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Abstract

We analyzed cyanobacterial community including akinete, resting cell, and benthic cyanobacteria in sediment of Bukhan,

Namhan-River, Paldang-Lake, and Kyeongan-Stream and compared the physicochemical factors for water and pore water. We

also performed cyanobacteria growth potential test through incubating sediment. As a result of physicochemical analysis, the

concentrations of nutrients were similar for each depth of Bukhan-River. For Namhan-River and Lake Paldang sites, the
concentrations of TP and DTN in bottom and deep water had higher levels. DTN in water body composed of NO3-N(73%)
while DTN in pore water composed of NH3-N(77.8%). Benthic cyanobacteria in the sediment such as Oscillatoria tenuis, O.
limosa, Phormidium tenue, Pseudanabaena limnetica, and Lyngbya sp. were dominant (between 0.0~243.3x 10° cells/g, w/w).
Cell densities of cyanobacteria in sediment depth of 0~2 cm in most sites were higher compared to those in other depths. The
cell density of cyanobacteria in sediment correlated with pH, conductivity, BODs, TP, DTP, and chl. a. Increased phyto-
plankton and organic matters were found to be able to inhibit the growth of benthic cyanobacteria. Results of cyanobacteria
growth potential test after incubating sediment revealed that harmful cyanobacteria (dnabaena, Aphanizomenon, Microcystis,

and Oscillatoria) appeared at 7 days post culturing. Base on these results, the methods used in this study are considered to be

able to determine the appearance of harmful cyanobacteria.
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o] QAR Eth AXNAY BRFE Oscillatoria, Phor- AF9 AFL 20159 42~ 108744 &, 9&, 71 =
midium 5°] FE2 Ed3H(Kim et al., 2015), geosminI} 38|12 Yol AARAE 5192H, core samplerS AH&-3}
2-MIB$} Z2 oFHHEAY YJIRFRE LA U o HZZo] 15 cm °149Y Zolz HAZL AYsATh
(Jiittner and Watson, 2007). ©]|A¥E FHAZNA HAs= E AEE 7 AAdA A9, 4, 8 m 5)2 AZFLL
gxRFe sz A% AN, 54 2 o)HH A o, H8Z 47 Al core samplerd] AP H HFZ AE55
5 Aed R g2 EAE doZ 4 dXw g H335% 25t 245
ol FAH 71xATIE FAAR Bo] o]Foxx ¢gx
Atk wEA 2 AFME &2 HIFY 0553 @ 22. TAFEE 2 B4
287 HA5 ) G2F EIXE 2ASY #AE By o|5}sd P a2 A dFZF7I(YSI 6600, USA)
spen, 5435 Wds Fotd HAS d2F THYS g AHgst] £, pH, §&44(D0), HA7NHEEEC) 2
AAdskatat stk = (tubidity) S FFAIL, FAE B ARG HAFY
FEFEI)E FER(TN), &4 FZLDIN), 34!
2. Materials and Methods (T-P), €24 ZDTP), Yoty ZAANH;-N), 2iH4g
A2(NOx-N), AAFAA(POs-P), FFEZ(SS), B=H4 4t
21, AL XE W ZAP|2E 227TBODs) 2 G52 a(chl. o) FELEZEAE
295 HFE Y2 HF EXXAE Y5 27 27 AA 7]=(MOE, 2007)¢} Standard method(APHA, 2005)° <3}
(SB: 2123, P4: IZEFRAATAE ), Fd 1 A o BAgHTh 5y BEALS 4 AHY HAES B
(P3: A7% FHT IMA A9, 225 2 A%A F ated 3,000 rppme 2 3027 AR F FFHFA M5
F5 30 AAP2: A7 T 2 s 23, of £4stath
PS: BFA EEW B9, KK 354 &0 359 3 HE2F ARE AYH H4%L 0-2 cm, 2-5 cmZ TE
TS ez FP5ATHFig. 1). sto], 2+ 3B £5F 1 g (ww)2 £3), 90 um Nylon

o 4

A Al(sieve)Z ©]EZE AA F 50 mL S7FF g
A35to] Lugol’s solution® 2 IFPIATH HAE H2FE
G2 5F FHAM E(cyanobacteria resting cell)9 AAG G=
F(benthic cyanobacteria)S w415t 2™, Sedgwick-Rafter
counting chamberg A&t 914x @wZ(Nikon, Japan)
atoll A 100~1,000 W&2 AAFE AEsIHT FE2R{
732 Komirek and Anagnostids (2005)2] E/FAAlol w2}
g2l 8t¥ 3L, Chung (1993), Hirose et al. (1977), John et al.
(2002)& LA THFig. 2).

FHE A (akinete)d] £AE 7 3 HAIT S F5F 1 g
wiw)ye SFF AT B2 2537)(WUC-A03,
Korean)2 30%3t 23] Azlste] AN S
Aot BEANE 90 uym, 60 um NylonAZ2 g A7 £x2 o
2 gYstglon, AFH2Z 10 um Nylon A2 oJ7e &
2 E A]EZE Panning methods (Matsuoka and Fukuyo, 2000)
= S £ ARSSte] FHEAE EEeiith £8E FHEAE 10 mL
‘ N 2392 548k 100400 82 AEFL AESHAT

g

127532/

HAZY wlF2 250 mL &L Idd AYE HIS
75 g& BGI1WlA] 150 mLe} #5EF A1 & A4 A%

Paldarg-Irake==
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Fig. 1. Survey sites for benthic cyanobacteria and sediment.

o2 FAZ /e FUEA 2 FUHAES HHEF
F5HA St g2 AE HAHS AT (Kim et al,
2014; Kim et al, 2015)1A @xF9 o] w2 &
3 % 25°C, BEZA 40 pmol/m’-S, BF7] 16(L):8(D)=
(> WSttt B3E oY Al8E Fal2F 2 A7(Han River
Watershed Management Committee, 2014)2] 234 Fo

E3 AEFO] 140 cells/gZ 2AAAE T 7H =344 53

Gwangju-si

Bukhan-River (SB: Sambong, P4: front of the Han River - c. B L =
environment research center, Namhan-River (P3: front AR gREY =435S Wdstd X322 FRohe
of Wolgye-sa), Paldang-Lake (P2: front of dam, P5: Pal- GEFE 19 9= 10497 ER1stEem, o] AFHE vty
dang-Lake) and Kyeongan-Stream (KK: Kyeongan-Stream). 02 67/ AR FHE102 AB)E 419 =02 cm, 2~5 cm,
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Fig. 2.
(d: Oscillatoria sp.) in sediment.

5~10 cm, 10~15 cm)C.2 FEak] wjgst &
d=Fe B4

3. Results and Discussion

31, ZAKIES ol&ety 3|

ZAAA FL2 185+7.7~21.6+8.1°C2] WY Z P3(E
A A”Y F2o] /M %, 53 FASI SB(:He) <
PA(RZEIFATLE 7t Edth pHE 7.540.5~8.2+0.4
o W2 AAH T Z Aol Ho|x goH, 2o ¥
$E P37F 7 EJTE DOE 8.7+0.8~10.9£0.6 mg/L<]
HAZ P3AFC] &%, AVIHAEEE 129.3+18.9~343.0+
43.6 pS/emd WHE EdF F£9o] AR Hom, KK
(Bt g2 KA wvl&] Ba 159 A Jebsh

T Q2 AHFAA 5 NTUCSE ggkon, 4o
92 KK¢ P5(ZEE FHF)7F 5.744.5~12.0£9.0 NTUS

Observation of cyanobacteria akinetes (a, b), resting cell (c: Microcystis sp.) and benthic cyanobacteria

HAZ 7+ =4 Yersth(Table 1).

BOD+E 0.9+0.2~3.0+0.9 mg/Le W2 ZHANA 713
Eokom, ZFkdg AF EE AFA 2.0 mgL °lst
2 ¥353 $2S JERITHNIER, 2014). chl. a= 8.349.6~
2454239 mgm’e] WHE KKAA 71d Egon, 7+ A
AollA A wet sratel7t F ALRZ YEEth AA
H92 $£2 pH, &4 5 4wEQ $#2IEL A5
sFa 2 Zol7k AR eHM(Kim et al., 2015; NIER, 2014),
ZF AR HFEEE AFEE fABIATh chl 08 sEE
BE AFA 1099 7HE Esken, P59t KK 3¢ dx
<91 Aphanizomenon flos-aquae 7} 50.6~122.7x10° cells/mL
o] W92 235l chl. ¢ E71 F4 g9oz Vestth
(Table 1)(NIER, 2015).

554, @4 9 233 ol A”Y A JEEF
EE& Fig. 3% Zom, TN B%& 0.837~4.512 mg/L9
HHE 499 KKAFY utg3olA 7P =sioh AdE

Table 1. Mean values of physicochemical factor in Bukhan-River (SB, P4) Namhan-River (P3), Paldang-Lake (P2, P5) and

Kyeongan-Stream (KK) from Apr. to Oct. in 2015

Physicochemical factors (mean+SD)

Apr?(i; > Oct. Bukhan-River Namhan-River Paldang-Lake Kyeongan-Stream
SB P4 P3 P2 P5 KK
W.T (°C) 185+7.7 19.7+74 21.6+38.1 20.1+£7.9 210+ 74 213+75
pH 7.5+£0.5 7.7+04 82+04 7.6+04 7.7+£03 8.0+0.2
DO (mg/L) 9.6+ 1.5 9.8+18 10.9£0.6 94+19 8.7+0.8 99+1.6
EC (uS/cm) 129.3+18.9 181.7+53.0 2713+252 2273+23.5 302.3 +64.1 343.7+43.6
Tur. (NTU) 1.9+1.1 1.8+£1.0 3.0+£22 23+1.1 57+45 12.0£9.0
SS (mg/L) 22+19 24%15 46+24 27+ 1.0 47437 10.1+5.8
BODs (mg/L) 0.9+0.2 1.2+04 1.9+0.6 1.3£0.6 1.8+0.6 3.0£09
chl-a (mg/m’) 83+9.6 11.1£82 11.0£9.2 74+47 10.3+8.8 24.5+239
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2 499 BE AHFNA TNEE7} 21, SB, P4, P3 ¥ Byten, #3355 TNY 73%7F NO»-N9 HEZ &7 5=
P2(ZEY HAHL 4€9] 2.5 mg/l, 727 10€] 1.3 Ao g ZAE 9 tHHan River Watershed Management Com-
mgl AFE EZA 3274 5E7F $ASAT TN mittee, 2008; Lee et al, 2010) NH-NS EEE 0016~

BFEE KKE AYsta dg+ 2.0 mg/lY o2 B3
Agol =7 FoH, F-d A P37 HHA(SB, P4)

I P2EY F&57F EJTHKim et al, 2015; Lee et al,
2010). KK9 TN A wE& WEF ZFo| an, APHF
3781 mg/LY H2 52 Z 99 c@deziE

0.580 mg/Le] WY E 49 P5EZIAN 7HF Ehon, 4¢
KK Hg=o)4 7} gttt SB, P4, P3 2 P29 Z A4
o ME FAYE e dAZ fFAIE oY, 7€ P39 H

93 P2 20 m FAYA 0.55 mgLE E3hFig. 3).
TPS HE+E 0.007~0.092 mg/Le HIAZ 49 KK EZ

S Bl vk #YSE ACE vehdthlee o oA b EStOH, 79 SB EEFAIA 7 WA vk
al, 2010). T3 P5E= KK AP AF o2 KKANA /4 ok TP9 A% TNF tZ2ZA FAd mgt 5=7F g2A
He INEEY st JFAHJA FEFS ot 52 558 e, 499 P4E A A AFFH 749 P3, ¥ P2,
e 2sra a2]3 1029 SB, P2, PS5 2 KK A HolA FAo] ZojA
DTN 2 NOyNE TN# 5EWsh} f4h¢ Aew b4 £5 P9 %/} S7lsianh 538 P39 39 =E A4
T-N(mg/L) NH,-N(mg/L) T-P(mg/L) PO,-P(mg/L)
0 02 04 06000 0.05 0.10 0.00 0.01 0.02
Depth(mm) ; . ,
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Fig. 3. Variations of nutrient (TN, NO;-N, TP, PO4+-P) concentration at Bukhan-River (SB, P4), Namhan-River (P3),
Lake Paldang (P2, P5) and Kyeongan-Stream (KK) from Apr. to Oct. in 2015.
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oA wtegEe TP &7/t Ehen, 799 3% &7 nt
939 s=ar0l7t <F 38 AolE YERTH POsPY B%
£ 0~0.019 mg/Le HAZ dHFE AHA 0.002 mg/L
ojstz Yron} 499 KK E&3 799 P39 &3
, P29] 15~20 m9] FHANA & =
92 P59 KKE 2974 B35 449 Hslz F
Al E&Fo] Bo] dojuhA FAT, 1
5] ot AeE ATFHULH(Lee et al,
2009), P5¢F KK 423 10€9] Jebhd 253 4359 F
A%t sEwste Q1o g wrhHT

[0

oo X o> I
O o o
2

e ofje
)
)

32

32 E[ME =+ T JdYHR skH3

Z AR HAHF FTE FE4Y YYEF v=E 2
A5 23 DTINS 0.225~16.760 mg/Le] W= 7€ P3olA
7HE w3, 499 A9 EE AH] 0.5 mgL ©]5tE e
. %A DINH NOs-N9| 5% ZTo] A= FASHA
, A9 A DINT NH;-NY Fgo] FAFsAT
9 DINZ 77.8%7F NH;-N9 FeE|Z2 &AL Qe
2 ZAEJLH, NH:-N FEE 0.002~ 13.860 mg/L
w2 p3 7€ 718 E3kth NOs-N& 0.004~0.044 mg/L
HAAZ 108 P2olAM 7 E%en, BE AHAA 4€
749 HEth 1029 NO-N&Z7F =34thFig 4). 4utz o
FZ59 NOs-Ne =7He# 28714 &2 558 2ot
7t 28T A8 AEEFIEY 4 ©E NOs-NY &
7t 7FstHA =7t YopAle AR &ElA Uth(Home

ot £ 1L

M8 fo 0 A o ¥

20 -

@

—
2]

DTN(mg/L)
2

SB P4 P3 P2 PS KK
Apr. mJul. 3O0ct.

0.15 -
(c)

3 0.10

)

£

&

E 0.05

SB P4 P3 P2 PS5 KK
Apr. mJul. @Oct.

and Goldman, 1994). 2 T2 HAZFAAME NO;-N9 A4
H FEHL 349 22 TS YE

DTPY EEE 0.005~0.120 mg/Le B$), PO,PE 0.0~
0.047 mg/Le] WHHZ 39 A = Hld] 4~10817+F
o FEAA FEEFY WS A dErgd P5e
KKE tAHeZ &7t dskoy, ol HIZAAM 35
o2 EEHE £59 o] & AR #FHTKLee et
al., 2009). & X|Fe] H|s) DINY =7} v E4H
P3E W2 DTPS PO,PY BX7F YA Uehow, p4
9] A% 79 & XA H|s| DTP$ POsPY &7}
E%cHFig. 4).

2935 HH39 dIEF

2~5ul7tE ShelE Ae® AFEH A2 H(Lee et al., 2009),

o
P
A, o
2
e
1o

2 ATNME ZF971(78) =9 YEFY =
7b F7kste ALE vgyth ol Ao 2a §E45%
7} W2 P59} KKE H8 3NN 302 IEEFI/E M=
A FFHL Je AR AgHY, o IR T
H2 AEEEIEY 4B 9FS vE 2oR woddd
(NIER, 2015).

33. EIM B0 EMsk= FHEXHakinete) X X7 =&
FH ¥ A (akinete)= HFTL H(Order Nostocales) X
o l'G= = Anabaena, Aphanizomenon 2 Nostoc &2
7t AAEEo] AFekA Fe W FHse MER IY
A ZoA A E35ste] EHHFTNA FHLHE EA FrhKang

] ®

0.04

S
=
>

NO;-N(mg/L)
)

=3
=3
—_

0.00 - -&
SB P4 P3 P2 Ps KK
NApr. ®Jul. @0ct.

] @

SB P4 P3 P2 PS KK
Apr. mJul. 3O0ct.

Fig. 4. Scasonal variations of nutrient (DTN, NO;-N, DTP, PO4-P) concentration in porewater at Bukhan-River (SB,
P4), Namhan-River (P3), Lake Paldang (P2, P5) and Kyeongan-Stream (KK) from Apr. to Oct. in 2015.
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et al., 2014; Komarek and Anagnostids, 2005; Sze, 1997).
E3] Anabaena v+ B3I 9 Tz A= dlxFR
S| ZF(NIER, 2014; You et al, 2013)2 Ao Hg3t
Axzo] ZFoAH Wolste] HFAAT 5 V] HE

HH S EAdte FHEASY AEFLS G227 2 Y
A& 7FRTHKim et al., 2015).

o, @t 2 295 A9 FHER EEXA AT
0~30 cells/g (w/w) B2 Ed3t92H, 4€ P49 2~5 cm
Aol A 71 dEFe] Fohth tFEY AHNA FHER
7 FEEA oo, 490= P4 o P29 0~2 cm o]
oA 10 cells/g (w/w)SF FZHJTE 79o0+= SBY 2~5 cm,
1028 SBH P29 0~2 cmolA 10 cells/g (w/w)olstE &
Ast¥ th(Table 2). 20143 1090 ZAMY 2Y 35 FHEA
AEF2 E3HZ F9olA HU 500 cells/g (wiw), Z3H
oA Hth 350 cells/g (ww)Z YEFGOH(Kim et al.,
2015), 22 3 1199 2419 534 799 FHEA
UZARE Hd] 120 cells/g (w/w) (Han River Watershed Mana-
gement Committee, 2014)2.2 201433 Hud o FHE
A AEFo] gA=Z It

HH2 3279 FE2F BAZET 0.0~243.3x10° cells/g
ww)HIE Sds¥er, 7499 SB9 0~2 cm ZololA
71 AzZo] =YthFig. 5). §4% Zold wet SB, P4,
P5 9 KK9 927 d&F2 2~5 cm Zo]ET} 0~2 cmolA
AEFo] wkon, P3g} P2 247 497 10€9 2~5 cm
oA FEFe dE=Fo] EUTE Kim et al. (2014)9] HAZ
W F AT AXNY FE2F @EFo] 3,000x10° cells/em’
ooz FUttH S W, X EZ WMEE FHsL 32
o2 BAsAth 2 AT 2R dEFo| wF
A AFET gton, 7+ FAL AHA A
A Eag Aoz wodArh = BFS
=3 Wl gATF(Kim et al, 2015)°14 B34 SB
A AXY F2FY dEF] E ATY 2N 4
T 15~25°CE AN A 158.7~1,141.3x10° cells/em’?] B =
EA UeElgen, p2, PS 2 KKollA d&FHe] A yehd
2 & AZERA 2R S I A JERATHEIg. 5).

4
tenue, Pseudanabaena limnetica, Lyngbya sp. 5% &< A
A Fx2F7E EEsoH, £4F TR A 2%
W) A F(Kim et al, 2015)9] ZAFs} FAEtAT &

B 2 e Jo

tfo

)

o rgk

EAFL Oscillatoria tenuis, O. limosa, Phormidium

@
oh 1%

Table 2. Distribution of akinetes in Bukhan-River (SB, P4)
Namhan-River (P3), Lake Paldang (P2, P5) and
Kyeongan-Stream (KK) from Apr. to Oct. in 2015

Sediment Number of akinetres(cells/g)
Month
depth (cm)  SB P4 P3 P2 P5 KK

0~2 0 0 0 10 0 0
Arp.

2~5 0 30 0 0 0 0

0~2 0 0 0 0 0 0
Jul.

2~5 10 0 0 0 0 0

0~2 10 0 0 5 0 0
Oct.

2~5 0 0 0 0 0 0

ol
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7VYl Oscillatoria tenuis, O. limosa, Phormidium tenue,
Pseudanabaena limnetica &< ©|F7] YAFoz &elA
dow, 53] 2-MIBY 4443 #Hol 2 AL=E EHA
S TH(Jiittner and Watson, 2007). B8 & A AMY G227
ol Microcystis7t 42 P29 0~2 cm ZoJollA 1.6x10°
cells/g (ww)Z Ed3t82H, 10€ P2} P3| 0~2 cm 2
ol A Anabaena$t Aphanizomenon©] 0.2~6.7x10° cells/g
(wWw)HHE EQ83Th 482 £29] 11°C 222 Micro-
cystis7t BFL2 B35y A HHZAA FHAEZ ZH
4

0] faste AR A w2 ATFeR 39

YGZFNIER, 2015)7F &=z J49 A

o= godg

H35 9279 €T 59 F4E F7 olgey
FF a9, veEEe JIEF, HHFZ NF57Y dL9F
AF%E FHEAsEen, 1 2% 335 G2 Ry dEF
& $£Z9] pH, A7|AEE, BODs, TP, DTP, ¥ chl. %t
=9 ABHAE YL, vleE(bottom)e] TP % DTP$}
#Ho] e ALE YetETHTable 3). olgd ZF= FH
A Zu] FATF(Kim et al., 2014)04 AN FZ2F7F 71
ke Al7]el TP 2 DTP7F Z4sH, AMAY G279 A

Fol HAZAAN FF3L2 Qo] &EFHE AS Adfske
A0 2(Zhang and Mei, 2015) TP 2 DTPS} AAAY Ex
9 AEZFS AR 59 JBBAVE AT £ A E
32E9 HFS pH, BOD, TPY BEE 7} A7)H,
g3l g4 2 /&9 7k AVId= 9 DTP
F7F A2 F Ytk oAS AEEFIER Z
ol g HHF =gate 2o Fs
d 2279 4ZE A5l (Hasson, 1988)
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34. E[M S0 E RollHTT UMAMH

FHEAY FEF2 FAHA Fx2R7Y DAFo] HH,
Anabaena®}t &2 952 E(Order Nostocales) T 7Hs4
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Table 3. Correlation coefficients benthic cyanobacteria and items of water quality Bukhan-River (SB, P4) Namhan-River (P3),

Lake Paldang (P2, P5) and Kyeongan-Stream (KK)

Items R Items R Items R Items R

WT 0.027 TN -0.151 chl-a -0.310° (B)NOs-N -0.215

pH -0.325" DTN -0.133 (B"SS -0.170 (B)PO,-P -0.182

DO -0.141 NH3-N -0.157 (B)TN -0.177 (PY)DTN -0.085

Tur. -0.220 NOs;-N -0.047 (B)DTN -0.260 (P)DTP 0.166

EC -0.534" TP -0.301" (B)TP -0.320" (P)NH3-N -0.064

BODs -0.360°" DTP -0.417" (B)DTP -0.318" (P)NO3s-N -0.057

SS 0212 PO,-P -0.167 (B)NH;-N -0.242 (P)PO,-P 0.145
1. B: Bottom, 2. P: pore water, * P<0.01, ** P<0.05, n=18
i F2e fFUEa X A ZIHNIER, 2014) wHE HAEE AEE & AW, FH3 W olgd 522 ¢
ok 500m Wl 1970 AH 9 EHAHZoE FHER AEFO sted AGo] daistth £ AFdAE AFEHAA S} 2o
0~17,900 cells/g (ww)HIE ThFsHA Jetsioh &3 & FHEAL dEFo| =4d EH4 A FFF 235
HEA] BA2 dAT #HPH AA Pl SHEE 83 W gES E5t, Anabaena 9 Microcystis &2 F3llgdET
£ EAHoIH, A B2 Algte] 28 FHE Aol Atk 9 FEAQFE A5

B4 B Fx2F T8 A7l dnabaena’t T2 & H8Z a7 g 3LA EZA Microcystis7t £

ARG, Microcystis7t 8 HELR Edse 984 stRoew, wigF 7474A AW 6,512 cells/mLe] dAEFoZ
o A% FHEA dEF0] Z 9uE Z&A X9t Micro- Ed5IATh dnabaenas WG 59A E35HY, 8GR A
cystis®] AS FHEAYG A FHOZ HAZAA F &Aooz Z7ketAa, Wl 9g ol EdAsSHA| &Stk Oscil-

Benthic Cyanobacteria(10°cells/g)
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Fig. 5. Cell density of benthic cyanobacteira at North Han-River (SB, P4), South Han-River (P3), Lake Paldang (P2, P5)

and Kyeongan-Stream (KK) from Apr. to Oct. in 2015.
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latoria= W F 6~8AA o ZH3H O™, Aphanizomenon<
g 7440 Tt S tHTable 4). Anabaena®l 785
HH & M FATF(Kim et al, 2014004 FHER JEFo]
2,200 cells/g(ww)ol Al BF 42 Foll 120 cells/g(wiw) 2 7
2% T Wl 59A EZNM Anabaena’} 130~752 cells/mL
HOAZ 747 &9 Aoz AFHYLH, oy A
wet HZF FFxPAA HISE g T A v 5~8
Ao Adnabaena?t EZAZAA olsted FEow H{si=

Ao 2 FAATHTable 4).

Table 4. Cell density of harmful algae during incubation in
sediment at Siu-Stream

Harmful algae (cells/mL)

Date

Microcystis ~ Anabaena  Aphanizomenon  Oscillatoria
0-day 0 0 0 0
1-day 0 0 0 0
2-day 0 0 0 0
3-day 106 0 0 0
4-day 526 0 0 0
5-day 772 20 0 0
6-day 1,641 136 0 60
7-day 6,512 232 28 85
8-day 2,233 263 0 30
9-day 1,892 0 0 0
10-day 1,785 0 0 0

Al 535 g 2FE EdE 233 o/ ARY
HHES HFZold wE 7+ FH(0-2, 2~5, 5~10, 10~15 cm)
= g A5A EFTE ARSI
AR BEAAY FalGE2FA Oscllatoria (P2), Micro-
cystis (AAA), Anabaena (P2, P4, P5, KK, SB), Aphanizo-
menon (P5, SB)°] &3 L™, Oscllatoria® 25 HU
15,846 cells/mL, Microcystis= H T 2,245 cells/mLe] @&
S UEATHTable 5). §F ol W& EX= gFEe
A@elA EAZol 5 cm ol ZoldA= Fx{FIF 245
2| Ekon, P44 B HHFY skl sid sk 10~15 cmell
A Microcystis7t 1,995 cells/mL, Anabaena?} 17 cells/mLZ
35 olgs 2= FA B 2RI FHH S
HAE Aoz gdsn, §3E d27F FAA X FHER
AlZbo]l AUE g At eFgxe] ZFoAH

e

= 9 4

Wolstel EFo2 ¥59 7bsdol ke AL guidt
4% Mg B fAdER 47 A4 B8 9

2570 FFHA B AZ37)0] Tha ojeigel Yo,

FERY 24 G2 delsts A ZHeA on)}

9¢ Aoz pudn TG HAZN BARE FEF

B9 A7 Fol BPxACl B PERY WAR 4P

(Hasler et al., 2004; NIER, 2014; Yamamoto and Nakahara,
2009) #E AT = Fasty wWIE HIHFE ATF=
75 99 FS A WAL Fhel g PFALAA T

A bsd GERY FEE F4T 5 UL Aoz gunr

Table 5. Cell density of harmful cyanobacteria during incubation (7day) in sediment Bukhan-River (SB, P4) Namhan-River (P3),

Lake Paldang (P2, P5) and Kyeongan-Stream (KK)

Sediment depth

Harmful cyanobacteria (cells/mL)

Site

(cm) Microcystis Anabaena Aphanizomenon Oscillatoria Total
0-2 256 117 12 0 385
2-5 0 0 33 0 33
SB
5-10 0 0 0 0 0
10-15 0 0 0 0 0
0-2 20 31 0 0 51
2-5 0 0 0 0 0
P4
5-10 0 0 0 0 0
10-15 1,995 17 0 0 2,012
0-2 47 0 0 0 47
2-5 12 0 0 0 12
P3
5-10 0 0 0 0 0
10-15 0 0 0 0 0
0-2 613 1,466 0 15,864 17,943
2-5 0 0 0 212 212
P2
5-10 0 0 0 0 0
10-15 0 0 0 0 0
0-2 665 544 83 297 1,589
2-5 70 0 0 0 70
P5
5-10 22 0 0 0 0
10-15 0 0 0 0 0
0-2 2,245 0 76 0 2,245
2-5 0 75 0 0 75
KK
5-10 0 0 0 0 0
10-15 0 0 0 0 0
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4. Conclusion Literature]
Dodds, W. K. (2003). The Role of Periphyton in Phosphorus
237 U7 9 295 Soe HA= @ 229 o]s Retention in Shallow Freshwater Aquatic Systems, Journal of
. ’ . Phycology, 39(5), pp. 840-849.
3] 3 =) =2A 5= = By = . )
2 FF A HASY EAske B2 F TE2S HERF Han River Watershed Management Committee. (2008), Survey
3N ARE &5t thad 22 ZES Atk on the Environment Ecosystem of Lakes in the Han River Sys-
1) 5+F FAE FAd B 97 5571 E A tem, Han River Watershed Management Committee, pp. 923.
7o, daas 2gY e £4o] BRSSP [Korean Literaturc]
st DINY BE7} Z7et= Aoz Yehgta, $40] & Han .River Watershed Management Cor.nmittee. (2914). Investiga-
o AodAs BYs FREL AAde WE IR tion of Causes of Off-flavor Material Production by Harmful
T . Algae and Management Strategy (II), Han River Watershed
=St A debn. Management Committee, pp. 433. [Korean Literature]
== =1 L =
2) 3l &A= DIN= W& NO:-N(73%)°] FH = Hasson, L. A. (1988). Effects of Competitive Interactions on the
EA5Y, 1559 DTN tiHE NH3-N(77.8%)2 3 Biomass Development of Plankton and Periphytic Algae in
HE &8s ALE Jegon, HIZA dYIF Lake, Limnology and Oceanography, 33(1), pp. 121-128.
= 7397 o]& $alo] Yo AokAI FIF FEE Hasler, P., Poulickova, A., and Lysakova, M. (2004). The Sur-
N szom WA 2IH= Aoz wuHd vival and Vitality of Cyanobacteria and Algae in Fishpond
_ Bottom Sediments, Czech Phycology Olomouc, 4, pp. 133-144.
3) HHZ GRFE 0.0-2433x10° cells/g (wiw) B2 Oscil- yeoros” bp

latoria tenuis, O. limosa, Phormidium tenue, Pseudanabaena
limnetica, Lyngbya sp. & AAAY EZ277F F2 £d8H4
I, fEEY AFAA HHZO] 0~2 emolA FEF]
EA JEsth

4) AT 927 EFE 739 pH, A7IHAEE, BODs,
TP, DTP, chl. a$} =9 FABJAE Hetllor, JE&
F3E 2 Y I7te AXY 279 8EE A
o= Aoz AgHTh

5) HA3 g 2 felEgrd LA g 74 A
FllGZ2F 4% (4nabaena, Aphanizomenon, Microcystis,
Oscillatoria)©] BF £33 oH, HHF wlFs &3t
o FAGEFY FHIRE AT + UL RAow

et

o=t
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