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Abstract

The health conditions of Liao River were assessed using 2fpléag sites in April 2005, with water quality index, biotindex
and physical habitat quality index. Based on the method wdtel analysis (CA) for water quality indices, it revealbdttheavily
polluted sites of Liao River are located at estuary and ni@am. The aquatic species surveyed were attached algakeatiuic
invertebrates. The result showed that the diversity anchbgs of attached algae and benthic index of biotic integBtyBI) were
degrading as the chemical and physical quality of waterédsodieteriorating. Physiochemical parameters, BGIDD.,, TN, TP,
NHs-N, DO, petroleum hydrocarbon and conductivity, were staially analyzed with principal component analysis andalation
analysis. The statistical results were incorporated ihtoittegrated assessing water quality index, combiningl fealiform count,
attached algae diversity, B-IBI and physical habitat gyacore. A comprehensive integrated assessing systemesfecological
health was established. Based on the systimetic assessheeassessed sites are categorized into 9 “healthy” artdt{salthy” sites
and 8 “sub-sick” and “sick” sites.
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I ntroduction as fish (Harris and Silveira, 1999; Belpaieal., 2000),
algae (Stevenson and Smol, 2003), plankton (Reynolds,
As the important channel of substance cycle in bio-2003) and benthic macroinvertebrates (Yabral., 1992;
sphere, a whole river eco-system should have the functiorBrain et al., 2002; Silveraet al., 2005) are common
of providing the food and water for living, industry and biologic indicators of water pollution in stream, which
agriculture, amusement, shipping and commerce. Over theave been used in typical assessment indices including
past century, it have been being seriously destroyed blgenthic index of biotic integrity (B-IBI) (Butcheet al.,
various human activities including contaminant discharge2003; Daviset al., 2003; Wanggt al., 2005; Zhanget al.,
damming, solidifying riverside, destroying vegetation in2007) and ¢E index (O: the number of taxa collected at
the riparian zone and etc., resulting in deterioration ofhe test site; E: the number of taxa expected to occur). For
water environment, degradation of biological communitiesexample, there are RIVPACS (River Invertebrate Predic-
and riverbed atrophying. Therefore, the restoration antion and Classification System) (Wright al., 2000) and
maintenance of “healthy” river ecosystems have becom@USRIVAS (Australian River Assessment System) (Smith
important objective of river management (Norris andet al., 1999; Hartet al., 2001).
Thoms, 1999). However, because the river is a complex eco-system,
For the assessment of river health, the basis of riveusing single factor such as biologic index to assess river
management, using biologic index to assess river ecdiealth is not able to completely reflect a river regime.
system has become the mainstream method of studying thrarticularly, when assessing method only using one species
river health, because the physiological function, speciesuch as RIVPACS and AUSRIVAS and the species used

abundance, population density, and community construds not sensitive to the external disturbgree—Moereoverit
tion and function of aquatic life are impacted by all thehas been proved that IBI system may not be regarded
changes of water ecosystem. We can make judgments af the only factor impacting the river pnvironment (An
river health according to its biotic diversity and quantity et al., 2002). For example, being thqg living space of
through the bio-assay. Many species of aquatic lives sucimstream aquatic organisms, physical|habitat describes
the ecomorphological appearance of the river. If it'has
* Corresponding author. E-mail: mengwei@craes.org.cn more nature structure, it will gain more| ecological value
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(Maddock, 1999; Kampt al., 2004). Based on this kind of
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cognition, many integrated assessing index systems, suc| | St
as IBI (index of biotic integrity) (Karr, 1981), RCE (ripar- | . River
ian, channel environment inventory) (Petersen, 1992), ISC| - City TL6 LRI
(index of stream condition) (Lads@hal., 1999), RHP (the | /VCountry boundary A\ e TLI
river health programme) (Roux, 2000), were founded by Tmlm, L2
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In this study, 24 indices on water quality, biology and
physical habitat were analyzed using statistic methods to Fig.1 Map of Liao River and sampling sites.
set an integrated assessing index system of river health.
In these indices, water quality indices reflect the degreexygen demand (COg), permanganate index (CQR),
of river pollution and the stress onto water eco-systemfive-day biological oxygen demand (B@J) petroleum
Biological indices include hygienic indices reflecting the hydrocarbon, volatile phenols, sulfide, lead, mercury,
risk of human health, attached algae indices respondingadmium, total nitrogen (TN), total phosphorous (TP),
rapidly to short-term environment changes, and benthiammonia-nitrogen (Nkt-N), nitrate-nitrogen (N@ -N),
invertebrate providing more information of the environ-and nitrite-nitrogen (N@ -N). Physical parameters in-
ment change in specifically river reach habitat. At last,clude pH value, suspended solids (SS), and conductivity. In
the physical habitat quality index was used, of whichthese parameters, DO, pH and conductivity were measured
the alternation is one of five major factors from humanat field using portable instrument, and the remaining
activities (Karret al., 1986; Karr, 1991). In analyzing and were determined in laboratory according to Monitoring
assessing process for each index, we tried to answer thhd Analysis Methods for Water and Wastewater (SEPA,
three following questions. (1) What relationships occur2002). In order to discover the relationship between water
among the water quality, biology and physical habitat? (2juality and biotic parameters easily, the comprehensive
Is the individual index able to completely characterizeriv pollution index (CPI) was used in this study (Eq. (1)).
health? (3) Can we use multi-metric system to assess the

n
river health for Liao River Basin? L= &
Pj (1)
= Cs
1 Materials and methods where,Pj is the value of CPI gjtsite,Cji is the value of
parameter gtsite including BODR, volatile phenols, N3+
1.1 Study area and sampling sites N, TP, COLy, petroleum hydrocarbon, mercury, a@g is

the category Il value of parameter. The higher CPI, the
The Liao River Basin is located in the northeast of Chinamore serious water pollution is.

(38°43-4510N, 11630-12547'E), which is markedly Biotic parameters consist of three parts, hygienic pa-
influenced by temperate and warm temperate continentghmeters, attached algae and benthic of biotic integrity
climate (Fig. 1). There are two main rivers in Liao River index. Hygienic parameter only includes fecal coliform
Basin, the east one is the Daliao River, which estuary iaind total bacterial. The sample collection, preservation,
located at Yingkou City, and the other one is the Liao Rivergnd analysis are conducted following Monitoring and
which estuary is located at Panjin City. During April 23— Analysis Methods for Water and Wastewater.
30, 2005, samples were collected at 25 sites. Of them, eight Attached algae diversity index (Shannon-Weaver diver-
sampling sites including PJ2, SY1, PJ1, YK1, AS1, SY2sity index) and biomass index were used in this study based
TL6, and LR1, are located in the agricultural and urbaron the qualitative and quantitative determinations. Ireord
area, and the other 17 sites are located in the vegetatiap reflect water quality dierences among streams, single
area. For all sites, the conditions of physical habitathabitat sampling approach was used. The attached algae on
water quality, macroinvertebrate and attached algae wef@e natural substrates including cobble, silt and grava$ w

surveyed following dierent methods and standards. sampled three times for living observatipramndrestoration
1.2Water quality index, biotic index, and physical and preserved with 10_/0 Lugol’s solution|at field. The b|o—_
habitat index assay process was strictly followed the grocedures of rapid
bioassessment protocols (RBPs) of USA (Barbeiual .,
The water quality analyses include chemical and physi999).
ical analysis, consisting of twenty parameters. Chemical The collection of benthic invertebrdte samples ‘was
parameters include the dissolved oxygen (DO), chemicajuided by RBPs. According to the assembling method of
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IBI in USA (Barbouret al., 1996, 1999), twenty metrics weight value of thath assessing index. The index whose
were selected as the B-1BI candidate metrics. Based on thalue decreases as the increase of the human disturbance
analysis of the range of index value distribution, Pearsomvas conversed according to Eq. (3), and oppositely, the
correlation and judgment ability, six biological metrics other indices were divided by the value of water quality
are selected to establish B-IBI, which are total numbestandards of Il class (Eq.(4)).

of taxa, EPT taxa, three dominant taxa individual relative

abundance, intolerant taxa individual relative abundancesp = EHmax — EHact 3)
clingers individual relative abundance, and chironomidae EHmax — EHiy

taxa (Table 1). Total number of taxa, EPT taxa and EHoct

chironomidae taxa indicate community abundance, anéH = Ef, 4)

three dominant taxa individual relative abundance reflects

the proportion of individual amount, and intolerant taxaWhere, Ehhax is the maximum of the index; Bkt is the

individual relative abundance is the indicator of tolemanc actual value of the index; Biiis the category Ill value of

towards water pollution, and clingers individual relative the index. The weight value, \Ms determined by the PCA

abundance indicates the quality of micro habitat. method. In addition, cluster analysis (CA) was used to
In this study, the habitat assessment index system waaPtain the spatial distribution of water quality and phypsic

developed based on modified Barbour’s system (Barbouabitat quality, where the Ward's amalgamation method

et al., 1999) considering the characters of river ecosyster@nd squared Euclidean distances measure method were

in northern China. This system consists of ten parameteré',sed-

including substrate, habitat complexity, velocity-depth The statistic analyses in this study were conducted in

combination, bank stability, bank conservation, vegetati SPSS 13.0 system. The CA was executed in Statistica 6.0

cover, vegetation diversity, intensity of human actidtie System.

water cognition and riverside land use. Every parameter

was divided into four dferent levels as optimal (score 20— 2 Results and discussion

16), sub-optimal (15-11), marginal (10-6), and poor (5-1)

condition. The integrated habitat assessment index () wad1 Water quality condition

obtained as the sum of ten parameters scores. It is easy to identify the main pollutants, such as BQD

Tablel Six metrics score calculation by ratio scoring method C_ODMm CODx, NH_4+'N' TP, and petroleum. In some
sites, the water quality were even worse than the criteria of

Metric Score formula the poorest category V according to Surface Water Quality
Total number of taxa (A) A4 Norm (GB3838-2002) of China (Table 2), which can only
EPT taxa (B) o B6 be used for agriculture and landscape. Except GQEhe
Three dominant taxa individual (0.86/0.86-0.32)  highest values were almost at the same site (SY1), which
relative abundance (F) is | ted at the d t f sh Cit h il
Intolerant taxa individual F0.79 !S oca _e at the aownstream 0 enyang Lity, a eav_' y
relative abundance (H) industrial polluted area. Especially for DO value of SY1, it
Clingers individual relative abundance (G) /0A3 is so low (3.1mg.) that fish can not live in the water body.
Chironomidae taxa (1) /9 There is a little change on the concentrations of volatile

phenol, sulfide, Cd, Hg, and Pb, which are almost under the
category | standard, safe to aquatic life and human health.
By using CA method as only chemical index with
The principal component analysis (PCA) was employedtandardized data, all sites are grouped in three classes
in this study to discriminate the main water quality factorsat (Djink/Dmax)x100 < 55, where Djnk/Dmax represents
of river health regime. In order to interpret the principalthe quotient of the linkage distance for a particular case
components easily, the maximum variance rotation methodivided by the maximum distance (Fig. 2). SY1 is the
was used to discriminate the factors which have largeindependent class with the maximum on organic and troph-
load values. When the principal factors were selected, thie indices beyond the standards of category V compared
only factor would be determined in two factors which haveto the other sites. LR1, YK1, SY2, TL6, AS1, PJ1 and
high correlation based on the correlation analysis. ThnougPJ2 were grouped into the second class with the values
the steps above, we will determine some parameters tof organic and trophic pollution indices reaching to or
construct the river health index system. exceeding the category IV standard and they are all located
After river health index system established, each comat the mainstream of Liao River except TL6, where the
ponent value of index was calculated and accumulated tevater and soil loss is very serious. The other sites, mainly

1.3 Integrated assessment method

generate the river health assessment score (RH) accorditagated at tributaries of Liao River, aregroupecinto-the
to Eqg. (2). third class with relatively light pollution.
In order to select right parameters to fprm the integrated
assessing index system of river health, PICA and correlation
analysis were performed using raw datg. Before the PCA,
the Kaiser-Meyer-Olkin test and Bartleft's of Sphericity
where, EHlis the value of théth assessing inde)y; isthe  test were performed on the parameter|correlation” matrix

RH= ) (EH xW) ()

n

i=1
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Table2 Observation of chemical and hygienic indices at all sitesiad River Basin (mg.)
Site BOD; CODwn DO \olatile phenol NH*-N Sulfide TN TP Conductivity ((S/cm)
LR1 10.1 17.8 9.3 0.002 0.297 0.002 4.68 0.586 110
FS1 1 2.59 12.9 0.001 0.025 0.002 3.74 0.068 200
FS2 1 2.37 11.8 0.001 0.025 0.002 0.89 0.056 90
FS3 1 2.47 11.5 0.001 0.025 0.002 2.44 0.047 158
FS4 1 1.61 12.3 0.001 0.025 0.002 1.92 0.043 110
TL1 1 2 11.8 0.001 0.78 0.002 2.38 0.01 202
TL2 1 3 12.6 0.001 0.81 0.002 2.58 0.03 337
TL3 1 2.1 12.3 0.001 0.9 0.002 2.42 0.03 358
TL4 1 2.4 12 0.001 0.9 0.002 2.21 0.02 149
TL5 1 2.1 10.4 0.001 0.87 0.002 2.28 0.07 188
TL6 5 13.7 11.4 0.014 8.857 0.002 10.4 0.49 532
Syl 30 15.1 3.1 0.045 26.9 0.027 28.3 1.65 850
SY2 13 26.3 5.3 0.01 4.95 0.009 8.51 0.26 600
BX1 1.8 2.24 7.7 0.001 0.38 0.003 1.62 0.005 193
BX2 0.9 19 11.8 0.001 0.025 0.003 1.37 0.005 68
BX3 1.8 2.7 11.6 0.001 0.025 0.003 1.103 0.005 193
AS1 3.83 10.32 8.02 0.004 4.043 0.006 8.21 0.277 820
AS2 0.891 1.64 10.8 0.001 0.025 0.002 2.93 0.005 354
AS3 0.33 1.8 10.9 0.001 0.025 0.002 2.38 0.005 368
AS4 0.218 2.05 11 0.001 0.159 0.002 3.58 0.005 353
PJ1 9.28 13 5.49 0.007 6.513 0.042 7.8 0.291 740
PJ2 6.27 12 3.41 0.007 13.393 0.047 16.01 0.375 1073
YK1 4.33 12.8 7.03 0.001 17.128 0.002 19.37 0.14 6100
LY1 1 1.69 9.6 0.001 0.02 0.003 2.01 0.005 311
LY2 1 1.08 11.2 0.001 0.02 0.003 2.82 0.005 304
Mean 3.950 6.270 9.81 0.004 3.485 0.007 4.96 0.179 590.44
Site Cd Pb Hg COb Petroleum SS pH NON NO3-N
LR1 0.0005 0.005 0.00002 77.2 0.17 53 7.48 2.14 0.005
FS1 0.0005 0.005 0.00002 5 0.02 6 8.62 2.45 0.005
FS2 0.0005 0.005 0.00002 5 0.01 8 7.64 191 0.005
FS3 0.0005 0.005 0.00002 5 0.01 10 8.1 0.72 0.005
Fs4 0.0005 0.005 0.00002 5 0.01 4 7.62 1.78 0.005
TL1 0.0005 0.005 0.00002 5 0.02 45 8.12 1.71 0.018
TL2 0.0005 0.005 0.00002 12 0.02 48 7.81 1.74 0.011
TL3 0.0005 0.005 0.00002 5 0.03 54 7.93 151 0.012
TL4 0.0005 0.005 0.00002 5 0.005 61 7.89 0.05 0.01
TL5 0.0005 0.005 0.00002 17 0.01 50 7.7 1.79 0.007
TL6 0.0005 0.01 0.00002 47.67 0.627 65 8.01 0.25 0.04
Syl 0.0025 0.005 0.00002 124 0.86 246 8.18 0.63 0.107
SY2 0.0014 0.005 0.00002 108 0.05 89 8.55 0.26 0.031
BX1 0.0005 0.005 0.00002 10.93 0.005 2 8.13 0.843 0.013
BX2 0.0005 0.005 0.00002 9.51 0.005 2 7.53 1.71 0.004
BX3 0.0005 0.005 0.00002 14.1 0.005 2 7.98 1.48 0.013
AS1 0.0005 0.005 0.00018 44 0.683 156 7.98 1.33 0.18
AS2 0.0005 0.005 0.00002 5 0.01 23 7.58 2.48 0.019
AS3 0.0005 0.005 0.00002 5 0.01 31 7.7 3.03 0.031
AS4 0.0005 0.005 0.00002 12.1 0.01 25 8.3 2.89 0.034
PJ1 0.0005 0.005 0.00004 29.9 0.225 122.7 8.02 0.647 0.203
PJ2 0.0005 0.005 0.00004 33.87 0.405 133.7 7.99 0.86 0.18
YK1 0.0005 0.005 0.00002 44.33 0.07 558 7.19 0.39 0.06
LY1 0.0005 0.005 0.00002 5 0.02 27.2 7.02 1.25 0.012
LY2 0.0005 0.005 0.00002 5 0.03 39.2 7.05 1.76 0.007
Mean 0.00062 0.0052 0.000028 25.58 0.1328 74.43 7.84 1.42 0410.

to exam the validity of the PCA. The result of KMO test of suspended solid and toxic substance. Under the standard
is 0.541, indicating that PCA can be used for extractingloading value> 0.6), 15 parameters were selected as the
the important ones of water quality parameters. The PCAandidate parameters for integrated assessment of river

extracted three components with the cumulative 73.66% dfiealth.

variance (Table 3). The first rotated component includes Before the correlation analysis, there were only three

BODs, CODy,, DO, volatile phenol, NE*-N, TN, TP,

parameters, DO, pH and NON, passrg—tba—ngundi

Cd, COLx, and petroleum hydrocarbons with high load- distribution test. Therefore, the Spearman rank coriefati
ing values £ 0.6), indicating that organic, trophic and analysis was used, whereas the Pearspn correlation anal-
life-supported substance contribute most to water qualitysis was used among DO, pH and NGN. The results
change and these ten parameters are main restrictiraf correlation analysis show that ther¢ are high corre-
factors. The other principal components including conductations < 0.01) among organic pollytant parameters;
tivity, SS, Hg, NQ~-N, and sulfide, reflect the information trophic substance indices and suspended solid (Table 4).
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Fig. 2 Dendrogram showing the clustering of monitoring sites am th

water quality indices.

Table3 Rotated principal components and loading values of water
quality indices

Significant principal components

VF1 VF2 VF3
BODsg 0.973 0.150 0.060
CODwn, 0.649 0.300 0.240
DO -0.674 -0.528 -0.311
\olatile phenol 0.943 0.099 -0.029
NHz*-N 0.782 0.253 0.489
Sulfide 0.465 0.660 0.055
TN 0.783 0.290 0.485
TP 0.927 0.160 0.027
Conductivity 0.087 0.081 0.961
Cd 0.950 -0.063 -0.042
Pb 0.076 —-0.051 —-0.031
Hg -0.125 0.795 -0.020
COD¢, 0.872 0.146 0.145
Petroleum 0.633 0.534 0.023
SS 0.343 0.204 0.888
pH 0.325 0.224 —-0.488
NOs3~-N -0.367 -0.207 -0.361
NO,~-N 0.293 0.917 0.174
Variance (%) 41.931 16.328 15.404
Cumulative (%) 41.931 58.259 73.664

VF: Varimax factor

2.2 Biotic index

2.2.1 Hygienicindex

The fecal coliform count and total bacterial count were
used in hygienic assessment. The fecal coliform count
was an indicator of pollution of human and animal fecal
material, implying the pestiferous risk through drinking,
recreation or aquatic product consuming. Among data
measured in this study the maximum value >8.@°
coloniegL was found at site AS1, which was X4CP
times of the maximum allowable value (10 coloriigs
and 140 times as the standard value of category 1 (4
coloniegl), resulting in very high risk of pathogen in-
fection. This causes the mean fecal coliform count in
Liao River basin as high as 3@0* colonieglL. The sites
with high fecal coliform count include SY1 (3A&0°
coloniegl), AS3 (1.6<10* coloniegL), PJ1 (1.kx10*
coloniegl), and PJ2 (1.810" coloniegL), where a plenty
of untreated waste may be discharged. The Spearman rank
correlation coéficient between fecal coliform colony count
and total bacterial colony count is 0.66< 0.01). In order
to precisely indicate the degree of fecal pollution, fecal
coliform count was selected as one of the biotic indices
of integrated assessing index system because the living of
fecal coliform colony is limited in intestinal canal, whase
the total bacterial colony may have self-multiplication
under the some probable condition of water quality.

2.2.2 Attached algae index

At 25 sites, 178 attached algae species were collected in-
volving 5 phyla (Cyanophyta, Xanthophyta, Chlorophyta,
Bacillariophyta, and Euglenaphyta), 7 classes, 17 orders,
25 families and 53 generas. There are 122 species in
Bacillariophyta, which is the most in all phyla. We believe
there should be a direct relationship between attached
algae species and substance. At all sifehmanthes sp.
was mainly collected with cobble substance, while the
other species with silt and gravel substance aféedint,
such ag-ragilaria sp.,Navicula sp.,Euglena sp.,Synedra
sp. and so on.

Apparently, the water quality alsdfacts the distribution
of attached algae species (Table 5). In the water body with
higher value of CPI ¥ 10), the main dominant species
are Fragilaria sp., Navicula sp., Synedra sp., Euglena
sp.,Achmanthes sp.,Melosira sp., Navicula sp. and Coc-
coneis sp., whereas the dominant species is mostly simple,
Achmanthessp., in clean water body with lower CPI (Table
5). Particularly, there are three sites, LR1, TL1, and YK1,
obtaining no or little sample, where it was not able to
compute the diversity index and biomass. The values of

According to the principles of alternative between twodiversity index of attached algae are ranged from 25.0
high-correlative index and completely characterizing theo 73.9, and did not show the obvious correlation with
river health using the selected parameters, BADDD;,,
petroleum, TN, TP, N&"-N, DO and conductivity were algae shows the good correlation with if; detreasiTgwith
regarded as the water quality parameters for integratedeterioration of water quality (Fig. 3b). It pan be concldde

assessment of river health. Because of the low observirtpat the main pollution types are organic and trophic
values and un-obvious change, Hg and Cd, two heavpollution at serious polluting sites. The prganic substanc

metal pollutants, were not brought into the integrateccan restrain the photosynthesis of algge cell and impact

assessing index system.

CPI values (Fig. 3a). The biological density of attached

the nucleic acid composition and hergdity. The trophic
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Table4 Spearman correlation cfiieient of physical and chemical indices of water quality ind.River Basin

BODs CODwn DO \olatile phenol NH*-N Sulfide TN TP Conductivity
BODs 1.000
CODwin 0.839** 1.000
DO -0.602**  -0.434* 1.000
\olatile phenol 0.800** 0.751**  —-0.625** 1.000
NH3-N 0.671** 0.731* -0.476* 0.672** 1.000
Sulfide 0.546** 0.299 —0.637** 0.569** 0.261 1.000
TN 0.454* 0.511**  -0.418* 0.787** 0.485* 0.335 1.000
TP 0.775* 0.806**  -0.396* 0.784* 0.712* 0.187 0.599** 000
Conductivity 0.415* 0.408* —0.590** 0.553** 0.640** 0.402 0.595** 0.366 1.000
Cd 0.492* 0.448* —-0.452* 0.570* 0.399* 0.441* 0.432* 0.379 .360
Pb 0.207 0.255 0.057 0.393 0.259 -0.161 0.283 0.288 0.170
Hg 0.387 0.321 -0.438* 0.514** 0.412* 0.594** 0.442* 0.414* 0.477*
CODc¢, 0.774* 0.811**  —-0.671* 0.777* 0.722** 0.444* 0.503** ®B78** 0.488*
Petroleum 0.673** 0.589**  —-0.487* 0.774** 0.606** 0.353 THB3** 0.758** 0.713*
SS 0.608** 0.609**  —0.540** 0.670** 0.833* 0.266 0.592** 698** 0.736**
pH 0.260 0.424* -0.154 0.362 0.389 0.196 0.464* 0.255 0.258
NOsz™-N —0.647**  —0.544** 0.487% -0.481* -0.615** -0.437* -0.157 -0.387 -0.347
NO2~-N 0.432* 0.406* —0.660** 0.582** 0.666** 0.460* 0.509** 301 0.902**

Cd Pb Hg COR, Petroleum SS pH N -N NO>~-N
BODs
CODwn
DO
\olatile phenol
NHz*-N
Sulfide
TN
TP
Conductivity
Cd 1.000
Pb -0.061 1.000
Hg -0.110 -0.075 1.000
CODc¢y 0.492* 0.266 0.323 1.000
Petroleum 0.358 0.287 0.488* 0.585** 1.000
SS 0.371 0.170 0.462* 0.608** 0.805** 1.000
pH 0.407* 0.113 0.159 0.248 0.131 0.085 1.000
NO3-N -0.366 -0.311 -0.217 -0.417* -0.313 -0.507**  -0314 1.000
NO;-N 0.281 0.199 0.564** 0.537* 0.560** 0.658* 0.348 -0.386 1.000

* Correlation is significant at the 0.05 level (2-tailed); ¢drrelation is significant at the 0.01 level (2-taile@Pearson correlation.

substance is necessary for algae multiplication. These twindicators or pollution-tolerant species for moderated an
aspects both impact the multiplication of algae. From théheavy-polluted waterbody (Table 6). The mean percentage
observed data of water quality, at heavily polluted sitesof dominant species in all species, discovered in each
where the CPI values are more than 10, the values dfite, is 36.4%, and becomes bigger as the deteriorating
diversity index at TL6, AS1, PJ1, PJ2 are higher andof water quality condition. It suggests that there is an
the concentrations of BOPand COL, are lower than obvious degenerating trend for water eco-system under
that at SY1 and SY2. Therefore, it is believed that thethe external disturbance. At site LR1, no species was
serious organic pollution may be the main limiting factor discovered, thereby the percentage of dominant species is
for attached algae living. At last, we select the attachechull. The maximum of this index occurred at sites YK1 and
algae diversity index as one of the integrated assessingY1, where only one specieNdreis sp.) was discovered.
indices of river health because the biomass is reflected in In the assessment of benthic biotic integrity, the values
Shannon-Weaver diversity index. of B-IBI of all sites are ranged from 0 to 4.47 (meanis 2.81,
standard deviation is 1.40). Obviously, the B-IBI scores
decrease with the deterioration of water quality condition
Benthic invertebrate has a long life and limited moving(-|—ab|e 7, Fig. 4), proved by that there are significant
rang, including sensitive species and pollution toleraniyinys correlations between it and some physical-chemical
species, therefore, it can be used to monitor the long teMParameters, such as conductivity, SS, organic pollution

2.2.3Bicticintegrity

impact of organic pollutant discharge. At 25 sites, 130 benparameters and trophic substance pargmreters—and-signifi=

thic invertebrate species were collected involving 4 phylggnt plus correlation only occurred betwgen B-IBI and DO
(Arthropod, Annelida, Mollusca, Crustacean), 7 classesiTaple 7).

16 orders, 37 families and 92 genera, and the arthropod is Noticeably, there are three sites, LR], SY1, and YKL,
the main phyla. The species of chironomid and ephemerigjiven the zero mark indicating that nq or little benthic
are the main indicators for clean and light-polluted watefinyertebrate could be collected at sampling sites. Based
body, whereas leech, oligochaeta and nereis are the mag the survey data of three sites, we finfl that the GQRD
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Table5 Attached algae at all sites undeffdrent water quality conditions
Site Dominant species Dominant species (%) Diversity index  Biological density (ingcn?) CPI
LR1 Non Non 0 0 13.61
FS1 Navicula sp. 32.3 2.65 87837.84 1.67
FS2 Achmanthes sp. 32.4 2.63 120652.2 141
FS3 Achmanthes sp. 28.6 3 127826.1 1.36
FS4 Oscillatoria sp. 37.6 2.53 109302.3 1.34
TL1 Non Non 0 0 2.13
TL2 Achmanthes sp. 35.1 2.71 155033.6 2.61
TL3 Achmanthes sp. a7 2 135616.4 2.55
TL4 Synedra sp. 69.9 1.64 254347.8 2.00
TL5 Achmanthes sp. 43 2.54 890476.2 2.92
TL6 Fragilaria sp.,Navicula sp. 25.0 2.46 24827.59 30.48
Sy1 Euglena sp. 61.5 1.68 43333.33 75.25
SY2 Synedra sp. 73.9 1.56 234444 18.10
BX1 Achmanthes sp. 37.7 2.65 252221 1.90
BX2 Achmanthes sp. 73.3 1.26 177193 1.25
BX3 Achmanthes sp. 39.1 2.47 251908.4 1.71
AS1 Achmanthes sp. 35.2 3.2 59663.87 24.85
AS2 Achmanthes sp. 52.8 2.4 364469.9 1.12
AS3 Navicula sp.,Achmanthes sp. 29.5 2.28 650704.2 0.98
AS4 Cymbella sp. 58.7 2.03 707692.3 1.44
PJ1 Cocconeis sp. 31.6 2.47 24782.61 18.08
PJ2 Melosira sp.,Navicula sp. 27.3 2.41 11000 28.43
YK1 Non Non 0 0 22.93
LY1 Achmanthes sp. 41.9 2.44 100722 1.35
LY2 Achmanthes sp. 70.5 1.69 112000 1.55

CPI: comprehensive pollution index.

Table6 Dominant species of benthic invertebrate at all sites under

different water quality conditions gg a o
. 3

Site Dominant species Dominant B-1BI CPI é 2.5 o o

species (%) 220

z2 159 o °©

LR1 Non Non 0 13.61 4
FS1  Orthocladius sp. 19 4.47 1.67 510
FS2  Eukieferiella gracei 20 4.38 1.41 0.5
FS3 Tabanus sp. 31 3.49 1.36 Olo—Llo Lo - - ! - J
FS4 Diamesa sp. 20 4.23 1.34 0 10 20 30 40 50 60 70 80
TL1 Hydropsyche sp. 20 3.76 2.13 Comprehensive pollution index
TL2 Orthodladius sp. 30 2.87 2.61 & 10 -
TL3  Orthodladius sp. 24 3.33 2.55 5 olo b
TL4  Orthodladius sp. 25 3.15 2.00 A
TL5  Orthodladius sp. 21 3.68 2.92 o 7 b
TL6 Cryptochironomus digitatus 50 2.36 30.48 ; 6 O
Syl Limnodrilus udekemi 100 0 75.25 i
SY2  Lipinillasp. 60 106  18.10 2 Sr
BX1 Ephemeralineata 17 4.28 1.90 5 %o
BX2  SYympotthastia fulva 38 3.96 1.25 =35 o
BX3  Micropsectra sp. 24 3.59 1.71 g 2
AS1  Herpobodella sp. 75 1.57 24.85 2 1 @ o o
AS2  Epeorussp. 21 3.39 1.12 2 o olo ' '
AS3  Epeorussp. 22 2.82 0.98 0 20 40 60 80
AS4  Herpobodella sp. 23 3.32 1.44 Comprehensive pollution index
PJ1 Nereis sp. 91 1.16 18.08 . . . I . .
P32 Einfeldia dissidens 26 239 28.43 S:e?’;s?i)ty (Sbc;act):cearttdalgggzn;lg;reCPl and diversity index (a) and biolabic
YK1 Nereis sp. 100 0 22.93 '
LY1 Ephemerella sp. 16 3.29 1.35
LY2  Hydropsyche sp. 38 3.73 155 sub-optimal level. The water quality at these sites is bette

COD¢,, and BOD values are very high and even higher

than criteria of V class, the worst grade of water qualitysuCh as agricultural and @& activity is

as well. The sites with poor water quality are located at
mainstream of Liao River, where human activity intensity,

relatively high

standards according to GB3838-2002, which is the mai
reason resulting in zero B-IBI in these sites. Moreover,n

T e o ocaiet 2 ecimen, whieh seriusly s e
IeF;s disturbed by human activity, and meén value of huma}/]ertebrate. Theses impacts deteriorate t
y Y of benthic invertebrate, resulting to low B

activity intensity in physical habitat assessment is 10a%8 Besides the water chemistry conditior

r§3.38) and water body is heavily polluted. Especially at
LR1, serious water runfband soil erosipn result in the
igh concentration of SS and continuoys accumulation of

itat of benthic in
ne living caniti
-1B values.

s, the species-and
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invertebrate.

2.3 Physical habitat

w e
SEeeA N

The physical habitat assessment scores are ranged from
16 to 138 (the mean value is 96.6 and the standard
deviation is 33.83). There is no site with physical habitat
1k e] assessment score above 150, which is 75% of the full

score. Of the 25 surveyed sites, 60% of sites are with
00 102 30 20 30 60 70 g0 scores ab_ove 100.(Fig. 5). For each metric,. there are about
Comprehensive pollution index 60% of sites having sub-optimal and optimal levels on
substrate, habitat complexity, velocity-depth combiorati
and water cognition, suggesting that the natural condition

biomass of benthic invertebrate are also related to sutf2f water body is acceptable for maintaining water eco-
strates, water depth and flow velocity in the river. In orderSyStém at most of sites. But for metrics of bank stability,

to isolate the impact of water chemistry conditions, som@@nk conservation, vegetation cover, vegetation diversit
B-IBI values at those sites with relative clean conditionsNtensity of human activities, and riverside land use, more
(less than 2.0 for comprehensive pollution index) werdhan 75% sites are below sub-optimal level. At these sites

used as reference to assess the impact on benthic invéill €rosion occurred on more than 30% and vegetation

tebrate from river regime. During this study, no regulatoryCOVer is less than 50% of bank area. It suggests the
criteria are available as reference. Therefore, it is asgum Pank stability is not sfiicient and exceeding amount of

that only water chemistry conditions impact the living andSuspended solid is generated. The vegetation diversity,
reproduction of benthic invertebrate in study area. intensity of human activities, and riverside land use are
At the same time, the correlation analysis was conductthree main metrics related to human activities. The metric
ed between B-IBI and physical habitat quality assessin&f intensity of human activities indicates that 84% of
score. The Pearson correlation fiagent is 0.900 at 0.01 Sites are sfiered from intensive disturbance from human,
significant levels, indicating that the river regime changeMainly agricultural activities. Thus, the type of vegenati

impacts the community structure and abundance of benthie 1€ss diversified farm crop. This is also reflected on
riverside land use metric.

B-IBI
8

Fig. 4 Scatter diagram for B-IBl and comprehensive pollution inde

Table7 Spearman correlation cfigient between B-1BI and In order to understand the relationship between the
physical-chemical parameters physical habitat and water quality, the correlation arialys
ltem Codficient ltem Coficient  Was p_erformed using ten p_arameters of physical hablt_at
— and eighteen of water quality parameters (Table 8). It is
BODs —0.595 Conductivity -0.684 showed that six parameters of physical habitat, such as sub-
CODwn —0.671** Cd -0.411* : . : .
DO 0.698+2 Pb 0170 strate, habitat complexity, bank conservation, vegatatio
\olatile phenol —0.693** Hg -0.342 cover, intensity of human activities and water cognition,
NHz-N —0.668* Petroleum -0.683*  correlate well to most of water quality parameters, and
mﬁde _‘(?525;* pSHS a%fg“ thus impact the water quality predominately. The other
s _0.572% NQ-N 0.4012 parameters of physical habitat are subdominant because
CODcr —0.715%* NO-N —0.648* there are only several water quality parameters corrgjatin
* Correlation is significant at the 0.05 level (2-tailed); ¢brrelation is to them significantly. Therefore* except heavy_ m_eFaI and
significant at the 0.01 level (2-tailecd;Pearson correlation. pH, almost all water quality parameters are significantly

Physical habitat assessment score

— = N N T —~ N N T N O —~ N —~ N 6~ N N —~ N — —~

¢ NN N N N 3 d d 4 Jd nn N v N n s

._ll-‘-l-‘-l-‘-H-[—'HHH[—'[—';;§§§<<<<°‘&‘§S:
Site

Fig.5 Histogram of physical habitat assessment score.
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Table8 Spearman correlation cfiieient between physical habitat parameters and physieathicial parameters
Substrate Habitat Velocity-depth Bank Bank
complexity combination stability conservation

BODs —0.699** —0.518** —0.063 -0.229 —0.413*
CODwn —-0.660** —-0.470* —-0.100 -0.318 —0.455*
DO 0.744*2 0.769*+ 0.356 0.4094 0.636**2
\olatile phenol —0.745** —0.724** -0.317 —0.510** —-0.452*
NH4*-N —0.607** —0.596** 0.056 —0.448* —0.572**
Sulfide -0.378 —-0.345 -0.247 —-0.086 —0.477*
TN —0.714** —0.877** —0.243 —0.466* —0.486*
TP —0.660** —0.581** -0.014 —0.443* —0.280
CODc —0.704** —0.621** -0.194 -0.358 —0.603**
Conductivity —0.594** —0.779** -0.326 -0.393 —0.581**
Cd —0.474* —0.474* -0.481* —0.457* -0.350
Pb -0.257 —-0.185 -0.014 —-0.103 0.159
Hg -0.376 —-0.409* —-0.004 —-0.203 —0.438*
Petroleum —0.668** —0.798** -0.226 —0.427* -0.310
SS —0.696** —0.792** -0.189 —0.583** —0.597**
pH -0.178 -0.11% -0.046 -0.02% -0.062
NO3-N 0.4964 0.346 -0.02% 0.198 0.274
NO3-N —0.607** —0.712** -0.282 —0.363 —0.663**

Vegetation Vegetation Intensity of Water Riverside

cover diversity human activities cognition land use
BODs —0.648** -0.178 -0.618** —0.643 ** -0.357
CODwin —0.729** —-0.262 —0.599** —0.564** -0.335
DO 0.477* 0.518*# 0.795* 0.708* 0.563**
\olatile phenol —0.573** -0.322 —0.722** —0.689** —0.459*
NH4*-N —0.755** —0.450* —0.563** —0.512** —-0.470*
Sulfide -0.334 —0.290 —0.598** —0.554** -0.297
TN —0.547** —0.483* —0.627** —0.634** —-0.500*
TP —0.658** -0.220 —0.403* —0.554** —0.404*
CODc —0.585** -0.374 -0.776** —0.714** —0.504*
Conductivity —0.514** —-0.446* —0.642** —0.577** -0.331
Cd —0.422* —0.426* —0.479* —0.402* —0.486*
Pb 0.031 0.043 -0.158 —-0.088 0.058
Hg —0.458* -0.161 —0.399* —0.500* -0.164
Petroleum —0.425* -0.274 —0.531** —0.661** —0.425*
SS —0.673** —0.575** —0.578** —0.559** —0.568**
pH —0.368 -0.02% -0.16% -0.134 0.052
NO3-N 0.551** 0.410% 0.489% 0.308 0.377
NO;-N —0.530** —0.435* —0.699** —0.569** —-0.294
* Correlation is significant at the 0.05 level (2-tailed); édrrelation is significant at the 0.01 level (2-tailediPearson correlation.
correlated to the above-mentioned key parameters of phys- Table9 Integrated assessing index system of river health
ical habitat and can be impacted by them easily. Index type Assessing index Weight value

2.4 Integrated assessment of river health Physical and chemical index

. . L . . Organic pollution BOR 0.092
According to the analysis of water quality index, biotic CODgr 0.087
index and physical habitat quality index, 12 assessing ‘ Petroleum 0.090
indices, nearly completely describing the charactersef th Trophic substance TFTN 0%3396
river, were assigned to assess the Liao River health. Using NHz*-N 0.087
the principal components analysis method, each index was_iving metric DO 0.074
attached to dferent weight value from 0.060 to 0.096 Water physics Conductivity 0.068
(Table 9). It was indicated that the contribution of water Biotic index _
lity and physical habitat quality indices to river hbalt  2emes Fecal coliform count 0060
quality phy - _q ) Yy Attached algae Attached algae diversity 0.071
are more than that of biotic indices except B-IBI. Benthic invertebrate B-1BI 0.090

For setting assessing standards, the same method fBysical habitat quality index
generating the integrated assessment score was used basgfysical habitat quality
. . or aquatic life
on five levels, where the B in Eqgs. (2) and (3) was

Physical habitat quality 0.092
evaluation index

replaced by the values of the standards of category |, I,

I, or V standards for each parameter. The less score, th@orized in sub-sick and sick levels. It is pecessary to point
higher level gotten (Table 10). Finally, there were 9 sitesPut that because of very large fecal cgliform count, the
categorized in healthy and sub-healthy levels, accountingssessing scores of the sites, SY1 (32.9f7) and AS1 (37.72),
for 36% of all sites. Only eight sites, 32% of all sites, whichare very high and are 7.4 and 8.5 times, fespectively, as.the
almost locate on the mainstream of Liao River, were catestandard of sick level threatening human health (Fig. 6)-
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Fig. 6 Histogram of integrated assessment score of river health.

Table 10 Integrated assessing standard and result of river health of Water Pollution Control and Treatment “Technique

Quality Standard  Number  Site of Watershed Aquatic Ecological Function Zoning and
of sites Quality Target Management” (No. 2008Z2X07526) and
Healthy <050 1 FS2 the_Sp_eciaI Project of Centra_l Pu_blic-interes_t Scientific
Sub-healthy 0.50-0.70 8 FS4, BX2, FS3, LY1, Institution Basal Research “Estimation of Margin of Safety
BX3, BX1, TL4, AS2 (MOS) of TMDL Based on Uncertainty Analysis” (No.

Fair 0.70-1 8 FS1,LY2, ASS, TL1, 2007KYYW32). The authors would like to thank Prof.

TL3, TL2, AS4, TL5 o . o )
Sub-sick 1-3.64 2 LR1, PJ1 Shili Liu for his help and valuable advice in preparation

Sick >3.64 6 SY2, YK1, TL6, PJ2, SY1, As1 Of this article.
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