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Chironomidae
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AccuPrep® Genomic DNA Extraction Kit (Bioneer) 1.5% Agarose gel Phylogenetic tree
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| 207 950 2154 24
. HAE AT SN BOIRE UHH0|YS 0| 8H0] HEfBIH £
- 2wF vEZCol DNAS o] 8% COl faAe] @714

tree) &2

Chivonomus flaviplumus

QJPanchocats sp2
6Paaichoclais p

LC46245 1 Pasatichocadus tanader
HiCocctops .

LODSI98Y 1 Crcotopes iamibts
LCRAET 1 Parameticrenus saus
OUPsamericrenss
GJPameticremis 2
211 Eutefenelasp
HiEukiefrtasy

R Ekeeela 2

213 |

Chironomus Nipponensis

Chironomus dorsalis

Craptochironomus sp.

itpen 0.2 Dicrorendipes
141 1 (o rotendpes septemmacuistis septemmacutanss

Glspuetendipes 1okl

Lipiniella moderata

Potypeditum
vongsanensis

W Asabesmyia 5
T a————

Harnischia japonica
Tanvrarsus huesdensis

Tanytarsus tamagotoi

Tamytarsus sp.

Micronendipes sp.

Stictochironomus

INOG7000.1 Taryps pumctiernes

ZuT- n|EZ= 2o} DNAE o] &3 COl f3#2
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o
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35 | Chironominae Zrug o} 1} Tanytarsus formosanus 9 vA 53 | Orthocladiinae | 717Zru-o}3} Orthocladius sp. AT
36 | Chironominae 7o} Tanytarsus sp. ARAT T4 54 | Orthocladiinae | 22w} Orthocladius suspensus I A7
37 | Chironominae 2 ofat Tanytarsus tamagotoi 71913 A 55 | Orthocladiinae | Z1Zwo}s} | Orthocladius tamarutilus TEAZGT
38 | Orthocladiinae | ZZuolst Brillia japonica LR gRRuF 56 | Orthocladiinae | 22 uwolst | Parakiefferiella bathophila A R EAn
39 | Orthocladiinae A zrol s Corynoneura kibunelata =9 uA 57 | Orthocladiinae Zhu}tol3} | Parametriocnemus stylatus G 2
40 | Orthocladiinae | Z\Zrw-obs} Cricotopus bimaculatus SFAutoloby|1 24w | 58 | Orthocladiinae | z7Z-wtols} | Paratrichocladius tamaater Ebn} 71z
41 | Orthocladiinae | ZVZut-ofs} Cricotopus sylvestris T 59 Tanypodinae }tol 3} Ablabesmyia longistyla ;e getgu
42 | Orthocladiinae | ZZu}olz} Cricotopus triannulatus Fo}7) 2 ut 60 | Tanypodinae | % 7ok} Ablabesmyia monilis - etz
43 | Orthocladiinae | Z\Zwte}z} Cricotopus yatabensis =9 3y 61 Tanypodinae | F2ukoba} Conchapelopia aagaardi = oA

44 | Orthocladiinae | ZZm--obzh Eukiefferiella sp. ez} 62 Tanypodinae e Conchapelopia sp. wre 2T
45 | Orthocladiinae | ZZutofst Halocladius variabilis =9 vy 63 | Tanypodinae | % o} 3} Procladius choreus s BT
46 | Orthocladiinae | Z7Zuw-Fo}z} Hydrobaenus golovinensis 29 oA 64 Tanypodinae LamToln Procladius sp. T e
47 | Orthocladiinae | Z1Zmols} Hydrobaenus kondoi 25 vy 65 | Tanypodinae 7ozt | Rheopelopia joganflava = R

48 | Orthocladinae | ZZwolah Orthocladius chuzesextus =9 n3 66 | Tanypodinae | F7Zuwofz} Tanypus sp.

49 | Orthocladiinae | ZZuto}st Orthocladius glabripennis =9 A 67 ) o3k Tanypus punctipennis

50 | Orthocladiinae | Z17Zm-olst Orthocladius kanii 20wy

51 | Orthocladiinae | Z\Zutstofs} Orthocladius rivulorum =w o)A

52 | Orthocladiinae | ZZuh-ofs Orthocladius seonwui e AT

23}2 F 4 (Phylogenetic tree)&

Cricotopus sylvestris
Paratrichocladius tamaater
Cricotopus rrianmdatus

Parametriocnemus siylatus

Eukieferiella sp.

Ablasbesmyia longistvla

Ablabesmyia monilis

| sseopetopia s

Conchapelopia sp.

Procladius choreus

Tanypus puncitipennis
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B¢ 5 HE (%) ZA XIE g Z e 5 HIE (%)
Eurotatoria (21252 Filinidae (E.’KI-Ev—%) 65.37 st HA Bivalvia (O|OHI{ Z}) Cyrenidae 34.30
Insecta (252) 6.65 Pinopsida (R34 22 Pinaceae (A LS 2717
Cryptophyceae (2 H2 X Z) Cryptomonadaceae (3 & & 2 LtA D} 4.34 Magnoliopsida (52 %) Poaceae (Hi1t) 7.43
Chlorophyceae (5£2) Neochloridaceae (1| @ 2 22| At 356 Bacillariophyceae (& E'?:*) Naviculaceae 5.76
Bacillariophyceae (S22} Naviculaceae 3.40 Chlorophyceae (52X Neochloridaceae (4|22 22| A 3}) 4.98
Eurotatoria (F1-852) Filinidae (A X|- 8% 19.03 oy oty Gastropoda (£52) Melanopsidae 46.16
Magnoliopsida (2212 Poaceae (H ) 14.90 Bacillariophyceae (EZ%) Naviculaceae 18.51
Enoplea (R312) Actinolaimidae 11.89 Insecta (252) 1044
Chlorophyceae (52 Neochloridaceae (4| 2 2 22|21t 9.61 Magrnoliopsida (5 £12) Poaceae (411 b
Bacillariophyceae (£Z2) Naviculaceae 8.46 Ulvophyceae (ZTt2HZ) Ulvaceae 2.61
EVOE Insecta (252) Ephemeridas (1 =A10| 2 2323 HE Zd Bacillariophyceae (EZ%) Naviculaceae 35.29
Clitellata (2012 Naididae (|20 2) 18.60 Agaricomycetes (FSHA1Z) Agaricaceae (F&H 41t 13.31
Ostracoda (W5 2) Cyprididae 10.99 Eurotatoria (X852 Filinidae (&% 2%) 11.56
Chlorophyceae (5 x2) Neochloridaceae (1| @ 2 22| A1t 9.93 Chiorophycede (52 4f) Neochloridatens (42 2 =212 o) ot
Spirotrichea (4 22 Oxytrichidae 5.27
Actinopteri (Z201%) Carangidae (1 Z40|1t) 9.42
ik Dinophyceae (2HH 2 xZ) Kryptoperidiniaceae 32.96
Bacillariophyceae (£ 2 %) Naviculaceae 17.44
Chlorophyceae (5%2%) Neochloridaceae (4| 2 2 22|21t 13.69
Coscinodiscophyceae (i 22 Z) Aulacoseiraceae 12.34
Mediophyceae (3 C|22Z) Biddulphia 4.30
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Ece CAscTlins aguatices). {b). Nautilus romsiorn (Gurse s

= aa = in drinking swatesr . Cax
crista), (€)= Th lasvae o vimries o i cave water Jowuse { e on (Seutacus
decustris). (£ 15 <. L sosads . e L. NSicy T e
Table 1. Size range and occurrence of in drinking water in the P . Data base
= 1039 hydrant samplings with 100 um filtration.
S Sipe Rams Occurrence - 5 5 =
Antnal Cronpes muod en; Probabili (Positive e ain: (1072 (5075 =
Specian — (o Samples) And. m—*) and. m ) And. m %) and. m=2)
e —= ses 1003 P o 135 res
Water lotuse os-11 793 s2a 156 10 &1 sew
(Ascllees agreaticus)
Cave water louse 3
P Tt R 1-6 sporadic E™ s.0 10 34 so
Amspiripode
Freshiv e T 0465 2 20 1o oo 116 10
H *
Strmuliiad adules H = sporadic
= Tronomude. larvac =
eeenso Pavataytarsses grimomi il i s =% . A A3
CThironomide, adults,
larvae (Limmmopimes 2 sporadic
. rsarrsiatiee)
s & = s
e 0540 740 77s s0 10 o223 4723
Springtails (Collembola) 1s sporadic
Sreail=
Nautilus ramshorn 1= rare 2= & 1599
(Gurasdses crista)
Bladder snail (Plhv=cila T —
acreta)
Bryozoa
(Plumatella spec.) 20 raxe
~= in only one drinking water value, size range and mean size are based on the drinking water pipe populations.

- ing water

[ J Gunter Gunkel, Ute Michels and Michael Scheideler, Water Lice and Other
Macroinvertebrates in Drmkmg Water Pipes: Diversity, Abundance and Health Risk
2009-2018 of W EEE  AY|of , EME2T 59| J=2Y0A 100um ZE Y 1039 7§ HE =4
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Tiny Red Worms Shut Down An Oklahoma Town's Water
Supply

By Katie D
Via GNN |

3, 3:18pm EOT

Blood worms infest Oklahoma town's tap water

(August 29, 2013)

"THE CHLORINE WON'T KILL N
THEM, THE BLEACH WON'T KILL
THEM."

Blood worms tend to thrive in low-oxygen or heavily polluted water, where they burrow inside
mud. And unfortunately for officials in Colcord, the buggers are also extremely resilient. "The
chlorine won't kill them, the bleach won't kill them," Cody Gibby, the town's water
commissioner, told a local TV network. "You can take the worms out of the filter system and
put them in a straight cup of bleach and leave them in there for about four hours, and they
still won't die."

sliQ] 4=~=Z Ll Chironomid Z & Al USA (2/3)

; ; FHALAZE MarthavillA| £E4 §&497A4(2013.8)
EIALAZ Old River Winfree 24| CAT =T TET S ED
| AL0|A S2HA(2015.7) oro|#{0rS 400 O{F UUSH Y&HETEALE
Worms in the water in small Texas town Blood Worms Infest Small Kansas Town's Water Supply. A small, rural town in

southeast Kansas has been virtually shut down after discovering worms in their water
supply system. ... Blood worms — actually the larvae of the midge fly — are typically
small, ranging between half-an-inch to one inch in length. Auc 20, 2013

@ By Jeff Ehling

kotunews.weebly.com » main » blood-worms-infest-sm... v (201 3)
Blood Worms Infest Small Kansas Town's Water Supply ...

‘.

WORMS IN WATER INVESTIGATION

Gross! Worms flow from Texas town® |+
tap water as horrified residents
demand answers

x old a little red worms
floating in thei n Tueaday

By DAILYMAIL.CO! R
PUBLISHED: 19.45 Iy 2015 | UPDATED: 22:34 BST. 30 July 2015

7 TIETHetm
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E Printable version

Bloodworms found in water supply

B E-mail this to a friend

People in Oban have
complained to Scottish
Water after finding midge
larvae in their drinking

supply.

Americas
Asia-Pacific

Europe
Middle East

South Asia Cystomers claim abouttwoor |
_ three of the tiny organisms, up | N
England to 6mm long, are being found 4.
Northern Ireland in every glass of water,

The worm-like creatures are up to

nd :
Wa|esl The problem occurred aftera ~ 6mm in length

UK Roitis 13198 amount of the larvae
clogged a filter at the local
reservoir,

[ vt Larvae in water
Education

Magazine

G2 Leicestershire A|¥ Z4=(2005.9)

25071 &

8[B[C]

NEWS

News Front Page

LG )
Africa
Americas

Asia-Pacific

Europe

Middle East

South Asia

England|

Z £ 30,000 7}7go| m 5|

¥ I3 One-Minute World News

Last Updated: Tuesday,
B3 E-mail this to a friend

Water company fights worm problem

Severn Trent says it hopes it ;q\
will get rid of a midge larvae
infestation at one of its
treatment plants in
Leicestershire by this
weekend.

 September 2005, 19:55 GMT 20:55 UK
& Frintzble version

Many residents spotted the tiny
worm-like creatures in their
h hold water

Ireland
Scotland
Wales

UK Politics
Education
Magazine
Business
Health

Science &
Environment

Technology
Entertainment
Also in the news

Programmes
Have Your Say
In Pictures
Country Profiles
Special Reports.

{ELATED BBC SITES

> ¥
Lesley Gutteridge spotted the larvae in
o the baby's bath wate
The company said it had had LSRN

around 230 complaints - and admits 30,0000 homes across
the county may be affected.

An investigation is currently underway and employees are
doing all they can to flush the worms out.

So far Severn Trent is investigating reports from homes in the
south of the county, including Oadby, Wigston, Glenfield and
Leicester city centre.

Lesley Gutteridge, from
Braunstone, noticed the
creatures when she was bathing|
her 10-week-old son James. =

"I couldn't believe how many
were swimming around in the
bath... I noticed they were all in
our drinking water in our cups

and glasses. Officials say chironimids are not
e W wena e _ harmful to humans

77 Setiet

CHONNAM NATIONAL UNIVERSITY
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Chironomid larvae(Zwh7 %), Asellus(E & 7), Nais(E%] % o] ), Daphnia(EH =)
« HOtZ2|7HRand water) 277 U E 2H S0 Cit 7H0| =221 HIA|
Rand water('20}Z2|7h) §% 27 +H XpH| 2P 22| 7|F (Steynberg et al., 1996)
. Diptera T ~YFE
N AT 7 (AT As)
Recommended limit (#31) 1 70 /m? 20 7§ A /m3
Maximum permissible limit (3 th) 4 7} A /m3 100 714 /m?
Crisis limit ($]71) 7 74 m3 250 7| A /m?

NN

‘GYEONGSANG

NATIONAL
UNIVERSITY

sO

oy

KIv

4|

M Al(shenzhen city) EOFZ 2|7} ALE|(Steynberg et al., 1996) & =60 ZH2| H|A|
B3 MHA /5 28 T XM 2E 2| 7|FE (Wen-Chao et al., 2012)
7 ¥ % 2958 W
Recommended limit (A 31) 50 7)1 A /m3
ZupT 2
Maximum permissible limit (3 o) 200 7} A /m?
= .
Z2E vewin A 01K QI ZHIE € 27| = 7HM| =7t LEEFLEX] @200k 5F 11, G X €
HEZES 35 2 +F XMl 2F#2| 7| E(VEWIN, 2012)
T & Zut Q47 Hl a1
Recommendation (1) 50 7§ /m3 500 71 /m3 B FF wEl
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EUTROPHICATION
PROCESS

e O

Fertilizer

Causes of Algae Blooms & CiEANWATER FoND

Environmental /%
Conditions 4

« Abundant light =4 Tox ' C A LGA E
« High temperatures

« High pH levels B Lo o M

« Stagnant water

« Excess nutrients

Sources of Excess Nutrients

Agriculture: Industry: Urban Life:
Fertilizer runoff (nitrogen & Chemical discharge ~ Sewage and
phosphorus) and animal waste ~ and waste waste runoff

lﬁ”ﬁﬁm

L RS =

Climate Change
Climate change is increasing the frequency
and severity of blooms due to:

« Increases in water and air temperature
« Increases in droughts and flooding

« Changes in salinity

« Increased amount of CO2

« Sea level rise and coastal upswelling

_25_
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Part 1

Cyanotoxin (A|Of'cE4)

Gy Ndha

COH o

Adda J\/YN\H)k
°

o
NH
et Ala
HoCr, oy 4
?CN: o [} CHy 3
2 e NH cHy NH CH,
z o o,
CHy  CHy NH, huu .
© H, H,
o WL o %\
Leu
L Masp
g |

Microcystin-LR

A Homoanatoxin-a

MH=F

NH,

Hi /Y\N(C“;

\, CH,
W P oo
-F=o’ °
—_CHy o
H Anatoxin-a(s)
HN -0
H
Nodularin Lt 1 5=uu,
HNT N H
OH
i OH
a9 ..Hzlc Saxitoxin
NH,
'I‘ 1
& H,Njio,H
0,50 H Wi
F N
&
i N, YN’N HNTNH a
Cylindrospermopsin e 9 L-fi-¥-methylamino-L-alanine(L-BMAA)

Report in 2018

Total number

Reported of reports
cyanotoxins worldwide
MC 699

CYN 107

ATX 100

STX 93

UR 67

N/A 33

NOD 19

TOTAL 18

Partl  Cyanotoxin

Toxin Reference Doses

).
< » <—— Dioxin (0.000001 mg/kg-d)

<—— Microcystin LR (0.000003 mg/kg-d) I
| «<—— saxitoxin (0.000005 mg/kg-d) |
<«—— PCBs (0.00002 mg/kg-d)
I <—— Cylindrospermopsin (0.00003 mg/kg-d) I
<—— Methylmercury (0.0001 mg/kg-d)
[ «<—— Anatoxin-A (0.0005 mg/kg-d) |
<«—— DDT(0.0005 mg/kg-d)
<—— Selenium (0.0005 mg/kg-d)
<—— Botulinum toxin A (0.001 mg/kg-d)

<—— Alachlor (0.01 mg/kg-d)
<—— Cyanide (0.02mg/kg-d)
<—— Atrazine (0.04mg/kg-d)
<—— Fluoride (0.06 mg/kg-d)
<«—— Chlorine (0.1 mg/kg-d)
<—— Aluminum (1 mg/kg-d)
<—— Ethylene Glycol (2 mg/kg-d)

MODES OF TRANSMISSION

INGESTION
Consuming HAB contaminated
water, seafood, or algal supplements INHALATION
Breathing aerosols from HAB

contaminated water sources

Skin contact during recreational
activities in HAB contaminated water

RESPIRATORY

Inhalation of HAB toxins
may cause inflammation and
weaken walls of the lungs

HEPATIC

HAB toxins such as
microcystins may increase
liver inflammation and lipid
accumulation, pyroptosis of
hepatocytes, and promote
carcinogenic effects

GASTROINTESTINAL

Exposure to HAB
toxins may lead to
inflammation, cell

death and increased
risk for colorectal

cancer

NEURO

Some HAB toxins can cross the blood
brain barrier and target cholinergic
synapses or voltage-gated ion
channels, can damage neurons by
inducing oxidative stress and
inflammation

CARDIOVASCULAR

Exposure to HAB
toxins may lead to
cardiac inflammation
and fibrosis as well
as cardiac
hypertrophy

RENAL

Exposure to HAB toxins
induces oxidative stress,
inflammation and cell
death in renal cell types,
thus potentially leading to
decreased renal function
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Partl  OfO|3ZA|AEI (Microcystin)

=2 Health Impacts of Cyanotoxins

-
[

L ol

—_—

rx

Ve

ot

1%

M0

CLEAN WATER ACTION

6 CLEAN WATER FUND

Note: Not all cyanotoxins lead to all of these health impacts. These listed impacts are caused

o A O.I HA by microcystins or cylindrospermopsin, the two cyanotoxins that EPA has issued Health Advisories for.
» 300°C O| &0l 23
IN HUMANS IN PETS
Brain Body Symptoms:
| | %-.IEI_: 270—705— O | ‘Aol' Source: Ingestion Source: Contact, e.g. Vomiting
Symptoms: swimming Fatigue
olilidic Syniptos: Shortness of breath
« Incoherent speech « Irritation in eyes, nose, or N
- M C' L R M C' R R M C'YR « Drowsiness and throat Difficulty breathing
' ' « Loss of coordination « Blistering around the mouth Coughing
« Skin rash, including tingling, Convulsions
. :-A'I Respiratory System . E:\::Lng S UTAGES Liver failure
H Source: Inhalation « Muscle aches (from Respiratory paralysis leading to death
Symptoms: ingestion)
+ Dry cough Wsakness (from ingestion)
=P N ) HE [e]3 « Pneumonia :
° [==N" I:I7|, —|c>,__|'1§, EE'-le « Sore throat
« Shortness of breath Organs
« Loss of coordination ‘;D’-"‘f: Ingestion
ymptoms:
| DI_I-AO-I Digestive Syst « Kidney damage
IECAtuE Y e;“. o + Abnormal kidney function
Source: Ingestion, drinking e o mation)
contaminated water, or eating
e ZIH= ZIH | EH Ztot contaminated fish
Lo, - p = Symptoms: _~Nervous System
+ Abdominal pain Source: Ingestion
. - + Nausea Symptoms:
o J|EL H|, MABA|, MAlof Fok - Vomiting - Tingling
« Diarrhea « Burning
« Stomach cramps « Numbness

Part2 WHO microcystin 7}0| =29l

= Microcystins
« S82:12 ug/L (E21), 1 g/L (&71)
* 2i|X: 24 pg/L
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Part2  O|= Cyanotoxin

27 710|==tel

= 0|3 EPA & 2510|2F
* Microcystins
+ 0.3 pg/L (Ot3)
« 1.6 ug/L (4¢l)
= CtZ cyanotoxinkt FHE
* Anatoxin-a,

Cylindrospermopsin,

Saxitoxin

Oj= Z2[ZL|ot=

Recommended interim notification levels for three cyanotoxins

Notification level Peer-
Chemical recommendation Duration Health effect reviewed
(ng/L)’ study
Saxitoxins 0.6 1 day Neurotoxicity EFSA, 2009
. . Decline in Chen et al.
Microcystins 0.03 up to 3 months sperm number | R011
Cylindrospermopsin 0.3 up to 3 months | Liver damage %

' One microgram per liter (ug/L) is equal to one part per billion (ppb).
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Part 2 - =3 AK] 7
I1|'|:E-|-E7|F_'|:||J_-I'-

= =110 ppb (Mg/L)
= H|2: 10 ppb
=H|=: 5 ppb

= =2:1ppb

EIZEA|SHR

= Microcystin-LR: 1 ppb ¢ Heg £2

o

s
&

.

o Py — e
A,

f
J_LL L.,_L. -\

o

Part2  OlO|AZA|AEI QUAZ

Identifying
pathways of
exposure to

7
/

harmful toxins

Detecting algal

/ toxins in tissue

samples

Detecting algal
toxins in fish and

produce exposed
to HABs water

Assessing liver
disease risks

associated with
algal toxins

Way of exposure

Kind of exposure

Skin contact

Drinking water

Inhalation

Food consumption

Toxic scum or mat material
Raw water containing toxic blooms or free
toxins
Treated water containing toxic blooms or
free toxins
Accidental ingestion of toxic scum
Raw water containing toxic blooms or free
toxins
Treated water containing toxic blooms or
free toxins
Toxins during water-sports, showering or
work practices
Shellfish or finfish if containing toxins
Plant products if containing toxins

Haemodialysis

Using water containing free toxins
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United States
Environmen(al Protectio

Part 2

One Health Harmful Algal Bloom System

Percent of Ill Persons

See a doctor or vet if

CDC: HAB summary

14

EXPOSED?

Shower immediately.

symptoms occur.

SYMPTOMS OF EXPOSURE

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

% ¥ &R

Paralysis, Abdominal pain, Drooling, diarrhea,
respiratory diarrhea, liver and low energy, not - @
kidney damage, and i

vomiti

WHEN IN DOUBT, STAY OUT! ; @

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

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

&;OI—HABS 2019 Data Summary

ONE HEALTH

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 Bloom System (OHHABS).

2 cutof 5 o Livestack T 56%
died.
the ageof 18, e x

’ 819 sought madical care. Wit 0%
@ No deaths were reported.

Mest (59%) of the HAB-associated human

Most (81%) of the HAE-aszociated animal

307 illnesses were classified as suspected cases. illnesses were classified as probable cases.
257 14 states reported data for 2019
20+
242 Harmful Algal Bloom Events
15 63 Human lllnesses
367 Animal Illnesses
104
5 Harmful Algal Bloom Events Environmental Testing
3 outof & 88%
Freshwater HAB events m of HAB events were
0% 2'4 511 12417 18445 4664 65+  Missing DT werein fresh st B,
water. algal species, or both.
A . _’.‘.&_ Most (3'5%) Toxins were found
ge (in years) i HAB fvel?#d In hatt (53%)
hah eyents S e of HAB events.

peaked in August.  as confirmed events.
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Part2  Gastrointestinal and generalized were the most frequently

reported types of sighs and symptoms for persons who
became ill during 2019

Dermatologic
Ear/Nose/Throat
Cardiopulmonary
Neurologic

Ophthalmologic

Human Sign/Symptom Classification

Other

S b 5 D B do B d 45 0 55 60 65

Total algae prevention & treatment
costs across 85 locations:

$1,158,245,000 costs, almost
“This

enormous sum $ z 8 9
is just a drop ° °
million,

in the bucket
i S of what algae

was spent by

Americans.” 12 cities on

—Anne Weir Schechinger,

property values, Outbreaks
EWG senior economic analyst drinking W at e r
freatment.

25% of the total

tourism, commercial

fishing & wildlife: are COSting

billions

more
every year
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Part 2

Impacts of Cyanotoxins on Drinking Water Systems

Increasingly, water systems are monitoring for and addressing cyanotoxins and the algal growth that can cause their
formation. Some cyanotoxins are on EPA’s list of drinking water contaminants of concern. In 2016, EPA published
"Health Advisories" for two cyanotoxins.

WATER SOURCE —> DRINKING WATER SYSTEM ——> DRINKING WATER

Source water
indicators for
cyanobacteria:

« Isit affected by drought?

« Are the odors and colors off?

« Does the water stratify
thermally?

« Isthere an algae growth?
« Is the water stagnant?

as

How to prepare and monitor for
blooms:
+ Initiate more frequent and specific monitoring

« Draw water from multiple depths and
locations

+ Adjust treatment to specifically remove and
destroy cyanobacteria and cyanotoxins

Effects of cyanotoxins on water

treatment:

« Treatment for cyanobacteria can increase
production of harmful byproducts if
cyanotoxins are present in the bacteria

« Treatment selection is context-specific and
can be difficult to determine

If left

untreated,

cyanotoxins

can lead to:

« Off tastes and odors
in the water; not necessarily
a health threat if present

« Public health threats

« Increase in water rates due to
additional treatment costs

) CLEAN WATER ACTION
9 CLEAN WATER FUND

O|= Cyanotoxin
284 Jjo|=ztel

== B

» 0|3 EPA % 23510|2F
* Microcystins
+ 0.3 pg/L (0t3)
+ 1.6 pug/L (82
= C}Z cyanotoxint ZX%t
* Anatoxin-a,

Cylindrospermopsin,

Saxitoxin

Public Health Advisory
posted affecting PWS

Test raw water weekly
for assoclated toxins

Visual signs of a
bloom present

Test water body for
algae ID/enumeration

Toxins detected in
raw water

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

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.

* 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.

— __m
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Part2  Toledo Water Crisis

= X[ 0= S 2A

DEVELOPING THIS MORNING
OHIO WATER CRISIS: 400,000 PEOPLE

Part2  Guideline
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Part 2

Guideline

SORAlE 2

« MC-LR (%2|42h
« MCs (270 0§ &)
- 02

—

ZSsl 5

[ = =

H2|=7IE2 total MCs

Part 2

TEEESE

=78 212 O+ 3%

&= (ppb) 8= (ppb)

o| X
o

bNJ

Py, 0.438 0.226
= 0.405 0.281
Su 1.388 0.268
» LA == H AR
- O SHE
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=421 OEHHA  USEPA 64 O]9 7|& p - OEHHA  USEPA 64 O]ut 7|1 =
A AA A& AA]
(ug/L,ppb) (0.03ppb) HI¥. (0.3 ppb)H] 2 (ug/L.ppb) (0.03ppb)H|Z (0.3 ppb)H]Z
Rkt oglz  TEWA UM & U AL D 0729  FEWA Y = s
FAk ARt 08.12 ZEGHA o]g = A RS E 07.29 &G} o} - _
Sty
HAb A 08.12 0.061 2.038f 20.3% A opat g 08.19 AHES) o) _
R s
24 g 08l2  TEW Ol = = Aok Akl 08.04  mEW O = .
b sienT 08.12 ZETA ot 2 = it 2E3 07.30 0.064 2.134 21.3%
B AEN D 08.25 ZAE8H]) o9t - - 5+ 08.08 0.051 178} 17%
SRSl 08.12 ZEA ot 2 = g 2EL A 07.30 AEEHA o]t - =
28 = 08.13 0.056 1.86H) 18.6% =g 07.14 AE5H) 0]% -
2 T AT A 07.29 0.175 5.838] 58.3% oM stae 08.05 AZ3517) o9 = -
A e B 07.29 ZE§A oet = = ALt O 07.14 =l o =
s
A Flsf4L C 07.29 0.092 3.06HR 30.6% AFA GEE 08.06 HE3] o) = =
Partz  BAMuMH. FLISA vs. LC-MS/MS
(L o - .
100000
- —— ELISA 100
% — {MC-ADDA)
= ® NMR
E & LC-MS/MS - @® LC/MS
'% 1000 MMPB 27
- >
c g o —
[1] e *® - . .
g m — LC-UV 9 ® HPLC W Biological and
o = 50 ) .
[ [] biochemical
5 2]
‘é. >+ LC-MS scan ® Physico-chemical
TLC
2 25
g 1 g EUSA W
= - LG-MS/MS -
12 variants B Bioassay pPA H
01
0
ug ng P9

* LC-UV data presented does not include false- gh io

positives that were eliminated from total (Based on sl ——
lack of confirmation with LC-MS methods). Protection Agency
Sample # 14 was non-detect using LC-UV.

Sensitivity
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Part2  oqal| |a} 2A=20| 00|32 A|AE]

s HES AELAYS
o T, H26EH|38 & T™HE=E22|H, H5EN|48

= Microcystin-LR

< 13| [HE7| (A, 181/F~32]/F (ZREE LFA)

e

o B 2 A 1El/F

ox

Al BHA EE Al 22]/3

° 1

FA

2C

=

LA T 2 Al 3=/

Part2  oq|) lal A=20| Ol0|I R A|AE]

= Microcystin-LR 7|& =1 ppb

MC-LR=0.5
MC-RR = 0.3
MC-LA = 0.1 7| =X| 0|42 0|3}?
MC-YR = 0.2

MC-LY =0.3
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Recreational
Water Quality
Criteria

Swimming
Advisory

1in 10-day
assessment
period across a
recreational
season

One day

More than 3
excursions in a
recreational season,
not to be exceeded in
more than one year®

Not to be exceeded

1in 10-day
assessment
period across a
recreational
season

One day

More than 3
excursions in a

recreational season,

not to be exceeded
in more than one
year®

Not to be exceeded

« HARMFUL

TED
BLOOM (HAB) !

Have fun on the water, but know that
blue-green algae are in many Ohio

_ lakes. Their twgin!may be, too.

Be Alert! Avoid water that:

« looks like spilled paint

* has surface scums, mats or films

« is discolored or has colored streaks

« has green globs floating below the surface

For more informatigm visit
hioalgaeinfo.com
‘or call 1-866-644-6224.
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Part 2

International Recreational Water Guideline or Action
Levels for Cyanobacteria and Microcystins

Jurisdiction Lowest Recreational Water Guideline/Action Level

Australia microcystins (total): > 10 pg/L
or Microcystis aeruginosa (total): > 500 to < 5,000 cells/mL
or cyanobacteria (total): > 0.4 to < 4 mm3/L
(where a known toxin producer is dominant in the total biovolume)
or total biovolume of all cyanobacterial material > 10 mm3/L (where known toxins are not present)

Canada microcystins (total): > 20 ug/L (expressed as microcystin LR)
or cyanobacteria (total): 100,000 cells/mL
Cuba cyanobacteria: > 1 of the species known as potentially toxic
or phytoplankton cells: > 20,000 - to < 100,000 cells/mL, > 50 percent of cells cyanobacteria
Czech cells: > 20,000 cells/mL
Republic
Denmark chlorophyll a: > 50 pg/L, dominated by cyanobacteria

or visible surface scum

European Union appropriate monitoring must be implemented if there is a risk of proliferation of algae.
Member state authorities responsible must take management measures and provide information immediately if a
proliferation of cyanobacteria (or blue algae) occurs.

Finland algae (includes cyanobacteria): detected

France microcystins: > 25 ug/L
or cyanobacteria: > 20,000 to < 100,000 cells/mL (+ 20 percent)

Part 2

International Recreational Water Guideline or Action
Levels for Cyanobacteria and Microcystins

Jurisdiction Lowest Recreational Water Guideline/Action Level

Germany Secchi Disk reading > 1 m and (microcystins): = 10 ug/L
or chlorophyll a (with dominance by cyanobacteria): = 40 pg/L
or biovolume: > 1 mm3/L)

Hungary microcystins: > 4 to < 10 pg/L
or cell count: > 20,000 to < 50,000 cells/mL
or chlorophyll a (with dominance by cyanobacteria): > 10 to < 25 pg/L

Italy microcystin-LR: > 20 pg/L equivalents
or cyanobacterial cell count for cyanotoxin-producing species other
than those that produce microcystins (e.g., cylindrospermopsin) > 100,000 cells/mL (+ 20 percent)
or transparency < 1 m and total phosphorus > 20 pg/L and total
cyanobacterial cell count > 2,000 to = 20,000 cells/mL (+ 20 percent)
or transparency =1 m and total phosphorus > 20 pg/L and total
cyanobacterial cell count = 2,000 cells/mL

Netherlands chlorophyll a: >12.5 to < 75 pg/L
or biovolume (cyanobacterial cell count): > 2.5 to <15 mm3/L
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Part2  International Recreational Water Guideline or Action

Levels for Cyanobacteria and Microcystins

Jurisdiction

Lowest Recreational Water Guideline/Action Level

New Zealand microcystins (total): = 12 pg/L
or cyanobacteria (benthic: 20 - 50 percent coverage of potentially toxigenic cyanobacteria attached to substrate
or cyanobacteria (total): > 0.5 to < 18 mm?3/L
(biovolume equivalent of potentially toxic cyanobacteria)
or cyanobacteria (total): > 0.5 to < 10 mm?3/L
(biovolume equivalent of the combined total of all cyanobacteria)
Poland visible blooms
Scotland chlorophyll a: = 10 pg/L with dominance of cyanobacteria
or cyanobacteria: = 20,000 cells/mL
Spain cyanobacteria proliferation potential (low)
Turkey microcystin-LR: > 25 pg/L equivalents
or cells: > 20,000 to 100,000 cells/mL
World Health cyanobacteria: 20,000 cells/mL
Organization or chlorophyll a: 10 pg/L
(WHO) (approximately 2-4 pg microcystins/L, assuming cyanobacteria dominance)

Part 3

2|2t 22| 20214 7~8E Microcystin S

4sz-33

» P MC &%= (ppb, ug/L) MC 5%
e 7/28 7/30 5/4 3/6 8/11 8/13 =4 Ha BE] =
1 [ 138 4 139.31 157.89 | 238.01 0.27 17017 | AMER 141.13 0.27 238.01 'I'.I?l. EAI' xlg ¥ am
2 |otd S¢A] 22 228.91 20.58 5.63 714.97 40.84 odE 202.19 5.63 71497
3 [0z 22 111.39 65.60 2941 5.00 24646 | 154.11 102.00 5.00 246.46
1 [E=NE O 28.46 23.76 88.88 3.48 11798 | 982.41 207.49 3.48 982.41
5 [o]x=7A o - - MER - 972.68 - 972.68
[ e 428.92 | 20L.15 3039 | 491439 | MER 886.88 1292.35 30.39 | 4914.39
7 [N A EiE] 23z | 23E 3= | BFE | 2F= -
8 | 1% H=lE = - 1.08 - - - - 1.08
EREEE 0.21 0.60 1.00 - - - 0.60 0.21 1.00
10 [FEFEE A4s 1.19 1.26 1.07 555.68 4.90 1.23 94.22 1.07 555.68
1| AEees s 774.54 362.49 | 1200.98 | 4226.41 | 272,53 6.77 1140.62 6.77 4226.41 FOIL YR e
12 | 2= 32a & 682.01 8.20 1555.32 | 80.55 0.24 657.36 497.28 0.24 | 1555.32 P " 632.87 |
1562.10m HURHA ¥ o
Frevenes L7807
7 TR S | WC ST (o) 7 A I WC 5T o) 1500 e S
13 [ 553 &7 off 8/12 0.62 24 |GAIEE FRETEE APAE) 8/17 Er Ol% HiE| H8Z 010 e
1 A 8/9 2.23 2362.43m e L
14| 372 ¥R 8/12 2091 25 | ZNFeY o s//n 8.25 £514,300
15 [ A% WAy 8/12 5.84 26 | 2otk deelgas AR o 8/17 352 RIS 8800
16 | gthg ak= 8/12 25 dAd 27 |EZFSA o 8/17 8.17 565.68:m
17 | 3oj8 A= 8/12 632.87 28 |(23) 85493 ¢ 8/12 1509.17 e
18| pHiclmeies Aenre) | B/17 EEE 29 [(27) g=rd 2a~s]a 57 8/12 1562.10 422641, |
I s e -3 8/12 60.07 30 | (27) o% uis Hag o 8/12 2362.43 e
20 [A2E ¥F 8/12 AMER 31 | (E4) A=g35 & 8/12 MEZ 1555*3“
21 | dFoimiEkEe Aearg) | 8/11 0.11 32 |(=7) ZRAEREAIR & 8/12 &7
22 | EAE SR o 8/11 35.30
23 | mEReT o 8/11 435.50 44 313 ()

OIO[ZZAAB(MCS, ppb)
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Part3  2g|Ljz} Zte| 20224 7~8E Cyanotoxins ST

anoto:
gl 2AIAT otE4l BMAA

573 RS AR 1434 B ot 73 ot 3R o)t
AER] Sl STTHARY) 249 B ot 733 ot 3R o)t
ohEAAE L) 1,024 BFA o BEA o BEEA o
i34 AlsHeeh 7.9 B o 3 ot 3R o)t
iR AR 8.0 B ot 73 ot 3R o)t ano
SRR ARD 32 B o BEIA o BEEA o
EZHPT AL 6.1 B o 73 ot 3R o)t Ofo| 22AIAH OFLHEA AHEZAHTH BMAA
Foru ARSI 5.4 ggeA o e ojgt A o AFLEER] T SHEHERH 5.0 0.66 0.173 e
AN AW 838 YA oz e g e oje raagEY o0l 13 033 = -
FrofdAERD 394 BFA o BEeA o BEEA o Ste (20 48 033 _ _
FERAnEE =Y D) 2,585 B o 73 ot 3R o)t
S5 =2 (3h 388 B ot 73 ot 3R o)t AN ARW 21 040 - -
CEoran 3922 Regop ojgr 0.29 Hs ojo A foldAHERY 2.4 0.55 - 38
2 E HAR(ERY 284 A o 0.41 3R o T8 AR == E®Y) L9 039 = =
EUEDE ) 338 A ojg e o)z AU o2 THZ = EY UL 2.0 0.82 - =
Tj2 AR FHH(SSH &, BIEA ol 026 BEA ol FHL = EY 2(99H) 4.0 0.76 0.327 232

B BT ol 013 BIANY et s aue) 26 0.7 o.115 3247
SR SHHRH) 307 B o 0.21 3R o)t
AZgEBUEY 28 R ol 011 ms o OEAd HEE . 0.38 - -
BT A HERD 245 Aegat njg 026 AexatA) oo ATE PETd 2.2 0.61 - -
SR 235 FAE (R 40 3R o 733 ot A o ATE AR 0.9 0.25 = s
SR BRI 9.4 B o 73 ot 3R o)t
CES=RTE T 12 3.945 e o B o
Tt 126 - - -
PSR NS 199 - - -
TR ER M = = 3R o)t
W2 5.079 = = EEA o
T g ARE MEZE - - B o)t
Pt eprE2 141 - - B o)t
P AT HAT 506 - - -
s B PN 10.6 - - 1.116
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Part 3

SA=0ll

Table 4 (Continued)

Toxin in irrigation water Toxin
concentration in
Type of fresh Irrigation Concentration samples (ug/g
° 1 0 L: I‘l 0:| produce source Type (ug/L) Tissue of vegetables) Reference
re L 7 5 2 = E =
Rice (Oryza sativa) Aphanizomienon Cylindro- e} Roots 14 Chen et al. 2004,
ovalisporum spermopsin Prieto et al. 2011
. Aé," EXTACtS Leaves 12.5
Dianchi Lake MCs 120 Seedling 2.94 + 055100
. = (China) 600 5.12 £ 045/10°
o - 3
3,000 5.40 £ 0.85/10°
ol Soya bean (Glycine Lake Miiggelsee MCs 5 Roots 0.010-0.027 Peuthert et al. 2007
= max L. Merill) (Germany)
Sugar pea (Pirnm Lake Miiggelsee MCs 5 Roots 0.25-042 Peuthert et al. 2007
o AlX SAHTUNE VAT, (Germany)
o Sacchararum)
Wheat (Triticum Migrocystis bloom | MCs 500 Roots 0.18 Saqrane et al. 2009
o AT} : . -
A Ll duriumi) 1,050 7
4,200 26.66
« LAA 4,200 Stems
=T T
4,200 Leaves
. ]II_A E‘l Wheat (Triticum Lake Miiggelsee MCs 5 Roots 0.028-0.13 Peuthert et al. 2007
= aestivum L.) bloom
(Germany)
o 7|E} White clover Lake Hakanoa | MGs 2,100 Roots 159 Crush ecal. 2008
(Trifolium repens (New Zealand)
cv. Grasslands
Kopu)
=) —|E°" |HEe T2
Table 4 Cyanotoxins found in fresh produce Table 4 (Continued)
Toxin in irrigation water Toxin “Toxin in irrigation water Toxin
T concentration in
Type of fresh P (o i Type of fresh Irrigation Concentration sumples (ug/g
produce source Type (ug/L) Tissue | of vegetables) Reference i source Type (ug/) Tissue | of vegerables) Reference
Alfalfa (Medicago Lake Muggelsee | Microcystns| 3 Roots 0.125 Peuthert et al. 2007 Water conuining | MCs Not Cemral | 2487 + 92
satioaL) (Germany) Wice cyanobacteria mentcioned | leaves
Arugala Groundwater MCs Varied Leaves | 018 ‘Mohamed & Al "L“"' B3 £ 1
(Saudi Arabia) Shehri 2000 Sl
RogE; |08 Basal %0
Cabbage Groundwater MCs Varied Lewves | 022 Mohamed & Al leaves
(Saudi Arabia) Hoks 03 Shehri 2000 Groundwater MCs Varied Leaves 0.12
Chick pea (Cicer Lake Milggelsee | MCs 5 Roos | 02 Peuthert et al. 2007 (Saudi Arabiz) Roots 0.17
arietinim) (Germany) Apple tree (Malus Dianchi Lake MCs 30 Shoots 1620 £+ 0.73 Chen et al. 2010
French bean Lake Miggelsee | MCs 5 Roots 0.30-050 Peuthert et al. 2007 puamila) C 300 27.50 + 3.54
(Phascolus valgaris) | (Germany) 3.000 25 L 5.6
Greenpea (Pimm | Lake Lalla MCs Roos | 024 Deuthert et al. 2007, T s L 422
sativun) Takerkoust 623 Saqrane et al. 2009 i FETTIEECTT,
(¥ioedcoo) 190.85 1000 51023 % (4110
Stem 088 Maize (Zea mays) Lake Lalla MCs 1,050 Roots 7.55 Peuthert et al. 2007,
79.19 Takerkoust 4200 18.71 Saqrane et al. 2009
Leaves 041 (Morocco) 1,050 Stem 129
552 1200 7.65
156.8 1,050 Leaves 101
Lake Miggelsee | MCs 5 Roos | 025048 3200 582
(Germany) Lake Miggelsee MCs 5 Roots 0.03-0.05
Lentil (Lens Lake Lalla MCs Roots Peuthert et al. 2007, (Germany)
esculenta) Takerkouse Saqrane et al. 2009 Parsely Groundwater MCs Varied Leaves 0.25 Mohamed & Al
(Morocco) (Saudi Arabia) Roots. 03 Shehri 2009
Seem Perennial ryegrass | Lake Hakanoa | MCs 2,100 Roos 0.150.03 Crush et al. 2008
(Lalium: perenne cv (New Zealand)
T Grasslands
caves C
Samson)
Radish Groundwater MCs Varied Leaves 023 Mohamed & Al
< (Saudi Arabi) R o Shehri 2000
Lake Miggelsee | MCs 5 Roots 0.14-0.26 i !
(Germany) Rape (Brasica Lake Hakanoa | MCs 2,100 Roots 0.12-0.14 Chen ecal. 2004,
Lettuce Extraction from | MCs 0.62 Leaves 831 + 02 “odd et al. 1999, mp L (ew;gealand) = _ o Al
e - e Crush ecal. 2008, Dianchi Lake MCs 2% Seedling | 2461 % 032/10
aeruginosa Hereman & (China)
168163 ] Nondetected
L7t Olliveira 2012, 120 832 = LS8/100
Lake Haknoa | MCs Shoots | 0.79 e i 400 T
(New Zealand) Roos | 078 Shehri 2009 19.19/10°
0139 3,000 65100 +
100 0.18 78.71/10°
(Continued) (Continued)
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ELSEVIER

Full length article

Multimedia distributions, bioaccumulation, and
trophic transfer of microcystins in the Geum
River Estuary, Korea: Application of compound-
specific isotope analysis of amino acids

Dokyun Kim 2 Seongjin Hong ® 2 B, Hyuntae Chai 2, Bohyung Chai ® ¢ Jaeseong Kim % Jong Seong Khim %,

Hodong Park | Kyung-Hoon Shin* 2 &

Show more

+ Addto Mendeley o2 Share 95 Cite

Marine organisms

Polychaeta Neanthes sp.
Fish Larimichthys sp.

Geum River Estuary

Latitude

126°25'E

Concentrations of MCs
(Log ng g dw)

——

E-S

w

o ‘
: MS uglkg &8/

126°35'E 126°45'E
Longitude

O‘Q \p\< 0.005

0

p) 3
Trophic position-AAs
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Part 4

in Source Water

Water Treatment Decision-tree for Cyanotoxins Detected

Part 4 }-1%70:' Ex.“

o RUMIERF: Microcystis, Synechococcus,
Pseudanabaena, Dolichospermurm, Anabaena,
Planktothrix, Cyanobium, Leptolyngbya,
Sphaerospermopsis, Nostoc

o QEXE meyE >>>>> meyA

SNEF AYUIIE UE

Number of HAB Events

Microcystis | Ol
Pseudo-nitzschia

Other

Aphanizomenon

Lyngbya
Oscillatoria

Genus/Order

Anabaenopsis

Gymnodiniales
Phormidium [l
Planktothrix [l

Cyanobacterial toxin

=]
Anabaena

7]

E—i|

==

n

1]

W Cyanobacteria
@ Diatom

M Dinoflagellate

|
i
I K16131
|
i
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Part4 EI Purpose of 'En:l W, e Acc?ss Semele freateney
EL E redtire ater effort reauired type Humber of of
[=] monitoring from body type ) for i samples® i
. St " {method) sampling’
Dizcrate
Supply sample at
Resaervoirs & offtake and offtake depth
pubu_c health lakes Open water and Both offtake
!-'l]I'Ye}JlE.TlCE of by boat integrated location and Weekly or
o« Kj=X|1H wontesn | - |
TAMNT ciece servie M-t e
Rivers and by boat: Integrated
weir pools from bridge depth
or weir
Supply Discrete
cfftake sample at
Public health Reservoirs & location offtake depth
surveillance of lakes andsor Open and/or
supplies: bulk High Moderate wmbzrmby ml;:::z@d Multiple sites :m
water
W@“ n Mid-stream
service Rivers and by boat: Integrated
weir pools from bridge depth
or weir
Reservoirs & Shoreline Surface
lakes Sample
Public health
surveillance of
racreational i
water bodies —— Weekly or
Moderate Low number of B
& Rivers and . Surface B fortnightly
) River bank sites
non-potable Weir pools Sampla
domestic
supplies
Part 4 01IE
- 82 1=
Lake Erie

BRRHLEFMES, cells/mL) o ()
3 Xy
20220711 20220718 20220725 v uy 20220802 20220803 20220804 20220805
ol
was(E) 100 0 7
2 Fa 248 128 27
Of Ay 38 20 o
EILE 278 105 0
o 14953 29361 42608 22
gy 20342 28096 o116 2y
N 105871 82321 43913 24
us2
£3-02| 7961 144450 a1
816 1260 £
m 2040
9 0 216

= CHAE ey

0424 : <1,000

16H7: 1,000~ <10,000

26421: 10,000~ <100,000

36424 100,000~ <1,000,000

20220806

20220807 20220808

10

Predicted bloom severity
data to 2022-05-15

Heidelberg Univ.
NOAA:

NOS/NCCOS
NWS/OHRFC

N
o
o
N

2003
2004
2005
2006
2007

2008
2009
2010

2011
2012

2013

2014
2015
2016

2017
2018
2019

2020

2021
2022
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