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Purpose:  Many foods and drug products that we consume are packaged in plastic containers.  The purpose of this study was to generate extractables profiles for black crystalline polyethylene terephthalate (CPET) microwave food trays; clear, colorless  
polyethylene terephthalate (PETE) disposable water bottles; and polycarbonate (PC) reusable beverage containers to demonstrate a practical approach for generating extractables profiles for pharmaceutical container/closure systems.  These profiles provide  
the identification and approximate concentration of compounds that could potentially leach from container/closure systems into food or drug products. 
Methods:  Each container component was cut into approximately half-inch squares so that a total surface area to volume ratio of 60 cm2 per 20 mL extraction volume was achieved, as per USP <88> Biological Reactivity Test.  Three extraction solvents  
(water,ethanol, and hexane) were used to reflux each component at boiling conditions for thirty minutes.  Each extraction solution was subsequently analyzed by direct injection GC-MS for semi-volatile organic compounds; and by Liquid Chromatography- 
Mass Spectrometry (LC-MS) for non-volatile organic compounds.  The LC-MS analysis was performed using three modes of ionization; atmospheric pressure chemical ionization in positive mode (APCI+); electrospray ionization in the positive mode (ESI+); and  
electrospray ionization in the negative mode (ESI-).  In addition, Headspace Gas Chromatography Mass Spectrometry (GC-MS) analysis was performed on sample that was not exposed to reflux extraction.  For the determination of metals and elemental  
extractables, ICP-OES analysis was performed on an acid-digested solution of each component. 
Conclusion:  A complete extractables profile was generated for each component tested.  This same methodology is also used to characterize extractables compounds for pharmaceutical container closure systems, as required by the FDA’s guidance document,  
“Container Closure Systems for Packaging Human Drugs and Biologics.” 
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Objective 
The objective of the study is to provide an extractables profile for common food container components.  Similar techniques can be applied to pharmaceutical container/closure systems to provide initial characterization of potentially leachable components. 

 

Extraction Equipment:  
♦50-mL round-bottom flasks 
♦Condensers 
♦Heating mantels with rheostat 

 
Instrumentation: 

♦Agilent 6890 GC with 5973 MSD 
♦Agilent G1888 Headspace Autosampler 
♦Agilent 1100 LC/MS Trap SL 
♦Perkin-Elmer Optima 5300 ICP-OES   

 
Sample Descriptions: 

♦Polyethylene Terephthalate (PETE) Water Bottle, Clear, 500 mL  
♦Black Crystalline Polyethylene Terephthalate (CPET) Microwave Food Tray 
♦Polycarbonate (PC) Reusable Beverage Container, 1-Liter 

 
Sample Preparation: 
Reflux: For each solvent, an approximately 30 cm2 portion of each component 
was cut into approximately one cm pieces prior to placement into a 50-mL round-
bottom flask for reflux.  Three reflux solvents were used, including water, ethanol, 
and hexanes.  Approximately 18 mL of solvent was added to each sample.  A 
cool-cycled condenser was attached prior to heating.  Each was heated to boiling 
and continued to boil for 30 minutes.  After 30 minutes, samples were cooled prior 
to transfer into 20-mL volumetric flasks.  Each was brought to volume with the 
appropriate solvent and mixed. 
 
LC/MS Non-volatiles: A 1.0 mL portion of each was removed for LC/MS analysis.  
Samples were analyzed by LC/MS Trap, utilizing ES+, ES-, and APCI+ ionization 
with external standard quantitation.  For each LC/MS mode, the response for 
reserpine was used for system suitability determination and sample quantitation.  
A reserpine reporting limit standard was prepared at 1 µg/mL to be used to 
determine the reporting threshold.  Any compound with a peak response above 
the reporting limit was quantitated.  For each mode of ionization, a C18 reversed-
phase gradient separation ranging from 10% organic to 100% organic was 
utilized.  Mobile phase modifiers were added to facilitate ionization in each mode.  
For each analysis, a scan from 50 to 1500 m/z was performed. 
 
GC/MS Semi-volatiles: To the ethanol and hexane solutions, 1.0 mL of 
phenanthrene-d10 internal standard solution was added for GC/MS analysis.  
Water samples were vortex-extracted with an equal volume of methylene chloride 
containing phenanthrene-d5 internal standard for GC/MS semi-volatiles analysis.  
A portion of each methylene chloride layer was analyzed by GC/MS using direct-
injection analysis with internal standard quantitation.  A 5% phenylmethylsiloxane 
analytical column was utilized using a temperature-programmed elution.  Each 
sample was scanned from 50 to 550 u. 
 
GC/MS Volatiles:  An approximately 30 cm2 portion  of each sample was cut into 
approximately 1 cm pieces and placed into a 10-mL headspace vial.  To each, a 
1.0 mL aliquot of a 1,4-dichlorobenzene-d4 internal standard solution was added.  
Vials were capped, and analyzed by GC/MS headspace analysis utilizing internal 
standard quantitation.  A 6% cyanopropyl/94% dimethylpolysiloxane analytical 
column was utilized using temperature-programmed elution.  Sample introduction 
was accomplished using a 1.0 mL automated headspace injection after a 10 
minute incubation at 80oC.   
 
 

Tentative
Identifications (ID) Solvent Mode

Estimated
Concentration

(µg/cm2)
Diethyl Terephthalate Ethanol GC/MS 0.1

Element Solvent Mode Concentration
(µg/cm2)

Aluminum 0.01
Boron 0.01

Calcium 0.07
Copper 0.002

Iron 0.003
Potassium 0.07
Magnesium 0.002
Manganese 0.0002

Nickel 0.001
Silicon 0.03
Zinc

Acid
Digest

ICP

0.01

Polyethylene Terephthalate (PETE) Bottle - 
Extractable Results 

Tentative
Identifications (ID) Solvent Mode

Estimated
Concentration

(µg/cm2)
Diethyl Terephthalate Ethanol GC/MS 0.9

Palmitic Acid Ethyl Ester Ethanol GC/MS 0.1
Oleic Acid Ethyl Ester Ethanol GC/MS 0.2
Unknown, MW of 576 Ethanol APCI+ 0.5

Element Solvent Mode Concentration
(µg/cm2)

Aluminum 0.02
Boron 0.03
Barium 0.0007
Calcium 0.1
Copper 0.003

Iron 0.01
Potassium 0.03
Magnesium 0.02
Manganese 0.001

Silicon 0.03
Zinc

Acid
Digest

ICP

0.02

Polyethylene Terephthalate (CPET) Tray - 
Extractable Results 

Tentative
Identifications (ID) Solvent Mode

Estimated
Concentration

(µg/cm2)
Chlorobenzene Headspace GC/MS 0.09

4-tert-Butylphenol Ethanol GC/MS 0.2
Stearic Acid Ethyl Ester Ethanol GC/MS 0.1

Bisphenol A Ethanol GC/MS 0.2
Palmitic Acid Ethanol ES- 0.8
Stearic Acid Ethanol ES- 2.5

Unknown MW 597 Ethanol
Hexane
Ethanol

ES+
ES+

APCI+

3.0
0.8
0.4

Unknown MW 508
(Possible ID Tinuvin 765)

Ethanol ES+ 0.8

Unknown MW 536
(Possible ID Irganox 1726)

Ethanol ES+ 1.9

Element Solvent Mode Concentration
(µg/cm2)

Aluminum 0.02
Boron 0.03
Barium 0.007
Calcium 0.1
Copper 0.003

Iron 0.07
Potassium 0.02
Magnesium 0.002
Manganese 0.0007

Nickel 0.002
Silicon 0.03
Zinc

Acid Digest ICP

0.02

Polycarbonate (PC) Bottle - Extractable Results 
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Results Discussion 

A forced extraction experiment was performed for three common food 
containers.  The container types included clear polyethylene 
terephthalate (PETE) water bottles, crystalline black polyethylene 
terephthalate (CPET) microwave trays, and polycarbonate (PC) re-
usable beverage containers.  Reflux extraction using water, ethanol, and 
hexane solvents was performed to determine potential non-volatile and 
semi-volatile extractable components from each.  In addition, GC/MS 
headspace analysis for volatile components was performed.  Elemental 
analysis using ICP-OES following heated acid digestion was also 
performed.   
 
The only extractable compound tentatively identified for the PETE water 
bottle was diethyl terephthalate by GC/MS direct injection for the ethanol 
test solution.  Diethyl terephthalate is the ethyl ester of terephthalic acid, 
an ingredient in PETE.   Elemental analysis revealed the most notable 
concentrations of calcium and potassium.   
 
The CPET food tray also contained detectable diethyl terephthalate for 
the GC/MS analysis of the ethanol extract.  In addition, palmitic acid ethyl 
ester and oleic acid ethyl ester were tentatively identified.  These ethyl 
esters may be injection port by-products related to the presence of 
palmitic and oleic acids.  In addition, an unidentified compound was 
observed by LC/MS using APCI+ ionization, which displayed an apparent 
molecular weight of 576 u.  Exact mass determination and further study 
would be necessary to identify the unknown.  This was beyond the scope 
of this study.  Calcium was detected at the highest concentration for ICP 
metals analysis.  It is possible that calcium salts of palmitic acid and/or 
oleic acid were the source of the calcium detected. 
 
Analysis of the ethanol extracts for the PC beverage container contained 
the greatest number of extracted compounds.  Identified compounds with 
the highest concentrations included 4-tert-butylphenol, stearic acid ethyl 
ester, and bisphenol A for the ethanol test solution by GC/MS.  The 4-
tert-butylphenol is a common antioxidant used for polymer preservation.  
Stearic acid, in the form of calcium stearate, is a common processing aid 
used for plastics production.  Bisphenol A is a building block of the PC 
polymer.  At the time of purchase of the materials for the study, it was 
becoming difficult to purchase PC beverage containers made with 
bisphenol A.  Volatiles analysis using GC/MS headspace resulted in the 
identification of chlorobenzene.  The presence of a solvent such as 
chlorobenzene may be related to labeling.  
 
LC/MS non-volatile analysis resulted in the detection of three unknown 
compounds, having apparent molecular weights of 597 u, 508 u, and 536 
u.  Based on molecular weight information only, a possible identification 
for the unknown with molecular weight of 508 u would be Tinuvin 765.  A 
possible identification for the unknown with a molecular weight of 536 u 
could be Irganox 1726.  Confirmational analysis was not possible, due to 
reference material unavailability.  Elemental analysis resulted in 
detection calcium and iron at the highest concentrations.  As described 
previously, calcium stearate may be the source of the calcium.  Iron 
could be related to colorants. 
 
A polymer additives database has been developed by Lancaster 
Laboratories, which currently contains approximately 120 compounds.  
The database includes both GC/MS and LC/MS spectrum in ES+, ES-, 
and APCI+ modes. 
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