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The intent of this educational guide is to give managers and staff in quality assurance 
and operational departments a synopsis of the regulatory requirements associated with 
genotoxins, as well as recommendations for their implementation. It is also designed  
to provide an overview of relevant analytical instrumentation with useful references  
to valuable scientific publications that demonstrate their operation.  

The United States Food and Drug Administration (FDA), and equivalent international 
healthcare agencies, require that harmful impurities in drug products be controlled  
and removed to below regulated limits. Genotoxins are a challenging class of impurities 
that have proven to be harmful even at low concentrations and as a result regulatory 
bodies have specifically defined their limits in drug substances and products. However, 
because complete regulatory guidelines were initially lacking and because regulations 
have been developed over time by different organizations, they include somewhat 
inconsistent requirements. In order to address these important impurities early on, 
industry professionals also developed position papers that were used as a substitute 
for the missing, detailed regulatory guidelines. These documents are valuable as they 
include concepts that have subsequently been implemented in regulatory guidelines 
and are still used today as best practices. As a result, obtaining accurate and up-to-
date regulatory guidelines on genotoxic impurities is complex and is in need of the 
consolidation provided by this document.

The analytical characterization of genotoxic impurities at the regulated level puts 
significant demands on analytical instruments and methods, causing scientists around 
the world to develop analytical procedures for different types of genotoxic impurities 
in different sample matrices. The results of these numerous experiments have been 
published in a variety of journals and also benefit from consolidation here. 

The concepts and ideas expressed in this resource are based on our personal 
experience and do not reflect official company policies. The information provided 
in this primer is correct at the time of printing to the best of our knowledge and 
understanding. We recommend that all readers consult official regulatory websites  
and other reliable sources for the latest information. 

While regulations and guidelines are typically around for a long time without significant 
changes, interpretations, inspection, and enforcement practices experience frequent 
changes and should be monitored regularly. For example, the European Medical 
Association (EMA) publishes answers to frequently asked questions about genotoxic 
impurities and the International Conference for Harmonisation (ICH) has established  
an expert working group with the intent to develop a guideline titled Assessment and  
Control of DNA (Mutagenic) Impurities in Pharmaceuticals to Limit Potential Carcinogenic  
Risk. This ICH publication plans to clarify open industry questions and may well replace 
the guidelines currently available from the EMA and FDA.

PREFACE



A selection of websites which offer regular updates related to general, as well as  
genotoxic-specific, impurity regulations is listed below:

Regulations and Guidelines for the Biopharmaceutical Industry 
http://www.fda.gov 

The European Medicines Agency 
http://www.ema.europa.eu/

International Conference on Harmonisation of Technical Requirements for 
Registration of Pharmaceuticals for Human Use 
http://www.ich.org

References and On-Going Updates from Regulatory Authorities and Industry 
Practices Related to Genotoxic Impurities 
http://www.labcompliance.com/info/links/impurities/genotoxins 

AUTHORS

Dr. Ludwig Huber 
Chief advisor for global FDA compliance, Labcompliance
ludwig_huber@labcompliance.com

Dr. Ravikrishna Chebolu 
Pharmaceutical Segment Manager, Agilent Technologies
ravikrishna_chebolu@agilent.com
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In pharmaceutical products, impurities are defined as substances that provide no 
therapeutic benefit, but do have the potential to cause adverse effects. Therefore, 
impurity levels need to be controlled such that pharmaceutical products are sufficiently 
safe to be administered to humans. 

Impurities impact the safety and development time of medicinal products, as well  
as the sales and marketing of drugs. For example, the time required to develop drugs  
can be significantly increased when it is necessary to carry out multiple attempts to  
characterize and remove impurities to acceptable levels. In some instances marketing has  
been impacted when drugs have to be removed from the market due to contamination 
by a genotoxic substance. 

According to ICH guidelines, impurities related to drug substances can be classified into 
three main categories: organic impurities, inorganic (elemental) impurities, and residual 
solvents. Within these categories, genotoxic impurities form a special case that poses a 
significant safety risk, even at low concentrations, because they may be mutagenic and 
are therefore potentially damaging to DNA. As a result they can lead to mutations or 
cause cancer. 

There have been many discussions about the definition of genotoxins and genotoxicity. 
For the purpose of this primer we refer to the ICH S2 (R1) Guideline1 that defined 
genotoxicity as “a broad term that refers to any deleterious change in the genetic 
material regardless of the mechanism by which the change is induced.” Genotoxic 
impurities have also been defined as an “impurity that has been demonstrated to be  
genotoxic in an appropriate genotoxicity test model, e.g., bacterial gene mutation (Ames)  
test”. A potential genotoxic impurity (PGI) has been defined as an “Impurity that shows  
(a) structural alert(s) for genotoxicity but that has not been tested in an experimental 
test model. Here potentially relates to genotoxicity, not to the presence or absence  
of this impurity”.20

Impurities in  
Pharmaceutical Products

Contents of this Primer In addition to providing a content overview, the first chapter of this primer will review 
literature on regulatory requirements and analytical testing published by private 
authors. Chapter 2 will provide a regulatory overview related to impurities and then 
discusses specific guidelines for genotoxic impurities. It also explains the expectations 
of regulatory agencies for laboratories testing regulated samples, such as genotoxic 
impurities, during development and manufacturing quality control. The third chapter 
gives recommendations for implementation according to EMA and FDA guidelines. 
Chapter 4 summarizes the techniques used for the analysis of genotoxic impurities.  

INTRODUCTION 1
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While the scope of this primer is to give an overview of regulations and analysis related 
to genotoxic impurities, there are many additional resources available where readers 
can access more details on this topic. These resources come from regulatory agencies, 
joint industry/agency task forces, and private authors. Regulatory and other official 
documents will be discussed in the next chapter. Papers from private authors are 
published in journals, online, and in text books, and can be accessed through standard 
channels. The remainder of this chapter delivers an overview of selected, important 
resources published by private authors or organizations as traditional journal papers  
or text books. These publications are divided into three categories:

•	 Regulatory and control aspects for genotoxic impurities

•	 Compliance in testing laboratories

•	 Analytical instruments and procedures for genotoxic impurities
 
REGULATORY AND CONTROL ASPECTS
Kirkland and Snodin2 report early regulatory developments for genotoxic impurities, 
discussing the content of the Position Paper On the Limits of Genotoxic Impurities that 
was published in 2002 by the Safety Working Party (SWP) of the European Committee 
for Proprietary Medicinal Products (CPMP).

Probably the most important paper dealing with genotoxic impurities was published 
in 2006 by Müller et al.3 It was developed by an expert group of the Pharmaceutical 
Research and Manufacturing Association (PhRMA), and describes several innovative 
approaches for determining, testing, and controlling potential genotoxic impurities.  
For more details, see chapter 2 of this primer.

Robinson4 presents several control strategies to comply with regulatory guidelines and 
gives examples of each approach:

•	  Redesigning the drug substance synthesis to avoid introducing  
problematic impurities 

•	  Altering relevant process parameters to remove or reduce such impurities  
to insignificant levels

•	  Deploying process understanding to prove that a particular genotoxic  
impurity either cannot be formed or will be efficiently removed

•	  Conducting toxicity studies to demonstrate that a suspect impurity is not 
harmful at the low levels envisaged for it

Snodin and Elder5 give a general overview of genotoxic impurities. Most useful is  
an update of ICH M7, a guideline for DNA-reactive impurities in pharmaceuticals that 
is currently under development by an ICH expert working group. For more details, see 
chapter 2 of this guide. 

Resources
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ANALYSIS OF GENOTOXIC IMPURITIES
There are several review articles available with literature references to analytical 
methods using different instruments. Some of the most important ones are listed below: 

Liu and coworkers6 report about recent advances in the trace analysis of pharmaceutical 
genotoxic impurities. The article provides the industry’s perspective with regard to 
the analysis of various structural classes of genotoxic impurities that are commonly 
encountered during chemical development. 

Elder, Snodin, and Teasdale7 describe the analysis of hydrazine, hydrazide, and 
hydrazone genotoxic impurities in active pharmaceutical ingredients (APIs) and drug 
products. Of particular note is the wide variety of techniques employed, including both 
chromatography and spectroscopy, with most examples involving derivatization. Such 
a wide variety of options allow the analyst a broad choice when selecting the most 
appropriate technique to meet their requirements.

Elder and coworkers8 report on the analysis of benzyl halides and other related reactive 
organohalides as potential genotoxic impurities in APIs. The literature is subcategorized 
by separation techniques that include gas chromatography and high-performance 
liquid chromatography with different detectors, including mass spectrometers. Thin 
layer chromatography and capillary electrophoresis are also represented.

Agilent Technologies has published a 30-page primer on Pharmaceutical Impurity 
Analysis Solutions.9 It has a chapter with application examples that include genotoxic 
impurity analysis.  

COMPLIANCE IN TESTING LABORATORIES
Analytical laboratories operating in FDA and equivalent international environments 
should comply with formal regulatory requirements, such as the qualification of 
analytical instruments and the validation of analytical methods. In this section we  
list the two most important regulatory references and highlight several booklets 
available on this topic.

•	 The standard reference for analytical instrument qualification is  
 the USP chapter <1058>10 

•	 ICH Q2 (R1)11 is the worldwide standard for validation of  
 analytical procedures

Agilent Technologies has published several primers with regulatory requirements  
and recommendations for implementation:

•	  Compliance for (Bio)pharmaceutical Laboratories12 covers all steps from 
sampling to report generation and archiving of data 

•	 Analytical Instrument Qualification and System Validation13 goes through  
 the steps necessary for this process with examples from qualification  
 planning to reporting

•	  Validation of Analytical Methods14 lists requirements, steps, and 
recommendations for implementation following the ICH Guideline Q2 (R1)
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REGULATIONS AND GUIDELINES

Impurities in drug substances and drug products are potentially toxic and have no  
benefits to the patient. Sources of impurities in drug substances consist of the following:

•	 Starting materials and their contaminants 

•	  Reagents and catalysts

•	  Solvents

•	 Intermediates

•	 Excipients and their contaminants

•	 Leachables

•	 Degradation products 

In order to protect patients, the level of impurities in drugs must be reduced to acceptable  
safety limits. There are several regulatory guidelines and position papers focused on 
controlling the amount of impurities in medicinal products using specified limits.

Impurity guidelines have mainly been developed by the International Conference 
on Harmonization (ICH). For example, ICH Q3A15 regulates impurities in new drug 
substances, with thresholds for reporting, identifying, and qualifying impurities.  
ICH Q3B16 is the equivalent guideline for impurities in new drugs. 

ICH Q3C17 controls residual solvents, and is the first time the ICH applied substance-
specific limits. Depending on their potential risk to human health, residual solvents are 
categorized into three classes. Class I solvents should be avoided, class II solvents have 
permitted daily exposure limits, and class III solvents have no health-based exposure 
limits if the daily exposure is ≤50 mg/day.

ICH Q3D is currently under development and will include elements and limits for heavy 
metal impurities. The current proposal is to define element-specific limits for amounts  
in finished drugs and for permitted daily exposure limits. 

Currently released ICH guidelines for impurity limits are not suitable for most genotoxic 
impurities. One issue related to genotoxic impurities specifically is that the synthesis of 
drug substances often requires the use of reactive materials which have the capacity 
to interact with human DNA to cause mutations and cancer, even at extremely lowest 
levels. Therefore, genotoxic impurities should be avoided, and if this is not possible,  
reduced below a defined a threshold. Different organizations from industry and regulatory 
authorities have developed guidelines specifically addressing genotoxic impurities. 
Related guidelines are discussed in the next sections of this chapter, beginning with 
Table 1 which is an overview of the most important related guidelines.

ICH Approaches for Impurities – 
Guidelines and Classification

2
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PhRMA Position Paper The pharmaceutical industry’s recognition of genotoxic impurities limits and the 
lack of official guidelines combined with starting FDA inspection and enforcement 
practices related to genotoxins prompted the industry to react with a concerted 
response. In 2004, the PhRMA formed a task force to discuss genotoxic impurities 
and its effort resulted in the publication of a position paper in Regulatory Toxicology 
and Pharmacology titled A Rationale for Determining, Testing and Controlling Specific 
Impurities in Pharmaceuticals that Possess Potential for Genotoxicity (2006).3 

The development of this position paper occurred in parallel with the EMA’s initiatives 
for developing related official guidelines and as a result there is an overlap in the 
approaches. For example, the PhRMA document took the concept of a threshold 
of toxicological concern (TTC) from EMA drafts and the final EMA guideline took 
recommendations for the staged TTC approach from the PhRMA task force. Both 
concepts will be discussed further later in this guide. One key difference between the 
documents is their emphasis on implementation, with the official regulatory guideline, 
the EMA document, having fewer details for implementation than the PhRMA paper. 
Overall, both documents are complementary in their approaches and emphasis. 

Table 1. Guidelines for genotoxic impurities: control, testing, and risk assessment.

Key Topics Title 
Guidelines for the control of genotoxic impurities PhRMA position paper: A Rationale for Determining, Testing and Controlling Specific Impurities in 

Pharmaceuticals that Possess Potential for Genotoxicity (2006).3 Introduced important concepts, e.g., 
five impurity classifications and the staged impurity threshold for short term exposure.
EMA: Guideline on the Limits of Genotoxic Impurities.19 Draft releases for consultation in 2002 and 
2004, and final version released in 2006. Together with the related Q & A documents,20 this is the 
most complete regulatory document. It also introduced the concept and values for the threshold of 
toxicological concern (TTC).
EMA, Safety Working Party (SWP): Questions and answers on the Guideline on the Limits of Genotoxic 
Impurities,20 published in 2008, 2009, 2010, and 2012.
FDA Guidance for Industry (Draft): Genotoxic and Carcinogenic Impurities in Drug Substances and 
Products: Recommended Approaches (2008).22 Generally aligned with the EMA guideline. 
ICH M7: Assessment and Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals to 
Limit Potential Carcinogenic Risk, Business Plan (2010), Position Paper.18 This document is under 
development and may replace existing EMA and FDA guidelines.

Guidelines for genotoxicity testing ICH S2: Genotoxicity Testing and Data Interpretation for Pharmaceuticals Intended for Human Use.1 
This document combines previous guidelines ICH S2A (1996) and ICH S2B (2007), and is the global 
document for genotoxicity testing.
EMA: Guideline on the Assessment of Genotoxicity of Herbal Substances/Preparations (2008).21 This 
guideline describes a general framework and practical approaches for testing the potential genotoxicity 
of herbal substances/preparations, as well as how to interpret the results.

Risk assessment for genotoxic and  
carcinogenic substances

European Commission Health & Consumer Protection Directorate: General Risk Assessment 
Methodologies and Approaches for Genotoxic and Carcinogenic Substances (2009).23
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The PhRMA paper introduced two important, innovative concepts:

1. A FIVE-CLASS SYSTEM FOR CATEGORIZING GENOTOXIC IMPURITIES. 

Class 1
Impurities known to be genotoxic (mutagenic) and carcinogenic. This group includes 
known animal carcinogens with reliable data for a genotoxic mechanism, and human 
carcinogens. The genotoxic nature of the impurity is demonstrated using published data 
on the chemical structure.

Class 2
Impurities known to be genotoxic (mutagenic), but with unknown carcinogenic potential. 
This group includes impurities with demonstrated mutagenicity based on testing of the 
impurity in conventional genotoxicity tests.

Class 3
Impurities that have an alerting structure unrelated to the structure of the API, and of 
unknown genotoxic (mutagenic) potential. This group includes impurities with functional 
moieties that can be linked to genotoxicity based on structure. However, these moieties 
have not been tested as isolated compounds and are identified based on chemistry and 
using knowledge-based expert systems for structure activity relationships (SAR).

Class 4
Impurities with an alerting structure related to the API and impurities that contain an 
alerting functional moiety that is shared with the structure of the API. 

Class 5
No alerting structure or indication of genotoxic potential. 

Based on this classification system, a strategy for impurity assessment was proposed. 
To date, this strategy has essentially become the norm for most genotoxic impurity 
related risk assessments within the industry. The paper gives recommendations to 
adapt the ICH qualification of impurities according to the five-class model. The proposal 
can be implemented in three steps as described in Table 2.

Table 2. Implementing the five-class impurity model.
Step Action Comments

1

Identify structural alerts in the parent 
compound and expected impurities, and 
classify the impurities into one of the  
five classes.

This requires a scientific review of the 
synthetic route to identify compounds 
of potential concern including process 
impurities, reagents, and intermediates.

2

Establish a qualification strategy for the 
impurities based upon the classification. 
This defines the genotoxic potential of 
each impurity or establishes permitted 
specification limits for the impurity in  
the drug product.

Information on the carcinogenic potential 
is based on literature supported by 
experimental data obtained in genotoxicity 
tests, such as the Ames test. The paper  
has detailed information for the qualification 
of each class. 

3
Establish limits of the impurity based  
on the acceptable daily intake (ADI)  
and the TTC concept (see below).

The determination of acceptable amounts in 
drug substance and drug products is based 
on the qualification and risk assessment.
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2. THE CONCEPT OF A STAGED TTC FOR CLINICAL TRIALS MATERIALS. 
A staged TTC means that it is adjusted by taking into consideration both the dose and 
the duration of the clinical trials, resulting in a lower TTC for higher doses and a higher 
TTC for shorter duration. The rationale behind this is that clinical studies are conducted 
with limited duration of dosing and the total exposure is relatively low. The conservative 
risk estimation for the original TTC means that this approach results in large safety 
margins for all except the most potent carcinogens. The staged TTC values should 
apply for all stages of development and for each individual compound in cases  
where several genotoxic impurities are present. An exception to this concept is highly 
potent carcinogens.

Both concepts were introduced with the intention of providing the industry with some 
flexibility and a risk mitigation strategy during the development phase of a new drug. 
The staged TTC approach is also an essential element of the EMA and FDA guidelines 
on genotoxic impurities.19, 20, 22

EMA Guidelines The EMA is the pioneering regulatory body that imposed detailed guidelines on how 
to handle genotoxic impurities. The task of developing drafts was given to the Safety 
Working Party (SWP) of the Committee for Proprietary Medicinal Products (CPMP), 
now called the Committee for Medicinal Products for Human Use (CMPH). The SWP 
committee felt that impurities with genotoxic potential were a special case not covered 
by the Q3A and Q3B guidances. Therefore, the intent was to close a gap in the ICH 
guidelines on the control of impurities, and particularly those potential impurities 
that are expected to be unusually potent, such as potential genotoxic impurities. The 
committee proposed adding risk-based safety factors to the ICH limits similar to the 
approach practiced in Q3C for residual solvents. The first draft, entitled Position Paper 
on the Limits of Genotoxic Impurities, was released for consultation in 2002, and fully 
released in 2004. Since this publication, the official abbreviation for the European 
Medicines Agency was changed from EMEA to EMA. For consistency we will use  
the current abbreviation in this primer. 

In June 2006, the EMA’s CHMP published the final Guideline on the Limits of Genotoxic  
Impurities. The CHMP safety working party substantially enhanced the guideline by 
publishing several question and answers documents for further clarification.20 The 
document applies to genotoxic impurities in new drug substances. It also applies to 
new applications for existing active substances, where assessment of the route of 
synthesis, process control, and impurity profile does not provide reasonable assurance 
that no new or higher levels of genotoxic impurities are introduced as compared to 
products currently authorized containing the same active substance. In the current 
context, the classification of a compound as genotoxic in general means that there are 
positive findings established using in vitro or in vivo genotoxicity tests with the main 
focus on DNA-reactive substances that have a potential for direct DNA damage. Isolated 
in vitro findings may be assessed for in vivo relevance in adequate follow-up testing. 
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The guideline recommends distinguishing genotoxic impurities into those for which 
there is “sufficient (experimental) evidence for a threshold-related mechanism” and 
those “without sufficient (experimental) evidence for a threshold-related mechanism.” 
It recommends limiting related experiments to those impurities that might reasonably 
be expected to be genotoxic based on knowledge of the chemical reactions, the 
molecular structure, the type and amount of impurities in raw material, and existing 
genotoxicity data. 

The genotoxic impurities with sufficient evidence for a threshold-related mechanism 
would be addressed using methods outlined in ICH Q3C (R3) for class 2 solvents.  
This approach calculates a “permitted daily exposure,” which is derived using the  
“no-observed-effect level” or, alternatively, the “lowest observed effect level” from  
the most relevant animal study, and incorporating a variety of uncertainty factors. 

PHARMACEUTICAL ASSESSMENT AND CONTROL STRATEGY
For potential genotoxic impurities without sufficient evidence of a threshold-related 
mechanism the guideline introduced the concept of controlling levels to “as low as 
reasonably practicable” (ALARP). The ALARP approach specifies that every effort 
should be made to prevent the formation of such impurities during drug substance 
synthesis and, if that is not possible, technical effort should be made post-synthesis 
to reduce impurities. Levels considered consistent with the ALARP principle following 
pharmaceutical assessment should be assessed for acceptability from a toxicological 
point of view.

The objective of the pharmaceutical assessment and control strategy exercise is to 
control levels according to the ALARP principle. The first focus should be to avoid the 
presence of genotoxic impurities in drug substances. The EMA expects pharmaceutical 
product developers to make every feasible effort to avoid the formation of genotoxic 
or carcinogenic compounds during drug substance synthesis or drug product 
manufacturing.

A rationale should be provided for the proposed formulation/manufacturing strategy 
based on available formulation options and technologies. The applicant should 
highlight, within the chemical process and impurity profile of the active substance, all 
chemical substances used as reagents, or present as intermediates or side-products, 
that are known to be genotoxic and/or carcinogenic. More generally, reacting 
substances and those that show an alerting structure from a genotoxicity perspective 
which are not shared with the active substance should be considered. Potential 
alternatives which  
do not lead to genotoxic residues in the final product should be used if available.

If no viable alternative can be found, a justification needs to be provided including 
alternative routes of synthesis or formulations, and different starting materials. 
However, agencies recognize that completely preventing the formation of an impurity 
of concern may not be possible in many cases.

If the formation of a genotoxic impurity cannot be avoided, steps to reduce the amount 
of the impurity in the drug substance or drug product in compliance with safety needs 
or to a level as low as reasonably practicable should be undertaken, for example 
through purification steps.
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TOXICOLOGY AND RISK ASSESSMENT
If the formation of genotoxic impurities cannot be avoided and if the impurities 
cannot be completely removed, the guideline recommends the implementation of 
a risk assessment, e.g., an estimation of daily exposure at and below levels where 
there is a negligible risk to human health. Ideally, these approaches require the 
availability of adequate data from long-term carcinogenicity studies. In most cases of 
toxicological assessment of genotoxic impurities only limited data from in vitro studies 
with the impurity (e.g., Ames or chromosomal aberration tests) are available and thus 
established approaches to determine acceptable intake levels cannot be applied. 

Calculation of safety multiples from in vitro data (e.g., Ames test) are considered 
inappropriate for justification of acceptable limits. Moreover, negative carcinogenicity 
and genotoxicity data with the drug substance containing the impurity at low ppm 
levels do not provide sufficient assurance for setting acceptable limits for the impurity 
due to the lack of sensitivity of this testing approach. Even potent mutagens and 
carcinogens are most likely to remain undetected when tested as part of the drug 
substance, i.e. at very low exposure levels. 

A pragmatic approach which recognizes that the presence of very low levels of 
genotoxic impurities that is not associated with an unacceptable risk is therefore 
needed. The guideline proposes the use of a threshold of toxicological concern (TTC) 
for genotoxic impurities, an approach already known from the PhRMA task force 
report.3 The TTC refers to a threshold exposure level to compounds that do not pose 
a significant risk for carcinogenicity or other toxic effects. A TTC of 1.5 μg intake per 
day for all but a highly potent subset of compounds has been found to be adequate. 
This threshold corresponds to an incremental 10-5 lifetime risk of cancer, a risk level 
that the EMA considers justified because of the benefits derived from pharmaceuticals. 
The guideline indicates that a TTC value higher than 1.5 μg per day may be acceptable 
based on a weight-of-evidence approach to the profile of genotoxicity results, in 
situations where the anticipated human exposure will be short-term, for the treatment 
of life-threatening conditions, and when life expectancy is less than five years. The  
Q & A document20 includes a table with recommended TTC levels for different durations 
of exposure in clinical trials. The acceptable limits for daily intake are 5, 10, 20, and  
60 μg/day for durations of exposure of 6-12 months, 3-6 months, 1-3 months, and  
less than 1 month, respectively. 

Some structural groups were identified to be of such high potency that intakes even 
below the TTC would be associated with a high probability of significant carcinogenic 
risk. This group of high-potency genotoxic carcinogens comprises aflatoxin-like, 
nitroso, and azoxy-compounds that have to be excluded from the TTC approach. 
Risk assessment for members of such groups requires compound-specific toxicity 
data. Approaches for risk assessment for genotoxic substances of this type have 
been described in detail in a paper published by the European Commission Health 
& Consumer Protection Directorate –General Risk Assessment Methodologies and 
Approaches for Genotoxic, and Carcinogenic Substances,23 and will not be further 
discussed in this primer. 
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EMA GUIDELINE ON GENOTOXICITY ASSESSMENT OF HERBAL SUBSTANCES 
In 2008, the EMA released a guideline on The Assessment of Genotoxicity of Herbal 
Substances/Preparations.21 This guideline describes a general framework, practical 
approaches, and results interpretation for testing the potential genotoxicity of herbal 
substances and preparations. The guideline includes experiences in the hazard and risk 
assessment of some specific preparations, such as genotoxicity risks associated with 
furocoumarins in Angelica archangelica containing preparations or herbal preparations 
containing asarone, methyleugenol, and safrole. 

The guide recognizes that a single test, i.e. the Ames test, in the first step cannot  
cover all genotoxic endpoints and thus significant genotoxic potential, e.g., in relation  
to chromosomal damage, remains untested. However, in vitro bacterial reverse mutation 
test systems are likely to cover the majority of critical endpoints, i.e. DNA-reactive 
herbal substances. The stepwise approach as described in the guidance represents  
a pragmatic way of addressing both scientific aspects of genotoxicity testing and  
the special needs of herbal medicinal products (HMPs) within the current regulatory 
framework applicable for these products.

In December 2008, the US FDA published a draft guidance for industry entitled:  
Genotoxic and Carcinogenic Impurities in Drug Substances and Products - Recommended 
Approaches.22 Since then, the guidance has not been published as final and may be 
replaced by the upcoming ICH M7 guideline. The FDA guidance provides specific 
recommendations regarding the safety qualification of impurities with known or 
suspected genotoxic or carcinogenic potential. The guidance describes a variety 
of ways to characterize and reduce the potential cancer risk with patient exposure 
to genotoxins and carcinogenic impurities. The approaches are similar to the EMA 
guideline and include three steps as shown in Table 3.

FDA Draft Guidance

Table 3. FDA guidance steps for characterization and risk minimization.
Step Action

1 Change the synthesis and/or purification routes to minimize the formation and/or maximize 
the removal of the relevant impurity.

2 Allow a maximum daily exposure target of 1.5 µg per day of the relevant impurity as a  
general target.

3 Further characterize the genotoxic and carcinogenic risk to better support appropriate  
impurity specifications, either for higher or lower values.



17

The ICH is currently developing a guideline M7: Assessment and Control of DNA Reactive  
(Mutagenic) Impurities. Preliminary information and a schedule for implementation can  
be found in a business plan and in a concept paper.18 As an ICH guideline, it will cover 
a wider geographic scope than the currently available EMA and FDA guidelines. In 
addition, it is expected to resolve inconsistencies between FDA and EMA guidelines, 
and should clarify other questions currently discussed in the industry, such as how to 
deal with multiple structurally-related genotoxic impurities with similar mechanisms  
of action and whether these should these be summed in calculating a TTC. 

The first ICH Expert Working Group (EWG) meeting took place in November 2010 
in Fukuoka, Japan. According to a report from Snodi and Elder,5 on the ICH Step 1 
Working Draft from November 2010, the general principles are similar to the existing 
EMA guidance, particularly in relation to structural alerts, Ames testing, applications of 
the TTC concept, and risk assessment.

The global guideline for genotoxicity testing for pharmaceutical products is the ICH 
Guideline S2 (R1)1 which bears the title Genotoxicity Testing and Data Interpretation for 
Pharmaceuticals Intended for Human Use. It combines the two guidances previously  
published as S2A: Specific Aspects for Regulatory Genotoxicity Tests for Pharmaceuticals  
and S2B: Genotoxicity: A Standard Battery for Genotoxicity Testing of Pharmaceuticals. 
The focus of the guidance is solely for testing new small molecule drug substances;  
it does not apply to biologics.

The guidance is divided into five parts: 

•	  Part I details the scope of the guideline, and includes a definition and general 
principles of genotoxicity testing. Genotoxicity tests are defined as in vitro 
and in vivo tests designed to detect compounds that induce genetic damage 
by various mechanisms. These tests enable hazard identification with respect 
to damage to DNA and its fixation. Fixation of damage to DNA in the form 
of gene mutations, larger scale chromosomal damage, or recombination is 
generally considered to be essential for heritable effects and in the multistep 
process of malignancy, a complex process in which genetic changes might 
possibly play only a part.

Outlook to ICH M7

Genotoxicity Testing  
Following ICH S2 (R1)

The FDA guidance uses the same or similar approaches as the EMA guideline; 
however, there are also key differences. Table 4 shows a comparison of some key 
similarities and differences. 

Table 4. Comparison between FDA and EMA guidance.
Similarities Differences

Recommends the same approach for identification 
and qualification of potential genotoxic impurities. 
Recommends the same approach for handling 
genotoxic and carcinogenic impurities.

FDA guidance includes carcinogenic impurities. 

Sets a TTC of 1.5 μg/day. The guidance allows a TTC level of 120 μg for less 
than 14 days, rather than just for a single dose. 

Higher TTC for short term exposure during 
clinical trials. 

The FDA guidance does not allow a higher  
TTC based on short term exposure for  
marketed products. 
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Reliable and accurate data measured in pharmaceutical laboratories are important  
to ensure that only safe and efficient drugs are authorized for marketing, and released 
for product shipment. Therefore, pharmaceutical development and QC laboratories 
have to follow FDA and equivalent international regulations to demonstrate data 
quality. This section gives an overview of compliance requirements for pharmaceutical 
laboratories. More details can be found in reference 12. The requirements listed in this 
chapter apply, in principle, to all phases of development and manufacturing, although 
a gradual increase in requirements is implemented for phases from preclinical studies 
to finished drug QC laboratories. For example, in clinical Phase I it may be sufficient to 
create a document that describes why an analytical method is suitable for its intended 
use; whereas in Phase III the statements must always be supported by experiments.  
All requirements listed in this chapter should be fulfilled in GMP environments, although 
this may not always be necessary for earlier phases.

The requirements for laboratories can be divided into two categories: 

•	  General quality system requirements 
Apply to all regulated activities within a company, for example, control of 
documents, internal audits, and qualification of personnel. They are typically 
called quality system requirements.

•	  Laboratory-specific requirements 
Apply to specific situations in a laboratory; for example, validation of analytical 
methods, sampling, and review and approval of test reports. 

 
COMPLIANCE OVERVIEW
The overall impact of regulations on a pharmaceutical laboratory can be best 
illustrated by looking at the whole sample/data workflow as shown in Figure 1. The 
upper segment shows general quality assurance requirements that are applicable to 
regulated laboratories. The lower part of the figure shows a typical laboratory workflow 
of samples and test data, together with key requirements. The middle section shows 
requirements that are applicable to the entire sample or data workflow. 

Compliance Requirements  
for Laboratories

•	  Part II describes the standard battery of tests for drug substances and includes 
tests for gene mutations in bacteria, as well as in vivo and in vitro tests.

•	  Parts III to V have specific recommendations for in vitro tests, in vivo tests,  
and for the evaluation of test results. These parts also describe follow-up  
test strategies.



19

CONSIDERATIONS FOR GENOTOXIC IMPURITY ANALYSIS

•	 Due to the characteristics of genotoxic impurity analysis and specific 
requirements of related impurity guidelines, laboratories should pay particular 
attention to sample handling and preparation because genotoxic substances 
are by nature reactive compounds. 

•	 The global standard for validation of analytical methods and procedures is 
ICH Q2 (R1).11 It has recommendations for test parameters and acceptance 
criteria. When validating methods used for the analysis of genotoxic impurities, 
special attention should be paid to specific requirements and circumstances. For 
example, acceptance criteria should be adapted to requirements as defined in  
EMA and FDA guidelines, which are lower than for currently available ICH impurity 
guidelines. We also recommend paying special attention to selectivity tests. 
Tiny amounts of impurities may be overshadowed by large amounts of an API. 

Figure 1. Requirements for pharmaceutical laboratories.

Compliance across the pharmaceutical laboratory
Non-conflicting organizational structure, document control, complaint handling, 
corrective & preventive actions, supplier & subcontractor management, internal audits, 
and qualification of personnel.

Validation of analytical 
methods & procedures

Equipment calibration 
testing & maintenance

Controlled environmental 
conditions

Sampling plan 
& sampling 
documentation

Sample 
identification 
& protection of 
sample integrity

Monitoring the 
quality of test 
results, handling 
OOS

Test conditions, 
test results, 
review & 
approvals

Ensure record 
integrity & 
security

Compliance across all workflow steps

Sampling Testing Test
reports

Record 
management

Sample 
handling

Compliance across the sample and data workflow
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RECOMMENDATIONS FOR IMPLEMENTATION3

Figure 2. Decision tree for the assessment of acceptability of genotoxic impurities (adapted from references 19 and 22).

In this chapter we provide recommendations for implementing the requirements of the 
EMA, FDA, and PhRMA task force described in the previous chapter. The task for this 
exercise is to control genotoxic impurities in drug substances and drugs in support of 
marketing applications. 

We have identified four major stages, labeled below from A to D, each of which is 
composed of several key steps.

A. IDENTIFy AND FOLLOW UP ON GENOTOxIC IMPURITIES WITH SUFFICIENT   
 EVIDENCE FOR THRESHOLD-RELATED MECHANISM OF GENOTOxICITy

In order to do this, it is first necessary to review the synthesis route and identify PGIs 
using genotoxicity data or the presence of structural alerts. The TTC is used as the 
final decision point for risk assessment. Figure 2 shows the recommended steps for 
assessing and handling potential genotoxic impurities.

1 Potential sources of impurities includes:  
raw materials, reagents, process impurities,  
API degradants, and intermediates.

Are there  
any compounds1  

of potential concern?
Review synthetic route, and identify PGIs  

using structural alerts and genotoxic  
data from experiments  

and literature.

Can the PGI be  
avoided by changing the synthetic  

route or materials?

Is the intake  
level of PGI below TTC  

of 1.5 μg/day?

No

No

No

Yes

Yes

Reduce the level of PGIs 
to as low as reasonably 

practicable by purification.

Use alternate synthetic route.

Treat them as normal 
impurities: calculate PDE 
and reduce to safe levels.

Yes

Consider risk negligible.

Perform risk/benefit 
analysis to justify 

restricting or rejecting 
for proposed use.
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B. DETERMINE ALLOWED DAILy INTAKE FOR SHORT TERM CONSUMPTION  
 DURING CLINICAL TRIALS

Both the FDA and EMA allow flexibility in the described TTC during investigational 
stages since clinical trials vary widely in duration from short term using a single dose  
to years of multiple doses, and the qualification threshold for a marketing application 
is based on lifetime risk estimates. The recommended steps to determine the 
acceptable daily intakes are listed below:

1.  Study the related tables in the EMA20 and FDA22 guidelines.

2. Develop a list of impurity thresholds for different durations of exposure such  
as that shown in Table 5.

Note: For EMA, the allowed intake of 120 μg/day applies only to a single dose.

Table 5. Impurity thresholds vs. duration of exposure.

Duration of exposure <14 
days

14 days to 
1 month

1 to 3 
months

3 to 6 
months

6 to 12 
months

>12 
months

Impurity Threshold 120
μg/day

60  
μg/day

20  
μg/day

10  
μg/day

5  
μg/day

1.5  
μg/day

C. DEVELOP A PROCEDURE FOR USING HIGHER AND LOWER THRESHOLDS  
 THAN OFFICIALLy RECOMMENDED 

Both the EMA and FDA allow the use of a flexible approach for the TTC in certain  
circumstances. For some cases, the acceptance criteria are higher than the  
recommended thresholds that can be supported in the presence of a pharmacological  
benefit to patients. For other cases, such as in the presence of highly potent 
carcinogens, lower threshold should be used. Recommended steps for using the 
flexible approach are listed below:

1.  Develop a specific procedure for the application of the flexible approach. 

2. Define clear criteria with examples for when the flexible approach can be used.

3. Justify any higher than the recommend thresholds with a risk assessment.
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D. (OPTIONAL) CLASSIFy IMPURITIES IDENTIFIED IN STAGE A AND ESTABLISH A 
 QUALIFICATION STRATEGy FOR EACH CLASS 

This procedure has been recommended by the PhRMA task force.3 Impurities are 
categorized into one of five classes using data from literature or from genotoxicity 
testing and comparative structural analysis to identify chemical functional moieties 
correlated with mutagenicity. Recommended steps are:

1.  Allocate the genotoxic impurities into one of the five classes described in  
Table 6. 

2. Justify the classification, e.g., describe outcome of a literature evaluation,   
genotoxicity tests, and possible structural alerts.

3. Establish a qualification strategy for the impurities based upon the 
classification according to the Table 6. 

4. Document experimental details, as well as the outcome and conclusions  
of the qualification. 

Table 6. Impurity classes.
Class Characteristics Qualification strategy

1
Impurities known to be toxic (mutagenic)  
and carcinogenic.

Eliminate the impurity. If not possible,  
set specification using ADI values based  
on staged TTC concept.

2

Impurities known to be toxic (mutagenic) 
and carcinogenic, but with unknown 
carcinogenic potential.

Implement PDE approach, if threshold 
mechanism established. If threshold 
mechanism not established, define 
allowable daily intake based on TTC.

3
Alerting structure, unrelated to the 
structure of the API and of unknown 
genotoxic (mutagenic) potential.

Derive potential allowable daily intake 
values based on TTC. Test impurity for direct 
DNA reactivity and place in class 2 or 5.

4 Alerting structure related to the parent API. Test genotoxicity of API, If negative, treat 
as ordinary impurity.

5 No alerting structure or sufficient evidence 
for absence of genotoxicity.

Establish specification using guidelines  
for ordinary impurities.
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Figure 3. Lower detection levels of genotoxic impurities require more sophisticated analytical techniques 
for quantification.29

ANALYSIS OF GENOTOXIC IMPURITIES 

Analysis of genotoxic impurities can be very challenging because they must be controlled 
at levels significantly lower than 0.01–0.03 %. Ideally, the analytical procedure should 
allow detection limits in the range of 1 to 5 ppm (0.0001–0.0005 % w/w). Such low 
levels require not only more sensitive analytical instruments, but also place higher 
demands on selectivity because a higher number of other organic impurities may 
be present at lower concentration ranges, e.g., from excipients. The relatively large 
amount of API may also interfere with low-level impurities. 

Furthermore, it is difficult to analyze all genotoxic impurities with a single analytical 
procedure because they contain varied functional groups and come from different 
sources. In addition, the reactive nature of genotoxic impurities makes sampling difficult 
and requires that special precautions should be taken to ensure the integrity of the 
analytes. The impurity under investigation can easily react during extraction, or during 
sample preparation and analysis, resulting in artificially low, inaccurate, and variable 
results. Also, some of the genotoxic impurities are low molecular weight compounds 
that are quite volatile and therefore they might disappear during the sample 
preparation step and sampling process. 

Careful investigation with regard to the right analytical technique and procedure 
should be made early in the development lifecycle of a drug. Depending on the nature 
and quantity of the genotoxic impurity being investigated, an appropriate analytical 
technique (or a combination of analytical techniques) needs to be selected (Figure 3). 
Evaluating methods early in development should help to make toxicology and clinical 
studies efficient, and should help develop experience on the method’s performance, 
robustness, and reasonable acceptance criteria which are all important as documented 
method validation evidence during new drug registration and manufacturing control. 

Analytical Challenges

4

NMR

HPLC-UV

GC-FID

LC-MS

GC-MS

ICP-MS

Hyphenated technique for better separation

ICH Identification 
Limit

Genotoxic Impurities
Typical Limits

0.1 %
1000 ppm

0.01 %
100 ppm

0.001 %
10 ppm

0.0001 %
1 ppm
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High Performance Liquid 
Chromatography (HPLC)

HPLC is mostly commonly used analytical technique for non-volatile genotoxic impurities 
due to its ease of use and cost-effective instrumentation, and because analysts are 
typically familiarity with the instruments and methodology. Ultra performance HPLC, 
with smaller particle size columns, can significantly reduce analysis time.

Historically, HPLC (with UV/Vis detectors) and GC (with FID detectors) are the most 
frequently used techniques for analyzing genotoxic impurities.  More recently, mass 
spectrometers are being increasingly used as detectors in order to achieve higher 
sensitivity and selectivity. 

The remainder of this chapter provides an overview of different techniques for the 
analysis of genotoxic impurities.  References to publications with examples of  
relevant experiments and data have been provided for each type of analytical technique.  
In addition, references 5 through 9 can be used for a comprehensive review. Reference 
25 includes a flow chart that is useful for selecting the right chromatographic method 
based on the characteristics of the analytes being evaluated.

Agilent 1200 Infinity Series LC Systems 
deliver the speed, resolution, flexibility, 
and sensitivity necessary for the 
comprehensive analysis of potential 
genotoxic impurities (PGI). The wide 
power range of the 1200 Infinity Series 
accommodates any particle type, column 
dimension, or mobile/stationary phase, 
while innovative components offer the 
next level of performance for UHPLC, 
RRLC, and HPLC applications.9 

The ultra-sensitive detection of PGI can 
be optimized using the revolutionary 
Agilent Max-Light cartridge cell, with a 
60 mm optical path length for even lower 
detection limits and higher sensitivity.40 

The 1200 Infinity Series High Dynamic 
Range DAD Solution offers a 30x wider, 
linear UV-range to expand detection 
capabilities and quantify all sample 
components in a single run–making it 
ideal for the measurement of low-level 
genotoxic impurities present in active 
pharmaceutical ingredients.33 

Multi-method and method development 
solutions help by reducing repetitive 
tasks. The Agilent automated column 
and mobile phase screening system, and 
the Method Scouting Wizard software, 
allow you to select up to 8 columns and 

26 different solvents using one-click 
operation for more than 1000 different 
test conditions for binary, ternary, or 
quaternary gradients.34,35

The 1290 Infinity 2D-LC Solution is the 
perfect tool for your most complex PGI 
separations. Powerful new features 
like peak-triggered operation, shifted 
gradients, and innovative valve 
technology deliver significantly better 
separation compared to standard one-
dimensional LC.30, 32

Agilent’s broad family of LC columns 
delivers the best choice for your 
analytical separations, while facilitating 
your implementation of pharmacopoeia 
methods and for ongoing method 
development. you can achieve maximum 
scalability across laboratory development 
settings, and benefit from worldwide 
service and support. 

Agilent 1200 Infinity Series LC systems.
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Liquid Chromatography-Mass 
Spectrometry (LC-MS)

A real breakthrough in genotoxic impurity analysis has been the application of various 
mass spectrometry (MS) detectors. The detection limit of a few hundred ppm is readily 
achievable and MS-based methods generally provide additional robustness and 
ruggedness compared to techniques such as UV alone, due to their high specificity  
and sensitivity.

Single quadrupole mass spectrometers work well as analytical tools for the confirmation 
of known impurities and the preliminary structural assessment of unknown impurities. 
Highly sensitive Q-TOF mass spectrometers provide higher resolution and mass 
accuracy that enables the unambiguous identification of unknown trace impurities, 
making them very useful for genotoxic impurity analysis.9,36 Triple-quadrupole (QQQ) 
LC/MS/MS systems have become a standard platform for the quantitative analysis 
of organic impurities in pharmaceutical analytical laboratories. Combining multiple 
reaction monitoring (MRM) with a QQQ mass spectrometer enables extraordinary 
sensitivity for multi-analyte quantitative assays.9,26, 29 

ZORBAx Rapid Resolution High 
Definition (RRHD) columns, stable to 
1200 bar, are available in 14 phases for 
maximum flexibility in UHPLC method 
development. The Poroshell 120 family, 
2.7 µm, now with nine phases, provides 
high-efficiency, fast LC performance at 
pressure ranges that can even work with 
conventional 400 bar instruments. Agilent ZORBAX and Poroshell columns.

Agilent 6100 Series LC/MS Systems 
delivers faster acquisition speeds 
that let you take full advantage of 
UHPLC separations. Valuable structural 
information is provided by variable 
energy, in-source fragmentation. Intuitive 
Agilent ChemStation software lets you 
set up and control both LC and MS from 
a single screen, and integration with 
MassHunter software adds analytical 
power. Even at scan speeds up to 

10,000 u/sec you get excellent spectral 
quality and accurate isotope ratios for 
confident identification and confirmation. 
Agilent Jet Stream technology is now 
available on 6130B and 6150B models 
for enhanced sensitivity.

With the Agilent 6500 Series Accurate- 
Mass Q-TOF, you can achieve femtogram- 
level sensitivity using Agilent iFunnel 
technology which increases ion transfer 
rates to achieve the lowest detection 
levels of any high-resolution LC/MS 
instrument. The Agilent 6500 Q-TOF 
maintains resolution and mass accuracy 
using ion beam compression and 
shaping (IBCS) technology that provides 
the greatest sensitivity while maintaining 
40k mass resolution and sub ppm 
mass accuracy from m/z 20-10,000. In 
addition, the in-spectrum dynamic range 

Agilent 6100 Series Single Quadrupole 
Mass Spectrometer
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Gas Chromatography (GC)  
and GC-MS

Static headspace gas chromatography and GC-MS are generally considered to be the 
preferred techniques for the analysis of a number of genotoxic impurities, such as halides,  
sulfonates, and epoxides. The GC headspace method is used worldwide for residual solvent  
analysis in quality control laboratories because it closely follows ICH Q3C guidelines.9,37

of up to 5 orders of magnitude reveals 
trace-level targets (such as genotoxic 
impurities), even in the presence of 
much more abundant compounds (such 
as API). The advanced MassHunter data 
analysis software features molecular 
feature extraction (MFE) and molecular 
formula generation (MFG), along with 
molecular structure correlator (MSC) 
software, help address your challenges 
in genotoxic impurity analysis.36

Agilent 6400 Series Triple Quadrupole 
Mass Spectrometers all offer robust 
solutions for busy laboratories, with 
a fifty-fold increase in sensitivity from 
the 6420 to the top-of-the-line 6490 
so you can match the system to your 

Agilent 6500 Series Accurate-Mass  
Triple Quadrupole Time-of-Flight (Q-TOF)  
Mass Spectrometer

requirements. The 6400 Series helps 
streamline method development using  
dynamic multiple reaction monitoring 
(dMRM), simplifies method development,  
and ensures consistent ion statistics 
with constant cycle times, resulting in 
reproducible peak area measurements.

you can speed up analysis times with  
triggered MRM. It combines MRM 
quantitative analysis with the generation  
of a product ion spectrum for library 
searching and compound confirmation.

Powerful MassHunter Workstation 
software dramatically enhances 
productivity, from method optimization 
and data acquisition to data processing  
and reporting. 

Agilent 6400 Series Triple Quadrupole Mass 
Spectrometer

Agilent offers a complete selection of 
gas chromatography accessories that 
allow you configure a system that meets 
the exact needs of your lab:

The Agilent 7697A Headspace Sampler 
has a 111-vial capacity and three 36-vial 
racks that can be exchanged while the 
instrument is operating, making the 

7697A is the ideal choice for high-
throughput laboratories.

The Agilent 7890 GC system features 
breakthrough Capillary Flow Technology 
which enables reliable, leak-free, in-oven 
connections, provides a versatile means 
of analyzing complex matrices, and 
enhances productivity and data integrity.
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The Agilent 5977A Series GC/MSD 
System offers all ionization modes 
(PCI, NCI, and EI) in one automated 
sequence using the standard Cl source, 
with an AutoCI feature that makes CI  
as easy as EI.

MSD Productivity ChemStation for 
most laboratories and MSD Security 
ChemStation for laboratories adhering 
to the FDA’s 21 CFR Part 11 guidelines.

Agilent 7890B/5977A GC/MSD with 7697A 
Headspace Sampler

Agilent J&W DB-Select columns

Agilent J&W DB-Select 624UI 
<467> Ultra Inert GC columns are 
designed specifically for United States 
Pharmacopeia Method <467>. 
Equivalent to USP stationary phase G43, 
this phase is engineered to provide the 
best sensitivity and resolution of the 
critical pairs specified in USP Method 
<467> analysis of residual solvents in 
active pharmaceutical ingredients.41

ICP-OES and ICP-MS are powerful multi-element techniques for analysis of metal 
impurities that can cause DNA mutations.9, 38, 39 The new draft elemental impurities 
procedure (USP<233>) requires that an instrument-based method is used to determine 
elemental impurities, and that the reference methods are based on either ICP-MS or 
ICP-OES. With both methods, sample analysis can be accomplished in three ways: 
directly (unsolvated), following sample preparation by solubilization in an aqueous  
or organic solvent, or after acid digestion using a closed-vessel microwave system.

Inductively-Coupled Plasma 
Optical Emission Spectroscopy 
(ICP-OES) and Inductively-
Coupled Plasma Mass 
Spectrometry (ICP-MS)

Agilent 700 Series ICP-OES

The Agilent 700 Series ICP-OES System 
addresses the needs of a wide range  
of users, including those seeking a  
cost-effective solution for the direct 
analysis of elemental impurities in bulk 

raw materials and pharmaceutical 
products. The 700 Series provides parts 
per billion (ppb) detection limits for most 
regulated elements in pharmaceutical 
products, easily meeting the specified 
limits in cases where direct sample 
analysis or small dilution factors are 
appropriate. It also provides extended 
dynamic range, robust plasma, and  
one-step measurement of major, minor, 
and trace elements.
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Agilent 7700 Series ICP-MS

NMR has wide applicability because it provides specific information about bonding 
and stereochemistry within a molecule, which is particularly important in the structural 
characterization of genotoxic impurities and degradants often present only in extremely 
limited quantities. The non-destructive, non-invasive nature of NMR spectroscopy 
makes it a valuable tool for the characterization of impurities and degradants present 
at very low levels. NMR can also provide quantitative output, an important aspect of 
impurity profiling.

Nuclear Magnetic Resonance 
(NMR) Spectroscopy

The Agilent 400-MR System uses clean, 
DirectDrive 2 RF architecture to deliver 
precisely-timed RF and gradient events, 
as well as total pulse programming 
control that enables quantitation of 
minor impurity peaks. The DirectDigital 
receiver prevents quadrature artifacts 
and delivers outstanding baselines, 
dynamic range, and sensitivity. Agilent 
NMR systems are powered by the 
easy-to-use VnmrJ 4 software, with 
integrated experimental design, data 
acquisition, and analysis and reporting 
for rapid execution and efficiently 
organized results.

Agilent 400-MR DD2 Magnetic Resonance 
System

The Agilent 7700 Series ICP-MS features 
low detection limits which ensure that all 
regulated elements in drug substances or 
drug products can easily be determined 
using the new method, at or below 
regulated levels, and even when large 

sample dilutions are required. It can  
also be used in combination with a 
variety of separation techniques, such 
as HPLC, GC, and CE, providing several 
options for separation (or speciation) 
of the different chemical forms of the 
elements. Depending upon the nature  
of the sample, low detection limits for 
almost all elements can be achieved, 
including those found in the more 
extensive analyte list proposed in the  
ICH Q3D, such as Au and Tl.
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