
BRIEFING 

 〈661〉 PLASTIC PACKAGING SYSTEMS AND THEIR MATERIALS OF 

CONSTRUCTION, USP 42 page 6812. The General Chapters—Packaging 

and Distribution Expert Committee is proposing the following revisions to 

clarify the intent of the chapter and address inconsistencies. Listed below are 

the key changes being proposed:  

1. The text for the differential scanning calorimetry (DSC) specification 

for high-density polyethylene, low-density polyethylene, 

polypropylene, polyethylene terephthalate, and polyethylene 

terephthalate G is revised to align with Plastic Materials of 

Construction 〈661.1〉. This revision is intended to address stakeholder 

concerns regarding the difference in text and comparability between 

the two chapters. 

2. The polyethylene terephthalate DSC specification is being changed 

from 9.0° to 4.0°, to align with 〈661.1〉. 

3. The requirement for measuring glass transition (Tg) for polyethylene 

terephthalate and polyethylene terephthalate G is being removed and 

only the melting peak temperature will need to be measured. This 

change is being proposed to align this chapter and 〈661.1〉. 

 Additionally, minor editorial changes have been made to update the 

chapter to current USP style.  

 (GCPD: D. Hunt.) 

 Correspondence Number—C202784 

 



〈661〉 PLASTIC PACKAGING SYSTEMS AND THEIR 1 

MATERIALS OF CONSTRUCTION  2 

Change to read: 3 

(If the option of early adoption of Plastic Materials of Construction 4 

〈661.1〉 and Plastic Packaging Systems for Pharmaceutical Use 5 

〈661.2〉 is not used prior to May 1, 2020▲ December 1, 2025,▲ (USP 1-Aug-6 

2020) the requirements under this chapter will apply.) 7 

INTRODUCTION 8 

The purpose of this chapter is to provide standards for plastic materials and 9 

components used to package medical articles (pharmaceuticals, biologics, 10 

dietary supplements, and devices). Definitions that apply to this chapter 11 

are provided in Packaging and Storage Requirements 〈659〉. Standards and 12 

tests for the functional properties of containers and their components are 13 

provided in Containers—Performance Testing 〈671〉.  14 

In addition to the standards provided herein, the ingredients added to the 15 

polymers, and those used in the fabrication of the containers, must 16 

conform to the requirements in the applicable sections of 21 Code of 17 

Federal Regulations (CFR), Indirect Food Additives, or have been evaluated 18 

by the FDA and determined to be acceptable substances for the listed use.  19 

Plastic articles are identified and characterized by infrared (IR) spectroscopy 20 

and differential scanning calorimetry (DSC). Standards are provided in this 21 

chapter for the identification and characterization of the different types of 22 

plastic, and the test procedures are provided at the end of the chapter. 23 
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The degree of testing is based on whether or not the container has direct 24 

contact with the drug product, and the risk is based on the route of 25 

administration.  26 

Plastics are composed of a mixture of homologous polymers, having a range 27 

of molecular weights. Plastics may contain other substances such as 28 

residues from the polymerization process, plasticizers, stabilizers, 29 

antioxidants, pigments, and lubricants. These materials meet the 30 

requirements for food contact as provided in 21 CFR. Factors such as 31 

plastic composition, processing and cleaning procedures, surface 32 

treatment, contacting media, inks, adhesives, absorption and permeability 33 

of preservatives, and conditions of storage may also affect the suitability 34 

of a plastic for a specific use. Extraction tests are designed to characterize 35 

the extracted components and identify possible migrants. The degree or 36 

extent of testing for extractables of the component is dependent on the 37 

intended use and the degree of risk to adversely impact the efficacy of the 38 

compendial article (drug, biologic, dietary supplement, or device). Resin-39 

specific extraction tests are provided in this chapter for polyethylene, 40 

polypropylene, polyethylene terephthalate, and polyethylene terephthalate 41 

G. Test all other plastics as directed for Physicochemical Tests. Conduct 42 

the Buffering Capacity test only when the containers are intended to hold a 43 

liquid product.  44 

Plastic components used for products of high risk, such as those intended for 45 

inhalation, parenteral preparation, and ophthalmics, are tested using 46 

Biological Tests.  47 



Plastic containers intended for packaging products prepared for parenteral 48 

use meet the requirements for Biological Tests and Physicochemical Tests. 49 

Standards are also provided for polyethylene containers used to package 50 

dry oral dosage forms that are not meant for constitution into solution.  51 

Change to read: 52 

POLYETHYLENE CONTAINERS 53 

Scope 54 

The standards and tests provided in this section characterize containers and 55 

components, produced from either low-density polyethylene or high-56 

density polyethylene of either homopolymer or copolymer resins that are 57 

interchangeably suitable for packaging dry oral dosage forms not meant 58 

for constitution into solution. All polyethylene components are subject to 59 

testing by IR spectroscopy and DSC. Where stability studies have been 60 

performed to establish the expiration date of a particular dosage form in 61 

the appropriate polyethylene container, then any other polyethylene 62 

container meeting these requirements may be similarly used to package 63 

such a dosage form, provided that the appropriate stability programs are 64 

expanded to include the alternative container, in order to ensure that the 65 

identity, strength, quality, and purity of the dosage form are maintained 66 

throughout the expiration period.  67 

Background 68 

High-density and low-density polyethylene are long-chain polymers 69 

synthesized under controlled conditions of heat and pressure, with the aid 70 

of catalysts from NLT 85.0% ethylene and NLT 95.0% total olefins. Other 71 
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olefin ingredients that are most frequently used are butene, hexene, and 72 

propylene. High-density polyethylene and low-density polyethylene both 73 

have an IR absorption spectrum that is distinctive for polyethylene, and 74 

each possesses characteristic thermal properties. High-density 75 

polyethylene has a density between 0.941 and 0.965 g/cm3. Low-density 76 

polyethylene has a density between 0.850 and 0.940 g/cm3. Other 77 

properties that may affect the suitability of polyethylene include modulus 78 

of elasticity, melt index, environmental stress crack resistance, and degree 79 

of crystallinity after molding.  80 

High-Density Polyethylene 81 

INFRARED SPECTROSCOPY 82 

Proceed as directed for Multiple Internal Reflectance. The corrected spectrum 83 

of the specimen exhibits major absorption bands only at the same 84 

wavelengths as the spectrum of USP High-Density Polyethylene RS.  85 

DIFFERENTIAL SCANNING CALORIMETRY 86 

Proceed as directed for Thermal Analysis. The thermogram of the specimen 87 

is similar to the thermogram of USP High-Density Polyethylene RS, 88 

similarly determined, and the temperature of the endotherm (melt) in the 89 

thermogram of the specimen does not differ from that of the USP 90 

Reference Standard by more than 6.0°.▲The thermal analysis curve of the 91 

specimen is similar to the thermal analysis curve of USP High-Density 92 

Polyethylene RS, and the melting peak temperature obtained from the 93 

thermal analysis curve of the specimen does not differ from that of the 94 

Reference Standard by more than 6.0°.▲ (USP 1-Aug-2020) 95 
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HEAVY METALS AND NONVOLATILE RESIDUE 96 

Prepare extracts of specimens for these tests as directed for Physicochemical 97 

Tests, except that for each 20.0 mL of Extracting medium under the 98 

Physicochemical Tests, the portion shall be 60 cm2, regardless of 99 

thickness.  100 

Heavy metals: 101 

Containers meet the requirements for Physicochemical Tests, Heavy Metals. 102 

Nonvolatile residue: 103 

Proceed as directed for Physicochemical Tests, Nonvolatile Residue, except 104 

that the Blank shall be the same solvent used in each of the following test 105 

conditions: the difference between the amounts obtained from the Sample 106 

preparation and the Blank is NMT 12.0 mg when water maintained at a 107 

temperature of 70° is used as the Extracting medium; is NMT 75.0 mg when 108 

alcohol maintained at a temperature of 70° is used as the Extracting 109 

medium; and is NMT 100.0 mg when hexanes maintained at a temperature 110 

of 50° is used as the Extracting medium. 111 

COMPONENTS USED IN CONTACT WITH ORAL LIQUIDS 112 

Proceed as directed for Physicochemical Tests, Buffering Capacity.  113 

Low-Density Polyethylene 114 

INFRARED SPECTROSCOPY 115 

Proceed as directed for Multiple Internal Reflectance. The corrected spectrum 116 

of the specimen exhibits major absorption bands only at the same 117 

wavelengths as the spectrum of USP Low-Density Polyethylene RS.  118 



DIFFERENTIAL SCANNING CALORIMETRY 119 

Proceed as directed for Thermal Analysis. The thermogram of the specimen 120 

is similar to the thermogram of USP Low-Density Polyethylene RS, 121 

similarly determined, and the temperature of the endotherm (melt) in the 122 

thermogram of the specimen does not differ from that of the USP 123 

Reference Standard by more than 8.0°.▲The thermal analysis curve of the 124 

specimen is similar to the thermal analysis curve of USP Low-Density 125 

Polyethylene RS, and the melting peak temperature obtained from the 126 

thermal analysis curve of the specimen does not differ from that of the 127 

Reference Standard by more than 8.0°.▲ (USP 1-Aug-2020) 128 

HEAVY METALS AND NONVOLATILE RESIDUE 129 

Prepare extracts of specimens for these tests as directed for Physicochemical 130 

Tests, Testing Parameters, Sample preparation, except that for each 20.0 131 

mL of Extracting medium the portion shall be 60 cm2, regardless of 132 

thickness.  133 

Heavy metals: 134 

Containers meet the requirements for Physicochemical Tests, Heavy Metals. 135 

Nonvolatile residue: 136 

Proceed as directed for Physicochemical Tests, Nonvolatile Residue, except 137 

that the Blank shall be the same solvent used in each of the following test 138 

conditions: the difference between the amounts obtained from the Sample 139 

preparation and the Blank is NMT 12.0 mg when water maintained at a 140 

temperature of 70° is used as the Extracting medium; is NMT 75.0 mg when 141 

alcohol maintained at a temperature of 70° is used as the Extracting 142 
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medium; and is NMT 350.0 mg when hexanes maintained at a temperature 143 

of 50° is used as the Extracting medium. 144 

COMPONENTS USED IN CONTACT WITH ORAL LIQUIDS 145 

Proceed as directed for Physicochemical Tests, Buffering Capacity.  146 

Change to read: 147 

POLYPROPYLENE CONTAINERS 148 

Scope 149 

The standards and tests provided in this section characterize polypropylene 150 

containers, produced from either homopolymers or copolymers, that are 151 

interchangeably suitable for packaging dry solid and liquid oral dosage 152 

forms. Where suitable stability studies have been performed to establish 153 

the expiration date of a particular dosage form in the appropriate 154 

polypropylene container, then any other polypropylene container meeting 155 

these requirements may be similarly used to package such a dosage form, 156 

provided that the appropriate stability programs are expanded to include 157 

the alternative container, in order to ensure that the identity, strength, 158 

quality, and purity of the dosage form are maintained throughout the 159 

expiration period.  160 

Background 161 

Propylene polymers are long-chain polymers synthesized from propylene or 162 

propylene and other olefins under controlled conditions of heat and 163 

pressure, with the aid of catalysts. Examples of other olefins most 164 

commonly used include ethylene and butene. The propylene polymers, the 165 
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ingredients used to manufacture the propylene polymers, and the 166 

ingredients used in the fabrication of the containers conform to the 167 

applicable sections of 21 CFR.  168 

Factors such as plastic composition, processing and cleaning procedures, 169 

contacting media, inks, adhesives, absorption, adsorption and permeability 170 

of preservatives, and conditions of storage may also affect the suitability 171 

of a plastic for a specific use. The suitability of a specific polypropylene 172 

must be established by appropriate testing.  173 

Polypropylene has a distinctive IR spectrum and possesses characteristic 174 

thermal properties. It has a density between 0.880 and 0.913 g/cm3. The 175 

permeation properties of molded polypropylene containers may be altered 176 

when reground polymer is incorporated, depending on the proportion of 177 

reground material in the final product. Other properties that may affect the 178 

suitability of polypropylene used in containers for packaging drugs are the 179 

following: oxygen and moisture permeability, modulus of elasticity, melt 180 

flow index, environmental stress crack resistance, and degree of 181 

crystallinity after molding. The requirements in this section are to be met 182 

when dry solid and liquid oral dosage forms are to be packaged in a 183 

container defined by this section.  184 

Infrared Spectroscopy 185 

Proceed as directed for Multiple Internal Reflectance. The corrected spectrum 186 

of the specimen exhibits major absorption bands only at the same 187 

wavelengths as the spectrum of the respective USP Homopolymer 188 

Polypropylene RS or copolymer polypropylene standard, similarly 189 

determined.  190 



Differential Scanning Calorimetry 191 

Proceed as directed for Thermal Analysis. The temperature of the endotherm 192 

(melt) in the thermogram does not differ from that of the USP Reference 193 

Standard for homopolymers by more than 6.0°. The temperature of the 194 

endotherm obtained from the thermogram of the copolymer polypropylene 195 

specimen does not differ from that of the copolymer polypropylene 196 

standard by more than 12.0°.▲The melting peak temperature in the 197 

thermal analysis curve does not differ from that of USP Homopolymer 198 

Polypropylene RS by more than 12.0°.▲ (USP 1-Aug-2020) 199 

Heavy Metals and Nonvolatile Residue 200 

Prepare extracts of specimens for these tests as directed for Physicochemical 201 

Tests, Testing Parameters, Sample preparation, except that for each 20 202 

mL of Extracting medium the portion shall be 60 cm2, regardless of 203 

thickness.  204 

HEAVY METALS 205 

Containers meet the requirements for Physicochemical Tests, Heavy Metals.  206 

NONVOLATILE RESIDUE 207 

Proceed as directed for Physicochemical Tests, Nonvolatile Residue, except 208 

that the Blank shall be the same solvent used in each of the following test 209 

conditions: the difference between the amounts obtained from the Sample 210 

preparation and the Blank is NMT 10.0 mg when water maintained at a 211 

temperature of 70° is used as the Extracting medium; is NMT 60.0 mg 212 

when alcohol maintained at a temperature of 70° is used as the Extracting 213 
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medium; and is NMT 225.0 mg when hexanes maintained at a 214 

temperature of 50° is used as the Extracting medium. Containers meet 215 

these requirements for Nonvolatile Residue for all of the above extracting 216 

media. [NOTE—Hexanes and alcohol are flammable. When evaporating 217 

these solvents, use a current of air with the water bath; when drying the 218 

residue, use an explosion-proof oven.] 219 

Components Used in Contact with Oral Liquids 220 

Proceed as directed for Physicochemical Tests, Buffering Capacity.  221 

Change to read: 222 

POLYETHYLENE TEREPHTHALATE BOTTLES AND POLYETHYLENE TEREPHTHALATE G CONTAINERS 223 

Scope 224 

The standards and tests provided in this section characterize polyethylene 225 

terephthalate (PET) and polyethylene terephthalate G (PETG) bottles that 226 

are interchangeably suitable for packaging liquid oral dosage forms. Where 227 

stability studies have been performed to establish the expiration date of a 228 

particular liquid oral dosage form in a bottle meeting the requirements set 229 

forth herein for either PET or PETG bottles, any other PET or PETG bottle 230 

meeting these requirements may be similarly used to package such a 231 

dosage form, provided that the appropriate stability programs are 232 

expanded to include the alternative bottle in order to ensure that the 233 

identity, strength, quality, and purity of the dosage form are maintained 234 

throughout the expiration period. The suitability of a specific PET or PETG 235 

bottle for use in the dispensing of a particular pharmaceutical liquid oral 236 

dosage form must be established by appropriate testing.  237 
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Background 238 

PET resins are long-chain crystalline polymers prepared by the condensation 239 

of ethylene glycol with dimethyl terephthalate or terephthalic acid. PET 240 

copolymer resins are prepared in a similar way, except that they may also 241 

contain a small amount of either isophthalic acid (NMT 3 mole percent) or 242 

1,4-cyclohexanedimethanol (NMT 5 mole percent). Polymerization is 243 

conducted under controlled conditions of heat and vacuum, with the aid of 244 

catalysts and stabilizers.  245 

PET copolymer resins have physical and spectral properties similar to PET 246 

and for practical purposes are treated as PET. The tests and specifications 247 

provided in this section to characterize PET resins and bottles apply also to 248 

PET copolymer resins and to bottles fabricated from them.  249 

PET and PET copolymer resins generally exhibit a large degree of order in 250 

their molecular structure. As a result, they exhibit characteristic 251 

composition-dependent thermal behavior, including a glass transition 252 

temperature of about 76° and a melting temperature of about 250°. These 253 

resins have a distinctive IR absorption spectrum that allows them to be 254 

distinguished from other plastic materials (e.g., polycarbonate, 255 

polystyrene, polyethylene, and PETG resins). PET and PET copolymer 256 

resins have a density between 1.3 and 1.4 g/cm3 and a minimum intrinsic 257 

viscosity of 0.7 dL/g, which corresponds to a number average molecular 258 

weight of about 23,000 Da.  259 

PETG resins are high molecular weight polymers prepared by the 260 

condensation of ethylene glycol with dimethyl terephthalate or terephthalic 261 

acid and 15–34 mole percent of 1,4-cyclohexanedimethanol. PETG resins 262 



are clear, amorphous polymers, having a glass transition temperature of 263 

about 81° and no crystalline melting point, as determined by DSC. PETG 264 

resins have a distinctive IR absorption spectrum that allows them to be 265 

distinguished from other plastic materials, including PET. PETG resins have 266 

a density of approximately 1.27 g/cm3 and a minimum intrinsic viscosity of 267 

0.65 dL/g, which corresponds to a number average molecular weight of 268 

about 16,000 Da.  269 

PET and PETG resins, and other ingredients used in the fabrication of these 270 

bottles, conform to the requirements in the applicable sections of 21 CFR 271 

regarding use in contact with food and alcoholic beverages. PET and PETG 272 

resins do not contain any plasticizers, processing aids, or antioxidants. 273 

Colorants, if used in the manufacture of PET and PETG bottles, do not 274 

migrate into the contained liquid.  275 

Infrared Spectroscopy 276 

Proceed as directed for Multiple Internal Reflectance. The corrected spectrum 277 

of the specimen exhibits major absorption bands only at the same 278 

wavelengths as the spectrum of USP Polyethylene Terephthalate RS, or 279 

USP Polyethylene Terephthalate G RS, similarly determined.  280 

Differential Scanning Calorimetry 281 

Proceed as directed for Thermal Analysis. For polyethylene terephthalate, 282 

the thermogram of the specimen is similar to the thermogram of USP 283 

Polyethylene Terephthalate RS, similarly determined: the melting point 284 

(Tm) of the specimen does not differ from that of the USP Reference 285 

Standard by more than 9.0°, and the glass transition temperature (Tg) of 286 



the specimen does not differ from that of the USP Reference Standard by 287 

more than 4.0°. For polyethylene terephthalate G, the thermogram of the 288 

specimen is similar to the thermogram of USP Polyethylene Terephthalate 289 

G RS, similarly determined: the glass transition temperature (Tg) of the 290 

specimen does not differ from that of the USP Reference Standard by more 291 

than 6.0°.▲For polyethylene terephthalate, the thermal analysis curve of 292 

the specimen is similar to the thermal analysis curve of USP Polyethylene 293 

Terephthalate RS and the melting peak temperature obtained from the 294 

thermal analysis curve of the specimen does not differ by more than 4.0°. 295 

For polyethylene terephthalate G, the thermal analysis curve of the 296 

specimen is similar to the thermal analysis curve of USP Polyethylene 297 

Terephthalate G RS. The melting peak temperature obtained from the 298 

thermal analysis curve of the specimen does not differ by more than 6.0°.▲ 299 

(USP 1-Aug-2020) 300 

Colorant Extraction 301 

Select 3 test bottles. Cut a relatively flat portion from the side wall of 1 302 

bottle, and trim it as necessary to fit the sample holder of the 303 

spectrophotometer. Obtain the visible spectrum of the side wall by 304 

scanning the portion of the visible spectrum from 350 to 700 nm. 305 

Determine, to the nearest 2 nm, the wavelength of maximum absorbance. 306 

Fill the remaining 2 test bottles, using 50% alcohol for PET bottles and 307 

25% alcohol for PETG bottles. Fit the bottles with impervious seals, such 308 

as aluminum foil, and apply closures. Fill a glass bottle having the same 309 

capacity as that of the test bottles with the corresponding solvent, fit the 310 

bottle with an impervious seal, such as aluminum foil, and apply a closure. 311 

Incubate the test bottles and the glass bottle at 49° for 10 days. Remove 312 

the bottles, and allow them to equilibrate to room temperature. 313 

dm
Highlight



Concomitantly determine the absorbances of the test solutions in 5-cm 314 

cells at the wavelength of maximum absorbance (see Ultraviolet-Visible 315 

Spectroscopy 〈857〉), using the corresponding solvent from the glass bottle 316 

as the blank. The absorbance values so obtained are less than 0.01 for 317 

both test solutions.  318 

Heavy Metals, Total Terephthaloyl Moieties, and Ethylene Glycol 319 

EXTRACTING MEDIA 320 

50 percent alcohol: 321 

Dilute 125 mL of alcohol with water to 238 mL, and mix. 322 

25 percent alcohol: 323 

Dilute 125 mL of 50 percent alcohol with water to 250 mL, and mix. 324 

General procedure: 325 

[NOTE—Use an Extracting medium of 50 percent alcohol for PET bottles and 326 

25 percent alcohol for PETG bottles.] For each Extracting medium, fill a 327 

sufficient number of test bottles to 90% of their nominal capacity to obtain 328 

NLT 30 mL. Fill a corresponding number of glass bottles with Purified Water, 329 

a corresponding number of glass bottles with 50 percent alcohol or 25 330 

percent alcohol, and a corresponding number of glass bottles with n-heptane 331 

for use as Extracting media blanks. Fit the bottles with impervious seals, 332 

such as aluminum foil, and apply closures. Incubate the test bottles and the 333 

glass bottles at 49° for 10 days. Remove the test bottles with the Extracting 334 

media samples and the glass bottles with the Extracting media blanks, and 335 

store them at room temperature. Do not transfer the Extracting media 336 

samples to alternative storage vessels. 337 



HEAVY METALS 338 

Pipet 20 mL of the Purified Water▲Extracting media▲ (USP 1-Aug-2020) extract of the 339 

test bottles, filtered if necessary, into one of two matched 50-mL color-340 

comparison tubes, and retain the remaining Purified Water▲Extracting 341 

media▲ (USP 1-Aug-2020) extract in the test bottles for use in the test for Ethylene 342 

Glycol. Adjust the extract with 1 N acetic acid or 6 N ammonium hydroxide 343 

to a pH between 3.0 and 4.0, using short-range pH paper as an external 344 

indicator. Dilute with water to about 35 mL, and mix.  345 

Into the second color-comparison tube, pipet 2 mL of freshly prepared (on 346 

day of use) Standard lead solution (see Physicochemical Tests, Heavy 347 

Metals), and add 20 mL of Purified Water▲Extracting media▲ (USP 1-Aug-2020). 348 

Adjust with 1 N acetic acid or 6 N ammonium hydroxide to a pH between 349 

3.0 and 4.0, using short-range pH paper as an external indicator. Dilute 350 

with water to about 35 mL, and mix.  351 

To each tube add 1.2 mL of thioacetamide–glycerin base TS and 2 mL of pH 352 

3.5 acetate buffer (see Physicochemical Tests, Heavy Metals), dilute with 353 

water to 50 mL, and mix: any color produced within 10 min in the tube 354 

containing the Purified Water▲Extracting media▲ (USP 1-Aug-2020) extract of the 355 

test bottles is NMT that in the tube containing the Standard lead solution, 356 

both tubes being viewed downward over a white surface (1 ppm in 357 

extract).  358 

TOTAL TEREPHTHALOYL MOIETIES 359 

Determine the absorbance of the 50 percent alcohol or 25 percent alcohol 360 

extract in a 1-cm cell at the wavelength of maximum absorbance at about 361 
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244 nm (see 〈857〉), using the corresponding Extracting medium as the 362 

blank: the absorbance of the extract NMT 0.150, corresponding to NMT 1 363 

ppm of total terephthaloyl moieties.  364 

Determine the absorbance of the n-heptane extract in a 1-cm cell at the 365 

wavelength of maximum absorbance at about 240 nm (see 〈857〉), using 366 

n-heptane as the blank: the absorbance of the extract is NMT 0.150, 367 

corresponding to NMT 1 ppm of total terephthaloyl moieties.  368 

ETHYLENE GLYCOL 369 

Periodic acid solution: 370 

Dissolve 125 mg of periodic acid in 10 mL of water. 371 

Dilute sulfuric acid: 372 

To 50 mL of water add slowly and with constant stirring 50 mL of sulfuric 373 

acid, and allow to cool to room temperature. 374 

Sodium bisulfite solution: 375 

Dissolve 0.1 g of sodium bisulfite in 10 mL of water. Use this solution within 376 

7 days. 377 

Disodium chromotropate solution: 378 

Dissolve 100 mg of disodium chromotropate in 100 mL of sulfuric acid. 379 

Protect this solution from light, and use within 7 days. 380 

Standard solution: 381 



Dissolve an accurately weighed quantity of ethylene glycol in water, and 382 

dilute quantitatively, and stepwise if necessary, to obtain a solution having a 383 

known concentration of about 1 µg/mL. 384 

Test solution: 385 

Use the Purified Water▲Extracting media▲ (USP 1-Aug-2020) extract. 386 

Procedure: 387 

Transfer 1.0 mL of the Standard solution to a 10-mL volumetric flask. 388 

Transfer 1.0 mL of the Test solution to a second 10-mL volumetric flask. 389 

Transfer 1.0 mL of the Purified Water▲Extracting media extract▲ (USP 1-Aug-2020) 390 

Extracting medium to a third 10-mL volumetric flask. To each of the 3 flasks, 391 

add 100 µL of Periodic acid solution, swirl to mix, and allow to stand for 60 392 

min. Add 1.0 mL of Sodium bisulfite solution to each flask, and mix. Add 100 393 

µL of Disodium chromotropate solution to each flask, and mix. [NOTE—All 394 

solutions should be analyzed within 1 h after addition of the Disodium 395 

chromotropate solution.] Cautiously add 6 mL of sulfuric acid to each flask, 396 

mix, and allow the solutions to cool to room temperature. [CAUTION—397 

Dilution of sulfuric acid produces substantial heat and can cause the solution 398 

to boil. Perform this addition carefully. Sulfur dioxide gas will be evolved. 399 

Use of a fume hood is recommended.] Dilute each solution with Dilute 400 

sulfuric acid to volume, and mix. Concomitantly determine the absorbances 401 

of the solutions from the Standard solution and the Test solution in 1-cm 402 

cells at the wavelength of maximum absorbance at about 575 nm (see 403 

〈857〉), using as the blank the solution from the Purified Water▲Extracting 404 

media▲ (USP 1-Aug-2020): the absorbance of the solution from the Test solution is 405 

NMT that of the solution from the Standard solution, corresponding to NMT 1 406 

ppm of ethylene glycol. 407 

Change to read: 408 
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TEST METHODS 409 

Multiple Internal Reflectance 410 

APPARATUS 411 

Use an IR spectrophotometer capable of correcting for the blank spectrum 412 

and equipped with a multiple internal reflectance accessory. and a KRS-5 413 

internal reflection plate.1 414 

A KRS-5 crystal 2-mm thick having an angle of incidence of 45° provides a 415 

sufficient number of reflections. 416 

▲
▲ (USP 1-Aug-2020) 417 

SPECIMEN PREPARATION 418 

Cut 2 flat sections representative of the average wall thickness of the 419 

container, and trim them as necessary to obtain segments that are 420 

convenient for mounting in the multiple internal reflectance accessory. 421 

Taking care to avoid scratching the surfaces, wipe the specimens with dry 422 

paper or, if necessary, clean them with a soft cloth dampened with 423 

methanol, and permit them to dry. Securely mount the specimens on both 424 

sides of the KRS-5 internal reflection plate,▲▲ (USP 1-Aug-2020) ensuring adequate 425 

surface contact. Prior to mounting the specimens on the plate, they may 426 

be compressed to thin uniform films by exposing them to temperatures of 427 

about 177° under high pressures (15,000 psi or more).  428 



GENERAL PROCEDURE 429 

Place the mounted specimen sections within the multiple internal reflectance 430 

accessory, and place the assembly in the specimen beam of the IR 431 

spectrophotometer. Adjust the specimen position and mirrors within the 432 

accessory to permit maximum light transmission of the unattenuated 433 

reference beam. (For a double-beam instrument, upon completing the 434 

adjustments in the accessory, attenuate the reference beam to permit full-435 

scale deflection during the scanning of the specimen.) Determine the IR 436 

spectrum from 3500 to 600 cm−1 for polyethylene and polypropylene and 437 

from 4000 to 400 cm−1 for PET and PETG.  438 

Thermal Analysis 439 

GENERAL PROCEDURE 440 

Cut a section weighing about 12 mg, and place it in the test specimen pan. 441 

[NOTE—Intimate contact between the pan and the thermocouple is 442 

essential for reproducible results.] Determine the thermogram▲thermal 443 

analysis curve▲ (USP 1-Aug-2020) under nitrogen, using the heating and cooling 444 

conditions as specified for the resin type and using equipment capable of 445 

performing the determinations as specified under Thermal Analysis 〈891〉.  446 

FOR POLYETHYLENE 447 

Determine the thermogram▲thermal analysis curve▲ (USP 1-Aug-2020) under nitrogen 448 

at temperatures between 40° and 200° at a heating rate between 2° and 449 

10°/min followed by cooling at a rate between 2° and 10°/min to 40°.  450 
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FOR POLYPROPYLENE 451 

Determine the thermogram▲thermal analysis curve▲ (USP 1-Aug-2020) under nitrogen 452 

at temperatures ranging from ambient to 30° above the melting point. 453 

Maintain the temperature for 10 min, then cool to 50° below the peak 454 

crystallization temperature at a rate of 10° to 20°/min.  455 

FOR POLYETHYLENE TEREPHTHALATE 456 

Heat the specimen from room temperature to 280° at a heating rate of 457 

about 20°/ min. Hold the specimen at 280° for 1 min. Quickly cool the 458 

specimen to room temperature, and reheat it to 280° at a heating rate of 459 

about 5°/min.  460 

FOR POLYETHYLENE TEREPHTHALATE G 461 

Heat the specimen from room temperature to 120° at a heating rate of 462 

about 20°/min. Hold the specimen at 120° for 1 min. Quickly cool the 463 

specimen to room temperature, and reheat it to 120° at a heating rate of 464 

about 10°/min.  465 

Biological Tests 466 

The in vitro biological tests are performed according to the procedures set 467 

forth under Biological Reactivity Test, In Vitro 〈87〉. Components that meet 468 

the requirements of the in vitro tests are not required to undergo further 469 

testing. No plastic class designation is assigned to these materials. 470 

Materials that do not meet the requirements of the in vitro tests are not 471 

suitable for containers for drug products.  472 
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If a plastic class designation is needed for plastics and other polymers that 473 

meet the requirements under 〈87〉, perform the appropriate in vivo test 474 

specified for Biological Reactivity Test, In Vivo 〈88〉, Classification of 475 

Plastics.  476 

Physicochemical Tests 477 

The following tests, designed to determine physical and chemical properties 478 

of plastics and their extracts, are based on the extraction of the plastic 479 

material, and it is essential that the designated amount of the plastic be 480 

used. Also, the specified surface area must be available for extraction at 481 

the designated temperature.  482 

TESTING PARAMETERS 483 

Extracting medium: 484 

Unless otherwise directed in a specific test below, use Purified Water as the 485 

Extracting medium, maintained at a temperature of 70° during the 486 

extraction of the Sample preparation. 487 

Blank: 488 

Use Purified Water where a blank is specified in the tests that follow. 489 

Apparatus: 490 

Use a water bath and the Extraction Containers as described in Biological 491 

Reactivity Tests, In Vivo 〈88〉, Classification of Plastics, Apparatus. Proceed 492 

as directed in the first paragraph of Classification of Plastics, Preparation of 493 

Apparatus. [NOTE—The containers and equipment need not be sterile.] 494 



Sample preparation: 495 

From a homogeneous plastic specimen, use a portion, for each 20.0 mL of 496 

Extracting medium, equivalent to 120 cm2 total surface area (both sides 497 

combined), and subdivide into strips approximately 3 mm in width and as 498 

near to 5 cm in length as is practical. Transfer the subdivided sample to a 499 

glass-stoppered, 250-mL graduated cylinder of Type I glass, and add about 500 

150 mL of Purified Water. Agitate for about 30 s, drain off and discard the 501 

liquid, and repeat with a second washing. 502 

Sample preparation extract: 503 

Transfer the prepared Sample preparation to a suitable extraction flask, and 504 

add the required amount of Extracting medium. Extract by heating in a 505 

water bath at the temperature specified for the Extracting medium for 24 h. 506 

Cool, but not below 20°. Pipet 20 mL of the prepared extract into a suitable 507 

container. [NOTE—Use this portion in the test for Buffering Capacity.] 508 

Immediately decant the remaining extract into a suitably cleansed container, 509 

and seal. 510 

NONVOLATILE RESIDUE 511 

Transfer, in suitable portions, 50.0 mL of the Sample preparation extract to 512 

a suitable, tared crucible (preferably a fused-silica crucible that has been 513 

acid-cleaned), and evaporate the volatile matter on a steam bath. 514 

Similarly evaporate 50.0 mL of the Blank in a second crucible. [NOTE—If an 515 

oily residue is expected, inspect the crucible repeatedly during the 516 

evaporation and drying period, and reduce the amount of heat if the oil 517 

tends to creep along the walls of the crucible.] Dry at 105° for 1 h: the 518 

difference between the amounts obtained from the Sample preparation 519 

extract and the Blank is NMT 15 mg.  520 



RESIDUE ON IGNITION 〈281〉 521 

[NOTE—It is not necessary to perform this test when the Nonvolatile Residue 522 

test result is NMT 5 mg.] Proceed with the residues obtained from the 523 

Sample preparation extract and from the Blank in the test for Nonvolatile 524 

Residue above, using, if necessary, additional sulfuric acid but adding the 525 

same amount of sulfuric acid to each crucible: the difference between the 526 

amounts of residue on ignition obtained from the Sample preparation 527 

extract and the Blank is NMT 5 mg.  528 

HEAVY METALS 529 

Lead nitrate stock solution: 530 

Dissolve 159.8 mg of lead nitrate in 100 mL of water to which has been 531 

added 1 mL of nitric acid, then dilute with water to 1000 mL. Prepare and 532 

store this solution in glass containers free from soluble lead salts. 533 

Standard lead solution: 534 

On the day of use, dilute 10.0 mL of Lead nitrate stock solution with water to 535 

100.0 mL. Each milliliter of Standard lead solution contains the equivalent of 536 

10 µg of lead. A comparison solution prepared on the basis of 100 µL of 537 

Standard lead solution per gram of substance being tested contains the 538 

equivalent of 1 part of lead per million parts of substance being tested. 539 

pH 3.5 acetate buffer: 540 

Dissolve 25.0 g of ammonium acetate in 25 mL of water, and add 38.0 mL of 541 

6 N hydrochloric acid. Adjust, if necessary, with 6 N ammonium hydroxide or 542 

6 N hydrochloric acid to a pH of 3.5, dilute with water to 100 mL, and mix. 543 



Pipet 20 mL of the Sample preparation extract, filtered if necessary, into one 544 

of two matched 50-mL color-comparison tubes. Adjust with 1 N acetic acid 545 

or 6 N ammonium hydroxide to a pH between 3.0 and 4.0, using short-546 

range pH paper as an external indicator, dilute with water to about 35 mL, 547 

and mix.  548 

Into the second color-comparison tube pipet 2 mL of Standard lead solution, 549 

and add 20 mL of the Blank. Adjust with 1 N acetic acid or 6 N ammonium 550 

hydroxide to a pH between 3.0 and 4.0, using short-range pH paper as an 551 

external indicator, dilute with water to about 35 mL, and mix. To each 552 

tube add 1.2 mL of thioacetamide–glycerin base TS and 2 mL of pH 3.5 553 

acetate buffer, dilute with water to 50 mL, and mix: any brown color 554 

produced within 10 min in the tube containing the Sample preparation 555 

extract is NMT that in the tube containing the Standard lead solution, both 556 

tubes being viewed downward over a white surface (1 ppm in extract).  557 

BUFFERING CAPACITY 558 

Titrate the previously collected 20-mL portion of the Sample preparation 559 

extract potentiometrically to a pH of 7.0, using either 0.010 N hydrochloric 560 

acid or 0.010 N sodium hydroxide, as required. Treat a 20.0-mL portion of 561 

the Blank similarly: if the same titrant was required for both the Sample 562 

preparation extract and the Blank, the difference between the two volumes 563 

is NMT 10.0 mL; and if acid was required for either the Sample preparation 564 

extract or the Blank and alkali for the other, the total of the two volumes 565 

required is 10.0 mL.  566 

Change to read: 567 
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(The text above is official until April 30, 2020 ▲ November 30, 2025.▲ 568 

(USP 1-Aug-2020) The text beginning below becomes official on May 1, 2020 569 

▲ December 1, 2025.▲ (USP 1-Aug-2020))  570 

Change to read: 571 

INTRODUCTION 572 

Systems are used to package therapeutic products (pharmaceuticals, 573 

biologics, dietary supplements and devices). Such systems and their 574 

associated materials and components of construction are considered and 575 

defined in Packaging and Storage Requirements 〈659〉. Such systems may 576 

be constructed from plastic materials and components. The plastics used 577 

in packaging systems are composed of homologous polymers with a range 578 

of molecular weights and contain additives such as antioxidants, 579 

stabilizers, lubricants, plasticizers, colorants, and others.▲Packaging 580 

systems used for drug products (pharmaceuticals, biologics) are defined in 581 

Packaging and Storage Requirements 〈659〉 and such systems may be 582 

constructed from plastic materials and components. Plastics are made of 583 

polymers, which can have a range of molecular weights and may contain 584 

other substances such as residues from the polymerization process, 585 

plasticizers, stabilizers, antioxidants, pigments, and lubricants.▲ (USP 1-Aug-2020) 586 

The nature and amount of additives in the plastics used for packaging 587 

systems are dictated by the type of polymer, the polymer's use, and the 588 

process used to convert the polymer into components, containers, or 589 

packaging systems.  590 

Therapeutic products come into direct contact with packaging systems and 591 

their plastic materials of construction as the product is manufactured, 592 
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stored, and administered. Such contact may result in an interaction 593 

between the therapeutic products and the packaging systems and its 594 

materials or components of construction.These interactions must be such 595 

that the suitability for use (including its safety and efficacy) of the 596 

therapeutic product and the packaging systems is not adversely affected 597 

by the interaction. Although suitability for use includes several quality 598 

aspects of the packaged drug product and its performance, the suitability 599 

for use aspect addressed in this chapter is patient safety. Obtaining such a 600 

necessary and desirable outcome is facilitated by the use of well-601 

characterized plastic materials of construction in components, containers, 602 

and packaging systems and by the appropriate testing of packaging 603 

systems.▲Drug products will be in direct contact with the primary 604 

packaging system and may result in an interaction between the product 605 

and the packaging system. Such an interaction should not adversely affect 606 

the dosage form, and this will be facilitated by the use of well-607 

characterized plastic materials of construction in components and 608 

packaging systems and by the appropriate testing of packaging systems.▲ 609 

(USP 1-Aug-2020) 610 

Change to read: 611 

SCOPE 612 

Establishing the suitability of plastic packaging systems for therapeutic 613 

products▲drug products▲ (USP 1-Aug-2020) involves multiple tests and testing 614 

procedures, as briefly outlined below:  615 

 Material screening: Characterization of a packaging system's materials 616 

of construction to evaluate ingredients as probable extractables and 617 
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potential leachables. Such a characterization facilitates the 618 

identification of materials that are suitable for use in packaging 619 

systems. 620 

 Controlled extraction (simulation) study: Worst-case controlled 621 

extraction (simulation) study to determine the extent to which 622 

extractables may become probable leachables (for additional 623 

information, see Assessment of Extractables Associated with 624 

Pharmaceutical Packaging/Delivery Systems 〈1663〉). 625 

 Product assessment: Actual-case measurement of confirmed 626 

leachables in the therapeutic product in the pharmaceutical 627 

packaging/delivery system intended for the commercial market (for 628 

additional information, see Assessment of Drug Product Leachables 629 

Associated with Pharmaceutical Packaging/Delivery Systems 〈1664〉). 630 

Additionally, information provided by the vendor(s) of plastic packaging 631 

systems and their associated materials or components of construction can 632 

facilitate suitability for use assessments, as such information may be 633 

appropriate additions to or surrogates for the results obtained by 634 

performing the tests noted previously.  635 

The process of manufacturing a packaged therapeutic product is complex. 636 

Considering the packaging system specifically, packaging systems typically 637 

consist of components that are individually manufactured from plastic 638 

materials of construction. These individual plastic materials of construction 639 

are initially generated from reagents that are reacted to produce a base 640 

polymer, which is then compounded with various additives to produce a 641 

base resin. Individual base resins either are materials of construction 642 

themselves or may be combined with additional additives and processing 643 

aids to form a plastic material of construction.▲▲ (USP 1-Aug-2020) Testing of these 644 



plastic materials of construction to establish that they are well 645 

characterized and suitable for usespecifically considering safety,▲▲ (USP 1-Aug-646 

2020) in packaging ▲ components or▲ (USP 1-Aug-2020) systems is within the scope of 647 

this series of chapters and is▲
▲ (USP 1-Aug-2020) addressed in Plastic Materials of 648 

Construction 〈661.1〉.  649 

Individual plastic materials of construction are combined to form 650 

components of the packaging system. The packaging system is completed 651 

by assembling its various components into its final form.▲▲ (USP 1-Aug-2020) 652 

Testing of packaging systems ▲and components▲ (USP 1-Aug-2020) to establish that 653 

they are suited for their intended uses, specifically considering safety, is 654 

within the scope of this series of chapters and▲
▲ (USP 1-Aug-2020) is addressed in 655 

Plastic Packaging Systems for Pharmaceutical Use 〈661.2〉.  656 

Assembled packaging systems are filled to contain the therapeutic product 657 

by various means and at various points in the packaging system 658 

manufacturing process, thereby generating the packaged therapeutic 659 

product. Testing of packaged therapeutic products to establish that they 660 

are suited for their intended uses is addressed in compendial monographs 661 

relevant to the specific therapeutic product and falls outside of the scope 662 

of this series of chapters.▲▲ (USP 1-Aug-2020) 663 

For more information on the scope of, applicability of, and other topics 664 

related to the 〈661〉 suite of general chapters, see Evaluation of Plastic 665 

Packaging Systems and Their Materials of Construction with Respect to 666 

Their User Safety Impact 〈1661〉.  667 

(Postponed until May 1, 2020▲December 1, 2025▲ (USP 1-Aug-2020).) 668 

 669 
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1  The multiple internal reflectance accessory and KRS-5 plate are available from several sources, including Beckman Instruments, 670 

Inc., 2500 Harbor Blvd., Fullerton, CA 92634, and from Perkin Elmer Corp., Main Ave., Norwalk, CT 06856. ▲▲ (USP 1-Aug-2020) 671 




