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ABSTRACT: Dry and wet atmospheric depositions as well as urban surface soil samples were collected in
eight different land use zones (during 2010) of the most important and largest industrial city, southwest Iran
for determining Cadmium, Chromium, Lead and Zinc. The average of Cd, Cr, Pb and Zn concentrations in the
study area for wet precipitation were 17.8 pg/L, 49.97 pg/L, 2.31 pg/L, and 0.53 pg/L, respectively. Also, the
mean levels of mentioned elements were 0.144 mg/m?.day, 0.457 mg/m2.day, 0.091 mg/m?.day, and 0.0017 mg/
m2.day, respectively in dry deposition samples. Moreover, the average amounts of Pb, Zn, Cr, and Cd were
recorded for soil samples as a value of 64.2 mg/kg, 197.3 mg/kg, 61.24 mg/kg and 0.73 mg/kg. As a result, the
trend of metal concentrations in all media were similar and decreased as Zn> Pb> Cr> Cd. The high contamination
levels of heavy metals indicate that they have been significantly impacted from anthropogenic activities (non-
ferrous metal smelting, fossil fuel combustion, pit burning, gas flaring and traffic sources). According to
analysis results, the significantly positively correlations between Cd-Pb, Pb-Zn and Zn-Cd were shown in all

three environments.

Key words: Atmospheric chemistry, Heavy metals, Suspended particle matter, Wet precipitation,

Urban surface soil

INTRODUCTION

The suspended particulate matters are one of the
primary air pollutants encompass a wide spectrum of
elements with different degree of toxicity, harmfulness
(Sherwood, 2002; Sekhavatjou et al., 2010) and severe
impact on the respiratory system (Seinfeld & Pandis,
2006; Parr et al., 1994) resulting in increased morbidity
and mortality rates (Gotschi etal., 2005; Valavanidis et
al., 2006; EEA, 2005; WHO, 2003; Sekhavatjou et al.,
2011). Trace metals are part of a major concern due to
their toxic and potentially carcinogenic characteristics
(Caoetal., 2009; Chiou, 2009) and their persistent in the
environment (Sherwood, 2002; Hosseini Alhashemi et
al., 2012; Taghinia Hejabi et al., 2010). They enter the
environment through atmospheric deposition, erosion
of the geological matrix, and from anthropogenic sources
arising from both stationary (power plants, industries,
incinerators, and residential heating) and mobile sources
(road traffic) (Giordano et al., 2005; Bilos et al., 2001;
Pacyna, 1984; Sweet & Vermette, 1993; Sullivan &
Woods, 2000; Chen et al., 2010; Lara et al., 2001; Safai et
al., 2004; Das et al., 2005; Song & Gao, 2009).
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Dryand wet precipitations play important roles in
carrying chemical species from the atmosphere to the
surface (Al-Khashman , 2005; Zheng et al., 2005;
Goncalves et al., 2000; Tanga et al., 2005; Laraetal.,
2001), thus they can bring potential adverse effects
on the continents as well as in the oceans (Kimet al.,
2000; Gao etal., 2003; Boyd etal., 2004; Sow etal.,
2006).

There have been several recent studies of chemical
composition and concentration of heavy metals in dry
and wet depositions in both urban and rural areas
(Khare et al., 2004; Kulshrestha et al., 2003; Seung-
Muk et al., 2006; Garciaet al., 2006; Green & Morris,
2006; Michael & Christos, 2006; Zhong et al., 1994;
Cheng & You, 2010) furthermore. Also, Chudaeva et
al. (2008), Melaku et al. (2008), Li et al. (2007) and Itoh
et al. (2006) were reported the concentration of heavy
metals in wet precipitation in urban areas of Russia,
Washington, China and Japan, respectively (Chudaeva
etal., 2008; Melaku et al., 2008; Lietal., 2007; Itoh et
al., 2006). In addition, heavy metal amounts in dry
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deposition and soil were measured by Leung Anna et
al. (2009), Wang et al., (2009), Wei et al. (2009) in China,
Deboudt et al. (2004) in western Europe, Preciado and
Loretta (2006) in British Colombia, Al-Khashman et al.
(2005) in Jordan (LeungAnnacet al., 2009 ; Wang et al.,
2009 ; Wei et al., 2009 ; Deboudt et al., 2004; Preciado
& Loretta, 2006; Al-Khashman et al., 2005).

Ahvaz is a capital city of the Khouzestan province,
Iran. It is built on the banks of the Karun River and is
situated in the middle of Khouzestan Province
(31°19°45" N and 48°41°28" E). The city had a
population of 1,338,126 in 2006. Ahvaz has a desert
climate with long, extremely hot summers and mild, short
winters. Itis an industrialized city and the major parts
of oil industries which are located there. So, the main
sources of potentially toxic metals (Cr, Cd and Pb) which
are especially high temperature processes such as non-
ferrous metal smelting, fossil fuel combustion vehicle
exhaust, and other human activities, which are located
in the city (Sekhavatjou et al., 2011; Herrera et al.,
2009). So the present study has researched the
following aims in an important industrialized city in
the southwest of Iran:
a.To determine trace elements levels (Cd, Cr, Pb and

Zn) in wet precipitation, dry deposition and urban

surface soil and to investigate seasonal variation

of studied elements in mentioned media

b.To determine relationship between trace elements
concentration in settling particles, amount of these
metals in wet precipitation and surface soil of
studied urban area

c.To identify the probably effects of emission sources
on increasing and accumulation of trace elements
in different media

The results obtained from this study will provide
a useful databank of metal concentrations in the three
studied media in Ahvaz that contribute to have an
effective monitoring on both environmental quality and
the human health.

MATERIALS & METHODS

The eight sampling sites have been selected
according to several parameters such as industries
locations, residential area, traffic zones, access and
representativeness in the city of Ahvaz that their
characteristics are given in Table 1. Also the map of
the study area is presented in Fig. 1.

Wet precipitation samples were collected
immediately after precipitation events. Wet deposition
sample containers were cleaned before sampling with
distilled water and a final rinse with a 10% nitric acid
solution to eliminate particle deposition or adsorption
onto container. All collected samples were passed
through a membrane filter pore size 0.45 micron. Then,
the nitric acid was added to filtered samples to adjust
the pH to less than 2.0 and to dissolve most of the
particles. The acidified samples were then preserved
in a refrigerator for further analysis (Singh & Mondal,
2008; Deshoeufs et al., 2001; Sandroni & Migon, 2002).
The collection of dry deposition was according to
ASTM 1739D, using polyethylene cylindrical
containers. The sampling containers were placed in
elevation of 2 meters above surface and far from any
pollution sources. The sampling period was 30 days in
both winter and spring 2010 (ASTM, 2004). The
preparation and chemical analysis of dry deposition
was same as soil samples that are mentioned as a below
(Wei & Yang, 2010; USEPA, 1996). About 50 g of

Table 1. Characteristics of selected sampling sites in the area of the study

Distance Distance from Distance
Station Land Elevation Locati from industrial and from Populati
code and use (m) ocation road commercial residential opufation
(m) area (m) area
S1 High traffic 3 City center 10 2500 adjacent 20000
S2 Ind ustrial 5 Eastern 10 500 adjacent 12000
margin
g3  Residential- 2 Southeast 10 450 adjacent 35000
industrial
g4  Residential- 2 Southwest 12 500 adjacent 45000
industrial
S5 Residential 2 Southwest 450 7000 adjacent 1000
Light
S6 traffic- 3 ﬁiﬁte.rn” 200 3000 adjacent 7000
residential gt
g7  Residential- 2 Northern 10 300 adjacent 12000
industrial margin
S8 Residential 3 Northern 250 4000 adjacent 5000
margin
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Fig. 1. Position of sampling sites in Ahvaz city

composite soils were taken from 0-5 cm of surface, both
before and after rainfalls, from each site and were kept
in polyethylene bags. The air dried soils were passed
through a 63-um mesh (sieve No. 230) and were
powdered by an agate mortar and pestle. About 0.5 g
of the powdered sample was placed in a beaker
containing 5 mL of 3:1 HNO, to HCl and covered with
awatch glass. Then samples were heated until most of
the liquid evaporate, and were allowed to cool before 3
mL of Per-chloric acid (HCIO,) repeatedly. The heating
was continued till the evaporation of most of the liquid.
Finally samples were filtered and diluted to 50 with 1 N
HCI and analyzed (Hosseini Alhashemi et al., 2010;
Hosseini Alhashemi et al., 2011). The total
concentration of Cd, Cr, Pb, and Zn were determined
by ICP-AES, model Ultima 2C. The standard errors were
in the range 0.2% to 0.5%.

RESULTS & DISCUSSION

The descriptive statistics results of heavy metals
in wet and dry deposition and soil samples are
presented in Table 2. The highest concentration levels
of Pb for wet precipitation, dry deposition and soil
were shown in S2, S1 and S7 sampling sites,
respectively. Also the most concentration levels of Zn
in all media were recorded in site S1. Moreover, the
highest amounts of Cr for wet deposition (5.4 pg/L),
dry deposition (0.175 mg/m?2.d) and soil (80.42 mg/kg)
were reported in site S3. The similar trend was observed
for Cd in S1 sampling site. The trend of studied metals
wereas Zn (49.893 pg/L)> Pb (17.817 pg/L)> Cr (2.3 pg/
L)>Cd (0.53 pg/L), Zn (0.457 mg/m2.d)> Pb (0.1444 mg/
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m2.d)>Cr (0.09141 mg/m2.d)> Cd (0.00176 mg/m2.d)
and Zn (197.385 mg/kg)> Pb (64.2 mg/kg)> Cr (61.24
mg/kg)> Cd (0.7387 mg/kg) for wet precipitation, dry
deposition and soil, respectively.

The levels of Pb and Zn are high in both dry
deposition and soil samples. Lead which is one of the
most hazardous metals revealed widely high levels in
all studied media in the area of study. This is due to
several emission sources in the adjacent city such as
Carbon Black plant, non-ferrous metal smelting, steel
and pipe manufacturing plants, gas flare burning and
heavy traffic of vehicles. These amounts were between
2.56 - 91.18 pg/L in wet precipitation samples.
Concentration of studied elements showed meaningful
differences in sampling points (P<0.01).

The concentrations of Zn and Cr in wet
precipitation were between 7.31-127.46 pg/L and 0.7-
7.43 pg/L, respectively. The highest levels of Zn and
Cr were shown in traffic and industrial stations,
respectively. Totally, the concentrations of heavy
metals in wet precipitations are highly dependent to
emission sources and this point is an important role of
pollutant’s transferring from air to soil via wet
depositions.

The Fig. 2 has showed the significant correlation
between Pb and Zn (r?=0.459, P<0.01), Cd and Pb
(r>=0.601, P<0.01) and Zn and Cd (r>=0.436, P<0.05) in
wet precipitation due to the effects of industrial and
traffic activities on rain chemistry in urban area.

Trace elements amounts in industrial and terrific
zones are higher than other sites in dry deposition
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samples. Average amounts of Pb, Zn, Cr, and Cd in dry
deposition samples are 0.144 mg/m2.day, 0.457 mg/
m2.day, 0.0017 mg/m2.day,respectively.The
concentration of studied elements in dry deposition
samples has shown meaningful differences in sampling
points (P<0.01). The highest concentration of Pb was
shown near flares and burning pits. In addition the
most concentration levels of Zn and Cd were recorded
in traffic zone. There were significant correlation
between Pb and Zn (r?=0.734, P<0.01), Cd and Cr
(r>=0.518, P<0.05), Cd and Pb (r>=0.649, P<0.01), Cr and
Pb (r?=556, P<0.05), Zn and Cr (r>=0.587, P<0.05) and
Cdand Zn (r>=0.515, P<0.01) in settled particle samples
(Fig.3). Due to high correlation between heavy metals
and high concentration levels of studied elements in
traffic and industrial zones, the anthropogenic
activities can lead to increasing the metal amounts.
The mean concentration of Pb, Zn and Cr were 64.2
mg/kg, 197.3 mg/kg and 61.24mg/kg in surface soil
samples in the study area. The highest levels of Pb

and Zn in surface soil were shown in traffic and
industrial stations, respectively. On the contrary the
highest level of Cr was recorded near non-ferrous metal
smelting factory. Therefore, it seems that the main
emission sources of Cr are industrial activities.
Concentration of studied elements in surface soil
samples showed meaningful differences in various
sampling points (P<0.01). Also, there were significant
correlation between Pb and Zn (r?=0.44, P<0.05), Cd
and Pb (r>=0.34, P<0.05), and Cd and Zn (r’=0.41,
P<0.01) in surface soil samples (Fig. 4). According to
statistical analysis, there were significant correlation
between Zn (r?=0.551, P<0.01), Cr (r>=0.648, P<0.05),
and Cd (r’=0.542, P<0.05) in wet precipitation and urban
surface soil. Also Pb concentration in wet precipitation
had weak correlation with Pb in surface soil in the study
area (r>=0.204, P<0.05) (Fig. 5). Dry deposition - Urban
surface soil correlation shows the following pattern
Pb (r>=0.55, P<0.05), Zn (r>=0.73, P<0.01) and Cd
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Fig. 2. Correlation of heavy metals in wet precipitation
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Fig. 3. Correlation of heavy metals in dry deposition

(r>=0.645, P<0.05) had meaningful relationship in
particle settled samples and surface soil of studied area
as shown in Fig.6. Zn concentration in dry and wet

deposition samples revealed meaningful correlation
(r?=0.88, P<0.01), while other elements had no
significant correlation (Fig. 7).
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Table 3. Mean of worldwide concentration of trace elements in different environments
Media Site Pb (ug/l) Zn (pg/l) Cr (ug/l) Cd (ug'l) Reference
:1? _5 - Ahvaz-Iran 2.56-91.18 7.31-127.4 0.7-7 43 0-1.97 This study
@D =] =
% = = Zanjan - Iran(14) 0.99-1.55 6.01-145 0.47-14 0.05-3 (Farahmand kia
-~ ° et al., 2009)
South of Jordan(102) 0.012-0.85 2.82-110 - 0.02-0.54 Nedyan et al., 2009)
Washington,DC, USA(70) 0.11-32 - 0.062-4.6 0.06-5.1 (Melaku etal., 2008
Athens,Greece(58) 0.0-3.6 2.85-155 0.26-4.47 0.02-0.54 <anellopoulou, 2001
Site Pb Zn cr cd Reference
{? (mg/m”.day) (ma/m?2.day) (ma/m2.day) (mg/m2.day)
o
g:é Ahvaz -Iran 0.019-0.309 0.084-0.918 0.0149-0.208 0.0001-0.0057 This study
[=]
= Western Europe(41) 0.049-0.157 0.1420.540 - 0.0005-0.0035 (Deboudtet al., 2004
Central Ontario(54) 0.032-0.%6 0.022-1.317 - 0.002-0.0097 (Jeffries DS. J. &
Snyder, 1981)
@ Site Pb (mg/kg) Zn (mg/kg) Cr (mg/kg) Cd (mg/kg) Reference
= Ahvaz, Iran 64.2 197.38 61.24 0.73 This study
Beijing, China 35.4 92.1 61.9 0.215 (Chen et al., 2010)
Jeddah,Saudi Arabia(56) 475 2222 533 - (kadi., 2009)
Shanghai,China(85) 70.69 301.4 107.9 0.52 (shi et al., 2008)
Luoyang, China(38) 65.92 215.75 71.42 1.71 (Lu et al., 2007)
Background values of 35 90 70 0.35 (CNEMC, 1990)
the world
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CONCLUSION

Comparison between trace elements
concentrations in surface soil and dry and wet
deposition in other sites of the world and this study
are presented in Table 3. As this table shows, Pb and
Cr levels of wet samples in Ahvaz city were higher
than other studies in the world. Also, Pb and Zn
concentration in dry deposition were very higher than
other sites of the world. According to soil sample
results, amounts of trace elements concentration in
the studied area were higher than literature cited and
also Pb, Zn and Cd showed higher levels than
background values of the world. It seems that the main
reason of high level concentration of studied elements
in Ahvaz city isrelated to a various industrial emission
sources activities such as non-ferrous metal smelting,
fossil fuel combustion, pit burning and gas flaring
around this area. As a results, it should be mentioned
that general pattern of elemental concentrations in dry
deposition, wet precipitation and urban surface soil
decrease as Zn>Pb>Cr>Cd. In addition, the
concentrations of studied elements in industrial and
traffic zones were more than other sites in this area.
Totally, results indicate high contamination levels of
heavy metals in urban soils, wet and dry deposition
that have been significantly impacted from
anthropogenic activities.

ACKNOWIEDGEMENT

Many thanks to Mr. Ahmadreza Mollai for his
diligent measurement of trace metal analysis in the
samples. Also we thank Dr. Azadeh Taghinia Hejabi for
critical reading and English improvement of this
manuscript.

REFRENCES

Al-Khashman, O.A. (2005). Study of chemical composition
in wet atmospheric precipitation in Eshidiya area, Jordan.
Atmospheric Environmental, 39, 6175-6183.

ASTM, (2004). Standard Test Method for Collection and
Measurement of Dustfall (Settleable Particulate Matter),
ASTM Method D 1739-98.

Bilos, C., Colombo, J.C., Skorupka, C.N., Rodriguez Presa,
M.J. (2001). Sources, distribution and variability of airborne
trace metals in La Plata City area, Argentina. Environmental
Pollution, 111, 149-158.

Boyd, P.W., McTainsh, GH., Sherlock, V., Richardson, K.,
Nichol, S. (2004). Episodic enhancement of phytoplankton
stocks in New Zealand subantarctic waters: contribution of
atmospheric and oceanic iron supply, Global
Biogeochemistry, Cy. 18 GB1029.

Cao, Y., Wang, S., Zhang, G, Luo, J. and Lu, S. (2009).
Chemical characteristics of wet precipitation at an urban
site of Guangzhou, South China. Atmospheric Research,
94, 462-469.

Chen, X., Xinghui, X., Zhao, Y., Zhang, P. (2010). Heavy
metal concentrations in roadside soils and correlation with
urban traffic in Beijing, China. Journal of Hazardous
Material, DOI:10.1016/j.jhazmat.2010.05.060.

Cheng, M., You, C. (2010). Sources of major ions and heavy
metals in rainwater associated with typhoon events in
southwestern Taiwan. Journal of Geochem. Explor., 105,
106-116.

Chiou, P, Tang, W,, Lin, C.J., Chu, H.W., Ho, T. C. (2009).
Comparison of Atmospheric Aerosols between Two Sites
over Golden Triangle of Texas. International Journal of
Environmental Research, 3(2), 253-270.

Chudaeva, V.A., Yurchenko, S.G. (2008). Chemical
compostion of Precipitation in the Southern part of the
Far East. Water Quality Protection, 35, 60-71.

CNEMC (China National Environmental Monitoring
Center), (1990).The Backgrounds of Soil Environment in
China. China Environmental Science Press.

Dao, L., Morrison, L., Zhang, C. (2010). Spatial variation
of urban soil geochemistry in a roadside sports ground in
Galway, Ireland. Science of Total Environmental, 408, 1076—
1084.

Das, R., Das, S.N., Misra, V.N. (2005). Chemical
composition of rainwater and dustfall at Bhubaneswar in
the east coast of India, Atmospheric Environmental, 39,
5908-5916.

Deboudt, k., Flament, P., Bertho, B. (2004). Cd, Cu, Pb and
Zn Concentrations in Atmospheric Wet Deposition at a
Coastal Station in Western Europe. Water Air Soil Pollution,
151, 335-359.

Desboeufs,K., Losno, R., Colin, J.L. (2001). Factors
influencing aerosol solubility during cloud processes.
Atmospheric Environmental, 35, 3529-3537.

EEA, (2005). Environment and health. European
Environment Agency. Copenhagen, EEA Report No. 10/
2005. 35.

Farahmandkia, Z., Mehrasbi, M.R., Sekhavatjou, M.S.
(2010). Relationship between concentrations of heavy
metals in wet precipitation and atmospheric PM, particles
in Zanjan, Iran. Iranian Journal of Environmental Health
Science and Engineering, 8(1), 49-56.

Gao, Y., Fan, S., Sariento, J.L. (2003). Aeolian iron input to
the ocean through precipitation scavenging: a modelling
perspective and its implications for natural iron fertilization
in the ocean. Journal of Geophysical Research, 108, 4221.

Garcia, R., Ma, C.T., Padilla, H., Belmont, R., Azpra, E.,
Arcega-Cabrera, F., Baez, A. (2006). Measurement of
chemical elements in rain from Rancho Viejo, a rural wooded
area in the State of Mexico. Atmospheric Environmental,
40, 6088-6100.

Giordano, S., Adamo, P., Sorbo, S., Vingiani, S. (2005).
Atmospheric trace metal pollution in the Naples urban area
based on results from moss and lichen bags. Environmental
Pollution, 136, 431-442.



Int. J. Environ. Res., 8(2):335-346,Spring 2014

Goncalves, F.L.T., Massambani, O., Beheng, K.D., Vautz,
W., Schilling, M., Solci, M.C., Rocha, V., Klockow, D.
(2000). Modelling and measurements of below cloud
scavenging processes in the highly industrialized region of
Cubat_ao, Brazil. Atmospheric Environmental, 34, 4113-
4120.

Gotschi, T., Hazenkamp von Arx, M.E., Heinrich, J. and
Bono, R. (2005). Elemental composition and reflectance of
ambient fine particles at 21 European locations. Atmospheric
Environmental, 39, 5947-5958.

Green, N.A., Morris, V.R. (2006). Assessment of public
health risks associated with atmospheric exposure to PM2.5
in Washington, DC, USA. International Journal of
Environmental Research and Public Health, 3, 86-97.

Herrera, J., Rodriguez, S., Baéz, A.P. (2009). Chemical
composition of bulk precipitation in the metropolitan area
of Costa Rica, Central America. Atmospheric Research, 94,
151-160.

Hosseini Alhashemi, A., Karbassi, A.R., Hassanzadeh Kiabi,
B., Monavari, S.M., Nabavi, S.M.B., Sekhavatjou, M.S.
(2010). Bioaccumulation of Trace Elements in Trophic
Levels of Wetland Plants and Waterfowl Birds. Biologycal
Trace Element Research, DOI 10.1007/s12011-010-8795-
X.

Hosseini Alhashemi, A., Karbassi, A.R., Hassanzadeh Kiabi,
B., Monavari, S.M., Nabavi, S.M.B. (2011). Accumulation
and bioaccessibility of trace elements in wetland sediments.
African Journal of Biotechnology, 9, 1625-1636.

Hosseini Alhashemi, A., Sekhavatjou, M.S., Hassanzadeh
Kiabi, B., Karbassi, A.R. (2012). Bioaccumulation of trace
elements in water, sediment, and six fish species from a
freshwater wetland, Iran. Microchemical Journal, 104, 1-6.

Itoh, Y., Mura, S., Yoshinaga, S. (2006). Atmospheric lead
and cadmium deposition within forest in the Kanto
district, Japan. Short communication, 11, 137-142.

Jeffries, D.S.J., Snyder, W.R. (1981). Atmospheric
deposition of heavy metals in central Ontario. Water Air
Soil Pollution, 15, 127-152.

Kadi, M.W. (2009). Soil Pollution Hazardous to
Environment: A case study on the chemical composition
and correlation to automobile traffic of the roadside soil of
Jeddah city, Saudi Arabia. Journal of Hazardous Material,
168, 1280-1283.

Kanellopoulou, E.A. (2001). Determination of heavy metal
in wet depostion of Athens. Global Nest J. 3(1), 45-50.

Khare, P., Goel, A., Patel, D., Behari, J. (2004). Chemical
characterization of rainwater at a developing urban habitat
of Northern India. Atmospheric Research, 69,135-145.

Kim, G, Scudlark, J.R., Church, T.M. (2000). Atmospheric
wet deposition of trace elements to Chesapeake and
Delaware Bays. Atmospheric Environmental, 34, 3437-
3444,

Kulshrestha, U.C., Kulshrestha, M.J., Sekar, R., Sastry,
G.S.R., Vairamani, M. (2003). Chemical characteristics of

rainwater at an urban site of south-central India.
Atmospheric Environmental, 37,3019-3026.

Lara, L.B.L.S., Artaxo, P., Martinelli, L.A., Victoria, R.L.,
Camargo, P.B., Krusche, A., Ayres, G.P., Ferraz, E.S.B.,
Ballester, M.V. (2001). Chemical composition of rainwater
and anthropogenic influences in the Piracicaba river basin,
Southeast Brazil. Atmospheric Environmental, 35,4937-
4945,

Leung Anna, O.W., Duzgoren-Aydin Nurdan, S., Cheung K,
C., Wong Ming, H. (2009). Heavy Metals Concentrations
of Surface Dust from e-Waste Recycling and Its Human
Health Implications in Southeast China. Environmental
Science and Technology, 42, 2674-2680.

Li, X., Li, Z., Ding, Y., Liu, S., Zhao, Zh., Luo, L., Pang, H.,
Li, C., Li, H., You, X., Wang, F. (2007). Seasonal variations
of pH and electrical conductivity in a snow-firn pack on
Glacier No. 1, eastern Tianshan, China. Cold Reg. Sci. Tech.
48, 55-63.

Lu, S., Bai, S., Xue, Q. (2007). Magnetic properties as
indicators of heavy metals pollution in urban topsoils: a
case study from the city of Luoyang, China. Geophys. J.Int.,
171,568-580.

Melaku, S., Morris, V., Raghavan, D., Hosten, C. (2008).
Seasonal variation of heavy metals in ambient air and
precipitation at a single site in Washington, DC.
Environmental Pollution, 155, 88-98.

Melaku, S., Morris, V., Raghavan, D., Hosten, Ch. (2008).
Seasonal variation of heavy metals in ambient air and
precipitation at a single site in Washington, DC.
Environmental Pollution, 155, 88-98.

Michael, R.G., Christos, S.C. (2006). Particle size
distribution and atmospheric metals measurements in a rural
area in the South Eastern USA. Science Total of
Environmental, 356, 217-227.

Pacyna, J.M. (1984). Estimation of the atmospheric
emissions of trace elements from anthropogenic sources in
Europe. Atmospheric Environmental, 18, 41-50.

Parr, R.M., Stone, S.F. and Zeisler, R. (1994). Environmental
protection: Nuclear analytical techniques in air pollution
monitoring and research. IAEA Bulletin, 38. 16-21.

Preciado, F., Loretta, Y. Li. (2006). Evaluation of Metal
Loadings and Bioavailability in Air, Water and Soil Along
Two Highways of British Columbia, Canada. Water Air Soil
Pollution, 172, 81-108.

Safai, P.D., Rao, P.S.P., Momin, GA,, Ali, K., Chate, D.M.,
Praveen, P.S. (2004). Chemical composition of precipitation
during 1984-2002 at Pune, India. Atmospheric
Environmental, 38,1705-1714.

Sandroni, V., Migon C. (2002). Atmospheric deposition of
metallic pollutants over the Ligurian Sea: labile and residual
inputs. Chemosphere, 47, 753-764.

Seinfeld, J.H. and Pandis, S.N. (2006). Atmospheric
Chemistry and Physics from Air Pollution to Climate
Change. New Jersey: John Wiley & Sons, Inc. pp. 294-299.
pp. 336-337.



Elemental concentration in wet and dry atmospheric deposition

Sekabira, K., Oryem Origa, H., Basamb, T. A., Mutumba,
G., Kakudidi, E. (2010). Heavy metal assessment and water
quality values in urban stream and rain water, Environmental
Science and Technology, 7(4), 759-770.

Sekhavatjou, M.S., Hoseini Alhashemi, A. and Rostami, A.
(2011). Comparison of Trace Element Concentrations in
Ambient Air of Industrial and Residential Areas in Tehran
City. Biological Trace Elements Research. DOI: 10.1007/
$12011-011-9001-5.

Sekhavatjou, M.S., Hosseini Alhashem, A., Taghavirad, S.,
Goudarzi, G., Mollaee, A.R. (2011). Seasonal variation of
mercury vapor concentrations in industrial, residential, and
traffic areas of Ahvaz city, Southwest Iran, African Journal
of Biotechnology, 57, 12232-12236.

Sekhavatjou, M.S., Rostami, A. and Hoseini Alhashemi, A.
(2010). Assessment of elemental concentrations in the urban
air (case study: Tehran city). Environronmental Monitoring
and Assessment, 163, 467-476.

Seung-Muk, Y., Lisa, A.T., Sathyapriya, T., Shu, Y., John,
H.O., Steven, J.E., Joseph, G., Thomas, M.H. (2006).
Atmospheric dry deposition of trace elements measured
around the urban and industrially impacted NY-NJ harbor.
Atmospheric Environmental, 40, 6626-6637.

Sherwood, S.C. (2002). Aerosols and ice particles size in
tropical cumulonimbus. Journal of Climate, 15,1051-1063.
DOI:10.1175/1520-0442.

Shi, G, Chen, Z., Xu, S., Zhang, J., Wang, L., Bi, C., Teng,
J. (2008). Potentially toxic metal contamination of urban
soils and roadside dust in Shanghai, China. Environmental
Pollution, 156, 251-260.

Singh, A. K., Mondal, G.C. (2008). Chemical
characterization of wet precipitation events and deposition
of pollutants in coal mining region, India. Journal of
Atmospheric Chemistry, 59,1-23.

Song, F., Gao, Y. (2009). Chemical characteristics of
precipitation at metropolitan Newark in the US East Coast.
Atmospheric Environmental, 43,4903-4913.

Sow, M., Goossens, D., Rajot, J. L. (2006). Calibration of
the MDCO dust collector and of four versions of the inverted
frisbee dust deposition sampler. Geomorphology, 82, 360-
375.

Sullivan, R., Woods, I. (2000). Using emission factors to
characterize heavy metal emissions from sewage sludge
incinerators in Australia. Atmospheric Environmental, 34.
4571-4577.

Swaileh, K., Hussein, R.M., Abu-Elhaj, S.(2004).
Assessment of heavy metal contamination in roadside
surface soil and vegetation from the West Bank, Archive of
Environmental Contamination and Toxicology, 47, 23-30.

Sweet, C.W., Vermette, S.J. (1993). Sources of toxic element
in urban air in Illinois. Environmental Science and
Technology, 27,2502-2510.

Taghinia Hejabi, A., Basavarajappa, H.T., Qaid Saeed, A.
M. (2010). Heavy Metal Pollution in Kabini River
Sediments. International Journal of Environmental Research,
4(4). 629-636.

Tanga, A, Zhuanga, G, Wanga, Y., Yuana, H., Sun, Y. (2005).
The chemistry of precipitation and its relation to aerosol in
Beijing. Atmospheric Environmental, 39, 3397-3406.

US EPA, (1996). Acid digestion of sediments, sludges, and
soils, Method 3050B, Revision 2.

Valavanidis, A., Fiotakis, K. and Vlahogianni, T. (2006).
Characterization of atmospheric particulates, particlebound
transition metals and polycyclic aromatic hydrocarbons of
urban air in the centre of Athens (Greece). Chemosphere,
65, 760-768.

Viklander, M. (1999). Substances in Urban Snow. A
compersion of the contamination of snow in different
part of the city of Lula,Sweden. Water Air Soil Pollution,
114,377- 394.

Wang, J., Chen, Z., Sun, X., Shi, G, Xu, S., Wang, D., Wang,
L. (2009). Quantitative spatial characteristics and
environmental risk of toxic heavy metals in urban dusts of
Shanghai, China. Environmental Earth Science,
DOI:10.1007/S12665-009-0061-1.

Wedyan, M., Altaif, Kh., Aladaileh, S. (2009). Heavy Metals
in Wet Deposition of South of Jordan. Europian Journal of
Science and Research, 36, 554-560.

Wei, B., Yang, L. (2010). A review of heavy metal
contaminations in urban soils, urban road dusts and
agricultural soils from China. Microchemical Journal, 94,
99-107.

Wei., B., Yang, L. (2010). A review of heavy metal
contaminations in urban soils, urban road dusts and
agricultural soils from China. Microchemical Journal, 94,
99-107.

WHO, (2003). Health aspects of air pollution with particulate
matter, ozone and nitrogen dioxide. World Health
Organization. Copenhagen. 94.

Zheng, M., Guo, Z., Fang, M., Rahn, K.A., Kester, D.R.
(2005). Dry and wet deposition of elements in Hong Kong.
Mar. Chem. 97, 124-139.

Zhong, Y.W., Ming, H., Zhi, C.L., John, M.O. (1994).
Chesapeake Bay atmospheric deposition study, Year 1:
sources and dry deposition of selected elements in aerosol
particles. Atmospheric Environmental, 28, 1471-1486.





