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Abstract
Gas chromatography equipped with an electron capture detector (GC-ECD) has been widely used for measuring atmospheric N2O,
but nonlinear response and the influence of atmospheric CO2 have been recognized as defects for quantification. An original GC-
ECD method using N2 as carrier gas was improved by introducing a small flow rate of CO2 makeup gas into the ECD, which could
well remedy the above defects. The N2O signal of the improved method was 4-fold higher than that of the original method and the
relative standard deviation was reduced from > 1% to 0.31%. N2O concentrations with different CO2 concentrations (172.2× 10−6–
1722 × 10−6 mol/mol) measured by the improved GC-ECD method were in line with the actual N2O concentrations. However, the N2O
concentrations detected by the original method were largely biased with a variation range of –4.5%∼7%. The N2O fluxes between an
agricultural field and the atmosphere measured by the original method were greatly overestimated in comparison with those measured
by the improved method. Good linear correlation (R2 = 0.9996) between the response of the improved ECD and N2O concentrations (93
× 10−9–1966 × 10−9 mol/mol) indicated that atmospheric N2O could be accurately quantified via a single standard gas. Atmospheric
N2O concentrations comparatively measured by the improved method and a high precision GC-ECD method were in good agreement.

Key words: N2O; GC-ECD; CO2; exchange flux; method comparison

DOI: 10.1016/S1001-0742(12)60090-4

Introduction

Nitrous oxide (N2O) has attracted considerable attention
because of its great influence on the global environment.
Although the atmospheric concentration of N2O is about
three orders of magnitude lower than that of CO2, the
radiative forcing of N2O is about 298 times greater than
that of CO2 on the 100 year scale (IPCC, 2007a), and thus
N2O has been considered as one of the most important
greenhouse gases. Additionally, N2O plays an important
role in ozone depletion in the stratosphere (Crutzen, 1981;
Cicerone, 1987). Agricultural fields have been recognized
as the most important source for atmospheric N2O (Bouw-
man et al., 1995; Olivier et al., 1998), with an emission
strength of 0.11–6.3 Tg N/yr (Mosier et al., 1998; Bouw-
man et al., 2002; Yan et al., 2003). However, the current
global estimation of the flux strength from agricultural
fields still possesses great uncertainty, ranging from –61%
to 171% of the mean emission (IPCC, 2007b), which is not
only derived from the temporal-spatial variations of N2O
fluxes but also inevitably originates from the limitations of

* Corresponding author. E-mail: yjmu@rcees.ac.cn

current flux measurements and analytical methods for N2O
determination from soil or/and soil-plant systems (Zheng
et al., 2008).

The available measurements for N2O fluxes from agri-
cultural fields are static chamber and micrometeorological
techniques. Static chambers are low-cost and easy-to-
operate (Wang, 1999), and have an advantage in N2O
measurement from small fields with different crops and
plots under different treatments (Smith et al., 1994),
and have been widely used as N2O flux measurements
for decades, e.g. the current data of IPCC for N2O
emission factors mainly originated from static chamber
measurements (Bouwman, 1996; Laville et al., 1999). The
responses of various GC-ECD instruments are usually
assumed to be linearly correlated with N2O concentrations,
and single point calibration is adopted for quantification
(Maljanen et al., 2003; Ding et al., 2007; Ussiri et al.,
2009). However, several researchers found a nonlinear
correlation between the responses of GC-ECD and N2O
concentrations (Hall et al., 2007; Fang et al., 2010),
and hence this quantification method would result in an
underestimation of N2O emission. Even so, most studies
still use the one point calibration method for measuring
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N2O flux because of its convenience for analyzing a large
number of samples.

A GC-ECD method using high purity N2 as carrier gas
(hereafter designated as the DN method) has been widely
used to measure N2O both in the field and laboratory
(Loftfield et al., 1997; Wang et al., 2005; Lamers et al.,
2007; Scheer et al., 2008; Gomes et al., 2009). Besides
nonlinear response, large uncertainties in the data from the
DN method have recently been found, which was mainly
ascribed to the strong influence of CO2 concentration on
the N2O signal (Zheng et al., 2008; Wang et al., 2010). The
World Meteorological Organization Global Atmosphere
Watch (WMO/GAW, 2003) recently reported that the DN
method can be greatly improved by introducing CO2 as
makeup gas into the ECD (hereafter designated as the
DN-CO2 method) and can even provide better precision
and stability than a GC-ECD method using an argon-
methane mixture (5% CH4 in Ar) as carrier gas (the
method hereafter designated as the AM method). Hall
et al. (2007) also confirmed that the DN-CO2 method
could perform exceptionally well in detecting atmospheric
N2O concentrations in comparison with the AM method
over three years. Although the reliability of the DN-
CO2 method has been confirmed for atmospheric N2O
measurements, there are still no reports about the possible
influence of extremely high CO2 concentrations in the air
samples on N2O flux measurements. The response of the
GC-ECD to N2O concentration for the DN-CO2 method
also needs to be investigated in order to more accurately
quantify atmospheric N2O. Therefore, in this study, a series
of comparisons among the DN, AM and DN-CO2 methods
were conducted to verify whether the DN-CO2 method is
reliable for N2O flux measurements.

1 Materials and methods

1.1 Instrument introduction

N2O concentrations were analyzed by a GC-ECD system
(Model SP3410, Beijing Analytical Instrument Factory,
China). The schematic diagram of the GC-ECD system
is shown in Fig. 1. High purity N2 was used as carrier
gas with a flow rate of 30 mL/min. The gas sample was
loaded into a 2-mL loop connected to a 10-port valve, and
was blown into separation columns by switching the 10-

Fig. 1 Schematic diagram of GC system.

port valve. There were two identical separation columns
(2 m × 4 mm) packed with Porapak Q (80–100 mesh)
called the pre-column and analytical column, respectively.
The pre-column could inhibit H2O in the air sample from
elution into the analytical column and H2O could be back-
flushed when the 10-port valve was switched back. The
temperatures for both GC oven and injector port were
maintained at 72°C.

1.2 Laboratory experiments

1.2.1 Optimizing CO2 makeup gas flow rate (Exp 1)
A CO2 makeup gas (979 ×10−6 mol/mol CO2 in N2)
was introduced into the ECD through downstream of the
analytical column with different flow rates (0, 3, 6, 8,
10 and 12 mL/min). The ECD temperature was set at
390°C and N2O standard gas (358 ×10−9 mol/mol in
air, Center of Standard Reference Materials, China) was
analyzed under different CO2 makeup gas flow rates.

1.2.2 Optimizing ECD temperature (Exp 2)
The N2O standard gas was analyzed at different ECD
temperatures (250°C, 280°C, 310°C, 340°C, 370°C and
390°C ) with fixed CO2 makeup gas flow rate.

1.2.3 Measurements of N2O samples with different CO2
concentrations (Exp 3)

The experiment was designed to evaluate the possible
influence of CO2 on the measurement of N2O. A se-
ries of gas samples were prepared by mixing CO2 and
N2O standard gases in high purity N2 with concentration
ranges of 172.2×10−6–1722×10−6 mol/mol for CO2 and
of 351×10−9–357.3×10−9 mol/mol for N2O. The prepared
samples (each sample in triplicate) were analyzed by DN
and DN-CO2 methods, respectively.

1.2.4 Responses of the DN and DN-CO2 methods to
N2O concentrations (Exp 4)

The responses of the DN and DN-CO2 methods to N2O
were checked under 9 concentrations (103 × 10−9–2064
× 10−9 mol/mol for DN method; 93 × 10−9–1966 × 10−9

mol/mol for DN-CO2 method) prepared by dilution of a
standard N2O gas of 109.78 × 10−6 mol/mol in N2 (Center
of Standard Reference Materials, China).

1.2.5 Diurnal variation of atmospheric N2O (Exp 5)
Atmospheric N2O samples were collected from 7:30 to
21:00 at intervals of 1.5 hr by Silonite canister (3.2
L, Entech instruments, Inc. USA) on November 27 and
December 9 in 2011, respectively. The N2O concentrations
collected on 27 November were analyzed by the DN and
DN-CO2 methods developed in our laboratory, and the
samples collected on 9 December were measured by the
DN-CO2 and AM methods, respectively. The AM method
(Agilent 6890N, Agilent Technologies, USA) has been
being used to measure the background concentration of
atmospheric N2O in the Key Laboratory for Atmospheric
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Chemistry, Chinese Academy of Meteorological Sciences,
and the detailed information on the method was described
by Fang et al. (2010). The precision of the AM method for
atmospheric N2O measurement was ± 0.2 × 10−9 mol/mol
and the coefficient of variation (CV) was about 0.5‰.

1.3 Flux experiments (Exp 6)

The flux experiments were conducted in a winter wheat
(Triticum aestivum L.) and summer maize (Zea mays L.)
rotation field. The field lies in Wangdu County, Hebei
Province, China (38◦71′N, 115◦15′E), and it belongs to a
typical region of the North China Plain. The detailed infor-
mation on the soil properties in this field was described in
our previous studies (Zhang et al., 2011, 2012).

Two field measurements were carried out during the
winter wheat growing season on 9 March 2010 and during
the maize growing season from 30 August to 11 September
in 2011. The N2O fluxes in these two experiments were
both investigated by the static chamber method. N2O
concentrations were analyzed by the DN and DN-CO2
methods, respectively. N2O fluxes were calculated from the
slopes of the linear correlations between the N2O concen-
trations and time accumulated in the static chambers, and
the correlation coefficients (R2) were always larger than
0.90 for the DN-CO2 method.

1.4 Statistical analysis

The data analysis was performed using SPSS 13.0 software
(SPSS Inc., Chicago, USA) and Origin 8.0 (Origin Lab
Corporation, USA).

2 Results and discussion

2.1 Influence of CO2 makeup gas on the ECD signals of
N2O

The results of Exp 1 are shown in Fig. 2. As illustrated
in Fig. 2, the N2O signal was clearly enlarged when the

CO2 flow rate increased from 0 to 8 mL/min, and almost
remained steady when CO2 flow rate exceeded 8 mL/min.
This phenomenon was similar to that obtained by Wang
et al. (2010), who reported that the N2O signal remained
stable when the CO2 concentration was larger than 400
×10−6 mol/mol. The N2O signal (peak height) of the DN-
CO2 method with CO2 flow rate of 8 mL/min was 4-fold
higher than that of the DN method (with CO2 flow rate of 0
mL/min). Based on the negative peak of CO2, Wang et al.
(2010) ascribed the amplification of the N2O signal to the
increment of electron abundance induced by introducing
CO2 makeup gas into the ECD. However, we found the
ECD baseline voltage increased sharply after introducing
CO2 makeup gas (Fig. 3), indicating stronger N2O signal
with less electron abundance. The specific reason for the
increase in N2O signal caused by introducing CO2 makeup
gas still needs further investigation.

2.2 Influence of ECD temperature on signals of N2O
and CO2

The influence of ECD temperature on signals of N2O and
CO2 was also tested under the CO2 makeup gas flow rate of
8 mL/min (Fig. 4). It is evident (Fig. 4) that N2O signals (y)
increased with elevated ECD temperature (x), exhibiting
an exponential correlation relationship between the ECD
temperature and the N2O sgnal (y = –1731.5 + 2520exp((x
– 240.3)/83.8), R2 = 0.996, n = 6). Considering the ECD
upper limit temperature of 400°C, the detector tempera-
ture was finally set to 390°C for N2O measurements. In
contrast, CO2 signals exhibited a reverse trend compared
with N2O signals, and negative peak occurred when the
ECD temperature was above 370°C (Fig. 4), which was
in good agreement with the finding of Wang et al. (2010),
who pointed out that the electron capture process of N2O
was an endothermic reaction while the electron capture
mechanism of CO2 was an exothermic reaction.

The variation coefficient for analyzing N2O under the
above-optimized conditions (the flow rate of the CO2

CO
2
 flow rate 0 mL/min CO

2
 flow rate 3 mL/min CO

2
 flow rate 6 mL/min

CO
2
 flow rate 8 mL/min CO

2
 flow rate 10 mL/min CO

2
 flow rate 12 mL/min

Fig. 2 Chromatograph signals of N2O standard gas (358 × 10−9 mol/mol of N2O/air) in response to different CO2 flow rates.
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Fig. 3 ECD baselines under different CO2 makeup gas flow rates.

makeup gas was 8 mL/min and ECD temperature was
390°C) was less than 0.31% based on the reproducibility
of a N2O standard gas (358 ×10−9 mol/mol) within 9
hours. The lowest detection limit of N2O was about 8.5
×10−9 mol/mol, and the lowest detectable flux was 0.57 ng
N/(m2·sec) when chamber height was 90 cm.

2.3 Comparisons between the DN and DN-CO2 meth-
ods for measuring N2O under different CO2 con-
centrations

The results of Exp 3 are shown in Fig. 5. Compared with
the actual N2O concentration (calculated from dilution),
the DN method significantly under- and overestimated
the N2O concentrations when CO2 concentrations in the
air samples were below and above 500 × 10−6 mol/mol,
with a range of –4.5%∼7%. The result agreed well with
the finding of Zheng et al. (2008), who pointed out that
the CO2 concentration in air samples had an important
influence on N2O measurement by the DN method. For
the DN-CO2 method, the N2O concentrations measured
were in good agreement with the N2O actual values within
a small variation range of –0.73%∼0.45%, indicating that
the influence of CO2 in the air samples on the N2O signal
was negligible. The separation columns used in this study
can efficiently separate CO2 and N2O with retention times

of ca. 4.8 min and ca. 5.8 min, respectively. The influence
of CO2 in the air samples on the N2O signal measured
by the DN method was probably ascribed to the effect of
the residual CO2 component after elution from the column
into the ECD. To check the effect of residual CO2 on
the N2O measurement, an additional experiment was also
conducted using N2 as a makeup gas for the DN method. In
line with the results of the DN-CO2 method, no influence
of CO2 on the N2O signal was found.

Due to soil or plant respiration, CO2 concentrations in
the air samples collected from a static chamber during flux
measurements usually vary over a very large range (360 ×
10−6 to 2000 × 10−6 mol/mol, our unpublished data), and
N2O concentrations measured by the DN method (without
makeup gas) must suffer from serious influence by CO2,
and the fluxes derived should be suspected (Zheng et al.,
2008). The lack of influence of CO2 on the N2O signal of
the DN-CO2 method confirmed that the DN-CO2 method
is a reliable method for N2O flux measurements.

2.4 Response of the DN-CO2 method to N2O concentra-
tions

Several studies have found a non-linear response for GC-
ECD to N2O concentrations (Hall et al., 2007; Fang et
al., 2010), which would result in large uncertainty for the
quantification of atmospheric N2O when using a single-
point calibration with a standard N2O gas, especially for
N2O flux measurements, because the N2O concentration
would accumulate from about 310 ×10−9 mol/mol to
10−6 mol/mol. To ensure high precision measurements of
atmospheric N2O, multi-point calibration has been used for
global background N2O measurements (Hall et al., 2007;
Fang et al., 2010), which would result in lower sampling
frequency and extra cost for standard gases due to the need
for frequent calibration to take into account the fluctuation
of the ECD. The responses of the DN method and DN-
CO2 method developed in this study to different N2O
concentrations were also tested. Considering the frequent
fluctuation of the ECD, each N2O concentration prepared
by diluting the standard N2O gas of 109.78 ×10−6 mol/mol
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Fig. 4 Chromatograph signals of CO2 and N2O in response to different ECD temperatures for the DN-CO2 method at CO2 flow rate of 8 mL/min.
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Fig. 6 Responses of ECD to different N2O concentrations by DN and
DN-CO2 methods.

was quantified by the standard N2O gas of 301×10−9

mol/mol. As shown in Fig. 6, a non-linear response of
the DN method was evident, whereas a very good linear
correlation (R2= 0.9996, slope = 1.0123) between the re-
sponse of the DN-CO2 method and N2O concentrations (93
× 10−9–1966 ×10−9 mol/mol) was found, indicating that
single point calibration is sufficiently reliable to quantify
N2O concentration by the DN-CO2 method.

The recovery of our improved method was in the range
of 99.5%to 129% when the N2O concentrations varied
from 93 × 10−9 to 1966 × 10−9 mol/mol, and the mean
recovery was 107%.

2.5 Comparisons among the DN, DN-CO2 and AM
methods for measuring atmospheric N2O concen-
trations

Atmospheric N2O concentrations comparatively measured
by the DN and DN-CO2 methods, as well as the DN-
CO2 and AM methods, are illustrated in Fig. 7. Compared
with the DN-CO2 method (Fig. 7a), N2O concentrations
measured by the DN method varied greatly during the one
day course, with variation range of 293.2 × 10−9–509.6
×10−9 mol/mol. Both the N2O concentrations and the error
bars measured by the DN method implied that the method
is not reliable for atmospheric N2O measurements. The
atmospheric N2O concentrations measured by the DN-CO2

method on 9 December (Fig. 7b) were in the range of
322.7 × 10−9–329.3 × 10−9 mol/mol, which was in good
agreement with the range (324.6 × 10−9–326.6 × 10−9

mol/mol) measured by the AM method. Compared with
the AM method, the precision of the DN-CO2 method
developed in this study is still poor for atmospheric N2O
measurement, exhibiting larger variation and error bars.

2.6 N2O flux measurements

N2O fluxes measured by the DN and DN-CO2 methods
are shown in Fig. 8. Both the variation trend and values
of N2O fluxes (Fig. 8a) measured by the DN and DN-CO2
methods were inconsistent during the day with low N2O
fluxes. The average N2O flux measured by the DN method
for the day was 8.82 ng N/(m2·sec), which was about
153% higher than that (3.49 ng N/(m2·sec)) measured by
the DN-CO2 method. Although the variation trends of
N2O fluxes measured by the DN and DN-CO2 methods
after fertilization (Fig. 8b) were similar, the N2O fluxes
measured by the DN method were irregularly biased from
the fluxes measured by the DN-CO2 method, e.g., the N2O
flux measured by the DN method was occasionally 5-
fold higher than that by DN-CO2 method on September
6, 2011. The average N2O flux measured by the DN
method was 113 ng N/(m2·sec), which was 49% higher
than that by the DN-CO2 method (76 ng N/(m2·sec)).
Overestimation of N2O emission has been also found using
the DN method in comparison with DN-Ascarite and AM
methods (Zheng et al., 2008). As mentioned above, the
large bias of N2O fluxes measured between the DN and
the DN-CO2 methods could be ascribed to the influence
of CO2 concentration on N2O measurements for the DN
method. Considerable portions of N2O flux studies have
used the DN method (without makeup gas) and the data
obtained should be suspected (Zheng et al., 2008; Wang et
al., 2010).

In summary, the influence of CO2 on N2O measure-
ments was found to be very serious for the DN method,
but it was negligible for the DN-CO2 method. Both the
atmospheric N2O concentrations and N2O fluxes measured
by the DN method were substantially biased from the
values measured by the DN-CO2 method, whereas the
atmospheric N2O concentrations comparatively measured
using the DN-CO2 and AM methods were in good agree-
ment. The negligible influence of CO2 and the good linear
correlation between the GC-ECD response and N2O con-
centration confirmed that the DN-CO2 method is reliable
for atmospheric N2O measurement.
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Zanatta J, Costa Beber Vieira F et al., 2009. Soil nitrous

oxide emissions in long-term cover crops-based rotations
under subtropical climate. Soil & Tillage Research, 106(1):
36–44.

Hall B D, Dutton G S, Elkins J W, 2007. The NOAA ni-
trous oxide standard scale for atmospheric observations.
Journal of Geophysical Research, 112: D09305. DOI:
10.1029/2006JD007954.

IPCC (Intergovernmental Panel on Climate Change), 2007a.
Changes in atmospheric constituents and in radiative forc-
ing. In: Climate Change 2007: The Physical Science Basis,
Contribution of Working Group I to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change
(Solomon S, Qin D, Manning M eds.). Cambridge Uni-
versity Press, Cambridge, UK and New York, NY, USA.
130–234.

IPCC (Intergovernmental Panel on Climate Change), 2007b.
Couplings between changes in the climate system and
biogeochemistry. In: Climate Change 2007: The Physical
Science Basis, Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel
on Climate Change (Solomon S, Qin D, Manning M et
al., eds.). Cambridge University Press, Cambridge, UK and
New York, NY, USA. 499–587.

Lamers M, Ingwersen J, Streck T, 2007. Nitrous oxide emissions
from mineral and organic soils of a Norway spruce stand
in South-West Germany. Atmospheric Environment, 41(8):
1681–1688.

Laville P, Jambert C, Cellier P, Delmas R, 1999. Nitrous oxide
fluxes from a fertilised maize crop using micrometeo-

http://www.jesc.ac.cn


jes
c.a

c.c
n

No. 3 An improved GC-ECD method for measuring atmospheric N2O 553

rological and chamber methods. Agricultural and Forest
Meteorology, 96(1-3): 19–38.

Loftfield N, Flessa H, Augustin J, Beese F, 1997.
Automated gas chromatographic system for rapid analysis
of the atmospheric trace gases methane, carbon dioxide,
and nitrous oxide. Journal of Environmental Quality, 26(2):
560–564.

Maljanen M, Liikanen A, Silvola J, Martikainen P J, 2003.
Nitrous oxide emissions from boreal organic soil under
different land-use. Soil Biology& Biochemistry, 35(5): 689–
700.

Mosier A, Kroeze C, Nevison C, Oenema O, Seitzinger S, van
Cleemput O, 1998. Closing the global N2O budget: nitrous
oxide emissions through the agricultural nitrogen cycle.
Nutrient Cycling in Agroecosystems, 52(2-3): 225–248.

Olivier J G J, Bouwman A F, Van der Hock K W, Berdowski J J
M, 1998. Global air emission inventories for anthropogenic
sources of NOx, NH3 and N2O in 1990. Environmental
Pollution, 102(S1): 135–148.

Scheer C, Wassmann R, Kienzler K, Ibragimov N, Lamers J P
A, Martius C T, 2008. Methane and nitrous oxide fluxes
in annual and perennial land-use systems of the irrigated
areas in the Aral Sea Basin. Global Change Biology, 14(10):
2454–2468.

Smith K A, Clayton H, Arah J R M, Christensen S, Ambus P,
Fowler D et al., 1994. Micrometeorological and chamber
methods for measurement of nitrous oxide fluxes between
soils and the atmosphere: overview and conclusions. Jour-
nal of Geophysical Research, 99(D8): 16541–16548.

Ussiri D A N, Lal R, Jarecki M K, 2009. Nitrous
oxide and methane emissions from long-term tillage under

a continuous corn cropping system in Ohio. Soil & Tillage
Research, 104(2): 247–255.

Wang M X, 1999. Atmospheric Chemistry. China Meteorological
Press, Beijing, China.

Wang Y H, Wang Y S, Ying H, 2010. A new carrier gas type
for accurate measurement of N2O by GC-ECD. Advances
in Atmospheric Sciences, 27(6): 1322–1330.

Wang Y S, Xue M, Zheng X H, Ji B M, Du R, Wang Y F, 2005.
Effects of environmental factors on N2O emission from and
CH4 uptake by the typical grasslands in the Inner Mongolia.
Chemosphere, 58(2): 205–215.

World Meteorological Organization Global Atmosphere Watch,
2003. 12th WMO/IAEA Meeting of Experts on Carbon
Dioxide Concentration and Related Tracers Measurements
Techniques, Report No. 161. Toronto, Canada.

Yan X Y, Akimoto H, Ohara T, 2003. Estimation of nitrous oxide,
nitric oxide and ammonia emissions from croplands in East,
Southeast and South Asia. Global Change Biology, 9(7):
1080–1096.

Zhang Y Y, Liu J F, Mu Y J, Pei S W, Lun X X, Chai F H, 2011.
Emissions of nitrous oxide, nitrogen oxides and ammonia
from a maize field in the North China Plain. Atmospheric
Environment, 45(17): 2956–2961.

Zhang Y Y, Liu J F, Mu Y J, Xu Z, Pei S W, Lun X X et al.,
2012. Nitrous oxide emissions from a maize field during
two consecutive growing seasons in the North China Plain.
Journal of Environmental Sciences, 24(1): 160–168.

Zheng X H, Mei B L, Wang Y L, Xie B H, Wang Y S, Dong H
B et al., 2008. Quantification of N2O fluxes from soil-plant
systems may be biased by the applied gas chromatograph
methodology. Plant and Soil, 311(1-2): 211–234.

http://www.jesc.ac.cn


jes
c.a

c.c
n

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

Jianying Hu
Peking University, China
Guibin Jiang
Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, China
Jae-Seong Lee
Hanyang University, South Korea
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
Chonggang Wang
Xiamen University, China
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
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
Environmental toxicology and health
Jingwen Chen 
Dalian University of Technology, China

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

http://www.jesc.ac.cn


jes
c.a

c.c
n

JOURNAL OF ENVIRONMENTAL SCIENCES

(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, China.
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. 25 No. 3 2013

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

http://www.jesc.ac.cn

	01.pdf
	fm.pdf
	2013-3目录.pdf

	2013250316.pdf
	03.pdf
	JES编委.pdf
	封底.pdf


