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Abstract

Contaminated air, produced by burning PVC containing plastic floor and electronic scrap, was monitored with
active sampling, using XAD-2, and passive sampling, applying semipermeable membrane devices (SPMDs) and
fresh unpolluted spruce needles, for polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans
(PCDDI/Fs) and polychlorinated biphenyls (PCBs). It was found that the emitted polychlorinated dibenzofurans
(PCDFs) were dominant compared to polychlorinated dibenzo-p-dioxins (PCDDs) collected from the contami-
nated air in all samples. However the PCDD/F and PCB homologue pattern were different between the active
and passive samples. Triolein-containing SPMDs can absorb much more PCDD/Fs and PCBs than spruce nee-
dles when they were exposed to contaminated air simultaneously. The logarithm of the concentrations of
PCDD/Fs and PCBs in SPMDs and in spruce needles at the same sampling time exhibited a significant linear
correlation, with correlation coefficients larger than 0.86 for PCDD/Fs and 0.92 for PCBs. SPMDs and spruce
needles are effective passive air samplers for PCDD/Fs and PCBs and can complement each other in passive air
sampling. In addition the active emission sampling during the combustion process provides information of the
total concentrations (gas and aerosol) of the flue gas.

Introduction

Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/Fs) are mainly formed as
by-products of manufacturing and combustion processes involving the use, production or disposal of chlorine or
chlorine-derived chemicals, especially, combustion processes. They are dispersed through the atmosphere and
finally precipitated into soil, water and vegetation by wet, dry deposition and diffusive processes'. Polychlori-
nated biphenyls (PCBs) have two sources: PCB mixtures manufactured in past industrial activities, and
by-products in the process of combustion’. PCDD/Fs and PCBs have been implicated in causing a range of
health problems in the immune, endocrine, nervous and reproductive system of humans and animals®. With the
rapid growth of the electronic industry, a large quantity of electronic products becomes obsolete each year. Elec-
tronic waste (E-waste) becomes the most rapidly growing waste problem in the world®. The aim of this study
was to monitor the profiles of PCDD/Fs and PCBs coming from PVC and E-waste combustion with active and
passive sampling, and to compare the relationship between the two passive sampling methods.

Materials and Methods

Sampling. The combustion system consisted of a small domestic stove from which the exhaust gas was intro-
duced into an exposure chamber. A mixture with the following proportion was used for combustion to produce
exhaust gas containing PCDD/Fs and PCBs: wood (20 kg, dry weight), PVC (0.564 kg, plastic floor) and elec-
tronic scrap (0.564 kg, computer mainframe shell). The combustion process lasted for 8 h; afterwards the inlet
fan was switched off. In order to keep the trees alive and avoid aerosol impact, the spruce trees and
semi-permeable membrane devices (SPMDs) were placed into the exposure chamber 30 h after the incineration.
Three isokinetic emissions samplings were performed in the stovepipe, 0.65 m above the combustion chamber,
by the help of an automatic sampling system MRU 4000 (GSM, Neuss, Germany). The volumetric portions of
the gas components were measured on-line with a gas analyzer TESTO 350 (Lenzkirch, Germany). The system
was adjusted to an optimal gas flow rate of 1.5-2 m*h and each sampling lasted 30 min°. The cooled probe
method was used to take samples and determine PCDD/PCDFs and PCBs according to DIN EN 1948°. Batteries
of cartridges were connected to collect the PCDD/Fs and PCBs on the soot particles (pre-heated glass wool) and
in the gaseous phase (XAD-2 resin).

Organohalogen Compounds Vol 69 (2007) P-340 2411



FORMATION AND SOURCES (LABORATORY AND FIELD STUDIES)

SPMDs field blanks were transported to the sampling sites in clean air tight jars, but were not deployed and kept
in the dark. Sampling took place after 19, 44, 116, 188 and 404 h for SPMDs and spruce needles.

Pretreatment and Analysis. The SPMD samples and 20 g of each spruce needle sample were extracted overnight
by shaking in 100 mL of cyclohexane or 100 mL of n-hexane/dichloromethane (1:1, V:V), respectively, by use of
a rotating shaking machine at 200 rpm. The XAD-2 samples were extracted for 24h with toluene in a Soxhlet
apparatus. **Cy,-labeled internal standards of PCDD/Fs and PCBs were added to the solution or onto the car-
tridge at t7he beginning of all extractions. The clean up procedure and HRGC/HRMS analysis are described
elsewhere’.

Results and Discussion

The results of PCDD/Fs and WHO-TEQ for the active and passive samples are summarized in Table 1. PCB
concentration and WHO-TEQ data detected in the samples are summarized in Table 2. The SPMDs values in
Table 1 and 2 were the mean of two replicates. The XAD-2 values (active sampling) are the mean of three sam-
ples taken during time sections of the total combustion period.

Table 1: Concentrations of PCDD/Fs and WHO-TEQ in passive and active samples

SPMDs (pg sample™™) Mean values (n=2) Spruce needles (pg g™, wet weight) XAD-2
Compounds 19h  44n  116h 188h  404h 19h  44h  116h 188h  404n (pg m*)
Mean values

(n=3)

2,3,7,8-TCDD 15 0.88 1.6 15 2.6 0.04 0.04 0.12 0.08 0.17 35501
1,2,3,7,8-PCDD 13 0.67 14 1.2 2.0 0.08 0.05 0.09 0.14 0.1 155000

1,2,3,4,7,8-HxCDD 1.4 11 0.98 1.0 1.1 0.06 0.06 0.07 0.07 0.07 88498
1,2,3,6,7,8-HxCDD 0.55 0.72 0.91 0.49 11 0.05 0.07 0.06 0.05 0.09 109291
1,2,3,7,8,9-HxCDD 0.98 0.61 0.80 0.35 0.84 0.06 0.04 n.d. 0.05 0.04 130560
1,2,3,4,6,7,8-HpCDD 5.1 4.4 5.7 45 7.1 0.43 0.5 0.46 0.4 0.44 348902
OCDD 119 9.1 121 9.5 12.6 0.94 1.00 0.96 0.84 0.86 247756
2,3,7,8-TCDF 4.2 3.0 6.2 6.7 18.3 0.31 0.35 0.82 11 1.7 243658
1,2,3,7,8-PCDF 1.7 15 2.6 25 51 0.15 0.15 0.29 0.27 0.53 717781
2,3,4,7,8-PCDF 2.8 2.3 2.8 2.2 4.2 0.15 0.14 0.23 0.4 0.51 467970
1,2,3,4,7,8-HXCDF 3.0 23 35 24 4.1 0.22 0.20 0.26 0.25 0.36 653807
1,2,3,6,7,8-HXCDF 3.1 25 3.6 2.7 45 0.15 0.18 0.30 0.28 0.36 683412
1,2,3,7,8,9-HXCDF 0.24 0.79 1.0 0.42 11 0.03 0.05 0.08 0.05 0.07 155729
2,3,4,6,7,8-HXCDF 3.0 2.8 34 2.3 41 0.20 0.16 0.23 0.25 0.25 390866
1,2,3,4,6,7,8-HpCDF 8.9 7.2 9.7 8.1 114 0.70 0.83 0.90 0.83 0.81 891596
1,2,3,4,7,8,9-HpCDF 0.85 0.95 2.2 1.2 13 0.11 0.14 0.10 0.13 0.19 103437
OCDF 6.9 6.4 7.9 6.6 9.0 0.52 0.68 0.50 0.67 0.63 229219
WHO-TEQ 6.1 4.3 6.7 5.7 10.7 0.3 0.3 0.5 0.7 0.9 719445

n.d.: not detected.

Generally, the concentrations of the PCDF congeners were higher than the PCDD congeners within the same
degree of chlorination, except for OCDD and OCDF, and the total amount of PCDDs was lower than that of
PCDFs in all samples. OCDD, OCDF, 2,3,7,8-TCDF, 1,2,3,4,6,7,8-HpCDD and 1,2,3,4,6,7,8-HpCDF were the
main contributors in all the congener profiles of the passive samples. 1,2,3,4,6,7,8-HpCDF, 1,2,3,7,8-PCDF,
1,2,3,6,7,8-HxCDF, 1,2,3,4,7,8-HXCDF, 2,3,7,8-TCDF, OCDF, OCDD and 1,2,3,4,6,7,8-HpCDD were the main
contributors in all the congener profiles of the active samples.

The composition of PCBs was similar in SPMDs and spruce needles samples, except PCB#157, PCB#189 in the
19 h sampling and PCB#169 at all the sampling times. PCB#52, PCB#28, PCB#101, PCB#153, PCB#138 and
PCB#118 were the main contributors in all congener profiles of the passive samples. PCB#101, PCB#77,
PCB#138, PCB#81, PCB#118, PCB#156 and PCB#105 were the main contributors in all congener profiles of
the active samples. Although the concentrations of PCB#157, PCB#189 and PCB#169 were quite low in the pas-
sive samples, there were not as low in the active samples.
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The main contributors in the congener profiles were different between active and passive samples, because the
active sampling not only sampled the gaseous phase but also particles, whereas the passive sampling mainly
sampled the gaseous phase. A correlation between the logarithm of the concentrations of PCDD/Fs and PCBs in
SPMDs (Cspmps) and that in spruce needles (Cspyce needies) OF the same sampling period was observed when apply-
ing equation 1. PCB#169 was not included in all correlation analysis; PCB# 157 and PCB#189 were not in-
cluded in the 19h sampling for PCBs, because the concentrations of these compounds were quite low and associ-
ated thereby with high variances.

log C spmps = a log Cspruce needles + D 1)

The correlation between the logarithm of the concentrations of PCDD/Fs and PCBs in SPMDs and that in spruce
needles at the same sampling times was quite good, with being better for the PCBs than for the PCDD/Fs at trace
levels. The correlation coefficients were higher than 0.86 for PCDD/Fs and 0.92 for PCBs. SPMDs and spruce
needles are effective passive air samplers for PCDD/Fs and PCBs and can complement each other in passive air

sampling.
Table 2: Concentrations of PCBs and WHO-TEQ in passive and active samples
SPMDs (pg sample™®) Mean values (n=2) Spruce needles (pg g™, wet weight) XAD-2
Compounds 19h  44n  116h  188h  404h 19h  44h  116h 188h  404h (bg m?)
Mean values
(n=3)
PCB #28 1030 1190 1850 2290 4700 69.8 876 104 922 104 144793
PCB #52 1750 2120 3730 4860 10160 126 128 170 155 168 13072
PCB #101 1950 1870 2400 2580 4530 128 135 154 165 167 1238252
PCB #138 1070 935 1010 952 1150 552 583 531 536 503 560572
PCB #153 1550 1400 1420 1420 1680 778 689 714 631 566 147184
PCB #180 441 401 408 402 482 277 187 177 194 174 87617
PCB #77 135 147 269 275 627 157 15 249 304 417 940838
PCB #81 253 422 116 97.0 249 2.5 2.6 8.2 10.6 166 451356
PCB #126 9.5 13.6 208 203 505 11 13 2.5 3 5 397556
PCB #169 4.0 3.9. 2.3 n.d. n.d. n.d. n.d. n.d. 040 052 110445
PCB #105 206 183 224 225 351 278 291 282 305 299 239647
PCB #114 267 284 419 460  96.7 35 2.7 38 43 5 166204
PCB #118 600 538 626 606 833 69.4 674 629 67 62.6 336672
PCB #123 299 450 299 506 = 923 2.4 2.2 2.9 2.3 3.9 74819
PCB #156 105 90.0 101 102 127 7.0 5.7 5.4 6.3 2.1 239229
PCB #157 13.7 13.7 16.0 158 271 n.d. 1.4 1.3 1.6 1.9 122176
PCB #167 527 446 493 526 623 3.9 2.9 2.5 3.1 3.4 102224
PCB #189 9.6 10.3 103 94 14 n.d. 056 077 057 072 123376
WHO-TEQ 1.2 16 2.3 2.3 5.4 0.1 0.2 0.3 0.3 0.5 41342

n.d.: not detected.

Acknowledgements
The study was supported by the China Scholarship Council.

References

Ok G, Ji SH, Kim SJ, Kim YK, Park JH, Kim YS, Han YH. Chemosphere 2002; 46:1351.

Chen JW, Zhao HM, Gao LN, Henkelmann B, Schramm K-W. Environmental Pollution 2006; 144:510.
Bartow ME, Booij K, Kennedy KE, Muller JF, Hawker DW. Chemosphere 2005; 60:170.

Yu XZ, Gao Y, Wu SC, Zhang HB, Cheung KC, Wong MH. Chemosphere 2006; 65:1500.

DIN EN 1948: Emissions from stationary sources- Determination of mass concentration of PCDD/PCDF
Schramm K-W, Kaune A, Lehnardt R, Hofmaier AM, Henkelmann B, Kettrup A. Organchalogen Com-

oukwnpE

Organohalogen Compounds Vol 69 (2007) P-340 2413



FORMATION AND SOURCES (LABORATORY AND FIELD STUDIES)

pounds 1998; 36:289
7. El-Kady A A, Abdel-Wahhab MA, Henkelmann B, Belal MH, Morsi M K, Galal SM, Schramm K-W.
Chemosphere 2007; 68:1660.

Organohalogen Compounds Vol 69 (2007) P-340 2414




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




