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Abstract

There was a cyanobacteria bloom occurred in the area of Meiliang Bay source of drinking water in Taihu Lake
(MLB-SDW-THL) in 2007 when MLB-SDW-THL couldn’t be used to make a tap water for people drinking and
washing. Three years later, whether MLB-SDW-THL had biochemical effects on the mouse serum was researched
for predication of its risks on human and environmental health. The water samples of MLB-SDW-THL were taken at
N31.53 and E120.21 in March of 2010 and kept at 4°C for the experiment. Measurement of 22 organic pollutants with
DSAQ Il Single Quadruple GC/MS in selected ion monitoring (SIM) indicated that 11 of them were discovered in MLB-
SDW-THL. Mice Mus musculus were fed with MLB-SDW-THL for 90d under standard conditions. The eighteen serum
biochemical parameters, the clinical parameters used in China hospitals, were measured by Automatic Biochemical
Analysis/RerLi 600 and the parameter data treated by One-Way ANOVA statistic approach. The results showed
that among the measured eighteen serum biochemical parameters, six of the 18 parameter levels were decreased
significantly (0.01<P or 0.05<P) including alanine transaminase (ALT, 57% lower), aspartate aminotransferase (AST,
36% lower); cystatin C (Cys C, 25% lower); triglycerol (TG, 79% lower); high density lipoprotein-cholesterol (HDL-C,
12% lower); and lipase (LPS, 16% lower). It indicated that the MLB-SDW-THL had biochemical toxicities on the
serum of mouse Mus musculus which might induce metabolism disorders, liver and kidney diseases, cardiovascular
diseases, brain disorders, pancreas diseases and survival year reduced in the elderly people et al. The data suggest
that the biochemical risks might be mainly from PAHs and di-n-butyl phthalate discovered at least in MLB-SDW-THL
which should be controlled for protection of human and environmental health.

Keywords: Taihu lake; Meiliang bay; Source water, Mus musculus;
Serum parameter; Biochemical risk

Introduction

During a cyanobacteria bloom occurred in 2007, the Meiliang Bay
source of drinking water in Taihu Lake (MLB-SDW-THL) couldn’t
be used to produce tap water as drinking water and washing clothes
because this tap-water had very bed smell. So, the project of Water
Environmental Risk Evaluation and Precaution Technology in Taihu
Lake Area (WEREPT-THA) was enlisted in 2008 funded by China
government. Since then, many research results in ecological toxicity of
MLB-SDW-THL were reported such as by Qian et al. [28], Huang et al.
[17], Lietal. [22], Li et al. [23].

This study is one part of the program WEREPT-THA targeted to
find out whether the MLB-SDW-THL still had biochemical risks and
whether it could be used as a source of drinking water now. It was based
on the measurement of eighteen serum biochemical parameters which
are the clinical parameters used in Chinese hospitals to make diagnosis.
The data obtained in this research indicated that the biochemical risks
existed in MLB-SDW-THL which will be discussed in this paper.

Materials and Methods

Measuring organic pollutants

5 liter samples of MLB-SDW-THL were taken at N31.53 and
E120.21 in March of 2010 and kept at 4°C for the experiment.
Measurement of 22 organic pollutants by Nanjing Institute of
Geography and Limnology of Chinese Academy of Sciences, with DSQ
IT Single Quadruple GC/MS (ThermoQuest, San Jose, CA, USA) in

selected ion monitoring (SIM) mode, indicated that 11 of them were
discovered in the water shown in Table 1. These 22 organic pollutants
measured were (1) isophorone, (2) hexachlorocyclopentadiene, (3)
dimethyl phthalate, (4) acenaphthylene, (5) 2,4-dinitrotoluene, (6)
fluorine, (7) hexachlorobenzene, (8) anthracene, (9) phenanthrene,
(10) di-n-butyl phthalate, (11) pyrene, (12) benzyl butyl phthalate, (13)
bis-2-ethylhexyl adipate, (14) chrysene-d12, (15) benzo (a) anthracene,
(16) bis(2-ethylhexyl)phthalate, (17) benzo(b)fluoranthene, (18)
benzo(k)fluoranthene, (19) benzo(a)pyrene, (20) benzo(g,h,i)perylene,
(21) indeno(1,2,3-cd)pyrene, and (22) dibenz(a,h)anthracene.

Sampled animal treatment

Sixty of 21-day-old male mice Mus musculus were randomly
divided in two groups, sample group and control group. The mice in
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the sample group were fed with MLB-SDW-THL sample and that in
the control group were fed with clean bottled water bought in the NJ
supermarket. The feeding time for both groups lasted from March 16 to
June 16 in 2010 for 90 days.

10 mice were housed in each cage at the Animal Center of Academy
of MMS Laboratory in a 12/12 h light/dark cycle, at 22 + 2°C and 50 +
5% relative humidity. After 90-day treatment, their blood was collected
in accordance with the Guide for the Care and Use of Laboratory
Animals of National Institutes of Health (NIH) (National Research
Council, 1996) and stored in tubes overnight. Then the sera samples
were obtained with centrifuge (3,500 rpm, 10 min at 4°C), and then
eighteen biochemical parameters were detected.

Serum parameter measurement

Many methods can be used to measure the serum biochemical
parameters such as reported by Chan et al. [7], Reidy et al. [30],
Maresova et al. [24], Han et al. [16] and Zhao et al. [44]. In this
research, the eighteen serum biochemical parameter levels for the
sampled mice were measured by Automatic Biochemical Analysis/
RerLi 600 (Japan Product). And their data were treated by One-
Way ANOVA statistic approach. These eighteen serum biochemical
parameters measured in this research have been used in Chinese
hospitals as important evidences for making the clinical diagnosis
including (1) total protein (TP), (2) globulin, (3) albumin (ALB), (4)
creatinine (Cr), (5) uric acid (UA), (6) cystatin C (Cys C), (7) gamma-
glutamyl transpeptidase (GGT), (8) lactate dehydrogenase (LDH), (9)
triglycerol (TG), (10) serum urea (SU), (11) cholesterol, (12) high-
density lipoprotein cholesterol (HDL-C), (13) low-density lipoprotein
cholesterol (LDL-C), (14) alanine transaminase (ALT, formerly
termed serum glutamic pyruvic transaminase (SGPT) or glutamic-
pyruvic transaminase, GPT), (15) aspartate aminotransferase (AST,
formerly termed serum glutamic-oxaloacetic transaminase, SGOT, or
glutamic-oxaloacetic transaminase, GOT), (16) amylase (AMS), (17)
lipase (LPS) and (18) alkaline phosphatase (ALP). Of the eighteen
serum biochemical parameter levels, six were decreased by the water
discovered shown in Table 2.

Results and Discussion

The data in Table 2 listed the six biochemical parameters that were
significantly lower in the animals exposed to the source of drinking
water sample of MLB-SDW-THL and the related each parameter to
potential risk on human health listed in Table 3.

Risk analysis for ALT & AST

The level of alanine transaminase (ALT) in the sample group was
57% (P<0.01) lower than that of the control shown in Table 2. ALT
is an intracellular enzyme involved in amino acid and carbohydrate
metabolism. It is present in high concentrations in muscle, liver

Organic pollutants Concentrations Organic pollutants Concentrations
(Hg/L) (HglL)

isophorone 2648.88 phenanthrene 22.26™*
dimethyl phthalate 648.71 di-n-butyl phthalate 3632.46
acenaphthylene |3.89 pyrene 46.68**
2,4-dinitrotoluene |107.31 bis-2-ethylhexyl adipate 2857.07
fluorene 261.06 ** bis(2-ethylhexyl)phthalate | 3748.50
anthracene 95.28** - -

Note: Each value in Table 1 is the mean of three MLB-SDW-THL samples. ** Four
organic pollutants are PAHs discovered in the MLB-SDW-THL sample

Table 1: The concentrations of eleven organic pollutants discovered in MLB-SDW-
THL.

and brain. Its measurement is most commonly used as part of the
differential diagnosis of liver disease and in the tracking of the course
of the disease process. An increased level of ALT in the blood indicates
necrosis or disease in these tissues [9,40].

The level of aspartate transaminase (AST) in the sample group was
36% (P<0.01) lower than that of the control shown in Table 2. AST is
another intracellular enzyme involved in amino acid and carbohydrate
metabolism. It is present in high concentrations in muscle, liver and
brain. An increased level of AST in the blood indicates necrosis or
disease in these tissues [10,40].

Table 3 indicated that lower than normal levels of ALT are found
to be associated with reduced survival year in the elderly people [21].
And reduced levels of ALT and AST might indicate disorders in amino
acid and carbohydrate metabolism due to their gene transcription
expressions or/and protein expressions disturbed [34]. ALT and AST
should remain at a steady level in the blood for a healthy person.

Risk analysis for Cys C

The level of cystatin C (Cys C) in the sample group was 25% lower
than that of the control (P<0.01) shown in Table 2. Cys C is a protease
inhibitor synthesized in all nucleated cells. It is found in virtually
all tissues and bodily fluids and works as a chain of 120 amino acids
[5,37]. Cys C is mainly used as a biomarker of kidney function, and
in predicting new-onset or deteriorating cardiovascular diseases and
brain disorders involving amyloid. Its ultimate clinical utility has yet
to be fully established [3,19,31,32,36]. Since Cystatin C is produced
throughout the body at a constant rate and removed and broken down
by the kidneys, it should remain at a steady level in the blood if the
kidneys are working efficiently and the glomerular filtration rate (GFR)
is normal [3].

Table 3 indicates that the decreased Cys C levels associated with
atherosclerosis and aortic aneurysms. Breakdown of parts of the vessel
wall in these conditions result from an imbalance between proteinases
and their inhibitors [1,2,14,33,35].

Risks analysis for TG

The level of triglycerol (TG) in the Sample Group was 79% lower
than that of the control (P<0.01) shown in Table 2. TGs are the resulted
substances of triglyceride, any combinations of glycerol and three of
five fatty acids. TGs are widespread in adipose tissue, and commonly
circulate in the blood in the form of lipoproteins. The liver synthesizes
lipoproteins to transport fats to other tissues, where they are a source of
energy. Therefore, TGs play an important role in metabolism as energy
sources and transporters of dietary fat [18,25,40].

Table 3 indicates that lower than normal level of TG has been found
to be associated with hyperthyroidism and mal-absorption syndrome

[9].
Risks analysis fro HDL-C

The level of high-density lipoprotein cholesterol (HDL-C) in the
sample group was 12% lower than that of the control (P<0.01) shown
in Table 2. HDL-C is one of the fatty components of high-density
lipoprotein (HDL) which is one of the five major groups of lipoproteins
enabling lipids to be transported within bloodstream. HDL particles
are able to remove cholesterol from atheroma, an abnormal fatty
deposit in an artery, and transport it back to the liver for excretion
or re-utilization, which is the main reason why HDL-C is sometimes
called good cholesterol.
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Parameter Unit MLB-SDW Control P Value Conclusion

ALT U/L 58.10 £ 6.26 134.80 £ 49.03 0.0001 P<0.01; |57%
AST u/L 120.10 £ 14.30 187.80 £ 53.24 0.0011 P<0.01; |36%
CysC mg/L 0.39 £ 0.07 0.52 +0.05 0.0001 P<0.01; |25%
TG m mol/L 0.90 £ 0.26 4.20 £ 1.40 0.0000 P<0.01; |79%
HDL-C m mol/L 1.76 £ 0.21 1.99+0.10 0.0070 P<0.01; |12%
LPS u/L 30.20 + 3.65 36.00 £ 5.98 0.0174 P<0.05; |16%

Note: Each value in Table 1 is the mean of thirty samples

Table 2: The six biochemical parameter levels decreased by MLB-SDW-THL.

No Parameter |Lower-than-normal levels may be associated with References
1 JALT reduced survival year in the elderly people, disorders in amino acid and carbonhydrate metabolism [21,9,40,34]
2 |AST disorders in amino acid and carbonhydrate metabolism and necrosis or disease in these tissues [10,40,34]
3 CysC atherosclerosis and aortic aneurysms, kidney function and deteriorating cardiovascular diseases and brain disorders [5,37,36]

4 TG hyperthyroidism, malabsorption syndrome, the form of lipoproteins, energy sources and transporters of dietary fat [11,25,40]

5 |HDL-C an increased risk of atherosclerotic heart disease and non-insulin-dependent diabetes [4,12,40]

6 LPS breakdown of fat into fatty acids, pancreas damage, familial lipoprotein lipase deficiency, a group of rare genetic disorders [13,40]

Table 3: Potential human health risks associated with serum biochemical parameters.

Table 3 indicates that lower than normal level of HDL-C has been
found that they associate with an increased risk of atherosclerotic heart
disease and non-insulin-dependent diabetes [4,10,40].

Risks analysis for LPS

The level of lipase (LPS) in the sample group was 16% lower than
that of the control (P<0.05) shown in Table 2. LPS is an enzyme released
by the pancreas into the small intestines. It triggers the breakdown of fat
into fatty acids. It appears in the blood when the pancreas is damaged.
LPS performs essential roles in the digestion, transport and processing
of dietary lipids in most, if not all, living organisms.

Table 3 indicates that the decreased level of lipase is rare except a
disorder called familial lipoprotein lipase deficiency due to a group of
rare genetic disorders. And decreased levels of LPS might be associated
with poor lipid metabolism at least. It is necessary to have further study
on the effects of decreased levels of LPS on people’s health [9,40].

Risks form organic pollutants

The total concentration of PAHs in the water was 429.17ng/L
shown in Table 1 which was higher than the maximum permissible limit
(200ng/L) listed in the Drinking Water Standards of US-EPA-2006.
Di-n-butyl phthalate (DNBP) in the water was 3632ng/L, higher than
the maximum permissible limit (3000ng/L) listed in the Standards for
Drinking Water Quality (GB5749-2006) [26]. The data suggest that
PAHs and DNBP in MLB-SDW-THL might be the important two
factors at least which reduced the six biochemical parameter levels and
induced the pathogenic risks.

Comparison with the risks reported

MLB-SDW-THL had low species biodiversity due to the pollution
reported by Cai et al. [6] and had potential mutagenesis discovered
by Gao et al. [15]. Strong indirect genomic toxicities were found in all
sediment samples of MLB-SDW-THL and PAHs were one kind of the
major mutagenic stressors discovered by Qiao et al. [29], Ji et al. [20]
reported that the average concentrations of total microcystin-RR, LR
and the extracellular microcystin-RR, LR were 1.819 Lg /L, 1.090 Lg/L,
0.491 Lg/L, and 0.077 Lg/L respectively in MLB-SDW-THL in 2007.
MLB-SDW-THL also had metabonome toxicity and the toxicity of
cyanobacterial bloom extracts on mouse (Mus musculus) reported by
Zhang et al. [42], Li et al. [22].

All the above reports might be the evidences to illustrate that why

MLB-SDW-THL had biochemical toxicity and pathogenic risks on the
mice discovered in this research.

Conclusion

Organic pollutants in MLB-SDW-THL, including PAHs and di-n-
butyl phthalate at least discovered in this research, decreased the six
serum biochemical parameter levels of ALT, AST, Cys C, TG, HDL-C
and LPS in the sampled mice.

MLB-SDW-THL decreased the three biochemical parameters of
Cys C, TG and HDL-C might induce the risks on hyperthyroidism,
atherosclerotic heart diseases, noninsulin-dependent diabetes,
malabsorption syndrome and metabolism systems.

MLB-SDW-THL could not be used as a source of drinking
water used for Wuxi City 3 years ago because a cyanobacteria bloom
happened in 2007. This research demonstrated that MLB-SDW-THL
still couldn’t be used as a source of drinking water to make tap water
for drinking and washing after the 3 years.

The data suggested that the government for the MLB-SDW-
THL area should need to take more strict measures and control the
pollutants of PAHs and di-n-butyl phthalate at least for protection of
human and environment health.
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