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Assessments of Ecosystem Health in Middle Reaches of Suyoung River
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Abstract

Benthic macroinvertebrates, epilithic diatoms and fish fauna were investigated from September 2008 to October 2010 in the
middle reach of the Suyoung river in Busan. During the survey period benthic macroinvertebrates were collected total 44 species
at the three sites (Hanmul-gyo, Dongcheon-gyo and Seokdae Jct.) of Suyoung river. At these sites, species diversity index was
2.1, 14, 15, dominance index was 0.67, 0.81, 0.88 and Korean Saprobic Index (KSI) was 2.0(B), 4.2(D), 4.3(D) on average,
respectively. Dominant species was Caenis Kua, Chironomidae sp., at Hanmul-gyo site and Limnodrilus gotoi, Chironomidae sp.,
at Dongcheon-gyo and Seokdae Jct. sites. Epilithic diatoms were collected total 56 species at the same sites in 2010. Species
diversity index was 3.5, 3.2, 3.0, dominance index was 0.46, 0.54, 0.55 and diatom index for organic pollution(DAIpo) was
52.7(C), 30.7(D), 15.3(D) on average, at the above three sites, respectively. Dominant species was Melosira variance at
Hanmul-gyo, Achnanthes minutissima at Dongcheon-gyo, and Navicular seminulum at Seokdae Jct. site. Fish fauna was also
investigated at the two sites (Hanmul-gyo and Seokdae Jct) of Suyoung river. Total caught fishes were 10 species 32
individuals in the 1st survey, 6 species 26 individuals in the 2nd survey, 9 species 21 individuals in the 3rd survey, and 10
species 46 individuals in the 4th survey. Dominant species was Carassius auratus in the 1st and 2nd surveys, Rhinogobius
giurinus in the 3rd surveys and Culter brevicauda in the 4th survey. Index of Biological Integrity (IBI) value was C grade at
the Hanmul-gyo and D grade at the Seokdae Jct. Habitat/Riparin Quality Index(HRQI) value was B grade at the Hanmul-gyo

and C grade at the Dongcheon-gyo and the Seokdae Jct.
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Fig. 1. Map of the Suyoung River showing sampling sites,
A : Hanmul—-gyo B : Dongchun—gyo, C : Sukdae Jct.

Table 1, Survey period by items

water &

period macroinvertebrates epilithic diatoms fishes waterfront environment
1st 2009. 3 2010. 3 2009. 8 2009. 8
2nd 2009. 5 2010. 6 2009. 10 2009. 10
3rd 2009. 9 2010. 9 2010. 5 2010. 5
4th 2010. 3 - 2010. 10 2010. 10
5th 2010. 6 - - -
6th 2010. 9 - - -
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Table 2, Results of water quality in middle reaches of Suyoung River
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Period Site bl DO Conductivity BOD COD SS TN TP Chl—% Coliform NHs;—N
(mg/L) (g£S/ecm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/m”) (VY1000 (mg/L)

Hanmul—gyo 7.6 12.7 234 3.4 4.4 4.6 0.831 0.096 32.9 92000  0.220

sulritey Dongchun—gyo 7.5 10.1 384 4.1 6.0 15.2 0.180 0.035 15.6 35000  0.198
Sukdae Jct 7.8 10.0 1816 4.0 8.8 7.7 7474 0511 13.6 160000  0.396

ond Hanmul-gyo 8.1 11.5 246 0.6 3.4 6.5 5.221 0.029 1.3 2200 0.103
survey Dongchun—gyo 7.7 10.5 460 2.2 8.8 19.5 3.245 0.090 25.6 3300 0.764
Sukdae Jct 7.7 9.2 1610 2.2 6.6 13.1 6.935 0.147 8.3 24000  0.460
Hanmul—-gyo 8.6 7.6 243 0.7 5.0 3.1 2.745 0.101 1700  0.070

Sugri/dey Dongchun—gyo 7.3 6.3 167 1.9 5.4 11.8 1.526 0.101 11.5 790  0.379
Sukdae Jct 7.5 7.4 2507 1.6 7.4 6.4 4438 0.192 15.2 16000 0.402
Hanmul-gyo 7.9 11.2 177 1.3 2.6 2.8 3.244  0.095 2.6 4900  0.060

suﬁfhey Dongchun—gyo 7.3 7.2 313 4.9 6.4 7.1 2.388 0.110 10.3 11000 0.617
Sukdae Jct 7.3 8.0 1553 5.2 10.8 8.8 18546 0.174 5.9 11000  6.883

Sth Hanmul—gyo 7.9  11.1 204 0.8 3.0 7.0 2.739 0.055 2.9 350  0.060
survey Dongchun—gyo 6.7 9.3 294 3.6 4.6 16.8 1.680 0.028 7.0 2400  0.253
Sukdae Jct 7.6 8.2 1557 3.9 11.8 22.9 15536 0.232 10.5 16000  8.892

6th Hanmul-gyo 7.2 9.7 171 0.6 2.4 0.7 3.110 0.053 - 1100 0.106
survey Dongchun—gyo 7.0 5.3 192 2.8 6.8 7.4 1.360  0.050 8.0 17000  0.470
Sukdae Jct 7.3 7.4 1164 5.6 9.4 6.5 11.127 0.147 9.0 170000  7.003
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Fig, 3. The result of water Quality at each sites during the study period,

A ! Hanmul—gyo, B: Dongchun—gyo, C : Sukdae jct,
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Table 3, Total observed taxa number of macroinvertbrates in Suyoung river

Total 2010 2009

Sum 44 34 32

Platyhelminthes 1 1 0
Annelida 3 3 3
Mollusca 1 1 1
Crustacea 1 1 1
Ephemeroptera 14 13 7
Odonata 5 3 3

Plecoptera 0 0 0

Megaloptera 0 0 0
Insecta Coleoptera 1 1 1
Dipera 9 7 9
Trichoptera 8 4 6
Collenbora 1 0 1

sum 38 28 26
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Fig, 4, The proportion of observed taxa number of macroinvertbrates in Suyoung river,
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Table 4, Total observed taxa number of macroinvertbrates at the sampling site

Period Total Hanmul—gyo Dongchun—gyo Sukdae jct.
st 27 19 8 14
2nd 13 19 4 8
3rd 21 16 11 6
4th 26 21 7 14
5th 19 15 10 7
6th 18 15 11 7
Collembora collembora
Trichoptera Trichoptera
Dipera Dipera
Coleoptera Coleoptera
Megaloptera Megaloptera
Plecoptera Plecoptera
Odonata W 2009(%) Odonata H 2010(%)
Ephemeroptera Ephemeroptera
Crustacea Crustacea
Mallusca Mollusca
Annelida Annelida
Platyhelminthes Platyhelminthes
T T T T g hl T T T T T T
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Fig. 5. The proportion of species abundance(ind, m_z) of macroinvertbrates in Suyoung river,
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Table 5. Species abundance at each sample period in Suyoung River(unit : individuals/m?)
Average sample period
(Tatal) st 3rd 4th 5th 6th
Total No. of individuals 16616.7 34944.4 13455.6 147741 18918.5 122519 5359.3
Platyhelminthes 11.1 - - - - 11.1
Annelida 5671.0 7311.1 1748.1 12166.7 5055.6 655.6
Mollusca 106.8 7.4 14.8 292.6 55.6 0.0
Crustacea 5914 44.4 366.7 914.8 1322.2 751.9
Ephemeroptera 1913.6 344.4 7274.1 585.2 1185.2 14185
Odonata 6.5 3.7 7.4 18.5 - -
Plecoptera 0.0 - - - - -
Megaloptera 0.0 - - - - -
Insecta Coleoptera 2.8 - 3.7 7.4 - -
Diptera 8147.5 26963.0 5344.4  4840.7 3963.0 2511.1
Trichoptera 177.2 251.9 14.8 92.6 670.4 22.2
Collembola 18.5 18.5 - - - -
Sum 10247.5 27581.5 12644.4 55444 58185  3951.9
Table 6, Major dominant species and its proportion at each sample site
e Ceriod doTninance Dominant species and its proportion
index 1st dominant species 2nd dominant species
st 0.95 Chironomidae sp.2 92.8% Chironomidae sp.3 2.0%
2nd 0.60. Limnodrilus gotor 43.4% Chironomidae sp.6 16.8%
3rd 0.70  Caenis Kua 51.19, Lpaemera orientalis 19.0%
Hanmul=gyo 4th 056  Chironomidae sp.2 33.2% Asellus sp 22.7%
5th 067  Asellus sp 44,39, fphemera orientalis 22.7%
6th 057  Asellus sp 28.99, fphemera orientalis 27.7%
1st 0.93 Limnodrilus gotor 23.3% Chironomidae sp.6 6.8%
2nd 0.87 Limnodrilus gotor 62.3% Chironomidae sp.2 24.4%
3rd 0.69 Chironomidae sp.2 42.7% Limnodrilus gotor 26.7%
Dongchun—gyo
4th 0.98 Limnodrilus gotor 97.3% Chironomidae sp.6 1.2%
5th 0.65 Limnodrilus gotor 38.8% Chironomidae sp.2 26.4%
6th 0.76 Chironomidae sp.2 48.4% Limnodrilus gotoi 27.2%
1st 0.86 Limnodrilus gotoi 44.1% Chironomidae sp.2 41.7%
2nd 0.91 Limnodrilus gotor 51.3% Chironomidae sp.2 39.4%
3rd 0.82 Chironomidae sp.2 47.1% Limnodrilus gotoi 34.6%
Sukdae jct.
4th 0.81 Limnodrilus gotor 61.7% Chironomidae sp.2 19.7%
5th 0.91 Limnodrilus gotor 63.3% Chironomidae sp.2 28.0%
6th 0.95 Chironomidae sp.2 87.3% Limnodrilus gotor 8.2%
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Fig, 6, Dominace Index at each sites during the study
period,
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Table 7, The evaluation of the water environment in Suyong stream by KSI and BOD

Site period BOD (\(]}vr;[cé?) KSI (B(;’gﬁ?gey)
Ist 3.4 I 1.2 B
2nd 0.6 la 3.9 D
3rd 0.7 la 1.1 B
Hanmul—gyo 4th 1.3 b 2.5 C
5th 0.8 la 1.7 B
6th 0.6 la 1.4 B
average 1.2 la 2.0 B
1st 4.1 il 4.5 D
2nd 2.2 II 4.5 D
3rd 1.9 1b 4.4 D
Dongchun—gyo 4th 4.9 I 4.5 D
5th 3.6 m 3.0 C
6th 2.8 I 4.0 D
average 3.3 I 4.2 D
1st 4.0 I 4.2 D
2nd 2.2 la 4.5 D
3rd 1.6 la 4.5 D
Sukdae jct. 4th 5.2 v 4.4 D
5th 3.9 m 4.5 D
6th 5.6 v 3.8 D
average 3.8 I 4.3 D
5

KSI

Hanmul-gyo Dongchun-gyo Sukdae Jct.

W 1stSurvey © 2nd Survey  3rd Survey MA4th Survey M5thSurvey M 6th Survey

Fig. 8. Health assessment by site using KSI,
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Fig, 9. The observed taxon in Suyoung stream during the study period,
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Fig, 10, Taxonomic composition of epilithic diatoms in Suyoung river during the study period,
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Fig. 11, Epilithic diatoms density in Suyoung river during the study period,
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Fig, 12, Diversity index and dominance index of epilithic diatom communities at the study sites,
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Table 8, Dominant species and its proportion at each sample site

Dominant species and its proportion (%)

site period
1st dominant species 2nd dominant species

2010.04 Melosira variance 32.4 Fragilaria rumpens 12.8

Hanmul—gyo 2010.06 Melosira variance 33.6 Fragilaria rumpens 11.2
2010.09 Melosira variance 34.0 Nitzschia amphibia 13.8

201004 AGHmanhes WIS 385 Fragilaria rumpens 16.0

Dongchun—gyo  2010.06 éﬁéagggfgp%SUtISSIma 34.0 Fragilaria rumpens 23.0
2010.09 é}g]gy&g‘atgregp%gutﬂsszma 35.2 Fragilaria rumpens 15.6

2010.04 Navicular seminulum 41.0 Nitzschia amphibia 8.2

Sukdae jct. 2010.06 Navicular seminulum 47.4 Navicula goeppertiana 7.4
2010.09 Navicular seminulum 51.6 Gomphonema lagenula 9.0

.

Achranthes minutissima Navicular seminulum Gomphonema lagenula
var. saprophila

Fig. 13. Dominant epilithic diatom species at the study sites,
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Table 9, Total number of Fish species and individuals

SRR DR

SHEREE S

Site Survey period Species Individuals
Ist 8 23
2nd 6 18
Hanmul—gyo
3rd 7 13
4th 6 16
1st 3 9
2nd 3 8
Sukdae Jct. g
3rd 5 8
4th 6 30
(a) (b)
Carassius auratus Carassius auratus
Coreoperca herzi Lepomis macrochirus
Oryzias latipes Aphyocypris chinensfs
Misgurnus mizolepis Coreoperca herzi
etc. BIG
0 10 20 30 40 50 i 16 I_ZO - = . o
Relative abundance (%) fistaciys; abandance: s
(c) (d)
Rhinogobius giurinus Culter brevicauda 326
Carassius auratus Carassius auratus
Lepomis macrochirus Squalidus japonicus...
Aphyocypris chinensis Lepomis macrochirus
etc. etc.
0 1020 30 40 50 0 10 20 30 40 50
Fig. 16, Relative abundance of a collected fish fauna,
(a) 1st survey, (b) 2nd survey, (c) 3rd survey, (d) 4th survey
ojFo] Al £/ TS)o2 FESIIT vIE-S wetol] wgste] Al
e 54 7h ke Folw, WS Wido] Aste] weto] xgd
Gz FROIN 2HT 01 2 AT MAAY BH A 48 FRESL Sk Toln, F1ES W Awe| 27
stof| ofgt Rt el WX5(Sensitive Species, SS), & JgF Wkx] 9k Folr}
7FE(Intemediate Species, IS), WX (Tolerant Species, Fig. 179 $97F &% 3 &8 o799 Y= EA



T T 28 AT 113

02 APFHREE Ueil=t 134 24 23 S &
87HAI7E AR = o] A 25.0%5 AAISHALL, WSS &
2071A7F A= HA 62.5%5 R[St WE
SAAAS Bol7F 87HA1(25.0%) = gt A} wjZolt}, 2
A 2ANAE RES F /A7 AE] A 15.4%
S AXERa, WSS = 1THAPE AREe] A
65.4%% AASIT, WEE AR B0l 871A1(30.8%)
o} BF7(Lepomis macrochirus) 57|A|(19.2%)7F 4, of
SRR ARty 33 2ARAE WIS AN AR
o HA 4.8%, WEESE F 1WAAZE AR=] HAQ
90.5%% AAEHk. WS AR AEYs
(Rhinogobius giurinus) 67]A|(28.6%)2} o] 37|A|(14.3%)
2 94, ol ET AU, 43 TAIHE WAFS F 1
AL Ao HAle) 2,298 AHTAL, WAL F 40
AA7E AR = o] HA|9] 87.0%F AAISHATE WEE AR
A2 Wl ol(Culter brevicauda) 157§A|(32.6%)2} &0 671
A(13.0%) = 4, oF-Hrt At

L

N

b o
TP TR AT oARE A4 A4Sl wet
A% (Insectivores, 1), 4]%(Omnivores, 0), A&
(Carnivores, C), ZA]%(Herbivore, H)2] 471X 2 ojjEs}%

o o] 8452 MAA ] mTlelehd Wt wet Zh A4

(a)
100

80

60
(%)

40

20

3 TS IS
(c)

100 905

80

60
(%)

40

20

SS TS Is

=A% 2 A4 Do) el o
A BANEE §3% 4 Gl adolth HASAL offrt
AAAE Heshzd] glold] 2 QRre F= akeA A4
o10] Ha7} Fepx)7] we of
5
H

el wole 7

( rﬁ_ﬂ
2
3
o
ofN
+

hu

+5, FEedo] APAFE ST v&L sk
TaEe vlg2 ArEshs AR gHA ot

Fig, 189 &3 o729 AAIEAE Yeiligletl 12k A
A1 5 A9 3274A1F HAE2 1670A(50.0%), FA1F-2>
8/NAN(25.0%), 4182 87hA(25.0%), A5 =
2 et 23} 2AHE F ARE 2670A1F A 12
WAN(46.2%), FAES 1070A(38.5%), B4E2 474
(15.4%), A% f= 2= Yyt 3% 2AME &
A" 2AAAZE FAEL 1570A|(71.4%), AL 370A)|
(14.3%), ZA1F2 270A(9.5%), S41F-2 UVIAI(4.8mE Y
ERgTh 43} 2ARET FA-E 4670A1F HAE 18714
(39.1%), SAF2 THAI(15.2%), SA1F2 2178A1(45.7%),

%4
2AFL Qe 208 Ukt 974 FRE ATl 94
3

[

N

(b)

100

80
654
60
(%)
40

20

ss TS Is
(d)

100

87
80
60
(%)
40

20

Ss TS Is

Fig, 17, Tolerant guild in middle reaches of Suyoung River,

(SS=Sensitive Species, TS=Tolerant Species, IS=Intemediate Species)

(a) 1st survey, (b) 2nd survey, (c) 3rd survey, (d) 4th survey
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Fig, 18, Trophic guild in middle reaches of Suyoung River,

(O=Omnivores, I=Insectivores, C=Carnivores, H=Herbivore)

(a) 1st survey, (b) 2nd survey, (c) 3rd survey, (d) 4th survey
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Table 10, Characteristic of Health metric using IBI

Ecological characteristics Tropic composition hé&lﬁ?}?dcaélrfgit%n
No. of : - - :
Site s?re(; Period rﬁ%\?é rl;lfcf)leoE sel\rllgigfre prop(c))rtlon prop(c))fr ton prop(c))fr ton d(l)\lrr?egtfic DI'OD(())%’UOH
m : benthic : tolerant  omnivore insectivore ... . .
S%f/[cll?s species S%?/IC:SS species species species md?ﬁ}[%lals abn&;{rg;hty
M2) (M4) (M5) (M6)
st 8 (5 1 (D 2 (3 478 (1) 304 (3) 34.8 (3) 23 (1) 0.0 (B
Hom- , 24 5@ 1M 2@ HBED IS FW5E 16O 0006

gyo 3d 6 (5 1) 1 () 8461 7691 167 1D 121 00 G
4h 6 (5) 1) 1) 62501 62501 188 (1) 161 00 (B

Iss 3@ 0@ 0@ 10001 10001 001 61 00 G

Sukdae od 21 0@ 0D 1000 (1) 600 (1) 400 @ 6D 00 6
Jet. 3rd 4 (D) 0 0@ 10001 62501 001 71O 00 G
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Fig, 19, Health assessment by site using IBI,

Table 11, Characteristic of Health metric using IBI

_ model value health grade
site
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Hanmul-gyo 22 20 16 16 C C C C

Sukdae Jct. 12 14 12 12 D D D D




116 ARG - olag - £ - A - W]

&

O =
S HEE

Table 12, Characteristic of health metric using IBI of various site in Nakdong River

site model value health condition grade

middle area sampling point st 2nd 1st 2nd
Andong dam whanggee streamO1 26 26 B B
Inha dam Banbyun streamO1 12 14 D D
Nakdong Gumi Nakdong river25 10 16 D C
Gumho river Gumbho river02 12 16 D C
Hapchun dam W(;Jie(s)tcrl’:eé;r;%OI 32 36 B A
Milyang river Milyang riverO1 16 16 C C
Nakdong river Nakdong riverO2 14 16 D C
estuary dvke Nakdong river02 14 14 D b
Taewha river Taewha river02 18 20 C C
Suyoung river Suyoung riverO1l 16 16 C C
Suyoung river03 14 14 D D

source : ¥R Y3H e, 2008
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Table 13, Evaluation of vertical characteristics in Suyoung River

evaluation of vertical characteristics

site period mean - - -
native vertical sandbank nature of river course

1st 6 2 4

Hanmul—gyo 2nd 6 2 ¥

3rd 6 2 4

4th 6 2 4

Ist 4 1 3

Dongchun—gyo 2nd Ny ! X

3rd 4 1 3

4th 4 1 3

1st 5 1 4

Sukdae Jct. Znd 0 L 4

3rd 5 1 4

4th 5 1 4
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Table 14, Evaluation of horizontal characteristics in Suyoung River

evaluation of horizontal characteristics

site period mean
width of river side river wall material of bank
1st 10 3 4 3
Hanmul—gyo 2nd 10 3 4 3
3rd 10 3 4 3
4th 10 3 4 3
1st 9 3 4 2
Dongchun—g 2nd 9 3 4 2
Yo 3rd 9 3 4 2
4th 9 3 4 2
1st 9 3 4 2
2nd 9 3 4 2
Sukdae Jct. 3rd 9 3 N 5
4th 9 3 4 2

Table 15, Evaluation of habit characteristics in Suyoung River

evaluation of habitat characteristics

site period mean
conditions of sediment horizontal structure
1st 8 4 4
Hanmul—gyo znd 8 4 4
3rd 8 4 4
4th 8 4 4
1st 4 2 2
Dongchun—g 2nd 4 2 2
yo 3rd 4 2 2
4th 4 2 2
1st 5 3 2
2nd 5 3 2
Sukdae Jct. 3rd 5 3 9
4th 5 3 2
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Table 16, Evaluation of turbulence characteristics in Suyoung River

evaluation of impaired characteristics

site period mean di | facilit usage of land of usage of land of
sewage disposal taciities outside of a bank inside of a bank
1st 10 5 3 2
Hanmul—evo 2nd 10 5 2 2
&Y 3rd 7 2 3 2
4th 7 2 3 2
1st 5 2 1 2
Dongchun—g 2nd 5 2 1 2
yo 3rd 5 2 1 2
4th 5 2 1 2
1st 5 2 1 2
2nd 5 2 1 2
Sukdae Jct. 3 5 9 ) 5
4th 5 2 1 2
Table 17. Health assessment by site using HRQI
) model value health condition
period
1st 2nd 3rd 4th 1st 2nd 3rd 4th
Hanmul—gyo 34 34 31 31 B B B B
Dongchun—gyo 23 23 23 23 C C C C
Sukdae Jct. 25 25 25 25 C C C C




A& Ry Faell olgt A EA A3 B2t S
9% FR ) AW AAEEs Brlsa
B Table 170 Uehfeleh, GEm BRHOR A
o glott QAT U AAHE §A5
B s5< UEglen, dAdor A AHs
O AR a%lo] g RN AR AR
Bi7h 259l ¢ Sa& LERSIth Fig. 200 A
34X 4=(HRQI ; Habitat Riparin Quality Index)& ©]
A7 A B2 SaS YERIH. 30 |-

A4 g e g dE AR
et AEA S B

23E BEd2 7 AHe| Wried, AR 2Ad 9 10
F8 LTt ool digt A7 YRS Table 189 WE:
Wdch, dhEal] e AAYEHE FASke dEtt AdHel
U o] e ASAE 9 =

T TF 3 Al o

271 giAste] Ay Fol
wgict,

|
ro
rr
__ré
4 2

A

ﬂF

o2

e

~

0:

£ B

1o
ol
KT
o
N
B[
i)
i)
[
et
lo

2 g

119

o] glErdAl =o] FAETE TEEL 3
=

rlok

H

~ H

jn

=

[ R ook 30 O

il
A
oo ¥ on

HRQI

2k A Qlut Hanmul-gyo
a

B 1st Survey

Dongchun-gyo

Sukdae Jct.

2ndSurvey  3rdSurvey  © 4th Survey

Table 18, Health assessment, circumstances and measures in middle reaches of Suyoung River

o o] Wasin, AAE Fig, 20, Health assessment by site using HRQI,

) grade
site

1st 2nd 3rd 4th

conditions or problems

main cause

plan of ensuring
health condition

Hanmul—gy B B B B

-left bank being made up stone embankment,
right bank preserved natural condition
-river course maintained meandering

‘park

-conservation of

o} . . - . -sports facilities nature
-level upped riverside utilize walking road P
and sports facilities
-left bank being made up concrete and artificial .
. . . -prevention of
soil embankment residential area . .
. . incoming
right bank being made up concrete embankment -road
Dongchun— N . pollutants
2v0 C C C C -width of waterway narrowed compared with -amount of Jasti suooly of
width  of embankment flowing ng PPLY
. . . maintenance
- level upped riverside utilize park, sports — water water

facilities and parking lot

Sukdae Jct C C C C

-left bank being made wup artificial soil
embankment

right bank being made up concrete embankment
-width of waterway narrowed compared with
width  of embankment

-level upped riverside utilize field, sports
facilities and parking lot

farm land

road
ramount of
flowing
water

-prevention of

incoming
pollutants

Jasting supply of

maintenance
water
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Table 19, Comparison of health assessment in water quality and biological index

. BOD
site
1st 2nd 3rd 4th 5th 6th

Hannmul—gyo I la Ia Ib Ia ITa

Dongchun—gyo il I Ib il 111 I

Sukdae Jct il il Ib v I v

" benthos (KSI) DAIpo
site
1st 2nd 3rd 4th 5th 6th st 2nd 3rd

Hanmul—gyo B D B C B C C C
Dongchun—gyo D D D D C D D D D

Sukdae Jct D D D D D D D D

" fish (IBI) habitat & waterfront environment
site
1st 2nd 3rd 4th st 2nd 3rd 4th
Hanmul—gyo C C C C B B B B
Dongchun—gyo - - - - C C C
Sukdae Jct D D D D C C C
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