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OVERVIEW

LC-MS/MS Methods Developed at U.S. EPA Cincinnati

General Method Development Process

EPA Method 542 — Select Pharmaceuticals and Personal Care Products
(PPCP)

EPA Method 545 — Select Algal Toxins (Cylindrospermopsin and Anatoxin-a)
Ongoing LC-MS/MS development
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RECENT DRINKING WATER EPA METHOD DEVELOPMENT

LC-MS/MS Methods

EPA Method 537 — Perfluorinated Alkyl Acids in Drinking Water (ORD,
NERL)

EPA Method 539 — Hormones in Drinking Water (OGWDW, TSC)

EPA Method 542 — Pharmaceuticals and Personal Care Products in
Drinking Water (In-Review) (OGWDW, TSC)

EPA Method 544 — Microcystins in Drinking Water (In-Review) (ORD,
NERL)

EPA Method 545 — Cylindrospermopsin and Anatoxin-a (In-Review)
(OGWDW, TSC)

Remaining Contaminant Candidate List (CCL) or Unregulated
Contaminant Monitoring Program Compounds



GENERAL METHOD DEVELOPMENT

Chromatograph and Mass
Spectrometer Optimization

eBased on scientific literature and System Background -

Target analyte selection preliminary experiments Laboratory Reagent Blank

eAnalytical column, eluent, flow, (LRB)
injection volume

eTarget analyte MS tuning, MS
conditions

Precision and Accuracy LCMRL Calculation — Lowest
Measurements Concentration Minimum
Storage Stablllty StUdy eAccuracy: Low: 50-150% REporUng Level
eTracks target analyte concentrations Mid/High: 70-130% The lowest true concentration for
in preserved tap water for 5 weeks ePrecision: Low: <30% which the future recovery is

Mid/High: <20% predicted to fall between 50% to
eAnalyzed in three matrixes 150% with 99% confidence

Second Laboratory
Demonstration Submitted for EPA review
oAt least three outside laboratories

A World of Solutions™




LC-MS/MS METHOD DEVELOPMENT CONCERNS

Not necessarily amenable to low MW or volatile analytes

Matrix effects can introduce significant bias that will not be detected
without proper QC

Isotopically labeled internal standards are generally expensive and
potentially not available

Proper method evaluation can take time
Availability of experienced analysts is decreasing

Instrumentation can be expensive and must be available at a sufficient
number of laboratories



EPA Method 542: Pharmaceuticals
and Personal Care Products



PHARMACEUTICAL TARGET ANALYTES

= Carbamazepine, Diazepam, Diclofenac (sodium salt),
Enalapril (maleate salt), Fluoxetine (HCl), Gemfibrozil,
Naproxen, Phenytoin, Sulfamethoxazole, Triclosan,
Trimethoprim, and Erythromycin (measured as
Erythromycin—H,0)

= Variety of chemically unrelated analytes
— Both ESI positive and ESI negative modes

= Analysis by LC-MS/MS using a 5 mM ammonium acetate and
methanol gradient

= SPE (6 cc, 200 mg HLB cartridge)

= 13C-Naproxen-d,, Triclosan-d,, Carbamazepine-d,,, chosen as
internal standards; 33C-Trimethoprim-d; and Diclofenac-d,
chosen as surrogate standards
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CCL3 AND PRIORITY TARGET ANALYTES

Erythromycin and triclosan
Only erythromycin listed on CCL3
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CBI! ERYTHROMYCIN

= Erythromycin
— At pH <7, water is
removed and
compound no longer
exhibits antibiotic
properties (Hirsch et
al., 1999)

— For analysis,
erythromycin is
measured as Erythromycin
erythromycin—H,0
(717.0 > 158.3 m/z)
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CRI! PRESERVATION

= Store samples in refrigerator (6°C)

= 100 mg/L ascorbic acid
— Reduces free chlorine present in tap water samples
— Easy to handle
— Solid can be added to bottles before sampling

= 350 mg/LEDTA
— Chelates metals in tap water samples
— Prevents metal hydrolysis
— Solid can be added to bottles before sampling

= 9.4 g/L potassium citrate
— Acts as a microbial inhibitor
— pH ~3.8
— Solid can be added to bottles before sampling
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CB! SAMPLE PREPARATION

= Solid phase extraction (SPE)
— 6.cc, 200 mg HLB cartridges
— Vacuum manifold

— 1 liter samples extracted,
followed by elution with 5 mL
1:1 methanol/acetone

= Dilution
— 5 mL reagent water added to
extract

— 100:1 sample to extract
concentration factor




INSTRUMENTAL METHOD

=  Waters 2695 LC / Quattro Micro triple quadrupole MS (ESI)

=  Waters Xterra® MS C18 2.1 x 150 mm, 3.5 um analytical column, 30 °C

= 5mM ammonium acetate in 10% methanol/90% reagent water (A) and
100% methanol (B) gradient at a 0.2 mL/min flow

= 10-pL (ESI positive) and 50-uL (ESI negative) injections

= Jonization for all analytes was achieved through protonation ([M+1]*)
and deprotonation ([M-1])



ESI POSITIVE PHARMACEUTICAL CHROMATOGRAMS

9. MRM of 2 Channels ES+
285.5 > 154 2 (Diazeparm)
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5. MRM of 2 Channels ES+
247.7 > 204 5 (Carbamazepine-d10)
1004 1.99e5
s
\
- T T T T T T T T T T T T T T T T T T T 1
0.00 2,00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
5. MRM of 2 Channels ES+
237.5 > 165.3 (Carbamazepine)
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253.5 > 182.3 (Phenytain)
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3: MRM of 1 Channel ES+
377.7 > 234 5 (Enalapril)
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2947 > 233 5 (C13 Trimethoprim)
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254 5 > 156.2 (Sulfamethoxazole)
1004 n 3.70e4
ES 2 \
-0 T T . i T T T T T . T T . T . . . T ) Time
0.00 2.00 4.00 6.00 .00 10.00 12.00 14.00 16.00 18.00 20.00




ESI NEGATIVE PHARMACEUTICAL CHROMATOGRAMS

5: MRM of 2 Channels ES-
2904 > 34 5 (Triclosan-03)
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5: MRM of 2 Channels ES-
287.4 > 34 4 (Triclosan)
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3: MRM of 1 Channel ES-
249.6 > 121.1 (Gemfibrozil)
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2: MRM of 2 Channels ES-
298.5 = 254 4 (Diclofenac-d4)
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2: MRM of 2 Channels ES-
294.5 > 250 4 (Diclofenac)
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1: MRM of 2 Channels ES-
229.6 > 169.3 (Naproxen)
1004 r 1.86e4
o] J\
-0 T T T T = T T T T T T T T 1
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
1. MRM of 2 Channels ES-
233.6 > 169.2 (C13 Naproxen-d3)
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Measured Concentration ng/L

Erythromycin-H,O Triclosan
1811 bata ' ’ ' | /' 120¢ ° Datell I ’
+ LCMRL =5ngiL 4 + LCMRL = 3.4 ngiL
16| — y=X — Y=X
—— Regression 4 1000 __ Regression
14| --- 50-150% Recovery = -—- 50-150% Recovery
-------- Lower/Upper Prediction Limits 5 - -~ Lower/Upper Prediction Limits
121 2 =
§ 601
3
% 40}
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20+
' 2 4 6 1I0 1‘2 00 2I0 4I0 6I0 8I0
Spike Concentration ng/L Spike Concentration ng/L
Analyte LCMRL (ng/L) | Analyte LCMRL (ng/L)
Carbamazepine 2.4 Naproxen 4.5
Diazepam 0.27 Phenytoin 1.4
Diclofenac 1.1 Sulfamethoxazole 0.28
Enalapril 0.60 Triclosan 3.4
Fluoxetine 0.98 Trimethoprim 4.1
Gemfibrozil 1.4 Erythromycin 5.0




PRECISION AND ACCURACY WATER MATRIXES

= Reagent water (preserved)

= Ground source tap water (preserved)

— Free chlorine: 0.76 mg/L
— Total chlorine: 0.97 mg/L
— Hardness: 331 mg/L
— TOC: 0.75 ppm

= Surface source tap water (preserved)

— Free chlorine: 1.16 mg/L
— Total chlorine: 1.65 mg/L
— Hardness: 124 mg/L
— TOC: 4.23 ppm



PRECISION AND ACCURACY — LOW (0.340-9.20 ng/L)

M triclosan (7.00 ng/L) M erythromycin-H20 (5.60 ng/L)
120.0 -

100.0 - {1

80.0 -

60.0 -

%Recovery

40.0 -

20.0 -

0.0 -

Reagent Water Ground Source Tap Surface Source Tap
Water Water

A World of Solutions™



PRECISION AND ACCURACY — MID/HIGH (20.0-311 ng/L)

M triclosan (311 ng/L) M erythromycin-H20 (40.0 ng/L)
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Reagent Water Ground Source Tap Surface Source Tap
Water Water

A World of Solutions™



HOLDING TIME - SAMPLE

= Surface source tap water

Day 0 Day 7 Day 14 Day 21 Day 28
Fortified Avg. % % % %
Analyte Conlc_l. (ng/ | Meas. %RSD Change %RSD Change %RSD Change %RSD Change %RSD
) Conc. from from from from
(ng/L) Day 0 Day 0 Day 0 Day 0
Carbamazepine 7.82 8.29 6.1 -1.3 6.6 -2.2 3.0 -6.7 3.4 -8.4 0.46
Diazepam 5.00 5.68 1.1 -8.9 1.5 -6.7 1.8 -6.7 1.8 -11 1.7
Diclofenac 25.6 26.9 0.84 - - 4.3 1.8 3.3 0.92 -13 1.2
Enalapril 10.1 9.17 2.3 0.29 2.9 -2.6 2.8 -1.3 0.78 1.1 2.2
Fluoxetine 26.0 29.3 2.4 0.56 7.8 15 41 -6.6 3.6 -4.1 1.9
Gemfibrozil 25.0 26.0 1.2 7.3 2.3 3.3 2.1 4.1 1.1 -5.3 2.5
Naproxen 25.0 26.4 1.2 3.4 2.0 2.5 2.7 0.39 2.7 0.50 2.2
Phenytoin 7.68 7.28 11 - - -30 3.4 -15 9.2 -18 2.8
Sulfamethoxazole 7.34 6.83 3.3 -1.2 5.5 -2.7 0.53 -7.8 0.56 -6.1 2.6
Triclosan 77.8 80.2 2.8 3.1 3.5 5.1 2.2 1.5 1.3 -1.1 0.76
Trimethoprim 7.60 5.69 2.0 1.7 4.1 -10 3.0 -10 4.5 -16 3.4
Erythromycin 10.0 10.2 1.9 -1.3 22 -6.2 4.5 -0.62 1.5 -3.7 2.8
Fortified
Surrogate Conﬁ.)(ng/ 02 VRgt;c %RSD (ﬁ: Lge.c %RSD 02‘ Ege.c %RSD 02‘ Lge.c %RSD 02 ;ge.c %RSD
Diclofenac-d, 100 85.5 1.2 103 5.1 97.8 1.7 99.7 0.55 82.2 0.68
13C,-Trimethoprim 20.0 79.4 0.84 78.9 0.84 74.7 0.43 76.7 2.4 79.1 1.9




HOLDING TIME - EXTRACT

= Surface source tap water

Day 0 Day 7 Day 14 Day 21 Day 28
Fortified Avg. % % % %

Analyte Conﬁ. (ng/ | Meas. %RSD Change %RSD Change %RSD Change %RSD Change %RSD

) Conc. from from from from

(ng/L) Day 0 Day 0 Day 0 Day 0

Carbamazepine 7.82 8.29 6.1 -10 3.8 -9.4 3.5 -12 2.3 -14 3.5
Diazepam 5.00 5.68 1.1 -14 2.5 -12 4.1 -11 2.4 -13 3.0
Diclofenac 25.6 26.9 0.84 -6.4 1.1 -6.4 3.2 -0.74 1.0 -17 1.1
Enalapril 10.1 9.17 2.3 4.4 2.2 0.69 0.50 2.4 0.79 4.3 1.5
Fluoxetine 26.0 29.3 2.4 13 2.2 2.6 4.6 8.8 4.9 18 6.0
Gemfibrozil 25.0 26.0 1.2 -2.5 1.8 -3.3 1.7 3.0 0.41 -11 0.63
Naproxen 25.0 26.4 1.2 -0.48 1.3 3.6 3.1 4.0 1.8 3.2 2.8
Phenytoin 7.68 7.28 11 - - -35 7.4 -20 4.3 -16 13
Sulfamethoxazole 7.34 6.83 3.3 -12 4.0 -9.6 1.2 -7.6 2.2 -8.2 1.6
Triclosan 77.8 80.2 2.8 -1.0 1.8 -0.10 1.1 1.5 1.6 -4.1 2.7
Trimethoprim 7.60 5.69 2.0 -3.1 3.0 -12 3.1 -9.7 0.41 -11 3.4
Erythromycin 10.0 10.2 1.9 -24 6.6 -14 4.5 -12 1.8 -16 4.8
Diclofenac-d, 100 85.5 1.2 -0.94 2.4 -1.8 5.2 10 5.1 -11 4.2
13C,-Trimethoprim 20.0 79.4 0.84 11 3.7 -1.9 4.5 1.6 2.8 1.2 2.0




CONCLUSIONS

Various pharmaceuticals/personal care products (PPCPs) analyzed in
both ESI positive and ESI negative modes

Erythromycin measured as erythromycin—H,O
— Likely transforms prior to analysis

Extraction necessary to reach desired concentration levels

— HLB cartridges found to provide best overall extraction recovery for
both positive and negative analytes

All analytes meet precision and accuracy QC requirements in three
different matrixes

Sample and extract recoveries change less than 20% from Day O after 28
days




EPA Method 545: Cylindrospermopsin
and Anatoxin-a (Algal Toxins)



CCL3 ALGAL TOXIN TARGET ANALYTES

@)
= Cylindrospermopsin and anatoxin-a o:él",—O' OH
— Toxins produced by blue-green algae O

NH HN_ __NH

= Water soluble, polar molecules z; \c[)]/
Cylindrospermopsin
= Analysis by LC-MS/MS using a high agueous

composition eluent

H
@)
— Cylindrospermopsin: 416.2 > 194.0 m/z N
— Anatoxin-a: 165.8 > 148.8 m/z L%\\
= Directinjection Anatoxin-a



SELECTION OF INTERNAL STANDARDS

= |sotopically labeled standards not available for
cylindrospermopsin or anatoxin-a

=  Cylindrospermopsin is a uracil derivative

— Deuterated uracil readily available and elutes near retention
time of cylindrospermopsin (Uracil-d,)

= Anatoxin-a is isobaric and structurally similar to L-phenylalanine

— Deuterated phenylalanine is readily available and appears
to track well with anatoxin-a (L-phenylalanine-d;)

O O

. NH OH .
Uracil | /& L-phenylalanine

N O NH,
H



INSTRUMENTAL METHOD

Waters Acquity LC / Quattro Premier XE triple quadrupole MS (ESI)

Waters XSelect® HSS T3 2.1 x 150 mm, 3.5 um analytical column, 30 °C

100 mM acetic acid in reagent water (A) and 100% methanol (B) step
gradient at a 0.2 mL/min flow (Mostly isocratic @ 90% aqueous)

50-plL injections

lonization for all analytes was achieved through protonation ([M+1]*)
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Store samples in refrigerator (6°C)

100 mg/L ascorbic acid

— Reduces free chlorine present in tap water samples

— Easy to handle

Solid can be added to bottles before sampling

1000 mg/L sodium bisulfate

Acts as a microbial inhibitor

pH less than 3

Solid can be added to bottles before sampling
No observable interferences with direct injection

PRESERVATION



ALGAL TOXIN CHROMATOGRAMS

100+

L-phenylalanine-ds

Uracil-d, '!
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Measured Concentration ug/L

o Data 7
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Anatoxin-a

o Data A

Cylindrospermopsin




PRECISION AND ACCURACY WATER MATRIXES

= Reagent water (preserved)

= Ground source tap water (preserved)

Free chlorine:
Total chlorine:
Hardness:
Conductivity:
pH:

0.69 mg/L
0.97 mg/L
325 mg/L
798 uS
7.76

= Surface source tap water (preserved)

Free chlorine:
Total chlorine:
Hardness:
Conductivity:
pH:

TOC

0.64 mg/L
1.14 mg/L
142 mg/L
344 uS
7.20

3.04 mg/L
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% Recovery
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PRECISION AND ACCURACY — LOW CONCENTRATION

M cylindrospermopsin (0.100 pg/L) M anatoxin-a (0.059 pg/L)

Reagent Water Ground Source Tap Surface Source Tap
Water Water



PRECISION AND ACCURACY — MID/HIGH CONCENTRATION

M cylindrospermopsin (2.50 pg/L) M anatoxin-a (1.47 pg/L)
140.0

120.0
100.0

80.0

% Recovery

60.0

40.0

20.0

0.0

Reagent Water Ground Source Tap Surface Source Tap
Water Water



HOLDING TIME - SAMPLE

= Surface source tap water

Day 0 Day 7 Day 14 Day 21 Day 28
Fortified Avg. % % % %
Analyte Con]c:: (ng/ | Meas. %RSD Change %RSD Change %RSD Change %RSD Change %RSD
) Conc. from from from from
(ug/L) Day 0 Day 0 Day 0 Day 0
Levlindrospermopsin 2.50 2.57 3.3 -5.4 2.4 -6.2 1.5 3.1 1.2 -1.6 3.5
anatoxin-a 1.47 1.49 1.1 0.67 4.4 -7.4 2.4 -0.67 0.91 -1.3 2.1




CONCLUSIONS

Cylindrospermopsin and anatoxin-a show good response with method
— Direct injection

Labeled analogs of target analytes not available
— Uracil-d, and phenylalanine-d. selected as IS

Precision and accuracy are within the acceptable range in three different
matrixes

Sample recoveries change less than 10% from Day O after 28 days
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= QOther analytes of interest

Microcystins
Bisphenol-a
Equilenin
Norethindrone
a-Estradiol
Progesterone
Mestranol

Aniline

Toluidine (ortho-, para-,
meta-)

Ethylene thiourea

CONTINUING WORK

Sources

— CCL3

— Nominated UCMR
— Nominated CCL4
— Public interest

Explore new technologies
for method development

— Online SPE LC-MS/MS
— New extraction media

— New chromatographic
technology
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