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Abstract

Testing of elemental impurities as heavy metals has been in use for many years. Lack of sensitivity and
reproducibility are the main limitations of current heavy metals procedure USP <231>. The procedure described for
heavy metals will detect Pb, Hg, Bi, As, Sb, Sn, Cd, Ag, Cu and Mo. The new chapters are designed for safer limits
and enhanced detection limits. ICH was proposed a draft consensus guideline and under step 2b version in the year
2013 and posted as official from December 2014 under step 4 version. EMEA released a comment by stating that
new marketing authorization for new product should comply with ICH/CHMP guideline effective from June 2016;
where a control of an elemental impurity is warranted, an elemental specific method is requested by the guideline.
Therefore, a non-specific compendial test for heavy metals will not be accepted. USFDA published the final Q3D
Elemental impurities guidance on September 2015. Color comparison of test will be replaced by instrumental
techniques like Atomic absorption spectroscopy (AAS), Graphite furnace atomic absorption spectroscopy (GFAAS),
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) and Inductively Coupled Plasma Mass

Spectrometry (ICP-MS).
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Introduction

Impurities in pharmaceutical substances can be classified into three
groups; Organic impurities, Residual solvents and inorganic
impurities. Inorganic impurities can result from the manufacturing
process. They are normally known and identified and include;
Reagents, ligands and catalysts, heavy metals or other residual metals
and inorganic salts [1-2]. If any is added intentionally, it should be
considered in the risk assessment [3-4]. While some elemental
impurities though intentionally not added, may be present in some
drug substances and excipients. The possibility for inclusion of these
elements in the drug product should be reflected in the risk
assessment. The contribution of elemental impurities arise from
manufacturing equipment may be limited, and the subset of elemental
impurities should be considered in the risk assessment will depend on
the manufacturing equipment used in the production of the drug
product [5].

Elemental impurities are classified into three categories [6] based on
their toxicity (PDE) and occurrence in the drug product. Class 1
includes As, Pb, Hg and Cd. Elements that are categorized in Class 2
are further divided in sub-classes 2A and 2B. The class 2A elements
are: Co, Ni and V. The elemental impurities in class 2B include: Ag, Au,
Ir, Os, Pd, Pt, Rh, Ru, Se and TI. The elements comes under Class 3 are
relatively low toxicities by the oral route of administration but may
require consideration in the risk assessment for inhalation and
Parenteral routes. The elements in this class include: Ba, Cr, Cu, Li, Mo,
Sb, and Sn. Some elemental impurities for which PDEs have not been
established due to their low inherent toxicity and differences in

regional regulations are not addressed in this guideline which includes
Al, B, Ca, Fe, K, Mg, Mn, Na, W and Zn.

The current heavy metals [7-18] limit test as stated in
pharmacopeias EP 2.4.8 and USP 231 method has been the main
reference for more than hundred years; the method has basically a
limit of 10 ppm. The basic reaction is between metal impurities and
thioacetamide to form sulfides. The intensity of the colored sulfide
precipitate is compared with a lead reference standard. The test is less
sensitive, non-specific and does not provide adequate recovery of the
elements being tested. The test is difficult to conduct, time consuming
and it is not able to detect some toxic elements.

Generally, most elemental analysis has been performed by Atomic
absorption spectroscopy (AAS) [19-29] or Optical emission
spectroscopy (OES). Sub-ppb level elements were measured by
graphite furnace atomic absorption spectroscopy (GFAAS) [30-35] but
this is a high sensitive single-element technique. Inductively coupled
plasma optical emission spectroscopy (ICP-OES) [36-40] is a less
sensitive (ppm to ppb) and able to detect simultaneous multi-elements.
Inductively coupled plasma mass spectrometry (ICP-MS) [41-46] is a
highly sensitive and multi-element technique.

Potential sources and identification of elemental impurities:
Residual impurities from intentionally added reagents and catalysts,
water or excipients used in the process, manufacturing equipment and
container closure system are the main potential sources of elemental
impurities.

Intentionally added elements should be considered for risk
assessment. They are usually known, controlling and analyzing these
impurities are easily defined. Elements that are not intentionally added
should be addressed in risk assessment. Based on the knowledge of
manufacturing equipment composition, process knowledge and
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equipment selection, potential impurities that can be originated from
manufacturing equipment can be identified and controlled. When
compare to drug product drug substances are more potential to leach
or remove elemental impurities from equipment. Based on scientific

knowledge on interaction of container closure system with drug
product they can be easily identified and controlled. There is higher
probability of leaching for liquids and semi solids from container
closure system. Figure 1 denotes source of elemental impurities.

Drug Substance Excipients

~

N
7 pd

- | Elemental

Impurities

~

Utilities
(e.g., Water

Manufacturing
Equipment

Container
Closure system

Figure 1: Fishbone diagram of elemental impurities sources.

Classification of elemental impurities

The metals that will respond to the USP <231> heavy metal test are
As, Hg, Pb, Cd, Sb, Bi, Sn, Cu, Ag and Mo. EP 2.4.8 added extra 5
elements to that of USP those are Au, Pt, Pd, V and Ru.

Classification as per European Medicines Agency (EMEA)

Metal residues are placed in three classes as per EMEA guideline.
Metals of significant toxicities includes human carcinogens are placed
in Class 1. The metals that are currently included in Class 1 are further
subdivided into three subclasses called class 1A, 1B and 1C. Platinum
and palladium comes under Class 1A. Ir, Os, Rh and Ru elements are
placed in Class 1B. Class 1C elements are Mo. Ni, Cr and V. Metals of
low safety concern are placed in Class 2 and which includes Cu and
Mn. Class 3 group includes metals with no significant toxicity,
elements comes under this category are Fe and Zn. Figure 2 indicates
classification of elements as per EMEA.

EMEA Elemental
impurities
| 1
Class 2 Class 3
Cu and Mn Fe and Zn
Class 1A
Ptand Pd
Class 1B
Ir.Rh.Ru and Os
Class 1C
Cr.Ni.V and Mo

Class 1

Figure 2: EMEA classification of elemental impurities.

Classification as per International Conference on
Harmonization (ICH)

Based on the toxicity and likelihood occurrence, elements are placed
in to three classes in ICH Q3D guideline. Class 1 elements are human
toxicants and should be evaluated during risk assessment. Considering

probability of occurrence in the drug product Class 2 elements are
further divided in to Class 2A and Class 2B. Class Elements that are
high probability occurrence are Class 2A elements than Class 2B
elements. Class 2A elements should be considered for risk assessment
whereas Class 2B elements need not be considered during risk
assessment. Class 3 elements are relatively low toxic elements but may
require consideration of risk assessment for inhalations and parenteral
routes. Class 4 elements are low inherent toxic elements and daily
exposure limits for them are not established.

The elements under Class 1 are As, Pb, Hg and Cd. Elements in
Class 2A are CO, Ni and V. Class 2B elements are Au, Ag, Pt, Pd, Os, I,
Rh, Ru, Tl and Se. Elements under class 3 are Li, sb, Ba, Mo, Cu, Sn and
Cr. Class 4 elements are Li, B, Ca, Fe, K, Mg, Mn, Na, W and Zn.
Figure 3 represents classification of elemental impurities.

e As,Cd,Hg and Pb
Class 1

¢ Class 2A: CO, V and Ni

Class 2| ®Class 2B: Au,Ag,Pt,Pd,Os,Ir,Rh,Ru,Tl and Se

* Li,Sb,Ba,Mo,Cu,Sn and Cr
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Figure 3: ICH classification of elemental impurities.

Limits of elemental impurities

The general limit for heavy metals in the United States
Pharmacopeia (USP) and European Pharmacopeia (EP) is 10 ppm or
20 ppm. The developed test color solution varies for different metals.
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There are chances of under-reporting and over-reporting when
compared against lead standard solution.

Limits of elemental impurities as per EMEA: Taking into account
the route of administration limits are proposed for each class of metals.

Table 1 provides information on permitted daily exposure and
concentration limits for residues of the metals. Table 1 represents
classification, exposure and concentration limits of elements.

Classification

Oral Exposure

Parenteral Exposure

Inhalation Exposure

PDE (pg/day)

Concentration

PDE (pg/day)

Concentration

PDE (pg/day)

(ppm) (ppm)

Class 1A:
Pt and Pd

100 10 10 1 70
Class 1B:
Ir, Rh, Ru and Os
Class 1C: 100 10 10 1 -
Mo, Ni, Cr and V Ni:100

250 25 25 25

Cr:10

Class 2:

2500 250 250 25 -
Cu and Mn
Class 3:

13000 1300 1300 130 -
Fe and Zn

Table 1: Class, exposure and concentration limits of elemental impurities as per EMEA.

Limits of elemental impurities as per United States of
Pharmacopeia (USP)

Based on chronic exposure limits of elemental impurities are
proposed for three routes of administration; oral, Parenteral and

inhalation. Table 2 represent exposure and concentration limits of
elements.

Element Oral Exposure Parenteral Exposure Inhalation Exposure
PDE (ug/day) Concentration PDE (ug/day) Concentration PDE Concentration
(ppm) (ppm) (ng/day) (ppm)

Cadmium 25 25 25 0.25 1.5 0.15

Lead 5 0.5 5 0.5 5 0.50

Arsenic 1.5 0.15 1.5 0.15 1.5 0.15

Mercury 15 1.5 1.5 0.15 1.5 0.15

Iridium 100 10 10 1.0 1.5 0.15

Osmium 100 10 10 1.0 1.5 0.15

Palladium 100 10 10 1.0 1.5 0.15

Platinum 100 10 10 1.0 1.5 0.15

Rhodium 100 10 10 1.0 1.5 0.15
Ruthenium 100 10 10 1.0 1.5 0.15
Chromium - - - - 25 25
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Molybdenum 100 10 10 1.0 10 1.0
Nickel 500 50 50 5 1.5 0.15
Vanadium 100 10 10 1.0 30 3.0
Copper 1000 100 100 10 100 10

Table 2: Exposure and concentration limits of elemental impurities as per USP.

Limits of elemental impurities as per International

Conference on Harmonization (ICH)

PDE values of elemental impurities were established, according to

daily intake of drug product 10 g or less common permissible target
elemental concentration for each component in the drug is calculated
as per the below given expression. Table 3 represent exposure and

the procedures for setting exposure limits in pharmaceuticals, and the

method adopted by International Programme for Chemical Safety

(IPCS) for Assessing Human Health Risk of Chemicals. Assuming

concentration limits of elements.

PDE (pg/day)

Concentration (ug/g)=

Max daily dosage (g/day)

Metal Class Oral Exposure Parenteral Exposure Inhalation Exposure
PDE (ug/day) Concentration PDE (pg/day) Concentration PDE Concentration
(ppm) (ppm) (ng/day) (ppm)

Cd | 5 0.5 2 0.2 2 0.2
Pb | 5 0.5 5 0.5 5 0.5
As | 15 1.5 15 1.5 2 0.2
Hg I 30 3.0 3 0.3 1 0.1
Co 2A 50 5.0 5 0.5 3 0.3

\Y 2A 100 10 10 1 1 0.1

Ni 2A 200 20 20 2 5 0.5

Tl 2B 8 0.8 8 0.8 8 0.8
Au 2B 100 10 100 10 1 0.1

Pd 2B 100 10 10 1 1 0.1

Ir 2B 100 10 10 1 1 0.1
Os 2B 100 10 10 1 1 0.1
Rh 2B 100 10 10 1 1 0.1
Ru 2B 100 10 10 1 1 0.1
Se 2B 150 15 80 8 130 13

Ag 2B 150 15 10 1 7 0.7

Pt 2B 100 10 10 1 1 0.1

Li 3 550 55 250 25 25 2.5
Sb 3 1200 120 90 9 20 2

Ba 3 1400 140 700 70 300 30
Mo 3 3000 300 1500 150 10 1

Cu 3 3000 300 300 30 30 3

Sn 3 6000 600 600 60 60 6
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Cr 3 11000 1100 1100

110 3 0.3

Table 3: Exposure and concentration limits of elemental impurities as per ICH.

Harmonized limits for elemental impurities

In order to have a common approach among all regulatory
authorities. The current USP <231> heavy metal test will be replaced
with USP <232> elemental impurities with ICH Q3D specification.
USFDA published the final ICH Q3D Elemental impurities guidance
on September 2015. EMEA proposed a recommendation on
implementation of elemental impurities by stating that new marketing
authorization for new product should comply with ICH/CHMP
guideline effective from June 2016.

This International Conference on Harmonization (ICH) guidance
on elemental impurities provides a unified standard for the European
Union, Japan, and the United states.

Procedures for Elemental Impurities

Color comparison test

Comparing color of the test sample with colored lead standard
Solution has been in use for many years as recommended by United

States of pharmacopeia, European pharmacopeia and Japan
pharmacopeia. The reaction is mainly based on the metal impurities
present in the sample and thioacetamide to form sulfide ion. The
colored sulfide precipitate is compared with lead standard solution.
The test is less sensitive, non-specific and does not provide adequate
recovery of the elements being tested. The test is difficult to conduct,
time consuming and it is not able to detect some toxic elements and
need to be replaced by modern analytical methods. Figure 4 shows an
image of color comparison test.

Atomic Absorption Spectrometry (AAS)

The source of atoms generation in AAS is Air/Acetylene or Nitrous
oxide/Acetylene flame. When a hallow cathode lamp passed on to the
cloud of atoms, the selected metals to monitor absorbs the light from
the lamp and the concentration is measured by a detector. Most of the
elements reach excitation temperature under the source with a
maximum temperature of 2600°C.

Figure 4: Testing of heavy metals against lead standard solution.

For a few elements like V, Zr, Mo and B, the temperature is not
sufficient to breakdown as results sensitivity is reduced. Moderate
detection limits, element limitation and only few elements for
determination are some limitation of Atomic absorption spectroscopy.
A schematic diagram of Atomic absorption spectrometer is shown in
Figure 5.

Graphite furnace atomic absorption Spectrometry (GFAAS) is
technically same as AAS but flame source is replaced with electrically
heated graphite tube and which can be heated up to 3000°C. Detection
limits are increased by 1000 times when compared to AAS. However
refractory element performance, only few elements for determination
and slow speed are some limitations.

Inductively coupled plasma atomic emission spectrometry
(Icp-Aes or Icp)

The source in ICP emits temperature as high as 10,000°C where all
elements including refractory elements atomizes with higher efficiency
as a result lower levels of elements can be determined precisely. There
are two variants in ICP, radial and axial. Axial viewing increases the
path length and reduces the plasma background signal, resulting in
lower detection limits. ICP is a multi-element technique, under the
source of plasma sample dissociate into its atoms and ions. At
excitation level they emit light at characteristic wave length. The
concentration of particular element in the sample can be measured
from intensity of emitted light with a detector. The detection limits in
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ICP are moderate to low. A schematic diagram of Inductively Coupled

Plasma Atomic Emission Spectrometry is shown in Figure 6.

Flame Atomic Absorption Spectrometry (FAAS)
x PR -
Lamp Flame Sample Monochromator Detector
Figure 5: Schematic diagram of AAS spectrometer.
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) between ICP-AES and ICP-MS is, ions are directly detected in MS

rather than emission of light as in the case of ICP-AES. The ions are

The same source is used to dissociate sample in to atoms and ions as separated by quadruple based on mass-to-charge ratio.

mentioned in ICP. It is a multi-element technique. The basic difference

Inductively Coupled Plasma Atomic Emission Spectrometry

(ICP-AES, or ICP)

B, |
—_ = = - - i - == == = =
Plasma Monochromator Detector

Figure 6: Schematic diagram of ICP-AES spectrometer.

Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

_ Cu
- @
G

Plasma Quadrupole Detector
Analyzer

Figure 7: Schematic diagram of ICP-MS spectrometer.

Best detection limits are available for most of the elements as the Inductively Coupled Plasma Mass Spectrometry is shown in Figure 7.
number of ions produced is high. Though some spectral interference is ~ Simplified comparison of AAS, GFAAS, ICP and ICP-MS is given in
seen but they are defined and limited. A schematic diagram of Table 4.
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ICP-MS ICP-OES Flame AAS GFAAS
Detection Limits Excellent for most elements Very good for most elements Very good for some elements Excellent for some elements
Sample throughput All elements <1 min 1-60 elements/Min 15 sec/element 4 min/element
Dynamic range 108 106 103 102
Precision
Short Term 0.5-2% 0.1-2% 0.1-1% 0.5-5%
Long Term 2-4% 1-5% 1-2% 1-10%
Isotopes Yes No No No
Interferences
Spectral Few Many Very few Very few
Chemical Some Very few Many Very few
Physical Some Very few Some Very few
Semi quantitative Yes Yes No No
Method Development Difficult Moderate Easy Moderate
Capital cost Very High High Medium-High Low
Table 4: Simplified comparison of AAS, GFAAS, ICP and ICP-MS.
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