ANNEX 1

Monte-Carlo parameter distributions

Par ameter Units Type Distribution ® Reference

Ventilation rate mday uniform 5.05-17.76 Finley et al. (1994)
Alveolar fraction retained in lungs unitless triaey 0.75(0-1) Nouwen et al. (2001)
Exposed time fraction unitless triangular 0.62 (0 - Nouwen et al. (2001)
Body weight kg log-normal 67.52+12.22 Arija et @l996)

Skin coverage with soil outside kgfm triangular 3.75-16(0 - 0.1) Nouwen et al. (2001)
Matrix factor unitless triangular 0.15(0-1) Noenvet al. (2001)
Exposed skin surface area forarms 2 m log-normal 0.319 £ 0.0461 US EPA (1992)
Exposed time fraction outside unitless triangular .158 (0 - 1) Nouwen et al. (2001)
Skin coverage with soil inside kgfm triangular 5.6-10 (0 - 5-10°) Nouwen et al. (2001)
Saoil fraction in the inside dust unitless triangula 0.8 (0-1) Nouwen et al. (2001)

2

Exposed skin surface area for hands m log-normal 0.084 £ 0.0127 US EPA (1992)

Exposed time fraction inside unitless triangular  458.(0 - 1) Nouwen et al. (2001)

Ingestion rate of soil particles kg/day triangular 2.5-10° (1-10" - 5-10°) LaGoy (1987)

Sleeping time h/day triangular 7.5 (3-14) Unpshiid data

PCDDI/F conc. in industrial soil ng I-TEQ/kg log-maal 2.65+2.03 Schuhmacher et al. (2004)

PCDD/F conc. in residential soil ng I-TEQ/kg logrmal 1.31+0.88 Schuhmacher et al. (2004)

PCDD/F conc. in industrial air fg I-TEQAn  triangular 82.8 (17.3 — 305.9) Data from the RagldGovernment of Catalonia
PCDD/F conc. in residential air fg I-TEQIm triangular 47.1 (21.1 —92.4) Data from the Reglddovernment of Catalonia
Tolerable Daily Intake pa/kg/day uniform 1-4 Vandusven et al. (2000)

Carcinogenic slope factor kg-day/ng uniform  3.4-10°- 5.6-1F Katsumata and Kastenberg (1997)

2To describe the distribution, mean and standaréhaten were used for log-normal distributions, lemd high for uniform distributions, and mean, lavdaigh for triangular distributions.



Parameter

Industrial Residential
Food intak&®
Intake of tubers 63 +34 46 £ 42
Intake of vegetables 171 +103 213+121
Intake of pulses 8+12 7+14
Intake of cereals 173 £ 88 186 + 86
Intake of fruits 250 + 199 192 + 144
Intake of fish and shellfish 60 + 67 74 +77
Intake of meat 137 +79 151 +79
Intake of eggs 22+25 23 +23
Intake of milk 232 +158 200 + 161
Intake of dairy products 80 £ 63 104 + 81
Intake of vegetable oils and fats 25+12 34+16

PCDDIF concentrations in foodstuffs

PCDD/F concentration in tubers 0.007 (0.0009 —4).02
PCDD/F concentration in vegetables 0.007 (0.0008041)
PCDD/F concentration in pulses 0.012 (0.0013 —-2.03
PCDD/F concentration in cereals 0.059 (0.0002 €0.0
PCDD/F concentration in fruits 0.008 (0.0005 - @pP0o
PCDD/F concentration in fish and shellfish 0.29®098 — 0.738)
PCDD/F concentration in meat 0.064 (0.0076 —0.130)
PCDD/F concentration in eggs 0.064 (0.0377 — 0.096)
PCDD/F concentration in milk 0.009 (0.0031 —0.011)
PCDD/F concentration in dairy products 0.200 (0382.407)
PCDD/F concentration in vegetable oils and fats 0.185 (0.0485 — 0.197)

2 Data from Capdevila et al. (2000)

® Distribution type is log-normal. Units in g/day.

¢ Data from Llobet et al. (2003)

dDistribution type is triangular. Units in ng I-TEKY.



ANNEX 2

Concentrations of a number of elementsin soil samples collected in Tarragona

Industrial 1 Industrial 2 Residential Unpolluted P

Arsenic 5.79+0.74 5.17 +1.83 4.15+1.66 5.3042 NS

Cadmium 0.25+0.10 0.17 £ 0.08 0.19 +0.07 0.1606 NS
Chromium  15.9+2.8 11.3+3.7 10.2+3.2 86+0.9 <0.01

Mercury 0.12 +0.09 0.04 £ 0.02 0.08 +£0.07 0.02.82 NS

Manganese 228.1+77.5 194.7 +65.1 191.5+71.8 188.9+13.2 NS
Lead 46.5 + 363 24.6 +17.% 66.1 +49.2 146 +3.% <0.05
Vanadium 23.2+6% 14.8 +4.0 13.6 +3.3 122+2.8 <0.01

Results given as mean values + SD (in pg/g). Theeganot showing a common superscript (a,b) are
significantly different at the level shown. NS =flerences not statistically significant



ANNEX 3

L evels of different pollutantsin soil and vegetation samplesreported in a number
of studies



L evels of PAHsin soil in a number of locations

Location Levels (ng/g) n° of PAHs Source Reference
Linz (Austria) 1456 18 Industrial area Weiss et al. (1994)
Upper Silesia (Poland) 284 16 Agricultural soils from industrial site Maliszska-Kordybach (1996)

West Macedonia (Greece) 55.2 - 495 16 Lignite-fipedver plants Stalikas et al. (1997)
Kohtla-Jarve (Estonia) 12390 + 9810 16  |ndustrial area Trapido (1999)

Tallinn (Estonia) 2200 + 1396 12 Urban soils Trapido (1999)

Harjumaa (Estonia) 232+ 153 12 Rural soil Trapido (1999)

Zelzate (Belgium) 300000 7 50 m from an oil refiner Bakker et al. (2000)
Zelzate (Belgium) 3000 - 14000 7 1.3 - 4.2 km framoil refinery Bakker et al. (2000)

llawa Glowna (Poland) 383.7 14 Control Malawska #¥itkomirski (2001)
New Orleans 3731 16 Urban soils Mielke et al. (2001)

5 different cities 1092 16 Urban soils Saltiene et al. (2002)

Novi Sad 47870 - oil refinery (after Kosovo war) riik and Miljevic (2002)
Novi Sad 4650 1 oil refinery (after Kosovo war) Skrbic and Miljev{2002)
Tokushima (Japan) 610.6 13 Urban soils Yang €2a0D2)

5 sites in Korea 49.4 16 Control unburnt soil Kitrak (2003)

Korea 158 16 Agricultural soils Nam et al. (2003)

Tianjin (China) 818.2 £ 796.2 16 Industrial area nyat al. (2003)

NE of France 1228 17 50 m from a highway Crépirstaal. (2003)
Eordaia basin (Greece) 300 - 1600 13 Coal burnieg a Voutsa et al. (2004)

Sao Pedro da Serra (Brazil) 89.2 21 Agriculturedéhths after a fire Pereira Netto et al. (2004)
Notre-Dame de Gravenchon (France) 5650 + 2305 14  dushnial area Motelay-Massei et al. (2004)
Rouen (France) 2780 + 879 14 Urban area Motelays®lat al. (2004)
Riverdale (Canada) 1750 12 Urban Wong et al. (2004)
Beijing (China) 3917 16 Urban soils Tang et al.q20

Reggio Emilia (ltaly) <DL -318.9 22 Industrialear (MSWI) Capuano et al. (2005)
Beijing (China) 1347 + 950 16 Urban soils Ma et(2D05)

Guangzhou (China) 42 - 3077 16 Vegetable soils Eherh (2005)

&Median values
b Geometric mean
© Only benzo(a)pyrene



L evels of PCDD/Fsin soilsin a number of locations

Location

Levels (ng I-TEQ/kg)

Source

Reference

Madrid (Spain)

Columbus (Ohio, USA)
Changwon, Korea

Besos (Catalonia, Spain)
Montcada (Catalonia, Spain)
Tarragona (Catalonia, Spain)
Masan and Changwon (Korea)
Ya-Er Lake (China)

Hsinchu, Taiwan.

Sta. Margarida i els Monjos
Santiago (Chile)

Italy

Switzerland

Pyoungtak, Korea

Mancy (France)

Washington State (USA)
Korea

0.69-114
4-60
8.38
12.24
9.95
1.20
8.9-159
0.29
0.524 -5.02
0.39
0.22-22
0.08-15
0.95-8.4
4.1
13%1
4.1
1.16-77.80

Industrial (Clinical WI)
Industrial (near a MSWI)

Industrial

Industrial (old M$WI
Industrial (oldWIp
Industrial (ne@&\VM)
Industrial area

Agricultural

Industrial (MSWI)
Industrial (cemaant)
Different areas

3 MSWiIs

Different areas
Industrial (HWI)
Industrial (former old MSWI)

Urban

Industrial (HWI)

Jimenez et al. (1996)
Lorber et al. (1998)

Gon et al. (2000)
Schuhmacher et al. (2000)
Domingo et al. (2001a)
Domingo et al. (2001b)

Im et al. (2002)
Wu et al. (Z)0

@beet al. (2003a)

Schuhmacher et al. (2003)
Takazawal. (2004)
Caserini et al. (2004)

Schmid ef24104)

Park et 2D@4)

Pirard et al. (2005)

Rogowski and Y(@95)

Kim et al. (2005)

&Median values



L evels of PCBsin soilsin a number of locations

Location Levels (ng/g) n° of PCB Source Reference
congeners
Varese (Italy) 13.3 ? Highly impacted urban area talNanni et al. (1998)
Anterselva Valley (ltaly) 0.37 ? Unpolluted aredfAalley) Notarianni et al. (1998)
Garraf (Catalonia, Spain) 0.724 11 Unburned forest Martinez et al. (2000)
Katowice (Poland) 380 + 300 ? Strongly industriadizity Falandysz et al. (2001)
Romania 23.1+17.3 19 Industrial areas Covacl. €¢2801)
Romania 57.3+41.0 19 Rural areas Covaci et aD1}p
DélInitz (Germany) 1.33 6 Agricultural near a fonniedustry  Manz et al. (2001)
Belgium 14.5 12 Different areas Covaci et al. (2002
Worldwide 5.41 29 Rural ("background") Meijer et @003)
Bayreuth (Germany) 2139 12 Industrial area Krauss and Wilcke (2003)
Madrid (Spain) 32 31 Urban area Garcia-Alonso agreRPastor (2003)
Notre-Dame de Gravenchon (France) 150 7 Industred Motelay-Massei et al. (2004)
Rouen (France) 1.49 7 Urban area Motelay-Massali €2004)
Reggio Emilia (ltaly) 0.7-30.1 18 Industrial area Capuano et al. (2005)
Croatia 5 17 Near airports Vasili et al. (2004)
South Sweden 721 44 Urban and rural areas Backe et al. (2004)
&Median values
Levelsof PCNsin soilsin a number of locations
Location Levels (ng/kg) n° of PCN Source Reference
congeners
Brunswick (Georgia, USA) 17400 35 Former chlor-&lkéant Kannan et al. (1998)

Luddington (UK) 420 50

Bayreuth (Germany) 1960 35
Bayreuth (Germany) 740 35

Controls obtained in 1990
Industrial area
City center

iMeet al. (2001)
Krauss and Wilcke (2003)
Krauss and Wilcke (2003)

& Median values



L evels of metalsin soilsin a number of locations

Location Area As Cd Cr Hg Mn Pb \% Reference

Aberdeen (Scotland, UK) Urban - - 23.9 - 286 94.4 - Paterson et al. (1996)

near Milan (ltaly) Industrial (oil refinery) - - - - - - 65-70 Soldi et al. (1996)

Swansea (Wales, UK) Industrial - 4.9 - - 332 - - viea (1997)

Sambo (Korea) Industrial (mine) - 1.7 - - - 90.0 - Jung and Thornton (1997)
Plock (Poland) Industrial (oil refinery) - 0.41 8.4 - 219 8.8 - Mikula and Indeka (1997)
New Brunswick, Canada Urban 9.0 0.3 40 0.2 566 41 96 Pilgrim and Schroeder (1997)
Greater Burgan (Kuwait) Uncontaminated - 0.04 - - - 4.0 11.4 Al-Sarawi et al. (1998)
Albania Industrial - 2.0-14 91-3865 - - 80-172 - aBdri et al. (1998)
Tarragona (Catalonia, Spain) Industrial (MSWI) 4.66 0.19 10.7 0.08 225.7 55.3 16.2 Llobet et al. (3999
Montcada (Catalonia, Spain) Industrial 9.71 0.40 .667 0.11 422.9 54.17 24.42 Meneses et al. (1999)
Mlada Boleslav (Czech Rep.) Industrial 10 0.004 - - - 75 - Rieuwerts et al. (1999)

East St. Louis, IL, USA Urban 15.4 3.7 96 0.17 - 742 - Kaminski and Landsberger (2000)
Gipuzkoa (Basque Country, Spain) Industrial - 04-7 55.4-212 - 419-2610 124-1040 - Maiz et al. (9000

llawa Gléwna (Poland) Industrial - 0.5-5.2 10.0681. 0.014-2.28 - 55-506 - Malawska and Wilkomirskd@2)
Galicia (Spain) Industrial - - 100.8 - 410.4 33 - erfrandez and Carballeira (2001)
Middle Amur (Russia) Urban - - - 0.33-0.39 - - - tkat al. (2001)

New Orleans (USA) Urban - 2.1 1.9 - 180 174 4.8 It al. (2001)

Ontario (Canada) Industrial (smelting area) - 2.7 3 6 - 389 30 - Adamo et al. (2002)

Alcala de Henares (Spain) Urban 3.40 0.07 6.20 - 404 24.35 6.01 Granero and Domingo (2002)
N of France Industrial 8.7 8.25 51.4 0.17 - 167.2 - Sterckeman et al. (2002)

Oyo State (Nigeria) Industrial - 46.2 - - - 265 - lajde et al. (2003)

Sta. Margarida i els Monjos (Spain) Industrial 5.2 0.30 9.9 231.5 20.1 11.8 Schuhmacher et al. (2003)
Tokat, Turkey Industrial (textile plant) - 4.88 19. - 258 25.4 - Tuzen (2003)

Suszec (Poland) Industrial 8.84 0.80 34.43 0.07 - 9.83 - Loska et al. (2004)

Gibraltar Urbarf 9.6 0.80 125 - 314 137.6 - Mesilio et al. (2003)
Jakobstad (Finland) Urbdn 2.7 0.25 23 0.093 209 59 19.0 Peltola and Ast20038)
Thailand Agricultural 7.5 0.03 25.2 0.04 - 175 - ardnas et al. (2004)

Korea Agricultural (paddy) 0.59 0.11 0.34 - - 4.84 - Jo and Koh (2004)

South Korea Abandoned metal mine 230 25 - - - 160 - Lee et al. (2005)

Damascus (Syria) Agricultural - - 57 - - 17 - Malkt al. (2005)

& Median values



L evelsof PAHsin vegetation in a number of locations

Location Levels (ng/g) n° of PAHs  Kind of vegetatio Source Reference

Plock (Poland) 44 1 red beet leaves 0.5 km from an oil refinery INd€1@88)

Plock (Poland) 39 1 spinach leaves 0.5 km from an oil refinery Ind€ka88)

Plock (Poland) 6 1 red beet leaves Control Indeka (1988)

Plock (Poland) 8 1 spinach leaves Control Indeka (1988)

Several locations in USA 220 £ 52 18 maple leaves uraR Wagrowski and Hites (1997)
Several locations in USA 510 £ 100 18 maple leaves Suburban Wagrowski and Hites (1997)
Several locations in USA 1600 + 210 18 maple leaves Urban Wagrowski and Hites (1997)
Tuscany (Italy) 11.3 - 477 9 evergreen tree leaves Different sized cities Lodovici et al. (1998)

United Kingdom 153+8 16 Grass Roads Meharg €1.8P8)
Thessaloniki (Greece) 181 16 lettuce Industrial area Kipopoulou et al. (1999
Thessaloniki (Greece) a2 16 cabbage Industrial area Kipopoulou et al. (3999
Zelzate (Belgium) 8000 7 Plantago major(great plantain) 50 m from an oil refinery Bakker et al. (2000)

Zelzate (Belgium) 2000 7 Grass 50 m from an oihegfy Bakker et al. (2000)

Lorraine (France) 83.1+16.1 8 Grass Urban farm ovaret al. (2000)

Lorraine (France) 51.8+10.6 8 Grass Rural farm ovaret al. (2000)

llawa Glowna (Poland) 65.4 14 Dandelion Control Malawska and Wilkomirski (2001)
2 areas in Czech Republic 5731 16 Pine needles stnalusites Holoubek et al. (2000)
Brisbane (Australia) 180 - 240 16  Melaleuca leucadendrel@aves  Urban background Mdiller et al. (2001)

Brisbane (Australia) 147 16 Grass 10 m from a medsize road  Miiller et al. (2001)

Northwest of England 120 - 550 16 Mixture of fescue Semirural Smith et al. (2001)
Bitterfeld-Wolfen (Germany) 1.34 12 lettuce Industrial area Wennrich et al. (2002)

NE of France 836 17 Grass 50 m from a highway  Crépineau et al. (2003)
Bangkok (Thailand) 9.6 15 Water spinach Urban area Soderstrom and Berggvist (2003)
Cologne (Germany) 61-185 20 Pine needles Diffenedin areas Lehndorff and Schwark (2004)
Genoa (Italy) 12.19 - 507.30 9 Pinus nigra Rural Piccardo et al. (2005)

& Median values
® Geometric mean
¢ Only benzo(a)pyrene



Levelsof PCBsin vegetation in a number of locations

Location Levels (ng/qg) n° of PCB Kind of vegetation Source Reference

congeners
Norway 0.166 - 0.688 7 Pinus sylvestrimeedles Rural Ockenden et al. (1998)
Varese (Italy) 14.2 ? Foliage Urban Notariannile(998)
Anterselva Valley (ltaly) 6.02 ? Foliage Unpollutagta (Alp valley) Notarianni et al. (1998)
Aguilar (Catalonia, Spain) 0.298 11 Pine bark Umiegk forest Martinez et al. (2000)
Zagreb (Croatia) 6.5 ?

Pine needles

Industrial zone

Krauthacker et al. (2001)

Levelsof PCNsin vegetation in a number of locations

Location Levels (ng/kg) n° of PCN Kind of vegetation Source Reference
congeners
Poland 165 - 925 63 Pine needles Various Orlikovetlal. (2004)
Tokyo Bay (Japan) 250-2160 63 Pine needles Urban Hanari et al. (2004)
#1n ng/kg wet weight




L evels of PCDD/Fsin vegetation in a number of locations

Location Levels (ng I-TEQ/KQ) Kind of vegetation use Reference

Aguilar (Catalonia, Spain) 0.54 Pine bark Unburfaést Martinez et al. (2000)
Besos (Catalonia, Spain) 0.70 Herbage IndustrldI NGBS WI) Schuhmacher et al. (2000)
Montcada (Catalonia, Spain) 0.95 Herbage Indugtoidl MSWI) Domingo et al. (2001a)
Tarragona (Catalonia, Spain) 0.11 Herbage Induigtréav MSWI) Domingo et al. (2001b)

Sta. Margarida i els Monjos (Spain) 0.11 Herbage dustrial (cement plant) Schuhmacher et al. (2003)
Korea 0.45-9.68 Banyan leaves Industrial (various MSWI)Cheng et al. (2003b)
Constanti (Catalonia, Spain) 0.32 Herbage Indugtia/I) Schuhmacher et al. (2002)




L evels of metalsin vegetation in a number of locations

Location Area Kind of vegetation As Cd Cr Hg Mn Pb \% Reference
Salamanca (Spain) Urban Vegetables branches - 153 - - - 11.07 - Sanchez-Camazano et al. (1994
Urban Holly oak leaf surface - - - - 0-19 1.2-235 - Alfani et al. (1996)
Holly oak leaf tissue - - - - 70-248 1.5-21.4 -
Sambo (Korea) Industrial (mine) Soybean leaves - 390. - - - 3.95 - Jung and Thornton (1997)
Plock (Poland) Industrial (oil refinery) Red beeaves - 0.44 18.91 - 84 3.24 - Mikula and Indele®7}
Carrot leaves - 1.34 29.78 - 69 2.66 -
Parsley leaves - 0.92 27.95 - 79 3.21 -
New Brunswick, Canada Urban Lettuce - 0.12-1.10 - - - 1.6-16.1 0.6-2.4 Pilgrim and Schroeder (1997)
Tarragona (Catalonia, Spainindustrial (MSWI) Herbage 0.05 0.026 0.27 0.02 31.3 1.12 0.45 Llobetetal. (1999)
Montcada (Catalonia, Spain) Industrial Herbage 0.19 0.08 0.09 0.12 53.72 3.34 0.12 Meneses et al 9199
Constanti (Catalonia, Spain) Industrial Herbage 10.1 0.05 0.23 0.23 37.75 1.03 0.19 Llobet et al. @00
llawa Gléwna (Poland) Industrial Dandelion - 1.0 -B%  0.057-1.93 - 22-56 - Malawska and Wilkomirski (2001
Puszcza Biala (Poland) Forest Eagle fern leaves - 4 0 0.9 - 75 1.9 - Kozanecka et al. (2002)
Sta. Margarida i els Monjos  Industrial Herbage 0860.77 <0.01-0.04 0.33 <0.05-2.13 36 0.49 0.29  Schuhmacher et al. (2003)
West Bank (Palestine) Roadside Inula 0.10 7.03 0 14 7.25 Swaileh et al. (2004)
Erzurum (Turkey) Residential Scots pine needles - - - - - 23.92 - Yilmaz and Zengin (2004)
Huelva (Spain) Urban Pinus pinaster - - - - - 1.36-7.22 - Oliva and Mingorance (2004)
South Korea Abandoned mine Plantago asiatdeaves 15 0.3 - - - 2.6 - Chang et al. (2005)
Nigeria Industrial (oil refinery) Securinega virosa 10.3 - 126 - - 18.6 - Bako et al. (2005)
Gela (Sicily, Italy) Industrial (oil refinery) Pinus halepensikaves 19 - - - 885 25 64 Bosco et al. (2005)
Catalonia (Spain) Different areas Quercus iledeaves 0.06-0.19 0.013-0.190.24-0.91 0.016-0.07 - 0.87-4.94 Sardans and Pefiuelas (2005)




ANNEX 4

Maximum allowed concentration established by the Catalan and Spanish

gover nments according to soil use.

Catalonid® Spain®
Industrial Non-industrial Industrial Urban Other uses
As 140 30 - - -
Cd 70 3.5 - - -
Cr 700 200 - - -
Hg 25 10 - - -
Mn - - - - -
Pb 1000 300 - - -
V - - - - -
Naphthalene 15 5 10 8 1
Acenaphthylene - - - - -
Acenaphthene - - 100 60 6
Fluorene - - 100 50 5
Phenanthrene 10 5 - - -
Anthracene 1300 100 100 100 45
Fluoranthene 1000 15 100 80 8
Pyrene - - 100 60 6
Chrysene - - 100 100 20
Benzo(a)anthracene 535 10 20 2 0.2
Benzo(k)fluoranthene 535 50 100 20 2
Benzo(b)fluoranthene - - 20 2 0.2
Benzo(a)pyrene 7.5 0.08 2 0.2 0.02
Indeno(123-cd)pyrene 535 50 30 3 0.3
Dibenzo(ah)anthracene - - 3 0.3 0.03
Benzo(ghi)perylene - - - - -
PCBs 3 0.3 0.8 0.08 0.01
@ Busquet (1997)

® BOE (2005)
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Summary

Since more than 30 years ago, one of the most waporchemical/petrochemical

complexes in Southern Europe is located in Tarrag(@atalonia, Spain). A big oil

refinery (Repsol/YPF) is placed in the zone, togetvith a number of chemical and
petrochemical industries. Among them, a PVC pradactacility, a chlor-alkali plant, a

municipal solid waste incinerator (MSWI), and thalyo hazardous waste incinerator
(HWI) of Spain are located in the area. Moreoveg, lbcal environment is also influenced
by the presence of a highway and several roadsamitimportant traffic density. In recent
years, public concern over possible adverse heéitists for the population living near the
industrial complex has increased. In responseisocbncern, in 2002 we initiated a wide
survey to determine the current levels of variousrganic and organic pollutants in the
area. The health risks derived from the exposurehtse contaminants by the local

population were also assessed.

In the winter of 2002, samples of soils and vegata(chards) were collected in several
locations of the chemical and petrochemical indaisatomplex of Tarragona. Additional
samples were obtained in Tarragona downtown as agelin some residential suburbs.
Finally, a few samples were collected in presumablgolluted zones outside the direct
influence of the chemical industries. Concentraiasf arsenic (As), cadmium (Cd),
chromium (Cr), mercury (Hg), manganese (Mn), le&d)( and vanadium (V) were
determined in those samples. In turn, the levelpabfchlorinated dibenzo-p-dioxins and
furans (PCDDI/Fs), polychlorinated biphenyls (PCBgplychlorinated naphthalenes
(PCNSs), as well as polycyclic aromatic hydrocarb&Hs) were also determined in the

same samples.

Soils collected near the chemical complex and ibanfresidential areas showed the
highest concentrations for all the chemicals arelyan turn, the levels in soil samples
obtained in the petrochemical and unpolluted avea® notably lower. With respect to

heavy metals, this difference was statisticallygigant only for Cr and V. High levels of

Pb were found in urban soils, which was probablg ttuthe fact that leaded gasoline was
largely used in the past. In relation to organimpounds, the difference of concentration
between the first group of samples (chemical amsldemtial) and the second one
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(petrochemical and unpolluted) was significant RE€DD/Fs and PCBs, while for PCNs
and PAHSs they did not reach the level of statisagnificance. However, the levels of all
pollutants in soil were clearly lower than the nmaxm allowed concentrations established

by the Catalan and Spanish governments.

With regard to chard samples, no significant déferes were observed for any of the
pollutants, excepting V. In fact, V was the onlyentical where significant differences
were registered in both environmental monitorslssand chards. Consequently, it can be
considered that Tarragona is impacted by some degfepollution by this metal.
Relatively high levels of PAHs were found in vegieta samples collected in residential
areas, remarking traffic as an important PAH enaissiource. Although the difference was
not statistically significant, PCDD/F concentrasoim chards were higher in unpolluted
zones than in industrial and residential areasréfbee, it can be thought that long-range
transport and/or uncontrolled emission sources @haymportant role in the environmental

levels of these pollutants.

Surprisingly, low levels of PAHs were found in gpiaf the presence of an important oil
refinery. Therefore, an experiment was carried inubrder to study the influence of the
local environmental conditions on the degradatibthese pollutants. Specifically, PAH
photodegradation was studied simulating Atlantan(ltemperature and solar radiation)
and Mediterranean (high temperature and UV radiatemvironments. It was found that
both variables, temperature and UV-B dose, mighteha synergistic effect over PAH
degradation.

To characterize the degree of pollution in Tarragand to determine possible “hot spots”,
two kinds of classificatory tools were used. KohoseSelf-Organizing Map (SOM) and
Principal Component Analysis (PCA) were applied foeavy metals and organic
pollutants, respectively. Some sampling locationsthe south-western corner of the
chemical area, and in Tarragona downtown, weretiitkoh due to relatively high levels of
pollution. In fact, the presence of a chlor-alkahant in the chemical area as an important
emission source, particularly of Hg and chlorinatesnpounds, would be a reasonable
explanation why higher concentrations were foundh@ chemical area respect to the

petrochemical zone. Moreover, the predominant wegime (from North) and the height
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of stacks and torches of the oil refinery would maasy the dispersion of pollutants
potentially emitted by this source and the depositar away.

Health risks due to the exposure to heavy metals R@DD/Fs by the local population
were also assessed. With respect to metals, swetsIwere clearly lower than US EPA
Preliminary Remediation Goals (PRG) and the HazZ@uibtients (HQ) were under 1,
current concentrations do not pose relevant nocirgagenic risks. However, a certain
number of cancer cases could derive from As inges{due to the low As levels
established by US EPA) and Cr inhalation (accordinthe assumption that ©ris 1/6 of
the total chromium).

Human health risk assessment of PCDD/F exposure cagged out according to the
socioeconomic status of the population. Subjesindi near the industrial area may be
more environmentally exposed to PCDD/Fs becausheotomparatively higher levels in
air and soil. In turn, because of the dietary PAbigestion, indirect exposure may be
more important for high socioeconomic individuaisrlg in Tarragona downtown. In fact,
environmental exposure would only mean less thana2%he total exposure. Overall,
people of residential areas result more exposddDD/Fs. However, non-carcinogenic
and carcinogenic risks associated to that expasoutd be assumable.

To study the global state of pollution in the aoéd arragona, a SOM-based Integral Risk
Index was developed. Inorganic and organic pollkstavere ranked according to different
properties of persistence, bioaccumulation, andcittyx Subsequently, a risk map of the
zone was designed as the spatial representatiothisf Index with a Geographic

Information System (GIS).

Although the risk by heavy metals and organic galits is not notable, continuous
measurements of these and other pollutants in nidastrial and urban Tarragona are
remarkably advisable. Likewise, some efforts shdadddone to reduce the environmental

levels of As, Cr, and V.
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Resum

Des de fa més de 30 anys, esta implantat a Tamagondels complexos quimics/

petroquimics més importants del sud d’Europa. Uaa ¢efineria de petroli (Repsol/YPF)

hi opera, conjuntament amb un important nombredd'atries quimiques i petroquimiques.
Entre elles, hi destaquen una fabrica de produbeiBVC, una de tractament de clor, una
incineradora de residus solids urbans (IRSU) iitanplanta incineradora de residus
industrials (IRI) de I'Estat. Aixi mateix, la presga d’'una autopista i diverses carreteres
densament transitades influeix el medi ambient alezdna. En els darrers anys, ha
augmentat la preocupacio publica envers els pessiblectes adversos que el complex
industrial podria tenir per a la salut de la poldaesident a Tarragona. En resposta, el
2002 vam iniciar un important estudi per tal deedainar els nivells de diversos

contaminants organics i inorganics a l'area. Aigiteix, també s’avaluaren els riscos per a

la salut derivats de I'exposicio a aquells agenisnigs per part de la poblacio local.

A I'hivern de 2002, es van recollir mostres de salegetacio (bledes) en diversos punts
dels complexos industrials quimic i petroquimic Teragona. Es van agafar mostres
addicionals tant al centre urba de Tarragona conivamnsos barris residencials. Finalment,
es van prendre mostres en zones presumiblementontancinades, fora de l'area
d'influencia directa de les industries avaluadesidies les mostres, es van determinar les
concentracions d’arséenic (As), cadmi (Cd), crom,(@wercuri (Hg), manganés (Mn), plom
(Pb) i vanadi (V). Per altra banda, també s’hi itrealen els nivells de policlordibenzo-p-
dioxines i furans (PCDDI/Fs), bifenils policloraBdBs), naftalens policlorats (PCNS) i

hidrocarburs aromatics policiclics (PAHS).

Els sols recollits en el complex quimic i les aregbana/residencial presentaren les
concentracions més elevades per a tots els cordataianalitzats. Aixi mateix, els nivells
en sols de les arees petroquimica i no contamidaden substancialment menors.
Respecte als metalls pesants, aquesta diferenai@snéou estadisticament significativa
per al Cr i el V. També es trobaren altes conceiming de Pb en sols urbans,
probablement a causa de la utilitzacié fins fa paquest element com a additiu en
benzines. Quant als compostos organics, la difexéeatre el primer grup de mostres

(arees quimica i residencial) i el segon (zonesopetmica i no contaminada) fou
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significativa per a les PCDD/Fs i els PCBs, meqtre en el cas dels PCNs i els PAHS no
es va assolir el nivell de significacié estadistida obstant aix0, els nivells de tots els
contaminants en sol foren clarament menors a lesetdracions maximes permeses en les

legislacions catalana i espanyola.

Respecte a les mostres de bleda, no es van trdbegndies significatives per a cap dels
contaminants, llevat del V. De fet, el V fou I'inagent quimic del que es registraren
diferencies significatives en ambdds monitors amthis, soOls i bledes. En consequiiéencia,
es podria considerar que Tarragona presenta ugregrtde contaminacio per part d’aquest
metall. En zones residencials, s'observaren nivelltivament alts de PAHs, remarcant el
transit com una important font d’emissio d’hidrdmars. Malgrat que la diferencia no fou

significativa, les concentracions de PCDD/Fs erdddeforen més elevades a l'area no
contaminada que a les zones industrial i resideneer tant, es podria pensar que el
transport a llarga distancia i/o les fonts d’endisaicontrolades juguen un paper important

en els nivells mediambientals d’aquests contamsant

Les concentracions de PAHs foren sorprenentmemntedaimalgrat la preséncia d’'una
important refineria de petroli. Aixi, es va durearhe un experiment per tal de determinar
la influéncia de les condicions locals ambientalsrs la degradacié d’aquests compostos.
Concretament, es va estudiar la fotodegradaciéAtésRenfront 2 ambients: un Atlantic
(baixa temperatura i radiacio solar) i un Mediter(@lta temperatura i radiacio UV). Es va
concloure que ambdues variables podrien tenir entefsinergétic en la degradacié de
PAHS.

Per tal de caracteritzar el grau de pol-luci6 aragma i determinar possibles “punts
contaminats”, es van utilitzar dos tipus d’eineasslficatories. EI mapa auto-organitzatiu
de Kohonen (SOM) i I'analisi de components printsg@CA) es van aplicar als nivells de
metalls pesants i compostos organics, respectiviaradentificaren alguns punts del sud-
oest del complex quimic, i del centre urba de Tmma, pels seus alts nivells de
contaminacio. De fet, la preséncia d’'una plantardeluccié de clor com a font d’emissio,
particularment de Hg i compostos clorats, seria ex@licacio raonable de per qué es
trobaren concentracions més elevades a l'area caimespecte a la petroquimica. Aixi

mateix, el regim de vents predominant (vent detihot’altura de les torxes i xemeneies
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de la refineria facilitarien la dispersi6 de conitaamts potencialment emesos, i la
deposicio lluny del focus.

També és va dur a terme un analisi dels riscosagdarsalut de la poblacié derivats de
I'exposicié a metalls pesants i PCDD/Fs. Respelstengtalls, les actuals concentracions
no suposen un augment rellevant dels riscos noecgens, ja que els nivells foren
clarament inferiors als marcats per I'agencia degucidé mediambiental americana (US
EPA) i els Quocients de Risc (HQ) calculats van rsenors d’l. No obstant, un cert
nombre de casos de cancer podria derivar de IataaglAs (degut als baixos nivells d’As
establerts per 'US EPA) i inhalacié de Cr (cavasassumir que el Erera 1/6 del crom
total).

L’avaluacié de riscos per a la salut de I'expos&i®CDD/Fs es dugué a terme en funcié
del nivell socioeconomic de la poblacio. Els hatigade I'area industrial podrien estar més
ambientalment exposats a les PCDD/Fs, a causaad®@garativament més alts nivells en

aire i sol. Per altra banda, I'exposicié indires@ia més important per als residents del
centre urba de Tarragona a causa de la ingest& D®OMFs a través de la dieta. De fet,

I'exposicio directa suposaria menys del 2% dellt@&obalment, els habitants de les arees
residencials estan més exposats a les PCDD/Fat®enainera, els riscos cancerigens i no

cancerigens associats a aquesta exposicio soniaksim

Per tal d’estudiar I'estat integral de contaminacirea de Tarragona, es desenvolupa un
index de Risc Integral en base al SOM. Aixi, eselaborar unranking dels diversos
contaminants organics i inorganics en funcio de deses propietats de persistencia,
bioacumulacié i toxicitat. Posteriorment, es vasédisg/ar un mapa del risc de la zona
mitjancant la representacio espacial de I'index amtSistema d’'Informacié Geografica
(GIS).

Tot i que el risc per metalls pesants i contammamganics no és significatiu, fora molt
recomanable dur a terme mesures continuades ddlsnivaquests i altres contaminants en
les arees industrials i urbanes de Tarragona. rAgateix, caldria fer un esfor¢ conjunt per

tal de reduir els nivells ambientals d’As, Cri V.
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Resumen

Desde hace mas de 30 afios, esta implantado ergdmarano de los complejos quimicos/
petroguimicos mas importantes del sur de Europaa gran refineria de petroleo

(Repsol/YPF) opera, conjuntamente con un importadr@ero de industrias quimicas y
petroquimicas. Entre ellas, destacan una fabrigaatbuccion de PVC, una de tratamiento
de cloro, una incineradora de residuos solidos nada(lRSU) y la Unica planta

incineradora de residuos industriales (IRI) delaBst Asimismo, la presencia de una
autopista y diversas carreteras densamente trdasitafluye en el medio ambiente de la
zona. En los ultimos afios, ha aumentado la preccgup@ublica respecto a los posibles
efectos adversos que el complejo industrial potheer para la salud de la poblacion
residente en Tarragona. En respuesta a ello, en i2@flamos un importante estudio con
el fin de determinar los niveles de diversos coitantes organicos e inorganicos en el
area. Asimismo, también se evaluaron los riesgos lpasalud derivados de la exposicion

a aguellos agentes quimicos por parte de la pdinldocal.

En invierno de 2002, se recogieron muestras desyeVvegetacion (acelgas) en diversos
puntos de los complejos industriales quimica ygaeiimica de Tarragona. Se cogieron
muestras adicionales tanto en el centro urbanoateagona como en diversos barrios
residenciales. Finalmente, se recogieron muestmasz@nas presumiblemente no
contaminadas, fuera del area de influencia diréettas industrias evaluadas. En todas las
muestras, se determinaron las concentracionessdaien (As), cadmio (Cd), cromo (Cr),
mercurio (Hg), manganeso (Mn), plomo (Pb) y vanady Por otro lado, también se
analizaron los niveles de policlorodibenzo-p-diasny furanos (PCDD/Fs), bifenilos
policlorados (PCBs), naftalenos policlorados (PCNs) hidrocarburos arométicos

policiclicos (PAHS) en las mismas muestras.

Los suelos recogidos en el complejo quimico y teasaurbana/residencial presentaron las
concentraciones mas elevadas para todos los comates analizados. Asimismo, los
niveles en suelos de las areas petroquimica y ntaminada fueron sustancialmente
menores. Respecto a los metales pesados, estandifersélo fue estadisticamente
significativa para el Cr y el V. También se encardn altas concentraciones de Pb en

suelos urbanos, probablemente debido a la utibpaen el pasado de este elemento como
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aditivo en gasolinas. En cuanto a los compuestgénizos, la diferencia entre el primer
grupo de muestras (areas quimica y residencial)segundo (zonas petroquimica y no
contaminada) fue significativa para las PCDD/Fes/ PCBs, mientras que en el caso de
los PCNs y los PAHs no se alcanzo el nivel de Baauion estadistica. Sin embargo, los
niveles de todos los contaminantes en suelo fueslamamente menores a las

concentraciones maximas permitidas en las legsiasi catalana y espafiola.

Respecto a las muestras de acelga, no se encont#eyencias significativas para
ninguno de los contaminantes, exceptuando el V.h&gho, el V fue el Unico agente
quimico del que se registraron diferencias sigaiifi@s en ambos monitores ambientales,
suelos y acelgas. En consecuencia, se podria eoaisigue Tarragona presenta un cierto
grado de contaminacion por este metal. En zonaderesales, se observaron niveles
relativamente altos de PAHs, remarcando el trafaao una importante fuente de emisiéon
de hidrocarburos. Aunque la diferencia no fue $icmtiva, las concentraciones de
PCDD/Fs en acelgas fueron mas elevadas en el aremmaminada que en las zonas
industrial y residencial. Por tanto, se podria pengie el transporte a larga distancia y/o
las fuentes de emision incontroladas juegan un Ipapeortante en los niveles

medioambientales de estos contaminantes.

Las concentraciones de PAHs fueron sorprendenteniejas a pesar de la presencia de
una importante refineria de petréleo. Asi, se llawdabo un experimento para determinar
la influencia de las condiciones locales ambiestadebre la degradacién de estos
compuestos. Concretamente, se estudio la fotodegtadde PAHs en 2 ambientes: uno
Atlantico (baja temperatura y radiacion solar) yo udediterraneo (alta temperatura y
radiacion UV). En él se concluyé que ambas vargaptedrian tener un efecto sinérgico en

la degradacion de PAHSs.

Con el fin de caracterizar el grado de poluciéomamagona y determinar posibles “puntos
contaminados”, se utilizaron dos tipos de herratagrclasificatorias. EI mapa auto-
organizativo de Kohonen (SOM) y el andlisis de congmtes principales (PCA) se
aplicaron a los niveles de metales pesados y castymi®rganicos, respectivamente. Se
identificaron algunos puntos del suroeste del cejopfjuimico, y del centro urbano de

Tarragona, por sus altos niveles de contaminaflérhecho, la presencia de una planta de
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produccion de cloro como fuente de emisidn, pddiocoente de Hg y compuestos
clorados, seria una explicacion razonable de posguéncontraron concentraciones mas
elevadas en el area quimica respecto a la petragpuimsimismo, el régimen de vientos
predominantes (viento del norte) y la altura dedasrchas y chimeneas de la refineria
facilitarian la dispersién de contaminantes potnnte emitidos, y la deposicién lejos

del foco.

También se llevo a cabo un analisis de los riepgoa la salud de la poblacion derivados
de la exposicibn a metales pesados y PCDD/Fs. Respelos metales, las actuales
concentraciones no suponen un aumento relevantes desgos no cancerigenos, ya que
los niveles fueron claramente inferiores a los @@dos por la agencia de proteccion
medioambiental americana (US EPA) y los CocientefRkiksgo (HQ) calculados fueron

menor de 1. Sin embargo, un cierto nimero de asafincer podria derivar de la ingesta
de As (debido a los bajos niveles de As establegido la US EPA) e inhalacion de Cr (ya

que se ha asumido que efTCera 1/6 del cromo total).

La evaluacién de riesgos para la salud por expbsiei PCDD/Fs se llevd a cabo en
funcién del nivel socioeconémico de la poblaciéms Lhabitantes del area industrial
podrian estar mas ambientalmente expuestos a |aBDDMFS, debido a los
comparativamente mas altos niveles en aire y siepotro lado, la exposicion indirecta
seria mas importante para los residentes del cemb@ano de Tarragona a causa de la
ingesta de PCDD/Fs a través de la dieta. De hdghexposicion directa supondria menos
del 2% del total. Globalmente, los habitantes dditeas residenciales estdn mas expuestos
a las PCDD/Fs. De todos modos, los riesgos camrersgy no cancerigenos asociados a

esta exposicion son asimilables.

Para determinar el estado integral de contaminatebéarea de Tarragona, se desarrollo un
indice de Riesgo Integral basado en el SOM. Asklabor6 urranking de los diversos
contaminantes organicos e inorganicos en funcidrsude propiedades de persistencia,
bioacumulacion y toxicidad. Posteriormente, sefdisan mapa del riesgo de la zona
mediante la representacion espacial del indiceurnBistema de Informacién Geogréfica
(GIS).
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Aunque el riesgo por metales pesados y contamisamgg@inicos no es significativo, seria
muy recomendable llevar a cabo medidas continuasosieniveles de estos y otros
contaminantes en las areas industriales y urbandatagona. Asimismo, seria necesario

un esfuerzo conjunto con el fin de reducir los leigsembientales de As, Cry V.
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Introduction

During the last two centuries, industrializatiors pdayed a key role in the pace of society
progress. Until around mid-Z0century only the positive side of industries waers the
economy of every country grew parallelly to itsusttial capacity. However, people began
to realize that most of those facilities releasedtite environment great amounts of
substances, some of them potentially dangerousinfifeeluction of these chemicals could
mean a serious hazard not only for the environraadtthe living organisms, but also for
the human health of populations living close tossinn sources. Among the chemicals of
concern, a special emphasis on heavy metals haspagedy scientists. As much as the
knowledge about these elements has been increagingciousness to reduce/eliminate
their release has been also going up. Likewiselishef dangerous substances has been
enlarged, mainly thanks to the technical capaditgeiecting trace amounts of different

compounds.

Perception of general public around the potentilease health effects of industries are
usually in relation with the capacity of productiand extension of the facilities. This
means that larger a company is, more it may pollateonsequence, the debate about the
convenience of those facilities is continuous iosth places where big industrial poles are
located. Among the huge variability of industriggetroleum refineries are usually
established in large extensions of territory. Mee¥p because of the production process,

plumes are sometimes identified arising from tkrcks and torches.

According to the production capacity, the most im@at industrial complex of Spain is
located in Tarragona (Catalonia). Besides an inapbmiumber of chemical companies, a
big oil refinery has been regularly operating foorenthan 30 years. Since these chemical
and petrochemical facilities are potential souroégollution, the public concern over
possible adverse health effects has been increasirgcent years. In response to it, we
carried out a wide survey focused on establishireglévels of different heavy metals and
organic compounds in the area of Tarragona, anessisg) the health risks derived from

exposure to those chemicals.
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Industrial environmental impact

Petrochemical industries

The determination of trace chemicals content inleroils has been a widely used practice,
carried out mainly by petrochemical industriesaasay to know the purity grade of the
materials that are being purified (Ali et al., 1988mong heavy metals, vanadium (V) has
been pointed out, by far, as the major contrib@ifaxce and Hoffman, 1976). Vanadium
contamination may occur as fallout from refiningeggtions and burning of residual oils
(Hope, 1997). However, it has been also suggestat dther trace elements, such as
arsenic (As) and chromium (Cr), can be directlgaskd to air by the oil industry (Stigter
et al.,, 2000). Moreover, a number of organic conmgisumay be also emitted from
different production processes, the storage tanlidlze waste areas (Cetin et al., 2003), as
well as to be released to air through stacks anthés. Significant amounts of organic
aerosols, such as volatile organic compounds (VO&)e been detected in air surrounding
petrochemical refineries wideworld (Cetin et alQ03; Lin et al., 2004; Yassaa and
Cecinato, 2005). In turn, since significant highlavels of polycyclic aromatic
hydrocarbons (PAHSs) have been found in ambientfadil refineries (Tsai et al., 1995), it
has been suggested that air monitoring programmgedavut near petrochemical complexes
should incorporate measurements of PAH levels (Ka@d., 1991; Wilson et al., 1991). In
addition, chlorinated compounds, such as polych&ted dibenzo-p-dioxins and furans
(PCDD/Fs), have been identified during catalysteregation of a refinery reforming
process (Thompson et al., 1990). However, insedffitdata are still available to evaluate
the importance of oil refineries as PCDD/PCDF sesir¢Beard et al., 1993). Finally,
notable levels of polychlorinated biphenyls (PCBaye been also found in ambient air

near petroleum refineries (Lee et al., 1996).

In a reduced scale, discharges of oil derivatesoiband water by petroleum industries
may be an important source of pollution for theseloenvironment. As an example,
notable concentrations of PAHs have been identifiedsoils, water and sediments
collected near oil refineries (lturbe et al., 2084lemade et al., 2004; Tolosa et al., in

press).
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On the other hand, since workers of oil refinemegy be exposed to a large variety of
organic chemicals, health surveillance programs petrochemical workers (mainly
epidemiological studies) have been carried outrioleoto assess whether or not these
potential exposures could mean adverse healthtef{dtehiman, 1992). There is a great
controversy on the results, but some investigatibagse indicated that occupational
exposure might play a key role in the developmdntestain cancers (Barberino et al.,
2005). An excess risk from lung, bladder and notanwytic skin cancers, as well as non-
Hodgkin’s lymphoma has been identified for some keos, suggesting that exposure to
PAHs and related chemicals could be associated waithincreased risk of cancer
(Consonni et al., 1999; Lo Presti et al., 2001; atget al., 2004). In addition, exposure to

gasoline has been related with an increased rikidaty cancer (Pukkala, 1998).

Human health effects of petrochemical industriegehalso been controlled carrying out
epidemiological studies of the population livingtire vicinity of such potential sources of
pollution. Results from these investigations weveremore unclear than that done with
workers as subjects. Since some studies have ftlethd a direct link between the
presence of oil refineries and the development dbfeese health effects by the local
population (Wong and Foliart, 1993; Pekkanen et1#96; Neuberger et al., 2003), large
controversies still exist around this topic. Howeveis also true that some investigations
have reported correlations between both factors.hds been demonstrated that
communities located around petrochemical complesasetimes argue about perception
of annoying chemical odors derived from those imdges (Taylor et al., 1996; Luginaah et
al., 2000; 2002). In addition to odors, other a@ymptoms such as eye irritation, nausea,
and throat irritation have been identified in p@tigns environmentally subjected to the
potential impact of petrochemical industries (Yamaal., 1997). As one of the groups of
population most sensitive to exposure, importactdence of petroleum manufacturing
plants has been reported in children. Statisticgitipnificant excesses of leukemia, as well
as bone, brain, and bladder cancers have beenfiggntPan et al., 1994; Knox and
Gilman, 1997). Likewise, a positive correlation Heeen reported between petrochemical
air pollution and adverse pregnancy outcome (pretéelivery) (Yang et al.,, 2002). In
adults, moderate increases in risk for bladder lgmgpbhohematopoietic neoplasms have
been detected in subjects living near petrochemimdlstries (Gottlieb et al., 1982;

Wilkinson et al., 1999; Belli et al., 2004). Somadence of increased incidence of lung
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cancer, particularly in women, has been also dete(@hopal et al., 1998). Other cancers
of the respiratory tract (i.e., buccal cavity arndhgynx), as well as cardiovascular diseases
have been positively associated to non-occupatiexpbsure to petrochemical emissions
(Kaldor et al., 1984).

Other industrial sources

In chemical and petrochemical complexes, therarargiple potential sources of pollution
according to the typology and amount of chemicaleased to the atmosphere. Therefore,
the incidence on human health of chemical industrégart from that of oil refineries, is
expected to be notable. Although epidemiologicatigts around other kind of industries
are sometimes inconclusive, the possibility thaséhindustries can mean adverse health
effects in locally exposed populations cannot bscatided. Thus, some concern still
remains concerning the environmental and humarthhe@apact of old incinerators, vinyl

chloride plants and metal smelters, among others.
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Chemicals of concern

POPs

In the 2001 Stockholm Convention on Persistent QiggRollutants (POPSs), a global treaty
for the regulation of these pollutants was signBdcke, 2002). POPs are hazardous
compounds characterized by a high persistenceeietironment, bioaccumulation in the
body burden, toxicity, and capacity to travel laigtances from where they are released
(long-range transport). The Stockholm treaty aimsptomote both the reduction and
prohibition of a list of 12 POPs, commonly iderddi as “dirty dozen”. Among them,
PCDD/Fs as well as PCBs were included. In turn, cempounds, such as polychlorinated

naphthalenes (PCNSs), were proposed to be includ&dther revisions.

PCDD/Fs

PCDD/Fs commonly known as dioxins and furans, cosepa large group of chemical
compounds of high environmental interest. Theyudela family of 210 congeners, which
are differentiated according to their number anditgm of chlorine atoms. Among them,
75 are dioxins (PCDDs), and the remaining 135,farans (PCDFs). Dioxin and furan
molecules are based on 2 aromatic rings of benlneked by two or one oxygen atoms,
respectively. The general structure of both grafpsompounds is depicted in Figure 1.

LR B

PCDDs PCDFs

Figure 1.General chemical structure of PCDDs and PCDFs
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Properties
Toxicity

PCDD/Fs are usually found in the environment astunes of several congeners, whose
individual toxicity can vary in a 1000-folder magrde. In order to evaluate this toxicity, a
toxicity equivalency factor (I-TEF) was linked toaah congener by international
convention (US EPA, 1989b; Kutz et al., 1990). dsnestablished that the 17 congeners
containing a Cl atom in the positions 2, 3, 7 arad he molecule were the most hazardous
in terms of human health effects. Among these IWgeoers, in which 7 dioxins and 10
furans are included, 2,3,7,8-TCDD was identifiedttss most toxic. The I-TEF value for
all the 17 congeners was referred to the toxidit®,8,7,8-TCDD, to which was assigned a
TEF of 1. In 1998, new TEF (WHO-TEF) were redefirgdthe WHO for the 2,3,7,8-
substituted compounds, while new factors were atsigned to some specific PCBs (Van
Leeuwen et al., 2000). Both I-TEF and WHO-TEF armmarized in Table 1. Since the
remaining 193 congeners present comparatively ya logr toxicity, their contributions in
the chemical mixture were considered to be ned8gilConsequently, a TEF=0 was
established for these compounds. In order to egpfGSDD/F concentration, Toxic
Equivalents (TEQ) are calculated as the summaftmmnall the congeners, of the value
obtained multiplying the respective TEF by the widiual concentration, according to the

following equation:

TEQ=X(TER-G)

Where TEF is the toxic equivalence factor (marked by NATO WHO) for each

congener, and;Gs its individual concentration in the mixture.

Health effects

Since mid-eighties of the P0century, the US EPA has being studying the PCDD/Fs
carcinogenicity on the basis of a plausible medrarinvolving the highly conserved aryl-
hydrocarbon receptor (AhR), animal models, and huwiata from industrial exposures

and accidents (Baccarelli et al, 2004). In its tstft report, dioxins are classified by US
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EPA as Group B2 (sufficient evidence in animalsufficient evidence in humans) when
considered alone, but complex mixtures of dioxind arelated compounds (i.e.,
chlorophenols and phenoxyherbicides) are consideligdly to be carcinogenic to
humans” (Group B1). Likewise, it is also mentionddgat 2,3,7,8-TCDD is best
characterized as “carcinogenic to humans” (US ER¥)0a). In fact, carcinogenicity of
2,3,7,8-TCDD was studied on the basis of four colstudies of herbicide producers
(Fingerhut et al., 1991; Manz et al., 1991; Saratal., 1991; Flesch-Janys et al., 1995)
and one cohort of residents in a contaminated &ioea Seveso, Italy (Bertazzi et al.,
1989Db; Bertazzi et al., 1989a). In 1997, the Iragamal Agency for Research on Cancer
(IARC, 1997) also included 2,3,7,8-TCDD in the Guali of carcinogenicity (agents with
sufficient evidence of being carcinogen for humahk)wever, other PCDDs and PCDFs
failed to be considered carcinogens, and they weteded in the Group 3 (not classifiable

as carcinogens to humans).

Table 1 I-TEF and WHO-TEF for each of the 17 PCDD/F corags

Congener I-TEF  WHO-TEF
2,3,7,8-TCDD 1 1
1,2,3,7,8-PeCDD 0.5 1
1,2,3,4,7,8-HXCDD 0.1 0.1
1,2,3,6,7,8-HXCDD 0.1 0.1
1,2,3,7,8,9-HXCDD 0.1 0.1
1,2,3,4,6,7,8-HpCDD 0.01 0.01
OCDD 0.001 0.0001
2,3,7,8-TCDF 0.1 0.1
1,2,3,7,8-PeCDF 0.05 0.05
2,3,4,7,8-PeCDF 0.5 0.5
1,2,3,4,7,8-HXCDF 0.1 0.1
1,2,3,6,7,8-HXCDF 0.1 0.1
1,2,3,7,8,9-HXCDF 0.1 0.1
2,3,4,6,7,8-HxCDF 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01
OCDF 0.001 0.0001

In bold, dissimilarities between |I-TEF and WHO-TEF
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2,3,7,8-TCDD carcinogenicity is multiorgan. Increasf risk for lung cancer, soft-tissue
sarcoma and non-Hodgkin lymphoma have been founsewueral cohort studies. Other
associated pathologies are malignant neoplasmsstiig system cancers and multiple
myeloma (IARC, 1997). Actually, the strongest evide for the carcinogenicity of 2,3,7,8-
TCDD is for all cancers combined, rather than foy specific site (Kogevinas, 2000).

The US EPA has also established an oral sloperféataarcinogenic potency) of 1.5°10
kg-day/mg as a risk estimation following ingestwin2,3,7,8-TCDD. Slope factors for
dermal and inhalation pathways exposures are’ i€ 1.16-10kg-day/mg, respectively
(US EPA, 1999). Nevertheless, instead of the sitgsdf, an upper-bound (i.e., the 95%
upper confidence limit) on this value is generalged, because it is a statistically more
stable number. Thus, US EPA (2000a) suggests teeofisl-10° kg-day/pg (1-10
kg-day/mg) as an estimator of the upper-bound carstefor both background intakes and
incremental intakes above background.

In spite of the huge number of investigations ainmedetermining whether PCDD/Fs, in
general, and 2,3,7,8-TCDD, in particular, are cargenic, there is still much uncertainty
surrounding this issue. In this sense, some autlmange criticized that, although
experimental data are still very inconclusive, 23,TCDD was designated as a Group 1

carcinogen (Cole et al., 2003).

With respect to non-cancer effects, acute exposureCDD/Fs can cause a variety of
harmful effects over the reproductive, developmientamunological, and endocrine
systems (ATSDR, 1998; Sweeney and Mocarelli, 2000 most commonly observed
and studied effect of exposure to 2,3,7,8-TCDD umhns is chloracne (Reggiani, 1980;
Geusau et al.,, 2001; Sterling and Hanke, 2005)eiOgathologies are hepatotoxicity,
neurotoxicity, and cardiotoxicity (Birnbaum and Taigto, 2000).

Neither a Reference Concentration (RfC) nor a Refe Dose (RfD) for 2,3,7,8-TCDD
has been established up now by the US EPA. Howewan;cancer effects may be
evaluated through the comparison with the toleralddy intake (TDI) marked by the
WHO. The most up-to-date surveys indicate a TDIF@&DD/Fs ranging from 1 to 4 pg/kg
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body weight (Van Leeuwen et al., 2000), and a &tiler weekly intake (TWI) of 14 pg/kg
body weight (European Commission, 2001).

Bioaccumulation

PCDD/Fs can bioaccumulate very easily in the hulmagly because they present a high
solubility in lipids. The high hydrophobicity is ahacterized by an extremely low level of
water solubility, ranging from 7.9 to 483 ng/l (May et al., 1992). PCDD/F retention by
lipids is also linked to biomagnification of diosrand furans in the food chain, whose
final step is human diet. Gastrointestinal and @trabsorption factors for 2,3,7,8-TCDD

are 0.5 and 0.03, respectively (US EPA, 1999).umm,t maximum values of 63% were

reported studying PCDD/Fs absorption through tigestive tract.

With regard to biological half-life, great differees between humans and other species of
mammals have been observed. Thus, whereas a TCIMdhetween 5.8 to 11.3 years
has been established in humans (Olson, 1994),0& r@in10 to 30 days has been noted in
rodents (IARC, 1997). In their investigations, Hast al. (1997) assumed an elimination
that follows a first-order kinetics, and a halkelibf 25 days and 7.5 years in rats and

humans, respectively.

Persistence

PCDD/Fs are very persistent in the environment.séh@mpounds can be adsorbed very
easily by particles present in air, soils and sedits, because they present a high value of
octanol/water partition coefficient () and organic carbon partition coefficient (K
Ranges of &, and Ky for the 2,3,7,8-substituted congeners are 1.56.88-16 and
5.16-16-6.50-10, respectively (Mackay et al., 1992). This powerfldsorption makes
mobilization as negligible (WHO, 2003). With respardegradation processes, photolysis
and microbial decomposition have been pointed sutha most influent mechanisms of
PCDDI/F loss, specially in air but also in vegetat{@odoll et al., 1986; Niu et al., 2004).
Even though, very high half-lives have been suggkst all environmental compartments
(Sinkkonen and Paasivirta, 2000). Normally, a ganiecrease in the tropospheric lifetime
with the degree of chlorination has been found if#g&n, 1991).
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Long-range transport

Although some PCDD/Fs have complex structuresy tbegpacity to be adsorbed by air
particulate matter lets them travel great distantexfects environments located far away
from the emission sources. Thus, although PCDDfEssami-volatile compounds with

relatively low vapor pressures, they can undergogd@nge transport (Lohmann and
Jones, 1998). In this context, it has been notatl iiost PCDD/F emissions tend to be
transported beyond 100 km from where they wereaseld (Lohman and Seigneur, 2001).
High tropospheric lifetimes of particle-bound PCPBB/are another positive factor which
favors long-range transport and subsequent depodgiAtkinson, 1991). Even in Arctic

environments, PCDD/Fs have been detected in seabratic and biotic compartments
(Oehme et al., 1996; Ayotte et al., 1997; Braure @imon, 2003).

Sources of PCDD/Fs

PCDD/Fs are unintentional byproducts of combustmocesses, involving chlorine
(Fiedler, 1996). Two great groups of sources, whilease dioxins and furans into the
environment, have been traditionally identifiedgukated and non-regulated/diffuse.

The first set includes municipal solid, hazardong elinical waste incinerators, as well as
cement kilns and power generation plants (Alcoclalet 2001). Historically, municipal
solid waste incinerators (MSWI) were the main PCBRmitters. In 1993, the UK
inventory of dioxins and furans specified that MS\Wlntributed up to 80% of the
emissions (Alcock et al., 1999). However, in recgears important legislation efforts
aimed in regulating PCDD/F emissions by incinetonave produced a dramatic
reduction of the contribution percentage of theS®B/F sources. In fact, trends indicate a
general decrease from late 60s/early 70s (Alcoak Jones, 1996), although it was not
until a few years later that legislation about esiwis control of PCDD/Fs started to be
applied. As an example, in 1998, Alcock et al. @9oted a diminution of 30-50% of the
amount of dioxins and furans released by MSWIuhmtUS EPA considered in 2005 that,
for the first time, MSWI were not the most impotttaontributors of PCDD/Fs into the
environment. In fact, in 1987 and 1995, the leadingrce of PCDD/F emissions to the
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U.S. environment was municipal waste combustionvéier, in 2000 MSWI dropped to
the third ranked source, and was substituted byibgrof domestic refuse in backyard
burn barrels (US EPA, 2005).

The second group of sources comprises both norateguand diffuse sources. Among
them, vehicle emissions, domestic coal/wood conmausaind natural and accidental fires
are the most important. Some studies indicate tssipility that these latter sources are
becoming more important as PCDD/Fs inputs into émgironment. Other potential
secondary sources are landfill flare combustiorgidental combustion of PCBs in
electrical equipment and re-entering through comated sewage sludge application
(Fiedler, 1996; Alcock et al., 2001). Large uncetias still remain around the amount of
PCDD/Fs released to the environment (Duarte-Dawidsoal., 1997). Thus, primary and
secondary sources have been estimated in contrp86-86% and 13-70%, respectively,
of the total PCDD/Fs emitted to the atmospherecqék et al., 2001).

PCBs

Polychlorinated biphenyls (PCBs) are a family ofquitous organic pollutants, with a
similar chemical structure to PCDD/Fs (Figure 2)ey are made up of a biphenyl nucleus
(dual-ring of benzene) with 1-10 chlorine atoms.céwding to the different degree of
chlorination, there are up to 209 congeners (nuteéritom 1 to 209), which in turn may
be ortho-, meta-or para, if chlorine atoms are located in positions 2 &)@ and 5, or 4.
Moreover, coplanar PCBs include abn-ortho- and mono-orthoPCBs, with a planar

configuration (this is to say, that both benzengsioccupy the same plane).

Figure 2.Chemical structure of PCBs
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Properties

Toxicity

Just like dioxins, PCBs are found in the environtresmixtures of congeners. Although
PCBs toxicity has not been so widely studied as ah#@ CDD/Fs, it has been known that
some PCB congeners may have a similar toxicity reeisim. In fact, 12 of these PCB
congeners have been identified as “dioxin-like”TEF value has been assigned to them,
which is related to 2,3,7,8-TCDD toxicity. WHO-THE®&r these “dioxin-like” PCBs range
from 10° to 0.1, corresponding to PCB-167 and PCB-126 eetsely.

With regard to cancer effects, PCBs have been ifitbsas probably carcinogenic to
humans, being included in Groups 2A and 2B by IARO87) and US EPA (1999),
respectively. Although there is extensive conclesof PCB carcinogenicity in animals,
data regarding human cancer toxicity is still l@oit(ATSDR, 2000d). PCBs are absorbed
through skin, lungs and gastrointestinal tract, #rey are transported through the blood
stream to liver, various muscles and adipose tjsainrere they accumulate (Cogliano,
1998). Results of some epidemiological studies ankers suggest that exposure to PCB
may induce liver cancer and malignant melanoma jéBet al., 2005). Because of
uncertainty in PCB carcinogenicity, the US EPA kagblished 3 different upper-bound
oral slope factors applied to PCB mixtures: 2.@,dhd 0.07 kg-day/mg according to if the
risk is high, low or lowest, respectively (US EP®99).

High exposure to PCBs can have other importantaameer effects such as chloracne or
liver damage (hepatitis). Likewise, PCBs may affaetvous system development and
impair cognitive function, and induce neurobehaadi@lisorders in children (Tilson et al.,
1998; Winneke et al., 2002). An oral reference duse only established for some specific
PCB mixtures (known as Aroclors): 7:1@nd 2-10 kg/mg/day for Aroclor #1016 and
#1254, respectively. Aroclors are commercial migguof PCBs, which contain a number

of PCB congeners in a specific proportion (ATSDBO@d).
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Bioaccumulation

PCBs are very hydrophobic compounds with a higid lgolubility. Therefore, they tend to
accumulate in fatty tissues. Logof tri- to hepta-PCBs ranges from 5.6 to 7 (Mackay
al., 1992). Since the lipid bioaccumulation is arelcteristic feature of PCBs, as it happens
with PCDD/Fs, biomagnification of the food chaincbmes an important process,
enhancing the toxicological effects in the livingianisms. In fact, dietary intake (specially
of fish) has been pointed out as the major souxpesure pathway to PCBs in humans
(Llobet et al., 2003a; DeCaprio et al., 2005). @a bther hand, dermal absorption has
been reported to be a minor pathway, with reterfaators ranging from 4 to 14 % (Mayes
et al., 2002).

There is still a wide divergence about the biolagibalf-lives of PCB congeners. It is
thought that commercial mixtures of PCBs may hawamhalf-lives in the human body
ranging from 2 to 6 years (Shirai and Kissel, 19%8)wever, if PCB congeners are
assessed individually, this value may vary enorryolor example, the half-life of PCB-
153 was estimated in 12.4 years, whereas that &-Z8was estimated to be 1.4 years
(Brown Jr, 1994).

Persistence

PCBs are very persistent in the environment. Bexafstheir physical and chemical
properties, PCBs tend to be adsorbed to particiesir, soil and sediments. Although
atmosphere is the environmental compartment wh&BsPare more quickly degraded,
half-lives between 2 and 6 years have been sughéSteeetman and Jones, 2000; Meijer
et al., 2003), according to the chlorination degfeotodegradation has been considered
an important loss mechanism in air (Lin et al., 399n water, PCBs are adsorbed to
particulate matter, and remain there for a numbeyears (Gouin et al., 2004). Finally,
because PCBs have a high affinity to be strondbched to soils and sediments, they act
as sinks or reservoirs. Long half-lives have beeseoved in these media, specially for the
most weighted compounds (Ayris and Harrad, 1998kI&inen and Paasivirta, 2000).
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Long-range transport

Since the physico-chemical properties of PCDD/F$ REBs are similar, PCBs also have
the capacity to be adsorbed by air particulate enatind therefore, to travel long distances.
Thus, PCBs have been detected in air and otheragmuental matrices in remote areas
such as Arctic and high mountains, where no looakrees are present (Corsolini et al.,
2002; Dawn Pier et al., 2002; Evenset et al., 2@ malt and van Drooge, in press).

Sources

Unlike PCDD/Fs, the release of PCBs into the emvitent is not accidental, and there are
no known natural sources of these pollutants. Theperties of thermal stability, non-
flammability and high electrical resistivity haveade that, for several decades, PCBs were
extensively used in a wide range of industrial maplons, such as dielectric fluids in
transformers and large capacitors, pesticide egtsnglasticisers in sealants, lubricants
for turbines and pumps, and in the formulationutting oils for metal treatment (Borja et
al., 2005). Some of these applications resultedlirect or indirect releases into the
environment due to inappropriate disposal, accalesgills, leaks from industrial facilities,
and fires in PCB-containing products (Vallack et 4098). As far as it is known, there is
still considerable uncertainty with respect to takative importance of different industries
as sources of PCBs (Breivik et al., 2004). Inciheraprocesses of different kinds of waste
(municipal solid, hazardous and medical) have hbdentified of being PCB releasers to
air (Alcock et al., 1998), although it is also eémtthat well-controlled modern combustion
plants emit low levels of PCBs (Dyke et al., 200Bnally, additional sources of PCB
emissions include landfill sites, steel and ironlamation facilities, and environmental

sinks of past PCB contamination.

Although PCB production in most countries was banimethe 1970s and 1980s, there is
still an important amount of these pollutants ie #gnvironment, of which one third is
circulating (Vallack et al., 1998). However, cur&CB levels are much lower than those
found in samples collected in the late 1960s, wdg@eak of concentration was registered
(Harrad et al., 1994; Harner et al., 1995).
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PCNs

Polychlorinated naphthalenes (PCNs) are a familyloijuitous pollutants present in
different environmental compartments (Falandysz98)9 Specifically, 75 different
congeners can be labeled as PCNs, structurallyactemized by presenting from one to
eight chlorine atoms bound to the naphthalene deéee ring (IPCS, 2001). The general
chemical structure of these chlorinated compousddepicted in Figure 3. Physical and
chemical properties of PCNs are very similar tosthof PCBs. They are hydrophobic and
very stable chemically and thermically. Moreovédreyt have good electrical insulating
properties and low flammability (Falandysz, 199&jdtibek et al., 2000).

8 1
7 2
Cl Cl
6 3
5 4

Figure 3.Chemical structure of PCNs

Properties

Toxicity

The literature regarding PCN toxicity is rather rsea However, it has been well
determined that, just like other POPs, their actitechanism of toxicity comes basically
from their capacity to activate the aryl hydrocarlreceptor (AhR) (Blankenship et al.,
2000). According to episodes of human intoxicatieffiects following exposure to PCNs
might include chloracne, carcinogenesis, teratogieneand even lethality (Hayward,
1998). Nevertheless, the appearance of PCNs tagetitle other chlorinated organic
compounds, such as PCDD/Fs and PCBs, could havestveated the potential of PCN
harmful effects (Blankenship et al., 2000).

37



Introduction

As PCDD/Fs and PCBs, PCNs generally appear uneéefotin of mixtures of congeners.

In order to characterize PCN toxicities, TEF valdes/e been established for some
congeners. It has been found that PCNs are froon63orders of magnitude less toxic than
PCDD/Fs, and their relative potency is similartiattof many PCBs (Van den Berg et al.,
2000). Among them, some hexaCN congeners are tls¢ patent, with a TEF of 0.002

(Blankenship et al., 2000). However, because ofahk of sufficient reliable data, PCNs

toxicity has been categorized only for a few comger(Kannan et al., 2001; Eljarrat and
Barcelo, 2003).

Bioaccumulation

Biomagnification ability of PCNs is, in principlguite important as it may be concluded
from their relatively high octanol-water constamg Ko, ranges from 3.90 to 8.3, and it is
specially significant for hexa- and heptaCN homaksg (Harner and Bidleman, 1998).
Bioaccumulation experiments have mainly focused dmtermining bioconcentration

factors (BCF) in several aquatic species (Domirgfi)4), where BCF values of 20,000
have been exceeded (Opperhuizen et al., 1985; €scarkd Howe, 1993). It is thought that
PCNs tend to biomagnify in the food chain, and theglly accumulate in some human
fluids and tissues (Hanari et al., 2004).

Persistence

Data about PCN residence time in water, soils adihgents are very limited. In fact, half-
lives have only been reported for mono- and di-@Mich ranged from 38 to 104 days
(Crookes and Howe, 1993). In conclusion, althougimfthe similar behavior of PCNs
respect to other POPs, those compounds might bsidssad very persistent in the

environment, insufficient evidence is currently itadale at this moment.

Long-range transport

During the preparation of the United Nations-EcormnCommission for Europe
Convention on Long-Range Transboundary Air Pollutierotocol on Persistent Organic

Pollutants (UN-ECE LRTAP-POPs Protocol) of 1998,N8Cwere not included in the
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“dirty dozen” list because of a lack of adequatéad@/an de Plassche et al., 2002).
However, scientific knowledge acquired in recenargehas made PCNs to become a
candidate to enlarge the list of chemicals to lstricted (Domingo, 2004). Harner et al.
(1998) carried out the first survey about PCN Isvel Arctic air. In turn, PCN
concentrations were recently reported in two Swediackground air sampling stations
located close to the polar circle (Egeback e2804).

Sources

Emissions from thermal processes, specially in evjnare one of the most important
pathways of PCN entrance into the environment ($aga et al., 2004). PCNs have been
found in flue gas and fly ash of different MSWI 8pain and Germany, respectively
(Schneider et al., 1998; Abad et al., 1999). In d&f@y combustion sources accounted
around 54% of the total PCN release to air (Helrd &mdleman, 2003). Chlor-alkali
processes have been also marked as important emerdgal sources of PCNs (Jarnberg et
al., 1993; Kannan et al., 1998). Other sourcestseuse of technical PCB formulations
whose production of PCNs as by-product was estinatel69 tons (Yamashita et al.,
2000).

Historical peak residues for PCNs are differenbadinig to their chlorination degree. The
highest input for penta- and hexaCNs occurred padr944, whereas peaks for tetraCNs
and triCNs delayed until 1950s and around 1970peesely (Meijer et al., 2001).

However, significant increasing trends observed deveral congeners associated with
combustion sources suggest that combustion retatectes are more important now than
they were in the past (Meijer et al., 2001). In iadd, a lack of a decline in PCN

concentrations from the early 1990s until 2001 Ieesn reported, in contrast to declining

levels of PCBs over the same period (Lee et aQ5B]
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PAHSs

Polycyclic aromatic hydrocarbons (PAHSs) are enwinental pollutants, with a chemical
structure of two or more fused aromatic rings. altgph PAHs are basically formed by
carbon and hydrogen atoms, some heterocyclic arontatdrocarbons can contain
nitrogen, sulfur, chlorine and oxygen (Stefanovalget2002). The PAH family comprises
around 660 substances indexed by the Nationaltutestof Standards and Technology
(Sander and Wise, 1997), of which a 5% occur nlyuna the environment (Grimmer,
1983). Among them, the US EPA identified a listléf PAHs as priority pollutants to be
controlled due to the effects these might havehenhuman health and the environment

(Table 2). They rarely appear individually, butfong PAH-containing mixtures.

Table 2.PAHs established by the US EPA as priority pohtga

Hydrocarbon Molecular Weight
Naphthalene 128.2
Acenaphthylene 152.2
Acenaphthene 154.2
Fluorene 166.2
Phenanthene 178.2
Anthracene 178.2
Fluoranthene 202.3
Pyrene 202.3
Chrysene 228.3
Benzo(a)anthracene 228.3
Benzo(k)fluoranthene 252.3
Benzo(b)fluoranthene 252.3
Benzo(a)pyrene 252.3
Indeno(123-cd)pyrene 276.3
Dibenz(ah)anthracene 278.4
Benzo(ghi)perylene 276.3

Importance of PAHs as organic pollutants

Since all PAHs do no fulfill accomplish with the querements of persistence,
bioaccumulation, toxicity, and long-range transpahiey are not considered POPs. In
consequence, PAHs were not included in the “dirpzesh” list in the Stockholm

Convention on POPs. Moreover, since their releasenintentional, some reasons arise

around the real possibility to eliminate or eveduse the amount of these compounds
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released to the atmosphere. However, accordingnited) Nations-European Committee
(UNECE) Protocol, PAHs should have been includethat list since they are chemicals

whose releases must be prevented or minimized.
Toxicity

Health effects of PAHs have been largely studiepeeially in the last years. However,
the complete knowledge about PAH toxicity is stiicertain, since every single compound
may show different human health effects. Thus, caigfln tumorigenicity and
carcinogenicity of individual PAH and PAH-contaiginmixtures have been widely
investigated in experimental animals, evidence arcigogenicity in humans is weak
(Hammerle et al., 1994). Benzo[a]pyrene (B[a]P) baen, until now, the individual
compound which more attention has received. Nunsetudies have concluded that
exposure to B[a]P and PAH mixtures containing tompound could induce cancerigen
effects. Several experimental studies carried outrddents have demonstrated that
individual subjects developed skin, lung, stomacid diver cancer following PAH-
containing mixture exposure (Lavoie et al., 198@rikhwa et al., 1991). Some PAHs have
been reported to suppress immune reaction in redasta previous step of cancer
induction (White Jr. et al., 1985). On the othendhaepidemiological studies have detected
an increase in lung cancer in humans occupatioeaippsed to coke oven emissions and
cigarette smoke, presumably containing large ansousit PAHs (ATSDR, 1995;
Armstrong et al., 2004). In consequence, B[a]P wkssified as a probable human
carcinogen (Group B2) by the USEPA (2002) and adbaily carcinogenic to humans
(Group 2A) by the IARC (1983). A value of 7.3 (mg/élay)* has been defined as the oral
cancer slope factor for B[a]P (US EPA, 1999). BesiB[a]P, only other 6 PAHSs else have
been considered to be carcinogenic. All these @etanthracene, benzo[b]fluoranthene,
benzolk]fluoranthene, chrysene, dibenzo[a,h]antm@ceand indeno[l,2,3-c,d]pyrene)
have been included in the Group B2 by the US EP& BPA, 2002). In turn, apart from
B[a]P, the IARC has only considered benzo[a]an#macas a probable carcinogenic agent
(Group 2A), while the remaining 5 just reached ¢basideration of possible carcinogenic

agents (Group 2B).
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Because PAH exposure is always through PAH-comtgimixtures, some investigations
have been performed in order to estimate how taxmixture of hydrocarbons might be.
Specifically, a PAH TEF-based approach, similaP@DD/Fs I-TEF, has been developed.
In this case, toxicity of each individual compouisdcompared to that of B[a]P, which
receives a TEF=1. Concentration is then express&fa]P-equivalents (BaP-eq). Table 3
shows the BaP-TEF for different PAHs, estimateddayous investigators.

Non-cancer effects following chronic exposure taH3Anclude eye irritation, photophobia
and skin disorders (dermatitis and keratosis), @lé as disorders in the respiratory system
and fibrosis. Although immunotoxicity and developita toxicity have not been so deeply
studied as carcinogenicity in both humans and dsintaey could be important toxic
endpoints (Winker et al.,, 1997; Karakaya et alQ80 However, it must be taken into
account that no deaths have been reported front-rar occupational exposures in
humans (Muller et al., 1997).

Table 3.Values of BaP-TEF according to various studies.

PAHs (Thompson et (US EPA, 1993) (Nisbet and (Larsen and
al., 1990) LaGoy, 1992) Larsen, 1998)
Naphthalene - - 0.001 -
Acenaphthylene - - 0.001 -
Acenaphthene - - 0.001 -
Fluorene - - 0.001 -
Phenanthrene - - 0.001 -
Anthracene - - 0.01 0.0005
Fluoranthene - - 0.001 0.05
Pyrene 0.081 - 0.001 0.001
Chrysene 0.0044 0.001 0.01 0.03
Benzo(a)anthracene 0.145 0.1 0.1 0.005
Benzo(k)fluoranthene 0.066 0.01 0.1 0.05
Benzo(b)fluoranthene 0.14 0.1 0.1 0.1
Benzo(a)pyrene 1 1 1 1
Indeno(123-cd)pyrene 0.232 0.1 0.1 0.1
Dibenz(ah)anthracene 1.11 1 5 1.1
Benzo(ghi)perylene 0.022 - 0.01 0.02

Bioaccumulation

Although all PAHs have a similar chemical structutkeir physical and chemical

properties can vary enormously. Octanol-water panticoefficients, which give an idea of
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the capacity of accumulation in a living organisamge from 3.37 to 6.75, corresponding
to naphthalene and dibenzo(ah)anthracene, reselctin general terms, only the most
weighted PAHs have a relatively high bio-accumolatpotential, with bioconcentration
factors (BCF) up to 100,000 (IPCS, 1998). By specg®me organisms, such as fish and
higher invertebrates, bioaccumulate low amountsPé&Hs because they can easily
metabolize them (Edlund, 2001). However, some noditals may be toxic as well (Simioli
et al., 2004). The lack of biomagnification potahtfor some PAHSs is one of the reasons
why PAHs are not considered POPs, and therefocydad in the list of chemicals to be

restricted.

Persistence in the environment

PAH volatility is highly dependent on the moleculegight. In the atmosphere, light PAHs
are frequently found free due to their low vapagsure, whereas larger molecular weight
compounds are mostly adsorbed onto particular mdtteaquatic compartments, in spite
of their low solubility, only low molecular weigftAHs can sometimes be found dissolved
in water. Most of them are almost exclusively boundparticulate matter. Likewise,
reported half-lives in the environment differ ndialccording to the PAHs under analysis.
In air, lower molecular weight PAHs undergo phomraelation quite quickly in front of
sunlight. In water, as well as soil and vegetatjgmotolytic processes of degradation are
partly substituted by microbial activity which despose PAHs into more elemental
compounds (Wammer and Peters, 2005). In sedimdmbslegradation is the most
important PAH degradation pathway. In spite oftia above, PAHs with 4 or more rings
present a long persistence in the environment meige, and in soils and sediments in

particular.

Long-range transport

The physical and chemical properties of PAHs makemt suitable candidates for
dispersion by long-range atmospheric transport (@taehal., 1996; Brun et al., 2004). The
atmosphere is the main medium of transport for PA&dsorption on air particulate matter
is the main travel pathway in air. However, songhtlihydrocarbons travel as vapor

because of their high volatility. Consequently, naty lower molecular weight, but also
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heavy particle-bound PAHSs, can travel long-distanaed deposit far away from where
they are released. Thus, some PAHs levels havedstented in remote areas of the planet
such as the Arctic, in air (Prevedouros et al. 42®ung et al., 2005), sediments and biota
(Sericano et al., 2001).

Sources

PAHs are formed as byproducts of incomplete comdausgprocesses. Primary natural
sources of airborne PAHs are forest fires and valea (ATSDR, 1995; Wilcke, 2000).
However, in recent decades, anthropogenic sour@ese tbecome more important
contributors of PAH release to the atmosphere.kénthlorinated compounds, residential
burning of wood has been pointed out as the mgsiifgiant pathway of PAH entrance
into the environment, specially in northern andeted countries (Bostrom et al., 2002;
Mandalakis et al., 2005). The use of coal in dorodsirning has been also identified as a
major contributor to total PAH emissions, and tiggbst single emitter of B[a]P (Lee et
al., 2005a). Other anthropogenic stationery sourcgdade power generation, incineration
and petrochemical manufacturing (Edwards, 1983; BRS 1995). Water and soll
pollution by PAHs are basically the result of atptosric deposition, although refinery
effluents, oil spills and automotive exhaust caspatontribute (ATSDR, 1995). Mobile
sources account approximately a 20% of the totaH Péleased to the atmosphere, being
vehicular exhaust from gasoline and diesel-poweesjines the most important
contributors (Dunbar et al., 2001). PAH emissiamsif traffic become really important in
urban and suburban areas (Glaser et al., 2005hdor air, one of the most important
exposure pathways is direct and environmental twbasmoke. An exposure to
carcinogenic PAHs and B[a]P of fg/packet and 0.4ug/packet has been reported
(Kaiserman and Rickert, 1992; Menzie et al., 1992).
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Heavy metals

The exposure to some heavy metals has been assbtmat huge variety of adverse health
effects, including cancer. Moreover, although s@teenents are essential for humans, they
can be dangerous at relatively high exposure le{i2tsningo, 1994). Considering their
potential toxicological importance, arsenic (AQQdmium (Cd), chromium (Cr), mercury
(Hg) and lead (Pb) must be especially taken intooawst. Other elements such as
manganese (Mn) and vanadium (V) must be also borenind if presumably high

concentrations are expected in a specific area.

Arsenic

Arsenic (As) is an element classified as a metllsince it presents metal and non-metal
properties. It occurs naturally in the Earth’s ¢trusith levels ranging between 2 and 5
mg/kg (ATSDR, 2000a). Primary natural sources ofr@keased to the atmosphere are
wind-blown dirt and volcanoes, but contributionsnaitural sources are largely exceeded
by anthropogenic sources. Pesticides and fertdiapplication in agriculture is one of the

most important entrance pathways of As into lamaip@ry, and water, indirectly (Dich et

al., 1997; Basu et al., 2001). Air releases of Adude coal and wood combustion, metal

mining and smelting, and waste incineration.

Arsenic can be found in 2 different species: inaigaand organic. While inorganic As
appears as Az, As;0Os5 or AshHg, and it is the most toxic form, organic As occiimough
biotransformation carried out by different organssas a detoxification way, and it is fairly

less harmful than inorganic form (Pongratz, 1998).

Non-occupational exposure to As is basically dutotal intake. Fish and shellfish are the
foodstuffs with a higher content of this elemerndrténately, the percentage of organic As
(usually as arsenobetaine) over total As conceairas notably higher in comparison to

inorganic As (Fattorini et al., 2004)
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Arsenic and As compounds have been recognizedrasagenic to humans (Group 1), on
the basis of sufficient evidence (IARC, 1987). Epidological studies have revealed an
association between high arsenic concentratiodsimking water and increased incidences
of skin cancers (Rossman et al., 2004). Likewisepositive correlation has been
established between inhalation to arsenic and karmger. This element has been also
convincingly associated to development of lunggnj\kidney and bladder cancers (Huff et
al., 2000). Oral and inhalation slope factors hdeen established in 1.5 and 15
(mg/kg/day)t (US EPA, 2000b). Non-carcinogenic effects follogvian exposure to As
include skin disorders as well as problems in thevous and cardiovascular systems. The
estimated Reference Dose (RfD) for chronic and Isxdmic oral exposures is 3710

mg/kg/day.

Cadmium

Cadmium (Cd) is a widespread element naturally doimthe Earth’s crust (ATSDR,
1999a; Pinot et al., 2000). Mineral weathering,caobes and forest fires are the main
natural sources. However, it has been estimatedubiddwide anthropogenic emissions of
cadmium exceed natural ones by a factor closent¢Bknder, 1992). Coal, wood and oil
combustion, waste incineration and metal produchiave been found the most important
anthropogenic sources of Cd released to the atreospm soils, the main Cd pathway is
through application of phosphate fertilizers. Laaghfrom polluted soils and industrial
discharged effluents contribute to cadmium pollutio the aquatic compartment.

Inhalation is the main exposure pathway of Cd ewgainto the human body. In fact,
tobacco smoke seems to be an important contribeftdhis heavy metal, specially in

indoor air. Average Cd levels in cigarettes rangenfl to 3 ug/kg (Massadeh et al., 2005).
Gastrointestinal absorption hardly reaches 5% efttital intake, whereas absorption by
lungs may be up to 50% (Robards and Worsfold, 19G8amium is transported in the
blood and widely distributed in the body, accumulgtprimarily in liver and kidneys

(Goyer, 1991). Diet is another important way of @syre to Cd, mainly through ingestion
of cereals, and fish and shellfish (Llobet et 4298). In fact, one of the most important

episodes of food poisoning is the “ltai-ltai” syodre (Japan). Population living near
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Jintsu was poisoned after consumption of rice amtkithg water with high concentrations

of cadmium (Inaba et al., in press).

Acute exposure to Cd can cause fatality in humBrposure to lower amounts may cause
gastrointestinal irritation, vomiting and diarrhaa,cadmium is ingested, or headache,
chest pains, and pulmonary edema, if it is inhalked. oral reference dose of 510
mg/kg/day has been estimated for ingestion of élesnent. Cadmium has been linked to
induce prostate and lung cancers in laboratory epidemiological studies (Waalkes,
2000; Sahmoun et al., 2005). This element has bkeesified as carcinogenic to humans
(Group 1) by the IARC, and probable human carcinog&oup B1) by the US EPA. An
inhalation slope factor of 6.1 (mg/kg/ddyhas been estimated on the basis of respiratory

tract cancer associated with occupational expaduseEPA, 1999).

Chromium

Chromium (Cr) is a widespread element presentliaralironmental media (Shanker et al.,
2005). Continental dust flux has been identifiedtles main natural source of exposure
(ATSDR, 2000b). Volcanic dust and gas flux are mimatural sources of chromium in the
atmosphere (Fishbein, 1981). However, anthropogesuarces have become very
important in recent decades, and their contribgtiexceed notably those of natural
sources. Chromium is released into the atmosphetialynby anthropogenic stationary
point sources, including gas, oil and coal comloustis well as metal industries (ATSDR,
2000Db).

Chromium may appear in two forms: trivalent Cr(lli¥hich is actually an essential
nutrient to humans, and hexavalent Cr(VI), whichiighly toxic. Inhalation is the main
exposure pathway to Cr. Workers of steel and &xtidustries can be exposed to this
element through inhalation of chromium-containingstdand fume, or through direct
contact of Cr solutions. Since total chromium inimsgeam cigarette smoke ranges
0.0002-0.5 pg/cigarette, tobacco smoke has beekemhas another important way of

exposure in indoor air (Rowbotham et al., 2000).
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Hexavalent chromium has been classified as caremmogto humans (Group 1) by the
IARC (1990), on the basis of different epidemiotmdistudies showing sufficient evidence
that exposure to Cr(VI) induces lung cancer. The EFA (1999) has catalogued the
hexavalent form of Cr as known human carcinoged,sabsequently, it has established an
inhalation slope factor of 42 (mg/kg/ddy)A chronic exposure to Cr(VI) may produce
non-cancer effects on the liver, kidney, gastratital and immune systems. Moreover,
harmful effects on skin (i.e., dermatitis, ulceva)i can appear after dermal exposure to
this metal. A value of 3-1TOmg/kg/day has been suggested as oral referenee lfmsed on
the exposure at which no effects were noted inegposed to chromium in the drinking

water.

Manganese

Manganese (Mn) is an ubiquitous element presetitarenvironment. It occurs in soil, air,
water, and food (ATSDR, 2000c). Anthropogenic sesarcof Mn include cement

production plants, power plants, waste incineratasmd combustion of fossil fuels.

In humans, Mn is an essential element for the huimady for certain physiological
functions (Torrente et al., 2005). Food intake he tmain non-occupational exposure
pathway. The estimated interval of Mn dietary imtag 2—5 mg/day for adults (Nkwenkeu
et al., 2002; Bocio et al., 2005). Occupationalasye is basically through inhalation of
dust. Chronic inhalation exposure of humans to raaage results, primarily, in effects on
the nervous system (slower visual reaction timer@ohand steadiness, and impaired eye-
hand). Another important subsequent non-cancectaffea syndrome called “manganism”,
characterized by extrapyramidal dysfunction androwsychiatric (Zatta et al., 2003).
When assessing risk from manganese in drinkingrnatsoil, a RfD of 0.024 mg/kg/day
is recommended (US EPA, 1999).
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Mercury

Mercury (Hg) sources have both natural and anthgepiz origins. The main natural

sources are volcanic activity and weathering of amercontaining rocks. However,

human activity developed during the last two camtuhas significantly increased the
average mercury level in the atmosphere (Masonl.et1895). Coal and fossil fuel

combustion, as well as waste incineration, minind amelting, and industrial processes
involving mercury such as chlor-alkali plants araportant anthropogenic emission
sources of Hg to air (ATSDR, 1999c; Conaway et 2005). In soils, the products that
contribute mostly to Hg pollution are fertilizefangicides and municipal solid waste.

In the environment, Hg can be found as: a) elenh¢hgl), b) divalent inorganic (Hg),

and c) organic mercury. Elemental mercury is thailiar form of this element, mainly
used as indicator in thermometers, whose main rieatuthe fact of being liquid at a
normal temperature. Mercury becomes inorganic wih@ombines with other elements,

such as oxygen, sulphur and chlorine.

Mono methylmercury (CkHg") is the mercury organic form, basically originatadough
biomethylation processes carried out by some mamieeoorganisms (bacteria, fungi and
phytoplankton). Due to their physico-chemical pmbipe and bioaccumulation capacity in
the living organisms, mono mercurial organic commmsiare the most toxic, causing very
harmful effects in exposed populations (Booth aetleZ, 2005). Unfortunately, important
precedent episodes regarding Hg pollution trougt ekist. The most important precedent
occurred in Minamata (Japan) in 1950 and 60 dec#desose times, the Chisso chemical
company (Japan) discharged a huge amount of wéktergs containing Hg, which was
transformed to methylmercury and entered the fdeainc (Gochfeld, 2003). Fishermen
and their families, whose diet was based on figirevhighly exposed to mercury. Death as
well as development of very toxic effects in fismen and their descendents were the
consequences of that poisoning by organic Hg. Tumeber of people who suffered the
“Minamata disease” was established in around 3d¥3@ and more than 10,000 sick. It is
recognized one of the most important environmeméllition episodes of the aentury
(Eto, 2000).
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Toxicity and absorption of Hg depend largely oncttemical form, as well as the entrance
pathway to the body. Exposure to*Hg usually occupational or may occur through use o
dental amalgams fillings. Since lung retention ésyvhigh (Richardson, 2003), the main
exposure pathway of this elemental form is inhafatiThrough ingestion, inorganic salts
of mercury are more toxic than the elemental faamd it is frequently found in drinking
waters and soils, rather than in plants and aninfalsdqvist et al., 1991). Finally,
methylmercury, as one of the most toxic forms of idgthe reference in terms of public
health. Exposure to GHg" is oral, basically through fish consumption. It @ssily
absorbed in the digestive tract, being eliminati@and. Therefore, it can accumulate in
brain, liver and kidney.

Health effects resulting from a severe exposumeocury depend on the chemical form of
this element. On one hand, the primary health eftdcmethylmercury is impaired
neurological development in infants and childrentheéd neurological effects found in
exposed adult people are impairment of the perglhe@sion, lack of coordination of
movements, impairment of speech, hearing, and nglikas well as alterations in other
body systems (Risher and Amler, 2005). Renal affestcan be derived from chronic
exposure to inorganic Hg. The US EPA has estaldlistreoral reference dose of 3*10
mg/kg/day for mercury and its compounds. Howevemes differentiations have also been
noted according to the chemical form. In consegegnihe reference dose for
methylmercury and elemental mercury has been ésttabl in 1-18 mg/kg/day (oral) and

8.6-10° mg/kg/day (inhalation), respectively.

Lead

Because of both, toxicological characteristics disgersion in the environment, lead (Pb)
has been one of the most studied heavy metals &@uientific point of view. Lead is

formed naturally, but the main environmental patintsources are anthropogenic. Among
them, Pb emissions from vehicular traffic have béenmost important pollution sources.
Until late 23" century, Pb (as lead tetraethyl) was used an imedit gasoline. Due to

harmful effects for human health, the US EPA baniheduse of this kind of combustible
in 1996 (ATSDR, 1999b). A few years later, the Eagan Directive 98/70/CE on leaded
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gasoline prohibition was implanted in the Europébmon. Spain obtained a moratorium,
and this kind of combustible was not definitivegtired until 2001. In consequence, urban
areas may be expected to be considerably pollugedbh especially in those developing

countries where legislative measures have not baeied out yet.

Apart from use of leaded gasoline, other importarthropogenic sources of Pb released to
the atmosphere are smelters, nonferrous foundaed, industries dealing with lead-

containing products (ATSDR, 1999b). The incorres¢ of batteries has been historically
an important contribution of Pb to soils, althoutjfe concentration contained in these
materials has been decreasing through years. ¥itlab element has been largely used in

different kinds of military ammunition, and sciditiand medical equipment.

Elemental and inorganic compounds of lead are@mgt@d as possible carcinogenic agents
in humans (Group 2B) by the IARC (1987). In turmgamic Pb is unclassifiable as to
carcinogenicity to humans (Group 3). The healtba# of Pb are mainly dependent on the
developmental stage of exposure and magnitudeteinial dose (Toscano and Guilarte, in
press). The evidence shows that lead is a mulétargxicant, causing effects in the
gastrointestinal tract, hematopoietic system, camaicular system, central and peripheral
nervous systems, kidneys, and immunological sygtég EPA, 1999). In some patients,

encephalopathy has been detected after acute ergosbb (Gordon et al., 2002).

Vanadium

Vanadium (V) is a heavy metal with a high preseimc¢he environment. Vanadium is
released naturally to air through the formationcohtinental dust, marine aerosols, and
volcanic emissions. However, anthropogenic souomedribute to approximately 2/3 of
the vanadium present in the atmosphere. Fosss farell coals contain important amounts
of vanadium. Thus, combustion processes involvihgsé materials release to air
significant quantities of this element (Duce andfhl@n, 1976; Nriagu and Pacyna, 1988;
Hope, 1997). Oil refining and burning of residualils are other pollution entrance

pathways of V into the atmosphere (Hope, 1997; Teslda998). Unlike air, soil and water
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pollution is basically due to natural sources, sashweathering of rockbearing vanadium
minerals, and wet and dry deposition from atmospher

Elemental vanadium does not occur naturally, buisitcommonly present forming
inorganic salts, such as vanadium pentoxidgOgy and sodium orthovanadate @N®,).
The toxicity of vanadium depends on its physicorcital state, as well as on the human
body circulating levels of this element (Doming896). Vanadium compounds are poorly
absorbed through the gastrointestinal system (@G®f2dietary amount), but slightly more
readily absorbed through the lungs (20-25%). ftde well established that vanadaté{V
and vanadyl (V') may be reproductive and developmental toxicamtsmiammals
(Domingo, 1996). Short-term localization occursntrily in bone, kidneys, and liver
(Roshchin et al., 1980). An oral reference dose een recently established in 1310
mg/kg/day (US EPA, 2004).
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Risk assessment

In recent decades, the interest about environmes#aés has increased very quickly. Not
only scientists, but also other active membershef 2ociety (i.e., politicians, industries,
general public), have paid much attention in gllemss related to environment, in general,
and environment protection, in particular. In tbastext, environmental pollution has been
one of the fields where more efforts have been dine Because of the lack of
environmental consciousness and technical capaaiigny industries released toxic
substances to air, water and soil, for a numbegreafs. As a first consequence, levels of
pollution in areas surrounding industrial sites @mee much higher thabackground
(unpolluted) zones. Recently, implementation ofdiegive measures carried out by public
administrations has obliged to companies to imptbed production processes in order to
reduce the pollutant emissions. However, even thotiggse measures are sometimes
quantitatively quite restrictive, they are only ticsed on reducing the impact of an
individual source of contamination, rather than ednto control the integral state of the
environment. It must be taken into account thaugtdal companies are rarely located
isolately. Usually, they are in industrial sitegether with many other facilities. Thus,
these industrial complexes may include a largeetarf potential sources of pollution
which altogether can mean a significant entrancéhway of pollutants into the
environment. On the other hand, in developed casindustries tend to be located close
to city suburbs, so pollution may pose a potemig for the population living near these

facilities.

The concern resulting from the potential exposaredntaminants was the starting point to
develop methodologies in order to evaluate the equsnces that those might have over
both the environment and human health. Among thesthods, risk assessment has been
one of the most widely used. Risk assessment @malized process for estimating the
magnitude, likelihood, and uncertainty of enviromtadly induced health effects (Sexton
et al.,, 1995). In 1983, the US National ResearchnCib (NRC), in the so-called “Red
Book”, defined a series of principles to be congdefor human health risk assessment,
and defined it as a process in which informationaisalyzed to determine if an

environmental hazard might cause harm to exposesbpe and ecosystems (NRC, 1983).
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In addition to definition, NRC proposed a framewdok human health risk assessment,
which involved 4 basic steps (NRC, 1993):

54

a) Hazard identification

This step can be defined as the qualitative detextioin of whether or not a particular
hazardous agent is associated with health effdcsufficient importance to warrant
further scientific investigations. Different kindg tools (QSAR, short-term toxicity
test, etc.) are used in order to estimate the atsndiamage of a single substance.
When establishing the hazard from industrial sajrtdee chemicals are also identified
according to measurements of amount and typologyragsions.

b) Dose-response assessment

This component is focused on examining quantitatig@ationships between the
magnitude of the exposure (or dose) and the prbtyabif occurrence of adverse
effects in the population. Usually, dose-resporssessment is based on extrapolations

from data about laboratory animals, to which hagerbgiven high-doses of toxicant.

c) Exposure assessment

Exposure assessment may be defined as the quasti@termination of the extent of
exposure of the population to the hazardous agemaéstion. Since they provide a real
knowledge of the state of pollution of an areaadabtained in the environmental

monitoring are commonly used as starting point.

d) Risk characterization

This fourth component can be defined as the ddasmmipf the nature and magnitude of
the risk, expressed in terms which are comprehknsd decision makers and the
public. Information acquired in the previous 3 steps integrated in order to

communicate the overall meaning of, and confidencéhe hazard, exposure, and risk
conclusions. Risk is expressed as a probabilitguffering a particular kind of harm

from a hazard to a specified group of populatioenidon et al., 2005). Moreover,

qualitative and quantitative uncertainty relatedis& must be also supplied.
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As it has been seen, environmental monitoring isicoan order to carry out a correct
evaluation of the exposure. Its aim is to deternguoantitatively the concentration of
pollutants in different media as a way to assess ithpact of potential sources of
contamination. Two approaches can be distinguish®diogical and environmental

monitoring. On one hand, human biomonitors, suclhwasan milk, hair, adipose tissue,
plasma and urine, may be used in surveillance progr Although these may provide in a
very realistic and direct way how population is ex@d to pollution, they are very variable
and highly dependent on personal characteristies) as dietary habits, smoking, weight,

etc., rather than on low-level environmental expes({Paustenbach et al., 1997).

In contrast, the chemical analysis of the pollutaricentrations in different environmental
compartments (i.e., air, soil, vegetation, sediment may be an interesting indirect

methodology for human health risk assessment. Huexgosure may be considered to
occur through 2 routes: direct and indirect. Diregposure is the sum of exposure to
pollutants by direct pathways, such as air inhatatdermal absorption or soil ingestion
(US EPA, 1989a). In turn, pollutants can ultimatedach humans after crossing one or
several paths, and they have been released bgsatdee intermediate (Rikken and Lijzen,
2004). For instance, contaminants can deposit getation and, following the food chain,

be ingested by animals. Finally, they can reach dngras a final step, through dietary
intake, which should be considered consequentlyndinect pathway of exposure. In fact,

different studies have reported that food intakehis main exposure route to several
pollutants for non-occupationally exposed populai¢Capdevila et al., 2003; Hellstrom et
al., 2004).

As it has been noted, it is imperative to adeqyatkaracterize variability and uncertainty
in all the steps risk assessment process. In fidis, qualitative and quantitative

characterization becomes critical in the fourthadagm. Uncertainty and variability are

related to heterogeneity inherit in the populatéom lack of total knowledge of the same,
respectively (US EPA, 2001). Consequently, riskesssent must be performed since a
probabilistic point of view, rather than by considg deterministic aspects. Monte-Carlo
analysis has been increasingly used to adapt thessigy of including these aspects. This

method has the advantage of allowing the analysictiunt for relationships between
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input variables and of providing the flexibility tmvestigate the effects of different
modeling assumptions (US EPA, 1997).

Risk assessment has been marked really as a prededink scientific information about
potentially hazardous substances to the decisidaraggorocess, through which human
exposures to these substances are regulated. Adifeaxentiation between the role of
scientists (risk assessors) and decision makesk fnanagers) in the evaluation process
must be carried out (Williams, 2004). Risk assesdgnsejust a part of risk analysis, which
comprises 2 further steps: risk communication asklmanagement. Risk management is
the subsequent stage where social, cultural, ecan@nd political issues are taken into
account, and integrated to the evaluation procksgsko Finally, risk communication is the
interactive exchange of information and opinionsoag individuals, groups and

institutions.
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The chemical/petrochemical complex of Tarragona, Spn

The geographic location of the city of Tarragonaté@nia, Spain) has been crucial in the
economic development of the zone throughout theatyisTourism and industrial activity
have been, and still remain, two basic importai ar which the local economy has been
held on. Already 2000 years ago, the city (thenvkmas Tarraco) was strategically located
in the Roman Empire, and its vital importance asufecturer and exporter of products
was widely recognized. During the"1@nd 19' centuries, numerous industries raised in
Tarragona, as well as in other neighbor urban mnu@ech as Reus, located at
approximately 10 km). Notwithstanding, it was natibearly 1960s that the industrial area
of Tarragona started to become what it is todayh Wie constitution of the cradle of the
actual AEQT (Chemical Companies Association of dgona). During that decade and the
beginning of the following one, several importamemical companies (ASESA, Dow
Chemical, BASF, Aragonesas, Aiscondel, Bayer, Me€sgburos...) settled down in the
suburban area of Tarragona. In the mid-1970s, aobigefinery (constituted later as
Repsol) was inaugurated in the North complex. Sithen, the number of companies
established in the chemical/petrochemical compleXaragona has been continuously
growing up (AEQT, 2004).

The industrial complex of Tarragona is one of th@estmportant chemical/petrochemical
areas in Southern Europe. In fact, according toléwel of production, it is the most

influent in Spain and it is ranked in the top 5alh Europe. Its production capacity is
approximately 18 million tones/year, including adeirange of products, such as chlor-
alkali, propane, propilene, fuels, gasolines anivdd products. With a global surface of
1190 ha, the industrial complex is divided intoohes: North and South (Figure 4).

The Northern zone is basically a petrochemical ,amaere the big oil refinery of

Repsol/YPF is located. Repsol/YPF is a petrochdmitemical and gas company, whose
main production is the manufacturing of petrole@®s,well as oil derivates, petroliferous
products, liquid gases and natural gases. Thifitfalsas a production capacity of crude of
8,000,000 tonesl/year, and it has two stacks andtwaing torches with a height of 110 m
and 114 m, respectively. The Northern zone is cemphted by Repsol Quimica (the
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chemical branch of the company aimed to produabiopolyethylene and polypropylene)
and Dow Chemical (ethylene plant).

On the other hand, the Southern zone is basicaliyposed by chemical industries.
Production of some important facilities, such aswDGhemical and BASF, includes
chemicals related to plastics and derivates: plojyene, polystyrene, as well as some
synthesis gases. In the South-western corner efpiblie, Aiscondel, an important plant of
vinyl chloride monomer (VCM) and polivinyl chloridPVC), is settled down together
with other chlor-alkali plants (Aragonesas and Bayoreover, in the Eastern side of the
complex, Asesa, another crude refining plant 00Q,@00 tones/y operate.

Concurrently with the above described facilitiesmanicipal solid waste incinerator
(MSWI) and a hazardous waste incinerator (HWI)lacated near the village of Constanti.
In addition, the area is crossed by a highway awkral important roads supporting an

intense traffic.
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Northern complex (petrochemic

. Southern complex (chemical)

Residential/Urban areas

Figure 4 Chemical and petrochemical industrial complexXeBarragona.
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Hypotheses

In the industrial area of Tarragona, different cleainand petrochemical facilities are

located. It means that this area is subjected tsstoms of a large number and variety of
organic and inorganic pollutants. The exposurenesé chemicals could mean a potential
risk for human health of people living in the vigynof the industries. The presence of two
incinerators and several important roads are awoadditional elements to be taken into

account when assessing the potential health impactise local population.

Petroleum refineries are potentially important askrs of toxic substances such as PAHS.
Considering that a big oil refinery has been opegafior many years in Tarragona, notable

concentrations of these compounds could be expattde environment of the area under

its direct influence. Since other important cherhmampanies are also established in the
industrial complex, the presence and levels of PAlswell as other inorganic (heavy

metals) and organic (PCDD/Fs, PCBs and PCNs) poitst in the surrounding

environment could be even more significant.

However, previous investigations carried out neateptial specific sources of PCDD/Fs
and heavy metals, such as MSWI and cement plaat® $hown that human exposure to
these pollutants is mainly due to ingestion of ftaifs, rather than due to direct emissions
of these industries. Consequently, it is suggettatthe influence of environmental levels
of the above indicated pollutants in the chemieatgchemical area of Tarragona could be

minimal in comparison to exposure through foodketa

In conclusion, it is hypothesized that, considettihg large amount of potential emission
sources of pollution in the chemical/petrochemmainplex of Tarragona, environmental
levels of organic and inorganic pollutants mightvey high in this zone. Likewise, a

notable high risk might derive from an exposurémse pollutants by the local population.
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Objectives

General objective

To assess the human health risks due to exposareumber of metals, PCDD/Fs, PCBs,

PCNs and PAHs for the population living near theeroltal/petrochemical area of

Tarragona.

Specific objectives

64

To determine the concentration of 7 heavy metals @&d, Cr, Hg, Mn, Pb and V) in
soil and chard samples collected in industrial mstdential areas of Tarragona.

To determine the levels of PCDD/Fs, PCBs, PCNsR#ds in the same samples.

To characterize the most environmentally polluteshes by applying different
classificatory tools.

To determine the influence of local environmentahditions on the degradation of
specific pollutants.

To establish the exposure to those pollutants far population living near the
industrial area, as well as for those living inamtzones.

To assess the human health risks due to expos®€Dd/Fs and heavy metals.

To elaborate a multichemical integral risk indexdaapply it for a number of
pollutants.

To design a map of risk of the chemical/petrochaimécea of Tarragona based on an

integral risk index.
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Sampling

In the winter of 2002, 24 soil and 12 wild chaBEfa vulgari$ samples were collected in
various zones of Tarragona County (Figure 5). 8od vegetation (chard) samples were
selected for representing long- and short-termrenmental monitors where pollutants are
accumulated. Soil sampling points were chosen Bewe. 15 in the industrial complex
divided into industrial-1 (8 samples collected I tvicinity of chemical industries) and
industrial-2 (7 samples collected near the Rep$d/Yoil refinery and petrochemical
industries), 5 in urban (Tarragona downtown) arsidential (several suburbs of Tarragona
city) zones, and finally, 4 samples in presumabipalluted sites (pesticides-free rural
uncultivated land), located 30 km far away from thea of direct influence of all
suspected sources of contamination. Every samplongt was selected depending on: 1)
the location of potentially important focuses ofntamination, 2) according to the
possibility of getting meteorological data in thene (in order to get a better understanding
of the process of contaminants dispersion), andeyring in mind the proximity to
residential areas in which people might be affedbgdindustrial emissions. Several
subsamples were collected at the same time asshuibles within approximately 10%rim
each sampling site. Duplicate soil samples werertdtom the upper 3 cm of soil and kept
in polyethylene bags. Once in the laboratory, sesigéere moved to aluminum foils in
order to prevent adsorption by plastic. They wateddat room temperature until constant

weight and sieved through a 2-mm mesh screen.

Chard samples were collected in 12 of the 24 siteshich soil samples were taken. Six
samples were collected in the industrial zone @taial-1 and industrial-2, indistinctly), 3
in the urban/residential zones, and 3 in unpollsiées. Chards were about 20 cm high at
the collection time. When samples were collectes weather was sunny. There was no
precipitation at least during the 10 days previdoiscollection. Chard samples were
obtained by cutting the aerial part of the plang aubsequently packed in aluminum foils.
They were dried at room temperature and shreddéd avidomestic shredder. Finally,
samples were kept in a double aluminum foil, padkeldbeled plastic bags, and stored at

room temperature until analyses protected fronsthar light.
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4 Sampling point
. Chemical zone
MEDITERRANEAN
<t |:| Petrochem. area
[] Urban/Residential
N O km 2
1_\' T = Roads

Figure 5.Sampling points in the area of study

Analytical procedure

Soil parameters

The values of pH and organic matter content ofdbik samples were also determined.
Fifteen grams of sample were dissolved in 15 ndebnized water, and after mixing for

24 h the measurement of pH was done with a pH-m@sganic matter content was

evaluated according to the Loss on Ignition (LOBthod. Samples were dried in order to
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eliminate water content. Subsequently, they wegddtefor 2 h at 600°C and the weight
loss was assessed.

Heavy metals

Approximately 0.5 g of dried samples of soil or whwere treated with 5 ml of nitric acid
(65% Suprapur, E. Merck, Darmstadt, Germany) inlofefvessels for 8 h at room
temperature. Subsequently, they were heated at BO¥Cstove for 8 h. After cooling,
solutions were filtered and made up to 25 ml wighodized water. Concentrations of As,
Cd, Cr, Hg, Mn, Pb and V in soils were determined ibductively coupled mass
spectrometry (ICP-MS, Perkin Elmer Elan 6000). trarcdd samples, the levels of As, Cd,
Hg, Mn and Pb were measured using ICP-MS, whilea@d V concentrations were
determined by atomic absorption spectrometry withphite furnace atomization (Varian
spectrophotometer, Spectra A-30) (Meneses et@39)1 The accuracy of the instrumental
methods and the analytical procedures was checkeldifdication of the samples, as well
as by using a reference material (Lobster hepatopas, NRC Canada, TORT 2), which
was run up every 10 samples. The mean recovery vegee between 80% and 95%. The
limits of detection (LOD) for metals in soils andazds were the following: 0.025 pg/g for
Mn, Pb and Cd, 0.05 pg/g for Hg, and 0.1 pg/g fer i turn, the detection limit for Cr
and V was 0.25 pg/g in soils and 0.01 pg/g in chard

Organic compounds

PCDD/Fs, PCBs and PCNs

POP concentrations were determined in accordanteet@erman VDI 3499 and US EPA
1625 guidelines. Prior to extraction, dried sampiese homogenized and spiked with a
mixture of internal standard$®C,,-labelled PCDD/Fs and PCBs). Subsequently, samples
were extracted in a Soxhlet with toluene for 16The clean-up procedure and
fractionation of the crude extract was carriedt by adsorption chromatography as a
multi-step-clean-up, using consecutively a mulglagilica column (from top to bottom:

sodium sulfate, silica, silica-sulphuric acid, @lj silica-potassium hydroxide, silica) and
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an alumina column. For chard samples, additionallyD g BioBead-SX3- gel permeation
chromatography column and gel permeation column® weed. The sample extract was
concentrated by rotary vacuum evaporation, aneddnith a nitrogen stream until a final
volume of 10pl. Prior to analysis, &°C-labeled standard was added to calculate recovery
ratios. The cleaned extract was analyzed by higbluéion gas chromatography/high-
resolution mass spectrometry (a Fisons CE 8000chesmatograph coupled with a VG
Autospec Ultima system with electronic impact anghtiple ion detection mode, with a
resolution > 10,000). PCNs were analyzed using0amt DB5ms-column. PCB and
PCDD/F congeners were analyzed by a DB-XLB colufiar analysis of PCDD/Fs,
additional polar columns of a CP-Sil-88-type wesedi in order to confirm the obtained
values for the lowest chlorinated congeners. Thewery rates of the analyzed POPs were
in the range of 42-117%. Detection limits for teteamd penta-CDD/F homologues were
0.05 ng/kg, whereas that for hexa- and hepta-CDW/&s 0.1 ng/kg. Finally, OCDD/Fs
presented a LOD of 0.2 ng/kg. In addition, detectimit for all PCB congeners and PCN

homologues was 0.10 ng/kg, in both soils and chards

PAHs

PAH levels were determined according to US EPA o@t8100. Soil and chard samples
were firstly homogenized and subsequently spikeith Weuterated ;@-fluorene and g-
pyrene (Cambridge Isotope Laboratories), which da@e internal standards. Extraction
step consisted on a Soxhlet with hexane/dichlorbaret (1:1). As for soils, copper
(Merck, Darmstadt, Germany) was added in orderlitoigate its content of sulfur. The
clean-up procedure was carried out by passing xtraat through an alumina adsorption
column (from top to bottom: sodium sulphate, aluanB — Super | activated overnight,
and glass fiber). Hexane and a mixture of hexadeloiomethane (1:1) were
consecutively passed through the column as fraafiom method. Naphthalene was
recovered in the first fraction and the remainirfy d@nalyzed PAHs were found in the
second one. Subsequently, all fractions were agagporated with a rotavapor and

concentrated with a gentle stream of purifiedkdN40 pl.

Prior to injection, g-napthalene was added as an internal standard.sdimples were

analyzed by a gas chromatograph (Agilent 6890, Widton, DE, USA) equipped with a
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fused silica capillary column (HP-5: 30 m long,®®@m i.d., 0.25 pm film thickness) and
a Flame lonization Detector (FID). The oven temperm started at 80°C. It was then
raised at 25°C/min up to 160°C. A new ramp of 39GAvas started until 300°C, when the
temperature was held for 5 min. The inlet mode ehasas splitless and helium as carrier
gas (17.8 mL/min). Inlet and detector temperatwere 310°C and 325°C, respectively. In
soils, mean recovery percentages were 76.2 and®@®0 do-fluorene and g-pyrene,
respectively. In chard samplesggyrene recovery reached a 98.9% althougtfldorene,
behavior could not be determined because of theepoe of an interfering peak. Detection

limit for soils and chards was 2 ng/g (dry weight).

Data analysis

Statistical analysis of the results was carriedwvaith the statistical package SPSS 11.0. In
those samples in which a compound was not detéhieyl its concentration was assumed
to be one-half of the limit of detection (ND = ¥ DJ Statistical significance of the
differences was determined by one-way analysisaofimce (ANOVA) for variables with
normal distribution, and the Kruskal-Wallis test those with no normal distribution. A

probability of 0.05 or lower (p<0.05) was considkes significant.

Self-Organizing Map (SOM) application to heavy reeta

Kohonen’'s SOM is a special kind of Artificial Neufdetwork (ANN). It was originally
proposed by Kohonen (1982), and it is based on resupervised competitive learning
algorithm. That means that the training is enticidya-driven and the neurons of the map
compete among them (Vesanto, 2000). SOM providpsogection of multidimensional
data into a lower (usually two-) dimensional mageserving the topology of the original
data. In fact, SOM is a process baseddata mining which could be considered as a
further step from the classic statistical toolsthAlgh the objective of both SOM and
traditional statistical methods is to classify Ergmounts of data by reducing the
dimensionality of data, Kohonen’s map presentstgadaantages. The main difference is
that SOM technique can construct models automéatieathout a priori knowledge of the

data. In fact, unlike other methodologies, thisugesvised ANN deals very efficiently
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with non-linear and heterogeneous data. Likewibe, ¢lustering procedure has been
shown to be as good as (or even better than) fhaher cluster analysis methods (Waller
et al., 1998).

The Kohonen neural network consists of two lay#rs:input layer, connected to a vector
of the input data set, and the output layer (or)nafich is an array of nodes (also called
neurons). The number of cells must be chosen bdf@dearning process as the best
compromise between representation clarity and coimgpuime (Brosse et al., 2001). To

interpret the results, SOM visualization procesststwith the map itself. Each of the SOM

nodes has a specific weight, allowing to cluster dhiginal information (Espinosa et al.,

2002). The weights associated to each node or neara this twodimensional lattice are

adjusted to cluster the original information. Thamtan also be divided into so many c-
planes (component planes) as data variables, eineg the variable contribution to each

node in the map. SOM can be thought as a cake stmgsiof component layers. Each

component plane is a horizontal layer of this cakgle each reference vector is a vertical
slice (Nadal et al., 2004).

In order to establish the behavior of the diffeneratals analyzed, as well as to characterize
the most polluted areas by these elements, a SOd/ewcuted. In this case, the chosen
Kohonen’'s map was a rectangular grid of 35 virtuaits (7 x 5 hexagons). Each, the

learning and tuning phases, were broken down witbd0 steps.

Principal Component Analysis (PCA) applied to origgoollutants

PCA was originally introduced in the early 190084fon, 1901; Hotelling, 1933), and it
is one of the most popular multivariate analysisigoThe objective of PCA is to derive
total variance of a set of multivariate data tcew inew uncorrelated components (called
principal components or PC), each of which is d:e@ar combination of the original
variables. PCA involves assigning a score to eachpte in each component, allowing a
quick classification and a further easy visualizati
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In the present study, PCA was used to establishetagonship of POP content in soils and
chards according to the different zones of colectiSince behavior of chlorinated and
non-chlorinated compounds can differ widely, twoltiwariate analyses were carried out:
one for PCDD/Fs, PCBs and PCNSs, and another orféAbts.

Health risk assessment

Heavy metals

In order to assess non-carcinogenic risks, cornatmbis of all metals in soil were
compared with the levels of metals considered Besfsa people living in residential areas
(Preliminary Remediation Goals or PRG) (US EPA,@f0 Non-carcinogenic risks were
also assessed by calculating the Hazard QuotieQ},(tefined as the relation between the
predicted exposure and the oral reference doseyJRTDe criteria used for calculations
were taken from US EPA (2000b). Predicted inhataggposure to all elements was also

calculated.

With regard to carcinogenic risks, the levels afsth carcinogenic metals (As, Cd and Cr)
were compared to PRG. Likewise, cancer risks thiangestion and inhalation were also
assessed by multiplying the predicted exposuregran hand, and the oral or inhalation

slope factor, on the other hand.

PCDD/Fs

A probabilistic health risk assessment was cawigtfor PCDD/Fs. Specifically, a Monte-
Carlo approach (by running Crystal Bakl.0 software) was done in order to take into

account variability and uncertainty aspects of data

Exposure assessment

To assess PCDD/F exposure, 2 different routes emrsidered:
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1) Direct contact, including air inhalation, dernafisorption through soil and dust, and soil
and dust ingestion.

2) Dietary exposure.

1. Direct exposure

All calculations were carried out according to poesly reported equations (Nouwen et
al., 2001; Domingo et al., 2002). The “worst scefanypothesis was raised in terms of
absorption factor for ingested food (bioavailagiliof 100%), and exposure time to
polluted air (24 h daj).

2. Dietary exposure

It was calculated taking into account the PCDD/Roemtration for different food groups
and the food ingestion rate for each of them. Ra@ut PCDD/F levels in foodstuffs were
obtained from a recent survey performed in our fatooy (Llobet et al., 2003b). In this
survey, the daily intake of PCDD/Fs by the popolatof Catalonia was determined. On
the other hand, data about food consumption depgruh the socioeconomic level, were
used to determine the dietary exposure to PCDDdFshie population living in suburbs

(lower class) and residential zones (upper ci@apdevila et al., 2000).

Risk characterization

Human health risks of PCDD/Fs were divided into:

a) Non-carcinogenic risk: assessed as Hazard @uohg comparing total exposure (sum
up of direct and dietary exposure, in ng/kg/dagpet to tolerable dietary intake (TDI, in
ng/kg/day).

b) Carcinogenic risk: by multiplying total exposyrey/kg/day) by the carcinogenic slope
factor (kg-day/ng).

All the Monte-Carlo parameter distributions for tlkalculations of direct and dietary

exposure to PCDD/Fs, as well as human health resksincluded in Annex 1.
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Soil parameters

The mean pH of soils was 7.66 (7.03-8.22), whikertiean content of organic matter in the
24 soil samples was 5.8% (2.6-9.5%). SignificardrBen correlations with organic matter
were found for Pb (p<0.01) as well as for Hg and (g€0.05). With regard to organic
compounds, the organic matter content was onlyifgigntly correlated with PCBs and
PCNs (p<0.01 and p<0.05, respectively).

177



Results and discussion. Summary

Heavy metals

Article I: Nadal M, Schuhmacher M, Domingo JL
Metal pollution of soils and vegetation in an anegh petrochemical

industry
Science of the Total Environment 321: 59-69 (2004)

With regard to soils, samples collected in the stdal area presented the highest
concentrations, for all the analyzed heavy metsept for Pb. In turn, the levels of
metals in the unpolluted soils were the lowest okkesvever, the differences between both
areas were statistically significant only for CB@ and 8.6 ug/g, respectively) and V (19.3
and 12.2 ug/g, respectively). On the other handleRéls in the residential/urban zones
were significantly higher than those observed @ uhpolluted zone (66.1 and 14.6 pg/g,

respectively).

In chard samples, significant differences of metaicentrations between the industrial and
unpolluted areas were only found for V. In facthadium was the only element where
significantly higher levels were reported in bothvieonmental monitors (soil and
vegetation). That indicates that pollution by V nstable in the industrial area, in

comparison tdackgroundevels.

The SOM application allowed to establish that thensical area (industrial-1) presented a
higher degree of pollution by heavy metals, respe@t¢he petrochemical zone (industrial-
2). Although in Article | all samples correspondit@ both industrial areas (n=15) were
considered as a whole, in Annex 2 a new Table le@s ladded to present the results
quantitatively according to the 4 areas of studys(is, splitting the industrial area into

chemical and petrochemical zones). It is again chébat soil samples collected in the
southern area showed higher levels of heavy meamg this difference statistically

significant for Cr and V.
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Health risk assessment due to exposure to heaalsnet

The comparison between metal levels in soils amd Rkeliminary Remediation Goals
(PRG) let conclude that non-carcinogenic risks rase worrying either in the industrial
zone or the residential area, since all values week included in the safety interval.
Likewise, although the Hazard Quotient (HQ), cad¢ed from the predicted oral exposure,
was higher in children than in adults, it did nateed the safe value of 1 for any of the

analyzed elements.

With respect to carcinogenic risks, only As levialsoils surpassed those marked as PRG,
in both industrial and residential areas. Moreowancer risk derived from As ingestion
was calculated in a higher value than®l@onsidered as safe). Oral intake of arsenic is
specially relevant for children living in resideaitizones, where a risk of 7.5 10vas
reported. Although As concentrations in soils foummd a number of investigations
worldwide are usually higher than those establisksethreshold by the US EPA (2000b), a
serious effort should be done to reduce the enmmsgrial levels of this metal. On the other
hand, concentrations of carcinogenic Cd and Cr vbetew the 100% of soil screening
level, when they were compared to levels markeBR&. Notwithstanding, inhalation of
chromium slightly exceeded 0 basically because of the assumption that" Gthe

carcinogenic form) meant 1/6 of the total chromium.
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POPs

Article II: Schuhmacher M, Nadal M, Domingo JL
Levels of PCDD/Fs, PCBs, and PCNSs in soils and tedig® in an area with
chemical and petrochemical industries
Environmental Science and Technology 38: 1960-12604)

PCDD/Fs

In relation to soils, mean PCDD/F concentrationsgeal from 2.65 ng I-TEQ/kg d.m.
(chemical area) to 0.16 ng I-TEQ/kg d.m. (unpoliutsites). PCDD/F levels of the
residential soils were one-half of those correspundo the chemical area (1.31 ng I-
TEQ/kg d.m.), while the samples collected near tike refinery showed a closer
concentration to blank (0.45 ng I-TEQ/kg d.m.).r#igant differences in PCDD/F levels
were noted between samples collected in the chéraimh residential zones, and those
obtained in the petrochemical and unpolluted aréasept for 1,2,3,7,8,9-HXCDF, all the
PCDD/F congeners showed significant differenceswéet the chemical and

petrochemical areas.

In chards, mean PCDD/F concentrations were 0.483, &d 0.54 ng I-TEQ/kg d.m. in the
industrial, residential and unpolluted zones, respely. No significant differences were
observed for any of the congeners, homologues o, T&ccording to the area of
collection. In fact, chards sampled in the unpelilsites showed higher concentrations

than those obtained in the other two areas.

PCBs

The profile of PCB concentrations according to $henpling area was very similar to that
presented by PCDD/F. In soils, the highest PCBl¢ewere found in the chemical and
residential areas (12038 and 10342 ng/kg, resmyglivn turn, samples collected near the
oil refinery seemed to present notable lower cotraénons of PCBs (1965 ng/kg). Finally,
PCB concentrations in soils of the rural zone wagaificantly lower than those observed
in the other areas under study (657 ng/kg). Sicguifi differences iPCB (7 congeners)
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levels were detected in the soils obtained in themdcal area respect to the samples
collected in the petrochemical and rural zones.

In chards, PCB concentrations did not differ sigaifitly according to the area of

collection. PCB levels ranged from 2503 to 2943kggtorresponding to the unpolluted

and residential/urban areas, respectively. In tremsaples,>PCB concentrations were

notably higher than those obtained in soils. Vegmiahas also been remarked as a
potentially important environmental sink followihgng-range transport.

PCNs

With respect to PCN levels in soils, samples ofdhemical and urban areas showed also
the highest concentrations (121 and 180 ng/kg exctsely), followed by the soils sampled
in the petrochemical and unpolluted zones (70 ahdddkg, respectively). However, these
differences did not reach the level of statistgighificance. The concentration of the octa-
CN homologue was under the limit of detection fibsamples.

>PCN concentrations in chards were not significadifferent according to the zone of

study. PCN levels were 214 ng/kg in the chemicaig@bemical zones, 172 ng/kg in the
residential area, and 146 ng/kg in the rural zoNegther hepta- nor octaCN were detected
in any of the chard samples. On the other handa-teind pentaCN concentrations in

chards were higher than those found in soils.
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PAHSs

Article IlI: Nadal M, Schuhmacher M, Domingo JL
Levels of PAHs in soil and vegetation samples froarragona County,
Spain
Environmental Pollution 132: 1-11 (2004)

With respect to the level of 16 PAHSs in soil, saespbf the chemical and residential zones
were the most concentrated (1002 and 736 ng/gecasply), while those corresponding
to the petrochemical and unpolluted areas showedavest levels (166 and 122 ng/g,
respectively). The same profile was obtained fer Thcarcinogenic PAHs: 397, 322, 70
and 37 ng/g for chemical, residential, petrochema&al unpolluted sites, respectively.
Soils collected in the residential/urban areas gueesl a significant higher level of 4
individual PAHSs respect to those obtained in thpallnted zones. However, no significant
differences were observed for the remaining 12 PAddswell as for the summed

concentrations of 16 PAHs and 7 carcinogenic PAHs.

In chards, samples collected in the residentiak aseemed to present the highest
concentration of 16 PAHSs, with a value of 179 ndiigturn, a value of 58 and 28 ng/g was
detected in the vegetation samples taken in theaustndl and unpolluted zones,
respectively. For all the samples, the levels & ¥ carcinogenic PAHs as well as

naphthalene were under their respective detedtiatsl
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Health risk assessment due to exposure to PCDD/Fs

Article IV:  Nadal M, Schuhmacher M, Domingo JL
Probabilistic human health risk of PCDD/F exposusesocioeconomic

assessment
Journal of Environmental Monitoring 6: 926-931 (200

Human health risks of PCDD/Fs were separately asdefr populations living near the
industrial area and in Tarragona downtown, assurthiay these populations belonged to
lower and upper socioeconomic groups, respectiwdigh regard to direct exposure to
PCDD/Fs, individuals living close to the chemicahplex seemed to be more affected
than those living in the urban center (mean value§7-1¢ and 4.66-18 ng I-

TEQ/kg/day, respectively). Among the exposure patfsyair inhalation was identified as

the most important.

In relation to dietary exposure, people living re tresidential zones seemed to show a
slightly more elevated intake of PCDD/Fs, in congxar with the individuals residing in
suburbs (mean values: 1.20%18nd 1.01-18 ng I-TEQ/kg/day, respectively). The reason
might be due to the fact that these populationgshgnore amount of products which
contain, at the same time, higher concentratior®GDD/Fs (i.e., fish, shellfish, and dairy

products).

If both direct and indirect exposures to PCDD/Fs awonsidered together, the
environmental exposure to these compounds only snedn05% and 0.39 % of the total,
for the industrial and residential areas, respebtivBecause dietary intake contribution is
so important, the overall exposure to PCDD/Fs ighéi for subjects living in the
residential zones than for those residing in tHmugos adjacent to the chemical area (mean
values: 1.21-18 and 1.02-18 ng I-TEQ/kg/day, respectively). However, theseelsvare
clearly below the tolerable daily intake establhy the WHO for PCDD/Fs.

With regard to the non-carcinogenic risks, the HazQuotient was under 1 for both
groups of population. In turn, carcinogenic riskesrevbetween Iband 1, which can be
considered as assumable because of the individwi@bility of the subjects. Thus, neither
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environmental nor dietary exposure to PCDD/Fs ithbsuburb and downtown would
mean an additional health risk for the populatigimg in these areas.
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Influence of temperature and solar radiation on PAHphotodegradation

Article V: Nadal M, Wargent JJ, Jones KC, Paul lB8huhmacher M, Domingo JL

Interlatitudinal comparison of the influence of WB/radiation and

temperature over PAHs photodegradation

Submitted toAtmospheric Environment

Environmental conditions may play a key role onrddgtion of PAHs. Among them,
temperature and solar radiation are two of the nmdktent. It has been reported that an
increase of temperature implies that PAHs degradéef. In turn, photolysis has been
found to be an important degradation process wheset compounds are exposed to UV
radiation. Considering these hypothesis, an expariat study was carried out in order to
assess the joint effect of both, temperature aneBUsdiation, over PAH degradation.

A mixture of 10 single PAHs in tetradecane was aegoto 2 different simulated
environments: Atlantic (low UV-B dose and temperajuand Mediterranean (high UV-B
dose and temperature). Real data from Lancastethi{N'dest of England) and Tarragona
(Catalonia, Spain) were used. Alternatively, a famples were protected from sunlight in

order to study the affection of other loss processech as volatilization.

As expected, PAH photodegradation rates dependddlyvon the molecular weight of
each PAH. In fact, no loss along the experiment feasd for PAHs with more than 5-
rings. In contrast, naphthalene was the only comgosuffering volatilization. In
Tarragona simulated environment, half-lives of tiglAHs ranged from 14 to 192 h for
naphthalene and pyrene, respectively. In turn,andaster, photodegradation rates ranged

from 97 to 654 h corresponding to acenaphthendlaacanthene, respectively.

A relevant loss of PAH concentrations was deteetbén both temperature and UV-B
dose were high. Consequently, it seems that thew l@ synergistic effect over the
degradation of these compounds. This synergismhaare a great implication not only in

PAH degradation in vegetation of specific areas a&o in long-range transport of PAHSs.
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Map of risk of the chemical/petrochemical area of &rragona

Article VI:  Nadal M, Kumar V, Schuhmacher M, DommgL
Definition and GIS-based characterization of aednél Risk Index applied

to a petrochemical area

Submitted taChemosphere

In order to design a risk map of the industrialeaf Tarragona, an Integral Risk Index
was previously developed. This Index was basedwanparameters: a) a Hazard Index,
defined as a ranking of a series of pollutants\(heaetals, PCDD/Fs, PCBs, and PAHS);

and b) the concentration of each pollutant in smléected in the area under study.

The Hazard Index was achieved by applying Kohon&el-Organizing Maps (SOM) to
persistence, bioaccumulation and toxicity (PBT) pgmbies of all the chemicals. As
expected, the pollutants grouped in several clastecording to their similarities. With
regard to the value itself, PCB congeners resulbedresent the highest Hazard Index.
Although they are not so toxic as PCDD/Fs, PCBd terbioaccumulate more easily in the
body burden. In contrast, the most volatiie PAHgevthe less hazardous compounds

among all the considered pollutants.

The risk map was designed by representing the apdistribution of the Integral Risk

Index in the industrial and residential areas ofrdgona by a Geographic Information
System (GIS). The South-western corner of the cbandgomplex presented the highest
relative risk, since notable amounts of PCBs, PGBDPAHSs, Pb and V had been found
in soils. However, due to closeness to populatspecial attention should be paid by the
risk managers to two other “hot spots”. northermt g the chemical zone, and city
downtown. In turn, the values of the Integral Rislex were also calculated considering
the legislative established maximum allowed conegioins of all the pollutants in soil.

Since the current values were much lower than tiolds it might be concluded that, in

principle, the current concentrations of the chesicunder study would not pose a

significant risk over local population.
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GENERAL DISCUSSION

In general terms, the concentrations of all therghals under study found in soil samples
collected in the chemical and petrochemical congdeaf Tarragona are similar to those
previously reported in a number of industrial sitesfact, relatively higher levels of some

specific pollutants have been detected by diffeeenhors when studying the impact of oll

refineries. In this context, Soldi (1996) foundanadium concentration of 65-70 mg/kg in
the first soil layer of an area affected by anidtalpetroleum refinery. In turn, Bakker et al.

(2000) reported a total concentration of PAHs d3,800 ng/g in a soil sample collected at
50 m from an olil refinery in Belgium, whereas |leveanging between 3000 and 14000
ng/g were found in sampling points located at b3 km from the same source. In
Annex 3, the concentrations of a series of pollistam soils reported in various studies are
summarized. It allows to compare them with the le¥®und in the present study.

It has been noted that PAH concentrations in s@itsj mainly in vegetation, were

surprisingly much lower than those that could bpeexed, according to the values found
in the literature. In consequence, a further ingasibn was carried out in order to find out
whether or not local environmental conditions ohperature and solar irradiation played a
key role into PAH degradation. In fact, both valebseemed to show a synergistic effect

over PAH photodegradation.

In the Soil Quality Criterig the maximum allowed concentration in soils ofesies of
pollutants is established by the Catalan legistha{Busquet, 1997). Recently, the Spanish
government has developed new guidelines to consithether or not a specific soll is
pollute, according to different soil uses (BOE, 2D0The levels observed for all the
chemicals analyzed in soils collected in Tarragevere even lower than the most
restrictive scenario. In Annex 4, legislative levektablished by the Catalan and Spanish

governments are summarized in detail.

The current levels of contaminants in chard sampie® also in the low part of the range
in comparison with previous investigations in urlaawd industrial sites. Recently, Bosco et
al. (2005) reported remarkably higher mean conaéiotrs of vanadium in pine needles

collected near an important petroleum refinery iicil\s (64 mg/kg), with respect to those
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obtained in samples from urban and rural zonesaf®? 13 mg/kg, respectively). With
regard to PAHSs, Bakker et al. (2000) observed #A8! level of 8000 and 2000 ng/g in
plantain and grass, respectively, sampled at 5G an il refinery. At greater distances,
PAH concentrations in plants ranged from 200 to0186/g, whereas urban levels of 8
PAHs ranged from 200 to 1700 ng/g (Bakker et &Q13. These and other levels found in
vegetation samples collected in different locatismasldwide are presented in Annex 3.

On the basis of levels of inorganic and organidytahts found in soils of Tarragona, a
new methodology to assess the integral risk wagldped. The Integral Risk Index may
be a valid technique to be applied in zones pabyntimpacted by different kinds of
contaminants. The display of this Index may be wisef order to create a risk map of

specific areas.
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1)

2)

3)

4)

5)

6)

An environmental monitoring program was carriedt in the chemical and
petrochemical industrial areas of Tarragona. Thgeadlve was to determine the
current levels of a series of heavy metals andnicgaollutants in soils and chards.
Results may be useful not only to know the preggoital state of pollution of this

zone, but also to establiststarting pointfor future surveys.

Concentrations of all metals (excepting Pb)dih samples collected in the industrial
area were higher than those corresponding to uabdrunpolluted zones. However,
that difference was statistically significant ofdy Cr and V. Urban soils registered a
significantly higher level of Pb with respect taalsoils. Soil acts as a sink where a
notable content of Pb is still present, basicakcduse leaded gasoline has been
largely used in the past. Since vanadium was tHe element where significant
differences were found in both soil and chard sas\pit can be considered that
Tarragona is impacted by some degree of pollutpthls element. However, the V

levels are notably lower than those found in offetrochemical areas.

The current concentrations of metals in soile elearly below the Catalan soil
guality guidelines. These concentrations would puge a relevant non-carcinogenic
risk, since the values of all them are remarkatyer than Preliminary Remediation

Goals, while the calculated Hazard Quotients alevé.

Some efforts should be focused on decreasindetieds of As and Cr, since the
actual levels might induce a slight increase otioagenic risk for local population.
This additional risk could be explained becauséheflow As levels marked by US

EPA, as well as the assumption that’Gs 1/6 of the total chromium.

SOM is a friendly chemometric tool with a grediility to classify data. In the
present study, this ANN was useful to establisht ttsemples collected in the
chemical area were much polluted than those casreBpg to the petrochemical

Zzone.

Soils collected in the chemical and resident@mkas presented the highest

concentration of POPs. In turn, the levels of thesmpounds near the oil refinery
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7)

8)

9)

10)

11)

12)

192

and in unpolluted areas were significantly lowarR&CDD/Fs and PCBs, whereas for
PCNs they did not reach the level of statisticghgicance.

In chard samples, no significant differencesemeoted in POP levels according to
the area of collection. However, PCDD/F levels wegably lower for those

samples collected in presumably unpolluted aressarking the long-range transport
and possible uncontrolled burning processes asitigsien a short-term analysis. On
the other hand, because of their physico-chemicapgsties, associated to their
behavior as POPs, PCBs and the most volatile PGsned to show higher

concentrations in chards than in soils.

The current concentrations of POPs were religtiogv when compared to previously

reported levels in different industrial and urbaees.

The chemical and residential zones presentedighest values of 16 PAHSs in soil,
followed, by far, by the petrochemical and unp@tufireas. However, no significant
differences were detected. In turn, the patterid@ oarcinogenic PAHs was similar to
that of the sum of 16 PAHs: chemical>residentialpetrochemical>unpolluted.

Chard samples collected in Tarragona residerdi@as showed the highest
concentrations of PAHs. Thus, it can be again aated that urban areas are
environments with remarkable PAH levels, whose mogtortant contributor is
traffic.

The contribution of high molecular weight PAtdsthe total concentration was more
important for soils collected near the oil refineHeavy PAHs, rather than volatile
PAHSs, have been more usually identified near theiission sources.

PAH levels in soils and chards were similathimse found in different industrial and
urban areas around the world. Likewise, concepitnatinear the oil refinery were
comparatively low when compared to other zonesctdte by petroleum industries.
Since PAH levels were surprisingly low in spitetbé presence of an important olil

refinery, an experimental study was carried oubider to know the influence of
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13)

14)

15)

16)

local environmental characteristics over PAH degtiad. In fact, it was seen that
when both, temperature and UV-B radiation, are highsynergistic effect may

disenchant a quick photodegradation of these cong®un biotic compartments.

People living near the industrial area may bmerdirectly exposed to PCDD/Fs
because of the higher concentrations of these tpalisi in air and soil. On the other
hand, indirect exposure to PCDD/Fs is more importam subjects living in
Tarragona downtown because they ingest higher atsafnPCDD/Fs through the
diet.

Environmental exposure to PCDD/Fs means lems #96 of the total exposure. In
consequence, people of residential areas (whiclswgsposed to belong to a higher
socioeconomic group) result more exposed to PCDDXKFdnhalation and intake of

fish and shellfish are the main pathways of envitental and dietary exposure to

PCDD/Fs, respectively.

The current exposure to PCDD/Fs in Tarragonaldvoot mean an additional non-
carcinogenic risk for the individuals living in thesidential or in the industrial zones.
Although carcinogenic risk derived from exposurd”t©DD/Fs was above the upper

bound 1-18, it was clearly below the critic value of 1*4Go it can be assumable.

Databases of environmental pollution due téed#int chemicals may be very useful
to develop maps of risk. In the present study, different methodologies (SOM and
GIS) were assembled in order to construct an latdgjisk Index, and depict a global
risk map of the industrial and residential areasTafragona. Soil concentration
derived-risk in the chemical area resulted to bmmaratively higher than in the

petrochemical zone. The presence of a chlor-al@nt, together with the wind

regime and the height of the oil refinery stackd amches, would help the deposition

of pollutants in the chemical complex, rather thaar the petrochemical area.

193



Conclusions

General conclusion

In spite of the magnitude of the industrializationthe area under evaluation, the current
results suggest that chemical and petrochemicalitiee located in the industrial
complexes of Tarragona would not mean a relevamtcsoof pollution by heavy metals
and certain organic compounds. Moreover, the poesehthese industries does not pose a
notable risk for the health of the population lyim the vicinity. However, a surveillance
program is clearly advisable, while some effortowtd be focused on reducing the

environmental levels of specific elements (As, Qu &).

194



References

REFERENCES

195



References

196



References

Aamot E, Steinnes E, Schmid R (199%)lycyclic aromatic hydrocarbons in Norwegian
forest soils: Impact of long range atmospheric sport Environmental Pollution
92: 275-280.

Abad E, Caixach J, Rivera J (1999joxin like compounds from municipal waste
incinerator emissions: Assessment of the preseihgelychlorinated naphthalenes
Chemosphere 38: 109-120.

AEQT (2004) Associacio d'Empreses Quimiques de Tarragoailable at
www.aeqt.com.

Alcock RE, Behnisch PA, Jones KC, Hagenmaier H 8 9ioxin-like PCBs in the
environment - human exposure and the significariceoorces Chemosphere 37:
1457-1472.

Alcock RE, Gemmill R, Jones KC (199@nprovements to the UK PCDD/F and PCB
atmospheric emission inventory following an emissimeasurement programme
Chemosphere 38: 759-770.

Alcock RE, Jones KC (1996Dioxins in the environment: A review of trend data
Environmental Science and Technology 30: 3133-3143.

Alcock RE, Sweetman AJ, Jones KC (2004)congener-specific PCDD/F emissions
inventory for the UK: do current estimates accofortthe measured atmospheric
burden?Chemosphere 43: 183-194.

Ali MF, Bukhari A, Saleem M (1983Yrace metals in crude oils from Saudi Arabia
Industrial & Engineering Chemistry, Product Reskaaind Development 22: 691-
694.

Armstrong B, Hutchinson E, Fletcher T, Unwin J (2PQung cancer risk after exposure
to polycyclic aromatic hydrocarbons: A review anétaranalysis Environmental
Health Perspectives 112: 970-978.

Atkinson R (1991)Atmospheric lifetimes of dibenzo-p-dioxins and daodurans The
Science of The Total Environment 104: 17-33.

ATSDR (1995)Toxicological Profile for Polycyclic Aromatic Comgads US Department
of Health and Human Services, Public Health Servidgency for Toxic
Substances and Disease Registry. Atlanta, GA, USA.

ATSDR (1998)Toxicological Profile for 2,3,7,8-TCDDUS Department of Health and
Human Services, Public Health Service, Agency foxid Substances and Disease
Registry. Atlanta, GA, USA.

ATSDR (1999a)loxicological Profile for CadmiunmJS Department of Health and Human

Services, Public Health Service, Agency for Toxiob&ances and Disease
Registry. Atlanta, GA, USA.

197



References

ATSDR (1999b)Toxicological Profile for LeadUS Department of Health and Human
Services, Public Health Service, Agency for Toxiob&ances and Disease
Registry. Atlanta, GA, USA.

ATSDR (1999c)Toxicological Profile for MercuryUS Department of Health and Human
Services, Public Health Service, Agency for Toxiob&ances and Disease
Registry. Atlanta, GA, USA.

ATSDR (2000a)Toxicological Profile for ArsenicUS Department of Health and Human
Services, Public Health Service, Agency for Toxiob&ances and Disease
Registry. Atlanta, GA, USA.

ATSDR (2000b) Toxicological Profile for ChromiumUS Department of Health and
Human Services, Public Health Service, Agency foxid@ Substances and Disease
Registry. Atlanta, GA, USA.

ATSDR (2000c)Toxicological Profile for ManganesdJS Department of Health and
Human Services, Public Health Service, Agency foxid Substances and Disease
Registry. Atlanta, GA, USA.

ATSDR (2000d)Toxicological Profile for Polychorinated BiphenyldS Department of
Health and Human Services, Public Health Serviggengy for Toxic Substances
and Disease Registry. Atlanta, GA, USA.

Ayotte P, Dewallly E, Ryan JJ, Bruneau S, Lebel I®97) PCBs and dioxin-like
compounds in plasma of adult inuit living in Nurdav{Arctic Quebec)
Chemosphere 34: 1459-1468.

Ayris S, Harrad S (1999fhe fate and persistence of polychlorinated bipleny soil
Journal of Environmental Monitoring 1: 395-401.

Bakker MI, Casado B, Koerselman JW, Tolls J, Kd#biC (2000)Polycyclic aromatic
hydrocarbons in soil and plant samples from thénitig of an oil refinery Science
of the Total Environment 263: 91-100.

Bakker MI, Koerselman JW, Tolls J, Kolloffel C (2D0Localization of deposited
polycyclic aromatic hydrocarbons in leaves of P&gd Environmental
Toxicology and Chemistry 20: 1112-1116.

Barberino JL, Carvalho FM, Silvany-Neto AM, PinchanCotrim H, Gées RC, Rosa H,
Gidi JF, Melgaco Valladares C, Guedes F (20@8feracoes hepaticas em
trabalhadores de uma refinaria de petroleo e em populacao de referencia no
estado de Bahia, BrasiRevista Panamericana de Salud Publica 17: 30-37.

Basu A, Mahata J, Gupta S, Giri AK (200&gnetic toxicology of a paradoxical human
carcinogen, arsenic: a reviewMutation Research/Reviews in Mutation Research
488: 171-194.

Beard A, Naikwadi KP, Karasek FW (199Bprmation of polychlorinated dibenzofurans

by chlorination and de novo reactions with FeCl3gtroleum refining processes
Environmental Science and Technology 27: 1505-1511.

198



References

Belli S, Benedetti M, Comba P, Lagravinese D, Megtuwv, Martuzzi M, Morleo D,
Trinca S, Viviano G (2004)Case-control study on cancer risk associated to
residence in the neighbourhood of a petrochemidahtp European Journal of
Epidemiology 19: 49-54.

Bennion H, Hilton J, Hughes M, Clark J, Hornby yzEard I, Phillips G, Reynolds C
(2005) The use of a GIS-based inventory to provide a natiassessment of
standing waters at risk from eutrophication in Gr&itain. The Science of The
Total Environment 344: 259-273.

Bertazzi PA, Zocchetti C, Pesatori AC, GuercilenaSanarico M, Radice L (1989a)
Mortality in an area contaminated by TCDD followiran industrial incident
Medicina del Lavoro 80: 316-329.

Bertazzi PA, Zocchetti C, Pesatori AC, Guercileng&&narico M, Radice L (19896En-
year mortality study of the population involvedthee Seveso incident in 1976
American Journal of Epidemiology 129: 1187-1200.

Bhopal RS, Moffatt S, Pless-Mulloli T, Foy C, Tata, Phillimore PR, Dunn CE (1998)
Does living near a constellation of petrochemicsigel, and other industries
impair health?Occupational and Environmental Medicine 55: 812:82

Bilcke CV (2002)The Stockholm convention on persistent organicupatits Review of
European Community and International EnvironmebaV 11: 329-342.

Birnbaum LS, Tuomisto J (2000Mon-carcinogenic effects of TCDD in animafood
Additives and Contaminants 17: 275-288.

Blankenship AL, Kannan K, Villalobos SA, VilleneuMgL, Falandysz J, Imagawa T,
Jakobsson E, Giesy JP (200Rglative potencies of individual polychlorinated
naphthalenes and halowax mixtures to induce Ahptecenediated responses
Environmental Science and Technology 34: 3153-3158.

Bocio A, Nadal M, Domingo JL (200%iuman exposure to metals through the diet in
Tarragona, Spain: Temporal tren@iological Trace Element Research 104: 193-
201.

BOE (2005)Real Decreto 9/2005, de 14 de enero, por el questablece la relacion de
actividades potencialmente contaminantes del syelos criterios y estandares
para la declaracion de suelos contaminadBsletin Oficial del Estado n° 15, pp
1833-1843. Ministro de la Presidencia.

Booth S, Zeller D (2005Mercury, food webs, and marine mammals: Implicatiohdiet
and climate change for human healtBnvironmental Health Perspectives 113:
521-526.

Borja J, Taleon DM, Auresenia J, Gallardo S (20B8lychlorinated biphenyls and their
biodegradation Process Biochemistry 40: 1999-2013.

199



References

Bosco ML, Varrica D, Dongarra G (200®)ase study: Inorganic pollutants associated
with particulate matter from an area near a petreotical plant Environmental
Research 99: 18-30.

Bostrom CE, Gerde P, Hanberg A, Jernstrom B, Jawen€, Kyrklund T, Rannug A,
Tornqvist M, Victorin K, Westerholm R (2008)ancer risk assessment, indicators,
and gquidelines for polycyclic aromatic hydrocarboms the ambient air
Environmental Health Perspectives 110: 451-488.

Braune BM, Simon M (2003Ipioxins, furans, and non-ortho PCBs in Canadian tisrc
seabirds Environmental Science and Technology 37: 307172307

Breivik K, Alcock RE, Li YF, Bailey RE, Fierens 8acyna JM (2004primary sources of
selected POPs: regional and global scale emissioventories Environmental
Pollution 128: 3-16.

Brosse S, Giraudel JL, Lek S (200d)ilisation of non-supervised neural networks and
principal component analysis to study fish assegésdaEcological Modelling 146:
159-166.

Brown Jr JF (1994petermination of PCB metabolic, excretion, and awalation rates
for use as indicators of biological response andatiee risk Environmental
Science and Technology 28: 2295-2305.

Brun GL, Vaidya OC, Léger MG (200Htmospheric Deposition of Polycyclic Aromatic
Hydrocarbons to Atlantic Canada: Geographic and Ppenal Distributions and
Trends 1980-20QZEnvironmental Science and Technology 38: 19418194

Busquet E (1997klaboracioé Dels Criteris de Qualitat del Sol a Cltiaya Generalitat de
Catalunya, Departament de Medi Ambient, Junta dedrs. Barcelona, Catalonia,
Spain.

Capdevila F, Llop D, Guillén N, Luque V, Pérez Sll& V, Marti-Henneberg C,
Fernandez-Ballart J (200@onsumo, habitos alimentarios y estado nutricicael
la poblacibn de Reus (X): Evolucién de la ingestidlimentaria y de la
contribucién de los macronutrientes al aporte erigp (1983-1999), segun edad
y sexo Medicina Clinica (Barc) 115: 7-14.

Capdevila F, Nadal M, Schuhmacher M, Domingo JLO@0ntake of lead and cadmium
from edible vegetables cultivated in Tarragona FPmog, Spain Trace Elements
and Electrolytes 20: 256-261.

Cetin E, Odabasi M, Seyfioglu R (2003mbient volatile organic compound (VOC)
concentrations around a petrochemical complex ande&roleum refinery The
Science of The Total Environment 312: 103-112.

Cogliano VJ (1998Assessing the cancer risk from environmental PEBwironmental
Health Perspectives 106: 317-323.

Cole P, Trichopoulos D, Pastides H, Starr T, Manil(2003)Dioxin and cancer: a
critical review Regulatory Toxicology and Pharmacology 38: 378-38

200



References

Conaway CH, Mason RP, Steding DJ, Russell Flegal2@05) Estimate of mercury
emission from gasoline and diesel fuel consumpti®em} Francisco Bay area,
California. Atmospheric Environment 39: 101-105.

Consonni D, Pesatori AC, Tironi A, Bernucci |, Zbetti C, Bertazzi PA (1999 ortality
study in an italian oil refinery: Extension of tfiellow-up. American Journal of
Industrial Medicine 35: 287-294.

Corsolini S, Romeo T, Ademollo N, Greco S, Foca&d{2002)POPs in key species of
marine Antarctic ecosystermlicrochemical Journal 73: 187-193.

Crookes MJ, Howe PD (1993Environmental Hazard Assessment: Halogenated
NaphthalenesDepartment of the Environment, Directorate for, ATlimate and
Toxic Substances, Toxic Substances Division.

Dawn Pier M, Zeeb BA, Reimer KJ (200Pptterns of contamination among vascular
plants exposed to local sources of polychlorindigdhenyls in the Canadian Arctic
and SubarcticThe Science of The Total Environment 297: 215-227

DeCaprio AP, Johnson GW, Tarbell AM, Carpenter B@hjarenzelli JR, Morse GS,
Santiago-Rivera AL, Schymura MJ (200%)olychlorinated biphenyl (PCB)
exposure assessment by multivariate statisticalyaisof serum congener profiles
in an adult Native American populatioBnvironmental Research 98: 284-302.

Dich J, Zahm SH, Hanberg A, Adami HO (199%@sticides and canceCancer Causes
and Control 8: 420-443.

Domingo JL (1994Metal-induced developmental toxicity in mammalsedew Journal
of Toxicology and Environmental Health 42: 123-141.

Domingo JL (1996\Vanadium: A review of the reproductive and develemtal toxicity
Reproductive Toxicology 10: 175-182.

Domingo JL (2004)Polychlorinated naphthalenes in animal aquatic $ge@nd human
exposure through the diet: A reviedwurnal of Chromatography A 1054: 327-334.

Domingo JL, Agramunt MC, Nadal M, Schuhmacher Myl§atla J (2002Health risk
assessment of PCDD/PCDF exposure for the populdivomy in the vicinity of a
municipal waste incinerator Archives of Environmental Contamination and
Toxicology 43: 461-465.

Duarte-Davidson R, Sewart A, Alcock RE, Cousins Jones KC (1997Exploring the
balance between sources, deposition, and the emvieatal burden of PCDD/Fs in
the U.K. terrestrial environment: An aid to idegiifg uncertainties and research
needs Environmental Science and Technology 31: 1-11.

Duce RA, Hoffman GL (1976)Atmospheric vanadium transport to the ocean
Atmospheric Environment 10: 989-996.

201



References

Dunbar JC, Lin C-I, Vergucht I, Wong J, Durant 20Q1)Estimating the contributions of
mobile sources of PAH to urban air using real-tilH monitoring The Science
of The Total Environment 279: 1-19.

Dyke PH, Foan C, Fiedler H (200BCB and PAH releases from power stations and waste
incineration processes in the UKhemosphere 50: 469-480.

Edlund S (2001)PAH as a POP. Possibilities, implications and apprateness of
regulating global emissions of Polycyclic Aromatitydrocarbons through the
Stockholm Convention on Persistent Organic Polltganhesis for the fulfilment
of the Master of Science in Environmental Managenag Policy. IIEE Reports
2001:9, International Institute for Industrial Eronmental Economics. Lund
University, Sweden.

Edwards NT (1983)Polycyclic aromatic hydrocarbons (PAH's) in the réstrial
environment - A reviewJournal of Environmental Quality 12: 427-441.

Egeback AL, Wideqvist U, Jarnberg U, Asplund L (2PBolychlorinated naphthalenes in
Swedish background aiEnvironmental Science and Technology 38: 4913492

Elinder CG (1992)Cadmium as an environmental hazatdRC scientific publications
118: 123-132.

Eljarrat E, Barcelo D (2003riority lists for persistent organic pollutants dremerging
contaminants based on their relative toxic potenagnvironmental sample3$rAC
Trends in Analytical Chemistry 22: 655-665.

Espinosa G, Arenas A, Giralt F (2002h integrated SOM-fuzzy ARTMAP neural system
for the evaluation of toxicityJournal of Chemical Information and Computer
Sciences 42: 343-359.

Eto K (2000)Minamata diseaseéNeuropathology 20.

European Commission (200Bummary Record of the 83rd Meeting of the Standing
Committee on Foodstuffsluly 19-20, 2001. European Commission. Brussels,
Belgium.

Evenset A, Christensen GN, Skotvold T, Fjeld E, [&lshich M, Wartena E, Gregor D
(2004) A comparison of organic contaminants in two higlctrlake ecosystems,
Bjornoya (Bear Island), Norwaylhe Science of The Total Environment 318: 125-
141.

Falandysz J (1998) Polychlorinated naphthalenes: an environmental upda
Environmental Pollution 101: 77-90.

Fattorini D, Alonso-Hernandez CM, Diaz-Asencio Muibz-Caravaca A, Pannacciulli
FG, Tangherlini M, Regoli F (2004Fhemical speciation of arsenic in different
marine organisms: Importance in monitoring studiddarine Environmental
Research 58: 845-850.

202



References

Fiedler H (1996)Sources of PCDD/PCDF and impact on the environmé&hemosphere
32: 55-64.

Fingerhut MA, Halperin WE, Marlow DA, Piacitelli LAHonchar PA, Sweeney MH,
Greife AL, Dill PA, Steenland K, Suruda AJ (199Cancer mortality in workers
exposed to 2,3,7,8-tetrachlorodibenzo-p-diodiew England Journal of Medicine
324: 212-218.

Fishbein L (1981Fources, transport and alterations of metal compguin overview. I.
Arsenic, beryllium, cadmium, chromium, and nick@nvironmental Health
Perspectives Vol. 40: 43-64.

Flesch-Janys D, Berger J, Gurn P, Manz A, NageWaltsgott H, Dwyer JH (1995)
Exposure to polychlorinated dioxins and furans (RZB) and mortality in a
cohort of workers from a herbicide-producing plamtHamburg, Federal Republic
of Germany American Journal of Epidemiology 142: 1165-1175.

Geusau A, Abraham K, Geissler K, Sator MO, Stingl TGchachler E (2001pevere
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) intoxica: Clinical and laboratory
effects Environmental Health Perspectives 109: 865-869.

Glaser B, Dreyer A, Bock M, Fiedler S, Mehring M,eilnann T (2005)Source
apportionment of organic pollutants of a highwagtffic-influenced urban area in
Bayreuth (Germany) using biomarker and stable carlisotope signatures
Environmental Science and Technology 39: 3911-3917.

Gochfeld M (2003) Cases of mercury exposure, bioavailability, and oapson.
Ecotoxicology and Environmental Safety 56: 174-179.

Gordon JN, Taylor A, Bennett PN (2002¢ad poisoning: Case studidBritish Journal of
Clinical Pharmacology 53: 451-458.

Gottlieb MS, Shear CL, Seale DB (19832)ng cancer mortality and residential proximity
to industry Environmental Health Perspectives 45: 157-164.

Gouin T, Cousins |, Mackay D (2004omparison of two methods for obtaining
degradation half-livesChemosphere 56: 531-535.

Goyer R (1991Yoxic effects of metalin: Amdur MO, Doull JD and C.D. K. Casarett and
Doull's Toxicology. p523-680. Pergamon Press. New York, USA.

Grimalt JO, van Drooge BL (in presBplychlorinated biphenyls in mountain pine (Pinus
uncinata) needles from Central Pyrenean high mauostgCatalonia, Spain)
Ecotoxicology and Environmental Safety.

Grimmer G (1983Environmental carcinogens: Polycyclic aromatic hyceirbons CRC
Press. Boca Raton, FL, USA.

Hammerle R, Schuetzle D, Adams W (1984perspective on the potential development of

environmentally acceptable light-duty diesel veddcl Environmental Health
Perspectives 102: 25-30.

203



References

Hanari N, Horii Y, Taniyasu S, Falandysz J, Bochert Orlikowska A, Puzyn T,
Yamashita N (2004)somer specific analysis of polychlorinated naplehas in
pine trees (Pinus thunbergi Parl.) and (Pinus dBos Sieb. et Zucc) needles
around Tokyo Bay, JapaPolish Journal of Environmental Studies 13: 15%-1

Harner T, Bidleman TF (1998Measurement of octanol-air partition coefficientsr f
polycyclic aromatic hydrocarbons and polychlorinditeaphthalenesJournal of
Chemical and Engineering Data 43: 40-46.

Harner T, Kylin H, Bidleman TF, Halsall C, Strach&/MJ, Barrie LA, Fellin P (1998)
Polychlorinated naphthalenes and coplanar polycimlated biphenyls in arctic air
Environmental Science and Technology 32: 3257-3265.

Harner T, Mackay D, Jones KC (1994pdel of the long-term exchange of PCBs between
soil and the atmosphere in the Southern .UEKnvironmental Science and
Technology 29: 1200-1209.

Harrad SJ, Sewart AP, Alcock R, Boumphrey R, BurdeDuarte-Davidson R, Halsall C,
Sanders G, Waterhouse K, Wild SR, Jones KC (1¢®#ychlorinated biphenyls
(PCBs) in the British environment: Sinks, sourcesd atemporal trends
Environmental Pollution 85: 131-146.

Hays SM, Aylward LL, Karch NJ, Paustenbach DJ (399e relative susceptibility of
animals and humans to the carcinogenic hazard pdseeéxposure to 2,3,7,8-
TCDD: An analysis using standard and internal measwf dose Chemosphere
34: 1507-1522.

Hayward D (1998)dentification of Bioaccumulating Polychlorinatedcaphthalenes and
Their Toxicological Significanc&nvironmental Research 76: 1-18.

Helm PA, Bidleman TF (2003)Current combustion-related sources contribute to
polychlorinated naphthalene and dioxin-like polyaitiated biphenyl levels and
profiles in air in Toronto, CanadaEnvironmental Science and Technology 37:
1075-1082.

Hellstrém L, Jarup L, Persson B, Axelson O (2004)ng environmental concentrations of
cadmium and lead to assess human exposure and. closenal of Exposure
Analysis and Environmental Epidemiology 14: 416-423

Holoubek I, Kocan A, Holoubkova |, Hilscherova KpKoutek J, Falandysz J, Roots O
(2000) Persistent, Bioaccumulative and Toxic Chemical€entral and Eastern
European Countries - State-of-the-art RepoOCOEN Report No 150a.
RECETOX - TOCOEN & Associates. Brno, Czech Republic

Hope BK (1997)An assessment of the global impact of anthropogemicadium
Biogeochemistry 37: 1-13.

Horikawa K, Sera N, Otofuji T, Murakami K, Tokiwa, Wvagawa M, Izumi K, Otsuka H
(1991) Pulmonary carcinogenicity of 3,9- and 3,7-dinittaftanthene, 3-
nitrofluoranthene and benzo[a]pyrene in F344 ra@arcinogenesis 12: 1003-1007.

204



References

Hotelling H (1933) Analysis of a complex of statistical variables inpwincipal
componentsJournal of Educational Psychology 24: 417-441.

Huff J, Chan P, Nyska A (2000s the human carcinogen arsenic carcinogenic to
laboratory animals?Toxicological Sciences 55: 17-23.

Hung H, Blanchard P, Halsall CJ, Bidleman TF, Stém, Fellin P, Muir DCG, Barrie
LA, Jantunen LM, Helm PA (2005)femporal and spatial variabilities of
atmospheric polychlorinated biphenyls (PCBs), omanorine (OC) pesticides
and polycyclic aromatic hydrocarbons (PAHS) in tBanadian Arctic: Results
from a decade of monitoring he Science of The Total Environment 342: 119:-144

IARC (1983) Polynuclear Aromatic Compounds, Part 1: ChemicabyviEonmental and
Experimental DataVol. 32. International Agency for Research on €anLyon,
France.

IARC (1987)Overall Evaluations of Carcinogenicity: an Updatiof IARC Monographs
Volumes 1 to 42n. IARC Monographs on the Evaluation of Carcienig Risks to
Humans, supplement 7. International Agency for Regde on Cancer. Lyon,
France.

IARC (1990) Chromium and chromium compoundl. IARC monographs on the
evaluation of carcinogenic risks to humans, vol W®ernational Agency for the
Research on Cancer. Lyon, France.

IARC (1997) Polychlorinated dibenzo-para-dioxins and polychitated dibenzofurans
In. IARC monographs on the evaluation of carcinageisks to humans, vol 69.
International Agency for the Research on Canceonl ¥ rance.

Inaba T, Kobayashi E, Suwazono Y, Uetani M, Oishi Nakagawa H, Nogawa K (in
press) Estimation of cumulative cadmium intake causingi-itta disease
Toxicology Letters.

IPCS (1998)Selected non-heterocyclic polycyclic aromatic hgdrbons No 23-24.
International Program on Chemical Safety. Genewatz8rland.

IPCS (2001 )Chlorinated naphthalene®No 34. International Program on Chemical Safety.
Geneva, Switzerland.

lturbe R, Flores RM, Flores CR, Torres LG (200PH-contaminated Mexican refinery
soil: Health risk assessment and the first year cblanges Environmental
Monitoring and Assessment 91: 237-255.

Jarnberg U, Asplund L, De Wit C, Grafstrom A-K, Hagd P, Jansson B, Lexen K,
Strandell M, Olsson M, Jonsson B (199Bplychlorinated biphenyls and
polychlorinated naphthalenes in Swedish sedimedtaota: Levels, patterns, and
time trendsEnvironmental Science and Technology 27: 13644137

Kaiserman MJ, Rickert WS (199P)arcinogens in tobacco smoke: Benzo[a]pyrene from

Canadian cigarettes and cigarette tobacéanerican Journal of Public Health 82:
1023-1026.

205



References

Kaldor J, Harris JA, Glazer E, Glaser S, NeutravRyberry R, Nelson V, Robinson L,
Reed D (1984ftatistical association between cancer incidence @rajor-cause
mortality, and estimated residential exposure toeanissions from petroleum and
chemical plantsEnvironmental health perspectives 54: 319-332.

Kannan K, Hilscherova K, Imagawa T, Yamashita N IlMfs LL, Giesy JP (2001)
Polychlorinated naphthalenes, -biphenyls,-dibenahexins, and -dihenzofurans
in double-crested cormorants and herring gulls frbhchigan waters of the Great
Lakes Environmental Science and Technology 35: 441-447.

Kannan K, Imagawa T, Blankenship AL, Giesy JP ()988mer-specific analysis and
toxic evaluation of polychlorinated naphthalenes sail, sediment, and biota
collected near the site of a former chlor-alkalapt Environmental Science and
Technology 32: 2507-2514.

Karakaya A, Ates |, Yucesoy B (200&ffects of occupational polycyclic aromatic
hydrocarbon exposure on T-lymphocyte functionsraatdral killer cell activity in
asphalt and coke oven workeksuman and Experimental Toxicology 23: 317-322.

Kilemade M, Hartl MGJ, Sheehan D, Mothersill C, vaelt FNAM, O'Brien NM,
O'Halloran J (2004An assessment of the pollutant status of surfegaliment in
Cork Harbour in the South East of Ireland with peuwtar reference to polycyclic
aromatic hydrocarbonaMarine Pollution Bulletin 49: 1084-1096.

Knox EG, Gilman EA (1997Hazard proximities of childhood cancers in Greait&in
from 1953-80Journal of Epidemiology and Community Health $31-159.

Kogevinas M (20005tudies of cancer in humarniSood Additives and Contaminants 17:
317-324.

Kohonen T (1982)Self-organized formation of topologically correaafure maps
Biological Cybernetics 43: 59-69.

Koos J, Wrobel J, Seigneur C (1993seline air toxic levels in an industrial ared4th
Annual Meeting and exhibition. Air & Waste ManagarheAssociation.
Vancouver, Canada.

Kutz FW, Barnes DG, Bottimore DP, Greim H, Brettaa&EW (1990)The international
toxicity equivalency factor (I-TEF) method of resgsessment for complex mixtures
of dioxins and related compound3hemosphere 20: 751-757.

Larsen JC, Larsen PB (1998hemical carcinogendn: Hester EE and Harrison RR. Air
Pollution and Health. pp3-56. The Royal Society of Chemistry. Cambridgk, U

Lavoie EJ, Braley J, Rice JE, Rivenson A (198dmorigenic activity of non-alternant
polynuclear aromatic hydrocarbons in newborn miCancer Letters 34: 15-20.

Lee RGM, Coleman P, Jones JL, Jones KC, LohmanB80R5@)Emission factors and
importance of PCDD/Fs, PCBs, PCNs, PAHs and PM rtinfthe domestic
burning of coal and wood in the U.lnvironmental Science and Technology 39:
1436-1447.

206



References

Lee RGM, Thomas GO, Jones KC (2005bgtailed study of factors controlling
atmospheric concentrations of PCNEnvironmental Science and Technology 39:
4729-4738.

Lee W-J, Lin Lewis SJ, Chen Y-Y, Wang Y-F, Sheu H&u C-C, Fan Y-C (1996)
Polychlorinated biphenyls in the ambient air ofrpétum refinery, urban and rural
areas Atmospheric Environment 30: 2371-2378.

Lin TY, Sree U, Tseng SH, Chiu KH, Wu CH, Lo JG @2)Volatile organic compound
concentrations in ambient air of Kaohsiung petroteuefinery in Taiwan
Atmospheric Environment 38: 4111-4122.

Lin Y, Gupta G, Baker J (199%hotodegradation of polychlorinated biphenyl congsn
using simulated sunlight and diethylami@hemosphere 31: 3323-3344.

Lindgvist O, Johansson K, Aastrup M, Andersson Ajn@mark L, Hovsenius G,
Hakanson L, Iverfeldt A, Meili M, Timm B (1991Mercury in the Swedish
environment - recent research on causes, consegqsesed corrective methads
Water, Air, and Soil Pollution 55: 1-264.

Lo Presti E, Sperati A, Rapiti E, Di Domenicantofto Forastiere F, Perucci CA (2001)
Mortality study among employees at an oil refinerlRome, Italy | [Mortalita per
causa dei lavoratori della raffineria di Romayledicina del Lavoro 92: 327-337.

Lohman K, Seigneur C (200Btmospheric fate and transport of dioxins: locapawts
Chemosphere 45: 161-171.

Lohmann R, Jones KC (199Bjoxins and furans in air and deposition: A revieiMevels,
behaviour and processebhe Science of The Total Environment 219: 53-81.

Luginaah IN, Taylor SM, Elliott SJ, Eyles JD (2008)longitudinal study of the health
impacts of a petroleum refinergocial Science & Medicine 50: 1155-1166.

Luginaah IN, Taylor SM, Elliott SJ, Eyles JD (200€pmmunity reappraisal of the
perceived health effects of a petroleum refin&gcial Science and Medicine 55:
47-61.

Llobet JM, Bocio A, Domingo JL, Teixiddé A, Casas ®uller L (2003a)Levels of
polychlorinated biphenyls in foods from Cataloni@pain: Estimated dietary
intake Journal of Food Protection 66: 479-484.

Llobet JM, Domingo JL, Bocio A, Casas C, TeixidoMiiller L (2003b)Human exposure
to dioxins through the diet in Catalonia, Spain: r€laogenic and non-
carcinogenic riskChemosphere 50: 1193-1200.

Llobet JM, Granero S, Schuhmacher M, Corbella Jmibgo JL (1998)Biological
monitoring of environmental pollution and human @sgre to metals in
Tarragona, Spain. IV. Estimation of the dietaryak# Trace Elements and
Electrocytes 15: 136-141.

207



References

Mackay D, Shiu WY, Ma KC (1993)lustrated handbook of physical-chemical propestie
and environmental fate for organic chemicals: paolglear aromatic hydrocarbons,
polychlorinated dioxins and dibenzofurahewis Publishers. Chelsea, MI, USA.

Mandalakis M, Gustafsson O, Alsberg T, Egeback AReddy CM, Xu L, Klanova J,
Holoubek I, Stephanou EG (2006pntribution of biomass burning to atmospheric
polycyclic aromatic hydrocarbons at three europedrackground sites
Environmental Science and Technology 39: 2976-2982.

Manz A, Berger J, Dwyer JH, Flesch-Janys D, NageM&iltsgott H (1991)Cancer
mortality among workers in chemical plant contanb@tawith dioxin Lancet 338:
959-964.

Mason RP, Reinfelder JR, Morel FMM (199%ioaccumulation of mercury and
methylmercuryWater, Air, and Soil Pollution 80: 915-921.

Massadeh AM, Alali FQ, Jaradat QM (200Bgtermination of cadmium and lead in
different cigarette brands in JordafEnvironmental Monitoring and Assessment
104: 163-170.

Mayes BA, Brown GL, Mondello FJ, Holtzclaw KW, Hdion SB, Ramsey AA (2002)
Dermal Absorption in Rhesus Monkeys of PolychlagdaBiphenyls from Soil
Contaminated with Aroclor 126(Regulatory Toxicology and Pharmacology 35:
289-295.

Mehlman MA (1992)Dangerous and cancer-causing properties of prodaots chemicals
in the oil refining and petrochemical industry. MIHealth effects of motor fuels:
Carcinogenicity of gasoline - Scientific updaiEnvironmental Research 59: 238-
249.

Meijer SN, Harner T, Helm PA, Halsall CJ, Johnst&t, Jones KC (2001)
Polychlorinated naphthalenes in U.K. soils: Timenus, markers of source, and
equilibrium statusEnvironmental Science and Technology 35: 42053421

Meijer SN, Ockenden WA, Steinnes E, Corrigan BPne3oKC (2003)Spatial and
temporal trends of POPs in Norwegian and UK backgib air: Implications for
global cycling Environmental Science and Technology 37: 454-461.

Meneses M, Llobet JM, Granero S, Schuhmacher M, iBgonJL (1999)Monitoring
metals in the vicinity of a municipal waste inciai@r: Temporal variation in soils
and vegetationScience of the Total Environment 226: 157-164.

Menzie CA, Potocki BB, Santodonato J (19%ahbient concentrations and exposure to
carcinogenic PAHs in the environmeRinvironmental Science and Technology 26:
1278-1284.

Muller P, Leece B, Raha D (199Pplycyclic Aromatic Hydrocarbons (PAH¥cientific
Criteria Document for Multimedia Standard Developte Ministry of
Environment and Energy. Ontario, Canada.

208



References

Nadal M, Espinosa G, Schuhmacher M, Domingo JL 42@atterns of PCDDs and
PCDFs in human milk and food and their characteticza by artificial neural
networks Chemosphere 54: 1375-1382.

Neuberger JS, Ward-Smith P, Morantz RA, Tian C,nsahle KH, Mayo MS, Chin TDY
(2003) Brain cancer in a residential area bordering on ail refinery.
Neuroepidemiology 22: 46-56.

Nisbet ICT, LaGoy PK (1992Joxic equivalency factors (TEFs) for polycyclic mawatic
hydrocarbons (PAHsRegulatory Toxicology and Pharmacology 16: 290-30

Niu J, Chen J, Martens D, Henkelmann B, Quan X,grBnSeidlitz HK, Schramm K-W
(2004) The role of UV-B on the degradation of PCDD/Fs d#WHs sorbed on
surfaces of spruce (Picea abies (L.) Karst.) needléne Science of The Total
Environment 322: 231-241.

Nkwenkeu S-F, Kennedy G, Philippe S, Zayed J (2@2) manganese intake estimated
with dietary records and with direct chemical arsaasy The Science of The Total
Environment 287: 147-153.

Nouwen J, Cornelis C, De Fré R, Wevers M, Viaenkl&gsink C, Patyn J, Verschaeve L,
Hooghe R, Maes A, Collier M, Schoeters G, Van Cébergen R, Geuzens P
(2001) Health risk assessment of dioxin emissions from icipat waste
incinerators: The Neerlandquarter (Wilrijk, Belgign€Chemosphere 43: 909-923.

NRC (1983)Risk Assessment in the Federal Government: Managm&rocessNational
Research Council, National Academy Press. Washin@@€, USA.

NRC (1993)Issues in Risk AssessmeNiational Research Council, National Academy
Press. Washington, DC, USA.

Nriagu JO, Pacyna JM (198Quantitative assessment of worldwide contaminatioair,
water and soils by trace metaNature 333: 134-139.

Oehme M, Haugen J-E, Schlabach M (19%@asonal changes and relations between
levels of organochlorines in arctic ambient air:rgt results of an all-year-round
monitoring program at Ny-Alesund, Svalbard, Norwagvironmental Science and
Technology 30: 2294-2304.

Olson JR (1994)Pharmacokinetics of dioxin and related chemicdls Schecter A.
Dioxins and health. pp63-167. Plenum Press. New York, USA.

Opperhuizen A, van der Velde EW, Gobas FAPC, LiekDAvan der Steen JM (1985)
Relationship between bioconcentration in fish atetis factors of hydrophobic
chemicals Chemosphere 14: 1871-1896.

Pan BJ, Hong YJ, Chang GC, Wang MT, Cinkotai FF, YX© (1994) Excess cancer
mortality among children and adolescents in resi@ggndistricts polluted by
petrochemical manufacturing plants in Taiwadournal of Toxicology and
Environmental Health 43: 117-129.

209



References

Paustenbach DJ, Panko JM, Fredrick MM, Finley BlocRr DM (1997) Urinary
Chromium as a Biological Marker of Environmental pggure: What Are the
Limitations?Regulatory Toxicology and Pharmacology 26: S23:S34

Pearson K (19010n lines and planes of closest fit to systems aftpan space
Philosophical Magazine 2: 559-572.

Pekkanen J, Pukkala E, Vahteristo M, Vartiaineri996)Cancer incidence around an oil
refinery as an example of a small area study based map coordinates
Environmental Research 71: 128-134.

Pinot F, Kreps SE, Bachelet M, Hainaut P, BakonyiRdlla BS (2000Cadmium in the
environment: Sources, mechanisms of biotoxicityd bBiomarkers Reviews on
Environmental Health 15: 299-323.

Podoll RT, Jaber HM, Mill T (1986} etrachlorodibenzodioxin: Rates of volatilizationda
photolysis in the environmenEnvironmental Science and Technology 20: 490-
492.

Pongratz R (1998\rsenic speciation in environmental samples of mmmated soil The
Science of The Total Environment 224: 133-141.

Prevedouros K, Brorstrom-Lunden E, J. Halsall ye30KC, Lee RGM, Sweetman AJ
(2004) Seasonal and long-term trends in atmospheric PAHicentrations:
evidence and implicationg&nvironmental Pollution 128: 17-27.

Pukkala E (1998)Cancer incidence among finnish oil refinery workel®71-1994
Journal of Occupational and Environmental Medi&te675-679.

Reggiani G (1980Acute human exposure to TCDD in Seveso,.|tayrnal of Toxicology
and Environmental Health 6: 27-43.

Richardson GM (2003)inhalation of Mercury-Contaminated Particulate Matt by
Dentists: An Overlooked Occupational Riskluman and Ecological Risk
Assessment 9: 1519-1531.

Rikken MGJ, Lijzen JPA (2004)pdate of risk assessment models for the indirantdn
exposure RIVM report No 601516011/2004. National Institdte Public Health
and the Environment. Bilthoven, The Netherlands.

Risher JF, Amler SN (2005Mercury Exposure: Evaluation and Intervention: The
Inappropriate Use of Chelating Agents in the Diagisaand Treatment of Putative
Mercury PoisoningNeurotoxicology 26: 691-699.

Robards K, Worsfold P (1990admium: toxicology and analysis. A reviednalyst 116:
549-568.

Roshchin AV, Ordzhonikidze EK, Shalganova IV (198@nadium--toxicity, metabolism,

carrier state Journal of Hygiene Epidemiology Microbiology aimmunology 24:
377-83.

210



References

Rossman TG, Uddin AN, Burns FJ (20@)idence that arsenite acts as a cocarcinogen in
skin cancerToxicology and Applied Pharmacology 198: 394-404.

Rowbotham AL, Levy LS, Shuker LK (2000Chromium in the environment. An
evaluation of exposure of the UK general populataoml possible adverse health
effects Journal of Toxicology and Environmental Healtart B 3: 145-178.

Sahmoun AE, Case LD, Jackson SA, Schwartz GG, SthvaG (2005)Cadmium and
prostate cancer: A critical epidemiologic analys@@ancer Investigation 23: 256-
263.

Sander LC, Wise SA (199Polycyclic aromatic hydrocarbons structure ind@atl. Inst.
Stand. Technol. Special Publication 922. US GontPOffice. Washington, DC.

Saracci R, Kogevinas M, Bertazzi PA, Bueno de Mi#agBH, Coggon D, Green LM,
Kauppinen T, L'Abbe KA, Littorin M, Lynge E, MathewJD, Neuberger M,
Osman J, Pearce N, Winkelmann R (19Gancer mortality in workers exposed to
chlorophenoxy herbicides and chlorophendlancet 338: 1027-1032.

Schneider M, Stieglitz L, Will R, Zwick G (1998Formation of polychlorinated
naphthalenes on fly aslhemosphere 37: 2055-2070.

Sericano JL, Brooks JM, Champ MA, Kennicutt Il M@lakeyev VV (2001)Trace
contaminant concentrations in the Kara Sea anadigcent rivers, RussidMarine
Pollution Bulletin 42: 1017-1030.

Sexton K, Callahan MA, Bryan EF (199B¥stimating exposure and dose to characterize
health risks: The role of human tissue monitoring @xposure assessment
Environmental Health Perspectives 103: 13-29.

Shanker AK, Cervantes C, Loza-Tavera H, Avudainaga® (2005Chromium toxicity in
plants Environment International 31: 739-753.

Shirai JH, Kissel JC (199@)ncertainty in estimated half-lives of PCBS in hasiampact
on exposure assessmenie Science of The Total Environment 187: 199-210

Simioli P, Lupi S, Gregorio P, Siwinska E, MielzygasD, Clonfero E, Pavanello S (2004)
Non-smoking coke oven workers show an occupati®#dd exposure-related
increase in urinary mutagensMutation Research/Genetic Toxicology and
Environmental Mutagenesis 562: 103-110.

Sinkkonen S, Paasivirta J (20aDg¢gradation half-life times of PCDDs, PCDFs and RCB
for environmental fate modelin@hemosphere 40: 943-949.

Soldi T, Riolo C, Alberti G, Gallorini M, Peloso G@996) Environmental vanadium
distribution from an industrial settlementhe Science of the Total Environment
181: 45-50.

Stefanova M, Marinov SP, Mastral AM, Callen MS, @ar (2002)Emission of oxygen,
sulphur and nitrogen containing heterocyclic polyaratic compounds from lignite
combustionFuel Processing Technology 77-78: 89-94.

211



References

Sterling JB, Hanke CW (2009)ioxin toxicity and chloracne in the Ukraindournal of
Drugs in Dermatology 4: 148-150.

Stigter JB, de Haan HPM, Guicherit R, Dekkers CBAane ML (2000Petermination of
cadmium, zinc, copper, chromium and arsenic in erad cargoes Environmental
Pollution 107: 451-464.

Sweeney MH, Mocarelli P (2000Juman health effects after exposure to 2,3,7,8-TCDD
Food Additives and Contaminants 17: 303-316.

Sweetman AJ, Jones KC (200Dgclining PCB concentrations in the U.K. atmosphere
Evidence and possible causésvironmental Science and Technology 34: 863-
869.

Takasuga T, Inoue T, Ohi E, Kumar KS (200Bprmation of Polychlorinated
Naphthalenes, Dibenzo-p-Dioxins, Dibenzofuransh@iyls, and Organochlorine
Pesticides in Thermal Processes and Their Occuge@n@mbient Air Archives of
Environmental Contamination and Toxicology 46: 413,

Taylor SM, Hampson C, Wilson K, Eyles JD, Sider Taylor SJ, Walter SD (1996)
Community health effects of a petroleum refin&gosystem Health 3: 27-43.

Thompson TS, Clement RE, Thornton N, Luyt J (1980@ymation and emission of
PCDDs/PCDFs in the petroleum refining indust§hemosphere 20: 1525-1532.

Tilson HA, Kodavanti PRS, Mundy WR, Bushnell PJ 98P Neurotoxicity of
environmental chemicals and their mechanism ofoacfloxicology Letters 102-
103: 631-635.

Tolosa |, de Mora SJ, Fowler SW, Villeneuve J-Pit@&zci J, Cattini C (in presgliphatic
and aromatic hydrocarbons in marine biota and cabsediments from the Gulf
and the Gulf of OmarMarine Pollution Bulletin.

Torrente M, Colomina MT, Domingo JL (200%ehavioral effects of adult rats
concurrently exposed to high doses of oral manganasd restraint stress
Toxicology 211: 59-69.

Toscano CD, Guilarte TR (in preskpad neurotoxicity: From exposure to molecular
effects Brain Research Reviews.

Tsai J-H, Being-Hwa P, Ding-Zang L, Lee C-C (199BAH characteristics and
genotoxicity in the ambient air of a petrochemicalustry complexEnvironment
International 21: 47-56.

Tudares C (1998)Propiedades fisicas y quimicas del vanadio y susipc@stos.
Investigacion clinica 39 Suppl 1: 3-16.

Ugnat AM, Luo W, Semenciw R, Mao Y (200@ccupational exposure to chemical and
petrochemical industries and bladder cancer risk four western Canadian
provinces Chronic Diseases in Canada 25: 7-15.

212



References

US EPA (1989aExposure Factors HandbookPA/600/P-03/002A. National Center for
Environmental Assessment, US Environmental Praiecf\gency. Washington,
DC.

US EPA (1989b)interim procedures for estimating risks associatth exposures to
mixtures of chlorinated dibenzo-p-dioxins and -dib&furans (CDDs and CDES)
Risk Assessment Forum. EPA/625/3-89.016. Washinddah

US EPA (1993)Provisional Guidance for Quantitative Risk Assesgmef PAH
EPA/600/R-93/089. US Environmental Protection AgemZashington, DC.

US EPA (1997)Guiding Principles for Monte Carlo AnalysiRisk Assessment Forum.
US Environmental Protection Agency. Washington, DC.

US EPA (1999) Integrated Risk Information System (IRISYational Center for
Environmental Assessment, US Environmental Praiecf\gency. Washington,
DC. Available at www.epa.govl/iris/.

US EPA (2000a) Draft exposure and human health reassessment 0f7,2;3
tetrachlorodibenzo-p-dioxin (TCDD) and related campds EPA/600/P-00/001.
US Environmental Protection Agency. Washington, DC.

US EPA (2000bPreliminary Remediation Goal$JS Environmental Protection Agency,
Region 9. Available at http://www.epa.gov/region@&@ste/sfund/prg/index.htm.

US EPA (2001)Risk Assessment Guidance for Superfund: Volumeumad Health
Evaluation Manual (Part D) Publ 285.7-47, US Environmental Protection
Agency. Washington, DC.

US EPA (2002)Polycyclic Organic Matter US Environmental Protection Agency.
Available at http://www.epa.gov/ttn/atw/hlthef/polycl.html.

US EPA (2004)Preliminary Remediation GoaldJS Environmental Protection Agency,
Region 9. Available at http://www.epa.gov/region@&@séte/sfund/prg/index.htm.

US EPA (2005)The inventory of sources and environmental releasfeslioxin-like
compounds in the United States: the year 2000 @p&atft. EPA/600/P-03/002A.
National Center for Environmental Assessment, USifanmental Protection
Agency. Washington, DC. Available at http://epa/goea.

Vallack HW, Bakker DJ, Brandt I, Brostrom-Lunden Brouwer A, Bull KR, Gough C,
Guardans R, Holoubek I, Jansson B (1993)ntrolling persistent organic
pollutants-what nextEnvironmental Toxicology and Pharmacology 6: 143-1

Van de Plassche E, Schwegler A, lestra W (208&ychlorinated naphthalenes and the
UN-ECE POP ProtocolOrganohalogen Compounds 58: 89-91.

Van den Berg M, Peterson RE, Schrenk D (2@@nan risk assessment and TEFsod
Additives and Contaminants 17: 347-358.

213



References

Van Leeuwen FXR, Feeley M, Schrenk D, Larsen JGlard W, Younes M (2000)
Dioxins: WHO's tolerable daily intake (TDI) revist Chemosphere 40: 1095-
1101.

Vesanto J (200QYsing SOM in Data MiningThesis. Helsinki University of Technology.

Waalkes MP (2000) Cadmium carcinogenesis in reviewJournal of Inorganic
Biochemistry 79: 241-244.

Waller NG, Kaiser HA, Manry M, lllian JB (1998) comparison of the classification
capabilities of the 1-dimensional Kohonen neuratwugk with two partitioning
and three hierarchical cluster analysis algorithr®sychometrika 63: 5-22.

Wammer KH, Peters CA (200Pplycyclic aromatic hydrocarbon biodegradation reité
structure-based stud§environmental Science and Technology 39: 25718257

White Jr. KL, Lysy HH, Holsapple MP (1985nhmunosuppression by polycyclic aromatic
hydrocarbons: A structure-activity relationship B6C3F1 and DBA/2 mice
Immunopharmacology 9: 155-164.

WHO (2003) Health Risks of Persistent Organic Pollutants frohong-range
Transboundary Air PollutionWorld Health Organization. Denmark.

Wilcke W (2000)Polycyclic aromatic hydrocarbons (PAHS) in soil +éview Journal of
Plant Nutrition and Soil Science 163: 229-248.

Wilkinson P, Thakrar B, Walls P, Landon M, Falcor&r Grundy C, Elliott P (1999)
Lymphohaematopoietic malignancy around all indagtaomplexes that include
major oil refineries in Great BritainOccupational and Environmental Medicine
56: 577-580.

Wilson JW, Michael CR, O’Brien MV (199Design of an integrated program to monitor
air toxics end meteorology in the vicinity of a dar petroleum refinery84th
Annual Meeting and exhibition. Air & Waste ManagarheAssociation.
Vancouver, Canada.

Williams PRD (2004 Health risk communication using comparative riskalgses Journal
of Exposure Analysis and Environmental Epidemioltgy 498-515.

Winker N, Tuschl H, Kovac R, Weber E (199%)munological investigations in a group
of workers exposed to various levels of polycyatmmatic hydrocarbonsJournal
of Applied Toxicology 17: 23-29.

Winneke G, Walkowiak J, Lilienthal H (200BPCB-induced neurodevelopmental toxicity
in human infants and its potential mediation by asrthe dysfunctionToxicology
181-182: 161-165.

Wong O, Foliart DE (1993Epidemiological factors of cancer in Louisiandournal of
Environmental Pathology, Toxicology and Oncology 121-183.

214



References

Yamashita N, Imagawa T, Miyazaki A (2000foncentrations and profiles of
polychlorinated naphthalene congeners in eighteeohnical polychlorinated
biphenyl preparationsEnvironmental Science and Technology 34: 42524425

Yang CY, Chiu HF, Tsai SS, Chang CC, Chuang HY 200creased risk of preterm
delivery in areas with cancer mortality problemsrfr petrochemical complexes
Environmental Research 89: 195-200.

Yang CY, Wang JD, Chan CC, Chen PC, Huang JS, CM#n@1997)Respiratory and
irritant health effects of a population living in @etrochemical-polluted area in
Taiwan Environmental Research 74: 145-149.

Yassaa N, Cecinato A (2006pmposition of torched crude oil organic particidatmitted
by refinery and its similarity to atmospheric aesbsn the surrounding area
Chemosphere 60: 1660-1666.

Zatta P, Lucchini R, Van Rensburg SJ, Taylor A @00he role of metals in

neurodegenerative processes: Aluminum, manganesk,zenc Brain Research
Bulletin 62: 15-28.

215



References

216



Annexes

ANNEXES

217



