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Abstract

A continuous study on PBDD/Fs in farmland soil of Guiyu was performed after previous PCDD/Fs survey.
Twelve 2,3,7,8-PBDD/Fs congeners were quantified, and I-TEQ in electronic wastes (EWs) disposal area soil
were 3.1-25.9 pg TEQ/g, which was higher than that of background sites, SL district was heavily contaminated
in Guiyu, since SL district was a typical EWs combustion area. The dominant congeners were 1234678-HpBDF
and OBDF in most of soil, congener profiles of PBDD/Fs were similar as wastes combustion mode, and
impurities of PBDEs also contributed a part of PBDD/Fs.

Introduction

Guiyu, a small town located in the southeastern of Guangdong province, China, is the largest and most famous
electronic wastes (EWs) dismantling area all over the world. EWs are disposed to recycle particular material in
Guiyu', more than 80% of the local families have been engaged in this vocation since 1995 and more than 1
million tons of EWs are disposed each year. Thermal disposal manner of EWs were popular in Guiyu, such as
open burning of EWs scrap, roasting of circuit board and cable. Since the existence of abundant brominated
flame retardants (BFRs) in EWs, it is inclined to generate Polybrominated Dibenzo-p-dioxins and Dibenzofurans
(PBDD/Fs) in these disposal processes, BFRs can act as the precursors of PBDD/Fs”. Li ef al.® report severe
PCDD/Fs and PBDD/Fs pollution in air around Guiyu, a comprehensive soil survey on PCDD/Fs covering all of
Guiyu town has been done in our previous study”, a continuous study on PBDD/Fs in farmland soil of Guiyu is
presented here.

Materials and Methods

Standard solutions

PBDD/Fs Calibration Solution (EDF-5381), Cleanup Spike (EDF-5382), Syringe Spike Stock (EDF-5383-4X)
were all purchased from Cambridge Isotope Laboratories, Inc. (USA).

Sampling

Guiyu was divided into three districts geographically, Nanyang (NY), Shanglian (SL) and Huamei (HM) located
in the north, southeast and southwest of Guiyu, respectively. Five sites in every district were designed.
Yaocuowei (YCW) village and Longmen (LM) village, which bordered on the northwestern of Guiyu, were also
EWs disposal area, so 2 sites in YCW and 1 site in LM were designed. A total of 18 soil sites in EWs disposal
area were monitored. Two background sites called Fushan village (FS) and Yaocuowei village (YCW) located in
the northern of Guiyu, they were on the windward direction of Guiyu and away from EWs disposal area. The
map of Guiyu and sampling sites were shown in Figurel. Each sampling site consisted of five sub-sites in an
area of 10x10 m’, the top soil at a depth of 0-20 cm was collected with a stainless steel shovel. Soil was air dried
at room temperature, sub-sites samples were mixed thoroughly and sifted through a 60-mesh sieve, the
homogeneous samples were stored in brown glass jar at -20 C until analyses.

Analysis processes

20 g soil was spiked with "*C-labelled standards (EDF 5382) and extracted by ASE with toluene, the extract was
filtered through anhydrous sodium sulfate and exchanged solvent to hexane. A multi-layer silica gel column was
packed from bottom to top with 2 cm height anhydrous sodium sulfate, 0.5 g silica gel, 2 g 2% potassium
hydroxide-impregnated silica gel, 3 g 44% sulfuric acid-impregnated silica gel, 4 g 22% sulfuric
acid-impregnated silica gel, 0.5 g silica gel and 2 cm height anhydrous sodium sulfate. The packed column was
preconditioned with 100 mL n-hexane, the concentrated extract was applied to the column, the n-hexane eluate
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200 mL was collected and concentrated. Then 1 g active carbon-impregnated silica gel column was used to
separate interfering material, DCM/hexane (1/3, v/v) 200 mL and toluene 200mL were used to elute the column
sequentially. Toluene fraction containing PBDD/Fs was collected and concentrated to dryness under a gentle
nitrogen stream, the injection standard (EDF 5383-4X) was spiked, and the sample redissolved volume was 50
pL decane for analysis.

A HRGC/HRMS (Agilent 6890N/Waters Autospec Ultima NT) with a DB-5SHT column (15 mx0.25 mmx0.1
pum) was used to determine twelve 2,3,7,8-PBDD/Fs, i.c. 2378-TBDF, 12378-PeBDF, 23478-PeBDF,
123478-HxBDF, 1234678-HpBDF, OBDF, 2378-TBDD, 12378-PeBDD, 123478-HxBDD, 123678-HxBDD,
123789-HxBDD, OBDD. GC injection mode was pulse splitless, injection volume was 1 pL. The initial flow
was set at 4.2 ml/min within 0.8 min, and the final flow was 0.8 ml/min after 0.8 min. The temperature program
of oven were as follow: 130C (held for 2 min), increased at 30 C/min to 230°C, then increased at 10°C/min
t0325C (held for 3 min). HRMS was equipped with an EI+ source, electron energy and trap current were 35eV
and 650pA, ion accelerating voltage was 8000V. HRMS resolution was above 10000 (10% peak valley
definition). The temperatures of inlet, source and interface were 270°C, 250°C and 270 C, respectively.

Background YCW
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Figurel Map of Guiyu and sampling sites

Results and discussion

I-TEQ of PBDD/Fs in farmland soil of Guiyu

Only twelve 2,3,7,8-PBDD/Fs congeners were quantified because of limitation of standard compounds, it was
suggested by WHO that the I-TEFs of PCDD/Fs could be applied to calculate I-TEQ of the corresponding
brominated congeners, based on their similar toxicity’. I-TEQ of PBDD/Fs in 18 EWs disposal area soil were
3.1-25.9 pg TEQ/g, and the levels in background FS and YCW were 0.7 and 1.1 pg TEQ/g, respectively. Figure2
showed I-TEQ of PBDD/Fs and PCDD/Fs in Guiyu soil, PBDD/Fs levels in SL district were commonly higher
than that of the other areas, which were similar as the trend of PCDD/Fs*. This might be attributed to regional
division of EWs disposal manner in Guiyu, some specific disposal manner only prevailed in particular district in
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Guiyu, SL district majored in melting of plastic, open burning and acid leaching of EWs scrap; HM district
prevailed roasting of circuit board; The north of Guiyu (NY district, YCW and LM villages) pursued manual
disassembly and shredding of EWSs. SL district was a typical EWs combustion area, so PBDD/Fs and PCDD/Fs
were higher than other areas. The guidelines of PCDD/Fs in agricultural soil stipulated by the Netherlands and
Germany were 1 and 5 pg I-TEQ/g, considering the similar toxicity, PBDD/Fs in farmland soil of Guiyu had
exceed guidelines.
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Figure2 I-TEQ of PCDD/Fs and PBDD/Fs in farmland soil of Guiyu

Congeners profiles of PBDD/Fs in farmland soil of Guiyu

The mass concentration of twelve 2,3,7,8-PBDD/Fs were normalized to summation, as shown in Figure3, the
congeners profiles in most of samples were characterized by: (1) PBDFs were much more abundant than PBDDs;
(2) 1234678-HpBDF and OBDF were the dominant congeners, accounting for 23-79% and N.D.-70% of the
total concentrations, respectively; (3) Tetra- to hexa-BDFs were all detected, 2378-TBDF and 123478-HxBDF
were relatively abundant; (4) PBDDs were only detected 2378-TBDD and OBDD, the other BDDs were lower
than the detection limit. The sample 13-NY showed a different profile from the others, 12378-PeBDF was the
dominant congener. Two background sites didn’t be discussed since their low PBDD/Fs levels and N.D. for most
of congeners. For PBDD/Fs source identification, most of the studies proved that PBDD/Fs were relevant to
bromic wastes combustion or impurity of BFRs, Wang ez al.® investigated PBDD/Fs in stack flue gases, bottom
ashes and fly ashes of municipal solid waste incinerators (MSWIs), the major congeners were 1234678-HpBDF
and OBDF. Ren ef al.” presented PBDD/Fs concentrations and distributions in commercial decabromodiphenyl
ether (DBDE) mixtures as impurities, OBDF was the dominant congener, followed by 1234678-HpBDF; OBDD
and 123478-HxBDF were also detectable. In present study, most of the samples in Guiyu had similar congeners
profile as above studies, a preliminary conclusion that PBDD/Fs in Guiyu were derived from EWs thermal
disposal could be drawn. Open burning of EWs resulted in combustion of BFRs, and roasting of circuit board
released PBDEs directly, PBDD/Fs sources could be traced to these disposal processes. The sample 13-NY
might be influenced by other potential source, since its different congener profile from other samples. The
relationship between PBDD/Fs and EWs disposal manner should be studied further, and the other potential
sources of PBDD/Fs deserved to trace.

Organohalogen Compounds Vol. 75, 567-570 (2013) 569



Percentage

100%

W 2378-TBDF
90% ] = : L O 12378-PeBDF
80% i jge L @ 23478-PeBDF
70% i ] | O 123478-HxBDF
60% ] m 0 1234678-HpBDF
50% | || i - = L O OBDF
40% — i ] ] W 2378-TBDD
30% O 12378-PeBDD
20% O 123478/678-HxBDD
10% F @ 123789-HxBDD
0% AL W 0BDD

N - - A A A -

Background FS
Background YCW

sample site

Figure3 Mass concentration profiles of PBDD/Fs congers in farmland soil of Guiyu

Acknowledgements

This research was financially supported by Public Service Research Project for Environmental Protection (Grant
No. 201209019).

References

1. Texas Campaign for the Environment, 2002. Guiyu village in China where many US computers are stripped
down and pollute the village air, water and land. http://www.texasenvironment.org/e-waste/guiya_china.htm.

2. Sakai SI, Watanabe J, Honda Y, Takatsuki H, Aoki I, Futamatsu M, Shiozaki K. (2001); Chemosphere. 42:
519-531

3.Li HR, Yu LP, Sheng GY, Fu IM, Peng PA. (2007); Environ. Sci. Technol. 41: 5641-5646

4, XuPJ,LiN, Ren Y, Zhou ZG, Liu AM, Huang YR.(2011); Organohalogen Compounds. 73: 1916-1919

5. WHO. (1998); Polybrominated dibenzo-p-dioxins and dibenzofurans. Environmental Health Criteria 205.

6. Wang LC, Hsi HC, Wang YF, Lin SL, Chang-Chien GP. (2010); Environmental Pollution. 158: 1595-1602

7. Ren M, Peng PA, Cai Y, Chen DY, Zhou L, Chen P, Hu JF. (2011); Environmental Pollution. 159:
1375-1380

Organohalogen Compounds Vol. 75, 567-570 (2013) 570



	Main
	Return


<<
  /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
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




