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Introduction

The Stockholm Convention (SC) on Persistent Organic Pollutants (POPs) is a global treaty to protect human
health and the environment from POPs. These highly toxic chemicals remain in the environment for long periods,
and are bioaccumulative and ubiquitous since they undergo long-rate transport. The SC, which was adopted in
2001 and entered into force in 2004, requires Parties to take measures to eliminate or reduce the release of POPs
into the environment. Spain, as a member State, ratified it in 2004".

The main objective of the Spanish Monitoring Programme is to establish a national monitoring network able to
characterize the current status and temporal trends of POPs and in turn to evaluate the effectiveness of measures
taken to reduce POP emissions®. Initial work has focused on POPs monitoring in air based on PAS (Passive Air
Sampling) in selected points across the national territory covering remote and urban sites. The program by now
is using existing sampling networks in Spain (e.g. EMEP) by means of a very close and successful collaboration
with the Spanish Agency of Meteorology (AEMET). The implemented monitoring program intends to become a
long-term and stable program analyzing the occurrence of POPs in air and soil samples as well as seeking to
expand into other environmental matrices.

Polyurethane foam (PUF) disks as passive air samplers allow for semi-quantitative evaluation of atmospheric
POP levels. Some advantages like their low cost and easy manipulation explain their common use today in air
monitoring studies’. Since 2008 and following the recommendations of the Global Monitoring Plan (GMP),
Spain implemented a permanent program of air monitoring based on PAS. In this study, air levels of PCDD/Fs,
dioxin-like PCBs and PBDEs during the first four years of monitoring (2008-2012) in urban and rural locations
throughout the Spanish national territory are presented.

Material and Methods

Sampling

PUF disks (14 cm diameter, 1.35 cm thick) were first pre-cleaned by Soxhlet extraction with solvents of high
purity. To avoid contamination, they were transported in glass containers and assembled in stainless steel domed
chambers at the sampling sites. Six remote/rural locations and four urban sites were chosen as sampling points.
At each sampling point, four PUFs were deployed and collected every 3 months around each season’s change.
After collection, three of them were pooled and used for PCDD/Fs and dioxin-like PCBs determination. The
fourth one was used for PBDE analysis.

Analytical Procedure

Samples were Soxhlet extracted during 24 h with petroleum ether. Further cleanup was performed by using
acidic and basic silica gel multilayer columns. The analysis of all the 17 2,3,7,8-substituted PCDD/Fs and
dioxin-like PCBs was performed by gas chromatography coupled to high resolution mass spectrometry (HRGC-
HRMS) on a Trace GC ultra gas chromatograph (Thermo Fisher Scientific, Milan, Italy) coupled to a high
resolution mass spectrometer (DFS, Thermo Fisher Scientific, Bremen, Germany). Positive electron ionization
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(EI+) was used operating in selected ion monitoring mode (SIM) mode at 10,000 resolving power.
Quantification was carried out by the isotopic dilution technique. A total of 14 PBDEs were identified and
quantified by gas chromatography coupled to low resolution mass spectrometry (HRGC-LRMS) using a 6890 N
gas chromatograph coupled with a 5975 quadrupole mass spectrometer (Agilent, Palo Alto, CA) operating in
selected ion monitoring mode (SIM) with electron capture negative ion chemical ionization (ECNI).

Data analysis
The influence of sampling location (remote or urban), season (winter/fall vs. summer/spring) and year was

simultaneously evaluated by means of a separated generalized linear model analysis (GLM) using total PCDD/F,
dioxin-like PCB or PBDE concentrations (previously In transformed to adjust to normal distribution) as response
variable. Sampling location and season were considered fixed factors and the temporal sequence was included as
a covariable in the model.

Results and Discussion

The range, median and average concentrations for the target compounds in remote and urban areas selected in
our study are shown in Table 1. PCDD/Fs showed the lowest levels, in the order of fg/m’. Sampling location
showed a significant effect on contaminant levels since the average concentration of PCDD/Fs, dioxin-like PCBs
and PBDEs found in air was generally higher in urban than in rural areas. Air concentrations for all the POPs
considered in the present study, fall within the range of those reported in previous studies conducted in remote
and urban areas*®.

Table 1. Range, median and average concentrations of PCDD/Fs, dioxin-like PCBs and PBDEs in remote and
urban sampling points selected in the present study.

[S)::;zi)ling Range Median Average
PCDD/Fs (') (oro'® 32(-)"‘13 ;3932 2191.3 522321
PCBS(m) U 9s9_3sao0 5230 ot
PBDEs (pg/m’) Efg;?fe 8:8; ] 22‘7‘ 3:;2 ig:i

Regarding PCDD/Fs, the general tendency during the studied period (2008-2012) was quite similar in both urban
and remote locations and did not show significant temporal trends (Figure 1a). On the contrary, dioxin-like PCB
concentrations (Figure 1b) showed a significant decreasing tendency from 2008 to 2012 in both remote and
urban areas as showed by the GLM analysis.

The season of the year was a significant factor in the model explaining the occurrence of PCDD/Fs in air. The
seasonal profile for PCDD/Fs was characterized by higher concentrations in winter and fall compared to those in
spring and summer. This pattern was especially noted in remote compared to urban locations as shown in Figure
la. This behavior has been previously described’ and might be mainly associated to the higher ratio of
combustions due to operational heating systems during the cold seasons. Moreover, OH radical is postulated to
photochemically react and degrade PCDD/Fs in the atmosphere. Thus the lower atmospheric concentration of
this radical that takes place in fall and winter seasons in the northern hemisphere may be contributing to the
observed seasonal variations for PCDD/Fs. On the contrary, dioxin-like PCBs showed the highest levels in
spring and summer both in urban and remote arecas. However, the pattern was not as marked as in the case of
PCDD/Fs and thus, the season of the year did not show a significant effect in the model. This fact could be
related to the greater degree of volatilization that these compounds experience under higher temperatures.
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Figure 1. Temporal trends of PCDD/Fs (1a) and dioxin-like PCBs (1b) in remote and urban areas selected in this
study during the period 2008-2012.

Total PBDE concentrations in air did not show significant temporal or seasonal trends, likely because of the
heightened variability observed in some localities. However, BDE-209 - found as the most abundant congener in
our study (Figure 2a)-increased significantly (correlation analysis) from 2008 to 2012 in both remote and urban
areas (Figure 2b). This tendency likely indicates the progressive substitution in Europe of penta- and octa-PBDE
formulations (banned in 2004) for the deca- formulation, which shows a congener abundance profile dominated
by BDE-209. In fact, our results agree with other studies reporting a major presence of BDE-209 in
environmental samples”®.

(b) @ Urban Locations (—— Mean tendency)
1007 ¥ FPBDE2S @ Remote Locations (== Mean tendency)
NPBDE47

HPBDE66 o 4
EPBDE100
[MPBDE9Y
EPBDESS
EPBDE154
EPBDE153
NPBDE184
EIPBDE183
MPBDE191
EPBDE197
PBDE196
CJPBDE209

.
807 ® .

oemos o |mh o

407

Mean PBDE contribution (%)
Ln PBDE209 concentration

207
°
o ° s

T T T T
Spring Fall Spring Fall Spring Fall Spring Fall Spring
Summer Winter Summer Winter Summer Winter Summer Winter Summer
2008 2008-09 2009 2009-10 2010 2010-11 2011 201112 2012

2008 2009 2010 2011 2012

Year Temporal Trend

Figure 2. a) Relative contribution of the individual BDE congeners to total PBDE content, b) Temporal trends of
BDE-209 (2008-2012) in remote and urban areas selected in this study.
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Conclusions

Our preliminary results suggest that POP concentrations in Spanish air are usually higher in urban compared to
rural areas. Dioxin-like PCB concentrations decreased from 2008 to 2012 while some PBDE congeners (i.e.
BDE-209) increased during the same period. Although no temporal trends were detected for PCDD/Fs,
significant seasonal variations related to cold and warm periods were found.

Long-term air monitoring programs for POPs become essential in order to gain a solid knowledge regarding not
only their geographical distribution but also their seasonal behavior. Even more important, the maintenance of
these monitoring plans is absolutely necessary for a proper evaluation of the fate and temporal trends of these
POPs.

Acknowledgements
The authors would like to thank the Ministry of Agriculture, Food and Environment (MAGRAMA) and Project
CTQ2009-14777-C0O2-02 (MICINN) for their financial support.

References

1. Stockholm Convention on Persistent Organic Pollutants; United Nations Environment Programme.
http://chm.pops.int

2. Jiménez B, Martinez, MA, Guardans, R, Garcia, A. Organohalogen Compounds, 2009; 71: 002914.

Harner T, Pozo K, Gouin T, Macdonald A-M, Hung H, Cainey J, Peters A. Environmental Pollution, 2006;

144:445-452.

Harner T, Shoeib M, Diamond M, Stern G, Rosenberg B. Environ. Sci. Technol., 2004; 38: 4474-4483.

Cleverly D, Ferrario J, Byme C, Riggs K, Joseph D, Hartford P. Environ. Sci. Technol., 2007; 41: 1537-1544.

Pozo K, Harner T, Wania F. Environ. Sci. Technol., 2006; 40:4867-4873.

Jaward FM, Farar NJ, Harner T. Environ. Sci. Technol., 2004; 38:34-41.

Jaward FM, Zhang G, Nam JJ. Environ. Sci. Technol., 2005; 39:8638-8645.

w

el B

Organohalogen Compounds Vol. 75, 137-140 (2013) 140



	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




