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Abstract

Donghu Lake in Wuhan is a multipurpose complex water body. However, its eutrophication phenomenon
becomes increasingly serious. By making use of detailed and accurate contamination monitoring data and
several mathematics models, we probe into the dynamic state of water quality. The year’s average value of
major contamination index in Donghu Lake from 2001 to 2008 and fuzzy complex index are used to assess
its short-term state of water quality. The results show that its water quality is basically stable in the 4th class

of water quality standard GB3838-2002.
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1. Introduction

Donghu Lake, a medium-sized freshwater lake in the
middle and lower reaches of the Yangtze River, locates
in the northeast of Wuhan City. The lake area is about 32
km’, an average depth is 2.21 m. Water area is 127.50
km’, and Lake Capacity is about 100 million m’. But in
recent years, the increase in resident population, and the
rapid development of high-tech industries surrounding
the lake have resulted in deterioration in water quality in
Donghu Lake, serious eutrophication phenomenon, in-
creasing degree of water pollution, aquatic ecosystem
structure and function disorders and inverse succession,
which affects people’s lives and health. It is the increas-
ingly serious water pollution levels that force water plant
of Donghu Lake to stop production, which is now im-
plementing “lake reform river” project in order to ensure
drinking water safety near the Lake. Thus, it is especially
important to probe into water quality, analyze the water
quality dynamics of pollution sources to develop eutro-
phication control measures.

Environmental quality assessment is quantitative and
qualitative comments of the pros and cons of the envi-
ronmental quality .It takes the countries-developed envi-
ronmental standards or pollutants background value in
the environment as the basis to transform the pros and
cons of the environmental quality into comparable quan-
titative data, and finally hierarchies these quantitative
results to indicate the degree of environmental pollution.
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We apply gray theory to solve the ambiguity issue, and
establish a suitable subordinate function model to map
incomparable data into subordinate degree, then make
weight, and finally determine the best situation to deter-
mine the water environment pollution levels from the
multi-objective composite index evaluation matrix.

2. Mathematical Model of Water
Environmental Quality Assessment

Scholars from countries have conducted in-depth re-
search on the lake water quality evaluation system, not
yet formed a unified mathematical model. Because the
water quality is vague concept, people have to devote
increased attention to the fuzzy mathematics method and
gray theory method. The fuzzy set extended the classic
concentred g (0,1) values to a closed interval of continu-
ous values [0,1], which is a major breakthrough in mod-
ern mathematics. The application of fuzzy mathematical
method in water quality assessment overcame the infor-
mation ambiguity. However, there are many deficiencies:
such as it is easily be misjudged; poor choice of a variety
of computing models will lose some information; calcu-
lation is more cumbersome and so on. Gray theory method
overcomes the information uncertainty, but there are defi-
ciencies of missing information.

We apply the fuzzy complex evaluation method in
fuzzy mathematics to determine the water quality com-
prehensive index, and probe into the water quality trends
of Donghu Lake.
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2.1. Mathematical Model of Fuzzy Complex
Index

We suppose there are n factors affecting surface water
environment quality, posed by these factors we get an
evaluation factor set U, then U = (uy, uy, us, ...u,). For a
given m-judgment standards, by its composition of the
corresponding evaluation factor, we get a set V =
(V1,V2,V3....Vm). For a given U and V, its fuzzy relation-
ship can be expressed by fuzzy matrix as following:

i - N
R=(y)=|: . : (1
I I

nl nm

In the formula, ri;is the environmental quality values
of the iy, pollutants, which used to indicate the possibility
of being rated as j class environment quality, that is the
subordinate degree i to j. When the pollutants environ-
mental quality values are not within the standards range,
take r; ; = 0, the number n refers to the pollution factors, i
=1,2,3, ... n. m indicated the levels of water quality, j =
1,23,...m.

A = (ay, ap, a3,  a,) is the fuzzy subset of evaluation
factor set, in which a; indicated the weight of u; in all
factors of water quality. As Xa;= 1, then the water qual-
ity fuzzy comprehensive evaluation model is:

B=AxR ©)
B= {bl,bz,bg...bm};

n
bj = Z airij(i=1,2,3..n; j=1,2,3..m)

j=1

fuzzy complex index by = max{b;}; j=1,2,3...m.
2.2. Fuzzy Comprehensive Index Calculation

2.2.1 Calculation of Fuzzy Relation Matrix R

Fuzzy relationship matrix R represents each contamina-
tion factor’s subordinate degree on each level water
quality standard; it can be seen as the concentration of
pollutants and environmental quality standards index.
Suppose water level is divided into m class, then we can
use S (1), S (2)...S (m). Pollution factor’s subordinate
degree on each level water quality when monitoring
value = X is determined by the formula:

1 x<s(j)
_)os-x Y (21930 3)
ij = G D) sg)<x<s(g+l) (=1,2,3---m)
0 x>s(j+1)

2.2.2. Calculation of Weight Coefficients
The weighting coefficient of contamination factor is a
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measure of evaluating various pollutants factors’s effect
on the water environment quality. Given different weights
make use of popputants contribution rate method to cal-
culate a single factor weight coefficient; the calculation
formula is as follows:

G/ Ci
a=——
ZG/COi

i=1

(4

In the Formula, C; is the i- th pollution factors meas-
ured concentration (mg/L), Cy; is the first i kinds of pol-
lution factor’s grading reference value (mg/L).

3. Donghu Lake Water Environment Quality
Assessment of Recent Years

3.1. Selection of Evaluation Factors

Take the annual average value from 2001 to 2008 of
main pollutant in Donghu Lake as evaluation factors, as
shown in Table 1.

3.2. The Water Quality Grading Standards and
Pollutants Classification Standard Values

According to the Surface Water Environmental Quality
Standard GB3838-2002, surface water quality standards
will be divided into five grades, respectively, I, 11, 11, IV,
V. Take the grade III as the classification reference value
C. Standards at all levels are in Table 2.

3.3. Calculation of Subordinate Degree

Take the monitoring data of pollution index of Donghu
Lake listed in the table into Formula (1) to calculate the
pollution factor subordinate degree. The calculation re-
sults is in Table 3.

Table 1. The annual average value of the major pollutants
in Donghu Lake from 2001 to 2008 mg/L.

potassium
year permanga- BODs NH;-N NO,-N NO;-N TP
nate index
2001 5.4 5.36 094 0032 038 0.194
2002 6 6.04 087 0.038 025 0.233
2003 5.4 6.91 086 0.045 0.21 0.152
2004 43 4.12 0.6 0.044 029 0.173
2005 4.8 2.99 072 0.024 046 0.187
2006 4.7 3.93 272 0103 059  0.329
2007 5.9 3.63 1.12 0.104  0.51 0.109
2008 6.5 3.4 1.17  0.056 0.72 0.32
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Table 2. Classification reference value of surface water 3.4. Calculation of Weight Coefficients
pollution factor mg/L.

project I T m v v By Equation (4) to calculate the weight values of each
potassium permanganate ) 4 6 10 15 pollution factor in Table 4.

index

BOD;s 3 3 4 6 10 3.5. Fuzzy Complex Index Calculation

NH;-N 0.15 0.5 1 1.5 2

NO>-N 006 01 015 1 1 Take the data listing in Table 3 and Table 4 to Formula

NO;-N 10 10 20 20 25 (2) to determine the overall water quality of Donghu

phenol 0.002 0.002 005 02 02 Lake. The results are in Table 5.

TP 0.01 0.025 005 0.1 02

Table 3. Calculation results of pollutant factors subordinate degree on each grading standard.

year grade potassium permanganate index BODs NH;-N NO,-N NOs-N phenol TP
I 0 0 0 1 1 1 0
I 0.3 0 0 0 0 0
2001 11 0.7 0.32 0.71 0 0 0 0.04
v 0 0.68 0.29 0 0 0 0.96
v 0 0 0 0 0 0 0
I 0 0 0 1 1 1 0
I 0 0 0 0 0 0 0
2002 111 1 0 0.75 0 0 0 0
v 0 0.99 0.25 0 0 0 0
\% 0 0.01 0 0 0 0 1
I 0 0 0 1 1 1 0
I 0.85 0 0 0 0 0 0
2003 111 0.15 0.94 0.93 0 0 0 0.18
v 0 0.06 0.07 0 0 0 0.82
v 0 0 0 0 0 0 0
1 0 1 0 1 1 1 0
I 0.6 0 0 0 0 0 0
2004 I 0.4 0 0.85 0 0 0 0.09
v 0 0 0.15 0 0 0 0.01
v 0 0 0 0 0 0 0
I 0 0 0 1 1 1 0
I 0.65 0.07 0 0 0 0 0
2005 I 0.35 0.93 0 0 0 0 0
v 0 0 0.76 0 0 0 0
v 0 0 0.24 0 0 0 1
I 0 0 0 1 1 1 0
I 0.05 0.37 0 0 0 0 0
2006 11 0.95 0.63 0.59 0 0 0 0.61
v 0 0 0.41 0 0 0 0.39
v 0 0 0 0 0 0 0
I 0 0 0 1 1 1 0
I 0 0.6 0 0 0 0 0
2007 111 0.75 0.4 0.55 0 0 0 0
v 0.25 0 0.45 0 0 0 0
\% 0 0 0 0 0 0 1
I 0 0 0 1 1 1 0
I 0 0.6 0 0 0 0 0
2008 111 0.75 0.4 0.55 0 0 0 0
v 0.25 0 0.45 0 0 0 0
v 0 0 0 0 0 0 1
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Table 4. Weight coefficient calculation results.
grade potassium permanganate index BODs NH;-N NO,-N NOs-N phenol TP
2001 0.1091 0.1624 0.2278 0.0258 0.0023 0.0024 0.4702
2002 0.1087 0.1642 0.1892 0.0276 0.0014 0.0022 0.5068
2003 0.1166 0.2238 0.2229 0.0389 0.0014 0.0026 0.3939
2004 0.1064 0.1529 0.1782 0.0436 0.0022 0.003 0.5138
2005 0.1154 0.1079 0.2078 0.0231 0.0033 0.0029 0.5396
2006 0.0539 0.0677 0.03746 0.0473 0.002 0.0014 0.4531
2007 0.1395 0.1287 0.3177 0.0983 0.0036 0.0028 0.3092
2008 0.0976 0.0766 0.2108 0.0336 0.0032 0.0018 0.5764
Table 5. Fuzzy complex index.

grade I I I v \% Bce Evaluate Results

2001 0.0305 0.0327 0.3089 0.6279 0 0.6279 v

2002 0.0312 0 0.2506 0.21 0.5048 0.5048 v

2003 0.0429 0.035 0.448 0.4232 0.0266 0.448 1T

2004 0.0488 0.0904 0.418 0.443 0 0.443 v

2005 0.0372 0.0692 0.2714 0.5222 0 0.5222 v

2006 0.0507 0.0398 0.0818 0.2847 0.543 0.543 v

2007 0.1047 0.0546 0.5897 0.2508 0 0.5897 11

2008 0.0386 0.046 0.2198 0.1193 0.5764 0.5764 v

4. Analysis of Evaluation Results

A. From the evaluation results in Table 5, we can see
Donghu Lake water quality has not changed much in
recent years, and the water body is of type IV, a heavier
pollution degree. The stability of Donghu Lake water
quality on the one hand shows a better water conserva-
tion work and in the short terms no significant deteriora-
tion phenomenon; on the other hand it also shows that
the Donghu Lake water quality has deteriorated to a con-
siderable extent, which destructs the original ecological
balance, so Donghu Lake governance is imminent.

B. From the analysis data of subordinate degree for
each year in Table 3, we can clearly see the main pollu-
tion factors that play an important role (that is, larger
subordinate degree value in grade IV, V) in deciding the
water level are: BODs, NH3-N, total phosphorus.

From weight coefficient in Table 4, pollution factors
of the larger weight coefficient are the total phosphorus
(0.3092~0.5764); NH;-N (0.1782~0.3746); BODs (0.067
7~0.2238).

From the above analysis we draw out that the major
pollutants in Donghu Lake are total phosphorus, NH;-N,
BOD:s, a type of organic pollution. It is the severe or-
ganic pollution, which results in the former Donghu Lake
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water plant unablility to continue normal operations.
Algal blooms and the factory water Ames test was
strongly positive, thus it was forced to stop production.
Wuhan municipal government decides to implement this
“lake reform river” project, in order to ensure the safety
of residents’ drinking water.

C. Water quality at the same level of water body is not
the same. From the monitoring data alone is very diffi-
cult to distinguish the difference. However, the fuzzy
complex index can clearly judge the quality levels, which
are the merits of fuzzy comprehensive index method in
determining the water quality. The concentration of
various pollutants in water is changing, some higher,
while the other part may be reduced. From monitoring
data it is not easy to ascertain the water quality is in-
creased or decreased. This is because each factor has a
different impact on water quality; furthermore, the af-
fecting results are not the same. It is difficult to deter-
mine changes in water quality trends from “Excessive”
or “compliance” of some individual indicators alone.
While with the fuzzy composite index b , the water qual-
ity can be identified from the IV to V class ,which is of
great significance on Donghu Lake water supervision
and management in facilitating the problems timely and
being conducive to the rapid implementation of pollution
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prevention and control measures, to ensure that the
problem nipped in the “bud” state.
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