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ABSTRACT; Dynamic variation of water quality in Meiliang Bay and part of western
Taihu Lake has been analysed based on the data from 1991 to 1992. Principal compo-
nent analysis is used to reveal the mutual relationships of various factors. It is shown
that there exists an obvious spatial and temporal variation in the main factors of water
quality. Annual values of TP, TN, CON, Chl-a and conductivity decrease evidently
from inner Meiliang Bay to the outer from north to south. TP and TN {luctuate sea-
sonally with much higher value in winter. This is particularly true for the mouth of
the Liangxi River. In addition, the Chl-a has a synchronous variation with water
temperature, although being lagged a little, and closely relates to TP and TN. Final-
ly, the results from principal component analysis show that TP, TN, SS (or SD),
water temperature and Chl-a are the most influential factors to water quality in this
area, and both suspensions and algae can contribute to transparency in Taihu Lake.
KEY WORDS: Taihu Lake, dynamic variation of water quality, principal component
analysis

Taihu Lake is a large shallow lake in China , which plays an important role in
water quantity regulation, water supply, cultivation, etc. With the rapid develop-
ment of agriculture and industry in the area , a large number of poilutants have
been discharged into the lake , leading to an increase of nutrients salts and occur-
rence of algae bloom as well as deterioration of ecological states. Thus, it has great
significance to monitor and analyse the water quality and dynamic characteristics of



the lake in detail, to make a deep research on the formation of eutrophication and to
predict the water environment of the lake. By using the monitoring data obtained
from 1991 to 1992, this article attempts to analyse the spatial and temporal varia-
tion of various water quality factors, to discuss the effects of the major factors on
the lake environment and their mutual relations by means of multivariate analysis

method.
I. MONITORED WATERS

The monitored area includes Meiliang Bay and part of western Taihu Lake re-
gion. Meiliang Bay located at the north of Taihu Lake is the main water supply
source of Wuxi City, connects with the Liangxi and the Zhihugang rivers. Due to
the influences of the cities and rivers surrounding the lake, Meiliang Bay is one of
the major eutrophic waters of the lake.

Ten sampling points are chosen from north to south in the area( Fig.1 ).
From October 1991 to October 1992, sampling was made twice every month, in-
volved more than 20 items of physical, chemical and biological factors.
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Fig. 1 Monitored water area and sampling points
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II. RESULTS AND DISCUSSION
1. Temporal and Spatial Variation of Main Water Environment Factors

The annual mean values of several main factors of water quality are given in
Fig.2. It is found that COD, TP, TN, Chl-a and conductivity all decrease evident-
ly from the inner to the outer of the bay along the line from north to south, only pH
at point No. 4 is higher. The water quality observed at the sampling points No.6, 7
and 8, all the outside points of the bay, has the states of lake center is similar to
each other. In Fig.2, the vertical lines express annual standard deviation. General-
ly,it is larger in the inner bay than the outer. Evidently, the water quality ir: the
bay is worse than the center of the lake due to the effect of discharge from Wuxi
City. It may be concluded that the diffusion and the dilution function of water is an
important process of self-purification in the bay.
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Fig.2 Variation of annual mean values of main water quality factors
with sampling points

Fig. 3 shows three-dimensional charts of concentrations of both TP and TN
varying with month (time) and between sampling points (space) , giving more
marked characteristics of temporal and spatial variation. Temporally, the values of
both TP and TN are obvic sly higher in winter than in summer. For instance, as
high as 0. 7 mg/L of TP and 1~ mg/L. of TN at point No. 0, the mouth of the
Liangxi River, were measu. 1n December 1991, while the corresponding values
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were only 0.06 mg/L and 2.2 mg/L in June 1992. Usually, the Liangxi River’s
water flows from the lake to Wuxi City, but inverse current is often found, especial-
ly in winter when the lake water level is so low that more water of the river flows
from the city into Taihu Lake and, thus, pollutants from the city are more easily
discharged into the lake. Naturally the river’s mouth has higher concentrations of
both nitrogen and phosphorus.
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Fig. 3 3-D dynamic variation of TP and TN from Oct. 1991 to Oct. 1992

For clearly showing the temporal variation, Fig.4 is plotted choosing the sam-
pling points No.0,1 and 8. It can be seen that both TP and TN at the point. No.0
have strong monthly fluctuations, and close relation to each other. To the mean
value from November to December 1991, there existed an obvious high- value season
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for TP, the value declines sharply and remains relatively low from spring, through
summer to fall. As for TN, its mean value keeps on a high level in spring and sum-
mer. It has an obvious decrease only after May. As for points No. 1 and 8, the
above expression is not evident . Since point No.0 lies at the mouth of the Liangxi
River which is greatly influenced by the city’s discharge, the fluctuation of TP and
TN indicates the state of pollutant’s discharge to certain degree. As point No. 8 is
located in the center of the lake, far away from the mouth of the rivers , the values
of water quality can be considered as the background of Taihu Lake while analysing
the water quality characteristics of Meiliang'Bay.

147 o _ﬁ
I2E 0 N 0.8
10 #\ /C\\/ —e—TP 0.6
3 # /
gf ! v/\ % 04
) . x 0.2
% OE e, - .—\=Y>?!—vr—-.—v—-r—.—.—-—.—-vjo .
10 - 3
Z 8 , 0¢ &
6 , 0s &
3 EEE 5 AL o2
0 . 3 0
‘8 0001 0.2
gw U;D:G\? [ et ] [ ] MIO

Time(1991.10 - 1992.10)

Fig.4 Temporal variation of TP and TN at points No. 0, 1 and 8

"Fig. 5 shows the temporal variation curves of both SS (solid suspensions) and
SD (transparency). It can be seen that there exist fluctuations, but with different
variation phases. This is due to the-wind and wave and boats in the lake, which
lead to suspensions enrichment and transparency decline. It is different from deep
lakes, suspensions in Taihu Lake is an important factor effecting transparency.

Fig. 6 shows the temporal variation of Chl-a content at the point No.0,1 and
8. The black dots represent the measured temperature. Comparing TP and TN ,
the strong fluctuations can also be seen, but the variation tendency is different from
them. For the points No.0 and 1, Chl-a content is larger in summer than in winter
and the general trend of annual variation is parallel but a little lagging in time in
comparison with that of water temperature. In winter and spring, the lower value
period, it declines from 25 pg/T. (o some 5 pg/L., the minimum occurs from March
to April. After April unti: September, the Chl-a value increases constantly. In
summer, the value vibrates arour4 30 — 35 pg/L. With a little difference for point
No. 8, which is located in the _enter of the lake , the Chl-a content is not remark-
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able higher in summer than in winter and spring. The value varies around 10 pg/L
except from October to December and the trend of variation does not vary with wa-

ter temperature.
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Fig.6 Monthly variation of Chl-a and Tw at point No.0, 1 and 8

The relationship of Chl-a and TP is shown in Fig.7. The dots on Fig.7 (a)
scatter about, the correlation coefficient is only 0.1 —0.2. Nevertheless, the annu-
al mean value at each sampling point has shown higher correlation and the correla-
tion coefficient reaches 0.76, except for the point No. 0(see Fig.7(b)). The latter
has very high TP concentration without corresponding increase of Chl-a content,
reflecting the feature of river mouth with pollutants discharge.

2. Principal Component Analysis

From the proceeding analysis of only a few factors , it can be found that we
face a complex problem that is concerning different factors change constantly with
temporal and spatial variation. Multivariate analysis is useful in revealing the con-
nections and functions of environmental elements, among which the principal com-
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ponent analysis is one of the most important methods.
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Fig.7 Relationship between Chl-a and TP

What was measured is a data matrix of environmental elements, varying with
time and space. The purpose of principal component analysis is to synthesize the in-
formation included in the matrix by a certain optimum method so as to simplify the
matrix and reduce the dimensions to reveal its structure as well as to give out rea-
sonable interpretation and answer the problems.

Mathematically, fix a certain variable (for example, space), let rows and
columns variables represent environmental factors and time respectively, the moni-

tored one-year data forms a sample matrix:
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Principal component analysis is to find otit a matrix V to form a new matrix Z

by linear combination of V and X
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The new variable matrix Z, which is the principal component, must meet the
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following two conditions; (1) new variables Zi(i =1,2,....m) are independent
from each other; (2) new variables reflect total variance of the m original variables
as maximally and densely as possible. In such a way the original variables are de-
scribed by new variable with less number. The percentage of contribution of first 2
principal is; component is;

Ct) = D50/ DA

where A,(i=1,2,...., m) are corresponding characteristic values of vector
V. The method to obtain the matrix V may see the literature [3]. The following
gives only the computed results.

Tables 1,2,3 show the results from the principal component analysis for one-
year data at the sampling points No. 0,4 and 6 , which represent river mouth, inner
bay and outer bay. From Table 1 it can be seen that TP — TN, TP — CON (CON
means conductivity) , pH— Chl-a, TN — CON and Chl-a— Tw all have higher posi-
tive correlation and TP —SD, SS—SD, and pH— TN are all correlated negatively.
In view of the coefficients of principal component, which represent contribution of

Table 1 Results of the principal compononts analysis at point No.0
Correlation coefficients

TP pH TN SS CON Chl-a SD Tw
TP 0.1
pH -0.32 1.0
TN 0.64 -0.06 1.0
SS 0.27 -0.06 -0.27 1.0
CON 0.75 -0.48 0.88 -0.25 1.0
Chl-a -0.05 0.53 -0.41 -0.13 ~-0.03 1.0
SD -0.51 -0.04 -0.10 ~-0.64 -0.17 -0.05 1.0 .
Tw -0.33 0.37 -0.40 ~-0.35 -0.15 0.64 0.4 1.0
Contribution of Various principal components
Principal component 1st 2nd 3rd
Characteristic value 3.36 1.95 1.54
Accumulative contribution rate 0.42 0.66 0.86
TP 0.43 -0.38 0.48
pH -0.09 -0.15 0.29
TN 0.40 0.29 0.09
Coefficients of SS -0.05 0.71 0.19
principal component CON 0.57 0.41 -0.03
Chl-a -0.22 0.10 0.22
SD 0.52 -0.27 -0.29
Tw 0.01 -0.72

~-0.04
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Table 2 Results from principal component analysis at the sampling point No.4
Correlation coefficients

TP pH TN SS CON Chl-a SD Tw
TP 1.0
pH 0.32 1.0
TN 0.11 0.30 1.0
SS 0.13 0.0 0.31 1.0
CON 0.15 -0.12 0.13 -0.17 1.0
Chl-a -0.58 0.78 0.63 0.29 -0.15 1.0
SD —-0.48 -0.27 -0.27 -0.79 0.30 -0.63 1.0
Tw 0.11 0.86 -0.43 -0.10 0.27 0.59 0.0 1.0
Contribution of Various principal components
Piincipal component 1st 2nd 3rd 4th
Characteristic value 3.36 1.91 1.08 0.99
Accumulative contribution rate 0.42 0.66 0.79 0.92
TP 0.31 0.43 0.35 0.24
pH 0.08 -0.30 -0.08 0.52
TN 0.37 -0.35 0.24 0.18
Coefficients of sS -0.07 -0.13 0.59 0.34
principal component OON -0.23 0.27 -0.58 0.45
Chl-a 0.42 0.11 0.11 0.50
SD 0.20 0.00 0.09 -0.18
Tw 0.08 0.52 0.03 -0.18
Table 3 Results of the principal components analysis at point No. 6
Correlation coefficients
TP pH TN SS CON Chi-a SD Tw
TP 1.0
pH =~ -0.49 1.0
TN ~0.40 0.06 1.0
SS 0.07 -0.46 -0.10 1.0
CON -0.15 0.38 0.43 -0.59 1.0
Chl-a -0.17 0.24 0.23 0.23 0.26 1.0
SD -0.24 0.47 -0.03 -0.80 0.57 -0.09 1.0
T -0.49 0.79 -0.09 -0.38 0.50 0.29 0.54 1.0
Contribution of Various principal components
Principal component 1st 2nd 3rd 4th
Characteristic value 3.44 1.61 1.21 0.90
Accumulative contribution rate 0.43 0.63 0.78 0.90
TP 0.28 -0.44 -0.13 0.39
pH -0.40 0.10 0.44 0.43
TN 0.12 -0.34 0.67 -0.25
Coefficients of SS 0.65 -0.08 -0.22 0.01
principal component CON -0.38 -0.64 -0.21 0.17
Chl-a 0.02 0.26 0.08 -0.37
SD 0.22 0.39 0.14 0.65
Tw 0.36 -0.21 0.47 0.03
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different principal components, the most influential factors are conductivity, SD,
TP and TN for the first principal component. It is evident that conductivity, trans-
parency, TP and TN together play an important role in water quality of the sam-
pling point No. 0. For the second principal component, only suspension (SS) is ob-
viously important factor. The water temperature ( Tw) and TP play a main role for
the third one. Since the principal components are independent from each other,
they reflect three different mechanisms of pollution. The first one, which has con-
tribution of 42% , represents the factor influencing water quality of the Liangxi
River, that is, pollutant’s discharge of cities. The second can be considered as the
influences of water disturbance by wave and ships in the channel along the river,
that is, the increase of SS by water disturbance. The third is connected with the
weather and season changes. It is noted that TP is sensitive to seasonal changes.
Similarly , by analysing Table 2 , it can be shown that TP — Chl-a, pH — Chl-
a, TN—Chl—a, Tw —Chl—a and Tw — pH all have positive correlation while SS
~SD and SD — Chl-a are negative correlated for the point No. 4 which lies in the
center of Meiliang Bay. This indicates that the variation of TN, TP and water tem-
perature will evidently affect the growth of algae for the point, and on the other
hand, both suspensions and algae content play an important role in transparency.
According to the composition of the principal components at point No.4 , SS and
Chl-a have largest coefficients in the first principal component, while the coeffi-
cients for TN and TP have the second position. It indicates that solid suspensions
and algae in the first place and TN and TP in the second all have important effect
on water quality at this point. Since the location of point No. 4 is far away from the
Liangxi River mouth and Lujiangkou mouth, the dilution of pollutants with lake
water in certain degree reduces the sensitivity of water quality of this point to TN
and TP, on the other hand, the extended water and wind disturbance increase the
solid suspensions. Thus, relatively the concentration of solid suspension and the
number of algae appear to have larger influences. As SS has a large negative coeffi-
cient at this point, it can be interpreted by negative correlation of SS—SD , that is,
the increase of solid suspension leads to higher water turbidity and lowers the trans-
parency and water quality. The situation of the second principal component for
point No. 4 is similar to the third principal component of point No. 0. Both water
temperature and TP have larger coefficients. This can be considered as the influ-
ences of weather and seasonal changes. The results of principal component analysis
for point No. 6 is shown in Table 3, it can be seen that Tw — pH, Tw — SD and
COD — SD have higher positive correlation, while SS — SD and SS — CON have
higher negative correlation. It is noted that the higher correlation is related to non-
biological factors SS and Tw, expressing the feature of extended water of Meiliang
Bay. Viewing the coefficient’ s comparison of various factors of the first principal
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component, it also indicates that only SS has larger coefficient, showing that sus-
pension is the main influential factor of water quality for the point, because point
No. 6 lies in outside of Meiliang Bay where wind is more strong and makes suspen-
sion being more. For the second principal component at the point, the conductivity
and TP have larger coefficients, the reason for this is not known yet. The coeffi-
cients of water temperature and TN for the third principal component are larger, it
also can be considered as influences of seasonal change.

III. CONCLUSION

Based on the data of 1991 — 1992, the law of dynamic variation of water quali-
ty and influential factors for Meiliang Bay water in northern Taihu Lake have been
analysed in this paper. The results are preliminary since the data is not long. How-
ever, the phenomena revealed are generally reasonable:

(1) Water quality factors vary with both space and time and the main influen-
tial factors are different in different waters.

(2) Phosphorus is an important factor of water quality for this water area. Its
mean value for long time(for instant, one year) indicates that there exists a good
correlation between Chl-a and TP, except for the Liangxi River mouth where TP is
very high, while Chl-a does not increase obviously.

(3) In extended water area, suspensions is not a neglectable factor for water
quality. For Taihu Lake, the transparency is determined together by both SS and
Chl-a content.

(4) It is shown by correlation and principal component analysis that TP, TN,

suspensions (or transparency), water temperature and Chl-a are all the most impor-
tant and influential factors of water quality.
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