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a b s t r a c t

Organic matter-induced black blooms (hypoxia and an offensive odor) are a serious ecosystem
disasters that have occurred in some large eutrophic shallow lakes in China. In this study, we
investigated two separate black blooms that were induced by Potamogeton crispus in Lake Taihu,
China. The main physical and chemical characteristics, including color- and odor-related substances,
of the black blooms were analyzed. The black blooms were characterized by low dissolved oxygen
concentration (close to 0 mg/L), low oxidation-reduction potential, and relatively low pH of overlying
water. Notably higher Fe2+ and

∑
S2− were found in the black-bloom waters than in waters not

affected by black blooms. The black color of the water may be attributable to the high concentration
of these elements, as black FeS was considered to be the main substance causing the black color of
blooms in freshwater lakes. Volatile organic sulfur compounds, including dimethyl sulfide, dimethyl
disulfide, and dimethyl trisulfide, were very abundant in the black-bloom waters. The massive anoxic
degradation of dead Potamogeton crispus plants released dimethyl sulfide, dimethyl disulfide, and
dimethyl trisulfide, which were the main odor-causing compounds in the black blooms. The black
blooms also induced an increase in ammonium nitrogen and soluble reactive phosphorus levels in the
overlying waters. This extreme phenomenon not only heavily influenced the original lake ecosystem
but also greatly changed the cycling of Fe, S, and nutrients in the water column.

Introduction

Massive cyanobacterial and vegetation blooms are a visi-
ble ecosystem response to advanced eutrophication (Diaz
and Rosenberg, 2008; Paerl et al., 2011). However, the
decrease in dissolved oxygen (DO) levels in bottom waters
that results from the degradation of large amounts of
organic matter is regarded as the most serious threat from
these blooms (Rabalais et al., 2002; Diaz and Rosenberg,
2008). Moreover, excessive organic matter in the water
column can result in hypoxia, even anoxia, in the water

∗Corresponding author. E-mail: cxfan@niglas.ac.cn

and surface sediments. Hypoxia and anoxia can induce
black water bloom disasters in freshwater lakes (Stahl,
1979; Yang et al., 2008). Because of the degradation of
organic matter from cyanobacteria blooms and/or polluted
sediments, some of the most important freshwater lakes
in China, such as Lake Taihu, Lake Chaohu, and Lake
Dianchi, have been suffering from black blooms for many
years. These black blooms have drawn the attention of
the government and academicians. All the black blooms
occurred unpredictably in late spring or early summer,
were near the shore, and usually lasted from 24 hr to 2
weeks. Black blooms are identified by the black color of
the water and are often accompanied by offensive odors.
Black blooms cause mass death of fishes and benthic
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fauna. Furthermore, when black blooms occur near water-
source intake areas, they can result in water supply crises or
even panic within local communities (Nanjing Institute of
Geography and Limnology, Chinese Academy of Science,
2007; Yang et al., 2008; Lu and Ma, 2010).

Lake Taihu is the third largest freshwater lake (2338
km2) and the largest water-source lake in China, and it is
also well known for its hyper-eutrophication and notorious
cyanobacterial blooms (Guo, 2007; Paerl et al., 2011).
Over the past several years, algae-induced black blooms
have occurred frequently in Lake Taihu and have caused
severe ecological and environmental disasters (Lu and Ma,
2010). While black blooms can be induced by algae, they
can also be induced by the degradation of submerged
plants and other organic matter. In recent years, black
blooms induced by submerged plants have occurred in
some areas of Lake Taihu and have caused increasingly
serious damage in some eutrophic bays. On May 16, 2012,
black blooms induced by Potamogeton crispus (P. crispus)
were found in the Gonghu Bay of Lake Taihu, China.
These blooms represented a new type of black bloom that
was similar to algae-induced black blooms in that the water
was also black in color and emitted a strong foul odor.

There have been some studies of the black bloom
phenomenon (Yang et al., 2008; Lu and Ma, 2010; Shen
et al., 2011, 2012), but there are no published inves-
tigations into submerged plant-induced black blooms.
Previous publications (Stahl, 1979; Duval and Ludlam,
2001) suggested that ferrous sulfide (FeS) was respon-
sible for the black color and hydrogen sulfide (H2S)
was responsible for the offensive odor of water dur-
ing black blooms. However, other studies have implied
that more complex organic compounds resulting from
cyanobacteria degradation might be the major source of
the offensive odor during black blooms. These complex
compounds might include geosmin (trans-1,10-dimethyl-
trans-9-decalol); 2-methylisoborneol (MIB); and volatile
organic sulfur compounds (VOSCs), such as methanethi-
ol (MTL), dimethyl sulfide (DMS), dimethyl disulfide
(DMDS), and dimethyl trisulfide (DMTS) (Yang et al.,
2008; Zhang et al., 2010). Lu and Ma (2009) investigated
an algae-induced black bloom in Lake Taihu and reported
that total nitrogen (TN), total phosphorus (TP), ammonium
nitrogen (NH+4 -N) and soluble reactive phosphorus (SRP)
were significantly more concentrated in black-bloom water
than in normal water. Furthermore, Shen et al. (2011,
2012) studied the formation and recovery processes of
black blooms and determined that DO was the key influ-
ential factor for both the generation and disappearance of
blooms. However, the factors that are closely related to the
black color and offensive odors have seldom been studied
effectively because of the unpredictability of the time and
location of black blooms. Therefore, the mechanism of
these blooms is still unknown and almost nothing is known
about black blooms that are induced by submerged plants.

The goal of this study was to explore the main physical
and chemical characteristics of submerged plant-induced
black-bloom water and to analyze the major odor com-
pounds. The mechanism of black-bloom formation has
been summarized to improve the understanding of this
serious ecological disaster.

1 Materials and methods

1.1 Study site

On May 16, 2012, black blooms occurred in two separate
nearshore zones in the Gonghu Bay of Lake Taihu. Gonghu
Bay is an important water-source intake area for the nearby
Wuxi and Suzhou Cities. The bay has an area of about
147 km2 and an average depth of less than 2 m (Fan
et al., 1997). One bloom zone was in Shazhu Port (SZ)
and the other was near Xuxian Port (XX) (Fig. 1). Both
bloom areas covered less than 1 km2 and were close to the
water-source intake area of Wuxi City. No black blooms
occurred within the water-source intake area during the
study period. Therefore, the two black bloom areas and
the water-source intake area were selected as the study
areas. Samples were collected from SZ, XX, and the water-
source intake area of the Nanquan Water Plant (NQ). The
sampling sites are shown in Fig. 1.

1.2 Sampling and pretreatment of water samples

During the black bloom period, triplicate surface and
bottom water samples were collected at each sam-
pling site. Aerobic solutions of ferrozine in N-2-
hydroxygethylpiperazine buffer (Phillips and Lovley,
1987) and basic solutions of zinc acetate (Cline, 1969)
were placed into individual 10 mL polypropylene cen-
triguge tubes. Water samples for the analysis of Fe2+ were
immediately transferred into the bottles containing fer-
rozine and samples for the analysis of

∑
S2− (
∑

S2− = [H2S]
+ [HS−] + [S2−]) were transferred into bottles containing
zinc acetate, in order to avoid oxidation. For the analysis of
VOSCs, 50-mL-headspace bottles were completely filled
with sample water and allowed to overflow for 5 sec before
capping to ensure that no air remained in the bottles. Sam-
ples for the analysis of NH+4 -N, SRP, and dissolved organic
compounds (DOC) were collected in 100-mL polythene
bottles and filtered through cellulose acetate filter (Ø47
mm, 0.45-µm pore size) within 2 hr of collection. All
bottles were immersed in dilute hydrochloric acid for 12
hr and then washed three times by using deionized water
prior to the collection of samples.

1.3 Analysis of physical and chemical characteristics

The concentration of iron,
∑

S2−, NH+4 -N, and SRP in the
water samples was measured using a Shimadzu UV-2550
spectrophotometer. Iron was analyzed using a ferrozine

http://www.jesc.ac.cn
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Lake Taihu

N
▲ XX 

31.4509°N, 120.3250°E 

▲ SZ 

31.4038°N, 120.2369°E

▲ NQ 

31.3804°N, 120.2460°E 

Gonghu Bay 

N

Fig. 1 Water sampling sites in Gonghu Bay, Lake Taihu, China. Shazhu Port (SZ) and Xuxian Port (XX) were affected by black blooms, while the
water-source intake area of Nanquan Water Plant (NQ) was not.

spectrophotometry method (Stookey, 1970).
∑

S2− was an-
alyzed using a methylene blue spectrophotometric method
(Cline, 1969). NH+4 -N and SRP contents were determined
using a Nessler’s Reagent method (Jing and Tu, 1990) and
a molybdenum blue method (Murphy and Riley, 1962),
respectively. A total organic carbon analyzer (LiquiTOCII,
Elementar Company, Germany) was used to determine
the DOC in the water samples. DO, chlorophyll a (Chl-
a), oxidation-reduction potential (ORP), and pH were
simultaneously measured using a multi-parameter water-
quality testing instrument (YSI 6820EDS, USA) at the
midway between the water surface and lake floor at each
sampling site.

1.4 Analysis of odor compounds

Yang et al. (2008) determined that DMDS and other
related alkyl sulfide compounds were the main odor-
causing compounds in a 2007 black bloom in Lake Taihu.
Therefore, we measured VOSCs, including MTL, DMS,
DMDS, DMTS, by using a headspace solid-phase micro-
extraction method and a gas chromatograph coupled to a
flame-photometric detector (Lu et al., 2012).

1.5 Statistical analysis

Differences in the Fe2+,
∑

S2−, NH+4 -N, and SRP of waters
from different sampling sites were evaluated using one-
way analysis of variance, followed by Tukey’s honestly
significant differences test (∗ represents P < 0.05, ∗∗ repre-
sents P < 0.05). These statistical analyses were conducted
using SPSS 16.0 software. Regressions between DOC and
black color-causing ions (Fe2+ and

∑
S2−) were evaluated

using linear fit, as implemented in Origin 8.5 software.

2 Results

2.1 Characteristics of the black bloom

In XX and SZ black bloom areas, the water was black
in color and emitted strong offensive odors. In contrast
to previous algae-induced black blooms, these two black
blooms were not induced by large-scale aggregations of
algae, as there were neither algae blooms nor algae accu-
mulations in or near the XX and SZ bloom areas. Dead P.
crispus was dominant in both black bloom zones during the
bloom period. No submerged plants, including P. crispus,
or cyanobacteria blooms were found at the control site,
NQ. Compared to NQ, the waters in XX and SZ were
remarkably anoxic, with DO of 0.45 mg/L and 0.83 mg/L,
respectively. The ORP and pH of the water at the two black
bloom sites were significantly lower than those at NQ,
while Chl-a levels were dramatically higher at XX and SZ
than at NZ (Table 1).

2.2 Fe2+ in waters

As shown in Fig. 2, water samples from different sites
had significantly different Fe2+ content. In NQ samples,
Fe2+ concentrations were very low in both surface and
bottom waters. The Fe2+ concentrations were much higher
in black bloom samples from XX and SZ. In XX and SZ

Table 1 Main physical characteristics of the water sampled from two
black-bloom sites and one control site in Lake Taihu, China

Sampling site DO (mg/L) Chl-a (mg/L) ORP (mV) pH

NQ 8.30 1.6 526.6 8.1
XX 0.45 31.5 358.7 7.74
SZ 0.83 69.2 394.0 7.82
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Fig. 2 Fe2+ in overlying waters at three sampling sites in Gonghu Bay,
Lake Taihu, China. * Presents concentrations from XX or SZ samples
were significantly different (P < 0.05) from NQ samples, and also
represents the same meaning in the following figures.

samples, the concentration of Fe2+ in bottom waters was
much higher than that in surface waters. The bottom-water
Fe2+ concentration at SZ was as high as 0.88 mg/L.

2.3
∑

S2− in waters

The
∑

S2− concentrations in overlying waters are shown
in Fig. 3. Compared to samples from NQ, samples from
XX and SZ black-bloom zones contained much higher
concentrations of

∑
S2−. The

∑
S2− concentrations at NQ

and SZ were significantly different. Concentrations of∑
S2− were much higher than those in surface waters at

XX and SZ. Bottom
∑

S2− concentrations reached as high
as 1.03 mg/L at SZ, 6.23 times those at NQ.

2.4 Nutrients in waters

Dissolved nutrients (NH+4 -N, SRP) are important water
quality parameters in lakes. Ammonium and SRP are
always higher in the black blooms overlying waters than in
normal areas (Lu and Ma, 2009). There were no significant

Surface Bottom
0.0

0.5

1.0

1.5

*

*

Σ
S
2
-
(m
g
/L
)

 NQ

 XX

 SZ

Fig. 3
∑

S2− in overlying waters at three sampling sites in Gonghu Bay,
Lake Taihu, China.

differences in the ammonium concentration between NQ
and the two black-bloom zones. However, as shown in
Fig. 4, ammonium concentrations in the bottom waters
at XX and SZ were higher than that at NQ. Moreover,
ammonium concentrations in the bottom waters at XX
and SZ were higher than those in the surface waters at
these sites. SRP concentrations in both surface and bottom
samples at NQ were low, but were significantly higher at
XX and SZ (Fig. 5). The maximum SRP was 0.11 mg/L in
XX surface water. This maximum value was 19.39 times
that of the NQ surface sample.

2.5 VOSCs in waters

VOSCs were remarkably different in NQ, XX, and SZ
samples (Fig. 6). Low levels of MTL, DMS, DMDS, and
DMTS were detected in samples from NQ. In contrast,
with the exception of MTL in XX samples, VOSCs were
much more concentrated in XX and SZ black-bloom wa-
ters. The highest concentration of VOSCs was found in SZ
samples, in which the DMS concentration in surface water
reached 8.63 µg/L, 336.9 times that of NQ surface water.
Among the VOSCs in black-bloom waters, DMS was the
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Lake Taihu, China.

most abundant, and the samples contained significantly
more DMS than MTL, DMDS, or DMTS.

3 Discussion

3.1 Effects of hypoxia/anoxia on the black bloom

Hypoxia occurs when DO concentrations are less than, or
close to 2 mg/L (Turner et al., 2005; Diaz and Rosenberg,
2008; Bianchi et al., 2010; Vaquer-Sunyer and Duarte,
2008). Such low DO concentrations are commonly found
in global marine ecosystems (Diaz and Rosenberg, 2008)
and some freshwater systems (Conroy et al., 2011), and
are always caused by excessive organic matter. In the
study area, there were abundant submerged plants (mainly
P. crispus) and the DO concentration was high in water
samples from the control site. However, most of the P.
crispus died of an unknown cause and sank to the floor
of the lake, thus contributing a great deal of organic
matter to the top layer of the sediment. The degradation
of this organic matter likely caused DO depletion, thereby
inducing hypoxia and anoxia in the surface sediment and
overlying water.

DO deficiency in overlying water initiates a redox state
change and causes a cascade of alternative terminal elec-
tron acceptor use by anaerobic organisms (Middelburg and
Levin, 2009). Subsequently, sulfates and iron (hydr)oxides
are reduced as terminal electron acceptors in biochemical
reactions (Middelburg and Levin, 2009; Nielsen et al.,
2010); as the terminal products of these reduction pro-
cesses, H2S and Fe2+ begin to accumulate. Thus, hypoxia
and anoxia accelerate H2S release (Roden and Tuttle,
1992; Diaz and Rosenberg, 2008) and ferric iron reduction
(Gerhardt and Schink, 2005) in surface sediments and
overlying water. Moreover, black blooms or black water
in freshwater lakes is closely related to FeS content. FeS
is considered to be the main substance causing the black

color of black blooms and is generated from ample Fe2+

and
∑

S2− (Stahl, 1979; Duval and Ludlam, 2001).
In the present study, black-bloom waters contained

notably higher concentrations of Fe2+ and
∑

S2− than
were found in NQ water. Correlations between DOC and
Fe2+ and between DOC and

∑
S2− (Fig. 7) indicate that

organic matter degradation consumed a large amount of
DO, causing first hypoxia and then anoxia. The low DO
concentration induced changes in electron acceptor use by
anaerobic organisms that ultimately caused the production
of large amounts of FeS in low pH, low ORP, anoxic
waters, which finally caused the black color of the water
that marked the formation of black bloom. Therefore, the
increase in Fe2+ and

∑
S2− in anoxic overlying waters may

be an important material preparation to the bulk synthesis
of FeS, which finally causes the formation of black blooms.

3.2 Sources of the odor-causing substances

Offensive odors in natural waters are mainly caused by
MIB, geosmin, VOSCs, and other complex organic com-
pounds released because of the degradation of various
algae (Ikawa et al., 2001; Bentley and Chasteen, 2004;
Kiene et al., 2007; Li et al., 2007). In algae-induced
black blooms, VOSCs are regarded as more important
odor-causing substance than MIB, geosmin, or other or-
ganic compounds (Yang et al., 2008; Zhang et al., 2010).
Previous studies indicated that VOSCs, including MTL,
DMS, DMDS, and DMTS, are mainly found in marine
(Bentley and Chasteen, 2004) and anoxic or hypolimnion
lake waters (Hu et al., 2007), whereas the concentrations
of these offensive odor-causing substances are very low in
well-oxidized freshwater lakes (Hu et al., 2007; Peter et al.,
2009).

In the black bloom phenomena studied, DMS, DMDS,
and DMTS concentrations are significantly higher than
those in normal water (Fig. 6). The concentration range
of DMS, DMDS, and DMTS in XX and SZ surface black-
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bloom waters were 0.93–8.63 µg/L, 0.17–2.02 µg/L, and
0.09–1.73 µg/L, respectively, and were significantly higher
than those in NQ surface water. VOSC concentrations in
SZ and XX black-bloom waters were much lower than
those reported by Zhang et al. (2010) for algae-induced
black blooms (DMS 93.9 µg/L, DMDS 2.51 µg/L and
46.1 µg/L, DMTS 17.17 µg/L), although DMTS concen-
trations were similar to those reported by Yang et al.
(2008) (1.77 and 11.40 µg/L). In water, the odor threshold
concentrations for DMS, DMDS, and DMTS are 0.3–1
µg/L, 0.2–5 µg/L, and 0.01 µg/L, respectively (Chen et
al., 2010; Zhang et al., 2010). Trace concentrations of
these VOSCs could generate a strong putrid odor and taste.
Therefore, the concentrations of VOSCs in SZ and XX
black-bloom waters were high enough to account for the
offensive odors. DMS, DMDS, and DMTS clearly caused
the offensive odors emitted by SZ and XX black blooms.

Volatile organic sulfur compounds in freshwater lakes
are produced primarily by phytoplankton and algae
metabolism or microbial degradation of organic matter
(Song et al., 2004; Hu et al., 2007). Because neither
cyanobacterial accumulation nor an algae bloom was ob-
served in the SZ and XX black-bloom areas, the offensive
odor must have been closely related to the abundant dead
P. crispus plants. The production and accumulation of
VOSCs in black-bloom waters may have resulted from the
decomposition of sulfur-containing organic compounds in
dead P. crispus plants, as this process generates a variety
of methylated sulfides (Lomans et al., 1997; Bentley and
Chasteen, 2004; Hu et al., 2007; Lu et al., 2012).

3.3 Effects on nutrients

High ammonium and SRP concentrations are two notable
chemical characteristics of black-bloom waters (Shen et
al., 2012). Ammonium concentrations in algae-induced
black blooms can reach as high as 4.00–9.06 mg/L (Yang et
al., 2008; Lu and Ma, 2009). Although the ammonium con-
centrations of SZ and XX black-bloom waters were lower
than those reported in the literature, the concentrations
in the bottom water samples from these sites were still
remarkably higher than the concentrations in the bottom
water samples from NQ. The decomposition of dead P.
crispus plants may have released ammonium into the water
column and contributed to the high ammonium concen-
tration at the black-bloom sites. In addition, the anoxic
environment of black-bloom sites promotes the growth
of denitrifying bacteria and ammonifiers, which would
greatly increase denitrification and ammonification and
contribute further to the increase in ammonium in the water
column (Fan et al., 2000). Resuspended sediment particles
and surface sediments can also release ammonium into the
overlying water in anoxic environments (Søndergaard et
al., 1992). This process may have increased the ammonium
concentration in the black-bloom waters.

Degradation of massive numbers of dead P. crispus

plants and other organic matter was an important source of
SRP in the water column. At the same time, because of the
anoxic environment, a large amount of ferric hydroxides
was reduced to soluble ferrous ions, which can cause iron-
bound phosphorus in the sediments to transform into labile
phosphorus (Jensen and Thamdrup, 1993; Hupfer et al.,
1995; Rydin, 2000; Kaiserli et al., 2002). Excessive labile
phosphorus dissolves into the water and increases the SRP
concentration. Consequently, the SRP concentration in the
water column increased (Fan et al., 2000). Thus, release of
SRP from surface resuspended sediments may be another
important source of the elevated SRP found in black-bloom
waters.

Obviously, high SRP and ammonium concentrations are
the results of black blooms rather than the causes. Howev-
er, this kind of high-nutrient load aggravates eutrophication
and provides sufficient N and P to cause subsequent algae
blooms (Dodds, 2006), which might affect long-term N
and P cycles and eutrophication problems.

4 Conclusions

As an extreme phenomenon of hyper-eutrophication in
shallow lakes, black blooms have become a serious threat
to the safety of drinking water sources and lake ecosys-
tems. It is clear that the massive degradation of dead
submerged plants (P. crispus) can induce hypoxia and
anoxia and trigger black blooms in SZ and XX. In areas
affected by black blooms, black color and offensive odors
were directly observable. Low DO, ORP, and pH levels
were typical physical characteristics of black-bloom wa-
ters. High Fe2+ and

∑
S2− concentrations were important

chemical characteristics of black-bloom waters and were
also important sources of the black substance, FeS, in
the water column. Furthermore, VOSCs, including DMS,
DMDS, and DMTS, were remarkably high in SZ and
XX black-bloom waters, and these VOSCs released dur-
ing the decomposition of dead P. crispus plants under
anoxic conditions were the main odor-causing compounds
in black-bloom waters. High nutrient loads in the wa-
ter column were also important characteristics of black
blooms. Black blooms may have long-term effects on the
eutrophication of lakes.
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Hupfer, M., Gächter, R., Giovanoli, R., 1995. Transformation of phospho-
rus species in settling seston and during early sediment diagenesis.
Aquatic Sci. 57, 305–324.

Ikawa, M., Sasner, J. J., Haney, J. F., 2001. Activity of cyanobacterial and
algal odor compounds found in lake waters on green alga chlorella
pyrenoidosa growth. Hydrobiologia 443, 19–22.

Jensen, H. S., Thamdrup, B., 1993. Iron-bound phosphorus in marine
sediments as measured by bicarbonate-dithionite extraction. Hy-
drobiologia 253, 47–59.

Jing, X. C., Tu, Q. Y., 1990. Principles for Investigation of Lake
Eutrophication. Chinese Environmental Sciences Press, Beijing.

164–169.
Kaiserli, A., Voutsa, D., Samara, C., 2002. Phosphorus fractionation in

lake sediments-Lakes Volvi and Koronia, N. Greece. Chemosphere
46, 1147–1155.

Kiene, R. P., Kieber, D. J., Slezak, D., Toole, D. A., Del Valle, D. A., Bis-
grove, J. et al., 2007. Distribution and cycling of dimethylsulfide,
dimethylsulfoniopropionate, and dimethylsulfoxide during spring
and early summer in the Southern Ocean south of New Zealand.
Aquatic Sci. 69, 305–319.

Li, L., Wan, N., Gan, N., Xia, B. D., Song, L. R., 2007. Annual dynamics
and origins of the odorous compounds in the pilot experimental
area of Lake Dianchi, China. Water Sci. Technol. 55, 43–50.

Lomans, B. P., Smolders, A. J. P., Intven, L. M., Pol, A., Den Camp,
H., Van Der Drift, C., 1997. Formation of dimethyl sulfide and
methanethiol in anoxic freshwater sediments. Appl. Environ. Mi-
crobiol. 63, 4741–4747.

Lu, G. H., Ma, Q., 2009. Analysis on the causes of forming black water
cluster in Taihu Lake. Adv. Water Sci. 20, 438–442.

Lu, G. H., Ma, Q., 2010. Monitoring and analysis on “Black Water
Agregation” in Lake Taihu, 2009. J. Lake Sci. 22, 481–487.

Lu, X., Fan, C. X., Shang, J. G., Deng, J. C., Yin, H. B., 2012. Headspace
solid-phase microextraction for the determination of volatile sulfur
compounds in odorous hyper-eutrophic freshwater lakes using gas
chromatography with flame photometric detection. Microchem. J.
104: 26–32.

Middelburg, J. J., Levin, L. A., 2009. Coastal hypoxia and sediment
biogeochemistry. Biogeosciences 6, 1273–1293.

Murphy, J., Riley, J. P., 1962. A modified single solution method for the
determination of phosphate in natural waters. Anal. Chim. Acta,
26, 31–36.

Nanjing Institute of Geography and Limnology, Chinese Academy of
Sciences, 2007. On the cause of cyanophyta bloom and pollution in
water intake area and emergency measures in Meiliang Bay, Lake
Taihu in 2007. J. Lake Sci. 19, 357–358.

Nielsen, L. P., Risgaard-Petersen, N., Fossing, H., Christensen, P. B.,
Sayama, M., 2010. Electric currents couple spatially separated
biogeochemical processes in marine sediment. Nature 463, 1071–
1074.

Paerl, H. W., Xu, H., McCarthy, M. J., Zhu, G. W., Qin, B. Q., Li, Y. P.
et al., 2011. Controlling harmful cyanobacterial blooms in a hyper-
eutrophic lake (Lake Taihu, China): The need for a dual nutrient (N
& P) management strategy. Water Res. 45, 1973–1983.

Peter, A., Koster, O., Schildknecht, A., Von Gunten, U., 2009. Occurrence
of dissolved and particle-bound taste and odor compounds in Swiss
lake waters. Water Res. 43, 2191–2200.

Phillips, E. J. P., Lovley, D. R., 1987. Determination of Fe(III) and Fe(II)
in oxalate extracts of sediment. Soil Sci. Soc. Amer. J. 51, 938–941.

Rabalais, N. N., Turner, R. E., Wiseman, W. J., 2002. Gulf of Mexico
hypoxia, aka “the dead zone”. Ann. Rev. Ecol. System. 33, 235–
263.

Roden, E. E., Tuttle, J. H., 1992. Sulfide release from estuarine sediments
underlying anoxic bottom water. Limnol. Oceanogr. 37, 725–738.

Rydin, E., 2000. Potentially mobile phosphorus in Lake Erken sediment.
Water Res. 34, 2037–2042.

Søndergaard, M., Kristensen, P., Jeppesen, E., 1992. Phosphorus release
from resuspended sediment in the shallow and wind-exposed Lake
Arresø, Denmark. Hydrobiologia 228, 91–99.

Shen, Q. S., Shao, S. G., Wang, Z. D., Fan, C. X., 2011. Simulation of

http://www.jesc.ac.cn


jes
c.a

c.c
n

288 Journal of Environmental Sciences 26 (2014) 281–288

black bloom in Moon Bay of Lake Taihu and physical and chemical
responses of water and sediment. Adv. Water Sci. 22, 710–719.

Shen, Q. S., Shao, S. G., Wang, Z. D., Zhang, L., Hu, H, Y., Fan, C. X.,
2012. Fade and recovery process of algae-induced black bloom in
Lake Taihu under different wind conditions. Chin. Sci. Bull. 57,
1060–1066.

Song, L. R., Li, L., Chen, W., Gan, N. Q., 2004. Research progress on
the off-flavours and secondary metabolites of algae in the aquatic
environment. Acta Hydrobiol. Sin. 28, 434–439.

Stahl, J. B., 1979. Black water and 2 peculiar types of stratification in an
organically loaded strip-mine lake. Water Res. 13, 467–471.

Stookey, L. L., 1970. Ferrozine-a new spectrophotometric reagent for

iron. Anal. Chem. 42, 779–781.
Turner, R. E., Rabalais, N. N., Swenson, E. M., Kasprzak, M., Romaire,

T., 2005. Summer hypoxia in the northern Gulf of Mexico and its
prediction from 1978 to 1995. Mari. Environ. Res. 59, 65–77.

Vaquer-Sunyer, R., Duarte, C. M., 2008. Thresholds of hypoxia for
marine biodiversity. Proc. Natl. Acad. Sci. USA. 105, 15452–
15457.

Yang, M., Yu, J. W., Li, Z. L., Guo, Z. H., Burch, M., Lin, T. F., 2008.
Taihu Lake not to blame for Wuxi’s woes. Sci. 319, 158.

Zhang, X. J., Chen, C., Ding, J. Q., Hou, A. X., Li, Y., Niu, Z. B. et al.,
2010. The 2007 water crisis in Wuxi, China: Analysis of the origin.
J. Hazard. Mater. 182, 130–135.

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
Hanyang 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. 2 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


	封面目录.pdf
	全页传真图片.pdf
	2014-2目录.pdf

	2014260207.pdf
	封底.pdf
	2014封二.pdf
	封底-2014-2.pdf


