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Abstract

This study investigated the status and distribution patterns of selected heavy metals in roadside soils along Irbid-North Shooneh
Highway, Jordan. This highway has experienced a growing number of vehicles that are likely to influence the levels of heavy
metals in the surrounding agricultural lands. The average concentrations of Cr, Co, Cd, Cu, Pb, Zn, and Ni were 16.0, 36.0, 11.0,
4.0,79.0, 122.0, and 60.0 mg/kg, respectively. Cd, Pb, and Co showed average levels that are higher than the average world soil
background values. Elevated levels of heavy metals were measured in surface soil layer which decreased with depth, and with
distance from the roadway. The contamination factor (CF), pollution load index (PLI), single ecological risk (Ei), potential
ecological risk index (PERI), and geo-accumulation index (Igeo) generally indicated that the roadside soils are contaminated with
Cd, Pb, and Ni. Heavy metals in soils are of geogenic and anthropogenic origins. Weathering of parent rocks in Wadi Al-Arab
catchment is the primary natural source, whereas agrochemicals, vehicle exhausts, degradation of surface wear and paint of

vehicles, vehicle wear debris of tire, and brake lining are the main anthropogenic sources of heavy metals.
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Introduction

In the recent years, a large number of studies investigated the
levels of contaminants associated with highways, of which heavy
metals received particular interest (Christoforidis and Stamatis
2009; Wei and Yang 2010; Apeagyei et al. 2011; Moreno et al.
2013; Bretzel et al. 2014; Liu et al. 2014; Adamiec et al. 2016;
Kim et al. 2016; Wang et al. 2017). In urban areas, heavy metals
may come from different sources, of which vehicle emissions are
the most important (Nazzal et al. 2013; Kelly et al. 1996).
Elevated levels of metals have been found on street dusts and
in soils bordering highways, with the contamination decreasing
with distance from the road (Ellis and Revitt 1982; Fergusson
et al. 1980; and Howari and Banat 2001).
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Many of these metals are toxic to living organism, and even
heavy metals considered micronutrients for life can be toxic
when present at excessive levels that impair important biological
processes and pose a threat to flora and fauna (Babula et al. 2008;
Al-Taani et al. 2012; El-Radaideh et al. 2017b). They show a
tendency to accumulate in soils (Howari et al. 2004) and in
human body and pose harm to human health (Faiz et al. 2009;
Al-Taani et al. 2013). USEPA (2002) has listed Cd, Co, Cr, Mn,
Ni, and Pb as hazardous air pollutants, among them, Cd, Cr, and
Ni have been included in the carcinogen classification (ATSDR
2007). Heavy metals of highways are easily re-suspended back
into atmosphere as a result of changing in environmental and in
climate conditions, so they can be described as “chemical time-
bombs” (Ferreira-Baptista and De-Miguel 2005). Heavy metals
have a long residence time because of the interactions with par-
ticular soil components (Charlesworth et al. 2003; Tian 2005).

In the urban environment, toxic elements are commonly
found in highway dust which can potentially be harmful to road-
side soils, vegetation, wildlife, and neighboring human
settlements. In their study, Turer et al. (2001) have confirmed
the mutuality of the close relationship between heavy metal con-
centration in topsoil and in the dust falls. Heavy metals have been
reported to be released into the atmosphere through different
mechanisms (Zhang et al. 2013; Sharma and Prasad 2010.
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Soils, vegetation, and food are major sinks for the atmospheric
deposition (Rachwal et al. 2014).

The presence of heavy metals has been considered a useful
indicator for contamination in surface soil, sediment, and dust
environments (Ubwa et al. 2013; Al-Taani et al. 2015b). While
heavy metal pollution of soils has gained a growing attention in
Jordan, their status and impacts in urban roadside soils have not
been fully investigated. This study examines the local

background concentrations and distribution characteristics of se-
lected heavy metals in agricultural soil along a major traffic high-
way in Irbid-North Shooneh. In addition, it evaluates the degree
of contaminations and the potential sources of heavy metal con-
taminants in the region.

This study, North Shooneh, is located in Irbid Governorate,
northwestern Jordan between 32° 33'20"”N and 35°51'00"E, with
an elevation of 570 m above sea level (asl). Irbid is the second

>ame N 7 e
. el by
Shooneh aas a2 Fown @
R Houdr Toadel
13 ooyt
— S M o bipen
] 1
: ‘:\. Wisteys I
— @;J\ 1abar Al Barty ]
.to. B m%
W v
) Altaybah Yoo :
} A Rabia ™
Koforyouba
> (Control Sample Site) L s tdoun
Syria
rbid
320/ " o+ Amman
s o
g (7))
o
- [y+]
a
310 J
ordan .
‘ Saudia
.-~ Arabia
300 .
-Aqaba : ®'
0 100 200Km s
350 36° 37° 38° 390

Fig. 1 Map of the sampling sites, along Irbid-North Shooneh Highway, NW-Jordan
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largest city in Jordan with the highest population density of
1,770,000 in 2015. The study area, with a population of
122,330, is a major ground transportation center to Syria
(Fig. 1). In addition, more than 10,000 vehicles use Irbid-North
Shooneh highway each working day. This highway has experi-
enced a growing number of vehicles, with increasing emissions
that are likely to impact the surrounding agricultural lands.

The study area is a part of eastern Mediterranean weather
regime with an annual rainfall total of about 500 mm and a
dominant wind direction from west to northeast.

Geology and soil

The major geologic units exposed in the study area belong to
the Upper Cretaceous and Tertiary. They consist of the follow-
ing formations (in ascending order): Amman Silicified
Limestone or Al Hisa Phosphorite, Muwaqqar Chalk Marl
and Umm Rijam Chert Limestone. These units are mainly
composed of calcareous depositions (limestone, dolomite,
marl, and chalk) interrupted by siliceous facies and siliclastics,
especially in Al Hisa Phosphorites (Bender 1968) (Fig. 2).
IUSS WRB (2007) found that Vertic Cambisols and
Vertisols are commonly observed on stable topography,
whereas calcaric Cambisols and Lithosols are
widespread on steep arcas. Kraushaar (2016) further ex-
plained that variations in soils developed on slopes are
dependent on the type and hardness of geologic parent
material, with brown soil formed on consolidated rocks
(Leptosols), and Cambi- or Regosols on slopes of less
consolidated marly unit. Soils in the study area are fertile,

with a high water-holding capacity and are suited for ce-
real crops (Khresat et al. 1998; Al-Qudah 2001).

Materials and methods

Twenty sampling sites were selected from areas surrounding
Irbid-North Shooneh highway (which is approximately 30 km
long). For each site, samples were taken from two depths 0-10
and 10-20 cm. The sampling sites were collected from both
sides of the highway in the surrounding agricultural region of
Wadi Al-Arab catchment. These sites are located at varying
distances (from 0 to 40 m) off the highway (Figs. 1 and 2).
Samples were collected using a stainless steel spatula and kept
in plastic bags for 24 h. Due to difficulty in accessibility across
the area, sampling sites were not uniformly distributed. The
soils of Irbid—North Shooneh are suffering from serious pol-
lution problems due to adjacent Irbid Industrial city, high pop-
ulation, and high traffic density. The highway was selected
based on traffic load and anthropogenic activities. People liv-
ing in the surroundings of the study area use their vehicles to
move to work in nearby locations like Irbid, Koforyooba,
Kuforased, North Shooneh, and West Bank (Fig. 1). The con-
trol samples were obtained from Koforyooba soil (Fig. 1)
where soils are distant from human activities and uncultivated.

The collected samples were initially air-dried and sieved
through a 2-mm plastic sieve for removal of large grains (Manta
etal. 2002). Surface soil samples were characterized for grain size
distribution using hydrometer method (Gee and Bauder 1986;
Madrid et al. 2002). Fine fractions were wet-sieved through a
63-pum sieve to separate the mud from other fractions. The fine
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Fig. 2 Geological map of the study area modified after Ibrahim and Al-Mashakbeh (2016)
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fraction (63 um) was further analyzed with a Computerized
Sedigraph Analyzer-2000. The clay-sized fraction was then sep-
arated from silt by the pipette method (Folk 1974; Loring and
Rantala, 1992). Heavy metal concentrations in soil samples with
a particle size of <2 pm were investigated using the pipette anal-
ysis method (Williams etal. 2000; El-Radaideh etal. 2014). In this
method, the sample was pipetted at different times and various
depths of the suspension of the sample in a measuring cylinder.
The pipetted suspension was condensed and dried, and the mass
ratio of the pipetted fraction was determined. Then, 0.5 g of the
pipetted fraction was digested using 4 ml of 139 HNO;, conc.
(65%), 2 ml of HF, conc. (40%), and 4 ml of HCIO,, conc.
(70%). The solution of the digested samples was analyzed using
the standard methods of atomic absorption spectroscopy-model
Philips SP 9PYE Unicam Spectrophotometer for Cr, Co, Cd, Cu,
Pb, Zn, and Ni. For quality control, triplicates of each sample were
analyzed, and average values were calculated. The accuracy of
atomic absorption spectrometer analysis was checked using
National Institute of Standards and Technology, standard refer-
ence material SRM 16461 146. Correlation coefficients between
soil variables were calculated with the SPSS 147 software pack-
age. Four oriented clay samples were prepared for XRD analysis
to identify clay minerals in the very fine mud fractions (Grim
1968; Carroll 1970, Banat et al. 2005). Samples were examined
untreated, ethylene glycolated, and heated at 600 °C (Fig. 4). X-
ray diffraction analysis was conducted under the following con-
ditions: 20 0-30°; X-ray radiation: Cu ko; generator current
30151 mA; generator voltage 30 kV; and scanning speed
0.05 cm/min at Yarmouk university. Bulk soil fractions were also
analyzed by XRD for seven samples at Al Al-Bayt University
(Appendix 1, Fig. 4).

Electrical conductivity (EC) in a 1:5 extract and calcium car-
bonate (CaCOs3) equivalent were determined by a manometric
method. Total organic matter (TOM) in each sample was mea-
sured by the titration method (Hesse 1972). The calciometry
method (Loring and Rantala 1992) was used to determine the
content of carbonate (CaCQO3) in the soils, in which the amount
of CO, released from the reaction depends on the amount of
CaCOj in the sample. Analyses of trace metals were performed
at the Department of Earth and Environmental Sciences,
Yarmouk University, Jordan. The pH values of the selected soil
samples were also determined using the method described by
Allen et al. (1974). About 4.0 g of the soils (< 2 mm) was mixed
with 10.0 ml of deionized water in centrifuge tubes. The mixtures
were shaken for 30 min on a mechanical shaker and then centri-
fuged at 3000 rpm for 10 min. The pH of supernatants was mea-
sured using a pre-calibrated pH meter (Oakton Acron Series).

To be able to assess the intensity of anthropogenic contam-
ination, and extent of pollution in topsoil of study area, it is
necessary to establish the natural background value for the
soils, and enrichment may then be well-defined as the differ-
ence between the current value of heavy metal and the geo-
chemical background value. A quantitative measure of the

@ Springer

extent of selected heavy metal pollution in the studied soils
was calculated using the geo-accumulation index (Igeo) pro-
posed by Muller (1981). Igeo has been used by various re-
searchers (Loska et al. 2003; El-Radaideh 2016).

Igeo - logZ[Cn/(ISBn)]

where C, is the measured concentration of the examined
element 7 in the soil, and B, is the geochemical background
concentration (or reference value) of the element n. Factor 1.5
is a background matrix correction factor for lithogenic effects.
Constant 1.5 allows for analyzing the natural fluctuations in
heavy metal content in the topsoil and to detect very small
anthropogenic influence. The average level in Global
Geochemical Background of Cambisols (GGBC) (silty and
loamy soils) (Kabata-Pendias 2011), the average crustal abun-
dance (Fortescue 1992), and the average geochemical back-
ground level in control samples (MGBLC) from Koforyooba
sampling site (Fig. 1) were used as the background concentra-
tions. The Igeo index consists of seven grades (0 to 6), indicat-
ing various degrees of enrichment above the background values
and ranging from unpolluted to very highly polluted soil quality.

The degree of the pollution of the studied soils was
assessed by the contamination factor (CF), which represents
the individual impact of each metal on the soil (Hakanson
1980; Chen et al. 2005). The CF is the concentration of heavy
metal divided by the background value (Hakanson 1980).
Background values used here are the standards reported by
Kabata-Pendias (2011) GGBC.

In order to evaluate the data in more detail, the pollution
load index (PLI) was used, where the PLI of metals was cal-
culated according to the following formula (Tomllinson et al.
1980; Salmons and Forstner 1984; Angulo 1996):

PLI = (CFix CF,... ..... X CF,,)l/"

where CF is the calculated contamination factor, and 7 is
the number of heavy metals (7 in the present study).

To assess the effect of multiple metal pollution in the stud-
ied soils, the formula developed by Hakanson (1980) was
used. According to this formula, the potential ecological risk
index (PERI) is defined as

PERI = YFi
Ei = Tix CF
CFi = Cp/B

where Ei is the single ecological risk index, and 77 is the
toxic response factor for a given element (e.g., Cd=30, Zn=
1,Pb=Ni=Co=Cu=35, and Cr=2) (Muller 1981).
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CFi is the calculated contamination factor for the same metal,
and the CF of each metal was classified as either low (CF < 1),
moderate (1 <CF > 3), considerable contamination (3 <CF < 6),
or very high contamination (CF > 6) (Hakanson 1980).

Ei was classified as either low risk (Ei < 40), moderate (40 <
Ei<80), considerable contamination (80 < Ei< 160), high
(160 < Ei<320), or significantly high risk (Ei>320)
(Hakanson 1980). The PLI of each metal was classified as pol-
luted (PLI > 1), baseline level (PLI = 1), or not polluted (PLI< 1)
(Tomlinson et al. 1980).

The PERI consists of four grades: < 150 low, 150 <PERI <
300 moderate, 300 <PERI < 600 considerable, and > 600 very
high (Hakanson 1980).

Relationships between heavy metals and other soil factors
were determined by Pearson coefficient in a two-tailed test (r <
0.01 and 0.05).

Results and discussion
Soil parameters

The granulometric analysis of soil samples (Fig. 3 and Table 1)
showed that they were composed of 3.6% sand, 52.1% silt, and
44.4% clay, indicating predominance of silt and clay in the sam-
pling sites with a clay—loam texture.

Soil samples were assessed by XRD analysis (Fig. 4).
Similar mineralogical composition was generally observed
in most of the analyzed samples, where calcite, quartz, dolo-
mite, and clay minerals (kaolinite, illite, vermicullite,
palygorskite, and montmorillonite) are dominated, with minor
anorthite-feldspar and sepiolite clay.

Fig. 3 Particle size distribution of 1%%
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0.01 0.1

finer by wt%

0.01 01

EC, pH, CEC, TOM, and carbonate contents of soil samples
are tabulated in Table 1. The pH showed slightly neutral values
and exhibited no vertical variations. In addition, no consider-
able spatial changes in pH levels in soil samples were observed
along the selected highway. While the pH plays significant role
in sorption and desorption of heavy metals in soil (Elliot et al.
1986; Batayneh and Al-Taani 2015), the measured values sug-
gest that the impact of pH on desorption of heavy metals is
largely insignificant. However, sample sites with soil pH value
of 7.8 may enhance ionic retention (Kluge and Wessolek 2012).
The relatively moderate pH values are due to the buffering
effect of carbonate minerals (calcite and dolomite minerals).
These minerals dominate the soils of the northern region of
Jordan and are originated from weathering of carbonate rocks
of Amman Silicified Limestone, Muwaqqar Chalk Marl, and
Umm Rijam Chert Limestone. These units are mainly com-
posed of calcareous depositions (limestone, dolostone, marl,
and chalk) (Bender 1968) (Fig. 2).

This is consistent with the high CaCOj3 content observed in
soil samples ranging from 13.0 to 22.1%. The TOM contents
of soil are low to medium (less than 2.1%). Soils closer to the
road and park stations showed higher content of TOM than
that of distant soils (sampling sites 1, 2, 19, and 20). Higher
percent of TOM is probably resulted from vegetation debris,
fuel combustion, and oil leakage. In addition, elevated levels
of TOM were associated with fine soil fractions with a corre-
lation coefficient between clay-sized fraction and TOM of
0.70 (Table 2), whereas lower values were found in the coarser
fractions (sand). The CEC of topsoil ranged from 89.0 to 127
cmol(+)/kg with a mean value of about 113cmol(+)/kg de-
creasing vertically in soil profile to approach an average value
of 44 cmol(+)/kg at 10-20 cm deep. The decrease in CEC
values in subsoil is likely due to rooted plants, deficiency of
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Table 1 Physiochemical parameters of the 40 soil samples from the study area (collected from two depths)
0-10 cm depth 10-20 cm depth
Average Min. Max S.D. Average Min. Max. S.D.
Clay % 44.4 30.0 54.0 6.1 4735 40.00 59.00 6.72
Silt % 52.1 45.5 62.0 4.6 49.68 38.00 58.00 6.67
sand % 3.6 %) 8.0 1.8 2.97 2.00 4.00 0.74
TOM % 1.7 1.5 2.1 0.2 0.94 0.56 1.40 0.21
CaCO3% 16.9 13.0 22.1 2.8 16.76 12.70 22.00 2.89
pH 74 6.9 7.8 3.0 7.30 6.65 7.70 0.37
CEC cmol(+)/kg 112.7 89.0 127.0 10.8 64.50 44.00 80.00 11.59
EC (ps/cm) 217.8 166.0 298.0 46.3 213.90 163.00 294.00 44.18
Cr (mg/kg) 15.9 12.0 22.0 2.8 5.0 2.0 10.0 29
Co (mg/kg) 31.6 20.0 51.0 10.6 92 5.0 18.0 43
Cd (mg/kg) 10.7 5.0 20.0 5.1 32 1.0 6.0 1.5
Cu (mg/kg) 4.1 2.0 8.7 1.9 1.5 1.0 2.1 0.4
Pb (mg/kg) 70.9 44.0 122.0 24.5 229 15.0 33.0 53
Zn (mg/kg) 45.5 22.0 77.0 16,3 18.6 3.0 44.0 13.1
Ni (mg/kg) 59.8 33.0 88.0 16.1 22.0 12.0 33.0 7.7
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Fig. 4 X-ray powder diffractometer patterns of selected soil samples
(collected from 0 to 10 cm depth) along Irbid-North Shooneh Highway,
where a, b, and c¢ represent the bulk sample and is for the fine fraction of
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Table 2 Pearson correlation of heavy metal concentrations with physicochemical parameters from the study soils
Clay Silt sand TOM CaCO; pH CECcmol EC Cr Co Cd Cu Pb Zn
R (R (¢ (kg (us/cm) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mg/kg)

Silt % -0.99

sand % -0.89 0.80

TOM % 0.70 —0.70 —0.60

CaCO;% -058 054 062 -051

pH 030 —-031 -024 032 —0.20

CECcmol(+ 044 —-048 —0.27 045 0.02 0.56

Vkg

EC (us/cm) -0.04 —0.04 026 0.09 0.69 0.02 043

Cr (mg/kg) 0.04 001 010 035 029 0.19 0.13 0.53

Co (mg/kg) 0.14 -0.17 —-0.03 047 029 041 0.52 0.67 0.78

Cd (mg/kg) 0.13 -=0.19 004 033 046 034 049 0.81 0.67 0.85

Cu (mg/kg) 0.05 -0.11 009 022 047 035 036 0.70 0.54 0.64 0.83

Pb (mg/kg) 039 -040 -031 052 023 058 0.64 0.58 0.65 0.77 0.79 0.74

Zn (mg/kg) 020 -024 -0.06 029 038 0.11 025 0.72 0.51 0.72 0.69 0.64 0.59

Ni (mg/kg) 023 -026 —0.10 0.12 038 037 0.28 0.53 0.36 0.52 0.70 0.80 0.64 0.69

organic debris, and the dominance of kaolinite clays (Meyer
et al. 1994).

Elevated levels of EC were detected in samples collect-
ed close to sampling sites 1, 2, 3, 4, and 5. The variation
in EC values can be attributed to the type of irrigation
water, where Doqra untreated wastewater is commonly
used for irrigation. The excessive use of pesticide and
ammonic fertilizers may also explain the increase in EC
(Abu-Rukah and Samawi 2000; Batayneh et al. 2014). In
addition, the higher values can be attributed to wet climat-
ic conditions during winter, which result in increased dust
deposition with subsequent decrease in residence time of
aerosols (Yusuf et al. 2011).

Heavy metals

The average concentrations of heavy metals in soil samples in
relation to different background values are presented in
Table 3. A wide range of concentrations was observed for each
metal (Figs. 5 and 6).

In general, the average concentrations of heavy metals de-
creased vertically with soil depth (Fig. 5). Among others, this
may be related to leaching and accumulation at greater depth
(beyond the investigated depths), with lower content of sand
compared to silt and clay at these sites. It is expected that
heavy metals in soil will decrease with decreasing distance
from Koforyooba control sites, though our data are not

Table 3 Heavy metal content in soils, MGBLC, GBCC, WMS, GGBC, Iy, (1), Lgeo 2> and Iyeo (3 (mg/kg; dry wt.)
Metal Mean Mean geochemical Geochemical The world mean  Global Geochemical Lgeo (1) Igeo 2 Lgeo 3

content in background level in control  background concentration in  Background Cambisols

soil sample  sample (MGBLC) continental crust  soil (WMS) (GGBC)b

(GBCC)*

Cr 15.9 11.00 100 70 51 0.025 -0.68 —0.11
Co 31.6 22.00 29 54 10 -0.137 -0.7 -0.21
Cd 10.7 3.00 0.16 0.35 045 1.65 1.2 0.86
Cu 4.1 2.1 68 30 23 -1397 -091 -0.1.9
Pb 70.9 30.00 13 35 28 0.56 0.28 0.26
Zn 45.5 29.00 76 90 60 -04 -0.12 0.03
Ni 59.8 42.00 99 40 26 -0.396 0.185 -0.05

Igeo (1) calculated based on the average crustal abundance as background value (Fortescue 1992). Igeo (2) calculated based on the average GGBC of Kabata-
Pendias (2011). Igeo (3) calculated based on the average geochemical background level in control sample (MGBLC) from Koforyooba sampling sites

# Background values of the world soils (Fortescue 1992)
®Kabata-Pendias (2011)
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Fig. 5 Comparison of mean concentrations of heavy metals in soil samples vs. control sites (left) and soil sampling sites at two depths (right)

sufficient to give statistical validity to this suggestion. Li
(2005) documented a slight depletion in the heavy metal con-
tents in roadside soils with further distance from the highway.
Figure 6 shows higher levels of heavy metals at both ends
of the sampling transect. These ends represent areas with fre-
quent traffic jams and stop-start maneuvers (due to traffic
lights), with subsequent higher concentrations of metal emis-
sions and depositions. In addition, this can be attributed to the
urban activities in Irbid and Shooneh cities which are located
in the far eastern and western sides of the studied highway.

Lead (Pb) The high concentration of Pb near sites 1 and 2 can
be attributed to vehicle exhaust, where leaded gasoline is the
predominant gasoline used in the study area. According to
Abu-Rukah (2002), about 76% of petrol lead is emitted to
the atmosphere by vehicle exhaust in the surroundings of the
study area. More than 50% is falling as atmospheric deposi-
tion. The Pb levels in soil samples were higher than the world

average soil concentration (WMS) of 35 mg/kg (Table 3), and
higher than the soil around the Jordanian steel industry (Al-
Khashman and Shawabkeh 2009) (Table 4 and Fig. 7). Odat
(2013a, b) found that Pb concentration in soils along Irbid/
Zarqa Highway, Jordan ranged between 18.51 and
79.99 mg/kg with an average of 47.95 mg/kg. Mashal et al.
(2009) measured an average Pb concentration of 98.8 mg/kg
in urban soils of Al-Hashimeyeh, central Jordan. Howari et al.
(2004) recorded Pb content of 70 mg/kg in soils along Dead
Sea-Aqaba Highway, southern Jordan (Table 4 and Fig. 7).
The average Pb/Zn ratio in soil samples ranged between 1.6
(in soil depth of 0-10 cm) and 1.2 (from 10 to 20 cm). These
ratios of more than one unit indicate unconfined contamina-
tion and pollution inputs, as well as auto-repair workshop
wastes and exhaust emission by vehicles (Hewitt and Candy
1990). The correlation analysis showed that the concentrations
of Pb in soil samples were significantly correlated with Zn, Cr,
Co, Cd, Ni, and Cu (Table 2). This could be attributed to

Fig. 6 Distribution pattern of
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Table 4 Comparison of mean concentrations of heavy metals in urban topsoil samples from different sites in Jordan (mg/kg)

Study area Zn Cd Cu Cr Co Pb Ni Fe Reference

1- Northwestern Jordan 46 11 4 16 32 71 60 - Present study

2- Central Jordan 147 5 - 84 - 62 - - Banat et al. (2005)

3. Southern Jordan 45 5 3 22 - 55 - 24 Al-Khashman and Shawabkeh (2006)
4- Jordan Queen Alia Airport, Jordan 51 7 3 17 - 60 - 48 Al-Khashman and Shawabkeh (2009)
5- Irbid/Zarqa Highway, Northern Jordan 193 12 28 67 506 48 926 — Odat (2013a, b)

6- Al-Ramtha Soils, northeastern Jordan 95 - 45 - - 20 - 42.2 Al-Shereideh et al. (2015)

7- Petra region, Southern Jordan 1290 1.0 191 - - 1770 - 3791.4  Alsbou and Al-Khashman (2018)

higher use of leaded gasoline and to higher dry deposition to
arid climate in summer.

Cadmium (Cd) Elevated levels of Cd were measured in soil
samples ranging from 5 to 20 mg/kg with an average of
10.7 mg/kg, compared to the world average Cd content in soil
of 0.53 mg/kg (Table 3). High content of Cd was also recorded
in control samples (collected from agricultural farmlands, south

of Koforyooba town, Fig. 1). North Shooneh area is well known
for its intense agricultural activities with frequent application of
fertilizers. Application of certain phosphoric fertilizers adds Cd
and other potentially toxic elements to the soil, such as Pb
(Mmolawa et al. 2011). This suggests that Cd in roadside soils
is likely to originate from vehicle exhaust and intense applica-
tion of P-fertilizers in the surrounding agricultural areas. Dust
from the petrol combustion, brake linings, and from wearing of

350 36° 370 38° 39°
33 ) Iraq
Syria
N.Shooneh 1
. -.
Irbid ¢«
= Rhamtha
;Zerqa
‘ .
32°| = Amman
Saudia Arabia

Karak Il Study Location

. 2 "
31°| - Jordan @ City

Tafela
.; Maan
Petra
300
. Agaba 0 100 200 Kilometers
T E——

Fig. 7 Map showing the locations of previously investigated urban topsoil in different parts of Jordan and are presented in Table 4
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tires are potential sources of Cd (Oliver 1997; Batayneh et al.
2015; Lin et al. 2005; Radziemska and Fronczyk 2015). Cd
content in soil samples exceeded the critical concentration of
Cd (of about 3 to 8 mg/kg) (Raven et al. 1998; Adriano
2001). In addition, Cd is widely distributed in the earth’s crust
at an average content of about 0.1 mg/kg. Jarrar and Mustafa
(1995) recorded high levels of Cd ranging from 7 to 34 mg/kg in
the bituminous limestone of Irbid region, Jordan. Mustafa et al.
(1998) reported an average Cd in the northern Jordanian phos-
phates of 33 mg/kg.

Zinc (Zn) Zn content ranged between 22.0 and 77.0 mg/kg
with an average 45.5 mg/kg (Tables 1 and 3). On a global
basis, the average Zn concentration in soils is 64 mg/kg,
whereas the mean Zn for Cambisols is 60 mg/kg (Table 3).
Zn exhibited medium levels in roadside soils, with relatively
higher concentrations in sampling sites 1 (77 mg/kg) and 2
(75 mg/kg). Wear and corrosion of vehicle parts and oil floods
from auto-repair workshop close to these sites are probable
sources of Zn. Zn is used as an antioxidant in the engine oil
(Adachi and Tainosho 2004; Contini et al. 2012). The concen-
trations of Zn found in the present study are lower than that of
roadside soil of Irbid/Zarqa Highway, Jordan reported by Odat
(2013a, b) (Table 4 and Fig. 7).

Chromium (Cr) Cr level ranged between 12 and 22 mg/kg
with an average of 15.9 mg/kg, which is lower than the
world average Cr content of about 70 mg/kg (Table 3).
Relatively higher concentrations of Cr were observed at
site 1 and site 2 of 22 and 20 mg/kg, respectively. The
low values of Cr content in soil samples (compared to
world soil average content of Cr) are suggestive of
geogenic origin, particularly from chemical weathering of
basalt rocks exposed in the Wadi Al-Arab catchment (Figs.
1 and 2). Mielke (1979) measured Cr content of about
170 mg/kg in basaltic rocks and 11 mg/kg in limestone,
whereas the average crustal abundance of 122 mg/kg was
detected by Kabata-Pendias and Pendias (2001).

Copper (Cu) Cu content in soil samples varied from 2.0 to
8.7 mg/kg with an average of 4.1 mg/kg (Tables 1 and 3).

Kabata-Pendias and Pendias (2001) reported average Cu
levels in soil varying from 13 to 24 mg/kg. Similarly, low
Cu content in the studied topsoil, is indicative of natural
sources, though minor contribution from anthropogenic
sources is likely (fungicide and pesticides enriched in Cu
(Jones and Jarvis 1981)). The lower levels of Cu in soil sam-
ples can be attributed to synthesize of coordinated chelate
complex compounds with humic acids of soils and can sub-
stitute AI** at octahedral sites when interacting with clay min-
erals in these soils (Pinskii et al., 2018). In addition to that, the
adsorption of metals by soils and the strength of their fixation
on the surface of soil particles under both mono- and poly-
element contamination decreased with the decreasing propor-
tion of fine fractions in the soil (Minkina et al. 2011).

Nickel (Ni) Ni concentration in soil samples ranged from 33.0
to 88.0 mg/kg with an average of 59.8 mg/kg. While these
values are lower than the critical Ni concentration in soil (of
around 100 mg/kg (ref?)), they are greater than the world
average concentrations of Ni in soil (of 40 mg/kg (ref?)).
Slightly higher levels of Ni were observed in sampling sites
1,2, and 10 which might be ascribed to the fact that Ni is fuel
additives, especially in burning (diesel) used in fuel engines
and residential heating systems (Loranger and Zayed 1994). In
addition to partial release from rocks (oil shale and bituminous
sediments), Ni is emitted from motor vehicle exhaust and car
repair shops. Ni content is positively correlated with Cr, Co,
Cd, Cu, Pb, and Zn in soils (Table 2).

Environmental pollution indices

Based on Muller scales (1981), the soil samples are uncon-
taminated with Ni, Zn, Co, and Cu (Ig, (1y=—0.396,—0.4, —
0.137, and — 1.397, respectively), uncontaminated to moder-
ately contaminated with Cr, and Pb (Ige, (1) =0.025, and 0.56,
respectively) and moderately contaminated with Cd (Igeo (1) =
1.65). On the basis of mean I, (1, values calculated according
to the average crustal abundance as background value
(Fortescue 1992), heavy metals are ranked in the following
order: Pb (56.5)> Cd (1.65) > Cr (0.025) > Ni (= 0.396) > Zn
(=0.4)>Co (—0.137) > Cu (— 1.397) (Table 3 and Fig. 8).

Cr Co Cd Cu Pb Zn Ni Cr Co Cd Cu Pb Zn Ni ) Cr Co Cd Cu Pb Zn Ni

1.6 1.6 1.6
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Fig. 8 Geoaccumulation indices (Igeo (1) Igeo (2)» and Igeo (3)) 0f heavy metals in the studied soil samples
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The average lge, (2) values, calculated based on the average
GGBC of Kabata-Pendias (2011), soils are uncontaminated
with Zn, Cr, Co, Cu (Igeo (2y=—10.12, —0.68, —0.70, and —
0.91, respectively), and uncontaminated to moderately con-
taminated with Pb and Ni (Iyeo (2y=10.28, and 0.185) respec-
tively, moderately contaminated with Cd (Igeo (2)=1.2). The
heavy metals are ranked in the following order (based on I,
@): Cd (1.2)>Pb (0.28) >Ni (0.185)>Zn (—=0.12)>Cr (-
0.68)>Co (= 0.7)>Cu (= 0.91) (Table 3 and Fig. 8).

The average Iy, (3) values calculated based on the average
geochemical background level in control samples (MGBLC)
from Koforyooba sampling sit (Fig. 1), soils are uncontami-
nated with Cu, Co, Cr, and Ni (I, (3=—1.90,—0.21, - 0.11,
and — 0.05, respectively), and uncontaminated to moderately
contaminated with Zn, Pb, and Cd (Ig, 3y=0.03, 0.26, and
0.86) respectively. The heavy metals are ranked in the follow-
ing order (based on I, (3)): Cd (0.86)>Pb (0.26)>Zn
(0.03)>Ni (—0.05)>Cr (—0.11)>Co (—0.21) >Cu (- 1.9)
(Table 3 and Fig. 8).

Different contamination indices have been calculated and
presented in Figs. 9 and 10. The contamination factors (CFs)
for the selected heavy metals in different sites are ranging
from 0.1 (Cu) to 44.4 (Cd), with the following increasing
order: Cu<Cr<Zn<Ni<Pb<Co<Cd. The CF values de-
creased in soil samples from sites 3, 4, 5, 6, 7, and 8. The high
values of the average CFs (> 1) in Cd (23.8), Co (3.2), Pb
(2.6), and Ni (1.9) indicated that soils are very highly contam-
inated with Cd, considerably contaminated with Co, and

Fig.9 Contamination factors (CFs) calculated for 20 sampling sites along

the investigated highway
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moderately contaminated with Pb and Ni (Hakanson 1980).
The overall average of Cr, Co, Cd, Cu, Pb, Zn, and Ni con-
tamination in the studied soil samples followed the decreasing
order: site 1 =2 >site 3=4>site 19=20>site 17 =18 > site
15=16>site 13 = 14. Sampling sites 1,2, 3, 4, 19, and 20 are
in close proximity to commercial or industrial areas as Irbid
industrial city, whereas sites 5, 6, 7, 8, 9, 10, 11, and 12 are
located nearby residential or agricultural areas.

The results showed that the sampled soils are less contam-
inated with Cr, Cu, and Zn, with CF average values of 0.32,
0.21, and 0.76, respectively (<1 CF class) (Fig. 9). In addi-
tion, the PLI values for Cr (0. 2), Cu (0.1), Zn (0.6) are
regarded as not polluted. However, the average PLI values
of soil samples were greater than one (> 1) for Cd (13.3), Co
(5.2), and Pb (3.6) and Ni (2.4) (Figs. 9 and 10) indicating a
probable environmental pollution by these metals (from agro-
chemicals, oil leakage, vehicle spare parts, etc).

The calculated E7 indicated that the majority of heavy
metals pose a low risk (Ei <40) to soil, except for Cd, which
showed an Ei value of 399 and is considered a significantly
high risk (Hakanson 1980) (Fig. 10). Heavy metals pose
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Fig. 10 Average contamination indices for the analyzed elements along
the studied agricultural highway
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considerable potential ecological risk with PERI value of 492
(Hakanson 1980). Statistically, more than 75% of the estimat-
ed ecological risk is related to Cd (Figs. 9 and 10), which
revealed that serious Cd pollution in most sampling sites along
the highway.

Clay fraction, organic matters, and CaCOj; played an
important role in bounding anthropogenic Cr, Co, Cd,
Cu, Pb, Ni, and Zn to the soil particles (El-Radaideh
2010; Al-Taani et al. 2015a; El-Radaideh et al. 2017a).
Heavy metals in soils are of geogenic and anthropogenic
origins. Weathering of rocks in the Wadi Al-Arab catch-
ment is the primary natural source, whereas agrochemicals,
vehicle exhausts, degradation of surface wear and paint of
vehicles, vehicle wear debris of tire, brake lining are the
main anthropogenic sources of heavy metals.

Conclusion

This study provides valuable results about heavy metal con-
tents in soils along Irbid-North Shooneh highway. The con-
centrations of heavy metals in soil samples were as follows:
Pb>Ni>Zn>Co>Cr>Cd> Cu. These soils contain high
Cd, Co, Pb, and Ni concentrations in comparison to back-
ground Cambisols, whereas Cr, Zn, and Cu concentrations
were below their world average content in soil. The correla-
tion analysis of average concentrations showed positive cor-
relations among heavy metals, suggesting that these elements
have common sources. The results of Igeo, CF, Ei, and PERI
indicated that Cd is the main soil pollutant. The observed
levels of heavy metals are attributed to vehicular traffic and
the agricultural activities. This assessment can serve as a base-
line data for future studies on top and subsoil of Irbid-North
Shooneh area, with particular emphasis on the potential im-
pacts of heavy metals on plants.
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