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Nitrosamine Impurities in Drugs 

• Nitrosamines, or N-nitrosamines, are chemical compounds believed to be carcinogenic to humans based on 
animal studies. 

• Therefore, nitrosamines need to be highly regulated to ensure that there is no adverse effect to human health.  

• In 2018, multiple nitrosamines including NDMA were detected within various blood pressure medicines known 
as ‘sartans’. 

• Since then, nitrosamines have been detected in ranitidine, metformin, and several other drugs which 
highlighted that the issue was not solely limited to sartans. 

• The issue has resulted in multiple product recalls worldwide, with the problem likely to continue for some time 
as more drug products become implicated.  

• Regulatory agencies (FDA, EMA, USP, Health Canada, etc.) were quick to act in establishing guidance for 
nitrosamine limits, testing, and risk assessment for prevention of nitrosamine formation in drug substance 
(API) and drug products. 



Nitrosamine Formation in Drugs 

• Formation of nitrosamines is possible in the presence of secondary, tertiary, or quaternary amines and nitrite salts under 
acidic reaction conditions. Under these conditions, nitrite salts may form nitrous acid, which can react with an amine to form 
a nitrosamine (see Figure 1). 

• Amide solvents, which are susceptible to degradation under certain reaction conditions, are another source of secondary 
amines. For example, under high reaction temperatures for an extended reaction period, N,N-dimethylformamide can 
degrade into dimethylamine, which can react with nitrous acid to form NDMA (see Figure 3). 

Source: FDA - Control of Nitrosamine Impurities in Human Drugs: Guidance for Industry, 2021  

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/control-nitrosamine-impurities-human-drugs
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USP General Chapter <1469> 

• 7 Nitrosamine Reference Standards available 

• 4 Analytical Procedures 

• Quantitation of NDMA, NDEA, NDIPA, NEIPA, NMBA, NMPA, and NDBA in selected sartans (valsartan, 
irbesartan, and losartan potassium) by HPLC–HRMS on Kinetex F5 (L43) 2.6 µm 100 x 4.6 mm. 

• Quantitation of NDMA, NDEA, NDIPA, and NEIPA in selected sartans (valsartan, irbesartan, losartan 
potassium, olmesartan medoxomil, candesartan cilexetil, and telmisartan) by headspace GC–MS on 
Stabilwax (G16) 30 m x 0.32 mm x 1.0 µm. 

• Quantitation of NDMA, NDEA, NDIPA, NEIPA, NMBA, and NDBA in selected sartans (valsartan, losartan 
potassium, olmesartan medoxomil, candesartan cilexetil, and telmisartan) by HPLC–MS/MS on Raptor 
ARC-18 (L1) 2.7 µm 150 x 3.0 mm. 

• Quantitation of NDMA, NDEA, NDIPA, NEIPA, NMPA, and NDBA in selected sartans (valsartan, losartan 
potassium, and candesartan cilexetil) by GC–MS/MS (triple-quad) on VF-WAXms (G16) 30 m x 0.25 mm 
x 1.0 µm. 

NOTE: ALL published methods use MS for the low-level detection required 



FDA Methods 

• FDA has published several methods, including 2 on PHX columns 

HPLC column: Kinetex® 2.6 μm F5 100 Å, 100 x 4.6 mm (Phenomenex, 

Part No. 00D-4723-E0) 

HPLC column: Phenomenex Kinetex® 2.6 μm Biphenyl 100 Å, 150 x 

3.0 mm (Part No. 00F-4622-Y0) 

NOTE: ALL published methods use MS for the low-level detection required 



Nitrosamine Analytical Challenges 

• Nitrosamines lack a chromophore 

• Low-level (ppb) detection and quant of nitrosamines is required 

• UV detectors (workhorse of Pharma QC labs) are NOT sensitive enough 

• MS detection required 

• High concentration of API in drug substance and drug product 

• No single or generic method is available 

• Chromatographic interference 

• Separation of API from individual nitrosamines is required in drug product and drug substance 
to enable accurate quantitation 



Analyzing Nitrosamines 

Nitrosamines are known to be carcinogenic and have the potential to be intermediates in organic synthesis. Due to their potent genotoxicity, nitrosamines have been a serious cause for concern. it has now become a 

requirement to accurately quantitate this group of compounds in pharmaceuticals during drug development and manufacturing. Below you will find the latest resources to help you improve your LC-MS quantitation of 

nitrosamines. If you looking to improve your nitrosamine analysis please do not hesitate to contact us. 



PLC/UHPLC Column Phase Selection Chart 

Specifically designed for successful and reproducible method development and transfer 

Gemini Twin Technology Gemini-NX Twin Technology 

Gemini columns are rugged reversed-phase HPLC and PREP LC columns that offer extended 

lifetime at pH 1-12 conditions and excellent stability for reproducible, high-efficiency separations. 

The Gemini family contains a variety of useful alkyl and phenyl phases bonded to fully porous 

organo-silica particles. 



PLC/UHPLC Column Phase Selection Chart 

Kinetex Core-Shell Technology delivers dramatic improvements in 

efficiency over conventional fully porous media, which can be leveraged to 

increase resolution, greatly improve productivity, reduce solvent 

consumption, and decrease costs. 

Using sol-gel processing techniques that incorporate nano-structuring 

technology, a durable, homogeneous porous shell is grown on a solid silica 

core to create a Kinetex Core-Shell particle. This particle morphology results 

in less band broadening for all four sources of UHPLC band broadening 

compared to fully porous particles and thus delivers extremely high 

efficiencies. 

Kinetex  Fully Porous 



Luna Omega Silica 

One of the world’s leading HPLC brands, now enhanced for incredible HPLC and 

UHPLC performance! Luna Omega 1.6, 3, and 5 µm columns culminate 20 years of 

technological prowess, advancements, and innovation from Phenomenex! With 

astounding efficiency levels, highly versatile selectivities, and trusted accuracy, Luna 

Omega columns will take your chromatographic experience to a new level. 



TN-1334 



TN-1335 



LC-MRM-MS Method for the Detection and Quantificationof Six Nitrosamine Impurities in Sartan (ARBs) Drugs 



LC-MRM-MS Method for the Detection and Quantificationof Six Nitrosamine Impurities in Sartan (ARBs) Drugs 



LC-MRM-MS Method for the Detection and Quantificationof Six Nitrosamine Impurities in Sartan (ARBs) Drugs 



Phenomenex & SCIEX Tech Notes 

• TN-1259: Rapid Analysis of Genotoxic Nitrosamines by HPLC-MS/MS 

• TN-1265: LC-MS/MS Quantitative Analysis of NDMA in Ranitidine using Kinetex Biphenyl 

• Quantification of genotoxic nitrosamines in a telmisartan drug product 

• Rapid analysis of genotoxic nitrosamines by HPLC-MS/MS 

• Nitrosamine analysis in a pioglitazone drug product 

• Rapid method for quantifying nitrosamine compounds with qualitative confirmation 

• Analysis of nitrosamine impurities in a metformin drug substance and drug product 

• Precise and accurate quantification of nitrosamine impurities in an esomeprazole API 

• Varenicline nitrosamine drug substance-related impurity (NDSRI) quantification in a varenicline drug product 

• LC-MRM-MS Method for the Detection and Quantification of Six Nitrosamine Impurities in Sartan (ARBs) Drugs 

• Robust Analysis of Nitrosamines in a Losartan Drug Substance using Strata™ Activated Carbon Extraction 
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Extraordinary Technical Support 
 

AVAILABLE 24/7 

  

LIVE CHAT WITH TECHNICAL EXPERTS 
• 24/7 globally 

 

CONCIERGE-STYLE SUPPORT 
• Personalized programs  

  

EASY ACCESS TO INFORMATION 
• Applications, webinars, tech notes, white papers 

• New website 

 

EASY ORDERING AND HIGH ON-TIME DELIVERY STANDARDS 
• Standing orders, subscription ordering 

 

SHOULDER-TO-SHOULDER [EVEN IN A VIRTUAL WORLD] 
• We want to be part of your team 

 



Terms and Conditions 
Subject to Phenomenex Standard Terms and Conditions which may be viewed at https://www.phenomenex.com/phx-terms-and-conditions-of-sale. 
 
Trademarks 
Kinetex and Luna are trademarks of Phenomenex.  
SCIEX and QTRAP are registered trademarks and ExionLC is a trademark of AB SCIEX Pte. Ltd. 
 
Disclaimer 
FOR RESEARCH USE ONLY. Not for use in clinical diagnostic procedures. 
 
© 2023 Phenomenex, Inc. All rights reserved.   

Local and Global Support 

• Over 1,100 employees in 25 offices worldwide and growing 

 

• Directly servicing over 100 countries 

 

• 10 manufacturing lines in 4 plants located in California, Colorado, and China. 

• Including U/HPLC, GC, SPE (silica), SPE (polymer), Proficiency Standards, 

Bulk media, Flash, and Instrumentation 

 

• 8,500+ products 

 

• 11 R&D 100 awards for innovation 

 

• 92% customer satisfaction 
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