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Abstract Recently, a large amount of research assessing pol-
lution levels and the related health risks posed by atmosphere
dust has been undertaken worldwide. However, little work has
been done in the oases of the arid regions of Northwest China.
In this paper, we studied the pollution and health risks over a
year of seven heavy metals in the atmospheric dust of Ebinur
Basin, a typical oasis in Northwest China. The results showed
the following: (1) The annual amount of atmospheric deposi-
tion in Ebinur Basin was 298.23 gm−2 and the average month-
ly atmospheric deposition was 25.06 g m−2. The average and
maximum values of the seven heavy metals measured were all
below the National Soil Environmental Quality Standards
(2nd). (2) Heavy metals of Cu, Cr, and As in the atmospheric
deposition mainly originated from the natural geological
background, while Zn came from human activity. This study
also showed that among the seven measured heavy metals, the
ratios of the no-pollution status of Pb, Cd, and Hg were higher
than those of others with moderate degrees of pollution also
accounting for a certain ratio. (3) The carcinogenic risks from
As, Cd, and Cr were all lower than the corresponding standard
limit values, and these metals are considered not harmful to
the health of the basin. However, there is a relatively high risk
of exposure for children from hand-to-mouth intake, which is

worthy of attention. This research showed that both human
activity and natural factors, such as wind and altitude, influ-
enced the heavy metal contents in the atmospheric dust of the
study area. Furthermore, recent human activity in the study
area had the most negative influence on the accumulation of
the heavy metals and the corresponding health risks, especial-
ly for Hg, Pb, and Cd, which is worthy of attention.
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Introduction

Atmospheric dust serves as a carrier and reaction bed for many
pollutants. For example, heavy metals can loosely bind to the
surface of the dust particles, which leads to instability of the
heavy metals and potential biological activities (Akhter and
Madany 1993; Al-Khashman 2004; Christoforidis and
Stamatis 2009; Li 2013; Zhang et al. 2013). Heavy metals
can accumulate in the environment, and enrichment of heavy
metals through the food chain into the soil and plant system
may endanger human health. In addition, heavy metal accu-
mulation and settling in soil, water, and natural environment
can persist and harm the ecological environment (Yang et al.
2003, 2010; Dai et al. 2014). In recent years, scholars world-
wide have studied the pollution status of different heavy
metals in urban areas, as well as the ecological and health risks
(De-Miguel et al. 1997; Al-Khashman 2004; Chen and Luan
2011; Dai et al. 2013;Wu et al. 2014). Banerjee (2003) studied
the pollution statuses of Cr, Ni, and Cu in the industrial areas
of Delhi and India, and found that levels of these metals were
all very high and closely related, and they were mainly
originated from industrial waste emissions. Christoforidis

Responsible editor: Gerhard Lammel

* Zhang Zhaoyong
baiyangdian313@163.com

1 State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute
of Ecology and Geography, Chinese Academy of Sciences,
Urumqi 830011, China

2 College of Resources and Environmental Science, Xinjiang
University, Key Laboratory of Oasis Ecology of the Ministry of
Education, Urumqi 830046, China

Environ Sci Pollut Res
DOI 10.1007/s11356-015-4625-1



and Stamatis (2009) studied the sources and pollution statuses
of Pb, Cu, Zn, Ni, Cr, Cd, As, and Hg in the main road dust,
and found that they were mainly influenced by the local
transportation vehicular fuel and high phosphorus in
fertilizers from emissions from nearby agricultural and
petrochemical factories. Akhter and Madany (1993)
researched the health risks posed by Pb, Zn, Cd, Cr, and Ni
in the street dust of Bahrain, and found Pb reached significant
levels of pollution and toxicity both indoors and outdoors and,
therefore, was a significant threat towards the health of
children.

Despite these studies, research in China about the health
risks of the heavy metals remains limited, and the studies are
all about heavy metal pollution and sources and health risks
from the dust, which all focus on the eastern and central parts
of China, which have undergone rapid economic develop-
ment. One such study, performed by Liu et al. (2012), evalu-
ated the pollution status and ecological risks posed by Cd, Hg,
Pb, Zn, and Cu in the street dust of Luoyang city, Henan
province, in the eastern part of China. They determined that
the heavy metal contents were all significantly higher than the
background values of Henan province and the soil quality
standards of China with Cd being the largest pollutant.
Wang et al. (2011) studied the heavy metal pollution and
health risks from Cd, Hg, Pb, Zn, and Cu in the land dust from
children parks of Kaifeng, Henan province, in Eastern China,
and found that hand-to-mouth was the primary routes of ex-
posure to heavy metals in this area with Pb and Cr posing the
greatest health risks. Zheng et al. (2010) researched the risk of
heavy metals Hg, Pb, Cd, Zn, and Cu in the street dust of a
zinc mining area of Huludao in Northeast China, and they
found heavy metal smelting and the large density of road
traffic heavily contributed to the heavy metal pollution in this
area. Furthermore, according to the calculated risks index of
HI, hand-to-mouth made the heavy metals have no-cancer
risks, which was the primary route of exposure for both chil-
dren and adults, followed by skin contact, and the risk to
adults mainly came from Pb and Cd.

Located in the Eurasia hinterland, Ebinur Basin is an eco-
logically protected area on the northern slope of the Tianshan
Mountains in the Xinjiang oases in Northwest China. Because
of the combined influences of climate changes and human
activities, this area is now undergoing desertification and a
decline in soil fertility. This has made the area’s ecological
environment fragile, leading to typical ecological degradation
and serious sandstorms in Xinjiang in arid areas of Northwest
China (Jilili et al. 2007; Liu et al. 2009). However, the re-
search on the pollution and health risks posed by heavy metals
in the atmospheric dust of this area are still lacking. In this
study, the atmospheric dust of this area was collected monthly
from August 2013 to July 2014 and the concentrations of Zn,
Cr, Hg, As, Pb, Cd, and Cu were tested. Classical statistical
analysis methods combined with enrichment factor

evaluation, geo-accumulation index (Igeo), and health risk as-
sessment methods were used to evaluate the distribution char-
acteristics of the atmospheric dust of Ebinur Basin, as well as
the pollution status of and health risks from heavy metals
contained within the dust. Using these methods, we aimed to
answer the following questions:

(1) How much is the annual atmospheric precipitation flux
in Ebinur Basin, and what are the spatial and temporal
distribution characteristics of the atmospheric dust?

(2) What are the human health risks posed by heavy metals
in the atmospheric dust of Ebinur Basin, and should close
attention be paid to any of these heavy metals?

Materials and methods

Study area

Ebinur Basin is a closed basin located in the inland area
of Xinjiang in Northwest China (43°38′–45°52′N,
79°53′–85°02′E) (Fig. 1). It has a total area of 50,621 km2.
As suggested by the arid desert climate, there is little rainfall
with the average annual amounts totaling only 100–200 mm
and a potential evaporation of up to 1500–2000 mm (Jilili
et al. 2013). The flora is primarily that of Central Asia and
Mongolia. There are a total of 385 plant species belonging to
53 families and 191 genera. The soil types are mainly Pied-
mont psephitic andGypsum desert soil, the vegetative cover is
mainlyH. ammodendron desert and Ephedra desert, and plant
growth consists of Populus euphratica forest, Phragmites
australis, and lowland meadow. During the past 50 years,
the rapid land-use changes in Ebinur Basin, humans have
significantly affected and modified the natural landscape on
multiple scales in this area. These changes mostly occurred as
the population density increased and agriculture intensified
(Liu et al. 2011). The increasing amounts of land being
converted to agricultural land as well as other driving
forces in land-use changes were the factors that lead to
excessive use of water resources in this area. This excessive
water use led to a significant reduction in the surface water
resources of Ebinur Basin and a decrease in the surface
water area by one third that left only 500 km2. Further-
more, this large bared area of the dry lake bottom has
become a huge salt dust storm source in Northwest China
and central Asia, threatening this area with serious sand
dust storms (Liu et al. 2011).

Setting of sampling sites

First, we performed a basic analysis of the land-use types and
topography of Ebinur Basin. Then, we used ArcGIS 10.0
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software to lay out a grid of sampling points on a digital map
of 3×3 km in the southeast region of Ebinur Basin, which is
located in the piedmont plain of the basin. This eventually
resulted in 41 atmospheric dust samples. During sampling
sets, we adjusted the sample sites based on the actual environ-
ment, which eventually resulted in the samplingmap shown in
Fig. 1. The atmospheric deposition collection was performed
using a Standard Atmospheric Precipitation Sampling Device
(WEN-162; NSROCompany, Beijing, China) with a cylindri-
cal vessel (20 cm radius×20 cm height).

Sample collection and analysis

From August 2013 through July 2014, we collected the
monthly atmospheric deposition in Ebinur Basin. The collec-
tion was the sum of both dry and wet atmospheric depositions.
Upon collecting the samples, a clean brush was first used to
brush the dust into clean sample bags, which were numbered
and sealed. These samples were then taken to the laboratory,
and rinsed thoroughly by deionization to obtain the reine
quantitat of the atmospheric deposition for that month. After
the sediment samples were taken back to the laboratory, they
were air dried and pushed through a 20-mesh nylon sieve
(0.84 mm) to eliminate plant residue and stones. Agate was
then used to grind the soil samples through 100 mesh nylon

sieves (0.25 mm) to prevent contamination, and the samples
were stored in plastic bottles.

The amount of each heavy metal in the samples was mea-
sured as follows: 0.5 g sample was placed into an Anton PVC
digestion tank (Multiwave 3000; Anton Parr, Austria) along
with HCl-HF-HNO3

−. An inductively coupled atomic spec-
trum emission spectrometer (ICAP 7500; Dionex Corpora-
tion, USA) was used to measure the Pb, Cd, Cu, Zn, and Cr
contained in the samples. An atomic fluorescence spectrome-
ter (AFS) was used to measure As and Hg.

First, standard curves were obtained using separate solutions
containing known concentrations of each heavy metal (GSS se-
ries, China) that had been diluted with deionized water. Next,
these standard curves were used to optimize the machine as well
as measure the heavy metals. Finally, in order to verify the ac-
curacy of our heavy metal measurements, 30 % of the samples
were retested. Based on this, the consistency of the repeated
heavy metal measurements was determined to be 95.71 %. The
standard solutions of the heavy metals were used to compare our
samples to national standards (GSS series, China). The recovery
of each heavymetal in all the samples was 97.31–106.394%. To
prevent contamination during the testing process, all glasswares
were soaked in 5 % HNO3 for 24 h, rinsed, and then dried. All
reagents were of analytical grade and were used without further
purification, and all solutions were prepared with Milli-Q water.
Blanks and duplicates were regularly employed during testing.

Fig. 1 Locations of the study area and sampling sites
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Enrichment factor (EF) method

EF is an important indicator used to quantitatively evaluate
pollution levels and the sources of certain pollutants. This
method is performed by choosing an element in a reference
system to serve as the reference element. The EF is then ob-
tained by getting the ratio of the percentage of the quality of a
polluting element and the percentage of the reference element
in the samples (Rahn 1976; Huang et al. 2008). The equation
used was as follows:

EFs ¼ Ci

Cn

� �
test

=
Ci

Cn

� �
background

ð1Þ

In this study, EF is the enrichment factor of certain heavy
metal, (Ci)test is the measured concentration of i heavymetal in
the dust, (Cn)test is the measured concentration of the reference
element, (Ci)background is the background value of a certain
heavy metal locally, and (Cn)background is the background con-
centration of the reference element in the soil locally. In this
study, when EF is less than or close to 1, it indicates that there
was no enrichment of these heavy metals compared to the
local soil, and these metals were mainly derived from the
natural environment. When 1<EF<5, it suggests that there
was a low level of enrichment of these heavy metals, and apart
from the soil sources, they were also influenced by man-made
sources. When 5<EF<10, there was moderate enrichment of
these heavy metals, indicating that they were significantly
influenced by pollutants from human activity. When EF>10,
this indicates a strong enrichment of these heavy metals,
where the primary source was man-made pollutants (Huang
et al. 2008).

Geo-accumulation index (Igeo)

Igeo is a quantitative indicator proposed by Müller (1979) that
is used to estimate the heavy metal pollution status of sedi-
ments in a water environment. This index can directly reflect
the degree of enrichment of heavy metals, and is now also
widely used to evaluate the pollution status of soil, atmospher-
ic dust, and sediments in water. The equation used is as fol-
lows:

Igeo ¼ Log2 Ci=1:5Bi½ � ð2Þ

In this study, Ci is the measured concentration of the heavy
metal in the dust, Bi is the geochemical background value of a
particular heavy metal, and 1.5 is the CV that may be a result

of movement of the earth and rock formation (Zhong et al.
2010). Here, we chose the average values of global shale as
the background reference values. The values of As, Cd, Cr,
Cu, Hg, Ni, Pb, and Zn were 13, 0.3, 90, 45, 0.017, 26.7, 26.6,
and 19.4 mg kg−1, respectively (Wang et al. 2007).

The Igeo criteria of heavy metals in the atmospheric dust in
this work are shown in Table 1, which are based on related
literature (Müller 1979; Wang et al. 2007).

Health risk assessment

Exposed quantity

Currently, the health risk assessment method of heavy metals
in the dust that has been internationally adopted is the Soil
Health Risk Model put forward by the U.S. Environmental
Protection Agency (U.S. EPA 1989, 2002). These assessments
tend to proceed as follows: first, each heavy metal is calculat-
ed for medium exposure levels, and then the health risks are
calculated according to the model parameters selected (Wang
et al. 2011; Dong et al. 2014; Guo et al. 2014). From this study
and related literature, we can conclude that in the atmospheric
dust of Ebinur Basin, Cd, Cu, Cr, Pb, and Zn have no chronic
risk of cancer induction, while As, Cd, and Cr have a risk of
cancer induction. We hypothesized that exposure to heavy
meals in atmospheric dust was mainly through hand-to-
mouth, contact with skin, and respiration. Based on relevant
publications, the intake of heavy metals through each route of
exposure was calculated as follows (Dong et al. 2014; Guo
et al. 2014; Li et al. 2014):

ADDing ¼
C � Ring � CF � EF � ED� AT
� �

BW
ð3Þ

ADDinh ¼ C � Rinh � BF � EDð Þ
PEF

� BW � AT ð4Þ

ADDderm ¼ C � SA� CF � SL� ABS � EF � ED

BW � AT
ð5Þ

LADDinh ¼ C � EF

PEF � AT

� Rinhchild

BWchild
� EDchild þ

Rinhadult

BWadult

� �
� EDadult ð6Þ

where ADDing is the daily average quantity of heavy metals
exposed to from dust by hand-to-mouth (mg(kg day)−1),
ADDinh is the daily average quantity of heavy metals exposed
to from dust through respiration (mg(kg day)−1), ADDderm is

Table 1 Contamination levels
and classification based on Igeo of
heavy metals

Igeo ≤0 0–1 1–2 2–3 3–4 4–5 >5

Classification 0 1 2 3 4 5 6

Pollution level Clean Slight Partially moderate Moderate Partially serious Serious Severe
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the daily average quantity of heavy metals exposed to from
dust through contact with skin (mg(kg day)−1), and LADDinh

is the lifetime average daily exposure levels for a risk of cancer
from heavy metals from dust through inhalat ion
(mg(kg day)−1. The values of the other parameters were cho-
sen based on the relevant literature (Table 2).

Health risk characterization

The no-cancer risk of heavymetals was often used to represent
as the reference dose of chronic poisoning of heavy metals. It
indicates the dose humans need to be exposed to for chronic
poisoning of heavy metals within the reference dose, and we
think there is no harm of them. By contrast, if the human
exposure dose that leads to chronic poisoning by heavy metals
exceeds the reference dose, then we think they pose a risk.
Based on related published literature, the formulas used to
calculate the no-cancer risk and cancer risks of heavy metals
are as follows (Wang et al. 2011; Dong et al. 2014):

HQi j ¼
ADDi j

Rf Di j
ð7Þ

HI ¼
Xn

i¼1

�
Xm
j¼1

� HQi j ð8Þ

Risk ¼ LADD� SF ð9Þ

In this study, HQij is the no-cancer risk quantity of certain
heavy metals through specific exposure routes, RfDij is the
maximum dose of a single heavy metal pollutant over a unit
of time and a unit of weight that will not cause a negative
bodily reaction, HI is the total cancer risk for multiple routes
of exposure and is the sum of the cancer risk for all polluting
elements through all routes of exposure, and HQij is the cancer

risk entropy of single heavy metal through certain route of
exposure. In this study, when HQij or HI<1, there is a low
risk, but when HQij or HI>1, there is no-cancer risk of heavy
metals. SF is the slope coefficient and represents the maxi-
mum probability; there will be a carcinogenic effect when
humans are exposed to a certain quality of a certain heavy
metal. Risk is the risk of cancer, represents the probability of
cancer occurring, and is the ratio of people with cancer within
a unit quantity. When the risk ranges from 10−6 to 10−4, it
suggests that the heavy metal poses a carcinogenic risk (Guo
et al. 2014; Li et al. 2014).

Ordinary Kriging (OK) method

OK is a commonly used linear spatial interpolation method
that estimates variables at unsampled locations by using infor-
mation from neighboring points and assigning weights to the-
se points based on their distance from the point and the spatial
variability structure (Neto et al. 2006).

The OK method can be formulated as follows:

Z*
OK x0ð Þ ¼

Xn

i¼1

wiZ xið Þ ð10Þ

where ZOK
* (x0) is the OK estimate at an unsampled loca-

tion (x0), n is the number of samples in a search neigh-
borhood, and wi is the weight assigned to the ith obser-
vation, Z(xi). Weights are assigned to each sample such
that the estimation or Kriging variance E[{Z*(x0)−
Z(x0)}

2] is minimized and the estimates are unbiased
(Mamat et al. 2014). Weights are determined after com-
puting a semivariogram that models spatial correlation
and covariance structure between data points for each
variable using Eq. 11.

Table 2 Parameters and the values of models for exposure to heavy metals

Items Parameters Implication Units For children For adult Literature

C Concentration of heavy metals mg kg−1 95 % UCL 95 % UCL This research

EF Exposure frequency day a−1 180 180 (Dong et al. 2014)

Exposure factor ED Exposed fixed number of year a 6 24 (Li et al. 2014)

AT The average exposure time day 365×ED (no-cancer) 365×ED (no-cancer) (U.S. EPA 1989)
365×70 (carcinogenesis) 365×70 (carcinogenesis)

BW Average weight kg 15 70 (U.S. EPA 2002)

CF Unit converter mg kg−1 1×10−6 1×10−6 (U.S. EPA 1989)

Hand-to-mouth Ring Consumption rate of dust mg day−1 200 100 (U.S. EPA 2002)

Respiration Rinh Respiratory rate m3 day−1 7.63 12.8 (Li et al. 2014)

PEF Particulate emission factor kg m−3 1.36×10−9 1.36×10−9 (U.S. EPA 1989)

Skin contact SL Skin adhesion degrees mg cm−2 0.2 0.07 (U.S. EPA 1989)

SA Exposed skin area cm2 day−1 956 1528 This research

ABS Skin factor – 0.001 0.001 (U.S. EPA 1989)
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γ hð Þ ¼ 1

2N hð Þ
XN
i¼1

Z xi þ hð Þ−Z xið Þ½ �
2

ð11Þ

where γ(h) is the semivariance between two observation
points Z(xi) and Z(xi+h), separated by a distance h, and
N is the number of observation pairs at the distance h.

In this study, Matlab 7.0 software was used to calculate the
EF and Igeo. The OK of the pollution status of the seven heavy
metals in the atmospheric dust of Ebinur Basin was extrapo-
lated with Arcgis 10.0 software.

Results and analysis

Statistical characteristics of the heavy metal content
and changes in the atmospheric dust

As shown in Fig. 2, the annual settling flux from August 2013
to July 2014 of Ebinur Basin was 298.23 g m−2, and the

monthly settling flux ranged from 12.4 to 44.8 g m−2, with a
mean value of 25.06 g m−2. The maximum value occurred in
March 2014 at 25.06 g m−2, while the minimum value was in
August 2013 at 13.45 g m−2. Overall, the winter half of the
year running from August 2013 to February 2014 was signif-
icantly higher, 1.42 times, than in the summer half of the year
from March 2014 to July, 2014.

We used the background values of Xinjiang (CSEPA 1990)
and the Secondary National Soil Quality Standards of China
(EPDPRC 1995) as the standards against which to evaluate
the heavy metal contents in the atmospheric dust of Ebinur
Basin. The results in Table 3 show that the average and max-
imum values of the tested heavy metals were all below the
Secondary National Soil Quality Standards of China, and,
besides As, all the values were below the soil background
values of Xinjiang and the National Soil Environmental Qual-
ity Standards (2nd) (GB15618-1995) (EPDPRC 1995). The
average values of Pb, Cd, and Hg all exceeded the soil back-
ground values of Xinjiang by 28.5, 41.3, and 25.4 %, respec-
tively. Meanwhile, the maximum values of Zn, Cu, and Cr, all
exceeded the background values of Xinjiang by 20.4, 27.8,
and 15.9 %, respectively, but did not exceed the values of the
Secondary Soil Environmental Quality Standards of China.

A coefficient of variation (CV) is the ratio between the stan-
dard deviation and the average of certain elements, and this
indicator can be used to compare indexes with different dimen-
sions (Abuduwaili et al. 2015). In this study, the average CVs
of Cu, Zn, and Cr ranged from 36.7 to 55.9 %, displaying a
medium variation. The CVof As was 18.6 %, displaying a low
variation in amounts of As between different samples. By com-
parison, the average CVs of Pb, Hg, and Cd were all higher
than 100 % and reached 186.7, 151.9, and 122.5 %, respective-
ly. They all had high variation, indicating that there were large
differences in the contents of these three heavy metals between
samples. Based on their average skewness, we can order the
metals as Pb>Cd>Hg>Cu>Zn>Cr>As. The values of Pb,
Cd, and Hg are large, indicating that they were influenced by
the economic development in the study area.

Fig. 2 Atmospheric dust deposition in Ebinur Basin

Table 3 Heavy metal content in atmospheric deposition in Ebinur Basin

Elements Ranges (mg kg−1) SD (mg kg−1) GM (mg kg−1) CV (%) Over-limit ratio (%) BV (mg kg−1) NSS (mg kg−1) Skewness Kurtosis

Zn 26.25–227.51 5.14 157.16 36.7 20.4 110.6 300 34.6 28.1

Pb 11.14–124.17 1.02 16.32 186.7 28.5 13.5 350 75.7 84.7

Cu 15.12–62.27 3.11 24.52 47.1 27.8 32.5 100 38.4 29.5

Hg 0.01–0.79 0.24 0.038 151.9 25.4 0.017 1.0 42.5 32.5

As 0.22–2.16 0.71 1.05 18.6 0 8 25 17.6 11.7

Cd 0.004–0.48 0.037 0.34 122.5 41.3 0.12 0.6 61.4 62.4

Cr 58.15–169.25 3.57 102.17 55.9 16.9 96.2 250 29.9 22.7

Al 12.56–36.57 28.61 / / / / /

SD standard deviation, GM geometric means of heavy metals, CV variable coefficient, BV background values of the heavy metals, NSS secondary
national soil standard values
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Enrichment factor (EF) of heavy metals
in the atmospheric dust

In this study, we calculated the average enrichment factors
(EFs) of heavy metals in the atmospheric dust of Ebinur Basin
(Formula 2, Fig. 3) using Al as a reference. Based on the
calculated EFs, the seven tested heavy metals can be ordered
as Pb>Cd>Hg>Zn>Cu>Cr>As, and divided into three cat-
egories. The first category consists of Cu, Cr, and As with EFs
lower than 1 and no significant enrichment. This indicates that
they were not polluting the atmospheric dust of Ebinur Basin
and mainly originated from the natural environment, such as
soil particles and soil parental materials (Huang et al. 2008;
Eichler et al. 2014). The second category consists of Zn,
which had an EF of 1.28. It was slightly enriched, and
belonged to low pollution levels. By combining our study
with related literature, we conclude that the levels of Zn were
influenced by both the natural environment and pollution
emitted by human activities in the basin. The third category
consists of Pb, Cd, and Hg with average EFs all higher than
13. Specifically, the EFs of Pb, Cd, and Hg were 13.6, 23.64,
and 24.46, respectively, showing that Cd and Hg were ex-
tremely enriched and indicating that these heavy metals were
mainly influenced by the pollutants emitted by human activi-
ties in the basin (Huang et al. 2008, 2012; Eichler et al. 2014).

The spatial distribution of the EFs of Pb, Cd, and Hg in the
atmospheric dust of all samples showed higher values in the
northern and central parts of the study area, while Zn, Cu, Cr,
and As were higher in the southern and surrounding areas
(Fig. 4).

Geo-accumulation index (Igeo) of heavy metals
in atmospheric dust

The average monthly geo-accumulation indexes (Igeo) and the
average pollution classifications of the heavy metals in the

atmospheric dust samples are shown in Table 4. Based on
our analysis, the tested heavy metals can be ordered by pollu-
tion levels as Cd>Pb>Hg>Cu>Zn>Cr>As. Overall, the Igeo
of Zn in all months tested, as well as the Igeo for all the other
metals in August 2013, March 2014, and May 2014 fell at a
no-pollution status, while in other months of the research pe-
riod, the heavy metals fell at low levels of pollution status. The
average values of Igeo of Pb in September 2013, October 2013,
November 2013, and the whole year all belonged to low pol-
lution status, while in the other monitoring months, they all
belonged to low pollution levels. The average values of Igeo of
Cu was at low pollution levels throughout the year, while Hg
in September 2013, October 2013, November 2013, and the
whole year fell at moderate pollution levels, but in the other
months, fell at low pollution levels and had a heavier pollution
status. In all atmospheric dust samples, the average values of
Igeo of Cr in September 2013, March 2014, June 2014, Ju-
ly 2014, and the whole year all belonged to no-pollution sta-
tus. Similarly, in all atmospheric dust samples, the average Igeo
of As in September 2013, March to July 2014, and the whole
year all belonged to no-pollution status. While these two
heavy metals in the other months and the whole year all
belonged to low pollution levels and have relatively light pol-
lution (Table 4).

From the distribution of the heavy metal contents, we de-
termined that the environmental risks posed by the seven
heavy metals in the atmospheric dust of Ebinur Basin were
significantly influenced by the season. For example, the pol-
lution levels of Cd, Hg, and Pb in the winter months of Sep-
tember 2013 through March 2014 were significantly higher
than those in the other months and were at relatively heavier
pollution levels.

From the spatial distribution of the average Igeo of the at-
mospheric dust in the study area, we found that the Igeo values
of Pb, Cd, and Hgwere higher in the northern and central parts
of the study area, while Zn, Cu, Cr, and As were higher in the
southern and surrounding parts (Fig. 5). This is consistent with
the distribution of the EFs of heavy metals in the atmospheric
dust in the study area.

Assessment of health risk posed by heavy metals
in atmospheric dust

Exposure levels to heavy metals in atmospheric dust

Based on the pollution levels we obtained for the heavy metals
in the atmospheric dust of Ebinur Basin, we evaluated the
health risk posed by these heavy metals through different
routes of exposure using Formulas 3–6. As shown in Table 5,
the order of the exposed quantity of no-cancer risk for the
heavy metals for the three routes of exposure was Cd>Cu>
Cr>As>Zn>Hg>Pb. This analysis also showed that the daily
exposure levels were significantly higher in children than inFig. 3 EFs of the heavy metals in the atmospheric deposits
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Fig. 4 Spatial distribution of the EFs of heavy metals in the atmospheric deposits

Table 4 Monthly accumulation indexes and classification of heavy metals in Ebinur Basin

Month August
2013

September
2013

October
2013

November
2013

December
2013

January
2014

February
2014

March
2014

April
2014

May 2014 June 2014 July 2014 Annual
average

Zn −0.11(0) 0.19 (1) 0.09 (1) 0.11 (1) 0.15 (1) 0.28 (1) 0.06 (1) 0 (0) 0.11 (1) 0 (0) 0.19 (1) 0.06 (1) 0 (0)

Pb 0.97 (1) 1.21 (2) 1.41 (2) 1.57 (2) 0.38 (1) 0.27 (1) 0.76 (1) 0.78 (1) 0.66 (1) 0.76 (1) 0.81 (1) 0.67 (1) 1.16 (2)

Cu 0.11 (1) 0.18 (1) 0.29 (1) 0.11 (1) 0.38 (1) 0.21 (1) 0.17 (1) 0.17 (1) 0.24 (1) 0.11 (1) 0.11 (1) 0.04 (1) 0.38 (1)

Hg 0.74 (1) 0.81 (1) 1.01 (2) 1.26 (2) 0.54 (1) 0.38 (1) 0.49 (1) 0.51 (1) 0.42 (1) 0.39 (1) 0.52 (1) 0.31 (1) 1.14 (2)

Cd 0.81 (1) 1.14 (2) 1.19 (2) 1.45 (2) 0.11 (1) 0.32 (1) 0.19 (1) 0.39 (1) 0.41 (1) 0.54 (1) 0.47 (1) 0.67 (1) 1.35 (2)

Cr 0.15 (1) 0 (0) 0.12 (1) 0.09 (1) 0.17 (1) 0.42 (1) 0.47 (1) 0 (0) 0 (0) 0.11 (1) 0 (0) 0 (0) 0 (0)

As 0.15 (1) 0 (0) 0.05 (1) 0.09 (1) 0.15 (1) 0.64 (1) 0.45 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
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Fig. 5 Igeo spatial distribution of the heavy metals in the atmospheric deposits

Table 5 Daily doses for each heavy metal and routes of exposure

Elements ADDing ADDinh ADDderm LADDinh

C A C A C A

Zn 1.84×10−3 3.23×10−3 4.85×10−7 4.24×10−8 2.71×10−9 3.79×10−9

Pb 1.29×10−4 2.59×10−4 2.99×10−8 1.51×10−8 1.49×10−9 1.24×10−9 7.31×10−9

Cu 9.05×10−3 3.34×10−3 3.34×10−6 2.81×10−7 2.28×10−8 8.82×10−9

Hg 1.36×10−3 3.51×10−4 3.87×10−7 2.77×10−8 1.87×10−9 1.72×10−9 6.27×10−10

Cd 10.15×10−3 7.06×10−3 4.42×10−6 3.61×10−7 2.94×10−8 1.51×10−8 4.27×10−9

Cr 5.07×10−3 3.12×10−3 1.79×10−6 8.46×10−8 6.87×10−9 6.58×10−9

As 3.71×10−3 3.17×10−3 10.21×10−7 5.56×10−8 4.81×10−9 4.32×10−9

C children, A adults
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adults. For both children and adults, hand-to-mouth was the
primary source of exposure, skin was the secondary source
exposure, and respiration was the tertiary route of exposure.

Assessment of the health risks posed by heavy metals
in the atmospheric dust

Based on the quantity of heavy metals in the atmospheric dust
of Ebinur Basin and Formulas 7–9, we calculated the no-
cancer exposed risks of the atmospheric dust of Ebinur Basin.
As shown in Table 6, the no-cancer exposed risks of the seven
heavy metals were tested for three routes of exposure, and it
was found that the risk of exposure was higher in children than
in adults. The no-cancer risk was highest for exposure through
hand-to-mouth. Specifically, the percent of the no-cancer risks
for the total cancer risk posed by heavy metals in children
through hand-to-mouth intake was 92.4 %, while for adults,
it was 91.7 %.

Based on the total no-cancer risks (HI) for adults, the
metals can be ordered as Cd>Pb>Hg>Cr>Cu>Zn>As. For
children, the metals can be ordered as Cd>Pb>Hg>Cu>Cr>
Zn>As. By comparing the RfDing values of heavy metals
taken in by hand-to-mouth, we can get that the risk posed by
exposure of children to Pb through hand-to-mouth was the
highest. The exposure risks (HQ) for the three routes of expo-
sure for the seven tested heavy metals in the atmospheric dust
of Ebinur Basin were all lower than the limit value of the one
proposed by the U.S. Environmental Protection Agency (U.S.
EPA 2002). Meanwhile, the overlay no-cancer risks of the
seven heavy metals through the three routes of exposure in
the atmospheric dust of Ebinur Basin did not exceed 1
(Table 6), indicating that the no-cancer risks of Ebinur Basin
were relatively low and not significantly harmful to the area.

By calculating the risk of cancer posed by As, Cd, and Cr
taken in via respiration, we can get that the SFs of As, Cd, and
Cr in the atmospheric dust of Ebinur Basin were 5.8, 4.9, and

3.7, and the carcinogen exposure risks of these three heavy
metals were 2.56×10−8, 8.89×10−9, and 2.17×10−9, respec-
tively (Table 6). These values are significantly lower than the
limits of 10−6–10−4 as recommended by the U.S. Environmen-
tal Protection Agency (U.S. EPA 2002), indicating that these
metals posed no-cancer risk and did not harm the residents in
the study area (Dong et al. 2014; Li et al. 2014).

Based on the calculation of the no-cancer risks from rele-
vant literature, we calculated the cancer risks of As, Cd, and
Cr from intake through respiration (U.S. EPA 1989, 2002;
Dong et al. 2014; Li et al. 2014). From this, we determined
that the SFs of As, Cd, and Cr were 5.8, 4.9, and 3.7 with
exposure risks of 2.56×10−8, 8.89×10−9, and 2.17×10−9, re-
spectively. These results show that in Ebinur Basin, the cancer
risks posed by As, Cd, and Cr were in the range of 10−8–10−9

for exposure through respiration, which are within the stan-
dard limits and, therefore, represent little cancer risk (U.S.
EPA 2002).

Discussion

The influence of meteorological and human activity
on heavy metals in the atmospheric dust of Ebinur Basin

Influence of human factors on heavy metal pollution
in the atmospheric dust in Ebinur Basin

In this study, consistent results were achieved with EF and Igeo
when studying the heavy metal pollution of dust from Ebinur
Basin. We found that the EFs and Igeos of Hg, Pb, and Cd in
the dust from the northern, central, and northeastern parts of
the study area (Figs. 4 and 5) were much higher than those in
the western, southern, and surrounding parts. The northern
and central parts of the research area were close to Jinghe
county and significantly influenced by human activities,

Table 6 Hazard quotient and risk for each heavy metal and exposure pathway

Elements RfDing RfDinh RfDderm C A

HQing HQinh HQderm HI HQing HQinh HQderm HI

Zn 3.45×10−3 4.96×10−4 5.13×10−5 1.15×10−2 3.71×10−7 0.18×10−4 2.81×10−2 1.61×10−3 1.45×10−7 1.4×10−5 4.32×10−3

Pb 2.19×10−1 1.28×10−2 3.41×10−3 2.31×10−1 1.61×10−5 1.45×10−3 1.48×10−1 2.61×10−2 6.14×10−5 2.6×10−4 2.27×10−2

Cu 3.28×10−3 5.74×10−4 1.29×10−5 4.61×10−2 1.09×10−7 2.14×10−4 3.34×10−2 7.31×10−3 3.18×10−6 1.7×10−5 7.15×10−3

Hg 0.88×10−2 0.65×10−3 0.27×10−4 1.64×10−1 3.11×10−5 3.18×10−2 0.67×10−1 3.17×10−2 2.74×10−5 3.4×10−4 1.28×10−2

Cd 1.81×10−2 1.37×10−3 2.66×10−4 1.37×10−1 4.61×10−5 1.34×10−2 1.74×10−1 6.51×10−2 1.71×10−6 1.2×10−4 4.17×10−2

Cr 6.21×10−3 1.34×10−4 2.17×10−5 2.04×10−2 2.12×10−7 4.74×10−5 4.77×10−2 4.34×10−3 0.68×10−7 3.4×10−5 6.62×10−3

As 2.83×10−3 4.37×10−4 2.77×10−5 1.85×10−2 2.34×10−6 4.07×10−4 1.64×10−2 4.71×10−3 0.78×10−7 5.1×10−5 2.54×10−3

Total 2.32×10−1 4.14×10−3 1.61×10−3 0.74×10−1 0.97×10−1 0.88×10−4 4.1×10−3 1.35×10−1

C children, A adults
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such as traffic on the main state road of China S303, pollution
from the burning of coal in winter, and other industrial and
agricultural activities. This suggests that the heavy metal
pollution emitted from these activities had a significant
influence on the heavy metal content in the atmosphere and
eventual deposition in the study area. Therefore, the pollution
status and the health risks posed by Hg, Pb, and Cd were
significantly higher in the northern, central, and northeastern
parts of the research area. In previous studies, Leung et al.
(2008) showed that human activities, including industrial,
urban, and traffic related, caused pollution of the
atmosphere, dust and soil, which can significantly influence
the chemical fractions of the dust. In this study, we found that
in the northern, central, and northeastern parts of the research
area, the amounts of the heavy metals in the dust were mainly
influenced by the polluting emissions from industrial, urban,
and vehicular emissions. These heavy metals were then
transferred into the atmosphere and eventually deposited on
land. This is also consistent with studies by Akhter and
Madany (1993) on heavy metals in the dust in the streets
and indoors in Bahrain city in Bahrain, by Arslan (2001) on
the heavy metal pollution of the dust on industrial park roads
in Kayseri city in Turkey, and by De-Miguel et al. (1997) on
the heavy metal pollution of the street dust of Madrid, Spain,
and of Oslo, Norway.

In this study, the distributions of Cd, Hg, and Pb were
found significantly higher during the colder months from Sep-
tember 2013 to March 2014. The background values during
these periods in the study area combined with the fact that
heating increases during the winter time from September
2013 through March 2014 in Ebinur Basin, suggesting that
Cd and Pb were released into the atmosphere, where they
accumulated in the condensed nucleus and then eventually
settled on land.

The influence of wind and altitude on the distribution of heavy
metals in Ebinur Basin

Alataw Pass is the widest and flattest part of Northwest China,
and is located on the Kazakhstan border. Due to its long,
narrow, and flat topography, it forms a famous windy pass.
In this area, there are approximately 300 windy days annually
with up to 165 days annually with high speed winds
>17.5 m s−1. The maximum instantaneous wind speed reaches
55 m s−1 and grade 17. Previous work by Liu et al. (2011)
found that the strong wind of the lake basin contributes to the
distribution of heavy metals in the soil of Ebinur Basin. Fur-
thermore, because of blockage by the high altitude of the
mountains, lower altitude areas had much higher amounts of
atmospheric dust deposition than the higher altitude areas
(Fig. 6). For example, samples JC-02 and JC-04, which were
taken from the lower altitude areas in the north of the research
area, had annual atmospheric dust accumulations of 34.59 and
36.18 g m−2, respectively. Meanwhile, samples JC-38 and
JC-41, from higher altitude areas in the south of the
study area, had annual atmospheric dust accumulations
of 27.18 and 26.25 g m−2, respectively. This suggests
that the strong winds from Alataw Pass that travel from
the north to the south can significantly influence the
atmospheric dust deposition, which may eventually influ-
ence the heavy metal contents. In low altitude site sam-
ple JC-02 and JC-04, and high altitude site sample JC-38
and JC-41, the Pb, Hg, and Cd contents were 27.8, 0.12,
and 0.035 mg kg−1; 25.6, 0.14, and 0.041 mg kg−1; 21.3,
0.04, 0.021; and 18.1, 0.03, and 0.019 mg kg−1, respec-
tively. This is consistent with data published by Liu et al.
(2011) showing that the annual deposition in the plain of
Ebinur Basin is much higher than that in the mountains
surrounding the basin.

Fig. 6 The annual wind direction
in Ebinur Basin
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Choose of parameters for evaluation of health risk
of cancer and no-cancer of heavymetals in the atmosphere
dusts

In this study, in order to compare with the similar research
in the world, when calculating the risk of cancer and no-
cancer of heavy metals in Ebinur Basin using health eval-
uation models, we chose the parameters mainly from the
Soil Health Risk Model put forward by the U.S. Environ-
mental Protection Agency (U.S. EPA 1989, 2002). But
this may make the evaluated results higher than the actual
values. Previous studies have found that the skin surface
area of Chinese adults is averagely lower by 10–13 %
than that of American and European (Tang et al. 2012),
so choosing parameters of skin exposure from the calcu-
lation models of the U.S. Environmental Protection Agen-
cy can cause higher calculation results of risk of cancer
and no-cancer of heavy metals in the atmosphere of the
research area. Duan et al. (2012) also found that choosing
the parameters of skin exposure from the U.S. Environ-
mental Protection Agency resulted in higher results in the
health risks assessment of heavy metals in China by 5–
20 %, which increased the uncertainty of the research
results. So it is very important to choose suitable param-
eters for the health risk evaluation of heavy metals in the
atmospheric dust of the research area and to further
choose suitable health risk assessment model for evalua-
tion of the actual situation of arid areas in China, and it is
also important to compare the calculated results of differ-
ent parameters between different health risk assessment

models both at home and abroad, to reveal the otherness
and the influential factors in the research.

Comparison of levels of heavy metals in the dust
around the world

A comparison of heavy metals in dust from cities and other
areas in China and other regions in the world found that
among the seven heavy metals tested in our study, Hg, As,
Cr, Ni, and Zn were present at much lower levels than in
studies of the city streets of other areas in many countries of
the world such as Bahrain city in Bahrain (Akhter and
Madany 1993), Jackson Port in Australia (Birch and Scollen
2003), Karak in Jordan (Al-Khashman 2004), Kavala in
Greece (Christoforidis and Stamatis 2009), Delhi in India (Be-
nin et al. 1999), and France (Pagotto et al. 2001). They were
also lower than the dust from cities in China, such as Gui yu
town in Southern China (Leung et al. 2008), Baoji city in
Northern China (Lu et al. 2010), Hongkong city in Eastern
China (Li et al. 2001), Baotou city in Northern China (Guo
et al. 2011), Nanjing city in Eastern China (Huang et al. 2008),
and Peking in Eastern China (Dai et al. 2013) (Table 7). These
differences indicate that the environment in Ebinur Basin is
clean and the heavy metal contents are relatively low. How-
ever, this work also revealed that recent economic develop-
ment of Ebinur Basin has negatively influenced the amounts
of heavy metals in the atmospheric dust. Pb, Cd, and Hg levels
were much higher than other heavy metals. Additionally, the
risk of exposure to Pb in atmospheric dust by children through

Table 7 Heavy metal content in dust around the world

Regions Heavy metals (mg kg−1) References

As Hg Cd Zn Cu Cr Pb

Bahrain, Bahrain 1.21 – 0.38 – 26.51 – 22.15 Akhter and Madany 1993

Jackson Port, Australian 1.08 0.05 – 167.51 – 128.61 – Birch and Scollen 2003

Karak, Jordan – – 0.32 – 33.77 ND 23.53 Al-Khashman 2004

Ulsan, Korea – 0.07 – 199.54 – 133.51 – Duong and Lee 2011

Delhi, India 1.39 – 0.63 – 68.82 – 26.61 Benin et al. 1999

France 0.29 0.05 – 268.41 – ND 24.16 Pagotto et al. 2001

Guiyu, Southern China – – 0.49 274.61 32.79 – – Leung et al. 2008

Hongkong, Eastern China 1.27 – 0.71 212.54 37.94 95.43 33.61 Li et al. 2001

Baoji, Sorthern China – 0.05 ND 187.61 – – – Lu et al. 2010

Baotou, Northern China 1.07 – 0.61 – 66.51 80.54 38.75 Guo et al. 2011

Nanjing, Eastern China – 0.06 – 171.42 – ND – Huang et al. 2008

Peking, Eastern China 1.03 – 0.37 – – – 48.61 Dai et al. 2013

Ebinur Basin 1.07 0.04 0.21 166.89 22.74 99.32 17.81 This research

ND not detected
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intake from hand-to-mouth is also high, which deserves
attention.

Conclusion

From a study on the atmospheric dust deposition in Ebinur
Basin, and the associated pollution and health risks from
heavy metals in the dust, we have drawn the following
conclusions:

(1) This research found that the contents of heavy metals of
the atmospheric deposition in most places of Ebinur Ba-
sin are all very lower than those in the urbanized and the
industrially developed countries, and also in Eastern
China.

(2) From the review of the research of the no-cancer and
carcinogenic risks of related heavy metals showed, they
were all lower and not harmful to the health of the basin.

(3) BIn normal view, we mostly think that the environment
of the Xinjiang oases in the arid regions of Northwest
China is very good, and the heavy pollution of the envi-
ronment is very little. However, recent literatures and our
research have showed that with the rapid progress of the
economy of Xinjiang oases, the water, soil, and the at-
mosphere dusts of some places have brought some pol-
lution phenomenon, such as the water, soil, and atmo-
sphere pollution in Urumqi city, and the soil and water
pollution in Kashgar city. This deserves attention, be-
cause the environment of Xinjiang oases is very fragile,
and once suffered from the pollution of heavy metals, it
will be very hard to recover. In the further, effective mea-
sures should be made to maintain the coordination and
the sustainability of the rapid economic development and
ecological environment protection of this area. In addi-
tion,the government should also focus on the heavy met-
al pollution of Xinjiang oases, which under rapid prog-
ress of the economy driven by the Development of the
Western Regions of China and the One Belt and One
Road Economy Construction of China^ these years.
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