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Introduction

For atmospheric monitoring of POPs, high volumesaimplers are currently used as conventional sampli
techniques. However, the important cost of the saggquipment, as well as the requirement of a pamd
source electricity are some disadvantages of ttféthau. Moreover, only momentary concentrations loan
known. Therefore, it is necessary to collect maaypsles in order to get real information of POP Igve air.
On the other hand, meteorological variations, a agepunctual emissions, can modify POP air cotreéinns

in short-time periods. Passive samplers are usefubpling tools for POPs making possible to integeahbient
concentrations over various weeks/months. Amongdifferent types of passive samplers, polyurethizaen
(PUF) disks are especially attractive because @f flow cost and simple manipulation. These deviaksy
semi-quantitative comparisons of POP levelhe aim of this study was to assess the air cdrat@ns of
polychlorinated dibenzo-p-dioxins and furans (PCBE{f)/ polychlorinated biphenyls (PCBs) and
polychlorinated naphthalenes (PCNSs) in two zone8arfcelona, Spain, one of them near a municipatl sol
waste incinerator (MSWI) and with a intense traffimother goal was to evaluate the use of passiugters as
a complementary tool to monitor the levels of the€Ps in different areas.

Materials and M ethods

In March/April 2005, PCDD/Fs PCBs and PCNs were itooad in ambient air at four sampling locations in
Barcelona. Three sites were urban/industrial (N9&. and 3), while the remaining was a semi rureh §Site 4).
Ambient air samples were collected using high vauactive samplers (Tisch TE-1000) complying with US
EPA TO-9.The airflow was calibrated to 0.225%min. For PCDD/Fs, the total volume of air samptadged
from 600 to 700 rhfor a sampling duration of aprox. 55 hr. For P@Bg PCNs, the sampling period was 24 hr.
Moreover, 4 PUF passive samplers were deployeteasame sampling points during three months (Matote
2005). Passive samplers consisted on a PUF diskrfildiameter, 1.35 cm thick) contained within ardéss
steel shelter.

The levels of PCDD/Fs, PCBs and PCNs were quadtifiehigh-resolution gas chromatography/high retsmtu
mass spectrometry (HRGC/HRMS) following the VDI 34@ethod. The complete samples (one filter and two
PUFs plugs) were spiked witfiC,, isotopic labelled internal standards. The filted #UF plugs were then ASE
extracted with toluene three times. The systempuaged during 120 sec. The volume of the samplaeixvas
reduced to about 1 ml by means of a Zymark-Turbovd® extract was subjected to an acid/base clpan-u
procedure followed by micro columns of silica geldaalumina. The dioxin containing fraction (or that
corresponding to PCB/PCN) was concentrated neairytoess by a gentle stream of dry nitrogen. Thalfin
extract was spiked with the isotopic labelled intdrstandard and then analysed by HRGC/HRMS. The
spectrometer was equipped with a fused silica leapikcolumn DB-dioxin (30 m x 0.25 mm x 0.38n) for
PCDD/Fs analysis. For PCB and PCN analysis alaapitolumn DB MS (30 m x 0.25 mm x 0[2%) was
used. The HRMS operated under positive El conditi@®b-45 eV) and selected ion monitoring (SIM) madle
resolving power range from 6.000 to 10.000 amu. ifass range available was 0-2.000 amu. For tor&Q-
calculations, for those congeners below the detediinit the respective concentration was assurndaktone-
half of the detection limit.
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Results and Discussion

Table 1 shows the levels of PCDD/Fs, PCBs and P&Nse Hi-vol air samples. Total PCDD/F I-TEQ w&#4
and 13 fg I-TEQ/m in the urban/industrial (range: 20.6-27.7 fg I-TE®) and the background sites,
respectively. These levels were similar or evenelowhan those found in previous studies of various
suburban/industrial sites of CataloAiihe main contributor to total I-TEQ was 2,3,4,P8DF, accounting for
35-39%. The most abundant congener was OCDD catitnip with 47% to the total concentration (28-61%),
followed by 1,2,3,4,6,7,8-HpCDD with 13% (11-17%)d OCDF with 10% (9-11%). A pattern of decreasing
PCDF concentrations with increasing chlorinatiovele and increasing PCDD concentrations with insirez
chlorination level were noted. The sum of the 7 8JECB congeners was higher at the industrial siteat
value 170 pg/M) than at the background site (127 pd)/nmn this study, PCB 180 was found under its dixec
limit in all samples, while PCB 118 was only deéett site 3 (13 pgffn PCB 28 was the most abundant
congener in both areas. Decreasing PCB concentsatigth rising chlorination degree was observedhia
urban/industrial sites. In contrast, higher conaitans of most heavy PCBs (138 and 153) were faatnithe
background siteRegarding background PCN levels, these were loham those found at the urban/industrial
sites (2.4 and 3.8 pgfirespectively). The most abundant homologues terdri- and tetraCNs, while hexa- to
octaCNs presented value under their respective LOD.

In order to compare active and passive samplirey)ebels of PCDD/Fs, as well as PCB and PCNs stepees
amounts in the 4 passive air samplers are sumndaitiz&able 2. With respect to PCDD/Fs, as expediesl,
background site showed lower concentrations (2@0-PEQ) than the industrial area (mean value $§3-
TEQ). Total tetra- and pentaDFs and tetraCDDs wleeemain contributors to total PCDD/Fs. Light conges

are predominant in the gas phase. In turn, PCDD$ tie be more associated with the particulate ptizes® the
equivalent PCDF homologue groups. Among PCDD intligl congeners, OCDD was the predominant (48-75%
of the total PCDD/Fs, mean value 60%), followed1%,3,4,6,7,8-HpCDD (7-11%, mean value 10%). With
respect to furans, OCDF contributed with 3-5% d# thtal 2,3,7,8-substituted congeners (mean valeg 4
These results show that most compounds associatiegarticles are also sequestered by the samSarslar
results were also observed in studies where PUBiyeasamplers were usédn relation to PCBs, it is not
possible to report results from site 3 becausenafydical problems. PCB 28 was the most abundangieoer in

the three sites. Sites 1 and 2 showed decreasiBgdeficentrations with increasing number of chlortems.

In the background site, as also observed in theeasampling, hexa- and hepta-CBs (Nos. 138, 153180)
were found in higher quantities than tetraCBs (%2 401). These findings are in agreement with those
concerning active samples and they reflect a pahsurce of the heaviest congeners in site 4. Veéitpect to
PCNs, in site 2 only sum of tri- and tetraCNs cobédetected. These results reflect the extrenosiyRCN
concentrations in ambient air. The atmosphericléewé PCNs were probably too low to allow collectiof a
sufficient amount to be detected in a 90-day-samgpliTherefore, it would be necessary a longer sagpl
period in order to detect PCNs in ambient air. Femnore, it would be suitable to achieve lower wiitzdl
detection limits.

In order to study PUF passive samplers as a congpltary tool for PCDD/F, PCB and PCN monitoring,
sampling rates were calculated in accordance vatisipe samplers theory, where it has been demtedsttzat
sampling rates of chemicals witho)K> 10*° remain linear (and defined by the mass transfefficient) over
100 days at few fday? Under these conditions of linearity, the sampliatgs for the target compounds can be
calculated according the following simple expressio

Rea= Npd Cy t

where R, is the sampling rate (fday) measured at the calibration site;shé the amount of compound
accumulated in the sampler (ng), 8 the concentration of that compound in the vaghase (ng/f) and t is
the time of exposure (days). Subsequently, caledledtes are used to estimate air concentrationg tie same
devices. Table 3 shows the uptake/rates for eaner®r. As expected, high substituted PCDD/F cosigen
showed very high rates when only the gas phasecosidered. Otherwise, when total air concentratioere
taken into account the rates obtained (0.7-8/day) were lower than those obtained for most gaase
congeners (tetra and penta) (1.7-7 2day). Data for hepta- and octa- congeners weterateterogeneous,
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Table 1. Levels of PCDD/Fs (fgfin PCBs and PCNs (pgfrdetermined
by Hi-vol air sampling in Barcelona (March-April @5).

Table 2.Levels of PCDD/Fs. PCBs and PCNs determined byestgre(
passive samplers (pg/PUF) in Barcelona (March-2005).

T€

Urban/Industrial Background Urban/Industrial Background
S1 S2 S3 A S1 S2 S3 A
Sampling period (day) 97 91 97 97
2.3.7.8-TCDF 12.9 14.8 215 11.0 2.3.7.8-TCDF 4.1 2.8 2.1 <2.7*
1.2.3.7.8-PeCDF 10.6 13.3 16.8 9.1 1.2.3.7.8-PeCDF 2.7 2.6 2.7 0.9
2.3.4.7.8-PeCDF 17.2 14.9 21.8 9.8 2.3.4.7.8-PeCDF 2.4 29 3.3 18
1.2.3.4.7.8-HxCDF 17 14.2 195 7.6 1.2.3.4.7.8-HxCDF 3.6 2.2 2.4 2.4
1.2.3.6.7.8-HxCDF 19.7 17.4 24.4 10.6 1.2.3.6.7.8-HxCDF 34 2.6 3.6 1.8
2.3.4.6.7.8-HxCDF 1.9 1.8 1.6 15 2.3.4.6.7.8-HXCDF <0.5 <0.5 <0.6 <0.9
1.2.3.7.8.9-HxCDF 18.8 15.3 23.4 9.7 1.2.3.7.8.9-HxCDF 1.8 1.3 0.9 <0.9
1.2.3.4.6.7.8-HpCDF 64.2 52.4 69.5 22.7 1.2.3.4.6.7.8-HpCDF 10.0 75 5.4 4.2
1.2.3.4.7.8.9-HpCDF 5.7 6.6 7.9 4.5 1.2.3.4.7.8.9-HpCDF 0.7 <1.0 <15 <0.9
OCDF 108.3 66.1 77.4 21.6 OCDF 105 33 3.3 <6.0*
2.3.7.8-TCDD <15 <15 <18 <15 2.3.7.8-TCDD <0.5 <0.5 <0.6 <0.6
1.2.3.7.8-PeCDD 3.6 2.7 3.5 15 1.2.3.7.8-PeCDD 0.5 <0.5 0.9 <0.6
1.2.3.4.7.8-HXCDD 3.7 2.8 35 15 1.2.3.4.7.8-HxCDD 0.5 <0.5 <0.6 <0.9
1.2.3.6.7.8-HxCDD 12.1 11.9 11.8 4.4 1.2.3.6.7.8-HxCDD 15 <0.5 <0.6 <0.9
1.2.3.4.7.8-HxCDD 9.1 7.5 7.6 2.1 1.2.3.4.7.8-HxCDD 1.1 <0.5 <0.6 <0.9
1.2.3.4.6.7.8-HpCDD 149.6 97.3 92.9 30 1.2.3.4.6.7.8-HpCDD 233 6.8 7.2 4.2
OCDD 705.9 2345 242 79.8 OCDD 195.0 32.2 69.9 32.7
pg I-TEQ/m® 24.3 20.6 27.7 12.5 pg I-TEQ 4.01 3.13 3.76 2.30
PCB 28 66 60 56 28 PCB 28 16.4 17.2 ND 12.3
PCB 52 42 36 26 16 PCB 52 9.6 11.0 ND 7.5
PCB 101 24 22 30 22 PCB 101 7.3 8.6 ND 6.9
PCB 118 <10 <10 13 <10 PCB 118 2.0 3.0 ND <3.0
PCB 138 13 16 24 25 PCB 138 4.6 6.1 ND 8.4
PCB 153 14 18 24 26 PCB 152 5.0 6.7 ND 9.9
PCB 180 <10 <10 <10 <10 PCB 180 2.0 2.6 ND 8.4
Y ICESPCB 169 158 178 127 YICESPCB 46.9 55.2 - 54.9
Sum of Di-CNs 7 33 3.4 1.6 Sum of Di-CNs <1.0 <1.0 ND <1.0
Sum of Tri-CNS 17.5 10.9 12.3 6.8 Sum of Tri-CNS <1.0 1.70 ND 1.20
Sum of Tetra-CNs 21.5 <1.7 7.6 4.3 Sum of Tetra-CNs 2.60 4.10 ND <1.0
Sum of Penta-CNs 1.6 <1.7 <1.6 1.6 Sum of Penta-CNs <1.0 <1.0 ND <1.0
Sum of Hexa-CNs <1.6 <1.7 <1.6 <1.6 Sum of Hexa-CNs <1.0 <1.0 ND <1.0
Sum of Hepta-CNs <1.6 <1.7 <1.6 <1.6 Sum of Hepta-CNs <1.0 <1.0 ND <1.0
Octa-CNS <1.6 <1.7 <1.6 <1.6 Octa-CNS <1.0 <1.0 ND <1.0
> PCN 2.4 5.9 3.2 2.4 > PCN 5.6 8.3 - 4.2

ND: Not detected

*increased LOD because of matrix interferences
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which was probably due to the particle size in esith The finer the particle was, the easiewas probably
sorbed by the samplers. In general terms, ratesinaut for tetra- and penta- substituted congenesse w
homogeneous with a mean value of 33day. These results were consistent with previdudiss where other
semipermeable membrane devices were found efficeamhplers for vapour phase species with good
reproducibility between samplers, but with a poarsroducibility for particle associated speciédean of all
congeners would mean 3.T/aay. PCB uptake/rates ranged from 1.6 to 4°@lay. These results were similar
to those found previously in indoor conditions (3r¥day)? An uptake rate of 3-4 Hfday has been used in
field-studies to assess PCB levels.

Table 3. Sampling rates {fday) for each PUF passive sampler and mean values.

PS1 PS2 PS3 PS4 M ean
Congeners
2,3,7,8-TCDF 3.4 2.5 1.7 - 25
1,2,3,7,8-PeCDF 3.9 4.0 3.9 2.0 3.5
2,3,4,7,8-PeCDF 3.0 3.9 4.2 4.2 3.8
1,2,3,4,7,8-HXCDF 9.4 (2.2f 6.1 (1.4% 6.2(1.5) 13.9 (3.3} 8.9 (2.1
1,2,3,6,7,8-HXCDF 7.6 (1.7 6.2 (1.4% 8.0 (1.8} 7.7 (1.8f 7.4 (.77
2,3,4,6,7,8-HXCDF - - - - -
1,2,3,7,8,9-HXCDF 15 11 0.7 - 1.1
1,2,3,4,6,7,8-HpCDF 10.5 (1.7} 8.4 (1.37 5.7 (0.9% 12.0 (1.9} 9.1 (1.57
1,2,3,4,7,8,9-HpCDF 11.6 (1.3f - - - 1.3
OCDF 40.6 (1.9 13.6 (0.4} 12.8(0.4}
2,3,7,8-TCDD - - - - -
1,2,3,7,8-PeCDD 4.0 - 7.2 - 5.6
1,2,3,4,7,8-HXxCDD 9.7 (1.5 - - - 9.7 (1.5}
1,2,3,6,7,8-HXCDD 8.3(1.3¢ - - - 8.3 (1.3}
1,2,3,4,7,8-HXCDD 9.8 (1.4 - - - 9.8 (1.4}
1,2,3,4,6,7,8-HpCDD 24.2 (2.1} 7.5 (0.6} 7.5 (0.7f 16.4 (1.4} 13.9 (1.2}
OCDD 224.8 (5.1} 39.6 (0.8} 80.6 (1.8} 186.2 (4.2} 132.8 (2.9}
PCB 28 2.8 31 - 4.5 2.6
PCB 52 2.9 3.5 - 4.9 2.8
PCB 101 3.8 4.8 - 4.2 3.2
PCB 118 1.6 2.6 - - 21
PCB 138 3.4 4.8 - 4.4 3.2
PCB 152 3.4 4.9 - 4.9 3.3
PCB 180 - - - - -

®Sampling rate calculated using total air conceiomafc,+c).

In summary, it can be concluded that the urbanétréhl areas under study showed low air levelshef ROPs
analyzed. It was also previously observed in saild herbage of the same ark#srelation to PUF disks, these
devices allowed to establish differences among fonBOP levels.
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