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Introduction Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Microcystins are cyclic peptides produced by cyanobacteria

= They are produced by overgrowth of algae, especially at higher water temperatures —
Climate change, invasive species, global trade and agricultural practices can
exacerbate the problem

= Microcystins can be toxic for animals including humans

= Once ingested, microcystins travel to the liver, via the bile acid transport system, where
most is stored. Some remains in the blood stream and may contaminate tissue.
Microcystins bind covalently to protein phosphatases thus disrupting cellular control
processes. Their hepatotoxicity may cause serious damage to the liver.

= Qver 100+ toxic variants are known

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL
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Introduction Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Microcystin-containing 'blooms' are a problem in countries worldwide including
China, Brazil, Australia, the USA and much of Europe

= WHO action limit = 1000 ng/L (1ppb) and methods are proposed including US
EPA Methods 544 and 545 and European ISO 20179:2005(E) guideline

= For this reason sensitive detection is needed

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 3
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Various Microcystins
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Various Microcystins and others
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Pathway/Route of Exposure Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Recreational waters - dermal, inhalation, and ingestion
= Drinking water - ingestion, dermal, ingestion.
= Dietary Supplements — ingestion

m \VVegetables and Fruits - ingestion

is is a "Global Challenge” @@QQ
This is a "Global Challenge POV

LS TR
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Microcystin Detection Assay Waters
= Enzyme-linked Immunosorbent Assay (ELISA)

— Uses polyclonal antibodies against different microcystin variants.

— Samples are read spectrophotometrically to determine microcystin concentration.

— Detection limit is low ppb

—  Cloudy or Murky samples can pose a challenge

— Measures total toxins (not specific ones)

= High-Performance LC
— Powerful separation capability
— UV detection (not sensitive w/o SPE)

® | C and Mass Spectrometry
— Offers specificity and sensitivity

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 8
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EPA Guidelines for Drinking Water Waters

THE SCIENCE OF WHAT'S POSSIBLE.”
EPA

United States
Envircnmental Protection
Agency

Method 545: Determination of Cylindrospermopsin and
Anatoxin-a in Drinking Water by Liquid Chromatography
Electrospray lonization Tandem Mass Spectrometry
(LC/ESI-MS/MS)

Amnalvte
METHOD 544. DETERMINATION OF MICROCYSTINS AND NODULARIN IN microcystin-LA (MC-LA)
DRINKING WATER BY SOLID PHASE EXTRACTION AND . : _
LIQUID CHROMATOGRAPHY/ TANDEM MASS SPECTROMETRY microcystin-LF (MC-LF}
(LC/MS/NMS)

microcystin-LR (MC-LR)
microcystin-LY (MC-LY)
microcystin-ERE (MC-EE)
microcystin-YR (MC-YE)
nodularin-R (INOD)

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 9



EPA separations

1004

Figure 1. Example Chromatogram of ESI (+) Transitions for Method 545 Analytes
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FIGURE 2. EXAMPLE CHROMATOGRAM (OVERLAID MS/MS SEGMENTS) OF A CALIBRATION STANDARD WITH
METHOD 544 ANALYTES AT CONCENTRATION LEVELS OF 187.5-1000 ng/L.
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Guidelines-WHO Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

What are the health-based standards or guidelines for
cvanobacteria/cyanotoxins in drinking water?

(source: http://wwwl.epa.gov/nutrient-policy-data/guidelines-and-recommendations# whatl)

In 1998, The World Health Organization (WHQO) released a provisional drinking water guideline
for microcvstin-LE., excluding other known cvanotoxins since there was insufficient data to
derive guideline values for these toxins. The WHO guidance wvalue for drinking wateris:

Cyanotoxin Drinking Water Provisional Guideline
Microcwstin-LR 1 ng/T.

Forrecreational waters, the WHO concludes that a single guideline value for cvanobacteria or
cvanotoxins is not appropriate. Due to the varietv of possible exposures through recreational
activities (contact, ingestion and inhalation) it is necessarv to differentiate between the chiefly
irritative symptoms caused by unknown cvanobacterial substances and the more severe health
effects due to exposure to high concentrations of known cvanotoxins, particularly microcystins.
The WHO guidance values for the relative probabilitv of acute health effects during recreational
exposure to cvanobacteria and microcwstins are:

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

Low = 20,000 =10 =10

Moderate 20,000-100,000 10-20 10-50

High 100,000-10,000,000  20-2.000 50-5.000

Very High = 10,000,000 =2.000 =5_000

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 11



Drinking Water Guidelines for Cyanotoxins

* No federal regulations for cyanobacteria/cyanotoxins in drinking water in the U.S.

Authority/Country/state = Microostin 1o | Anatosin-a | Saxitoxin |

World Health Organization (WHO}, 2003 1 pg/L MC-LR
Health Canada, 2002 1.5 pg/L MC —LR
Brazil, 2005 1 pg/L MC-LR
Awustralia, 2009 1.3 peg/L MC-LR TE
New Zealand, 2009 1 pg/L MC-LR TE
Denmark 1 pg/L

Singapore, Poland, Morway, China,
Netherlands, Korea, Japan, Italy, France, 1 pg/L MC-LR
Germany, Finland, Czech Republic

0.3 pg/L bottle-fed

infants and pre-school

Ohio, 2015 age children

1.6 pg/L school-age
children and adults

Oregon 1 pg/L MCs
Minnesota 0.04 pg/L MC-LR

15 pg/L - 3 pe/L

1 pg/L 3 pe/L 3 pe/L

1 ps/L 6 pe/L - 3 pe/L
= 6 pg/L =

0.7 pg/L bottle-fed

infants and pre-school

age children 20 pe/L 0.2 pg/L

3 ug/L school-age
children and adults

1 pg/L

3 pe/L 3 pe/L

In 2015, FPA developed Health Advisories {HA) for the following cyanobacterial toxins:

= LS EPA Drinking
= US EPA Drinkin

Water Health Advisory for the Cyanobacterial Toxin Cylindrospermaopsin
Water Health Adviso 2 2 iz ic i G

for the Cyanobactenal Microcystins Toxins

Waters

These HAs are not regulations and should not be construed as legally enforceable federal standards. HAs may change as new information

becomes available.

Cyanotoxin

Drinking Water Health Advisory (10-day)

Bottle-fed infants and pre-school children

School-age children and adults

Microcystins

0.3 pgfl

1.6 ug/l

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL

Cylindrospermopsin

0.7 pgfl

3ugfl
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State Guidelines—Recreational Water

For recreational waters, the WHO concludes that a single guideline value for cyancbacteria or cyanotoxins is not appropriate. Due to the
variety of possible exposures through recreational activities (contact, ingestion and inhalation) it is necessary to differentiate between the
chiefly irritative symptoms caused by unknown cyanobacterial substances and the more severe health effects due to exposure to high
concentrations of known cyanotoxins, particularly microcystins. The WHO guidance values for the relative probability of acute health

effects during recreational exposure to cyanobacteria and the probability of microcystins concentrations are:

Relative Probability of Acute Health Effects Cyanobacteria (cells/mL) Microcystin-LR (ug/L) Chlorophyll-a (pg/L)
Low = 20,000 =10 =10

Moderate 20,000-100,000 10-20 10-50

High 100,000-10,000,000 20-2,000 50-5,000

Very High = 10,000,000 =2,000 =5,000

Many U.S. states have implemented HAB response guidelines in the event of a significant bloom in recreational waterways. These include
specific criteria for analyzing the severity of a bloom and the actions—public advisories, posted warnings, waterway or beach closures,
among others—that correspond to 2 bloom that meets a certain threshold. For a summary of the U.5. states with guidance values, see the
table below.

https://www.epa.gov/nutrient-policy-data/guidelines-and-recommendations#what3

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL
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State Guidelines—Recreational Water

(just a few shown)

pe/L
Danger Tier Il = MCs: 20 pg/L; Anatoxin-a: 80 pg/L; Cylindrospermopsin:
17 pg/L

state Recreational Water GuidancefAction Level Recommended Action
The trigger level of 0.8 pg/L
microcystin prompts increased
Caution Trigger Level = MCs: 0.8 Pg/L; Anatoxin-a: Detect; menitoring and the placement of a
Cylindrospermopsin: 1 pg/L caution sign stating that people
California Warning Tier | = MCs: & Pg/L; Anatoxin-a: 20 Jg/L; Cylindrospermopsin: 4 should stay away from scum and pets

and livestack should be kept away
from the water and scum.
Microcystins refers to the sum of all measured

in variants. Must lytical

method that detects <1 pg/L anatoxin-a.

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Reporter of HAB event and the local

Connecticut

-Visual Rank Category 1: Visible Material is not likely cyanobacteria or
water is generally clear.

-Visual Rank Category 2: Cyanobacteria present in low numbers. There
are visible small accumulations but water is generally clear.

-Visual Rank Category 3: Cyanobacteria present in high numbers. Scums
may or may not be present. Water is discolored throughout. Large areas
affected. Color assists to rule out sediment and other algae.

-visual Rank Category 3, or blue-
green algae cells > 100k/ml: POSTED
BEACH CLOSURE (If public has beach
3ccess, alert water users that a blue-
green algae bloom is present),
POSTED ADVISORY (At other
impacted access points)

Idaho

surface scum visible and associated with toxigenic taxa™

Sum of all potentially toxigenic taxa 100,000 cells/mL

The density of Microcystis or Planktothrix >40,000 cells/mL

~Tosigenic taxa include Anabaena, Mi i, Nostoc, Ce

5 3 ia, and Lyngbya.
ially toxic and may be added to the list

b bep

Recommend posting by Public
Health District (PHD) in conjunction
with water body management
agency

Recommend posting by PHD in
conjunction with water body
operator

Recommend posting by PHD in
conjunction with water body
operator

ilinois Microcystin-LR concentration results approach or exceed 10 pg/L lake managemeant entity will be
informed immediately.
Level 1: use common sense practices
Level 1: very low/no risk < 4 pg/L microcystin-LR Level 2: reduce recreational contact
Inds Level 2: low to moderate risk 4 to 20 pg/L microcystin-LR with water
ndiana
Level 3: serious risk > 20 ug/L microcystin-LR Level 3: consider avoiding contact
Warning Level: Cylindrospermopsin: 5 ppb with water until levels of toxin
decrease
Caution - bloom present no toxin
. i - data available
owa icrocystin =
e Warning - when toxin levels exceed
20 ug/L
PHA: >4 ug/L to <20 pg/L for microcystin or > 20,000 cell/mL to <100,000 Public Health Advisory (PHA): avoid
“ cell/mL cyancbacteria cell counts contact
ansas
PHW: > 20 pg/L or = 100,000 cell/mL cyanobacterial cell counts and Public Health Warning (PHW): all
visible scum present contact with water is restricted
Kentucky ) ) Advisory: contact discourage, water
Advisory: >20,000 cells/mL of cyanobacteria cell counts
may be unsafe
(Louisville ) )
Caution: > 100,000 cells/mL of cyanobacteria cell counts
District) Caution: Closure, contact prohibited
14 pg/L for micracystin-LR and = 70,000 cells/mL for cyancbacteria cell
Massachusetts ue/! ¥ / ¥ Advisory - Avoid contact with water
counts
Nebraska Microcystin = 20 pg/L Health Alert
New

Hampshire

*50% of cell counts from toxigenic cyanobacteria

Public Health Advisory

©2020 Waters Corporation

COMPANY CONFIDENTIAL
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State Guidelines—Recreational Water

(just a few shown)

New York

Suspicious Bloom: Visual appearance of a bloom likely to be
cyanobacteria Confirmed Bloom: Blue green chlorophyll levels = 25 pg/L.
and microscopic confirmation that majority of sample is cyanobacteria
or report of closure of a regulated swimming area Confirmed with High
Toxins Bloom: Confirmed Bloom and microcystin = 20 pg/L {shoreline
samples) or microcystin = 10 pg/L (open water samples) or known risk of
&xposure to anatoxin or another cyanotoxin, based on consult betwaen
NYSDEC HABs Program and NYSDOH staff.

Motifications will be updated weekly
all summer and into the fall

For all blooms, avoid exposure. Keep
children and pets away from scums
or discolored water

Seek immediate medical assistance
for symptoms consistent with
exposure

Report any symptoms to local/state
Health Department

Report blooms to DEC

North Carolina

visible discoloration of the water or a surface scum may be considered
for microcystin testing

Advisory/Closure

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Microcystin-LR: PHA: 6 ug/L; NCA: 20 ug/L
Anatoxin-a: PHA: 80 pg/L; NCA: 300 pg/L

Public Health Advisory (PHA) -
swimming and wading are not
recommended, water should not be
swallowed and surface scum should

Close and post any public beach if any of the following condi

met:

Visible known blue-green algae bloom/scum or an unknown,
potentially blue-green algae (i.e., not pollen), bloom/scum

Microcystin-LR (equivalents) concentration greater than or equal to 6

Ohio
‘Saxitoxin: PHA: 0.8 ug/L; NCA: 3 ug/L be avoided.
cylindrospermopsin: PHA: 5 ug/L; NCA: 20 ng/L Mo Contact Advisory (NCA)
-recommend the public avoid all
contact with the water
Oklah 100,000 cell/mL of cyanobacteria cell counts and > 20 ug/L for Blue-Green Algae Awareness Level
ahoma
microcystin Advisory
Option 1: Visible scum and cell caunt or toxicity
Option 2: Toxigenic species >100,000 cells/mL
Oregon Option 2: Microcystis or Planktothrix > 40,000 cells/mL Public Health Advisory
Option 4: Toxin Testing Microcystin: 10ug/L Anatoxin-a: 20 pg/L
Cylindrospermopsin: 6 pg/L Saxitoxin: 100 pg/L
visible cyancbacteria scum or mat and/or cyanobacteria cell count =
Rhode Island Health Advisories
70,000 cells/mL and/or 214 ug/L of microcystin-LR
B . ) Blue-Green Algae Awareness Level
Texas >100,000 cell/mL of cyanobacteria cell counts and =20 pug/L micrecystin

Advisory

©2020 Waters Corporation
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Vermont Beach Closure
Hg/L micrograms per Liter or parts per billion (ppb)
- Anatoxin-a concentration greater than or equal to 10 pg/L (ppb)
- Cylindrospermopsin concentration greater than or equal to 10 pg/L
(ppb)
Local agency notification; initiate bi-
weekly water sampling
Public notification indicating a
5,000 to <20,000 Microcystis cells/mL harmful algal bloom is presentin
Virgini 20,000 to 100,000 Microcystis cells/mL recreational water; initiate weekly
irginia
€ * 100,000 Microcystis cells /mL, or > 6 pg/L microcystin concentration, or sampling
Blue-green algal “scum” or “mats” on water surface Immediate public notification to
avoid all recreational water contact
where bloom is present; continue
weekly sampling
~ N Tier 1. Caution: when a bloom is
Microcystin-LR: 6 ug/L R o
N forming or a bloom scum is visible
Anatoxin-a: 1 ug/L
Washington R R (toxic algae may be present)
Cylindrospermopsin: 4.5 ug/L N ~ .
o Tier 2. Warning: Toxic algae present
Saxitoxin: 75 ug/L -
Tier 3. Danger: Lake closed
‘Wisconsin =>100,000 cells/mL or scum layer Advisory/Closure

15



Guidelines—EPA May 2019

f United States Office of Water EPA $22.R-19-001
'\" Environmental Mail Code 4304T  May 2019

Protection Agency

Recommended Human Health Recreational
Ambient Water Quality Criteria or
Swimming Advisories for Microcystins
and Cylindrospermopsin

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL
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Waters
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Office of Water

Vo 1 United States
o’ Environmental Protection EPA822-F-15-001
\’ Agency May 2019

Recommended Human Health Recreational Ambient
Water Quality Criteria or Swimming Advisories for
Microcystins and Cylindrospermopsin

Table. Recommended magnitude for cyanotoxins.

Microcystins Cylindrospermopsin

8 pg/L 15 pg/L

16
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What is a Tandem Quadrupole MS? Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Tandem Quadrupoles consist of 2 mass analysers(quads),and a collision cell, enabling

more selective analyses to be performed compared to a single quadrupole or other
non MS detection mode.

= Their selectivity has made them the industry standard for MS based quantitation.
o The ions generated in the source are filtered by the first mass analyser.

o A collision cell can then be used to fragment molecules exiting the first mass
analyser.

o These fragments are then filtered by the second mass analyser.

AP Gas Collision Gas
oL hr 0 L Hr
ES+ Analyser
1.33E-06 mBar 1.33E-06 mBar
Desolvation R A
0 °C o - =EE
Capillary .

0.00 v

Probe

ow 0.00 ¥

~=-tHHHHH - e——-

T2/aWE Collision Cell Quadmipole
Collision Energy 4 e (MS2]

¥

©2020 Waters Corporation C 17
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Tandem Experiments Waters
Multiple Reaction Monitoring (MRM)
MS1 Fix T-Wave Collision Cell W/Argon MS2 Fix

G )N e —

e < E - B

_>.|

995.6 135

>
135
From source > Q1 Selected 995.6 m/ Q2 Selected 135 m/z
995.6
MW i MMJL 135

1000 1500 1000

= The system is set up for selectivity, allowing only a selected product ion to be fragmented and one fragment ion to be
detected.

= Multiple MRM’s can also be use, as well as several fragments from a specified product ion for confirmation purposes.
©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 18
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Separation using Traditional i
H P L C/M S/M S “HE Stlﬂgtgsr-SSSIBLE.@
9
5
2
1 7 142

100

NI

5.00 7.50 10.00 12.50 15.00 17.50 20.00 2250 25.00 27.50 30.00

1=Cylindrospermopsin, 2=Anatoxin-a, 5= Microcystin RR, 6=Nodularin, 7=Microcystin
YR, 8=Microcystin LR, 9=Microcystin LA, 11=Microcystin LW, and 12=Microcystin LF

2.1X150mm Atlantis dC,5 (3.5pm)@30C-0.29mL/min

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 19



Going the Next Step...UltraPerfomance LC/MS/MS Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Small Particle (sub 2um)
= Higher separation power
= Higher tensile strength

10 um Particle HPLC
Eo 1970's
H 15 5 um Particle
E 1980's
T
P o 3.5 um Particle
[m] 1990's
ACQUITY UPLC™ System
l *1 1.7 um Particle | —
2004 '
o — : -
(o} 1 2 3 4 5 ] 7
Flow Rate [mL/min]: Linear Velocity [u, mm/sec] ————» Xevo TQ_S micro
ID=1.0mm 0.04 0.07 0.10 0.13 07 0.20 0.24

ID=2.1 mm 0.15 0.3 0.45 0.6 0.75 0.9 1.05

[ ] ™M
ID = 4.6 mm 0.7 1.4 2.1 2.8 3.5 4.2 4.9 CO' "'t\ (

Ultra Performance LC /'

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 20



UPLC™/MS/MS Separation

]
8.5 minutes (HSS T3 2.1x100mm (1.8um)) Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

L JUL _ M\ -

200 250 300 350 400 450 500 550 600 650 7.00 7.50 800 850

1=Cylindrospermopsin, 2=Anatoxin-a, 3=Cyclo (Arg-Ala-Asp-D-Phe-Val) (IStd), 4=[Leu?]-
Enkephalin (1Std), 5= Microcystin RR, 6=Nodularin, 7=Microcystin YR, 8=Microcystin LR,
9=Microcystin LA, 10=Microcystin LY, 11=Microcystin LW, and 12=Microcystin LF

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 21
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HPLC vs UPLC™ Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

UPLC™
100

%

k i jne U JML JL

2.00 2550 3.00 3.50 4.00 4.50 5.00 550 6.00 650 7.00 7.50 8.0®B.50 _|'™Me

_—

\%\

HPLC "
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Additional Toxin (Euglenophycin) Waters -

from Euglena sanguinea
HSC/\FV\N/\Q\/\/\OH

Euglenophycin

THE SCIENCE OF WHAT'S POSSIBLE.”

CYN YR
. LY LW
Nodularin LR LF
. IStd RR LA
100 Anatoxin-a
[ |
S Lg%&
S A .
o T T L\I T T T LR BULELLE R T T T T e ime
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Analysis done using UPLC/MS/MS method (Expanded!)

Waters

= Allows for screening of microcystins, anatoxin, euglenophycin, nodularin, anabaenopeptins and
cylindrospermopsin (2 internal Standards) in a <10 minute run

100+ 428
.
Internal std 2
0 2.60 3.‘00 4.‘00 5.‘00 j E.IUU j T.EIU j E.bu
AlI7EISa_71501 Sm (Mn. 3x4)
100+
.
Internal std 1
0 2 bﬂ S,IUD A,ED 5 IUl] i E,IUD T 7,h” i 2 hn
AlI7EISa_71501
1007 550
1 RR
o T T T T T T T T
200 300 4.00 500 6.00 7.00 800
All7EISa_71501
1004 196
. Cylindrospermopsin
0 T T T T T T T T T T
200 300 4.00 500 600 7.00 8.00
AlI7EISa_71501
100+
. Euglenophycin
o T T T T T T T T T 7
2.00 3.00 4.00 5.00 6.00 7.00 8.00
All7EISa_71501
100+
. Anatoxin-a
0 T T T T T T T T T T
200 300 400 500 600 7.00 8.00

©2020 Waters Corporation
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100
o

T WR

= i

775 000 825 650

8.75

Expanded List

575 GO0 625 G50 Gf5 700 725 750
AITEISA_T1501
|u% EI.;I:Q YR LR Phe-Ala
! 5:}?‘_ ‘sbo.l.slﬁ:f: 550 605 TO0 T35 750 7.05 800 825 B850 BI5 RR Anabaenopeptin A
wiy an 7 YR /Anabaenopeptin B
3 I
ﬂ e e LAW rtaariroary LA Cylindropsermopsin
.-.||1:0:—olx: 1SN o~ LF I Anatoxin
‘-"} LY ! LY Nodularin
o T - - - - - - - -
575 600 625 630 675 VM0 T25 TS0 TS 6000 823 630 675 .
AITEISa_T1501 LW Euglenophycm
100 &3
e | LR WR Ethylated MC-LR (d5)(IS)
I IR e e TR TR R TR e R
P I;‘.’;“ 600 625 650 &7 700 i a2 7 I 800 8 850 an HtYR Pl-CleO (IS)
‘“f.% LE Jlll D-Asp3-RR Leu-Enk (IS)
R AT L SRS T T S OIS Ak 3 ALY S AR S aay. 5::4_ 8.75 D-Asp3-LR Micropeptin 1106
.LJIT[IGE_._"-:'\-}' Sm (Mn, Jx4) >
100 "I'il" D-Asp3-Dhb7-MC-Htyr _|Aeroginosamide B
1 LA |
o 57'?3. 500 625 650 675 TO00 725 750 775 800 825 B850 875
I[;:I’ B ”5?0
time ﬂ Nodularin ,
p ] H(II(I H;h H-!.{I & If:l 1’1')“ n"l)ll F !-{I T Iﬂl -!HIR’ ﬂ:ll\'l H-!JH a8 !n’ o

THE SCIENCE OF WHAT'S POSSIBLE.”

24



Current Separation (ESI/MS/MS)

9 MRM of 2 Channels ES+

844 TIC (LY+2)

100
o
0+rrrrrrrrr R
2.00 4.00 6.00 5.00
8. MRM of 4 Channels ES+
-LR-2+
100 6.83 TIC (MC-LR-2+)
o
0 1 T T T T

T T
200 4.00 6.00 8.00
7: MRM of 3 Channels ES+

TIC (MC-LF 2+)

200 4.00 600 800
& MRM of 2 Channels ES+

100
o+
O 1 T T ) T )
2.00 4.00 6.00 8.00
5: MRM of 3 Channels ES+
100 327 TIC (LA+2)
S
0
200 4.00 6.00 500
4: MRM of 3 Channels ES+
100 2.05 TIC (CYN)
S
0 L LIS B I B L BRI IULELELE UL
2.00 4.00 6.00 5.00
2: MRM of 3 Channels ES+
259 166.177 > 148.99 (Anatoxin)
0 LIS B I B L BLELLL I LR
2.00 4.00 6.00 5.00

1: MEM of 4 Channels ES+

2,69 166.096 = 120.093 (Phe-Ala)

T T T T T T T Time
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.82 TIC (DAsSp-LR +2)

18 MRM of 3 Channels ES+

100 828 TIC(LA)
0
2.00 4.00 6.00 5.00
17: MRM of 3 Channels ES+
100 646 TIC (Nodularin}
+
0
2.00 4.00 6.00 5.00
16. MRM of 2 Channels ES+
n\ +
100 707 TIC (WR +21
0
2.00 4.00 6.00 5.00
15 MRM of 3 Channels ES+
+
100 6.74 TIC (HIYR 2+)
ES
0 ) T 1 T )
200 4.00 6.00 500
13 MRM of 3 Channels ES+
100 5.69 TIC (MC-YR-2+)
s
0 ) T 1 T )
2.00 4.00 6.00 §.00
12: MRM of 3 Channels ES+
TIC (RR +2
100 6.01 (RR +2)
0 ) T T i T )
2.00 4.00 6.00 5.00
11: MRM of 2 Channels ES+
100 TIC (LW+2)
ES
0
2.00 4.00 6.00 5.00
10: MRM of 3 Channels ES+
+
100 589 TIC (DASp-RR 2+)
ES
0 Time
2.00 4.00 6.00 5.00

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

28: MRM of 3 Channels ES+

100 7.07 TIC (WR)
0
2.00 4.00 6.00 8.00
27: MRM of 3 Channels ES+
100 6.74 TIC (HtvR}
0 T T T T T
2.00 4.00 6.00 5.00
26 MRM of 3 Channels ES+
100 6.69 TIC (YR)
E% l/a_rz
0 T T T T T T
2.00 4.00 6.00 8.00
24: MRM of 3 Channels ES+
TIC (LW,
100 9.13. TIC (LwW)
O i T 1 T i
2.00 4.00 6.00 8.00
22: MRM of 3 Channels ES+
100 843 TIC (LY)
0
2.00 4.00 6.00 8.00
21 MRM of 4 Channels ES+
6.83 TIC (LR)
100 l 1 1666
0 T T T T T
2.00 4.00 6.00 5.00
20: MRM of 3 Channels ES+
100 933 TIC (LF)
Eg
O i T T T i
2.00 4.00 6.00 8.00
18: MRM of 3 Channels ES+
TIC (LA
100 8.28 LA)
0 T T T T T T Time
2.00 4.00 6.00 8.00

25
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Toxin Incidents Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Florida July 2016...Martin County, Florida*

Lake Okeechobee

Algae bloce

LR Conc (ppb)
6000
4000 -
2000
0 ; :
29-Jun  9-Jul 19-Jul  29Jul  8-Aug 29Jun  O9Jul 19Jul 29Jul - 8-Aug

*"Toxin composition of the 2016 Microcystis aeruginosa bloom in the St. Lucie Estuary, Florida”
Oehrle S, Rodriguez-Matos M, Cartamil M, Zavala C, Rein KS.
Toxicon. 2017 Nov; vol.138: p.169-172.
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Waters
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Example Chromatogram--Florida

19: MRM of 3 Channels ES+

_ 6.15 TIC (DASP-LR)
] H{L DAsp-LR
0 T T T 1 T T T 1 T T T 1 T 1 T 1
£ AN 6.00 6.50 7.00 T7.50 8.00 8.50 9.00
18. MRM of 3 Channels ES+
- 7.57 TIC (LAY
] LA
0 S i IS
5.50 6.00 6.50 7.00 750 8.00 8.50 9.00
14 MRM of 2 Channels ES+
_ 6.36 TIC (WR +2)
WR*2
L=
O T T T T T T T T 1 T T T T T 1 T
5.90 6.00 6.50 7.00 T7.50 5.00 5.50 9.00
10: MRM of 4 Channels ES+
B 536 TIC (RR)
= I RR
0 T T T 1 T T T 1 T T T 1 T 1 T 1
5 &0 6.00 6.50 7.00 T.50 8.00 8.50 9.00
& MRM of 3 Channels ES+
_ §58 TIC (MC-LF 2+) ppb
] LF*2 LR 2600
o T T T R e RR 6
5.50 6.00 6.50 7.00 750 8.00 850 9.00 WR 7
7. MRM of 4 Channels ES+
5.14 TIC (MC-LR-2+) DAsp-LR 120
E +2
E'E_ LR L: 632
i L
o T T T T T T T T T T T T T T T T Time
5.90 6.00 6.50 7.00 T7.50 5.00 5.50 9.00

Microcystis aeruginosa
©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 27



Additional Toxin Incidents Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= California August-September 2016...Lake Elsinore

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 28



Example Chromatogram—Lake Elsinore

9: MRM of 3 Channels ES+

. 513104 > 135164 (DASD-RR 2+)
5.25
%_ﬁ”‘k DAsp-RR
0
550 7600 650 700 | 750 soo | 850 | o900
19 MRM of 3 Channels ES+
100 TIC (DASD-LR)
=] e DASP-LR
580 601 G276
0 T T T T T T T T T T T T T T
5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
18 MRM of 3 Channels ES+
1004 TIC (LA)
]
7.00 717 733 758 776 7.97505
0 T T T T T T \L by T T T T T T
5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
14° MRM of 2 Channels ES+
535.2 > 135.2 (WR +2)
1004 636
* WR*2
O T T T T T T T T T T T T T T T
5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
10° MRM of 4 Channels ES+
100 536 520 > 135.2 (RR)
“ RR
C T T T T T T T T T T T T T T
5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00
6: MRM of 3 Channels ES+
1004 TIC (MC-LF 2+)
. LF+2
. 820 g47 876 086 905
"TTs50 ' 600 | 650 700 | 7.50 s00 | 850 | 000
_ 7: MRM of 4 Channels ES+
498.404 > 135.1 (MC-LR-2
100 * ( o
. LR*2
6.28
0 T T T T |“ T T T T T T T T T T”T.e
6.50 7.00 7.50 8.00 8.50 9.00

©2020 Watt. o vorporauon 220 Cnn L 800 L &
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Microcystis flos-aquae

ppb

LR 6

RR 7671 _

WR 2628

DAsp-LR ND

LF ND

LA ND

DAsp-RR 142 20




Going even FARTHER! * - -
(adding Anabaenopeptin toxins) Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Anabaenopeptins are a highly diverse group of bioactive peptides produced by
several genera of cyanobacteria such as Anabaena, Planktothrix, Microcystis and
Nodularia. These peptides are commonly detected in cyanobacterial blooms
along with the well known microcystins.

. : < 9
. : H B
: 3 ” ; \r(
N o} O z
}>‘ N 0% “oH
7 NH o

HN\/“O—
o |
Anabaenopeptin A ©/ Anabaenopeptin B
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Added to.

% L

the existing separation

Anabaenopeptin B

<-.
Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Anabaenopeptin A

T T T T T T T T T T T T T T T T Time
2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.0 7.00 7.50 8.00 8.50 9.00
Current Separation ”
L i j
: L
_ — | k
= P S
— | B ) —
L . —
] I
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 Time
COMPANY CONFIDENT IAL
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Additional Samples—July 2018 Waters "

THE SCIENCE OF WHAT'S POSSIBLE.”

Lake Sample (KY) Lake Sample (Western US)

15° MRM of 3 Channels ES+

520 = 13506 (RR +2
588 ! ' 15. MRM of 3 Channels ES+
100 520 = 13506 (RR +2)
=
=]
o T T T T T T T T T T T T T T
2.00 3.00 4.00 5.00 6.00 7.00 8.00 o l
10: MRM of 3 Channels ES+ T T T T T T T T T T T T T
4958.3 > 135 (MC-LR-2+) 200 3.00 4.00 500 6.00 T.00 8.00
1004 669 10: MRM of 3 Channels ES+
1004 670 4983 =135 (MC-LR-2+)
=
=
o T T T T T T T T T LI T T T T
2.00 3.00 4.00 5.00 6.00 7.00 &.00 o
7:MRM of 3 Channels ES+ T T T T T T T T T T T T T
455.0 > 135.06 (LA+2) 2.00 3.00 4.00 5.00 6.00 7.00 .00
100+ 7: MRM of 3 Channels ES+
100 4559 = 135.06 (LA+2)
=]
=
o o
T T T T T T T T T T T T T T
2.00 3.00 4.00 5.00 .00 7.00 8.00 o
6. MRM of 3 Channels ES+ T T T T T T T T T T T T T
423.096 > 107.018 (Anabaenopeplin-A+2} 2.00 3.00 4.00 5.00 6.00 7.00 8.00
7] 6. MRM of 3 Channels ES+
1004 423 096 = 107.018 (Anabaenopeptin-A+2)
=]
=
1 T T 1 T T T T T T T T T T T
200 3.00 4.00 500 6.00 7.00 800 o
5. MRM of 4 Channels ES+ T T T T T T T T T T T T T
410 568 > 201 128 (Anabaenopepiin-B+2) 2.00 3.00 4.00 5.00 .00 7.00 8.00
7] 5. MRM of 4 Channels ES+
1004 419 568 > 120096 (Anabaenopeptin-B+2)
. =
=]
0 T T T T T T T T T T Time
2.00 3.00 4.00 5.00 6.00 7.00 8.00
0 T T T T T T T T Time
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Additional Samples—July 2018 Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Lake Sample 2 (Western US)

15 MRM of 3 Channels ES+
520 > 135.06 (RR +2)

100~
587
=
o T T T T T T T T f T T T T T
2.00 3.00 4.00 5.00 6.00 7.00 §.00
10: MRM of 3 Channels ES+
3> 24+
100 498.3 = 135 (MC-LR-2+)
=]
o T T T T T T T T T T T T T T
2.00 3.00 4.00 5.00 6.00 7.00 8.00
7. MRM of 3 Channels ES+
1004 4559 > 13506 (LA+2)
=]
0 T T T T T T T T T T T T T T
200 3.00 4 .00 5.00 6.00 700 8.00
6. MRM of 3 Channels ES+
. 423 096 > 107.018 (Anabaenopeptin-A+2}
6.41
=
0 T T T T T T T T T il T T T T
2.00 3.00 4.00 5.00 6.00 7.00 8.00
5. MRM of 4 Channels ES+
1004 419.568 = 120.096 (Anabaenopeptin-B+21
533
=
o T T T T T T T T T T Time
2.00 3.00 4.00 5.00 6.00 7.00 §.00
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August 2019

® Dog Deaths in Wilmington, NC pond

Yahoo News

NC women's three dogs die after playing in pond with toxic algae

° Watch (0:28)

©2020 Waters Corporation

COMPANY CONFIDENTIAL

m.
Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Benthic Algae produced

Primary strain Oscillatoria

2 days ago

34
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LC/MS/MS Analysis Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Samples Frozen and shipped
= 2 water samples and a concentrate (pellet)

F6:MRM of 3 channels,ES+

5uL 5ppb CYN 416.2 > 194.07
NCPel2_281901 F6:MRM of 3 channels,ES+ CYN _
416.2 > 194.07 100 1.94
__CYN
1.94 %
. Sample Standard
0 HAR AR RN RARMY AR REARN ALY KRR RAAA) MEALS MARA) RARA) RARR) RAA AN min
L e e L A Al M Lt st Ly M Ry s Lt A Ly s M R L LA e LT
F6:MRM of 3 channels,ES+ FE:MRM of 21()6h523n>n?|7$éE085+
416.2 > 176.05 ) )
CYN _ CYN _
1.94 100 1.94
% %
L e e L M M L b W Laats sy Lo s s saa s wan sy s s s s wa b ol ) 0 .
| RARAS RRAS AR RRARS RAAM) RAAS) RARA) RAMAY HAARY RARA) RARAD KARA REARS min
F6:MRM of 3 channels,ES+
416.2 > 336.13 F6:MRM of 3 channels,ES+
CYN_ 416.2 > 336.13
1.94 CYN
% 100 N
1.94
L M a L e L e B L L e e e e e A e R B B s mas wa min %

] A A Mt Ut el e s st et e st s il )
120 140 160 1.80 200 220 240
©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 35



NC Pellet

NCPel3_8190 F2:MRM of 3 channels,ES+
166.177 > 148.99
Anatoxin_
2.28
% 2.36
o .
4 T T T T T T T T T - min
F2:MRM of 3 channels,ES+
166.177 > 43.066
Anatoxin_
2.27
%
2.38
3 T T T T T T T T T T min
F2:MRM of 3 channels,ES+
Anatoxin 166.177 > 131.097
2.27 237
N
%
1 I I I I I I I

Anatoxin

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL

Standard

5uL Mix Z (diluted) F2:MRM of 3 channels,ES+

166.177 > 148.99

Anatoxin_
2.26
%
20 5 T T T T T T T T T min
F2:MRM of 3 channels,ES+
166.177 > 43.066
Anatoxin_
2.26
%
15 T T T T T T T T T min
F2:MRM of 3 channels,ES+
166.177 > 131.097
Anatoxin_
2.27
%
10 T T T T T T T T T min

Anatoxin

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

NC Pellet

5uL NC Pellet extract F1:MRM of 4 channels,ES+

166.096 > 120.093

Phe-Ala _
237
%
0 = T T Tt AR RARE MR | Tt Tt T min
F1:MRM of 4 channels,ES+
166.096 > 103.051
Phe-Ala _
2.37
%
L A Ly s L e L b min
F1:MRM of 4 channels,ES+
166.096 > 77.028
Phe-Ala __

237
%
0 =

| IR N RAR R RARAN | min

36



Initial screen-Homoanatoxin

5uL NC Pellet extract (conc) (8/19)--2.1X100mm HSS-T3

%

m.
Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

3: MRM of 7 Channels ES+
180.1 > 163.1 (Anatoxin-homo)

1 2.86
| 11246
2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.40 3.50 3.60
NCPel3_81901 Sm (Mn, 2x2) 3: MRM of 7 Channels ES+
_ 2.86 180.1 > 145.1 (Anatoxin-homo)
] 5734
o
0 b T T T T T T T R T T T T T T T T e T T T R T T T T T T T T T e
2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.40 3.50 3.60
NCPel3_81901 Sm (Mn, 2x2) 3: MRM of 7 Channels ES+
2.86 180.1 > 57 (Anatoxin-homo)
26637
<
B o L e L B B B L L B B B B 41
2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.40 3.50 3.60
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&
Homoanatoxin Standard (0.2ppb) Waters
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Compound name: HomoAnatoxin

5ul 0.2ppb HomoAnatoxin F4:MRM of 3 channels,ES+ Correlation coefficient: r = 0.999407, r"2 = 0.998814
180 > 145.1 . .
HomoAnatoxi Calibration curve: 21114 * x+ 476.17
286 " Response type: External Std, Area

o Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

L e e e e e e e e R M L e R T

F4:MRM of 3 channels,ES+

180 > 163.1
HomoAnatoxin_
2.86 Q
n
" S
g
28 LAY BAAR LA LAY RARA RAASS LAALY LAALE L) RAMA) BAARI LAAM LRSS LA naaks At 010} o
F4:MRM of 3 channels,ES+
180 > 57
O ng/ml (ppb)
% -0.0 2.0 4.0 6.0 8.0 10.0
40 LAY AR RS LN RARA RAAR) LALA) LRALE LA ML) RASR) RAAM AAA) A nasas asli 0t 1)
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Sample and Standard (Homoanatoxin) Waters
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NCPellet4_82801y F4:MRM of 3 channels,ES+

5ul 10ppb HomoAnatoxin F4:MRM of 3 channels,ES+

180 > 145.1 180 > 145.1
1.43 HomoAnatoxin _
HomoAnatoxin 2.86
2.86 1 ndar
% Pellet Extract % Oppb Standard
0 R e e T min L o L B S Loy s Lt L L LA e ]
F4:MRM of 3 channels,ES+ F4:MRM of 3 channels,ES+
180 > 163.1 180 > 163.1
1.43 HomoAnatoxin __
2.86
HomoAnatoxin __ .
% 2.86 %
0 min L s L L m L e A e L b a1
. +
F4:MRM of 3 channels ES+ FANRM of 3 channels E57
180 > 57 .
. HomoAnatoxin __
HomoAnatoxin __ 2.86
2.86
1,03 %— 1,03
% /
1.35 3 min
2 min 150 2,00 250 3.00 350 400 450

150 200 250 3.00 350 4.00 4.50

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL
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Ohio River Bloom (September-October 2019) Water

THF GrTENCFE NF WHAT'S PNGGTRI F?
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Results (freeze/thaw)

F11:MRM of 3 channels,ES+

498.3 > 135
LR-2+ _
100 6.67
%
0= min
F11:MRM of 3 channels,ES+
498.3 > 482.27
LR-2+ _
100 6.67
%
0= e min
F11:MRM of 3 channels,ES+
498.3 > 70
LR-2+ _
100 6.67
%
0 T T T T min

S —d

F17:MRM of 3 channels,ES+

520 > 135.06
RR+2 _
100 585
%
0 T min
F17:MRM of 3 channels,ES+
520 > 102.67
RR+2 _
100 5.85
%
e e Al B s s sl
F17:MRM of 3 channels,ES+
520 > 70.07
RR+2 _
100 5.85
%
e B R B e s sl 111
5.50 6.00 6.50

Waters
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F19:MRM of 3 channels,ES+

523.5>135
YR+2 _
100 6.54
%
0 = =T T min
F19:MRM of 3 channels,ES+
523.47 > 507.35
YR+2 _
100 6.54
%
0 Tl T min
F19:MRM of 3 channels,ES+
523.47 > 70.07
YR+2 _
100 6.54
%
0 L B L L S T
6.25 6.50 6.75 7.00

Also DAsp-LR, DAsp-RR, and Anabaenopeptin B

COMPANY CONFIDENTIAL
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Interesting Screen (Precursor Scan (135 (ADDA))

5uL OH River at Mill Creek (10/19/19)(freeze/thaw)

MillC_FT102201d

m.
Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Parents of 135ES+

6.66 TIC
100 2.87¢8
5.84
- 2019 OH River Water
6.54|
’N/\J 6.37
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
OH2015_102202d Parents of 135ES+
6.66 TIC
100 1.38¢8
2015 OH River Water
6.54 6.99
B A B B T S : ‘ﬁ"‘”‘J‘_ ; = ; i ; S == Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

©2020 Waters Corporation
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Summary Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Mass Spectrometry offers a sensitive and selective method to detect various
toxins.

= UPLC offers high resolution and fast analysis times. (real time decisions).

= MS/MS technology can also be used for other critical/emerging water assays
(pesticides, PFOS, and Persistent organic pollutants (POP’s) for example).
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Take Home Message Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= As Captain Jack Sparrow said

“When swimming.....Drink Rum...not the water!”
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Thank You for Attending Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

THE POWER OF COLLABORATION

NORTHERN
KENTUCKY
UNIVERSITY
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