(4)) - v OO EALE HO L E[L}?

PUKYONG NATIONAL UN




=

LIFE -
- ENVIRONMENT-

— ~ HEALTH - _






LULRRRATRON.

&840 hadd







=2

Cyanobacteria (M)

- ded 7lset ojd=
Mo MzZz7 ZEEHoE F7t

. =X
gM0| 485l S 8=

- Cyanotoxins



ALGAE BLOOM INGREDIENTS
“ome Increasing With Climate Chang

MORE HEAVY
PRECIPITATION
& S é Washes additional
nutrients into waters
"X X )

WARMING WATER

Favors growth of
some types of
toxic algae

Source: USGCRP Climate and Health Assessment, 2016 cLIMATE QD cENTRAL
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23l Cyanobacteria

Table 1. Cyanotoxin Production Observed Across

Cyanobacterial Genera Microcxstin
Cyanobacterial Genera  ATX CYN | MC [NOD STX References
Anabaenopsis X e
EA EIIQ * A -I-I-h b 1 : 115
| == O-l == oH o-l (@) — Cya no acte rla Aphanizomenon X X | X X o
Chrisosporum X i
Cylindrospermopsis X X X SR
1 Cylindrospermum X X X i
L 235,236
Cya n OtOXI n Dolichospermum (ex X X X X i
Anabaena)
Fischerella X .
. e I_
« 2} cyanobacteria OfC| 41-4otH= Geitlerinema x
Gloeotrichia X =
losiphon X =
2 XI0| Z29} QF0| CIE Haplosip -
=29 SF2 LO| CHE Lyngbya X x e
Microcystis X L
3 Nodularia X 239,240
= A¢ iian
® EH élI: 3O—C|>— &ﬁ)&gﬁ. ﬁ‘f? \ Nostoc X X X t:,:-fJ,;-u
o & }'b ) ,& @& (58 Oscillatoria X X X X Haa
o i B '5‘-@\;{3 Phormidium X X LA
.@ B %}@@ A S
& & O 2 G Planktothrix X X Hhade
{6?‘&“§\ l‘xJ(ﬂ" ;
N IR Radiocystis X =
*’Ig&&rré?cw‘ Tocy. .
& ! gf{ ;".i* hm@@‘fﬂ Raphidiopsis X X | X o
SR {(‘ LR & Scytonema X X e
N N g X
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Cyanotoxins

Toxin Short term health effects Long term health effects
: : Gastrointestinal, liver inflammation, and hemorrhage and liver failure Tumor promoter, liver failure leading to
Microcystins . i
leading to death, pneumona, dermatitis death
Nodularins Similar to Microcystins Similar to microcystins
Saxitoxins Tlngl_mg, burning, numbnc_ess, drowsiness, incoherent speech, Unknown
respiratory paralysis leading to death
Anatoxins Tingling, burning, numbness, drowsiness, incoherent speech, Cardiac arrhythmia leading to death

respiratory paralysis leading to death

: . Gastrointestinal, liver inflammation and hemorrhage, pneumonia, Malaise, anorexia, liver failure leading to
Cylindrospermopsin .
dermatitis death
Lipopolysaccharide Gastrointestinal, dermatitis Unknown
Lyngbyatoxins Dermatitis SAD LR
BMAA Unknown P_otentlal link to neurodegenerative
diseases




Cyanotoxing| 4=

Identifying
athways of \ .
P 4 -" \ Way of exposure Kind of exposure
exposure to '
harmful toxins \ Skin contact Toxic scum or mat material

Raw water containing toxic blooms or free

Detecting algal toxins
/ toxins in tissue Treated water containing toxic blooms or
samples free toxins
Detecting.dlad) Drinking water Accidental ingestion of toxic scum

toxins in fish and
produce exposed
to HABs water

Raw water containing toxic blooms or free
toxins

Assessing liver Treated water containing toxic blooms or
disease risks

associated with

free toxins

_ Inhalation Toxins during water-sports, showering or
algal toxins .
work practices
Food consumption Shellfish or finfish if containing toxins
Plant products if containing toxins
Haemodialysis Using water containing free toxins
L= X 3fo



00|32 A|AEl (Microcystin)

Health Impacts of Cyanotoxins @ CLEANWATER FUND

| o I -l-I_ =] =i=] Note: Not all cyanotoxins lead to all of these health impacts. These listed impacts are caused
u E_I__l_l' u H T II_ ol_ 2 QII-E IEI by microcystins or cylindrospermopsin, the two cyanotoxins that EPA has issued Health Advisories for.
IN HUMANS IN PETS
i Brain Body Symptoms:
| 3 O O o C O I A I-O'I | A-l E— OH Source: Ingestion Source: Contact, e.g. Vomiting
o — Symptoms: swimming Fatigue
» Headache Symptoms: sh e
« Incoherent speech « Irritation in eyes, nose, .o.rtness < re.at
« Drowsiness and throat Difficulty breathing
= :. A‘I « Loss of coordination « Blistering around the mouth Coughing
H o  Skin rash, including tingling, ConTilsions
Respiratory System . I;:;g:ng andipumbness Liver failure
Source: Inhalation . Respiratory paralysis leading to death
° EAI’ 2 |'7 | EE ;’.E Symptoms: MUSC? aches (from
= ] |- ;] 1 (a>) ] ] « Dry cough ingestion) . :
Pneumonia « Weakness (from ingestion)
O} + Sore throat
= E X « Shortness of breath Organs i
« Loss of coordination Source: Ingestion
Symptoms:
« Kidney damage

Digestive System—

] D I'A-l Source: Ingestion, drinking

« Abnormal kidney function
« Liver inflammation

L O contaminated water, or eating
contaminated fish
Symptoms: Nervous System
=< « Abdominal pain Source: Ingestion

b 7|_|-(|:):|:| 8[ 7|_H:| | EHI Zl-%l- + Nausea Symptoms:
« Vomiting « Tingling
« Diarrhea « Burning
« Stomach cramps « Numbness
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WHO microcystin 70| E2}2l

* Microcystins
« 2812 pg/L (EH71), 1 pg/L (B71)
) E'_'”X‘lﬁ 24 Hg/L




Se|Li2t Z2e] 7~8E Microcystin St

MC =< (ppb, W)

SE AT @12

O HHE| M2F @.12)

p HUHO oo

f 4226.41,m
3 EXHAT 0
1 555.32ppb

# P e
7/28 7/30 8 /4 8/6 8/11 8/13 g Ex[Es ZI0

1 |28 N8B 47 139 31 15789 | 23801 027 170 .17 - 14113 027 238 01
2 |3 REX 22 228 31 20 58 563 71497 | 4084 - 202 07 563 714 97
3 (ngu 1139 65 60 29 41 500 24646 | 154 .11 | 10200 500 246 46
4 |EsAA 28 46 23176 88 88 348 11798 | 98241 | 20750 348 982 41
5 |0I=& - - - - 972 68 - 972 68
6 | =R 428 92 201.15 3039 |4914 39 - 88688 | 129235 | 3039 |4914 39
7 | 0E8 Hels Kot =3E == == == SE= -

8 |N8 HeE= - 108 - - - - 108
9 |01 &==H 021 060 100 - - - 060 021 100
10 |SEHEE A= 1.19 126 107 555 68 4 90 123 94 22 107 555 68
1 |[ZEees &= 774 54 36249 | 120098 | 4226 41| 272 53 377 1140 .12 377 4226 41
12 [2XxF=E 682 01 820 155532 | 8055 024 65736 | 49728 024 1555 32
# B = MC S& (ppb, o) 22 | 24FH 8/11 3530

13 | S8 St Ofeh 8/12 062 23 |i=F=& 8/11 43550

14 |G- &% 8/12 20 91 24 |SNED &= 8/17 E2=

15 (&2 42 8/12 584 05 |2 kzaxs 8/9 223

16 |HH2 a= 8/12 - 8/17 8 25

17 | 7012 &= 8/12 632 87 26 =302l & 8/17 352

18 | =&l 8/17 =4 27 |27 8/12 8.17

19 [ofEFs7 2 8/12 6007 28 |[32] 852+ 8/12 1509 .17
20 [E=2 = 8/12 H=d 29 | (=] SZE0L +=4AIF|  8/12 1562 .10

21 |80 8/11 0.1 30 | [SZ]HF e 8= E 8/12 2362 43
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0|= Cyanotoxin

= O|=3 EPA 3! Q5}0|2=F
* Microcystins
« 0.3 ug/L (0]%/% OFs)
« 1.6 pg/L (&2
= [|= Cyanotoxink Mgt
« Anatoxin-a, Cylindrospermosin,

Saxitoxin

24 Jo|=afel

Public Health Advisory
posted affecting PWS

Test raw water weekly
for assoclated toxins

Toxins detected in
raw water

Test raw and finished water
weekly. Optimize treatment
barriers for toxin removal,
Notify any downstream PWS

Finished water toxins
detected above thresholds,
Microcystin > 1 ug/L
Anatoxin > 3 ug/L
Cylindrospermopsin > 1 ug/L
Saxitoxin> 3 ug/L

Contact your regulator
immediately to determine

appropriate public notice.
Continue testing weekly.

Visual signs of a
bloom present

Test water body for
algae ID/enumeration

YES

Results > 2,000 cells ml
for microcystis or
>15,000 celis/ ml for
other HAB genera

* Testing for ID/enumeration is appropriate
when the bloom has not yet been identified,
or to see if the bloom is changing dominant
genera and to measure increase or decrease
in cell density.

** If visual signs of a bloom are present and
no ID/enumeration test has been done, you
can choose to test for ID/enumeration or
directly for toxins (microcystin, anatoxin-a,
cylindrospermopsin, and saxitoxin), if turn
around time is an issue.
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SYMPTOMS OF EXPOSURE

Vary depending on how the person or animal was exposed, and whether the HAB is in salt or fresh water.

LY ‘:é?
EXPOSED? 0
Shower immediately. i } {

See a doctor or vet if Ear, eye, nose, Paralysis, Abdominal pain, Drooling, diarrhea,
symptoms occur. skin, and throat respiratory diarrhea, liver and low energy, not
irritation, and iliness, and kidney damage, and eating, stumbling,
headache seizures vomiting tremors, and
= - vomiting

WHEN IN DOUBT, STAY OUT!

Stay away from the water when a suspected HAB is present.

DON'T DON'T DON'T DON'T DON'T
Play with scum Let animals Swim Fish or wade Boat or kayak
or mats on drink water, eat
"EPA the shore algae, or swim

United States
Environmental Protectio
Agenc




Percent of Ill Persons

304

254

204

157

104

CDC: HAB summary

One Health Harmful Algal Bloom System

0-1

2:4

5-11

1217 18l4s

Age (in years)

4664

65+

Mis'sing

@ Percentage

£, OHHABS

HEALTH

2019 Data Summary

CDC collects data about harmful algal bloom (HAB) events

and associated human or animal illnesses in the United States
through the One Health Harmful Algal BEloom System (OHHABS).

died.

>

2 autof 5
fhish
weare under
the age of 18.
81% sought medical care.
@ Mo deaths were reported.

Most (59%) of the HAB-associated human
illnesses were classified as suspected cases.

Most (B1%) of the HAB-associated animal
illnesses were classified as probable cases.

? 14 states reported data for 2019

242 Harmful Algal Bloom Events

632 Human Illlnesses

367 Animal Illnesses

Harmful Algal Bloom Events Environmental Testing
3 outof 4 88%
Freshwater Ty m e S
Marine were in fresh tested hl:lr toxins,
water. algal species, or both.

]
* Most {ﬂ&%} Toxins were found
' s e In hatt (53%)
HAB events were classified

peaked in August.  as confirmed events. cBans



< y- “r .. -]._!)IQJJJ?
p |

1 ppb <

o
—

1 ppb

o
—

= H|2~: 10 ppb

= | =: 5 ppb
= Microcystins

AN
" T












—_ E
e —
oWz R R 8| R R| o
< N Q2 I IR Rl T RN _ _
wn m - N — 0 (99} N
U .
=)
= T T E | T T =
% e | [ S I | 1 L @ ] L I I ol 2 | | I I
m 92T S Q| 0 S -
o w ~ —| 0 ™ ~§
— — ~ ~ — — ~ o o o — o — — o ~
o | B B e e = = e 2E BB b B B Bry B2
ﬂlul W B ) - ) B B ) © o B o~ B ) ) ) < - B B ) ) )
W TR Y KIS RR ORI |TGLRTTRTR
T - JEy o Y (R A Gy * o= A ) e iy * 2 I RNy I Ry iy
<l oAl o4 | Tod| o] Tod| | | | M| | Tod| ol o 04 | o T4 o] Tod| Tod| ol
HTL WO ;A_._.: _KT.: __A_.E __A_._._._ ;A_._.: _KT.: __A_.E ,x_._._'_ _KT._._ _KT._._ _KT.: __A_._._._ ;A_._.: _KT.: __AT.: __A_.E
= | ol 7o 0| 0| %O W o T xo| T | o 0| T0| To| WO RO
—_ N N N N N 0 N (a0} ()] ()] ()] (o)) (o)) (o)) < (@) 0] o < 0 < ©
~ R R R N M N T - Ql M e M e e
m:._ Q [ce] ee) Q Q Q [ce) ee) o~ o>~ o~ o~ o~ [ee] [ce] o~ Q o~ o~ [ce) o~ Q
(] (@) (@) (@) (@] (] (@) (@) (@) (@) (@] (@) (@) (@) (@) (@) (@) (@] (] (@) (@) (@)
t <| m| O A ™ Bl BJ| ofn| on| B B
R A e T R T B IR I SR e By S I T 2
LR I e I o it M IRt~ Il i 7 e
S| A o < a0 Nl @ | | | P ko T | T RO RO TO| | KE
o+ wo| KO Ko| Wo| Ko %0 dul mml | o] %o
3r e pls i i
3 o+ (S g S
—
o]
* © — (e8]
g N | © | ©
N NN
Ml © o | o
-
0
—~
<0 )
o
(o 0] LN (e 0] ]1_
N S RuER=RE: X
- | m —
KOS c o | — <
—r
— 0
= ol RO
< =
o 10
- al
A — OF
(] GHE
KO
oll < A= <F
by o & | ok <0
(Q\| )
= .Al_
offl iff
N~
(]




s =
S g




X2 0l EME| HAs

Table 4 (Continued)

Toxin in irrigation water Toxin
concentration in

Type of fresh Irrigation Concentration samples (ug/g Table4 (Continued)

produce source Type (ug/L) Tissue of vegetables) Reference Toxin i irrigadon wacer e

Rice (Oryza sativa) Apbanizomenon Cylindro- 25 Roots 14 Chen etal. 2004, concentration in

ovalisporum spermopsin Prieto et al. 2011 “Type of fresh Irrigation Concentration samples (ug/g
exracts rp— 35 produce source Type (ng/L) Tissue | of bl Reference
- - - — Water containing | MCs Not Cenemal | 2487 + 02
Dianchi Lake MCs 120 Seedling | 2.94 + 0.55/10° cyanobacteria menteioned leaves
(China) P BT Distal 883 + 25
Table 4 Cyanotoxins found in fresh produce leaves
Frr—— . Basal 9E0
oxin in irrigation water Toxin
Soya bean (Gheine | Lake Miiggelsee | Mt concentration in fenes
k N L . Groundwater MCs Varied Leaves | 0.12
max L. Merill.) (Germany) Type of fresh Irrigation Concentration samples (ng/g Saudi Acals
- . B Type ) i | G Refere (S Aribiz) Roos [ 07
Sugar pea (Pisum Lake M | M E - = Apple tree (Malus Dianchi Lake MCs 30 Shoors. 1620 + 0.73 Chen etal. 2010
A - " Alfalfa (Medicago Lake Moggelsee | Microcystins| 5 Rooss | 0.125 Pethercec: "7 E " i) .
SALTUN VAT, (Germany) Satioa Ly (Germany) (MCs) pe 300 2750 £ 354
Sacchararum) Arugula Groundwater MCs Varied Leaves | 0.18 Mohamed & 3,000 225 £ 2562
Wheat (Triticum Microgystis bloom | Mt (Saudi Arabia) Roos | 024 Shehri 200 Ell 1476 & 422
durum) Cabbay Ground MC: Varied Leav 022 Mohamed & Sl B 0w
“abbage Sroundwacer MCs arie Leaves 2 Mohame o0 03 T
(Saudi Arabia) Shehri 200
Roors 0.3 Maize (Zea mays) Lake Lalla MCs L0500 Roots 7.55 Peuthert et al. 2007,
Chick pea (Cicer Lake Muggelsee | MCs 5 Roos | 02 Peuthercer: Takerkoust 3,200 1871 Sagrane etal. 2009
arietinz) (Germany) (Moraceo) 1,050 Stem 129
French bean Lake Miaggelsee | MCs 5 Rooss | 030-0.50 Peuthercer: 2,200 765
—— o (Phascolus valgaris) | (Germany) 1050 I o1
Wheat (Triticum Lake Mt s <eaves 2
. ¢ L) " Green pea (Pisum | Lake Lalla MCs 500 Rooss | 0.24 Peutherter: 2200 )
aestvum L. loom T 5
. sativum) Takerkouse 1,050 613 Sagrane et Tk Muggebee | MG 3 Roows 003005
(Germany) (Morocco) 4,200 190.85 (Germany)

White clover Lake Hakanoa Mt 1,050 Stem 088 Parsely Groundwater MCs Varied Leaves 0.25 Mohamed & Al
(Trifoliucn repens (New Zealand) 4,200 79.19 (Soudi Arabia) Raots 03 Shehri 2009
ev. Grasslands 500 Leaves | 041 Perennial ryegrass | Lake Hakanoa | MCs 2,100 Raots 0.18-0.23 Crush etal. 2008

. 1,050 557 (Lol perenne v | (New Zealand)
Kopu) 4,200 1568 gm‘]""ds
Lake Muggelsee | MCs 5 Rooss | 025048 Samson)
(Germany) Radish Groundwarer MCs Varied Leaves | 0.23 Mohamed & Al
(Saudi Arabia) - Shehri 2009
Lentil (Lens Lake Lalla MCs 500 Roos | 16 Peuthercer: Raors 037
esculenta) “Takerkoust 1,050 2432 Saqrane et Rape (Brasice Lake Hakanoa | MCs 2,100 Raots 012014 Chen et al. 2004,
(Morocco) 3,200 162.79 napus L) (New Zealand) Crush et al. 2008
1,050 Stem 233 Dianchi Lake MCs 2 Seedling | 2.61 % 032/10°
661 (China)
00 Fy— i) Nonderecied
7 120 831 + 158/10°
w57 600 12357 £
- 19.10/10°
ake M A 2
Lake Maggelee | MCs 5 Roos | 0.14-0.26 o0 S
(Germany) BT
Letruce Exeraction from | MCs Leaves | 831 =02 Codd exal. 1 -
Miocyseis TTEYN] Crush exal
aernginosa i L Tereman &
1778 + 34 Oliveira 2012,
Lake Hakanoa MCs Shooss | 0.79 Mohamed & Al
(New Zealand) Roos | 078 Shehri 2009
059
0.18
(Continued)
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(.
OLIZZ2AIAE s& (1o kg)
A INES LC-MSMS ELISA
M C-LR,-YR,-RR) MCs)
QEARAl K& (240]) Xersty 0|9 077
SFARAL XIF (201) M C-RR 1.19 137
NE=2 XA 1 x| 0et matsh| 0)gt
NS XIE 2 Xersh 01gt Xersh /gt
SEZ NE 1 ersh 01gt Xersh| 01gt
SHEZ NE 2 et 0)gk 051
2HAl X1 1 ety gt mets| gt
2HAl XI= 2 ety 0)gt metshi| gt
Lot UQA| XIE a5 0)gt metsh| gt
209 ZH2AA| K H1 meksiH 0|0t a5 0)gt
&2 SH2AN KR 2 H25HH 0/0 076
o= XI® Xershy 01gt 084
Slohs Al X E Xersh 0lgk Xersh 01gk
slokz NIX e 0lgk Xersh| 0)gt
FOIAI KIH et gt mets| gt
HE2 NE 1 et 0)gt matsi| 0)gt
e IEEONE=F a5 0)gt metsh| gt
InEFV N MC-RR 169 192
AIZEAl KIE matst| 0et marsh| 0gt
ot a2t ot XA | Xersh 01gt Xersh 01gt
3H otz T|& 2 MC-RR 124 157
&= HotR K& 3 T2rBhH| 0/0t T2rBhH 0/ot







LC-MS/MS
ELISA
LC-MS/MS
ELISA
LC-MS/MS
ELISA
LC-MS/MS
ELISA
LC-MS/MS

Anatoxin

BDL -
BDL 469
5.26 -
4.21 BDL
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COUBOETY

pubs.acs.org/est

Critical Review

Toxic Cyanobacteria: A Growing Threat to Water and Air Quality
Haley E. Plaas and Hans W. Paerl*

heterogenous spray aerosol enriched with:
major salts / ions

drophobic chemical compounds A\
. - - - atmospheric processing \

S surface biological compounds transport inland

oi#% cyanobacterial cells

scavenging by precipitation
sedimentation

(3 . e .
J&r Ly, | dissolved cyanotoxins \
EMICT AU 4 \ l
n

°
° N\_‘J
o e ®, wind action
) recreational activity 44 o0 [ ] ® o °
° [ L)

® O cells encapsulated ° film drops

in jet drops .1 X 5

film-cap \
N

. ..‘/...

*
. Bubble coalescence e
dissolved toxin L\ . '

adsorbs to entrained

L]
air bubbles ]
. @
*

oA &

lysis dependent release

of cyanotoxins
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Jakes:
Be Alert! Avoid water that:
« looks like spilled paint
+ has surface sCUmS mats or films
+ is discolored of has colored streaks

+ has green globs floating below the surface

Avoid swallowing lake water

For more informatic

tiof v
°"’°"gaeinln.comm“vm
or call 1-800-OHBEACH.

Algal toxii
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Coots and other animals I e
consume vegetation contaminated Bf(;r\é <™
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with the neurotoxin and develop ¢
R Vacuolar Myelinopathy (VM) i =
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