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Overview

*Why do freshwater Harmful Algal Blooms (HABS) happen?

* Regulation and Policy — The Road Traveled

* Anatoxin and Cylindrospermopsin, EPA Method 545

* Microcystin, EPA Method 544

* New Robust online concentration LC/MS/MS Methodology
Targeted MCs

Untargeted MCs
*Conclusion
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Regulation and Policy — The Road Traveled

» General Flow of the Safe Drinking Water Act

« Contaminant Candidate List (CCL I, Il, I, and 1V)
« Unregulated Contaminant Monitoring Rule (UCMR V)

» Determine if any contaminant needs a standard

» Develop regulation UCMR 4

» SiX year review

Drinking Water Microcystin and
Cylindrospermopsin Health Advisories

Informal non-regulatory guidance for unregulated
drinking water contaminants to assist federal,
state and local officials, and public water systems
In protecting public health.

Health
Advisory




Microcystin Drinking Water Health Advisory

« Microcystin LR is considered a surrogate for all microcystin congeners (toxicology)
 Children < 6 years, drink 5x more water to body mass

« Most sensitive endpoint is liver damage

« Lowest Observed Adverse Effect Level (LOAEL) 50 pg/Kg/d

 Uncertainty Factor — 1000 (intra -10; inter -10; database -10°%°; LOAEL-NOAEL 10°-5)
« Short term - 10 day (no lifetime or carcinogenic value derived)
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Cylindrospermopsin Drinking Water Health Advisory

 Cylindrospermopsin and does not include the two congeners.
 Children < 6 yrs, they drink 5xs more water to body mass.

« Most sensitive endpoint is kidney damage.

* No Observed Adverse Effect Level (NOAEL) — 30 ug/Kg/d
 Uncertainty factor — 300 (intra -10; inter — 10; and data 10°-3)

« Short term - 10 day (no lifetime or carcinogenic value derived)
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Recreational Waters Health Advisory for
Microcystin and Cylindrospermopsin

« World Health Organization
» Most countries use both cyanobacteria cell and microcystin-LR levels
* Cells provide for the unknown.....(surrogate)

Relative Probability of Cyanobacteria cell Microcystin-LR
Acute Health Effects (cells/mL) (ug/L)

Low <20,000 <10
Moderate 20,00-100,000 10-20

High 100,000-10,000,000 20-2,000
Very High >10,000,000 >2,000

ThermoFisher
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US EPA
Approach to Recreational Health Advisory

* No cyanobacteria cells
« Swimming Advisory: not to be exceeded on any day.

* Recreational Criteria for Waterbody Impairment: not
exceeded more than 10 percent of days per recreational
season to one calendar year.

Microcystis Cylindrospermopsin
(ug/L) (ug/L)

8 ug/L 15 ug/L




Cyanotoxin EPA methods used for UCMR monitoring

* EPA method 544 — Determination of Microcystins and

Nodularin in drinking water by SPE and LC/MS/MS

« SPE sample prep
« Concentrated sample detected using LC/MS/MS

* EPA method 545 — Determination of Cylindrospermopsin and
Anatoxin-a in Drinking Water by LC/ESI-MS/MS
« Direct inject method using LC/MS/MS detection

ThermoFisher
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Cyanotoxin LC/MS/MS workflow

 Standards « Chromatography
- How many standards are available? * Microcystins
- Are any MCs certified standards available? * Degrees of hydrophilicity
- QA/QC? « Matrix effects

* Mobile Phase

- Standard Methodology « Measuring low ppt. levels of cyanotoxins
* EPA 544 — microcystins « Concentration and clean-up
* EPA 545 — anatoxin and cylindrospermopsin « Optimizing chromatography
« Sample preparation * Online concentration

 Qualifier/quantifier ratio

10 SICTENTIFTC



Cylindrospermopsin

10 microns

Cylindrospermopsis

Aphanizomenon

Anatoxin-a

o

Dilochospermum

11
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EPA Method 545

Pros cons

» Standard method * HPLC step method

- Sample collection * No quantifier/qualifier
standardized ratio

» Direct injection * No column wash in

LC/MS/MS method

* Overloading column with
sample

12
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Goal: EPA Method 545 modification

* Modify EPA Method 545: Anatoxin-a and
Cylindrospermopsin using LC/MS/MS.

 HPLC method converted to UPLC method.

*Include column wash step.

- Smaller injection volumes.

» Use quantifier/qualifier ion ratios for analyte verification.

13
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EPA 545 Method development

* Mobile Phases Loading and Eluting pump

« 100 mM Acetic acid in water
* 100 mM Acetic acid in methanol*

* Column
* Hypersil GOLD aQ 100 x 2.1 mm, 1.9 um particle size

* [njection volume
* 5 uL*
* Flow rates
* Analytical: 0.4 mL/min gradient

 Method Run time

* 9 minutes

14



Method 545: Detection Settings and Limits

Analyte Retention Time Quantifier lons Qualifier lons (m/z)
(min) (m/z)

Uracil-d, 0.98 98.00
Cylindrospermopsin 1.32 194.06 176.04
Anatoxin-a 1.65 149.00 131.00
L-phenylalanine-dg 1.90 125.04 106.06
Analyte Detection Upper PIR Low PIR R?2
Limit
(Ppb)
Cylindrospermopsin 0.0079 132 115 0.995
Anatoxin-a 0.032 134 66 0.998

15
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10 ppb Standard Chromatogram

Cylindrospermopsin

RT 1.32 Anatoxin-a

100, ﬂ RT. 1.65
80- H
§ a0 L-Phenylalanine-dg
3 ) RT. 1.90
& : S
S 40
© 1 Uracil-d,
& 5
20—

222 229 243 |

1056 079 0.

06 0.8 1.0 1.2 14 1.6 18 20 2.2 24
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Microcystin

Microcystin LR LDx
50 ug/kg

Microcystis

17



What are the most prevalent Microcystins in USA?

* Three types of publications

« LC/MS/MS with all available The % of MC congeners  Number
microcystins detected by EPA Method 544 of Sites
» Foss and Abel, 2015 (Ohio, US)
0, 0,
« Szlag et al, 2019 (Michigan, US) 0%-20% 6
* High resolution mass spectrometry 21%-40% 0
 Three studies — Green Lake, Seattle, WA and 41%-60% )
Homer Lake, IL, Poplar Island, Maryland
- HPLC-PDA A 3
- California Studies investigating des-methyl 81%-100% 11
MC-LR

Citriglia: Water Research Project 4647:Evaluation of Methods for the Analysis of Cyanotoxins
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Where are the cyanotoxins?

Intracellular

* Intracellular

* Particulate +
* Dissolved
Particulate —HNceIIs and
° EXtrace”UIar Extracellular and debris on the filter
o Conj ugated dissolved — passed

through the filter

Conjugated- metabolite
or to protein

19



MC Concentration by Beer's Law

Absorbance = ¢ x C x|

-7

L mol' cm™

* |ISO Method 170706 recommends using the Extinction Coefficient

“c“ to calculate the concentration of the stock MC standard

Referenced

Extinction Coefficient

Mc Extinction Coefficient Reference Used
Harada et al., 1990 /
MC-LR 39800/36500 Honkanen et al., 1990 *39800
MC-YR 38100/41100 Blom et al., 2001 *38100
MC-RR 39800 Harada et al., 1990 *39800
unpublished data by
MC-LA 36500 Carmichael 36500
D-Asp3-LR 31600 Harada et al., 1990 31600
D-Asp3, E-Dhb7 MC-RR 50400 Blom et al., 2001 50400
[Dha7] - LR 46800 Harada et al., 1990 46800
MC-LW, MC-WR, MC-LF,MC-LY, MC-HtyR, D-Asp3-RR, C2D5 MC-LR 39800

0.060
0.050
0.040
2 ]
= 0.030]
0.020

0.010

0.000]

L e L e B
210.00 220.00

LA e s sy s
230.00 240.00 250.00 260.00 270.00 280.00 290.00
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Commercial Standards: Buyer Beware (2)

Standard Purity Summary

Standard Lot Number  Observed Impurities % Impurities
MC-LR 02211428 DAsp*MC--RR 1%
MC-LW L30332
MC-YR L30158 MC-HtyR 2%
DAsp*MC-RR L30311
MC-HtyR L30287 MC-YR, MC-LR, 14%
MC-D-Asp*MC-LR
Nodularin 0614420
MC-LY L30309
DAspMC-LR L30336
MC-LA L30307
MC-RR 0221407 MC-D-Asp®-RR 2%
MC-LF L30373 MC-LW 2%
MC-HilR L30372
MC-WR L30310

Citriglia: Water Research Project 4647

ThermoFisher
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Commercial Standards: Buyer Beware (3)

T NN NH b HN TN Y NH y o HN
- 0 N\H)\ = . N\H/\A/N
©  Cog,° O Cog, 0O
HoNG _NH NH HoaN . NH
" Ea na i
[D-Asp3]MC-RR [D-Asp3, Dhb’]MC-RR
Birbeck et al. Submitted Constitutional Isomer

ThermoFisher
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EPA 544 Microcystin standards

Microcystin LR oo%

24



EPA Method 544

Pros
« Standard method

« Sample collection
standardized

* Flexible chromatography

cons

» Two day process
« Solid Phase Extraction
* LC/MS/MS analyses

 Loss of sensitivity

* Long method, 26 mins in which
the first 10 mins no MCs are
detected

HPLC method
Only six congeners
No quantifier/qualifier ratio

Large sample volumes to be
shipped

Increase chemical cost due to
- SPE

* HPLC method

25
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Constituents | Structure pKa’'s
Carboxylic o] 4
Acid R%
OH
Arginine, R ’VO - 12.0
O
NH,
NH
HN
NH,*
pa 12,10
f5 1)
Tyrosine, Y s 10.10
(o] (
N"Z
PHa 904
OH

MC-LR

0-CHj

CHy

CH,

/
V)

HaC HsC o
0O-CHy
-— CH3 HN

CH, o
N
Y, e
C=~, o CH,
HsC HyC o
O-CHy
CH;, HN
NH
\ \ H H\N)\
N
CH,
CH, CH, ° 5
CH, o !
HaC CH,

26



Mobile Phase affects the Speciation of MCs

Microcystin-

LR

Microcystin-

RR

Microcystin-

YR

Microcystin-
AN

Formic acid mobile phase, pH =2 | Ammonium formate mobile phase,

27



Comparison of LC/MS/MS- Method 544

Samples were extracted and prepared at NEORSD and UV,;4 correction for MC-LR, RR, and YR.

Method 544 - HPLC Cg4 column; Water and ammonium formate/methanol

(CHWR =
e

RERRR
_ Nodulari

e <4
F— z
MCIR = 4

/ DhaTlR

]

Surrogate C;DMCLR

| l I" g&“l lr
| Vol = S Ve / =\
o IA\NVR SV AN ETE 2\ N
o /’ g \)ﬂ / A /7 i \J\ ..\ . \‘-_ / 2 \. { \ / \
L ,,’.:“1_L‘;-._..”;._'/4:77 L N I —/ =/ S~
= = . ~ e e T v LT A e

Method 544 “Method Flexibility: HPLC C,4 column: Water/Acetonitrile with trace formic acid

104 RT.0.65

804 RT. 069

RT097 RT. 410
|

30- (\ RE2g T RT 303

0 | RE120RT-434 RTAT7 [

104 IAY ‘ RT 252 \ |

s 054 048 DOR LM ddt e\ 190 199 4 275 240240 320926 337 258 paz\ poa\a2t 43 515
P e e e S e ; . | : : : : e

"2 04 08 08 10 12 14 16 18 20 22 24 26 28 30 32 3 36 38 40 42 44 45 48 50 52 &
RT{min)

Citriglia: Water Research Project 4647:Evaluation of Methods for the Analysis of Cyanotoxins
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Total MC by LC/MS/MS WSU and NEORSD?

Total MC WSU vs NEORSD LC/MS/MS

« 24 Samples with positive ELISA results 0

were analyzed by LC/MS/MS using | T e i T MW [\
two different LC/MS/MS methods. E (‘\
IDEM
. EPA544 (NEO-Blue) CRD
 Modified EPA 544 (WSU-Red) i L A
« Both methods have more microcystin o : - - ’ .
congeners Total MC ppb
Diversity of MC Congener Concentration CRD B Diversity of MC Congener Concentration IDEM . Diversity of MC Congener Concentration MW

e i tian g

e ;

w . W

Em.ﬂ ; an g 40z
i)

=) WAz wmeER MCDZeRS MC-Das335R WIC-TR g

1 . worn | moix | move |wews | MC [ M e | mons
=2 127 23 [T uED [ s [T ommcs | DmmmE
[wsy 245 5z 01 CE

1= NED g8 TE7 131 3 nas 4z [k
X 10X 1. oo Ll s o4

Citriglia: Water Research Project 4647:Evaluation of Methods for the Analysis of Cyanotoxins
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Conclusions

* Method 544

« Standard Variation
* Detection limits between 5 and 10 ppt
- Concentrations appears to be mobile phase dependent.

* Total run time for UHPLC is 5 minutes compared to 15.0 minutes
HPLC.

* Method 545

* Decreased run time by 4 minutes
* Included a wash step in gradient

* Changed mobile phase B to include 100mM acetic acid

30



Goal: EPA Method 544 modification

* To develop an online method for EPA Method
544: Microcystins LC/MS/MS.

* Replace the Solid Phase Extraction step with an online
concentrator.

- Expand the method from six microcystin congeners and
nodularin to twelve microcystin congeners and nodularin.

« Use quantifier/qualifier ion ratios for analyte verification.

ThermoFisher
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Instrument: Thermo Scientific™ EQuan MAX Plus™ LC-MS

 Thermo Scienfitic™ TSQ
Quantiva™ Triple Quadrupole
mass spectrometer
« Two pump/column system
e Low pressure pump for
concentration on the first
column
« High pressure pump for
separation on the second
column

32



Online concentration

Loading Eluting

Transfer Time

Analytical Colurmn

a3 ThermoFisher
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Method development

* Mobile Phases Loading and Eluting pump
* 0.1% Formic Acid in Water
* 0.1% Formic Acid in Acetonitrile

e Columns

« Concentrating
* Hypersil GOLD aQ 20 x 2.1 mm, 12 um particle size

* Separating
« Accucore aQ 50 x 2.1 mm, 2.6 um particle size
* Injection volume
*1mL

* Flow rates

» Concentrator: 1.5 mL/min during loading, 0.1 mL/min after
 Analytical: 0.6 mL/min gradient

34



Online Concentration Chromatograph

* 50 ppt standard

MC-RR

00— RT. 243
o Nodularin
E “ RT 273 MC-LR MC-LA *C2D5-MC-LR c
s MC-YR R o MC-LYer e MC-LF
2 m_' AT 4.31 RT 5.13

] 231 y © 3-33 36 3% 3e ar 3w 4%0) w3 e A\ 48 4% a1t 470 g,/\ 530

Y ' W 16 18 N 40 a2 4 45 ) 50 | &2 | &4

ey
MC-RR

100— RT:-2.43

o] [D-Asp3]- | [D-Asp3]-
z MC-RR R"2% Nodularin MC-LR
5 604 .
] AT MC-LR  MC-HilR MC-LA  *C;Ds-MC-LR
% t - RT:3.55 RT:-4.07 MC_ET- 38 MC'LF
- o T365 RT 4.31 MC-LW RT3

o 270 350/3%8_373 33 4.E_HJA3 i._‘l?’_‘/& 448 465 471 478 f}&m 530

2.|0 I 2.|2 I 2.|4 I 2.|5 I 3|6 3. 8 ' 4.‘0 o 4—'2_ I 4.|4 I 4 5 4.|8 I 5!0 I 5.|2 I 5.I4
RT(min,
MC- WR‘ )
a5 ThermoFisher
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Optimized Quantifier and Qualifier lons

[D-Asp?®]-MC-RR
MC-RR
Nodularin
MCY-YR
MCY-HtyR
MC-LR
[D-Asp?®] MC-LR
MC-HilR
MC-WR
MC-LA

MC-LY
C,Ds-MC-LR
MC-LW

MC-LF

2.35
2.43
2.78
3.06
3.18
3.28
3.31
3.53
3.63
4.07
431
4.38
4.99
5.13

135
135
213
135
135
135
135
135
402
494
135
517
852

440
389
135
617
213
375
213
1040
375
375
163
891
478
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Method 544

Instrument Detection Limits and Linearity

Analyte Detection Limit (ppt) Upper PIR Lower PIR R?
[D-Asp3]-MC-RR 0.65 119.55 84.98 0.9980
MC-RR 0.47 109.89 85.28 0.9981
Nodularin 0.99 124.52 72.14 0.9975
MCY-YR 2.46 137.81 72.88 0.9984
MCY-HtyR 1.41 147.60 73.24 0.9985
MC-LR 1.02 129.89 76.21 0.9984
[D-Asp3] MC-LR 1.11 132.62 76.52 0.9975
MC-HIlR 1.57 142.39 59.18 0.9977
MC-WR 4.26 150.88 50.61 0.9975
MC-LA 1.38 140.43 67.72 0.9981
MC-LY 2.78 137.55 64.03 0.9976
MC-LW 2.81 143.48 69.13 0.9963
MC-LF 2.70 138.63 67.26 0.9989

37
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Comparison of Online method DL to EPA method 544 DL

Cyanotoxin EPA 544 DL Online DL
(Pp1) (Pp1)

Nodularin

38



Through plant study: online concentrator vs SPE

Raw Water

100 RT: 1.01
ID-Ase3-— Ip-Aspal
et MC-RR MC-LR
z
Fa C,Ds-MC-LR MC-LA SPE
e - r MC-LF
© 3 M YR MC'WR RT:3.30 RT: 4.25
e 307 RT233 prosr oo f
2] “HIlR2 f T MC-LW
1ﬂ1 050 076 OE5 121 141153 168 184 195 | 2%1/239\240 2/67\280 297 307 328\3.44 360 373 392 404 421 | 447 463 474 491 506 5183 233 549 571 591 643
"D2 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 24 26 38 40 42 44 46 48 50 52 54 56 58 6D 62 64
RT(min)
1004 RT: 3.30
g0
a0
= 10
f o *C,De-MC-LR SPE
2
£ a0 MC-RR
I
204
b RT: 0
1? 042 0.48 063 0.74 085 107 120 136 143 1683 177 1.85 200 214 230 240 262258 270 284 283 310 3.18/330 342 350 358 372 383 308 414 420 445 450 482 475 483 507
"oz | 0 05  oe 10 | 12 14 16 = 18 | 20 22 24 26 28 30 | 32 | 34 36 | 28 40 | 42 = 44 | 46 = 48 | 50
RT{min)
o0 RT 4.41
00
80
. 70 .
? [D-Asp3]- Online
E 504 RT: 2.63 .
MC-RR LR Concentration
& 304
20 213
207 204
oA E : . V=N 2 VA K
21 2.2 2.3 24 2.5 26 27 28 29 3.0 31 3.2 3.3 3.4 35 36 37 33 39 4.0 4.1 42 43 4.4 4.5 46 4.7 48 49 5.0 51
RT{min)
ThermoFisher
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Sample_2 MCY-WR
100+
Bﬂ::
Eﬂ:j

40

Relative Intensity

ML-1.71E3
miz: 135.007
ML- 2 B3E2
miz: 828,183

100+
80+
60—

40+

Relative Intensity

20+

- Sample 2 is a sample spiked with 250 ppt Microcystin WR.
- Sample 3 is a sample that does not contain Microcystin WR, but, the software
IS recognizing it as WR.

- There is a 0.12 minute shift in retention and the qualifier ion is not present.

Why Quantifier and Qualifier lons are Important

Sample_3 MCY-WR

00—




Indiana Samples Quantified by ELISA and LC/MS/MS

MC Concentratoin pg/L
£ (6)] (o] ~

w

EPA Method

Modified EPA Method 544

Adda ELISA EPA

Method 546 I

IDEM 1 IDEM 2 IDEM 3 IDEM 4 IDEM 5 IDEM 6

* ELISA run on these samples, but readings came back high. Dilutions provided no reproducible results.

41



Chromatography - Indiana Sample

EPA 544 Method Modified EPA 544

MC-YR Method MC-YR

- hL: 3.33E3
52330 13505(7) BT 210 )
40000 4 s 5 © 100+ miz 213,032
25000 B ] ; WL 1.7IE3
o
S 30 miz 139222
30000 § & |
§
25000 -} 5 604
20000 E ]
15000 4 é 40+
= N
10000 4 w204
5000 —
0 - =
1.9 2.0 21 2.2 2.3

‘nko 0 us T o b RTi{min)

[D-Asp3]MCLR [D-Asp3]MCLR

ML 15084
80000 100 RT 2.30 mis 135,111
70000 ] ML 1.28E4
so000 a0 miz 575191
50000 — % ;
$ 604
40000 = ]
30000 2 404
£
20000 ¢ 204
10000 4 ] 212
o o it SRS Mt MRS Lanay M aaay Mates Lanng
21 2.2 23 2.4 25
RT{min)

o Based on HRMS; the MCs are either MC-YR and [Asp3]MC-LR or are isomers of MC-YR anej-,[@ﬁp(ﬁ}ishe,
MCLR SCIENTIFIC



Online Concentration LC/MS/MS

Table 1. Comparison of standard and sample ion ratio percent and retention times.

Standard Ion

Sample Ion

Standard Retention Sample Retention

Analyte Ratio % Ratio % time (min) time (min)
[D-Asp]-MC-RR 12 14 2.56 2.50
MC-YR 63 28 3.34 3.40
[D-Asp?-MC-1R 63 26 3.60 3.59
MC-LY 75 84 4.64 4.64

43



High Resolution Mass Spectrometry

Table 2. HRMS results of the three prominent MC found in the impoundment sample and the

44

corresponding standard.
Standard Calculated Found Mass Ch A
Analyte Mass (m/z) (m/z) wse ppm
[D-Asp?]-MC-RR 512.7824 512.7816 2 -1.5
MC-YR 523.2713 523.2715 2 0.4
-Asp3]-MC- . ;
[D-Asp?]-MC-LR 491.2738 491.2738 2 0
Calculated Found Mass
Sample Analyte Mass (m/z) (m/2) Charge A ppm
[D-Asp?]-MC-RR 512.7824 512.7825 2 0.2
MC-YR 523.2713 523.2717 2 0.8
-Asp?]-MC-LR 491.2738 491.2740 2 0.4
[D-Asp?]
ThermoFisher



DAsp3-MCLR

[D-Asp3]-

lon Structure LR IDEM 981
Ph-CH2-CHOMe]+ 135 135 y
[H+ Mdha-Ala]+ 155 155 3
[C11H140+ H]+ 163 163 .
[Arg-NH2+ 2H]+ 174 |
[H+ Glu-Mdha]+ 213 213 _N“ ) 2
[H+ CO-Glu-Mdha]+ 239 D-Asp
[H+ Mdha-Ala-X]+ 268 MCLR
[H+ Arg-Asp]+ 272 272 oo
[2H+ NH2-Arg-Asp]+ 289
[C11H140-Glu-Mdha+ N “
H]+ 375 375 |
[H+ Glu-Mdha-Ala-X]+ 397 397 Hc o ° 30)}0
[H+ Leu-Asp-Arg]+ 385 OCH "
[H+ Arg-Adda]+ 470 470 VA ' \/\
[M+ 2H]2+ 491 491 5 -
[H+ Mdha-Ala-X-Asp-Z]+ 539 539 G o S T )\
[H+ Asp-Arg-Adda]+ 585 585 e CHy
[M+ 2H-135]+ 847 847
[M+ H-COJ+ 953 953 . D Asp3Dhb7—MC
Kubwabo et al., 200:[)M+H]+ — — —w LR
—KTishmamurthy etaf; 1989 :
A3ano et al., 1998 " ThermoFisher
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Michael Addition

H;N——CH—C——O0OH H,;N——CH—C——O0OH
 Cysteine (C) — nucleophile o, . le o
“la-B unsaturated ketone — electrophile l/\' /\C - l acid workup
- Basic condition %'H - gH -
N NS e

H,N——CH—C——OH

H;N——CH—C——0H

| o
THZ R ) S
R K(H\ COOH R NH
COOH NH h
—_ N
= o
N R=H, MDha y ek,
o |
HIN en, _— ¢
I <0 o HN
HaC
C==q 0 HN 0-CH, o
HsC CH,
O-CHy o NH
fro R=CH3 Dhb héh N N
NH -
N NH CH3 CH3
o e} COOH
CH, CH,
e} COOH
NH
. L.

): ) Mileset abne012
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Chemical Derivatization — Michael Addition

Standards

Ay .
DAsp?] MCRR, MCYR and [DAsp3]MC-LR 00 z 2 Sample
_ BUT : | = # Chemical
[DAsp®] MCRR not present 5| 3 Ir Derivatization
DAsp3,Dhb7]MC-RR - \\ g
M:_ LA NS ““‘/,.\‘“ V. S
2 22 24 26 28 nmeﬂ[min] 32 34 ) 36 38 4
B) 7] E
Sample - = |3
2 =
DAsp3] MCRR 2 2 |12
Dhb7]MCYR e g
‘DAsp3, Dhb’]MC-LR - g j\J
2 22 4 26 8 nmeB[min] 3.2 34 36 3.8 4
47 ThermoFisher



Conclusion

« Standards must be checked.

* First time Dhb MCs has been reported in
USA

* First time [Dhb’] MC-YR has been
reported

« Chromatography (Retention Time
Windows)

* Qualifier/Quantifier ion ratio

MOST IMPORTANTLY

All experiments can be performed with
online concentration LC/MS/MS.

NO solid-phase extraction step

Pieces can be identify without high
resolution mass spectrum

L

wvs/_!{{/. Fyt

ThermoFisher
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Outstanding analytical methodology needs.

*Standards

*Chromatography

*Qualifier and quantifier ions.
*MC prevalence survey.

*MS Untargeted MC methodology

ThermoFisher
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