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Because USP text and publications may have legal implications in the U.S. and elsewhere, their language must 
stand on its own. 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 standards-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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Nancy Lewen

Her work focuses heavily on the use of the techniques of atomic spectroscopy to solve analytical problems in the 
pharmaceutical industry and includes the use of XRF for use as a rapid screening technique for process 
development work.

Nancy has written papers and lectured on the subject of pharmaceutical applications of atomic spectroscopy and 
has taught several short courses on the subject. She is the recipient of the 2008 New Jersey Association of 
Biomedical Research “Outstanding Women of Science” award, the Bristol-Myers Squibb 2005 Chemistry Leadership 
Award, the 2014 USP Award for “An Innovative Response to a Public Health Challenge” as a member of the USP 

Elemental Impurities Advisory Panel and the 2015 BMSIARC Award.

USP Affiliation: Chair 
USP Chemical Analysis Expert Committee

Title: Independent Consultant

Ms. Nancy Lewen has over thirty years of experience in the pharmaceutical industry 
and recently retired as the supervisor of the Atomic Spectroscopy Laboratory in 
Analytical R&D. Nancy has served as a USP volunteer for over 10 years, having 
chaired the Elemental Impurities Advisory Panel and the <191>—Identity Tests sub-

committee.  She is currently the chair of the Chemical Analysis Expert Committee.
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Objectives

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

EXPLAIN

the scope and changes 
in the requirements of 
USP—NF General 
Chapters <232> and 
<233>

DESCRIBE

the risk-based approach

EXPLAIN 

how to set appropriate 
specifications
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Objectives

Upon completion of this course you will be able to:

DESCRIBE

Proper sample 
preparation

IDENTIFY

accuracy and precision: limit tests 
vs. quantitative impurity tests

DESCRIBE  

the appropriate instruments for 
testing (e.g. ICP-OES, ICP-MS, 

XRF or GFAA)
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Objectives

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

DISCUSS

plan and implement a successful 
method validation
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Agenda

Topics

About USP

History of Elemental Impurity Testing

Comparison of ICH Q3D vs. USP <232> and <233>

Risk Assessment

Analytical Strategies and Techniques

Challenges Associated with Testing

Examples of Testing Implementation

Elemental Impurities in Drug Products FDA Guidance for Industry



About USP
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Our Standards

EC

Gov’t

EP
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Advancing Quality

� We work with experts in science 
and health to develop quality 
standards that help set the bar for 

manufacturing and distributing safe 
and effective medicines, 

supplements and food around the 
world

� Our partnerships with FDA and 
other regulatory bodies help 

advance quality along every point 
of the supply chain 

� Today our standards are available 

in more than 140 countries 
12

© 2017 USP
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� USP: Private not-for-profit organization

– Sets compendial standards: Development and revision (industry collaboration)

– Public standards: Identity, strength, quality, purity, packaging
and labeling

� FDA: Government agency

– Enforcement 

– Safety, efficacy; NDA, ANDA, BLA, ABLA

(private license) approvals for marketing, manufacturing 
processes, etc.

USP is the only major non-governmental pharmacopeia 
in the world!

USP and the FDA

Guidelines
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USP and the FDA

USP standards have been recognized in U.S. law under the Federal Food, Drug, 
and Cosmetic Act (FDCA) since 1938 

Under the relevant FDCA provisions: 

‣ A drug with a name recognized in the USP–NF must comply with the identity/identification

requirements of its monograph, or be deemed adulterated, misbranded or both

‣ A drug must also comply with compendial standards for strength, 

quality, and purity unless labeled to show all respects in which 
the drug differs

USP Drug Quality Standards and Law
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USP and the FDA

� The Federal Food, Drug and                      
Cosmetic (FD&C) Act of 1938

– Defines the term “official compendium” 
as the official USP, the official NF, the 

official Homeopathic Pharmacopeia of 
the United States or any supplement to 
them

� USP standards, both 
documentary and physical, are 
used in approximately 140 

countries 
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� General Notices (GN)

– Overarching—Apply to all chapters and monographs

� General test chapters

– Tests and assays applying to multiple monographs

– Supersede GN if conflicting

� Monographs: API, excipients, drug 
products

– Supersede both GN and Chapters if conflicting

� General information chapters

– Guidance

– Do not contain specifications

Structural Hierarchy of the USP–NF

Go to www.usppf.com to access the PF



History of Elemental Impurity 
Testing: How Did We 
Get Here?

� United States Pharmacopeia (USP)

� European Pharmacopeia (EU) 

� Japanese Pharmacopeia (JP)

� Pharmacopeia of Peoples Republic 
of China (CHP)

Compendia around the world used to have 
wet chemistry test for “heavy metals”

Standards Setting in the Pharmaceutical Industry

Go to www.usppf.com to access the PF

(http://europa.eu/legislation_summaries/internal_market/single_market_for_goods/

pharmaceutical_and_cosmetic_products/l21161_en.htm)
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European Pharmacopoeia (EP, Ph. Eur.)

“The European Union supports the European Pharmacopeia, which was drawn 

up by the Council of Europe. The objective of this institution is to harmonise
national laws on the manufacture, circulation and distribution of medicines in 

Europe.”

http://europa.eu/legislation_summaries/internal_market/single_market_for_goods/phar
maceutical_and_cosmetic_products/l21161_en.htm)
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ICH

“The International Conference on Harmonization of Technical Requirements for 

Registration of Pharmaceuticals for Human Use (ICH) is unique in bringing 

together the regulatory authorities and pharmaceutical industry of Europe, Japan 

and the US to discuss scientific and technical aspects of drug registration. . .  

ICH’s mission is to achieve greater harmonization to ensure that safe, effective, 

and high quality medicines are developed and registered in the most resource-

efficient manner.”

http://www.ich.org/
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Regions Participating in the ICH

� Europe

� U.S.

� Japan

� Canada 

� Switzerland

� Brazil

� Korea

� Singapore

� China

� Chinese Taipei
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European Medicines Agency (EMA)

http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000043.jsp&murl=menus/regulations/regulations.jsp&mid=
WC0b01ac05800240cb)

“The European Medicines Agency's Committee for Medicinal Products for 

Human Use (CHMP) prepares scientific guidelines in consultation with 

regulatory authorities in the European Union (EU) Member States . . .   

Guidelines provide a basis for practical harmonization of how the EU 

Member States and the Agency interpret and apply the detailed 

requirements for the demonstration of quality, safety and efficacy that are 

in the Community directives.”

http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000043.jsp&murl=menus/regulations/regulations.jsp&mid=
WC0b01ac05800240cb)
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United States Pharmacopoeia (USP)

“The U.S. Pharmacopeial Convention (USP) is a scientific nonprofit 
organization that sets standards for the identity, strength, quality, and purity 
of medicines, food ingredients, and dietary supplements manufactured, 

distributed and consumed worldwide. USP’s drug standards are enforceable 
in the United States by the Food and Drug Administration, and these 

standards are developed and relied upon in more than 140 countries.”

http://www.usp.org/about-usp
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Summary

History of Elemental Impurity Testing

� Standard Setting in the Pharmaceutical 
Industry

� International Conference on Harmonization

� European Pharmacopoeia (EP, Ph. Eur.)

� United States Pharmacopeia



Comparison of ICH Q3D vs. 
USP <232> and <233>
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Metals Testing—Historical Background

First USP test is >100 years 
old

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 USP <231>
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Parameter USP, II EP JP

Size of sample ~1g ≤≤≤≤ 2g Directed by monograph

Test solution compared 
to…

Pb std Pb std Pb std

Sulfide reaction Yes Yes Yes

Heating step? Yes—ignition Yes—ashed or heated to 
dryness

Yes—ignition

Visual test? Yes Yes Yes

Element specific? No No No

Limit test? Yes Yes Yes

Comparison of Compendial Methods
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� No validation was ever performed on 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 USP <231> 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!

Quote:

Analytical Problems

Problems

“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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Problems With USP <231>—Poor Recoveries of Most Elements 
Expected to Respond to the Test
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Lewen, et. al. J. Pharm. And Biomed. Anal., Vol. 35, Issue 4, 29 June 2004, pp. 739-752
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Heavy Metals

� IUPAC Technical Report

– No universally accepted definition for the term 
“heavy metals”

– Various means of categorizing “heavy metals”

Prepared for publication by JOHN H. DUFFUS Pure Appl. Chem., Vol. 74, No. 5, pp. 793–807, 2002. © 2002 IUPAC 

Atomic weight

Atomic number

Density

Chemical 
properties

Toxicity

Heavy Metals—A Meaningless Term?
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Discussion Question

What is a heavy metal in the context of 
pharmaceuticals?
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What to Test?  How to Test?

What should be tested? How should it be tested?

Dilemma that faced global compendia, ICH, EMA: Since methods don’t work, what should be changed?

Based on safety issues: Which metals/metalloids should be monitored?
What limits should be established for analytes of 
interest?

Should extraneous/inadvertent contamination be 
addressed?

Original EMA guideline didn’t include inadvertent 
contamination—only intentionally added

What testing procedures should be used? ---

When should changes be implemented? ---

What about existing products already on the market? ---
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Summary

Metals Testing Background

� Metals Testing—Historical Background

� Comparison of Compendial Heavy Metals 
Methods

� Problems with Wet Chemistry Methods

� Analytical Problems



Comparison of ICH Q3D vs. 
USP <232> and <233>
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Convergence to Change Metals Testing 
Requirements and Procedures

USP <232>, <233>
EP 2.4.8, 2.4.20, 5.20

ICH Q3DEMA Guideline on Residues 
of Metal Catalysts

JP CHP

PDG
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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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Changes Implemented

� Changes to USP General Chapters:

– <232> Elemental Impurities—Limits and <233> 
Elemental Impurities—Procedure replace heavy 
metals chapter <231>

– USP removed <231> from the book via General 
Notices (January 1, 2018)

– <232> and <233> were implemented for ALL 
products (January 1, 2018)

� Changes to EMA

– EMA adopted ICH and its timing

� ICH Q3D

– New drug products implemented (June 2016)

– Existing (legacy) products implemented   

(December 2017)

Go to www.usppf.com to access the PF
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� Applies to drug products 

– Drug substances 

– Excipients

� 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.

� Speciation is not addressed in this chapter

� Procedures are specified in USP <233> Elemental 

Impurities—Procedures

USP <232>

Scope
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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)

USP <232>

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 

– Total parenteral nutritions (TPNs) 

USP <232> 

Does not apply to:

Scope
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USP <232> and ICH Q3D

� USP began working on <232> in 2005:

– Original stimuli to the revision article included many more elements than subsequent version of <232>

– Notion of various classes of elements, with most emphasis on the “Big Four”:  As, Cd, Pb, Hg

– Permitted Daily Exposure (PDE) limits based on toxicological impact

• PDEs changed from time-to-time in various iterations of <232>

� ICH began working on Q3D a few years later:

– PDEs based on toxicological impact

– Larger listing of elements

• Input from industry regarding what elements to include

� Harmonization of USP <232> and ICH Q3D:

– Toxicologists from both teams met to discuss elements and PDEs

– Scope discussions
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USP <232> and ICH Q3D Harmonization

� The intent was to have a harmonized way for industry to proceed

� USP and ICH Q3D teams worked closely to achieve the harmonization 
of final documents as much as possible

– Eliminated the need for multiple processes

Note:  USP <232> and ICH Q3D are NOT harmonized with regard to total parenteral 
nutrition (TPN)

– USP found that there would be little impact on TPNs in “the book”

– USP felt that TPNs are nutritional products, rather than drug products

44

© 2020 USP

Harmonization

Q3D USP Ph. Eur. JP

Terminology Elemental 
Impurities

Elemental Impurities Elemental 
Impurities

Elemental 
Impurities

Scope Harmonized Harmonized
(Exception: TPNs)

Harmonized Harmonized

List of Elements 24 24 24 24

PDEs Harmonized Harmonized Harmonized Harmonized

Other Routes Harmonized Harmonized Harmonized Harmonized

Options Harmonized Harmonized Harmonized Harmonized
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� Harmonized analytical procedures should be established by the pharmacopeias for 
determining levels of metal impurities, with allowance for use of any appropriate validated 

procedure for a particular application

Harmonization

USP Ph. Eur. JP

USP <233> Elemental Impurities —
Procedures

2.4.20 Determination of Metal catalyst 
or Metal Reagent Residues

----

Flexible Flexible ----

Sample Preparation Sample Preparation ----

Procedures ---- ----

Validation requirements Validation requirements ----

Harmonization through PDG Harmonization through PDG Harmonization through PDG

� 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

USP <232> and ICH Q3D

Both Apply to Drug Products



Knowledge Check
https://student.turningtechnologies.com/#/

Session ID: uspedu

48

© 2020 USP

Knowledge Check Question #1

A. June 1, 2018

B. April 1, 2018

C. May 1, 2018

D. January 1, 2018

In which month and year did the following changes 
happen regarding USP General Chapters?

• <232> Elemental Impurities—Limits and <233> Elemental 
Impurities—Procedure replace heavy metals chapter 
<231>

• USP removed <231> from the book via General Notices 
• <232> and <233> were implemented for ALL products 
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Knowledge Check Question #2

A. June 2016

B. December 2017

C. May 2016

D. January 2018

New drug products were implemented by ICH Q3D in: 

50

© 2020 USP

Knowledge Check Question #3

A. Drug substances 

B. Excipients

C. Total parenteral nutritions (TPNs) 

D. All of the above

USP <232> is applicable to:  
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Options to Determine Elemental Impurity Content

Drug product analysis

Summation

Individual

“Generally applicable”

The results obtained from the analysis of a typical dosage unit scaled to a maximum daily dose

Daily Dose PDE > measured value (µg/g) x maximum daily dose (g/day)

Analyzing the drug product -- includes potential metal contamination via processing equipment
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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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� 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: 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?
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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 ) + 1.0 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

Summation Option Advantages

� Individual components easier to assay 
than final drug product, which is a mixture

� Avoids finding metals contamination after a 

large batch of product has been made

� Characterize a large batch of a single 
component, and then results for that batch 
may be used for multiple products, 

avoiding the need to reanalyze it



Summation Option Disadvantages

� Requires analysis of multiple components, 
thereby significantly increasing the number 

of samples to be analyzed.

� If multiple vendors for a single component, 
each vendor’s material must be analyzed.

� Still need to consider potential 
contributions from manufacturing 

equipment, etc.
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Summary

Comparison of ICH Q3D vs. USP <232> and <233>

� Convergence to Change Metals Testing 
Requirements and Procedures

� USP <232> Scope

� USP <232> and ICH Q3D

� Options to Determine Elemental Impurity 
Content



Knowledge Check
https://student.turningtechnologies.com/#/

Session ID: uspedu
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Knowledge Check Question #4

A. True

B. False

USP <232> and ICH Q3D are harmonized 
with regard to total parenteral nutrition 
(TPN). 
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Knowledge Check Question #5

A. True

B. False

USP <232> and ICH Q3D both apply to 
product manufacturer and product 
testing.

Risk Assessment
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Risk-Based Approach

� The intent of USP <232> and 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

� USP <232> and ICH Q3D require 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
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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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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, NOT in USP <232>

– USP provides requirements that must be met, PDE, and does not include 
additional values besides those requirements

� 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 USP <232>/ICH Q3D. 

What is the 30% threshold in ICH Q3D?
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Developing a Risk Assessment

“Fishbone” diagram
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What questions should you ask when preparing a risk assessment?

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

What’s in the pill? 

Work Backwards
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Minimum 3 
commercial OR 6 

pilot-scale batches

Demonstrate the absence of EI:

“Show with convincing evidence that it is purged to a level 

which is consistently below 30% of the calculated 
concentration limit based on intended route of administration”

� Control strategy from LTSS to the marketing application and post-approval marketing

– Monitor per established development plan  

– Assess development and pilot data 

• Determine whether process control or routine testing is appropriate

The Risk Assessment

Conducting Testing and Assessing Data

Implementation of ICH Q3D in the Certification Procedure, EDQM, August 2016.

Minimum 3 
commercial OR 6 

pilot-scale batches
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� Are EIs introduced via SM synthetic route? No: Screen 3 lots of vendor material to 
demonstrate absence of EI

� Is there a supplier specification already in place for 
intentional EIs?

No: Calculate max allowable to remain 
below threshold in API and determine 
whether a spec is needed based on 
screening of 3 vendor lots

Yes: Calculate max contribution in API at 
spec and determine if adequate or if an 
internal or lower vendor spec is needed

� Could other metals serve as alternatives to the 
intentional EI?

Yes: Screen lots for these EIs in addition to 
that of current route
(Literature searches may be needed to 
determine this)

Risk Assessment: Considering the Additional RA Factors

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

Equipment and container closure

� 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
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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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� 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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If a product fails…

Risk Assessment

STOP
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Look at vendor-supplied materials,  evaluate synthesis,  
look at processing and packaging of the equipment

Risk Assessment

Did something change?
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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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� USP <232> and ICH Q3D both acknowledge 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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Elements Not Included in USP or ICH

Na

Mn

Mg

W

Al

Bi

B

Fe

Zn

K

Ca

Si
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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

� Information from manufacturers/suppliers:

– https://askavantor.secure.force.com/servlet/fileField?id=0BE4A000000bn2P

� Knowledge of manufacturing processes:

– https://pdfs.semanticscholar.org/9dfa/0f75e22da3e2ff1006aa41a5b2806b8bd05
7.pdf

� Lhasa Database
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Elemental Impurities Data Sharing Initiative

What is the Lhasa Database? 

� Shared knowledge

� Shared progress

Slide courtesy of Lhasa on behalf of the Lhasa Database
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Section 5.5—According to ICH Q3D, evidence collected in the risk assessment 
can be derived from numerous sources, such as:

� 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
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What is the Strategic Intent of the Database? 

Data is accessible to industry and regulators and can be used to

make it very clear why specific excipients are regarded as low
(negligible) or higher risk in a particular formulation at a given daily

intake.

The Vision 

Slide courtesy of Lhasa on behalf of the Lhasa Database
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Elemental Impurities Excipient Database

� A consortium was established in 2015 and the first release of the Elemental
Impurities Excipient Database was in 2016.

� The database contains the results of 34,239 elemental determinations and

2304 analytical studies for 264 excipients.

Currently the largest known collection of this type of data.

Vitic Nexus (version 2018.1.0 ) (Lhasa Limited), http://www.lhasalimited.org/products/vitic-nexus.htm
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Summary

Risk Assessment

� ICH Q3D Risk Assessment Principles 

� Full Risk Assessment

� Threshold in ICH Q3D

� Developing/Preparing a Risk Assessment

� Conducting Testing (IRA Factors)

� Risk Assessment Elemental Impurities

Analytical Strategies and 
Techniques
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USP <232>    

Analytical Testing � If, by process monitoring and 
supply-chain control, manufacturers 
can demonstrate compliance, then 

further testing may not be needed

� To demonstrate compliance, when 
testing is done proceed as directed 
in Elemental Impurities—

Procedures <233>
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Risk Assessment and Testing

– Advantages of drug product testing:

• Only need one method

• Encompasses potential contributions from 
processing equipment and container 
closer system

– Disadvantages of drug product 

testing:

• If there is a problem, the batch of product 

is lost

• No knowledge regarding potential 
contributions from various components

If your risk assessment reveals some testing is needed for  drug product or components, determine:

– Advantages of component testing:

• Specific, detailed knowledge about potential 
contributions from components

• If a single component will cause a product 
failure, can use a different batch and not lose 
the product batch

– Disadvantages of component testing?

• Need multiple methods

• Have to be certain to include potential 

contributions from processing equipment and 
container closure system

� Follow USP <233>
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Discussion Question

What is risk assessment?

Knowledge Assessment
https://student.turningtechnologies.com/#/
Session ID: uspedu
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Knowledge Check Question #6

A. USP <232> and ICH Q3D require full and clear knowledge 
and understanding of the drug manufacturing process for any 
given drug product.

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

C. The intent of USP <232> and ICH Q3D is NOT to require 
that all samples of all materials be tested for all elements.

D. None of the above.

Which of the below is the biggest change to 
the risk-based approach?

Challenges Associated with 
Testing
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Important Features of USP <233>

� USP <233> is NOT prescriptive

� Methods must meet validation criteria:

– Validation criteria in <233> supersede validation requirements in <1225> Validation of 
Compendial Procedures

� No need to determine LOQ or LOD: 

– Demonstrate sufficient sensitivity with 0.5J replicates

 No need to see “how low can you go?” since demonstrating that you can accurately and precisely see 

50% of the concentration limit means you already can comply with meeting the PDE.  No need to set 
lower PDEs

� Robustness takes into account possibility that labs may have only one instrument and 

only one trained analyst

� Must be used in conjunction with USP <232> Elemental Impurities—Limits

� Limit procedure or full quantitation
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� VALIDATION = VERIFICATION

� Must meet acceptance criteria listed in USP <233>, regardless of which 
procedure is used

Important Features of USP <233>

The most important feature of USP <233> is…
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USP Analytical Method 

� USP <233> describes two analytical procedures that may be    

used, but also states:

� Alternative procedures that meet the validation requirements

described herein may be considered equivalent to Procedures 1

and 2 for the purposes of this test. 

� USP <233> MUST be used in conjunction with USP <232> (also

for dietary supplements <2232>)

� Results can be reported as a limit or quantitatively

ICP-OES—Procedure 1 in USP <233>

� ppb-ppm detection of many 
elements

� Multi-element capability

� Wider range of analytes compared 
to absorption-based techniques

� Rapid sample throughput

http://www.sas.upenn.edu/~seanjw/ICP-AES%20Index.html



ICP-MS—Procedure 2 in USP <233>

Sub-ppb to ppb detection 
Multi-element capability
Isotopic information
Wider array of analytes when compared with absorption-based techniques
High sample through-put

http://www.google.com/imgres?q=icp-ms&um=1&hl=en&safe=active&client=firefox-
a&hs=Aen&sa=N&rls=org.mozilla:en-

US:official&channel=s&biw=1280&bih=839&tbm=isch&tbnid=YS_7rp8wz0zL_M:&imgrefurl=http://www.eleme

ntalanalysis.com/services/inductively-coupled-plasma-
icp/&docid=99Hoo_VNsiVZGM&w=400&h=300&ei=TmKMTpyQLsj30gHo8omEBQ&zoom=1&iact=rc&dur=41

0&page=2&tbnh=145&tbnw=166&start=20&ndsp=21&ved=1t:429,r:5,s:20&tx=115&ty=100

http://www.google.com/imgres?q=icp-ms&um=1&hl=en&safe=active&client=firefox-a&hs=Aen&sa=N&rls=org.mozilla:en-
US:official&channel=s&biw=1280&bih=839&tbm=isch&tbnid=YS_7rp8wz0zL_M:&imgrefurl=http://www.elementalanalysis.com/servi

ces/inductively-coupled-plasma-

icp/&docid=99Hoo_VNsiVZGM&w=400&h=300&ei=TmKMTpyQLsj30gHo8omEBQ&zoom=1&iact=rc&dur=410&page=2&tbnh=145&
tbnw=166&start=20&ndsp=21&ved=1t:429,r:5,s:20&tx=115&ty=100

� Sub-ppb to ppb detection 

� Multi-element capability

� Isotopic information

� Wider array of analytes when 
compared with absorption-based 

techniques

� High sample through-put
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� USP <233> Elemental Impurities—Procedures 

– Definitions/Appendix

– Sample Preparation

– Compendial Procedures 

• Procedure 1: ICP-OES

• Procedure 2: ICP-MS

– Validation

• Limit Procedures

• Quantitative Procedures

– Comment on Method Verification per USP <1226>

USP Chapter <233> Outline

Go to www.usppf.com to access the PF
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� Neat—applicable only to alternative procedures

� Direct aqueous solution

� Direct organic solvent solution

� Indirect aqueous solution

� Closed vessel digestion

– For mercury analysis, it is recommended to add gold as a stabilizer.

Note: Samples and blanks may be spiked with target elements where an analyte has limited 

solubility to the solvent system of choice. 

� No sample preparation—Use solid sample analysis technique

Sample Preparation Approaches
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� Reagents should be as free of elemental impurities as possible.

� Information on elemental impurities content of some reagents is not possible.

– Scan the reagent prior to use to determine if potential interferences are present.

� Appropriate reference materials:

– Certified reference material (CRM) from a national metrology institute (NMI) (e.g., NIST) 

– Traceable to the CRM of the NMI

Note: USP is not intending to supply individual element standards. USP may supply mixtures as 

convenience standards at a later date.

Reagents and Reference Standards
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� The choice of which strong acid to use is highly dependent on the:

– Sample matrix

– Analyte(s)

� Weights and volumes provided may be adjusted to meet the requirements of the 
microwave digestion apparatus used

� Example procedure that has been shown to provide broad applicability:

– Dehydrate and predigest 0.5 g of primary sample in 5 mL of concentrated acid

– Allow to sit loosely covered for 30 min in a fume hood 

– Add 10 mL more of concentrated acid

– Digest, using a closed vessel technique 

– Repeat if necessary by adding 5 mL more of strong acid 

Closed Vessel Digestion
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� Matrix matched = Solutions having the same solvent compositions as the sample solution such 
as acids at similar concentrations, internal standards, and other materials with exclusion of the 

sample itself.

� It is rarely possible to do 100% matrix-matching of standards, samples and blanks

� As much as possible, match acid concentrations

– Usually, much of the acid remains after a digestion

• In such a case, consider the acid concentration in the sample and match acid concentrations of 
standards and blanks to that.

Matrix Match Samples, Standards and Blank

For example:
Digest 100 mg of sample with 5 mL concentrated nitric acid.  Dilute to final volume of 10 mL after 
digestion.  Acid concentration in the sample ≈ 50%.  Standards and blanks should also be in 50% 
nitric acid.
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Summary

Challenges Associated with Testing

� Analytical Strategies and Techniques

� Important Features of <233>

� ICP-MS—Procedure 1 in USP <233>

� ICP-MS—Procedure 2 in USP <233>

� Sample Preparations Approaches

� Reagents and Reference Standards

� Matrix Match Samples, Standards and Blank 

Knowledge Check
https://student.turningtechnologies.com/#/

Session ID: uspedu



109

© 2020 USP

Knowledge Check Question #7

A. True

B. False

According to ICH Q3D, risk assessment is
a systematic process of organizing 
information to support a risk decision to be 

made within a risk management process.
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Knowledge Check Question #8

A. What might go wrong?

B. What is the percentage of times it 
has gone wrong?

C. What is the likelihood it will go 
wrong?

D. What are the consequences?

According to ICH Q9, all of the following are 
fundamental questions that help with risk 
assessment, except:
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Knowledge Check Question #9

A. Published literature regarding potential 
levels of elemental impurities in the drug 

product

B. Data obtained from analytical testing that 
may have been performed

C. Additional controls that are needed or 
implemented to demonstrate control

D. Risk of potential contribution(s) of elemental 

impurities from the various portions of the 
“fishbone” diagram

E. All of the above

What should be included in a full risk assessment?
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Knowledge Check Question #10

A. A tool to use to help determine if a 
material needs to be further 
evaluated

B. A way to verify sufficient sensitivity

C. A way to determine if a risk 

assessment is needed

D. Both A&C

What is the 30% threshold?
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Agenda

Topics

About USP

History of Elemental Impurity Testing

Comparison of ICH Q3D vs. USP <232> and <233>

Risk Assessment

Analytical Strategies and Techniques

Challenges Associated with Testing

Examples of Testing Implementation

Elemental Impurities in Drug Products FDA Guidance for Industry

Examples of Testing 
Implementation
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J = The concentration (w/w) of the element of interest at the Target limit, 
appropriately diluted to the working range of the instrument.  

� For example, if the target elements are Pb and As for an analysis of an oral solid drug product 
with a daily dose of 10 g/day using ICP–MS, then:

� However, the linear dynamic range of the ICP–MS is from 0.01 ng/mL to 0.1 ug/mL for these 
elements. Thus, a dilution factor of at least 1:100 is used. Therefore:

USP <233> Elemental Impurities—Procedure

Target limit  for Pb = 0.5 ug/g
Target limit  for As = 1.5 ug/g 

J = 5 ng and 15 ng/mL for Pb and As after the dilution factor

118

© 2020 USP

Parenterals

Daily dose = 10g (or mL)  Specimen volume = 0.5 mL Final sample volume = 10 mL

Element PDE, µg/day 0.5J, µg/mL 1J, µg/mL 1.5J, µg/mL

As 15 0.0375 0.075 0.1125

Cd 2 0.005 0.01 0.015

Co 5 0.0125 0.025 0.0375

Cr 10 0.025 0.05 0.075

Cu 100 0.25 0.5 0.75

Hg 3.0 0.0075 0.015 0.0225

Li 250 0.625 1.25 1.875

Mn 42 0.105 0.21 0.315

Mo 10 0.025 0.05 0.075

Ni 20 0.05 0.1 0.15

Pb 5 0.0125 0.025 0.0375

Pt 10 0.025 0.05 0.075

Sb 90 0.225 0.45 0.675

Se 40 0.1 0.2 0.3

Sn 186 0.465 0.93 1.395

V 10.0 0.025 0.05 0.075

Zn 400 1 2 3

*Density of parenteral solution can be used to calculate specimen weight or the specimen can be weighed.   The final 

results would then be in µg/g.

J= PDE/daily 
dose/2 (if 

calculating for 
0.5J) /Dilution 

Factor (20)
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Procedure I: ICP-AES, ICP-OES 

Procedure II: ICP-MS

� Standardization solution 1: 1.5J of the target elements in a matched matrix

� Standardization solution 2: 0.5J of the target elements in a matched matrix

� Prepare a matrix matched blank

� Sample solution: Prepare/dilute the sample to obtain a final concentration of target 
elements at 1.5J

Note: Standardize (calibrate) the instrument from lowest concentration to highest 

concentration.  Calibrate: blank, standardization solution 2 then standardization 1

USP <233> Elemental Impurities—Procedure
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� Sample solution:                                   

– Use appropriate sample preparation

– Dilute to about 1.5J

� Standardization solution 1: 

– 1.5J of the element(s) of interest matched matrix 

– In the As example, J = 150 µg/g, so standardization solution 1 (1.5J) = 225 µg/g

� Standardization solution 2: 

– 0.5J of the element(s) of interest matched matrix  

– In the As example, J = 150 µg/g, so standardization solution 2  (0.5J) = 75 µg/g

� Blank

– Matched matrix

Method 1: ICP-OES

Daily Dose PDE for As = 15 µg/day
Target limit if the maximum daily dose is 100 mg:

Daily Dose PDE/maximum daily dose
(15 µg/day)/0.1 g/day = 150 µg/g 

J=PDE/Daily dose
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� Acceptance criteria are not more than (NMT) 

� Fewer validation requirements than the quantitative test

� Non-quantitative usage 

� Procedures may be quantitative, but the acceptance criteria are not

Limit Test Procedures
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� Limit test

– Detectability

– Repeatability

– Specificity

� Quantitative impurity test

– Accuracy

– Precision

• Repeatability

• Ruggedness

– Specificity

– Limit of quantitation, range and linearity

USP <233> Elemental Impurities—Procedure

Alternate Procedure Validation



123

© 2020 USP

� Standard solution:  

– Prepare working standard for the target element(s) at target concentrations

– Analyze in triplicate

� Spiked sample solution 1:  

– Spike at the target concentration (100%) for each target element

– Spike prior to sample preparation

– Analyze in triplicate

� Spiked sample solution 2:  

– Spike at the 80% of target concentration for each target element

– Spike prior to sample preparation

Method Validation—Limit Procedures

Detectability

124

© 2020 USP

� Unspiked sample solution: Prepare an unspiked sample aliquot

Acceptance criteria:

� Instrumental—average of triplicate measurements of spiked sample solution 
1 is within ±15% of the average of triplicate measurements of standard 
solution 

– Procedures may be quantitative, but the acceptance criteria are not

� Non Instrumental—Spiked sample solution 1 provides a signal or intensity equivalent to 

or greater than that of the standard solution. Spiked sample solution 2 must provide a signal 

or intensity less than that of spiked sample solution 1.

Method Validation—Limit Procedures

Detectability (cont.)
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� Precision (repeatability)

– Sample solution (spiked):

• Prepare six independent samples

• Spike each at the target concentration (100%) for each target element

• Spike prior to sample preparation

– Acceptance criteria: RSD NMT 20% for each target element

� Specificity  

– Unequivocally assess each target element in the presence of components that may be expected to be 
present, including other target elements and matrix components

Method Validation

Limit Procedures
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� Accuracy

– Standard solution: Prepare working standard for the elements of interest at target 
concentrations ranging from 50% to 150% of J

– Test solution:  

• Spike at target concentrations of 50% to 150% of J for each target element

• Prepare three replicates at each concentration

• Spike prior to sample preparation

– Acceptance criteria: 70%—150% for the mean of three replicate preparations at each 

concentration

Method Validation

Quantitative Procedures
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USP Chapters on Plasma Spectrochemistry

� USP General Chapter <730>

– Recently revised and published in USP
39

– Aligned with USP <233>

� Sections include:

– Introduction

– Qualification of Plasma 

Spectrophotometers

– Procedure

– Validation

� New USP General Chapter <1730> 
Applications of Plasma Spectrochemistry

– In USP–NF 39

Go to www.usppf.com to access the PF
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Procedure 2: ICP-MS

� Procedure not prescriptive in nature

� Requires procedure verification by 
meeting the Alternative Procedure 
Validation requirements of USP

<233>

� Permits different sample 
preparation procedures: neat, direct 

aqueous solution, direct organic 
solution, indirect solution (closed 
vessel microwave digestion)
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Procedure 2:  ICP-MS (cont.)

� Standardization solutions 1 and 2 concentrations determined in same manner 
as for procedure 1

� Sample solution prepared in the same manner as for procedure 1

� System suitability requirements the same as for procedure 1

� Perform analysis according to instrument manufacturer’s suggestions regarding 

program, m/z

� Calculate results on basis of the original sample size

� Follow Alternate Procedure Validation to demonstrate procedure is 
appropriate for intended use
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Alternative Procedures

� Analysts are free to use any procedure they choose

� Analysts must demonstrate that procedure of choice is appropriate for its 
intended use

� Follow Alternate Procedure Validation requirements of USP <233>

Remember: VALIDATION = VERIFICATION
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� Standard solution: Prepare reference materials for the target element(s) at the 

target concentrations

� Spiked sample solution 1: Spike a sample solution with appropriate reference 
materials for the target elements at the target concentrations.

� Spiked sample solution 2: Spike a sample solution with appropriate reference 
materials for the target elements at 80% of the target concentration

� Blank solution: Prepare un-spiked sample solution

� This procedure satisfies the limit of detection requirement for limit procedures 

Validation of Limit Procedures: Detectability 
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� Spiked sample solution 1 provides signal or intensity ≥ that of the standard 
solution

� Spiked sample solution 2 provides signal or intensity < that of the spiked 
solution 1

� Average value of replicate measurements of the spiked sample solution 1

equivalent to (within ± 10%) or greater than that of the average value obtained 
for replicate measurements of the standard solution.  

� Average replicate measurements of spiked sample solution 2 must provide 

signal intensity or value less than that of the standard solutions

Note: Blank subtraction may be necessary

Acceptance Criteria for Limit Procedure Validation for Non-
Instrumental Procedures: Detectability 
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� Six preparations of a sample solution spiked with appropriate reference 
materials for the target elements at the indicated levels (target limits) must have 
a %RSD no greater than 20% for each of the target elements

Note: Non-instrumental precision is demonstrated by meeting the limit of detection 

requirement

Acceptance Criteria for Limit Procedure Validation for 
Instrumental Procedures: Precision
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� “The procedure must be able to unequivocally assess each Target Element in 
the presence of components that may be expected to be present, including 
other Target Elements, and matrix components.”

Specificity
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� Standard solutions containing target elements at concentrations ranging from 
50% to 150% of J

� Test samples spiked to contain target elements at concentrations ranging from 
50% to 150% of J

� Acceptance criteria: 70% - 150% of mean of 3 replicate preparations at each 

concentration

Validation of Quantitative Procedures: Accuracy
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� Test Samples:  6 independent sample preparations spiked with target elements 
at the target limit

� %RSD no more than 20% for each target element

Validation of Quantitative Procedures: Precision—Repeatability
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Validation of Quantitative Procedures: Precision—Ruggedness

� Repeatability test must be performed:

� On at least two different days, OR

� With at least two different instruments, OR

� With at least two different analysts

– Combinations of the above

� Acceptance criteria: %RSD not more than 20% for each target     

element
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�“The procedure must be able to unequivocally assess each Target Element in the 
presence of components that may be expected to be present, including other 
Target Elements, and matrix components.”

Validation of Quantitative Procedures: Specificity
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Summary

Examples of Testing Implementation

USP <233> Elemental Impurities–

Procedures 

Method Validation

USP Plasma Spectrochemistry

Acceptance Criteria for Limit Procedure 

Validation for Instrumental Procedures

Validation of Quantitative Procedures
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Alternative Approaches
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Cold Vapor—Mercury—Example of a Possible Alternative Procedure

http://www.mercury-instrumentsusa.com/Technology.html

� Detection limits of 5 ppb (ng/mL) or

better (sometimes down to 1 ppt)

� Can be cumbersome

� Must be quick when reading 

signal after adding stannous 

chloride 

� Can be used for As, Sb, Sn, Se, Pb,  

Bi 

� Detection limits sometimes <0.1 

ppb (ng/mL)

� Can be cumbersome

Hydride Generation—Another Example of Possible Alternative 
Technique

http://www.shsu.edu/chm_tgc/primers/HGAAS.html
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Alternative Techniques

� Instrumental: Flame AA: ppm capability

� Graphite furnace AA: ppb capability

� XRF: Hight ppm capability

� Wet chemistry
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Alternative Approaches

Suppose you can’t do the 
procedure EXACTLY as outlined in 
USP <233>?

� Limited sample availability

� Limited sample solubility

� No microwave digestion system

� No ICP-MS

� Don’t know MDD

?
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An example procedure that has been shown to have broad applicability is the 
following:

� Dehydrate and predigest 0.5 g of primary sample in 5 mL of freshly prepared 
Concentrated acid. Allow to sit loosely covered for 30 min in a fume hood. Add 

an additional 10 mL of concentrated acid, and digest, using a closed vessel 
technique, until digestion or extraction is complete. Second Supplement to USP 

38–NF 33 Chemical Tests / 1 repeat, if necessary, by adding an additional 5 mL 
of concentrated acid. 

USP <233> Sample Preparation

What does USP <233> say about sample preparation?
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Do you have to use 0.5 g of sample?

USP <233> Sample Preparation

NO!

� Choose a sample amount that works for your material and analysis

� A convenient amount is a weight that provides anywhere from 1 to 10 
mg/mL of sample in solution

� Remember to weigh liquid samples, too
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NO!

� Many samples are readily soluble in dilute acids or organic solvents

� Choose the solvent that works for your sample and analysis

– Dilute nitric (2%, 5%, 10%, 50%, even 80%)

– Dilute hydrochloric (2%, 5%, 10%—be careful if running Ag)

– Organic solvents (DMSO, 2-butoxyethanol, ethanol, methanol, IPA, NMPO, etc.)

– HF (Use extreme care!  Consult with your EHS department before even ordering it)

Do you have to use a microwave digestion system?

USP <233> Sample Preparation
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J: The concentration (w/w) of the element(s) of interest at the target limit, 
appropriately diluted to the working range of the instrument..

� For example, if the target elements are lead and arsenic for an analysis of an oral solid drug 
product with a daily dose of 10 g/day using inductively coupled plasma–mass spectrometry 
(ICP–MS), the target limit for these elements would be 0.5 mg/g and 1.5 2S (USP 38) mg/g (see 

Table 2 in USP <232>). However, in this case, the linear dynamic range of the ICP–MS is known 
to extend from 0.01 ng/mL to 0.1 mg/mL for these elements. Therefore, a dilution factor of at 
least 1:100 2S (USP 38) is required to ensure that the analysis occurs in the linear dynamic 

range of the instrument. J would thus equal 5 ng 2S (USP 38) and 15 ng 2S (USP 38)/mL for 
lead and arsenic, respectively, when the dilution factor is added

USP <233> Standards and J

What does USP <233> say about standards and J?
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� The appropriate standards focused around J may or may not have the same 
dilution factor as listed in the in USP <233>

– Select standardsPick a worst-case scenario

– with dilution factors that work for your samples and analysis

� Do you have products with >10 g/day MDD?

– If all of your products will be <10 g/day, but some could come close to 10 g/day, select 10 
g/day 

Alternative Approaches

What if you don’t know the MDD or want to streamline analyses to 
encompass many MDDs?
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� USP <233> offers ICP-OES as an option

– Axial systems or dual systems may be sensitive enough to meet your needs

– More concentrated sample solutions might work better (≥10 mg/mL MIGHT be needed, 
depending on the concentration limits you are using)

Alternative Approaches

What if you don’t have an ICP-MS?
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Summary

Examples of Testing Implementation - Alternative Approaches

USP <233> Elemental Impurities–

Procedures 

Method Validation

USP Plasma Spectrochemistry

Acceptance Criteria for Limit Procedure 

Validation for Instrumental Procedures

Validation of Quantitative Procedures
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How to Begin Setting Up for an Analysis
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Sample Preparation  

Section Topics

� Laboratory safety

� Calculations

– Permitted concentrations

– J

– Spiked replicates and working standards

� Sample preparation (general)

� Internal standardization
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� ALWAYS!

– Wear a lab coat and safety glasses when in preparation and instrument areas of laboratory

– Wear gloves when directly transferring regents or handling samples and standards

– Properly dispose of laboratory waste

• Dispose of pipet tips and gloves in laboratory waste receptacles

– Check the MSDS for any materials/reagents you are using

• Some solvents (DMSO, 2-butoxyethanol, for example) may be readily absorbed through intact skin

• If using HF, check with your EHS professional before even ordering it!

� NEVER!

– Have food or drink in the laboratory

– Dispose of laboratory waste in the common trash receptacles

Laboratory Safety
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� Aqueous 
dissolution

– Biopharmaceuticals

– Inorganic salts

– Excipients

– Bases

� Organic solvent 
dissolution

– Small molecule drug 
substance

– Starting materials 
(small molecule, 

polypeptide 
synthesis)

– Excipients

� Digestion

– Closed vessel 
microwave

– USP <233>

– Open vessel

– Acid mixtures 

– Glasses and 

silicates

Sample Preparation
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� All volumetric ware and sample contact surfaces

� Standard husbandry: keep standards contamination free, use highest quality

� All reagents

� All digestion vessels

� Pipet tips

� Disposable volumetric ware

� Auto sampler vials/cups

� Acid rinsing protocols

Contamination Prevention

Never take the following for granted: 
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� The key to any analysis is the sample preparation step

� For most analyses, sample must be in solution

� Direct dilution or digestion:

‒ Microwave digestion

• Closed vs. open-vessel

‒ Hot-plate digestion

� Plasma-based techniques afford greater flexibility in use of solvents

� The quality of solvents is critical

�The most important part of the analysis is sample preparation.

Sample Preparation
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� Many of the limits being proposed are very low, and have the potential to be lowered even 
further; however, dose plays role in determining final limit

� Important ways to avoid contaminants:

‒ Use disposable labware

‒ Avoid use of glass (including pipettes)

‒ Use high-quality water (18 MΩ-cm)

‒ Ensure properly cleaned laboratory surfaces

Sample Preparation (cont.)

Dose plays a role…
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� If using the summation option, sample solubility is less of an issue than it would be if analyzing 
the drug product—less complicated matrices for individual components

� Solutions to sample solubility issues:

‒ Direct dilution of sample (aqueous based, organic solvents, combinations)

‒ Acid digestion (hot plate, microwave)

Sample Preparation (cont.)

Sample solubility plays a role…
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� Depends on:

– Analytical technique

– Physical properties of substance

– Level of quantitation

– Analytes

– Elemental composition 

– Number of samples and duration of run

Aqueous Dissolution

Total Dissolved Solids (TDS): How much test material in solution?
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� Any physical properties that impact the nebulization process (surface tension, 
potential to form insoluble hydrates at nebulizer tip, etc.)

� Rule of thumb is percent range, for some solutes many percent, but it greatly 
depends on the specific situation

� Internal standard use is strongly encouraged

Total Dissolved Solids



163

© 2020 USP

� The presence of inorganic constituent ions can have a profound impact on the 
mass spectrometer as they accumulate on the vacuum interface and ion lens 
components and are abundant in the ion beam.

� The general rule of thumb is fractions of percent dissolved solids, but again, it 

depends on the specific situation.

� Inorganic ions can dramatically impact internal standard responses (think back 
to dissolved coated tablet).  And there are usually mass biases among 

responses.

� Always keep in mind that with the requirement of more dilute solutions comes an 
overall increase in quantitation limits.

Total Dissolved Solids

164

© 2020 USP

� Formulated in a buffered solution or lyophilized

� Formulation can include inorganic salts, buffering agents, amino acids, 
surfactants, saccharides and reasonably high concentrations of the biomolecule 
(5-10% w/v)

� Lyophilized samples can be processed with a carrier such as NaCl

Aqueous Dissolution: Biomolecules
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� Biomolecule formulations can have pronounced matrix effects

� The implementation of multiple internal standards by ICP-MS are recommended

� Quasi-matrix matched working standard matrix using very high purity surfactants 
(Triton X-100) and salts if available to mimic the physical and spectral properties 
of the sample solution in conjunction with internal standards can improve 

method accuracy/precision/ruggedness/robustness

� Proteinase K might help in getting proteins into solution

Aqueous Dissolution: Biomolecules
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� The strength of the test solution is ultimately dictated by analytical performance 
(accuracy/precision/ruggedness/robustness/IS response)

� Can be the source of physical and spectral interferences for all techniques

� Often the best remedy is to dilute the sample solution down further

� The use of multiple internal standards for ICP-MS:

– Although this is common practice, there is some evidence that it may not always be necessary

– It’s best to experimentally determine if it’s needed

Aqueous Dissolution: Inorganic Salts
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� Think sugars, cyclodextrins, some celluloses, surfactants, etc. Generally 
saccharides or some sort, but not exclusively.

� Extremely high (say 5-10% w/v) concentrations can cause sample introduction 
and torch injector fouling in ICP-MS.

� Generally, the appropriate sample concentration is determined by analytical 

performance (accuracy/precision/ruggedness/robustness).

� As a general rule, carbonaceous excipients lend themselves well to full 
digestion. Essentially removed matrix effects and allows for higher sample 

concentrations. In some respects, trading one set of challenges for another.

Aqueous Dilution: Excipients
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� Very high pH solutions can in some circumstances cause solubility/stability 
issues with certain metals. 

– Metals in standard solutions may flocculate—in such cases, pH is too high

� High counter ion load (sodium/potassium/barium/cesium/lithium) produces same 
EIE (easily ionizable elements) response artifacts in ICP-MS as inorganic salts

� Generally recommend neutralizing with an acid to get the pH down

� Surprisingly, in many instances things run just fine at high pH values (even 
Class 1 elements). 

� The dilution factor ultimately depends on analytical performance 
(accuracy/precision/ruggedness/robustness)

Aqueous Dissolution: Bases
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� With respect to the amount of dissolved solute, pretty much as for aqueous 
dissolution

� Alcohols, ACN, nMP, DMSO, DFM, DCM, CHCl3, xylenes, toluene, MIBK, THF, 
2-butoxyethanol in water, some low-volatility designer solvents for ICP work

� Upper concentration limits defined by analytical parameters 

(accuracy/precision/ruggedness/robustness)

� Instrument configuration is for the most part established by the solvent system.

– For example, solution of 25% 2-butoxyethanol in water does NOT require oxygen bleed

Organic Solvent Dissolution

170

© 2020 USP

� Well suited for pharmaceutical drug substances, including Class 1, 2A, 3 USP

<232> elements

� Process well qualified for production

� Can support similar solubility properties of elemental analytes and drug 
substance in solvent system

� Some excipients have solvent solubility. The difference with DS is that the 
manufacturing process/control is not internal   

� Cannot as readily support that solvent solubility of excipient and elemental 
analytes are the same 

Organic Solvent Dissolution
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� Plasma-based spectrometers:

– Adjustment of gas flows (plasma/auxiliary flows increased, nebulizer decreased)

– RF power increased

– Lower solution flows via low flow rate nebulizers, small ID pump tubing (some cases)

– Injection of oxygen in plasma to restrict carbon blooming in torch injector, vacuum interface

Organic Solvent Dissolution: Instrument Considerations
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� Plasma-based spectrometers

– Nebulizer selection to prevent blockages (DMSO)

– Solvent tolerant pump tubing (Marprene, Santoprene)

– Cooled spray chambers for more volatile solvents

– Organic solvent introduction (RF coupling)

Organic Solvent Dissolution: Instrument Considerations
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� Objectives of digestion:

– Complete solubilization of elements

– Complete decomposition of the matrix

– Avoid losses and contamination

– Minimization of process times

Digestion
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� Advantages over dissolution:

– Removes some sample matrix artifacts (replace with others)

– For vapor generation AA methods, takes potential redox/complexation reactions away

– In so doing, applies a higher sample concentration

– Solubilize components not able to directly dissolve (small molecule drug products, coated 
tablets and capsules)

Digestion
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� Disadvantages over dissolution:

– More laborious and time consuming (cleaning and prepping vessels)

• Be especially careful if digestion apparatus requires use of stir bars—can have contamination from stir 
bars

– Higher costs for automated prep systems

– Can create analytical artifacts due to reactions with acids/oxidants under pressure/temperature 

(palladium oxide, lead sulfate, calcium fluoride, osmium tetroxide, silver chloride)

– Visit Inorganic Ventures website for some really useful tips (http://www.inorganicventures.com)

– Some potential hazards due to reactive mixtures under pressure/temperature

Digestion
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� Pros:

– Internal and external microwave source configurations

– Recommended sample preparation method in USP <233>

– Excellent control of volatile elements (As, Hg, Se)

– High acid compatibility vessel materials (sulfuric, hydrofluoric)

– New generation systems very user friendly and safe to use

– Makes short work of excipients, silicates, glasses, final drug products, drug substances, 
starting materials, etc.

– Extensive method catalog across many industries

Closed Vessel Microwave Digestion
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� Cons

– May have higher costs associated

– May take more time

– Has a limited number of vessels per digestion method 

– Has more vessel maintenance 

– Can result in relatively high acid concentrations for low volume dilutions

– Can be challenging to make analytical transfers of digested samples at low volume

Microwave Digestion
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� Can use mixtures of acids to solubilize complex samples:

– Coated tablets: 0.67 gram sample, MCC, NaCl, croscarmellose, magnesium stearate, API

– Coating mixture contains magnesium silicates, titanium dioxide, pigment/lake

– 2.5mL nitric, 2.5mL sulfuric, 1.0mL hydrofluoric

– Ramp to 210oC

– Dilute to 100mL with water resulting in clear colorless solution

Closed Vessel Microwave Digestion Method
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Dissolution

Consider the following:

� What is the role of the analytical 
chemist?

� What do other industries do?

� What other types of samples are 

difficult to dissolve?

https://www.google.com/search?q=photo+of+plastic&rlz=1C1GGRV_enUS751US752&tbm=isch&tbo=u&source
=univ&sa=X&ved=0ahUKEwij0_XprdzWAhUBvRoKHSosD9UQ7AkIYA&biw=1366&bih=662#imgrc=mLKKRr3a
yK5mgM:

https://www.google.com/search?q=photo+of+a+rock&rlz=1C1GGRV_enUS751US752&tbm=isch&tbo=u&sourc
e=univ&sa=X&ved=0ahUKEwjZ5PyardzWAhXGvBoKHbBBCSYQ7AkIPw&biw=1366&bih=662#imgrc=U9RKZy

H2asBThM:

What if a sample doesn’t completely dissolve?
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Dissolution

Don’t give up!

� Avoid saying “it can’t dissolve” and being done with it

� Make certain, if you are filtering off solids, that there is no potential for that 
material to contribute to the concentration of the analytes of interest in the 

sample

� Avoid the “red-face” test—can you justify filtering off solids and going forward?  
If not, then do more work

� Other industries have been using ICP-MS for many years for trace metals 
determinations in sample matrices that are far more challenging than drug 

component or drug product analyses

� Rocks are much harder to get into solution!

What to do if the sample doesn’t dissolve?
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Microwave Digestion Method

� Leverage approaches used by geological, environmental, semi-conductor (and 
other) industries

– Don’t be afraid to do a literature research!

� Try different types of digestions

– Combinations of acids

• Add peroxide

• Pre-digestion

� Try different solvents for direct dilution

– Different organic solvents

– Mixtures of solvents

� Try solid analysis: XRF, LIBS, LA (via ICP-MS or ICP-OES)

If a sample doesn’t dissolve in the “routine” Microwave Digestion 
method…
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Example of Attempt to Use XRF

� Calibrate once with appropriate standards and done 

� Multi-element technique 

� Good for solid or liquid samples 

� Good for loose powders or hard samples 

� No sample prep if using loose powders or liquids 

� XRF is a compendial method

A Look at some work done by BMS and PANalytical: 
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Challenges to Using XRF

� Amount of sample both available and required for analysis 

� Standards for calibration 

� Spiking samples to comply with USP <233> 

� Spectral interferences 

� Detection capabilities
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Calibration Schemes Used in the Study

Material Evaluated Calibration Substrate Comments

CaCO3 Lactose MCC

Tablet Coatings ✓✓✓✓ X X Interferences preclude analysis of this 
material. Large [Ti] also causes very long 
sample collection time (2 hours).

Mannitol X ✓✓✓✓ ✓✓✓✓

Lactose X ✓✓✓✓ ✓✓✓✓

Croscarmellose 
Na

X ✓✓✓✓ ✓✓✓✓

Microcrystalline 
Cellulose 

X ✓✓✓✓ ✓✓✓✓

Aspartame X ✓✓✓✓ ✓✓✓✓
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Results of 5 ppm Spiked Sample

Aspartame

Element Recovered 
(ppm)

%
Recovery

As 4.35 87

Se 4.58 92

Cd 4.43 89

Hg* 2.84 82

Tl 4.81 96

Pb 3.89 78

Croscarmellose Sodium

Element Recovered 
(ppm)

%
Recovery

As 5.11 110

Se 5.18 104

Cd 5.38 107

Hg* 3.04 88

Tl 5.37 107

Pb 5.04 101

Results of 5 ppm spiked sample using lactose 20 ppm standard 
(* Hg solid standard was found by ICP-MS to contain only 13.8 ppm Hg, rather than 20. Recovery reflects recovery of 3.45 ppm Hg 
spike.)
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Results of 5 ppm Spiked Sample (cont.)

Orange Vanilla Flavor

Element Recovered 
(ppm)

%
Recovery

As 4.96 99

Se 5.24 105

Cd 5.03 101

Hg* 3.49 101

Tl 5.84 117

Pb 4.59 92

Mannitol

Element Recovered 
(ppm)

%
Recovery

As 4.93 99

Se 4.86 97

Cd 4.85 97

Hg* 2.96 86

Tl 5.20 104

Pb 4.55 91

Results of 5 ppm Spiked Sample Using Lactose 20 ppm Standard 
(* Hg solid standard was found by ICP-MS to contain only 13.8 ppm Hg, rather than 20. Recovery reflects recovery of 3.45 ppm Hg 
spike.)
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Summary of that XRF Work

� Met USP <233> requirements for recoveries of the “Big 4” plus 
Se and Tl at the 1 g/day MDD 

� Lactose calibration standards can be used for at least 5 other 

excipient materials including mannitol, croscarmellose Na, 
orange vanilla flavoring and aspartame 

� Used very small sample sizes: ~150 mg 

� Once calibration is completed, no additional calibration 

required
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� Added uniformly to all standards and sample test solutions

� Can be added via discrete aliquots to each solution or introduced via solution 
inlet line (“T-ed in”)

– Introduction via line cuts the effective sample introduction, but is a simpler approach

– Adding discretely allows high volume accurate with disposable vessels, full undiluted volume 
of sample introduced to spectrometer

– Many manufacturers and laboratories use the T approach, but if you run into any problems, the 
first thing to do is remove the T, add the internal standards discretely and see if things improve

Internal Standards



189

© 2020 USP

� Should have similar physical and spectrometric behavior as analytes

� Should not interfere with analytes

� Similar count rates as analyte concentrations (same detector mode in ICP-MS 
for example)

� Should use multiple internal standards in ICP-MS across entire mass range, 

especially for samples with heavy inorganic ion load

� Interpolation feature—analyte masses between IS masses

Internal Standards
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� From USP <233>: 

– For ICP-MS, isotopic ratios can be applied where multiple isotopes are available.  Not 
available for As, V, Co which are monoisotopic

– In some instances only a single isotope is “unimpaired” by an interfering species

– Some isotopes may be available but are very low abundance

– Applying a ratio will require an acceptance criterion.   The measurement from a quad based 

system is likely to deviate from the reference value to some degree.

– Experimentally, a “n-1” experiment can be applied

Specificity
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� 51V (99% abundant)

– Interfering species is 35Cl16O

� 75As (100% abundant)

– Interfering species is 40Ar35Cl

� How is this corrected?

– Inter-element correction

• Monitor count-rate at 37Cl16O (53Cr)

• Monitor count-rate at 40Ar37Cl (77Se)

• Where possible, look at the oxide 40Ar35Cl16O

– Collision cell/reaction cell

• Kinetic energy discrimination (non-reactive gases-collision cell)

• Dynamic reaction cell (reactive gases, e.g., ammonium, oxygen)

Specificity

Polyatomic interferences at unit resolution:
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Some Common Interferences ICP-MS

Element 
(* = monoisotopic 

elements)

Analyte Isotope (m/z) Some Common Interferences 
(list is not exhaustive)

Ag 107 91Zr16O+

As* 75 40Ar35Cl+

Au 100 181Ta16O+

Bi* 209 193Ir16O+

Cd 114 96Mo16O+

Cr 52 40Ar12C
Cu 63 40Ar23Na+

In 115 96Ru17O+

Mo 95 40Ar39K16O+

Pb 206 190Pt16O+

Pb 207 191Ir16O+

Pb 208 192Pt16O+

Pd 105 40Ar65Cu+

Rh* 105 40Ar65Cu+

Ru 101 40Ar61Ni+

Sb 121 105Pd16O+

Sn 120 104Pd16O+

V 51 35Cl16O+
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Potential Interferences

� Fortunately, modern ICP-MS instruments are designed with ways to compensate

� KED = kinetic energy discrimination

– Uses a non-reactive gas to selectively attenuate polyatomic interferences—which are generally larger 
than same mass analytes—based on size. They collide with non-reactive cell gas and ultimately lose 
energy and are then excluded from the ion beam by a bias voltage

� Reaction Cell = uses reactive gas to remove interferences.  Interfering ions tend to react with the 
gas exothermically, while analytes tend to react with the gas endothermically. Interferences 

converted to new species and ends up with a neutral charge, leaving it unstable and ejected 
from the cell, while the analytes continue on.

How  do you overcome potential interferences?
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Potential Interferences (cont.)

� For elements with multiple isotopes, may be able to look at different isotopes

� For monoisotopic elements, may be able to form an oxide and then look at mass 
of the oxide

� May be able to use an orthogonal approach to verify results if interferences are 
suspected to be causing problems.  

How do you overcome potential interferences?
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Spike recovery results (STD Mode) for Sucrose and NaCl both prepared 
at 0.2g-% in 2% Nitric Acid

Spike Recovery Results

Description

7Li, 

µg/L

45Sc IS 

(%)

51V, 

µg/L

59Co, 

µg/L

60Ni, 

µg/L

65Cu, 

µg/L

75As, 

µg/L

89Y IS 

(%)

114Cd, 

µg/L

115In IS 

(%)

123Sb, 

µg/L

159Tb IS 

(%)

175Lu IS 

(%)

202Hg, 

µg/L

208Pb, 

µg/L

209Bi IS 

(%)

Sucrose Unspiked 

Average (n=3) 0.044 98 0.146 0.005 0.018 0.053 0.003 98 0.001 99 0.107 99 97 0.007 0.004 97

Sucrose Spiked 

Average (n=3) 2.381 99 0.692 0.126 0.629 2.507 0.135 97 0.124 99 2.521 98 97 0.131 0.127 98

Spiking Concentration 2.40 0.12 0.12 0.60 2.40 0.12 0.12 2.40 0.12 0.12

Sucrose Recovery, % 97 91 101 102 102 110 103 101 103 102

Description
7Li, 

µg/L

45Sc IS 

(%)

51V, 

µg/L

59Co, 

µg/L

60Ni, 

µg/L

65Cu, 

µg/L

75As, 

µg/L

89Y IS 

(%)

114Cd, 

µg/L

115In IS 

(%)

123Sb, 

µg/L

159Tb IS 

(%)

175Lu IS 

(%)

202Hg, 

µg/L

208Pb, 

µg/L

209Bi IS 

(%)

NaCl Unspiked 

Average (n=3)
0.105 89 2.262 0.049 0.062 0.051 1.832 80 0.001 70 0.103 69 66 0.012 0.003 47

NaCl Spiked Average 

(n=3)
2.309 94 3.149 0.203 0.770 2.601 2.125 81 0.104 69 2.251 66 63 0.107 0.096 45

Spiking Concentration 2.40 0.12 0.12 0.60 2.40 0.12 0.12 2.40 0.120 0.120

NaCl %Recovery 92 148 128 118 106 244 86 90 79 77

Note concentrations of V (1.13 µg/g) and As (0.92 µg/g) in NaCl.
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“N-1” Specificity Experiment Results 

Description

7Li, 

µg/L

51V, 

µg/L

59Co, 

µg/L

60Ni, 

µg/L

65Cu, 

µg/L

75As, 

µg/L

111Cd, 

µg/L

123Sb, 

µg/L

202Hg, 

µg/L

208Pb, 

µg/L

Spiked Concentration 137.5 5.5 2.75 11 165 8.25 1.1 49.5 1.65 2.75

Reporting Limit 5 1 0.5 2 5 1 0.2 5 0.3 0.5

Control Threshold 26.8 1.1 0.5 2.1 32.1 1.6 0.2 9.6 0.3 0.5

Spike: All Elements 146.81 5.56 3.01 11.93 171.00 7.80 1.01 50.67 1.58 2.68

Blank 0.42 -0.01 0.01 0.02 -1.19 0.06 0.00 -0.13 0.02 0.01

Spike: Sans Cd 150.07 5.62 3.09 12.74 175.85 8.07 0.00 51.73 1.44 2.43

Spike: Sans Pb 148.02 5.47 3.05 12.53 175.58 8.02 1.01 50.63 1.54 0.01

Spike: Sans As 150.55 5.59 3.17 12.74 177.30 0.06 1.03 51.09 1.60 2.79

Spike: Sans Hg 144.41 5.51 3.05 12.49 175.20 8.13 1.01 50.89 0.01 2.57

Spike: Sans Co 141.99 5.43 0.01 12.31 173.05 7.91 1.00 49.99 1.70 2.93

Spike: Sans V 143.55 0.00 3.05 12.60 175.10 8.14 1.03 51.11 1.51 2.60

Spike: Sans Ni 143.54 5.31 3.02 0.14 173.79 7.85 1.01 50.73 1.45 2.66

Spike: Sans Li 0.34 5.44 2.96 12.25 171.38 8.03 1.02 50.35 1.50 2.53

Spike: Sans Sb 142.64 5.45 3.06 12.52 175.17 8.04 1.03 -0.09 1.57 2.64

Spike: Sans Cu 142.13 5.42 2.98 12.42 -1.19 8.09 1.00 51.43 1.43 2.54

Spike: All Elements 141.49 5.45 3.12 12.16 173.72 8.00 1.00 51.24 1.52 2.60
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� Analysco

� Anton-Parr

� Berghof

� CEM

� Environmental Express

� Horiba

� Milestone

� Perkin Elmer

� SCP Science

� Seal-Analytical

� Thermo Fisher

Manufacturer’s Websites

Visit these manufacturers’ websites for more information.
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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

Consider a drug product:
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First Things First

� 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

What do you already know?
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Proceeding Forward

� 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?

How would you handle this?
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Risk Assessment

� 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 3 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

What MUST be included in the risk assessment?
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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)

Consider a different drug product: 
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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

Consider a parenteral 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, 
Anthony Bevilacqua and T. C. Soli, who have considerable 
expertise in all things related to water and pharmaceuticals, 
published a stimuli article regarding water.  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 USEPA  or WHO drinking water requirements and,

– Reasonable water purification methods are used, 

– 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 US EPA or WHO-quality drinking water, 
likely need to test the water

� 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:
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Specification Setting: Raw Materials, Components, Drug 
Product

� USP <232> and ICH Q3D apply to drug products only

� Components may be tested, but the PDEs are not established for 
components or raw materials

� USP <232> states:

– The limits presented in this chapter do not apply to excipients and drug substances, except where 

specified in an individual monograph. However, manufacturers of pharmaceutical products need 
certain information about the content of elemental impurities in drug substances or excipients in 
order to meet the criteria of this chapter. Drug product manufacturers can use elemental impurity 
test data on components from tests performed by drug substance or excipient manufacturers, 

who may provide test data, or if applicable, risk assessments. Elemental impurity data generated 
by a qualified supplier of drug product components are acceptable for use by a drug product 
manufacturer to demonstrate compliance with this chapter in the final drug product. Drug 
substance or excipient manufacturers who choose to perform a risk assessment must conduct 

that risk assessment using Table 2 in this chapter.
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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 (cont.)

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

– Take into account 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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Specification Setting:  Raw Materials, Components, Drug Product

� ICH Q3D states:

– 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. 
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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

� The upshot?  Drug products must comply with the PDEs set forth in USP 
<232>/ICH Q3D.  That is the only requirement for elemental impurities

What does it mean to the drug product manufacturer?
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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 available at manufacturing sites for inspection

� For legacy products, risk assessments 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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� Most ICP-MS and/or ICP-OES instruments are capable of either qualitative 
scans or semi-quantitative analyses

� Leverage these approaches to provide broad-based screening for API’s and 
excipients

– Perform more specific quantitative analyses, based on findings of the qualitative or semi-
quantitative analyses

Risk Assessment

How do you leverage instrument features to inform risk 
Assessment?
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Example Scan: 10 ppb (w/v) Standard
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Sample of Scans

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
m/z0

100

%

Glass Output 21 1 (0.044) Scan ES+ 
1.34e841

134197248
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� QUALITATIVE OR SEMI-QUANTITATIVE SCANS ARE NO SUBSTITUTE FOR 
VALIDATED METHODS

– Tools for aiding in the risk assessment

� Qualitative scan showed presence of Cu:

– Cu not used in the synthesis of the API

– Evaluation of vendor-supplied materials showed Cu used and reported on vendor CoA

– Cu added to the API release method

Qualitative Scan

Where qualitative scan has helped:
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� Peaks for Hg were not consistent 

– Qualitative scan showed presence of W

– W peaks plus oxygen added up to the Hg peak that didn’t match Conclusions:  Hg not present 
in the material

� Qualitative scan was performed during method development and validation

– Peak seen for Rh

– Learned that Rh was used as a catalyst, but this had not been disclosed to analyst

– Rh added to the method

Qualitative Scan

Where qualitative scan has helped:
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Summary

Examples of Testing Implementation

Setting up for Analysis

Laboratory Safety

Sample Preparation

Aqueous Dissolution

Organic Solvent Dissolution

Internal Standards

Potential Interferences



Elemental Impurities in Drug 
Products 
FDA Guidance for Industry
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� Applications submitting NDAs or ANDAs for non-compendial products should 
control elemental impurities 

� Manufacturers of compendial products not marketed under approved NDAs or 
ANDAs can comply with USP <232> and <233> and the FD&C Act

� Holders of NDAs or ANDAs for compendial product should report changes in the 

CMC specifications to FDA to comply with USP <232>, <233> and 21 CFR 
314.70

� Manufacturers of non-compendial products that are marketed without an 

approved NDA or ANDA should control elemental impurities

Elemental Impurities in Drug Products Guidance for Industry

Covers how:
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� Specific suggestions on evaluating toxicity data for potential elemental 
impurities, application of risk-based approach or PDE

� Biological products—refers to ICH Q3D

– NOTE: This is in conflict with USP <232>, which is also harmonized with ICH Q3D.

� Not legally enforceable responsibilities

Elemental Impurities in Drug Products Guidance for Industry

Not covered:
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� USP <232> and <233>:  Implemented on January 1, 2018

– Largely aligned with ICH Q3D—does not cover TPNs

– General Notices removed USP <231> from the compendia on January 1, 2018

– All drugs with USP monographs

– Risk-based approach

– If a monograph has elemental impurity requirement(s), the monograph trumps USP <232>

� ICH Q3D: Implemented June 2016 for new drug products

� Implemented December 2017 for existing drug products

Elemental Impurities in Drug Products Guidance for Industry

General background:
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� New NDA or ANDA drug products

– Expected to meet requirements under USP <232> and <233> and ICH Q3D

– Follow ICH Q3D requirements and deadlines if applying before January 1, 2018

� New noncompendial NDA and ANDA drug products

– Follow ICH Q3D if filing after June 1, 2016

� Compendial drug products not approved under an NDA or ANDA

– As of January 1, 2018, must meet requirements of USP <232> and <233>

– Maintain documentation at the manufacturing site and have it available for review during 

inspections

Elemental Impurities in Drug Products Guidance for Industry

FDA non-binding recommendations
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� Noncompendial drug products not approved under an NDA or ANDA

– Marketed products not approved under an NDA or ANDA or that do not have official USP
monograph should comply with ICH Q3D by January 1, 2018

– Maintain documentation at manufacturing site for review during inspection

� Changes to approved NDAs and ANDAs

– Report changes in accordance with application regulations and guidances (§314.70 and 
changes to an approved NDA or ANDA)

– Perform risk assessment

• If risk assessment shows little risk, then file changes in the next annual report

• If risk assessment shows product does not comply, appropriate OPQ review division should be 
conducted

Elemental Impurities in Drug Products Guidance for Industry
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� Documentation related to control of elemental impurities

– Perform risk assessment

– Implement controls, if needed, where needed

• Include risk assessment summary in any new applications (NDA or ANDA)

• Include risk assessment summary in any supplemental application or annual report—in the annual 
report EVEN IF no changes are made

• Include risk assessment in documentation maintained at the manufacturing facility for products not 
approved under NDA or ANDA

� Quantitative analytical procedures

– Follow USP <233> for both ICH Q3D (which recommends compendial procedures be used, 

but doesn’t specify testing procedures) and USP <232>

Elemental Impurities in Drug Products Guidance for Industry
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� Validation of analytical procedures

– Use USP <233> validation requirements and ICH Q2(R1)

– Procedures used to make the risk assessments should provide reasonable certainty (~95% 
confidence interval) that measurements can be relied upon to decide whether to include 

routine testing in the control strategy.

• Validation should be done with this goal in mind.

� Early adoption

– FDA encourages early adoption of USP <232> and <233>

– No need to demonstrate compliance with USP <231>

Elemental Impurities in Drug Products Guidance for Industry
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Risk Assessment

The initial risk assessment is likely a “snap shot” of your knowledge regarding 
elemental impurities and your drug product; therefore, you:

� Need to be certain that change control procedures are established in case 
of changes made by vendors/suppliers, or your own processes

� May need to establish some follow-up testing at specified intervals

� May need to revisit a risk assessment if drug formulation changes in any 
way

� Need to establish SOPs to address each of these potentials

230

© 2020 USP

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
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Update on Other Chapters Impacted 

by the Deletion of 

USP <231> Heavy Metals
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� Element-specific chapters

� Water chapters

� Packaging

� Development of new chapters

Update 
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Stim article in PF 42(4)

Other Element Specific Chapters in the USP–NF

STIMULI TO THE REVISION PROCESS 
Stimuli articles do not necessarily reflect the policies 

of the USPC or the USP Council of Experts 

Future of Element-Specific Chapters in the USP–NF 

USP’s Chemical Analysis Expert Committee and Kahkashan Zaidia 
ABSTRACT 

The Chemical Analysis Expert Committee (CAEC) is evaluating the idea of removing 
element-specific chapters and limit tests in monographs from the USP–NF. The CAEC 
is considering the effect of this proposal, as well as the effect of retaining these chapters 
and limit tests. The CAEC strongly encourages comments and discussions regarding 
this proposal. 
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� USP <211> Arsenic

� USP <251> Lead

� USP <291> Selenium

� USP <261> Mercury

Element-Specific Chapters

Go to www.usppf.com to access the PF
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� Limit tests and references to element specific chapters are included in about 1000 monographs.

� Limit tests and references to element specific chapters are included in about 1000 monographs.

� What will be the future of USP chapters that provide specific information regarding the analysis 
of individual elements, such as arsenic (As) [Arsenic <211>], lead (Pb) [Lead <251>], selenium 

(Se) [Selenium <291>], mercury (Hg) [Mercury <261>], and others? 

� What about USP monographs that may have limit tests for specific elements   and refer to their 
respective element-specific chapters for methodology (see Table 1)? 

� What about USP monographs that include limits for specific elements that differ from the limits 
established in <232>?

Element-Specific Chapters
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� Limit tests and references to element specific chapters are included in about 1,000 monographs.

� What will be the future of USP chapters that provide specific information regarding the analysis 
of individual elements, such as arsenic (As) [Arsenic 〈211〉], lead (Pb) [Lead 〈251〉], selenium 

(Se) [Selenium 〈291〉], mercury (Hg) [Mercury 〈261〉] and others? 

� What about USP monographs that may have limit tests for specific elements   and refer to their 
respective element-specific chapters for methodology (see Table 1)? 

� What about USP monographs that include limits for specific elements that differ from the limits 
established in 〈232〉?

Element-Specific Chapters
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Other Element-Specific Chapters
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� Elemental Impurities in Pharmaceutical Waters—Stimuli to the revision 
process article—See PF 39(1) 

– Purified water, or 

– Water for injection 

� USP <1231> Water For Pharmaceutical Purposes—Revision in progress 

Water and Elemental Impurities
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� Packaging Chapters:

– USP <661> Series

– USP <381> Elastomeric Closures for Injections 

Packaging Chapters and Elemental Impurities
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� USP <730> Plasma Spectrochemistry

� USP <1730>

� USP <735> XRF

� USP <1735> 

Other Chapters for Consideration
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Summary

USP <232> Elemental Impurities—
Limits 

– Toxicological basis for limits

– Options to determine compliance

– Elements and limits essentially the same as 
the ICH-Q3D guideline

USP <233> Elemental Impurities –

Procedures 

– Two compendial procedures provided

– Validation criteria for limit test and quantitative 

alternative procedures
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� Cold kits are considered IN SCOPE by many HAs

� Concerns with using only the drug-product testing approach:

– Make sure you have complete understanding of your process

� Total parenteral nutrition products (TPNs) are out-of-scope in USP <232>, but in 
scope for ICH Q3D

� EMA removed its wet chemistry chapter, but it can still be used 

– How does that work?

• Write an internal procedure that follows the wet chemistry chapter and use it

Points of Interest
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Biologics Are

IN SCOPE
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� ICH training modules:

– Provide examples

– Excellent resource

– Includes “out of the ordinary” situations and how to address them

Resources
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� Beth Corbett, Merck

� Tim Shelbourn

� Lhasa Database
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Abbreviations

AA Atomic Absorption EI Elemental Impurity ICP-

AES

Inductively Coupled Plasma–Atomic 

Emission Spectroscopy

ABLA Abbreviated Biologic License 

Application

EMA European Medicines Agency ICP-

MS

Inductively Coupled Plasma–Mass 

Spectrometry

ANDA Abbreviated New Drug 

Application

EP European Pharmacopoeia ICP-

OES

Inductively Coupled Plasma–Optical 

Emission Spectroscopy

API Active Pharmaceutical Ingredient FDA Food and Drug Administration 

(U.S.)

IS Internal Standard

BLA Biologics License Application GFAA Graphite Furnace—Atomic 

Absorption

J The concentration (w/w) of the 

element(s) of interest at the target 

limit, appropriately diluted to the 

working range of the instrument

CoA Certificate of Analysis GMP Good Manufacturing Practice JP Japanese Pharmacopoeia

CRM Certified Reference Material GN General Notices LTSS Long-Term Stability Study

DS HA Health Agency MCC Microcrystalline Cellulose

EHS Environmental Health and Safety ICH International Council on 

Harmonization

MDD Maximum Daily Dose
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Abbreviations (cont.)

NDA New Drug Application PF Pharmacopeial Forum TDS Total Dissolved Solids

NMI National Metrology Institute ppb Parts per Billion TPNs Total Parenteral Nutrition products

NMT Not More Than R&D Research and Development USP United States Pharmacopeia

PDE Permissible Daily Exposure RSD Relative Standard Deviation XRF X-Ray Fluorescence

PDG Pharmacopeial Discussion Group SM Small Molecule
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