
 
 

Introduction	  

The recently published International Conference on Harmonization (ICH) Guideline on Elemental Impurities 
(ICH Q3D Step 4 Guideline) describes the need for control of elemental impurities in a final formulated drug 
product to levels at or below the Permitted Daily Exposure (PDE) for each element of concern.  Such 
impurities, as the guideline describes, may arise from several sources including, but not limited to: 
intentionally added materials (e.g. catalysts, process aids, etc) during synthesis, components of the drug 
product (active pharmaceutical ingredient, API, or excipients), manufacturing/processing equipment, 
packaging components, etc.  The guideline goes on to list 24 elements of potential toxicological concern 
(Exhibit 1), and categorizes each element, based on toxicity (see Table 5.1 from ICH Q3D Step 4 Guideline 
below in Instruction section), in order to facilitate decisions during a risk assessment and define acceptable 
PDE limits for each element of potential toxicological concern.  Furthermore, the guideline includes 
examples of recommended controls designed to limit the inclusion of elemental impurities in drug products 
to levels at or below the PDE. 

The ICH Q3D Step 4 Guideline recommends three basic steps in developing a strategy to limit elemental 
impurities in the drug product: identify, evaluate, and control.   

Identify: Identify known and potential sources of elemental impurities that may find their way into the 
drug product. 

Evaluate: Evaluate the presence of a particular elemental impurity in the drug product by determining 
the observed or predicted levels of the impurity and comparing with the established PDE.   

Summarize: Summarize and document the risk assessment.  Identify if controls built into the process are 
sufficient or identify additional controls to be considered to limit elemental impurities in the 
drug product.    

 

1. Assessment - identification of potential elemental impurities 
Since, as previously described, elemental impurities can be introduced from various sources, during the 
identification step it is necessary to consider potential sources of impurities such as:  intentionally added 
catalysts or reagents, known or suspected high levels of elemental impurities arising from reagents, starting 
materials or excipients, elemental impurities derived from manufacturing equipment and elemental 
impurities potentially leached from container closure systems. 

As noted in the ICH Q3D Step 4 Guideline, the data for an assessment can come from a number of sources 
that include, but are not limited to: 

• 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 

The applicant’s risk assessment can be facilitated with information about the potential elemental impurities 
provided by suppliers of drug substances, excipients, starting materials, reagents, container closure systems, 
and manufacturing equipment.   
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, ICH Q3D proposes several different options for comparing the predicted or known levels of elemental 
impurities with the established PDE limits for each element in order to help define necessary steps for 
developing a control strategy for the drug product.  It should be noted that regardless of which option one 
uses, elemental impurities from container closure systems and manufacturing equipment should be taken into 
account prior to calculating the maximum permitted concentration in the components of a drug formulation 
(excipients and drug substance/API).  Any contribution from manufacturing process or packaging should be 
subtracted from the allowable concentrations defined in the ICH Q3D Step 4 Guideline prior to setting 
acceptable PDE ranges.   

The ICH Q3D Step 4 Guideline includes information and instructions for the following options: 

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

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

• Option 2b:  Permitted concentration limits of elements in individual components of  a product with 
a specified daily intake 

• Option 3:  Finished Product Analysis 

2. Assessment – analysis and evaluation of potential elemental impurities 
The focus of this instruction manual relates to Option 2b above and is intended to help the drug manufacturer 
to calculate predicted concentrations/ranges of concentrations for elements based on known or predicted 
elemental impurities concentrations for each component of a drug formulation. 

This option allows the applicant to set permitted concentrations based on the distribution of elements within 
the individual components. This option provides flexibility because it permits the level of an elemental 
impurity to be greater than the PDE limit within the specific component, provided the overall level in the 
final formulated drug product is less than the permitted PDE. 

The total mass of the elemental impurity in the final drug product is calculated as the sum of the product of 
the component material masses at the maximum permitted concentrations, using the following equation:  

 
Where: 

k = an index for each of N components in the drug product 
Ck = concentration of the elemental impurity in component k (µg/g) 
Mk = mass of component k in the maximum daily intake of the drug product (g) 

In order to facilitate such a calculation a risk calculator (excel workbook) has been developed, the practical 
use of which is described in the following section. 
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Instructions	  for	  PDE	  Calculator	  used	  to	  support	  ICH	  Q3D	  Step	  2	  Option	  2b	  

The purpose of this excel workbook is to provide both BLANK TEMPLATES/WORKSHEETS and 
EXAMPLES of completed templates/worksheets for calculating total elemental impurity content for the 
different oral, parenteral and inhalation drug forms covered by the ICH Q3D Step 4 Guideline.   

As shown below for ICH Q3D Step 4 Table 5.1, risk categorization was provided based on toxicity.  The 
table defines elemental impurities which should be included in a Risk Assessment, and which elemental 
impurities should only be included dependent on if they were intentionally added (Class 2B) or for specific 
routes of administration (Class 3). 

Table 4.1 from ICH Q3D Step 2 Guideline 

 Included elemental impurities Include in risk assessment? 

Class 1 As, Pb, Cd, Hg Yes 

Class 2A V, Co, and Ni Yes 

Class 2B Tl, Au, Pd, Ir, Os, Rh, Ru, Se, Ag and Pt,  Yes only if intentionally added 

Class 3 Li,Sb, Ba, Mo,  Cu, Sn and Cr, Dependent upon route of 
administration – see class 3 description 

The workbook includes  

1) Separate worksheets for 
a. Purpose page: includes information from ICH Q3D Step 4 Guideline 
b. BLANK TEMPLATE for 7 elemental impurities: includes Class 1 and Class 2A elements 
c. BLANK TEMPLATE for 24 elemental impurities: includes Class 1, 2A, 2B and 3 elements 
d. Model formulations for oral and parenteral dug forms (tablets, effervescent, solutions, cough 

syrups, suspensions, gel caps, solutions for single IV, lypophile, large volume parenterals).    

Refer to labeled tabs at the bottom of the workbook. 

 
 

Each calculation worksheet includes: 



 

Page 4 of 8 

 

2) A column for listing components for each ingredient in a formulation (column A).   

The templates can be modified to fit specific 
formulations and number of formulation 
components by simply adding or deleting (or 
clearing) rows within the template 

 
3) A column to identify the origin for each ingredient in the formulation (column B) 
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4) A column for loading the weight of each component in the drug product formulation (column C).   

As PDE values are based on total daily dose, 
ensure the overall number of doses is entered 
(column D, row 7).  In the case of tablets, this 
number would reflect the number of tablets 
that could be taken daily.  Once the number of 
doses is inputted, the remaining rows for each 
element in column D will automatically 
calculate the total daily concentration for each 
ingredient.   

NOTE:  PF 39.1 Revision Process stimuli 
"Elemental Impurities in Pharmaceutical Waters" 
excludes analysis of compendial water meeting 
monograph conductivity 

 
 

5) Across the top of the EI 7 BLANK Template and each “model formulation” worksheet 4 columns 
have been assigned to each of the 7 elements identified by ICH Q3D as most toxic and abundant 
(Class 1 and Class 2A elements from Table 5.1 from ICH Q3D Step 4 Guideline.  Columns E-H 
were assigned to Arsenic, I-L for lead, M-P for mercury, Q-T for cadmium, U-X for vanadium, Y-
AB for cobalt and AC-AE for nickel. 

 

Although most of the tabs only include elements present in Classes 1 and Class 2a of the ICH Q3D 
Step 4 Guideline, the EI 24 BLANK Template is set-up with active cells for all 24 ICH Q3D Step 4 
draft Class 1, 2A, 2B and 3 elemental impurities. 
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6) For each of the 7 elements, columns are included to load elemental values for either the total (a 
concentration measured directly or after digesting a material) or bioaccessible / acid leach (fraction 
soluble in digestive juices and representing the maximum amount of impurity available for 
absorption) for each component in a formulation (when information is available or can be predicted 
based on component information).   
 
Note:  either total or bioaccessible values can be used, it is not necessary to include both.   

Load total concentration for As/column E, 
Pb/column I, Hg/column M, Cd/column 
Q, V/column U, Co/column Y and 
Ni/column AC. 

OR 

Load bio accessible concentration for 
As/column F, Pb/column J, Hg/column N, 
Cd/column R, V/column V, Co/column Z 
and Ni/column AD 

 
7) The remaining two columns for each element (columns G and H) have been loaded with equations 

that calculate the total concentration for each element based on  
a. the total or bio accessible concentration of each element in each ingredient (column G or H, 

rows 10-19) 
b. the sum of the total or bio accessible concentration (column G or H, row 21) 
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8)  For comparative purposes, acceptable PDE limits for oral, parenteral and inhalation drugs from ICH 
Q3D Step 4 Guidelines are included, for reference purposes, below the column specific for each 
element. 
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Exhibit 1 
Q3D	  Appendix	  2:	  Established	  PDEs	  for	  Elemental	  Impurities 

Table	  A	  2.1:	  Permitted	  Daily	  Exposure	  for	  Elemental	  Impurities1	  

Element	   Class2	   Oral	  PDE	  	  
μg/day	  

Parenteral	  PDE,	  
μg/day	  

Inhalation	  PDE,	  
μg/day	  

Cd	   1	   5	   2	   2	  
Pb	   1	   5	   5	   5	  
As	   1	   15	   15	   2	  
Hg	   1	   30	   3	   1	  
Co	   2A	   50	   5	   3	  
V	   2A	   100	   10	   1	  
Ni	   2A	   200	   20	   5	  
Tl	   2B	   8	   8	   8	  
Au	   2B	   100	   100	   1	  
Pd	   2B	   100	   10	   1	  
Ir	   2B	   100	   10	   1	  
Os	   2B	   100	   10	   1	  
Rh	   2B	   100	   10	   1	  
Ru	   2B	   100	   10	   1	  
Se	   2B	   150	   80	   130	  
Ag	   2B	   150	   10	   7	  
Pt	   2B	   100	   10	   1	  
Li	   3	   550	   250	   25	  
Sb	   3	   1200	   90	   20	  
Ba	   3	   1400	   700	   300	  
Mo	   3	   3000	   1500	   10	  
Cu	   3	   3000	   300	   30	  
Sn	   3	   6000	   600	   60	  
Cr	   3	   11000	   1100	   3	  

1	   PDEs	  reported	  in	  this	  table	  are	  rounded	  to	  1	  or	  2	  significant	  figures	  (µg/day).	  	  	  	  PDE	  
<	  10	  have	  1	  significant	  figure	  and	  are	  rounded	  to	  nearest	  unit.	  	  PDE	  >10	  are	  rounded	  
to	  1	  or	  2	  significant	  figures	  as	  appropriate	  

2	  	   Classification	  as	  defined	  in	  Section	  4	   	  
 


