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Dynamics of Cyanobacterial Toxins in the Downstream River of Lake Suwa. Kim, Ho-Sub*,
Bomchul Kim?1, Ho-Dong Park?, 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)

Transport of cyanobacterial toxins (microcystin-LR, -RR, -YR) were assessed from
a eutrophic lake, Lake Suwa, through the outflowing river, the Tenryu River, and its
irrigation channel branch. Temporal variation of phytoplankton species composi-
tion in the river coincided with those of the lake; Microcystis ichthyoblabe dominat-
ed from June to July, and M. viridis dominated from August to September. When
cyanobacterial bloom occurred, microcystins were continuously detected at the con-
centration of 0.3~3.2 pg/l even at 32 km downstream. The change of the content of
three microcystin variants were related both with the total cell density of Micro-
cystis and with the change of Microcystis species composition. When Microcystis ich-
thyoblabe dominated during July, only microcystin-RR (MC-RR) and -LR (MC-LR)
were detected, while when Microcystis viridis dominated between August and Octo-
ber, microcystin-RR, -YR (MC-YR) and -LR were detected. Along 29 km flowing dis-
tance (flow time 11 hours) between site 2 and site 5 in the Tenryu River, cyanobacte-
rial density and microcystin concentration were reduced by 73% and 72%, respecti-
vely, which is mostly contributed by the dilution effect of tributary waters (61% and
57%, respectively). In the artificial irrigation channel microcystins and cyanobacte-
rial cells were decreased less than in the natural river. The results indicate that cya-
nobacterial toxins can be transported far downstream without much removal and
give hazards to water usage in downstream of eutrophic lakes with cyanobacterial
blooms.
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M = 2 wwstA Jebdd (Demott, 1991; Hasimoto and
Otsuki, 1995; Visser et al., 1996).

FERE 954 ¥ ez} carotenoid, phycocyanin 2R HEE 5 AL HeakeS WA
I ZEE opekal Mg Ak Fe] Weld] A3k ak ozt s Re] of3ke) F Yo HASF
Yol kAL B sl slem, ;AR Ao S whsllela, AAgA el whE u]4-Z7} (Persson, 1982)
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2 ¢lu} (Pouria et al., 1998; Dawson, 1998).
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IS WA 3o AAFA Qe ol FE A
Ashe Agelx osfol w3 F4E AT o
2 A7l JelE & $ A& = Ao (Lindholm et
al., 1989; Errikson et al., 1989; Watanabe et al., 1992;
Kotak et al., 1996).
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Fig. 1. The map showing the study sites.
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M=o 2o (Kurasawa et al., 1981). /¢l Tenryu
River?] A7 42 <F 0.69miseln] dF=z Fef7le=
5k ofe} 9] 28] R (Fig. 1),
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Table 1. Flowing time of lake water and distance from
the floodgate of Lake Suwa to each site.

Sites Distance (km) Flowing time (hr)

1 0 0
2 35 14
3 11 4.4
4 31 12.4
5 32 12.8

*6 29.5 11.4
7 50 20
8 63 25.2
9 68 27.2

* Nishitenryu (artificial channel)

Lyophilize algal cells

Extract with 5% acetic acid 10 ml, 30 min

Centrifuge at 4,000 rpm, 15 min J—» 3times
Supernatant

Filter with glass fiber filter (GF/C)

Condition octadecyl silanized (ODS) cartridge (0.5 g)
with 100% methanol (10 ml) and distilled water
(20ml)

Add supernatant

Wash with distilled water (10 ml) follow by 20%
methanol (15 ml)

Elute with 0.1% trifluoroacetic acid (TFA)-methanol
(2ml)

Evaporate to dryness

Microcystin analysis (HPLC)

Mobile phase, methanol: 0.05 M phosphate buffer
(pH 3)=58:42

Flow rate, 1.0 ml/min

Detection, UV 238 nm

Fig. 2. Schematic methods for the analysis of microcys-
tins in algal cells.
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Fig. 3. Species composition of cyanobacteria and tem-
perature at the site 1 from May to October, 1998.
M.i, M.a, M.v, M.w and A.spp denotes Microcystis
ichthyoblabe, Microcystis aeruginosa, Microcystis
viridis, Microcystis wesenbergii and Anabaena
spp, respectively. Others include unidentified
picoplanktonic unicellular algae.
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Fig. 4. Microcystin contents and chlorophyll a concentra-
tion at the site 1 from May to October, 1998. RR,
YR and LR denotes microcystin-RR, microcystin-
YR and microcystin LR, respectively.

blabe2} M. viridis:= M. aeruginosa Bt} A2 ¢fo|X]
7 MC-RR, MC-YR, MC-LR 2 %2 AT 4 glon,
M. wesenbergiis= F54 272 9d8]x gjt}(Watanabe
et al., 1986; Watanabe et al., 1991; Watanabe and
Harada, 1993). 8¥¢] MEA #HEF MC-YRS 54
A Ao gledx] AEIAlS 7}X]E= M. ichthyoblabe$} M.
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Fig. 5. Longitudial patterns of total cyanobacterial cell
density at all studied sites from May to October,
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Fig. 6. Longitudial patterns of total microcystin contents
at all studied sites from May to October, 1998.
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Fig. 7. Variations of flow rate (a), percent reduction of
cell density (b) and toxin contents (c) between
sites 2 and 5 from June to October, 1998. D and T
indicate calculated percent reduction by dilution
and total percent reduction between site 2 and site
5 respectively.
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Table 2. The relative percent abundance of major Mi-
crocystis species and percent reduction rate (PR)
of microcystin content in the dried glagl be-
tween adjacent sites. Samples were collected by
net (mesh size 40 um) at four sites in september
24 and October 7, 1998. MC, M.v, M.w and M.a
denotes microcystin, Microcystis viridis, Micro-
cystis wesenbergii and Microcystis aeruginosa,
respectively. a and b indicates percent reduction
between sites 1 and 2, and between 4 and 5,
respectively.

Species Content per
. composition dry algal MC
Date Site (%) (Mg/g)
M.v Mw M.a RR YR LR
1 76 24 O 668 153 309
2 77 22 1 376 208 242

aP.R 43.7 -35.9 21.7
24 Sept.1998 4 79 21 O 616 215 275
5 778 22 0 252 235 225

bP.R 59.1 -93 182

70 29 0 533 107 294
2 67 31 2 550 75 257
7 Oct. 1998 2P.R -3.2 299 126
4 88 11 2 505 93 276
5 7% 25 1 396 87 205
P.R 21.6 6.5 25.7

H mred) K4 Bl A4E AR $HES M
viridis?} M. wesenbergiigit}h S4 5= A 13} X
A 2 a3 XA 49} XA BAfolo|A] = =4 oFo] 7t
Z+ 27% (304 Ug/g), 36% (394 ug/g) 743t} (Table 2).
+M" 3FFe 54 F MC-RRO Zagd 7474
44%, 59% 2 T2 Ao H]F =9k ¥l MC-YRS 3}
F ARelA o ¥ w2 A2HUT MC-YR) %
e SadAel A4® AR F 4e ol MC-YR
QA5 o] g)= M. aeruginosa®] FAH]&2] z}olo] 7]
ql¥l 7oz AZE T} (Kaya and Watanabe, 1990, Table
2. A4 13} 201 42) kil Bla) A1Y 49h 5 Abolo]
N A debd A febAel Aoz AEE & 9
& Aotk XA 49} 571 A FHo = 4—-‘-'?*.2&%'45‘] Ha)
Folx 9le] ®¥lF AT AE7l fY=dHsH =
Fo9E B B0l wel ANARE Aol wu
1049 7ol = AAZL F H20] Haee A 13 2
aela A 48k 5 AbelellA k7 6% (52 Hglg), 22%
(186 pg/g)= 9ol wla] 2 ZFAaEE vehloh A4
13} 2 AfoJelA] MC-YReo| Z}7} 30%2 2 ZH4AES
vehd 3, A8 48} 5914= MC-LR3} -RRE] 34
o] 747} 26%9} 22% 2 ¥teh.
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