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a b s t r a c t

The water level of the Three Gorges Reservoir (TGR), the largest man-made canyon-shaped reservoir 
in China, reaching 172.8 m in December 2008 drew attention from all over the world. Hanfeng Lake 
is considered a critical zone of water management in the TGR. Thus, to understand the water envi-
ronment and changes to the algal community structure of Hanfeng Lake at the 172. 8 m water level, 
the physical parameters, chemical parameters, number of phytoplankton species, biological density, 
and biomass of the ecological index in the lake were observed 12 times over one year during the 
storage period (January–February and September–December) and the dry period (April–August) in 
2015. The results indicated that the trend of variation in concentration of each environmental factor 
has consistent influence trend in Hanfeng Lake. The distribution diversity of Hanfeng Lake in the 
storage period was generally higher than that in the dry period, while the distribution was more uni-
form and the species richness was lower in the storage period. Based on our investigation of water 
quality in Hanfeng Lake in 2015, the Hanfeng Lake belong β-pollution to α-pollution.

Keywords:  Three Gorges Reservoir; Hanfeng Lake; Storage period; Dry period; Algal community 
assessment; Water quality assessment

1. Introduction

As one of the largest hydro power engineering 
schemes in the world, the Three Gorges Reservoir (TGR) 
has attracted scientific attention both in China and all over 
the world. The construction of the reservoir presents vary-
ing degrees of irreversible and significant social and envi-
ronmental impacts [1–2]. Unfortunately, completion of the 
TGR has exerted a tremendous impact on the mainstream, 
watershed tributaries, and downstream regions of the 
Yangtze River. Water quality in the area has deteriorated to 
the point where design expectations have been exceeded 
[3–5]. Today, water quality is the focus of research on 

the TGR region, where Lake Eutrophication has led to 
economic disruption and lasting damage to the aquatic 
ecosystem because of dissolved and adsorbed pollutants 
[6–8]. With the gradual operation of the TGR, increasing 
degradation of water quality has been observed. Nitrogen 
(N) and phosphorus (P) concentrations have increased 
from the soil erosion and sediment deposition created by 
artificial activity [9]. Several studies have indicated that 
the nutrient loading in the TGR for the large qualities sed-
iment deposition during its operation [10]. Nutrient load-
ing, particularly that of total phosphorus (TP), can lead to 
eutrophication. For the wetland agriculture adjacent with 
resource of pollution tends to favour the growth of inva-
sive and aggressive.
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The Hanfeng pre-reservoir was designed to reduce 
the impact of the 45 km2 Fluctuating Zone and is formed 
by the HanFeng pre-dam of the TGR. To reduce the impact 
of the Fluctuating Zone, the TGR pre-dam is rare in the 
world which is specially designed and the largest artifi-
cial lake body in domestic [11]. Thus, understanding the 
effect of spatial and temporal distributions in the TGR is 
necessary to evaluate the water quality of Hanfeng Lake. 
HanFeng pre-reservoir hydrology and water quality time 
change of commissioning is divided into two periods by 
combined Hydrological and Morphological Variation of 
the time feature with water quality indicators time clus-
tering analysis: the storage period (January–February and 
September–December) and the dry period (April–August). 
In this work, we evaluated the pre-reservoir in controlling 
influence of water environment of the Hanfeng Lake in con-
trolling pollution and identified the major influencing fac-
tors source of pollutants in the area to provide a reference 
for environmental governance of the lake.

2. Materials and methods

2.1. Study area

Hangfeng Lake is an important branch of the Yangtze 
River in the TGR Region, China. It is a newly-constructed 
artificial lake built after the Three Gorges Dam and the larg-
est urban artificial lake in the West Midlands area of China. 
It is 177.5 km long, has an area of 5172.5 km2, and flows into 
the Yangtze River through four major channels: East River, 
Taoxi River, Zhuxi River, and Toudao River. Hanfeng Lake 
is 4.5 km away from Kaxian County, which has a subtrop-
ical monsoon humid climate, an annual average rainfall of 
1385 mm, and annual average temperature is 18.5°C. Kaix-
ian Country is one of the largest water-fluctuating zones in 
the TGR, and the Hanfeng Lake area represents over 12.3% 
of water-fluctuating zones in the region [12]. 

2.2. Field sampling

In the present study, four stations (Fig. 1) were set up in 
Hanfeng Lake to enable synchronous sampling during the 
dry and storage periods of 2015. A time-series of tempera-
ture, dissolved oxygen (DO), pH, electrical conductivity 
(BC), mean transparency (SD), suspended substances (SS), 
total nitrogen (TN), nitrate nitrogen (NO3-N), nitrite nitrogen 
(NO2-N), ammonium nitrogen (NH4-N), total phosphorus 
(TP), dissolved phosphorus (DP), and phosphate (PO4-P) 
samples were taken from the surface layer (0.5 m under 
water surface), middle layer, and bottom layer (0.5 m above 
water bottom) of the lake 12 times over a period of one year 
(the time interval of sampling was one month). And if the 
water depth was less than 5.0 m which had 0.5 m distance to 
surface waters. Water samples were collected using a 2.5 L 
sample collector, immediately filtered, and passed through 
0.45 µm pore-size cellulose filters to monitor water quality.

2.3. Analysis methods

Sample processing was performed as follows: (1) Water 
temperature, DO, pH, and BC were directly determined by a 
portable multi-parameter water quality instrument (Model: 
MINISONDE5X). (2) Lake SD was estimated using a Secchi 
disk. (3) TN, NH4-N, NO2-N, NO3-N, TP, DP, and PO4-P were 
determined by the standard methods given in Ballot (2010) 
[13]. (3) Phytoplankton identification was performed follow-
ing the standard methods and work of Kiplagat (1998) [14].

3. Results

3.1. Environmental parameters of Hanfeng Lake

3.1.1. Physical property of water

The basic physico-chemical properties of water at 
each sampling site are shown in Fig. 2. The mean water 

Fig. 1. Location map of Hanfeng Lake. 
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temperature of Hanfeng Lake was 19.98°C, and the water 
temperature in the dry period was higher than that in the 
storage period. Water temperature decreased from the 
southeastern rivers to the regulating dam. The mean pH 
of Hanfeng Lake was 7.86, and pH values obtained in the 
storage period were lower than those recorded in the dry 
period. pH values also decreased from the southeastern 
rivers to the regulating dam. According to surface-water 
environmental standards, the water quality of Hanfeng 
Lake belongs to the first category. The mean DO concen-
tration of Hanfeng Lake was 9.13 mg·L–1, and DO concen-
trations in the storage period were lower than those in the 
dry period. DO concentrations also decreased from the 
southeastern rivers to the regulating dam. According to 
surface-water environmental standards, the water quality 
of Hanfeng Lake belongs to the first category. The BC of 
Hanfeng Lake was 478.07 us·cm–1, and BCs in the storage 
period were lower than those in the dry period. BCs also 
decreased from the southeastern rivers to the regulating 
dam by 8.68%, and those of the South River were lower 
than those of the East River.

3.1.2. Suspended solid and transparency

The variations in SS and SD in Hanfeng Lake are shown 
in Fig. 3. The mean SS in Hanfeng Lake was 24.06 mg·L–1, 
and the SS in the storage period was lower than that in the 
dry period. SS also decreased from the southeastern rivers 
to the regulating dam. This finding shows that SS increased 
from the upper reaches of the lake to its lower reaches. The 
SD of Hanfeng Lake was 0.7 m, and SD in the storage period 
was higher than that in the dry period. SD also increased 
from the southeastern rivers to the regulating dam.

3.1.3. Nitrogen forms

The variations of N forms in Hanfeng Lake are shown 
in Fig. 4. The mean TN concentration of Hanfeng Lake 
was 1.30 mg· L–1, and TN values in the storage period 
were lower than those in the dry period. TN values also 
increased from the southeastern rivers to the regulating 
dam. The mean NO3-N concentration in Hanfeng Lake was 
1.28 mg·L–1, and NO3-N values in the storage period were 
higher than those in the dry period. NO3-N concentrations 
also increased from the southeastern rivers to the regulat-
ing dam. The mean NH4-N concentration in Hanfeng Lake 
was 0.28 mg·L–1, and NH4-N concentrations in the storage 
period were lower than those in the dry period. NH4-N 
concentrations also decreased from the southeastern rivers 
to the regulating dam. The mean NO2-N concentration in 
Hanfeng Lake was 0.025 mg·L–1, and NO2-N concentrations 
in the storage period were higher than those in the dry 
period. In addition, NO2-N concentrations increased from 
the southeastern rivers to the regulating dam.

3.1.4. Phosphorus forms

The variations of water P forms in Hanfeng Lake are 
shown in Fig. 5. The mean TP concentration of Hanfeng 
Lake was 0.12 mg·L–1, and TPs in the storage period were 
higher than those in the dry period. TPs also decreased from 
the southeastern rivers to the regulating dam. This result 
demonstrates that TPs decreased from the upper reaches of 
the lake to its lower reaches. The mean DP in Hanfeng Lake 
was 0.088 mg·L–1., and DP values in the storage period were 
higher than those in the dry period DP values also increased 
from the southeastern rivers to the regulating dam. This 
finding reveals that DPs decreased from the upper reaches 

 

 

Fig. 2. The change of physical and chemical properties of Hanfeng Lake during the storage period and dry period.
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of the lake to its lower reaches. The mean PO4-P in Hanfeng 
Lake was 0.088 mg·L–1, and PO4-P concentrations in the stor-
age period were higher than those in the dry period. PO4-P 
concentrations also decreased from the southeastern rivers 
to the regulating dam. 

3.2. Analysis and evaluation of phytoplankton diversity

The dominant species of phytoplankton in Hanfeng 
Lake included Cyanophyta and Chlorophyta (about 80 
species) during the storage period, Bacillariophyta and 
Chlorophyta (about 122 species) during the dry period, and 
Cyanophyta and Chlorophyte (about 65 species) during 
the storage period. The population density of phytoplank-
ton dominance were Cryptophyta, Pyrroptata and Bacil-
lariophyta during the Storage period → Bacillariophyta, 
Cyanophyta and Chlorophyta during the Dry period → 
Cyanophyta, Pyrroptata and Cryptophyta during the Stor-
age period. Meanwhile, the population biomass of phy-
toplankton was Pyrroptata during the Storage period → 

Bacillariophyta and Cryptophyta during the Dry period → 
Pyrroptata during the Storage period. 

The phytoplankton diversity indices in Hanfeng Lake 
are shown in Fig. 6. The most significant change in the 
phytoplankton Shannon-Wiener diversity index (H') 
was observed in February, when the water level began 
to drop, and the lowest H' value was found in October, 
when the backwater returned to rise after the Three 
Gorges Reservoir impounded. H' values in the storage 
period were higher than those in the dry period. Hence, 
water quality was β-medium pollution. The Pielou-Even-
ness index (J) values observed in the storage period were 
higher than those recorded in the dry period.  The water 
quality was α-medium pollution in the dry period and 
β-medium pollution in the storage period. The Margalef 
richness index (D) was significantly negatively correlated 
with the H' and J values. D values in the dry period were 
higher than those in the storage period. The water quality 
was clean-type in Dry period and β-medium pollution in 
Storage period.

 

Fig. 3. The variation of water SD and TSS in Hanfeng Lake during the storage period and dry period.

Fig. 4. The variation of water water nitrogen in Hanfeng Lake during the storage period and dry period.

Fig. 5. The variation of water water phosphorus in Hanfeng Lake during the storage period and dry period.
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4. Discussion

4.1. Analysis of environment factors

The soil type in the Yangtze River basin was mainly 
purple sandy shale with serious soil erosion for the fast 
soil-forming process and light-textured. In addition, the 
velocity in the dry period was relatively larger by strong 
rain wash so that the SS in the dry period was higher than 
that in the storage period and the SD in the former was lower 
than that in the latter. Water levels significantly increased 
in the storage period, causing the vegetation of the bank 
to become submerged, the release of nitrogen-phosphorus 
nutrients in water body by the microbial action and the 
release volume increased with the increase of PH value 
[15]. Based on the conditions of eutrophication occur in lake 
and reservoir: TN>0.2 mg·L–1, TP>0.02 mg·L–1 [16]. The TN 
concentration in the lake was 8.6 times the threshold lies 
and and the TP concentration was 8.7 times the threshold. 
These results demonstrate that TN and TP concentrations in 
Hanfeng Lake reached the threshold lies. of eutrophication. 
This illustrates the source of the nitrogen and phosphorus 
have close link with fertiliser usage [17]. P is believed to be 
a limiting factor of algal growth if the TN/TP > 16:1, and N 
is considered a limiting factor of algal growth if the TN/TP 
< 16:1 [18]. The TN/TP ratio in Hanfeng Lake can be consid-
ered to the nitrogen was the key element for the nutritional 
status process of Hanfeng Lake. Increases in N concentra-
tion in the lake could lead to severe eutrophication.  

In the storage period, elevation of water levels caused a 
large number of main streams to flow backward as a den-
sity flow. The soluble nutrients enter main stream with the 
water body, to enhance the nutrient content. However, the 
pH values observed in the storage period were relatively 
close to those found in the dry period. In the storage period 
of Hanfeng Lake, the most dominant species were mid-eu-
trophication species indicators. Among the reasons, the 
submerged zone of Hanfeng Lake was flat, so both drop of 
water and current velocity were small during the Storage 
period. In addition, the self-clarification ability of the lake 
decreases with increasing retention time, so pollution is dif-
ficult to dilute in the water body which was precipitated 
into the water-level fluctuation zone. Many other factors, 
such as traditional chemical fertilisers, domestic sewage, 
agricultural fertilisers, and industrial wastewater, could 
also increase the degree of eutrophication in the water-level 
fluctuation zone.

4.2. Algae biodiversity indices

Biological diversity is used to represent the relation-
ship between the quantity and species of mixed-biological 

communities and an important parameter for appraising 
water quality. The higher the H’ value, the more complex 
and stable the community structure and the better the 
water quality. D is strongly dependent on species number 
and can reflect the phytoplankton distribution and plant 
community characteristics of a water column. J represents 
the extent of evenness of species distribution. The closer 
individual numbers are, the more homogeneous the num-
ber distribution of individuals in each algae, otherwise the 
lower. 

Stable communities tend to present high levels of species 
diversity and evenness. J values exceeded 0.3 in the storage 
period of Hanfeng Lake, which means the community struc-
ture of algae in the lake is fairly complicated during this 
period. The pollution species indicators are some particular 
categories under the different levels of pollution. Domestic 
and overseas references have revealed that water quality 
could be evaluated using phytoplankton pollution indica-
tors with a combination of real. A survey reported several 
phytoplankton pollution indicators in Hanfeng Lake, such 
as Melosirs varians C.A.AG (meso-eutrophic), Chlorella 
vulgaris Beij (light-eutrophic), Cryptomonas ovata Her 
(light-eutrophic), and Ceratium hirundinella (Mull) Schr 
(light-eutrophic). Based on this analysis, Hanfeng Lake cold 
be considered to be a light-eutrophic water body during the 
storage period because we detected C. hirundinella(Mull)
Schr, C. vulgaris Beij, and C. ovata Her. The phytoplank-
ton pollution indicators observed in the dry period were M. 
varians, C. vulgaris Beij and C. ovata her; thus, the water 
quality in this period could be considered medium-light 
eutrophic.

In general, the water quality in the storage period was 
significantly different from that in the dry period. The dom-
inant species in the storage period was Pyrrophyta, which 
is sensitive to certain environmental factors such as per-
manganate index, TN, and NH4

+-N. In the dry period, the 
dominant species was Bacillariophyta, which is sensitive 
to environmental factors such as TP and DP. Chlorophyta 
and Cyanophyta are influenced by TN, DN, and T. Thus, 
Hanfeng Lake could be considered light-eutrophic, which 
transition from river to lake. 

5. Conclusion

The results of environmental factor analysis in this 
study indicated that the trend of variation in concentration 
of each environmental factor has consistent influence trend 
in Hanfeng Lake. The variation of concentration ranges 
moved from upstream to downstream, and that in the stor-
age period was higher than that in the dry period. TN and 

Fig. 6. The diagram of phytoplankton diversity indices in HanFeng Lake.



F. Gan et al. / Desalination and Water Treatment 125 (2018) 187–192192

TP concentrations respectively reached up to 8.6 and 8.7 
times the critical values, which beyond a limited value of 
algae that induced or aggravated the risk of water eutrophi-
cation. The N:P ratio in Hanfeng Lake was comparatively 
high, and the growth of algae was restrained by TN.

The distribution diversity of Hanfeng Lake in the stor-
age period was generally higher than that in the dry period, 
and, while the distribution was more uniform, species rich-
ness was lower (0.85). The species diversity, degree of dis-
tribution uniformity, and species richness in the regulating 
dam were the highest among those recorded in all areas of 
interest. Based on our investigation of water quality in Han-
feng Lake in 2015, the Hanfeng Lake belong β-pollution to 
α-pollution. 
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