4041 230 7.67 1.61 8.47 15.11 4722 2570 3894 2.20 4.40
9 4.09 90.89 42.09 410 7.82 3555 491 8.61 0.88 9.78 793 36.05 2820 4273 821 5.13
10 3.97 9233 4359 428 11.75 4352 5.10 8.50 0.95 950 839 3496 2970 41.83 5.40 7.71
11 2.50 83.33 3541 3.65 1250 32.89 4.00 755 132 943 752 3958 27.10 36.62 1.51 431
12 2.69 86.77 3871 393 11.00 3438 4.16 770 0.78 7.09 693 3300 2560 3879 211 422
13 4.57 9327 3297 426 1154 46.16 3.80 9.50 1.37 856 722 38.00 23.10 4358 6.94 6.94
14 2.50 83.33 3982 381 1796 36.65 2.69 727 1.70 850 11.74 37.87 3020 38.72 4.11 4.84

Min 2.50 8333 2840 3.65 7.82 32.88 230 6.73  0.69 6.76 693 33.00 1480 36.62 1.04 4.00
Max 4.57 9327 4359 428 1796 46.16 5.10 9.50 1.70 9.78 15.11 4722 38.10 43.58 832 7.71
Mean  3.19 87.87 37.66 394 1198 3740 3.60 798 1.11 842 8.83 38.64 2686 40.14 4.01 5.57
SD 0.70 375 410 0.9 3.6 437 0.96 0.77 0.32 097 220 406 524 2.07 247 1.28
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Table 3 Bioavailable concentration (in mg/kg) and share (percent of total concentration) of toxic metals in surface soil samples

Station Cd Mn Pb Cu Ni Cr Zn Co
mgkg % mgkg % mgkg % mgkg % mgkg % mgkg % mgkg % mg/kg %

1 0.06 1.94 1450 140 0.92 3.68 2.33 6.66 0.84 3.65 133 1.93 1.36 6.80 0.16 1.46
2 0.09 225 1229 137 139 397 331 7.20 0.89 3.87 1091 2.03 4.62 722 0.13 1.30
3 0.07 1.92 1657 155 1.10 3.67 248 6.70 1.05 3.89 1.22 2.07 6.73 5.61 0.14 1.40
4 0.05 1.67 13.69 131 131 279 291 6.47 092 460 131 1.85 3.39 6.28 0.25 1.44
5 0.06 1.71 1197 155 1.19 372 2.11 6.59 0.84 4.67 0.80 229 446 6.37 0.23 1.44
6 0.06 1.97 1238 139 1.02 378 3.18 6.49 0.73 3.84 121 1.95 151 581 0.11 1.31
7 0.09 210 1446 156 134 479 387 7.44  0.69 329 1.64 2.16 5.13 7.89 0.24 1.49
8 0.05 1.67 1216 129 1.12 350 2.10 7.00 1.02 3.19 1.26 191 3.14 6.28 0.27 1.42
9 0.10 222 1739 169 1.12 5.09 4.20 7.37 0.90 409 139 2.11 9.50 594 0.12 1.32
10 0.09 207 1659 1.63 152 563 3.95 6.58 1.11 463 147 2.07 5.28 7.54 0.15 1.50
11 0.06 1.83 1255 129 1.39 3.66 3.11 5.87 0.87 458 1.18 1.59 211 6.03 0.18 1.29
12 0.06 1.97 1288 131 1.16 3.63 3.51 6.50 0.69 329 122 1.85 2.94 588 0.13 1.21
13 0.12 245 12.81 166 143 572 341 8.53 0.79 4.16 1.36 2.57 6.72 6.72 0.25 1.57
14 0.06 200 1326 127 1.02 2.08 235 6.35 1.19 384 1.16 149 531 6.25 0.26 1.32
Min 0.05 1.67 1197 127 092 2.08 2.10 5.87 0.69 3.19 0.80 1.49 1.36 561 0.11 1.21
Max 0.12 245 1739 169 152 572 4.20 853 1.19 467 191 2.57 9.50 7.89 027 1.57
Mean  0.07 198 1382 145 122 398 3.06 6.84 0.90 397 132 1.99 444 6.47 0.19 1.39
SD 0.02 0.23 1.83 0.15 0.18 1.02  0.70 0.64 0.15 0.51 0.25 027 226 0.68 0.06 0.10
Table 4 Classification ladder for ecological risk index (RI) (Hakan- PAHs Detection

son 1980)

Value Ecological risk level
RI< 150 Low

150<RI< 300 Moderate
300<RI< 600 Considerable

RI> 600 Very high

HCI10O, (Chester and Hughes 1967). After filtration, the
final volume was calibrated to 50 mL.

To determine the bioavailable and anthropogenic
share of total metal concentrations, single step extraction
schemes were considered (Hosseini Alhashemi et al. 2011).
For anthropogenic share detection, 2 g of sieved samples
was digested by 15 mL of 0.53 N HCI for half an hour
and made to a final volume of 50 mL after filtration. To
quantify the bioavailable share 10 g of sieved samples was
digested for 30 min by a mixture of NaOH (1 N) and ace-
tic acid at pH 5 and refluxed for a whole day. The metal
contents (total, bioavailable and anthropogenic) in relevant
solutions were analyzed by ICPAES. Duplicate/triplicate
samples as well as certified reference material (MESS-1)
measurement were performed to check the QC/QA of the
procedures. The relative standard deviation of the results
was less than 10%.

To detect PAHs, soil samples were freeze-dried and sieved
to achieve the fraction < 63 pm. PAHs extraction scheme in
this study is explained in detail by Liu et al. (2016). Con-
cisely, 2 g of sieved samples was digested by a mixture of
acetone and DCM (1:1, v/v) for 18 h using a Soxhlet appa-
ratus at 65 °C. Purification was performed by a self-packet
silica—alumina column. The final eluent was concentrated
to 1 mL. The PAHs content in soil samples was analyzed by
a Varian 3900 GC coupled with a Varian Ion Trap Saturn
2000 MS, with helium as the carrier gas at 1 mL/min flow.
Quality assurance and control were checked according to the
procedure suggested by Liu et al. (2016); two blanks were
analyzed through which target compounds were determined
to be under detection limits. Furthermore, a mixture of 16
EPA PAHs as a standard was added to each sample prior to
extraction. The average recovery range of added standard
was measured to be between 74.5% and 115%. The following
16 PAHs approved by USEPA were considered for analysis
in this research: acenaphthene (AC), acenaphthylene (ACE),
antheracene (AN), benzo[a]anthracene (BaA), benzo[b]
fluoranthene (BbF), benzo[k]fluoranthene (BKF), benzo[a]
pyrene (BaP), benzo[g,h,i]perylene (BP), chrysene (CH),
dibenzo[a,h]anthracene (DA), fluorine (FL), fluoranthene
(FLU), indeno[1,2,3-cd]pyrene (IP), phenanthrene (PH),
naphthalene (NA) and pyrene (PY).
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Table 5 Values of toxic

. Stations Cd Cr Cu Ni Pb Zn RI

response factor (7}) and risk

factors (E,) of toxic metals and Tr Er Tr Er Tr Er Tr Er Tr Er Tr Er

ecological risk index (RI) of

surface soil samples 1 7.33 220.00 2.76 552 095 473 053 267 1.09 543 032 032 238.68
2 8.89 266.67 3.76 752 124 622 053 267 152 7.61 1.02 1.02 291.70
3 822 246.67 236 4.72 1.00 500 0.63 3.14 130 652 190 190 267.95
4 6.67 200.00 2.84 568 122 6.08 047 233 204 1022 086 0.86 225.16
5 7.78 23333 140 2.80 0.86 432 042 209 139 696 1.11 1.11 250.62
6 6.89 206.67 248 496 132 6.62 044 221 1.17 587 041 041 226.74
7 9.11 27333 3.04 6.08 141 7.03 049 244 122 6.09 103 1.03 296.00
8 6.67 200.00 2.64 528 0.81 405 074 372 139 696 0.79 0.79 220.81
9 10.00 300.00 2.64 528 154 7.70 051 256 096 478 254 2.54 322.86
10 9.56 286.67 2.84 568 162 811 056 279 117 587 1.11 1.11 31023
11 6.67 200.00 296 592 143 7.16 044 221 165 826 056 056 224.11
12 6.89 206.67 2.64 528 146 730 049 244 139 696 0.79 0.79 229.44
13 10.89 326.67 2.12 424 1.08 541 044 221 109 543 159 159 34554
14 6.67 200.00 3.12 6.24 1.00 5.00 0.72 3.60 2.13 10.65 135 135 226.85
Max 10.89 326.67 3.76 7.52 1.62 8.11 0.74 3.72 2.13 10.65 2.54 254 34554
Min 6.67 200.00 140 2.80 0.81 4.05 042 209 096 478 032 032 220.81
Mean 8.02 24048 269 537 121 6.05 053 265 139 697 1.10 1.10 262.62
SD 144 43.16 054 1.07 026 131 0.10 051 035 1.73 060 0.60 42.77

Results

The metals considered for evaluation of toxicity in urban
soil in this study are cadmium, cobalt, chromium, copper,
manganese, nickel, lead and zinc. The concentration of each
metal accompanied by comparison with earth crust, shale
and background mean values is presented in Table 1. In
comparison with background values (mean values of Tehran
City circumference), all metals except for Ni showed higher
contents. When compared with shale, apart from Co and Zn,
other metals’ mean values exceeded the reference values.
In comparison with the mean earth crust values, however,
only Cd and Pb had higher concentrations. Cd rather than
other metals showed extremely high values (around 36, 17
and 8 times greater than those of mean earth crust, shale and
background values, respectively).

The total metal concentration in soil samples consists of
lithogenic (minerals content) and anthropogenic (caused by
human impacts) fractions. Anthropogenic concentrations of
metals are measured and shown in Table 2. Anthropogenic
fractions may be classified into three distinct levels of high
(Cd by more than 87%), medium (Cr, Ni and Pb by around
40%) and low (Co, Cu, Zn and Mn by less than 10%). Fossil
fuel combustion derived from traffic and heating systems,
material usage and abrasion/corrosions, lights, batteries,
medical materials and domestic wastes are considered
among anthropic sources of metal pollution in urban areas
(Wu et al. 2019).

Both lithogenic and anthropogenic metal concentrations
may contain bioavailable fractions which are easily uptaken

@ Springer

by biota. Accordingly, the higher the bioavailable fraction of
a specific metal, the higher is the expected risk level of that
metal. The bioavailable fractions of the total metal concen-
trations are shown in Table 3. Cu (6.84%) and Zn (6.47%)
show the highest bioavailable fractions, while Mn (1.45%)
and Co (1.39%) are considered as metals showing minimal
values.

Index Analysis

To evaluate the toxicity level of metal pollutants in soil sam-
ples, ecological risk index (RI) is used. The formula for RI
is as follows:

RI = XE, (1

where Ei is the relevant risk factor for contaminant (i) and
is calculated as:

E' = T'xC, Q)
where Tr is the toxic response factor for contaminant (i) and
is defined by dividing the metal concentration in soil by the
background value. Ci is the contamination factor of each
contaminant (30 for Cd, 5 for Pb, Cu and Ni, 2 for Cr and
1 for Zn). The higher the value of Cy, the higher is the risk
exposed to the ecological environment by the contaminant.
The classification of different RI values and relevant risk
levels is shown in Table 4.

The values of toxic response factor (7,), risk factors (E,)
and ecological risk index (RI) of different surface soil sam-
ples are calculated and shown in Table 5. According to the
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classification ladder (Hakanson 1980), 3 samples (around
21% of the whole area) are categorized in the considerable
risk level, while the other 11 samples remained within the
moderate class.

As typical and ubiquitous pollutants in urban areas, PAHs
were also considered for analysis in this study. The concen-
trations of 16 EPA-approved PAHs as well as the contents
of carcinogenics (Monaco et al. 2017) including benzo[a]
pyrene (carcinogenic), benzo[a]anthracene (probably carci-
nogenic to humans), benzo[b]fluoranthene, benzo[k]fluoran-
thene, chrysene, dibenzo[a,h]anthracene, indeno[1,2,3-cd]
pyrene and naphthalene (probably carcinogenic to humans)
were provided. To track the pollution sources, a couple of
supplementary metrics were also calculated including the
concentration of low molecular weight (LMW, X2-3 rings)
and high molecular weight (HMW, 246 rings) PAHs and
the ratio (LMW/HMW). The results are shown in Table 6.

PAHs in the environment are categorized into two distinct
classes of petrogenics and pyrolytics. Petrogenics are those
containing two or three rings with relatively lower molecular
weights. With higher molecular weights, pyrolytics have four
to six rings in their chemical structure (Yang et al. 2016).
The major source of petrogenics is considered to be crude
oil or petroleum spill/leakage, while detection of pyrolytics
is often attributed to biomass and fossil fuel combustion
(Katsoyiannis and Breivik 2014).

To track the source of PAHs more specifically, a vari-
ety of parameters are suggested by researchers; ratios of
fluoranthene (FLU)/[FLU + pyrene (PY)] values lower than
0.4, between 0.4 and 0.5, and higher than 0.5 indicate crude
oil/petroleum components, petroleum combustion and coal/
biomass combustion, respectively (Franco et al. (2017).
Ratio of BaA/(BaA + Chr) as well as InP/(InP + BghiP) val-
ues lower than 0.2 refers to petroleum, while higher values
are considered as combustion-derived products (Wang et al.
2015). The same rule works for the ratio of Ant/(Ant+ Phe);
however, the limit here is proved to be 0.1 (Qiao et al. 2006).
Furthermore, if the ratio (LMW/HMW) is higher than unit,
the source of PAHs is attributed to petroleum products while
lower than one values are due to petroleum combustion (Tu
et al. 2018).

According to Figs. 2, 3 and 4, it seems that the main
source of PAHs in the majority of samples is petroleum com-
bustion. Additionally, low values of LMW/HMW (between
0.12 and 0.31) also confirm the source apportionment of
PAHs within the study area (Fig. 5).

To compare the distribution pattern of major inorganic
(toxic metals) and organic (PAHs) pollutants in this urban
district, the values of risk index (RI) and £PAHs concentra-
tions are illustrated in a symbolic way to show the probable
similarities (Fig. 6).
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As it is seen, all minimal, maximal and intermediate val-
ues for both metrics are coincided indicating a kind of simi-
larity in their source and even transport scheme.

Conclusions

In this study, the adverse effects of urbanization on soil
quality are investigated. The case study was selected
in such a way s to cover an overcrowded district in the
megacity of Tehran, where a variety of urban land use
is observed. To have a thorough overview of soil pollu-
tion, both toxic metals and PAHs were considered for
analysis. Furthermore, supplementary information over
anthropogenic and bioavailable fractions of total metal
concentration as well as source apportionment of PAHs
was taken into consideration. Hotspots including some
gas stations, construction sites, bus terminal, municipal
waste recovery center and hospital were selected as the
final 14 stations for composite sampling. Rather than Cd
which shows remarkably high concentrations, the total
concentration of other metals were not at all or at least
slightly higher than the reference values. The descending
order of anthropogenic fraction in metals was calculated
as follows: Cd (87.87%) > Cr (40.14%) > Ni (38.64%) > Pb
(37.40%) > Co (8.42%) > Cu (7.98%) > Zn (5.57%) > Mn
(3.94%). Such order places an emphasis on attributing
extremely high values of Cd to heavy vehicle traffic as
suggested by Dias-Ferreira et al. (2016) in Portugal, Hor-
vath et al. (2015) in Hungary and Qing et al. (2015) in
China. Bioavailable concentration of metals in soil was
classified as: Cu (6.84%)>Zn (6.47%) >Pb (3.98%) > Ni
(3.97%) > Cr (1.99%) > Cd (1.98%) > Mn (1.45%) > Co
(1.39%). Relatively considerable mobility of Pb and Ni
(around 4%) as well as Cd and Cr (around 2%) may cause
subsequent concerns of surface and groundwater pollution.
Such potential hazard was confirmed by the results of RI
calculation; around 80% of total samples were proved to
locate at a considerable level of ecological risk.

In terms of PAHs, the majority of the detected com-
ponents were those with higher molecular weights, indi-
cating the pyrolytic source. Petroleum combustion due to
heavy traffic load as well as gas combustion due to heat-
ing systems is considered the main source of such pollu-
tion as a result of a variety of metrics including the ratios
of Flu/(Flu + Py), BaA/(BaA + Chr), InP/(InP + BghiP),
Ant/(Ant 4+ Phe) and LMW/HMW. A kind of synergy
is observed in the spatial distribution pattern of PAHs
and toxic metals, which may be further studied in detail
regarding human health issues in megacities like Tehran.

@ Springer

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

Abbaslou H, Bakhtiari S (2017) Phytoremediation potential of heavy
metals by two native pasture plants (Eucalyptus grandis and
Ailanthus altissima) assisted with AMF and fibrous minerals in
contaminated mining regions. Pollution 3(3):471-486

Adetitun D, Akinmayowa V, Atolani O, Olayemi A (2018) Biodeg-
radation of jet fuel by three Gram negative bacilli isolated from
kerosene contaminated soil. Pollution 4(2):291-303

Afkhami F, Karbassi AR, Nasrabadi T, Vosoogh A (2013) Impact of
oil excavation activities on soil metallic pollution, case study of
an Iran southern oil field. Environ Earth Sci 70(3):1219-1224

Alloway BJ (1995) Heavy metals in soils, 2nd edn. Blackie Aca-
demic & Professional, London

Chester R, Hughes RM (1967) A chemical technique for the sepa-
ration of ferro-manganese minerals, carbonate minerals and
adsorbed trace elements from pelagic sediment. Chem Geol
2:249-262

Delahaye D, Folligne P, Guermond Y, Vapaille JP, Zambeaux R
(1998) Soil pollution in an urban area: a GIS approach. Cyber-
geo Eur J Geogr. http://journals.openedition.org/cybergeo/1575.
https://doi.org/10.4000/cybergeo.1575

Dias-Ferreira C, Pato RL, Varejao JB, Tavares AO, Ferreira AJ
(2016) Heavy metal and PCB spatial distribution pattern in sedi-
ments within an urban catchment—contribution of historical
pollution sources. J Soils Sediments 16(11):2594-2605

Eghbal N, Nasrabadi T, Karbassi AR, Taghavi L (2019) Evaluating
the potential of plants (leaves) in removal of toxic metals from
urban soils (case study of a district in Tehran city). Pollution
5(2):387-394

Fazeli G, Karbassi AR, Khoramnejadian Sh, Nasrabadi T (2018)
Anthropogenic share of metal contents in soils of urban areas.
Pollution 4(4):697-706

Feng F, Harper RL, Reynolds PN (2016) BMPR2 gene delivery
reduces mutation related PAH and counteracts TGF-b-mediated
pulmonary cell signalling. Respirology 21:526-532

Franco CFJ, de Resende MF, de Almeida Furtado L, Brasil TF, Eber-
lin MN, Netto ADP (2017) Polycyclic aromatic hydrocarbons
(PAHs) in street dust of Rio de Janeiro and Niteroi, Brazil:
particle size distribution, sources and cancer risk assessment.
Sci Total Environ 599:305-313

Galitskova YM, Murzayeva Al (2016) Urban soil contamination.
Procedia Eng 153:162-166

Galuskova I, Bortivka L, Drabek O (2011) Urban soil contamination
by potentially risk elements. Soil Water Res 6(2):55-60

Gu YG, Gao YP (2018) Bioaccessibilities and health implications of
heavy metals in exposed-lawn soils from 28 urban parks in the
megacity Guangzhou inferred from an in vitro physiologically-
based extraction test. Ecotoxicol Environ Saf 148:747-753

Gu YG, Gao YP, Lin Q (2016a) Contamination, bioaccessibility and
human health risk of heavy metals in exposed-lawn soils from
28 urban parks in southern China’s largest city, Guangzhou.
Appl Geochem 67:52-58

Gu YG, Lin Q, Gao YP (2016b) Metals in exposed-lawn soils from
18 urban parks and its human health implications in southern
China’s largest city, Guangzhou. J Clean Prod 115:122-129


http://journals.openedition.org/cybergeo/1575
https://doi.org/10.4000/cybergeo.1575

International Journal of Environmental Research (2019) 13:801-811

811

Hakanson L (1980) An ecological risk index for aquatic pollution
control—a sedimentological approach. Water Res 14:975-1001

Horvath A, Sziics P, Bidlé A (2015) Soil condition and pollution in
urban soils: evaluation of the soil quality in a Hungarian town.
J Soils Sediments 15(8):1825-1835

Hosseini Alhashemi AS, Karbassi AR, Hassanzadeh Kiabi B, Mona-
vari SM, Nabavi SMB (2011) Accumulation and bioaccessibil-
ity of trace elements in wetland sediments. Afr J Biotechnol
10(9):1625-1636

Huang Y, Liu M, Wang R, Khan SK, Gao D, Zhang Y (2017) Char-
acterization and source apportionment of PAHs from a highly
urbanized river sediments based on land use analysis. Chemos-
phere 184:1334-1345

Karbassi A, Nasrabadi T, Rezai M, Modabberi S (2014) Pollution
with metals (As, Sb, Hg, Zn) in agricultural soil located close to
Zarshuran gold mine, Iran. Environ Eng Manag J 13(1):115-122

Katsoyiannis A, Breivik K (2014) Model-based evaluation of the use of
polycyclic aromatic hydrocarbons molecular diagnostic ratios as a
source identification tool. Environ Pollut 184:488-494

Ke CL, Gu YG, Liu Q (2017) Polycyclic aromatic hydrocarbons
(PAHS) in exposed-lawn soils from 28 urban parks in the megacity
Guangzhou: occurrence, sources, and human health implications.
Arch Environ Contam Toxicol 72(4):496-504

Kim K-H, Jahan SA, Kabir E, Brown RJ (2013) A review of airborne
polycyclic aromatic hydrocarbons (PAHs) and their human health
effects. Environ Int 60:71-80

Kosheleva NE, Nikiforova EM (2016) Long-term dynamics of urban
soil pollution with heavy metals in Moscow. Appl Environ Soil
Sci. 2016:5602795. https://doi.org/10.1155/2016/5602795

Li X, Liu L, Wang Y, Luo G, Chen X, Yang X, He X (2013) Heavy
metal contamination of urban soil in an old industrial city (Shen-
yang) in Northeast China. Geoderma 192:50-58

LiJ, Dong H, Zhang D, Han B, Zhu C, Liu S, Liu X, Ma Q, Li X (2015)
Sources and ecological risk assessment of PAHs in surface sedi-
ments from Bohai Sea and northern part of the Yellow Sea, China.
Mar Pollut Bull 96:485-490

Liu S, Liu X, Liu M, Yang B, Cheng L, Li Y, Qadeer A (2016) Lev-
els, sources and risk assessment of PAHs in multi-phases from
urbanized river network system in Shanghai. Environ Pollut
219:555-567

Li H, Mo CH, Zhao HM, Xiang L, Katsoyiannis A, Li YW, Wong MH
(2018) Soil contamination and sources of phthalates and its health
risk in China: a review. Environ Res 164:417-429

Monaco D, Chianese E, Riccio A, Delgado-Sanchez A, Lacorte S
(2017) Spatial distribution of heavy hydrocarbons, PAHs and
metals in polluted areas. The case of “Galicia”, Spain. Mar Pollut
Bull 121(1-2):230-237

Nasrabadi T, Ruegner H, Sirdari ZZ, Schwientek M, Grathwohl P
(2016) Using total suspended solids (TSS) and turbidity as proxies

for evaluation of metal transport in river water. Appl Geochem
68:1-9

Qiao M, Wang C, Huang S, Wang D, Wang Z (2006) Composition,
sources, and potential toxicological significance of PAHs in the
surface sediments of the Meiliang Bay, Taihu Lake, China. Envi-
ron Int 32:28-33

Qing X, Yutong Z, Shenggao L (2015) Assessment of heavy metal
pollution and human health risk in urban soils of steel industrial
city (Anshan), Liaoning, Northeast China. Ecotoxicol Environ Saf
120:377-385

Saffari M (2018) Chemical stabilization of some heavy metals in an
artificially multi-elements contaminated soil, using rice husk bio-
char and coal fly ash. Pollution 4(4):547-562

Souza MR, Santos E, Suzarte JS, Carmo LO, Frena M, Damasceno
FC, Alexandre MR (2018) Concentration, distribution and source
apportionment of polycyclic aromatic hydrocarbons (PAH) in
Poxim River sediments, Brazil. Mar Pollut Bull 127:478-483

Tu YT, Ou JH, Tsang DCW, Dong CD, Chen CW, Kao CM (2018)
Source identification and ecological impact evaluation of PAHs
in urban river sediments: a case study in Taiwan. Chemosphere
194:666-674

Tume P, Bech J, Sepulveda B, Tume L, Bech J (2008) Concentrations
of heavy metals in urban soils of Talcahuano (Chile): a prelimi-
nary study. Environ Monit Assess 140(1-3):91-98

Turekian KK, Wedepohl KH (1961) Distribution of the elements in
some major units of Earth’s crust. Bull Geol Soc Am 72:175-192

Usman M, Waseem M, Mani N, Andiego N (2018) Optimization of soil
aquifer treatment by chemical oxidation with hydrogen peroxide
addition. Pollution 4(3):369-379

Wang M, Wang C, Hu X, Zhang H, He S, Lv S (2015) Distributions
and sources of petroleum, aliphatic hydrocarbons and polycyclic
aromatic hydrocarbons (PAHSs) in surface sediments from Bohai
Bay and its adjacent river, China. Mar Pollut Bull 90:88-94

Wu S, Zhou S, Bao H, Chen D, Wang C, Li B, Tong G, Yuan Y, Xu B
(2019) Improving risk management by using the spatial interac-
tion relationship of heavy metals and PAHs in urban soil. ] Hazard
Mater 364:108-116

Wuana RA, Okieimen FE (2011) Heavy metals in contaminated
soils: a review of sources, chemistry, risks and best available
strategies for remediation. Isrn Ecol 2011:402647. https://doi.
org/10.5402/2011/402647

Xia X, Xia N, Lai Y, Dong J, Zhao P, Zhu B, Li Z, Ye W, Yuan Y,
Huang J (2015) Response of PAH-degrading genes to PAH bioa-
vailability in the overlying water, suspended sediment, and depos-
ited sediment of the Yangtze River. Chemosphere 128:236-244

Yang R, Xie T, Li A, Yang H, Turner S, Wu G, Jing C (2016) Sedi-
mentary records of polycyclic aromatic hydrocarbons (PAHs) in
remote lakes across the Tibetan Plateau. Environ Pollut 214:1-7

@ Springer


https://doi.org/10.1155/2016/5602795
https://doi.org/10.5402/2011/402647
https://doi.org/10.5402/2011/402647

	Evaluation of Urban Soil Pollution: A Combined Approach of Toxic Metals and Polycyclic Aromatic Hydrocarbons (PAHs)
	Abstract
	Article Highlights
	Introduction
	Study Area
	Materials and Methods
	Sampling Campaign
	Toxic Metal Detection
	PAHs Detection

	Results
	Index Analysis

	Conclusions
	References




