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Toxic cyanobacterial blooms occur frequently in eutrophic brackish and fresh
water body all over the world (Pacrl et al. 2001). Cyanotoxins have been
considered to cause poisoning and death of wild and domestic animals and also
human health (Carmichael et al. 2001). Neurotoxins and hepatotoxins are two
main groups of toxins (Carmichael 1992). Microcystins (MCs) produced by
Microcystis, Anabaena, Oscillatoria. and Nostoc are the most studicd
hepatotoxins (Dawson 1998). To date, more than 60 variants of microcystins have
been found (Sivonen and Jones 1999). Microcystin have been reported to inhibit
protein phosphatase (Mackintosh et al, 1990), and are regarded as tumor
promoting agents (Nishiwaki et al. 1992). The long-term exposure 10 MCs is
thought to be a cause for high levels of primary liver cancer in China (Yu 1995).

Many studics have examined the influence of various environmental factors (c.g,
light. temperature, nutrients) on microcystin production in cyanobacteria. The
cffects of temperature (Vander der Westhuizen and Eloff 1986; Rapala and
Sivonen 1998) and light (Utkilen and Gjolme 1992; Song et al. 1998) on
microcystin production were the most commonly studied parameters. It has been
shown that nitrogen had a pronounced effect on the production of microcystin
(Rapala et al. 1997; Downing ¢t al. 2005) and MC concentrations were also
associated with phosphorous (Kotak et al. 1995; Oh et al. 2001). However, the
regulation of microcystin production in cyanobacteria is not well understood in
Chinese big shallow lakes. Lake Chaohu, the fifth largest lake in China, located in
Anhui Province of southeastern China. It is an lmporlanl fishery resource and
supplies the drinking water. It has a surface area of 76(llcrn and a mean depth of
3.10m. It consists two basins: western basm ("40Iu11 mean depth 3.0m maximum
5.8m depth). and eastern basin (420 km’, mean depth 3.0m maximum depth 6.0m).
The water flows from west to cast and connccts with the Yangtze River (Fig. 1).

Since the 1980s. cyanobacteria (mainly Microcystis spp. and Anabaena spp.) have
occurred massively in the warm seasons of each year.

The purposes of our study were 10 investigate distributions and seasonal variation

of MC concentrations in l.ake Chaohu, and to discuss the possible mechanisms
underlying these variations.
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Figure 1. Location of L.ake Chaohu in China and sampling sites of this study.
MATERIALS AND METHODS

Scven stations were chosen for sampling. Water samples were collected from the
surface and near the bottom from October 2002 to July 2003 monthly. Water
temperature, pH, dissolved oxygen and transparency were measured by a
thermometer, metrohm, OXYMETER ysl MODEL 57 and Secchi disk,
respectively. Ammonium (N11;-N) was determined by the Nessler method, nitrate
(NO:-N) by ultraviolet sepectrophotometric screening method, and nitrite (NO-N)
by the a-naphthylamine method. Total nitrogen (IN) was measured by alkaline
potassium persulfate digestion-UV spectrophotometric method. Ortho-P was
measured using Murphy and Riley (1962) procedure. Total phosphorus and total
dissolved phosphorus were digested with potassium persulfate and measured by
molybdenum blue colorimetric method (Murphy and Riley, 1962).

IL water sample was filicred through a glass microfiber filter (Whatman GF/C)
and adjusted to pH 7. The filter were homogenized and extracted with 90%
aqueous methano! and shaken 3 hours using a shaker screen for three times. After
centrifugation the supernatant was applied to ODS cartridge (0.5g Dalian
Institute of Chemical Physics, CAS). The cartridge was eluted with 90%
aqueous methanol, and the eluate was cvaporated to dryness and the residue was
dissolved in methanol and then injected to HPLC system for determination
(Zheng ct al.. 2004).

RESULTS AND DISCUSSION

Fifieen parameters were measured from each of the 84 collected samples. The
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trophic state in western basin was higher than that in castern basin (Table 1).
Eighty percent of the samples collected contained MC. Microcystin-LR (MC-1.R)
and Microcystin-RR (MC-RR) were detected in lake samples. and MC-LR was
the dominant species. The mean MC concentration was higher in western basin
than in eastern basin, The highest MC concentration (17.29 ug I.”') was from a
waler sample collected from castern basin on Jun 2003 (Fig. 2).

In the present study, MC concentration varied from undetectable concentration to
17.29 pg L. MC concentration in western lake was higher than in eastern lake.
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Figure 2. Seasonal variation of MC concentrations in Lake Chaohu.

Tablg 1. Limnological variables of Lake Chaohu.

Western Eastern
Variables Lake Min.-Max Lake Min.-Max

(average) {average)
Secchi depth (cm) 36.5 18-76 68.4 28-126
Water depth (m) 2.77 1.7-5.8 331 2-6
pH 7.84 6.54-10.39 7.87 3.71-8.98
?ﬂ"z‘i";"d auygen 1096 79154 1184 6.9-23
Conductivity 29.66 14.41-46.1 25.03 15.09-40.06
A e 1608 33277 1761 42309
TN (mg/L) 5.6 1.77-11.2 2.27 0.83-4.92
NO;-N (mg/l.) 20 0.49-4.06 1.11 0.13-3.26
NO;-N (mg/L) 0.05 0-0.18 0.01 0-0.11
NH4-N (mg/L) 0.98 0.13-3.15 0.26 0.11-0.88
TDN (mg/l.) 427 0.78-10.29 1.86 0.43-4.91
TP (mg/L) 0.17 0.07-0.31 0.06 0.03-0.11
TDP (mg/L.) 0.05 0.07-0.13 0.02 0-0.06

PO4-P (mg/l.) 0.05 0-0.10 0.01 0-0.03
Chl a (mg/1.) 30.72 1.64-128.7 15.16 1.64-35.49
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This may be duc to massive cyanobacteria accumulation near ZhongMiao during
the warm seasons

In the present study, MC concentration was correlated with dissolved oxygen, TN,
NO;-N, TDN, and water temperature in western basin and with conductivity,
water temperature and TP in eastern basin (Table 2). Of all the physiochemical
varisbles, the significant correlation was with water temperature (r=0.60),
suggesting that MC in phytoplankton partly depended on waler tcmperature. Shen
et al. (2003) found that higher microcystin contents were coincident with high
water temperature (>25°C) in Lake Taihu, China. Wicks and Thiel (1990) found
that microcystin concentration in phytoplankion of Hartbeespoort Dam, South
Africa, was positively correlated with water temperature (r=0.60). These results
agree with us. The significant correlation could be explained by the fact that water
temperature accelerated growth ol cyanobacieria including the MC-producing
strains.

There was no relationship between MC and Microcystis and Anabaena biomass.
However, MC-RR concentration was significantly correlated with Microcystis,
Anabaena and Chl a in eastern basin. MC-LR was strongly correlated with
dissolved oxygen., TN, NO;-N, TDN and water temperature in western basin.
MC-RR was related with TP in eastern basin.

Wicks and Thiel (1990) found that microcystin concentration in phytoplankton
was strongly correlated to primary production, Kotak et al. (1995) reported that
MC-LR concentration in phytoplankton was strongly correlated with the biomass
of M aeruginosa (r=0.52). However, in the present study, no significant
correlation was found between MC and Microcystis biomass. It is likely that toxic
and nontoxic strains coexist in blue green algac in lakes and MCs mainly depend
on some species of MC-producing cyanobacteria.

In the present study, there was a significantly negative correlation between MC
concentration and TN, NO3-N, NHs-N in the westemn basin. Kotak et al. (1995)
reported that MC-LR concentration of cyanobacteria in threec Canadian lakes was
negatively correlated with nitrate concentration. In contrast, Sivonen (1990) found
that production of MC-RR in O agardhii increased with increasing NO;-N
concentration. Toxin production did not seem lo be affected by phosphorus
concentration in two basins in Lake Chaohu, which was similar with those of
Sivonen (1990). The differences in the response of toxin production to nitrogen or
phosphorus manipulation were not surprising because the response might be
expected to be species-dependent (Kotak et al. 2000).

Our results revealed that MC-RR tended to dominate in higher TP level and
MC-LR in lower TP level both in eastern basin and western basin (Fig. 3), which
suggested that MC-RR was the dominant variants when TP concentration was
relatively high and MCs and TP did not show linear correlations.

Lake Chaohu was not only used as the drinking resource, but also as important
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Figure 3. Relationship between TP and MC-LR and MC-RR
concentrations in Lake Chaohu.
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recreational place. The microcystin concentration in phytoplankton was relatively
high during May to October, suggesting that there can be a potential health risk
for both animals and human. More attention needs to be directed to the ecology of
toxin-producing cyanobacteria. Further studies are needed to identify factors
regulating MC-producing cyanobacteria and microcystin production.
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