


ISSN 1001–0742 Journal of Environmental Sciences Vol. 26 No. 4 2014

CONTENTS
Aquatic environment
Performance and microbial diversity of an expanded granular sludge bed reactor for high sulfate and nitrate waste brine treatment

Runhua Liao, Yan Li, Xuemin Yu, Peng Shi, Zhu Wang, Ke Shen, Qianqian Shi, Yu Miao, Wentao Li, Aimin Li · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 717
Pollutant removal from municipal wastewater employing baffled subsurface flow and integrated surface flow-floating treatment wetlands

Tanveer Saeed, Abdullah Al-Muyeed, Rumana Afrin, Habibur Rahman, Guangzhi Sun · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 726
Removal of polycyclic aromatic hydrocarbons from aqueous solution by raw and modified plant residue materials as biosorbents

Zemin Xi, Baoliang Chen · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 737
Hybrid constructed wetlands for highly polluted river water treatment and comparison of surface- and subsurface-flow cells

Yucong Zheng, Xiaochang Wang, Jiaqing Xiong, Yongjun Liu, Yaqian Zhao · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 749
Minimization of methabenzthiazuron residues in leaching water using amended soils and photocatalytic treatment with TiO2 and ZnO

José Fenoll, Pilar Flores, Pilar Hellı́n, Joaquı́n Hernández, Simón Navarro · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 757
Enhanced struvite recovery from wastewater using a novel cone-inserted fluidized bed reactor

Awoke Guadie, Siqing Xia, Wei Jiang, Lijie Zhou, Zhiqiang Zhang, Slawomir W. Hermanowicz, Xiaoyin Xu, Shuang Shen · · · · · · · · · · · · · · · · · · · · · 765
Evaluating the effectiveness of marine actinobacterial extract and its mediated titanium dioxide nanoparticles in the degradation of azo dyes

S Priyaragini, S Veena, D Swetha, L Karthik, G Kumar, K V Bhaskara Rao · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 775
Effect of ozone on the performance of a hybrid ceramic membrane-biological activated carbon process

Jianning Guo, Jiangyong Hu, Yi Tao, Jia Zhu, Xihui Zhang · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 783
Removal of perchlorate from aqueous solution by cross-linked Fe(III)-chitosan complex

Long Lv, Yanhua Xie, Guoming Liu, Guo Liu, Jing Yu · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 792

Atmospheric environment
Origin of major ions in monthly rainfall events at the Bamenda Highlands, NorthWest Cameroon

Mengnjo J. Wirmvem, Takeshi Ohba, Wilson Y. Fantong, Samuel N. Ayonghe, Jonathan N. Hogarh, Justice Y. Suila,
Asobo Nkengmatia E. Asaah, Seigo Ooki, Gregory Tanyileke, Joseph V. Hell · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 801

Ionic composition of submicron particles (PM1.0) during the long-lasting haze period in January 2013 in Wuhan, central China
Hairong Cheng, Wei Gong, Zuwu Wang, Fan Zhang, Xinming Wang, Xiaopu Lv, Jia Liu, Xiaoxin Fu, Gan Zhang · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 810

Understanding the sources and composition of the incremental excess of fine particles across multiple sampling locations in one air shed
Jerome E. McGinnis, Jongbae Heo, Michael R. Olson, Andrew P. Rutter, James J. Schauer · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 818

Characterization of particle size distribution of mainstream cigarette smoke generated by smoking machine with an electrical
low pressure impactor
Xiang Li, Haohui Kong, Xinying Zhang, Bin Peng, Cong Nie, Guanglin Shen, Huimin Liu · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 827

Terrestrial environment
Differential responses of short-term soil respiration dynamics to the experimental addition of nitrogen and water

in the temperate semi-arid steppe of Inner Mongolia, China
Yuchun Qi, Xinchao Liu, Yunshe Dong, Qin Peng, Yating He, Liangjie Sun, Junqiang Jia, Congcong Cao · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 834

Effects of bile salts and divalent cations on the adsorption of norfloxacin by agricultural soils
Xuesong Kong, Shixiang Feng, Xu Zhang, Yan Li · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 846

Tannic acid and saponin for removing arsenic from brownfield soils: Mobilization, distribution and speciation
Zygmunt Mariusz Gusiatin · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 855

Environmental biology
Molecular analysis of long-term biofilm formation on PVC and cast iron surfaces in drinking water distribution system

Ruyin Liu, Junge Zhu, Zhisheng Yu, DevRaj Joshi, Hongxun Zhang, Wenfang Lin, Min Yang · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 865
Effect of a high strength chemical industry wastewater on microbial community dynamics and mesophilic methane generation

Harish Venkatakrishnan, Youming Tan, Maszenan bin Abdul Majid, Santosh Pathak, Antonius Yudi Sendjaja,
Dongzhe Li, Jerry Jian Lin Liu, Yan Zhou, Wun Jern Ng · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 875

Effects of cathode potentials and nitrate concentrations on dissimilatory nitrate reductions by Pseudomonas alcaliphila

in bioelectrochemical systems
Wenjie Zhang, Yao Zhang, Wentao Su, Yong Jiang, Min Su, Ping Gao, Daping Li · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 885

Arsenic dynamics in the rhizosphere and its sequestration on rice roots as affected by root oxidation
Weisong Pan, Chuan Wu, Shengguo Xue, William Hartley · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 892



Environmental health and toxicology
Alterations of endogenous metabolites in urine of rats exposed to decabromodiphenyl ether using metabonomic approaches

Weijin Yang, Jianjie Fu, Thanh Wang, Hanxia Liu, Yawei Wang, Qunfang Zhou, Guibin Jiang · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 900
Integrated biomarkers in wild crucian carp for early warning of water quality in Hun River, North China

Binghui Zheng, Kun Lei, Ruizhi Liu, Shuangshuang Song, Lihui An · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 909
T-2 toxin induces developmental toxicity and apoptosis in zebrafish embryos

Guogang Yuan, Yimei Wang, Xiaoyan Yuan, Tingfen Zhang, Jun Zhao, Liuyu Huang, Shuangqing Peng · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 917

Environmental analytical methods
Determining short chain fatty acids in sewage sludge hydrolysate: A comparison of three analytical methods and investigation

of sample storage effects
Victor Ibrahim, Tobias Hey, Karin Jönsson · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 926

Serial parameter: CN 11-2629/X*1989*m*217*en*P*24*2014-4



jes
c.a

c.c
n

Journal of Environmental Sciences 26 (2014) 810–817

www.jesc.ac.cn

Journal of Environmental Sciences

Available online at www.sciencedirect.com

Ionic composition of submicron particles (PM1.0) during the long-lasting haze
period in January 2013 in Wuhan, central China

Hairong Cheng1, Wei Gong2, Zuwu Wang1,∗, Fan Zhang1, Xinming Wang3, Xiaopu Lv1, Jia Liu1,
Xiaoxin Fu3, Gan Zhang3

1. Department of Environmental Engineering, School of Resource and Environmental Sciences, Wuhan University, Wuhan 430079, China.
E-mail: rongzi1123@163.com
2. State Key Laboratory for Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan 430079, China
3. State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China

a r t i c l e i n f o

Article history:
Received 05 June 2013
revised 16 August 2013
accepted 19 August 2013

Keywords:
PM1.0

water-soluble inorganic ions
haze
source
back trajectory

DOI: 10.1016/S1001-0742(13)60503-3

a b s t r a c t

In January 2013, a long-lasting severe haze episode occurred in Northern and Central China; at its
maximum, it covered a land area of approximately 1.4 million km2. In Wuhan, the largest city in
Central China, this event was the most severe haze episode in the 21st century. Aerosol samples
of submicron particles (PM1.0) were collected during the long-lasting haze episode at an urban site
and a suburban site in Wuhan to investigate the ion characteristics of PM1.0 in this area. The mass
concentrations of PM1.0 and its water-soluble inorganic ions (WSIIs) were almost at the same levels
at two sites, which indicates that PM1.0 pollution occurs on a regional scale in Wuhan. WSIIs (Na+,
NH+4 , K+, Mg2+, Ca2+, Cl−, NO−3 and SO2−

4 ) were the dominant chemical species and constituted up
to 48.4% and 47.4% of PM1.0 at WD and TH, respectively. The concentrations of PM1.0 and WSIIs
on haze days were approximately two times higher than on normal days. The ion balance calculations
indicate that the particles were more acidic on haze days than on normal days. The results of the back
trajectory analysis imply that the high concentrations of PM1.0 and its water-soluble inorganic ions
may be caused by stagnant weather conditions in Wuhan.

Introduction

Haze, which is defined by the China Meteorological
Agency as a weather phenomenon that leads to visibility
< 10 km, is formed by a combination of moisture, dust,
smoke, and vapor in the atmosphere. It has attracted much
attention in recent years due to its adverse impacts on
visibility, human health, and global climate (Chameides
et al., 1999; Schichtel et al., 2001; Watson, 2002; Yadav
et al., 2003). The formation of haze is often related to
stagnant weather conditions and high levels of airborne
particles, especially fine particles such as PM2.5 and PM1.0.

∗Corresponding author. E-mail: hjgc1891@163.com

Airborne particles contain a large proportion of water-
soluble inorganic ions (WSIIs). WSIIs play an important
role in the earth’s radiation balance and are also related to
particle formation, growth and evolution processes (Wang
et al., 2006; Du et al., 2011). Previous studies reported
that WSIIs accounted for one-third or more of PM2.5 or
PM1.0 mass in China’s urban regions (He et al., 2001; Hu
et al. 2002; Shen et al., 2009a). Many studies have been
carried out aiming to investigate the ion characteristics
of atmospheric particles during haze episodes around the
world (Schichtel et al., 2001; Yao et al., 2002; Kang et al.,
2004; Sun et al., 2006; Fu et al., 2008; Shen et al., 2009b;
Tan et al., 2009; Huang et al., 2011; Yin et al., 2012; Zhang
et al., 2012). For example, Kang et al. (2004) found that
the highest contributors to the PM2.5 mass during a haze

http://www.jesc.ac.cn
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event in Seoul were major ionic species including SO2−
4 ,

NO−3 , and NH+4 . Sun et al. (2006) investigated the chemical
characteristics of PM2.5 and PM10 in several haze-fog
episodes in Beijing, China. The air quality during haze-fog
episodes was much worse than that during non-haze-fog
days. The concentrations of water-soluble ions (K+, SO2−

4 ,
and NO−3 ) were more than 10 times higher during haze-
fog episodes than during non-haze-fog days. Zhang et al.
(2012) reported that secondary pollutants (SO2−

4 , NO−3 ,
NH+4 , and OC) were the major chemical components of
PM2.5 in Fuzhou, China, accounting for 69.0%, 55.1%,
63.4%, and 64.9% of the PM2.5 mass in summer normal,
summer haze, winter normal, and winter haze conditions,
respectively.

Particles with different aerodynamic diameters have
different impacts on human health because fine particles
can penetrate more deeply into the respiratory tract than
coarser ones. PM1.0 can even penetrate deep into the
alveolar regions of the lungs. Furthermore, fine particles
contain higher levels of toxic substances, such as lead (Pb),
cadmium (Cd), and nickel (Ni), and are more strongly
associated with health problems than coarse particles (Lin
et al., 2005; Tao et al., 2012). An abundance of research
has focused on the chemical components of ambient PM2.5
and PM10 (Wei et al., 1999; Marcazzan et al., 2001; Cheng
et al., 2006; Cao et al., 2009; Tiwari et al., 2009; Wang
et al., 2009; Choi et al., 2012). In comparison, much less
information has been reported for PM1.0 in China (Lee
et al., 2006; Shen et al., 2009b; Tao et al., 2012), and
even less work has been done to investigate the chemical
characteristics of PM1.0 during haze episodes. Concerning
light scattering and visibility, PM1.0 also plays a key
role. For example, in a study in Guangzhou, China, it
was estimated that PM1.0 contributed an average of 76%,
85%, 94% and 93% to light extinction in spring, summer,
autumn and winter, respectively (Lin et al., 2013).

Wuhan, the capital of Hubei Province, with an area of
8494 km2 and a population of over 10 million, is the largest
city in central China. The study area has a subtropical
moist monsoon climate with four distinct seasons. The
city is very hot in the summer and is cold in the winter.
Because of rapid economic development and urbanization,
Wuhan faces serious particulate pollution, and haze days
have occurred frequently in recent years because of rapid
increases in vehicular traffic, high coal consumption, and
intensive steel manufacturing. However, to the best of our
knowledge, very limited studies have been conducted to
investigate the chemical characteristics of the particles in
the atmosphere around Wuhan (Wei et al., 1999; Querol
et al., 2006; Qian et al., 2007). No investigation of PM1.0
during haze episodes has been done in this area so far.
Hence, it is crucial to study the chemical characteristics
of PM1.0 during haze days in Wuhan to develop effective
haze control strategies.

In this study, a field measurement study of PM1.0 was

carried out simultaneously from January 9 to February 6,
2013, at an urban site and a suburban site in Wuhan City. A
long-lasting haze episode, which had not been experienced
in this area in the 21st century, was observed during this
period. The main objective of this study is to investigate the
ion characteristics of PM1.0 during a typical haze episode
in Wuhan. Here, we first characterize the water-soluble
inorganic ions of PM1.0 during the typical haze episode
and then compare the chemical differences between haze
episodes and non-haze days. Finally, we identify the pos-
sible causes of the long-lasting haze episode.

1 Materials and methods

1.1 Sampling sites and sample collection

Air samples were collected at two typical sampling sites,
namely, Wu Da and Tian Hong in Wuhan City (Fig. 1). The
distance between the two sites is approximately 9 km. Wu
Da site (30◦30′N, 114◦21′E) is situated in the Wu-chang
district, which represents a commercial-traffic mixed area
surrounded by shopping malls, schools, hotels and roads.
The sampling was conducted on the rooftop of a building
at Wuhan University, approximately 16 m above ground
level. Tian Hong site (30◦27′N, 114◦23′E) is situated at
the Environmental Monitoring Station of the Hong-shan
District, which is a suburban area. The sampling was
carried out on the rooftop of a building at Wuhan Tianhong
Instruments Co. Ltd., approximately 15 m above ground
level.

The 24 hr air samples were collected almost simulta-
neously at both sites during an intensive period from 9
January to 6 February, 2013, using a High Volume Cascade
Impactor manufactured by BGI Incorporated at a flow
rate of 0.9 m3/min at Wu Da site and a High Volume
Flow Rate Aerosol and Airborne Dust Sampler (KS-303)

Wuhan

Wu Da

Tian Hong

Fig. 1 Location of sampling sites in Wuhan, China.

http://www.jesc.ac.cn


jes
c.a

c.c
n

812 Journal of Environmental Sciences 26 (2014) 810–817

manufactured by KÁLMÁN System Ltd. at a flow rate of
0.4 m3/min at Tian Hong site. A total of 54 samples were
collected at the two sites. All the samples were collected
on quartz fiber filters (QFFs). All QFFs were pre-baked at
450°C for 4 hr to remove residual ions before sampling.
Before and after sampling, all filters were weighed gravi-
metrically using an analytical balance (Mettler Toledo)
with a reading precision of 10 µg after stabilizing at
constant temperature ((20 ± 1)°C) and humidity (40% ±
1%) for 24 hr. All samples were stored in a refrigerator at
–20°C for subsequent analysis.

1.2 Chemical analysis and quality control

All filters were cut into four parts after sampling. One
quarter of each filter was used to analyze water-soluble
inorganic species. A punch (5.06 cm2) of quartz filter was
extracted twice with 10 mL ultrapure Milli-Q water (18.2
MΩ·cm) and sonicated for 15 min in an ultrasonic ice-
water bath. The total water extracts (20 mL) were filtered
through a 0.22 µm pore size filter and then stored in a
pre-cleaned HDPE bottle. The cations (Na+, NH+4 , K+,
Mg2+, and Ca2+) and anions (Cl−, NO−3 , and SO2−

4 ) were
analyzed by an ion-chromatograph (Metrohm, 883 Basic
IC plus). Cations were measured using a Metrosep C4-100
(Metrohm) column with 2 mmol/L sulphuric acid as the
eluent. Anions were measured using a Metrosep A supp5-
150 (Metrohm) column equipped with a suppressor. The
anion eluent was a solution of 3.2 mmol/L Na2CO3 and 1.0
mmol/L NaHCO3. The detection limits (MDLs) of Na+,
NH+4 , K+, Mg2+, Ca2+, Cl−, NO−3 and SO2

4 were 0.01, 0.05,
0.02, 0.04, 0.02, 0.03, 0.02 and 0.02 µg/m3, respectively.

1.3 Meteorological data

Hourly meteorological data, including wind speed, tem-
perature, relative humidity, dew point, pressure, and

visibility, were collected from Weather Underground
(http://www.wunderground.com/).

1.4 Back trajectories

Hybrid Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT4), offered by the National Oceanic and At-
mospheric Administration (NOAA), was used to calculate
trajectories. Trajectories tracing back 3 days (72 hr) were
calculated four times a day (0, 6, 12, 18 UTC). Each
trajectory was estimated at 100 m above ground level
and was cross-checked at 500 m and 1000 m above
ground level. To determine the pollutant sources, all the
air mass back trajectories were clustered into three types
by HYSPLIT 4.8.

2 Results and discussion

2.1 Haze episodes and meteorological conditions

Central China, Jing-Jin-Ji (Beijing-Tianjin-Hebei), and
East China were blanketed by haze in most days of January
2013. During this period, Wuhan suffered a long-lasting
haze episode from January 6 to 30, 2013. The Air Quality
Index (AQI), ranged from 127 to 414 with a mean value
of 215, which is nearly 2 times greater than the limit of
China’s Air Quality Standards Grade II (100). The primary
pollutant during this period was PM2.5.

Figure 2 shows the hourly meteorological parameters,
including visibility, relative humidity (RH), temperature,
surface wind direction and wind speed, in Wuhan from
January 1 to February 6, 2013. The air quality was good
on the normal days between January 1 and January 6. The
AQI ranged from 52 to 127, which indicates good or light
air pollution. The visibility was above 10 km, along with
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Fig. 2 Hourly meteorological parameters, including visibility (VIS), relative humidity (RH), temperature, surface wind direction and wind speed in
Wuhan from January 1 to February 6, 2013.
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relatively low temperatures. The dominant wind direction
was northeast with high wind speeds during this period.
From January 6 to January 30, the AQIs were between
127 and 414 with a mean value of 241, indicating severe
or hazardous air pollution. We defined these days as haze
days. The visibility quickly decreased below 10 km, and
even reduced to 300 m on January 15, 16, 17, 23 and
25. The wind speeds were light and in the southeast and
northeast directions. The mean hourly wind speeds were
2 m/sec on most of the days, which produced unfavorable
conditions for dispersing air pollutants horizontally. From
the night of January 30, it began to rain occasionally
in Wuhan. Because the light rain could not clear out
the particulate matter immediately, the visibility was still
relatively low on January 31. From January 31 to February
6, the AQI decreased gradually from 156 to 50. We defined
these days as normal days. The visibility increased above
10 km on January 4 and 5. The temperature decreased in
comparison to haze days. The dominant wind directions
changed to southeast and more northeast with high wind
speeds.

2.2 Ionic concentrations and composition

Table 1 presents the average mass concentrations of PM1.0
and its major ion compositions on all days, haze days and
normal days at the sampling sites. The average PM1.0 mass
concentrations were 117.20 ± 49.36 (Wu Da) and 123.14
± 44.77 µg/m3 (Tian Hong), which exceeds the 24-hour
China NAAQS for PM2.5 (75 µg/m3), and WSIIs were
56.70 ± 23.20 and 58.32 ± 23.95 µg/m3 at Wu Da and Tian
Hong, respectively, on all sampling days. WSIIs accounted
for 48.4% and 47.4% of PM1.0 mass at Wu Da and Tian
Hong, respectively. The results indicated that WSIIs were
the major components of PM1.0 in Wuhan. Previous studies
showed that WSIIs accounted for one third or more of
the PM2.5 or PM1.0 mass in Chinese urban regions (He et
al., 2001; Hu et al., 2002; Wang et al., 2006; Shen et al.,
2009a). The average concentrations of WSIIs decreased in

the order SO2−
4 > NO−3 > NH+4 > Cl− > K+ > Na+ > Ca2+

>Mg2+ at both sites. Our observation results demonstrated
that SO2−

4 , NO−3 , NH+4 and Cl− were the major ionic
species, while the Ca2+ and Mg2+ concentrations exhibited
the lowest concentrations in PM1.0, suggesting that Ca2+

and Mg2+ are only abundant in coarse particles. It is worth
noting that the mass concentrations of PM1.0 and its major
ion components were at the same level at both sites, which
supports the idea of widespread, regional pollution of fine
particles.

At Wu Da, the concentrations of PM1.0 were 138.82 ±
36.53 µg/m3 on haze days and 55.44 ± 18.02 µg/m3 on
normal days. The total detected concentrations of WSIIs
were 64.57 ± 21.32 µg/m3 on haze days and 34.23 ±
9.87 µg/m3 on normal days. The concentrations of PM1.0
and WSIIs on haze days were approximately two times
higher than on normal days, suggesting that the chemical
formation of PM1.0 and WSIIs may enhance the accumula-
tion of pollutants under unfavorable weather condition on
the haze days. For the individual ionic species, the mean
concentrations for five cations, Na+, NH+4 , K+, Mg2+, and
Ca2+, were 1.42 ± 0.30, 11.68 ± 0.39, 1.53 ± 0.58, 0.05 ±
0.03, and 0.17 ± 0.012 µg/m3 on haze days, which is 1.14–
5.42 times higher than those on normal days. The mean
concentrations for three anions, Cl−, NO−3 , and SO2−

4 , were
1.93 ± 0.88, 23.97 ± 9.82, and 24.11 ± 6.92 µg/m3 on haze
days, 1.67–2.15 times higher than those on normal days.
Our observation results demonstrated that SO2−

4 , NO−3 , and
NH+4 were the three major species in PM1.0, contributing
92.5% and 89.1% of the total WSIIs on haze days and
normal days, respectively.

Like Wu Da site, the average mass concentrations of
PM1.0 and its major ion composition showed the same
characteristics at the Tian Hong site, and exhibited much
higher concentrations in haze days than those in normal
days. The concentrations of PM1.0 were 140.26 ± 36.85
µg/m3 during haze days, increased by a factor of ap-
proximately 1.79 compared to those on normal days. The

Table 1 Average mass concentrations of PM1.0, and its major ion composition in all days, haze days and normal days at sampling sites (unit: µg/m3)

Site Sampling day PM1.0 Na+ NH+4 K+ Mg2+ Ca2+ Cl− NO−3 SO2−
4

Wu Da All days (n = 27)a mean 117.20 1.30 9.96 1.39 0.05 0.14 1.72 20.65 21.61
SDb 49.36 0.30 4.58 0.58 0.03 0.13 0.88 10.34 7.57

Haze days (n = 20) mean 138.82 1.42 11.68 1.53 0.05 0.17 1.93 23.97 24.11
SD 36.53 0.30 3.90 0.58 0.03 0.12 0.88 9.82 6.92

Normal days (n = 7) mean 55.44 1.25 5.02 0.99 0.03 0.03 1.12 11.16 14.47
SD 18.02 0.29 2.10 0.41 0.01 0.04 0.56 4.06 4.02

Tian Hong All days (n = 27) mean 123.14 0.33 11.65 1.34 0.05 0.30 1.76 21.59 21.29
SD 44.77 0.17 4.72 0.49 0.02 0.52 0.76 10.45 8.45

Haze days (n = 20) mean 140.26 0.38 13.42 1.47 0.06 0.33 1.84 24.34 23.90
SD 36.85 0.15 4.05 0.41 0.02 0.33 0.78 9.78 7.10

Normal days (n = 7) mean 78.22 0.22 6.84 0.99 0.03 0.03 1.38 14.07 14.95
SD 33.29 0.13 3.06 0.58 0.02 0.01 0.52 9.71 8.74

SD: standard deviation for Arithmetic mean.
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total concentrations of WSIIs detected were 65.78 ± 21.22
µg/m3 on haze days and 38.83 ± 22.12 µg/m3 on normal
days. For each ionic species, the mean concentrations of
Na+, NH+4 , K+, Mg2+, and Ca2+ were 0.38 ± 0.15, 13.42
± 4.05, 1.47 ± 0.41, 0.06 ± 0.02, and 0.33 ± 0.33 µg/m3

on haze days, and 0.22 ± 0.13, 6.84 ± 3.06, 0.99 ± 0.58,
0.03 ± 0.02, and 0.03 ± 0.01 µg/m3 on normal days,
respectively. The mean concentrations for Cl−, NO−3 , and
SO2−

4 were 1.84 ± 0.78, 24.34 ± 9.78, and 23.90 ± 7.10
µg/m3 on haze days, and 1.38 ± 0.52, 14.07 ± 0.91, and
14.95 ± 8.75 µg/m3 on normal days. The results showed
that SO2−

4 , NO−3 , and NH+4 were the most abundant ions in
PM1.0, accounting for 93.7% and 92.8% of the total WSIIs
on haze days and normal days, respectively.

2.3 Acidity of PM1.0

The validity of the WSIIs could be verified through anion
(A) and cation (C) balances (Chow et al., 1994). The anion
and cation microequivalents for the PM1.0 samples were
calculated as follows:

A(anion microequivalents) = Cl−/35.5 + SO2−
4 /48 + NO−3 /62 (1)

C(cation microequivalents) = Na+/23 + NH+4 /18 + K+/39+

Mg2+/12 + Ca2+/20 + NH+4 /18
(2)

The average ratios of molar equivalents (eq/m3) of
anions (Cl−, SO2−

4 , and NO−3 ) to cations (Na+, NH+4 , K+,
Mg2+, and Ca2+) (A/C) were 1.31 ± 0.10 and 1.20 ± 0.24 at
Wu Da and Tian Hong, respectively. The average A/C ratios
were close to 1 and strong correlations between anion and
cation equivalents were observed at both sites, indicating
that the eight ionic species were the major ions in PM1. We
noted that the A/C ratios were also greater than 1, which
may be due to a deficiency of H+ in the calculation and/or
to NH+4 being converted into the gaseous phase.

The A/C ratio is also a good indicator for studying the
acidity of the aerosols. Figure 3 shows a strong correlation
between the anion and cation equivalents during haze days

and normal days at Wu Da and Tian Hong, indicating
that the relationship between measured cations and anions
remained constant during neutralization (Lee and Hieu,
2013). At Wu Da the slope of the regression equation on
haze days was higher (1.26) than on normal days (1.15).
Comparatively, the slope of the regression equation on
haze days was also higher (1.22) than on normal days
(0.99) at Tian Hong, which implies that the particles were
more acidic on haze days than on normal days.

2.4 Sources of WSIIs

2.4.1 Source identification by chemical species/ratios
SO2−

4 , NO−3 , and NH+4 represent secondary pollution, which
results from the transformation of their precursors SO2,
NO2, and NH3, respectively. Na+, Mg2+, and Ca2+ mainly
originate from crustal sources, such as re-suspended road
dust, soil dust, and construction dust. Cl− is usually con-
sidered to be from coal combustion, and K+ comes from
biomass burning (He et al., 2001; Duan et al., 2004; Wang
et al., 2005). According to the different sources of WSIIs,
these WSIIs were classified into 4 groups, which were
representative of crust (Na+, Mg2+, and Ca2+), secondary
sources (SO2−

4 , NO−3 , and NH+4 ), coal combustion (Cl−),
and biomass burning (K+). The relative contributions of
secondary sources (Na+, Mg2+, and Ca2+), crust (Na+,
Mg2+, and Ca2+), coal combustion (Cl−), and biomass
burning (K+) to PM1.0 were 47.08%, 1.53%, 1.56%, and
1.30% at Wu Da, respectively, and 45.53%, 0.58%, 1.55%,
and 0.58% at Tian Hong, respectively. The results indi-
cated that secondary pollution played an important role in
PM1.0 at both sites in Wuhan.

NO2 emissions from vehicle exhaust are the main pre-
cursor to NO−3 , while SO2 released from coal combustion
is a large contributor to SO2−

4 in the atmosphere. Therefore,
the ratio of NO−3 /SO2−

4 has been used as an indicator of the
relative contribution of mobile versus stationary sources of
nitrogen and sulphur in the atmosphere. Previous studies
showed that high NO−3 /SO2−

4 ratios (> 1) occurred when
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Fig. 3 Correlations between the anion and cation equivalents during haze days and normal days at Wu Da and Tian Hong, respectively.
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the influence of motor vehicle emissions exceeds that
from coal combustion (Arimoto et al., 1996). The ratios
of NO−3 /SO2−

4 were almost at the same at Wu Da and
Tian Hong. The ratio was 0.98 on haze days and 0.78 on
normal days at Wu Da and was 1.01 on haze days on 0.91
on normal days at Tian Hong. Compared to other cities,
the ratio of NO−3 /SO2−

4 was much higher than in Guiyang
City (0.15), an important industrial base in China (Xiao
and Liu, 2004), much lower than in Southern California
(where no coal was used) (2.0–5.0) (Kim et al., 2000),
and comparable to Guangzhou during haze days (0.79)
(Tan et al., 2009). The relatively low NO−3 /SO2−

4 ratio
(< 1) in the atmosphere of Wuhan suggests that stationary
sources (coal combustion) are still the dominant sources
of pollutants in Wuhan. However, the influence of vehicle
exhaust should not be neglected due to the rapid increase
in the number of motor vehicles in Wuhan.

2.4.2 Air mass parcels and potential source regions
To identify the transport pathways of air masses from
different potential source regions, backward air trajectory
analysis was carried out using the HYSPLIT 4.8 model.
Three typical types of trajectories were classified using the
Hierarchical Clustering Method (Ward, 1963; Stohl, 1998)
(Fig. 4). The typical air mass patterns at Wu Da and Tian
Hong were the same because the distance between the two
sites is only 9 km. The proportions of air masses associated
with each track and the corresponding concentrations of air
pollutants are shown in Table 2.

The E-type trajectory, which prevailed from January 11
to 22 and January 27 to 30, 2013, cycled around Hubei
Province with very low transport speeds, and 60% of the
air masses came from this trajectory (Fig. 4). PM1.0 and its
component ions showed high concentrations. For example,
the concentrations of PM1.0, SO2−

4 , and NO−3 were 135.53,
23.11, and 23.0 µg/m3 at Wu Da site, and 137.70, 23.61,
and 25.29 µg/m3 at Tian Hong site. During this period,
stagnant weather conditions dominated in Wuhan, which
was unfavorable for the dispersion of air pollutants.

The NW-type (January 22 to 26), accounting for 16% of
all trajectories, initiated from Shanxi Province, and trav-
elled across Henan Province prior to reaching Wuhan (Fig.
4). PM1.0 and its component ions also exhibited relatively
high concentrations. For example, the concentrations of

Fig. 4 Three typical back trajectories at Wu Da site from January 9 to
February 6, 2013.

PM1.0, SO2−
4 , and Cl− were 135.35, 25.73, and 1.93 µg/m3

at the WD site and 125.59, 22.04, and 1.58 µg/m3 at the
Tian Hong site. Shanxi Province is the most important
energy (such as coal and coke) and industrial (such as
steel) base in China and has provided abundant coal and
electronic power to ensure economic development in China
(Zhang et al., 2009). The high concentrations of PM1.0 and
its ions may be influenced by Shanxi Province.

The NE-type trajectory (February 1 to 6), accounting for
24% of all trajectories, originated from the Yellow Sea,
where relatively few anthropogenic activities exist, passing
over Jiangsu and Anhui Provinces with high transport
speed (Fig. 4). PM1.0 and its component ions exhibited the
lowest concentrations, which may be due to the high speed
air from the Yellow Sea. The air mass with high speed
would dilute the air pollutants in Wuhan. Furthermore, it
rained occasionally during this period, which can wash
particles from the atmosphere.

3 Conclusions

In this study, the water-soluble ionic compositions of
PM1.0 were identified during a long-lasting haze period
in January 2003 and on normal days in February 2003
at Wu Da and Tian Hong in Wuhan. The concentration

Table 2 Proportion of air masses associated with each typical trajectory and the corresponding concentrations of PM1.0 and its ionic species (unit:
µg/m3)

Site Air mass (proportion) PM1.0 Na+ NH+4 K+ Mg2+ Ca2+ Cl− NO−3 SO2−
4

Wu Da E-type (60%) 135.53 1.26 11.10 1.56 0.05 0.16 1.94 23.00 23.11
NW-type (16%) 135.35 1.20 12.07 1.41 0.06 0.20 1.93 24.09 25.73
NE-type (24%) 53.20 1.47 5.14 0.91 0.03 0.03 0.98 11.50 14.16

Tian Hong E-type (60%) 137.70 0.39 13.07 1.56 0.06 0.44 2.02 25.29 23.61
NW-type (16%) 125.59 0.30 11.45 1.15 0.06 0.23 1.58 18.73 22.04
NE-type (24%) 84.31 0.20 8.13 0.90 0.02 0.03 1.20 13.72 14.92
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levels of PM1.0 and its ions were similar at the two sites,
demonstrating regional-level pollution of PM1.0. WSIIs
(Na+, NH+4 , K+, Mg2+, Ca2+, Cl−, NO−3 and SO2−

4 ) were
the dominant chemical species and constituted up to 48.4%
and 47.4% of PM1.0 at Wu Da and Tian Hong, respectively.
The concentrations of PM1.0 and its ionic species were
higher on haze days than on normal days, indicating that
air pollution is very serious on haze days. The average
A/C ratios were close to 1 and strong correlations between
anion and cation equivalents were observed at both sites,
indicating that the eight ionic species were the major
ions in PM1. Ion balance calculations indicated that the
particles were more acidic on haze days compared to
normal days. The ratios of NO−3 /SO2−

4 indicated that mobile
sources, such as vehicle emissions, were more important
on haze days than normal days. Back trajectory analysis
results implied that the high concentrations of PM1.0 and
its ions may result from stagnant weather conditions in
Wuhan.
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Y.X. et al., 2006. Speciation and sources of atmospheric aerosols
in a highly industrialised emerging mega-city in Central China. J.
Environ. Monitor. 8(10), 1049–1059.

Schichtel, B.A., Husar, R.B., Falke, S.R., Wilson, W.E., 2001. Haze
trends over the United States, 1980-1995. Atmos. Environ.35(30),
5205–5210.

Shen, Z., Cao, J., Arimoto, R., Han, Z., Zhang, R., Han, Y. et al., 2009a.

http://www.jesc.ac.cn


jes
c.a

c.c
n

Journal of Environmental Sciences 26 (2014) 810–817 817

Ionic composition of TSP and PM2.5 during dust storms and air
pollution episodes at Xi’an, China. Atmos. Environ. 43(18), 2911–
2918.

Shen, Z.X., Cao, J.J., Tong, Z., Liu, S.X., Reddy, L.S.S., Han, Y.M. et al.,
2009b. Chemical characteristics of submicron particles in winter in
Xi’an. Aero. Air Quality Res. 9(1), 80–93.

Stohl, A., 1998. Computation, accuracy and applications of trajectories-A
review and bibliography. Atmos. Environ. 32(6), 947–966.

Sun, Y.L., Zhuang, G.S., Tang, A.H., Wang, Y., An, Z.S., 2006. Chemical
characteristics of PM2.5 and PM10 in haze-fog episodes in Beijing.
Environ. Sci. Technol. 40(10), 3148–3155.

Tan, J., Duan, J., He, K., Ma, Y., Duan, F., Chen, Y. et al., 2009.
Chemical characteristics of PM2.5 during a typical haze episode in
Guangzhou. J. Environ. Sci. 21(6), 774–781.

Tao, J., Shen, Z.X., Zhu, C.S., Yue, J.H., Cao, J.J., Liu, S.X. et al., 2012.
Seasonal variations and chemical characteristics of sub-micrometer
particles (PM1) in Guangzhou, China. Atmos. Res. 118, 222–231.

Tiwari, S., Srivastava, A.K., Bisht, D.S., Bano, T., Singh, S., Behura, S. et
al., 2009. Black carbon and chemical characteristics of PM10 and
PM2.5 at an urban site of North India. J. Atmos. Chem. 62(3), 193–
209.

Wang, W.T., Primbs, T., Tao, S., Simonich, S.L.M., 2009. Atmospheric
particulate matter pollution during the 2008 Beijing Olympics.
Environ. Sci. Technol. 43(14), 5314–5320.

Wang, Y., Zhuang, G.S., Tang, A.H., Yuan, H., Sun, Y.L., Chen, S.A.
et al.,2005. The ion chemistry and the source of PM2.5 aerosol in
Beijing. Atmos. Environ. 39(21), 3771–3784.

Wang, Y., Zhuang, G.S., Sun, Y., An, Z.S., 2006. The variation of
characteristics and formation mechanisms of aerosols in dust, haze,

and clear days in Beijing. Atmos. Environ. 40(34), 6579–6591.
Ward, J.H., 1963. Hierarchical grouping to optimize an objective func-

tion. J. Amer. Stat. Assoc. 58(301), 236–244.
Watson, J.G., 2002. Visibility: Science and regulation. J. Air Waste

Manag. Assoc. 52(6), 628–713.
Wei, F., Teng, E., Wu, G., Hu, W., Wilson, W.E., Chapman, R.S. et

al., 1999. Ambient concentrations and elemental compositions of
PM10 and PM2.5 in four Chinese cities. Environ. Sci. Technol.
33(23), 4188–4193.

Xiao, H.Y., Liu, C.Q., 2004. Chemical characteristics of water-soluble
components in TSP over Guiyang, SW China, 2003. Atmos.
Environ. 38(37), 6297–6306.

Yadav, A.K., Kumar, K., Kasim, A.M.B.H.A., Singh, M.P., Parida, S.K.,
Sharan, M., 2003. Visibility and incidence of respiratory diseases
during the 1998 haze episode in Brunei Darussalam. Pure Appl.
Geophys. 160(1-2), 265–277.

Yao, X.H., Chan, C.K., Fang, M., Cadle, S., Chan, T., Mulawa, P. et al.,
2002. The water-soluble ionic composition of PM2.5 in Shanghai
and Beijing, China. Atmos. Environ. 36(26), 4223–4234.

Yin, L., Niu, Z., Chen, X., Chen, J., Xu, L., Zhang, F., 2012. Chemical
compositions of PM2.5 aerosol during haze periods in the moun-
tainous city of Yong’an, China. J. Environ. Sci. 24(7), 1225–1233.

Zhang, F., Xu, L., Chen, J., Chen, X., Niu, Z., Lei, T. et al., 2012.
Chemical characteristics of PM2.5 during haze episodes in the
urban of Fuzhou, China. Particuology 11(3), 264–272.

Zhang, R.J., Zhang, M.G., Zhu, L.Y., Hu, L.W., 2009. Elemental com-
position of atmospheric particles in winter at datong city, Shanxi
Province, China, and its impact on Beijing. Atmos. Oceanic Sci.
Lett. 2(6), 345–349.

http://www.jesc.ac.cn


Editorial Board of Journal of Environmental Sciences
Editor-in-Chief

Hongxiao Tang                   Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, China

Associate Editors-in-Chief
Jiuhui Qu                            Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, China
Shu Tao                               Peking University, China
Nigel Bell
Po-Keung Wong

Editorial Board
Aquatic environment
Baoyu Gao
Shandong University, China
Maohong Fan
University of Wyoming, USA
Chihpin Huang  
National Chiao Tung University
Taiwan, China
Ng Wun Jern
Nanyang Environment & 
Water Research Institute, Singapore
Clark C. K. Liu
University of Hawaii at Manoa, USA
Hokyong Shon
University of Technology, Sydney, Australia
Zijian Wang
Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, China
Zhiwu Wang
The Ohio State University, USA
Yuxiang Wang
Queen’s University, Canada
Min Yang
Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, China
Zhifeng Yang
Beijing Normal University, China
Han-Qing Yu
University of Science & Technology of China
Terrestrial environment
Christopher Anderson
Massey University, New Zealand
Zucong Cai
Nanjing Normal University, China
Xinbin Feng
Institute of Geochemistry, 
Chinese Academy of Sciences, China
Hongqing Hu
Huazhong Agricultural University, China
Kin-Che Lam
The Chinese University of Hong Kong
Hong Kong, China
Erwin Klumpp
Research Centre Juelich, Agrosphere Institute
Germany
Peijun Li
Institute of Applied Ecology, 
Chinese Academy of Sciences, China

Environmental toxicology and health
Jingwen Chen 
Dalian University of Technology, China
Jianying Hu
Peking University, China
Guibin Jiang
Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, China
Sijin Liu
Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, China
Tsuyoshi Nakanishi
Gifu Pharmaceutical University, Japan
Willie Peijnenburg
University of Leiden, The Netherlands
Bingsheng Zhou
Institute of Hydrobiology, 
Chinese Academy of Sciences, China
Environmental catalysis and materials
Hong He  
Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, China
Junhua Li
Tsinghua University, China
Wenfeng Shangguan 
Shanghai Jiao Tong University, China
Yasutake Teraoka 
Kyushu University, Japan
Ralph T. Yang
University of Michigan, USA
Environmental analysis and method
Zongwei Cai
Hong Kong Baptist University, 
Hong Kong, China
Jiping Chen
Dalian Institute of Chemical Physics, 
Chinese Academy of Sciences, China
Minghui Zheng
Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, China
Municipal solid waste and green chemistry
Pinjing He
Tongji University, China
Environmental ecology
Rusong Wang
Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, China

Editorial office staff

Managing editor
Editors
English editor

Michael Schloter
German Research Center for Environmental Health
Germany
Xuejun Wang
Peking University, China
Lizhong Zhu
Zhejiang University, China
Atomospheric environment
Jianmin Chen
Fudan University, China
Abdelwahid Mellouki
Centre National de la Recherche Scientifique
France
Yujing Mu
Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, China
Min Shao
Peking University, China
James Jay Schauer
University of Wisconsin-Madison, USA
Yuesi Wang
Institute of Atmospheric Physics, 
Chinese Academy of Sciences, China
Xin Yang
University of Cambridge, UK
Environmental biology
Yong Cai
Florida International University, USA
Henner Hollert
RWTH Aachen University, Germany
Jae-Seong Lee
Sungkyunkwan University, South Korea
Christopher Rensing
University of Copenhagen, Denmark
Bojan Sedmak
National Institute of Biology, Ljubljana
Lirong Song
Institute of Hydrobiology, 
the Chinese Academy of Sciences, China
Chunxia Wang
National Natural Science Foundation of China
Gehong Wei
Northwest A & F University, China
Daqiang Yin
Tongji University, China
Zhongtang Yu
The Ohio State University, USA

Copyright© Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences. Published by Elsevier B.V. and Science Press. All rights reserved.

Imperial College London, United Kingdom
The Chinese University of Hong Kong, Hong Kong, China

Zixuan Wang      Suqin Liu      Zhengang Mao
Catherine Rice (USA)

Qingcai Feng



JOURNAL OF ENVIRONMENTAL SCIENCES
环境科学学报(英文版)

(http://www.jesc.ac.cn)
Aims and scope
Journal of Environmental Sciences is an international academic journal supervised by Research Center for Eco-Environ-
mental Sciences, Chinese Academy of Sciences. The journal publishes original, peer-reviewed innovative research and
valuable findings in environmental sciences. The types of articles published are research article, critical review, rapid
communications, and special issues.
The scope of the journal embraces the treatment processes for natural groundwater, municipal, agricultural and industrial
water and wastewaters; physical and chemical methods for limitation of pollutants emission into the atmospheric environ-
ment; chemical and biological and phytoremediation of contaminated soil; fate and transport of pollutants in environments;
toxicological effects of terrorist chemical release on the natural environment and human health; development of environ-
mental catalysts and materials.
For subscription to electronic edition
Elsevier is responsible for subscription of the journal. Please subscribe to the journal via http://www.elsevier.com/locate/jes.
For subscription to print edition
China: Please contact the customer service, Science Press, 16 Donghuangchenggen North Street, Beijing 100717, Chi-
na. Tel: +86-10-64017032; E-mail: journal@mail.sciencep.com, or the local post office throughout China (domestic
postcode: 2-580).
Outside China: Please order the journal from the Elsevier Customer Service Department at the Regional Sales Office
nearest you.
Submission declaration
Submission of an article implies that the work described has not been published previously (except in the form of an
abstract or as part of a published lecture or academic thesis), that it is not under consideration for publication elsewhere.
The submission should be approved by all authors and tacitly or explicitly by the responsible authorities where the work
was carried out. If the manuscript accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright-holder.
Submission declaration
Submission of the work described has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis), that it is not under consideration for publication elsewhere. The publication should
be approved by all authors and tacitly or explicitly by the responsible authorities where the work was carried out. If the
manuscript accepted, it will not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder.
Editorial
Authors should submit manuscript online at http://www.jesc.ac.cn. In case of queries, please contact editorial office, Tel:
+86-10-62920553, E-mail: jesc@263.net, jesc@rcees.ac.cn. Instruction to authors is available at http://www.jesc.ac.cn.

Journal of Environmental Sciences (Established in 1989)
Vol. 26 No. 4 2014

Supervised by Chinese Academy of Sciences Published by Science Press, Beijing, China

Sponsored by Research Center for Eco-Environmental Elsevier Limited, The Netherlands

Sciences, Chinese Academy of Sciences Distributed by

Edited by Editorial Office of Journal of Domestic Science Press, 16 Donghuangchenggen

Environmental Sciences North Street, Beijing 100717, China

P. O. Box 2871, Beijing 100085, China Local Post Offices through China

Tel: 86-10-62920553; http://www.jesc.ac.cn Foreign Elsevier Limited

E-mail: jesc@263.net, jesc@rcees.ac.cn http://www.elsevier.com/locate/jes

Editor-in-chief Hongxiao Tang Printed by Beijing Beilin Printing House, 100083, China

CN 11-2629/X Domestic postcode: 2-580 Domestic price per issue RMB ¥ 110.00


	封面.pdf
	封面.pdf
	2014-4目录.pdf

	11.pdf
	封底.pdf
	2014封二.pdf
	封底-2014-4.pdf


