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HIGHLIGHTS GRAPHICAL ABSTRACT

e The coals from Guizhou province had
abnormally high radiogenic Pb.

e Coal combustion was not the major
source of atmospheric Pb in Guiyang
area.

e Atmospheric Pb mainly originated
from industrial emission or vehicle
exhaust.
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sources of atmosphere lead in urban Guiyang. Coals from Guizhou Province had significantly high
radiogenic Pb, different to those from North China. Local vehicle exhaust had similar Pb isotope ratios to
those of other areas in China. Pb isotopic compositions of atmospheric aerosols, rainwaters, plant
samples, and acid-soluble fraction of street dusts were similar to each other. The results clearly suggest
that the Pb—Zn ore-related industrial emission, and/or vehicle exhaust, rather than the local coal com-

f:ﬁ;v?srg;pes bustion, are the main sources of atmospheric Pb in Guiyang. Furthermore, binary mixing model indicates
Air pollution that the contribution of coal combustion to the local atmospheric Pb decreased from about 40% in 1988
Guiyang to about 10% in 2013.

Lead sources © 2015 Elsevier Ltd. All rights reserved.
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sources and atmospheric transport of Pb (Chiaradia et al., 1997;
Sturges and Barrie, 1987; Weiss et al., 1999; Flament et al., 2002;
Widory et al., 2004). Anthropogenic Pb pollution originates
mainly from mining, smelting, industrial uses, waste incineration,
coal combustion, and leaded gasoline (Cheng and Hu, 2010). The
atmospheric levels of Pb increases significantly since the use of
alkyl lead as an antiknock agent in combustion engines in 1920s.
Thus, vehicle emission, especially the leaded gasoline combustion,
is generally considered as one of the dominant sources of atmo-
spheric Pb pollution. From the mid-1970s, atmospheric Pb levels
have decreased in some western cities due to the phasing out of
leaded gasoline (Widory et al., 2004; Hinrichs et al., 2002). Besides
vehicle exhaust, other sources, such as industrial emission, coal
combustion and refuse incineration also contribute to atmospheric
Pb pollution (Mukai et al., 1993, 1994; 2001; Xu et al., 2012; Sturges
and Barrie, 1989).

Lead has four naturally stable isotopes (*%Pb, 2°6Pb, 297Pb, and
208pp). Due to the small fractional mass differences among these
isotopes, ordinary chemical, physical or biological reactions cannot
obviously influence the isotopic composition of Pb. Consequently,
Pb isotope has been used as a fingerprint for tracing its sources and
transport in the environment. Bollhofer and Rosman (2000, 2001)
investigated the global isotopic signature of atmospheric Pb using
its isotope ratios. Studies of airborne particulate matter from Asian
cities demonstrated that atmospheric Pb levels in urban China were
considerably influenced by coal combustion and industrial emis-
sion, despite the usage of leaded gasoline (Mukai et al., 1993, 2001).
Since the banning of leaded gasoline in China in the year of 2000
(Wang et al., 2006), many studies have been conducted to inves-
tigate the main sources of atmospheric Pb in Chinese megacities
such as Shanghai (Zheng et al., 2004; Chen et al., 2005; Li et al,,
2009), Tianjin (Wang et al., 2006.), as well as the Pearl River
Delta region (Wong et al., 2003; Lee et al., 2005; Zhu et al., 2001)
including Guangzhou (Duzgoren-Aydin, 2007) and Hong Kong
(Duzgoren-Aydin et al., 2004; Lee et al., 2006). In the past decade,
due to the policy of the China Western Development that is to boost
the economy in the less developed regions, some studies focused
on environmental problems such as Pb pollution in urban and
remote regions in the western China such as Chengdu (Gao et al,,
2004.), Xi'an (Xu et al., 2012), Waliguan (Cheng et al., 2007) and
Lhasa (Cong et al., 2011).

Guiyang is the capital of Guizhou Province, which is one of the
largest coal producing provinces in China. It is an important in-
dustrial base for electricity and ferric, steel, and phosphorus, and is

considered as one of the most seriously polluted cities in south-
western China. A recent study demonstrated that atmospheric
input is one of two main sources of Pb in vegetables of Guiyang (Li
et al., 2012). Coal combustion was suggested to be the major source
of atmospheric Pb in Guiyang (Mukai et al., 1993, 2001). However,
such a conclusion was based on the Pb isotopic ratios of coal
samples from North China (Mukai et al., 2001), not from the local
region. In fact, the Pb isotopic compositions of coal samples varied
from one site to another worldwidely (Diaz-Somoano et al., 2009).
Pb isotope ratios of rocks in South China have also been proven to
be different from those in North China (Zhu, 1995). Thus, similar to
their difference in sulfur isotope ratios (—3%o vs. +5%o) (Mukai
et al., 2001; Liu et al., 1996), Pb isotopic compositions of coal
samples in Guizhou province may also be different from those in
North China.

In this study, total suspended particle (TSP) samples, together
with rainwater, street dust, soil and lake sediments, moss and plant
leaf samples, as well as vehicle exhaust and coal samples were
collected from Guiyang, China. Their Pb concentrations and isotope
ratios were analyzed to provide a comprehensive view of Pb in
different environmental samples, which help to better understand
their potential contributions to atmospheric Pb in Guiyang.

2. Materials and methods
2.1. Sampling

In order to study the isotopic composition of atmospheric Pb,
environmental samples, including ten rainwater samples, 8 TSP
samples, 8 street dust samples, 8 plant samples, the potential
sources, including 4 vehicle exhaust samples, 15 coal samples and
one cinder in power plant, as well as 7 soils and 33 lake sediments
were collected from Guiyang area. The information of sampling
method was listed in detail in supporting information and sampling
sites was shown in Fig. 1.

2.2. Analytical methods

Coal and cinder samples were crushed in a carnelian bowl. After
the dryness at 45 °C, soils, sediments and street dusts were sieved
through a 2-mm plastic sieve to remove large debris, gravel-size
materials, plant roots and other waste materials. Then, they were
homogenized and ground with an agate mortar and kept in a
desiccator. Plant leaf and the green part of moss (top 1-2 cm)
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Fig. 1. A map showing the sampling sites in Guiyang, China.
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samples were washed in deionized (DI) water to wipe off the soil
particles, dried at 60 °C, crushed and ashed at temperature of
450 °C, and then dissolved in HNO3 (with a few drops of HF solu-
tion). Rainwater samples were dried at 75 °C before separation. One
quarter of each TSP filter sample was cut using stainless steel
scissors and digested by a mixture of concentrated HNO3 and HF in
acid-cleaned PFA beaker (Savillex). In this study, only the acid
soluble fraction (extracted by 4% HNO;3) of street dusts was
extracted for analysis, because the acid extraction method can
separate polluted Pb from geogenic Pb (Zhu et al., 2001; Gioia et al.,
2006; Outridge et al., 2002). Soil and lake sediment samples were
separated into acid-soluble fraction (extracted by 4% HNOs) and
acid-insoluble fraction (dissolved in HNO3 and HF). The data of
acid-soluble fraction of the lake sediment samples were reported
previously (Zhao et al., 2011). The acid-insoluble fraction of soils
and sediments were taken as the representative of regional back-
ground level in Guiyang area.

Lead isotope measurement was performed by the separation
using a micro exchange column with Dowex-1 x 8 (200—400
mesh) anion resin with HBr and HCI as eluents (Zhu et al., 2001).
The chemical separation processes were performed in a clean room.
All acids were purified by double distillation. The total Pb blank for
the procedure was lower than 100 pg.

The Pb concentrations (and U concentrations of coal samples)
were measured by an inductively coupled plasma mass spectrom-
eter (ICP-MS, Micro mass, Platform), with its precision better than
10%. The Pb isotopic compositions were measured by a multi-
collector inductively coupled plasma mass spectrometer (MC-ICP-
MS, Nu Instruments Ltd., Nu Plasma). Pb isotope ratios were cor-
rected using the 2°3T1/2%°TI ratio with an exponential law function
(Belshaw et al., 1998). During the experiment, the values measured
for the standard NIST SRM-981 were 2%6Pb/2%4Pb = 16.937 + 0.005
(26), 297pb/?%4pb 15492 + 0.006 (20), 298pb/2%%pp =
36.702 + 0.020 (20), 2°8Pb/?%®Pb = 2.16689 + 0.00063 (2¢), and
207pp/208ph — 0.91465 + 0.00012 (20), which agree with the reca-
librated values of 16.9405, 15.4963, 36.7219, 2.16771, and 0.914750,
respectively (Galer and Abouchami, 1998).

3. Results

The Pb concentrations and Pb isotope ratios for the samples
measured in this study are listed in Table S1 with their detailed
information in Table S2. The acid-soluble fraction of street dust
samples showed the highest Pb concentration among all samples
except TSP, ranging from 86.3 to 412.5 mg/kg, which were lower
than those in street dusts from Hong Kong (327 + 54 mg/kg)
(Duzgoren-Aydin et al., 2004). Lead concentrations of the TSP
samples varied from 6.9 to 591.3 ng/m>, which were similar to the
annual average value of Xi'an (306 ng/m>) (Xu et al., 2012), but were
higher than the average value of aerosols from Xiamen
(791 + 38.3 ng/m>) (Zhu et al., 2010). Pb concentration in the
particulate matter (TSP) varied in the range of 546—3989 mg/kg.
Plant leaf and moss samples showed Pb concentrations in the range
of 2.2—75.4 mg/kg, which were lower than those in mosses from
Nanling (averaged on 69.3—296 mg/kg) (Lee et al., 2005). The Pb
concentrations of vehicle exhaust varied from 17.6 to 39.7 mg/kg.
The acid-soluble fraction of soils had Pb concentrations
(21.9—77.8 mg/kg) generally higher than those (19.7—25.9 mg/kg)
of the acid-insoluble fraction. Coal samples had Pb concentrations
between 0.9 and 35.2 mg/kg.

According to the Pb isotopic compositions, the samples studied
here can be roughly clustered into three groups. The first group,
including TSP, rainwater, vehicle exhaust, plant samples, and the
acid-soluble fraction of street dust samples, is characterized by the
lowest 2%Pb/207Pb ratio (1.1414—-1.1902) and the highest

208ppy206p ratio (2.0591—2.1298). The second group, represented
by the coal samples from Guizhou Province, is characterized by the
highest radiogenic Pb, with isotope ratios of 1.2021-2.0617 for
206pp/207ph and 1.1610—2.0834 for 2°%Pb/2%Ppb. The third group,
including the soils and lake sediments (acid-insoluble fraction), has
middle 2°°Pb/29’Pb (1.2205-1.2787) and 2%8Pb/?°°Pb ratios
(1.9428-2.0292). The acid-soluble fraction of soils had a larger-
scale isotopic variation (2°°Pb/?%’Pb: 1.2075—1.2917; 298pb/2%6pb:
1.9031—-2.0435) than the acid-insoluble fraction.

4. Discussions
4.1. Lead isotope ratios of natural background samples in Guiyang

The natural background characteristics of Pb isotopic signatures
in rocks and soils are necessary to understand the sources of Pb
pollution. The Pb isotope mapping result of China demonstrated
that Pb isotope ratios varied among different geological blocks, in
which Guizhou province is belong to the Yangtze Block (Zhu, 1995).
The published isotope ratios for Pb—Zn ore samples from Guizhou
Province (Wang, 1993) (Fig. 2) may not represent the background
signature of Guiyang area. Rather, it may be an anthropogenic
source of atmospheric Pb pollution, because a lot of Pb—Zn ores in
Guizhou have already been exploited as important mineral
resource which would cause Pb pollution to the surroundings.
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Fig. 2. Lead isotopic composition of the background samples from Guiyang area. All
related samples were plotted in (a) and their average values were summarized in (b).
The error bars indicate the values of 1SD. The oval-shaped area illustrates the back-
ground Pb isotopes in Guiyang area.
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The reported data of rock samples in Guiyang area is limited. Pb
isotope ratios (1.2156—1.2370 for 2°°Pb/?7Pb and 2.0191—2.0499
for 2°8Pb/2%6Pb) of three carbonate rocks from Guiyang area were
measured recently (Li, 2008).

The Pb isotope ratios of soils should be a mixture of the
regional background signature and anthropogenic input. Lake
sediments are recognized to provide a record of the natural and
anthropogenic inputs of contaminants into the basin-scale envi-
ronment. The Pb isotope ratios of the acid-insoluble fraction of the
soils in this study varied in the range of 1.2300-1.2787 for
206pp207ph and 1.9428-2.0211 for 298Pb/2%®pb, with similar
average values (1.2600 + 0.0184 and 1.9690 + 0.0307, respectively)
to the recently reported data of soils from suburban area of
Guiyang (1.276 + 0.07 and 1.947 + 0.11) (Li et al., 2012) (Fig. 2). The
average Pb isotope ratios the acid-insoluble fraction of sediments
from Lake Hongfeng were 1.2381 + 0.0115 for 2°Pb/?’Pb and
2.0020 + 0.0169 for 2°%Pb/?%®pb (Fig. 2). So, it is reasonable to
roughly restrict the regional background Pb isotope ratios in the
ranges of 1.22—1.28 for 2°6Pb/2%’Pb and 1.95—2.03 for 2°8Pb/2%5pb.
According to the previous studies (Zhu et al., 2001; Gioia et al.,
2006; Outridge et al., 2002), the acid-insoluble fraction of soils
and lake sediments studied here should be the representative of
the regional background.

4.2. Pb isotope ratios of local coal samples

As coal is a potential anthropogenic source of atmospheric Pb, its
Pb concentration and Pb isotope ratio are of great interest. How-
ever, few Pb isotope data for Chinese coals have been published.
206p207pp ratios of some Chinese coals were reported to be
1.14—1.22 (Mukai et al., 1993). The 2°6Pb/2%7Pb ratios of coals used in
Shanghai were reported to range from 1.140 to 1.208 (Zheng et al.,
2004; Chen et al., 2005). These studies were focused on the coals
from North China. The three North China coals examined in the
present study have 2°6Pb/297Pb ratios in the range of 1.1841—1.1945,
and 298pb/2%pb ratios of 2.0646—2.0850. In comparison, the 12
coals from Guizhou Province have average 2°°Pb/?°’Pb ratio of
1.4140 and average 2%®Pb/2%Pb ratio of 1.8146. The cinder sample
had 2%6Pb/2%7Pb ratio of 1.2951 and 2%®Pb/?°®Pb ratio of 1.9174,
approximately similar to the average values of the 12 coal samples
from Guizhou Province, but clearly different to those of the coals
from North China, which implies that coals consumed in Guiyang
area are mainly from Guizhou Province.

In a isotopic composition plot for Pb (Fig. 3), most of the North
China coals fall into a small area (highlighted by a blue oval). In
comparison, coals from Guizhou Province have a greater scat-
tering of 2%Pb/2°®Pb and 2°®Pb/2°7Pb ratios, similar to the high-
uranium (U) coals from the Czech Republic (Mihaljevic et al.,
2009). The labeled numerical values in Fig. 3 are the U/Pb mass
ratios of the corresponding samples. 2°°Pb/2%’Pb ratios of coal
samples from Guizhou Province and the high-uranium coals from
the Czech Republic are positively correlated to their U/Pb ratios
(Fig. 3). The higher 2°°Pb/297Pb ratios of the high-uranium coals
are attributed to mixing of the isotope ratios of common Pb in
organic material at the time of sedimentation and radioactive
products of the subsequently transported U (Mihaljevic et al.,
2009). Relatively high U contents have been observed in coals
from some coalfields in western Guizhou Province, and were
attributed to the influence of thermal liquid after coal sedimen-
tation and terrestrial clastic matter (Dai et al., 2004). Therefore,
the abnormally high radiogenic Pb isotopic composition of the
Guizhou coal was a result of mixing of the isotope ratios of
common Pb in organic material, the radioactive products of U
from terrestrial material, and the radioactive products of the
subsequently transported U.

O Coals from Guizhou, China

1.70 A A High-Uranium Coals from Czech

208p206p

0.70 1

1.00 2.00 3.00 4.00 5.00 6.00
206ph/207Ph

Fig. 3. Comparison of Pb isotope ratios of coal samples from Guizhou Province and
from other sites worldwide. Most of the previous reported data falls within the area
highlighted by the blue oval. Coals from Guizhou Province and high-uranium coals
from Czech Republic (Mihaljevic et al, 2009) are characterized by abnormally high
radiogenic Pb. The labeled numerical values are the U/Pb mass ratios of the corre-
sponding samples. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

4.3. Pb isotope ratios of traffic pollutant

Petrol with alkyl-lead additives was historically a major source
of Pb pollution. These additives can be distinguished by their Pb
isotopic compositions. Alkyl-lead additive from Ethyl Corp. (US)
has high 2%°Pb/2’Pb (1.225 + 0.005) and low 2%8pb/2°°pb
(2.012 + 0.005) ratios (Sturges and Barrie, 1989). In contrast, alkyl-
lead additive from Associated Octel Co. Ltd. (UK) has low
206pp207ph (1,055 + 0.005) and high 2%8Pb/2%6Pb (2.213 + 0.005)
ratios (Bollhofer and Rosman, 2000).

There are only a few studies of Pb isotopic compositions for
Chinese gasoline and vehicle exhaust (Zhu et al., 2003). In a three-
isotope plot for Pb, the Pb isotope ratios for vehicle exhaust samples
in this study were similar to those reported for Chengdu and
Guangzhou, characterized by binary mixing of US-type and UK-
type Pb-additives (Figure S1). This indicates that the lead in fuel
used in China have similar origins. Due to the sampling period, it
also suggests that the isotopic compositions of vehicle exhaust did
not change notably before and after the phasing out of leaded
petrol in these cities, different from the obvious change in Shanghai
(Chen et al., 2005).

4.4. Pb isotope ratios of atmospheric aerosols and other
environmental samples in Guiyang

Atmospheric Pb is considered to be present in fine aerosol
particles that can be transproted over long distances (Komarek
et al., 2008). Thus, the long-range transported atmospheric Pb is
not negligible. For example, studies have shown that Pb isotopic
composition in European aerosols could be influenced by Pb in the
Saharan dust aerosols (Doucet and Carignan, 2011). However,
Guiyang city is located in a basin region surrounded by mountains,
which may indicate that the local emitted Pb should be more sig-
nificant than those from long-range atmospheric transport.

The 2%Pb/?°7Pb and 2°%Pb/?°®Pb ratios of the TSP, rainwater,
plant, and the acid-soluble fraction of street dust samples are
plotted in Fig. 4. Although the Pb isotopic ratios of TSP varied a
wider range than those of rainwater, plant and street dust samples,
their average values were similar, which indicate a similar Pb
source. Previously reported data of rainwater samples from
Guiyang (Li et al., 2012) were also similar to those of the present
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Fig. 4. Lead isotopic compositions of the environmental samples from Guiyang, China.
Data of local vehicle exhaust samples and coal samples, Pb—Zn ore samples from
Guizhou Province (Wang, 1993), as well as the range of regional background we
assigned for Guiyang area were also included in (a) for comparison. All data in the
small gray rectangle of (a) are enlarged to (b). The error bars indicate the values of 1SD.

study (Fig. 4b). All these samples are isotopically close to the
vehicle exhaust samples and the Pb—Zn ore samples from Guizhou
Province, but clearly different from the local coal samples. This
implies that the TSP, plant, rainwater, and street dust samples have
been polluted most probably by gasoline Pb or local Pb-bearing
ores.

Furthermore, coal samples and the cinder sample are all char-
acterized by higher radiogenic Pb compared with the local back-
ground. This indicates that, at least for the period of our sampling,
coal combustion should not be a major source of atmospheric Pb
pollution in Guiyang. Previous researches concluded that the dif-
ference of Pb isotope ratios of particulate matter between Guiyang
and North China cities was attributed to the higher contribution of
coal combustion in Guiyang than in other cities (Mukai et al., 1993).
However, based on these considerations about both Pb isotopic
signature in background soil and coal, the contribution of coal to Pb
pollution in Guiyang should be evaluated to be lower than those
expected previously.

Our results show that the Pb isotopic compositions of Guizhou
coals are clearly different from North China coals. It is also neces-
sary to emphasize that the local background message of Pb in
Guiyang is likely to be different from those in other parts of China.
The relatively greater variation of the acid-soluble fraction for the
soils than those of the acid-insoluble fraction should be attributed
to the historical accumulation result of the atmospheric Pb in this
region, and the evolution of the major Pb pollution sources in this
region.

4.5. Long-term evolution of atmospheric Pb isotope ratios in
Guiyang

To determine whether the Pb pollution sources have been
changed since the 1980s to present day, we compared the results of
our TSP and street dust samples with the reported data of airborne
particulate in 1980s (Mukai et al., 1993, 2001) (Fig. 5a). Data of the
rainwater samples are also included for comparing. The averaged
206pp/207pp ratio of atmospheric matter decreased continually from
1988 to 2013, with about 1.21 in 1988 and 1.1649 in 2013. Over the
same period, the 298Pb/2%6Pb ratios increased from 2.03 (1988) to
2.1047 (2013). Such a temporal trend, continually deviating from
the coal-combustion source, highlights that the sources of atmo-
spheric Pb in Guiyang has been changed. The contribution of Pb—Zn
ore-related Pb source or/and vehicle exhaust pollution obviously
increased in the last two decades, while the contribution of coal
combustion continually decreased.

In Fig. 4, the major sources of atmospheric Pb in Guiyang
should be a combination of a binary mixing. In addition to coal
combustion, other sources should be industrial emission, repre-
sented by the local Pb-bearing ores with average ratios of
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Fig. 5. (a) Comparison of Pb isotope ratios of TSP samples from this study with the
previously reported data of airborne particulate matter from Guiyang, China. Local
Pb—Zn ores), vehicle exhaust sample, data of rainwater of this study and from Li et al.
(2012) are also included for comparison. Numbers in the brackets are the sampling
years. The gray arrow indicates the historical evolution trend of Pb isotope ratios in the
atmosphere of Guiyang. (b) Long-term evolution of the calculated contribution of coal
combustion to atmospheric Pb in Guiyang, see text in detail. The data of plant samples
and acid-soluble fraction of street dusts were also included. The error bars indicate the
values of 1SD.
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206ph207pp — 11527 and 2°%Pb/2%Pb = 2.1177 (calculated from
Wang, 1993), and/or vehicle exhaust emission. Though the Pb
isotope ratios of Guizhou coals vary over a large range, the Pb
isotope ratios of the cinder sample from the Guiyang power plant
is in the range of the 12 Guizhou coal samples. Therefore, we take
the cinder sample (?°6Pb/2%7Pb = 1.2951, 2°8Pb/2%Pb = 1.9174) as
the end member of coal combustion. Assuming that the Pb in
rainwater and airborne particulate matter all originate from
pollution, the contributions of the two primary pollution sources
to airborne particulate matter and rainwater samples can be
calculated using this binary mixing model. The result shows that
from 1988 to 2013, the contribution of coal combustion-related
pollution source to the atmospheric Pb in Guiyang area clearly
decreased from about 40% (1988) to the currently value, about 10%
(Fig. 5b). The result for plant sample is also similar to those of
rainwater and TSP samples.

If coal combustion was the major atmospheric Pb pollution
source, according to the climatic characteristic in Guiyang, with a
warm summer and a cold winter, and the characteristic of energy
consumption, dominant in coal combustion, coal consumption
must be different between the seasons in Guyang. This will result in
the variation of contribution from coal combustion for the atmos-
pherical Pb. But the similarity of Pb isotope ratios in rainwater
samples collected in different seasons (Table S2) cannot support
this hypothesis. So, in contrast, it suggested that industrial emission
and/or vehicle exhaust being the major Pb source. Owing to the
similar Pb isotopic compositions of these primary sources, it is
difficult to distinguish them from each other at this moment, which
warrants further studies.

Our results show that the major source of atmospheric Pb in
Guiyang area has changed during the past 20 years. Atmospheric Pb
in Guiyang should be mainly originated from the industrial and/or
vehicle exhaust emissions at the present day. This is different from
that of some other Chinese cities, eg. Wuhan (Zhu et al., 2013) and
Guangzhou (Bi et al., 2013).

5. Conclusions

Atmospheric aerosols, rainwater, coal and other source-related
environmental samples from Guiyang, Southwest China, were
collected and analyzed for their Pb concentrations and Pb isotopic
compositions. Lead concentrations of the aerosol samples varied
from 6.9 to 591.3 ng/m>. Atmospheric aerosols, rainwater, vehicle
exhaust and plant samples were characterized by the lowest
206pp207ph ratio (1.1414—1.1902) and the highest 2°8Pb/2%6Pb ratio
(2.0591—2.1298). Coals from local regions in Guizhou Province had
significantly high radiogenic Pb, different to those from North
China. Our results show that the atmospheric Pb sources of Guiyang
area have been clearly changed from 1980s to the present, which
were characterized by the decreased contribution from coal com-
bustion and the increased contribution from Pb—Zn ore-related
emission and/or vehicle exhaust.
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