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Investigation of Criterion on Harmful Algae Alert System using Conrelation between
Cell Numbers and Cellular Microcystins Content of Korean Toxic Cyanobacteria
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Abstract

We investigated the ranges of total cellular microcystins content of cyanobacterial blooms collected in Korean lakes and rivers
from 2005 to 2009. The amount and composition of microcystins of Korean cyanobacteria varied depending on the sampling
water bodies and dominant cyanobacterial genera. Toxic cyanobacterial cell numbers equivalent to 1 ug MCYSTs/L using
total cellular microcystin content of Korean cyanobacteria were in the range of 2,348 to 66,980,638 cells/mL. Only four
samples among forty nine samples showed less cell numbers than current criterion of Harmful Algae Alert System, 5,000
cells/mL indicating current criterion do not reflect properly the microcystins content of Korean cyanobacteria. Anabaena and
Aphanizomenon spp. showed three to six times higher cell numbers equivalent to 1 ug MCYSTs/L than Microcystis spp. To
propose criteria of Harmful Algae Alert System for Korean toxic cyanobacteria, we calculated about 50% selective
geometrical means of cyanobacterial cell numbers equivalent to 1 ug MCYSTs/L in order of toxic content. The proposed
criteria for Microcystis, Oscillatoria, Anabaena, and Aphanizomenon spp., are 10,000, 20,000, 40,000, and 80,000 cells/mL,

respectively.
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Table 1. Microcystins concentrations and dominant toxic cyanobacteria in cyanobacterial blooms from Korean lakes and rivers

Samplin Sample Samplin, Microcystins . .
lakes anpd r?vers numbpers perri)odg (pg/ggW) Dominant cyanobacterial genus
Lake Paldang 9 Aug 2005 ~ Oct 2009 11~3309 Anabaena spp., Aphanizomenon spp., Microcystis spp.
separately or together
Lake Chungju 6 Oct 2005 ~ Sep 2009 0.2~258.0 Microcystis spp., Oscillatoria spp. separately or together
Lake Chungpyung 1 Oct 2008 -* Anabaena spp., Microcystis spp.
Lake Uiam 1 Jul 2008 20.0 Anabaena spp., Microcystis spp.
Lake Youncho 1 Sep 2009 5224 Microcystis spp.
Lake Andong 1 Jun 2008 70.8 Microcystis spp.
Lake Youngcheon 1 Sep 2008 382.6 Microcystis spp.
Lake Hapcheon 1 Sep 2008 828.7 Microcystis spp.
Lake Imha 1 Sep 2008 51.7 Microcystis spp.
Lake Daccheong 10 Jun 2008 ~ Sep 2009 515~3619  Anabaena spp. Aphanizomenon spp., Microcystis spp.
Oscillatoria spp. separately or together
Lake Sangsa 1 Aug 2006 14.7 Microcystis spp.
Lake Dongbok 1 Jun 2009 30.3 Anabaena spp.
Lake Juam 7 Aug ~ Oct 2009 6.3 ~691.0 Anabaena spp., Microcystis spp. separately or together
Jecheon River 6 Sep 2005 ~ Oct 2009 56.7~1,119.9 Microcystis spp.
Nakdong River 1 Jun 2009 2,166.0 Microcystis spp.
Sanbuk River 1 Jun 2009 674.8 Microcystis spp.

"No data as toxin amount by dry weight
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Fig. 1. Cellular content of microcystins of toxic cyanobacteria in Korean lakes and rivers (black circles - mean
value, error bars - the maximum and minimum value).
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Fig. 2. Range of toxic cyanobacterial cell numbers equivalent to 1 pg MCYSTs/L in Korean lakes and rivers
(Box - 25th and 75th percentiles, whisker - 5th and 95th percentiles, line within box - median value,

open circle - geometrical mean).
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Fig. 3. Range of chlorophyll a concentrations of toxic cyanobacteria equivalent to 1 pg MCYSTs/L in Korean lakes and
rivers (Box - 25th and 75th percentiles, whisker - 5th and 95th percentiles, line within box - median value).
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Table 2. Selective geometrical mean of Microcystis spp. cell numbers equivalent to 1 ng MCYSTs/L

No. of samples Selective geometrical mean in order of toxic content (cells/mL) Ratios of calculated samples
27 40,221 100%
25 23,829 93%
23 16,086 85%
19 13,570 70%
15 9,444 56%
5 4,175 19%
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Table 3. Selective geometrical means of cyanobacterial cell numbers equivalent to 1 pg MCYSTs/L in order of toxic content
and proposed criteria of harmful algae alert system for four toxic cyanobacterial genera

Toxic cyanobacterial genus|No. of sample

Geometrical mean of
total sample (cells/mL)

(ratios of calculated samples) (cells/mL)

Selective geometrical mean Proposed criteria of harmful

algae alert system

Microcystis 27 40,221 9,444 (56%) 10,000
Anabaena 6 116,875 45,852 (50%) 40,000
Aphanizomenon 4 231,503 82,703 (50%) 80,000
Oscilatoria 1 26,865 - 20,000

Table 4. Calculation of cyanobacterial cell numbers equivalent to 1 ng MCYST-LR CE/L and 1 ug MCYST-LR TE/L

. . Cell No. equivalent to 1 ug Ratio of Ratio of MCYST-LR, Cell No. equivalent to 1 ug
Toxie: cyanobacterial genus| oy er | R CE/L (cells/mL) © tﬂi?ﬂg:}sﬁ o to:;lf’l\;&s“ MCYST-LR TE/L (cells/mL)
Microcystis 9,444 0.57 0.43 68,659
Anabaena 45,852 0.62 0.38 358,562
Aphanizomenon 82,703 0.50 0.50 537,568
Oscillatoria 26,865 0.80 0.20 263,277
LR H|go] FHI(16~68%) F0] AH L= gt MCYST- S XA olE ZAR I ZFFEA FHI|ES AE
RRE| H|go| BoK32~84%), HHLZ HH F MCYSTsel sto] @9 2RAEA LV v HES 2, tEg
Al MCYST-RRE] H]&°| 57%, MCYST-RRS A|9& =4 I ZE AES E3th
o] H]£3 MCYST-LR, YR, LAY H]&©°] 43%2 ZAIH R 1) AA ZARAF X529 = 27 AF5%Y MCYSTs
. 2™ WHOOIA Akt MCYSTsS] HEE 7loj =g FZo] W= 02~2,166 ng/g DW (BF 262 nglg
Qe ZE4o] & MCYST-LRE 7|&F2o= 8t | pg/l & DW)e 2 F9o mt o FYF FHAAE AFH Al
1 ng MCYST-LR TE/L (toxicity equivalents of microcystin- 714 3 92F 70 wg gL 54 FFES B2
LR)C|EZ o]d st FF5EEZF AxFE g5 1 gom, =4t 75 EX2RY 4 FEFH vag 9
ug MCYST-LR CE/L (concentration equivalents of micro- E2 T2 ofd ALE YEyk
cystin-LR) ©ll Hls] @8 Z& A Es7 g Ati(Table 4). 2) AIZF MCYSTs &&ES ol&s) dAd ZFEARAY 2
a8 2RAEA Y Ed HA o] A HEEY Y & B 7]&°] HE 1 ug MCYSTs/Lel st 5 Ex
BE J& 7bestd 44 Vs AE&s AdAe F F AZFE AFF 2, 2,348 ~ 66,980,638 cells/mLE
MCYSTs E5%(CE of microcystin-LR)E 7]&2.2 3= A e 2 AXE Bgoen, AA AE FAA4 1 ug
o] AYd Aoz Aok MCYSTs/Lol sl3dte 75 “i%ﬂliﬂ} d¥ =7
SHH AA @ZNA dFdAse 5 9X2FEe dFE AEY 5 F2FAESF 7]EQ 5,000 cells/mLETh
o] AF 2% ool EAEtY qY dxRETe] Edste AA AEE ARE 44 gﬂraEL OE AlRES B
BeE TET B ZAIA AT G227 dEE8 AR T o B2 AxsE 2o Uy gy 949
NME 49 ALY AlBoA & 9zdTte] TY &o] FFSY A Y 2RZBA THI|E] AA Eds e #
o o]F Microcystis ©1919] THE &o] 3T A2 T 1 5 9x2FY S4FEFS HAE9 wgsA XS At
Ao EFdstATh waEtA Exw Fadd o A7 ShA T
drlgs SHAANE 7}%6& o AAS VlEe H&ste 3) HHEFREL ¢ T F42FE 0|83 1 ug MCYSTs/Lol
Ag 9Lz sto] §5 Fx2F/7F 2% ol A &3 qFote FEEXRFY S22 g 555 S 2H
= 2% ey Tﬁﬂow 71 &34 aEa g A 49 =RZE 7|€Q 25 pg Chl /Lo HF 22 &
EE Roly &3 =4 SFEHE 71 A4 ZAME Micro- EE HQ AFEE AA AFE < 41%Q 20702 F
cystis £ M ESF 7]13(10,000 cells/mL)S HE FH7E At=lo] AA] AZANA e F5 FE2FE 37
o2 X HLS, & Microcystis ©199 ©d F5EX THEO 932 222 g RANE 54 5= 1 g
T &0] 98% oA AT AL dY EX2F &9 52 MCYSTs/L& 233 7Fs4d0] de ALE Yersth
TS 35t Table 391 AXR G F2F &9 7FES 4) 1 pg MCYSTs/LYl #ldates 75 32§ &8 Axs
HEse Aol uFAT Aoz g, £ wlu A, Microcystis 7t AT Aol H]S
Anabaena %01 Aphanizomenon 0] 3 A7) 3
4. &8 2 ~6u ¢ B2 AEFE B9 §5 E2F S #AN
of dEHoE FAA Ue AP ZFEEAY LH7]
et F83559 shd sHRolA dFLAG = 9 & SEE AEHSE HaUt e ALE YeTh
ZF AEE ez Axg 9 2223 0 T S2TF 5) & d7oA A S=4 FF E2FY SadEFs
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498 uts2 - sl - O|AH - OlRHDt -

7 - UES - MYE - 2MF - 2%

ol &sto] FxR{F HHE ABHE F 50%Y FAEFE
Aol 2 o) AE VISHEARLE 2/ FE A
X 7S 2Pg39 Ak Microcystis 42 10,000 cells/mL,
Oscillatoria &< 20,000 cells/mL, Anabaena << 40,000
cells/mL, Aphanizomenon %< 80,000 cellsymLZ 4Hg
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