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EXPANDED ANALYSIS OF CYANOBACTERIAL TOXINS IN 
RECREATIONAL AND DRINKING WATER USING UPLC/MS/MS 
DETECTION…MORE TOXINS! 
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1 Waters Corporation. 2 University of North Carolina-Wilmington



©2020 Waters Corporation 2COMPANY CONFIDENTIAL

Introduction

 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. 

 Over 100+ toxic variants are known



©2020 Waters Corporation 3COMPANY CONFIDENTIAL

Introduction

 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
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Microcystis
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Various Microcystins

LF

MW=986.2

LW

MW=1025.2

RR

MW=1038.2

YR

MW=1045.2



©2020 Waters Corporation 6COMPANY CONFIDENTIAL

Various Microcystins and others
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Pathway/Route of Exposure

 Recreational waters - dermal, inhalation, and ingestion

 Drinking water - ingestion, dermal, ingestion. 

 Dietary Supplements – ingestion

 Vegetables and Fruits  - ingestion

This is a “Global Challenge”
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Microcystin Detection Assay

 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)

 LC and Mass Spectrometry
– Offers specificity and sensitivity
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EPA Guidelines for Drinking Water
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EPA separations
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Guidelines-WHO
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State Guidelines—Recreational Water

https://www.epa.gov/nutrient-policy-data/guidelines-and-recommendations#what3
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State Guidelines—Recreational Water
(just a few shown)



©2020 Waters Corporation 15COMPANY CONFIDENTIAL

State Guidelines—Recreational Water 
(just a few shown)
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Guidelines—EPA May 2019
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What is a Tandem Quadrupole MS? 

 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.
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Tandem Experiments

 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.

MS1 Fix MS2 FixT-Wave Collision Cell W/Argon

Q1 Selected 995.6 m/z

1000

995.6

135

Q2 Selected 135 m/z

135

135

995.6

1000 1500

Multiple Reaction Monitoring (MRM)

From source
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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 dC18 (3.5μm)@30C-0.29mL/min

Time
5.00 7.50 10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00

%

0

100
1

2

5

6
7

8

9

1211

Separation using Traditional 
HPLC/MS/MS
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Going the Next Step…UltraPerfomance LC/MS/MS

 Small Particle (sub 2μm)
 Higher separation power
 Higher tensile strength

Xevo TQ-S micro
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UPLC™/MS/MS Separation
8.5 minutes (HSS T3 2.1x100mm (1.8um))

Time
2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

%

0

100

8.52

1

2 3 4 5 6

1=Cylindrospermopsin, 2=Anatoxin-a, 3=Cyclo (Arg-Ala-Asp-D-Phe-Val) (IStd), 4=[Leu5]-
Enkephalin (IStd), 5= Microcystin RR, 6=Nodularin, 7=Microcystin YR, 8=Microcystin LR, 
9=Microcystin LA, 10=Microcystin LY, 11=Microcystin LW, and 12=Microcystin LF 

121110987
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HPLC vs UPLC™

Time2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.008.50

%

0

100

UPLC™

HPLC

Time
5.00 10.00 15.00 20.00 25.00 30.00

%

8

2.04

0.13
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Additional Toxin (Euglenophycin) 
from Euglena sanguinea

CYN

Anatoxin-a
IStd RR

Nodularin
YR

LF
LW

Euglenophycin

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

Analysis done using UPLC/MS/MS method (Expanded!)

Anatoxin-a

Euglenophycin

Cylindrospermopsin

RR

Internal std 1

Internal std 2

Nodularin

LA

LF

LR

LY

LW

YR

WR
Expanded List

LR Phe-Ala

RR Anabaenopeptin A

YR Anabaenopeptin B

LA Cylindropsermopsin

LF Anatoxin

LY Nodularin

LW Euglenophycin

WR Ethylated MC-LR (d5)(IS)

HtYR PI-Cylco (IS)

D-Asp3-RR Leu-Enk (IS)

D-Asp3-LR Micropeptin 1106

D-Asp3-Dhb7-MC-Htyr Aeroginosamide B
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Current Separation (ESI/MS/MS)
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 Florida July 2016…Martin County, Florida*

Toxin Incidents

4050
2778

1938

160 40

2000

4000

6000
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LR Conc (ppb)

575
457

30 0 00

200

400

600

800

29-Jun 9-Jul 19-Jul 29-Jul 8-Aug

LA Conc (ppb)

Lake Okeechobee

*”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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Example Chromatogram--Florida

ppb
LR 2600
RR 6
WR 7
DAsp-LR 120
LF 5
LA 632

DAsp-LR

LA

WR+2

LF+2

LR+2

RR

Microcystis aeruginosa
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 California August-September 2016…Lake Elsinore

Additional Toxin Incidents
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DAsp-LR

LA

WR+2

LF+2

LR+2

RR

DAsp-RR

Example Chromatogram—Lake Elsinore

ppb
LR 6
RR 7671
WR 2628
DAsp-LR ND
LF ND
LA ND
DAsp-RR 142

Microcystis flos-aquae



©2020 Waters Corporation 30COMPANY CONFIDENTIAL

Going even FARTHER!
(adding Anabaenopeptin toxins)

 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. 

Anabaenopeptin B

FW=837

Anabaenopeptin A

FW=843.9
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Time

1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50

%

1

Time
2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50

%

0

Added to the existing separation

Anabaenopeptin B Anabaenopeptin A

Current Separation
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Additional Samples—July 2018  

Lake Sample (KY) Lake Sample (Western US)
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Additional Samples—July 2018  
Lake Sample 2 (Western US)
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August 2019

 Dog Deaths in Wilmington, NC pond

Benthic Algae produced

Primary strain Oscillatoria
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LC/MS/MS Analysis

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

Sample Standard

min
1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 2.40 2.50

%

0

F6:MRM of 3 channels,ES+
416.2 > 336.13

CYN
1.94

min

%

0

F6:MRM of 3 channels,ES+
416.2 > 176.05

CYN
1.94

min

%

0

F6:MRM of 3 channels,ES+
416.2 > 194.07

NCPel2_281901 

CYN
1.94

min
1.20 1.40 1.60 1.80 2.00 2.20 2.40

%

0

100

F6:MRM of 3 channels,ES+
416.2 > 336.13

CYN
1.94

min

%

0

100

F6:MRM of 3 channels,ES+
416.2 > 176.05

CYN
1.94

min

%

0

100

F6:MRM of 3 channels,ES+
416.2 > 194.075uL 5ppb CYN

CYN
1.94
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min
1.80 2.00 2.20 2.40 2.60

%

11

F2:MRM of 3 channels,ES+
166.177 > 131.097

2.37
Anatoxin

2.27

min

%

3

F2:MRM of 3 channels,ES+
166.177 > 43.066

Anatoxin
2.27

2.38

min

%

4

F2:MRM of 3 channels,ES+
166.177 > 148.99

NCPel3_8190

Anatoxin
2.28

2.36

min
1.80 2.00 2.20 2.40 2.60

%

10

F2:MRM of 3 channels,ES+
166.177 > 131.097

Anatoxin
2.27

min

%

1

F2:MRM of 3 channels,ES+
166.177 > 43.066

Anatoxin
2.26

min

%

20

F2:MRM of 3 channels,ES+
166.177 > 148.99

5uL Mix Z (diluted)

Anatoxin
2.26

min
1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00

%

0

F1:MRM of 4 channels,ES+
166.096 > 77.028

Phe-Ala
2.37

min

%

0

F1:MRM of 4 channels,ES+
166.096 > 103.051

Phe-Ala
2.37

min

%

0

F1:MRM of 4 channels,ES+
166.096 > 120.093

5uL NC Pellet extract 

Phe-Ala
2.37

Anatoxin

NC PelletStandardNC Pellet

Anatoxin Phe-Ala
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Initial screen-Homoanatoxin
5uL NC Pellet extract (conc) (8/19)--2.1X100mm HSS-T3 

Time
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

%

1

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

%

0

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

%

1

NCPel3_81901 Sm (Mn, 2x2) 3: MRM of 7 Channels ES+ 
180.1 > 163.1 (Anatoxin-homo)

1.67e6
Area

2.86
11246

NCPel3_81901 Sm (Mn, 2x2) 3: MRM of 7 Channels ES+ 
180.1 > 145.1 (Anatoxin-homo)

1.90e5
Area

2.86
5734

NCPel3_81901 Sm (Mn, 2x2) 3: MRM of 7 Channels ES+ 
180.1 > 57 (Anatoxin-homo)

8.96e5
Area

2.86
26637
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Homoanatoxin Standard (0.2ppb)

Compound name: HomoAnatoxin
Correlation coefficient: r = 0.999407, r^2 = 0.998814
Calibration curve: 21114 * x + 476.17
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

ng/mL (ppb)
-0.0 2.0 4.0 6.0 8.0 10.0

R
es

po
ns

e

-0

50000

100000

150000

min
2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60

%

40

F4:MRM of 3 channels,ES+
180 > 57

min

%

28

F4:MRM of 3 channels,ES+
180 > 163.1

HomoAnatoxin
2.86

min

%

18

F4:MRM of 3 channels,ES+
180 > 145.15uL 0.2ppb HomoAnatoxin

HomoAnatoxin
2.86
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Sample and Standard (Homoanatoxin)

min
1.50 2.00 2.50 3.00 3.50 4.00 4.50

%

2

F4:MRM of 3 channels,ES+
180 > 57

HomoAnatoxin
2.86

1.03

1.35

min

%

0

F4:MRM of 3 channels,ES+
180 > 163.1

1.43

1.25
HomoAnatoxin

2.86

min

%

0

F4:MRM of 3 channels,ES+
180 > 145.1

NCPellet4_82801y

1.43
HomoAnatoxin

2.86

min
1.50 2.00 2.50 3.00 3.50 4.00 4.50

%

3

F4:MRM of 3 channels,ES+
180 > 57

HomoAnatoxin
2.86

1.03

min

%

1

F4:MRM of 3 channels,ES+
180 > 163.1

HomoAnatoxin
2.86

min

%

0

F4:MRM of 3 channels,ES+
180 > 145.1

5uL 10ppb HomoAnatoxin

HomoAnatoxin
2.86

10ppb StandardPellet Extract
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Ohio River Bloom (September-October 2019)
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Results (freeze/thaw)

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

min
6.50 7.00

%

0

100

F11:MRM of 3 channels,ES+
498.3 > 70

LR-2+
6.67

min

%

0

100

F11:MRM of 3 channels,ES+
498.3 > 482.27

LR-2+
6.67

min

%

0

100

F11:MRM of 3 channels,ES+
498.3 > 135

LR-2+
6.67

min
5.50 6.00 6.50

%

0

100

F17:MRM of 3 channels,ES+
520 > 70.07

RR+2
5.85

min

%

0

100

F17:MRM of 3 channels,ES+
520 > 102.67

RR+2
5.85

min

%

0

100

F17:MRM of 3 channels,ES+
520 > 135.06

RR+2
5.85

min
6.25 6.50 6.75 7.00

%

0

100

F19:MRM of 3 channels,ES+
523.47 > 70.07

YR+2
6.54

min

%

0

100

F19:MRM of 3 channels,ES+
523.47 > 507.35

YR+2
6.54

min

%

0

100

F19:MRM of 3 channels,ES+
523.5 > 135

YR+2
6.54
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5uL OH River at Mill Creek (10/19/19)(freeze/thaw)

Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

%

0

100

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

%

0

100

MillC_FT102201d Parents of 135ES+ 
TIC

2.87e8
6.66

5.84

6.54
6.37

OH2015_102202d Parents of 135ES+ 
TIC

1.38e8
6.66

5.85

6.54 6.99

Interesting Screen (Precursor Scan (135 (ADDA))

2019 OH River Water

2015 OH River Water
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Summary

 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

 As Captain Jack Sparrow said

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


