KJEE 47(3): 146-159 (2014) Original article
http://dx.doi.org/10.11614/KSL.2014.47.3.146

ISSN: 2288-1115 (Print), 2288-1123 (Online)

1,% =2 k
HES - HHO|E - AFS - UK - LS . urEy
At Astst, WA stm A eka), 2aore st A et}

Characterizing Changes of Water Quality and Relationships with Environmental Factors in the
Selected Korean Reservoirs. Kwon, Yong-Su, Mi-Jung Bae, Jun-Su Kim, Yong-Jae Kim'*, Baik-Ho
Kim* and Young-Seuk Park* (Department of Biology, Kyung Hee University, Seoul 130-701, Korea;
'Department of Life Science, Daejin University, Gyeonggi 478-711, Korea; *Department of Life Science,
Hanyang University, Seoul 133-791, Korea)

Abstract In this study, we evaluated the temporal changes of water quality in the 90 reservoirs in Korea
and the relationships between water quality and their environmental factors in the reservoirs for effective
management of reservoirs. The majority of study reservoirs were categorized as the eutrophic state based on
Carlson’s trophic index. Among 90 reservoirs, more than 55.0% were nutrient-rich based on TSI;p in each
month, where more than 50.0% were nutrient-rich based on TSI, from June to November. Seasonal Mann-
Kendall test was used to analyze temporal variation of water quality in the selected 60 reservoirs using
monthly data from 2004 to 2008. The results showed that 27 (45.0%) reservoirs showed the improvement of
water quality based on TP and Chl-a concentrations, while 14 (23.3%) and 11 (18.3%) reservoirs displayed the
degradation of water quality based on TP and Chl-a concentrations, respectively. Meanwhile, a self-organizing
map classified the study reservoirs into five groups based on differences of hydrogeomorphology (altitude,
catchment area, bank height, lake age, etc.). Physicochemical factors and land use/cover types showed clear
differences among groups. Finally, hydrogeomorphology of reservoirs were related to water quality, indicating
that the hydrogeomorphological characters strongly affect water quality of reservoirs.

Key words : reservoir, trend analysis, self-organizing map (SOM), classification, hydrogeomorphometry,
water quality
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Table 1. Variation (mean and range) of 19 variables in the 90 reservoirs.

Variable Abbreviation Mean (£SD) Range
Altitude (m) - 66.4(£59.3) 0.0~239.9
Catchment area (km?) C_area 4.8(£2.3) 0.8~10.1
Surface area (km?) S_area 1.7(£1.3) 0.1~49
Pondage (10° m?) - 10.1(£2.1) 43~14.5
Hydrogeomorphology Bank l%eight (m) B_height 34.9(424.5) 2.0~123.0
Bank width (m) B_width 6.1(£0.9) 4.5~9.0
residence time (Day) R_time 4.4(+1.6) 0.6~8.7
Age (Year) - 42.0(£26.0) 6.0~99.0
Dissolved oxygen (mg L") DO 7.96 (£1.48) 3.13~10.80
Chemical oxygen demand (mg L™") COD 5.74(£4.23) 1.90~26.05
Physicochemistry Total suspended solid (mg L") TSS 13.41(x£12.91) 1.38~61.63
Total nitrogen (mg LY TN 1.67 (£0.83) 0.47~4.17
Total phosphorus (mg L™ TP 0.06 (£0.05) 0.01~0.25
Chlorophyll a (mg m™) Chl-a 17.94 (£17.98) 2.89~92.35
Paddy field (%) - 12.4(£13.3) 0.1~69.7
Dry field (%) - 8.4(£8.0) 0.5~58.1
Land use/cover type Bare soil (%) - 2.1(£3.0) 0.0~18.7
Forest area (%) - 66.7(£21.4) 8.0~94.1
Others (%) - 14.5(%+13.5) 1.4~98.7
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4. Self-organizing map

Self-Organizing Map (SOM)-2 v]|x| =38t X174 3=
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%At o]E T error 3> AA} mapping®] A&
R 7] ¢35 Fte= A}%ﬁ}iiﬁl-(Kohonen, 2001; Park et
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hut.fi/projects/somtoolbox)el| A A Z3}= 42} <z}
£ o839k

5. X224
2] 24 (indicator analysis)< Zd3 =59 A
el A ulze] oz A A &3k (IndVa)e

3l A zEL sl upHe s =7k (IndVal)2 0
(A= obd)ell A 100 (gh3E A 2)e] Mol A vehd
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Table 2. Spearman rank correlation coefficient between hydrogeomorphological factors and physicochemical factors and land use/cover

types in the 90 reservoirs.

Hydrogeomorphology
Variable
Altitude C_area S_area Pondage B_height B_width R_time Age
DO -0.13 0.14 0.06 -0.07 —0.08 -0.02 -0.22 —0.01
COD —0.70** —0.33%%* —0.25% —0.47%* —0.73%%* 0.16 —0.35%* 0.47%*
Physico- TSS —0.49%%* 0.19 0.15 -0.02 —0.32%% 0.31%%* —0.34%% 0.23*
chemistry N —0.09 0.49%* 0.46%* 0.19 —-0.05 0.347%% —0.36%*%  —0.24%
TP —0.67** 0.03 0.04 -0.17 —0.48%* 0.30%* —0.46%* 0.31%#*
Chl-a —0.51%* —0.06 —-0.05 —0.30* —0.49%* 0.19 —0.41%* 0.26*
Paddy field —0.70%* 0.03 0.07 —-0.07 —0.53%%* 0.38%* —0.29%* 0.20
Land use/ Dry field —0.45%%* 0.06 0.14 -0.01 —0.38%* 0.32%% —0.30%* 0.20
cover type Bare soil —0.56%%* 0.09 0.08 —0.06 —0.50%* 0.19 —0.34* 0.28*
P Forest area 0.59%%* -0.14 -0.21 0.08 0.47%%* —0.36%* 0.30* —0.13
Etc. —0.38%* 0.00 0.08 —0.06 —0.31%* 0.21 -0.23 0.30%*
*: P<0.05, **: P<0.01
TP Chl-a Table 3. Trend analyses of trophic states at the 60 selected reser-
JAN voirs using seasonal Mann-Kendall test.
FEB Number of reservoir (%)
Trophic state
MAR Increase Decrease No tendency
APR TSIp 14(23.3) 27 (45.0) 29(31.7)
MAY TSIgya 11(18.3) 27(45.0) 22(36.7)
2 JUN Overall 3(5.0) 14 (23.3) 6(10.0)
g %0
AUG _
60 & )
SEP T T RO ABYS meld) hlth(P>0.05). ARAR
ocr Y2 2 DOs AN ol 2dBH feolT £ 4B
NOV 2
02 AE eI (P<0.05).
DEC 0
SE9E2E3Z3E SE5E3ESEEE _ L, =
SE5EsE gég SE5EsE %g 2. 54 AH MEf W3} F0|
; S Carlson®] TSIE o] 4% oJepe] by 23} oy
rophic state
' o EaEe Rejost ool JepyulE neo(Fig

Fig. 1. Differences of trophic states of 90 reservoirs in each month
based on Carlson’s TSI

z He= UrE‘rkM(Table 1). o]t S=jx] e A
= 07 34 7§99 EXL/IE B F &
H] & (8.0~94.1%) M = F33HA vebst o™, 9071
349 Chl-a 5% HYE: 2.89~92.35mg m7}A] 7
A 9 A A whE Welrt F Zlew veRyT

FEAYHYA 2% F =9 A Eol= DO
TNE A|9Jatar vye=] o]3tehy alE3 &2 A4
£ B9om (P<0.05), AHE e v E3h= Fo AdAdE
Boh (= r=0.59, P<0.05, A} %o]: r=0.47, P<
0.05) (Table 2). DOx= 2E 8] 2 eehd 29153}

A

o r-{n:

1). 53] TSIpell 7]1Z3F 907 54:9] oJofitel= ZE
AW 2A} A)7)61A 55.0% o] AFe] (57.1~80.3%) B4
oA Fojcksl o) te] AElE Holom, Sl tEl &
Holx 34%E 3.0% o|st= Jehgrh wbd TSI, = 6
LRE 11712 A5 50.0% ©]AFe] (51.8~70.4%) &
AEo A HeoJokst o]ike] AElE R, yA] A7)
Sl A& 50% ©]3}2] (36.9~48.8%) 3 AErte] HoJof
5} ol4pe] JepElE vl Aoz vehdet

Azl wh2 o okt ] Wl A Hrtsl] flsl
A48 6070e] 52 3 AR WAL AR 23 TSy
41 (683%)7) sa7F o5 W3l Ak e ul
@ ol DL S FI G AR
14I} (Table 3). T8 TSIyp (Z7F: 23.3%, 7+4: 45.0%)
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Fig. 2. Classification of 90 reservoirs based on 8 hydrogeomorphological factors in the SOM map (a) and dendrogram of SOM units
using the Ward linkage with Euclidean distance (b).
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Fig. 3. Differences of hydrogeomorphological factors in the trained SOM. The values of each variable were obtained from the weights
of trained SOM. Error bars indicate standard error. Different alphabets indicate statistically significant difference among clusters
based on Dunn multiple comparison test (P<0.05).

S} TSIy, (Z27F 18.3%, 744 45.0%) 2% 493k 744 23.3%, TSIy, 18.3%). TPS} Chl-a T 2958 w=
FAE Holt nlgo] 450% QTN EHZ FAF F AN W 3 Ba(as, o9, s Aol
A 2l wlgel wa AHos wUTh(TSy  ohsbE: e mglor] 147 E&(MYE AEs 3
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i

L8 - 2

foh

H

(=l - Hr%'Aﬁ

=

4

Blom (Dunn A=, P<0.05), 18 47} %3t SOM
map $-= 3pghe] $1A8 AEe] YA d=r} 7
2= Ao =z JePdth(Dunn 4=, P<0.05).

o|3}8hx A qly A o] 4/3]HxofA] SOM 1
FE 7 Ao)E vlmst A3 DOE A9 3 vA] )3}
A A EANM IFE ZF Fo8 xpelrt AU
(K-W 72, P<0.05) (Table 4). E3] 1% 50| £33
IAEY o]3sr QLS FEIF /MY Eorer,
% 29 TSS(3.8+2.9mgL™"), TP(0.02+0.01 mgL™"),
Chl-a(7.1+4.7mgL™"¢] ¥ =7} 7} yefo}h (Dunn 7
= P<0.05)(Table 4). COD 3=+ 7% 1(2.9+0.6mg
Lz 2% 231t L1 mgL )7} et wgken,
I% 4(73+£3.1mgL Het 2% 5(7.6£6.1 mgL™")7}
23t =3k (Dunn 73, P<0.05). 3 1§ 1o
AT ZAELS AAoz 2 A v]& (794+
59%)& H3on, AHE A Qg ] EA] o] 4/7]
5 (& 0 WA, 7 Aoz 2 wjEs 1ol
o} (Table 4). ¥ 7.8 50| ¢X|3F 3452 Al29] B
£(50.1+19.7%)°] 57 185 = 7} Peron, 7|g}
EA] &S A9 YA BA] o] /3] 8= u|Ee] 7}
A 22 702 Yelyth (Dunn 715, P<0.05). o] & ¢]
stehA A eqly B4 o] 4/3] 8% F TSS (IndVal=
36.1), TN (IndVal=29.3), TP (IndVal=36.4) & t}%]<]
8] (IndVal=39.1)2 7% 59 $93t & Q¢low
vebtom, A9 v]& (IndVal=24.2)2 15 19 #
93t A& g9le 2 el (Monte Carlo test, P<0.05)
(Table 4). =3t 54°] 47X A3 4 2+ 154
91l wat 2<lEe] elz QT Wx9} 7ME 5
v watod et (Fig. 4). 1§ 5o 235 3459 o W

Table 4. Differences (mean+SD) in physicochemical factors and land use/cover types among the five clusters defined in SOM.
Different alphabets in each variable indicate statistically significant difference among clusters based on Dunn’s multiple
comparison test (P<0.05). Indicator is based on the IndVal in indicator analysis.

Cluster
Variable
1 2 3 4 5 Indicator
DO (mgL™") 7.92(£1.21) 731(x1.17)  8.73(x1.44) 7.88 (£ 1.90) 8.38(+1.38) -
COD(mgL™")  2.93(+0.58)" 3.14(+1.10)° 6.01(£2.32)™ 7.34(£3.13) 7.57(£5.78)" -
Physico- TSS (mg L™ 839 (£8.17)™ 3.83(£2.93)° 13.75(+11.72)"™ 14.04(£10.86)" 22.62(£16.16)" 5
chemistry ~ TN(mgL™) 1.58 (0.4  1.32(£0.44)°  1.23(+0.6D)™ 1.45(%0.95)° 2.32(£0.90)* 5
TP(mgL™) 0.03(£0.01)° 0.02(£0.01)>  0.05(%0.03)® 0.07 (£0.05)* 0.10 (£0.06)" 5
Chl-a 9.64(£5.80)™ 7.13(£4.71)° 13.88(£5.68)"™  22.57(£18.60) 26.31(£22.50)* -
Paddy field (%) 5.3 (£3.3)° 3.7(£3.00° 15.0(+16.5)™ 16.8 (£18.1) 18.9 (£ 14.4) -
Land use/ Dry field (%) 6(4;1.7)2b 6.7(+12.8) 7.0(14.3)“2 8.7(15.8)"‘2 11.5(£7.1)° -
cover type Bare soil (%) 0.8(£0.5  0.8(£0.9) 1O (£0.7)"™ 3.0(£3.3)" 3.7(x4.5)" 5
Forest area (%)  79.4(£5.9)*  78.9(£20.1*  65.2(%£23.6)" 66.8 (+18.2)" 50.1(%20.0)° 1
Others (%) 9.3(£3.5)™  14.1(£21.9° 11.9(£9.9® 17.4(£11.5)%® 16.2(£9.2)° -
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Fig. 4. Differences of human population density and domestic animals in basin of each study reservoir in the trained SOM. Different
alphabets indicate statistically significant difference among clusters based on Dunn’s multiple comparison test (P<0.05). n.s

means no significant differences among clusters.

Table 5. Number of reservoirs classified in SOM according to
their main usage purpose.

SOM
cluster

Hydroelectric Residential

Multipurpose - Agriculture == o™ and industry
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93} (Dunn 7=, P<0.05) (Fig. 4a). 2+ 349 §94
A ARSEs 71E oA I8 19] 60x 10% (£83 X
10hYF2 714 gekod), 255 7 2§ Aol ¢l
o} (Dunn 71Z, P<0.05).
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AG 2 2489 FHo| o]Folzl 1970 o] FRE
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Qls}7] wj&-o|t} (US EPA, 1974; Carmack et al., 1979;
Ahearn er al., 2005; Hakanson, 2005; White and Greer,
2006; Lee ef al., 2009). £3] A} Eo]= $£A1E AA S}
t 3o AR 249e, £ Q7N et A o)
o} ola oe] ARIAS Holk e vehdrhr=
0.61, P<0.01). Al Eolol] wje} AA=E $4 97
23 495 AR HHEA BH A4
338 AR adlow A4Ae] AN Adae
714 =938t 2¢le=® 318Xt} (Thienemann, 1927; Ra-
waon, 1952; Rawaon, 1953; Rawaon, 1955; Sakamoto,
1966; vollenweider, 1968; Ryder et al., 1974). o] 2 <13}
FAZ 340 o)A AEH ¥ ARAE Hel
A =, A4S el AR 28l A Fol7t TP
(r=—0.67), COD (r=-0.70), Chl-a (r=—0.51)¢} 7+&
ol3shx Az fo7 Fo AR{AE B
(P<0.01) (Table 2). 34 544 A5Ae] AFAZHE
Az o] Heookst Bl 2R e ke 3
2 AL 3T Yooz Agsied, 2 A7 2
T M 340 AFAIZG AT o] RS
HolE Zlog vepyitt (Table 2). o] A}ol&
4 AR dubAQl A FAIzEe] 10~1304 #H$I<l
Aol wla] & AFelr] A 345 AdFPE ¥

o= Ao 3 Atz E}(Jeon et al., 2002; Nam, 2003).
7188 g2 AFEdAE= o 5L wdd 34
T AR 98 oFet W] AlAE
ZA o7 Carlson (1977)2] TSIZ o] &3t $~212] oo
Fef 717} slom, Sufjolli= Cho (1997)9] F43813 9
kel #AZE AT Fol et TGt

54 gqldvl 24 9] 5
7RI Qletk ek kgt 27 el
T 340 BAS A HaAMe o
ASe] Wgt EgHQl wefr) Fesie 3
A o] 7t gl f33lel7] g ez 7
arlson (1977)2] TSI<} OECD (1982)2] Z-5FA| 4|
Ex¢] vy & /A fuzzy logic} SOM 14
22 mdE 7PHEe]l A3 8lv(Lu and Lo,
2002; Sgndergaard et al., 2005; Icaga, 2007; Navarro et
al., 2009; Simeonova et al., 2010; Nikoo and Mahjouri,
2013; Park ef al., 2014). £3] SOM 7| w14 27+
Arg Ao ool gt Ae A} o]
HAEE AT g B Aue) Agsh 243 3
AlZbekeh= o &8%<l WY o]t (Kohonen, 2001). ©]
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et al., 2005; Kangur et al., 2007), A A} d3t A5
€ (Park and Chung, 2006; Park et al., 2013), % &=
(Lee and Scholz, 2006; Ahn et al., 2011) S-ol|A] A}4-5
2 gtk &3] F 2 Park et al. (2014)2 92y} 30270
SPeA A gt ATl 540 AFEHA, Pt
A EAJo] Ao WA FAV) sk B sk

340 A B4 A A2E delAe] w3t
E dAshe b =Fe] FHH, AEA nA e 3t 7
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2 o8 9)o} (Hakanson, 2005). =3t 540 42X
B4 54> 54§99 EA o] 83 B2 AL 7t
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I
t}h(Park er al., 2014). 2] AF-ElA 540 e
EAo] 3aze] B4 o5& vEE U vE £
2 54 W o - oxk A ke = 5
Aol o8t JgFe nA| & 7l o2 vepitl (Cadenasso
and Pickett, 2000; Hwang et al., 2007). ]33t Ai}=
2 A7 Ao}t FAFEH SOM Z1Eo whe 549]
24 vl A mesh AW st ¥ 1% 19 5
aEe gudes 4o Fasigler), nest Y
A dol7t 7] AR o]|Folxl IF 5k $Ao] 7}
1} =olch(Dunn 7=, P<0.05, Table 4). E3] 43 &
9lE & TSS (IndVal=36.1), TN (IndVal=29.3), TP
(IndVal=36.4)= AtH o=z =2 IndVal o=z 1%
5o A §-2]3F indicator® ZH8-3}91t} (Monte Carlo 7=,
P<0.05) (Table 4). YubH o2 fAwH o] Z7}e 74
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o] Z7}3k} (Kalff, 2001; Hwang et al., 2003). 121}
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Appendix 1. Ninety reservoirs used in this study. TSI: trophic state index for each factors, slope: changes of TSI as a function of year in
the linear regression, TSI Hypereu: hypereutrophic, Eu: Eutrophic, Meso: Mesotrophic, Oligo: Oligotrophic, main usage
purpose RE: residential and industry, AG: agriculture, MU: multipurpose, HY: hydroelectric power.

. 5 SOM TP Chl-a Main usage
Reservoir =
cluster TSIp Slope TSIey Slope purpose
Gachang Vs 5 Hypereu -0.793 Eu —-0.431 RE
Ganwol s 2 Oligo 1.116 Meso - AG
Gyoncheon 73 A] 2 — - — — AG
Gyoncheonji 73R A 4 Eu - Eu - AG
Gyongpo AxLE 3 Hypereu -0.719 Eu —0.283 AG
Gosam TIAFRA] 5 Eu —0.608 Meso —0.669 AG
Gwanggyo I A] 1 Eu - Meso -0.922 RE
Gwangdong JED 4 Eu - Eu 0.400 RE
Gwangju JF5 1 Meso - Eu -0.324 RE
Goesan AL S 5 Hypereu —0.835 Eu —0.679 MU
Gucheon FHs 1 Eu 0.835 Eu — RE
Geumgang =735 4 - - - 0.929 RE
Geumho 3% 3 Meso - Eu - AG
Gidong 71 =A] 3 - - - - AG
Naju yFs 5 Eu —0.496 Meso -0.337 RE
Nakdong J=rksl el 4 Eu 0.552 Hypereu -0.184 RE
Namgang R 2 Oligo - Oligo - MU
Namyang oks 3 Eu —0.427 Eu - RE
Dalbang =l 2 Eu — Eu — RE
Damyang =R 5 Eu - Eu -0.317 RE
Daedong o =%] 2 Eu - Meso - AG
Daea off o} %] 2 Meso —0.458 Oligo —0.567 AG
Daeam Hols 4 Eu —0.460 Meso —0.826 RE
Daechung 2 R 5 Hypereu —0.256 Hypereu 0411 MU
Dae &5 2 Meso 0.998 Meso —-0.952 AG
Dukdong =Ry 5 Hypereu - Hypereu - AG
Dongbok TES 5 Hypereu - Hypereu —0.375 RE
Mae ] 5 4 Eu - Eu - AG
Miho n] 3% 5 Eu - Hypereu - AG
Baksil WEA 2] 4 Hypereu - Eu - AG
Boryong HAF 5 Hypereu —-0.505 Eu - MU
Bomun HEZS 1 Eu —-0.741 Eu — RE
Bosung BA S 4 Meso -0.296 Eu - MU
Bongsan BALR] 5 Eu — Eu - AG
Bunam nuls 5 Hypereu 0.702 Eu - AG
Buan Hols 2 Oligo 0.461 Oligo - MU
Sayeon At s 4 Eu —0.332 Eu — RE
Sabgyo Atw s 5 Hypereu 0.366 Hypereu 0.602 RE
Sangsa AALE 4 Eu —0.625 Meso 0.278 MU
Seo Az 1 Eu —1.385 Meso —0.608 AG
Seokmun A EA] 3 - - - - AG
Seonam Aots 1 Meso - Meso —0.432 RE
Seomjin AR 7} 5 1 Meso -0.319 Eu -0.275 MU
Soyang Bt 1 Eu 0.355 Meso —-0.307 MU
Songak 2oz 2 Meso - Meso - AG
Songji kA 4 Eu - Eu - AG
Sueo Fo]E 1 Eu 1.378 Eu - RE
Siwha 3k A 4 Hypereu —2.139 Eu —2.485 AG
Shingal A=A 5 Hypereu —-0.250 Eu —-0.881 AG
Ahsan oAl E 4 Hypereu —0.608 Eu 0.328 RE
Angye A & 4 Eu —0.428 Hypereu - RE
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Appendix 1. Continued.

Reservoir 2 SOM TP Chl-a Main usage

cluster TSIp Slope TSIcp, Slope purpose

Andong tEs 3 - -0.373 - - MU
Yeoncho Axs 4 Hypereu —0.349 Hypereu —0.731 RE
Youngrang Az 4 Eu - Eu - AG
Youngsan FALE 2 Oligo 0.493 - - RE
Youngam AgE 4 Oligo - Oligo - AG
Youngchoen IH 3 4 - - - 0.454 MU
Yedang o o] 3 - 0.467 - 0.392 AG
Ohbong 2Bz 2 Meso - Meso - AG
Ohtae 2 €] 1 Oligo - Oligo - AG
Okgye <A A 2 - - - - AG
Yongyeon £-99% 2 Eu - Eu - AG
Upo *EE 5 Eu - Eu - AG
Unmun $ES 2 — — . —0.405 MU
Woncheon HAAX 4 Hypereu 0.863 Hypereu —0.493 AG
Uiam g 5 Eu - Eu —0.394 MU
Edong o] FXA] 5 Hypereu - Eu -0.676 AG
Imha Ptz 5 Hypereu - Hypereu —0.415 MU
Jangsung M 5 5 Hypereu —0.493 Eu - RE
Jangcheok AL 2] 3 Eu - Meso - AG
Jungyang Aok 1 Eu - Eu - AG
Junam F3=] 3 - - - - AG
Juam Fos 2 Meso -0.230 Meso 0.321 MU
Jilnalbul Ay 4 Eu - Eu — AG
Chungcheon A A=) 2 Meso - Meso — AG
Chungcho Ax% 3 Eu - Eu - AG
Chungpyong R e 1 Eu - Meso - MU
Chuncheon A3 2 Eu -0.799 Meso —0.526 MU
Chungjucho ZFZA A 2 Meso - Eu - RE
Chungju =F3 4 Hypereu 0.148 Eu - MU
Tapjung A %) 5 Hypereu —1.054 Hypereu - AG
Paldang a3 4 Hypereu 0.403 Eu 0.232 MU
Pongrak ZeX] 1 Meso - Meso - AG
Hadong | 2 Oligo - Meso - AG
Hapcheon Az 5 Hypereu - Eu - MU
Hyang PR 3 - - - - AG
Whajinpo A ET 4 Eu - Hypereu - AG
Whachon Az 5 Eu —0.631 Meso —0.843 HY
Heodong 3] =%] 4 Eu - Eu - RE
Heoya 3otz 4 Hypereu - Eu 0.535 RE






