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" Analytical methods
e Enzyme-linked immunosorbent assay (ELISA)

* Liquid chromatography/tandem mass
spectrometry (LC/MS/MS)

=" Comparison of the two methods
" Conclusions
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* Produced by cyanobacteria (blue-green
algae)

= Worldwide occurrence

= USGS, raw water

- lowa, 2006 — Microcystins 19,000 pg/L

- Kansas, 2011 - Microcystins > 10,000 pg/L
" Toledo, Ohio, 2014, drinking water

- Microcystins > 2 ug/L

« Not to drink or bathe warning
= USEPA Draft Contaminant Candidate List 4
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Factors Contributi ﬁg to Blooms

Chemical:
nitrogen,
phosphorus

Meteorological:
weather
conditions, light penetration,
temperature £ oxygen levels

Physical:

Biological:
Hydrological: genetics,
waves, flow, population
mixing diversity,
predators
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en are Blooms a Problem?

" Blooms occur naturally when the conditions are
right

= Some, but not all, cyanobacteria can produce
taste and odor compounds

= Some, but not all, cyanobacteria can produce

cyanotoxins
 Not all blooms are toxic

* 45 - 75% probability of individual blooms of Anabaena,
Microcystis and/or Aphanizomenon will be toxic
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Cyanotoxin

Type of Toxin

Guidelines (Organization)

Microcystins

Hepatotoxin

e 1.0 ug/L for MCLR in drinking water
(W
10-day Health Advisory (EPA)

o 0.3 pg/L for children
wﬁ pg/L for all others

Anatoxin-a

Neurotoxin

3.7 ug/L in drinking water (Quebec,
Canada)

Cylindrospermopsin

Hepatotoxin

e 1.0 ug/Lin drinking water (WHO,

10-day Health Advisory (EPA)

o 0.7 pg/L for children
wgﬂ for all others

*WHO: World Health Organization
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Microcystis

More than 90 microcystin
variants have been isolated
and characterized. Some of the
most common variants are
shown here.

HN

NH,

X

Y

MCLR

LR Arginine Leucine

RR Arginine Arginine

YR Arginine Tyrosine

LA Alanine Leucine
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! Cylindrospermopsin

Cylindrospermopsis
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'/Analysis of Cyanotoxins
Microcystins | Anatoxin-a | Cylindrospermopsin

(eusa ) v v

PPIA2 v

Mouse bioassay v v v

Receptor- v

binding assay

HPLC - DAD3 v v v

GC/MS4 v

L v v v
(LC/MS/MSS

\\_/

lEnzyme-linked immunosorbent assay 4Gas chromatography/mass spectrometry
2Protein-phosphatase inhibition assay >Liquid chromatography/mass spectrometry

3High Pressure Liquid Chromatography-Diode Array Detector °®Liquid chromatography/tandem mass spectrometry
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Sample Handling

= Collection, preservation and storage
* Glass bottles preferred

* Freeze or4 °C

= Filtering — extracellular concentration

* Some filters showed absorption (e.g. Nylon filters)
= Cell lysis — total concentration

* Freeze-thaw cycles

* Sonication
* QuikLyse™



~~Analysis by ELISA — An Example

Immobilized
microcystins-protein
analogue

<>‘ Microcystins
and nodularins
Sheep
{l\)\* polyclonal a-

microcystins
antibody

) a-sheep
HRP-

antibody

Indirect Competitive ELISA: Immobilized analogue and targets in solution
compete for primary antibody; HRP-secondary analogue is added
afterwards.

Color is inversely proportional to target.
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: ELISA (cont’d)

=" Based on antibody response - total
toxins, not individual variants

= Available for those with commercial kits
=Sensitive

* Reporting limit: 0.15 pg/L (Abraxis

microcystins ADDA-specific kit)

= Cost estimates

* Microplate reader ($8,000 to $40,000)

* ELISA kits (5440 per 96 wells)

« Commercial laboratory: ~ S 100 per sample




Measured ELISA Conc. (ng/L)
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=~ Analytical Methods: LC/MS/MS

= Direct injection
* Eight microcystins and nodularin

* Minimum reporting levels (MRLs): 0.1 — 0.2 ug/L
* |Identifies individual toxin variants
" Instrument Conditions
* API 4000 system: ESI + and ESI -
e Column: Phenomenex Luna C18(2), 5 um, 4.6 x150 mm

= Cost estimates
e LC/MS/MS ($250,000 - $600,000)
* Expensive standards

« Commercial laboratory: ~$200-$300 per sample
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ESI- Mode

1.7e4
1.6e44

1.5e4+

1.4e4

1.3e41

1.2e4+

1.1e4+

1.0e4+

9000.04

8000.04

7000.04

6000.04

5000.04

4000.0

3000.04

2000.04

1000.04

0.0p

0.28 _0611.39 1.91 244 | \3. QS 83431482 553 620 7.15 805 837 869 964 _
T

NOD mMCLR

3.01

MC-dmLR

MCLA

1

Aol

W XIC of -MRM (7 pairs). 823.570/805.500 Da ID: Nodularin from Sarrple 5 (061815_03_dirstd_MC8 NOD_MQ_0618) of 061815_NEG dir...

MCLY

Max. 1.6e4 cps.

MCLW

MCLF

|

5{2'1 JMlad oes | 13321395 1476 1565 1676, 1735

10

20

30 40

50

60

7.0

80

90
Time, min

100

11.0

120

130 140 150 160 170

180




/ r

1.18e5
1.15e5

1.10e5
1.0565
1.00e5
9.50e4
9.00e4
850641
8.00e4
7.50e4
7.0004
6.50e4 1
6.00e4{
5.50e4
5.00e4 1
4.5064 ]
4.00e4 ]
3.50e4
3.00e4
25064
20064
1.5084 ]
1.00e4 ]
5000.00

016,

1.651.73
e

265,

318

4.1

MCRR

,4-514:6 ,

0.00

,0-5, —

———
10

1.5

20

25

‘30

———
35

40
Time, min

T
4.5

488507 534 57

1
5.0

O XIC of +MRMV (5 pairs): 825.500/135.100 Da ID: Nodularin from Sample 3 (061815_03_dirstd MC8 NOD_MQ_0618) of 061815_POS di...

MCYR -1

[é)1

Mex. 5.2e4 cps|




B Matrix Effects
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"~ EPA Method 544

" Published in February 2015
" For drinking water only

= Six microcystins and nodularin
* Minimum reporting levels: 2.9-22 ng/L

= Other key points of the method
* MeOH and freezing for lysing
* Solid phase extraction - 500 mL sample volume
* Phenomenex Kinetex C8 column, 2.6 um, 2.1 x 100mm
* C,D.-MCLR as the internal standard
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Ozonated Samples: ELISA vs. LC/MS/MS

-

= e

CRW; MCLA spiked conc. = 85 ug/L; O, contact time = 1 min

O, Applied

Dose (mg/L)

0.10
0.10
0.20
0.25
0.30
0.40

Control

LC/MS/MS
Results (ug/L)

3.3
7.8
<0.1
<0.1
<0.1
<0.1
81.3

ELISA Results

by MCLR by MCLA
Standards (ug/ | Standards (ug/
L) L)
10.0 4.2
24.3 8.6
2.5 1.1
2.1 1.1
1.4 0.8
1.5 0.8
>250 75.5

ELISA Results
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mnated Samples: ELISA vs. LC/MS/MS

7 y=1.1015x + 0.1455
R?=0.8998 ¢

*

ELISA LC/MS/MS

Results | Results (ug/
(ug/L) L)
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1.0 0.78 0.64
0.4 -
1.0  0.89 0.61 b
0.2 -
1.5 0.43 0.34 EA
1.5 0.62 0.35 0 | | | |
0 0.2 0.4 0.6 0.8
2.5 0.26 0.11 MCLR by LC/MS/MS (ug/L)

Abraxis microcystins ADDA-specific kits
CRW

MCLR spiked conc. =5 ug/L

Contact time = 60 min



—— ELISA vs. LC/MS/MS
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ELISA (ADDA)* LC/MS/MS
Characteristic Total toxins Individual variants
Quantification Semi-quantitative Quantitative
Sample volume <5 mL <5 mL
MRLs 0.15 ug/L 0.1-0.2 ug/L
Turnaround time Fast Slower
Initial investment Affordable Expensive
Personnel training Less More

Other important
aspects to consider

Different vendors/kits
Needs correct
calibration standards
Possible interference
from treatment
byproducts

Possible matrix effects
12-14 microcystin
variant standards
available

*Abraxis microcystins ADDA-specific kit.




Conclusions

= ELISA is an effective rapid screening tool

* Reporting limit = 0.15 ug/L (Abraxis microcystins
ADDA kits)

* Measures total microcystins

= LC/MS/MS is quantitative
* Reporting limit = 0.1 -0.2 ug/L
* |dentifies individual variants



Kanclusions (cont’d)

= ELISA and LC/MS/MS results may not
correspond to each other

* Microcystin variants may have different ELISA
responses

o Quantitation dependent on using correct variant(s) - need
variant-specific standards for calibration

o ELISA may respond to oxidation by-products

* LC/MS/MS may experience matrix effects
o Limited standard availability
o Isotopically labeled standards as internal standards
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