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Benzene in Consumer Beverages and Other
Products At Single-Digit Parts-per-Billion (ppb)
Levels by Purge-and-Trap (P&T)

Introduction

In November 2005, the United States Food and Drug Administration
(FDA) received reports that benzene, a human carcinogen, was present at
low concentrations in some consumer beverages that contained both
benzoate salts and ascorbic acid. A resulting FDA survey of
approximately 100 products found that most of the beverages sampled
contained either no detectable (ND) benzene or benzene levels that were
well below the U.S. Environmental Protection Agency (EPA) water
quality standard of 5 ppb. However, several of the beverages tested in the
FDA survey contained benzene at levels above 5 ppb. It should be noted
that there is no quality standard for benzene in consumer beverages, only
in drinking water.

Beverage manufacturers are currently reformulating products containing
greater than 5 ppb benzene, but the low-level detection of this human
carcinogen in consumer beverages emphasizes the need for a robust
procedure for the routine testing of these and other consumer products.

This application note describes a reliable, automated method for the
analysis of benzene and other volatile organic compounds (VOCs) in
consumer products at single digit and sub-ppb concentrations using a
closed-system P&T technique. For this project, benzene was measured in
carbonated and non-carbonated beverages, a variety of common table-
ready foods, and other consumer products using the method presented.
Naturally occurring VOCs, as well as volatile contaminant residues from
various sources such as processing and packaging, flavor additives, and
breakdown products, can be determined by this method.

Experimental

The equipment used for this project included the OI Analytical Eclipse
4660 Purge-and-Trap (P&T) Sample Concentrator (see Figure 1) and the
Model 4552 Water/Soil Autosampler (see Figure 2). VOC extraction,
concentration, and introduction to the GC/MS were performed using the
autosampler “Soil” mode, which is more sensitive than static or dynamic
headspace methods, minimizes the potential for foaming and carryover
often associated with carbonated beverages and other consumer products,
and does not require cryogenic focusing. Compound speciation was by
gas chromatography; mass spectrometry was used for detection,
identification, and quantitation by Internal Standard (IS).
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Figure 1. OI Analytical Eclipse 4660 P&T Figure 2. OI Analytical Model 4552
Sample Concentrator Water/Soil Autosampler

Closed System Purge-and-Trap

Samples were purged in a sample vial using the “Soil” mode on the Model 4552 Autosampler. Using this
technique, an appropriate aliquot of the test sample is placed in a 40-mL VOA vial that contains a magnetic stir bar.
The vial is sealed with a cap and a Teflon®-lined, low-bleed silicon septum and placed into the autosampler tray;
the “Soil” mode is selected using the autosampler keypad. The inside of the autosampler and the “Soil” mode
sampling station are shown in Figure 3.
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Figure 3. Model 4552 Water/Soil utoamler Interor

The “Soil” mode sampling station is visible within the autosampler:

The vial is raised onto the soil probe where organic-free reagent water and internal standards are added
automatically. The sample is heated to 40 °C and stirred inside the sealed VOA vial using the magnetic stir bar to
maximize purge efficiency. The volatized compounds are purged from the sample, swept through the top of the
double sleeve needle to an inert, heated transfer line, and carried onto the cool analytical trap in the P&T sample
concentrator. The trap is then rapidly heated, and the analytes are desorbed under reversed flow of carrier gas onto
the GC column. Sample purging in the “Soil” mode is illustrated in Figure 4.
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Figure 4. Vial Purging Technique

This illustration represents the purging technique inside the 40-mL VOA vial
using the “Soil” mode of the autosampler.

Sample Preparation

Beverages were cooled to 4 °C prior to sampling. A 5-mL gas-tight syringe (refer to Figure 5) was flushed with the
sample and then used to transfer 5 mL of beverage from the original container to the 40-mL VOA vial. Care was
taken with the carbonated beverages to minimize foaming or dead volume inside the syringe; however, in some
cases it was impossible to remove all gas bubbles from the syringe prior to transfer. The non-carbonated beverages
did not have any residual air bubbles or dead volume during transfer.
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Figure 5. 5-mL Gas-Tight Syringe
The syringe was used to transfer an aliquot of carbonated beverage from its

original container to the 40-mL VOA vial. The same syringe was used for non-
carbonated beverages, but there was no dead volume or air bubbles.

The table-ready food products were frozen and either chopped or blended, depending on the matrix, then re-frozen.
Approximately 5 grams of the frozen sample were weighed into the 40-mL VOA vial. All VOA vials for foods and
beverages contained a magnetic stir bar to facilitate agitation of the sample during the purge step. Reagent-free
water was used to transfer the IS to the food and beverage samples. Figure 6 shows some of the table-ready foods in
VOA vials after purging.



Figure 6. Table—Read Foods folowing Analysis
Table-ready foods shown in 40-mL VOA vials after analysis for VOCs by closed-system P&T.

A similar technique was used to determine VOC content in non-food consumer products such as toothpaste and
shampoo. A representative aliquot of each sample was placed inside a disposable needle-sparge tube, which was
connected to the sparge mount on the front of the P& T concentrator. The samples were heated to 40 °C and sparged
through a needle without stirring or the addition of reagent-free water (which can cause foaming). For these
matrices, the analytes of interest included primarily flavor and fragrance compounds.

Instrument Operating Conditions

All instrument operating parameters for the beverages are shown in Table 1. The table-ready foods and consumer
products were analyzed using the P&T conditions shown in Table 1 using a slightly different column and GC oven
program. All samples were analyzed on the mass spectrometer in scan mode.

Table 1. Instrument Operating Parameters for the Beverages

P&T Eclipse

Autosampler 4552, soil mode

Trap #10 (Tenax®, silica gel, carbon molecular sieve)
Sample Temperature 40 °C

Purge Time/Temperature 11 min, trap at 20 °C

Desorb Preheat ON, 180 °C

Desorb Time/Temperature 0.5 min, trap at 190 °C

Bake Time/Temperature 6 min, trap at 210 °C

Water Management Settings | 110 °C during Purge
0 °C during Desorb
240 °C during Bake

GC Agilent 6890N

Inlet 220 °C, split 35:1

Column* Rtx-624, 30-m x 0.25-mm ID x 1.4-um film,
0.8 mL/min column flow (He)

Oven* 45 °C (hold 4.3 min)

12 °C/min to 100 °C (no hold)
25 °C/min to 250 °C (hold 5.3 min)

MS Agilent 5975
Mode Scan: 35 to 260 amu

* Any standard VOC column can be used for this method. If another type of column is chosen, the column manufacturer’s
recommended operating conditions should be substituted for the conditions in Table 1.



Results

Beverages

All eight of the tested carbonated and non-carbonated beverages contained benzene at concentrations well below 1
ppb. The benzene concentration was quantified using fluorobenzene as an internal standard and a quantitation ion
of m/z 78. Compound identity was confirmed by comparison to a reference spectrum in the NIST library. Figure 7
shows the total ion chromatogram (TIC) for root beer with an expanded view of the benzene peak at 7.26 minutes,
Figure 8 shows the Extracted Ion Current Profiles (EICP) for benzene and fluorobenzene, and Figure 9 shows the
results of the NIST library search.
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Figure 7. Chromatogram of the Root Beer Sample
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shows the benzene peak at RT 7.26 min.
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Figure 9. NIST Library Search
Results on Peak at RT 7.26 min

Four of the beverages that contained sodium benzoate and either ascorbic acid or citric acid (pineapple soda, citrus-
flavored iced tea, root beer, and a colorless carbonated beverage) had concentrations that were slightly elevated
when compared to the other 4 beverages, with root beer having the highest concentration at 0.7 ppb. This was
similar to findings in the FDA study which showed that these additives were instrumental in the formation of
benzene in the final product. None of the beverages contained benzene at concentrations above the USEPA 5-ppb
limit for drinking water. Table 2 shows the benzene concentrations and types of additives in the eight beverages
tested.



Table 2. Benzene Concentrations and Additives in the Beverages
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Cola
Diet Cola
Orange Soda
Pineapple Soda 0.2 X X
Pink Lemonade 0.1 X X
Citrus-Flavored Iced Tea | 0.2 X X X
Root Beer 0.7 X X X
Colorless Carbonated 0.2 X X
Beverage

Table-Ready Foods

Benzene was found in most of the table-ready foods at concentrations slightly higher than was found in the
beverages and ranged from ND in the butter to 2.8 ppb in the strawberries. As shown in the chromatograms in
Figure 10, most of the food samples also contained many additional volatile compounds that are quantifiable by
this method. Some of the VOCs in the chromatogram are those found in USEPA VOC methods 524.2 or 8260;
however, the majority of volatile compounds that were detected are flavors, fragrances, and other types of volatiles
present in the matrix.
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Figure 10. Chromatograms of VOCs in selected table-ready foods

The table-ready foods were analyzed using the Eclipse P&T Sample
Concentrator. Benzene concentrations ranged from ND in the butter to 2.8 ppb in
the strawberries.



Toothpaste and Shampoo

As expected, the VOCs detected in the non-food consumer products were primarily flavor and fragrance
compounds. Identification of the individual peaks in the toothpaste and shampoo samples was performed by
comparison to NIST library spectra (see Figures 11 and 12). No standards were available for quantitation of the
flavor and fragrance compounds, but they generally fell within the normal range of detection for VOCs by P&T
using MS scan mode: roughly between 0.1 and 200 ppb.
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Figure 11. TIC of Volatile Compounds in Toothpaste

Selected flavor/fragrance peaks are identified, and the NIST library search
results serve as a comparison.
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Figure 12. TIC of Volatile Compounds in Shampoo

Selected flavor/fragrance peaks are identified, and the NIST library search
results serve as a comparison.

Summary and Conclusions

The OI Analytical Eclipse 4660 P&T Sample Concentrator with the Model 4552 Water/Soil Autosampler can be
used to analyze for sub-ppb concentrations of VOCs including benzene, a known human carcinogen, in carbonated
and non-carbonated beverages, table-ready foods, and other consumer products. The method presented is robust
enough to detect and quantify compounds found in USEPA regulatory methods, as well as a wide variety of volatile
flavor and fragrance compounds, additives, breakdown products, or residues from processing and packaging.

References

Complete details of the U.S. Food and Drug Administration study of benzene levels in consumer beverages can be
found on the FDA web site at www.fda.gov.


http://www.fda.gov

Teflon is a registered trademark of E.I. DuPont de Nemours, Inc.
Tenax is a registered trademark of Enka Research Institute Arnhem

3

“r2m_SGS

Publication 27970207

111
a

O-l-Analytical

College Station, TX 77842-9010
Tel: (979) 690-1711 ¢ Fax: (979) 690-0440 * www.oico.com




	Benzene in Consumer Beverages and Other Products At Single-Digit Parts-per-Billion (ppb) Levels by Purge-and-Trap (P&T)
	Introduction
	Experimental
	Closed System Purge-and-Trap
	Sample Preparation
	Instrument Operating Conditions

	Results
	Beverages
	Table-Ready Foods
	Toothpaste and Shampoo

	Summary and Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


