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Abstract: 

Nitrosamine impurities in pharmaceutical products have emerged as a significant concern in recent years, particularly 

following widespread recalls of drugs like Valsartan due to contamination. These impurities, classified as potential 

carcinogens and mutagens, pose a serious threat to patient safety, prompting regulatory agencies globally to enforce 

stringent guidelines on their permissible levels in drugs. This paper provides an in-depth analysis of the risk assessment 

and regulatory challenges associated with nitrosamine contamination in pharmaceutical products. It explores the 

chemical nature of nitrosamines, historical contamination incidents, and the toxicological risks they present. 

Additionally, the paper reviews the role of global regulatory bodies, such as the FDA, EMA, and ICH, in managing 

and mitigating the risks posed by nitrosamine impurities. It further examines current detection methods, the challenges 

in their application, and the regulatory hurdles faced by pharmaceutical companies in ensuring product safety. Finally, 

the paper highlights mitigation strategies and best practices for preventing nitrosamine contamination during drug 

manufacturing, emphasizing the need for robust quality control and risk management frameworks. The findings aim 

to contribute to an improved understanding of the complexities surrounding nitrosamine impurities and offer insights 

for pharmaceutical companies to enhance compliance and safeguard public health. 
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1. Introduction 

Nitrosamine impurities are chemical compounds formed through the reaction of amines with nitrosating agents, such 

as nitrites, often under conditions of high temperature or acidic environments. These compounds, including well-

known examples like N-Nitrosodimethylamine (NDMA), are classified as carcinogenic and mutagenic, meaning they 

have the potential to cause cancer and genetic mutations. Nitrosamines are not typically part of a drug’s intended 

formulation but can form as by-products during the manufacturing process, particularly in the synthesis or degradation 

of active pharmaceutical ingredients (APIs). While nitrosamine contamination can occur in various drug classes, it is 

most commonly associated with drugs used to treat conditions like hypertension and heart failure, including 

angiotensin II receptor blockers (ARBs) such as Valsartan. Their presence poses significant health risks even at low 

concentrations, making the detection and management of these impurities crucial to maintaining drug safety. 

Relevance and Significance of the Issue in the Pharmaceutical Industry 

The discovery of nitrosamine impurities in widely used drugs has triggered major public health concerns and 

regulatory responses globally. For example, the 2018 recall of Valsartan after it was found to be contaminated with 

NDMA put the issue of nitrosamines squarely on the global pharmaceutical radar. These impurities are particularly 

concerning because they may not be detected during routine quality control tests, potentially exposing patients to long-

term health risks. Additionally, pharmaceutical companies face substantial financial and reputational repercussions 

when such contaminants are discovered. Product recalls, manufacturing stoppages, and legal actions all follow in the 

wake of contamination incidents, contributing to the complexity of drug production. Moreover, nitrosamine 

contamination has prompted regulatory bodies such as the U.S. Food and Drug Administration (FDA), the European 

Medicines Agency (EMA), and the International Council for Harmonisation (ICH) to implement stricter guidelines 

and testing requirements. Consequently, addressing nitrosamine impurities has become a critical aspect of ensuring 

drug safety and maintaining consumer trust. 

Purpose and Scope of the Paper 

The purpose of this paper is to examine the risk assessment and regulatory challenges surrounding nitrosamine 

impurities in pharmaceutical products. It aims to provide a detailed understanding of how nitrosamines form, the 

toxicological risks they present, and the regulatory measures in place to control their presence in drug products. This 

paper will discuss global regulatory frameworks, such as those issued by the FDA, EMA, and ICH, and explore the 

methods used to detect nitrosamines in drug substances. Additionally, the paper will address the challenges 

pharmaceutical companies face in managing these impurities, the legal and financial implications of non-compliance, 

and the best practices to mitigate nitrosamine contamination. By offering insights into these challenges, the paper will 
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contribute to a better understanding of how the pharmaceutical industry can safeguard public health while ensuring 

the safety and efficacy of drug products. 

2. Chemical Nature of Nitrosamines 

Definition and Properties of Nitrosamines 

Nitrosamines are a class of organic compounds containing a nitroso group (–NO) attached to a nitrogen atom that is 

also bonded to a carbon atom (typically a secondary or tertiary amine). The general structure of a nitrosamine is R–

N(NO)–R', where R and R' can be alkyl, aryl, or other organic groups. These compounds are primarily known for their 

carcinogenic and mutagenic properties. When consumed, they have been shown to induce genetic mutations and 

increase the likelihood of cancer, particularly in the liver, kidneys, and digestive system. The toxicity of nitrosamines 

is a result of their ability to cause damage to cellular DNA and disrupt normal cellular functions. 

Most nitrosamines are stable under typical environmental conditions, making them difficult to detect without 

specialized analytical methods. They are usually colorless and odorless, which means their presence in 

pharmaceuticals may go unnoticed unless specifically tested for. Given their potential health risks, nitrosamines are 

classified by international agencies such as the International Agency for Research on Cancer (IARC) as carcinogens, 

often linked to the formation of cancers in humans after prolonged exposure, even at low concentrations. 

 

How Nitrosamines Form in Drug Substances and Drug Products 

Nitrosamines form in drug substances and products primarily through chemical reactions between secondary or 

tertiary amines and nitrosating agents (such as nitrites or nitrates) in the presence of heat or acidic conditions. These 

reactions are most likely to occur during the manufacturing process or storage of drug products. For example, certain 

excipients, such as stabilizers or preservatives, may contain nitrites, which can react with amines found in the drug's 

active pharmaceutical ingredient (API). This reaction leads to the formation of nitrosamine impurities. 

The process of nitrosamine formation is further facilitated by environmental factors such as high temperature, 

moisture, and acidic conditions. Manufacturing processes, such as the use of certain solvents, temperature variations, 

and prolonged storage periods, can all contribute to the formation of these unwanted impurities. In some cases, 

nitrosamines can even form during the degradation of pharmaceuticals when exposed to conditions like humidity or 

prolonged shelf life, especially in poorly stored drug products. 

Another key factor is the type of excipients and raw materials used in drug formulations. In some cases, the 

combination of raw materials and impurities within the manufacturing environment may inadvertently catalyze the 

formation of nitrosamines. As such, the design of the pharmaceutical formulation and control over the manufacturing 

process are critical in minimizing the risk of nitrosamine contamination. 

 

Common Nitrosamines Found in Drug Products 

Several nitrosamines have been identified as contaminants in pharmaceutical products. Some of the most commonly 

found nitrosamines in drug substances include: 

• N-Nitrosodimethylamine (NDMA): This is one of the most commonly detected nitrosamines in 

contaminated drugs, especially in angiotensin II receptor blockers (ARBs) like Valsartan. NDMA is a potent 

carcinogen and is closely associated with several cancer types, including liver and lung cancers. 

• N-Nitrosodiethylamine (NDEA): This nitrosamine is also a known carcinogen and has been found in some 

drugs, including certain ARBs and other active ingredients in commonly prescribed medications. NDEA can 

also be found in alcohol, tobacco products, and other environmental sources. 

• N-Nitrosodipropylamine (NDPA): While less commonly found, NDPA is another nitrosamine that has been 

detected in certain pharmaceuticals. Like NDMA, NDPA is considered highly carcinogenic and is a concern 

in drug safety. 

• N-Nitrosomethylethylamine (NMEA): This nitrosamine is a potential contaminant in certain formulations, 

particularly those involving alkyl groups in their composition. NMEA’s carcinogenic potential is under study, 

and it is a concern for the pharmaceutical industry. 

• N-Nitrosopyrrolidine (NPYR): Found in some drugs, particularly those involving cyclic amines, NPYR is 

known to have mutagenic properties. Its detection in drug products is of concern for manufacturers and 

regulatory agencies alike. 

These nitrosamines are of particular concern because they may be formed during the synthesis, degradation, or storage 

of a wide range of pharmaceutical drugs. Regulatory agencies have set strict limits on the allowable concentrations of 
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these impurities due to their carcinogenic and mutagenic potential. The discovery of any of these nitrosamines in 

pharmaceutical products may lead to recalls and extensive investigations into the cause of contamination. 

 

3. Historical Context and Regulatory Landscape 

Past Incidents Involving Nitrosamine Contamination in Drug Products 

The issue of nitrosamine contamination in pharmaceutical products gained widespread attention in 2018 when the 

global recall of Valsartan, a widely used angiotensin II receptor blocker (ARB), was initiated. Valsartan, manufactured 

by Zhejiang Huahai Pharmaceutical Co. in China, was found to be contaminated with N-Nitrosodimethylamine 

(NDMA), a potent carcinogen. This incident marked a significant turning point in the pharmaceutical industry, 

highlighting the potential risks of nitrosamine impurities and their impact on patient safety. As a result of the 

contamination, Valsartan was pulled from markets around the world, and several other drugs containing the same 

active ingredient were recalled. 

Following the Valsartan recall, additional cases of nitrosamine contamination were identified, further exacerbating 

concerns. For example, ranitidine, an H2-receptor antagonist commonly used to treat ulcers and acid reflux, was also 

found to contain NDMA at levels exceeding the acceptable limit set by regulatory agencies. The U.S. FDA and other 

regulatory bodies recommended the suspension of certain batches of ranitidine in response to the findings. These 

incidents underscored the widespread nature of nitrosamine contamination and prompted an increased focus on the 

safety and quality of pharmaceutical products, especially those used for long-term treatments. 

In addition to Valsartan and ranitidine, other medications—such as metformin, a commonly used drug for type 2 

diabetes—have also been affected by nitrosamine contamination. These cases have not only highlighted the potential 

health risks posed by these impurities but have also raised concerns about the quality control processes within the 

pharmaceutical industry. 

 

Introduction of Regulatory Measures by Global Bodies (FDA, EMA, ICH) 

In response to the growing concerns over nitrosamine contamination, regulatory agencies worldwide, including the 

U.S. Food and Drug Administration (FDA), the European Medicines Agency (EMA), and the International Council 

for Harmonisation (ICH), have introduced stringent measures to monitor and control the presence of nitrosamines in 

drug products. The discovery of nitrosamines in drugs like Valsartan and ranitidine prompted the FDA to issue specific 

guidance on how pharmaceutical companies should assess and manage the risk of nitrosamine contamination in drug 

products. 

The FDA's guidance on nitrosamine impurities issued in 2019 required pharmaceutical companies to evaluate their 

manufacturing processes for potential nitrosamine contamination and establish testing protocols for new and existing 

drug products. The agency also encouraged manufacturers to implement risk assessments to determine whether their 

drug substances or products could be at risk for contamination. As part of these regulations, companies were instructed 

to submit reports on the presence of nitrosamines and take appropriate actions if contamination was found, including 

recalls and additional testing. 

Similarly, the European Medicines Agency (EMA) has also taken a proactive role in ensuring that nitrosamine 

contamination is minimized. In 2019, the EMA issued guidelines for the pharmaceutical industry on how to assess the 

risk of nitrosamines in drug products. These guidelines included recommendations for assessing raw materials, 

manufacturing processes, and the final product for nitrosamine impurities. The EMA emphasized the need for risk-

based approaches and thorough testing to identify possible sources of contamination in both new and existing 

medicines. 

The International Council for Harmonisation (ICH), which provides global standards for pharmaceutical practices, 

has collaborated with regulatory bodies to establish the ICH Q3C(R8) guideline to address nitrosamine impurities. 

This guideline outlines the acceptable limits of nitrosamines in drug products and provides recommendations for 

manufacturers on how to control and monitor these impurities. The ICH also contributed to a global standard for 

evaluating the potential risks associated with nitrosamines in pharmaceutical products, ensuring that manufacturers 

around the world adhere to consistent safety standards. 

 

Global Regulatory Guidelines on Acceptable Nitrosamine Levels in Drug Products 

As a result of the regulatory responses to nitrosamine contamination, several global guidelines on acceptable 

nitrosamine levels have been established. These guidelines set the threshold limits for nitrosamines in drug products, 

aiming to minimize the potential health risks to patients. 

The FDA’s acceptable daily intake (ADI) limit for nitrosamines is set at 96 nanograms per day for NDMA, which 

is considered the threshold at which exposure to the impurity may present a cancer risk. The ADI for other 

nitrosamines, such as N-Nitrosodiethylamine (NDEA) and N-Nitrosodipropylamine (NDPA), is similarly defined 
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based on carcinogenic potency, with specific guidelines for their acceptable concentrations in drug products. The FDA 

has also recommended that any drug found to exceed the ADI limit for nitrosamines be subject to a market withdrawal 

or recall. 

The EMA has adopted similar ADI limits for nitrosamine impurities in drug products. According to their guidelines, 

the acceptable daily intake for nitrosamines is set to a level that balances the potential carcinogenic risk and the 

intended use of the pharmaceutical product. For example, the ADI for NDMA in pharmaceuticals is aligned with the 

FDA’s guidelines, ensuring that both agencies are working under common standards. Furthermore, the EMA’s 

regulations require pharmaceutical companies to test new drug products for nitrosamine contamination during the 

development stage, as well as to monitor products already on the market for compliance with safety limits. 

The ICH guidelines set a global standard for the presence of nitrosamines in drug products, providing specific ADI 

limits based on the carcinogenic potential of individual nitrosamines. The guidelines recommend a uniform approach 

to assessing the potential for nitrosamine contamination during drug development and throughout the product 

lifecycle. These limits are recognized by regulatory bodies in major markets, including the U.S., Europe, and Japan, 

helping to ensure that pharmaceutical companies worldwide adhere to consistent safety standards. 

In addition to ADI limits, regulatory bodies have emphasized the importance of conducting comprehensive risk 

assessments to evaluate the possibility of nitrosamine contamination at various stages of drug manufacturing. 

Companies are also required to implement robust detection methods to ensure that any trace amounts of nitrosamines 

are identified and appropriately controlled. 

In Summary, the historical context of nitrosamine contamination, exemplified by the Valsartan and ranitidine recalls, 

has led to a significant shift in the regulatory landscape of the pharmaceutical industry. With the introduction of clear 

guidelines from global regulatory bodies like the FDA, EMA, and ICH, pharmaceutical manufacturers are now 

required to adopt stringent measures to control and monitor nitrosamine impurities. The establishment of acceptable 

limits and testing protocols plays a critical role in ensuring the safety of drug products, protecting public health, and 

maintaining trust in the pharmaceutical industry. 

 

4. Risk Assessment of Nitrosamine Impurities 

The Toxicology of Nitrosamines: Carcinogenic and Mutagenic Properties 

Nitrosamines are classified as carcinogenic and mutagenic, meaning that they can cause cancer and genetic mutations 

in living organisms. The toxicological significance of nitrosamines is primarily linked to their ability to interfere with 

the genetic material (DNA) in cells. Once nitrosamines are ingested, they are metabolized by the liver into reactive 

intermediates that can form covalent bonds with DNA, leading to mutations and the potential for uncontrolled cell 

growth, which is a hallmark of cancer. The specific types of cancers associated with nitrosamines include liver cancer, 

esophageal cancer, and gastric cancer, though their effects are not limited to these tissues. 

The mutagenic properties of nitrosamines are of particular concern because they can alter the genetic makeup of cells, 

leading to irreversible changes that may contribute to carcinogenesis. Nitrosamines can cause point mutations, 

chromosomal aberrations, and DNA strand breaks, which in turn can lead to the formation of tumors. Animal 

studies have consistently shown that exposure to nitrosamines, even at relatively low levels, significantly increases 

the risk of cancer. In humans, long-term exposure to nitrosamines, whether through contaminated food, tobacco, or 

pharmaceuticals, has been linked to an increased incidence of various cancers. 

The International Agency for Research on Cancer (IARC) has classified nitrosamines, including NDMA and 

NDEA, as Group 1 carcinogens, which means there is sufficient evidence to conclude that they are carcinogenic to 

humans. These findings underline the importance of limiting exposure to nitrosamines in drug products and the need 

for stringent regulatory measures to control their levels. 

Methods for Assessing the Risk of Nitrosamine Contamination 

Assessing the risk of nitrosamine contamination in pharmaceutical products requires a comprehensive approach that 

involves both toxicological evaluation and pharmaceutical analysis. Several methods are employed by 

pharmaceutical companies and regulatory agencies to assess and mitigate the risks posed by nitrosamines: 

1. Toxicological Risk Assessment: 

The first step in assessing the risk of nitrosamine contamination is understanding the toxicological profile of 

the specific nitrosamine present in a drug product. Regulatory bodies like the FDA and EMA use acceptable 

daily intake (ADI) levels to quantify the amount of a nitrosamine that can be safely consumed by an 

individual over a lifetime without causing significant harm. These ADI levels are based on studies that 

examine the carcinogenicity, mutagenicity, and toxicity of nitrosamines in laboratory animals. Once the ADI 

for a specific nitrosamine is determined, the concentration of the impurity in the drug is compared to this 

value to assess whether it poses a risk to human health. 
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2. Detection and Quantification: 

Nitrosamine contamination can be detected using advanced analytical techniques such as high-

performance liquid chromatography (HPLC), gas chromatography-mass spectrometry (GC-MS), and 

liquid chromatography-tandem mass spectrometry (LC-MS/MS). These methods are capable of 

detecting nitrosamines at very low concentrations, allowing pharmaceutical companies to accurately assess 

the levels of contamination in both drug substances and finished products. Regular testing during drug 

manufacturing, storage, and distribution helps ensure that nitrosamines remain below acceptable thresholds. 

3. Risk Modelling: 

Another method for assessing nitrosamine contamination involves quantitative risk assessment models. 

These models take into account the concentration of nitrosamines, the frequency and duration of exposure, 

and the carcinogenic potency of the impurity to estimate the potential cancer risk to patients. This approach 

is used to evaluate whether a product containing nitrosamines at a specific concentration would exceed the 

acceptable cancer risk threshold set by regulatory agencies. 

4. Failure Mode and Effects Analysis (FMEA): 

Pharmaceutical companies may also use FMEA, a systematic method for identifying potential failures in 

manufacturing processes that could lead to nitrosamine contamination. By understanding where 

contamination risks exist in the production line, companies can implement process controls and corrective 

actions to mitigate the formation of nitrosamines. 

 

Thresholds for Nitrosamine Impurities in Drugs (Acceptable Daily Intake Levels) 

Regulatory bodies like the FDA and EMA have established specific guidelines for acceptable levels of nitrosamines 

in pharmaceutical products. These guidelines are based on the principle of acceptable daily intake (ADI), which is the 

amount of a substance that can be safely ingested daily over a lifetime without significant health risks. The ADI for 

nitrosamines is derived from toxicological studies, particularly those examining carcinogenic and mutagenic effects 

in animals. 

For example, the FDA's ADI for NDMA is 96 nanograms (ng) per day, which corresponds to a theoretical lifetime 

cancer risk of 1 in 100,000. If the level of NDMA in a drug exceeds this threshold, the drug must be recalled or 

reformulated. Similarly, the EMA has adopted an ADI of 96 ng/day for NDMA, along with limits for other 

nitrosamines such as NDEA (acceptable limit of 26 ng/day) and NDPA (acceptable limit of 3 ng/day), reflecting their 

respective carcinogenic potentials. 

These limits help ensure that the risk of nitrosamine exposure from pharmaceutical products remains within acceptable 

levels. The thresholds are updated regularly as new data emerges on the carcinogenicity and mutagenicity of different 

nitrosamines. 

 

Risk Factors Influencing Nitrosamine Formation 

The formation of nitrosamine impurities in drug products is influenced by various factors, including the composition 

of the drug, the manufacturing process, and storage conditions. Key risk factors include: 

1. Drug Composition: 

The presence of certain ingredients in a drug formulation increases the risk of nitrosamine formation. 

Specifically, the combination of amines (e.g., primary, secondary, or tertiary amines in the active 

pharmaceutical ingredient or excipients) with nitrites or nitrates can lead to the formation of nitrosamines. 

Some excipients used in drug formulations, such as stabilizers, preservatives, or antioxidants, may contain 

nitrites, which can react with amines in the formulation. The chemical nature of the drug substance—whether 

it contains reactive groups or not—also plays a role in determining the likelihood of nitrosamine formation. 

2. Manufacturing Process: 

High temperatures, acidic conditions, and prolonged reaction times during the drug’s synthesis or processing 

can promote the formation of nitrosamines. For instance, nitrosation reactions are more likely to occur during 

the production of drugs in aqueous solutions under acidic conditions or in the presence of certain solvents. 

Inadequate control over process parameters, such as temperature and pH, may increase the chances of 

nitrosamine impurities. 

3. Storage Conditions: 

Nitrosamine formation can also be influenced by the conditions under which a drug is stored. High humidity, 
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elevated temperatures, and exposure to light can accelerate chemical reactions, including those that lead to 

nitrosamine formation. Additionally, drugs stored for extended periods may undergo degradation, creating 

conditions conducive to the formation of nitrosamines. Therefore, proper storage conditions and regular 

monitoring are critical to preventing the formation of these harmful impurities. 

4. Contamination during Manufacturing: 

Cross-contamination from raw materials or equipment can also contribute to the presence of nitrosamines in 

drug products. For example, previous manufacturing batches or contaminated raw materials may introduce 

trace amounts of nitrosating agents that react with the drug’s active ingredient. 

In Summary, the risk assessment of nitrosamine impurities in drug products involves a multifaceted approach, 

combining toxicological analysis, regulatory guidelines, and manufacturing controls. Pharmaceutical companies must 

assess the risk of nitrosamine formation at each stage of drug development and manufacturing to ensure that 

contamination is minimized and that products meet safety standards. By understanding the toxicology of nitrosamines, 

the methods for assessing their presence, and the risk factors that contribute to their formation, the pharmaceutical 

industry can better manage the challenges of nitrosamine contamination and protect public health. 

 

Conclusion 

The presence of nitrosamine impurities in pharmaceutical products presents a significant challenge to public health 

and drug safety. These compounds, which are classified as carcinogenic and mutagenic, can form unintentionally 

during the manufacturing process, leading to potential health risks for patients who consume these drugs over an 

extended period. The historical incidents, such as the recalls of Valsartan and ranitidine, have highlighted the severity 

of the issue and the need for stricter regulatory oversight. Regulatory bodies like the FDA, EMA, and ICH have 

implemented guidelines to control nitrosamine contamination by establishing acceptable daily intake (ADI) limits and 

requiring manufacturers to adopt rigorous testing and risk assessment strategies. 
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