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Abstract: This study was conducted to select target fish species as baseline research
for accumulation analysis of major hazardous chemicals entering the aquatic ecosystem
in Korea and to analyze the impact on fish community. The test bed was selected from
a sewage treatment plant, which could directly confirm the impact of the inflow of
harmful chemicals, and the Geum River estuary where harmful chemicals introduced
into the water system were concentrated. A multivariable metric model was developed
to select target candidate fish species for hazardous chemical analysis. Details consisted
of seven metrics: (1) commercially useful metric, (2) top-carnivorous species metric, (3)
pollution fish indicator metric, (4) tolerance fish metric, (5) common abundant metric, (6)
sampling availability (collectability) metric, and (7) widely distributed fish metric. Based
on seven metric models for candidate fish species, eight species were selected as target
candidates. The co-occurring dominant fish with target candidates was tolerant (50%),
indicating that the highest abundance of tolerant species could be used as a water
pollution indicator. A multi-metric fish-based model analysis for aquatic ecosystem
health evaluation showed that the ecosystem health was diagnosed as “bad conditions”
Physicochemical water quality variables also influenced fish feeding and tolerance guild
in the testbed. Eight water quality parameters appeared high at the T1 site, indicating
a large impact of discharging water from the sewage treatment plant. T2 site showed
massive algal bloom, with chlorophyll concentration about 15 times higher compared to
the reference site.

Keywords: chemical pollution, fish contamination, ecological stream health, fish
tolerance
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LA B

A F 5= 8 FlEEESE 25, &
gt2E, AR AlE 59 Adule B gk 5ol A
&= Sk 2] (Wastewater treatment plant, WTP)
oA FUEE Aoz & LA th(Lee et al. 2005). 5t
TR o] Hagdol wet 3o o] /A=
of 91gAQ1 FEET o2t o dd B SHME
o ARl AIE 7EATH(Kim et al. 2017). ZLHO
T Blsty T ARESE @Afo] At o] g 9 Tele
2 AL ol SIe] whet el 210
o= (POPS)HBE!J— otz A ;u/\ o] & ojoFo= L7]E0]
A A=A o] (Lee et al. 2008; MOE 2009) 6}5‘&
of MAsh= offf= shda % sk B A= BRA RSl
st B A4F AL Yol leEHo] AR dF=
b= 20 2 H 1% 31 QITH(Cho et al. 2000).

27 7712952 S PCBs (Polychlorinated biphe-
nyls), OCPs (Organochlorme pesticides) 5 22 771
FaAStgES] FFole 584, sFetaox QHYE o]
= Tl FLE /\l Aol w2 248 HiE g
TH(UNEP 2003). frofiefeta2ol et s~ 4eiA 2734
= olaketA] Aof ofjt Rt ofy e} kol A4St
= M=% % (Bio-indicator) ¥ sHTx 9] w0l &%
ARl P F= A2 A Utk (Mullins 1999; Dyer
and Wang 2002). ©|& 5Pd 2] @ A& A5 714 51
e QA Thepst agisel ofal Uk W stel
A7\b0) Qe 71 W] A EAES Totel

7) o1 et olgl 2AE A chepst Qi gls] =] o
SEUA YA AR hE57t S AN YR v
Z e A @ SRR AR n] )= dskol| et e AT
7} 9 =47} A7 m)e Aeo]ehRa et al. 2005).
HH, Selol A A4 0 2 sl T el 2 e
glo] sho] mAE ol tie ATE Sstn A,
0] JEAT BAES Agste] alselRel 9%
S FA45) 31 QITH(US EPA 1991; Chapman 2000).
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2517 Uk (Park et al. 2011). 124, HZ G3istetE4
ol Y 9 f5F VIR Qo FasS IR 24
siatetEdo] A2 Y= 1.2 (Abdel-Baki et al.
2011), o]¥ 3}et EHEL2 flaldo] ot YA Aol
FFS 7|A]= Ae= LA loh(US EPA 1999, 2000).
E3], Al el 2449 =4 }01 olf= A7 &
SfsteE4 o] e Zof| o5l thggt Aol A 7] wfzol
Aeld, 754 Zoflint ofy E}(Klm and An 2020) A&
Hol|AHE Foff SAYeA weto] HHH oz Frojst=
Zo =2 BHE I QITH(Chung and Yoo 1990). THhA] -R-5f
stetEde] digt 488 JFS A0 SlaliA = 124

SR 0] A717F BAS 7 Hhedshe El5lE AAo]

:[o

£l
A olof sh, 37 Fl AFAEE A
BES 459 Selseban BAol i sjslo
o]— 731,]._ zaﬂo}j_r o M;Ho]r,]—
oIS fIsiA Aay= ojof sh= 7 Tast A=

LHEHN =& W FHOI M A He A &
(Target candidate fish species)] A7 o]t} v|=;
(US EPAYSIAE olfio] 254 Safstaladol
4g Fo}) PalA B EE U % 7 TR
AAsHE 49 A77H BRTS AT ot SIEhUS EPA
1991). T1% GARAAE oiRo] 254 folsiotE e
B4 o @ 7lute) 24 B SR ES A5eka glo
™, Aol thet oheRt RS AAJskaL Qlok whebA &
2lute] tefet AEA = B7le] AsiA= 12H]
02 o]F9] A EA (Lee et al. 2013a), LAAEZE EA
(Lee et al. 2022) D AAH o 2 A o] e FEZ 2 9l
Ao FaF(Lee et al. 2013b)2 & 4~ Y= FH o|F HAF
Hol A7t A5 85 Qi

0= SR RO A= Rl B SR e A B
Qe T 2N AE EFTE (Algae), A14178= (Benthos),
F o= &8 =AE 715 (Biological Criteria)< =
SEIL QLO™ (US EPA 1988; Van Putten, 1989), =]
Daphnia magna®} Euglena agilis€ ©]-8-5to] H|4=0]]
H fofstetzd o 54 A E HIIRE v At (Lee
and Park 2016). ©|¢} &2 REE2 Al57H4 Wo|7t @
© kLol i}ﬁ]—x% o] rﬁ7].9] _E,Ly\ﬂg 5,1__(2]—‘6]_0:] (An and Kim
2005) A2 Q1 A A B7dE B71d 4 = ol A
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2 HHSE WS 4= QT (Tashla et al. 2018). T3
ol S5 5 SR oz} SeysterE ol o
TS 550 B0 oF B4, AHA o] T =24
H3l71A] vredste] §-840] t$ =2 Aoz oajd 9]

Th(Piria et al. 2019).
ThA] 2 QO ol S o8 folsieE 2
o

=
Aol A% A4 tis mae Asie] AXsh,
gafsretE Aol tigt s4HA @ 444 B 9 Bl
AEREEEERE e G

2. Mz 9 Y

2.1 ZAXIF B =AY

2 ATE ol 27444 T HAEWNE T 23 (T1,
T2)7 FZ5Hd (Ref) 2182 AAsEAL, ZF 2132 oA
skeF A 21 SERE-E(T1) Y 2730 (T2), =5}
o 2= 7 AR A (Ref.) 2 AA 5 TH(Fig. 1). T19]
73S, EA (HF AN ol f1xIotar Qlow = staFE
A T dd FHFo] 599 & F 2 sk Aol
ghefisto] Ao FIFE 1A AR A= A5t
Fom, T2+ F45Ae BE 277t FFEo HittE #
U= 2] IR 2 A Ao f-UH ststE el &
ol mf-¢- =& Ao 2 ddE|o] AAsHATt. T Ref=
A T LAY dFol AL flE AHE AHs5HA

o}, 2h 2 el that APl 9131 TRt Ao,

T1: PAFGA 74+ A
(36°23'54.80"N, 127°24'44.09"E)
T2: A= T4 At gEe]
(36°01'44.88"N, 126°46'24.65"E)
Ref.: A3 A M 825

(36°15'04.02"N, 127°19'06.68"E)

(]

2.2, olgfere £ wx

olgfetd] 4 A= ST S EA 2H (http://
water.nier.go.kr) A AlESt= 20179 1¥5H 20199
129714 F 393t 549 I ARE o]83te] £45

Target candidate fish species selection method
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Fig. 1. A map showing the reference site (Ref.) as least-impacted
clean location and impacted sampling sites, T1 and T2, influenced
by the wastewater disposal plants and all non- and point-sourc-
es, respectively.

Aot 4 =4 ¥ HAERE A 2o 2 HE
¢l FFS vl A o= AA st e, 2, pH, &&
4F4 (Dissolved Oxygen, DO), =3t 4FA Q2 (Bio-
chemical Oxygen Demand, BOD), &}5t# 4h4-Q 1ef
(Chemical Oxygen Demand, COD), Z5-7=74 (Total
Suspended Solids, TSS), % ¢! (Total Phosphorus, TP), &
£ (Total Dissolved Phosphorus, TDN), $14F<1
(PO4-P), &E 4= (Total Nitrogen, TN), 8532 4 (Total
Dissolved Nitrogen, TDN), &2 YoM A4 (NH,-N), &
AHdA A (NOs-N), H7]1H = (Conductivity, EC) ¥ &
2 29.a (Chlorophyll-a, Chl-a) 5 & 157H2] & ¥
£ ez sto] 2 214 9] 4 E4S Ak

A% AREAY 24 9 B

rr
rlol

o7 A% Ak
S WSHTH(NIER 2017). 20205 24 (5~6¢Y) E 7122
(99) 4 23] A Ao, A E42E B (Y

E 7x7mm), SH(FE 4x4 mm)E °]8ot] AR
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7%&0] 20mm ©|5}te] FA o] E7Fst 2019 Al e]st
ATt v WA Y] E2 718 (Deformity, DE), A=
0] &4} (Erosion, EF), T 4 (Lesions, LE), &% (Tumor,
TU)9| 47F] E7710l wston, ofFo A4 9 274
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2.4, T 0|7 HWIHX| RE(FANS o] 8%t
FHENA 1278 ot

P AVEIA O] A7 B RO o /R
B (Fish Assessment Index, FAI; NIER, 2017)= 7|9t
o5 HASHTE & 87o] WEZog FAHo] glom
ZF WERE €07, “6.257 “12.57 & TEote] H4E Aot
91, Y& fEE-S SRS (Stream order) ol Wt 215
B7eto] REAZES APl bRt 2SaE v o=
ol F g 7Aool e} v (Excellent), £+ (Good),
X5 (Fair), 4 (Poor), W-%-LHE (Very poor)2] 578 55
o7 JEste] Frlstaleth

25 84 &4

7k 2174 9] o]3fetA 4 WMol tisl] 71& FA A=
AAISHTE el AA 21 2 T, T2 AR 3 48 5
THIE E}I5H7] 9a) SAZZ 13 IBM SPSS Statistics
26 (ver. 26)= ©|-85t] dHEAHEA (one-way ANOVA
test)= AAISFATE ZF 215 1t o3t 9] AlolE HF
5t7] 915h Tukey’s HSD2] H'H o
7} 23448 2ol & HE sk

3.2 Y Ay

30, QUISeIE T BAE % E $RE MY B
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N ehs HES mdS st on, A HES £4
= Table 17} &tk B7F HE ] 3}50 2= AFgrEo] Bol
AFISHE o7l B-%-(F1), tHE o7& A5t AW =
e 240 27 ¥ EolAlE ol /Y A9 (F2), 77
=& 7= AAste] sty frlEEel JAE felE
o] Aol 552 &0l ¥ w2 oFYL A5 (F3), W
Q=7 Eot 2 FH A HollA o @& Aot fefEdol T
DAY =22 5 Qe o7 Y A5 (F4), /WA57F 555t
of 2ol gold A-¢-(Fs5), Aldel gt glo] ¥HEAQl £
Al A - E 4 Qs AAFL 785 (F6), HA e = %
eutet Ao A B $I5HA| ZaEsto] HIHsHA A ==
ojFd B¢ (F7) 5= S At &
77He] HIEH R F T EHOR 1,
“57H 0= Fisto] H4-E A4Sk E9l,
TAEE Vsl B2lE A4 Al

POl =& Zo= wuy
7ol 1.541e] 45 7o
A “0"H= Tk,

MEE B2l SHF A4 this wEY Rdg o]§
sto] A A9l 591 Bl S EF B2 A3 T1olA
= Y4o1(37.5%, Cyprinus carpio), 5°1(35.5%, Carassius
auratus), “+* (27.5%, Hemibarbus labeo), w271 (26.5
4, Squaliobarbus curriculus), 73] (2674, Erythroculter
erythropterus)?t BZ1E S H=A AA= It Jojet &
of, ==7l, ¥ B-F, stF= 2ol F71E=
T2 sty /HAe] 2717F AR, 2A o]ESHA] &
of o' 2 oA dA Bl LEH= B SAATE
Aitstzloll oIt FLo2A F7]=l et 2het=4
Hg 34 4 Qe o1F 2= ARHTH(Chi et al. 2007;
Rajeshkumar and Li 2018; Xie et al. 2020). <=2 9] 7%,
Folut Folet gel FH ARt o] FAS 7HA] L Qlom, &
Algfo] vl =2 SA of g Al Sig Aol AAst
+ U olFEol 55 shetEdo] Aol s=Hof 9L
= ZEol £, AAC 2717F 1 m7HA] ARl olFo =
A B2l SHFo s At 20w AlmthH(Hung ef al.
2018).

27 sl A HAEHE T2o|l % 9ol(37.5
), 5°1(35.5%), 7F5°1(29.5%, Chelon haematocheilus),
==71(26.538), 7F 21 (25.5%, Channa argus)”} EF2 &
HEOoZ AQEh 7Hsole shollA F2 A
= olFoly &7 FRVA SHd AR o]5/do] vl¢
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231, iAE] 2717 Wi AR f7]ES AAskE o
FO2 (Kim et al. 2015) AWl 2let=24do] 552 715
Jo] =2 oFEA B SHFo = AAESIH 71=A]
O] %, NAe] 2717t AW, w2 ZAS 7R &
A1/ o F= (Saylor et al. 2012) THE °1F= X
w2t Ao B olfE=25E 54 550] 1¥ °
Ate R A= 2 750 550l Ei% 3l
(Zhang et al. 2014) E}Z $HFOZ 7|7} = o
woEnh A7) B2l SRE S AEAE ALt ol
of, ==7M, 74, 7Fsol, 7HeAl= /—‘1% = o]gHr <l
7ol AFel ool Ta5%, o T4 &2 Folste=4
of ©eiE U= 7Fs/dol EAsH] Uﬂ—lroﬂ ZQ57} =of
1! WS TH (Rahman ef al. 2012; Cui et al. 2015). ESF,
37t 9ol 2] o FUAMA (Micropterus
salmoides)®] 75 =Ul Aol FHLI5HA 25kl 9
I (Jang et al. 2002), ZF A<l A o] Q4 2 v Frprt
7FsohH, ZAQF 2 WAL} =0k (Maezono et al. 2005;
Kang et al. 2019) -Foll2teHE2 o] F=1} kS whefs}r]
golsto] BpZl 2HF o= o]8H 5 S Z 0w Ttk

ZAHE ol 127 44T 082N F TR
E7} %—5711 UrE}M_“% ol B H S7kA A oF
(76, NIER 2020)2] ¢F 58%=2A4] o]Fo] FH AC
2 Uehgoh T3 fofsletEdo] siEE s R 9
= e SR (ThHS dHds XP‘*(Ref)°ﬂ H] 3l 1/d

% (Tolerant sp.) 5= 4 F41E (Omnivore sp.) TF%

Reference Site
100

60

R.A. (%)

40

20

0 - , |

TS IS SS
Tolerance Guilds

7t EBISHA =7 Ui R 9] AE Ut
(Table 2). st T Ao B e Y H Heddol §f

= AR gmHs A= 18F0] At oH,
W@E 2] E (Tolerance guilds) SHolA Fof thet F
s AR (83%), WHT 2 (6%) B WEF S5
E7F e 7 (12%) 22 YERSTH(Fig. 2). T, A4 4=
(Trophic guilds) 2410 TH2™, d¥H2 oz gh2 AR

of

of

1

ar
N o Wiz g Uehti Hoz gexl SA%0 v
(US EPA 1993)7} 38% =24 Yert #lm@dA shd o] B4
S Zdtedsls Zlo g BAg| ) oigh dub o7 )
BRI S| 5 NI FY AhBHET} ofF 0
o, g og Ygge] FoEREs) 36 B B4
Hol=t|| (Karr 1991), & 2|9 9] 4799 HlHAA 24
(Ref.) Q1Lol] =t -2 7227} Bastar glof oo

st oI5k u 017},] 7}/\40] QAo =2 A7 E|}
FgL e FIH(TL %

o]Z2] oF 40%E AHAot] =gt o] =5t ottt
2 Hole= Ao EMEAtH(Karr et al. 1985; Bae et al.
2002). T WAAFO] =2 Wik (40%) E HAE] w2
H15 (80%) = BlH AL sPa S5HA diRE o §71=
9 Aof| o3t Adgko] EalsHA Q= AL 7HAA 0 R A}
iU = 1?4_ A2 o] 12} ZAHERE oy} 22 &

At A I ZHAE-0] Al Hlg0] 73%2] 2 H[ES Ho
12} AL AR HFo R Hof HiRs oJio] & AL
2 k=] T (Fig. 3). Karr et al. (1985)°] W21, AH¢d =]

Reference Site

C | o
Trophic Guilds

Fig. 2. Pollution indicator analysis as tolerance guild indicator (TS: Tolerance species, |S: Intermediated species, SS: Sensitive species) and
trophic guild indicator (C: Carnivore, |: Insectivore, O: Omnivore) at the reference site. R.A. indicates Relative abundance.
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Table 2. Sampled fishes and relative abundance at each site

Target candidate fish species selection method

Smapling sites

Species name Tolgetﬁgce Tg)uﬁgc Hg&ilﬁt ir;iirizisc Ref. T Total ?%A)
1o gt nd gt pnd
FAMILY ENGRAULIDAE
Coilia nasus IS C - - 6 6 039
FAMILY CYPRINIDAE
Cyprinus carpio TS O - - 60 3 1 64 414
Carassius auratus TS ) - - 50 35 43 10 138 892
Acheilognathus lanceolatus IS 0 - - 2 7 7 16 1.03
Acheilognathus koreensis IS 0 O 13 13
Acanthorhodeus macropterus IS (0] - - 105 159 22 286 18.49
Pseudorasbora parva TS 0 - - 1 17 1 19 1.23
Pungtungia herzi IS | - - 14 10 5 8 37 239
Coreoleuciscus splendidus SS | RB O 1 1 0.06
Sarcocheilichthys nigripinnis morii IS | - O 1 3 4 0.26
Gnathopogon strigatus IS | - - 8 31 39 252
Squalidus gracilis majimae IS | - 0 1 8 052
Squalidus japonicus coreanus TS 0 - O 2 1 76 89 5.75
Hemibarbus labeo TS | - - 1 1 14 14 62 92 595
Hemibarbus longirostris IS | 1 4
Pseudogobio esocinus IS | - - 8 1 0.58
Abbottina rivularis TS 0 - - 1 1 0.06
Microphysogobio yaluensis IS 0 RB @) 9 8 17 1.10
Microphysogobio jeoni IS | - 0O 1 6 0.45
Aphyocypris chinensis TS 0 - - 0.13
Zacco koreanus SS | - @) 18 3 21 1.36
Zacco platypus IS 0 - - 7 28 41 93 169  10.92
Opsarichthys uncirostris amurensis TS C - - 3 1 1 3 26 34 220
Squaliobarbus curriculus IS 0 - - 2 3 1 43 49  3.17
Erythroculter erythropterus TS C - - 2 18 65 85 5.49
Hemiculter eigenmanni TS 0 - O 133 31 164 10.60
FAMILY COBITIDAE
Misgurnus anguillicaudatus TS 0 - - 2 3 5 032
Iksookimia koreensis IS | - @) 1 1 0.06
Cobitis lutheri IS | - - 2 N 13 084
FAMILY BAGRIDAE
Pseudobagrus fulvidraco TS | - - 7 10 0.65
Leiocassis nitidus TS | - - M 18 1.16
FAMILY MUGILIDAE
Mugil cephalus TS H - - 1 1 0.06
Chelon haematocheilus TS H - - 14 2 16 1.03
http://www.koseb.org 115
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Table 2. Continued

Smapling sites

Species hame TO';Z?ISCG nglr;ic Hg&ztjt ir;ii?gi: Ref. T T2 Total ?%A)
1ot gst gnd gt pnd

FAMILY ADRIANICHTHYIDAE

Oryzias sinensis TS 0 - 3 3 019
FAMILY HEMIRAMPHIDAE

Hyporhamphus sajori IS H - 2 2 013
FAMILY CENTROPOMIDAE

Siniperca scherzeri IS C - 1 1 0.06
FAMILY CENTRACHIDAE

Lepomis macrochirus TS | - 1 1 0.06

Micropterus salmoides TS C - 1 4 1 41 1 48  3.10
FAMILY ODONTOBUTIDAE

Odontobutis platycephala SS C O 1 1 0.06

Odontobutis interrupta IS C O 4 1 5 032
FAMILY GOBIIDAE

Rhinogobius giurinus TS O - 7 7 045

Rhinogobius brunneus IS | RB - 3 2 24 9 38 246

Tridentiger brevispinis IS | RB - 1 1 0.06
FAMILY CHANNIDAE

Channa argus Cantor TS C - 1 1 0.06

Total number of individuals

Total number of species

10 16 14 16 20 22 44
69 85 183 337 478 395 1547

R.A.: Relative abudance

2 FEUoH(NH;) 9 22 5 &
T W GAZO AT REE TA
T} FARRE 20 & LEIT
Y= BE PO 4718 9 foletet
B7 st (T2) el 12 E 22}
ZANA 22} 205, 22%0] 35191, WAE 2= &
oA WE AL AL 22F 22 66%, 75%), 434
EoME AAE AT, 22 22 78%, 49%)S
of 7] shFEA R (T1) T3 FARE FE
2] ok
7

L)
iy
nm

ATt (Fig. 3). 3t WIZHE (Sensitive sp.)< S35}
o fi71E Y2 ol WIHF] Rio] FF= F= A
2 e T (Preziosi and Pastorok 2008; Lee et al. 2013c;
Park et al. 2019).

IO gw }'E I'D: ﬂJE‘, 1%
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3.3, B2 $R 50 T3t 3MF 24

w3A ) 2709] Bl2EHIE(TL, T2)°1A B2l 3 5F
o] FAlol E¥5k= F41E (Co-ocurring species) e w41
517 fIste] 7 ZA}Q 2008~2018W=7HA1 9] 114
7 5e10] ol ARS RSt 240) A8 E Ant 3
785 %%}73%13%}54 ’%*%% 9 2t=E ol-gste A5t
Fet B2l SRF o7 AH SH off= 7HEA], 7kl
BEA, 72, =27, v, o, YA, ol A &
Aohz o1 F w2 Hle= ST T2 1037 Bl &7
Aot 14'— Table 37} 2T}, BJZ S HEI FA 5= oF
02 7P W17}t & o1& m2tn (Zacco platypus) =4
V=S HxﬂT(163 843 7N E £R@sHA1, 1 the o
= HF 2] (Pseudogobio esocinus; 31,507), 5-°1(23,187),

M¥)

N

N,

lo
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Fig. 3. Comparison of tolerance guilds (TS: Tolerance Species, IS: Intermediated Species, SS: Sensitive Species) and trophic guilds (C: Car
nivore, I: Insectivore, O: Omnivore) for two testbeds of T1 and T2. R.A. indicates Relative abundance.

A 2] (Hemiculter eigenmanni; 21,738), 112 (Opsariichthys
uncirostris amurensis; 17,311) <92 UEGT} o= 27
25o] oy B4 A7) olHe] BRIoA AN vle}
2ol Wiz} gl 9495 27he} 55} (Han and An
2013), FELAZS WrYsh= WIF ¢4 (Lee et al. 2014),
=) 5718 99 503 A0 445 £4 20

R

A

I AR AZre] dol Bo] Bttt Sk
224 o]Z0] WA T} 2x|sh Ao B UrE’rkkEHPark

et al. 2019). ¥I, BPZl S HF T ShoAM F2 2
&= 7hsolel FAstE oF & FA T (Chaenogobius
urotaenia)’t 7V & 7MAl= E@ohs Ao ® UEE

_u

H Aol A ZAKSH ZF H|AERIE T3 T20)A]
7l SRZEN ZAAZ) YAE 45 9 44 e
t A3} (Table 4), 5012t &7 Uehts o]FE52
A4 (60%)S AT, ol FA157} 44
H]%(Z/L]}_ 40%, 3 ;{1-/\] 40%); EO:] O}Cﬁr/}-

u)
_L:mlf”;:'
SV: i A

ol

ol
o
— O
2Lomy o 1x i

Mo Ho
mz
=

o= WdFel ¥ wow FAFe] ¥ A yelhth=d], ol
= 12101_4 /q/\] T_ 3 % o7 11—%1&_,,} %_Ni_,]
BNEF=7t A Uehd Aoz A== SlTh (Kwon
et al. 2013). RHH, Y01 FAZF-Z UAIZF(60%) H FA]
F(50%)°] FHsh= Ao Ueith Yoi7t Aesh=
B2 HA 7= F2o] i, FIYSHN, P)7F 7t
ZFEE o Qutdoz WaET FAFol B 1t
e shgo] %2 702 AR} HEA)9] ¢ ole}
2ol WAE 75%, FA1E 70% = WAL, 7Hsol (WE
& 40%) St FEA (WEE 70%, FAE 50%)°l
/\15 v"]‘ﬂ' oo};/g-_ E"‘E]' = 01013 x}xlz__o_i 7(1—/\]7}
ob AAES] 7188 44Jsk7] ujRo] fafstsrz o]
w29 7P Aol TS et 7FEA @ AEAE A9 S
NEo2A Ao, 27, 59 olFE AdTo=H £
SHEA o] X 25 JP5Alo] uf$ Zol 7l SHE o2 A
ob] vl g Mgt olF o= AR U, E9], 29 HH*
] 73 AT WEF 60%, HAF] 50%2 LIEFEIL

4ol d&L

70%, Z]—/U

o
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Table 3. Comparison of co-occurring fish species with target candidate species at sampling sites during 2008-2018

Species name Cs1 Cs2 Cs3 Cs4 Csbh Csb Cs7 Cs8 Total
Zacco platypus 17733 73,366 280 31,008 3,089 1,670 4,967 31,830 163,843
Pseudogobio esocinus 3,825 10,593 7732 1,673 835 31 6,638 31,507
Carassius auratus 8,818 197 4,734 1,154 867 548 6,869 23,187
Hemiculter eigenmanni 3,979 8,728 1,047 915 300 6,769 21,738
Opsarichthys uncirostris amurensis 1,304 3,624 5,012 2,413 1,034 3,924 17,311
Acheilognathus lanceolatus 2,031 5,169 4,412 634 233 3,252 15,731
Pseudorasbora parva 2,140 5,881 78 474 2,387 10,960
Rhinogobius brunneus 1,592 4,104 2,108 371 2,764 10,939
Hemibarbus labeo 3,491 1,304 1,048 2,619 8,462
Micropterus salmoides 1,636 4,347 130 6,113
Squalidus japonicus 3,161 1,445 906 5,612
Zacco koreanus 1,374 3,848 5,222
Squalidus chankaensis 2,290 612 2,902
Tridentiger brevispinis 198 2,320 2,518
Hemibarbus longirostris 2,279 2,279
Pungtungia herzi 2,090 2,090
Rhodeus ocellatus 1,786 1,786
Microphysogobio jeoni 921 575 1,496
Chaenogobius urotaenia 622 622
Squaliobarbus curriculus 605 605
Mugil cephalus 481 431
Abbottina springeri 410 410
Lepomis macrochirus 82 235 317
Synechogobius hasta 141 141
Hemiculter leucisculus 85 85
Acanthogobius lactipes 64 64

Cs1: Cyprinus carpio, Cs2: Carassius carassius, Cs3: Chelon haematocheilus, Cs4: Hemibarbus labeo, Cs5: Squaliobarbus curriculus, Cs6: Erythroculter
erythropterus, Cs7: Channa argus, Cs8: Micropterus salmoides

T AT S A= SASE v FEohe E70, 4o, Bol), 2AF 15 (Fsol), 181 FAF 1F
Ao 2 BTt el YA AT sH= A (FA) LR testA HE Ao Yetylth 8y
AA= & S50l e B4 34 Y spol7] wigel, A& AT REE AT At FHAE(50%) 2] HE©]
W2l vlgol =4 vehd Ao = TE]Qlrh(Kang et E=2 A02 ey B2l $HE} 0*7/11 Eoﬂo} A
al. 2019) T A%, U2 4%=2 U2 SEVEE HooH, F

M, F2]9] Be, FAETE SE H (60%) R A 7HE0] 46%, WdE°] 50%E AHAoh= 1 o= UrE}”E}
T 4 (50%) B B, v BN A-du]) of & Bl $HE & FAE A Qe BE o= WFelH,
5 SRz o)F) 4SS HAE(60%)°] 7 AR YA AEE 71 o) 77h =2 R g 3ok A
Sh= 22z ZA4% 3t (Han and An 2013). 7] SAF o= BAEAH B2 $EZ FA sk TE JA 771
O] THAR] Ao 2 H, Bl SRFO] A4 dE B4 & e 9 FolisteE4de Qo] 7HeEe AAA] oA
2 SAF 3T (PFEA, A, EY9HL), FAE 3 (e T2 Zdol= WS EE U folistetEd 245
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Table 4. Results of guild analysis of target candidate species and co-occurring fish species

Co-occurring To.G. (%) Co-occurring Tr.G. (%)
Species name To.G. Tr.G.

TS IS SS 0 I C

Carassius auratus TS @) 60 30 10 40 40 20
Cyprinus carpio TS 0 60 30 10 50 30 20
Channa argus TS C 75 25 0 70 30 0
Chelon haematocheilus TS H 70 30 0 40 50 10
Erythroculter erythropterus TS C 70 30 0 50 30 20
Hemibarbus labeo TS | 40 60 0 50 40 10
Squaliobarbus curriculus IS O 60 40 0 60 30 10
Micropterus salmoides TS C 60 40 0 50 40 10
Total 50 46 4 42 46 12

To.G,: Tolerant guilds, Tr.G.: Trophic guilds, TS: Tolerant species, IS: Intermediate species, SS: Sensitive species, O: Omnivores, I: Insectivores, C: Carnivores

Table 5. Ecological river health assessment of testbed based on the multi-metric fish model of Fish Assessment Index (FAI)

Scoring Criteria Score

Category Metric
125 6.25 0 Ref.-1st  Ref-2"¢ T1-1s¢ T1-2@ T2-1t T2-2M

Expectations of M

M;: Total number of native species . 12.5 12,5 6.25 12.5 12,6 12,5
vary with stream order
- Mo: Total Number of riffle-benthic species Expectations of Mz g o 125 0 625 0 625
Species : vary with stream order : ) ‘ ’
richness &
compositions .
Ma: Total Number of sensitive species Expe_ctatlons of Ms 0 6.25 0 0 0 0
vary with stream order
Ma: Proportion of individuals as tolerant species <30 30-70 >70 12.5 12.5 6.25 12.5 6.25 0
Toohi Ms: Proportion of individuals as omnivore species <30 30-70 >70 6.25 6.25 0 0 0 6.25
rophic
COMPOSItions 1. Proportion of individuals as insectivore species >45 20-45 <20 12.5 6.25 0 6.25 0 6.25
Fish My: Total number of native individuals Bxpectations of M; o5 g5 125 125 125 125
vary with stream order
abundance &
conditions Mes: Proportion of individuals as abnormal species 0 0-1 >1 12.5 12.5 12.5 12.5 12.5 12.5
68.75 75 375 62.5 4375 56.25
(Good)  (Good)  (Poor) (Good)  (Fair) (Fair)
TS o FAFY FA 242 B2EY fofisteEE 3.4. H|IAEU{EO||A CtH: 0] 7 2 J[4to]
B0l 2o FHH0R f-47 YRS AT oz 2| 2478 W}
TR\, Ea ofo] Heia B4 nlet FHEe] &
A E5k gk 702 Ueht g5 7] $1% o] of £ Aol 4] H83 o thS AR (FAT) £AJ]
Ha A1, 71 AR SAFES ol-8ste] EAsto W2 W (Table 5), WAL 2ol A REZE2 242} 68.75,
7Fed A0 & A= E| STk (Schulz et al. 1999). 75802 “ES5F(Good) 22 H7IE|Q I, HIAEHE
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T1 ARolA= 27 37.5 (HEEH), 62.5 (F=61), Hl
AEH|E T2 Ao A= 22t 438, 653024 “H 58"
© & FY7FEIQITE T1 (174 37.5), T2 (17 43.8) A ollA] &
2 AT EE A2 A3 (Reference)©fl HI5H Bt
46%7HA] oF3tE= A o2 FAEGET, ol TAEY]
A #F 54T Aot A0 =2 UrERTh
thAS e mdo] fEd EAdo 2w, SuiiE<]
(M)A (M7) FIEEE tiF7 1258 0= v
EfLt L= 2ol A AASHE ofFo] vhefstal it
e 2o grteo] Fo] B4 SHA= 2 2AI7F
Zo= Uehgeh ¥, 1gEs WE a% gl
= AR T13} T2 A4 REgh2 “0” o= e
& % falstetEd o] 520 J:”é o} ofd
n Ao wokEgley AA SellA B Hio]
W2 sk el R shHRAI oA 8E4tA0] a1
of wet o 77} #HAksh= ARl7E Harel v 91O ™ (Bae et
al. 2002), &4 l*XHoP— 27F AR A Y S
ofStA7] & Hkle] E 4= Qloke A A3t ol & S
Skl Itk (Karr et al. 1985). 434 13—4 37,
g|A}o] Hk=4-0] 21 A o] oJokS
Ao PrAE A, T2 A A= ~%
A% vl-go] Eot T1 A7 H|ws}
7} A4E T2 Ao R |Gt o]
ol AHAc R 010(}— = Z3lol A FAF] H

o Aog HyH A

l

Jub rlr .

al

2= o
vl

Jo
N
r_' ru{n

i

o, ”-U;i
,_]
—
)
Ué ol
rlo S
19, ofN
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IR

fh rlo

], i

o >

1o
}1_‘
flo rlo

Hir

2
rlrl ﬁ
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=}
o 1
o o Ho
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A (Ra et al. 2007)2F €A

ol‘

=)
o

3.5. E|AEHHEQ} 2| HHA sHHO| O|3feHH 4

2 A7 ARl HIAERIE (T1, T2) 2 oA
A Ref.) AHES o2 T 387H(2017~2019)
AtmE ol-gste] ol A4 A AR FdFE +
b4 412 A4S AAISHT (Fig. 4). B+
16~18°CE °]FA Ao A% 4-2ol3lon,
Sk 2] R ik ot 7Ry =2
£ Hol&= Ao = Yl §E44(D0) 9] 7
O & 5mg L7 o]stol| A o] 7] 17HAde] oY=
Ao 72 &eA 1O (Dean and Richardson 1999), &
TAEANA = F A 6mg L oY 02 e o] F A
Alof Algtagl o s A-86l] o= Ao 2 FAE ]
4 0 AxE Y= 1171 F5(BOD, COD, TSS, A
7NAEE 5)& HIAEREA S5HA em7A o

.||m
ox

ol
o

rr 4 l>’

P
o

Jus
E
=

ol
—~
—

A
2
O

rEj oE
> r& i 2 4o rlo rlo fob mN
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Bt = vehd, o] ofshe 210 2 UEITH(Fig. 4).
ANOVA testo]] T2 H, T1-2 T29} #lHAA - 2t TP,
TDP, PO4-P, TN, TDN, NH,-N, NO;-N, A7 EE 5 9
N ad FEAA E2 3E Hol= Aoz BARglon
(p<0.05), 53] A7 EEE=T1 741*4011*1 o T A
ol =] Ureh, S73t ZFolE Bl of= shrgdA]
27 o] WRg7t Agetro 8*4% Zof] g 7+ o]
25 (Na, C1)9] S 234 02 w7 ool T1 A5l
A E2 AR AREY, foflatetEd o] JFETt of
2} o] 7o) AR Tolshe ol F Lok XA o
2 JerE& v Ao 2 WAE QI TH(Hart et al. 1990).
T20IM= F9dste] A& F21(TP) 9] &7t 71
E2 202 Yehged], ol 274 AR 2 27 R
o] SHE FUEE= 2] wihRolr] fiio s weE
o} 0|4 Y =2 ko F12 S22 (Chlorophyll-a)
ol AR dFE mA= Ao g AtrH:, HHAds
VUr vl sto] oF 58] o] =] et EAH R &
= o= AT (Fig. 4).
% 71&0] SAH

(o]

5, AR FAdEE oY A R 9 v
744/142“‘94011*1 ek shda
7] 2 A= (BOD, COD) oM foll=d 9] s & =ol1l
(Hora et al. 2020), HiEH do| =AHA L] FHE
o] A H|A o7 TR FFE A=
o &2 A2 9lo](Jang et al. 2008; Jeong et al. 2017), %
skt tigh A48 3 off el $HF] A
o oldd 4 ek}l AL FAlO| F7HE B¢ Al
T & Ao 71T A& A= Heh

o?i
1)

o]r

3.6. B2l 0]F 147 Al nArE

A FofisteEde] tigt S A7 o gl
o]&2] A Al AelE|ojof 5t AF F St o179
E=Z T @A (Trophic level) ¥ o]7E2e] +4od YT
(Tolerance) E/3°]T}(Table 1: F2, F4). WA, o]F2] ER
o g2 ol ARsolA foflgteEdo] o2 HEE=

2] olsfistr] e R, E5] 2t faletetEdoe] A=
F5O2 ol Ho| AREollA AFLloll /IAIgE FolA o B
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Fig. 4. Comparison of water quality between sampling site of reference (Ref.) and testbeds (T1, T2). Different letters (a, b, c) above bars indi-
cate statistically different groups (significance level at p<0.05). WT: Water temperature; DO: Dissolved Oxygen; BOD: Biochemical Oxygen
Demand; COD: Chemical Oxygen Demand; TSS: Total Suspended Solids; TP: Total Phosphorus; TDP: Total Dissolved Phosphorus; POs-P:
Phosphate; TN: Total Nitrogen; TDN: Total Dissolved Nitrogen; NHa4-N: Ammonia Nitrogen; NOs-N: Nitrate Nitrogen; EC: Conductivity;
CHL-a: Chlorophyll-a.
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o] %5=E| 2= (US EPA 1999), S41%5S 4402 17
stofof g}, Tk, thefst S1stE4o] 5 EE e

2t 2 SRRI5H] flaiA+= -2 B (low level) &) EZ T
EAS Hol= oS Aot A= Fasitt ohebA
T AR A oeFet E2y oA o] EAS pEjste] 551
FolgtetEAE 2T 4 A FETN oS dEalof
QFCH(US EPA 1993, 1999, 2000). 2 Lol Al A A HE}
2ol o]fF A thet HAEH =] HA o= A
Tl s (Ref) ¥ AR A (T T2) = W 5
Q3 @ 4o|th(Fig. 1). olH £ A2 o] 77 AAlele
St 9] Ft ofF oA o]f 3o HIAEHEES
At 7% spetEA o] gFo] HAagrHE 4= 7] WE

=
off sk R A=, HaA 28 () &2 Aok FUA
Xel

_I

O:

— 1 H 1
v} o] 3letEd a7t == 7Fs/do] Sl T H A3
A7st= Aol w9 535 (Kosmala et al. 1998).
thero & Bl ofFo] A7 Al AEiA S84 (Ecological
importance) 2= AAA T84 (FEH o= LHst
+ Z1°] 251} (Table 1: F1, F2; Linde et al. 1996). 5
AN F83t A Sh= olF (29 ZAE, AH
T %)= L5t BAES Aot A A o o
1%, B2 o D AAHA 7159 ddol tigt 7153
T 2AE 4 Q7] wigoltt 18| 480 = QS|
w0} BAld SHAA F-87t ol A(H71, 5o,
Aol ), AFollA skeHEdol f-d =] 1Alo] Y= 7l
2 7Fs/do] 7] wiol o]2gt i fAH o= 1y
| o]of gt
O tHo =, B2l SHE A Al ARH F9 74
7Vs4d, AR 8ol Tl tiet A 71543 (Feasibility) &=
T E]ofoF Gtk (Table 1: F6, F7). & EFZl FRF0] AFH
A, A Fa/d0] At Aolx, AHst] AP AL
7] ofgl& 4= Q7] wizoll vlole 9] o]-8715/d (Data
availability) 2t 17 2] =] o|oF T} (Rodriguez-Cea 2003).
£9], frofigtelEd Fxol tiet 71& HlolE7t Sl olF
O] 7%, frofetet=4 o] gk X Aot Pt o
2 S RF ZAFY] AR
(Table 3)E °| & 4= Y= A%, 749 2@ L B=F
of tighk g Wk 545 4ot Zo] 7Fssith &
A= A A E (Fig. 4) &
o, BZlE A4
28] +HQ JEE olsfshe ] 7o Ao ® Alm gt

o]
=
KN
=

N

w
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M 9

2 A7 Seldeld] S faEE Fa §
Sstsr2a %4 A2 915 B FRE AR oo] o}
£ ol Y Gere LAkt A sk A4
WA felst A 490 dEe APAoR W B
FeAF (T SAR FU9E FaAserR 0] 1F
L B (12) 9] BlAERES B Ashelt. S aHtet
2 BAL S5 B2l SRE AL g9 7= ch
5 mEe st on], ARFRS (1) 4UHOE 48
sho} 41402 o] g5t olF, (2) AYS KAE 1%, (3)
718 A7 ©1F, (4) WA} 52 olF, (5) WS7H B

3t o1, (6) A 7HsAd0l =2 oF, (7) B &
Hshe o1F 5 F 7/ HEZ o2 L= Bl &
ool gt 77 W EZ nElg 7|jto 2 gFo] thif TH
2 AAE I Bl FRET ] FA s oS
WAE (50%)0192H, ol £4 oA ARZ AF AL
e AgEe] SRET 7P S Ao & Yepdtt g,
A A7 BIHE SI% thAE o7 7|9 el B
N AeiA A73go] B 7] A= Ao s
UrERstT). olstslAQl £ Mg HIAEHEofA A44]
2 A= FFS v|A = Ao veprt g7fe] 4
A W T1 A-NA =7 Ueh skeA o] Wi
o w2 JgFo] Flon, T2 A2 it X ddo] v
et 222 oot dods HE oF 158 =2 A
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