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Introduction

A number of industrial activities emit polycyclicamatic hydrocarbons (PAHS) into the environmennokg
anthropogenic sources, in recent years power gemerand petroleum manufacturing have become very
important. In addition to stationary sources, traffic hasoabeen suggested to be a remarkable contributor to
pollution by PAHS* Moreover, other industries involving thermal prsses may be potentially releasers of other
organogulorine compounds such as polychlorinatgohdriyls (PCBs) and polychlorinated naphthalenes
(PCNs)>

The most important chemical/petrochemical induktt@mplex in Southern Europe is located in Tarragon
(Catalonia, Spain). In 2002, after approximately yiars of operations, a wide environmental momtpri
program was carried out in various industrial aesidential areas of TarragohaThree years later (2005), a 5-
years surveillance program was started in ordestdate the temporal variation of the environmergakls of
some pollutants. The results concerning the leeél®AHs, PCBs and PCNs in herbage samples collected
during the second year of the program are herespted.

Materialsand M ethods

In winter of 2006, 15 samples of herbadpatherum paradoxum L.) were collected in 4 different areas of
Tarragona: 4 in the chemical area (Southern complexn the petrochemical zone (Northern compléxjn
urban areas, and finally, 3 in presumably unpaflygeints. Between 100 and 150 g of herbage weteatetl by
cutting the plants at 5 cm above ground. All samplere kept in double aluminium foils. Once in the
laboratory, they were dried at room temperaturd analyses.

The determination of PCBs, PCNs and PAHs was chmig following a derivation of the US EPA 1625
method. Prior to extraction, seveliC,,-labelled PCDD/Fs and PCBs, as well as deuteratdtsPwere spiked

as internal standards. The pollutants were extldnyeASE (Accelerated Solvent Extraction) in toladar 24 h.
The extract was concentrated up to 2 mL and divideal2 parts for the determination of PAHs, and R&€Bs
and PCNs. The clean-up was based on a multistepri@asn chromatography, consisting on consecutives
columns of multilayer silica and alumina. The fireltract was dried with a gentle stream of nitrogexwl
another internal standard was added to check #mbiéity of the analytical equipment. The resudticleaned
samples were analyzed by High Resolution Gas Chigrephy coupled to High Resolution Mass
Spectrometry (HRGC/HRMS).

Data were assessed by using the SPSS 12.0 sHdtssifoware. Statistical significance was estalelisht p<0.05
and studied by applying an analysis of variance QMA) or a Kruskal-Wallis test. In the cases in whia
pollutant presented a level below the limit of d#itn (LOD) (no detected = ND), its concentratiomsy
assumed to be one-half of the LOD.

Resultsand Discussion

The concentrations of the 16 individual analyzedHBAtheir aggregation and the sum of the 7 car@nimg
PAHs are summarized in Table 1. The levels conogrthie chlorinated compounds (7 PCB congeners and 5
PCN homologues) are also given.
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Table 1. Concentrations of PAHs (ng/g) as well @B8& and PCNs (ng/kg) in herbage collected in diffier
areas of Tarragona (Catalonia, Spain).

Chemical Petrochemical Residential Unpolluted
n=4 n=4 n=4 n=3
Naphthalene 18.5+ 2.62 95 + 1.2° 245 + 45% 275 + 0.7°
Acenaphthylene 0.78 0.35 <1.2 <1.2 <1.2
Acenaphthene 3.3 45 0.8 + 0.3 1.2 £ 04 16 = 0.1
Fluorene 42+ 04 3.6 + 0.9 50 + 1.3 6.4 + 0.3
Phenanthrene 32 21 47 = 3.1 50 £ 25 6.5 £ 0.9
Anthracene 1.5+ 0.7 20+ 14 22 + 06 19 = 0.7
Fluoranthene 10.5+ 5.0 105 + 54 169 + 7.9 146 + 7.6
Pyrene 16.2+ 9.4 12.1 + 4.0 23.8 + 13.3 139 + 8.7
Benzo(a)anthracene 2% 0.9 26 = 1.7 34+ 15 19 + 13
Chrysene 58+ 24 44 + 16 51+ 21 34 £ 23
Benzo(b)fluoranthene 3.& 1.2 27 £ 01 45 = 15 21 £ 10
Benzo(k)fluoranthene 1.6 0.6 1.2 + 0.3 19 + 0.7 09 £ 04
Benzo(a)pyrene 1.8 0.9 1.0 + 0.3 1.8 + 05 05 + 0.2
Indeno(123-cd)pyrene 1.& 0.9 1.1 + 0.2 1.7 £ 05 0.7 £ 0.3
Dibenzo(ah)anthracene 0.40 = 0.17 0.21 £ 0.05 0.40 £ 0.20 0.09 £ 0.06
Benzo(ghi)perylene 4.8 3.3 23+ 14 35+ 1.0 09 + 0.3
16 PAHs 80.5+ 28.2 59.3 + 114 101.3 + 30.9 83.3 + 22.7
7 carcinogenic PAHs 17.2 6.9 131 + 3.0 188 + 6.4 9.6 + 54
PCB-28 220+ 59 198 + 62 298 = 38 273 £ 40
PCB-52 113+ 40 120 £ 71 188 + 43 187 + 35
PCB-101 185+ 45 145 + 61 263 + 98 163 + 15
PCB-118 179+ 78 121 + 40 248 + 85 137 = 12
PCB-153 308+ 82 203 + 67 355 = 73 183 + 38
PCB-138 390+ 139° 180 + 45° 345 + 153% 118 + 29%
PCB-180 170+ 58 127 + 53 160 + 41 69 + 20
Sum PCBs 1563+ 450 1093 + 337 1855 + 406 1131 + 126
Tetra-CN 323+ 6.2 28.8 + 6.9 64.3 + 51.8 40.7 £+ 16.3
Penta-CN 10.2+ 2.3 9.0 + 2.0 220 + 211 105 + 3.1
Hexa-CN 3.7+ 15 28 + 0.3 38+ 20 26 + 1.2
Hepta-CN 1.3+ 1.1 <1.0 0.7 £+ 04 <1.0
Octa-CN 0.8+ 0.7 0.7 + 0.6 <0.50 <0.50
Sum PCNs 48.3+ 10.2 417 + 8.8 90.6 + 75.2 53.3 + 20.6

A common superscript (a, b, c) indicates no $icpmt differences between areas (p>0.05).

In relation to PAHSs, the residential area showedhighest concentration fL6PAHs (101.3 ng/g d.m.) a7
carcinogenic PAHs (18.8 ng/g d.m.). In contrasg, lttwest levels of the sum of 16 PAHs and the stithe 7
carcinogenic PAHs  (benzo(a)anthracene, chrysene,nzofig)fluoranthene,  benzo(k)fluoranthene,
benzo(a)pyrene, indeno(123-cd)pyrene, dibenzo(#im@rene) corresponded to the petrochemical and the
unpolluted areas, 59.3 and 9.6 ng/g d.m., respgtiHowever, the differences did not reach theellexf
statistical significance. When the PAHs were indilly assessed, only naphthalene showed significan
different concentrations according to the areaaofiging. Thus, the levels obtained in the unpotilaeea were
significantly higher than those collected near tmemical and petrochemical areas. It is well knavat
naphthalene is a very volatile compound, and id¢eto be present as vapour phase in the atmosphere.
Consequently, its long range transport capacityui¢e important, as it has been demonstrated byfatieof
having found important concentrations of naphthalierremote areas of the plafiet.

Organohalogen Compounds Vol 68 (2006) 1092



Ambient levels and trends 1

Regarding to PCBs, the levels of the sum of 7 P@Bgeners were very similar in the 4 areas of ctitiac
ranging between 1093 and 1855 ng/kg d.m. A siggificlifference was registered for the levels ofRIEB-138
congener between the chemical and the petrochemovoais (390 and 180 ng/kg d.m., respectively)ointrast,
the residential area presented the highest PCNeotration (90.6 ng/g d.m.), whereas the remainioges
showed similar values (48.3, 41.7 and 53.3 ng/kg. dor the chemical, petrochemical and unpollutedes,
respectively). In fact, traffic has been suggestedn important contributor of PCNs in densely pated areas.

In any case, the present levels of organic polistdound in herbage are similar or even lower thizose
obtained in other industrial and urban zones. Giyethe number of investigations regarding to lineels of
organic pollutants in vegetation is quite scarcamofg the different kinds of vegetal species, pieedtes have
been frequently used as a biomonitor of pollutioehndorff and Schwark (200%)found a PAH concentration
ranging between 61 and 185 ng/g in pine needlékeofirban area of Cologne (Germany). In turn, Matiet

al. (2000§" reported a mean PCB concentration of 298 ng/kiria bark of an unburned forest in Catalonia, and
ranges of PCN levels in pine needles of 165-925262100 ng/kg have been reported in Poland apdnja
respectively’>*3 Notwithstanding, in spite of a general lack of gamative studies, it has been suggested that the
individual plant characteristics might lead to Heatent PAH accumulatiof{.
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Figure 1. Temporal variation gf16PAHSs,> 7 carcinogenic PAHs, PCBs and PCNs in herbage atetlein
Tarragona (* p<0.05; ** p<0.01).

The results of the current study (2006) were coegbao those found in the baseline survey (2002 Th
temporal trends of the organic pollutants in heghagcording to the area of sampling, are depictédgure 1.
Regarding to the sum of 16 PAHSs, the tendencieg wéferent according to the zone of collectionughthe
PAH concentration in the residential area diminishehereas that of the unpolluted zone increasedohtrast,
the levels of the industrial (chemical and petrocioal) area remained nearly invariable. Howevegséh
differences did not reach the level of statistisgnificance (p<0.05). By contrast, the levels bé t7
carcinogenic PAHs notably increased in the lasvesurin 2002, none of the carcinogenic PAHs coud b
detected in vegetation (LOD=2 ng/g). Due to pradtieasons, the kind of vegetation used as a moinitthe
baseline study (chard) was substituted by commabage. The inter-species differences could exp&in
different retention of compounds depending on gdaht characteristics. Moreover, another possybdduld be
that the experiment (storage and analysis) durdtjozatly longer in the baseline study) would hbgen able to
allow the PAHSs to degrade.
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With respect to the chlorinated compounds PCBsR@Ns, a similar tendency in the three areas of Bagp
could be observed. For both compounds, the indlistrea presented a significant reduction of cotnagans
between the baseline (2002) and the current (26t0@ly. PCB levels decreased from 2744 to 1328 ng/iy,
while PCN concentrations diminished from 214 to mtgkg d.m (p<0.05 and p<0.01, respectively). In the
residential and the unpolluted areas, the condémisaalso notably decreased, but without reacttiegevel of
statistical significance. Since PCBs were inclugtethe Stockholm Convention for the Regulation QfA%, and
PCNs are by-products of PCB formulations, this dase was quite expectable.

In conclusion, the results of the present invesiigaindicate that the current levels of PAHs, P@Bd PAHS in
vegetation of the chemical/petrochemical industaiga of Tarragona are relatively low. In additiamotable
decrease of the chlorinated compounds levels has Bmund. However, a slight (although not signifiga
increase of the carcinogenic PAHs has also beeedndtherefore, special attention must be paid &seh
pollutants in future surveys of 2005-2009 surveitia program.

Acknowledgements
This research was financially supported by the Gmniglel Camp de Tarragona (Catalonia, Spain).

References

Baek SO, Field RA, Goldstone ME, Kirk PW, Lesidl, Perry RWater Air Soil Pollut 1991;60:279.
Dunbar JC, Lin CI, Vergucht I, Wong J, Durant 3ti Total Environ 2001;279:1.

Helm PA, Bidleman THenviron Sci Technol 2003;37:1075.

Dyke PH, Foan C, Fiedler i@hemosphere 2003;50:469.

Nadal M, Schuhmacher M, Domingo JHci Total Environ 2004;321:59.

Schuhmacher M, Nadal M, Domingo Hnviron Sci Technol 2004;38:1960.

Nadal M, Schuhmacher M, Domingo Hnviron Pollut 2004;132:1.

Brun GL, Vaidya OC, Léger MGEnviron Sci Technol 2004;38:1941.

Krauss M, Wilcke WEnviron Pollut 2003;122:75.

Lehndorff E, Schwark LAtmos Environ 2004;38:3793.

Martinez M, Diaz-Ferrero J, Marti R, Broto-PHigComellas L, Rodriguez-Larena MChemosphere
2000;41:1927.

Orlikowska O, Falandysz J, Bochentin |, HairiwWyrzykowska B, Yamashita NDrganohalogen Comp
2004;66:2222.

Hanari N, Horii Y, Taniyasu S, Falandysz J, Baexttin |, Orlikowska A, Puzyn T, Yamashita Rbl J
Environ Stud 2004;13:139.

14. Howsam M, Jones KC, InesonBrwviron Pollut 2000;108:413.

15. Rost H, Loibner AP, Hasinger M, Braun R, Sz@#t. Chemosphere 2002;49:1239.

PP OO~NOOTRA,WNE

-
N

=
w

Organohalogen Compounds Vol 68 (2006) 1094



	Binder2a.pdf
	FCC-2602-414419.pdf
	RECENT CHANGES IN HCB AND PCB LEVELS IN HERRING GULL (LARUS 
	Introduction
	Herring gull
	Audouin's gull



	FCC-2602-413543.pdf
	Sampling
	All samples (soil, moss and tree bark) were collected between August-September 2005 from 16 forest locations in Moldavia, the Eastern part of Romania. Sampling sites were located at least 300 m from main roads and populated areas and at least 200 m from any side roads or houses.
	Soil. At each sampling site, two sub-samples of surface soil (0-5cm) taken from a square of 10x10 cm were collected within 50 m from the collection sites for moss and tree bark samples. Sub-samples were pooled per location.

	Moss. The Hypnum cupressiforme moss species, which grows in the forest, was used for the present study. At each sampling site, 4 to 6 sub-samples were taken within an area of 50x50 m. Both epiphytic mosses growing at 0.5-1.5 m height on different trees and epigeic moss in the close vicinity of trees were collected.
	Tree bark. Bark samples were collected at 0.5-1.5 m height from trees of similar size and age. At each sampling site, 3 to 6 sub-samples were taken within an area of 50x50 m. On each tree, slices of about 3 mm thickness were detached from the same side of the trunk where the moss was growing, in order to have the same exposure to POPs. The following tree species were sampled: oak, cherry tree, hornbeam, alderwood and ashwood.





