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(232) ELEMENTAL IMPURITIES—LIMITS

Change to read:
INTRODUCTION

This general chapter specifies limits for the amounts of elemental impurities in drug products. Elemental impurities include
catalysts and environmental contaminants that may be present in drug substances, excipients, or drug products. These impuri-
ties may occur naturally, be added intentionally, or be introduced inadvertently (e.g., by interactions with processing equip-
ment Band the container closure system).mss (uspss When elemental impurities are known to be present, have been added, or
have the potential for introduction, assurance of compliance to the specified levels is required. A risk-based control strategy
may be appropriate when analysts determine how to assure compliance with this standard. Due to the ubiquitous nature of
arsenic, cadmium, lead, and mercury, they (at the minimum) must be considered in the risk 8assessment. 5 wse Regardless
of the approach used, compliance with the limits specified is required for all drug products Biinless otherwise specified in an
individual monograph or excluded in paragraph three of this introduction.

The drug products containing purified proteins and polypeptides (including proteins and polypeptides produced from re-
combinant or hon-recombinant or;gms), their derivatives; and products of which they are components (e.g., conjugates) are
within the scope of this chapter, as are drug products containing synthetically produced polypeptides, polynucleotides, and
oligosaccharides.

~ This chépt‘er ddes not app!y to radiopharmaceutiCals; ‘vaccine‘s; cen metabohtes, DNA prbduCts, aliergenlc e)(tracts, ‘cetls

mtended for systemxc carculat;on, and e!ements that are ;,ntent{qnally mduded in the drugk p;roduct for therapeutgc benefit. This
chapter does not apply to products based on genes (gene therapy), cells (cell therapy), and tissue (tissue engineering).
B 25 (USP3

T(he l?mits presented in this chapter do not apply to excipients and drug substances, except where specified in this chapter
or in the individual monograph. However, elemental impurity levels present in drug substances and excipients must be
known, Bdocumented, and made available upon request.

This chapter does not appiy 10mas wsess articles intended only for veterinary use. ®Requirements listed in this chapter also do
not apply to total parenteral nutritions (TPNs) and dialysatesig . (wseam Dietary supplements and their ingredients are addressed
in Elemental Contaminants in Dietary Supplements (2232).

SPECIATION

The determination of the oxidation state, organic complex, or combination is termed speciation. Each of the elemental im-
purities has the potential to be present in differing oxidation or complexation states. However, arsenic and mercury are of par-
ticular concern because of the differing toxicities of their inorganic and complexed organic forms.

The arsenic limits are based on the inorganic (most toxic) form. Arsenic can be measured using a total-arsenic procedure
under the assumption that all arsenic contained in the material under test is in the inorganic form. Where the limit is exceeded
using a total-arsenic procedure, it may be possible to show via a procedure that quantifies the different forms that the inorgan-
ic form meets the specification,

The mercury limits are based upon the inorganic (2+) oxidation state. The methyl mercury form (most toxic) is rarely an issue
for pharmaceuticals. Thus, the limit was established assuming the most common (mercuric) inorganic form. Limits for articles
that have the potential to contain methyl mercury (e.g., materials derived from fish) are to be provided in the monograph.

Change to read:
ROUTES OF EXPOSURE

The toxicity of an elemental impurity is related to its extent of exposure (bioavailability). The extent of exposure has been
determined for each of the elemental impurities of interest for three routes of administration: oral, parenteral, and inhalational.
These limits are based on chronic exposure. BConsider the oral permissible daily exposures (PDEs) in Table 1, as a starting
point in developing specific PDEs for other routes of administration except where otherwise stated in the individual mono-
graph.gss (wsess [NOTE—The routes of administration of drug products are defined in Pharmaceutical Dosage Forms (1151).]
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Change to read:
DRUG PRODUCTS

The limits described in the second through fourth columns of Table 1 are the base daily dose PDEs of the elemental i impuri-
ties of interest for a drug product taken by Bag, (535 patient according to indicated routes of administration. Bg,¢ (o35

=Parenteral Products
Parenteral drug products with maximum daily volumes up to 2 L may tse the maximum daily volume to calculate permissi-

ble concentrations from PDEs. For products whose daily volumes, as specified by labeling and/or established by clinical prac-
tice, may exceed 2 L (e.g,, saline, dextrose, TPNs, solutions for irrigation), a 2-L volume may be used to calctlate permissible

concentrations from PDES pac sy

Table 1. Elemental Impurities for Drug Products

Oral Daily Parenteral Daily Inhalational Daily
Dose PDE* Dose PDE Dose PDE
Element (ug/day) (ug/day) (ng/day) - ——

Cadmium [-£3 2 g B
Lead L 5 5 mece
Inorganic arsenic B2 15 15 goriaes Moo
Inorganic mercury B4 30 3 Twos (erim Boos wim
Iridium 100 10 By _—
Osmium 100 10 Bl W
Palladium 100 10 B ms wsein Smos wsrin
Platinum 100 10 By e
Rhodium 100 10 By B
Ruthenium 100 10 By B :
Chromium B11000 1100 o : o
Molybdenum ®3600 1500 100 . B
Nickel 200 20 iz B ;kw, ,m_m;
Vanadium 2100 10 T —_—
Copper B3000 300 Wgriienm Moo

2 Biseq Speciation Section mas (wssin
Options for Demonstrating Compliance
DRUG PRODUCT ANALYSIS OPTION
The results obtained from the analysis of a typical dosage unit, scaled to a maximum daily dose, are compared to the Daily
Dose PDE.

Daily Dose PDE > measured value (1g/g) x maximum daily dose (g/day)

The measured amount of each impurity is NMT the Daily Dose PDE, unless otherwise stated in the individual monograph.
SUMMATION OPTION

Separately add the amounts of each elemental impurity (in ng/g) present in each of the components of the drug product:
Daily Dose PDE = [EM(C,, x W) x D,

M = each ingredient used to manufacture a dosage unit

Cy = element concentration in component (drug substance or excipient) (ug/g)
W,, = weight of component in a dosage unit (g/dosage unit)

D;, = number of units in the maximum daily dose (unit/day)

The result of the summation of each impurity is NMT the Daily Dose PDE, unless otherwise stated in the individual mono-
graph. Before products can be evaluated using this option, the manufacturer must ensure that additional elemental impurities
cannot be inadvertently added through the manufacturing process Bor via the container closure system over the shelf life of
the product.
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INDIVIDUAL COMPONENT OPTION

For drug products with a daily dose of NMT 10 g, if all drug substances and excipients in a formulation meet the concentra-
tion limits shown in Table 2, then these components may be used in any proportion. No further calculation is necessary. While
elemental impurities derived from the manufacturing process or the container closure system are not. specifically provided for
in the Individual Component Option; it is expected that the drug prodiict manufacturer will énsure that these sources do not
contribute significantly to the total content of elemental impurities. 4o wsrin

Change to read:
DRUG SUBSTANCE AND EXCIPIENTS

The Bconcentrationg,. (uess of elemental impurities in drug substances and excipients must be controlled and, where
present, Bdocumented. g, (w35 The acceptable levels for these impurities depend on the material's ultimate use. Therefore,
drug product manufacturers must determine the acceptable level of elemental impurities in the drug substances and exci-
pients used to produce their products,

The values provided in Table 2 Bare exampleg,s 55 cOncentration limits for components (drug substances and excipients)
of drug products dosed at a maximum daily dose of By,¢ (53510 g/day. These values serve as default concentration limits to
aid discussions between drug product manufacturers and the suppliers of the components of their drug products. [NOTE—In-
dividual components may need to be limited at levels different from those in the table depending on monograph-specific miti-
gating factors.]

Table 2. #Example Concentration Limits for Components of Drug Products with a 10:g Maximum Daily Desey .

Concentration Limits (g/g)
Bconcentration Limits (g/g) Concentration Limits (9/9) for Components Used in
for Components Used in Oral for Components Used in inhalation Drug‘t?mducts
Element Drug Products Parenteral Drug Products m2s (spin
Cadmium B05 0.2 02p55 ierin
Lead 0.5 0.5 0.5
Inorganic arsenic B2 15 1.5 0.2mo5 cusern
Inorganic mercury B2 3 0.3 O g wseam
Iridium 10 81 Ol mos cisram
Osmium 10 By O leo rsmin
Palladium 10 ay 01moc soon
Platinum 10 fa i O Vgos cusean
Rhodium 10 B 0.1 m¢ cuspin
Ruthenium 10 a1 0.1g0¢ (srsny
Chromium 21100 110 03m3¢ weim
Molybdenum 300 150 Twos e
Nickei .20 2 O»SW
Vanadium B10 1 O mos cusean
COPpEI’ -300 30 BW)
2 BSee Speciation section. pss (Ushim
Change to read:
ANALYTICAL TESTING

If, by process monitoring and supply-chain control, manufacturers can demonstrate Bcompliance, s wse3s) then further test-
ing Bmayg;s (wspss NOt be needed. When testing is done to demonstrate compliance, proceed as directed in Flemental Impuri-
ties—Procedures (233) and minimally include arsenic, cadmium, lead, and mercury in the Target Elements evaluation.



