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Classification of Impurities
• Impurities can be classified into the following categories:
• Organic impurities; ref. ICHQ3A (active substance) and ICHQ3B
(drug product)
• Inorganic impurities; ref. ICHQ3D (Elemental Impurities)
• Residual solvents; ref. ICHQ3C
• Organic impurities can arise during the manufacturing process
and/or storage of the new drug substance/drug product.
• Inorganic impurities can result from the manufacturing process.
They are normally known and identified and include:
• Reagents, ligands and catalysts
• Heavy metals or other residual metals
• Inorganic salts.

Impurities in the Drug Substance (ICHQ3A)
• The new drug substance specification should include, where
applicable, the following list of impurities:
• Organic Impurities
• Each specified identified impurity
• Each specified unidentified impurity
• Any unspecified impurity with an acceptance criterion of not
more than (≤) the identification threshold
• Total impurities
• Residual Solvents
• Inorganic Impurities

ICHQ3A Thresholds

The impurities reported in the EU PH Monographs are always
qualified.

Impurities in the Drug substances

Impurities in the Drug Products (ICHQ3B)
Generally, impurities present in the new drug substance need
not be monitored or specified in the new drug product unless
they are also degradation products.
The new drug product specification should include, where
applicable, the following list of degradation products:
• Each specified identified degradation product
• Each specified unidentified degradation product
• Any unspecified degradation product with an acceptance
criterion of not more than (≤) the identification threshold
• Total degradation products.

ICHQ3B thresholds

Degradation products that are also significant metabolites
present in animal and/or human studies are generally
considered qualified.

Impurities in the Drug Products (ICHQ3B)

Mutagenic Impurities
Assessment and Control of DNA reactive (Mutagenic) impurities in
Pharmaceuticals to limit potential Carcinigenic risk (M7)
The focus of this guideline is on DNA reactive substances that
have a potential to directly cause DNA damage when present at
low levels leading to mutations and therefore, potentially causing
cancer.
A Threshold of Toxicological Concern (TTC) concept was developed
to define an acceptable intake for any unstudied chemical that
poses a negligible risk of carcinogenicity or other toxic effects. For
application of a TTC in the assessment of acceptable limits of
mutagenic impurities in drug substances and drug products, a
value of 1.5 μg/day corresponding to a theoretical 10-5 excess
lifetime risk of cancer, can be justified.

Mutagenic Impurities classification

Mutagenic Impurities

Acceptable intakes (1):
TTC-basec Acceptable Intakes (Classi 2 e 3): A TTC-based
acceptable intake of a mutagenic impurity of 1.5 μg per person per
day is considered to be associated with a negligible risk and can in
general be used for most pharmaceuticals as a default to derive an
acceptable limit for control. This approach would usually be used
for mutagenic impurities present in pharmaceuticals for long-term
treatment (> 10 years) and where no carcinogenicity data are
available.

Mutagenic Impurities
Acceptable intakes (2):
Acceptable Intakes Based on Compound-Specific Risk
Assessments:

Mutagenic Impurities with Positive Carcinogenicity Data (Class 1):

Compound-specific risk assessments to derive acceptable intakes
should be applied instead of the TTC-based acceptable intakes
where sufficient carcinogenicity data exist.
Mutagenic Impurities with Evidence for a Practical Threshold : The
regulatory approach to such compounds can be based on the
identification of a No-Observed Effect Level (NOEL) and use of
uncertainty factors (ICH Q3C(R5), Ref. 7) to calculate a Permissible
Daily Exposure (PDE) when data are available.

Mutagenic Impurities
Acceptable intakes (3):
Acceptable Intakes in Relation to LTL (Less-Than-Lifetime) Exposure:
The TTC-based acceptable intake of 1.5 μg/day is considered to be
protective for a lifetime of daily exposure. To address LTL exposures
to mutagenic impurities in pharmaceuticals, an approach is applied
in which the acceptable cumulative lifetime dose (1.5 μg/day x
25,550 days = 38.3 mg) is uniformly distributed over the total
number of exposure days during LTL exposure. This would allow
higher daily intake of mutagenic impurities than would be the case
for lifetime exposure and still maintain comparable risk levels for
daily and non-daily treatment regimens.

Mutagenic Impurities
Acceptable intakes (4):
Acceptable Intakes for Multiple Mutagenic Impurities
The TTC-based acceptable intakes should be applied to each
individual impurity. When there are two Class 2 or Class 3
impurities, individual limits apply. When there are three or more
Class 2 or Class 3 impurities specified on the drug substance
specification, total mutagenic impurities should be limited as
described in Table 3 for clinical development and marketed products.
For combination products each active ingredient should be regulated
separately.

Mutagenic Impurities
Control of Process Related Impurities (1)
Option 1
Include a test for the impurity in the drug substance specification
with an acceptance criterion at or below the acceptable limit using
an appropriate analytical procedure.
For an Option 1 control approach, it is possible to apply periodic
verification testing. Periodic verification testing is justified when it
can be shown that levels of the mutagenic impurity in the drug
substance are less than 30% of the acceptable limit for at least 6
consecutive pilot scale or 3 consecutive production scale batches. If
this condition is not fulfilled, a routine test in the drug substance
specification is recommended.

Mutagenic Impurities
Control of Process Related Impurities (2)
Option 2
Include a test for the impurity in the specification for a raw material,
starting material or intermediate, or as an in-process control, with
an acceptance criterion at or below the acceptable limit using an
appropriate analytical procedure.

Mutagenic Impurities
Control of Process Related Impurities (3)
Option 3
Include a test for the impurity in the specification for a raw material,
starting material or intermediate, or as an in-process control, with
an acceptance criterion above the acceptable limit of the impurity in
the drug substance, using an appropriate analytical procedure
coupled with demonstrated understanding of fate and purge and
associated process controls that assure the level in the drug
substance is below the acceptable limit without the need for any
additional testing later in the process. This option can be justified
when the level of the impurity in the drug substance will be less
than 30% of the acceptable limit by review of data from laboratory
scale experiments (spiking experiments are encouraged) and where
necessary supported by data from pilot scale or commercial scale
batches.

Mutagenic Impurities
Control of Process Related Impurities (4)
Option 4
Understand process parameters and impact on residual impurity
levels (including fate and purge knowledge) with sufficient
confidence that the level of the impurity in the drug substance will
be below the acceptable limit such that no analytical testing is
recommended for this impurity. (i.e., the impurity does not need to
be listed on any specification).

Residual solvents
Reference: GUIDELINE FOR RESIDUAL SOLVENTS (ICHQ3C)
Residual solvents in pharmaceuticals are defined here as organic
volatile chemicals that are used or produced in the manufacture of
drug substances or excipients, or in the preparation of drug
products.
Since there is no therapeutic benefit from residual solvents, all
residual solvents should be removed to the extent possible to meet
product specifications, good manufacturing practices, or other
quality-based requirements.

Residual solvents
Residual solvents assessed in this guideline were evaluated for their
possible risk to human health and placed into one of three classes
as follows:
- Class 1 solvents: Solvents to be avoided
Known human carcinogens, strongly suspected human carcinogens,
and environmental hazards.
- Class 2 solvents: Solvents to be limited
Non-genotoxic animal carcinogens or possible causative agents of
other irreversible toxicity such as neurotoxicity or teratogenicity.
Solvents suspected of other significant but reversible toxicities.
- Class 3 solvents: Solvents with low toxic potential
Solvents with low toxic potential to man; no health-based exposure
limit is needed. Class 3 solvents have PDEs of 50 mg or more per
day.

Residual solvents

PDE= Permitted Daily Exposue
NOEL= No-observed-effect level

Residual solvents

Acetone, Toluene, Methanol, Ethanol, Isopropanol,
Xilene, Hexane and Petroleum Ether could be
contaminated by Benzene.
Dichloromethane could be contaminated by Carbon
tetrachloride.

Residual solvents
Annex I: specifications for class 1 and class 2 residual
solvents in active substances:
A. Class 1 solvents used as starting materials
Certain class 1 solvents can be used as starting materials.
Indeed, the use of benzene as a starting material is
unavoidable when benzene is a structural part of the active
substance.
Benzene, as a starting material, is commonly used in the
very early steps of syntheses, well before the key starting
material obtained.
When class 1 solvents are used as starting materials they
should be routinely controlled, either in a suitable
intermediate or in the final active substance.

Residual solvents
B. Class 1 solvents present as an impurity (1)
Where a class 1 solvent might be present in another
solvent, a routine test for this class 1 solvent, on a suitable
intermediate or on the final active substance, is not required
when:
• The limit applied to the originator solvent is such that the
class 1 solvent will be present in the active substance at
levels below the limits set out in the guideline, taking into
account the maximum likely level of contamination of the
class 1 solvent. The volatility of both solvents in the drying
processes must be taken into account when applying this
argument;

Residual solvents
B. Class 1 solvents present as an impurity (2)
Where a class 1 solvent might be present in another
solvent, a routine test for this class 1 solvent, on a suitable
intermediate or on the final active substance, is not required
when:
• It is demonstrated with a validated method that the class
1 solvent is not more than 30 % of the specified limit, in a
suitable intermediate or in the final active substance.
Supporting data should be presented on 6 consecutive pilot
scale batches or 3 consecutive industrial scale batches;
• The specification for the originator solvent used includes a
routinely performed test and limit for the class 1 solvent.

Residual solvents
Specifications for class 2 solvents
When class 2 solvents are used as starting materials or solvents,
they should be normally routinely controlled either in a suitable
intermediate or in the final active substance depending on the
step(s) of the syntheses in which they are used.
The limit set for class 2 solvents in the final active substance
should comply with the requirements of the relevant
aforementioned ICH/VICH guideline on impurities: residual
solvents.
A. Class 2 solvents used in the last step of the synthesis
In all cases where a class 2 solvent is used in the last step of a
synthesis it should be routinely controlled in the final active
substance.

Residual solvents
B. Class 2 solvents used prior to the last step of the synthesis
Class 2 solvents used prior to the last step in the synthesis have
not to be included in the drug substance specification if it has
been demonstrated, on a suitable intermediate or on the final
active substance, that the content of class 2 solvents is not more
than 10 % of the acceptable concentration limit.
To support the absence of a routine test for class 2 solvents in
the final active substance or in the suitable intermediate, results
of the content of class 2 solvents should be presented from 6
consecutive pilot scale batches or 3 consecutive industrial scale
batches of the suitable intermediate or the final active substance.

GUIDELINE FOR ELEMENTAL IMPURITIES
(ICHQ3D)
EU Ph. Monographs:
5.20. Elemental impurities
2.4.20. Determination of elemental impurities

Date for coming into effect
-

For new marketing authorisation applications:
June 2016
-For authorised medicinal products:
December 2017

ICHQ3D
•

Focused on contamination in the whole drug product

•

PDE for 24 elements (PDE for oral, parenteral and
inhalation routes of administration)

•

The elements included in this guideline have been placed
into three classes based on their toxicity (PDE) and
likelihood of occurrence in the drug product.

•

Risk Assessment

Safety assessment of potential elemental
impurities
The PDE (permitted daily exposure) for oral, parenteral and
inhalation routes of administration has been used:

Weight= 50 kg

Safety assessment of potential elemental
impurities
Levels of elemental impurities higher than an established
PDE (see Table A.2.1) may be acceptable in certain
cases. These cases could include, but are not limited to,
the following situations:
Intermittent dosing;
Short term dosing (i.e., 30 days or less);
Specific indications (e.g., life-threatening, unmet
medical needs, rare diseases).

Element classification
The elements included in this guideline have been
placed into three classes based on their toxicity (PDE)
and likelihood of occurrence in the drug product. The
likelihood of occurrence is derived from several
factors including:
probability of use in pharmaceutical processes,
probability of being a co-isolated impurity with other
elemental
impurities
in
materials
used
in
pharmaceutical processes,
and the observed natural abundance and environmental
distribution of the element.

Element classification
Class 1:
The elements, As, Cd, Hg, and Pb, are human
toxicants that have limited or no use in the manufacture
of pharmaceuticals. Their presence in drug products
typically comes from commonly used materials (e.g.,
mined excipients*). Because of their unique nature,
these four elements require evaluation during the risk
assessment, across all potential sources of elemental
impurities and routes of administration.
* Mined Excipients: e.g. Sodium chloride, Titanium
dioxide, Calcium carbonate, Talc.

Element classification
Class 2:
Elements in this class are generally considered as
route-dependent human toxicants. Class 2 elements are
further divided in sub-classes 2A and 2B based on their
relative likelihood of occurrence in the drug product.
Class 2A:
Class 2A elements have relatively high probability of
occurrence in the drug product and thus require risk
assessment across all potential sources of elemental
impurities and routes of administration. The class 2A
elements are: Co, Ni and V.

Element classification
Class 2B:
Class 2B elements have a reduced probability of
occurrence in the drug product related to their low
abundance and low potential to be co-isolated with
other materials. As a result, they may be excluded from
the risk assessment unless they are intentionally added
during the manufacture of drug substances, excipients
or other components of the drug product. The elemental
impurities in class 2B include: Ag, Au, Ir, Os, Pd, Pt, Rh,
Ru, Se and Tl.

Element classification
Class 3:
The elements in this class have relatively low toxicities by the oral
route of administration (high PDEs, generally > 500 μg/day) but
may require consideration in the risk assessment for inhalation and
parenteral routes. For oral routes of administration, unless these
elements are intentionally added, they do not need to be considered
during the risk assessment. The elements in this class include: Ba,
Cr, Cu, Li, Mo, Sb, and Sn.

Element classification
Elements to be Considered in the Risk Assessment:

Risk assessment and control of elemental
impurities
In developing controls for elemental impurities in drug products,
the principles of quality risk management, described in ICH Q9,
should be considered. In the case of elemental impurities, the
product risk assessment would therefore be focused on assessing
the levels of elemental impurities in a drug product in relation to
the PDEs presented in this guidance. Information for this risk
assessment includes but is not limited to: data generated by the
applicant, information supplied by drug substance and/or excipient
manufacturers and/or data available in published literature.
A summary of the Risk Assessment and any measures taken to
ascertain compliance should be added in the new application file
and, in case of variation, among the variation documents.

Risk assessment and control of elemental
impurities
For the purposes of this guideline, the risk assessment process can
be described in three steps:
· Identify known and potential sources of elemental impurities that
may find their way into the drug product.
· Evaluate the presence of a particular elemental impurity in the
drug product by determining the observed or predicted level of
the impurity and comparing with the established PDE.
· Summarize and document the risk assessment. Identify if controls
built into the process are sufficient or identify additional controls
to be considered to limit elemental impurities in the drug
product.

Risk assessment and control of elemental
impurities
Potential sources of elemental impurities

* The risk of inclusion of elemental impurities can be reduced
through process understanding, equipment selection,
equipment qualification and Good Manufacturing Practice
(GMP) processes.
** The risk of inclusion of elemental impurities from water can
be reduced by complying with compendial water quality
requirements.

Risk assessment and control of elemental
impurities
As the potential elemental impurity identification process is
concluded, there are two possible outcomes:
1) The risk assessment process does not identify any potential
elemental impurities. The conclusion of the risk assessment and
supporting information and data should be documented.
2) The risk assessment process identifies one or more potential
elemental impurities. For any elemental impurities identified in
the process, the risk assessment should consider if there are
multiple sources of the identified elemental impurity or impurities
and document the conclusion of the assessment and supporting
information.

Risk assessment and control of elemental
impurities
The summary should consider the significance of the observed or
predicted level of the elemental impurity relative to the PDE of
the elemental impurity.
As a measure of the significance of the observed elemental impurity
level, a control threshold is defined as a level that is 30% of the
established PDE in the drug product. The control threshold may
be used to determine if additional controls may be required (e.g.
by submission of the requested variations).

Risk assessment and control of elemental
impurities
At the time of submission, in the absence of other justification, the
level and variability of an elemental impurity can be established
by providing the data from three (3) representative production
scale lots or six (6) representative pilot scale lots of the
component or components or drug product.
For some components that have inherent variability (e.g., mined
excipients), additional data may be needed to apply the control
threshold.

Risk assessment and control of elemental
impurities
If the total elemental impurity level from all sources in the drug
product is expected to be consistently less than 30% of the PDE,
then additional controls are not required, provided the applicant
has appropriately assessed the data and demonstrated adequate
controls on elemental impurities.
If the risk assessment fails to demonstrate that an elemental
impurity level is consistently less than the control threshold,
controls should be established to ensure that the elemental
impurity level does not exceed the PDE in the drug product.
The Summary of the Risk Assessment should be included in the
section on the Justification of Specifications (3.2.P.5).

Control of elemental impurities (1)
Control of elemental impurities is one part of the overall control
strategy for a drug product that assures that elemental impurities
do not exceed the PDEs. When the level of an elemental impurity
may exceed the control threshold, additional measures should be
implemented to assure that the level does not exceed the PDE.
Approaches that an applicant can pursue include but are not
limited to:
· Modification of the steps in the manufacturing process that result
in the reduction of elemental impurities below the control
threshold through specific or non-specific purification steps;
· Implementation of in-process or upstream controls, designed to
limit the concentration of the elemental impurity below the
control threshold in the drug product;

Control of elemental impurities (2)
Control of elemental impurities is one part of the overall control
strategy for a drug product that assures that elemental impurities
do not exceed the PDEs. When the level of an elemental impurity
may exceed the control threshold, additional measures should be
implemented to assure that the level does not exceed the PDE.
Approaches that an applicant can pursue include but are not
limited to:
Establishment of specification limits for excipients or materials (e.g.,
synthetic intermediates);
Establishment of specification limits for the drug substance;
Establishment of specification limits for the drug product;
Selection of appropriate container closure systems.

Control of elemental impurities (2)
In case a variation is needed to assure that the level does not
exceed the PDE, it should be:
Categorised according the Variation Guidelines (Official Journal
2013/C 223/01)
Accompanied with the documentation required in the Variation
Guideline.
In addition it should contain a summary of the Risk Assessment and
the conclusions drawn.

Converting between PDEs and concentration
limits
The PDEs, reported in micrograms per day (μg/day) provided in this
document give the maximum permitted quantity of each element
that may be contained in the maximum daily intake of a drug
product. Because the PDE reflects only total exposure from the
drug product, it is useful to convert the PDE, into concentrations
as a tool in evaluating elemental impurities in drug products or
their components.
The options listed in the Guidance describe some acceptable
approaches to establishing concentrations of elemental impurities
in drug products or components that would assure that the drug
product does not exceed the PDEs.

Converting between PDEs and concentration
limits
Option 1: Common permitted concentration limits of elements
across drug product components for drug products with daily
intakes of not more than 10 grams:

Option 2a: Common permitted concentration limits across drug
product components for a drug product with a specified daily intake.

Converting between PDEs and concentration
limits
Option 2b: Permitted concentration limits of elements in individual
components of a product with a specified daily intake:

Option 3: Finished Product Analysis .The concentration of each
element may be measured in the final drug product. Equation 1 may
be used with the maximum total daily dose of the drug product to
calculate a maximum permitted concentration of the elemental
impurity.

Implementation strategy of
ICHQ3D guidance (1)
The aim is addressing specific considerations to enable the
practical
implementation of ICH Q3D Guideline for Elemental Impurities in
the European Union.
Different Approach to risk assessment
Drug Product Approach and Component Approach (recommended)
Particulars for Intentionally added elements
Catalyst introduced in the last step of the synthesis (the catalyst
should be purged to levels consistently below the control
threshold (<30% of the PDE) otherwise a specification together
with skip testing may be acceptable (by option 1).

Implementation strategy of
ICHQ3D guidance (2)
ASMF/CEP: dossier expectations and assessment strategy (1):
The requirements and the standards of assessment are the same
between an ASMF and a CEP dossier.
The route of synthesis of the drug substance must be described
including information on all intentionally added catalysts and
reagents. A summary of the drug substance risk assessment/risk
management on the potential for intentionally added elemental
impurities in the drug substance is to be included in the ASMF/CEP
and made available to the drug product manufacturer allowing his
overall risk management as well as the competent authority.

Implementation strategy of
ICHQ3D guidance (3)
ASMF/CEP: dossier expectations and assessment strategy (2):
It is also recommended that the ASMF/CEP dossier contains a
summary of a risk assessment/ management that also covers all
other potential elemental impurities from other sources than the
intentionally added elements to inform the drug product
manufacturers overall risk assessment including any mitigation
steps necessary.

Implementation strategy of
ICHQ3D guidance (4)
When granting a CEP the EDQM should consider the need for
transparency for substances within the scope of ICH Q3D with
regard to:
The use of any elements intentionally added such as, e.g. metal
catalysts (mandatory – assessed by the CEP assessor).
Any specifications in place in the drug substance or process
intermediate to limit the levels of elemental impurities as
applied by the drug substance manufacturer.
Summary
or
outcome
of
manufacturers
risk
assessment/management
on
intentionally/nonintentionally
added elements, if it is provided by the CEP holder (appended
to the CEP).

Conclusions
(New Marketing Authorisations)
− Compliance from June 2016
This means:
- Compliance with the Q3D PDE
The applicant should document the Risk Assessment and control
approaches in an appropriate manner
On site:
The documentation of the Risk Assessment should be kept
available for inspection
In file:
A summary of the Risk Assessment

Conclusions
(Existing marketed products) (1)
Risk Assessment should be performed, documented and be kept
available.
No variation is necessary if the Risk Assessment show that for
compliance:
– No further controls on elemental impurities to materials such as
the designated active substance starting material, synthesis
intermediates, active substance, excipients or the finished product
are needed.
– No replacement or change of quality of materials such as the
designated active substance starting material, synthesis
intermediates, active substance, excipients or of the manufacturing
equipment is needed.
– No change of the manufacturing process is needed.

Conclusions
(Existing marketed products) (2)
In other cases a variation is needed.
– Categorised according the Variation Guidelines (Official Journal
2013/C 223/01)
– Accompanied with the documentation required in the Variation
Guideline.
– In addition contain a summary of the Risk Assessment and the
conclusions drawn.

Eventuali contatti del relatore

Laura Galatti
Tel: 06-59784292
email: l.galatti@aifa.gov.it
www.agenziafarmaco.gov.it

Thank you!

