The 20 questions in 40 min everything
you wanted to know about toxic algae
but were afraid to ask talk.
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Q1. Whoam |?

* Professor in Chemistry Department
at SUNY-College of Environmental
Science and Forestry (Syracuse)

- Member water quality group

» Director of the Great Lakes Research
Consortium (18 Universities)

» Research Scientist on Algal Toxins

» 40 years experience (worldwide)
Analytical Chemist for CSLAP
NOAA Rapid Response Lab
Environment Canada toxins team
NYSDOH, WDOH, CDC, etc.

Interested in why algae produce toxins.




Q2. What are blue-green algae?

Specialized photosynthetic
prokaryote (bacteria) called
“Cyanobacteria”



Q3. What is a Harmful Algal Bloom
(HAB) and can | recognize it?

Blue and white crust forming on bloom that is decaying




Blooms often
concentrate at
the shoreline or
along docks.




Blue tint within algae bloom

Small cells spread throughout the water column







Blooms form surface accumulations

Conesus Lake

Gas vesicles in Anabaena and
Aphanizomenon




Not every bloom or every scum is
cyanobacteria. .

Green (and Slimy)
Algae

Spirogyra and
Mougeotia
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Pollen
(higher plants)




Probably not cyanobacteria if...

Material is bright green in color

Consists of long cohesive strands

|s attached to rocks, debris or the sediment
surface rather than free-floating

Has leaves or other “structures”

Point — Can not be sure it is cyanobacteria
without looking under a microscopic.



Q4. Are harmful algal blooms
(HAB) unique to our area?

Documented HAB Outbreaks N 0 !
in North America

“And all the waters that
were In the river turned
to blood. And the fish
that were In the rivers
died; and the river stank,
and the Egyptians could
not drink the water of the
river,...”

Exodus 7:20-21
Modified from USEPA, Adv. Exp. Med. Biol. 2008
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Tai H'I.I, China




Q5. Why do algae grow?

Nutrients (N,P)
usually come
from the land

as run-off.

these factors
will increase in
current climate
change models.



it?

What can we do about

Q6.

lally P

Nutrients, espec

IS the major thing that

we can control at
reasonable cost




Q7. Why are they called Harmful?

« Cyanobacteria are a
common member of
the aquatic flora!

« Some (not all) produce:
o liver toxins (heptotoxin).
o0 Neurotoxins
o Other nasty compounds

- Swimmers itch

- Alzheimer's-like agents.
« When they die — it uses

up oxygen. DEEP LAKE

\/‘r\ I
Especially

important in W\NLAKE
W

stratified lakes




Q8. Has anyone ever died
from these toxins?

Not in the US. Most affects are with animails:

...... assoclated with the Anabaena Flos-
aquae bloom were estimated deaths of
5000-7000 gulls, 560 ducks, 400 coots, 200
pheasants, 50 squirrels, 18 muskrats, 15
dogs, 4 cats, 2 hogs, 2 hawks, 1 skunk, 1
mink, plus numerous song birds.

Storm Lake, lowa, 1952



Q9. Has anyone ever gotten
sick in the US from blue-
green a|gae9 '.-;.r Coroner Cites Algae in

i Teen’s Death ...
: Experts are Uncertain

. About Toxin’s Role
September 2003, After a yearlong
investigation, the Dane County, WI
f coroner has concluded that the....

Absolutely!

1930: Microcystis bloom on Ohio and Potomac Rivers caused
intestinal iliness in 5,000-8,000 people.

1980: Several cases of illness in Pennsylvania following a bloom.

2004: Approximately 50 people reported iliness following exposure to
toxic cyanobacterial blooms in Nebraska lakes and reservoirs.

2010: Seven people ended up in the Toledo hospital following
exposure to toxic cyanobacteria in Grant Lake St. Marys (Ohio).

2014: Toledo — hundreds of people called into the hospital due to
BGA toxins even though the levels where well below any health effects



10. How widely recognized is the threat
from cyanobacteria blooms?

Fo

TOXIC ALGAE:

COMING SOON
TO A LAKE NEAR YOU?

lational Wildlife Federation

September 2013

1 e A 2013 Joint Report from

—

Resource Media and the
National Wildlife Federation
reports that HABs strike all
areas of the US.

National Lake Assessment in
2007 included microcystin
testing for the first time.

— Microcystins found in 30% of
Lakes.

AWWREF study (1998) found
MC in 80% of drinking water

supplies tested.



Q11. Tell me more about the
M/crocyst/s and microcystins

 Microcystis aeruginosa
— non-N fixer.
— Likes organic N
— forms surface blooms

 Very common genera

— Toxin also produced by a
number of other species.

e Large variation in toxins
— 100+ structural variants +
500 toxin-like peptides

 Microcystins are liver toxins
(LDs,: 25-60 g kg™)

 Toxin is very stable to boiling




12. So what happened in Toledo
in August 20147

State of emergency dedared in Lucas County after toxins found in Toedn water - Toledo Blade#01BSA8asKupy3ULMOO0Z

I News
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State of emergency declared in Lucas County
after toxins found in Toledo water

Microcystin found in samples; boiling not recommended

BLADE STAFF
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A state of emerpency was declared today in Lucas
Clounty and the greater Toledo area after tests at
the Collins Park water-treatment plant in East Toledo

produced two texin sample readings

Chemists testing water at Collinz Park plant found
two sample readings for microcystin that exceeded
the recommended “do not drink” standard of one

microgram per liter standard

Heenes like this were comum o this morning as ea
residents traveled all over in search of battled water asked residents to remain calm and said they may

Toledo Mayor D. Michael Collins and health leaders

THE BLADE/ JETTA FRASER  gatorge | Buy This phete | NAVE answers later today on when Toledo-area water

supply will be safe to drink again.




These blooms occur
every vear:

e MERIS Imagery, cyanobacteria index
* Blooms generally peak in August

* Generally associated with the
appearance of dreissenids in the Lake
in the late 1990. Fed by phosphorus
coming out of the Maumee River.

2004 2005

2006 2007

5 2005

5 o _‘d Stumpf et al. (2012). Interannual variability of cyanobacterial blooms
rme in Lake Erie. PLoS ONE, 7(8).

2010 2011



In the Lake Erie — it is not a matter of if
it is toxic, but simply how much....

Microcystin Concentrations (ug/L) @ 1m
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Let’s start in 2013........

Carroll Township’s scare with toxin a ‘wake-up

call’

Water plant shut over lethal microcystin from algae

BY TOM HENRY
BLADE STAFF WRITER

m 582 | WF Tweet " 22 341 0

Henry Biggert is confident he ‘made the right call’ to

shut down the Carroll Township Water Plant when he

detected microcystin, a potentially lethal toxin.

THE BLADEUJETTA FRASER  Eriarge | Buy This Photo

beyond plant capability Sept. 5.

5 Reddit " 0 m Dinit 1 Email " 12 E

OAK HARBOR, Ohio — They got lucky.

8| The 2,000 residents of Ottawa County’s Carroll

Township who were told to avoid their tap water last
weekend can thank one person — not any one of
America’s thousands of state and federal health laws
— for sparing them from sickness, possibly even
death.

Henry Biggert, the township’s water plant
superintendent since it went online in 1998, knew he
had to act fast when he saw microcystin, the
potentially lethal toxin in Lake Erie’s harmful, blue-

green algae known as microcystis, spike to a level

Fall 2013

Microcystis HAB in the
western basin of Lake
Erie

Carroll Township
WTP’s intake, 1000m
offshore sucks up
Bloom.

Levels of microcystins
in finished water
reach 3.6 ug/L.

Few outside of Ohio
heard about it.




Initial Conditions, 2014

e High spring run-off and

Published: 7i26/2014 - Updated: 1 day ago

LAKE ERIE

Algae season starting now, will continue into

October

BY TOM HENRY
BLADE STAFF WRITER

July 27th

Toledo Blade

nutrients from the

Maumee River enter the

western basin.

Algae is expected to be seen on Lake Erie through O ctober.

Western Lake Erie's 2014 algae season isupon us.

Fram now through October, residents need to avoid swimming or
has a distinctive pea-green hue to it, aswell as green water they
the Maumee River, the Tiffin River, and the Sandusky River.

They need to be careful not to accidentally ingest it or let their dog

The lake's most prevalent form of algae, microcystis, is a neuroto:
fatal in large enough doses. Scientists have found in recent years

Residents are advised to keep their distance in general, because
inhaled, especially when water is agitated. The aerosol can make
corning in contact with the water or ingesting it.

The state of Chio put out its first algae advisories of 2014 along L4
Lake Erie beach at Maumee Bay State Park

Toxin level found in area water not harmful to
residents

But EPA director says standard should be set

& Print Stery

BY TOM HENRY
ELADE STAFF WRITER
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| Ohio Environmental Protection Agency Director

m:.. W Tweet! 7 g4

5 Reddit

Craig Butler got a whirlwind tour of Toledo-area
| | water projects Wednesday, five months after Gov,
| | Tohn Easich appointed him to be the state’s top

environmental cop

Mr. Butler, an Ohio EPA employee for 25 years,

| served under six state EPA directors before Mr.
Kasich picked him in January as the interim director.
The governor elevated Mr. Butler from interim to
permanent status on Feb. 21

Mr. Butler saw laboratory evidence documenting the

. | return of a toxic form of algae, microcystis, which

has plagued western Lake Ene nearly every summer
since 1995

i Water

Enlarge | Buy This Phote
' Doug Wagner, Oregon water superintendent, ran tests
on Oregon’s raw water and that of other systems, including the Port Clinton-based Cttawa County

Low levels
of toxins
are found
off-shore,
but not at
levels of
concern



Initial Conditions

. . * Bloom of Microcystis
bsen . . .
posent s, O A" inthe Western basin

Low

continues to grow.

e \Wind events mix
bloom throughout
the water column
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August 15, 2014 (Friday)

e Strong winds Northeast
pin the bloom to the
Southern Shore near the
water intake

e I|nitial readings show MC
values >5.5 in raw water
(top of standard curve)
in raw water.

. e 2 e Measurable levels 0.6

ug/L in the finished
@ water.

Figure 1. Cyanobacterial Index from NASA's MODIS-Aqua data collected ¢ Prom ptS n0t|f|cat|0n Of
3 August 2014 at 1:10 pm. Oh|0 EPA

Experimental Lake Erie Harmful Algal Bloom Bulletin 2014:010



Mechanics of the Collins Park WTP

Intake is located about 3 mi offshore in 24 ft water
Feed KMnO4 (0.5 mg/L) before low pumping station
Time to the Collins Park WTP takes about 12-16 hr
Clear-well to distribution system: 18-24 hr
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Urgent Water Notics
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August 2"d (Saturday)

City of Toledo f Mews £ 2014 / 087 Urgent Water Notice

Urgent water notice!

URGENT NOTICE TO RESIDENTS OF TOLEDO & LUCAS COUNTY WHO
RECEIVE WATER FROM THE CITY OF TOLEDO

DO NOT DRINK THE WATER
DO NOT BOIL THE WATER

Chemists testing water at Taledo's Collins Park Water Treatment Plant had two
sample readings for microcystin in excess ofthe recommended "DO NOT DR INK" 1
microgram per liter standard. This notice applies to ALL customers of Toledo water

Muaost importantly, water should not be consumed until an all clear is issued . It is
important to state that this drinking water alert does NOT recommend boiling, and in

fact, boiling water can waorsen the situation. Water should not be given to pets

Additional information as to where to obtain waterwill be forthcoming, steps will be
taken to provide drinkable water ifnecessary

What should you do?
DO NOT DRINK THE WATER . Alternative water should be used for drinking,
making infant formula, making ice, brushing teeth and preparing food. Pets should

not drink the water,

DO NOTBOIL THE WATER. Boiling the water will not destroy the toxins — it will
increase the concentration of the toxins.

Consuming water containing algal toxins may result in abnormal liver function,

hitpeftoledo.oh gowinews 20 1 408 gent- water- ot e/ [2/24/201 5 10:56:35 AM]

 Microcystin levels in the
Collings Park WTP as
measured by Toledo
Health Department
reach 2.6 pg/L.

e City of Toledo issues a
Do not drink and do not
boil water advisory.

e WTP increasing the
activated carbon from 3
ppm to 15 ppm.



August 3@ (Sunday)

“}|* Governor John Kasich
declares State of Emergency

L * Local brewery discards
~a 50,000 gallons of product
% - >9,000 cases of bottled

{ water delivered through
distribution centers

e 1300 meals served to
emergency providers by
August 3

 Microcystin levels: ~5 ppm
raw water and ~0.3 in tap.




August 4t (Monday)

Raw water samples
remain above 1 ppb

Finished water samples
drop below 1 ppm in
response to increased
activated carbon and
flushing the system.

Breaking: From ToledoNewsNow.com:

“During a US EPA conference call this afternoon Congresswoman Marcy Kaptur
complained that the Ohio EPA is withholding water test results taken from Toledo’s
water system. And she urged the USEPA pressure the Ohio EPA to provide those

results. ...........



- August 5™ (Tuesday)

HOME —NEWS— LOCAL # Print Story

el * Finished water remains
below the 1 pg/L
threshold for second
2nd day.

 Water advisory lifted.

o= il SN i * Water service returned
e S IR

A .

Toaledn Mayor D Michael Colling announces that the Toledo water crisisis over during a news conference early today to 5 OO OOO e O I e
THE BLADRMAMY . VOIGT Erlarge | Buy This Phato ' [ ]

Published: Monday, 8402014 - Updated: 1 year ago

Toledo tap water deemed safe to drink
City lifts ban on drinking tap water

BY NOLANROSENKRANNS
BLADE STAFF WRITER

m z.2k| |9 Tweet| 130 g+ 15| [pBReddit| o ] Pini 1 E

The ban of drinking water in northwest Ohio was lifted early today, after tests of Teledo w

sate levels of the toxin microcystin

hitpelangw fole doblade corflocal 201 40204 Wk yor-Colline Our-water-is-safe html[1 17162015 2:43:51 PI)




13. What did we learn from Toledo?

Our Disaster Recovery Plan
Goes Something Like This...

DILBERT

By Scott Adams

Lesson #1.

Blooms always happen
on the Friday just
before the weekend or
just before vacation.

Need contingency
plans for staffing,
extra sampling, etc.



Lesson #2
You need to “Control” the Message

e Toxin levels exceed 1 ppm in finished drinking water.

III

e Residents should drain their swimming pools.

e |ndustries using live steam should shut down to avoid
exposure to the toxins.

e No amount of toxin is safe to drink.
e |t was unsafe to shower {flush the toilet} with the water.

A million people are without water for another day, many
without food, businesses closed, an entire section of the
United States shut down largely because of illegal
pollution and a governor owned by organized crime who
is punishing his political enemies. People are dying.

The internet is a vast source of information, Some of it is even true. (Anonymous)



14. Was the water unsafe?

NO EPA guidance so how did WHO determine safe levels of toxin in water?

Start with a mouse
Measure the highest level that has no effect.
- No Observed Adverse Effect Level (NOAEL)
- 40 pg/kg body weight for microcystins
Include safety factors
— 10x (mice are not people)
— 10x (not every mouse is the same)
— 10x (limited number of studies)
Average body weight of adult (60 kg or 132 |b)
Consume 2 L water per day for life (80% is contaminated)
Does not consider infant/child or at risk populations

World Health Organization Guideline value:

=1ug/L (ppb)
(guideline value — not regulatory)

(At the time, EPA had no guidelines for microcystins in drinking
water so most states used the WHO values if anything.
Canada adopted 1.6 ug/L in 2002)




US-EPA issues drinking water guidelines
10 day average

.2 School-age children and
1.9 adults 1.6 pg/L
1.8

o 1.4
< 1
= 0.9
3 0.8
T Bottle fed infants up to
g; school age children 0.3 pg/L
0.5
0.4
0.3
0.2
B
0

birthto 3to<6 6to<12 1to<2 2to<3 3to<b 6to<1111to<l616to<1818to<21 >21
<3 months months years  years years years  years years years years
months

Age Range
Lesley V. D’Anglada, US-EPA
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WTPs have excellent capabilities to
remove microcystins if used: .

Grand Lake St. Marys Microcystin Concentrations
at City of Celina Intake (Raw Water)
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15. So why do animals die?

e LD.ymicrocystin LR =
50ug/kg

40 Ib lab (18kg)

e 1 ppb toxin in water

e =900 pg (almost 1 mg)

e Dog must drink 900 liters
of water to consume
enough toxin for acute
toxicity BEEESSEE——

Take home message: |
Dogs do not die from drinking the water
They die from contacting the scums....

e i R B T
é;"ﬁ hit ’r‘ag‘ll‘.!a'- S N TR \



16. So what is the difference
between a scum and water?

i * Nutrient input (aka Lake
s i Okeechobee)

S - High growth of cells
=\ _ + Buoyant cells float to the
. surface and accumulate
against a stationary object.

o St. Lucie River
Water concentrations ~10 ug/L

Indian River Florida Scum toxic ~ 100-10,000 ug/L
(aka St Lucie River)




A few more pictures of Florida

Most of the
severe bloom
accumulated
against piers or
in backwaters

Open waters
were clear.....



Q17. What is New York State

doing to protect us?

New York State Citizens-based lake

Assessment Program (CSLAP)
Started in 1985:

“l propose creating a program within the Department of
Environmental Conservation to use trained volunteers to
collect information on the State's water bodies. With this
information, the Department can more effectively manage
and protect our invaluable water resources.”

Collect high quality lake data

Identify problems and water quality trends
Educate the public about lake stewardship
Train volunteers to collect water samples

25 Lakes chosen from lake associations
— expanded to include 1500 volunteers, 125 Lakes

Expanded again in 2011 to include HABs.




HAB samples come in two forms

|

ESF MICROCYSTIS

Sample No. 11-18-02

.ake Moraine

200 ml open water sample
filtered in the field and frozen
=> Sent to nutrient lab



SUNY ESF Shoreline Bloom Sample Data Sheet

Which of the following best describes and looks like the location of the lake where you collected the
bloom samples you have submitted for HAB analysis? Circle the letter that best describes the bloom.

Lake Name: County:
Sample ID Number: Date:
Location of Bloom Site: A

Description of bloom conditions (if applicable):
Sampler Name:

Bloom Site Description Bloom Site Description
(skim sample) (skim sample)

%

A. Spilled paint appearace on surface E. Bubbling'sc
(probably cyanobacterta) (Pmb ;

s on the lake surface

B. Pea soup appearance within the water : F. Slight greenish or brownish tint to

(probably eyanobacterra) the water (probably not cyanobacteria)

G. Duckweed or watermeal (don’t collect):

H. Other:
D. Green dots or clumps on/in the water I. No evidence of bloom (do not
(may be cyanobacteria) collect shoreline sample)

Bloom samples are sent directly to ESF



e Weekly Email blast

18. How is this reported to the public?

F from DEC

For New York City and Long
Island, see map below

.
L]
e DEC website:
http://www.dec.ny.gov/chemical/83310.html

Map comes with

link to “Lake

Notices”

Waterbodies with HABs Notifications
Map Status Type of Change in
Nambor. T Waterbody Name ~  County Bloom Status ~ § ExtentofBloom $ “00° ¢ g Snicet $ Fra ]
1 Agawam Lake Suffolk Confirmed Small Localized 712116 Lab sample Updated Listing
2 Allen Pond Otsego Confirmed Large Localized 6/30/16 Lab sample No Change
3 Andover Pond Allegany Suspicious Widespread/Lakewide | 7/12/16 Visual report New
4 Bedford Lake Westchester | Confirmed Not reported 710/16 Lab sample New
5 Black Lake St Confirmed Large Localized 771116 Lab sample New
Lawrence

6 Bowne Pond Queens Confirmed Not reported 71116 Lab sample Updated Listing
T Chautauqua Lake" Chautauqua | Confirmed Large Localized 71116 Lab sample New
8 Deans Pond Cortland Confirmed Widespread/Lakewide | 7/3/16 Lab sample No Change
9 Evens Lake Sullivan gg:ﬂgned with High Large Localized 6/28/16 Visual report No Change
10 Forge Pond/Peconic Lake Suffolk Confirmed Small Localized 7/6/16 Lab sample No Change
1 Georgica Pond Suffolk Confirmed Widespread/Lakewide | 7/14/16 Lab sample Updated Listing

Go out every Friday




BGA specific chlorophyll (ug/L by FluoroProbe)
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Most samples have
low levels of BGA:

BGA specific Chl-a
ranges from 0-100%
of total Chl-a.

Scum levels can be
very high:
» 600,000 ug/L chl-a

Visual exams show:
Microcystis, Anabaena,
Aphanizomenon, diatoms
fish, duckweed, etc.



Microcystin Concentrations

Microcystin abundance in NY

14000

12000 -
10000 -
8000 -
6000 -
4000 -
2000 -

100

80 -
80 -
70
60
50 -
40
30 -
20 -
10 -

L
»
. |
: . ! ' ¢
. |
| |
L -
|
| ]
]
L
»
- i T ] - - - =
2011 2012 2013 2014 2015

Sample Year

Most samples are

non-toxic:
e 65-75% by PPIA
e 90% by LCMS

Toxin levels range:
0.3 ug/L (MDL)
12,300 ug/L (scum)

WHO Recreational
levels of <20 ug/L
include 50% of the
samples

Other toxins:
Anatoxin-a (yes)
CYL, BMAA (no)



19. So what will 2016 bring?
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e Drier year,
— less spring rains

— Fewer nutrients
e \Warmer sooner
— Blooms have
- I t longer to grow
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Percent of CSLAP+ lakes with out and be about

measureable MC toxicity the same.



Q20. Whatdoldoifl
see a bloom?

1. Remember not all blooms are toxic.

2. If itis a bloom, don’t drink the water.
Avoid contact with scums.

3. Be very careful of surface accumulations
where the algae may pile up on the beach.

Be careful that young children
don’t “eat” the seaweed.

4. If you pet gets into the water, ==
wash them off with clean water & .
from a hose.




Bonus Question: Do you have P
questions for me?
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