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and perfluorooctane sulfonate concentrations in surface water in Japan. J Occup Health.
2004;46:49-59. http://dx.doi.org/10.15639/joh.46.49
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Prevedouros K, Cousins IT, Buck RC, Korzeniowski SH. Sources, fate and transport of
perfluorocarboxylates. Environ Sci Technol. 2006;40:32-44.

PFOA D HURIZEE), MR BAEEN & 5, EHENZ S OIX, PFOA SRR T
725 1950 RPN HIEE THO TV D, 7 vF#RAR U v — Gk TOMHIT 1951 £ 5
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DOFIMIZ 1965 F02 5 1974 FFE Th o 7o, BA M FEEMMIZIZEME A » F0PE RIS X
HRFN~OFANH 5, HEEIZIT PFOA LIS 7 v ARG FE TAMM & L TAER
T HAHEMEDN® D, fikH E(estimated total global historical PFCA emissions)id FDFE D
FolcHEE ST D,

Direct Sources Indirect Sources

APFO APFN
1950’s - Present| 1970’s - Present

PFCA Manufacture PECA

1950’s - Present Impurities | Degradation | AFFF

Fluorotelomer-Based Products

Fluoropolymer 1970's - Present

N Manufacture
1951 - Present

PFCAs
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Environment
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Dispersions

1951 - Present PFCA Degradation AFFF
Impurities
N AFFF Products
1965 - 1974
Consumer & Industrial
->| Products
1951 - Present
FIGURE 1. Potential sources of perfluorocarboxylates (PFCAs) F(CF,),C00—: APFO = ium perfluor APFN =
perfluorononanoate; AFFF = aqueous fire-fighting foam; POSF = perfluorooctylsulfonyl fluoride.
TABLE 1. Global Historical PFCA Production and Emissions Summary?
historical estimated total global estimated total
time period historical PFCA emissions global production
environmental input source (years) (t) (t)
Direct PFCA Sources
PFCA manufacture
PFO/APFO 1951-2004 400-700 3600—5700
PFN/APFN 19752004 70-200 800-2300
total manufactured 470-900 44008000
Industrial and Consumer Uses
fluoropolymer manufacture (APFO) 1951-2004 2000—4000
fluoropolymer dispersion processing (APFO) 1951-2004 200300
fluoropolymer manufacture (APFN) 19752004 4001400
fluoropolymer processing (APFN) 19752004 10-20
aqueous fire fighting foams (AFFF) 1965—-1974 50—-100
consumer and industrial products 19602000 40-200
total direct 32006900
Indirect PFCA Sources
POSF-based products
PFCA residual impurities 19602002 20-130
POSF-based precursor degradation 19602002 1-30
POSF-based AFFF 19702002 3-30
fluorotelomer-based products
PFCA residual impurities 1974-2004 0.3-30
fluorotelomer-based precursor degradation 1974-2004 6-130
fluorotelomer-based AFFF 19752004 <1
total indirect 30350
total source emissions (direct + indirect) 32007300

¢ Low and high estimated values as well as the period of use/production for each source are based upon publicly available information cited
in the text. See the Supporting Information for additional details.
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25 ik 6
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4y f#EME Perfluorooctanoic acid (PFOA) 12 Xk A HIF/KIBYL )

Rk 18 410 A 11 ATh i) T, KB
TENNKIZBNT 220 F 25, 8L OKZERIRL
7o, Mgl A THIE LY P hOREEIT
PFOA:8300ng/L THV, His B THIE LW
TV ORI 57,000 ng/L ThHo72,2 S b,
PFOA DRSS 4, EPA OF%ET 5 M
ED 16.6 5,114 {5 & Hid CTRVWMEEBIE LT,
A BB T, BB E LCARE RN BER L
TBOVEHZEELET L LBV L, £724H
D 2 ML, ®IREO PFOA 12 X D151 BIEE SN LB < | fHE—H O FKIG
GuPNFEAE LT D ATREMED D TRV, A RIGYIR, 154D RN Y OEYR b @y 2 &
WZOWTORENLETH S,

25 SRk T
http://pubs.acs.org/subscribe/journals/esthag-w/2007/apr/policy/rr PFOA.html

http://www.epa.gov/region03/enforcement/dupont factsheet.html

VLA M= =T TONREIFEREPHG 25T 5, PFOA ZHHT 57 2R ot/ Eik
BT & BRI ORIBA [FE L7223, 2006 4 11 AICEREERE T &7 2K
FRITAKEEEE A 500ng/L &35 Z LICRE LT, Vv b U—27 ZTEOH TR
AGE S U <IFRKE CREEEZ B X 255127 2 R AR EE L E 721 30E % 72~y bR
MK ZRET D Z LT o7,

2= Uy =V —IN TR LW EEE L LT, 50 ng/L #FTHH L T D





<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


