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Abstract The variance analysis of fishery water quality data of five lakes from 2001 to 2011 (except 2004 ) was performed to compare the

difference of the monitoring indicators among the five above-mentioned lakes in Jiangsu Province. And TOPSIS method was employed to give

comprehensive comparison of water quality of the five lakes. The results indicated that the difference of 14 major water quality indicators was

very significant among lakes except copper. In addition, transparency, total nitrogen, total phosphorus had very significant difference among

stations for each lake; pH, chemical oxygen demand, oil, total phosphorus, lead, cadmium, mercury had significant or very significant differ-
ence among years for each station. The TOPSIS results showed that the fishery water quality of Gaobaoshaobo Lake was the best, and Luoma

Lake was just second to it, followed by Hongze Lake, Taihu Lake and Gehu Lake. In combination with the geographic position of each lake,

it showed that fishery water quality of the five investigated lakes was basically increasingly better from the south to the north in Jiangsu Prov-

ince, and the trend revealed high association with the developed industrial economy.

Key words Lake, Fishery water quality, Comprehensive comparison

1 Introduction

For decades, with China’s population growth and development of
industrial and agricultural production, coupled with over-exploita-
tion of the lake water, some problems have become increasingly
prominent such as lake water shortage, deterioration of water envi-
ronment and ecosystem degradation, posing a serious threat to sus-
tainable socio-economic development and human health'". Jiang-
su is one of provinces with many freshwater lakes in China, inclu-
ding Taihu Lake, Gehu Lake, Hongze Lake, Gaobaoshaobo Lake
and Luoma Lake. The study based on Taihu Lake and Hongze
Lake is hot at home'>™*'. Over the years, the authorities have car-
ried out the fishery environmental monitoring on the protected are-
as, enclosure culture areas and other functional areas of these five
lakes, but it still lacks systematic analysis of huge fishery water
quality monitoring data on these lakes. The Technique for Order of
Preference by Similarity to Ideal Solution ( TOPSIS) is a multi-cri-
teria decision analysis method, which was originally developed by
Hwang and Yoon in 1981 with further developments by Yoon in
1987, and Hwang, Lai and Liu in 1993. TOPSIS is based on the
concept that the chosen alternative should have the shortest geo-

metric distance from the positive ideal solution and the longest ge-
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ometric distance from the negative ideal solution. It is a method of
compensatory aggregation that compares a set of alternatives by
identifying weights for each criterion, normalising scores for each
criterion and calculating the geometric distance between each al-
ternative and the ideal alternative, which is the best score in each
criterion. An assumption of TOPSIS is that the criteria are mono-
tonically increasing or decreasing. Normalisation is usually re-
quired as the parameters or criteria are often of incongruous di-
mensions in multi-criteria problems. Compensatory methods such
as TOPSIS allow trade-offs between criteria, where a poor result in
one criterion can be negated by a good result in another criterion.
This provides a more realistic form of modelling than non-compen-
satory methods, which include or exclude alternative solutions
based on hard cut-offs. TOPSIS applies to small-sample data, and
also multi-sample large-scale systems, so it has been widely used
in the field of health care, economy and agriculture”’ "', Using
variance analysis of system packet data, we perform the statistical
analysis of fishery water quality data on five lakes which are long
monitored in Jiangsu Province, to identify the significance of
differences between lakes, stations or years. On this basis, using
TOPSIS, we conduct a comparative analysis of fishery water quali-
ty of five lakes and summarize their variation, which can help to
further explore the relationship between fishery water quality
differences and economic development around lake basin and can
also provide technical support for the development of regional in-
dustry policy.

2 Materials and methods

2.1 Data sources The fishery water quality monitoring data
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about Taihu Lake, Gehu Lake, Hongze Lake, Gaobaoshaobo Lake
and Luoma Lake during 2001 —2011 (excluding 2004 ) are provid-
ed by Jiangsu Provincial Fishery Ecological Environment Monito-
ring Station. It was monitored 413 times in Taihu Lake, 183 times
in Gehu Lake, 205 times in Hongze Lake, 221 times in
Gaobaoshaobo Lake and 142 times in Luoma Lake. The total data
capacity is 13537.

2.2 Monitoring indicators and determination methods The
instantaneous sampling method is to collect the surface water sam-
ples, and 15 monitoring indicators include water temperature,
transparency, pH, dissolved oxygen, chemical oxygen demand,
permanganate index, petroleum, ammonia nitrogen, total nitro-
gen, total phosphorus, copper, lead, cadmium, mercury and ar-
senic. Water temperature, transparency, pH and dissolved oxygen
are determined on-site and other water samples are fixed with rea-
gent to be brought back to laboratory for analysis. Water and

" s used for sample

Wastewater Monitoring and Analysis Method
fixation and analysis; the evaluation standard is based on
GB11607 -89 Fishery Water Quality Standard and GB3838 —2002
Surface Water Quality Standards.

2.3 Statistical analysis methods

2.3.1 Variance analysis of grouping data. With lake as group,
monitoring station within lake as subgroup and year as small sub-
group, we perform the variance analysis of three-level grouping
data, to compare the significance differences between monitoring
indicators

2.3.2
method. (i) Establishing the original data matrix with the same

Comprehensive evaluation of water quality using TOPSIS

trend in order to eliminate the effect of differences in indicators,
dimensions and order of magnitude on the evaluation results. (ii)
Normalizing the original data matrix of the same trends and estab-
= i) (X =

x,, ) ' (iii) Getting the optimal value vector A" and worst value

lishing normalized data matrix, formula;u = (x

vector A~ according to the normalized matrix. (iv) Calculating
the distance between evaluation indicator values and the optimal
solution ( D ) or worst solution ( D; ), formula; D] =
V 2 (@, - aij)z and D7 =/ 2 (ay,, —a,.l.)z . (v) Calculating
the closeness between evaluation indicators and the optimal solu-
tion, formula:C, =D /(D™ +D" ) , the smaller the value of C,,
the better the water quality.

3 Results and analysis

3.1 Physical and chemical characteristics of water quality of
five lakes The size of the water transparency not only affects the
phytoplankton photosynthesis, but also broadly reflects phyto-
plankton abundance and fertility of water quality. The water with
pH values below 6.5 can reduce pH values of blood in aquaculture
animals and impair oxygen-carrying capacity of the blood, resul-
ting in physiological hypoxia of aquaculture animals; the water
with too high pH values can corrode fish gill and affect its respira-

tory function. Dissolved oxygen is an important indicator of water

pollution. When the dissolved oxygen disappears, the anaerobic
bacteria reproduce to release methane, hydrogen sulfide, ammonia
and other toxic gases. Chemical oxygen demand is the consump-
tion amount with potassium dichromate as the oxidant, and per-
manganate index is the consumption amount with potassium per-
manganate as the oxidant. Both of them are composite indicators
that reflect the pollution of organic pollutants and reducing inor-
ganic matter to the surface water. Petroleum has strong toxicity to
fish and other aquatic organisms, and can be stored in fat to be ac-
cumulated in organisms. The ammonia nitrogen in water is a form
of nitrogen with the greatest hazards, and a major oxygen-consu-
ming pollutant in water. Total nitrogen is an important indicator to
measure water quality, and increasing total nitrogen and excessive
phosphorus will make phytoplankton flourish and lead to water eu-
trophication, thereby damaging the oxygen balance in water. At
the same time, the dead algae and other types of phytoplankton
will release toxins, causing further contamination of the water. Ta-
ble 1 shows that the water temperatures of five lakes range from
20.32 t023. 10°C , and the coefficient of variation is between 0. 19
and 0.34. For the five lakes, Luoma Lake has the highest trans-
parency (0.86 m), followed by Gaobaoshaobo Lake (0.62 m),
and Gehu Lake has the lowest transparency (0.36 m). The pH
values of five lakes changed little, and the coefficient of variation
is between 0. 06 and 0. 08. The dissolved oxygen of five lakes ran-
ges from 7.86 109.26 mg - L' | and the coefficient of variation is
between 0.24 and 0.30. In Gehu Lake, the chemical oxygen de-
mand and permanganate index are high (36.43 mg + L ™" and 6. 46
mg + L™, respectively) , and the coefficient of variation is 0. 28
and 0. 27, respectively. The coefficient of variation of permanga-
nate index (0.97) is large in Gaobaoshaobo Lake. The petroleum
content is highest in Hongze Lake (76.40 pg + L"), and the co-
efficient of variation is largest (0.98). The ammonia nitrogen
content is highest in Taihu Lake (0.55 mg + L™") , and the coeffi-
cient of variation is largest (0.91). The total nitrogen and total
phosphorus are largest in Gehu Lake (3. 18 and 0. 18 mg - L™",
respectively) , and the coefficient of variation is 0.51 and 0. 83,
respectively. Copper, lead, cadmium, mercury and arsenic are in
line with Fishery Water Quality Standards, but the relative varia-
tion is large.

3.2 Differences in water quality indicators for five lakes
Table 2 shows that except copper, there are highly significant
differences in 14 water quality indicators among the five lakes,
which may be caused by different utilization modes of these lakes.
There are significant differences in transparency, total nitrogen
and total phosphorus between the stations in lakes, while there are
no significant differences in other indicators. There are significant
or highly significant differences in pH values, chemical oxygen de-
mand, petroleum, total phosphorus, lead, cadmium and mercury
content between years, indicating that there is interannual insta-

bility in these indicators.
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Table 1 Basic statistics of fishery water quality indicators for the five lakes from 2001 to 2011

Water Transp- Dissolved ChemicalPerman- Petrol- Ammonia  Total Total . . . Mer- Ars-
S temper- oxygen  ganate . . phosp-  Copper  Lead Cadmium i .
Lakes Statistics arency pH oxygen ; eum  nitrogen nitrogen 0 o o, cury enic
ature _; demand  index 1 1 ~1 horus pwg L7 pg-L7 pg-L 1 1
< m mg - L mg oL mg e L pg L7 pg- L7 pg-L g e L pg L pg - L
Ei(h: Mean 22.52 0.42 7.95 8.18 31.56 4.15 46.20 0.55 2.13 0.11 5.72 3.84 1.03 0.08 10.40
Sandard 6 3031 056 196 1199 1.49 4250 0.5 16 011 549 315 075  0.07 9.67
deviation
The coef-
ficient of  0.28 0.73 0.07 0.24 0.38 0.36 0.92 0.91 0.76 0.98 0.96 0.82 0.73 0.91 0.93
variation
(Ijjltl: Mean 22.99 0.36 8.10 9.26 36.43 6.46 48.90 0.43 3.18 0.18 5.89 3.46 0.75 0.15 2.61
z‘“}da.rd 4.83 026 0.49 2,69 10.20 1.74 4205 037 1.6  0.16 512 3.0l 067 0.14 1.75
eviation
The coef-
ficient of  0.21 0.71 0.06 0.29 0.28 0.27 0.86 0.87 0.51 0.88 0.87 0.87 0.89 0.96 0.67
variation
Hongze
Lake Mean 21.52 0.40 8.40 7.86 23.51 4.31 76.40 0.34 1.39 0.11 4.99 3.70 1.44 0.17 1.77
Standard g ;027 059 228 564 151 7487 0.19 113 0.11 484 340 138  0.15 1.04
deviation
The coef-
ficient of 0.27 0.68 0.07 0.29 0.24 0.35 0.98 0.56 0.81 0.99 0.97 0.92 0.96 0.87 0.59
variation
Gaobao-
shaobo Mean 23.10 0.62 8.01 8.49 21.13 7.72 15.90 0.25 1.61 0.08 4.26 3.27 1.19 0.07 1.68
Lake
Sandad =y 59045 064 255 1280 7.49 1288 018 119 008 379 304 109  0.02 0.76
deviation
The coef-
ficient of  0.19 0.78 0.08 0.30 0.61 0.97 0.81 0.70 0.74 0.95 0.89 0.93 0.92 0.34 0.45
variation
l:{(”:“ Mean 20.32  0.86  8.43 837 22.02 3.5 43.70 0.23 160  0.05 3.73 854  0.23  0.19 1.15
Sandad =6 o) g5 067 200 374 1.00 33.65 017 115 005 320 820 020  0.16 0.66
deviation
The coef-
ficient of 0.34 0. 68 0.08 0.24 0.17 0.28 0.77 0.74 0.72 0.95 0.86 0.96 0.80 0.86 0.57
variation
Table 2 Variance analysis results of main water quality indicators for the five lakes
Sources Water temperature Transparency pH Dissolved oxygen Chemical oxygen demand
of variation df MS F df MS F df MS F df MS F df MS F
Between lakes 4 156.08 24.9" 4 4.76  14.36"" 4 11.07  22.66"" 4 38.72 6.65"" 4 6058.52  36.53""
Between stations 117 6.27 0.40 114 0.33 1.947 115 0.49 1.06 116 5.82 1.28 100 165. 86 0.87
Between years 224 15.77 0.30 147 0.17 2.01°" 302 0.46 1.95°" 306 4.56 0.87 166 190.71  2.47°"
Error 414 52.61 307 0.08 394 0.24 524 5.27 471 77.33
Total 759 572 815 950 747
Sources Permanganate index Petroleum Ammonia nitrogen Total nitrogen Total phosphorus
of variation df MS F df MS F df MS F df MS F df MS F
Sources of variation df MS F df MS F df MS F df MS F df MS F
Between lakes 4 291.23 4.12"° 4 0.09 6.21"" 4 3.01 23.88"" 4 97.63 22.38"" 4 0.41 10.71""
Between stations 113 70.65 19.53"" 122 0.02 1 114 0.13 1.09 119 4.36  2.55"° 119 0.04 27"
Between years 169 3.62 0.14 356 0.02 2" 251 0.12 0.90 367 1.71 1.09 366 0.02 2"
Error 369 25.86 634 0.01 382 0.13 639 1.57 626 0.01
Total 655 1116 751 1129 1115
Sources Permanganate index Lead Cadmium Mercury Arsenic
of variation df MS F df MS F df MS F df MS F df MS F
Between lakes 4 1.56E-04 0.66 4  6.23E-0433.97"" 4  3.29E-058.92°" 4  4.89E-0719.92"" 4 3.70E-03 5.257"
Between stations 113 2.38E-04 0.96 110 1.84E-05 0.32 108 3.69E -06 0.41 114 2.46E-08 0.77 113 7.04E-04 0.56
Between years 351 2.47E-04 1.08 340 5.79E-05 5.68"" 328 8.94E-06 1.19° 328 3E-08 1.50"" 328 1.26E-03 1.14
Error 596 2.29E-04 550 1.02E-05 503 7.48E-06 539 2E -08 471  1.10E -03

Total 1064 1004 943 985 916
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Table 3 shows that Gaobaoshaobo Lake has the highest water
temperature , significantly different from Luoma Lake but not sig-
nificantly different from Gehu Lake, Taihu Lake and Hongze
Lake; Luoma Lake has the highest transparency, followed by
Gaobaoshaobo Lake, and there are not significant differences in
transparency among Gehu Lake, Taihu Lake and Hongze Lake.
The dissolved oxygen of five lakes is in line with Fishery Water
Quality Standards, and it is highest in Gehu Lake, significantly
different from other lakes. The chemical oxygen demand concen-
tration of Gehu Lake and Taihu Lake is 36.43 mg + L™" and 31.56
mg - L™, respectively, and the water quality reaches Grade V of
Surface Water Environment Quality Standards; there is significant
difference between the two, and the water quality of the other
three lakes reaches Grade IV. In terms of permanganate index,
Gaobaoshaobo Lake and Gehu Lake reach Grade IV of Surface Wa-
ter Environment Quality Standards, and there is no significant
difference between the two; Taihu Lake and Hongze Lake reach
Grade III; Luoma Lake reaches Grade II, not significantly different
from Taihu Lake and Hongze Lake. Only the petroleum indicator
in water quality of Hongze Lake does not reach Fishery Water
Quality Standards, significantly different from the other four
lakes, and the petroleum content is lowest in Gaobaoshaobo Lake

(15.90 pg + L™"). The ammoniacal nitrogen is highest in Taihu

Lake (0.55 mg - L"), reaching Grade I of Surface Water Envi-
ronment Quality Standards, significantly different from the other
four lakes which reach Grade II. The total nitrogen of Gehu Lake
and Taihu Lake is 3.18 mg - L ™" and 2. 13 mg - L™, respective-
ly, reaching Grade V of Surface Water Environment Quality Stand-
ards, and there is a significant difference between the two. The to-
tal phosphorus content of five lakes does not exceed Grade V of
Surface Water Environment Quality Standards. The total phosphor-
us content is highest in Gehu Lake (0.18 mg + L™") , significant-
ly different from other lakes, and the total phosphorus content is
lowest in Luoma Lake (0.05mg + L™") , reaching Grade IIl of Sur-
face Water Environment Quality Standards. The lead, cadmium,
mercury and arsenic content of five lakes are in line with Fishery
Water Quality Standards. The lead concentration is highest in Lu-
oma Lake (8.54pg - L"), significantly different from the other
four lakes. The cadmium content is highest in Hongze Lake (1.44
pg + L7'), not significantly different from Taihu Lake and
Gaobaoshaobo Lake but significantly different from Gehu Lake and
Luoma Lake. The mercury content is highest in Luoma Lake
(0.19 pg - L™"), not significantly different from Hongze Lake
but significantly different from the other three lakes. The arsenic
content is highest in Taihu Lake (10.40 pg -+ L"), significantly

different from the other four lakes.

Table 3 The multiple comparisons of main water quality indicators for the five Lakes

Water

Dissolved

Chemical oxygen Permang-

Lakes temperature Trans?j reney pH oxygen demand anate index Petr?lfujln
C mg -+ L™ mg - L' mg - L7 pe s L

Taihu Lake 22.52a 0.42¢ 7.95d 8. 18bc 31.56b 4.15b 46.20b
Gehu Lake 22.99a 0.36¢ 8.10c 9.26a 36.43a 6.46a 48.90b
Hongze Lake 21.52ab 0.40c 8.40b 7.86¢ 23.51¢ 4.31b 76.40a
Gaobaoshaobo Lake 23.10a 0.62b 8.0led 8.49b 21.13d 7.72a 15.90¢
Luoma Lake 20.32b 0.86a 8.43a 8.37bc 22.02¢d 3.56b 43.70b

Arpmoma T otal Total phos- Lead Cadmium Mercury Arsenic
Lakes nitrogen nitrogen phorus L Lot Lot L-!

mg - L mg - L mg - L-! 153 1533 ne ne
Taihu Lake 0.55a 2.13b 0.11b 3.84b 1.03ab 0.08¢ 10.40a
Gehu Lake 0.43b 3.18a 0.18a 3.46b 0.75be 0.15b 2.61b
Hongze Lake 0.34c 1.39¢ 0.11b 3.70b 1.44a 0.17ab 1.77b
Gaobaoshaobo Lake 0.25d 1.6lc 0.08¢c 3.27b 1.19ab 0.07¢ 1.68b
Luoma Lake 0.23d 1.60c 0.05d 8.54a 0.23c¢ 0.19a 1.15b
Note: Values in each column followed by different letters are significantly different at the 0.05 level.
Table 4 Normalization results of main water quality indicators concerning five lakes

. Chemical ~ Perman — . Total
Lakes Transp- Dissolved oxygen ganate i Petroleum Amnlonla T otal phos- Copper Lead Cadmium  Mercury Arsenic
arency oxygen demand ndex nitrogen nitrogen phorus ’

Taihu Lake 0.754 0.741 0.681 0. 141 0.500 1.000 0.413 0.461 0.909 0. 060 0. 666 0.077  1.000
Gehu Lake 1.000 0.000 1.000 0.697 0.544 0.625 1.000 1.000 1.000 0.000 0.500 0.641 0.161
Hongze Lake 0.828 1.000 0.155 0. 180 1.000 0.343 0.000 0.461 0.590 0. 060 1.000 0.816 0.075
Gaobaoshaobo Lake ~ 0.278 0.509 0. 000 1.000 0.000 0.062 0.122 0.230 0.272 0.020 0.916 0.000 0.064
Luoma Lake 0.000 0.597 0.058 0.000 0.458 0.000 0.117 0. 000 0.000 1.000 0.000 1.000  0.000

3.3 Comprehensive water quality evaluation of five lakes

Water temperature and pH do not have the same trend, so we se-
lect 13 indicators such as transparency, dissolved oxygen and
chemical oxygen demand for TOPSIS analysis. Transparency and

dissolved oxygen are high quality indicators and other indicators

are low quality indicators, therefore, we take the reciprocal of
transparency and dissolved oxygen to convert them into low quality
indicators. We normalize the data with the same trend and estab-
lish the corresponding normalized data matrix ( Table 4). The op-

timum value vector A* and the worst value vector A~ are as fol-
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lows :A* =min(0,0,0,0,0,0,0,0,0,0,0,0,0) fil A~ =max(1,
1,1,1,1,1,1,1,1,1,1,1,1,1,1). Table 5 shows that C,; value of
Gaobaoshaobo Lake is smallest (0.345) and C, value of Gehu
Lake is largest (0.582), the fishery water quality is best in
Gaobaoshaobo Lake and worst in Gehu Lake. C; value of Luoma
Lake is 0. 347, almost the same as C, value of Gaobaoshaobo
Lake, indicating that the comprehensive water quality of Luoma
Lake is almost the same as that of Gaobaoshaobo Lake.
Gaobaoshaobo Lake has the best fishery water quality, followed by
Luoma Lake, Hongze Lake, Taihu Lake and Gehu Lake, and the
water quality is getting better from south to north.

Table 5 Water quality evaluation results of five lakes

Lakes D} D] C, Order
Taihu Lake 1.924 2.349 0.549 4
Gehu Lake 1.876 2.619 0.582 5
Hongze Lake 2.252 2.257 0.500 3
Gaobaoshaobo Lake 2.893 1.525 0.345 1
Luoma Lake 3.020 1.607 0.347 2

4 Conclusions and discussions

This paper performs the variance analysis on fishery water quality
monitoring data of five lakes in Jiangsu Province during 2001 —
2011 (excluding 2004) , compares differences in monitoring indi-
cators between lakes, and uses TOPSIS method to carry out com-
prehensive evaluation of water quality of five lakes. The results
show that except copper, there are highly significant differences in
14 indicators between five lakes; there are highly significant
differences in transparency, total nitrogen and total phosphorus be-
tween stations; there are significant or highly significant differ-
ences in pH, chemical oxygen demand, petroleum, total phos-
phorus, lead, cadmium and mercury between years; fishery water
quality is best in Gaobaoshaobo Lake, and Luoma Lake has similar
water quality, followed by Hongze Lake, Taihu Lake and Gehu
Lake, and the water quality is getting better from south to north.
With population growth and rapid economic development in the
surrounding areas of five lakes in Jiangsu Province, the total nitro-
gen, total phosphorus, heavy metals and other pollutants increase
in the lake, and lake water pollution has been increasing'"”’. Due
to different utilization patterns of various lakes, there are differ-
ences in fishery water quality of five lakes in Jiangsu Province.
How to control the effects of different utilization ways on water is
to be further explored. There are many methods to assess water en-
vironment, such as fuzzy clustering analysis, comprehensive index

=17 and these

method, gray system analysis and factor analysis'"”
methods have advantages and disadvantages. TOPSIS method is
used to normalize indicators and eliminate the effects of different
dimensions, and it can quantitatively reflect the quality of different
evaluation units. It is a good flexible comprehensive evaluation

[17]

method without special requirements of sample data™'’. Previous

fishery water quality monitoring data only used simple bar chart to

describe whether the monitoring indicators exceed standard. In
this study, we use variance analysis for the first time to process the
fishery water quality monitoring data that have been long moni-
tored, and adopt TOPSIS method to study the differences between
13 fishery water quality indicators in five lakes. This method is an

ideal method to comprehensively evaluate water quality.
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