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€ Started in 1997, Weekly monitoring
€ Model case: Daechung Reservoir
€ Three levels in alert system

€ Declare the alert system when Chil-a & cyanobacterial cell density
exceed the criteria consecutively 2 times

Level Caution Warning Outbreak
Chl-a(pg/l) >15 >25 >100
Cvanobacteria | 5, > 5,000 > 1,000,000
(cells/ml)
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-SYIHISY B> 54 L 0/H0 HE 21 (S4FR)

- 0f 4 (Prediction) 7|5 .74 > 0|3F8t 221t 61 24 (=4)
-HEH |8, 01 So= A K| o I8 AA| (BFA)

- N2/ 7 el #ESH(BED)

BEN et +=Z 02X 2| 2R3t (FHEY)

2. 8X% 2UHS A+ (H3=)

HE2 TRUHMAAD(1998-), STRHAES

120

W Outbreak B Warning O Caution

100

| @!@M@ | HHM

Alarmed days

Wl =)
 emrrrrerrren

Hoe [
Hoe [
Hoe [

55§§E§§ i :

g =z
1997990990000 2001 2002 2008 2009 2010 2011 2012 2013

2006 2
Site/Year

0| 5, 2013. BFFHZ 31:233-242.
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Heterokontophyta®Chrysophyceae
Heterokontophyta’X anthophyceae

Glascophyta
Rhodephyta

yanophyta
Prochlorophyta

T

phiens

@m}mnmphm‘]iaﬁmm

Haptophyta

Cryptophyta

Dinophyta |

Algal pigments

Euglenophyta

Dinophyta 11

1%;;

Chiorophyils
chlorophyll a
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chlorophyll b
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@
@ D
L

chlorophyli ¢,

@
+
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chlorophyll ¢,

]
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&
i

chlorophyll e,

AR

Phyeobiling
phycocyanin

“Mophyeocyan

phycoerythrin

phycobilisomes

AL (]
[ |
AR (R

Carotenes
a-carolene

+
-]

+
"

Pecarotene

@
@
@
@@
@+
®
®

Feanoiene

E-Carolens

Xanthaphylis
zeaxanthin

¥

echinenone

canthaxanthin

o i Van den Hoek, et al. 1995.

myxoxanthophyll

oscillaxanthin

EAEAR- TN
+

Algae: An introduction to

w-cryproxanthin

P-eryploxanthin

rE
>
>
"
13
i

phycology. Cambridge Univ.

Isocryptoxanthin

+
+

Press.

mutachreme

JIE JIEXNAQ ST

4 Phycocyanin as an alternative indicator
- Unigue pigment to cyanobacteria
- Measurement is simple and easy.

(A)

Chlorophyll a (ug/L.)

Log(Chl-a) = 0.375Log(PC) + 0914
r=0.803

0.001 001 0.1

I

Phycocyanin (ug/L)

(B)

Logleyanobacteria) = (. 360Log(PC) + 4.08
F=0353 L]

Cyanobacteria (cells/ml)

3 . L]
10° #
0.001 0.01 0.1 1 10 100
Phycocyanin (ug/L)

Ahn ef al., 2007. J. Microbiol. 45: 98-104.
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Present system vs. Suggested system

Cyanobacteria (cells ml")

Present system Suggested system:
Caution > 0.1 ug/L PC, Warning > 30. Outbreak > 700
Phycocyanin
w = 250
°
B e : ;
o |
105 4 i C,,' g i
cg e o | w.w' o
. Te & v =
10¢ 4 § O“}\; Sy % Warning | <0
® 9" Pe 0
o 3
O.‘c\\ oo ot
G0 .@-, Caution
10% 4 o o @ s
O ©‘.‘- ..........
(o) &
107 4 E
@
1 10 100 1 14 100
Chlorophyll-a (ng L") Chlorophyll-a (g L")

Merit of the suggested alert system
based on PC concentration

€ Simple: only PC measurement without Chl-a and cyanobacterial cell counting
€ Easy and fast: convenient measurement with a fluorometer

# It can be applied to a big reservoir for on-line monitoring (with a lot of simple sensors)

Automatic measurin
Present 9 ,  Suggested

% Hoenam

N Chudong

—
5 km
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2-2. 21 2LHT

2 Mlcrocystln —'-?'-*'EI

100 T
e

5 §l MS (FAB, LSI)

‘@ Biologicaland '
biochemical

: | B Physicochemical | @ There are several
“momvs analytical methods
: : H such as mouse
bioassay, HPLC,
ELISA, etc.

75

.Q‘? Mcl;ecular met Qdl:

.HPLC(UVor SRE
! array_) £

Selectivity
3

5 € But, they are not easy
25 mc - 12 to_ bfe used and are
i . @Eusa still in shortage of
: i@ i either sensitivity or
‘ Bioassay i |iiii!} Phosphatase i Y
. . (mouse) : assay selectivity.
|
Hg ng Pg fg
Sensitivity
Figure 13.1 Relationship between sensitivity and selectivity of analytical methods for
microcystins (see text for explanation of methods) (Ch orus & Bartram. 1 999)

Phycocyanin

Cyanobaciteria—

specific

pigment profein
cpeB  IGS cpcA cpcC cpcD  cpcE
cncﬂFi — e .E:Dl:ﬂﬁllﬂ

cpcBA—I1GS
# Target region: phycocyanin region of Microcystis spp.
@ Alignment: Sequence databases of 138 Microcystis strains and 226 other
cyanobacterial strains (obtained from the NCBI, http://www.ncbi.nlm.nih.gov).
@ Product size: about 300 bp
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Detection of Microcystis SPP. by using coc primers

M1 2:34567 8 901011121314951617 M 1819 2021 2

cpcprimers

Lane 1, Microcystis aeruginoss UTEX 2388
Lane 2, M. seruginosa PCC 7806
Lane 3, M., seruginosa UTEX 2666

Lane 4, M. aeruginosa NIES 90
Lane 5, M. windlis NIES 102

Lane 6, M. wesenbergif NIES 107
Lane 7, M. wiridis NIES 1058

Lane 8, M. wesenbergif NIES 1065
Lane 9, M. aeruginosa NIES 1075
Lane 10, M. seruginosa MNIES 1182

Microcystis
strains

Lane 11, Oscillatoria tenuis NIES 33

Lane 12, Anabaena flos-aguae UTEX 2557
Lane 13, Nodularia spumigena UTEX 2092
Lane 14, Nostocsp. PCC 7120

Lane 15, Synechocystissp. PCC 6803

Lane 16, Lyngbya hieronymusii KCTC

Lane 17, Merismopedia tenuissima NIES 230
Lane 18, Synechococeus leapoliensis UTEX 625
Lane 189, Spirulina platensis NIES 39

Lane 20, Anabaena flos-aquae NIVA 83-1
Lane 21, Planktothrix sp. NIVA 126

Lane 22, Planktothrix sp. NIVA 127

Kim et a/ 2006. Appl. Environ. Microbiol. 72: 3252-3258.

2l BEF sS4 48

Microcystin synthetase-specific primer

TR

mcy gene cluster (KKK s TeKKET B K
T
9 o ®

T T

Microcystin-LR

€ mcyF, mcyl and mcydJ are known to
be additional tailoring genes

Kaesbernick et al. 2001. FEMS Microbiol.

Ecol. 35: 1-9

®®
G

@

(Unll j/h\
cH, Ik
Mg

‘I

" (oon

HN NH;
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Detection of toxic Microcystis by using mcy/ primers

M1 2.3 4 5 6 7 8 91011 12 13 14 15 16

cyJprimers

Potentially toxic
Microcystis strains

Lane 1, Microcystis aeruginosa UTEX 2388 Lane 8, Oscillatoria tenuis NIES 33

Lane 2, M. seruginosa PCC 7806 Lane 9, Anabaena flos-aquae UTEX 2557
Lane 3, M. aeruginosa UTEX 2666 Lane 10, Nodularia spumigena UTEX 2092
Lane 4, M. zeruginosa NIES 90 Lane 11, Mostocsp. PCC 7120

Lane 5, M. viridis NIES 102 Lane 12, Synechocystis sp. PCC 6803

Lane 6, M. wesenbergii NIES 107 Lane 13, Lyngbya hieronymusi KCTC

Lane 7, M. viridis NIES 1058 Lane 14, Merismopedia tenuissima NIES 230

Lane 15, Synechococcus leopaliensis UTEX 625
Lane 16, Spirulina platensis NIES 39

Kim et a/ 2010. FEMS Microbiol. Ecol 74: 93-102.

3] Toxic Micracyatis genotype

Yﬂ'li_Fl.l .-;l:u)un

‘ {
TongiHua sl 8

€ Sampling site & period

- Daechung Reservoir

- Surface water at Dam Site Map of sampling sitein
Daechung Reservoir
-June 3 - October 25, 2006

- Total 21 times with an interval of
1 week

€ The cpcBA-IGS and mcyJ genes
were used to determine the total
Microcystis and potentially toxic
genotypes, respectively.

€ The proportion of toxic
Microcystis genotypes was
quantified using a real-time PCR.
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Cvanobacteria, Chlorophyll & Microcystin
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Joung et al 2011. Harmful Algae 10: 188-193.
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3. =9 AHdl

WHO & Other countries

Table 1: Examples of guidance values or standards and other national regulations or recommendations for managing cyano-

toxins in drinking-water
(from individual country contributions in this booklet and its 1° edition from 2005}

* RMF fisk management framework (.. WSP, HADCP, PHRMP), 'S Standard, (PIGV. {provisional) guidance value, (PJMAV | (PIMAC (p value of  HAV: health alert level
Country fsource | RMF* ‘Cyanotoxins andf or Cyanobacteria explicitly regulated 'S, (PIGV. (PIMAV, (PIMAC or | Comments; specific action in case of derogation
quired. ) HAL™ )
WHO + Microcystin-LR PGV 1 pgl Depends on sefting; strong emphasis on assessing cyano-
towin risks in refation to other risks
Argentina Requrements neither for Risk M, k. nar for ilance, but some water ulilities have mplemented either or both, these refer 1o the provisional
guidedine by WHO for Micracystin-LR of 1 ug.'L
Australia < Microcystin (toxiciy equivalents of MCYST-LR). GV 13 pglL The Australian Drinking Water Guidetines (2011) are a set of
equivalent lo 6500 cellsimL or or a bigvolume of 0.6 mm? L national guidelines which inchade fact sheets with information
of a highly toxc stram of Microcystis : on key cyanoloxns,
Nodularin No value Haahh Mert can be tnggered by the toxin cmcenlrabms or
! or a biovolu 1 cell or Trigger
m::ﬁg&ﬂ;ﬂhqa a0 G Amar'd- ala ie\remlur each of the 4 key toxin-producing species are alse
ind . WAL provided for iate notification o the health authority,
Cylindrospemmopsin gl Indnadual statesitemiones use the national framework as the
equivalent o 15 000 — 20 000 cefls mL" or a biovolume of 0.6 hass for their specdic regulatory requirements.
=08 mm? L'of Cylindrospermopsis rachorskik
Saxitoxins {loxity equna[ems o ST}Q HAL: 3 pgll
equwalent to 20,000 cefls ml! o & bovolume of 5§ ma? L of a
highly foxic strain of A. circinalis
Brazil Cyanobacteria GV 1000020 000 celisfml | &t >10 000 eelis/md weekly monitoring is required,
[2008) = at> 20 000 cell/ml toxcity testing andfor quantitalive cya-
1 mmiL biovolume notoxin analysis n drnking-water are required
| M S 1pgl
 Clindrospermopsi GV 15 pgll
Saxitoxin GV 3 v}
Table 2: Examples of national regulati orn fations for ging cy ins in water-bodies used for recreation
Country fsource | Management framework | Parameler regulated | Values Actions taken | consequences of derogations.
document required or other com-
ments
World Health Cells or Chiorophyll-a 20000 celis/mlor 10pgh Chi-a | Informabon to site users and to relevant authorties
UrgaRihon wih dominance of cyano- | 100 (00 celis/ ml or 50 pgll Chl-a Infarmation to site users and to relevant authontes;, watch for
bacteria scums; fesinct bathing and further i te the hazard
Scum Observation in bathing area Action to prevent scum contact, possible pruhbmun of smmming
and other water conlact acivibes, public heath fallow-up investiga-
tion, information of refevant authonties
E Unsi Bathing Water Divectve (FU | Requires ‘bathing water profiles’ indicating - amaong other parameters - the potential of the site for profi ; q
Hropeanten E;;S;Pg ! ve( based on the bathing water's history and regional dimatic conditions, conformity as a matter of i and quality
assurance, not merely of measuning and calculation. Applies to any element of surface water where a large number of people to praciice bathing
and bathing is not profhibited or adwised agains! (termed “bathing water”)
Adticle §
1) When the bathing water profile indicates a patential for cyanobacterial proliferat pRIopt itoning shall be carried out 1o
enabie timely identification of health nisks.
2)  When cyanabacterial proliferation occurs and a health risk has been identfied of pi d, adeq g shall
be taken immediately to prevent exposure, meluding information to the public

Chorus. 2012. Current approaches to Cyanotoxin risk assessment,
risk management and regulations in different countries.
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Figure 10 Flow Chart on the Alert Levels Framework for Cyancbactena in Drinking Water.

Australian and New Zealand Guidelines for Fresh and Marine Water Quality

Table 3: Cyanotoxic recreational guideline levels triggering action

Red level Action mode

Green level Surveillance Amber level Alert mode

mode

aeruginosa or biovolume
equivalent of >0.04 to
<0.4 mm® L for the
combined total of all
cyanobacteria.

=500 to <5 000 cells mL™"' M.

=5 000 to <50 000 cells mL™
M. aeruginosa or biovolume
equivalent of 20.4 to

<4 mm® L for the combined
total of all cyanobacteria
where a known toxin
producer is dominant in the
total biovolume®.

or’

20.4 to <10 mm?® L™ for the
combined total of all
cyancbacteria where known
toxin producers are not
present.

Level 1 guideline:

=10 pg L™ total microcystins
or

=50 000 cells mL™" toxic M.
aeruginosa or biovolume
equivalent of 24 mm® L
for the combined total of all
cyanobacteria where a
known toxin producer is
dominant in the total
biovolume.

or’

Level 2 gmdeiine

=10 mm” L™ for total
biovolume of all
cyancbacterial material
where known toxins are not
present,

or

cyanobacterial scums are
consistently present".
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FILAND: Guidelines for monitoring of cyanobacteria and their toxins

Microscopical
Examination

Analysis of

Toxins - Visual

monitoring of
cyanobacteria in
water bodies
allows a cost-
effective, rapid
and sufficiently
reliable warning

-t
-

ot
a

Immediate Warning
to the Public

High Amount
@)

of water users

Detected isual Inspection\[ very High Amount for risk
(1) on Site (3) management
purposes.
Not Detected ]
(0) Compulsory —l - In leand,l a

Preferred LT = cost-effective

Special situations® =+ monitoring
network has

*e.g. drinking water source, persistent bloom,
popular beach, adverse health effects or
animal poisonings reported

been developed.

=

Fig. 3. Monitoring of cyanobacteria in bathing waters and in raw
water supplies for drinking water.

Chorus. 2012.

ITALY: management of potential toxic cyanobacteria
in recreational water

Visual observation of blooms.
scuims. water discolouration

Transparency < 1m
Total Phosphorous > 20ng/L

Chlorophyll-a > 20ug/T
SCUIMS
v \d
Cyanobacteria predominance soons | ©  Bathing prohibited

e (ell counting .
o Genus and. if possible. species identification .

,, i

Warning notice
Scum drift monitoring

< 20.000 cell/mL

o [f possible daily
visual observation

* Weekly counting

20.000-100.000 cell/mL

» Daily visual observation
» At least weekly counting
¢ Information to the public

> 100.000 cell/mL

e Bathing prohibited

e Information to the
public

e Af least weekly
counting

v

l

Microcystins” quantification
¢ Concenfration > 25ug/L: bathing prohibited
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NETHERLANDS:

EU Bathing Water Directive

Seums of increasing intensity (ieR: category |, maddle: categary I and rght: categary ij

| Site visits / monitoring |
[ Cyanobacterial protocol 2011 | [ Sebow |
Yes

| No

Flusraprabe or cyanobacterial

x hiovolume in the watercolumn
Actions : 4
Vileekly monitaring: Seums Sateqory 1l without | 12575 p3i cyanochioalylior |,_
Alerevel 1 Permanent warming daily imnspection 25 - 15 mml biovelume i N
Srivall health risks Warning, dtally re-evaluation Seums Catagory Il with daiy 1
inspection

Chorus. 2012.

CANADA

Appendix D: Decision support flow chart for cyanobacterial management in Québec.

2009 General decision scheme (May 151 version)
Management plan for blue green algse blooms

_.{

Field check by MDDEP : observations and sampling
I

= Oeiul beaches
»  Drinking water ireatment plinls

Elumpnm}es must advise people in charge of

)

* 3
<20 000 cel/ml tot. cyano [ =20 000 cel./ml tot. eyano = Bloom
ar : i
other event [
'
<1L5pgd MC-LR teg.or 21,5 g/l MC-LR Leq. or 23,7 pg/l anatoxine-a
<37 pghl anatoxine-a OR significant amount of scum
Type A
Info Memo or 1 Ega
ather event e
Inerease in —
bloom size or
i Type €
intensity G il ¥ . ;
e s
AND

21000 m or

= 50 (4 cel./m) pot. tox. cvano ?

No Yes

| \’x-sl
Water body under surveillance

Sampling by MDDEP
¥ee drciston seheni o ond survelfiance)

Listed on the.

[Pub‘iic Health Advisury]
Public Health Advisory List
MDDEP, MSSS Web sites
Back to complisnee

Yes |
Joint evatuation and sampling by

MDDEP fsee aecision schewme for compliance)

1} Exeept for water bodsed without individial, private of inusnicipal water intake (uie of swimming thresholds 16 pg/l MC-LR tog. or de 40 pg/l anatusine-a)
12 See the docunent. « Notwn de secteur spariat » for mfarmation on bloom sixe. affectsd uses and exposed or potentially exposed poputations

NSW Office of Water. 2010. Observations on the management
of cyanobacterial blooms in Canada.
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— )
f
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(11-58) PC < 0.1 ug/L ESA7D
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Cell >= 10,000/mL
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Cell >= 500,000/mL
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oHRl2 &=

HAx g7 35 M

pdd SRR g 23
ZEA A (Vigilance level)
GZ2F 4 = 1 colony/mL A7 BUEHY
E¥E > 5 filaments/mL - mF 13] o] EUHY dx
- AT G714 A=
GE2F AES = 2,000 AAGA 1(Allert level 1)
cells/mLY BE Jx7F A% 1A H 7T
WHO | = 0.2 mi/L =& 9557 95 Al A7) RUEE A&
Chla = 1 pg/L
$EF AES > 100,000 aﬂﬁﬁ]ﬁ;ﬁ“e” level 2)
cells/mL EE Hx27 BAF = | A Omjaa A%
10 mi/L B ¥Z27F 3 A ert == c
Chl.a = 50 pg/L
M. aeruginosa =500~<2,000 A< A (Detection level)
cells/mL"Y A7 RYUEHH
EE & HE2F AAF g Alg AFH D MES AS
>0.05~<0.2 mr/L FFAIA 1A FHe 27 AU Al
M. aeruginosa =2,000~<6,500 | AA A 1(Alert level 1)
cells/mL A= TR
TE F 927 AAF HAFT D FAY 2R/ MIE dRxd 5 e A A
>0.2~<0.6 mi/L T 23] A5 AF
xS AMg A7) AR
E=ARTE B B4 BUEE o A%
M. aeruginosa =>6,500% AAEA 2(Alert level 2)
cells/mL ¥ F 9F27F AAF | 35 A9 sl &t AAG=T] A
>0.6 mr/L AL S AXA Fal BS FEFEE AFEEAA
Aol ek A e
o AAGA 1 FEoE BUEHY A&
HAAGTY] wart & f A5l did dx2F 54
R
M. aeruginosa =65,000 AAA 3(Alert level 3)
cells/mL ¥ F PE27F AAZG | AAGA 1 =5 AADA 204 s1d 7158 =3 Al
>6 mr/L HAG ol A TH
AL S ARA] Fa BS FEEE AEEAl flEel
ek i
Aol gl did 5487 Be 54 240
FHHA & AS A
AAGA 1 B AAGA oz EYUHEY A S
A Aol A AY A7 Halde] vEeRA nl
oA &5 39 28
HMEFTE YA AT ASEE 547 YERA
S W7kA 54 BEYHE A&
1) 9+ & 7] microcystin—-LR 1 pg/Lell 3= AX5H( 71 & 54 33 710 9279

M L5 7)E

2) 74 ool BAGA FEor TS

3) EAX M. aeruginosa 6,500 cells/mL¥=

=4 AR &

T e FTO7E AR 4 S5 25
™=
] -

AAE 0.17/d 71%)
pg/L{microcystin-LR

= e F

w

microcystin 1.
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=Y/

e #erle s =X
ZEA G A (Vigilance level)
@GZF A = 1 colony/mL A7 RUE Y
¥= > 5 filaments/mL - w13 o)A RYUHEH H1
- FHAFT A7H A
9ZF = 2,000 cells/mL &+ AAGA 1(Allert level 1)
A 51 FxEF AATE = 0.2 m/L B | FHF Fa HACssHA &2 A% A9 Ash, 24
Fx2F 54 A Chla = 1 ng/L Al =4 4
YdZF = 100,000 cells/mL
TE 93x2F AA%E = 10 m/L AAGA 2(Allert level 2)
= 9%F 4 A] Chla = 10 | ‘398 ¥ microcystin FYHH 73}
ug/L
A&z g% <20,000 cells/mL
G2 <1 500 cells/mL(®E+ e ZhA] 2 AZE Hojm 474Ee A7 A F
‘jrxl °k7} ’33])
A EZFHIE 20,000~100,000
cells/mLo| L FZ/ M EF9 A ANEANH e Saols 2 9 22 A% iy
SRaly H]&o] 50%S %3} A AL B 2] o ] 2o 1 FTH; A gH
Az ZAAE FEFIE Aol | KA gis AE
sk Folgt EA A
APEE O el 548 B | g v A v 24 2 g B
Hud A5 - i
Aadow rie] ZAa 4o | ME B A
AAA =4 $x2/F >5,000
cells/mL B A3 &4 microcystin ZRUEH; A4AaE 73
FxTF A >1 mg/L
A 54 FE25F >100,000
AT | cells/mL B A% =4 HATAH AA aga/EE 2ol Algh o] g2l Al
GxHF AAFE >20 mg/l B FA(E3] Aol A microcystin A& /*])
Microcystins >1 pg/L
Ao A Microcystins >1 pg/L | & o]-& A%
Aol A Microcystin >10 pg/L | & ©o]& &X
T
U2E > 500 cells/mL %Hl%E]&Sér%elllance level)
AAGA 1(Allert level 1)
ol=2 3 = 7 a2 A= Eﬁ\_ HA AALARLE 713
Ehd H2F = 5,000 cells/mL quxiji;’xf;]i‘ =4, ALEE A,
oy 2] M A W= , BAG o] F R
*= 7} AAGA 2(Allert level 2)
72 23] A A 2/ B, wF w4 24,
ey | EE2F = 10,000 cells/mL ArarE 9 ASFAHY 7L§]r H2x & <10 atml &
W qu’ =g oL;g 2A, 22 7o E‘i CgiA 29
= &, AAG T E o] &R}l Al T A
- Y ZF = 20,000 cells/mL B+ | AAGA 3(Allert level 3)
ANAE | FE2F 5471 33 2/ B, ulF 54 B, Aaedge AxA
o] | a7]% (microcystin 1 pg/L) o A4, 1% AFAY, $AGT H & ol &
=9 Z 3 Al XA
= = =) = HiE 29 54 o] Ha ]% ofg = yvlold w7}
G AR A BT an paag A, e B 29T 2 B
v o] &l Al FA
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oH2l1C }=HE+ HAF 38X M

=74
71T

@ A A

= 7|

#Y71E

& =4

Al A
-Rd)
71
(WHO)

<20,000 cells/mL &+
Chl.a <10 ng/L

AGA o &}
Ao FA

<100,000 cells/mL HE+=
Chl.a < 50 pg/L

CEEEE R

YA G = A =3

A, 79 A 2
I

27 (Scum)

)

23

SEEL R

=3 AE 54 24
R
x%z:s(])lﬁ ﬂ-x], T= 17
F& 2k AP

v‘—X]

NN
=

O}Eﬂ E‘)ﬂ st

R WS AR e
A3 WU EE =3
T MASEAY el HHAY £42 A A4
A A% B 37

A7l tigk fjehdol it

foi
N

14—2 E’ /Kg xﬂ

M. aeruginosa
>500~<5,000 cells/mL
TE £ 925 AAH

>0.04~<0.4 mr/L

SAGA A E
(Green level

Surveillance mode)
237] RYE =

M. aeruginosa
=5000~<50,000
cells/mL = 2d#HA
LA Q] dx2F A A
5 GEF AP
>0.4~<4 mr/L B&
oz =i xg/\g
%3‘—%‘7} s o F
x5 AAHE >04 ~<10
mm'/L

PN 7 A El
(Amber level Alert
mode)

A 7 Fel] BB
ANEANH T =
re] 23 st
4714 Az
=X HU e B4
RUHY oAF 244

Z nfo]ma A A" >10
ug/L B 54 M
aeruginosa =50,000
cells/mL B d#z
5/\ /\g}ﬂ 1‘51—5_%. T?H A]
Z 9GZXH >4 mi/L BE
o =4 /@}é
eSS
925 =10 mi/L =

UzE 7o) x]_j_ﬂgi

=4 & o

A oA E
(Red level Action
mode)

A G E A U

)4

gagel de A
99 wAGT] ZA]

%E
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A ) SBRE: SEHES SO
=4 EU BWD9|] | ¥ &e} HxwF FHE >Ime]a Chla gx2F S g
=7t A3 $-% Al Chl.a =& | <40 ug/L YU EE
5 AAHE == e 27 A <1
71247 A | Microcystins mi/L. =¥ Microcystins
FAFE02 <10 pg/L
0~40 ug/L) T % <Imo°]a Chla T AR, 79 AA
Emr 3y >40 pg/l B Z2H Aa, 9 A AN
AA >1 /L B ] a2
Microcystins >10 ug/L
27 aea/%E Agk ~7 2 = AR, 79 AA
Microcystins 18] 3/%+= Microcystins | @i, 9 X9 A A
> 100 pg/L #H @i
Zzx~ | EU BWDY | A% ZR4A A, 27 B | dAvg 44 927 A4
=7} A3 A zko] 1 5} Al F7F A S
GxF EA4 Al AESF
Ae 2 & a9 54
G5 <20,000 cells/mLt20% | "¥d RUHH, Hojx
n G982 AESF A,
Aol 9letaty
20,000~100,000 g RUHY, ok
cells/mL+20% W) SR A ESF A,
s o AF 3L,
FE2EHE FFEte g
A
HE2H; Y27 AES >100,000 | mlo]aZA]2~E-LR
Microcystin-LR cells/mL+10%. <25pg/Lol™ 4o &=
wlo]| A ZA| ~EI-1R E=o] Agh
>2518/L+5%. tlo] A=A 2B -LR
>25ug/Lol™ o A
e FA4
x 78 9o dF FA
2313 A% Tt 92t Aol A oo RE gy FA4
Il o] g A gho] WA
BE flEA e
dFHor Hgye
AL olym ~3lo] gl
A e AW s
olglg] | EU BWDe| | & ©§] =+ & <20,000 cells/mL 7haA wd A= w)
=7} A3 949 TAHow A A
Ao M ESF 20,000~100,000 wjd Al Aok uj
7= Al cells/mL AESF A ds 34,
EWE(KIm) microcystin A& &4
Z21(>20 >100,000 cells/mL microcystin A% 241
1g/L), AA g A4 ds
Chl.a(>20 A A& wjF AlES
g/L) 11e A4
7 =7 microcystin g% &4
AAA ¢ FA; AR
TA|; 27 olF HUEHY
Microcystins >25 ug/L =
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=7} 2 A A o i - o N
gt | EU BWDe] | F3d 23 Z= | 23 W5 L 3§ AN 9A: 45 mUgg
= =7} A8 g /s A | Chla <12.5 pg/l &=
T 9XHF Chla HEF AT <2.5 mi/L
23 W 20 GE2F AA GA 1 v
Chl.a 12.5~75 pg/L B+ | EUEHHE 2 1 Fo
G2 A" 2.5~15 TIAS #A A= AA
mm/L LA Hx2F{. 9F
2= e oag), 94
Aol A9 md g9 =2
ke of] sk A 7}
27 WT 3 2R AA GA 20 v
Chl.a >75 ug/L =& BUHY 2 BAgTS
G255 AAZ >15 m/L, | 9 AA Aa(“ol
EAME T9&
W Microcystin A A A EE ),
dxFo - &0l AR Aol 2] gt =]
<80%°] a1 Microcystin A% 75
<20 pg/Lol¥ ZAAGA
1A =2 A3
H&= | EU BWDe] | A1z ¥ AYAt | 3 e FHlo] =57 OHAl (Level 0): vz
=7} x3+ e 2FE FHETE
G whx] ek
Aol sl o] Fof A 1A (Level 1): 24
DA AY £ 876 8 FEANAY 1A
HAs A of == Fed e TE=A A
7t 27 9Ut 22 ofcd ol it
FAENES ), FHEY | Rl IS A4S 74
5 ol FAaAEAS dAv g A7 2 m4
o A
Eo] {2 AA, 2 A (Level 1): B2 2
THEHY 2 A7 EE EEE Hu)E A,
THAAN Fx2F Gt | 54 B4 s AE
g o5
et el A 3¢A(Level 1): w-$-
27 e FHA 2o %
HE2F Aol rdad w | HEF dvE A4,
54 24 dle AR
o]
29¢l | EU BWD9] | g&xF WA 7154 | @2 7154 A7 88 71
=7} Al BHE? 7154 e AFgHor
=2 74 ARE o S dF
A7 Gd=& WHO 715
AE, e A9 7le
A (o] & o] 4=, o] &9
+3) 23, $x279
ol whet o=
R
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A ) #eA SEEES O
g7l8] | EU BWDe| | ¥x7F 93 Al Chla <10 ug/L B #%(excellent)
=7} A3 Chla =& 9%27F G2F AES <20,000
M| E 4= cells/mL ®x
T E=Microcystin-LR | Microcystin-LR <4 pg/L
Chl.a <25 pg/lL == %3 (good)
925 AlXE4 <50,000
cells/mL &&=
Microcystin-LR <10 pg/L
Chl.a <50 pg/L H+ X E(acceptable)
wE2F Al2S <100,000
cells/mL BE+=
Microcystin-LR <20 ug/L
Chl.a >50 g/l == A (unacceptable)
927/ AXES >100,000
cells/mL ==
Microcystin—-LR >20 ug/L
dinl3 | EU BWDe | A TIA G 24 PAGFE B He,
=7} A3 x5 A4 >50 ng/L Chl.-a°] il AT ds &4
Chl.a g2F 81 A Al 9wy 24, diF
AEE 1A, WA,
o]-&x} W &
=4 ShEF A A9Le 54 74 a8 2 98 3ot
AVt | A5 A Microcystin-LR Microcystin-LR < 20 #Ha)7)2s 2HshH
A T 92T AEST g/l BE FE2EF AEST | dAEES 79 A5
el el < 100,000 cells/mL 73 AnES 3 5
R A Rom, #AG=] ZHA
A7) = A5 Havt
AL wf7tA] = H=H
A
Ful | AL AEZegE AZF | <1,500 cells/mL e ZHA] B AzE
Sont G2 F AET <500 cells/mL(E= @4 | Hol 47]19S A&
] A A k7t 43]) A F
NEEY & | HAEEFIE ANEZFAE] AA: ANREAFH W=
MEFe}F G227/ 20,000~100,000 T 2 9 g2
H] & cells/mlLol 1 FZF A1), Wl AL
M ES2] v &0l 50%E RAG= v}
23 A A A JE| A Al TR
ezl 54244 Aol gk Folgte EA] | AW AR R uF
T Al AH
At g2 sE 54 g Hiud FS ANZZA dl-s: A
A &R o m Aol EAT AH§- Al X 9
gzuAdE 53 iz
AT
st 714 53] F& dx2f7t gy ~2fHos JAH =
Foll A s xHe HxR{ IAEE7F 40% v
f (1A, =4 Fd2F AE5EE7F 20% 23943
f(2etAD), FAA 54 FxFe IEETF 50%
Z39E o (3A)
522 = AEEHAEY dAE g5} FA}
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A ) SEEE SERE g 24
A= BEX HEF AES G257 AES >20,000 1A F 5
2] 7 9] Ie]a /%% Chla cells/mL
70%7} %+ G2F AZES >100,000 | 29-A AH: e 9
o WAy cells/mL A
A A AL <500 cells/mL 74 (Surveillance): 3
= 718 Apolell FxzF7)
HASkL Qs A|Yo]
el ol vl
AFE AZF 2L AF AYFH
WER AR A SRR o g
- mi/L B M= s = ¥ 8sle] A=
Gx2F7Y F YA I, -
' ek 9 o5 AR A FH;
0-5~<10 mi/L B2 PA 7 el FA
Microcystins B+ % Microcystins > 12 -2 (Action): A=
EES R pe/l = AAH 54| 9% BUEY A%
£E 27 daRe AAF 218 | ZAH 54 PRl
w/L EE BE GERRe] | E43E dE2E Sa
Z AAIEF =210 m/L B | A 129,
279 &4 EA) 7ol uis A A
AalAd ds A
R Fol oo AN dERO ged 5 e
adste] s gHe HEF vHRE=rF <20%<Y
(A A, 20~50%% WA @A), >50%
o (-3 A
HeEAE NEEFAEY QA B f4
Z¥= | EU BWDY | X del A A-D 43] o] AR AFARNE ANFH 42 3 G&
EE A= bg) 2 HxF o Ao AEEU oS
ANE Chl.a 3d 717k 95% o= | 9= A9l Ael= vpd
<50 pg/L AE7FE. AR 75
= 5
Bl 7] 201439 2T AESF == | Ydx2F <20,000 cells/mL | 197 gkl A& 2
Al 3Y o) A Microcystin—LR T+ Microcystin-LR X~H FA. 4+

o
EE dad S A

=
Chl.a

<10 pg/L
= Chl.a <10 pg/L

EUE Y

AES e

Microcystin—LR

A4 20,000~100,000
cells/mL

T+ Microcystin—LR
>25 ug/L

2Al: AE7F 20,000
cells/mL &3} A
microcystin #4].
Microcystin-LRe] 25 ug/L
Z3 Al BA G
sl SA A, A9
Ao g Ve E
A& A9 AA das

B

el Eol A mE
Bk 549 F de
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%7}/ Td’lj/]ﬂ]ﬁ] =] 2 kv = o
== Q3lol o+ Microcystins Microcystins =6 ug/L

Anatoxin

Cylindrospermopsin

Saxitoxin

Anatoxin =80 ug/L
Cylindrospermopsin =5
re/L

Saxitoxin =0.8 ug/L

Microcystins =20 ug/L
Anatoxin =300 pug/L
Cylindrospermopsin =20
re/L

Saxitoxin =3 pug/L

A=AF | 5 HEF >100,000 cells/mL
QAES Microcystins FoltA <6 ug/L

AAGA >6 ug/L
AEEA >6 pg/L + 1L

Anatoxin-a

FoA <1 pg/L

AAGA >1 ug/L
HAGA >1 pg/l + I
=4

YL = JdxHF MxF JZ=F >100,000
cells/mL

Microcystis =

Plantothrix A X5

>40,000 cells/mL

Anatoxin-a 20 ug/L
Cylindrospermopsin | 6 ug/L
Microcystins 8 ug/L
Saxitoxin 100 pg/L
eEZgent | F HERF AXESF 100,000 cells/mL
= Microcystins 20 ug/L
WA} 2~ T Hxw Axs ATA = 20,000
cells/mL
AASA = 100,000
cells/mL
Microcystins AaGA = 4 pg/L
BAGA = 20 pg/L
Ao opt Microcystins - EAY 98 gle

<4 upg/L

Xt el 3l 4~20
wg/L

- $E =20 pg/L
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THAAR FHEFHGAA R I AR B3] -J A7 F(A28ZA3F AEH)

1. 27731
ARGA 43 - A7 E
zszom 23] A& A AN FE2LL—a %% 1omg/m? ol ol

G2/ AE 47 500M ¥/mL ©]/3<] 3¢

23 &£ A5 A EE22E-a 5 X 2bmg/m? °1/dol L
FERY AXE 47} 5,0004 E/mL ©]1/32 B¢
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IV-3. CHA|E 2 7| 7M@) |atey ure alsh

n HY L EHE

08 HE S PA UH DAY HHIIFES WK 10HE HE

- ggasz ZRE VL WRH FE J|F'2 $M 4L, FoHE FHo 1/10
= UM e AHO| dsl=E 1008 cells/mE A
*ERIIE P 2F FUM HESID Y= 2R S (Microcystin-LR) 1 pg/L(H=8 2 17[E) Y
ArSSt R E M= 4(5,000 cells/m2) 2 47
O (48 FEIE =8ER)
-SUHEE FOllEERe SAEF2 o= R0 H& HS
* RREA(E Microcystin) 1ppb0f| 423t= MEZ£E= 2,348 ~ 67 Bkcells/me(Microcystis

71Z=o] 42X = 10,000 cells/me (ZUSHH DI, 08 ~'091H)
- WHOLI- SFES EA 7| FEL2 E40| 2 Microcystin-LRE 7| ELZ 81 %lEEli 2 2| Lt2tof| M
HEEF £ Microcystin 0= Egm '-P% Microcystin-RR(57%)0| 20| HE

J1E 2WER) ZRYEHE MK Dristn, ALEX AT HR A
48 TRALHE 2USHES Hof G2 eS| YWIIF WL
*WHO-3% 5 SH2l0f HE Aol t8 8 448 750 9128 71T 701 15 g

IV-3. CHA|E 2 T7|FE 7|M @y 9 grg ##e)3h

B oo saasan

=7
R CIRIE] e =X
ZEA| EHA| (Vigilance level)
Lx 2 74| 21 colony/mL £ &= =5 7| 2L HE
filaments/mL - 0§ 12 Ol =LHE #H1

-Fe 2 AR

LEXE MZEZ =2,000 cells/ymlLD £ ZAHSHA] 1(Alert level 1)

CC -
WHQ LExE MHEF 0.2 /L E& L xEI_ X (.o HIt
o-=Tr ao=T1T T o T [=
Al Chl.a 21 pg/L 27 PUHE &
Lz B M| =4 100,000 cells/mL = Z A CHA| 2(Alert level 2)
HrE EHE z10m/LEE HER 2F  |-9eld "ot
A] Chl.a =50 pg/L 2| BUHY X

1) BE 8 7IF microcystin-LR 1 ug/Lo] 450t MEA(7H £2 52 #2710 UER 424 713
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271

=i = o x
I He7E 0s =
M. aeruginosa HETHH|(Detection level)
2500~<2,000 cells/mL)|-®7| 2L g2
T AR AHY  [OF AR WE 2 =S A
20.05~<0.2 mi/L Al oI O A HI| AME
M. aeruginosa HA A 1(Alert level 1)
22,000~<6,500 -2 g0 SE
cells/mL 7 2 Ao =F HelE QBT 5+ s NFHO|M F 28] A= K
EE T EER MAAE  |-OiEd s M A7 2E
20.2~<0.6 ms/L EMEI T E4 DU ET o2 23
M. aeruginosa 26,5002 75,|71|EIJ1| 2(Alert level 2)
ST |cells/mL £ & HER THE| & 3T 4 Ao 2T HAE=e HL
M 20.6 mi/L 04"f*|'“° AXE 210 E2 IS MES0A siof 2t Ha ng

BAEA 1 eEF2= ZLHY A=

R ANt AR 1 Fol S HEF S4 AU

M. aeruginoss 265,000 | ZAHA| 3(Alert level 3)

cells/mL 2= T =R |-ZA S 1 == ZATA 200 o 7|22 =0 A| BAHSIH SA =S

MHZ 26 mi/L SO IPAEE AHRE| HD B2 SS%e AEEA 2ol 2 2D

gt 0] i SHEI EE 54 240 $BEA @1 U2 B
HATA 1 == BAHY =222 ZHEHZ K&

-ME|Al 20| FRGHAL A lof 0| LIEHLHE HIA O 2+ 22 28

M ET7 ROIGHA datt AR S E S47F LELE| @2 IR S4 BUEE XS

2) 7¢ o|Ljol ZATH +ELR B 5 Y= FEEIZI N 42 £ 2R HTE 017/d 7|F)
3) =4 M. aeruginosa 6,500 cells/mLE HE 2 7|E £ microcystin 1.3 pg/L(microcystin-LR 544 2 HA]) of

At

IV-3. CHA|E 2 T7|FE 7|M @y 9 grg ##e)3h

B nio sasizss

j;” BExE me7|E g =X
HA | H=RMESs EE =8 | 220,000cells/mL E= [ siEX| Y 0| &xte}
HA |2 Al Chla Chl.a 210 pg/L A= S|
7|4 >100,000 cells/mLEEE | SiEHX| S O & xte}
(WHO) Chla 250 pg/L Ao 3x); A
ZAlL, =G H T 2 el
Z A
AH(Scum) LEX|HO M 2UEE AHHE ZX| =K
IEH +8 X 7EE
Hsde 2x; 35 24
F& AL ZAE=
3%
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=71/ =
#welAx #el & g 24
71+
TF |92 F HES| M aeruginosa 2500~<5,000 cells/ml, SMcA ZAEH
EFES932R | E: & 92 AAT0.04-<0.4 w/L (Green level Surveillance mode)
BAF A7 TUHE
M. aeruginosa z5000~<50,000 cells/mL | ZAHH -F A SE]
FegEd 5L H8E xR 2E /\I Z (Amber level Alert mode)
2R AAT>0.4<4 w/LEE EEHI [ BAZE B
P AsAH wE 20
A= >0.4 ~<10 me/L e Afo e A2 A
EH I EE 22 JUEY R
24
Z 00| AT AAH 210 pe/L F= 54 M | FHTA O] 5 el
aeruginosa 50,000 cells/mL ¥+ 2 A (Red level Action mode)
E42BE YR SR A G327 24 w/L|-FAAEHAA 2UEE A&
EEUed 52 M4 HEEGUE U S 80 B BDE M BAR
iR :10w/LESYE{ 270 A BE
A&Aoz T Lo EH EHIEE =2 240 oA
FHER] 22 A9
EAPEZZ 2594 oo cigh
e 23
E¥i7s o ;
= b o e 3 = F
PE A A ® s ) B o A
Y |EELs EER EEL »1mOl4 Chla <40 sg/L HxR S Wit 2UEZ
S8 A Chla B |EE ZF B L w/l EEMicrocystns
ZRHAF TE K10 wlL
Microcysting EALE (ImOld Chla >40 »/L E= 27 HE HE, 9 A 1, £8 79 YAA H IH
AT 1w/l = Microcystns »10 w/L
A 023/ (4% A8 B8 JYD/TE Micregystins > 100 |HE FE, 9 A AL, 9 A9 <7 =#z @

Microcystins #a/L
==tA A ERYE 17, A, § N HE |0E AF H2R B A 27 23] HsS EE2F &7 4

Az A D& B FE

H2ER <20,000 cells/mL+20% MY ZUHE, FHE W2 D= Az A, Fady
HeEgs

20,000~100,000 cells/ml+20% WY BUHYE, 40 WS DT HEzs A4, AHET oAs

HE&, 22HE RS UE A

e P28 HES 100,000 cels/nl+10%, Tfe| 32 A|AE-LR <2he/L01H =9 9 E50] HT,

Microcystn-LE

DI ZAIAT-LR »2500/Lt5%.

U3 RA]2H-LR >254/L01H =3 9 A= ZA

=&t ded WE EA

2383 AF 3 A= Ao A EF EdAe ZE 8F :.7\] OlE] gk Hgho] HEA] B E f=A] o
oMo HEHE J1 oy ~30] fe AY9S W Its

olHlz] |& Ue B 2 €20,000 cells/ml A WY AR W AES A
o 2EoE 20,000~100,000 cells/ml WY A2k S e MES A HE T2 merocystn
PR HES HekHa
»100,000 cells/mL microcystin B 24 AN 24 A g 23 o W=

HEs A

g Z microcystin AT B4 AP £9 ZA FE AL AR 01F
B

Microcysting »25 ma/L =% 27
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IV-3. CHAIE

3 PRELEE

UHI|E M @ dRAE w

O (48 ZE 7|15 IUEH FHLE
- 1h FUEH X Fe| SaTHO|

Bo| Eastat}

Q=0 Hlsl H2

=el=h

S8EES 12ol0] 27| ¢t HE

8

=S zio}, 1/282 =X

* Y ESE SEBE= MicrocystisE 7| 2L 2 g ] & Microcystin 1 pg/L0j| 4 S3= M=%

10,000 cells/ me

- (29) EABFN SHYE BT} R HE

=]

* FE|LEte] HE=E gAES ANT|E2
E =
L=

[ =1
*ZUYSH UIR 54

o 1/42 =7

WHOg2} =% 3t Microcystin-LR 1 pg/L(2012.10.30)

= £/40| 2Fst Microcystin-RR(57%) 0] 20|

Ztotgt Microcystin-LR 1 pg/LY| &83t= Microcystis M| === 2¢ 20,000 cells/m@

O (&3 Fo& 7|%) =Rt B4

+EO2 7t B BAGE

HiZIAZHE 22 = ”"*( =371 0.35/d H&)510f 7¢¥

ZE A0 o

HiZkA|ZEO| 2¥ +=Z(=F/C| X|+=57H& 0.35/d HE)0i 0| &

| =
OI
AA

CHA 2 A
! O|LHOf| F=2| & THA oA

Q= == (19F: 1,000 cells/ m2, 29t 2,000 cells/m )22 HEH
*WHO(1999)2| ¥+ HEF ZAHHA #E BDMME= 7|20

HEED ACOZ 0|2

L

THAFHO M ExFe
E['J_ [=Bnk- n /8=

<iD : FSANSH TREL HAAZN('08-'09)>
O =AM s
MR S @ 137) 34 U 37| o o R

O FA4H - BETE
(5]

O ZAPZ|ZE Y SFA|EH4 1 2005E ~

O=fEEN EF7|E oE 2

O Z010|3 2 A|AEl 1pg/L0|| sHESH= MEZE FA HeY - 2,348 ~ 66,980,638 cells/ml
2 i

O RAHEE B 50| 80% 0|4 273

EEAHI|IZE ME > 10,000 cells/ml

L =]
" EMAl=Cl 2N, A0 gt of 3000082 HOf TAZ[SHER o2 A
oH-g =2 A0 =420 =2 42| of 50%0 s Fot= HESE
< 1> O 7 2o M= LI K| 50%2] 22| & 2iel Fol2 HAE

=010 He=s
= aan::-gi A
1,000 cells/ml= <& -2t

fidoz ME 7|5P8d gL 2

{Frpel|ZRA2E ug/L0| sEol= Microcystis 7|t E o MlZ=4 AEZ10>

ME#Az | 9% 7(olER(cells/m]) | BEAZHS S smap(UE JIEEE =(oH)
T =1 | pauzns |HE[EH s (RS 2 Asen

27 40,221 100 % H=1 (cellz/ml) Lce]_s /) (cells/ml)

25 23,62 93% Toral | 5w |G| 1000

73 508 a5 % P = TETI T

16,086 85 % Mieroepsis | 27 | 40221 | 9.444(56%) | 10,000

19 13.570 70 % Anabaena | 6 | 116875 |45,852(50%)| 40.000

15 9,444 5% Aphanizomenon| 4 | 231503 |82.703(50%)| 80.000

5 4,175 15 % Oscilatoria 26,365 = 20,000
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Of
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