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〈〈〈〈 1661 〉〉〉〉 EVALUATION OF PLASTIC PACKAGING SYSTEMS AND 

THEIR MATERIALS OF CONSTRUCTION WITH RESPECT TO 

THEIR USER SAFETY IMPACT 

INTRODUCTION

Drug products can chemically interact with their associated packaging systems and/or the system's plastic materials and 

components of construction while the product is being manufactured, shipped, stored, and administered. The magnitude of these 

interactions must not be such that the interactions adversely affect the suitability for use of the drug product or the packaging 

system. While suitability for use includes several quality aspects of the packaged drug product and its performance, the suitability for 

use aspect addressed in this chapter is patient safety. 

The potential patient safety impact of interactions between a drug product and its packaging is assessed and established via the 

appropriate testing of the packaging systems and its materials and components of construction. Plastic Packaging Systems and 

Their Materials of Construction 〈〈〈〈661〉〉〉〉 establishes the tests and specifications that are necessary and appropriate for ensuring that 

such systems are suitable for use, specifically safe for use. Chapter 〈〈〈〈661〉〉〉〉 consists of two sub-chapters, Plastic Materials of 

Construction 〈〈〈〈661.1〉〉〉〉 and Plastic Packaging Systems for Pharmaceutical Use 〈〈〈〈661.2〉〉〉〉. 

chapters, 〈〈〈〈661.1〉〉〉〉 and 〈〈〈〈661.2〉〉〉〉, 

not be 

The objective of USP

Figure 1. 
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Thus, the extractables profile of a system is likely to be different from, and potentially more complex than, the sum of the 

extractables profiles of its materials of construction. Therefore, the initial assessment of risk made in material selection is 

appropriately revisited by testing and qualification of the overall packaging system itself. 

Ultimately, the effect that packaging may have on the drug product user is mediated by packaging-derived substances that are 

present in the drug product. The third stage of the process is product assessment, specifically leachables testing of the packaged 

product and impact assessment, which considers the user's exposure to the leachables. 

Materials Assessment: Characterization, Screening, and Selection, USP 〈〈〈〈661.1〉〉〉〉

To ensure that a packaging system is suited for its intended use, it is important to select materials of construction which are 

suited for use in packaging systems. Testing and characterizing materials of construction for attributes relevant to their suitability 

provides a rational basis for material selection in designing a packaging system. The intentional selection of well-characterized 

materials minimizes the risk that a system made from those materials will be unsuitable. Considering safety specifically, selection of 

materials that have the tendency to be safe increases the likelihood that packaging systems made from those materials will be safe. 

Therefore, the characterization of materials of construction is the first step in the process of developing and qualifying safe 

packaging materials. Additionally, chemical characterization data may also provide the basis for effective and appropriate change 

control. 
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The intent of 〈〈〈〈661.1〉〉〉〉 is to establish, with a degree of confidence, whether potential material candidates could adversely affect the 

quality and safety of pharmaceutical products. The basic tenet of materials assessment, as reflected in 〈〈〈〈661.1〉〉〉〉, is that knowing the 

general composition and certain general characteristics of a material of construction allows one to: 

• Rationally assess the potential safety impact of the materials with a degree of certainty that is appropriate for early product 

development and/or manufacturing. 

• Forecast with some degree of accuracy the identity of the extractables from that material of construction and from systems 

that use that material of construction. 

• Use the assessment and forecast to establish and justify the use (or non-use) of a particular material in a particular packaging 

system. 

To this end, 〈〈〈〈661.1〉〉〉〉 defines a well-characterized material of construction as one whose: 

• Identity has been definitively established.

• Biocompatibility (biological reactivity) has been established. 

• General physicochemical properties have been established. 

• Additives and extractable metals have been quantified.

Chapter 〈〈〈〈661.1〉〉〉〉 testing is not a guarantee that plastic systems constructed from materials meeting 〈〈〈〈661.1〉〉〉〉 specifications will be 

suitable for their intended use as it is not always the case that testing of a system's materials of construction directly and completely 

correlates with subsequent testing of the plastic system. Characterization of a material using 〈〈〈〈661.1〉〉〉〉 merely establishes the 

composition or characteristics of the material and enables the decision as to whether the material is an appropriate candidate for 

use in a packaging system. Nevertheless, 〈〈〈〈661.1〉〉〉〉 testing leverages the logical connection between material additives, material 

extractables, and system extractables, and thus provides a useful indication of the probable suitability-for-use issues for materials 

and systems. The actual qualification of the material occurs when the entire system is qualified for use in a particular application via 

〈〈〈〈661.2〉〉〉〉 testing. 

Packaging System Assessment and Qualification, USP 〈〈〈〈661.2〉〉〉〉

specifications 

of Extractables Associated with 

relevant studies. 

the testing needed to produce 

establishing the safety of 

• 〈〈〈〈661.1〉〉〉〉. 

•

•

•

assessment. 

•

identification of leachables that might adversely affect product quality. Such leachables of potential concern would necessarily be 

among the targeted analytes in testing of a final pharmaceutical product within its packaging system. The targeting of specific 

leachables, as opposed to the screening of pharmaceutical products for unspecified leachables, has significant analytical benefits, 

including the ability to develop, validate, and utilize test procedures that are appropriately sensitive, specific, and accurate. Further, 

extractables (and their accumulation levels in extracts) can be used to forecast the levels of leachables in the finished product, 

depending on how well the extraction conditions mimic the pharmaceutical product's composition and actual conditions of clinical 

use. If the extraction conditions are such that they accelerate and modestly exaggerate the product's clinical use conditions, then the 

extractables and their levels in the extracts can be extrapolated to estimate the maximum levels of leachables in the finished 

product. Additionally, if such extractables are assessed for their safety or quality impact, the results of that assessment can also be 

extrapolated to, and deemed to be relevant for, the pharmaceutical product. Finally, if no adverse impact is found based on the 

extractables data, then no adverse impact can be inferred for the leachables in the packaged pharmaceutical product. Consistent 

with certain regulatory guidelines, leachables studies may not be required when extractables studies establish the maximum amount 

of individual leachables that may be present in the active substance/medicinal product and when such maximum levels have been 

demonstrated to be toxicologically safe. However, should a leachable study be deemed to be unnecessary, a justification should be 

provided. 
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APPLICABILITY AND APPLICATION OF 〈〈〈〈661.1〉〉〉〉

Applicability

1. The holder of the drug product application and drug product manufacturer [in the case of many over-the-counter products 

(OTCs), where there is no application] bear primary responsibility and accountability for ensuring the requirements of the 

chapter are met. The means by which the holder of the drug product application and drug product manufacturer obtains 

information to meet the requirement is at the discretion of the holder. 

2. The testing required and specifications for materials of construction contained within 〈〈〈〈661.1〉〉〉〉 are relevant to and applicable 

for all drug dosage forms, as it is the universal expectation that packaging materials be constructed from well-characterized 

materials, regardless of the potential interaction between a dosage form. However, the use of risk-management principles and 

concepts to address the potential product safety risk associated with leachables (and extractables as potential leachables) is 

a cornerstone of global regulatory and industry thinking on this topic. Industrial scientists and regulators agree that the 

concepts and principles of risk management have a definite strategic role in terms of designing, implementing, and 

interpreting effective and efficient assessments of extractables and/or leachables. Oversimplifying somewhat, it is well-

established that risk-management tools and principles can be used to define the nature and magnitude of assessment 

(including testing), where low-risk situations require reduced or alternate assessment (testing) versus high-risk situations. 

Thus, as noted in its Tables 1 and 2, 〈〈〈〈661.1〉〉〉〉 establishes biological reactivity and chemical tests that differ somewhat for low-

risk dosage forms (such as oral and topical) versus high-risk dosage forms (such as inhalation and injections). 

Moreover, an essential principle reflected in 〈〈〈〈661.2〉〉〉〉 is that packaging systems be tested for extractables and that the 

approach be consistent with the nature of the interaction between the drug product and its packaging. This includes 

consideration of the drug product contact condition (e.g., liquid vs dry) and the potential interaction between the dosage form 

and its packaging system. By referencing 〈〈〈〈1663〉〉〉〉 for extractables testing, 〈〈〈〈661.2〉〉〉〉 provides the means by which extractables 

studies relevant for specific dosage forms can be designed, implemented, and interpreted. By allowing for study designs that 

reflect the nature and clinical use of various dosage forms, 〈〈〈〈661.2〉〉〉〉 supports and uses risk-based strategies and assessments. 

3. The outcome of 〈〈〈〈661.1 Characterization data 

generated during 〈〈〈〈 the 

〈〈〈〈661.1〉〉〉〉 test results, -

impact of 

. Thus, a packaging system that 

has been tested per 〈〈〈〈

4. 〈〈〈〈661.1〉〉〉〉. The first means is 

finished drug product. 

5. Application of 〈〈〈〈661.1〉〉〉〉

6. The scope of 〈〈〈〈661.1〉〉〉〉 article, 

components, is not directly considered in the Scope of either chapter. In this context, a component is defined as an individual 

part of a packaging system and is constructed from one or more materials of construction. Thus, a plastic bag consisting of a 

laminated film is considered to be a component of the packaging system that includes the bag. Since a component is 

constructed from materials and is part of a system, if component testing is deemed to be necessary, the relevant testing and 

specifications for the component are contained within 〈〈〈〈661.2〉〉〉〉. The provisions in 〈〈〈〈661.2〉〉〉〉 for packaging systems must be met 

for components whose testing has been deemed to be necessary. The component must be constructed from materials that 

meet the requirements of 〈〈〈〈661.1〉〉〉〉 and the component must be tested by the methods, and meet the specifications, contained 

in 〈〈〈〈661.2〉〉〉〉. 

7. Testing of materials of construction via 〈〈〈〈661.1〉〉〉〉 is predicated on the circumstance that the material will most likely interact 

with the packaged drug product when the material is used in a packaging system. It is not necessary for a material used in a 

packaging system to be well-characterized if there is little or no chance of the material and the packaged drug product 

interacting. Under these conditions the materials of construction would be considered non-interacting and would be exempt 

from 〈〈〈〈661.1〉〉〉〉 testing. The designation of a material of construction as “non-interacting” must be accepted by the appropriate 

regulatory authority. 

Although it is beyond the scope of 〈〈〈〈661.1〉〉〉〉 to establish the means by which a material of construction is established as “non-

interacting”, it is relevant to differentiate between the potentially similar terms “no direct contact” and “non-interacting”, where the 

term “no direct contact” means that the material and the packaged drug product do not come into direct physical contact under the 
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clinical conditions of use. Although it may well be the case that in a specific application a “no direct contact” material of construction 

is also a “non-interacting” material of construction, it may also be the case that “no direct contact” does not insure “non-interacting”, 

especially when the conditions of contact include long durations and/or substantially elevated temperatures. 

To explain the concepts of “no direct contact” and “non-interacting”, consider the following example. An aqueous drug product is 

packaged in a flexible plastic container. The flexible container is further placed in a foil overpouch. The overpouched product is 

terminally sterilized. An adhesive label is applied to the outside of the foil overpouch after the product unit has been cooled after 

terminal sterilization.

In this case, both the foil overpouch and the label are “no direct contact”, as there is at least one physical barrier (the primary 

container) between the packaged drug product and these two items. However, if the flexible plastic primary container is permeable, 

the foil overpouch can be considered to be a “potentially interacting” component, as substances from the overpouch could migrate 

through the primary packaging, especially under the high-temperature conditions of terminal sterilization. On the other hand, the label 

is a “non-interacting” component because (1) the foil overpouch is impermeable and (2) the label is applied after the thermal stress 

associated with terminal sterilization.

Thus, the difference between a “potentially interacting” and “non-interacting” “no direct contact” component is the permeability of 

the barrier that separates the “no direct contact” components from the drug product. If the barrier is incomplete, then the component 

(and its materials of construction) is “potentially interacting” and the materials must be tested per 〈〈〈〈661.1〉〉〉〉. If the barrier is complete, 

then the component (and its materials of construction) is “non-interacting” and the materials need not be tested per 〈〈〈〈661.1〉〉〉〉. 

Change to read:

Application

1. There are two means of demonstrating that a material of construction has met the requirements of 〈〈〈〈661.1〉〉〉〉. The first means is 

to perform the testing contained within 〈〈〈〈661.1〉〉〉〉 and meet the specifications in 〈〈〈〈661.1〉〉〉〉. The second means is the use of a 

material in the packaging system of a currently approved finished drug product. Specifically, 〈〈〈〈661.1〉〉〉〉 states “individual plastic 

materials of construction are deemed to be well-characterized and appropriate for use if they are used in a packaging system 

for pharmaceutical use by 

2. The outcome of 〈〈〈〈661.1 Characterization data 

generated during 〈〈〈〈 the 

systems via 〈〈〈〈661.2〉〉〉〉 product. This 

that are required by 〈〈〈〈

contained within 〈〈〈〈661.2 qualified 

3. is properly tested and 

purpose of establishing the expected general characteristics of the IR spectra. An identification test is deemed to have been 

successfully completed if the analytical results obtained for the test article and the appropriate Reference Standard are 

substantially equivalent, and where all differences between the test results for the article and the Standard are explained by 

the nature, processing, and/or composition of the test article. 

4. Establishing the potential safety impact of a material of construction cannot rely on a single testing strategy, as no single 

testing strategy is sufficient to identify all potential safety-impacting attributes of a material. Thus, the chemical testing 

▲prescribed▲ (ERR 1-Jun-2018) in 〈〈〈〈661.1〉〉〉〉 is orthogonal: physicochemical tests provide a general overview of extracted 

substances; extractable metals tests address potential sources of elemental impurities; while plastic additives tests address 

potential organic extractables. It is also the case that chemical testing alone may not demonstrate all potential safety-

impacting attributes. Thus, chemical testing is augmented by the orthogonal approach of establishing biological reactivity. 

5. A well-characterized plastic material is tested for its extractable levels of all metals that are known components of the plastic 

material. They could originate from the starting materials used to manufacture the plastic material, reagents used in the 

manufacturing process (e.g., catalysts), and from additives present in the plastic materials. Such metals are termed “relevant 

metals”. Additionally, materials are tested for metals that are specified in other compendial documents as being relevant for 

plastic materials. Lastly, materials are tested for metals that have been deemed to be elemental impurities that are applicable 
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to all drug product dosage forms regardless of whether the source of the elemental impurities is intentionally or 

unintentionally added to the drug product, its ingredients, or its packaging system.

6. Extractable metals reporting thresholds contained within 〈661.1〉 are not to be construed as limits. Rather, the reporting 

thresholds establish the convention for reporting extractable metals results. In this regard, the USP specification for 

extractable levels is not that they be below a certain limit, but rather that they be reported as specified in 〈661.1〉. 

7. It may be that not all of the relevant metals for a particular material of construction are specified in 〈661.1〉, and that some 

relevant metals become known by another means (for example, vendor certification). All relevant metals, regardless of their 

inclusion in 〈661.1〉, must be tested for. Procedures for relevant metals that are not specified in 〈661.1〉 must be established 

and should be consistent with the procedures used for metals that are specified in 〈661.1〉. Specifications must be 

established for relevant metals that are not specified in 〈661.1〉; such specifications should be consistent with the 

specifications established for metals that are specified in 〈661.1〉. 

8. Extractable metals testing described in 〈661.1〉 is required for all materials of construction used in packaging systems, 

regardless of whether the material is specified in 〈661.1〉. Extractable metals test procedures for materials that are not 

specified in 〈661.1〉 must be established and should be consistent with the procedures used for materials that are specified in 

〈661.1〉. Extractable metals specifications must be established for materials that are not specified in 〈661.1〉; such 

specifications should be consistent with the specifications established for materials that are specified in 〈661.1〉. 

9. The listing of specific extractable metals in 〈661.1〉 is not meant to limit material sponsors or users who may seek to establish 

the level of extractable metals other than those specified in 〈661.1〉. This may be the case, as additional extractable metals 

may be applicable to certain dosage forms and as the analytical methods that may be applied to extractable metals analyses 

could routinely supply data for extracted metals other than those specified in 〈661.1〉. In cases where individual sponsors 

obtain test results for extractable metals other than those specified in 〈661.1〉, it is expected that such additional extractable 

metals would be reported in the manner specified in 〈661.1〉 for those extractable metals that are specified in 〈661.1〉. 

10. The plastic additives testing described in 〈661.1〉 is required for all materials of construction used in packaging systems, 

regardless of whether the material is specified in 〈661.1〉. Procedures for materials that are not specified in 〈661.1〉 must be 

〈661.1〉. Specifications must 

11. those tests methods and 

〈661.1〉; 

previously. 

12. 〈661.1〉. 

〈661.1〉 must be 

〈661.1〉. Specifications must 

13.

leachables. 

14. preclude the use of other 

for official purposes. 

modifying the chemical nature of the additive unless such modification is an integral part of the test methodology. Test 

methods employed must have equivalent ability compared with the test methods contained in 〈661.1〉 to produce a clear and 

unambiguous identification of all relevant additives at levels at least as low as the levels specified in 〈661.1〉. 

15. Point 14 notwithstanding, the substitution of alternate tests for those that are required by 〈661.1〉 is not appropriate. Thus, for 

example, substitution of an oxidixable substance test for the Total Organic Carbon test specified in Physiochemical Tests is 

not appropriate. Additionally, substitutions for specifications that exist in 〈661.1〉 are not allowed unless justified and are 

subject to approval by an appropriate regulatory authority. 

16. In at least two places (Extractable Metals and Plastic Additives), 〈661.1〉 requires that materials be tested for all relevant 

analytes. Clearly, an analyte will be present in a material if it is intentionally or knowingly added to the material during its 

production or if testing of the material has revealed the analyte's presence. While test methods included in 〈661.1〉 may be of 

sufficiently broad scope to detect all relevant metals or additives, this is not always the case and one cannot rely on the 

methods to reveal all relevant analytes. It may be the case that the material's vendor has knowledge that may be unavailable 

to the material's user, which is germane to establishing relevant analytes. Thus, it is reasonable to expect that material 

vendors and users work together to produce a complete and robust list of relevant analytes. It is particularly important that a 

material's vendor inform the material's user when it is clear to the vendor that the user has missed a relevant analyte in the 

user's testing. 
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It is reasonable to anticipate that there may be some information that the vendor is not in a position to share with a material's user. 

Nevertheless, it is in the interest of both the vendor and the user that a material be well-characterized and that the characterization 

include all relevant analytes. Thus, it is strongly recommended that the vendor and the user find a means of establishing all relevant 

analytes. For example, consider the case of extractable metals. While it may be the case that the material's vendor would decline to 

share detailed information about the use of a zinc-containing reagent in the preparation of a material, it is adequate for the purpose 

of material characterization for the vendor to communicate that zinc should be a targeted analyte. 

Change to read:

Description of Polymers Contained in 〈661.1〉

POLYETHYLENES

High- and low-density polyethylene are long-chain ethylene-based polymers synthesized under controlled conditions of heat and 

pressure with the aid of catalysts from NLT 85.0% ethylene and NLT 95.0% total olefins. Other olefin ingredients that are most 

frequently used are butene, hexene, and propylene. Low-density ▲polyethylene▲ (ERR 1-Jun-2018) (LDPE) contains many long-chain 

branches along the polymer backbone, preventing the alignment and packing of the chains and thus forming a low-density material. 

Linear low-density polyethylene (LLDPE) contains several short chains along the polymer backbone that prevent the alignment and 

packing of the polymer chains, thus creating a poor crystalline material. High-density polyethylene (HDPE) contains relatively few 

side chains, allowing the polymer backbone to align and pack together, thus forming a crystalline, high-density plastic. High-, low-, 

and linear low-density polyethylene all have an IR absorption spectrum that is distinctive for polyethylene, and each possesses 

characteristic thermal properties. High-density polyethylene has a density between 0.941 and 0.965 g/cm . Low-density 

polyethylene has a density between 0.850 and 0.940 g/cm . Additives are added to the polymer in order to optimize its chemical, 

physical, and mechanical properties, thereby rendering it suitable for its intended use. These additives may include nucleating 

agents, clarifying agents, antioxidants, colorants, lubricants, antiblocking agents, and others. These additives typically are present 

individually in the polyethylene at levels of 0.01 to 0.3 weight %, and the total levels of the antioxidants typically are less than 0.3%. 

typically are less than ▲0.3%. 

titanium dioxide. 

G

Polyethylene terephthalate (PET) polymers are long-chain crystalline polymers prepared by the condensation of ethylene glycol 

with dimethyl terephthalate or terephthalic acid. PET copolymer resins are prepared in a similar way except that they may also 

contain a small amount of either isophthalic acid (NMT 3 mole %) or ▲1,4-cyclohexanedimethanol▲ (ERR 1-Jun-2018) (NMT 5 mole %). 

Polymerization is conducted with the aid of catalysts and stabilizers. PET polymers may contain silica or silicates (NMT 0.5% by 

weight) and may contain colorants. 

PLASTICIZED POLY(VINYL CHLORIDE)

Poly(vinyl chloride) (PVC) polymers are long-chain vinyl chloride polymers synthesized from vinyl chloride monomers via free 

radical polymerization. Various additives are compounded into PVC to provide the materials with properties that render it suitable 

for its intended use. These additives may include heat stabilizers, primary and secondary plasticizers, stabilizers, impact modifiers, 

lubricants, pigments, and others. These additives typically are present individually in the PVC at levels ranging from 0.1 to 45 weight 

%. 

APPLICABILITY AND APPLICATION OF 〈661.2〉

Applicability

3

3
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1. The holder of the drug product application and drug product manufacturer (in the case of many OTCs, where there is no 

application) bear primary responsibility and accountability for ensuring the requirements of the chapter are met. The means 

by which the holder of the drug product application and drug product manufacturer obtain information to meet the 

requirement is at the discretion of the holder. 

2. Chapter 〈661.2〉 deals solely with packaging systems. Components of packaging systems can be tested per 〈661.2〉 at the 

discretion of the holder of the drug product application and as approved by regulatory authority. Materials of construction are 

not tested per 〈661.2〉. 

Application

1. Chemical characterization of either extracts of packaging systems (extractables) or of packaged drug products (leachables), 

followed by toxicological safety evaluation, is universally recognized as a necessary and appropriate means of establishing 

the safety impact between packaging systems and their contents. Thus, 〈661.2〉 requires that all packaging systems be 

demonstrated to be safe by performing a chemical assessment. However, 〈661.2〉 does not specify the details of the chemical 

assessment process, either in terms of the test methods or the specifications. Rather, 〈661.2〉 references the relevant 

informational chapters (〈1663〉 for extractables and 〈1664〉 for leachables) thereby providing users of 〈661.2〉 with a means for 

designing and implementing an effective, efficient, risk-based, and more or less customized extractables or leachables 

assessments that comply with regulatory requirements. 

2. Chapter 〈661.2〉 provides holders of packaging system or drug product applications and/or packaged drug products 

manufacturers with the flexibility to operate within the context of their own specific situation and their own specific risk-

management philosophy. The trade-off for having such flexibility is that it is the responsibility of the holders and 

manufacturers to justify their test methods and specifications. It is proper and appropriate that the justification exists and that 

it be judged (and approved) on the basis of its individual scientific and risk-management merits. 

3. Leachables whose chemical formula includes transition metals, metalloids, other metals, and lanthanides and actinides are 

elemental impurities. To the extent that extractables mirror leachables, extractables can be construed to be potential 

elemental impurities. 

〈232〉 specifications 

appropriately assessed 

〈661.2〉 does not 

safety impact. 
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