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Webinar Viewing Permissions

Each registration is unique and grants the right 
for the individual registrant only to view this 

webinar. Sharing this webinar with unregistered 
viewers either during or after its performance 

violates USP’s copyright and is prohibited.



3

© 2020 USP

Because USP text and publications may have legal implications in the U.S. and elsewhere, their language must 
stand on its own. The USP shall not provide an official ex post facto interpretation to one party, thereby placing 
other parties without that interpretation at a possible disadvantage. The requirements shall be uniformly and 
equally available to all parties.

In addition, USP shall not provide an official opinion as to whether a particular article does or does not comply 
with compendial requirements, except as part of an established USP verification or other conformity 
assessment program that is conducted separately from and independent of USP's standard-setting activities.

Certain commercial equipment, instruments or materials may be identified in this presentation to specify 
adequately the experimental procedure. Such identification does not imply approval, endorsement, or 
certification by USP of a particular brand or product, nor does it imply that the equipment, instrument or material 
is necessarily the best available for the purpose or that any other brand or product was judged to be 
unsatisfactory or inadequate. 

This course material is USP Property.  Duplication or distribution without USP’s written permission is prohibited.

USP has tried to ensure the proper use and attribution of outside material included in these slides. If, 
inadvertently, an error or omission has occurred, please bring it to our attention. We will in good faith correct 
any error or omission that is brought to our attention. You may email us at: legal@usp.org.

Disclaimer
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Agenda

Content Time

Day 1 ICH Q3 Impurity Guidelines

ICH Q3A - Drug Substance Process-related Impurities 10:00 -11:00

ICH Q3B - Drug Substance and Drug Product Degradation 
Impurities 11:00 - 11:45

Break 11:45 - 12:00

ICH M7 - Genotoxic Impurities 12:00 - 12:45

Day 2 

ICH Q3C Guidelines

Residual Solvents 10:00 - 11:30

Break 11:30 - 11:45

Residual Solvents (cont.) 11:45 - 12:30

Day 3

ICH Q3D Guidelines

Elemental Impurities 10:00 - 11:30

Break 11:30 - 11:45

Elemental Impurities (cont.) 11:45 - 12:30
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� Day 1:  ICH Q3A (Drug substance process-related impurities)
ICH Q3B (Drug substance and drug product degradation impurities)
ICH M7 Genotoxic impurities

� Day 2:  ICH Q3C (Residual solvents)

� Day 3:  ICH Q3D (Elemental impurities)

Course Focus



Introduction
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� Describe impurity requirements given in ICH 

Q3A and Q3B

� Briefly describe investigation of process-related 
and degradation impurities

� Give examples of organic impurity controls in 

USP monographs

� Provide examples of specification setting for 
impurities

Course Objectives
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Course Focus

Topics not covered:
� Microbiological contamination

� Endotoxins
� Equipment cleaning
� Cross contamination

� Facility contamination – e.g., paint chips, rust
� Contamination extrinsic to process or product
� Intentional adulteration 

� Extractables and Leachables

� Bioproduct specific impurities
– Residual DNA
– Host cell proteins

Focus will be on synthetic “small molecule” drugs (although concepts can be 
applied to fermentation products, semi-synthetics, and bioproducts)
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Why are Impurities Important

� Drug expectations: safety, identity, 
strength, purity or quality (SISPQ)

� Impurities do not impart any 
therapeutic value and only 

increase risk for the use of drug 
products.
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Impurity Expectations – ICH, Regulatory Authorities, Pharmacopeias

� It is the responsibility of the 
manufacturers to develop suitable 

analytical methodology and set 
appropriate acceptance criteria.

� Impurities may be different in materials 
made using different manufacturing 
processes. 

� Pharmacopeias may not cover all 
possible impurities and some impurities 

may not be relevant for a new supplier

� Process and product understanding are 

key to controlling impurities

ICH
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ICH = International Council for Harmonization of Technical Requirements for       
Pharmaceuticals for Human Use 

ICH's mission is to achieve greater harmonization worldwide to ensure that safe, 
effective and high-quality medicines are developed, and registered and maintained in 

the most resource efficient manner whilst meeting high standards.

16 Members and 32 Observers

ICH Background

Founding Regulatory 
Members

•EMA, Europe
•FDA, United States
•MHLW/PMDA, Japan

Founding Industry 
Members

•EFPIA
•JPMA
•PhRMA
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� ICH Topics are divided into four major 
categories and ICH Topic Codes are assigned 
according to these categories. 

– Q “Quality” Topics

– S “Safety” Topics

– E “Efficacy” Topics

– M “Multidisciplinary” Topics

ICH Topics
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� ICH guidelines generally apply to new drug substances and products

� Not all product classes are included, such as radiopharmaceuticals

� ICH impurity concepts and thresholds are often applied to generic drug 

registrations, registration supplements, registrations of previously approved 
drugs in new countries

Scope of ICH Guidelines
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� Q1 Stability 

� Q2 Analytical Validation 

� Q3 Impurities 

� Q4 Pharmacopoeias 

� Q5 Quality of Biotechnological Products

� Q6 Specifications 

� Q7 Good Manufacturing Practice 

� Q8 Pharmaceutical Development 

� Q9 Quality Risk Management

ICH “Q” (Quality) Guidelines

� Q10 Pharmaceutical Quality System

� Q11 Development and Manufacture of Drug 
Substances

� Q12 Lifecycle Management

� Q13 Continuous Manufacturing of Drug 

Substances and Drug Products

� Q14 Analytical Procedure Development
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Q1A “Stability Testing of New Drug Substances and Products”

Q1B “Photo-stability Testing of New Drug Substances and Products” 

Q2A “Validation of Analytical Procedures”

Q3A “Impurities in Drug Substances”

Q3B “Impurities in Drug Products”

Q3C “Impurities: Residual Solvents”

Q3D “Elemental Impurities” 

Q6A “Specifications: test procedures and acceptance criteria for new drug   
substances and new drug substances; chemical substances”

M7 “Assessment and Control of DNA Reactive (Mutagenic) Impurities in 
Pharmaceuticals to Limit Potential Carcinogenic Risk”

ICH Guidelines Addressing Impurities
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ICH Q11

For chemical entity development, a major focus is knowledge and control of 
impurities. It is important to understand the formation, fate (whether the impurity 
reacts and changes its chemical structure), and purge (whether the impurity is 

removed via crystallization, extraction, etc.) well as their relationship to the 
resulting impurities that end up in the drug substance as CQAs. The process 

should be evaluated to establish appropriate controls for impurities as they 
progress through multiple process operations.

DEVELOPMENT AND MANUFACTURE OF DRUG SUBSTANCES 
(CHEMICAL ENTITIES AND BIOTECHNOLOGICAL/BIOLOGICAL 
ENTITIES) 
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Impurity Origins

SM1+ SM2 INT1 DS

(D1, D2 …)

solvent 1, catalyst solvent 2, reagent

(SM1’) (INT1’) (DS’)

(BP1, BP2 …)

excipients

Drug Product

(D3, D4, EI1, EI2, ….)

SM = starting materials
INT = intermediate (usually several intermediates)
DS = drug substance

SM’ = starting material impurity 
with potential to form INT’ and DS’

BP = reaction by-product

D = degradation product

EI = excipient interaction product

Route 1

Route 2

Route 3

Leachables from container/closure

RISI

IE

SI = impurity in solvent
RI = impurity in reagent
IE = impurity in excipient

B.A. Olsen et al. AAPS PharmSciTech, Vol. 15, No. 1, February 2014
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� Organic impurities (process- and drug-related) can arise from process and/or 
storage; can be identified or unidentified.

� Inorganic impurities  ICH Q3D (Elemental Impurities)                                               
arise from process and are usually identified

� Residual solvents  ICH Q3C                                                                                       

arise from process and are identified

ICH Q3A (R2) Impurities In New Drug Substances

Types of Impurities



Q3A
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ICH Q3A and Q3B definitions

� Reporting Threshold:  A limit above (>) which an impurity should be reported

� Identification Threshold: A limit above (>) which an impurity should be identified. 

� Qualification Threshold: A limit above (>) which an impurity should be qualified. 

� Qualification: The process of acquiring and evaluating data that establishes the biological safety 
of an individual impurity or a given impurity profile at the level(s) specified. 

Impurities - Definitions

Related substance impurity:  An impurity whose structure is related 
to that of the drug substance (USP <1086>)
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Definitions, continued

� Specified Impurity (Degradation Product):  An impurity (degradation product) that is individually 
listed and limited with a specific acceptance criterion in the new drug substance specification.  

Can be either identified or unidentified.

� Unspecified Impurity (Degradation Product): An Unspecified Impurity is an impurity that is limited 

by a general acceptance criterion but is not individually listed with its own specific acceptance 
criterion, in the new drug substance specification. 

� Identified Impurity:  (Degradation Product) An impurity for which a structural characterization has 
been achieved

� Unidentified Impurity (Degradation Product): An impurity for which a structural characterization 
has not been achieved and that is defined solely by qualitative analytical properties (e.g., 
chromatographic retention time).
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ICH Q3A(R2) Thresholds – New Drug Substances

Maximum Daily 

Dose1

Reporting 

Threshold2,3

Identification 

Threshold3

Qualification 

Threshold3

≤ 2 g/day 0.05% 0.10 % or 1.0 mg 

per day intake 
(whichever is 

lower)

0.15 % or 1.0 mg 

per day intake 
(whichever is 

lower)

> 2 g/day 0.03 % 0.05 % 0.05 %

1. The amount of drug substance administered per day

2. Higher reporting thresholds should be scientifically justified

3. Lower thresholds can be appropriate if the impurity is unusually toxic
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� Reporting Threshold:  A limit above (>) which an impurity should be reported 
(sometimes called a limit of disregard).

� The quantitation limit for the analytical procedure should be less than or 

equal to (≤) the reporting threshold.

� Reporting threshold does not apply:  “For impurities known to be unusually 

potent or to produce toxic or unexpected pharmacological effects, the 
quantitation/detection limit of the analytical procedures should be 

commensurate with the level at which the impurities should be controlled.”

Reporting Threshold
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� Drug substance is to be is used in a formulation

� Maximum daily dose  is  0.5g of the drug substance 

� % of Impurity A  observed  0.044%

� % of Impurity B  observed  0.096%

� % of Impurity C observed   0.12%

� %  of Impurity D observed   0.1649%

� Based on the ICH guidelines Q3A determine the required actions

Clue: calculate the daily intake amount of the impurity

Exercise – Drug Substance Impurities and Actions 



27

© 2020 USP

� Reporting threshold = 0.05% 

� Identification threshold = 0.10% or 1mg/day(use the lower)

� Qualification threshold = 0.15% or  1mg/day(use the lower)

Illustration of Reporting, Identification, Qualification of Impurities in 
Drug Substances – max daily dose = 0.50 g

Example 1: 0.5 g Maximum Daily Dose 

"Raw" Observed 
Result 

(%)

Result to be 
Reported

(%)

Calculated Total 
Daily Intake (TDI) 

(mg) of the 
Impurity

Action 

Identification

Action

Qualification

0.044 Not reported 0.2 None None

0.0963 0.10 0.5 None None

0.12 0.12 0.6 ID Needed None

0.1649 0.16 0.8 ID Needed
Qualification

Needed
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Specified impurities 
‒ Reported individually
‒ Can be identified or unidentified

Unspecified individual impurities

‒ Usually limited at identification threshold (0.10% for ≤ 2 g/day dose for 
drug substances)

Total impurities
‒ Sum of impurities above reporting threshold

‒ Prevents accumulation of several impurities which all meet individual 
limits

Impurity Specifications for Drug Substances
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Manual of Policies and Procedures - MaPP (FDA): POLICY

Effective Sept. 19, 2018:  https://www.fda.gov/media/124859/download
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Example Specification – Gemcitabine HCl, USP

Name
Relative 

Retention Time
Acceptance 

Criteria, NMT (%)

Cytosine 0.4 0.1

Gemcitabine α-anomer 0.7 0.1

Gemcitabine 1.0 —

Any individual 
unspecified impurity

— 0.1

Total impurities — 0.2

Specified Impurities

Unspecified Impurities



Q3B
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� Degradation Product: An impurity resulting from a 
chemical change in the drug substance brought about 

during manufacture and/or storage of the new drug 
product by the effect of, for example, light, temperature, 
pH, water, or by reaction with an excipient and/or the 

immediate container closure system

� Impurities related to the synthetic process can be 
controlled in the drug substance so the focus for drug 
products is on impurities formed via degradation or 

reaction with excipients or container/closure system. 

ICH Q3B:  Drug Product Impurities - Degradation
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ICH Q3B Thresholds for Drug Product Impurities

Reporting Threshold:  0.1% (0.05% for >1 g/day dose)

Identification Thresholds 
Maximum Daily Dose Threshold (TDI = total daily intake)
< 1 mg 1.0% or 5 µg TDI, whichever is lower 
1 mg - 10 mg 0.5% or 20 µg TDI, whichever is lower 
>10 mg - 2 g 0.2% or 2 mg TDI, whichever is lower 
> 2 g 0.10% 

Qualification Thresholds 
Maximum Daily Dose Threshold
< 10 mg 1.0% or 50 µg TDI, whichever is lower 
10 mg - 100 mg 0.5% or 200 µg TDI, whichever is lower 
>100 mg - 2 g 0.2% or 3 mg TDI, whichever is lower 
> 2 g 0.15%
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Thresholds for Impurities and Degradation Products in                                          
New Drug Products

Degradation Product Thresholds

Maximum daily 
dose

< 1mg 1-10mg > 10-100mg > 100mg-1 g > 1-2g > 2g

Reporting 0.10% 0.10% 0.10% 0.10% 0.05% 0.05%

Identificationa 1.0% or 
5µgTDIb

0.5% or 
20µgTDIb

0.2% or 
2mgTDIb

0.2% or 
2mgTDIb

0.2% or 
2mgTDIb

0.10% 

Qualificationa 1.0% or 
5µgTDIb

1.0% or 
50µgTDIb

0.5% or 
200µgTDIb

0.2% or 
3mgTDIb

0.2% or 
3mgTDIb

0.15%

a Lower threshold may be appropriate for toxic impurities
b Whichever is lower, calculated value or Total Daily Intake (TDI)
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Graph of Thresholds from ICH Q3B
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Expanded Graph for Low Doses
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� Reporting threshold: 0.1% 

� Identification threshold: 0.2% or 2 mg (use the lower)

� Qualification threshold: 0.5% or 200 μg (use the lower)

Illustration of Reporting, Identification, Qualification of Degradation 
Products

Example 1: 50 mg Maximum Daily Dose 

"Raw" Observed 
Result 

(%)

Result to be 
Reported

(%)

Calculated Total 
Daily Intake (TDI) 

(μg) of the 
Impurity

Action 

Identification

Action

Qualification

Deg A 0.04 ? ? ? ?

Deg B 0.2143 ? ? ? ?

Deg C 0.349 ? ? ? ?

Deg D 0.550 ? ? ? ?
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� Reporting threshold: 0.1% 

� Identification threshold: 0.2% or 2 mg/day (use the lower)

� Qualification threshold: 0.5% or 200 μg (TDI) (use the lower)

Illustration of Reporting, Identification, Qualification of Degradation 
Products

Example 1: 50 mg Maximum Daily Dose 

"Raw" Observed 
Result 

(%)

Result to be 
Reported

(%)

Calculated Total 
Daily Intake (TDI) 

(μg) of the 
Impurity

Action 

Identification

Action

Qualification

Deg A 0.04 Not reported 20 None None

Deg B 0.2143 0.2 100 None None

Deg C 0.349 0.3 150 ID Needed None

Deg D 0.550 0.6 300
ID Needed

Qualification
Needed
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For impurities known or likely to exceed qualification threshold                        
consider conducting

� General toxicity studies:

– Performed in the species most likely to maximize the potential to detect the toxicity of a 
degradation product or process impurity

– 14 to 90 days 

� Genotoxicity studies
– Point mutations (e.g., Ames)

– In vitro chromosomal aberrations

� Such studies can be conducted on the new drug substance containing the 

impurities to be controlled, although studies using isolated impurities can 
sometimes be appropriate

� Consider patient population and duration of use in study design

Impurity Qualification
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� Each impurity for which a structure is known should be assessed for 
mutagenicity according to ICH M7

� ICH M7 should be followed to determine acceptable limits and control strategy 
for mutagenic impurities

Impurity Assessment for Mutagenicity
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The drug substance can be used as a standard to estimate the levels of 
impurities. In cases where the response factors of the drug substance 
and the relevant impurity are not close, this practice can still be 

appropriate, provided a correction factor is applied or the impurities are, 
in fact, being overestimated.

Impurity Quantitation

Relative response factor, RRF

RRF � �Impurity response/Impurity concentration)

(API response/API concentration)

USP:  F = RRF, appears in denominator of calculations

PhEur:  CF = 1/RRF, appears in numerator of calculations

Note:  RRFs are method 
dependent.  Factors such as 
detection wavelength and mobile 
phase are critical.
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Relative Response Factor Impact

� Quantitation of an impurity vs. drug substance will be: 

– Underestimated if the impurity has a low RRF

– Overestimated if the impurity has a high RRF

� Application of RRF in quantitation:

– For RRF<1, the true impurity level is higher than measured assuming RRF=1; the true level 
may exceed an ID or qualification threshold

– For RRF>1, the true impurity level is lower than measured assuming RRF=1; this may remove 
undo focus on impurities that appear to exceed thresholds vs drug substance

� Also consider using external standards of impurities for accurate quantitation



Control Strategy
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ICH Reporting and Control of Impurities Expectation and 
Requirements (Q3A and Q3B)

Organic Impurities 

� List of actual and potential impurities [total and individual impurities, identified 
and unidentified for all batches (in various stages of the development)] Batches 
are those used for clinical, safety, and stability testing, as well as for batches 

representative of the proposed commercial process.

� Scientific appraisal of synthetic pathways for potential by-products, starting 
material impurities, etc.

� Degradation pathways and potential impurities generated during manufacture, 
storage, and stability studies
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ICH Reporting and Control of Impurities Expectation and 
Requirements (Q3A and Q3B), continued

Organic Impurities 

� Impurities associated with raw materials

� Studies conducted to detect and identify impurities (including stress testing)

� Impurities arising from the interaction with excipients and/or the immediate 

container closure system
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Control Strategy Development

Quality of starting materials, reagents, 
solvents, excipients

Reaction conditions, purification points, critical 
process parameters and ranges, intermediate 
controls, production and storage conditions, 
process analytical technology

Verification of quality through final tests

Process and degradation chemistry knowledge leads to necessary controls

Input controls

Process controls

API and drug 
product quality
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Impurity Investigations – Discovering What’s Important

Actual or relevant
impurities

Potential impurities

Potential: An impurity that theoretically can arise during manufacture or storage. It may or may not actually 
appear in the new drug substance (ICH Q3A). Potential degradation products are those that may be 
reasonably expected to form during long term storage conditions and are above ID thresholds in 
accelerated stability or confirmatory photostability (see ICH M7). Potential impurities are often discovered 
during process development and stress testing of drug substance and drug product.

Actual or relevant:  impurities present in drug or with a high likelihood of being present (ICH Q3A). Actual 
impurities and degradation products include those observed above the ICH Q3A and Q3B reporting 
thresholds for drug substance and drug product, respectively (see ICH M7).
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Process-related Impurity Investigations and Control                                
Strategy Development

Determine what impurities are important to control in API

What to look for

� Starting materials

� Intermediates

� Predictable by-products, degradation products

� Stereoisomers, positional isomers

� Products from starting material impurities, 

reagent impurities, solvent impurities

� Unknowns

Where to look

� Starting materials, intermediates

� Reaction solutions

� Filtrates – can be good source of 

enriched impurities

� Unpurified drug substance

� Stress degradation samples

(also important for drug product)
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Impurity Origin – Point of Introduction in Synthesis

� Impurities formed or introduced early in the synthesis will generally be 
less likely to appear in the drug substance compared to impurities 
introduced late in the synthesis

� Control of some impurities can be shown at intermediates in the 

process instead of at the drug substance – impurity purging data can 
justify levels for control at intermediates.
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Degradation Impurity Investigation

� Determine what degradation can occur under stress conditions (light, heat, 
humidity, acid/base hydrolysis, and oxidation)

� Assess susceptibility to degradation under long-term or accelerated 
stability conditions

� Use necessary API controls, excipient controls, process controls, protective 

packaging and storage conditions to control degradation

Potential degradation 
products formed under 
stress conditions

Actual degradation 
products under normal
conditions

For drug substance and
drug products
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� Provide information on intrinsic stability of molecule

� Guide formulation design and processing development

� Guide handling, packaging, storage decisions

� Guide analytical method development – demonstrate stability-indicating 
capability of method

Stress Studies for Degradation Impurity Investigation

Well-designed stress (forced degradation) studies can:

Depth of investigation during stress studies usually varies with stage of 
clinical development
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Degradation Products – What’s important

A

B

C

D

E

F

G

H

Parent

I

B

C

D

E

G

Parent

"Potential" Degradation Products (Stress Testing Results)

"Actual" or "Significant" Degradation Products 
(Accelerated Stability / Long-term Room Temp. Stability)

What can
happen

What does
happen

Olsen, B.A.; Baertschi, S.W, in "Handbook of Isolation and Characterization of Impurities in Pharmaceuticals", Ahuja, S; Alsante, 
K.M., Eds., Academic Press, 2003.
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Other detectors used if necessary, for non-chromophoric compounds, 
selectivity, and/or sensitivity:  

� ELSD (evaporative light scattering detector)

� CAD (charged aerosol detector)

� MS (mass spectrometry)

� RI (refractive index)

� CLND (chemiluminescent nitrogen detector)

� Fluorescence 

� Electrochemical

� Conductivity (ion chromatography)

Methods for Related Substance Impurity Investigations

HPLC-UV – most widely used technique

Other techniques (usually for specific impurities)

� NMR

� CE (capillary electrophoresis)

� TLC (thin-layer chromatography)

� Colorimetry

� GC (gas chromatography)

HPLC-UV – Most widely used technique

Setting Acceptance Criteria
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Specifications and Setting Acceptance Limits

ICH Q6A Specifications: Test Procedures and Acceptance Criteria for 
New Drug Substances and New Drug Products: Chemical 
Substances

Chemical Substances
� Specification definition: A list of tests, references to analytical 

procedures, and appropriate acceptance criteria which are numerical 
limits, ranges, or other criteria for the tests described. 

� "Conformance to specifications" means that the drug substance and / 
or drug product, when tested according to the listed analytical 

procedures, will meet the listed acceptance criteria. 
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Definition of upperconfidence limit: 3  times SD of batch analysis data

ICH Q6A Establishing Acceptance Criterion for a Specified Impurity in 
a New Drug Substance
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ICH Q6A Establishing Acceptance Criterion for a Degradation Product 
in a New Drug Product
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Using data from six pilot 
scale API lots, propose 
an acceptance criteria 

for Process Impurity A.

Case Study 1: Acceptance Criteria for Process Impurity 

Lot No.    % Impurity A

Lot 1 0.80
Lot 2 0.73
Lot 3 0.64

Lot 4 0.58          Proposed Limit:
Lot 5 0.71            NMT 0.95%

Lot 6 0.61
� 0.68
σ 0.0828

� + 3σ 0.93

3σ Statistical Approach
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� Can data for different lots, strengths and packages be averaged in obtaining 
acceptance criteria estimates?

‒ If so-- generally better estimates can be obtained since usually only limited data is available 
at filing

‒ Data generally can be pooled if Analysis of Variance (ANOVA) for the data pool is p=0.05 or 
higher

‒ Reference: See ICH Q1E for a discussion of pooling data

Pooling Data
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� 36 months pooled data – (Dose proportional tablets similarly packaged)

Case Study 2: Degradation Products – Real-Time Data

Tablet 
Strength        % Compound A
10 mg              0.82, 1.22, 1.00
30 mg              0.97, 1.18, 1.08
60 mg              0.92, 1.01, 1.23

� = 1.05  
σ = 0.1411
� + 3σ = 1.47

Proposed limit:  NMT 1.5% for all three strengths

� According to ICH convention for impurities <1%, report to two 
decimal places.  For impurities >1%, report to one decimal place.

Data for 3 lots of 3 
tablet strengths are 

available through 36 
months. Assuming the 
data can be pooled, 

propose a limit for 
degradation product, 
Compound A.
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Comparison of Statistical Approaches

Similar estimates--
Encompass all observations

Even at the 99% confidence level,
all observations are not included.

Tablet 
Strength        % Compound A

10 mg 0.82, 1.22, 1.00

30 mg           0.97, 1.18, 1.08

60 mg           0.92, 1.01, 1.23

Statistical Measure         Proposed Limits            

95% Confidence Interval 1.05 + 0.09       1.14

99% Confidence Interval 1.05 + 0.12       1.17

90%/p=95 Tolerance Interval     1.05 + 0.34        1.39

3 Sigma Estimate                       1.05 + 0.42        1.47
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� The ICH guidelines provide a framework for international harmonization of impurity 
specifications.

� The threshold concept in ICH Q3A and Q3B for reporting, identification, and qualification limits 

guide actions needed for different impurity levels

� Recommendations for reporting impurities and degradation products are provided in the ICH 
guidelines.

� Process impurities and degradation products should be controlled in APIs, while degradation 
products should be controlled in drug products

� Specification limits (acceptance criteria) are established based on safety, process capability, and 

the stability profile of the drug product.  

� It is the manufacturers responsibility to understand and control process-related impurities and 
degradation products in drug substances and drug products

Summary – ICH Q3A and Q3B



ICH-M7
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� Understand and apply the M7 guidance

� Determine which Impurities that M7 may apply to

� Determine appropriate M7 derived resolutions

Course Objectives

Upon completion of this course, you will be able to:
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1996

“…impurities known to 
be unusually 
potent...controls should 
be commensurate…” 1998-2002

1999, FDA - Chemical 
Structure Alerts (Ashby 
and Tennant), case-by-
case decisions

2002, EMEA – CHMP 
Safety Working group led 
to the EMEA 2006 

Guideline.

2006

2014-2015
Established the 
TTC and framework 
for genotoxic 
impurities

ICH Q3A and Q3B Board of Health concerned 
about Mutagens in Drugs

EMEA “Guideline on the
Limit of Genotoxic 
Impurities”

M7 FDA Guidance 
Step 4 published, 
2018 Rev 1 published 
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Guidance Before M7
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� Impurity: Any component of the drug substance or drug 
product that is not the drug substance or an excipient 

� Degradation Product: Degradation Product: A molecule 
resulting from a chemical change in the drug molecule 
brought about over time and/or by the action of light, 
temperature, pH, water, or by reaction with an excipient 
and/or the immediate container/closure system.

� Structural Alert: A chemical substructure that is 
associated with mutagenicity (e.g., nitrosamine) 

� Cohort of Concern: Chemical classes expected to be 
highly potent mutagenic carcinogens: aflatoxin-like-, N-
nitroso- and alkyl-azoxy compounds and their structural 
alerts

Learning the M7(R1) Language, Selected Chemistry Terms
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� Genotoxicity: A broad term that refers to any 
deleterious change in the genetic material 
regardless of the mechanism by which the 

change is induced 

� Mutagenic Impurity: An impurity that has been 
demonstrated to be mutagenic in an appropriate 

mutagenicity test model, e.g., Ames Test (induces 
direct DNA damage)

� Carcinogen: A substance that causes human 
cancers proven by experts, e.g., IARC, U.S. NTP.  

(N.B. not defined in M7)

Learning the M7(R1) Language

Selected Pharmacology-Toxicology Terms
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ICH Q3A to ICH M7(R1) 

Where Does M7 Start From Q3A(R2)?

Maximum Daily 
Dose (g)

Reporting 
Threshold 

Identification 
Threshold 

Qualification Threshold 

≤ 2
0.05%

0.10% or 1.0 mg/day 
intake (whichever is 

lower)
0.15% or 1.0 mg/day intake 

(whichever is lower)

> 2 0.03% 0.05% 0.05%

Any impurity, byproduct, starting material or reagent is a potential M7 candidate. 
ICH M7 requires the chemical identification for any unknown.
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ICH Q3A/B to ICH M7(R1)
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ICH Q3A/B to ICH M7(R1)

Where Does M7(R1) Start From Q3B(R2)?

From Drug Product Q3B, any degradation product that has been identified is a 
potential mutagen and mutagenic carcinogen, which usually happens at the:

ICH Q3B
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� Actual and Potential identified impurities in Drug Substances and/or 
Drug Products at creation and over stability should be assessed.

� The impurity assessment is a two-stage process: 

1. Actual impurities that have been identified should be considered for their mutagenic 
potential. 

2. An assessment of potential impurities likely to be present in the final drug substance 
(and drug product on stability) is carried out to determine whether further evaluation of 

their mutagenic potential is warranted. 

M7 Describes Potential Identified Impurities Likely to be Present 

In Drug Substance and Drug Product
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� Drugs in clinical trial applications

� Prior to approval, all marketing applications including FDA 
ANDAs

� Any changes to approved marketing applications that 
include API route/impurities, formulation, and 
length/amount dosed to patient

� First-time approved chemically synthesized excipient’s 
impurities 

� Not for biotech, peptides, oligonucleotides, 
radiopharmaceuticals, fermentation products, herbals and 
crude extracts.  (But parts of M7 may be applied.) 

The M7(R1) Scope (Sec 2)

This Is A Very Broad Scope For Any ICH Document:
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� Clinical trial applications for new drug substances for 
an anti-cancer drug per ICH S9. DS and DP out of 
scope.

� Clinical trial application for a new drug product using 
an existing drug substance where there are no 
changes to the drug substance manufacturing 
process. DS out of scope. DP in scope. 

� A new supplier or new site of the drug substance is 
registered. There are no changes to the manufacturing 
process used in this registered application. DS and DP 
out of scope.

� A new formulation of an approved drug substance is 
filed. DS out of scope. DP in scope. 

Table of In/Out of Scope (Appendix 1)

What Is Out of Scope?



Impurities Classification
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Impurity Classifications (Sec 6)
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� Hazard assessment involves an initial analysis of actual and potential impurities 
by conducting database (PubChem) and literature (PubMed) searches for 
carcinogenicity and bacterial mutagenicity data.

– If data are available, and positive for mutagenicity and carcinogenicity - Class 1

– Cohort of Concern (aflatoxin, nitrosamine, alkylazoxy) – Class 1

– If data are available and positive for Ames Test but without rat or human carcinogenicity –
Class 2

– No structural alerts – Class 5

Hazard Assessment Elements (Sec 6)

Database and Literature Search on Impurity Name and Structure
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� An assessment of Structure-Activity Relationships (SAR) that focuses on 
bacterial mutagenicity predictions should be performed. This could lead to a 
classification into Class 3, 4 or 5.

– A computational toxicology assessment should be performed using (Q)SAR methodologies 
that predict the outcome of a bacterial mutagenicity assay.  Two (Q)SAR prediction 

methodologies that complement each other should be applied. The first should be expert rule-
based and the second methodology should be statistical-based. (Positive result is Class 3 or 
4)

– The absence of structural alerts from two complementary (Q)SAR methodologies (expert rule-

based and statistical) is sufficient to conclude that the impurity is of no mutagenic concern, and 
no further testing is recommended (Class 5).

Hazard Assessment Elements (Sec 6)

No Mutagenicity Data, Use Impurity Structure to Determine
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� M7 requires Applicant to determine mutagenic 
potential:  “The absence of structural alerts from 
two complementary (Q)SAR methodologies 

(expert rule based and statistical)”

� However, there are no Guidance-approved 
alerting structure lists for mutagens!  So how do 

you do a (Q)SAR without the structure alerts as a 
frame of reference

� M7 encourages computer guided mutagen 
searching (DEREK, TOPKAT, CASE ULTRA, 

LEADSCOPE).

What Is a Structure Alert and (Q)SAR

Structure Alerts - Quantitative Structure Activity Relationship 
(Q)SAR
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What is a Structure Alert?

28 Mutagenic Alerting Structures (from Ashby and Tennant)
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� Computational toxicology assessment should be performed using Quantitative 
Structure Activity Relationship ((Q)SAR) methodologies that predict the outcome 
of a bacterial mutagenicity assay. 

� Two (Q)SAR prediction methodologies that complement each other should be 

applied and should follow the general validation principles set forth by the 
Organization for Economic Co-operation and Development. 

– One expert rule-based, and 

– Second methodology should be statistical-based. (Q)SAR models utilizing these prediction 
methodologies should follow the general validation principles set forth by the Organization for 
Economic Co-operation and Development (OECD). 

Further About (Q)SAR Assessment
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� The absence of structural alerts from two complementary (Q)SAR 
methodologies (expert rule-based and statistical) is sufficient to conclude that 
the impurity is of no mutagenic concern, and no further testing is recommended 

(Class 5 in Table 1).

� Expert evaluation and judgement may be needed to adjudicate equivocal or 
out-of domain results. 

Further About (Q)SAR Assessment
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� Synthesize Impurity and Test on the Bacterial Mutagenicity Assay

– If Positive, then Class 2!

– If Equivocal, then may result in Class 2, Class 3 or Class 5.  

– If Negative, then Class 5 (Treat as non-mutagenic impurity)

� Note, the ultimate decisions on any mutagenicity/carcinogenicity are done by the 
FDA/EMA/MHLW etc.

Class 3 - Carefully Consider the Bacterial Mutagenicity Assay Test

It Is Difficult to Resolve a Positive Ames Test!

Risk Characterization
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� Compound-specific risk assessments to derive 
acceptable intakes should be applied instead of 
the TTC-based acceptable intakes where sufficient 

carcinogenicity data exist.

� For a known mutagenic carcinogen (e.g., 
Dimethylnitrosamine)

– A compound-specific acceptable intake can be calculated 
based on carcinogenic potency and linear extrapolation as 
a default approach, or 

– Other established risk-assessment practices such as those 

used by international regulatory bodies may be applied to 
calculate acceptable intakes or use already existing values 
published by regulatory authorities. 

Risk Characterization Class 1 (Sec 7.2.1)

Mutagenic Impurities With Positive Carcinogenicity Data 
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� This approach would usually be used for 
mutagenic impurities present in pharmaceuticals 
for long-term treatment (> 10 years) and where no 

carcinogenicity data are available (Classes 2 or 3). 

� TTC-based acceptable intake of a mutagenic 
impurity of 1.5 µg/day is considered to be 

associated with a negligible risk and can, in 
general, be used as a default to derive an 
acceptable limit for control.

Risk Characterization Class 2 or 3 (Sec 7.1)

Threshold of Toxicological Concern Based Intake (Sec 7.1)
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� Cancer risk of a continuous low dose over a 
lifetime would be equivalent to the cancer risk 
associated with an identical cumulative exposure 

averaged over a shorter duration. Using a TTC-
based acceptable intake of 1.5 μg/day for short 

duration, see below:

Risk Characterization Class 2 or 3 (Sec 7.3)

Acceptable Intakes in Relation to Less-Than-Lifetime Exposure
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� The existence of mechanisms leading to a dose 
response that is non-linear or has a practical 
threshold is increasingly recognized, not only for 

compounds that interact with non-DNA targets, but 
also for DNA-reactive compounds, whose effects 

may be modulated by, for example, rapid 
detoxification before coming into contact with DNA, 
or by effective repair of induced damage.

� The acceptance criterion set to the Compound-

Specific Risk Assessments (which may be >TTC).  
If the duration of exposure is <10 years, the 

acceptance criterion may be scaled accordingly.

Risk Characterization Special Cases Class 2 or 3 (Sec 7.2.2)

Mutagenic Impurities With Evidence for a Practical Threshold
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� The TTC-based acceptable intakes should be 
applied to each individual impurity.  When there 
are two Class 2 or Class 3 impurities, individual 

limits apply. 

� When there are three or more Class 2 or Class 3 
impurities specified on the drug substance 

specification, total mutagenic impurities should be 
limited as described in the table below:

Risk Characterization Multiple Class 2 or 3 (Sec 7.4)

Acceptable Intakes for Multiple Mutagenic Impurities Class 2 or 3
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� Exceptions to the use of the appropriate acceptable 
intake can be justified in certain patient diseases and 
limited treatment options.

� Higher acceptable intakes may be justified when 
human exposure to the impurity will be much greater 
from other sources, e.g., food or endogenous 
metabolism.

� Compounds from some structural classes of mutagens 
can display extremely high carcinogenic potency 
(nitrosamines). If these compounds are found as 
impurities in pharmaceuticals, acceptable intakes for 
these high-potency carcinogens would likely be 
significantly lower than the acceptable intakes defined 
in this guidance. 

Risk Characterization (Sec 7.5)

Exceptions and Flexibility in Approaches



Control Strategy
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� Controls on material attributes (including raw materials, starting materials, 
intermediates, reagents, solvents, primary packaging materials)

� Facility and equipment operating conditions

� Controls implicit in the design of the manufacturing process

� In-process controls (revised in-process tests and process parameters)

� Controls on drug substance and drug product which may include revised 

packaging and/or storage conditions

Control (Sec 8)

General Control Strategy
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� Include a test for the impurity in the drug substance specification with an 
acceptance criterion at or below the acceptable limit using an appropriate 
analytical procedure. 

� Periodic verification testing is justified when it can be shown that levels of the 

mutagenic impurity in the drug substance are less than 30% of the acceptable 
limit for at least six consecutive pilot scale or three consecutive production scale 

batches. If this condition is not fulfilled, a routine test in the drug substance 
specification is recommended.  

Control (Sec 8)

Option 1 With Skip Test
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� Include a test for the impurity in the specification for a raw material, starting 
material or intermediate, or as an in-process control, with an acceptance 
criterion at or below the acceptable limit using an appropriate analytical 

procedure. 

Control (Sec 8)

Option 2
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� Include a test for the impurity in the specification for a raw material, starting 
material or intermediate, or as an in-process control, with an acceptance 
criterion above the acceptable limit of the impurity in the drug substance, using 

an appropriate analytical procedure coupled with demonstrated understanding 
of fate and purge and associated process controls.

� This option can be justified when the level of the impurity in the drug substance 

will be less than 30% of the acceptable limit by review of data from laboratory 
scale experiments (spiking experiments are encouraged) and, where warranted, 
is supported by data from pilot scale or commercial scale batches.  

Control (Sec 8)

Option 3
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� Understand process parameters and impact on residual impurity levels 
(including fate and purge knowledge) with sufficient confidence that the level of 
the impurity in the drug substance will be below the acceptable limit such that no 

analytical testing is recommended for this impurity.

� Control strategy that relies on process controls in lieu of analytical testing can be 
appropriate if the process chemistry and process parameters that have an 

impact on the levels of mutagenic impurities are understood and the risk of an 
impurity residing in the final drug substance above the acceptable limit is 
determined to be negligible. In many cases, justification of this control approach 

based on scientific principles alone is sufficient.

Control (Sec 8)

Option 4: Reactive Mutagenic Species
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� For actual and potential process related impurities and degradation products 
where assessments according to this guidance are conducted, the mutagenic 
impurity classification and rationale for this classification should be provided: 

This would include the results and description of in silico (Q)SAR systems used 
and, as appropriate, supporting information to arrive at the overall conclusion for 

Class 4 and 5 impurities. 

Documentation (Sec 9)

In CTD for Submission to Board of Health
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� When bacterial mutagenicity assays were performed on impurities, study reports 
should be provided for bacterial mutagenicity assays on impurities. Justification 
for the proposed specification and the approach to control should be provided 

(e.g., ICH Q11 example 5b, Ref. 12). For example, this information could include 
the acceptable intake, the location and the sensitivity of relevant routine 

monitoring. For Option 3 and Option 4 control approaches, a summary of 
knowledge of the purge factor, and identification of factors providing control 
(e.g., process steps, solubility in wash solutions), is important. 

Documentation (Sec 9) continued

In CTD for Submission to Board of Health
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� Standard Model of Calculation

– It is possible to calculate a compound-specific acceptable intake based on rodent 
carcinogenicity potency data such as TD50 values (doses giving a 50% tumor incidence). 

Linear extrapolation to a probability of 1 in 100,000 (i.e., the accepted lifetime risk level used) 
is achieved by simply dividing the TD50 by 50,000. This procedure is similar to that employed 
for derivation of the TTC.

– Thus, linear extrapolation from a TD50 value was considered appropriate to derive an AI for 

those Class 1 impurities with no established threshold mechanism, that is, understanding of a 
mode of action that results in a non-linear dose-response curve.  

Appendix 3:  Application of the Principles of the ICH M7 Guidance to 
Calculation of Compound-Specific Acceptable Intakes 

Principles to Calculate Acceptable Intakes
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� Standard Model of Calculation

– In many cases, the carcinogenicity data were available from the Carcinogenicity Potency 
Database (CPDB); the conclusions were based either on the opinion of the original authors of 

the report on the carcinogenicity study (author opinion in CPDB) or on the conclusions of 
statistical analyses provided in the CPDB.  When a pre-calculated TD50 value was identified in 
the CPDB for a selected chemical, this value was used to calculate the AI.

– If robust data were available in the literature but not in the CPDB, then a TD50 was calculated 

based on methods described in the CPDB.  All assumptions are adopted from ICH Q3C and 
Q3D.

Appendix 3:  Application of the Principles of the ICH M7 Guidance to 
Calculation of Compound-Specific Acceptable Intakes 

Principles to Calculate Acceptable Intakes
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PCA is mutagenic in vitro, with limited evidence for genotoxicity in vivo. 

PCA is classified by IARC as Group 2B, with adequate carcinogenicity in 
animals and inadequate in humans 
Median Mouse Study found TD of 33.8 mg/kg/day for hepatocellular 

cancer.  Other studies were deemed inadequate by NCI.

Application of the Principles of the ICH M7 Guidance to Calculation of 
4-Chloroaniline Acceptable Intake (Appendix 3) 

4-Chloroaniline (PCA) Is Used for Oxazepam Syntheses
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Because a mutagenic component to the mode of action for male mouse liver 
tumors cannot be ruled out, the AI was derived by linear extrapolation from the 
TD50 of 33.8 mg/kg/day.   Calculation of AI:

Lifetime AI = TD50 / safety factor x human weight

Lifetime AI = 33.8mg/kg/day / 50,000 x 50 kg 

Lifetime AI = 34µg/day ~ 0.034mg/day

Oxazepam (Serax) maximum daily dose is 120mg/day

PCA limit in drug substance = 0.034mg / 120mg = NMT 0.028% 

Application of the Principles of the ICH M7 Guidance to Calculation of 
4-Chloroaniline Acceptable Intake (Appendix 3) 

4-Chloroaniline (PCA) May Be Used in Oxazepam Syntheses



Impurities: Guideline for 
Residual Solvents ICH Q3C 
(R6)



Scope of 
the 

Guideline

Risk 
Assessment

Analytical 
Procedures

Practical 
Example
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� ICH Impurities: Guideline for Residual Solvents Q3C (R6) was adopted in November 2016.

– The original document was approved in Jul 1997.

� Residual solvents are defined as organic volatile chemicals that are used or produced in the 
manufacture of drug substances, excipients or drug products.

� Since there is no therapeutic benefit, residual solvents should be removed to the extent possible, 

and drug products should contain no higher levels than can be supported by safety data.

� Solvents are divided into three classes, based on toxicity, and a list of the solvents is included in 
Appendix 1.

– Limits are expressed as concentration (ppm) and, where appropriate, as permitted daily exposure (PDE) 
(mg/day).

– The lists are not exhaustive. If a new solvent is used, supporting safety data should be included in a 
marketing application.

� The document will be updated as new information becomes available.

– R8 is expected to become official in July 2020

Introduction
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� Revision 8 will address addition of the three new solvents:

– 2-Methyltetrahydrofuran (2-MTHF), Cyclopentyl methyl ether (CPME),and Tertiary-butyl 
alcohol (TBA).

• 2-MTHF is placed into Class 3 with a PDE of 50 mg/day. 

• CPME is placed into Class 2 with a TBA is placed into Class 2 with a PDE of 35 mg/day.

• TBA is placed into Class 2 with a PDE of 15 mg/day.

� Revision 8 is expected to be approved at Stage 4 in July 2020.

ICH Q3C (R8)
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Document Description Date

Q3C Approval by Steering Committee under Step 2 Nov.1996

Q3C Approval by Steering Committee under Step 4 Jul. 1997

Q3C (R1) PDE for Tetrahydrofuran (THF) added under Step 4 Sep. 2002

Q3C (R2) PDE for N-Methylpyrrolidone (NMP) added under step 4 Sep. 2002

Q3C (R3) Corrigendum to calculation formula for NMP Nov. 2005

Q3C (R4) Update of Table 2, Table 3 and Appendix 1 to reflect PDEs for THF and NMP Feb. 2009

Q3C (R5) PDE for Cumene added under step 4 update of Table 2, Table 3 and Appendix 1 to reflect PDEs for 

Cumene

Feb. 2011

Q3C (R6) PDE for Triethylamine and Methylisobutylketone added under step 4. Update of Table 2, Table 3 and 

Appendix 1 to reflect PDEs for Triethylamine and Methylisobutylketone

Nov. 2016

Q3C (R7) Correction for PDE and concentration limit for Ethyleneglycol on Table 2 Oct. 2018

Q3C (R6) PDE for Ethyleneglycol reverted back to Q3C (R6) Oct. 2019

Q3C (R8) PDE for  2- Methyltetrahydrofuran, Cyclopentyl methyl ether, and Tertiary-butyl alcohol added Expected 2Q-

2020

History of the Guideline
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� Includes residual solvents in drug substances, excipients 
and drug products, including all dosage forms and routes of 

administration.

� It is necessary to control only for solvents that are used or 
produced in the manufacture or purification of drug 
substances, excipients and drug products.

� May choose to test the drug product or use a cumulative 

method to calculate the levels in the drug product.

� Does not include potential new drug substance, excipients 
or drug products used during the clinical stages of 
development or to existing marketed products.

Scope of the Guideline

Solvents likely to be present

Regulators may choose to 
apply to existing products
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Class 1 – Solvents to be avoided

� Known human carcinogens, strongly suspected human carcinogens 
and environmental hazards

Class 2 – Solvents to be limited

� Non-genotoxic animal carcinogens or possible causative agents of 
other irreversible toxicity such as neurotoxicity or teratogenicity

� Solvents suspected of other significant but reversible toxicities

Risk-Based Solvent Classification

All solvent levels should be 
reduced to the extent 
possible.
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Risk-Based Solvent Classification

Class 3 – Solvents with low toxic potential

� Solvents with low toxic potential to man; no health-based 
exposure limit is needed

Solvents for which no adequate toxicological data was found 

� No toxicological data found upon which to base a Permitted 

Daily Exposure (PDE)

?

*All solvent levels should be reduced to the extent possible.*
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Based on toxicity studies

� The goal is the protection of human health and maintenance of environmental integrity. 

� Several of the residual solvents are listed as toxic chemicals in Environmental Health Criteria (EHC) monographs 

and the Integrated Risk Information System (IRIS).

� The methods involved in the estimation of maximum safe exposure limits are usually based on long-term studies. 

– The approach described in the Guideline relates primarily to long-term or lifetime exposure of the general population in the ambient 

environment, i.e., ambient air, food, drinking water and other media.

Residual solvents in pharmaceuticals

� Patients (not the general population) use pharmaceuticals. 

� The assumption of life-time patient exposure is not necessary for most pharmaceutical products.

� Residual solvents are unavoidable components in pharmaceutical production. 

� Residual solvents should not exceed recommended levels except in exceptional circumstances.

� Data from toxicological studies should have been generated using appropriate protocols such as those described 

for example by OECD, EPA, and the FDA Red Book.

How Were The Limits Established?

What about solvents not listed?
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How Are the Limits Expressed

� Class 1: Solvents to be 
avoided

– Concentration (ppm)

� Class 2: Solvents to be limited

– Concentration (ppm)

– Permitted Daily Exposure (PDE) 

(mg/day)
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How Are the Limits Expressed

� Class 3: Solvents with low 
toxicity potential

– Concentration (5000 ppm)

– Permitted Daily Exposure (50 

mg/day)

– Higher amounts may also be 
acceptable provided they are 
realistic in relation to 

manufacturing capability and 
good manufacturing practice.
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� Only Class 3 solvents are likely to be present. Loss 
on drying is less than 0.5%.

� Only Class 2 solvents X, Y, ... are likely to be present. 
All are below the Option 1 limit. (Here the supplier 

would name the Class 2 solvents represented by X, 
Y, ...)

� Only Class 2 solvents X, Y, ... and Class 3 solvents 

are likely to be present. Residual Class 2 solvents 
are below the Option 1 limit and residual Class 3 
solvents are below 0.5%.

� If Class 1 solvents are likely to be present, they 
should be identified and quantified.

How Should the Levels Be Expressed (For Drug Substances, Drug 
Products, Excipients, etc.)?

"Likely to be present" refers 
to the solvent used in the 
final manufacturing step and 
to solvents that are used in 
earlier manufacturing steps 
and not removed 
consistently by a validated 
process.

116

© 2020 USP

Solvent Concentration limit
(ppm)

Concern

Benzene 2 Carcinogen

Carbon tetrachloride 4 Toxic and environmental hazard

1,2-Dichloroethane 5 Toxic

1,1-Dichloroethene 8 Toxic

1,1,1-Trichloroethane 1500 Environmental hazard

Class 1 Solvents in Pharmaceutical Products

Solvents That Should Be Avoided
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Solvent PDE (mg/day) Concentration limit (ppm)

Acetonitrile 4.1 410

Chlorobenzene 3.6 360

Chloroform 0.6 60

Cumene1 0.7 70

Cyclohexane 38.8 3880

1,2-Dichloroethene 18.7 1870

Dichloromethane 6 600

1,2-Dimethoxyethane 1 100

N,N-Dimethylacetamide 10.9 1090

N,N-Dimethylformamide 8.8 880

Class 2 Solvents in Pharmaceutical Products

Solvents to Be Limited
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Solvent PDE (mg/day) Concentration limit (ppm)

1,4-Dioxane 3.8 380

2-Ethoxyethanol 1.6 160

Ethyleneglycol 6.2 620

Formamide 2.2 220

Hexane 2.9 290

Methanol 30 3000

2-Methoxyethanol 0.5 50

Methylbutyl ketone 0.5 50

Methylcyclohexane 11.8 1180

Methylisobutylketone2 45 4500

Class 2 Solvents in Pharmaceutical Products

Solvents to Be Limited



119

© 2020 USP

Solvent PDE (mg/day) Concentration limit (ppm)

N-Methylpyrrolidone3 5.3 530

Nitromethane 0.5 50

Pyridine 2 200

Sulfolane 1.6 160

Tetrahydrofuran4 7.2 720

Tetralin 1 100

Toluene 8.9 890

1,1,2-Trichloroethene 0.8 80

Xylene* 21.7 2170

Class 2 Solvents in Pharmaceutical Products

Solvents to Be Limited

*Usually 60% m-xylene, 14% p-xylene, 9% o-xylene with 17% ethyl benzene

Footnotes indicate requirements have been revised. Details in Guideline.

120

© 2020 USP

Class 3 Solvents That Should be Limited by GMP or Other Quality-
based Requirements

Solvents With Low Toxic Potential

Acetic acid Ethyl acetate Methylethyl ketone

Acetone Ethyl ether 2-Methyl-1-propanol

Anisole Ethyl formate Pentane

1-Butanol Formic acid 1-Pentanol

2-Butanol Heptane 1-Propanol

Butyl acetate Isobutyl acetate 2-Propanol

tert-Butylmethyl 

ether
Isopropyl acetate Propyl acetate

Dimethyl sulfoxide Methyl acetate Triethylamine

Ethanol 3-Methyl-1-butanol
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1,1-Diethoxypropane Methylisopropyl ketone

1,1-Dimethoxymethane Methyltetrahydrofuran

2,2-Dimethoxypropane Petroleum ether

Isooctane Trichloroacetic acid

Isopropyl ether Trifluoroacetic acid

Solvents for Which No Adequate Toxicological Data Was Found

Manufacturers should supply justification 
for residual levels of these solvents in 
pharmaceutical products.

122

© 2020 USP

� Option 1: Concentration in ppm

– Concentration (ppm) = PDE (mg/day) x 1000/dose (g/day)

• Limits acceptable for all substances, excipients or products, even if daily dose is not known or fixed, 
provided the daily dose does not exceed 10 g

� Option 2: PDE

– Concentration (ppm) for drug product = PDE (mg/day) x 1000/dose (g/day)

• Not necessary for each component to comply with limits in Option 1

– PDE may be applied by adding amounts of a residual solvent present in each of the 
components of the drug product.

• The sum of the amounts of solvent per day should be less than the PDE.

Options for Describing Limits of Class 2 Solvents
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Component Amount in formulation Acetonitrile content Daily exposure

Drug substance 0.3 g 800 ppm 0.24 mg

Excipient 1 0.9 g 400 ppm 0.36 mg

Excipient 2 3.8 g 800 ppm 3.04 mg

Drug product 5.0 g 728 ppm 3.64 mg

Option 2:  Example of a Product That Conforms

The limits for acetonitrile *class 2) are 4.1 
mg/day or 410 ppm. In this example, the 
drug substance, excipient 2 and the drug 
product exceed the concentration limit of 
410 ppm, but not the PDE of 4.1 mg. Since 
the PDE limit is not exceeded, the drug 
product is acceptable.
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Component Amount in formulation Acetonitrile content Daily exposure

Drug substance 0.3 g 800 ppm 0.24 mg

Excipient 1 0.9 g 2000 ppm 1.80 mg

Excipient 2 3.8 g 800 ppm 3.04 mg

Drug product 5.0 g 1016 ppm 5.08 mg

Option 2:  Example of a Product That Does Not Conform

In this example, the drug product exceeds 
both the PDE and the concentration limit, 
therefore the drug product does not 
conform to the requirements.
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� USP <467> Residual Solvents

� USP <1467> Residual Solvents–Verification of Compendial Procedures and 

Validation of Alternative Procedures

� EP 2.4.24 Identification and Control of Residual Solvents

� JP 2.46 Residual Solvents

� In addition, several other compendia around the world are members, and many 

incorporate the ICH Guidelines.

Compendial References
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� EMA

– CPMP/ICH/283/95 Impurities: Guideline for residual solvents 

– CVMP/VICH/502/99 Guideline on impurities: Residual solvents

– Annex I: Specifications for class 1 and class 2 residual solvents in active substances 

– Annex II: Residues of solvents used in the manufacture of finished products

� FDA

– Guidance for Industry Residual Solvents in Drug Products Marketed in the United States 

November 2009

– VICH Guidance for Industry Impurities: Residual Solvents in New Veterinary Medicinal 
Products, Active Substances and Excipients (Revision) November 2, 2011 

Regulatory Guidances



Scope of 
the 

Guideline

Risk 
Assessment

Analytical 
Procedures

Practical 
Example
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� What is contributing to the solvents 
that may be present in the drug 
product?

– Composition

– Processing

– Drug product

� What is the maximum daily dose?

Risk Assessment
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� For each of the components of the 
drug product, including drug 
substances and excipients, 

establish the amount of each 
residual solvent likely to be present 

(LTBP):

– Obtain CoA 

– Perform confirmatory testing

– Audit manufacturer to evaluate level of 
continued control

Risk Assessment: Composition
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� USP <467> states, “Information on 
residual solvents in coating materials, 
colorants, flavors, capsules, and 
imprinting inks is generally not 
needed unless Class 1 solvents are 
used in the manufacture of these 
components.”

– This is because these components are 
usually present in very small quantities, 
and even if solvents were present, they 
would not contribute significantly to the 
PDE.

– Does not apply to Class 1 solvents since 
they do not have a PDE

Components Present in Very Small Quantities
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� If the supplier has provided credible 
and acceptable statements regarding 
solvents likely to be present, only 

solvents likely to be present need to 
be addressed.

– Credibility is usually established by 
independently testing a representative 
sampling of lots, generally at least three, 

auditing the supplier and signing Quality 
Agreement.

Waiver of Testing: Qualification of Drug Substance and Excipients
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� Identify use of any solvents in the 
manufacturing process:

– This includes solvents that are 
intentionally removed, such as those 
used in a coating process.

– Establish control strategy to demonstrate 

level of continued control

Risk Assessment: Processing

Processing
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� Evaluate whether any solvents 
listed in the guideline are generated 
in the drug product, e.g. on stability

Risk Assessment: Drug Product

Drug Product
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� If the risk assessment has 
demonstrated that the levels of 
residual solvents likely to be present 

in the drug product are significantly 
below the limits in the guideline, it 

may be possible to request a waiver 
of drug product testing from the 
regulatory authorities.

Waiver of Testing: Drug Product
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Guideline
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� Residual  solvents  are  typically  determined  using  chromatographic  
techniques  such  as  gas  chromatography.  Any  harmonized  procedures  for  
determining  levels  of  residual  solvents  as  described  in  the  

pharmacopoeias  should  be  used,  if  feasible.  Otherwise,  manufacturers  
would  be  free  to  select  the  most  appropriate  validated  analytical  

procedure  for  a  particular  application. If only Class 3 solvents are present, a 
non-specific method such as loss on drying may be used. Validation  of  
methods  for  residual  solvents  should  conform  to  ICH  guidelines  text  on  

Validation  of  Analytical  Procedures.

Analytical Procedures
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� Compendial

– USP <467> and EP 2.4.24 include analytical procedures based on HSGC with FID.

– They are designed as survey methods, suitable for Class 1 and Class 2 solvents in a variety of 

matrices.

• Verification is important since responses to solvents may be matrix dependent.

– There are two orthogonal methods, to address co-elution of some solvents.

– Both limit and quantitative approaches are described.

– For Class 3 solvents, use of loss on drying is described for materials that have a LOD test in 
the monograph.

– The compendia allow the use of fully validated alternative methods, which must produce 

comparable results to the compendial method or procedure within allowable limits established 
on a case-by-case basis. 

Analytical Procedures
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USP Procedure A: Class 1

G43
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USP Procedure A: Class 2 Mix A 

G43

30meter x 0.32mm x 1.80µm
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USP Procedure A: Class 2 Mix B 

G43
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USP Procedure B: Class 1

G16

142

© 2020 USP

G16

USP Procedure B: Class 2 – Mix A
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USP Procedure B: Class 2 – Mix B

G16

30meter x 0.32mm x 0.25µm30meter x 0.32mm x 0.25µm30meter x 0.32mm x 0.25µm
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� The compendial procedures are not suitable for some solvents with limited 
volatility.  Direct injection may be suitable.

‒ Formamide

‒ 2-ethoxyethanol

‒ 2-methoxyethanol

‒ Ethylene glycol

‒ N-methylpyrrolidone

‒ Sulfolane

� The compendial procedures have not be validated for Class 3 solvents.

� It may be more appropriate to use alternative procedures for organic acids.

Cautions Regarding the Compendial Procedures
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� Verification of compendial procedures is expected

– Established in USP General Chapter <1226> Verification of Compendial Procedures and 
described in detail in <1467> Residual Solvents–Verification of Compendial Procedures and 

Validation of Alternative Procedures

– Addresses specificity, quantitation limit, accuracy, precision and solution stability for Class 1 
and Class 2 solvents

– Focuses on solvents likely to be present (LTBP) for quantitative testing by Procedure C for 
Class 1 and Class 2 solvents

Verification of Compendial Procedures
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� For non-compendial procedures, full validation according to ICH Q2 (R1) 
Validation of Analytical Procedures is expected

– USP <1467> offers recommendations for the design of the validation experiments for 
procedures for residual solvents

Validation of Alternative Procedures
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� Composition

– API, four excipients in core tablet, coating solution (with three excipients and three solvents), 
printing ink

– Solvents from raw materials?

� Processing

– Solvents from coating solution

� Drug product

– Solvents form in product, e.g., on stability?

Practical Example:  
Conventional Dosage Form (Coated Tablet with Printing)
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� Typically extensive info available

– Manufactured under CGMPs

� Solvent(s) from final recrystallization

– Impurities in solvents (e.g., benzene in toluene or acetone)

� Solvents from previous steps

API

� Request info from supplier:

– Difference between distributor 
and manufacturer

– Types of statements that may be 
provided

– Establishing reliability of supplier 
CoA

• Independent testing

• Audit

• Quality agreement

Excipients
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� If Class 2 or 3 solvents are likely to 
be present at greater than their 
Option 1 limits or 0.5%, 

respectively, they should be 
identified and quantified.

� However, sometimes suppliers 

provide no statements, or 
statements in differing formats that 
are not always useful.

Examples of Supplier Statements
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� Conforms to ICH Q3C

– Provides insufficient information about which solvents are likely to be present

� No Class 1, 2 or 3 solvents have been added by the supplier.

– Does not address solvents that may have been added or present before the supplier received 

the material

� Description of Class 3 solvents, when there is no accepted loss on drying test, 
or where the total amount of multiple Class 3 solvents exceeds 0.5%

– Loss on drying can be used only for materials with an accepted LOD test.

– If multiple Class 3 solvents are present and the sum exceeds 0.5%, it is impossible to 
demonstrate that none exceeds 0.5% by a non-specific test such as LOD.

Examples of Supplier Statements That Are Not Really Useful
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� When performing a risk assessment, there may be some components that are 
present in such small quantities that, from a practical perspective, even if 
solvents were present, they would not contribute significantly to the PDE.

– Coating materials, colorants, flavors and imprinting inks may fall into this category.

– However, this does not apply to Class 1 solvents.

Components Present in Very Small Quantities May Not Be Required
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� Since this is a coated tablet, solvents may be used in the coating process.

� If solvents are used, they are normally removed by drying.

� In this case, it is appropriate to design the process to ensure any residual 
solvent is controlled and to validate the effects of the process on any solvent 
that is remaining.

– Sometimes a procedure is used which focuses on only the solvents used during the coating 
process, to reduce the time required for testing.

Processing
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� Although rare, it is still appropriate to evaluate whether any solvents listed in 
the guideline are likely to form during the shelf life of the product.

– For instance, there might be a degradant that is also a solvent listed in the guideline.

– In this case, it is important to monitor the product on stability and to established on a 
continued basis, that the product continues to conform to the requirements.

Drug Product

156

© 2020 USP

� ICH Q3C establishes that residual solvents should be 
limited in pharmaceutical products, since they 
generally do not offer a therapeutic benefit.

� The limits have been established based on 

toxicological evaluation.

– Solvents have been separated into three classes based on the 

toxicological evaluation.

� Compendial procedures for residual solvents have 

been published in USP, EP and JP.

� A risk assessment approach to testing is 
recommended.

� A practical example was presented.

Recap



Review
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ICH Q3C (R6) Content Questions (with answers)

� What options can be used for compliance with Q3C?

– Test final product

– Summation of components

• Via testing of components

• Via CoA, after verification of its accuracy

– Waiver, after risk assessment

� What should you do if you have a solvent not listed in the Guideline?

– Manufacturer should supply justification for residual levels of these solvents, with adequate 
toxicological data



159

© 2020 USP

ICH Q3C (R6) Content Questions (with answers)

� What should you do if a solvent is used in the manufacturing of a drug product?

– Demonstrate the levels in the drug product meet the requirements

• Via testing of final product

• Via a validated process for removal of the solvent

� Is the statement “Conforms to the requirements of ICH Q3C” sufficient to 

evaluate an excipient used in a drug product?

– No, since you need to know which solvents are likely to be present. If they were known, you 

could assume they are present at the limits in the Guideline.

� How do you determine which solvents are likely to be present?

– Based on statements from suppliers of the components

– Based on a chromatographic method capable of detecting residual solvents, e.g., a ‘survey 

method, such as found in the pharmacopeia, either of all components or of the drug product.



ICH – Q3D:  Elemental 
Impurities
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Objectives

Upon completion of this course, you will be able to:

EXPLAIN

the scope and requirements 
of ICH Q3D

DESCRIBE

the risk-based approach

DISCUSS 

the requirements of an ICH Q3D 
compliant risk assessment
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� Explain the requirements of ICH Q3D

� Determine the best approach to prepare a risk 
assessment for a given drug product

� Identify information that is needed to prepare a 
risk assessment for a given drug product

� Identify sources of data to inform risk 
assessment

� Assess process for life-cycle management of 
risk assessment

Course Objectives

Upon completion of this course, you will be able to:
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Metals Testing—Historical Background

All major compendia had a 
“heavy metals” test

Originally intended to screen 
for Cu, Fe, Sb, As, Cd, Pb, Zn

Not intended to provide 
element-specific information 

Not intended to provide actual 
data

Other compendial tests (EP, 
JP, CHP) were similar to USP

Starts with Compendial Testing
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� Was validation ever performed on the various compendial 
tests for heavy metals?  We know none was done for the 
original USP test

� No information regarding which elements are covered

� No analytical results provided—limit test only

� Elements that might be expected to be detected may 
actually not be detected

� Published data indicate wet chemistry heavy metals testing 
does not work and is not suitable for its intended purpose

Problems

Wet Chemistry Compendial Methods
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� The USP committee on the harmonization of the compendial methods identified 
analytical problems with the USP heavy metals test 20 years ago!

Analytical Problems

Problems

Quote:

“It was concluded from this experiment that approximately 50% of 
the metals may be lost during the ash process.  . . . Note that 
mercury, which is one of the more toxic heavy metals, was not 
recovered from either set of samples.

. . . Because of the loss of metals during ignition, the validity of 
test results obtained with the current USP, JP and EP general test 
procedures is questionable.”

“Stimuli to the Revision Process,” Pharmacopeial Forum, Vol. 21, No. 6, 1995, Katherine Blake.
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� “This guideline presents a process to assess and control elemental 
impurities in the drug product using the principles of risk management as 
described in ICH Q9. This process provides a platform for developing a 

risk-based control strategy to limit elemental impurities in the drug product.“

ICH Q3D
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� Drug products 

– Drug substances 

– Excipients

� Total parenteral nutrition (TPN):

– Note:  this is where USP <232> and ICH Q3D differ

� Biologic drug products containing:

– Purified proteins and polypeptides, their derivatives and products of 

which they are components (e.g., conjugates) 

– Synthetically produced polypeptides, polynucleotides and 
oligosaccharides

ICH Q3D

Scope

Applies to:

Speciation is not addressed 

Procedures used should be compendial methods
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� Does not apply to:

– Radiopharmaceuticals

– Vaccines

– Cell metabolites

– DNA products

– Allergenic extracts

– Cells, whole blood, cellular blood components or blood derivatives 
including plasma and plasma derivatives

– Products based on genes (gene therapy)

– Cells (cell therapy)

– Tissue (tissue engineering)

– Drug products used during clinical research stages of development 

ICH Q3D

Scope
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– Dialysate solutions not intended for systemic circulation

– Elements that are intentionally included in the drug product for 
therapeutic benefit

– Dietary supplements

– Veterinary products 

ICH Q3D 

� Does not apply to:

Scope
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� are known to be present, 

� have been added, or 

� have the potential for introduction,

A risk-based control strategy may assure compliance.                                     
However, compliance with limits is required for all drug products at all times.

Elemental Impurities

When elemental impurities:
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� ICH Q3D

– New drug products implemented 

(June 2016)

– Existing (legacy) products implemented     

(December 2017)

Changes Implemented
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� Evaluates toxicity data for potential elemental 
impurities

� Establishes Permitted Daily Exposure (PDE) for 
each element of toxicological concern 

� Encourages risk-based approach to control 

elemental impurities in drug products

ICH Q3D

Guideline Addresses 3 Topics
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� An applicant is not expected to tighten the limits 

based on process capability, provided that the 

elemental impurities in drug products do not 

exceed the PDEs. 

� The PDEs established in this guideline are 
considered to be protective of public health for 

all patient populations. 

ICH Q3D

Deviation From How Limits Have Normally Been Established
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� There may be instances where a PDE for a 
given element may need to be higher than 
provided in the guidance.

� In those instances, consider

– Intermittent dosing 

– Short-term dosing (i.e., 30 days or less)

– Specific indications 

ICH Q3D

Provides Guidance on Potential for Higher PDEs
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� Currently addresses three routes of administration:

– Oral

– Parenteral

– Inhalation

ICH Q3D
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� ICH Q3D acknowledges that other dosage forms may be possible.

� Start with oral dosage and evaluate as needed.

� ICH Q3D has information in training modules regarding how to proceed.

� ICH Q3D has published a work plan for evaluating some other dosage forms.

Oral, Parenteral or Inhalation Product

What if a drug product is NOT oral, parenteral or an inhalation 
product?
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Permitted Daily Exposures for Elemental Impurities (Table A.2.1)

Element Class2 Oral PDE µg/day Parenteral PDE, µg/day Inhalation PDE, µg/day

Cd 1 5 2 3

Pb 1 5 5 5

As 1 15 15 2

Hg 1 30 3 1

Co 2A 50 5 3

V 2A 100 10 1

Ni 2A 200 20 5

Tl 2B 8 8 8

Au 2B 100 100 1

Pd 2B 100 10 1

Ir 2B 100 10 1

Os 2B 100 10 1

Rh 2B 100 10 1

Ru 2B 100 10 1

Se 2B 150 80 130

Ag 2B 150 10 7

Pt 2B 100 10 1

Li 3 550 250 25

Sb 3 1200 90 20

Ba 3 1400 700 300

Mo 3 3000 1500 10

Cu 3 3000 300 30

Sn 3 6000 600 60

Cr 3 11000 1100 3



ICH Q3D

Applies to Drug Products

� Drug product manufacturer:

– Although it is the drug product that must 
comply, it is very helpful to obtain information 
(if available) from excipient suppliers (if they 
will provide it) to help inform the risk 
assessment.

� Drug product testing:

– When evaluating the components, need to 
take into consideration potential contributions 
from processing equipment, utilities (mostly 
water), etc.

– Packaging components may also play a vital 
role in potential contributions of elemental 
impurities.
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� Option 1: Common permitted concentration 
limits of elements across drug product 
components for drug products with daily intakes 

of not more than 10 grams.

� This option is not intended to imply that all 
elements are present at the same 

concentration, but rather provides a simplified 
approach to the calculations. 

ICH Q3D

Options for Testing When Risk Assessment Indicates Need for 
Testing:  Option 1
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Permitted Concentration of Elemental Impurities for Option 1 (Table A.2.2)

Element Class Oral Concentration µg/g Parenteral 
Concentration

µg/g

Inhalation 
Concentration

µg/g

Cd 1 0.5 0.2 0.3

Pb 1 0.5 0.5 0.5

As 1 1.5 1.5 0.2

Hg 1 3 0.3 0.1

Co 2A 5 0.5 0.3

V 2A 10 1 0.1

Ni 2A 20 2 0.5

Tl 2B 0.8 0.8 0.8

Au 2B 10 10 0.1

Pd 2B 10 1 0.1

Ir 2B 10 1 0.1

Os 2B 10 1 0.1

Rh 2B 10 1 0.1

Ru 2B 10 1 0.1

Se 2B 15 8 13

Ag 2B 15 1 0.7

Pt 2B 10 1 0.1

Li 3 55 25 2.5

Sb 3 120 9 2

Ba 3 140 70 30

Mo 3 300 150 1

Cu 3 300 30 3

Sn 3 600 60 6

Cr 3 1100 110 0.3

ICH Q3D

� Option 2a: Common permitted 
concentration limits across drug 
product components for a drug 

product with a specified daily 
intake:

This option is similar to Option 1, 
except that the drug daily intake is 
not assumed to be 10 grams. The 

common permitted concentration of 
each element is determined using 

Equation 1 and the actual 
maximum daily intake. 
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ICH Q3D

� If all components in a drug product 
do not exceed the Option 2a 
concentrations for all target 

elements identified in the risk 
assessment, then all these 

components may be used in any 
proportion in the drug product. 
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� Option 2b: Permitted concentration limits of elements in individual components of 
a product with a specified daily intake:

– This option requires additional information that the applicant may assemble regarding the 
potential for specific elemental impurities to be present in specific drug product components. 

� For each element identified as potentially present in the components of the drug 

product, the maximum expected mass of the elemental impurity in the final drug 
product can be calculated by multiplying the mass of each component material 

times the permitted concentration established by the applicant in each material 
and summing over all components in the drug product, as described in Equation 2. 

��� �µ� ����  � � ��   �
!

�"#
�

ICH Q3D

Options for Testing When Risk Assessment Indicates Need for 
Testing:  Option 2
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� Option 3:  Finished Drug Product

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

ICH Q3D

Options for Testing When Risk Assessment Indicates Need for 
Testing:  Drug Product Option

Drug Product Option Advantages

� Only need to develop and validate 
one method to support risk 
assessment for a given drug 

product

� Automatically includes potential 
contributions from equipment, 

facilities and container closure 
systems
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Drug Product Option Disadvantages

� Drug products are not normally 
pure substances, so analysis may 
be more complicated 

� Does not provide information 

regarding the various components

� Potential to have an entire batch of 
product fail, due to a single 

component, because component 
contributions are not identified
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Risk Assessment
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Risk-Based Approach

� The intent of ICH Q3D is NOT to require that all samples of all materials 
be tested for all elements.

– Perform a risk assessment for each drug product.

• Testing should only be done when the risk assessment indicates it is needed.

� ICH Q3D requires full and clear knowledge and understanding of the drug 

manufacturing process for any given drug product.

� The more you know about the process, components, packaging, etc., the 
more informed your risk assessment.

The Biggest Change: 
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What is risk assessment?

Per ICH Q3D:
“A systematic process of organizing information to support a risk decision to be made 

within a risk management process.”

Per ICH Q9:
“Three fundamental questions are often helpful:” 

1. What might go wrong? 
2. What is the likelihood (probability) it will go wrong? 
3. What are the consequences (severity)? 

ICH Q3D Risk Assessment Principles Review



191

© 2020 USP

Risk Assessment

– If risk assessment is:

“A systematic process of organizing 
information to support a risk decision to 
be made within a risk management 
process.”

What kind of and how 
much information is 

considered adequate?

How much and what 
kind of information 
is needed to assess 

these factors?
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Developing a Risk Assessment: “Fishbone” diagram

Drug Substance Excipients

Elemental 
Impurities in Drug 

Production

Manufacturing 
Equipment

Utilities
(e.g., water)

Container Closure 
Systems
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Full Risk Assessment

 Describe the risk of potential contribution(s) of elemental impurities from all potential sources of 
elemental impurities from the various portions of the “fishbone” diagram.

 Conduct a review/discussion of data or information obtained from published literature regarding 
potential levels of elemental impurities in the drug product.

 Conduct a review/discussion of data obtained from analytical testing that may have been 
performed.

 Complete a comparison of the determined levels of elemental impurities to the PDE for any 
elemental impurity identified to contain >30% of the PDE in the drug product.

 Summarize additional controls that are needed or implemented to demonstrate control.

 Revisit this process multiple times if needed, as information becomes available.

What is included in a full risk assessment?
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Threshold in ICH Q3D

� The 30% control threshold is found only in ICH Q3D.

� The 30% control threshold is meant to be a tool to use to help determine if a 
material needs to be further evaluated, for example:

– If a material has an elemental impurity significantly less than 30% of the PDE, additional 
testing may not be required.

– If a material has an elemental impurity that is close to 30% of the PDE, closer monitoring of  
that material may be required.

– If a material exceeds 30% of the PDE, may need to implement routine testing, or perhaps 

implement some controls.

� It is NOT intended as a surrogate PDE.

� Regardless of the 30% of the PDE, the drug product must meet the requirements 

of ICH Q3D. 

What is the 30% threshold in ICH Q3D?



Preparing a Risk Assessment

What questions 
should you ask 
when preparing a 
risk assessment?

?
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Risk Assessment

https://time.com/5375724/placebo-bill-health-problems/

API

Excipients

Lubricants

Binders
Colorants

Water 
(utilities)

Reagents, chemicals used in synthesis

Catalysts

Processing 
equipment

Packaging

Work BackwardsWork Backwards

What’s in the pill?What’s in the pill?
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� Health authorities have said it needs to “TELL A STORY”.

� Justify any conclusions you make.

– Data is always good to have.

� Until industry gets a feel for what is expected in the paperwork—more 
data/information may be better.

Risk Assessment
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If a product fails…

Risk Assessment

STOP
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Risk Assessment: Elemental Impurities

Element Class If Intentionally 
Added

If Not Intentionally Added

Oral Parenteral Inhalation

As 1 Yes Yes Yes Yes

Cd 1 Yes Yes Yes Yes

Hg 1 Yes Yes Yes Yes

Pb 1 Yes Yes Yes Yes

Co 2A Yes Yes Yes Yes

V 2A Yes Yes Yes Yes

Ni 2A Yes Yes Yes Yes

Tl 2B Yes No No No

Au 2B Yes No No No

Pd 2B Yes No No No

Ir 2B Yes No No No

Os 2B Yes No No No

Rh 2B Yes No No No

Ru 2B Yes No No No

Se 2B Yes No No No

Ag 2B Yes No No No

Pt 2B Yes No No No

Li 3 Yes No Yes Yes

Sb 3 Yes No Yes Yes

Ba 3 Yes No No Yes

Mo 3 Yes No No Yes

Cu 3 Yes No Yes Yes

Sn 3 Yes No No Yes

Cr 3 Yes No No Yes

What elemental impurities 
should be included in a 
risk assessment?
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Elements Not Included in ICH

Na

Mn

Mg

W

Al

Bi

B

Fe

Zn

K

Ca

Si
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� Rather than starting out with testing, decide whether any
testing is necessary!

� Testing everything for every element every time?

– If “NO”— Take a look at the entire drug product manufacturing 
process first.

To Test or Not To Test
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� Daily Dose PDE > (∑
M
(CM ×××× WM)) x DD

– Where:

M  = each ingredient in the dosage form

CM  = element concentration in that component (µg/g)

WM = weight of component in a dosage form (g/unit)

DD  = # units in maximum daily dose (units/day)

Example: Summation Option
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Example: Drug Product Analysis Option

500 mg 
Tablet

Once 
per day 

dosing

Arsenic 
= 0.75 μg/g 

of tablet 
contents

Is the Daily Dose PDE >
measured value x  (maximum daily dose)?

Does it pass?
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In this instance:

Is 15 μg/day > 0.75 μg/g  x 0.5 g/day x 1?  

Or

Is 15 μg/day > 0.375 μg/day?

The product passes!

Example: Drug Product Analysis Option 

Element Oral Daily Dose 
PDE (µg/day)

Arsenic 15

Cadmium 5

Lead 5

Mercury 30

� 500 mg tablet

� Once a day dosing

� Measured content of arsenic 
is 0.75 μg/g of tablet contents
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Example: Summation Option

0.250 g
tablet

Twice
per day 
dosing

• 0.05 g API
Contains 2.0 µg/g of Pb

• 0.1 g  Excipient 1
Contains 1.0 µg/g of Pb

• 0.1 g  Excipient 2
Contains 10.0 µg/g of Pb

Does it comply?

206

© 2020 USP

Result
/Tablet

Summation Option Example

1. 0.250 g tablet

2. Twice a day dosing

3. Tablet:

a. 0.05 g API: Contains 2.0 µg/g of Pb

b. 0.1 g  Excipient 1: Contains 1.0 µg/g of Pb

c. 0.1 g  Excipient 2: Contains 10.0 µg/g of Pb

Element

Oral Daily Dose 
PDE (µg/day)

Arsenic 15

Cadmium 5

Lead 5

Mercury 30
= (0.05 g API x 2.0 µg Pb/g)

+ (0.1 g Excipient 1 x 1.0 µg Pb/g )  

+ (0.1 g Excipient 2 x 10.0 µg Pb/g )

= 0.1 µg Pb (API) + 0.1 µg Pb (Excipient 1 ) + 1.0 µg Pb (Excipient 2)

= 1.2 µg Pb/tablet 
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Summation Option Example

1. 0.250 g tablet

2. Twice a day dosing

3. Tablet:

a. 0.05 g API: Contains 2.0 µg/g of Pb

b. 0.1 g  Excipient 1: Contains 1.0 µg/g of Pb

c. 0.1 g  Excipient 2: Contains 10.0 µg/g of Pb

Element

Oral Daily Dose 
PDE (µg/day)

Arsenic 15

Cadmium 5

Lead 5

Mercury 30

2 Tablets per Day 1.2 µg Pb/tablet  X 2 = 2.4 µg Pb/day
2.4 µg Pb/day< Daily Dose  PDE of 5 µg Pb/day

=

Tablets comply
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1. What might go wrong? 
2. What is the likelihood it will go wrong? 
3. What are the consequences?

Risk Assessment: Considering the Additional RA Factors

� What if the vendor makes changes?

– Quality agreements and change control addressed—not testing!

� What if the vendor introduces new EIs into facility in other syntheses?

– Qualified suppliers should be assessed as having adequate GMPs and cleaning procedures 

in place.

Starting Materials for API Used in Drug Product, continued
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Risk Assessment: Considering the Additional RA Factors

� Equipment- low risk for most APIs

– Screening for As, Pb, Cd, Hg, V, Ni, Co throughout development  (see ICH Q3D)

– Combination of screening information and quality system procedures in place (see ICH Q3D)

� Biologics may need to consider possible EI contribution more thoroughly

– Container closure—no risk

– Q3D not concerned with potential for solid oral dosage forms to transfer EI from storage 

container, so API offers no mechanism for transfer of EI from storage container

Equipment and container closure
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Information and Data

� Peer-reviewed papers:

– Jenke et al. A Compilation of Metals and Trace Elements Extracted From Materials 
Relevant to Pharmaceutical Applications Such as Packaging Systems and 

Devices PDA J Pharm Sci Technol July/August 2013 67:354-375

– Li et al. Elemental Impurities in Pharmaceutical Excipients.  Journal of Pharmaceutical 
Sciences 104:4197–4206, 2015
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� Lhasa Database

Information and Data

� Information from 
manufacturers/suppliers:

– https://askavantor.secure.force.com/servlet/file
Field?id=0BE4A000000bn2P
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� Prior knowledge

� Published literature

� Data generated from similar processes 

� Supplier information or data

� Testing of the components of the drug product

� Testing of the drug product

In the case of excipients, supplier information relating to elemental impurities can 
be limited and published literature is also sparse. 

http://www.ich.org/products/guidelines/quality/article/quality-guidelines.html

Elemental Impurities Data Sharing Initiative

Section 5.5—According to ICH Q3D, evidence collected in the risk 
assessment can be derived from numerous sources, such as:



Drug Product

Consider a drug product:

� Maximum daily dose of the drug product is 1 
tablet taken 2x/day for a total of 2 tablets/day

� No aggressive manufacturing processes

� Solid oral dosage form in a bottle

� Tablet contains:

– 0.25 mg of API

• API manufacturing process uses Pd as catalyst

– 0.25 mg of excipient 1

– 0.5 mg of excipient 2

– None of the excipients naturally sourced or mined

– Total maximum daily dose: 2 g/day
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� Information available regarding elemental impurities from 
suppliers/manufacturers of both excipient 1 and excipient 2:

– Statements and data provided indicate that elemental impurities are not likely to be present in 
either excipient.

– Peer-reviewed papers support the statements made by the suppliers/manufacturers of both 
excipient 1 and excipient 2.

� API manufacture uses stainless steel and no extremes of pH.

� Pd added at penultimate step in the synthesis.

� No compendial monograph requirements for metals testing in either excipient 1 
or excipient 2.

First Things First

What do you already know?
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� To a large extent, how you proceed is going to be significantly dependent on the 
level of risk your company is willing to take.

– Some companies simply want to test everything for all of the elements listed in USP <232> 
and ICH Q3D.

• Is that really a “risk assessment?”

 This is not what either USP or ICH intended.

– Some companies don’t want to perform any testing at all.

� A “happy medium” may be the most reasonable approach.

– Since Pd is used at the penultimate step, really should make sure it is not carrying through into 

the API at levels exceeding the PDE.

– Do you need to monitor other elements?

Proceeding Forward

How would you handle this?
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� In this case, MUST include As, Cd, Hg, Pb, Co, V, Ni and Pd

� Including in the risk assessment does not necessarily mean that testing is required.

� In this case, one potential approach would be to reference the information available to 
indicate that there is no reason to expect As, Cd, Hg, Pb, Co, V, Ni 

– Monitor Pd:

• Set a specification for Pd in the drug product?

• Note that controls are in place.

• Provide data for AT LEAST THREE production-scale batches to demonstrate compliance.

 Does Pd concentration exceed 30% of the PDE?

» If so, determine if additional controls need to be established.

» Provide detailed information regarding the approach being used for Pd.

Risk Assessment

What MUST be included in the risk assessment?



Drug Product

Consider a different drug product: 

� Same as in previous solid dosage form 
example, except excipient 1 is Magnesium 

Stearate

� USP has a monograph for Magnesium 
Stearate and it has an Ni limit of 5 ppm

� Now, in addition to what was already done 
for the previous example, need to address 

Ni

– Cannot state that Ni is not expected, despite 
available information

– To comply with USP, must test Ni and its 
concentration cannot exceed 5 ppm (µg/g)
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Parenteral Drug Product

� One vial contains:

– 0.1 mg of API

– 0.2 mg excipient 1

– 0.2 mg excipient 2

– 1 mL  water

� Maximum daily dose of the drug 
product is one vial

– Assuming 1 mL = 1 g; 1.5 g/day = 1500 
µg/day

218

© 2020 USP

Consider a different drug product: 
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First Things First

� The water used started with U.S. EPA or WHO-quality drinking water.

� None of the excipients is a naturally sourced or mined material.

� Information from API and excipient suppliers/manufacturers indicates no 
likelihood of elemental impurities.

� No intentionally added elemental impurities.

What do you already know?
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A Word About Water

� Members of the USP Chemical Analysis Expert Committee published a 
stimuli article titled Elemental Impurities in Pharmaceutical Waters 

(Pharmacopeial Forum 39(1), [Jan-Feb 2013])

� They evaluated what the potential for water to contribute elemental impurities 

might be, based on conductivity of the water.  They concluded that, by and 
large:

– if raw water used meets the U.S. EPA or WHO drinking water requirements and,

– reasonable water purification methods are used, and 

– the process does not, itself, add elemental impurities,

– then conductivity testing can be used to assess requirements for elemental impurities. 

� The situation becomes a little less clear when using 2L/day maximum daily 

dose.
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Proceeding Forward

� In this case, As, Cd, Hg, Pb, Co, V, Ni, Li, Sb, Cu.  Li, Sb and Cu are required to 
be included because this is a parenteral product.

– Including in the risk assessment does not necessarily mean that testing is required.

� Because it is a parenteral product, must give more consideration to container 
closure system.

� Careful evaluation of feed water used—if it’s not U.S. EPA or WHO-quality 
drinking water, likely need to test the water.

How  would you handle this?
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Proceeding Forward (continued)

� Possible options include:

– Because this is a parenteral product, screen late time point from stability study.

– Test drug product.

– Test all components and include information regarding container closure system and 
processing equipment.

– Implement periodic testing.

– Implement no periodic testing.

� Again, to a large extent, how you proceed is going to be significantly dependent 
on the level of risk your company is willing to take.

How  would you handle this?
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High-Volume Parenteral Product

� Same as previous parenteral example, except now the maximum daily dosage 
of the drug product is 2.5 L/day.

� The PDEs remain the same, but the concentration limits, obtained by dividing 
the PDE by the maximum daily dose of the drug product, become much smaller.

� What if a catalyst is used, or a monograph exists that specifies a limit for an 

element (either included in USP/ICH or not included)?

– The intentionally added element must be included in the risk assessment.

– The monographed element must be included in the risk assessment and the monographed 
material must comply with the monograph requirements.

Consider a high-volume parenteral product:

Specification Setting: Raw Materials, Components, Drug Product

� ICH Q3D applies to drug products 
only.

� Components may be tested, but the 
PDEs are not established for 

components or raw materials.
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Drug Product Manufacturer

What does it mean to the drug 
product manufacturer?

� Information provided as a risk assessment 
should follow the requirements of what 

elements should be included in a risk 
assessment.

� Excipient/API suppliers/manufacturers can 
provide information and are encouraged to 

partner with the drug product 
manufacturers to provide the most 
complete picture possible to assure patient 

safety.

� Excipient/API suppliers/manufacturers are 
not required to provide any information, 
however.
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Drug Product Manufacturer (continued)

What does it mean to the drug 
product manufacturer?

� If drug product manufacturer wants to set 
specifications for excipients/APIs, go about 

it in a systematic way:

– Consider the nature of the material.

– Consider amount of the material in the 
maximum daily dose.

– Consider risk associated with the material—is 
it mined?

– Some evaluate components in the context of 
the 10 g/day MDD concentration limits—
perhaps a good place to start.
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Drug Product Manufacturer

What does it mean to the drug 
product manufacturer?

� Prior to USP <232>/ICH Q3D, specifications 
might have been set based on process 
capabilities.

� If an intentionally added elemental impurity, 
such as a catalyst, was controlled to <50 ppm, 
for example, the specification might be set at 
some value ≤ 50 ppm.

– Then, as the process was improved, control might 
be demonstrated at <20 ppm, resulting in new 
specs of some value ≤20 ppm.

� Because the PDEs are based on patient safety, 
there is now no need to modify specifications, 
as long as the drug product complies with the 
PDEs.
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Drug Product Manufacturer

What does it mean to the drug 
product manufacturer?

� The upshot?  Drug products must comply 
with the PDEs set forth in USP <232>/ICH 

Q3D.  That is the only requirement for 
elemental impurities.

228

© 2020 USP



Necessary Information

� Compile both the full risk 
assessment and the summary risk 
assessment.

– Risk assessment summaries should be 
provided in new product filings.

– Full risk assessments are available at 

manufacturing sites for inspection.

� For legacy products, risk 
assessments are provided in the 

next annual report for the product.
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� Leverage capabilities of ICP-OES and/or ICP-MS to perform qualitative or semi-
quantitative analyses.

– Broad-based screening

– No substitute for validated methods

• Helps to determine if you’ve missed something

• FDA has indicated that either a method is validated, or a method is NOT validated.  Validation should 
be per USP <233>.

� Certify or qualify vendors.

– If vendor changes something, revisit the risk assessment.

– May or may NOT require testing

Other Chapters for Consideration

Things that might make life easier:
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Assess 
Organizational 

Needs

Determine 
Elements to 

Measure/ 
Control

Determine 
Options to 

Meet 
Organizational 

NeedDetermine 
Optimal 
Testing 

Approach/ 
Instrument

Determine 
Testing 

Intervals 

Develop Plan 
for Non-

Compliant 
Results

Evaluate 
Compliance—
Report Results

Implementation Guide
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Additional Resources

� USP.org frequently asked questions (FAQs):

― FAQs on the Implementation of USP General Chapters <232> Elemental Impurities—Limits 
<233> Elemental Impurities—Procedures, and <2232> Elemental Contaminants in Dietary 

Supplements (updated March 27, 2015)

― FAQs: Rationale for USP's Proposed Standards for Elemental Impurities (updated January 
14, 2015)

� ICH Q3D

� ICH Q3D training modules

� Lhasa




