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Abstract

The eventual goal of this syudy was to develop integrated water
quality indices used for the effective wastewater management. As a
first step to accomplish this goal, various polluted streams were
pattern-recognized by analyzing microbial, algal and invertebrate
communities through artificial neural networks (ANNSs) techniques.
The sampling sites were selected based on different sources of
pollution:  farming, livestock, domestic and industrial sites.
Physico-chemical environmental factors were measured at all the
sampling sites. Grouping of collected microbial and benthic
macro-invertebrate communities revealed the impact of sources of
pollution. Microbial taxa were diverse at the clean sites while
microbial communities were tolerant at the polluted sites. SOM
results showed that the sampling sites were essentially categorized
into a few areas of SOM map: reference site-dominant area, polluted
site—dominant area and mixed area of the two different sites. The
eubacterial populations and their distribution in the SOM map
appeared to be significantly affected by organic substrates and
nutrients in the sites. If the identification of eubacterial communities
were completed, more specific relations of the microbial communities
with environmental and other biological data would be revealed. In
macro-invertebrate communities, species richness was high and the
taxa were diversely distributed at the clean sites. At the polluted

sites, in contrast, a few species tolerant to organic pollution were
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dominantly present. The taxa occurring at the intermediate range of
pollution were distributed differently depending upon the sources of
pollution. For algal community analysis, the population was identified
up to a genus level and the data showed a specific distribution
according to the sampling sites and dates, to a certain extent.
However, it may be possible to obtain more specific data useful
for the community patterning if the population could be identified up
to species level. Once the biological and environmental data are
integratively processed using a neural network, multilayer receptron
(MLP), a target integrative water quality index(e.g., species richness)
will be developed. The index will be quite wuseful for an
ecosystem-wise monitoring of the water quality status in various

kinds of water bodies.
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Table 3.1. An abbreviation of the sampling sites

Upstream of Kumkokchun KK
Upstream of Ilkwangchun AK
Reference sites

Upstream of Toham Mrt. TA

Upstream of Onchonchun oC

Midstream of Daechonchun DC
Domestic polluted sites

Midstream of Onchonchun oC

Midstream of Kumgokchun KK
Livestock polluted sites

Downstream of Toham Mt. TA

Downstream of Chulmachun CM
Farming polluted sites

Downstream of Ilkwangchun AK

Downstream of Juksungchun JS
Industry polluted sites

Downstream of Hakjangchun HJ
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Fig. 3.1. Map of the sampling sites
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3.2. o]3tstd &AF 8

ro
I
>

AT A% o - AF BT AW o8 4B FFA
AR S Aokel, ol 2o EAWYSL 2AFROT ATE 59
sa sgrh LG9 FFE vl AFstel el A4sE 2R
A, AR AR AFFE (AT bofilmE A e VAT
@A FATEE 2ARAL. 2A AE 2949 LdAEg
A 2 BRE SUE debs] A8 AL £9sud 3y

C}.

AezAbel Balsto]l z2 AN oA 712 A o5t HALE
gttt 712, &, pH, HdXEX(conductivity) ¥ DOE FixH 3}
20cm Y+ AETE dEo=2 d7]4 F4 W (Harris Environmental
Test Center, Philip Harris Ltd.) 22 ZA}stH 2 &gk A AA 7|55 8
© ST E A Fsteto] £ARSEAY. BOD, BE, ¢4, 52 3 W
o7 ZAs6t. BODY 4% A8FE 5 43 By F
AbA 8 AbEH2 Standard Methods(APHA 5, 1985)d w3kttt X+
spectro-photometricH (LaMotte Inc, 2020)< Al&35Fa, 34 (Model
2100-STDX)E At&sto] &S AU

COD= BODEUY #F7]=4 9 o]&Xe] dia] 957100%E AF3stA 7] 2
2 AdAdol st A 7HAAL o), BAAA L AEAA 7]
=49 F&=& FA4st7] dsted CODE FAs v, CODY FHH2
Standard Methods(APHA &, 1985)o] <]&lo] 1239 F2A RS 33
t}.
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%, nitrate (NOs )9} nitrite (NO2 ) % %=, phosphate (POs) ¥ &2 =4
sl o] 5 F &+ Standard Methods(APHA 5, 1985)%2 =7 ¢t}

stz FdHEE F7EHS F4517] fdted E4 9 total organic
carbon(TOC)¥} dissolved organic carbon(DOC) =& ZF ZAFF Aol A
St TOCS DOCHS Aa/MlEAt Ao 7t EA4 R 7%
£ & TOC-5000 o]&3dted FAst3tt. DOCx= Al&E GFC filter=

o33 F ZA A

g B Ede WASA ARcdA AHDNAS FEetd I Y E

7] 95t 2+ ZAAHe FHAY WEZ2RE =3 = DNAZ 16S

rDNAE touchdown-PCRES Fdsto] SFstanct 2 A H Al 5ol A

DNA Purification Kit (NucleoGen, Korea)2 ®W3&slol AA T I
1.0% of7t= 2 oA Hd7|dsoz Felste] 20T Bystdrt. sh3
o SHALE uwep, MAETHY FRE AT st AE

=
% DNAZ 16S rDNAZ touchdown-PCRS 33l HZ&

o

=
=

o 4



16S rDNA #F 25 SF3H7] fleto] AAA T Solq o= F2s)=
xZgtolm el 27F(5'-AGAGTTTGATCMTGGCTCAG-3") ¢} 1492R(5'~
GGYTACCTTGTTACGACTT-3)E AF&stAch(grA+, 2000;McCaig
et.al. 2001).PCRe] ©o]€% primere 16S rDNA2 V3 de A7 LES
= Z357] $138te] 40bpe] GC-Clamp”’t XZ3H¥ GC-341F(5'-CGC CCG
CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG GCC
TAC GGG AGG CAG CAG-3)¢ 5I18R(B'-ATT ACC GCG GCT
GCT GCT GG-3')= Bioneer Inc.(Daejeon, Korea)oll Al Tt - A2} A}
43 (g4, 2000; Hanson.et.al. 1999). PCRYWF$S 100ngd 9
DNAE o] &3stlom, wgx7e 95T 5&3F 7] dAg & 95T
ol 4 30C FoF WA A 7]aL, annealing =%+ Z7]°] 65CaA A #3)
o] "] 2cyclentt} 1CH FZAE =2 AAHsa, 55C7F 5 15cycles U
Tt F ot 302 WEA 7L AFS ste] T2ToA 45% wHE
¥ FHFom 72CoAM 10&3t Afsta ®RtsS vxo. PCR =2
1.0%9] o}tz s Ao A A7]Qs S Fiske] Felstsd
Touchdown-PCR< <F83sted €2 PCR 4At=< BioRad Dcode
System(BioRad  Laboratories, USA)2 &2 DGGEES 333
Denaturing gradient gel2 30%0°l 4] 60%7FA] = F-u]7} A&2x o2 ¥
AEEE st9 . Touchdown-PCRE T3 92 AHE 20 E loadingsh
o] IxTAE ¢58 oA 60C, 70VE 14A1F A7 458 Arh. A719%
o] ¥4d AL EtBre AFE3dted 94 *  Scientific Image System
(Kodak, USA)Z #z . B350, 28l 2 Als¥ 2 YEld image
& digital #to=2 A3 S o] FES exel filez A3
b

Z12]aL PCR-DGGE 71W & o83 248t A 7= 4

r_{
i

= 29 lol A" mke} o] Fega, DGGERYH & ¥ o]

=

Denaturing gradient gel’dolA] #1x|7} & == F ¥ DNA @A S

oy

7] ekl WA 2zte) W=D A H 33 TR AF F TE



A& H 2/5uE H7bsto], AAEE(14,000<1min)skal -70C oA 5%,

ColA 5&2 Al ¥ wb&Eg & wpxe A4 322 (14,000x1min) & 8}
Feds FHokAv. zF W=l 3543 DNAC| théto] 341F¢ 518R=
7FA 3L touchdown-PCR< S a3ttt 18/i2 PCR productE 7FA 1L
cloningS 2 A3t o]5 band?d 9714 E 4L direct sequencing
W 0 2 Takara Korea, Macrogen. Inc 2 Toyobo. Incs ol 2 s}

FastATt. o]ZHE AojF  sequencing dataES NCBI BLAST

e

searchE &d 7 FA=7E =2 vAE 5 Wl 29 dd

TdE Fsted 1 5455 9osl 9 th(Sarah etal, 1999).

_31_



Microbial cominuity
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| DNA D
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PCE
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Sequencing of bands

165 1DINA =sequences D

=
Phvlogenetic analvsis

Fig. 3.2. Procedure for the microbial community analysis using

PCR-DGGE technique
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e il il al
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Fig. 4.1. Water column temperature of the sampling sites (Feb., 2003
- Aug., 2004)

41.2. 4
FAL 2003 B ZAIANE AAAHORE 68 - 17 cmE UERY =T,

20033 A& ZAIAE 875 - 23.0 cmE T A =A YEbsa, 20049 &=
ZAIANE 7.0 - 255ecmE = A ey

25.0 M
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Depth(cm)

10.0
5.0
0.0

AK | TA | KK | OC | DC | OC |CM | AK | TA | KK | HJ | JS

Re Do Fa Li In

‘D Feb-03 M Dec-03 CIFeb-04 COM ay-04 WA ug-04 ‘

Fig. 4.2. Water column depth of the sampling sites (Feb., 2003 -
Aug., 2004)
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W&o A4 20039 F 2ARA 0 - 994 cem/se] Tt 2003 A
& ZARAIE 0 - 553 cm/sE Fol HlEl] H o] AAHoE A
ZAE AT v 20043 EolE 0 - 118 cm/sE v WYE YERY
AL 2004 o] E T 7S FAA = 6-12cmE A 2 W)= A YERyE
AAA R AL Z2AZE wol w8 Ad S-S =g vt 553
R FEAHoR Fo] FY 119l o] Wol fo] vA yEE o

BAA L AA G HutH TRl 2004 8ol 1.62m/s= #5353 A
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0.0 | i I
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Fig. 4.3. Water flow velocity of the sampling sites (Feb., 2003 -
Aug., 2004)
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42. %34 B89 B4

421 A7IAEE

rr

AAH o2 624 - 1488us o] WA= WA ZALH o v
Feh o AWAE HEHATHLY 44). g 2AAY AS AA2A)
e Ba 624 - 262 ps® GERY, FERH FFE62 ps)E A6

e LadAgel mls e SAHAE BAv. 9, F71E 94
=

AN AE=

o

AHFFE 20039 29, 20039 129, 20049 29 600-800 ps =
o FAs mgont 20049 597 89l E 100 psol 2 wA ebyk
VLA FF AT 2GR LGAGFE 1Y e AV AREES
e AT A s @A A shRet SAH SR Beede

= 699 ps, 20039 Agole 750 ps, 2004 woll= 1445 pus

0o
S
S
o
FL
é
rl

Z YEWa olF 20043 ZAFR|Q 1445 ps= A A AR AL A7) ZE
=2 FAE Yl 8- i A7 A0S
e Ao w JHA =A vEsiedE, 2003 Eol= 1259 ps, 20039
A& e 1260 ps, 2004 ol = 1100 us o= =4 = 3l o},
T gAAoR xrxAA et FRE AolE Hied 1% g
1

=X AL ) XA (reference sites; B 9.9 #])¢} a5 2o] =
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Fig. 4.4. Water column conductivity of the sampling sites (Feb., 2003
- Aug., 2004)

2003 Eo] =AHE gr= AAFOR 146 - 217.67 NTUY HY S
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o] Z wojx ¢kl 20033 7

Wlal A derst 2ehA FRE 20039 Bl 21767 NTUZ dl 4 %
A WEh e, 24T A2 FAACRE, Ut f99
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NTU=R uetsed o A-E fFe] A, 4
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of Z4ol BbEaela, 200449 8Uel B
Astel ZHeA 2o

FANF LAAGAAE AR Gt FrGA A @
4% sk 2003d B ZARAIOl 8.02 NTU$S 13.23 NTU=R e =
o], 2003 A-Zol+= 13.6 NTU® 25 NTU=Z v =A Yersth. 2004

wol+ 21.6NTU, 357/NTUZ H& F7tstla 20049 549 A¢ 4
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Fig. 45. Water column turbidity of the sampling sites (Feb., 2003 -

May., 2004)

4.2.3. BODs

A4 o2 BODs= W2 WA vyt 2003 #=o 01 - 117
mg/L, 2003 A&+ 045 - 102 mg/L, 2004 o+ 0.6 - 90mg/L,
2004 o Fel= o WHE HEHlt gz 2AA A= 5 mg/L Bu
S dhERsk T
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F2F 117 mg/L, 102 mg/L= =A YEsth AFgH s Sd x99

r 2 dAHe =¥ FHRAA BODs= 2003 =3 2003 7

N

= °

BFol= 20039 A& 20049 Fol 40 mg/L ol =A YERS T

2004 & FAbel gl = i EzT el A= 0.6 mg/LolA 25

et ou, Agdsts frlE LaA9] dHAE SR 2HH TR=
7

77y 19.0 mg/L, 67.2 mg/LZ =A YERykt dbd

g L dA G BEEA AR w3 AR 47 5.7 mg/L,
6.6 mg/Lo2 et Ao wrodth whdl AdHe oA gl g
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Fig. 4.6. BOD of water samples from the sampling sites(Feb., 2003 -
Feb., 2004)

_41_



424. COD
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Fig. 4.7. COD of water samples from the sampling sites (Feb., 2003 -
Aug., 2004)
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425. FH71@ AL ZFH(TOC)#H §ER/714¢4F(DOC)

o
M
=
:{o
jinss
i,
rlr
Jo
N
i
o
1o,
BN
>
i
o
:oé
of

TOC7} 242k 1 - 365 mg/L, 85 - 458 mg/L 9
48). FRAHEY F5 e LdAH s DOCs TOC7E ¥Al e

o, My edAY, Adus SdAde] v
ool B DOCe TOC7F =4 detwk=d, 53] 2H1d 7% =
43 skl ZH24 DOC  34.2mg/L, 365 mg/L, TOC 435mg/L,
45.8mg/L= 7Hd =tk 8o 2003d 2€ o] 59l 2003 124, 2004
2454842 DOC, TOCEA 77134 ngoz Qlste] SA8HA X3}

o]
AN

DOC,TOC.fng/{)

oboCc mTOC

Fig. 4.8. DOC and TOC of water samples from the sampling sites

(Feb., 2003)
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Fig. 4.9. Concentration of tatal phosphate(TP) of the sampling sites

(Feb., 2003 - Aug., 2004)
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4.2.7. F 7124 (TKN)
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Fig. 4.10. Concentration of total kjeldahl nitrogen(TKN) of the

sampling sites (Feb., 2003 - Aug., 2004)
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(Feb., 2003 - Aug., 2004)



4.2.10. 2 YolA A (NH, -N)

orw oA A& NH)-NE= £33 AFZ A193 reference A 99

Ae A BAZIUD, £718 094 LA FH, AYAS 294
Al A SAHY 4§ 20039 2€, 2003 124, 2004 2¥€-& A
Aol BAGe] ¥A vEdth E£F A5 LAAG 4 dR e}

Wb oluel BE Ao B4 AR ZAIA %A UEhe olE 4

A4 Aol 20039 29 FAW Hrh 20049 1290 BR 0 AE F3]

o] W& Ao 7]Qlg Ao =Z AFRHY oY 2004 5 ZAFSE 20041 8
4 ZAMH o= 2004 2€ol] Hlgte] fHAE AS YEWT 899 A5
ke "2 Qlele] Fole ZAoE AIRHI Yoy FAASLE S HEF
Yol FAFJA=A A= dastr] = FEolt
30.000
25.000 |
£ 20.000
g
Z 15.000
<
< 10.000

5.000 —r
0.000 | J_|-|.J'|'|-|_| ‘ ‘

AK‘TA‘KK‘OC DC| OC CM‘AK TA‘KK HJ‘JS

Re Do Fa Li In

\ B Dec-03 M Feb-04 C1M ay-04 CIA ug-04 \

Fig. 4.13. Concentration of NHy -N of the sampling sites (Feb., 2003
- Aug., 2004)

_49_



4.3. A& AEY A (sediments 9 L W)

ol

=]
ATz 4

LAde] FHE vFetA AdAsk] st AMAst= =/ (AEA,

v 23} biofilme A= vl A E (R A})9

2
>
oX
=
odlt
-
Y
o
offl
i
[N

2003 29 (&), 2003 5€(oF), 2003 11¥€(A=), 2004 24
(), 20049 5U(1H) ARF AEL 74 ARAZ W ABEAARA)
o3y FEE BAL U 20049 $2(HS) ARE @A
Fol k.

edatiel AU WAT FHE 2SI Aste] AH AN F3

3 DNAZ o] 839  primer2GC 341F¢ 518RS  Al&3d1¢]

CRL

M

touchdown-PCRS F 33} 92 FTZLFES denaturing gradient geloll
loading ¢ 235 19 4.25~4.29°] e 2003 2€9] H$ A
AA o] fpFA o] =2 #HS BHAF = DGGE profiles & o+ YA

H, 534 FA 9ol bandT7F 7FE BdH (29 4.14). 183 °]E band

o profile® AZ Aold #9& RA AN = BAgle] fA)
@ SHE profiled MR T F71F LFA% AAF LG

"
o,
)
)
o)
%ol
e
=
o
=
—+
(@]
j)
w0
.
<
N
N
ol
rot
rm
y
o0
Ny
=
il
r
1)
ol
ol
32
K
0}e)
NG
=

_50_



M 12345 MMMGEG67 89 10 1112131415 M

Fig. 4.14. DGGE profiles of amplified total 165 rDNA from different

non polluted and polluted sample (Feb., 2003). Upstream of
chunchonchun(1), Upstream of Toham(2), Upstream of Onchonchun(3),
Upstream  of Ilkwangchun(4), Upstream  of Kumkokchun(5),
Downstream  of Chulmachun (near parsley-growing  site)(6),
Downstream of Ilkwangchun (near parsley-growing site)(7), Upstream
of Chulmachun (near parsley-growing site)(8), Upstream of
Ilkwangchun (near parsley-growing  site)(9), downstream  of
Toham(10), Livestock of  Kumkokchun(11), Midstream of
Daechonchun(12), Midstream of Onchonchun(13), Downstream of

Juksungchun(14), Downstream of Hakjangchun(15); M, DNA marker
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Table. 4.1. The results of 16S rDNA sequence analysis for DNA
bands from the PCR-DGGE gel (Feb, 2003)

Similarity | sampling band
Band Taxon of the highest similarity
(%) sites intensity

1 |Bacillus alcalophilus 100 CCU 15.62
2 |Endosymbiont of Acanthamoeba sp. 100 CCU 6.038
3 |Bacillus alcalophilus 97 CCU 56.89
4 |Bacillus sp. 96 CCU 8.53
5 |Bacillus sp. 98 CCU 5.91
6 |Bacillus sp. 99 CCU 30.12
7 |Bacillus cereus sp. 97 TAU 457
8 |Bacillus mycoides sp. 90 TAU 6.57
9 |Endosymbiont of Acanthamoeba sp. 98 OCU 9.83
10 |Bacillus sp. 100 OCU 9.74
11 |Denitrifying bacterium sp. 100 OCU 28.19
12 |Denitrifying bacterium sp. 97 OCU 25.13
13 |Sinorhizobium Xinjiangensis sp. 98 OCU 15.56
14 |Arthrobacter sulfireus strain Sp. 96 OCU 22.99
15 |Kaistella koreensis strain sp. 97 OCU 23.96
16 |Lactobacillus sp. 100 OCU 20.91
17 |Bradyrhizobium japonicum sp. 95 OCU 16.36
18 |Acinetobacter haemolyticus sp. 98 OCU 10.69
19 |Wolinella succinogenes sp. 97 OCU 19.05
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20 |Bacillus cereus sp. 100 oC 4.32
21 |Exiguobacterium sp. 100 AK 1.8
22 |Exiguobacterium sp. 100 AK 20.03
23 |Bacillus sp. 100 AK 10.39
24 |Bacillus sp. 100 KK 17.48
25 |Staphylococcus chromogenes sp. 97 KK 62.61
26 |Clostridium sp. 98 KK 16.13
27 |Forest soil bacterium sp. 100 KK 16.24
28 |Bacillus gelatini partial sp. 96 KK 13.96
29 |Helicobacter sp. 94 KK 10.42
30 |Exiguobacterium sp. 98 KK 12.66
31 |Ruminococcus palustris sp. 95 KK 11.47
32 |Marine bacterium sp. 95 KK 6.08
33 |Lactobacillus rhamnosus 96 cM! 15.93
34 |Elbe River snow isolate 92 cM! 6

35 |Staphylococcus aureus subsp 95 cMm! 10.9
36 |Clostridium sp. 100 cM! 23.74
37 |Chelatococcus asaccharovorans 97 AK 5.65
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38 |Bradyrhizobium sp. 98 AK 11.89
39 |Trojanella thessalonices sp. 95 AK 7.19
40 |Listeria monocytogenes strain EGD 96 AK 9.72
41 |Trojanella thessalonices sp. 94 CM? 39.8
42 Bacillus mycoides sp. 94 CM? 22.69
43 Bacillus mycoides sp. 94 CM? 46.81
44 | Bacillus mycoides sp. 95 AK® 10.24
45 | Bacillus mycoides sp. 96 AK® 11.38
46 | Bacillus sp. 100 AK® 18.41
47 Bacillus sp. 98 AK® 15.17
48 | Denitrifying bacterium sp. 99 TA’ 21.21
49 | Stappia sp. 99 TA 4.61
50 Microccous sp. 94 TA* 3.9

51 Denitrifying bacterium sp. 98 TA* 15.44
52 Mesorhizobium sp. 96 KK’ 11.58

cM'; Downstream of Chulmachun (near parsley-growing site)
CM?% Upstream of Chulmachun (near parsley-growing site)
AK% Downstream of Ilkwangchun (near parsley-growing site)
TA"; downstream of Toham

KK’ Livestock of Kumkokchun
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Fig. 4.15. DGGE profiles of amplified total 165 rDNA from different
non polluted and polluted sample (Jun., 2003). Upstream of Toham(1),
Upstream of Onchonchun(2), Upstream of Ilkwangshun(3), Upstream
of Kumkokchun(4), Downstream of Chulmachun(near parsley-growing
site)(5), Downstream of Ilkwangshun(near parsley-growing site)(6),
Downstream of Toham(7), Livestock of Kumkokchun(8), Midstream of
Daechonchun(9), Midstream of Onchonchun(10), Downstream of
Juksungchun(11l), Downstream of Hakjangchun(12), Upstream of
chunchonchun(13), Upstream of Chulmachun(near parsley-growing
site)(14), Upstream of Ilkwangshun(near parsley-growing site)(15); M,
DNA marker
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Fig. 4.16. DGGE profiles of amplified total 16S rDNA from different
non polluted and polluted sample (Dec., 2003). Upstream of Toham(1),
Upstream of Onchonchun(2), Upstream of Ilkwangshun(3), Upstream
of Kumkokchun(4), Downstream of Chulmachun(near parsley-growing
site)(5), Downstream of Ilkwangshun(near parsley-growing site)(6),
Downstream of Toham(7), Livestock of Kumkokchun(8), Midstream of
Daechonchun(9), Midstream of Onchonchun(10), Downstream of

Juksungchun(11), Downstream of Hakjangchun(12); M, DNA marker
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Fig. 4.17. DGGE profiles of amplified total 16S rDNA from different
non polluted and polluted sample (Feb., 2004). Upstream of Toham(1),
Upstream of Onchonchun(2), Upstream of Ilkwangshun(3), Upstream
of Kumkokchun(4), Downstream of Chulmachun(near parsley-growing
site)(5), Downstream of Ilkwangshun(near parsley-growing site)(6),
Downstream of Toham(7), Livestock of Kumkokchun(8), Midstream of
Daechonchun(9), Midstream of Onchonchun(10), Downstream of

Juksungchun(11), Downstream of Hakjangchun(12); M, DNA marker
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Fig. 4.18. DGGE profiles of amplified total 16S rDNA from different
non polluted and polluted sample (Jun., 2004). Upstream of Toham(1),
Upstream of Onchonchun(2), Upstream of Ilkwangshun(3), Upstream
of Kumkokchun(4), Downstream of Chulmachun(near parsley-growing
site)(5), Downstream of Ilkwangshun(near parsley-growing site)(6),
Downstream of Toham(7), Livestock of Kumkokchun(8), Midstream of
Daechonchun(9), Midstream of Onchonchun(10), Downstream of

Juksungchun(11), Downstream of Hakjangchun(12); M, DNA marker
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4% += BMWP(Biological Monitoring of Working Party) 59 A<+ 3

Abd o] Aol A FrER AR o A o]t

TETEY AT AAAow edd FRol w11 - 39, EPT ¥
A9 0 - 242 JYEWT (43). TR EE UE2EAA 24A

oA 39F o= 7h =dvh vhA AR Hs Aol 11Fom b v gt

T A 2z AA 2HAAAA 24F oz G M =

=]
5
F oA FFHAA 002 g oA vhebe

Table 4.3. Species richness and EPT richness the
benthic macroinvertebrates according to the reference

and polluted sites

Follution Stream  Species richness EFT richness

AK 20 g
. KK 19 10
oc 39 24
TA o7 16
DC 15 5
Do oc 13 1
i aK 25 1
Ch 21 6
] KK 20 7
T4 16 5
- H 1 0
1S 11 2
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Fig. 4.20. Species richness, EPT richness, total density, EPT density
of the benthic macroinvertebrates according to the reference and

polluted sites (Jun., 2003)
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Fig. 4.21. Species richness, EPT richness, total density, EPT density

of the benthic macroinvertebrates according to the reference and

polluted sites (Dec., 2003)
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Fig. 4.22. Species richness, EPT richness, total density, EPT density
of the benthic macroinvertebrates according to the reference and

polluted sites (Feb., 2004)
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Fig. 4.23. Species richness, EPT richness, total density, EPT density

of the benthic macroinvertebrates according to the reference and

2004)

polluted sites (Jun.,
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Fig. 4.24. Relative species richness of the benthic macroinvertebrates

according to the reference and polluted sites
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Fig. 4.25. Relative species richness of the benthic macroinvertebrates

according to the reference and polluted sites (Mar., 2003)
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(Fig. 4.26).
Community compostion
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Fig. 4.26. Relative species richness of the benthic macroinvertebrates

according to the reference and polluted sites (Jun., 2003)
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Fig. 4.27. Relative species richness of the benthic macroinvertebrates

according to the reference and polluted sites (Dec., 2003)
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Fig. 4.28. Relative species richness of the benthic macroinvertebrates

according to the reference and polluted sites (Feb., 2004)
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Fig. 4.29. Relative species richness of the benthic macroinvertebrates

according to the reference and polluted sites (Jun., 2004)
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Fig. 4.30. Grouping of sampling sites of environmental data by SOM

(upper pannel) and its U-matrix(lower left) and environmental

parameter distribution according to the sites(lower right)
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Fig. 4.31. Grouping of the sampling sites based upon microbial
population density profiles(upper pannel) and its U-matrix(down

pannel) (Mar., 2003)
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Fig. 4.32. Grouping of the sampling sites based upon microbial

population density profiles(upper pannel) and its

pannel) (June., 2003)
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Fig. 4.33. Grouping of the sampling sites based upon microbial

population density profiles(upper pannel) and its

pannel) (Dec., 2003)
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Fig. 4.34. Grouping of the sampling sites based upon microbial
population density profiles(upper pannel) and its U-matrix(down

pannel) (Feb., 2004)
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Fig. 4.35. Grouping of the sampling sites based upon microbial
population density profiles(upper pannel) and its U-matrix(down

pannel) (June., 2004)
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Fig. 4.36. Total population density of according to algae the reference

and polluted sites (Aug., 2003 - May, 2004)
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Fig. 4.37. Dominant species Index of algae according to the reference

and polluted sites (Aug., 2003 - May, 2004)
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Fig. 4.38. Species diversity Index of algae according to the reference

and polluted sites (Aug., 2003 - May, 2004)
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Fig. 4.39. Grouping of the sampling sites based upon algae population
density by SOM (upper pannel), its U-matrix(middle pannel) and the

genus distribution according to the sites(lower pannel)
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Fig. 4.40. Grouping of sampling sites based upon benthic
micro-invertebrate by SOM/(upper pannel), its U-matrix(lower left

pannel) and the species distribution(lower right pannel)
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