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What are microcystin toxins and
where do they come from?
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Microcystin Toxins

e Produced by Microcystis

sp. H, CO,H CH;
i ) - N._ __CH,
« Mostly intracellular while !
alive o 5
. NH
* Numerous different HiCy
congeners (variants) H e H M
« Similar in structure to X X
nodularin toxins | © 2 |
° Found |n braCk|Sh water | Microcystin Congeners ‘ Amino Acid in X Amino Acid in Y ‘
« Peptides composed of T —— o
amino aC|dS Microcystin-YR . Tyrosine Arginine
. . Microcystin-LA Leucine Alanine
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Microcystin Toxins

Y P Ote nt h e p ato - an d Figure 3. Nephrotoxic effects of microcystin LR. Kidney slices stained with hematoxylin

and eosin in rat kidney cortex (A,C) and medulla (B,D). The experimental rat was

n e h rOtOX I n treated with MC-LR (10 ug/kg i.p.) (A,B), every other day for eight months. The control
rat was treated only with the vehicle (containing 0.8% ethanol, 0.2% methanol and 0.9%
e Some G

Nadl) (C,D). In the MC-LR treated rat, numerous enlarged renal corpuscles (RC) with

h e art tOXi C ity compressed Bowman's space (BS) are seen (A). The tubuiles are widened and filled with

eosinophilic material (EM), as seen in (A,B). In-growing interstitial tissue (IT) (A,B) is

O bse rve d aS We I I infiltrated with mononuclear cells. Normal histological structure of kidney from the

control rat is shown in (C,D). Bar = 300 pm.

e Lung tissue lesions
were observed in
iInhalation studies

e Chronic exposures in
animal studies

 Liver tumor promotion

 Cardiotoxicity control

e Potential mutagen

medulla

b N
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Microcystin Toxins

 Clinical symptoms of Human Liver Anatomy
exposure

* Abdominal pain
 Headache

e Sore throat

* Vomiting

 Nausea

* Dry cough

» Diarrhea

 Blistering around the mouth
e Pneumonia gall bladder
» Liver and kidney damage coririon bilE diet

http://www.fithea.com/wp-content/uploads/2013/10/20185343_m.jpg

inferior vena cava

hepatic artery

portal vein
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Cyanobacteria

 Single cellular
organisms

* Prokaryotic
 Mostly photoautotrophic ¥

 Live in water and moist
solls

e Can be found in E
unicellular, colonial, and
flamentous forms

« Many different species
e Truly ancient
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Cyanobacteria

e Characteristic color

 Bluish tinge due to
phycocyanin and
allophycocyanin
» Accessory proteins to
chlorophyll

e “Cyano” refers to color
cyan
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Microcystis sp.

e Genus of
cyanobacteria

e Capable of producing
microcystins

 Number of sub
species
M. aeruginosa is of

most concern in lowa
* Produces toxins
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Routes of Exposure

 Numerous potential
exposure routes
 Drinking water
e Swimming
e Boating/watersports

« Small children and
small animals (such
as dogs) are
especially susceptible

http://www.mckenziewaterskischool.com/resources/-58.jpg
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How do we test for
microcystins?
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Testing For Microcystins

e Several Methods of
Testing

e Screening Methods

e Can only provide rough
picture

* Rapid

. Ineernsive with large
batch volumes

« Analytical Methods

e Can provide detailed
understanding of variants

e Labor intensive

* Requires expensive
equipment
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ELISA

 Enzyme-Linked
Immunosorbent Assay
(ELISA)
« Plate-based method
« Targets specific part of
microcystin molecule
(ADDA)

« Cannot discriminate
between microcystin
variants

* Vulnerable to false
positives
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Sample Collection and
Preparation

e Collect in glass or
PETG containers

e Neutralize disinfectants
with sodium thiosulfate

e Chill samples
Immediately after
collection

* Freeze samples upon
arrival at the laboratory

Image B
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Sample Collection and
Preparation

* Freeze/thaw an
aliquot of the sample
3 times to lyse algal
cells

* Filter samples (if
turbid) through glass
fiber filters

e Other materials may
cause analyte loss
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Testing For Microcystins

« ADDA analog bound to
plate wells

e Primary antibodies
added complex with
analog and analyte in
solution

e Secondary antibody-
horseradish peroxidase
(HRP? conjugates

o complex with primary

rad.com/webroot/web/images/Ise/products/protein_analysis_ antl b O d | eS
kits/product_overlay_content/global/elisa_howkitworks.jpg
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Testing For Microcystins

e Color reagent, 3,3’,5,5'-
tetramethylbenzene, is
oxidized by HRP

CH, CH,

I ff“ « Oxidation to the
e Hacﬁ, s dlamine is then halted
N N and stabilized by

sulfuric acid resulting a

https://upload.wikimedia.org/wikipedia/commons/thumb/d/d6/3%2C3%27%2C5% I I I
2C5%27-tetramethyl--1%2C1%27-biphenyl--4%2C4%27- ye OW CO Or

diamine_oxidation.svg/425px-3%2C3%27%2C5%2C5%27-tetramethyl--

1%2C1%27-biphenyl--4%2C4%27-diamine_oxidation.svg.png ° Inve I’S e rel athn Shlp .
between color intensity
and concentration
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Required Equipment

» Plate reader capable of reading at
450 nm

« Computer with analytical Software %L |

» Various micropipetters

* Multichannel capable of 50-250 uL
dispensing volume

» Single-channel capable of
dispensing 50 uL

e Plate kit
e Source of deionized water

» Glass-fiber syringe filters and
syringes

» Refrigerator and Freezer
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Required Equipment
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Example Calibration Output

/\ ) ) Microcystins ADDA2 - Assay Calibration Report A\ Microcystins ADDAZ - Assay Calibration Report
BRAXIS BRAXIS
Assay Information | Rufesanze Position Reading
Assay Name: M sans ADOA2 Assay Mode: 4-Paramater Log
jormal 0.30 - 5,00 Unis: ngamL
" of decimals: 2 Assay Descripton:
Apiay Subsl
Lo Gl Rangs Chaek
Stardands. T
£xd1. Comcentration = 0.00, Minim it 2
Saa2. Concentration = (.15, Minkmum remibe: 2 1
£33, Concentration = 0,40, Minkmum ramiber 2
5384, C ” = 1,00, Minknum rumber 2
5335, Concontr, = 2.00, M e 2
Concentrat e 2
Carve vald
Auds Mode: ¥ = Abs, X = Conc.
Asgary Calibwation - I
Hame Paosition
W2016 4:02:00 PM
S
Sad1 L
Saa2
Stz
Sasd TeQA=+0.871
Tu0, A=+0.8530 ¥ = (ADNY
A= 0080161
ooz | I
06720
0 Am+1
Tal,A 1
Low Cal Range Check 0,845 Abs 41 ngiml T An 00460
Low Cal Range Cheek 0,838 Abs 043 ngiml Ae0.E350 .
iy
8
3.
£
2
E-3
<
062
0012
140 —
a1 I T e———
a01%
241 T —s —
Conc (ngimL)
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Test information

i Test Report (by Request) E X a m p I e

Request B/S/2016 4:02:00 PM
Date: 8/520168

Name/ID T Assay T T T Reading
_MIc;o;)‘sl-'\s ADDAZ 1.463 Abs _-: ’_'!: ngimb | To0 Ansl 4630
Microcysting ADDAZ 1.538 Abs < 0.00 ngimL i _T=ﬂ A=+1.5360

Microcystins ADDAZ  |1,088 Abs 0.16 ng/mL
Microcystins ADDAZ 11,085 Abs 018 ngimL

|Microcystins ADDAZ

10,05 ng/mL Low 0.30-5.00 | T=0A-
[1-203 Abs [1.2480] (5.1 (0.09 ng/mL {0.07] |Low [Low] 0.30-500 |T=0,A=+1.2030
1252 Abs 0.07 ngiml Low 0.30-500  TeDA=+1.2520

data interpretation

Microcystins ADDAZ 0,870 Abs 0.38 ngimL
Microcystins ADDAZ 0,853 Abs [0.40 ngimL
Microcysting ADDAZ 0,606 Abs [1:04 ngimL T=0,A=+0 6060
|Microcystins ADDAZ  |0.627 Abs. 0.96 ngimL Te0,A=+0.8270
[Microcystins ADDAZ (0,447 Abs 1212 ngimL T=0.A=+0.4470
Microcystins ADDAZ 0,455 Abs 204 y 5 . e S u S re O r e a
IMicrocystins ADDAZ 0,310 Abs 480 T=0.A=+0.3100
Std6 Microcysting ADDAZ _|0.306 Abs. 493 T=0,A=+0.3080
Quality Control Std Microcystins ADDAZ D672 Abs 0.80 1 0.75, 0.56 - 0. T=0,A=+0.6720
Quality Controd 5td Microcystine ADDAZ D680 Abs 10.78 ngin | 1075, 0.56 - 0.T=0,A=+0.6800
Reagent Blank R aooe —Haey o 0,01 ngimL | ToD,Am+1,4530 aV e ra e O WO
Reagent Blank [Microcysting ADDAZ |1.478 Abs [0.00° [T=0,A=+1.4780
Low Cal Range Check  |Microcystins ADDAZ  |0.638 Abs 043 ¢ | 10,40, 0.24 - 0. T=0 A=+0,8380
Low Cal Range Check | . 10,846 Abs CEIR [ 0.40, 0.24 - 0. T=0,A=+0.8450 .
R-409585 Microcystins ADDAZ 0668 Abs 0.26 ng. [030-500  T=0,A=+0.9680
R-409586 |Microcystins ADDAZ __10.968 Abs [0.9680] (0.0 (0.26 ow [Low] 0.30-500 | Te=0,A=+09880 r e I ‘ a e S
R-#09588 Duplicate . f 1.017 Abs 10.21 ngiml Law [030-500 | T=0A=+1.0170
R-409586 Duglicate | 5 AL 0.938 Abs [1.0075] (1.3 (0.23 ngiml [0.22) Low [Low] 030-500 | T=0,A=+0.9580 b
|R-40a587 |Microcystine ADDAZ 1,110 Abs 014 030-500 |T=0.A=+1.1100 |
R-409587 |Microcystins ADDAZ 1,162 Abs [1.1360] {3.2 (0.1 fLow] [0.30-500 T=0,A=+1.1620
R-409588 [Microcystins ADDAZ 11,302 Abs 008 030-500 [ T=0A=+13020 | - -
R-408588 |Miciocysting ADDAZ 1200 Abs [1.2960] {0.7 (0.05 ILow] [030-5.00 [T=0.A=+1.2000 | . O eﬁl C I e nt Of
R-409589 Microcysting ADDAZ 1,235 Abs 0.07 030-500 T=0.A=+12360 ( :
R-409539 Microcystins ADDAZ  |1.130 Abs [1.1875] (5.800.12 fLow] [0.30-500 | T=0.A=+1.1390
R-409550 [Microcystins ADDAZ 1238 At .07 0.30-500  T=0A=+12390
R-408590 Miciocysting ADDAZ 1,176 Abs [1.2075] (3.7 (010 ngimi [0.08] [Low [Low] [030-500 |T=0.A=+1.1760 L] L] =
R-408531 [Microcystins ADDAZ |0.857 Als 034 ngiml | [0.30-5.00 | TwD.A+0,8970
R-409581 Microcystins ADDAZ  |0,835 Abs [0.8665] (5.0 {0.43 ng/md [0.38] | 030500 | T=0A=+0.8360 V a r I a I I
R-408532 Microcystins ADDAZ 1,251 Abs .07 10.30-500  T=0.A=+12510
R-408592 [Microcystins ADDAZ  |1.247 Abs [1.2480} 0.2 €0.07 [Low [Low) 0.30-500 [T=0.A=+12470
R-408593 Microcystins ADDAZ  |1,259 Abs 10.06 ngimlL Low [0.30-500 |T=0.A=+1.2590
R-408583 [Microcystins ADDAZ  |1.267 Abs [1.2630] {0.4 £0.08 ngimL [0,08] |Low (Low] [0.30-5.00 [T0.A=+1.2670
R-4055%4 [Microcystins ADDAZ  |1.241 Abs 0.07 ngimL [Low [0:30- 500 [T=0A=+12410 r e O r
R-408594 [Microcysting ADDA2|1.260 Abs [1.2655] {2.7 (0.05 ngimL (0.08] [Low [Low] [030-500 |Tw0A=+12800
|Rra08555 Microcystins ADDAZ  |1.325 Abs 10.04 ngimL Low 10.30-500 [T=0A=+1.3250
R-a08505 Microcysting ADDAZ _|1.263 Abs [1.3080] (1.7 €0.05 ng/mL (0.04] |Low [Law] [0.30-500 | T=0Aw+1.2030 |
R-408506 Microcystine ADDAZ 1.083 Abs [018 ngimk  |Low 0.30-500 |[T=0A T
[R-405556 Microcysting ADDAZ 1,098 Abs [1.0505] (1.0 0.15 ng/mL [0.15] |Low [Low] 0.30-500 [T=0.A -
R-408557 [Microcystins ADDAZ a.0a ngi [tow [0.30-500 [Te0.A ® F ag S p r O V I e O r
R-400587 Microcysting ADDA2 10 ngimL [0.09] |Low [Low] [0:30-500 _[T=0.A

rar Range [ |- Maar
erated by Piana Reader v

L .\
THE UNIVERSITY =

Laboratory

| OF lowA




ELISA-Based Methods
EPA

United States
Emlmnmﬂﬂll Protection

Method 546: Determination of Total Microcystins and

Nodularins in Drinking Water and Ambient Water by
Adda Enzyme-Linked Immunosorbent Assay

Microcystins-ADDA ELISA (Microtiter Plate)

Enzyme-Linked Immunosorbent Assay for the Congener-
Independent™ Determination of Microcysting and Nodularins in
Water Samples

/i\BRA::-:JS_
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Similarities Between ELISA
Methods

 Utilize ELISA plate kit

 Six point calibration
curve

e 0.0to 5.0 ng/mL

e Second source
standard

 Laboratory reagent
blank

o All controls and
samples analyzed in
duplicate
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Contrasting ELISA Methods

» Abraxis Kit Method « EPA 546
« Minimal quality control « UCMR4 mandated
« All materials contained method
within the kit * Requires extensive
« No procedures for quality control
demonstration of * LFB, LRB, LFSM,
capability or detection LFSMD
limit determination e Demonstration of
« Detection limit specified capability outlined
by kit as 0.15 ng/mL rigorously

e Minimum reporting limit
verified experimentally

THE UNIVERSITY
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Abraxis Kit Method Quality

Control

* Replicates: CVs
<10% for
standards, 15%
for samples/
controls

 Quality Control
Standard: +25%

 Laboratory
Reagent Blank
<Reporting Limit

L
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H. Evaluation

The evaluation of the ELISA can be performed using commercial ELISA evaluation programs such as 4-Parameter
(prefemed) or Logit'Log. For a manual evaluation, calculate the mean absorbance value for each of the standards.
Calculate the %BIB; for each standard by dividing the mean absorbance value for each standard by the Zero
Standard (Standard 0) mean absorbance. Construct a standard curve by plotiing the %B/B; for each standard on
the vertical linear (y) axis versus the corresponding Microcystins concentrafion on the horizontal logarithmic (x) axis
on graph paper. %B/B. for the confrol and samgles will then yield levels in ppk of Microcysfins by interpolation using
the standard curve. Results can also be determined using a spreadsheet macro available from Abraxis upon
reguest

The concenirafions of the samples are determined using the standard curve run with each fest. Samples showing
a lower concenfration of Microcystins than standard 1 (0.15 ppb) should be reported as containing < 0.15 ppb of
Microcystins. Samples showing a higher concentration than standard 5 (5.0 ppb) must be diluted to obtain accurate
results. The concentration of the positive control provided should be (.75 = 0.185 ppb

Semi-quantitative results can be derived by simple comparison of the sample absorbances to the absorbances of
the standards. Samples with lower absorbances than a standard will have concentrations of Microcystins greater
than that standard. Samples which have higher absorbances than a standard will have concentrations of
Microcystins less than that standard.

Performance Data
Test sensitivity: The detection limit for this assay, based on MC-LR, is 0.10 ppb (pg/L).

Test reproducibility: ~ Coefficients of variation (CVs) for standards: <10%; for samples: <15%.

Selectivity™: The assay exhibits very good cross-reactivity with all cyanobacterial cyclic peptide toxin congeners
tested to date (see cross-reactivity illustration below).




L

|

EPAS

able 11 rements
Method
Requirement Specification and F uen Acceptance Criteria
Reference q pe req o pt
Use ki ded level d %CV of absorbance <10%;
) . € |t-rectl:rmmen ed levels aln <15% allowed for 1 pair.
10 ELISA Calibration | concentrations. Two well replicates
Sect. 3.1.1) per standard.
(Sect. 3.1.0)p 5098
. Assay field and QC samples in two Sample invalid if %CV of
9.21 Well licat
— &l replicates wells. absorbance values >15%
. MC/NOD trati t
Laboratory Lyse one LRB per Analysis Batch. o concentration mus
o - ) . - be less than one-half the
9.2.2 Reagent Blank Assay in duplicate on opposite sides L. .
(LR8) of the plate Minimum Reporting Level
’ {MRL} in each LRB.
Low Calibration Calibration standard at, or below,
e s N Percent recovery 250% and
9.2.3 Verification the MRL concentration. One per =
. <150% of the true value
(Low-CV) Analysis Batch. =
Laboratory Reagent water fortified near the Percent recovery for each
9.2.4 Fortified Blank ECsz. Lyse and assay 2 per Analysis LFB >60% and <140% of the
(LFB) Batch. true value
Fortify near the ECsp and twice Mean percent recovery of
Laboratory native concentration. One set in LFSM and LFSMD pair >60%
Fortified Sample Analysis Batches containing and <140%. Relative percent
9.2.5 Matrix (LFSM) drinking water; two if 20 or more difference (RPD) <40%.
and LFSM field samples. One set in Analysis Qualify results for samples
Duplicate Batches containing ambient water; | failing these limits as
two if 20 or more field samples. “suspect-matrix".
Assay 1 QCS for each new lot of
calibration standards. Prepare the
lity Control P t 70% and
9.26 Quality Control | 1) -5\ ear the ECss with MC-LR from | P Srcent recovery 270% an
— Sample (QCS) . <130% of the true value
a source independent of the
calibration standards.

THE UNIVERSITY
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46 Quality Control

e QC similar to Abraxis
kit method but much
more extensive

* Requires a stock
standard of
microcystin-LR for
spiking

Towa’s
Environmental
and Public Health

Laboratory
2 EST. 1904
2
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EPA 546 Demonstration of
Capabillity

EPA 546 Method Validation Date 2017-03-29|Analyst mscaffin
MRL LFB LRB LFSM [ LFSMD | Tap Water | Mean % Qcs % Low-CV %
Replicate {mne/L) Replicate {ug/L) | Replicate | {pug/L) | Replicate | (ug/L) | (ug/L) {ng/L) Recovery | RPD | {ug/L) | Recovery | (ug/L) | Recovery
1 0.28 1 0.4 1 G 1| o04s] o041 0.01 84% 1% E]  125% 73%
2 0.33 3 0.46 k] 0.0 2| 0.44 0.47 0.01 88% 8%
3 0.29 4 0.46 Y 0.0
4 0.29 3 0.45 gl 0.0 Table 10. Initial Demonstration of Capability (IDC) QC Requirements
5 0.27 6 0.45 2 0.0 Method ; et -
Requirement Specification Acceptance Criteria
6 0.31 7 0.44 Reference | " e ’
7 0.31 2 . Percent relative standard
M 0.30 M 9.1.1 DEI‘I"I_O_I"ISU’EU;I‘I of Lyse and assay 7 replicate Laboratory | deviation <15%. Mean
€an : €an s precision an Fortified Blanks (LFBs) at 0.50 pg/L. | percent recovery >70%
Mean % Recovery | 99%| Mean % Recovery accuracy and <130%.
Std 0.021 Std i
<Y il Demonstration of Lyse and assay 5 Laboratory Reagent ::l ﬁ:::::::g;f_’;:rfu:;e
RSD 2.1% RSD 9.1.2 acceptable system | Blanks (LRBs) distributed throughout Mini Reporti
HR(PIR) 0.08 background a plate. nimum Reporting

5 T = Level (MRL) in each LRB.
pper |m| 00 Fortify and analyze 7 replicate LFBs Upper PIR <150%
Lower PIR Limit 72% at the proposed MRL concentration.

9.1.3 MRL confirmation Confirm that the Upper Prediction -
Interval of Results (PIR) and Lower Lower PIR =50%
PIR meet the recovery criteria.
. Prepare a QCS near the ECsy with Percent recovery >70%
lity Control -
9.1.4 Quality Contro MC-LR from a source independent and =130% of the true
— Sample (QCS) . -
from the calibration standards. value
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ELISA-Based Methods

Pros

« Does not require expensive
equipment

Quick turnaround

* Receipt to results in 4-6
hours

Low susceptibility to false
negatives

InexBensive with large
numbers of samples

Proven technology

L
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cons

Highly technique dependent

Very susceptible to matrix
interferences/ false positives

Cannot identify variants
Kits are very expensive

 Must establish new calibration

curve with each run
Semi-quantitative at best

EPA 546 quality control can be
onerous for a screening test




Analytical Method

E P Q 5 1 1 EPA Document #: EPA/G00/R-14/474

METHOD 544. DETERMINATION OF MICROCYSTINS AND NODULARIN IN

DRINKING WATER BY SOLID PHASE EXTRACTION AND
LIQUID CHROMATOGRAPHY/TANDEM MASS SPECTROMETRY
e LC- ase

- Version 1.0
* Validated for a
n u I I l b e r Of J.A. Shoemaker TUSEPA, Office of Research and Development, Narional Exposure
Research Laboratory
L] L L]
I I l I ‘ rO ‘ St I l l Va r I a n tS D.R. Tettenhorst US EPA, Office of Research and Development, Narional Exposure
Research Laboratory
A.delaCruz TS EPA, Office of Research and Development, National Exposure
- Research Laboratory
- } ] ] ]
RR, YR) and

nodularin-R

NATIONAL EXPOSURE RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U. 5. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATI, OHIO 45268
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EPA 544

- FIGURE 2, EXAMPLE CHROMATOGRANM (OVERLAID MSAMIS SEGMENTS) OF A CALIBRATION STANDARD WITH
. p I e I I I S al I I e METHOD 544 ANALYTES AT CONCENTRATION LEVELS OF 187.5-1000 ng/L.
with deuterated MC-LR e e

 Filter sample | |

» Lyse filtered solids via |
freezing and combine T |
washes with filtrate ;' f

e Extract analytes of
Interest using SPE NV U G 1 N V1 V-

e Elute with methanol,
concentrate to 1 mL

L
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EPA 544

TABLE 4. MS/MS METHOD CONDITIONS®

[ S e p arate a n a | yte S Precursor Ion© Product Cone Collision
Segment® Analyte (msz) Ton®d (m/7) | Voltage (v) | Energy® (v)

. I 1= / 1 |MCYR 5234 M+2HIT| 1340 20 15

Utl IZ I n g LC' M S M S 1 |Nodularin-R 8254  [M-HI" 1340 45 55

1 |MC-RR 5100 M+HPE| 1340 35 30

1 MC-LR 005.5 [M+HT" 1340 60 05

) Tan d e m m aSS 2 |mcrLa 010.5 [M:HI | 7764 40 20

2 MC-LY 1002.5 [M=H]" 1340 40 60

I I 3 |McIF 0865  [M=HT 134.0 40 60

S p e Ctro m e t ry a. OWS 3 C:Ds-MC-LE (SUR) | 1028.6 [M=H]" 1340 55 60

- * An LC/MS/MS chromatogram of the analytes is shown in Figure 2.
fo r t h e S e a r at I O n b Segments are time durations in which single or multiple scan events occur.
p ] ¢ During MS and MS/MS optimization, the analyst should determine the precursor and product
. . n . 10n masses fo one decimal place by locating the apex of the mass speciral peak place (e.g.. m/z
d t f 't d 523.4—134.9 for MC-YR). These precursor and product ion masses (with one decimal place)
I e n I I C a. I O n ] a n should be used in the MS/MS method for all analyses.
. . f Tons used for quantitation purposes.

Argon used as collision gas at a flow rate of 0.3 mL/min.

=

"
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e Extensive

EPA 544

ualit

control and

demonstration of capability
requirements

Sample Matrix (LFSM)

concentration greater than or eq
concentration. if known. Calculate L

i recovenies.

TABLE 12. ONGOING QUALITY CONTROL REQUIREMENTS (SUMMARY)
Method
Reference Requirement Specification and Frequency Acceptance Criteria
A 28 days with appropriaie preservation and storage as Sample results are valid only if samples are extracted within the

Sect. 8.4 ample b g Time ; .

Seat. 8. Sample Holding Time described in Sections 8.1-8.4 sample holding time.

Sect. 8.4 Extmact Holding Time 28 days when stored a1 < = °C. Extract resulls are valid o.u!_\ if extracts are analvzed within the

extract holdin
Demonstrate that all method analyies are below 1731
Labors Reagent Blank One LEB with each extraction baich of up 1o 20 field | confinm l||.|l possible interferences do not prevent g
Secl. 9.3.1 Aboratory Reagent Blanl samples,
L 9.3, (LRE)} 3
One LFB is required for each eximction batch of up Resulis of LFB analyses must be 70-130% of the true value for cach
Secl 9.3.3 Laboratory Fortified Blank to 20t field samples. Rotate the fonified method analyie for all fonified concentrations except the lowest
S (LFE) concentrations between low, medium, and high CAL point. Results of the LFBs corresponding 1o the Ium:!-l CAL
oIS, i
CAL standards and SUR recovery in extracts
Sect. 934 ¢ OC samples, Caleulate SUR recovery in CCCs must be T0-130% of the true value. If
TCCOVETICS. these criteria. report all results for sample as suspect/SUR recovery.
Analyze one LFSM per extraction batch (20 samples
Secl, 93,5 Laboratory Fortified of less) fortificd with method analyies at
ST these criteria are not met. resulis ane labeled suspect due 1o matrix

ellects.

Ficld Duplicates (FIY or
Laboratory Fortificd
Matrix Duplicate

(L Dy

Extract and amalyze at least one FD or LFSMD with
cach extmction batch (20 samples or less), A LFSMD
may be substituted for a FD when the frequency of
detects are low. Calculale RPDs.

See Sect. 9.3.5 and 9.3.6 for instructions on the inerpretation of
LFSMand FD results.

ity Control Sample
(QCS)

Analvze at least quarterly or when prepaning new
standards, as well as during the 1DC

Resulis should be within 70-130% of true value
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TABLE 12.

TABLE 11. INITIAL DEMONSTRATION OF CAPABILITY QUALITY CONTROL REQUIREMENTS

Method
Reference Requirement Specification and Frequency Acceptance Criteria
Demonsirate that all method analvies are below 103 the MRL
Sect. 9.2.1 al Demonstration of Aralyze LRE prior 1o amy other 1DC steps. and that possible interferences from extrction media do not
and 931 Low Sysiem Background ’ e LRBp o °F prevent the idemtification and qu.murn_. jom of method
Sect. .23 Inatial Demonsiration of Adgily e four 1o seven replacaie LFBs fonificd near 9.RSD must be <30%
Precision ) the midrange calibration concentration
- N Initial Demonsiration of Calewlate sverage recovery for replicates used in N
923 can reoovery + Wit - valie
Sect. 9.2 Accuracy (IDA) DP Mean recovery £ 30% of true value
Fonify, extract and analy ¢ seven replice LFBs
at the proposed MRL concentration. Calculate the Upper PIR 5 150%
Sect. 9.2.4 Minimum Reporiing Limit | Mean and the Half Range (HR). Confirm that the PP "
ek (MRL) Confirmation upper and lower limits for the Prediction Inerval Lower PIR = 5
of Result (Upper PIR, and Lower PIR, Sccl. Awer i = -
Secl 925 Ouality Control Sample Analyse a standard from a second source, as 2 .
> > . ¢ Tihe | -
nd 937 ( ) part of IDC Results should be within T0=130% of true value

le 11 s imtended
breviated 1o fit the table forma. there may
is needed. Inall cases, the Tull wext of the O

ibbreyiated sumng

of QC requirements provided :
ues that need additional clanfi

tion, or 2

comenencs 1o ihe method user. Because (e information has been

s where impontant additsonal information from the method text

Section 9 supersedes any missing or conllicting information in this table.

Method
Reference

Specification and Frequency

Sect, 10.2

Initial Calibration

ibration technique 1o generle
¢ calibration curve for each

Use external
linear or qu

analvie, Use at least five standard concentritions.
ibration cury

as described in

Check the ca

CAL standard is calculated
m curve, the amalyte resulls must be 7 aol
the true value for all except CAL standards = MRL, which
must be 30-150% of the true value. I this criterion is not met
reanalyze the CAL standards, restrict the range of
calibration. or select an altermate method of calibration.

1 unknown using

Sect. 932
and Secl.
103

Comtinuing Calibration
Check (CCC)

[y zing a low kevel
prior to analy zing
ected afier every 10
51 sample, rotating
librated mnge of the

Wenly initial ¢
{at the MRL or below) C

concentrations 1o cover the
instrmen

SUR must be within 70-130% of the true
vie fonified at a level = MRL
m £ 50% ol the true value. The
tes in CCCs

k0%

Recovery for cach
value in .

Fortified at all other levels must be witl

Table 12 is intended as an abbreviated summa
sbreviated 1o fit the table format, there may be issues that need additional clarnifi
15 needed. In all cases. the full text of the QC in Scction 8-10 supersedes any mis:

of QC requirements provided

comvenience (o the method user, E

= the information has been
information from the methed text

e
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EST. 1904
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EPA 544

Pros Ccons
» Specifically identifies ¢ Extremely labor
variants Intensive
« Extended sample
* Extremely accurate preparation/extraction
 Less susceptible to e Requires expensive
Interferences standards/surrogates
« Highly quantitative * Expensive

Instrumentation

L
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Testing for Microcystins

e Conclusions

ELISA screening provides a fast low cost option for estimate
microcystin concentrations

Most labs could implement this testing with minimal
Investment

ELISA possesses serious issues with regards to accuracy and
necessitates large sample volumes to be profitable

EPA544 is an extremely accurate and detailed analysis

Unfortunately, EPA 544 is expensive and labor intensive

» This is why ELISA screens was implemented in UCMRA4 to reduce
the volume of testing performed by this method

SHL has developed an LC-MS/MS method that should provide
%l leflscﬂlnt cost savings and improved turnaround time versus

L
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FY2017 IDNR Microcystins
Project

« Goal: Evaluate prevalence
of microcystins In
vulnerable lowa water
supplies

e Collaboration between
operators, IDNR, and SHL

e 26 water supplies
participated

e Detection in raw water
triggers monitoring in
finished water

L
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FY2017 IDNR Microcystins

e Statistics e Results Overview
e 28 water sources tested e Microcystins detected in
e 854 round-trip 7.1% raw water
shipments samples analyzed
e 1494 analvses e Microcystins detected in
performe one finished water
e 1454 individual sample Safmé)xlteremely jow, may
collected and analyzed have been a false
e 1365 raw water positive
. gg"?p!eﬁ 4 wat « Seasonal and water
S naac s water source patterns
P observed

o Sample collected every
week for a year
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FY2017 IDNR Microcystins
Project

Microcystin Raw Water Detection Rate

Jul Aug Sept Oct Nov
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FY2017 IDNR Microcystins
Project

Microcystin Raw Water Detection Rate By Source

40%
MC Detected: 16
MC Not Detected: 12
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FY2017 IDNR Microcystins
Project

Distribution of Raw Water Microcystin Detections

22.1%

- .

9 10N I 2RISR T TSI OB 0 - 21 22 25 26
WATER SOURCE
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FY2017 IDNR Microcystins
Project

Microcystin Raw Water Detection Rate
Source 6
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FY2017 IDNR Microcystins
Project

Microcystin Raw Water Detection Rate
Source 18

= Detection Rate

Precipitation

Microcystin Raw Water Detection Rate
Source 18
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FY2017 IDNR Microcystins

Project

Microcystin Raw Water Detection Rate
Source 28

== [letection Rate

Precip in

1 Detection, 0.31
ng/mL

o |

Jul Aug Sept Oct Dec Jan Feb Mar Apr May Jun
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1 Detection, 0.31
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FY2017 IDNR Microcystins
Project

e Conclusions
 Follow distinct seasonal patterns

o Appear to have strong correlations with
precipitation and temperature

e Remain an issue in water until mid-autumn

* Persistent concentrations appear isolated to a few
locations

* Widespread transient issue
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