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H
arm

ful A
lgal B

loom
s (H

A
B

s) 

�
H

A
Bs exact a cost of approxim

ately $2.2B annually in the U
S, including costs 

associated w
ith restricted use of recreational w

aters, declining w
aterfront real estate 

value, spending on recovery of biodiversity, and drinking w
ater treatm

ent. 

�
W

ide variety of taxa can produce bloom
s 

�
Typically detrim

ental to the aquatic system
 and can be harm

ful to hum
ans and land 

anim
als (contact and consum

ption) 

�
Bloom

s are dependent on num
erous factors, including nutrient loading, tem

perature, 
w

ater flow
 and w

eather patterns 
  



M
icrocystin Toxin P

roducers 

M
icrocystis 

O
scillatoria 

N
ostoc 

A
nabaenopsis 

A
phanocapsa 

H
aplosiphon  

P
seudanabaena   

Synechocystis    

Synechococcus   
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Possible H
ealth E

ffects 

�
D

rinking/Sw
allow

ing H
A

Bs-C
ontam

inated W
ater 

�
Severe diarrhea and vom

iting 

�
Liver toxicity (abnorm

al liver function, abdom
inal pain) 

�
K

idney toxicity 

�
N

eurotoxicity (w
eakness, salivation, tingly fingers, num

bness, dizziness) 

�
D

ifficulty breathing 

�
D

eath 

�
Skin C

ontact w
ith H

A
Bs-C

ontam
inated W

ater 
�

R
ashes 

�
H

ives 

�
Skin blisters 



O
hio In 2013 and 2014 

�
C

elina (population 10,400) 
Sum

m
er 2013:  > 100 µg/L total m

icrocystins 
and nodularin in treatm

ent plant influent 
 

�
C

arroll Tow
nship         

(population 2,000) 
Septem

ber 4, 2013 = 1.4 ug/L 
Septem

ber 5, 2013 = 3.6 ug/L  
Sw

itched to em
ergency connection w

ith 
O

ttaw
a C

ounty 
Began flushing distribution system

 
O

hio EPA
·V fiUVW ́D

o N
ot D

rinkµ advisory 
issued due to m

icrocystin 
O

n A
dvisory 48 H

ours 
  

5 

 

�
Toledo (population ~500,000) 

Septem
ber 2013:  D

etectable, but < 1 µg/L toxin in finished w
ater 

A
ugust 2014:  >1 µg/L total m

icrocystins and nodularin in finished w
ater,  

O
hio EPA

 ́D
o N

ot D
rinkµ advisory 

 



Source: O
hio R

iver Sanitation C
om

m
ission 

2015 O
hio R

iver B
loom

 

�
A

pproxim
ate 

D
ates:   

 
A

ugust 19
th through 

 
O

ctober 29
th, 2015 

 
�

M
ain C

ontributor: 
 

M
icrocystis 

 
aerugenosa  

 

�
3x10

7 cells/m
l  

 
1x10

5 typically 
 

referenced as level 
 

for w
ater im

pairm
ent  

 
�

N
um

erous 
recreational w

ater 
advisories 

  



21 states have recreational w
ater guidelines for harm

ful algae bloom
s 

T
hree states (M

N
, O

H
, and O

R
) have im

plem
ented standards or guidelines 

that apply to cyanotoxins in drinking w
ater 

EPA
·V O

ffice of W
aWeU haV UeleaVed iWV H

ealWh A
dYiVoU\ LeYel foU 

m
icrocystin-LR

 and cylindrosperm
opsin 

7 

C
urrent R

egulations/G
uidance 

EPA
·V infoUm

aWional Z
ebpage 

http://w
w

w
2.epa.gov/nutrient-policy-data/cyanobacterial-harm

ful-algal-bloom
s-

cyanohabs   



±
O

H
 

�
µD

o noW D
Uinkµ A

dYiVoUieVµ 
±

0.3 ȝg/L Tot-M
YC

 C
hild < 6 yr &

 Sensitive Pop 
±

1.6 ug/L Tot-M
YC

 C
hild > 6yr &

 A
dults 

 
�

´D
o N

oW U
Veµ A

dYiVoU\ 
±

20 ug/L 

 

�
H

ealth A
dvisory Level for m

icrocystin-LR
 

 
D

rinking W
ater H

ealth A
dvisory for the C

yanobacterial M
icrocystin Toxins  

±
0.3 ȝg/L 10-D

ay Infants/Young C
hildren 

±
1.6 ȝg/L 10-D

ay A
dults 

�
T

he H
arm

ful A
lgal Bloom

 and H
ypoxia R

esearch and C
ontrol A

m
endm

ents A
ct of 2014  

±
D

elegates prim
ary responsibility to N

O
A

A
 in advancing the scientific understanding and ability to 

detect, m
onitor, assess, and predict H

A
B and hypoxia events in m

arine and freshw
ater 
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C
urrent R

egulations/G
uidance 

�
Safe D

rinking W
ater A

ct 
±

C
ontam

inant C
andidate List 4 (draft) includes cyanotoxins 

�
M

icrocystin-LR
  

±
U

nregulated C
ontam

inant M
onitoring R

ule (2018-2020) 
�

U
S EPA

 M
ethod 544 

±
M

N
 0.04 ȝg/L  as M

Y
C

-LR
 

±
O

R
 1.0 ȝg/L as M

Y
C

-LR
 

�
State H

ealth A
dvisory Levels 



Lake E
rie and the O

hio R
iver are M

ajor 
D

rinking W
ater Sources 

29 O
hio and 2 M

ichigan com
m

unities 
intake w

ater directly from
 Lake Erie 

(W
estern and C

entral Basins) 

9 

Subsequent com
m

unities purchase either treated 
or untreated w

ater from
 these prim

ary D
W

T
Ps 

and m
ay subject the w

ater to further treatm
ent 

T
he O

hio R
iver is a m

ajor 
source of drinking w

ater 
along its entire reach 
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Source W
ater Im

pacts on D
rinking 

W
ater 

�
Excessive nitrogen and phosphorous levels can cause harm

ful algal bloom
s 

�
A

griculture (non-point source) is often the largest contributor of nitrogen load into 
w

aterw
ays 

�
Forecasting is difficult because algal/cyanobacteria strains bloom

 under 
different conditions at different tim

es 
�

A
dditionally, an algal bloom

 m
ay not necessarily produce toxins 

    
 P

roblem
s facing the drinking w

ater industry: 

A
lgal bloom

s put pressure on drinking w
ater facilities, requiring: 

-
Im

m
ediate operational changes (i.e. PA

C
 addition) can be 

costly and effectiveness not w
ell understood 

-
Possible shut-off of services 

-
C

ostly facility upgrades 



11 

Source W
ater Im

pacts on D
rinking 

W
ater 

�
A

n increase in the presence of taste and odor due to M
IB and geosm

in, 
both of w

hich can be produced concurrently w
ith M

Y
C

s  
�

Increase in pH
, especially during sunlight hours 

�
Increase in turbidity 

�
D

ecrease in filter run tim
es 

�
Increase in chlorine dem

and or decrease in chlorine residual 
�

Increase in disinfection by-products 

Possible Indicators of H
A

B
s: 

Possible Surrogate M
easures of H

A
B

s: 

�
C

hlorophyll-a 
�

Phytocyanin  
�

M
IB and G

eosm
in 

 
  

 



Lake E
rie B

loom
s 2014 vs. 2015                 

- Toxic vs. N
on-Toxic P

roducing B
loom

s 

12 

A
ugust 2014 

S
ource: N

O
A

A
/N

A
S

A
 

C
hl-a Index 

C
hl-A 

Index 
A

ugust 2015 

C
hl-a Index 



Seasonal B
loom

 D
ynam

ics 
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A
pr  

M
ay  

Jun  
Jul  

A
ug  

S
ep  

O
ct  

N
ov  

Chlorophyll (Pg/L)

0 10 20 30 40 50 60 70 80 90

100

110

0 10 20 30 40 50 60 70 80 90 100

110
P

lant 2:  2013 bloom
 season

P
lant 2:  2014 bloom

 season 

�
Peak of a bloom

 season does not necessarily occur at the 
sam

e tim
e in a given year 

�
T

here m
ay be m

ore than one m
ajor bloom

 event 

C
redit: N

ick D
ugan U

SEPA
 



M
icrocystin Toxin V

ariants 

14 

�
M

Y
C

s are heptapeptides 
�

Varying strains produce different toxins 
at different rates and quantities 

�
Exist in m

ultiple variants  
 

 
94+ know

n m
icrocystin variants 

 
 

Significant differences in hydrophobicity  

 
 

and pK
a 

 
 

Species can be m
ulti-charged  

V
ariants differ in potency 

E
stim

ated cytotoxic IC
50  values 

Shim
izu, Kum

iko, et al. Toxins 6.1 (2013): 168-179. 

O
H

N
H O

N

CO
O

H

O

N

C
H

2 O

N
H

O
N H

O

N H

O

N
H O

CO
O

H

N
H

N
H

2

N
H

All M
YCs include the ADDA (3-am

ino-9-m
ethoxy-2, 6, 8-trim

ethyl-10-phenyl-
4(E), 6(E)-decadienoic acid, red) and m

ethyldehydroalanine (M
DHA, purple) 

m
odified am

ino acids. Leucine (green) and arginine (blue) residues are sites 
of structural diversity, referred to as positions X and Z, respectively.  

M
icrocystin-LR  



N
on-Targeted A

nalysis 
�

Enzym
e Linked Im

m
unosorbent A

ssay 
(ELISA

) 

�
Protein Phosphatase Inhibition A

ssay 
(PPIA

) 

�
Liquid C

hrom
atography - Photodiode 

A
rray D

etection (LC
-PD

A
) 

�
D

erivatization 
�

G
as C

hrom
atograph 

�
LC

 

�
M

icroelectrodes 

�
Spatial analysis 
�

Satellite Im
aging/A

erial reconnaissance 

Targeted A
nalysis 

�
LC

 - M
ass Spectrom

etry 
D

etection (LC
-M

S/M
S) 

�
T

hin Layer C
hrom

atography (T
LC

) 
�

Liquid C
hrom

atography 
Photodiode A

rray D
etection (LC

-
PD

A
) * 

M
ethods for A

nalysis 

15 

M
easures the total m

icrocystin 
concentration 
�

Broad-based m
ethod  

�
N

o differentiation betw
een variants 

M
easures each individual 

m
icrocystin concentration 
�

Total determ
ined by sum

 of each  
�

Lim
ited to reference standard availability 



Sam
ple H

andling and A
nalytical M

ethods  
- E

xam
ple 

E
LISA

 
�

Broad-based m
ethod  

    (m
easures total toxin concentration -  A

ll variants) 

�
Easy and relatively inexpensive 

Sam
ple 

Preservative and dechlorination agent added 

Sam
ple Split 

Filtered 
(Extracellular) 

Lysed and frozen for 
analysis 

U
nfiltered       
(Total) 

Lysed and frozen for 
analysis 

LC
-M

S/M
S

 
�

U
S EPA

 M
ethod 544 m

easures 6 m
icrocystin 

variants and N
odularin 

�
Several LC

-M
S/M

S m
ethods have been published 

by various venders 

�
Standards from

 various venders are currently 
available for approxim

ately13 total variants (as of 
N

ov 2015) 

 

 

  

O
ther A

nalysis  
�

C
hlorophyll A

 

�
Phycocyanin 

�
W

ater Q
uality Param

eters (i.e.  
N

utrients, M
etals) 

 

  

16 



Sam
ple C

onsiderations 
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�
Total vs. D

issolved 
�

Filter 

�
In-Situ vs. ex-situ m

easures 
�

Storage and preservation 

�
Total m

easurem
ent tim

e 
�

Transportation 

�
Sam

ple preparation 

�
Sam

ple throughput 

�
R

eporting tim
e 

�
C

ost 

�
Level of expertise 

�
A

vailability of Instrum
entation 

�
Sam

ple Preparation 
N

one < Filtering < C
ell Lysing < C

oncentration < D
erivatization 

�
Level of Sensitivity 

�
Selectivity  

�
Level of Q

A
/Q

C
 



State of O
hio A

ction P
lan for H

A
B

s 
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O
hio EPA

 Published a set of guidelines and rules 
 

O
hio R

evised C
ode 3745.50 - Bill passed July 2015 

D
elegated and authorized O

hio EPA
 to serve as the coordinator of 

harm
ful algae m

anagem
ent and response and im

plem
ent an action plan 

R
elevant publications 

´PXblic W
aWeU S\VWem

 H
aUm

fXl A
lgal Bloom

 R
eVponVe.µ JXl\ 2015 

´G
eneralized C

yanotoxin TUeaWm
enW O

pWim
i]aWion R

ecom
m

endaWionV.µ 
M

arch 2016 



O
hio E

PA
 – R

ecom
m

endations for 
M

onitoring for H
A

B
s in Source W

aters 

19 

�
M

onitoring  
�

Cyanobacteria cell count (or phycocyanin equivalents*) > 100,000 cells/m
L  

�
Biovolum

e > 10 m
m

3 /L 
�

Chlorophyll-a > 50 µg/L 
�

Scum
 or surface accum

ulation is present and/or significant concentration of cells are visible 
throughout the w

ater colum
n  

�
Presence of cyanotoxins, as indicated by test kit or laboratory analyses 

�
Satellite im

aging indicating a spike in Chl-a concentration 
�

O
perator observations (i.e. deviation from

 norm
al operation 

Source: O
hio EPA ³PXblic W

aWer S\VWem
 H

arm
ful Algal Bloom

 R
eVponVe.´ JXl\ 2015 

�
M

ethodology 
�

ELISA M
icrocystins-ADDA m

ethod (total 
m

icrocystins) 
�

U
SEPA M

ethod 544 is not recom
m

ended, 
not internally validated 



O
hio E

PA
 – H

A
B

 M
onitoring and 

D
rinking W

ater A
ction P

lan 

Source: O
hio EPA ³PXblic W

aWer S\VWem
 H

arm
ful Algal Bloom

 R
eVponVe.´ JXl\ 2015 

P
ublic W

ater System
s H

A
B

 R
esponse A

ction P
lan 

20 



D
issolved (toxin released from

 cell) 

�
Solids rem

oval processes ineffective 

�
Typical disinfectants or dosages m

ay not be 
effective (e.g., perm

anganate, chlorine) 

�
M

ore effective treatm
ents are expensive and 

plants typically do not have them
 in place 

(e.g., G
A

C
) 

  

D
issolved or Particulate? 

21 

Particulates (toxin in cell) 
�

Solids rem
oval processes effective 

�
D

o not w
ant to lyse cell or toxin w

ill 
be released 

M
icrocystin Toxin 

M
icrocystis (cells) 

Toxin w
ithin the cell and those that are dissolved  

require different sam
ple processing and treatm

ent 



O
hio E

PA
 – R

ecom
m

endations for 
C

onventional Treatm
ent 

22 
Source: O

hio EPA ³G
enerali]ed C

yanotoxin Treatm
ent O

ptim
ization R

ecom
m

endaWionV.´ M
arch 2016 

R
ecom

m
endations for intact cell rem

oval w
hen algal 

toxins are found prim
arily IN

T
E

R
C

E
LLU

LA
R

 

�
R

educe or elim
inate pre-oxidant addition prior to filtration  

A
void lysing of cells and release of toxin 

�
O

ptim
ize coagulation for particulate rem

oval. 
�

Increase the sludge rem
oval frequency. 

�
Increase the filter backw

ash frequency, do not recycle backw
ash. 

�
Increase PA

C
 feed, use appropriate PA

C
  

W
ood-based for M

Y
C

s 

�
W

hen possible, a slight reduction in pH
 is recom

m
ended  

M
Y

C
 degradation is greater w

hen pH
 < 8. 

�
Increase free chlorine and contact tim

e in clearw
ell to assist in toxin 

destruction 
Increase chlorine residual 0.5-1.0 ppm

, m
ax residual of 4.0 ppm

 (total chlorine) 



O
hio E

PA
 – R

ecom
m

endations for 
C

onventional Treatm
ent 
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R
ecom

m
endations w

hen algal toxins are found 
prim

arily E
X

T
R

A
C

E
LLU

LA
R

 

�
U

tilize pre-oxidation w
ith chlorine or perm

anganate and 
m

axim
ize contact tim

e for destruction of cyanotoxins 
 

�
Consider pre-filtration oxidant sw

itch to chlorine and/or 
perm

anganate  
 

Chlorine dioxide and chloram
ines are ineffective for toxin m

itigation 

Source: O
hio EPA ³G

enerali]ed C
yanotoxin Treatm

ent O
ptim

ization R
ecom

m
endaWionV.´ M

arch 2016 



Raw
Post MnO4
Post PAC

Clarifier eff
Filter eff
Finished

Chlorophyll a (ug/L)

0.001

0.01

0.1 1 10

100

M
ay 19

July 1
July 21

M
ost of the cell rem

oval w
ork 

is accom
plished prior to filtration

Flocculation 

Particulate 
(cell) 
rem

oval 

Particulate 
(cell) rem

oval 

To 
distribution 
system

 and 
consum

er 
tap 

Source 
w

ater w
ith 

cyanoH
AB

 

Finished 
w

ater 

R
aw

 w
ater 

Flocculation 

B
iom

ass is E
ffectively R

em
oved Post-

C
larification in C

onventional Treatm
ent 

24 

M
ost cell rem

oval w
as 

accom
plished prior to filtration 

 

C
redit: N

ick D
ugan U

SEPA
 



Treatm
ent S

tage

R
aw

P
ost-M

nO
4

P
ost-P

A
C

Filter InfluentFilter E
ffluent

P
lant Tap

TR[LQ CRQceQWUaWLRQ b\ ELISA (�J/L)

0 20 40 60 80

100

120

E
xtracellular Toxin

Total Toxin

R
elease 

25 

Intracellular toxin is release follow
ing 

M
nO

4  addition 

Toxin P
ropagation through D

W
T

P
        

- E
LISA

 vs LC
-M

S/M
S 

C
redit: N

ick D
ugan U

SEPA
 

E
LISA

 

Treatm
ent S

tage

R
aw

P
ost-M

nO
4

P
ost-P

A
C

Filter InfluentFilter E
ffluent

P
lant T

ap

TR[LQ CRQceQWUaWLRQ b\ LC/MS/MS (�J/L)

0 2 4 6 8 10

E
xtracellular T

oxin
T

otal T
oxin

R
elease 

LC
-M

S/M
S

 

U
nlike ELISA

, total M
Y

C
 m

easured by 
LC

-M
S/M

S decreases after M
nO

4  addition  
   H

ow
ever, only 7 M

Y
C

 variants w
ere m

easured 



Toxin Speciation and P
ropagation         

- LC
/M

S/M
S 
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N
D

 
N

D
 

N
D

 

�
Significant diversity in toxin variants 

�
Both extracellular and total M

Y
C

 concentrations decrease 
through the treatm

ent train; no M
Y

C
 observed in finished w

ater 
  

Total Toxin M
easurem

ents Through Treatm
ent by LC

/M
S/M

S

Treatm
ent Stage

R
aw

Post M
nO

4
Post PAC

Filter Effluent
Finished

TRWaO TR[LQ b\ LC/MS/MS (�J/L)
0 2 4 6 8 10

M
YC

-LR
 

M
YC

-R
R

 
M

YC
-YR

 
M

YC
-LA 

M
YC

-W
R

 
M

YC
-LY 

Total M
YC

 M
easured through Treatm

ent 
Extracellular Toxin M

easurem
ents Through Treatm

ent by LC
/M

S/M
S

Treatm
ent S

tage

R
aw

Post M
nO

4
Post PAC

Filter Effluent
Finished

E[WUaceOOXOaU TR[LQ b\ LC/MS/MS (�J/L)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

M
YC

-LR
 

M
YC

-R
R

 
M

YC
-YR

 
M

YC
-LA 

M
YC

-W
R

 
M

YC
-LY 

Extracellular M
YC

 M
easured through Treatm

ent 

N
D

 
N

D
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E
PA¶V inform

aWional w
ebpage 

http://w
w

w
2.epa.gov/nutrient-policy-data/cyanobacterial-harm

ful-algal-bloom
s-cyanohabs   


