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ABSTRACT

The information mining of biological monitoring data is important for
environment monitoring and accessment. Although Shannon-Wiener
diversity index (SWI) has been widely used to explain the results of aquatic
biological monitoring previoudly, it runsinto problemsin heavily polluted

rivers. In this paper, a representative heavily polluted river has been (SW1);
selected, and the samples of sediment, pore water, phytoplankton, Non-matric multi-dimentional
zooplankton, and zoobenthoswere collected and analyzed, withaview to scaling (MDS);

providing theoretical basis for biological data analysisin heavy polluted Cluster analysis.
area. SWI, themultivariate analysis (combined by two multivariate analysis
methods: cluster and Non-matric M ulti-dimentional Scaling analysis) were
used to analyze biological data of phytoplankton, zooplankton, and
zoobenthos, with the results of the physical and chemical monitoring and
assessment as reference. The results show that the results of SWI cannot
effectively reflect the difference of pollution status of various stationsin
the heavily polluted river; despite the presence of some problems,
multivariate analysis method is more suitablethan SWI asfar asinformation
mining of biological monitoring inthe heavily polluted river isconcerned.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION water environment quality!®®. Thekeysand difficulties

of biological monitoring aretheinformation mining of

The biologica monitoring isonecomprehensive
technol ogy devel oped with biological method to moni-
tor environmenta qudity, which can both savefunding
andillustrate problems easily!*2. Aquatic community
monitoring isanimportant part of biologica monitor-
ingt®®!, which plays animportant rolein evaluation of

biological monitoring datawe gain, and anayzing the
va uableinformation among them®. Shannon-Wiener
diversity index (SWI) hasbeenwidely usedto explain
theresultsof aguatic biologica monitoring previoudyi?.
However, SWI suffering the probleminaheavily pol-
luted river, whichit cannot identify thewater polluted
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degree because of the speciesand quantitiesof aquatic
animalsarescarceand SWI tendsto homogeni zation.

Recently, multivariateanalys smethod hasbeen gp-
pliedin someresearches**?, and certainresultshave
been achieved*3'4, but these studiesare not involved
in heavy pollution ared*>'9, Sofar, the application of
multivariateandyd stoinformation mining of biologica
monitoring datain heavily polluted river hasbeenrarely
reported. However, thisisimportant especidly for those
devel oping countrieswheremany riversand lakeshave
become serioudy polluted.

In this study, Foshan Waterway, arepresentative
heavily pollutedriver in Pearl River Delta, hasbeen se-
lected. The samples of sediment, pore water, phy-
toplankton, zooplankton, and zoobenthoswere col-
lected and andyzed. Thebiologicad monitoringdatawere
andyzed by SWI, themultivariateanalysis(combining
two methods of MDS and Cluster analysis)!***"*9, and
theandysi sresultswere compared, with physicochemi-
ca monitoring and assessment results of sediment and
porewater asthereference, so asto explorethemethod
suitablefor biological dataandysisin heavily polluted
area.

MATERIALSAND METHODS

Sudy area

Foshan waterway isamunicipd river and thema-
jor drainage channel in Foshan City, flowing through
urban areaand mgor indugtrid district (Figure 1). With
thewastewater discharged into thewaterway for many
yearsit hasbeen aheavily polluted river and themain
pollution factor was heavy metdl.

Samplecollection and analysis

According to pollution status of waterway in
Foshani®!, 6 representative stationswere selected in
theriver (the specificlocation of varioussampling sta-
tionswasshowninFgurel). Thesamplesaf phytoplank-
ton, zooplankton, zoobenthos and pore water, sedi-
ment were collected.

The collection and processing of phytoplankton,
zooplankton and zoobenthoswere carried out accord-
ing to Chinese nationa standards?!. Porewater were
prepared by centrifugation method, NH_-N of pore
water was determined by Nessler’s reagent spectro-
photometric method (GB7479-87), COD ., of intersti-
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tial water was determined by dichromate method
(GB11914-89). The sediment samples were dried,
ground into powder, and passed by 100 mesh (150
um) sieve. About 0.5 g powder was taken to deter-
minethe content of heavy metalsaccording to nationa
standards of Chind?.

Data analysisand analytical quality control

Shannon-Wiener diversity index wereca culated by
Excd 20039, Thetwo multivariate statistical andysis,
Clugter andysisand MDS andysiswere conducted by
SPSS19.01324,

All glassware and plasticware were cleaned by
s0akingin10% HNQO, (v/v) for 24h, followed by soak-
ing and rinsing with deionized water (Milli-Q). All re-
agentsused intheexperiment wereat least of andytica
grade. Theblank, replicate, and spiked sampleswere
anayzed in each batch of sampling.

RESULTSANDANALYSIS

Theenvironmenta conditionsof theriver based on
phys cochemica monitoring and assessment

Although physicochemica monitoring haslong been
apractica routinein environmental monitoringand as-
sessment, it has been recogni zed that biologica moni-
toring may provideamorecomprehens vesituation of
environmental contamination”4, However, thephysi-
cochemica monitoring and assessment resultscould il
offer thereferencefor biological monitoring. Indeed,
the results combined with biological monitoring and
phys cochemica monitoring can providemorerdiable
resultsthan theresults considering only either oné®!.

Thinking that most of theheavy meta smay deposit
and accumul atein sedimentsin theriverbed, contami-
nated sedimentsand porewater in sediments have se-
lected asthe main object of the study!?*27- In order to
effectively reflect theenvironmental conditions, atotal
of 10 pollution indexeswith great impact on aguatic,
Pb, Cd, Hg, Cr, As, Cu, Ni, Zn of sediment, NH_-N
and COD,, of pore water, were selected as param-
eters to characterize ecological risk, and Hakanson
potential ecological risk index method was used to
evaluate the physicochemica monitoring datawhich
wereshownin TABLEL and TABLEZ2. Physical and
chemica monitoring results(TABLE2) showed that the
heavy metd content of A4 saionwasthehighest among
various stations, 6 kinds of heavy metalswereinthe
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Figurel: Locationsof thesampling stationsand thedistribution of themain industrical districtsalong with Foshan waterway

first placeamong 8 heavy metds, Hgwasinthird place,
Cuwasin second place, COD_, and NH,-N in sedi-
ment porewater werea so high; variouspollutionin-
dexesinA1lsationwerethelowest anong various sta-
tions.

Hakanson potentia ecol ogical risk index method
uses enrichment degree of sediment heavy metdsand
itshiologicd toxicity coefficient for weighted sumto get
ecological risk index (RI), and RI is adopted as the
evaluation basig?°?28, |t has been reported that

Hakanson potential ecological risk index method not
only canreflect the ecological effectsof variousheavy
metasintheresearch area, but a so can distinguish dif-
ferent harm degree of each sampling areaand quantita-
tively dividethedegree of potentia ecologica risk, be-
ing awidely used method?%6271, Asshownin TABLE
3, Rl value of the rest sampling stations already ex-
ceeded 600 except Al, so its ecological risk had
reached great degree; viewed from avariety of heavy
meta's, Hg and Cd showed thelargest harm degree, RI
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TABLE 1: Abundance of zoobenthos, phytoplankton and zooplankton in varioussampling stations

Phytoplankton (10* number/L)

Zooplankton (number/L)

Stati
Cyanophy Cryptophyta, Copepo
ons Bacillariophyta Chlorophyta Protozoa Rotifera Cladocera
ta Euglenophyta da
Al 312 16.20 13.12 6.19 0.93x10* 0.50 0.69 1.08
A2 6.86 28.62 8.00 8.27 0.82x10* 217 1.07 111
A3 19.01 37.44 61.44 12.53 1.31x10* 3.80 223 222
A4 12.83 38.16 109.12 16.22 1.17x10* 8.61 3.08 4.03
A5 5.232 7.20 13.12 312 0.97x10* 1.94 0.77 0.61
A6 16.63 34.38 50.56 18.10 1.59x10* 19.79 9.90 10.80
Zoobenthos (number/m?)
Nemathel
Sati Corbicul Limnop
minthes, Tubife Limnodrilu Branchiura Naidida Mollusc Cipangopaludi Oncomelani
ons Annelida erna
Nematoda X Sp. ssp. sp. esp. a na a
fluminea lacustris
sp.
Al 1802 0 7043 819 246 0 0 737 164 82 82
A2 328 0 737 491 0 0 0 0 0 0 0
A3 655 0 2948 901 0 0 0 164 491 0 0
A4 737 0 2211 1065 410 0 0 328 0 0 0
A5 2744 0 71540 12695 2334 860 0 778 0 369 246
A6 1474 0 2539 819 0 0 0 0 0 0 0
TABLE 2: Thecontent of heavy metalsin sediment and COD_, and NH_-N concentration in porewater
, sediment mg/kg porewater mg/L
Sations -
Pb Cd Hg Cr As Cu Ni Zn COD¢, NHs-N
Al 61.5 1.26 0.02 89.6 5.77 42.9 52.2 129.0 27.2 8.7
A2 1726 3.70 32 359.8 3876 186.1 61.4 445.7 220.3 29.8
A3 2586 279 6.12 3851 2051 3718 1143 562.8 537.0 73.6
A4 299.9 85 52 450.9 479 3604 1211 1364.4 269.9 184
A5 88.0 18 35 93.8 325 73.7 57.9 2251 54.0 11.7
A6 166.7 2.52 6.00 1248 3297 116.2 64.1 720.9 3184 40.2

of Hginvarious stationswas greater than 320 except
A1, beongingto extremdy strong ecologica harm. This
result was consistent with the actual observation.
Viewed fromfield situation, thewater inmost riversof
Foshan waterway generally has black smelly phenom-
enon, aguati c speciesarescarce, and fishesand shrimps
aredisappeared. According to the eva uation results of
Hakanson potential ecological risk index method, A4
station had thelargest potential ecological risk, andAl
station had the smallest. Thepollution degree of each
sampling station from heavy tolight wasasfollows. A4
>A3>A6>A2>A5>A1, and the results were

BioTechnology

consi stent with field observation and physicochemical
monitoring results. TakingA4 and Al asexamples, A4
station was affected by sewage outfalls such as
Yudishayong, Libianduice, Lubianduiceand Xinglong
sluice, and electroplating industrial zone was once
nearby, with high pollutionleve; A1 station waslocated
inthe upstream of Foshan waterway, which was near
Shakou duiceand not influenced by the pollution, and
the ecological environmental quality wasthebestin
Foshan waterway.

Theassessment resultsof SWI intheriver

Hn Tudian Jounual
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TABLE 3: Thepotential ecological risk index of heavy metalsin sediments

Sations Pb Cd Hg Cr As Cu Ni Zn Risk Index
Al 12.30 75.60 3.20 2.99 3.85 7.15 8.42 161 115.12
A2 34.52 222.00 512.00 11.99 25.84 31.02 9.90 5.57 852.84
A3 51.72 167.40 979.20 12.84 13.67 6197 1844 7.04 1312.28
A4 59.98 510.00 832.00 15.03 31.93 60.07 1953 17.06 1545.60
A5 17.60 108.00 560.00 3.13 21.67 12.28 9.34 281 734.83
A6 33.34 151.20 960.00 4.16 21.98 1937 10.34 9.01 1209.40
Risk Index 209.46 1234.20 384640 5014 11894 91.86 7597 43.10

Accordingtotheevaluation results of zoobenthos
by SWI (TABLE 4), the pollution degree of various
stationsfrom heavy tolight wasA5>A6>A2>A1>
A3>A4. Thisresult varied greatly with physical and
chemica monitoring resultsand evaluation results of
Hakanson potentia ecological risk index. WithA4 and
Ab stations as exampl es, the actual observation and
phys cochemica monitoring resultsshowed that A4 sta
tion wasthe most serioudly polluted station; A5 station
waslocated inthe end of Foshan waterway and com-
muni cated with Guangzhou section of Pearl River, which
had relatively few pollution sourcesinthe surrounding,
withlight pollution degree. Asshownin TABLE 2, vari-
ouspollutionindexesof A5 station wereonly higher
than A 1 station, which wasthe second to last among
various stations, and its pollution degreewas signifi-
cantly lower thanthat inA4. Asshownin TABLE 4, the
eval uation results of zoobenthos, phytoplankton and
zooplankton by SWI had many contradictions. Accord-
ing to evaluation results of zooplankton by Shannon-
Wiener diversity index, A6 station had themost serious
pollution degree, which A1 station showed thelightest
pollution degree; the pollution degree of various sta-
tionsfrom heavy tolight wasA6>A4>A5>A2>A3
>A1. Accordingto evauation resultsof phytoplankton
by SWI, A4 station had the most serious pollution de-
gree, which A6 station showed the lightest pollution
degree; the pollution degree of various stationsfrom
heavytolight wasA4>A2>A3>A1>A5>A6.The
resultsshowed greet difference. A6 station had themost
serious pollution according to zooplankton eva uation
results, which becamethe cleanest according to phy-
toplankton eval uation results. Zooplankton and phy-
toplankton had grest relevance, and the appearance of
so big differencewasnot normal.

To sumup, theabove mentioned eva uation results
of SWI had alarger gap with theresults of theresultsof

physicochemica monitoring and assessment. In addi-
tion, fromtheanaysisresultsof SWI, thediversity in-

TABLE 4 : The calculation results of Shannon-Wiener
diversity index

Sations Phytoplankton Zooplankton Zoobenthos

Al 177 1.94 1.70
A2 1.70 1.89 151
A3 1.76 1.90 1.76
A4 150 1.70 1.99
A5 181 1.85 114
A6 1.85 1.69 144

dex of varioussationsbas caly had no difference, which
was very weak to judge the pollution degree differ-
ence. Consequently, theresultsintheriver showed that
SWI may not besuitablefor analysisof biologica moni-
toring resultsin heavily polluted area.

The assessment results of multivariate analysis
intheriver

Thedifficulty of biological monitoringinheavily pol-
luted riversliesintherare aquatic organismg*?. The
Situation often occur that half of biologica datain ma-
trix dataiszero. According to this characteristic, the
choi ce of method to measurethe smilarity of thebio-
logical samplesshall not be subject to the situation'.
TheMDSanaysisbased on the Bray-Curtissmilarity
coefficient, oneof multivariate analysis, hasbeenre-
garded asisagood method to dedl with the problem*7,
When combinedwithClugter andlys's anther multivariate
analysismethod, the M DS anaysis can better explore
biological monitoring datain heavily polluted riverd®
Y Thedtepsareasfollows. First of al, based on Bray-
Curtissimilarity measurement, hierarchical cluster of
group average clustering method was used to draw the
clusteringtreediagram (Figure 2), and MDSwas used

s LBioTechnology

An Tudian Yourual



186

The information mining of biological monitoring data in a heavily polluted

BTAIJ, 9(5) 2014

FULL PAPER

to analyze. To make the results have more practical
sgnificance, MDSandys sresultsshould comparewith
hierarchical clustering analysisresults, and the corre-
sponding cluster group should be sketched in MDS
graph (Figure 3).

Through andyss, theeva uation resultsof plankton
by multivariateanalysis (Figure 3aand Figure 3b) were
basi cally cons stent with Hakanson potentia ecologica
risk index method (Table 3). The stationsranked the
first third placesin Hakanson potential ecological risk
index method were divided into the group with heavy
pollution, and the stations ranked thelast third places
weredivided into the group with light pollution, the
grouping condition of phytoplankton and zooplankton
wasbasically consistent (Figure2 a, b and Figure 3 g,
b). But the grouping condition of zoobenthos had dif-
ferencewith planktoninA2 and A3 gations(Figure 2c,
Figure 3c): according to survey resultsof plankton, A2
station belonged to the group with light pollution, and
A3 station bel onged to the group with heavy pollution,
but this was just opposite to the survey results of
zoobenthos. From field observation, A3 station was
greatly affected by Foshan sewage, which has asoy
saucefactory nearby, and theriver wasoften in black
and odorous condition, so its pollution statuswas se-
verethan A2 gtation. From chemica monitoring results
(TABLE2), CdandAsindexesof A3gaionwasdightly

Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine
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lower than A2 station, and the other pollutionindexes
inA3gationwered| higher than A2 gation. From andy-
sisresultsof Hakanson potentia ecological risk index
method (TABLE 3), the pollution degree of A3 station
was higher than that of A2. Therefore, the pollution
degree of A3 station was higher than A2 station from
various aspects, and the survey results of zoobenthos
might haveerror. Thereason might bethat the appear-
anceof flood in Junewashed down thespeciessuch as
Corbicula fluminea and Cipangopal udina chinensis
fromrelatively clean water in upstream. Thus, multi-
variate satistical anaysismethod avoided the mistake
by SWI, anditsresult wasmoreintuitiveto expressby
diagram.

From theoretic analysis, multivariate analysis
method i sbased on samplesimilarity, which judgesthe
differenceof pollution degreein variousgtationsthrough
similarity determination of community structure, soit
has wide application range, and can reflect the water
environment quaity from clean water to heavy polluted
river (contamination resistant speciesaredifficult to
grow).

Although multivariate anaysismethod isnot per-
fect, thetest results show that the method is superior to
the Shannon-Wiener diversity index methodin biologi-
cad monitoring resultsanalysisin heavy polluted area.
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Figure2: Cluster dendrogram phytoplankton (a), zooplankton(b) and zoobenthos(c) wer e used hier ar chical cluster of group
aver ageclustering method based on Bray-Curtissimilarity mesurement
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Figure3: Non-metric multivariatescaling (M DS) analysisof phytoplankton (a), zooplankton(b) and zoobenthos(c)
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CONCLUSIONS

SWI analysisresultscannot effectively reflect the
differenceof pollution status of variousstationsinthe
heavily polluted river judging fromthefact thet theandy-
sisresultshavelarger gap withactua pollution status.
Despitethe presence of some problems, multivariate
anaysis method is more suitable than SWI asfar as
information miningof biologica monitoringintheheavily
polluted river isconcerned.
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