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Diel Changes of Cyanobacterial Toxins in Outflow Water of Lake Suwa. Kim, Ho-Sub*,
Bomchul Kim?1, Ho-Dong Park?2, Yukimi Katagami? and Soon-Jin Hwang (Department of
Biological Systems Engineering, Konkuk University, Seoul, 143-701, Korea, 'Department of
Environmental Science, Kangwon National University, Chunchon, 200-701, Korea,
2Department of Environmental Science, Shinshu University, Matsumoto, 390-8621, Japan)

The temporal and diel changes of cyanobacterial cell density, species composition,
and cyanobacterial toxins (microcystin-RR, -YR, -LR) were examined for the
outflow water of Lake Suwa in Japan from May to October, 1998. The highest total
cell densities of Microcystis were observed in July and September, when the
dominant phytoplankton was Microcystis ichthyoblabe and M. viridis, respectively.
Both the species composition and total cell density of Microcystis affected the
variation of the concentration of three microcystin variants. Only microcystin-RR
(MC-RR) and -LR (MC-LR) were detected in July when Microcystis ichthyoblabe
dominated, while microcystin-RR, -YR (MC-YR) and -LR were detected in August
and October when Microcystis viridis dominated. The microcystin concentration and
the cell density of Microcystis in the outflow water showed diel variations; the ratio
of maximum to minimum value was 3~ 20 fold for microcystin concentration, and 5~
31 fold for cell density. The diel variations of toxin concentration as well as
Microcystis cell density was closely related to the diel variation of wind. During the
windy period, when higher speeds occurred in the afternoon hours than morning
hours, both the cell density of Microcystis and microcystin concentration tended to
increase in the morning and decrease in the afternoon. The results of this study
suggest that controlling the timing of lake discharge at the floodgate or intake tower
can be useful for water resource management with respect to decreasing cyanobac-
teria biomass within intake water.

Key words : Cyanobacteria, Diel change, Intaking water, Microcystin, Microcystis,

Lake Suwa
o]t} (Persson, 1982; Smith and Gilbert, 1995; Dawson,
S — 1998). G277 A St w9 Aol He <
A 712l wel 417 = (Neurotoxin), 7ZHA= (Hepatoto-
FEo] ¥ AFH ThEel FeddstE foelM E xin), 4] £% (Cytotoxin) 502 #F= 1 glem 237}
sk 2Rk AAel pAE 9 B okdel A A A7E el oa FaFe] Sa4e e, pH,
9] 7HXEE ] w2 AAIA Q] £l & ke szl AR A ookl %, 272 AAFA]7] (Van der westhui-
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zen and Eloff, 1985; Watanabae and Oishi, 1985;
Utkilen and Gjglme, 1992; Park et al., 1993; Kotak,
1995; Lyck et al., 1996; Sivonen, 1996; Rapala et al.,
1997) z28x 244 FHe e £ ¥ AF
(Carmichael and Gorham, 1981; Park et al., 1993;
Watanabae et al., 1994) 53} T3 o] gt}

FHeX F2 BRIET Y FRF 54t Micro-
cystis< (Henriksen, 1996)Z} Anabaena, Oscillatoria
(Sivonen et al., 1990) 5o F=2 AAslE= Aoz oy
Zl 2¥A=4 (microcystin)¢}  Anabaena, Apanizomenon
(Repavich et al., 1990; Watanabe and Harada, 1993) 5
o] F#2 AA3E A7 F2 (anatoxins)oltk (3§,
1999; Park et al., 1999). Microcystis&-2] Lo F2 A)
A8l= Microcystin®] Fx+= ofHlALS =233 7F9)
ofu] = Alko] o] F = cyclic peptide 4] (Bishop et al.,
1959) 74 efw|:=Ake] et Wd7] 3o {7 F
o 2Jaf @A) 50e1F eo]Afe] EH-E I 3o, anatoxin
-a¥ non-cyclic 2z} o}4l o]t} (Harada et al., 1993). A
A ARG F2FE T o2 =4 PSS
50%2 d##] ¢lor}(Sivonen et al., 1990), ZU A=
85% 2 WlmA ¥ HA g mug vl gleh(R]

= 1999).

o] @ 4 oleh(4 %, 1997; o] %, 2000). =&, o)
S A3 fael ARl %3 ok Be) G
wol Wi ) WAL AIT W shse] olg %A

e A4 A7) He AEA SAeA 9
AE RE 54 P ohle s sl sAwe
o QeliE fEa olg® & e AelHE %

2571 % Bskn Qe
e —T—Zr_% 7} SuwaZol| A W4
w9l Zamwe] o wahsh 2 g

S FE dAE pFIGoH, o2 3 wiAlY] 24
of o8t Faf B AzrhsAE A=

1Lz e 9 =207

Suwadi Y& rhxde X3k 9l
52 pEHA o] 13.3km?, Y 4] 6.5m
o] 4m A x ol 31719 F3 2L H
o} (Fig. 1). Suwaz®] Eo] == 3
/‘3&"“ HAABI glom, F Aoli= 80m, | WHF

< 600m¥s2 A3 o]

Suwaifﬂ]/ﬂ WAy sk |
$AE 283 540 A AAHA WEE 2448
flelA 19984 59 2094 F-E 10Y 21%_‘77?] uf A
of F W 7HHoz Sl Wi
ok SEelM e F2F MEHEe) 549 o W3l =
e 7 sdol 20412 4 8ok 724 51 34
Aoz AAFY 2APIZE ke g 45
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2. 42F A% AN 2 BEF 2A

dam Az A4 - AFEAL g8 Al A3
% A52 100mle] Felo|=d Aol s} ze=u
Aoz 1Y F(HER s%) Feten)AstlA 1
ml Sedgwick-Rafter cellZ o]&3}e] 200w = 7738}
o}. Microcystis®] & BE-HX Komarek (1991)8] E 3|

Aol whgie.

Qo aneg 24a7] 99 4L AwE GF/
Cz o33 F ¥4 A7kA] —20°Ce| YFate B3s}
Ao} o 2] = 100% wﬂ%%(lo mi)S o] 2447k St

ofzee] BIE & 4,000 rppmoz 1587 485}
o Qolq el FAEE Yo Aaind
(Marker, 1972; Marker et al., 1980).

oE

Mz Fi3 =4 EAL Harada et al. (1988)¢]

3}l 21}, ODS cartridge 2 5-E]
E42] &£2]= Tsuji et al. (1994)o] A A3+ 0.1% TFA-
methanol 2 A3t S4EAE 98] A= =
FTE GFIC A2 33t & oA = 4 A7t
—20°Ce] WFazel B3R EHel| A AFA =
T4 Az w712 wlA s el Az
HE]S] E4FES 93] A=l 5% aqueous acetic acid
10ml H74g & 3087 wubdeE FA|F% e,
4,000 rpmefl A 15%-7F A4lde] g & A5HS AF s}
Atk AR ste] dejxl AFH 2 10mle] keI
10mle] =HF4=2 ZHx]z]%¥ ODS cartridge (Bakerbond
SPE 7020-03, Octadecylsilane (C18), ODS type, 3 ml; J.
T. Baker, Phillipsburg, NJ, USA)ell EZ A F ot AASH
o] 2]2]¥] ODS cartridgex= 10 ml®] ZF4¢} 15ml2]
20% methanol-water2 |33 & 20ml2] 0.1% TFA-
methanol& A}&3le] =45 LAt} ODS car-
tridge® FE]S] %4 S| F ol A o|Fo R
Sl Z1x F methanol2 Ag3] =glorn] wWehe
2o ODS column (Cosmosil 5C18-AR, 4.6 X 150 mm,
Nacalai, Japan)o] #A2% HPLCe| F93}4it}t. HPLC
o] o]%A} Lu:= methanol : 0.05 M phosphate buffer
(58:42, pH 3.0)7} AIE4-H9 2 452 1ml/ming §X
Ao A A 33} Microcystiss2] 25
o] dulzxloz wre] AA3}LE microcystin-RR (MC-
RR), -YR (MC-YR), -LR (MC—LR)EP—@ AZzsg 3
(Watanabe et al., 1988), A|£2] &4 peakH A S =F
£909] peakel st vl walel AFeielch

=
Yehgton, 28 Jdxf{ £ d3ioe] Microcystiss:
W SE2A Mzd=e 9352 A-A Wt
2= 9} (Fig. 2, Table 1). 643} 76l M. ichthyo-
blabe7} ¢33t out, 89 FEHE 10%77}1}{— M.

N

viridis7} 8202 Yelygtt Y279 = AxidzEs
793 9ol F wWell HAA FUlEl e 73‘?‘2 e 3,
F AZSE 54 asEe) o IAE eI (2
=0.74, n=30, p<0.001).

A opE 40 AHFA W3 954 aFs

9} WA FH o] ¢l em (r2=0.78, n =30, p<0.001),
FHF e S A Wyl #EREHAH
(Table 2). F25-2] w2 AJAFe] Aot 7€ = 7Y 25
d& Al93tiE MC-RR3}F -LRule] ZHEE$ oM, 8
Yoll= M. aeruginosa®] 7| A4 Z7}9} §7 MC-YRE
33 A B4 2F AEHY L ¥ wd MC-LRE]

Tl AdH oz o AlE W 540 ek 8Y
269 A5t 794 BlE Wkt 9= AV
T F P 54 vEs A HA 54 *$ &

e

2593, 10901 7~89 ®o wlmA AL =47}
HEHAN T 3 A7IE Al9fstaes A2 °¥°M ZA}

N

17t 5 M S4aF 25 AEHA

793 8ol $HF o=z vehd M. ichthyoblabes}
M. viridis:= M. aeruginosa Bt} A& ko] x4t MC-
RR, -YR, -LR 2FZ A& 4 9) om] M. wesenbergii
L n=4 B2 o8 ¢loh(Watanabe et al., 1991).
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Fig. 2. Total cell density of cyanobacteria and chlorophyll
a concentration in outflow water at the floodgate
of Lake Suwa from May to October, 1998.
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Table 1. Species composition and cell density (x 108 cells/ml) of cyanobacteria in outflow water at the floodgate of Lake
Suwa from May to October, 1998. M.i, M.v, M.w, M.n, M.a and A. spp denotes Microcystis ichthyoblabe,
Microcystis viridis, Microcystis wesenbergii, Microcystis novacekii, Microcystis aeruginosa and Anabaena spp,
respectively. Others included unidentified picoplanktonic unicellular algae. The values in parentheses are
relative abundance (%) of cyanobacteria. (* : <1%)

Taxa
Date Total
M.i M.v M.w M.n M.a A. spp others
16 May
16 May
20 May
23 May
27 May
30 May
3 June
6 June
10 June . . .
13 June 1.6 (69) . 0.7 (31) . . 22
17 June 2.6(81) 0.01(*) . 0.6 (18) 0.01(*) 3.2
24 June 9.3(27) 5.8(17) 15.8 (45) 4.0(11) . 34.9
27 June 4.3(25) 9.1(52) 4.0(23) . . 17.4
1 July 57.3(42) 30.7 (23) 18.8(14) 23.5(17) 5.0(4) 135.2
4 July 34.5 (56) . 2.2(3) 25.0 (40) . 61.7
8 July 112.6 (92) . 8.3(7) 0.5(*) 121.4
11 July 90.6 (84) 9.0(8) 7.6(7) . 0.3(*) . 107.4
15 July 131.6(62) 15.7(7) 40.8 (19) 1.7 (%) 0.4(*) 22.5(10) 212.4
18 July 148.0 (58) 9.2(4) 93.8(37) . . 22(*) . 253.2
22 July 363.3(57) 16.6 (3) 55.3(8) 27.6(4) 18.3(3) . 158.0(25) 636.0
25 July 200.0(76) 42.8 (16) 15.6 (6) 3.6(1) . . 262.1
29 July 239.0(67) 59.3(16) 55.2(15) . 1.0(%) 3.6(1) 358.2
1 August 143.4(72) 38.6(19) 18.2(9) . . 200.2
5 August 19.3(38) 18.3(35) 13.1(25) 1.0(2) 51.7
8 August 2.6(5) 17.2(29) 39.3(66) . 59.0
12 August 32.0(22) 42.0(29) 63.8 (43) 9.4 (6) 147.2
15 August 3.8(5) 17.2(22) 43.4 (55) . 14.2(18) 78.5
19 August . 65.0(72) 13.4(15) 7.6(8) 5.0(5) 91.0
22 August 7.5(*) 74.2(82) 8.1(9) 3.0(3) . 4.4(5) 90.4
26 August 38.8(10) 206.8 (55) 107.4 (28) 16.0(4) 25() 7.1(2) 378.7
29 August 14.4(8) 81.2(46) 29.8(17) 42.0(24) 7.9(4) . 1.6 (%) 176.8
2 September 14.2 (28) 23.2(45) . 8.9(17) 5.4 (10) 51.8
5 September 46.0 (17) 98.1(38) 42.1(16) 52.3(20) 23.009) 261.5
9 September 36.8(5) 430.8 (66) 160.7 (25) 18.8(3) 25() 649.6
12 September . 7,812.0(100) . . 7,812.0
16 September . 103.7 (43) 138.3(57) . . . . 242.0
23 September 0.3(*%) 49.5 (58) 31.3(37) 1.1(1) 1.3(2) 1.1(1) 0.7 (%) 85.4
26 September . 20.2(57) 14.4 (40) . . . 1.2(3) 35.8
3 October . 21.0(74) 6.1(21) 1.5(5) 28.6
7 October 0.04 (*) 61.0(73) 21.3(25) 1.1(1) 834
10 October . 45.2(92) 4.1(8) . 49.3
14 October 119.5(96) . 4.9(4) 124.4
21 October 55.2(87) 7.4(12) 0.3(*) 63.1

=3k, M. aeruginosa:= w2 A AAsl= Al7]6l= MC-
YR AA7FsAe] ¥ Zlez HuEI glem, M.
viridis:= A& E7) w2 A]7)o] 3717 40 3leko)

H| =8k RE, ke A= MC-RRE 71 el AAl s}
= EAE A Aeoe=w B w3 g)ok(Watanabe et al.,
1989; Kaya and Watanabe, 1990).



Table 2. Microcystin concentration in outflow water at
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the floodgate of Lake Suwa from May to October,
1998. N.D.: toxins not detected.

Microcystin (ug/l) Total
Date microcystin
-RR -YR -LR (na/l)
13 May N.D. N.D. N.D. N.D.
16 May N.D. N.D. N.D. N.D.
20 May N.D. N.D. N.D. N.D.
23 May N.D. N.D. N.D. N.D.
27 May N.D. N.D. N.D. N.D.
30 May N.D. N.D. N.D. N.D.
3 June N.D. N.D. N.D. N.D.
6 June N.D. N.D. 0.2 0.2
10 June N.D. N.D. N.D. N.D.
13 June N.D. N.D. N.D. N.D.
17 June N.D. N.D. N.D. N.D.
20 June 1.1 N.D. 0.4 1.5
24 June 0.9 0.1 1.0 2.0
27 June 1.3 N.D. 0.6 1.9
1 July 3.6 N.D. 2.4 6.0
4 July 3.7 N.D. 3.2 6.9
8 July 2.5 N.D. 1.6 4.1
11 July 1.6 N.D. 11 2.7
15 July 2.8 N.D. 1.8 4.6
18 July 4.4 N.D. 3.2 7.6
22 July 8.8 N.D. 7.3 16.1
25 July 1.7 0.4 4.5 6.7
29 July 34 N.D. 2 5.4
1 August 3.8 0.9 5.7 10.4
5 August 1.0 0.5 1 25
8 August 1.1 0.7 2.9 4.7
12 August 2.0 1.8 4.2 7.9
15 August 2.3 1.0 34 6.6
19 August 1.9 0.5 15 4.0
22 August 2.1 0.7 1.9 4.6
26 August 10.6 6.7 12.5 29.9
29 August 3.8 14 2.8 8.0
2 September 1.0 0.3 0.9 2.3
5 September 9.0 1.9 4.0 14.9
9 September 27.6 12.4 13.2 53.2
12 September 159.6 25.8 48.2 233.6
16 September 13.6 13 4.7 19.6
19 September 18.7 9.7 15.7 441
23 September 11.8 0.7 3.7 16.2
26 September 2.2 0.7 14 4.4
30 September 7.7 0.9 3.2 11.8
3 October 14 0.1 N.D. 1.6
7 October 2.6 0.7 11 4.5
10 October 1.9 0.1 11 3.1
14 October 13.1 17 5.8 20.6
17 October 3.1 0.3 1.8 5.1
21 October 3.3 0.5 31 7.0
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Fig. 3. Variations of flow rate over 24-h and 72-h period
in July, August and September at the floodgate of
Lake Suwa.

uhghe] B9ly f-&4ake] Wit gldd 7ol Al
Z79 =4 % MC-RR3} -LRo| &=t} (Figs. 3,
4and 5). A2 F 4L vlsd o 7AdE
MC-LR¢], 10A]¢|&= MC-RR®] > =7} =7 v}elyic}
2 Eok F2F Az Y : S4%%: 1.0~34ug/
o] W= Azbel] ule}l oF 34w AR Ao]E B
gom, AT e vl T3 237} HHA HA 5
=7} sk Aae Jelle Fig. 5).

89 FAlIM = Fek> 793 vt S el
3, R 2719 vwd g §3E AL ae Azt
o] w2 W3l= gl9loh(Figs. 3, 4 and 5). 74l vl
4 aFEr BN 89S 4 vxE AW 4AE

AS)stae 79 Ass) vl R eAle] ¥ B
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Fig. 4. Hourly wind speed and direction over 24-h and 72-h period in July, August and September at Lake Suwa.

£ ngon 3% F Jx2{ Az J Y Hx=(.5u9/)
9} FH A= (0.5pug/)E 591 *po]E el (Fig. 5).
24 Aol ME 357 54 BF AEHAoU 194
ol MC-YRe| H&HA] k3l MC-LRuAte] =2 5
=2 A&H9 89 6 104d= /M B2 54 a
(25203 BHPLE B4 rl 23 °‘°“4
0]7-1_9_ Mz o= Ye® M. ichthyoblaber} 4~
M. viridis7} A8 Aol AlZ W & 7]' Al
w3tz Bad o A2 $SHAAY Az
4 AA ] A7) wEel Yepd Az dggg

e K H

(Van der Westhuizen and Eloff, 1983; Watanabe et al.,

1992).

99 ZAP| B Fe] oz AT A 7Fgel
o el WA (Fig. 3), A7 27)E &
AR Fekt g vigte] Eglont 99 199 184] ]
Fo] F&5E 2mis o|3t2 °F3EH vt (Fig. 4). Al 7HA
=4 382 F 99 18Y 22A|74A|= MC-RRY| %%
7} 7H Eskort, 99 199 1A3FE]E: MC-LRO| =
7} Z7}slel o, 99 18Y 4A]7}A]E= MC-LRZ} -RR

qte] AEH A, I F2E -YRE HEHE A2 o
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M= 4w 2} bloom&
2pol7b Sl& 4 A7) Wl 4
Zz 2R3} A ExUxe] 3}o]d) 7]°JL o
9)o} (Carmichael and Gorham, 1981).
W gk o] PR Mz R} 54 FEe] Ao
dafe) 9F7] LEel} F2 wad4s BAd

FU rlr
&
oft
i,
+
é
=

/\}3_5]1;]- Heiskanen and Olli (1996)—% BaItICHHOJ]H
Aphanizomenon cf. flos-aquae”} W <t A7}Fsla o}
AT Broz Arelt Auwe %7 WHE
BRI, o]} Wl A3 F(2000)% FAEz A
M. aeruginosat o}ilst BAdle] m2o] WAYe
B8 v} glo) B, Ha et al. (2001)2 57} 8ol
A} M. aeruginosaz} E4:0] o3FS A ulel F Lol
okgt ofzhell (<5, <2mls, 2300-700) EZo] 2 Ux
= s A A3k AN ) Qe

daf Azdee] duse] Ba wmy g
o Wls) dEF Sao) ezt AT A7E A
s A eIfelA Ak vE dafE el T

F-= o} x#]qtF Taroncher-Oldenburg et al. (1997)= =
ixgxg,} Hate] AAS MdHslr] 93] Alexandrium
fundyences o] 83t AFoA <9Hoz xHH ¥
(150 x 1018 quanta/s/m2, 14 : 10 L/D cycle) =71 3}l A]
el )3l Al EE7E (cell cycle)o] £AH = 34 F Hleo]
9 ek Favh AAEE AL 9l v} 9o Kotak et
al. (1995)2 & o7 Ax}e}l v)$=3HA M. aeruginosa®)
AE N SapErh el A4k, obel Bl 271
£ o] mE v} glent 7 o)l HalaE A
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Fig. 5. Microcystin concentration and cell density of
cyanobacteria over 24-h and 72-h period in July,
August and September in outflow water at the
floodgate of Lake Suwa.

Az eAnce e daF Ak 53 Al
Ax 3= Ax9] vlgro] (3~4m/s) ¥ (Scott et al.,
1969; Harris, 1980) 7] &4 91 EA 3} (Fig. 6) 98 FA}A]
AY Wbk e g5 fow Fo) YY)
gAY F 240 B2 GEFE ZFY A 5
57kl WA s 2Fo] eo]FFozA yehd
Az= ZkElo} (Zohary and Breen, 1989).

Agdoz 2 AFelA 37 F RPN g2F A
EREo} EhyEs 747k 5~31u), 3~20u 9] 2 U
32 vhellon, ol g Rolk 54 ) A4} 5

oA A 44 FL A7)
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Fig. 6. (2) The monthly pattern of hourly wind speeds
and (b) the percentage of strong wind days (>3
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to October, 1998.

9 5
9 5FS whol (7132} &, 2000; Ha et al., 2000) 34w} 7+
S R 4 7] iR, e Ex
? S Fx 293 2o we HH W
317 1% A7} A& efof &

e,
E
-|> b
> 2
o2
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J%m
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WY F2F Azl dxet x4 9 549 A
9y, do H3kE 9B FAd $x5z Y Suwas
o] elA 19984 5YURE] 1047tA] ARSI
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