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Evaluation of Water Quality after Rehabilitation of Cheonggye Stream using AGP Test. Park,
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Algal growth potential (AGP) test was performed to evaluate the water quality and
changes in phytoplankton communities before and after a heavy rain event at six
sampling sites in Cheonggye Stream (St. 1 and 2), Jungnang Stream (St. 3 and 4), and
Lower part of Han River System (St. 5 and 6) after rehabilitation of Cheonggye Stre-
am, October 2005. To test AGP on each sampling site, cyanobacterium Microcystis
aeruginosa was applied as a standard alga. Total nitrogen (TN) showed high values
at Jungnang Stream, while St. 4 recorded highest values in this study. However, TN
values of Cheonggye Stream and Lower part of Han River showed similar levels.
Total phosphate (TP) also showed high values at Jungnang Stream, while St. 4 record-
ed highest. However, TP in Cheonggye Stream were extremely low levels. Although
chlorophyll-a (chl-a) contents before the rain event were similar through the sam-
pling sites, chl-a after the rain increased dramatically at Jungnang Stream and
Lower part of Han River. In particular, after the rain, TP was the highest at St. 4,
where Cyclotella sp. dominated the phytoplankton community. When compared with
control, AGP values before the rain were comparatively low in all sites, while those
after the rain highly increased with the dose-dependently of field water added, due
perhaps to the increased nutrients by rainfall. Similar results were observed in
Cheonggye Stream. Therefore, for the aesthetic fostering for the citizens, although
Cheonggye Stream was presently being sustained by treated water supply, they have
a potential of outbreak of phytoplankton by the increased nutrients supply when a
heavy rain comes.

Key words : AGP test, Cheonggye Stream rehabilitation, Microcystis aeruginosa,
rain, water quality
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A7 B 2dE ERd =481 R4
Heo] B3} Ak F ogA Fepd AedAle] e g
AHES FEEel EEUAY, B3 F AL A
W2 olFoRA] X AAelet. AAH EH olAelx
25l A7l 8] AP} o] FelgA|ut A7) v
ML (e], 1976; 31, 1980), B-43} ARl Hedsle] A}
Aute] Zb FofollA] B2 o] 52 FAle] o] o
A77F ol Tl A uL, FEA, ALF] - F2HA, A2 34, o)
|- 717434 dF71 e B2 ojglen (3 %, 2003; 9|
%, 2004; 7], 2005; -, 2005 ©]&} v} 2005; &, 2005; 71,
2006), 71 (2004)%] B2 Sl AAH 2 o] % BF
AzAL Y A9 G E 7T £ e As
78] A 73 AA o]}
dibr oz A JIANE A& £ AU HEA
¥ (bioassay) F ZFAAAANEZA (AGP test)& A]
2R =2 FN2FE o83 £33 274 24¢
stotgt A3g 43t A os £ AR o
HozA A GFd, o4 AY 58 Y FIFE A
H7b Sl HestA 453 glvtk (Payne, 1975). o] H}
L 19669 Oswald and Goluekeol] &]&] 42} o<k
A2 gelsley AL AR-59) 7 (Lehmusluoto, 1978),
vl BB (EPAE FAHow AP ookl
EAE A7) 98 19709 =ubrE Hg5e] ¢
v} (Maloney et al., 1973; Miller et al., 1974). o] Hl<
ER7L £3AN N12AAEE 5 T2 4AH e
sk, ol fut $AFEEuT 238 oS e
Al WHgEeRE A Wl Aol = g Sl 2
7l Z QA o]88tx ¢Jot (Nyholm and Killiqvist,
1989; Wong, 1995; Geis et al., 2000; Weyers et al., 2000).
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A3} 3}, 2003; 3 F, 2006). Aol AHEEE FAZFE
= Selenastrum capricornutum, Chlorella vulgaris,
Microcystis aeruginosa 5°] )0 (AHPA, 1995; ¢ %,
1997), ¥ Ao o] 8¥ M. ceruginosas =V F5HS
AN AL doTlr FMEZFEA AGP testE MR

& B A7l FEHI e Folnt
£ ATt 3 - e S 2gse ad 2 %
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& A2 A B, FrhE .
e A YY
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Whdsted MZFel|AM FFo 2 MEAVIAE AFIE 3
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€, 2006). AAALE Bl $7AelRE Be] T2+ A
o2 sHFo] ol o 2RE F52 <8t &7t sk
, 3 xA19] shkid AR|E skeAE 7)eE '
) oA Y FHRS 2o ld 2 =AY F
o] X oi$TH(F, 2006).
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o Aoz Fo] 3=/ =How, B4l AHA 1Y oF
120,000 m*2. AFsiH o}, BAEAS 19 £ F
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Fig. 1. A map showing the survey sites in Cheonggye Stre-
am, Jungnang Stream and Han River of Seoul.
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A 39 Fot 77 K| 2006 7Y 259 (7F9-o]
A AFA 3 F< F 65mm o)Ak 7Rt IAw
849 28U (F}%- o|Byoll &7 1354 J|& FAHRA R A
2% ARG 7 2AAL] Bl B AA 1
M A 6oz ZpF 1AL F3 Aol Frishd,
e A sAfe] el Foz o|Fo FHAT
$&rol 15em s oAkl A 49| A9 Ao] 2 o]
9]} (Table 1).

3. A8 AR 4

e 2222 pH 5 72 87 292 YSI(650 MDS,
USAIE Abgstel BN AH 24skale 9 ¢
Hg 9 A 2 A7 234 o 100m ol £
£ A4t} AbA2E polyethylene (1 Lyl Hol Ag
Az usE & GFFF filter2 o33} B39 33
2(TN)%= persulfaterol We} Az Zasle] 9l =
E AAE Aoz AL & BA59 T, 31 (TP)
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& - s

Table 1. Physical characteristics at each site in Cheong-
gye Stream, Jungnang Stream and Han River of

Seoul.

Site Width(m) Depth(cm) Sediment &gr:-q}
1 5~6 20~30 Sand >10
2 10~11 20~40 Sand, Silt <5
3 45~48 30~100 Sand, Silt <5
4 55~60 30~50 Pebble, Sand >15
5 350 400 Sand, Silt <5
6 400 450 Sand, Silt <5

1981) =9 Zs1& #Fws A3 r|H (Axiostar plus,
ZEISS, Germany) 3}ollA] 1,000 2 H23le] o] Fo13
o =3 2AA7]9 A$ARE NAAAAEE o439
=3

4. 82529 AGP test

AGP e 919 FU5E 7 AF B3I o 10
cm o} ] B8 A45le] Ax)E]® polyethylene™ (2 L)
o Wob AP LA F GIF filterZ oJH3}e] Ah
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3 =ZA FAZF H1 S
nosad A, JEFHIAE QT4 (NIES)ZH-E
FoF uke. NIES 298 CBull x|l A] Al wjoFate] AL
shedet.

AGP A38< 93] £1)3 50 mL test tubeol] wjFH 30
mL& B7hshm, o 939 A A Hl NIES 298
& 7b7te) wjopal 30mLe] 10°mLe) A4z BESH
At 747) Whopl e CBulAlo) WSS A g o
ZF, CBulj Aol #A7} 5mLe] 7R 22| +(T 1/6),
CBAiA)o] §447 10mLe] A7k A2} F(T 26), CB
wj=]o] #4471 15mLe] AH7kE X7 (T 3/6)24 3
% ¥9)7} 30mLe] H=F AzsAT, 3HE-02 AA
seget Mekewe 25°0% FANATL FEAL 100
pmol photons m2 s *(14h: 10 h LD cycle)e] 3.2, 100
rpmo 2 1147+ wifsigdel w7t & Akl mE
AEZF A3 270 1243 HH oz, o) Fel= 1Y
Aoz A8, Lugdddoz 1A A8FE
2004 2] #3837 (Axiostar plus, ZEISS, Germany) 3}
ol]A] haemacytometer (Fuchs-Rosenthal; Paul Marien-
feld GmbH & Co., Lauda-Konigshofen, Germany)Z ©|
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Fig. 2. Water quality data at each site in Cheonggye Stream, Jungnang Stream and Han River of Seoul. Hl, Before the

rain; [, After the rain.

AR (A 1, 2, 3, 4, 5, 6)2]
g A, 7 A 22 AA 3] 28°C
Sker A 6e] 23°CR 7P W3, 7Fe-
F 522, AR ) 26°CE P Boked, A 69
20°C2 71 Jotoh(Fig. 24). 2+ A & &
AR} o] 7oAl 2 718 Hp7| 3 Z RelE Kol
2] skt (Z1AHA, 2006).

73 A SRS, AR 60 9.TImg L2 M)

grom AA 30] 491mg L1z 714 A vepdm, 7
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47} 369 mg L2 7P Ity 2994l A4 33
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2 ¥ (Fig. 2B). pHE AAH o2 7.4~832) W
S epdel 2 1% 2 BARd 2 Aot B
o =2 et} (Fig. 20).

7 2AA A AFde 7ol ARl AF 37 A
A 4elA vl A A 35 A 404 w2 A
Are FsA 94 4% s A% 2
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Fig. 3. Chlorophyll-a (ug L) and standing crop (103 cells
mL1) at each site in Cheonggye Stream, Jungnang
Stream and Han River of Seoul.

E Z+7} 1.1mg L%} 1.3 mg L& 7|23 71X
o} (Fig. 2E). A4 1, 2, 5, 6| A = &9le] %7} HulA]
o2 9A Jepged, 53 AA 13 AA 2604 w)$-
vkele} TN/TP ratio= AA 13 AA 2004 79 A
Z+2b 5623 89, 7F4- ol zbzt 4663} 485024
e} o)dl] vla] AA 3, 4, 5, 661A12] TN/TP ratio:=
74 A Fol ;B zpelrl ZA] Aok, HA 149} FH 3
55 7153} (Fig. 2F). o] A2 Rof, AAAN A4 1
Jr AR 28] 74, <o) 27479 Agteglow 24
7%” o] &3kt
+ A 3 Q450 EF v|ws] 2E, 79 e
= Wﬁ 3o] 21pg L2 7P w43 A 57F 0.6ug
L2 7B dgtondt vnA] AAHZE Q8 da SEAE
f"]l ﬁb‘;’&ﬁ} uhe, 79 Foll= AA 40M 147pgLl'2
7 Eokom, A 2004 03pug L2 71 woked)
A aJr AA 28 A 93 2E AAHANAM 73 Aol ¥
) J540 F=rt 43 FUbkden, B3] AA 40
Me 7P 22 454e 378 BT (Fig. 3).
Mug%}ﬁ% Hzg2 71e o A 494 FHA
157 cells mL™!, A 60|A 32 868cells mL 12 FALE
o, 7&—% —.—°il—‘;— A 2014 HA 9cells mL, A3
3ol #3 4,554 cells mL'2 2A =)t} (Fig. 3). Y=
Aea X8} AR R RS ALY Al BEeaE dE
= AAZE Zol7} ZA Yskort, ¢ Foll= A7 2}
o7} A Jehget FvEAE e F JSka BE
T AA 40A A A, dEF2 A 3004 713
2 Aoz vElged, ol AR e 2F9

BA 35 AA 4ellA g3, A 49 FA 7S
)
o 3L

éii?- R

o]

e - Yz

Z7) el e zhe]q) o2, A 33 A 404 3
8} 8= 2172t Oscillatoria sp.8F Cyclotella sp.o] gt
(Table 2).

BoJof spReAM 43 &M Fo= Cyclotella,
Stephanodiscus 5°] 4E]A gl (Lowe, 1974; Stoermer
et al., 1985). 29 5=9] G3F& w3 9l wHHA 1996
J 7~8%¢) Cyclotella pseudostelligera, 20001 84
QA Cyclotella sp.7} AT BI3de (4 5,
1998; ©] %, 2001). ¥ ZAblAM 71 ¥ d¢H (FA
A Z2)S Bywl AA 42 AL, 73 A Phormidium
sp.ol| A} 739 & Cyclotella sp.2 & Ho|7} dolwgr}. ¢
5200 AAH o]l 20004 8¥ FAAeA
Cyclotella stelligera7} $A3vty BRuslgded, 244
F9) SAARE & A ST A BAN 45
A 4 49A BT 4S Fo 0o w2 PR
$U%] FAY FmaT ¥ FALE S0 2
© FEoh $AsKe S4E neled, 2R 29
QA HRHE AR sel AT ALY A7}
449 Best Qoha A

A 2NN 2UE HEEFIES B2 3
Z 15%, 52 10&, +3dv 15, 92z 1%
30302 2AEC o] F F A Aode dE 2%,

2 4%, 52 5%, §24U4 15 5 & 22&°] £33
‘I], 3 Folle F2 3%, F& 11%, Bz 8%, v
Z 9Auz 15 5 £ 24%0] 2YcH(Table 2). 735
B %9 14 Apelo] FHelrt ARG, ol 0
29 NEEY2E 29 A5} 4 13 A4 2604 o)

Fsgon, 28 342 2as) el AdsE
A% gadsc =8 45 92t w27 )
o 2 47k BAs) 2pekge 2
A7lel 299 ABEF2E F 4 Aole 7 A4
2 Stigeoclonium lubricum (7 1), Nitzschia sp. (33
2), Oscillatoria sp. (A& 3), Phormidium sp. (A7 4),
Aulacoseira granulata (33 5, 6)7} 714 A3, 7
o Fo= Z AAE R Oscillatoria sp. (A 3), Cyclo-
tella sp. (7 4), Scenedesmus quadricauda (33 5),
Sphaerocystis sp. (A 67} 714 Azl A 5
(2003)0)] 23t 37} 7 AlEEHIE ZAIAM B o
T A4 5,63 FARE AL 20014 7TUF 8ol ¥
B E(FE 33~ 42F) F, FE(19F~32F)8) %=F(3
£-13%0h REE AARLH, B 979 $HF
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Table 2. Comparisons of species and individual numbers (cells mL™1) of phytoplankton at each sites in Cheonggye Stream,

Jungnang Stream and Han River of Seoul.

. Before the rain
Species

After the rain

S.1 8.2 83 S.4

5.5 8.6 S.1 8.2 S.3

S.4 S5 8.6

Cyanophyceae
Merismopedia glauca
Oscillatoria sp. 65 80
Phormidium sp. 100
Bacillariophyceae
Asterionella formosa
Aulacoseira granulata 36 28 10
Cocconeis sp. 1
Cyclotella sp. 1 18 5
Cymbella tumida
Diatoma vulgare
Eunotia sp.
Fragillaria crotonensis
Gomphonema sp. 1 28 4
Melosira varians 16
Nitzschia hantzschii 6 24
Nitzschia palea 1
Nitzschia sp. 737 14
Synedra acus 4 1 2 2
Synedra ulna 2
Chlorophyceae
Ankistrodesmus falcatus
Closterium sp.
Coelastrum sphaericum
Eudorina elegans
Pediastrum duplex 8
Scenedesmus acuminatus
Scenedesmus quadricauda 4 22 4
Sphaerocystis sp.
Spondylosium planum
Stigeoclonium lubricum 302
Euglenophyceae
Euglena sp. 1
Dinophyceae
Ceratium hirundinella

[\]

320
2200 300
200 200

24

276 464 4 370 50

1220 910 130 25

2 14

128 68 100

]
o

2 12 130 40 20 10
32 34 4 40 10
6 90

5 210 190 50 10

166 170 3 10 10 10

2 160 50 30

260 200
200

160 320 80
200 240 400 40
550
40 150

2. A2 AGP test

A A A A AT kA 1, 2/6, 3/62.
2 77t AVRLE W, AR BAG ] e Ma
T Hx2Tel vls =2 {54 BA4L Jelyo) =3
A4 Arlske] 271842 272 A 4] %9
£, 53] 3/622 x2)3t AP (T 3/6)= ole|3t B4
o] wi¢- FEEFHHTh AASE 6= A3 AHF(T
V6)ye dz7ol vd 2 2544 SAS Yehl o,
T 3/6 AP -9} vlwshd 5] Aol v)wH e
ZRAY EAS HohFig 4). 218 A4 39 AL

T 1/6 AP 72t T2/6 AFF= A 8Y o] Folx &
& AEzp7t F71ek e, T 8/6 A7 o 2fe
A7 o] Zhaslr] Alabslel AY 109 o] Fell: o|E A
7R 2 Azt BREG (Fig. 4). =3 F4 4
9 7S AL T 6 ATt T 2/6 AP+ A¥ 84
o)Fel= A&H oz 2FI} AL Fout, T 3/6 A
TE AY 99HEH =7 ARl FA3) A+
(Fig. 4).

Ay Fo dAs ArHgAAE A A AgIe
2e] 2 e R4S kA 1/6, /6, 3/60.8 7}
7 A7HE o, 3602 A2 APT(T 3/6)8 A3
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Fig. 4. AGP test before the rain at each site in Cheonggye Stream, Jungnang Stream and Han River of Seoul. ®, Control;

v, T 1/6; m, T 2/6; ©, T 3/6.

Uz AT 16, T 26)x 270 e 2547
=4¢ Jelich(Fig. 5). 7 & AA 13 AA 4oa=
Ad F84 2ZE ARt daTas 9 A% 54
& Yell=}(Fig. 5).

B AFAM FE M. aeruginosa® o] 83 7} AE
A4 Arbgel e 2RAATHAEE A A3,
5L ] AFF(T 16, T 2/6, T 3/6)7} 8342
A7Vl vl#sle] M. aeruginosa®] AAe] Z7}istge

o, sfolde 5 o) A4 Wl we} A
AT (T 16, T 2/6, T 3/6)= WzTol uls] ¥ M.

aeruginosa®] A% £A& Bl W, 7k Fellx T 3/6

[

e A 9E APE(T 16, T 2/6)7} tjzFrel 3o M
aeruginosa®) AA B4 Jehd Aot} (Figs. 4, 5). ¢
Hfﬂ- 2fo]| AL 3o Ao A4 2 AR} FALT) 7

£ Fo) A5t 7 A Ao v]E M. aeruginosa
7 AR 4 gle Aol =] dEez e 2
S} AA) EAE AT s Aol vld e 7 4
EESAE AEHH J54a =0t ¥ debdez
A o];,ﬂ-&]- zExgzbg—;(HEi _.E_H;r,]._‘—_-_ o}2 opAle b]-ﬂ-‘z]i
o} 2o = B8 o]2]d 2ANME FE M. aeru-
ginosaZ} AA ZAFAANME A3 FRAHA] ekokA| Tl
o] Al719] & A ] #ASE= M. aeruginosa”} & A
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-Fig. 5. AGP test after the rain at each site in Cheonggye Stream, Jungnang Stream and Han River of Seoul. ®, Control;
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&tk 9l dopela sew wan, 58
A 7+ AP AASE M. aeruginosa®] AAZA

9 A9 Ae= xgz}%u}.

=Yl Age og
S AFS A7) BE S5
95w, B3] HA 33} FA 4%
ze35t Aoz wetsch gupR o g "5]”r‘7<']3] PO
oA o Tl B ARSI} ol mﬂoa 24l
FE7F BEHer ¥A Ueed (R F 2009), %
Aol AA 33 AA 4 Abelol iAol A3},
A 45 AAA 59 AA 29 FFH 5o Y 3y

TS AR BFT GFHE FReA ok
o wxrb B3 ¥ Jehged, Qe srr 24
o xol s W FAS) Sl e AF

7V -2 TN/TP ratioZ 7|53t} ¥ A+ AF
23k A A 19903 RE) 200013 Alole) o
(2002)9] Aol wzw, o) seich A 49 FAL
9 wxt AA 39 w8 B4, w3 A 4ol
A4 w3 F9 F7F Fo] B W Aoz =
At gl om, o] gt WS 2 ztms} wlwsle] o
o|27]74x) HlssHAl A &HA. 2eht Bogoksle &
FA Aol w3 B9 o] F viwA YA YAA £
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o) ool YFBeA AAM 2 HAEA of
= AE 3¢ Aoz AN AeHez FAHe|
AR Q3 Tha) JPEA 4300 BE Ao
AR e glext ANl WHERe W8l ART &
A $A3d Dol T2 Bolo A, WHEFE &
Aol 2 £ B Aoz Beksgich

5 2

AR 3% e AU HAE o] 9
st AAAE ¥RE dAHSE A Y W} E2FE
Yoz 4 AF 2§ R SLAAS) P A%
2N AGPIE ZAstelnh 2 AAA (Y
4 1,2, 3394 9, F e YFY(IA 0, 0%
25 47034 50 AFIH 65 3 6 Bhe
Qs 2006 54 (34 o A 79 259, A% o) F
89 262 2% 154 AAss, T, AGP 218
A9 7 AN AR AREE FAE FE Micro
cystis aeruginosa ¥l oFAle) 1/6, 2/6, 3/6% Zzt A7}s}
3, &% 25°C, =7 100 umol photons m2 s (14h:10
h LD cycle)ell A 1147+ wjeksldet. AP+, Sdae
FAA 2R YA FRFANA 236, 530
FAe A4 AF A7 144, 185mg LE 715509 7}
F winh 32 94 39S 290 3419 TR
oA woked, A0 799} Zo] AA 49 Fl>
74 AF A7 1.1, 1.3mg L8 71531 7B w30

Fho 7HS Fole FEEARA WEAEE =
Fata e AAAR FFAe] R AA 4004 #)
2 =9lon 7} A3 ZF-+= Cyclotella sp. 2 RA}E
Aot Aol gt AGP 2AMEH, 79 Aol 2T
o vla] RE AAM ¥ A4S Buou, 7 Fol
E dz27o) vls Hdubdez e g el o
ah 7FS- Felle 8RS Aol FU1e wet Ja2T
9} Z Aol E oA gskeH o) Aol o8 s
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