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- Related Substances (Organic impurities)

- Mutagenic Impurities

- Nitroso impurities

- Residual Solvents

- Elemental Impurities

- Inorganic impurities

What is the impact of a certain impurity in the impurity profile of the API?

How to set specifications accordingly?

Impurities & Control strategy in Active Substances
Related 

substances  
(Organic 

impurities) 
Potential 

mutagenic 
impurities

Residual 
solvents

Elemental 
impurities 

Reagents and 
Inorganic 
impurities

Impurities

Nitroso
impurities
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Which key guidance? A brief recap…

Type of impurity ICH/EMA EDQM
Related substances ICH Q3A Ph.Eur. 5.10, Ph.Eur. GM 2034 

Antibiotics only: Guideline on setting specifications for related 
impurities in antibiotics (EMA/CHMP/CVMP/ QWP/199250/2009)

Mutagenic impurities ICH M7 and its Q&A document -

Elemental impurities ICH Q3D Ph.Eur. 5.20
PA/PH/CEP(16)23: Implementation of policy on elemental 
impurities in the Certification Procedure 

Residual solvents ICH Q3C
CPMP/QWP/450/03 -Rev.1 (Annex I)

Ph.Eur. 5.4

Analytical procedures ICH Q2 (R1) Ph.Eur. 2.2.46 (for Pharmacopoeial methods)

Directive 2001/83/EC, as amended 
Where a specification contained in a Ph.Eur. monograph might be insufficient to ensure the quality of the substance, the competent 

authorities may request more appropriate specifications from the marketing authorisation holder

ICH Q6A Specifications: 
Test procedures and acceptance criteria for new chemical substances 

PA/PH/CEP (04) 1 : 
Content of the dossier for chemical purity and microbiological quality 
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Expectations ? 

Impurity profile of the 
material should be

known in detail

Discussion showing 
understanding of the 

impurity profile. 
Origin, fate and carry-over
of impurities as basis for 

justification to the proposed 
specifications.

Analytical specifications 
should control the impurity 

profile and be 
representative of the 

process adopted
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Case study (fictitious)

SM1 INT-A INT-B INT-C

Crude
API API API

Step 1 Step 2 Step 3

Step 4

Purification/ 
Salification

Acetic acid
H2O2

H2SO4

Acetic anhydride
Toluene

SOCl2 
Dichloromethane

Dichloromethane 
Ethyl acetate
Process water

Ammonium molybdate
Methanol

Triethylamine
Purified water

NaOH
Methanol

Ethyl acetate

R
R

RR
R

R SM2
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Case study (fictitious)

SM1 INT-A INT-B INT-C

Crude
API API API

Step 1 Step 2 Step 3

Step 4

Purification/ 
Salification

Acetic acid
H2O2

H2SO4

Acetic anhydride
Toluene

SOCl2 
Dichloromethane

Dichloromethane 
Ethyl acetate
Process water

Ammonium molybdate
Methanol

Triethylamine
Purified water

NaOH
Methanol

Ethyl acetate

R
R

RR
R

R

e.g. Omeprazole sodium

SM2
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Organic impurities
• ICH Q3A
• Ph.Eur. 5.10 Control of Impurities 

in Substances for Pharmaceutical 
Use

• Ph. Eur. GM 2034 Substances for 
Pharmaceutical Use

• Individual substance Ph. Eur. 
monograph
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Do not forget … 

Scope:
Certification of 

suitability to the 
monographs of the 

EUROPEAN
Pharmacopoeia

Terminology should refer to the Ph. Eur. 
or at least traceable to it

Show suitability of the monograph to 
control the actual quality of your substance
• Cross-check with transparency list of the monograph
• Additional impurities/in-house impurities: 

- Suitability of the monograph test and specification to 
control it

- For in-house impurities: chemical structures and 
INN/chemical names should be given as far as 
possible
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Understand risks for the quality of the API

Acceptance criteria for impurities to be justified based on their fate and carryover up to the final 
substance, meaning, the ability of the process to purge them

Limit major impurities as specified impurities

Show the risk of having uncontrolled impurities up to the API is under control
• Special attention to be given to:
• Intermediates late in the process including the crude substance
• Related substances controlled by a method which is different comparing to the one adopted at release
• API-like impurities

A short guide…
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Case study (fictitious)

SM1 INT-A INT-B INT-C

Crude
API API API

Step 1 Step 2 Step 3

Step 4

Purification/ 
Salification

Acetic acid
H2O2

H2SO4

Acetic anhydride
Toluene

SOCl2 
Dichloromethane

Dichloromethane 
Ethyl acetate
Process water

Ammonium molybdate
Methanol

Triethylamine
Purified water

NaOH
Methanol

Ethyl acetate

R
R

RR
R

R

e.g. Omeprazole sodium

SM2
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Starting materials (3.2.S.2.3)

Impurity Limit
Related substances
Precursor 1 NMT 0.80%
Unspecified imp. NMT 0.30%
Total NMT 1.0%

Impurity Origin, fate and 
carry over Batch data Limit/Control strategy

Precursor 1 Precursor. Found 
<0.05% in INT-A.

0.71% Controlled as specified 
impurity in the SM at NMT 
0.80%

Precursor 2 Precursor. Found 
<0.05% in SM.

0.02% Controlled as unspecified 
impurity in the SM

Impurity RRT=1.2 Likely by-product. 
Found <0.05% in 
INT-A.

0.25% Controlled as unspecified 
impurity in the SM

Potential by-products, side-reactions should be considered as well!
Same exercise for SM2

Which specification ?

Precursor 1 Precursor 2 SM1
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Intermediates (3.2.S.2.4)

Impurity Limit
Related substances
SM1 NMT 1.0%
Unspecified imp. NMT 0.20%
Total NMT 1.2%

Impurity Origin, fate and carry over Batch data Limit/Control strategy
SM1 SM. Absent (<0.05%) in INT-B 0.89% Controlled as specified impurity

at NMT 1.0%

Precursor 1 From SM 0.03% Controlled as unspecified 
impurity

Intermediate INT-A: 

Intermediate INT-B: 

Impurity Limit
INT-A NMT 0.70%
Unspecified imp. NMT 0.20%
Total NMT 1.0%

Impurity Origin, fate and carry over Batch data Limit/Control strategy
SM1 SM. Absent (<0.05%) 0.02% Controlled as unspecified 

impurity
INT-A Process impurity. Potentially 

mutagenic. Aromatic N-oxide 
alerting structure

0.68% Controlled as specified impurity
at NMT 0.70% in INT-B & in line 
with ICH M7 unless 
demonstrated not mutagenic

Which specification ?

Potential by-products, side-reactions should be systematically considered!
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Intermediates (3.2.S.2.4)

Impurity Limit
INT-B NMT 1.0%

Unspecified imp. NMT 0.20%
Total NMT 1.2%

Impurity Origin, fate and carry 
over

Batch 
data Limit/Control strategy

INT-B Process impurity.
Potentially mutagenic. 
Alkyl chloride alerting 
structure

0.90% Controlled as specified impurity at NMT 
1.0% in INT-C & in line with ICH M7 
unless demonstrated not mutagenic

SM2 SM 0.16% Ph.Eur. Impurity A. Controlled as 
unspecified impurity in INT-C and API

Impurity RRT=0.4 Likely by-product. Found 
<0.05% in crude API

0.12% Controlled as unspecified impurity in 
INT-C

Intermediate INT-C, Ph. Eur. imp. C : 

Crude API 

Impurity Limit
INT-C NMT 0.20%
Sulfone impurity NMT 0.25%
Unspecified imp. NMT 0.15%
Total NMT 0.7%

Impurity Origin, fate and carry 
over

Batch 
data Limit/Control strategy

INT-C Process impurity 0.17% Ph.Eur. Impurity C
Sulfone impurity Process impurity 0.21% Ph.Eur. Impurity D

Impurity RRT=0.4 Likely by-product 0.04% Controlled as unspecified impurity in 
crude API

Which specification ?

Potential by-products, side-reactions should be systematically considered!

Assuming Ph.Eur. Monograph 
method for Related Substances 
is used for control of the API
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Case study: omeprazole sodium 
Ph.Eur. 1032 
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Case study: omeprazole sodium 

SM2

INT-C
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Case study: omeprazole sodium

Impurity Limit Batch data Method
Ph.Eur. 
Impurity D

NMT 0.15 % 0.10-0.11% HPLC,
Ph.Eur. 1032 
&   2.2.29Ph.Eur. 

Impurity E
NMT 0.15% 0.07-0.09%

Unspecified NMT 0.10% 0.08-0.09%
Total NMT 0.5% 0.25-0.29%

In this case related substances controlled by the transparency list of the monograph
No in-house impurity present (i.e. >0.05%) in the API

Omeprazole sodium specifications :
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But life is not perfect....

Other examples...
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Suitability of the Monograph 
to control the impurity profile 

of the final substance
In-house 

Imp.
Detected by the 
Ph.Eur method?

Found above 
the reporting 
threshold ?

Can the impurity 
be controlled as 

unspecified?

No actions 
needed

The impurity 
has to be 

limited in line 
with GM 2034

No actions 
needed, 

controlled as 
unspecified

Found above 
the reporting 
threshold ?

The impurity is 
absent, no actions 

needed

In-house method 
appended, impurity 
limited in line with 

GM 2034

Yes

Yes

Yes

Yes

No

No No

No

In-house impurities
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Do not forget …

Suitability (or unsuitability) of the method of the monograph to 
control all the related substances should be demonstrated

• Alternative method 
• - When: Ph. Eur method is suitable to 

control in-house impurities but In-house 
methods may be used

• - Equivalent results comparing to the 
corresponding Ph.Eur. method(s): 
cross-validation data on the same 
batches, using spiked solutions if 
necessary

• - Validation in line with ICH Q2(R1)

• Additional method
• - When : Ph. Eur. method is not suitable 

to control in-house impurities 
• - To supplement monograph method(s) 
• - Unless absence of corresponding 

impurities is demonstrated, it will be 
reported on CEP

• - Validation in line with ICH Q2(R1)
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Case study: omeprazole sodium

Impurity Limit Batch data Method

Ph.Eur. Impurity D NMT 0.15% 0.10-0.11% HPLC,
Ph.Eur. 
1032 & 
2.2.29

Ph.Eur. Impurity E NMT 0.15% 0.05-0.09%

In-house impurity 1 ? 0.001-0.03%

In-house impurity 2 ? 0.06-0.08%

In-house impurity 3
(RRT 0.9)

? 0.09-0.14%

Unspecified NMT 0.10% 0.06-0.07%
Total NMT 0.5% 0.36-0.49%

In-house 
Imp.

Detected by the 
Ph.Eur method?

Found above 
the reporting 
threshold ?

Can the impurity 
be controlled as 

unspecified?

No actions 
needed

The impurity 
has to be 

limited in line 
with GM 2034

No actions 
needed, 

controlled as 
unspecified

Found above 
the reporting 
threshold ?

The impurity is 
absent, no actions 

needed

In-house method 
appended, 

impurity limited in 
line with GM 2034

Other situations : specifications for in-house impurities 1, 2 and 3 ?
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Case study: omeprazole sodium

Impurity Limit Batch data Method

Ph.Eur. Impurity D NMT 0.15% 0.10-0.11% HPLC,
Ph.Eur. 1032 
& 2.2.29Ph.Eur. Impurity E NMT 0.15% 0.05-0.09%

In-house impurity 3
(RRT 0.9)

NMT 0.15% 0.09-0.14%

Unspecified
In-house impurity 2

NMT 0.10% 0.06-0.08%

Total NMT 0.5% 0.36-0.49%

In-house 
Imp.

Detected by the 
Ph.Eur method?

Found above 
the reporting 
threshold ?

Can the impurity 
be controlled as 

unspecified?

No actions 
needed

The impurity 
has to be 

limited in line 
with GM 2034

No actions 
needed, 

controlled as 
unspecified

Found above 
the reporting 
threshold ?

The impurity is 
absent, no actions 

needed

In-house method 
appended, 

impurity limited in 
line with GM 2034

If in-house impurity 3 is found above the qualification 
threshold (0.15%) → → → qualification needed

In-house 
impurity 1

In-house impurity 3 
limited on the CEP

In-house 
impurity 2
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Case study: omeprazole sodium

Impurity Limit Batch data Method

Ph.Eur. Impurity D NMT 0.15% 0.10-0.11% HPLC,
Ph.Eur. 1032 
&   2.2.29Ph.Eur. Impurity E NMT 0.15% 0.05-0.09%

Unspecified NMT 0.10% 0.08-0.09%
Total NMT 0.5% 0.23-0.30%
In-house impurity 10 ? 0.01-0.03% In-house 

HPLC
method

In-house impurity 11 ? 0.08-0.13%

In-house 
Imp.

Detected by the 
Ph.Eur method?

Found above 
the reporting 
threshold ?

Can the impurity 
be controlled as 

unspecified?

No actions 
needed

The impurity 
has to be 

limited in line 
with GM 2034

No actions 
needed, 

controlled as 
unspecified

Found above 
the reporting 
threshold ?

The impurity is 
absent, no actions 

needed

In-house method 
appended, 

impurity limited in 
line with GM 2034

Other situations : specifications for in-house impurities 10, and 11 ?
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Case study: omeprazole sodium

Impurity Limit Batch data Method

Ph.Eur. Impurity D NMT 0.15% 0.10-0.11% HPLC,
Ph.Eur. 1032 
&   2.2.29Ph.Eur. Impurity E NMT 0.15% 0.05-0.09%

Unspecified NMT 0.10% 0.08-0.09%
Total NMT 0.5% 0.31-0.42%
In-house impurity 11 NMT 0.15% 0.08-0.13% In-house 

HPLC
method

In-house 
Imp.

Detected by the 
Ph.Eur method?

Found above 
the reporting 
threshold ?

Can the impurity 
be controlled as 

unspecified?

No actions 
needed

The impurity 
has to be 

limited in line 
with GM 2034

No actions 
needed, 

controlled as 
unspecified

Found above 
the reporting 
threshold ?

The impurity is 
absent, no actions 

needed

In-house method 
appended, 

impurity limited in 
line with GM 2034

In-house 
impurity 10

In-house 
impurity 11 

limited on the 
CEP & method 

appended
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Mutagenic impurities
ICH M7 (R2) “Assessment and control of DNA reactive (mutagenic) 
impurities in pharmaceuticals to limit potential carcinogenic risk”
ICH M7(R2), Questions and Answers Step 4 

From 01/07/2020: Guideline on assessment and control of DNA reactive (mutagenic) impurities in 
veterinary medicinal products (EMA/CVMP/SWP/377245/2016) 

Active substance assessment

Actual and potential impurities that are likely to arise 
during the synthesis (synthetic impurities) and storage (degradation 

products) of a drug substance to be assessed for MUTAGENIC POTENTIAL
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Mutagenic impurities

Active substance assessment

1. Actual impurities
Identified, known structure

2. Potential impurities 
Likely to be present in the final 
substance

Impurities found 
> ICH Q3A reporting 
threshold

Starting materials (its impurities & depending 
on where introduced in the process, also their 
synthesis), reagents, intermediates and by-
products in the route of synthesis from the 
starting material to the Active substance
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Mutagenic impurities

Actual and potential impurities of known structure

Hazard assessment & classification 
• Known mutagen: Database and literature searches 

• Alerting structure of unknown mutagenicity 
= no data available… often the case… 

In-silico assessment
Computational toxicology assessment using (Quantitative)
Structure-Activity Relationships (SAR) that predict 
bacterial mutagenicity
- Two complementary (Q)SAR systems: 

Expert rule based and statistical based
- Expert review and discussion to support conclusions, if 

necessary ICH M7 Table 1 Classification of impurities with respect to 
mutagenic and carcinogenic potential
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Alerting structures and mutagenicity 
Alerting structure, 

Unknown mutagenic potential
(Class 3)

(Q)SAR based on 
bacterial mutagenicity predictions 

Negative
Class 5

Positive
Class 2

Bacterial mutagenicity assay 
(e.g. AMES test)

Negative
Class 5

Positive
Class 2

Adequate control measures

Absence of structural alerts from 
two complementary (Q)SAR 
methodologies is sufficient to 

conclude that the impurity is of 
no mutagenic concern 

AMES negative result 
over-rules (Q)SAR result

In vivo gene mutation studies in case control 
not possible at appropriate acceptable limit

→ Class 1 or 5
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Case study (fictitious)

SM1 INT-A INT-B INT-C

Crude
API API API

Step 1 Step 2 Step 3

Step 4

Purification/ 
Salification

H2O2 SOCl2 

R
R

RR
R

R SM2



30 © EDQM, Council of Europe, 2023. All rights reserved.

Hazard assessment  

Impurity Origin Hazard assessment Class

Precursor 
SM 2

SM2 Nitro aromatic alerting structure. ?

Hydrogen 
peroxide

Step 1 Known mutagenic carcinogens. 
Database and literature data. 
ICH M7 “addendum”.

Class 1

INT-A Step 2 N-oxide alerting structure. ?

Thionyl 
chloride

Step 2 Known mutagenic carcinogens. 
Database and literature data. 
ICH M7.

Class 1

INT-B Step 3 Alkyl chloride alerting structure. ?
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Hazard assessment  

Impurity Origin Hazard assessment Class

Precursor 
SM 2

SM2 Nitro aromatic alerting structure. ?

Hydrogen 
peroxide

Step 1 Known mutagenic carcinogens. 
Database and literature data. ICH 
M7 addendum.

Class 1

INT-A Step 2 N-oxide alerting structure. ?

Thionyl 
chloride

Step 2 Known mutagenic carcinogens. 
Database and literature data. ICH 
M7.

Class 1

INT-B Step 3 Alkyl chloride alerting structure. ?
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Hazard assessment  

Impurity Origin Hazard assessment Class

Precursor 
SM 2

SM2 Nitro aromatic alerting structure. 
(Q)SAR study & Expert review.
Negative. Non-mutagenic.

Class 5

Hydrogen 
peroxide

Step 1 Known mutagenic carcinogens. 
Database and literature data. ICH 
M7 addendum.

Class 1

INT-A Step 2 N-oxide alerting structure. 
No database or literature data. 
No mutagenicity data.

Class 3

Thionyl 
chloride

Step 2 Known mutagenic carcinogens. 
Database and literature data. ICH 
M7.

Class 1

INT-B Step 3 Alkyl chloride alerting structure. 
No database or literature data. 
In-vitro bacterial mutagenicity assay 
(e.g. AMES test). Positive. 
Mutagenic.

Class 2
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How to set an acceptable limit ? 

• Compound-specific acceptable limit 
→ Class 1 impurities
ICH M7 Appendix 3

𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 limit =  
𝑷𝑷𝑷𝑷𝑷𝑷 ( 𝝁𝝁𝒈𝒈𝒅𝒅𝒅𝒅𝒅𝒅)

𝑴𝑴𝑴𝑴𝑴𝑴 ( 𝒈𝒈
𝒅𝒅𝒅𝒅𝒅𝒅)

H2O2 𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀 limit =
𝟔𝟔𝟔𝟔,𝟎𝟎𝟎𝟎𝟎𝟎( 𝝁𝝁𝒈𝒈𝒅𝒅𝒅𝒅𝒅𝒅)

𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 ( 𝒈𝒈
𝒅𝒅𝒅𝒅𝒅𝒅)

= 170% ,  
Thus <0.5%  

MDD to be included in 3.2.S.1.3 along
with route of administration and
treatment duration considered for
development of the control strategy and
specification
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How to set an acceptable limit ? 

• TTC-based limit → Class 2 and 3 impurities
• 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. 

• Acceptable intake in relation to Less-than-lifetime 
exposure

• Does not apply to high potency mutagenic 
carcinogens referred to as the “cohort of concern”, 
comprises aflatoxin-like-, N-nitroso-, and alkyl-
azoxy compounds. 

𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 limit =  
𝑷𝑷𝑷𝑷𝑷𝑷 ( 𝝁𝝁𝒈𝒈𝒅𝒅𝒅𝒅𝒅𝒅)

𝑴𝑴𝑴𝑴𝑴𝑴 ( 𝒈𝒈
𝒅𝒅𝒅𝒅𝒅𝒅)

TTC-based limit =  
𝟏𝟏.𝟓𝟓 ( 𝛍𝛍𝐠𝐠𝐝𝐝𝐝𝐝𝐝𝐝)

𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 ( 𝐠𝐠
𝐝𝐝𝐝𝐝𝐝𝐝)

= 35 ppm

MDD Omeprazole sodium in long-term use. Worst case scenario.
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Control options

Option 1 Control ≤ acceptable limit in the final substance

Impurities introduced in the last step of the synthesis, 
unless otherwise justified

Certification procedure does not take position on skip testing
Option 2 Control ≤ acceptable limit in a raw material, SM or intermediate or as 

an IPC
Option 3 Control > acceptable limit in a raw material, SM or intermediate or as 

an IPC.

Suitability of the acceptable limit to be demonstrated by 
spike-purge studies: impurity <30% acceptable limit

Option 4 Understanding the process and its effects on impurities, so that risk of 
an impurity residing in the final substance above the acceptable limit 
is determined to be negligible

- Limit on CEP
- Analytical method appended
- Validation in line with ICH Q2 

(R1) to be provided

For all carry-over studies:
- Identify method (e.g. GC-MS) 
- Validation data: at least LOD, 
LOQ, selectivity.

For Class 1, 2 and 3 impurities, 
a control in line with one of ICH M7 Options is expected and should be justified
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Control options

Option 3 & 4: Where justification based on scientific principles alone 
is not considered sufficient…

Option 4
When?
- Impurities introduced early in the synthesis and effectively purged
- Impurities inherently unstable in process conditions (e.g. highly reactive substances, soluble, ionisable, gaseous and 

early reagents/ impurities that are purged/destroyed through/by the process (e.g. acyl halides, thionyl chloride)).

Justification?
• Generally, elements of a scientific risk assessment can be used. ICH M7 Ref. 11 & estimation of Purge factors
• When the impurity is known to form or introduced late in the process, process-specific data expected. Case-by-case 

If three or more Class 2 or 3 
impurities controlled in the API

Individual limits & Total limit for Class 2 and 3 impurities 
ICH M7 table 3                               

Supportive analytical data
is expected
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Case study (fictitious)

SM1 INT-A INT-B INT-C

Crude
API API API

Step 1 Step 2 Step 3

Step 4

Purification/ 
Salification

H2O2 SOCl2 

R
R

RR
R

R SM2

Process water

Purified water
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Control
Impurity Origin Classification Control in line 

with ICH M7
Justification

Precursor SM2 SM2 Class 5 Treat as non-mutagenic impurity
Hydrogen 
peroxide

Step 1 Class 1 Option 4 Used in the 1st step of the process. 
Decomposes in water used widely ahead 
in the process (Steps 3 and 4).

INT-A Step 2 Class 3 ? ?
Thionyl chloride Step 2 Class 1 Option 4 Used in the step 2 of the process. Highly 

reactive in water used widely ahead in 
the process (Steps 3 and 4).

INT-B Step 3 Class 2 ? ?
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Control
Impurity Origin Classification Control in line 

with ICH M7
Justification

Precursor SM2 SM2 Class 5 Treat as non-mutagenic impurity
Hydrogen 
peroxide

Step 1 Class 1 Option 4 Used in the 1st step of the process. 
Decomposes in water used widely ahead 
in the process (Steps 3 and 4).

INT-A Step 2 Class 3 ? ?
Thionyl chloride Step 2 Class 1 Option 4 Used in the step 2 of the process. Highly 

reactive in water used widely ahead in 
the process (Steps 3 and 4).

INT-B Step 3 Class 2 ? ?

INT-A limited in INT-B at NMT 0.70%

Proposed limit > TTC-based limit

Option 3 →→ Spike/purge studies
e.g. INT-B spiked with 0.74% INT-A → Pursue synthetic process 

↓
INT-A shown absent, i.e., <30% TTC-based limit, 

in suitable intermediate or final substance
by GC-MS (LOD=3ppm, LOQ= 7ppm).
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Control
Impurity Origin Classification Control in line 

with ICH M7
Justification

Precursor SM2 SM2 Class 5 Treat as non-mutagenic impurity
Hydrogen 
peroxide

Step 1 Class 1 Option 4 Used in the 1st step of the process. 
Decomposes in water used widely ahead 
in the process (Steps 3 and 4).

INT-A Step 2 Class 3 Option 3
NMT 0.70% 

in INT-B

INT-A purged to levels < 30% TTC-
based limit (35ppm) in API when 
present at 0.74% in INT-B as per 
spiking experiments by GC-MS 
(LOD=3ppm, LOQ= 7ppm).

Thionyl chloride Step 2 Class 1 Option 4 Used in the step 2 of the process. Highly 
reactive in water used widely ahead in 
the process (Steps 3 and 4).

INT-B Step 3 Class 2 ? ?
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Control
Impurity Origin Classification Control in line 

with ICH M7
Justification

Precursor SM2 SM2 Class 5 Treat as non-mutagenic impurity
Hydrogen 
peroxide

Step 1 Class 1 Option 4 Used in the 1st step of the process. 
Decomposes in water used widely ahead 
in the process (Steps 3 and 4).

INT-A Step 2 Class 3 Option 3
NMT 0.70% in 

INT-B

INT-A purged to levels < 30% TTC-
based limit (35ppm) in API when 
present at 0.74% in INT-B as per spiking 
experiments by GC-MS (LOD=3ppm, 
LOQ= 7ppm).

Thionyl chloride Step 2 Class 1 Option 4 Used in the step 2 of the process. Highly 
reactive in water used widely ahead in 
the process (Steps 3 and 4).

INT-B Step 3 Class 2 ? ?

R
R

R Alkyl chloride
Acceptable limit?

ICH M7 Note 5
Monofunctional alkyl chlorides
Lifetime and LTL daily intakes 10x default ones

Acceptable limit = 350 ppm
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Control
Impurity Origin Classification Control in line 

with ICH M7
Justification

Precursor SM2 SM2 Class 5 Treat as non-mutagenic impurity
Hydrogen 
peroxide

Step 1 Class 1 Option 4 Used in the 1st step of the process. 
Decomposes in water used widely ahead 
in the process (Steps 3 and 4).

INT-A Step 2 Class 3 Option 3
NMT 0.70% in 

INT-B

INT-A purged to levels < 30% TTC-
based limit (35ppm) in API when 
present at 0.74% in INT-B as per spiking 
experiments by GC-MS (LOD=3ppm, 
LOQ= 7ppm).

Thionyl chloride Step 2 Class 1 Option 4 Used in the step 2 of the process. Highly 
reactive in water used widely ahead in 
the process (Steps 3 and 4).

INT-B Step 3 Class 2 Option 1
NMT 350ppm 

in API

Monofunctional alkyl chloride. ICH M7 
Note 5.
Despite control in INT-B, Option 1 
chosen to be implemented.
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Mutagenic impurities
Impurity Origin Classification Control in line 

with ICH M7
Justification

Precursor SM2 SM2 Class 5 Treat as non-mutagenic impurity
Hydrogen peroxide Step 1 Class 1 Option 4 Used in the 1st step of the process. 

Decomposes in water used widely ahead in 
the process (Steps 3 and 4).

INT-A Step 2 Class 3 Option 3
NMT 0.70% in 

INT-B

INT-A purged to levels < 30% TTC-based limit 
(35ppm) in API when present at 0.74% in 
INT-B as per spiking experiments by GC-MS 
(LOD=3ppm, LOQ= 7ppm).

Thionyl chloride Step 2 Class 1 Option 4 Used in the step 2 of the process. Highly 
reactive in water used widely ahead in the 
process (Steps 3 and 4).

INT-B Step 3 Class 2 Option 1
NMT 350ppm in 

API

Monofunctional alkyl chloride. ICH M7 Note 5. 
Despite control in INT-B, Option 1 chosen to
be implemented.

Exercise and outcome of discussion to be summarised 
in section 3.2.S.3.2 – Mutagenic impurities

Specification as provided in relevant sections (3.2.S.2.3, 3.2.S.2.4, 3.2.S.4.1)
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Nitroso impurities

NaNO2 + H+ H-O-N=O
H+

+N=O
(sodium/alkyl nitrite) (nitrous acid) (nitrosonium ion)

+
..

+N=O

ICH M7 : structural groups identified to be of such high potency that intakes even below the 
TTC would theoretically be associated with a potential for a significant carcinogenic risk. This 
group is referred to as the “cohort of concern”, comprises aflatoxin-like-, N-nitroso-, and alkyl-
azoxy compounds.

• Example of formation conditions: concomitant 
presence of a secondary/tertiary amine and a 
nitrosating agent (e.g. NaNO2) under acidic 
conditions
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Risk assessment in CEP dossiers - Principles
Q & A for marketing authorisation holders/applicants on the CHMP Opinion 
for the Article 5(3) of Regulation (EC) No 726/2004 referral on nitrosamine 
impurities in human medicinal products (EMA website)

Comprehensive risk assessment. 
ALL risk factors to be considered. 
Refer to Q&A document, Topic 4.

E.g.:

Nitrosating agent +
secondary/tertiary amine + 

favourable conditions
•Manufacturing process conditions, either 
within same synthetic step or in different steps

•Contaminated starting materials, 
intermediates, recovered or recycled materials

•Degradation of API, intermediates, reagents or 
solvents.

•Cross-contaminations, etc. Same principles to be used for Veterinary products

YES, 
risk identified:

•confirmatory testing 
to confirm or refute 
the presence of 
nitrosamines

Risk 
identified?

YES, 
presence confirmed:

• implement effective 
risk mitigating 
measures (e.g. changes 
in manufacturing process)

•suitable control 
strategy

Presence 
confirmed?
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Risk & Presence confirmed
Control strategy in line with:
- Q & A document, Question 10
- ICH M7 principles, as applicable

Calculation of applicable limit:

N-nitrosamine with insufficient substance specific data : 
→ default class specific TTC of 18 ng/d
→ if not possible, interim requirements Q 21

Q&A, Table 1 (refer to current version for full table):
Following limits have been established for: 

…Etc.Multiple N-nitrosamines (more than one) 
→ Total nitrosamines 
→ Q & A, Annex 1, Decision tree with control options for 

products containing multiple N-nitrosamines
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Risk & Presence confirmed
Or… Non-mutagenic?

Toxicological data needed to 
classify a nitrosamine as a Class 5 impurity

↓

Q&A, Q10, Guidance on use of Ames test
• Negative in vitro bacterial reverse mutation tests:

Not sufficient as sole evidence for lack of mutagenic potential for nitrosamines
Can be used as part of a weight of evidence approach, but additional supporting evidence would be required

• Internationally centralised assessment

• Analytical methods need sufficient sensitivity
• Quantitative test → LOQ ≤ acceptable limit based on the AI of the nitrosamine impurity.
• Quantitative testing to justify omission of a specification → LOQ of the analytical method ≤ 10% 

of the acceptable limit based on the AI of the nitrosamine impurity.
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Reminder…
• To be provided for all new CEP applications

• For existing CEP applications:  
Completion of Step 2: Confirmatory Testing & Step 3: Update of CEP Application 
(refer to Q&A principles) by 1st October 2023

CEP holders should be supportive to MAHs 
and provide them with relevant information

Summary and outcome of Risk Assessment to be provided in section 3.2.S.3.2
& 

Other sections to be amended as needed

Summary and outcome of Risk Assessment to be provided in section 3.2.S.3.2
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Residual solvents

• ICH Q3C / Ph.Eur. 5.4 classification and recommended limits
• CPMP/QWP/450/03 -Rev.1 (Annex I)

Control in API when 
ICH Class 2 solvent

Used in last 
step

Used before last 
step but

found >10% ICH 
limit in the API

ICH Class 3 solvent

Used in last step

Used before last step 
but

found >10% ICH limit 
in the API

(CEP procedure)

ICH Class 1 
solvents

as contaminant of another solvent 

Non-classified ICH Q3C Solvents: toxicological justification for any proposed limit.
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Class 1 solvents as contaminant of another solvent

Option 1. Limit in originator solvent ensures that the class 1 solvent will be present in the API at
levels <30% ICH limit. Taking into account the maximum likely level of contamination of the Class
1 solvent and volatility of both solvents.

Option 2. Class 1 solvent demonstrated < 30% ICH limit in an intermediate or API. Using a
validated method, data on 6 consecutive pilot scale batches or 3 consecutive industrial scale
batches.

Control needed unless…

Theoretical Max level of 
benzene in API: 0.1 ppm
(ICH limit : 2 ppm)

Benzene (bp : 80.1°C)  limited in toluene: NMT 500 ppm
Toluene (bp : 110.6 °C, purity NLT 99.5% ) in API : 

NMT 200 ppm, eliminated by drying in process
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Class 3 solvents & Certification Procedure

Product monograph includes a test for 
Loss on drying at NMT 0.5 %?

Yes

Solvent can be controlled in 
API by test for

Loss on drying of the 
monograph

No

Specific method
- Validated ICH Q2 (R1)
- Appended to the CEP

Loss on drying 
Ph. Eur. 2.2.32

Limit at NMT 5000 ppm or 0.5% 
Limit at NMT 0.5%

PA/PH/CEP (04) 1 : 
Content of the dossier for chemical purity
and microbiological quality 

Alternatively
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Case study (fictitious)

SM1 INT-A INT-B INT-C

Crude
API API API

Step 1 Step 2 Step 3

Step 4

Purification/ 
Salification

Acetic acid

Toluene

Dichloromethane Dichloromethane 
Ethyl acetate
Process water

Methanol
Triethylamine
Purified water

Methanol
Ethyl acetate

SM2
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Case study : Which specifications?
Solvent Used in step

X / 5 ICH classification Typical levels 
in API

LOD
(ppm)

Limit
in API

Acetic acid Step 1 Class 3
NMT 5000 ppm ND 68 ?

Toluene SM1, 
Step 2

Class 2
NMT 890 ppm ND-42ppm 7 ?

Dichloromethane SM1, 
Step 3, 4

Class 2
NMT 600 ppm 28-94 ppm 15 ?

Ethyl acetate Step 3, 5 Class 3
NMT 5000 ppm BDL-567 ppm 49 ?

Triethylamine Step 4 Class 3
NMT 5000 ppm ND 77 ?

Methanol Step 4, 5 Class 2
NMT 3000 ppm ND 6 ?

Benzene As contaminant Class 1
NMT 2 ppm

ND 0.5 ?

Only water used as solvent in the manufacturing of SM2

Testing using
GC methods 

(or other suitable) 
validated in line with 

ICH Q2 (R1)

Data obtained from controls in intermediates 
may also be used to show absence
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Which specifications?
Solvent Used in step

X / 5 ICH classification Limit 
in API

Typical levels 
in API

LOD
(ppm)

Acetic acid Step 1 Class 3
NMT 5000 ppm ? ND 68

Toluene SM1, 
Step 2

Class 2
NMT 890 ppm ? ND-42ppm 7

Dichloromethane SM1, 
Step 3, 4

Class 2
NMT 600 ppm ? 28-94 ppm 15

Ethyl acetate Step 3, 5 Class 3
NMT 5000 ppm ? BDL-567 ppm 49

Triethylamine Step 4 Class 3
NMT 5000 ppm ? ND 77

Methanol Step 4, 5 Class 2
NMT 3000 ppm ? ND 6

Benzene As contaminant Class 1
NMT 2 ppm ? ND 0.5

Only water used as solvent in the manufacturing of SM2

<10%ICH, 
not used last step

<10%ICH, 
not used last step
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Which specifications?
Solvent Used in step

X / 5 ICH classification Limit 
in API

Typical levels 
in API

LOD
(ppm)

Acetic acid Step 1 Class 3
NMT 5000 ppm x ND 68

Toluene SM1, 
Step 2

Class 2
NMT 890 ppm x ND-42ppm 7

Dichloromethane SM1, 
Step 3, 4

Class 2
NMT 600 ppm ? 28-94 ppm 15

Ethyl acetate Step 3, 5 Class 3
NMT 5000 ppm ? BDL-567 ppm 49

Triethylamine Step 4 Class 3
NMT 5000 ppm x ND 77

Methanol Step 4, 5 Class 2
NMT 3000 ppm ? ND 6

Benzene As contaminant Class 1
NMT 2 ppm ? ND 0.5

Only water used as solvent in the manufacturing of SM2

<10%ICH, 
not used last step

<10%ICH, 
not used last step
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Which specifications?
Solvent Used in step

X / 5 ICH classification Limit in API Typical levels in 
API

LOD
(ppm)

Acetic acid Step 1 Class 3
NMT 5000 ppm x ND 68

Toluene SM1, 
Step 2

Class 2
NMT 890 ppm x ND-42ppm 7

Dichloromethane SM1, 
Step 3, 4

Class 2
NMT 600 ppm ? 28-94 ppm 15

Ethyl acetate Step 3, 5 Class 3
NMT 5000 ppm ? BDL-567 ppm 49

Triethylamine Step 4 Class 3
NMT 5000 ppm x ND 77

Methanol Step 4, 5 Class 2
NMT 3000 ppm ? ND 6

Benzene As contaminant Class 1
NMT 2 ppm ? ND 0.5

Only water used as solvent in the manufacturing of SM2

Class 2, > 10%ICH limit
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Which specifications?
Solvent Used in step

X / 5 ICH classification Limit in API Typical levels in 
API

LOD
(ppm)

Acetic acid Step 1 Class 3
NMT 5000 ppm x ND 68

Toluene SM1, 
Step 2

Class 2
NMT 890 ppm x ND-42ppm 7

Dichloromethane SM1, 
Step 3, 4

Class 2
NMT 600 ppm NMT 600 ppm 28-94 ppm 15

Ethyl acetate Step 3, 5 Class 3
NMT 5000 ppm ? BDL-567 ppm 49

Triethylamine Step 4 Class 3
NMT 5000 ppm x ND 77

Methanol Step 4, 5 Class 2
NMT 3000 ppm ? ND 6

Benzene As contaminant Class 1
NMT 2 ppm ? ND 0.5

Only water used as solvent in the manufacturing of SM2

Class 2, > 10%ICH limit
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Which specifications?
Solvent Used in step

X / 5 ICH classification Limit 
in API

Typical levels 
in API

LOD
(ppm)

Acetic acid Step 1 Class 3
NMT 5000 ppm x ND 68

Toluene SM1, 
Step 2

Class 2
NMT 890 ppm x ND-42ppm 7

Dichloromethane SM1, 
Step 3, 4

Class 2
NMT 600 ppm NMT 600 ppm 28-94 ppm 15

Ethyl acetate Step 3, 5 Class 3
NMT 5000 ppm ? BDL-567 ppm 49

Triethylamine Step 4 Class 3
NMT 5000 ppm x ND 77

Methanol Step 4, 5 Class 2
NMT 3000 ppm ? ND 6

Benzene As contaminant Class 1
NMT 2 ppm ? ND 0.5

Only water used as solvent in the manufacturing of SM2

Class 2, > 10%ICH limit

Used last step, no loss 
on drying test in the 
monograph

Used last step
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Which specifications?
Solvent Used in step

X / 5 ICH classification Limit 
in API

Typical levels 
in API

LOD
(ppm)

Acetic acid Step 1 Class 3
NMT 5000 ppm x ND 68

Toluene SM1, 
Step 2

Class 2
NMT 890 ppm x ND-42ppm 7

Dichloromethane SM1, 
Step 3, 4

Class 2
NMT 600 ppm NMT 600 ppm 28-94 ppm 15

Ethyl acetate Step 3, 5 Class 3
NMT 5000 ppm NMT 5000 ppm BDL-567 ppm 49

Triethylamine Step 4 Class 3
NMT 5000 ppm x ND 77

Methanol Step 4, 5 Class 2
NMT 3000 ppm NMT 3000 ppm ND 6

Benzene As contaminant Class 1
NMT 2 ppm ? ND 0.5

Only water used as solvent in the manufacturing of SM2

Class 2, > 10%ICH limit

Used last step

Used last step, no loss 
on drying test in the 
monograph
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Which specifications?
Solvent Used in step

X / 5 ICH classification Limit 
in API

Typical levels 
in API

LOD
(ppm)

Acetic acid Step 1 Class 3
NMT 5000 ppm x ND 68

Toluene SM1, 
Step 2

Class 2
NMT 890 ppm x ND-42ppm 7

Dichloromethane SM1, 
Step 3, 4

Class 2
NMT 600 ppm NMT 600 ppm 28-94 ppm 15

Ethyl acetate Step 3, 5 Class 3
NMT 5000 ppm NMT 5000 ppm BDL-567 ppm 49

Triethylamine Step 4 Class 3
NMT 5000 ppm x ND 77

Methanol Step 4, 5 Class 2
NMT 3000 ppm NMT 3000 ppm ND 6

Benzene As contaminant Class 1
NMT 2 ppm ? ND 0.5

Only water used as solvent in the manufacturing of SM2

Class 2, > 10%ICH limit

Used last step

Used last step

Class 1 solvent as 
contaminant,
<30% ICH limit
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Which specifications?
Solvent Used in step

X / 5 ICH classification Limit 
in API

Typical levels 
in API

LOD
(ppm)

Acetic acid Step 1 Class 3
NMT 5000 ppm x ND 68

Toluene SM1, 
Step 2

Class 2
NMT 890 ppm x ND-42ppm 7

Dichloromethane SM1, 
Step 3, 4

Class 2
NMT 600 ppm NMT 600 ppm 28-94 ppm 15

Ethyl acetate Step 3, 5 Class 3
NMT 5000 ppm NMT 5000 ppm BDL-567 ppm 49

Triethylamine Step 4 Class 3
NMT 5000 ppm x ND 77

Methanol Step 4, 5 Class 2
NMT 3000 ppm NMT 3000 ppm ND 6

Benzene As contaminant Class 1
NMT 2 ppm x ND 0.5

Only water used as solvent in the manufacturing of SM2

Class 2, > 10%ICH limit

Used last step

Used last step

Class 1 solvent as 
contaminant ,
<30% ICH limit

Exercise to be summarised in section 3.2.S.3.2 – Residual solvents
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Specifications in Active substance

Solvent ICH classification Limit in API

Dichloromethane Class 2
NMT 600 ppm NMT 600 ppm

Ethyl acetate Class 3
NMT 5000 ppm

NMT 5000 ppm

Methanol Class 2
NMT 3000 ppm

NMT 3000 ppm

Outcome of discussion in section 3.2.S.3.2 →  Specification as provided in section 3.2.S.4.1

If other solvents included 
in section 3.2.S.4.1., 

these will be transparent 
on the CEP
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Elemental impurities
• ICH Q3D

- Covers 24 elements (classified under the classes 1, 2A, 2B and 3) and gives 
permitted daily exposure (PDE) according to the route of administration. 

• PA/PH/CEP (16) 23, 2R
- Risk assessment requirements to control elemental impurities
- Component Approach as per ICH Q3D

Note
Principles also to be applied for substances for « veterinary use only » : 
Reflection paper on risk management requirements for elemental impurities in veterinary 
medicinal products (EMA/CVMP/QWP/153641/2018) 
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How to define the control strategy

The control strategy should focus on absence or presence of elemental impurities 
(e.g. metal catalysts) in the API

Absence in the API of an elemental impurity intentionally added
i.e. purged to a level consistently and convincingly below 30% of the limit which is defined
considering:  
- the indicated route of administration 
- the ICH Q3D option 1 (API daily intake of NMT 10g) or option 2a when justified
- Analytical method identified, at least sensitivity (LOD/LOQ) to be provided

Presence in API for an elemental impurity intentionally added : if not demonstrated absent, a 
justified specification should be applied
- Analytical methods should be described in 3.2.S.4.2, validation in line with Q2(R1)

→ Specification limit in the API is usually expected for any elemental impurity introduced into the last synthetic 
step not demonstrated absent
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Implementation of ICH Q3D in the CEP procedure 
Two possible approaches :

No Risk management summary is prepared. 

A Risk management summary for elemental 
impurities (RMS) is prepared :

Option encouraged
by EDQM = 
facilitates risk

assessment for 
medicinal product

→  besides the intentionally added elements the assessment should also cover all other potential elemental 
impurities from other sources 

- Risk Management Summary report (summarised) which details the rationale of the study. Provide the 
reasons why impurities are considered + justification of the chosen control strategy + indicate the 
intended route of administration on which the risk assessment is based.

- to be completed with a summary table → intended to be annexed to the CEP

A batch screening does not replace a risk management summary
RMS/ no-RMS : with both scenarios specification at release if proposed by the applicant → mentioned on CEP

OR
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RMS approach:

Elements to be considered: 

- elemental impurities derived from 
intentionally added catalysts and inorganic 
reagents

- Potential elemental impurities not 
intentionally added depending on the 
route of administration : see Table 5.1

- Potential elemental impurities derived 
from manufacturing equipment, water, 
leached from container closure system… 
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Case study (fictitious)

SM1 INT-A INT-B INT-C

Crude
API API API

Step 1 Step 2 Step 3

Step 4

Purification/ 
Salification

Ammonium molybdate

SM2
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Impurity Limit Batch data Origin
Molybdenum - < 5 ppm catalyst in step 4

Final substance (3.2.S.4.1) - Specification

Route of administration

Elements considered 
or not

Report a conclusion on 
absence or control

If term « Absent » is used its
definition is required

- ICH Q3D Class 3 element 
- Option 1 limit for parenteral administration: 1700 ppm
→ Control threshold : 510 ppm
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Reagents & Inorganic impurities

• Carryover of reagents, in particular toxic reagents, to the final substance should 
be discussed, as applicable. (e.g TBAB)

- Absence of carryover into the API is demonstrated using a validated method 
against a limit justified based on toxicological data
OR
- Routine control to be implemented at a suitable intermediate or final substance

Reagents and 
Inorganic impurities
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Case study (fictitious)

SM1 INT-A INT-B INT-C

Crude
API API API

Step 1 Step 2 Step 3

Step 4

Purification/ 
Salification

H2O2
H2SO4

Acetic anhydride

SOCl2 

NaOH

SM2
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Reagents & Inorganic impurities

Reagents Origin, fate and carry over Batch data Limit

Acetic anhydride Multiple steps up to the API. Low risk of carryover. Decomposes in 
water and NaOH, used ahead, to acetic acid which is demonstrated 
absent in the API. 

x x

Sulfuric acid Washed along with water used in the manufacturing process. x x

Sodium hydroxide Salt formation. Used last step. Carryover of residues controlled by 
the test for pH of the monograph. x x

Hydrogen peroxide ICH M7 Class 1 impurity. Refer to section 3.2.S.3.2 – Mutagenic impurities.

Thionyl chloride ICH M7 Class 1 impurity. Refer to section 3.2.S.3.2 – Mutagenic impurities.

Reagents and 
Inorganic impurities
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Show knowledge and understanding of 
your specific process and resulting 

impurity profile

Show you have identified the risks for 
the quality of your active substance

Show your control strategy mitigates 
the risks you have identified for the 

quality of your active substance 

Take home message... 
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Stay connected with the EDQM

Thank you for your attention

EDQM Newsletter: https://go.edqm.eu/Newsletter
LinkedIn: https://www.linkedin.com/company/edqm/
Twitter: @edqm_news
Facebook: @EDQMCouncilofEurope
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