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Abstract

A significant amount of various wastewaters including domestic and
industrial wastewaters was Increasingly discharged into the environmental
since 1980s in South Korea which experienced a rapid population growth
and a fast industrialization and urbanization, causing a serious ecological
perturbation and destruction in aquatic ecosystems. Physico—chemical
parameters have been conventionally used to monitor water quality, and
then biological indicators were introduced to monitor water qualities in the
late 1970s for streams, lakes and other water bodies (Wang, 2001). One of
the major limitations in management of water quality in the field is that the
management is performed based on maximum allowable concentration levels
for control parameters, and a number of biological indicators which reflect a
limited information of biological influences caused by the pollution.

Physico-chemical monitoring of aquatic environments is effective in
providing a rapid and specific information for water quality management but
it has a significant limitation in demonstrating an overall status of an
aquatic ecosystem affected by the exposure of biological communities to the
various pollutants. Therefore, it will be necessary to develop an intergrative
water quality index which makes possible a comprehensive analysis of
water quality based on an understanding of ecosystem function on spatial
and temporal scales.

The purpose of this study was to develop an integrative water quality
index for the management of stream ecosystems. In order to effectively
evaluate the water quality for the ecosystems, it will be necessary to
combine physicochemical parameters and biological parameters
complementarily, which may comprehensively represent the quality of the
ecosystem. This study, therefore, focused on development of an integrative
water quality index that took into account the community structures of
producers  (algae), consumers (macro-invertebrates) and degraders

(microorganisms) and their environmental factors as the ecosystem
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components.

Data for the biological and environmental parameters were periodically
collected from 21 sites in the five different pollution sources (domestic
sewage, farming, livestock, industry and restoration sites). The biological
parameters included population densities of algae, macroinvertebrates and
microorganisms, and the environmental parameters were atmospheric
temperature, water temperature, pH, conductivity, DO, BOD, turbidity, water
depth, flow rate, COD, TOC, T-P, T-N and NOs; -N. The microbial
community analysis was performed by PCR-DGGE (denaturing gradient gel
electrophoresis) of amplified 16S rDNA fragments. Total data collected were
3,289 (13 items x 253 sites) for the environmental parameters, 21,505 (85
family x 253 sites) for macro-invertebrates, 29,095 (115 species x 253 sites)
for microorganisms and 15,180 (60 species x 253 sites) for algae.

All the environmental and biological parameters were first processed
through SOM analysis to pattern the complex ecological data sets. SOM
patterning of sampling sites using macroinvertebrate densities as an input
showed generally a good correlation between the site pollution status and
their relevant species while there was little correlation in case of
microorganisms and algae. In fact, the macroinvertebrate community was
clustered according to the pollution gradient while microbial and algal
communities appeared to cluster on a seasonal basis.

The SOM analysis was also performed for the representative indices
calculated from these taxa data. This procedure was necessary to obtain an
essential data useful for development of the integrative water quality index.
The correlations between macroinvertebrate and algal communities were
significant to a certain level while the microbial community showed little
correlations with the other taxa. The correlation analyses between
environmental parameters and the three taxa indicated that each taxon
reflected the water quality independently. Microbial index has been barely
developed and the microbial populations showed little correlations with the

environmental parameters in this study, which made difficult the
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development of the index.

To circumvent this problem, an attempt has been made to develop a
microbial water quality index that could represent the environmental status.
For development of the index, microbial populations which could well
represent the environmental status were first selected and characterized
based upon multi-variate analysis (factor analysis) and the probability model
of the microbial communities. This trial, however, was not successful
because of non-linear responses of the microbial populations to the
environmental parameters.

The factor analysis made it possible to extract a common factor out of
the high-dimensional environment variables (parameters) that could well
represent a pollution status of the environment. The data for the common
factor were essentially classified into clean site (w;) and relatively polluted
site (w,), leading to a better elucidation of relationships between the
common factor and the environmental parameters. Emergence patterns for
the microbial populations were analyzed based on the probabilistic model
derived from the microbial densities for each site. The microbial index for
the water quality was developed by utilizing characters and emergence
pattern of each microbial population. A water quality index based on
macroinvertebrate community data was also developed in the same way.
Each index  developed from microbial and macroinvertebrate community
data was evaluated against the measured environmental data to see if they
could reflect the environmental parameters well. The evaluation results for
the microbial and macroinvertebrate indices generally showed a good
predictability for the water quality. However, their prediction capability
becomes lower in the highly polluted area (e, industrial pollution sites)
and the mid-level pollution (BOD, 1465 ~ 35.08 mg/L ) sites. By the way,
the microbial index was able to better predict the water quality in the
extremely polluted (BOD, 4466 ~ 76 mg/L) environment than the
macroinvertebrate index. This 1s mainly because most of the microbial

population data were collected from the clean sites and the highly polluted
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sites, and hence the data were less representative of mid-level pollution
sites, and had more missing values than the data of environmental
parameters and the other taxa. To avoid this kind of bias, it will be
necessary to collect data from more diverse sites of different levels of
pollution and to secure more diversified microbial populations that could
represent the environmental pollution status more extensively. Furthermore,
the macroinvertebrates cannot be a good indicator for the extremely polluted
sites and oligotrophic sites since they could not survive at these sites.

The developed macroinvertebrate index was also compared with the
indices of BMWP for macroinvertebrates to test and evaluate the efficacy of
the index. It was shown that the site evaluation results based upon the
indices developed in this study were similar to those based upon BMWP. It
was concluded that the integrative index developed in this study was able
to predict the water quality in the polluted streams when compared with the
conventional BMWP index of macroinvertebrates used to monitor the water

quality of the stream ecosystems.
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U= (TD), EPT TH%(EPT-R), EPT ¥ X(EPT-D), BMWP #]<((biological
monitoring working party: BMWP), tt % E2]4(H) T, &2/ 4¢ F
FRT(SR), 94U+ E=AF(H), =L =(TD) % DAIpo(diatom assemblage index
of organic water pollution) 5 t% e A FE0o] 7L A,
2

AU AAY HEEAFEE T
=

P

BMWP(biological monitoring

working party)E, A2kl F 3L DAIpo(diatom assemblage index
of organic water pollution)s < 3 o dd W& EF+Y =4 5 H7}
7F o] FolA A k. 2y HAdEY] Ay vAER SA4Y #AE AFA
ox duxd & de AF7F Ayt =23 dIFHFEE L 27 59 A
EARE o8 FHAYVMYHE 2d ARE Hds T Aol dov dA
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ststx A7 WPHLS 318 FEAAFE oLt WHoezR dAZA
7bg s o] g Tk, dwrAH o A &I v 3 FEARE
pH, 7] A % % (conductivity), & &4FA (dissolved oxygen: DO), AAHA A4

(nitrate-N), ortho-phosphates, 3}3t4 42 8 -2 (chemical oxygen demand:
COD), A 3}sF2 22 2 7 #F (biochemical oxygen demand: BOD) % pesticides
So] 9tk 1 9o X & (temperature), &= F-+% 4 (total suspended
solids: TSS) % H%=(turbidity) ¥ #<& &d4 ad%= FHAH7TE 94

T .
ol &= dvk. FA/A AEd A FAEHE BHS A 2L =49, I

A
X FAXREY FAHANE =2 o8t dAdYEXEI F= ,
1965 Horton's index& AlZ o2 AR E SAHANES g5 42 HA

3t A A= (WQIL: water quality index)E©] 7

WQI= v¥d 49 sd& dastr] 93 FZ+3 wyHoz 19704
Brown, McClelland, Deininger 2 Tozer 5ol &3] AAFH AT o] AF+= 1
= =17} 9] A 5 (national sanitation foundation: NSF)ol o]& =)= 9l7] &
of NSF-WQIZ %A 2tk NSF-WQI= " =9 FdHdE7 A9
AL ZFstd FHAJA AGdS HAsstH i A =5t (Brown, et al,
1970). NSF-WQI= &%, pH, DO, &%, WA %
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turbidity, Phenols, FC, Chromaticity ¥ Hardness &5 117] @&l o] 7}5 %
= A g3 WQIES A A5 L (Deiniger, et al, 1971), =Wl = pH, DO,
BOD, SS % Tt & 5/ dFe g FHe Foto] FEFE Lo
st 2dEE H7FstE KOE-WQI(Korea Office of Environment Water
Quality Index) %5 o] W= A (7 K, 1989).
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pollution) % °] At} Biological integrity 7Hd-2 1981\d v|= A Ao 7]&
steta AR Y] G S By As of/E ol &% FAYd HEAE
=dHE A IBI= A 2=® 9 biological integrity® A %t H7halz] e AN
5] ol ok (Karr, 1981, 1991). IBIE= o] F 9 %% % % (species richness)®t T4
(composition), A ZFo FFHE MATF, &

function, 2t&& 5, AA AH, AFE EFT, FF(hybrids), ¢ % (invasive
species) & XT3 E 12 metricE: BT ozAN AHAZS Hrsch. IBI
scoret™ 12 metric scores? o= YEIUH I BHHE 60(FS) ~ 12(448)
2 YeEH T (Simon and Lyons, 1995). @A IBI& &3 =Wz AF7F &b
3] Yol o3 =4 ¥ F 2 F5 & (macroinvertebrates)? =+ (algae)
E AEARERE ol&sto IBIE H7F 2 A7 A H a9 (Weigel, et
al., 2002; Klemm, et al., 2003).
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Ao s H7leke Ax2ZAM vl§ fFeetttal B aEAv (Hynes
Coleman, 1968; Hellawell, 1986; Resh and Rosenberg, 1984). ©o] Wi
Y FHF5E F(family)vlet LA dig WAool =2 ZS Vet =
A2 Hrtete Wy oR, stFdold e Ay A2 FAV BA
= 2S5 yeEl A A S (tolerance score)E 108 Holdit}, 713 G
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N3] BF5s T dYe oy 3% LdE Ao IFE AL FUEHUA
T AEUAY S st oAy A EAE] TASA HAn. o]
g Al AR ofyet A AFA A Loy Axbe] A= o
S "X A ok (Cairns 1997, Daily 1997). 1980 T Hto] & 2 3748 s}
1 SAste A2 AuHA A= w3 AR s AFod dAde T
A A = A v} (Schaeffer et al., 1988; Costonza et al 1992).

TAAOR T A dAE #g H HUbe i Ao =EEe

o

A% dor Adfer 0% A4E B4 A4% & A gEAd AX
A5 g Eoel AN YTHKu et al, 2000). 4 AuA Azl HEs %

0] = 3T A 0]

A WEAYA AAAEo] AXFEA=, 15l Hannonel 93] ZF A%<
AE A AAEEo] A etE At (gross ecosystem product(GEP); Hannon, 1985).
= Rapport et al.(1985)°] ¢]& index of biotic integrity(IBI)7} = OPE]‘”E}.
T3k Jorgensen(1995)0] 2]sfA dHsta sldo Ao oA X (Exergy)$t H 9
A A] (structure exergy)7F F2 AZE EY3HA H AT

Xu(2005)= 30709 ol&eof Tgo sl AeA A= HrF U
(ecosystem health index methodology; EHIM)S % &3to] S AefA A%
TE SASAT. ole 72 T E Ax =0 VHAE vYdd =1Y A
Al A&st7] oL FAHESE FHSH7] fT WdoRE A Y
al., 2001). EHIM A% 0~100 7}A] A4 HAE A3
of AFAE7F HAolH A& 1002 AA=7 M L& HHE
EHIMS A ZstA 2d¥d olgdgole s Aegdom AEadc= o
29 A A 25 & = phytoplankton(BA)2} zooplankton(BZ)® BZ/BA2] H] &
S %3 715 A9 (Rast and Holland, 1988).

|4 x]oF vl AdSE AL A7 sl A= DA HL v o

MA L st 3 Al2g Stol A dG8tA FIPAUNERE AYE SAHsHL
ofo] WE AEAY HAHATHE SAHATT. Yoyl FAEA FHA=EZFES
|3 AMAH = F FHY AT AP HIMekA Au v A A=
49 BEF T A FS Doty AEA Wl 229 F

o
Y H
oy T vdd FE2 H7tE F otk Jorgensen T& HEe AE A

=]

[



AFAR TS st7] fsted E5AFHY sASASHAE AEE ol &sto 9

A A A x| H] (exergy ratio), H] A X](structure exergy)=

(Jorgensen 1995). oA x|, A H] Bl S AL ARsS G54 o
Al EF A A A Costanza(1992)7F Algtst A A4 AZES

A wgfsm CE EF BTUA @%b B39 exergy: ZFF Fulol

et Stete A4S BoFa 9o Costanzaol o8] Aolw &2 A (vigor)
3} %Xé*é(stability)ol = dewn. 29y AEAETIAES FEAET
AES AAH = EFFAHE YU, 2R/FE7F sokdd we
Hl A 2] gho] vt S YEFH T, mebA /7 dA T webA A H
Aol Fordgdo] wropAlar F3hel #& ol FAHA Yo YA Fx7F
skl XS Rt S5 ool Al ARV AEA AFAER o] & Ve
& oz ek )

_10_



221 =9 =d%7 4%

F48 A%HE FA0del W@ AR £33 B 2 ol WE A
wggos £87 BA4g0 B0 o] FoiAm duk NEe] 87 FAA
S FEER dHHE £3 AU 29 Betes] % QRowA o
4 BUEHYE olgs $TH(US EPA 1991). et} 4 olshe sietd o
Uk ojuel f= WA % 4% wE, 2AH, A TE WA S o
27 £ WEe, d% BEH FARoRt FA DUHYE o &
b e Aw Aust 28990 AN BEY R £A Hshe) A
%% TAFol Srh(US. EPA 1985). o 8@ @& mestr] flsin el @

oZ

Bl AW oA trophic
composition® 2 FFHE = ofF, ¥ F 3 F& = (macroinvertebrate) 2 =
W
=]

(alge/periphyton) & A& A x=E o]&3 H7/FHSE =3t Ao, =3

ARANE A9 FAE AT AERA 57
==
=

)

42 Al Al e (sustainable ecosystem management)?] 7] %7} 2 F 9=
dord BAARE NES e AHFdR AT+ fFHoA @us] IPH
ol =1d, EURO project?] st} =4 PAEQUAN (predicting aquatic ecosystem
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Table 2.1. Environmental regulation criteria for water quality of the

streams in South Korea (Ministry of Environment, 2006).

Standards
Grad Coliform
rade
oH BOD S5 DO (cells/100me)
(mg/ ¢ ) (mg/ 2 ) (mg/ 2) Total Fecal
Coliforms | Coliform
Ia 6.5~8.5 <1 < 25 > 75 < 50 < 10
Ib 6.5~8.5 <2 < 25 > 5.0 < 500 < 100
1I 6.5~8.5 <3 < 25 > 5.0 < 1,000 < 200
III 6.5~85 <5 < 25 > 5.0 < 5,000 < 1,000
Daily life
environment| 60~85 | - <8 <100 | > 20 - -
No
v 6.0+85+¢ <10 | foating Y o, - -
solid
wastes
VI = > 10 - < 20 - -
- Cd: <€ 0.005
- As: < 0.05
- CN: Should not be detected (maximum detection limit 0.01)
- Hg: Should not be detected (maximum detection limit 0.001)
- Organophosphorus: Should not be detected
(maximum detection limit 0.0005)
- PCB: Should not be detected (maximum detection limit 0.0005)
- Pb: < 0.05
Protection | For the |_ 5 < 05
of human overall o )
health streams | Anionic ABS: < 0.5
- Carbon tetrachloride: < 0.004
- 1,2-Dichloroethane: < 0.03
- Tetrachloroethylene: < 0.04
- Dichloromethane: < 0.02
- Benzene: < 0.01
- Chloroform: < 0.08
- Diethylhexylphthalate: < 0.008
- Antimony: < 0.02
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Table 2.2. Biological characteristics across the levels of water quality in
South Korea (Ministry of Environment, 2006).

Biological indicators

Water Habitats and biological
ualit . . characteristics
d Y Macroinvertebrate Fish
Gammaridae,
Astacidae,
Drunella aculea, Oncorfynchus masou | Very clean water, Fast
Very good| Cincticostella castanea, Ishikawar, FPhoxinus flow rate
~ kamimuria, Kumgangensis, - Major benthic substrates:
Good Lhvacophila Kua, LDrachyvmystax lenok, rocks and gravels
Glossosma A lUa, Phoxinus oxycephalils, | _ Very little attached algae
Limnephilidae,
Pstlotreta kisoensis lwata
Semisulcospira libertina,
Glossiphonia complanata,
Lhoenanthils corearnits, Coreoleuciscs - Clean water, a little fast or
Good LEphemera orientalls, splendidus, Zacco moderate flow rate
~ uracanthella rufa lmanishi,| termmincki, - Major benthic substrates:
Moderate Caenis AlUa , Plecoglossus altivelis, rocks and gravels
Psephenidae, Siniperca scherzeri ~ A little attached algae
Macronema radiatum,
Meclachlan
o . Zacco platvpus, - A little turbid water, a
adix auricularia coreana, o :
Moderate . Opsariichthys little slow flow rate
Arhynchobdellidae ) ) ) ) )
- ) ) ) uncirostris amurensts, |- Major benthic substrates:
Hesperocorixa distanti, . .
Worse ) Pseudogobio esocinus, | small gravels and sands
Orthetrum albistyvium
Pseudorasbora parva | _ Many green attached algae
- Very turbid water, slow
Physa (Physella) acuta, flow rate
o Carassius auratus, ) )
Worse | Tubificidae ) ] - Major benthic substrates:
. . Cyvprinus carpio, ] )
~ Chironominae, ] ) ) sands and silts mostly with
. . Misgurnus mizolepis,
Worst | Zinearia alternata, black color

Eristalis tenax

Stlurus asotus

- Many attached algae with

brown or gray color
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=% 2 W sA@A0] ol AAE w glon AgRdow s oo
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LT 9 B 1982 1 F, 1986). 53 90T FRE EHEE L F
o AE A BN Be AP AAAATGN F, 1996 & 5, 1998). 1
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A4H] fou}, 1 /5L ANAoz FuFadr AE: 195040 B
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biomanipulation& &7 9.9o] 7ol eldte]l Au A A o] 4A (R
o2 WkSst= AJE A tlAF(metabolism)9] W2l A T A=A &4 s
AE A AA ] BAAA A A =

4 g we 40l g A Y
du gAl #Rwe @gAAt gABAMA G Qs F AT
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o all

ZAAAL B g AR ger F 5/ Ag(eaddel wE ), 21349
ZAA A& A A8 H(Fig. 3.1, Table 3.1). AF7]7HE 2002 1€ 5 H 2004
W 174 Duk, Ddk, Dkh Dks, Dag & 571 *] &l tjs] €= (1970€), 2003
395 H 2004 12€ 714 ReK, ReA, ReT, OCU, ONS, DUK, FaC, FaA, LiT,
LiK, InJ, HJD & 1270 Aol il A-E(7A4), 2005d 2975 20073 44
7F4] DUK, DDK, DKS, DAG, OCU, ONS, SSI, HJD & 871 A &2 A-dd
10AE)2 ZALS FPs . =34 d5d Aagyhd F= F42999 F$ 13
FAYGE x 2653 AHF, WIFHF5E 8 family x 253 A HF, %=
A

‘[Er
species x 253 A "4, "] AE 115 species x 253 A A ¢ HeE 71A .
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Da.l_;c!imrv' n Stream

Hakjang Streain

Fig. 3.1. Map of the sampling sites for this study.
(refer to Table 3.1 for the details)
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Table 3.1. Sampling sites for this study.

Sampling period

Pollution source

Stream sites

Jan.

(19

2002 ~ Jan.

months)

Reference

(pristine)

Duk (Daechon stream up)

2004

Domestic sewage

Ddk (Daechon Stream mid)
Dks (Daechon Stream down)
Dkh (Daechon Stream down)

Restoration stream

Dag (Daechon Stream down)

Mar. 2003 ~ Dec. 2004

(7 seasons)

Reference

(pristine)

ReA (Ilkwang up)
ReT (Toham up)
ReK (Kumkok Stream up)
OCU (Onchon Stream up)

Domestic sewage

DDK (Daechon Stream mid)
ONS (Onchon Stream mid)

FaC (Chulma mid)

Feb. 2005 ~ Apr. 2007

(10 seasons)

Farming .
FaA (Ilkwang mid)
- LiT (Toham up)
Livestock . .
LiK (Kumkok Stream mid)
HJD (Hakjang Stream down)
Industry
In] (Jooksung down)
Reference DUK (Daechon Stream up)
(pristine) OCU (Onchon Stream up)

Domestic sewage

DDK (Daechon Stream mid)
DKS (Daechon Stream down)
ONS (Onchon Stream mid)

Restoration stream

DAG (Daechon Stream down)

Industry

HJD (Hakjang Stream down)
SSI (Sasang Stream down)
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312 W& A o 5eta 37 el

ZALe} Walste] 7 AP AC A 7], 4=, pH, conductivity, DO,
BOD, %, 44, %, COD, TOC T-P, T-N % NOs -N & 7]&%¢l o]g}
st4 gEEd Ui 2AE FdE I, 71, 2, pH, A XX (conductivity)
4 DOE FxW 3 20cm HE F5(water colim)E WAooz A7|4 =AY
(Harris Environmental Test Center, Philip Harris Ltd.) o2 ZA}stA Y. =
= spectro-photometric methods(LaMotte Inc, 2020)2 AF&3&a, <7
(Model 2100-STDX)& Ab&sto &5 SAAH. t¥ 74 =2 Cummins$
Lauff (1969)el @} 10cm o] ol A F-E 0.0626mm7FA] 129 A& A7 &2 v
o] ZAFstSith BOD, g%, 4, &2 33 vb& SA 54

ZARA A A RRFE F7IEHY TR
TOC, DOC <& =4stdtt. BODe 4%+ A& 5 97t wi¢ ¥ Standard
Methods(APHA, 1985)0] wa} #A38 93, CODe =48 Standard Methods
(APHA, 1985)° 2] 3}o] Closed Reflux, titrimetric method® #213}%t}. TOC
o DOCHLE A&/HEAE Ao 7F2 49 7|25 & TOC-5000% °©] &
skl 5435193 DOC+= A5 & GFC filter2 o dsk & F431%

F-7199 9k F 9 Total phosphous(T-P), Nitrate (NO3 )&= 2z ZAFA] # ol A
H+E  AFHEo]  standard colorimetric techniques®] uwg} EA1E a1
(APAH, 1985), total nitrogen(T-N) Z@ FFAAE o] &3l vjwdo u}
2} =kl
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LA EA 2

10 cm, 4o] 15 em)E o] g3t 3 ~

i)
N
>
>
Ll
do
:oé
L
rlr
@
@]
=
(@}
=
2
)
N
™

AFE A P FHFF 22 formalin 7% LAGAIA AP HA
73 (Olympus SZHI10) stoll &R (EFF)stidvh. dubdel FA2F 2 A=
TH T +(1995)3 Brigham 5(1982), Merritt®} Cummins(1996), Pennak(1978),
Brinkhurst(1986) & wgkt},

8 o
Lugol’s iodine €A (5-7%)02 1A ste] AFA=Z Luksly 15, 4%
A9 T4, ¥7c 58 ASZHYH 25 A4ste F8dn 7% (Nikon,
10008] ©]3}) &tollA] AAstH o, EFAAE Hirose er @/ (1977)3 Hustedt

(1930) 0l w}gkt},
NaE A% FHsl Sedwick-Rafter(S-R) chamber ol ¥ 7AW 2=t
22 ge & 3338y n 7 (Axioplan, Zeiss, Germany)< ©]-&3Fo] auj) & (X400,

X1000) &tell A A4, EA4st] ml G =2 4l
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3133. A= =T

BN

[o

Magel AHe kel H4%

iceE o]&3slo] W HAsI] A3

10cm coreE °o]&3to] A HF o, dry

4z gusgrh AN AR FHE 3

U?.Lm

DNA %% % PCR-DGGE 7|22 165 rDNAS @714 L& EA3o=x
ERET1e
H o

2 AFdAE e SHdA AR we, mAETHY] FxE EAE7] $E
of Zt A st AY MEEZ5YH DNAE F=3t9] PCR-DGGE 71H &
o] &3ttt PCR-DGGE 71®M<& o]l&% datxd A=Y +Hd7x% 42
Fig. 3.201 AlA® nfe} o] &3t

7t A "8 A5 A total DNAE F%2 FastDNA Spin Kit(Biol01, USA)
S o]&35d o, 16S rDNA TES5 93 FPo=z ol&3drt. TZH 16S
rDNA 52 2FE(100 ng)2 16S rDNA V3 region =329 Fgd o= o] g5
wom  16S rDNA V3 region = %ol Al& ¥ primer= 40bpe] GC-Clamp”}
EZ3E GC-341F('-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG
GCA CGG GGG GCC TAC GGG AGG CAG CAG-3')9 518R(5'-ATT ACC
GCG GCT GCT GCT GG-3')S Bioneer Inc.(Daejeon, Korea)ol A F+& - A
3ol AFE3}Sth. 16S rDNA V3 region< touchdown PCRS 8 3dlo] F2
Rom, Wgxe 95ToA 523 271 €A F, 95CAA 30C &
A 713l annealing =%+ Z7]°] 65ColA A &sto] w 2cyclemttt 1CH
HEs AdAsta, 55T7F = H 15cycle—°€ o F8sEE o] 30%7F Wb
A A0S fste] 72Tl A 45x Hbg & HFORE T2TolA 10+237F A
IR PCR AF=2 1.0%¢] of7t2 2 AoA A7|d5& st

M oo
o > o (B 4 X
OB oo ol 2

dob

]_

23
oo
o

o

-

Touchdown PCRS <&3te] 22 PCR At&52 BioRad Dcode System
(BioRad Laboratories, USA)2. 2 DGGEZE 3349 t}l. Denaturing gradient
gel FE79](40%~70%)7F d&£H o2 PAHHES A Th Touchdown PCR
S T3 42 AFE 20 wlE loadingste]l 1X TAE €& 8o x 60T, 60VZE
16 ~ 18X A71d% 39tk d7]9Fo] € gel> EtBra AF&3to] A

% Scientific Image System(Kodak, USA)Z #Z - 243} %

Denaturing gradient gel’doll Al 91%]7} o} & WMEZREH DNA ©¥

W)

2 353
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7] $1ske] WA ZAzte] Mg AE ¥ 3x FRTFE A F, TE 4589
25uE H7Fsho], YA (14,000<1min)kal -70C Al A 5%, 50CAA 535
A kEe S onpxd A AR (14,000¢x1min) S st A5 AS FHa Ao, z+
W= o A 348 DNAco| dste] 341F ¢} 518RE 7FA i1 PCRE st A%
Z 3. AEZ AELE AAGY] cloning(Promega, USA) & @74 d& &+
2 (Cosmo Genetech, Korea)stth. o]ZFE dojzx d7|HE dHolHES
NCBI BLAST searchs &3 714 FAI=7F =2 v = T2 Sl 231
d wdS Fote] 1 SAHAES 9ots

+
32
S

E% PCR-DGGE 71%¥ & o] 83lo] 4% 2% el bands tAg ofn
A BH A olgete] TAY GO BAT F mARe WL 1759

o, o] g& SOM ¥Alel #§serh

—

‘ Sediment samples

! DNA extraction

‘ Genomic DNA ‘

PCR

‘ Amplification of 16S rDNA fragment ‘

! PCR

| Amplification of V3 region ‘

‘ Reamplification of V3 region ‘

Purification

‘ Cloning ‘

AL

‘ DNA sequencing ‘

L

‘ Database analysis (BLAST) ‘

Fig. 3.2. Proceduce for analysis of microbial communities
using PCR-DGGE.
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Tarpaaure(CC)

Dag DAG Ddk DDK Dks DKS Duk DUK FeA FaC HID InJ LIK LT OCUONS ReA ReK ReT SSI

Ste

Fig. 3.3. Average temperature of water samples from the sampling sites

over the entire sampling period.

iﬂi' L

Vdadty (M9

Deg DAG Dk DDK Dks DKS Dk DUK FeA FeC HID InJ LK LT OOQUONS RA RK ReI 9

Ste

Fig. 3.4. Average velocity of stream water from the sampling sites over the

entire sampling period.
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8

Depth (am)
8

10

Deg DAG Dk DDK Dks DKS Dk DUK FeA FeC HD InJ LIK LT OOQU ONS RA RK ReT 35
dte

Fig. 3.5. Average depth of stream water from the sampling sites over the

entire sampling period.
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3.2.1.2. pH

ZARA| Aol e pH AHF =AHAXE 5

AHoz FA pHE We Aoz Yelort) Ao -

A pH 5452 71 $& X5 HAT ol= ZAMA FH AduXZEEH f
due= g9 Aol g3 AR AlgHET. EFAIAY A5 B A HE
vl v e pHE et o, 53 Duk A H % ReT A4 pH
7V 24zF 6563 6.79% e

10
8-
6-
T
o

dte

Deg DAG Dk DDK Dks DKS Dk DK FeA FeC HD InJ LIK LT OOUONS RA RK RelT 9

Fig. 3.6. Average pH of water samples from the sampling sites over the

entire sampling period.
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3.2.1.3. Conductivity
gorst edRE YEFH AT (Fig. 3.7). tlx ZAA (AR F)Y A5 dAx

1374 ~ 3425pus 0.2 YEFY o™ ONS A Heol SAHX7F dubAd o
=
[¢}

Condudtivity (US

Dag DAG Ddk DDK Dks DKS Duk DUK FaA FaC HID InJ LK LT OCUONS ReA ReK ReT SSI

Ste

Fig. 3.7. Average conductivity of water samples from the sampling sites

over the entire sampling period.
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3.2.1.4. Turbidity

v dAAHoE A 1.03 ~ 2168 NTUS WHHE Ho] thekst &

IS detll Ak (Fig. 3.8). tHx ZAMA S ¢ 147 ~ 6.74 NTU=R v3ton

2 wWol® molx @Rtk #4718 2@A9 Ddk, Dks, Dag A4 &

223, 2726 NTUZ wlwd %/ vebdeh olc ARAHA /10 F 502

FAZ As 2T Foldy] WE Aoz AT HEAA DAGY A5
ZAPAE G e 1.03 NTUY FAAE BEAt. w44 2949 FaC+

il Téﬁ E7F 76.73 NTUR =A vetstern, 53] 2003 =0l 217.67 NTU
$ w0 vebgd, 216 98 FAAZRE f98 g5 79

sk AAS PNl NE BAR GEsk Fohskleh 531 SSIe 4%

A P ZAAIL 21684 NTUR A4l 2AAH & 7% =

ek of AMAMY Be ZHAE AANFEY ol BT JFE
%

Ao 2 Atz E

jus)

W

100 -

Turbidity(NTU)

Deg DAG Dok DDK Dks DKS Dk DUK FeA FeC HID I LK LT OQU ONS RA RK ReT 3

Ste

Fig. 3.8. Average turbidity of water samples from the sampling sites over

the entire sampling period.
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3.2.1.5. Biochemical oxygen demand

AAAoZ BODsE W2 HAAA YeErStH(Fig. 3.9). A Ao Az AH
o BODs =4 A= 08 ~ 76 mg/L AP AT, thx ZAAY HA$ 08 ~
474 mg/LZ P& 09 EE Bt F7E 294 AL 466 ~ 4651 mg/L

7S

= g g uE deugen gqHd sF A4 Dk Aol g %

¢

[e]
L 0dEE Yetdrl. 3B %12 DAGY A$ 254 mg/LE IR FAIA AR
o 2HEE YEUAL. g Hs LdAx 9o A SSI A HFH In] A -] 7t
7} 4946 mg/Le} 76mg/Lo 2 =& o dxE el o In] Ao 7+ A
SHAl 2dE Aoz el
100
a)_
3
z)_

Deg DAG Dk DDK Dks DKS Dk DK FeA FeC HD InJ LIK LIT OCOQUONS RA RK ReT 9

dte

Fig. 3.9. Average biochemical oxygen demand of water samples from the

sampling sites over the entire sampling period.
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3.2.1.6. Total organic carbon

e FdHE FrleE] 2AE AT FRVIHAHFH(TOC) SAHZ23 A4
& 0.80 ~ 516.89 mg/L= WESETHFig. 3.10). hE2xAMA 2] 4
of Blsf TOC FA4A7F A vets. #4A4dAs, F4t
ga g He dAge] v eddd v TOCH =4
A s LAA9Y In] A-I SSI AHY FAHAZE 22 3024 mg/L
516.89 mg/L= SSI A MY SHd%7t 7V =
094 mg/L= tEZALA SA A} FAEE 52 TOC L9=EE BT

TOC (nglL)

Deg DAG Dok DDK Dks DKS Dk DUK FeA FeC HID InJ LIK LT OQUONS RA RK Rel 3
Ste

Fig. 3.10. Average total organic carbon of water samples from the sampling

sites over the entire sampling period.
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3.2.1.7. Total phosphorus

LAde FHol mE SAE A A FUT-P)o d= 3
AAAo g2 FAY AGH SHA= 001 ~ 2511 mg/LE G4 #325 B
TH(Fig. 3.11). Ag#HAF @A HJDA A} SSIA el 7 502 mg/L,
25.11mg/L= 71 =A veyon odxgd=z AdnHEd AgddHs o949
=t F71E L 9A9e 4% Ddk, Dks A%l e] 3.37 mg/L,
AA G SSI AHE ALsta F718 LAAY T ol

o

T )=
SEEICELEAEUE

o

=

M to

NE WA E
AR oA Fo 2 5
ARA S4o oF Aow AUy A9 Agas o LHH] Y= F
AAA D LAz og Qo

2 2 A5
259 vz 7bA R 046 meg/LE R22ANA] AEY LHEE HAH

EO_
40
30

T-P(oL)
°

Deg DAG Ddk DDK Dks DKS Dk DUK FeA FeC HID InJ LiIK LIT OOQUONS ReA RK ReT 5

dte

Fig. 3.11. Average total phosphorus of water samples from the sampling

sites over the entire sampling period.
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3.2.1.8. Total nitrogen

FAL(T-N)Y A% dFH 096 ~ 25469 mg/LoZ F9 QA= uls
9 =4 Yetlth(Fig. 3.12). 53 718 29499 Ddk A3 Dks AH,
3 I x4 o] Zt7z} 179.17 mg/L, 193.96 mg/L, 254.69mg/L
=0tk o dAgE #S B gxrxAAHo] 097 mg/L ~ 1.65

AES HAOoY FaA AHE 832 mg/LE HuE H& 9%
Aol st AldE WslFolE AHRY gAHoR J5H =2 F

= Yo,

oo
N

Dag DAG Dk DDK Dks DKS Dk DUK FeA FeC HD InJ LiIK LT OOQUONS RA RK ReT 3
Ste

Fig. 3.12. Average total nitrogen of water samples from the sampling sites

over the entire sampling period.
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Table 3.2. Community composition of macroinvertebrates depending on the

. *
pollution sources .

Pollution ) )
Phylum Class Order Family Species
source
Reference 4 6 16 37 59
Domestic 4 5 10 20 23
Farmin 4 6 11 24 35
Livestock 4 6 13 24 33
Industry 3 5 9 16 16

*Period: March, 2003 through December, 2004 (7 seasons).
Sites: ReA, ReT, ReK, OCU, ONS, DUK, FaC, FaA, LiT, LiK, HJD, InJ (12 sites).

100% u — —
Bl T — - 1 -
|
B0% -
e — —
205 5 -
- =S INSNYN__ N—-EE
Ak ‘ TH ‘ kK | oc N[ | oc Chd ‘ A Th, ‘ KK Hl ‘ J3
Re Do Fa Li In
OTricladida B Gastropoda 0O &rchioligochaeta OHirudinea B zopoda O Amphipoda
BEphemeroptera O Odonata B Plecoptera W Diptera O Chironomidae OTrichoptera

Fig. 3.13. Relative abundance of the macroinvertebrate community from the
pollution sources. Period: March, 2003 through December, 2004 (7 seasons);
Sites: ReA, ReT, ReK, OCU, ONS, DUK, FaC, FaA, LiT, LiK, HJD, In]
(12 sites).
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32292 Xz W neo z= gz

2003 3€FEH 20049 6971 3 HFARAZXF EFTY AUTHFEE U
EF S (Fig. 3.14). HZZAIA A= X ™ol wet 7+ ZF 7 (Bacillariophyceae),
A
[e)

Y%7} (Cyanophyceae) ¥ ¢ # & % 7 (Dinophyceae) 2]

ANEn ARALGAGNAE F2 T FEvEe] w%w, FAAF o
9499 LiKSl 4% 2% (Chlorophyceac)el =4 @35k A+ 2
9499 HJD2) 3% wx7el 18%°1% st

2004 9¥ ¥} 129 EA A FEFIF 83F, X2 FIF 265, FE2FUF 12%,

B} 4% o] FdsAH(Fig. 3.15). £ AT/ HHAAHE F2FY T M

S5, G2/ Edsdn. ST AdA NN 2
= T

= debgan, AAAFeGAgAN FEF F

FEA 4, DAIpo Al¢ TEEE YEUATH AAA o=z 124 A
A9l ThellAl 3vFo=2 7hd B2 Fo|l =dska, 129 AgHs odAY
¢l HJDAIA bF o= 714 St GdEAFo dyod= 12¢ FA4tds 24
A4l ThellA 3772 7 %3, 99 AdHs LdA 5 InJolAl 05302
7H Skt DAIpoAl 9 A7 500l%elH B-FF A4 s et 99 XA
AAE HEEAA, AAA L FAEs L AX G A= DAIpo AF7F 50017
o2 YEYi, f7EL9AYe A 0HEE a-FTHFAS UJEIR L, &
3 At H ¢ 2 9A 9L 10052 polysaprobityS WERHW w$- 9 do] A
S BTt 129 At A= 29 A FH oA DAIpoA57F 5004 o=

ettt dAEEE 99 Al A AdEl e d Ao M = e

W22 ALA M FEE=7F 7 Sk
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100%

80% —

BO% — —
A0% — —
20% L — —

0% i } } } }
Ch | flLe TH | KK
Fe Do Fa Li
| @ Chlorophyceas W Chyanophyceas O Bacillariophyceas O Dinophyceae |

Fig. 3.14. Relative abundance of the attached algae community from the
pollution sources. Period: March, 2003 through December, 2004 (7 seasons);
Sites: ReA, ReT, ReK, OCU, ONS, DUK, FaC, FaA, LiT, LiK, HJD, InJ (12

sites).
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Fig. 3.15. Number of the attached algae species from the pollution sources.
Period: March, 2003 through December, 2004 (7 seasons); Sites: ReA, ReT,
ReK, OCU, ONS, DUK, FaC, FaA, LiT, LiK, HJD, InJ (12 sites).
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Table 3.3. Biotic indices of the attached algae depending on pollution

source.
Pollution Sampling . ) . " Density
Dete ] SR Diversity DAlpo
source site (cells/ml)
ReA 6 2.22 40.00 3,645
ReT 6 2.13 84.85 1,980
Reference
ReK 9 2.57 63.35 9,315
OCU 6 2.13 75.03 2,574
Domestic DDK 13 1.79 27.12 248 580
September, Seéwage ONS 14 2.01 43.28 19,260
2004 FaC 17 3.70 82.08 57,600
Farming
FaA 17 2.09 75.00 347,400
LiT 19 2.22 64.09 113,850
Livestock
LiK 21 3.21 58.81 263,430
HJD 10 1.87 5.38 4,513,500
Industry
InJ 119) 0.53 5.01 1,678,725
ReA 14 1.40 84.95 64,620
ReT 9 1.97 99.62 28,845
Reference
ReK oo 2.29 87.80 4,260
OCU 9 1.11 54.75 17,739
Domestic DDK 7 2.30 77.39 597,000
December, Seéwage ONS 19 1.94 85.04 528,300
2004 FaC 28 3.18 51.17 1,001,100
Farming
FaA 26 2.54 67.74 259,245
LiT 35 3.77 86.32 264,600
Livestock
LiK 19 2.15 78.60 498,780
HJD 25 3.34 53.04 549,450
Industry
In]J 5 1.73 21.43 2,730

* SR: Species richness.

“DAIpo: Diatom assemblage index of organic water pollution.
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Fig. 3.16. PCR-DGGE profile of microbial communities. (A): February,
2004. Lane 1: ReA; 2! ReT; 3: ReK; 4: OCU; 5: DDK; 6: ONS; 7@ FaC; &8:
FaA; 9: LiT; 10: LiK; 11: HJD; 12: InJ; M: marker. (B): February, 2007.
Lane 1: DUK; 2: DDK; 13: DKS; 4: DAG; 50 OCU; 6: ONS; 7: HJD; &:
SSI;, M: marker. (C): February, 2003. Lane 1: Duk; 2: Dkh; 3: Ddk; 4:
Dks; 5: Dag; M: marker.
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Fig. 3.17. Cluster analysis of microbial communities based on species

richness over the entire sampling period..
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Table 3.4. Identification of selected PCR-DGGE bands based on 16S rDNA

sequence.

Microorganisms Identity Access No. Sites to be found

specifically
Acidobacterium capsulatum 172/186 (92%) X97099
Acidovorax sp. 194/194 (100%) AY788961
Acinetobacter lhwoffir 195/195 (100%) AY136083
Acinetobacter sp. 195/195 (100%) AY786323
Acinetobacter sp. 195/195 (100%) AJ301674
Acinetobacter sp. 197/197 (100%) AY 043369
Acinetobacter sp. 193/195 (98%) AY786323
Agricultural soil bacterium 184/194 (94%) AJ252618
Arthrobacter sp. 174/174 (100%) AY 437617
LBacillus luciferensis 194/195 (99%) AJ419629
DLacillus psychrodurarns 193/194 (99%) BPS277984
Bacillus sp. 194/194 (100%) BSP431331
Bacillus sp. 195/195 (100%) AY 269875
Blastormonas sp.
Clostridium aff Estertheticum 169/169 (100%)  CAEF297442 Reference site
Clostridium lituseburense 168/168 (100%) AY 458860 Reference site
Clostridium sp. 168/168 (100%) AY 188845
Clostridium sp. 154/154 (100%) AY 183849
Dermatophilus like sp. 167/168 (99%) AJ244775 Reference site
LErythrobacter sp. 169/169 (100%) AY437632
Ervihrobacter sp. 163/164 (99%) AY167828
Exiguobacterium sp. 193/194 (99%) AY831656
Exiguobacterium sp.
Flavobacteria bacterium 184/188 (97%) DQ004245
Glacier bacterium 186/194 (95%)  AY315180 [rarming site
Luteibactor rhizovicina 189/194 (97%)  AJ580499 oo ce e
Methylobacterium fispanicum 166/167 (99%) AJ785570 Reference site
Moraxella canis 177/194 (91%) AJ269511 Reference site
Pandoraea sp. 186/186 (100%) AY268171
Phenanthrene-degrading bacterium  169/169 (100%) AY177363
Photorhabdus luminescens 192/193 (99%) AY 444555
Pseudaminobacter salicylatoxidans — 164/169 (97%)  AF072542 Livestock site
Pseudomonas fluorescerns 194/194 (100%) AY321588
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(Table 3.4. continued)

Microorganisms Identity Access No. foug(iitesspetgif]iafally
Pseudomonas sp. 193/194 (99%) AY456712
Pseudomonas sp. 194/194 (100%) AF332541
Pseudoxanthomonas laiwanensis 190/194 (97%) AB210278 Dolgr; eriziiggses\;vtgge
Ralstonia sp. 194/194 (100%)  AY177368
Luminococcus palustris 194/194 (100%) AJ296179 Reference site
Splingomonas sp. 171/171 (100%)  AY167827
Splingomonas sp. 167/169 (98%) AJ617690
Splingomonas sp. 169/169 (100%) U37347
Splingomonas sp. 166/169 (98%) AF128870
Splingomonas sp. 169/169 (100%) AJ575818
Splingomonas sp. 169/169 (100%)  AY734544
Stenotrophomonas maltophilia 186/186 (100%)  AY445079
Zhiothrix sp. 157/157 (100%) AF148516
Trichococcus flocculiformis 194/194 (100%) AJ306611
Uncultured Acidobacteria bacterium 182/182 (100%) AJ582044
Uncultured Acidobacteria bacterium 169/169 (100%)  AY217488
Uncultured Acinobacterium Reference site
Uncultured bacterium 193/194 (99%) AY570568
Uncultured Bacteroides sp.
Uncultured C/ostridia bacterium 165/169 (97%) AY607225
Uncultured cvarnobacterium 171/172 (99%) AY710671
Uncultured freshwater bacterium 195/195 (100%)  DQO065476
Uncultured gammaproteobacterium 194/194 (100%) AJ888552
Uncultured Zegronella sp. 190/194 (97%) AY924132
Uncultured Merothermus sp.
Uncultured Nirosospira sp. Industry site
Uncultured Propionicimonas sp. 161/174 (92%) AY675983 Reference site
Uncultured soil bacterium 186/186 (100%)  AY734276
Uncultured Verrucomicrobia bacterium — 176/184 (95%) AY043933

Uncultured Xarthomonadaceae sp.
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42. 2R

4.2.1. Self-organizing mapping(SOM)= o] &3 3 #3 3}

H oAFo s B A #Aae EFE5 931 Kohonen networks o] &
qa
[e]

sk tH(Fig. 4.1) (Chon, 1996).

3l self-organizing map(Kohonen, 1984)% o]

Hpo® B I i
sSU0) O Q9 --- 0 ---0
S 00 --- O ---0

Input data

S22 o0 --- 0O ---0
| | | | | | |
| | | | | | |

W SN s )
Sampling Densities of species (

units

Fig. 4.1. Schematic diagram of the Kohonen network (adapted from Chon
et al., 1996, Kwak et al., 2000)

_51_



FQ BRee dxOhAS/m)E detdE Adwg] WE, Sl s obeel

Zo]l ¥4 = (input intensity), zZ ALt

-

£ = Aw, *)

w VoA (wy, wee, ..., wi)?
r = fgeﬂaﬂﬂ (X1, Xo,.0., X0
Dw, & = Ad=As5

=859 9 d8wd iv A2 AT (weight) w2 A Z AZ0] Hol glo
HEAAES A ASHoZ ¥gtetA HedH o

|55 Z270dE FA49HoR 4o 52 Aol

(Kohonen, 1984).

D=3 e wf D)’ (4.1)

o] 71A Fot= At E2 offet o] "

o714 0 < a < 19 a(t)= 55 A5 (learning coefficient)©] . ™7} 0.8°1 A]

AlZslo] HAapH oz zrolx=d, HA3 A E A (scheduling process)
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(Hecht-Nielsen, 1990)¢] <J3] &= 4 v}, F#(training)°] Y™ #HEHE
ARG ol To Z 2AE AASI=d AdoA T FE A (equiprobability) o]
Ht}. Kohonen networkel] twHgh A g w2 Kohonen (1984), Lipmann
(1987), Hecht-Nielsen (1990), Chon et al. (1996) Sol AF = o
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422, USAANEES ol & A= S48 du4

2 A EEMulti-layer perceptron)> H3#% @< AAS Fo] 1 gtel 7
7he =9 e WES dFA7E ARSFSdagFY tuE 53 A5Y
Ad FEAS Fdoete=d FE&stth vF AREES d49F, 2495, =9 F
o2 T35 glth(Lipmann, 1987)(Fig. 4.2). 2952 54 985
ZHALo] Y #AAE AAANFE 9TE g 4 F3 FALolY ke dF
FEg olojx Qled, g5S dtv o FEE AR o] AdAM T HAA
o=x @7 Ao =9 FoAAAE A4 d¥ 9 (pattern)ol] e EHo] o1
Al ol RES e S xt(target)oll 7HAA Yo s HARE 2HFO

= L

target) ¥} A A ZH gk Aol Ao]7t FolELEE gt
]

S gk (target) ¥ A Al G Aol Aol & S A (error)hal tH ShE S Q
2] Al & (Least- squares-error )& HAastels WaFox P = A4

FEe WEeE QA Alsyol 7h Wel faste wWEHo = wWEs A FHE
(gradient descent method) °]&| gt FWHS Fstx o072 FTdHH 24 42 ~

Al 459 22 delta—rule® #Zo] HE %}

% == Oy (4.2)
Cri = 1+exp(—1)\*¢ ) (4.3)
pJ

NET ), ;= ZZ%;, ;W ji (4.4)
A7 g, 7% pol AT A= YEl O, ;= 7% pol W A =
g o EFHEgeoly, NET, = #% pol td jHA =2 =29 netit,
z,,= @ poll HE iiA == Y w, = A =Y =29 O %
o] (HA =T Alo)lo] AANE, A= S5 A S (learning coefficient)S e
=3

O0p; = Tpj = Oy (4.5)
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4.3.1. Self-organizing mapping(SOM)& ©]43 +¥ +383}
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Fig. 44. SOM patterning of sampling sites based upon microbial density.
Period: March, 2003 through December, 2004 (7 seasons); Sites: ReA, ReT,
ReK, OCU, ONS, DUK, FaC, FaA, LiT, LiK, HJD, InJ (12 sites).
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Fig. 4.5. Distribution of microbial populations on the SOM. Period: March,
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Fig. 46. SOM patterning of sampling sites based upon microbial density.
Period: February, 2005 through April, 2007 (10 seasons); Sites: DUK, DDK,
DKS, DAG, OCU, ONS, SSI, HJD (8 sites).
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Fig. 4.7. Distribution of microbial populations on the SOM. Period:
February, 2005 through April, 2007 (10 seasons); Sites: DUK, DDK, DKS,
DAG, OCU, ONS, SSI, HJD (8 sites).
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Fig. 4.8. SOM patterning of sampling sites based upon macroinvertebrate
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population density. Period: January, 2002 through January, 2004 (19 months);
Sites: Duk, Ddk, Dks, Dkh, Dag (5 sites).
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Fig. 4.9. Distribution of macroinvertebrate population on the SOM. Period:
January, 2002 through January, 2004 (19 months); Sites: Duk, Ddk, Dks,
Dkh, Dag (5 sites). Soild circle: reference site; Dotted circle: polluted site;

Broken circle: Restoration sites.
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Fig. 4.10. SOM patterning of sampling sites based upon macroinvertebrate
population density. Period: March, 2003 through December, 2004 (7
seasons); Sites: ReA, ReT, ReK, OCU, ONS, DUK, FaC, FaA, LiT, LiK,
HJD, InJ (12 sites).
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Fig. 4.11. Distribution of macroinvertebrate population on the SOM. Period:
March, 2003 through December, 2004 (7 seasons); Sites: ReA, ReT, RekK,
OCU, ONS, DUK, FaC, FaA, LiT, LiK, HJD, InJ (12 sites).
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Fig. 4.12. SOM patterning
population density. Period: February, 2005 through April, 2007 (10 seasons);

Sites: DUK, DDK, DKS, DAG, OCU, ONS, SSI, HJD (8 sites).
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Fig. 4.13. Distribution of macroinvertebrate population on the SOM. Period
February, 2005 through April, 2007 (10 seasons); Sites: DUK, DDK, DKS, DAG,

OCU, ONS, SSI, HJD (8 sites).
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Fig. 4.14. SOM patterning of sampling sites based upon attached algal
population density. Period: March, 2003 through December, 2004
seasons); Sites: ReA, ReT, ReK, OCU, ONS, DUK, FaC, FaA, LiT, LiK,

HJD, InJ (12 sites).
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Fig. 4.15. Distribution of attached algal population on the SOM. Period:
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Fig. 4.16. SOM patterning of sampling sites based upon attached algal
population density. Period: February, 2005 through April, 2007 (10
seasons); Sites: DUK, DDK, DKS, DAG, OCU, ONS, SSI, HJD (8 sites).
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Fig. 4.17. Distribution of attached algal population on the SOM. Period:

February, 2005 through April, 2007 (10 seasons); Sites: DUK, DDK, DKS,
DAG, OCU, ONS, SSI, HJD (8 sites).
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Fig. 4.20. Effect of COD on species richness of the inter-taxa.
(A): Macroinvertebrate; (B): Microorganisms; (C)L Attached algae.
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Macroinvertebrate

Microbial
Fig. 4.22. Grouping of indices for the inter—-taxa by SOM.
Table 4.1. Pearson correlation coefficients for indices of the inter—taxa.
Mcaroinv ertebrates Algae Microogranisms
SR EPT  EPT-D BMWP H SR H SR TD

SRben
EPTben 0.814"
EPT-Dben  0.772°  0.904"
BMWPben 0875 0910  0.867
Hben 0658° 08327 07007 0781
SRalg -0.050  0.012 0023  -0.051  -0.065
Halg 0154  0.169 0.231 0131  0.059 0.730"
SRmic -0.333"  -0263°  -0.230  -0.240  -0.092 -0.200  -0.329"
Tdmic -0.209  -0.119  0.007  -0.050  0.001 -0.341"  -0328" 0727
Hmic -0.288"  -0.250  -0.228  -0.223  -0.069 -0.193  -0314" 0971  0.687"

® Values indicate the case of p<0.05.
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Table 4.2. Pearson correlation coefficients for environmental parameters

and biological indices.

Environmental factor

Biotic indices
BOD TOC COD T-P NOs; -N TKN TN

SR-ben -0.29 -0.47" -0.42 -0.45° -0.43 -0.46"  -0.53
EPT-ben -0.37 -0.42 -0.05 -0.47" -0.33 -0.41 -0.57"
BMWP-ben -0.39 -0.47" -0.33 -0.47° -0.50" -0.46"  -0.58
H-ben -052" -0.49" -0.01 -0.65° -0.35 -0.48"  -0.50"
SR-micro -0.33 -0.14 0.38 A5 -0.21 -0.14 -0.09
Density-micro -0.18 -0.36 0.00 0.28 -0.37 -0.36 -0.37
SR-alg -0.19 0.15 -0.09 -0.10 -0.06 0.15 0.31

Density-alg 0.03 0.39 0.17 0.32 0.27 0.38 0.46

H-alg -0.24 -0.19 -0.03 -0.30 -0.04 -0.19 0.10

DAlpo-alg -0.50"  -0.53" -0.29 -0.67 047 052 -0.43

Values indicate the case of »<0.05.
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Species diversity of polluted site
Macroinvertebrate: 0.3 ~ 0.5
Microorganisms: 0.5 ~ 0.9

Algae: 0.9 ~ 1.0

Microorganisms: 0.5 ~ 0.8
Algae: 0.5 ~0.7

1.0

: 0.0
0.70.8 0.809 1.0

0.0 03 03 05
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Fig. 4.23. Distribution of each taxon depending on species diversity.
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Fig. 4.24. Distribution of each taxon depending on species richness.
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Table 5.1. Factor loadings of 4 principal factors extracted by factor

analysis for all of the environment variables tested.

Environmental Factor
parameter 1 2 3 4

pH -0.134 0.254 -0.140 0.190
Temperature 0.007 -0.009 0.011 0.390
Conductivity 0.063 -0.020 0.995 0.062
Velocity 0.572 0.416 -0.283 0.049
Turbidity 0.649 -0.211 0.071 0.063
Depth 0.008 0.665 0.163 0.048
BOD 0.540 -0.238 0.221 0.150
COD 0.043 0.007 -0.029 0.550
TOC 0.159 -0.741 0.218 0.269
T-P 0.746 -0.209 0.188 -0.015
TKN 0.081 -0.053 0.090 0.604
T-N 0.912 0.083 -0.056 0.131
NO3 -N 0.770 0.490 -0.207 -0.217

10

% 6o

0.6

0.0

2;;1 e M gas

Fig. 55. A result of mapping the environment variables into principal

factor space.
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Table 5.3. Coefficients for mapping factor—-space into variable-space for the

selected environment variables.

Environmental

variables

0.017478 2.398268 1.305596

0.796081

Turbidity

-0.023966 2.280118 1.179129

0.662111

BOD

-0.107947 0.757462 0.724734

0.570513

T-P

0.001772 2.924338 1.643697

0.963254

T-N

NOs; -N

0.123240 3.023255 1.326330

0.834246
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3 \ \ \

I

| |
* ReT, DUK, OCU, ReA, DAG, FaC, LiT, ReK, FaA, ONS, DDK, DKS, LiK
° InJ, HID, Duk, Dag, Ddk, Dkh, Dks, SSI

Turbidity

Factor score

Fig. 5.6 A comparative analysis to reveal the relation between common

factor and turbidity variable through regression and factor analysis.

l I
« ReT, DUK, OCU, ReA, DAG, FaC, LiT, ReK, FaA, ONS, DDK, DKS, LiK

BOD

Factor score

Fig. 57 A comparative analysis to reveal the relation between common

factor and BOD variable through regression and factor analysis.

- 109 -



3 T T T T T

¢ ReT, DUK, OCU, ReA, DAG, FaC, LiT, ReK, FaA, ONS, DDK, DKS, LiK
InJ, HJID, Duk, Dag, Ddk, Dkh, Dks, SSI

Factor score

Fig. 5.8 A comparative analysis to reveal the relation between common

factor and T-P variable through regression and factor analysis.

3 T T T T T
| | | i |

* ReT, DUK, OCU, ReA, DAG, FaC, LiT, ReK, FaA, ONS, DDK, DKS, LiK

InJ, HID, Duk, Dag, Ddk, Dkh, Dks, SSI
| !

Factor score

Fig. 59 A comparative analysis to reveal the relation between common

factor and T-N variable through regression and factor analysis.
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Il Il Il Il Il
* ReT, DUK, OCU, ReA, DAG, FaC, LiT, ReK, FaA, ONS, DDK, DKS, LiK
° InJ, HID, Duk, Dag, Ddk, Dkh, Dks, SSI

NO3-N

Factor score

Fig. 5.10 A comparative analysis to reveal the relations between common

factor and NOs -N variable through regression and factor analysis.
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1310eq018uIdY

Common factor extracted from Turbidity, BOD, T-P, T-N, and NO3

Fig. 5.11. Correlation between the common factor and Aczetobacter

sp. (= 0.431010, p = 0.000008, P(n) = 0.391304).

seuowobuiyds

Common factor extracted from Turbidity, BOD, T-P, T-N, and NO3

Fig. 5.12. Correlation between the common factor and Sp/rigormornas

sp. (r = -0.234947, p = 0.025811, P(n)

0.355731).
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o

Common factor extracted from Turbidity, BOD, T-P, T-N, and NO3

seuowopnasd

Fig. 5.13. Correlation between the common factor and Zsewvdormornas

sp. (7= 0.257251, p = 0.071307, P(n) = 0.197628).
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Table 5.4. Two-category classification based on probabilistic model and

average scores of factors in the sampling sites.

Group Site Factor score

ReT -1.157154
DUK -1.141357
OCU -1.076308

ReA -.964738

DAG -.927401

FaC -.890950

w; LiT -.848284
ReK -.817104

FaA -.742444

ONS —.724743

DDK -.637922

DKS -.625321

LiK -.592938

InJ -.401249

HJD 105592

Duk 496651

Dag 1.040630

Wy

Ddk 1.260975

Dkh 1.348111

Dks 1.355037

SSI 1.417262
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oqp.  PEIWD-N(-0.850,0.146), P(w1) = 0.514 |

o
=Y
T
|

0.08| ]
p(flw2)~N(0.898, 0.441), P(w2) = 0.486

0.06+ a

0.04+ \

Class-conditional probability

0.02+ B

-3 -2 -1 0 1 2 3
Factor score

Fig. 5.14. Probabilistic model with the two gaussian distribution

functions for the factor scores.
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Fig. 5.15. Two-categories classification based on Bayesian decision rule for

the factor scores.
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Fig. 5.16. Probability distribution in terms of characterizing
microbial community pattern as P1. (A): Joint distribution of
two variables; (B): A probabilistic model of the joint
distribution approximating to gaussian curve through maximum

likelihood estimation.
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Fig. 5.18. Probability distribution in terms of characterizing
microbial community pattern as P3. (A): Joint distribution of
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Fig. 5.19. Probability distribution in terms  of characterizing
microbial community pattern as P4. (A): Joint distribution of
two variables; (B): A probabilistic model of the joint
distribution approximating to gaussian curve through maximum

likelihood estimation.
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Fig. 5.20. Relative importance of the indicators selected by PNN-based

evaluation system.
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Fig. 5.21. Relative importance of the microbial populations as an indicator in

relatively clean site (w,).
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Fig. 5.22. Factor-score distributions for the microbial populations as an

indicator in relatively clean site (w).
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Fig. 5.23. Relative importance of the microbial populations as an

indicator in relatively polluted site (w,).
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Fig. 5.24. Factor—score distributions for the microbial populations as an

indicator in relatively polluted site (w,).
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Fig. 5.25. Factor-score distributions for the microbial populations as

indicator in both clean(w;) and polluted(w,) site.

ComCoef = 0.430238, p = 0.000009
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Fig. 5.26. Joint distribution and correlation between the factor and

Acinetobacter sp. as a predictor in the pattern of P4.
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Fig. 5.27. Index scores of the microbial populations selected as an indicator
in relatively polluted(w,) and clean(w;) site as a result of the relative

importance evaluation.
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Table 5.5. Indices and scores of the selected microbial populations.

Microbial Indexes Scores Microorganisms

Uncultured Verrucomicrobiales

1
10 10.0 Stenotrophomonas maltophilia

Pandoraea sp.
Lactobact/lus delbrueckir

Uncultured soil bacterium
Pseudoxanthomonas laiwanensis
Halstonia sp.

L 8.0 Erythrobacter sp.
Uncultured Nizrospira
LFlalstonia sp.
Lactosphaera sp.

I 7.0 Trichococeus sp.

I 6.0

1 5.0 LBacrllus sp.

1, 40 Janthinobacterium sp.

Sphingobium sp.

FExiguobacteritim sp.

I
s L Caulobacter sp.

Lysobacter sp.
1 2.0 Dechloromonas sp.
Comamonas terrigena

Lhodoplanes sp.
Brevundimmonas sp.
beta proteobacterium
Caulobacter sp.
Methylobacterium sp.
VA 1.0 Herbaspirillum sp.
Arthrobacter sp.
Alebsiella sp.
Hymenobacter sp.
Duganella sp.
Ldellovibrio sp.
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5.6. Numerical relation between microbial
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=

S5

Turbidity, BOD, T-P, T-N

P

T 2)\ E]‘ Table
ME BT

index and each of the

Index Turbidity BOD T-P T-N NOs -N
10 0.00~2.40 0.00~2.39 0.00~0.11 0.00~3.26 0.00~5.25
9 2.41~353 2.39~3.38 0.11~0.30 3.26~5.09 5.25~7.34
8 3.53~5.01 3.38~4.66 0.30~0.52 5.09~7.69 7.34~10.12
7 5.01~6.98 4.66~6.31 0.52~0.78 7.69~11.42 10.12~13.83
6 6.98~9.59 6.31~8.45 0.78~1.09 11.42~16.75  13.83~18.78
5 9.59~13.07 8.45~11.20 1.09~1.44 16.75~24.36  18.78~25.38
4 13.07~17.68  11.20~14.76 1.44~1.86 24.36~3524  25.38~34.18
3 17.68~23.80  14.76~19.36 1.86~2.35 35.24~50.78  34.18~4592
2 23.80~31.92  19.36~25.31 2.35~2.92 50.78~72.99  45.92~61.58
1 31.92~4271  25.31~32.98 2.92~359  7299~104.72  61.58~8247
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Table 5.7. Comparison of average index scores with average factor scores

for the sampling sites.

Group Site Factor score Estimated Index score
factor score

ReT -1.157154 -1.010701 7.696562

DUK -1.141357 -0.768813 7.15781

OCU -1.076308 -0.952678 7.567329

ReA -0.964738 -0.915362 7.484215

DAG -0.927401 -0.726625 7.063846

FaC -0.89095 -1.071089 7.831062

o LiT -0.848284 -1.089596 7.872281
ReK -0.817104 -0.684166 6.969279

FaA -0.742444 -0.882136 7.410211

ONS -0.724743 -0.881765 7.409387

DDK -0.637922 -0.944106 7.548235

DKS =0:625321 -0.843286 7.323682

LiK -0.592938 -1.07855 7.847679

InJ -0.401249 -1.064167 7.815646

HJD 0.105592 -0.771516 7.163831

Duk 0.496651 1.166896 2.84646

w, Dag 1.04063 1.228643 2.708932
Ddk 1.260975 1.066342 3.07042

Dkh 1.348111 1.083073 3.033155

Dks 1.355037 1.053452 3.099131

SSI 1.417262 -0.230243 5.958269
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Fig. 6.1. Probability distribution in terms of characterizing macroinvertebrate
community pattern as P1. (A) Joint distribution of two variables; (B) A
probabilistic model of the joint distribution approximating to gaussian curve

through maximum likelihood estimation.
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Fig. 6.2. Probability distribution in terms of characterizing macroinvertebrate
community pattern as P2. (A) Joint distribution of two variables; (B) A
probabilistic model of the joint distribution approximating to gaussian curve

through maximum likelithood estimation.
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CorrCoef = -0.019352, p = 0.766949
10

T ® T T ** T
 exe s | e
| 0 oens x  Hx |
8F----—-- :—77g:\ai——+ —————— #JLﬁ;—\ ———————
| 0o | &2 @' * | K I
o I i % y?‘*\ x *
@ 1 e @ | xX 1
S gl---- - Lo 980T E kT Rk ok |
£ RS e e
o | © 04 § |
c o 00® oK g |
S 4 008 L R e K%l k. |
E 4 | (5} T % Tk |
| | | | |
G R S T
ol B o P ]
| | | | * |
| | | | |
| | | | |
| | | | |
-3 -2 -1 0 1 2 3
Factor
(B)
0.12} N(-0.858, 0.147), P(w2|Bi=1) = 0.502 i
0.1+ i
T o.08t .
aa} =1) = 0.498
= 006} 8
3
o
0.04 R
0.02 - B
0 Ll
-3 -2 -1 0 1 2 3

Factor

Fig. 6.3. Probability distribution in terms of characterizing macroinvertebrate
community pattern as P3. (A) Joint distribution of two variables; (B) A
probabilistic model of the joint distribution approximating to gaussian curve

through maximum likelihood estimation.

- 148 -



(A)
CorrCoef = -0.631298, p = 0.000000

10 :
| | | | |
| | | | |
| | | | |
| | | | |
8f - - - -t IRELEE e
| ® ! | | |
| | | | |
" g8 X e : :
('U 6 ******* === - == ﬂ*i****‘r ****** - - - - - | |
k=) | s X% | |
%] | ’* o | |
E\ | * | * \& :
o 4 l”"o”ﬂ*aif*%;""; ***** I
| e ® o x x L ok
} ' e® % x 1 x ‘
2f - e ek L Tk
| I @0 I * X oK |
| | | [ ¢ ¢ |
| | | | |
-3 2 -1 0 1 2 3
Factor
(B)
0.15F ]
N(-0.761, 0.113), P(W2|Bi=1) = 0.406
(I_,I\ 0.1 1
o
= 0.750), P(w2|Bi=fl) = 0.594
X
2 005} i
\
O n
-3 2 -1 0 1 2 3
Factor

Fig. 6.4. Probability

community pattern as P4. (A) Joint distribution of two variables; (B) A

distribution in terms of characterizing macroinvertebrate

probabilistic model of the joint distribution approximating to gaussian curve

through maximum likelithood estimation.
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Oligochaeta
Sarcophagidae
Chloroperlidae
Hirudinidae
Nemouridae
Ceratopogonidae
Polycentropodidae
Ameletidae
Cyphoderus
Leuctridae
Lepidostomatidae
Limnephilidae
Glossosomatidae
Taeniopterygidae
Glossiphoniidae
Planorbidae
Athericidae
Ephemerellidae
Erpobdellidae
Simuliidae
Perlidae
Rhyacophilidae
Tubificidae
Psychodidae
Planariidae
Tipulidae
Heptageniidae
Culicidae
Ephemeridae
Physidae
Hydropsychidae
Gammaridae
Gomphidae
Asellidae
Leptophlebiidae
Baetidae
Pleuroceridae
Chironomidae

! ! ! ! ! ! |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Relative Importance

Fig. 6.5. Relative importance of the indicators selected by PNN-based

evaluation system.
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Rhyacophilidae
Tubificidae
Planariidae

| |
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Relative Importance

Fig. 6.6. Relative importance of the macroinvertebrate populations as an

indicator in relatively clean site (wy).

Chloroperlidae - — s B 4+ ]
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-3 2 -1 0 1 2 3

Factor

Fig. 6.7. Factor-score distributions for the macroinvertebrate populations as

an indicator in relatively clean site (w,).
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Oligochaeta

Sarcophagidae
Hirudinidae
Leuctridae
Glossiphoniidae
Planorbidae
Psychodidae

| | 1 1 | | 1 | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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Fig. 6.8. Relative importance of the macroinvertebrate populations as an

indicator in relatively polluted site (w,).
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Fig. 6.9. Factor-score distributions for the macroinvertebrate populations as

an indicator in relatively polluted site (ws).
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Tipulidae -
Heptageniidae -
Culicidae |-
Ephemeridae -
Physidae -
Gammaridae -
Gomphidae -
Asellidae |-
Baetidae -
Pleuroceridae |-
Chironomidae |-

Fig. 6.10. Factor-score distributions for the macroinvertebrate populations
as a indicator in both clean(w,) and polluted(w,) site.
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Chloroperlidae
Nemouridae
Ceratopogonidae
Polycentropodidae
Ameletidae
Cyphoderus
Lepidostomatidae
Limnephilidae
Glossosomatidae
Taeniopterygidae
Athericidae
Ephemerellidae
Erpobdellidae
Simuliidae
Perlidae
Rhyacophilidae
Tubificidae
Planariidae
Psychodidae
Planorbidae
Glossiphoniidae
Leuctridae
Hirudinidae
Sarcophagidae
Oligochaeta

L L L L L L L L L |
0 1 2 3 4 5 6 7 8 9 10
Index score

Fig. 6.11. Index scores of the macroinvertebrate populations selected as an
indicator in relatively polluted(w,) and clean(w;) site as a result of the

relative importance evaluation.
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Table 6.1. Index and the score of selected macroinvertebrate populations.

Macroinvertebrate )
Index Scores Macroinvertebrate

Chloroperlidae
Nemouridae

' 10.0 Ceratopogonidae
Polycentropodidae
Ameletidae
Cyphoderus
Lepidostomatidae

A 9.0 Limnephilidae
Glossosomatidae
Taeniopterygidae
Athericidae
Ephemerellidae

I 8.0 Erpobdellidae
Simuliidae
Perlidae
Rhyacophilidae

I 7.0 Tubificidae
Planariidae

I 6.0

I 5.0 Psychodidae

A 4.0

I 30 Planorbidae
Glossiphoniidae

L 2.0 Leuctridae
Hirudinidae

1 1.0 Sarcophagidae
Oligochaeta
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Table 6.2. Comparison of average index scores with average factor scores

for the sampling sites.

Group Site Factor score Estimated Index score
factor score

ReT -1.15715 -1.42943 8.62920

DUK -1.14136 -1.35345 8.45996

OCU -1.07631 -1.30293 8.34744

ReA -0.96474 -1.17178 8.05532

DAG -0.92740 -1.12135 7.94300

FaC -0.89095 -0.81836 7.26816

o LiT -0.84828 -0.67235 6.94296
ReK -0.8171 -0.98071 7.62975

FaA -0.74244 -0.84997 7.33858

ONS -0.72474 =0.58268 6.74325

DDK -0.63792 -0.73298 7.07799

DKS =0.62532 -0.81806 7.26750

LiK -0.59294 -0.83851 7.31303

InJ -0.40125 -0.41128 6.36149

HJD 0.10559 -0.52956 6.62493

Duk 0.49665 0.77381 3.72196

w, Dag 1.04063 0.67425 3.94371
Ddk 1.26097 1.56349 1.96314

Dkh 1.34811 1.57176 1.94471

Dks 1.35504 1.46312 2.18669

SSI 1.41726 -0.69796 7.00000
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——@—— Factor score
+ Estimated factor score

1010€4

-1.5

ReT DUKOCU ReADAG FaC LiT ReK FaA ONSDDKDKS LiK InJ HJD Duk Dag Ddk Dkh Dks SSI

Site

InJ HID Duk Dag Ddk Dkh Dks SSI

ReT DUKOCUReADAGFaC LiT ReK FaA ONS DDKDKS LiK

Site

Fig. 6.12. An assessment of water quality using macroinvertebrate indies.

estimated factor

(A) Comparison of average scores between factor and

in each sampling site (B)

index

evaluated by using macroinvertebrate

Estimation error of the factor score in each sampling site.
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Fig. 6.13. Efficacy assessment of the developed macroinvertebrate index in

comparison with the BMWP index.

- 160 -



6.3,

o=
ol @E ™ @E ar
= Ak I - 7
JIL 1_% T X _/n_ ,W.O ﬁ
s ﬁm o w = e MW =
%y W o N o Mﬁ
) Wﬁ iod Hml_l < e AW © o
5w e o o B T
_ Wo _.: MU N X AT Og _ﬂyu & J_I
< Gl gl WE 5 o TSR T =
_m-J J mw N .mlﬂ o B% =0 = B oo ! H,# T qu
mqexﬂo;&rmw% ﬂmoo@ G
arm_wﬂ_%ﬁ i o Ega@oa - o
s T e —
o N oy — T mm Be N m; ol - o T K fﬁ A=
ol o ~ N o # o — et ] ° my ()
. 0 = T N X f
= = 0 T &R ‘Y - — al
oy R A o ot < ° oF e E
@ﬂﬂ;awfff;c g a R imq
o T i a i ) A o 5 o ° i v
~ sl F ) F oy o N faje! 73 o o -
%0 o W o &) o . s o ey
ﬂ1mg o_ﬂngoﬁ % 33?0 % mma
- N % ol o = wo o S R X w_m x ° Bl
~ = o — O
T wm Mm mw oo Lw Aﬁ Mﬁ Hw i mw & ™ ¥ 73 i % ol mb
o EL o < W ~ 5 % = T w W i oK o oy
movgmu "N i4z @magog i H%E
=3 PRI %o . H o9 ol ° i %) N o 3 & < w o i
~ MM {F 1] = 4g = . EIR o 5 il &f
A N X oy ~n a = n MAr_l n o| g ) N X nH J ._We oF N
< X o = " T ® N g4 © @ log o
- X B & s X 4 N o] o, X W. e L = < X o
1.@..! :i o X OL ~ Gl X N N % = DS E._O H i
zoo%LLéQ%nomlo 4 " i E,ﬁm
o oo~ i i ) B = © oy . W g B L p Y
) o ~ m o B R i I b X y E Jo A T ~
XMI L.O . ﬂ_-/l ﬁE ﬂ ﬁE = N Mﬂ Og
ey 5 ﬂd| 3 H W ERCE - m# T ™ o % N oy 7on
o s W o Wm > X 7o) X e = = S = U d
ﬂ_l N ~ Xe HT_ —_ 3 L a, — o 0
S o 1 o - N o ~ o XU _zT =
i > ) o S oD = G+ K
) w = w ) R w = W X ;
N LO#E%QW = " mmﬁg
o e ) - T %
. i o
~ _MT ol M =0
N - ,UI ,MA_I .ﬂl
g ~ Tk
Njo -
™ nE

_ 161 -

47 7}

[e]

]

3

}

Rl

3}
5710 U



AeA 2= &

A5 2 A
A& AAAA H Ak

s

o

1980

% A

)

)

A el

A}, olE metar] 9
BepA B 9

Eays|
=

e

Qe glow, vt} A

e R

==
"o

3

LRI

A~
T

—(‘:;_]:

%

il

mmu_-o

o
Fg A7 o] Fol A gl

=]
=

o

)

do

i

i+

o
o
o

3}
=

IBI M=% o] oA

—(‘:;_]:

&

= o]
FEES 9

-

i

o

o

2] vkl A A 84S

A 7EA]

]

<

Ak a8y

(e}
PRI By

7} 2t o]

B

7

5

by

A7 A& up A A F

i
o

of
e

e

3

3

A %A 0.2

9,

[e]
c

A el Al o]

Aol A=

=

of o

N
ol
o
oy

—_

o
ol

ﬂl

—_

o
ﬁo
B

o

]

dadlers &, pH, A7HE

B

of
N

BR

o

Bl

o
el

i

bol A4

]

1=
ER

S|
A

NO; -N 5& &

l
=

, 4, COD, TOC, T-P, T-N

1

o

1=}
-

] A & (

=1
=

FE5 & (&H A

)

BR

o
<

i

El
B

o

o

7

X

N

.ﬂl

oy
iji]
Mo
of

)

ox

i
ol
Mo

]
vzel

)
o
N

!

ﬁo
B

o

==
)

==
"o

oy

52~ ml
o5 3

3)

b7 4

2] A

~
o

Gl

o

)
o
oy
B
W
o)
™
N
T

=)

o

N

- 162 -



g

=0

T

;OU
e

=
=

1] Ay

ol

OE
r
il
g

Hlo

T
p8A

ek

Al 5%l A Al

= =
S

A

™
o
A
N
oy
R
o
Mo
)

ox

¢
o
e

iyl
5
=]
ﬁo
W

NE

BR

o
o

e
oy
<
g

Gl
a3
Wy

o

i
b
T
)

spgto =M

W

vze)

i
T ®

£y OE

H 7o
3 N
up o
= N

ok o

e
o T
< B

M
L

BR

o

=
R

iz

whel 4715

Sl

TR
4
U

o

-
o

Nd

—

N

=0

ol

oo

183 PNN£

NE
NE

ij
No
a

W
o
%]

)A

|

BR

ah
o

vzel
%]

24
oy

N

"W

i+

-
o

i

i
TR

\ao

ij]

At

3

ol

=)
T

A A

W98

il 1ol 4 10]

9]

5

- 163 -



2

mpy

7ol

+ Table 7.1°] e

o8 A4

=]
T

o
o
]
_

jruse]

B

A
o]
Nfo

o<
—
o

a4

o)

ol
oF

iy

o)

Chloroperlidae, Ceratopogonidae, Cyphoderus, Nemouridae, Polycentropodidae

\_.mo

’

p.

Methyviobacterium sp. Arthrobacter sp., Hymenobacter sp., Alebsiella s

=] = = 1
Ny FHF5E

9] 79 Sarcophagidae®} Oligochaeta©] A& o] Atz <9 A oA

s ol,

Ldellovibrio sp.,

=1
P

Herbaspirillum sp., Duganella sp.

Faw

sl
N

-

_Xﬁl

ol
Mo

B

W
o

e

7A
J|J

i
o

-

TR

¢

o

=3

ﬁo

]

ol

X

o
i
B

K
I
file)
el
=
B

Fach(Fig. 7.1). = A3}

B

B

o

]
el

o)
4
gl

0

of
A

3} A]

yise]

=)

i
i
il

—

el

e

"o

el
7ol

=
<)

25 el

ol %

A7} ol

=
=

o

i
o

7F7F o # 4 o

3

bz

3§ A ol A o]

O;
[¢}

il

A8 AY

3 2ol

7

FE %

X

1
-

jate]

o

- 164 -



Table 7.1. Scores for the integrated indices based upon the multi-taxa

(microorganisms and macroinvertebrate).

Integrated Organisms
Scores
Index Microorganisms Macroinvertebrate
Chloroperlidae
Ceratopogonidae
1y 10.0 Cyphoderus
Nemouridae
Polycentropodidae
Stenotrophomonas maltophiliac  Ameletidae
I 90 Uncultured Verrucomicrobiales Glossosomatidae
’ Lactobactllus delbrueckir Limnephilidae
Athericidae
Pandoraea sp. Taeniopterygidae
Uncultured NVzzrospira sp. Lepidostomatidae
Falstonia sp. Ephemerellidae
I 3.0 Propionibacterium sp. Simuliidae
’ Fhodobacter sSp. Erpobdellidae
Rhyacophilidae
Perlidae
Planariidae
Uncultured Bacteroidetes Tubificidae
L 70 Lactosphaera Sp. Tipulidae
’ Acrdobacteria bacteriumn Heptageniidae
s 6.0
I 50 Chryseobacterium
° ) LPlanorbidae sp.
Bacil/lus sp.
£ 40 Sphingobium Sp.
I 30 Janthinobacterium sp. Glossiphoniidae
) Exrguobacterium sp. Leuctridae
Dechloromornas sp. Hirudinidae
Comarmonas terrigena
I 20 Lysobacter sp.
Caulobacter sp.
Brevundimonas sp.
LPhodoplanes sp.
Methyiobacterium sp. Sarcophagidae
Arthrobacter sp. Oligochaeta
Hymenobacter sp.
A 1.0 Alebsiella sp.

Herbasprrillum sp.
Duganella sp.
Bdellovibrio sp.

- 165 -



Estimated factor score

—@—— Factor score
o L__a_
4
[

1010e4

InJ HJD Duk Dag Ddk Dkh Dks SSI

LiT ReK FaA ONSDDKDKS LiK

ReT DUKOCU ReA DAG FaC

Site

InJ HID Duk Dag Ddk Dkh Dks SSI

ReT DUKOCU ReADAG FaC LiT ReK FaA ONSDDKDKS LiK

Site

Fig. 7.1. An assessment of water quality using the integrative water quality

index based upon the multi-taxa (microorganisms and macroinvertebrates).

(A) Comparison of average scores between factor and estimated factor

evaluated by using integrative index in each sampling site; (B) Estimation

error of the factor score in each sampling site.
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Table 7.2.

Score

for the

integrated

index based wupon multi-taxa

(microorganism, macroinvertebrate and algae).

Integrated Organisms
Scores
Index Microorganisms Macroinvertebrate Algae
Chironomidae Gomphonema
1 10.0 Culicidae
Naididae
Lactobacillus delbrueckir Capniidae Chroococcus
I 9.0 Uncultured Verrucomicrobiales Glossiphoniidae
’ Stenotropfiomonas maltophilia  Pleuroceridae
Uncultured Nizrospira Libellulidae
Pandoraea sp. Hydroptlidae Veliidae
Propronibacteriuim sp. Astacidae Spirulina
Halstonia sp. Pyralidae Euglena
Uncultured Bacteroidetes Oligochaeta Crytomonas
[8 8.0 Lthodobacter sp. Sarcophagidae Anabaena
’ Enchytraeidae Surirella
Ephydridae Pediastrum
Klebsormidium
Microcystis
Geminella
Lactosphaera sp. Stratiomyiidae Navicula
]7 70 Acidobacteria bacteriiim Trichoptera Cyclidiopsis
’ Flavobacteriim sp. Physidae
Erythrobacter sp. Helodidae
A 6.0
ya 5.0
Chryseobacterium sp. Planariidae
Sphingobium Sp.
1y 40 LBacillus sp.
alpha proteobacterium
L 3.0 Janttunobacteriiim sp. Gastropoda
Dechloromonas sp. Leptophlebiidae
Exiguobacterium sp. Hirudinea
1, 2.0 Lysobacter sp.
Lthodoplanes sp.
Comamonas terrigena
Lrevundimonas sp. Rhyacophilidae
beta proteobacterium Odontoceridae
Caulobacter sp.
Methylobacterium sp.
I 10 Alebsrella sp.

Herbaspirillum sp.
Arthrobacter sp.
Hymenobacter sp.
Bdellovibrio sp.
Duganella sp.
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(A)

—@— Factor score

Estimated factor score

1010e4

InJ HJD Duk Dag Ddk Dkh Dks SSI

ReK FaA ONS DDK DKS LiK

LiT

ReT DUKOCU ReA DAG FaC

Site

(B)

InJ HID Duk Dag Ddk Dkh Dks SSI

ReT DUKOCU ReADAG FaC LiT ReK FaA ONS DDKDKS LiK

Site

Fig. 7.2. An assessment of water quality using the integrative water quality

index based upon the multi-taxa (microorganisms, macroinvertebrates and

Comparison of average scores between factor and estimated

A)

factor evaluated by using

(

algae).

(B)

in each sampling site;

index

integrative

Estimation error of the factor score in each sampling site.
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Table 7.3. Comparison of estimation performance for each biological index
IAE

in terms of IAE (Integral Absolute Error).
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Error
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dte

Fig. 7.3. Comparison of the estimation performance for water quality
assessment in four cases of the integrative water quality indices. MI:

microbial index; MA: macroinvertebrate index; AL: algal index.
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