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Abstract: Street dust samples were collected from two main streets in Mutah City, Karak, Jordan. The
samples analyzed for Fe, Zn, Mn, Cu, Pb, Cd, and Ni, and showed remarkably high levels of Fe, Zn, Mn,
Pb and Cu. in the Mutah dusts. The samples from Mazar-Karak Street had higher heavy metal
concentrations than those from University Street especially for Fe, Pb, Cu and Ni. Contents of Zn, Cu, Ni,
and Fe in the industrial areas were greater than those from the commercial and residential areas.
Discernible variations in Pb contents were recognized between two streets. Increases in these
anthropogenic trace metals in the surface environment can most likely be attributed to rapid urbanization
cars repairing centers and increased vehicle emissions to the atmosphere occur mainly in industrial areas.
However, Pb contamination in the Mutah dusts is probably caused by Pb particles from vehicle emissions.
The accuracy of the results has been cheeked using the standard reference material, SRM (soil-7). In
addition some heavy metals have been analyzed in different laboratories. The results showed good
precision and accuracy with a relative error of less than 3%.
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1. INTRODUCTION

Trace metals are wuseful indicators for
contamination in surface soil, sediment and dust
environments. Accumulations of metals including
Pb, Zn, and Cu on urban surfaces can be attributed to
vehicle exhausts, industrial discharges, oil lubricants,
automobile parts, corrosion of building materials,
atmospheric deposition (Adriano, 2001; Li et al.,
2001) and particulate emission (Sutherland &
Tolosa, 2000). Exposure to lead (specifically) is
among the most significant yet preventable threats to
human health in the world, especially to young
children (Purves, 1985). It was suggested that street
dust would act as a good marker for generalized
urban lead pollution.

Numerous  studies of heavy  metal
contamination, of street dust have been carried out in
developed countries (Li et al. 2001; Sezgin, et al.,
2003 and Charlesworth, et al. 2003), but only limited
information is available on heavy metals in the street
dust of developing countries, including Jordan. Many
studies of concentrations of heavy metals in street
dusts from different environments in Jordan have

been reported, (Al-Khashman, 2004 and El-Hassan et
al. 2006). The Investigation of heavy metal
distribution in street dust and soil from the working
areas of the Karak Industrial Estate was used to
indicate that there is a pollution of trace metals within
the above area. (El-Hassan et al. 2006) found elevated
level of Cd and Cr in Down Town of Al-Karak city.
(Jiries et al., 2003) found elevated levels of lead and
cadmium in the center of Amman with concentrations
of 1042 and 2.85 ppm, respectively. These levels
were attributed to fossil fuel emissions at the studied
sites. The impact of vehicles on road soils along the
sides of a major highway in Maan and Amman was
studied by Al-Rawashdeh, (2007) and Jaradat et al.,
(1999). They reported that the concentrations of all
analyzed heavy metals decreased with distance from
the road. The main objective of this initial study was
to determine the concentration of some heavy metals
in street dust samples collected from two main streets:
Mazar-Karak and University Streets in down town of
Mutah city, Jordan, and to assess their contamination
level. As an indicator of environmental pollution, the
following metals were chosen for the evaluation: Fe,
Zn, Mn, Pb, Cu, Cd and Ni.
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Figurel. Map of the studied area showing sampling locations

2. MATERIALS AND METHODS
2.1. The study area

Mutah is located in the central part of Jordan
in Al- Karak governorate and it is about 15 km from
Al- Karak city, and is surrounded by many villages
and towns. In Al-Karak is located one of the major
universities in Jordan; Mutah campus which contains
about 27 000 students and workers. The main
campus is located literally on the borders of the town
center. Total area of the town is about 20 km® with
an urban population of approximately 50 000. The
Al-Karak governorate represents a semi-arid area
with a Mediterranean climate, where rainfall occurs
only in the winter season during a very limited
period (from November-to April). The prevailing
winds are of western to southwestern direction. They
are often hot, dry and dusty most the time. Mutah is
a main trade center for surrounding villages and
towns, so it has a high vehicular traffic density that
causes serious pollution problems. There is no
previous research focused on pollution of the street
dust in this area except for Al Karak city (El-Hassan
et al., 2006). The sampling sites were subdivided
into two main streets: Mazar-Karak and the
University streets (Fig. 1).

Mazar-Karak street commercial area is
strongly affected by many small workshops, a
vehicle garages, a scrap yard and has a heavy traffic
density (400-600 vehicles h'). In contrast, the

University Street contains a mix of commercial and
residential areas with medium traffic density (200—
400 vehicles h™'). This was done by the author
himself, by counting the average number of passing
vehicles through each street per hour.

2.2. Sampling and analytical procedures

All of the 24 representative samples of street
dust were collected from the localities situated at the
two main streets and their intersections under stable
weather conditions during the summer, on August
2008 (Fig. 1). The dust sampling was carried out
from pavement edges using a plastic dustpan and
brushes. Dusts were not collected adjacent to site-
specific pollution sources, e.g. industries or gasoline
stations. About 200 g of dust particles that had
accumulated within a 4m radius circle around each
selected sampling point and were stored in small
self-sealing plastic bags. All the samples were dried
for 24 hours in an oven at temperaturel05 C to
constant weight, and were subsequently sieved in
all-sieving sets, through size 2 mm, 500, 250 and
63um. The dust samples were mostly very fine
grained sands and fine silts. Metal concentrations in
the <63 pm fraction were determined after
decomposition using concentrated nitric acid reflux
according to Momani et al., (2000). Because
particles of this size are easily resuspended (unlike
to bigger particles which move mainly by "saltation"
and "screep"; Nicholson, 1988 and Sehmel, 1980),



the particles of this fraction can be inhaled and cause
a serious risks to human health (Zhou et al., 2003).
Each sample (0.5-1.0g) of the size <63 um was
digested in 10 ml of concentrated trace-element-
grade nitric acid, and left overnight at room
temperature. Samples were then heated in a water
bath heater at 95°C for lhour. The extract was then
sonicated for 30 min in an ultrasonic bath (Quantrex
-210H) at 50 °C, and filtered through a 0.45-mm
prewashed filter with 1%HNO; into a 25ml
polyethylene volumetric flask. The filtrate was
diluted to the mark (25 ml) withl1%HNO;. The
extract solutions were then kept in a refrigerator at 5
°C until the time of analysis. Blank solutions were
prepared in the same way employed for the street
dust samples. The content of heavy metals (Fe, Cu,
Pb, Zn, Mn, Cd, and Co) was determined by Flame
Atomic Absorption Spectrophotometer, model (AA-
6200, Shimadzu). All reagents and chemicals used
were analytical grade (Fluka Chemica). All
laboratory ware used for the extraction process was
washed with soap, tap water, rinsed with distilled
water, and soaked in 1% HNOs; in order to remove
any adhered impurities.

2.2.1 XRD Characterization of dust

Mineral abundances in the fine dust were
determined by Powder X-ray diffraction (XRD). The
analyses were performed with a TIT XRD-3003
diffractometer (Germany), using Ni-filtered, Cu-Ka
radiation. The scan was performed from 20.000° to
80.000° through 0.020° stepscan.

2.3 Quality control

Series of standard solutions were used to
calibrate the analytical procedure. These standard
stock solutions were further diluted to multilevel
standards for all the metals, to minimize the error
effects. To minimize the error, blank samples were
run simultaneously for all the metal determinations.
Beside blanks, standard reference material soil-7
was used to asses the accuracy of the method. The
results were cheeked using atomic absorption
spectrophotometer, Model Smith-Hieftje 11 (USA),
with SH background correction of another
laboratory in Mutah University. The error was less
than 3% and the analytical precision measured as the
relative standard deviation which gave RSD < 5%.

2.4 Enrichment factor (EF)

Enrichment factors of heavy metals were
calculated for each street dust sample, based on the
standardization of a measured element to a reference

element. Iron the commonly used element, as
reference (Yongming, et al. 2006, Tasdemir et al.
2005 and Turner & Simmonds 2006). The EF
calculation is expressed bellow as:

[Cx/Cref ]Sample
[Cx/Cref ]Background

where C, is the concentration of the element of
interest and C,¢ is the concentration of reference
element (iron) for normalization. Enrichment factor
values less than 5.0 are not considered as significant,
because such small enrichments may arise from
differences in the composition of local soil material
and reference soil (Kartal, et al., 2006). Five
contamination categories are recognized on the basis
of the enrichment factor: EF< 2 states deficiency to
minimal enrichment, EF = 2-5 moderate enrichment,
EF = 5-20 significant enrichment, EF = 20-40 very
high enrichment and EF > 40 extremely high
enrichment (Yongming, et al., 2006). The mean
enrichment factors of Zn, Mn, Pb, Cu, Cd and Ni are
12.2; 1.4; 63.6; 13.6; 38.7; and 0.3 respectively.

3. RESULTS AND DISCUSSION

3.1 Heavy metal concentrations in street
dust

The descriptive statistic results of heavy metal
concentrations investigated in the studied samples,
as well as background values (Tab.1) of Mutah soils
(El-Hassan, 2006). Table 1 shows the average
concentrations of Fe, Zn, Mn, Pb, Cu, Ni and Cd in
street dusts of studied samples are higher than the
background values of Mutah soils.

In all samples, the abundances of Fe (3126-
15163 mgkg"), Zn (65- 351 mgkg'), Mn (85-184
mgkg™), Pb (49-368 mgkg"), Cu (22-474 mgkg"),
Cd (0.3-3.60 mg.kg™) and Ni (0.8-11.30 mg.kg™) in
Al-Mazar-Karak Street dust, while in the University
Street Fe (2630-8328 mg.kg™), Zn (70-250 mg.kg™),
Mn (56-246 mg.kg™), Pb (26-136 mg.kg™"), Cu (15-77
mg.kg"), Cd (1.2-2.8 mg.kg") and Ni (0.8-1.8 mg.kg’
") dust. These results show significant differences
between the two groups of samples. This is due to the
presence of high traffic (vehicle intensity), shopping
centers, work shops and residential areas.

The detected concentrations of elements
including Mn, Fe, Pb, Cu ,Ni, Cd and Zn at the
studied site (Mazar-Karak Street, samples 1-16 Fig
2.), are higher than from the University Street
especially in the central part, site number 8, due to
different activities and high traffic density.

In contrast, the University Street sites also



show a high concentrations of analyzed heavy
metals except Ni and Cd in some sites number 4, 5
and 6; (Fig. 3). The maximums of Fe, Mn, Pb, Cu
and Zn have been found in the samples Mazar Karak
Street taken from mechanical-electrical work shops
and heavy traffic sites, while their minimums were
detected in dust sample taken from residential site
with less traffic density and work shop activities

sites number 10, 11, 12, 13 and 14, see figure 2.

The highest concentration of analyzed heavy
metals were detected in the sample of the sites
number 5, 6, 7 and 8 which located at the main two
gates of Mutah University (southern and military
gates), which are characterized by a heavy traffic
density.

Tablel. Heavy metal concentrations (mg.kg™) in all street dust collected from Mutah city

Element | Minimum Maximum Mean | Standard Median | Skewness Reference value*
deviation
Fe 2630 15163 5362 2515 5229 2.69 2859
Zn 65 351 132 88 75 1.10 43
Mn 56 246 136 39 131 0.70 86
Pb 26 368 143 109 99 1.11 16
Cu 15 474 69 39 46 4.29 8
Cd 1.3 3.6 1.33 0.99 1.3 0.5 0.8
Ni 1.0 11.3 1.70 3.0 0.7 2.6 14
*El-Hassan et al., (2006).
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4. DISCUSSION

4.1 Heavy metals concentration in street
dusts

In this study, the elemental compositions show
a slight variation among the two sample streets for
Fe, Zn, and Mn, while the other elements illustrate
considerable variation as shown in figure 4.

Concentrations of Cd in most dust samples
were found to be in the range of 0.3-3.6 mg/kg,
which are slightly higher than background levels
(EL-Hasan, et al., 2006). This shows that Cd in street
dusts mainly originated from natural sources (Sezgin
et al., 2003). Nickel concentrations measured at all
points of both streets were found within the range of
0.1-11.3 mg/kg and this range is lower than the
background value (14 mg/kg). The concentration of
nickel in Mazar-Karak Street were ranged from 0.8-
11.3 mgkg' and ranged from 0.3-1.8 mgkg' in
University Street. The concentration of Ni (11.3 and
10.1 mg.kg") was found in sites having industrial
activities, smelters, foundries and high traffic
density. The concentration of nickel was attributed
to the pollution originated from traffic and
anthropogenic sources (Ferguson & Kim, 1991 and
Akhter et al., 1993). Maximum Zn and Cu content
are higher than that of the back ground in all the
studied sites which suggest an anthropogenic source
for these metals.

The source of Cu and Zn in street dust with
high traffic density areas may originate from traffic
sources, such as wear, tear of vulcanized vehicle,
tires, the corrosion of metallic parts in scrap yards,
lubricants and exhaust emissions from both gasoline
and diesel fuelled road vehicles (Pacyna, 1986;
Arslan, 2001 and Jiries, et al.,, 2001). High
concentrations of Pb and Mn were found almost in

all dust sample collected from both streets area with
high traffic density, iron and cement distribution
centers, and near Al-Karak industrial city (sample
sites from (1-8) Mazar-Karak Street, but the lowest
concentrations were detected in samples from
residential sites with low traffic density. It may be
concluded the sources of Pb and Mn in street dusts
of Mutah mainly originated from automotive
emissions and industrial activities. The results
showed elevated level of iron, which is a major
natural constituent of the soil, and they do not reflect
any specific anthropogenic source in the street dust,
(Moreno-Grau et al., 2002). Therefore, a significant
difference between iron concentrations of some sites
in both streets does not occur, except for some sites
close to industrial activities. On the other hand, it is
a useful to compare mean concentrations of heavy
metals in street dusts in different urban environments
(De Miguel; et al, 1997; and Charlesworth; et al.,
2003). Table 2, shows the contents of heavy metals
found in street dusts of different world wide cities
and the concentrations of heavy metals measured in
street dusts of Mutah are compared with data
reported for other cities. The total concentration of
Cd in street dusts samples of this work is similar to
those found in Birmingham and Oslo, higher than
those found in Coventry and Ottawa. The total
concentration of Zn determined in this work is
higher than those founds in Karak and Bursa.
According to the element Pb, the concentration
found in Mutah street dust samples is higher than
those founds in Karak, Coventry, Birmingham,
Ottawa and Hong Kong (Rasmussen; et al., 2001 and
Yeung; et al.,, 2003). This fact probably indicates
that traffic is a relevant source of Pb in Mutah street
dusts. In general each city has its own characteristics
combination of elemental compositions of its street
dusts due to different urban settings.
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Figure 4. Comparison between mean concentrations of heavy metals in Mazar-Karak and University streets
respectively.



Table 2. Mean concentration of trace elements (mg.kg™) in street dust from several cities (last two columns show
particle size in pm — retained for analysis and the protocol used to digest the samples, respectively)

City Ag | B | Ba Fe Cd Cu Cr Pb Zn | @(um) | Digestion

Aviles® 131 957 | 361 | 422 | 223 183 41.6 514 4829 | <2000* | HCI+HNO;

Karak® 4349 | 2.60 24 16 51 85 <595 HNO;+HCIO;,
Birmingham™® 1.6 | 466.9 48 534 | <63 HNO;+H,SO,+ HCIO,
Bursa® 3.1 210 57 <200 HCI+HNO;
Coventry™ 09 | 2264 47.1 385 | <63 H,S0,+HNO;+ HCIO,
Delhi™ 18.94 | 512.28 | 4816.94 | 597.63 | 365.92 | <500 HCIO,+HNO;+HF
Kuala Lumpur® 1790 | 2.96 | 355 2466 344 | <63 Tsequential
London® 26 3.5 155 1030 680 | <500* | HCI+HNO;

Mutah 5362 | 1.33 69 143 132 | <63 HNO;

Madrid® 19.3 188 61 1927 476 | <100 HCIO,+HNO;+HF
Manchester"” 8767 113 265 653 | <1000 | HNO;

Oslo™ 526 | 51452 | 1.4 123 180 412 | <100 HCIO,+HNO;+HF
Ottawa? 0.2 25.66 | 0.6 188 59 68 184 | 100-250 | HF+HCIO,

Seoul® 3 101 245 296 | <2000 | HCL+HNO;

Amman © 177 236 356 | <200 HNO;

Y0rdofiez et al. (2003), PEl-Hassan et al. (2006) C)Charltesworth et al .(2003) @ Arslan (2001) ©Banerjee(2003) PRamlan and Badri
(1989) ®Schwar et al. (1988) WDe Miguel et al. (1997) PRobertson et al. (2003) PRasmussen et al. (2000) “Chon et al. (1995) VAl-

Khashman (2007).

The mean concentrations of Zn in street dusts
of Mutah are high compared with several cities like
Bursa and Karak, while Pb in Mutah dust is higher
than in Coventry, Birmingham and Ottawa. Also
concentration of copper is higher than in
Kulalumpure and Karak. The Fe concentration in
street dusts is similar to Karak city, while lower than
other cities like Manchester and higher than for
example: Madrid, Ottawa and Kuala Lumpur. In
general, each city has its own characteristics
combination of elemental pollution, which can be
due to different anthropogenic activities of each city.

4.2 Enrichment of measured elements

The mean EF can be used as an effective tool
to differentiate between a natural origin from
anthropogenic sources. The mean EF of Zn, Pb, Cu
and Cd, is higher than 10, while the mean EF of Mn
and Ni is less than or close to unity. Maximum EF
of Pb, Cd, Cu and Zn is close to or higher than 10,
which may suggest that Cu, Pb and Zn in street dusts
mainly originate from anthropogenic sources in such
a study (Liu, et al., 2003). The order of mean EF
values in this study are Pb > Cd > Cu >Zn>Mn>Ni.
The mean EF (63.6) of Pb in EF>40 indicates Pb of
street dusts is extremely high enriched (Yongming,
et al., 2006; and Kartal, et al., 2006). Cadmium has
EF 20-40, reflecting that Cd has significant
contamination. Cu and Zn have EF in 5-20, with
mean EF below 20, indicating also a significant
contamination. Mn and Ni have EF less than 2,
revealing the lack of contamination with Mn and Ni
as a whole. Table 1 shows the skewness values of
measured metals (Fe, Zn, Mn, Pb, Cu, Cd and

Ni).Values are higher than unity for almost all of
them, which mean that, the elements positively skew
towards the lower concentrations, as can also be
confirmed by the fact that the median concentrations
of these metals are lower than their mean
concentrations. So, the geometric means of all
investigated heavy metals present more probable
content data than the arithmetic means.

4.3 XRD diagram

As shown from the figure 5, we can see some
main peaks at different angels: 26.49°, 29.33°
39.35° 47.44° and 59.85° which represents different
phases such: Calcite, Copper Iron Lead Telluride,
Neodymium Silicate and Neodymium Oxide. These
phases highlight the existence of heavy metal
pollutants in the studied street dust samples 5.
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Figure 5. XRD of analyzed dust
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5. CONCLUSIONS

This is the first pollution study in Mutah city
and in the whole adjacent region. The present results
suggest that the increase in the anthropogenic
concentration of, Fe, Zn, Mn, Pb, Cu, Cd and Ni in
street dusts in Mutah city can be most likely
attributed to the rapid development, increase in
vehicle emissions and to the lack of sophisticated
management of wastes and effluents from
workshops and other activities. Heavy metal
contents in the dusts of both selected streets showed
differences in concentrations that may be due to
mainly differences in vehicular intensity. Lead
pollution in the street dusts is likely caused by Pb
vehicle emissions. The street dusts are also
contaminated with Zn, Cu, Mn, Cd, and Ni
originating mainly from vehicles and industrial
activities. Although the contamination in Mutah is
not severe as in cities with longer histories of
urbanization such as London, Oslo, and Madrid, the
found levels in Mutah dust still exceed permissible
values in soils. Therefore, management programs
such as planned reduction of Pb and other metal
contents from fuel, improved treatment techniques
for the wastes and effluents of different activities
should be implemented by government to minimize
the environment pollution in Mutah City. Such
action would also improve air quality in the city.
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