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Abstract—The water quality parameters and microcystins of 

the two largest highland lakes in China, Dianchi Lake and 

Erhai Lake, were determined during high eutrophication 

season in 2011. The results showed that the eutrophic levels 

and MCs concentrations were obviously higher in Dianchi 

Lake than those in Erhai Lake. The MC-YR and -LR were 

significantly correlated with TN, TP, Chl-a and TOC in 

Dianchi Lake. Thus, a proper eutrophication control should be 

considered to ensure safe and long-term use of the lake water. 
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I. INTRODUCTION 

The eutrophication of water bodies has become a 
worldwide environmental problem in recent years. With the 
rapid economic growth, urban expansion, and agriculture 
development in China, the eutrophication problems become 
more and more severe, especially in the lakes and reservoirs 
[1]. Microcystins (MCs) are hepatotoxins produced by 
cyanobacterial water bloom, which are toxic to aquatic fauna 
and have been recognized as a public health threat[2,3]. 
Previous studies have shown that MCs concentrations could 
be influenced by many factors such as sunlight, temperature, 
pH, N, P, microelements and aquatic organism [4-6], and 
change with the season [7]. 

Dianchi Lake and Erhai Lake are the two largest highland 
lakes located in Yunnan province on the Yunnan-Guizhou 
Plateau, China (Figure 1). Both of them are suffering from 
eutrophication since the 1990s. The Dianchi Lake covers 298 
km

2
 of water area, with an average depth of 4.4 m. In the 

past decades, much of the wetlands around the lake have 
been destroyed by filling in with soil for agricultural 
production. The water in Dianchi Lake is now undrinkable 
because of water quality deterioration caused by agricultural 
runoff pollutants. The Erhai Lake covers 250 km

2
 of water 

area, and the water quality of which is good as a whole. 
However, the water ecosystem of Erhai Lake showed an 
obvious degenerating trend in recent years [8]. In 1996 and 
2003, Erhai Lake experienced two large-scale blue algae 
blooms, and triggered problems in drinking water supply. 
Considering the possible toxicity of MCs to water ecosystem 
and human health, the research on the characteristics of MCs 
in the two lakes is therefore necessary. 

The present study was based on the analysis of water 
quality of Dianchi Lake and Erhai Lake during high 
eutrophication season. The objectives of this study were: (1) 
to compare the eutrophic levels and MCs pollution in the two 
lakes; (2) to investigate the correlation of MCs with water 
quality indicators. 

II. MATERIALS AND METHODS 

Water samples were collected using brown glass 
collector from late September to early October, during high 
eutrophication season in 2011 (Figure 1). The water quality 
parameters, including SD, pH, DO, TN, NH3-N, TP, PO4

3-
 

and Chl-a, were determined according to the national 
standard methods. TOC was determined by a TOC-VSH 
analyzer (SHIMADZU). Five kinds of MCs (MC-RR, -YR, -
LR, -LA and -LY) were determined using an Agilent 1260 
High Performance Liquid Chromatography (HPLC). 
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The trophic level index (TLI) was used to assess the 
eutrophication levels of Dianchi lake and Erhai Lake. Four 
water quality parameters (TP, TN, SD and Chl-a) were 
selected to evaluate TLI value, as in Eq. (1) and (2). 
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TLIj is the trophic level index for the parameter j; Wj is 
the relative weight of trophic level index for the parameter j; 
rij is the correlation between Chl-a and the parameter j. The 
calculation of TLIj and values of rij and rij

2
 are according to 

Jin et al. [9] 

  
Figure 1.  Locations of Dianchi Lake and Erhai Lake and the sampling 

sites in the two lakes. 

The levels of eutrophication were defined as oligotropher 
(TLI < 30), mesotropher (30 ≤ TLI ≤ 50), light eutropher (50 
< TLI ≤ 60), middle eutropher (60 < TLI ≤ 70) and hyper 
eutropher (TLI > 70).  

Spearman’s rank-order correlation and principal 
component analysis (PCA) were performed with SPSS 
Statistics version 17 (Chicago, IL). 

III. RESULTS AND DISCUSSION 

A. Characteristics of Water Quality in Dianchi Lake and 

Erhai Lake 

Descriptive statistics for all water quality parameters 
examined were shown in Table I. The average concentrations 
of TN, NH3-N, PO4

3-
 and Chl-a were lower in Erhai than 

those in Dianchi Lake, indicating a better water quality of 
Erhai Lake. This was also supported by the higher SD value 
in Erhai (187.0) as compared to that in Dianchi Lake (29.2). 

However, the concentrations of TP and TOC were higher in 
Erhai than those in Dianchi Lake. The TP concentrations in 
both lakes exceeded the limit values in Environmental 
Quality Standard for Surface Water (GB3838-2002, class V 
criteria, 0.2 mg L

-1
), suggesting a potential risk of 

eutrophication in these lakes. The TN concentrations in 
Dianchi Lake also exceeded the limit values (GB3838-2002, 
class V criteria, 2.0 mg L

-1
). 

The PCA results showed two principal components (PCs) 
for the water quality parameters of Dianchi Lake, accounting 
for 58.24% and 21.46% of the total variation, respectively 
(Table II). TN, TP, Chl-a and TOC were the highly weighted 
variables under PC1, suggesting that this component was 
correlated with agricultural pollutants and aquatic organisms. 
The highly weighted variables under PC2 were NH3-N and 
PO4

3-
, which were determined by dissolved nutrients. For the 

Erhai Lake, three PCs were extracted which accounting for 
43.83%, 16.12% and 14.26% of the data variation, 
respectively. The highly weighted variables were shown in 
Table II. 

TABLE I. DESCRIPTIVE STATISTICS OF WATER QUALITY 

PARAMETERS OF DIANCHI LAKE AND ERHAI LAKE. 

Parameters 
Dianchi Lake (n = 12) Erhai Lake (n = 10) 

Range Mean S.D. Range Mean S.D. 

SD, cm 10.0-50.0 29.2 10.6 160.0-210.0 187.0 17.7 

pH 9.04-9.53 9.36 0.14 8.05-8.75 8.53 0.22 

DO, mg L
-1

 5.88-10.84 7.97 1.39 5.58-6.53 5.99 0.32 

TN, mg L
-1

 2.29-12.26 4.51 2.63 0.74-1.18 0.95 0.17 

NH3-N, mg L
-1

 0.09-0.58 0.37 0.14 0.17-0.26 0.20 0.03 

TP, mg L
-1

 0.14-0.72 0.28 0.15 0.38-4.24 1.98 1.56 

PO4
3-

, mg L
-1

 0.00-0.05 0.02 0.01 0.00-0.04 0.01 0.01 

Chl-a, mg m
-3

 50.78-517.59 128.22 126.54 6.83-10.97 8.62 1.38 

TOC, mg L
-1

 6.04-44.61 12.55 10.84 19.22-31.62 25.11 4.21 

TABLE II. RESULTS OF PCA FOR MICROCYSTIN CONCENTRATIONS 

AND ENVIRONMENTAL PARAMETERS. 

Lake PC 
Highly weighted 

variables 
Eigenvalue 

Cumulative 

variation (%) 

Dianchi PC1 TN, TP, Chl-a, TOC 5.242 58.24 

 PC2 NH3-N, PO4
3-

 1.932 79.70 

Erhai PC1 NH3-N, TOC 2.960 32.89 

 PC2 SD, Chl-a 2.433 59.92 

 PC3 PO4
3-

 1.918 81.23 

B. Trophic Level Index 

The TLI of the water from each sampling site was 
calculated to evaluate the eutrophication levels of the two 
lakes. The average TLI values of Dianchi Lake and Erhai 
Lake were 75.38 and 59.08, indicating that the 
eutrophication levels of Dianchi Lake and Erhai Lake were 
hyper eutropher and light eutropher, respectively. There was 
a clear spatial variability of nutritional states in the Dianchi 
Lake. The highest value of TLI was observed in site D12 
(93.57) followed by D9 (78.50) and D11 (78.41), showing a 
severe eutrophication in the northern part of Dianchi Lake. 
On the other hand, the TLI in the central and southern parts 
(D1-D3) of Dianchi Lake were relatively low (67.05-69.61), 
indicating that these areas were at middle eutropher. There 
were only slight variations of the TLI values (53.58-64.80) 
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among different sites in Erhai Lake, showing an homogenous 
spatial distribution of eutrophication levels. 

C. Levels of MCs in Dianchi Lake and Erhai Lake 

The MCs levels of Dianchi Lake and Erhai Lake are 
shown in Figure 2. The average concentrations of MC-RR, -
YR, -LR, -LA and -LY in Dianchi Lake were 0.060, 0.051, 
0.046, 0.035, 0.016 μg L

-1
, respectively. The highest 

concentrations of MC-RR (0.090 μg L
-1

), -YR (0.101 μg L
-1

), 
and -LR (0.099 μg L

-1
) were detected at site D12, while those 

of MC-LA (0.068 μg L
-1

) and -LY (0.093 μg L
-1

) were 
detected at D10 and D4, respectively. In the Erhai Lake, only 
MC-RR, -YR and -LR yielded high detection rates. Average 
concentrations of MC-RR, -YR and -LR were 0.028, 0.031 
and 0.015 μg L

-1
, respectively, which were lower than those 

in Dianchi Lake. The highest concentrations of MC-RR and -
YR were detected at site E10, and that of MC-LR was 
detected at E6. In addition, the MCs concentrations in both 
lakes did not exceed the limit value of the Standards for 
drinking Water Quality (GB5749-2006, 1 μg L

-1
).  

 

 

Figure 2.  The MCs concentrations of Dianchi Lake and Erhai Lake. 

D. Correlations between MCs and Water Quality 

Parameters 

The correlation analysis showed that there was no 
significant correlation between water quality parameters and 
MC-RR or -LY in both lakes. In Dianchi Lake, MC-YR and 
-LR were significantly correlated with TN, TP, Chl-a and 
TOC (MC-YR at P < 0.05 and MC-LR at P < 0.01), while 
both MC-YR and -LR were significantly correlated with TLI 
(P < 0.05). In Erhai Lake, MC-YR was significantly 
correlated with pH, NH3-N and TOC (P < 0.01). The 
significant correlations between MCs and water quality 

parameters suggested that a high nutritional state is favorable 
for the growth of harmful algae in the water bodies [10]. 
Since N is a necessary element for the growth of algae [11], 
the lack of N will depress the algae growth and MCs 
production [12]. In the present study, the TN concentrations 
in both the lakes were relatively low, and only MC-YR and -
LR had significant positive correlations with TN in Dianchi 
Lake.  

Phosphorus pollution is an important cause of 
eutrophication in water bodies. The TP concentration was 
much higher in Erhai Lake (1.98 mg L

-1
) than that in Dianchi 

Lake (0.28 mg L
-1

). However, the MCs concentrations were 
detected higher in the latter. This was in consist with the 
results of Cabrol et al. [13]: the MCs levels increased with 
increasing P levels when the concentration of P is in the 
range of 0.1-0.4 mg L

-1
, but the promoting effects became 

unobvious when P concentration is higher. 
Furthermore, the MC-RR, -YR and -LR were 

significantly correlated with each other in Dianchi Lake, 
while MC-RR was significantly correlated with MC-YR in 
Erhai Lake (P < 0.05), suggesting that they are closely 
interrelated. 

IV. CONCLUSIONS 

Dianchi Lake and Erhai Lake are the two largest highland 
lakes located on the Yunnan-Guizhou Plateau, China. 
Although both of them are typical eutrophicated highland 
lakes, the MCs levels and its distribution characteristics are 
different with each other. Comparing with Erhai Lake, 
Dianchi Lake had higher eutrophic level and MCs 
concentrations. Therefore, a proper eutrophication control 
based on periodic monitoring of water quality parameters 
should be considered to ensure safe and long-term use of the 
lake water. 
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