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Presentation Outline



 Control of impurities in the Ph.Eur. | General considerations
 The way to an Individual Monograph
 The governing framework of the Ph.Eur.
Organic impurities and Genotoxic (DNA reactive/mutagenic) impurities

▫ Requirements & Type of impurities and tests
▫ Description in the individual monographs
▫ Establishment of a new test and related validation considerations
▫ Revision of an existing test and related validation considerations
▫ Calculation of impurity content and Limits.

 Inorganic- / Elemental impurities
 Residual Solvents
 The user perspective
Q & A
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Presentation Outline
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Control of impurities in the Ph.Eur.
General considerations



 The current general policy of the Commission is to include quantitative test(s) 
for impurities/degradants in monographs for both chemically defined active 
substances (active pharmaceutical ingredient, API) and finished product (FP) 
monographs containing chemically defined active substances.
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Control of impurities in the Ph.Eur.

 The impurities/degradants present in those substances/products have been 
evaluated by the competent authorities and are qualified with respect to safety 
at the maximum authorized content (at the maximum daily dose) unless new 
safety data become available and justify lower limits.

 The test methods in the Monographs and General Chapters have been validated
according to current guidelines on analytical validation and at least  second 
laboratory has performed verification during the elaboration of the monograph.

 The tests included in the Ph.Eur. are intended to cover for organic impurities 
incl. genotoxic impurities (DNA reactive / mutagenic), inorganic/elemental 
impurities (as relevant) and Residual Solvents.

The way to an Individual Monograph
Control of impurities
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Approved control limits by competent authorities of Parties
to the European Pharmacopoeia Convention01

Evaluation/assessment (theoretical AND experimental)
by the expert group

05

Representative batch data (release and stability)04

Phe.Eur. and relevant ICH guidelines
as governing framework

03

Validated, approved methods02

The way to an Individual Monograph
Control of impurities
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(new monograph or revision)

approved by COM

Finalization &
Approval by COM

Evaluation
& Validation
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&

Implementation

Public 
Consultation

The way to an Individual Monograph
Control of impurities
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The governing framework of the Ph.Eur.
For the elaboration & use of the texts

General Notices

General Chapters

General Monographs

Individual
Monographs

…are the general rules for interpretation of 
the texts of the Ph.Eur.

… are normally given for information and

apply to all monographs and other texts of the Ph.Eur.

represent the standards of the Ph.Eur. together with
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become mandatory when referred to in a monograph.

The governing framework of the Ph.Eur.
For the elaboration & use of the texts

These are complementary.

General Monographs become applicable and required to comply with when substances and preparations 
are subject of an Individual Monograph. Cross-reference to the applicable General Monographs are normally 
NOT given in Individual Monographs.
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The governing framework    cont’d

Examples:
References made to General Notices and to
General Chapters in General Monograph.
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The governing framework
The Ph.Eur. context          cont’d
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Control of impurities in the Ph.Eur
Organic Impurities

 Essential part of the control strategy and thus of the Individual Monographs.
 Principles follow ICH Q3A for active substances and Q3B for finished products

and are described in:
▫ General Monograph “Substances for pharmaceutical use (2034)”.
▫ General Monograph “Pharmaceutical preparations (2619)”.
▫ General Chapter 5.10. “Control if impurities in substances for pharmaceutical use”.

 The Ph.Eur. enforces ICH M7 and must be complied with for genotoxic impurities 
(DNA reactive / mutagenic) in actives substances in case defined in the scope of 
the guideline.
Unless otherwise prescribed or justified and authorized, organic 

impurities/degradants in active substances/finished products are to be 
reported, identified wherever possible and qualified (see requirements on next 
slides).
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Control of impurities in the Ph.Eur
Organic Impurities



 Specific thresholds may be applied for impurities known to be unusually potent 
or to produce toxic or unexpected pharmacological effects.

Use Maximum 
daily dose

Reporting 
threshold

Identification
threshold

Qualification
threshold

Human
or

Human and Veterinary
≤ 2 g/day > 0.05 per cent

> 0.10 per cent
or

a daily intake of >1.0 mg 
(whichever lower)

> 0.15 per cent
or 

a daily intake of > 1.0 mg 
(whichever lower)

Human
or

Human and Veterinary
> 2 g/day > 0.03 per cent > 0.05 per cent > 0.05 per cent

Veterinary only Not applicable > 0.10 per cent > 0.20 per cent > 0.50 per cent

 Requirements for active substances (excl. synthetic peptides) 2034 and ICH Q3A
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Control of impurities in the Ph.Eur
Organic Impurities    cont’d

Maximum 
daily dose
(amount of the 

active substance)

Reporting 
threshold

Maximum 
daily dose

(amount of the active 
substance)

Identification
Threshold

(of the degradant)

≤ 1 g/day > 0.1 per cent

< 1 mg
1 mg - 10 mg
> 10 mg - 2 g

> 2 g

1.0 per cent or 5 μg daily intake (whichever lower)
0.5 per cent or 20 μg daily intake (whichever lower)
0.2 per cent or 2 mg daily intake (whichever lower)

0.10%

> 1 g/day > 0.05 per cent

< 10 mg
10 mg - 100 mg
> 100 mg -2 g

> 2 g

1.0 per cent or 50 μg daily intake (whichever lower)
0.5 per cent or 200 μg daily intake (whichever lower)
0.2 per cent or 3 mg daily intake (whichever lower)

0.15%

 Requirements for pharmaceutical preparations (finished products) ICH Q3B Attachment 1.

 Specific thresholds may be applied for degradation products known to be 
unusually potent or to produce toxic or unexpected pharmacological effects.
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Control of impurities in the Ph.Eur
Organic Impurities    cont’d



 Specified impurities (degradants) are individually listed and limited with a 
specific acceptance criterion in a Monograph.

▫ Identified specified impurities (degradants) have structural characterization.
▫ Unidentified specified impurities (degradants) have NO structural characterization.

Unspecified impurities (degradants) are impurities limited by a general 
acceptance criterion and not individually listed with their own acceptance 
criterion.
Other detectable impurities (degradants) are potential impurities with a defined 

structure and are known to be detected by the tests in the monograph but not 
know to be normally present above the identification threshold. These are 
unspecified impurities (degradants) and thus are limited by a general acceptance 
criterion.
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Control of impurities in the Ph.Eur
Organic Impurities    cont’d

Most often separation techniques (LC, GC, TLC, CE etc.) in combination with 
different detection techniques (UV/VIS, RI, MS, ELSD, CAD, FID etc.) are being 
used for the determination of organic impurities.
For special intended use other analytical techniques e.g. UV absorption spectrophotometry
(e.g.: riboflavin) or titration (e.g: free acids in testosterone esters) are also an option.
 For pharmaceutical preparations (finished products) only degradation products 

are in scope.
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Control of impurities in the Ph.Eur
Organic Impurities    cont’d



 … in the Individual Monographs is described under the TESTS | Related Substances 
section. Instructions may be included in the PRODUCTION section of a monograph.
 Procedures for Identification of the relevant peaks, System Suitability and Calculation 

for percentage content are described.
 Limits are defined for

▫ Specified impurities.
▫ Unspecified impurities.
▫ Total (of impuritites).
▫ Reporting Threshold (disregard limit).

 The IMPURITIES section at the end of each Individual Monograph includes the 
impurities (structure and name, wherever possible) that are known to be detected by 
the tests described in the Individual Monograph.
Specified impurities and as applicable and indicated other detectable impurities, the
latter for information only, are listed.
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Control of impurities in the Ph.Eur
Organic Impurities    cont’d

Example: Diclofenac Sodium (1002)
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Control of impurities in the Ph.Eur
Organic Impurities    cont’d
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Control of impurities in the Ph.Eur
Organic Impurities (genotoxic, DNA reactive / mutagenic)    cont’d

Example: Valsartan (2423)
DRAFT MONOGRAPH

Validation
Requirements

As per Technical Guide
 In line with ICH Q2
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Control of impurities in the Ph.Eur
Organic Impurities    cont’d

Accuracy
Precision
 Repeatability
 Intermediate precision
 Reproducibility

Linearity

Specificity

Detection 
Limit

Quantification
Limit

Range

Other
 Robustness
 Solution stability
 Filter study
 …



Organic impurities
Validation requirements      cont’d Accuracy

… of an analytical procedure expresses the closeness of agreement between the 
value which is accepted either as a conventional true value or an accepted 
reference value and the value found.
… should be established across the specified range of the analytical procedure, 

using a minimum of 9 determinations over a minimum of 3 concentration levels 
covering the specified range (e.g. 3 concentrations/3 replicates each).
… should be assessed on samples spiked with known amounts of impurities. In 

cases where it is impossible to obtain samples of certain impurities and/or 
degradation products, it is acceptable to compare results obtained by an 
independent procedure. The response factor of the drug substance can be used.
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Precision
 Repeatability
 Intermediate precision
 Reproducibility

Organic impurities
Validation requirements      cont’d
… of an analytical procedure expresses the closeness of agreement

(degree of scatter) between a series of measurements obtained from multiple 
sampling of the same homogeneous sample under the prescribed conditions.

▫ Repeatability: expresses the precision under the same operating conditions over a short 
interval of time. A minimum of 9 determinations covering the specified range for the 
procedure (e.g. 3 concentrations/3 replicates each) or a minimum of 6 determinations at 
100 % of the test concentration. 
Requirements apply for SST as per General Chapter “Chromatographic separation
techniques “ 2.2.46.

▫ Intermediate precision: expresses variations within laboratories: different days, different 
analysts, different equipment, etc.. In case reproducibility has been performed, this is not 
needed.

▫ Reproducibility: expresses the precision between laboratories (collaborative studies, 
usually applied to standardisation of methodology).
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Specificity
… is the ability to assess unequivocally the analyte in the presence of 

components which may be expected to be present. Typically these might
include impurities, degradation products, matrix, etc.
 If an analytical procedure is not specific for a particular analyte, a combination of 

2 or more analytical procedures is needed.
 This definition has the following implications:

▫ Identification: to ensure the identity of an analyte, described in the “Identification of impurities” paragraph 
typically by the use of Chemical Reference Substance (CRS) for system suitability. Retention times and 
relative retentions times in a monograph are given for information only!

▫ Purity tests: to ensure that all the analytical procedures performed allow an accurate statement of the 
content of impurities of an analyte, i.e. related substances test, heavy metals, residual solvents content, etc.

▫ Assay (content or potency): to provide an exact result which allows an accurate statement on the content or 
potency of the analyte in a sample.

Organic impurities
Validation requirements      cont’d
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Specificity

Organic impurities
Validation requirements      cont’d
… results in combination with the requirements described in the

General Chapter “Chromatographic separation techniques “ 2.2.46.
important SST criteria are derived, e.g:
 Symmetry Factor (As):

▫ is 0.8 to 1.5 (unless otherwise prescribed) for a peak in the reference solution used for 
quantification. 

 Resolution (Rs):
▫ The resolution calculated by using the half-height of the peaks.

 Peak-to-valley (p/v) ratio:
▫ when complete separation between 2 adjacent peaks cannot be achieved, i.e. when the 

resolution factor is less than 1.5.
▫ The peak-to-valley ratio should not be less than 1.5. Often even better separations are 

necessary to ensure a meaningful integration of impurity peaks.
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Organic impurities
Combination of more analytical procedures is needed…

Specificity
Example: Rosuvastatin Calcium (2631)

 Enantiomeric purity (Impurity G)
 Impurity L
 Related substances
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Specificity

Organic impurities
Identification and other SST criteria derived from…

Example: Aciclovir (0968)
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Specificity
Example: Rosuvastatin Calcium (2631)
Related substances (Specified impurities A, B, C, D, K, M and Other detectable impurities E, F, J) 

Organic impurities
Identification…
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Specificity

Organic impurities
Identification…

Example:
Rosuvastatin Tablets (3008)

Related substances
Specified (impurities) degradants C, D, FP-A



Detection 
Limit

Quantification
Limit
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 The detection limit of an individual analytical procedure is
the lowest amount of analyte in a sample which can be detected but
not necessarily quantitated as an exact value.
 The quantification limit of an individual analytical procedure is the lowest amount of analyte 

in a sample which can be quantitatively determined with suitable precision and accuracy.
 Several approaches are possible:

▫ visual evaluation,
▫ signal-to-noise (S/N ratio),
▫ standard deviation of the response and the slope of the calibration curve.

 Quantification Limit must be ≤ than the reporting threshold (disregard limit).
 S/N ratio ≥ 10 at the reporting threshold (disregard limit) apply for SST as per

General Chapter “Chromatographic separation techniques “ 2.2.46.
Additional sensitivity criterion may be necessary, especially in case of low responding impurities.

Organic impurities
Validation requirements      cont’d

Detection 
Limit

Quantification
Limit
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Organic impurities
SST criteria derived from…

Example:
Ascorbic acid (0253)



Linearity

Range

33Gabriella Török Ph.D.              EDQM and European Pharmacopoeia: State-of-the-art Science for Tomorrow’s Medicine | Strasbourg, France | 18-19 June, 2019

 Linearity of an analytical procedure is its ability (within a given range)
to obtain test results which are directly proportional to the concentration
(amount) of analyte in the sample.
 The range of an analytical procedure is the interval between the upper and lower 

concentration (amounts) of analyte in the sample (including these concentrations) for 
which it has been demonstrated that the analytical procedure has a suitable level of 
precision, accuracy and linearity.
 A minimum of 5 concentrations is recommended to be included. For the determination 

of an impurity/degradant: from QL or from 50 % of the specification of each 
impurity/degradant, whichever is greater, to 120 % of the specification.
 It is also essential to demonstrate the similarity of response of the substance and 

known impurities, to establish Response- and Correction Factors for the Calculation of 
impurity content.

Organic impurities
Validation requirements      cont’d

Other
 Robustness
 Solution stability
 Filter study
 …
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 … shows the reliability of an analysis with respect to deliberate variations in method 
parameters. The evaluation depends on the type of procedure under study and is preferably 
considered during the development phase.
 In the case of LC, typical variations are: influence of variations of pH in a mobile phase; -mobile 

phase composition; different columns (different lots and/or suppliers); temperature; flow rate; 
stability of solutions.
 If measurements are susceptible to variations in analytical conditions, the analytical conditions 

should be suitably controlled and/or a precautionary statement should be included in the 
procedure. 
 A series of system suitability parameters is to be established to ensure that the validity of the 

analytical procedure is maintained whenever used.

Organic impurities
Validation requirements      cont’d



Other
 Robustness
 Solution stability
 Filter study
 …
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Organic impurities
Validation requirements      cont’d

Example: Rosuvastatin Tablets (3008)

 Special instructions are given in the individual monograph due to
▫ stability of solutions

▫ critical filter parameter

 Revision of Related substance test:
▫ Inclusion of a new specified impurity
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Organic impurities
Validation requirements      cont’d

What (re)validation is required?
▫ If the original validated method is maintained -> partial revalidation regarding only the new impurity 

(specificity, sensitivity, linearity, response factor, precision, robustness).
▫ If the original validated method needs to be modified or a specific new method is needed 

-> full validation will be required.
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Organic impurities
Calculation of impurity content and Limits
 If the response factor of an individual impurity is < 0.8 or > 1.2 correction factor (CF) 

(reciprocal value of the response factor) or individual impurity as an external standard (if the 
CF value to be applied is >5 ) must be applied when the proposed limit is 0.1 % or greater.
 For the response factor determination the purity of the substances and the salt forms must be 

considered.
 Limits are based on:

▫ normal analytical errors and acceptable variations in manufacturing, compounding,
▫ deterioration to an acceptable extent (stability considerations),
▫ qualified/approved specification levels, which might become more stringent if NOT supported by

actual batch data.

 Calculation Option 1: External calibration
▫ Dilution of the test solution -> the preferred methodology by the Ph.Eur.,
▫ Using an impurity standard.

 Calculation Option 2: Peak area normalization
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Organic impurities
Calculation of impurity content | Option 1: Dilution of test solution

Example: Diclofenac Sodium (1002)



39Gabriella Török Ph.D.              EDQM and European Pharmacopoeia: State-of-the-art Science for Tomorrow’s Medicine | Strasbourg, France | 18-19 June, 2019

Organic impurities
Calculation of impurity content | Option 1: Impurity standard
Example: Ascorbic acid (0253)

Solution containing 8x more Impurity C than ascorbic acid  
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Organic impurities
Calculation of impurity content | Option 2: Peak area normalization

Example: Aciclovir (0968)
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Control of impurities in the Ph.Eur
Inorganic-/Elemental Impurities

 Inorganic impurities (inorganic salts, residues of processing aids/reagents, heavy 
metals) and other residual elemental impurities (metal catalysts or -reagents) are 
controlled by the following tests:

▫ Sulfated ash (General Chapter 2.4.14.).
▫ Heavy metals (General Chapter 2.4.8., for substances and products for veterinary use only).
▫ Specific tests (AAS, AES, ICP-AES, ICP-MS) for elemental impurities.

 Principles are aligned with ICH Q3D and apply to human medicinal products and thus 
Individual Monographs of substances for pharmaceutical use (with the exception of 
substances for veterinary use) do NOT contain the requirement for elemental 
impurities, unless otherwise specified.
 The requirements are given in:

▫ General Monograph “Substances for pharmaceutical use (2034)”
▫ General Monograph “Pharmaceutical preparations (2619)”
▫ General Chapter 5.20. “Elemental impurities”
▫ General Chapter 2.4.20. “Determination of elemental impurities”
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Control of impurities in the Ph.Eur
Inorganic-/Elemental Impurities
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Control of impurities in the Ph.Eur
Residual Solvents

 Principles are aligned with ICH Q3C and the requirements are given in:
▫ General Monograph “Substances for pharmaceutical use (2034)”.
▫ General Monograph “Pharmaceutical preparations (2619)”.
▫ General Chapter 5.4. “Residual solvents”.
▫ General Chapter 2.4.24. “Identification and control of residual solvents”.

 All active substances, excipients and medicinal products are subject to test for 
residual solvents, if a solvent is used during its manufacture, even when the 
Individual Monograph does NOT specify this test.
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Control of impurities in the Ph.Eur
Residual Solvents
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Control of impurities in the Ph.Eur
Residual Solvents     cont’d

Only Class 3 solvents used AND limit ≤ 0.5%  → test for Loss on drying.
Only Class 3 solvents used AND limit > 0.5% or when Class 2 or 1 solvents are 

used → specific test is needed, preferably as per General Chapters 2.4.24.
“Identification and control of residual solvents” by gas chromatography with 
static head-space injection (2.2.28) or other suitable validated method.
When a quantitative determination of a residual solvent is performed and Loss on 

drying is not tested, the result is taken into account for the calculation of the 
assay content of the substance, the specific optical rotation and the specific 
absorbance.
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Control of impurities in the Ph.Eur.
The user perspective



 Compliance with all applicable texts (General Notices, -Chapters, -Monographs) 
of the Ph.Eur. is required.
 Compliance with the individual monograph by the user may be established by 

carrying out only the tests relevant to the known impurity/degradant profile for 
the source of the substance/product.
 If the Individual Monograph does not provide suitable control for a new 

impurity, a suitable test for control must be developed/validated and included 
in the specification of the substance/product by the manufacturer.
Unless otherwise stated, validation of the test methods by the user is NOT 

required, only verification. 
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Control of impurities in the Ph.Eur.
The user perspective

THANK YOU!
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Q & A
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Challenges linked to 
Control of Antibiotics 
– Industry View
Dr. Jan W.H. Smeets
Director Regulatory Affairs

19-20 June 2019, Strasbourg
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About Centrient 
Pharmaceuticals

2

• We are a leading manufacturer of beta-
lactam antibiotics, and a provider of next 
generation statins and anti-fungals

• We produce and sell intermediates, active 
pharmaceutical ingredients (APIs) and 
finished dosage forms (FDFs)

• Quality, Reliability and Sustainability 
shape how we do things as a company

• Our world-leading proprietary enzymatic 
technology ensures an unmatched eco-
friendly production process for high-quality 
products

• Our backward-integrated global 
manufacturing footprint ensures security 
of supply
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Antibiotics, a diverse product group
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Definition:
A drug used to treat bacterial infections. 

Manufactured via different processes:
• Fermentation: benzyl penicillin, gentamicin, tobramycin, erythromycin, 

clarithromycin, kanamycin

• Semi-synthesis: amoxicillin, flucloxacillin, cefalexin, amikacin

• Synthetic:  sulfonamides, quinolones, oxazolidinones, chloramphenicol

Vary from pure compounds till mixtures of structurally related substances:
• Mono compounds:  e.g. most penicillins and cefalosporins. Assay normally 

expressed in %.

• Mixtures: e.g. gentamycin sulfate (aminoglycoside), tyrothricin/gramicidin 
(polypeptides).  Assay normally expressed in IU/ mg.



Example: Gentamicin sulfate
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Gentamicin sulfate:
(mixture with 5 main components produced by fermentation, 
Micromonospora purpurea, Content in IU/mg)

A composition method defines the crude composition: C1 (25%-45%), 
C1a (10%-30%), and C2+C2a+C2b (35%-55%)

Next to composition method a related substance method is included:
Impurities A,B NMT 3.0%
any other impurity NMT 3.0%
total NMT 10.0%
disregard limit 0.5%

Which impurity guidelines apply for antibiotics?
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Organic impurities:

• ICH Q3A. Impurities in new drug substances. 
Only antibiotics manufactured by chemical synthesis are within scope. 
Antibiotics produced by fermentation and semi-synthesis are out of scope.

• Ph. Eur.  Monograph: Substances for Pharmaceutical Use. 
Enlarges the scope of ICH Q3A to existing substances, but semi-synthesis and 
fermentation are still out of scope.

• USA: ANDAs: Impurities in drug substances. 
Also increases ICH Q3A scope to existing drug substances; semi-synthesis and 
fermentation out of scope.

• EMA Guideline on setting specifications for related impurities in antibiotics. 
Applies to fermentation and semi-synthesis antibiotics APIs/products. New APIs 
and new sources of existing APIs.



API 
thresholds
human 

Semi-
synthetic*

Fermentation 
single

Fermentation 
family

Peptides

Reporting 0.05%/0.03% 0.10% 0.10% 0.1%
Identification 0.10%/0.05% 0.15% 0.15% 0.5%
Qualification 0.15%/0.05% 0.15% 0.50%**/0.2% 1.0%

*     If the structure consists of a family of compounds, then thresholds for fermentation, 
family may be necessary

**   Structurally closely related impurity according to definition

EMA Guideline on setting specifications for related impurities in 
antibiotics 

• This guideline has come into effect 30 June 2013.

• Scope: new active substances and new sources of existing substances

Which impurity guidelines apply for antibiotics (continued)?
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Residual solvents:
ICH Q3C Guideline for residual solvents. Originally only for new API/products. 
Nowadays applicable also for existing API/Products. Applicable for antibiotics. 

Mutagenic impurities:
M7 Assessment and control of DNA reactive (mutagenic) impurities in 
pharmaceuticals to limit potential carcinogenic risk. Fermentation 
APIs/products excluded.

Elemental impurities:
ICH Q3D on elemental impurities
Applicable for new and existing products. So fully applicable for antibiotics.



Impurity description for antibiotics in Ph. Eur. API 
monographs
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• Many antibiotic monographs are currently under revision by Expert group 7. 
So the Ph. Eur. includes a mix of updated monographs according to current 
standards and some older style monographs.

• The impurity section of each modern antibiotic monograph consist of:
a) Following organic impurity specifications:
- each specified impurity
- any unspecified impurity*

- total impurities
* If impossible to reach guideline identification threshold we establish a higher 
threshold and name it “any other impurity”.  

b) identification of each specified impurity# by using:
- relative retention times of each specified impurity (identified and unidentified)
- impurity reference standards which consist preferably of all specified impurities.
This can be separate impurities, mix of impurities, and/or “dirty batch”. In latter
case correction factors are needed for quantitation purposes.
- In situ degradation
- LC-MS techniques
-”fingerprint chromatogram” for  very complex impurity profiles 

#combination of techniques is possible

Impurity description for antibiotics in Ph. Eur. API 
monographs
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• Some remarks:
- Impurity CRS should be available before revised/new monograph will 
come into force.  
- Goal is to have all impurities which are present in approved sources of the 
EU market in one impurity method.

• Old monographs exist in different style (or combinations of below):
- Sometimes only one spec for all impurities. For instance “all impurities 1%”
- no relative retention times available
- no spec for “any other impurities”
- no total impurities
- no impurity CRS or other mean to identify impurities available
- no correction factors



Challenges for the antibiotic expert group 7 of the Ph. Eur. to 
modernize the antibiotic monographs
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• To develop one impurity method which covers impurities of all 
manufacturers. Multiple manufacturers with different processes result in 
multiple process impurities, which might coelute. Method might be difficult 
to handle if the number of impurities becomes (too) high.

• It is very complicated to establish a limited number impurity CRSs if 
impurities are coming from multiple manufacturers. Consequence might 
be multiple impurity standards for one method. 

• Synthesis or isolation of impurities can be difficult or impossible, 
especially when multiple isomers can be formed. Determination of 
correction factors might not be possible.

• Difficulty to meet thresholds of the EMA antibiotic impurities guideline as 
they are very strict. Moreover the low LOD (should be below reporting 
threshold) requested by this guideline is not always manageable
(for instance for methods using electrochemical detection).  

Amoxicillin as an example to demonstrate the challenges of  
Expert group 7.
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• Current Amoxicillin monograph has one general limit for all impurities of 1%, 
no RRTs, no correction factors no impurity CRS

• Many manufacturers with different manufacturing processes 
(chemical/enzymatic)

• EMA thresholds(>2g/day): reporting threshold    0.03% 
identification threshold 0.05%
qualification threshold 0.05%

• Group 7 published a method in Pharmeuropa 26.2 (2014)  which had a any 
other impurity spec of 0.15 %. This method consisted of 20 specified impurities 
and 24 peaks (one unknown, some coeluting). It appeared unworkable to 
prepare an impurity CRS. In November 2016 the Ph. Eur commission adopted 
a method in which the spec for any other impurities raised to 0.3%. This 
reduced the number of specified impurities to 8 (11 peaks). Preparation of 
CRS is still in progress. 



Amoxicillin as an example to demonstrate the challenges of 
the expert group.
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How does USP handle impurity methods in API monographs?
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• USP published sometimes multiple impurity methods in one monograph and 
advises users to choose that method which has the impurity profile that 
correlates to relevant manufacturing process.
For instance ampicillin monograph consist of 3 different impurity methods 
with 4 different specifications (one method has different specs for human and 
veterinary application).

• The disadvantage of such an approach is that: 
- sometimes same impurities have different specifications in different 
methods
- many drug manufacturers request testing multiple methods as they want to 
be sure that impurities in other method(s) are not in the API and request to 
use both methods
- manufacturers might have different manufacturing processes which can 
lead to an impurity profile which contains impurities of multiple USP 
monograph methods. 



Challenges for industry
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• Even though Ph. Eur. expert group 7 aims to include impurity specs in antibiotic 
monographs as close as possible to the EMA guideline requirements they 
sometimes are (slightly) more relaxed. This in fact leads to 2 sets of 
specifications. 
Regulatory authorities often request the strictest of the 2 which is not always 
possible.

• Final dosage form manufacturers using the API and some Regulatory authorities 
request impurity standards especially those which are not available from 
Pharmacopoeias. This means that API manufacturers need to synthesize/isolate 
large amounts of impurities which is often very difficult and costly or not possible 
at all.
Moreover monographs include impurities coming from different processes and
some of them are not formed in a some processes. Despite of this, API 
manufacturers often are requested to supply these impurities and demonstrate 
absence in API. 

Challenges for industry
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• Different CRSs for same API in different countries can lead in certain cases to 
different potencies for the same API.
Example nystatin: Because of different reference standards for Nystatin 
in Ph. Eur. and USP my company had for some time a remarkable difference in 
potency for nystatin API in EU and USA.

• In old monographs sometimes wording is not clear leading to confusion:
Example ampicillin or amoxicillin: 
Any impurity: for each impurity, not more than the area of the principal peak in 
the chromatogram obtained with reference solution (c) (1 per cent).
Some impurities consist of multiple diastereomers (like penicilloic acids or 
penilloic acids). Question: is each peak (each diastereomer) 1 per cent or the 
sum of each diastereomer is 1 per cent? 
In new updated monographs the wording “the sum of” is used to prevent 
misunderstandings.



Challenges for industry
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• In past years expert group 7 had replaced the microbiological assay (IU/mg) 
by HPLC (%) in some monographs. 
In some cases industry had big problems with this switch, because of dosing of 
the Dosage Form in International Units. The correlation between units and % 
was not always easy to make.
For polymyxin monograph (mixture of polypeptides) the microbial assay has 
recently re-instated by expert group 7 because of this problem. The former 
assay method was converted to a test for composition.
In future group 7 will only switch to HPLC assay when purity >90% and if there is 
a known correlation between IU and %. 
Examples of complex antibiotics which kept microbiologic assay are bacitracin, 
colistin (both mixtures of polypeptides) and tylosin (mixture of macrolides).
For those complex antibiotic mixtures which often can not meet thresholds of 
impurity guideline, following analytical methods are included in monograph:
- microbial assay
- composition (normalization procedure)
- related substance method  

Challenges for industry
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• General (also valid for non-antibiotic APIs) impurity challenge:
Increase of number of manufacturing steps in registration files as a result of 
starting material definitions has resulted in extensive impurity carry-over 
discussions. Challenge for API industry is to receive all detailed confidential 
process info from suppliers of starting materials and intermediates which 
are purchased. 

• Non-harmonization:
- Pharmacopoeias are not harmonized on API monograph level resulting in:
a) different or additional analytical methods and acceptance criteria for different 
markets or 
b) extensive cross-validation efforts required
- Guideline for antibiotic impurities only exists in Europe, however other
countries request compliance to this guideline (e.g. China).



Some suggestions for improvements
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• Instead of trying to include all process related impurities from all processes in one 
related substance method we could try for complicated and multi source APIs to 
only include the decomposition impurities of the API which are equal for all 
processes. All specified process impurities should be identified and qualified by 
each manufacturer. This could keep the analytical method easier to handle and 
avoids demonstrating absence of impurities which cannot be formed by the 
specific process and makes it easier to prepare impurity CRSs.

• Increased harmonization of API monographs between major pharmacopoeias. 
This would avoid many cross-validations and or using different analytical methods 
for different markets.

• Harmonise reference standards for APIs and impurities between the major 
pharmacopoeias. This would save a lot of money and testing efforts. Moreover the 
possibility of having different assays for different markets would be diminished.

Conclusions
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• Antibiotics form a diverse group of compounds with regard to purity and way of 
manufacturing.

• Expert group 7 of the Ph. Eur. is aiming to constantly improve the quality of the 
antibiotic monographs and align the content with the approved quality currently 
on the market. 

• Full compliance with the thresholds of the EMA impurity guideline
for antibiotics is not always possible.   

• Current challenges for both developers of the monographs and industry that has 
to use these monographs have been discussed and some suggestions for future 
improvements were given.
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Challenges linked to the control of antibiotics: 
the EU Antibiotics Guideline 

and its impact on dossiers and assessments
Dr. Uwe Lipke
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Guideline on setting specifications for related impurities in 
antibiotics (EMA/CHMP/CVMP/QWP/199250/2009 corr) 

Situation before implementation
– peptides, fermentation products, and semi-synthetic substances

were not covered by ICH Q3A or by the EP monograph
“substances for pharmaceutical use” regarding control of related
substances

– consequences:
• no thresholds for impurities (identification, qualification)
• case-by-case evaluation and assessment
• different acceptance criteria for the same API / same product possible

– several monographs had acceptance criteria for „any other
impurity“ of e.g. 2.0 % or higher

– qualification of impurities is not possible based on the limit for
“any other impurity”: unknown means unknown
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Challenges for control of related impurities in antibiotics
– borderline between active component and impurity not well defined

– some „impurities“ may show relevant therapeutic activity

– complex impurity profiles lead to challenges for the analytical
procedures to control them

– fermentation processes may lead to variable impurity profiles from
batch to batch due to the inherent variability of biological systems

– there is a wide variety of impurity profiles – from clear defined like for
chemical substances to nearly chaotic meaning that the ICH Q3A
concept of reporting, identification, and qualification thresholds is
almost not applicable

– impurity profiles of multi-source antibiotics may differ significantly
making establishment of a monograph a very difficult task
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• Guidance on setting specifications for related impurities in antibiotics that are
fermentation products or semi-synthetic substances derived from fermentation
products

• Guidance on content and qualification of related impurities in both active
substances and in medicinal products

• Defining thresholds for reporting, identification, and qualification of impurities
dependent on classification of antibiotics as:
 manufactured by semi-synthesis
 manufactured by fermentation, single compound
 manufactured by fermentation, family of compounds
 peptides manufactured by fermentation or semi-synthesis (only peptides without

further functional groups)
 veterinary use only
 special cases with very complex impurity profiles

• Guidance on special cases using descriptive specifications (section 5.6; annex 3)
• Establish best practice and initiate revisions of relevant EP monographs

Intentions of the guideline
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Produc-
tion

Single/ 
family

Reporting 
threshold %

Identification 
threshold %

Qualification 
threshold % Remark

Semi-
synthetic

Single 0.05/0.03 0.10/0.05 0.15/0.05
same as ICH Q3A; 2nd value for 
maximum daily dose ≥ 2g/day

Family 0.10 0.15 0.50/0.2
0.50 % is for structurally closely 

related impurities only

Fermen-
tation

Single 0.10 0.15 0.15

Family 0.10 0.15 0.50/0.2
0.50 % is for structurally closely 

related impurities only

Peptides n/a 0.1 0.5 1.0
only for peptides without any 

additional functional group

Veteri-
nary only n/a 0.10 0.20 0.50

if manufactured by fermentation 
and consisting of a family of 

compounds, threshold is assessed 
case-by-case

Special cases case-by-case
descriptive specifications for very 

complex impurity profiles

Overview over Thresholds of the Guideline (API only)
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Very complex impurity profiles for which identification of individual peaks 
is impossible should at least be characterised by a descriptive specification 
based on a sufficient high number of manufactured batches. A descriptive 
specification may consist of the following parameters: 
– Limitation of the number of peaks (if applicable: as a range) and their

corresponding contents (as a sum) occurring within a predefined,
narrow RRT-window.

– Relative specification limits in a predefined RRT-window (e.g. at least
one peak between RRT x and y with content between A and B %).

– Limitation of the number of peaks occurring above a threshold in a
predefined RRT-window (e.g. any individual peak between RRT w and
z not more than C %, but not more than one peak above D % whereby
C is greater than D, e.g. C = 2.0 %, D = 1.5 % or similar)

Characterisation necessary for differentiation of qualified from non-
qualified impurity profiles
Examples: monographs for vancomycin or teicoplanin

Special cases for very complex impurity profiles: 
„fingerprint chromatogram“ approach
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Specifications before implementation of the guideline

e.g. cefaclor (first generation cephalo-
sporine; semi-synthetic; single
compound)

e.g. vancomycin (glycopeptide;
fermentation product; family of
compounds)

results cefaclor

results vancomycin
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Specifications after implementation of the guideline (1)

e.g. cefaclor
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Specifications after implementation of the guideline (2)

e.g. vancomycin

However, what we 
really get to see in a 
dossier depends mainly 
on the relevant EP 
monograph in force at 
the time of submission.
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Revision of EP Monographs: Cefaclor vs. Vancomycin
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Impact on monographs and CRS strategy
Challenges for smooth revisions of monographs: antibiotic reference substances
- many antibiotics are susceptible to humidity leading to increased degradation
- almost all antibiotics are multi-source substances with distinct but different

impurity profiles depending on the actual manufacturer
- monographs for multi-source substances must identify all specified impurities in

the chromatogram of the related substance test
- in order to get suitable CRSs identifying all specified impurities, samples of the

API of different origin and/or individual impurity standards have to be mixed
- since dry mixing does not result in homogeneous mixtures, different samples

and substances are usually dissolved, mixed, and evaporated/dried to produce
CRS for the system suitability test – however, antibiotic reference standards may
degrade to an unpredictable extent during this procedure

- it may be necessary to have more than one CRS for the system suitability test in
order to identify all specified impurities

- difficult logistics, high costs for routine analysis, and life-cycle of CRS not assured
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EP monograph for amoxicillin trihydrate
Current specification:
 any impurity:

for each impurity, not
more than the area of
the principal peak in
the chromatogram
obtained with
reference solution (c)
(1 %)

 Total impurities:
not specified

 reporting threshold:
not defined

Proposed specification (more than 5 years ago):
 impurity E (sum of isomers E1, E2): maximum 1.5 %
 impurities C (sum of isomers C1, C2), D (sum of

isomers D1, D2), G, I, J: for each impurity, maximum
1.0 %

 impurity L: maximum 0.5 %
 impurity N: maximum 0.4 %
 impurities A, B, H, K, M, O, R, S, T: for each impurity,

maximum 0.3 %
 sum of impurities F, P, and Q: for each impurity,

maximum 0.3 %
 any other impurity: maximum 0.3 % or 0.15 %
 total: maximum 3.5 %
 reporting threshold: 0.05 %
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• Impurity profile for each source is not very complex and separation is
achievable with normal RP-HPLC column; even a limit of NMT 0.10 % for any
unspecified impurity would be achievable and is given in CEPs; typical batch
results are between below 0.05 % and 0.08 %

• Amoxicillin is a multi-source antibiotic and highly susceptible to degradation
by humidity – dissolution, mixing, and evaporation for getting only one
suitable CRS for the SST is not feasible

• Taking into account all sources, about 20 impurities need to be specified if a
limit of NMT 0.15 % would be applied as several manufacturers claim
presence of their impurities up to 0.3 % in amoxicillin

• Several of these impurities are specific for the actual synthesis performed
(e.g. esters from solvents used in the synthesis)

• Acceptance criterion for any other impurity (NMT 0.15 % or NMT 0.3 %)
influences the number of required CRS (6 or 4, respectively) as nine
additional impurities have to be identified in the chromatogram

CRS for amoxicillin – current challenges 
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Monograph for amoxicillin – Quality Assessors proposal 
1. To prepare a monograph which reflects the actual purity of amoxicillin on the

market.
2. To specify impurities which are at a level above 0.3 %.
3. To provide CRSs for the specified impurities (>0.3 %) including for those

needed for the system suitability test.
4. To add a production section with the following wording:

There might be impurities at a level between 0.15 and 0.3 % potentially
present in the material of some suppliers but not necessarily listed under
specified impurities. It will then be the responsibility of the manufacturer
(applicant) to identify these impurities (for instance from the list “Any other
impurities” and to propose a limit; it will be then considered as a specified
impurity for this particular supplier but not specified in the monograph.

However, this proposal was not accepted by the EDQM Presidium: 
monograph should be usable independent of reference to a manufacturer
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Why do we need differentiated specifications for antibiotics?
 Global market situation calls for cheaper APIs.
 More and more antibiotics are manufactured in China and/or India only,

sometimes with different fermentation and syntheses processes than in Europe.
 Traditional fermentation or synthesis processes are „improved“ focussing on

price only (see Valsartan case).
 This may lead to unexpected changes in the impurity profiles even for well-

known antibiotics marketed for decades.
 It is not comprehensible why for antibiotics manufactured by fermentation or

semi-synthesis a lower safety level shall apply as for chemically synthesised
substances.

 Therefore, it is necessary to effectively control the impurity profile
acknowledged as being qualified-by-use.

 High limits for any other impurity would simplify routine control of antibiotics
but jeopardise effective control of the actual impurity profile of a certain batch.

 For this reasons, descriptive specifications are recommended in the Antibiotics
guideline for complex impurity profiles where individual limits are not feasible.
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Thank you for your attention!Any questions?

Contact
Federal Institute for Drugs and Medical Devices (BfArM)
Division 3, unit 32 “Infectiology/Dermatology/Allergology”
Kurt-Georg-Kiesinger-Allee 3
D-53175 Bonn

Contact person
Dr. Uwe Lipke
uwe.lipke@bfarm.de
www.bfarm.de
Tel. +49 (0)228 99 307-5651
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Elemental impurities - ICH Q3D

ICH Q3D effective in the European Union from June 2016 for new 
marketing authorisation applications and from December 2017 for 
authorised medicinal products

EDQM (in the context of the Certification Procedure) does not make a 
decision on compliance with ICH Q3D 

The CEP provides transparency, to be considered by the manufacturer of 
medicinal product in the context of a MAA

4 ©2019 EDQM, Council of Europe. All rights reserved.

Elemental impurities - PA/PH/CEP (16) 23, 1R 
PA/PH/CEP (16) 23, 1R published in July 2018

• Publicly available on the EDQM website

• Applicable to substances used in products within the scope of Q3D 
(e.g. not implemented for vet. only, herbals, etc.)

• Guidance on how to implement ICH Q3D in the procedure for 
“Certification of Suitability to the monographs of the European 
Pharmacopoeia” (CEP). It has been revised based on experience 
gained by EDQM since the initial implementation of the policy
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Elemental impurities - PA/PH/CEP (16) 23, 1R 

• Serve the Component Approach as per Q3D: provide necessary 
information to MAH for their risk assessment on the Drug Product;

• Be useful for substances manufacturers and MAH and keep the 
benefits of the centralized assessment foreseen by the CEP Procedure

6 ©2019 EDQM, Council of Europe. All rights reserved.

Elemental impurities - PA/PH/CEP (16) 23, 1R 
2 possible options in a CEP dossier:

1. The substance manufacturer can submit a risk management summary 
(RMS) for elemental impurities (component approach). This helps the DP 
manufacturer’s risk assessment and it is evaluated by assessors

2. No RMS given by the substance manufacturer. 

The EDQM encourages the submission of a RMS in the CEP Dossier. 
Applicants are also reminded that it is a requirement to submit the 
synthesis of the API in the Dossier including information on metal 
catalysts or reagents used. 
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If the RMS is included in the Dossier…
• It should be apparent that this approach is followed

• The RMS should provide the reasons why certain impurities are 
considered and the justification of the chosen control strategy

• The RMS table is intended to carry necessary information about the 
level of contamination of the substance source, in order to implement 
the ICH Q3D component approach in the finished medicinal product. 

• A screening alone is not a risk management summary. Screening 
results may support but do not replace a RMS

• Where insufficient data is given to support this option, the application 
is considered as if no RMS is provided. 
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How to build the RMS
• The RMS should consider all potential sources of contamination; 

including elemental impurities intentionally introduced into the process 
after the introduction of the starting material(s), contributions from 
materials (starting materials, reagents, solvents, catalysts, process 
aids, water, etc.), equipment and packaging 

• The intended route of administration / use of the substance should be 
indicated. This forms the basis of the risk management discussion 

• The RMS should take into consideration all 24 elemental impurities 
mentioned in ICH Q3D 
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How to define the control strategy
• The control strategy should focus on absence/presence of elemental 

impurities (using preferably option 1 of the ICH Q3D guideline) 

• An elemental impurity is absent when purged to levels consistently below 
30% of the calculated concentration limit based on the indicated route of 
administration and on the option 1 daily intake, in a minimum of 3 
consecutive commercial or 6 consecutive pilot batches of final substance. 
Other approaches may be considered, if scientifically justified

• When applicable, a justified specification for elemental impurities in the 
final substance should be introduced. For elemental impurities intentionally 
introduced into the last synthetic step, specifications in the final substance 
are normally expected unless levels below 30% of ICH Q3D option 1 limit. 
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How to define the control strategy
With regard to the analytical methods used: 

• For screening purposes: The analytical methodology used should 
be mentioned along with minimum validation information such as 
indication of the specificity and sensitivity of the method (LOD/LOQ)

• Control included in the specification of the final substance: A 
detailed description of the analytical method used should be provided 
which is suitable to be annexed to the CEP. The analytical method 
should be validated in accordance with the requirements of ICH Q2
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RMS table

Does not restrict the 
use of the CEP!

“Yes” for all which 
have been discussed
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RMS table

Individual batch results should not be included in the table

Batch results for an EI To be reported in the table as 
conclusion

0.2 ppm / 0.1 ppm / 0.4 ppm < 0.5 ppm or < 1 ppm or < 5 ppm

1.5 ppm / 0.9 ppm / 1.8 ppm < 2 ppm or < 5 ppm or < 10 ppm
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If the RMS is included in the Dossier…

… and if applicable…

Information on the CEP… 
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If the RMS is NOT provided…
The following points should be addressed in the CEP application:

• Any elemental impurities (whatever the class) intentionally introduced should 
be declared; data showing their level in the final substance should be 
provided

• For any elemental impurity intentionally introduced into the last synthetic 
step, a specification in the final substance is normally expected unless levels 
below 30% of ICH Q3D option 1 limit 

• The limits applied to control elemental impurities in the final substance 
should reflect the process capabilities. The PDE of ICH Q3D may be used as 
reference

• The method used to control elemental impurities in the final substance 
should be described in detail (in a format to be annexed to the CEP) and 
validation data according to ICH Q2 should be submitted
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If the RMS is NOT provided…
Information on the CEP… 

… or all elemental impurities intentionally added after the introduction of the starting 
material(s) are listed on the CEP, regardless of the levels found in the final substance…

… and if applicable… 
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Revisions and renewals of CEPs
• Introduction or revision of a RMS: minor. This request for revision may be 

submitted at any time during the lifecycle of the dossier, except during an 
on-going procedure 

• If changes to the manufacturing process have an impact on elemental 
impurities, CEP holders are given the possibility to submit a RMS. If a RMS 
has already been introduced, its validity should be verified and discussed.
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Revisions and renewals of CEPs

• Changes to the control strategy: to be classified according to the 
applicable guideline on revisions/renewals of CEPs.

• The renewal application is also an opportunity for CEP holders to 
submit a RMS in their application
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Messages to take back home and conclusions
• The Certification Procedure can serve the component approach as per 

ICH Q3D;

• The EDQM does not make a decision on compliance with ICH Q3D;

• The EDQM encourages the submission of a RMS in the CEP dossier. All 
needed information is publicly available;

• A screening alone is not risk management summary. Details on the risk 
assessment performed should be provided.

• 852 valid chemical CEP’s out of 4670 have a RMS appended (information 
extracted on April 17th, 2019).
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Control of impurities
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Laboratory Department, 
EDQM, Council of Europe

Challenges linked to the establishment of 
reference standards
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OUTLINE

 Role of reference standards
 Establishment of reference standards
 Challenges
 Example
 Final remarks
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What is the role of reference standards?

CONTROL OF IMPURITIES
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Technical guide for the elaboration of monographs (7th edition – 2015)
II.5.8. RELATED SUBSTANCES
Monographs should provide a reliable means of locating all specified impurities on the chromatogram. 
Identification of unspecified impurities is necessary if a correction factor is to be applied. Peaks may be 
located using:

• a reference standard for each impurity;

• a reference standard of the substance to be examined containing some or all of the specified impurities, 
provided with a chromatogram.

Location by relative retention is not generally considered sufficient for pharmacopoeial purposes, notably for 
gradient elution.

ROLE OF REFERENCE STANDARDS

 Peak identification
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Technical guide for the elaboration of monographs (7th edition – 2015)
A large difference in the detector response of an impurity necessitates the use of a specific external standard, 
which may be:

• a solution of the impurity, normally in form of a reference standard (preferred option);

• a solution of the substance to be examined containing a known amount of the impurity.

ROLE OF REFERENCE STANDARDS

 Quantification

 System suitability
(In-situ degradation … offers an alternative approach to define the suitability of the system … to produce 
decomposition products, the peaks of which can be used to determine a resolution or a peak-to-valley ratio. 
This may be a useful approach to avoid the use of impurity reference standards.)
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How are reference standards established?

CONTROL OF IMPURITIES
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PH.EUR. CHAPTER 5.12. REFERENCE STANDARDS

 Terminology 
 Use of Ph.Eur. Reference Standards
 Establishment of Reference Standards
 Primary Standards
 Ph.Eur CRS
 Ph.Eur HRS
 Ph.Eur. BRP

 Manufacturing, Labelling, Storage and Distribution of Ph.Eur. Reference Standards
 Re-Test Programme of Ph.Eur. Standards

Intended
purpose

!!!
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REFERENCE STANDARDS

Release for distribution

Establishment / content assignment

Approval / Adoption

Manufacture

Procurement

Need for a new or a replacement batch of a reference standard

Sorption/desorption profile (if needed)Pre-establishment / feasibility

Monitoring
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What are the challenges linked to the 
establishment of reference standards?

CONTROL OF IMPURITIES
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Reference standard strategy
• Individual impurity or mixture
• Commercial reagent or in situ degradation can be described, if available

Challenges
• Balance between number of reference standards and feasibility/sustainability

- Impurities from different production processes = different reference standards
- Individual impurities versus (compounded) mixtures

• Candidate material(s)
- Amount (10 g to 50 g of bulk material)
- Containing impurities of interest (= specified impurities) at detectable levels
- Normal production batches expected to be suitable
- For compounding, 100 mg to 500 mg of individual impurities

PEAK IDENTIFICATION
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Challenges
• Manufacture

- Compounding: solubility, stability, homogeneity  feasibility study

• Confirmation of identity of impurity peaks in mixtures (traceability)
- CRS 1: availability of authentic samples of impurities for spiking (10 to 50 mg)
- CRS n+1: spike with CRS n (but not always appropriate for complex profiles)
- Alternative detection e.g. LC/MS but pre-requisites (mobile phase, ionisation, difference in m/z, …)

• Sustainability
- Stability of impurities
- Batch-to-batch: identity, not necessarily content of impurities
- Evolution in impurity profile/API synthesis  adapt monograph/reference standard
- Changes in method: need to confirm once more identity of impurity peaks

PEAK IDENTIFICATION
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Reference standard strategy
• Individual impurity
• Semi-quantitative (e.g. TLC): use of a commercial reagent may be considered, if available sufficiently pure 

and well defined in corresponding Ph.Eur. Chapter

Challenges
• Candidate material(s)

- Amount (25 g to 100 g): more material needed due to extensive characterisation and increased 
amount per vial (sufficient for preparation of two solutions), compared to “peak identification”

- Content preferably above 95.0 %

• Manufacture
- Homogeneity  water sorption/desorption study

QUANTIFICATION
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Challenges
• Content determination

- Mass balance/related substances: method corresponding to the intended use 
(solubility, differences in response, late eluting compounds)

- Inorganics/residual solvents: high amount of sample required
- Orthogonal methods (e.g. qNMR): selectivity
- Hydrates/differences in salt form (stoichiometric conversion factor)

• Sustainability
- Stability
- Batch-to-batch: identity and content
- Changes in method: verify impact on content / change batch if impact

QUANTIFICATION
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Reference standard strategy
• Individual impurity or mixture
• Commercial reagent or in situ degradation can be described if available, but cave impact
• Cave test solution to which an individual impurity is added
• Compliance with monograph is not required

Challenges
• Candidate material(s)

- Amount (10 g to 50 g of bulk material)
- Containing impurities of interest at appropriate levels, especially for peak-to-valley ratio criterion 

(method validation – composition of reference standard is integral part of system suitability test)
- If impurity is not specified or an impurity level far from specification is needed

SYSTEM SUITABILITY
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Challenges
• Confirmation of identity of impurity peaks in mixtures (traceability)

- Cfr. “Peak identification”

• Sustainability
- Batch-to-batch: identity and content of impurities
- In-house compounding provides more control on impurity levels, but feasibility (solubility, stability, 

homogeneity) needs to be tested
- If content varies between batches, impact on intended use needs to be assessed

SYSTEM SUITABILITY
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Challenges linked to the establishment of 
reference standards: example

CONTROL OF IMPURITIES
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No authentic samples available

EVEROLIMUS FOR SYSTEM SUITABILITY CRS 1



19 ©2019 EDQM, Council of Europe. All rights reserved.

Reference solution (a) according to monograph

Mobile phase not compatible with 
LC/MS (KH2PO4)

EVEROLIMUS FOR SYSTEM SUITABILITY CRS 1

Reference solution (a) with modified mobile phase
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EVEROLIMUS FOR SYSTEM SUITABILITY CRS 1
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 Doubts on elution of impurity E
 Due to change in mobile phase?

 Feedback to Group of Experts and manufacturer: investigation ongoing

 No impact on user since the sum of impurities E and J (peak pair) is specified

 Replacement batch (future)
 Keep content of impurity D similar (system suitability)

 Spiking probably not sufficient to confirm identity of impurity peaks

 Additional impurities (generics) will need to be specified
 Separate reference standard(s)

 Perhaps method will change; if so, confirmation of peak identity needed 

EVEROLIMUS FOR SYSTEM SUITABILITY CRS 1

22 ©2019 EDQM, Council of Europe. All rights reserved.

 An important challenge is to cope with the availability of suitable candidate material and authentic 
samples of impurities. Cooperation with manufacturers is key to overcome this challenge.

 Devising a “smart” reference standard strategy is of paramount importance:

- Only describe a reference standard when there is a real need

- Make best use of what is available (and what can be expected to be available in the future)

- Keep it simple; don’t try to create an ideal, all-purpose reference standard.

 Do not compromise on confirmation of identity of impurity peaks

 Encourage use of volatile mobile phases so that LC/MS can be applied directly.

FINAL REMARKS
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 There is a close link between impurity limits and reference standards

- Specify impurities when justified by batch data

- Increase in number of specified impurities  increase in challenges for reference standards.

 Some ideas / food for thought:

- Use system suitability reference standards only for that purpose, i.e. keep them separate from peak 
identification reference standards, where possible.

- Develop system that allows monitoring of evolution of market quality of batches to anticipate potential 
reference standard problems for replacement batches.

FINAL REMARKS
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