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Evaluation of field test kits to detect microcystins
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Canadian guidelines

Drinking water quality guideline is 1.5 ug/L (ppb) total MCYST-LR
Proposed guideline for recreational water is 20 ug/L or 100,000 cells/mL

DWG Monitoring Policy
Provincial/municipal decision

= visual monitoring in known bloom areas

= sampling near bloom, raw water and treated water
Field-test kit

= Laboratory analysis for confirmation by an accredited laboratory for
monitoring/regulatory purpose
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Cyanobacterial Toxins — Microcystin-LR
Flow Chart
- Water Supplies for Human Consumption -

,
1 Visually monitor for
bloom formation
: l

Sample raw* and treated supplies for toxin
(algal identification)

NOTE: For recreational l
water supplies. follow 3
the raw water protocol

Send both raw and trested samgles for

(steps 1-4) microcs in-LR analysis
Raw | Water
Send
results
©
agencies
12 (Aw) 11 (raw)
5
r- Perform toxin anslysis of \]
L TESleq w Sler sUPONes J
Treated | Water
i Send
Resample res ults M-LR
treated "
supply to <1.5pg/L
agencies
€ (treated) 12 (treated) 11 (treated)
7
8 10 e nath
Consultation and supply or

decision-making treatment
jus trn:
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Objectives of the study

To evaluate commercially available field test kits for on-site analysis of

microcystins by the end-user, based on the threshold value of 1 ug/L as
well as product specifications

Methodology

1) Participant recruitment

2) Sampling kits and protocols were provided to the participants in
advance. Each sampling kit (cooler) included: two field test kits,

sampling bottles, questionnaires related to sample collection and a field
test kit data report

3) Results reported by participants were compared to results using the
reference method
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Field test kits

Standard Time of # of
Manufacturer | Format Principle Concentrations Interpretation .
analysis | users
(ng/L)
Abraxis LLC Strip Immuno- None Visual ~40 min 10
Test chromatography | (graphfor0.5t05) interpretation
Abraxis LLC 1 1pe | ELISA 0.15,0.4,1.0,2.0,5.0 | /isualor ~50min | 1
photometer
Envirologix Visual or ,
Tube ELISA 0.5and 3 ~ 50 min 2
photometer
Zeu-lnmunotec | . | Phosphatase | g 55 5 1 0and25 |Photometer | ~95min | 1
S.L. inhibition
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Part 1

Healthy Environments and Consumer Safety Branch

120 mL bottles provided

Sample raw and treated water in the ’

l

Shake bottles well; take a subsample
(2 mL) and treat with QuikLyse™ l

reagent

}

laboratory

Filter sample with syringe and syringe

( Ship sample bottles to the ]

filter provided; collect filtrate in the 4 mL l

vial provided

A 4

Samples received in the _
( laboratory ] Part 2

Proceed to perform the analysis using field ’

test kits as per manufacturer’s instructions Re-analyze
samples using
\ ) randomly
selected field test
Total microcystin (ug/L) reported by end-user kit as described
using the field test kit specified in Part 1

Reference
Method

[ Filter samples ]

Collect Freeze-thaw filters
filtrate with cyanobacteria
cells

Extraction

LC-MS/MS
Free microcystins + Cell bound microcystins
""""" T R T
——

Total microcystin (ug/L) by reference method
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Abraxis Strip test
Prod. No. 520020

* “The test will detect microcystins and nodularins in Source water at 1 ug/L or
higher”.

Interpretation of the Results

| 5.0

] 25

] 1.0 ppb
| ] 0.5
T 1 ] o
CONTROLUNE — ™~ TEST LINE
Test interpretation
Control Line Test Line Interpretation
No control line present No test line present Invalid result
Control line present No test line present >5 ug/L
Control line present Moderate intensity Between 0 and 5 pg/L
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Healthy Environments and Consumer Safety Branch

Abraxis strip test (surface water)

n=17

*
>

1
—
w

n=54 n=16 n=7 *
¢ ® § § ¢
0 0.5 -1 ppb 1-2.5 ppb  2.5-5 ppb >5 ppb

Reported results (ppb)
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Performance evaluation
based on threshold value of 1ug/L

Total MC determined by reference method

21 ug/L <1 ug/L Total

O = A B
+— =1
o - P.P.R.
= ° True positive False positive 45
n 2 0.62
= K
X & (28) 17)
i
Qo
< 3
2= = C D
O v N.P.R
= © False negative True negative 62
= 2 0.98
— (@)
2 z (1) (61)

Total 29 78

Sensitivity 0.97 Specificity 0.78
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Abraxis Strip test continuation

The strip test is suitable for rapid screening at 1 pg/L

1.PPR 0.62 (false positive 38%) suggest challenges in the interpretation.
2.Good NPR 0.98, sensitivity 0.97and specificity 0.78.

3. All participants reported the results based on the illustration contained in
the manufacturer’s instruction.

4.Several challenges with the interpretation of the kit were observed.
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Abraxis tube
Prod. # 520012

Standards contained in the kit: 0.15, 0.4, 1.0, 2.0 and 5 ug/L
Negative and positive controls added

Interpretation can be done visually or with a photometer

Time to complete analysis ~50 min

Current product (Prod. # 520036) contains the following standards: O,
0.5 and 3 ppb
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Results from Abraxis tube

1.0

y=0.2169x + 0.0813
0.8 r ?=0.5659

Total MC conc. obtained by reference method (pgilL)

00 T I T T T T T
00 0.5 1.0 15 20 25 30 3.5

Total MC con. obtained by Abraxis tube test (ug/L)
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Abraxis tube

* The kit could not be evaluated at the threshold value of 1 ug/L or over a
wider range.

* Giving the number of standards and the use of spectrophotometer this
kits could provide more quantitative results within the range of concern.

* During recruiting, participants hesitated to use the Kkit.

Note: the new product contains fewer standards than the kits used during
the study
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Other Abraxis Products

Strip test:
= 1ppb Source drinking water (with QuikLyse option)
= 1 ppb Finished drinking water (up to 5 ppb)
= 10 ppb Recreational water (with QuikLyse option)
Tube:
= Microcystin, field screen ELISA kit

Other formant 96 ELISA plates and PP2A kit
ELISA other toxins: Cylindrospermopsin, saxitoxin and BMAA
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Abrascan dipstick reader
www.abraxiskits.com
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Envirologix Qualitube - ET 022
Product specification

Range: 0.5-3 ug/L (standards included: 0.5 and 3 pg/L)
Limit of detection 0.3 ug/L (using spectrophotometer)

http://www.envirologix.com/library/M38.pdf

No lysing agent available with the kit, therefore the test provides results
for free, not total, microcystins.
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Envirologix Qualitube

100

90 -
3
2 e
Q
£
o 70
Q
o
Q
—
3 60
g
2 50
2
2 40
@)
=
s 30
°
= *
20
n=29 n=13 ¢
10
*
*
0 s $
<0.5 0.5-3 >3

Reported results (ppb)
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Evaluation of the Qualitube

Total MC determined by Envirologix tube test

0.5-3 ug/L >3 g/l

<0.5 pg/L

Total

Total MC determined by reference method

23 ug/L
A
True positive
]
D
False negative
(0)
G

False negative

0.5-3 pg/L
B

False positive

<0.5 ug/L
C

False positive

(1)
E
True positive
4
H

False negative

(0)

7

Sensitivity 1

(1)
6

Sensitivity 0.67

(0)
F
False positive
(9)
[
True negative
(28)

37

Specificity 0.76

Total

13

29

PPR

0.88

PPR

0.31

NPR

0.97
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Envirologix QualiTube

* Challenges in the interpretation of the test in the range of 0.5-3 were
observed.

a) PPR was very low 0.31 (False positive rate 69%), suggesting visual
comparison between standards and sample was not clear

b) Sensitivity of 0.67 confirmed challenges with the interpretation

* Impact is more economical due to unnecessary analysis

* This kit is not suitable at the threshold value of 1 pg/L unless this
standard is added to the kit
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Other products from Envirologix

QuantiTube Kit for Microcystins - ET 039 (special order)
* Limit of detection 0.18 ug/L
e Calibration range 0.4-2.5 ug/L which includes 1 ug/L MC-LR calibrator

* No lysing agent
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Zeu-Inmunotec

Spanish company

Product is based on PPA 1 and 2A

Microcystest Tubo (drinking water) and Microcytest kit (blooms)
Detection limit: 0.3 pg/L, Calibration range: 0.5-2.5 ug/L

Time to complete analysis: 30 min

Portable spectrometer, detection at 405 nm

Protocol to lyse the cells

Lysing agent from Abraxis interfered with the test, therefore the kit could
not be evaluated with our protocol
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Conclusions

* It is important to understand the principle of the kit to understand the data
produced: Immunological-antibody vs. PPAs.

* Itis important to understand the scope of each kit (free vs bound), semi-
quantitative vs qualitative, concentration range of the kit, concentration at which a
response is observable.

* More importantly, interpretation of the kit by the end-user.
* What is the impact of false positives vs. false negatives.

* It is recommended to have a training program in place as part of the monitoring
policies.

* Overall the kits are providing a presence/absence response with a certain
confidence within the performance specification of each kit.

* In cases where false positives are observed, the interpretation still protects the
public as samples would be sent to an accredited laboratory for confirmation.
However, it will may have an economical impact.
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More information

* Environmental technology verification report available for
= Zeu Inmunotec: http://www.epa.gov/nrmrl/pubs/600r11064/600r11064vr.pdf
= Abraxis: http://www.epa.qgov/etv/pubs/600r10158/600r10158.pdf

* Publications related to field test kits

= Lawton et al. Rapid detection of microcystin in cell and water. Toxicon,
volume 55, issue 5, May 2010. Pages 973-978

= Humpage et al. Evaluation of the Abraxis strip test for microcystins for use
with wastewater effluent and reservoir water. Water research 46, 2012
Pages 1556-1565

= EBD manuscript, under review
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Timeline

Sept 2008

Ohio EPA inquired about cyanobacteria testing
2009 (May — Sept)

Microcystin analysis

2010 (June — Oct)
Anatoxin-a (ANTX) analysis
Cylindrospermopsin (CYN) analysis
Saxitoxin (STX) analysis






Map of Grand Lake

" Lar_geSt Inland Grand Lake St. Marys State Park
lake in Ohio

= 13500 acres (4193542774 Camp Store

94-2692 - FAX

»Depth: 3-5 ft

»*Max length:
8.2 miles

= Max width:
2.8 miles






Grand Lake Cyanobacteria 2009

Planktothrix agardhii A10(0)'¢






Toxins Associated with
Planktothrix agardhii

Microcystins

Briand et al. 2008
Yéprémian et al. 2007
Kurmayer et al. 2006

Anatoxin-a

Suspected, but not confirmed in uni-algal culture
Closely related to P. rubescens, which is a producer
= Viaggiu et al. 2004






2009 Analyses

Microcystins
= Abraxis Adda ELISA

Anatoxin-a
= Not tested---






2009 Microcystin Data

-—Camp Beach

—East Beach

West Beach

ppb (ng/L)

-~Safety Island

Intake

30

17-May 27-May 6-Jun 16-Jun 26-Jun






Grand Lake Algal Bloom
June 2010






State Parks Monitored in 2010
(Ohio DNR)

13 of 17 Ohio State Parks New warning signs

State parks where permanent signs will wam of the potential for

and associated water toxic al -
bodies monitored in 2010 e L, -If CLEVELAND.

State Park ]
East Harbor
State Park
L AKROM»

—
WIS
e

- Wingfoot Lake
Grand Lake State Park

5t. Marys
[ ]

™~ 57
Lake Loramie Dillon Lake X~

State Park
Buckeye )
Lake .Zfd-tEE-"."ILLF_
COLUMBUS = Blué Rock

DANTOMN & State Park
o Deer Creek

State Park = Burr Oak Lake
mLake Hope
= Lake Alma

[ ]
Jackson Lake

THE COLUMELS DISPATCH






Warnings, Notices, Advisories, Postings, etc.

TETI

on U
NOTICE

An algae bioom has made £ 37

this area potentially o
unsafe for water contact. Easy

Avoid direct,contact with
the water

- H'll!-ﬂ"la 3

umhrwmnmmt.

hvddlﬂrnet'eunhntwiﬁ
— the water

NOTICE

An algae bloom has made
this area potentially
unsafe for water contact,
Avoid direct contact with

the water -
"

WATER QUALITY
ADVISORY

BACTERIAL LEVELS HERE
CURRENTLY EXCEED STATE
STANDARDS. CHILDREN, ELDERLY
AND THOSE IN ILL HEALTH ARE
ADVISED NGT TO SWIM.

OHIO DIVISION OF PARKS & RECREATION






Grand Lake
Dominant cyanobacteria - 2010

Aphanizomenon cf. flos-aquae

100 prn






Grand Lake
Dominant cyanobacteria - 2010

Microcystis aeruginosa






Potential Toxins (2010)

Aphanizomenon flos-aquae
Cylindrospermopsin
= Preussel et al. (2009)

Anatoxin-a
= Rapala et al. (1993)

PSTs (paralytic shellfish toxins/saxitoxin)
= Species re-evaluated in literature
= Now reclassified as Cuspidothrix issatschenkoi

Microcystis spp.
Microcystins






Analyses conducted in 2010

Celina WTP
Conducted microcystin analysis (ELISA)

GreenWater Labs
Anatoxin-a (LC/MS/MS)
Cylindrospermopsin (ELISA & LC/MS/MS)
Paralytic Shellfish Toxins (ELISA)






Anatoxin-a Analysis

Currently no ELISA available

LC-MS/MS

[M+H]* ion (m/z 166) fragmented and product ions (m/z 149, 131,
107, and 91) monitored.

(LOD) =0.05 ug/L (@ 100x preconcentration)
(LOQ) =0.1 ug/L

Phenylalanine (m/z 166)






Grand Lake 2010
Anatoxin-a Data (LC-MS/MS)
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Grand Lake 2010
Anatoxin-a

West Beach 100719 100x SPE Strata MSM... 7/21/2010 11:37:18 AM
Amide 80, 250mm x 2mm, w ater/ (ACN/w ater 95/5), both w ith 2mM ammonium formate, 3.6mM formic acic, 250C

RT: 0.00 - 9.98 sM: 7G

100— NL:
7.33E5
TIC MS West
Beach 100719
100x SPE

Anatoxin-a
West Beach

4 ppb Collected June 2010

Relative Abundance

I
5

Time (min)

o

West Beach 100719 100x SPE Strata MSMS SRM ANTX 1 072110 #295-305 RT: 5.49-5.67 AV: 11 NL: 4.82E5
T: + ¢ ESISRM ms2 166.00@cid30.00 [90.50-91.50, 105.50-106.50, 130.50-131.50, 148.50-149.50]

100—

Relative Abundance






Cylindrospermopsin Analysis

ELISA

Subject to interference and false positives

LC-MS/MS

[M+H]* ion (m/z 416) fragmented product ions (m/z 336, 318, 274,
and 194) monitored.

LOD =0.05 pg/L (@ 100x preconcentration via SPE)
LOQ = 0.1 ug/L

Example: ELISA detected >200 ug/L in West Beach (7/12/10) sample
LC-MS/MS determined < 2 ug/L






Grand Lake 2010
Cylindrospermopsin Data (ELISA)
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Grand Lake
Cylindrospermopsin

Grand Lake West Beach 100623 XM SM S ... 6/24/2010 3:3148 PM
H 5/5

RT:000-1499 SM:7G
100 NL:
7.70E4

TIC MS Grand
Lake West
80 Beach 100623

~ 9 ppb CYN West Beach

60

= Collected June 2010

40

90

@
S
e
<

=
s

3

=
@

=
=
<

[a

30

Time (min)

Grand Lake West Beach 100623 XM SM S SRM CYN 2 062410 #350-357 RT: 6.51-6.64 AV:8 NL: 3.65E4
T: +c ESISRM ms2 416.00@cid40.00 [193.50-194.50, 273.50-274.50, 317.50-318.50, 335.50-336.50]

100
90
80
70
60
50

40

Relative Abundance

30
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Paralytic shellfish Toxin Analysis
(saxitoxins)

ELISA (Enzyme Linked Immuno-absorbant Assay)
Limited sensitivity to variants other than STX

LC-Fluorescence (AOAC First Action Methods)

LODs range from 0.01-0.5 ppb (100x pre-concentration)

Peroxide oxidation
- dcGTX2&3, C1C2, dcSTX, GTX2&3, GTX5, STX, dcNEO

Periodate oxidation
- GTX1,4, NeoSTX
LC-MS"
Provides confirmation
Less sensitive than LC-FL






Grand Lake 2010
Saxitoxin Data (ELISA)
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Pre-Column Peroxide Oxidation
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Microcystin Analysis

ELISA (Adda) from Abraxis

Equally sensitive to all microcystin variants
Subject to matrix interference

LC-MS/(MS)
-RR, -LR, -dmLR, -YR (LC-MS-MS)
- LA, LF, LW (LC-MS)
LOD/LOQ =0.01-0.1






Grand Lake 2010
Microcystin —RR, YR, LR, LA (SIM)

West Beach
Collected July 2010
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Microcystin —RR, -YR, -LR, -LA
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Sodus Bay September 2010

Authorities: Don’t fish or

touch the water. Water

| samples to be tested.

By Delen Goldberg
Staff writer
A dog climbed out of Lake
Neatahwanta in Fulton after a
short swim Tuesday night, broke
into convulsions and began vom-
iting. :
Within minutes, the Labrador

- “Until we find out for sure

what is going on, it’s better that

people stay away,”” said Evan
Walsh, associate public health
sanitarian for the county Health
Department. ; ‘
Authorities posted signs
Thursday on parts of the lake’s
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Things to cover

Introduction to the toxins
Sample Strategy

Large Lakes
— Lake Champlain
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— Lake Erie

Inland lakes of New York

Take home message: not that different





Microcystins

 Microcystis aeruginosa
non-N fixer.

Very common

— Also produced by a
number of other species.

D-Glu (iso cHy | Methyl dehydroAla (Mdha) |
|

oH « Peptide hepato-Toxin:

)RJ\Q/ \oﬁ\NH 90+ structural variants +
. /Z ..... cHy 100-200 other bioactives
W, b (anabaenapeptins, etc.)
NH  CHg : @ CHz
o -, L)« Called “fast death factor”
oM | Potent carcinogen
— MeAsp (is0)
NH Arginine
ve~( e WHO guideline value:

1 ng/L for drinking water
20 ug/L recreational contact





Never trust a name!
Microcystin-producing strains include:

Microcystis
aeruginosa

M. veridis
M. botrys
Oscillatoria limosa

* Planktothrix
agardhii

e P. mougeolil

 Nostoc spumigena

e N. species

 Anabaenopsis

Anabaena flos-aquae millerii

A. lemmermannii
A. circinalis

o Haphalosiphon
hibermicus

i.e. Biology is a mess!
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Total Microcystis cells L!

Western Lake Erie, 2005
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McyA sequences

Tt oL

Microcystis sp. TuM7C
Microcystis aeruginosa K-139
Microcystis aeruginosa UV027
Microcystis aeruginosa PCC7806

— LEO3-WLE1-CO4
Microc*stis aeruainosa PCC7941
52

100

Microcystis aeruginosa LE-3
Microcystis aeruginosa NIES-89

: )
e
-

N
o
o
D

@ planiglobe 2004

2 different
populations
producing the same
toxin!!

Nostoc\sp. 10-102-1
‘% ostoc sp. 152
Anabaefa circinalis 90
98 — Anabalna flos-aquae NIVA-CYAS83

i

98
7

Planktothrix agardhii CYA126/8

Streptomyces verticillus ATCC15003

01 Rinta-Kanto and Wilhelm, 2006, AEM 72:5083





Sampling Strategy

* Not a response to a bloom (not bloom chasing)
« Uniform extraction protocol (50% MeOH)
« Single sample (1-20L) split for analysis

— Microcystins: PPIA assay (total toxicity)
» Confirm by LCMS or LC-MS/MS if needed

— Anatoxin-a and homoAnatoxin-a: LCMS
— Cylindrospermopsin, deoxyCYL: LCMS
— BMAA: LCMS and confirm by LC-MS/MS
— PSP toxins: HPLC-Fluorescence
— ATX-a(S): not done
« Sporatic supporting information collected
— Molecular biology, visuals,
— Water Quality and nutrients






Occurrenceof | £ © | 7| | 2| &
. . m O
Microcystins 4 9 8 2 &| 8
d 9.- 5‘ ® Q - -

as measure 5| 2 3| | B
by PPIA » | 3 T 2| =
Q 0] M

(2000 - 2004) N\ S| o| ©
# Analyzed: 2513 \736 308 | 590 | 138 | 741
> 0.01 Ug/l. 1223 25 117 296 113 542
(53%) | (28%) | (40%) | (51%) | (82%) | (73%)

> 0.1 ug/L 820 | [61 | 84 | 190 | 23 | 471
(36%) | (14%) | (29%) | (33%) | (17%) | (64%)

> 1 uglL 326 [[4 | 11 | 72 | 1 | 230
(14%) |/ (1%) | (4%) | (12%) | (1%) | (32%)

N

Boyer, Lake Res. Managem, 2007






Data Mining | % g r: c': T g
: Q
Other Toxins| & | 2| 2| 3| | 2
2 -
7| 2 .g o o
>
Thresholds and © ) g 8
samples number S o
ATX (>0.1 ug/L) 29 2 2 12 2 11
(n>3,000) (1%) | (<1%) | (1%) | (2%) | (1%) | (2%)
ATX (>0.01ug/L) | 75 | 14 | 14 | 24 2 21
(n>3,000) | B%) | (B%) | (5%) | (4%) | (1%) | (3%)
CYL (>0.01ug/L) | 8? | 1? | 27 0 5 o
(n>2,500) | (<1%) [ (<1%) | (0%) | (0%) (2%)
PSP (>0.01ugl/L) 2 0 1 0 0 1
(n>2,500) (0%) | (0%) | (0%) | (0%) | (0%) | (1%)

Modified from Boyer, 2007






Summary of the Occurrence

* Microcystins are the most common

— Detectable levels in about 50% of the lakes
« Great Lakes study 2000-2004: 53%
« NYSDEC CSLAP study 2011: 13% (OW) — 35%
* NYS fishing access sites 2001: 50%

— Exceed 1 ug/L about 15% of the time
— Exceed 20 ug/L about 1-5% of the time

* Anatoxin-a is certain present in NYS
— 1-5% of samples have detectable levels of ATX-a

« Cylindrospermopsins and BMAA are absent





Fishing Access Site Survey
of 62 water bodies throughout NYS:

\ ¥ Figure 1: Geographic location of sampling stations

— i — across New York State with corresponding station
ke | % code.

Harmful Algal Bloom ’EZT

Monitoring and Event Response in the Lower Great Lakes

MERHAB-LGL . j

Hotto et al., 2007

 Presence of Cyanobacteria

(77%)
Presence of toxic species
(Microcystis 40%)
Presence of toxin genes
(50%)

Presence of toxins
(50% with 5% >1ug/L)

— Toxic species
— Non-toxic species
— Potentially toxic (Toxigenic)

Correlate this with easily-
to-measure parameters.





Probability of the mcyB gene

Most blooms were associated
with shallower waters
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Chlorophyll-a (ug/L)
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Good correlation between
nutrients and algal biomass

0
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Total Phosphorus (ug/L)

250

There was a
weak correlation
between the
presence of
toxins and
nutrients

Toxin = growth





Increased biomass increased the
chance of a toxigenic bloom

Probability of the mcyA gene
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Chlorophyll-a Concentration (ug/L)

60

Oligrotrophic waters <5%
Mesotrophic waters ~20-40%
Hypereutrophic waters >90%

Source water protection works!

>95% chance of toxigenic
species at Chl-a > 30 ug/L





What about ATX Distribution?

Lake Ontario

o <0.001pglL?
e >0.001pglL?
T @ >01pglLt
® >lugl?

Who is the producer ?

| | Distribution of

Anatoxin-a in
Lake Ontario
(n= 940)

* Widespread

* Ephemeral

e Not correlated

with Microcystis -
different genus -
different ecology.





Anatoxin-a tended to be localized
In the embayments.

Sandusky Bay v.s. Sandusky basin " TToledo -—-->Lake
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Stability of Anatoxin-a influenced by
pH and light intensity
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Lake Neatahwanta

Lake Neatahwanta 2004-2007
¢ Hepatotoxins

¢

L 4

Authorities: Don’t fish or
touch the water. Water
samples to be fested.

By Delen Goldberg
Staff writer

A dog climbed out of Lake
Neatahwanta in Fulton after a
short swim Tuesday night, broke
into convulsions and began vom-
iting.

Within minutes, the Labrador

U CoaER i e

While the toxin is unlikely to
be fatal to humans, officials said

high levels of the poison -can ||

cause liver and nervous system
damage.

““Until we find out for sure
what is going on, it’s better that
people stay away,” said Evan
Walsh, associate public health
sanitarian for the county Health
Department.

Authorities posted signs
Thursday on parts of the lake’s

hnra warmina naanla tn

\

The Post-Standard

Tuin MEO hinlanicte waaring
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They are gone!
Why did it go away?
Will it come back?






Lake Neatahwanta
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Its Back!






Summary

Cyanobacteria produce a number of toxins but not all
species are toxic.

— Toxic species, potentially toxic species and non-toxic
species

Hepatotoxic microcystins are probably the toxin of
most concern for human health in New York State.

Different toxins can be produced by a number of
different species making visual monitoring difficult.

We do not understand the spatial, temporal and
environmental factors affecting cyanobacterial toxin
production.

Source water protection remains our best tool for
controlling the incidence of toxic cyanobacterial
blooms within New York State.
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Australian Approach to :
Cyanotoxin Analysis
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Historical Background

L - EN |

Blue green algae blooms have occurred in every State and Territory. No
human deaths but ilinesses including gastroenteritis, dermatitis and
liver damage recorded. Stock deaths are more common.

¢ First record of animal poisoning (livestock) in 1878 at Lake Alexandrina
at the end of the Murray-Darling river system. The deaths were caused
by Nodularia which inhabits brackish waters.

é First recorded human cases in 1979 on Palm Island, Queensland
probably from Cylindrospermopsis raciborskii involving 149 people
with hepatitis syndrome and malaise

3l ¢ In 1991 a 1000 km bloom affected the Darling
and Barwon Rivers. Primarily Anabaena

“d circinalis - led to stock deaths and disrupted
water supplies. State of Emergency declared

é 2009 and 2010, 300-400 km blooms in the

River Murray. Primarily A.circinalis L. Alexandrina






Health Effects

Anabaena circinalis Saxitoxins Neurotoxin — dizziness, weakness,
(no anatoxins) nausea, muscle paralysis

Microcystis Microcystin Hepatotoxin - liver damage
aeruginosa

Cylindrospermopsis Cylindrospermopsin | Cytotoxic - liver, kidney and other
raciborskii organ damage

" | Lyngbya majuscula Range of toxins incl.  Inflammatory — cause severe skin
4 (marine) lyngbyatoxin irritation and blistering






General approach is to focus on detecting growth of blue green algae
and development of blooms as a first stage. Toxin analysis not
undertaken until significant concentrations detected

A number of approaches are applied including:
Routine monitoring (reservoirs, streams, water supply intakes etc)
Aerial surveys (rivers, wetlands etc)

Boat surveys (rivers, reservoirs etc). Samplers are instructed to collect
samples of anything unusual (e.g. surface scums)

Physical surveys (all types of water including wetlands, recreational
waters)

¢ Frequency of monitoring governed by decision trees based on risk
including consideration of historical results and evaluation of detections






o a baseline frequency

o an alert response framework

¢ Baseline frequency:

Location Sample point (s)

Drinking water reservoir Offtake and open
water sites

| River at intake to Pump intake
| drinking water supply

™ Recreational water body Multiple points

Frequency

Twice weekly (summer)
Weekly (winter)

Weekly

Weekly - fortnightly in
season






Low levels:
< 2,000 M.aeruginosa per mL
Maintain baseline monitoring

Alertievel I(Viedium):
2,C JJJ— 3 500 UJ eruginosa ,J—'r mL

Determine toxicity

Alert level 2 (High):
> 6,500-65,0000 M.aeruginosa per mL
Monitor at least 2x week. Include depth profiling. Visual inspections
IMeasure toxin concentrations in treated water

Alert level 3 (Very High):
>65,0000 M.aeruginosa per mL
4 Monitor at least 2x week. Include depth profiling
- Measure toxin concentrations in treated water. Additional monitoring as required.






ws Organism

Anabaena circinalis

Microcystis
aeruginosa

Cylindrospermopsis
raciborskii

Alert 1 (Med)
cells/mL
toxin ug/L

6,000
1

2,000
0.4

4,500
0.3

Alert 2 (High)
cells/mL
toxin ug/L

20,000
3

6,500
1.3

15,000
1

Alert 3 (V high)
cells/mL
toxin ug/L

65,000
13

150,000
10

Recreational

Surveillance Amber alert

M.aeruginosa  M.aeruginosa M.aeruginosa
500-5000 5000-50000 >50000
or or or
Biovolume Biovolume Biovolume
< 0.4 mm3/L 0.4-4 mm3/L >4 mm3/L

Action Level






HEPATOTOXINS

o Microcystin and nodularin by HPLC — DAD (diode array detection).
Detection limit to 0.1 pg/L

SAXITOXINS

o Saxitoxins - about 18 compounds detected by HPLC/post-column
derivertisation fluorescence detection with 3 chromatographic runs.
Detection limit 0.5 pg/L

CYLINDROSPERMOPSIN
o Detected by HPLC/MS/MS. Detection limit 0.1 pg/L

ANATOXIN (UNCOMMON)
o Anatoxin-a HPLC/MS/MS. Detection limit 0.1 pg/L

RAPID TEST (2-3 HRS)

o Direct injection into LC/MS/MS. LOR: 0.1 pg/L anatoxin-a, nodularin,
mRR, mLR, mLA, MLF, CYN and deoxyCYN, 0.5 pg/L mYR, mLW, mLY






Initial focus of monitoring based on combinations of observation and
testing for presence of cyanobacteria. However, observation doesn’t
work well for all organisms (e.g. Cylindrospermopsin)

As numbers start to increase routine monitoring often augmented by
boat surveys.

Some utilities have field response teams. Ours have:
o sampling equipment,
o field monitors (DO, phycotoxin)
O a microscope,
o simple cell concentrators (syringes/membrane filter holders)
o toxin field kits (can measure down to 1ug saxitoxins/1ug microcystin)

¢ Results phoned to the utility and to the health department the same
day (if necessary)






Aerial analysis

- o -
= - e -

Murray-Darling has a catchment of >1 million square kilometres (about
400,000 sq miles) and a mainstream length of 3700 km (2300 miles

Population of the basin only about
2 million people. When a large
bloom forms or potential bloom
conditions exist aerial surveys can
provide effective assessments

Aerial surveys followed up by
targeted sampling
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In Australia water management is a State issue

States and territories establish communication protocols to respond to
blue-green algal blooms. In Sth Aust we have agreed reporting criteria
with our State drinking water utility and with Local Government
responsible for recreational waters

In SA significant blooms dealt with by a Blue Green Algal Task Force
chaired by the Health Dept and including the water utility, EPA,
Agriculture Dept and water resource agencies (lead varies from State to
State)






When blooms cross State borders communication protocols are
established to share information and to deal with responses (e.g the
River Murray forms much of the border between New South Wales and
Victoria)

In the event of large blooms nationally coordinated blue green algal
task forces can be established e.g. 2009-2010

Extreme events can involve national resources including the army
(1991)






Algal blooms occur in every state and territory. They affect drinking
water supplies, recreational activities, livestock and tourism. They are
often highly visible and produce distinct odours. They can have large
economic impacts

States have active monitoring programs that start with testing for

cyanobacteria combined with observation (land, boat and air)

The key to assessing impacts is cyanotoxin testing. There are
established laboratory methods but testing takes time and laboratory
facilities are limited.

Field kits provide valuable screening tests but it is important that
operators/samplers are trained

¢ Good communication is key to effective responses
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Cyanobacteria and CyanotoXxins:
Occurrence and Detection Methods

Detection Methods and Field Test Kits

Real Time Testing Alternatives for
CyanotoxXxins

David C. Deardorff, MBA, PE, CHS
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Real Time Testing Alternatives for Cyanotoxins

Commercially Available Technologies

Enzyme Linked Immunosorbent Assay (ELISA)

Protein Phosphatase Inhibition Assay (PPIA)

Acetylcholinesterase Inhibition Assay (ACHe)

Receptor Binding Assay (RBA)






Real Time Testing Alternatives for Cyanotoxins

Commercially Available Technologies /
Analytes

Enzyme Linked Immunosorbent Assay (ELISA)
— Microcystins/Nodularins

— Cylindrospermopsin

— Saxitoxin

- BMAA

Protein Phosphatase Inhibition Assay (PPIA)

— Microcystins/Nodularins

Acetylcholinesterase Inhibition Assay (ACHe)
— Anatoxin — a(s)

Receptor Binding Assay (RBA)

— Anatoxin — a






Real Time Testing Alternatives for Cyanotoxins

Common Genre of Toxin Producing
Strains

Tastes and
Dermatoxin Hepatotoxi Neurotoxins
Cyanobacterial Genera pey " - - odors

ILYN APL LPS CYL MC NOD ATX BMAA NED SAX GEOS MIB
Colonialfilamentous
X X

Anabaena
Anabaenapsis

Aphanizomenon

X
X
X

Aphanocapsa
Ovlindrospermopsis

Micrmocystis

Nodularia

Oscillatoria ( Planktothrix) X

Preudanabaena

E T A - A

Raphidiopsis

Unicellular

Svnechococcus X X
Synechocvstis X X
Graham, J.L., Loftin, K.A., Ziegler, A.C., and Mayer, M.T., 2008, Guidelines for design and sampling for cyanobacterial

toxin and taste-and-odor studies in lakes and reservoirs: U.S. Geological Survey Scientific Investigations Report 2008-
5038, pg. 6






Real Time Testing Alternatives for Cyanotoxins

Toxicity

|Wicrooysins U, LA, snd TR incdlcatas Tirea
microoystn verismis of similar oodc iyl

populafon, in micro grams per kilogram body weight

i
:
=
:
2
:
4
g
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Algal Toxins

Graham, J.L., Loftin, K.A., Ziegler, A.C., and Mayer, M.T., 2008, Guidelines for design and sampling for cyanobacterial toxin
and taste-and-odor studies in lakes and reservoirs: U.S. Geological Survey Scientific Investigations Report 2008-5038, pg. 7





Real Time Testing Alternatives for Cyanotoxins

Commercially Available Technologies /
Analytes / Formats

Enzyme-Linked Immunosorbent Assay (ELISA)

— Microcystins/Nodularins Plate Tube Strip
— Cylindrospermopsin Plate

— Saxitoxin Plate

- BMAA Plate

Protein Phosphatase Inhibition Assay (PPIA)
— Microcystins/Nodularins Plate Tube
Acetylcholinesterase Inhibition Assay (ACHe)
— Anatoxin — a(s) Plate Tube

Receptor Binding Assay (RBA)
— Anatoxin — a Plate






Real Time Testing Alternatives for Cyanotoxins

Immunoassay Test Formats

Microtiter Plate

Strip

Tube






Real Time Testing Alternatives for Cyanotoxins

Microtiter Plate Procedure

Microcystin Plate, Concise ELISA Procedure

1. addition of Standards, Samples | 5. Washing of Plates
Add 50 ulL of the standards, Wash the plates three times with
control or samples. § | 250 uL of 1X washing buffer.

Add 50 uL of antibody

solution. Cover and mix

for 30 seconds by

roatng o prentop. LI 6. Aadition of Substrate

Incubate for 90 minutes A 00 L o et

at room temperature. uL of subsirate

( solution. Incubate 20-30 -

minutes at room p -
temperature and away
trom direct sunlight.

3. washing of Plates

Wash plates three times with
250 uL of 1X washing buffer.

4. nddition of Enyzme Conjuyate

A OO o G 8. measurement of Color
conjugate. Incubate for
30 minutes at room
temperature.

Measure color at 450 nm
Calculate results.

For Ordering or Technical Assistance Contact:
ABRAXIS, LLC

54 Steamwhistle Drive, Warminster, PA 18974
Phone: 215-357-3911  Fax: 215-357-5232
www.abraxiskits.com

/l\BHA:x:@






Real Time Testing Alternatives for Cyanotoxins

Microcystins Strips

Algal Toxin Strip Test
(Microcystins)
Finished Drinking Water

1. coltect Sample 2. Transter

([

Usingthe pipette provided,
add 7 drops of SAMPLE to the

Control lina conical, flip-top tube.
-~

- f{upllre fine

{The conical, flip-top tube

o H"'I'Kelllhsa contains dried reagents.)

SAMPLE

SAMPLE
Collect 1 to 2 ml of sample. g

3. shake and incubate 4, Test 5. Dry

Remove test strip. Lay
flat and allow to continue
. . Insert test strip into developing for 5 minutes.
Close the conical, flip-top conical, flip-tap tube with
tube and shake for 30 arrow pointing down.
seconds

ik ST, 2 Incubate for 10 minutes. @

Sample Porl

3 %

(Dried reagents will dissal
turning the sample purple.

6. nterpret .

25

Sample Pad 1.0
05

S [
CONTROL LINE TESTLINE

Test Line

Nitrocellulose d INTERPRET TEST
Membrane Control GONTROL LINE TEST LINE INTERPRETATION
I_in[:;u vi“il’ﬂ g NO CONTROL LINE PRESENT NO TEST UNE PRESENT INVALID RESULT
Wind ow i CONTROL LINE PRESENT NO TEST LINE PRESENT 5 ppity

Absorbent Pad CONTROL LINE PRESENT MODERATE INTENSITY ~ BETWEEN 0 AND S ppb
TEST LINE PRESENT

For Ordering or Technical Assistance Contact:
ABRAXIS, LLC 54 Steamwhistle Drive, Warminster, PA 18974
Phone: 215-357-3911 Fax: 215-357-5232 www.abraxiskits.com






Real Time Testing Alternatives for Cyanotoxins

Microcystins Strip Test

Drinking Water Recreational Water
)

(PPB) O 05 1.0 25 5.0 (PPB)O0 2.5 10 20






Real Time Testing Alternatives for Cyanotoxins

Applications
DW: Q, SQ
ES: Q
: : RW: Q, S
Operational/Risk Aeroil_ g
Management Serum: O
Brackish/Seawater: Q
~1sh Tissue: Q
Regulatory/ DW: Q
Compliance RW: Q

Q: Quantitative, SQ: Semi-Quantitative, ES: Enhanced Sensitivity





Cyanobacteria and CyanotoXins:
Occurrence and Detection Methods

Real Time Testing Alternatives for
Cyanotoxins

Abraxis LLC

54 Steamwhistle Drive
Warminster, PA 18974

Phone: (215) 357-3911
FAX: (215) 357-5232

www.abraxiskits.com

David C. Deardorff, MBA, PE, CHS
ddeardorff@abraxiskits.com
31 July 2012
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Algal Toxins: Challenges In
Drinking Water Analysis

Algal Toxins Webinar

July 31, 2012
Glynda A. Smith, Ph.D.

Office of Groundwater and Drinking Water
Standards and Risk Management Division
Technical Support Center

7/31/2012 1
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Algal Toxins: Background
* Freshwater cyanobacteria (blue-green algae) produce several
toxic compounds
— Algal toxins have been detected in both source & finished waters

— While most data relates to cyanobacterial poisoning of animals,
there is concern regarding long-term low-level exposure causing
chronic health effects in humans

* Due to these health concerns, algal toxins were placed on
EPA’s Contaminant Candidate List (CCL)

— Contaminants known, or anticipated, to occur in public water
systems

— Assists prioritization and data collection under UCMR

 WHO guideline drinking water limits: 1 pg/L cylindrospermopsin
and microcystins (based on microcystin-LR); 3 pg/L anatoxin-a

7/31/2012 U.S. Environmental Protection Agency 2





Algal Toxins: Background

« EPA convened a meeting in 2001 to discuss algal
toxins as emerging contaminants
— Developed a prospective list of contaminants for
analytical method development
e Four microcystins: MC-RR, MC-YR, MC-LR, MC-LA
* Cylindrospermopsin
* Anatoxin-a

7/31/2012 U.S. Environmental Protection Agency 3





Algal Toxins: Structures
Microcystins

Adda grou
. H_COoN L|" 'i] H funm CH, ‘I}
4 .
t/ ||~r’“~ AN NN HN 2SN “HNH
ML H, . | L)
OCH, - J] CH Lx s HE o A 0  CHayy™
LN LOCH, Wl o o Y/ S—0 Ir._r"wj\l!\ OCH, 77 0 H‘.-‘“ =)
Lt S 2 TNH g H CHy " HNT THa e w’"'a{“‘“.fﬁw_‘ NH yH [IhH"H\ CH
H H ey l.’ H.V'A\-\_-' e HyC H oy, I! *MV"M_.#HM\I.-"_"-..; ~r
L SN ;] Hs Q vl 7N 1 4 Hy
HO  Howu 0 5 HoH \ §
/ COOH - COOH
Alanina Rg '_F'_._ﬂ_—* .
d Enene
& Lo Lo "H.th‘x\_H Laucing
H Ccool tH: O W coon (H: O
N/ . | Nt \/J\
HN " M HN S HNH

e

it ﬁ"“* [« X MO AN 6 bn,
=~ H OCH, ™= 0 CHy/ ™S S H OCH, " =0 f>—
] ; W . , H#"
Ii'\""ll }AH‘YW Rt v ) My ; /_( @ p o

thwww HH CH, HN
S - HS 70 T / 'H " H
H<  Hen, Ii-ﬁl'\.,f "'H_,H'EH.J HyC \

O x\r 7 : " Chy n h"“"ﬁ“".j‘f’f
i I .
HolH \ O "{:H N & \E’j\
COH COOH -,
WNH NH

NH o
— I
aRgining fﬁ_—*’f‘a aRginine .-f‘\ i aRgining e &,;\ i 1/'
e} NH, HM 1 [ ' Hs MH, =

7/31/2012 U.S. Environmental Protection Agency





Algal Toxins: Structures
Cylindrospermopsin and Anatoxin-a

Cylindrospermopsin

NH>C1

Anatoxin-a

7/31/2012 U.S. Environmental Protection Agency 5





EPA Drinking Water Methods

« All drinking waters are not the same!
— Variable geographic source waters

» Selective, sensitive, and robust
— Selective detection for unambiguous identification

— Enzyme-linked immunoassays: sensitive but not selective

— UV: universal detection, not selective
— MS: selective detection

7/31/2012

U.S. Environmental Protection Agency





EPA Drinking Water Methods

* Preservation of samples
— Sequester oxidants (e.g., free chlorine)
— Prevent microbial degradation

e Quantitative analysis/QC
— Internal standardization
— Extraction surrogate

7/31/2012 U.S. Environmental Protection Agency 7





One Method or Two?

* A single method is desirable, but may not be practical

o Structural dissimilarities and physical properties
Indicate development of separate methods:

— Microcystins
e Cyclic structure is stable

o LC-MS/MS analysis. lonization results in a cascade of
fragments — relatively weak signal

* Requires pre-concentration using solid phase extraction
(SPE) to increase sensitivity

» Co-extracted organic matter causes serious matrix
effects; impacts recoveries. Clean-up to remove organic
matter is essential!

7/31/2012 U.S. Environmental Protection Agency 8





One Method or Two?

— Cylindrospermopsin and Anatoxin-a
e Too polar to extract/concentrate using SPE

 Direct injection LC-MS/MS. Both yield excellent
product ions; good sensitivity

o Matrix effects can still be a potential issue

7/31/2012 U.S. Environmental Protection Agency





Additional Analytical Challenges

« Algal toxins are derived from natural products
— Lack of certified standards

— Lot-to-lot variability (purity and mass supplied - ug
guantities)

— Lack of isotopically-labeled analogs to serve as
Internal standards/surrogates

7/31/2012 U.S. Environmental Protection Agency 10





Microcystins: LC-MS/MS Method
Development

HPLC: Methanol/Water mobile phase acidified
with 10mM formic acid (Microcystin pKa’s
are ~3.5; acidic mobile phase facilitates

lonization)
MS: Triple quadrupole MS; ESI+ ionization mode

Capillary Voltage 1.5 kV

Source Temperature 115 °C

Desolvation Temperature 350 °C

Desolvation Gas Flow 700 L/hr

Cone Gas Flow 50 L/hr

Collision Cell Pressure 2 e-3 mbar

7/31/2012 U.S. Environmental Protection Agency 11





Microcystins: LC-MS/MS Method
Development

Maximal sensitivity favors the [M+2H*]?* precursor for
Microcystin-RR and the [M+H*]* precursor for Microcystins-YR
and —LR. Product ion at m/z 135 represents the unique Adda
fragment. Microcystin-LA yielded weak fragment at m/z 135.

Analyte Precursor m/z | Cone Voltage, V Product lon Collision
m/z Energy, eV
Microcystin-RR 520 35 135 30
Nodularin 825 60 135 55
Microcystin-YR 1045 65 135 60
Microcystin-LR 995 70 135 70
Microcystin-LA 910 35 776 20

7/31/2012 U.S. Environmental Protection Agency 12





Microcystins: LC-MS/MS Method
Development

o Calibration
— 50-fold range (0.01 to 0.5 pg/mL)

— Solid phase extraction: One-liter sample
concentrated to 1-mL final volume, resulting in
1000-fold concentration factor to the pg/L level.

7/31/2012 U.S. Environmental Protection Agency 13





Microcystins: LC-MS/MS Method

Development
Solid Phase Extraction

Analyte Oasis HLB cartridges 3M Empore Styrene-
(n=5)(5/4/06) DVB disks (n = 5)
(5/2/06)
Microcystin-RR 101 + 4.8% 96.8 + 3.6%
Microcystin-YR 97.2 +3.5% 87.7+4.2%
Microcystin-LR 96.1 +2.6% 88.6 +3.3%
Microcystin-LA 47.1 + 33% 73.9 + 9.0%

Note: C18 SPE media yields low recoveries for MC-RR

7/31/2012

U.S. Environmental Protection Agency

14





Microcystins: LC-MS/MS Method
Development

03170411 8: Diode Array
100, 175 TIC
1.42e4
B %
0 o N T T T T T T T T T e e Time
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

7/31/2012 U.S. Environmental Protection Agency 15





Summary

 Development of a robust, sensitive, and selective
drinking water method for the analysis of algal toxins
entails numerous challenges:

Must be applicable to finished drinking waters throughout the
nation

Need certified standards; confidence in lot-to-lot consistency

Need isotopically-labeled, or other appropriate, internal
standards and extraction surrogates

Solid phase extraction: Need concentration of the
contaminants of interest with minimal co-extraction of
unwanted interferents

7/31/2012 U.S. Environmental Protection Agency 16
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Overview

e QOccurrence

« Temporal and Spatial
Patterns

e

* [WATER QuaLITY)

e Environmental
Influences e

-z Ohio Recreational Area
— / .
"‘.6 USGS Photo courtesy of L. Merchant-Masonbrink
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Occurrence
Microcystins are Widespread and Common in the Midwest

OZARK HIGHLANDS (OH)
OSAGE PLAINS (OP)
DISSECTED TILL PLAINS (DT)
WESTERN LAKE (WL)
PLAINS BORDER (PB)

CONCENTRATION/RISK
@ NOTDETECTED
O LOW (<10 ugL)
(0 MODERATE (10-20 ugL)
@ HIGH (> 20ug/L)

78% of lakes had detections (n=359)
Maximum concentration: 52 pg/L

>
s USGS After Graham and others 2004, 2006, and 2009

science for a changing world






Occurrence

_akes with Frequent Microcystin Detections Also Had the Largest
Microcystin Concentrations

100 - n=101
()
()
= ,T_ n=65
» | °
> S~
2 0 B :
s 1 T
= 2
ES ol +
1 I
c
o 0.01 +
s O
= |
0.001 -
s
Always Occassionally
Detected Detected

)
".é USGS After Graham and others 2004, 2006, and 2009
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Occurrence
Multiple Toxins and Taste-and-Odor Compounds

Frequently Co-Occur in Cyanobacterial Blooms

Detectable Toxins/T&O Compounds
B Microcystin - 100% of Lakes (n=23)
| Geosmin -83%

L] MIB - 35%

B Anatoxin-a - 30%

|| Saxitoxin - 17%

| Cylindrospermopsin - 9%

B Nodularin - 9%

a USGS

science for a changing world After Graham and OtherS, 2010





Occurrence
Occurrence of Cyanotoxins and Taste-and-Odor

Compounds is Not Tightly Coupled to Cyanobacterial
Abundance or Community Composition

2D Stress: 0.13

I/'.
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( AIG
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» T C/GIS

G/M .
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]
oM
o
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AIGIM
®
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{ TAIGIM O X

|0

Dominant Genera
X Aphanizomenon
& Anabaena
O Cylindrospermopsis
+ Microcystis
O Aphanizomenon/Microcystis
O Anabaena/Aphanizomenon
¥ Anabaena/Microcystis
® Anabaena/Aphanizomenon/Microcystis
%k Anabaena/Planktothrix/Aphanocapsa

A
r‘-é USGS After Graham and others, 2010
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Occurrence

Cyanobacterial Toxins and Taste-and-Odor Compounds May Be Transported
for Relatively Long Distances Downstream from Lakes and Reservoirs

1,000,000 7 . :
E -@ - MILFORD RESERVOIR NORTH OF DAM Milford Lake release sends algae to Kansas River

1 -@-- MILFORD RESERVOIR OUTFLOW _ o )
100,000 + MARIA SUDEKUM FISHER, Associated Press

Publizhed 09:10 p.m., Wednesday, September 21, 2011
10,000 3

1,000 +

100 -§ KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT SE PTE M B E R 81 2011

4 GUIDELINE FOR PUBLIC HEALTH WARNING
10 +

BIG BLUE
DELAWARE
WAKARUSA

SMOKY HILL|
REPUBLICAN

% WORLD HEALTH ORGANIZATION PROVISIONAL
] GUIDELINE FOR FINISHED DRINKING WATER

A TRIBUTARY CONCENTRATION
-@- MAIN-STEM CONCENTRATON
-@- ESTIMATED CONCENTRATION

: § ANALYTICAL METHOD DETECTION LIMIT
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0.01 +——————————
09/01 09/06 09/11 09/16 09/21 09/26
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TOTAL MICROCYSTIN ¢ g/L)

WHO PROVISIQNAL DRINKING-WATER GUIDELINE

[ I
ANALYTICAL DETECTION THRESHOLD

=
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DISTANCE UPSTREAM FROM CONFLUENCE WITH MISSOURI RIVER, IN MILES

o USGS http://pubs.usgs.gov/sir/2012/5129/  Graham and others, 2012
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Temporal and Spatial Patterns

Seasonal Patterns in Microcystin Concentration are Unique to Individual Lakes
and Peaks May Occur Anytime Throughout the Year

—e— Stratified Period
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Temporal and Spatial Patterns

Vertical Migration or Wind Movement of Surface Accumulations May Rapidly
Change the Areal Distribution of Cyanobacteria

Rock Creek Lake, lowa
2006 Beach Closure Event

Beach Area
Thursday
August 3

Beach Area
Monday
July 31

Boat Ramps
Friday
August 11

Photos Courtesy of 1A DNR

a USGS

science for a changing world





Temporal and Spatial Patterns

Vertical Migration or Wind Movement of Surface Accumulations May Rapidly
Change the Aerial Distribution of Cyanobacteria

Rock Creek Lake, lowa
2006 Beach Closure Event

Beach Area
Thursday

Arvinict 2

WHERE DID THE CYANOBACTERIA GO?

Beach Area

Most likely explanation is
redistribution in the water column

/. Boat Ramps
Friday
~* August 11

Photos Courtesy of 1A DNR

ZUSGS
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Temporal and Spatial Patterns

Sample Concentrations Can Vary Considerably Depending on
When, Where, and How Samples Are Collected

Microcystin: 13 pg/L

Microcystin: 4 pg/L
Geosmin: 0.25 pg/L y H9

__| Geosmin: Not Detected
St . |

=<

Cheney Reservoir, Kansas
September, 2006

a USGS

science for a changing world





Temporal and Spatial Patterns

Sample Concentrations Can Vary Considerably Depending on
When, Where, and How Samples Are Collected

Microcystin (ng/L)
40 60

80 100 120 140

~
S
~
e
o)
o
[«5]
(@)

Mozingo Lake, MO

July 1-2, 2001 N

Microcystis aeruginosa colonies
— 1330
— 1700
—— 0930 Sample Type and

Microcystin Concentration (ng/L)

Integrated  Integrated I n:/?/%f[g’;ed
Time Surface Photic Zone Epilimnion

Column
0930 118 74 84 61
1330 88 64 70 58
1700 65 50 55 45
>
2 USGS
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Environmental Influences

Microcystin Occurrence and Concentration Increases
with Trophic Status

60 - ¢
=2546 .
50 - g<0_01 ® «— maxima
/\40_ b
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?3)30 a b
2 5 °
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O 31 ®
=
O 2
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- 1
0 L .

Oligo  Meso Eu Hypereu

a, b, and c indicate significant
differences in mean concentration TI‘OphiC Gradient

=
s USGS After Graham and others 2004, 2006, and 2009
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Environmental Influences

Regional Associations Between Microcystin and Environmental
Variables Are Not Linear
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% Microcystin Detection
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Total Nitrogen (ng/L)

Total Microcystin (ug/L)
% Microcystin Detection

Secchi Depth (m)

% USGS After Graham and Jones, 2009
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Environmental Influences

There is No Single Environmental VVariable that is Consistently
Associated with Microcystin Occurrence and Concentration

Reservoir: rrelat I p-value | n
Bilby Conductance <0.01 48

Forest Chlorophyll > 35 pm <0.01 49

Harrison Total Nitrogen <0.01 49

Marceline Dissolved Organic Carbon <0.01 49
Mozingo Magnesium <0.01 13
Nodaway Nitrate <0.01 49
Paho Ceriodaphnia abundance <0.01 28
Sterling Sodium 0.03

% USGS “Reservoirs were sampled weekly during January-December 2004

science for a changing world






Environmental Influences

Thresholds and Probabilities May Better Define Relations
Between Environmental Variables and Microcystin
Occurrence and Concentration
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Nitrate (mg/L)
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Environmental Influences

Seasonal Patterns and Environmental Influences May Be
Relatively Consistent Between Years in Some Lakes

Cheney Reservoir, KS 2001-2009

2.0

==== Geosmin
154 == Microcystin
- Cyanobacteria
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Environmental Influences

Continuous Water-Quality Monitors Can Be Used to Develop Models to
Compute Geosmin Concentrations in Real Time

Home | View Data | Methods Constituents Models Bibliography Links
NRTWQ Home >> Kansas >> View Data>> 07144790

Cheney Reservoir, KS

USGS station: 07144790 Cheney Reservoir near Cheney, KS & Go to NWISWeb

Constituent: Computed geosmin

Elevation

Specific conductance at 25 degrees Celsius
pH

Water temperature

Turbidity, YSI model 6026

Total chlorophyll

Diss. oxygen

Computed diss. solids
Computed sodium

Computed chloride

Computed diss. nitrate + nitrite
Computed diss. orthophosphorus
Computed total org. N+ NH3
Computed total phosphorus
Computed suspended sediment

\Computed total suspended solids

Time period:

1,425.00

1,424.00

T T TTTTTH

1,423.00 .

IIIII]]

Computed instantaneons geosmin, water concentratica,
in micrograms per liter

Jan. Feb. Mar. Apr. May June July Aug
2003

http://nrtwg.usgs.gov/ks/
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Conclusions

« Cyanobacterial blooms and
associated toxins and taste-and-
odor compounds commonly occur
in the Midwestern United States.

» The cyanotoxin microcystin is
common in the Midwest and may
reach levels that can cause health
concerns.

« Much more study is needed to
develop reliable means of
predicting and responding to
cyanobacterial blooms to ensure
public health protection.

-z Milford Lake, Kansas
7.4 USGS September 2011

science for a changing world
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Additional Information:

http://ks.water.usgs.gov/studies/gw/cyanobacteria/

Jlgrahnam@usgs.gov
2 USGS 785-832-3511
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Monitoring of Cyanobacteria in
Surface Drinking Water Sources

Jim Haney
Professor of Limnology & Lakes Management

University of New Hampshire
Center for Freshwater Biology

Points to be covered:

Objectives of a cyanobacteria monitoring program

Problems monitoring cyanobacteria in source-
water lakes

Importance of methods of detection
The “Bloom” concept: a love/hate relationship
Examples of monitoring cyanobacteria

Why monitor?
Monitoring and Detection

Why monitor cyanobacteria?

1. Identify problems and problem areas in a lake

2. Provide data base for lake/watershed management plans
3. Track long-term trends

4. Predict future changes

Does Language Shape What We
Think?

Joshua Hartshome
Scientific American (2009)

BLOOM, HAB, CHAB

Source-water Lakes

Eutrophic lakes
— Serious, but consistent problem

Meso-oligotrophic lakes

— Typical drinking water source lakes, especially in
the Northeast

— Cyanobacteria problems tend to be episodic &
difficult to predict

Cyanobacteria problems are not
limited to eutrophic lakes
* E.g. New Hampshire: frequent cyanobacteria

bloom warnings at beaches and reports of
suspected toxicosis in dogs
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.. . . Kal
Examples of cyanobacteria in Meso-Oligotrophic -
Lakes

® . Nostoc

2
®

Microcystis

CyanOtOXinS: f asN ot Survey of microcystins
I : *50 LAKES
Monitoring Considerations : THREE ECOREGIONS
- +2 SEASONS (Spring/Summer)
* Be sure limit of detectability is appropriate for o
lake system 5'} e
* Not all test procedures are suited to { R
2 e ures . A
monitoring, especially in low-nutrient lakes T
T
* Example: 50-lakes microcystin survey of NH o Yo "-.,’,'* e L
lakes (Haney & Sasner 2000)
e
i
420N besssibee it ¢ e—
NH 50-Lakes Microcystin Survey - 2000 ELISA measurement of MCs in the Northeast USA:

Center for Freshwater Biology
1o Note: NLA 2007: median=520

Mean 15.2

Median 7.7
s J0 O 1 : » 3-5x Extension of the ELISA standard curves to

25-50 pg MC mL? (cf 160 pg MC mL?)

Vst Moy

* 10-50x concentration of water sample
(lyopholization)

: ' T el T Result: 30-250-fold increase in sensitivity,

i R R T e B i.e. min lake detection=0.5-5 ng MC L

AV Lane
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Common Cyano-Monitoring
Parameters

4 Cell Counts (+ quantitative; - only net-cyanobacteria)
4@ Phycocyanin Fluorescence (+ rapid, all cyano; - proxy, not 100%
effective)
4 Cyanotoxins, e.g. Microcystins, Anatoxin a (+ direct; - not all
cyanotoxins)

How useful is Phycocyanin fluorescence?

* Should be verified against microscope IDs
— Some non-cyanobacteria have PC fluorescence

* Best if calibrated against standard (chemical or
standardized culture)

* |t can be used (with care) a surrogate for
microcystins

PC predict toxins: must know the cyanobacteria composition

Microcystins (ng L)

Adj R?=0.64

-

-

Pmyrorymwne (e sberd Mooy st o ')

From: Murby 2009

HABs/CHABs
Definition?
Subjective?

Might be helpful to identify sources of cyanobacteria & cyanotoxins

Surface blooms are transient

Sub-surface “blooms” , i.e. metalimnetic layers
Benthic sediments

Benthic Mats

PwnE

Surface CHABs

How they arise in meso-oligotrophic lakes

Spring Summer

eta-layer “bloom”

100-10,000X Winter

_ Late Summer/fa|
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Willand Pond, NH June 2012

7/31/2012

Willand Pond, NH
7 June 2012

Woronichinia

Botryococcus braunii

®
I 'b'

CHALLENGES TO CYANO-MONITORING

PATCHINESS IN SPACE

PATCHINESS IN SPACE

.\' "o - :...

Cyanobacteria Chlorophyll

Willand Pond: Phycocyanin fluorescence and Chlorophyll horizontal distributions

PATCHINESS IN SPACE & TIME






7/31/2012

PCFI
uorescence Barbadoes Pond, NH 2007

Barbadoes Pond NH

Junedd Judy 10 My 21
August 24 Septemder 1
Deep (metalimnetic) Layers: Mirror Lake, NH Mirror Lake (NH)
Phycocyanin (MIC cells mi™)
0.0 5.0e+4 1.0e+5 1.5e+5 2.0e+5 2.5e+5 3.0e+5 3.5e+5

0 2 4 6 8 10 12 14 16

Chlorophyll a (ug L™)

Deep (metalimnetic) Layers: Willand Pond, NH

Deep (> 3 m) Benthic MC

Pty 4 Wkard

e g L

Median 115

Bt Dad W n

Planktothrix & Woronichinia
>1x10° cells mL*

July 10, 2012
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Monitoring leads to Management

Setting phosphorus limits for cyanobacteria

Example: Meredith Water Department

Meredith Water Quality

Anabaena
circinalis
toxic: Mycst-LR

>1 pg per g dw

T Cooqhe






7/31/2012

Lake Waukewan (Meredith, NH) Wy vl o
Synoptic Survey with PC Probe

Nutrients

Erosion & runoff -

1 - . ; o B
N o * : = Impervious
Poor vegetation shoreline buffer Le . mrmgc_"i
——— -
 ou d
o

P 0 00 (rets wh |

Lake Waukewan (Meredith, NH)

Benthi n ria M
Synoptic Survey with PC Probe e obacteria Mat

Phormidium

P 0 00 (rets wh |

-
i~

Lake Attitash, Amesbury/Merrimac MA
Citizen Cyanobacteria Monitoring Program (CCMP)
2010 Report

University of New Hampshire
Center for Freshwater Biology
CFB.UNH.EDU

603-862-2105

Summary

Lake Attitash of Amesbury and Merrimac, Massachusetts was sampled weekly between May 31t
and August 31% of 2010 by the Lake Attitash Association (LAA) in order to monitor levels of
cyanobacteria and microcystins (Fig.1). The lake was then sampled on September 9t and
September 26 by the UNH field limnology class and again on October 21 when the cyanobacteria
had accumulated blooms along the shoreline of the Northeast end of the lake. Epilimnetic water (0-
3 meters) were routinely sampled from five separate sites by the Lake Attitash Association with a
h de, “mini-integrated by pler”. Samples were analyzed for cyanobacteria and
ins by the “Citizen Cy ia itoring Program” or CC MP, a pilot program under
the UNH Center for Freshwater Biology




http://cfb.unh.edu/

http://cfb.unh.edu/

http://cfb.unh.edu/

http://cfb.unh.edu/

http://cfb.unh.edu/

http://cfb.unh.edu/
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For Assistance/Advice in Setting up a
Cyanobacteria Monitoring Program, Contact: Thank You

* Questions?

Frograms

 Mrme b § 5 aemdva tn i Moemtbarmng P nen

* Special thanks to:
Amanda Murby (PhD Student, UNH)
Members of the UNH Center for Freshwater Biology
Daniel Leonard (Meredith Water Department)
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EPA’s Efforts in Addressing
Cyanotoxins in
Recreational and Drinking Waters

Lesley Vazquez-Coriano

US Environmental Protection Agency

Office of Water/Office of Science and Technology
EPA Workshop on Cyanobacteria and Cyanotoxins:
Occurrence and Detection Melthods

July 30-31%t, 2012





Outline

* Provide a brief background on the Contaminant Candidate
List (CCL) program and the Regulatory Determination
process for cyanobacteria and cyanotoxins in drinking
water.

 Briefly describe what is a Human Health Ambient Water
Quality Criteria.

* Describe the activities at EPA relating to cyanobacteria and
cyanotoxins in drinking and recreational waters.





Drinking Water: Safe Drinking Water Act
(SDWA) Requirements

*SDWA Section 1412(b)(1)

Contaminant Candidate List (CCL)

- Develop a list of unregulated contaminants that are known or anticipated to
occur in public water systems and may require a drinking water regulation.

- EPA publishes the list every five years.

- Unregulated Contaminant Monitoring Rule (UCMR)

- Collect data to help determine which, if any, of the listed contaminants EPA
should regulate, based on their measured levels at selected public water
systems and their potential health effects.

Regulatory Determination

- Determine whether or not to regulate at least five contaminants from the CCL
with National Primary Drinking Water Regulation (NPDWR) after evaluating
criteria specified under the SDWA; Publish determinations on a five year cycle.

Regulation Development

- If EPA decides to regulate, the Agency has 24 months to propose and 13
months to finalize the health goal and the NPDWR.





- Universe of potential drinking water contaminants. Univere

. Select contaminants based on more detailed evaluation of:

CCL Process for Cyanobacteria/Cyanotoxins

Identifying the CCL

L d3ls

Identifies contaminants that should be further evaluated
(the preliminary CCL or PCCL).

- Known or anticipated occurrence in PWS
- Adverse health effect
More information at: www.epa.gov/safewater/CCL

- Cyanobacteria included in CCL

CCL 1 (1998) includes Cyanobacteria (blue-green algae), other freshwater algae, and
their toxins

CCL 2 (2005) includes Cyanobacteria (blue-green algae), other freshwater algae, and
their toxins

CCL 3 (2009) includes Cyanotoxins (anatoxin-a, microcystin-LR, and
cylindrospermopsin)

CCL 4 (due 2014) — EPA started evaluating contaminants for CCL 4 4



http://www.epa.gov/safewater/CCL



Regulatory Determination for
Cyanobacteria/Cyanotoxins

« SDWA requires EPA to promulgate a NPDWR and to publish a Maximum
Contaminant Level Goal (MCLG) for a contaminant if:
« Can cause adverse health effects;
* Known to occur in public water systems with a frequency and at levels of public
health concern; and
* Regulation presents a meaningful opportunity for health risk reduction.

« Contaminants MUST meet all three criteria for a positive regulatory determination.

* Regulatory Determination for cyanobacteria and cyanotoxins
 RD 1 (2003) — No Regulatory Decision - not sufficient information
« RD 2 (2008) - No Regulatory Decision - not sufficient information
* RD 3 (Due 2013)

 EPA started evaluating all contaminants on CCL 3 for the Regulatory

Determination Criteria :





Guidelines & Regulations for DW

* No federal regulations or guidelines for cyanotoxins.
« WHO guidelines of 1ug/L for microcystin-LR (MC-LR) in drinking water.
» Guidance values have been adopted by many countries and some states:

* Brazil 1 pg/L MC-LR

3 ug/L Saxitoxin
15 pg/L Cylindrospermopsin

10,000 cells/mL or Imm?3/L
biovolume cyanobacteria

» Australia 1.3 ug/L MC-LR Tox Eq
3 ug/L Anatoxin-a
3 ug/L Saxitoxin
1 pg/L Cylindrospermopsin

e Canada 1.5 ug/L MC-LR Tox Eq

e Ohio 1 pg/L MC-LR Tox Eq
20 pg/L Anatoxin-a
1 pg/L Cylindrospermopsin
0.2 pg/L Saxitoxin

e Oregon 12 ug/L MC-LR Tox Eq
3 ug/L Anatoxin
1 pg/L Cylindrospermopsin
3 ug/L Saxitoxin





Recreational Water: Clean Water Act

(CWA) Requirements
*CWA Section 304(a)
* Water Quality Criteria
* Limits on particular chemicals or conditions in a water body
* Elements of water quality standards
* Protect designated uses (e.g. aquatic life, recreation, public water supply)
» Expressed as a narrative or numeric
 EPA’s recommendation to States and Tribes

* EPA publishes two types of Ambient Water Quality Criteria (AWQC):
« Agquatic Life Criteria - protection from ingesting aquatic organism only
 Human Health Criteria - protection from ingesting water and aquatic organism

Highest concentration of a pollutant in water that is not expected to pose a
significant risk to human health. 7





Human Health AWQC Development

* Toxicity
e TR A v » Toxic effects and dose-response properties
SEPA  Methodology for Deriving Ambient * RISk SpeCIfIC Doses for linear Carc_lnogens _
Water Quality Criteria for the  Point of Departure (POD)/Uncertainty Factor (UF) for nonlinear
Protection of Human Health (2000)

carcinogens
» Reference dose (RfD) for non carcinogens
* Exposure
* Relative Source Contribution (RSC)

* Exposure parameters: body weight (BW) drinking water intake
(DI) and Fish Intake (FI)

* Bioaccumulation factors (BAFs)
» Site-specific BAFs or National BAFs
» Use of site-specific BAFs encouraged
» Trophic level data on accumulation of chemical in fish or shellfish

Guidance document available at http://www.epa.gov/waterscience/criteria/humanhealth/method/complete.pdf
Technical support documents:

* Risk Assessment http://www.epa.gov/waterscience/criteria/humanhealth/method/supportdoc.pdf
National Bioaccumulation Factors http://www.epa.gov/waterscience/criteria/lhumanhealth/method/tsdvol3.pdf 8
Site-specific Bioaccumulation Factors http://www.epa.gov/waterscience/criteria/humanhealth/method/tsdvol3.pdf




http://www.epa.gov/waterscience/criteria/humanhealth/method/complete.pdf

http://www.epa.gov/waterscience/criteria/humanhealth/method/supportdoc.pdf

http://www.epa.gov/waterscience/criteria/humanhealth/method/tsdvol3.pdf

http://www.epa.gov/waterscience/criteria/humanhealth/method/tsdvol3.pdf



Guidelines & Regulations for RW

No federal regulations or guidelines for protecting human health and ecosystem

frO m HABS . Relative Probability of Cyanobacteria Microcystin-LIR
Acute Health Effects (cells'm1L.) (ng/L)
. . . . Low = 20,000 <10
WHO international guidelines for Moderate
. High 100.000-10.000.000 20-2.000
Recreational Waters are: Very High > 10.000,000 >2.000

* Guidelines for microcystin concentrations and/or equivalent cell densities of
cyanobacteria for recreational waters are in place in 6 countries

eAustralia

Canada

*California

*Ohio

*Oregon

*Oklahoma

Level 1- 50,000 Cells/L ~ 10 ug/L, Biovolume>4 mm3/L

Level 2- Biovolume > 10 mm3/L or Scum

100,000 cells/L ~ 20 ug/L MC (total)

MC-LR: Humans: 0.8 ug/L; Fish: 13 ng/g; Livestock: 3 pug/L; Pets: 1ug/L
Anatoxin-a: Humans: 90 pg/L; Fish: 1,100 ng/g ; Livestock: 100 pg/L; Pets: 40ug/L
CYL: Humans: 4 pg/L; Fish: 66 ng/g; Livestock: 10ug/L; Pets: 4ug/L

MC-LR: Public Health Advisory: 6ug/L; No Contact Advisory: 20ug/L

Anatoxin-a: Public Health Advisory: 80 pg/L; No Contact Advisory: 300 ug/L

CYL: Public Health Advisory: 5 pg/L; No Contact Advisory: 20 ug/L

Saxitoxin: Public Health Advisory: 0.8 pg/L; No Contact Advisory: 3 pg/L

> 40,000cells/mL of MC or Planktothrix to 100,000 cells/mL of total toxic cyanobacteria
MC-LR: 8ug/L; Anatoxin-a: 20 pg/L; CYL: 6ug/L; Saxitoxin: 100 ug/L

> 100,000 cells/mL ~ 20 pg/L MC (total)

9






EPA activities related to
Cyanotoxins in
Drinking Water

and
Recreational Water

10





EPA activities: ORD/National Health and
Environmental Effects Research Laboratory

« Evaluation of toxicology using animal models

* Toxicity of Cylindrospermopsin (CYN) in gestationally-exposed animals
« Effects in utero exposure at birth and during the lifetime of the animal.

* Based on previous work, we will investigate adverse critical organ effects after dose-
related exposures to CYN over the lifetime of the animal. Organ endpoints will include
hepatic, pulmonary and reproductive.

* In progress

* Toxicity of freeze dried cyanobacterial cell masses (lyophilates) from blooms

* Test lyophilates obtained from algal blooms with multiple toxins using the mouse
bioassay. Animals will be initially exposed to lyophilates by the intraperitoneal route.
Endpoints will include clinical and serum chemistry parameters as well as histopathology.

* Collaboration with USGS, NC DENR and Baylor University
* Submitting the permit to conduct animal studies.

11
« Contact: Neil Chernoff (919-541-2651)





EPA activities: ORD/National Health and Environmental
Effects Research Laboratory (Cont.)

« Evaluation of toxicology using animal models

* Cyanotoxin mixture toxicity and biomarker evaluation:

* Based on the chemical analysis of the lyophilates, the toxicity of relevant mixtures of pure
cyanotoxins will be determined in mammals.

* Blood and various tissue levels of the administered toxins will be determined and related to
the observed toxicity.

* In collaboration with USGS - not started

« Potential mammalian toxicity of Golden Algae (Prymnesium parvum) toxins:

* Ichthyotoxic lyophilates of P. parvum will be administered to mice and any adverse effects
will be determined and evaluated.

* In collaboration with Baylor University - In progress

« Contact: Neil Chernoff (919-541-2651)
12





EPA activities in DW:

OW/Office of Groundwater and Drinking Water

« Development of Analytical Methods for Cyanotoxins
 Description:
e Liquid chromatography combined with mass spectrometry method (LC/MS/MS) for microcystin.

* Would potentially include an immunoassay screen (ELISA) for many toxins and possibly protein-
phosphate inhibition assay (PPIA) to determine bioactivity. If cyanotoxins are found in the
screening, microcystin-LR will be analyzed for.

* EPA may also develop methods for anatoxin-a and cylindrospermopsin (time and budget
permitting).
 Currently also developing an immunocolumn method for the cleanup (remove OM) and
concentration of microcystins from samples.
« Status:

* Have preliminary results from testing of spiked microcystin recovery of the immunocolumns with
reagent water and with drinking water.

* Will retest starting in summer and expect to have the method for microcystin ready by Fall 2013.
« Contacts:

* Microcystin method: Jody Shoemaker (ORD/NERL, 513-569-7298) and Jim Sinclair
(LSSU/immunocolumn project, 513-569-7970) 13

* Anatoxin-a and cylindrospermopsin method: Steve Wendelken (513-569-7491)





EPA activities in DW:

OW/Office of Science and Technology

 DW Health Advisories (HA) for Cyanotoxins: Microcystin-LR, Anatoxin-a, and
Cylindrospermopsin
« Description:
 Joint collaboration with Health Canada

» Informal technical guidance for unregulated drinking water contaminants to assist
Federal, State and local officials, and managers of public or community water systems in
protecting public health as needed.

« HA are non-regulatory concentrations of cyanotoxins at which noncancer adverse health
effects are not anticipated to occur over specific exposure durations - one-day, ten-day,

and Lifetime. Cancer Risk is also calculated.
e Status:

* OST is collecting information on the toxins properties, exposure and occurrence
information for the three toxins and will do the quantification of toxicological effects .
* Health Canada provided the toxicity profiles, and will provide the analytical methods and
treatment technologies sections for the document.
 The HA are expected to be release by Summer 2013.
« Contact: 14
» Lesley Vazquez-Coriano (202-566-1125)





EPA activities in DW and RW:
OW/Office of Science and Technology

Cyanobacteria Harmful Algal Blooms Webpage

» Description:

* Webpage to help inform the public, states, tribal and local governments, and other federal
agencies about key issues regarding cyanobacteria blooms in recreational waters and
drinking water.

e Includes information on: %é—mfﬁ';m;;m; ey

» Causes, prevention and mitigation flo & vow foms T b &t - B
Human health and ecological effects el sttt o
Detection methods
Available policies and guidelines
Past and ongoing research
Links to other resources : = |

.....

<), | Nutrients: J U:E?;- Windows Internet Explore.. I

o Status:
e Published on July 18, 2012
http://www.epa.gov/nandppolicy/links.html

» Contact:
* Lesley Vazquez-Coriano (202-566-1125)



http://www.epa.gov/nandppolicy/links.html



EPA activities in DW.
OW/Office of Science and Technology

 Cyanobacteria and Cyanotoxins Fact Sheet for Drinking Water Operators
« Description:

* Information sheet to provide information to public water suppliers on human
health effects, analytical screening tools, and the effectiveness of various
treatment processes to remove or inactivate the three cyanotoxins listed in
CCL: microcystin-LR, anatoxin-a, and cylindrospermopsin.

e Status:

* Published on the CyanoHABs Webpage
http://water.epa.gov/scitech/swquidance/standards/criteria/nutrients/upload/c
yanobacteria factsheet.pdf

Contact:

* Lesley Vazquez-Coriano (202-566-1125)




http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/upload/cyanobacteria_factsheet.pdf

http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/upload/cyanobacteria_factsheet.pdf



EPA activities in DW:
ORD/National Center for Environmental Assessment

Toxicological Reviews for Anatoxin-a, Cylindrospermopsin, and Microcystins
* Description:
* Dose-response assessments to support the health assessment of unregulated
contaminants on the CCL.

* The purpose of these documents is to compile and evaluate the available
guantitative and qualitative hazard and dose response data regarding the three
cyanotoxins listed in CCL.

e Status:

« All 3 documents went for public comment and external peer review on 2007 and are

available under the letter T at:
http://cfpub.epa.gov/nceal/cfm/nceapubtitle.cfim?ActType=PublicationTopics&detype=

document&excCol=archive&from=2006&t0o=2006
* ORD is expecting to have revised versions by December 2012/January 2013.

* Contact:
« Belinda Hawkins (ORD/NCEA, 513-569-7523) 17




http://cfpub.epa.gov/ncea/cfm/nceapubtitle.cfm?ActType=PublicationTopics&detype=document&excCol=archive&from=2006&to=2006

http://cfpub.epa.gov/ncea/cfm/nceapubtitle.cfm?ActType=PublicationTopics&detype=document&excCol=archive&from=2006&to=2006



EPA activities in DW:
ORD/National Risk Management and Research Laboratory

« Oxidation of cyanotoxins and product analysis
* Description:
* To determine the stability of a number of cyanotoxins (microcystins and other

algal toxins) when exposed to oxidative water treatment (chlorination,
chloramination, ozone).

e Preliminary findings:
» Disinfection by-products have been identified after transformation using
high-resolution mass spectrometry.
 All the cyanotoxins/algal toxins are effectively treated in the presence of
HOCI with a range of reaction rates which are pH dependant.
e Status:
« Expected to continue into 2013
 Research is to be expanded to measuring concentration in natural waters and
their treatment within full-scale water treatment plants.
e Contact:
« Heath Mash (513-569-7713)
18





EPA activities in DW:
ORD/National Risk Management and Research Laboratory

 Enhanced Source Water Monitoring for DW Treatability Translations
 Description:

* To explore whether blooms have an impact on DBPs, and what type of bloom (e.g. green algae,
blue-green bacteria, etc) cause more of a problem.

* Part of a project on the impact of land-use on water quality of the East Fork Lake (Ohio River).

* For the DW part, samples have been taken at one point in the lake next to the Claremont County
water treatment plant intake and at the end of the water treatment plant.

e Status:
e Reservoir monitoring from 2010 continuing through June 2012 for:

» Algal parameters : chl a, fluorescence pigment analysis, algal taxonomy (microscope ID and
enumeration)

« Toxin identification and quantification: ELISA and HPLC/PDA analysis
e Other: Nutrients , metals and DO.

* Toxin related samples and samples to differentiate (total versus free toxin concentration) have
been collected and preserved but not yet analyzed.

 Contact:

« Michael Elovitz (ORD/NRMRL,513-569-7642) and Armah Delacruz (ORD/NERL,513-569.7224)
for ELISA testing





EPA activities in RW:
OW/Office of Science and Technology

« Economic Analysis of Nitrogen and Phosphorus Pollution in
the U.S.

* Description:

« Compile current, existing data on the economic impacts of nutrient pollution on
designated uses or economic sectors (e.g., tourism, fishing industry,
aquaculture) to counterbalance the cost estimates from potential treatment
upgrades

* Provide new and/or updated information on the economic impacts of nutrient
pollution on certain designated uses or economic sectors that do not yet have
Information available currently (e.g., some recreation, drinking water,
public/private water supply);

« Summarize existing data on the costs of treatment technologies and other
approaches to mitigate nutrient pollution and eutrophication.

e Status:
» Selecting contractor
e Contact:

* Mario Sengco (202-566-2676) 20





EPA activities in RW:
OW/Office of Wetlands, Oceans and Watersheds

* National Lakes Assessment (NLA)
» Description
* National Aquatic Resource Surveys (NARS) are a series of national assessments being
conducted by EPA, states, tribes and other partners to study rivers and streams, coastal
waters, wetlands, and lakes in a revolving sequence with the purpose to learn what are
the condition of the Nation's water resources.
* As part of the first NLA survey (2007), USGS analyzed microcystin in lakes across the
country and was able to analyze for anatoxins and saxitoxins in many of the samples.
* These data are the first-ever national study of algal toxins.
« NHERRL is working with USGS to understand occurrence of cyanotoxins
(cylindrospermopsin and saxitoxin) and the potential implications for human health.
° Status Design Sites for the
« 2012 NLA started and 40% of its sites have been sampled. P o e
« Analyzing samples for microcystins. G AR
» Contact:
* Amina Pollard (202-566-2360)

«* NLA website: http://water.epa.qov/type/lakes/lakessurvey index.cfm




http://water.epa.gov/type/lakes/lakessurvey_index.cfm



EPA activities in RW:
OW/Office of Wetlands, Oceans and Watersheds

«  Water Data Project
e Description
 Joint collaboration with OGWDW,OST, EPA Regions, USGS, OEI, Forest Service and
NOAA
* To increase awareness of water quality and will help fill information gaps on the value
of clean water to local communities as well as on human health and the economy.
e Status:
o Water Data Analysis plus GIS Mapping
« Algal blooms: overall incidences map and relation to source waters
* Maps relating drinking water source waters vs. surface water impairments
* Narratives Relating Surface Water Quality to Human Health and the Economy (case
studies, stories)
* Analysis of media reporting regarding water quality issues to develop case
examples and community narratives including relating to potential map products
* ‘How’'s My Waterway?’
« multi-platform site including availability as a mobile app: will provide interested
users with locally relevant information on the condition of waterbodies
- Contact: 22
* Margarete Heber (202-566-1189)





EPA activities in RW: ORD/National Health and
Environmental Effects Research Laboratory

Cyanobacteria Assessment Network (CyAN)
* Description:
« Started in 07/2012 to 07/2013

» Approach to detect and predict the probability of cyanobacterial blooms
developing over the next several days and whether the bloom may intensify
or diminish using remote satellite technology.

* The predictive model will then be incorporated into a mobile application to
provide publicly accessible information on bloom presence.

e Status:
 Data retrieve started.
« Contact

» Blake Schaeffer (850-934-9205)






Thank Yeu

Lesley Vazquez-Coriano, Dr.PH
U.S. Environmental Protection Agency
Office of Water
Office of Science and Technology
Health and Ecological Criteria Division
202-566-1125
vazguez-coriano.lesley@epa.gov

24
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Overview

* Terms

* Clear Lake, CA facing extraordinary water treatment
challenges

* Water Treatment around the lake: then and now

* ldentifying 10 representative water treatment plants
* Results: Table and with WTP process flow diagrams

* Conclusion

* What is next?

* Field day + Methods






Terms

Conventional Treatment: coagulation, flocculation,
sedimentation, filtration

Direct Filtration: coagulation, flocculation, filtration

Contact clarification: like roughing filter except there is
adequate time for flocculation formation

Inline filtration (not approved): coagulation, filtration

Diatomaceous Earth: process that removes particulates with a
pre-coat of graded diatomaceous earth filter media is
continuously deposited on a support membrane (septum)

Alternative Technology: membrane filtration
WTP — water treatment plant
AOP — advanced oxidation process

Risk:Treatment Score — a ranking system developed to identify
representative treatment plants.






WTPs aroun_cl Clear Lake, CA
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WTPs)
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2010 flrst cyanotoxms measured
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yanobacteria Water
reatment challenges

Source Water Quality
Diel pH fluctuations can be extreme (acid additions to counter)
Elevated total organic carbon (at times >10 ug/L)
Suite of Treatment Issues:
Short filter runs/Clogged filters
Increased pre-oxidation demand
Increased coagulant demands
Increased filter backwashing/clarifier sludge removal

Increase in disinfection applications to maintain required
residuals

Increase DBP formation
Taste & Odor complaints

Unknown impacts from cyanotoxins





lear Lake Treatment “Model”
reatment Strategies Evolve

e






look at cyanobacteria from the
‘eatment perspective...

* Cyanobacteria properties:
NEGATIVELY CHARGED PARTICLE (Edzwald, 1993)

Removing an intact cell is preferred (Steffensen,
International Symposium on Cyanobacteria Harmful Bloomes,
Chapter 37, Sept 2005) over water soluble compounds

Organic content varies within this group

Tolerant, small, low specific gravity, low cell density

Blooms: warm, high nutrients, stable water column
Pigments: Chl a + accessory pigments

Motile: glide & regulate buoyancy

Toxicity expected in 60% of all samples (WHO, 2003)

UC Davis doc 3 types of cyanobacteria; end of drought years
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urce: Managing for Healthy Ecosystems, Chapter 121: Evaluating and Managing a Multiply-Stressed Ecosystem At
ear Lake, California: A Holistic Ecosystem Approach, Suchanek, T.H., et. al. (2002)

rocystis & Aphanizomenon — 5 um, taste & odor problems

Aphanizonmenon max ~ 14 million cells/mL





lessage to operators: Keeping
ells intact vs. lysing

Cells Intact * Lysed Cells
Coagulation Oxidation
Sedimentation GAC

Filtration

Vhat is your treatment approach?
And, does it change in a season?






isk:Treatment Score

. *
Risk (Score 10 to 40) Treatment
Pre-oxidation:

North West exposure KMnO4/Ozone (3), AOP (4),

Toxin levels at different NaOCI(0)

reaches of lake Filtration: Conv (1), upflow
[Chlorophyll a] package (1), membrane (0),
DOC CC (0.5), direct (0.5), DE (0)

Polishing Ozone (3)
Polishing GAC (1)
UV disinfection (0)
Post disinfection (0)

* Based on assumption that bloom was in senescent phase; toxins released






electing Representative Sites

Considerations
Risk:Treatment Score
Logistics: 10 of 17 WTPs, decision limited to ~1 day
Availability/Willingness — all utilities welcomed us; some
expressed relief; have some information available to customers
Caveats
Time frame — extremely short (~ 2 days to plan/prep)
Limited Knowledge on Risk:Treatment Score






February x, 2012

TO: INSERT WATER SYSTEM

In a responseto Lake County communicating public concerns about recreating and
drinking water from Clear Lake, CA during noxious cyanobacteria blooms, the California
Department of Public Health (Department) collected water samples at representative
drinking water plants from around the lake. The water samples were collected at
different stages of treatment on September &, 2011 and analyzed for six cyanoloxins,
specifically microcystin-LF, microcystin-LR, microcystin-RR, microcystin-YR,
microcystin-LW and microcystin-LA.

The purpose of the sample collection was to measure the concentration of the four
microcysting entering water treatment plants andto assess how effectively the four
microcystins were removed at different stages of treatment. The Depariment
appreciates the coordination and cooperation of INSERT NAME OF WATER SYSTEM
on such short notice.

During sample collection the Department understands that the following treatment
processes were in place at [INSERT NAME OF WATER SYSTEM]:

INSERT TREATMENT UNIT PROCESSES

If any ofthe treatment information is incomplete or inaccurate, please contact the
Department with the correct information. The water samples were using a liquid
chromatography-mass spectrometry laboratory technique. The results ofthe analyses
for INSERT WATER SYSTEM are as follows:

INSERT TABLE OF RESULTS

The success of the removal of these four microcystins during this sampling is attributed
to INSERT WATER SYSTESM optimizing treatment to remove the compounds in both
soluble and insoluble form. If you have any questions aboutthese results, please
contact Amy Little at (707) 576-2147.

-






VTPs around Clear Lake, CA
P connections | Population | reatment _| RiseTreat Score _

den State 2,286 7,544 Conventional 13.7
ter Co.






VTPs around Clear Lake, CA
P Connections | Population | Treatment | iskiTeat Score _

Konocti 1,567 3,150 Conventional 134

iera West 235 Inline filtration

1octi 1,758 4,027 Conventional
'D

* Dialysis patients are served





VTPs around Clear Lake, CA
P Connectins | population _| Treatment_| RiskTeat Score_

arlake 1,700 2,458 Conventional 5.0
<s CWD

/ of 2,188 5,200 Conventional 3.0
eport*™

rth 1,214 2,868 Conventional 3.0
eport

1octi INACTIVE INACTIVE Conventional N/A

‘bor Resort

* Dialysis patients are served





esults for microcystins*, ug/L

ND = non-detected

Total microcystin concentration reported

UCSC confirmed results (» indicates a deviation)
* MC-LR + MC-RR (if detected)






esults for microcystins*, ug/L

ND = non-detected

Total microcystin concentration reported
* MC-LR + MC-RR (if detected)

+ average of two analyses






ample Locations

Crescent Bay Improvement Company






ample Locations

Buckingham Park Water District






ample Locations

Richmond Park Resort






ample Locations

Clearwater Mutual Water Company






ample Locations

Westwind Mobile Home Park
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ample Locations

Nice Mutual Water Company

w-m} » m






ample Locations

Lucerne Water Company — California Water Service

0.16





ample Locations
Highlands Mutual Water Company

2.96

KMnO4 inj Ozone NaOClinj Conv





ample Locations

Lake County CSA 20 — Soda Bay

KMnO4 inj





ample Locations

Clearlake Oaks County Water District





onclusion

On September 8, 2011 water treatment plants were effective in
reducing the microcystin variant concentrations detected in
source waters to levels below laboratory detection at the
entrance to the distribution system for drinking water around
Clear Lake, CA






Vhy? And, What is Next?

Attribute success to:

Taste and odor complaints driving treatment improvements
What's next?

Jar testing training late August 2012

“Recommendations for a Cyanotoxin Monitoring Plan and Treatment
Approach for Surface Water Treatment Plants around Clear Lake, CA”

Continuously monitoring chlorophyll a at Highlands MWC with
approval from Lake County director using a fluorometer — in process

Continue using fluorometer as a tool to identify when cells are lysed

Phaeophytin:chlorophyll a ratio — evaluate whether this can provide
clues on best treatment approach at different stages of each bloom —
in particular pre-oxidation strategies

Empty bed contact time in GAC filters?






leld Day

Duplicate samples: 125 mL amber glass and 1 L plastic

3 rinses and collect samples to less than 50% volume

35 minute buffer in the entire schedule — no wiggle room
Marianne Watada assisted

Communication with water systems:

Target visit window (+/- 15 minutes)

Must locate water treatment plant, representative and sample
points, need limited work space

Plant must be operating

Must limit to 30 minute visit maximum
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lethods

30 Bottles — clean 125 mL amber glass and 1 L plastic
Transport/Storage until analysis: frozen with dry ice (-20° C)

Sample preparation
Triplicate freeze/thaw cycles
Solid phase sample extraction

Quantitative Analysis
LC-MS-MS
Quantitation and Confirming Transitions
Internal Standard (Monolinuron) and Surrogate (Monuron)
Reverse Phased Column (C,)

Methanol-Water Gradient (w/Acetic Acid & Ammonium Format
Additives)






lethods continued...

Quality Assurances

* Surrogate Recovery Determined in each sample
* Analyzed blanks, duplicate and fortified samples
Reporting Limits (ug/L or ppb):

MCRR MCLR MCYR MCLA MCLW MCLF
Varlant

eporting
mit

* Dr. Kudela performed a split analyses (on 125 mL)
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William Draper, Richmond Lab Director (CDPH)

Donald Wijekoon, Research Scientist

Dr. Raphael Kudela, UCSC Professor

Marianne Watada, Associate Sanitary Engineer (CDPH)

Cooperation with Water Systems: Darin McCosker (Clearlake
Oaks), Ellen Pearson (Buckingham Park), Chuck Davis
(Westwind), Dean Eichelmann (Soda Bay), Dan Strechfus
(Richmond Park), Norm Birdsey (Highlands), Dave Fultz (Nice),
Michael Ruest (Clearwater), Sam Lambert (Crescent Bay), Gay
Guidotti/Ryan Jensen (Lucerne)

Clear Lake BGA Work Group participants:

Carolyn Ruttan, Susan Keydel, Raphael Kudela, Cecile Mioni, Ray
Ruminski, Jim Brown, Tom Smythe, Karen Tait, Gary, Chris White,
David Mezzara, William Draper, Stefan Cajina, Robin Hook and
Bruce Macler






Juestions like us? Contact Us

it acceptable to report results for total microcystin
yncentration?

William Draper, Chief

rinking Water and Radiation Laboratory Branch
10) 620-2915

/illiam.Draper@cdph.ca.gov

Amy Little, Associate Sanitary Engineer
lendocino District Field Office Branch
'07) 576-2147

my.little@cdph.ca.gov







Preliminary Reassessment of Cyanotoxin Mixtures
In the 2007 US EPA National Lakes Asssessment

Keith Loftin 1, Jennifer Graham !, Elizabeth Hilborn 2,
Julie Dietze 1, Sarah Lehmann 2, Michael Meyer 1,
Andrew Ziegler !

1 USGS Kansas WSC, 2 US EPANHERL, 3 US EPA OWOW

science for a changing world





Harmful Algal Bloom Overview

m Introduction NS
An algae bloom has made
G e v o
= unsaie or w .
m 2007 National Lakes Assessment (NLA): Avod diect contact wi
Occurrence of Chlorophyll, Cyanobacteria, : '

and Toxins

m Big Picture

http://ks.water.usgs.gov/Kansas/studies/gw/cyanobacteria

ZUSGS

science for a changing world



http://ks.water.usgs.gov/Kansas/studies/qw/cyanobacteria



TOXiCity Of KnOWII Cylindrospermopsin (24 hr) |Cytotoxin | 2
i == Rattlesnake

CyanOtOXIHS Microcystin-RR  |Hepatotoxin | 0.6 Venom
- mmmmmm TaDUN
m Acute Toxicity Cylindrospermopsin (5 days) |Cytotoxin | 0.2
CytOtOXIC Homoanatoxin-a |Neurotoxin | 0.2
Neurotoxic —
: in-a | Neurotoxin | 0.2
Hepatotoxic Anatoxin-a :
p i o SACNN
Dermatoxic Microcystin-L'Y |Hepatotoxin | 0.09

. . . Nodularin-R |Hepatotoxin | 0.05
m Chronic Toxicity I

Microcystin-YR |Hepatotoxin | 0.05

Respiratory Distress

= (Carcinogen

®= Tumor Promotion Microcystin-LR |Hepatotoxin | 0.05

= Mutagen I
Microcystin-LA  |Hepatotoxin | 0.05

m Teratogen

= Embryolethality Anatoxin-a(s) |Neurotoxin| 0.02
- G SOMaAN

* Saxitoxin 0.008

%USGS ] (— RiCIN

science for a changing world * Neurotoxin Acute LDSO (mg/ Kg bW)






Important Thresholds

= No Current U.S. Federal Regulations for Recreation or Drinking Water
EXxposure

m Occurrence and Risk Assessment Phase

m US EPA Office of Water listed Anatoxin-a, Cylindrospermopsin ,
and Microcystin-LR or selected producers on CCL2 and CCL3.

= World Health Organization (WHO) suggested provisional
microcystin recreational threshold values are usually adopted by
countries and U.S. states or something very similiar.

Relative Probability
of Acute Health Cyanobacteria Microcystin-LR  Chlorophyll-a
Effects (cells/mL) (ng/L) (ng/L)

Low < 20,000 <10 <10

Moderate 20,000 - 99,999 10-19.9 10-49.9

High 100,000-9,999,999 20 - 1999 50 - 4999

Very High > 10,000,000 > 2000 > 5000 % USGS

Chorus and Bartram, 1999 science for a changing world






What are the Neighbors Doing?

m In addition to cyanobacterial cell counts and/or microcystin assessment:

m Some countries and U.S. states are now acknowledging the presence of
cyanotoxins mixtures and guidelines are being used for anatoxin-a, anatoxin-a(s),

cylindrospermopsins, and saxitoxins in addition to microcystins and/or
cyanobacterial cell counts.

m Several U.S. states, Native American tribes, and countries have recreational
and/or drinking water guidance documents that include other cyanotoxin classes.

m California has recreational
guidance document that includes
toxin mixtures and deals with fish
consumption, livestock, and pets.

ZUSGS

science for a changing world






Cyanobacterial Lipopolysaccharides
(LPS)

m There is much left to learn on this topic!

m Suggested LPS Exposure Symptoms (some are yet to be scientifically linked):
= Oral — testing seems to indicate this may be of less concern
= Inhalation — Seems to be route of most concern at this point
= Dermal - Not clear what compounds are causing rashes

= Notch et al. (2010) implicated cyanobacterial LPS coadministered with
cadmium as more toxic than either constituent given individually to
zebrafish embryos.

m \WHO suggests use of the 20,000 cells/mL cyanobacteria criteria as a
human recreational threshold for LPS contact based on research studies.

Stewart, I. et al., 2006, Environ. Health Persp. 5, 7. (http://www.ehjournal.net/content/pdf/1476-069X-5-7.pdf)
Notch, E.G., et al., 2010, Environ. Toxicol., 26:498-505. ;'ré USGS

http://www.who.int/water_sanitation_health/bathing/srwel-chap8.pdf sclence for a changlng world




http://www.ehjournal.net/content/pdf/1476-069X-5-7.pdf

http://www.ehjournal.net/content/pdf/1476-069X-5-7.pdf

http://www.ehjournal.net/content/pdf/1476-069X-5-7.pdf

http://www.ehjournal.net/content/pdf/1476-069X-5-7.pdf

http://www.ehjournal.net/content/pdf/1476-069X-5-7.pdf

http://www.ehjournal.net/content/pdf/1476-069X-5-7.pdf

http://www.ehjournal.net/content/pdf/1476-069X-5-7.pdf

http://www.ehjournal.net/content/pdf/1476-069X-5-7.pdf

http://www.who.int/water_sanitation_health/bathing/srwe1-chap8.pdf

http://www.who.int/water_sanitation_health/bathing/srwe1-chap8.pdf

http://www.who.int/water_sanitation_health/bathing/srwe1-chap8.pdf

http://www.who.int/water_sanitation_health/bathing/srwe1-chap8.pdf



A Few Words on the 2007 National Lakes
ASssessment

m Larger reservoirs were not numerous due to study design.

m There is a temporal signal in the data set (samples collected May to
October 2007).

m \Weather patterns can be different from year to year for each region.
m This study represents a snapshot in time.
m [t is the first attempt at a national assessment of cyanotoxins in the U.S.

m Cylindrospermopsin and Saxitoxin ELISA results are preliminary and are
being completed outside of the National Lakes Assessment in
collaboration with USGS Toxic Substance Hydrology Program, US EPA
NHERL, and US EPA OWOW.

EPA 841-R-09-001
http://water.epa.gov/type/lakes/lakessurvey index.cfm




http://water.epa.gov/type/lakes/lakessurvey_index.cfm



2007 National Lake Assessment and Cyanotoxins —
Integrated Photic Zone - Chlorophyll

« ~42% of samples exceeded
WHO Moderate Microcystin
Health Risk (>10 pg/L).

e ~27% of samples exceeded
WHO High Microcystin
Health Risk (>10 pg/L).

Chlorophyll-a (ug/L)
<10
* 10.01-50
e 50.01-936

« Chlorophyll was detected most frequently and typically at larger concentrations East of the
Rocky Mountains.

= USGS

science for a changing world

EPA 841-R-09-001






2007 National Lake Assessment and Cyanotoxins

Integrated Photic Zone — Total Cyanobacteria

Total Planktonic cyanobacteria (cells/mL)
< 20,000
e 20,001 - 100,000
* 100,001 - 10,000,000

~26 % of samples exceeded WHO
Moderate Microcystin Health Risk
20,000 cells/mL).

~6 % of samples exceeded WHO
High Microcystin Health Risk
100,000 cells/mL).

= USGS

science for a changing world

EPA 841-R-09-001

gt o

Total potential cyanotoxin
producers (cells/mL)

< 20,000
* 20,001 -99,999
* 100,000 - 10,000,000

The most abundant phytoplankton

species were usually potentially toxic
cyanobacteria.





2007 National Lake Assessment and Cyanotoxins
Integrated Photic Zone — Microcystins (ELISA)

Microcystins were detected in 30% of
EUCH

Microcystin detections were
approximately equal in natural and
Man-made lakes.

Microcystin Detection Summary
Statistics:

 Mean: ~1.0 pg/L
e e Maximum: 230 pg/L

* 10-19.999
e 20-2,000

~1 % of samples exceeded WHO

ELISA Total microcystins (pg/L)

Moderate Microcystin Health Risk . : \pe

(>10 pg/L). Sl

~1 % of samples exceeded WHO S T
High Microcystin Health Risk A : o et
(>20 pg/L). ,. B cpyre o M

producers (cells/mL)

> / S < 20,000
< EPA 841-R-09-001 ey

science for a changing world

e 100,000 - 10,000,000





National Snapshot (2007 NLA) WHO Recreational
Guideline Exceedances

2007 US EPA National Lakes
Assessment Visit 1 Data (June 5 — Sept. 26, 2007)

26 %
6 %

Risk
Risk

WHO MCLR Moderate Risk = 1.0%

I / WHO MCLR Low Risk = 1.04 %

[ | rh |

WHO Cyanobacteria Low

WHO Cyanobacteria Moderate

—_
-

a

—

1000000 2000000 3000000 4000000 5000000 6000000
Cyanobacteria Cell Counts (cells/mL)
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WHO risk designations are probability of an adverse health risk during recreation. % USGS

science for a changing world






2007 National Lake Assessment and Cyanotoxins

Integrated Photic Zone — Preliminary Cylindrospermopsins (ELISA)

» Cylindrospermopsins were detected in
~ 5 % of lakes of analyzed lakes (n=
659).

Cylindrospermopsis blooms tend to be

/ subsurface.

Cylindrospermopsin Detection
Summary Statistics:

* Mean: 0.44 ug/L
*  Maximum: 3.4 ug/L

ELISA Total Cylindrospermopsins (pg/L)
Not Detected
<10

. 10 - 19.999
e 20-2,000

«  Samples archived frozen. : S

e Completion of the remaining e ,
samples expected summer FY12. oo P

otal potential cylindrospermopsin

- roducers (cells/mL
L producers (cells/m.) Q
r‘{ N < 20,000

3 0N ’/' Z

% Y » 20,001 -99,999

science for a changing world

e 100,000 - 298,933





2007 National Lake Assessment and Cyanotoxins
Preliminary Saxitoxins (ELISA)

Saxitoxins were detected in 8% of
lakes of analyzed lakes (n=678).

Traditionally, thought of as marine
toxins. Perhaps not anymore....

Saxitoxin Detection Summary
Statistics:

* Mean: 0.05 pg/L
 Maximum: 0.38 ug/L

ELISA Total Saxitoxins (pg/L)
Not Detected
e <10
e 10.001-20

« Samples archived frozen.

« Completion of the remaining
samples expected summer FY12.

Total potential saxitoxin
producers (cells/mL)

< 20,000

a USGS

science for a changing world

* 20,001-99,999
* 100,000 - 10,000,000





2007 National Lake Assessment and Cyanotoxins
Integrated Photic Zone — Microcystins and Nodularin-R
(LC/MS/MS)

Sample selection included 13 of 27 (48%) detections by Microcystin ELISA
LC/MS/MS Results:

Microcystins detected:
14 of 27 (59%) samples
Nodularin-R detected:

1 of 27 (3.7%) in Texas

Nodularin-R is known as a
brackish water toxin.

® No Detectable Microcystin
® Detectable Microcystin

a USGS

science for a changing world






2007 National Lake Assessment and Cyanotoxins
Integrated Photic Zone — Anatoxin-A (LC/MS/MS)
(Preliminary)

Sample selection included 13 of 27 (48%) detections by Microcystin ELISA

Anatoxin-a detected:
4 of 27 (15%) samples

@ No Detectable Anatoxin-a
® Detectable Anatoxin-a

ZUSGS

science for a changing world






Big Picture on HABs and Monitoring Guidelines

Unknown cyanotoxins will continue to be an issue of concern for the foreseeable
future.

Researchers are still identifying new toxins and environmental scenarios that help
produce toxins that are explained only by nutrients, climate, water quality, etc.

No low cost assays that are specific to anatoxin-a with sufficient sensitivity, must
use a chromatographic technique (more expensive).

No commercially available chemical standards for anatoxin-a(s) or LPS

Cyanobacterial blooms are dynamic and toxin production can change rapidly.

a USGS

science for a changing world





Big Picture on HABS

Cyanotoxins have been known to be lethal to humans and animals under certain
exposure scenarios and concentrations.

Cyanotoxin mixtures can be measured frequently in the United States and at
concentrations of concern for human and ecosystem health.

Cyanobacteria and associated toxin production may be a good indicator of water
quality, ecosystem health, and recreational exposure for a variety of inorganic and
organic chemicals. They are environmental integrators and distributors.

Continued collection of both cyanobacteria cell counts and toxin analyses
provides a means to retrospectively aid in assessing changes in HABs and
produced toxins.

HABSs are still an active area of research and there is much we still do not
understand.

a USGS

science for a changing world





Keith Loftin
kloftin@usgs.gov
785-832-3543

-~ Additional Information:
= - -
“USGS http://ks.water.usgs.gov/studies/gw/cyanobacteria/
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Preliminary Evaluation and Comparison of Five
Commercial Microcystin Enzyme-Linked
Immunosorbent Assays to Liquid Chromatography
Tandem Mass Spectrometry

Keith A. Loftin, Michael T. Meyer, and Jennifer L. Graham
U.S. Geological Survey






The Cyanotoxin Data Acquisition Process:

Sample -
Collection G =
ElmamR
Laboratory
Processing

Peak Intensity

Interpretation

Elution Time - Minutes





Experimental Design

Hypothesis:

m The lack of precision and accuracy in microcystin analyses are not a
function of bad ELISA and LC/MS/MS technology.

Samples: 31 surface samples from the Midwestern United States (bloom and
non-bloom).

Objectives:

m 1. Evaluate and compare 5 commercially available microcystin ELISAS,
Independent of other sources of error

m sample collection
m sample splitting
m laboratory processing (eg. cell lysis technique, filtration) s
m standards e
m analyst
m (data reduction

m 2. Confirm by LC/MS/MS and compare to ELISA
m Evaluate detection frequency, concentrations, and congeners ~ USGS






Comparison of 5 Commercial Microcystin ELISAS

Parameter

ELISA Abbreviation

Abraxis-DM

Abraxis-ADDA

Beacon

Envirologix

Strategic Diagnostics

Manufacturer
Antibody Type

Binding Reagent Format

Incubation steps

Incubation time (minutes)
Total Incubation time minutes)

Sample Size (uL)

Standard
Standards (ppb)

Positive Control Standard (ug/L)

Sensitivity (ppb) - MDL

Manufacturer Recommended Curve

Fitting Functions b

Abraxis
monoclonal
antibody in solution
2
90/20
110
100

MCLR ¢

0.15, 0.40, 1.0, 2.0,5.0

0.75
0.10 (90 % B/Bo)

FP, LL, PP, SL

Abraxis
polyclonal
immobilized antigen
3
90/30/20
150
50
MCLR ¢
0.15, 0.40, 1.0, 2.0, 5.0
0.75
0.10

FP, LL, PP, SL

Beacon
polyclonal
immobilized antibody
2
30/30
60
50

MCLR ¢
0.1,0.3, 0.8, 2.0

1.0
?

Envirologix
polyclonal
immobilized antibody
3
30/30/30
90
20
MCLR ®
0.16, 0.60, 2.5
No
0.15 (81.3 % B/Bo)

SL

Strategic Diagnostics
polyclonal
immobilized antibody
3
30/30/30
90
100
MCLR surrogate f
0.1,0.2,0.4,0.56, 0.8, 1.€

No
0.10

SL

a pre-incubation

b FP, four parameter; LL, log/logit, PP, point-to-point, SL, semi-log
¢ The material safety data sheet did not identify the substrate further.
d MCLR, microcystin-LR

e This assay used a microcystin-LR surrogate prior to XXXX

f MCLR surrogate,






Microcystin ELISA Cross-Reactivity
No ELISA is MCLR specific!

= With over 80+ microcystin and 10+ nodularins, most cross-reactivities are unknown!

Percent
Microcystin Assays MCLA MCLF MCLR MCRR MCLW MCLY MCYR NODR

Monoclonal Assays

Abraxis-DM 48 72 100 53 102 NA 64 76
Polyclonal Assays

Abraxis-ADDA 125 100 91 114 NA 81

Beacon 5 100 87 NA NA 43 G
Envirologix 62 100 54 NA NA B 60
Strategic Diagnostics - 100 97 NA NA 82 66

m ELISA Response = X (Cross-Reactivity x Actual Congener Concentration)

m Example: Theoretical Concentration: 1 ppb MCLR + 1 ppb MCLA = 2 pg/L

Abraxis-DM = 1.48 pg/L
Abraxis-ADDA = 2.25 pg/L
Beacon = 1.05 pg/L
Envirologix = 1.62 pg/L
SD ~ 1.23 ug/L






Cyanotoxin LC/MS/MS Analysis (MRL < 0.010 pg/L)

Anatoxin-a (ANAA) Shimadzu Prominence Liquid Chromatograph

- Direct Injection — 100 pL
Cylindrospermopsin (CYLS) - Active / Passive Needle Rinse: 0.1 % THF in MeOH
Deoxycy”ndrospermopsin (DCYL) - Mobile Phase A: 0.1% Formic Acid (aq)

- Mobile Phase B: 0.1% Formic Acid (MeOH)
Domoic Acid (DMAC) - Atlantis dC18 150 x 3 mm, 3 p with guard cartridge
Lyngbyatoxin-a (LYGA) MDS Sciex/Applied Biosystems APl 5000

- ES +/- Multiple Reaction Monitoring

Microcystin-LA (MCLA) e .
Microcystin-LF (MCLF) Quantitation — Standard Addition at 1 pg/L
Microcystin-LR (MCLR)

Microcystin-LW (MCLW)
Microcystin -LY (MCLY)
Microcystin-RR (MCRR)

Microcystin-YR (MCYR)

Nodularin-R (NODR)

Okadaic Acid (OKAC)

= USGS






Study Design for Total and Dissolved Microcystin Analysis

Minimization of the Error Associated with Sample Collection and Laboratory Sample
Processing.

Total Microcystin Analysis
mmm) Abraxis ADDA

) Abraxis DM
‘ i mm) Beacon

mm) Envirologix

mmm) Sirategic Diagnostics
250 mL sample m—) | C/MS/MS

Dissolved Microcystin Analysis

3 Freeze/Thaw Cycles

E———

0.7 pum Filtration

mm) Abraxis ADDA

) Abraxis DM

=) Beacon

s Envirologix

mmm) Strategic Diagnostics
s | C/MS/MS

) —)

0.7 um Filtration
a2 USGS

\
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MCLR Standards Provided with the Abraxis-DM, Envirologix, and
Strategic Diagnostics ELISAs showed good agreement when
Measured by the Abraxis-ADDA ELISA (4-Parameter Curve Fit).

© Abraxis Monoclonal (AM)
A Beacon Polyclonal (BP)
@ Envirologix Polyclonal (EP)

M Strategic Diagnostics Polyclonal (SP)

ELISAs Slope Intercept R?

AM 1.2 -0.13  0.98
BP 0.40 0.0 0.98
EP 1.2 0.03 0.99
SP 0.90 0.06 0.98
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ELISA MCLR Calibration Standards were Microcystin-LR and gave a
linear response by LC/MS/MS (Standard Addition).

o
o

© Abraxis Monoclonal (AM)

m MCLR ELISA standards seemed to
be pure MCLR

W Abraxis Polyclonal (AP)

o1
o

A Beacon Polyclonal (BP)
m Both the Envirologix and Strategic

Diagnostics Assays had slopes of
1.5.

>
o

OEnvirologix Polyclonal (EP)

X Strategic Diagnostics Polyclonal (SP)

[ ]
®

ELISAs Slope Intercept R?

AM 11 0.14 0.99
AP 11 0.01 0.95
BP 11 -0.09  0.98
EP 15 -0.06  0.98
SP 15 -0.06 1

LC/MS/MS (ug/L)
N w
o
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Summary Statistics for LC/MS/MS Analyses of 62
Dissolved and Total Environmental Samples for Cyanotoxins

= Microcystin-LF and Microcystin-LW, two of the more hydrophobic microcystins, did not frequently occur in
the dissolved-phase compared to occurrence in the total-phase.

m Implication: Microcystin-LF and Microcystin-LW producers had not lysed or sorption may be an issue...

m  Based on detection frequency, Microcystin-LR was the dominant congener in dissolved and total analyses,
followed by Microcystin-RR.

= Based on concentration, Microcystin-RR was frequently equivalent or greater than Microcystin-LR
concentrations in individual samples.

m  This finding is significant because Microcystin-RR is reported to have approximately 10 times less toxicity than
Microcystin-LR!

Anatoxin-a Microcystin-LA  Microcystin-LF  Microcystin-LR  Microcystin-LW  Microcystin-LY  Microcystin-RR ~ Microcystin-YR Nodularin-R

Dissolved (UnLysed, filtered) toxin samples
Detections Frequency
Mean (ug/L)
Median (pg/L)
Minimum (pg/L)
Maximum (pg/L)

Total (Lysed) toxin samples
Detections Frequency (%)
Mean (pg/L)

Median (ug/L)
Minimum (pg/L)
Maximum (ug/L)

a The median concentration being lower in concentration in the total toxin samples versus the dissolved toxin samples is due to the much greater detection frequency in the total samples.

=~ USGS





ELISA Calibration Curve Fitting Equations Can Impact
Detection Frequency (DF) for Environmental Samples

m  The Abraxis-DM ELISA
exhibited the largest spread
when comparing detection
frequency between curve fits
(77 to 100% - %RSD=13%).

0.10 0.10 0.10* 0.15

LC/MS/MS % DF = 77%, MRL = 0.010 pg/L

= The Abraxis-ADDA ELISA = MRL (pg/L)

appeared to be the least
sensitive to curve fit based
on detection frequency. ]
B Semi-Log
O Log-Logit

B 4-Parameter

m  The Abraxis-ADDA and
Abraxis-DM ELISA
(4-Parameter) appeared to agree
most closely with LC/MS/MS
given the 8 congeners measured
and a ten times lower MRL.
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m  The Strategic Diagnostics assay
did not meet QA/QC criteria for

precision and accuracy for Microcystin ELISA
control standards and repl icate *Beacon does not have a manufacturer derived MRL. 0.10 used for Beacon MRL since low standard was 0.10 pg/L.

analyses.

= USGS






Microcystin ELISA Comparison
Correlations with Dissolved and Total Microcystin Detections

m It would appear that the Abraxis-ADDA ELISA does measure something not measured by other Kits in many cases
that is most noticeable in the dissolved-phase. Not sure what this is yet...

= The Beacon ELISA generally responded with lower values compared to the other ELISAs based on evaluation of
regressed slopes for this set of enviromental samples.

Dissolved Microcystin Analyses Total Microcystin Analyses

=
o

ELISA Response (ug/L as MCLR)
ELISA Response (ug/L as MCLR)

0.5 1.0 15 2.0 20 30 40 50
AbraxisADDAELISA (ug/L as MCLR) Abraxis-ADDA ELISA Response (ug/L as MCLR)

Slope  Intercept  R? ELISA  Slope Intercept R?

0.19 0.28 0.35 AM 0.91 -0.072 0.79
0.085 0.16 0.33 BP 0.59 0.53 0.76
0.12 0.30 0.23 EP 0.77 0.051 0.77

&

ac USGS Abraxis-DM (AM), Beacon (BP), Envirologix (EP)





How Do We Compare ELISA and LC/MS/MS Results?

&

ELISA and LC/MS/MS detect microcystins by completely different mechanisms.

Therefore we shouldn’t expect results from each technology to be comparable
typically without some type of unit conversion or equivalence being introduced.

Microcystin ELISA calibration curves and all results are based upon pg/L
microcystin-LR equivalents.

Equivalents have a definitive meaning in analytical chemistry that is generally
discussed when anions and cations are being measured and converted to other units
(eg. ammonia as N, etc.).

ELISA MCLR equivalents also have cross-reactivity incorporated into the result for
each respective ELISA.

LC/MS/MS calibration and results are typically reported in units of pg/L of a
particular compound.; each compound has its own standard curve (eg. Microcystin-
RR is not reported in units of Microcystin-LR, but as Microcystin-RR).

ZUSGS





ELISA and LC/MS/MS Measure Different Characteristics:

Do units matter and can the results of both techniques be compared?

= Microcystin Concentration Comparisons:

m 1. Uncorrected LC/MS/MS data # ELISA... Exception may be the Abraxis-ADDA ELISA
m 2. MW corrected LC/MS/MS data # ELISA... Exception may be the Abraxis-ADDA ELISA
m 3. Cross-reactivity corrected LC/MS/MS compares most favorably with all of the ELISAS

Sum Microcystin Concentration (LC/MS/MS) = X (Conc. MC | - jusms X Cross-reactivity)

Abraxis-ADDA
A

Envirologix

A
MW corrected and Uncorrected

\

< Cross-Reactivity Corrected e =

%\OQ

OMolecular Weight
Corrected

AUncorrected

— -
| =
> >
=4 =4
= =
3 3
c 2
o [=]
=3 a
) (7]
(53 [
24 o
n 1%
= =
= =
A %)
= =
= =
O O
| -

Cross-reactivity corrected

20 40 60 80 100 120
Abraxis Polyclonal ELISA Response (ug/L as microcystin-LR)

20 40 60 80 100 120
Envirologix Polyclonal ELISA Response (ug/L as microcystin-LR)

&
=
77,
)
7]





Slope  Intercept®  R??

Abraxis Monoclonal "

Cross-Reactivity 0.95 0.061 0.61

Molecular Weight 1.4 -0.27 0.54

Uncorrected 1.5 -0.31 0.53
Abraxis Polyclonal "

Cross-Reactivity 1.0 0.47 0.52

Molecular Weight 1.0 0.44 0.51

Uncorrected 1.1 0.41 0.51
Beacon Polyclonal °

Cross-Reactivity 1.2 1.0 0.56

Molecular Weight 1.3 1.1 0.56

Uncorrected 1.4 1.1 0.55
Envirologix Polyclonal °

Cross-Reactivity 1.1 -0.23 0.69

Molecular Weight 1.6 -0.79 0.61

Uncorrected 1.7 -0.85 0.60

a Slopes, intercepts, and correlation coefficients (R2) were determined
by linear regression using Excel v. 7.0.

b Cross-reactivity for microcystin-LY was not available and therefore
was not incorporated into the calculation for the expected slope.

¢ Cross-reactivities for microcystin-LF, -LW, and -LY were not
available and therefore was not incorporated into the calculation for
the expected slope.






Comparison of Results Between ELISA and LC/MS/MS.:
Units do Matter!!! Usually....

= All ELISAs have unique cross-reactivity patterns that are in relation to the calibration standard (microcystin-LR);
ELISA measurements are proportional to the sum of the quantity of the cross-reactivity for each known congener
multiplied by its actual concentration (not microcystin-LR equivalent).

= For direct comparison of chromatographic data to ELISA data we have to cross-reactivity correct the chromatographic
data to get the data into similiar units.

= |f matrix effects are impacting the LC/MS/MS data, cross-reactivity correction will not be sufficient for comparison. It
IS important to quantitate LC/MS/MS data using standard addition or isotope dilution if matrix effects are encountered.

m  Generally, we found cross-reactivity correction of our chromatographic data greatly improved the correlation to ELISA
data.

m  The Abraxis-ADDA ELISA was the exception, since the cross-reactivity for each microcystin congener was fairly
similar.

m  Considerations and problems:

= Cross-reactivity used for chromatographic data correction must be derived for each specific ELISAs’ cross-
reactivity pattern.

Not all ELISAs have the same number of cross-reactivities determined.
Standards may not be available in sufficient quantity and purity to determine cross-reactivities “in house”.

This approach may not be practical in all cases and its usefulness will also be dependent on sample
microcystin/nodularin composition.

= Deviations greater than the error between measurement technigues may indicate a potentially toxic compound not
measured by the chromatographic technique.

\

\)
\

2 USGS





Conclusions...
Most Things Depend on Sample Composition.

Adequate precision is readily achievable with in +/- 20%, given error associated with sample
collection, splitting, and laboratory processing are eliminated.

ELISA accuracy is dependent on which microcystin / nodularin congeners are present in
samples and how similar their cross-reactivities are with that of Microcystin-LR for a given
ELISA.

The Abraxis-ADDA can yield quite different results from other ELISASs, but surprisingly did
not always yield the highest concentrations.

The Beacon Assay typically yielded the lowest concentrations.

Adeguate comparisons can be made between a given ELISA and LC/MS/MS given:
m Cross-reactivities are available for detected congeners

Cross-reactivity corrected chromatographic data is used

LC/MS/MS matrix effects do not complicate issues

Or an ELISA with approximately equal cross-reactivities is used

Comparisons of results from studies using different methods should not be overinterpreted!

ZUSGS
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USGS

Keith Loftin
kloftin@usgs.gov
(785) 832-3543

Additional Information Available on the Web:

USGS KS Algal Toxin Research (http://ks.water.usgs.gov/Kansas/studies/gw/cyanobacteria)
Organic Geochemistry Research Laboratory (http://ks.water.usgs.gov/researchlab)

Toxic Substance Hydrology Program (http://toxics.usgs.gov/regional/emc)

USGS cyanotoxin sampling protocol: (http://pubs.usgs.gov/sir/2008/5038)
USGS OFR on Comparison of Two Cell Lysis Techniques: (http://pubs.usgs.gov/of/2008/1341/)




http://ks.water.usgs.gov/Kansas/studies/qw/cyanobacteria

http://ks.water.usgs.gov/researchlab

http://toxics.usgs.gov/regional/emc

http://pubs.usgs.gov/sir/2008/5038



Four-Parameter git Semi-Log LC/MS/MS

Abraxis-DM
Non-detects

Detection Frequency (%) 12.9579
Average %RSD of Replicate
Slope

y-intercept
RZ
Abraxis-ADDA

Non-detects

Detection Frequency (%) 3.52796

Average %RSD of Replicate
Slope
y-intercept
RZ
Beacon
Non-detects
Detection Frequency (%) 7.30383
Average %RSD of Replicate
Slope
y-intercept
RZ
Envirologix
Non-detects
Detection Frequency (%) 6.48361
Average %RSD of Replicate
Slope
y-intercept
RZ
* Of the 32 samples with detections evaluated by the Strategic Diagnostics assay, 6.3%
(four-parameter) and 22% (log-logit and semi-log) of duplicate measures exceeded the 28.3% RSD
precision criteria ( 20% of mean or expected value). Of samples exceeding the 28.3% RSD

criteria for duplicates, mean, minimum, and maximum %RSD were 69, 55, and 83 %
(four-parameter); 76, 30, and 130% (log-logit), and 79, 29, 130 % (semi-log).

Ry

USGS





ELISA Curve Fits

\Y
i\

Y = A+B*Log(x)

Semi-Log

Concentration

y=A+B"Log(x) A
© Std (Standards: Concentration vs MeanValue) 0.488

Y = ((A-D)/(1+x/C)"B))+D

4-Parameter

1
Concentration

y=((A-D)(1+(xC)*B))+D A B
© Std (Standards: Concentration vs MeanValue) 2.079 1 1‘38

Standards (ng/mi)

Y = ((A-D)/(1+x/C)"B))+D

Log-Logit

Concentration

y=(A-D)/(1+(x/C)"B}+D: A B c

O Std (Standards: Concentration vs MeanValue) 1.18 1.891 0.551 0.191

Semi-Log curve fits can be done on semi-log paper by
hand and was commonly employed prior to computers.

Log-Logit assumes that upper and lower limb have a
slope of “0” and force shape of the curve.

4-parameter does assume shape of the curve, but uses all
standards to define the shape of the curve through an
iterative process until convergence.

4-parameter fits require at least five calibration levels to
have sufficient degrees of freedom to solve unknowns in
an equation.






Workshop Objectives and Webinar
Logistics

Sandhya Parshionikar, Ph.D.

EPA Web Based Expert Workshop on Cyanobacteria
and Cyanotoxins: Occurrence and Detection Methods

July 30-31, 2012

7/31/2012
U.S. Environmental Protection Agency






Background

« Algal blooms are increasingly found in national waters

« Some algae such as cyanobacteria species can produce toxins that
can cause adverse health effects in humans and animals

* In addition to producing toxins, cyanobacteria can decrease dissolved
oxygen concentrations in recreational water resulting in fish Kills.

 EPA has partnered with states, regions and other federal agencies to
address the issue

Limited information is available on the occurrence of cyanotoxins in

drinking water
7/31/2012 U.S. Environmental Protection Agency





Background - Continued

 Recreational water and drinking water exposure
Issues are different

— Toxin concentration
— Detection methods
— Human/animal health effects and ecosystem effects

— Data availability on human and animal health effects due to
exposure

7/31/2012 U.S. Environmental Protection Agency





Background -continued

* Information gaps
— Cyanotoxins occurrence in drinking water

— Methods and standards available to detect them at
significantly low levels

Health effects associated with acute and chronic exposures

— Prevention, treatment and mitigation of cyanotoxins in PWS

7/31/2012

U.S. Environmental Protection Agency





Overview of Drinking Water Regulatory Activities

] Draft CCL I : “* Public review and comment

Preliminary
=N Final COL — Requlatory
—| Determinations

— | Proposed Rule

‘ Draft UCMR Final Re.gulgtory (NPDWR) S TECECEEEELELTRRREEY :
7 Determinations .

Final UCMR 1 y o

Final Rule - o
No further action if make (NPDWR) p— SIX_ Y?al‘ Review of
UCMR Monitoring || decision to not to regulate (may Existing NPDWRs
Results develop health advisory).

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII»

Office of Ground Water and Drinking Water





EPA’S interest

e Cyanotoxins on CCL3
— List prioritizes contaminants for research and method
development
* For future occurrence survey EPA would like
Information on:

— Seasonality and frequency of Hazardous Algal Blooms
(HAB)

— Understanding of source waters that have HAB issues

— Understanding of PWSs most vulnerable to HAB issues

— Monitoring approach to capture a wide array of cyanotoxins
— Auvailability of analytical methods and standards

7/31/2012 U.S. Environmental Protection Agency





EPA’s interest - Continued

o Future regulatory determination EPA would like
Information on:
* Prevention, treatment and mitigation of toxins
* Acute and chronic exposure health effects
« Health effects on sub-populations
« Characterization of toxin levels of concern

7/31/2012 U.S. Environmental Protection Agency





Workshop structure

e To have all this information EPA decided to have an
expert workshop

— Soon realized that one workshop cannot address all this
information in depth

* Plan on having subsequent workshop(s) to address
other issues

e This workshop will focus on occurrence and methods

7/31/2012 U.S. Environmental Protection Agency 8





Workshop Objectives

Through presentations and discussions with experts:

 Understand national trends in occurrence of
cyanotoxins in source, surface and drinking water
— Geography
— Climate
— Types of cyanotoxins
— Levels of cyanotoxins

* Understand detection method capabilities

7/31/2012 U.S. Environmental Protection Agency





Webinar Logistics

* Presenters will share their presentations from their
desktops

o All can ask questions
— Please identify yourself and state your affiliation

— If you have a guestion when a presentation is going on
please type “Q” in the chat box and after the presentation,
we will call you out in the order the “Q” was typed

— Please leave your phone on mute and unmute it only if you
have to say something
« All can participate in the discussion

— Please “C” for comment or “Q” for question in the
7/31/2012Chat bOX

U.S. Environmental Protection Agency

10





Webinar Logistics

* If you have a problem viewing or hearing please type
it in the chat box and we will address it

7/31/2012 U.S. Environmental Protection Agency 11
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With a Little Help from our Friends ...
Florida’s Public Health Protection
Strategies for Cyanobacteria
and their Toxins

Andrew Reich, MS, MSPH
Coordinator
Aguatic Toxins Disease Prevention Program
Public Health Toxicology Section
Bureau of Epidemiology
Division of Disease Control and Health Protection






Aquatic Toxins
Disease Prevention Program

» Andrew Reich: Coordinator
» Caroline Collins: Epidemiology Specialist
» Becky Lazensky: Aquatic Public Health Epidemiologist






Public Health






Susceptible Populations

Elderly

Immuno-suppressed
Underlying disease: Asthma
Pregnant women, fetus
Children

People with extended exposure periods






Potential Exposure Pathways

Drinking Water Inhalation of Aerosols






Microcystis Bloom - East bank of the St. Johns Riw

copyright Bill Yates / CYPIX 2005 ail ri






Permitted Fresh Water Bathin ces
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CyanoHAB llIness Reports, 2011

2011 Rash Interviews
13 Reports received (12 from FDEP, one from OH Dept of Health)

13 Interviews completed (100% interview rate!)
9 suspect HAB-related rashes
1 suspect HAB-related illness with fainting and ear pain, brief rash
3 Determined not likely HAB-related
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Florida’s Drinking Water
Resources

e 10-15% of Florida’s
population utilizes surface
water supplies or drinking
water

21 surface water plants in
Florida now

Floridan Aquifer unable to
meet projected demands for






Olga Water Treatment Plant,
Caloosahatchee River, Lee County

09/06/2008
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FWC Fish Kill Hotline

Report 5/8/2012

Bradenton - Manatee County - Hotline Call

We received a report of a large area of water discoloration near
Bradenton Beach. The report initiator explained that the water had the
appearance of black sludge. The water sample given to FWRI HAB staftf
Indicated a bloom of the marine cyanobacteria Trichodesmium
erythraeum. FWRI HAB will continue to monitor the situation.
Suspected Cause - Algae Bloom - (Call ID: 050712 17999)

Referred the call to FWC HAB &DEP

Catalina E. Brown
Fish Kill Hotline Coordinator
Fish & Wildlife Health
Florida Fish and Wildlife Research Institute

100 Eighth Avenue Southeast,

St. Petersburg, Fl 33701-5020
Phone: (727) 896-8626 ext. 3106
Fish Kill Hotline: (800) 636- 0511

Catalina.Brown@myfwc.com
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Harmful Algal Bloom Tracking Module gl

Click Here to Access a Searchable Database of Bloom Records
Click Here to Log Out of Caspio

Harmful Algal Bloom Tracking Module
Welcome to the Florida Harmful Algal Bloom (HAB) Online Tracking Module. This site is designed to collect algal bloom sightings and field data in a secure electronic database.
PRIVACY DISCLAIMER: This site should not be used to collect HIPAA protected health information or any other data considered confidential such as the name and address of a private citizen

or details about a person's health status. This includes symptoms and health reports. If you receive any health complaints related to a bloom, contact the Florida Department of Health's
Aquatic Toxins Disease Prevention Program Coordinator, Andy Reich, at: 850-245-4187.

Format for all dates and times is dd/mm/yyyy and hh:mm AM/PM EST

* indicates that the field is required

Descriptive Bloom 1D+

Format: AgencyName_Date_WaterBody
-Note: Use the name of the agency you represent- Examples: FDOH, CHD, FDEP, FDACS, FWC/FWRI, efc.

Name of Water Body

To protect privacy, do not report blooms that occurred in a water body with a single residence located next to the bloom location

County

Date Bloom Report Received

Information is accessible to all stakeholders
including other agencies sharing responsibility in
Bloom Recorder protecting the public health
Bloom Reporter
Agency Responding
Site Visit Data immediately available without having to
contact other agencies or County Health

Departments

Improved response to public health outbreaks






FY 2009 Harmful Algal Bloom Grantees and Partners

[ HAB Grantees (10)
71 HAB Partners (3)

US CDC Cooperative Agreement to
Enhance Surveillance of Risk Factors and

Health Effects Related to Harmful Algal
Blooms

Association: link cases of illness with
environmental data

Detection: identify early cases
Mitigation: limit exposures

Prevention: prevent further cases






Monitoring and Forecasting Cyanobacterial Blooms for
Public Health Protection and Response

@ NASA Earth Science Division:

St. Johns River

Lake Apopka

Lake Istokpoga

Lake Okeechobee

Michigan






T repoart an fliness related bo a marine toxin or algal bloom please contact the Florida Poigon Information Center-Miami Aquatic Toxing Hotfine at 1-BBB-232-BE35.
For guestions about the report: contact Becky Lazensky, FL-DOH, at 352-955-1900. Images/data were obtained from Florida Water Management Districts, The National Oceanic and Atmaespheric Administration
(NOAR), NOAA National Oimatic Deta Centers and National Weather Centers. Support to prodoece this report was received throegh a NOAANASA Agreement (Number: NNHOEZDADDIN)

Cyanobacteria HABs Conditions Report: April 3

» Lakes Kissimmee and Marian (Osceola County) displayed medium and
high estimated cyanobacteria concentrations

» Lakes Parker and Hancock (Polk County) displayed high estimated
cyanobacteria concentrations

« Newnans, Lochloosa, & Orange Lakes (Alachua & Marion Counties) and
Jesup, Dora, and Apopka Lakes (Seminole, Lake, and Orange
Countles} dlsplayed hlgh estimated cvanubacterla CDI‘ICEI'IT:I ations

%m?-
..m..l

On April 8th, communications between the European
Space Agency (ESA) and the Envisat satellite were
lost. The Envisat satellite platform carries the MERIS
sensor which captures the images featured in this
bulletin. This will impede the production of MERIS
satellite imagery until repairs are made or a new
satellite is launched. The last MERIS image we
have is the Aprl 3rd image. NOAA may
provide alternative MODIS imagery until communications are re-established.
We will keep everyone updated on the progress. For more information visit:
http://www.nature.com/news/workhorse-climate-satellite-goes-silent-

: Algal Bloom on the Caloosahatchee River-Update: April 1
s &fﬁ?;ﬁ.ﬂ;’:ﬁr&ﬂ;‘:ﬁ;‘ ich 240 e Used bo g vardste the i Olga, FL: An ongoing cyanobacteria bloom was
. : = : 1 reported in the Caloosahatchee River. Samples
MERIS Elajteu_’tf I?E%?S dlstiayljt_cva?oba;terlg 'E‘E}‘ B collected on April 2nd were positive for Planktothrix
OETIEINED. Wikh SUT). NRESHIUEAH] SIOAOIENG ST and Anabaena/Aphanizomenon dominant species.

satellite prpwejed by the European Space Agency & NOAA. {Green Water Laboratonies). These species of algae

Very low likelihood of 2 bloom @l are potential toxin producers. Toxin testing is being

May indicate clouds or missing data =) ) conducted by Green Water Laboratories. The South i

Low estimated cyanobacteria DQHCEH'EEUD“S_.. Florida Water Management District plans to send down pulses of freahwater Frurn
Medium estimated cyanobacteria concentrations o Lake Okeechobee to "flush® out the river and increase flows to the Caloosahatchee.
Probable bloom or higher est. cyano. concentrations (/M | The |ee County Health Department has issued a health advisory for the river.

Envisat [ Fhoto courtesy of Eurcpean Space Agency)






Florida Poison Information Centers

1-800-222-1222

Staffed by doctors, nurses and pharmacists
Speak with a poison specialist

Free, confidential service: 24/7, 365

3 Centers receive 550-600 total calls/ day

> 25,000 calls since 1998 on Aquatic Toxins






EpiCom System

EpiCom
The Florida Department of Health

Forums  Inbox  Search Actve Topics  View My Proflie  Edi Preferences  User Manual  Dashboard  Ext

Welcome Andrew Reich

There are 4355 Posts In 293 Topics In 48 Fonums
Last Poest on Tuesday, September 28, 2010 at 1003716 AM
: Last Post by walahd)]
Hmrgls W Monday, Seplember 27, 2010 at 125233 || There are 1169 Foum Members
=4 The Mewes! Fomum Member |s parth
Zoonotic Diseases - Rables - Friday, Seplemiber 24, 2040 at 7: 5 AM
Vacdne Preventable Diseases 2010 - Porfussls - Friday, Seplamiber 24,
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Imuerza and 1L - not HiMT - Influenza Survelliancs - Thursday, September
23, 2010 at 511442 PM
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Toxins
“Forum”

16 Wednesday, June 16, 2010 at 255
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Resource Guide for
Public Health Response to HABs In Florida

TECHNICAL REPORTS

Resource Guide for Public Health Response
to Harmful Algal Blooms in Flonida

Bosad on Recommandations of tha
Florido Hormiul Algal Bloom Task Forcs Public Healfh Tachnical Ponael

Background

Responsibility

Databases

e -_-1-—_1..“—- -~

Surveillance

Regulations

Outreach

Management

Florida Fish and Wildlife m
Conservation Commission
T

PWE Technicd Repord TR-14
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Developing Local FDOH County Health
Department HAB Response Plans

Envirommental Heakth
Owerall Response to HABS

MNanual for
Harmiul Algal Bloom (HABs) Public

Health Response Plan Development

at
Comnty Health Departments

Florida Dep artment of Health
Bureau of Environmental Public Health WMedicine

Aquatic Toxing Program

Fopiaw ber 2002






Harmful Algal Blooms (HABs) orvomat Harmful Algal Blooms (HABs) . Otedem et
AV ili i EirmementalHeslfh =AY County Vulnerability and Risk Assessment & & & o
HEAL THERSI LY Vulnerability and Risk Assessment 26060 HEALTH Y OO
(continued) ) (continued)

PartIV ULNERABILITY AND RISK CHARACTERIZATION
Partlll HAB RESOURCE IDENTIFICATIO!

14. What are the names of fresh water and/or salt water bodles 5 acres or larger In your county?
2. What other agenc have b HAE and/or response In your county? Water Body Name

Agency Name | Agency Contact Name Emall
[Coest Guard Aundtary Ao Piasecks Fon_Fiaseckspearthlink.nct —
PWC Commercial Fisherman Voluntesr

Droanemm

W ‘ St. Marks Fiver

FDACS
happy fi
FDER Sopchappy fiver

10. What other agencles are per ig or testing for Florida Red Tide In your county? ‘ Ochlockones Aiver
Kgency Name Toeng Gonaaleme | Tocaton of Testng/Momioring |

FEl ‘ Ochlockones Bay
isee above for additional contacts)

‘ Dyster Bay

11. What other agencles. are p g monitoring or testing for Blue Green Algae/Cyanobacteria in your county? ‘Did‘lﬁﬂﬂgﬂ'

Agency Name Agency Contact Name Location of Testing/Monitoring Frequency
Fiorida Dept of Health [ndirew Reich [Wakuila Springs 5 Runding Is ‘ Goase Creek Bay

sarsilnbln
Florida DER

| Apalachee Bay

agenc P g monitoring or testing for Clguatera in your county? Otter Lake ®
Agency Name Agency Contact | Location of Testing/Monitoring -
Fori arbmenit of Health Aick Hutchinson Foh Rer iliness son: fish sample = i Long Laks b4
FOA Bob Dickey Fzh Remnant past iliness detection; kab analyses

Flonda Department of Health Kris Whitten Fh Rer iliness on: fish sample

-y

Lake Ellen b4

13. What other agencles. are p g monitoring or testing for Saxitowdn in your county?

Weakully Springs
Agency Name Agency Contact Location of Testing/Monitoring

Add additional water bodies as addendum on last page of document |
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What Is the problem with
Clear Lake?

The past three years have seen an
unprecedented Lyngbya bloom.

Areas of the lake have been covered with
thick mats of Lyngbya known to produce
lyngbyatoxin-a, aplysiatoxins and
saxitoxins in addition to the
lipopolysaccharide skin irritants.

Mats can grow to an unsightly four feet
thick with a constant sewer gas odor.

The water becomes recreationally
unusable.





Why do we monitor ? Part 1

e Lake County has the responsibility to
protect the public’s interest in Clear Lake,
California’s largest lake (40,000 acres)
and the nation’s oldest lake (maybe 2.5
million years).

* Clear Lake Is the basis of Lake County’s
economy.

64,665 residents of Lake County
75,000 visitors to Lake County annually





What data did we use to develop a
monitoring strategy?

e History

In 1969/70 the Clear Lake Algae Research Unit
was established under Dr. Alex Horne, UC
Berkeley (disbanded in 1978/79).

HABs go back to the 1960s and 1970s when
Aphanizomenon was dominant.

Severe Microcystis blooms occurred in the
1990s.

|dentification of the particular cyanobacteria
Involved in the bloom Is fundamental to a
monitoring plan.





What other research did we do to
fine-tune our monitoring strategy?

e Web-based research

What is the response to cyanobacteria blooms?

— California, Humboldt County

— Federal government, EPA and USGS

— Other states, KS, OH, WI, MN, NC, OR

— Other countries, Australia, Guatemala, UK, China
e University interest and emphasis

— UC system, Santa Cruz, Berkeley

— Hans Paerl at UNC

— Frank Rodgers at Clemson University
« Commercial HAB monitoring

— Satellite imagery, sonar imagery

— Chl-a and phycocyanin sondes





Guidelines and References

 Harmful cyanobacteria blooms and their toxins
In Clear Lake and the Sacramento-San Joaquin
Delta (California), Mioni and Kudela 2011

« Cyanobacteria in California Recreational Water
Bodies: Providing Voluntary Guidance about
Harmful Algal Blooms, Their Monitoring, and
Public Notification, SWRCB, CDPH OEHHA,
July 2010 Draft

e Guidelines for Design and Sampling for
Cyanobacterial Toxin ... Iin Lakes ..., USGS





Gudelines and References

Monitoring Recreational Fresh Waters, Graham,
Loftin and Kamman, Lakeline, Summer 2009

Facts about Cyanobacterial Harmful Algal
Blooms, DHHS, CDC

Cyanobacteria in Lakes and Reservoirs, Chp 7.5
Graham, Loftin, Ziegler, Meyer, 2008

WHO Guidelines for safe recreational water
environments, Volume 1: Coastal and
freshwaters





Scientific monitoring on Clear Lake

 Cecile Mioni and Raphael Kudela, University of
California, Santa Cruz — Institute of Marine Sciences

Jun-Sep 2010: tested 29 samples
24 ND for mycrocystin variants, 5 < 10 ppb
2 tested positive for anatoxin-a

Jul-Oct 2011: tested 35 samples
13 ND for microcystin variants, 16 < 0.1 ppb
5<10.0 ppb
1> 10 ppb
2 tested positive for anatoxin-a
1 tested positive for lyngbyatoxin-a





How are we continuing to monitor
cyanobacteria conditions in
Clear Lake?

« HAB decision-making in Lake County

— Water Resources, 707-263-2344

— Health Services
e Public Health, 707-263-1090
e Environmental Health, 707-263-1164





Balancing responsibility

Alarming folk OR Giving folk advice

e Sighage
e Press releases
 Media information
e Linking to Internet resources





How and what do we monitor?

Veterinary and medical reports.
— Investigation of human/animal iliness

Observation of HABs at Clear Lake public
access points (19) and public beaches (8)
by County personnel.

Phone calls from the general public.
Field testing or lab testing of cyanotoxins.
ID and numeration of cyanobacteria.





Why do we monitor? Part 2

To post advisory signs at HAB affected
beaches and access points

To correllate investigation of
human/animal illness with cyanotoxin
presence

Evaluate the impact of mitigation methods
that may result in cell lysis and transient
Increases in cyanotoxins.

To Inform small, locally regulated drinking
water systems of potential presence of
cyanotoxins.





More decision-making

Cell count and/or cyanotoxin level
Which cyanotoxin

Sample preparation — cells lysed?
When

Where

How often

In-house or laboratory

Cost may be prohibitive
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Background

The Harmful Algal Bloom and Hypoxia Research and Control
Act (HABHRCA)
— Improve monitoring, observational programs, and enhanced
communication.
— Since 1998 no improved monitoring or enhanced
communication regarding cyanobacteria HABs using satellite

technology.

REPT. 112333

112TH CONGRESS
HOUSE OF REPRESENTATIVES Part 1

Ist Session

HAEMFUL ALGAL BLOOM AND HYPOXIA EESEARCH AND
CONTREOL AMENDMENTS ACT OF 2011






Background

« Cyanobacteria can be monitored using remote sensing
technologies based on algorithms to retrieve chlorophyll-a and

phycocyanin.

— Ocean Color Monitor
— Landsat

— MODIS

— MERIS
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Background

* Ocean color monitor (OCM)
— Lack of reliable atmospheric correction
— Data access

 Landsat
— 30 m spatial resolution
— Infrequent revisit cycles
— ~8 days
— 2-4 weeks w/ cloud cover






Background

« MODIS
— Dally repeat cycles
— 1 km resolution, few bands at 250 m and 500 m
— Higher resolution bands less sensitive
— Assessments near the land-water interface difficult






Background

Airborne platforms or space borne platforms

Hyperion or HICO
Costly and provide limited coverage.

MERIS

2-3 day intervals

300 m resolution

Potentially cover 57% of the world’s lakes
MERIS -> Sentinel-3 (2014)






Background

Previously MERIS algorithms typically falil

Atmospheric correction errors

New algorithm proposed in this project will not be subjected to
these errors

Low [conc] N _n High [conc]

May 21 May 24 May 27 Mav 30 May 31 June 2

June 3 June 6 June 15 June 16 June 18 July 1






Background

Dissemination of satellite data
“Pictures” or GIS formats
Need a readily available source of information

Timely and useful dellvery of information from satelllte data is
required ; “ %






Project

EPA ORD Pathfinder Innovation Project

— Start July 1, 2012
— End July 1, 2013

eD ST4
76‘

4
>
&

1oy

C
€ No(vy

o

&

science for a changing world






Project

Goal

— Assess and validate new algorithm for
Identifying cyanobacterial blooms in freshwater

— Develop the cyanobacteria predictive
model

— Mobile application
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Project

Testing approach on diverse set of freshwater systems
Any U.S. freshwater body G 5
— >1.5km by 1.5km
Early warning indicator
Existing in-situ data
Ground-truth MERIS






Project

Predictive capabillities
— Algorithm w/ temperature, wind speed and direction
— Crowd source technology
— Mobile application

— Probability of cyanobacteria blooms developing over the next
several days and the likelinood of existing blooms
dissipating

Model performance






Potential outcomes

Predictive capabilities for cyanobacterial blooms

Assist best management practices for ecological and human
health

Developing threshold indicators for public advisories

Cyanobacterial index products and advisories into mobile phone
/ web infrastructure






Potential outcomes

Fiscally constrained environment
Low cost solution with high returns

Could provide a useful tool to states as monitoring budgets
continue to decrease

Igh return
OW CcOSt
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Two Occurrence Studies of
Cyanobacterial Toxins in Source
and Finished Drinking Waters

James L. Sinclair
U.S. EPA OGWDW/TSC, Cincinnati, OH

EPA Expert Workshop on Cyanobacteria and Cyanotoxins

7/31/2012 1
U.S. Environmental Protection Agency





Introduction

e Cyanotoxins may occur in drinking water at levels
that cause adverse health effects.

 Examples:
— Palm Island, Australia- 150 people sick
— Sewickley, PA- thousands sick

e National occurrence information needed on
cyanotoxins in drinking water to determine risk.

e Some drinking water cyanotoxin surveys conducted.
Will discuss 2 studies
— 1996- 1997 AWWARF survey- Carmichael

— 2005 survey of 5 vulnerable sites- Westrick
7/31/2012 U.S. Environmental Protection Agency 2





AWWARF Carmichael Surve

e Described in “Assessment of Blue-Green Algal
Toxins in Raw and Finished Drinking Water”
AWWARF, 2001

o 24 utilities from all 10 EPA regions, 3 Canadian
Provinces
e 2Yyears

— Samples collected 2/month at some utilities; Only during
algal blooms (>2000 cells/mL) at others. Usually April to
October

e Microcystins analyzed

7/31/2012 U.S. Environmental Protection Agency 3





AWWARF Samples

« 4 samples taken per utility at each sample time
— Bloom In source water body
— Inlet to the treatment system
— Inlet to the plant
— Plant outlet (finished water)

e Some but not all samples separated into water and
cells

— Water- 500 mL of filtered water
— Filters- fiberglass filter with filtered cells

7/31/2012 U.S. Environmental Protection Agency 4





Sample Analyse

e Microcystin analyses

— Samples split and analyzed by Wright St. Univ., and Univ.
of Wisconsin

— Concentrated by C18 Bond Elute Cartridges
— ELISA

» Detects all microcystins including nontoxic variants

— Protein Phosphatase Inhibition Assay (PPIA)
» Detects toxicity of microcystin

e Detection limit ELISA and PPIA: 0.002 ppb
e 677 water samples analyzed

7/31/2012 U.S. Environmental Protection Agency 5





7/31/2012

% of Samples at 3 Concentrations of Microcystin 4

(ELISA) at each Sample Locatiog

Bloom Intake Plant
Influent

Total Number of 127 152 181
Samples Analyzed
% Microcystin 19% 12% 14%
Not Detected
% < 1 ppb of 74% 84% 82%
Microcystin
% =1 ppb of 7.1% 4.6% 3.3%

Microcystin

U.S. Environmental Protection Agency
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Sample with High Microcystin in Finished s

Drinking Water

Sample Site Microcystin ELISA
ppb
ntake 1200
Plant Influent 8.1
-Inished Water 7.8

7/31/2012 U.S. Environmental Protection Agency 7





% of Samples at 3 Concentrations of

Microcystin (PPIA) at each Sample Locatiog

Bloom Intake Plant Finished
Influent  Water
Total Number of 119 147 172 197

Samples Analyzed

% Microcystin 70% 63% 64% 718%
Not Detected

% < 1 ppb of 29% 35% 35% 21%
Microcystin
% =1 ppb of 1.7% 2.0% 1.2% 1.0%
Microcystin

7/31/2012 U.S. Environmental Protection Agency 8





Relation of Microcystin to Taste and Odor

o 243 samples tested for 4 taste and odor
compounds

e 181 samples had taste or odor compounds
* 148 samples had detectable microcystin

—148/181 or 82% of samples with taste or
odor also contained microcystin

7/31/2012 U.S. Environmental Protection Agency 9





Westrick Survey

e Conducted by Judy Westrick and collaborators, Lake
Superior State University, funded by OGWDW, TSC

e 2005
* 5 vulnerable utilities sampled
— California
— Oklahoma
— Texas
— Vermont
— Florida

7/31/2012 U.S. Environmental Protection Agency 10





Samples and Analyses

 Weekly samples for 12 weeks May to August 2005
 Raw intake water, finished water
e Microcystin, cylindrospermopsin, anatoxin-a

— Microcystin- ELISA; 0.05 ppb detection limit

— Microcystins (4 congeners), cylindrospermopsin,
anatoxin-a- HPLC/PDA, 0.25 ppb detection limit

 Algal counts, identifications

— Genera known to produce microcystin,
cylindrospermopsin, anatoxin-a

— Algal units (aggregations of cells) counted

7/31/2012 U.S. Environmental Protection Agency 11





Numbers of Potential Toxin-Producing

Algae and Removal by Treat

Site Range of algal unit Range of log10

density/ mL removal by drinking
water treatment

Algal units/mL

California 113- 350,000 1.5->55
Oklahoma 143- 1500 1.6- >3.4
Vermont <1-190 up to 2.3
Texas 50- 9400 >1.7->4.0
Florida reservoir 17- 1500

Florida river 85- 4300 1.6- 3.8

7/31/2012 U.S. Environmental Protection Agency 12





Microcysin ELISA Analyses of Samples from 5
Utilities

e Microcystin detected by ELISA in 38/56 raw
water samples (68%)

— All microcystin detections (except 1) from 0.06-
0.17 ppb

— 1 Florida river sample had 1.41 ppb microcystin

* Microcystin not detected in any finished water
sample by ELISA

7/31/2012 U.S. Environmental Protection Agency 13





HPLC Analyses of Microcystin,

Cylindrospermopsin and Anatoxi

Microcystin detected in 2/66 raw water samples
by HPLC

— 0.79 ppb microcystin LR in 1 California sample
— 0.90 ppb microcystin LW in 1 Oklahoma sample

Cylindrospermopsin detected in 1/66 samples
— 0.41 ppb cylindrospermopsin in 1 Oklahoma sample

Anatoxin-a not detected

No finished water detections of microcystin,
cylindropermopsin, or anatoxin-a

7/31/2012 U.S. Environmental Protection Agency 14





Relation of algal Counts to Microcystin in Floridags,

River Raw Water Samples

Algal Counts (units/mL)

Florida River Source Water: Algal Counts & Microcystin
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Relation of Cell Counts to Microcystin in

California Raw Water Samples

California Source Water: Algal Counts & Microcystin
Concentrations by ELISA

1000000 0.2
o 100000 | 0'18 o
E; + 0.16 =
S~ 10000 rols g 7
; 'E 1 0.12 E = B aloal cells
é}' z 1000 T 0.1 § E: microcystin
< B 00 | ;008 5 B
0 0.06 %
3 0 004 3

0.02
1 A 0

| 121 31 41 51 o6l 71 8l

Sampling Days

7/31/2012 U.S. Environmental Protection Agency 16





Conclusions AWWARF Study

 ELISA analyses: Most raw and finished water
samples had detectable microcystin at < 1ppb;

— 1% of finished water samples = 1ppb microcystin

 PPIA analyses: Most raw and finished water
samples did not have detectable microcystin
— 1% of finished water samples = 1ppb microcystin

— PPIA results suggest most ELISA detections had lower
toxicity

e Strong relation of taste and odor to microcystin

7/31/2012 U.S. Environmental Protection Agency 17





Conclusions Westrick Stud

>2000 of toxin-producer algal units/mL in 3 of 5 sites.

Microcystin was detected in 68% of raw water
samples by ELISA at <l1ppb; 1 sample >1ppb

Treatment was effective in removing algal cells and
toxins; cyanotoxins not detected Iin finished water

Microcystin most common; 1 cylindrospermopsin

observation

Toxin concentration not always related to toxin-

producer ce

| density.

ELISA and HPLC didn’t give same results

Limited num

7/31/2012

ners of utilities surveyed.

U.S. Environmental Protection Agency 18
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On the Front Line: Response to
Algae Blooms in South Florida





SOUTH FLORIDA WATER MANAGEMENT DISTRICT

chai Ne SFWMD Regional Monitoring

Lake
Kissimmee

* 16 counties

e 46,439 kilometer?

e 2,898 km of canals

* 22 major pump stations

e 2,220 water control
structures

* ~1800 sampling locations

Everglades
National

Park






Recipe for Algal Blooms

Prolonged periods of intense sunlight
Nutrients

Little or no movement of the water body
Warm temperatures

Low turbidity





SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Unprecedented Blooms in 2005
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

- St. Lucie Scumt






SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Microcystis aeruginosa






SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Target Analyte - Microcystin LR
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Methodology

Sample Preparation
Method of Analysis
Standards/Quality Control
Reporting Results

Sample Containers
Holding Times
Round-Robin Results
Sample Collection






SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Sample Preparation

* Autoclave

* Tightly capped glass tubes
* Liquid cycle

* 30 minutes






SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Analytical Method






SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Competitive ELISA
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Cross Reactivity

Compound 50% Boy LOD
Microcystin LR 0.50 0.15
Microcystin LA 0.81 0.24
Microcystin RR 0.92 0.27
Microcystin YR 1.42 0.44
Nodularin 0.73 0.21

* 50%B,: the absorbance of microcystins at these concentrations is 50% of the
absorbance of negative control.





Typical Calibration Plot

(Biotec Synergy @ 450 nm)
25 uL Sample Volume, Average of 2 Wells

1.200

1.000

0.800

0.600

B/BO 0.400

0.200

0.000

-0.200

-0.400
0.01 0.1 1 10

Concentration (ug/L)





SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Quality Control Results

LCS1 Results
Microcystin-LR
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SOUTH

FLORIDA WATER MANAGEMENT DISTRICT

Matrix Spike Recoveries

Spike Recovery

Microcystin-LR Individ
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RUN_DATE: 08/17/2006 11/13/2006 03/15/2007 06/27/2008 10/20/2009 04/25/2011 0517/2012
Individ.: <l: 100 ucl: 1325 Icl: 65 =Subarp Size 1
Fule Viclation

Samples spiked with 1 ug/L Microcystin LR






SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Matrix Spike Duplicates

Repeat Analyses
Microcystin-LR Individ
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Reporting Results

* Reporting Units = ug/L as Microcystin LR
e Detection Limit = 0.2 ug/L*
» Estimated Uncertainty = +/- 19.2%**

*40 CFR Part 136
** Nested hierarchical methodology by Ingersoll





SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Sample Containers

Microcystin LR adsorption in different type bottles (n=3)

SAMPLE DAY O0* DAY 1 DAY 3 DAY 7
GLASS DI 1.8+0.03** [ 1.740.05 1.8+0.03 1.9+0.05
HDPE_DI 1.8+0.03 0.6+0.10 0.31+0.04 0.440.05
GLASS NACL 1.8+0.08 1.8+0.09 1.6+0.06 1.8+0.13
HDPE NACL 1.8+0.08 0.5+0.05 0.3+0.03 0.6+0.04

* Day 0 data are the initial microcystin LR concentrations from DI and NaCl microcystin LR
samples before pouring them into the (glass and HDP) bottles.
** one standard deviation





SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Holding Times

MYLR (ug/L)

5
¢ datapoint
linear fit
= = lower limitfrom poolings
4 - ====|ower limitfromrange s
3 | | . ; . — |
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Time (day) | max holding time

Samples stored at 4°C in glass containers
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Round Robin Testing

Average Total Microcystins (ug/L)
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Sample Collection

Fixed Monitoring Locations

Depth = Surface (0-10 cm)

Collect Directly into Containers — Amber Glass
Record location and extent of bloom
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Maximum Observed Concentrations

since 2005
* Caloosahatchee: 927 ug/L-10/17/05
e Kissimmee: 83.5ug/L—-10/12/05
e St. Lucie: 25.8 ug/L—8/25/05

* Lake Okeechobee: 815 ug/L—-10/11/05
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Blue-Green Algae

Blue-Green Algae

What is that neon green "s#u¥" we're seeing in lakes and
waterways all over Florida? It's a variety of blue-green algae:
a naturally occurring phenomenon that can be found around
the world, not just in our backyard!

It grows when conditions are right: when nutrients such as
phosphorus are in the water, and waters are warm and calm.
That's why blue-green algae are most common in Florida in
the summer, with its high temperatures and seemingly
constant rainfall. When it's only present in small patches, you
may not have noticed it.

why So Much Now?

The hurricanes of 2004 churned up sediments in Lake
Okeechobee that released a great deal of phosphorus into the
water. Runoff of stormwater from our cities, farms and homes
also adds nutrients to all of our waterways. And we're still in
the middle of summer.

Blue-green algae growth can become seemingly explosive
when lots of nutrients are present, providing a rich feast which
can then cause “blooms” what may look like floating carpets
of blue-green algae that turn the water green. Florida — along
with Michigan, Oregon and Virginia — are currently
experiencing massive algal blooms.

Some - not all - species of blue-green algae can produce
toxins that can affect public health.Those blue-green algae
that are known to produce toxins, do not always do so. Little
is known about exactly what environmental conditions trigger
toxin production.

The blooms in South Florida Water Managerment District
waterways are caused by blue-green algae called Mycrocystis.
These blue-green algae are not always toxic but can form
toxic strains. The toxin - called microcystin - can be a threat
to fish, pets, livestock, wild animals and humans if ingested or
inhaled. However, information regarding toxins from blue-
green algae and risks to humans, fish and wildlife is very
limited.

Search | Site Map | Help | Who to Contact | Espariol

The facts on the floating phenomenon

September 12, 2005

© Emergency Status

Current Situation: The District
is now in RECOYERY-
EYALUATION PERIOD for
HURRICANE Katrina. more =

Lake Okeechobep ===

UPDA

SFWMD Newsroom

What's New >>

*| FREE software
ARdOJIJC to view and print
€l Adobe PDF files

| B3 3 Microsoft Office

Microsoft Office O..
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Task Force

* South Florida WMD

e St. Johns River WMD

* Department of Environmental Protection
* Florida Department of Health

* Center For Disease Control





SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Task Force Activities

* Coordinate monitoring programs

* Share technical information

e Coordinate public information

* Coordination with drinking water utilities





SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Conclusions

* ELISA is a reasonably good method for routine
monitoring of microcystins but be prepared to
make lots of dilutions

* ELISA results must be reported in terms of
Microcystin LR “equivalents” as the assay is
not specific to a single variant

* Not all blooms produce toxins

* Coordination with other agencies is essential
when reporting toxin levels





Questions?

* Feel free to contact me, my email address is
dstruve@sfwmd.gov

* | can also be reached at (561) 681-2500 x4521




mailto:dstruve@sfwmd.gov




Evaluation of Microcystin
Immunoaffinity Columns (IAC)

Judy Westrick, PhD
Director of the Lumigen Instrumental Center
Wayne State University

Benjamin Southwell
Director of the Environmental Analysis Laboratory
Lake Superior State University

David C. Szlag, PhD
Lake Superior State University





Drawbacks of using LC/MS and
LC/MS/MS to Quantify Microcystin

* The response of various microcystins is different
and requires individual reference compounds for
guantification.

« The LC/MS(/MS) standard curve is not linear
and its shape Is characteristic for each
microcystin.

* The level of sensitivity may vary from run to run.
Sensitivity can be affected by the matrix and
condition of the cone.

Meriluoto, J. A. O.; Codd, G. A., Toxic: Cyanobacteria Monitoring and Cyanotoxin
Analysis. Abo Akademi University Press.: Abo, Finland, 2005; p. 106.





Summary of Cyanotoxin Recoveries from
the Fortified Drinking Water Samples

Average % Recovery Standard deviation Range

Cylindrospermopsin HPLC/PDA 89 8 68-98
LC/MS/MS SIM 18 12 5-32

Anatoxin-a HPLC/PDA 92 5 82-98
LC/MS/MS SIM 32 14 5-98

Microcystin RR HPLC/PDA 94 4 86-100
LC/MS/MS SIM 63 6 54-67

Microcystin LR HPLC/PDA 94 8 82-101

LC/MS/MS SIM 157 58 84-207

Microcystin LW HPLC/PDA 93 7 82-101

LC/MS/MS SIM 61 29 23-98





Outcomes of EPA Methods Meetings In
Cincinnati, OH
November 2008

Sample Collection

— to limit biological and chemical degradation

Certified Materials

— N0 microcystins

Sample Preparation

— SPE and IAC

Analytical Instrumentation

— SO 20179:2005 HPLC/PDA
— LC/MS/MS





Immunoaffinity Column (IAC)
Studies

Tsutsumi et al. (2000) Immunoaffinity column as clean-up tool for
determination of trace amounts of microcystins in tap water. Food
and Chemical Toxicology. Food and Chemical Toxicology, 38:7 pg.
593-597.

Lawrence and Menard. (2001) Determination of microcystins in blue-
green algae, fish and water using liquid chromatography with
ultraviolet detection after sample clean-up employing immunoaffinity
chromatography. Journal of Chromatography A 922 pg. 111-117.

Kondo et al. (2002) Determination of microcystins in lake water
using reusable immunoaffinity column. Toxin, 40:7 pg. 893-899.

Aranda-Rodriguez et al. (2003) Extraction of 15 microcystins and
nodularin using immunoaffinity columns. Toxicon, 42:6 pg 587-599.





Publication

Tsutsumi et al.
2000

Kondo et al. 2001

Lawrence and
Menard 2002

Aranda-Rodriguez
et al. 2003

Abraxis Method
2011

Design of the IAC

Antibody
Support Gel

Affi-Gel

Formyl Cellulofine
Sepharose CL-4B
Silica-based

Sepharose based

Silica-based

Activated Agarose

Antibody

M8H5 Mab
(Kondo et al 1996)

M8H5 Mab
(Kondo et al 1996)

Anti-MCY LR
(Health Canada)

Anti-MCY LR
(Health Canada)

mAB
ABXMCYMAAB
ABXMCTPAB

MCY

RR, YR,
LR

RR, YR,
LR

RR, YR,
LR, LA

LA, YR, LF,
LW, LR

LR, LA,
RR, YR

Load
MCY

10 ug/mL
gel

100 ng
800 ng
420 ng

1200 ng

420 ng

10-150 ng





Summary of Methods

Sample
Volu Flow
me (ml/

Publication Pre IAC () min) Rinse* Elute*
Tsutsumi et al.

2000 GF/C 10 gravity PBS/water 100/0
Kondo et al 2001 GF/C, SPE 5 ? Tris/water DMF (2.5 ml)
Lawrence and concentration 80/20 with 4%

Menard 2002 \VA Y 5to 15 1to2 25175 acetic acid
Aranda-Rodriguez 80/20 with 4%

et al. 2003 1.2 um GF/C 15-20 1 25/75 acetic acid
Abraxis Method 95/5 with

2011 GF/C 20 0.5 no rinse acetic acid

*Ratios in Rinse and Elute columns are methanol/water.





Summary of Percent Recovery

Publication Antibody Support Gel % Recovery
LR RR YR LA
Tsutsumi et al. 2000 Affi-Gel 92 77 86
Kondo et al 2001 Formyl Cellulofine 87 88 87
Lawrence and Menard
2002 Sepharose CL-4B or Silica
Based 94 78 86 89
Aranda-Rodriguez et
al. 2003 Sepharose based 86 80* 87 89
Silica-based 88 86* 84 75

* yvariant of RR





Evaluation of Abraxis Microcystin

LR IAC
Water Fortified with Microcystin LR
HPLC/PDA LC/MS/MS

TOC (0 mg/L)
Monoclonal - 81-101% Monoclonal - 85-104%
Polyclonal - 101-102% Polyclonal - 98-95%

TOC (0 mg/L)
Monoclonal - 100-128% Monoclonal - 80-85%
Polyclonal - 100-116% Polyclonal - 25-100%
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cont. Evaluation of Abraxis
Microcystin LR |AC

Finished Low TOC Waters Fortified with Microcystin LR
HPLC/PDA LC/MS/MS

TOC 1.23 mg/L
Monoclonal - 92-135% Monoclonal - 27-277%
Polyclonal - 89-107% Polyclonal - 94-122%

TOC 3.96 mg/L
Monoclonal - 113- 146% Monoclonal - 237-200%
Polyclonal - 76-95% Polyclonal-375-412%





Florida TOC 3.96
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cont. Evaluation of Abraxis
Microcystin LR |AC

Finished High TOC Waters fortified with Microcystin LR
HPLC/PDA LC/MS/MS

TOC (not reported)

Monoclonal - 41-84% Monoclonal - 7-10%

Polyclonal - 20-65% Polyclonal - 7-26%
TOC 90 mg/L

Monoclonal-34-85% Monoclonal - 8-10%

Polyclonal - 42-81% Polyclonal - 17-33%





Minnesota TOC 90
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Outcomes

The HPLC/PDA suggests microcystin IAC were very
effective with DI water.

The HPLC/PDA suggests microcystin IAC were effective
for TOC <4.0 mgl/L.

The HPLC/PDA suggests microcystin IAC were not
effective for TOC with 90 mg/L.

The LC/MS/MS analyses on the samples were
performed 9 months after samples were processed.
Since they were stored In acidic method the LC/MS/MS
results are not reliable. (Acidic methanol is believed to
methylate and denature microcystin.)

This study was inconclusive to whether the microcystin
IAC has removed the TOC enough to reduce matrix
effects for LC/MS/MS.





Recommendations
Repeat the IAC study with the following changes.

« LC/MS/MS analyses must be performed immediately.
« Perform a DI positive control as well as fortified samples.

* Finished water must include a reducing agent to remove
excess oxidant.

« Water samples must include natural and synthetic waters with
TOC concentrations above 5 mg/L.

* Review concentrating method.
 RiInse the column before elution.

e A discussion regarding the load and load capacity of the
column.
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