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Algae

Huge diversity
Giant kelp to microalgae

Toxin-producing algae
Microcystis
Pseudo-nitzschia
Cylindrospermopsis
Anabaena
Dinoflagellata
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Widespread phenomenon
Caused by potentially harmful phytoplankton

Harmful effects
Sea life mortality due to toxin production
Human illness due to contaminated water or seafood 
Hypoxia/anoxia

Harmful Algal Blooms

Pseudo-nitzschia
domoic acid

Microcystis aeruginosa
Microcystins
Anatoxin-A

Cylindrospermopsin

Karenia brevis
brevitoxin



Widespread phenomenon
Caused by potentially harmful phytoplankton

Harmful effects
Sea life mortality due to toxin production
Human illness due to contaminated water or seafood 
Hypoxia/anoxia

Harmful Algal Blooms

Harmful effects

Microcystins—hepatoxin
Anatoxin-A—neurotoxin
Cylindrospermopsin—hepatoxin
Okadaic acid—diarrhetic shellfish poisoning 
Domoic acid—amnesic shellfish poisoning

VFDF: Very Fast Death Factor



Routes of exposure

Direct contact
Swimming

Drinking water source
Toledo, OH

Food source
Fish
Filter feeders



Analytical methods 
and 

sample prep



Microcystins

EPA Method 546
ADDA specific ELISA

EPA Method 544
Offline SPE, LC-MS/MS
MC-LA, MC-LF, MC-LR
MC-LY, MC-RR, MC-LY
Nodularin-R
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EPA Method 544



EPA 545

Direct-inject LCMS
Anatoxin-A

Cylindrospermopsin



Domoic and okadaic acids

In sediment and mussels 

Dilute and SPE
Flow-through SPE
ASE gave poor recoveries



Dilute and SPE procedure
Add 1.0 grams homogenized sample to 15 mL tube

Load supernatant onto an unconditioned reversed-phased flow-through 
SPE cartridge, collecting eluent

Wash the centrifuge tube with two 5 mL 80:20 MeOH:H2O portions and 
load onto the SPE cartridge

Combine fractions, and raise up to 20 mL

Add 10 mL 80:20 MeOH:H2O shake for 60 minutes at <6°C

1.0 g into 20 mL for an initial 20x dilution



Analysis



Instrumentation
ELISA: EPA 546LC-MS/MS: EPA 544, 545, DA+OA 



EPA 544: microcystins
Column: Agilent Poroshell SB-Aq C18 50 x 2.1 2.7 

μm
Injection volume: 2 uL

Mobile phase: A: Water with 0.1% acetic acid
B: 100% Acetonitrile

Flow rate: 0.550 mL/min Time %B

0.0 20

1 20

8.5 85

8.75 100

10.0 100

Lowest calibration point: 2.5 to 10 ppt

Target MRL 
(ng/L)

MDL 
(ng/L)

Microcystin-RR 6 1.3

Microcystin-YR 20 4.1

Microcystin-LR 20 3.3

Microcystin-LA 8 1.5

Microcystin-LY 9 1.8

Microcystin-LF 6 2.4

Nodularin-R 5 1.0



EPA 545: Anatoxin-a and cylindrospermopsin
Column: Agilent Polaris C18-Ether 150 X 3.0 mm 

3 μm
Injection volume: 10 uL

Mobile phase: A: Water with 0.1% acetic acid
B: 100% Acetonitrile

Flow rate: 0.550 mL/min Time %B

0.0 3

3 3

5 34

5.2 70

6 70

K’=1.1
K’=0.18

K’=~2

Peptide PlusStableBond-AQ

Anatoxin-a: 30 ppt

Cylindrospermopsin: 
90 pptTarget MRL 

(ng/L)
MDL 
(ng/L)

Anatoxin-A 30 4.6

Cylindrospermopsin 90 7.9

K’= 1.1



Domoic and okadaic acids
Column: Agilent Poroshell 120 C18 50 x 2.1 1.9 μm

Injection volume: 5 uL
Mobile phase: A: Water with 0.1% acetic acid

B: 100% Acetonitrile
Flow rate: 0.450 mL/min Time %B

0.0 5

1 5

4 100

6.5 100

0.01 ppb in the extract 
Domoic acid

Okadaic acid

0.20 ng/g in the sample 



Data



Microcystin comparison

n=8
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Domoic and okadaic acid recoveries

n=8Mussels Sediment



Summary
EPA 544
EPA 545
Domoic and Okadaic acid
Large discrepancy between 544 and 546

Targeted vs. non-targeted
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Oxidant

Ongoing efforts for reconciliation

MMBP:
2-methyl-3-methoxy
4-phenylbutyric acidScreen -> Oxidize -> Quench ->SPE -> 

concentrate -> Analyze
Not suitable for finished drinking water
Low recoveries (<30%)

Standard addition



Questions?

Agustin Pierri, PhD 
agustin.pierri@wecklabs.com

626-336-2139

Weck Laboratories, Inc.
Industry, CA 91745


