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Why would we need a LC-MS/MS nitrosamines method?
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OSHA Hazard Information Bulletins

N-Nitrosamine in the Rubber Industry

Discovery of nitrosamine impurities in Active 

Pharmaceutical Ingredients

Distribution of Seven N-Nitrosamines in Food

Potential for the Formation of N-Nitrosamines 

During the Manufacture of Active 

Pharmaceutical Ingredients: An Assessment 

of the Risk Posed by Trace Nitrite in Water



Current Water Methods for Nitrosamines – Method 521
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250 mL sample

Ion Trap GCMS

MeCL2



Current Water Methods for Nitrosamines – Method 

625.1
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1000 mL sample

Single Quadrupole GCMS



Current Water Methods for Nitrosamines – Method 607
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1000 mL sample

GC with Nitrogen Detector



USP 1469 – Extraction then Direct Injection LC-

MS/MS 
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Triple Quadrupole LCMS

Extracted 

sample

1 gram + 5 ml 

Extraction 

solution

Cleanup if 

necessary



ASTM D8456 – Direct Injection LC-MS/MS (also meets 

USP 1649)
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Triple Quadrupole LCMS

~ 3 mL 

sample



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 aqueous 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
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0.05 μg/L up to 5 μg/L

Lower concentrations may be possible with a more sensitive LC-MS/MS

Shimadzu’s least sensitive LC-MS/MS used for this validation



Comparison of the nitrosamine method LOQs
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Method 521 625.1 607 USP 1469 D8456

LCMRL (µg/L) MDL (µg/L) MDL (µg/L) LOQ (µg/L) LOQ (µg/L)

NDMA 0.0016 No data 0.15 1.3 0.05

NMEA 0.0015 No data 0.05

NDEA 0.0021 No data 0.66 0.05

NDPA 0.0014 No data 0.46 0.05

NDBA 0.0012 No data 0.81 1.3 0.05

NPYR 0.0014 No data 0.05

NPIP 0.0014 No data 0.05

NMOR No data 0.05

NEIPA No data 1.3 0.05

NDIPA No data 1.3 0.05

NMBA No data 1.3 0.05

NMPA No data 0.05

NDPhA No data 0.05



ASTM D8456 Chromatographic conditions
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MS/MS conditions for ASTM D8456
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MRM Chromatograms. MRMs, and CE for D8456
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Calibration curves showing linearity in the range of 

the method
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Conc.Ratio (ng/L)

0 2000 4000

Area Ratio

0

2

4

6

8
NDMA

y = 0.001531855x + 0.01211917

R² = 0.9976421    R = 0.9988204

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)

0 2000 4000

Area Ratio

0.0

0.2

0.4

0.6

NMOR

y = 0.0001401232x + 0.002664570

R² = 0.9963246    R = 0.9981606

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)

0 2000 4000

Area Ratio

0

1

2

3 NMBA 

y = 0.0006087030x + 0.004495942

R² = 0.9990098    R = 0.9995048

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)

0 2000 4000

Area Ratio
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0.5
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1.5
NPYR

y = 0.0003030661x - 0.0006003002

R² = 0.9966073    R = 0.9983022

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)
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0 2000 4000

Area Ratio
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NMEA

y = 0.0002224413x + 0.0002579808

R² = 0.9990195    R = 0.9995097

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)

0 2000 4000

Area Ratio

0.0

0.5

1.0

NDEA

y = 0.0002729122x + 0.001586142

R² = 0.9969541    R = 0.9984759

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)

0 2000 4000

Area Ratio

0.00

0.25

0.50

0.75

1.00

NPIP

y = 0.0002316260x + 0.004100858

R² = 0.9973870    R = 0.9986927

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)

0 2000 4000
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0

1

2

3 NIEPA

y = 0.0006184363x + 0.006474430

R² = 0.9926242    R = 0.9963053

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)



Calibration curves showing linearity in the range of 

the method - continued
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Conc.Ratio (ng/L)

0 2000 4000

Area Ratio

0.0

0.2

0.4

0.6

0.8
NDIPA

y = 0.0001520260x + 0.001172565

R² = 0.9963318    R = 0.9981642

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)

0 2000 4000

Area Ratio

0.0

0.2

0.4

0.6
NDPA

y = 0.0001173742x - 0.001285107

R² = 0.9960974    R = 0.9980468

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)

0 2000 4000

Area Ratio

0.00

0.25

0.50

0.75

1.00

NDBA

y = 0.0002186542x + 0.002614461

R² = 0.9958332    R = 0.9979144

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)
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NMPA

y = 0.1776402x - 0.0006798222

R² = 0.9990784    R = 0.9995391

Curve Fit: Default (Linear)

Weighting: Default (1/C^2)

Zero: Default (Not Forced)

Conc.Ratio (ng/L)

0 2 4

Area Ratio
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6

NDPhA

y = 1.281151x - 0.003124824

R² = 0.9991394    R = 0.9995696

Curve Fit: Default (Linear)

Weighting: 1/C

Zero: Default (Not Forced)



Isotope dilution allowed if there are standards
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Internal standard is added to a known volume of sample.

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

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



Sample Collection and Preservation

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

Unchlorinated samples do not require sodium thiosulfate.

The samples must be chilled to above freezing but not to exceed 6 °C 

Store samples at above freezing to 6 °C until analysis.

Analyze all samples within 14 days of collection.
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Sample preparation for D8456
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60 µL ISTD 

2940 µL sample



Initial Demonstration of Capability 
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5 – 7 REPLICATES AT 
2 UG/L 

70 – 130% 
RECOVERY

≤ 20% RSD



Required Batch QC samples

Calibration 
Verification

Method Blank RL Check
LCS 

(potentially 
LCS Duplicate)

Sample 1 Sample 1 spike
Sample 1 

duplicate spike 
(optional)

Sample 2 – 20
Calibration 
Verification
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Precision at the 0.05 µg/L LOQ
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Single laboratory repeatability in 3000 mg/L TDS (from 

seawater salts)
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Comparison of QC requirements of Methods
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Method 521 625.1 607 USP 1469 D8456

Accuracy (%)

Mid range

70-130 60 – 140? 13 – 109

D - 139

45 - 146

70 - 130 70 - 130

Accuracy (%) 

LOQ

50 - 150 50 - 150

RSD (%) 30 No data 17

30.5

28.5

25 20

Surrogates 

Recovery (%)

70 - 130 No data NA NA 70 - 130

Internal 

Standard 

Area (%)

50 - 150 No data NA 50 - 150 50 - 150



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


