G sSHIMADZU

Excellence in Science

A New ASTM Method for the Determination
of Nitrosamines in Water by Direct Injection
LC-MS/MS

William Lipps
Shimadzu Scientific Instruments, Inc.
August, 2022



EsHIMADZU




ElsHIMADZU

Current Water Methods for Nitrosamines — Method 521

250 mL sample

Table1.  Detection Limits and Lowest Concentration Minimum Reporting Levels "¢

concentration).

lon Trap GCMS

MeCL,

Analyte DL (ng/L) LCMRL (ng/L)
NDMA 0.28 1.6
NMEA 0.28 1.5
o whine NDEA 0.26 2.1
NPYR 0.35 1.4
NDPA 0.32 1.2
NPIP 0.66 1.4
NDBA 0.36 1.4
a. DLs determination from LFBs fortified at 1.0 ng/L (N = 8).

b. LCMRLs determined from LFBs fortified at 1.0, 2.0, 3.0, and 4.0 ng/L (N =5 or 6 at each

¢. DL and LCMRL data were obtained on a Varian Satum 4 GC/MS/MS.
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Current Water Methods for Nitrosamines — Method

625.1

1000 mL sample

Single Quadrupole GCMS
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Current Water Methods for Nitrosamines — Method 607

1000 mL sample

GC with Nitrogen Detector
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USP 1469 — Extraction then Direct Injection LC- e
MS/MS )
::‘; Cleanup if ::j
—2 necessary —3
Triple Quadrupole LCMS
1 gram + 5 ml
Extraction Extracted
solution sample
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ASTM D8456 — Direct Injection LC-MS/MS (also meets \
USP 1649)
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Triple Quadrupole LCMS

~3 mL
sample
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ASTM D8456 Determination of Nitrosamines in Water by ~
Liquid Chromatography Tandem Mass Spectrometry

(LC-MS/MS) detection and quantitation of N-nitrosamines after direct injection.
groundwater, surface water, wastewater influents, and wastewater effluents.

Not limited to these agueous matrices; however, the applicability of this test method to other
aqueous matrices must be demonstrated

Table 1 lists the compounds that have been validated

method is not limited to the compounds listed in Table 1
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Method LOQ dependent on instrument and dilution

x 0.05 pg/L up to 5 pg/L
K Lower concentrations may be possible with a more sensitive LC-MS/MS

@ Shimadzu’s least sensitive LC-MS/MS used for this validation
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Comparison of the nitrosamine method LOQs

\;, _ =

_ Method 521 | 625.1 USP 1469 D8456

LOQ (ug/L)

NDMA
NMEA
NDEA
NDPA
NDBA
NPYR
NPIP
NMOR
NEIPA
NDIPA
NMBA
NMPA
NDPhA

LCMRL (ug/L) MDL (ug/L)

0.0016
0.0015
0.0021
0.0014
0.0012
0.0014
0.0014

No data
No data
No data
No data
No data
No data
No data
No data
No data
No data
No data
No data
No data

MDL (pg/L)

0.15

0.46
0.81

LOQ (ug/L)
1.3

0.66

1.3

1.3
1.3
1.3

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
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ASTM D8456 Chromatographic conditions

HPLC System
Column

Column Oven
Mobile Phases
Flow Rate
Gradient program
(B%)

Injection Volume
Autosampler
Temperature
LCMS System

Temperature

Gas Flow

: Nexera™ X5
: Shim-pack GIST C18 (150 mm x 4.6 mm, 5u)
(P/M:227-30017-07)
407 C
: A-0.1% Formic acid in Water,
B-0.1% Formic acid in Methanol
0.7 mL/min
0.01-1.5 min =15(%); 1-3.5 min = 15-70{%);
3.5-11Tmin —=70-90 (%);11-11.1 min—=90-15
15 min—=5TOP
: 300 plL
15° C

: LCMS™-8045

s APCH

s Interface: 300° C
Desolvation Line; 180° C

Heater Block: 200° C
: Nebulizing Gas: 4 L/min
Drying Gas: 5 L/min

11
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MS/MS conditions for ASTM D8456

MREM Transitions

Mitrosamine ISTD MRM MR
Impurity Type Group (Quantifier) (Qualifier)
MNDOMA Target 1 75=43 75=58
(117>8T
NMOR Target 2 BN -
MNMELA Target 1 147=117 147 =44
MPYFR. Target 2 101=55 101 =41
MNMEA Target 2 89=61 88=43
MNDEA Target 2 103=29 103=45
MPIP Target 2 115=69 115=41
MNEIPA Target 2 117>75 117227
MDIPA Target £ 131=39 13143
MDPA Target 2 131=89 13143
MDEBEA Target 2 158=41 159=29
MNMPA Target 2 137>66 137=107
MDPhA Target 2 170=93 170=65
MDMA-DE 15TD 1 81=46 -
NDEA-D10 15TD 2 113>34 -

12
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MRM Chromatograms. MRMs, and CE for D8456

(x100,000)
e 1-NDMA-D6 81.2000546,0000(+) CE- -21.0{2.00)
i 2:NDMA 75.1000>43.0000(+) CE: -20.0(2.50)

- 3:NMOR TIC(+)(3.00)
4:NMBA 147.2000>117.0000(+) CE: -11.0(3.00)

5.0-] 5:NPYR 101.1000>55.1000(+) CE: -20.0(1.50)
6:NMEA 89.1000>61.0000(+) CE: -15.0(2.50)

4.5 7:NDEA-D10 113.2000>34.1000(+) CE: -18.0(4.00)
8:NDEA 103.1000>29.2000(+) CE: -18.0(2.50)

4.0 9:NPIP 115.1000>69.1000(+) CE: -17.0(1.50)

35_ 10:NEIPA 117.1000>75.1000(+) CE: -13.0

30_ 13:NMPA 137.1000>66.1 000(+) CE: -22.0(5.00)

i 14:NDBA 159.2000>41.2000(+) CE: -21.0(4.00)

25_ 15:NDPhA 170.1000>93 . 0500(+1 CE: -31.0
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Calibration curves showing linearity in the range of

the method

Area Ratio

Area Ratio

Area Ratio

Area Ratio

]
1

y = 0.001531855x + 0.01211917

Weighting: Default (1/C*2)
Zero: Default (Not For

NDMA

R* = 09976421 R = 0.9988204

o
o

Curve Fit: Default (Linear)

o
~

NMOR
y = 0.0001401232x + 0.002664570
R?* = 09963246 R = 0.9981606

Curve Fit: Default (Linear)
Weighting: Default (1/C*

Zero: Default (Not Fore€d)

0 1 1 1 1 | 1 1 1 1 | 1 1 1 0-0 1 1 1 1 | 1 1 1 1 | 1 1 1
0 2000 4000 0 2000 4000
Conc.Ratio (ng/L) Conc.Ratio (ng/L)
. Area Ratio
Area Ratl_o | NDEA
-| NMEA y = 0.0002729122x + 0.001586142

100 _: y = 0.0002224413x + 0.0002579808

| Curve Fit: Default (Linear)
| Weighting: Default (1/C*
| Zero: Default (Not Foreéd)

R? = 09990195 R = 0.9995097

1.0

0.5

4000
Conc.Ratio (ng/L)

R? = 09969541 R = 0.9984759

Curve Fit: Default (Linear)
Weighting: Default (1/C/2
Zero: Default (Not For

2000

4000
Conc.Ratio (ng/L)

w
1

| NMBA

y = 0.0006087030x + 0.004495942
R? = 09990098 R = 0.9995048

Curve Fit: Default (Linear)
Weighting: Default (1/CA
Zero: Default (Not Fopced)

2000 4000

Conc.Ratio (ng/L)

Area Ratio

1.00

0.75

0.50

0.25

NPIP
y = 0.0002316260x + 0.004100858
R? = 09973870 R = 0.9986927

Curve Fit: Default (Linear)
Weighting: Default (1/C*
Zero: Default (Not Fopeed)

4000
Conc.Ratio (ng/L)

1.5

1.0

0.5

4 NPYR
~| y = 0.00030306671x - 0.0006003002
- R? = 09966073 R = 0.9983022

1 curve Fit: Default (Linear)

"| Zero: Default (Not For,

]
0 2000

Weighting: Default (1/C*2

4000
Conc.Ratio (ng/L)

Area Ratio

3

0 2000

NIEPA
y = 0.0006184363x + 0.006474430
R? = 09926242 R = 0.9963053

Curve Fit: Default (Linear)
Weighting: Default (1/C%
Zero: Default (Not F

4000
Conc.Ratio (ng/L)
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Calibration curves showing linearity in the range of
the method - continued

Area Ratio Area Ratio Area Ratio Area Ratio

08—_ NDIPA I NDPA NDBA
’ -| y = 0.0001520260x + 0.001172565 0.6 |y = 0.0001173742x - 0.001285107 y = 0.0002186542x + 0.002614461
- R? = 09963318 R = 0.9981642 R? = 0.9960974 R = 0.9980468 R? = 09958332 R = 0.9979144

NMPA
y = 0.1776402x - 0.0006798222
R? = 09990784 R = 0.9995391

1.00 0.8

Curve Fit: Default (Linear)
Weighting: Default (1/C*2)
Zero: Default (Not For

Curve Fit: Default (Linear)
Weighting: Default (1/CA2)
Zero: Default (Not For

0.6 ~| Curve Fit: Default (Linear)
Weighting: Default (1/C*2)
Zero: Default (Not For

Curve Fit: Default (Linear)
Weighting: Default (1/C*2)
Zero: Default (Not Forc

0.75 0.6

0.4

0.4
0.50 0.4

0.2

0.2

0.25 0.2

0 2000 4000 0 2000 4000 0 2000 4000 0 2 4
Conc.Ratio (ng/L) Conc.Ratio (ng/L) Conc.Ratio (ng/L) Conc.Ratio (ng/L)

Area Ratio

NDPhA
y = 1.281151x - 0.003124824
R? = 09991394 R = 0.9995696

7| Curve Fit: Default (Linear)
_| Weighting: 1/C
-| Zero: Default (Not For

Conc.Ratio (ng/L)
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Isotope dilution allowed if there are standards

‘»)) Internal standard is added to a known volume of sample.

. @ The sample is injected into LC-MS/MS system operated with an APCI
YA source.

- Alternatively, extract an isotopically labelled analog of each analyte (isotope
x dilution), if available, and correct for recovery.
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Sample Collection and Preservation

@ Collect all chlorinated samples in 40 mL amber glass bottles containing ~3 mg of sodium thiosulfate
Ba crystals.

ﬁ Unchlorinated samples do not require sodium thiosulfate.
& The samples must be chilled to above freezing but not to exceed 6 °C
A Store samples at above freezing to 6 °C until analysis.

_é Analyze all samples within 14 days of collection.
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Sample preparation for D8456

60 uL ISTD

2940 pL sample
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Initial Demonstration of Capability

(ew

é

5 =7 REPLICATES AT 70 - 130% <20% RSD
2 UG/L RECOVERY
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Required Batch QC samples

e LCS
yeioration Method Blank RL Check (potentially
LCS Duplicate)

Sample 1 - i
Sample 1 Sample 1 spike duplicate spike Sample 2 - 20 \C/:gi'ﬁégtt'igﬂ
(optional)

20
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Precision at the 0.05 ug/L LOQ

Mitrosamines

Lineari %RSD of area at 0.05
v ug/L (n=6)

0997 12.92
099 9.46
0999 B.40
099 6.72
0999 5.82
099 743
NP 0.997 5.05
0.992 6.85
0996 7.3
0996 647
099 414
0999 9.97
0999 5.22

21
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Single laboratory repeatability in 3000 mg/L TDS (from \\

seawater salts)

. NDMA [N 96.1 101.0 96.2
. NMOR [N 90.2 96.2 91.2
. NMBA [N 95.9 102.0 92.6
109.0 93.5 96.9 91.2
. NMEA [EEEE 104.0 96.9 93.5
| NDEA [EBREN 103.0 106.0 98.9
. NPIP I 85.0 105.6 91.4
. NEIPA (R 91.8 93.0 8.1
. NDIPA RGN 101.0 102.8 99.1
. NDPA [EREEN 96.5 119.4 96.5
85.5 90.3 146.2 93.2
| NMPA RN 108.0 113.0 102.0
. NDPhA R 81.7 85.8 83.5

0.05ug/L| 0.1pg/L m 1.7 ug/L

22
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Comparison of QC requirements of Methods

_ Method 521 | 625.1 USP 1469 D8456

Accuracy (%) 70-130 60 — 140? 13 -109 70 - 130 70 - 130
Mid range D - 139

45 - 146
Accuracy (%) 50-150 50 - 150
LOQ
RSD (%) 30 No data 17 25 20

30.5

28.5
Surrogates 70 - 130 No data NA NA 70 - 130
Recovery (%)
Internal 50 - 150 No data NA 50 - 150 50 - 150
Standard
Area (%)

23
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Conclusions and next steps

A LC-MS/MS method has been developed for the direct determination of
nitrosamines in water.

Recovery and repeatability well within the acceptable criteria at each level.

Recovery study was performed by spiking the four different levels of the
nitrosamine in synthetic wastewater.

The recoveries of all nitrosamines were found to be well within 70 — 130%.

Next Step is an Interlaboratory Study
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Questions?

wclipps@shimadzu.com



